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This publication is organized in three 
sections. section 1 is an introduction 
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compiler and the Operating system, and the 
overall organization of the compiler. Sec
tion 2 is a description of the compiler 
phases, including a general description of 
each logical phase followed by descriptions 
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the logical phase. Section 3 consists of 
flowcharts and routine directories. The 
flowcharts show the relationship between 
the routines of each fhase, while the 
directories list the routines and their 
functions. 

I Although not prerequisite, the following 
Ipublications are related to this manual and 
\should be consulted. 

The appendixes appearing at the end of 
the publication contain topics of special 
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The convention has been followed in this 
manual of printing all PL/I language items 
in block capitals. 
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The Operating System/360 PL/I (F) Com
piler analyzes and processes source pro
grams written in PL/I, and translates them 
into object programs in load module form 
suitable for input to the Linkage Editor. 
When errors are detected in the source 
program, appropriate diagnostic messages 
are produced. The compiler functions with
in Operating System/360 and may be used on 
machines where at least 45,056 (44K) bytes 
of core storage are available for the 
compilation (exclusive of storage require
ments for the Operating System). 

THE COMPILER AND OPERATING SYSTEM/360 

The PL/I (F) compiler is'a processing 
program of Operating System/360. The com
piler consists of a number of phases under 
the supervision of compiler control rou
tines. The compiler communicates with the 
control program of the Operating System, 
for input/output and other services, 
through the control routines. 

A compilation is introduced as a job 
step under the control of the Operating 
System, via the JOB statement, the execute 
(EXEC) statement, and the data definition 
(CD) statements of the Job Control Lan
guage, for the input/output data sets. 
Cataloged procedures are provided to keep 
these statements to a mini~um. A discus
sion of the introduction of a compilation 
as a job step, and of the available catal
oged procedures, is given in the publica
tion IBM System/360 Opefi!:!:.!!}SL.§y~!:~!!!..L-~~~! 
~~) Program!!!er's Gui2~' Form C28-6594. 

The source program to be compiled 
appears as input to the compiler on the 
SYSIN data set. The compiler uses SYSUT1 
(required if the main storage is insuffi
cient to contain the program) and SYSUT3 
(required if the 48-character set or the 
compile-time processor is used) as work 
data sets. The SYSPRINT data set is manda
tory. The SYSPUNCH and SYSLIN data sets 
are used, depending on the options speci
fied by the source programmer, to contain 
the output from the compiler. 

The overall data flow associated with a 
compilation, and the data sets used in the 
compilation, are illustrated in Figure 1. 

A compilation is initiated by loading 
the compiler control routines from the link 
Library. The compiler control routines 
then carry out their own initialization, 
including loading those compiler control 
routines which remain in storage throughout 
the compilation. These routines perform 
the following functions: 

1. Act as the interface between the com
piler phase and the Operating System, 
controlling all input/output, storage 
allocation, program interruptions, 
storage dumping, etc. 

2. Supervise the loading of compiler 
phases in accordance with source pro
gram options and inforrration obtained 
from the source program by the compil
er phases. 

3. Supervise all workspace used by the 
compiler for information concerning 
the source program. This includes any 
spilling from main storage to backing 
storage in order to accorrmodate large 
source programs, the conversion of 
symbolic references to absolute 
addresses, and the conversion from 
absolute addresses to symbolic ref
erences. 

4. Provide a number of routines to assist 
in compiler debugging. 

The compiler options specified are 
interpreted and the appropriate action 
taken. The environmental options, such as 
storage size and device type, are used to 
calculate the text and dictionary block 
size and the "spill" point (i.e. the point 
at which the main storage available is 
insufficient to contain the dictionary and 
text). 

To determine the block size a table 
contained in Phase AB is used. The storage 
size is used as the argument tc search the 
table. When the correct entry is found, 
the text tlock size and the dictionary 
block size values are extracted and used 
for the compilation. 

The options are instructions to the 
compiler. Some of these require a phase to 
be loaded that would not otherwise be 
loaded. When an option of this type is 
found, a request for the phase required is 
inserted into the status byte in the phase 
directory. Other options are in the form 
of instructions to a phase that is always 
loaded. These instructions are also placed 
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I Source I , List of I I List of I I ESD,TXT,RLD , I ESD, 'TXT, I , I , identif iers, , , object codel , END and NAME' , RLD, END, I 
I program I I , I produced I I cards. PL/I , I and NAME I , I , list of , , by the , , Source text , I (if OBJNM , 
I listing I , stateroent , I compiler I I if MACDCK I I specified), I , , , numbers , I I , specified. I I I L _____________ J L _____________ J L _____________ J L _____________ J L _____________ J 

SYSPRINT SYSFRINT SYSPRINT SYSPUNCH SYSLIN 

EXT REF ATR for all SOURCE2 
option option compilations option 

I I I I , I , I 
I I , I 
V V V V 

r-------------, r-------------, r-------------, r-------------, , External , I List of , I List of , , I 
I I I identifiers, I , compiler , ,Listing of I 
I Symbol , I list of I I options usedl I input to the I , I I attributes I I and I Icompile-tirre , 
I Dictionary , I assumed by I I Diagnostic I 'processor I 
I I I identifiers I , Messages I I I L _____________ J L _____________ J L _____________ J L _____________ J 

SYSPRINT SYSPRINT SYSPRINT SYSPRINT 

.Figure 1. compiler Data Flow and Data Sets Used 
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in coded form in the comrrunications region 
of the dictionary, generally in the Control 
code word (see CCCODE in Appendix B). 

The PL/I (F) Compiler com~rises a number 
of logical phases, each of which consists 
of several physical phases. 

The compiler phases and their corres
ponding functions are indicated in Figure 
2, and the organization of the compiler is 
shown in Figure 3. 

Control is passed between the phases of 
the compiler via the control routines. 
After each phase has been executed, it 
branches to the control phase, which sel
ects from its load list the next phase to 
bE~ executed. 

communication between the phases is 
implemented by the following: 

1.. 1:Q~.t.§~.t __ ~!:.!:i:n.9..!. The text string at 
the start of the compilation is inp'l\t 
text. This is converted by the 
compile-time processor, if necessary, 
into a string which is PL/I source 
text. The -characters in this string 
are translated into a code internal to 
the compiler. The phases of the com
piler gradually process the text until 
the final form is the object program, 
consisting of a string of machine 
instructions. For the compiler pro
per, the text code bytes used, and 
formats of statements at different 
stages of the compilation, will be 
found in Appendix D. 

The text is broken down into a number 
of blocks, depending upon the size of 
the machine. Each block has a symbol
ic name which is independent of the 
physical location of the block in 
storage. Thus, the text blocks may be 
moved around in core storage under the 
supervision of the compiler cont~ol 
routines, and spilled on to backing 
storage if insufficient main storage 
is available. 

2. 1:Q.§_Gicti2n~~~ The dictionary con
sists of a number of blocks, each with 
a symbolic name. Part of the first 
dictionary block is used as a communi
cations region (see Appendix F) 
between phases, and for this reason 
the first block is never spilled, even 
when the source program to be compiled 
exceeds available storage. The com
munications region contains such 

information as the addresses of the 
heads of chains, the symbolic start of 
text, etc. The remainder of the dic
tionary contains all information 
relating to identifiers appearing in 
the program, terrporary storage areas 
required, etc. For the compiler ~ro
per, the format of all dictionary 
entries will be found in Appendix C. 

r-------------T---------------------------, 
ILogical Phasel Main Functions I 
~-------------+---------------------------~ 
Icompile-time IExecutes compile-time I 
I Processor I statements and produces I 
I linput for further compiler I 
I Iprocessing. I 
t-------------+---------------------------~ 
IRead-In ICheck source ~rogram syn-I 
I Itax; remove superfluous I 
I Icharacters. I 
t-------------+---------------------------~ 
IDictionary IRemove BCD identifiers andl 
t I attribute declarations; I 
I Ireplace by syrrbolic ref-t 
I lerences to dictionaryl 
I lentries. I 
~-------------+---------------------------~ 
IPretranslatorlRearrange 1/0 statements; I 
I Icreate temporary variables I 
I Ifor procedure argurrentl 
I I expressions; convert arrayl 
I land structure assignments I 
I Ito DO loops; remove iSUBI 
I I expressions. I 
~-------------+---------------------------~ 
ITranslator I Convert PL/I syntactical I 
I Iform to internal triplel 
I I form. I 
~-------------+---------------------------~ 
IAggregates IMap all structures andl 
I larrays to align elements onl 
I Icorrect storage boundaries. I 
~-------------+---------------------------~ 
I Pseudo-code Iconvert triples to pseudo-I 
I I code. I 
t-------------+---------------------------~ 
I Storage IAllocate storage for items I 
I allocation lin AUTOMATIC blocks orl 
I ISTATIC storage area. I 
~-------------+~--------------------------i 
IRegister IAllocate physical registers I 
I allocation lin place of syrrbolic reg-I 
I listers requested by earlierl 
I Iphases. I 
t-------------+---------------------------~ 
IFinal IComplete translation to ma-I 
I assembly Ichine code; produce loaderl 
I Itext; produce object codel 
I Ilisting. I 
~-------------+---------------------------~ 
IError IPrints out any necessary I 
IEditor Idiagnostic messages. I l _____________ ~ ___________________________ J 

Figure 2. Logical Phases of the Compiler 
and their corresponding Func
tions 
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r-------------------------------------------, 
r-----------, 
1 OS/360 I 
I CONTROL I 
I PROGRAM I 
L---T-------J 

1 A 
1 1 
I 1 
1 1 
V I 

r-------.1. ---, 
1 COMPILER 1 

PL/I (F) 
COMPIL~g 

1 CONTROL 1-------, 
I ROUTINES I 
L---T-------J 

I 1\ 
I I 
I I 
I I 
V I 

r-----------, r-------.1.---, 
I SYSTEM I I 1 
\ \<--+-------------->1 I 
\ RESIDENCE \ \ COMPILER 1 L ___________ J I I 

I PROCESSING I 
r-----~ 1---, 
I 1 PHASES I \ 
I I I 1 
I I 1 I r-----------, 1 L ___________ J I 

1 I I I 
I SOURCE I I I 
I I I I L ___________ J V V V 

1\ V V V 

I r-----------, r-----------, L _________ + __ >1 TEXT I DICTIONARY I 
I I I I 

r---------+-->I BLOCKS I 1 BLOCKS I I I L ___________ J L ___________ J 

V \ 1\ 1\ 

r-----------, I· I I 
I 1 1 1 I I OBJECT I L _________ + _______________________ + _________ J 

I I I I L ___________ J 1 1 
V V 

r-----------, r-----------, 
1 SPILL I 1 SPILL I 
I 1 \ I 
I STORAGE I I STORAGE 1 L ___________ J L ___________ J 

------> CPU Control 

------» Read/Write Communication 

<-----> Input/Output under OS/360 Control Program 
and Compiler Control Supervision 

Figure 3. Compiler Organization and Control Flow 
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L.OGICAL PHASES 

The logical phases of the compiler and 
their main functions are su~marized in the 
following paragraphs. 

Compile-time Processor Ph~§~ 

The Compile-time Processor Phase reads 
input text, executes any compile-time 
statements contained in it, and modifies 
text as directed, producing modified text 
for further compiler processing. 

The Read-In Phase is responsible for 
source program syntax checking, and the 
removal, from the text string, of all 
superfluous characters, such as comments 
and non-significant blanks. 

Dictionary Phase 

The Dictionary Phase removes all BCD 
identifiers and attribute declarations from 
the source string, and replaces them by 
symbolic references to dictionary entries. 
The dictionary entries contain all the 
consistent declared attributes, and all the 
attributes specified in the language in 
default of source program specifications. 
Error messages are generated for all incon
sistent attributes. 

Pretranslator Phase 

The Pretranslator Phase processes those 
features of the language that are more 
easily processed in their original PL/I 
form, than when the original syntactic form 
has been lost in later phases. The Pre
translator carries out these modifications 
which include the rearranging of the order 
of certain I/O statements, the creation of 
temporary variables for procedure arguments 
which are expressions, the conversion of 
array and structure assignments to a series 
of 'DO' loops surrounding scalar assign
ments, and the removal of iSUB expressions. 

The Translator Phase converts the origi
nal PL/I syntactic form to an internal 
syntactic form, referred to as "triples." 

Triples consist of the original source 
program operators and o~erands, but rearr
anged so that the operat.ions specified in 
the source string may be carried out in 
their proper order. 

The Aggregates Phase carries out all 
structure and array mapping, so that ele
ments are aligned on the correct storage 
boundaries. When it is not possible to 
carry out the ~apping at compilation tirre, 
such as when the aggregates contain string 
lengths or array bounds which are specified 
by expressions, object code is produced to 
do it at object time~ ~his phase also 
checks that items DEFINED on arrays and 
structures can be mapped consistently. 

The Pseudo-Code Phase converts the tri
ples to a form closely resembling machine 
instructions, in which registers are rep
resented symbolically, and storage loca
tions are represented by dictionary ref
erences with offsets. The final pseudo
code version of the text also contains a 
number of special pseudo-code items for the 
guidance of later phasesc 

The Storage Allocation Phase searches 
the dictionary for all entries requiring 
storage, and allocates offsets to each 
item, either within its AUTOMATIC block, or 
within the STATIC storage area. Code is 
compiled to set up dope vectors and 
pointers at object time, for allocations of 
controlled variables and temporaries, the 
storage for which must be obtained during 
the execution of the object program. Pro
logue code is generated for each block of 
the object program. 
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The Register Allocation Phase allocates 
physical registers to the symbolic reg
isters which have been requested by earlier 
phases, and also ensures that all the 
storage location offsets allocated in pre
vious phases can be addressed by the inser
tion of additional instructions, where nec
essary. 

The Final Assembly Phase completes the 
translation to machine code instructiona, 
by calculating branch destination addresses 
inserted symbolically by earlier phases. 
Loader text is then produced for the 
machine instructions, constants, INITIAL 
values in STATIC storage, and all the 
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constant data required for block initiali
zation. ESD and RLD cards are produced to 
enable the object program to be edited by 
the Operating System/360 Linkage Editor. 
The Final Assembly Phase also produces a 
listing of the object code produced. 

The Error Editor Phase is entered at the 
end of every compilation. The dictionary 
is examined to determine whether there are 
any diagnostic messages to be printed out. 
If there are none, the corrpilation is 
terminated by the compiler control. If 
there are diagnostic messages to be printed 
out, the error dictionary entries are proc
essed and the messages are printed. The 
texts of all the diagnostic rressages are 

Iheld in modules XG through YY. 



Note: For description~i of terms and abbreviations used in the text during a compilation 
which are mentioned in t~his section of the Program Logic Manual, refer to ~EE§~9ix_QL_!!. 

COMPILER CONTROL 

when the PL/I (F) Compiler is invoked by 
the calling program (e.g., the Job 
Scheduler) of the Operating ,System, the 
Compiler Control module IEMAA is loaded and 
entered. IEMAA is resident during the 
whole compilation; it controls the follow
ing functions: 

Initialization 

Character translation 

Text and dictionary block control 

Scratch storage control 

Phase loading 

Diagnostic message control 

Input/output control 

Program check handling 

Job termination 

Initialization is achieved by module AA 
linking to module AB. Module AB performs 
the detailed initialization of the compil
er, and provides the following functions: 

Opens SYSIN and SYSPRINT data sets 

Cons~ructs a phase directory (for details 
refer to Appendix B) 

Sets up a communications region in the 
dictionary (for details refer to Appendix 
F) 

Scans option list 

Obtains space for text blocks and dic
tionary blocks. 

Opens SYSUT3 and SYSPUNCH as necessary 

Prints a list of options used in current 
compila.tion 

Loads phase AN to handle a normal dic
tionary, or phase AL if an extended 
dictionary is requested. 

On return from module AB, the first compil
er phase is loaded and entered. 

The character translation tables (see 
Appendix D.l) provide the facility for 
converting external code to a compiler 
internal code, and for converting the 
internal code back to the external form. 
These tables thus prevent the compiler from 
becoming character code dependent, and ena
ble the scanning routines to process the 
input source statements more efficiently. 
Note that the contents of these tables are 
different during compile-time processing 
from the contents during compilation pro
per. 

The comrrunications region is an area 
specified by the control routines, and used 
to communicate necessary information 
between the various phases of the compiler. 
The communications region is resident in 
the first dictionary block throughout the 
compilation. 

Entry to the various corrpiler control 
routines is via a transfer vector. Details 
of the transfer vector and the organization 
of the communications region appear in 
Appendix F. (Note: The use of the corn~uni
cations region during compile-time process
ing is described in Appendix J.) 

Block control is achieved by a systerr of 
text and dictionary references. If the 
program in storage becomes too large, 
blocks are placed on an external file, 
SYSUT1. The block control routines contain 
the input/output control. 
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Scratch storage Con!~21 

Scratch storage of 4K bytes is guaran
teed to all phases. The control routines 
split the 4K-block into discrete sections, 
and allocates them as required. The sec
tions are in multiples of 512 bytes. 

The (F) Compiler requires main storage 
for the following purposes : 

Compiler processing phases 

Print buffers 

Compiler control routines 

Dictionary area 

Text area 

Input/Output buffers 

Input/Output routines (QSAM) 

The main storage required by each phase 
of the compiler need be contiguous only for 
each control section. 

During the read-in phases a minimum of 
two dictionary blocks and two text blocks 
are available in storage simultaneously. 

During the rest of the compilation four 
dictionary blocks and four text blocks are 
available in storage simultaneously. 

The dictionary and text block size is 
chosen according to the amount of main 
storage available to the compiler. The 
SIZE option, interpreted at invocation 
time, provides the value used to determine 
the block size. A table contained in Phase 
AB is searched, using the SIZE option as an 
argument. When the correct entry is found, 
the block size is extracted. 

Appendix E shows details of storage 
allocation. 

Phase loading routines include phase 
marking (where phases are indicated as 
wanted or not wanted), phase loading, and 
phase deleting facilities. The phase 
directory is constructed for this purpose. 
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Because of the number of phases in the 
compiler, the phase directory is split into 
halves. The first half is constructed 
during the initialization of the compiler: 
also a list of names of the phases in the 
second half is kept in Phase AA. This list 
is used to pass status indications (i.e., 
whether phases are wanted or not wanted) 
from the first half to the second half. 
Phase JZ uses the list to construct a new 
directory for the second half. (The error 
message phases have their own ~hase direc
tory, which is built in phase XB and uses 
the same space in AA as the phase directory 
proper.) 

The phase directories are ccnstructed by 
use of the BLDL macro and a build list. 
The format of the build list is fully 
described in the publication !~~_§yst~m{l£Q 
Opera~i~g_§y~!~mL_~2~~~21_g~29~~m_Ser~i£~§, 
Form C28-6541. For details cf the phase 
directory see Appendix B. 

Diagnostic message control routines 
cause diagnostic messages to be placed in a 
chain in the dictionary. 

The I/O control routines involved act as 
an interface between the corr~iler phases, 
and SYSIN, SYSPRINT, SYSLIN, and SYSPUNCH 
data sets. (See Figure 4.) 

The compiler handles all ~rcgraro checks. 
Control can be passed to a phase to enable 
it to deal with the check. 

The compiler completion code is picked 
up and control is returned to the calling 
program. 



The compiler completion codes are as 
follows: 

o No diagnostic messages issued; com
pilation completed with no errors 

4 Warning messages issued; program 
compiled 

8 Error messages issued; program com
piled but with errors; execution 
may fail 

12 

16 

Severe error messages issued; com
pilation may be completed but with 
errors, successful execution impro
bable. If a severe error occurs 
during compile-time processing, a 
listing of the PL/I text on SYSUT3 
will be printed if the SOURCE 
option is specified. The compila
tion will be terminated. 

Terminal error messages issued; 
compilation terminated abnormally 
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r-----------T---------T---------T---------T-----------T-----------T----------T----------, 
I Data set I SYSIN I SYSLIB I SYSLIN I SYSPRINT I SYSPUNCH I SYSUTl I SYSUT3 I 

~-----------+---------+---------+---------+-----------+-----------+----------+----------1 
Module I I 
--- I I 

AA1 WRITE I OPEN3 I 
I I 

AB OPEN OPEN/WRITE OPEN6 OPEN3 I OPEN 
I 

ACl I WRITE/READ 
I 

AE1 OPEN OPEN OPEN I 
I 

AG I CLOSE/OPEN 
I 

BX READ I 
I 

CI READ WRITE READ/WRITE WRITE/READ 
I 

READ READ WRITE WRITE 

FY WRITE 
I 

UA WRITE I 
I: 

UD WRITE I 
I, 

UF WRITE I 
Ii 

XB WRITE I 
I, 

AE CLOSE CLOSE ~ 

II 

AK4 CLOSE ~ 

II 

AK5 CLOSE CLOSE CLOSE CLOSE CLOSE ~ 

!I 

I I I il 
.-----------~---------~---------~--------- -----------~-----------~----------~----------i 
1AA, AC, and AE are modules of the control phase, and contain actual I/O routines which~ 
interface with the O/S access methods (BSAM,QSAM). I/O activity shown for other I 
modules indicates that these modules are utilizing the I/O routines. I 

2AS may read from included data sets in addition to those shown in the table. 
3If the SIZE option results in lK text and dictionary blocks, SYSUTl is opened by 

Module AB. In the case of other SIZE options, SYSUTl is opened by Module AA when the 
available main storage is full. The timing depends on the si?e of program to be 
compiled. 

4AK closes only the spill file SYSUTl when the batch option is used and a further 
source program is to be compiled. 

5AK closes all other files upon termination of a single or batch compiler run. 
6SYSPUNCH is opened if MACDCK option specified. l _______________________________________________________________________________________ . 

• Figure 4. Input/Output Usage Table 

COMPILER CONTROL MODULES 

In addition to modules AA and AB, furth
er modules, AC, AD, AE, AF, AG, AH, AI, AK, 
AL, AM, AN, and JZ are used in compiler 
control. The functions of these modules 
are briefly described in the following 
paragraphs. 
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Module AC controls reading and writing 
operations on SYSUT3, the intermediate 
file. It is loaded only if the CHAR48 or 
MACRO option is specified, and is deleted 
at the end of the Read-In Phase. 



Module AD performs inter-phase dumping. 

All specified active storage is dumped 
at the end of the phases stated or implied 
in the DUMP option. If the DUMP option 
includes either I, for the Annotated Dic
tionary Dump, or E, for the Annotated Text 
Dump, or both, then phase AD will load 
either phase AH, or phases AI and AJ, or 
all three, to produce the required output. 

The DUMP option which is specified in 
the FARM field of the EXEC card indicates 
where dumping of main storage is to take 
place. It may be specified in one of the 
following ways: 

1. DUMP, means a dynamic dump is required 
(the dump routine will be called by a 
running phase) 

2. DUMP=(AREA,x1,x2,x3f ••.. xn) means ~ 
dump of the storage after the named 
phase. 

AREA is any combination of TDPSCIE: 
T text blocks 
D dictionary blocks 
P phases loaded 
S scratch storage 
C control phase 
I annotated dictionary blocks 
E annotated text blocks 

The general syntax is: 

DUMP [= ( [AREA] , {x I (y II z)}, .•. )] 

A single phase name indicates dumping of 
storage after this single phase. A pair of 
phase names indicates a continuous group of 
phases after ~hich dumping of storage is to 
occur. 

The dump will appear on SYSPRINT, 
inserted into the normal compiler output. 

If AREA is omitted the default taken is 
DTSP. If a program check occurs and DUMP 
has been specified then AREA will be given 
the default DTSPC. 

Use of the DUMP option may cause the 
compiler to use more core than the SIZE 
option specifies. This is because SIZE 
specifies the amount of core the compiler 
can use for normal compilation and does not 
allow for the internal compiler diagnostic 
dumps. 

IExample of an EXEC card using the DUMP 
loption: 

//STEP1 EXEC PROC=PL1LFC, 
PARM.PL1L='DUMP=(TE,QJ), 

IThis statement specifies corr.pilation using 
Ithe DUMP option to obtain a printout of the 
Itext blocks, the annotated text blocks, and 
lof storage after the completion of compiler 
Iphase QJ. 

Module AE is the finalization of the 
READ-IN Phase control. (See Fig. 4, Note1 ) 

Module AF 

Module AF is a control section consist
ing of a table containing the compiler 
options which may be used during a compila
tion. The table is constructed at system 
generation time. The control section is 
brought into storage by the initialization 
Module AB at compilation time. A descrip
tion of the use of Module AF is given in 
Appendix G. 

Module AG closes SYSUT3 for output, and 
re-opens it for input. 

The closing and opening operations are 
performed in the following order: 

CLOSE 
alter macro-type in data control block 
(DCB) 

OPEN(INPUT) 
switch routine ZURD to point at SYSUT3 
DCB 

This module produces a dump of the 
dictionary. It prints out the communi
cations region in the first block, and 
the offsets tables for each block if the 
extended dictionary option is in use. 
The remainder of each block is printed 
out entry by entry. The BCD is translat
ed for those entries containing BCD. At 
the end of the dumpw a list of all the 
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dictionary codes used is given, with an I~odule_~~ 
explanation for each code. 

The module is called by phase AD only 
if an I is specified in the AREA field of 
the DUMP option. 

Module AI is called if E is specified 
in the AREA field of the DUMP option. It 
provides an 'easy-to-read' text print in 
which the triples and pseudo-code items 
comprising the text are printed separate
ly. This option is available between 
phases IA and OG inclusive. 

Module AJ is called if I is specified 
in the AREA field of the DUMP option to 
produce the Annotated Dictionary Dump. 

Module AK 

Module AK is the closing routine of 
the compiler. Its function is to release 
core used for dictionary, text blocks, 
scratch storage, and completed phases. 
If batch compilation is not specified, 
module AK closes all the files used by 
the compiler. If a batch compilation is 
specified, a check is made to determine 
whether any source programs are still to 
be compiled. Where there are none module 
AK closes all files. Where one or more 
programs remain to be compiled, the spill 
file only is closed, the batch delimiter 
card is scanned for syntax errors, and 
control is returned to module AA. 

Module AL 

This module contains the control rou
tines for dictionary and text-block han
dling for the extended dictionary. 

Module AM 

Module AM marks phases as either wanted 
or not wanted, depending upon the compiler 
invocation options. Phases that are always 
loaded are marked wanted. 

AM is the first compiler phase loaded 
after compiler initialization. It tests 
the relevant bits in CCCODE and marks the 
phases accordingly. 

26 

I This module contains the routines for 
I dictionary and text-block handling for the 
Inormal-sized dictionary. 

Module JZ 

Module JZ builds the second half phase 
directory. A build list is constructed 
from the second half list held in Module 
AAi a BLDL is performed on this list. The 
phase directory is then reconstructed in 
Module AA for the second half of the 
compiler. 

48-CHARACTER SET PREPROCESSOR 

Phase BX is the 48-character set prepro
cessor. It is loaded on programmer option 
and receives, as input, source text in the 
48-character syntax. 

The preprocessor scans the input text 
for occurrences of characters peculiar to 
the 48-character set, and converts these to 
the corresponding 60-character symbols. It 
then puts out the adjusted text onto back
ing storage ready for Phase CI, the first 
pass of the Read-In Phase. 

The text is read in record by record. 
It is then scanned for alphabetic charac
ters which may be the initial letters of 
operator keywords, for periods, and for 
commas. Items within comments or character 
strings are ignored. 

When a possible initial letter is disco
vered, tests are made to determine whether 
or not one of the reserved operator key
words has been found. If one has been 
found, it is replaced by its 60-character 
set equivalent. Similarly, appearances of 
two periods are replaced by a colon, and a 
comma-period pair is replaced by a semi-· 
colon if the comma-period pair is not 
immediately followed by a numeric 
character. 

Allowance is made for the possibility 
that a concatenation of characters which is 
meaningful in the 48-character set may be 
split between two records. 

Before the text is processed a copy of 
the original input is preserved. The out
put from the preprocessor is the trans
formed text, record by record, followed by 
the original text. The Read-In Phase proc
esses transformed text but prints out the 



original. 

The preprocessor uses Compiler Control 
routine ZURD to obtain input, and routine 
ZUBW to place its output onto backing 
s'torage. 

Note: If the MACRO option is specified, all 
the processing described above is 
done by the compile-time processor, 
and phase BX is bypassed. 

The compile-time processor consists of 
six physical phases. Each of these phases 
is executed once, unless an INCLUDE data 
set is encountered. In this case certain 
phases will be re-executed. 

The compile-time processor moves source 
text that does not contain compile-time 
statements directly into text blocks. Dur
ing this process invalid characters are 
replaced by blanks, and line numbers are 
encoded and inserted into the text. 
compile-time statements are decoded and 
translated into an internal form and then 
placed directly into text blocks. An entry 
is made into the dictionary for each 
compile-time variable, procedure, label, or 
INCLUDE identifier. 

A second pass is then taken over these 
tE~xt blocks, during which compile-time 
statements are executed and the PL/I source 
program text is scanned and replacements 
are made. The output from this pass is a 
PL/I source program contained on SYSUT3 
and, optionally, a punched card deck. 

If during the second pass, an INCLUDE 
data set is processed, the entire procedure 
indicated above is executed recursively to 
process this text. 

Text and dictionary formats used by the 
compile-time processor are contained in 
Appendix J. 

Line Numbering 

As the input is being processed a unique 
line number is assigned to every logical 
record processed. If a listing of the 
input is requested, these line numbers are 
written out beside the appropriate line. 
The line numbers are also encoded and 
inserted into the text so that diagnostics 
can be keyed to them. These line numbers 
are also output on SYSUT3, to aid the user 
in determining from which input line a 
particular line of output came. 

This phase, consisting of one physical 
module, is loaded if the option MACRO is 
specified. It is resident throughout 
compile-time processing until the cleanup 
phase (BW) is invoked. 

This phase controls the loading of the 
subsequent compile-time processor phases. 
The initialization phase (AV) is loaded 
only once. The two processing phases (BC 
and BG) are loaded and executed once unless 

Ian INCLUDE data set is processed. In this 
case phase AS reloads the processing phases 
to process this data set. 

In addition, phase AS contains a set of 
service routines used by both processing 
phases. Access to these routines is via a 
transfer vector located at the beginning of 
phase AS. 

This phase consists of cne physical 
block. Its purpose is to initialize cer
tain cells in the communications region for 
the compile-time processor phases. 

IPhase BC (~~fl 

Phase BC consists of 
modules, BC, BE, and BF. 
tains the control routine. 

three physical 
Module BE con-

Phase BC accepts input text, moving it 
into text blocks until a compile-time 
statement is found. (For a description of 
the use and layout of text and dictionary 
blocks, see Appendix J.) When a compile
time statement is encountered, it is 
encoded into a set of interpretive instruc
tions and, except for compile-time proce
dures, added to the current text block. 
Compile-time procedures are similarly 
encoded, but are placed in separate text 
blocks. 

As compile-time statements are encoded, 
all non-keyword identifiers encountered are 
entered into the dictionary, together with 
any attributes that are known. Entries are 
also made in the dictionary for constants 
and iterative DOs. 

During phase BC, invalid characters 
occurring outside of strings and comments 
cause a diagnostic to be printed. They are 
converted to blanks. Invalid characters 
can thus be used for markers of various 
sorts in text blocks. Diagnostics are 
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given for syntax errors in compile-time 
statements. Line numbers are encoded and 
inserted into the text for the use of the 
phase BG scan. All input characters are 
converted to their EBCDIC representation 
before they are processed. 

I Phase BG (BI~ 

Phase BG consists of three physical 
modules: BG, BI, and BJ, which contain the 
control routine, the macro-code interpret
er, and the built-in function handler, 
respectively. 

In general, the input to phase BG is the 
set of chained text blocks and dictionary 
blocks created by phase BC. The phase BG 
execution is essentially that of the 
compile-time processor described in the 
external specifications. That is, its 
basic action is to move through text blocks 
looking for instances of compile-time vari
ables or compile-time statements, which it 
uses to produce the output text. As line 
numbers are encountered in the text, they 
are placed into a location containing the 
current line number. This is used both for 
phase BG diagnostics and by the output 
editor. 

If a compile-time variable or procedure 
reference is found, the scan cursor is 
positioned to scan its value. When the 
scan of the value is completed, the cursor 
is properly positioned back into the text. 
If a compile-time variable or procedure 
reference is found in this value scan, the 
process repeats itself. Such nesting can 
occur to a depth of 100. 

If the scan encounters an encoded 
compile-time statement (built by phase BC), 
control is passed to an interpreter. This 
interpreter executes the statement -- pos
sibly repositioning the scan cursor -- and 
returns to the scan. 

The output of this phase is a PL/I 
source program contained on SYSUT3, and, 
optionally, as a sequenced card deck. 

Phase BM examines the heads of the error 
chains in the first dictionary block, and 
programmer options which specify the sever
ity level of messages required. If there 
are no messages, it passes control to the 
clean up phase (BW). If diagnostic messa
ges are required, the phase loads BN to 
process them after scanning the chains and 
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lindicating where the text is to be found, 
Ifrom the message directory block, module 
IBO. 

The text of all compile-time processor 
error messages is kept in modules BP 
through BV. The messages are ordered by 
severity, within these modules. BM will 
have listed those modules which contain 
messages required for a particular pass. 
Module BN loads and releases these modules, 
one at a time and extracts the required 
messages. When all compile-time error mes
sages have been processed, module BN 
returns control to BM. 

The purpose of this phase to set all 
tables and communication region cells to 
the values required by the compiler proper. 
In addition it will release all text and 
dictionary blocks used by the compile-time 
processor phases and then pass control to 
the next required phase of the compiler. 

If a severe or terminal diagnostic has 
been produced by the compile-time processor 
a listing of the contents of SYSUT3 will be 
printed (provided that the SOURCE option 
applies), and compilation will be bypassed. 

The Read-In Phase is implemented as five 
discrete physical phases, each of which 
processes a particular group of statement 
types. The phase obtains the input text in 
the externally coded form by a call to the 
compiler read routine, and converts it to 
internal code by means of a translate table 
provided by compiler control. 

The source text is scanned for syntacti
cal errors. During this time an output 
string is built up, which consists essen
tially of the input text with comments and 
insignificant blanks removed. The source 
text is scanned and statements are num
bered, identified, and diagnosed. Any 
required substitutions are made, statereent 
labels are inserted in the dictionary, and 
chains are formed (for example, BEGIN, 
PROCEDURE chains). If the SOURCE option 

lapplies, source statements, with their nurn
Iber, and optionally, their block levels and 
IDa-nest levels, are printed out immediately 
lafter they have been read. 



When the input text provides an end-of
file indication, processing is terminated. 
In ERROR situations this may not occur when 
a valid external procedure has been 
completely processed. By keeping a count 
of PROCEDURE, BEGIN, DO, END, ON, and IF 
statements, the phase can detect when the 
logical end-of-program indication is r.ound. 
If there are more records after the end of 
the external procedure, they are ignored. 

If an end-of-file indication 
tered before the logical end 
gram, diagnostic messages are 
suitable END statements are 
allow compilation to continue. 

is encoun
of the pro
issued and 
inserted to 

The output of the Read-In Phase provides 
a syntactically correct output string; a 
table of entry and statement labels; chains 
of coded diagnostic messages; a set of 
switches specifying compilation content 
details; a set of chains linking statements 
of a particular type, to facilitate subse
quent scanning; and optionally, a listing 
of the source text. 

All statements are given a sequential 
number. This includes each compound state
ment, each statement contained in a com
pound statement, block and group delimiting 
statements, and null statements. The ELSE 
clause is not regarded as a statement for 
numbering purposes. The numbering of the 
statement is indicated on the source list
ing. Diagnostic messages also refer to 
these statement numbers. 

Statement and entry labels appearing in 
the source text are removed and added to a 
label table, which is built up in the 
region intended for the dictionary. This 
region-may be extended by further blocks as 
required. The label table entry is an 
embryo dictionary entry, with blank regions 
to be filled later by the Dictionary Phase 
EG .. 

When a label declaration is found, an 
entry is made in the label table with a 
statement label code, the current (updated) 
sequential number, and the current block 
level and block count. 

Statements having multiple labels give 
rise to multiple label table entries. 
These entries are identical except for the 
BCD name. 

If the statement following a label is 
subsequently identified as a PROCEDURE or 
ENTRY statement, the label table is re
accessed, and the entries associated with 
the statement are modified (see Appendix 
C. 2) • 

To provide rapid scanning in the 
dictionary phases, the following chains are 
constructed by the Read-In Phase: 

The CALL chain 

The PROCEDURE-ENTRY-BEGIN chain 

The DECLARE chain 

The ALLOCATE chain 

As the source text is scanned it is 
syntactically analyzed. Keywords are iden
tified and passed as valid only if they may 
legally appear within the type of statement 
being diagnosed. However, consistency of 
attributes and options within a statement 
are not normally analyzed. This is left 
for Phase EK. 

When a syntactical error is detected, an 
attempt is made to correct it and an 
appropriate diagnostic message is generat
ed. The main aim of the Read-In Phase is 
to present syntactically correct text to 
subsequent compiler phases. Certain cor
rections are performed without prejudicing 
the complete compilation. 

Detected errors cause a diagnostic wes
sage to be added to a diagnostic message 
chain in the dictionary area. Each message 
is in a coded form with parameters (textual 
matter, statement numbers, and so on). The 
message is decoded and printed out by the 
Error Editor. 

Where an error makes it impossible for 
the scan of a statement to continue, the 
statement is terminated correctly at such a 
point as to leave the statement syntacti
cally correct. The text between that point 
and the next semi-colon (not in a comment 
or character string) is skipped. The diag
nostic messages produced in these circum
stances will include at most the first ten 
characters of the text that is skipped. 
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The Output String 

The output string is so arranged that a 
complete statement never spans storage 
blocks. One of the conditions of a suc
cessful compilation is that the output 
resulting from any statement must not 
exceed the block. This restriction, howev
er, does not apply to DECLARE statements. 
Formats of the statements appearing in the 
output string are given in Appendix D.2. 

Identifiers 

All identifiers which are not recognized 
as keywords in the source text appear in 
the output string. 

Constants 

All constants appear in the output 
string. 

Operators 

All operators appear in the output 
string. 

Subscripted label variables which are 
initialized by attachment to statements are 
placed in pseudo-assignment statements in 
text, and then handled as if they were 
normal labels. 

STRUCTURE OF THE READ-IN LOGICAL PHASE 

The Read-In Phase can occupy 16K bytes 
of storage for anyone pass. A storage map 
for this phase is shown in Figure 5. 
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Bytes 
o r----------------------------------, 

I CA I 
4K ~----------------------------------i 

I cc I 
7K ~------T------T------T------T------i 

I CE I CK I CN I CR I CR I 
8K ~------+------+------+------+------i 

I CG I CL I CO I CS I CV I 
12K ~------+------+------+------+------i 

I CI I CM I CP I CT I CW I 16K L ______ ~ ______ ~ ______ ~ ______ ~ ______ J 

PASS 1 PASS 2 PASS 3 PASS 4 PASS 5 

Figure 5. storage Map for the Read-In Phase 

The Read-In Phase consists of five phas
es or passes, each containing at most five 
modules. Modules CA and CC consist of 
common routines which are invoked through
out the phase by each of the passes, in 
turn. Modules CE, CK, CN, and CR contain 
separate keyword tables. Details of the 
organization of these tables are given in 
Appendix B. Control for each pass resides 
in modules CI , CL, CO, CS, and CV respec
tively. The following description refers 
to the phases by these names. 

During phase CI (the first physical 
phase of the Read-In Phase) the source text 
is read into storage, and character codes 
are converted to an internal form. State
ment types are identified, labels are 
inserted into the dictionary, and staterrent 
identifiers are replaced by single-byte 
codes (see Appendix D.l). 

A record is kept of block nesting levels 
and counts to enable a check to be made for 
the logical end-of-program indication. In 
order to do this, certain statements have 
to be either partially or completely ana
lyzed in this pass. 

These statements are: 

PROCEDURE-END 
BEGIN-END 
DO-END 
IF-THEN-ELSE 
ON 

If the SOURCE option has been requested, 
a listing of the source program, with the 
statements numbered by the compiler, is 
printed out onto the specified output medi
um. 



Phase CL 

The output from phase CI is processed 
and the statement types listed below are 
analyzed in greater detail: 

ENTRY 
PROCEDURE 
DO 
Iterative DO 
RETURN 
GO TO 
DELAY 
DISPLAY 

FREE 
WAIT 
READ 
WRITE 
DELETE 
UNLOCK 
LOCATE 
REWRITE 

If any errors are detected during this 
pass, diagnostic messages are inserted into 
chains in the dictionary as required. 

The output from phase CL is processed. 
In particular, the DECLARE, ALLOCATE, and 
CALL statements are analyzed in greater 
detail. The syntax of attributes is 
checked, but their consistency is analyzed 
during phase EK. If the source program 
does not contain any of these three state
ments, this pass is not invoked. 

If any errors are detected during this 
pass, diagnostic messages are inserted into 
chains in the dictionary. 

Phase CS 

The output from phase CL or CO is 
processed. In particular, the syntax of 
input/output statements is analyzed, 
together with the FORMAT statement. If the 
source program contains no input/output 
statements, this pass is not invoked. 

Phase cv 

This phase processes the output from 
earlier phases. In order to assist subse
quent processing, chains are constructed 
for PROCEDURE, ENTRY, BEGIN, CALL, ALLO
CATE, and DECLARE statements. 

THE DICTIONARY LOGICAL PHASE 

The Dictionary Phase forms a dictionary 
of identifiers, by first analyzing PROCE-

DURE, BEGIN, DECLARE, and EN~RY statements. 
The text is then scanned for contextual use 
of identifiers, constants, and pictures. 
Finally, every identifier and constant in 
the source text is replaced by a reference 
to its respective dictionary entry. Dic
tionary entries are made during this phase 
for all implicitly defined identifiers. 
The formats of dictionary entries appear in 
Appendix C. 

The dictionary, during the construction 
stage, comprises two parts, the hash table 
and the dictionary proper. 

To facilitate a search through the dic
tionary for an entry with a particular ECD, 
a method is used of dividing the dictionary 
into areas. Each area is characterized by 
a property of the BCD of each entry in it. 
In practice, these areas are not contiguous 
but are chained lists, each item in the 
list being one dictionary entry long. 

The start of each list is in a table, 
known as the hash table. The association 
of a particular identifier with a list, 
i.e. the characterization of an area, is 
achieved by deriving from a given BCD an 
address in the hash table. 

"Hashing" is a process of reducing the 
length of the internal representation of 
the BCD to one word. This is done by 
adding successive four-byte lengths of the 
BCD into one four-byte register. This is 
then divided by 211, and the remainder is 
doubled to give the hash table address 
associated with the particular BCD. All 
identifiers which hash to the same address 
are placed in a chain; in particular, all 
dictionary entries with the same BCD will 
be in the same hash chain. 

If TOM, DICK, and HARRY occur in the 
same DECLARE statement in that order, and 
they all hash to the same address in the 
hash table, the address in the hash table 
will point to HARRY's entry, which contains 
the address of DICK, which, in turn, con
tains the address of TOM. 

When no further BCD entries are to be 
made in the dictionary, and all BCD iden
tifiers in the source text have been 
replaced by dictionary references, the hash 
table is deleted. 
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A test is made at the start of each list 
of attributes, to ensure that any list of 
attributes at one level of factoring in a 
DECLARE statement is consistent. 

Expressions specified for array bounds, 
string lengths, and initial value iteration 
factors must be evaluated at object time, 
or at allocation time if the variable is 
controlled. The expressions are placed 
temporarily at the end of the text, and are 
later moved by Phase FV and flaced immedi
ately following the BEGIN, PROCEDURE or 
ALLOCATE statement to which the declared 
variable belongs. The expression results 
are assigned to pseudo-variables generated 
by the compiler. These serve two purposes: 
first, the assignment statement appears as 
a normal PL/I statement and need not be 
treated as a special case; secondly, the 
pseudo-variable contains the dictionary 
reference of the variable and information 
concerning the destination of the expres
sion. Compiler functions with a format 
similar to the pseudo-variables are also 
created. The function result is the speci
fied array bound, or string length. Com
piler functions are created for two purpos
es: first, to set bounds for base elements 
of structures when the structure bound is 
an expression, or to set the bounds of 
temporary arrays; and secondly, to set the 
storage address of a dynamically defined 
item immediately before its use. The for
mats of all the compiler pseudo-variables 
and functions appear in Appendix D.8. 

A PROCEDURE or ENTRY statement may have 
more than one label. Each label must have 
a data description to indicate the type of 
data returned when the label is invoked as 
a function, and also the type of data to 
which the expression in a RETURN 
(expression) must be converted. These need 
not be the same: there must therefore be 
provision for two data descriptions for 
each label. A PROCEDURE or ENTRY statement 
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may specify parameters. The descriptions 
of these identifiers, obtained from DECLARE 
statements or default rules, are used for 
prologue construction, but not for para~et
er matching. Any data description given on 
these statements is to be used for conver
sion at a RETURN (expression), but not for 
determining the result returned by a func
tion reference. 

Parameter descriptions for use in param
eter matching, and data descriptions used 
for determining the type of data returned 
by a function reference, may be specified 
by the source programmer in an ENTRY dec
laration. If these are not given, default 
and implicit rules must be used to build a 
data description, but no parameter descrip
tion can be given. 

Given the foregoing requirements, the 
dictionary entries describing an internal 
entry point are as given in Figure 6. 

The set of dictionary entries A, B, C, 
D, E is repeated for each label associated 
with the PROCEDURE or ENTRY statement. The 
entry F will point to entry A for the first 
label only. D will point at the label with 
which it is associated. It should be noted 
that Band C may coincide. 

The entries type 1 for PROCEDURE, ENTRY, 
and BEGIN statements are chained amongst 
themselves in the following way. Each 
entry type 1 belonging to a PROCEDURE or 
BEGIN statement contains the dictionary 
reference of the entry type 1, of the next 
PROCEDURE or BEGIN statement in the source 
program, and also of the entry type 1 of 
the immediately containing block. 

The entries type 1 of PROCEDURE and 
ENTRY statements belonging to a single 
procedure are chained together in a circu
lar manner. If there are no ENTRY state
ments the entry type 1 of the PROCEDURE 
statement points at itself. 

External entry points are described by 
dictionary entries termed entry type 4. 
They contain data descriptions of the value 
returned when referenced as a function, and 
may contain descriptions of parameters. 

Formal parameters which are entry points 
are termed entry type 5, and parameter 
descriptions which are entry feints and are 
pointed at by types 3, 4, or 5 are termed 
entry type 6. 



r-------------------------------------, 
r'---> I I 
I r-->I Dictionary entry for entry label IA 
II r--I I I I I L _____________________________________ J 

III 
I I I r-------------------------------------, 
I I L_>I Entry type 2. Used to provide I 
I I I data description of target in I B 
I I r--I RETURN (expression). j I I I L _____________________________________ J 

II 
II 
II 

r-----------------------------------------, 
I V 

I I r-----------------L
-------------------, r-------------------------------------, 

! L_>I Entry type 3. This entry is used I Second entry type 2. I 
I I to point at the data description C I I Used to provide data description I 
L ___ I and parameter descriptions for para-ID I of value returned when label A IC 
r--I meter matching. I I is invoked as a function. This I 
I l-------T---------T--------------T---- J I entry may, and usually will, coin- I 
I I I I I cide with B. I I I I I l _____________________________________ J 

I I L __________ , l ______ . ______________________ , 

I I I I 
I V V V 
I r-------------------·---, r----------------------, r-----------------------, 
I I Description of I I Description of I I Description of I 
I I I E I I El I I E2 
I I first parameter I I second parameter I I each parameter I I l ______________________ J l ______________________ J L _______________________ J 

I 
I r----------------------, 
I I Entry type 1 for I 
l_>1 PROCEDURE or IF 

l___ I ENTRY statement I 

r----------------------, 
I Formal parameter I 
I type 1 entry IG 
I I 

r-----------------------, 
I Description of para- I 
I meter used in prologuelH 
I construction I 

l-----------T----------J l---------------T------J 
l _______________________ J 

I 1\ I /\ 

I I I I l ______________________ J l ______________________ J 

Note: There is an entry E for each parameter described in D. 

Figure 6. Dictionary Entries for an Internal Entry Point 

Phase ED simply moves a set of subrou
tines, which handle certain features of the 
list processing facility, into the communi
cations region and sets a register to point 
at them. The routines will later be used 
by phase EL. 

Phase EG has two main functions. The 
first is to set up a hash table, and to 
insert the label entries left in the dic
tionary by the Read-In Phase into hash 
chains. The second function of the phase 
is to create dictionary entries for PROCE
DURE, BEGIN, and ENTRY statements, and to 

construct chains linking entries of parti
cular types. 

For RBOCEDUR£;=BEG!~ staterrents, entry 
type 1 dictionary entries are created (see 
Appendix C.2), and block header chains are 
set up to link these entries sequentially. 
A containing block chain is also set up to 
link each entry with that of its containing 
block. 

On the appearance of PROfEDUR£; state
ments, circular PROCEDURE-ENTRY chains are 
initialized to link the entry type 1 dic
tionary entries of the PROCEDURE and ENTRY 
statements of the same block. The formal 
parameter list is scanned, and formal par
ameter type 1 entries are created and 
inserted into the hash chain. Details of 
the PROCEDURE-ENTRY chains appear in Appen
dix C.2. 
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The attribute list is scanned and an 
options code byte is created in the entry 
type 1 (see Appendix C.2). A check is then 
made for invalid and inconsistent attri
butes. CHARACTER and BIT attributes are 
processed, and second file statements (see 
Appendix D.8) are created if necessary. 
Precision data are converted to binary, and 
dictionary entries are created for pictures 
(see Appendix C.7). 

statement labels are scanned 
entry type 2 dictionary entries 
ed. The relevant data bytes in 
tionary are completed by default 
Appendix c.3). 

and their 
are creat
the dl.C

rules (see 

For ~NTRX statements, entry type 1 dic
tionary entries are created (see Appendix 
C.2), and the circular PROCEDURE-ENTRY 
chain is extended. Formal parameters, 
attributes, and labels are processed in a 
similar manner to those for PROCEDURE 
statements, except that the options code 
byte is not created. 

Phase EI 

Phase EI scans the chain of DECLARE 
statements set up by the Read-In Phase, and 
modifies the statements to assist Phase EK 
as follows: 

Structure Level Numbers: 
verted to binary-. ------

these are con-

Factored Attributes: parentheses enclosing 
factored attributes are replaced by special 
code bytes, so that Phase EK can distingu
ish them easily. A factored attribute 
table is set up. It consists of slots 
corresponding to each factored level. Each 
slot contains the address of the attribute 
list associated with that level, and the 
address of the slot for the containing 
level. 

The following attributes are processed: 

DIMENSION: dimension table entries (see 
Appendix C.8) are created in the dictionary 
and the source text is replaced by a 
pointer to the entry. Fixed bounds are 
converted to binary and inserted in the 
table. A second file statement (see Appen
dix D.8) is created at the end of the text, 
for adjustable bounds, and a pointer to the 
statement is inserted in the dimension 
table. Identifiers with identical array 
bounds share the same dimension table. 

PRECISION: precision and scale constants 
are converted to binary. 
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!NITIALl. dictionary entries are created 
for INITIAL attributes. 

INITIAL CALL: second file statements are 
created~or-INITIAL CALL attributes. 

CHARACTER and BIT: fixed length constants 
areconVertedtobInary; a code byte marker 
is left for * lengths (see Appendix C.8). 
Second file statements (see Appendix D.8) 
are created for adjustable length con
stants, and the source text is replaced by 
pointers to the statements. 

DEFINED: second file statements (see 
Appendix D.8) are created and the source 
text is replaced by pointers to the state
ments. 

POSITION: the position constant is con
verted-to binary. 

PICTURE: a picture table entry (see Appen
diX--C:7> is created and inserted into the 
picture chain; similar pictures share the 
same picture table. The source text is 
replaced by a pointer to each entry. 

USES and SETS: USES and SETS attributes 
a re--ffiov ed--rnto dictionary entries, and 
pointers to the entries replace the source 
text. 

LIKE: BCD entries are created for iden
tIfiers with the LIKE attribute. 

LABEL: if the LABEL attribute has a list 
of statement label constants attached, a 
single dictionary entry is created. The 
dictionary entry contains the dictionary 
references of the statement label constants 
in the list. 

IOFFSET and BASED: Second file statements 
lare made--and~ext references are inserted 
lin the DECLARE statements for these attri
Ibutes. 

1~~EAl. Fixed-length specifications are con
Iverted to binary; second file statements 
lare made for expressions; a code byte, 
Ifollowed by the length of text reference, 
lis inserted in the DECLARE statement text. 

All other attributes, identifiers, or 
constants are skipped. 

Phase EL, consisting of modules EK, EL, 
and EM, scans the chain of DECLARE state
ments constructed by the Read-In Phase. 

An area of storage known as the attri
bute collection area is reserved. ThIs-Is 



used to store information about the iden
tifiers, and has entries of a similar 
format to that for dictionary entries. 

Complete dictionary entries are con
structed for every identifier found in a 
DECLARE statement. These identifiers can 
be one of the following types: 

1. Data Items (see Appendix C.4) 

2. structures (in 
level number 
Appendix C.4) 

this case, the 'true' 
is calculated) (see 

3. Label Variables (see Appendix C.4) 

4. Files (see Appendix C.7) 

5. Entry Points (see Appendix C.2) 

6. Parameters (see Appendix c.7) 

7. Event Variables 

8. Task Variables. 

Identifiers appearing as multiple dec
larations are rejected and a diagnostic 
message is given. 

The attributes to 
each identifier are 
ways. 

be associated with 
picked up in three 

First, the attributes immediately fol
lowing the identifier are stored in the 
attribute collection area. 

secondly, any factored attributes and 
structure level numbers are examined. 
These are found by using the list of 
addresses placed in scratch core storage by 
Phase EI. Each applicable attribute is 
marked in the attribute collection area, 
and any other information, e.g. dimension 
table address, or picture table address, is 
moved into a standard location in the 
attribute collection area. All conflicting 
attributes are rejected and diagnostic mes
sages are given. 

Finally, any attributes which are 
required by the identifier, and which have 
not been declared, are obtained from the 
dE~faul t rules. 

After the dictionary entry has been 
made, further processing (e.g. linking of 
chains, etc.) must be done in the follow
ing cases: 

1. DEFINED data 

2. Data with the LIKE attribute 

3. Files 

4. Strings with adjustable lengths 

5. Arrays having adjustable bounds 

6. GENErtIC identifiers 

7. structure members 

8. Identifiers with INITIAL CALL 

9. Identifiers with the INITIAL attribute 

After the declaration list has been 
fully scanned and processed, it is erased. 

Phase EP first conditionally marks later 
phases as 'wanted' or 'not wanted,' accord
ing to how certain flags in the dictionary 
are set on or off. This assists in the 
load-ahead technique, 

The entry type 1 chain in the dictionary 
is then scanned. For each PROCEDURE entry 
in the chain, each entry label is examined 
for a completed declaration of the type of 
data the entry point will return when 
invoked as a function. If this has pre
viously been given in a DECLARE statement 
nothing further is done, otherwise entry 
type 2 and 3 dictionary entries are con
structed from default rules (see Appendix 
C.2). If this default data description 
does not agree with the description derived 
from the PROCEDURE or ENTRY statement, a 
warning message is generated. 

At each PROCEDURE entry, the chain to 
the ENTRY statement entry type 1 is fol
lowed. Each statement is treated in a 
similar manner to that for a PROCEDURE 
entry type 1. 

The CALL chain is then scanned and, at 
each point in the chain, the dictionary is 
searched for the identifier being called. 
If the correct one is not found, a dic
tionary entry for an EXTERNAL procedure is 
made (see Appendix C.2), using default 
rules for data description. Before making 
the entry, the identifier is checked for 
agreement with any of the built-in function 
names. If there is agreement, a diagnostic 
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message is generated, and a dummy diction
ary reference is inserted. 

If an identifier is found, it is 
examined to see if it is an undefined 
formal parameter. If it is, the formal 
parameter is made into an entry pOint, 
again using default rules for data descrip
tion. If it is not, or if the declaration 
of the formal parameter is complete, the 
type of entry is checked for the legality 
of the call. A diagnostic message is 
generated if the item may not be called. 
In all cases, the item called is marked 
IRREDUCIBLE if it has not previously been 
declared REDUCIBLE. 

Phase EW is an optional phase, loaded 
only if any LIKE attributes appear in the 
source program. 

This phase scans the LIKE chain which 
has been constructed by Phase EK, and 
completes the dictionary entry for any 
structure containing a LIKE reference. 
When a structure in the LIKE chain is 
found, its validity is checked, and dimen
sion data and inherited information are 
saved. The dictionary is scanned for the 
reference of the "likened" structure and 
the entry is checked for validity. 

This dictionary entry (see Appendix C.4) 
is copied into the dictionary, with altera
tions if there is a difference between the 
original structure and this structure with 
regard to dimensioned data. If both struc
tures have dimensions a straight copy is 
made; if the structure with the LIKE attri
bute has dimensions and the likened struc
ture has not, the dimension information is 
added to the copy; if the structure with 
the LIKE attribute is not dimensioned and 
the likened structure is, then the dimen
sion data is deleted from the copy. Inher
ited data is added to the copy. If an 
error is found, the structure with the LIKE 
attribute is deleted and a base element 
copy of the master structure is inserted 
instead. Where copies of entries occur 
which refer to dimension tables with varia
ble dimensions, the dimension table entry 
is copied, and new second file dictionary 
entries and statements are created. Simi
lar entries must be made if the structure 
item has been declared to be an adjustable 
length string, or has been declared with 
the INITIAL attribute. 
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Phase BY is an optional phase which 
Iprocesses all ALLOCATE statements. 

The second file is scanned first and all 
pointers to the dictionary are reversed. 
All ALLOCATE statements using the DECLARE 
chain are then scanned, and the dictionary 
references of allocated items are obtained 
by hashing the respective BCD of each item. 
The attributes given on the ALLOCATE state
ment for an item are collected together. 

A copy of the dictionary entry of the 
allocated item is then made (see Appendix 
C.4), and the ALLOCATE statement is set to 
point to it. The dictionary entry is 
completed by including any attributes given 
on the ALLOCATE statement, and copying any 
second file statements froID the DECLARE 
chain which are not overriden by the ALLO
CATE statement. 

I In the case of an ALLOCATE statement 
Iwhich a based variable is declared, no 
lof the original dictionary entry 
Irequired. The BCD is replaced by 
loriginal dictionary reference. 

in 
copy 

l' co 
~> 

the 

I All pOinter qualified references in the 
Itext are checked to determine that the 
Iqualified variable is based. For every 
I occurrence of a variable with a different 
Ipointer a new dictionary entry is made. If 
Ithe variable is a structure the entire 
I structure is copied. A PEXP second file 
Istatement is made for the pointer and the 
I'defined' slot in the new dictionary entry 
lis set to point to it instead of to the 
Ideclared pointer. 

I The BCD of the pointer and the based 
Ivariable in the text are replaced by the 
Inew dictionary reference followed by pad
Iding of blanks which will be removed by 
Iphase FA. 

I The based variable can be the qualified 
Iname of a structure member. If this is so, 
Ithe name is checked for validity. Only the 
Ifirst part or lowest level of the qualified 
Iname in the text is replaced by the dic
Itionary reference of the rrember. It is 
Ipreceded by a special marker to tell phase 
IFA that a partially replaced name follows. 

Phase FA scans the text sequentially. 
If, during the scan, qualified names are 
found with subscripts attached, they are 
reordered so that a single subscript list 
appears after the base element name. The 



dictionary is scanned and references 
obtained for any identifiers which are, 
contextually, file, event, pointer varia
bles, or programmer-named ON conditions. 
If no reference is available, a new dic
tionary entry is made. The identifier is 
then replaced in the text by the dictionary 
reference. 

If a constant marker is found, the 
dictionary is scanned to check if the 
constant is present. If it is not, a new 
dictionary entry is made (see Appendix C.7) 
and the resulting reference replaces the 
constant in the text. 

If a P FORMAT marker is found, the 
dictionary is scanned for a picture entry 
in agreement. If there is no agreeing 
entry, a new dictionary entry is made (see 
Appendix C.7) and the picture chain is 
updated. The dictionary reference replaces 
the format marker in the text. 

The CALL chain is removed from CALL 
statements. The appearance of PROCEDURE, 
BEGIN, END, and DO statements results in 
adjustments to the level and count stacks. 
If statement introduction code bytes appear 
(such as SN, SL, CL, and SN2), the current 
statement number is updated. All data 
items associated with the PROCEDURE, BEGI~, 
ENTRY, and DECLARE statements are removed, 
leaving only the statement identification 
and the keyword. 

when an identifier is found, the hash 
chain is used to scan the dictionary for a 
valid entry. If one is found, its dic
tionary reference replacE~s the identifier 
in the output text. If no valid entry is 
found, and the BCD does not agree with any 
entry in the tables of BCDs of PL/I built
in functions, then a dictionary entry is 
made as if the identifier was declared in 
the outermost procedure. However, if the 
BCD agrees with a function name, and it is 
not in a SETS position, a function entry is 
made in the dictionary, and its reference 
is used to replace the identifier. 

If a left parenthesis is found, the 
previous dictionary entry is checked for an 
array, function, or pseudo-variable. If it 
is one of these, the relevant marker is 
inserted in the text before the parenthesis 
(see Appendix D.l). 

Checks are also made for the positions 
of function references in assignment 
statements. Any dictionary references 
encountered in the input file are moved 
directly to the output file. 

PROCEDURE, BEGIN, DO, and END statements 
cause the current level count to be updat
ed. 

Phase FI --------

Phase FI scans the text and checks, 
where possible, the validity of dictionary 
references found. References in a GOTO 
statement are checked that they refer to 
labels or label variables and that the 
subsequent branch is valid. The code byte 
for GOTO is changed to GOOB (see Appendix 
D.l) if the branch is to a label constant 
outside the current PROC or BEGIN block. 
If the branch is to a label variable, GOOB 
is set up unless a label value list was 
given at the declaration, and all members 
of the list lie within the current block. 

I List processing based variables in ALLO
ICATE, FREE, READ, WRITE, and LOCATE state
Iments are rrarked as requiring a Record Dope 
IVector (RDV). Variables in TASK and EVENT 
loptions on CALL statements are checked for 
Ivalidity. 

References are checked if they appear 
where a file is expected. Items ln data 
lists are checked for validity, and Data 
Element Descriptors (DEDs) and symbol bits 
are set on for all variables found in the 
lists. 

Any errors which are found cause diag
nostic messages to be generated and durrmy 
references to be placed in the text in 
place of erroneous references. 

Phase FK scans the attribute collection 
area for entries with the SETS attribute. 
The SETS lists in the dictionary entries 
are scanned, and their syntax checked. 
Identifiers are counted and replaced by 
their dictionary references. Constants are 
counted, converted to binary, and arranged 
in ascending order in the dictionary entry. 

Phase Fa makes a dictionary entry for 
each ON condition mentioned inside a block. 
For ON CHECK conditions multiple dictionary 
entries are made (see Appendix C.7), one 
for each BCD. If a similar condition is 
mentioned more than once in a block, only 
one dictionary entry is rrade for that 
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condition, except for file conditions, ON 
CONDITION, and ON CHECK, when separate 
dictionary entries are made for each dif
ferent BCD name. 

SIGNAL and REVERT statements are treated 
in a similar manner to ON statements. 

The dictionary entries for each BCD name 
associated with file or CONDITION condi
tions are checked and, if in error, the ON, 
SIGNAL, or REVERT statement is replaced by 
an error statement. A diagnostic message 
is generated. 

The BCD name of each file entry referred 
to in ON, SIGNAL, and REVERT statements is 
examined. If the BCD is SYSIN or SYSPRINT, 
the dictionary reference of the file entry 
is placed in a slot in the communications 
region. 

A check is made to ensure that formal 
parameters do not appear in CHECK and 
NOCHECK lists. A single dictionary entry 
is created for each CHECK and NOCHECK list 
and a pointer to the entry is placed in the 
relevant entry type 1. 

When dictionary entries are made for 
CHECK lists, one of three different check 
codes is used depending on whether the BCD 
is an ENTRY LABEL, a LABEL CONSTANT, or a 
variable. 

List Processing POINTER and OFFSET vari
ables in CHECK lists are treated as data 
variables. BASED variables may not appear 
in CHECK lists. 

A dictionary entry is made for the list 
processing AREA condition. This condition 
is always enabled and may not appear in a 
condition prefix. 

Dictionary entries are also created for 
each ON condition which is disabled for a 
particular PROCEDURE or BEGIN block, and 
for each ON condition whose status is 
changed within the block. Pointers to 
these dictionary entries are placed in the 
relevant entry type 1. 

All dictionary entries for ON conditions 
are placed in the AUTOMATIC chain for the 
relevant PROCEDURE or BEGIN block. 

A further, quite distinct, function of 
this phase is to substitute error state
ments for all statements containing dummy 
dictionary references (which have been 
inserted by previous phases on detecting a 
severe error). If a dummy reference is 
found in the second file, the compilation 
is aborted. 

Wherever an element of a label array is 
initialized by appearing as a statement 
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label, an assignment to a compiler label 
has been inserted by the Read-In phase. 
Phase FO checks the validity of each such 
assignment~ for each array with this type 
of initialization, a second file dictionary 
entry is made, and all assignments to the 
array are chained. 

Phase FQ checks the validity of each 
item in the PICTURE chain in the dictionary 
(see Appendix C.7). 

The precision for each correct picture 
is calculated, together with its apparent 
length, and stored in its dictionary entry. 
A data byte is created in the entry for use 
by Phase F'I'. 

Invalid pictures cause appropriate diag
nostic messages to be generated. 

Phase FT -------

Phase 
tasks. 

FT performs certain housekeeping 
These are as follows: 

I 1. The second file entries are scanned 
and pointers to each entry are insert
ed in the associated dictionary entry 
(see Appendix C.7). 

2. Each item which has a storage class is 
inserted into the appropriate chain 
for that class (see Appendix C.4). 

3. Constants are placed in the constants 
chain and their apparent precision is 
calculated. Sterling constants are 
converted to pence. 

4. Dimension tables are separated for 
items which are not in structures, but 
which are arrays having similar 
bounds, but with different elerrent 
lengthS. 

5. Items which are members of structures 
and which have "inherited" dimensions, 
i.e. are contained in a structure 
which itself is dimensioned, are wade 
to inherit their dimensions. If a 
base element of a structure inherits 
dimensions which are not constant, 
second file statements (see Appendix 
D.8) are set up to initialize the 
bounds in the oeject time dope vector. 

6. Items which 
evaluated 

have expressions to be 
at prologue tirre u e.g. par-



ameter descriptions for entry pOints 
and defined items~ are placed in the 
AUTOMATIC chain for the appropriate 
block. 

7. The dictionary entry for any item 
described by a picture is expanded by 
the precision and scale or string 
length, extracted from the picture 
table entry. Identifiers of different 
modes sharing the same picture table 
are now placed in se~arate tables. 

8. The 'dope vector required' bit (see 
Appendix C.S) is set on where neces
sary. 

9. When a label array is found which has 
initial label statements for any of 
its elements, the chained statements 
are moved into the second file. The 
original statement is left in the 
text, to be removed by Phase FV. 

10. Dictionary 
BCD entries 
variables. 

entries similar 
are made for 

to label 
all TASK 

Phase FV scans the second file and 
reverses the pointers to the dictionary. 

Dictionary entries for DEFINED data are 
completed (see Appendix C.4 and C.S). 
Overlay and correspondence defining are 
differentiated between, as are static and 
dynamic defining. A preliminary check of 
the validity of defining is also carried 
out. 

When PROCEDURE and BEGIN statements are 
encountered, any second file statements 
associated with data in the AUTOMATIC chain 
for that block are inserted in the text 
following such statements. 

When ALLOCATE statements are found, any 
second file statements associated with the 
item being allocated are inserted in the 
text following the statement. 

When a reference to dynamically defined 
data is found, the base reference is 
inserted into the text following the 
defined reference. 

When an initial label statement is 
encountered in the main text, it is not 
copied into the output string. 

I The dictionary reference of a POINTER in 
I a PEXP <pointer expression) second file 
I statement is inserted into the defined slot 
I of the associated based variable. If the 

Ibased variable is a structure this ref
lerence is ~ropagated throughout the struc
Iture. The PEXP statement is then deleted. 

I A similar ~rocedure is performed for 
I BVEXP (based variable expression) second 
Ifile statements whereby the dictionary ref
lerence of the AREA is inserted into the 
I dictionary entry of the associated OFFSET 
Ivariable. 

ADV second file statements referring to 
la BASED variable are checked for com~liance 
Iwith the (F) implementation rules. If the 
Irules are obeyed, the dictionary entty of 
Ithe 'bound' variable is inserted in the 
I appropriate slot in the multiple table 
I entry. 

If an MTF statement refers to a based 
Ivariable the ap~ropriate bound slot is 
Icopied frow one multiple table entry to the 
lather. 

Phase FX is an o~tional phase entered 
only if the XREF or ATR (cross reference 
lister and attribute lister respectively) 
options are specified. It scans the STA
TIC, AUTOMATIC, and CONTROLLED chains, and 
the formal ~arameter lists. 

For each identifier it creates an entry 
in scratch text storage of the form: 

2 bytes 3 bytes 3 bytes 
r-------------T--------------T------------, 
I Dictionary IText reference I Text chain I 
I reference Ito this item I I L _____________ ~ ______________ ~ ____________ J 

This entry is inserted into a chain of 
similar entries in the alphabetical order 
of the BCD of the identifier. 

If the XREF option is s~ecified, the 
text is scanned for dictionary references. 
When the dictionary reference of an iden
tifier is found in the text, an entry is 
created in a chain of entries from the 
dictionary entry of the identifier. 

Each member of the chain which rep
resents a reference to the identifier, has 
the following form: 

2 bytes 3 bytes 
r-------------------T---------------------, 
I Statement number I Text chain I L ___________________ ~ _____________________ J 

Each reference chain for an identifier 
is in scratch text storage. 
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The sorted chain of identifiers is then 
scanned, and for each entry in the chain 
the following actions take place: 

1. The statement number of the DECLARE 
statement, if any, in which the iden
tifier was declared is printed 

2. The BCD of the identifier is printed. 
For variables having constant dimen
sions andlor constant string lengths, 
these dimensions and lengths will be 
listed. 

3. If the ATR option is specified, the 
dictionary entry of the identifier is 
analyzed and its attributes are print
ed 

4. If the XREF option is specified, the 
reference chain for the identifier is 
scanned, and the statement number con
tained in each entry is printed 

Finally, all scratch storage is released 
and control is passed to the Pretranslator 
Phase. 

THE PRETRANSLATOR LOGICAL PHASE -------------------------------

The purpose of the Pretranslator Phase 
is to expand those statements in the lan
guage that can be broken down into simpler 
statements, and to insert explicitly gener
ated statements in place of implied ones. 

Second level markers (see Appendix D.l) 
are removed from internal compiler codes, 
and some of the 1/0 statements are changed 
into a form more suitable for the pseudo
code phase. 

Argument lists are examined and the 
matching of arguments with parameter 
descriptions takes place, with temporary 
variables being created where necessary, 
e.g., where data conversions are required. 

If the compilation contains 
conditions the appropriate calls 
library routine are provided. 

ON CHECK 
to the 

Any structure assignments containing the 
BY NAME option are processed. 

If any structure assignment statements 
or structures in 1/0 lists are detected in 
the program, they are expanded into scalar 
assignments and DO groups. 

If the program contains any array 
assignments, or array expressions in 1/0 
lists, these are expanded into DO loops and 
scalar assignments or expressions. 
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If the program contains iSUB references, 
the subscripts are computed for the base 
array corresponding to the subscripts given 
for the defined array. 

In addition to changing the content of 
the text, the Pretranslator introduces some 
new symbols and grammatical forms into the 
source text. These are as fellows: 

Ih~_Q~~~~!!~_§y~tQ!~ this is designat
ed by the symbol code X'5E', which is 
used to introduce a literal as an 
operand. It is used only as a bound of 
a DO loop, or in a call of the dope 
vector pseudo-variable. 

Statements within statements: a list 
of-statements-may-be-introduced within 
another statement. In this case the 
inserted list is enclosed in parenthe
ses. Statements in the list are given 
no statement number field, but they 
have semi-colons at the end. 

1/0 statements: the forrr ef 1/0 state
ments---rschanged considerably durinq 
the pretranslator phases, as explained 
in the description of Phase GB. 

BUY and SELL statements: special 
statements-are-Introduced-for mani p u I a-
ting temporary storage at object time; 
they have a form similar to ALLOCATE 
and F~EE statements. 

I~~EQ~~~Y_§!Q~~g~~ Pretranslator phas
es create temporary variatles for func
tion and procedure calls where the 
arguments do not match the final param
eters, where expressions appear as 
arguments, for control variables for DO 
loops in array and structure assign
ments, and for iSUB defined subscript 
lists. The Pretranslator has no mecha
nism for evaluating expressions. 
Therefore, temporaries which have no 
data type are created for expression 
arguments with no para~eter descrip
tion. The data type of these temporar
ies is completed by the Translator 
generic phase whEn the resultant data 
type of the e~pression has been deter
mined. 

When the Pretranslator creates a tem
porary from an argument which contains 
any array with adjustable bounds or 
adjustable string length, compiler 
functions (see Appendix D.8) are gener
ated in-line, to set up the adjustable 
quantities at object time, to enable 
storage of the correct SiZE to De 
acquired by means of the BUY statement. 



The temporary variables created by the 
Pretranslator have dictionary entries 
similar to variables declared in the 
source program, except that the tempo
raries do not have BCD names. 

Phase GA is an optional phase which 
scans the STATIC chain for file constants 
and OPEN control block entries. 

For file constants a DECLARE control 
block is constructed from the ~ile name and 
attributes, while checking the attributes 
for consistency. For file constants with 
the ENVIRONMENT option a dictionary entry 
is constructed, chained from the file con
stant, containing the core image of the 
56-byte DECLARE control block. 

For OPEN control block entries an OPEN 
control block is constructed from the 
attributes in the entry, a check is made 
for consistency, and another dictionary 
entry, chained from the OPEN control block 
entry, is constructed. This new entry 
contains the 8-byte core image of the OPEN 
control block. 

When the COBOL option is encountered in 
the ENVIRONMENT string of a FILE statement, 
phase GA sets the low-order bit in the 
fifteenth byte of the FILE dictionary 
entry. Although this action overwrites the 
dictionary reference of the ENVIRONMENT 
string, it is permissible since GA is the 
only phase which processes this string. 

The EXCLUSIVE second level marker is 
recognised in the file attribute dictionary 
entry during the diagnostic check and con
struction of the DCLCB or the OCB. 

Phase GB, containing Modules GB and GC, 
processes I/O statements. GB removes all 
second level markers from internal charac
ter codes (see Appendix D.1). It then 
reorders the options so that either EDIT, 
DATA, or LIST options appear last. 

In data lists the DO specification is 
moved so that it precedes the relevant 
list, and the END statement is added. 

In format lists iteration factors are 
expanded. 

RECORD I/O statements for which the 
COBOL file option is recognized are exam-

lined for validity by GC. Diagnostics are 
Iput out for LOCATE and READ SET statements 
Ifor which COBOL files are used. A tempora
Iry variable is created to assist such data 
Itransfers as occur when a COEOL record is 
Iread into or written from a structure which 
Idoes not contain either wholly binary or 
Iwholly character data. 

I I/O activity found within a PROCEDURE or 
IBEGIN block causes the bit X'10' to be set 
Ito one in the optimizaticn byte of its 
lentry type 1. 

Phase GK scans the source text for 
function references. If it finds one, it 
inserts a special marker byte before the 
argument list, followed by: 

1. Two code bytes giving information 
about the type of function, and wheth
er it was called with the TASK option 

2. The current staterrent number 

3. The current block level and count 

This phase also inserts a special argu
ment marker before each argureent in the 
list, followed by the reference of the 
corresponding parameter and a code byte to 
show whether or not the argument is speci
fied in a SETS list. The number of argu
ments present is checked against the number 
given as required by the corresponding 
dictionary entry. 

I NULL, NULLO, and EMPTY built-in func
Itions are recognised and converted to con
Istants. 

I This phase acts as a pre-processor for 
Iphase GP. 

Phase GP scans the text for procedure 
and function calls with arguments. These 
are detected by the special markers insert
ed by Phase GK. 

Temporaries (see Appendix C.4) are 
created for any arguments which are expres
sions. (An expression is def ined as being 
any sequence of variables and operators, 
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other than single variables followed only 
by a subscript list, or only by a defined 
subscript list and then a subscript list). 
If a parameter description has been 
declared in an entry declaration, the tem
porary which is created is of the same type 
as the parameter description. otherwise, a 
'chameleon' temporary of unspecified data 
type is created, its type being subsequent
ly completed when the expression type has 
been determined by the Translator generic 
phase. 

Expressions are scanned for arrays 
(including partially subscripted arrays), 
structures, or the end of the expression, 
in order to determine the highest form of 
aggregate in the expression, so that the 
correct type of temporary may be created. 

Where the expression contains a partial
ly subscripted array, a temporary is creat
ed with a dimensionality equal to the 
number of cross sections specified in the 
subscript list. 

When single arguments are specified 
together with parameter descriptions, the 
arguments are compared with the parameter 
description. If there is a lack of match, 
action may be taken in one of two ways. 

1. If the data types are compatible, a 
warning message is printed, and a 
temporary is created 

2. If the data types are incompatible, an 
error message is printed, and the 
parameter description is ignored 

When the argument is a single partially 
subscripted array which matches the param
eter, a special temporary is created which 
has the same dimensionality as the number 
of cross sections in the subscript list, 
and it appears to be defined upon the 
original argument. Code is then generated 
to initialize the temporaries, multipliers, 
and virtual origin from the dope vector of 
the original argument and the subscript 
list. 

Whenever a temporary is created, a bUY 
statement contained in nested statement 
brackets is inserted in the output text, 
followed by the assignment of the expres
sion or non-matching argument to the tem
porary. After the end of the PROCEDURE or 
function call, all the temporaries generat
ed in the call are released by means of a 
SELL statement in nested statement brack
ets. 

Temporaries are created for constants 
which are specified as arguments to func
tions defined by the programmer. 
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I If a TASK, EVENT, or PRIORITY option is 
Ipresent in a CALL statement, then any 
Itemporaries which are created are of the 
I'not sold' type. 

If GENERIC entry labels are specified as 
arguments to procedures, a special dic
tionary entry is made which contains the 
argument and parameter description dic
tionary references, to enable the Transla
tor generic phase to select the correct 
generic member. 

A warning message is printed whenever a 
temporary is created for an item declared 
in a SETS list. 

When subscript lists for the number of 
cross sections are being checked, a severe 
error message is printed if a subscript 
list contains too many subscripts, and the 
statement is deleted. 

Phase GU scans the source text for 
PROCEDURE, BEGIN, and END statements, and 
for statements that may raise a possible 
CHECK condition. 

A list of all items currently checked is 
extracted from the CHECK and NOCHECK lists 
present in PROCEDURE and BEGIN statements. 

Items contained in statements that may 
raise a CHECK condition are examined and 
compared with the list of currently checked 
items. If the item appears in the list, a 
SIGNAL CHECK statement is created for it, 
either before the statement concerned (for 
labels and entry names) or after it (for 
variables). 

The purpose of phase HF is to detect 
structure assignment statements, possible 
structure expressions in data lists in GET 
and PUT statements, and nested statements, 
in particular nested structure assignments. 

The leftmost structure in an expression 
or assignment is used as a basis for 
comparison, and if similar structuring is 
not found throughout the expression or 
assignment, diagnostic messages are issued. 
Any expression containing no structures is 
left unchanged. 

The base elements of the structures are 
found, and if the referenced structures are 
dimensioned, a temporary is created for 



each dimension. It is then added to the 
AUTOMATIC chain for the appropriate block. 
Iterative DO loops are constructed, with 
the temporaries iterating between the upper 
and lower bounds of that particular dimen
sion. Base elements are assigned, with the 
temporaries as subscripts, and with scalars 
remaining unchanged. END statements are 
created for the DO loopsp and SELL state
ments for the temporaries. The statements 
which have been created are nested within 
the original statement. 

The purpose of Phase HK is to detect 
array or scalar assignments, possible array 
expressions in I/O lists in GET and PUT 
statements, and nested statements, in par
ticular nested assignment statements. 

The leftmost array in an expression, or 
the leftmost array or scalar in an assign
ment is used as a basis for comparison, and 
if similar dimensions or bounds are not 
found in the array references, diagnostic 
messages are issued. Any expression con
taining only scalars is left unchanged. 

For unsubscripted arrays which are 
equally spaced in core only one temporary 
is bought, but for all other arrays a 
temporary is bought for each dimension in 
the arrayo This temporary will be added to 
the AUTOMATIC chain for the appropriate 
block. If the ON-condition name SUBSCRIP
TRANGE is enabled for any statement, a 
temporary will be bought for each dimension 
in all cases. Iterative DO loops are 
constructed: for an unsubscripted array 
expression of dimensionality N, the tem
porary will iterate between the lower bound 
of the Nth dimension and an evaluated 
product so that all elements of the array 
are processed; while for other arrays the 
temporaries will iterate between the lower 
and upper bound of the particular dimension 
of the array. The assignment statement is 
added to the output string with additional 
subscripts where necessary. End statements 
are created for the DO loops, and SELL 
statements for the temporaries. The state
ments which have been created are nested 
within the original statement. 

The syntax of pseudo-variables is also 
checked. 

Phase HP scans 
references to items 

the source text for 
defined using iSUBs. 

For each reference found, the subscripts 
are computed for the base array correspond
ing to the subscripts given for the defined 
array. 

The subscripts of the defined array are 
assigned to temporaries specially created 
for this purpose, which are then used to 
replace the iSUBs in the defining subscript 
list. The base array, with the subscript 
list so formed, replaces the defined array 
in the text. 

The Translator Phase consists of two 
physical phases, the stacker phase and the 
generic phase. The purpose of the Transla
tor is to convert the outfut from the 
Pretranslator into a series of "triples" 
(see Appendix D.4). A "triple" is in the 
form of an operator followed normally by 
two operands. 

The translation is achieved by using a 
double stack, with one part for operators, 
and the other part for op~rands, and 
assigning two weights to each operator. 
One weight (the stack weight) applies to 
the operator while it is in the stack, and 
the other weight (the compare weight) 
applies when the operator is obtained from 
the input string. 

When an operator is obtained from the 
input string it is compared with the top 
stack operator. Depending on the result of 
the comparison, one or other of the two 
operators is switched on to determine what 
action is next to be performed. Apart from 
some special cases, this action is usually 
either to continue to fill the stack, or to 
generate a triple. The special cases lead 
to various manipulations of the stack 
items, after which the translation process 
continues. 

For the purposes of translation, the 
input text to the translator is considered 
to consist of operators and operands only. 
This means that I/O options, etc., are 
regarded as operators. 

After translation, the text string con
sists of operands and operators. All 
statements start with an operator to indi
cate a statement number or label, followed 
by the statement type, which may be a 
single operator, as in the case of RETUHN 
or STOP, or which may be an operator such 
as a function or subscript marker, followed 
by a list of arguments. This list may also 
include compiler generated statements, 
e.g., DO loops for I/O lists. All I/O 
options are regarded as operators and 
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require no markers before them. The end of 
the source text will be marked by a special 
operator, and compiler generated code, 
which may follow this end-of-program mark
er, will appear between the marker and the 
special second-end-of-program marker. The 
end of a block of text will be marked by an 
EOB operator. The program is now assumed 
to be syntactically correct. 

Phase IA rearranges the source text into 
a prefix form, in which parentheses and 
statement delimiters have been removed, and 
the operations within a statement have been 
so arranged that those with the highest 
priority appear first. 

As operators and operands are encoun
tered, they are stored in stacks. Tables 
give the priority of each operator as it 
appears in the input text and in its stack. 

when an operator is found during the 
scan of the source text, its compare weight 
(see Appendix D.4) is tested against the 
stack weight of the top operator in the 
stack. If the compare weight is the lesser 
of the two, then action is taken according 
to the compare operator. This is referred 
to as the compare action. Similarly, if 
the compare weight for the current operator 
found in the scan is greater than or equal 
to the stack weight of the top stack 
operator, action is taken according to the 
top stack operator. This is referred to as 
the stack action. Normally, the compare 
action is to place the compare operator in 
the stack, and to continue the scan, plac
ing any subsequent operand in the stack 
until another operator is found. The nor
mal stack action is to generate a triple, 
consisting of the top operator in the stack 
and the top two operands, eliminating the 
items from the stack, and inserting a 
special flag as the operand of the triple 
which is now at the top of the stack. The 
source (compare) item is then compared with 
the new top stack item. 

The output text of the stacking phase is 
in the form of a series of triples, i.e. 
statement types with no operands, and oper
ators with one or two operands. If the 
result of a triple operation is to be used 
in a later triple, the appropriate result 
is flagged accordingly. 

certain phases are marked wanted or not 
wanted at this stage. If the source text 
contains an invocation by CALL or function 
reference, Phases IL and 1M are marked 
wanted. If it does not, Phases IL, 1M, IN, 
10, IP, IQ, MG, MH, MI, MJ, MK, MM, MN, and 
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MO are marked not wanted. Phases MB and"MC 
are marked wanted when the source text 
contains pseudo-variables or multiple 
assignments~ otherwise, they are marked not 
wanted. The DO loop processing phases (LG 
and LH) are marked in co-operation with the 
dynamic initialization phases (LB and LC). 
If LB and LC are requested, the marking of 
LG and LH is left until that stage of 
compilation~ otherwise, LG and LH are 
marked by Phase IA independently. 

I When ALLOCATE and FREE .statements occur, 
Iphase NG is marked wanted. When LOCATE 
I statements occur, phase NJ is marked want
led. 

Phase IG is an optional phase which is 
loaded to process array and structure argu
ments to built-in functions. When aggre
gate arguments are given for built-in func
tions they are expanded by the structure 
and array assignment phases so that the 
built-in functions appear as base elements, 
subscripted where necessary. 

Phase GP examines these arguments, and 
ascertains whether it is necessary to 
create a dummy. If it is necessary, a 
scalar dumwy is created, but the assignITent 
of the argument expression is not inserted 
in the text, as this would be an invalid 
aggregate assignment. 

Phase IG examines the text for a BUY 
statement for a dummy for an aggregate 
argument to a built-in function, and then 
inserts an assignment triple in the correct 
place in the text. 

This phase immediately precedes the ITain 
generic phase. Its function is to obtain a 
block of scratch storage and place the 
entire built-in function table in that 
area. The starting address of this table 
is then placed in a register, and control 
is released to the main generic processor. 

Phase 1M --------

Phase 1M scans the source text for 
procedure invocations by a CALL statement, 
procedure or library invocations by a func
tion reference, and assignments to 
"chameleon" dummy arguments (see Phase GP). 



Any procedure. which is generic and is 
invoked by a CALL statement or function 
reference is replaced by the appropriate 
family member. If the invoked procedure is 
non-generic, it is ignored. A generic 
library routine invoked by a function ref
erence is also replaced by the appropriate 
family member. 

The arguments passed to library routines 
are checked for number and type, and a 
conversion inserted where necessary and 
possible. 

The type and location of the result of 
all function invocations is placed in the 
text which follows the end of the text 
which invoked the function. The resulting 
type of an expression assigned to a 
"chameleon" dummy is determined and set in 
the dictionary entry which relates to the 
dummy. 

Phase IT scans the source text for 
function triples and, in particular, t~e 
built-in functions for which code will be 
generated in-line. Further tests are made 
to detect the functions which, according to 
the method used to generate in-line code, 
are optimizable. This applies only to the 
SUBSTR, UNSPEC, and INDEX functions. All 
references to 'chameleon' temporary assign
ments within the scope of these functions 
are removed subject to certain restrictions 
imposed by the function nesting situation. 

Phase IX checks that POINTER and AREA 
references are used as specified by the 
language. This phase is loaded only if 
POINTER or AREA references are found, 
declared either explicitly or contextually. 
Error messages are produced if errors are 
found and the statement in error is erased. 

Data type triples in the text are 
scanned and a stack of teffiporary results is 
created containing the values: 

X'40' for POINTER 
X' 02' for AREA 
X'OO' for any other data type 

The maximum permitted number of temp?
raries at anyone point in a program lS 
200. The compilation is terminated if this 
figure is exceeded. 

IPhase JD ------

I Phase JD scans the text for concatena
Ition and unary prefixed triples with ccn
Istant operands. These are evaluated and 
Ithe results are placed in new dictionary 
lentries. The references are passed thrcugh 
la stack into the corresponding result slots 
lin the text. 

The Aggregates Phase consists of two 
physical phases, the structure processor 
(phase JK) and the DEFINED chain check 
(phase JP). 

The structure processor phase carries 
out the mapping of structures and arrays in 
order to align elements on their correct 
storage boundaries. 

The DEFINED chain check ensures that 
items DEFINED on arrays and structures can 
be mapped consistently. 

IPhase JI -----

I The first function of phase JI is to 
lobtain scratch storage in which the text 
I skeletons contained in phase JJ are to be 
Iheld. Phase JJ is then loaded, and its 
I contents are moved to the scratch storage 
Ifor subsequent use by phases JI and JK. 
IPhase JJ is then released and control is 
Ireturned to phase JI. 

I The main function of phase JI is to 
I expedite data interchange activities. A 
Iscan of static, automatic, and controlled 
I chains is performed. The chains are reor
Idered so that all data variables appear 
I before non-data items. Adjustable PL/I 
Istructures and arrays are detected. Each 
I entry in the COBOL chain is mapped as far 
las possible at compile-time, removed from 
Ithe chain, and placed in the appropriate 
IAUTOMATIC chain. 

I This phase scans the AUTOMA~IC, STATIC, 
land CONTROLLED chains for arrays, struc
Itures (including COBOL structures), adjus
Itable length strings, DEFINED items, AREA, 
land POINTER arrays and structures, TASK and 
IEVENT arrays, and TASK and EVENT arrays in 
!structures. 
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For 
without 
lengths, 
made: 

the base elements of structures 
adjustable bounds or string 
the following calculations are 

The offset from the start of the major 
structure 

The padding required to align the ele
ments on the correct boundary 

All multipliers of arrays of struc
tures. 

For all minor structures and major 
structures the following calculations are 
made: 

Size 

The offset from the preceding alignment 
boundary with the same value as the 
maximum appearing in the structure 

Where a structure contains adjustable 
bounds or string lengths, code is generated 
to call the Library at object time. 

For arrays, the multipliers are calcu
lated, unless the array contains adjustable 
items, in which case the Library performs 
the calculations. 

For adjustable structures, arrays, or 
strings, code is generated to add a symbol
ic accumulator register into the virtual 
origin slot of the dope vector, and the 
accumulator register is incremented by the 
size of the item. 

Calculations are made in a similar 
fashion for arrays of strings (in struc
tures or otherwise) with the VARYING attri
bute. In addition, code is generated to 
set up an array of string dope vectors 
which refer to the individual strings in 
the array using the dope vector. Code is 
also generated to convert the original dope 
vector to refer to the array of string dope 
vectors, instead of to the storage for the 
array. 

The routine which generates code for 
arrays of VARYING strings is also used to 
generate code for the initialization of 
arrays of TASK, EVENT, and AREA variables. 

DEFINED items are processed in the fol
lowing way: 
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Code is generated to set the multipli
ers and virtual origin address of cor
respondence defined arrays without 
iSUBS in the dope vector of the DEFINED 
items from the defining base dope vec
tor. 

Code is generated for overlay DEFINED 

items if they do not fall into the 
class which is to be addressed direct
ly. The code first maps the DEFINED 
item, if necessary, calculates the 
address of the start of the storage to 
be used by the DEFINED item, and final
ly, relocates the DEFINED item using 
this address. 

I Dope vector descriptor dictionary 
lentries and record dope vector dictionary 
entries are made for items which need to be 
mapped at object time, or which appear in 
RECORD-oriented input/output statements. 

Phase JP scans the DEFINED chain, and 
differentiates between the following: 

1. Correspondence defining 

2. Scalar overlay defining 

3. Undimensioned structure overlay defin
ing 

4. Mixed scalar-array-structure-string 
class overlay defining 

In correspondence defining, this phase 
differentiates between arrays of scalars 
and arrays of structures. It also checks 
that the elements of the defined item may 
validly overlay the elements of the base 
belong to the same defining class, and that 
the base is contiguous. 

In scalar overlay defining, this phase 
checks that the defined item may v"alidly 
overlay the base. 

For undimensioned structure overlay 
defining, this phase checks that the ele
ments of the defined item may validly 
overlay the elements of the base. 

For mixed scalar-array-structure-string 
class overlay defining, this phase checks 
that all elements of the defined item and 
all elements of the base belong to the same 
defining class (bit or character), and that 
the base is contiguous. 

The Pseudo-Code Phase accepts the output 
of the Translator Phase, and converts the 
triples into a series of machine-like 
instructions. The transforrration into 
pseudo-code is achieved by a series of 
passes through the text; each pass removes 



certain triples and replaces them by 
pseudo-code, until the entire text is in 
pseudo-code form. On comfletion of this 
phase, control is handed to the storage 
Allocation Phase in the output stage. 

Pseudo-code is essentially a one-for-one 
symbolic representation of machine code, 
designed so that it can be transformed 
directly into executable machine code by an 
assembly process. 

Pseudo-code is constructed in basic 
units, the majority of which have a stand
ard size of three or five bytes. A varia
ble sized unit, however, is also available 
to allow flexibility, its length being 
specified by a length code within the unit. 
The formats of pseudo-code instructions are 
shown in Appendix D.6. 

A unit consists of a one-byte operation 
code followed by normally, a two- or four
byte field, or on the other occasions by a 
variable length field. The bit pattern of 
the operation code indicates the type of 
unit which it heads. 

Pseudo-Code Item~ 

In addition to there being one pseudo
code item for each machine instruction 
which could be generated, there are also 
pseudo-code items which are produced to 
convey information from one phase of the 
compiler to another. 

These items of information have the same 
format as a pseudo-code item, so that the 
handling and scanning of the source text is 
standardized. They do not, however, appear 
in the final object code. 

In all cases where a general purpose 
register appears in pseudo-code, it will be 
described symbolically. When conventional 
registers are required in, for example, 
calling sequences, the registers will be 
referred to physically, as they will be in 
all cases of floating-point register usage. 

Whenever a new register is required 
while pseudo-code is being generated, a 
symbolic register counter is incremented by 
one and, subject to this new value not 
being greater than 16,383, it is used as 
the symbolic name of the required register. 
When this register is no longer required a 
DROP pseudo-code item is inserted into the 
text to indicate to the Register Allocation 
Phase that the physical register allocated 
to this symbolic register may be 
reassigned. 

Physical general purpose registers will 
be used either as arithmetic registers or 
as parameter registers. 

With arithmetic registers, it is the 
responsibility of the pseudo-code genera
tion phases to save and restore the reg
isters as necessary. This will apply both 
to the general purpose arithrretic registers 
(namely 14 and 15) and to the four 
floating-point registers. Although this is 
of primary interest to the expression 
evaluation phases, it should be realised 
that all phases which generate calling 
sequences must be aware of the current 
status of arithmetic registers, and gener
ate code to save and restore thew as 
necessary. 

In the case of parameter registers, 
however, the Register Allocation Phase will 
be able to save and restore them as 
required. 

As expressions are evaluated, a series 
of intermediate temporary results are 
obtained. These results, or their address
es, may be contained in symbolic or 
assigned registers, in a dictionary ref
erence, with or without an index register, 
or in workspace. Temporary descriptor tri
ples (TMPD) are inserted in the text to 
enable the correct pseudo-code instructions 
to be generated from the triples. The 
format of TMPD triples is described in 
Appendix D.9. 
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A block of temporary workspace is used 
to store intermediate results obtained in 
evaluating expressions at object time. 
Pseudo-code phases allocate the next avai
lable workspace location within the block, 
and then update the location pointer, 
whenever the necessity to save an inter
mediate result arises. The location of the 
intermediate result is then described for 
later phases by a TMPD in the text. Inter
mediate results are only required during 
the execution of single PL/I statements; 
they are never preserved from one statement 
to another. 

At the end of the pseudo-code phases the 
maximum size of the temporary storage 
required in each PL/I program block is 
placed in a dictionary entry. The required 
amount of workspace is then allocated in 
each Dynamic Storage Area (DSA) by Phase 
PT. 

Phase LA is a utility phase which 
remains in storage during the whole of the 
pseudo-Code Phase. It provides the main 
scanning routines to handle input and out
put text during the Pseudo-code Phase. 

The routine/subroutine directories in 
this publication give a complete list of 
the routines provided, together with brief 
descriptions of their functions. 

Phase LB --------

phase LB 
PROCEDURE, 
triples. 

scans 
BEGIN, 

through the text for 
and ALLOCATE statement 

Whenever one of these is found, a scan 
is made through the immediately succeeding 
second file statements; this is for any IDV 
(initial dope vector) statement referring 
to a variable replication factor in the 
array initial string. Processing of these 
statements and of the corresponding array 
initial strings is then carried out. 

On completion of this secondary scan, 
the action taken depends on which triple 
was originally found: 

1. For PROCEDURE or BEGIN triples, a scan 
is then made of the AUTOMATIC chain in 
the dictionary. For any scalar varia
bles that have been declared INITIAL, 
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a set of triples is created and 
inserted into the text. For any array 
declared INITIAL, the initial string 
is scanned, and a mixture of triples 
and pseudo-code is generated. 

2. For ALLOCATE triples, if the item has 
been declared INITIAL, the initial 
string is scanned, and a mixture of 
triples and pseudo-code is generated. 

Phase LE also marks Phase LG (DO-groups) 
as wanted or not wanted; this is done in 
co-operation with Phase IA. 

Phase LD scans the STATIC chain for any 
variables which have been declared INITIAL. 

When a scalar variable is found, the 
phase constructs two dictionary entries: 
one for the constant, and one for the 
converted constant. 

For arrays, the phase scans the initial 
value string, creating an initialization 
table in the dictionary. Replication fac
tors are converted and inserted into the 
table; treatment of the constants is then 
as described for scalar variables. 

Phase OS converts the constants to their 
specified internal form. 

Phase LG --------

Phase LG scans the text for DO loops. A 
stack is maintained with each entry con
taining a description of a DC group. ThE 
stacking reflects the nesting of the DO 
groups. For each DO or iterative DO triple 
a new entry is made at the top of the 
stack. 

DO specification triples are analyzed 
and expressions are assigned to temporar
ies; sutscripts in the control variable are 
assigned to binary integer temporaries if 
they are themselves variable. At the end 
of each specification, pseudo-code and tri
ples are generated to control the loop. 

Triple operators (see Appendix D.4 
peculiar to the specification of DO loops 
are removed from the text. 

For control variatles, other than sirrple 
scalars, text is placed in the DC stack and 
used at every appearance of the control 
variable in the generated text. During 
this time, a scan is also made for pseudo-



variables, subscripts, 
argument markers. 

functions, and 

The purpose of Phase LR is to save space 
during the expression evaluation phase, LS. 
It provides the initialization for Phase LS 
by obtaining 4,096 bytes of scratch storage 
and setting stack pointers. The scan 
phase, Phase LA, is initialized and Phase 
MP is marked. 

The translate table for scanning tri
ples, and the constants for expression 
evaluation are included in this phase and 
are moved to the first lK area of scratch 
storage. Subroutines required by phase LS 
are also moved into scratch core at this 
time. Finally, control is passed to Phase 
L:3. 

Phase LS scans the source text to con
vert expression triples to pseudo-code. If 
a triple produces a result, it is added to 
the temporary work stack. 

For the arithmetic triples +,-,*,/,**, 
prefix +, and prefix -, the operands are 
combined to give the base, scale, mode, and 
precision of the result. If conversion is 
necessary, an assignment triple, with the 
target and source types as operands, is 
inserted in the text. In-line pseudo-code 
is generated for all operators except ** 
and some complex type * and / operators. 
In these cases, Library calling sequences 
are generated. An intermediate result is 
always produced and the triple is removed 
from the t.ext. 

The operands of comparison triples GT, 
GE, equals, NE, LE, and LT are combined and 
converted as for the arithmetic triples. 
In-line pseudo-code is generated and the 
triple is removed from the text, unless 
both operands are string type, in which 
case a temporary is created. If the next 
triple is a conditional branch, a mask for 
branch-on-false is inserted. Otherwise, 
the result is a length 1 bit string. 

For the string triples CAT, AND, OR, 
NOT, and string comparisons, if an operand 
is zero, TMPD triples, containing the 
intermediate result from the top of the 
stack, are inserted in the text after the 
triple. The result is a CHARACTER or BIT 
string or a COMPARE operator. 

When subscript triples appear, a symbol
ic register number is inserted in the 
triple: The result contains the dictionary 
reference of the array and the symbolic 
register. 

For function triples, a description of 
the workspace for the function result is 
inserted in the TMPD triples which follow 
the function triples. The function result 
is added to the intermediate stack. 

For add, multiply, and divide functions, 
the function and argument triples are 
removed from the text. Arithmetic type 
in-line pseudo-code is generated, with 
modifications for the precision and scale 
factor, and the result is added to the 
intermediate stack. 

with pseudo-variable triples, a special 
marker is added to the intermediate result 
stack. 

Other triples which may use an inter
mediate result, are examined. If an oper
and is zero, two or three TMPD triples, 
containing the intermediate result from the 
top of the stack, are inserted in the text 
after the triple. If both operands are 
zero, the TMPDs for the second operand 
precede those for the first operand. 

Phase LV provides string handling facil
ities for the pseudo-code phases. 

It converts any type of data item to a 
CHARACTER or BIT string, and an assignITent 
triple, with the target and source types 
used as the operands, is inserted in the 
text. 

A string dope vector 
produced from a standard 
tion. 

description is 
string descrip-

I Phase LX consists of three modules, LW, 
ILX, and LY. Module LW acts as a pre
Iprocessor for LX and LY, moving constants 
linto scratch core prior to loading the 
Istring-handling modules. 

Phase LX scans the source text to 
convert string triples to pseudo-code. If 
a result is produced it is added to a stack 
of intermediate string results. 
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For the comparison triples GT, GE, 
equals, NE, LE, AND LT, both operands are 
already string type. If one operand is 
zero, the operand is obtained from the 
associated TMPD triples. In-line pseudo
code is generated if the operands are 
aligned and are of known lengths less than 
or equal to 255 bytes; otherwise, Library 
calling sequences are generated. The 
triple and any TMPD triples are removed 
from the text. 

In the case of the string triples CAT, 
AND, OR, and NOT, the operands are convert
ed to string type by phase LV. Zero 
operands are obtained from associated TMPD 
triples. In-line pseudo-code is generated 
when operands are aligned and are of known 
lengths less than or equal to 255 bytes. 
For the CAT operator, the first operand 
must be a multiple of 8 bits unless the 
strings involved are less than or equal to 
32 bits in length. In-lin~ code is also 
generated for the following cases involving 
non-adjustable varying strings: 

1. Character string concatenation of 
varying strings with lengths less than 
256 bytes. 

2. Bit string operations for AND, OR, 
NOT, concatenation, and comparison 
where the strings are aligned and are 
less than 33 bits in length. 

Otherwise, Library calling sequences are 
generated. The triple and any TMPD triples 
are removed from the text, and the string 
result is added to the intermediate result 
stack. 

For TMPD triples, if the intermediate 
result described by the TMPD triples is a 
string, a complete string description is 
moved from the top of the intermediate 
stack to the TMPD triples. If the TMPD 
triples do not describe a string, they are 
ignored. 

In-line code is generated for the BOOL 
functions AND, OR, and EXCLUSIVE OR, when 
the third argument is a character or bit 
string constant and the first and second 
arguments are aligned and of known lengths 
less than or equal to 255 bytes. Otherwise 
Library calling sequences are generated. 
Subscript and function triples may produce 
intermediate string results. 

Phase MB 

Phase MB scans 
variable markers 
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the 
and 

text for pseudo
multiple assignment 

markers. A stack of pseudo-variable 
descriptions is maintained, together with 
the left hand side descriptions of multiple 
assignments when they occur. Pseudo-code 
and triples are generated for pseudo
variables and the left hand side 
descriptions of multiple assignments are 
put out in the correct sequence. 

Phase MD uses the SCAN routine LA to 
Iscan the text for ADDR built-in functions 
Ifor which it generates in-line code. It 
I appears before the normal function proc
lessor phase and removes all trace of the 
I in-line function. The general SCA-N° routinE~ 
Ipasses control when these functions are 
I found. 

I For all cases of ADDR the g~nerated code 
lestablishes the start address of the argu
Iment. If structure name arguments are 
Ipresent the structure chain is hashed for 
Ithe first base-element. For array names 
Ithe address of the first eleffient is calcu
Ilated. 

Phase ~E identifies all invocations of 
the SUBSTR function and pseudo-variable, 

lall UNSPEC, STATUS, and COMPLETION func
tions, and those invocations of the INDEX 
function which can be implemented in-line; 
and generates pseudo-code to perform these 
functions at object time~ The scan of the 
text is conducted by the general SCAN 

Iroutine, and all trace of the invocations 
lof these functions is removed before the 
normal function processor phase is loaded. 
When the end-of-program marker is encoun
tered the terminating routine is entered. 

Phase ~G identifies functions which are 
to be coded in-line, and generates, in 
their place, the pseudo-code to perform the 
relevant function. This ~hase appears 
before the normal function processor phase 
and removes all trace of the in-line func
tion. 



The scan of the text is conducted by the 
general SCAN routine, and control is handed 
to the present phase when one of the 
following functions is found: 

ALLOCATION 
BIT 
CEIL 
CHAR 
COMPLEX 
CONJG 

FLOOR 
IMAG 
REAL 
TRUNC 
UNSPEC 

BINARY 
DECIMAL 
FIXED 
FLOAT 
PRECISION 

Control is also passed to this phase if 
ABS is found with real arguments. The 
arguments are collected, and the appropri
ate routine is entered to generate the 
pseudo-code. When the end-of-program mark
er is encountered the terminating routines 
are entered. 

Phase MI identifies functions which are 
to be coded in-line, and generates , in 
their place, pseudo-code to perform the 
relevant function. This phase appears 
before the normal function processor phase 
and removes all trace of the in-line func
tion. 

The scan of the text is conducted by the 
general SCAN routine and control is handed 
to the present phase when one of the 
following functions is found: 

MAX MOD 
MIN ROUND 

If the number of arguments to the MAX or 
MIN functions is greater than three, a 
Library call is generated. 

Phase MK identifies functions which are 
to be coded in-line, and generates, in 
their place, pseudo-code to perform the 
relevant function. This phase appears 
before the normal function processor phase 
and removes all trace of the in-line func
tion. 

The scan of the text is conducted by the 
general SCAN routine, and control is passed 
to the present phase when one of the 
following functions is found: 

DIM 
LBOUND 
LENGTH 

HBOUND 
SIGN 
FREE 

Phase ~L scans the source 
generic entry name arguments to 
invocations. 

text fcr 
procedure 

Such entry names may be floating arith
metic built-in functions or program~er
supplied frocedures with the GENERIC 
attribute. When one is found, the correct 
generic family member to be passed is 
selected ty this phase, depending on the 
entry description of the invoked procedure. 

Phase MM scans through the source text 
for procedure invocations by a CALL state
ment, or for procedure or Library routine 
invocations by a function reference. 

Procedure invocations are replaced by an 
external standard calling sequence, and 
Library routine invocations ar~ replaced by 
an external or internal standard calling 
sequence as appropriate (see Appendix 
D.l0). 

I If a CALL is accompanied by a TASK, 
I EVENT, or PRIORITY option, library module 
IIHETSA is loaded rather than IHESA, and the 
I parameter list is modified to include the 
laddresses of the TASK and EVENT variables 
land the relative PRIORITY. 

Phase MP reorders the BUY and SELL 
statements involved in obtaining Variable 
Data Areas (VDAs) for adjustable length 
strings or temporaries, which were created 
by Phase GK. On entering this phase, the 
BUY triples precede the code compiled to 
evaluate the length of storage required for 
the VDA. This evaluation code is included 
between further BUYS and BUY triples, which 
themselves are between the BUY triple being 
considered and its associated SELL triple. 
Phase MP extracts these sections of code 
and places them before the BUY triple of 
the adjustable string tem~crary. Since 
such BUY triples may be nested, the phase 
maintains a count to record the nesting 
status. 
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Phase MS scans the source text for 
references to subscripted array elements. 

If references are found, pseudo-code is 
generated to calculate the offset of the 
subscripted element in relation to the 
origin of the array. If necessary, further 
pseudo-code is generated to check the sub
script range. 

Optimization of constant subscript 
evaluation is carried out on arrays having 
one subscript which is an integer constant, 
and all following subscripts declared to 
have fixed upper and lower bounds. This 
applies to arrays with fixed-length ele
ments. 

