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PRODUCT SPECIFICATION 

REVISIONS 

MAH.K 8.0 RELEASE 

B-2j Reference to the value of 0 of the Shift/Rotate 
Count for Registers XY Left/Right and X/Y 
Left/Right deleted. 

Changes for MARK 10.0 Release 

8-4 

8-6 

8-7 

9-16 

9-17 

9-28 

9-29 

9-32 

9-33 

9-34 

9-52 

9-56 

9-60 

9-64 

9-79 
9-88 

9-94 

9-117 

9-119 

C-1 

Deleted Appendix C 

Added "CNS" and "IORG" to·Alphabetical Listing of 
Registers and Key Concepts. 

Added ''MSSW'', "PERM", and . "PERP" to Alphabetic ::ti 
Listing of Registers and Key Concepts. 

Added "TIME" to Alphabetical Listing 'Jf Registers 

and Key Concepts. 

Updated "CASSETTE" syntax and semantics. -

Updated "CLEAR" syntax and semantics. 

Added "!HAG.LOAD.CACHE" Mil Statement. 

Updated "DISPATCH" syntax and semantics. 

Added "ECHO.ADDRESS" Mil Statement. 

Added ''ECHO.DATA" Mil Statement. 

Added "ECHO.PORT.ADAPTER" Mil Statement. 

Updated the condition of "IF" statement. 

~pdated "JUMP" syntax and semantics. 

Added "LOAD.CACHE" Mil Statement. 

Added "CASSETTE STOP" to LOAD. SMEM sem_antics. 

Added "MOVE.NANO" Mil Statement. 
Updated "READ" syntax and semantics. 

Added "READ.PORT.LATCH" Mil Statement. 

Updated "WRitE" syntax.and semantics. 

. Addeg "WRITE.DIRECT" Mil Statement. 

Changed "AppendixD" to "Appendix C", 
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INTRUDUCTION ••••••••••••••••••••••• • 1-1 
RELATED DOCU~ENTS 1-1 

MICROPROGRAM~ING CCNCEPTS 
HICRCINSTRUCTICNS 

. . . . ... • • • • • • • • • • • .• 2-.1 

DEFINED FIELD CONCEPTS ••••••••••••••••• 
INTERPRETATION OF THE VI~TUAL LANGUAGE 

2-1 
2-2 
2-2 

SYNTAX DIAGRAMS •••• - •••••••••••••••• 
BASIC CCHPONENTS Of MIL 

IDENTIFIERS •••••••••••••••••••••• 
LABELS 

• 3-1 
4-1 
4-3 
4-3 

CARO TER!'INATORS 
NUMBERS 

. . .• • • • • • • • • • • • . .. • • • 4-6 

BIT STRINGS •••••••••• 
CHARACTER STRINGS 

• • • • • • .::a ·• .. 
LITERALS ••••••••••••••••• ~ ••••• 
PRITHMETIC EXPR£SSICNS 

4-6 
4-6 
4-8 
4-9 

4-10 
STRUCTURE Cf A ~IL PROGRAM •••••••••••••••• 
SEGMENTATION 

• s-1 
6-1 

•• 6-1 
6-2 

LABEL ADDRESSES 
SEG,ENT STATEMENT 

• • •• . . . • • • • • • ... . . -· 
CODE.SEG~ENT STATEMEWT •••••••••••••••• 

DECLARATIONS 
DATA TYPES •••••••••••••••••••••• 
DECLARE STATEMENT 
NON-STRUCTURED DECLARATIONS •••••••••••••• 
STRUCTU~fD DECLARATIONS 
DECLARE EXAMPLES ••••••••••••••••••• 

REGISTERS ANO SCRATCHPAC 
REGISTER GROUPS ••••••••• - •••••••••••• 
ALPHABETICAL LISTING CF REGISTERS AND KEY CCNCEPTS 

ACTIVE REGISTERS .................... . 
X AND Y REGISTERS 
FIELD CF> REGISTER •••••••••••••••• 
LOCAL <L> REGISTER 
TRANSFORM CT> REGISTER .............. . 
MICROINSTRUCTICN 00 REGISTER 
BASE tBR> AND LIMIT tLRl REGISTERS •••••••• 
ADDRESS CA> REGISTER 
ADDRESS CA) STACK •••••••••••••••• 
TAS CTOP Of ADCRESS STACXl 
TOP Of CONTROL MEMORY CTGPHJ REGISTER •••••• 
MEMORY BASE REGISJER <MBRl 
CONTROL .{Cl REGISTER • • .. • .. • • • • • • • • • 
CBMBINATORIAL LOGIC OR FUNCTION BOX 