Phase NA generates pseudo-code for the 
following triples: 

For PROCEDURE' and BEGIN' triples a 
Library -calI--rs- generated-to the FREEDSA 
routine. 

For RETURN triples a Library call is 
generated;-unless a value ~s to be returned 
as the result of a function invocation, in 
which case code is first generated to 
assign the result to the target field, and 
then the Library call is made. If the 
function may return the result as more than 
one data type, a switch would have been set 
at the entry point to the function, and the 
RETURN statement would test the switch 
value, so that the data type appropriate to 
the entry point is returned. 

~OTQ triples either will be invalid 
branches detected by Phase FI, in which 
case they will be deleted, or they will be 
branches to statement label constants in 
the same PROCEDURE or BEGIN block. In this 
case, they will be compiled as one
instruction branches. 

~Q~~ triples are compiled into one
instruction branches to the compiler label 
number in operand 2 of the triple. 

A GOOB (Go Out Of Block) triple is a 
branc~-to a label variable, possibly 
subscripted, or to a label in a higher 
block than the current one (a branch to a 
lower block is invalid). A call is gener
ated to a Library epilogue routine, point
ing at a double-word slot containing the 
address of the label and the Pseudo
Register Vector (PRV) offset (for a label 
constant), or the invocation count (for a 
label variable). 
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STOP and EXIT statements are implemented 
simply-by invocation of the appropriate 
Library routine. 

For IF triples, if the second operand is 
an identifier, or the result of an 
expression which is not a comparison, code 
is generated to convert it to a BIT string, 
if necessary_ This BIT string is compared 
to zero, either in-line, or by a call to 
the Library. 

The second operand rray be a mask which 
will have been inserted by the expression 
evaluation phase as a result of the compar
ison specified in the IF statement. This 
mask is put into a generated instruction to 
branch if the condition is not satisfied, 
i.e. either to the ELSE clause or to the 
next stateITient. 

For ON triples, code is generated to set 
flag bits and update the ON-unit address in 
the double-word ON slot in the DSA. 

For §1§~~~ arithmetic condition triples, 
in-line code is generated to simulate the 
condition. For all other conditions, a 
Library error routine is called. 

g~y~gl triples generate code to set flag 
bits in the double-word ON slot in the DSA. 

Phase NG generates the calling sequences 
to the Library for DELAY and DISPLAY and 
WAIT staterrents. 

, It generates code to call the library 
'routines which handle ALLOCATE and FREE 
Istatements whose arguments are BASED varia
Ibles. 

For DELAY statements, the argument has 
to be a fixed binary integer, and, if 
necessary, code is generated for conver
sion. 

For DISPLAY statements, the message wust 
be a CHARACTER string, or, if necessaiy, 
converted to one. A pararreter list is 
built up to pass to the Library. 

For WAIT statements, the parameter list 
is built up in WORKSPACE. It consists of 
the address of the scalar expression 
<converted to a fixed binary integer), 
followed by the addresses of the event
names that appear in each WAIT staterrent. 
If the scalar expression option does not 
appear, the address of the total number of 
event-names is used. 



For the tasking option WAIT, whose 
argument is an EVENT array, the phase makes 
a 4-byte entry in the parameter list, 
containing the number of dimensions 
involved, and the address of the EVENT 
array dope vector. If the WAIT statement 
contains an EVENT array and no scalar 
expression, the first byte of the parameter 
list is set to X'FF'. 

For ALLOCATE and FREE statements, with 
based variables as arguments, a parameter 
list is built in workspace before a call is 
made to one of the entry points to IHELSP. 
The parameter list is an 8-byte RDV fol
lowed by the address of the AREA variable 
from the IN option if present. 

For ALLOCATE, the pointer-variable in 
the SET option is given the value returned 
by IHESLP. 

Phase NJ and its supporting block, NK, 
generate the calling sequences to the 
library module for the RECORD-oriented 
input/output statements: DELETE, LOCATE, 
READ, REWRITE, UNLOCK, and WRITE. 

For each of these calls, the information 
contained in the options of the source 
statement is passed by a parameter list, 
constructed as follows: 

DC A(DCLCB) 
DC A(RDVICOUNT1 IPNTR2 ISDV3)IO 
DC A(EVENTILABELq) 10 
DC A(SDV.KEYTOISDV.KEYFROMISDV.KEY)10 
DC A (REQUEST_CODES) 

1 expr in IGNORE (expr) 
2 pntr in READ SET (pntr) 
3 SDV of varying strin9 in READ INTO 

(varying string) 
4 compiler label as result of LOCATE 

REQUEST_CODES is a full-word containing 
four control bytes with the following mean
ings: 

Byte 1 QE§f~~~2n_£2g§ 
00 READ 
04 WRITE 
08 REWRITE 
OC DELETE 
10 LOCATE 
14 UNLOCK 

Byte 2 §!2Q2_1_22~~2~~_cod§ 
00 SET 
04 IGNORE 
08 INTO I FROM 

Byte 3 §!2QE_~_2Etions code 
04 KEYTO 
08 NOLOCK 

Byte 4 §!2Q2_1_22ti2~§_£od§ 
04 VARY INTO 
08 VARY KEYTO 
oc BOTH 

Note that null argurrents in the paramet
er list or REQUEST_CODES are indicated by 
zeros. 

Both the parameter list and the 
REQUEST_CODES word are constructed in STA
TIC storage. However, if the argument of 

lany of the options refers to AUTOMATIC, 
I CONTROLLED, or BASED storage, the parameter 
Ilist is moved to the WORKSPACE storage for 
the statement; the argument is then provid

led just before the library call is made. 

I In the case of the LOCATE statement, the 
Iphase is responsible for generating code to 
Iset the pointer variable with the pointer 
Ivalue returned in the first word of the RDV 
Iby the library. If the BASED variable was 
la structure with a REFER option in an 
lextent definition, it is also responsible 
Ifor generating code to initialize the 
I extent variable named in the REFER option. 

The DCLeB parameter is taken from the 
FILE option of the statement; the FILE 
option must be either a file constant or 
file parameter. 

The record dope vector (RDV) is assumed 
to have been constructed by earlier phases, 

lexcept in the case of CONTROLLED or BASED 
Ivariables or CONTROLLED or BASED aggre
Igates, when the procedure is as follows: 

1. For CONTROLLED or BASED aggregates, 
Phase NJ creates a litrary call to 
IHESTRA, passing the following argu
ments through registers: 

Register 1 
Register 2 
Register 3 

A(D.V) 
A(DVD) 
A(RESULT.RDV.SLOT) 
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2. For CONTROLLED or BASED strings, 
phase generates code to construct 
RDV in the WORKSPACE storage of 
statement, using the dope vector 
the string. 

the 
the 
the 

of 

The IGNORE expression is taken from the 
IGNORE option of the statement and if 
necessary, converted to an integer. 

The EVENT scalar is taken from the EVENT 
option of the statement. 

The KEYTO SDV is derived from the KEYTO 
option of a READ statement. 

The KEY SDV and KEYFROM SDV are derived 
from their respective options. If neces
sary, they are converted to character 
strings. 

The PNTR is taken from the SET triple of 
the statement or from the BASED variable of 
the LOCATE triple if no SET triple appears. 

Phase NM generates the calling sequences 
to the Library modules for OPEN, CLOSE, 
GET, and PUT statements. 

For OPEN and CLOSE statements, a param
eter list is constructed from the options 
given. The options are first checked for 
validity with respect to multiple specifi
cations. The arguments on the options are 
checked and converted, if necessary, to the 
correct data type. If no file is specified 
in an OPEN or CLOSE statement, it is 
ignored. The parameter lists are as fol
lows: 

OPEN DC A(DCLCB) 

DC A(OCB) 

DC A(TITLE.SDV) 

DC A(IDENT.SDV) 

DC A(IDENT.DED) 

DC A(KEYLENGTH) 

DC A(LINESIZE) 

DC A(PAGESIZE) 

CLOSE DC A(DCLCB) 

DC A(IDENT.SDV) 

DC A(IDENT.DED) 
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Null arguments are indicated by zero 
address constants. 

For GET and PUT statements, the Library 
call is in three parts. The initializa
tion, data transmission (Phase NU), and the 
termination. The initialization call 
requires a parameter list to be constructed 
from the given options. ~he options are 
checked for legal combinations and the 
arguments examined. 

The parameter list when a file is speci
fied is : 

DC A(DCLCE) 

DC A{next statement) 

DC A(binary integer) if SKIP or 
LINE is given. 

For GET and PUT STRING, the argument to 
STRING is checked, and the parameter list 
formed is: 

DC A(SDV of string argu~ent) 

DC A(DED of string argument) 

The termination Library call has no 
parameters. As for the initialization, the 
routine used depends on the oFtions given 
in the statement. 

Phase NT 

This phase, which is a preprocessor for 
Phase NU, has two functions: 

1. Initialization of a block of scratch 
storage for use by Phase NU 

2. setting up of INCLUDE matrix 
Library routine entries for 
directed, STREAM-oriented 
statements 

and 
edit

I/O 

The phase contains all pseudo-code skel
etons used by Phase NU. 4096 bytes of 
scratch storage are obtained and the 
pseudo-code skeletons are cOFied into it. 
The address of the scratch area is then 
passed to Phase NU. 

If a flag has been Fassed from Phase N~, 
indicating the presence of edit-directed 
IIO, a scan of the text is performed. Data 
and format list ite~s encountered during 
the scan are associated as far as possible, 
and a sufficient set of Library modules are 
identified for the edit-directed,transwis
sion specified in the Frograrr. The INCLUDE 
matrix is updated and dictionary entries 
are made for the required Library forwat
director routines. 



Data/format lists in I/O statements 
produce an internal Library calling 
sequence (see Appendix D.l0) for each data 
item and format item pair, using registers 
to point at the data item, the data item 
DED, and the FED for the format item. 

Iterations of data items, as in array 
input or output, and of format items, are 
achieved by making DO loops out of the 
iterations. 

The data items are transmitted serially, 
with program flow going from an item in the 
data list, to the corresponding format item 
and then to the relevant Library I/O 
module. On return from the Library module, 
control goes to the code for the next data 
item or, in the case of repeated data 
items, to another iteration of the DO loop. 

Remote format statements are executed in 
a similar way. After the R format item is 
met, control is passed directly from the 
data list to the format statement until the 
end of the format statement. Control then 
returns to the item in the in-line format 
code of the EDIT statement following the 
appropriate remote format item. rlowever, 
if no format elements remain but some data 
list elements are still present, control is 
passed back to the beginning of the format 
statement. 

An R format item referring to a label 
which is not attached to a format statement 
will cause an object time error condition 
to be raised, and the execution to termi
nate. 

Phase OB scans through the text for 
compiler functions and compiler pseudo
variables (see Appendix D.8). When a 
compiler function is found, pseudo-code is 
generated to access the operands of the 
compiler functions (e.g., string length, 
array bound>, and to place the operand in 
the location specified by the TMPD follow
ing the function. Assignments to compiler 
pseudo-variables are treated in reverse; 
the result from the TMPD following the 
assignment is stored in the array bound or 
string dope vector slot specified in the 
compiler pseudo-variable. 

Phase OB also scans the text for BUY, 
SELL, and BUY ASSIGN statements. The tem
porary operands of these statements are 
examined, and if they are CAD or short 
fixed-length strings, they are allocated 

the next available workspace offset, and 
the BUY and corresponding SELL staterrents 
are removed from the text. 

This phase contains the translate and 
test table used by SCAN, and other tatles 
and constants for phase OE. A block of 
scratch core is obtained into which the 

Itables, routines, and constants are moved. 
A pointer to the beginning of this area is 
passed to OE in a register. 

Phase OE translates the following tri
ples into pseudo-code: 

Assignment 

Multiple source assignment 

Multiple target assignment 

ALLOCATE, FREE, BUY, and SELL 

Special assignment 

In-line code is generated for the fol
lowing types of ~§§!§~~~~! triples: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Floating-point to floating-point 

Fixed binary to fixed binary 

Fixed decimal to fixed decimal 

Numeric field to numeric field, if the 
pictures given for the operands are 
identical 

CHARACTER string to CHARACTER string, 
if the operands are fixed length and 
not more than 256 characters 

BIT string to BIT string, if the 
operands are aligned and not more than 
2040 bits 

Label to label 

File constant to file parameter 

POINTER/OFFSET to POINTER/OFFSET 

110. 
1 

FIXED CHARACTER string to VARYING 
CHARACTER string and VARYING CHARACTER 
string to VARYING CHARACTER string 
provided that: 

I 
I 

1. The length of the source operand 
is not greater than 256 bytes 
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2. The length of the target string is 
not greater than 256 bytes, if the 
maximum length of the source 
string is not known. 

3. For FIXED CHARACTER string to 
VARYING CHARACTER string the 
length of the FIXED string is not 
greater than 256 bytes. 

Library calling sequences are compiled 
for those cases of CHARACTER string to 
CHARACTER string and BIT string to BIT 
string codes not compiled in-line. 

After checking both AREA operands, AREA 
assignments are performed by the library. 

All other assignment triples are tran
slated into the CONV pseudo-code macro. 

If the source operand is a constant, the 
type of the target operand is inserted in 
the constant dictionary entry, for process
ing by the constant conversion phase, and 
the assignment is translated assuming the 
target type. 

MULTIPLE ASSIGNMENT triples produce the 
same-Code as~or-sIngle assignment, except 
that the registers used by the operand 
concerned must not be changed or dropped. 

Library calling sequences are generated 
for ALLOCAT~L-ig~!L_~UYL-~~3_SE~~ triples, 
and pseudo-code markers are left in the 
text for insertion of code by Phase QF. 

with §PECI~L AS§1§~~~~1 triples, if the 
target is a varying or adjustable string, 
storage is obtained if the target is AUTO
MATIC, or allocated if the target is CON
TROLLED. The assignment is then translat
ed. 

Phase OG converts to pseudo-code all 
statement numbers, statement labels, PROCE
DURE, BEGIN, PROCEDURE', BEGIN', and end
of-program triples. 

The CONVERT pseudo-code macro is 
examined in conjunction with the OPTIMIZA
TION parameter and pseudo-code is generated 
in one of three forms: 

1. Code to call the Library conversion 
package 

2. Code to perform the conversion 
"in-line" 

3. A modified CONV macro which is passed 
to phase OM or OF for processing. 
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In-line conversion phases which are 
not required (OM and/or OP) are marked 
unwanted. 

IGN pseudo-code items and JMP triples 
are removed. The amount of temporary work
ing space required by each block of prograrr 
is calculated and placed in the workspace 
dictionary entry (see Appendix C.7). 

The 
that a 
blocks. 

format of the text is converted so 
pseudo-code item does not span 

The INCLUDE card matrix is formed for 
all the conversion modules required. 

Phase OM is called when either optimiza
tion levels 00 or 01 are specified. This 
phase scans the pseudo-code for the CNVC 
macros, which phase OG has placed into the 
text as 28-byte entries containing a trans
fer vector to select the appropriate con
version routine within OM, and replaces any 
such macros with in-line code. 

The conversions inserted by phase OM are 
controlled by phase OG. When OPT=O, cer
tain of the simpler FIXED DEC to PICTURE, 
PICTURE to FIXED DEC, and FIXED DEC to 
FIXED BIN conversions are passed to OM. 
When OPT=l, the remainder of the feasible 
FIXED DEC to or from PICTURE and FIXED DEC 
to FIXED BIN conversions are passed to OM 
together with FIXED DEC to CHAR conver
sions. 

certain FIXED DEC to PICTURE conver
sions, which phase OG cannot itself effi
ciently detect to be uneconorric when per
formed in-line, are recognized by phase OM, 
which inserts the calls to the appropriate 
Library routines. 

IPhase OP ------

I Phase OP generates in-line code to per
Iform BINARY to BIT string, BIT string to 
IBINARY, and FLOAT to FIXED BINARY conver
Isions. 

Phase as scans through the constant 
chain in the dictionary and converts the 
constants to the required internal form. 
These are then stored in a constants pool, 



and the offset of each constant from the 
start of the pool is saved in the dictiona
ry entry for that constant. 

To permit the correct alignment of the 
constant pool, three scans are made of the 
constant chain: first to convert all double 
word constants, secondly to convert all 
single word constants, and thirdly to con
vert all unaligned constants. 

In the first two scans only one pool 
entry is made for constants having the same 
internal form and value. 

A fourth scan is made of the constant 
chain and all constants required to ini
tialize static are converted, but instead 
of inserting these constants in the con
stant pool, they are moved into special 
dictionary entries constructed by Phase LB. 

The purpose of the Storage Allocation 
Phase is to ensure that every item requir
ing storage in a PL/I object program 
obtains a unique location of the correct 
size, located on the correct boundary. 
Items requiring storage include PL/I source 
program variables, dope vectors, dope vec
tor skeletons, temporary variables, work 
areas, data descriptors, symbol tables, 
addressing slots, register save areas, flag 
areas, etc. storage locations are allocat
ed to items in order of descending align
ment requirement to avoid wasting storage 
by padding to the required alignment. 

The Storage Allocation Phase is also 
responsible for generating prologues. In 
generating the prologues, expressions which 
determine size of variables, code generated 
by the aggregates phase to initialize dope 
vectors, and code generated by the initial 
values phase, must be extracted and placed 
in the correct sequence in the text. Also, 
when a variable depends for its size or 
initial value upon another variable, the 
requests for dynamic storage must be 
arranged so that the dependant variable 
obtains its storage after the variables 
upon which it depends. 

Since all AUTOMATIC and CONTROLLED stor
age is obtained dynamically at object time, 
the Storage Allocation Phase generates code 
to relocate dope vectors when the allocated 
storage address is known. 

I The purpose of phase PA is to deterrrine 
Ithe eligibility of the automatic chains of 
lany block for STATIC DSAs. Any chain not 
Iso far found to be ineligible for a STATIC 
IDSA is scanned to determine the DSA size. 
ISTATIC DSAs are generated for any chains of 
Iless than 512 bytes. 

I Dictionary 
ISTATIC DSAs. 
Ispill area 
land PH. 

entries are generated for 
This phase also acts as a 

for routines used in phases PD 

Phase PD is the first STATIC storage 
allocation phase. It scans the text, and 
for every second file statement encountered 
sets up a pointer in the associated dic
tionary which points to the second file 
statement. It then sorts the STATIC chain 
so that the dictionary entries occur in the 
order in which the storage for their items 
will be allocated. 

Storage is allocated for simple non
structured, non-external variables, RDVs, 
DEDs, SAVE/RESTORE entries, and the BCD of 
entry labels and label constants. Storage 
is also allocated for dope vectors for all 
items in the STATIC chain requiring them, 

twith the exception of EXTERNAL items. A 
tfull word address slot is allocated in 
ISTATIC for each STATIC DSA. 

The external section of the sorted 
STATIC chain is scanned and a 4-byte 
addressing slot is allocated for each entry 
label, label constant, external (entry type 
4) entry, built-in function, or EXTERNAL 
item. For each EXTERNAL ite~ the size of 
the external control section is calculated 
and stored in the dictionary entry. 

The constants chain is scanned and the 
offsets of the storage and dope vectors for 
constants in the constants pool are relo
cated. 

The current size of the STATIC INTERNAL 
control section is computed and the result 
is passed via the comrrunications region to 
the next phase. 

Phase PH is the second STATIC storage 
allocation phase. It scans the AUTOMATIC 
chain and CONTROLLED chain for all items 
requiring a dope vector. 
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For each such item a skeleton dope 
vector dictionary entry is generated in the 
STATIC chain (see Appendix C.7). This 
dictionary entry contains a bit pattern 
equal in length to that of the dope vector 
and containing all those values which are 
known at compilation time. In particular, 
it contains as much of the relative virtual 
origin as is known at compilation time, the 
constant bounds and string lengths, and the 
constant multipliers. 

Skeleton dope vectors are not put into 
the STATIC chain for AUTOMATIC variables in 
any biock whose DSA is in STATrc, except 
when the variable dimensions bit is set to 
one. 

If the item is dynamically DEFINED, then 
the dope vector is preceded by one extra 
four-byte slot. (In the case of structures 
there is one extra slot for each element of 
the structure.) If the item is a dynamic 
temporary (temporary type 2) or a CON
TROLLED scalar string, the virtual origin 
slot is relocated by the length of the dope 
vector. 

In all cases the skeleton dope vector 
dictionary entry is pointed at by the 
dictionary entry of the associated item. 

The sorted STATIC chain is scanned from 
the first skeleton argument list entry. 
For each such entry, space is allocated in 
the STATIC INTERNAL control section accord
ing to the assembled length of the argument 
list. The offset of each skeleton argument 
list is stored in the OFFSETl slot of the 
dictionary entry. 

RDV and DVD entries are found on this 
same scan of the STATIC chain. RDV entries 
are allocated eight bytes; DVD entries are 
allocated the specified length. 

A scan is made of the section of the 
STATIC chain containing STATIC INTERNAL 
arrays. Storage is allocated for each 
array according to its size (computed by 
Phase JK) and the offset of the relative 
virtual origin is relocated to the start of 
the STATIC INTERNAL control section. If 
the array is of the VARYING type and it 
needs a dope vector, then storage is allo
cated for the secondary dope vector. The 
number of elements is calculated for INI
TIAL arrays and stored in the associated 
INITIAL dictionary entry. 

The section of the STATIC chain contain
ing STATIC INTERNAL structures is scanned. 
storage is allocated for each structure 
according to the size of the structure 
(computed by Phase JK), and this storage is 
placed on the correct boundary on informa-
tion supplied by Phase JK. The structure 
member chain for each structure is scanned 
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and the relative offset of each member is 
relocated to the start of the STATIC INTER
NAL control section. Further, on the 
structure member scan, secondary dope vec
tors are allocated when required, and the 
number of elements is calculated for INI
TIAL arrays. 

Phase PL 

Phase PL scans the STATIC, AUTOMATIC, 
CONTROLLED, structure, and PROCEDURE block 
chains for variables which require storage 
for their symbol tables and/or data element 
descriptors. 

When a variable is found which requires 
a symbol table, the variable is joined onto 
the chain of symbol variables for the 
particular block. A symbol table dictiona
ry entry is created for the variable (see 
Appendix C.?), and a chain is set up to and 
from the dictionary entry for the variable. 
The new dictionary entry i~ joined onto the 
STATIC chain. 

The size of the symbol table is calcu
lated, and its offset from the start of the 
STATIC control section is stored in the~ 
symbol table dictionary entry. Throughout 
the allocation of STATIC storage a location 
counter is maintained to contain the next 
free location in STATIC; this counter is: 
increased appropriately. 

All symbol variables require a DED and a 
branch is taken to the routine which allo
cates them. 

When a variable is found which requires 
a DED, it is determined whether or not the 
DED descr~bes a standard type; there are 
eight standard types, which consist of the 
different kinds of real coded arithmetic 
data that can be obtained by the combina
tion of the attributes FIXED/FLOAT, 
BINARY/DECIMAL, LONG/SHORT (default preci-
sions only). 

If the DED is of a standard type, a 
check is made for an identical DED that may 
have already been encountered, so that 
there will be only one allocation of stor
age for anyone type of standard DED. If 
the DED is not of a standard type, it is 
allocated storage of its own. 

If the variable does not already have a 
symbol table dictionary entry (which con
tains space for DED information), a OED 
dictionary entry is constructedi and thE~ 
offset of the DED in the S~ATIC control 
section is stored in it. A pointer in the 
new entry in the dictionary entry for the 
variable is also set up. 



When all data element descriptors and 
symbol tables in the compilation have been 
processed, all STATIC storage has been 
allocated and the total size of the STATIC 
control section is placed in a slot in the 
communications region. 

Phase PP extracts all ON condition 
entries and places them at the head of the 
AUTOMATIC chain. It then extracts all 
temporary variable dictionary entries from 
the AUTOMATIC chain and places them in the 
zone following the ON conditions in the 
chain. 

All dictionary entries which are totally 
independent of any other variable are 
extracted, and also placed in the zone 
following the ON conditions. 

The phase then extracts all dictionary 
entries which depend upon some other varia
ble in containing blocks or in the zones 
already extracted, and places them in the 
next following zone. Dependency includes 
expressions for string lengths, expressions 
for array bounds, expressions for INITIAL 
iteration factors, and defined dependen
cies. This is repeated recursively until 
the end of the chain. If some variable 
depends upon itself, a warning message is 
issued. 

A special zone delimiter dictionary 
entry is inserted between each zone in the 
AUTOMATIC chain (see Appendix C.7). A code 
byte is initialized in the delimiter to 
indicate to Phases PT and QF whether its 
following zone contains any variables which 
require storage (i.e., it does not consist 
entirely of DEFINED items, which do not 
require storage), and whether or not the 
following zone contains any arrays of VARY
ING strings. 

Phase PT allocates AUTOMATIC storage, 
scans the CONTROLLED chain, and determines 
the size of the largest dope vector. It 
scans the entry type 1 chain, and for each 
PROCEDURE block or BEGIN block it allocates 
storage for a DSA and compiles code to 
initialize the DSA. 

A two-word slot in the DSA is allocated 
for each ON condition in the block, and 
code is compiled to initialize the slot. 
Space for the addressing vector and work
space in the DSA is also allocated. 

I Two words are allowed for tasking infor
Imation in the DSA if the TASK option is on 
Ithe external PROCEDURE of the compilation. 

The AUTOMATIC chain is scanned and dope 
vectors are allocated for the items requir
ing them. Code is compiled to copy the 
skeleton dope vector, and to relocate the 
address in the dope vector. 

I Where there is a block with its DSA in 
ISTATIC, dope vector initialization is not 
Iperformed for the variables in the first 
Iregion of the AUTOMATIC chain. Address 
Islots in dope vectors for variables in the 
Iremainder of the chain are relecated. 

storage is allocated for addressing tem
poraries type 2 and for addressing con
trolled variables, and for the parameters 
chained to the entry type 1. 

The first region of the AU~OMATIC chain 
is scanned and storage allocated for double 
precision variables, single precision vari
ables, CHARACTER strings, and EIT strings, 
in that order. 

The first region of the AU~OMATIC chain 
is scanned and storaqe allocated for 
arrays, relocating the virtual origin. For 
arrays of strings with the VARYING attri
bute, the secondary dope vector is also 
allocated and code is corrpiled to initial
ize the secondary dope vector. correctly 
aligned storage is allocated for struc
tures. If a structure contains any arrays 
of strings with the VARYING attribute, the 
storage for the secondary depe vector is 
allocated at the end of the structure. 

A pointer is set up in the AUTOMATIC 
chain delimiter to the second file state
ment which has been created. 

The remaining regions of the AUTOMATIC 
chain are scanned and code is compiled to 
obtain a Variable Data Area (VDA) for each 
region. code is compiled to copy the 
skeletons into the dope vectors and to 
relocate the addresses in the dope vectors. 
During this pass, any DEFINED items which 
are to be addressed directly have the 
storage offset and the storage class copied 
from the data item specified as the base 
identifier. 

Phase QF, which constructs prologues, 
scans that text which is in pseudo-code 
form at this time with end-of-text block 
markers inserted. 
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When a statement label pseudo-code item 
is found, it is analyzed and one of three 
things happens: 

1. The item is saved if it relates to a 
PROCEDURE statement 

2. The item is omitted if it relates to a 
BEGIN or ON block 

3. The item is passed if it relates to 
neither of the first two conditions 

when a BEGIN statement is found, a 
standard prologue of simple form is gener
ated, and code is inserted from second file 
statements (if there are any) to get the 
DSA, either dynamically, or in the case of 
eligible bottom-level blocks, by using the 
supplementary LWS made available at ini
tialization time. code is also inserted to 
initialize the DSA and to allocate and 
initialize any VDAs. 

When a PROCEDURE staterr,ent is found, it 
is first determined whether it heads an ON 
block or a PROCEDURE block. If it is an ON 
block, a standard prologue (similar to that 
for a BEGIN block) is generated. If it is 
a PROCEDURE block, a specialized prologue 
is generated. This takes account of the 
manner of getting the DSA, the number of 
entry pOints, the number of entry labels on 
a given entry point, the number of paramet
ers on each entry point, and whether the 
PROCEDURE is a function. 

Prologue code is generated for AUTOMATIC 
scalar TASK, EVENT or AREA variables, in 
order to perform the initialization 
required when these variables are allocat
ed. 

The code generated by the prologue con
struction phase is partly in pseudo-code 
and partly in machine code. The machine 
code (which is delimited cy special pseudo
code items) has the same form as the code 
produced by the Register Allocation Phase 
(see Appendix D.7). 

DSA optimization is performed under 
certain conditions (see Afpendix H). 

At the end of the prologue, the state
ment label item saved earlier is inserted 
to mark the apparent entry point. Code is 
produced to effect linkage to BEGIN blocks 
in such a way that general register 15 
contains the address of the entry point, 
and general register 14 contains the 
address of the byte beyond the BEGIN epilo
gue. 

At the end of the text, any text blocks 
that are not needed are freed, and control 
is passed to the next phase. 
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Phase QJ scans the text fer ALLOCATE, 
FREE, and BUY statements. 

On finding an ALLOCATE statement, a 
routine is called which does a 'look ahead' 
for initialization statements associated 
with the allocated variable, e.g., adjusta
ble array bounds or adjustable string 
lengths, and places the text references of 
each statement in the dictionary entry 
associated with each statement. 

If the allocated item has a dope vector, 
code is generated to move the skeleton dope 
vector generated by Phase PH into a block 
of workspace in the DSA of the current 
block. 

Any adjustable bound expressions or 
string length expressions are then extract
ed from the text references, and the 
expressions are placed in-line in the text. 

Any information required from previous 
allocations (specified by * in the ALLOCATE 
statement) is extracted from the previous 
allocation, and copied into the workspace. 

Code generated by Phase JK to initialize 
multipliers, etc., is extracted and placed 
in-line, after first loading the variable 
storage accumulator with the dope vector 
size. Phase JK generates code to incre~ent 
the accumulator register by the size of the 
item. 

If the item has no adjustable pararret
ers, code is generated to increment the 
accumulator by the size calculated at com
pilation time. If this size is greater 
than 4,096, Phase JK generates a constant 
dictionary entry, which is used in this 
code. 

If the item has any arrays of varying 
strings, the size of the array string dope 
vector is added to a second accumulator 
register. Code is generated te add the two 
accumulators into the second one, which is 
a parameter to a Library routine. A rou
tine is then called which extracts the 
Library call inserted by ~seudo-code and 
places it in-line in the text. 

Code is inserted after the Library call 
to initialize the dope vector in workspace 
to point to the allocated sterage. Code is 
generated to transfer the dope vector from 
the workspace to the allocated storage. 

Any initial value statements associated 
with the ALLOCATE statement are extracted 
and placed in-line. The initialization 
statements are then sk~fped, and the scan 
continues. 



The action on·encountering a BUY state
ment is similar to that for the ALLOCATE 
statement, with the following exceptions: 

1. Bound and string length code is 
line, bracketed between BUYS and 
statements - there is therefore no 
look ahead 

2. There is no initial value 
associated with temporaries 

in
BUY 

code 

3. A slot in the DSA is updated with the 
pointer to the allocated storage for a 
temporary 

The action on encountering a FREE state
ment is to generate code to load a paramet
er register with the pointer to the allo
cated storage for the FREE VDA Library call 
inserted by the pseudo-code. 

Phase QX is the 'AGGREGATE LENGTH TABLE' 
printing phase. It is entered only if the 
ATR (attribute list) option is specified. 
It scans the STATIC, AUTOMATIC, CONTROLLED 
and COBOL chains, and, for each major 
structure or non-structured array that is 
found, an entry is printed in the AGGREGATE 
length table. 

An AGGREGATE LENGTH TABLE entry consists 
of the source program DECLARE statement 
number, the identifier and the length (in 
bytes) of the aggregate. In the case of an 
aggregate with the CONTROLLED attrioute, no 
entry is printed for the DECLARE statement, 
but an entry is printed for each ALLOCATE 
for the aggregate, the source program ALLO
CATE statement number being printed in the 
'statement number' column. 

Where the aggregate length is not known 
at compilation the word "adjustable" is 
printed in the 'length in bytes' column. 
In the case ~f a DEFINED aggregate, the 
word 'DEFINED', and not the aggregate 
length, appears in the 'length in bytes ' 
column. 

The purpose of the Register Allocation 
Phase is to insert into the text the 
appropriate addressing mechanisms for all 
types of storage, and to allocate physical 
general registers where symbolic registers 
are specified or required as base reg
i.sters. 

This phase comprises two physical phas
es, each with a specific function. The 
first, Phase RA, processes the addressing 
mechanisms, while the second [hase, Phase 
RF, allocates the physical registers. 

Phase RA scans the text fer dictionary 
references, the beginnings and ends of 
PROCEDURE and BEGIN blocks, and the start
ing points of the original PL/I statements. 

A dictionary reference, when found, is 
decoded into a word-aligned dictionary 
address and a code. These are used to 
determine what is being referenced. The 
corresponding object time address as an 
offset and base is then calculated. 

If the address required has an offset 
less than 4,096 and a base which is either 
an AUTOMATIC or S~ATIC data pointer, no 
extra instructions are generated. If this 
is not so, extra instructions are inserted 
in the text stream to calculate the 
required address. The calculation of this 
address is broken down into logical steps 

lin a 'step table 1 .' On completion, the 
table is scanned backwards to deter~ine 
whether an intermediate result has been 
previously calculated. The steps which 
have not been previously calculated are 
then assembled into the pseudo-code. 

The compiled code is added either to the 
output stream or to a separate file. The 
code in the separate file is terminated by 
a store instruction to save the calculated 
address. The extra "insertion file" is 
placed in the prologue of the relevant 
block by the next phase. Instructions are 
stored in-line if the referenced item is 
CONTROLLED, if it is a parameter, if fewer 
instructions are required to recalculate 
the base rather than load the stored 
address, or if the reference itself is in 
the prologue. 

If no addressing code is generated, a 
special item is put in text to tell phase 
RF what base to use. 

All relevant information for PROCEDURE 
and BEGIN blocks is stacked and unstacked 
at the start and end of the blccks respec
tively. 

At the start of PL/I statements, code is 
compiled to keep the required PREFIX ON 
slots in the Dynamic Storage Area updated. 
On meeting the pseudo-code error marker, 
the calling sequence to the Library error 
package is generated, and the error marker 
removed. 
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If the STMT option has been specified, 
code is generated at the start of each PL/I 
statement to keep the statement numoer slot 
in the current DSA up to date. 

Phase RF scans the text for register 
occurrences, implicit and explicit, and the 
start and end of PROCEDURE and BEGIN 
blocks. At the beginning of PROCEDURE and 
BEGIN blocks all relevant information is 
stacked, and is later unstacked at the 
corresponding end. 

Registers are classified as assigned, 
symbolic, or base. 

Assigned registers require the explicit
ly mentioned register to be used. If that 
register is not free it is stored. Symbol
ic registers may occupy any register in the 
range 1 through 8. An even-odd pair may be 
requested. Base registers may occupy any 
of registers 1 through 8. 

When a register is requested, a table of 
the contents of registers is scanned, to 
determine whether the register already has 
the required value. If it does, that is 
used. If it does not, and it is not an 
assigned register, a search is made for a 
free register and this is allocated if one 
is found. Should no register be free, a 
look-ahead is performed to determine which 
register it is most profitable to free. 

If a register contains a base it need 
not be stored on freeing. If a register 
contains a symbolic or assigned register, 
it may require to be stored when freed, 
depending upon whether it has had its value 
altered since any storage associated with 
it was last referenced. 

At a BALR (Branch and Link) instruction 
it is insured that all the necessary param
eter registers are in physical registers, 
and not in storage. . 

No flow trace is carried out by the 
compiler. Therefore, the register status 
is made zero at branch-in and branch-out 
points. An exception is at a conditional 
branch. Here the registers are not freed 
after having been saved. 

Any coded addressing instructions are 
expanded when found in-line. At a specific 
"insertion point" in a prologue, any 
addressing instructions in the "insertion 
file" are brought in and expanded. 
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The Final Assembly Phase converts the 
pseudo-code output of the register alloca
tion phase into machine code, the principal 
functions being the substituticn of machine 
operation codes for pseudo-code operations, 
and the replacement of PL/I and compiler 
inserted symbolic labels by cffset values. 

Loader text is generated for prograw 
instructions, DECLARE control blocks, and 
OPEN file control blocks, initial values 
defined in the source program, parameter 
lists, skeleton dope vectors, symbol 
tables, etc. ESD and RLD cards are gener
ated for external names and pseudo
registers. An object listing of the code 
generated by the compiler is produced if 
the option has been specified by the source 
programmer. 

Phase TF scans the text, assigns offsets 
to compiler and statement labels, and 
determines the code required for instruc
tions which reference labels. 

The size of each procedure is determined 
and stored in the PROCEDURE entry type 1. 
A location counter of machine instructions 
is also maintained. 

Phase TJ scans the text until no further 
optimization can be achieved in the final 
assembly. 

A location counter is rraintained for 
assembled code, and offsets are assigned to 
labels. 

The size of each procedure is determined 
and stored in the PROCEDURE entry type 1. 
The amount of code required for instruc
tions to reference labels is also deter
mined, while attempting to reduce this from 
the amount estimated by the first asserrbly 
pass. 

This phase also attempts to reduce the 
number of ~ove (MVC) instructions by 
searching for consecutive MVC instructions 
which refer to contiguous locations. 



Phase TO sets the four byte slot ZPRNAM, 
in the communication region, to contain the 
first four characters of the first entry 
label of the external procedure, for the 
purpose of object deck serialization. 

Phase TO also produces ESD cards for the 
compiled program. It first makes up six 
standard entries for: 

1. Program Control section (CSECT) (SD 
type) allowing roorr for the compiler 
subroutines if these are present. 

2. STATIC internal CSECT (SD type) 

3. Invocation count (PR type) 

4. Entry points to Library routines, 
IHESADA and IHESADB (ER type) 

5. IHEQERR (PR) 

6. IHEQTIC (PR) 

If the external procedure has the MAIN 
option, an entry for a one-word CSECT (SD 
type) is made up. An entry is made for the 
CSECT 1H entry and entries are made up for 
all entry labels in the external procedure 
(LD type). 

The entry type 1 chain is scanned and an 
entry (PR type) is made up for each block 
and procedure. 

The external section of the STATIC chain 
is scanned and entries are made up for: 

1. Built-in functions and library func
tions (ER type) 

2. Files (ER type) 

3. STATIC external variables (SD type) 

4. External entry names (ER type) 

5. Programmer 
type) 

ON condition names (SD 

The CONTROLLED chain is scanned and an 
entry is made up for each CONTROLLED varia
ble and task name (PR type). 

The size of the program control section 
is incremented to include the compiler 
subroutines. 

All STATIC DSAs are put into the STATIC 
INTERNAL control section, their combined 
sizes being allowed for when the size of 
the CSECT is calculated. 

Module TQ is used to produce a list of 
Library conversion routines required for 
execution of the program. ER type entries 
are made up for each name in the list. 

Phase TT scans the text and maintains a 
location counter for asserr.bled code. 

Loader text (TXT) and relocation direc
tory (RLD) cards for requested combinations 
of load and punch files are generated. 

Nested procedures are unnested at object 
time by suitable manipulation of the loca
tion counter. The offset of each procedure 
from the start of text is left in the 
PROCEDURE entry type 1. 

Compiler labels are numberEd for use by 
the object listing phase, and trace infor
mation is set up at entry points. Phase TT 
also generates the text for the compiler 

I subroutines. These subroutines are put out 
lin one of the following combinations: 

1. EPILOGUE subroutine 
DYNAMIC PROLOGUE subroutine 
STATIC PROLOGUE subroutine 

2. EPILOGUE subroutine 
DYNAMIC PROLOGUE subroutine 

3. EPILOGUE subroutine 
STATIC PROLOGUE subroutine 

Phase UA generates text for the static 
internal CSECT; initializes a CSECT for 
each static external variable; and, option
ally (if the LIST option is present), lists 
all the text produced for the static inter
nal CSECT and provides suitable comments. 

The phase first scans to the start of 
the external section of the STATIC chain, 
generating text for entry labels, label 
constants, compiler labels, file attri
butes, label variable BCDs, and DEDs for 
temporaries. Simple variables found on 
this scan are used, together with the 
labels, to mark the start of the character 
string section of the chain. 

The phase then scans to the end of the 
external section of thE chain, initializing 
address constants for external variables, 
external entry names, built-in and Library 
functions, programmer-defined ON-condition 
names, external files, and label constants. 
Text is rr.ade up for the constants pool. 
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The third scan of the STATIC chain 
starts at the point left by the previous 
scan, and generates text for dope vector 
skeletons, argument lists, RDVs and DVDs, 
and symbol tables. The scan is terminated 
at the end of the chain. 

Phase UA makes up RLD cards for the 
address slots for STATIC DSA's and for the 
address slot of the start of the epilogue 
subroutine, if generated. 

Text cards are output to initialize all 
AREA's, EVENT's, and TASK's. Arrays of 
AREA's, will have a text card for each 
element. 

Phase UD generates RLD and TXT cards to 
set up dope vectors at link-edit and load 
time. 

TXT cards are generated for each STATIC 
DSA, containing its length, which is found 
in the STATIC DSA entry. 

TXT and RLD cards are generated to set 
up the dope vectors for structured items 
and any non-structured items appearing in 
the AUTOMATIC chains. The TXT cards are 
derived from the skeleton dope vector 
entries. The RLD cards are generated for 
each virtual origin slot. 

When the last STATIC DSA has been proc
essed control is released from phase UD. 

Phase UE initializes those items on the 
STATIC chain not processed by Phase UA. 

The phase first scans to the start of 
the external section of the chain, making 
up text for simple data, and listing label 
variables. 

The second scan starts at the head of 
the character string section of the chain, 
and initializes dope vectors for all static 
internal variables which need them. 

The third scan corresponds in extent to 
the third scan in Phase UA, but generates 
text for arrays, and simple and interleaved 
structures. At the end of this scan, a 
test is made to determine whether the 
external procedure of the program has the 
MAIN option. If so, a one-word CSECT 
(IHEMAIN) is made up, to contain the 
address of the principal entry point to the 
compilation. 
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The phase then executes its final scanu 
which extends over the external section of 
the chain, to initialize a CSECT for each 
external variable or external file. 

Finally, any incomplete text and RLD 
cards are punched out, and an END card is 
produced for the compiled program. If the 
OBJNM parameter is present for batch cowpi
lation, phase UD punches a NAME card to 
follow the END card. 

Phase UF scans the text, and lists, in 
assembly language format, machine instruc
tions compiled for the source program. I~ 
inserts comments in th~ listing for state
ment numbers, statement labels, entry 
points, prologues, and procedure bases. 

Phase UF contains module UH which gener
ates NAME from a dictionary reference. UF 
also lists the text for the compiler SUD
routine. This is done by releasing UB and 
loading module UI which performs this func
tion. Upon termination of this phase 
module UI passes control to phase XA. 

The Error Editor Phase is entered at the 
end of all compilations. The first phase, 
Phase XA, examines the dictionary and det
ermines whether there are any messages to 
be printed out. If there are none, this 
phase terminates the compilation. If there 
are diagnostic messages to be printed out, 
phase XB is loaded and the third section of 
the phase directory is completed. Phase XC 
is then loaded and this together with phase 
XA causes further modules (XF, and blocks 
XG to yy) to be loaded, which process the 
error dictionary entries and print out the 
appropriate messages. 

Phase XA examines the heads of the error 
chains in the first dictionary block, and 
the prograrrmer options which specify the 
severity level of messages required. If 
there are no diagnostic messages to be 
printed, this phase prints out a completion 
message and completes the compilation. If 
diagnostic messages are required, the phase 
loads module XB which completes the phase 
directory for Compiler control. Phase XB 
is then released and phase XC and the 
message address block XF are loaded. 



The error editor then scans down the 
error message chains and marks each error 
dictionary with an indication of where the 
associated message is to be found. This 
information is obtained from a table in 
module XF. 

The text of all error messages is \ kept 
in modules XG through YY. The messages are 
ordered, by severity, within these modules. 
Module XA will have listed those modules 
which contain messages required for a par
ticular compilation. Module XC loads and 
releases these modules, one at a time, and 
extracts the required messages. Having 
loaded a particular module, the phase scans 
down the associated error messAge chain in 
the dictionary for error entries associated 
with the module. It accesses the error 
message text and scans it. 

The message to be printed is built up in 
a print buffer in internal corrpiler code. 
This involves a translation from EBCDIC 
mode, which is used for the rressage text 
skeleton. The message is completed by the 
insertion of a statement number, an iden
tifier, or a numeric value as specified by 
the message dictionary entry. The message 
is segmented, where necessary, to avoid 
spilling over a print line, translated to 
external code, and finally printed out. 

When all error message dictionary 
entries have been processed, module XB 
returns control to phase XA, which passes 
control to module AA for termination of the 
compilation. 

section 2 (Compiler Phases): Error Editor Phase 65 



SECTION 3: CHARTS AND ROUTINE DIRECTORIES 

This section provides a complete guide 
to the compiler logic, in the form of 
flowcharts and associated tables and rou
tine directories, arranged in phase order. 

Flowcharts 

The flowcharts are presented at three 
levels of detail -- overall, logical phase, 
and physical phase. The overall compiler 
flowchart (Chart 00) points to the logical 
phase flowcharts (Charts 01 through 09), 
each of which appears at the head of the 
set of physical phase flowcharts to which 
it points. The physical phase flowcharts 
point (by means of identifiers placed next 
to the blocks> to the various routines 
used. Entry points to physical phases are 
labeled. 

Where transfer is effected between 
modules within a physical phase, the entry 
label into the entered module is shown as 
follows: 

1. Where the means of transfer is a trans
fer vector, an asterisk is shown as the 
label on the flowchart, and a note at 
the foot of the chart states that the 
transfer vector table is located at the 
start of the module. 

2. When transfer is made from a decision 
block, the block representing the entry 
is labeled. 

With the exception of "fall-through" 
branches, all branches froIT. decision blocks 
are labeled where possible. Where the 
branch is actually a branch table, this 
fact is indicated on the chart, and the 
label of the branch table is given. 

In some cases, 
been given, to 
program flow. 
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additional 
assist in 

labels have 
following the 

Tables and Routine Directories 

For each physical phase, a table is 
provided, which lists the operations per
formed and identifies the routines and 
subroutines involved. Where applicable, a 
routine directory follows the table. This 
provides an alphanumerically arranged list 
of the routines and subroutines contained 
in the phase, and states their function. 

In some cases, a physical phase compris
es more than one module; this means that 
routines contained in different modules may 
be listed together in one routine direct
ory. To assist in cross-reference to the 
compiler listings, the fcllowing convention 
has been adopted: if a routine is contained 
in a module whose label is not identical to 
that of the phase under discussion, the 
label of the containing module is inserted 
in parentheses after the routine name in 
the directory. 

In the case of a phase sharing a routine 
contained in another phase, the label of 
the containing module is indicated in 
parentheses after the routine name in the 
"Subroutines Used" column. The routine 
will not then appear in the routine direct
ory for the phase under discussion, but 
will be found in the routine directory for 
the containing phase. 

Identification of 
phase flowcharts is 
label. 

tables 
based 

and physical 
on the phase 
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Chart 00. Jverall COITfiler Flcwchart (cant'd) 
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Table AA. Module AA Compiler Control Resident Control Phase 
r-----------------------------------------------T---------------T-------------'----------, 
~ IMain Processingl I 
I statement or Operation Type I Routine I Routine Called I 
r-----------------------------------------------t---------------t-----------------------~ 
IInitializes the compiler IZINIT I LOADW, ABOR~ I 
I I I I 
IPara~~ters ~§§~Q: General register i points atl I I 
Ithe passed parameters I I I 
IEntEy-to OS/36Q: GETMAIN(R), TIME, LINK, SPIE I I I 
r-----------------------------------------------t---------------t-----------------------~ 
IDeletes a list of loaded phases IRELESE IZUERR, ABOR~ I 
I I I I 
IPara~~ters ~ssed: PARi -- address of list of I I I 
Iphases to be deleted I I I 
IEntry_ to OS~1.£Q: DELETE I I I 
r-----------------------------------------------t---------------t-----------------------~ 
Deletes a list of loaded phases and passes RLSCTL Module AD if inter- I 
control to either the next requested phase or phase dumping is req- I 
the next named phase uired; Module AE if it I 

is end of Read-In I 
Parameters ~~~~Q: PARi -- address of list of Phase; ZUERR, ABORT I 
phases to be deleted; PAR2 -- address of name I 
of phase to which control is to be given, or I 
zero I 
Parameters returned: PARi -- load point of new I 
phase-------------- I 
Entry_to OS/36Q: DELETE, LOAD{EPLOC), LOAD(DE), I 
LINK I 
r-----------------------------------------------t---------------t-----------------------~ 
ILoads the required phase and returns control tolLOADX IZUERR, ABOR~ I 
Ithe caller. The phase may be loaded again I I I 
I I I I 
IParameters passed: PARi -- address of name of I I I 
Iphase to be loaded I I I 
IParameters returned: PARi -- load point of I I I 
I phase I I I 
I EntrY-!2-0S / 3£Q: LOAD (DE) I I I 
r-----------------------------------------------t---------------t-----------------------~ 
IMarks phases as 'wanted' and 'not wanted' IREQEST IZUERR, ABOR~ I 
I I I I 
IParameters passeQ: PARi -- address of I I I 
Ilist of phase names to be marked 'wanted;' I I I 
IPAR2 -- address of list of phase names to be I I I 
Imarked 'not wanted' I I I 
IEn~!Q OS/3£Q: None I I I 
r-----------------------------------------------t---------------t-----------------------~ 
IPuts a record out to SYSLIN IZULF ILFERRX I 
I I I I 
IParameters pass~Q: PARi -- address of output I I I 
I record I I I 
IEntry_!o OS/360: PUT LOCATE{QSAM) I I I 
r-----------------------------------------------t---------------t-----------------------~ 
Iputs a record out to SYSPUNCH IZUSP ISPERRX I 
I I I I 
IPara~~ters ~~§~Q: PARi -- address of output I I I 
I record I I I 
IEn~EY_!Q_OS~3(.Q: PUT LOCATE{QSAM) I I I l _______________________________________________ ~ _______________ ~ _______________________ j 
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Table AA. Module AA Compiler Control Resident Control Phase (cont'd) 
r--------'---------------------------------------T---------------T-----------------------, 
I IMain Processingl I 
I statement or Operation Type I Routine IRoutine Called I 
~-----------------------------------------------t---------------t-----------------------i 
IDeletes currently loaded phases and passes IZABORT, ABORT IModule AD if dump op- I 
Icontrol to the Error Editor I Ition specified; RLSC~L I 
I I I I 
IEntry_!o OS/3&Q: LOAD (EPLOC) if dump option I I I 
I specif ied I I I 
~--------------------------------------------·---t---------------t-----------------------i 
IPicks up completion code and returns control tolZEND IZUPL I 
Ithe program that called cOIT.piler I I I 
I I I I 
I I I I 
I En!£Y_!2..J2§{l&Q: TIME, I~REEMAIN, DELETE I I I 
~------------------------·-----------------------t---------------t-----------------------i 
I Handles all program checks I PIH I ZUERR I 
I I I I 
I Par9:~~te!:~J2~~~~Q: ARIN'1~ holds address of I I I 
jroutine wanting to handle interrupt. ARMASK I I I 
Iholds mask indicating which interrupts it is I I I 
Idesired to handle I I I 
I I I I 
I En!:!:y_to_OS{l&Q= None I I I L _______________________________________________ ~ _______________ ~ _______________________ J 

Table AA1. Module AA Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------t--------------------------------------------------------------------i 
ABORT IDeletes currently loaded phases, passes control to error editor. I 

BLKERR 

CONSLD 

CONSLT 

lDFREE 
I 

I.FERRX 

I.OADX 

I.OADW 

PIH 

PLERRX 

HDERRX 

READX 

I I 
IEnters message "REFERENCED BLOCK NOT IN USE", then terminates compi-I 
Ilation. I 
I I 
Takes: dictionary reference and points at relevant slot in dictionary I 
control block area (DSLOTS). I 

I 
Takes text reference and points at relevant slot in text block con- I 
trol area (TSLOTS). I 

Finds dictionary block which can be written on disk to make room for 
a new block in storage. 

Marks error on SYSLIN data set. 

Loads required phase and returns control to caller. The phase may 
be loaded again. 

Loads required phase and returns control to caller. 

Handles all program checks. 

Prints record on SYSPRINT data set. Pagination (paging action) is 
performed automatically. 

Marks error on SYSIN data set. 

Reads a block from disk. 

I 

RELESE Releases all loaded phases. , 
HEQEST IMarks phases as 'wanted' or 'not wanted.' 

I 
RLSCTL IReleases all loaded phases and passes control to next required or 

Inamed phase. L __________________ ~ ___________________________________________________________________ _ 
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Table AA1. Module AA Routine/Subroutine Directory (cont'd) 
r------------------T---------------------------------------------------------------------1 
tRoutine/Subroutinel Function I 
~------------------+---------------------------------------------------------------------t 
SPERRX Marks error on SYSPUNCH data set. 

ZABORT 

ZEND 

ZINIT 

ZULF 

Deletes currently loaded phases and passes control to error editor. 

Picks up the completion code for the compilation and returns control 
to ZINT to continue the batch, or to the operating systerr at the end 
of a single or batch compilation. 

Initializes the compiler. 

Puts record out to SYSLIN data set. 

IZUSP Puts record on to SYSPUNCH data set. l __________________ ~ ____________________________________________________________________ _ 
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.Table AB. Module AB Compiler Control Initialization 
r-----------------------------------------------T---------------T-----------------------, 
I IMain Processing, I 
I Statement or Oferation Type I Routine , Routine Called , 
~-----------------------------------------------t---------------t-----------------------~ 
'Issues a BLDL macro instruction on all phases IPROPEN INone I 
lin compiler, and constructs a compacted fhase I I I 
I dictionary I I I 
, I I , 
I I I I 
I Ent!j~_!2_Q§'~.}~Q: BLDL I I I 
~-----------------------------------------------t---------------t-----------------------~ 
IPrints initial heading and performs scan of 10PTPROC INone I 
loption list. Default options are taken where I I I 
I necessary I I I 
I I I I 
I I I I 
I Par~me!:.§!:§_12~§§.~.9: General register 1 points to I I I 
loption list passed at invocation time I I I 
I En!:!:Y_!:2_Q§./3&Q: TIME, PU~ LOCATE (QSAM) I I I 
~·-----------------------------------------------t---------------t-----------------------~ 
IMakes the initial space allocation for text andlOPENR INone I 
Idictionary blocks. Sets up communication I I I 
I region I I I 
I I I I 
I En!!:Y_!2_ OS{l&Q: GETMAIN (R) I I I 
~-----------------------------------------------t---------------t-----------------------~ 
10pens spill file if text and dictionary blocks 10PENSP INone I 
I are lK I I I 
I I I I 
IEn!:!:Y_!:2 OS/3&Q: OPEN I I I 
~------------------------------------------------t---------------t-----------------------~ 
10btains the guaranteed 4K of scratch storage IGETSCR INone I 
I I I I 
I En!!:Y_!:2-2§./3&Q: GETMAIN (R) I I I 
~-----------------------------------------------t---------------t-----------~-----------~ 
ILoads intermediate file writer (Module AC). I NODUMP IZUPL (AA) I 
ISets buffer sizes for SYSUT3 and opens the datal I I 
I set I I I 
I I I I 
I En!!:Y_!:2_Q§./3&Q: LOAD(EPLOC), OPEN I I I 
~-~---------------------------------------------t---------------t-----------------------~ 
IPrints out list of options for this compilationlNDMP IZUPL (AA) I 
I I I I 
IEn!!:Y_!2 OS/3&Q: None I I I 
~-----------------------------------------------t---------------t-----------------------~ 
IEnters error messages generated when SYSIN, IPJ13 IZUERR (AA) I 
ISYSPRINT opened I t I 
I I I I 
IEn!!:Y~2-Q§.{l&Q: None I I I 
~--------·---------------------------------------t---------------t-----------------------~ 
IReads first card and stores. Uses as heading IRDCD IZURD, ZUERR, ZUPL I 
I if required I I (all in AA) I 
~--------------------------------------------·---t---------------t-----------------------~ 
I I I I 
IReturn to pre-initializer in IEMAA I ABOUT INone I 
~--------·---------------------------------------t---------------t-----------------------~ 
10pens SYSPUNCH if MACDCK specified IMCD IZUERR I 
I, I I I 

I.Ent!:Y_!:2-OS{l&Q: OPEN I I I 
~-----------------------------------------------t---------------t-----------------------f 
ILoads dictionary handling control routines I LODCNTL INone I 
I (phase IEMAN or IEMAL depending on normal dic- I I I 
Itionary or extended dictionary being specified I I I 
I in the options) I I I 
I I I I 
I En !:!:Y_!2.-2.§{1&Q : LOAD I I I L _______________________________________________ ~ _______________ ~ _______________________ J 
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Table AB1. Module AB Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
ABOUT Returns control to pre-initializer in Module AA. I 

GETSCR 

NDMP 

NODUMP 

OPENR 

OPENSP 

OPTPROC 

PJ13 

Obtains scratch storage. 

Prints lists of options for current compilation. 

Loads intermediate file writer module AC. sets tuffer sizes for 
SYSUT3 and opens data set. 

Makes initial space allocation for tExt and dictionary blocks. Sets 
up communications region. 

Opens spill file. 

Prints initial heading and performs scan of opticn list. 

Enters diagnostic messages generated when SYSIN and SYSPRINT data 
sets are opened. 

I 

PROPEN IIssues BLDL macro instruction and constructs phase directcry. 
I 

RDCD IReads first card. L __________________ L ____________________________________________________________________ J 

Table AC. Module AC Compiler Control Intermediate File Control 
r-----------------------------------------------T---------------T-----------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I Routine Called I 
~-----------------------------------------------+---------------+-----------------------~ 
IWrites a record onto SYSUT3 IIEMAC INone I 
I I I I 
IPa~~~~ters ~~~~9: PARi -- address of output I I I 
Irecord; PAR2 -- length of record I I I 
I En!~Y_!2_.2§/3~Q: PUT LOCA'I'E (QSAM) I I I 
~-----------------------------------------------+---------------+-----------------------~ 
ILink to file switching routine (Module AG) I ENDED INone I 
I I I I 
IEn!~Y_!2_.2§/3~Q: LINK I I I L _______________________________________________ L _______________ L _______________________ J 

Table AD. Module AD Compiler Control Interphase Dumping 
r-----------------------------------------------T---------------T-----------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I Routine Used I 
~-----------------------------------------------+---------------+-----------------------~ 
IDebugging aids. This routine contains a dump- IIEMAD IZDRFAB, ZTX'IAB, ZUPL I 
ling program which is invoked by use of the DUMP I I (all in AA), I 
I option I jDUMP I L _______________________________________________ L _______________ ~ _______________________ J 

Table AD1. Module AD Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
I DUMP IConverts contents of specified area of main storage to hexadecimal, I 
I I prints the result. I L __________________ ~ ____________________________________________________________________ J 
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Table AE. Module AE Compiler Control Clean-Up Phase 
r-----------------------------------------------T---------------T-----------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I Routine Called I 
~-----------------------------------------------+---------------+-----------------------~ 
IInput and intermediate file control. Current IIEMAC INone I 
linput file is closed and IEMAC is deleted if I (Module AC) I I 
I present I I I 
I I I I 
I En!EY_!2_0S{1.§.Q: CLOSE(current input file), I I I 
I DELETE I I I 
~-----------------------------------------------+---------------+-----------------------~ 
IOpens SYSLIN and SYSPUNCH data sets if requiredlNOT48 IZUERR (AA) I 
I I I I 
I EntEY_!2_Q§{1.§.Q: OPEN I I I 
~-----------------------------------------------+---------------+-----------------------~ 
IExpands the number of blocks in storage to fourjNOTDCK INone I 
Itext and four dictionary, if running with the I I I 
144k size option I I I 
I I I I 
IEntEY_!2--2§{1~Q: GETMAIN I I I l _______________________________________________ ~ _______________ ~ _______________________ J 

Table AE1. Module AE Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
INOT48 IOpens SYSLIN and SYSPUNCH data sets as required. I 
I I I 
INOTDCK IExpands number of blocks in storage. I l __________________ ~ ____________________________________________________________________ J 

Table AF. Module AF Compiler Control Sysgen Options 
r----------------------------------------------------------T----------------------------, 
I Function I Subroutines I 
~----------------------------------------------------------+----------------------------~ 
IThis module contains no executable instructions. It is INone I 
Igenerated at SYSGEN time and passes the default options I I 
land values to the compiler I I L __________________________________________________________ ~ ____________________________ J 

Table AG. Module AG Compiler Control Intermediate File switching 
r----------------------------------------------------------T----------------------------, 
I Function I Subroutines j 
~----------------------------------------------------------+----------------------------~ 
jSwitches SYSUT3 from an output file to an input file INone I 
I I I 
I Ent!:i~§_·to_OS{l'§'Q: OPEN and CLOSE I I L ___________________________________________________________ ~ ____________________________ J 

Table AK. Module AK Compiler Control Closing Phase 
r--------------------------------------------·--------------T----------------------------, 
I Function I Subrout ines I 
~--------------------------------------------.--------------+----------------------------~ 
ICloses files, frees scratch core and deletes unwanted IZURC(AA) I 
Iphases I I 
I I I 
IIf batch compiling, scans batch delimiter card for correctl I 
Isyntax and updates completion code. I I 
I I I 
I§ntri~~to Q§{l'§'Q: TIME" CLOSE, FREEPOOL, DELETE, and I I 
IFREEMAIN I I L __________________________________________________________ ~ ____________________________ J 
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• Table AL/AN. Modules AL/AN Extended Dictionary/Dictionary Phases 
I r-----------------------------------------------T---------------T-----------------------, 
, , ,Main Processing, Routine Called I 
I I statement or Operation Type I Routine , I 
I ~-----------------------------------------------+---------------+-----------------------1 
I 'Releases scratch storage allocated by ZUGC IZURC IZUERR, ABORT I 

I I' I 
I E~ra~~ter~_~~~se9: PARi -- a count of the" I 
I number of entries to ZUGC to be released" I 
I §nt~Y_~2_2§{1~Q: FREEMAIN if storage being I I I 
I replaced is outside the guaranteed 4k block I I , 
~-----------------------------------------------+---------------+-----------------------~ 
IInserts diagnostic message in the dictionary IZUERR IZDRFAE, ZDICRF, ZDICAB I 
, 'I I 
, R~~~~~~~rs_E~~~~9: PARS -- numeric parameter , , I 
, (if any); PAR6 -- message number; PAR7 -- add-, I , 
I ress of text (if any) or dictionary reference I I I 
I (if any); PAR8 -- length of text (if any)' I , 
, §~~~Y_t2_2§{1~Q: None " , 
~-----------------------------------------------+---------------+----~------------------~ 
,Takes a dictionary reference and points at the ,CONSLD INone , 
Irelevant slot in the dictionary block control I I I 
larea (DSLOTS) " , 
I I I I 
I R~~~~~~~~~_E~~~~9: PARi -- dictionary ref-, I I 
I erence 'I' 
, E~~~~~t~~~_~~t~~~~9: Address of slot in GRA , , , 
, Ent~y_~2_2S/1~Q: None " , 
~-----------------------------------------------+---------------+-----------------------~ 
ITakes a text reference and points at the rele- ICONSLT I I 
,vant slot in the text block control area I I I 
, (TSLOTS) '" 
, I" 
I R~~~~~~~~~-2~~~~9: PARi -- text reference" I 
, R~~~~~~~~~_E~~~ED~9: Address of slot in GRA I I I 
, §~~~y_~2_QS/l~Q: None I' I 
~-----------------------------------------------+---------------+------------------------~ 
IAllocates space for a text block 'TRYMRT ,DFREE, TFREE, ZUPL, I 
I I IAEORT I 
I PaE~~~~ers_~~~~9: Relative track address of , , , 
, the block (if block is on disk) in RDTTR.' I , 
, Otherwise RDTTR is zero , , , 
, Parameters returned: Address of block in GRO , , , 
, :g!it!:Y=i2=Qs/I~Q:GETMAIN(VC) if storage" , 
'available. OPEN if no space left for text " I 
, blocks 'I I 
~-----------------------------------------------+---------------+-----------------------~ 
IAllocates space for a dictionary block 'TRYMRD IDFREE, TFREE, ZUPL, , 
I I IABORT , 
, R~E~~~~~rs_E~sse9: Relative -track addr:ess of 'I I 
, block (if block is on disk) in RDTTR. Other-, , I 
I wise RDTTR is zero I' I 
I Parameters returned: Address of block in GRO 'I I 
I :g~try-t2=Q§~1&Q:-GETMAIN(VC) if storage I I I 
I available. Open if no space left for diction-I I , 
I ary blocks I I , 
~-----------------------------------------------+---------------+-----------------------~ 
IInvestigates the dictionary block control used IDFREE ICONSLD, ZUERR, ABO~T, I 
I (DSLOTS), to find which block can be written ani IWDREAD, WRTRD, WDWRIT I 
Ito disk to make space for a different block in I I I 
I storage I I I 
I I I I 
I R~E~~~.!:~E~.-E@~~~9: Relative -track address of I I I 
I block required in storage in RDTTR. RDTT~=O I I I 
, if a block is being created I I I 
I Parameters returned: Address of block in I I I 

, storage-In BLOKAD-- I I I 

I §~~EY_i2_2§{1~Q: None I I I L _______________________________________________ ~ _______________ ~ _______________________ J 
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Table AL/AN. Modules AL/AN Extended Dictionary/Dictionary Phases (cent'd) 
r-----------------------------------------------T---------------T-----------------------, 
I IMain Precessing I Routine Called I 
I Statement or Operation Type 'Routine I I 
~-----------------------------------------------t---------------t-----------------------~ 
IInvestigates the text block control area ITFREE ICCNSLD, ZUERR, ABOkT, I 
I (TSLOTS), to find which block can De written , IWDREAD, WRTRD, WDWRIT I 
lonto disk to make space for a different block I I I 
I in storage I I , 

I 'I I 
I E~~~~~!~rs_2~~~ed: Relative track address I I I 
I block required in storage in RDTTR. RDTTk=O I I I 
I if a block is being created 'I I 
I !:~~~~§!:.~~~~§!:~:!rn §2: T FREE I' I 
, E1!:!!:~Y_!:Q_Q S /3 §.Q : Non e 'I I 
~--------,---------------------------------------t---------------t-----------------------~ 
Icreate space in storage by writing on disk IWDWRIT IWRITEX I 
I I I , 
I !:~ra~§!:~~~_2~~seQ: RDTTR=O, BLOKAD contains " I 
I address of block that can be written out" , 
, Parameters returned: BLCKAD contains address " I 
I of-"block-In-stc)rage that is now available, I I 
I E1!:!!:~_to_Q§~l§'Q: WRITE (BSAM), CHECK, NONE I I I 
t------------------------------------------------t---------------t-----------------------~ 
IWrites a block onto disk and reads a second onelWRTRD IREADX, WRITEX, ZUERR, I 
linto its place in storage , I ABORT I 
I I I I 
I !:~~~~§!:§~~_B~~~§9: RDTTR contains relative I I I 
, track address of block to be read. BLOKAD I' I 
t contains address of block to be written I' I 
I Parameters returned: NOTTR contains relative I I I 
t track-address-"()fblock in storage 'I , 
t £!!:!!:~Y_!:2~QS/l§'Q: WRITE (ESAM), CHECK', NOTE, I , 
~--------------------------------------------·---t---------------t-----------------------~ 
'Reads a block from disk into space already IWDREAD IREADX I 
,available in storage 'I I 
, 'I I 
I !:~~~~et§rs_E~~~~9: RDTTR holds relative track 'I I 
I address of block to be read. BLOKAD holds I I I 
, address of space in storage 'I I 
, Parameters returned: BLOKAD holds address of I I I 
I "block-In-storage--- I I ~ 
I Entry to~§{l§'Q: None I I I 
t-----------------------------------------------t---------------t-----------------------~ 
IWrites a block onto disk IWRITEX IZUPL, ZEND I 
I I I , 
I !:~~~~~te~~-B~~~~Q: TEMP4 holds relative track I I I 
I address of space on disk I I , 
I E1!}!:~Y_!:~2_Q§{1§.Q: XDAD(WI), WAIT I I I 
t-----------------------------------------------t---------------t-----------------------~ 
IReads a block from disk 'READX IZUPL, ZEND I 
I I' I 
, !:g~~~!:~~rs_12~~~~9: TEMP4 holds relative track 'I , 
I address of block on disk " , 
I Par~~~t~rs_re!:~~!}§9: PARi address of input " , 

, area 'I' 
I !:~~~~~!:er~ re!:~!~!}~Q: PAR2 record length I' , 
, E1!:!!:~_!:Q~§{}§.~~ : GET MOVE (QSAM) I I I 
r-----------------------------------------------t---------------t-----------------------~ 
IReads a record from SYSIN IZURD INane I 

I I" 
I !:~ra~~!:~~~-12~~§.ed: PARl -- address of input " I 
, area 'I' 
, !:~~~~~!:£rs re!:~rn~2: PAR2 -- record length " , 
, E1!:!!:~y_!:Q~§~}§.Q: GET MOVE (QSAM) I' , l. _______________________________________________ ~ _______________ ~ _______________________ J 
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Table AL/AN. Modules AL/AN Extended Dictionary/Dictionary Phases (cont'd) 
r-----------------------------------------------T---------------T-----------------------, 
I IMain Processing I Routine Called I 
I Statement or Operation Type I Routine I I 
~-----------------------------------------------+---------------+-----------------------~ 
IPuts a record out to SYSPRINT. Pagination IZUPL IPLERRX I 
I (paging action) is performed automatically I I I 
I I I I 
I E~ra~eters-Bas~ed: PAR1 -- address of output I I I 
I buffer. PAR3 -- address of output buffer I I I 
I containing page heading (if any) I I I 
I ~g!~y_!O OS/l~Q: PUT LOCATE (QSAM) I I I 
~-----------------------------------------------+---------------+-----------------------~ 
IFinds a new text block. Optionally chains the IZUTXTC ICONSLT, TRYMR~, ZUERR, I 
Inew block to the current block and changes the I IABORT, BLKERR I 
Istatus of the current block I I I 
I I I I 
I R~~~~~ter~_£~~~~9: PAR1 -- optionally, a I I I 
I reference to the current block. PAR2 -- a I I I 
I status and chain indicator I I I 
I E~~~~et~rs~~!~~~~9: PAR1 -- reference to new I I I 
I block; PAR2 -- absolute address of the I I I 
I beginning of block I I I 
I ~~!~~QS/l~Q: None I I I 
~-----------------------------------------------+---------------+-----------------------~ 
IFinds the next text block in the chain. IZCHAIN ICONSLT, TRYMR~, BLKERR I 
IOptionally, changes the status of the current I \ I 
\ block I I I 
I I I I 
I R~ra~eter~-Bas~~~: PAR1 -- a reference to the I I I 
I current block; PAR2 -- a status indicator I I I 
I Parameters returned: PAR1 -- reference of the I I I 
I next~lock_rn-the-chain. PAR2 -- absolute I I I 
I address of next block in chain \ I I 
I ~~try_!2_Q§~1~Q: None \ I I 
~-----------------------------------------------+---------------+-----------------------~ 
IChanges the status of the referenced text blocklZALTER \CONSLT, BLKERR I 
I I I I 
I R~ra~~!er~-B~~~~~: PAR1 -- a reference to the I I I 
I block. PAR2 + 3 -- required 'status' byte I I I 
I En!~Y_!2~S/1~Q: None I I I 
~-----------------------------------------------+---------------+-----------------------~ 
IConverts a text reference to an absolute IZTXTAB ICCNSLT, TRYMRT, BLKERR I 
laddress and optionally, does not change status I I I 
lof the block I I I 
I I I I 
I E~~~m~!~~~_£~~~~~: PAR1 -- reference to be I I I 
I converted and option indicator bit I I I 
I E~~~~eters_~~!~~~~~: PAR1 -- the absolute I I I 
I address I I I 
I ~g!~y_to~S/l~Q: None I I I 
~-----------------------------------------------+---------------+-----------------------~ 
IConverts an absolute address to a text \ZTXTRF ICONSLT, BLKERR, ZUERR, I 
\ ref erence I I ABORT I 
I I I I 
I R~~am~!er~-E~~~~~: PAR1 -- a text reference tol I I 
I the block containing the absolute address; I I I 
I PAR2 -- the address to be converted I I I 
I Par~~~!ers~~!~~~~9: PAR1 -- the required textl I I 
I reference I I I 
I ~~!~-.!:2~S/1~Q: None I I I 
~-----------------------------------------------+---------------+-----------------------~ 
IEnters message 'REFERENCED BLOCK NOT IN USE' IBLKERR IZUERR, ABCRT I 
linto dictionary and then terminates compilationl I I 
I ~~!~Y_!2 OS/l~Q: None I I I l _______________________________________________ ~ _______________ ~ _______________________ J 
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Table AL/AN. Modules AL/AN Extehded Dictionary/Dictionary Phases (cont'd) 
Ir-----------------------------------------------T---------------T-----------------------1 
I ,Main Processing, Routine Calles I 
I statement or Cferation Type 'Routine, I 
.-----------------------------------------------+---------------+-----------------------~ 
ISupplies storage space for scratch purposes. 'ZUGC 'TRY~RT, ZUERR, ABORT , 
IAllocation is made in 512 bytes at a time I I , 
I Para!!!.§!.§!:~__12~~§.§9: PAR1 -- a count of the' I , 
I number of 512 byte blocks required I' I 
I f~ra!!!.§1ers_!:.§1~rn.§9: PAR1 -- address of the I' I 
I allocated storage " I 
I ];!!trY_1Q_Q§~}.2.Q: None " , 
J.-----------------------------------------------+---------------+-----------------------~ 
IConverts an absolute address to a dictionary 'ZDABRF ,CCNSLD, ZUERR, ABORT, I 
Ireference 'IBLKERR I 
I Pa!:~!!!.§!:~__12~~.§,§9: PARt -- any ref erence to 'I , 
I the block containing the abscl ute address; I I I 
I PAR2 -- the absolute address to be converted 'I I 
I Pa~~!!!.§!:ers~.§1~rn.§9: PAR1 -- the required I I I 
I dictionary reference I' I 
I ~!!trY_!:2-QS/3.2Q: None I I I 
~,-----------------------------------------------+---------------+-----------------------~ 
'Converts a dictionary reference to an absolute IZDRFAB ICCNSLD, TRYMRD, BLK~RR I 
I address I I , 
I Ear~!!!.§ter§__12~~§,§9: PAWL -- the dictionary I' I 
I reference "I 
, Par~!!!.§!:er~~et~!:!!§9: PAR1 -- the absolute I' , 
I address 'I I 
I ~!!1!:y_!Q_Q§~}.2Q: None I I , 
~-----------------------------------------------+---------------+-----------------------~ 
IMakes an unaligned dictionary entry and 'ZNALAB IZDRFAB, ZDAERF, TRYMRD,' 
'returns an absolute address , IZUPL, ZUERR, ABORT, , 
, "CCNSLD, 
, Earam.§!~rs_~~~e9: PAR1 -- address of entry tol I , 
, be made; PAR2 -- length of entry I' , 
, E~!:~!!!eters_~§!urn.§Q: PAR1 -- address of entry " , 
I in dictionary. PAR4 -- some reference to the " , 
, block I I , 
I En!!:Y_~Q-2S/3.2Q: None I I I 
~---------------------------------------------~-+---------------+-----------------------~ 
IMakes an aligned dictionary entry and returns IZDICAB IZDRFAB, ZDAERF, TRYMRD,I 
Ian absolute address I IZUPL, ZUERR, ABORT, , 
I I ICCNSLD I 
I fara!!!.§1g!:~__12~~?eQ: PARl -- address of entry tol I I 
I be made; PAR2 -- length of entry I I I 
, Pa~~!!!.§1grs ret~lrn'§2: PAR1 -- address of entry I I I 
, in dictionary. PAR4 -- some reference to the I I I 
, block I I I 
I ~!!try_12-2S/3QQ: None I I I 
~-----------------------------------------------+---------------+-----------------------~ 
IMakes an unaligned dictionary entry and IZNALRF IZDRFAB, ZDAERF, TRYMRD,I 
Ireturns dictionary reference , IZUPL, ZUERR, ABORT, I 
, 'ICONSLD I 
, far~!!!~t~f~__12as§ed: PAR1 -- address of entry to I , I 
I be made; PAR2 -- length of entry I' , 
I Parameters returned: PAR1 -- reference of I I I 
, entry-in dictionary. PAR4 -- absolute address, I I 
I of the entry 'I I 
, ~!!1~Y_1Q_QS/36Q: None " , 
~-----------------------------------------------+---------------+-----------------------~ 
'Makes an aligned dictionary entry and returns alZDICRF ,ZDRFAE, ZDAERF, TRYMRD, I 
,dictionary reference I IZUPL, ZUERR, ABORT, I 
I "CCNSLD, 
, E~~~!!!eters-B~§§~9: PAR1 -- address of entry tol I I 
, be made; PAR2 -- length of entry " , 
, Parameters returned: PAR1 -- reference of" I 
I entry-irldIctionary. PAR4 -- absolute address' I I 
, of the entry 'I I 
, EnifY to~S/36Q,: None I' , l ________________________________________________ ~ _______________ ~ _______________________ J 
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• Table ALl/ANi. Modules AL/AN Routine/Subroutine Directory 
I r------------------T--------------------------------------------------------------------, 
I I Routine/Subroutine I Function I 
I ~------------------+--------------------------------------------------------------------~ 

ITFREE 
I 
I 
ITRYMRD 
I 
ITRYMRT 
I 
IWDREAD 
I 
IWDWRIT 
I 
I 
WRITEX 

WRTONL 

WRTRD 

ZALTER 

ZCHAIN 

ZDABRF 

ZDRFAB 

ZDICAB 

ZDICRF 

ZNALRF 
I 

ZNALAB 

ZTXTAB 

Finds text block which can be written on disk 
to make space for a new block in storage. 

Allocates space for a dictionary block. 

Allocates space for a text block. 

Reads a block from disk into storage. 

Creates space in storage by writing a block on 
disk. 

Writes a block on disk. 

Writes on last block on disk. 

Writes a block onto disk, reads a second one 
into its place in storage. 

Changes status of referenced text block. 

Finds next text block in chain. 

Converts an absolute address to a dictionary 
reference. 

Converts a dictionary reference to an absolute 
address. 

Makes an aligned dictionary entry and returns 
absolute address. 

Makes an aligned dictionary entry and returns 
dictionary reference. 

Makes unaligned dictionary entry and returns 
dictionary reference. 

Makes unaligned dictionary entry and returns 
absolute address. 

Converts text reference to an absolute address. 
I 

ZTXTRF Converts absolute address to a text reference. I 
I 

ZUERR Inserts diagnostic message in dictionary. I 
I 

ZURD Reads a record from SYSIN. I 
I 

ZUGC Supplies storage space for scratch purposes. I 
I 

ZURC Releases scratch storage. I 
I 

ZUPL Puts record out to SYSPRINT data set. I 
~ 

IZUTXTC Obtains a new text block. I L __________________ ~ ____________________________________________________________________ j! 
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Table AM. Module AM Compilei Control Phase Marking 
r"-----------------------------------T---------------T-----------------------------------, 
I IMain Processing\ I 
\ Function I Routine I Routines Used I 
~"-----------------------------------+---------------+-----------------------------------~ 
IMarks all non-optional phases and IIEMAM jRE~EST, RLSCTL (both in AA) I 
lall phases influenced by compiler I I I 
linvocation-time options I I I L ____________________________________ ~ _______________ ~ ___________________________________ J 
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Chart 01. 
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Chart AV. 
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ChaIt BC. Phase BC Overall Logic DiagL3m 
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Chart BG. Phase BG Overall Logic Diagram 
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Chart BW. Phase Bw overall logic Diagr3m 
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Table AS. Phase AS Resident Phase for Compile-time Processing 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl ~ 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IInitializes switches for compile- IADRP INone I 
Itime processor I I I 
~------------------------------------+---------------+-----------------------------------~ 
ILoads phases for compile-time IADRP ILOADX (AA) I 
I processor I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IDetermines whether Phase BC should IADRP INone I 
Ibe reloaded I I t L _______________________ • ____________ ~ _______________ ~ ___________________________________ J 

Section 3: Charts and Routine Directories 89 



.Table AS1. Phase AS Routine/subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
ADRP Initializes switches for compile-time processor. I 

I 
BCKUP2 Backs up token pointer two places. I 

I 
CHBLK Changes currently busy IVB block status and gets a new block I 

CLSBUF 

COMENT 

ENDIVB 

FREVAL 

GETIVB 

GNC 

HASH 

INCTST 

INPUT 

INRD 

NXTTXT 

OUTPTC 

SRHDIC 

STRING 

Handles calls to close and write out the buffer. Loads and bases 
phase BJ if necessary. 

Scans the limits of a corroment, transfers each character into the 
output buffer. 

Closes an IVB chain. 

Releases a chain of IVBs containing a no longer needed value and 
returns chain to free list. 

Removes an IVB from the free chain for use by the calling routine. 

Updates TOKPTR to point to the next character in a particular input 
stream. 

Accepts an EBCDIC identifier as input and outputs an index. The 
index indicates the beginning of the HASH chain with which the iden
tifier is associated. 

Determines whether Phase BC needs to be reloaded on return from 
Phase BG. 

Reads in an input record from the source data set or from included 
text. 

Reads physical records from the included data set; unblocks and 
sends them back one logical record at a time. 

Gets a new text block and sets up address slots. 

Outputs a single character into one of the three output rredia: 
IVB's, text blocks, or external records. 

Searches the dictionary for the presence of a named item. 

Scars the limits of a string constant, transfers each character to 
output. 

I 
TOKSCN Examines text, character by character recognizing and returning eachl 

logical unit of text (called a token>. Tokens include identifiers, I 
constants, operators, delimiters, etc. I 

I 
UPNEWL Updates temporary linecount slot. I 

I 
YAG2 Loads processor phases for the compile-time processor. I l __________________ ~ __________________________________ __________________________________ J 
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Table AV Phase AV Macro Processing Initialization 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------.------------+---------------+-----------------------------------~ 
IInitializes communication area for IINIT INone I 
Icompile-time processing I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IAllocates push down stack from IINIT INone I 
Iscratch storage I I I 
~----.-------------------------------+---------------+-----------------------------------~ 
IAllocates translation tables IINIT INone I 
~-----------------------------------+---------------+-----------------------------------~ 
I~nters SUBSTR into dictionary IINIT INone , 
~-----------------------------------+---------------+-----------------------------------~ 
lCreates dictionary entries and IINIT INone I 
!values for constants pool I I I L ___________________________________ L _______________ ~ _ __________________________________ J 

•• Table AV1. Phase AV Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
IINIT IEntry point to the initialization phase. This initializ~s the com- I 
I Imunication region for compile-time processing. , 
I , , 
IWWN048 IAllocates the push down stack (to be used by Phases BC and BG) from I 
, Iscratch storage. , 
I , I 
!WWOVLP ,Sets up tables to translate external code to EECDIC; tests the I 
I IBCD,EECDIC option. I 
II I I 
IWWOBCD IEnters built-in function SUBSTR into dictionary. I 
I I I 
IIWWCHNBEG ICreates dictionary entries and values for compile-time constant , 
I Ipool. 

II I 
iWWMOVEIT IMoves Subroutine package into core for use by BC. 
II I 
~INCLUDE IINCLUDE Processor 
II I 
~LABELS (BC ILABEL List Processor. 
II I 
II GOTO Subroutine IGOTO statement Processor. 
II I 
IACT Package) IActive/Deactivate Processor. 
II I 
I ELSE IELSE Clause Processor. 
L __________________ i ____________________________________________________________________ J 
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Table BC. Phase BC Initial Scan and Translation 
r-----------------------------------T---------------T-----------------------------------, 
J I Main Processing I I 
I Statement or Operation Type I Routine I subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IRecognizes statement type IPH1SCN ITOKEN, DELETE I 
~-----------------------------------+---------------+------------------------------------~ 
IScans until next % character IPH1SCN IFINDPC I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses PROCEDURE statement IPH1SCN I TOKEN, DELETE, IDSRCH, I 
I I I ADDSP (FREVAL, OUTPTC) I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses labels attached to state-IPH1SCN IIDSRCH I 
Iment I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IEncodes statement into internal IPH1SCN I PARSE, TOKEN, IDSRCH, ADDSP I 
Itext I I DELETE, CHECK I 
~-----------------------------------+---------------+-----------------------------------~ 
ICleans up after INCLUDE in initial IPH1SCN INone I 
Iscan I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IBegins statement identification IPH1SCN INone I 
Iprocess I I I 
l ___________________________________ i _______________ i ___________________________________ J 
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.Table BCl. Phase.BC Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------i 
ADCONS IObtains the dictionary reference of a constant, entering it into the 

ADDSP 

ADICT 

ADPROC (BF) 

ASSIGN 

CHECK 

DECLAR (BF) 

DELETE 

DO (BE) 

DONE (BE) 

FINDPC 

IDSRCH 

IF (BE) 

:KYWDSR 

PARSE (BE) 

PIF4 

PHlSCN (BE) 

HETURN 

STB3 

STMT (BE) 

~rOKEN 

Idictionary if necessary. 

Adds a processor-~reated item to the dictionary. 

Adds a normal item to the end of the appropriate hash chain and 
returns the dictionary reference. 

Processes PROCEDURE statement. 

Processes assignment statements. 

Checks back for undefined labels and identifiers not declared 
the block. 

Declare statement processor. 

withinl 
I 
I 
I 

ISkips 
Idure. 
I 

over bad text up to the end of a statement, field or proce-

IDO statement processor. 
I 

I 
I 
I 
I 
I 
I 

IChecks stack for possible THEN's or ELSE'S after statement is com- I 
Ipleted. 
I 
IscanE; source text, character by character, searching for macro per-
Icent character. 
I 
Obtains the dictionary reference of an identifier, entering it in 
the dictionary if necessary. 

IF statement processor. 

Checks for single or multiple keywords. 

ParsE~s and generates interpretive macro code for compilE-time 
exprE!ssions. 

Provides special handling for end of included text. 

Main controlling routine for phase. 

Processes RETURN statement for PROC. 

Collects labels into label list and identifier statement type on 
first two tokens of statement. 

Diagnoses statement type and builds label list. 

Returns significant tokens to PHlSCN and writes out diagnostics for 
tokens in error. 

l 
UPDLIN Generates an update linecount instruction. I l __________________ ~ ____________________________________________________________________ J 

Note: See also BC Subroutine Package in Table AVl. 
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Table BG. Phase BG Final Scan and Replacement 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
\Final scan for replacements IPH2SCN \ OUTPUT, TOKSCN, SRHDIC I 
~-----------------------------------+---------------+-----------------------------------~ 
\Recognition of end of text IPH2SCN I OUTPUT, TOKSCN, SRHDIC I 
~-----------------------------------+---------------+-----------------------------------~ 
IRecognition of an identifier \PH2SCN I OUTPUT, TOKSCN, SRHDIC I 
~-----------------------------------+---------------+-----------------------------------~ 
\Recognition of macro action IPH2SCN IOUTPUT, TOKSCN, SRHDIC I 
~-----------------------------------+---------------+-----------------------------------~ 
\Recognition of % character IPH2SCN I OUTPUT, TOKSCN, SRHDIC \ 
~-----------------------------------+---------------+-----------------------------------~ 
IRecognition of other characters \PH2SCN I OUTPUT, TOKSCN, SRHDIC I 
~-----------------------------------+---------------+-----------------------------------~ 
ITerminates and cleans up INCLUDE IPH2SCN I OUTPUT, TOKSCN, SRHDIC I 
Ihandling \ I I 
~-----------------------------------+---------~-----+-----------------------------------~ 
IRe-establishes scan at next higher \PH2SCN \OUTPUT, TOKSCN, SRHDIC I 
\level text \ \ I 
~-----------------------------------+---------------+-----------------------------------~ 
IPerforms replacement on activated IPH2SCN I OUTPUT, TOKSCN, SRHDIC \ 
\ identifiers I I I L ___________________________________ ~ _______________ ~ _ __________________________________ J 
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.Table BG1. Phase BG Routine/subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~.------------------+--------------------------------------------------------------------~ 
CLOUT (BJ) Closes output buffer, and writes out record on SYSUT3. 

CONVRT 

DACLN 

DAEOB 

DAEOBF 

DAIDEN 

DAMAC 

DAOTHR 

DAPENT 

DAPRTC 

I~UNCTN (BJ') 

GETDIC 

INCONT 

INTPRT (BI) 

OUTPT 

PH2SCN 

POP 

PROINV (BI) 

PUSH 

PUNCH (BJ) 

SYNCH 

'I,'PEEK 

ZAASIGN (BI) 

ZACOMP (BI) 

ZACONCAT (BI) 

ZACVT (BI) 

Z,ALGCL (BI ) 

Handles conversions between the three data types used in the 
compile-time processor . 

Terminates INCLUDE text handling and frees text blocks containing 
included text. 

Re-establishes scan at next higher level text. 

Recognizes and processes end of text condition. 

Recognizes and processes identifier in text. 

Recognizes and processes macro action character. 

Recognizes character and outputs it. 

Handles replacement operation for text identifiers. 

Recognizes % character and recalls Phase BC if appropriate. 

Handles built-in functions. 
I 

Picks up a two-byte dictionary reference from scrubbed text, per- I 
forms error checking, resolves indirect references, and returns bothl 
relative and absolute address. I 

INCLUDE control routine. Opens DCB, finds member, sets up buffer, 
and initiates look-ahead read. 

Interprets the macro code generated by the Phase I scan. 

Handles the output of tokens. 

Scans text blocks. 

Pops the top temporary off the Phase II stack. 

special entry point to interpreter for invocation of procedures 
found in source program text. 

Pushes next available temporary onto the Phase II stack. 

Punches down output record, in source code, on MACDCK option. 

Synchronizes linecount, closing buffer if necessary. 

Scans for procedure reference argument list left-parenthesis. 

Performs identifier assignments for INTPRT. 

Performs all logical comparison operations for INTRPT. 

Performs string concatenations for INTPRT. 

Converts stack items to required type by 'RETURNS' attribute. 

Perforrrs all logical operations for INTPRT. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

ZAPUSH (BI) IPerforms stack maintenance for INTPRT. I L __________________ ~ ____________________________________________________________________ J 
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Table BG1. Phase BG Routine/subroutine Directory (cont'd) 
r------------------T--------------------------------------------------------------------, 
/Routine/Subroutinel Function I 
~------------------+--------------------------------------------------------------------~ 
IZARlTH (Bl) IPerforms all arithmetic operations for lNTPRT. I 
I I I 
IZATRAl (Bl) IHandles transfers from included text to including text. I 
I I I 
IZATRAN (Bl) IPerforrrs all transfer operations for lNTPRT. I 
I I I 
IZJSUBS (BJ) IBuilt-in function SUBSTR. I L __________________ L __________________________________ ___________________ ~ ______________ J 
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Table BM. Phase BM Diagnostic Message Determination and Printing 
r------------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IDetermines whether error messages IXA INone I 
lare to be printed I I I 
~-----------------------------------+---------------+-----------------------------------~ 
Iscans error message text: skeletons IXA8 IXA50, XA70, XA90, XAii0, ZUPL I 
land prints them out I I I L ___________________________________ ~ _______________ ~ ___________________________________ J 

Table BMi. Phase BM Routine/Subroutine Directory 
r-------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~-------------------+--------------------------------------------------------------------~ 
IXA IDetermines whether error messages are to be printed. I 

I I 
XAO Isets severity code. 

I 
XAOi IEstablishes which message types to suppress. 

I 
XAi Icounts number of error chains to be processed. 

I 
XA2 Puts out messages if there are no diagnostics. 

XA4 

XA7 

XA8 

XA9 (BN) 

XA12A 

XA30 (BN) 

XA32 (BN) 

XA35 (BN) 

XA40 (BN) 

IXA50 (BN) 
I 
IXA70 (BN) 
I 
I 
IXA90 (BN) 
I 
I 
IXAii0 (EN) 
I 

Prints out "COMPILER DIAGNOSTIC MESSAGES". 

First scan of message chains. 

Scans error message text skeletons and prints them. 

Scans to head of next non-empty chain. 

Selects and prints header for messages of given severity. 

Gets next entry in message chain. 

Builds up first part of message in buffer. 

Accesses message skeleton. 

Puts out completed message. 

Moves wessage text to print buffer. 

Converts binary statement number to character representation, and 
moves it to print buffer. 

Converts binary numeric value to character representation and moves 
it to print buffer. 

Moves identifier from dictionary entry to the print area. 

IZUPL IPrints a line on SYSPRINT data set. I L __________________ ~ ____________________________________________________________________ J 

Table BW. Phase BW Cleanup Phase 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------i 
IResets all tables and communi- IIEMBW INone I 
Ications region cells to the value I I I 
Irequired by the compiler proper I I I L ___________________________________ ~ _______________ ~ ___________________________________ J 
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Chart 02. Read-In Logical ?hase Flowcnart 
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cbart BX. Phase BX cverall Lcgic Diagram 
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:::::hart CL. Phase CL Overall Lcgic Diagram 
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Chart CO. Phase Co Overall Lcgic Diagram 
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chart cs. Phase CS Overall Lcgic Diagram 

••••• 
:C~: .. 

• 

NOTEI 

lNPlIT FROM PHAS E C1 lF PROGRA"l 
DOES NOT CONTA1N 0 CLARE, CALL 
OR ALLOCATE STATEM lilTS 

;x •••••••••.•••..••••••••••••.••.... eflC' 

SCNA ••• 
92 •• • •••• B~ •••••••••• 

• * *. • • ('I 

.:* TEST .:.:~~ ••••• )(: P~91f~~E~~E : ••• : *. •• • • )( ...* • III •• •• • •••••••••••••••• 
• NO 

x 
••• FORMAT 

C2 •• • •••• c ~ •••••••••• 
•• *. • • • 

.:. ~~5IM~~~ .:.:~~ ••••. x: ~~~~~~\I~~ : ... : •• •• • • x ·0 .• • • .. .. . ............... . 
• NO 

X 
02' •••• TRT~~ ••• D3 •••••••••• 

• * *. • • • 
.:. T~M ~R *:.~? ••••. x: sTI~~~~~~RTn t .. : 

•• PR OGRAM •• • OUTPUT TF.XT • 
*..* III • •• •• • •••••••••••••••• 

• YES 

K ••••• ·CV • 
• 112· •• • 

Section 3: Charts and Routine [irectories 103 



Chart ev. 

TEST FOR I 

ENTRY, PROC. 

S~~l~kECALL • 

104 

Phase ev Overall Logic Diagr~m 
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Table BX. Phase BX 48-character Set Preprocessor 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
ITranslates keyword table to inter- IBAOO INon~ I 
Inal code and initializes I I I 
r-----------------------------------+---------------+-----------------------------------~ 
I Reads a record I BA1 I ZURD (AA) I 
r-----------------------------------+---------------+-----------------------------------~ 
IScans text IBA1A INone I 
r-----------------------------------+--------·-------+-----------------------------------~ 
IHandles operators and keywords IBA5 INone I 
r-----------------------------------+--------·-------+-----------------------------------~ 
IReplaces operator keywords IBA11 INon~ I 
r-----------------------------------+--------·-------+------------~----------------------~ 
I Replaces comma-dot by sE~mi-co.hon I BA20 I None I 
Iwhere applicable I I I 
r-----------------------------------+---------------+-----------------------------------~ 
I Deals with quote marks I BA25 I None I 
~------------------------------------+---------------+-----------------------------------~ 
IMaintains parenthesis level count IBA30 INone I 
r-----------------------------------+---------------+-----------------------------------~ 
IReplaces period-period by colon IBA40 INone I 
r-----------------------------------+---------------+-----------------------------------~ 
IProcesses a slash IBA50 INone I 
~-----------------------------------+---------------+-----------------------------------~ 
IReads one record ahead in case of IBA70 INone I 
Ineed I I I 
r------------------------·-----------+---------------+-----------------------------------~ 
IRestores the situation when a read IBABO INone I 
lahead has taken place I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IPuts out converted text and origi- IBA90 IZUBW I 
Inal text onto backing store I I I L ___________________________________ ~ _______________ ~ _ __________________________________ J 
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Table CA. Module CA Read-In Common Block 1 
r----------------~--------------------------T--------------------------------------------, 
1 Function 1 Subroutines I 

~-------------------------------------------+--------------------------------------------1 
IProvides subroutines common to all five 1 ACONST, DECINT, EXP, EXPAND, EXPLST, IDENT,I 
Ipasses of the read-in phase 1 MVCHAR, OPTOR, SCONST, SINGLE, SQUID I L ___________________________________________ ~ _________ __________________________________ .1 

Table CAl. Module CA Routine/Subroutine Directory 
r------------------T---------------------------------------------------------------------, 
I Routine/Subroutine 1 Function I 

~------------------+---------------------------------------------------------------------
ACONST Checks for a valid arithmetic constant. 

DECINT 

EXP 

EXPAND 

EXPLST 

IDENT 
I 
I MVCHAR 
I 
IOPTOR 
I 
I 
ISCONST 
I 
I SINGLE 
I 

Checks decimal integer. 

Diagnoses expressions. 

Expands iterations of string constants and picture characters. 

Checks for a list of expressions separated by corr.mas but enclosed in 
parentheses. 

Checks for a valid identifier. 

Moves text from one address to another. 

IChecks for an operator and replaces the two-byte operators by one
Ibyte codes. 
I 
IChecks for a valid string constant. 
I 
IDiagnoses a single expression in parentheses. 
1 

ISQUID IChecks for a valid subscripted and qualified identifier. I L __________________ ~ __________________________________ ___________________________________ 1 
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Table CC. Module CC Read-In Common Block 2 
Ir-------------------------------------------T-------------------------------------------, 
I Function I subroutines I 
.-------------------------------------------+-------------------------------------------~ 
IProvides subroutines common to all five I CHAR, CHECK, KEYWD, MESAGE, NONEX, I 
Ipasses of the read-in phase INULINS, OPT£ST, PleT, FREC, SCFLOW I L ___________________________________________ ~ _________ __________________________________ J 

Table CC1. Module CC Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
Routine/Subroutine I Function I 
------------------f------------------------·--------------------------------------------~ 
CHAR Diagnoses the CHARACTER and BIT data attributes. I 

I 
CHECK Tests the top entry in the stack. I 

I 
KEYWD Iden"tifies keywords and hands back the replacement character to the j 

MESAGE 

NONEX 

NULINS 

OPTEST 

PICT 

PREC 

caller. 

Provides a diagnostic message. 

Checks stack for non-executable statements. 

Inserts null statement in output text. 

Tests the output string and moves text to the output. 

Diagnoses a picture. It uses a TRT table set up for the purpose. 

Diagnoses the precision, and the attributes and fornlat items which 
use it. 

ISOFLOW Bumps stack pointer and checks for stack overflow. L __________________ ~ ___________________________________________________________________ _ 

Table CEo Modules CE, CI<, CN, and CR Read-In Keyword Block 
r-------------------------------------------T-------------------------------------------, 
I Function I Subroutines I 
~-------------------------------------------+-------------------------------------------~ 
IProvides tables of keywords in internal I None I 
Icode, together with replacement code. I I 
INo functional code exists in these modules. I I 
IRefer to Appendix B for details of keyword I I 
Itables. I I L ___________________________________________ ~ _________ __________________________________ J 
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Table CI. Phase CI Read-In First Pass 
r-----------------------------------T---------------T-----------------------------------11 
I IMain Processing I ~ 
I statement or Operation Type I Routine I Subroutines Used ~ 

~-----------------------------------+---------------+-----------------------------------,1 
IControls main scan, identifies I RSTART IASSIGN, BADST1, BEGIN, DO, ~ 
I statements, and analyzes some in I IELSE, BUMP, END, EOP, ERROR, IF, ~ 
Idetail I ION, POPLST, PROC, READ, SIGRVT, I 
I I ISTAT2, STRING, plus those ~ 
I I Isubroutines contained in modules CAl 
I I land CC i L ___________________________________ ~ _______________ ~ ___________________________________ J 

Table CI1. Phase CI Routine/Subroutine Directory 
r------------------T----------'----------------------------------------------------------, 
I Routine/subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
ASSIGN (CG) Diagnoses an assignment statement. ~ 

BADSTl 

BEGIN (CG) 

BUMP 

DO (CG) 

ELSE (CG) 

END (CG) 

ENTRY 

EOP 

ERROR (CG) 

IF (CG) 

ON (CG) 

POPLST 

PROC 

READ 

RSTART 

Recovers from failure to recognize a statement type; skips to next 
semi-colon. 

Checks the BEGIN statement and makes an entry in the first pass 
stack. 

Advances the input Data Pointer (DP), skips blanks, if any, forcing 
source text to be read into storage as necessary. 

Checks the DO statements and makes an entry in the first pass stack. 

Unstacks an IF compound statement. 

Processes three different types of END statements; PROCEDURE-BEGIN; 
DO; iterative DO. 

Processes ENTRY statement. 

Processes end-of-program marker, and returns to compiler control in 
order to load next pass. 

Handles false starts on possible statements. 

Scans the IF statement and makes entry in first pass stack. 

Diagnoses the ON statement and makes entry in first pass stack. 

Removes prefix options from the text and places them in the dic
tionary. 

Scans the PROCEDURE and ENTRY statement and makes an entry in the 
first pass stack. 

Reads source text into storage, translating it into internal code, 
except for character strings; removes comments; prints source list
ing and prefix options. 

Controls the first pass scan. Enters statement labels into the 
dictionary. 

ISIGRVT (CG) Scans SIGNAL and REVERT statements. 
I 
ISTAT2 (CG) Handles all other statements. 
I 
ISTID Statement identifier routine. 
I 
ISTRING (CG) Scans character strings. L __________________ ~ ____________________________________________________________________ J 
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Table CL. Phase CL Read-In Second Pass 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I statement or Operaticn Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
Iscans for statements handled in ISCNA IBUMP, DELAY, DSPLAY, DO, FREE, I 
Ithis pass, analyzing them in I IGOTO, ITDO, LABEL, PROC, RETURN, I 
Idetail. Skips over other statements I ITRTSC, plus those subroutines con- I 
I I Itained in modules CA and Cc I L ___________________________________ ~ _______________ ~ _ __________________________________ J 

Table CL1. Phase CL Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 

BUMP Increrrents the input Data Pointer (DP), skipping over clanks, I 
obtaining a new text block if necessary. I 

I 
DELAY Processes DELAY statements. I 

I 
DSPLAY Processes DISPLAY statements. I 

DO 

EOP 

FREE 

GOTO 

ITDO 

LABEL 

OPTION 

PROC (CM) 

RETURN 

SCNA 

Processes DO statements. 

Processes end-of-program marker, and releases control to phase CO or 
CS, or CV (CO and CS are optional phases). 

Processes FREE statements. 

Processes GOTO statements. 

Processes iterative DO statements. 

Diagnoses LABEL attributes. 

Handles OPTIONS attribute on PROCEDURE or ENTRY statements. 

Analyzes PROCEDURE attributes and options, and completes the diag
nosis of PROCEDURE and ENTRY statements. 

Processes RETURN statements. 

Main controlling routine of this pass. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TRTSC Skips over all other statements. I L. __________________ ~ __________________________________ __________________________________ J 
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Table co. Phase CO Read-In Third Pass 
r-----------------------------------T---------------T-----------------------------------, 
I I Main Processing I I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans for DECLARE, CALL, and ISCAN2 IATTLST, BUMP, CALLOP, DECL, DEFIND,I 
IALLOCATE statements. Analyzes I IDIMS, ENTRY, ENVMNT, EOP, I 
I syntax of attributes by calling I IGENRIC, LABEL, LIKE, USES, IVLIST, I 
lappropriate subroutines I land those subroutines ccntained in I 
I I Imodules CA and CC I L ___________________________________ ~ _______________ L ___________________________________ J 

Table COl. Phase CO Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
ATTLST Processes an attribute list. (Recursive) 

BDCL 

BUMP 

CALLOP (CP) 

DECL 

DEFIND 

DIMS 

ENTRY 

ENVMNT <CP) 

EOP 

GENRIC 

IVLIST <CP) 

LABEL (CP) 

LIKE 

PSQUID (CP) 

REFER <CP) 

SCAN2 

Processes DECLARE or ALLOCATE statement. 

Advances Data Pointer (DP), obtaining new input block if necessary. 

Checks CALL statements and options. 

Processes the DECLARE and ALLOCATE statements. 

Checks the DEFINED attribute. 

Examines the dimension specifications. 

Checks the ENTRY attribute. 

Removes environment information from the text and inserts it into 
the dictionary. 

Processes the end-of-program marker, and releases control. 

Processes the GENERIC attribute. 

Processes the INITIAL attribute. 

Analyzes LABEL attribut~. 

Processes the LIKE attribute. 

Checks for a qualified subscripted identifier in parenthesis. 

Checks the REFER attribute. 

Scans for DECLARE, CALL, or ALLOCATE statements, moves others to the 
output string unaltered. 

SCANT Moves text to semicolon without alteration. I 
I 

USES IProcesses the USES and SETS attributes. I L __________________ L ____________________________________________________________________ J 
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Table CS. Phase CS Read-In Fourth Pass 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IControls main scan and identifies ISCNA IEOP, FORMAT, GE~, LIS~, OPEN, I 
11/0 statements for further analysis I IREAL, TRTSC, plus those subroutines I 
I I Icontained in wodules CA and CC I 
L ___________________________________ L _______________ L _ __________________________________ J 

Table CS1. Phase CS routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~.------------------+--------------------------------------------------------------------~ 

EOP 

FORMAT (CT) 

GET (CT) 

LIST 

OPEN (CT) 

READ 

SCNA 

TRTSC 
I 

Processes end-of-program marker and releases control. 

Processes the FORMAT statement and format lists. 

Processes GET and PUT statements. 

Processes data lists. 

Diagnoses OPEN and CLOSE statements. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Checks the syntax of RECORD I/O statements READ, WRITE, REWRITE, andl 
DELETE. This routine also checks for permissitle combinations of I 
these statements. I 

Main scan of this pass. 

ISkips over all statements other than I/O, moving them to the output 

I 
I 
I 
I 

Itext. I 
L. __________________ L ____________________________________________________________________ J 
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Table CV. Phase CV Read-In Fifth Pass 
r-----------------------------------T---------------T-----------------------------------, 
I I Main Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IIdentifies statements for which it \SCNA ICALLIN, CHAIN, DECL3, DC3, END3, I 
Imust build chains I IENTRY3, EOP, POA1, PROC3, TRTSC, l 
I \ land those subroutines contained in I 
I I Imodules CA and CC. I L ___________________________________ ~ _______________ ~ _ __________________________________ J 

Table CV1. Phase CV Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------·1 
I Routine/Subroutine I Function I 
~------------------+-------------------------------------------------------------------_. 
CALLIN (CW) Makes up the CALL chain. 

CHAIN 

CHECKON 

DECL3 

Do3 

END3 

ENTRY3 

EOP (CW) 

ILABSN (CW) 

POAl 

POCl 

PROC3 

SCNA 

SCNZ 

Forms chains. 

Checks the fifth pass stack for ON entry, in order to insert 
PROC-END statements round the ON unit. 

Chains the DECLARE statement to the appropriate PROC or EEGIN state
ment. 

Makes a stack entry for DO block. 

Checks the fifth pass stack. 

IMakes an entry in the ENTRY chain. 

Processes end-of-program marker, and releases control. 

Creates pseudo-assignment statements for initial labels. 

Analyzes prefix options in greater detail. 

Processes check lists. 

Makes an entry in the PROCEDURE-BEGIN chain. 

Main controlling routine of the pass. 

Extracts statement nurr.ber for label entry. 

ITRTSC Skips over statements not required for analysis in this phase. 
I II L __________________ ~ __________________________________ __________________________________ J 
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Chart 03. Dictionary Logical Phase Flo~chart 
••••• • 03 • 
• AI'" •• • 

••••• A3······.· •• • BCD-OICT REF FE • . -.-.-.-.-.-.-.-. 
: •• X: C~~~¥fo2lRv TO : 

X ·····81·········· • CREATE DIeT ENT. 

:~,~~ ~~~~~ H~~~: 
• IINO SETUP ENT RY. 
• TVPE 1 CHAINS. . ~, .............. . 

it 
··'···Cl·········· 
.OECL PASS 1 E I • •... -.-.-.-.-.-.-. 
• S.CAN OECL CHAIN • 
• PREPARE AlTRHIS • 
• f'OR NEXT PHASE • ................. 