RESULT REGISTERS •••••••••••••••••• -
XORl RESULT REGISTER 
XANY RESULT REGISTER •••••••••••••• 
XEOY RESULT REGISTER 

• 6-3 
1-1 
7-1 
7-1 
1-2 
7-5 

1-10 
s-1 
8-1 
8-4 

a-10 
a-10 
8-10 
a-10 
a-10 
8-11 
a-11 
a-11 
a-11 
a-12 
a-12 
a-12 
a-12 
8-13 
8-13 
B-13 
8-13 
8-14 
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MIL 

CMPX RESULT REGISTER •• ~ •••••••••••• 
CMPY RESULT REGISTER 

8-14 
8•14 

MSKX RESULT REGISTER 
~SKY RESULT REGISTER 

.. . . . . . ..... • • • • 8-14 

SUM RESULT REGISTER ••••••••••••••• 
DIFFERENCE ~ESULT REGISTER CDlff) 

~CRATCHPAO • • • • • • • • • • • • • ••••••••• 
SCRATCHPAD WORCS - 24 SITS EACH 

8-14 
8-14 
a-1s 
e-16 
8-16 

DOUBLE SCRATCHPAO WORCS • 48 SITS EACH ••• • • • a-16 
CONSTANT REGISTERS 8-t& 

MAXIMUM.MAIN MEMORY REGISTER <MAXS> •• • • • • • S-16 
MAXIMUM CONTROL MEMORY REG!ST£R CMAXMl 
NULL REGISTER •••••••••••••• ~ ••• 

INPUT/OUTPUT REGISTERS 
CONSOLE.SWITCHES ................ . 
CONSOLE CASSETTE TAPE INPUT CU> REGISTER 
COM~AND REGISTER CCHNDl ••••••••••••• 
DATA REGISTER 

CONDITION REGISTERS ••••••••••••••••• 
BINlRY CONDITICNS <BICN) REGISTER 

a-11 
a-11 
8-17 
8-17 
e-11 
e-1a 
a-1e 
8-18 
e-19 

XY CONDITIONS !XYCN> REGISTER. • •••••••• 
XY STATES CXYST> REGISTER. 

• 8-19 
8-19 
8-20 
a-21 

ANY.INTER~UPT •••••••••••••••••• 
MAIN MEKOfiY READ PA RITT ERROR INTERRUPT 
MAIN MEMORY ACDRESS OUT Of BOUNDS CVERRIDE •••• a-21 

e-21 READ AODR£SS OUT Of BOUNDS INTERRUPT 
~RITE/SWAP ADDRESS OUT OF SOUNDS INTERRUPT 
FIELD LENGTH CQNOITIONS CflCN> REGISTER 

• • • a-22 

INTERRUPT CONDITIONS CINtN> REGISTER ••••••• 
REGISTER DESIGNATIONS ANO AREAS Cf APPLICATION 
ORGANIZATION Of FIELDS AND SUBFIELDS ••••••••• 
~TATEMENJS 

ADD SCRATCHPAO ••••••••••••••••••••• 
AOJCST 
ADJUST ADDRESS 
ANO 
ASSIGN •••• 
BEGIN 

...................... 
• • • • • • • • • • • • • • • • • • • • • 

8lAS ••••••••••••••••••••••••• 
BRANCH.EXTERNAL 
CALL ••••••••••••••••••••••••• 
CAt.t .• EX'TERNAL 
CARRY • • • • • • • • • • • • • • • • • • • • • • • • 
CASSETTE 
CLEAR ••••••••••••••••••••••••• 
COOE.S£G11,ENT 

a-22 
e-22 
a-23 
8•Zlt 

9-1 
9-2 
9-3 
9-4 
9-5 
9-1 
9-8 

9-10 
9-12 
9-13 
9-14 
9-15 
9-16 
9-17 
9-19 

COMPLEM£NT 
COUNT .. 

. •· . • • • • • • • • • . ·• • • •••••• 9-20 

DEC • • • • • • • • • • • • • • • • • • • • • • • • • • 
DECLARE c , 

DEFINE ••••••••••••••• • • • • • • • • • 
DEF I NE.W ALUE 

9-22 
9-24 
,_25 
9-26 
9-ll 

DI AG.;LO AO.:tACHE ···- ·• .. , . ' .. ........ - .• 9-28 
DtSP.ATCH 9-29 
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ECHO.ADDRESS 
ECHO.DATA 

• • • • • • • • • • • • • . .. . . • • • • 9-32 
9-33 

ECHC.PORT.ACAPTER • • • • • • • • • • • .. ·• • • • • • 9-34 
ELSE 
E~Il.RETURN.TO.EXTERNAL 
END • 

. . . . .• . . . . ·• . • • • 
9-35 
9-36 
9-31 

EOR • • • • • • • • • • • • • • • • • • • • • • • • • • 9-39 
EXIT 
EXTRACT 
FA.POINTS 

• • • • • • • ... • • • • • • • • • • • • • • 

FINI ••••••• • • • • • • • • • • • • • • • • • • 
GO TD 

• • • •· ... • • • • • • • • • • • • • • ... • • • HALT 
lf 
INC 
JUMP 

• • • . - . .. . .. . . • • ·• ·• • • • • • • • • • • • 

LIT . . ... . • • • 
LOAD 
LOAD.CACHE 
lOAD.MSMA 

........ 
• • 

• • 

. . . . .. . .. . •••• • • • • 

• • • • • • • • • • ...... • • • 

LOAD.SHE~ •••••••••••••••••••••• 
LOCAL.DEFINES 

9-41 
9-42 
9-44 
9-46 
9-47 
9-48 
9-49 
9-55 
9-56 
9-58 
9-59 
9-60 
9-62 
9-64 
9-65 

~ACRO dectaration . . ·• .. . • • .. . • • •••••• ·• • ';-67 
M~CRO reference 
MAKE.SEG~ENT.TABLE.ENTRY 
MICRO 
M.MEMORY.BOUNDARY 
~ON I TOR 

• • • • 

• • • • • 

• • • • • 

9-10 
• • ......... 9-72 

9-74 
• • • • • • • • • • 9-75 

.MOV.E • • • • • • • • • .... • • • • • • • • • • • • 
9•76 

• • • 9-11 
MOVE.NANO 9-19 
NOP • • • • • • • • • • • • • • • • • • • • • • • • .. • 9-80 
NORM ALI 2E 
OR • • • • • • • • • • • • • • • • • • • • • • • • • • 
OVERLAY 
PAGE ••••••••••••• • • • • • • • • • • • • 
POINT 
PROGRAM.LEV £1. 
READ 
R£AO.CLEAR.ELOG 
READ.DIRECT 

•• ••• • • • - . . . • • .. ·• • • • • 

. . . . - . . . . . . . . -. . . . . . 
READ.ELOG •••••••••••••••••••••• 
READ.PORT.LATCH 
REDUNDANT.CODE • • • - •••••• • • • • • • • ••• 
RESERVE.SPACE 
RESET • • • • • • • • • • • • • • • • • • • • • • • • 
ROTATE 

9-81 
9-82 
9-84 
9-85 
9-86 
9-87 
9-88 
9-91 
9•92 
9-93 
9-94 
9-95 
9-96 
9•91 
9-99 

SEG~£NT • • • • • • • • • • • • • • • • • • • • • • • _,..,·9-100 
. SET 9-101 ... SHifTlR01AT£ T 

SHift/ROlATE XJY/XY 
• • • • • • •• • • • • . .. . .. .. 9-103 

9-105 
SKIP •- .. • -• .• .• •. • ... • .. .• • • • .._-./ • • • • • 
S.MEMORY .LOAD 
STD.RE ....... ,.., •·: • .. • • • • • • • • • • ... .. 
SUB.TITLE 

• • • • 9-106 
9-106 

• • ... • 9-109 
9-110 
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SUB TR AC T SC R AT CH PA 0 • • • • • • • • • • • • • • • • .. 
SWAP 

9-111 
9-112 

TABLE 
TITLE 

• • • • • • • • • • • • • • • • • • • • • • • • 9-11 3 

TR A N Sf ER • C 0 NT R Ot • • • • • • • • • • • • • • • • • • • 
9-115 
9-116 

WRITE 
\t!R IT E .DIRECT 
kRITE.STRING 

• • • • • . . • • • 
9-117 .. . . • • • • • • .. 9-119 
9•120 
9-122 XCH • • • • • • • • • • • • • • • • • • • • • • • • • 

PROGRAMMING TECHNI,UES 
VIRTUAL-LANGUAGE DEFINITIONS 
ASSEMaLY CODING FOR~ 

•• • • • . . .. • • 
10-1 

••• 10-1 

P·RO.GRAM EXAMPLES • • • • • • • .. • • • • • • • • • • • 
10-1 
10-2 

APPENDIX A: MIL CCHPILER OPERATION A-1 
CONTROL CARDS • • • • • • • • • • • • • • • • • •• • • A-1 
DOLLAR CARD SYNTAX: 
COLLAR CARD SE~ANTICS: ••••••••••••••••• 