;; ·j·· •• Ol·········· • [lECL PASS 2 EK. * .. *-.-.-.-.-.-.-• 
:~l~~ ~~l~/~~~N: 
*f'ACH DEC VARUB. 
• j .............. "' •• 

it 
• j· ••• El··.·.· •••• 
• COMMUNICATNS EP. •... -.-.-.-.-.-.-. 
:iii~Th~ T6l~a~~: 
• ACC TO FLAGS • 
• 0 ••••••••••••••• 

X 
• j' ••• Fl·········· 
• SCAN ENT TVPE 1. 
• CHN MAKI NG ENT • 
• 1'VPE 2 I: 3 OICT. 
• ENTS FOR DATA • 
• VVP RET BY PROC. .................. 

it 
• ... ··Gl··.·.····. 
• SCAN CALL • 
:()I~AJ~T~tHN~OR: 
• EXTERNAL ENTRV • 
• NAMES • . ,~ .............. . 

x ... 
HI.. • •••• H2 •••••••••• 

•• OOES •• .LlKf EW* 
". PROGRAM •• YES .-.-.-*-*-*-.-.-. • "CONTAIN LIKE •••••••••• X.SCAN LIKE CHAIN. 
•• ::TRIBU:~.. :LIH~~~OstkbcTS: 

*. •• • ••••••••••••••• '. 
'" NO 

· . xx ••••••••••••••••••••••••• ... 
Jl •• ::ttbtH~ ..... ~~: 

".ltLOCATE ~~ •• YES .-.-.-.-.-.-.-.-. 
"'PTR. QUAL I FI ER. * •••••••• X.COPV DICT ENTRY • 

• I~. PROGR~:.. :8~A~W~~R¥A~l~: 
* •• * ••••••••••••••••• 

• NO 

· . • x ••••• to ••••••••••••••••••• 

it ••••• K 1 .*........ • ••• *1<2 ••.. * .. * •• 
• CONTEXT FA. * MAKE OICT • .-.-.-*-*-.-.-.-. • ENTRIES FOR * • .SCAN TEXT. MAKE ••••••••• X*CONSTANTS USFl ••••••• 
• ENTRY F(lR COtm • .1 N THE PP.OGRAM • 
• NAMES I: FILES. '" • *................ . ........ "' ...... . 

• REFERENCES • ................. 
X 

•• •• ·8J •••••••••• 
.CHECK Fl. .-.-.-.-.-.-.-.-. • CHECK VALID lTV • 
• OF DICTIONARV • 
• REFERENCES • . ............... . 

· . • x •••••••••• 00 •• Oil." ••••••• 

~ ·····03·········· .ON FO • .-.-.-.-.-.-.-.-. 
.CONSTRUCT OICT • 
• ENTRI ES FOR • 
• ON-CONDITIONS· . ............... . 

X ••••• "J •••••••••• 
• REPLACE BV AN • 
:E:~~R snH~~~~T: 
.CONTNG A OUMMV • 
• 0ICT REFERENCE. . ............... . 

it .•. 
F3 •• • •••• F4 •••••••••• 

•• ANY.. .p I C TURE FQ • 
•• PICTURES •• YES *-.-.-*-.-.-.-.-• 

•• IN THE •••••••••• X.CHECK VALIDITY • 
•• PROGRAM •• • OF PI CTUR E • 

•• •• • CHAIN • .. .. . ............... . 
• NO 

· . • x •••••••• 0 • ., ............... 0 

X ·····G3·····.·.·. .HOUSEKEEPING FT. .-.-.-.-.-.-.-.-. .CHA I N VAR UBLE S • 
• OF FACH STORAGF. • 
.CLASS I: CONSTS • . ............... . 

K . .. ·.H3·····.···· 
: P V~l3:~O~ND : 
.DIMENSION TABLE • 
• OICT. ENTRIFS • • • . ............... . 

it . .... J3.......... . .... J4 ......... . 
::~~.~l~~~:~L~~: : ADj~~f~~~E : 
.AFTER ALLOCATE •• 00, •• 00X. E'I(T~~TS ON • 
• PROC OR BEGIN. "'BASEl) VhP.UI:ILfS. 
• STATEMENTS·· * ................. . ............... . 

~ •••• 00 •• eCi 00. an 00. () 00 •• 0' (' ... 
K~ *. * •••• *K4 •• :lu~*.* ••• * 

.'" ATR •• 
•• (lR XREF •• VFS • P~I NT ATP, 

•• LISTINr. •• 0nnroO'.X ANO/r:lR XRFf 
..RFQlJIRED •• LISTING 

*. o· *. •• *****l1li* ••• !(tift:. 
• NO 

K ..... 
*n4 • 
• fl1· .. 

'" 

x 
** ••• 
.' 4 '" • .. !ll'" ,. 
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Chart E~. 

..... AI.i •••••••• • • 
: ~:U'tkll' : • • • • ................. 

CAAL .... 'I.a ....... . 
• AfilS RTnU'b

S 
• :It' H i H~bilSt: : .• ;Intl th ••• : 

CAT ••••• CI.: •••••••• 
• • 
• PR -BEGIN • 
... ~CAN • 

• HAIN • • • ••••••••••••••••• .... : · '. • 01 •• x • 

Phase EG Overall Logic ~iag~~m 

•••• • • • 02 • • • •••• 

..... 
'''G • • A4 • . . . 

K 
·····A .. •••••• ••• • · . • • • EfIITR'I' • • • • • • •••••••••••••••• 

K ····.B ... •••·•···· • "OVE • • SUBRQUT IfilES • 
: IfIIToc~~~nCH : 

• • ••••••••••••••••• 

K ····i .. ········· : cO~~~~£ : • • • •••••••••••••• 

•••••• l 
01· •••• CAP~~ •• 02.1........ CFO~~ •• ~~.......... C T'I'~2k •• [)............ • •••• 05 •••••••••• 

•••• • ••• YES : GE ER TE: :PAai EltRR"rh : :SCr~T~TlRJI¥~E : : f~r~~ : 
'. PROC •••••••••• x. ENTR~ TOPE ••••••••• 11. AM ~l'.~E ......... x. ~NfiY Tt~f 2 ••••••••• X. EN¥RY ~I~T • 

•••• •••• : :: F·~~T~I~~ 1 : :STAT a5NtHtABE : : ENTR E : 
' •• ' ••••••••••••••••• • •••• i •••• ,..... • ••••• i ••••••• ~. .. ••••••••••••••• 

• NO · 
ft 

.'. CABA ~ El •. • ..•• E1.......... . •••. E3 •••••••••• .... . .. . • ••• ·"5 •• •• •••••• 
• UPDATE • 
• "AP~TACk I", • • :' BEGIN ·:.~~! ..... II: ENTi~ENjE 1 : •••••••• ,,: FNTR~Hn~E 1 : '. .' . .. . : h~~I~~ : .... . .. . '. .. ................. . ............... . • • • •••••••••••••••• 

• NO · ft Nonl ••••• 'EI' 99Et TO PHAiE ~P 
'. ,. beCL~UEs~=h~~NTS 
• 
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Chart EI. Phase EI Overall Logic Diag~~m 
• •••• ·EI • 
• A2· .. 
• 

•••• • • • 113 • • • •••• 
•••• 0 •••••• M. • liC •••••••••• ~ 

'CCGS!: ic o •••• 8~ .......... . 
: NE:t

C 
KNV:v : 

.. IN OEJLARE • 
• CH~IN • ... . 
0 ................. . 

CCGS2 X 
·····113·· •• ••• .... .. . 
: CO~I~NU~ : 
• OE~LARA9 ION • • • • •••••••••••••••• 

· . tcK •••••••••• fie ••• e... •••••• • 
••• CCFlP,C~FRP • Ci •• • •••• ~~.......... • .• '. ~a~ •.•. YES : PAR~~~~~~FS : : 

··.A~~HgM~s •• ··········lC: BV~r~CJAk :"'i< 
•••• • LA~'('R ~HA9ES. • .. .. ..i ........ ,...... . 

• NO 

CCGSAT .!. . 02 '. • •••• 03.......... . 
•••• •• ". YES : p~~R~,Ir-~~~ : : 

•• TEST ••••••••• ,JC.ATTR UTET ••••• 
'. •• • ASSI tATE • JC •••• • PHA •• '. .• • ••••••• i i...... . 

• NO 

~ . 
••• GENTRV • 

Ef '. ·····r··········· . • • " .~~ •••• YES : KFFOFAT~iUHT : : 
•• ENTRV OR .' •••••••• JC.PARENfH~1 , Til ••••• 

••• :ENERr~... :UU' E O~~O: '. •• .. ••• d~l •• ii •••• 
• NO 

~ .•. 
P2 •• 

• ' TE~ •• • ••• •• P .,. NO • • 
'. E!'fO F •••••• JC' B 3 • 

'. DECL RE o. •• .. .. . ... 
* ••• 

• YES 

~ 
.CSGSOn ••• 
o •• GiE ST·· •• 
• NO.. FOR ENn .,' 
•••••• OF DECLARE ,,' 

•• CRAIN .' *. •• * •• * 
• YES 
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Chart EL. 
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• • 
•• K. OF PR EOURE • • SCAN~HAIH • 
• • SUT ENTS • . . . , ................ . .... . .. . ·81. • • •••• K 

Phase EL Overall Logic Diagc~m 

C1···.. SCA~~ •• *C2.......... C3··· •• 
• * *. • • .*.. .. ••. 
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chart EP . 
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Phase EP Overall Logic Diagr~m 
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Chart F;:2. 
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Phase FQ Overall Logic Diagr3m 
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Chart FT. 
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Phase FT Overall Logic Diagr~m 
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Chart FX. Phase FX over~ll Logic DiagL~m 
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Table ED. Phase ED, Initialization 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
ISets up routines in scratch core ISETUP INone I 
Ifor phase EL I I ~ 
L ____________________________________ i _______________ i ___________________________________ J 

.Table ED1. Phase ED Routine/Subroutine Directory 
I r------------------T--------------------------------------------------------------------, 
I I Routine/Subroutine I Function I 
I ~------------------+--------------------------------------------------------------------i 
I I EVENT I I 
I I,]~ASK I I 
I ICELL IRoutines for processing declared attributes. These set up I 
I IBASED linformation in the attribute collection area of scratch core, I 
I IAREA Ifor reference by CDICEN, etc., in phase EL. I 
I I POINTER I J 
I I OFFSET I I I L __________________ i ____________________________________________________________________ J 

Table EG. Phase EG Dictionary Initialization 
r-----------------------------------T---------------T-----------------------------------, 
I J Main, Processing I I 
I statement or Operation Type I Routine I Subroutines Used I 
~----------------.-------------------+---------------+-----------------------------------i 
IHashes labels ICAAl ICHASH, CBCDL2 I 
~-----------------------------------+----------------+-----------------------------------i 
IPROCEDURE-BEGIN chain ICA7 INone I 
~-----------------------------------+---------------+-----------------------------------i 
IBEGIN ICA8A INone I 
~-----------------------------------+---------------+-----------------------------------i 
I PROCEDURE ICAPROC ICANATP, CFORP I 
~-----------------------------------+---------.--~---+-----------------------------------i 
I ENTRY ICA10 ICANATP, CFORP I 
~-----------------------------------+---------------+-----------------------------------i 
IFormal parameters ICFORP ICHASH, CBCDL2 I 
~-----------------------------------+---------------+-----------------------------------i 
IAttribute list ICANATP ICAPRE1, CATCHA, CATBIT, CATPIC I 
~-----------------------------------+---------.------+-----------------~-----------------i 
Icreates entry type 2 entries for ICTYPBL IENT2F, CDEFAT I 
Ilabels I I I 
L ___________________________________ i _______________ i ___________________________________ J 

Section 3: Charts and Routine Directories 129 



.Table EG1. Phase EG Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------·1 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------.~ 
CAA1 Scans label table and hashes labels. 

CANATP 

CAP ROC 

CAPRE1 

CATBIT 

CATCHA 

CATPIC 

CA6 

CA8A 

CA10 

CBCDL2 

CDEFAT 

Processes attribute list. 

Processes PROCEDURE statements. 

Processes precision data. 

Processes BIT attribute. 

Processes CHARACTER attribute. 

Processes PICTURE attribute. 

Scans the PROCEDURE-BEGIN chain for the relevant statements. 

Processes BEGIN statements. 

Processes ENTRY statements. 

Traverses the hash chain looking for entries with the same BCD as 
that just found. 

Completes data byte for entry type 2 entries by default rules. 

CFORP Processes formal parameter lists. 
t 

CHASH IObtains an address in the hash table for an identifier. 
I 

CTYPBL Icreates entry type 2 entries for labels. 
I 

ENT2F' ICreates or copies second file statements. 
I 

TYPW IScans ENTRY chain. 
I 

OPTN1 (EF) IChecks containing block options, for inheritance. 
I 

OPTN2 (EF) IProcesses procedure options. 
I 

OPTN3 (EF) IPerforms post processing, makes S~ATIC DSA decisions. 
I 

IATTRBT (EF) IProcesses POINTER, OFFSET, and AREA attributes. I 
L __________________ ~ ____ ~-----------------------------__________________________________ J 
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.Table EI. Phase EI Dictionary Declare Pass One 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I statement or Operation I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
Iscans DECLARE statement ICCGSO INone I 
t-----------------------------------+----------------+-----------------------------------i 
IScans text ICCGS2 INone I 
t-----------------------------------+---------------+-----------------------------------~ 
IProcesses structure level ICCGSCM INone I 
~-----------------------------------+---------------+-----------------------------------i 
IFactored attribute, left ICCFLP ICFP~CR I 
I parenthesis I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IFactored attribute, right ICCFRP INone I 
I parenthesis I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IData following DEFINED attribute ICCDEF INEWBLK, CTXTRM I 
~-----------------------------------+---------------+-----------------------------------i 
I POSITION \POSIT INone \ 
t-----------------------------------+---------------+-----------------------------------~ 
I CHARACTER, BIT ICHABIT ICTXTRM I 
~.-----------------------------------+---------------+-----------------------------------~ 
I PICTURE ICATPIC INone I 
t-----------------------------------+---------------+-----------------------------------i 
IUSES, SETS \SETS INone \ 
t·-------------------~---------------+---------------+-----------------------------------~ 
ILIKE ILIKE INone I 
~-----------------------------------+---------------+-----------------------------------i 
IKEY I KEYED INone I 
t·-----------------------------------+---------------+-----------------------------------i 
I Dimension ICDDIMS ICTX~RM, AST, TOMENE, ERRORB I 
~------------------------------------+---------------+-----------------------------------~ 
I Precision ICDPREC IERdNEG, SCLBIG I 
~-----------------------------------+---------------+-----------------------------------i 
I INITIAL IEJINIT ICECON, EHINIT \ 
~------------------------------------+---------------+-----------------------------------~ 
IINITIAL CALL IINCALL ICTXTRM I 
~-----------------------------------+---------------+-----------------------------------i 
I OFFSET IOFFSET ICTXTRM I 
t------------------------------------+---------------+-----------------------------------i 
I BASED I BASED \PTVEXP I 
~------------------------------------+---------------+-----------------------------------~ 
I AREA I AREA ICTXTRM I L ____________________________________ ~ _______________ ~ ___________________________________ J 
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.Table Ell. Phase EI Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
AREA IProcesses AREA atrributes. 

I 
AST IDeals with the case of* dimension bounds mixed with non -* bounds. 

I 
BASED (EH) IEntry point in OFFSET routine, at which second file statement is 

Imade. 
I 

CATPIC IProcesses.PICTURE attributes. 
I 

CCDEF IProcesses data following DEFINED attribute. 
I 

CCFLP IProcesses factored attributes (left parenthesis). 
I 

CCFRP IProcesses factored attributes (right parenthesis). 
I 

CCGSCM IProcesses structure level. 
I 

CCGSAT Attribute routine selector. 

CCGSE 

CCGSOO 

CCGS2 

CDDIMS (EJ) 
CDPREC (EJ) 

CECON (EH) 

CFPMCR 

CHABIT 

CSGSOO 

I 

Scans DECLARE chain. 

Scans text. 

Scans source text. 

Processes dimension attributes. 
Processes precision attributes. 

Makes a dictionary entry for a constant unless one has already been 
made. Returns the dictionary reference of the constant entry. 

Obtains more storage for the factored attribute table. 

Processes CHARACTER and BIT attributes. 

Detects end of DECLARE chain. 

I 
I 
I 
I 

CTXTRM Tests for space in current text block and obtains new block if nec- I 

EHINIT (EH) 

EJINIT (EJ) 

ERRNEG 

IERRORB 

essary. 

Processes the INITIAL attribute except for the initialization of 
label variables and INITIAL CALL. 

Processes INITIAL attribute and LABEL with a label-constant list. 

Deals with the case of a negative precision specification. 

IDeals with the case of lower dimension bound declared greater then 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I Ithe upper bound. I L __________________ ~ __________ , _______________________ ___________________________________ J 
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Table Ell. Phase EI Routine/Subroutine Directory (cont'd) 
r------------------T--------------------------------------------------------------------, 

, 

Routine/Subroutine, Function ~ 

------------------+--------------------------------------------------------------------i 

GENTRY 

INCALL (EJ) 

IVROOM (EB) 

IVPUTL (EH) 

IVPUTC (EB) 

IVPUTO (EB) 

KEYED 

LIKE 

NEWBLK 

OFFSET (EB) 

POSIT 

PTVEXP (EB) 

SCLBIG 

, 
'Keeps a count of parentheses in GENERIC and ENTRY processing. , 
'Processes INITIAL'CALL attributes. , 
'Checks if there is space in scratch storage for another entry. If 
Inot, it makes a dictionary entry and chains it to the previous one 
lor to the C8 in text as required. , 
'Plac~=s a dictionary reference in the 'initial list' for a label 
I constant. If the constant is not known, a dumrry reference is 
,inserted. , 
,Places a dictionary reference in the 'initial list' for a constant. 
I 
,Places the dictionary reference of zero in the 'initial list' for a 
'negative or imaginary replication factor. , 

I 

Processes KEY attributes. 

Processes LIKE attributes. 

Obtains new text block. 

Processes OFFSET attributes. 

Processes POSITION attributes. 

Entry ~oint in OFFSET routine, at which secondfile staterrent is 
made. 

Deals with the case when the scale factor in a precision specifi
cation for fixed-point data is declared too Large. 

SECON Icreates a dictionary entry for a constant provided the appropriate 
,entry has not been already made. I , , 

SETS IProcesses USES and SETS attributes. I 
I , 

'TOMENE IDeals with the case when the number of dimensions declared is great-I 
I ler than 32. I L __________________ ~ __________________________________ __________________________________ J 

section 3: Charts and Routine Directories 133 



Table EL. Phase EL Dictionary Declare Pass Two 
r-----------------------------------T---------------T-----------------------------------, 
I I Main Processing I I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
Iscans chain of DECLARE statements ICGENSC ICDCLSC I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans each item of DECLARE ICDCLSC IATLSCN, BCDPR, CDFLT, CDICEN, I 
I statement I ICDIMAT, DCIDPR, INTLZE, POSTPR, I 
I I I SELMSK, STRPR I 
~-----------------------------------t---------------+-----------------------------------~ 
IInitializes each identifier IINTLZE I DCIDPR I 
Ideclared I I I 
~-----------------------------------t---------------t-----------------------------------~ 
IProcesses factor brackets and levellDCIDPR I~EMSCN, BCDPR I 
I numbers I \ I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans for next level number ITEMSCN \CDATPR I 
~-----------------------------------t---------------+-----------------------------------~ 
\processes BCD of identifier \ BCDPR IBCDISB, CHASE, SELMSK I 
~-----------------------------------t---------------+-----------------------------------~ 
IHashes BCD of identifier ICHASH INone I 
~-----------------------------------t---------------t-----------------------------------~ 
IScans list of attributes following \ATLSCN ICDATPR I 
\ identifier \ I I 
~-----------------------------------+---------------+-----------------------------------~ 
IApplies factored attributes ICDFATT ICDATPR I 
r-----------------------------------t---------------t-----------------------------------~ 
IApplies implicit attribute IIMPATT INone I 
~-----------------------------------+---------------t-----------------------------------~ 
IAttributes controlling routine ICDATPR ICDAT40, CDAT41, CDAT42, CDAT43, I 
\ I ICDAT44, CDAT45, CDAT48, CDAT49, I 
I I ICDAT4A, CDAT4B, CDAT4C, CDAT4D, I 
I I ICDAT4F, CDAT54, CDAT55, CDAT56, I 
I I ICDAT57, CDAT58, CDAT59, CDAT60, I 
I I ICDAT61, CDAT62, CDAT63, CDAT64, I 
I I ICDAT69, CDAT6A, CDATB4, CDATB8 I l ___________________________________ ~ _______________ ~ ___________________________________ J 

134 



.Table ELl. Phase EL Routine/subroutine Directory 
r'------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
ATLSCN Scans the list of attributes following the identifier. 

BCDISB Checks for multiple declarations, etc. 

BCDPR Processes BCD of identifier. 

CDATPR (EK) Attribute controlling routine. 

CDAT40 (EK) Processes DECIMAL attribute. 

CDAT41 (EK) Processes BINARY attribute. 

CDAT42 (EK) Processes FLOAT attribute. 

CDAT43 (EK) Processes FIXED attribute. 

CDAT44 (J;:K) Processes REAL attribute. 
I 

CDAT45 (EK) Processes COMPLEX attribu'te. 

CDAT46 (EK) Processes precision attributes. 

CDAT48 (EK) Processes VARYING attribu'te. 

CDAT49 (EK) Processes PICTURE attriou'te. 

CDAT4A (EK) Processes BIT attribute. 

CDAT4B (EK) Processes CHARACTER attribute. 

CDAT4C (EK) Processes FIXED DIMENSIONS attribute. 

CDAT4D (EK) Processes LABEL attribute. 

CDAT4F (EK) Processes ADJUSTABLE DIMENSIONS attribute. 

CDAT56 (EK) Processes USES attribute. 
I 

CDAT57 (EK) Processes SETS attribute. 

CDA'I'58 (EK) Processes ENTRY attribute" 

CDAT59 (EK) Processes GENERIC attribute. 

CDAT5A (EK) Processes BUILT-IN attribute. 

CDAT60 (EK) Processes EXTERNAL attribute. 

CDAT61 (EK) Processes INTERNAL attribute. 

CDAT62 (EK) Processes AUTOMATIC attribute. 

CDAT63 (EK) Processes STATIC attribute. 

ICDAT64 (EK) Processes CONTROLLED attribute. 
I 
ICDAT69 (EK) Processes INITIAL attribute. 
I 
ICDAT6A (EK) Processes LIKE attribute. L_. _________________ ~ _________________________________ ___________________________________ J 
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Table ELl. Phase EL Routine/Subroutine Directory (cont'd) 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
CDAT6B (EK) Processes DEFINED ATTRIBUTE. 

CDAT6C (EK) Processes ALIGNED attributes. 

CDAT6D (EK) Processes PACKED attribute. 

CDAT6E (EK) Processes PACKED(NONSTRING) attribute. 

CDAT88 (EK) Processes POS attribute. 

CDCLSC Scans each item of DECLARE statement. 

CDFATT (EM) Applies factored attributes. 

CDFLT (EM) Applies default attributes. 

CDICEN (EM) Constructs dictionary entry. 

CGENSC (EM) Performs phase initialization and scans chain of DECLARE statements. I 
I 

CHASH (EM) Hashes BCD of identifier. I 
I 

DCIDl Main scan routine. I 
I 

DCIDPR Processes factor brackets and level numbers. I 
I 

ECHSKP (EK) Initializes and passes control to Module EM. I 
I 

IMPATT (EM) IApplies implicit attributes. I 
I I 

IINTLZE IPerforms initialization for each identifier declared. I 
I I I 
IPOSTPR IPost-processor. I 
I I I 
ISCAN4 (EM) IScans chain of DECLARE statements. I 
I I I 
ISELMSK ISelects correct test mask to be initialized. I 
I I I 
ISTRPR IProcesses inheriting of dimensions in structures. I 
I I I 
ITEMSCN IScans ahead for next level number. I L __________________ ~ __________________________________ __________________________________ .1 
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Table EP. Phase EP Dictionary Entry III and Call 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------i 
IScans for PROCEDURE entries type 1 IENTRY3 INane I 
.------------------------------------+---------------+-----------------------------------~ 
IFollows chain of ENTRY statement IEPL40 INane I 
lentry type 1 entries from a PROCE- I I I 
IDURE entry type 1 I I I 
~-----------------------------------+---------------+-----------------------------------i 
IExamines all labels belonging to anlLBPROC INane I 
lentry type 1, constructing an entryl I I 
Itype 3, if necessary I I I 
~-----------------------------------+---------------+-----------------------------------i 
IFollows CALL chain in text making IEPL290 INane I 
I dictionary entries for E?ntry points I I I 
~-----------------------------------+---------------+-----------------------------------i 
IExamines the first character of an ICDIMAT I~one I 
lidentifier and sets a flag indicat-I I I 
ling the range in which it lies I I I 
~-----------------------------------+---------------+-----------------------------------i 
IApplies default rules ICDFLT INane I 
~------------------------------------+---------------+-----------------------------------i 
IGiven an identifier calculates its ICHASH INane I 
loffset in the hash table I I I 
~-----------------------------------+---------------+-----------------------------------i 
IConstructs a dictionary entry ICDICEN INane I 
~-----------------------------------+---------------+-----------------------------------i 
ISets address slot to zero or the IFNDEND INane I 
I end of the dictionary I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IConstructs list of nu~bers of knowniBLDST2 INane I 
I blocks I 'I I 
~------------------------------------+---------------+-----------------------------------i 
IBuilt in function name ISCANBF INane I 
l ___________________________________ L _______________ L ___________________________________ J 
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Table EP1. Phase EP Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
BLDST2 IConstructs list of numbers of known blocks. 

I 
CDICEN IConstructs dictionary entry. 

I 
CDIMAT Isets flag for default routine. 

I 
CDFLT IApplies default rules. 

I 
CHASH ICalculates offset in hash table for given BCD. 

I 
ENTRY3 IScans ENTRY chain for PROCEDURE statements. 

I 
EPL20 IFirst entry in entry type 1 chain. 

I 
EPL40 Iscans ENTRY chain for ENTRY statements type 1. 

I 
EPL75 IReturn point from LBPROC routine. 

I 
EPL100 IProcesses new entry label. 

I 
EPL290 Scans CALL chain. 

EPL340 Searches built-in function table for BCD of identifier. 

EPL360 Blanks out BCD in text. 

EPL600 Scans the CALL chain. 

FNDEND Sets address slot for label. 

LBPROC Processes labels of PROCEDURE or ENTRY statements. 

PHSINT Initialization of phase. 

PHSMRK Marks later modules as 'wanted' or 'not wanted'. 

SCANBF Checks for built-in function name. 
l __________________ L ___________________________________________________________________ _ 
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Table EW. Phase EW Dictionary LIKE 
r------------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
~------------------------------------+---------------+-----------------------------------~ 
Iscans LIKE chain I EWBEGN I EWCOPY, EWELDM, EWINCH, EWONDM I 
~-----------------------------------+---------------+-----------------------------------~ 
IUpdates hash chain for new entry IEWHSCN INone I 
~-----------------------------------+---------------+-----------------------------------~ 
ICalculates start of structure data IEWVART INone I 
Ifrom start of variable inforrration I' , 
~-----------------------------------+---------------+------------------------------~----~ 
IChanges error entry to base elementlEWCHEN INone I 
~-----------------------------------+---------------+-----------------------------------~ 
ICopies dimension table entry and I EW2FNT 'EWN~BK , 
Isecond file statement 'I I l ___________________________________ ~ _______________ ~ _ __________________________________ J 

Table EW1. Phase EW Routine/Subroutine Directory 
r'------------------T--------------------------------------------------------------------, 
I Routine/Subroutine , Function I 
~,------------------+--------------------------------------------------------------------~ 
CESCN Scans dictionary to find entry corresponding to BCD in text. I , 
EWBEGN Scans LIKE chain. I , 
EWCHEN changes error entry to base element. I 

I 
EWCOPY copies dictionary entry into scratch storage. 

E~L~ copies entry into scratch storage with dimension data rerroved. 

EWELTS Tests whether the likened structure is dimensioned. 

EWEND Handles transfer of control to next fhase. 

E~R~ Processes erroneously "likened" major structure. 

EWHSCN (EX) Updates hash chain for new entry. 

EWINCH completes entry copy and places it in dictionary. 

EWNOLK Tests whether original structure is dimensioned. 