A-1 
A•Z 

AMPERSAND CARD SYNTAX: A-5 
AMPERSAND CARO SEMANTICS: • • • • • • • ......... A--6 

ST~NO~RD EXECUTION DECKS 
INTERNAL FILE NAMES •••••••••••••••••• 

APPENDIX B: HARDWARE lNSTRUCTlCN FORMATS ANO TABLES 

A-7 
A-8 
s-1 

81700 HARDWARE TABLES ••••••••••••••• 
81700 HARDWARE INSTRUCTION FORMATS 

• • s-1 
B-4 

BIAS •••••••••••••••••••••••• • • 8-4 
BIND a-s 
BIT TEST BRANCH FALSE 
BIT TEST BRANCH TRUE 

• • • • • • • • • • • • • • • • • B-5 

BRANCH • • • • • • • • • • • • • • • • • • • • • • • • • 
CALL 

8•6 
B-6 
B-7 

CASSETTE CONTROL 
CLEAR REGISTERS 

• • • • • • • • • • • • • • • • • • • 8•8 

COUNT FA/FL • • • • • • • • • • • • • ••••• ~ ••• 
DISPATCH 

8-8 
B-9 

B-10 
EXTRACT FROM REGISTER T 
FOUR•BIT KANlPULATE 

• • • • • • • • • • • • • • • a-11 

HALT •• - •••••.••• • •••• • • • • • • • • • 
LOAD f FROM DOUSLEPAD WORD 
~ONITOR ••••••••••••••••••••••• 
MOVE 8•BIT LITERAL 
MOVE Z4•B1T LITERAL . . . . .. . . . . . . . . . . . . . 
NO OPERATION . 
NORM Al.I 2£ X • • • • • • • • • .• • • • • .. • • • • • • 
OVERLAY CONTROL MEHCRY 
READ/WRITE J4£MCRY ................... . 

e-12 
B-13 
B-13 
e-14 
B-14 
B-15 
B-15 
B-16 
B-16 
a-11 
B-18 READ/WRITE ltSH 

REGISTER HOVE 
SCRATCHPAO MOVE 

• • • • • • • • • • • • • • • • • • • • e-19 
e-20 

S'CRATCHPAD R£LATE FA • .. • .. • • • • • • • • • • • • • s-21 
s-21 SET CJ'f 

SHifT/ROJATE 
SHIFT/ROTATE 
SHif'T/ROJATE 
SKlP WK£1t 

REGISJER T LEFT • • • 
REGISTERS XY LEfTfRIGHT 
REGISTER X/Y LEfT/RliMT 

• • • • • • • ~ • .. e-22 
B-23 

• • • - .. •. • • • B-23 
B.•24 
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STORE r INTO ocruatEPAD WORD - •• - ••••••••• e-zs 
B-25 
E-2& 
8•27 

SWAP F WITH OOUBLEPAO WORD 
SWAP MEMORY • • • • • • • • • • • • • • • • • • • • • • 
MICR01NSTRUCTICN TIMING 

APPENDIX C: RESERVED WCROS ANO SYMBOLS •••••••••• c-1 
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The Burroughs Micro Implementation Language CMIL) i~ a symbolic 
coding techniQue that makes available all the capabilities of the 
81800/81700 Processor. The HIL compiler's machine language 
output is ready for execution directly upon the hardware. The 
user. however, must be prepared to prograamatically control the 
total environ•ent including bootstrap loading, interrupt servic
ing• and potential machine malfunctioning <e.g.~ parity error 
detectionl. 

To use MIL prop~rly and eff icientlY• the progra•mer must have an 
extensive knowledge of the available registers and their capabil
ities. This product specification descrjbes the registers, the 
syntax and the semantics of the MIL language and may be used to 
write progra•s without prior knowledge of the system. 

A description cf the Input/Output subsystem an~ the I/O descrip
tors as well as more detailed infor•ation about the registers can 
be found in the B1800/B1700 Syste•s Reference Manual (for• 
1057155). 
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Microprogramming is a method for programming a computer hardware 
architecture. The 1icroprogrammer is concerned with machine 
registers which were formerly the domain of the hardware systems 
designer. Strings of microinstructions manipulate those internal 
re~isters to present an outward appearance of system hard~are 
which is 11o:re funetionat foi- problea·oriented programming. In 
most machines in the •arket ptace,. read only •emeries <ROH•sl 
contain microprograas which convert th• uniQue internal environ
ment of several different processors into a standard asse•bly 
language. On'Ce created,. the •icroprogra•s are unalterable and 
may contain compro•ises in efficiency because of a li11ited hard
ware instruction set. 

The Bur~oughs Bt800/81700 implement a writable control memory and 
has several 11icroprogra1s, each opti•ized for the functions it 
will perfor,. The virtual system architectures chosen have been 
those of the standard problem-oriented, compiler languages, such 
as COBOL and FORTRAN- Other •icroprogram1ers 1ay choose archi
tectures and ere ate languages optimized for other purposes. 

A •icroinstruction is the saaltest progra111able operation within 
the sys te11. Each mi c1"o instruction is fetched from cont rot me•ory 
and deccded in the <•icro> register to be directly executed by 
the hardware. 