EWNWBK Obtains new dictionary block and terminates current one in use. 

~~~ copies entry into scratch storage, inserting dimension information. 

EWORDM Processes dimension information in original structure. 

EWSTRT Tests validity of likened structure. 

EW2FNT Copies second file statement and associated dictionary reference. l __________________ ~ ____________________________________________________________________ J 
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.Table EY. Phase EY Dictionary ALLOCATE 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans text for explicitly pointer- IIEMEX IEY14 I 
Iqualified based variables I I I 
~------------~----------------------+---------------+-----------------------------------~ 
ICopies dictionary entries for IEY14 IHASH, ATPROC, DICBLD, STRCPY I 
lexplicitly qualified cased varia- I I I 
I bles I I I 
~-----------------------------------+---------------+-----------------------------------1 
Isecond file pointers. Scans ALLO- IIEMEY IATPROC, DICBLD, HASH, STRCPY I 
ICATE statements I I I 
~-----------------------------------+---------------+-----------------------------------~ 
ICompletes copied dictionary entry IATPROC with I MOVEST I 
Ifor an allocated it err Isecond entry I I 
I I point ATPROD I I 
~-----------------------------------+---------------+-----------------------------------~ 
IControls ATPROC and ATPROD routineslSTRCPY IATPROC, ATPROD I 
Ifor each member of a structure I I I l ___________________________________ ~ _______________ ~ _ __________________________________ J 

.Table EY1. Phase EY Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
ATPROC/ATPROD (EZ) Icoffiplete copied dictionary entry for allocated item by including 

lattributes from ALLOCATE and second file statements. 
I 

DICBLD Icollects attribute given for an identifier and copies its dictionary 
lentry. 
I 

EY16 IProcesses ALLOCATE statements. 
I 

EY17 IProcesses identifier in ALLOCATE statement. 
I 

EY21 Processes major structures. 

HASH Hashes BCD of identifier to obtain its dictionary reference. 

IEMEX Scans text for explicitly pointer-qualified variables. 

EY14 Copies dictionary entries for explicitly qualified based variables. 

IEMEY Scans second file, reverses pointers. Scans ALLOCATE statements. 

MOVEST (EZ) Copies second file statement and associated dictionary entry. 

STRCPY Controls ATPROC and AT PROD for each rrember of structure. l __________________ ~ __________________________________ __________________________________ .1 
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Table FA. Phase FA Dictionary context 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
t o-----------------------------------+---------------+-----------------------------------~ 
IScans text ICE30 ICENDTS, CETRAN I 
t-----------------------------------+---------------+-----------------------------------~ 
IReorders subscripts; makes dic- ICEID ICESCN I 
Itionary entry for file and event I I I 
Ivariabl~s I I I 
t-----------------------------------+---------------+-----------------------------------~ 
IIdentifies keywords ICEKYWD ICEKEND, CEKEOB, CEKEOP, CEKON, I 
I I I cEla'RC, CEKSND I 
t-----------------------------------+---------------+-----------------------------------i 
IScans dictionary ICESCN ICESTUC, CEYES, CFPDER, CFPDR2, I 
I I I CHASH, CE3XX I 
t------------------------------------+---------------+ -----------------------------------~ 
IMakes dictionary entry for varia- ICFPDR2 ICDFLT, CDICEN, CDIMAT, CEONCK I 
I bles I I I 
t------------------------------------+---------------+-----------------------------------~ 
Iscans dictionary entry for con- ICECON ICHASH I 
Istants and makes new entry, if I I I 
Inecessary. I I I 
t-----------------------------------+---------------+-----------------------------------i 
IScans PICTURE chain entry and makeslCEPICT INone I 
Inew entry, if necessary. I I I l ____________________________________ ~ _______________ L ___________________________________ j 
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Table FA1. Phase FA Routine/SubroutinE Directory 
r------------------T--------------------------------------------------------------------'1 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------,i 
CDFLT Deter~ines default attributes for identifier. I 

I 
CDICEN constructs default dictionary entry for identifier. I 

CDIMAT 

CEBNK 

CECON 

CEDWAX 

CEID 

CEINT 

CEISUB 

CEKCEN 

CEKDCL 

CEKEND 

CEKEOB 

CEKEOP 

CEKEY 

CEKIDO 

CEKON 

CEKPFR 

CEKPRC 

CEKSN 

CEKSND 

ICEKYWD 
I 
ICELP 

CENDTS 

CEONCK 

CEPFDR 

(FB) 

CEPICT (FB) 

CERP 

CESCN 

CESMCL 

Determines default scale for identifier. 

Transfer point for zero or blank. 

Scans dictionary entry for constantsw 

Subscript prime text marker. 

Reorders subscripts and makes dictionary entries for files and eVEnt 
variables. 

Transfer point for constant routine. 

Transfer point for iSUB. 

Transfer point for CALL to get over chain. 

Removes SN from DECLARE statements. 

Processes END keyword. 

Processes end-of-block marker. 

Handles end-of-program marker, or start of second file. 

TransfEr point for keyword. 

Transfer point for iterative DO. 

Processes ON keyword. 

Transfer point for picture format itEm. 

Processes PROCEDURE keyword. 

Moves SN, etc., to output stream. 

Processes start of second file staterrent. 

Identifies keywords. 

Transfer point for left parenthesis. 

End of text block in output file routine. 

Makes entry for programmer-named ON condition. 

Makes dictionary entry for variables. 

Scans picture chain entry. 

Transfer point for right parenthesis. 

Scans dictionary. 

Handles semicolon. 

I 

I 
I 
I 
I 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
i 
I 
I 
I 
i 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

ICESTUC Points at next entry in structure chain. I L __________________ ~ __________________________________ __________________________________ J 
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Table FA1. Phase FA Routine/Subroutine Directory (cent'd) 
r------------------T--------------------------------------------------------------------, 
iRoutine/Subroutinel Function I 
Ir------------------t--------------------------------------------------------------------~ 
~CETRAN Translates keyword into transfer instruction. 
I' 
ICEYES Compares structure levels. 
I 
ICE2L Transfer point for second level marker. 
I 
ICE30 Controlling scan of text. 
~ 
ICE31 Tests for end of block. 

CE32 Moves one byte to output stream. 

CE300 switches to appropriate routine. 

CE3XX Compares identifier in text with entry in dictionary. 

CFPDER (FB) Makes dictionary entry for ordinary identifier. 

CFPDR2 (FB) Makes dictionary for formal parameter. 

CHAStI Hashes identifier. 

CHASHC Hashes constant. 

IIEMFA Initializes phase. 
I. __________________ L ____________________________________________________________________ J 

Table FE. Phase FE Dictionary BCD to Dictionary Reference 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I Statement or Operation Type I Routine I subroutines Used I 
~-----------------------------------t---------------t-----------------------------------~ 
IScans text ICE30 ICENGTS, CETRAN I 
~-----------------------------------t---------------t-----------------------------------~ 
IScans dictionary ICESCN ICESTUC, CEYES, CFPDER, CFPDR2, I 
I I I CliASH, CE3XX I 
~-----------------------------------t---------------t-----------------------------------~ 
IChecks for array, function, or ICELP ICEFNCT I 
Ipseudo-variable if left parenthesis I I I 
I is found I I I 
~-----------------------------------t---------------t-----------------------------------~ 
ITests for end of text block ICENDTS ICEKEND, CEKIDO, CEKPRC I 
.'-----------------------------------t---------------t -----------------------------------~ 
IIdentifies keywords ICEKYWD ICEKEOB, CEKEOP I 
~-----------------------------------t---------------t-----------------------------------~ 
IMakes dictionary entry INone ICDFLT, CDICEN, CDIMAT I 
l ___________________________________ L _______________ L ___________________________________ J 
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Table FE1. Phase FE Routine/Subroutine Directory 
r------------------T---------------------------------------------------------------------1 
I Routine/Subroutine I Function ~ 

t------------------t--------------------------------------------------------------------~ 
CDFLT Applies default rules. ~ 

CDICEN 

CDIMAT 

CEFNCT 

CEKEND 

CEKEOB 

CEKEOP 

CEKIDO 

CEKPRC 

CEKYWD 

CELP 

CENDTS 

CESCN 

CESTUC 

CETRAN 

CEYES 

CE30 

CE3XX 

CFDICN (FF) 

CFPDER 

constructs dictionary entry. 

Sets flag for default routine. 

Tests validity of function reference in text. 

Processes END keyword. 

Processes end-of-block marker. 

Processes end-of-program marker, or start of second file. 

Processes iterative DO keyword. 

Processes PROCEDURE keyword. 

Identifies keyword. 

Checks for array, function, or pseudc-variable if left parenthesis 
is found. 

Tests for end of text block in output file. 

IScans dictionary. 
I 
IPoints at next entry in structure chain. 

Translates keyword into transfer instruction 

Corrpares structure levels. 

Controlling scan of text. 

Compares identifier in text with dictionary entry. 

Makes dictionary entry. 

Makes dictionary entry for statement with ordinary identifiers. 

CFPDR2 IMakes dictionary entry for formal parameters. 
I 

I CRASH Icalculates offset in hash table for given BCD. L __________________ ~ __________________________________ __________________________________ J 

Table Fl. Phase FI Dictionary Checking 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
t-----------------------------------t---------------t-----------------------------------~ 
IScans text ICESTRT ICEKEYW I 
t-----------------------------------t---------------t-----------------------------------~ 
IIdentifies keywords ICEKEYW ICEKEOB, CEKEOF, CEKIDO, CEKSN I 
t-----------------------------------t---------------t-----------------------------------~ 
IChecks GOTO statement references ICEGOTO INone I 
t-----------------------------------t---------------+-----------------------------------~ 
IConverts GOTO to GOOB, if necessarylCEGOB INone I 
t-------------~---------------------t---------------t-----------------------------------~ 
IChecks file references ICEFILE INone I 
t-----------------------------------t---------------t-----------------------------------~ 
IChecks data list items for validitylCEDTCK INone I L ___________________________________ ~ _______________ L _ __________________________________ J 
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Table Fll. Phase FI Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
ICECMBK Tests value of previous second level marker. 
I 
ICEDDOL Processes function names used as control variables for DO groups. 
I 
ICEDOND Processes end of iterative DO groups. 

CEDREF Tests whether dictionary reference needs to be checked. 

CEDTCK Checks data list items for validity. 

CEFILE Checks file references. 

CEFNMK Processes function markers. 

CEGOB Converts GO TO to GOOB, if necessary. 

CEGOTO Checks GOTO statement references. 

CEISUB IProcesses iSUBs. 

CEJUMP Bumps scan pointer over dictionary reference. 

ICEKEND Processes END statements. 

CEKEOB Processes end-of-block marker. 

CEKEOP Processes end-of-program marker. 

CEKEYW Identifies keywords. 

CEKIDO Processes iterative DO keyword. 

CEKON Processes ON statements. 

CEKSN Processes statement number. 

CELRCT/CERPCT Process left and right parentheses. 

CEOOPS Checks validity of keywords in the text. 

CEPRBG Processes PROCEDURE and BEGIN statements. 

Processes remote format references. 

CESMCL Processes semicolons. 

ICESTRT Controlling scan of text. 
L __________________ L ____________________________________________________________________ J 
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Table FK. Phase FK Dictionary Attribute 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used 1 

.-----------------------------------+---------------+-----------------------------------~ 
IScans attributes area for SETS IF01A INone 1 

Ilists I I I 
.-----------------------------------+---------------+------------------------------------1 
IScans SETS list IF02 INone 1 

.-----------------------------------+---------------+------------------------------------1 
IProcesses constants ICONPRO INone 1 

.-----------------------------------+---------------+------------------------------------1 
IProcesses identifiers ICESCN ICESTUC, CE3XX, CHASH I L ___________________________________ ~ _______________ ~ ___________________________________ .1 

Table FK1. Phase FK Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
.------------------+---------------------------------------------------------------------f 
CEIDLP Scans qualified name. 

CENQUL Processes unqualified name. 

CESCN Processes identifier. 

CESTUC Finds address of next structure in chain. 

CE3XX Compares current BCD with BCD in hash chain. 

CHASH Calculates offset in hash table for given BCD. 

CMPERR Provides terminal error action. 

CONPA Inserts constant in ordered stack. 

CONPRO Processes constants. 

ENDFO Releases control. 

FOERR2 Diagnoses constant greater than 255. 

F01A Scans attribute tidy-up area. 

F02 Scans SETS list. 

F04 Completes SETS dictionary entry. 

GETSCR Obtains scratch storage. L __________________ ~ ___________________________________________________________________ _ 
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Table Fa. Phase Fa Dictionary ON 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------i 
IScans input text for ON, SIGNAL, IFK~VIT IBEFTRN, CENDTS, QP I 
land REVERT statements I I I 
~-.----------------------------------+---------------+-----------------------------------i 
IMoves second file froIT input text IF2 ICENLTS, BEFTRN I 
Iblock to output text block I I I 
~-.----------------------------------+---------------+-----------------------------------~ 
IMakes dictionary entries for ON- IFKDCEN ILABCD I 
Iconditions found in ON, SIGNAL, andl I I 
IREVERT statements I I I 
~-.----------------------------------+---------------+-----------------------------------i 
IExamines BCD of file entries ref- IMVSIG ICENDTS I 
lerenced in ON, SIGNAL, and REVERT I I I 
I statements; scans previous entries I I I 
Ifor ON conditions I I I 
~-"----------------------------------+---------------+-----------------------------------~ 
IProcesses CHECK and NOCHECK list. IBEFCHL ICENDTS, LABCD I 
~-"----------------------------------+---------------+-----------------------------------i 
Icreates dictionary entries for I NOMOVE IQP I 
Icondition prefixes I I I L ___________________________________ ~ _______________ ~ _ __________________________________ J 

Table F01. Phase Fa Routine/Subroutine Directory 
r-"-----------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Functlon I 
~-------------------+--------------------------------------------------------------------i 
BEFCHL Processes CHECK and NOCHECK list. I 

I 
BEFTRN Replaces statements containing dummy dictionary references by error I 

stateroents, and generates error message. I 
I 

CENDTS Requests a new text block for output. I 
I 

Fl(DCEN Makes dictionary entries for ON conditions found in ON, SIGNAL, and I 

FICMVIT 

FICNOCK 

FICPROC 

FP010 (FP) 

Ll~BCD 

MVSIG 

NOMOVE (FP) 

Q3 

QP 

REVERT statements. I 

Scans input text for ON, SIGNAL, and REVERT statements. 

Processes CHECK and NOCHECK lists. 

Scans input text for ON, SIGNAL, and REVERT statements. 

Chains initial label statements and makes second file dictionary 
entries for each label array initialized in this way. 

Moves second file from input text block to output text block. 

Creates a dictionary entry for each label constant and each entry 
label mentioned in a CHECK list. 

Examines BCD of file entries referenced in ON, SIGNAL, and REVERT 
statements; scans previous entries for ON conditions. 

Creates dictionary entry for condition prefix. 

Processes condition prefixes changed in current block. 

Determines which condition prefixes require dictionary entries. 

I 
I 
I 
I 
I 
I 
I 
I 

IR8 Moves statement to output buffer. I L __ " ________________ ~ ____________________________________________________________________ J 
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Table FQ. Phase FQ Dictionary Picture Processor 
r-----------------------------------T---------------T------------------------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
r-----------------------------------+---------------+------------------------------------~ 
\Controls scan of PICTURE chain; ICYBR3 ICYEK, CYFIND, CYTABL I 
I initializes I I I 
r-----------------------------------+---------------+------------------------------------~ 
IPicture character 9 \CYNINE INone I 
r-----------------------------------+---------------+------------------------------------~ 
IPicture characters S, $, +, -. ICYSDPM INone I 
r-----------------------------------+---------------+------------------------------------~ 
IPicture character V ICYV INone I 
r-----------------------------------+---------------+------------------------------------~ 
IPicture character E ICYE ICYC21 I 
r-----------------------------------+---------------+------------------------------------~ 
IPicture character K ICYK ICYC21 I 
r-----------------------------------+---------------+----------------------------------.-~ 
IPicture characters C,R,D,B. ICYCRDB INone I 
r-----------------------------------+---------------+-----------------------------------~ 
IPicture characters 1,2,3 ICYOTT INone I 
r-----------------------------------+---------------+----------------------------------.-~ 
IPicture character P ICYP INone I 
r-----------------------------------+---------------+----------------------------------.-~ 
IPicture character Z ICYZ INone I 
r-----------------------------------+---------------+----------------------------------.-~ 
IPicture character * ICYAST INone I 
r-----------------------------------+---------------+----------------------------------.-~ 
IPicture character Y ICYY INone I 
r-----------------------------------+---------------+----------------------------------.-~ 
IPicture character G ICYG INone I 
r-----------------------------------+---------------+----------------------------------.-~ 
IPicture characters 6, 7, 8, H ICYSSEH INone I 
r-----------------------------------+---------------+----------------------------------.-~ 
IPicture character M ICYSTM INone I 
r-----------------------------------+---------------+----------------------------------.-~ 
IPicture character F ICYF INone I 
r-----------------------------------+---------------+----------------------------------.-~ 
IConverts integer constants to scalelCYC97 ICYCONV I 
Ifactor I I I 
r-----------------------------------+---------------+----------------------------------.-~ 
ICalculates scale factor ICYFNT INone I L ___________________________________ ~ _______________ ~ _ _________________________________ ._J 
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Table FQ1. Phase FQ Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
r------------------t---------------------------------------------------------------------~ 
ICYAST Processes picture character *. 
I 
ICYBR2 Identifies picture character. 
I 
ICYBR3 Controlling scan of PICTURE chain. 
I 
ICYCONV Converts integer constant to scale factor. 
I 
ICYCPBS Processes picture characters slash (/), comma(,), point (.), and E. 
I 
CYCRDB Processes picture characters CR, DB. 

CYC21 

CYC97 

CYE 

CYEK 

CYENDD 

CYF 

CYFIND 

CYFNT 

CYG 

CYK 

CYNINE 

CYOT'l' 

CYP 

CYSDPM 

CYSS 

CYSSEH 
I 
ICYSTM 
I 
ICYTABL 
I 
ICYV 
I 
ICYY 
I 

Adjust:s data to terminate picture before illegal character. 

Converts integer constant to scale factor. 

Processes picture character E. 

Completes entry for correct picture. 

Releases control at end of picture chain. 

Processes picture character F. 

Obtains code for next character in picture. 

Calculates scale factor. 

Procel:,ses picture character G. 

Procel:,ses picture character K. 

Procel:;ses picture character 9. 

I Procel:,ses picture characters 1,2,3. 

Processes picture character P. 

Processes picture characters S, $ , + , -
Procel:,ses picture characters 6,7. 

Processes picture characters 8,H. 

Processes picture character M. 

Code table for picture characters. 

Processes picture character v. 

IProcesses picture character Y. 
I 

ICYZ IProcesses picture character Z. I L __________________ ~ ____________________________________________________________________ J 
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Table FT. Phase FT Dictionary Scan 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
.-----------------------------------+---------------+-----------------------------------~ 
IScans second file IACl INane I 
~----------------~------------------+---------------+-----------------------------------~ 
IScans dictionary IB1 INane I 
.-----------------------------------+---------------+-----------------------------------~ 
IData variables IDATVAR INane I 
~-----------------------------------+---------------+-----------------------------------~ 
IEvent or label variables I EVLABV INane I 
~-----------------------------------+---------------+-----------------------------------~ 
IDimension attributes IFO INane I 
.-----------------------------------+---------------+-----------------------------------~ 
IScans AUTOMATIC chain IG2 INane I 
~-----------------------------------+---------------+-----------------------------------~ 
Iscans STATIC chain IG3 INane I 
.-----------------------------------+---------------+-----------------------------------~ 
Iscans CONTROLLED chain IGEl INane I 
.-----------------------------------+---------------+-----------------------------------~ 
Isets dope vector required bit IP1A INane I 
~-----------------------------------+---------------+-----------------------------------~ 
IENTRY type 1 entries IQA4 INane I 
.-----------------------------------+---------------+-----------------------------------~ 
IENTRY type 2 entries IQA3 IPROPIC I 
~-----------------------------------+---------------+-----------------------------------~ 
IENTRY type 3 entries IQA2 INane I 
.-----------------------------------+---------------+-----------------------------------~ 
IENTRY type 4 entries IQX INane I 
.-----------------------------------+---------------+-----------------------------------~ 
IENTRY type 5 and 6 entries IQAl IPROPIC I 
~-----------------------------------+---------------+-----------------------------------~ 
I Constants ICONST INane I 
~-----------------------------------+---------------+-----------------------------------,~ 
I Structures ISTRUCT IAJDMRT, MKDMTB, MVTX~ I L ___________________________________ ~ _______________ ~ _ __________________________________ J 
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Table FT1. Phase FT Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function J 
~------------------+--------------------------------------------------------------------~ 
ACl Scans second file. 

AC2 

AF3 

AJDMRT 

Bl 

BIA 

CONST 

DATVAR 

EVLABV 

FO 

FULIN 

GEl 

G2 

G3 

llo1KDMTB 

llo1VTXT 

PROPIC 

PiA 

QAi 

QA2 

QA3 

QA4 

QX 

STRUCT 

Detects second file statement marker. 

Points relevant dictionary entry at statement. 

Modifies second file statements to initialize dope vectors for base 
elements, rather than for the containing structures. 

Scans dictionary. 

Initializes dictionary scan. 

Processes constants. 

Processes data variables. 

JProcesses event or label variables. 
I 
IProcesses dimension attributes. 
I 
JMoves initial label statement to the second file, collecting togeth-
ler all statements for the same array. 
I 
IScans CONTROLLED chain. 
I 
IScans AUTOMATIC chain. 
I 
Scans STATIC chain. 

Creates dimension tables. 

Moves text blocks. 

Extracts precision data from picture tables. 

Sets 'dope vector required' bit. 

Processes ENTRY type 5 and 6 entries. 

Processes ENTRY type 3 entries. 

Processes ENTRY type 2 entries. 

Processes ENTRY type 1 entries. 

Processes ENTRY type 4 entries. 

Processes structures. 

'rRVECT Transfer vector for appropriate chaining routine. L __________________ ~ ___________________________________________________________________ _ 
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.Table FV. Phase FV Dictionary Second File Merge 
r-----------------------------------T---------------T------------------------------------1 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------1 
IReverses second file pointers; IIEMFV IDATCPY, DEFMOV, DEFTST, F2MOVE, I 
Iscans text for block heading state-I ~MOVE I 
Iments; allocates statements and I I I 
Ireferences to dynamically defined I I l 
Idata I I 1 

~-----------------------------------+---------------+-----------------------------------~ 
IExamines ADF references in second IDEFCOM INone I 
Ifile; completes defined item dic- I I ! 
Itionary entry I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IDetects dictionary references whichlDEFTST INone I 
Irefer to dynamically defined data I I I 
~-----------------------------------+---------------+-----------------------------------,1 
IExamines dictionary references and IDATCPY IF2MOVE, MOVE I 
Imoves any associated second file I I I 
Istatements to the output string I I ~ 

~-----------------------------------+---------------+-----------------------------------, 
IInserts dictionary reference of I FVPTR INone I 
Ipointer in associated based varia- I I I 
Ible entry I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses adjustable extents on I FVADV INone I 
Ibased arrays I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses adjustable lengths on I FVSDV INone I 
Ibased strings I I I L ___________________________________ ~ _______________ L _ __________________________________ J 
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.Table FV1. Phase FV Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~----------.---------+_\_-----------------------.------.-------------------------------------~ 
DATCPY Moves second file statements associated with dictionary reference to 

output string. 

DEFCOM (FW) 

DEFMOV 

DEFTST 

FVO 

FV9 

FV10 

FV16 

:FV18 

FV19 

FV20 

FV34 

FVPTR 

FVADV 

FVSDV 

F2MOVE 

IEMFV 

Examines ADF refenences in second file; completes defined item dic
tionary entry. 

Modifies text references to dynamically defined data. 

Detects dictionary references which refer to dynamically defined 
data. 

Scans second file reversing pointers. 

Initializes text scan. 

Scans text. 

Releases control. 

Processes ALLOCATE statements. 

Processes PROCEDURE statements. 

Processes BEGIN statements. 

Scans AUTOMATIC chain. 

Inserts D.R. of pointer in associated based variable entrt. 

Processes adjustable extents on based array. 

Processes adjustable lengths on based strings. 

Moves second file statement to output string. 

controlling scan of second file; invokes processing routines. 

I MOVE Moves text from input string to output string. L __________________ ~ ____________________________________________________________________ J 
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Table FX. Phase FX Dictionary Attributes and Cross Reference 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~, 
JScans STATIC chain for all items IFXOOOO JFX0010 I 
~-----------------------------------+---------------+-----------------------------------~ 
Iscans PROCEDURE-BEGIN chain IFX0100 IFX0010, FX0101, FX0105, FX0120 I 
~-----------------------------------+---------------+-----------------------------------4 
IScans CONTROLLED chain for non- IFX0170 INone I 
Iparameter DECLARED, CONTROLLED I I I 
I dictionary entries I I I 
~-----------------------------------+---------------+-----------------------------------11 
Iscans parameter list from PROCEDUREIFX0101 IFX0010 I 
land ENTRY statements I I 1 

~-----------------------------------+---------------+-----------------------------------11 

Isorts BCD of variables and creates IFX0010 INone I 
lentries in scratch text storage I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans circular chain of ENTRY IFX0105 IFX0101 ~ 
Istatement dictionary entries asso- I I I 
Iciated with a particular PROCEDURE I I I 
I statement I I I 
~----------------------~------------+---------------+-----------------------------------11 
Iscans AUTOMATIC chain associated IFX0120 IFX0010 I 
Iwith particular PROCEDURE or BEGIN I I I 
I block I I II 

~-----------------------------------+---------------+-----------------------------------11 
IPrints heading line for tables IFXHD IATTMOV I 
laccording to options specified I I I 
~-----------------------------------+---------------+-----------------------------------11 
Iscans sorted chain of identifiers I FXPRNT IFX0299 I 
~-----------------------------------+---------------+-----------------------------------~ 
JDetermines attributes of a given IFX0299 IATTMOV, FXBCD, FXDCLN, FXEND, I 
lidentifier if the ATR option is I IREFMOV I 
I specified I I I 
~-----------------------------------+---------------+-----------------------------------, 
IScans the chain of references for alREFMOV I FXDCLN I 
Igiven identifier (if XREF is I I I 
I specified) and prints therr in I I I 
lexternal decimal form I I 1 

~-----------------------------------+---------------+-----------------------------------~ 
IConverts EBCDIC of particular IATTMOV INone I 
lattribute to required external forml I I 
land moves it to print area I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IPrints BCD of identifier having I FXBCD INone I 
Iconverted it from internal form to I I I 
I external form I I 1 

~-----------------------------------+---------------+------------------------------------1 
I Converts an internal binary number I FXDCLN I NonE:: ,I 
Ito external decimal form and moves I I I 
lit to print buffer I I I 
~-----------------------------------+---------------+------------------------------------1 
IFrees all scratch text storage and IFXEND INone 1 

Irel~ases control to next phase I I I 
l ___________________________________ ~ _______________ ~ _ __________________________________ .1 
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Table FX1. Phase FX Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
IRoutine/subroutine! Function I 
~------------------+--------------------------------------------------------------------~ 
ATTMOV (FY) Converts EBCDIC data to required for~, moves data to print area. I 

! 
FXBCD (FY) Move~3 identifier BCD to print area, determines options tc be print- I 

FXDCLN (FY) 

FXEND (FY) 

FXHD (FY) 

FXPRNT (FY) 

FXOOOO 

FX0010 

FX0030 

FX0100 

FX0101 

FX0105 

FX0120 

FX0170 

FX0250 

FX0299 

ed. 

Converts binary number to external BCD, moves it to print area. 

Free~3 scratch storage, releases modules, releases control. 

Prints heading line for table according to options specified. 

Scans sorted chain of identifiers. 

Scans STATIC chain. 

Sorts BCD of variables and creates entry in text for each item. 

Tests for end of STATIC chain. 

Scans PROCEDURE-BEGIN chain. 

Scans parameter list from PROCEDURE and ENTRY statements. 

Scans circular chain of ENTRY statemEnt dictionary entries associat-I 
ed with a particular PROCEDURE statement. 

Scans AUTOMATIC chain associated with particular PROCEDURE or BEGIN 
block. 

ScanB CONTROLLED chain for nonparameter DECLARED CONTROLLED dic
tionary entries. 

Scans text, making chain of references to each dictioary entry. 

Determines attributes of a given identifier if the ATR option is 
specified. 

!REFMOV (FY) Moves the references to an identifier to the print buffer and 
! prints. l __________________ ~ ____________________________________________________________________ J 
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2hart 04 . Pretranslator logical Phase Flo~chart 
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• NO 

· . • x ••••••••••••••••••••••••• x .•. 
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Chart GA. Phase GA Overall Lcgic Diagram 
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chart 38. Phase 38 uverall Logic Diagrlm 
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Cr1art HP. Phase HF Cverall Logic Ciagr3m 
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Table GA. Phase GA DCLCB Generation 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans STATIC chain IIL0100 IILOllO, IL0120 I 
~-----------------------------------+---------------+-----------------------------------~ 
IGenerates DECLARE control block IILOllO ICHhATT, IriEENV I 
I entry I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IGenerates OPEN control bleek entry IIL0120 ICHKATT I L ___________________________________ ~ _______________ L _ __________________________________ J 

Table GAl. Phase GA Routine/Subroutine Directory 
r-------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
CHKATT Checks attributes and creates control words. I 

IHEENV 

ILOOOO 

IL0100 

ILOllO 

ILOl14 

ILOl15 

Checks environment options, and inserts them into DBCLARE control 
blocks. 

Entry point from cOffipiler control. 

Scans STATIC chain. 

Generates DECLARE control block entry. 

Test peint for environment entry. 

Return point from environwent processing. 

ILOl17 Processes file attributes entry. 
I 

ILOl18 IBranch point of SYSPRINT file found. 
I 

IL0120 IGenerates CPEN control block entry. 
I 

IL0200 IReleases control, L __________________ ~ ___________________________________________________________________ _ 

I 
I 
I 
I 
I 
I 
I 
I 
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.Table GB. Phase GB Pretranslator I/O Modification 
r-----------------------------------T---------------T------------------------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
t-----------------------------------+---------------+------------------------------------~ 
IRemoves all second level rrarkers I Throughout INon~ I 
I Iphase I I 
t-----------------------------------+---------------+-----------------------------------~ 
IReorders options to put EDIT, DATA lAB ISCNS, SCAN2 I 
lor LIST last I I I 
~-----------------------------------+---------------+------------------------------------~ 
IMoves DO specifications to precede ISCAN2 IILDOIT I 
Irelevant list in data lists, adds I I I 
lEND statements I I I 
t-----------------------------------+---------------+-----------------------------------~ 
IExpands iteration factors in formatlFORLST INone I 
Ilists I I I 
~-----------------------------------+---------------+-----------------------------------.~ 
IChecks for use of COBOL files in IA4 I LOCATE, READ, WRITE, DELETE, MAP, I 
I READ, WRITE, and LOCATE Statements I ICOPY, STSCAN I 
L _______________ --------------------~---------------L-__________________________________ .J 
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.Table GB1. Phase GA Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
JRoutine/Subroutinel Functicn I 
~------------------+---------------------------------------------------~----------------i 
AFORMT 

A4 

A6 

A8 

A21 

COpy (GC) 

DELETE (GC) 

FORLST 

F2 

F5 

F5A 

F6 

F6A 

F6B 
I 
;IF7 
~ 
II LAB17B 
II 
II LLDOIT 
II 

II 
ILOCATE (GC) 
II 
II 
II MAP (GC) 
II 

I 
. MKROOM 

MR 

READ (GC) 

SCAN2 

SCNS 

STSCAN (GC) 

I 

Processes FORMAT statements. I 
I 

Checks for use of COBOL files in READ, WRITE, and LOCATE statements. I 

Scans source text for GET and PUT statements. 

re-orders options to put EDIT, DATA, or LIST last. 

Scans GET or PUT statement for data specification. 

I 
I 
I 
I 
I 
I 
I 

copies a structure and places the copy on the COEOL chain. 
text skeletons ... 

Sets up I 
I 
I 

Removes an offending I/O statement and inserts an error statement inl 
the output text. I 

Expands iteration factors in format lists. 

creates and buys integer temporary. 

Scans and outputs format item. 

Sells temporary. 

Tests for end of format list. 

Tests for end of format specification. 

Outputs end of format specification. 

Scans format list. 

Processes format list in GET or PUT statement. 

Moves DO specifications to precede relevant list in data lists, adds 
END statements. 

Checks for the use of a COBOL file, and puts out a warning diag-
nostic. 

Compares the PL/I and COBOL and PACKED(NCNSTRING) mappings of a 
structure. 

Provides space in a statement in new source file • 

Initializes text blocks and pointers, and obtains scratch storage. 

If a READ IGNORB is encountered, no action is taken. If a READ SET 
is encountered, a warning diagnostic is given. If a READ INTO for a 
structure is encountered, PL/I and COBOL mappings are compared. 

Scans option list for end of option or statement, expands DO speci
fications, and changes certain function markers into pseudo-variable 
markers. 

Scans option list for end of option or statement. 

Stores the dictionary reference of the file and the INTO/FROM varia
ble, and sets flags. 

I 
I 
I 
I 
I 

I 
WRITE (GC) For structures, the PL/I and COBOL mappings are corrpared. J . _______________ . ___ ~ ____________________________________________________________________ J 
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Table GK. Phase GK Pretranslator Parameter Matching 1 
r-----------------------------------T---------------T-----------------------------------ll 
I IMain Processingl ~ 
I Statement or Operation Type I Routine I Subroutines Used ~ 

~-----------------------------------+---------------+-----------------------------------~ 
Iscans source text for function IBASCAN ICPST~T, CRSTMT I 
Imarkers I I I 
r-----------------------------------+---------------+-----------------------------------~ 
IProcesses function, puts out ref- IBAFM ISCANRP I 
lerence and initial code bytes I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses arguments IBALOOP IADDTGT, SCNCRP I 
r-----------------------------------+---------------+-----------------------------------~ 
IChecks numbers of arguments IARGNOQ INone I l ___________________________________ ~ _______________ ~ _ __________________________________ J 

Table GK1. Phase GK Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
r------------------+--------------------------------------------------------------------~ 
ADDTGT Adds data to output text. 

ARGNOQ Checks number of statements. 

BABT3 Tests for STOP marker. 

BACALQ Outputs function and first bytes of argurrent list. 

BAD ELM Tests for end of argument list. 

BAFM Processes function, puts out reference and initial code bytes. 

BAFST Locates SETS list and parameter list for function. 

BALOOP Processes arguments. 

BALPQ Tests whether argument list is present. 

BAl'IJORE Accesses next argument in list. 

BANORM Sets STOP marker to scan argument. 

BAPVM IExamines pseudo-variable. 

BARECQ Tests for nested function reference. 

BARGFN Outputs warning message. 

BASCAN Scans source text for function markers. 

BAS TOP Outputs argument. 

CPSTMT Adds closing bytes of a statement to output text. 

CRSTMT Adds first bytes of a statement to output text. 

SCANRP Scans argument list. I 
I 

ISCNCRP Scans argument. I 
L __________________ ~ __________________________________ __________________________________ J 
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Table GO. Phase GO Preprocessor Parameter Matching 2 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I subroutines Used I 
~-----------------------------------+---------------t-----------------------------------1 
IInitialization and scratch core IPMATCH IPOLY~V I 
lutilization for Parameter Matching I I I 
12 I I I l ___________________________________ L _______________ L ___________________________________ J 

Table Gel. Phase GO Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
t------------------t--------------------------------------------------------------------1 
IPMATCH IGeneral initialization and scratch core utilization for Parameter I 
I IMatching 2. 1 

I I I 
IPOLYMV IMoveEi the routines POLY1, POLY2, POLY3, POLY4 and POLYS into scratchl 
1 Istorage (see Table GP). I 
l __________________ L ____________________________________________________________________ J 
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Table GP. Phase GP Pretranslator Parameter Matching 2 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans text for procedure and func- IBSl IADDTT, STKINF, UNSTCK I 
I tion calls I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IExamines argument lists for expres-IBS4 IEXSCAN, Ml, M4, ~16, SCANFR I 
Isions I I I 
~-----------------------------------+---------------+-----------------------------------~ 
ICreates temporaries for scalar IM16 IADDTT, COPYTP, MKDCEN, SETBUY I 
lexpressions and constants I I I 
~-----------------------------------+---------------+-----------------------------------~ 
ICreates temporaries for array IE2 IADDTT, CHCKB1, COPYTP, MKCCEN, I 
I expressions I ISETBUY I 
~-----------------------------------+---------------+-----------------------------------~ 
Icreates temporaries for partially IE3 IADDTT, CHCKB4, COPYTP, MKDCEN, I 
Isubscripted array expressions I ISET£UY I 
~-----------------------------------+---------------+-----------------------------------~ 
ICreates special temporaries for IEX16 IADDTT, BS2, CHCKB4, CHECKT, COPYT1, I 
Ipartially subscripted arrays I IMKDCEN, STKINF, UNSTCK, Zll, I 
I I ISETEUY, SETMT I 
~-----------------------------------+---------------+-----------------------------------~ 
IChecks single arguments (except IM4 ICHECKT, M16 I 
Istructures) with parameter descrip-I I I 
I tions I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IChecks single structure arguments IM5 ICHECKS, CSTTMP I 
~-----------------------------------+---------------+-----------------------------------~ 
Icreates temporaries for structure IM21 ICSTMP2, MKDCEN, CHCKB4, SETNT, I 
I expressions I IADDTT I 
~-----------------------------------+---------------+-----------------------------------.~ 
Icreates temporaries for partially IZ22 IES2, ADDTT I 
Isubscripted structure I I I 
~-----------------------------------+---------------+-----------------------------------~ 
ICompare the two arguments of the IPOLY1, POLY2, IBS2 I 
IPOLY function and create IPOLY3, POLY4, I I 
Itemporaries if the arguments are IPOLY5 I I 
Inot both floating and do not have I I I 
Ithe same scale and precision I I I 
~-----------------------------------+---------------+-----------------------------------.~ 
ICreates special dictionary entries 1~37 INone I 
Ifor generic entry labels used as I I I 
I arguments I I I l ___________________________________ ~ _______________ L ___________________________________ J 

170 



Table GP1. Phase GP Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
IADDTT (GR) IAdds text to output block. I 
I I I 
IBSl Scans input text. I 
I I 
~BS2 Scans input text. I 
I I 
~BS4 Examines argument lists for expressions. I 
~ I 
!BS10 End-of-program routine. I 
II I 
~BS33 Tests for constant argument. I 
II I 
~CHCKBl (GR) Compares the bounds of argument and parameter arrays, and creates I 
I new di~ension tables for temporary arrays. I 
II I 
!CHCKB2 (GR) Compares the bounds of argument and parameter arrays where the argu-I 

CHCKB3 (GR) 

CHCKB4 (GR) 

CHCKSl (GR) 

CHECKB (GR) 

CHECKS (GR) 

CHECKT (GR) 

COPYTP (GR) 

COPYTl (GR) 

ment is partially subscripted, and creates new dimension tables for I 
temporary arrays. I 

Creates a new dimension table from a parameter description. 

Creates new dimension tables for partially subscripted array and 
structures. 

Compares the structuring of argument and parameter structures. 

Compares the bounds of argument and parameter arrays. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Compares structuring and data types of argument and pararreter struc-I 
tures. 

Compares data types of arguments and parameters. 

Creates a temporary dictionary entry from a parameter description. 

Creates a temporary dictionary entry for a partially subscripted 
array from a parameter description. 

CSTTMP/CSTMP2 (GQ) Crea-te temporary structure dictionary entries. 

EXSCAN (GQ) Scans expressions for arrays and structures. 

EX16 (GQ) Creates temporary arrays for partially subscripted array arguments. 

EX36 (GQ) Creates a chameleon dictionary entry. 

E2 (GQ) Creates temporaries for array expressions. 

E3 (GQ) Creates temporaries for partially subscripted array expressions. 

MKDCEN (GQ) Makes dictionary entries. 

Ml (GQ) Examines argument expressions. 

M2 (GQ) Examines single arguments with parameter descriptions. 

M4 (GQ) Compares single arguments with parameter descriptions. 

M5 (GQ) Examines structure arguments. 

M6 (GQ) Tests for structure parameter. 

IM10 (GQ) Processes subscripted variable argument. L __________________ ~ __________________________________ ___________________________________ J 
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Table GP1. Phase GP Routine/Subroutine Directory (cont'd) 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
M12 (GQ) creates a warning message. 

M13 (GQ) 

M14 (GQ) 

M16 (GQ) 

M21 (GQ) 

M22 (GQ) 

M23 (GQ) 

M24 (GQ) 

M37 (GQ) 

M41 (GQ) 

M44 (GQ) 

POLY1, POLY2, 
POLY3, POLY4, 
POLY5 (all in 

SCANFR 

SETBUY (GQ) 

SETMT (GR) 

STKINF 

TESTC 

UNSTCK 

Zll (GR) 

GO) 

Gets BUY text. 

Processes scalar argument. 

Creates temporaries for scalar expressions and constants. 

Creates temporaries for structure expressions. 

Processes data item parameter. 

Processes label parameter. 

Creates a structure temporary. 

Creates dictionary entries for generic entry labels which are argu
ments. 

IError routine. 

Processes dimensioned scalar argument. 

Check the arguments to the POLY function and generate code to buy 
temporaries, if the arguments are not both floating and do not have 
the sarr.e scale and precision. 

Scans for matching parentheses. 

Inserts skeletons to buy temporaries in the output text. 

Sets temporary dictionary references in NTF compiler functions for 
array and structure bounds. 

Stacks information on encountering nested functions. 

Tests for constant argument. 

Un stacks information. 

Generates text to set up the dope vectors of partially subscripted 
array temporaries. 

Z22 (GR) Generates text to assign the structure subscripts of partially sub
scripted structures to temporaries, and then to set up the dope 
vector for the partially subscripted structure temporary. L __________________ ~ __________________________________ __________________________________ J 

Table GU. Phase GU Pretranslator Check List 
r-----------------------------------T---------------T------------------------------------1 
I IMain Processingl 1 

1 Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+------------------------------------1 
IScans statement; checks if preced- IBSCAN ICALL, LIST, MOVE, SUOPQ 1 

ling SIGNAL statement is needed I I I 
~-----------------------------------+---------------+-----------------------------------1 
IScans statements; checks if follow-IASCAN INone 1 

ling SIGNAL statement is needed I I 1 
~-----------------------------------+---------------+-----------------------------------1 
IProvides a SIGNAL CHECK statement ICALL IGENTST I 
~-----------------------------------+---------------+-----------------------------------11 
Isearches list for checked items ISUOPQ ICALL, LIST I L ___________________________________ ~ _______________ ~ _ __________________________________ J 
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Table GU1. Phase ·GU Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------i 

ABGNDO Isets IF-switch for THEN or ELSE clause. 
I 

AFM ISignals checked items in argument list. 
I 

ASC ITests statement identifier and takes action if necessary. 

ASCAN 

ASCL 

ASPECL 

ASTMT 

ATEST4 

ATEST5 

ATST3 
I 

BENTON 

BPC 

BSCAN 

BSTMT 

BTEST3 

BTEST4 

BVARNO 

CALL (GV) 

CALLBA (GV) 

CALLE X (GV) 

CALLIF (GV) 

CALSTM (GV) 

CALSYM (GV) 

GENTST 

LIST (GV) 

MOVE 

I 
Scans statements; checks if following SIGNAL statement is required. 

Examines statement dictionary entry. 

Examines statement dictionary entry which is not a label. 

Housekeeping for end of statement. 

Tests for argument list. 

Tests for THEN. 

ITests for end of statement. 

Test whether argument list contains checked item. 

Processes "possible check" statement. 

Scans statement; checks if preceding SIGNAL statement is required. 

Tests whether SIGNAL ~tatement may be needed after statement output. 

Tests for end of statement. 

Tests for argument list. 

Tests for END statement. 

Outputs SIGNAL statement for checked item. 

ITests whether SIGNAL precedes or follows statement responsible. 

Exit from subroutine CALL. 

Tests whether DO statement must be output. 

Re-outputs overwritten statement after DO statement. 

outputs SIGNAL statement. 

Checks space in output text block. 

Updates and searches list of currently checked items. 

Moves text from source to output. 

ISUOPQ (GV) Searches list for checked items. L __________________ ~ __________________________________ __________________________________ J 
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Table HF. Phase HF Pretranslator structure Assignment 
r-----------------------------------T---------------T-----------------------------------, 
I I Main Processing I I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
Iscans text for structure assignmentlMR I BYNAME, GENTST, LSTSCN, MOVE, I 
I Statements, regions of nested I INSTSCN, STRASS, STREXP, STRURE I 
I statements, output list expres- I I I 
Isions, and structure references in I I I 
linput lists I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IExpands structure assignments and I BYNAME, STRASS,IDVCON, GENTST, LSTSCN, MOVE, I 
lexpressions into a set of scalar ISTREXP, STRURE I NSTSCN, SBGN I 
lassignments or expressions corres- I I I 
Iponding to the base elements of thel I I 
Istructure operands. Where the basel I I 
lelements are arrays, the corres- I I I 
Iponding component expressions or I I I 
lassignments are surrounded by I I I 
lappropriately iterating DO groups I I I 
~-----------------------------------+---------------+-----------------------------------~ 
Iscans regions of nested statements INSTSCN IMOVE, NSTSCN, STRASS I 
Ifor structure assignments I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IAdds text to the output string I MOVE IGENTST I 
~-----------------------------------+---------------+-----------------------------------~ 
IDetermines space availability in anlGENTST I MOVE I 
loutput text block I I I 
~-----------------------------------+---------------+-----------------------------------~ 
Iscans function argument and sub- ILSTSCN IMOVE, NSTSCN I 
Iscript lists I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IConstructs DO statements and checkslDVCON IGENTST I 
Ibound equivalence I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IConstructs subscript lists for ISBGN IGENTST I 
Ireferences to dimensioned structure I I I 
I base elements I I I l ___________________________________ ~ _______________ ~ _ __________________________________ J 
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Table HF1. Phase HF Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 

BYNAME (HG) Expands BYNAME structure assignments. 

BYNl (HG) 

BYNll (HG) 

BYN13 (HG) 

DVCON (HG) 

GENTST 

LSGET 

LSTSCN 

LS21 

LS23 

MOVE 

MR 

MRBYN 

MRTRT 

NSTSCN 

SADRAB (HG) 

SAEND (HG) 

SAOP (HG) 

SATRT (HG) 

SAXl (HG) 

SA20 (HG) 

SA32 (HG) 

SA36 (HG) 

SA73 (HG) 

SA79 (HG) 

SBGN 

Searches for matching BCDs down to base elements. 

Returns to start of current output assignment statement. 

Test for matching BCDs. 

Constructs DO statements, checks bound equivalence. 

Determines space in output text block. 

Tests for GET statement. 

Scans subscript arguffients and subscript lists. 

ITests for structure item in data specification. 

Tests for data-directed data specification. 

Adds text to output string. 

Scans text for structure assignment statements, nested statements, 
output: list expressions, and structure references in input lists. 

Tests for BY NAME assignment statement. 

Scans source text for structures. 

Scans regions of nested statement~ for structure assignwents. 

Builds up stack to show pattern of structure. 

Tests whether END statements need to be output. 

Examines dictionary reference found. 

Scans structure expression or assignment. 

Tests whether item matches the stack pattern. 

Tests for start of structure expression. 

Outputs base element and replaces it in source text. 

Tests for BY NAME assignment statement. 

Outputs END statements. 

Resets scan pointer to start of expression/assignment. 

Constructs subscript lists for references to dimensioned structure 
base elements. 

I 
STRASS (HG) Expands structure assignments into DO loops. I 

I 
STREXP (HG) Expands structure expressions. I 

I 
STRURE (HG) Expands structure references. I L __________________ ~ ____________________________________________________________________ J 
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Table HK. Pretranslator Array Assignment 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I Statement or Operation Type 1 Routine I Subroutines Used I 
t-----------------------------------+---------------+-----------------------------------~ 
IScans text for array and scalar IMR INone I 
lassignment statements I 1 1 
t-----------------------------------t---------------t-----------------------------------~ 
IScans text for nested array and IMR INES1AT I 
Iscalar assignment statements 1 1 1 
~-----------------------------------t---------------t-----------------------------------1 
IScans text for array expressions inlMR IARRASS, LS~SCN I 
11/0 lists in GET and PUT statements I I I 
~-----------------------------------t---------------t-----------------------------------~ 
IExpands arrays into DO leops and IARRASS IFRETMP, MDE, OPTS~, SLGCH, SUBSKP I 
Iscalar assignments; checks dimen- 1 I I 
Isions and bounds 1 1 1 l ___________________________________ ~ _______________ ~ ___________________________________ J 

Table HK1. Phase HK Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function 1 

t------------------t--------------------------------------------------------------------1 
IAADOP (HL) IExamines leftmost operand. I 
1 I 1 
IAAMULA (HL) /Tests for mUltiple assignment. 1 

AA3 (HL) 

AETRT (HL) 

ARRASS (HL) 

ARREXP (HL) 

ARRIN (HL) 

ARROUT (HL) 

IFRETMP 

LSTSCN 

MDE 

MR 

MREOP 

MRTRT 

NESTAT 

OPTST 

SLGCH 

SLMCG 

Checks pseudo-variables. 

Scans array expression. 

Expands arrays into DO loops and scalar assignments; checks dimen
sions and bounds. 

Generates DO loops and subscripts for array references. 

Entry point for array expressions in input lists. 

Entry point for array expressions in output lists. 

Generates a SELL statement for temporaries bought in the current 
statement. 

Scans I/O lists for possible array expressions. 

Makes a temporary dictionary entry. 

IScans text for array and scalar assignment staterrents, for nested 
array and scalar assignment statements, and for array expressions 
GET and PUT statements. 

Tests for end of text. 

Scans text. 

Scans nested statements. 

Tests any given operand. 

Generates and checks subscript lists. 

Inserts subscripts in expanded array positien. 

I 
I 
1 
I 
I 
1 
I 
I 
I 
1 
1 
1 
I 
1 
1 
I 
1 
I 
1 
I 
1 
/ 

inl 
I 
/ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

/SUBSKP Skips a subscript or subscript list. ~ l __________________ ~ ___________________________________________________ - ________________ J 
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Table HP. Phase HP Pretranslator iSub Defining 
r-----------------------------------T---------------T-----------------------------------, 
I IMain processingl I 
I statement or Operation ~ype I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------i 
IScans source text for references IMASCAN IMOVE I 
Idefined by iSUB I I I 
~-----------------------------------+4--------------+-----------------------------------~ 
Iprocesses references defined by IDEFSUB IGEN~ST, MOVE, SULIST, SUMOVE I 
liSUB I I I 
~-.----------------------------------+---------------+-----------------------------------~ 
Iscans subscripts ISUMOVE INone I 
I I (in SULIST) I I l ___________________________________ ~ _______________ L _ __________________________________ J 

Table HP1. Phase HP Routine/Subroutine Directory 
r-------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
DEDONE Resets pointers to scan first subscript list. 

DEEND2 Creates and buys temporary. 

DEFSUB Processes references defined by iSUB. 

DEGBDl Tests for end of second subscript list. 

DENEXT outputs first-list subscript and tests for end of list. 

DENGUB Tests whether dictionary reference is constant or integer variable. 

DERCUR Stacks parameters for recursive entry to DEFSUB. 

DERETN Returns to MASCAN or SUSCAN. 

DETEMQ Tests whether second-list subscript is simple dictionary reference. 

GENTST Checks space in output text block. 

INIT Initializes text blocks and pointers, gets scratch storage. 

MASCAN Scans source text for references defined by iSUB. , 
I MOVE Moves text from source to output. 
I 
ISULIST Scans subscript lists. 
I 
ISUMOVE Scans subscripts. 
I 
I SUS CAN Scans subscript. 
I 
ISUSUBS Replaces iSUB by corresponding subscript or temporary. l __________________ ~ ____________________________________________________________________ J 
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Chart 05 . rranslator lc~ical Phase FloNchart 
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Chart IA . Phase IA cver311 Lcgic Diagrarr ..... 
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Chart 13 . 
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Chart IT. rhase IT. OVErall legie Diagram 
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.Table IA. Phase IA Translator Stacker 
r-----------------------------------T---------------T-----------------------------------, 
~I I Main Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
ir-----------------------------------+---------------+-----------------------------------~ 
~Scans source text IESCAN INane I 
~-----------------------------------+---------------+-----------------------------------~ 
~Compares transfer vector IEACTNC \ECOO to EC10 I 
~-----------------------------------+---------------+---------------------------~-------~ 
~Stacks transfer vector IEACTNS IESOG to ES2E I 
~-----------------------------------+---------------+-----------------------------------~ 
~Generates triples IEGENR IEGENR2, EGENR3, ENEWBL, ENOREP, I 
~ I IEREPL, ETRBMP I IL ___________________________________ ~ _______________ ~ ___________________________________ J 

.Table IA1. Phase IA Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
~Routine/Subroutinel Function I 
~------------------+--------------------------------------------------------------------~ 
IEACTNC Compares transfer vector. 
~ 
IEACTNS Stacks transfer vector. 
II 

IECOO to EC10 Provide comparison action for each of era tor. 
I 
IEGENR Generates triples. 

EGENR2 

EGENR3 

Generates triple for top stack operator, with blank first operand, 
then deletes the operator from the stack. 

Generates triple with two blank operands. 

ENEWBL Obtains and chains new text block for output, resets output pointer.l 

ENOREP 

EREPL 

ESCAN 

ESTCAC 

ESOO to ES2E 

ETRBMP 

Deletes top stack operator, flags new top operand as the result of 
the triple just generated. 

Replaces top stack operator by its prime, to indicate end of a list 
of function arguments or subscripts. 

Scans source text. 

Places operand in stack. 

Handle stacking of operators. 

Increments output point over one triple if end of text block is 
found. 

t 
I L __________________ ~ ____________________________________________________________________ J 
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Chart IX. Phase IX Jverall Logic Di~gr~u 

.......... 
"IX· 
• el· •• · 

it 
·····el··· .. ••• .. • .. · . · . • INlTlALl SE .. .. . · . .................... 

• • 0 •••••••• x. x •••••••••••••••••••••••••••• 0 •••• I) ••• 

eUMP X 
••• .... Cl·········· · . • SCAN TEXT FOR. 
• INTEREST ING • 
• TRI PLE • • • ••••••••••••••••• .... . · .. 
• 01 •• X. · .. •••• x .... 

01 ... • •••• 02 •••••••••• •• *. • • 
•• END •• YES • GET NEXT • • 

•• OF TEXT •••••••••• X. TE XT eLOCK ••••• 
•• BLOCK ." • • *..* • • .. .. . ............... . 

• NO 

ic ... 
EI •• • •••• E2 •••••••••• .. ~ . . 

•• END •• YES .ENO OF PROGRAM. 
•• OF TEXT .......... X.RELEASE CONTROL ........ , *. .* • • x *..* * * ••••• •• •• ••••••••••••••••• ·JD • 

• NO • AI • 

ic 
·.·.·Fl·· ••• ••••• · . • SELECT • 
• APPROPRI AT E • 
• R(lUTlNE • · . .............•... 

TEST ic 
·····Gl·········· 
• TEST OPERANDS • 
• FOR • • DATA TYPES AR~A. 
• AND PO INTER • · . . .,. ................ . 

x .•. 

• • • 

HI.. • ••• *>iJ.......... • ••.. H4 •••••••••• 

•• ·\I~~ER •••• VfS : SET UP: : ERR~KTTW~PlE: ...... 
• 0 OPERAND IN ••• II •••••••••••• o.e.e ••••••••••••• oroX. ERROR MESSAGf: *Ol)"t-flO'.I"X. IN TeXT ANn *n"f'oX* 01 • 

•• FRROR •• •• • EII.ASI' RAO. • • 
•• •• •• • STATEMENT. • ••• *. •• .!fl .•. "........... . ••.•.•.•........ 

• NO 

x ... 
Jl •• • •••• J2 •••••••••• 

•• A.Fl F *. • • 
•• THEPE >2('£ •• YES • SET UP • 

• , TEMPORARV •• "oo ••• oX. ERROR MESSAGE • 
• , RESULTS •• • ANf' ABOR T • 

*. •• * * 

l.04 

* •• * .* ..•••.•••••••.. 
• 'lO 

ic ..... 
• XA • 
• AI· .. . 



Chart JD. Phase JD Jverall Logic Diagr3u 

••••• ·JO • • u· •• • 
(NITI x 

:~'·r~n r:·ii····: 
• POINTER~ E~C •• 
• GET SCRATCH • 
• C:ORE FOR STACK. • • ... "'''''''''' ... '''''''''''' .... 

• x ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• " ••••• oc •• ee 

SCANT X 
• •••• Cl.·.······'" 
• SCAN TEleT * 
: Fg~ ~R~~t~ :X •••••••••••••• 0 •••••••••••••• 

'" TR IPLE S * · " .............. "''''''' 
MORTXT 

••••• 01 •• "'....... • •••• 02 •••••••••• 
• •• GET NEleT • • 

~ • EN!) IF" .BLOCK IN ~HAIN,. • 
r.le: TEXT BLOCK : •••••••• x: A~gIM~~T : •••• · "'. . .. "' .. "'."' .. "' ... "'.. . .... "' ...... "' ... . 

••• WINDUP 
••••• El.......... E2 •• • •••• E3 •••••••••• 

: : END OF: ••• ·IS THE •••• YE S : SCR=H~A~6RE : 
•• ~X* PROGRAM ••• 0" •••• X •• STACK EMPTV •••••••••• X. AND *.o •• n,,·o. 
: : : .'.. .... :RETURN CONTROL : •• ~ .. 

"'................ •• •• ••••••••••••••••• ·JI * 
• NO • AI • 

•••••• o.oa ••••••••••••••••• 

• ~ om X 
•• " •• F 1 •• "'....... F2 •• • •••• F 3 •••••••••• 
• • ,.*." • • 

• • E NO OF '" • • IS.. NO • PUT OUT • 
' •• X. EXPRESSION ••••••••• X •• THE'STACK •• " •••••••. X. MESSAGe • 
• • • •• EMPTY.'" • AND ABORT • • .: *. ,,* • • 

"'''',''''''' ••• ''' ••• '''.'''.. tIt. •• .."' •••••••• "' ••••• 
'" YES 

. '" • 

STAKOP 

··"'··C5·······"'·· ."'.'" • aPERAND • • • • <;TACKING • 
! C5 ! .... X: F\33~r~~Lg~~s :x .. : 
••••• • "' .. "'''' ........... . 

UNSTAK X • •• ·"'05"''''· ..••••• 
:F~g~ET~~!.~~UK : 
• INTO TEXT. • 
• ABORT II' • 
• STACK EMPTY • .."'''' ..... ''' ...... ''' 

TRYFLG X • .• ··E5·.···· .... 
: BTHT I*,a~~ : 
.c aNTROL STACKNG. 
• ABORT IF • 
• STACK FUll • ••••••••••••••••• 

UPfl(T X 
• •• ·"'FS·"'········ · '" • • UPDATE TI;XT • 

.0 •••••• c ••• 0.0 •••• POI NTE R RE SE T • 
• TFUG TO lERO • · '" .. "''''''''''.''' ... ''' ..... x . . 

•••••••• oo •••••• o ••••••••••••••••••• ' •• It.CI •• "".l' •• O •••• 0 •• 0 ••••••• 0 •••••••••• 0. 

X 
."'''' •• Hl "' •• "'."'."'.. ."' •• *H3 ••• "'''' •• ''' •• .. . '" ."'.'" '" rJTHER RESULT • • lERn STACK. • • 

oooX. PROnUCER ••••••••• " ••• «1 •• 0 ••••••••• 0 ••••••• 0)(. TEMPORARY ••••• X. CIj • · '" . "'. . .. .. ... '" 
",,,,~.,,,.,,, ... ,,, .. ,,,.... "' ..... "' ......... . 

x 

• NO 
PREF I X • tIt. 

• ••• ·"''''Jl •• '''''' •••• '''''' •••• "'J2."'''''''.'''.'''.. J 3 tIt. "'''' ••• J4 ••••••••• ''' ••••• JS •••••••••• 
: : : :ROUTINE CHECKS: •• ··NUMERIC·· •• YES : A~~E~A~~G~EII : : ~~~LR~=I~~fo : 
••• X. UlNARY PREF IX "' •••••••• X. OPERAND'S ••••••••• X"'. CONSTANT ."' •••••••• X. DIeT. ENTRy"' •••••••• X'" STACK TfMP, • 
• • "'. DieT. ENTRY • tIt. •• • IF MINUS '" .SET SFLAG • r2 • • *. • *..* • •• • ••• '."'''' ••••• * •••• ''' ••••• "' ••• "' •••••• '" tIt. •• .."' ••••••• "'...... "' •• "'''''''''' •••••••••• 

••••• Kl "' ••••••• "'. .."' •• K2 •• "'."'''' •••• '" "'. . 
'" 

•• 0 •••••••• Xx 
."' .. • • 

'" C5 '" . . ."' .. 
• '" INERT "'. '" • ••• X. NON-PRODucTIve., ......... .:. seT TFlAG ON ••••••••••••••••••••••• II ••••••• o.,.,.oo~.a •• ., •••••• C1«!')eo0:-.(\" 

• TRIPLE '" '" • 

'" "'. '" .. "'''''''''' .. ''' ... ''' .. '''''' .. "'''' .... ''' ....... . 

s~ction 3: Charts and Routine Directories 185 



Table IG. Phase IG Translator Pre-Generic 
r-----------------------------------T---------------T-----------------------------------, 
I I Main Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~--------------------~--------------+---------------+-----------------------------------~ 
IScans text for BUY aggregate argu- IGS1 IFR, BR, TRF1, GS12 I 
Iment dummies, end-of-block, and I I I 
lend-of-program triples I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IObtains next text block IGS12 INone I 
~-----------------------------------+---------------+-----------------------------------~ 
ITransfers text to output block ITRF1 INont I 
~-----------------------------------+---------------+-----------------------------------~ 
ITransfers text skeletons to output ITRF2 IGS1, TxF1 I 
~-----------------------------------+---------------+-----------------------------------~ 
IStacks and unstacks information on IFR, FRP INont I 
lencountering function and function I I I 
I triples I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IInserts assignment statement for IBR IGS1, TRF2 I 
laggregate argument dummies I I I L ___________________________________ ~ ____ · ___________ ~ ___________________________________ J 

Table IG1. Phase IG Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
BR Inserts assignment statements for aggregate argurrent durrnies. I 

I 
BR1 Transfers point for IGNORE triple. I 

I 
BR2 Inserts assignment into text. I 

I 
BR3 Makes new dictionary entry for temporaries. I 

I 
BR4 Processes second BUY. I 

FR, FRP 

GS1 

GS12 

TRF1 

Stack and unstack information on encountering function and function' 
triples. 

Scans text for BUY aggregate arguwent dummies, end-of-block, end-of-' 
prograrr triples. 

Chains to next text block on encountering an end of block marker. 

Transfers text to the output block. 

TRF2 ITransfers text skeletons to the output block. L __________________ ~ ____________________________________________________________________ .J 
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Table IL. Phase IL Translator Pre-Generic 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I statement or Operaticn Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------i 
IMoves function table to scratch IBASROU INone I 
I storage. I I I l ___________________________________ ~ _______________ ~ ___________________________________ J 

Table 1M. Phase 1M Translator Generic 
r-----------------------------------T---------------T-----------------------------------, 
J IMain ProcessingJ I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------i 
JSelects function for processing IGNFUNC IGNXTRP I 
~---------------.--------------------+---------------+-----------------------------------~ 
ISelects generic procedure IGNPLIG JGNDRTA, GNXTRP, GNFMID I 
~-----------------------------------+---------------+-----------------------------------~ 
ISelects generic Library routines; IGNBIFH IGNARID, GNCBEF, GNCACI, GNC1BI, I 
Idetermines function result I IGNGNCR, GNPRSC, GNSACH, GNSAPC, I 
I I IGNSBAR, EXPANL, GNSAPR, GNSBRT, J 
I I IGNSFMS I 
~-----------------------------------+---------------+-----------------------------------i 
ISelects chameleon du~my and insertslGNCHAM IGNXTRP, EXPANL I 
lit in relevant dictionary entry I I I 
~-----------------------------------+---------------+-----------------------------------i 
IControls scan of text -- branches I EXPANL IARITH, LST1, SUBSPT, ASSIGN I 
Ito processin9 routine I I I l ___________________________________ ~ _______________ ~ ___________________________________ J 
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.Table IM1. Phase 1M Routine/Subroutine Directory 
r------------------T---------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+---------------------------------------------------------------------1 

I 

ARITH (IN) Calculates type of result of arithmetic operation (except **). 

ASSIGN (IN) 

EXPANL (IN) 

GNARID (IP) . 

GNBIFH (IP) 

GNB08 (IP) 

GNB16 (IP) 

GNCACI 

GNCBEF 

GNCHAM 

GNCTBI 

GNDRTA 

GNEOB 

GNEOP 

GNFMID (IQ) 

GNFUNC 

GNF04 

GNP027 

GNFM3 (IQ) 

GNL06 (IQ) 

GNGNCR 

GNPLIG (IQ) 

Returns to calling phase with result. 

Controls scan of text -- branches to processing routine. 

Identifies argument of built-in function and converts it to valid 
type, if possible. 

Selects generic Library routine; determines function result. 

Selects relevant faroily member. 

Sets up result type of a built-in function. 

Checks and converts a decimal integer. 

Standardizes argument code byte to a form for generic selection. 

Selects chameleon dummy and inserts it in relevant dictionary entry. 

Converts from decimal to binary. 

Analyzes dictionary type. 

Processes end-of-block marker. 

Processes end-of-program marker. 

Identifies family rr.ember. 

Selects function for processing. 

Checks for nested function situation. 

Sets up result type of a PL/I functicn. 

Heplaces original reference in text. 

Forms entry relating to particular invocation. 

General conversion routine. 

Forms tacle of family member descriptions. 

GNPRSC (IP) Selects highest mode, scale and precision of variable argument list. 
I I 
IGNSACH Perforrrs special argument check. I 
I I 
IGNSAPC Calculates scale and precision of a function result. I 
I I 
IGNSAPR (IP) Examines second and third arguments of the SUBSTR built-in function I 
I or pseudo-variable and, if possible, converts them to binary I 
I integers. Sets selection code according to findings. I l __________________ ~ ____________________________________________________________________ J 
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.Table IM1. Phase 1M Routine/Subroutine Directory (continued) 
r-------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Functicn I 
~------------------+--------------------------------------------------------------------i 
GNSBAR IHandles a subscripted argument. 

I 
GNSBRT (IP) IExamines all three arguments of SUBSTR and calcuiates the resulting 

Itype exactly. 
I 

GNSFMS (IP) IReplaces references to SUBSTR in text by a reference tc another 
lentry giving detailed information about the arguments. Places a 
Idescription of the resulting string in the text. 
I 

GNTRID IScans source text. 
I 

GNXTRP IGets next triple. 
I 

LST1 (IN) ICalculates type and length of result of string operation. 
I 

SUBSPT (IN) IAdds type of array to stack. I L __________________ ~ ______ • ______________________________________________________________ J 

.Table IT. Phase IT post-Generic Processor 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------i 
IScans source text IPGTXSC IPGT01,PGEOB,PGECP I 
~-----------------------------------+---------------+-----------------------------------i 
IAnalyzes type of function detected IPGFUNC INone I 
~-------------------------.----------+---------------+-----------------------------------i 
ICompletes function handling IPGFNCP IPGNEXT I 
~-----------------------------------+---------------+-----------------------------------i 
IDetects 'chameleon' temporary ref- IPGBUYS IPGRUY I 
lerences and deletes BUY and BUYS I I I 
Itriples where possible I I I 
.-----------------------------------+---------------+-----------------------------------i 
IDeletes 'chameleon' reference in anlPGPASS INone I 
lassignment triple and alters the I I I 
largument triple to indicate an I I I 
lintermediate result I I I 
~-.----------------------------------+---------------+-----------------------------------i 
IDeletes all other references to IPGFNCM IPGBYAS,PGSELL I 
I 'chameleon' temporaries where I I I 
laQplicable I I I L ___________________________________ ~ _______________ ~ ___________________________________ J 
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Table I~l. Phase IT Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
PGASS IDeletes 'chameleon' assignments. I 

I I 
PGBYAS IProcesses 'Buy Assignment' triples. I 

I I 
PGBUY IProcesses BUY triples. I 

I I 
PGBUYS Processes BUYS triples. I 

PGEOB 

PGEOP 

PGFNCM 

PGFNCP 

PGFUNC 

PGNEXT 

PGSELL 

PGTXSC 

Deals with End of Text Block conditions. 

Processes end of program marker. 

Replaces 'chameleon' reference by an intermediate result where 
applicable. 

Processes function prime marker. 

Analyzes function, and determines the type of processing required. 

Gets the next triple in source text. 

Processes SELL triple. 

Scans text. 

IPGTOl Determines action to be taken for a significant triple. L __________________ ~ ___________________________________________________________________ _ 

eTable IX. Phase IX Pointer and Area Checking 

I 

I r-----------------------------------T---------------T-----------------------------------<1 
I I I Main Processing I I 
I I Statement or Operation ~ype I Routine I Subroutines Used I 
I ~-----------------------------------+---------------+-----------------------------------.~ 
I IMain scan routine IBUMP I~ES~,ERASER I I L ___________________________________ ~ _______________ ~ ___________________________________ .1 

I Table IX1. Phase IX Routine/Subroutine Directory 
I r------------------T--------------------------------------------------------------------<1 
I I Routine/Subroutine I Function I 
I ~------------------+--------------------------------------------------------------------<~ 
I IBUMP Iscan routine. I 

I I I 
ITEST ITests operands for pointer and area data types I 
I I I 
I ERASER IProcesses bad statements. I L __________________ ~ ____________________________________________________________________ .1 
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• T,i i'll..' JD. Phase JD Constant Expression Evaluator 
r-·----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I statement of Operation ~ype I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IInitializes phase, gets scratch IINI~l INone I 
I etc. I I I 
~-----------------------------------+---------------+-----------------------------------~ 
Iscans text, for constant triples I SCANT I MOHTXT, PREFIX, CCNCA~ I 
.-----------------------------------+---------------+-----------------------------------~ 
IHandles stacking/unstacking of ISTAKOP IUNS~AK I 
I operands I I I L ___________________________________ ~ _______________ ~ _ __________________________________ J 

• Table JDl. Pha~e JD Routine/Subroutine Directory 
r------------------T---------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
.------------------+--------------------------------------------------------------------~ 
CONCAT Detects constant string operands, performs concatenation, makes new I 

INIT1 

MORTXT 

OUT 

PREFIX 

SCANT 

STAKOP 

TRYFLAG 

UNSTAK 

UPTXT 

disk entry, and puts ref. in a slot for stacking. I 

Gets scratch core for the stack, initializes slots and switches. 

Gets next text block, resets pointer. 

Puts out error message and aborts corrpilation if stack lS not emp
tied. 

Detects unary prefixed constant, makes new list entry and puts ref. 
in a slot, for stacking. 

Main scan routine. 

Push down stack handler. 

Tests if stack is full, and if so, aborts. 

Moves entry from the stack. 

Updates text pointer. 

I 
I 
I 
I 
I 
I 
I 

WINDUP Releases scratch core and returns control to the control phase. l __________________ ~ ___________________________________________________________________ _ 
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Chart 06. 
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Chart JI. Phase Jl 8verall Gogic Diagr3TI 
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• foIO 
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'" Al • '" . .• *. 
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'" . 
• F4 • '" . . ... 

• SET ITFM • 
• AI')ORF.SS IN • 
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• Al • '" .. .*** 



Chart JP. Phase JP Overall Lcgic Diagra~ 
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eTable JI. Phase JI Aggregates Structure Processor 
r-----------------------------------T---------------T-----------------------------------., 
I IMain Processing I I 
I Statement or Operation Type I Routine I subroutines Used I 
~-----------------------------------t---------------t-----------------------------------~ 
ITO re-order the STATIC AUTOMATIC ISCANA IMAP,MAPA I 
land CONTROLLED chains and to proc- I I I 
less structures I I I 
r-----------------------------------t---------------t-----------------------------------·t 
ITO scan down the COBOL chain for ISCAN IMAP I 
ICOBOL-mapped structures I I I 
~-----------------------------------t---------------t-----------------------------------i 
ITo transfer items from the COBOL IRECHAN INone I 
Ichain to the appropriate AUTOMATIC I I I 
I chain I I I 
r-----------------------------------t---------------t-----------------------------------.~ 
ITo transfer control from IEMSI to ITERMIN INane I 
I IEMJM I I I 
~-----------------------------------t---------------t------------------------------------j 
ITO map COBOL structures IMAP INXTRF1,NXTRF2 I 
r-----------------------------------t---------------t-----------------------------------~ 
ITO check non-COBOL structures for IMAPA INone I 
Iconstant length I I I 
r-----------------------------------t---------------t------------------------------------j 
ITO find the next member of a struc-INXTRFI INone I 
I ture I I I 
r-----------------------------------t---------------t------------------------------------1 
ITO find the next element of a I NXTRF2 INone I 
I struct ure I I I l ___________________________________ ~ _______________ ~ _ __________________________________ .1 

eTable JI1. Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
r------------------t---------------------------------------------------------------------1 

MAP To map COBOL structures I 
I 

MAPA To check non-COBOL structures for constant length I 
I 

NXTRF1 To find the next member of a structure l 
I 

NXTRF2 To find the next element of a structure I 
il 

RECHAN To transfer items from the COBOL chain to the appropriate AUTOMATIC I 
chain I 

I 
SCAN To scan down the COBOL chain for COBeL-mapped structures I 

II 
SCANA To reorder the STATIC, AUTOMATIC, and CONTROLLED chains and process ~ 

structures I 
II 

ITERMIN To transfer control from IEMJI to IEMJM I l __________________ ~ __________________________________ __________________________________ J 
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.Table JK. Phase JK Aggregates Structure Processor 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
~------------------------------------+---------------+-----------------------------------~ 
Iscans AUTOMATIC, STATIC, and ICHNSCN IADHDV, CHKDEF, MKDVD, MKRDV, I 
ICONTROLLED chains I IPROCDT, PROCST, SETBRF, TERMWS I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses DEFINED items ICHKDEF ICMPIL1, INOBJ, PROCDT, PROCST, I 
I I I STBASE I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses structures (calculates IPROCST ICMPIL1, INOBJ, ELSIZ I 
loffsets, multipliers, sizes, align-I I I 
Iments and padding; generates objectl I I 
Icode) I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses arrays (calculates ~ul- IPROCDT ICMPIL1, INOBJ, LOADCN, SP54 I 
Itipliers and generates object code I I I 
~------------------------------------+---------------+-----------------------------------~ 
ICalculates storage offsets for IPS25 ICMPIL1 I 
ladjustable items in structures I I I 
~------------------------------------+---------------+-----------------------------------~ 
ICalculates storage offsets for IALVACA ICMPIL1 I 
I adjustable arrays I I I 
~------------------------------------+---------------+-----------------------------------~ 
ICalculates storage offsets for IALVACI ICMPIL1 I 
I adjustable strings I I I 
~------------------------------------+---------------+-----------------------------------~ 
IGenerates code to initialize stringlSVARY ICMPIL1, INOBJ, IPDV, VOBJC I 
Idope vectors for arrays of varying I I I 
Istrings in structures I I I 
~------------------------------------+---------------+-----------------------------------~ 
IGenerates code to initialize stringlVOBJC ICMPIL1, INOBJ, IPDV I 
Idope vectors for varying, non- I I I 
tstructured arrays I I I 
~------------------------------------+---------------+-----------------------------------~ 
IGenerates code to calculate the ISTBASE ICMPIL1 I 
Istarting address of storage for I I I 
loverlay defined items I I I 
~------------------------------------+---------------+-----------------------------------~ 
IAdds text skeletons to the output ICMPIL1 INone I 
I stream I I I 
~------------------------------------+---------------+-----------------------------------~ 
IMakes dictionary entries for dope IMKDVD IELSIZ I 
lvector descriptions I I I 
~------------------------------------+---------------+-----------------------------------~ 
IMakes dictionary entries fer recordlMKRDV IMKCNST, CMPIL1 I 
Idescription vectors I I I 
~------------------------------------+---------------+-----------------------------------~ 
IGenerates code to set the address IADRDV IINOBJ, CMPIL1 I 
lin a record description vector at I I I 
lobject time I I I 
~-----------------------------------+---------------+-----------------------------------~ 
Icalculates the length and alignmentlELSIZ INone I 
lof scalar data items I I I 
~.-----------------------------------+---------------+-----------------------------------~ 
Isets offsets for BASED variables IBASED INone I L. ___________________________________ ~ _______________ ~ ___________________________________ J 
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.Table JK1. Phase JK Routine/Subroutine Directory 
r------------------T---------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~------------------+---------------------------------------------------------------------\ 
\ADRDV (JL) Generates addressing code for AUTOMA~IC RDVs. 

ALVACA (JL) 

ALVACI (JL) 

BASED 

CHKDEF (JM) 

CMPIL1 (JL) 

ELSIZ 

INOBJ (JL) 

IPDV (JM) 

LOADCN (JL) 

MKDVD 

MKRDV (JM) 

Calculates storage offsets for adjustable arrays. 

Calculates storage offsets for adjustable strings. 

Sets offsets for BASED variables. 

Processes DEFINED items. 

Adds text skeletons to the output stream. 

Determines size of storage required for structure base elements. 

Initializes object code statements. 

Generates code to set up primary dope vectors. 

Generates object code to load object registers with constants known 
at compile time. 

Makes dictionary entries for DVDs. 

Makes dictionary entries for RDVs. 

NXTREF/NXTRF1 (JM) Gets 'the next structure base reference. 

PROCDT (JM) 

PROCST 

PS25 

CHNSCN (JL) 

SETBRF (JL) 

SETDVS 

SP54 

ISTBASE (JM) 
I 
I 
ISVARY (JL) 
I 
I 
ITERMWS (JL) 
I 

Processes arrays. 

Processes structures. 

Calculates storage offsets for adjustable items in structures. 

IScans AUTOMATIC, STATIC, and CONTROLLED chains. 

Sets the reference to the current entry type 1. 

Sets the dynamic dope vector size for non-adjustable structures. 

Calculates base element multiples. 

Generates code to initialize starting address storage for overlay 
defined items. 

Generates code to initialize string dope vectors for arrays of 
varying strings in structures. 

Terminates object code. 

~ 
~ 
~ 
~ 
I 
I 
i 
I 
I 
~ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

non- I 
I structured arrays. I 
IVOBJC (JL) Generates code to initialize string dope vectors for varying, 
L __________________ ~ ____________________________________________________________________ J 
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Table JP. Phase JP Translator Defined Check 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I ~ubroutines Used I 
~-----------------------------------+---------------+-----------------------------------i 
IScans DEFINED chain; checks IIEMJP IGETCLS, GETLTH, STRCMP I 
Ivalidity I I I 
~-----------------------------------+---------------+-----------------------------------i 
IChecks that two structure descrip- ISTRCMP INone I 
Itions are the same and that they I I I 
Imay be validly overlaid I I I l ___________________________________ ~ _______________ ~ _ __________________________________ J 

Table JP1. Phase JP Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I FUnction I 
~------------------+--------------------------------------------------------------------i 
GETCLS Analyzes structure descriptions, and checks that all ele~ents are ofl 

GETLTH 

IEMJP 

JP8 

JP20 

JP200 

JP540 

JP541 

JP542 

JP543 

the same defining class. I 

Obtains length of string or numeric field from associated dictionary 
entry. 

Controlling scan of DEFINED chain; checks validity. 

Tests whether defined item is packed. 

Tests whether base defined item is adjustable. 

Tests whether item is a structure. 

Tests whether defined item is coded arithmetic. 

Compares base and defined item. 

Tests whether defined item is dimensioned. 

Tests whether base code is arithmetic. 

STRCMP ICompares structure descriptions. L _______________ • ___ ~ _________________________________ ___________________________________ J 

Table JZ. Module JZ Compiler Control 
r------------------------------------T---------------T-----------------------------------, 
I I Main Processing I I 
I Function I Routine I Routines Used I 
~------------------------.-----------+---------------+-----------------------------------i 
IReconstructs the phase directory IIEMJZ IRLSCTL, ZUPL, ZEND I 
Ifor the second half of the compilerl I I 
I I I I 
I EnllLE-Q§/36Q: BLDL I I I L ___________________________________ ~ ________ . _______ ~ ___________________________________ J 

Section 3: Charts and Routine Directcries 199 



Chart 07. PSEudo-Code L~gical Phase F1Jwch3rt 
-.... 
• 1'7 • 
• AI· .. · 

X 
•••• e ••••••• X .•. 

••••• 11 I •••••••••• 
• SCAN LA. . -.-.-.-.-.-.-.-. 
• UTILITY • 
• SCANN ING • 
• PHIISE • ................. 

x .•. 
81 •• • •••• B2 •••••••••• 

•••• .INITIAL LR. 
•• DYNAMIC •• YES *-.-.-.-.-*-.-.-. *. INITIAL •••••••••• X. CONSTRUCT P-C • 
•• •• • TRIPLES FOR • 

•• •• .DYNAMI C I NITI AL. .. .. . ............... . 
• NO 

· . . )( ........................ . x ... 
CI •• • ••• *C2 •••••••••• 

•••• .INITIIIL LD. 
•• STATIC •• YES .-.-.- .... -.-.-.-. *. INITIAL •••••••••• X.CONSTRUCT DICT,. 
•••• •••• :sTi~r~ll~I~?~L : .. .. . ............... . 

• NO 

· . xx ........................ . ... 
01 •• • •••• 02 •••••••••• 

•••• .00 EXPANSION LG. 
•• ' DO •• YES .-*-*- .... -.-.-.-. 

•• STATEMENTS •••••••••• X. EXPAND • 
•• •• • DO LOOPS • .... . . .. .. . ............... . • 

· . • x ••••••••••••••••••••••••• 
X 

·····El.· ••• ••••• • EXPN EVAL LR,LS. . -.-.-.-.-.-.-.-. • CONVE RT EXPR-. 
• ESSION TRIPLES. 
• TO PSEUDO-CODE. ................. 

X .... ·FI·········· .STRING UTILS LV. . -.-.-.-.-.-.-.-. 
• PROVIDF • 
• STR ING HANDLING. 
• FACILIT[ES • ................. .... . · .. 
• Gl •• X. · .. •••• x ... 

Gl •• • •••• GZ •••••••••• 
•• ANY.. .STRING HANDL LX. 

• '" STRING •• YES .-.-.-.-.-.-.-.-. 
•• EXPRESSIONS •••••••••• X. CONVERT • 

"'. •• .STRING TRIPLES. 
•••• III • •. ... ..** ••••••••••••• 

• NO 

· . • x ••••••••••••••••••••••••• x ... 
HI "'. • •••• HZ •••••••••• 

•• ANV •• .PSEUDO-VARS I1fl'" 
•• PSEUDO-VARS •• YE S .... -.-.-.-.-.-.-. 

•• OR I1ULTIPLE •••••••••• X. CONSTRUCT • 
"'. ASSIGNS. '" .PSEUDO-CODE .FOR. 

"'. •• "'PSEUDO-VARI ASLS. "'. .. . ............... . 
• NO .... .. . 

•• X. Gl .. 

x· •••• • .•. 
JI •• • •••• JZ •••••••••• .• ··1 N~N NE •••• YES :~~!~~;.~~!::;.~L: 

•• FUNCTIONS •••••••••• X. CONSTRUCT • 
•• •• .PS EUDO-COOE FnR. 

•• •• • IN-L INf' FIJNC TNS. 

2 00 

•• •• • ••••••••• ** ••••• 
• "10 · .. 
•••••••••••••••••••••••• e- X •••• It ••• " eo 0 0 I) 0 III 

A3 •• • •••• A4 •••••••••• 
•• ANY.. .CALLS I: F"IS I1L • 

•• GENERIC •• YES .-.-.-.-.-.-.-.-• 
•• ARGUMfNTS •••••••••• X. PROCESS • 

•• •• • r,t:NFRIC • 
•••• ... FNTRY NAI1ES • .. .. . ............... . 

• NO 

.!. X 
83 •• • •••• S4 •••••••••• 

•• ANV •• .CALLS &. FNS MI1. 
•• CALLS OR •• YES .-.-.-.-.-.-.-.-. 

•• FUNCTION •••••••••• X.PROCES~ CCk~. 
.R~~ERENC;~.. :£ ~~vhc~~lgNS : .. .. . ............... . 

• NO 

· . • x ••••••••• c •• 1iI/) ••••••••••• 

X . .. 
03 •• • •••• 04 •••••••••• 

•• NEED •• .SUY & SELL MP. 
•• TO •• YES .-*-*-*-*-.-.-.-• 

.REORDER STR ING •••••••••• X. REORO~R • 
.,.~Ub~~G.... : B~~A~~2 NHL : 

~. .. . ........ ~ ...... . 
• NO 

· . • X ••••••••••••• n ••••••••••• 
X .•. 

E3 •• • •••• "4 •••••••••• 
•••• .SUBSCRI PTS I1S. 

•• ANY •• YES .-.-.-.-.-.-.-.-. 
•• SUBSCRIPTS •••••••••• X. CONSTRUCT • 

•• •• • PSEUOO-COOE • •.•. .•.• ::~~.~~2~~:~:U.: 
• NO 

· . • X ••••••••••••• 'I.e." ••••• CI. 
X ·· ... F3··.······· :~~!.~~,~~!~~.-~~: 

• MAKE PSEUOO-. .emE FOR BRAN- • 
:~~U;.~H~~;.H~: 

x .•. 
G.l •• • •••• G4 •••••• • ••• 

.ol~~~~~A~~UY. YES :~~.~~~X!~~L~~: 
•• FREE' OR WAIT •••••••••• X. MAKE LIB CALL • 

..STATEMENT.. .SEQS FOR nELAY • 
•••• .& fllSPLAY STATS. *. ... • ••••• *.*.** ••••• 

• NO 

· . • X •••• " •• o. III ••• " ~ •••• (1 •• 0.0 

X .•. 
H3 •• • •••• H4 •••••••••• 

•••• .RECORD-I/O NJ. 
• • ANV •• YE S .-.-.-.-.-.-.-.-. 

.0 RECORD-I/O •••••• 00'.)(. MAKE LIB CALL. 
•• •• .SEQS F:lR RECORD. 

•• •• • Oql E'ITED lIn • *. •• • •••••••••••••••• 
• NO 

X ·····B5·········· .COMPIL ER FNS nM .-.-.-.-.-.-.-.-. 
• PROCESS • 
*COMPILE R FNS & • 
.PSEUDo-VARI MILS. • •••••••••••••••• 

X · .. ··C5···.······ .ASS I GNMENT OE. .-.-.-.-.-.-.-.-. 
• CONSTRUCT • 
.PSEUOO-CODE FOR. 
• ASSIGNHFNTS • ................. 

X • •• ··05·· •• •••••· • RELEASE • 
• UTILITIFSO • 
: IEI1\~~LCN ! 
• • . ............... . 

~ . ...• E5·········· .CONVERS IONS OG • .-.-.-.-.-.-.-.-. .EXAI1 [NE JPERAND • 
• AND DETERMINE. 
.IF I)ONF. IN LINE • • •••••••••••••••• 

x .•. 
F5 •• 

.* ·0 NO.. IN-LINE •• 
• ••••• CONVERS IONS •• 

..ZNDPASS •• 

· . · . 

*a ,," * ••• 
• YES 

X 
·····GS·········· 
.CONVERS IONS OM • . -.-.-.-.-.-.-.-. 
• GENERAT!" • 
• IN-LINE cnDE • 
• 2ND PAS~ ... . ............... . 

· . . • ~ •••••••••• x. 

K ... 
H!i •• 

.* *Q 
/>In •• I N-Ll 101 E •• 

• •••••• CONVERSIONS.· 
• ••• 3RDPASS.* 

*0 .,* 
*. 0* • VFS 

· It. CI • x." ••• 00 eo G ••• " •••• e •••• (1,. 
X ... 

J3 *. • •••• J4 •••••• • ••• 

•• §;RE~~!II~; •• YES :~~~~~:~~~-.-~~: 
•••• OPt~nspR •••••• 0 ••• oo(:S~a~FFI;~BR~~I;~I): 

•••• • ORIE'ITFfl 1/r') • 
*. 0" * •••••••••••••••• 

• NO 

· . • )( •••• olt." ••• eo" •• oo.t\o.oe. 
X .•. 

K 3 .. 0 _.* .*K4****** •••• 
•• lINV •• "nATA FURI1 NT ,'I\). 

•• DATA nR •• YeS .-.-.-.-.-.-.-.-. 
•• FORMAT ." ...... , oX" MM(E LIB CflLL .. 

•• LI STS •• .S~QS FOR DHV .. 
•• ... .. FnRMlIT LISTS • • ~ (I" ••••••••••••••••• 

• NO 

X ··.··J5···.······ .C<JNVERS IONS r>P • .-.-.-.-.-.-.-.-. 
• GENr:RATF '" 
• I N-L1 NF. COD~ • 
• 3RIJ PASS • *.* •••••••••• * •• * 

· . . 
II 0 ~ 0-•• .,." •• ,.. 0 )( CI 

ox ···· .. K5·······*·· .crlN~TA'ITS os. .-.-.-.-*-+-.-+-* 
.cnWERT CO'lSTS • 
• Tn 0EOO 1Rff) ". 
• INTFRNAl FClRM '" 
*****.*. **.*.* * •• · .. 

• • G " •• ., G C' • e I'J ., 0 " ., (I ., •• 0 -0 • eo'll( " (I o. II eo" • 0 , ~ II! x 
*.*** 
.'~ '" .. A2* ... 

" 



SC2 

C:hart LA . ..... 
·LA • 
• A1· .. 

• 
X 

•• ~' •• Al·······.·· 
• INITIALIZE • • Fl.AGSl PO NTERS. 

: A~80k~~~ : 
• • ... , ............. . 

X 
·····81· •• ••••••• • • • TRANSFER TO • 

: s~:~R~bnH~~ : • • ••••••••••••••••• 
x ••••• ·LB • 

• AZ· • • • 

••• '~.Ol········.· 

Phase LA Overall Logic Diagr~m 

NOTE: 

THESE ROUTINES ARF. SCAN 
RgUTINES CALLED BY 
C ~P LI'R PHAses IEMLPJ 
THROUGtl fEHOE. 

DYI 

MYZ 

••••• A3······.··. 
.CONSTRUCT DOPE. • ••• A4 ••••••••• 
• VECTOR IN.. • 
• WORKSPACE FOR ••••••••• )(. RETURN • 
.BASEO AGGREGATE.. • 
! •••••••••• ~ ••• : ••••••••••••••• 

• •• ··83.·· •••• • •• : ~~n ¥~E~: •••• *64 ••• • •••••• 
: oij~~MG~~fNG : ••• 0. x· 0)(: RETURN : 

• • • •••••••••••••• . ............... . 
HY~t MY3A 

• •• ·.C3 •••••••••• 

: so SCl 

· .. 
:GEN~~nE~s~~XT : •••• 0: 
.TO OUTPUT 8LOCK. • • ••••••••••••••••• 

••••• 02.......... • •••• 03 •••••••••• · .. • ••• • '~ •• ·D4··.·····. 

: MOn I ~reR ~~T : ••••• : 
• OUTPUT • • • 

• UPDATE TO .)( • S~AN FOR.. • 
: NFlCT Til. I PLE :. I ••••••• K: RTiV~HEO : •••••••• )(: RETURN : 

• •• • I~ •••••••••••••• ... ,~ ............ . ................. . ............... . 
SC4'~il~.El.......... 1'3···.. .40 ••• 1'4· •••••••••• •. ..•..• ···.1'5·.· •• ·•·• • MARK CURRENT • •• WAS ENTRY •• NQ • ACCESS.. • : rN:~~T~bOCK : ••• e ••••••••• tt •••••••• o.e$.o.".x ... x.tt:! SC6 OR S~Z •••• \. •• Xe.,)(: T~i~lF : ••••• e.oX: RFTURN : .. .. .. . . . ............. . ................... .. .. . ................. . 

• YES 

SC5 '1~~.Fl ........ .. K 
• •••• F 3 •••••••••• 

• • · . • MIIRK CURR ENT • • • MaYI' TRIPLE. • : ll~~U~A~~~gK :.& ..................••. 0 •••••• (\0 • TO OUTPUT ••••••• · . • • · . .... , ............ . . ............... . 
sce '1~~,lGl •••••••••• • •••• G2.......... G3···.. • •••• r"' •••••••••• 

• •• UPOATE INPUT • •• WAS •• • '40YE THE. • ••• GIj ••••••••• 
• MARK CURRENT • • POINTER TO. •• ENTRY AT •• NO .COnE OELI'4JTED •• • 
• INPUT BLOCK •••• o •••• X.RF.GISTER STt.TUS ......... )( •• SC11 OR SC12 •••••••• "X. BY JHP TRIPLE ••••••••• X. RF:TURN • 
• WANTI'D. • flYrES. •• •• .TO OUTPUT BLOCK. X. • · .. . *... . . . .... **** ••• **. ................. ................. .. .. . ............... . 

x • YES . . 
•• II!I ••• ~ •• ., •• It _.:J o •• " •••••• eo It. 0 •• " ••• 0 •• 

SC9dH~Hl ......... . · . • HARK CURRENT • • * INPUT BLOCK ••••••••• ,.0 ••••• 0 •• 

• NOT WANTfO • • • ................. 
SC1" ..•.. Jl.......... . .... J2 •••••••••• 

• CONYERT THE •• • • ••• J3 ••••••••• 
• SYMBOLIC. • ADJ UST.. • 
• INPUT POI NTER •• ". ..... X.PARAHETER BLOCK ••••••••• X. RETURN • 
• TO ABSOLUTE •• •• • · .. . . ............. . .... ,~............ . .......... "' .... . 
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chart LB. Phase LB Overall Logic Di~g~~m 
... ............ 
"'lB· • AZ· •• • 

SCAN ic ..... ··AZ········· • . ! i~a~ T~~T I~~R : •••••••••••••••• 1(: AL~~JLr~p :X •••••••••••••••••••••••• · •••••••••••••••••• : 

• • ••••••••••••••••• 

fc .•. 
BZ •• 

• * * • 
• :·EOP lAfpLE .:.!~~ ..... 

•• FOUNO •• X .... . .... 
··.·:0 :~~I: 

AUTiU • ..,z.! •••••••• 
• • 

• 

• YES . .. 
Olt •• • * •• 

: lOY ~~~~~AiNTS : 
NO.. ElD OF •• •••••••••••••••••• *. AU O"ATIC •• 

• •• HAIN.· • • • • ••••••••••••••••• 

Tc • 

*. .* * ••• • x 

..... El.'........ EZ···.. SCA~t~.*E3.~........ . ... *EIt.\ •••••••• 
:-.-.-=~~ .... -.-: YES ••• : ~lTE·· •• NO : SC N N: :.. ...... ~1~._ .... _: 
• PR9C'Sf .X. ••••••••• ~k LE •••••••••• X. Auto"~9Yc ••••••••• X. PRoces~ .. • 
• ANY ~lAT Al • •• F UNO •• • CHAIN. • ANY INrTtAl • :. •• :u. .~.~ ••• : •.•. .•.• : ••••••••••••••• : : ••• ~u:n~.~ ••• : 

• 

INIT I AL PROCESSING .•. 
G2 •• • •••• G~:T:;·····. .•.• • ••. NO ••••• G3 •••••••••• 

• TO MAIN ......... x.. INItIAl •••••••••• x. RETURN • 
• • •• Fl G Oft •• • • ............... .... .. ................ . 
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* ••• 
• YES 

ic ... 
H2 •• •• *. • • 

•• is •• yes • PROCESS • •• IT" AN •••••••••• X.INITIAl STRING. 
"'. A RAY.. • • ...* . * .. .. . ................... . 

·NO 

MAIN fc 
••••• JZ ••• ••• •••• • • 
: INI~Vi~T~NTRY : • • • • ................... 

· . • x •••••••••••••••• 0 •••••••• 

CNSTWK ic ····*ttz ... ••••• ... ••• • OUTPUT. • ••• K 3 ............ ... 
• 5NZ AND.. • 
• ASSIGNMENT ••••••• " X. RETURN • 
• TR IPlES.. ... · . . ..................... ... ....................... 



Chart LD. 

"''''''''''''' "'lO '" 
'" AI'" 
'" '" '" 

· : S T(\OO4) X 
"''''0'''''' B 1 •• "'''' •••• '''. 
: ~2~~Ul :, : sr:~~ : · '" •• ~I ••• "' •• "' •••••• '" 

x 

Phase ID Cverall Logic Diag~~~ 

••• GAAt· ••• CNSTWK 
.",C1 1 "".. : ••• *Ci •• ~ •••••• : C1 •• "'·"'''''''C4''''''''''''.''''''''''''''' 

.~, OAi. "'. YES • INHul. ..··1T1~ A •••• NO :: COR~~~~I~NTRY : 
··~I. IU:A~N •••••••••••• lC: sn~~ : ........ x •••• FA~~:;R •••••••••••• K: CON~~ANT : 

•••• •••• :."''''.''''''.'''.''''''.'''.''': "'. "'. ..' '" :.",,,, •• ~~:l~,,,,,,,,,.,,,: 
'" NO • YES 

.CNSTWK ~ 

··~'·*oI···.······ : cORRiHI~NTRY : 
• ON • • CONSTANT • : •. ,."'.~~U= •• "'."': 

· . • ST999~1 lC 
• • •• '.*1:1.· •• ·"'···. : MAK~olLOT : 

: ~3=n:~fO : • • ... ' ........... "' .. 
· · :STN'88 ~ · .•... FA·········· 

: : IN~Hh : 

: l~~W : • • ••••••••••• 41 ••••• 

K .. , 
G) •• 

• * *. 

CNVERT X 
• •••• 03 •••• • ••••• · '" • CONVERT TO • 
: FW~~AI~RO : 
• • ............... "'. 

ARRI~.*E1.i •••••••• 
• • 

GACl K 
"''''.''''''04·· •• ·.''' •• • 
:' MAK~ ~LOT : 

: ~S'M~~~~n : 
• • . ................. . 

• seT UP. • : Tn~ll~~ :x ........... o ••••• 

• • . ............... . 
STI)~~ •• F3.! •••••••• 

• POINT • 
: VAl~~ T~t~T : 
• TO TABLE • • • • •••••••••••••••• 

• NO •• END ., • 
••• e.. OF CHAIN •• JC •••••••••••••••••••• o ••• o ••• oooe ••••••••••• •.. .* 

*. .* * •• * 
• YES 

~ ••••• • lG • 
• At • • • • 
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Chart LG. 

..... 
·LG • • A1· . . 
• 

LGOOOO fc 

Phase LG OVErall Logic Diag~~~ 

• ••• · . • A3 • • • • ••• 
x .•. 

41 •• ••••• A1·········· ·INITIALlZATlON • .... . . . ... 
: ~MRi~r1~ : 
• DO BLOCKS • 

• :. WHILE' ·:.:~~ ••••• lC: g5~@R~l5'4T~T : .... x: III : 
•• •• • STACK ENTIlY. • • • • ................. .... . . . ... .. .. . ............... . 

• NO 

LGf"Zl~ .. B1.i •••••••• 
• • 
• R~LEA'S • :SCRAT H S RAGE: ....... x 
• • ••••• ••••••••••••••••• ·LS • 

x 
C 1···.. LGO~ll •• c2 •••••••••• 

• ••• • PUSH OOWN 00 • 
•• •• YES • STA~K A~O • 

•••• 00 •••••••••••• K: '~JL ~H~~ : 
•• •• • ENTRY • .. .. . ............... . 

• NO 

x 
••• LGClt:' 11 

. . ... .. . 
•• X. B1 • . . .... 

• A1· •• .. 

01 •. • •... 02.......... . ••.• 03........... 
.... • ••• YES : PU~Ag~'Ngo : : ~ftNAiONT~~h: ic ...... 

•• ITOO .......... K. INITIA~I~E ......... K. AN~ l~¥ il •.... K. B1 • 
•••• •••• : NE~N~R¢ K: : nA~K 9~TI~: • ..... 

•• .• ••••••••••••••••• • ••••• ; •• i ••••••• 
• NO 

X E 1···.. LGI'~l~.~,F •••••••••• 
•• ' • DO' •••• YES : gros ~~!E C !i8~P : •••••• 

•• DR tTOO' •••••••••• K. ANO PDP UP ••••• lC. B1 • 
•• •• • DO STACK • • • .... . . . ... .. .. . ............... . 

• NO 

X Fl···.. LG('~IZ •• F2.......... E )CP~~k •• F3 •••••••••• 

• " *cONTRO •••• YES : SY~~~~~tTKEG : : ANA YZ TH ! 
•• VAR IABl~ .......... )C. FOR LOOP ........ ")C. EXPR~SS ~ON ~N • 

•• •• • CLOSE. • ENSUING TEXT • 
*..* • •• • •• •• ••••••••••••••••• • •••••••••••••••• 

• NO 

ic ... 
G! •• 

• * *. •• •• YES , 
*. TO,BV •••••••••••••••• eo ••••• e ••• '·II ••• OO 

*. .* 
*. .-* •• * 

• NO 

ic 

ic •••• • • 
• 111 • • • • ••• 

HI···.. LG~ ~~! •• H2.......... H'3···.11 COOlii ••• H4******* ••• 
•••• • GENERATE TEXT • •••• • • 

• :. TO~AB~. ·:.!~~ ..... X: ~REn~l~~ : ... , •••• x.lhRn~V~FpARt:.:~~, ••• lC: GF.NE"·~~b H~T ! ... : 
•• EQUALS •• • EXPRFSSION TO • •• OF THIS •• • COlli'lT COOl' • 
•••• • A TI'HPORARY • ..SPEC o. • . •• •• ••••••••••••••••• •• •• • •••••••••• * ............. 

"'00 .00 

x 
••• lG~"21 

Jl •• • •••• JZ •••••••••• 
•••• .SAVE LOOP ENTIlY. 

.... .... YFS • AND HI' 'IT • 
•••• WHllf ............ '1: ~~'~~FA~~TWN : 

•• •• .. 00 STACK • 
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.. .. . ............... . 
• "lO 

x .... · . • A3 • * • * ••• 

x ••• * · . • 81 • • • . ... 

ic •••• • • 
• IH • • • . ... 



:-::hart LS • Phase LS ~verall Logic Diagr3m ..... 
·LS '" 
• AI· . '" • 

X 
••• ;·"'Al·.···"'···· 
• INITIALIZE • 
• WORKS PAC E '" 
• ANO TEMPORARY • 
• I)ESCP.IPTION • 
• STACK • ............ "' ... "' .. .. "'. . · .. 
• Ell •• X. · .. 

L Elf ••• '. X 
·····81·········· 
• LA • . -.-.• -.-.-.. -.-.-. 
• lJISE SCI TO • 
• LOOK FOR TR IPL E. 
• 0" INTERE'ST • .. "' .............. . 

x ••• eopz 
CI •• .. ...... C2 ............ .. 

•••• .. HARK NEXT • 
•• END OF .... YFS • PHASES I" • *. PROGRAM ••• O ••••• flX. WANTED ANO ••••••• ~r 

... •• • P.ELEASF LS. X *..1lI • • •• *** .. .. .........................l V . 
.. NO .. AI • . .. 

• 
x .•. 

01 •• 
LflE21 ••• 

))2 "'. •• *. .* .0 •••• 
•• OP fRAN!) .0 NO • • .• ~~.: ·H~~E~kl ~~E·:. ••• X •• CONVERSION •••••. ,.X. F3 • *. •• -. .. * •• * 

• YES 

· ;ARITH x 
••••• E I ............ . 
• • 
• SET UP • 
: DES8n~n8NS : 
• • ••••••••••••••••• 

·.RI'QUIRf'O •• •• *c ",. • ••• 
*. 1:.'. 

'" YES 

K 
••• C O"lST 

E2 •• • •••• F 3 •••••••••• ,..0 . CREATF • 
•• IS •• YI'S • DICTrONARY '" 

". OPERAND ........... X'" fNTRY FOR '" 
.A CONSTANT.. • URGFT .. 
"'..'" '" CO"lSTANT .. .. .. "' ................ . 

• NO .... . · .... .. 1'3 •• X. · .. 
X :CONVT x 

..... )( 
ARITH2 .... LRFLl 

•••• '~F I •••••••• "'. · . • I)ETERHrNE' • 
.CHAItACTE RI STICS. 
• OF RESULT .. • • .... ,~ ........... . 

x .•. 
GI •• 

.0 *. 
•• STRING •• NO • *. TVPf •••••••• 
•• RESULT •• 

tl. .* 
* •• * 

• YES 

:STRING x 
• •••• ·Hl·········· 
.. OUTPUT • 

• • ~)ECESSARY .. 
••• X: TR IH~~ AND : 

.. OESCRIPTIONS • ..................... 
• x •• e"e ••• 0'. 

RELSTK ~ 
• ...... JI· ......... • ..... 
: TE~~~FcnD : 
• FROM TEMP .. 
• SUCK • · . ............... "' ... 

K 
...... Kl· .. ··.·"' .. • .. • Ann ANV • 
'" RESULT TEMPS • 
'" TO TFMP '" 
• SUCK • · . ....... "' .. "'."' ...... 

x ."' .. · . • I'll • · . .... 

•••• ... 2 .. •• .. ····"'· • CALCULATE • 
F3 •• ...'~ •• F4 •••••••••• 

•••• • Ge"lEP~.TF • 
.,. ., NO • PSr:lJ")O-Cf)O~ • • 8~SE, SCALE • 

: H08~'T:~a~f' : 
• •• X •• FIXED POINT •••• , .•.•.• 1(. FOR ~L"AT ••• "" 

• • . ................ . 
K 

"'····GZ·········· 
: G ~t T 0 ~j elr : 
.. TI Mf' • 
• WORKSPACE .. 
• FOR TARGFT • ......... "'."''''''''''.'''''' .. '''''' .. 

ASS IGN X "'.··.112 •••• ·."'··. 
: AS~~~~RNipLF : 

: ~b ~~~aH : • • ••••• IOt ••••••••••• 

•• OPERANDS •• • EXPRESSIJ"I • iII..* • • * •• * •• J)I •••••••••••••• 
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: AS~~~~RtUPLE : 
• FOR DECIMAL • 
• S~IFT IF • 
• NEEDED • .. ................ . 
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x ••••• ·U • 

• Al· • • • 
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X 
STRUTl ••• : STRUTZ X 

8Z •• • •••• 8~ •••••••••• 
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• TRIPLE. · . ................. 
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x 

••• lIl2 
A4 •• • •••• A5 •••••••••• 

•• '. NOT •••• YES : p~~~~l60E : 
•• OPF.RATION •••••••••• X. I'OR ••••• 

•• •• • NOT OPERATION. 
*..* • • .. .. . ............... . 

• NO 

K .•. 
'14 •• 

•• CAN •• • ••• 
•• IN-LINE ., NO • • 

•• CODE BE •••••• K. K2 • 
•• GENERATED.. •• 

*0 •• • ••• 
* •• -

• YES 

x .•. 
C4 •• .. ••• C5 •••••••••• 
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• • 
• SETUP. 

,... • GENE RATE • 
•• AND-OR •• YES • PSFIJOO-COOE • 

• OPERAND • 
• DE SC RI PTI ONS • 

•• •• OPERATION .......... X. FOR • 

• • . ............... . 
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*. •• *...* • • .. .. .. .. . ............... . 
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Chart ME . Phase ME Overall Logic Diagr~n 
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• INTO FIelD 6 • • • • •••••••••••••••• 

. . 
••••••••••••••••••••••• o.X • 

"'SG X 
• •• ··H4 ••••• ••••• • • • RESET CFLAG • 
• FRO .. SH.CK • • • • • . ............... . 

X 
••••• J4 •••••••• •• · . • IF CFLAG-Z • 
• SFT ARGUMFNT • 
• SWITCH OFF • • • ................. 
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Chart MM. Phase MM 0verall Logic Diagr~n 
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Chart MS. Phase MS Over~ll Lcgic Diagcam 
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•••• OFI~ET "'. "'. YES : ~a~Eo~~Ui : 
•• KNOWN AT •••••••••• K. IN CONSTANTS • 

•• COMP ILE •• • POOL '" 
•• TIME .'" • • .. .. "'. "'. "'''''''. "' ....... . 

• NO .... .. '" .. K. l!2 • 
K • ••••• 

••• SBS028 
G3 •• ."' ••• G4"' ••••••••• 

• ••• '" MAKE ENTRY • 
•• IS •• YES • ~g~SHNJN : 
··.:~~~~H~t.··········K: POOL • *..* • • .. .. "' ..... "''''''' ....... '''. 

• NO 

K 
SBS05 K ••• 

• •• "'.H3 •••••••• "'. Hit "'. 
• GENERATE CODE. •••• 
'" TO MULTIPLY. NO.. IS •• 
• SUBSCRIPT 8Y .1( •••••••••• MULTIPLIER .'" 
• MULTIPlfER '" "'. It OR II •• 
• * *. o· ."'."' .. "' .. "' ... "''''.. "'. . '" • YES 

585029 K "' •• "'.J4"''''.''' ••••• ''' 
'" GENERATF. CODE '" 

• '" TO ADD '" 
: J( ................ : i¥~~E~ I ~r.o T8R : 

x 

'" THREE TIMES '" ."''''''' ... '''.'''''''''''''''''''''''' 
."'. ~BS8RN 

"'''''''''' 
K3 "'. "''''···K4''' "''''.'''.'''''''''''' .."'. •••• • GENERATE COOE • 

'" '" NO.'" IS •• YES • TO CHECK • • : E2 :K •••••••• A~¥re~ ••.•• ., ..... X: ~~~ER1~T : •••• .. "'. .... . . .. .. . .... "' ..... "' .... '" · 
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Chart NA. Phase NA Qver~ll Lcgic Diagra~ 

. .... 
~A. 

• AZ· .. 
• 

•••••••••••• 0 •••••••••••••••• 000. t:." e _ •• e _ •••• ., •• " ••• 

• 0*. ~A"rr3: 
A4 ., ••••• A!' •••••••••• 

•••• · .. • 83 •• X. · .. .... . 

*... ~. *. • • 
• • •• "'ASK •• YES • OUTPUT P /C Tn • 
• A4 ••••• K •• AS OPERA'ID ••••••••• ,I(. 8RA'ICH ON • 
•• •• •• • MASK TO lAIIE L • 
•••• *..* • • .. .. . ............... . 

• '10 

x 
NASC2 '1ASC 1 X ••• '1A8r In 

84 •• • •••• 115 •••••••••• ••••• 81.......... • •••• 83 •••••••••• 
•• IS •• .7STUTl lV. · . . . . 

•• OPERAND A •• NO .-.-.-.-.-.-.-.-. • MOV~. • • DELETE • 
: LA~IT T~E~~e. : •••••••••••••••• x: x •••••••••••••••• : lA ~lT T=l ~~E. :x ... • •• ~tT STRING ••••••• ·····)(:C~~~~~ ~~~RI~D: 
•• •• •• •• • TO lilT STR ING • ••••••••••••••••• • •••••••••••••••• .. .. . ............... . 

X X • YES 

'=l(tT 
••••• E1 •••••••••• · . • OUTPUT CAll • 
• TO IHEOSEA ••••• · . · . ................. 

X 
x •••• • • 

• 83 • • • 

ic ... 
02 •• •• * • . 

•• •• YES 
•• EOP2 .* •.•• 

*. .* *. .* * •• * 
• NO 

K ••••• ·NG • 
• AI· .. 

· , .)C •••••••••••• 0 •••••••••••• 

NA801Z X 
·····C4·········· 

• : °n~~IR~/i,lO : 
....... STRI'IG TO 7.ERn • 

• AN~ 8RA'ICH • : ... l:.~~~~~ •••• : 

: '1A3r" 5 
• •••• 03.;. •••••••• ·····04· ..•• ·•••• · .. . . 
• OUTPUT CAll· X· ilTPUT • • TO IHESAF8 .X......... AS GNME .. T • 
• •• IPlE • • •• • ••••••••••••••••• • •••••••••••••••• X X 

X·. NO • '10 
••• RETURN... IIIA3NI2... . 

E2 •• 1'3 •• ".. •• • •••• E5 •••••••••• 

•••• • ••• YES •••• VAI.UF •••• YES •• ·*vARIOUS·· •• Y!,S :~~¥~TE~C~wnl~Y: 
•• RETURN •••••••••• X.. RETURNED •••••••••• )(., TYPES •••••••••• l(.YAI.~E AND OUT PT. 

•• •• •• •• .,RETURNED •• ~OO TO 8RANCH • 
•• •• •••• •••• .ON WTCH VALUES. .. .. .. .. .. .. . ............... . 

• NO • • 

: YES •••• X 
.•. .*. GOOS . .... F 3.......... . ••.. F4 ..••...... Fl.. F2 •• 

•• *. •• *. :l~~PKlGP{CwIVH: : DE T : •••••• • :. E XI T ·:.X ••••• ~ !.:. oKXHop .:. • ADDRESS OF •• eo ••••• X. F8L~5WeNG ••••• X. A2 • 
.LAIIEL, AND CALL. • GOT hl~lES. • • *. •• *. .* : .... l~~~~:~ •••• : : ............... : •••• *..* *..-•• • * * •• * 

• NO • NO X K 

STOP X 
·····Gl •••••••••• • • 
• OUTPUT CAll • 
• TO IHEOSSA • · . • • ................. 

K •••• • • 
• 83 • · . .... 

X • YES 
••• ••• GOT!). 

G2 •• G3 ., ••••• G4 •••••••••• 
•••• •••• • OUTPUT • 

.:~008G&~O&OLN· ••• Y.;~,. •• ,.X.:· GOOI! •• '10 .PSEUnO~DO~ TO • •. .• •. ..' ·.0 ...... 1(: 8Rt~~L 0 : 
*. •• *... • • * •• * * •• * ••••••••••••••••• 

• NO • 

ic 
••• ••• IIIAllrn ••• 

H2 •• Hl •• H4 •• • •••• H5 •••••••••• 

•••• • ••• YFS •• ·SYSTEM 0:' •. NO .... • ••• YES : ps~~~b~P'8~E : 
•• ON •••••••••• )(.. SYSTEM/SNAP •••••••••• lC." SNAP •••••••••• 1(. TO fET SNAP • 

•••• •••• •••• •••• •••• •••• : 8~N_8~lfN : .. .. .. .. .. .. .. .............. . 
• NO • YES • '10 

· . 
ic · -........................ . 

REVERT ••• ic 
:·~·;~3;·;~c·;~·: 

'1A1140 X ····.J4·········· :~;:dl.:;~~~!.: .• J2 •••• • se¥ SYSTEM 81T • 
.' ,. ON 1'1 ONE OR • 

• CO Of TO ~ET. YES •• •• 
:1~E~~PoRIMO~~ :)( •••••••••••• REVERT .... 

• 'lORE • 
• ON-UNITS. •••• • • ON-UNITS • ................. . ... lC ••••••••••••••••• 
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x •••• · . • 83 • • • .... 
• NO 

X 

...... 
• • • 83 • ... .. • ••• 

••• S TG'IAL 
K2 •• • •••• K3 ............. . 

• ••• F DR ...... SGNL : °nr~~TPl&oln : 
•• SIGNAL ............ 1(. BYTE IN P~Y • 

•••• •••• : A~~E~:k\i : 
*. o· .................. . 

... IF 

X .... · . 
• At. • · . .... 

x . ... . . 
• I'll • .. ... 
• •• * 

:pO~T :~~Rr~~ ~~ : •••••• 
• ~ROC"nURE IN ••••• 11. 113 • 
• ONt" OR MnRE. • • ... o'l-UPlns • • ••• . ...................... . 



Chart NG . Phase NG Jver~ll Lcgic Diagrarr 

••••• • NG • 
• AI· • • • 

.. )C ......................... . 

• • NO NGO X ••• ..... ~l.......... A? .. 
• LA· •••• *-.-.-.-.-.-.-.-. .. •. YES 

••• X. USE SCl TO. ..x.. EOP ....... 
• UIOK FOR TR IPLE* •• •• • 

.... . ... · . . . 
• A2 • • Al • • • • • .... . ... 

x x 
: NO :X~j ••• ~ ••••• 

.-. • * • 
/13 •• 1\4 .0 

... *. ~. *. 
.:·OR ~~£5CATE·:.!~~ •••• ,x.;· YARH~eE .: • 

*00 .,. .~ II. 
*. • * *.... * •. * *. o· 

• • YE S X 

: •• ~~.l~U~UI •• : •••• •••• . 
• ••••• • : ·,J°z·: 
: AZ : : It, : .... . ..... . 

~ • NO 
.~ .~ .~ 

B1 •• BZ •• B3 •• 
.,. *. .* *. .* *. D. *. NO •• .0 ~o •• ." *. WAIT •••••••••• )( •• DELAV ••••••••• ftX*. DISPLAY 0* •• •• .,. .* *. •• 
*..* *..* *..* *. •• *. •• * •• * 

• YES • YES • YES 

· . • x. ~ o. ,a. 0 •••• 

. 
OlAY X 

···.·CZ·.··.····. • • 
• ~ONvlRT • 
: OP1=~~l;ElO : 
• • ••••••••••••••••• 

O$PY,CHAR x 
·····~ii········· • YgRT. • OP AN T • 
• CHARA TE~ • 
• STRING • • • • •••••••••••••••• 

K 

X ·····B,.·· •••••• •· · . . 
: CAL~ohn~~p.Y : ••• : 
• • • • ••••••••••••••••• 

~ OSPY1!! ••• OSPY3 
·.··.OZ·········· · .. 

• • GENERATEMALL • • X •••• n. II •••••• •••••••••••••• • • 'fO I HEOS A • 
• .lIBRARY" UlE. • • ................. 

03 •• • •••• 04 ......... . 

•••• REPLy·· •• YES : 8~~~~ ~HAl • 
•• OPTION .......... X* CHAR~ T~R : 

•• PRESENT •• ,~ YAR IA LE • 
*..* III • .. .. ,~ ............... . 

• NO 

· . • x •••••••••••••••• 0 •••••••• 

OSPY4 it 
·····E3······.··· • • 
• BUILD UP • 
• PARA"ETER LIST. • • • • ................. 

X •.••• F3········ .• · . . 
: ••• ., •••••••••••••••••••••••••••• o •••••••• e .......... o ••• : G~~EV~6S':LL : 

*lI BRARY MODULE. • • ••••••••••••••••• 
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Cnar t NJ. 

..... 
·NJ • 
... Al" . 

?hase NJ Jver~ll Lcgic Diagram 

**** . . 
: A2 : 

•• ** 

STRTMJ X NUSTAT X PRGENO 
...... Al ••••• "'."'.. "' •••• A2.......... • •••• A3 •••••••••• 
• •• SCAN FOR.. • 
• INITIALISE. • RECORD 110. • END OF • 
:SC:2D~~tH:~PSM : •••••••• x: ~ESBC~F.S5~ :·····.,·l(:RElE:~~G~a~TROL:·······x 
• •• PROGRAM END •• • • •••• 
••••••••••••••••• ••••••••••••••••• ••••••••••••••••• ."l"1 • 

• AI· •• • 

....... BI............ :SC"l~~h~~~~~~ ....... . • ...... B4........ • •••• B5 .......... . 
• •• • SCAN FOR • • SET. • PUT AODRFSS • 
• PUT DPRNO. X .DPTION TRIPLES. • SfTSW Tf"). • OF PNT~ • 
• ON SfLl CHAIN ••••••••• X. GO TO PROPER ••••. , • INDICIITE ......... X. opRNn l"l ••••• 
• • X .ROUT TO PROCESS. • REAl) SET. • 2ND SlnT • x 
• •• OPRND • • • • PIIRM LIq • ....... !I'........... . ................. . .................... . ................. . 

x •••• )( . .. 
: B2 : .... 

• YF.S 

••••• Cl.~...... SVS~~~ •• CZ............ SET2~X •• C3.......... C4· ••• , ••••• Co; ....... . 
• • .. ••• • •••• • SET .. 

! SE~wSa~l ·.x •••••••• : SELL TRIPLE ~ •• : ...... : ~H ~~~~HT : •••••••• x.~· REA:> SF.T ·;.~? ...... x: ~l~O~C~A~TAF~~ :. ••• ;x 
• •• .... ... CONTROL BLOCK • •• o. . ¥ 

• * • • * • *1) II. * * ................. ................. ................. .. .. . ............ . . 
IGNOPT INTFR" ••• 

••••• nl.......... • •••• 02.......... • •••• cn.......... 04 .. . .... [)5 .•••••...• 
: g~~N~OVW t : IG"lORE TRIPLE:: : FR~~T~RP~lE : •• ··INTO A·· •• YI'S :CO~P fl~6~UF~~f): : 

; •• : 2~2R~Leis~F :x .....•.. : c~~hStQ~HtK :x··~ .... X: CaHRStQ~tatK :.o ...... X •••• H~t~~G , ....... oc.,x:h~To~~2~ n ~~X:oo·x 
o • •• •• • ••• • .5 l I1T I'll. RM LI ST. 
~ ................. ................. ................. .. ,. . ............... . 

•••• • NO · . • B2 • · . •••• 
••••• EI........... EVT~:! •• E2.......... KYT~~! •• F3.......... E4··· •• 
• PUT ADDRESS •• •• .. 0.., 
• OF EVENT.. ••• KEYTO TRIPLE • •• KEYTO A •• NO 

: •• : ~r~~Do~Np~~~ :x ....•••. : EVENT TRIPLE :x .. : .... )l! C~MR~tQ~(bh : • ., ••••• X •••• n~u~G ........ ': 
•• liST •• •• • •••• 
x •••• ••••• •••• •••• ••••••••••••••••• ••••••••••••••••• ., •• 

•••• • YES · . • B2 • • • .... 
KFYOPT U1COPT 

••••• Fl.......... • •••• FZ.......... • •••• F3 •••••••••• 
• PUT ADDRESS • • KEY OR.. • 
• OF SDV DF. .KEYFROM TRI PLE... • :'·t 4~~R~rotNOF" :X •••••••• : cb~h~[Q~t6h ,:t •• ; .. .. x: lOC~TE TRIplF : 

• • PARM LI ST.. •• • 
X· ••• • •• •• •••• •••• ••••••••••••••••• ."' ••••••••••••••• .. "'''' • • 

• B2 • · . .... 
FILOPT x 

X ·····ES·· •• ••• ••• • PUT ADDRFSS • 
• OF RDV OF • • 
• 'lPRND IN ••••• 
• 2ND SLOT OF • X 
• pARM LI ST • • •••••••••••••••• 

••••• Gl ••• "'...... • ••• "'G2 •••••••••• 
• PUT ADDRESS • '" • :·";~l·t:H:·. : .... ~~~~;~ ..... : : •• :~y5:;6:~;;··: 

• TO INOICATE • .CO"pllER LA!lFL ... • OF ROV OF • • OF OPRND IN •• • • 
••• : I~IR~l2IsVF :x ....... ,! FILE TRIPLF ,c.,: '" LOCATE 4Nn •••••• ".X.PUT IN ~RI) SlJT ••••••••• X. OpRND HI ••••• 

• SAVF pNTR • • OF P4RM LIST. • 2ND SLOT OF • ., • • * • • opRND'" .. •• PARM LI ST • x ••••••• • •••••••• • .................. . ............... ................. . ............... . .... · . • B2 • · . .... 
ENOIO 

••••• HI.......... • •••• HZ •••••••••• . ..•• H3.......... . •.•• H4 .•..••... '" 
• PUT ADDRESS •• • • r.E!IIE RATE.. • • ••• 
• OF REQUEST. '" ENOIO •• 
: C?~T~~~ ~t8fK :x ........ : SaT~~~NT ,. ... 

• IN PARM LIST "'. • 

'" SFll TRIPLES • • CANCEL • • • 
• FOP OpRNOS •• o"O.''',X. OPTION TR,pl~ •• " .X. "2 • 
• ON CHAIN • X. SCMI ••• · .. . . ... .......... * .. *... • .........•...... ••••••••••••••••• • ••••••••• * •••••• 

x 

i: •• , .*. ON 
••••• Jl.......... J2 •• J3 •• 
• GENFRATE. ."'''c •••• 
• LIBRARY. •• •• RFAO <. .. I1FF , 
• CALLING ••••••••• )(.0 SETS.., o*" ••• atl."''C*(, SELL SW 1l*.Otlt'lt' to 

• SEQUFNCE. *. r. •. o. 
• • *. 0* *. "'. ••••••••••••••••• *. o. *. o. . . 

.lOCATE X 

it ."' ••• K I.......... . ..... K2.......... • •••• K3 .~ •••••••• 
• GENEP.AH COOl' • • GENERATF conE • • r.E!IIERATE ... 
• TO ASSIGN pNTR • • TO INITlALlZF .. .COMPILER lABEL • 
• VALUE RETURNFD ......... X.Vb.RIABlE NAMED •••••••• ·X. MFNTIONED IN • 
• IN ROV TO SAVED. .BY LOCATE OPNI'l • • 1RO SUlT OF • 
• pNTP OPRNO.. •• P~RM LIST • ••••••••••••••••• • •••••••••••••• *. .. ••• * •••••••••••• 
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Char: t N~\ • 

..... '" 
*'1"1 * * AI'" 

'" '" '" 
N'1RI )c 

"'''''''''''''Al.·'''······''' * • .. SCAN TO • 

Pnase NM Jver311 Lcgic Diagraw 

:"ItoX: ~~)(IN~~~t~~ :Ke ....................•...•••.•.•....•.••...•...•...............................•.•... " ........ : 
•• . • c-· ................. . 

)c • NO 
••• • *. • *. • *1' • *. 

81 •• 82 •• 83 -. 84 •• 85 •• 
•• *. •• *. .* *. o. *0 •• *tI 

• • •• NO • - •• NO •• •• NO •• •• "10 •• •• *. EOP2 ••• , ••••••• X.. OPEN •••••••••• X.. CLose ••• 0 •••• 0.)(... GET •• n.o •••• oX.. PUT .-
•.• .* *. .* *. •• *('1 •• *. •• *..* *..* *... *. o. *. o. *. •• * •• * * •• * *. fI- * • ... • YES • YES • yeS • VF.S • YFS 

x ••••• ·NT • 
• AI· • • • 

OPENt''' X 
····~2··.···.·· .. • • 
• CH~f~ • : o~AkJ¥to~s : 
• • ••••••••••••••••• 

. 
ic ••... 02.········· : ~~~~~E¥~R : 

: lhn:IS~~M : 
• • ••••••••••••••••• 

CALl8 ic 
••••• E2 ••• •• •• ••• 
• GENERATE CUt • 
• TO 1I8RARY • 
t ~~~~~CA : · -••••••••••••••••• 

O'pE~~l.*C 3.a •••••••• 
• • 
• CHE~K • 
: 0~Ab~9t6~s : 
• • • •••••••••••••••• 

CA1I8 ic 
• •••• E~ •••••••••• 

: Gf~F L 'J~A~¢ll : 

: ~~~~H8 =' • • • •••••••••••••••• 

• 0 fcx ••••• o •• o •••••••••••••••• 

GETI'r C40
•••• GFTlZ ••• C5 •••••••••• 

..NhTThIP~e •• YES :INIlr~nntION : ••• x •• OAl'AI EDIT, •••••••••• x. CAll TO • • •• l ST o. . lPIRARV • *. •• • • .. .. . ............... . 
• NO 

X .. ····04·.·.·.· ... • • 
:'cHe5~ ~~~IB~TY : 
• • ~I • * •••••••••••••••• 

:STORAO x 
••••• ~4 •••••••••• 

• : opnb~T fN : 
•••• : PA~t;pf'R : 

• • "' ............... . 

MVTRSP X ••••• no;· ••••••••• 
• MOVE DATA • 
*SPECTFICATfONS • 
• TO OUTPUT ... 
• UNCHr\NGEO • • • • •••••••••••••••• 

. 
GETI!5 ic 

:····~~:=n~····: 
• T~~Mf NAT ION • 
: Et~hA:Q : • • • •••••••••••••••• · .. . 

• •••••••••••••••••••• 0 •••••••••••••••• • x ••••••••••••••••••••••••• x ••••••••••••••••••• 0', o •••••••••••• e , •••••••••••••• 
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Chart NT . ..... 
·NT • 
• AI· •• • 

NT{'nnn ;; ....... 1·········· • INITULI ZE • 
• PHASE AM) • 

Phase NT Jver~ll Lcgic Diagram 

•••••• e ••• e •••••• e ••• o ••• oc 
• x .•. 

At, •• 
0* *. •• •• YES 

• GET 4K AREA • *., F~T' ••••••••••••••••• e •• 
• OF SCRATCH • 
• STORAGE • ••••••••••••••••• •••• • • 

• B2 • · . •••• 
NTI.'flOl .. ~. NTll00 X 

Bl •• • •••• B2 ••••••• • •• 

•• ·~CA~AiEE~· •• NO : FSRvr;s~En : 
··l~OI~~U~ B~ ••••••••••• )(: PH~~h~¥C~NTO :·······ic 

•• NM •• • STORAGE • • •••• .. .. .···.· .. ·····.····NU . .... : YES • .Al. · ... . 
• Cl •• X. • • .x ........................................... .. •••• ic :· .. ~H~·~~:·· .. : 
• TRIPLES OF • 
• INTfREST TO • 
• THIS PHASE • • • ••••••••••••••••• 

it 
••• NTOl:l21 

01 •• • •••• 0' •••••••••• 

•••• COMMA •••• YES :OEDOSFE~~~~~IlL.E:. 
•• IN EDIT lIST •••••••••• X.ANO MAKE ENTRV ••••• •. .• • R DATA • X •• •• • TY S 1ST • • .. .. . ....... ~....... . 

• NO 

*(, .-*. .-* •• * • NO 
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::':ba.rt OPe Phase OP Over'3.11 Lcgic Diag:r'51Jl1 
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Chart as. 
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Phase as Overall Lcgic Diagram 
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.Table LA. Phase LA Pseudo-Code Scan 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
ISCINIT Initialization ILAOOOS IUT01,UT02 I 
~-----------------------------------+---------------+-----------------------------------~ 
ISC1 Search for triple of inter- ILA0010 IUT01,UT03,UT06,UT07,UT08 I 
I est I I I 
~-----------------------------------+---------------+-----------------------------------~ 
ISC2 Move current triple then ILA0011 IUT01,UT03,UT06,UT07,UT08 I 
I search I I I 
~.-----------------------------------+---------------+-----------------------------------~ 
ISC3 Delete current trifle then ILA0012 IUT01,UT03,UT06,UT07,UT08 I 
I search I I I 
~.-----------------------------------+---------------+-----------------------------------~ 
ISC4 Skip current triple - text ILA0020 IUT06 I 
I wanted I I I 
~-----------------------------------+---------------+-----------------------------------~ 
ISCS Skip current triple - text ILA0021 IUT06 I 
I free I I I 
~-----------------------------------+---------------+-----------------------------------~ 
ISC6 Move current triple - text ILA002S IUT03,UT06 I 
I wanted I I I 
~.-----------------------------------+---------------+-----------------------------------~ 
ISC7 Move current triple - text ILA0026 IUT03,UT06 I 
I free I I I 
~.-----------------------------------+---------------+-----------------------------------~ 
ISC10 Symbolic input pointer to ILA0035 IUT01 I 
I absolute I I I 
~.-----------------------------------+---------------+-----------------------------------~ 
ISC11 Skip pseudo-code - text ILA0040 IUT06 I 
I wanted I I I 
~-----------------------------------+---------------+-----------------------------------~ 
ISC12 Skip pseudo-code - text ILA0041 IUT06 I 
I free I I I 
~.-----------------------------------+---------------+-----------------------------------~ 
IMV2 Move user pseudo-code to ILAOOSO IUT04 I 
I contiguous OP I I I 
~.-----------------------------------+---------------+-----------------------------------~ 
I1'1V3 Move user pseudo-code to OP I LAOOSS I UT04 I 
~.-----------------------------------+---------------+-----------------------------------~ 
IMV3A Move user triples to OP ILAOOS6 IUT03 I 
~.-----------------------------------+---------------+-----------------------------------~ 
IDV1 GE~nerate dope vector for ILA0070 IUT07,UT10,UT11 I 
I based aggregate I I I l ___________________________________ ~ _______________ ~ _ __________________________________ J 
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.Table LA1. Phase LA Routine/Subroutine Directory 
r------------------T---------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+---------------------------------------------------------------------~ 
DVl IGenerate dope vector for based aggregate. 

I 
MV2 IMove user pseudo-code to contiguous output text. 

I 
MV3 IMove user pseudo-code to output. 

I 
MV3A IMove user triples to output. 

I 
SCINIT IInitialize input and output text blocks. 

SCi 

SC2 

SC3 

SC4 

SC5 

SC6 

SC7 

SC8 

SC9 

SC10 

SCll 

SC12 

UTOl 

UT02 

UT03 

UT04 

UT05 

UT06 

UT07 

UT08 

UT10 

Searches for triple of interest to user as indicated by 1RT table. 

Move current triple to output then search for triple of interest to 
user. 

Delete current triple then search for triple of interest to user. 

Skip over current triple and mask input WANTED. 

Skip over current triple and mark input FREE. 

IMove current triple to output and mark input WANTED. 

Move current triple to output and mark input FREE. 

lYJove input pseudo-code to output and mark input WANTED. 

Move input pseudo-code to output and mark input FREE. 

Convert symbolic input pointer to absolute. 

Skip over input pseudo-code and mark input WANTED. 

Skip over input pseudo-code and mark input FREE. 

Get a new input text block. 

Get a new output text block. 

Move pseudo-code to output. 

Move triples to output. 

Move text to output. 

Test for end of block and chain to next clock if necessary. 

Convert dictionary reference to at-solute. 

Move input pseudo-code to output. 

Set adjustable Dound values in a dope vector. 

IUTll Convert output text references to absolute. L __________________ ~ __________________________________ __________________________________ . 
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Table LB. Phase LB Pseudo-Code Initial 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
t-----------------------------------+---------------+-----------------------------------~ 
IScans text for PROCEDURE, BEGIN, ISCAN ISCINIT, SCi, SC3, SC5 (all in LA), I 
land ALLOCATE triples I ISFSCAN, ENDRTN, MAIN, SCAUTO, I 
I I I AUT012 I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans automatic chain ISCAUTO IMAIN I 
t-----------------------------------+---------------+-----------------------------------i 
IProcesses INITIAL attribute dic- IMAIN ICNSTWK, ARRENT I 
Itionary items I I l 
.--------.---------------------------+---------------+-----------------------------------1 
IProcesses IDV statement~) IAUT012 IARrtENT I 
t------------------------------------+---------------+-----------------------------------~ 
IProcesses INITIAL arrays I ARRENT ICNSTWK I L ___________________________________ ~ _______________ ~ _ __________________________________ J 

Table LEi. Phase LB Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
.------------------+--------------------------------------------------------------------~ 
ARRENT (LC) IGenerates triples and pseudo-code for arrays declared with INITIAL. 

I 
AUT012 IProcesses IDV (initial dope vector) statements. 

I \ 
CNSTWK ICreates initialization triples. 

I 
ENDRTN IReleases phase and scratch storage. 

I 
MAIN IProcesses INITIAL attribute dictionary items. 

I 
SCAN IScans text for PROCEDURE, BEGIN, and ALLOCATE triples. 

I 
SCAUTO IScans AUTOMATIC chain. 

I 
SFSCAN Iscans through second file statements. L ___________________ ~ _________________________________ ___________________________________ J 
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Table LD. Phase LD Pseudo-Code Initial 
r-----------------------------------T---------------T------------------------------------1 
I IMain Processinql I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+------------------------------------1 
Iscans the STATIC chain for any I STATIC IENDRTN, ARRENT, CNSTWK, I 
Ivariable with the INITIAL attribute I I LOVNAS, STHADD I L ___________________________________ ~ _______________ ~ _ __________________________________ .J 

Table LD1. Phase LD Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+---------------------------------------------------------------------1 
ARRENT Processes the initial value string for arrays. 

CNSTWK 

CNVERT 

ENDRTN 

GAAl 

GAC3 

LOVNAS 

STATIC 

STRADD 

ST0006 

ST0088 

Creates constant entries for initial values. 

Converts decimal integer constants used as replication factors to 
fixed binary. 

Releases the phase and scratch storage. 

Scans array initial value string. 

Makes slot for converted constant for arrays. 

Calculates the equivalent length in bits or bytes of a constant for 
variable or adjustable length strings. 

Scans the STATIC chain. 

Addresses elements of structures. 

Locates initial value list. 

Resets initial value entry. 

IST9999 Makes slot for converted constant for scalars. 
L __________________ i ___________________________________________________________________ _ 
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Table LG. Phase LG Pseudo-Code DO Expansion 
r-----------------------------------T---------------T-----------------------------------, 
I I Main Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+-------.--------+-----------------------------------~ 
I Scans text I LG0002 I SCi (LA) I 
~------------------------------------+---------------+-----------------------------------~ 
IFor iterative DO triples, pushes ILGOOii IPSHDWN, SC5 (LA), CVSCAN I 
Idown stack and examines control I I I 
I variable I I I 
~-----------------~-----------------+---------------+-----------------------------------~ 
IPushes down DO stack· 1LG 0013 IPSHDWN I 
~-----------------------------------+---------------+-----------------------------------~ 
IFor iterative DO' and DO' triples, ILG0012 I EXPEVL, POPUP I 
Ipushes up stack and removes top I I I 
I entry I I I 
~-----------------------.------------+---------------+-----------------------------------~ 
IFor CV triples, reverts to normal ILG0015 IEXP~VL I 

11 scan I I I 

~-----------------------------------+---------------+-----------------------------------~ 
IFor TO and TO' triples, examines ILG0017 I EXPEVL, TESTOP I 
~argument and assigns to temporary, I I I 
I if necessary I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IFor BY and BY' triples, examines ILG0019 I EXPEVL, TESTOP I 
lexpression and determines signs of I I I 
I constants; assigns variables to I I I 
I temporary I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IFor WHILE and WHILE' triples, marksiLG002i ICODE3 I 
Iloop as iterative; generates test I I I 
I triples I I I 
.-----------------------------------+---------------+-----------------------------------~ 
IDO EQUALS triples, assigns expres- ILG0024 ICODE2, TESTOP I 
ISion as a temporary; generates codel I I 
Ito control loop if end of specifi- I I I 
I cation I I I 
.-----------------------------------+---------------+-----------------------------------~ 
Isets up control variable text in DOICVSCAN ICVCOPY, PSTYPO, PSTYPi I 
~stack I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IGenerates loop control code ICODE2 ICVCODE, DICENT, COMPAR, SWITCHP, I 
I I ILMV3AU, LMV3A5, PSTYPO, PSTYPi I 
.---------------_._------------------+---------------+-----------------------------------~ 
ITests expression result type and ITESTOP IDICCHN, LMV3A5 I 
lassigns to temorary if not constant I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IMoves text from DO stack to output ICVCODE ILMV3AU I L ___________________________________ ~ _______________ ~ ___________________________________ J 
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Table LG1. Phase LG Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------" 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
CODE2 IGenerates loop control code. I 

I 
CODE3 IGenerates loop control code for wHILE. 

I 
COMPAR Generates triples to test upper limit control expressicn. 

CVCODE 

CVCOPY 

CVSCAN 

DICCHN 

DICENT 

EXPEVL (LH) 

LGOOOO 

LGOOO2 

LGOO1O 

LGOOll 

LGOO12 

LGOO13 

LGOO15 

LGOO17 

LGOO19 

LGOO21 

LGOO22 

LGOO24 

LMV3AU 

LMV3A5 

POPUP 

PSHDWN 

PSTYPO/PSTYPl 

SWITCHP 

TESTOP 

Moves text from DO stack to output. 

Moves input text to DO stack. 

Sets up control variable text in DO block. 

Chains dictionary entries. 

Makes a dictionary entry. 

Analyzes expression to determine result type. 

Initializes phase. 

Scans text. 

When EOP triple encountered, releases scratch storage and passes 
control to next phase. 

For iterative DO triples pushes down stack and examines control 
variable. 

For iterative DO' and DO' triples pushes up stack and removes top 
entry. 

Pushes down DO stack. 

IFor CV triples reverts to normal scan. 

For TO and TO' triples, examines argument and assigns to temporary 
if necessary. 

For BY and BY' triples, examines expression and determines sign of 
constants. ASSigns variables to temporary. 

For WHILE and WHILE' triples, marks loop as iterative and generates 
text triples. 

When WHILE' triple encountered, branches to generate comparison 
triples. 

For DO EQUALS triples, assigns expression to a temporary: generates 
code to control loop if at the end of specification. 

Moves triples to output. 

Moves one triple to output. 

Removes item from DO stack. 

Pushes down DO stack and initializes new stack entry. 

Test pseudo-variable argument type. 

Changes DO stack text markers. 

Tests expression result type and assigns to terrporary if not con
stant. l __________________ ~ ___________________________________________________________________ _ 
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Table LS. Phase LS Pseudo-Code Expression Evaluation 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-.----------------------------------+---------------+-----------------------------------~ 
IScans text and branches to ILBO IARITH, FUNCT, LZZ1, MOVEPC, I 
Iprocessing routines; marks phase LWI ISCAN (LA), STRIN~, SUESPT I 
land releases control to next phase I I I 
~-.----------------------------------+---------------+-----------------------------------~ 
Icalculates result type and IARITH, ARITH2 IADDSTK, ASSIGN, CONVT, CICDES, I 
Igenerates pseudo-code for +, -, *, I I EXPONT, GENRPD, GETADX, GETFR, I 
I/f prefix +, prefix -, compare I IGETGR, MCVEPC, RELSTK, SETCPX, I 
loperators, and ADD, MULTIPLY, and I I STRING, SWOP I 
IDIVIDE functions I I I 
~-.----------------------------------+---------------+-----------------------------------~ 
ICalculates result type for string I STRING ILZZ1, MOVEPC, STALRG I 
I operators I I I 
~-.----------------------------------+---------------+-----------------------------------~ 
IInserts symbolic register in sub- ISUBSPT IADDSTK, DICDES I 
Iscript triple and stacks result I I I 
~-----------------------------------+---------------+-----------------------------------i 
IInserts workspace descri~tion in IFUNCT IADDSTK, ARITH, DICDES, GETFR, I 
ITMPD triples after function, and I IGETGR, SCAN I 
Istacks result. Stacks arguments I I I 
Ifor ADD, MULTIPLY, and DIVIDE func-I I I 
Itions. Adds pseudo-variable mark- I I I 
lers to stack I I I 
~-----------------------------------+---------------+-----------------------------------~ 
Icalculates results types and I EXPONT IADDSTK, ARITH2, CONVT, GETADX I 
Igenerates pseudo-code for ** opera-I I MOVEPC, STALRG, SWOP I 
Itor. Generates calling sequences I I I 
Ito library subroutines for complex I I I 
I arithmetic I I I 
~-.----------------------------------+---------------+-----------------------------------~ 
ICalculates target type and ICONVT IADDSTK, ASSIGN, GETFR, MOVEPC, I 
Igenerates assignment triple for I ISTALRG I 
Iconversion; sets dictionary entries I I I 
Ifor constants I I I 
~-.----------------------------------+---------------+-----------------------------------~ 
IInterchanges operands; optionally ISWOP IGETADX, GETFR, GETGR I 
Iloads first operand I I I 
~-----------------------------------+---------------+-----------------------------------i 
IObtains free floating or fixed JGETFR, GETGR IGETADX, STALRG I 
larithmetic register; stores it, if I I I 
Inecessary I I I 
~-.----------------------------------+---------------+-----------------------------------i 
IAdds items to, and releases items IADDSTK, RELSTK INone I 
Ifrom intermediate result stack I I I 
~-.----------------------------------+---------------+-----------------------------------i 
IGenerates calling sequence for ISETCPX I EXPONT, GETADX I 
Icomplex * and I operators, super- I I I 
Ivises complex arithmetic I I J 
~-----------------------------------+---------------+-----------------------------------i 
IInserts TMPD triples after zero ILZZl IRELSTK, SCAN I 
loperands I I I l ___________________________________ ~ _______________ ~ ___________________________________ J 
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Table LSi. Phase LS Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------
I Routine/Subroutine I Function 
~------------------+--------------------------------------------------------------------
ADDSTK (LT) Adds items to intermediate result stack. 

ARITH/ARITH2 (LT) Calculate result type and generate code for +, -, *, /, prefix +, 
prefix - compare operators, and ADD, MULTIPLY, and DIVIDE func
tions. 

ASSIGN Generates an assignment triple and TMPD in the output text. 

CONST Sets up dictionary entry for constant operand. 

CONVT Calculates target type and generates assignment triple for conver
sion. 

DICDES 

EOP2 

EXPONT (LU) 

FCTDES 

Constructs operand description from dictionary entry. 

Marks phases wanted/not wanted and releases control. 

Calculates result type and generates pseudo-code for ** operator, 
and generates calling sequence to Library subroutines for complex 
arithmetic. 

Inserts workspace description in TMPD triples after function, and 
stacks result. 

! 
I 
I 
I 
I 
I 
I 
I 
I 
~ 
~ 

FUNCT Inserts workspace description in TMPD triples after function, and II 

FXCi (LT) 

GENRPD 

GETADX (LT) 

GETFR/GETGR (LT) 

LBO 

LBE21 (LT) 

LBFLi (LT) 

LZZl 

MOVEPC 

PSI 

RELSTK (LT) 

SETCPX (LU) 

STALRG 

STRING 

SUBSPT 

stacks result. Stacks arguments for ADD, MULTIPLY, and DIVIDE func-j 
tions. Adds pseudo-variable markers to stack. ~ 

Generates fixed binary pseudo-code. 

Generates pseudo-code for packed decimal operations. 

Sets up address of pseudo-code instruction. 

Obtain free floating or fixed arithmetic register; store it, if 
necessary. 

Scans text and branches to processing routines. 

Tests for operand conversions and constants. 

IGenerates floating pseudo-code. 

Inserts TMPD triples after zero operands. 

Moves pseudo-code to output text. 

Adds pseudo-variable marker to stack. 

Releases items from intermediate result stack. 

~ 
~ 
~ 
~ 
~ 
~ 
I 
~ 
I 
~ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Generates calling sequence for complex * and / operators; supervisesl 
complex arithmetic. I 

I 
Generates pseudo-code to store all arithmetic registers currently inl 
use. 

Calculates result types for string operators. 

Inserts symbolic register in subscript triple and puts result 
stack. 

in 

I 
I 
I 
I 
I 
I 
I 

SWOP Interchanges operands and optionally loads first operand. I 
L __________________ L ____________________________________________________________________ J 
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Table LV. Phase LV Pseudo-Code String utilities 
r--------"---------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I statement or Operation Type I Routine I Subroutines Used I 
~----------------.-------------------+---------------+-----------------------------------~ 
IInitializes module; releases con- ISTRUTO INone I 
Itrol to next module I I I 
~------------------------"-----------+---------------+-----------------------------------~ 
Iconverts data item to string; cal- ISTRUTi ISCAN (LA), STRUT2 I 
Iculates string length I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IProduces a string dope vector des- ISTRUT2 INonE I 
Icription from a standard string I I I 
I description I I I L ___________________________________ ~ _______________ ~ _ __________________________________ J 

Table LVi. Phase LV Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Functicn I 
~------------------+--------------------------------------------------------------------i 
LSUT17 Tests whether string length is greatEr than 256, and if necessary I 

LSUT22 

LSUT26 

LSUT27 

STUTO 

STRUTi 

STRUT2 

generates fixed length calling sequence. I 

Tests whether string dope vector result is required. 

Generates any assignrr.ent and TMPD triples. 

Sets up assignment and TMPD triples. 

Initializes module; releases control to next module. 

Converts data item to string type; calculates string length. 

Produces string dope vector description from standard string des
cription. 

I 

I 
ZSTUTi Transfer vector to STRUTi. I 

I 
ZSTUT2 Transfer vector to STRUT2. I L __________________ ~ ____________________________________________________________________ J 
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Table LX. Phase LX Pseudo-Code String Handling 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IInitializes phase, scans text and IBEGIN I FUNPT, SCAN (LA), STROP, I 
Ibranches to processing routines; I ISUBSPT, TMPDT I 
Ireleases control to next ~hase I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses TMPD triples. ArithmeticlTMPDT IGETMPD, MOVSEL, RELSTK, SCAN (LA) I 
Itype TMPDs are ignored. String I ISET~PD I 
ITMPDs are replaced by the top item I I I 
Ifrom the string stack I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses function and function I FUNT ~ADDSTK, DICDES, GETADS, GETMPD, I 
largument triples. Arithrretic type I I MOVEPC, RELSTK, SCAN (LId, SETMPD, I 
Ifunctions are ignored. Dictionary I ISTkOP I 
lentries are created for the resultsl I I 
lof string type functions. A I I I 
Ilibrary calling sequence is gener- I I I 
fated for the BOOL function using I I I 
Ithe mechanism for packed tit opera-I I I 
Itions. The result descriptions arel I I 
ladded to the string stack I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses subscript triples. ISUBSPT IADDSTK, DICDES, SEGNOR, SCAN (LA) I 
IArithmetic type subscripts are I I I 
lignored. A symbolic register or I I I 
Iworkspace offset is added to string I I I 
Itype subscript triples and the I I I 
Istring description is added to the I I I 
I string stack I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses string operations CONCAT,ISTROP IADDSTK, DICDES, GETADS, GETADX, I 
lAND, OR, NOT and comparisons with I IGET~PD, MOVEPC, MOVSEL, RELSTK, I 
Istring type operands. For simple I ISCAN, STRUT (LV), ASSIGN, GETWS4, I 
Icases, in-line pseudo-code is gen- I IGETWS8, SBGNER, SBGNR I 
lerated; otherwise calling sequences I I I 
Ito the library are generated. The I I I 
Iresults are added to the string I I I 
Istack. I I I L ___________________________________ ~ _______________ ~ _ __________________________________ J 
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.Table LX1. Phase LX Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
ADDSTK IAdds strings to the intermediate string result stack. 

I 
I 

ADSTR (LY) Iconstructs dope vactor and string descriptions from a given descrip-

ASSIGN 

BEGIN 

DICDES 

FUNPT 

FUNT 

GETADS/GETADX 

GETMPD 

GETWS4 

GETWS8 

LB 

LIBl 

LIL2 (LY) 

LIL3 (LY) 

LIL6 (LY) 

LIL8 (LY) 

Ll1 

MOVEPC 

MOVSEL 

MVC1/MVC2(LY) 

RELSTK 

SEGNER 

SBGNOR 

SBGNR 

SETMPD 

STROP 

SUBSPT 

TMPDT 

tor which may describe either a string, or its dope vector. 

Generates an assignment triple and associated ~MPDs in the output 
text. 

Main controlling routine for phase. 

constructs operand description from dictionary entry. 

Processes result returned by functions. 

Processes funtion and function argument triples. 

construct address part of pseudo-code instruction. 

constructs operand description from TMPD triples. 

IAllocates 4 bytes of aligned workspace. 
I 
IAllocates 8 bytes of aligned workspace. 
I 
Terminates phase at end of program. 

Generates Library calls for string operations. 

Generates pseudo-code for NOT operation. 

Generates pseudo-code for concatenation operation. 

Generates pseudo-code for comparison operation. 

Generates pseudo-code for AND/OR operation. 

Generates pseudo-code to convert to string. 

Moves pseudo-code from nuffer to output text. 

Moves SELL triples to output text. 

Creates MVC instructions. 

Removes strings from the intermediate string result stack. 

Gets next even-odd pair of symbolic registers. 

Gets next symbolic register. 

Gets next symbolic register. 

Constructs TMPD triples from description. 

Processes string operations CONCAT, AND, OR, NOT, and comparisons 
with string type operands. 

Processes subscript triples. 

Processes TMPD triples. 

I 
I 
I 
I 
I 
I 
I 
I 

T5 Sets flags for triple types. I L __________________ ~ ____________________________________________________________________ J 
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Table MB. Phase MB Pseudo-code Pseudo-Varidcles 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing\ \ 
\ Statement or Operation Type \ Routine \ subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
\Scans source text \MBOOOl \SCl (LA) \ 
~-----------------------------------+---------------+-----------------------------------~ 
IPSI operator; starts new entry in \MBOOll \ SWITCH \ 
\stack for pseudo-variable \ I I 
~-----------------------------------+---------------+-----------------------------------~ 
IPSI' operator; completes stack \MB0012 \SWI~CH, TARGET \ 
\entry and generates code for data \ \ I 
\list items \ \ \ 
~-----------------------------------+---------------+-----------------------------------~ 
\Assign completes stack and rescans \MB0013 IDRF~~P, MMV3A5, MVTMPD, OUTMPD, I 
\group of assignments, putting tar- I \TARGET \ 
Iget descriptions out in correct \ \ I 
\ sequence; generates code for \ \ \ 
Ipseudo-variables in stack \ I \ 
~-----------------------------------+---------------+-----------------------------------~ 
\Multiple assign; places only target\MB0014 I MVTMPD \ 
\descriptors in stack \ \ \ 
~-----------------------------------+---------------+-----------------------------------~ 
IConstructs pseudo-variable stack \MB0020 IMVT~PD I 
lentry \ \ I 
~-----------------------------------+---------------+-----------------------------------~ 
IPlaces temporary descriptor in \OUTMPD \MMV3A5 I 
\ output \ I I 
~-----------------------------------+---------------+-----------------------------------11 
\Gets temporary workspace for \TARGET \GETWKS ~ 
\ pseudo-variable, if necessary I \ ~ L ___________________________________ ~ _______________ ~ _ __________________________________ J 
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Table MB1. Phase MB Routine/Subroutine Directory 
r-------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
DRFTMP Makes temporary descriptor from a dictionary reference. I 

GETWKS 

MBOOOl 

MB0004 

MB0010 

MBOOll 

MB0012 

MB0013 

MB0014 

MB0020 

MB1310 

MB13l1 

MB13l6 

MB13l8 

MB1320 

MMV3A5 

MVTMPD 

OUTMPD 

SWITCH 

Obtains workspace to accoITmodate a variable of given type. 

Scans source text. 

Multi-switch for triples of interest. 

On reaching end-of-text marker, releases rerraining block, and 
releases control of phase. 

PSI operator; starts new entry in stack for pseudo-variable. 

PSI' operator; completes stack entry and generates code for data 
list items. 

ASSIGN; completes stack and rescan group of assignments, putting 
target~ descriptions out in correct sequence, generates code for 
pseudo-variable in stack. 

Multiple ASSIGN; places any target descriptors in stack. 

constructs pseudo-variable stack entry. 

Resets input pointer to start of sequence of ASSIGNS. 

Rescans ASSIGNS and associated TMPDS from stack in reverse order. 

Tests for end of stack. 

Tests for pseudo-varaible TMPD. 

Generates code for pseudo-variable. 

Moves one triple to output. 

Places temporary descriptor in stack. 

Places temporary descriptor in output string. 

changes scanning table. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I TARGET Obtains temporary workspace for pseudo-variable, if necessary. l ___________________ ~ ____________________________________________________________________ J 
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• Table MD. Phase MD Pseudo-Code In-Line Functions 
r-----------------------------------T---------------T-----------------------------------" 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------i 
IScans text IPhase LA (SCAN) INone I 
~-----------------------------------+---------------+-----------------------------------i 
IBuilds up function stack ILFARIN INone I 
~-----------------------------------+---------------+-----------------------------------i 
IBuilds up argument stack ILFCOM INone I 
~-----------------------------------+---------------+-----------------------------------.~ 
IMoves generated code to output ILFMOVE IMV3(LA) I 
I block I I I 
~-----------------------------------+---------------+-----------------------------------i 
IGenerates in-line code and ILFEOF2 I SNAKE I 
Ilibrary calling sequences I I I L ___________________________________ ~ _______________ ~ ___________________________________ J 

• Table MDl. Phase MD Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
LFARIl Continues scan for in-line functions. I 

I 
LFARIN Builds up function staCK. I 

I 
LFCOM Builds up argument stack. I 

I 
LFDR Unpacks dictionary reference of argurrent when argurrent triple found. I 

I 
LFEOF2 Calls subroutines to generate in-lin~ code. I 

I 
LFIGN Removes triple from text if inside an in-line function. I 

I 
LFSPEC Branches if IGNORE triple or not an in-line function. I 

I 
I SNAKE Generates code for ADDR function. I L __________________ ~ ____________________________________________________________________ J 
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eTable ME. Phase ME Pseudo-Code In-Line Functions 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans and moves text IPhase LA (SCAN)ISC1,SC2,SC3,SC5,MV3 I 
~-----------------------------------+---------------+-----------------------------------~ 
IBuilds up function stack ISFUNC IZDRAOF I 
~-----------------------------------+---------------+-----------------------------------~ 
IConstructs result TDB and branches ISFNPM IMS4,MS5,MSB,RTAA,RTAB,INDEX, I 
Ito routines for INDEX, UNSPEC, I I ILUNSP,EVENT, ZDRAOF,STATUS I 
I CONPLETION, and STATUS I I I 
~-----------------------------------+---------------+-----------------------------------i 
IDeletes current triple ISIGN INone I 
~-----------------------------------+---------------+-----------------------------------~ 
IBuilds up argument stack ISDCOM IZDdAOF I 
~-----------------------------------+---------------+-----------------------------------i 
IInspects arguments and branches to IMSB IRTB,RTC,RTL,RTE,RTF,RTG,RTH I 
I appropriate subroutine I I I L_, __________________________________ ~ _______________ ~ ___________________________________ J 

eTable MEl. Phase ME Routine/Subroutine Directory 
T------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------i 
EVENT Generates in-line code for COMPLETION function. 

FINISH 

ILUNSP 

INDEX 

MSB 

MSG 

RLCTOF 

RTAA 

RTAB 

RTB 

RTC 

Passes control to the next phase. 

Generates in-line code for the UNSPEC function. 

Generates in-line code for optimizable invocations of the function 
INDEX .. 

Calls subroutines to generate in-line code. 

Resets current flag and continues scan. 

Releases module and passes to"next phase. 

Generates in-line code when the result is in a register by name, and 
the second argument is constant. 

Generates in-line code when the result is in a register by name, and 
the second argument is variable. 

Generates in-line code for the case when the first argument is an 
aligned bit string, and the second and third arguments are both 
constant. 

Generates in-line code in the case when the first argument is a 
character or aligned bit string, the second argument is constant and 
the third variable. 

RTD Generates in-line code when the first argument is a character or 
laligned bit string, the second is constant and the third is not 
Ipresent. 
I 

RTE IGenerates in-line code when the first argument is a packed bit 
Istring, and the second is constant. 
I 

IRTF IGenerates in-line code when the first argument is a character 
I Istring, and the second and third are both variable. L __________________ ~ ___________________________________________________________________ _ 
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I 

Table MEl. Phase ME Routine/Subroutine Directory (continued) 
T------------------T---------------------------------------------------------------------, 
I Routine/Subroutine I Function , 
~------------------+--------------------------------------------------------------------.~ 
RTG Generates in-line code when the first argument is a character I 

string, the second is variable, and the third is not present. I 

RTH 

SBERR 

SBGNER 

SBGNOR 

SBGTNR 

SCAN 

SCINIT 

SDCOM 

SFNPM 

SFUNC 

SIGN 

STATUS 

STRUT2 

SUBl 

SUB3 

SUB4 

SUBS 

SUB6 
I 
I 
I 
ISUB7L 
I 
ISUB7R 
I 
ISUB9 
I 
IZDRAOF 
I 

I 

Generates in-line code when the first argument is a bit string, and 
the second is variable. 

Error routine. 

Gets the next even register and sets the even/odd bit on. 

Gets the next odd register and sets the even/odd bit on. 

Gets the next available symbolic unassigned register. 

Scans for the next triple of interest. 

Initializes pointers and text blocks. 

Builds up argument stack. 

Generates in-line code. 

Builds up function stack. 

Deletes current triple. 

Generates code for STATUS function. 

Constructs a string dope vector. 

Generates code to place the address of the first argument plus a 
literal offset into a symbolic register. 

Generates a ST and DROP instruction, optionally followed by a MVI 
instruction. 

Constructs a dictionary entry for the constant JJ, and generates an 
MVC instruction. 

Generates two STH instructions, followed by a DROP instruction. 

Generates an RX instruction to operate on a TDB by a register, 
optionally followed by an instruction to drop any reqister used in 
addressing the TDB item. 

Generates SR, SLDL, OR instructions. 

Generates SR, SRDL, OR and DROP instructions. 

ICalculates correct values for ILEN, IOFF and Y. 
I 
IConverts a dictionary reference to an absolute address. 
I 

IZURCOF IReleases scratch core. 
~ __________________ i ____________________________________________________________________ .J 
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Table MG. Phase MG Pseudo-Code In-Line Functions 1 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I statement or Operation Type I Routine I Subroutines Used I 
1·-----------------------------------+---------------+-----------------------------------~ 
IScans text IPHASE LA (SCAN) INone I 
1·-----------------------------------+---------------+-----------------------------------~ 
IBuilds up function stack ILFARIN INone I 
l·-----------------------------------+---------------+-----------------------------------~ 
IBuilds up argument stack ILFCOM INone I 
.-----------------------------------+---------------+-----------------------------------~ 
IMove generated code to output ILFMOVE IMV3 (LA) I 
Iblock. I I I 
.-----------------------------------+---------------+-----------------------------------~ 
IGenerates in-line code ILFEOF2 IABBFLL, ABbFLS, ABSFB, ABSFD, I 
I I IALLCC2, CElLB, CEILD, CEILL, I 
I I ICEILS, CMPLXB, CMPLXD, CMPLXL, I 
I I ICNASTR, CNVIN'I, CCNJGE, CONJGD, I 
I I ICONJGL, CONJGS, ERRFUN, FLOORB, I 
I I IFLOORD, FLOORL, FLOORS, IMAGB, I 
I I IIMAGFD, I~lAGL, IMAGS, REALE, I 
I I IREALFD, REALL, REALS, SBG'INR, I 
I I I TRUNCB, TRUNCD, TRUNCL, TRUNCS, I 
I I I UNSPEC, UTTEMP I L ___________________________________ ~ _______________ L _ __________________________________ J 

Table MG1. Phase MG Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutinel Function I 
.------------------+-----------------------------------~--------------------------------~ 
ABBFLL Generates in-line code for ABS function with long floating-point I 

argument. I 
I 

ABBFLS Generates in-line code for ABS function with short floating-point I 

ABSFB 

ABSFD 

ALLOC2 

CEILB (MH) 

CEILD (MH) 

CEILL (MH) 

CElLS (MH) 

CMPLXB 

CMPLXD 

CMPLXL 

CNASTR 

argument. I 

Generates in-line code for ABS function with fixed binary argument. 

Generates in-line code for ABS function with fixed decimal argument. 

Generates in-line code for ALLOCATION function. 

Generates in-line code for the CEIL function with fixed binary 
ment .. 

Generates in-line code for the CEIL function with fixed decimal 
argument. 

argu-

Generates in-line code for CEIL function with long floating-point 
argument. 

Generates in-line code for the CEIL function with short floating
poin1: argument. 

Generates in-line code for COMPLEX function with fixed binary 
argument. 

Generates in-line code for COMPLEX function with fixed decimal argu
ment. 

Generates in-line code for COMPLEX function with long floating-point 
argument. 

Constructs assignment triple and associated TMPDS. 

I 

ICNVINT Converts a decimal integer constant to fixed binary. L __________________ ~ ____________________________________________________________________ J 
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Table MG1. Phase MG Routine/Subroutine Directory (cont'd) 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
.------------------+--------------------------------------------------------------------~ 
CONJGB Generates code for the CONJG function with fixed binary arguments. I 

CONJGD 

CONJGL 

CONJGS 

ERRFUN 

FLOORB Om) 

FLOORD (MH) 

FLOORL (MH) 

FLOORS (MH) 

IMAGB 

IMAGFD 

IMAGL 

IM/,GS 

LFARIN 

LFARIl 

LFCOM 

LFDR 

LFEOF2 

LFEOF3 

LFIGN 

LFMOVE 

LFSPEC 

Generates in-line code for the CONJG function with fixed decimal 
arguments. 

Generates in-line code for the CONJG function with long floating
point arguments. 

Generates in-line code for the CONJG function with short floating
point arguments. 

Aborts if Phase 1M discovers an error in a function. 

Generates in-line code for the FLOOR function with fixed binary 
argument. 

IGenerates in-line code for the FLOOR function with fixed decimal 
argument. 

Generates in-line code for the FLOOR function with long floating
point argument. 

Generates in-line code for the FLOOR function with short floating
point argument. 

I 
I 
I 
I 
I 
I 
I 
I 
!I 

II 

II 

II 

II 

Ii 
II 

II 

II 

II 

II 

~ 
II 

II 

II 

II 
Generates in-line code for IMAG function with fixed binary argument. ~ 

Generates in-line code for IMAG function with fixed decirral 
argument. 

Generates in-line code for IMAG function with long floating-point 
argument. 

Generates in-line code for IMAG function with short floating-point 
argument. 

Builds up function stack. 

Continues scan for in-line functions. 

Builds up argument stack. 

Unpacks dictionary reference of argument when argument triple found. 

Calls subroutines to generate in-line code. 

Depending on start of argument list, branches to produce in-line 
code. 

Removes triple from text if inside an in-line function. 

Moves generated code to output block. 

Branches if IGNORE triple or not an in-line function. 

II 

II 

I 
I 
I 
I 
I 
I 
I 
I 
I 

IREALB Generates in-line code for REAL function with fixed binary argument. I L __________________ ~ ____________________________________________________________________ J 
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Table MG1. Phase MG Routine/Subroutine Directory (cont'd) 
r------------------T--------------------------------------------------------------------, 
I Routine/subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
IREALFD IGenerate in-line code for REAL function with fixed decimal argument. 
I I 
IREALL IGenerate in-lin~ code for REAL function with long floating-point 
I I argument. 
I I 
IREALS IGenerates in-line code for REAL function with short floating-point 
I I argument. 
I I 
ISBGTNR IGet next available symbolic register. 
I I 
'rRUNCB (MH) IGenerates in-line code for the function TRUNC with fixed binary 

largument. 
I 

TRUNCD (MH) IGenerates in-line code for the TRUNC function with fixed decimal 
largument. 
I 

TRUNCL (MH) IGenerates in-line code for the TRUNC function with long floating-
Ipoint arguments. 
I 

TRUNCS (MH) IGenerates in-line code for the THUNC function with short floating-
Ipoint argument. 
I 

UNSPEC (MH) IGenerates in-line code for the UNSPEC function. 
I 

IUTTEMP IGets a required amount of temporary work space. l __________________ ~ ____________________________________________________________________ J 
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Table MI. Phase MI Pseudo-Code In-Line Functions 2 
r-----------------------------------T---------------T-----------------------------------, 
I I Main Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
Iscans text IPHASE LA (SCAN) INone I 
~-----------------------------------+---------------+-----------------------------------~ 
IBuilds up function stack ILFARIN INone I 
~-----------------------------------+---------------+-----------------------------------~ 
IBuilds up argument stack ILFCOM INon~ I 
~-----------------------------------+---------------+-----------------------------------~ 
IMove generated code to output blocklLFMOVE IMV3 (LA) I 
~-----------------------------------+---------------+-----------------------------------~ 
IGenerates in-line code ILFEOF2 IMAXB, MAXD, MAXL, MAXS, MINB, MIND, I 
I I IMINL, MINS, MODB, MODD, MODL, MOGS,I 
I I IROUNDB, ROUNDD, ROUNDL, ROUNDS I L ___________________________________ ~ _______________ ~ _ __________________________________ J 

Table MIl. Phase MI Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
LFARIN Bu{lds uf function stack. I 

I 
LFCOM Builds uf argument stack. I 

I 
LFEOF2 Calls subroutines to generate in-line code. I 

I 
LFMOVE Moves generated code to output block. I 

I 
MAXB/MINB (MJ) Generate code for MAX/MIN function with fixed binary arguments. I 

MAXD/MIND (MJ) 

MAXL/MINL (MJ) 

MAXS/MINS (MJ) 

MODE (MJ) 

MODD (MJ) 

MODL (MJ) 

MODS (MJ) 

ROUNDB 

ROUNDD 

ROUNDL 

Generate in-line code for MAX/MIN function with fixed decimal 
arguments. 

Generate in-line code for MAX/MIN function with long floating-point 
arguments. 

Generate in-line code for MAX/MIN function with short floating-point 
arguments. 

Generates in-line code for MOD function with fixed binary arguments. 

Generates in-line code for MOD function with fixed deciwal argu
ments. 

Generates in-line code for MOD function with long floating-point 
arguments. 

Generates in-line code for BOD function with short floating-point 
arguments. 

Generate in-line code for ROUND function with fixed binary argument. 

Generates in-line code for ROUND function with fixed decimal argu
ment. 

Generate in-line code for ROUND function with long floating-point 
arguments. 

I ROUNDS Generate in-line code for ROUND function with short floating-point 
I arguments. L __________________ ~ __________________________________ _________________________________ _ 
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eTable MK. Phase MK Pseudo-Code In-Line Functions 3 
r-----------------------------------T---------------T-----------------------------------, II I Main Processing I I 
~ Statement or Operation Type I Routine I Subroutines Used I 
I~-----------------------------------+---------------+-----------------------------------~ 
~scans text IPHASE LA (SCAN) INone I 
~-----------------------------------+---------------+-----------------------------------~ 
~Builds up function stack ILFARIN INone I 
~-----------------------------------+---------------+-----------------------------------~ 
~Builds up argument stack ILFCOM INone I 
~-----------------------------------+---------------+-----------------------------------~ 
~Move generated code to output blocklLFMOVE IMV3 (LA) I 
~-----------------------------------+---------------+-----------------------------------~ 
~Generates in-line code ILFEOF2 IDIM, HBOUND, LBOUND, LENG~, SIGNFB,I 
~ I \SIGNFD, SIGNL, SIGNS, FREBIE I L ___________________________________ ~ _______________ ~ _ _________________________________ -J 

eTable MK1. Phase MK Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
Routine/Subroutine I Function I 
------------------+---_._---------------------------------------------------------------~ 
DIM IGenerates code for DIM function. I 

I I 
FREBIF IGenerates code for FREE function. I 

I I 
HBOUND JGenerates code for HBOUND function. I 

I 
LBOUND Generates code for LBOUND function. I 

LENGT Generates code for LENGTH function. 

LFARIN Builds up function stack. 

LFCOM Builds up argument stack. 

LFEOF2 Calls subroutines to generate in-line code. 

LFMOVE Move~3 generated code to output block. 

SIGNFB Generates code for SIGN function with fixed binary argument. 

SIGNFD Generates code for SIGN function with fixed decimal argun-ent. 

SIGNL Generates code for SIGN function with short floating point argument. 

SIGNS Generates code for SIGN function with short floating point argument . 
. ------------------~----.----------------------------------------------------------------
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Table ML. Phase ML Pseudo-Code Calls and Functions 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------1 
IScans text IPHASE LA (SCAN) INone I 
~-----------------------------------+---------------+-----------------------------------i 
IIdentifies argument of procedure I FPFNAR INone I 
I invocation I I I 
~-----------------------------------+---------------+-----------------------------------oi 
Iselects generic built-in function IFPBIF I FPARDl I 
~-----------------------------------+---------------+-______ ~ ___________________________ o~ 
Iselects PL/I generic entry name IFPGAR IFPARD2, FPARD3, GNSECO I L ___________________________________ ~ _______________ ~ _ __________________________________ .J 

Table ML1. Phase ML Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------01 
I Routine/Subroutinr I Function I 
~------------------+--------------------------------------------------------------------of 
FPAOl Scans for next argument. 

FPARDl 

FPARD2 

FPARD3 

FPBIF 

FPEPCO 

Obtains parameter descriptions relating to built-in function argu
ments. 

Obtains successive parameter descriptions relating to the entry 
description of a PL/I generic procedure. 

Obtains and stacks full parameter description of a PL/I generic 
procedure. 

Selects generic built-in functions. 

Constructs an entry parameter. 
I 

FPFNAR Identifies arguments of procedure invocations. ! 
I 

FPGAR Selects FL/I generic entry name. I 
I 

GNFM2 IReplaces generic reference testing for uniqueness. i 
I II 

IGNSECO IMakes entry in stack of parameter descriptions. I L __________________ ~ __________________________________ __________________________________ J 

.Table MM. Phase MM Pseudo-code Calls and Functions 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans text IPHASE LA (SCAN) INone I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans list, counts arguments and ICFCALL ICFARID, CFPBIR, CFFDVS, CFMVTR, I 
lidentifies storage class I ICFMVCD I 
~-----------------------------------+---------------+-----------------------------------1 
IRescans list and generates calling ICFCFSS ICFARHA, CFCALP, CFBIFH, CFMLBR, I 
Isequence for library routine I ICF~VCD, CFNEST, UTTMPW, CFAIF1, I 
I I I BASED I L ___________________________________ ~ _______________ ~ _ __________________________________ J 
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eTable MM1. Phase ~M Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
IBASED (MO) IGenerates relocation code for based variables. 
I 
I BEGIN 
I 
ICFALFl (MO) 
I 
ICFARHA 
I 
ICFARID (MO) 
I 
ICFBIFH 

CFB04 

CFB021 

CFB036 

CFCALL 

CFCALP 

CFC03C 

CFCFSS 

CFEXIT 

CFFBIR 

CFFDVS (MN) 

CFL06 

CFL043 

CFMLBR (MN) 

CFMVCD 

CFMVTR 

CFNEST 

CFY007 

Initializes phase. 

Places address of invoked routine at the head of its argument list. 

Generates calling sequence. 

Counts arguments and se~s STATIC/AUTO flag. 

Further built-in function identification with relevant parameter 
setting. 

Restores previous environment. 

Tests nature of function found. 

Restores pointer to start of invocation. 

Scans lists, counts arguments, identifies storage class. 

Completes calling sequence and, if necessary, generates code to 
initialize dope vector. 

Tests for nested function. 

Rescans list and gene~ates calling sequence for Library routine. 

Transfer vector after first scan. 

Identifies built-in functions, sets parameters for calling sequence 
generation. 

Reserves output text area for generation of code to initialize dore 
vector when a function returns a string. 

Generates code to set up result dope vector. 

Generates code to place result address in argu~ent list. 

Generates code to move a skeleton parameter list which is greater 
than 256 bytes. 

Generates pseudo-code into the output text block. 

Generates triple into the output text block. 

Handles a nested situation. 

sets parameters to produce special calling sequences. 

UTTMPW (MN) IAllocates one word of workspace. 
L __________________ L ___________________________________________________________________ _ 
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eTable MP. Phase MP Pseudo-Code BUY Reorder 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IMain scan routine for phase IMPl ISCAN, ZDRFAB, ZTXTRF, ZUERR I L ___________________________________ ~ _______________ ~ _ __________________________________ J 

eTable MP1. Phase MP Routine/Subroutine Directory 

, . 

r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------1 
UT05 Adds SELL dictionary reference to SELL list if not already there. 

MPl 

MP3 

MP4 

MP4A 

MP8 

MP23 

MP26 

MP27 

MP28 

MP29 

MP30 

MP31 

MP86 

MP87 

MP5 

SCAN 

ZDRFAB 

ZTXTRF 

Main controlling routine for rearranging BUY and SELL statements 
involved in obtaining VDAs for adjustable length string temporaries. 

Processes EOP triple. Releases control of phase. 

Processes BUYS triple. 

Processes BUYX triple. 

continues text scan if not string or arithmetic data, or not struc
ture. 

continues scan of text. 

Processes BUYS triple. 

Processes BUY ASSIGN triple. 

Processes BUY triple. 

Processes SUBSCRIPT triple. 

Processes ASSIGN triple. 

Accesses top stack entry. 

Tests triple for BUYX, and processes. 

Scans for BUYS, BUY, and SELL triples. 

Processes SELL triple. 

General scan routine. 

Converts dictionary reference to absolute address. 

Changes absolute address to a text reference. 

IZUERR Makes error message entries. L __________________ ~ ____________________________________________________________________ J 
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Table MS. Phase MS Pseudo-Code Subscripts 
r-'----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-,----------------------------------+---------------+-----------------------------------~ 
IScans text ISBSCAN INone I 
~-,----------------------------------+---------------+-----------------------------------~ 
ICalculates element offset ISBSTIH ISBASS, SBCOBI, SBGNOR, SBMVCD, I 
I I ISBNEST, SBSUBP, SBSUDV, SBXOP, I 
I I IUTT~MP I 
~-,----------------------------------+---------------+-----------------------------------~ 
IChecks subscript range ISBSBRN INone I L ___________________________________ ~ _______________ L _ __________________________________ J 

Table MS1. Phase MS Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
SBASS Updates scan pointer over an assignment. 

SBCOBI (MT) 

SBERR (MT) 

SBGNOR (MT) 

SBMVCD (MT) 

SBNEST (MT) 

SBSBRN (MT) 

SBSCAN 

SBSTIH 

SBSUBI 

SBSUBP (MT) 

SBSUDV 

SBS05 

SBS06 

SBSOO2 

SBS029 

SBTRID 

SBXOP (MT) 

SCAN 

Converts subscript to binary integer. 

Puts error message into dictionary. 

Allocates an odd sYffibolic register. 

Generates pseudo-code and moves it into output text block. 

Handles nested subscript situation. 

Checks subscript range. 

Branches to LA for scan. 

Calculates element offset. 

Saves array name. 

Handles end of subscript list. 

Generates code to set up the dope vector of an array of adjustable 
strings. 

Generates code to mUltiply subscript by multiplier. 

compiles code to convert to fixed binary. 

Checks for occurrence of subscript. 

Generates code to multiply subscript by 4 or 8. 

Scans for comma, subscript prime, or subscript triple. 

Handles special index feature. 

Controlling scan of text. 

UTTEMP (MT) Allocates workspace. L __________________ ~ ___________________________________________________________________ _ 
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Table NA. Phase NA Pseudo-Code Branches, ON, Returns 
r-----------------------------------T---------------T-----------------------------------, 
/ / Main Processing / / 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
/Initializes text block INAINIT /SCINIT (LA) I 
~-----------------------------------+---------------+-----------------------------------i 
IScans text for next triple of /NASC1, NASC2, /SC1, SC2, SC3 (all in LA) I 
I interest to user I NASC3 I I 
~-----------------------------------+---------------+-----------------------------------.~ 
IProcesses STOP statements ISTOP INAUTl I 
r-----------------------------------+---------------+-----------------------------------~ 
IProcesses EXIT statements IEXIT INAU~l I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses IF statements IIF INAUTD, NAUT16, NAUT21, ZSTUTl I 
r-----------------------------------+---------------+-----------------------------------·1 
IProcesses ON statements ION INAU1D, NAU16, NAUT16, SC5 (LA) I 
r-----------------------------------+---------------+------------------------------------1 
IProduces Library call at end of IPROCP, BEGINP INAUTl I 
leach PROCEDURE or BEGIN block in / 1 I 
Isource text I 1 1 
r-----------------------------------+---------------+------------------------------------, 
IProcesses RETURN statements IRETURN INAUTl I 
~-----------------------------------+---------------+------------------------------------1 
IProcesses function RETURN state- INA3002 INAU~B, NAUTCA, NAUT1, NAUT12 1 
Iments for one data type 1 I I 
~-----------------------------------+---------------+------------------------------------1 
/Processes function RETURN state- INA3013 /NAUTA, NAUTB, NAUTCA, NAUTD, NAU~F, 1 
Iments for more than one data type I INAUT1, NAU~7, NAUT8, NAUT9, NAUTll, I 
1 I I NAU'I12 I 
r-----------------------------------+---------------+-----------------------------------~ 
IProcesses GO TO statements IGOTO INAUTD 1 

r-----------------------------------+---------------+-----------------------------------~ 
/Processes GOLN triples IGOLN INAUTD I 
~-----------------------------------+---------------+-----------------------------------1 
IProcesses GOOB statements IGOOB INAUT5, NAUTD, NAUT16, SC5 (LA) I 
t-----------------------------------+---------------+-----------------------------------1 
IProcesses SIGNAL statements I SIGNAL INAUTD, NAU~6, NAUT16, NAU~8, I 
I I /NAUT10, NAUT21 ~ 

t-----------------------------------+---------------+---------------------------~-------~ 
IProcesses REVERT statements IREVERT INAU1D, SC5 (LA) l L ___________________________________ ~ _______________ L _ __________________________________ J 
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Table NA1. Phase NA Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~.------------------+--------------------------------------------------------------------~ 
EXIT IProcesses EXIT statements. 

I 
GOOB IProcesses GOOB statements. 

I 
GOTO IProcesses GO TO staterr~nts. 

I 
GOLN IProcesses GO TO label number (GOLN) triples. 

I 
IF IProcesses IF Statements. 

I 
NAINIT IInitializes text blocks. 

NASC1/NASC2/NASC3 Scan text f~r next triple of interest to user. 

NAUTA Generates pseudo-code to test switch value at RETURN (function 
value) statement for more than one data type. 

NAUTB Generates assignment triple to RETU~N function result. 

NAUTCA Generates assignment triple set up by NAUTB. 

NAUTD Generates indicated pseudo-code. 

INAUTF IGenerates pseudo-code to branch to L~U v~lue. L __________________ ~ ____________________________________________________________________ J 
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Table NA1. Phase NA Routine/Subroutine Directory (cont'd) 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
NAUTl IGenerates call to indicated library routine. t 

I f 
NAUT2 IMoves indicated pseudo-code, deletes current triple, continues text I 

Iscan. I 
I II 

NAUT5 \Makes dictionary entry tor indicated library routine. I 
I 

NAUT6 Updates current symbolic register value. J 
J 

NAUT7 On entry, register BR points at an 8ntry label dictionary entry. OnJ 
normal exit from the routine, register BR points at the next label I 
dictionary entry. Abnormal exit indicates that there are no furtherl 
labels on the current PROCEDURE or ENTRY statement. I 

I 
NAUT8 Bump EQU* value for branch pseudo-code item. I 

NAUT9 

NAUT11 

NAUT12 

NAUT16 

NAUT17 

NAUT18 

NAUT21 

NAll00 

NAl140 

NA3002 

NA3005 

NA3013 

NA8003 
I 
NA801D 

NA8012 

Bump return switch value to be used for current entry lacel. 

For current entry label, generate appropriate EQU* pseudo-code item. 

Converts current label dictionary reference to an absolute address. 

Converts dictionary reference of tri~le second operand to absolute 
address, loads address into register BR. 

Makes dictionary entry for maximum negative number. 

Makes indicated dictionary entry. 

Generates pseudo-code to compare source tit string, making library 
comparison routine dictionary entry, if necessary. 

Tests for SNAP. 

Using NAUTD, generates code for ON-units. 

Processes function RETURN statements for one data type. 

Outputs assignment triple. 

Processes function RETUHN statements for more than one data type. 

Generates pseudo-code for branch and mask, labels. 

Converts ID to bit-string. 

outputs pseudo-code. Compares bit-string to zero. 

ON Processes ON statements. 
\ 

PROCP/BEGINP IProduce Litrary call at end of each procedure in source text. 
I 

RETURN IProcesses RETURN statements. 
\ 

REVERT \Processes REVERT statements. 
I 

SIGNAL \Processes SIGNAL statements. 
I 

STOP IProcesses STOP statements. 
I 

IZSTUTl Istring utility in Phase LV to provide a dope vector for a specified 
I Istring. L __________________ ~ __________________________________ - ________________ ~ ________________ J 
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.Table NG. Phase NG Pseudo-Code Operating System Services 
r------------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------i 
IProcesses ALLOCATE triples for IALOCAT ICALIB, FALUTl I 
Ibased variables I I I 
~-----------------------------------+---------------+-----------------------------------i 
IProcesses DELAY triples IDLAY ICALIB, INTEG, SCAN (LA) I 
~-----------------------------------+---------------+-----------------------------------i 
IProcesses DISPLAY triples IDSPY ICALIB, CHAR, ENDLST, I 
I I I SCAN (LA), STeRAD I 
~-----------------------------------+---------------+-----------------------------------i 
IProcesses FREE triples for based IFREE ICALIE, FALUTl I 
Ivariables I I I 
~-----------------------------------+---------------+-----------------------------------i 
IProcesses WAIT triples IWAIT ICALIB,INTEG,SCAN(LA},OPLAST I L. ___________________________________ ~ _______________ L ___________________________________ J 

.Table NG1. Phase NG Routine/Subroutine Directory 
r-------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~-------------------+--------------------------------------------------------------------i 
CALIB Generates part of calling sequence and makes dictionary entry for I 

Library routine. I 
I 

CHAR (NH) Converts a given argument to character string. I 
I 

DLAY Processes DELAY triples. 

DSPY Processes DISPLAY triples. 

DSPY3 Tests that operand is character variable. 

DSPY4 Makes dictionary entry for parameter list. 

DSPY10 Scans for REPLY option. 

ENDLST Completes parameter list and makes dictionary entry for it. 

FALUTl Examines argument of ALLOCATE or FREE triples to see if variable is 
based and forms RDV in workspace to Frepare for call to the library.t 

I 
INTEG (NH) Converts a given argument to an integer. I 

I 
NGO Scans to next triple. I 

I 
OPLAST Builds up parameter list in workspace. I 

I 
STORAD Stores an address in a parameter list. I L __________________ ~ ____________________________________________________________________ J 
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.Table NJ. Phase NJ Pseudo-Code RECORD I/O 
r-----------------------------------T---------------T-----------------------------------, 
1 IMain Processingl I 
I Statement or Operation Type I Routin~ I Subroutines Used I 
~-----------------------------------+---------------+-------------------------~---------1 
IInitialize Phase NJ by calling in ISTRTNJ IZLOADW (AA), SCINIT (LA), SC1 (LA) I 
Iblock NK and initializing SCAN I 1 I 
lutility I I I 
~-----------------------------------+---------------+------------------------------------1 
IInitializes switches and flags to INUSTAT I TXTEST I 
lindicate start of new statement. I I I 
IDetermines RECORD-oriented I/O verbl I I 
land goes to appropriate routine I I I 
~-----------------------------------+---------------+------------------------------------1 
IGets next triple of interest, ISCNOPT ISC3 (LA), TXTEST, SCAN01, CMPERR I 
Iconverts to internal code and sel- I I TXTERR, ZABORT (AA) I 
lects the appropriate routine to I I I 
I process it I I I 
~-----------------------------------+---------------+----------------------------------_.\ 
IProcesses FILE option of RECORD- IFILOPT I TXTARG, DYNMPL, LAONLY, STDROP, I 
loriented I/O by placing dictionary I ICMPERR, TXTERR, WRKSPC, MVPSCD, I 
Ireference of FILE Declare DCB in I IZTXTRF (LA), SYMREG, MV3 (LA) I 
Ithe appropriate slot of the param- I I I 
leter list. The parameter list is I I I 
lin STATIC if file constant, WORK- I I I 
ISPACE if file parameter I 1 I 
~-----------------------------------+---------------+----------------------------------_.\ 
IEstablishes the record dope vector IINTFRM ITXTARG, CMPERR, DYNMPL, LAONLY, I 
I (RDV) for the triple operand and I ISTDROP, LAOSM2, CRDV, TXTERR, I 
Iplaces the address in the second I IZABORT (AA), WRKSPC, MVPSCD, TXTRF,I 
Islot of the parameter list unless I ISYMREG, ZD~FAE (AA), CALLIB, I 
Ithe operand of the INTO triple is I IZDICRF (AA), REFRDV, SCALAR, I 
IA varying string, in which case it I IPNTRDR, BSDRDV I 
Iplaces the address of the string 1 I I 
Idope vector of the operand in the I I I 
Isecond slot in the parameter list. I I I l ___________________________________ ~ _______________ ~ ___________________________________ J 
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Table NJ. Phase NJ Pseudo-Code RECORD I/O (cont'd) 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
t------------------------·-----------t---------------t-----------------------------------~ 
Iprocesses the operand of the LOCOPT TX~ARG, ZDICRF, PNTRDR, SCALAR, I 
ILOCATE triple by establishing the LOCRDV, CMPERR I 
IRDV for the triple operand and 
Iplacing this address in th~ second 
Islot of the parameter list. It 
lestablishes the pointer qualifier 
lof the based variable and saves 
Ithis, either to be used, or tc be 
loverwritten by the operand of a SET 
Itriple. It establishes a compiler 
Ilabel and puts this in the third 
Islot of the parameter list in ~rder 
Ito tell the library where to 
Ireturn, so that code assigning the 
Ipointer value returned in the RDV 
Ito the saved pointer operand is 
I avoided. It then initializes the 
Ibased variables just allocated 
t-----------------------------------t---------------t-----------------------------------~ 
IProcesses KEYTO option of RECORD- IKYTOPT I TXTARG, SCALAR, DYNMPL, LAONLY, I 
loriented I/O by verifying that its I ISTDkOP, NXTMPD, ZSTUT2 (S~RUT2 in I 
largument is a character string, I ILV), LAOSM2, LAOSM1, TXTERR, I 
Ithen placing it in the appropriate I IZD~FAB (AA), SC5 (LA), WRKSPC, I 
Iparameter list slot, which may be I IMVPSCD, MV3 (LA), SYMREG I 
lin STATIC or WORKSPACE I I I 
t-----------------------------------t----~----------t-----------------------------------~ 
IProcesses the KEY or KEYFROM optionlKEYOPT ITXTARG, SCALAR, DYNMPL, LAONLY, I 
lof RECORD-oriented I/O by I ~STDROP, NXTMPD, ZSTUT1 (STRUT1 in I 
Iconverting the argument to a char- I ILV), LAOSM1, LAOSM2, TMPSEL, TXTERRI 
lacter string if it is not already al I I 
Icharacter string and placing the I I I 
Iresult in the appropriate parameter I I I 
Ilist slot; this is either in STATIC I I I 
lor WORKSPACE I I I 
t-----------------------------------t---------------t-----------------------------------~ 
IProcesses the IGNORE option of IIGNOPT I TXTARG, SCALAR, CINTEG, DYNMPL, I 
IRECORD-oriented I/O by first I ILAONLY, STDROP, MVPSCD, WRKSPC, I 
Ichecking that the argument is a I I MVTRPL, LAOSM1, ZDRFAE (AA), I 
Iscalar and then converting to a I ICMPERR, TMPREF, NXTMPD, MV3A (LA), I 
Ibinary fixed integer if it is not I IWRKSPC, SYMREG, MV3 (LA) I 
lalready a binary fixed integer. I I I 
IThe address of the argument is I I I 
Iplaced in the appropriate parameter I I I 
Ilist slot in STATIC or WORKSPACE I I I 
t-----------------------------------t---------------t-----------------------------------~ 
IProcesses the event oftion of I EVTOPT I TXTARG, DYNMPL, LAONLY, STDROP, I 
IRECORD-oriented I/O by checking I I NXTMPD, TMPREF, TXTERR, WRKSPC, I 
Ithat the argument is a scalar EVENT I IMVPSCD, ZTXTRF (LA), SYMREF, I 
Ivariable and placing its address inl IMV3 (LA) I 
Ithe appropriate parameter list I I I 
Islot. The parameter list is either I I I 
lin STATIC or WORKSPACE, depending I I I 
lupon the storage class of the argu-I I I 
Iment. I I I L ___________________________________ ~ _______________ ~ _ __________________________________ J 
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Table NJ.Phase NJ Pseudo-Code RECORD I/O (cont'd) 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
1 Statement or Operation Type I Routine I Subroutines Used I 

~-----------------------------------+---------------+-----------------------------------·t 
IProcesses the pointer operand of a ISETOPT ITXTARG, SCALAR, NXTMPD, DYN~PL, 1 
ISET triple. If part of a READ I ITMPREF, STDROP, TXTERR I 
I statement, the address of the poin-I I I 
Iter variable is placed in the sec- I I I 
lond slot of the parameter list. Ifl I I 
Ipart of a LOCATE statement, the I I I 
Ipointer operand overwrites the I I I 
Ipointer taken from the based varia-I I I 
Ible in the LOCATE statement, to be I I I 
lused in the pointer assignment codel I I 
Iproduced by ENDIO. I I I 
~-----------------------------------+---------------+------------------------------------1 
At end of I/O statement, places IENDIO IZDICRF (AA), LAONLY, LAOSM1, 1 

REQUEST_CODE (i.e. IODEF) in sta- I ICALLIB, MVPSCD, ZTXTAE (AA), SELL, 1 
tic constant chain, puts STATIC I ISC3 (LA) SYMREG, TMPREF, 1 
parameter list in STATIC chain. IZDRFAB, MVTRPL, RCBCMN L 
Creates external Library calling I 
sequence for RECORD-oriented I/O I 
statement as follows: I 

EPRM 
LA 1, PARM.LIST 
L 15, RECORD.IO.LIBRARY.ROUT 
BALR 14,15 
EPRM 

If there is a WORKSPACE parameter 
list, it updates the MVC or param
eter list from STATIC to WORKSPACE. 
It checks whether a LOCATE state
ment is being processed, for which 
it generates pseudo-code to assign 
the pointer value from the RDV to 
the pointer variable and to ini
tialize the REFER variable of a 
self-defining structure. It gener
ates an allocate triple to indicate 
possible initialization of TASK 
and/or EVENT variables, and a com
piler label triple to mark the end 
of initialization code for the 
library. It generates any SELL 
triples accumulated throughout the 

Istatement on SELL chain. It can
Icels the RECORD-oriented I/O option 
Itriple codes from the SCAN TRT 
I interest table. It gets the next 
Itriple of interest and goes to 
INUSTAT to process as a new state-

I 
I 
I 
I 

Iment. I l ___________________________________ L _______________ L ___________________________________ J 
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Table NJ. Phase NJ Pseudo-Code RECORD I/O (cont'd) 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I statement or Operation Type I Routine I Subroutines Used I 
~---------------~--------------------+---------------+-----------------------------------~ 
IIndicates presence of NOLOCK INLKOPT INone I 
I option. I I I 
~--------.---------------------------+---------------+-----------------------------------~ 
IDelete the SELL triple encountered ISELL routine IZDHFAB (AA), MV3A (LA) I 
Iduring scan of RECORD-oriented lat SVSELL or 1 1 
11/0 statement but puts dictionary ITMPSELL entry I I 
Ireference in the SELL chain so thatlpoint 1 I 
ISELL triple can be regenerated at I I I 
lend of I/O statement I I I 
~------------------------------------+---------------+-----------------------------------~ 
IAt end of program, releases own IPRGEND IRLSCTL I 
Imodules and turns control over to I I I 
Inext requested phase. I I I L ___________________________________ ~ _______________ ~ _ __________________________________ J 
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.Table NJ1. Phase NJ Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------1 
BSDRDV(NK) Entry point to CRDV routine which warks it as processing a based 

CALLIB 

CINTEG 

CMPERR 

CRDV (NK) 

DEFER 

DELETE 

DYNMPL (NK) 

ENDIO 

EVTOPT 

FILOPT 

IGNOPT 

INTFR~,1 

I 
KEYOPT 

LAONLY (NK) 

LOCRDV (NK) 

KYTOPT 

LAOSMl (NK) 

LAOSM2 (NK) 

MVPSCD (NK) 

MVTRPL (NK) 

variable in an INTO or .FROM option. 

Creates pseudo-code to call library routine; indicates call in dic
tionary if not previously noted. 

Checks whether argument is a binary fixed integer. 

Indicates compiler error and ABORT, error code in HOLD register. 

Constructs a record dopt vector (RDV) entry in WORKSPACE. If the 
dope vector descriptor bit is on, then the routine generates a 
library call to generate the RDV. If the variable has static 
extents and is not a string, the RDV is constructed froIT information 
in the RDV dictionary entry. If the variable is a string, then the 
RDV is constructed from its string dope vector. 

Indicates compiler error in the case of a deferred feature not 
detected by earlier phase. 

Establishes DELbTE code as REQUEST_CODE. 

I 
I 
I 
I 
I 

Establishes a parameter list in workspace if one is not already I 
established. Calculates workspace offset to particular slot I 
requested. Establishes a symbolic working register. Establishes I 
skeletcn pseudo-code for LA, ST, and DROP of register into workspace I 
offset. I 

handles operations at end of I/O statement. 

Processes EVENT option. (Not implemented in second version.) 

Processes FILE option. 

Processes IGNORE option. 

Processes INTO/FROM option. 

Processes KEY or KEYFROM option. 

Outputs pseudo-code for LA into symbolic work register of a dic
tionary reference without any offset modifiers. 

Entry point to CRDV routine which marks it as processing a 
variable of a LOCATE statement. 

Processes KEYTO option. 

based 

Establishes pseudo-code for a LA instruction into a symbolic work 
register wit.h the address of WORKSPACE and a literal offset which is 
pointed to the argument register. 

Generates LA pseudo-code in which both base and offset are in reg
isters. 

Puts pseudo-code asstmbled in pseudo-code area into output text 
block. 

Invokes SCAN utility to move generated triples into output text 
block. 

I 
J 
I 
II 

II 

II 

~ 
II 

II 

I 
I, 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

INLKOPT Indicates presence of NOLOCK option. L __________________ L ____________________________________________________________________ J 
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.Table NJ1. Phase·NJ Routine/Subroutine Directory (cont'd) 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Functlon I 
~.------------------+--------------------------------------------------------------------1 
~USTAT IHandles operations at start of new statement. I 

I I 
~XTMPD IInvokes SCAN utility to get next triple, which i~ checked to see if I 

lit is a TMPD; if ~ot, it is an error. I 
I I 

PNTRDR IEstablishes the seven-byte pointer information slot in d BASED vari-I 
able dictionary entry. I 

I 
PRGEND Releases control to next phase at end of program. I 

RCBCMN 

REAC 

REFRDV (NK) 

REWRIT 

SCALAR 

SCANOl 

tSCNOPT 
I 
ISCRHOP 
I 
I 
/SELL (NK) 

STDROP (NK) 

STRTNJ 

SY~REG (NK) 

TMPREF (NK) 

TMPSEL (NK) 

TXTARG 

TXT ERR 

TXTEST 

UNLOCK 

WRITE 

IWRKSPC (NK) 

I 

Commons the dictionary entries of request code blocks. 

Establishes READ code as REQUEST_CODE; establiShes pararr~eter list 
size. 

Establishes the address of the RDV dictionary entry in the ARG reg
ister when given the data variable dictionary address in IND~l. 

Establishes REWkITE code as REQUEST_CODE. 

Confirrrs that dictionary code byte refers to scalar item; ascertains 
whether item is a constant. 

Indicates compiler error in the case of a deferred feature not 
detected during Read-In. 

IGets next triple of ipterest, branches to afpropriate routine. 
I 
ISearches options, inserts RECORD-oriented I/O option entries into 
ISCAN TRT interest table. 
I 
IGenerates SELL triples for all dictionary references in the SELL 
Ichain. 
I 
10utputs fseudo-code to ST contents of symbolic work register into 
Iparameter list slot in workspace set up ty DYNMPL, and the drop of 
the syrrbolic register. 

Initializes phase. 

Establishes sYffiDolic work register. 

Generates the appropriate LA pseudo-code to load the address of the 
temporary described by TMPD. 

Adds "temporary entry to SELL chain for generation of SELL triple 
upon completion. 

Proce:3ses second argument of triple. If dictionary reference, esta
blishes absolute address in INDX1. Returns to LR if zero, i.e., 
TEMP, LR+4 if dictionary reference. If null, indicates compiler 
error. 

Writes error message. 

I 

I 
I 
I 
I 
I 

Converts function code of triple interest TRT table to internal key,1 
and invokes PRG£ND if end of program is indicated. I 

IEstablishes 
Iversion.) 
I 
IEstablishes 
I 
IEstablishes 

I 
UNLOCK code as REQUEST CODE. (Not implemented in secondl 

WRITE code as REQUEST CODE. 

the requested workspace brea, starting on fullword 

I 
I 
I 
I 
I 

I Iboundary. I L __________________ ~ ____________________________________________________________________ J 
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Table NM. Phase NM Pseudo-Code Executable I/O 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
t-----------------------------------+---------------+-----------------------------------~ 
IProcesses GET and PUT statements IGET I INSERT, STORAD, INSTFL, GENPC, I 
I I IGENTR, MVTRSP, BNDLST, CALlE, I 
I I ICHAR, INTEG, UTTMPW, SRCERR, I 
I I ISCAN (LA), STRUTi (LV), STRUT2 (LV) I 
t-----------------------------------+---------------+-----------------------------------~ 
IProcesses OPEN and CLOSE statementslOPEN I INSERT, STORAD, INSTFL, GENPC I 
I I IGENTR, MVTRSP, ENDLST, CALlE, I 
I I ICHAR, INTEG, UTTMPW, SRCERR, I 
I I ISCAN (LA), STRUTi (LV), STRUT2 (LV)I L ___________________________________ ~ _______________ ~ _ __________________________________ J 

Table NMi. Phase NM Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
t------------------+--------------------------------------------------------------------~ 
CALIB (NN) Generates part of calling sequence and makes dicticnary entry for 

Library routine. 

CHAR (NN) Converts a given argument to character string. 

ENDLST (NN) Corrpletes parameter list and wakes dictionary entry for it. 

GENPC (NN) Moves ~seudo-code to output. 

GENTR (NN) Moves generated triples to output. 

GET Processes GET and PUT statements. 

GETOO Initializes switches for GET/PUT. 

GET20 PAGE option. 

GET85 Processes end of I/O statement. 

INSERT (NN) Inserts dictionary reference in pararr,eter list. 

INSTFL (NN) Inserts file reference in parameter list. 

INTEG (NN) Converts a given argument to integer. 

MVTRSP (NN) Moves data and format list triples to output. 

NMRi Begins scan for triples of interest. 

OPEN Processes OPEN and CLOSB statements. 

OPENOO Initializes switches for OPEN/CLOSE. 

SRCERR (NN) IMakes error dictionary entry. 
I 

STORAD (NN) IGenerates pseudo-code to store symbolic register in parameter list. 
I 

UTTMPW (NN) 10btains temporary workspace. L __________________ ~ __________________________________ __________________________________ J 
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Table NT. Phase NT Pseudo-Code Data and Format 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------i 
IInitializes phase, obtains scratch IN'TOOOO INone I 
I storage I I I 
~-----------------------------------+---------------+-----------------------------------i 
IScans text INT0003 INTOOll, NT0014, NT0017, NT0021, I 
I I INT0023, NT0024, SC2 (LA) I 
~.-----------------------------------+---------------+-----------------------------------~ 
ICollects remote format items and INTOOll INone I 
Isaves until end of block I I I 
~.-----------------------------------+---------------+-----------------------------------~ 
IAssociates remote format items withiNT0014 IN~UT10 I 
I data list items I I I 
t·-----------------------------------+---------------+-----------------------------------~ 
IMakes entries for Library routines INT0017 INTUT20 I 
Irequired for EDIT-directed I/O and I I I 
Icopies skeletons for phase NU into I I I 
Iscratch storage, then releases I I I 
Iphase I I I 
~------------------------------------+---------------+-----------------------------------~ 
IIdentifies type of data list item INT0021 INonE I 
land enters the type code in a list I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IAssociates format and data list INT0023 INTU~10 I 
litems and marks INCLUDE matrix I I I 
~-----------------------------------+---------------+-----------------------------------i 
IIdentifies type of format list itemiNT0024 INone I 
land enters the type code in a list I I I 
~-----------------------------------+---------------+-----------------------------------i 
Isets bits in INCLUDE matrix to INTUT10 INone I 
Irepresent STREAM I/O conversion I I I 
Irequirements at execution time I I I 
.-----------------------------------+---------------+-----------------------------------~ 
IMakes dictionary entry for Library INTUT20 INone I 
I Routine I I I 
L ___________________________________ L _______________ L ___________________________________ J 

Table NT1. Phase NT Routine/Subroutine Directory 
r-------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~-.-----------------+--------------------------------------------------------------------i 
NTOOOO Initializes phase, obtains scratch storage. I 

I 
NTOOOl Initializes phase address slots. I 

I 
NT0003 Scans text. I 

I 
NT0011 collects remote format items. I 

I 
NT001L~ Associates remote format items with data list items. I 

I 
NT0017 Makes entries for Library routines for EDIT-directed I/O. I 

I 
INT0021 Identifies types of data list items. I 
I I 
INT0023 Associates format and data list items. I 
I I 
INT0024 Identifies types of format list items. I 
I I 
INT1700 No EDIT-directed I/O, therefore no scan pass. I 
I I 
I NTUT10 Sets bits in IN~I"UDE matrix. I 
I I 
INTUT20 Makes dictionary entry for Library routine I 
L __________________ L ____________________________________________________________________ J 
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Table NU. Phase NU Pseudo-Code Data and Format Lists 
r-----------------------------------T---------------T------------------------------------, 
I IMain Processingj I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------t---------------t------------------------------------~ 
IGenerate Library calling sequences INU0022 IINSERT,UT24,UTii,UT23 I 
Ifor data items in DATA-directed 1/01 I I 
I statements 1 I I 
r-----------------------------------t---------------t------------------------------------~ 
IGenerate Library calling sequences INU0023 IINSERT,UTii,UT25,UT14,UT23,UT09 I 
Ifor data items in LIST-directed 1/01 I I 
I statements I I I 
~-----------------------------------t---------------t------------------------------------~ 
IGenerate code for data items in INU0024 IUT09,14 I 
IEDIT-directed I/O statements 1 I I 
r-----------------------------------t---------------t-----------------------------------~ 
IScan text INU0002 ISC1(LA),SC2(LA),SC3(LA) I 
~-----------------------------------t---------------t------------------------------------~ 
IGenerate Library calling sequences INU0029,NU0030 IUT15,UT18,ECDCNV,UT10 I 
Ifor format list items INU0033,NU0037, I I 
1 I NU0050 I I L ___________________________________ ~ _______________ ~ _ ___________________________________ J 

Table NUl. Phase NU Routine/Subroutine Directory 
r------------------T---------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------t---------------------------------------------------------------------~ 
BCDCNV (NV) IConvert decimal constant to binary. 

I 
INSERT IAdd an entry to an argument list. 

NUOOO2 (NV) 

NUOO22 

NUOO23 

NUOO24 (NV) 

NUOO29 (NV) 

NUOO30 (NV) 

NUOO33 (NV) 

NUOO3? (NV) 

NUOOSO (NV) 

UT09 

UT10 

UTll 

Scan text. 

Generate Library calling sequence for DATA-directed data list itew. 

Generate Library calling sequence for LIST-directed data list item. 

Generate cards for EDIT-directed data list item. 

Generate Library call for A or B format item. 

Generate Library call for E or F format item. 

Generate code for R format item. 

Generate Library call for P format item. 

Generate Library call for X, PAGE, ShIP, LINE, C, or COLUMN format 
item. 

Make dictionary entry for constant in EDIT or LIST list. 

Convert a constant entry to one of specified type. 

Generate Library calling sequence passing argument list. 

UT14 Generate code for intermediate result items in EDIT and LIST data 
lists. 

I 
UT15 IMake dictionary entry for FED or DED. 

I 
UT18 (NV) IGenerate an assignment triple. 

I 
UT23 IGenerate Library call code. 

I 
UT24 IConstruct symbol table dictionary entry. 

I 
I UT25 I Set bit in the INCLUDE matrix. I L __________________ ~ ____________________________________________________________________ .J 
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Table OB. Phase OB Pseudo-Code Compiler Functions 
r-O----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans text for BUY, BUY ASSIGN ISTl ISCAN (LA) I 
Istatements and compiler function I I I 
land compiler pseudo-variacles (see I I I 
IAppendix 0.8), and transfers to I I I 
lappropriate routine I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IReplaces MTF compiler functions IMTFR IEUFIZE, FRSTOP, se3 (LA) I 
I (Appendix D.8) by pseudo-code move I I I 
Icharacter instructions, adjusting 'I I 
Ithe target field to controlled or I I I 
Itemporary type 2 workspace where I I I 
Inecessary I I I 
.-----------------------------------+---------------+-----------------------------------~ 
IReplaces ADV compiler functions IADVR ISC3 (LA) I 
I (Appendix D. 8) by pseudoo-code I' I 
linstructions to load specified I I I 
lelement of a dope vector into a I I I 
I register I' I 
.-----------------------------------+---------------+-----------------------------------~ 
IReplaces SDV compiler functions ISDVR ISC3 (LA) I 
I (Appendix D.8) by instructions to I I I 
jload the waximum length from a I I I 
Istring dope vector into a register I I I 
~-----------------------------------+---------------+-----------------------------------i 
IReplaces compiler pseudo-variable IST4 IBUFIZE, S~ACK, MV3A (LA), FRSTOP, I 
Itriples and compiler assignment I IDROPRG, USTACK, SC5 (LA) I 
Itriples by pseudo-code instructions I I I 
Iwhich store the value assigned in I I I 
,specified part of dope vector I I I 
.-----------------------------------+---------------+----------------------------------~~ 
IRemove BUY, BUY ASSIGN, and SELL IST8, ST10, ST7 ISC2, SC3 (both in LA) I 
Istatements for scalar non- I I I 
ladjustable temporary variacles froml I I 
Ithe text, and allocate storage in I I I 
Ithe pseudo-code workspace for the I I I 
,t,emporaries I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IGenerates code to drop a symbolic IDROPRG INone I 
Iregister, or mark a literal I I I 
Iregister not wanted I I I 
.-,----------------------------------+---------------+-----------------------------------~ 
Determines whether the target dic- IFRSTOP ISETDVF 
tionary reference of MTF function, I I 
or ADV or SDV pseudo-variacle is I I 
controlled or a temporary type 2. I I 
If it is, the dictionary reference I I 
is replaced by the dictionary ref- I I 
erence of the controlled or tem- I I 
porary type 2 workspace, with the I I 
appropriate offset, if the target I I 
is a structure base element I I 
stack and unstack the information ,STACK, USTACK INone 
specifying the target field of I , 
compiler pseudo-variable assignment I I 

.-----------------------------------+---------------+-----------------------------------i 
ICalculates the offset of the dope ISETDVF INone I 
Ivector of a structure base element I I I 
I from the start of the structure I' , 
Idope vector I I I 
~-----------------------------------+---------------+------------------------~----------~ 
IPlace triples from the source text IBUFIZE ISC5 (LA) I 
lin an internal buffer. I I I L ___________________________________ ~ _______________ L _ __________________________________ J 
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Table OBi. Phase OB Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
IRoutine/Subroutinel Function I 
~------------------+--------------------------------------------------------------------~ 
ADVR Replaces ADV compiler functions by pseudo-code instructions to load 

AT7 

AT8 

BUFIZE 

BY5 

BY19 

DROPRG 

FRSTOP 

MTFR 

SDVR 

SETDVF 

STACK/USTACK 

STl 

ST4, ST6 

ST7,ST8,ST10 

the specified element of a dope vector into a register. 

Generates pseudo-code. 

Replaces operand by workspace reference. 

Places triples from the source text in an internal buffer. 

Tests length of string. 

Processes string temporary (dope vector only). 

Generates code to drop a symbolic register or IT.ark a literal reg
lister not wanted. 
I 
IReplaces the target field of MTF fUnction or compiler pseudo-
Ivariable by controlled workspace where necessary. 
I 
IReplaces MTF compiler functions by pseudo-code move character 
I instructions. 

Replaces SDV compiler functions by pseudo-code instructicns to load I 
the maximum string length into an object register. 

Calculates the offset frow the start of a structure dope vector to 
the dope vector of a particular base element. 

Stack and unstack information specifying target field of compiler 
pseudo-variable aSSignment. 

Scans text for BUY and BUY ASSIGN statements, compiler functions, 
and corrpiler pseudo-variables. 

assignment triples 
expressicn, convert-

Replaces compiler pseudo-variables and compiler 
by pseudo code instructions to set the aSSigned 
ed if necessary in the specified part of a dope vector. I 

Remove BUY, BUY ASSIGN, and SELL statements for fixed scalars froIT 
Ithe text, and allocate space for the temporary variables in the 

I 
I 
I 

Ipseudo-code workspace. I L __________________ ~ ____________________________________________________________________ J 
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eTable 00. Phase OD Pseudo-Code Assignment 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I statement or Operation Type I ~outine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IGet block of scratch core ISCRCOR INone I 
~-----------------------------------+---------------+-----------------------------------i 
IMove routines, constants and tableslMOVTAB INone I 
Ito block I I I l ___________________________________ ~ _______________ ~ _ __________________________________ J 

eTable OD1. Phase OD Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------i 
18CRCOR 10btains block of scratch core. I 
I I I 
I MOVTAB IMoves routines, tables and constants into scratch core. I l __________________ ~ ____________________________________________________________________ J 
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Table OE. Phase OE Pseudo-Code Assignment 
r-----------------------------------T---------------T-----------------------------------'1 
I \Main Processingl I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------·i 
IGenerates pseudo-code for assign- IASSOO IASCOO, ASCDOO, ASDROP I 
Iment triples I I I 
~-----------------------------------+---------------+-----------------------------------i 
IGenerates Library calling sequenceslALLOC, FRE~, ICALlB I 
Ifor ALLOCATE, FREE, BUY, and SELL IBUY, or SELL I I 
I triples I I I L ___________________________________ ~ _______________ L _ ___________________________________ 1 

.Table OE1. Phase OE Routine/Subroutine Directory 
r------------------T---------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------1 
ALLOC (OF) Processes ALLOCATE triples. I 

I 
ASCOO Inserts target types for constants. I 

I 
ASCDOO Controls assignment of real and complex data. I 

I 
ASDROP Drops symbolic registers. I 

I 
ASFBOO Generates code for fixed binary assignments. I 

I 
ASFDOO (OF) Generates code for fixed decimal assignments. I 

ASFLOO 

ASLOO 

ASPOOO 

ASAROO 

ASSOO 

ASS032 

ASTROO (OF) 

BUY (OF) 

CALIB (OF) 

ENABLE 

FREE (OF) 

GENCNV 

GENRXO 

GENSSO 

GETDES 

RMNDX 

SBGTNR 

SELL (OF) 

Generates code for floating-point assignments. 

Generates code for label assignments. 

Generates code for pointer/offseL assignrr.ent. 

Generates library calling sequence for area assignrr.ent. 

Processes assignment triples. 

Tests for special assignment triple. 

Generates code for string and numeric field assignments. 
I 
Processes BUY triples. 

Generates Library calling sequences. 

Enables for SIZE prefix option. 

Processes FREE triples. 

Generates convert macro instruction. 

Generates RX instruction. 

Generates SS instruction. 

Obtains operand description. 

ReITroves index from operand. 

IObtains next symbolic register. 
I 
IProcesses SELL triples. 
I 

f 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

jSPASS (OF) IProcesses special assignrrent triples. I 
l __________________ L ____________________________________________________________________ J 
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Table OG. Phase OG Library Calling Sequences 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I statement or Operation Type I Routine I Subroutines Used I 
r------------------------------------+---------------+-----------------------------------~ 
IScans triples and takes action on ITRSCA~ IEOBIN,TSCSNO,TSCCLB,TSCPRC,FMT001, I 
Itheir values I ITSCEOP,TSCEP2,JSCJMP,MOVITM,MOVODT I 
r-------------------~---------------+---------------+-----------------------------------i 
IScans fseudo-code deleting IGNORE IPCSCAN ICNVFND,MOVITM,MOVOUT I 
litems and detecting CCNVERT items I I I 
~-----------------------------------+---------------+-----------------------------------i 
IExamines fields of CONVERT, and IIEMOH IMJG201,IEMOI,CODCAL I 
Idetermines whether the conversion I I I 
lis to be done in-line I I I 
r-----------------------------------+---------------+-----------------------------------i 
IGenerates Library calling sequence IMJG201 IMJG203,MJG204,MJG298 I 
~-----------------------------------+---------------+-----------------------------------~ 
IGenerates in-line code for selectedlIEMOI IBITCDI,FDTOFB,FIBFLT,DECFLT,PICHAR I 
I conversions I I I l ___________________________________ ~ _______________ ~_-----------_______________________ J 
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Table OGi. Phase OG Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
IEOBIN Entered when an end of in~ut block marker is detected. I 
I I 
I TSCSNO Processes SN, SN2, and SL triples. I 
I I 
I TSCCLB Processes CL triples. I 
I I 
I TSCPRC Processes PROC, PROC1, bEGIN, and BEGIN1 triples, and sets up counts I 
I for work space requirements. 
I 
FMTOOi Handles the workspace requirements for FORMAT and FORMAT LIST. 

TSCEOP 

TSCEP2 

TSCJMP 

MOVITM 

MOVOUT 

CNVFND 

MJG20i (OH) 

CODCAL (OH) 

MJG203 (OH) 

MJG204 (OH) 

MJG298 <OH) 

BITODI (01) 

Processes EOP triple. 

Processes EOP2 triples and terminates phase. 

When a JUMP triple is found the routine sets up a counting mechanism 
and enters PCSCAN. 

Moves from input an item which spans blocks. 

Moves an item to the output block. 

When a CONVERT is found passes control to IEMOH and outputs pseudo
code generated on return. 

Generates pseudo-code to call the Library conversion package. 

Given a DED generates a code byte used by the in-line conversions. 

Generates pseudo-code to point registers at data. 

Generates pseudo-code to call Library conversion module. 

Sets bits in include card matrix. 

Generates in-line code for binary to decimal conversion. 
I 

FDTOFB (01) Generates in-line code for decimal to binary conversion. I 
I 

DECFLT (01) Generates in-line code for decimal ~o float conversion. I 
I 

FIBFLT (01) Generates in-line code for fixed binary to float conversion. I 
I 

PICHAR (01) Generates in-line code for picture to character string conversion. I L __________________ ~ __________________________________ - _________________________________ J 
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Table OM. Phase OM In-line Data Conversions 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I statement or Operation Type I Routine I Subroutines Used I 
~------------------------------------+---------------+-----------------------------------~ 
Iscans text for CNVC macros ITEXTSC INon~ I 
~-.----------------------------------+---------------+-----------------------------------1 
IPasses control to code generation ICNVCDE IPACK,UNPACK,EDIT,EDMK I 
I routines I I I L_. __________________________________ ~ _______________ ~ ___________________________________ J 

Table OM1. Phase OM Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~-.-----------------+--------------------------------------------------------------------~ 
CNVCDE Passes control to the in-line code generation routines. I 

EDIT 

E~K 

PACK (ON) 

PTNGEN 

TEXTSC 

IUNPACK <ON) 
I 

Generates conversion code p based on the ED instruction, for FIXED 
DEC to PICTURE conversion which includes punctuation and/or zero 
suppression. 

I 
I 
I 
I 
I 

Generates conversion cOde, based on the EDMh instruction, for FIXED I 
DEC to PICTURE conversion which includes a drifting sign. I 

Generates conversion code, based on the PACK instruction, for 
PICTURE to FIXED DEC conversion when the picture contains only 9'8 
and Vv and has only external sign or edit characters. 

Generates the editing constant or mask used by the ED or E~MK in
line instructions. 

Scans text for CNVC roacros. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Generates conversion code, based on the UNPK instruction, for FIXED I 
DEC to PICTURE containing only 9's and v, and with only external I 

I sign or edit characters. I L __________________ ~ ________________________________________________ ~ ___________________ J 
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eTable OP. Phase OP Further In-line Conversions 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IInitialize and perform test scan toITEX~SC ICNVCDE I 
Isearch for convert macros I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IExamine convert macro and select ICNVCDE IBNTOBT,B~TCBN,FLTOBN I 
Iroutine to generate in-line code I I I L ___________________________________ ~ _______________ ~ _ __________________________________ J 

eTable OP1. Phase OP Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
IBNTOBT IGenerate in-line code far conversion from fixed binary to bit stringl 
I I I 
IBTTOBN IGenerate in-line code for conversion froIT. bit string to fixed binaryl 
I I I 
IFLTOBN IGenerate in-line code for conversion from float binary to fixed I 
I I binary I L __________________ ~ ____________________________________________________________________ J 
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Table os. Phase as Constant Conversions 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I Statement or O~eraticn Type I Routine I Subroutines Used 1 

~-----------------------------------+---------------+-----------------------------------~ 
IScans constants chain for double ISCANl IPOOLSC, SCN010, STPTST I 
1 word constants I I I-
~-----------------------------------+---------------+-----------------------------------~ 
IScans constants chain for single ISCAN2 IPOOLSC, SCN010, STPTST I 
Iword constants I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans constants chain for unalignediscAN3 ICONVRT, IADENT, SCN010, STPTST 1 

I constants I I I 
~------------------------.-----------+---------------+-----------------------------------~ 
IScans through constants chain for ISCAN4 ICONVRT, STPTST 1 

lall constants used to initialize I I I 
ISTATIC storage I I 1 

~-----------------------------------+---------------+-----------------------------------~ 
Isets up parameter and branches to ICONVRT IARARD, ARBTD, ARCHD, CHARD, ERROUT,I 
Ithe correct conversion routine I IIACONV, IASTRN, IriEVFA, IHEVFB, I 
I I I IHEVFC, IdEVFD, IHEVFE, IHEVKF, 1 
I I IIHBVKG, IHEVPA, IHEVPB, IHEVPC, I 
I I IIHEVPD, IdEVPE, IHEVPF, IHEVPG, 1 
I I IIH~VPH, UPAA, UPAB, UPBA, UPBE, I 
I 1 IVSAA, VSCA, VSDA, VSEA, ZEaOPT 1 l ___________________________________ ~ _______________ ~ _ __________________________________ J 

Table OSlo Phase as Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
1 Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
ARARD Handles the linking of routines required for any arithrretic to 

ARBTD 

ARCHD 

CHARD 

CONVRT 

ERROUT 

IACONV 

IADENT 

IASTRN 

IHEVFA (aT) 

IHEVFB (OT) 

IHEVFC (OT) 

I 

arithroetic conversions (corresponding Library module IHEDMA). 

As above for arithmetic to bit conversion (corresponding Library 
routines IHEDNB). 

Arithmetic to character (IHEDNC). 

Character to arithmetic (IHEDCN). 

Sets up parameters and branches to correct conversion routine. 

Handles the output of error messages for the conversion routines. 

Handles conversion to arithmetic type. 

IMakes dictionary entry in the constant pool, generating a new con-
Istant fool block if necessary. 
1 
IHandles conversion to string type. 
I 
IConverts radix long floating-point binary to packed decimal inter-
Imediate. 
I 
IConverts long precision floating-point number to fixed binary. 
I 
IConverts long floating-point number to floating-point variable. 
I 

IHEVFD (OT) IConverts fixed point binary integer with scale factor to long preci-
Ision floating-point intermediate. 
I 

IIHEVFE (OT) IConverts floating-point number of specified preciSion floating-
1 Ipoint. l __________________ ~ __________________________________ __________________________________ J 
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Table OSl. Phase as Routine/Subroutine Directory (cont'd) 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
IHEVKF <OU) converts packed decimal intermediate to decimal fixed or floa.ting-

IHEVKG <OU) 

IHEVPA COT) 

IHEVPB (OU) 

IHEVPC (OU) 

IHEVPD (OT) 

IHEVPE (OT) 

IHEVPF (OT) 

IHEVPG (OT) 

IHEVPH (OT) 

LDCONP 

POOLSC 

SCAN1 

SCAN2 

SCAN3 

SCAN4 

SCN010 

STPTST 

UPAA (UPAB) (aT) 

UPBA (UPBB) (aT) 

VSAA (O'I) 

VSCA (aT) 

point numeric field with specified precision. 

converts packed decimal intermediate to a sterling numeric field, 
with specified precision. 

converts packed decimal intermediate to long float. 

converts packed decimal intermediate to an F format item. 

converts packed decimal intermediate to an E format item. 

converts packed decimal intermediate to a decimal integer with 
specified precision and scale factor. 

converts an F or E format item to packed decimal interffiediate. 

converts a decimal integer with specified precision and scale factor 
to packed decimal iritermediate. 

converts binary fixed or floating-point constant to long precision 
floating-point. 

converts bit string constant with up to 31 significant bits, to 
floating-point with long precision. 

Points to head of constant chain. 

Given a converted constant in scratch storage, scans the existing 
pool for an identical entry. If suct an entry is found, the pool 
offset and dictionary reference of the entry is moved into the dic
tionary entry for the constant. 

Scans constants chain for double word constants. 

Scans constants chain for single word constants. 

Scans constants chain for unaligned constants. 

Scans constants chain for constants used to initialize static stor-
age. 

Controls the calling of the conversion routine CONVRT and pool scan 
routine POOLSC and, if required, IADENT. Also handles the case of a 
constant given in internal form. 

Checks for the end of the constant chain. 

Produces zero real (imaginary) part for CAD (corresponding Library 
module IHEUPA). 

Produces zero real (imaginary) part for num8ric field (IHEUPB). 

Convert from bit string to bit string (IHEVSA). 

Convert from character string to character string (IHEVSC). 

VSDA (aT) IConvert from character string to bit string (IHEVSD). 
I 

VSEA (aT) Iconvert from character string to pictured character string (IHEVSE). 
I 

IZEROPT IProduces a zero real or iwaginary part for a constant given in 
I linternal form. L __________________ ~ __________________________________ __________________________________ _ 
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Chart 08. storage Allocation Logical Ph~se Flowchart . ...... 
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• STORAGE • ................... 
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... SCANS TF.XT .. 
"'FOR ALLOCATE I: • 
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• AI· . ... 

• 
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• Al* .. . 
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<~hart PA. 
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Phase PA ~verall Logic Ciag~~m 

••••• • PA • 
• B3· •• • 

PAOSA X 
••••• B 3 •••••••••• 
• • • PICKUP HEAD • 
• OF ENTRY TYPE 1. 
• CHAIN • • • ................. 

••••••••••••••••••••••••• x. x .*. . *. C 3 •• C4 •• • •••• C5 •••••••••• 

•••• END •••• YES •• ·;H~nLBE •••• NO : SET OFF FlAG : 
•• OF CHAIN •••••••••• 1( •• ANY ~TATrc •••••••••• X. IN THI:' • 

•••• •••• .' •• fl. A' S.... :cnMM~NJi~~ IONS: .. .. .. .. . ..... ~ ......... . 
• NO • YES 

• X ..... 02.......... 03- *. *. 
: PICK UP: yes •• ,; NHTHE=· •• 
: NE~~p~NIRY :1( .......... :~ocg~h"l~ N~~ •• 

• • *..* ................. . ... 
x • NO 

K ... 
('3 •• 

• •• IS·. 
• NO •• BLOCK ~O •• 
: x •••••••••••••••••• ~A: ~L~h'~~.·· 

••••••••••• x. 

•• OSA •• 
* •• * 

• YES 

OSASI7.E X ·····G3·········· • CALC STORAGE • 
• FOR V AR I ABl ES • 
:STRUH~~~~ ANI) : · . ................. 

X ·· .. *H3·········· • ADD • • STORAGE FOR STD. 

: g~~pt~~PoI2 : 
• SI ZI' • ••••••••••••••••• 

X ..... J2.......... J3- *. *. 
• SET. •••• 
• ELIGIBILITY. YES.. IS SIZE •• 

BIT OFF .X •••••••••• )512 BYTES •• 
IN ENTRY. •• •• 

• TYPE 1. •••• ••••••••••••••••• * •• * 
• NO 

OICENT it 
••••• KZ.......... • •••• K3 ••• • •••••• 

~ CHAIN ENTRY : :os~A~iCHA~l~Y : 
:.... FROM ENTRY .X......... ENTRY FOR • 

• TYPE 1. • STATIC CHAIN • · .. . ................. . ............... . 

. . .x ••••••••••••••••••••••••• 
I( ..... 

::21: 
• 



Cha::-t P;) . 

..... 
·po • 
• AI· .. · 

PO X 
.... ·.Al··.·.·.··. 
• SCAN TEXT • 
• AND • 
• REVERSE • 
• SECOND FILE • 
• POINTERS • •• * •••••••••••••• 

SCS OIlT X ·····Al·········· • SCAN STATIC • 
• CHAIN • 
• AND • 
• SORT ENTIIIES • 
• (I N PAl • ................. 

Phase PD overall Logic Diagr~m 

• X ••••••• G ••••••••••••••••• x • 
STATIC Cl···.. • •••• C2.' •••••••• 

. " ·~~~~~t •.•. YES : ALLOCATE : 
•.• J~H~~r~ .• ' •.•.••••• x: R~PH~:a~ : 

*..* * • .. .. . ............... . 
• NO 

.X ••••••• 41 •••••••• 0 •••••••• 

X • 
OVALOC ••• 

01 •• • •••• 02 •••••••••• 
• .... I S A -. _. VF.S : °fitE~~J.~E : 

-. DOPE VEC TOR •••••••••• X. AND • 
• ,,~;QUIRE~... : A\~g~~~~ : .. .. . ............... . 

• NO 

• )C •••• e ••••••••••••••• it. e ••••••• e _ a • o ••••• 0 0 ••••••••• 

X • 
TVALOC El···.. • •••• EZ.......... .. •••• F3.t. ......... . 

•• ··STATIC •••• YES : ~L~~~e~~: :I')E6~R~h~h~PF : 

•.•. ~~H:~~~ ............. K: AOO~fM ING : •••••••• 1(: ~~~UO~TA7~ : 
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• "10 

CONAlC ~ 
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.SCAN CONST ANT~ • 
• CHAIN AND • 

: O~Hp~~T fN : 
.CONSTANTS POOL -................. 

· .X •••••••• ' ••• 

K 
•• ···Gl ••••• ••••• • • • BU'IP lOCATION. 
• COUNTER flY • 
• S I Z F. 0 F POOL • • • ................. 

x ... 
HI· • 

• '" ARF·. • 
."'THERF MOPE •• "£5. 

"'. CONSTANTS •••••• 
•• POOLS • '" *. •• 

* •• * • 
)c ..... 

• PH • 
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Chart PH. 

••••• • PH. 
• A1· • • • 

Phase PH overall Logic Diagr~D 

• ••• • • 
• A2 • • • *.** 
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. ... ..... ...... .... .... .... . ; 
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K " • 
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Chart PL. Phase PL Overall Logic Diagc~m 
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'2hart PP . Phase PP Jverall Logic Diagr3m ..... 
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Chart PT . Phase PT Jverall Logic Diag~3~ 
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Chart QF. Phase OF Overall Logic DiagL3m 
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Chart QJ • 
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Phase QJ Qverall Logic Diagr~m 
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Chart QU. Phase JU Jverall Logic Diagr~n 
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2nart OX. Phase ~X Jverall ~ogic Diagr~D 
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.Table PA. Phase PA DSAs in S~ATIC Storage 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------t---------------t-----------------------------------~ 
IScans Entry Type 1 chain for blockslPADSA IDSASIZ,DVSIZE I 
leligible for STATIC DSAs I \ \ 
r-----------------------------------t---------------t-----------------------------------~ 
IMakes a dictionary entry for each IDICEN~ INone I 
\STATIC DSA I I I 
r-----------------------------------t---------------t-----------------------------------~ 
ISorts STATIC chain (called from PD) ISCSORT INone I 
~-----------------------------------t---------------t-----------------------------------~ 
IScans STATIC chain for INTERNAL IARRSCN INone I 
larrays; calculates number of ele- I I I 
Iments for those arrays needing I I I 
I initialization. Allocates storage I I I 
Ifor arrays and, if necessaryv for I I I 
Isecondary dope vectors I I I L ___________________________________ ~ _______________ ~ _ __________________________________ J 

.Table PAl. Phase PA Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
r------------------t--------------------------------------------------------------------~ 
ARRSCN Scans STATIC chain for INTERNAL arrays; allocates storage for arraysl 

DICENT 

DSASIZ 

DVSIZE 

PADSA 

and secondary dope vectors (callEd from FH). 

Makes a dictionary entry for each STATIC DSA. 

Calculates size of DSA excluding Register Allocator Workspace. 

Scans AUTOMATIC chain for variables requiring dope vectors, and 
calculates size of dope vectors. 

Deterffiines eligibility of a block for a STATIC DSA. 

ISCSORT ISorts S~ATIC chain (called from PD). L __________________ ~ ____________________________________________________________________ J 
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eTable PD. Phase PD Storage Allocation Static 1 
r------------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I statement or Operation Type I Routine I Subroutines Used I 
~------------------------------------+---------------+-----------------------------------~ 
IReverses second file dictionary IPD I NXBLCK I 
I pointers I I I 
~-----------------------------------+---------------+-----------------------------------~ 
ISorts STATIC chain ISCSORT (in PAl INonE I 
~-----------------------------------+---------------+-----------------------------------i 
I1Ulocates storage for sin'fle, non- I STATIC I SDSAl I 
I structured, non-external items I I I 
~------------------------------------+---------------+-----------------------------------i 
IAllocates dope vectors for all I DVALOC INone I 
Inon-external items I I I 
~------------------------------------+---------------+-----------------------------------~ 
IAllocates 4-byte addressing slots; ITVALOC ISTHCDV I 
Icalculates control section size for' I I 
lall external items I I I 
~-----------------------------------+---------------+-----------------------------------i 
IAllocates storage for constants. ICONALC INone I L ___________________________________ ~ _______________ L _ __________________________________ J 

eTable PD1. Phase PD Routine/Subroutine Directory 
r-------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Functlon I 
~------------------+--------------------------------------------------------------------i 
CONALC I Allocates storage for constants. I 

I I 
DVALOC IAllocates dope vectoI'S for all nen-external items. I 

I I 
NXBLCK IObtains next text block. I 

I I 
PD IScans text file and reverses second file pointers. I 

I I 
SDSAl IAllocates a 4-byte address slot for each STATIC DSA. I 

I t 
SCSORT Isorts STATIC chain. I 

I I 
STATIC IAllocates storage for simple, non-structured, non-external iterrs. I 

I I 
STRCDV IAllocates relative offsets of structure ITember dope vectors. I 

I I 
I'I'VALOC I Allocates 4-byte addressing slots; calculates control section size I 
I Ifor all external items. I L __________________ ~ __________________________________ __________________________________ J 

section 3: Charts and Routine Directories 291 



eTable PH. Phase PH storage Allocation static 2 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans AUTOMATIC chain; allocates IPBSCAN IAUT04, SKDV1, SKENT3, S~RSCN, I 
Idope vector I ITEMPDV I 
~-----------------------------------+---------------+-----------------------------------~ 
Iscans CONTROLLED chain ICONSCN IAUT04, SKDV1, STRSCN I 
~-----------------------------------+---------------+-----------------------------------~ 
IAllocates storage for skeleton ISKARGL INone I 
largument lists appearing in STATIC I I I 
Ichain I I I 
~-----------------------------------+---------------+-----------------------------------~ 
Iscans STATIC chain for INTERNAL IARRSCN (in PA) INone I 
larrays; calculates number of I I I 
lelements for those arrays needing I I I 
I initializing. Allocates storage I I I 
Ifor arrays and, if necessary, for I I I 
Isecondary dope vectors I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans STATIC chain for INTERNAL ISTRALO INone I 
I structures. Calculates number of I I I 
lelements in structured arrays need-I I I 
ling initializing. Calculates size I I I 
lof storage for all structures and I I I 
Ibumps location counter. I I I l ___________________________________ ~ _______________ ~ _ __________________________________ j 
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.Table PHi. Phase PH Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~.------------------+--------------------------------------------------------------------~ 
ARRSCN (in PAl Scans STATIC chain for INTERNAL arrays; allocates storage for arrays 

AUT END 

AUT04 

CONSCN 

CSCN2 

END5i3 

PBS CAN 

PBSi 

SKAkGL 

SKARGi 

SKDVi 

and secondary dope vectors. 

Tests for end of AUTOMATIC chain. 

Calculates size of dope vectors for dynamic temporaries and CON
TRCLLED variables. 

Scans CONTROLLED chain. 

Tests for end of STATIC chain. 

stores STATIC location counter and releases control. 

Scans AUTOMATIC chain; allocates dope vectors. 

Gets next item in chain. 

Allocates storage for skeleton argument lists appearing in STATIC 
chain. 

Allocates storage required. 

Creates skeleton dope veotor dictionary entries for non-structured 
variables in AUTOMATIC and CONTROLLED storage. 

!3KENT3 Constructs skeleton dppe vector dictionary entries for function 
Ivalu~s. 

I 
STRALO \Calculates number of elements in structure arrays to be initialized; 

Icalculates size of storage for all structures. 
I 

STRSCN Icreates skeleton dope vector dictionary entries for structures in 
IAUTOMATIC and CONTROLLED chains. 
I 

TEMPDV ICreates skeleton dope vector dictionary entry for temporary work-
Ispace. l __________________ ~ ____________________________________________________________________ J 
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Table PL. Phase PL Storage Allocation Symbol Table and DEDs 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IAllocates STATIC storage for all IIEMPL IBCSCAN, CCSCAN, CNSCAN, SCSCAN I 
Isymbol tables and DEDS I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans STATIC chain for symbol and ISCSCAN IDEDALi, STRSCN, SYMTAB I 
IDED variables I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans CONTROLLED chain for symbol ICCSCAN IDEDALi, STHSCN, SYMTAB I 
land DED variables I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans PROCEDURE block chain of I BCSCAN I ACSCAN, DEDALi I 
IENTRY type 1 entries I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans AUTOMATIC chain for symbol I ACSCAN IDEDALi, STRSCN, SYMTAE I 
land DED variables I I I 
~-----------------------------------+---------------+-----------------------------------1 
IScans chain of members of particu- ISTRSCN IDEDALi, SY~TAB I 
Ilar structure for symbol and DED I I I 
I variables I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IAllocates storage for symbol tableslSYMTAB IDEDAL2 I 
~-----------------------------------+---------------+-----------------------------------~ 
IAllocates storage for DEDS IDEDAL (two INon~ I 
I lentry points: I I 
I IDEDALi, DEDAL2) I I L ___________________________________ ~ _______________ ~ _ __________________________________ J 

Table PLi. Phase PL Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
I ACSCAN IScans AUTOMATIC chain for symbol and DED variables. 
I I 
I BCSCAN Scans procedure block chain of ENTRY type 1 entries. 

CCSCAN Scans controlled chain for symbol and DED variables. 

CNSCAN Scans constants chain for DED variables. 

DEDALi (PM) Allocates storage for DEDs. 

IEMPL Allocates STATIC storage for symbol tables and DEDs. 

SCSCAN Scans STATIC chain for ~ymbol and DED variables. I 
I 

STRSCN Scans chain of members of particular structure for symbol and DED I 
variables. I 

I 
ISYMTAB (PM) Allocates storage for symbol tables. I L __________________ ~ __________________________________ __________________________________ J 
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Table PP. Phase pp storage Allocation Sort of AUTOMATIC Chain 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I statement or Operation Type I Routine I Subroutines Used I 
.-----------------------------------+---------------+-----------------------------------~ 
IScans BEGIN-ENTRY for ENTRY type 1 IRAO ISETCH, SCRUB1, SORCH I 
I entries I I I 
.------------------------------------+---------------+-----------------------------------1 
Iscans AUTOMATIC chain from each ISETCH IEXDT, SRCH2 I 
IENTRY type 1 entry I I I 
~------------------------------------+---------------+-----------------------------------1 
IAdds ON conditions to first AUTO- ISC24 INone I 
IMATIC zone I I I 
~-----------------------------------+---------------+-----------------------------------1 
IAdds temporaries (type 2) and inde-ISC31 INane I 
Ipendent items to first zene I I I 
~-----------------------------------+---------------+-----------------------------------1 
IAdds dependent items to subsequent ISC44 INone I 
I zones I I I 
~-----------------------------------+---------------+-----------------------------------1 
IDetermines list of dependencies ISC39 ISCNCHN, SHCH2 I 
I from INITIAL attribute I I I 
t------------------------------------+---------------+-----------------------------------1 
IDetermines list of dependencies ISC40 ISCNCHN, SRCH2 I 
I from DEFINED attribute I I I 
t-----------------------------------+---------------+-----------------------------------i 
IDetermines list of dependencies forlSC35 IEXDT, SCNCHN I 
larray bound expressions I I I 
~-----------------------------------+---------------+-----------------------------------1 
IDetermines list of dependencies forlSC50 ISCNCHN, SRCH2 I 
Istring length expressions I I I 
~-----------------------------------+---------------+-----------------------------------1 
IRemoves independent item dictionarylSCRUBl INone I 
Ireferences upon which iterrs in the I I I 
IAUTOMATIC chain depend. I I I L ____________________________________ ~ _______________ ~ ___________________________________ J 
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Table PP1. Phase PP Routine/Subroutine Directory 
r------------------T---------------------------------------------------------------------1 
\ Routine/Subroutine \ Function I 

~------------------+--------------------------------------------------------------------i 
I EXDT \scans dimensions tables for second file statements with adjustable j 
I Ibounds. 
I 
IRAO Scans BEGIN-ENTRY for entry type 1 entries. 
I 
IRAl Tests for end of ENTRY type 1 chain. 
I 
IRA4 Creates an AUTOMATIC chain delimiter. 
j 
IRA7 Tests for end of chain. 

SCNCHN 

SCRUBI 

SC24 

SC31 

SC35 

SC39 

SC40 

SC44 

SCSO 

SETCHN 

SORCH 

Scans curr~nt AUTOMATIC chain; determines whether reference belongs 
to it. 

Removes independent iteffi dictionary references from the stack of 
dictionary references upon which items in the AUTOMATIC chain 
depend. 

Adds ON conditions to first automatic zone. 

Adds temporaries (t}'pe 2) and independent items to first zone. 

Determines list of dependencies for array bound expressions. 

Determines list of dependencies from INITIAL attribute. 

Determines list of dependencies from DEFINED attribute. 

Adds dependent items to subsequent zones. 

Determines list of dependencies for string length expressions. 

Scans AUTOMATIC chain from each ENTHY type 1 entry. 

Sorts chain in order of dependencies; creates zone delimiter dic
tionary entries. 

! 
i 
II 
II 
I 
II 

SRCH2 Scans second file statements for dictionary references of labels, ~ 
data. items, and structures, which may belong to the current AUTOMAT-~ 
IC chains. ~ L __________________ ~ ____________________________________________________________________ J 
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Table PT. Phase PT storage Allocation AUTOMATIC Storage 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
~.-----------------------------------+---------------+-----------------------------------~ 
IScans stacked CONTROLLED chain for IMYNAM IDVSIZE I 
I largest dope vector I I I 
~-----------------------------------+---------------+-----------------------------------i 
IInitializes ENTRY type 1 chain scanlDSALOC IMKSTAT I 
land DSA I I I 
t-----------------------------------+---------------+-----------------------------------i 
IAllocates slots for ON conditions IDSA4 I~KSTAT I 
~-----------------------------------+---------------+-----------------------------------i 
IAllocates storage for workspace andiDSA10 INone I 
Ifor DSA addressing vector I I I 
~-----------------------------------+---------------+-----------------------------------i 
IScans AUTOMATIC chain and al16catesiDSA16 ICOPY, DVSIZE, INITDV, MKSTAT, I 
Istorage for dope vectors 1 ISTDVIN I 
t------------------------------------+---------------+-----------------------------------i 
IAllocates BUY workspace IDSA17 INone 1 

~------------------------------------+---------------+-----------------------------------i 
IAllocates storage for parameters IDSA19 INone 1 

t------------------------------------+---------------+-----------------------------------i 
IAllocates storage for double preci-IDSA25 INone I 
Ision variables 1 I I 
r------------------------------------+---------------+-----------------------------------i 
IAllocates storage for single preci-IDSA29 INone 1 
Ision variables 1 I 1 

~------------------------------------+---------------+-----------------------------------i 
IAllocates storage for character IDSA38 INone I 
I ~3trings I, 1 I 
~------------------------------------+---------------+-----------------------------------i 
IAllocates storage for bit strings IDSA46 INone I 
t------------------------------------+---------------+-----------------------------------i 
IAllocates storage for arrays and IDSA54 ICOPY, INITDV, MKSTAT, SDVCDE I 
Isecondary dope vectors 1 1 I 
~------------------------------------+---------------+-----------------------------------i 
IAllocates storage for structures IDSA68 ICOPY, MKSTAT I 
t------------------------------------+---------------+-----------------------------------i 
IGets VDA and initializes dope vec- ~DSA72 ICOPY, INITDV, MKSTAT, STDVIN I 
Itors for adjustable regions of I I I 
IAUTOMA1IC chain I I I 
~-----------------------------------+---------------+-----------------------------------i 
IAllocates storage for DEFINED iternslDSA98 INone I L ____________________________________ ~ _______________ ~ ___________________________________ J 
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Table PTi. Phase PT Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I , Function I 
~------------------t--------------------------------------------------------------------11 
CONTi Scans controlled chain for size of longest dope vector. 

COPY Compiles code to copy skeleton dope vector into real dcpe vector. 

DSALOC Initializes ENTRY type 1 chain scan and DSA. 

DSA4 Allocates slots for ON conditions. 

DSA5 Allocates standard save area and flag bytes. 

DSAiO Allocates storage and workspace for DSA addressing vector. 

DSA16 Scans AUTOMATIC chain and allocates dope vectors. 

DSA17 Allocates BUY workspace. 

DSA19 (PU) Allocates storage for parameters. 

DSA25 (PU) Allocates storage for double precision variables. 

DSA29 (PU) Allocates storage for single precision variables. 

DSA38 (PU) Allocates storage for character strings. 

DSA46 (PU) Allocates storage for bit strings. 

DSA54 Allocates storage for arrays and seccndary dope vectors. 

DSA68 Allocates storage for structures. 

DSA72 Initializes dope vectors for adjustatle regions of AUTOMATIC chain. I 
I 

DSA74 stores pointer to skeleton second file statement. I 
I: 

DSA98 Allocates storage for DBFINED items. I 
II 

DSA16i Allocates storage required for dope vectors. I 
Ii 

DSA162 Compiles code to initialize dope vectors. I 
I, 

DSA952 Gets VDA for this region of AUTOMATIC chain if required. I 
I: 

PVSIZE (PU) Determines size of dope vectors. I 
I 

INITDV Compiles code to initialize address slot in dope vector. I 
I 

MKSTAT Makes a second file statement. I 
I 

MYNAM Scans CONTROLLED chains. I 
II 

SDVCDE (PU) Compiles code for secondary dope vectors. I 
Ii 

I STDVIN Initializes structure memter dope vectors. II L __________________ ~ __________________________________ __________________________________ J 
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Table QF. Phase QF Storage Allocation Prologues 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I statement or Operation Type I Routine I Subroutines Used I 

~--------.---------------------------+---------------+-----------------------------------~ 
IScans text for statement labels, IQFOOOO IQBEGEP, QB~ROL, QECP, QMCVE, QPHOL, I 
IPROCEDURE statements, BEGIN state- I IQSL I 
Iments, BEGIN END statements, and I I I 
lend-of-program marker I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses statement label pseudo- IQSL IQMOVE I 
Icode items I I I 
~----------------.-------------------+---------------+-----------------------------------~ 
IFrees text storaqe at end of phase; IQECP IQMOVE I 
Ireleases control I I I 
~-----------------------------------+---------------+-----------------------------------i 
ICreates stereotyped prologue for a IQBPROL IQADJAL, QFSKIP, QF020i, QMOVE I 
IBEGIN block requiring a dynamic I I I 
Istorage area I I I 
~----------------.-------------------+---------------+-----------------------------------~ 
Icreates stereotyped or special I QPPROL IQADJAL, QFSKIP, QF020i, QMOVE, I 
Iprologues for PROCEDURE statements, I I QONPRL I 
Idepending on conditions. Processes I I I 
Istatement label pseudo-code items I I I 
~----------------.-------------------+---------------+-----------------------------------i 
Icreates a compiler label rrarking IQBEGEP IQADJAL, QF020i, QMOVE I 
Ithe return from a BEGIN block I I I 
~.-----------------------------------+---------------+-----------------------------------i 
Icreates a prologue for ON block I QONPRL IQADJAL, QFSKIP, QF020i I 
~.-----------------------------------+---------------+-----------------------------------i 
IAssembles code to initialize DSA IQADJAL IQMOVEi I 
Idope vector data areas, and to I I I 
lallocate variable data areas I I I 
~-----------------------------------+---------------+-----------------------------------~ 
ISkips second file statements IQFSKIP INane I 
Ifollowing a block heading statement I I I 
~.-----------------------------------+---------------+-----------------------------------~ 
IObtains new buffer and chains it tolQF020i INone I 
Ithe previous one I I I 
~-----------------------------------+---------------+-----------------------------------i 
IMoves input text being skipped fromlQMOVE INone I 
linput buffer to output buffer I I I 
~.-----------------------------------+---------------+-----------------------------------i 
IMoves a second file statement, IQMOVEi IQMOVE I 
Ipointed at by PARi, to the prologue I I I 
Ibeing generated I I I L. ___________________________________ ~ _______________ ~ ___________________________________ J 
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Table QF1. Phase QF Routine/Subroutine Directory 
r------------------T---------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------
QADJAL Assembles code to i~itialize DSA dope vEctor, variable data areas, 

QBEGEP 

QBPROL 

QEOP 

QFSKIP 

QFOOOO 

QF0201 

QF0360 

~F0370 

QF0570 

QF0625 

QF0860 

QFl172 

QFl194 

QF1215 

QF1511 

QMOVE 

QMOVEl 

IUONPRL 
I 
I QPPROL 
I 
I 

(QG) 

(QG) 

(QG) 

(QH) 

(QG) 

I 

and to allocate variable data areas. 

Creates a compiler label marking the return from a BEGIN block. 

Creates stereotyped prologue for a BEGIN block requiring a dynamic 
storage area. 

Frees text storage at end of phase; releases control. 

Skips second file statements followin0 a PROCEDURE or BLGIN state
ment. 

Scans text for statement labels, PROCEDURE staterrents, BEGIN state
ments, BEGIN END statements, and end-of-program marker. 

Moves code to output buffer; obtains new buffer if required. 

Tests for external procedure. 

Generates prologue for GFT DSA. 

Generates code to copy argument and target addresses. 

Tests for entry points. 

Tests end of chain. 

Tests end of first reqion. 

Extracts mapping code frow second file. 

Tests for storage required. 

Removes VDA accumulator assignment ccde from mapping code. 

Moves text from input buffer to output buffer. 

Moves second file statement to prologue being generated. 

Creates prologue for eN block. 

Creates stereotyped or special prologues for PROCEDURE statements, 
depending cn conditions. 

I 
I 
I 
l 
I 
I 
I 
I 
I 
I 
I 

IQSL IProcesses statement label pseudo-code items. I l __________________ ~ __________________________________ __________________________________ J 
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Table QJ. Phase QJ Storage Allocation Dynamic Storage 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IGeneral scan of text for ALLOCATE, IGSl IALLec, BUY, BUYP, FREE, TRP1. I 
IBUY and FREE statements I I I 
~---------------,--------------------+-~-------------+-----------------------------------~ 
IAllocates items not requiring dope IAL20 IAL15, TRP2 I 
Ivector I I I 
.-----------------------------------+---------------+-----------------------------------~ 
IGen8rates code to move skeleton I MOVEDV ITRB2 I 
Idope vector into workspace for I I I 
Icontrolled variables I I I 
.-------~---------------------------+---------------+-----------------------------------~ 
ILooks ahead to reverse pointers forlREVPT IGS1, TRFl I 
IALLOCATE statements I I I 
.-----------------------------------+---------------+-----------------------------------~ 
IAllocates storage for controlled IAL28 IGS1, LIBC1, LIBC2, SCANSF, TRF2 I 
I string I I I 
.------------------------------------+---------------+-----------------------------------~ 
IAllocatE storage for controlled IAL27 I ABOUND, LIBC1, MOVEDV, PREVAL, I 
larray I ISCANSF, TRF2 I 
.-----------------------------------+---------------+-----------------------------------~ 
IAllocates storage for controlled IAL29 IBNDEXP, LIBC1, MOVFDV, NXTREF, I 
I structure I I NXTVAR, PREVAL, SCANSF, TRF2 I 
.-----------------------------------+---------------+-----------------------------------i 
ILoads Library call parameter reg- IFREE ITRF2, TRF3 I 
lister to free allocated storage I I I 
.'-----------------------------------+---------------+-----------------------------------~ 
IMoves skeleton dope veotor for IBUYP ITRF2 I 
I bought temporary I I I 
.-----------------------------------+---------------+-----------------------------------~ 
IBuys storage for temporary array IBY14 ISCANSF, TRt2 I 
.-----------------------------------+---------------+-----------------------------------i 
IBUYs storage for temporary struc- IBY13 ILIBC4, NXTREF, NXTVAR, SCANSF, TRF21 
I-t urE: I I I 
.------------------------------------+---------------+-----------------------------------~ 
IPlaces initial value code line for IAL15 I NXTRF, SCANSF I 
Icontrolled variables I I I 
•. _----------------------------------+---------------+-----------------------------------~ 
ISkips scan register over initiali- 18KIPTX IGSl I 
I zation st.atements I I I 
•. _----------------------------------+---------------+-----------------------------------~ 
IGenerates code to set a pointer to IPREVAL ITRF2 I 
Ithe previous allocation. I I I 
.-----------------------------------+---------------+-----------------------------------i 
ISearohes dimension tables for I ABOUND ISCANSF I 
ladjustable bound expressions I I I 
.-----------------------------------+---------------+-----------------------------------i 
IGenerates code for temporary varia-ISTMP ILIBC3, TRF2 I 
Ibles requiring only a dope vector I I I l ____________________________________ ~ _______________ ~ _________________________ ~ _________ J 
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Table QJ1. Phase QJ Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
/ROUTINE/SUBROUTINE! FUNCTION \ 
~------------------+--------------------------------------------------------------------~ 

ABOUND (QK) Searches dimension tables for adjustable bound expressions~ 

ALLOC (QK) Ascertains the type of allocate statement. 

AL15 Places initial value code line for controlled variables. 

AL20 (QK) Allocates items not requiring dope vector. 

AL27 (QK) Allocates storage for controlled arrays. 

AL28 (QK) Allocates storage for controlled strings. 

AL29 (QK) Allocates storage for controlled structures. 

BNDEXP Generates or extracts code to set the adjustable bounds of struc-
tures. 

BUY Ascertains the type of DUY. 

BUYP Moves skeleton dope vector for bought temporary. 

BY13 Buys storage for temporary structure. 

BY14 Buys storage for temporary array. 

BY15 Buys storage for temporary string. 

FREE (QK) Loads Library call parameter register to free allocated storage. 

GSl General scan of text for ALLOCATE, BuY, and FREE staterrents. 

LIBC1/LIBC2/LIBC4 Places the library calling sequence for controlled storage in 
sequence in the text. 

MOVEDV (QK) Generates code to move skeleton dope vector into workspace for con
trolled variables. 

NXTREF (QK) Obtains the next structure base element reference. 

NXTVAR (QK) Obtains the next varying array base element reference. 

PREVAL (QK) Generates code to set a pointer to tlle previous allocation. 

REVPT Looks ahead to reverse pointers for ALLOCATE statements. 
! 

SCANSF Places second file state~ent in line in the text. 

SKIPTX Skips scan register over initialization statements. 

STMP (QK) Generates code to buy storage for terrporary variables which only 
require a dope vector. 

TRFl Transfers input text to output. 

TRF2 Adds text skeletons to the output text. 

!TRF3 Adds the Library calling sequence to the output text. l __________________ ~ __________________________________ __________________________________ .1 
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.Table Q~. Phase QX Print Aggregate Length Table 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
Iscan storage chains in dictionary ISCANC IANAGG I 
Ifor aggregate entries I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IAnalyze aggregate dictionary IANAGG IANCOB,FINALA,FIRS~A,FCR~AL,GETVO, I 
lentries and print table entry I IGETSB,PRALEN,PRHED,VOPLUS I L ___________________________________ ~ _______________ ~ _ __________________________________ J 

.Table QX1. Phase QX Routine/Subroutine Directory 
r-------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
ANAGG Analyzes dictionary entries for a major structure or non-structured 

ANCOB 

FINALA 

FIRSTA 

FORMAL 

GETVO 

GETSB 

PRAIEN 

PRHED 

SCANC 

SETPH 

array. 

Finds original major structure dictionary entry for a COEOL major 
structure. 

Calculates address of final basic element of a major structure. 

Calculates address of first basic element of a major structure. 

Calculates length of a non-structured array. 

Gets virtual origin of a dimensioned variable. 

Sets ~ointer to BCD in a dictionary entry. 

Prints an entry in the Aggregate Length Table, and gets statement 
number. 

Prints main heading of table. 

Scans STATIC, AUTOMATIC and CON~ROLLED chains in dictionary for 
aggregate entries. 

~ 
I 
I 
I 
I 
I 

Prints first page heading and sets print buffer for subsequent page I 
headings. headings. I 

I 
IVOPLUS Calculates address of first or last element of major structure. I L. __________________ ~ _________________________________ ___________________________________ J 
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Chart 09. Register Allocation Logical Phase Flowchart 
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•• :!A ME~!.. ..:. \lUES J'. : S ~lS~ NT : x : ON~~FA~s : )( .. .. .. .. ................. . ....... ~ ....... . 

• NO • NO 

ic 

. . ....................................... 
Fl···.. DRT~U,.~~UU...... AlO F3°··.. • .... F4.......... : 

•• '. p{EUrr-·· •• YES : 0 IHT~R~~~y: '.·~O~~A!EE~·.' YES : rF.~~6RngM : : 
til. 00 ........... X. RE~ER NCES ••••••••• K*, PR DU fO .* •.••.••. X. fOR~O *.0 •• 

• INS RU TION. • AND 0 FSETS • •• B FO E •• • f)OR"SS • *..* • • *... . . •• •• ••••••••••••••••• •• •• • •••••••••••••••• . ~ .~ 

K 
Gl···.. ACT l~ ••• G2 •••••••••• 

•• ·:B}~k~TE·· •• YES : ~MPo~O : 
•••• MXt\Kh •••••••••••• x: AB~8~~TE : .... . . •• •• • •••••••••••••••• 

• NO .... .. . 
• •• X. Rl • 
K • ••••• 

Hl···.. ACT12 ••• H2 •••••••••• 

•• ' ;ROlOGUE ... • •• YES : TaT:MR'H~?AI~G : 
•• INSERTION •••••••••• X. INSTRUd "IS • 

•• POINT •• • "I HISER ON • 
•••• •••• : ..... ~1~~ •••••• : 

• NO 

ic ... 
J1 •• 

•• END •• 
• NO o. OF •• 
•••••• PROGRAM •• 

*. .* *. .* ••• * 
• YES 

K ••••• • RF • 
• 1.1· .. · 

x .... 
• • 
• Rl • • • • ••• 
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Chart RF . 

..... 
• RF • 
• Ai· .. 

• 
X ..... Al·········· .GET TEKT BLOCK • 

• FOR OUTPUT AND • 
• SCRATCH STYRAGE. 
: A~gRsH~K~ : ••••••••••••••••• .... . · .. • III •• K. 

Phase RF Gver311 Lcgic riagraw 

• •••• • : x ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 0 •••••••••••••••••••• ell ••••• e ••••••••• : 

P91NIT x LB • 
••••• 81.......... • •••• B5 •••••••••• 

: : : €g~~l~VH : 
••• X. SCAN TEXT • • •••••••••••••••• X.IIjSTRUCTlON AND.X ••• 

• • • OUTPUT • · . . . ••••••••••••••••• • •••••••••••••••• 

x 
••• OBREGS 

C1 •• • •••• C2.......... • .•. *C~ •••••••••• •••• *C4.~ •••••••• 
• • •••• USI NG •••• YES : RE~a~~~: : SC~~~~~G~~IER : 

•• PfEUDO- •••••••••• X. UiAGE AND ••••••••• X. RE~U~~T~ • 
• I~~ RUCT!~N. : ~:~HD: : PEN : 

• ~~N~RATe • 
: ~ERI HE~~ :X ••••••••••••••••• 
• • •• •• ••••••••••••••••• • •••••••••••••••• • •••••••••••••••• NO 

E1···.. LAOi •••• e2 •••••••••• 
•••• • GET FREE • 

•• ADDRESSING •• YES • REGISTER FROH • .'.! NSTRUCTlO~ ••••••••••• X:~~~MIH H~~' : •••.• : 
•••• • IF NONE • .. .. . ............... . 

• NO 

· 
ic 

••• I NIt • 
• • F1 •••• : ••• :~f •••• : •••• :: 

•• PROLOG •• yeS • AOOR~~SING. • 
•• INseRTION •••••••••• K. INSTRU T ONS ••••• x. 

•• POINT •• • Fit H • • 
•.•• ••.• :l~~UU~~.tlk~.: 

• NO 

ic • YES .e. . *. 
03 •• 00;.. • 

•• ·~EGAI~hRS· •• YES ... ·8RANCH •••• NO : 
e. AVA LA8lE .e •••••••••••••••••••••••••••••••••• X*. IN OR. OUT • * •••• 

•• •• •• POINT •• 
e. .* e. •• 

* •• * * ••• • NO • 
l( 

XXo •••••••••••••••••••••••• 

••• LAn. 
E 3 •• • ••• *f" •••••••••• 

•••• • LOOK-AHEAP • 

.:. E~~r .:.~? ..... X: TR~UINVlRef6 : 
•• =~GI e~~.. : FR Ny : 

•• •• • •••••• ~.l •••••• 
• YES . 

••••••• ••••• •••••• ••••••• X. 

:ADIHOV . . .... '3 ......... . •• XPAN • • ••• 
• • A RE NG. • • 
••• ". IN9 1t~.uloNS ••••• x. B1 • • ("I 1r.HpUT. • • • • •••• ••••••••••••••••• 

X LPROC, 
••• LEND 

H1 •• • •••• HZ •••••••••• 

•• ";0( IPROC:· •• yes : OR Ub~MATE: ...... 
•• ~~GIN/BEGIN: ••••••••••• K: BL~l~C~N~~IES :"'XX: B1 : 

*..* • • •••• .. .. . ............... . 
• NO 

x ... 
Kl •• •• * • 

• NO •• END •• 
•••••••• PR8~RAH •••• 

*. •• 
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Table RA. Phase RA Register Allocation Addressibility Analysis 
r-·----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I statement or Operation Type I Routine I Subroutines Used I 
t-----------------------------------+---------------+-----------------------------------~ 
IControls scan of source ILAA IACT1, ACT2, ACT5, ACT8, ACT9, I 
I I I ACTiO, ADCPUF, GETSBF I 
t-----------------------------------+---------------+-----------------------------------i 
IProcesses RX, RS, or SI instruc- IACT3 IADTEST, DRTEST I 
Itions I I I 
t-----------------------------------+---------------+-----------------------------------i 
IProcesses 55 instructions IACT4 IADTh5T, DRTE5T I 
t-----------------------------------+---------------+-----------------------------------~ 
ICompiles code for start of PL/I IACT15, ACT14, IADCBUF, GENFLP, UPSN I 
I Statement: 1. with label, 2. IACT16 I I 
Iwithout label, 3. compiler label I I I 
t-·----------------------------------+---------------+-----------------------------------, 
IProcesses PROCEDURE and BEGIN IACT6 IADCEUF I 
I blocks I I I 
r-·----------------------------------+---------------+-----------------------------------, 
Iprocesses END statements on PROCE- IACT7 IADCBUF I 
IDURE or BEGIN blocks I I t 
t-----------------------------------+---------------+-----------------------------------~ 
IAdds text to output string IADCBUF IGETCBF I 
r-----------------------------------+---------------+-----------------------------------, 
IAdds text to insertion file IADIBUF IGE1IBF I 
r----------------·-------------------+---------------+-----------------------------------, 
IObtains new source buffer IGETSBF INone I 
t-----------------------------------+---------------+-----------------------------------, 
IObtains next output buffE~r I GETCEF I NonE I 
r-----------------------------------+---------------+-----------------------------------, 
IObtains next insertion file buffer IGETIBF INone I 
r-----------------------------------+---------------+-----------------------------------, 
IExamines dictionary reference in IDRTEST IADINST, DECOMP, SETBLK I 
I source I I I 
r-----------------------------------+---------------+-----------------------------------i 
IProduces recovery code when literaliADTEST IADCEUF I 
loffset greater than 4095 is met I I I 
t-----------------------------------+---------------+-----------------------------------, 
ICreates coded addressing instruc- IADINST IADCBUF, ADIBUF I 
Itions I I I L ___________________________________ ~ _______________ ~ _ __________________________________ J 
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Table RAi. Phase RA Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------·i 
ACTi Copies non-special three-byte item to output. I 

I 
ACT2 Copies non~special five-byte item to output. I 

ACT3 

ACT4 

ACT5 

ACT6 

ACT7 

ACT8 

ACT9 

ACTiO 

ACT12 

ACT13 

ACT14 

ACT15 

ACT16 

ADD/ADD2 

ADCBUF 

ADIB[JF 

ADINST 

ADTEST 

ATD 

DECaMP 

DRTEST (RB) 

DTY 

GENFLP 

GETCBF 

GETIBF 

Processes RX, RS, or 81 instructions. 

Processes SS instructions. 

End of block routine. 

Processes PROCEDURE and BEGIN blocks. 

Processes END statements on PROCEDU~L or BEGIN blocks. 

End of source text routine. 

Action of start of co~mon block of prologue. 

IAction at end of prologue. 

copi~s arsolute code to output streaw. 

Creates ADI instruction at prologue insertion point. 

Compiles code for start of PL/I statement with label. 

Compiles coce for start of PL/I statement without label. 

Compiles code for start of PL/I sta~eroent compiler label. 

Generates store of calculated address. 

Adds text to output string. 

Adds text to insertion file. 
I 
Creates coded addressing instructions. 

Produces recovery code when literal offset greater than 4095 is 

Tests whether previous offset is out of bour-ds. 

Decodes dictionary reference. 

Examines dictionary reference in source. 

Scans step table and generates addressing instructions. 

Generates code to set bits on and off in a prefix ON-slot. 

Obtains next output buffer. 

Obtains next insertion file buffer. 

I 

I 
I 
I 

met. I 
I 
~ 

GETSBF Obtains next source buffer. I 
I 

LAA Scans input text. I 
I 

L125 Moves addressing instructions to IN-LINE. I 
I 

8ETBLK Finds block number of referenced iterr. l 
I 

UPSN Generates code to keep the statement number slot in the LSA up to I 
date. I L __________________ ~ __________________________________ - _________________________________ .J 
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Table RF. Phase RF Register Allocation Physical Registers 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------i 
Icontrols scan of text IZ9 IADCBUF, ADIMOV, BRi, BH3, BR4, I 
I I I GETNX'I', LBAL, LBALf{, LECTR, LEOE, I 
1 1 ILEOP, LRi, LR3, LR4, LF6, LR7, LR9,1 
I I I LSH 1FT, OB}{EGS I 
~-.----------------------------------+---------------+-----------------------------------~ 
IProcesses PROCEDURE or BEGIN state-ILPRGC INone I 
Iment I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses end of PROCEDURE or LEGINILEND INone I 
I block I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses requests for registers; IOBREGS IBRGUSE, LOADi, STOREi, STORE2, I 
lallocates physical registers 1 IREGUSE I 
~-.----------------------------------+---------------+-----------------------------------i 
ICompiles code to store syrrbclic ISTORE2 IADCEUF I 
I registers I I I 
~-----------------------------------+---------------+-----------------------------------i 
ICompiles code to store assigned ISTOREi IADCEUF I 
I registers I I I 
~-----------------------------------+---------------+-----------------------------------i 
ICompiles load of physical registerslLOADi IADCEUF I 
~-.--------------~-------------------+---------------+-----------------------------------i 
ICompiles load register I LOADRG IADCPUF I 
~-----------------------------------+---------------+-----------------------------------~ 
IExpands coded addressing instruc- IADIMOV IADCEUF I 
Itions I I I 
~-----------------------------------+---------------+-----------------------------------~ 
Il\dds to output buffer I ADCBUF I None I L ___________________________________ ~ _______________ ~ _ __________________________________ J 

Table RFi. Phase RF Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------i 
ADCEUF Adds to outfut buffer. . I 

I 
ADIMOV Expands coded addressing instructions. I 

I 
BRGUSE Tabulates use of base register in look-ahead. I 

I 
BRi (Ril) Processes RX branch instructions. I 

BR3 (RH) Processes BeT instructions. 

BR4 (RH) Processes RR branch instructions. 

F'RTEST Scans list of free registers to make even-odd pair. 

GETNXT Obtains next block. 

LADi (RH) Processes ADi (addressing) instructions. 

ILB (RR) IConstructs and puts out completed instruction. L __________________ ~ ___________________________________________________________________ _ 
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Table RF1. Phase RF Routine/Subroutine Directory (cent'c) 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
t------------------t--------------------------------------------------------------------~ 
LBAL (RH) Processes BAL instructions. I 

I 
LBALR (RH) Processes BALR instructions. I 

I 
LBCTR (RH) Processes BCTR instructions. I 

I 
LDROP (RH) Processes DROP pseudo-instruction. I 

I 
LEND (RH) Loads end of PROCEDURE or BEGIN block. I 

I 
LEOB (RR) Processes end-of-block marker. I 

LEOP 

LOADl 

LOADRG 

LPROC (RH) 

LR1 (~H) 

LR3 (Rh) 

LR4 (RH) 

LR6 (RH) 

Processes end-of-program marker. 

Compiles load of physical registers. 

Compiles load register. 

Processes PROCEDURE'or BEGIN statement. 

Processes instructions in which first and second operands require 
loading, and the first is altered, e.g., AR. 

Processes floating-point instructions. 

Processes SS instructions. 

Processes instructions where a load of first operand is required, no 
operands are changed, e.g., ST. 

I LR7 (RH) 
I 

Processes SI instructions. 

ILR9 (RH) 
I 
I 
LSHIFT (RH) 

OB560(RG) 

OB630 (RG) 

OB895 (RG) 

P9INIT (RH) 

OBREGS (RG) 

REGUSE 

STORE1 

STORE2 

W4 (RH) 

Processes instructions in which no load of first orerand is needed, 
and it is changed, e.g., LA. 

Processes shift instructions. 

Tests whether all registers are available. 

Generates stores of registeLs if branch in or out. 

Generates code to load registers. 

Main text scan. 

Processes requests for registers; allocates physical registers. 

Tabulates use of registers in look ahead. 

compiles code to store assigned registers. 

compiles code to store symbolic registers. 

Extracts ADls at prologue insertion roint. 

Z9 (RH) Controlling scan of text. L __________________ ~ __________________________________ __________________________________ J 

310 



Chart 10 . Final Assembly Logical Phase Flowch3.rt 

••••• ·1(\ • 
• 81· • • • 

•• ' ••• Bl.a •••••••• 
:~:~~i!.-.-.-.-I!: 
• ASSIGN OFFSET. 
• TO lA"IEl S • • • ••••••••••••••••• 

X ···· •• Hl·········4, .SUTIC lIE'" .-11>-.-.-.-.-.-.-'" .FURTHfR STATIC 4' 
.INIT I Al t ZATfO~ 4' 

• 4' .................. 
x · .. JJ •• • •••• Jz •••••••••• 

•••• .I.IST UF • . 11> •. YES .-.... -.-.-.-.-.-. 
•• Lt ST TEKT •••••••••• K • 

• ~. •• • LIST TF.~T 
*. •• * • .. .. . .•. ~ ............ . 

• NO 

K ..... 
·KA • 
• AI· • • • 

ic . .... 
·~A • 
• AI· 
• * • 
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Cbart TF . 

••••• ·TF • 
• A1· • • • 

Phase TF ~ver311 Logic Diag~a~ 

. •... · . • A3 • • • .... 
x 

••• I Ll)(\22 
A3 •• • •••• A" •••••••••• .... . . . ... 

"':. OFE~gxT ·:.~;~ ••••• x: ~~:fNT~QT : •••• x: 81 : 
•• BLOCK •• • BLOCK • • • •••• • • • 82 • 

.. .. . . . ... .. .. . ............... . 
• NO .... . . . · .. .... 

• 81 •• X. • 
•••••• : x 

IL0003 X ILClOZ" X ILf)f'17 ••• ..... 81.......... . .... 8Z.......... 83 •• 

: ~HT8~~~~~: : gPcbK~~~1: NO •••• NO OF •••• YES 
• FROM TA8LE 1 .X.... ....• ITEM FRgM .X.......... ~ROGRAM •••••••••• 
: USI~~ l~~ENT : : l~~b~ ~OINV~~ : •••••••• ..~ .. ••••••••••••••••• ••••••••••••••••• •• ••• :T il: 

x 

•• • 
••• I LOlll!) 

Cl •• • •••• C2.......... • •••• C3.......... • •••• C" •••••••••• 

•• ·;ROCEOUR:· •• YES : ~~l~ ~Mll~¥~l : : 25~ti~~'~~: : SET LOCATION: : .... 
•• HARKER •••••••••• X. VAL UE fN ET~ ••••••••• lI.A~igjS RiYUIR@O* •••••••• X. iOUNTKR : ••• Xli: 82 : 

.'.. ..'. : ~~O~O~I~I~~vy : :OF S71~SlNMNl : : 0 IE O. • ... •• •• • ••••••• "'........ • •••••• i. ••••••• • •••••••••••••••• 
• NO 

x 
••• ILnOll • 

01 •• • •••• 02.......... • •••• 03.......... • •••• ~4 •••••••••• 

•• ·*eNO OF •••• YES : S~~~CllFT~~a~ : : pft°o Sl~~ VS : : Lo~n~M : 
•• PROCEDURE •••••••••• x. IN LOCNl SLOT ••••••••• x. CU~~~¥ TOTAL ••••••••• X. COUNTER FROM ••••• 

•• HARKER •• • OF • • PROGRAH sIze • .Eft OF CONTAIN-. X .'.. .•.• :.~~!::.n:~.l .. : : ............... : :.1~~.:~i~'2~~~.: 
• NO 

x 
••• !L0015 

E1 •• • •••• E2.......... • •••• F.3.......... • •••• e"........... 
.... PL8 S •••• YES : o~L~~fic~M~e : : ~MUekof~: : SE~ij:RII ~~LOG8HS u, E : • 

•• OR •••••••••• X. SO bAR IN ••••••••• X.ZaRO ~~~~ ~PACE ••••••••• I(. • •••• 

•• • /C8S •• '. :LC~~~T SFL~f~3 : :F R ~lSCnNi INC : : OFF ?:C8S' : .. .. ................. ................. . ............... . 
• NO 

· x .............•............. 
••• ILl'01" • 

F1 •• • •••• FZ.......... • 

•• N~N-8RANC~· •• YES : A~2sH~gf~o~F: x ...... 
•• HACHINE •••••••••• X. Tn LOCATION ••••• )(. 82 • 

•• INST •• • COUNTER • • • *..* • • •••• .. .. . ............... . 
• NO 

x 
••• 1l",!l9 

Hl •• • •••• H2 •••••••••• 
•••• • ASSIGN THF.. • ••• 

•• •• YES • cuRRENT • • ... 
•• LABfL •••••••••• X. LOC'!T ION ••••• X. 82 • 

"'. •• • COUNTFR VALUE. • • 
•• .•• • AS OFFSET. • ••• 
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Chart TJ. 

IU")OIl ~ 
••• '~·Al·········· · . • • • INUI ALilATlON • • • • • •••••••••••••••••• 

Phase TJ ~verall Lcgic Diagram 

..... .,. 
• • • OZ •••• 

• ••• · ... • A3 • · ... •••• · ~ .•. 
A3 •• •• 1". .* *. 

• • NO.. END •• 
• 02 .X...... OF.~ •• 
•• •• PROGRA", •• 

..111111 111..* 
* •• * 

• YES 

· X 
••• •• B3··· ••••• •• • • 
: Cn~H~~ET~~f : 
• 8LOCK • • • ................... 

* •• JC ••••••••••••••••••••••••••••••••••••••• ., ••• o ••••••••••••••••••• 

ILI\()1}3 X ILt!O .:.. x .•.. '.91.......... .l ••• oz.......... • .... ~3 •••••••••• 
: EfsT8R~~~~: : 8P b.~~~: :Fa~s f~~RS~A~N : 
• FROM T!~l 1 .X......... tT~" F~O'" .x ••••••••• PRO~' ANO END. 
: uSts~ ~gD ENT : : T~~b~ ~(1I2V"~ : : OF EXT BLOCK: ........... ~..... .., .......... ~... . ............... . 

x 

K 
••• ILU!l2 

Gl •• • •••• GZ ............. . 

!. "'ACH. "'. ... ... ... ..... 
•• NST, PLBS.t •• YES • All TREATEO'" • • 

•• P 8S t END OF •••• , •••••• X'" t"l SA .. e WAY "' •••• l(. 02 ... 
•• IILOCK .'" ... AS IN te .. TF. • ... ...... . ... . ... .. .. . ..................... . 

• NO 

ic HI···.. I v'~12 •• H2.............. I LZrI(16 H3· ... ••• • •••• H4 ........... . 
•••• • • •••• • SET OPT8 ON. • ••• 

•• •• YE:S ... ASSIGN NEW. •• CHANGE •• YES • IN F.Tt OF. • • 
•••• LABEL •••••• , •••••• )(: nFEUh TO : •••••••• X ••• ~~g .. <\t~~~ .......... ~ x: C~~~E~~p~~QC. : .... l(: 02 : 

•• • '" • • •••• • swi TCH • • ••• .... .. ............................. .. .. . ............................... ... . ~ .~ 

x .•. IL(ln21 
•• Jl ........ : .. HJ~;:~rM~r ... : 

• :'" MVC .:.~~:~ ••••• x: I~HE=~~ rg , : 
•• .... • COMPRESS • 

te. •• • * .. .... . ............... . 
• NO 

x •••• · . • A3 • · . .... 
x •••• • • 

• 02 • · . • ••• 

x ...... · . • 02 • · . •••• 
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Chart TO. 

X 
•• ••• B1·· •••• •••• • • 
• GENERATE BASE. 
: FOR ~f2E~NTRV : 

• • ••••••••••••••••• 

lG421 ••• c1.: •••••••• 
• • 
• MAKE 6 • 
: E~JA~2t~?ES ! • • ••••••••••••••••• 

K 
••••• 01·· •••• •••• 
• MAKE SO TVPE • 
• ENTRV F~R • • THE MA IN C ECT • 
• IF EXT PRO HAS. 

:.~=U=~.~~.l~~.: 

LGI:'sn K ••••. Gl.········· • SCAN • 
• ElCTERNAL • 

Phase TO ~ver311 Lcgic Diagram 

••••••••••••••••••••••••• e •••••••••• (I ................ OO 

lG02~ ••• G3.~........ r,4···.. • •••• G5.;. •••••••• 
• • •• 01 CT •• • • 

: •• xt snfHo~H2~N : 
• ~CAN. •• F.~TRY FOR •• YF.S • "'AKE PR • 
: CONC~~~~EO : •••••••• X •••• OA~~~~(~ ••••••••• ~o.l(: TVPE ENTRV : · . ••••••••••••••••• • • *0 ~. • * ................. .. .. . ............... . 

Ie • "In 

. 

x : )(;"0'" •••••• 
••• • *. • •• 

H1 •• H2 •• H3 •• . *.. .*.. ..." •• •• NO •• EXTERNAL •• NO •• EXTERNA~ •• 
•••• FILE •••••••••••• )(··.~~~Mn'io2~ ••••••••••• l(··~~n~C~tSN ?: .• 

•••• ..NAME •• •••• 
•• •• *. •• • ••• 

• YES • YES • yes 

X ·····Jl·········· · . • M. KE SO • 
• ANn PR • 
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Table TE. Phase TF Final Ass~mbly Pass 1 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I statement or Op~ration Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------i 
I ~3cdns text IIL0024 I None I 
t------------------------------------+---------------+----------------~------------------1 
IAssigns offsets to labels II~0019 IFINEQl, ~EX~SL I 
~-----------------------------------+---------------+-----------------------------------i 
IIncrements location counter for IILOOl4 INone I 
I machine i.nstructions I I I 
~------------------------------------+---------------+-----------------------------------i 
IDetermines code for instructions IIL0020 IFIN~Cl I 
Iwhich refer to labels I I I 
t-----------------------------------+---------------+-----------------------------------i 
IInitializes location counter at IILOOlO INone I 
Istart of procedure I I I 
t-----------------------------------+---------------+-----------------------------------i 
IStores size of procedure and IILOOll INone I 
Iresumes containing procedure I I I L_. __________________________________ ~ _______________ ~----------------___________________ J 

Table TF1. Phase TF Routine/Subroutine Directory 
r-·---------------·--T---------------------------------------------------.------------------, 
I Routine/Subroutine I Function I 
t------------------+--------------------------------------------------------------------i 
IFINEQl ILocates label number table entries. 
I I 
IILOOOO IEntry foint from compiler control. 
I I 
IIL0003 IEntry foint to scan from initialization routine. 
I I 
ILOOlO Jlnitializes location counter at start of procedure. 

I 
IL001l Istores size of procedur~ and resurres containing procedure. 

I 
IL0014 IIncrements location counter for machine instructions. 

I 
IL0015 IProcesses the start of prologues. 

I 
ILOOl7 IReleases control. 

I 
IL0019 IAssigns offsets to latels. 

I 
IL0020 IDetermines code for instructions which refer to labels. 

I 
IL0022 IProcesses end-of-block pseudo-code item. 

I 
IL0024 Iscans text. 

I 
INEXTSL IDeterrrines multiple statement latel entries in dictionary. L __________________ ~ __________________________________ __________________________________ J 
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Table TJ. Phase TJ Final Assembly Optimization 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
\Controls phase IILOOOO I OPTIMA I 
~-----------------------------------+---------------+-----------------------------------~ 
IMaintains location counter for IIL0014 INone I 
Imachine instructions I I I 
r-----------------------------------+---------------+-----------------------------------~ 
IAssigns offsets to labels IIL0019 ICOMRTN, FINEQi, NEXTSL I 
~-----------------------------------+---------------+-----------------------------------~ 
IDetermines code for instructions IIL0020 IFINEQl I 
Iwhich refer to labels I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IInitialize location counter at IILOOi0 INone I 
Istart of procedure I I I 
~-----------------------------------+---------------+-----------------------------------~ 
Istores size of procedure for IILOOii INone I 
Imachine instructions I I I 
r-----------------------------------+---------------+-----------------------------------~ 
IReduces number of MVC instructions IIL0027 IOFFSET, OS~RTN I 
~-----------------------------------+---------------+-----------------------------------~ 
IDetermines offset from a given IOFFSET INone I 
Idictionary reference \ I I L ___________________________________ ~ _______________ ~ _ __________________________________ J 

Table TJi. Phase TJ Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine \ Function \ 
~------------------+--------------------------------------------------------------------~ 
COMRTN IDeterwines whether further optimization is ~ossible. I 

I \ 
FINEQi ILocates label number table entries. I 

\ I 
ILOOOO \Controls phase. 

I 
IL0003 \Entry point to scan lcop from initialization. 

I 
ILOOi0 IInitializes location counter at start of procedure. 

I 
ILOOii Istores size of procedure and resumes containing procedure. 

I 
IL0012 IProcesses machine instructions, etc. 

I 
IL0014 IMaintains location counter for machine instructions. 

IL0019 Assigns offsets to labels. 

IL0020 Determines code for instructions which refer to labels. 

IL0024 Gpts pseudo-code item length and updates text pointer. 

IL0027 Elides MVC instructions. 

ILi00i Evaluates new ADCON needs. Sets location counter to zero. 

ILii01 Restores content of containing procedure. 

NEXTSL Looks for equivalent statement labels. I 
I 

OFFSET (TK) Determines offset from a given dictionary rEference. I 
I I 
I OPTIMA Scans text. I 
I I 
IOSMRTN Scans ahead for literal offsets. I L __________________ ~ __________________________________ __________________________________ J 
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Table TO. Phase TO Final Asserr.bly External Symbol Dictionary 
r------------------------------------T---------------T-----------------------------------, 
I I Main Processing I , 
1 statement or Operation Type 1 Routine 1 subroutines Used 1 
~-----------------------------------+---------------+-----------------------------------~ 
I constructs first: six standard ESD 1 LG40i 1 f1~OVE, NA.ME, ERROR , 
lentries I' I 
~-----------------------------------+---------------+-----------------------------------~ 
IConstructs entries for external ILGOOl ,MOVE, ERROR , 
Iprocedure labels 1 I I 
.-----------------------------------+---------------+-----------------------------------~ 
IConstructs PR type entries for eachlLG030 'MOV~, NA~E I 
Iblock and procedure 1 I , 
.-----------------------------------+---------------+-----------------------------------~ 
Iconstructs entries for external ILG050 IMOVL, ERROk , 
Ivariables and external entry names I I 1 
~-----------------------------------+---------------+-----------------------------------~ 
,constructs entries for ccntrolled ILG090 IMOVE, NAME, ERROR I 
Ivariables and task names I' I 
~-----------------------------------+---------------+-----------------------------------~ 
Iconstructs entries for Library IIL0200 11HEINC , 
Iconversion modules " , L. ___________________________________ ~ _______________ L _ __________________________________ J 

Table T01. Phase TO Routine/Subroutine Directory 
r-------------------T--------------------------------------------------------------------, 
I ROUTINE/SUBROUTINE 1 FUNCTION I 
.------------------+--------------------------------------------------------------------~ 
ERROR Truncates over-length external identifier, generates error message. I 

I 
LGOOl Constructs entries for external procedure labels. I 

1 
LG030 Constructs PR type entries for each block and procedure. I 

1JG050 Constructs entries for external variables and external entry names. 

I.G055 Processes ON-conditions and external variables. 

1.G080 Processes external entry names. 

1.G085 Processes FILE constants. 

I,G090 Constructs entries for controlled variables and task names. 

LG093 Inserts name in ESD entry for CONTROLLED. 

L,G401 Constructs first six standard ESD entries. 

MOVE Moves ESD entries to card buffers, and puts out buffer when full. 

NAME Generates names for pseudo-registers. 

11HEINC (TQ) constructs a string of Library module names. L ___________________ ~ ____________________________________________________________________ J 
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Table TT. Phase TT Final Assembly Pa3S 2 
r-----------------------------------T---------------T-----------------------------------" 
1 IMain Processing \ 1 

I statement or Operation Type I Routine I Subroutines Used 1 

~-----------------------------------t---------------t-----------------------------------~ 
IScans text I1L0002 INone I 
~-----------------------------------t---------------t-----------------------------------~ 
IGenerates text for RR instructicns I1L0012 IGENTXT 1 

t-----------------------------------t---------------t-----------------------------------~ 
IGenerates Text for RX non-branch IIL0013 I EOBHTN, GENTXT, OFFSET I 
linstructions LM, STM, and S1 Types 1 1 I 
~-----------------------------------t---------------t-----------------------------------11 
IGenerates text for shift instruc- I1L0027 IGENTXT I 
1 tic-ns 1 I 1 

~-----------------------------------t---------------t-----------------------------------~ 
IGenerates Text for SS instructions I1L0014 1 EOBRTN, GENTXT, OFFSET 1 

~-----------------------------------t---------------t------------------------------------1 
ISets up trace information and num- I1L0019 IGENTXT I 
Ibers compiler labels I 1 1 
~-----------------------------------+---------------t------------------------------------1 
IGenerates text for branch and load IIL0020 IF1N~Ql, GENTXT, OFFSET 1 
laddress instructions 1 1 1 
~-----------------------------------t---------------t------------------------------------1 
IInitializes location counter at I1L0010 IPUNCHT 1 
1 start of procedure 1 1 I 
~-----------------------------------t---------------t------------------------------------1 
I Resumes containing procedure at end I ILOOll I PUNCHT' 1 
lof procedure 1 1 1 
~-----------------------------------t---------------t------------------------------------1 
IMoves Text into card image IGENTXT IPUNCHT I 
~---------------------------------,--t---------------t-----------------------------------1 
IPunches cards ensuring that RLD IPUNCHT ICAkLOU 1 
Icards follow related TXT card 1 I 1 
~-----------------------------------t---------------+------------------------------------1 
IGenerates text for compiler subrou-I1NCLUD IGENTXT I 
1 tine 1 1 1 L ___________________________________ ~ _______________ L _ __________________________________ .1 
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Table TTl. Phase ~T Routine/Subroutine Directory 
r-------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
CARDOU Directs card image to load file or punch file. I 

I 
EOBRTN Chains to next input text block. I 

I 

FINEQl 

G£NTXT 

IL0002 

IL0003 

IL0010 

ILOOll 

IL0012 

IL0013 

IL0014 

IL0015 

IL0016 

IL0017 

IL0019 

IL0020 

IL0022 

Locates label number table entries. 

Moves text into card image. 

Scans text. 

Entry point to scan from initialization rou~ines. 

Initialize~ location counter at start of procedure. 

Resumes containing procedure at end of procedure. 

Generates text for RR instructions. 

Generates text tor ~~ non-branch branch instructions, LN, STM, and 
81 tyr-e. 

Generates text for S8 instructions. 

Processes the start of prologues. 

Processes the end of prologues. 

End-af-text routine. 

Sets up trace information and numbers compiler labels. 

Generates text for branch and load address instructions. 

End-of-block routine. 

IL0027 Generates text for shift instructions. 

IOFFSET (TU) Determines offset and relocation pointer from given dictionary ref-
I erence. 
I 
IPUNCHT Punches cards ensuring that RLD cards follow related TXl card. L __________________ ~ ___________________________________________________________________ _ 

I 
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Table UA. Phase UA Final Assembly Initial Values, Pass 1 
r-----------------------------------T---------------T------------------------------------1 
I IMain Processingl I 
I Statement or Operaticn Typ8 I Routine 1 Subroutines Used 1 

~-----------------------------------+---------------+------------------------------------f 
IScans STATIC chain to beginning of IUAOOl IUA200, UA220, UA230 1 
lexternal section I 1 1 
~-----------------------------------+---------------+------------------------------------1 
IInitializes scalar variables IUA200 ITXT~OV 1 

~-----------------------------------+---------------+------------------------------------1 
IInitializes BCD for label IUA220 IRLD~OV, TXTMOV I 
.-----------------------------------+---------------+-----------------------------------~ 
IInitializes DED for temporary IUA230 I TXTMOV I 
~-----------------------------------+---------------+------------------------------------/ 
IInitializes address constants. IUA010 IUA40l, UA403, UA404, UA405, UA406 I 
.-----------------------------------+---------------+------------------------------------1 
IInitializes symbol table entries IUA080 IRLD~OV, TXTMOV I 
~-----------------------------------+---------------+------------------------------------1 
IInitializes address slots for IUA403 IRLD~OV, TXTMOV I 
I external variables I 1 I 
.-----------------------------------+---------------+------------------------------------1 
IInitializes address slots for func-IUA401 IRLD~OV, TXTMOV I 
Itions and programmer-defined ON- I I I 
1 condi tion names I I II 

~-----------------------------------+---------------+-----------------------------------~ 
IInitializes address slots for labellUA404 IRLD~OV, TXTMOV I 
I constants I I II 

.-----------------------------------+---------------+-----------------------------------~I 
IInitializes address slots for entrylUA405 IRLDNOV, TXTMOV I 
Ilabels 1 I il 
.-----------------------------------+---------------+-----------------------------------~I 
IInitializes file attribute entries IUA406 IRLD~OV, TXTMOV ~ 

land files I I I 
.-----------------------------------+---------------+-----------------------------------~ 
IInitializes constants pool IUA014 IRLDMOV, TXTMOV ~ 

~-----------------------------------+---------------+-----------------------------------~ 
IInitializes dope vector skeletons IUA02l ITXT~OV I 
r-----------------------------------+---------------+-----------------------------------11 
IInitializes argument lists IUA025 IRLD~OV, TXTMOV I l ___________________________________ ~ _______________ ~ _ __________________________________ J 
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Table UAl. Phase UA Routine/Subroutine Dir~ctolY 
r-------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Functlcn I 
~------------------+--------------------------------------------------------------------~ 
OUTPUT (UB) Moves card images to punch and/or load file. I 

RLDMOV (UB) 

TXTMOV (UB) 

UAOOOO 

UAOOl 

UAOOl5 

UAOlO 

UAOl3 

UAOl4 

UA02l 

UA0215 

UA025 

UA033 

UA080 

UAI00 

UAI00A 

UA200 

UA220 

UA225 

UA230 

UA401 

UA403 

UA404 

UA405 

UA406 

\ 
IUA407 
I 

(UC) 

(UC) 

(UC) 

(UC) 

(UC) 

(UC) 

(UC) 

IUCINIT (UC) 
I 
IUCUPDT (UC) 
I 
IUC0080 (UC) 
I 

Moves RLD entries to card buffer. 

Moves TXT entries to card buffer 

Entry point from compiler control. 

Scans STATIC chain to start of external section, to initialize 
scalar variables. 

Return point for branches taken in first scan. 

Initializes address constants. 

Return point for branches taken in second scan. 

IInitializes constants pool. 

Initializes dope vector skeletons. 

Produces text for dope vector skeleton. 

Initializes argument lists. 

Return point for branches taken in last scan. 

Initializes symbol table entries. 

Initializes one-Word CSECT 'IHEMAIN'. 

Exit from UA to compiler control and UD. 

Initializes scalar variables. 

Initializes BCD for label. 

Entry to label routines for label variable BCDs. 

Initializes DED and FED for temporary. 

Initializes address slots for functions and programmer-defined ON
condition names. 

Initializes address slots for external variatles. 

Initializes address slots for label constants. 

Initializes address slots for entry latels. 

Initializes DECLARE control blocks for files and file attributes 
entries. 

Makes text for file attributes entry. 

Initializes array variables. 

IInitializes arrays of varying strings. 
I 
\Initializes bit arrays. 
I 

ITIDY (UC) ICompletes packing of bit strings in structures or arrays. L __________________ ~ ____________________________________________________________________ J 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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.Table UD. Pha~e UD Final Assembly Initial Values, Pass 2 
r-----------------------------------T---------------T------------------------------------1 
1 IMain Processing 1 1 
1 statement or Operation Type 1 Routine 1 Subroutines Used 1 
~-----------------------------------+---------------+------------------------------------, 
IScans STATIC DSA chain IA1 IAUTO I 
~-----------------------------------+---------------+------------------------------------1 
IScans STATIC DSA's AUTOMATIC chain IAUTO IDAT,LAB,STRUC 1 

~-----------------------------------+---------------+------------------------------------1 
IInitializes dope vectors fer data IDATLAB ITXTMOV(UB),RLDMOV(UB) 1 
litems and label variables I I I 
1 (unstructured) 1 I I 
~-----------------------------------+---------------+------------------------------------1 
IInitializes dope vectors for ISTRUC ITXTMOV(UB),TLD~OV(UB) 1 

1 structures I I I L ___________________________________ ~ _______________ ~ _ __________________________________ .1 

.Table UD1. Phase UD Routine/Subroutine Directory 
r------------------T---------------------------------------------------------------------. 
1 Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------i 
IA1 IScans STATIC DSA chain. I 
1 1 I 
1 AUTO IScans STATIC DSAs AUTOMATIC chain. I 

1 1 II 
IDATLAB IInitializes dope vectors for data i~ems and labels. I 
I I II 
ISTRUC IInitializes structure dope vectors. I 
1 1 II 
IUDOOO IEntry point I 
I I II 
IUDEND IReleases control. I l __________________ ~ ____________________________________________________________________ J 
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Table UE. Phase UE, Final Assembly Initial Values, Pass 2 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I statement or Operation Type I Routine I Subroutines Used I 
.-----------------------------------+---------------+-----------------------------------~ 
IScans STATIC chain to beginning of IUAOOl IUA~OC, UA220, UA230 I 
I external section I I I 
.'-----------------------------------+---------------+-----------------------------------~ 
IInitializes scalar variables IUA200 ITXT~OV (UB) I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans STATIC chain to initialize IUA003 IUA300, UA320, UA340, UA360, UA365 I 
linternal dope vectors I I I 
.-----------------------------------+---------------+-----------------------------------~ 
IInitializes dop~ vectors for inter-IUA300 IRLD~OV (UB), TXTMOV (UE) I 
I nal strings I I I 
.'-----------------------------------+---------------+------------~----------------------~ 
IInitializes dope vectors for inter-IUA320 IRLDMOV (UB), TX~MOV (UE) I 
Inal data arrays I I I 
.'-----------------------------------+---------------+-----------------------------------1 
IInitializes dope vectors for arrayslUA340 ITXT~OV (UB), UCUPDT (DC) I 
lof varying strings I I I 
~-----------------------------------+---------------+-----------------------------------i 
IInitializes dope vectors for inter-IUA360 IRL0~OV (Ub), TXTMOV (UE) I 
I nal labe:l arrays I I I 
~------------------------------------+---------------+-----------------------------------i 
IIni~ializes dope vectors for inter-IUA365 IUA300, UA320, UA360 I 
I nal structures I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IInitializes arrays IUA030 IRL~~OV (UB), T~TMOV (GE), I 
I I IUCINIT (UC) I 
.-----------------------------------+----T----------+-----------------------------------~ 
IInitializes structures IUA04G ITXT~OV (UB), UA200, Ue0800 (UC), I 
I I I TI;)Y (Ue) I 
.------------------------------------+---------------+-----------------------------------~ 
IInitializes one word CSECT IUA100 I OUTPUT, RLDMOV, TXTMOV (all in UE) I 
I" IHEMAIN' I I I 
.------------------------------------+---------------+-----------------------------------i 
IInitializes CSECT for STATIC IUA1005 IOUTPUT (UB), DA030, UA200, DA300, I 
lexternal variables I IUA320, UA360, UA365, UA401, UA406 I 
~-----------------------------------+---------------+-----------------------------------i 
IMakes up END card and ter~inates IUA120 IOUTPUT (UB) I 
Iphase I I I 
~------------------------------------+---------------+-----------------------------------1 
IInitializes array variables IUCINIT (UC) ITXTMOV (UB), UC0080 (UC), TIDY (UC) I 
l ___________________________________ L _______________ L _ __________________________________ J 
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.Table UE1. Phase UE Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Functicn I 
~------------------+--------------------------------------------------------------------~ 
I AREA Initializes AREA variables. 
I 
I EVENT Initializes EVENT variables. 
I 
I TASK Initilizes TASK variables. 
I 
IUAOOO Entry point from UA and compiler control. 

UAOOl 

UAOO15 

UA003 

UA021 

UA030 

UA031 

UA033 

UA034 

UA040 

UA100 (UC> 

UA105 

UA120 

UA200 

UA207 

\UA300 

UA320 

UA340 

UA360 

UA365 

UA401 

UA406 

Scans S1ATIC chain to start of External section, to initialize sca
lar variables. 

Return point for branches taken in first scan. 

Scans STATIC chain to initialize all dope vectors for internal vari
ables. 

Start of scan for arrays and structures. 

Initializes arrays. 

Produces RLD entry for label array virtual origin. 

Return point for branches taken in arraj scan. 

Produces RLD entry for nata array virtual origin. 

Initializes structures. 

Initializes IHEMAIN CSECT. 

Return point for branches taken in external scan. 

Makes up END card and terminates phase. 

Initializes scalar variables. 

Lists label variables. 

Initializes dope vectors for internal strings. 

Initializes dope VE:.ctors for internal data arrays. 

Initializes dope vectors for arrays of varying strings. 

Initializes dope vectors for internal label arrays. 

Initializes dope vectors for internal structures. 

Initializes address slots for functions and programmer-defined ON
condition names. 

Initializes DECLARE control blocks for files and file attributes 
entries. 

UA1005 IInitializes CSECTs for STATIC external variables. 
l __________________ L ____________________________________________________________________ J 
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Table UF. Phase UF Final Assembly Object Listing 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans Text IIL0002 INone I 
t----------------·-------------------+---------------+-----------------------------------~ 
ILists RR instructions IIL0012 IPRINIT, RRRTN I 
~-----------------------------------+---------------+-----------------------------------~ 
ILists RX non-branch instructions IIL0013 IBX~~N, PRINIT, FRNTOU, PRNTVF, I 
I I ISECCND I 
t-----------------------------------+---------------+-----------------------------------~ 
ILists SS instructions IIL0014 I EOBkTN, PRINIT, PRNTOU, SSRTN I 
~-----------------------------------+---------------+-----------------------------------~ 
ILists shift instructions IIL0026 IPRINIT, PRNTOU, PRNTVF I 
t·-----------------------------------+---------------+-----------------------------------~ 
ILists LM and STM IIL0027 IPRINIT, PRNTOU, PRNTVF, SECOND I 
~-----------------------------------+---------------+-----------------------------------~ 
ILists 81 instructions IIL0028 ICHARVF, PRINIT, PRNTOU, PRNTVF I 
I I ISECCND, SSRTN I 
t-----------------------------------+---------------+-----------------------------------~ 
ILists branch and load address IIL0020 IIL0013, NA~EIT, NAMEQU, PRINIT~ I 
I instructions I IRR~~N I 
t-----------------------------------+---------------+-----------------------------------i 
ILists labels IIL0019 INA~EVF, NEXTEL, NEXTSL, I 
I I IPRNTLC, PRNTOU, PRNTVF, STATMN I 
~------------------------------------+---------------+-----------------------------------~ 
ILists procedure names IIL0010 INAMEVF, NEXTEL, PRNTOU, STATMN I 
t------------------------------------+---------------+-----------------------------------~ 
ILists ends of procedures IILOOll INAMEVF, NEXTEL, PRNTOU I 
~------------------------------------+---------------+-----------------------------------~ 
IScans ahead for literal offsets; I SECOND I EOLBTN I 
linserts second instruction byte I I I 
linto print image I I I 
t-----------------------------------+---------------+-----------------------------------~ 
IGenerates listing of text for base ISSRTN, BXRTN IABSOFF, ADDEND, NA~EIT, NA~EQU, I 
loffset pair I IPRNTVF I 
~-----------------------------------+---------------+-----------------------------------~ 
INames generated label number INAMEQU IDECINT, FlNEQl I 
t------------------------------------+---------------+-----------------------------------~ 
IInserts location counter value, andlPRINIT IPRN1LC I 
Ihexadecimal and mnemonic operation I I I 
Icodes in print line I I I 
~-----------------------------------+---------------+-----------------------------------i 
IMoves variable length ite~ into IPRNTVF IPRNTOU I 
Ivariable field part of print line I I I 
t-----------------------------------+---------------+-----------------------------------~ 
ILists statement numbers ISTATMN ISTATNO I 
~-----------------------------------+---------------+-----------------------------------~ 
IDetermines name and offset from INAMEIT IDECINT, HEXINT I 
Idictionary reference I I I 
~------------------------------------+---------------+-----------------------------------~ 
IGenerate listing of compiler IIL0017 I PRNTLC, PRNTVF,PRNTOO I 
I subroutine I I I L ___________________________________ ~ _______________ ~ _ __________________________________ J 
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Table UF1. Phase UF Rcutine/Sutroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
ABSOFF Appends literal offsets to operands in variable part of print line. 

ADDEND Appends signed literal offsets to operands. 

BXRTN/SSRTN Generate listing of text for base offset pair. 

CHARVF (UG) Places one cbaracter in variable field of print line image. 

DECINT (UG) Converts binary to externally coded decimal. 

EOBRTN Chains ~o next input block. 

FINEQl Locates label number table entries. 

HEXINT (UG) Converts binary to externally coded hexaaecimal. 

ILOOOO Entry point from compiler control. 

ILOOO2 Scans text. 

ILOOO3 Entry to scan from initialization routines. 

ILOO1O (UG) Lists procedure names. 

ILOOll (UG) Lists ends of procedures. 

ILOO12 Lists RR instructions. 

ILOO13 Lists RX non-branch instructions. 

IILOO14 Lists S8 instructions. 
I 
IILOO15 Processes the start of prologues. 
I 
IILOO16 Processes the end of prologues. 
I 
IILOO17 (UI) End-of-text routine, and compiler subroutine listing. 
I 
IILOO18 Processes compiler generated label numbers. 

ILOO19 (UG) Lists labels. 

ILOO20 Lists branch and load address instructions. 

ILOO26 Lists shift instructions. 

ILOO27 Lists LM and STM. 

ILOO28 Lists S1 instructions. 

ILOO32 Processes SS decimal instructions. 

ILi003 (UG) Prints "*PROCEDURE" followed by entry names and statement number. 

IL2005 Identifies operands. 

NAMEIT Determines name and offset from dic~ionary entry. I 
I 

NAMEQU Names generated label number. I 
I 

NAMEVF (UG) Places a variable nawe in the print line. I 
I 

INEXTEL (UG) Scans dictionary for wultiple entry labels. I 
L __________________ ~ __________________________________ ---------_________________________ ,J 
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Table UF!. Phase UF Routine/Subroutine Directory (cont'd) 
r------------------T--------------------------------------------------------------------, 
!Routine/Suoroutinel Function ! 
~------------------+--------------------------------------------------------------------~ 
NEXTSL (UG) IScans dictionary for multiple statement labels. I 

I I 
NM0003 (UH) Icommon return point in naming routi~e. I 

I I 
PRINIT (UG) IPrints location coJnter value, hexadecimal, and rrn~monic or codes. ~ 

I 
PRNTLC (UG) ~Converts location counter to hexadecirral; places it in rrint image. 

PRNTOU (UG) 

PRNTVF (UG) 

RRRTN 

SECOND 

STATMN (UG) 

Prints a line. 

Moves variable length item into variable field part of ~rint line. 

Generates R~ format listing of text. 

Scans ahead for literal offsets; insErts second instruction byte 
into print image. 

Lists statement numbers. 

STATNO (UG) Converts statement number to decimal. L __________________ ~ ____________________________________________________________________ J 
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Table XA. Phase XA Error Message Editor 
r-----------------------------------T---------------T-----------------------------------, 
, ,Main Processing, I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
,Determines whether error rr.essages IXA INone I 
lare to be printed I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans error message text skeletons IXA8 IXASO, XA70, XA90, XAllO, ZUPL ! 
land prints them out I I ! l ___________________________________ ~ _______________ ~ _ __________________________________ jl 

Table XA1. Phase XA Routine/Subroutine directory 
r------------------T--------------------------------------------------------------------11 
I Routine/Subroutine I Function ! 
~------------------+--------------------------------------------------------------------~ 
IXA IDeterrrines whether error rressages are to be printed. ~ 

I I II 
IXAO ISets severity code. ! 
I I I; 
IXAOl IEstablishes which message types to suppress. I 
I I I 
IXAl Icounts number of error chains to be processed. I 
I I 
IXA2 Iputs out messages if there are no diagnostics. 
I I 
XA4 IPrints out "COMPILER DIAGNOSTIC MESSAGES". 

I 
XA7 IFirst scan of message chains. 

I 
XA8 IScans error message text skeletons and prints them. 

I 
XA9 (XB) Iscans to head of next non-empty chain. 

I 
XA12A ISelects and prints header for messages of given severity. 

I 
XA30 (Xb) IGets next entry in message chain. 

XA32 (XB) 

XA35 (XB) 

XA40 (XB) 

XASO (AB) 

XA70 (XB) 

XA90 (XB) 

XA110 (XD) 

Builds up first part of message in buffer. 

Accesses message skeleton. 

Puts out completed message. 

Moves rressage text to print buffer. 

Converts binary statement number to character representation, and 
moves it to print buffer. 

Converts binary numeric value to character representation and moves 
it to print buffer. 

Moves identifier from dictionary entry to the print area. 
I 

IZUPL Prints a line on SYSPRINT data set. I l __________________ ~ __________________________________ __________________________________ J 
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This appendix relates the logical phas
es, physical phases, and rrodules contained 
within the physical phases. The compiler 
name is IEMAA. 

PHYSICAL 
PHASE MODQLE§ 

P,A 

}\B 

AC 

Au 

AE 

AF 

AG 

AH 

AI,AJ 

AK 

AL 

AM 

AN 

BX 

JZ 

AS 

AV 

DESCRIP'TION ----.------

Controls 
cOITipiler 

running of 

Performs detailed ini
tialization 

Writes records on 
interroediate file 
SYSUT3 

PerforITis interphase 
dumping as specified in 
the DUt-~F option 

End of read-in phase 

Controls system genera
tion compiler options 

Closes SYSUT3 for out
put, reopens for input 

Format annotated dic
tiona:ry dump 

Format annotated text 
dump 

Closing phase of corr.
piler 

Controls extended dic
tionary compilation 

Phase rrarking 

Controls normal dic
tionary compilation 

48-character set prep
rocessor 

Build~3 second half 
phase directory 

Resident phase for 
compile-time processor 

Initialization 
for cOltipile-time 
essor 

phase 
proc-

BC 

BG 

BW 

CI 

CL 

CO 

CS 

CV 

lED 

I 
I 

EG 

EI 

EL 

EP 

APPENDIX A: GUIDE TO PHASES AND MODULLS ---------------------------------------

BC,BE,BF 

bG,EI,BJ 

LtI,PN 

BC,I::V 

el, 

CC 

CE 

CG,CI 

CK 

CL,CM 

eN 

CO,CP 

CR 

CS, C'I' 

CV,CW 

ED 

EE,EG 

bfl,EI,EJ 

EK, f..L, El\~ 

EP 

Initial scan and tran
slation phase fer 
compile-tirre processol 

Final scan and replac~
ment phase for COITpilL
tirre processor 

Error message printout 
phase 

contain the diagnostic 
n'essas:;es 

Cleanup phase for 
compile-time processor 

Read-In r.:;hase cowmon 
routines 

Read-In rhas€:: corrrron 
routines 

Keyword tatles 

Read-In pass 1 

Keyword tatles 

Read-In r:- ass L 

Keyword tatles 

Read-In pass 3 

Keyword tatles 

Read-In pass 4 

Read-In pass 5 

Initialization, 
sutroutine package for 
Declare Pass 2 

Initialization 

First pass over DECLA~E 
statements 

Second pass over 
DECLARE statements 

Constructs dictionary 
entries for PROCEDURb, 
ENTRY and CALL stat€::
rr.ents 
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I EW EV,EW 

EY EX,EY,EZ 

FA FA,FB 

FE FE,FF 

FI FI 

E'K FK 

FO FO,FP 

FQ FQ 

FT FT,FU 

FV FV,FW 

E'X FX,FY 

GA GA 

GB GB,GC 

GK GK 

GO GO 

GP GP,GQ,GR 

GU GU,GV 

HF HF,HG 

I HK HK,HL 

i.-iP HP 
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Constructs dictionary IIA 
entries for LIKE attri
butes 

IIG 
I 

Constructs dictionary I 
entries for ALLOCA~E 
and for explicitly IlL 
qualified based varia- I 
bles. 

Checks context 
source text 

IIfVi 
of I 

lIT 
Changes BCD to dic- I 
tionary references 

IIX 
Checks validity of dic- I 
tionary references 

Rearranges attributes 
IJD 
I 

IA,IB,IC 

IG 

IL 

1M, IN, 
IP,IQ 

JD 

Stacks operators 
operands 

and 

Processes array and 
structure arguments and 
built-in functions 

Preprocessor for gener
ic functions 

Processes generic func
Ic functions 

Processes function tri
ples 

POINTER and AREA check
ing 

Evaluates 
expressions 

constant 

Constructs dictionary l~ggreg~~~~_~2gica1_Eh~~~ 
entries for ON-
conditions 

Checks validity 
PICTURE chain 

of 

Dictionary 
house-keeping 

Merges second file 
statements into text 

Processes identifiers 
for cross reference and 
attribute listing 

Constructs DECLARE and 
OPEN control blocks 

Modifies I/O statements 

Checks parameter match-
ing 

Preprocessor for second 
check on parameters 

Second check on pararr.-
eters 

Precesses CHECK condi-
tion statements 

Processes structure 
assignments 

Processes array assign-
ments 

Precesses items defined 
using iSUBs 

IJI 
I 

IJI 

JK 

JP 

LA 

LB 

LD 

LG 

LR 

LS 

LV 

ILW 
I 

ILX 

MB 

IMD 

,J1, JJ 

JI,JK,JL 

JK,JL,JM 

JP 

LA 

LB,LC 

LD 

LG,LH 

LR 

LS,LT,LU 

LV 

LW 

LX,LY 

IvlE, MC 

Structure 
pre-preprocessor 

Structure preprocessor 

Structure procEssor 

Checks DEFINED chains 

Utility scanning phase 

Generates triples to 
initialize AUTOMATIC 
and CON~ROLLED scalar 
variables 

Constructs dictionary 
entries for initialized 
STATIC scalar variables 
and arrays 

Expands DO loops 

Initialization 
Phase LS 

£o:r 

Converts expression 
triples to pseudo-code 

Provides string 
dling facilities 

Initialization 
phase LX 

han·-

fo:r 

Converts string triples 
to pseudo-code 

Constructs pseudo-code 
for pseudo-variables 

Scans for ADDR func-



ME 

MG,MH 

MI MI,MJ 

LvlK M.K 

ML ML 

MM,MN,MO 

MP 

MS MS, rJ1T 

Nl\ NA 

NG NG 

NJ' NJ,NK 

NM,NN 

NT NT 

NU,NV 

OB OB,OC 

OD 

OE OD,OE,OF 

OG OG,OR 

OM Ol~, ON ,00 

tions and generates lOP 
code for each , 

constructs pseudo-code 
for in-line functions 

constructs pseudo-code 
for in-line functions 

constructs pseudo-code 
for in-line functions 

constructs [seudo-code 
for in-line functions 

Processes generic entry 
names 

Processes 
function 
invoca.tions 

Cl\LL and 
procedure 

Reorders BUY and SELL 
statements 

constructs pseudo-code 
for subscripts 

Generates pseudo-code 
for tranches, RETURN 
triples, etc. 

Generates Library call
ing sequences for DELAY 
and DISPLAY statements 

Generates Library call-

I 

OS 

,FA 
I 

PD 

PH 

PL 

PP 

, P'I' 

QF 

IQJ 

~QX 

i 

ing sequences for exe- IRA 
cutable RECORD-oriented 
input/output statements 

Generates Library call
ing sequences for exe
cutable STREAM-oriented 
input/output statements 

Pre-processor for NU 

Generates Library call
ing sequences for 
data/format lists 

Proce~3ses 

functions 
variables 

compiler 
and pseudo-

Pseudo-code assignment 

constructs Pseudo-code 
for assignments 

Generates library 
calling sequences 

Generates pseudo-code 
for data type conver
sions in-line 

RF 

TF 

TJ 

TO 

TT 

UA 

IUD , , 
IUE 

UF 

lUI 
I 

OP,OQ 

OS,O'1',OU 

PA 

.PD 

PH 

PL, PJVj 

PP 

prI, PU, PV 

QF,(!G,QH 

QJ,QK,QL 

~A 

KA,RB,RC 

~~l',f<G,RH 

'Ii' 

TJ,TK 

'10, TP, TQ 

T'I,'IU 

UA,UB,UC 

Ur,UB,UC 

UE,UB,UC 

UF,UG,UH 

Ul,UG,UH 

GeLerates pseudo-co6e 
for further in-line 
conversicns 

converts constants to 
required internal form 

Puts eligible DSA's 
into STA'IIC 

First S'IATIC storase 
allocation phase 

Second S'IA'I'IC storage 
allocation phase 

constructs sYIT,bol 
tables and DEDs 

Sort~3 AU'IOEATIC chain 

Allocates AUTOMATIC 
storage 

Constructs prologues 

Allocates DYNAMIC StOI-
age 

Lists lengths of aggre-
gates 

ProcE~sses 

mechanisms 
addressing 

Allocates physical reg
isters 

Assembly first pass 

Optirrizaticn 

Produces LSD cards 

Assembly second pass 

Final assembly initial 
values, first pass 

Gener'ates RLD and 'TXT 
cards to set up dope 
vectors for STATIC DSAs 

Final assembly initial 
values, secend pass 

Produces listings 

Completes final assem-
bly listings 
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XA XA 

XA,XB 

338 

Deterrrines whether 
there are diagnostic 
messages to be printed 

constructs 
phase list 

the third 

'AA,XC 

}"F 

XG,YY 

Controls the printing 
of messages 

Message address blocks 

Contain the diagnostic 
messages 



I COMPILER PHASE-IN-STORAGE MAP 

In this phase-in-storage reap, modules on 
a horizontal line may be in storage togeth-

ler. Modul~s on Q vertical line may nev~r 
Ibe in storage together. ~his map rep
Iresents tht 'worst' case, and does not 
lalways reflect the order of loading. 
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-, -., -., 
L_AD L- AD L- AD 

BX AG GO LA LV 

GPGQGR NMNN )~ 

GUGV NT )(Q 

HF HG NUNV )lli.. 

AE HKHLHM OBOC )~ 

BM BN BOBR HP OD )<T 

BS IA IB IC OE OF >~ 

8T IG OGOHOI )~ 

BU IK IL OMONOO )(W 

BV OPOQ )~ 

BWAG OSOTOU ~1... 

CACC PA PD_ YQ 

CE CC CI IT PH 'Cf. 
CKCL CM IX PL PM 

CN CO CP JD PP 

CR JI JJ PT PU PV 

JL JM JI QFQGQH 

-----ui QJQK 

AE JP QU 

EF EG ED JZ QX 

EH EI EJ LA LB LC RA RB RC 

EK EL EM LD RF RG RH 

EP LG LH TF 

EV EW LR TJ TK 

EX EY EZ LS LT LU TO TP TO 

FA FB LV LY TT TU 

FE FF LW LX UB UC UA 

FI MB MC UD 

FK MD UEUD 

FO FP ME MF UF UG UH 

MG MH Ul 

FT FU MI MJ XA XB 

FV FW MK XC XF 

FX FY FZ ML XG 

GA MM MNMO XH 

GBGC LV MP XI 

GK MS MT XJ 

NA NB XK 

NGNH XL 

NJ NK XO 

.Figure 7. PL/I Phase-in-Stcrage Map 
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There are three resident tables: the 
dictionary, the keyword tatles, an~ the 
phase 6irectory. The dictionary is resi
dent through part of the compilation; the 
formats of the dictionary entries are fully 
described in Appendix C. The keyword 
tables are resident during the read-in 
logical phase, and the phase directory 
throughout the cowpilation. 

The read-in phase is divided into five 
passes containing the wodules shown in 
Figure 8. 

Modules CA and CC contain routines which 
are cowman to all five passes. Successive 
blocks of routines overlay the areas used 
in the first pass by modules CE, CG, and 
CI. The keyword tables are held in separ
ate modules (CE, CK, CN, and CR) which IT:U~t 
each be less than 1,024 bytes (lK) long. 

r--------, 
I I 
I CA I 
I I l _________ J 

r---------, 
I cc I l _________ J 

, 
I 
I 
I 
I 

I 
I 
I 
I 

> Common Routines 

In this way it is possible to hold in 
storage only those keywords which are 
required for anyone pass. The keyword 
tables are constructed in the following 
rr,o.nner. 

For ease of searching and modifying a 
keyword tatle, it is organized into two 
levels and by Keyword length, as shown in 

IFigure 9. 

The KEYWD routine is called by one of 
the statement scanning routines, and is 
supplied with a parameter which enables it 
to decide which set of keywords to look at 
(e.g., statement identifier, eN condition, 
miscellaneous). It does this by using the 
parameter to extract the required relative 
address (B(A),etc.) from the first lev01 
directory. The second level directory Fro
vides the KEYWL routine with the means of 
reaching a Lable containing keywords of 
correct l~ngth; the KEYWD routine calls the 
KEYIn routine, which scans the next signi
ficant item in the source text to obtain 
the length used in this look-u~. 

------------T--------------T--------------T--------------T------------
r--------, r--------, r--------, 
I CE I I CK I I CN I l ________ J L _________ J l ________ J 

r--------, r--------, r--------, 
I I ! I I I 
I CG I I CL I I co I 
I I ! I I I l ________ J l ________ J l ________ J 

r--------, r---------, r--------, 
I I ! I I I 
I CI I I Cr-" I I CP I 
I I i I I I l ________ J l ________ .J l ________ J 

Pass 1 Pass 2 Pass 3 

• Figure 8. Organization of Read-In Phase 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

r--------, 
I CR I l ________ J 

r--------, 
I I 
I CS j 
j I l ________ J 

r--------, 
I I 
I C'I' I 
I I l ________ J 

Pass 4 

r--------, 
I CR I l ________ J 

r--------, 
I I 
I CV I 
I I l ________ J 

r--------, 
I I 
I CW I 
I I l ________ J 

Pass 5 

Appendix B: Resident Tables 341 



r------, 
r-------------i R(A) I 
I ~------i First Level 
I r-i R (B) I Directory 
I I ~------i 
I I I R(C> ~--, 
I I ~------~ I 
I I I I I 
I I I I I 
I I I 
I I I 
I r------, I r------, I r------, 

Al>1 I Bl>1 I Cl>1 I Second 
~------~ ~------~ ~------~ Level 
I I I I I I Direc-
~------~ ~------~ ~------~ tory 
I I I I I I 
l ______ J ~------~ ~------~ 

I I I I 
~------~ I I 
I I 
~------~ 
I I 
I I 

.Figure 9. Organization of Keyword Table 

FSTLVL DC AL2(STATID - FSTLVL) 

DC AL2(ONID - FS~LVL) 

The second level tables contain relative 
addresses, which enable thE KEYwD routine 
to reference a third level table containing 
keywords of the correct length. If one of 
these entries should contain zero, then 
KEYWD will interpret this as meaning that 
no keywords of this length exist in this 
table. 

STATID DC FL2'm' where m is smallest 
length in table 

DC FL2'n' where n is largest 
length in table 

DC AL2(STLm-STATID) 
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DC AL2(STLn-S~ATID) where the 
symbols beginning STL are 
the s~mbolic addresses of 
the corresponding keyword 
tables 

The third level tables have a prefix 
byte containing the number of entries in 
this particular table followed by keyword 
entries. These consist of the keyword in 
internal code plus the replacerrent charac
ter (keywcrds recognised as such are 
replaced Dy a single code byte). 

STLm DC FL1'x' where x is number of 
keywords in this table 

OC X'112315' keyword in internal 
code 

DC X'55' replacement in internal 
code 

DC X'393839' 

DC X'5A' 

Some keywords are not represented hy one 
word (e.g., GO TO, BY NAME, and clearly, 
the mechanism must be modified to cope with 
the second word. This modification is 
achieved by OR-ing a 1-bit into the first 
bit of the first level. The presence or 
absence of this hit is tested by the KEYWD 
routine before the suspected keyword is 
compared. If the bit is absent, the pasa 
through thE routine is quick, as there is 
no possibility of an extra level search. 
If the bit is present, the keyword must be 
compared after the additional bit has been 
AND-ed out. If the comparison is equal, 
the two bytes following the replacerrent 
character are used as a relative address to 
reach the next level table. 

Kor~~~_2K_gD~~Y-B~gui~iD9_~gQi!i2Dal 
£Q!N:arisoD.§ 

DC X'9726' GO + ~'1000' 

DC X'40' 

DC AL2(N XTLVL-*) Relative address 
of next level table 

The format of these extra level tables 
is similar to that fer the third lEvel. In 
this way, it is possible for national 
languaye keywords to replace single wcrds 
by two or more words, if so desirEd. 



Because of the number of phases in the 
compiler, the phase directory is split into 
halves. The first half is constructed 
during the initialization of the compiler; 
also a list of names of the phases in the 
second half is kept in Phase AA. This list 
is used to pass status indications (i.e., 
whether phases are wanted or not wanted) 
from the first half to the second half. 
Phase JZ uses the list to construct a new 
directory for the second half. 

The phase directory is constructed Ly 
use of the BLDL macro and a build list. 
The format of the build list is fully 
described in the pUblicat:ien IBM_,§Y~J::.§!!!~~.£Q 

Q~~ati~~~~~.§!!!L-f2~!roJ-R~Qgra~_.§~£vif~~, 
Form C28-6541. 

Each entry in the build list is 30 bytes 
long. On returning from the BLDL macro, 
two bytes of the name field and ten other 
bytes of each satisfied entry in the build 
list are used to construct a 12-byte phase 
directory entry in the cOllipiler control 
routines. The build list is destroyed 
after the initialization process is com
plete. 

The format of a phase directory entry is 
as follows: 

Byte Number 

1 - 2 

3 

4 - 5 

6 - 8 

9 - 10 

11 - 1.2 

Phase name 

St.atus byt,e 

concatenation number 
Library identification 

and 

TTR of first text record; 
where TT is the relative 
track numcer, and R is the 
block number on that track 

Total amount 
required 

of storage 

Length of first text record 

The format of the control code word 
(CCCODE), which is four bytes in length, is 
as follows: 

() o DUMP 1. wanted 
o not wanted 

1. 

2 

1. 

2 

3 

4 

5 

6 

7 

o 

1 

2 
3 
4 
5 

6 

7 

o 

1 

2 

3 

4 

LIST 

LOAD 

DECl, 

E:XTF<-EF 

XREF 

A'IK 

1. abort has occurred 

1. not wanted 
o wanted 

1. not wanted 
o wanted 

1. not wanted 
o wanted 

1. not want,ed 
o wanted 

1. not wanted 
o wanted 

1. not wanted 
o wanted 

1. means U-format 
o rreans }-forrnat 

records on input 

1 if track overflow 
is presE'nt 

severity 
severity 
Severity 
Severity 

where 

code 
code 
cede 
code 
OOOO=FLAGW 
0001.=FLAGE 
0010=FLAGS 

CHAR 48 1 not wanted 
o wanted 

MACkO 

SOURCE 

CHK 

BCD 

1 not wanted 
o wanted 

1 not wanted 
o wanted 

1 not wanted 
o wanted 

1 BCD input 
o EBCDIC input 

SOUKCE2 1. wanted 
o not wanted 

opr 1. wanted 
o not wanted 
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5 1 AE required 

6 1 program check 
has occurred 

7 1 means first recorc. 
has been read 

3 0 STIV1T 1 not wanted 
0 wanted 

1 MACDCK 1 not wanted 
0 wanted 

2 COMP 1 not wanted 
0 wanted 

3 1 rtacro phase now 
running 

4 1 batch record found 
0 batch record not 

found 

5 1 EOF record found 
0 EOF record not found 

6 not used requirement 

7 NEST 1 wanted 
0 not wanted 
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This appendix describes the formats of 
dictiohary entries during the compi~ation 
of a source program. The appendix is 
organized in the following manner: 

1. Dictionary entry code bytes 

2. Dictionary entries for ENTRY points 

3. Code bytes 
entries 

for ENTRY dictionary 

4. Dictionary entries for DATA, LABLL, 
and STRUCTU~E items 

5. Code bytes for LATA, L~BEL, and STRUC
TURE dictionary entrieG 

6. USES of the OFFSE1 
slots in DATA, LABEL, 
dictionary entries 

1 and OFFSET 2 
and STRUCTURE 

7. Dictionary entries for: 

label con~)tant.s 
data constants 
formal parameters 
FILE entries 
TASK and EVENT data 
internal library functions 
parameter descriptions 
ON conditions 
PICTURES 
expression evaluation workspace 
dope vector skeletons 
symbol table entries 
AUTOMATIC chain definitions 
OED dictionarv entries 
FED dictionar; entries 
temporary dope vectors 
BCD entries 
second file statements 

8. Dimension tables 

The dictionary is used to communicate a 
complete description of every element of 
the source program, the compiled object 
program, and the compiler diagnostic messa
ges between phases of the compiler; the 
text describes the operations to be carried 
out on the elements. 

Each type of element has a charac
teristic dictionary entry, which is iden
tified by a code occupying the first byte 
of the entry. In general, each type of 

element ~as a different code Lyte, but in 
order to fermit ra~id identification of 
dictionary entries, the code bytes have 
been allocated on the following basis: 

Bit Bit 
posilio~ yal~~ lieani.!}.9 

o 

1* 

3 

o 
1 

o 
1 

o 
1 

o 
1 

entry has ECL 
entry has no BCG 

entry is to be chained 
entry not to be chained 

not a rrEmLer of structure 
merrber of structure 

not dilfensioned 
dimensioned 

*This bit only applies to Phase FT which 
constructs the storage class chains by a 
sequential scan of the dictionary; later in 
the compi ler, i tell.S wi th thi s bit on are 
added to the storaye class chains. 

In the second half byte, the following 
Icodes have the meanings shown, unless the 
Ifirst half byte is X'C': 

X'F' 
X'7' 
X'E' 

rreans data variablE 
rreans label variable 
means structure 

The second and third bytes of every 
dictionary entry contain the length, in 
bytes, of the entry. If the entry has BCD 
(i.e., the first bit of the entry is zero), 
this length count does not include the ECD; 
instead, the BCD, which follows the wain 
body of the entry, is preceded by a single 
byte containing one less than the number of 
characters of BCD. 

Using this general schewe, the code 
bytes alloc~t€d for dictior.ary entries 
appear in the following table. Code bytes 
in the tanle which have no corresponding 
descri~tion are not allocated. 

X'OO' 
01 
02 
03 
04 
05 

06 

Statement label constant 
Procedure or entry label 
GENERIC entry label 
External entry label (entry type 4) 
Built-in function, e.g., DATE 
Te~porary variable and controlled 
allocation workspace 
Built-in GENERIC label, e.g., SIN 
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07 Label variable 
08 File constant 
09 
OA 
OB 
OC Task identifier 
OD Event variable 
OE 
OF Data variables (not dimensioned or a 

structure member) 

10 
11 
12 
13 
14 
15 
16 
17 Dimensioned label variable 
18 
19 
1A 
1B 
1C Dimensioned task identifier 
1D Dimensioned event variable 
1E' 
1F Dimensioned data variable 

20 
21 
22 
23 
24 
25 
26 
27 Label variable in structure 
28 
29 
2A 
2B 
2C Task identifier in structure 
2D Event variable in structure 
2E structure item 
2F Data variable in structure 

30 
31 
32 
33 
34 
35 
36 
37 Dlmensioned and structured label 

variable 
38 
39 
3A 
3D 
3C Dimensioned task identifier in 

structure 
3D Dimensioned event variable in 

structure 
3E Dimensioned structure item 
3F Giffiensioned and structured data 

va.riable 

40 Formal parameter type 1 
41 

346 

42 
43 
44 
45 
46 
47 
48 
49 
4A 
4B 
4C 
4D ON CONDITION entry 
4E 
4F 

80 ENTRY type 1 -- from a PROCEDURE 
statement 

81 BEGIN statement entries -- entry 
typE:- 1 

82 ENTRY sta.tement -- entry typ~ 1 
83 Entry type 5 
84 Entry type 3 
85 Entry type 2 
86 Entry type 6 
87 Label variable formal parameter or 

temp crary 
88 constant 
89 File formal parameter or file 

8A 
8B 

temporary 

8e Task identifier formal parameter 
8D Event variable formal parameter 
8E 
8F Data variable formal paralf,eter or 

temporary 

90 lnvocaticn count dictionary entry 
91 
92 
93 
94 
95 
96 
97 Dimensioned variable forrral paramE:-t~r 

or temporary 
98 File attribute entry 
99 
9A 
9B 
9C Dimensioned task identifier formal 

f;ararr!eter 
9D Dimensioned event variable formal 

parameter 
9E 
9F Dimensioned data variable formal 

parameter or dimensioned temporary 

AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 structured label variable temporary 
A8 
A9 



AA 
AB 
AC strcictured task identifier temporary 
AD Structured event variable temporary 
AE Temporary or formal parameter 

structure 
AF Structured data variable temporary 

BO 
B1 
B2 
B3 
B4 
B5 
86 
B7 Dimensioned and structured label 

variable temporary 
B8 
B9 
BA 
BB 
BC Dimensioned and structured task 

identifier temporary 
BD Dimensioned and structured event 

variable temporary 
BE Dimensioned structure formal 

parameter or temporary 
BF Dimensioned and structured data 

variable temporary 

co String dope vector for temporary 
C1 DED2 entry 
C2 Internal library function, e.g., 

conversion routines 
C3 Compiler label 
C4 Prefix ON list item 
C5 Parameter lists 
C6 Dope vector skeletons 
C7 Symbol table entry or DED entry 
C8 Error message, table entry, workspace 

requirement, STATIC DSA, etc. 
C9 Record dope vector (RDV) entry 
CA Workspace requirement entry 
CB Select a member froIT ~ generic family 
CC AUTOMATIC chain delimiter or Dope 

Vector Descriptor CDVD> entry 
CD ON condition entry 
CE Label BCD entry 
CF End of information in dictionary 

block 

The format of an entry for a PROCEDURE 
statement is as follows: 

1 Code byte X'80' 

2-3 Length 

4 

5 

6-7 

8-9 

10-11 

12-13 

, 
14-15 I 
16-17 
18-19 I 

j 

20-21 

22-23 

24-25 

26-28 

29-31 

32-34 

35-37 

38-40 

41-42 

> 

Level 

count 

Dictionary ref~rencE to t~e 
entry type 1 of the contain
ing block 

Dictionary reference of the 
dictionary entry for the 
first label that W5S 
attached to the PROC£DUk£ 
statement 

Dictionary reference to the 
entry type 1 of the next 
PROCEDURE or BEGIN staterrent 
in the source program 

The start of the chain of 
all AUTOMATIC variables 

Dictionary references to 
three dictionary entries 
inaicating storage require
ments for workspace 

Dictionary reference of 
ChECK list 

Dictionary refErence of 
NOCrlECK list 

Dictionary reference of the 
first symbol table entry for 
this block 

Size of the DBA for this 
block 

Offset of the eight words in 
the DSA used for addressing 
the DSA 

Offset of the storage used 
for the pararre~er list nec
essary in an ALLOCATE- FREE 
statement 

Offset of the two-byte 
switch which is set on entry 
to a procedure and tested at 
a RETURN (expression) 

Offset of the tour-byte slot 
which will contain tne 
address of the first approx
imation of the target field 
(the address of the implied 
parameter) 

Dictionary reference of the 
entry type 1 of the first 
ENTRY statement of the pro
cedure. The Entry type 1 
for PROCELURE and BNTKY 
statements of anyone proce
dure form a circular chain. 
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43 

44-57 

60 

61-63 

64 

65 

If there are no ENTRi state
ments in a procedure this 
slot will contain the dic
tionary reference of the 
PROCEDURE's entry type 1, 
i.e., of the entry in which 
the slot occurs 

OPTIONS code byte 

Eight 2-byte dictionary ref
erences to dictionary 
entries for prefix options. 
Only those prefix options 
which are changed within the 
procedure have a dictionary 
reference. The remainder 
are zero. ~he order of the 
options in this list is the 
same as in the options byte. 
(See "Options Code Byte" in 
this Appendix) 

Options change byte. This 
byte contains a one bit for 
each prefix option which is 
changed within the proce
dure. Its format is identi
cal with the normal options 
byte 

Offset of workspace used in 
BUY statement 

Optimization byte 

2*n where n is the number of 
parameters at this entry 
point 

66 onwards N dictionary references of 
formal parameter type 1 
entries 

The format of an entry for a BLGIN 
statement is similar to the above for the 
first 34 bytes. The initial code byte is 
X'81', and the dictionary reference in 
bytes 8 and 9 is that of the first label on 
the original BEGIN staten;ent, if any. If 
there was no statement label, then the 
statement number occupies this slot. The 
presence of a state~ent nurrber or statement 
label is indicated by a flag byte in 
position 35. This is set to aN for a 
statement number, or to SL for a state~ent 

label. Bytes 36-56 contain the same as 
bytes 44-64 in a PROCEDURE entry type 1. 

The format for the entry type 1 derived 
from an ENTRY statement is as follows: 

1 Code byte X'82' 

2-3 Length 

348 

4 

5 

6-7 

8-9 

10-12 

13 

Level 

Count 

Dictionary reference of the 
next member in the circular 
PrtOCEDURE-ENTRY chain 

Dictionary reference of the 
dictionary entry for the 
first label en the original 
ENTRY statement 

The offset of the apparent 
entry point 

2*n where n is the number of 
par.-ameters 

14 onwards n jictionary references to 
the formal parameter type 1 
entries 

The lal:els on a PROCEDURE or ENT.t{Y 
statement will be placed in the dictional~y 
according to the following format: 

1 

2-3 

4-5 

6-8 

9-10 

11 

12-13 

14-16 

Code byte X'Ol' 

Length 

Hash chain(STATIC chain) 

Pointer to transfer vector 

statement numl:er 

Other 1 code byte. (See 
"First code byte - other 1" 
in this Appendix.) The last 
bit will always be set to 
one, unless the label is the 
last label for a particular 
statement, in which case the 
last bit will be set to 
zero. 

Pointer to entry type 2 

Spare bytes for final assem
bly. The pseudo-code phase 
dealing with RETU~N 
(expression) will insert 
into these bytes a code 
which rrust be stored in a 
specific slot in the DSA 
whenever the procedure is 
entered via this label. The 
coJe is used by the prologue 
construction phase. Byte 16 
in the first label for each 
PROCEDURE or ENTRY statewent 
will contain t.he nunlber of 
latels associatEd with that 
stCiterr.ent 



17 

18 

19 

20 

21 

Block level 

Block count 

count of containing block 

BCD length·-1 

BCD of labl2l 

An entry type 2 describes the data 
attributes of an entry point. The format 
is as follows: 

1 

2-3 

4-5 

6-8 

9 

10-12 

13-14 

Code byte X 185 I • 

Length. 

Dictionary reference of 
en·try type 3 

position 
vector in 
block to 
belongs. 
if the 

Offset, i.e., the 
of the string dope 
the DSA of the 
which the entry 
This will be zero 
item is not a string. 

DATA byte (sf;!e "DATA Byte" 
in this Appendix). 

Data information, which is: 

1. with numeric data, the 
precision and sc~ling, 
left jUBtified 

2. for strings of fixed max
imum length, the binary 
version of the string 
length in the two left
most bytes of the data 
information 

3. for strings of adjustable 
length, the text ref
erence of a second file 
statement giving the 
expression for the string 
length 

Picture table reference, if 
required. The storage allo
cation phase will change 
this to the dictionary ref
erence of a DED entry, the 
picture table reference 
being moved into this refer
ence if necessary 

~ntry type 3 dictionary entries are 
constructed either frorr an ex~licit dec
laration or from implicit and default 
rules. Th0ir for~at is as fellows: 

1 

2-3 

4-5 

6-7 

8-10 

11 

12-13 

14-15 

16-17 

18-19 

Code tytel:. '84' 

Length of entry. 

Dictionary referenCe of 
entry type 1 of PROCEDURE or 
ENTRY statement. 

Dictionary reference of 
entry type 2. This des
cribes the value returned 
when the label associated 
with this entry type 3 is 
invoked as a function. 

The offset in the DSA of the 
containing bleck ot the 
first approximation of the 
storage for the value 
returned by this entry 
point, when it is invoked as 
a function. 

The entry code byte. (See 
"Entry Code Byte" in this 
Appendix.) 

The dictionary reference of 
an item in the AUTO~ATIC 
chain of the containing 
block. Entry type 3 entries 
feature in the AUTOMATIC 
chain of ~he containing 
block. 

switch bytes. The pseudo
code phase dealing with 
RETURN (expression) inserts 
into these tytes the bit 
pattern of the code which 
will signify that entry to 
the procedure was by the 
laDel associated with this 
particular entry type 3. 
Phase QF will use this to 
create ~VI instructions. 

Dictionary reference of a 
SETS list. 1his will be 
zero if the attribute SETS 
was not specified. The for
mat of a SRTS list is given 
at the end of this section. 

Dictionary reference of the 
dictionary entry for the 
label belonging to this 
entry type 3. 
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20 Status byte. This byte will 
contain X'OO' or X'FO'. 
X'OO' indicates that the 
entry was constructed from 
an ENTRY declaration which 
had parameter descriptions. 
X'FO' indicates the entry 
was constructed either arti
ficially or from an ENTRY 
declaration which did not 
have parameter descriptions. 

21 2*n where n is the number of 
parameters. This is zero if 
the status byte is X'FF' 

22 onwards If the status byte is X'OO' 
there are n two-byte ref
erences of parameter des
criptions~ A parameter des
cription is a dictionary 
entry for the particular 
type of item but without a 
BCD. If one particular par
ameter is not described, 
i.e. if there are two adja
cent commas in the ENTRY 
attribute, then the dic
tionary reference is zero. 
When the status byte is 
X'FO' then an entry type 3 
is only 23 bytes long. 

22+2n- DECLARE statement number 
23+2n 

1 

2-3 

4-5 

6-5+2*nl 

6+2*nl 

7+2*nl 
onwards 

Code byte X'C8' 

Overall length of original 
BCD entry 

2*nl where nl is the number 
of identifiers in the SETS 
list. If * was specified, 
these bytes contain 2*nl+l. 

Dictionary references of the 
identifiers in the SETS 
list. 

n2, the nurrber of para
meters in the SETS list. 

n2 numbers of one byte each. 
These are the parameter 
numbers and will be in 
ascending order. 

Entry type 4 dictionary entries describe 
external entry points. Their format is as 
follows: 

1 

2-3 

4-5 

6-8 

9-11 

12-13 

14 

15 

16-18 

19-20 

21-22 

23 

Code byte X'03' 

Length 

Hash chain, later used 
as the STATIC chain 

Offset of the load constant 
in STATIC 

Offset in the 
declaration 
storage for 
approximation 
~-eturned. 

DSA of the 
blocK of the 

the first. 
of the value 

Th€ dictionary reference of 
an item in the AUTOMATIC 
chain of th~ declaring 
block. Entry tyre 4 entri~s 
are members of the AUTOMATIC 
chain of the declaring 
block. 

The ENTRY byte. (See "ENTRY 
Byte" in this Arpendix.) 

The DATA byte. (See "DATA 
Byte" in this Arpendix.) 

Data information which is: 
a) with numeric data, the 

precision and scaling, 
left justified 

b) for strings of fixed max
imum length, the binaLY 
version of the string 
length in the two left
most bytes of the data 
information 

c) for strings of adjustable 
length, the text refer
ence of a second file 
statement giving the 
expression for the string 
length 

Picture table address if 
required. 

Dictionary referenc~ of a 
SETS list 

Status byte. If this 
X'OO' the rreaning 
san:e as the stat.us 
an entry type 3. 
byte is X'FF' it is 

bytE-' is 
is the 
byte i.n 
If tne 
irnplit::d 



24 

25 

25+2*n 

26+2*n 

27+2*n 

28+2*n 
onwards 

that no parameters were des~ 
cribed 

2*n where n is the number of 
parameters. This is zero if 
the status byte is X'FF' 

n dictionary references to 
parameter descriptions as in 
an entry type 3 

Level 

Count 

BCD length-1 

BCD of identifier 

Entry type 5 dictionary entries describe 
the entry points which are formal paramet
ers. They have the same format as entry 
type 4 except that: 

Byte 1 is X'83' 

Bytes 4 and 5 contain the address of 
the formal parameter type 1 entry 

Bytes 
DSA of 
address 

6 to 8 contain the offset in the 
the declaring block of the 
slot associated with a forwal 

parameter 

No BCD is contained in th~ entry 

The format for a GENERIC entry point is 
as follows: 

1 

2-3 

4-5 

6-8 

9-10 

11 

12-11+2n 

Code byte X'02' 

Length 

Hash chain 

Offset 1 Slot 

DECLARE statement number 

2n, where n is the number 
of two-byte addresses fol
lowing 

Pointers to entry type 4 
or 5, ENTRY labels, or BUIL-

12+2n 

13+2n 

14+2n 

TIN entries. 1hese ~ntrics 
are made when an identifi~r 
is given the attribute GEN
ERIC. The rointers ~rE to 
the entries which contain 
specifications of the var
ious possible attributes 

Level 

count 

BCL length-1 

15+2n BCD 
onwa.rds 

This code byte is used in ENTRY type 3, 
4, and 5 dictionary entries. 1he format is 
as follows: 

1 IRREDUCIBLE 

2 REDUCIBLE 

3 USES 

4 SETS 

5 SECONDJI.R Y 

6 RECURSIVE 

7 Has data attribute 

8 Not used 

This code is used in entry 
dictionary entries for PROCEDURE 
ments. The format is as follows: 

1 REENTRANT 

2 ON Block 

3 MAIN 

4 TASK 

5 RECURSIVE 

type 1 
state-
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6 

7 

8 

OPTIONS 

contains RETUHN (expression) 
statement 

ENTRY name is passed as 
argument 

This code byte is used in entry type 1 
dictionary entries. 

Format of the Optimzation Byte: 

1 

2 

3 

4 

5 

6 

7 

S 

1 

352 

Not eliqible for DSA in 
library workspace. 

Eligible for DSA in STATIC 
storage. 

Needs invocation count. 

Needs current file slot. 

contains asynchronous CALL. 

Not used. 

Not used. 

Not used. 

Code byte may be X'07', 
X'17', X'27', X'37', X'S7', 
X'97', X'A7', A'B7'. The 
last four cases apply when 
the item occurred in a par
ameter list in a PROCEDURE 
or ENTRY statement. In this 
case, bytes 4 and 5 will 
contain the dictionary ref
erence of the corresponding 
formal parameter type 1 
entry. In the first four 
cases, bytes 4 and 5 ini
tially contain the hash 
chai~. After t~e scan of 
the dictionary, this slot 
will De re-used to form 

2-3 

4-5 

6-S 

9-10 

11 

12 

13 

14 

15 

another chain, e.g., AUTO
MATIC or STATIC chain 

Length 

Initially contains the hash 
chain. After the dictionary 
scan, this is re-used to 
form another chain, e.g., 
AUTOMATIC or STATIC chain 

Offset inserted by storage 
allocation phase (as for a 
data item) 

DECLARE statement number 

'Other l' code Dyte (See 
"First Code Byte - Other 1" 
in this Appendix.) 

'Variable' codE:: byte (See 
"Variable Byte" in this 
Appendix) 

'Other 2' code byte (See 
'Second Code Byte - Other :2" 
in this Appendix.) 

'Other 3' code byte (See 
"Third Code Byte - Other 3" 
in this Appendix.) 

'Other 4 ' code byte (Se-e 
"Fourth Code Eyte - Other 4" 
in this Appendix.) 

16 onwards Content determined by varia
ble code byte. 

After variable information 

2 nytes Symbol slot 

1 nyte Level 

1 tyte count 

1 byte BCD length-l 

BCD 

with the exc~ption of the 2-byte syrrbol 
slot, the general format is the same as for 
a structure. 

The format is as follows: 

1 COde bytE may be X'OF', 
X'lF', X'2F', X'3F', X'PF', 
X' 9F', X' AF', or X' EF' . 'Ih,~ 



2-3 

4-5 

6-8 

9-10 

11-16 

17-19 

20-21 

last four cases apply when 
the iterr occurred in a par
ameter list in a PROCEDURE 
or ENTRY statement. In this 
case, bytes 4 and 5 will 
contain the dictionary ref
erence of the corresponding 
formal paraweter type 1 
entry. In the first four 
cases, bytes 4 and 5 ini
tially cont~in the hash 
chain. After the scan of 
the 
will 

dictionary this 
.be re-used to 

another chain, e.g., 
MATIC or S~ATIC chain 

Length 

See above 

Of f set. Se,,,, "Format 
Variable Information" 
this Appendix 

slot 
forn' 

AUTO-

of 
in 

DECLAHE statement number. 
If the variable has not been 
ex~licitly jeclared, this 
number is zero= otherwise, 
it is the statement numner 
assigned to the DECLARE 
statement from which the 
variable was obtained. 

Six code bytes. These are: 
other 1, variable, other 2, 
other 3, other 4, and data. 
(see "Code bytes" in this 
Appendix for a description 
of these bytes.) 

Data inforrration, which is: 

1. with numeric data, the 
preciSion and scaling, 
left justified 

2. for strings of fixed max
imum length, the binary 
version of the string 
length in the two left
most bytes of the data 
informat:ion 

3. for strings of adjustable 
length, the text ref
erence of a second file 
statement giving the 
expression for the string 
length 

Symbol slot, 
ei t:her Z81:'0, 

following: 

containing 
or one of the 

1. If the SYMBOL and DED 
bits are not aD, and the 
data iterr has a picture, 
these bytes contain the 
dictionary refErence of 

22 

1 byte 

1 byte 

1 tyte 

the ~icture table entry 
2. If the DED bit is on and 

the SYMBOL bit off, this 
slot points at a D~D 
entry. I f thE. i ten! has a 
picture, tte CED entry 
will contain the picture 
tal::le address 

3. If the SYtv;BOL bi t is OIl, 

the slot will point at a 
SYMBOL entry. This again 
will contain thE picture 
addrEss, if specified 

Variable infcrrration. The 
contents of these bytes are 
deterrrined by the variable 
code byte. See "Forroat of 
Variatle Information" in 
this Apr:;endix 

Level 

Count 

BCD length-l 

BCD 

These entries do not include base ele
ments, i.e., they do not have any data 
attributes or LAB~L. Their format is: 

1 

2-3 

4-5 

Code byte may be X'2E', 
X'3E', X'AE', or X'BE'. The 
last two indicate that there 
is no BCD attached. When 
the identifier occurs in the 
parameter list of a PROCE
DURE or ENTRY statement, 
bytes 4-5 ccntain the dic
tionary reference of the 
formal parameter type 1 
entry. In the case of the 
first two code bytes, bytes 
4-~ of the entry initially 
contain the has~ chain. 
This is later modified ny 
Phase FT 

Length 

See byte number 1 
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6-8 

354 

These bytes are used by the 
storage allocator; they will 
finally contain one of the 
following offsets: 

1. For structures which are 
parameters, or are dynam
ically defined, the off
set froIT. the start of the 
major structures dope 
vector or the minor 
structures dope vector. 

2. For major structures, the 
offset from the start of 
AUTOMATIC or STATIC of 
the address slot which 
will point at the struc
ture dope vector 

3. For CONTROLLED struc
tures, only that speci
fied for minor structures 
in 1 , above 

4. For structures in STA
TIC EXTERNAL the contents 
depend on the setting of 
the "dope vector 
required" bit in the 
"other 3" code byte. If 
this bit is off and the 
item is a major struc
ture, the slot contains 
the offset from the start 
of STATIC of the slot 
which will contain the 
address of the first byte 
of the structure. If the 
dope vector bit is on, 
the slot contains the 

9-10 

11-15 

16 

1 byt~ 

1 byte 

1 byte 

offset frorr the start of 
STATIC of the address 
slot which will point at 
the structure dope vec
tor. The offsEt slot is 
not used in eith~r of thE 
above cases for minor 
structures 

DECLARE number, i.e. the 
stateroent nurrber of the 
DECLARE staterrent which Fro
duced the structure 

Five code bytes. These are: 
other 1, variatle, other 2, 
other 3, and other 4 

Variatle information. The 
content is deterrrined by the 
variacle code byte, and will 
always include the informa
tion required fer structure 
members. Th~ format is des
cribed under "Format of 
Variatle Information" in 
this Appendix 

After variable infcrmaticn: 

Level 

Count 

BCD length-l 

BCD 



r-----T-------------------------------------T------------------, 
I Bit I I I 
I No. I Description I Set Iiy I 
~-----+-------------------------------------+------------------i 
I 1 Symbol or requires load constant if I Phase EL, FT, or I 
I label constant I NU I 
I I I 
I I 
I 2 Defined on Phase EL j 
I I 
I I 
I 3 Mentioned in CbECK list Phase FO I 

I 
I 

4 Needs DVD Various I 
I 

5 Last member in structure Phases FL or LW I 
I 

6 Variable dimensions Phase EL I 
I 

7 * dimensions Phases EL and FT I 
I 

8 * string length for data item Phases EL End FT I 
I 

--More labels follow for a label Phase EG I 
constant I 

I 
---Major Structure - no member of Phase LY I 
the structure has a dimension or I 
length attribute which is not * I _____ ~ __________ • ___________________________ ~ _________ _________ J 

r-----T-------------------------------------T------------------, 
I Bit I Description I Set by I 
I No. I I I 
~-----+-------------------------------------+------------------i 

1 Dynamically defined Phase EL I 

2 

3 

4 

5 

6 

'7 

and 

CONTROLLED major structure with 
varying strings 

NORMAL = 0, ABNORMAL 1 

Reserved 

Formal Parameter 

INTERNAL = 0, EXTERNAL = 1 

00 = AUTOMATIC or DEFINED or siffiple 
parameter 

01 STATIC 

Phase EY 
I 
I 
I 
I 

Phases EI and FT I 

Phase EI 

Phase EI 

Phase EL 

Phase EL 

I 
I 
I 
I 
I 
I 
I 
I 
j 
I 
I 
I 
I 

8 11 CONTROLLED Phase EL I ______ ~ _____________________________________ ~ _________ _________ J 
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r-----T-------------------------------T------------------------------, 
I Bit I I I 
I No. I Descriftion I set by I 
~-----+-------------------------------+------------------------------~ 

1 I Needs dOpE vector I Phases EK and EY if variable 
I I dimension entries, variable 
I I string length, or in 
I I CONTROLLED storage; 
I I Phase NU when item appears 
I I in an argument list 
I I 

2 I Needs DED I Phase NU 
I I 

3 I Needs no storage for the iten I Phase GP 
I itself I 
I I 

4 Correspondenc~ defined I Phase FV 

5 Chameleon Phase GP 

6 Sign bit for first offset Phase PH for STATIC and 
Phase PT for AUTOMATIC 

7 Indication of the state of Phase PH for STATIC and 
the value in the first offset Phase PT for AUTOMATlC 

I 
I 8 
I 

0 rubbish 
1 = good value 

As above but for second 
address slot 

Phase PH 
L _____ ~ _______________________________ ~ ______________________________ j 

r-----T-------------------------------T--------------------, 
I Bit I I I 
I No. I Description I set by I 
~-----+-------------------------------+--------------------~ 

1 A constant has been produced Phase JK I 
for this structure or array I 

I 

2 
and 
3 

4 

5 

6 

00 
01 
10 
11 

Not te:r.porary 
Tempora.ry tyr:;e 2 
Temporary not sold 
COBOL temporary 

~ember of defined structure 

Packed = 0 Aligned = 1 

iV.a jor structure 

Phase GP, HF, HK, 
IM, or LB 

Phase FV 

Phase EL 

PhasE l.L 

I 7 No dope vector initialization Phase GP 
I 
I 8 A temporary type 2 which has Phase Of 
I been incorporated in work-
I space 1 or RDV reguired. For 
I COBOL temporaries this bit 
I means RDV required 

I 
I 
I 
I 
I 

L _____ ~ _______________________________ ~ _______________ _____ j 
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r-----T-----------------------------------, 
I Bit I Description I 
I No. I I 
~-----+-----------------------------------i 

1 I Second addr~ss slot I 
I I 

2 I Dimensioned I 
I I 

3 I ~Ember of structure I 
I I 

4 I Value list for label variables or I 
I pas for defined iteas I 
! I 

5 I Initial value if not a'structure I 
I or LIKE if a structure I 
I I 

6 I hXTERNAL slot I 
I I 

7 I Defined slot I 
I I 

I 8 I CONTROLLED fro~ ALLOCATE statement I l _____ ~ ___________________________________ J 

For a detailed explanation of the signi
ficance of these bits and a description of 
the extra slots associated with them, see 
"Format of Variable Infornati.on" in this 
Appendix. 

r---------T---T------------T----------T---------T---------T---------T-------T---------, 
I I I I I I I I I I 
I BIT I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 
I I I I I I I I I I 
~---------+---+------------+----------+---------+---------+---------+-------+---------f 
I CAD or I 1 I POINTER/ I Sterling I Long I Cad. I Binary I Float I Complex I 1 
I NUMERIC I I OFFSET * I NON I Short/ I NumerlC I Decimal I Fixed I Real I 0 
I FIELD I I. I S'IERLING I OFFSErr I Field I I I I 
~---------+---+------------+----------+---------+---------+---------+-------+---------i 
I STRINGS I 0 I Adjustable I Aligned I Varying I No I Char I AREA I Not I 1 
I I I Length I I I Pict.urc I I VARI- I Used I 
I I I String I Packed I I Picture I Bit I ABLE* I I 0 
I I I I I I I I I I l _________ ~ ___ ~ ____________ L __________ ~ _________ ~ _____ ____ L _________ L _______ L _________ J 

*AREA, POINTER, and OFFSET data byte settings are: 
AREA: X'02' superimposed on the non-plctured CHAR string data byte entry 
POINTER: X'40' superimposed on the FIXED EIN data byte entry 

OFl'SE'l: X'50' superim~osed on the FIXED PIN data byte entry 

Data items, labels~ and structures 
require pointers to various tables if they 
have certain attributes;; for example, if 
they are dimensioned or defined on a base. 
Space will be left for information only if 
the attribute is present. This leads to an 
addressing problem of how to find the 

position of the information when the pre
sence of other attributes alter its 
address. 

The protlem is resolved by collecting, 
into one byte, all the attributes which 
require more than one bit to describe them. 
This has taken the second place in all the 
collections of attribute bytes. The pre
sence of a bit in this byte indicates the 
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presence of further information. The off
set of this information from the start of 
the variable information is given by the 
presence of the bits to the left of the one 
of interest. Each bit will have a value 
associated with it. The sum of the values 
of the bits present and to the left of the 
one of interest will give the value of the 
offset. This is achieved in the coding by 
moving the code byte, masking off the bits 
to the right of the one being tested and 
the bit itself, and translating the byte. 

The information produced by the presence 
of the following bits in the variable byte 
is as follows: 

Bit number 1: 
----The second offset slot is 4 bytes long. 

The contents of this slot are d~scribed 
in this appendix. The decision to 
include a second offset slot in a 
dictionary entry is based on questions 
about the nature of the identifier. 
Refer to figure 9. 
r-, 
IYI implies that a second offset 
l_J slot will be given, 
r-, 
INI that it will not. 
l_J 

Bit number 2: -----------The dimensioned bit. The slot produced 
by this is three bytes long. Tne first 
byte will contain the number of dimen
sions, the next two the dictionary 
reference of the dimension (multiplier) 
table 

Bit number 3: 
----Member-of a structure tit. This slot 

is ten bytes long and has the following 
format: 

1 

2 

3-4 

5-6 

7 

8-10 
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Declared level number 

True level n~mber 

Dictionary reference of 
the containing structure 

Dictionary reference of 
the next merrter in the 
structure 

Alignment 

Element length 

~.tL n U~12~f_~.!.. 
POS for defined items. 
slot will contain the POS 
binary intEger. 

The two-byte 
value as a 

Bit number 5: 
----The--initial value or LIKE bit is a 

four-byte slot. 

1. For normal initial value. The first 
two bytes contain the dictionary 
reference of the associated 'Initial 
Value' dictionary entry. Tne four~h 
byte contains X'FO' 

2. For INITIAL CALL. The first three 
bytes contain the text reference of 
a second file statement. The fourth 
byte contains X'OF'. 

3. For initial labels. The first t~ree 
bytes contain the text referencE of 
a s~t of second fil~ statements. 
The fourth byte contains Y'FF'. If 
there is an initial slot but no 
initial values the fcurth byte con
tains X'OO' 

4. For LIKE. The first two bytes con
tain the LIKE chain. The third and 
fourth bytes contain the dictionary 
ref~rence of the liken~d structure 

bi~!:!.2!:0b~f_£.!.. 
The E1TERNAL bit. This 2-Lyte slot 
contains the ESD number 

Ei!:_'!}~!!2bef_l.!.. 
The DEFINED bit. This 7-byte slot 
contains the following: 

1-2 

3-4 

5-7 

Bit number 8: 

Defined chain. 

Dictionary ref~rence of tase 

The text reference of a 
second filE statEment. 
After the dictionary these 
bytes will contain X'FFFFF.f' 
if the base is unsubscript
ed. 

----The-CONTROLLED from ALLOCA'IE bit. This 
bit is on for dictionary entries for 
level 1 CONTROLLeD data specified in 
ALLOCATE stat~ments. The two-byte slot 
contains the dictionary reference of 
the dictionary entry for the dat~ con
structEd from the DECLARE statement 



r---------------, 
I Entry I 
L-------T-------J 

I 
V 

r---------------, 
YI Is it data I 

r--~ iteffi? I 
I L-------T-----·--J 
I IN 
I V 
I r---------------, r---------------, 
I I Is it struc- IN I Is it label IN r-, 
I I ture? ~-----·---->I variaole? ~-->INI 
I L-------T-----·--J L-------T-------J L_J 
L _________ >I<------------------------- Y 

YV 
r---------------, r---------------, 
I Is it formallY I Is it struc- IN r-, 
I parameter? ~--------->I ture member? ~-->INI 
l~------T-------J A L-------T-------J l_J 

IN I IY 
V I V 

r------·---------, I r-, 
I Is it con- IY I IYI 
I ~----J L_J 
I trolled? I 
L-------T-------J 

IN 
V 

r---------------, r---------------, 
I IY I Is it ex- IY r-, 
I Is it static? ~--------->I ~-->IYI 
I I I ternal? I L_J 
L-------T-------J L-------T-------J 

NI<-------------------------JN 
V 

r---------------, 
I IY r-, 
I Is it string? ~-->IYI 
l--------T-------J L_J 

IN 
V 

r---------------, 
I Is it struc- IY r-, 
I ture member? ~-->IYI 
l-------"T-------J L_J 

IN 
V 

r---------------, 
I I Y r-, 
I Is it defined?~-->IYI 
L-------T-------J L_J 

IN 
V 

r---------------, 
I Is it dimen- IY r-, 
I sioned? ~-->IYI 
L-------T-------J L_J 

IN 
V 
r-l 
INI 
L,_J 

.Figure 10. Decision to Include a Second Offset Slot 
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The OFFSETl slot is in bytes 6-8 of the 
jictionary entry and the OFFSET2 slot is 
part of the variable infor~ation. 

Mai2~ ___ ~~~~~2~ ___ st~~~!ur~ __ ~nt~i~~~ 
OFFSETl slot not used. OFFSET2 slot 
contains offset of structure dope vec
tor from start of STATIC INTERNAL con
trol section (if there is a dope 
vector) 

Basic elements: OFFSETl slot contains 
--offset o~virtual origin (in the case 

of dimensioned ite~s) or offset of item 
(when not dimensioned) from start of 
STATIC INTERNAL control section. 
OFFSET2 slot contains offset of dope 
vector (if there is cne) from start of 
STATIC INTERNAL control section 

Const~!!~di!!J~nsi2~~~ as for STATIC 
INTERNAL except that all offsets are 
relative to start of DSA. 

~Qj~~tabl~_Qi!!Jensi2~~~ major and minor 
structure entries: OFFSETl slot not 
used. OFFSET2 slot contains offset of 
structure dope vector from start of DSA 
(if there is a dope vector) 