' 
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Special hardware. called a field Isolation Unit, hds been i1ple• 
mented to achieve bit addressability and variable length fields 
and to automaticilly increment addresses. This allows maximum 
flexibility in defining data fields and resolves the probtem of 
packi-ng and unpacking data fields across hardware container 
boundaries. 

The.traditional approach to supporting a higher-level language is 
to translate the source statemeflts as written by the programmer 
into another langu~ge either directly recognized by the hardware, 
(e.g.. machine object codel or easily tran~latable into the 
machine obje£t code Ce.g., an asse~bly language). An alternate 
technique is the interpretive execution for each source ,state111ent 
with a logically equivalent routine in some lower-level language. 
A •fer oprogr am med system off er s the oppof'tun i ty to eombi ne the 
best of both methods. The source statements in the higher-level 
language are translated into a vi:rt ual system code by a compi la
ti on process. This system code• also called s-code or S·lan
guage, very closely resembles the original source language. 
Microinstruction routines then interpretively execute each 
virtual language st~te•ent. The results are: 

a faster compilation 

- a syste• architecture, as expressed in the set of ~icro
routines which i~ opti•ized to the source language 

• a reduction in the •e•ory space reouired to encode each 
sou~ce language operation 

A set of 11icroprogram11ed routines is catted an interpreter and 
effectively creates a virtual syste• architecture for the source 
language being executed. That i S• when the COBOl interpreter is 

·executing. the s1ste• is effectively a COBCl •achine. When the 
FORTRAN interpreter is executing. the system is a FORTRAN 
machine. and,so on for anf other 5-language defined .. 
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The principal means of describing MIL syntax is through the 
syntax diagram~ commonly known as •RAILROAD" notation. The basic 
conventions are disc~ssed below. 

Any path traced along the directional flow 
produce a syntactically valid command. 
illustrates the technique: 

1 <-- ,. --· 
I I 

of the arrows will 
The following example 

---o.owN--BY 
I I 

THE·---OLD------------STREAH---------------------------->l 
I I I 1 & I 

I --UP-> I I l·HILL·>I I 1--WHERE I--..- .. "9 .. -4!1 ... ._~>I I 
I 1 
l·-RIVERSIDE------------>J 

I I I I 
1-FIRST->I I 
1 I 1 
l•lAST-->1 I 

I 
I 

1<-------------------------------------------------------1 I 

1-----SAW------------You----------------------------------> 
I I I 
l••fOUND·~·>I I 

I 

I I 
l··<NOT ME BUT YOU>-->I 

1--TADPOtES-----------------------------> 

Valid syntax generated from this diagra• could be: 

DOWN BY THE OLD HILL STREAM · 
UP BY THE OLC,, 01.ll STREAM 
DOWN BY THE RIV£RSIDE WHERE I FOUND TADPOLES 
DDWN BY THE DLD STREAM WHERE I FIRST SAW YOU <NOT ME BUT YOU> 
UP sr THE RlV£RSlDE WHERE I LAST FOUND YOU 

The bridge over OL01 unless othe~wise specified, can be crossed 
any nuaber of times • 

, ··, ~. 
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0 £.f!Q.=Il~1.A1.t!Efil 

0 

0 

Tbe co•pletion of a statement is indicate~ by the following 
convention: 

------------------>• 

The following convention indicates that any number from O THROUGH 
9 is syntactically valid: 

-~---0-------->1 

' ••• I 
1---9·--> I 

Upper-case letters indicate keywords which •ust literally appear 
in MIL statements • 

.1!.Bl .. UU.i~ 

Lower-case letters. words and phrases indicate syntactic 
variable~ which require information to be supplied by the 
programmer. The following example illustrates the tecbniQue: 

·----------·-animals 
1 I 
l••THE·-·>I 
J I 
l••SOME••>I 

WERE•-•IN···----·--THE body.of .water-- ? ->I 
I I 
l•NEAR··--->1 
I I 
I •Cl OS,E TO•> I 

Valid syntax generated from this d~agra• might be: 

THE TADPOLES W£R£ Uf THE STREAM 2 
COWS lf£RE CLOSE TO lffE POND l 
~OME BIRDS WERE NEAR THE OCEAN ? 

.. 
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To understand Hll grammar the user should be familiar with the 
following basic elements of the MIL language. 

point: -----> . ----->I 

underscore: ------ -----,.>J 

digit: ------0-------->1 
I ••• I 
1---9-->J 

letter: ------A------·>I 
I -·-· ' 1---Z-->I 
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. ------------------->) 
& --> 

< ·-> 

; ---> 

,, --> 

--- ' --> 

1--- .. -·->1 
I 
1--- S ••>I 
I 
1 • .,... : • • > I 
I 1 
1--- > -->I 
I 
1 ··- • ·->I 
I 
1---
1 , .. -.... 
• ,, ... ._ 

1 
I•· .... 

• ·--I 
1·---
I ., ...... 
I 
t---.. 
I , ...... 
1 , .. ,.. 
I , ..... 