~~~iE_ el~me~!Q~ OFFSETl slot not used. 
OFFSET2 slot contains offset cf 
elem~nt's dope vector (if there is one) 
from the start of the DSA 

~~j2~_~!ruct~Ee e!}!!:y~ OFFSETl slot con
tains offset of address slot from start 
of data region. OFFSET2 slot contains 
size of EXTERNAL control section. 
(Offset of major structure dope 
vector = 0.) 

Minor structure entries: OFFSETl slot 
--not-used:--OFFSET2-sIot-contains offset 

360 

of structure's dope vector from start 
of major structure dare vector. 

Basic elements: OFFSETl slot not used. 
--OF~~~~2---sIot contains offset of 

element's dope vector from the start of 
the EATERNAL control secticn 

MajQf_5:!DQ_!!}inoE_~!!.~E!~~~~~ OFFSETl slot: 
not used. OFfSET2 slot contains offset 
of structure dope vector from point to 
which pseudo register points. (In the 
case of the major structure, this value 
will De zero.) 

Basic elements: OFFSETl slot not used. 
--OFFSET2---slot contains offset of 

element's dope vector relative to 
address in pseudo-register. 

OFFSETl slot contains offset cf vertical 
origin of the array relative to start of 
data region. OFFSET2 slot ccntains offset 
of dope vector (if there is one) from the 
start of the data region. 

as for STF.TIC 

~Qj~~!~Ql~_Qim'§D~i2D~~ OFFSET·l slot not: 
used. OFFSET2 slot contains offset of 
dope vector from start of data region. 

OFFSETl slot contains offset of address 
slot which contains a pointer to the arrays 
dope vector. (Not used in the case of 
CONTROLLED.) OFFSET2 slot is not present. 

OFFSETl slot ccntains offset of datum 
from start of data region. OFFSET2 slot 
contains offset of dcpe vectcr (if there is 
one) from start of data region. 



E:~~~!:~Ql~ __ l.englb.!. OF£o'SETl slot not 
u3ed. OFFSET2 slot contains offset of 
dope vector from start of data re~ion. 

OF?SE~l slot contains offset of address 
slot which points to string dope vector 
(not used in the case of ~ONTROLLED). 
OFFSET2 slot not present. 

OFFSET1 slot contains 
from start of data region. 
not present. 

offset of datum 
OFFSET2 slot 

OFFSETl slot contains offset of address 
slot which points to datuffi (not used in the 
case of CONTROLLED). OFFSET2 slot not 
present. 

1 

2-3 

4-5 

6-8 

9-10 

Code byte X'OO' 

Length up to BCD length-l 
byte 

Hash chain - STATIC chain 

Offset 

statement number (except 
when the latel is mentioned 
in an ON CHECK list, in 
which case it gives the 
chain to the label BCD dic
tionary entry, code byte 
X' CE') 

11 

12-14 

15-16 

17 

18 

19 

20 

21 etc. 

Other 1 Code Byte (See 
"First Code Eyte - Other 1" 
in this Ap~endix 

Second offset Slot 

Spare for Final Assembly 

Level 

Count 

Count of Containins Block 

BCD Lengt.h-1 

ECD 

The format is identical to that of a 
label constant, except for the cmission of 
the BCD. The code byte is x'C3'. 

These entries are derived froIT the 
CEDURE and ENTRY statements, and do 
contain any information other than that 
identifier is a formal parameter. 
format is as follows: 

PRO
not 
the 
The 

1 

2-3 

4-5 

6-7 

8 

9 

10 

11 

Code byte X'40' 

Length 

Hash chain 

These bytes will point to a 
full description of the 
identifier after Phase EK, 
or Phase FA, or Phase FE. 
These full descriptions are 
dictionary entries for the 
type of item they are des
cribing. They do not con
tain the FCD of the iden
tifier, but in the slot for 
the hash chain there is the 
dictionary reference of the 
corresponding forreal param
eter type 1 entry. 

Level 

Count 

BCD length-l 

BCD 
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For a description of the types of entry 
pointed to, see "Dictionary entry for par
ameter descriptions." 

For attributes specified in OPEN state
ment the format is as follows: 

1 

2-3 

4-5 

6-S 

9-10 

11 onwards 

Code byte X'9S' 

Length 

STATIC chain 

OFFSET1 

DECLARE statement number 

String of second level 
ers (without preceding 
code bytes) one for 
attribute other than 
TITLE and IDENT. 

mark
'CS' 
each 

FILE, 

This entry is created by the read-in 
phase and is referred to only as the 
argument of an ATTRIBUTES marker. 

Code X'OS' is used for file constant 
entries, which have the following format: 

1 

2-3 

4-5 

6-S 

9-10 

11-12 

13 

14-15 

362 

Code byte X'OS' 

Length 

Hash chain, subsequently 
EXTERNAL or STATIC chain 
depending on whether FILE is 
EXTERNAL or INTERNAL 

OFFSETl (S~ATIC or transfer 
vector offset) 

Declare statement number 

Dictionary 
attributes 
none) 

reference 
entry (zero 

of 
if 

Code byte (similar to th~ 
"othsr 2" code byte. Only 
internal/external bit used) 

Dictionary reference of 
environrr.ent string (zero if 
none) 

16 Level 

17 Count 

is BCD length-l 

19 onwards BCD 

Code X'B9' is used for file parameters 
and for file temporaries. ~he format of 
the entry will be the sarre as that for 
label variables. 

Code X'Cg' is used for 
string. 

the 

1 Code byte X'C8' 

2-3 Length 

environrrent. 

4 onwards Internally 
argument 
option 

coded form of 
of ENVIRONr-~ENT 

Code X'CS' is also used for attributes 
collected from the DECLARE statement. 

1 Code byte X'C8' 

2-3 Length 

4 onwards String of second level rrark
ers (without [receding code 
bytes X'C8'), one for each 
attribute other than FILE, 
ENVIRONMENT, EXTERNAL, or 
IN'IERNAL 

The format is: 

1 Code byte X'S8' 

2-3 Length 

4-5 Hash chain 

6 DATA tyte 



7 

8 

9 

10 

11 

12 

13-14 

15 

Notes: 

Data Precision* 

Scale Fact:or* 

*'l'hese are the apparent pre-
cision and factor derived 
from the BCD of the constant 
( ~3ee Note 2) 

Type (see note 1) 

DATA byte (2) 

Data Precision (2) ** 

Scale Fact:or (2) * * 

**These bytes are inserted 
by the phase requesting con
version. If a picture is 
required, these bytes are 
used to contain a picture 
table reference (see Note 3) 

Dictionary reference - used 
when a phase requires a con
stant to be converted into a 
specific location in storage 

BCD 

1. The type byte has the following mean
ing: 

00 - normal BCD constant. The first 
offset slot must be relo
cated by the storage allo
cation phase, to contain 
the offset of the converted 
constant from the start of 
STATIC storage, rather than 
from the start of the con
stants pool 

11 - the BCD is replaced by the inter
nal form of the constant. 
The first offset slot is 
treated in the same way as 
for the code 00 

10 or 01 - the constant is required to 
be converted into a speci
fic location in storage. 
The second code implies the 
converted constant should 
be made negative before 
being stored 

sixth bit: 1 indicates that the con
stant requires a DED. 

Seventh bit: 1 indicates that the 
constant requires a dope vector. 

2. 

3. 

Eighth bit: 1 indicates that no con
version is required. 

After the constants processor the 
bytes 6 through 8 will contain the 
offset of the constant from the start 
of the pool of constants. If a dOfe 
vector is re~uested then the offset ot 
this frow the start of the constants 
pool is eight less t.han that of th.2 
converted constant. 

Shoule a DED be required, this will Le 
constructed by Phase PL. The two 
bytes, precision(2) and scale 
factor(2), will contain a dictionary 
reference of a DED dictionary entry. 
If the constant requires a dope vectcr 
then Phase OS will make a dictionary 
entry for it, and the dictionary ref
erence preceding the PCD will be the 
dictionary reference of this. 

The format of the dictionary entries for 
task identifiers and EVENT data is, afart 
from the initial code byte, the same as 
that for a label variable. 

'l'he forrT,at is: 

1 

2-3 

4-5 

6-8 

9-10 

11-12 

Code byte X'04' 

Length 

Hash chain - later 
the STATIC chain 

becoITes 

Offset - gives the position 
in S~A'lIC storage of the 
load constant for Library 
routine 

Code bytes - the first code 
byte contains a value which 
identifies the built-in 
function and also provides 
inforrr.ation about it. It is 
used mainly by [hases 1M and 
MD-MM inclusive. The second 
code byte contains further 
information about the built
in function (See "Second 
Code Byte.") 

DECLARE statement number 
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13 Level 

14 count 

15 BCD lengt.h-l 

16 BCD 

The second code byte 
followin~ information: 

contains the 

1 

2 

3 

4 

5 

6 

May oe ~assed as an argument 

May have an array as an 
argument 

Must have an array as an 
arqurr,ent 

Is a pseudo-variable 

Indicates to which of the 
two tables the offset refers 

May have 
structure> 
but will 
result 

an array (or 
as an argument, 
return a scalar 

Library routines, other than built-in or 
GENERIC functions, are known as Internal 
Library Functions. Their dictionary entry 
format is as follows: 

1 

2-3 

4-5 

6-8 

9 

10 

11-12 

364 

Code Byte X' C2' 

Length 

Hash chain 

Offset 

Library Code identifies 
the particular Library rou
tine required 

Not used 

Code Bytes - the first code 
byte contains a value used 
by phase MG to pick up com
plete inforrration about the 
Library function. The sec
ond code byte contains 

further information abou·t 
the function 

13 Level 

14 Count 

BCD entries are used when the LIKE, 
DEFINED, or POOL attributes are used. A 
short dictionary entry with the format 
given below is used. This is pointed at by 
the dictionary entry with the attribute. 

1 Code Eyte X'40" 

2-3 Length 

4 BCD length-1 

5 BCD 

Dictionary entries for parameter des
criptions are identical with the normal 
entry for data variable, label variable u 

structure, filE, or entry points, except 
for the following details: 

Hash chain contains pointer to formal 
parameter type 1. After Phase FT this 
pointer is moved to the bytes contain
ing level and count 

No BCD is present 

No block identification is present fer 
ENTRY or FILE 

The code byte for an entry point 
referred to as entry type 6 - is X'86' 

Entries for ON statements are made by 
Phase FC, and contain the following: 

1 Code Byte X'CL' 

2-3 Length 

4-5 AU'lOMATIC chain 



6-8 

9 

10 

11 

12 

Offset 

Code byte as suppliea by the 
Read-In Phase 

Block lev~~l 

Block count 

n 

13 onwards n dictionary 
variables cr 
entries 

references of 
ON condition 

This entry is made by Phase FO: 

1 

2-3 

4-5 

6-8 

9 

10 

11 

12 

Code Byte X'4D' 

Length 

Hash chain later used as 
AUTO£<lATIC chain 

Offset 

Code byte as supplied by the 
read in phase 

Block level 

Block count 

BCD length-l 

13 onwards BCD 

This entry is made by Phase FO: 

1 

2-3 

4 

Code Byte X'C8' 

Length 

n where n is the number of 
dictionary references fol
lowing 

5 onwards Dictionary references (2n 
bytes) 

The format of an entry in the picture 
table in the dictionary. 

1 

2-3 

4-5 

6-8 

9 

10 

11 

12 

Code Byte X' C8' 

Length = L+13 

contains address of next 
entry in picture chain 

Offset in STA1lC storage 

Code Byte (after PhasE F~) 

(SEe Code Byte descripticn) 

P the nurrber of digit 
positions in field in nuwer
ic picture. 

Q the number of digit 
positions after V character 
in numeric picture. Code 
X'SO' represents 0 7 X'7F' 
represents -1, and X'81' 
represents +1. 

W - apparent length of pic-
ture. length of picture 
following. (For a non-
numeric picture the length 
is obtained in tytes 12-13.) 

14 onwards Picture. 

~.tL Nu!!!t~!: De§£!:1:Bti.Q.!} 

1 0 string 
1 numeric 

2 0 correct 
1 error 

3 0 not sterling 
1 sterling 

4 0 short 
1 long 

5 Not used 

6 0 decimal 
1 binary 

7 0 fixed 
1 floating 

8 Not used 
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The format for a dictionary entry for 
workspace requirement is: 

Byte Number DescriBtion 

1 Code Byte X'CS' or X'CA' 

2-3 Length = 8 

4-5 Total workspace required 

6-8 Offset 

If the code byte 
temporary workspace 
(temporary type 1). 

is 
used 

C8 this is the 
by pseudo-code 

Dictionary entries for pararreter lists 
have the following format: 
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1 Code Byte X'C5' 

2-3 Length 

4-5 STATIC chain 

6-8 STATIC offset 

9-10 Assembled length 

11 onwards Contains DCA's 

1 Code Byte X'C6' 

2-3 Length 

4-5 STA'lIC chain 

6-8 Offset in STATIC 

9-10 Dictionary reference or 
DECLARE number 

11 onwards Bit pattern of skeleton dope 
vector 

This entry is constrJctEd by Phase PD 

Symbol table entries are made by Phase 
PL. 

1 

2-3 

4-5 

6-8 

9-11 

12-13 

15-16 

17-18 

Code Byte X'C7' 

Length 

STATIC chain 

Offset in STATIC of DED 

Actual DED if not pictured. 
If a picture is involved u 

the last two bytes are the 
dictionary reference of the 
picture table entry 

Offset in STATIC storage of 
symbol table entry 

Dictionary reference of next 
itero in the syrotol table for 
this block 

Dictionary reference of item 
requiring entry in syrrbol 
table 

An en~ry for AUTOMATIC chain delimiter 
is made by Phase PP. 

1 

2-3 

4-5 

6-7 

8-9 

Code Byte X'CC' 

Length 

AU'l'OI"lATIC chain 

Pointer to first second file 
entry 

Pointer to second second 
file entry 

An entry for a DED is created by Phati€ 
PL. 

1 Code Byte X'C7' 



2-3 Length 

4-5 STATIC chain 

6-8 S'l'ATIC offset 

9-11 Actual DED 

If the DED requires a picture, the last 
two bytes contain the dictionary reference 
of the picture table entry. 

This entry has the same format as the 
first eleven bytes of a symbol table entry. 
No item will require both types of entry. 
The type required will be chained from the 
symbol slot in an item. 

Th~se entries are generated when a DED 
is required for the conversion of a tem
porary result. 

~~_Nu!!!bE~ Q~§£!:iI2!i2!! 

1 Code Byte X'Cl' 

2-3 Length = 11 

4-5 STATIC chain 

6-8 Offset 

9-11 Actual DED 

The entry for a FED is wade by Phase NV. 

The entry is identical with a DED2 entry 
but with a length of 12, instead of 11. 
The storage allocated will be word-aligned. 

;§:tte_~Qmb~!: Q~.~£!:i£!i2TI 

1 Code Byte X'Cl' 

2-3 Length = 1.2 

4-5 STATIC chain 

6-8 STATIC offset 

9-12 Ac·tual FED 

Label BCD entries are made cy Phase FO. 

1 

2-3 

4-5 

6-7 

8-9 

Code Byte X'CE' 

Length 

DECLARE number 

Offset of the BCD 
in STATIC 

Dictionary reference of iteIT 
requiring BCD 

These ~ntries are constructed when a 
statement label or a PROCEDURE or ENTHY 

Ilabel is mE~ntioned in an ON CHECK 1 ist. 
IThese entries are also made for EVENT and 
ITASK varialles. Phase PD will allocate 
storage in STATIC for the BCD of the latel, 
and place the offset of this in the acove 
entry. 

This entry is constructed to indicate 
that a dope vector is required for a 
temporary Lesult. At this stage the h}tes 
in the entry contain the following: 

1 

2-3 

4-5 

6-8 

9-10 

11-12 

code Byte X'CO' 

Length 

AUTOMATIC chain 

Offset in the temporary type 
1 stack. After Phase ~J 

this will contain the offset 
from the start of the DSA 

Dictionary reference of dope 
vector skeleton entry 

Length of string 

This entry is constructed when a varia
Ible requires a record dope vector. 

1 Code Byte X'C9' 
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2-3 Length 

4-5 STATIC or AUTOMATIC chain 

6-8 Offset 

9-10 Dictionary reference 
variable 

11-18 Eight bytes of RDV text 

19-20 DECLARE num:Cer 

8-9 

of 

10 

entry type 1 
from which 

of the block 
the second file 

statement was extracted 

Dictionary 
three-oyte 
tionary. 

reference of a 
slot in the dic·-

TYfe of second file state
ment, i.e. the function it 
performs. This is the sec
ond :Cyte of the dictionary 
reference used to designate 
the function in the actual 
second file statement 

This entry is constructed for a struc- l~i£!i2~3~Y_£~~~Y_i2~_~_§1~1If_~§~ 
ture which requires a dope vector descrip-
tor. 

1 

2-3 

4-5 

6-8 

9-10 

11-12 

13 ••. 

1 

2-3 

4-5 

6-7 

368 

code Byte X'CC' 

Length 

STATIC chain 

Offset 

Dicti.onary 
structure 

reference 

Chain to RDV 
DECLARE number 

entry 

of 

or 

DVD text set up by Phase JK 

Code byte X'C8' 

Length of entry 

Statement number of the 
DECLARE or other st~tement 
giving rise to the second 
file statement 

Dictionary reference of the 

I This entry is made by phase PA (whenever 
la block has its DSA in STATIC). The "size 
lof DSA" slot (right-hand two :Cytes) in the 
IEntry Type 1 is used to contain the dic
Itionary reference in this entry. 

1 
2-3 
4-5 

6-7 

8-10 

11-12 

13 

14-16, 

17-18 

19-20 

Code byte X'C8' 
Length = 20 
Dictionary reference of the 
next STATIC DBA entry, or 
zero if this is the last 
entry. 
Offset address slot in STA
TIC for the DSA (set by 
phase PD). 
Size of DSA (set by PT and 
amended by RF). 
Dictionary reference of the 
Entry Type 1 of the block. 
code :Cyte to be put into 
first byte of DSA. 
Offset of start of DSA in 
STATIC (set by [hase TO). 
Head of block's ~utomatlc 

chain. 
Not used 

Each entry containing dimension informa
tion will result in a table l:::eing set uf. 
This table is shown in Figure 10. 



r---~-------------T--------------------------------------T----------------, 
I ~ode Byte C8 I Two-byte length I flag Byte I 
~-----------------+---------------------T----------------L----------------1 
I Zero hyte INa. of dimensions (n)1 Two-byte chain address I 
~-----------------L---------------------L-------------____________________ ~ 
I VIRTUAL ORIGIN WORD I 
~-----------------T---------------------T--------------~------------------i 
lOne-byte marker I Not ~sed I Lower bound (halfword) I 
~-----------------+---------------------+---------------------------------1 
lOne-byte marker I Not used I Upper bcund (halfwcrd) I 
~-----------------+---------------------+---------------------------------~ 

~-----------------+---------------------+---------------------------------1 
I I I nth upper bound I 
~-----------------~---------------------L-------------____________________ ~ 

n multipliers I I l _________________________________________________________________________ J 

~ote: The one-byte marker is: 

00 if bound is fixed paint constant; hound is a two-byte binary constant, right-adjusted. 

FF if bound is an expression; bound is a three-byte fointer to a second file statement in 
text. 

7F if the bound is inh8rited and has an MTF function. 

3F if the bound is inherited and is covered by a previous MTF function. 

FO if the hound is specified by an * . 
• Figure 11. Dimension Table 

The declaration of a variable with an 
INITIAL attribute produces these entries: 

An INITIAL dictionary entry 

and 

One or more dictionary entries for con
stants 

and perhaps 

A second File Statement for any iteration 
expression contained in the INITIAL 
specification. 

The INITIAL dictionary entry contains 
pointers to the constant entries and any 
,Second File Statements, and is of the 
following format. 

1 
2-3 

4 
5 
6 
7 onwards 

Code Byte X 'C8' 
Length of entry 
Prefix options byte 
INITIAL code byte X '79' 
Left parEnthesis 
INITIAL value list (see 

below) 
Final Right parenthesis 

I The INITIAL value list contains referen
Ices to Second File Staterrents and dictiona
Iry entries which are created to correspond 
Ito the value in the input text. 

I The list contains the following code 
Ibytes to identify each associated dicticna
Iry reference: 

IX'Fl' 
I 
I 
I 

IX'F3' 
I 
I 
I 
I 

IX'FS' 
I 
I 
I 
I 
I 
I 

Constant iteration factor. This is 
followed by X'OO' and the dictionary 
reference of the constant iteration 
factor. 

INITIAL value item. This is fol
lowed ny X'OO' and the dictionary 
reference of the constant. (The BCD 
of the constant is expanded by any 
imposed string replication factor). 

EOB marker. This is followed by 
X'OO' and the dictionary reference 
of the next entry on the chain. 
(This will occur when the scratch 
core storage allocated for building 
the entry is not sufficient, dnd a 
chain of entries is constructed). 
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X'F7' Variable iteration factor. This is 
followed by the text reference of 
the Second File Statement containing 
the expression. 
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This appendix describes the internal 
formats of text at various points during 
the compilation of a source program. The 
appendix is organized in the following 
manner: 

1. Text code bytes after read in 

2. Text formats after read in 

3. Text code bytes on entry to the tran
slat.or 

4. Triple formats 

5. Text code bytes in pseudo-code 

6. Text formats in pseudo-code 

7. Text formats in absolute code 

8. Second file staterrents, and the for
mats of compiler fUnctions and pseudc
variatles 

9. Pseudo-code phase temporary 
descriptors (TMPDs) 

result 

10. Internal and external Litrary calling 
sequences 

11. Descriptions of terms and abbrevia
tions uSed in text during a compil~
tion 

Note: The int~rnal forrrats of text juri~g 
compile-time processing are aescribed 
in A!=penaix J. 
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o 1 2 3 4 5 6 7 

r----------T---T---T-----------T--------T----------T--------T----------, 
0, 0 I @ I # I $ I BLANK , , I , 

.----------+---+---+-----------+--------+----------+--------+----------~ 
1 I 1 I A I J I I I { I DO I } I 

I I I I I I , EgUALS , I 
.----------+---+---+-----------+--------+----------+--------+----------~ 

2, 2 I B I K I S I 'I I ---> I I 
~----------+---+---+-----------+--------+----------+--------+----------~ 

31 3 ,CILI T , (I I I , 
.----------+---+---+-----------+--------+----------+-- ------+----------~ 

4 I 4 , D , M , U, , I ,CI/I'" 
.----------+---+---+-----------+--------+----------+-- ------+----------~ 

5, 5 , E I N I V I )' I <= , > I + I 
~----------+---+---+-----------+--------+----------+--------+----------~ 

61 6 IFIO, w , ., , , I 
.----------+---+---+~----------+--------+----------+--------+----------~ 

7 I 7 , G I P I X I ASSIGN , MULTIPLE' >= I / I 
I I I I I I ASSIGN I , < I , 
.----------+---+---+-----------+--------+----------+--------+----------~ 

8 I 8 , J , Q I Y. I : I I I REFBR , 
.----------+---+---+-----------+--------+----------+--------+----------~ 

9, 9 I I I R , Z I II I 1,=' * I 
~----------+---+---+-----------+--------+----------+--------+----------~ 

A I I I I PSEUDO- I % I I I 1/1' I 
, I I I VARIABLE I I I I I 
~----------+---+---+-----------+--------+----------+--------+----------~ 

B , "I 'I' I = 'PREFIX - , 
.----------+---+---+-----------+--------+----------+--------+----------~ 

, C , 'I I FUNCTION , I , It' , 

.----------+---+---+-----------+--------+----------+--------+----------~ 
D , I I I ,& I I > I PREFIX + I 

~----------+---+---+-----------+--------+----------+--------+----------~ 
E I I I I SUBSCRIPT I I LITERAL I I I 

I I I' I , CONSTANT , I I 
.----------+---+---+-----------+--------+----------+--------+----------~ 

F I 'I I I,' I < , ** I L __________ ~ ___ ~ ___ ~ ___________ ~ ________ ~ __________ ~ ________ ~ __________ J 

'<-Digits->I <-----Letters-----> I <--------------Operato rs-------------->, 
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8 9 A B C D E F 

r--------T-------T----------T-------T-----'----T----------T---------T-------------, 
I I I IHYBRID I I I I I 

o ITO ILINE IA I QUAL I ISN I lFL DEC IMAG I 
~--------+-------+----------+-------*---------+----------+---------+-------------i 
I I I I I 1~§§IGN_~~ I I I 

1 I AL1Q~~TE I I f~11 I £~Ig~ I I NA~E! I i FL DEC REAL I 
~--------+-------+----------+-------+---------+----------+---------+-------------~ 

2 I EY I I B I I I SL I I FL BIN IMAG I 
~--------+-------+----------+-------+---------+----------+---------+-------------i 

3 IEB~~ I Ig~TUI~~ I ESQf I ISL' I IFL BIN REAL I 
~------~-+-------+----------+-------+---------+----------+---------+-------------i 

4 IWHILE I IP ICHECK I ICN I IFIX DEC IMAG I 
~--------+-------+----,------+-------+---------+----------+---------+-------------~ 

~i I I DI§,ELAY I §QQ~+ I ~£;.~!~ I I GET I ~ FIX DEC REAL I 
~--------+-------+----------+-------+---------+----------+---------+-------------i 

6 I SNAP I COL I R I I I CL I I FIX BIN IlvJAG I 
~--------+-------+----------+-------+---------+----------+---------+-------------~ 

7 I ISIGNAL I§Q~Q 1!1:DO I~RITE! 1E.!:l! I~~~_~Q IFIX BIN REAL I 
~--------+-------+----.------+-------+---------+----------+---------+-------------~ 
I I I INO 12nd LEVELl I I I 

8 ISYSTEM IE I I CHECK IMARKBR I lEND ITDO IINTEGER I 
~--------+-------+----------+-------+---------+----------+---------+-------------i 

9 I YiAI1: I REY~BT I I12Q I E~~Q I UNL.Qf~ I EN12 I STG DEC REAL I 
.--------+-------+----------+-------+---------+----------+---------+-------------i 

I I I I I DATA I I I I I 
I A ITHEN IF I ILIST DOl I I I I 

~--------+-------+----------+-------+---------+----------+---------+-------------i 
I B IQELA~ I 1!~IT._1~~1211!K 110C~~~ I REWRITE:! lEND PROG ION I 

~--------+-------+----------+-------+---------+----------+---------+-------------i 
ICONTROL I I I I I I I ARRAY I 

C I VARIABLE I I ISN2 I I I ICROSS SECTION I 
~--------+-------+----------+-------+---------+----------+---------+-------------i 

D I~XIT I NULL IQ~CL~R~ I§LS~ 12~LETE IOPE~ lEND BLOCKICHAR CONSTANT I 
~--------+-------+----------+-------+---------+----------+---------+-------------i 

E I IC IX INO SNAP I I I ISUB I 
~--------+-------+----------+-------+---------+----------+---------+-------------i 

.F I STOR I ASS!~~ I I fORM~I I I f1Q§~ I ; I BIT CONS'IANT I L ________ ~ _______ ~ __________ ~ _______ ~ _________ ~ __________ ~ _________ ~ _____________ J 

+ Go Out Of Block 
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o 1 2 3 4 5 6 7 

r----------T--------T--------T-------T--------------T-----------T----------T---------, 
I 0 I IFILE I I I DECIMAL I OPTIONS I EXTERNAL IAREA I 

~----------+--------+--------+-------+--------------+-----------+----------+---------~ 
1 I I I I I BINARY I IRREDUCIBLE I INTERNAL I POINTER I 

~----------+--------+--------+-------+--------------+-----------+----------+---------~ 
2 I ILIST I I I FLOAT I REDUCIBLE IAUTOMATIC IEVENT I 

~----------+--------+--------+-------+--------------+-----------+----------+---------~ 
I 3 I IEDIT I EVENT1 I IFIXED IR~CURSIVE I STATIC I TASK I 

~----------+--------+--------+-------+--------------+-----------+----------+---------~ 
I 4 ITITLE I DATA I PRIORITY I I REAL I ABNORMAL I CONTROLLEL I CELL I 

~----------+--------+--------+-------+--------------+-----------+----------+---------~ 
5 IATTRIBUTESISTRING IREPLY I I COMPLEX I NORMAL ISECONDARY IBASED I 

~----------+--------+--------+-------+--------------+-----------+----------+---------~ 
6 IPAGESIZE ISKI I I IPRECISION 1 IUSES I I OFFSET I 

~----------+--------+--------+-------+--------------+-----------+----------+---------~ 
7 IIDENT ILINE I I IPRECISION 2 ISETS 1 I I 

~----------+--------+--------+-------+--------------+-----------+----------+---------~ 
8 ILINESIZE 1 PAGE 1 I 1 VARYING I ENTRY IINITVAR 1 1 I 

~----------+--------+--------+-------+--------------+-----------+----------+---------~ 
9 1 ICOPY I I I PICTURE (NUM) I GENERIC I INITIAL IINITVAR 21 

~----------+--------+--------+-------+--------------+-----------+----------+---------~ 
I A IINTO IKEYTO I I IBIT ATTRIBUTE IBUILTIN ILIKE I I 

~----------+--------+--------+-------+--------------+-----------+----------+---------~ 
I B IFROM ITASKOP 1 I ICHAH ATTRIBUTE 1 I DEFINED 1 I 

~----------+--------+--------+-------+--------------+-----------+----------+---------~ 
1 C ISET I lIN I IDIMS(INTEGERS) 1 IALIGNED I I 

~----------+--------+--------+-------+--------------+-----------+----------+---------~ 
D IKEY I I I 1 LABEL I 1 PACKED I I 

~----------+--------+--------+-------+--------------+-----------+----------+---------~ 
1 E INOLOCK IKEYFROM I 1 I I 1 PACKED 1 I 

~----------+--------+--------+-------+--------------+-----------+----------+---------~ 
I I 1 FORMAT I 1 IDIMS I I I PICTURE I 
1 F IIGNORE ILlS I IBY NAME I (NON-INTEGER) IRETURNS IPOS I <CHAR) I L __________ i ________ i ________ i _______ i ______________ i _ __________ i __________ i _________ J 
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and pseudo-variable are 
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equivalent name COMPLETION. 



8 9 A B C D E F 
r-----------T----------T---------T---------T------T----------T----------T---------, 

o IBUFFERED I I IMAIN I I OVERFLOW I CONVERSION I CCNDITION I 
~-----------+----------+---------+---------+------+----------+----------+---------~ 

1 IUNBUFFERED I I I I I I I I 
~-----------+-,---------+---------+---------+------+----------+----------+---------~ 
I I I I I I I STRING- I I 

2 IEXCLUSIVE I I I REENTRANT I IUNDERFLOW IRANGE INAME I 
~-----------+----------+---------+---------+------+----------+----------+---------~ 

3 I KEYED I I I I I I I I 
~-----------+-.---------+---------+---------+------+----------+----------+---------~ 

I Q ISTREAM I I I SECONDARY I I ZERODIVIDE I AREA ITRANS~IT I 
~-----------+-.---------+---------+---------+------+----------+----------+---------~ 

5 IRECORD I I I I I I I I 
~-----------+-.---------+---------+---------+------+----------+----------+---------~ 
I I I I I I FIXED I I I 

6 IBACKWARDS I I ITASK I I OVERFLOW IENDFILE I CHECK I 
~-----------+----------+---------+---------+------+----------+----------+---------~ 

7 ISEQUENTIAL I I I I I I I I 
~-----------+-.---------+---------+---------+------+----------+----------+---------~ 
I I I I I ISUBSCRIPT I I I 

8 IDIRECT I I ION-BLOCK I I RANGE ION RECORD I I 
~------,-----+----------+---------+---------+------+----------+----------+---------~ 

9 I PRINT I I I I I I I I 
~-----------+-.---------+---------+---------+------+----------+----------+---------~ 

A I ENVIRONMENT I I I I I ERROR lEND PAGE I I 
~-----------+-----------+---------+---------+------+----------+----------+---------1 

B I INPUT I I I I I I I I 
~-----------+----------+---------+---------+------+----------+----------+---------~ 

C IOUTPUT I I I I IFINISH IKEY I NOCHECK I 
~-----------+----------+---------+---------+------+----------+----------+---------~ 

D IUPDATE I I I I I I I I 
~-----------+----------+---------+---------+------+----------+----------+---------i 
I I I I I I IUNDEFINED I I 

E I I I I I I SIZE I FILE I I 
~-----------+----------+---------+---------+------+----------+----------+---------~ 

F I I I I I I I I I L ___________ ~ __________ ~ _________ ~ _________ ~ ______ ~ __________ ~ __________ ~ _________ J 

In the statement formats in this sec
tion, the code bytes SN, SL, SL', POS, and 
OB have the following meanings: 

SN statement number 

SL statement label 

r---------T-------------------------------, 
I BIT I ON CONDI1ION I 
~---------+-------------------------------~ 
I 0 I OVERFLOW I 
I 1 I UNDERFLOW I 
I 2 I ZERODIVIDE I 
I 3 I FIXEDOVERFLOW I 
I 4 I SUESCRIPTRANGE I 
I 5 I SIZE I 
I 6 I CONVERSION I 

II 7 I STRINGRANGE I L _________ ~ _______________________________ J 

The aboreviation SQUID means an iden-
SL' initial label tifier, possibly subscripted and/or quali

fied. 
POS following SN is a 2-byte statement 

number 
following SL is a 2-byte dictiona
ry reference of statement label or 
entry type 1 EEOC£;12.QB§_§iat§~!}i 

OB prefix options byte, specifying ON 
conditions enabled for the state
ment as follows: 

The format of a PROCEDURE statement is 
as follows: 
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1 

2-3 

4 

5 

6 

7 

8-10 

11-13 

14-16 

17 

18 •.. 

code byte SN or SL 

POS 

OB 

PROCEDURE 

Block level 

Block count 

PROCEDURE-BEGIN chain 

DECLARE chain 

ENTRY chain 

Left parenthesis - optional 

Format parameter list -
optional 

Right parenthesis - optional 

Attribute marker - optional 

Attribute code - optional 

Attribute list - optional 

End of statement semicolon 

The format of an ENTRY statement is as 
follows: 

1 

2-3 

u 

5 

6-8 

9 

10 

11 

12 

376 

Code byte SN or SL 

POS 

OB 

ENTRY 

ENTRY chain 

Block level 

Block count 

Left parenthesis - optional 

Formal parameter list -
optional 

Right parenthesis - optional 

Attribute marker - optional 

Attribute code - optional 

Attribute List - optional 

statement terminating 
semicolon 

The format of a BEGIN statement is 
follows: 

a c• ~) 

1 

2-3 

4 

5 

6 

7 

8-10 

11-13 

14 

The format 
follows: 

1 

2-3 

4 

5 

6 

7 

8 

Code byte SN or SL 

POS 

OB 

BEGIN 

BLOCK LEVEL 

Block count 

PROCEDURE-BEGIN chain 

DECLARE chain 

Statement ter~inating 
semicolon 

of an END statement is a c · ,,-' 

Code byte SN or SL 

POS 

OB 

ENDl END1, END2, or END3 
ends a PROCEDURE 
block; END2 ends 
tive DO block; 
non-iterative DO 

or BEGIN 
an i tera-' 

END3 ends a. 
block 

Block level for the contain
ing block 

Block count fer the contain
ing block 

Statement terminating semi
colon 



The format of dn IF statement is as 
follows: 

1 

2-3 

4 

5 

6 ••• 

Code byte SN or SL 

POS 

OB 

IF 

Expression 

THEN 

Statement or Group 

ELSE - optional 

Statement or Group 
optional 

Note: The semicolon preceding the ELSE has 
been deleted 

The format of a DO statement is as 
follows: 

1 Code byte SN or SL 

2-3 POS 

4 OB 

5 DO or ITDO 

6 CV 

7 BKC 

8 ••• Squid 

DO equals 

Expression 

TO 

Expression 

BY 

ExprEssion 

WHILE 

Expression 

statement terrrinating 
semicolon 

The ON statement takes one of the fol
lowing forrriats: 

1. 
~Y!~_~~IT.!2~.!: 

1 

2-3 

4 

5 

6 

7 

8 

2. 
~yte !':i~mb~f 

1 

2-3 

4 

5 

6 

7 

8 

Code tyte SN or SL 

POS 

OB 

ON 

ON Condition 

SNAP or NOS NAP 

Statement or tlock 

code byte SN or SL 

POS 

OB 

ON 

ON Condition 

system 

SNAP or NOS NAP 

The forrrat of the ASSIGN statement is as 
follows: 

1 

2-3 

4 

5 

6 ••• 

code byte SN or SL 

POS 

OB 

ASSIGN or ASSIGN BY NAME 

Squid 

Corrroa - optional, 
may be repeated 
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Squid - optional, 
may be repeated 

Variable nurrber of bytes -
optional, may be repeated 

ASSIGN 

Expression 

Statement terminating 
semicolon 

The WAIT statement has the following 
format: 

1 

2-3 

4 

5 

6 

7 ••• 

Code Byte SN or SL 

POS 

OB 

WAIT 

Left parenthesis 

Identifier 

Left parenthesis - optional 

Expression - optional 

Right parenthesis - optional 

Comma 

Further optional parentheses 
and expressions 

Right parenthesis 

Left parenthesis - optional 

Expression - option~l 

Right parenthesis - optional 

Statement terminating 
semicolon 

The CALL statement has the following 
format: 

1 Code byte SN or SL 

378 

2-3 

4 

5 

6-8 

9 

10 

11 

12 ... 

POS 

OB 

CALL 

CALL chain 

Identifier 

Left parenthesis 

Expression 

rtight parenthesis 

Left parenthesis 

Argument List 

Right parenthesis 

Statement ter~inating 
semicolon 

The format of the GO TO statement is as 
follows: 

1 

2-3 

4 

5 

6 ••• 

Code byte SN or SL 

pas 

OB 

GO TO 

Squid 

Statement terminating 
semicolon 

The SIGNAL and REVERT staterrents have 
~he [ollowiny format: 

1 Code byte SN or SL 

2-3 POS 

4 OB 

5 SIGNAL or REVER'I 

6 ON Condition 



7 statement terminating 
semicolon 

The format of the DISPLAY statement is 
as follows: 

1 

2-3 

4 

5 

6 

7 ••• 

Code byte SN or SL 

POS 

OB 

DISPLAY 

Left parenthesis 

Expression 

Right parenthesis 

Left parenthesis - optional 

Squid - op1:ional 

Right parenthesis - optional 

Statement terminating 
semicolon 

The format of the DELAY statement is as 
follows: 

1 

2-3 

4 

5 

6 

7 ••• 

Code byte SN or SL 

POS 

OB 

DELAY 

Left parent~hesis 

Expression 

Right parenthesis 

Statement terminating 
semicolon 

The format of the RETURN statement is as 
follows: 

1 

2-3 

4 

5 

6 

7 ••• 

Code byte SN or SL 

POS 

OB 

RE'lURN 

Left parenthesis - optional 

Expression - optional 

Right parenthesis - optional 

Statement terminating 
semicolon 

The forrrat of STOP, EXIT and Null statb
ments is as follows: 

1 

2-3 

4 

5 

6 

Code byte SN or SL 

POS 

OB 

Statement identifier 

Statement terminating 
semicolon 

The format of INITIAL label DECLARE 
statements is as follows: 

~~!!mb~!: De§fripti2!! 

1 Code byte SN or SL 

2-3 POS 

4 OB 

5 INITIAL Label DECLARE 

6-8 DECLARE chain 

9 ••• INITIAL label 
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statement ter~inating 
semicolon 

The format of DECLARE and ALLOCATE 
statements is as follows: 

1 

2-3 

4 

5 

6-8 

9 ••• 

Code byte SN or SL 

POS 

OB 

DECLARE or ALLOCATE 

DECLARE chain or ALLOCATE 
chain 

Declaration list 

statement terminating 
semicolon 

The format of the FORMAT statement is as 
follows: 

1 

2-3 

4 

5 

6 ••• 

380 

Code byte SN or SL 

POS 

OB 

FORMAT 

Format list 

Statement terminating 
semicolon 

Format items are replaced by one-byte 
codes 

The format of OPEN and CLOSE statements 
follows. 

1 

2-3 

4 

5 

6 ••• 

Code byte SN or SL 

POS 

OS 

OPEN or CLOSE 

File group list 

Stateroent terminating 
semicolon 

The format of READ, WRITE, GET, PUT, 
REWRITE, UNLOCK, and DELETE statements is 
as follows: 

1 

2-3 

4 

5 

6 ••• 

Code byte SN or SL 

POS 

OS 

statement identifier 

Option list 

Statement terminating 
semicolon 



3. TEXT CODE BYTES ON ENTRY TO THE 
TR~~.§LATOR_PHASE.§ --------------

o 1. 2 3 4 5 6 7 

r----------T--------T----------T----------T--------T--------T----------T--------------, 
I I I I COMPILER I I I I COMPILER I 

o I DICT. REF. I FILE I I FUNC<I'ION I I FILE' I I FUNCTION' I 
~----------+--------+----------+----------+--------+--------+----------+--------------1 

1 I I I I I COMMA I { I DO EQUALS I} I 
~--------·--t--------+----------+----------+--------+--------+----------+--------------4 
I I I I COMPILER I I I I COMPILER I 

2 I ILlS!' I I FUNCTION I FCOMMA ILIST' I IFUNCTION CALL" 
I I I I CALL I I I I I 
~------~---+--------+----------+----------+--------+--------+----------+--------------1 

3 I IEDIT I EVENT I I ( IEDIT' I I I 
~--------.--+--------+----------+----------+--------+--------+----------+--------------4 
I I I I COMPILER I COMPILER I I I COMPILER I 

4 ITITLE I DATA I PRIORITY IPSEUDOVAR I FUNCTION I DATA' I IPSEUDOVAR' I 
I I I I I COMMA I I I I 
~----------+--------+----------+----------+--------+--------+----------+--------------4 

5 I ATTRIBUTES I STRING 'REPLY I I) I STRING' I $ I + I 
~----------+--------+----------+----------+--------+--------+----------+--------------1 
~ I I I I COMPILER I I I I 

6 IPAGESIZE ISKIP, I ERROR I ASSIGN I I INDX I 
~----------+--------+----------+----------+--------+--------+----------+--------------4 
~ I IBUY I , I MULTIPLE I I I 

7 ~IDENT ILINE ,CHAMELEON IBUY ASSIGNIASSIGN IASSIGN I ~,< I / , 
r----------+--------+----------+----------+-,-------+--------+----------+--------------4 

8 ~LINESIZE I PAGE I IARCO I DROP ITMPD I LEFT 10FS I 
.----------+--------+----------+----------+--------+--------+----------+--------------i 

9 I I COpy, I I I I I LD I, = I * I 
t----------t--------+----------+----------+-,-------t--------+----------+--------------i 
I I I I I BUYB I I I I 

A IINTO IKEYTO I IPSEUDOVAR ICALSEQ ITT I IPSEUDOVAR' I 
~----------+--------+----------+----------+--------+--------+----------+--------------1 
I I I lEND I I , I I 

I B IFROM I TASK ILIST MARK ILIST MARK I I IJMP I IPREFIX - I 
~----------+--------+----------+----------+--------+--------+----------+--------------1 

I C ISET IRPL lIN I FUNCTION ICNVA IRPL' I I FUNCTION' I 
.----------+--------+----------+----------+--------+--------+----------+--------------i 
I I I I ARGUMENT I I I I I 

D I KEY I I I Ml'l.RK I & I I > I PREF IX + I 
.----------+--------+----------+----------+--------+--------+----------+--------------i 
I I IDEFINED ISUBSCRIPT I ILITERAL IDEFINED I I 

E INOLOCK IKEYFROM ISUBSCRIPT I ICNVB I CONSTANT I SUBSCRIPT' I SUBSCRIPT' I 
.----------+--------+----------+----------+--------+--------+----------+--------------1 
I I FORMAT I I I I FORMAT I I I 

F IIGNORE ILIST I I I 1 ILIST' I < I ** I L __________ L ________ L __________ L __________ L ________ L ________ L __________ L ______________ J 
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8 9 A B c D E F 

r--------T-------T------T------T--------T---------T----------T-------------, 
o I TO I LINE I A I I TO' I SN I I I 

~--------+-------+------+------+--------+---------+----------+-------------~ 
1 I ALLOCATE I I CALL I I I ICALL' IEIO I 

~--------+-------+------+------+--------+---------+----------+-------------1 
2 IBY I PAGE IE I IBY' ISL I I I 

.--------+-------+------+------+--------+---------+----------+-------------~ 
3 IFREE I IRETURNIPROC I I I IPROC' I 

~--------+-------+------+------+--------+---------+----------+-------------~ 
4 IWHILE ISKIP IP I IWHILE' leN IP' I I 

.--------+-------+------+------+--------+---------+----------+-------------1 
5 I IDISPLAYIGOOB IBEGIN ISORT IGET I IBEGIN' I 

.--------+-------+------+------+--------+---------+----------+-------------~ 
6 ISNAP I COL IR I ISNAP' ICL I I I 

~--------+-------+------+------+--------+---------+----------+-------------1 
7 I ISIGNAL IGOTO IITDO IWRITE IPUT lEND DO IITDO' I 

.--------+-------+------+------+--------+---------+----------+-------------~ 
8 ISYSTEM IE I I I SYSTEM' IE' lEND ITDO I I 

.--------+-------+------+------+--------+---------+----------+-------------~ 
9 IWAIT IREVERT liDO I READ I UNLOCK lEND IDO' I 

.--------+-------+------+------+--------+---------+----------+-------------1 
A I THEN I FIG I I IF' I G' I I 

.--------+-------+------+------+--------+---------+----------+-------------~ 
B IDELAY I I IIF ILOCATED IREWRITE lEND PROG IIF' OR ON I 

.--------+-------+------+------+--------+---------+----------+-------------1 
I I I I I I I I ARRAY I 

C ICV I ISELL ISN2 lev' I I ICROSS SECTIONI 
.--------+-------+------+------+--------+---------+----------+-------------~ 

D IEXIT I NULL IBUY IELSE I DELETE I OPEN lEND BLOCK I I 
.--------+-------+------+------+--------+---------+----------+-------------1 

E I IC IX I NOSNAPI IC' lEND PROG 2INOSNAP' I 
.--------+-------+------+------+--------+---------+----------+-------------~ 

F ISTOP IASSIGN IBUYS I FORMAT I I CLOSE I : I FORMAT I L ________ ~ _______ ~ ______ ~ ______ ~ ________ ~ _________ ~ __________ ~ _____________ J 
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The triples produced as output from the 
translator phase each consist of five 
bytes, an operator followed by two 2-byte 
fields. Each of the two-byte fields may be 
occupied by an operand, which may be a 
dictionary reference, a code byte or code 
bytes, or a numeric parameter. Two zero 
bytes in place of a dictionary reference 
operand imply that the operand is the 
result of previous operations, and that its 
type and location are described in a TMPD 
in the tex·t. 

The number of operands and the fields 
which they occupy depend upon the type of 
triple. The following table contains this 
information for all the triples used in the 
compiler. 

r----------------T----T---------T---------, 
I I I I I 
ITRIPLE TYPE IHEX IFIELD 1 IFIELD 2 I 
I ICODEi I I 
~----------------+----t---------+---------~ 
I KEYED I 03 I I I 
~----------------+----t---------+---------~ 
I TITLE I 04 I IOPERANC I 
~----------------+----t---------t---------~ 
I ATTRIBUTES I 05 I I OPERAND I 
~----------------+----t---------t---------~ 
IPAGESIZE I 06 I - I OPERAND I 
~----------------+----t---------+---------~ 
1 IDENT 1 07 1 I OPERAND I 
~----------------+----+---------+---------~ 
ILINESIZE I 08 I - I OPERAND I 
~----------------+----t---------t---------~ 
I INTO I OA I I OPERAND I 
~----------------+----+---------+---------~ 
I FROM I OB I I OPERAND I 
~----------------+----t---------+---------~ 
IKEY I OD I I OPERAND I 
~----------------+----t---------t---------~ 
I IGNORE I OF I I OPERAND I 
~----------------+----t---------t---------~ 
IFILE I 10, - 1 OPERAND I 
~----------------+----t---------t---------~ 
ILIS'l' I 12 I I 1 
~----------------+----+---------+---------~ 
1 EDIT , 13 , I , 

~----------------+----+---------+---------~ 
I DATA I 14 I I I 
~----------------+----t---------+---------~ 
I S'rRING , 15 I I OPERAND , 
~----------------+----t---------t---------~ 
ISKIP I 16 I 'OPERAND , 
~----------------+----t---------+---------~ 
ILINE I 17 I - I OPERAND I 
~----------------+----t---------t---------~ 
1 PAGE I 18 I I , 
~----------------+----+---------+---------~ 
I COpy I 19 I 1 I 
~----------------+----t---------+---------~ 
IKEYTO I lA 1 I OPERAND 1 L ________________ ~ ____ ~ ________ ~~ _________ J 

r----------------T----T---------T---------, 
II TASK I lB I I I 
I ~----------------t----+---------+---------~ 

IRPL I lC I I I 
~----------------+----t---------+---------~ 

II IN I lD , I OPERAND I 
I ~----------------t----t---------+---------~ 

IKEYFROM I lE I - I OPERAND I 
~----------------+----t---------+---------~ 
IFORMAT LIST , iF I I I 
~----------------+----+---------+---------i 
IUP I 20 I I OPERAND I 
~----------------+----+---------+---------~ 
I GIVING I 21 I I OPERAND I 
~----------------+----t---------+---------~ 
I DOWN I 22 I IOPERAND I 
~----------------+----+---------+---------~ 
I EVENT I 23 I I OPERAND I 
t----------------t----t---------+---------~ 

I I PRIORITY I 24 I I I 
I ~----------------+----+---------+---------i 

I REPLY I 25 I I OPERAND I 

t~~;-~~i;~~;;~---t-;;-t----=----t;~~;i~~--1 
~----------------t----+---------+---------i 
IMSA I 28 IOPERAND 110PERAND 21 
t----------------t----+---------+---------~ 

IIMTA I 29 IOPERAND loperand 21 
I ~----------------+----+---------+---------~ 

I DEFINED 'I I I 
ISUBSCRIP'l I 2E IOPERAND I I 
~----------------t----+---------+---------~ 
INULL-FUNC~ION I 2F I - I - I 
~----------------t----+---------t---------i 
I COMPILER I I I I 
I FUNCTION I 30 IOPERAND I , 
r----------------+----+---------+---------~ 
I COMPILER I I I I 
IFUNCTION CALL I 32 'OPERAND I I 
~----------------t----t---------+---------~ 
I COMPILER I I I , 
IPSEUDO-VARIABLE I 34 IOPERAND I 1 

~----------------+----t---------+---------~ 
I BUY ASSIGN I 37 IOPERAND 110PERAND 21 
r----------------t----+---------+---------i 
I ARCO I 38 I I I 
~----------------t----+---------+---------~ 
IPSEUDO-VARIABLE I 3A IOPERAND I - I 
r----------------t----t---------+---------~ 
I FUNCTION 1 3C IOPERAND I I 
t----------------+----t---------+---------~ 
I SUBSCRIPT I 3£ IOPERAND I I 
r----------------+----t---------+---------~ 

I I NOP 1 3F 1 I , 
I r----------------+----+---------+---------~ 

I COMMA 1 41 I I * I 
~----------------t----t---------t---------1 
IFUNCTION COMMA 1 42 1 IOPERAND I 
r----------------t----+---------t---------i 
I COMPILER I I I I 
IFUNCTION COMMA 1 44 I IOPERAND I 
~----------------+----t---------+---------i 
I ACT I 45 IOPERAND 110PERAND 21 
~----------------t----+---------t---------~ 
ICOMPILER ASSIGN 1 46 'OPERAND 110PERAND 21 I L ________________ ~ ____ ~ _________ ~ _________ J 

*This triple may have two operands in 
format lists. 
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r----------------T----T---------T---------, .----------------T----T---------T---------, 
I DROP I 48 I I OPERAND I I COMPILER I I I I 
~----------------+----+---------+---------~ IFUNCTION CALL' I 72 IOPERAND I I 
IASSIGN I 47 IOPERAND 110PERAND 21 I t----------------+----+---------+---------~ 
~----------------+----+---------+---------~ IMINUS I 73 IOPERAND 110PERAND 21 
1 CONCATENATE I 49 IOPERAND 110PERAND 21 I ~----------------+----+---------+---------~ 
~----------------+----+---------+---------~ I COMPILER I I I I 
IBUY B I 4A 1 I OPERAND I 1 PSEUDO-VARIABLE' 1 74 IOPERAND 1 I 
~----------------+----+---------+---------~ ~----------------+----+---------+---------~ 
lOR I 4B IOPERAND 110PERAND 21 IPLUS 1 75 IOPERAND 110PERAND 21 
~----------------+----+---------+---------~ t----------------+----+---------+---------~ 
lAND I 4D IOPERAND 110PERAND 21 IGIVIDE 1 77 IOPERAND 110PERAND 21 
~----------------+----+---------+---------~ I t----------------+----+---------+---------~ 
I NOT I 4F I I OPERAND 1 I MULTIPLY I 79 IOPERAND 110PERAND 21 
~----------------+----+---------+---------~ t----------------+----+---------+---------~ 
ILIST' I 52 I 1 1 I PSEUDO-VARIABLE' 1 7A IOPERAND I I 
~----------------+----+---------+---------~ t----------------+----+---------+---------~ 
IEDIT' I 53 I I I IPREFIX MINUS 1 7E I 1 OPERAND 1 
~----------------+----+---------+---------~ t----------------+----+---------+---------~ 
I DATA' I 54 I 1 1 1 FUNCTION' I 7C IOPERAND I I 
~----------------+----+---------+---------~ t----------------+----+---------+---------~ 
ISTRING' I 55 I 1 I IPREFIX PLUS I 7D 1 I OPERAND I 
~----------------+----+---------+---------~ t----------------+----+---------+---------~ 
ISTMPD I 56 IOPERAND 110PERAND 21 I SUBSCRIPT' I 7E IOPERAND I I 
~----------------+----+---------+---------~ t----------------+----+---------+---------~ 
IMULTIPLE ASSIGN I 57 IOPERAND 110PERAND 21 I EXPONENTIATE I 7F IOPERAND 110PERAND 21 
~----------------+----+---------+---------~ t----------------+----+---------+---------~ 
ITMPD I 58 IOPERAND 110PERAND 21 ITO I 80 1 I I 
~----------------+----+---------+---------~ t----------------+----+---------+---------~ 
IJMP 1 5B IOPERAND 110PERAND 21 I ALLOCATE I 81 I I OPERAND I 
~----------------+----+---------+---------~ t----------------+----+---------+---------~ 
1 RPL ' 1 5C 1 I 1 IBY I 82 I 1 1 
~----------------+----+---------+---------~ t----------------+----+---------+---------~ 
ILITERAL CONSTANT I 5E 1 I OPERAND I I FREE I 83 I - I OPERAND 1 
~----------------+----+---------+---------~ t----------------+----+---------+---------~ 
IFORMAT LIST' I 5F I I I IWHILE I 84 IOPERAND 1 1 
t----------------+----+---------+---------~ t----------------+----+---------+---------~ 
I UP' I 60 I 1 I 1 SNAP I 86 I IOPERAND I 
t----------------+----+---------+---------~ t----------------+----+---------+---------~ 
IDO EQUALS I 61 IOPERAND lfOPERAND 21 1 DELAY 1 8B 1 1 OPERAND I 
t----------------+----+---------+---------~ t----------------+----+---------+---------~ 
I DOWN , I 62 I 1 I ICV I 8C IOPERAND 110PERAND 21 
~----------------+----+---------+---------~ t----------------+----+---------+---------~ 
I ERROR I 63 I I I 1 EXIT 1 8D 1 - 1 - 1 
t----------------+----+---------+---------~ t----------------+----+---------+---------~ 
I UPSIDE-DOWN I 1 I I I STOP I 8F 1 I I 
I COMMA I 64 IOPERAND 110PERAND 21 t----------------+----+---------+---------~ 
t----------------+----+---------+---------~ ILINE I 90 I I OPERAND 1 
I LESS/EQUAL I 65 IOPERAND 1 I OPERAND 21 t----------------+----+---------+---------~ 
t----------------+----+---------+---------~ lEND ALLOCATE I 91 I I I 
I GREATER/EQUAL I 67 IOPERAND 110PERAND 21 t----------------+----+---------+---------~ 
~----------------+----+---------+---------~ I PAGE I 92 I - I - I 
I LEFT I 68 IOPERAND 1iOPERAND 21 t----------------+----+---------+---------~ 
~----------------+----+---------+---------~ ISKIP I 94 I I OPERAND 1 
INOT EQUAL 1 69 IOPERAND 1iOPERAND 21 t----------------+----+---------+---------~ 
~----------------+----+---------+-----~---~ I DISPLAY I 95 I IOPERAND I 
1 EQUAL I 6B IOPERAND 1iOPERAND 21 t----------------+----+---------+---------~ 
~----------------+----+---------+---------~ I COLUMN I 96 I - I OPERAND I 
1 GREATER I 6D IOPERAND 1iOPERAND 21 t----------------+----+---------+---------~ 
~----------------+----+---------+---------~ 1 SIGNAL I 97 I 1 OPERAND 1 
I DEFINED 1 1 I I t----------------+----+---------+---------~ 
I SUBSCRIPT' I 6E IOPERAND 1 1 IE I 98 I I I 
t----------------+----+---------+---------~ t----------------+----+---------+---------~ 
I LESS 1 6F IOPERAND 1iOPERAND 21 I REVERT I 99 I I OPERAND I 
t----------------+----+---------+---------~ t----------------+----+-~-------+---------~ 
I COMPILER I I I I IF I 9A I I I 
I FUNCTION' I 70 IOPERAND I I 

l ________________ ~ ____ ~ _________ ~ _________ J 
l ________________ ~ ____ ~ _________ ~ _________ J 
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r----------------T----T---------T---------, r----------------T----T---------T---------, 
Ie I 9E I I I ISTATEMENT NUMBER I DO 'OPERAND 110PERAND 21 
~----------------+----+---------+---------i ~----------------+----+---------+---------i 
IA I AO I I OPERAND I ICLN1 I D1 I I OPERAND I 
~----------------+----+---------+---------i ~----------------+----+---------+---------i 
I CALL I A1 I 1 OPERAND I ISTATEMENT LABEL 1 D2 ,OPERAND 1lOPERAND 21 
~----------------+----+---------+---------i 1 ~----------------+----+---------+---------i 
IE I A2 I I OPERAND I ICLN2 I D3 , 1 OPERAND I 
~----------------+----+---------+---------i ~----------------+----+---------+---------i 
I RETURN I A3 1 I OPERAND 1 ICOMPILER NUMBER I D4 1 - I OPERAND I 
~----------------+----+---------+---------i ~----------------+----+---------+---------i 
IP I A4 1 1 OPERAND 1 IGET I DS I I , 
~----------------+----+---------+---------i ~----------------+----+---------+---------i 
IGO OUT OF BLOCK I AS 1 1 OPERAND I ICOMPILER LABEL ,D6 I 10PERAND , 
~----------------+----+---------+---------i ~----------------+----+---------+---------i 
IR 1 A6 I - 1 OPERAND 1 IPUT 1 D7 I - I - I 
~----------------+----+---------+---------i ~----------------+----+---------+---------i 
IGO TO I A7 1 1 OPERAND 1 IE' , D8 I , I 
~----------------+----+---------+---------i ~----------------+----+---------+---------~ 
1 GOLN 1 A8 I 1 OPERAND 1 I UNLOCK I D9 I - I - I 
~----------------+----+---------+---------~ ~----------------+----+---------+---------~ 
I BUYT I A9 I 1 OPERAND 1 IF' I DA , , I 
~----------------+----+---------+---------i ~----------------+----+---------+---------~ 
I BUYX I AA 1 10PERAND 21 I REWRITE I DE I I , 
~----------------+----+---------+---------i ~----------------+----+---------+---------~ 
IHSELL I AB 10PERAND 1 1 OPERAND 21 I OPEN I DD I I I 
~----------------+----+---------+---------i ~----------------+----+---------+---------i 
I SELL I AC I I OPERAND I I c' 1 DE I - I - t 
~----------------+----+---------+---------i ~~---------------+----+---------+---------~ 
IBUY I AD I I OPERAND I I CLOSE I DF I I I 
~----------------+----+---------+---------i ~----------------+----+---------+---------i 
I x I AE I I OPERAND I I CALL' I E1 I I I 
~----------------+----+---------+---------i ~----------------+----+---------+---------i 
I BUYS I AF I - I OPERAND I I p' I E4 , J , 

~----------------+----+---------+---------i ~----------------+----+---------+---------~ 
IPROC I B3 I I OPERAND I lEND PROG I EB I I I 
~----------------+----+---------+---------i ~----------------+----+---------+---------i 
I BEGIN I BS I I OPERAND I lEND BLOCK I ED I I I 
~----------------+----+---------+---------i ~----------------+----+---------+---------i 
IITERATIVE DO I B7 10PERAND 1 - 1 lEND PROG 2 I EE I - I - ~ 

~----------------+----+---------+---------i ~----------------+----+---------+---------i 
IDO , B9 10PERAND 1 I I END I/O I F1 I I I 
~----------------+----+---------+---------i ~----------------+----+---------+---------~ 
IIF , BB 10PERAND 110PERAND 21 /PROC' I F3 , I OPERAND I 
~----------------+----+---------+---------i ~----------------+----+---------+---------i 
ISN2 I BC I I OPERAND I IBEGIN' I FS I I OPERAND I 
~----------------+----+---------+---------i ~----------------+----+---------+---------i 
I NOSNAP I BE , I OPERAND I I ITERATIVE DO' I F7 , 'OPERAND I 
~----------------+----+---------+---------i ~----------------+----+---------+---------i 
I FORMAT I BF 1 - I OPERAND I IDO' I F9 , I OPERAND , 
~----------------+----+---------+---------i ~----------------+----+---------+---------i 
ITO' I co I I OPERAND I IIF' OR ON I FB I - I OPERAND I 
~----------------+----+---------+---------i ~----------------+----+---------+---------i 
IBY' I C2 , I OPERAND I I I PREFMT I FD I I , 
~----------------+----+---------+---------i , ~----------------+----+---------+---------i 
IWHILE' I C4 10PERAND 1 I OPERAND 21 I FORMAT' I FF I I I 
~----------------+----+---------+---------i 

L ________________ ~ ____ ~ _________ ~ _________ J 

I WRITE I C7 I I I 
~----------------+----+---------+---------i 
tREAD I C9 1 I , 
~----------------+----+---------+---------i 
ICV' I CC 10PERAND 110PERAND 21 L ________________ ~ ____ ~ _________ ~ _________ J 
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o 1 2 3 4 5 6 7 8 9 A B C D E F 

r-----T------T-----T-----T----T----T----T----T-----T----T----T-----T----T------T--T----' 
o IDCVO 10SMl IBGPE IBLBS ILCR ILCDR/LCERILM I BCTA' ILH ILA ICLI /CLC I~R I I I 

~-----+------+-----+-----+----+----+----+----+-----+----+----+-----+----+------+--+----~ 
1 IDCVi IOSM2 IEOB IBLBS'IBCR ISPM ICLR ISLA IBC ICE ICL IMVI IMVC ITR~ I I I 

~-----+------+-----+-----+----+----+----+----+-----+----+----+-----+----+------+--+----~ 
2 IDCV2 IALLOC IPCC IBUYS IHER ILTR IALR ISLDAIDCF IAH IAL INI IMVN IPACK I I I 

~-----+------+-----+-----+----+----+----+----+-----+----+----+-----+----+------+--+----~ 
3 IDCV3 IDCA3 ICHSM IPINS IHDR ILTERISLR ISLDLIBCTA ISH ISL 101 IMVO IDNPK I I I 

~-----+------+-----+-----+----+----+----+----+-----+----+----+-----+----+------+--+----~ 
4 IDCV4 IDCA4 IADR IRWA IBCTRILTDRI ISLL IBCT IME ISTC ISSM IMVZ IIGNOREI I I 

~-----+------+-----+-----+----+----+----+----+-----+----+----+-----+----+------+--+----~ 
5 IDCV8 IFREE ISN3 IAPRM INR ILNR ILPR ISRA IN ISTH 1ST I~M INC I I I I 

~-----+------+-----+-----+----+----+----+----+-----+----+----+-----+----+------+--+----~ 
16 IDROP IBUY IBCIN IUSNG lOR ILNERILPERISRDAIO I lEX IXI 10C ICONV I I I 

~-----+------+-----+-----+----+----+----+----+-----+----+----+-----+----+------+--+----~ 
17 IEQU I SELL ISTOP IEDIT IXR ILNDRILPDRISRDLIX IS~D ISTE ILA' IXC ICONV' I I I 

~-----+------+-----+-----+----+----+----+----+-----+----+----+-----+----+------+--+----~ 
8 IPROC IPROC' IBGNP IFMT ILR ILDR ILER ISRL IL ILD ILE IDCF2 IZAP IUSSL I I I 

I I I ILST I I I I I I I I I I I I I 
~-----+------+-----+-----+----+----+----+----+-----+----+----+-----+----+------+--+----~ 

9 IBEGINIBEGIN' IBGNP' IFMT ICR ICDR ICER ISTM IC ICD ICE IBCT' ICP IDRPL I I I 
~-----+------+-----+-----+----+----+----+----+-----+----+----+-----+----+------+--+----~ 

I A I PASS I ADV I DROB' I FMT' I AR I ADR I AER I BXE I A I AD I AE I I AP I CNVA I I I 
~-----+------+-----+-----+----+----+----+----+-----+----+----+-----+----+------+--+----~ 

B IEOP IPLBS IPLBS' IEDIT' ISR ISOR ISER IBXLEIS ISD ISE liSP ISINL I I I 
~-----+------+-----+-----+----+----+----+----+-----+----+----+-----+----+------+--+----~ 

C IEOP2 IPCBS IPSLD IERRORIMR IMDR IMER ISLl IN IMD IME ISN2 IMP ICNVCl I IIGN21 
~-----+------+-----+-----+----+----+----+----+-----+----+----+-----+----+------+--+----~ 

ID IIPRM I IPRM' lABS IPFMT IDR IDDR IDER ISN ID IDD IDE IOSM3 IDP ICNVC2 I IIGN41 
~-----+------+-----+-----+----+----+----+----+-----+----+----+-----+----+------+--+----~ 

E IEPRM IEPRM' lABS' I ISVC IAWR IAUR ICLl IIC lAW IAU IEQU' lED ICNVC3 I IIGN~I 

~-----+------+-----+-----+----+----+----+----+-----+----+----+-----+----+------+--+----~ 
F IITDO IITDO' IALIGNI IBALRISWR ISUR ICN lEAL ICVB ICVD IBSW IEDMKICNVC4 I IIGN81 L _____ L ______ L _____ L _____ L ____ L ____ L ____ L ____ L _____ L ____ L ____ L _____ L ____ L ______ L __ L ____ J 

6. TEXT FORMATS IN P§EU~2=f2~~ 

Pseudo-code Desig~ 

Pseudo-code is essentially a symbolic 
representation of machine code, designed in 
such a way that it is possible to directly 
transform it into executable machine code 
by an assembly process. 

A unit consists of a one-byte operation 
code followed by, normally, a two or four
byte field and on the other occasions by a 
variable length field. The bit pattern of 
the operation code indicates the type of 
unit which it heads. 

By having most units either three or 
five bytes long, the scanning of pseudo
code is a fairly straightforward process. 

386 

The forrrat of the various pseudo-code 
units is as follows: 

Th~~~=EYte __ ~Di~~ this ccnsists of a 
one-byte operation code followed by a 
two-byte literal offset, and it appears 
immediately after the symbolic 
representation of the instruction to 
which if refers. 

Five=~yte __ uni!~ there are four basic 
five-byte units which have the follow
ing formats. 

Bytes 
1 2 2 

r-------T-------------T-------------, 
I OP I 1 I R2 I 
I I Ri I I 
I CODE I 0 I DICT REF I L _______ L _____________ L _____________ J 



Bytes 
1 2 2 

r-------T-------------T-------------, 
I OJ? I I I 
I I R3 I OFFSET I 
I CODE I I I L _______ ~ _____________ ~ _____________ J 

Bytes 
1 2 2 

r-------T-------------T-------------, 
I OP I I I 
I I Rl I R2 I 
I CODE I I I L _______ ~ _____________ ~ _____________ J 

r-------T-------------T-------------, 
I OP I 1 I R2 I 
I I HEX I I 
I CODE I 0 I DICT REF I l _______ ~ _____________ ~ _____________ J 

Using these units with, if necessary, a 
three-byte unit, it is 'possible to symboli
cally represent any possible RR, RX, RS or 
sr instruction. 

VariaEle~gj:~!!i!:.l the format of 
this is: 

Bytes 
1 2 

r-------T-------------T-------------, 
I OP I I I 
I I FLAG I VARIABLE I 
I CODE I I I L _______ ~ _____________ ~ _____________ J 

With a specially designed variable field 
described by a two-byte flag, it is possi
ble to represent any SS instruction with 
this unit. 

The first byte of the two-byte flag 
indicates the format of the variable field 
and the second gives the length of the 
total unit. 

The following examples illustrate the 
basic forms of an RX instruction and the 
way in which they are represented in 
pseudo-code. 

L Rl,JOE 
Bytes 

1 2 2 

r-------T-------------T-------------, 
I L I 0 Rl I DR(JOE) I l _______ ~ _____________ ~ _____________ J 

L Rl, JOE+24 
Bytes 

1 2 2 

r-------T-------------T-------------, 
I L I 0 Rl I DR (JOE) I L _______ ~ _____________ ~ _____________ J 

r-------T-------------, 
I OSl-Jl I 24 I L _______ ~ _____________ J 

L Hl,JOECR3) 
Bytes 

1 2 2 
r-------T-------------T-------------, 
I L I 0 Rl I DR (JOE) I L _______ ~ _____________ ~ _____________ J 

r-------T-------------, 
I OSlV12 I R3 I L _______ ~ _____________ J 

L Rl,JOE+24(R3) 
Bytes 

1 2 2 
r-------T-------------T-------------, 
I L I 0 Rl I DR(JOE) I L _______ ~ _____________ ~ _____________ J 

r-------T-------------T-------------, 
I OSt<3 I 24 I R3 I L _______ ~ _____________ ~ _____________ J 

Alternatively, JOE might be a base reg
ister in which case the dictionary ref
erence would be replaced by a symbolic 
register. The two forms are distinguished 
by setting the flag bit of the first 
symbolic register equal to one when a base 
register is intended. 

L Rl,0(R3,R2) 
Bytes 

1 2 2 

r-------T-------------T-------------, 
I L I 1 Rl I R2 I L _______ ~ _____________ ~ _____________ J 

r-------T-------------, 
I OSM2 I R3 I L _______ ~ _____________ J 

When a branch instruction is generated 
which branches to a compiler generated EQU 
value, bit two of the second byte is set to 
one to indicate that the second field is in 
fact an E~U value. 

Bytes 
1 1 1 2 

r------T-------T--------T---------, 
I BC I 01 I HEX IEQU VALUE I L ______ ~ _______ ~ ________ ~ _________ J 
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Bytes 
1 1 1 2 

r------T-------T--------T---------, 
I I 1 I I R2 I 
I BC I 0 I HEX ~---------i 
I I 0 I I DICT REFI l ______ ~ _______ ~ ________ ~ _________ J 

The following examples illustrate the 
basic forms of an RS instruction and the 
way in which they are represented in 
pseudo-code: 

BXH Ri,R2,ALPHA 
Bytes 

1 2 2 
r-------T-------------T-------------, 
I BXH I 0 Ri I DR(ALPHA) I l _______ ~ _____________ ~ _____________ J 

r-------T-------------, 
I OSM2 I R2 I l _______ ~ _____________ J 

BXH Ri,R2,ALPHA+24 
Bytes 

1 2 2 
r-------T-------------T-------------, 
I BXH I 0 Hi I DR (ALPHA) I l _______ ~ _____________ ~ _____________ J 

r-------T-------------T-------------, 
I OSM3 I 24 I R2 I l _______ ~ _____________ ~ _____________ J 

Alternatively, ALPHA might be a base 
register in which case the dictionary ref
erence would be replaced by a symbolic 
register as in the RX instruction. 

SI.A Ri,6 
Bytes 

1 2 2 
r-------T-------------T-------------, 
I SLA I Ri I 6 I l _______ ~ _____________ ~ _____________ J 

The following exam~le illustrates the 
form of an RR instruction and the way in 
which it is represented in pseudo-code. 

AR Rl,R2 
Bytes 

1 2 2 
r-------T-------------T-------------, 
I AR I Ri I R2 I l _______ ~ _____________ ~ _____________ J 
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The following 
basic forrrs of 
way in which 
pseudo-code: 

exam~les illustrate the 
an SI instruction and the 

they are rerresented in 

CLI EETA,X'FF' 
Bytes 

1 2 2 

r-------T-------------T----------~--, 
I CLI I 0 FF I DR(BETA) I l _______ ~ _____________ ~ _____________ J 

CLI BETA+4,X'FF' 
Bytes 

1 2 2 
r-------T-------------T-------------, 
I CLI I 0 FF I DR(BETA) I l _______ ~ _____________ ~ _____________ J 

r-------T-------------, 
I OSMl I 4 I l _______ ~ _____________ J 

Alternatively, BETA might be a base 
register in which case the dictionary ref
erence would be replaced by a symbolic 
register. 

Basically, an SS instruction consists of 
two base registers and a length byte. 
Since this does not conform to the format 
of other items of pseudo-code, it is neces
sary to represent an SS instruction with a 
variable length field, the length of which 
is specified in the s~cond of two flag 
bytes immediately following the operation 
code. 

This variable form of pseudo-code will 
be used to convey items of information 
internally between co~piler phases, at the 
same time maintaining the items in the 
guise of pseudo-code. 

The first bit of the 
whether or not the unit 
machine instruction. In the 
the format of the instruction 

Bytes 
1 1 1 1 2 

FLAG indicates 
represents a 
former case, 
is: 

2 2 2 
r----T----T------T----T----T----T----T----' 
lOP I I I I I I I I 
I I FLAG I LENGTH I Fl I F2 I F3 I F4 I F5 I 
ICODEI I I I I I I I l ____ ~ ____ ~ ______ ~ ____ ~ ____ ~ ____ ~ ____ ~ ____ J 



The format of the FLAG is: 

Bi!: E.£!:2 Q~~ 

1 Always zero 

2 F2=dict. ref. F2=sym reg. 

3 F3=dict. ref. F3=sym reg. 

4 F4 not present F4 present 

5 F5 not present F5 present 

6-8 Not used 

The 1"1 field is identical to the length 
field in the S8 machine instruction. The 
field contains one or two lengths which are 
each one less than thE corresponding 
lengths used in Assembler Language. The F4 
and £5 fields contain literal offsets. 

, 
In compiler functions, the format of the 

FLAG depends on the opera'tion code. Thus: 

r------T------T--------T----T----' 
I CONV I FLAG I LENGTH I Fl 1 F2 I l ______ ~ ______ ~ ________ ~ ____ ~ ____ J 

The format of the FLAG is: 

~it.§ Bot.tL~~!:2 ~2~h~!2~ 

1 Always one 

2 and 3 Fl=dict. ref. Fl=TMPD operand 

4 and 5 F2=dict. ref. F2=TMPD operand 

6-8 Not used 

The FLAG in the IGNORE item does not 
contain any information. 

The following 
basic forms of 
ways in which 
pseudo-code. 

MVC 
Bytes 

1 1 

examples illustrate the 
an SS instruction and the 

they are represented in 

ALPHA(7),BETA 

1 1 2 
r---T-----T----T-----T---------, 
IMVCIX'OO'I 8 I 6 I DR (ALPHA) I l ___ ~ _____ ~ ____ ~ _____ ~ _________ J 

2 
r---'-----, 
IDR(BETA) I l ________ J 

Zl'.P ALPHA+3(14), BETA(6) 
Bytes 

1 1 1 1 2 
r---T-----T----T-----T---------, 
IZAPIX'10'1 10 113 5 IDR(ALPHA) I l ___ i _____ ~ ____ i _____ i _________ J 

2 2 
r--------T----' 
I DR (BETA) 1 31 
l __ ------i--__ J 

MVC ALPHA(6), BE1A+l1 
Bytes 

1 1 1 1 2 
r---T-----T--~-T-----T---------, 
IMVCIX'08' I 10 I 5 IDR(ALPHA) I l ___ i _____ ~ ____ i _____ ~ _________ J 

2 2 

r--------T----' 
I DR CGETA) I 111 l ________ ~ ____ J 

AP ALPHA+3(14),EE1A+ll(6) 
Bytes 

1 1 1 1 2 

r---T-----T----T-----T---------, 
lAP IX'18' 1 12 113 5 IDR(ALPHA) 1 l ___ ~ _____ ~ ____ ~ _____ i _________ J 

222 
r--------T----T----' 
IDR(EETA) 1 31 111 l ________ i ____ i ____ J 

Alternatively, ALPHA and/cr BETA might 
be base registers, in which cases, the 
dictionary references would be replaced by 
symbolic registers and the FLAG byte wculd 
be set accordingly: 

MVO ALPHA(14), 11(6,Rl) 
Bytes 

1 1 1 1 2 
r---T-----T----T-----T---------, 
IMVOIX'28'1 10 113 5 1 DR (ALPHA) I l ___ ~ _____ ~ ____ ~ _____ ~ _________ J 

2 2 

r--------T----' 
I Rl I 111 l ________ ~ ____ J 

Fields that may hold a dictionary ref
erence or register nUITber have, at this 
time, the possibility of holding a literal 
offset. The presence of an offset is 
indicated by the first bit of the field 
being set to one, and earlier flags being 
set to 'register.' 
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Where a standard set of assigned reg
isters is to be used for a section of code, 
e.g. in the construction of prologues, or 
during the generation of addressing 
instructions, it is possible to generate 
instructions with registers in absolute 
code, instead of the normal pseudo-code 
two-byte symbolic registers. (See "Text 
Formats in pseudo-Code" in this Appendix.) 

sections of absolute code are preceded 
by ABS markers and followed by ABS' mark
ers. The operation codes are the same as 
the normal pseudo-code instructions (see 
"Text Code Bytes in Pseudo-Code" in this 
Appendix), but the instruction formats dif
fer, as shown in the following examples: 

RR Instructions 

Bytes 
1 1 

r-------~-T-----------, 
I OP CODE I Ri R2 I L _________ ~ ___________ J 

Bytes 
1 1 1 

r------------T---------T--------, 
I OP CODE I Ri X2 I B2 I L ____________ ~ _________ ~ ________ J 

212 
r------------T---------T--------, 
I DICT REFCE I OSM2 I OFFSET I L ____________ ~ _________ ~ ________ J 

Bytes 
1 1 1 2 

r---------T--------T----T-----------, 
I OP CODE I LENGTH I Bi I DICT REFCEI L _________ ~ ________ ~ ____ ~ ___________ J 

1 2 1 2 
r----T-------------T------T---------, 
I B2 I DICT REFCE I OSMi I OFFSET I L ____ ~ _____________ ~ ______ ~ _________ J 

1 2 
r------T--------, 
I OSM2 I OFFSET I L ______ ~ ________ J 
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Shift Instructions 

Bytes 
1 1 2 

r------------T---------T--------, 
I OP CODE I Ri 0 I OFFSET I L ____________ ~ _________ ~ ________ J 

Other Instructions 

Bytes 
1 1 1 

r------------T---------T--------, 
I OP CODE I Rl R2 I B2 I L ____________ ~ _________ ~ ________ J 

212 
r------------T---------T--------, 
I DIeT REFCE I OSM2 I OFFSET I L ____________ ~ _________ ~ ________ J 

Bytes 
1 1 1 2 

r---------T--------T---T------------, 
I OP CODE I MASK IBi I DICT REFCE I L _________ ~ ________ ~ ___ ~ ____________ J 

1 2 
r---------T--------, 
I OSM2 I OFFSET I L _________ ~ ________ J 

Note that the OSMi/0SM2 markers and their 
following offsets are all opticnal; note 
also that the OSM2 byte does not have a 
register fcllowing it, as in normal pseudo
code, but a literal offset. 

The first bit (bit 0) of the byte 
containing the base is used as a flag. If 
this bit is a one, the following two bytes 
contain, in their low order position, a 
twelve bit offset, instead of a dictionary 
reference. 

After Phases RA and RF all instructions 
in the text will be in absolute code. 

Any expression occurring in an attribute 
must be put into a form which is acceptable 
to the translator phase. This means that 
it must look like a source statement. To 
comply with this, all expressions dealing 



with array bounds, string lengths, 
DEFINING, and INITIAL value iteration fac
tors are converted into assignments to 
function references. These functions have 
a special meaning. They are not entered in 
the dictionary, and their dictionary ref
erences are to a region in the communi
cations area. The pseudo-code physical 
phase dealing with each particular function 
generates in-line code instead of a func
tion reference. 

All the statements of this type are 
generated in the source text after the end 
of the original source program. They form 
a second program and are referred to later 
as the "second file." 

The statements generated have the fol
lowing overall format: 

1 Code byte SN2 

2-3 Dictionary reference 

4 Options byte 

5 Statement type markers 

6 onwards Statement body 

The dictionary reference is the ref
erence of a second file dictionary entry. 
This is described in Appendix C. The 
options byte is that for the options opera
tive in a prologue, i.e. no interruptions 
are accepted. 

The format of the second file statement 
for array bounds is as follows: 

1 

2 

3-4 

S 

6 

7 

8-9 

10 

Assignment statement marker 

code Byte X'OO' 

ADV code X'0002' 

compiler pseudo-variable 

Left parenthesis 

Code byte X'OO' 

Dictionary 
array 

reference of 

Triple operator code byte 
X'44' 

11 

12 

13 

14 

15 

16 

17 .•. 

Code byte X'5E' 

Code byte X'OO' 

Code byte X'OO' for lower 
bound, X'Ol' for higher 
bound 

Number of the dimension 
whose bound is referenced 

Right parenthesis 

Triple operator code X'46' 

Expression for bounds 

Statement terminating semi
colon 

Multiplier function stateme~ts are used 
to denote copying of a section of one dope 
vector into another. The format is: 

1 

2 

3-4 

5 

6 

7 

8-9 

10 

11 

12-13 

14 

15 

16 

17-18 

19 

20 

21 

Assignment statement marker 

Code byte X'OO' 

MTF code bytes X'0010' 

Compiler call marker 

Left parenthesis 

code byte X'OO' 

Dictionary reference 1 

Triple operator code byte 
X'44' 

Code byte X'OO' 

Dictionary reference 2 

Triple operator code byte 
X'44' 

Code cyte X'SE' 

Code cyte X'OO' 

Offset 1 

Triple operator code cyte 
X'44' 

Code cyte X'SE' 

Code byte X'OO' 
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22-23 Offset 2 

24 Triple operator code byte 
X'44' 

25 Code byte X'SE' 

26 Code byte X'OO' 

27-28 Length 

29 Right parenthesis 

30 Statement terminating semi-
colon 

This statement requires the number of 
bytes specified by the length to be moved 
from the dope vector of the item at dic
tionary reference 2, starting at an offset 
of offset 2, to the dope vector of the item 
at dictionary reference 1, starting at an 
offset of offset 1. 

The string length statement is used to 
initialize the maximum length slot in a 
string dope vector. The format is: 

1 

2 

3-4 

S 

6 

7 

8-9 

10 

11 

12 ••• 

Assignment statement marker 

Code byte X'OO' 

SDV code X'0004' 

Compiler pseudo-variable 

Left parenthesis 

Code byte X'OO' 

Dictionary reference 

Right parenthesis 

Triple operator Code X'46' 

Expression 

Statement termination semi
colon 

The dictionary reference is that of the 
item whose dope vector is being initial
ized. If the expression is defining the 
length of a string being returned by an 
internal function, then the dictionary ref
erence is that of the entry type 2 belong
ing to the label. In Figure 6 the ref
erence is to B or C depending on whether 
the statement appeared in a PROCEDURE/ENTRY 
statement, or an ENTRY attribute. If the 
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item is a data item, an external procedure, 
or a formal parameter entry point, then the 
dictionary reference of that particular 
item appears in the statement. 

INITIAL value statements are used to 
initialize a vector of storage used to 
contain iteration factors. It is implied 
that the value of the expression must be 
converted to type integer. The format is 
as follows: 

1 

2 

3-4 

5 

6 

7 

8-9 

10 

11 

12 ••• 

Assignment statement marker 

Code byte X'OO' 

IDV code 

Compiler pseudo-variable 

Left parenthesis 

Code byte X'OO' 

Dictionary reference 

Right parenthesis 

Triple operator code X'46' 

Expression 

Statement terITinating semi
colon 

The dictionary reference is to the item 
being initialized. The integer is the 
number of assignment statements of this 
type, and for this variable, that have been 
generated before this one. 

I A statement is generated for a variable 
Iwhich is declared BASED with its associated 
Ipointer given, and for a variable which is 
Ian OFFSET with its associated base given. 
IThe format of the statement is similar to 
Ithat of the INITIAL value statement except: 



3-4 

12 

PEXP code (BASED) X'0016' or 
BVEXP code (OFFSET) X'0017' 

Expression (which must be a 
single dictionary reference 
of the associated pointer or 
base) 

The dictionary reference in bytes 8-9 is 
that of the BASED or OFFSET variable. 

second file statements are generated 
when an expression is associated with 
DEFINED, but the expression does not con
tain any iSUBs. The format is: 

1 

2 

3-4 

5 

6 

Compiler assignment state
ment marker 

Code byte X'OO' 

ADF code; 
X'OOll' for base only 

X'0012' for subscripted base 
X'0013' for base with iSUB's 

Pseudo-variable marker 

Left parent:hesis 

Base7and subscript list 

Right parenthesis 

Statement terminating semicolon 

9. PSEUDO-CODE PHASE TEMPORARY RESULT 
DE§QBl~!QRS -lTE~Ri-----·-----------

All information on temporary results is 
contained in this stack. Each item in the 
stack consists of 10 bytes. A maximum of 
200 items is allowed. 

By"te 1 Flag 1 

By-te 2 Code 2 

describes the addressing 
method contained in bytes 
5 through 10. 2 bits in 
this byte are also used 
during the release of 
temporary results 

describE's the radix, 

Bytes 3-4 P,Q 

Bytes 5-6 BASE 

Byte 7-8 NDX 

Bytes 9-10 OFS 

scale, mode, string type 
etc. of the temporary 
result. The format of 
this byte is identical to 
the similar byte in the 
dictionary and the DED 
used by the Library sub
routines. routines. 
(See "Data Byte" in 
Appendix C.) 

describes the precision 
and scaling of arithmetic 
type results 

in one of the following 
forms: 

1. "Reg by value" reg
ister containing the 
result - no index or 
offset is allowed. 

2. "Reg by value" reg
ister containing the 
base address of the 
result stack 

3. Offset from beginning 
of current temporary 
storage for results 
held in the temporary 
storage stack 

4. Dictionary reference 
which specifies the 
base address of the 
result of a subscript 
calculation 

in one of the following 
forrDs: 

1. Symbolic indexing reg
ister for EASE type 2 
and 4. 

2. The nurrber of bytes 
required in the tem
porary core stack for 
BASE type 1 

which is a literal offset 
to be inserted in the 
base address. When used 
with EASE type 1 the 
actual temporary offset 
is the sum of the offsets 
and the number of bytes 
required in the stack is 
the sum of the contents 
of OFS and NDX 

Strings are described in the following 
ways: 

If the string is of fixed length less 
than 256 bytes, it is given storage in 
the core stack. This type of string 
has a dictionary entry if it is passed 
to a subroutine. 
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If the string is of variable length or 
longer than 256 bytes, the storage is 
bought and sold when required. This 
type of string always has a dictionary 
entry. 

If the string has no dictionary entry, 
it is described by the usual CODE 
bytes, the temporary core offset in 
BASE, and the byte length in NDX. 

If the string has a dictionary entry, 
it is described by the usual CODE bytes 
and the dictionary reference IN BASE. 
The dictionary entry describes the 
location of the string which may be 
either the temporary area offset and 
size for the first type, or a BUY 
statement for the second type. 

The 'top' of the stack is indicated by 
two pointers: PSTK and LSTK. PSTK points 
to the 'physical' top of the stack, which 
is the last item added. LSTK points to the 
'logical' top of the stack, which is the 
next item to be released. The difference 
is necessary because the temporary storage 
stack may not be released in the same order 
as the description stack. When an item in 
the description stack is released, the 
corresponding temporary storage reay not be 
at the top of the stack storage. As the 
storage stack is always released in order, 
the description is flagged and the LSTR is 
reduced by 1 item. When the corresponding 
temporary core is released from the top of 
the storage stack, the description is con:-
pletely removed from the 'physical' stack. 

r-----T-----------T-----------T----------T-----------------------------------------------1 
I I \ \Whether F71 I 
IFLAG \ FS I F6 \ applicable I Comments I 
~-----+-----------+-----------+----------+----------------------------------------------.~ 
X'OO' Dictionary Yes 

reference 
X'02' Dictionary No STRUT2 output -- must SELL dictionary ref. 

reference 
X'04' Dictionary No RBPEAT function result. 

reference 
X'OS' Dictionary Dictionary No SUBSTR function result. 

reference 1 reference 2 
X'20' Dictionary Index Yes Arithmetic subscript, or SDV for varying 

reference register string subscript. 
X'41' Symbolic Dictionary Yes Non-adjustable fixed string subscript, with 

register reference DROP in STRUT2. 
X'49' Symbolic Dictionary Yes Non-adjustable fixed string subscript, without: \ 

register reference D~OP in STRUT2. I 
X'80' Register No Item in register -- F7 cannot exist. \ 
X'CO' Workspace Yes I 

offset I 
X'Cl' Workspace Dictionary Yes SDV for adjustable fixed string subscript. I 

offset reference I 
X'CS' Workspace Dictionary No SUBSTR pseudo-variable result. I 

offset reference I 
.-----~-----------~-----------~----------~----------------------------------------------~ 
INote~ 1. Since F6 cannot be used for both an index register and a dictionary I 
I reference, bits 2 and 7 of the FLAG byte cannot both be 1. I 
I 2. Many other bit configurations in the FLAG byte are meaningful and could I 
I be used for future applications. I L _______________________________________________________________________________________ J 

.Figure 12. Temporary Descriptions in Pseudo-Code -- Use of TMPD Triple Fields FS and F6 
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Descriptions are passed between pseudo
code phases using two or three TMPD 
triples, with the following formats: 

r------T----T----T----T----' 
I TMPD I FLAG I F2 I F3 I F4 I 
.------+----~----+----~----~ 
I TMPD I F5 I F6 I 
.------+---------+---------1 
I TMPD I F7 I I L ______ ~ _________ ~ _________ J 

1. FLAG describes the use of fields FS, 
F6, and F7. 

Bit 
Numb€!r Y.el~~ ~i!!g 

o and 1 00 

11 

01 

10 

2 0 

1 

3 0 

1 

4 0 

1 

5 0 
1 

6 0 
1 

7 0 

1 

F5 contains a dictiona
ry reference 
F5 contains a temporary 
workspace offset 
F5 contains symbolic 
register with address 
of item 
F5 contains register 
with value of item 
F6 does not contain 
index register 
F6 contains index reg
ister 
Two TMPD triples are 
used 
Three TMPD triples are 
used, and F7 contains 
an offset 
Normal setting. String 
utility STRUT2 drops 
symbolic register in F5 
if used for input 
string utility STRUT2 
does not drop symbolic 
register 
Normal setting 
Result of an invocation 
of SUBSTR or REPEAT 
No SELL is required 
User of this descrip
tion must SELL dic~ 
tionary reference in 
F5. Set by string 
utilities for adjusta
ble string result 
F6 does not contain a 
dictionary reference 
F6 contains a dictiona
ry reference 

2. CODE contains the data byte 
(describing type, radix, scale, mode, 
etc. ) 

3. F3 and F4 contain: 
a. Precision and scale factor of 

coded arithmetic type data 

b. String length for coded non
adjustable strings (maximum length 
for varying strings) 

c. Picture dictionary reference for 
data with picture 

4. F5 and F6 are at present used as shown 
in Figure 12. 

5. F7 can be used by adding X'10' to the 
FLAG byte in all cases which give a 
meaningful result (see Figure 12). 

10. LIBRARY CALLING SEQQ~~f~~ 

Inte£!!~L__1ib~~~L_ro~:!:in.§.§ are used for 
such things as data type conversion, where 
there is no explicit reference to the 
routine in the PL/I source program. The 
arguments are handed to the routines in 
registers. In pseudo-code form, assigned 
registers a~e used, and special markers, 
IPRM and IPRM' are used to indicate the 
calling sequence to the register allocator 
phase. Internal library calls appear in 
pseudo-code as: 

IPRM 
L 
L 

1, (ARGUMENT 1) 
2, (ARGUMENT 2) 

L 15, IHE-------(ROUTINE NAME) 
BALR14, 15 
IPRM' 

The second byte of the IPRM item is used 
~as a flag byte. The settings are as 
ifollows: 

Bit 0 

Bit 1 

Bit 2 

Must be zero 

END, or RETURN statement net 
in BEGIN block calling 
sequence 

END st.atement calling 
sequence 
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f~!~rnal li~~~~Y_£2g!in~§ calls corres
pond to explicit references to functions or 
I/O statements in the PL/I source program. 
The arguments to the routines are placed in 
workspace, and register 1 is set to point 
to the first argument. For pseudo-code 
form the calling sequence is freceded by an 
EPRB marker and followed by an EPRM' mark
er. Thus, the library calling sequence 
appears as: 

MVC WSP (N), (ARGUMENT 1) 

EPRM 
LA 1, WSP 
L 15, IHE------- (ROU~INE NAME) 
BALI< 14, 15 
EPRM' 

The second byte of the EPRM is used as a 
flag byte. 

The setting is as follows: 

Bit 0 A calling sequence to a PL/I 
procedure 

11. DESCRIPTIONS OF TERMS AND ABBREVIATIONS 
USED IN TEXT DURING A COMPILATION 

The table in this section gives first, 
the phase in which the term is used; and 
third, a brief description of the meaning 

ADR 

ADV 

ALIGN 

ALLOCATE 

APRl-1 

PS 

PS 

PS 

between fhases RA and 
RF) 

The two byte operand 
contains a register 
for use by final 
assembly for address
ing branch destina
tions beyond 4096 
bytes frorr the pro
gram base 

Used in 2nd file 
assignm~nt statements 
to indicate that the 
eXfression has been 
calculated and that 
the following code is 
only concerned with 
assignment to the 
variable, or its dOfe 
vector, which is the 
subject cf the second 
file statement 

Indicates that 4 by~e 
alignment is required 
in the code at this 
point 

R,T,PS Replaces the keyword 
ALLOCATE 

PS Indicates the library 
calling sequence for 
VDA or controlled 
storage 

of the term or abbreviation. ARCO T,PS Provides space to 
allow insertion of 
argument conversion 
triple The phase in which the term or abbrevia

tion is used is given in the second column 
of the table. The key to the code used is: I AREA 

R 
PS 
T 

Term or 

After the Read-In Phase 
During the Pseudo-Code Phase 
A triple or translator input 
code byte 

Used In 
AbbE~:YIati2!} Rh~~~ Desc£1ptio!} 

A R,T Character string for-
n;at item 

ABS PS Indicates the start 
of absolute code 
(Appendix D7) 

ABS' PS Indicates the end of 
absolute code 

ADI PS Addressing 
instruction <used 
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ARGUMENT f.';ARK R 

ARRAY CROSS R,T 
SECTION 

ASSIGN H,T 

ASSIGN BYNAME R 

ATTRIBUTES R,T 

Replaces keyword AR~A 

Marker used by phases 
GK and GP to indicate 
he start of a func
tion argurr.ent 

Reflaces the PL/I '*' 
used to specify an 
array cross section 

Marker which precedes 
an assignment state
ment 

Precedes an assign
rrent statement with 
the BY NAME option 

Marker which precedes 
a dictionary entry 
containing the attri
butes which have been 
specified on an OPEN 
or CLOSE statement 



AUTOMATIC R Replaces the keyword 
AU'l'OIYjA'IIC 

B F,T Bit string format 
item 

Bl\CKWARDS R Replaces ke,yword 
BACKWARDS BEGIN 

BASED R Replaces keyword 
BASED 

BEGIN' T,PS Triple which tern1i-
nates the BEGIN block 
triples 

BGPE PS Indicates the end of 
the complete prologue 
for a begin block 

BGNP PS Indicates the start 
of code for a BEGIN 
block with no prolo-
gue 

BGNP' PS Indicates the end of 
code for a begin 
block with no prolo-
gue 

BIT ATTRIBUTE R Replaces the keyword 
BIT 

BIT CONST R Marker preceding a 
BIT string constant 

BINARY R Replaces the keyword 
BINARY 

BLBS PS Indicates the start 
of "the prologue for a 
BEGIN block 

BLBS' PS Indicates the end of 
the prologue for a 
BEGIN block 

BUFFERED R Replaces keyword BUF-
FERED 

BUILTIN R Replaces the keyword 
BUI:LTIN 

BUY T,PS Code byte or triple 
which indicates that 
a temporary variable 
is required 

BUY T Triple which indi-
ASSIGNMENT cates assignment to a 

temporary variable, 
and which implies 
that the workspace 
for the temporary 
variable must be 
obtained before the 
assignment 

BUYB T 

BUY CHAMELEON 'I 

BUYS T,PS 

BY H,T 

BY' 'I 

BY NAME R 

C H,T 

C' T 

CALL H,T 

CALL' 'I 

I CELT ... R 
I 

CHAR R 
ATTRIBUTE 

CHAR CONSTANT R 

CHECK R 

CHSM PS 

Triple or code byte 
which indicates that 
a scalar temporary is 
required for an 
aggregate argument to 
a generic scalar 
b~ilt in function 

Marker which indi
cates that workspace 
is required for a 
terrporary variable of 
chameleon data type 
i.e. the data type 
is taken from the 
expression assigned 
to the variable 

Code bytE or triple 
which indicates that 
a temporary variable 
is required, and that 
initialization code 
exists between this 
triple and the BUY 
triple 

Replaces the keyword 
BY 

Triple which indi
cates the end of a BY 
expression 

Replaces the keyword 
BY NAME 

COITflex decimal for
rr.at iteIl1 

Triple which indi
cates the end of a C 
format item 

CALL statement marker 

Triple internal to 
phase IA which marks 
the end of a CALL 
statement 

Replaces the keyword 
CELL 

Replaces the keyword 
CHARACrIER 

Marker preceding a 
character string con
stant 

Replaces the keyword 
CHECK 

A special offset 
marker. Used only in 
absolute code to 
indicate that the 
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offset may 
changing 

require 

CL R,T,PS Compiler label marker 

CLNl 

CLN2 

CLOSE 

CN 

CNVC1,--4 

COL 

COMPLEX 

COMPILER 
ASSIGN 

COMPILER 
FUNCTION 

COMPILER 
FUNCTION' 

T 

T 

R,T 

R,T,PS 

PS 

R,T 

R 

T 

T 

T 

COMPILER T 
FUNCTION CALL 

COMPILER 'I 
FUNCTION CALL' 

COMPILER T 
FUNCTION COMMA 
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Compiler label number 
triple, referred to 
once only in the cur
rent statement 

Compiler label number 
triple, referred to 
at any point 

Replaces 
CLOSE 

Compiler 
number. 
compiler 
statements 

Convert 
t"unctions 

the keyword 

statement 
Can precede 

inserted 

compiler 

l=Drop all registers 
2=Drop target reg
ister 
3=Drop source 
ister 

reg-

4=Do not drop reg-
ister 

Replaces the keyword 
COLUMN 

Replaces the keyword 
COMPLEX 

Code byte or triple 
indicating assignment 

Code byte or triple 
used to indicate the 
start of a compiler 
function call argu
ment list 

Triple indicating the 
end of a compiler 
function argument 
list 

Code byte or triple 
used to indicate the 
start of a compiler 
function call argu
ment list 

Triple indicating the 
end of a compiler 
function call argu
ment list 

Triple used to indi
cate the argument of 
compiler function, or 
Pseudo-Variable 

COMPILER T 
PSEUDO-VARIABLE' 

COMPILER 'I 
PSEUDO-VARIABLE 

CONDITION 

CONTROLLED 

CONTROL 
VARIABLE 

CONVERSION 

COpy 

CONTROL 
VARIABLE' 

DATA 

DATA' 

R 

R 

R,T 

R 

R,T 

T 

R,T 

T 

IDATA LIST LO R 
I 
I 

DCF2 PS 

DECIMAL 

DECLARE 

DEFINED 

DEFINED 
SUBSCRIPT 

DELAY 

DELETE 

R 

R 

T 

R,T 

R,T 

Triple indicating the 
end of a compiler 
pseudo-variable 
argument list 

Code byte or triple 
used to indicate the 
start of a compiler 
pseudo-variable 
arguroent list 

Replaces the keyword 
CONDITION 

Replaces the keyword 
CONTROLLED 

Marker which indi
cates the control 
variable of a DO loop 

Replaces the keyword 
CONVERSION 

Replaces the keyword 
COpy 

Triple which indi
cates the end of a 
control variable 
expression 

Replaces the keyword 
DAT'A 

Triple indicating the 
end of a data direct
ed I/O list 

Replaces the keyword 
DO in an iterative 
clause in a data list 

Causes output of 
'ERROR STOP' and the 
four bytes following 
in the pseudo-code 
item 

Replaces the keyword 
DECIMAL 

Replaces the keyword 
DECLARE 

Replaces the keyword 
DEFINED 

Marker which precedes 
the rarenthesized 
iSUB sutscript list 
of a defined array 

Replaces the keyword 
DELAY 

Replaces the keyword 
DELETE 



DIC'I'IONARY 
REFERENCE 

DIRECT 

DISPLAY 

DO 

DO EQUALS 

DROB 

DROP 

DROP 

DRPL 

E 

EDIT 

EDIT' 

EIO 

ELSE 

END 

T 

R 

R 

R,T 

R,T 

PS 

T 

PS 

PS 

R,T 

R,T 

T 

T 

R,T 

R,T 

Marker indicating 
that the following 
two bytes contain a 
symbolic dictionary 
reference 

Replaces the keyword 
DIRECT 

Replaces the keyword 
DISPLAY 

Replaces the keyword 
DO, in a non
iterative DO group 

Marker which replaces 
the PL/I'=' in the 
iterative DO 
statement (DO 1= ) 

Indicates to the reg
ister allocation 
phases that a base 
register used for 
addressing a con
trolled variable 
should be dropped 

Triple used in optim
ization indicating 
the drop of an index 
register 

Indicates that a sym
bolic or assigned 
register in the oper
and field of the 
instruction is no 
longer required 

Indicates the end of 
the use of a list of 
symbolic registers 
which have appeared 
in an USSL item 

Floating decimal for
lllat item 

Replaces the keyword 
EDIT 

Triple indicating the 
end of an edit 
directed I/O list 

code byte or triple 
which indicates the 
end of an I/O state
ment~ 

Replaces the keyword 
ELSE 

Replaces the END key
word at the end of a 

END BLOCK H,T, 

END DC R,T 

ENDFILE 

END I'I'DO 1<, T 

END LIST MARK R 

END PROG R,T,PS 

END PROGRAlV:2 'T,PS 

ENTRY R 

EPRM PS 

EPRlVl ' PS 

EQU PS 

EQU' PS 

ERROR R 

ERROR T 

BEGIN 
block 

or PROCELURl; 

Indicates the end of 
a text block 

Replaces the END key
word at the end of a 
non-iterative DO 
group 

Replaces the keyword 
ENDFILE 

Replaces the END key
word at the end of an 
iterative DO loop 

Marker used by phases 
GK and GF to indicate 
the end of a function 
argument list 

Marks the end of pro
gram 

Triple which marks 
the end of the second 
file text i.e. rro
logue initialization 
text, which is placed 
after the source pro
gram text 

Replaces the keyword 
ENTFY 

Indicates 
of an 
library 
sequence. 
DiO) 

the start 
external 
calling 

(Appendix 

Indicates the end of 
an external library 
calling sequence 

Indicates that the 
two byte operand 
field contains a 
label. 'The label is 
considered to te 
attached to the fol
lowing pseudo-code 
item 

As for ECU, but indi
cates that control 
may enter from a dif
ferent statement. 

Replaces the keyword 
ERROR 

Code byte or triple 
which marks the posi
tion of an erroneous 
source state~ent 
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ERROR 

EVENT 

EXCLUSIVE 

EXIT 

EXTERNAL 

F 

F' 

F COMMA 

FILE 

FILE' 

FINISH 

FIXED 

FIX BINARY 
Ir--lAGINARY 

FIX BINARY 
REAL 

FIX DECIMAL 
IMAGINARY 

FIX DECIMAL 
REAL 

FIXE:) 
OVERFLOw 

FLOAT 

PS 

R,T 

R 

R,T 

R 

R,T 

T 

T 

R,T 

T 

R 

R 

R 

R 

R 

R 

R 

FLOAT BINARY R 
IMAGINARY 

400 

which has DeEn delet
ed 

I~dicates the pre
sence of a source 
program error 

Replaces the keyword 
EVENT 

Replaces 
EXCLUSIVE 

keyword 

Replaces the keyword 
EXIT 

Replaces the keyword 
EXTERN~L 

Fixed decimal forrrat 
i terr, 

Triple which ina~
cates the end of an F 
format item 

Triple used to ina~
cate the arguments of 
a function or pseudo 
variable 

Replaces the keyword 
FILE 

Triple indicating the 
end of a file list 

Replaces keyword FIN
ISH 

Replaces the keyword 
FIXED 

Marker which precedes 
a fixed binary imag
inary constant 

Marker which precedes 
a fixed binary real 
constant 

Marker which precedes 
a fixed decimal imag
inary constant 

Marker which precedes 
a fixed decimal real 
constant. 

Replaces keywords 
FIXED OVERFLOW 

Replaces the keyword 
FLOAT 

Marker which vrecedes 
a float binary imag
inary constant 

FLOAT BINARY f< 
REAL 

Marker which precedes 
a float binarj real 
constant 

FLOAT DECI~.AL R 
IHAGINARY 

Marker which precedes 
a float decimal imag
inary constant 

FLOAT DECIfv;AL R 
REAL 

Marker which precedes 
a float decimal real 
constant 

FORMAT k,T 

FORMAT' 'I 

FORMAT LIST H,T 

Replaces the keyword 
FORMAT 

Triple which marks 
the end of a remote 
format statement 

Precedes 
list 

a format 

FORMAT LIST' 'r Triple indicating the 
end of a format list 

FREE 

FROM 

FUNCTION 

FUNCTION 

GENERIC 

GET 

GOOE 

GOLN 

GOTO 

IDENT 

IF 

IF' 

R,T,PS Replaces the keyword 
FREE 

R,T Replaces the keyword 
FHOtv'.! 

T Code byte or triple 
indicating the start 
of a function argu
ment list 

R Marker which precedes 
the parenthesized 
argument list (if 
present) of an entry 
name in a function 
reference or CALL 
statement 

H,T 

K,T 

'1' 

R,T 

R,T 

R,T 

'1' 

Replaces the keyword 
GENEHIC 

Replaces the keyword 
GE'I 

GO TO out of block 
stateroEnt roarker 

Indicates a branch to 
a label number 

GOTO in block state
rrent marker 

Replaces the kpyword 
IDENT 

Replaces the keyword 
IF 

Triple which termi
nates an IF expres
sion 



IGN 2 .• 8 

IGNORE 

IGNORE 

IN 

INITIAL 

R,T 

PS 

R/T 

R 

Ignor9 markers used 
by Final Assembly 
when code has been 
made redundant. The 
final digit indicates 
length to be ignored. 

Replaces the keyword 
IGNORE 

Pseudo-code item 
which indicates that 
the number of bytes 
appearing in the 
length count must be 
ignored 

Replaces the keyword 
IN 

Replaces the keyword 
INI'IIAL 

INITIAL LABEL R Marker which precedes 
elements of arrays of 
labelvariables which 
are initialized by 
being attached to 
sta-tements 

INITVAR 

INPUT 

INTEGER 

INTERNAL 

INTO 

IPRM 

ITDO 

I'TDO' 

,-Ir;;p 

KEY 

R 

R 

R 

R,T 

Replaces the keywo~d 
INITIAL(iteration 
factors) 

Replaces 
INPU'l 

keyword 

Marker which precedes 
an internal binary 
integer constant 

Replaces the keyword 
INTERNAL 

Replaces the keyword 
INTO 

PS Indicates the end of 
an internal library 
calling sequence 

R,T,PS Replaces the keyword 
DO in an iterative DO 
loop 

T,PS Triple which termi
nates an iterative DO 
expression 

T Triple indicate the 
presence of pseudo
code. The number of 
bytes of pseudo-code 
is specified in the 
first operand 

R,T Replaces the keyword 
KEY 

KEYED 

KEY FROM 

KEYTO 

LABEL 

L:FFT 

LIKE 

LINE 

LINESIZE 

LIST 

LIST' 

LIST MARK 

Ll'I'ERA.L 
CONS'I'ANT 

LOCATE 

MAIN 

MUL'l'IPLE 
l'lSSIGN 

NAtJIE, 

NDX 

NEW PAGE 

NOCHECK 

NO SNAP 

H,T 

E,'I 

T 

H,T 

R,'I 

.K,T 

T 

'T 

:a,T 

H,T 

R 

H,T 

R 

R 

R 

R,T 

Replaces keywcrd 
KEYED 

Replaces the keyword 
KEYF~.OM 

Replaces the keyword 
KEYTO 

Replac~s the keywcrd 
LABEL 

Triple indicating a 
terrporary result for 
a pseudo-variable 

Replaces the keyword 
LIKE 

Replac~s the keyword 
LINE 

Replaces the keyword 
LINESIZE 

Replaces the keyword 
LI;3T 

Triple indicating the 
end of a list 
djrected I/O list 

~arker used by Phases 
GK and GP to indica~e 
the start of function 
argument list 

Indicates that the 
following two bytes 
contain a fix~d 
binary constant 

Replaces the keyword 
LOCATE 

Replaces keyword ~AIN 

Marker indicating 
multiple assign~ent 
(ReplaCES PL/I', ') 

Replaces the keyword 
NAME in the context 
of ON NALV1E 

Triple indicating 
ind~xing during 
optimization of DO 
loops 

Replaces the keyword 
NEW PAGE 

Replaces the keyword 
NOCHECK 

Replaces the keyword 
NOSNAF 
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NOSNAP' T 

NULL R,T 

~ULL-FUNCTION T 

OFFSET R 

OPEN R,T 

OFS T 

ON R,T 

OPTIONS R 

ON RECORD R 

OSM1 PS 

OSM2 PS 

OSM3 PS 

OUTPUT R 

OVERFLOW R 

P AR,T 

P' T 

PAGE R,T 

PAGESIZE R,T 

PASS PS 

PCBS PS 

402 

Triple which 
cates the end 
NOS NAP list 

indi
of a 

Null statement marker 

Enables TMPD's to be 
passed in text by 
phases LB and LG 
before the evaluation 
phase LS 

Replaces the keyword 
OFFSE'r 

Replaces the keyword 
OPEN 

Triple indicating 
offset used in optim
ization of DO loops 

Replaces the keyword 
ON 

Replaces the keyword 
OPTIONS 

Replaces the keyword 
RECORD in the context 
ON RECORD 

Indicates that the 
two byte operand 
field contains an 
index register 

Indicates that the 
two byte operand 
field contains a let
eral offset 

Indicates 
sence of 
offset and 
register 

the pre
a litEral 

an index 

Replaces keyword OUT
PUT 

Replaces 
OVERFLOW 

keyword 

Picture format item 

Triple which indi
cates the end of a P 
format item 

Picture format item 

Heplaces the keyword 
PAGESIZE 

POINTER Assignment 

Indicates the end of 

PCC 

PE'MT 

PICTURE 

PINS 

PI.,3S 

PLBS' 

I POINTER 
I 

PRECISICN1 

P~ECISICN2 

PRINT 

PRIORITY 

PSEUDO
VARIABLE 

PSEUDO
VARIABLE 

PSETJDO
V~.RIABLE' 

PSLD 

PS 

PS 

PS 

PS 

PS 

R 

.R 

R 

R 

T 

'I 

PS 

the corr.plete prologue 
for a prccedure bleck 

cr 
Used 

preflx 
for tne 

Follows a FRoe 
EEGIN marker. 
to carry the 
change byte 
Dlock. 

PICTURE torrr,at 

Replaces the keywora 
PICTURE 

Indicates the prclo
gue insertion point 

Indicates the start 
of the prologue for a 
~rocedurE block which 
is cowmen to all 
entry feints 

Indicates the end of 
the prologue of a 
procedure block which 
is ccrnrron to all 
entry r.:oints 

Replaces the keyword 
POINcrFR 

Indicates a precision 
which has been writ
ten in the source 
program as '(10)', 
which nay be either 
fixed or float 

Indicates a precision 
which has Deen writ
t.en in thE sotJrce 
program as '(5,2)' 
which in'Flies fixed 

ReF laces 
PRINT 

kE:yword 

Replaces th0 keywera 
PRIORI'IY 

Marker which precedes 
the Farenthesized 
argument list to a 
pseudo-variable 

Code bytE or triple 
indicating the start 
of a pseudo-variable 
argument list 

Triple indicating the 
end of a pseudo
variable argurrent 
list 

Indicates a pseudo
code instruction for 



PROC 

PROC' 

purr 

R 

READ 

REAL 

RECORD 

RECURSIVE 

REENTRANT 

REPLY 

RETURN 

REVERT 

REvmITE 

RPL 

RPL' 

RWA 

SECONDARY 

use by 
assE:~mbly 
phal:)e 

the final 
listing 

R,T PS Replaces the keyword 
PROCEDURE 

T.PS 

R,T 

R,T 

R,T 

R 

R 

R 

R 

R,T 

R,T 

R,T 

R,T 

T 

T 

PS 

R 

Triple which termi
nates the procedure 
block triples 

Replaces the keyword 
PUT 

Remote format state
ment marker 

Replaces the keyword 
READ 

Replaces the keyword 
REAL 

Replaces the keyword 
RECORD 

Replaces the keyword 
RECURSIVE 

Replaces the keyword 
REENTRANT 

Replaces the keyword 
REPLY 

Replaces statement 
marker 

Replaces the keyword 
REVERT 

Replaces the keyword 
REWRITE 

code byte or triple 
indicating the start 
of a format list 
replication factor 
expression 

Triple indicating the 
end of a format list 
replication factor 
exprE!ssion 

Indication of an 
addressing vector for 
use hy the register 
allocator when the 
number of symbolic 
registers in use 
exceeds the amount of 
work space which has 
been allocated 

Replaces keyword SEC
ONDARY 

SECOND LEVEL 
MARKER 

SELL 

SET 

SETS 

SEQUENTIAL 

SIGNAL 

SIZE 

ShIP 

SL 

SN 

SN2 

R 

T,PS 

R,'I 

R 

R 

R,T 

:H, '1' 

A code byte which 
iwroediately precedes 
all code bytes 
appearing in the sec
ond level table 

Code byte or triple 
which indicates that 
a temporary variable 
is no longer required 

Replaces the keyword 
SET 

Replaces the keyword 
SETS 

Replaces the keyword 
SEQUEN'IIAL 

Replaces the keyword 
SIGNAL 

Repla~es the keyword 
8I ZE: 

peplaces the keyword 
SKIP 

H, T, PS staterrE'nt label mari<.-
ere Precedes all 
labelled statements 

R,'I,PS Statement nuwber 
marker. Precedes all 
unlabelled statements 

R,T,PS Marker which precedes 
a second file state
rrent (See Appendix 
D. 8) 

SN3 PS Indicates the start 
of a second file 
statement which is 
concern~d with ini
tializing array, or 
structure, or string 
dope vectors. Siwi-
1ar to SN2 (Appendix 
D.8) except that 
there is no associa~
ed entry 

S)JAP' 'I 

STATIC R 

STERLING R 
DECIMAL REAL 

STOP H,T 

'Irip1e which indi
cates the end of a 
snap list 

Replaces the keyword 
STATIC 

~~rker which preC€dES 
a sterling decimdl 
constant 

Replaces the keyword 
8'rop 
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STREAM 

STRING 

STRING' 

STRINGRANGE 

SUB 

SUBSCRI P'1' 

SUBSCRIPT' 

SUBSCRIPT
:RANGE 

SYSTEM 

SYSTEM' 

TASK 

'IHEN 

TITLE 

TO 

404 

R 

R,T 

T 

R 

R 

R,T 

T 

R 

R,T 

T 

R,T 

R,T 

R, '1' 

'1' 

H,T 

Replaces 
STREAM 

keyword 

Replaces the keyword 
STRING 

Triple indicating the 
end of a string list 
used with list 
directed I/O 

Replaces the keyword 
STRINGRANGE 

Replaces the keyword 
SUB used in iSUB 
DEFINING marker 
preceding a BIT 

Marker which precedes 
the parenthesized 
subscript list of an 
array 

Triple indicating the 
end of a subscript 
list 

Replaces keyword SuB
SCRIPTRANGE 

Replaces the keyword 
SYSTEM 

Triple which 
cates the end 
system list 

indi
of a 

Replaces the keyword 
TASK 

Replaces the keyword 
THEN 

Replaces the keyword 
TITLE 

Triple indicating a 
temporary expression 
result 

Marker 
in the 

replacing 
iterative 

statement 

TO 
DO 

TO' T 

TRANSMIT 

UNBUFFERED R 

UNDEFINEDFILE R 

UNDERFLOW R 

UNLOCK R,T 

UPDATE R 

USES 

USNG PS 

USSL PS 

VARYING R 

WHILE k.,T 

WHIL.2' 1 

WRITE 

x R,T 

ZERODIVIDE R 

Triple which indi
cates the end of a TO 
expression 

Replaces the keyword 
T~~ANSMI'I 

Replaces the keyword 
UNBUFFERED 

Replaces the keyword 
UNDEFINEDFILE 

Replaces keyword 
UNDERFLOw 

Replaces the keyword 
UNLOCK 

Replaces keyword 
UPDATE 

Replaces the keyword 
USES 

Indicates 
sence of an 
register 

the pre
assigned 

Indicates a list of 
syrrbolic registers 
which need not be 
saved on branch and 
branch and link 
instructions 

Replaces the keyword 
VARYING 

Replaces the keyword 
WHILE 

Triple which indi
cates the end of a 
wHILE ex[ression 

Replaces the keywozd 
\lVRITE 

Spacing format item 

Replaces the keywcrd 
ZERODIVIDE 



The (p) Compiler requires main storage 
for the following purposes : 

Compiler processing phases 

Print buffers 

Compiler control routines 

Dictionary area 

'Iext area 

Input/Output buffers 

Input/Output routines (DSAM) 

The main storage required by each pnase 
of the compiler need be contiguous only for 
each control section. 

During the read-in phases a minimum of 
two dictionary blocks and two text blocks 
are available in storage simultaneously. 

During the rest of the compilation four 
dictionary blocks and four text blocks are 
available in storage simultaneously. 

The dictionary and text block size is 
chosen according to the amount of main 

storage available to the corrpiler. The 
SIZE option, in~erpreted at invoca~icn 
time, provides the value used to deterroine 
the block size. A table contained in Phase 
AB is searched, using the SIZ~ option as an 
argument. Wh~n the correct Entry is found, 
the clock size is extract0d. 

The first table shows the relationship 
between the compiler requirements and the 
text and dictionary block siz~s. ~he sec
ond table details the storage allocation in 
each environment. 

r-----------T---------------T-------------, 
I Environment IDictionary/TExt I Compiler 1 
I I Block Size ,Requirements I 
~-----------+---------------+-------------~ 
, A I 1K I 44K 56K I 
I B , 2K I 56K - 72K 1 
1 C I 4K I 72K - 132K I 
I D 1 8K 1 132K - 168K 1 
I E I 16K 1 168K 1 
L ___________ L _______________ L _____________ J 

r----------------------T------------------------------T-------------------------------, 
I I DURING READ-IN PHASE 1 AFTER READ-IN PHASE I 
I ~---.---------------------------+-------------------------------~ 
1 storage Allocation 1 ENVIRONMENT 1 ENVIRONMENT 1 
1 I I 1 1 I I I 1 , 1 I 

1 I A I B I C I DIE I A I E I C , DIE 1 

~----------------------+-----+-----+-----+-----+------+-----+-----+-----+------+------~ 
OS Dynamic Storage I I I I 

TIOT 
SPIE 
LOAD 

1 I I 1 
I 228 2281 228 228 2281 228 228 228 228 2281 
I 32 321 32 32 321 32 32 32 32 321 
1 40 401 40 40 401 40 40 40 40 401 
I I 1 I 

Os Temporary Storage I I I I 
J 1 1 1 

End of Volume 1 800 8001 800 800 8001 800 800 800 800 BOOt 
Data Management 1 4894 48941 4894 4894 48941 4894 4894 4894 4894 48941 
Compiler Control 112266 12266112266 12266 12266112266 12266 12266 12266 122661 
Phase Area 116384 16384j16384 16384 16384112288 12288 12288 12288 122881 
Text Area , 2048 8192116384 32768 655361 4096 8192 16384 32768 655361 
Dictionary Area 1 2048 8192116384J32768 655361 4096 8192 16384 32768 655361 
Scratch Storage 1 4096 40961 40961 4096 40961 4096 4096 4096 4096 40961 
I/O Buffers 1 1538 15381 15381 1538 15381 1538 1538 1538 1538 15381 

~---~------------------+-----+-----+-----+-----+------+-----+-----+-----+------+------~ 
1 TOTALS 14437415666217303810581411713401443741525661689501101718116725 4 1 L ______________________ L _____ ~ _____ ~ _____ L _____ L ______ ~ _____ ~ _____ L _____ L ______ L ______ J 
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Initially, four text and four dictionary 
blocks are allocated to the compiler (two 
each are allocated when only 44K bytes of 
storage are available to the compiler. 
This is then expanded to four of each at 
the end of the read-in phase). If the text 
and/or dictionary expands to -fill these 

406 

blocks, more main storage is allocated as 
blocks. This process continues until the 
£Ell.L.E2i:!}.5: is reached (i.e., until all tOne 
main storage available to the compiler has 
been used). If still more rrain storage is 
required, the spill file (SYSUT1) is 
opened, and blocks are written out. 



The communications region is an area 
specified by the control routines, and used 
to communicate necessary information 
between the various phases of the compiler. 
The communications region is resident in 
the first dictionary block throughout the 
compilation. 

Entry to the various compiler control 
routines is via a transfer vector. Details 
of the transfer vector and the organization 
of the communications region a~pear in this 
Appendix. 

Note: The use of the com~unications region 
during compile-time processing is 
described in Appendix J. 

Hex. 
Ofi.§et 

8 

C 

10 

14 

18 

lC 

20 

24 

28 

2C 

30 

ZUPL 

ZURD 

ZUGC 

ZUTXTC 

ZURC 

ZABORT 

ZLOADW 

ZDICAB 

ZDICRF 

ZUERR 

Print a line 

Read a card 

Get scratch storage 

Get text tlock 

Release scratch storage 

Dump and go to error 
message routines 

Load and return to cal
ler 

Make dictionary entry. 
Absolute address 
returned 

Make dictionary entry. 
Dictionary reference 
returned 

Make error message entry 

34 ZDRFAB 

38 ZLOAm~ 

3C 

40 ,t{EQEST 

44 l{E.LESE 

48 .KLSCTL 

4C ZDUMP 

50 zrrXTRF 

54 Z'l.XTAB 

58 ZCHAIN 

5C ZAL'I'BR 

60 ZDABRF 

64 ZNALRF 

68 ZNALDE 

6C ZEND 

70 ZULF 

74 ZUSP 

78 ZUBW 

80 RLSCTLX 

Convert dictionary ref
er~nce to absolutE 
address 

Load with ov~rlay and 
return to caller 

Give a list of phase 
namES required or not 
wanted for this compila
tion 

Releas~ all naffiEd phases 

Release all named phases 
and pass to next phase 

Dumr specifie0 core and 
continue 

Convert abselute address 
to text reference 

Convert text refere~ce 

to absolut~ address 

Find next block in chain 

change text block status 

Convert abselute address 
to dictionary referenc~ 

Not aligned 
entry. 
returned 

dictionary 
Heference 

Not aligned dictionary 
entry. Absolute address 
returned 

Terrrinate job 

Write on load file 

Write on punch 

write on backing store 

Release all named phases 
and hand central ~o the 
next phase, after having 
loaded it with overlay 
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These tables give the followinq information for each location of th~ corrmuni
cations region: name of locatIon; offset (i.e., relative address); use (i.e., 
stages of compilation during which the location is in use); and a descriFtion of 
the contents. Certain locations are used in one capacity during part of the 
compilation, and then re-usea in a different capacity during another part of the 
compilation. In these cases# one location will have two table entries: details of 
alternative usage appear in the columns headed Narre2, Use 21 etc. 



.Table 1. Communications Region 
r--------T--------------T----------------T---------------------------------------, 
I Name 10ffset (Dec.) I Use I Description I 
.--------+--------------+----------------+---------------------------------------~ 

SAVEO I 0 I ALL PHASES Register 5av~ area 
SAVEl ISAVEO+4 I ALL PHASES Register save area 
SAVE2 ISAVEO+8 ETC. I ALL PHASES Register save area 

SAV.1:,15 
ZTV 
ZTRANl 
ZTRAN2 

I • I 
I . I 
I . I 
i . I 
ISAVEO+60 I 
! 64 I 
I 68 I 
IZTHAN1+Q I 

PH]\~3ES 

PHASES 
PHI~EiES 

PHh~)ES 

Register sQve area 
Control phase Lase 
External to internal translate table 

ZNXTD I 76 I 

l'~LL 

ALL 
ALL 
ALL 
ALL 
ALL 

PHASES 
PHAEiES 

Internal to external translate table 
Next available dictionary location 

ZERRD 
ZEBRS 
ZERRW 
ZERRC 
ZDNXT 
ZSNXT 
ZWNXT 
ZCNXT 
ZIvJYNAM 

DIC'IP 
ZCNCHrt 

ZPROCH 
ZSTAT 
PA.kl 
PAR2 

PAR8 
CORLFT 
I.KNAME 

ZOBSAD 
,]~EmJSW 

OFDNAM 
SPLNAM 

ZOBNUM 
SCNOP 
E:CCNF 
ZDROLF 
P,REA 

ZM91 
PERRSW 
BEI{SW 
IOERSW 
ZPAG.E; 
ZLINE 
ZOPT 

PARMLEN 

1VJ.AXFON 

80 I 
ZERRD+4 I ALL PHASES 

PHASES 
First locations of error chaiLs 

ZERRD+8 ALL 
ZERrtD+12 ALL PHASES 

PHASES 
PHASES 

ZERRD+16 
ZDNXT+4 
ZDNXT+8 
ZDNXT+12 

112 

116 
118 

120 
124 
12? 

PAR1+4 

PAR1+28 
160 

172 
176 

178 
180 

182 
184 
185 
186 
187 

188 
189 
190 
191 
1.92 
194 
1.96 

197 

1.98 

ETC. 

]I.LL 
ALL 
ALL 

Current ends of error chains 
PHASES 

ALL PHASES 
ALL PHASES Name of last phase entered 

ALL PHASES 
ALL PHASES Source coluwl1 cont:aining control 

character 
ALL PHASES Chain of created. procedures 

I 
I 
I 
I 
I 

ALL 
ALL 
ALL 

PBAS}~S 

PW\SES 
PHASES 

I ALL PHASES 
I ALL PJ::IASES 
I PHASE VE 
I 
I ALL PHASES 
I A.LL 
I 
I ALL PHI-\SES 

Current statement number 
Parameter word 1 
Parameter word 2 

Parameter word 8 
Amount of core left for compilation 
Member name of module produced by 
compilation 
Address of overflow block 
Compilation terminating switch 

I ALL PHASES Name of phase jn control when 
I spill file is opened 
I ALL PHASES Overflow block number 
I ALL PHASES Phase directory scan switch 
I ALL PHASES On if in sEcond half of compiler 
I ALL PHASFS Overlay s~itch 
I ALL PHASES Code word for dummy routines 
I (phase AD) 
I ALL ?HASES (used for ~odel 91 syste~s) 
I ALL PHASES Print error switch 
I ALL PHASES *process error byte 
I ALL PHASES I/O error switch 
I ALL PHASES Number of lines in page 
I ALL PHASES Number of characters in a line 
I ALL PHASES Code word of loading of optirrizing 
I pbasEs 
I ALL PHASES Length of options field in * - process 
I card 
I ALL PHl~SES Number of offset slots in a dlctionary 
I block 

I ZDICTSP 200 I ALL PHASES Useful dictionary block size L ________ ~ ______________ ~ ________________ ~ _______________________________________ J 
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Table 1. Communications Region (cont'd) 
r--------T--------------T----------------T---------------------------------------, 
I Name IOffset (Dec.) I Use I Description I 
~--------+--------------+----------------+---------------------------------------~ 

ZNXTOF 204 I ALL PHASES Offset of next dictionary entry I 
FONOF 208 I ALL PHASES Offset of offset slots in dictionary i 

FSTDRF 

ERCODE 
MCSIZE 
CCCODE 
HDR 
TLR 
TRT 
ARINT 
BR2 
STARTX 
DICTSZ 
TXTSZ 
RDSIZE 
INCOD 
ARMASK 
LOCK 
ZNXTLC 
ZSHIFT 

ZMASK 
ZMASK1 
ZSOR 
ZMAG 
ZCOMr1 

212 

224 
228 
232 
236 
240 
244 
248 
252 
256 
260 
264 
268 
272 
273 
274 
276 
280 

284 
Zr-1ASK + 2 

288 
290 
304 

I block I 
I ALL PHASES Dictionary ref~rence of last dictionary 
I entry I 
I ALL PHASES Error message codes I 
I ALL PHASES M/CSIZE this run I 
I ALL PHASES Control card requests 
I ALL PHASES Address of phase directory 
I ALL PHASES Timer last read 
I ALL PHASES Total run time 
I ALL PHASES Arithm~tic interrupt 
I ALL PHASES Second base for control phase 
I ALL PHASES Start of tExt 
I ALL PHASES Dictionary block size 
I ALL PHASES Space available in text block 

ALL PHASES SIZE of read area 
ALL PHASES Interrupt code 
ALL PHASES ArithmEtic error mask 
ALL PHASES Dictionary lock slot 
ALL PHASES End of cur~ent text 
ALL PHASES Number of tits in dictionary reference 

ALL 
ALL 
ALL 
ALL 
ALL 

PHASES 
PHASES 
PHASES 
PHASE'S 
PHASES 

offset 
Mask to remove block numbers 
Mask to remove offset 
Input record source 
Input record margin 

--------~--------------~ ________________ ~ _______________________________________ J 
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.Table 2. Communications Region 
r------T--------T---------------------T--------------T------T-------------T--------------, 
I I Dec. I Use I I I Use2 I I 
I Name I Offset ~----------T----------i Description INam€'2 ~------T------i Description2 I 
I I I start I End I I I Start I End I I 
l·------+--------+----------+----------+--------------+------+------+------+--------------~ 
IZCALLCIZCOMM+ 0 Read in IBCD to IStart of CALL I I I 
I I Diet. Ref. I chain I I I 
IZLABTBI + 4 Read in Initial IStart of label I I 
I I I chain I I 

IIZATTID +8 ,Pointer to ZPCOP I I 
II I attribute I I 
I I tidy-up area I I 

ZALLCH +12 Read in ALLOCATE +IStart of I I 
Attribute IALLOCATE chain I I 

ZFLAG1 
ZFLAG2 
ZFLAG3 
ZFLP .. G4 
ZFLAG5 

+16 
+17 
+18 
+19 
+20 

Read in DictionarylFlag Dytes, I I 
mainly used I I 
for optional I I 
phase marking I I 
(See Table 3 ZSYSOTIPseudo ~seudo Dict. kef. I 
of this appen- Icode code SYSOUT I 
dix) I I 

UNUSED +21 I I 
TO 

+23 
+24 PD 

I I 

ZSCRC:n 
I 
I 
I 

UNUSED 1 
1 
I 

ZHASH I 

ZFATTB 

ZCDlf.1C 

Z2FILE 

I 
I 
I 

I 
+251 

TOI 
+271 
+28lDictionary 

PL Address of 
scratch core 
kept across 
phases 

Dictionary Start of hash ZINCL Pc. 
table 

+32 Not used in first half ZE~TF,3 Final 
I I 

+36 DictionarYIDeclare IStart of fact- ZLCONSIStrge 
Ipass 2 lored attribute ZEOCS I 
I I I 

+40 DictionarYIPre- IStart constant ZSMREGITranS-
Itranslator dimension Ilator 

+44 DictionarYIEnd Start of I 
I second file I 

I 
End I INCLUDE card 

Irointer 
ASsy. l.Assigned 

loffset table 
Allee ILast constant 

lin S'IATIC. 
I End ef STNrrc 

pseudo Current syrn
cede telie register 

ZDLFST +48 Dictionarylstorage Defined ZFSTEXlstrge End IT irst external 
lallocator storage area lalloc 

ZDCBLD +52 DictionarYIDictionary Dictionary ZPRSIZIFinal ASsy. 
build area I 

ZMPSTK +56 Dictionary Translator Prograw map ZSIcSZIFinal Assy. 
stack I 

item 
SizE: of com
£:iIf'd proyram 
S'INI Ie 
INTERNAL size 

ZUPIC +60 Dictionary Picture Start of ZSTALCIFinal Assy. Storage loc-
processor picture chain I ation counter 

ZPROC1 +64 Dictionary End Start of entry I 
type 1 chain I 

ZSTACH +68 Dictionary End Start of STAT- I 
IC chain (6) I 

ZVDIMC +74 Dictionary TranslatorlStart of vari- I 
I I able dimension I 
I Ichain I 
IZCONCH +78lDictionary ALLOCATE IStart of con- I 
I I Istants chain I 
IZDEFCH +80lDictionary DictionarylChain of ZCITEMIPre End Chain of CGN-
I I Idefined items Itrans. TRCLLED iterrs 
IZLIKCH +82lDictionary DictionarylChain of LIKE IZEQ~AXIPseudo End Max. label 
I I I i terns I I code I nurrber 
IZPOLCH +84lDictionary DictionarylChain of POOL I j I 
I I I items I I I l ______ ~ ________ ~ __________ ~ __________ ~ ______________ L ______ L ______ L ______ L _____________ _ 

I 
I 
I 
I 
I 
I 
I 
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Table 2. Communications Region (cont'd) 
r------T--------T---------------------T--------------T------T------------T--------------, 
I I Dec. I USE' I I USE 2 I I 
I Name I Offset t----------T----------~ Description IName2 t------T-----~ Description 2 j 
, I I Start I End I I I Start I End I I 
t------+--------+----------+----------+--------------+------+------+-----+--------------~ 

I IZCOBOL ZCOMM+86 GB JI Head of COBOL I I 
II structure I I 
II chain I 

IZDCOM1 ZCOMM+86 Dictionary Dictionary Latest I 
I dict. ref. I 
IZDCOM2 +90 Dictionary Dictionary Flags for dic-I 
I tionary build I 
I interface I 
I (8 bytes> I 

IIZDSA ZCOMM+94 FA UD riead of STATIC I 
I I DSA chain I 
IIZCPOFF ZCOMM PD UA Offse~ of I 
I I +100 first I 
II constants pool I 
II within static I 
II I internal. I l ______ ~ ________ ~ __________ ~ __________ ~ ______________ ~ ______ ~______ _ ____ ~ ______________ J 

I~QTE: Bytes ZCOMM+60 to ZCOMM+332 are used internally wi~hin the Read-in phase and cannot 
I be assumed to be zero at exit from that phase. 
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.Table 3. Communications Region. Bit Usage in ZFLAGS 
r--------T----------T-------T----------T------------------------------------------------, 

f II BYTE I OFFSET I BIT I BIT NAME. I DESCRIPTION I 
II NAME I I (HEX) I I Bits are set on, on encountering: - I 
I ~---------+----------+-------+----------+------------------------------------------------~ 
I I ZFLAG1 I ZCOMM+16 I 80 I ZDEFFL DEFINED attrihute I 
II I 40 I ZAWAFL ALLOCATE statement I 
II I 20 I ZSECFL Secona File stat:.t"ment I 
II I 10 I ZDIMFL Dimension attriLutE: I 
I I I 08 ZCHKFL CHECK/NOCHECK prEfix I 
II I 04 ZONFL ON, SIGNAL or REVERT statement I 
I I I 02 ZSTRF'L Structure I 
I I I 01 ZDECFL DECLARE statement I 
I I I 

III ZFLAG2 +17 I 80 ZLII<:FL LIK.b attribut,e I 
I i I 40 ZINTST STATIC INITIAL I 
I I I 20 ZQ,PCFL OPEN/CLOSE staten'ent I 
I I 10 ZGTPFL GET/PUT statement I 
I I 08 ZGOTFL GO TO statement I 
I I 04 ZTEPFL TASK/EVENT/PRIORITY ofticns, ~EPLY statement I 
I I 02 ZPICFL PICTURE attribute/format item I 
I I 01 ZISBFL i8Ufl defining I 

I I 
ZFLAG3 +18 I 80 ZCONTG PACKED(NONSTRING) attrioute I 

I 40 ZSETFL SETS attribute I 
I 20 ZOSSFL DELAY, DISPLAY, WAIT statem~nt I 
I 10 ZARGFL Arguroent list I 
I 08 ZINLFL INITIAL Label I 
I 04 ZDIOFL DATA directed I/O I 
I 02 ZRECIO RECORD I/O 
I 01 ZINTAC AUTO/CTL initialization 
I 

ZFLAG4 +191 80 ZFREE FREE statement 
I 40 STM256 More than 256 statements 
I 20 FILEFL Files present 
I 10 SPARE 
I 08 ZPUTFL PUT D~TA 
I 04 ZGETFL GET DATA 
I 02 ZPTRFL Pointer Qualifier 
I 01 ZRODFL STATIC DS? Fntry 
I 

I ZFLAG5 +20 I 80 ZFTASK TASK/EVENT/PRIO~lTY option on a CALL 
I I statement 
II I L~O spare 
II I TO 
II I I 01 I I I L ________ .L __________ L _______ L __________ L ________________________________________________ J 
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APPENDIX G: SYSTEM GENERATIO~ 

For full details of the system genera
tion process, see 19~_Syst~~£}~Q_-2E~E~~i~9 
system: system_Gen~E~!i2~, Form C28-6554. 

During the system generation process, a 
control section named IEMAF is assembled 
(see Figure 13) containing a table consist
ing of five fixed-point values aligned on 
full-word boundaries, immediately followed 
by a bit string field that is twelve bytes 
in length. The five fixed-point values are 
related to the coropiler options LINECNT, 
SIZE, SORMGIN (start), SORMGIN (end), and 
CONTROL COLUMN (PAGECTL), respectively. 
Bits 1 to 39, and 43 to 46 in the string 
are used to specify the default status of 
the options. Bits 47 to 91 in the string 
are used to specify if an option keyword is 
to be deleted or not. A "1" in the bit 
string means "yes" and a "0" means "no". 
The remaining bits in the string are spare 
bits not currently in use. Figure 14 shows 
the bit identification tal::le associat.ed 
with the control section. 

r---------------------------------------------~----------------------, 
IEMAF START I 

I 
DC F'60' I 

I 
DC F'99999' I 

I 
DC F' 2' I 

I 
DC F'72' I 

I 
DC F'O' I 

r---------------------------------------------------~ 
DC B' 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ' DEFAULT I 

I I 
DC B'IO 0 000 000 0 0 0 0 0 000 ' SWITCHES I 

I r----------------------~ 
DC B' 10 0 0 0 0 0 0 0 0 0 0 0 0 010 0 ' DELETE I 

~----------------------------J I 
DC B'IO 0 0 0 0 0 0 0 000 0 0 000 ' SWITCriES I 

I r--------------~ 
DC B'IO 000 0 000 0 0 0 0 0 000' I SPARE.. I 

I r------------- J I 
DC B' 10 0 0 0 0 0 0 0 0 0 010.0 0 0 0' SWITCHES I L ______________________ ~ _____________________ ~ ______ ~ 

L ____________________________________________________________________ J 

.Figure 13. The IEMAF Control Section 
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r---T---------------T---T-------------------------T---T------------------, 
IBitl Parameter IBitl Parameter IBitl Parameter I 
~---+----.-----------+---+-------------------------+---+------------------~ 

1 ATR 32 I OPLIST 65 DELET~=NOXREF 
2 NOATR 33 I NCCPLIST 66 DELE1E=SOURCE 
3 BCD 34 I STMT 67 DELETE=NOSCURCE 
4 EBCDIC 35 I NOSTMT 68 DELETE=SOURCE2 
5 CHAR60 36 I MACRO (; 9 DFT,F:TE=NOSCURCE2 
6 CHAR48 37 NCMACRO 70 DELETE=OPT 
7 DECK 38 N~ST 71 DELLTE=LINECNT 
8 NODECK 39 NONEST 72 DELETE=LINELNG 
9 EXTREF 40 Not used 73 DELS~E=SIZE 

10 NOEXTREF 41 Not used 74 DELE~E=SORMGIN 
11 FLAGW 42 Not used 75 DELETE=DUMP 
12 FLAGE 43 COMP 76 DELETE=STMT 
13 FLAGS 44 NCCOMP 77 DELETE-NOSTMT 
14 LIST 45 LIBRARY OPTION, RLAL 78 DELETE=MACRC 
15 NOLIST 46 LIBRARY OPTION, COMPLEX 79 DELETE=NOMACRO 
16 LOAD 47 DELETE=ATR 80 DELETE=COMP 
17 NOLOAD 48 DELETE=NOATR 81 DELETE=NOCOMP 
18 XREF 49 DELETE=BCD 82 Used for ModEl 
19 NOXREF 50 DELETE=EBCDIC 91 syst~ms 
20 SOURCE 51 I DELETE=CHAR60 83 Used for Model 
21 NOSOURCE 52 ~ DELETE=CHAR48 91 syst~ms 
22 SOURCE2 53 ! DELETE=DECK 84 DFLETE=PAGEC~L 
23 NOSOURCE2 54 i DELETE=NODECK 85 DELETE=MACDCN 
24 OPT=O 55 I DELETE=EXTREF 8E DELE~E=NOMACDK 

25 OPT=1 56 ~ DELETE=NOEXTREF 87 DELET~=~XTDIC 
26 Used for Model 57 I DELETE=FLAGW 88 DELbTE=NOEXTLIC 

91 systems 58 I DELETE=FLAGE 89 DELETE=OPLIST 
27 Used for Model 59 I DELLTE=FLAGS 90 DELETE=NCOPLIST 

91 systems 60 I DELETE=LIST 91 DELETE=NES~ 
28 MACDCK 161 1 DELETE=NOLIST 92 0ELETE=NCNEST 
29 NOMACDCK 162 I DELETE=LOAD bits 93-96 
30 EXTDIC 163 I GELETE=NOLOAD not useu 
31 NOEXTDIC 164 I DELETE=XREF I L ___ ~ _______________ ~ ___ ~ _________________________ ~ ___ ~ __________________ J 

.Figure 14. Bit Identification Table 
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A 

The mechanism of dynamic storage manage
ment is described in the puclication !~~ 
§ystem/l~~Q£er~ii~g __ §yst~~ __ E~{I __ biQ~~~Y 
RrogE~~_.!:2.9i.~MaD~2;1.L Forw Z28-6591 

P~rt of the code required to implement 
the storage management is generated as 
prologue and epilogue code by the compiler. 
This Appendix contains annotated examples 
of prologues and epilogues for PROCEDURE, 
BEGIN, and ON blocks. 

PROLOGUES AND EPILOGUES 

Example in PL/I 

A:I: PROCEDURE(X,Y); 
DECLARE Y CONTROLLED; 

ON OVERFLOW C=O; 

B: BEGIN; 

END; 

AB:IJK: ENTRY(Y,Z) 

RETURN (EXPRESSION) 

END; 

BC 15,16, (0,15) 
DC Al1(1) 
DC CIA' 

BRANCH ROUND FOLLOWING CONSTAN~S 
LBNGTH OF BCD 
BCD OF ENTRY POINT 

SIZDSA DC F' SIZE OF DSA' 
STATIC DC 

STM 

* LR 
BAL 
MVI 

* 
* 
* BC 

416 

A(STATIC CONTROL 
SECTION) 
14,11,12, (13) 

10,15 
8,GETDSA(0,10) 
SWITC.i-l(13),X'Xl' 

15,COPRAM1(0,10) 

ADDRESS OF STATIC iNTERNAL CONTROL SECTICN 
(ONLY COMPILED FOR EXTERNAL AND eN PROLOGUES) 
SAVE STANDARD REGISTERS IN SAVE AREA OF 
CALLER'S DSA 
SET UP FIRST PROLOGUE bASE 
CALL ROUTINE TO GE~ DSA 
INSERT RETURN (EXPRESSION) SWITCh 
(ONLY COMPILED IF THE~£ IS A RETURN (EXP) 
AND THE ENTRY LABELS HAVE DIFFERENT DATA 
AT'l'PIEUTES) 
BRANCH TO COPY OVER PARAMETERS 



r I 

ADPRIl'-'~ 

* 

GETDSA 

* 

* 
* 

LOOP 

IP 
COPRAtJ:l 

* 
I * 
I ~m1MON 
I * 
I 

* 

***** 
* 
* 
* 
* 
* 

* 
***** 

* 

* 
* 

BC 
DC 
DC 
DC 
STM 

L 
LA 
L 

L 
L 

EALH 
LR 
LA 
SR 
A 
ST 
LA 
BCT 
BCR 
HVI 
L 
ST 
L 
LA 
SH 
LH 
ST 
L 
ST 
L 

BAL 
BCR 

,MVI 

BALR 
:LA 

ST 

15,10(0,15) 
AL1(1) 
eli' 
A(A) 
14,11,12(13) 

10,ADPRltJ:(O,15) 
8,IP(0,10) 
1.1, S'IATIC (0,10) 

0,SIZDSA(O,10) 
15,32, (0,11) 

14,15 
14,13 
0,7,(0,0) 
15,15 
14,0(0,11) 
14,ADVEC+4(15,13) 
15,4(0,15) 
0,LOOP(O,10) 
15,8 
SWITCH(13),X'X2' 
14,0(0,1) 
14,X(0,13) 
14,4(0,1) 
0,10(0,0) 
14,0 
14,0(0,14) 
14,Y(0,13) 
14,8(0,1) 
14,TARGET(0,13) 
lO,A •• • A(O,ll) 

8 , COl-1MON ( 0 I 10) 
15,10 

96(13),X'aO' 

10,0 
9,ADDAREACO,13) 

9 f ADVEC(Ov 13 ) 

BrlANCH ROUND FOLLOWING CONSTANTS 
LENGTh OF BCD 
BCD OF ENTRY POINT 
FIRST PROLOGUE BASE ADDRESJ 
SAVE STANDARD REGISTERS IN SAV~ AREA OF 
CALLER'S DSA 
S£T UP FIRST PROLOGUE EASE 
SET RETURN REGISTER 
SLT UP STATIC DATA POINTE~ (ONLY IN 
EXTERNAL PROCEDURES AND ON PRCLOGUES) 
GHO=SIZE OF DSA 
LOAD GR15 WITH ENTRY POINT OF IHESADA 
(UNLESS DSA IS IN STAT1C, wHEN ENTRY POINT OF 
COMPILER'S 'GET DSA' HOUTINE ~ILL BE LOAD~D) 
CALL ROUTINE TO GET A NEW DSA 
POINT GR14 AT NEW DSA 
SET LOOPING VALUE = 7 
CLEAR INDEXING REGISTbR 
BUMP GR14 BY 4096 
STORE GR14 IN ADDRESSING VECTOR 
BUMP INDEX REGISTEk 

B~ANCH ON RETURN REGISTER 
INSERT RETURN (EXP) SWITCH 
PICK UP FIRST ARGUMENT ADDRESS AND 
STORE IN A IN DSA 
PICK UP SECOND ARGUMEN~ ADDRESS 

POINT GR14 AT PSEUDO-REGISTER OFFSET OF 
AHGUMENT AND PICK IT UP 
S~ORE OFFSET IN Y IN DBA 
PICK UP ADDRESS OF TAHGE~ FIEL~ 
AND'STORE IN DSA 
LOAD GR10 FROM ~RANSFLH VECTOR SLOT 
FOR ENTRY POINT A IN STATIC. 
B~ANCH AND LINK TO COMMON PROLOGUE 
BHANCH 10 THE APPARENT ENTRY POINT 
FOH A 
SET DSA TASKING FLAG (ONLt COMPILED 
IF TASKING IN COMPILATION) 
SET UP COMMON PROLOGUE BASE 
SET GR9 TO POINT ~c ADDRESSING AREA 
AT END OF DSA 
AND STORE IN ADDRESSING VECTOR. 

THE FOLLOWING CODE APPEARS 
ONLY IN THE CASE OF RECURSIVE PROCEDURES 

L 1 L~ , PR ••• A (12 ) LOAD GR14 WITcl THE CURkENT DISPLAY 
VALUE E'OR A 

l3T 14,92(0,13) STORE IN DISPLAY UPDATE, IN DSA 
LA 14, PR ••• A (12) 
SR 14,12 G.t{14 -' OFFSET OF DISPLAY PSEUDO-REGISTER 
~3T 14,88(0,13) STORE IN DISPLAY UPDATE IN DSA 

INITIALIZE ON SLOTS (IF ANY) 
0(13),X'8F' IDENTIFY DSA. 

COpy SKELETON DOP~ VEC~ORS (IF ANY) FROM STATIC INTERNAL 
eON~ROL SECTION TO REAL DOPF VECTORS IN DSA. (THERE IS ALWAYS A 
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* 
* 
* 

* 
* 
* 

VDAl 

* 

* 
* 

VARl 

* 
* 
* 
* 
* 
* 
VAR2 

* VDA2 

AB 

* 

* 
* 

SKELETON FOR A REAL DO FE VECTOR), AND R~LOCATE THE ADDRESSES WITH THE 
ADDRESS OF THE DSA FOR THOSE DOPE VECTOaS REFERRING TO VARIABLES 
IN THE DSA. 

FOR EACH VDA (VARIABLE DATA AREA) REQUIRED BY THE 
PROCEDURE THE CODE BETWEEN THE LABELS VDAl AND VDA2 IS 
GENERATED 

SR 
SR 

7,7 
0,0 

CLEAR STORAGE ACCUMULATOR ACl 
CLEAR SECONDARY DOPE VLCTOR STOWAGE 
ACCUMULATOR AC2 

FOR EACH VARIABLE IN THE VDA, THE FOLLO~ING CODE IS 
GENERATED (BETWEEN LABELS VARl AND VAR2). 

EVALUATE EXTENT EXPRESSIONS (DIMENSIONS AND STRING LENGTHS) AND 
STORE RESULTS IN DOPE VECTOR IN DSA. 
ALIGN ACCUMULATOR ACl ON CORRECT BOUNDARY FOR VARIABLE 
BUMP ACCUMULATOR AC2 BY SIZE OF SECONDARY DOPJ~ VECTOR (IF VARIABLE 
IS DIMENSIONED AND VARYING). 
RELOCATE ADDRESS IN VARIABLES DOPE VLCTOR RELATIVE TO START OF 
VDA. 
BUMP ACCUMULATOR ACl BY SIZE 
AR 0,7 
L 15,36(0,11) 
BALR 14,15 
LA 1,8(0,1) 
AR 7,1 
L 14,DV •. VAR(0,13) 
AR 14,1 
ST 14,DV •• VAR(O,13) 

OF STORAGE REQUIRED FOR VARIABLE 
ADD ACl AND AC2 
LOAD GR15 WITH ENTRY peINT IHESAD3 
GLT VDA 
BUMP VDA POINTER PAST FLAG AND CHAIN SLOTS 
POINT GR7 AT FIRST SECONDARY LOPE VECTOR. 
FOR EACH VARIABLE IN ~EGION, RELOCATE 
ADDRESS IN DOPE VECTOR. 

FOR EACH DIMENSIONED VARYING ITEM IN REGION, INITIALIZE 
SECONDARY DOPE V~CTORS. 
LA 10,PROCBASE 

BCR 
CNOP 
BC 
DC 
DC 
STM 
L 
BAL 

MVI 

BC 

15,8 
0,4 
15,8(0,15) 
AL1(2) 
C'AB' 
14,11,12(13) 
10,PROBAS(0,15) 
8,GETDSA(10) 

SWITCH(13),X'X3' 

SET UP PROCEDURE BASE 
CODE (IF ANY) TO SET UP SOME ADDRESSI~G MECHANISMS IN E 
ADVANCE FOR USE IN PROCEDURE 
RETURN FROM COMMON PROLOGUL. 

BRANCH ROUND 8CD OF BNTRY POINT 

SAVE REGISTERS IN CALLLR'S SAV£ A~2A 
S~T UP FIRST PROLOGUB BASE 
BrtANCH AND LINK TO GET DSA AND TO SET 
UP ADDRESSING VECTOR 
SET UP RETURN (EXP) SWITCH IF THEhE IS 
R~TURN (EXP) AND DATA ATTRIBUTES OF 
ENTRY LABELS DIFFER 

IJK BC 
15,COPRAM2(0,8) 
15,12(0,15) 
AL1(3) 

BdANCH TO COPY OVER PARAME~Eas 
BRANCH ROUND FOLLOWING CONSTANTS 
LENGTH OF BCD DC 

DC 
PROBAS DC 

* 

STM 
L 
BAL 

MVI 
COPRAr-~2 L 

LA 

418 

C'IJK' 
A(A) 
14,11,12(13) 
10,PROBAS(O,lS) 
8, GETDS.Z\ (0,10) 

SWITCH(13),X'X4' 
14,0(0,1) 
0,10(0,0) 

BCD OF ENTRY POINT 
FIRST PROLOGUE BASE 
SAVE REGISTERS IN CALLEq'S SAVE AR~A 
SET UP FIRST FROLOGUE rAS~ 

BRANCH TO GET DSA A~L SET UP 
ADDRESSING VECTOR 
SET RETURN (EXP) SWITCh 
PICK UP FIRST ARGUMENT ADDRESS 



* 

* 

* 
* 

LOOP 

COMMON 

* 
* 
ONSTART 

* 

* 
B 

LOOP 

SR 14,0 
LH 14,O{O,14) PICK UP PSEUDO- REGI,s'I .t':;t\ OFFSE'l OF 
S'r 14,Y{O,13) ARGUfvjENT AND STORE IN DSA. 
L 14,4{O,1) PICK UP ADDRESS OF SECOND }\RGCMENT 
ST 14,ZCO,13) AND STO:RE IN Z 
L 14,8(0,1) PICK UP ADD:qESS OF TAli.GE'I FIEL:J 
ST 14,TARGET{O,13) A.ND STORE IN .oSl-\ 
L, 10,A ••• ACO f ll) LOAD GRI0 WITH ADDRESS OF .FIRST BY'I'E 

0.1" PROCEDURE 
BAL 8,COMMONCO,10) BRANCH AND LINK TO COlvJ.fv:ON PROLOGUE 
BC 15,AE ••• AB(0,10) BHANCH TO APPARENT ENTRY POIN'i Ai" 
TIUS IS THE APPI~RENT ENTRY POINT OF A. 