I 
= -->t 

I 
< ••>I 

I 
) -->I 

I 

* -·>I 
I - ••>I 
I 

I ••>I 
I 

% ·->I 
t -••>I 
I 

4l -·>I 
I 

-•>t 

a11persand 

blank <one non-visible character> 
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llU:.~11.El .f.B.§ 

l<·--------------------------------------1 
J 
I 
I 

I<--.--· ... -··-·· 1 
I 

lc---------------J 
id .en ti fie r: ...... _ .... _ ...... ,. ... - --·-•letter-----.-. .... .._ ....... _ .... -- -- ------------.----- ---.---- -> 1 

RESTRICT I CNS: 

•• 1 
I --- dig it--> 1 
I I 
J-...... --.-.-> -t 

1--- • ---->I 

a. An identifier must begin with a letter. 

b. An identifier may not contain blanks4 

c. Reserved 
Appendix 

words may not be used as identifiers. 
c: Reserved Words and Symbols.) 

<See 

d. An identifier is limited to a maximu• of 63 characters; 
only the first 25 characters are used in uniqueness 
detection. 

EXAMPLES: TEST.NAME.! T.123.Q ABC LOOP_12 

lc------------------------------------------1 
' I 
I 

l<·------~~-~-----1 
l I 

l<•-- 19 -------...... , 

I 1 

I 
I 
I 

label: -------------letter----------------------------------------->1 
I I 1 1 
I ·"'.'.-digit--> I ·--- ·->I 

I I , . ._. ..... .. ••>I 
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unique.label: ------label----·>I 

point.label.declaration: .tabel------>1 

point.label.reference: ............ . --------label---·-> I 
1 

1--- - -->I 

label.reference: ------unique.labet------------------>I 
I I 
t•••point.label.reference-·>t 

label.declaration: ------unique.label-------------------->I 
l 

l·--point.label.declaration·->I 

Labels may be declared ty: Cll starting the label anywhere in 
colu•ns 1 through 5 of a source image, or C2> starting the label 
immediately after the reserved words T~St£, SEGMENT. or 
CODE.SEGMENT. (See also Segmentation: Label Addresses.) 

RESTRICTIONS: 

a. A label must begin with a letter or a digit. 

b. A label may not contain blanks. 

c. A l~bel is limited to a maximum of 63 characters: only 
the first 23 characters are used in uniqueness detection. 

d. Unique labels.•ust be ceclared only once. 

e. Point labels may or may not be unique. 

EXJMPL£S: .A.POINT.LABEL REGULAR.LAB£l LOOP BEGINNINS.Of.TEST.1 
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% USE Of 

-"-> .LCOP 

--> .LCOP 
1 
I 
I 
I 
I 
f 

DUPLICATE POINT 

• 
% CODE 

• 

If X='I' THEN GOTO 
ELSE GOTO ·LOOP 

• 
• % CODE 

GO TC •LOOP 
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LABELS 

•LOOP 
I 
I 
I 

<---
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RESTRICTION: A percent sign (%) is treated as any other string 
character if it is contained within a 
character.string. However. in all other cases~ a 
percent sign will cause the scanning of the current 

-source image to tet'•inate. 

J<- .... - ............... ~ ... 1 
I 

number: ---------djgit·------>I 

!Ul !1111fila.S 

I < ............ - ........ 1 
I I 

binary.stri~g: ---------0--------->I 
I I 
1---1-->t 

quartal.string: -·-----0----------->I 
I --- l 
J-·-3·->I 



0 

0 

0 

BURROUGHS CORPORATION 
COMPUTER SYSTEMS G~OUP 
SANTA BARBARA PLANT 

1<--------------1 
octal.string: ----------0---------->I 

I • • • I 
1-·-7-->I 

l<-~-~~---~------1 
I I 

hex.string: ----------0---------·->I 
1 ••• 1 
1---9-·>I 
I I 
1-··A··>t 
1 •·•. I 
J----f-->1 

bit.group: -------hex.string--------------->J 
1 t 
J·--<4> hex.string------>1 
I 1 
1·--(3) octal.string··-->I 
I I 
1--~<2> quart~l.string-->I 
I I 
l•-•{lJ binary.string--->I 

bit.string: ---;bit.groupa--->I 
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NOTE: If no bit mode is specified Ci.e., the indi~ator digit in 
parentheses is oaittedl• then •hex• is assuaed. 
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string.character: -----·--dig i 1:------------------·-> I 
I I 
1-~~-letter-~---~---~-~->1 