THE FOLLOWING IS AN ON aLOCK PROLOGUE WHICH IS CO~PIlFD FOR ALL 
ON BLOCKS EXCEPT IF BLOCK SPECIFIES SYSTEM 

8']:1-1 
LR 

14,11,12(13) 
10,15 

L 11,STATIC(0,10) 
L 15,32(0,11) 
L 0,SIZDSA(0,10) 
BALR 14,15 
LR 14,13 
LA 0,7(0,0) 
SR 15,15 
A 14,0(0,11) 
ST 14,ADVEC+4{15,13) 
LA 15,4(0,15) 
BCT 0,LOOP{0,10) 
BC 15,COMMON(0~10) 
DC F'SIZE OF DSA' 

SAVE REGISTERS 
SET PROLOGUE BASE 

SET UP STATIC INTERNAL DATA POINTEH 
LOAD GR15 WITH ADDRESS OF IHESADA 
LOAD GRO WITH SIZE OF DSA 
CALL IHESADA TO GET A DSA 

SET UP ADDRESSING VEC'IOR IN 
DSA 

BRANCH TO INITIALIZE DSA 

DC A{STATIC INTERNAL CONTROL SECTION) 
BA:LR 10,0 
CODE IS GENERATED HERE FOLLOWING SAME PATTERN 
A BEGIN PROLOGUE (SEE BELOW) COMMON SECTION. 

AS FOf~ 

LA 10,ONSTART 

EPILOGUE FOR AN ON BLOCK 
L 15,IHESAFA{O,11) 
BALR 14,15 

PROLOGUE FOR A BEGIN BLOCK 
LA 
BALR 
CNOP 
STM 
BALR 
L 
L 
BALR 
LR 
LA 
SR 
A 
ST 
LA 
BCT 
BC 
DC 
LA 

14,BEND 
15,0 
0,4 
14,11,12(13) 
9,0 
15,32(0,11) 
0,SIZDSA(0,9) 
14,15 
14,13 
0,7(0,0) 
15,15 
14,0(0,11) 
14,ADVEC+4(15,13) 
15,4(0,15) 
0,LOOP(0,9) 
15,COMMON(0,9) 
F'SIZE OF DSA' 
9,ADDAREA(0,13) 

LOAD GR15 WITH ENTRY peINT TO EPILOGUE 
ROUTINE AND BRANCH AND LINK TO IT 

SET UP RETURN REGISTE~ 
SET UP ENTRY POINT ADD~ES8 

SAVE REGISTERS IN CONTAINING BLOCK'S DSA 
SET UP PROLOGUE BASE 
LOAD GR15 WITH ENTRY POINT TO IHESADA 

GET A DSA 

SET UP ADDRESSING VECTOR FOR DSA 

SET GRG TO POINT TO ADDRESSING AREA 
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* 
I * 
I * 

I * 

BEND 

* 
* 
* 
* 
* 
* 
* 

ST 9,ADVEC(0,13) AT END OF DSA AND STORE IN ADDRESSING 
Vl:!.C'TOR 

THE CODE GENERATED HERE IS THE SAME AS THAT FOR A PRCCEDURE PROLOGUE 
EXCEPT THAT A DIFFE~ENT CODE BYTE IS MOVED TO THE FIRST BYTE OF THE 
DSA; GR10 IS NOT RESET; AND THE BCR 15,8 IS NOT GENERATED. 

EPILOGUE OF A BEGIN BLOCK 
L 15,IHESAFA 
BALR 14,15 

LOAD GR15 WITH ENTRY POINT OF 
EPILOGUING ROUTINE AND CALL IT 

RETURN (EXP) STATEMENT EXAMINES THE LOCATION 'SWITCH' IN THE DSA 
SET BY THE PROLOGUE TO DETERMINE THB CONVERSION ~EQUIRED ON 
THE EXPRESSION. IT THEN ASSIGNS THE CONVERTED EXPRESSION TO 
THE TARGET FIELD FOR WHICH THE LOCATION 'TARGET', IN THE DSA, 
POINTS TO EITHER ITS DOPE VECTOR (IN THE CASE OF A STRING) 
OR THE STORAGE. ROUTINE IHESAFA IS THEN INVOKED. 
END STATEMENT (WHICH IS THE SAME AS A RETURN STATEMENT) 
L 15,IHESAFA 
BALR 14,15 

In compilations specifying OPT=l, if a 
PROC~DURE or BEGIN block has a DSA which 
requires less than 512 bytes of storage, 
such storage may, under certain conditions, 
be obtained from STATIC storaoe or froID 
library workspace. To obtain a~STATIC DSA, 
the block must satisfy these conditions: 

1. The block must not be re-entrant or 
recursive 

2. The block must not be nested (at any 
depth) within an ON block 

3. The block must not have the MAIN or 
TASK options 

A block which is ineligible for a STATIC 
DSA, and whose DSA will never be actlve 
when any new DSA is required, is allocated 
its DSA from library worksface. 

Each block requiring a DSA either in 
STATIC or in library workspace calls one of 
two compiled subroutines, instead of IHE
SAD, to allocate the storage. Either or 
both subroutines, if required, are compiled 
onto the end of the program, and are 
prefixed by the corrments 'STATIC PROLOGUE 
SUBROUTINE' and 'DYNAMIC PROLOGUE 
subroutine' respectively. Entry may be 
made to the STATIC prologue subroutine at 
one of several points. 

Any block using one of these prologue 
subroutines will also use a compiled Epilo
gue subroutine, which will be called for 
the END statement of the block, or for a 
RETURN statement without an expression. 

I(The same Epilogue subroutine serves both 
ISTATIC and library workspace DSps.) If 
Ithere is any core to be freed, the Epilogue 
Isubroutin~ will call IHESAFA. The Epilogue 
Isubroutine is also compiled onto the end of 
I the program, and always irrrrediately pre
Icedes the STATIC Prologue subroutine if 
Ithis is present. 

I The address of the Dynamic Prologue 
Isubroutine and the Epilogue subroutine are 
Iplaced in the STATIC internal control sec
Ition, at offsets 40 and 48 fron the start 
Irespectively. Since the STATIC Prologue 
Isubroutine always follows the Epilogue SUD
I rou'tine, which is of fixed length, a third 
laddress slct is not required fer it. 

* DYNAMIC PROLOGUE SUBROU~INE 

L 5,PR .. IHEQLWF(12) 
LTR 5,5 
BC 8,90(15) 
L u,PR .. IHEQINV(12) 
LTR 6,6 
EC 4,90(15) 
LR 13,5 
SR 2,2 
L 3,PR •. IH~QSLA(12) 
ST 13,PR •• IhEQSLA(12) 
ST 3,4(13) 
TN O(3),X'80' 
PC 1,52(15) 
L 3,4(3) 
B 36(15) 
ST 13,8(3) 
L 4,PR .. IHEQINV(12) 
LA 4,,1(4) 
~;T 4,PR .. DI£QINV(12) 
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s~r 4.,84(13) L 15, A •• ItlES1\FA 
srr 2,80(13) £:oR 15 
ST 2,8(13) 
MVI 76(13),X'OO' 
S'I' 2,96(13) * END SUBROUTINE 
BH 14 
L 15,32(11) * STA1'IC PROLOGUE 8UEb:OUTINE 
BH 15 

L 4,PR .. IHEQI~V(12) 

* END SUBROUTINE L'IR 4,4 
2C 11,86(15) 

* EPILOGUE SUBROUTINE L 7,PR •. IHEQLWO(12) 
rv:VC 80(4,3) ,80(7) 

Tl'1 1(13) ,X'80' LA 4,1(4) 
BC 8,60(15) 3T 4, PH •• IHEQItJV (12) 
L 2,,80(13) ST 1~,84(3) 

L'rR 2,2 rvNI 76(3) ,X'OO' 
Be 7,60(15) ST 3,8(13) 
C 13,PR •• IHEQSLA(12) LR 13,3 
BC 7,60(15) L 3,PR .. IHEQSLA(12) 
L 13,4(13) ST 3,4(13) 
srr 13,PR •• IHEQSLA(12) ST 13,PR •• IHE~SLA(12) 
Tl:Vl 0(13),X'80' SF 2,2 
BC 1,50(15) ST 2,80(13) 
L 13,4(13) ST 2,8(13) 
B 34(15) ST 2,96(13) 
8'r 2,8(13) BR 14 
Llvj 14,11,12(13) 
BR 1L~ * i,ND [mBROUTINE 
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The messages produced by the PL/I (P) IE!<OO 591 Read In CP 
Compiler are explained in the publication IEM00601 Head In CP 
IBM_System/160 O~~~!iDg_§Y~!~~ __ E~~I __ lEl IEM0061I Read In CP 
Progr~~~§r's~id~, Forn- C28- 6594. 'Ihe IEM0063I Read In CO 
following table associates a message number IEl'(0064I Read In CC 
with the particular phase and module in IEfvlOO66I Read In CG 
which ti1e corresponding message is generat- IEM0067I Read In CL 
ed. IEM0069I Read In CG 

IEMOO70I Read In CG 
Message IEMOO71I Read In CG 
NumQ'§~ Logical_Ebas~ L".iodul~ IEM0072I Read In CG 

IEM0074I Read In CG 
IEMOO01I Read In CA IEMOO75I Read In CG 
IEMOO02I Read In CA IEMOO76I Read In CG 
IE~10003I Read In CA,CP IEM0077I Read In CG 
IEMOO04I Read In CA IEM0078I Read In CG 
IE1'10005I Read In CA,CL IEM0080I Read In CG 
IEMOO06I Read In CA IEM0081I Read In CG 
IEMOO07I Read In CA IEM0082I Read In CG 
IEIvlOO08I Read In CA IEM0083I Read In CG 
IEMOO09I Read In CA IEM0084I Read In CG 
IEIvlO010I Read In CA IEM0085I Reed In CI 
IENOOllI Read In CA IEM0090I Read In CI 
IEl'IlOO12I Read In CA IEM0094I R2ad In CI 
IEMOO13I Read In CA IEfvlO095I Read In CI 
IEMOO14I Read In CA IEM0096I Read In CG,CI 
IEMOO15I Read In CA IEM0097I Read In CI 
IE1'10016I Read In CA IEM0099I Read In CI 
IEMOO17I Read In CA IEM0100I Read In CI 
IEMOO18I Read In CA IE1'10101I Read In CM 
IEMOO19I Read In CA IEM0102I Read In CI 
IEM0020I Read In CA IEM0103I Read In CI 
IEM0021I Read In CA IEM0104I Read In CC 
IEM0022I Read In CA IEfvl0105I Read In CC,CG 
IEM0023I Read In CA IEM0106I Read In CI,CV 
IEM0024I Read In CA IEM0107I Read In CI 
IEM0025I Read In CA IEMOI08I Read In CI 
IEM0026I Read In CA IEZV10109I Read In CG,C1 
I ElvlO 02 71 Read In CA IEMOll0I Head In CI 
IEM0028I Read In CG IEMOllli Read In CI 
IEM0029I Read In CA IEMOl12I Read In CI 
IEM0031I Read In CA,CL,CT IEMOl13I Read In CG, Cfv: 

IEMOO32I Read In CC IEMOl14I Read In CI 
IEM0033I Read In CC IEMOl151 Read In CL 
IEM0035I Read In CC IEMOl16I Read In CI 
IEl'IlO037I Read In CC IEl'I:Ol181 Read In CL 
IEM0038I Read In CC IEM0128I Rtad In CO 
IEM0039I Read In CC IEM0129I Read In CL 
IEM0040I Read In CC IEM0130I Read In CL 
IEM0043I Read In CC IEfv'0131I Read In CO 
IEM0044I Read In CC IEM0132I Read In CO 
IEM0045I Read In CC IE~0133I Read In CO 
IEM0046I Read In CC IEM0134I Read In CP 
IEM0048I Read In CG IEM0135I Read In CP 
IEMOO50I Read In CL,CP IEM0136I Read In CO 
IE[\I;0051I Read In CL,CP IEM0138I Head In CP 
IE1"100521 Read In CO IEM0139I Read In CP 
IEMOO53I Read In CO IEbJ0141I Read In CP 
IEMOO54I Read In CO IEM0142I Read In CO 
IEMOO55I Read In CP IEM0143I Read In CO 
IEM0057I Read In CC IEM0144I Read In CO 
IEM0058I Read In CC IEM0145I Read In CO 

422 



IEM0146I Read In CO I:crv:0515I Dictionary EG 
IEM0147I Read In CO IEM05161 r·icticnary EG 
IEIvlO149I Read In CL,CM IEM0517I Dictionary EG 
IEM0150I Read In CL IEM0518I Dictionary EG 
IEM0151I Read In CO 1E1'(05191 8ictionary EG 
IEM0152I Read In CO IEM0520I Dictionary EG 
IEM0153I Read In CO IE111105211 :Jictionary EG 
IEM0154I Read In CA lEM0522I Dictionary EG 
IEM0158I Read In CO IEM0523I Dictionary EG 
IEM0159I Read In CO IEIv10524I Dictionary EH 
Im10163I Read In CT 1£1<105251 Dictionary EI 
IEM0164I Read In CS,CT IEM0527I Dictionary EJ 

IEr·10166I Read In CL IEM0528I Dictionary EH,EI,.i.'J 
1E1>101721 I<.ead In CL 1EM0529I Dictionary 121 
IEM0180I Read In CT IEM0530I Dictionary EI 
IEIv10181I Read In CL IE£V!05311 Dictionary EI 
IEM0182I Read In CL,CS, IEM0532I Dictionary EI 

C'T, CV IEM0533I Dictionary EI 
IEM0185I Read In CT IEM0534I Dictionary EI 
IE1'-'10187I Read In C'!' IEM05351 Dictionary EI 
IEM0191I Read In C'I' IEtv:0536I Dictionary EI 
1EM0193I Read In CT 1EM05371 Dictionary EI 
IEM0194I Read In CT lEI-lOS 381 Dictionary I:;J 

1E1'-'10195I Read In C'l' IEr-~05391 j)ictionary EJ 
1EM0198I Read In CT IEMOS40I Dictionary EJ 
IEIvl0202I Read In CL IEM0541I Dictionary EJ 
IEM0207I Read In CG IEr.~05 421 Dictionary EJ 
IEM02081 Read In CG IEl'10543I [;ic+.:ionary EL, EK , El"; 
IEM0209I Read In CC IEJ.V105441 Dictionary EL.,LK ,.t.M 

IEM0211I Read In CL IEr105451 Dictionary EL, El\, EJ'I] 
IEM02121 Read In CP IEM0546I Dictionary EL, EK, Ll,j 

IEM0213I Read In CP IBM05471 Dictionary EL, E1< , EIVj 
IEM0214I Read In CP 1E1'105481 Dictionary EL,.c;K,E.~ 

IEM0216I Read In CP IEIv!05l.J 91 Dictionat·y EL, EY , P.·Lv! 
1 E11. 0 21 71 Read In CP IEM0550I Dictionary EL, EF ,.E.M 

IEM0220I Read In CT IEM0551I Dictionary EK, EL, ElVl 
IEIvl0221I Read In CT IEM0552I Dictionary EL,i:K,bfJ] 

1EM0222I Read In CT I EN'! 0 5531 Dictionary EL,EK,EE 
1EM0223I Read In CT IEM0554I Dictionary EL, EK, L1Vj 

IEN0224I Read In CT IEM0555I Dictionary EL,EK,EM 
IEM0225I Read In CT 1EM05561 Dictionary EL,.2h, .dlJ 

IEM02261 Read In C'l' IEM0557I Dictionary EL, £1<, LI"j 
IEM0227I Read In CT IEM05581 Dictionary EL,.t.:K, Uvj 

IEM0228I Read In CT IEM05591 Dictionary EL, LX:, .d~ 
IEM0229I Read In CT IEr10560I Dictionary EL, EK, l:..lV; 
IEM0230I Read In CS,CT I Et-tlO 5 611 Dictionary EL,EI',l...M 

IEM0231I Read In C'l; IEM0562I Dictionary E:K, EL, Elv; 

IEM0232I Read In C'I IEM056.3I Dictionary ~K,EL,E!'I: 

IEM0233I Read In CV I Et-tiO 5 641 Dictionary £K,EL,It-tJ 
IE!-10235I Read In CS IEE05651 Dictionary EK, EL, flY] 
IE110236I Read In CS IEt-t10566I Dictionary EK,EL,LM 
IEM0237I Read In CS IEM0567I Dictionary EP 
IEM0238I Read In CV IEM0568I Dictionary EP 
IEM0239I Read In CS IEM0569I Dictionary EP 
IEM0240I Read In CV IEM0570I Dictionary EP 
IEM0241I Read In CV I Et-l 0 5 711 Dictionary EK 
IEM0242I Read In CV IEt-tl0572I Dictionary EL 

IEM0243I Read In CV IEi'-~0573I Dictionary EL 

IEM0244I Read In CV 1Et10589I Dictionary EW 
IEM0245I Read In CV IEM0590I Dictionary ~w 

IEM0247I Read In CW IEM05911 Dictionary Ew 
IEM0254I Read In CC IE~i059 21 Dictionary EW 
IEM0255I Read In CG IEM0593I Dictionary J:'W 
IEM0510I Dictionary LH IEM0594I Dictionary EW 
IEM0511I Dictionary EH IEM0595I Dictionary EW 
IEM0512I Dictionary EH IEM0596I Dictionary EW 
IEM0513I Dictionary EG IEM0597I Dictionary Ew 
IEM0514I Dictionary EG IFM0598I Dictionary EW 
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1E£105991 Dictionary .t:.w IEI"~07 0 51 Dictionary FI 
IEM06021 !Jictionary FV,Fw Imlj07061 DIctionary FI 
IEM06031 Dictionary FV,Fw UEt<07071 Dictionary FI 
IEl't.06041 Dictionary FV,Zw lErv~07081 Dictionary FK 
1EM06052 Dictionary FV,H·J IEi~07091 Dictionary FK 
IEM06061 Dictionary FV,Fvi lEk07101 Dictionary FI< 
1Ef·106071 Dictionary FV,Fw 1EI';;07111 Dictionary FK 
1EI~106081 Dictionary FV,FW IEM07121 Dictionary FK 
Im·'106091 Dictionary FV,FW I EI\'l3 71 3 I Dictionary FK 
IE~106101 Dictionary F'V,FW IEM07151 Dictionary EJ 
IErv~06111 Dictionary FV,F'~ IEM07181 Dictionary FO 
IEiv106121 Dictionary FV lE~1Q7191 Dictionary FO 
IE1'~062 31 Dictionary j:"V,FW IEM07201 Dictionary FO 
I EIv: 0 6 2 41 Dictionary FV,FW lEM07211 Dictionary FO 
IEIV106251 Dictionary FV,Fv. IEM07221 Dictionary Fa 
lEN06261 Dictionary FV,FW IEfvi07231 Dictionary Fa 
1EM06271 Dictionary FV,Fv. lEM0724I Dictionary Fa 
IE~i06281 Dictionary F'V,FW IEM0725I Dictionary FO 
lE1'-106291 Dictionary FV,Fw I Etv107 261 Dictionary FO 
I E1'<1 0 6 301 Dictionury FV, FvJ IEM0727I Dictionary FO 
I El-l 0 6 311 Dictionary FV,P1(.; IE~1107 281 Dictionary FO 
IEM0632I Dictionary :F'V, F'v; IEF0729I Dictionary E'O 

IEM06331 Dictionary EY IEF0730I Dict.ionary FQ 
IE~10634I Dictionary .2~Y IEM0731I Dictionary FQ 
IEM0636I Dictionary EY ID10732I DJ.ctionarv FQ 
IEIVW6371 Dictionary EY IE~<07331 Dictionary F~ 

1 EI'1 0 6 381 Dictionary EY IEL0734I Dictionary FQ 
IEM06401 Dictionary .EY IEfV:0735I Dictionary FQ 
IEM06411 Dictionary BY IEl-W7361 Dictionary FQ 
IE1'10642I Dictionary EY IEIJ107 371 Dictionary i"Q 

IEM0643I Dictionary EY lEM07391 Dictionary FQ 
IEIVl06441 Dictionary BY I Etv'iO 7 401 Dictionary FQ 
IEM06451 Dictionary EY 1EM07411 Dicticnary FQ 
IEM06461 Dictionary BY lEM0742I Dicticnary FQ 
IEtIJ0647I Dictionary BY IEl-;0745I Dictionary FQ 
IEN0652I Dictionary FE. IEIVJ0746I Dictionary FQ 
IEM0653I Dictionary FE IEM07471 Dictionary FQ 
IE~W654I Dictionary FE lEM07481 Dictionary FQ 
IE£l10655I Dictionary FE I Etv'107 4 91 Dictionary FQ 
IEfvl06561 Dictionary FE IEIV:07501 Dictionary FQ 
IEIVl0657I Dictionary FE 1E1'107511 Dictionary FQ 
IEM0658I Dictionary FE IEt"l0752I Dictionary FQ 
IEN0673I Dictionary FE. IElVl07541 Dictionary FQ 
IE1106741 Dictionary FF IEM0755I Dictionary FQ 
IEIV106751 Dictionary FF IEM0756I Dictionary FQ 
IEM0676I Dictionary FF IE1'-10758I Dictionary FC 
IEM06771 Dictionary FF IE1'l07591 Dictionary FQ 
IEM0683I Dictionary Fl IEt--107601 Dictionary FC 
IEM0684I Dictionary PI IEM07611 Dictionary P~ 

IEN0685I Dictionary FI I:2F0762I Dicticnary F~ 

IEM06861 Dictionary FI IEr'107691 Pretranslator GB 
IEM0687I Dictionar'y PI IEE0770I PrE:trcmslator GB 
IEM0688I Dictionary .FI IEM0771I Prc-translator GB 

IE~10689I Dictionary Fl lEl,]07781 Pretranslator GB 
IEr>'106901 Dictionarv FI IEIV107791 Prt'.;tr.::...nslat.or GB 
IEtv'10691I Dictionary FI IE~:07 801 Pretr0.nslat.or GB 
IEM0692I Dictionary FI I EI't. 0 7 811 Pretrans 18. tor GB 
IEM06931 Dictionary FI 1£[ .... 07821 PrE.'trc.mslator GB 
IEH0694I Dictionary E'I IEJy~07 8 6 I PrE: t.ransla 'Cor GK 
IE1'-10695I Dictionary 1"1 IE1'107871 P~E:'translator GK 
IE1':0696I Dictionary 1"1 IEM07901 Pretrc..l1sla.tor GK 
IEl"106971 Dictionary PI IEM0791I Pretriinslator GK 
IEtvi0699I Dictional:y PI IEIYj07921 Pretransldt.or Gf',G(;,G.R 
IEfvl07001 Dictionary PI IEtvl0793.I Pretrc;,ns 10. tor GP, GC), G.i< 
IEM07011 Dictionary FI IE~fJ07 9 41 Pr(;tr~·<nslator GP,G('i,GH 
IEM07021 Dictionary FI IEM07951 Pr,,_'tr:clnslatcr GP,GQ,GR 
IEf\W703I Dictionary j:'I IEIY107961 PrE:trc~nsla tor GP,GQ,GH 
IEM07041 Dictionary FI I EI'-lO 7 971 Pretranslatcr GP, G(:, (,.K 
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IEM07981 
IEM07991 
JEM08001 
IEI'-108011 
IEM08021 
IEM08031 
IEM08041 
1ElVl08051 
IE.£VJ08061 
IEI"j08071 
1EIJJ08161 
IEM08171 
Im~08181 

IEM08191 
IE£.108201 
IEM0821I 
1EM08231 
IEtJI08241 
1EM08251 
1Efvl08261 
I EfviO 83L1 
IEN0833I 
1EM08341 
IEI-108351 
1EN0836I 
I E1"'J 0 8 371 
IEIvl0846I 
IE1'108491 
IEH08501 
IEl".0851I 
IEM08521 
IEM0853I 
IEH08641 
I E1"10 8651 
1E1v10866I 
IEM0867I 
IEM08681 
IEM08691 
IEM08701 
IEM08711 
IEM0872I 
IEM08731 
IEM08741 
lEl"10875I 
IEM08761 
IEfvlO 877 I 
IEM08781 
IEZV108791 
1E1-108801 
IEM08811 
IEM08821 
IEM08961 
IEM0897I 
1E1108981 
1E1'10 8 9 91 
IEfvJ090 01 
IU,.109011 
I Efvl 0 9 021 
IEN09031 
1Ej\-~0906I 

IEr-109071 
IEM10241 
IEV10251 
IEM10261 
1EM10271 
I Efv.il 02 81 
1EM10291 
IEM10401 

Pretranslator 
Pretran31ator 
Pretranslator 
Pretranslator 
Pretranslator 
Pretr:anslator 
Pretranslator 
Pretranslator 
Pretranslator 
Pretranslator 
P:r'etransla tor 
Pre1:.:r:anslator 
Pret:ranslator 
Pretranslatcr 
Pretranslator 
Pretranslator 
Pretranslator 
Pretranslatol:
Pretranslator 
Pretranslator 
Pretranslator 
Pretranslator 
Pretranslator 
l'retranslator 
Pretranslator 
Pretranslator 
Pretranslator 
Pretranslator 
Pretransla tor,' 
Pretrans 12. tor 
Pretranslator 
Pretranslator 
PrE-translator 
Pretransla1:.or 
Pretranslator 
Pretranslator 
Pretranslator 
Pretranslator 
Pretranslator 
Pretranslator 
Pretranslator 
Pretranslator 
Pret.ransla tor 
Pretranslator. 
Pretranslator 
Pretranslator 
Pretranslator 
Pretranslator 
Pretranslator 
Pretranslator 
Pretranslator 
Pretranslator 
Pretranslator 
l'retranslator 
Pretranslator 
Pretranslator 
Pretranslator 
Pretranslator 
Pretranslator 
Pretranslator 
Pretranslator 
Translator 
Translator 
Translator 
Translator 
Translator 
Translator 
Translator 

GP,GQ,GR 
GP,GC,GR 
GP,GQ,GR 
GP,GQ,GR 
GP,GQ,GH 
GP,G<,.,',GR 
GP,GQ,GR 
GP,~C,GR 
GP,GQ,GR 
GP,G(",GR 
GU,GV 
GU,GV 
GU,GV 
GU,GV 
GU,GV 
GU,GV 
GU,GV 
GU 
GU,GV 
GU,GV 
HF,HG 
riF,HG 
HF,HG 
HF,HG 
HF',HG 
HF,HG 
HF,HG 
HF,HG 
HF,HG 
rlF,HG 
HF,HG 
HF,HG 
HK,HL 
HK,HL 
HK,HL 
HK,HL 
HK,HL 
HK,HL 
riK,HL 
dK,HL 
HK,HL 
HK,HL 
HK,HL 
HK,HL 
HK,HL 
HK,HL 
dK,HL 
HK,HL 
HK,HL 
BK, iLL 
!-iK 
riP 
tiP 
tIP 
tiP 
tiP 
dP 
rIP 
riP 
tiP 
tiP 
lA 
1A 
IA 
IA 
IA 
1A 
1M 

IE1'110 511 
IEliil0561 
1E1'-;10571 
r.CM10581 
IELv:l0591 
1Et/a0601 
IE~10611 
IE!'<10621 
IEI'-n0631 
1El<1064I 
IEM10651 
I El"'i 10 661 
IEM10671 
1E1'-n0681 
1EM10711 
1EIVI10721 
1EM10731 
IEM10741 
1EM10761 
IEM10821 
IErv:l0881 
1EM10891 
IE.£V110901 
IEtv::l0911 
IEM10921 
1EBll041 
IErv111051 
1EMll061 
IEIVoll071 
1EM11081 
IEfv111101 
IEM1111I 
1E1'-j11121 
IEI'-111131 
IEM11141 
IEM11151 
IEM11201 
IEMl1211 
1EMl122I 
1E.£V:11231 
1E.£V!112:)I 
IEM12001 
1El"i15691 
Im·H5701 
1EM15711 
1EIva5721 
IE.fV1,15 7 41 
IEly115 7 51 
1Et<116001 
1EIJJ16011 
1EM16021 
1EIv116031 
IEM16041 
1ElV116051 
IEM16061 
1EM16071 
1EM16081 
1EM16091 
JEM16101 
IU116111 
1E1I;16121 
IElv'J16131 
1EIv.16141 
JEM16151 
IEM16161 
IEM16171 
IEM16181 
1EM16191 

T.rdnslator 
Translator 
Trans1i'::ltor 
'Iranslator 
Tre:nslator 
TransJator 
Translator 
'Translator 
Translator 
Translator 
'l'ranslato:>: 
Translator 
Translator 
Translator 
Translator 
Tre:nslator 
'Translator 
Translator 
Translator 
Translator 
Aggregates 
l~g9rega tE:S 
Aggrega1:.ES 
Aggregate Preprocessor 
Aggregates 
Aggregates 
Aggregates 
Aggregates 
Ag<jregates 
Aggregates 
Ilggregates 
Aggregates 
Aggregates 
Aggregates 
Aggregate~3 

Ilggregates 
Aggregates 
Aggregates 
l~ggregates 

l'seudo-code 
P~;eudo-code 

Pseudo-code 
PSEudo-code 
Pseudo-code 
PsC'udo-code 
Pseudo-code 
PSEudc-codE 
Pseudu-code 
Pseudo-code 
Pseudo-code 
J?sEudo-code 
Pseudo-co.:3e 
Pseudo-code 
Pseudo-code 
Pseudo-coJe 
Pseudo-code 
Pseudo-code 
Pseudo-code 
Pseudo-code 
Pseudo-code 
Pseudo-code 
P!:;;C'udo-code 
Pseudo-code 
Pseudo-code 
PSEudo-code 
Pseudo-code 
Pseudo-code 
Pseudo-code 

1M 
nIl 

1M 
1M 
1M 
ItJ] 
1M 
1l"J 
IIvl 
1M 
IIvj 

1M 
ItvJ 
n·: 
1M 
I'£v~ 

II'-" 
II"; 
"lD 
I). 
JI< 
JK 
JK 
J1 
... JK 
JP 
JP 
JP 
JP 
JP 
JP 
JP 
JP 
JP 
JP 
JP 
JP 
JP 
JP 
LD 
LD 
Li\ 
LG-ON 
LG 
LG 
LG 
LG 
LG 
LS,LT,LU 
LS 
LS,L'I,LU 
LS,L'I,LU 
LS,L'I,LU 
LS,L'I,LU 
LS,L'I,LU 
LS,LT,LU 
LS,L'I,LU 
LS,L'l,LU 
LW 
LW 
Lw 
LS,L'I,LU 
Lw 
ME 
IvlE 
MB 
ME 
.£VlB 
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IEM16201 Pseudo-code ME IEM18121 Pseudo-code OS 
IEfJl:16211 Pseudo-code lYlE lEt·H8l31 Pseudo-code OS 
IEM16221 Pseudo-code lVlB,KE IEE18141 Pseudo-code OS 
IEM16231 Pseudo-code rIlE IEM18151 Pseudo-code 0("' 

IEM16241 Pseudo-code t:;B 1E1-118161 Pseudo-code NJ 
IEM16251 pseudo-code HB IEM18171 Pseudo-code NJ 
IEM16261 Pseudo-code hE I£[\'i18181 Pseudo-cede NJ 
IEM16271 Pseudo-code lVl:E IEtv118191 Pseudo-code NJ 
IEM16281 Pseudo-code ivJE IEM18201 pSEudo-code NJ 
IEM16291 pseudo-code ME 1EM18211 Pseudo-code NJ 
IE£-116301 Pseudo-code iVJG,t,m 1Er-n8221 Ps fO.;udo-ccc1 e N,J 
IEM16311 Pseudo-code £VJI,MJ IElV118231 Pseudo-code I\l .... ; 

IEM16321 Pseudo-code MI, r-/~J I E/.Vl 18 2 4I PSEudo-code NfJi 
IEIv11633I Pseudo-code HE IEM18251 PSE-udo-code NG 
1EM16341 Pseudo-code £"lE 1EM18261 Pseudo-code NG 
IEH16351 Pseudo-code /'viE IEM18271 Pseudo-code NG 
IEI.v116361 Pseudo-code t1E IEM18281 Pseudo-code NG 
IEM16371 Pseudo-code lVlE IE/.V118291 PSE:udo-code NG 

IEM16381 Pseudo-code ME IEM18301 P::3Eudo-code NG 
IEM16391 pseudo-code I:1F 1EM18321 Pseudo-code Nlv~ 

IElV116401 Pseudo-code /.V'lM,MN 1EM18331 Pseudo-code N/.V] 
IEM16411 Pseudo-code NM,MN 1EM18341 Pseudo-code NM 
IE/.V116421 Pseudo-code MM,MN IEM18351 PSEudo-code NI.vl 
IEM16431 Pseudo-code MM,MN lal 18361 Pseudo-code Ntvj 
IEM16441 Pseudo-code Mtv],MN IE1v:18371 Pseudo-code NLVl 
IEr.vU6451 Pseudo-code IvJM, MN 1EM18381 Pseudo-code NM 
IEM16481 Pseudo-code I".lM,MN Im118391 Pseudo-code Ntli 
1EM16491 Pseudo-code MM,MN IEl'~18 401 P~;eudo-code HE 
IEM16501 Pseudo-code MM,MN IEM18411 PSE:!udo-code WI] 

IEM16511 Pseudo-code Ml"l, MN IEtv118431 PSEudo-code NJ.'.1 
1EM16521 Pseudo-code I"iM, MN 1EM18441 Pseudo-code l'1t-1 
1El"'l16531 Pseudo-code M/.V1 ,MN IEfV'18451 Pseudo-codE NIv'j 
IEM16541 Pseudo-code MM,MN 1EM18461 Pseudo-code NM 
IEM16551 Pseudo-code MN IEM18471 Pseudo-code Nl"l 
1EM16561 Pseudo-code i''iE 1EM18481 Pseudo-code NM 
IEM16571 Pseudo-code /.V'i!'-} 1E/.VJ18491 Constant Conversions os 
1El"116701 Pseudo-code I<lP IEM18501 Constant Conversions os 
IEt·116711 Pseudo-code I'.lP IEtv118601 Psetldo-cocie NU 
IEM16801 Pseudo-code tvIS 1El"118611 Pseudo-code NU 
IEM16871 Pseudo-code MS 1EM18621 Pseudc-code NU 
1EM16881 Pseudo-code MS IEM18701 Pseudo-code NU 
1EM16891 Pseudo-code 1"1S 1EJY~18 711 Pseudo-code NU 
IEM16911 Pseudo-code MS 1EM18721 pSeudo-code NU 
1EM16921 Pseudo-code 1"lS IEM18731 PSE.udo-code NU 
IEM16931 Pseudo-code iVjS I Et/ll 87 41 Pseudo-code NU 
1EM17501 Pseudo-code MS IE!V'18751 Ps eudo- code NV 
1EM17511 pseudo-code MS IEM23041 Stor:agE: Allocaticn PD 
IEM17521 pseudo-code NA 1Ervt23051 Storage Allocation PD 
1EM17531 Pseudo-code NA IEM23521 Storage Allocatior: PD 
IE!.Jl1754I Pseudo-code NA 1EM27001 Register Allocation RF,RG,HH 
IEl'117901 Pseudo-code OG,OM IEM27011 Register l~llocation RF,RG,t<H 
IE1"117931 Pseudo-code OE 1EM27021 Register Allocation RF,RG,RH 
IElvl17941 Pseudo-code OE 1EM27031 Register Allocation RF,RG,RH 
IEM17951 Pseudo-code OE 1EM27041 Register F.llocation HF,RG,i\H 
1EM17961 Pseudo-code OE 1EM27051 Register A.llocation HF, EG, lUI 
IEM17971 Pseudo-code OE IEM27061 Register Allocation RF, KG, J:Ui 

1EM18001 Pseudo-code OS 1EM27071 Register Allocation RF,RG,f<H 
1Etv118011 Pseudo-code OS 1EM27081 Register Allocatior: RF,f<.G,.kh 
1EM18021 Pseudo-code OS 1Er-'27091 Register .l.\llocaticn RF,kG,!<.H 
1EM18031 Pseudo-code OS 1EM27101 Register l"llocation RF, F:G , ~a·f 
1ElV.i18 0 41 Pseudo-code 03 1EM27111 PE'gister /,lloca tion FF, i<-G, ..... Cd 
IEI.Ji18 051 Pseudo-code OS 1El"2712I Heljister Allocation RF, ~<'G,.r{H 
1EM18061 pseudo-code OS 1Er-~28171 DCE Generation GA 
IEl"118 0 71 Pseudo-code OS 1Erv!28181 DCB Generation GA 
IEM18081 Pseudo-code as IEM28191 DCL Generaticn GA 
IEM18091 Pseudo-code OS IEN2R201 DeI: Generation GA 
1EM18101 pseudo-code OS I Ef'~ 2 821 I DC.b Generation GA 
IEr-a8111 Pseudo-code OS IEM28221 DCB Generation GIl 
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IEf\128231 
IEr128241 
IEM28251 
IEM28261 
IEM28271 
IEM28281 
IEM28331 
IEM28341 
IEM28351 
IEM28361 
IEN28371 
IEM28491 
IEf\'J28521 
IEM28531 
IE!128541 
I Etli2 8551 
IEM28651 
I Ef'li 2 8661 
IEM28671 
IEM28681 
IEI'128811 
IEM28821 
IEM28831 
IEM28841 
IEM28851 
IEM28861 
I Et-:2 8 871 
IEM28881 
I ElvJ2 8 971 
IEM28981 
IEM28991 
IEM29001 
IEM29131 
IEM30881 

IEN31361-
31491 

1EM3151I 

IEM3153I 

IEM3154I 

IEM3156I 

I EtJ1316 2 I 

IEM3167I-
31731 

IEM3176I-
3190I 

IEM3199I-
32131 

IE.lV135841 

IEM38401 
IEM38411 
IEM38421 
IEN38431 
IEM38441 
IElv138451 
IEM38461 
IEM38471 
IEN38481 
I Et-i 3 84 91 
IEM38501 
IEM38511 
IEM38521 

DCB Generation 
DCB Generation 
DCB Generation 
DCB Generation 
DCB Generation 
DCB Generation 
Final Assembly 
Final Assembly 
Final Assembly 
Final Assembly 
Final Assembly 
Final Assembly 
Final Assembly 
Final Assembly 
Final Assembly 
Final Assembly 
Final Assembly 
Final Assembly 
Final Assembly 
Final Assembly 
Final Assembly 
Final Assembly 
Final Assembly 
Final Assembly 
Final Assembly 
Final Assembly 
Fin,::ll Assembly 
Final Assembly 
Final Assembly 
Final Assembly 
Final Assembly 
Final Assembly 
Final Assembly 
Dictionary, Declare 
Pass 2 
Dictionary, Declare 
Pass 2 
Dictionary, Declare 
Pass 2 
Dictionary, Declare 
Pass 2 
Dictionary, Declare 
Pass 2 
Dictionary, Declare 
Pass 2 
Dictionary, Declare 
Pass 2 
Dictionary, Declare 
Pass 2 
Dictionary, Declare 
Pass 2 
Dictionary, Declare 
Pass 2 
48 Character 
Preprocessor 
compiler Control 
Compiler Control 
compiler Control 
compiler Control 
Compiler Control 
Compiler Control 
Compiler Control 
Compiler Control 
Compiler Control 
Compiler Control 
Compiler Control 
Compiler Control 
Compiler Control 

GA 
GA 
GA 
GA 
GA 
GA 
'l'F 
TF 
'IF 
'1'F 
TF 
rl'J 
TJ 
'.J..'J 

'I1J 
'I'J 
TO 
TO 
TO 
TO 
TT 
TT 
TT 
TT 
TT 
TT 
TT 
TT 
UA 
UA 
UC 
UC 
UF 
EL 

EL 

EL 

E.L 

EL 

EL 

EL 

EL 

.J:::L 

EL 

BX 

AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 

IEIv'138531 
1EM38551 
IEM38561 
1El,138571 
IEM38581 
I Et-';38 591 
1Elv}38601 
1El'~38 611 
1EM38621 
1Er.J38631 
IEM38641 
IEM38651 
IEf'li38 7 21 
1EM38731 
IEM38741 
1El-138751 
I El"138761 
IEf'l138771 
1El'B8781 
1EM38801 
IEM38871 
1EM38881 
I Ef'13 8 8 9 I 
1EM38901 
IEM38911 
IEM38921 
IEM38931 
IEt-l38941 
1Erv',38951 
1EM38961 
1E1"'38971 
IEM38981 
IEM38991 
IEM39001 
1EM39011 
IEM39021 
1EM39021 
IEM39031 
IEM39041 
IEM39051 
IEf'li39061 
IEM39071 
IE1V,39 081 
IEM39091 
1EM39101 
1EM39111 
1EM39121 
IEM41061 
IE1'141091 
IEM41121 
IE!~41151 
IEM41181 
1EM41211 
IEl"f41241 
1EM41301 
1EI~413 31 
1EM41341 
IEIvl41361 
IEM41391 
IEM41421 
1Et'l41431 
IEM41481 
IEM41501 
IEM41511 
IEf'I141521 
IEM41531 
1EM41541 
IEM41571 

Compiler Centro I AA 
Compiler control AA 
Compiler Control AA 
Co!npiler Ccmtrol AA 
Compiler Control AA 
COffipiler Control AA 
Compiler Control AA 
Cowpiler Control AA 
Compiler Control AA 
Comeiler Control AA 
Corn~iler control AA 
Compiler Centrol AA 
Compiler Control AA 
Compiler Centrol AA 
Compiler Control AA 
Compiler Control AA 
Compiler Centrol AA 
Compiler control AA 
Compiler central AA 
Compiler control AA 
Compiler Control AA 
Compiler Central AA 
Compiler centrol AA 
Compiler Control AA 
Compiler Control AA 
Compiler Control AA 
Compiler control AA 
COffipiler Control AA 
Compiler Control AA 
Compiler control AA 
Compiler Control AA 
Compiler Control AA 
Con,piler Control AI, 
Compiler Control AB 
Compiler Control AE 
Corr.piler Control AB 
Compiler Control hE 
Compiler Control liB 
Compiler Control AA 
Compiler Control AA 
Compiler control AA 
Compiler Control AA 
Compiler Control AA 
Compiler Control AL 
Compiler Control AB 
Compiler Control AB 
COI~,piler Control AB 
Compile-tirre Processor AS 
Compile-time Processor AS 
Co~pile-time Processor AS 
Cornpile-time PrOCEssor AS 
Compile-time Processor AS 
Compile-tirr.e Processor AS,BC,LG 
Compile-time Processor BC,BG 
Cowpile-time Processor BG 
Compile-time Processor BC 
Compile-time Processor BC 
Compile-time Processor BC 
COIf.pile-timE~ PrOCEssor BC 
Compile-time Processor BC 
Con~pile-time Processor BC 
Compile-time Processor BC 
Compile-time piocessor BC 
Compile-time Processor Be 
Compile-time Processor BC 
Con,pile-tin'i:= Processor BC 
Compile-time Processor BC 
Co~pile-tirre Processor BC 
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1EM41601 Compile-time Processor BC 1EM43491 Compile-time PrOCE'ssor BC 
1Erv141631 Compile-time Processor BC 1EM43521 Corr:pile-tirre Processor BC 
1EM41661 Compile-time Processor BC 1E~43551 Compil e-tiIT'e Processor BC 
1EM41691 compile-time Processor BC 1EM43581 Corr.pile-tirre PrOCEssor BC 
1EC<41721 compile-time Processor BC IEM43611 Compile-time Processor BC 
1EM41751 Compile-time Processor BC 1EM43641 Corr,pile-tirr,e PrOCE:ssor BC 
1E~41761 compile-time Processor BC I Er,'i4 3 6 7 I Compile-time Processor BC 
1E1>141781 Compile-time Processor BC IEM43701 Compile-tirre PrOCE:ssor BC 
1EELI1841 Compile-time Proces:::;or BC IEfv143731 Compile-time Processor BC 
1EM41871 Compile-timE:; PrOCE~ssor BC 1EM43761 Compile-tirr:e Processor BC 
1EM41881 Compile-time Processor BC 1EM43791 corrpile-tirre f'rocessor BC 
1EM41901 Compile-time Processor BC 1EM43821 Compile-time Processor BC 
1E1".:41931 Compile-time Processor BC 1EM42831 Corr,pile-time Processor BC 
1EM41961 Compile-time Processor BC 1EM43911 Comoile-time PrOCf"ssor BC 
1EM41991 Compile-time Processor BC lE~'J43941 compile-tirre Processor BC 
1EM42021 compile-time Processor BC 1EM43971 Compile-time Processor BC 
1Er~42051 Compile-time Processor BC 1EM44001 Corrpile-tirre PrOCE:ssor BC 
1EM42081 Compile-time Processor BC 1EM44031 Compile-time Processor BC 
1EM42111 Compile-timE' Processor BC 1EM44061 Compile-time Processor BC 
1EM42121 Compile-time Processor BC 1EM44071 Compile-tirre Processor BC 
1EM42141 Compile-time Processor bC 1EJ.Vi44091 Corr:pil e-time Processor BC 
1EM42171 Compile-time Processor BC 1EM44121 Corrpile-time Processor BC 
1EIVt4 22 01 Compile-time Processor BC 1El"~4 4151 corupile-time Processor BC 
1EM42231 Compile-time Processor BC 1Ef'l:44211 Con:pile-tirre Processor DC 
IE~42261 Compile-time Processor BC 1E~44331 Compile-timE: Processor BG 
1EM42291 Compile-time Processor BC IEfv144361 Compile-tirre Processor BG 
IBM42321 Compile-time Processor BC 1Et-144391 Corr:pil e-time Processor BG 
1EM42351 Compile-time Processor BC 1EM44481 Corr.pile-t,ime Processor BG 
1EM42381 Compile-time Processor BC 1Er-]44511 Corrpile-tirre Processor BG 
1EM42411 Compile-time Processor BC IEt-J44521 corr-pile-time Processor BG 
1EJ:.142441 Compile-time Processor BC IEIv344541 COIt'pile-tirr.e Processor BG 
1EM42471 Compile-time Processor BC 1Elv:l44571 compile-time Proce~:;sor BG 
IEIvi42481 Compile-time Processor BC 1EM44601 Corr,pil e-tirre Processor BG 
IEJ.V142501 Compile-time Processor BC 1EM44631 Compile-time Processor BG 
IErt;42531 Compile-time Processor BC IEr-~4 4 69 I Compile-time Processor BG 
IEM42541 Compile-time Processor BC 1EM44721 Corrpile-time Processor BG 
1EM42561 Compile-time Processor BC IElVJ44731 Corr.pile-tirr.e Processor BG 
1EM42591 Compile-time Processor BC 1EM44751 Compile-time Procef;sor BG 
1EI'~42621 Compile-time Processor BC 1EM44781 Compile-time Proce$sor BG 
1EM42651 Compile-time Processor BC 1EM4481I Corr.pi 1 e-tirre Processor BG 
1EiYj42711 Compile-time Processor BC 1EM4484I Con,pile-tin,E Processor BG 
IEM42771 Compile-t.ime Processor BC 1Ef\'I44991 Con.pilp-till f:..' Pr:oc(;sso~' BG 
I E1Vl4 2 8 01 compile-time Processor BC 1EM45021 compile-time Processor BG 
I EJ.Vl 4 2831 Compile-time Processor BC 1ml14504I Compile-time Processor BG 
1El·i42861 Compile-time Processor BC 1EM45051 Corrpile-time Processor BG 
1EI.:i4 28 91 Compile-tirr,e Processor BC IEM45061 Corr.pile-tirre Proc€,ssor BG 
1EM42921 Compile-time Processor BC IEH4508I COH'pile-t,irre Processor' BG 
I Elv14 29 51 Compile-t.ime Processor BC 1EM45111 Compile-time PrOCE.'ssor BC 
1EIv~42961 Compile-time Processor BC 1Er-:45141 Compile-time Processor BG 
1EM42981 Compile-time Processor BC I Et-:; 4 5171 COIT,pile-time Processor BG 
1EiY142991 compile-time Processor BC 1EM45201 Compile-time Processor BG 
1ElV!4301I compile-time Processor BC 1EM45231 Compile-time Processor BG 
1Efv!4304I Compile-time Processor BC 1EM45261 Corr.pile-tirre Procf-ssor AS 
1EM43071 Compile-time Processor BC 1EfY.:45 29 I Compile-time PrOCE·ssor BC,BG 
1Er'~4 3101 Comoile-time Processor BC 1EM45321 Compile-tin:e ProcE;ssor AS 
1Etll43131 compile-time Processor BC 1EM45351 Coropile-tin:e PrOCEssor AS 
1El"143191 Compile-tirr,e Processor BC 1Erll45381 Compile-time Processor BC 
1EM43221 Compile-time Processor BC 1Et-':45471 Compile-tirre Processor AV 
1EI-.i43251 compile-time Processor BC 1EIvJ45501 COllipile-time Processor BG 
1EM43281 Compile-tirre Processor BC 1EM45531 cOlllpile-time Processor BG 
1EIv143311 Compile-time Processor BC 1EfYJ45591 CQl'[ipil c-time Processor BG 
I ElV.i 4 3 321 compile-time Processor BC 1ElVi4 5 621 Compile-tirre Processor BG 
1E1'<143341 compile-time Processor BC IEIv145701 Compile-time Processor BG 
1Eivl43371 COIPpile-tirr.e Processor BC 1EI'1145721 Compi le-t.ime Processor BG 
1EM43401 Compile-tin~e Processor BC IEfYi45741 Compile-tirre Processor BG 
IEM43431 Comoile-tin~e Processor BC 1EM45761 Con:pile-time Processor BG 
1EM43461 Compile-time Processor BC 1EM45781 Compile-tirre Processor BG 
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This appendix describes, for the 
Compile-time Processor Logical Ph~s~, the 
internal formats of text and tables, coro
munication region use l Operating System 
interfaces and compiler control interfaces. 

The internal format of text used by the 
compile-time processor is EBCDIC. As 
source input is read into storage, non
macro text is moved directly into text 
blocks after translation to internal 
format. Encoded compile-time statements 
and line numbers are also placed in text 
blocks. 

The compile-time processor uses a set of 
chained dicticnary entries. Hashing tech
niques are used to add an item to the 
dictionary or to search for an entry. A 
compile-time processor dictionary item is a 
variable-length item with the following 
skeletal format:: 

The fields defined in this skeleton have 
the following meaning and usage: 

LENGTH: The length of the EBCDIC name. If 
the item has no name (e.g., a 
constant) this field is zero. 

PROC NO.: The number assigned to the proce
dure in which the identifier was 

Byte 1 Byt:e 2 Byte 3 

declared. Each procedure is 
assigned a unique nurober. The 
identifiers in the non-procedural 
text are given the procedure nurrber 
1. The built-in function SUBSTR is 
given the procedure number o. 

HASH-CHAIN-POINTER: The dictionary address 
of the next item on this hash 
cnain. This address is zero if nc 
item follows. 

TYPE: A byte which gives the attributes of 
the entry. The bits (if on) have 
been assigned the following mean
in~Js : 

1 fixed 
2: character 
3 bit 
4 entry 
5 label 
6 INCLUDE identifier 
7 iterative DO 
8 constant 

VALUE/VALU~-POINTER: If the item is fixed, 
this contains the value proper 
stored as a five-digit packed deci
mal number. Otherwise it contains 
a pointer to the value stored in 
IVEs. The definition of value for 
the various kinds of entries is 
given celow. For a fixed macro 
variable, this contains the value. 
For a character variable, it con
tains a pointer to IVEs containing 
tne value. For a procedure, it 
points to the text-block location 
of the code. For a label, it 

Byte 4 
r----------T----------T---------------------, 

Word 1 I LENGTH I PRoe NO. I HASH-CHAIN-POINTER I 
~----------+----------~---------------------i 

Word 2 I TYPE I VALUE/VALUE-POINTER I 
~----------~----------T---------------------i 

Word 3 I FLAGS I COUNT I 
~---------------------~---------------------i 

Word 4 I POINTERS/PARM-TYPES I 
~-------------------------------------------i 

Word 5 I EBCDIC NAME ------> I L ___________________________________________ J 

I I 
r-------------------------------------------i 

Word n I ------> EBCDIC NAME I L ___________________________________________ J 
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points to the text-block location 
of the label. If references to the 
label are found before the label is 
discovered, the value pointer tem
porarily points to a chain of IVBs 
with a description of every GOTO 
transferring to this label. This 
information is processed and dlS
carded when the label is found. 
For an INCLUDE identifier, it 
points to the beginning of the 
included text. 

FLAGS: This set of bits provides additional 
information about the use of the 
item. They are used as follows: 

1 
2 

special entry bit 
DECLARE encountered (Phase 
BC) 

3 procedure body encountered 
(Phase EC) 

4 parameter 
5 used to indicate a procedure 

called by Phase II scan. 
6 DECLARE encountered (Phase 

BG) 
7 unused 
8 ACTIVATE bit 
9 "in-use" bit 
10 "indirect reference" bit 
11 "undefined" bit for rnultifle 

declarations 
12 left-hand side (LHS nit) 

This field occupies a half-word. 

COUNT: For a procedure entry, this field 
contains a count of the number of 
parameters for the prcc~du~e. For 
INCLUDE identifier it is zero ini
tially, and subsequently contains 
the initial line number assigned to 
the included text. 

POINTERS/PARAM-TYPES: ~or a procedure, the 
field contains an encoding of the 
type information for each formal 
parameter. Two bits are reserved 
for each parameter. One indicates 
fixed; the other indicates charac
ter. If neither bit is set, this 
indicates that the entry declara
tion did not specify attributes for 
the parameters. 

430 

For a label, word 4 contains two 
pointers to dicticnary items. One 
points to t~e dictionary entry for 
the immediately errbracing iterative 
DO. The second half-word contains 
a pointer to the dictionary entry 
for the irrme1iately embracing 
INCLUDE. This provides a method of 
checking the legali~y of GOTOs. 
For an INCLUDE identifier, 0nly the 

pOinter to the immediately embrac
ing INCLUDE is kept. 

During Phase I, word 4 is used for 
larels and si'mr1e var iables to hold 
two pointers. These form a bi
directional chain of all labels and 
variables having the same procedure 
nUITber which have been used but not 
defined. This information is used 
only is Phase I and can ther~fore 
be overlaid. 

EBCDIC NAME: A variable length field, 
containing the EBCDIC name of the 
item. If the item has no name, 
tHis field is not included. 

To hold character and bit string values, 
some t€xt blocks are organised into sub
blocks of 32 bytes each. Of these 32 
bytes, 27 are used to hold values or parts 
of values. The first byte is used to told 
a copy of the last charact€r in tne 
preceding IVB. This copy is wade to facil
itate backup. The last four bytes consist 
of a condi~ion code of one byte followed by 
a 3-byte chain pointer. A set of these 
sub-blocks, chained together, is used to 

Ihold a value. ThE condition byte is 27 for 
all except the last sub-block in a value. 
In this last condition code byte the first 
bit is set to 1 to indicate "end-of-value." 
The remaining bits are a count ot the 
significan~ bytes in the sub-block. There 
is a maximum of 27 significant bytes in an 
IVB. 

The chain address is used to point to 
the next sub-block in a value. The meaning 
of the chain address in the last sub-block 
in a chain depends on hew the chain is 
being used. 

These small chained 
referred to as "identifier 
or IVBs. 

sub-blocks are 
value blocks," 

Text blocks are allocated to hold IVBs 
as the need arises. Those IV~s not cur
rently in use are chained together into an 
availability chain and are re-used when 
needed. 

An example of a character string value 
held in IVBs is shown. The charact~r 
string, wllicf1 starts wi th P.E and ends with 
CD, is 28 characters long. Two IVBs are 
thus required to hold the value. The 
string AB .•• C is ~ut into the first IV~, 
while ~hc last character, D, is put into 
another IVE. The conditien cede byte of 

Ithe first IVB is 27. The second con~itio~ 



r--------------T---T-' r------------T---------T----' 
I?AB C I 0 I---->ICD///// I 100000011 ? I L ______________ ~ ___ ~_J L ____________ ~ _________ ~ ____ J 

<----28------> 1 3 <---28-----> <---1---> <-3-) 

code byte is 10000001. The first 
indicates end-of-value, while 0000001 
count of the significant characters in 
IVB. 

"1" 
is a 
the 

Besides holding charac~er-string values, 
IVBs are used in rrany places by the 
compile-time processor to hold information 
which must be chained from a dictionary 
entry and which is of indefinite length. 
These uses are noted elsewhere. 

Compile-time statements are handled in 
two parts. During Phase BC, each statement 
is recognized and syntax checked. An 
encoded form of the statement is then 
placed into the current text block. During 
Phase BG these encoded statements are exe
cuted by an interpreter. 

All expressions are encoded in postfix 
Polish. A stack is used during Phase II to 
hold all operands. Conversions are done in 
Phase BG. 

Thus the expression (A+B) IIC, for exam
ple, is turned into 

A B + CII 

To be more explicit, it is turned into the 
instructions 

PUSH A; 

PUSH B 

ADD; 

PUSH C; 

CONCAT 

The PUSH operator pushes its operand 
onto the phase II stack. This stack con
sists of 150 full wor¢s in scratch storage. 
The first byte of eacri call is a status 
byte; the last three bytes hold the value 
if the item is FIXED, a pointer if the item 
is CHARACTER or BIT, or an indirect ref
erence to a dictionary entry if the indi
rE!ct bit is on. 

The bits of the status lyte have the 
following meaning if set to one: 

1 
2 
3 
4 

5 

l-IXBD 
CHARACTER 
LIT 
Indirect reference (i.e., points 
to a dictionary entry> 
Character string value does not 
"belong" to the 8tack and bhouid 
not ~e erased when stack is 
popped. (Shared with Phase bG 
scan. ) 

Bits 6-8 are unused by the interpreter. 
Th8Y are res£rved for Phase PG scan. 

All instructions generated by the Phase 
BC code generators begin with an operation 
byte. Depending on the operation, it rr~y 
be followed by zero or more bytes of 
information which are intrinsically part of 
the instruction. Each instruction may have 
either or both of the characteristics S~ACK 
and FIXED. The definition of these charac
teristics follows: 

1. S~ACK. These instructicn consist only 
of the one-byte ol-;erator. 'l'hey taKe 
their operands, if any, from the Phase 
II stack. TheSE operators correspond 
in general to the PL/I arithmetic and 
string operators. Depending on wlJeth
er they are unary or binary, they us~ 
the tOP one or two items on the stack. 
Before these operands ~re used, they 
are converted, if necessary, i~.El~£§ 
to the required type. After the items 
are used they are po~[ed from the 
stack. The result of the operation is 
pushed onto the stack. 

The conversion, the pOFPing, and the 
pushing are all iruplied for a stack 
operator. 

2. FIXED LENGTH. These oper~tions are 
followed by a fixed number of bytes -
usually two. These bytes, which usu
ally refer to a dictionary e~trYI 
serve as the operand{s) of the 
instruction. 

The table Lelow shows the operations 
that arp to encode macro instructions. The 
operand description indicates only the gen
eral operand type ~or a variable-leng~h 
item. The count byte is omitted. 
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r--------T-------T------------------------------------T----------------------------, 
I MNEMONIC I TYPE I OPERAND DESCRIPTION I FUNCTION I 
~--------+-------+------------------------------------+----------------------------~ 
ADD 

SUB 

MUL 

DIV 

UNMIN 

UNPLS 

ASSIGN1. 

NOT 

AND 
I 
OR 

CON CAT 

EQU2 

INC 

ABORT 

TRA 

TRAC 

TRAF3 

THAI"" 
I 
PUSH 

PUSHI 

UPDT 

ENTM 

RTNS 

ENB 

DSB 

DCL 

STACK BINARY; OPERANDS, RESULT FIXED 

STACK BINARY; OPERANDS, RESULT FIXED 

STACK BINARY; OPERANDS, RESULT FIXED 

STACK BINARY; OPERANDS, RESULT FIXED 

STACK UNARY; OPERAND, RESULT FIXED 

STACK UNARY; OPERAND, RESULT FIXED 

STACK UNARY; B CONVERTED TO TYPE OF A 
FIXED 

STACK UNARY; OPERAND, HESULT BIT 

STACK BINARY; OPERANDS, RESULT BIT 

STACK BINARY; OPERANDS, R~SULT BIT 

STACK BINARY; OPERANDS, RESULT CHAR 

STACK BINARY; OPERANDS, RESULT VARY 

STACK BINARY; OPERANDS, RESULT VARY 

STACK BINARY; OPERANDS, RESULT VARY 

FIXED Two-byte dictiona~y reference 

FIXED One-byte code 

FIXED Two-byte dictionary reference 

FIXED Two-byte dictionary reference 

STACK Two-byte dictionary reference 
FIXED 

STACK Two-byte dictionary reference and 
FIXED a one-byte argument count 

FIXED two two-byte dictionary references 

FIXED Two-byte dictionary reference 

FIXED Two-byte dictionary reference 

FIXED Three-byte line count 

FIXED no operand 

FIXED no operand 

FIXED Two-byte dictionary references 

FIXED Two-byte dictionary references 

FIXED Dictionary reference 

IA+B 
I 
IA-B 
I 
IA*B 
I 
IA/B 
I 
I-B 
I 
I+B 
I 
IA=B (assignrrent) 
I 

A&B 

AlB 

AilE 

A=B (equality) 

A>B 

A<B 

INCLUDE A 
I 
IABORT processing 
I 
ITransfer to label 
I 
ITransfer to label 
I 
ITransfer to label 
lif top of stack false. 
I 
IInvokes the procedure 
I 
I 
ITransfer out of INCLUDE 
I 
IPush A onto stack 
I 
IPush address of A 
lonto stack 
I 
IPut line count into LINCNT 

Enter interpreter 

Return to Phase II scan 

ACTIVA~E A 

DEACTIVATE A 

DECLARE A 

I NOPD FIXED Dictionary reference No-ops the DECLARE, once 
I executed L ________ ~ _______ ~ ____________________________________ ~ ____________________________ J 
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r--------T-------T------------------------------------T----------------------------, 
I MNEMONIC I TYPE I OPERAND DESCRIPTION I FUNCTION I 
.---_._---+-------+------------------------------------+----------------------------~ 
ICVT6 I FIXED IDictionary reference IConvert to RETURNS I 
I I I I attribute I 
I I I I I 
IRETN7 I FIXED IDictionary reference IReturn from procedure A I • ________ ~ _______ L ____________________________________ ~ ____________________________ ~ 

11 The ASSIGN operator does not push a result. The expression result is found on 
I the PDS and is pop~ed; the dictionary reference for the left hand side is the 

single argument. 

20perand conversion for EQU, GT, and LT is as specified in f~~ __ §y§!~~/3£Q 
Qe~£atin~§yste~~_~/I-~~~g~~g£~~fifif£ti2~~, Form C28-6571. 

3The TRAF uses and pops the top operand on the stack. It is treated as a bit 
string for conditional tran~fers. 

~This handles GOTOs out of included text. At this point CLNUP is perforrrEd. The 
arguments are (a) the dictionary entry for the label to which control is to pass; 
and (b) the dictionary entry for the current INCLUDE. 

5The arguments for the invocation are contained on the stack. The dictionary 
reference is to the procedure entry. 

6This converts the "top of the stack to the attributes specified in the RETURNS 
attrihute for the procedure A. 

7This terminates the invocation of procedure A and converts the value on the topl 
of the stack to the attribute specified on the PROCEDURE stateroent. I 

L __________________________________________________________________________________ J 
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The region from offset 0 to offset 304 
(ZCOMM) is used as a general communications 
region throughout the compiler, including 

434 

the cowpile-time processor. The region 
from ZCOMM to ZCOMM+463 is also used by the 
compiler; however, during the compile-tirre 
processor phase, this region is used exclu
sively by the cornpile-tiwe processing. The 
details of this usage are shown below. 



STATUS ZCOMM 1 

STA2 ZCOMM+l 1 

SUBSTRDR ZCOMM+2 2 

TOKPTR ZCOMIvJ+4 4 

INCPTR ZCOMM+8 4 

INBUF ZCOMM+12 4 

OUTBUF ZCOMM+16 4 

PDSPTR ZCOMM+20 4 

ENDBUF ZCOMM+24 4 

WHERE ZCOMM+28 4 

IVBPTR z.COr-1~l+ 3 2 4 

LINCNT ZCOMM+36 4 

TEMPTR ZCOMM+40 2 

DCENTY ZCOMM+42 2 

CURINC ZCOMM+44 2 

CURDO ZCOMM+46 2 

PROCNO ZCOMM+48 1 

NXTPC ZCOMM+49 1 

DPHCNT ZCOMM+50 2 

CODE ZCOMM+52 1 

LENGTH ZCOMM+54 2 

Byte 1: Bit 

Note: 
Condition 
settings 
"1" set 
"0" = off 

o not used 
1 PROCSW -- processing macro procedure 
2 FINDBIT -- SKHDIC has found dictionary itere 
3 ERSW -- diagnostic produced in Phase II 
4 EFSW -- end of file encountered (input) 
5 LEVEIT -- processing IVB 
6 INCSW processing included text 
7 PH2SW -- in Phase II 

Byte 2: Bit 0 OLDINC -- processing already listed INCLUDE 
1 SKPSW -- indicates entry to END from PRCSCN 
2 NOPERCENTSW -- look ahead for % completed 
3 SYSOPN -- SYSLIB DCB is open 
4 MACRO -- indicates current macro action 
5 PR2SW -- indicates in macro procedure 
7 ARG -- indicates that Phase II is looking for 

arguments of activated procedure 

Holds dictionary reference of 0 level SUBSTR entry 

Address of character being scanned, text reference or 
absolute, right justified 

Save area for TOKPTR 

Absolute address of input buffer, right justified 

Absolute address of output buffer, right justified 

Absolute address to top of [ushdown stack, right justified 

Absolute address to last significant character in input 
buffer, right justified 

Address of next available byte in output buffer, text 
reference or absolute, right justified 

Text reference to next free IVB, right justified 

Holds current line number, right justified 

Dictionary reference to top of "in-use" temporary stack 

Dictionary reference for chaining dictionary items 

Dictionary reference to INCLUDE entry beine; processed 

Dictionary reference to DO entry being processed 

Current procedure number, right justified 

Next available procedure number, right justified 

Current depth count 

Code for token type 

Number of signifiant characters in TOKEUF, right justified 
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MXDPTH ZCOMM+56 

INDEX ZCOM~j+58 

ATTR ZCOMM+60 

GRSAVE ZCOMM+64 

NEWIVB ZCOMIv1+68 

VALUE ZCOMM+72 

PREINB ZCOMM+76 

BUFSRT ZCOMM+80 

INIVB ZCOMM+84 

OUTIVB ZCOMM+85 

'I'XTBLK ZCO~ll"l+ 8 6 

INVBAB ZCOMM+88 

OUTIVBAB ZCOMM+92 

TXTBLKAB ZCOMM+96 

MTABC ZCOM~j+100 

TXTEST ZCOMM+104 

BUF1 ZCOMM+108 

BUF2 ZCOM~j+112 

LIBDCB ZCOMM+116 

USRDCB ZCOMM+120 

MAXLCT ZCOMM+124 

PRCWHR ZCOMM+128 

DCENTYAB ZCOMM+132 

SCEK ZCOMM+136 

PROCCL ZCOMM+140 

OUTERCL ZCOMM+142 

PROCCLDR ZCOMM+144 

OUTRCLDR ZCOMM+146 

DECIDR ZCOMM+148 

CURPRC ZCOMM+152 

TOKBUF ZCOMM+164 

HASTB ZCOMM+300 

CONSCH ZCOMM+428 

SPECCH ZCOMM+430 
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2 

2 

2 

4 

4 

4 

4 

4 

1 

1 

1 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

2 

2 

2 

2 

4 

4 

32 

128 

2 

2 

Integer value of depth of replacement, right justified 

Hash table index for dictionary routines 

"Type" byte for dictionary routines 

Save area for GRG 

Pointer to IVB chain to' be freed or ottained 

Type and value/value pointer for dictionary entries 

Pointer to header information for INBUF 

Pointer to left margin in INBUF 

Current busy block number 

Current busy block number 

Current busy block numbE-r 

Current block used in absolute address calculation 

Current block used in absolute address calculation 

Current block used in absolute address calculation 

Address of translate table for TOKSCN and FINDPC 

Length of text block adjusted for chain address 

Pointer to first INCLUDE buffer 

Pointer to second INCLUDE buffer 

Pointer to DCB for SYSLIB data set 

Pointer to DCB for user data sets 

Maximum line count used sO' far 

Pointer to next byte in which to put procedure text 

Absolute address of dictionary entry 

Pointer to level 1 SUBSTR entry 

Dictionary reference of procedure check list 

Dictionary reference of outer check list 

Dictionary reference for PRCCCL cell 

Dictionary reference for OUTERCL cell 

Dictionary reference of dictionary entry for DECIMAL 1 

Pointer to current procedure entry on PDS 

32-byte buffer, charactE-rs inserted left justified 

64 two-byte dictionary references to hash chains for named 
items 

Dictionary reference to constant chain 

Dictionary reference to special chain -- debugging only 



Although the compile-time processor 
makes considerable use of the Operating 
System facilities, it usually does so indi
rectly through the compiler control., How
ever, those Operating System services 
required to support the INCLUDE facility 
are invoked directly. Since included text 
is required to be a member of a partitioned 
data set, it is those data management 
facilities which support BPAM which are 
used. Specifically the macros OPEN, FIND, 
CLOSE, READ and CHECK are used by various 
parts of the INCLUDE handler~ Details of 
these macros can be found in lBM_§.y£:!:~!!.!~l§'Q 
Q2§.f~ t i !!.sL2Y stem : .-.£2!!.:t~.Q I P f29 r a!IL§~ rv 1£ e s , 
Form C28-654i. 

The root phase is invoked by the compil
er control if the MACRO option is speci
fied. All subsequent commutiication between 
the compile-time phases and the compiler 
control is done by way of cells in the 
communications region. This includes the 
parameters passed to the F service rou
tines, the decoded options which are test
ed, and the cells set to indicate t~e 
status of source margins and mode (EBCDIC) 
of the output. 

Specifically, the following cells in the 
communications region are either used or 
set: 

PARi 

PAR2 

ZTV 

ZMYN1~M 

MCSIZE 

CCCODE 

TXTSZ 

ZSOR 

ZMAG 

ZTRANi 

column number in which to begin 
scan of input text 

column number in which to end 
scan of input text 

The following compiler control routines 
are referenced: 

ZUPL RELESE 

ZURD RLSCTL 

ZUGC ZTxTRF 

ZUTXTC ZTxTAP. 

ZURC ZCl-iAIN 

ZABOR'l' ZALTER 

ZLOADW ZDABRF 

ZDICRF ZEND 

ZUERR ZUBW 

ZDH.FAB 
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Abbreviations in text during 
compilation 396-404 

ABS 51 
Absolute addresses, conversion from 15 
ADDR built-in functions 50 
Adjustable bound expressions 60 
Adjustable length constants 34 
Aggregate, DEFINED 61 
AGGREGATE LENGTH TABLE 61 

phase 61 
Aggregates Logical Phase 19,45-46 
ALLOCATE chain 29 

pointer-variable in the SET option 53 
statements 39,44,52,53,60 
triples 48 

ALLOCATE statements 36 
format of 380 
with based variables as arguments 53 

AND 49 
functions 50 
operations 50 

Annotated Dictionary Dump 25,26 
Annotated Text Dump 25 
AREA. 34 

references 45 
variables 38 

AREA arrays and structures storage 
mapping 45,46 

AREA condition dictionary entry 38 
Arguments 52,53 

based variables 53 
expressions 41 
passed to library routines 45 

Arithmetic triples 49 
Arithmetic registers 47 
Array and structure arguments to built-in 

function 44 
Array bounds 

expressions specified for 32 
format of the second file statement 391 
identifiers with identical array 

bounds 34 
Array expressions 40,43 

in I/O lists 43 
Array mapping 19 
Array string dope vector, size of 60 
Arrays 
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adjustable 45 
arguments to built-in functions 44 
assignments 40,43 
base 43 
defined 43 
EVENT 53 
having adjustable bounds 35 
INI'l'IAL 58 
initial value string 48 
mapping of 45 
non-structured arrays in AUTOMATIC 360 
non-structured arrays in STATIC 

INTERNAL 360 
partially subscripted 42 
STATIC INTERNAL 58 

unsubscripted 43 
Arrays of strings with the VARYING 
attribute 

secondary dope vector 59 
Arrays storage mapping 45,46 
ASSIGN statement 

format of 377 
Assignrrent statements 

nested 43 
Assignments 40,43 

array 43 
scalar 43 
to chameleon dummy arguments 44 

Assignroents coded in-line 55,56 
ATR 

attribute lister 39 
option 61 

ATR option Phase FX 39 
Attribute collection 34 
Attribute list 34 
Attributes 

BIT 34 
CHARACTER 34 
declarations 19 
default 35 
DEFINED 34,58 
DIMENSIONS 34 
factored 34 
generic 34 
INITIAL 36 
INITIAL CALL 34 
invalid and inconsistent 34 
LABEL 34 
LIKE 36 
PIC'I'URE 34 
POSITION 34 
PRECISION 34 
SE'IS 34 
testing for consistent attributes 32 
USES 34 

AUTOMATIC 
chains 45,57 
non-structured arrays in 360 
non-structured scalar strings in 361 

AUTOMATIC chain delimiter, dictionary 
entry 366 entry 366 

AUTOMATIC structures 360 

Base elements of structures 
bounds 32 

BJl..SED 34 
Second File Stctements for 392 
variablE-s 38 

BASED variable 36,39 
arguments 52,53 

Batch compilation 26,64 
Batch delimiter card 26 
BCD 

entries 364 
identifiers 19 

BEGIN 



chains 28 
entries type 1 32 
statements 37,39,42 
triples 48 

BEGIN stateme:!1t 
format of 376 
prologue 60 

BIT 34 
attributes 31~ 

string 49 
BLDL 

second half list 26 
BLDL macro 22 
Block levels 28 
Block Control 21 
Block header chains 33 
Block nesting levels and counts 30 
Block size 

dictionary 15,22,405 
text :15,22,405 

BOOL func·tions 
AND 50 
EXCLUSIVE OR 50 
In-line code 50 
OR 50 

Bounds 
for base elements of structures 32 
of temporary arrays 32 

Build list 22 
Built-in functions or progra~mer supplied 

procedures 51 
Built-in function table 44 
Built-in functions 

ADD 49,50 
ADDR 50 
array and structure arguments 44 
compiler 32,55 
COMPLETION 50 
Dictionary Entries 363 
DIVIDE 49 
Er.:JPTY 41 
EXCLUSIVE OR 50 
generated in-line 45,51 
INDEX 45 
MULTIPLY 49 
NULL L~l 

NULLO 41 
STATUS 50 
SUBSTR 45 
UNSPEC 45,50 

BUY 40,51,55,60 
BUY ASSIGN 

statements 55 
BY NAME option 40 
Byte 9 

Code Byte 365 
B~{tes for 351 

Entry Dictionary Entries ENTRY 351 

CALL 
chain 29,35 
EVENT 51 
PRIORI'I'Y 51 
TASK 51 
to a Library epilogue routine 52 

CALL statement 37 
format 378 

procedure invocations 44,51 
Calls 

with arguments 41 
Cards 63 

loader text 63 
relocation directory 63 

CAT 49 
Cataloged procedures 15 
CCCODE 26 

format of 343 
Chains 

ALLOCATE 29 
AU'I'OMA'rIC 45,57 
BEGIN 28 
block hE'2ader 33 
CALL 29,35 
circular PROCEDURE-ENTRY chain 34 
COBOL 45 
constants 57 
CONTROLLED 45,57 
DECLARE 29 
LIKE 36 
of DECLARE statements 34 
PROCEDuRE 28 
PROCEDURE-ENTRY 33 
PROCEDU~E-ENTHY-BEGIN 29 
STATIC 45,57 

Chains constructed by Read-In 29 
CHARACTER 34 

attritutes 34 
string 49 

Character translation 21 
Character Translation Tables 21 
CHECK 

conditions 40,42 
CHECK lists 38,42 

Entry 365 
List Processing 3B 

CLOSE 
calling sequences 54 
Library modules 54 

CLOSE statements 
format of 380 

COBOL chain 45 
COBOL option 41 
COBOL structures storage mapping 45-46 
Code Byte 

Byte 9 365 
Dictionary entry 345,351 
ENTRY 351 
First Code Byte - Other 1 355 
for GOTO 37 
Fourth Code Byte - Other 4 356 
GOOB 37 
Optimization Byte 352 
Options 34,351 
Second 364 
Second Code Byte - Other 2 355 
Third Code BytE - Other 3 356 

Comments in the listing 64 
Communications region 17,21,407 
Communications Region - tables 408,413 
Communications region, complle-time 

processor 434 
COM?ARE operator 49 
CompaIisons 50 

triples 49,50 
string 49 
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Compilation 
batch 26 
bypassed 28 
termination of 45,65 

compile-time expressions 431 
Compile-time macro operations 
table 432-433 

Compile-time Processor 
dictionary entries 429 
instruction codes 431 
internal format of text 429 

Compile-time Processor error messages 
text 28 

Compile-time Processor Logical Phase 
compile-time Processor Phase 19,27 
Compile Time Processor Line numbering 
compile-time Processor, corrmunications 

region 434 
Compile-time statements 431 

syntax errors 28 
compiler 

initialization 15 
input 15 
labels 361 
output 15 

compiler completion codes 23 
compiler Control module IEMAA 21 
Compiler control modules 24,27 
compiler control routines 

entry to 407 
initialization 15 

Comoiler Function - formats 390-393 
Compiler functions 32,55 
Compiler labels 

numbered for use 63 
Compiler options 

LINECNT 414 
SIZE 414 
SORMGIN 414 
table 25 

Compiler Organization 17 
Figure 3 18 

429 

27 

Compiler, overall flowcharts 67-68 
Compiler pseudo-variables and functions 32 
compiler pseudo-variables 55 
compiler subroutines 

text for 63 
COfv'lPLETION 50 
Completion codes 23 
Concatenation 50 

of varying strings 50 
triples 45 

CONDITION conditions 38 
Conditions 

CHECK 40 
ON 40,365 

Constant subscript evaluation 
Optimization of 52 

Constants 30 

440 

adjustable length 34 
chain 38,57 
Dictionary Entries from 362 
FILE 362 
file constants with the ENVIRONMENT 
option 41 

fixed length 34 
label 361 
sterling 38 

Constants, phase CS 56 
Constructing and accessing 
Dictionary 31 

Control block 
DECLARE:; 41 

Control code word 
format of 343 

CONTROL COLUMN 414 
Control Flow 

Figure 3 18 
Control phase 17 
Control program 

of the Operating System 
CONTROLLED 

Array 360 
chains 45 
structures 360 

CONTROLLED chain 57,63 
CONTROLLED variable 63 

the 

15 

Conversion frow absolut~ addresses 
Conversion of symbolic references 
Conversions, PhaSES OG,OM,OP 56 
Correspondence defining 39 
CSECT 

Program Control Section 63 
STATIC internal 63 

Data 
Dictionary Entries for 352 
dynamically defined 39 
options 41 

Data Byte 357 
Data interchange 45 
Data Items 

Dictionary Entries for 352 
Data lists 41 
Data sets 24 

SYSIN 21 
SYSPRIN'I 21 

15 
15 

Data/format lists in I/O staterrents 55 
DCLCB parameter 

froIT the FILE option 53 
Declarations 

attribute 19 
DECLARE 

chain 29 

DED 

control block 41 
forrr.at of 380 
statem~nts 32,37 

Dictionary Entry 366 
DED-Data element descriptor 58 
DED2 

Entries 367 
DEFINED 34,58 

chain check 45 
dynamically 58 
items which are to be addressed 
directly 59 

second file Statewents for 393 
DEFINED aggregate 61 
DEFINED data 35 

Dictionary entries for 39 
DEFINED STORAGE MAPPING 45,46 
Defining 

correspondence 39 
dynamic 39 



Mixed scalar-array-structure-string 
class overlay 46 

overlay 39 
Scalar overlay defining 46 
static 39 
undimensioned structure overlay 
defining 46 

DELAY statement 52 
format of 379 

DELETE 
statements 53 

Descriptors 
Temporary 47 

Device type options 15 
Diagnostic Message Control 21,22 
Diagnostic messages 20,29,64,422-428 
Dictionary 17 

block size 15,405 
Constructing and Accessing 31 
diagnostic message chain in the 
dictionary area 29 

dump of 25 
extendE;d 26 
first dictionary block 17 
hash table 31 
normal-·sized 26 

Dictionary and text block size 22 
Dictionary area 

dianostic message chain 29 
Dictionary blocks 

available 405 
first dictionary block 17 

Dictionary entries 39 
AUTOMA'J'IC Chain Delimiter 366 
BCD 364 
BEGIN 33 
Built-in Functions 363 
CHECK list 365 
Code Byte 351 
compile-time processor 429 
Data It~ems 352 
DED 366 
DED2 367 
DEFINED data 39 
Dope Vector Descriptor 368 
Dope Vector Skeletons 366 
ENTRY 33 
Entry Points 32,347 
entries type 1 32 
entry t.ype 4 32 
FED 367 
Internal Entry Point 33 
FILE 362 
list processing AREA condition 38 
Format Element Descriptor 367 
from Constants 362 
GENERIC entry labels 42 
INITIAL attributes 34 
Initial Values 369 
item described by a picture 39 
Label 352 
Label BCD 367 
ON conditions 38,59 
OPEN control block 41 
option 41 
parameter descriptions 364 
PICTURE 34,365 
PICTURE 365 

PROCEDURE 33 
RECORD dope vector 367 
skeleton dope vector 58 
STATIC DSA 57,368 
Statements 34,35,37 
Structure Items 352 
Symbol Table 366 

Dictionary entries for Label Variables 352 
Dictionary entries for Major and Minor 
Structures 353 

temporary variable 59 
Dictionary entries during the compilation 

formats of 345 
Workspace Requirement 366 

Dictionary Phase 19,31-40 
Dictionary reference 

of a POINTER in a PEXP pointer 
expression 39 

Dictionary references 
dummy 38 

Dimension Table 368 
Dimension table entries 34 
Dimension table 38 
DISPLAY statement 52 

format of 379 
DO groups 

nesting 48 
DO loop processing phases 44 
DO loops 48 
DO statement 37 

format of 377 
DO-nest levels 28 
Dope Vector Descriptor Entry 368 
Dope Vector Entries for Temporaries 367 
Dope Vector Skeletons, Dicticnary 
Entries 366 

Double stack translation 43 
DSA optimization 60,420-421 
Durruny argurrents 

assignments to chameleon dummy 
arguments 44 

Dummy dictionary references 
statements containing 38 

Dump 25,26 
Annotated Dictionary 26 
Annotated Text 25 
dictionary codes used 25 
easy-to-read text print 26 
inter-phase 25 
of the dictionary 25 
SYSPRINT 25 

DUMP option 25 
Dynamic initialization phases 44 
Dynamic Prologue Subroutine code 420-421 
Dynamically defined data 39 

EDIT option 41 
Edit-directed I/O 54 
EMPTY built-in function 41 
END card 64 
END statement 37,42 

format of 376 
Entry labels 

GENERIC 42 
Entry name 

generic entry name arguments to 
procedure invocations 51 
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Entry Point 
Dictionary Entries for an Internal Entry 
Point 33 

Entry Points 32,347 
Dictionary Entries 347 
External 32 
formal parameters 32 
parameter descriptions 32 
to Library routines IHESADA and 

IHESADE 63 
Entry Requiring Additional Comparisons 

Format of 342 
ENTRY statement 

entry type 1 348 
format of 376 

EntIy type 1 348 
ENTRY statement 348 

Entry type 1 chain 63 
Entry type 1 for 

BEGIN 347 
ENTRY 347 
PROCEDURE 347 

Entry Type 2 349 
Entry Type 3 349 
Entry Type 4 350 

dictionary entries 32 
Entry Type 5 351 
ENVIRONMENT option 41 
EOB operator 44 
Error editor 65 
Error Editor Phase 20,64 
Error messages 

text of 65 
Error messages 422-428 
Errors and Diagnostic Messages 29 
ESD and RLD cards 20 
SSD cards 62,63 
EVENT 

array 53 
data 363 
option 51,54 
present in a CALL statement 42 
variables 38,51 

EVENT array dope vector 53 
EXCLUSIVE second level marker 41 
EXCLUSIVE OR functions 50 
EXIT 

format of 379 
statements 52 

Expression 
in a RETURN expression 32 

Expressions 
arguments 41 
array expressions in I/O lists 40 
evaluated at prologue time 38 
for array bounds 32 
structure 42 

Expressions - compile-time 431 
Expr8ssions specified for 

string lengths 32 
Extended dictionary option 25,26 
Extent variable 

named in the REFER option 53 
External entries for Built-in functions 63 
External entries for EXTERNAL entry 

names 63 
External entries for files 63 
External entries for Library functions 63 

442 

External ~ntries for programmer ON 
conditions 63 

External entries for STATIC external 
variables 63 

External entry points 
dictionary entries 32 

External standard calling sequence 

Factored Attributes 34 
FED 

Dictionary Entry 367 
FILE 

Constants 362 
Dic~ionary entry for 362 
Environment Entries 362 
ParametErs and Terrporaries 362 

File constants 
STATIC chain 41 

FILE option 
DCLCB parameter 53 

Files 35 
Final Asse~bly Phase 20,62-64 

optimization 62 
First BalE Byte format 345 
First LeVEl Directory 

Format of 342 
Fixed length constants 34 
FLAG 

Varia~le Length Item 388 
Formal parameter list 33 
Formal parameter type 1 entries 33 
Formal parameters 38 

entry points 32 
Format Elewent Descriptor 

Dictionary Entry 365 
Format of 

ALLOCATE statements 380 
ASSIGN statement 377 
BEGIN staterrent 376 
CALL statement 378 
CCCODE 343 
CLOSE statements 
control code word 
DECLARl.:; 380 

380 
343 

DELAY staterrent 379 
DELETE statement 380 
DISPLAY statement 379 
DO statement 377 
END statement 376 
Entry kequiring Additional 

Comparisons 342 
ENTRY statewent 376 
EXIT 379 
First Level Directory 342 
FORMAT statement 380 
GENERIC entry point 351 
GET 380 
GO TO statement 378 
Identifier Value Block 430 
IF statement 377 
INITIAL label DECLARE staterrents 
IVB 430 
Null 379 
ON statement 377 
OPEN and CLOSE statements 380 
phase directory entry 343 
PROCEDuRE statement 375 

51 

379 



pseudo-code units 386 
PUT 380 
READ 380 
RETURN statement 379 
REVERT statement 378 
REWRI,]~E 380 
Second File Dictionary Entry 368 
Second Level Directory 342 
SETS List 350 
SIGNAL and REVERT statements 378 
STOP 379 
Third Level Tables 342 
UNLOCK 380 
Variable Information 357 
WAIT statement 378 
WRITE 380 

Format of First Half Byte 345 
Format of Second Half Byte 345-347 
Format of text 

compile-time processor 429 
Format of the second file statement array 

bounds 391 
Format of triples 383-385 
F'ORIvlAT statement 
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compilation 345 

FREE 
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FREESA routine 
Libra:ry call 52 

Function 
called with the TASK option 41 

41 

53 

calls with arguments 
Function reference 

invocations by 51 
source text 41 

Functions 49 <See also Built-in functions) 

General purpose register 
in pseudo-code 47 

GENERIC 
entry labels 42 
entry name arguments to procedure 

invocations 51 
procedure 45 

GENERIC entry point format 351 
GENERIC identifiers 35 
Generic library routine 

invoked by a function 45 
GET 

format of 380 
Library modules 54 
statements 43 

GET and PUT statements 
Library call 54 

GO TO statement 
format of 378 

GOLN triples 52 
GOOB triple 52 
GOTO 

changed to GOOB 37 
triples 52 

Hash table 
dictionary 31 

Housekeeping Phase FT 38 

I/O 
Library routine entries for EDIT
directed STREAM-I/O 54 

I/O activity 
within a PROCEDURE or BEGIN block 41 

I/O lists 
array expressions in 43 

I/O statements 40 
Data/format lists in 55 
RECORD 41 

Identification Table 415 
Identifier Value Block 

Forrrat of 430 
Identifiers 30,37 

ECD 19 
GENERIC 35 
implicitly defined 31 
with identical array bounds 34 
with INITIAL CALL 35 
with th~ INITIAL attribute 35 

Identifiers appearing as multiple 
declarations 35 

IDV initial dope vector statement 48 
IEMAA 

module 21 
IEMAF Control Section 

Figure 414 
IF statement 

format of 377 
result of the comparison 52 

IF triples second operand 52 
IGNORE option 54 
IHELSP parameter list 53 
IHEQERR 63 
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IHESA 51 
IHESADA 63 
IHESADE 63 
IHETSA 51 
Implicitly defined identifiers 31 
In-line 

BOOL functions 50 
built-in functions 45 
functions which are to be coded 
in-line 51 

pseudo-code 49,50 
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INCLUDE mdtrix 54 
INDEX 50 

functions 45 
INITIAL 

arrays 58 
Identifiers with the INITIAL 
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variables 48 
INITIAL attribute 36 
INITIAL attributes dictionary entries 34 
INITIAL CALL 

Identifiers 35 
INITIAL CALL attributes 34 
INITIAL latel DECLARE statements 

forrrat of 379 
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label array 39 
Initial Labels 30 
INITIAL Value List 369 
INITIAL value statement format 392 
Initial value statements 

associated with the ALLOCATE 
statement 60 

Initial value string 
arrays 48 

Initial Values 
Dictionary Entries 369 

Initialization 21 
Input to the compiler 15 
Input/Output Control 21,22 
Input/output statements 

syntax of 31 
Input/Output Usage Table 24 
Instruction Codes 

compile-time processor 431 
Instructions 388,390 

RR 390 
RS 388,390 
RX 387,390 
SI 388,390 
SS 388,390 

Inter-phase dumping 
t-lodule AD 25 

Intermediate result stack 49 
Intermediate results 48 
Intermediate string results 

stack of 49 
Internal Entry Point 

Dictionary Entries for 33 
Internal Library Functions 364 
Internal standard calling sequence 
Invocation count 63 
IRREDUCIBLE 36 
iSUB references 40 
iSUBs 

items defined using iSUBs 43 
IVB 

Format of 430 

Job Termination 22 

KEYTO option 
KEYWD routine 
Keyword tables 

Label 

54 
341 

341 

Constants 361 
Dictionary Entries for 352 

Label array 38 
initial label statements 39 

LABEL attribute 34 
Label BCD 

Entries 367 
Label declaration 29 
Label statements 

initial 39 
Label table entries 

multiple 29 
Label table entry 29 
Label Variables 

51 

Obtal-ned from DECLARE Statement 352 
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possibly subscripted 52 
Subscripted 30 

Labels 
Compiler 361 
Initial 30 
Statement 34 

Large source programs 15 
Level Numbers 

Structure Level Numbers 34 
Levels 

block 28 
DO-nest 28 

Library 
FREEDSA 52 
invocations by a function 
reference 44,51 

Library call 
GET and PUT statements 54 
termination 54 

Library calling sequences 395 
Library conversion routines 

list of 63 
Library epilogue routine 

call 52 
Library routine entries for 

edit-directed STREAM-orientec 
Library routines 

arguments passed to 45 
External 396 
Interna.l 395 

LIKE 
Data with the 

LIKE attribute 
LIKE chain 36 
Line numbering 
LINECNT 

LIKE attribute 
34,36 

27 

compiler options 414 
LIST option 41,63 

List processing 
based variables 37 
facility 33 
variables in CHECK lists 38 

Listing of the object code 20 
Lists 38,42 

CHECK 42 
data 41 
NOCHECK 38,42 

Loader text 20 
LOCATE 41,44,53 
Logical end-of-prograw indication 
Logical Phases suwmary 17 

MACRO option 27 
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Main storage required 405 

I/O 54 

35 

29 

Major and rrinor structure entries 353,360 
Nap 

phase-in-storage 339 
Mapping 

array 19 
structure 19 

Mapping of structures and arrays 45 
Markers 

MAX 

multiple assignment 50 
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number of arguments 51 



Message directory block module BO 28 
ME:=ssages 

diagnOl::;tic 20 
severity level 28,64 

Messages - list 422-428 
1-1IN 

number of arguments 51 
Minor Structure Entries 353 
Modules, description, flowchart, and 
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335-337) 
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AB 21,69,73 
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AE 25,69,75 
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AI 26,69 
. "l\J 26,69 
AK 26,69,75 
.AL 26,69,76-80 
AM 26,69,81 
AN 26,69,76-80 
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IElliJAA 21,69 
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CL 30,109 
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co 30,110 
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CS and CV 30,111-112 
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LX 49 
LY 49 
string-handling 49 

M'I'F statement 39 
Multiple dictionary entries 
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Multiplier function Format 391 
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attempts to reduce the number of 62 

NANE card 64 
Nested statements 42 
Nested procedures 

unnested at object time 63 
Nested structure assignment 42 
Nesting 

DO groups 48 
Nesting levels and counts 

block 30 
NOCHECK lists 38,42 
Normal-sized dictionary 26 
NOT 49 

operations 50 
NUL:!' ... 

built-in functions 41 

forrr,at of 379 
NULLO 

built-in functions 41 
Number of arguments to 

MAX 51 
MIN 51 

Object code listing 20,62 
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OFFSE'I' 34 
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OFFSETl slot 360 
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ON 
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dictionary entries 38 
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triples 52 

ON block prologue 60 
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multiple dictionary entries 37 
0:\1 condition 38 

dictionary entry for 37 
entries 59 

ON statement 38,364 
formats 377 

OPEN 
calling sequences 54 
control block entries 41 
Library modules 54 
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format of 380 
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Operating System control program 15 
Operations 50 
Operator 

CO{viPARE 49 
Optimization 

DSA 60 
in the final asserrbly 62 
of constant subscript evaluation 52 

Optimization Byte 352 
Options 

A'l'R 61 
BY NAME 40 
COBOL 41 
Code Byte 34,351 
DATA 41 
device type 15 
dictionary entry 41 
DUtvlP 25 
EDIT 41 
EVENT 51,54 
extended dictionary 25 
IGNORE 54 
KEYTC 54 
LIST 41,63 
t1ACRO 27 
PRIORITY 51 
REFER 53 
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SIZE 22,405 
SOURCE 28,30 
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storage size 15 
TASK 51 
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OR 49 
functions 50 
operations 50 

Output from the compiler 15 
Output string 30 
Overlay 

defining 39 

P FORMAT marker 37 
Parameter Array 360 
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in an entry declaration 42 
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Dictionary entries 364 
entry points 32 

Parameter list 
to IHELSP 53 

Parameter Lists 
Dictionary Entry 366 

Parameter registers 47 
Parameter type 1 

Formal parameter type 1 entry 361 
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dictionary reference of a POINTER 39 
?EXP second file statement 36 
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AS 27,83,89-90 
AV 27,84,91 
BC 27,85,92-93 
BG 28,86,94-96 
BM 28,87,97 
BW 28,88,97 
BX 26,99,105 
CI 30,100 
CL 31,101 
CO 31,102 
compile-time Processor 19,27,82,429 
CS 31,103 
CV 31,104,112 
Dictionary 19,31-40,113 
ED 33,129 
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EI 34,115,131-133 
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EP 35,117,137-138 
Error Editor 20,64-65 
EW 36,118,139 
EY 36,119,140 
FA 36,120,141-143 
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FI 37,122,144-145 
Final Assembly 20,62-64,311 
FK 37,123,146 
FO 37,124,147 
PQ 38,125,148-149 
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FV 39,127,152-153 
FX 39,128,154-155 
GA 41,157,165 
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GK 41,159,168 
GO 41,169 
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GU 42,161,172-173 

HF 42,162,174-175 
HK 43,163,176 
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IX 45,184,190 
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JI 45,193,196 
JK 45,194,197-198 
JP 46,195,199 
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LB 48,202,233 
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LG 48,204,235-236 
LH. 49 
LS 49,205,237-238 
LV 49,206,239 
LX 49,207,240 
MB 50,208,242-243 
MD 50,209,244 
ME 50,210,245-246 
MG 50,211,247-249 
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NA 52,218,256-258 
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OD 55,225,271 
OE 55,226,272 
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QlJ] 56,228,275 
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Pseudo-Code 19 
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PT 59,285,297-298 
QF 59,286,300 
QJ 60,287,301-302 
QX 61,289,303 
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Read-In 19,28-31,98 
Register Allocation 20,61-62,304 
RF 62,309-310 
Storage Allocation 19,57-61,279 
TF 62,312,321 
TJ 62,313,322 
TO 63,314,323 
Translator Logical 43,45,178 
TT 63,315,324-325 
UA 63,316,326-327 
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UE 64,318,329-330 
UF 64~319,331-333 
XA 64 11 320,334 

Phase Directory 343,22 
second half 26 

Phase directory entry 
format of 343 

Phase Loading 21,22 
Phase-in-storage map 339 
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DO loop processing phases 44 
dynamic initialization 44 
marked wanted or not wanted 44 

Phases and Modules - Guide 335-338 
Physical general purpose registers 47 
PICTURE 34 

dictionary entry 34,39 
Entry 365 
table entry 34 

Picture chain 37 
validity of each item 38 

PL/I source program on SYSOT3 27 
PL/I source text 17 
PNTR 54 
POINTER 

references 45 
variables 38,54 

POINTER arrays and structures storage 
mapping 45 

Prologue 60 
POSITION constant 34 
Precision 34 
PREFIX ON slots 

in the Dynamic Storage Area 61 
Pretranslator Logical Phase 40 
Pretranslator Phase 19 
PIUORITY 

option 51 
present in a CALL statement 42 

PROCEDURE 
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calls with arguments In 
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generic 45,51 
invocations by a CALL statement 51 
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reference 44,51 

parameters 32 
size 62 
statement 35 
statements 37,39,42 
triples 48,,52 

Procedure arguments 
temporary variables for 19 

PROCEDURE block 
prologue 60 
invocations 51 

PROCEDURE statement 33 
format of 375 
format of an entry for 347 
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PROCEDURE-ENTRY chain 33 

circular 34 
PROCEDURE-ENTRY-BEGIN 

chain 29 
Program Check Handling 21,22 
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built-in functions 51 
Prologue 
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Pseudo-Code 

design 47,386 
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to check the subscript range 52 
trirles into 55 
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RE 388 
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Pseudo-Code Phase 19 
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descriptors 393 

Pseudo-code units 
format of 386 
SUBSTR 50 
triples 49 

Pseudo-variable-formats 390-393 
Pseudo-variable descriptions 

stack 50 
Pseudo-Variables 48 

compil'2r 32,55 
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syntax 43 
triples 49 
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format cf 380 
Library call 54 
Library modules 54 
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READ 

format of 380 
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READ SET 
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Read-In Phase 19 

output of 29 
Storage fYJap 30 
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Entry 367 

RECORD I/O statements 41 
RECORD-oriented input/output 53 
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References 
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Register 

description 47 
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Register Allocation Phase 20 
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assigned 47,62 
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parameter 47 
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symbolic 62 

Remote format statements 55 
Resident tables 341 
Results 

Intermediate 48 
RETURN 

triples 52 
RETURN expression 

expression in 32 
RETURN statement 

format of 379 
REVERT 

triples 52 
REVERT statements 

format 378 
REWRITE 

format of 380 
statements 53 

RLD cards 20,62 
RR Instructions 
RS Instructions 
RX Instructions 

388,390 
388,390 
387,390 

Scalar assignments 43 
Scalar overlay defining 46 
Scalar-array-structure-string overlay 
defining 46 

Scalars in 
AUTOMATIC 361 
CONTROLLED 361 
EXTERNAL 361 
parameter 361 
STATIC 361 
STATIC INTERNAL 361 

Scale constants 34 
SCAN routine 50 
Scratch Storage Control 21,22 
Second Code Byte 364 
Second File Dictionary Entry 

format of 368 
Second file entries 
Second file stateme~t 

PEXP 36 

38 
59,390 

Second File Statements for 
BASED 392 
DEFINED 393 
OFFSET 392 

Second Half Byte format 345-347 
Second half list 

BLDL 26 
Second half phase directory 26 
Second Level Directory 

format of 342 
Second Offset Slot 

decision to include 359 
Secondary dope vector 
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arrays of strings with the VARYING 
attribute 59 

SELL statement 40,42,51,55 
SET option 

pointer-variable in 53 
SETS 

attributes 34 
entries with the SE~S attriLute 37 

SETS list 41 
SETS list format 350 
severity level of messages 28 
SI Instructions 388,390 
SIGNAL 

arithmetic condition triplES 52 
SIGNAL and REVERT statements 

format 378 
SIGNAL CH.E.CK 

statement 42 
SIZE 

compiler options 414 
of each procedure 62 

SIZE option 22,405 
Skeleton dope vector 59,60 

dictionary entry 58 
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text 45 
SORMGIN 

compiler options 414 
SOURCE option 28,30 
Source program 

syntax checking 19 
Source program options 15 
Source text 17,49 

function referencEs 41 
grarrmatical forms 40 
new symbols 40 
prefix form 44 

SS Instructions 388,390 
Stack 

intermediate result 49 
of intermediate string results 49 
of pseudo-variable descriptions 50 

Standard calling sequence 
external 51 
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Statement and Entry Labels 29 
Statement label 34 

pseudo-code it~m 60 
Statement label code 29 
Statement Numbering 29 
Statements 

ALLOCATE 31,36,39,44,52,53,60 
BEGIN 31,37,39,42 
BUY 40,51,55,60 
BUY ASSIGN 55 
CALL 31,37 
chain of DECLAHE statements 34 
compile-time statements 431 
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references 38 

DELAY 52 
DELETE 53 
DISPLAY 52 
DO 37 
END 37,42 
ENTRY 31,34,35,37 
EXIT 52 
FREE 44,52,53,60 



GET 43 
IDV initial dope vector 48 
I/O 40 
LOCATE 41,44,53 
nested 42 
nested assignment 43 
ON 38,,364 
PROCEDURE 31,33,37,39,42 
PROCEDURE BEGIN 33 
PUT 43 
READ 53 
READ SET 41 
RECORD I/O 41,53 
Remote format 55 
REVERT 38 
REWRITE 53 
SELL 40,42,51,55 
'SIGNAL 38 
SIGNAL CHECK 42 
STOP and EXIT 52 
structure assignment 42 
syntax of input/output statements 31 
UNLOCK 53 
WAIT :;2 
WRITE 53 
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STATIC 

chains 45,57 
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S~I'ATIC chain 
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file constants 41 
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Dictionary entries 57,368 
STATIC INTERNAL control section 63 

s~rATIC EX'J'ERNAL 
Array 360 
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s~rATIC IN'I'ERNAL arrays 58 
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current size of 57 
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text for 63 

STATIC IN'I'ERNAL Structures 360 
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STATIC storage allocation 57 
s'rATUS 50 
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STMT option 62 
STOP 

format of 379 
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Temporary 40 
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Storage Allocation 57-61 
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comparisons 49 
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STATIC 361 
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Subscripted label variables 30,52 
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functions 45 

Symbol 
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Entry 366 

Symbolic 
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Symbolic references 
conversion of 15 
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Syntax checking 19 
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Tasking option 
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E'igure 394 
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Unary prefixed triples 45 
Undimensioned structure overlay 
defining 46 

UNLOCK 
format of 380 

UNSPEC 50 
functior,s 45 

Unsubscripted arrays 43 
USES attributes 34 

Variable Byte 357 
Variable Data Areas 

VDAs 51,59 
Variable lnformation 

Format of 357 
Variable length Item FLAG 388 
Variables 

ARE.A 38 
BASED 38 
EVENT 38,51 
INITIAL 48 
TASK 38,39,51 

VARYING 
array 58 

Varying strings 
concatenation of 50 

VARYING strings storage wapping 45-46 
VDAs 

Variable Data Areas 51,59 
VDAs for 

adjustable length strings 51 
temporaries 51 

WAIT taskin9 option 53 
WAIT staten:ent 52 

format 378 
Workspace 

for the function result 49 
temporary 48 

Workspace Requirement 
Dictionary Entry 366 

WRITE 
format of 380 

XREF 



cross reference lister 39 
XREF option Phase FX 39 

ZPRNAM 63 

48-Character Set Preprocessor 26 

Index 451 



Y28-6800-3 

International Business Machines Corporation 
Data Processing Division 
112 East Post Road, White Plains, N.Y 10601 
[USA Only] 

IBM World Trade Corporation 
821 United Nations Plaza, New York, New York 10017 
[International J 

;j 
00 

J, 
00 
o 
o 
.!, 


	001
	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	012
	013
	014
	015
	016
	017
	018
	019
	020
	021
	022
	023
	024
	025
	026
	027
	028
	029
	030
	031
	032
	033
	034
	035
	036
	037
	038
	039
	040
	041
	042
	043
	044
	045
	046
	047
	048
	049
	050
	051
	052
	053
	054
	055
	056
	057
	058
	059
	060
	061
	062
	063
	064
	065
	066
	067
	068
	069
	070
	071
	072
	073
	074
	075
	076
	077
	078
	079
	080
	081
	082
	083
	084
	085
	086
	087
	088
	089
	090
	091
	092
	093
	094
	095
	096
	097
	098
	099
	100
	101
	102
	103
	104
	105
	106
	107
	108
	109
	110
	111
	112
	113
	114
	115
	116
	117
	118
	119
	120
	121
	122
	123
	124
	125
	126
	127
	128
	129
	130
	131
	132
	133
	134
	135
	136
	137
	138
	139
	140
	141
	142
	143
	144
	145
	146
	147
	148
	149
	150
	151
	152
	153
	154
	155
	156
	157
	158
	159
	160
	161
	162
	163
	164
	165
	166
	167
	168
	169
	170
	171
	172
	173
	174
	175
	176
	177
	178
	179
	180
	181
	182
	183
	184
	185
	186
	187
	188
	189
	190
	191
	192
	193
	194
	195
	196
	197
	198
	199
	200
	201
	202
	203
	204
	205
	206
	207
	208
	209
	210
	211
	212
	213
	214
	215
	216
	217
	218
	219
	220
	221
	222
	223
	224
	225
	226
	227
	228
	229
	230
	231
	232
	233
	234
	235
	236
	237
	238
	239
	240
	241
	242
	243
	244
	245
	246
	247
	248
	249
	250
	251
	252
	253
	254
	255
	256
	257
	258
	259
	260
	261
	262
	263
	264
	265
	266
	267
	268
	269
	270
	271
	272
	273
	274
	275
	276
	277
	278
	279
	280
	281
	282
	283
	284
	285
	286
	287
	288
	289
	290
	291
	292
	293
	294
	295
	296
	297
	298
	299
	300
	301
	302
	303
	304
	305
	306
	307
	308
	309
	310
	311
	312
	313
	314
	315
	316
	317
	318
	319
	320
	321
	322
	323
	324
	325
	326
	327
	328
	329
	330
	331
	332
	333
	334
	335
	336
	337
	338
	339
	340
	341
	342
	343
	344
	345
	346
	347
	348
	349
	350
	351
	352
	353
	354
	355
	356
	357
	358
	359
	360
	361
	362
	363
	364
	365
	366
	367
	368
	369
	370
	371
	372
	373
	374
	375
	376
	377
	378
	379
	380
	381
	382
	383
	384
	385
	386
	387
	388
	389
	390
	391
	392
	393
	394
	395
	396
	397
	398
	399
	400
	401
	402
	403
	404
	405
	406
	407
	408
	409
	410
	411
	412
	413
	414
	415
	416
	417
	418
	419
	420
	421
	422
	423
	424
	425
	426
	427
	428
	429
	430
	431
	432
	433
	434
	435
	436
	437
	438
	439
	440
	441
	442
	443
	444
	445
	446
	447
	448
	449
	450
	451
	xBack