I I 
1-·--special.character-->1 

I<·--··------... -~~ .... - ..... - ........... .._ I 
I I 

string.character.list: ------·string.character------->1 

character.string: -·-•string.charaeter.tist•·-->1 

string: -------character.string·------>1 
I I 
1--·bit.string·------·>I 

EXAMPLES: •Dt23456189A8COEra 
~(2}123123• 

NOTE: 

•••THIS IS AN EXAMPLE Of 
•111 ROW THE BOAT GENTLY 
41ABC1Jl00li 

A CHARACTER STRING• 
• •• • 

The quotation •ark c•1 cannot be specified as a string 
chaf"acter. As an alternative,,. a hex.string •ay be spec
ified instead of a character.string; e.g.. a1ra repre
sents t~e quote character. In this case. it is useful to 
define QUOTE~a1r~ for the sake of clarity and fle~i
bility • 
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dectare.speciat; ----DATA.LENGTH <item>--------------------------->t 
J I 
1--LENGTH.BETWEEN.ENTRIES Carray.identifier>-->t 

ite•: -------dectared.identif ier--------------->! 
I I 
1-------·-string---------->I 

dectared.identifiet": ------·siapte.identifier------->I 
I I 
1---arr ay. i de·nt if i er·-->f 

array.identifier: --·simple.identif ier••••>l·---array.index·-->I 

ar:ray.i ndex: ---<number >--->1 

DATA.LENGTH Cite•> will supply t-e specif fee or coaputed length 
in bits of the indicated ite•~ for an array.identifier. the 
length will be the length of one of the iteas in the array. not 
the length of the entire arra·y.. DATA.LENGTH <string) is useful 
for obtaining th~ length of a variable lengt~ string used as an 
actual p araaeter of a macro Csee MACRO in H IL ST AT£MENTS >. 
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LENG1H.3ETWEEN.ENTRIES Carray.identif ier> will supply the bit 
difference between the beginning of one. iteir in th·e specified 
array and the next ite• in the array. Note that in the case of 
structured arrays <see Structured Declarations> this will not 
always be the same as DATA.LENGTH (array.identifier>. 

EXAMPLES: 1581' 
•sJRl NG• 
ARRAY.ELE~ENT (1) 

DATA.LENGTH (•Ast•) witl yield a value of 24 bits. 

DATA.L£NGTH (AH.lTEMJ, where AH.JTEM is declared as BIT<48), 
will yield a value of ~8. 

LENGTH.BETWEEN.ENTRIES CAN.ARRAY>. where AN.ARRAY contains 
elements of length CHARACTERC12l will yield a value of 
12•8 = 96 bits. 

arithwetic.expression: 

I < ......... 49,. .... ._. ............ ·--------·-· ··-----..... - ................... ,. ...... .- .... -.1 
I I 

--------------------------------------------term------------>t I 
1--- C --->I 

I I 
l•-adding.operator-->I 

.l<-----multiptying.ope~ator----1 
I 1 

term: ---------------literat----------------·->I 

adding. ct::ef"ator: ----··- • ---------->t 
· I I 

, ........... ·->I 

1 I 
1-- > -->I 
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Arithmetic expressions yield numerical values by combining 
literals in accordance with specified operations. The operators 
+, -,. ., and I have the conventional mathematical meanings of 
addition• subtraction .. multiplication,. and division .. respec
tively. 

The s~quence in which operation~ are performed is determined by 
the precedence of the operators involved. The order of prece
dence is: 

first: * I 

Seconc: + 

When operators have the same order of precedence .. the seQuence of 
operation is deterained by the order of their appearance, froM 
left to right.. Parentheses can be used in normal mathematical 
fashion to override the usual order of precedence. 

Parenthesized expressions are treated as terss; i.e., they are 
evaluated by themselves and the resulting value is subsequently 
coabined with the other elements of the arithsetic.expression. 
Thus the normal precedence of operators may be overridden by 
car~tul placement of parentheses. 

EXAMPLES: 
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There are two parts or sections to a MIL prcgram: the declara• 
tions and the body. The declarations should contai~: 

a. A comment description of ~he function of the MIL program. 

b. Any global data structures <DECLARES). Note that •gto-
bat• refers to use throughout the program; local refers 
to use restricted to a part of the progra•. 

c. Any global DEFINEs. 

d. Any MACRO definitions. 

The body follows the declarations and will contain all code-pro
ducing statements. The statements should be logically grouped in 
labeled BEGIN ••• END blocks. Each BEGIN ••• END block may contain 
its own local data structures~ lOCAL.OEFINEs or labels. The last 
statement of the body should be FINI. 

The following is a basic outline of a MIL progras using the above 
general rules. For specific details on assesbly coding forms and 
program examples refer to~ Programming Techniques. 

Declarations 

Body 

·--·> 
I 
I 
I 
t 
1---> 

·---> 
I 
I lAE£l.A 
I '. 
I 
I lABEl.B 
I 
I 
I 
I 
1---> 

% descriptive comment 
DECtAREs 
OEF INEs 
fi!ACROs 

BEGIN A 
<code for Al 

ENO A 

BEGIN B 
Ccode for Bl 

ENO 8 
FINI 
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Segmentation in MIL is a multi-faceted and somewhat complicated 
subject. Because MIL is the language of the Bt800/B1700•s, and 
because it is used for many different ~urpcses (Diagnostics, 
Emulators. Interpreters, I/O Drivers, HCP Kernels, etc.), it must 
atte•pt to satisfy the needs of a wide range of users. Segmen
tation ptays a particularly i11portant role en the B1800/Bl700"s 
because of the READ/WRITE access capability of the hierarchical 
memory structure CM-Memory. S-He11ory. Disk>. 

lo begin the discussion on seg•entation, we must first identify 
the label types pertaining to address assign111ent. They are 
regular.labels and physical.labels. <These should not be 
confused with the two types of label representation: 
unique.label and point.label. See Basic Co~ponents Of MIL: 
labels.) The types are ba~ed on how the labels are declared which 
in turn determines how the address of the label is to be 
assigned .. 

A label which is dectared by starting it in columns 1-s of a 
source image is always a regular.label. A regular.label is 
always given the current seg•ent.code.address when the label is 
declared. 

A label which is declared by starting it immediately after the 
reserved words TABLE• SEGMENT, or CODE.SEGMENT is always a phys
ical label. A physical.label is always given the current physi
cat.code.address when the label is declared. 

The segment.code.address is updated by 16 as each microinstruc
tion is generated and can be changed to a new value by the 
appearance of a SEGMENT or CODE. SEGMENT stat e11ent. 

The physical.code.address is also updated by 16 as each microin
struction is generated and can be changed to a new value by the 
appearance of an ADJUST LOCATION statement. <See HIL Statements: 
ADJUST) 

Both the physical.code.address and the segaent.code.address are 
initialized to 0 (ze1"ol when a compilation begins. 
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SEGMENT-··--NEWSEGMENT·---------------------------------------->I 
I I 
1--Labet------>I 

I 1 
1--AT-----ADDRESS Clabel> ----->I 

I I 
1--literal---------->I 

Note~ The literal •ust be MCD 16. 

Through the use of the SEGMENT statement• the user has the means 
to divide the MIL program into several parts such as a single 
primary.code.block and one or more seg111ent.blockCs). The prim
ary.code.block should provide one or more areas suitable for 
containing the individual segment.block<s>. These areas are 
designated by declaring one or more regular.label(s) somewhere 
within the primary.code.block. Quite cften there will be only 
one designated area for segment.block<s>~ and it will begin at 
the end of the pr i mar·y.code. block. 

The purpose of the SEGMENT statement is to inform the compiler 
exactly where the segment.block wilt be <relative to the 
primary.code.block) when its cede is executed. In this way the 
compiler can generate the cor~ect branch/call displacements 
whenever a state 11ent in the primary.code.block branches to or 
calls a routine in one of the segment.block{s). In the same way. 
a statement in one of the segaent.blockCsl •ay branch to or call 
a routine in either th• primary.code.block or in any of the 
segment.blockCs>. CSee MIL Statements: EMIT.RETURN.TO.EXTERNAL, 
CALL .. EXTERNAL~ BRA NCH.EXTERNAt. > 

Alt code is assumed ta be in the pri•ary.ccde.block until the 
first SEGMENT statement is encountered. From this point on, all 
code is assumed to be in that segment until the next SEGMENT 
statement is .encountered, and so on. 

The SEGMENT statement may also be used to specify logical breaks 
within a continuous stream of code. In this case~ only the name 
or the seg•ent needs to be specified since the code addresses are 
to continue tinearty. The entire progt"am and all of the 
segment.blo-ek(s) are given entries in the segment dicticnaries as 
part of the parameter blocks associated with a Hll code fite. 
fro• these dictionary entries,. and from the name-to-nuaber 
correspondence table,. the addresses and lengths for each seg111ent 
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are available and can be used to do sophisticated static binding 
prior to execution of the code. CSee HIL statement: MAKE.SEG
MENT.TABLE.ENTRY) • 

.&ll~li!tlil ~I.AI.E.M:ll 

~11i.I..a1: 

COD£.SEGMENT·---tabel••·-->I 

Another for• of Seg•entation in MIL is used when a microprogram 
is running with the l!CP. or under HCP control. With this 111echa-
nis•• a micropro9rammer is able to specify which pcrtions df the 
program are to reside on disk untit they are actually needed for 
execution. This provides the programmer with the same facility 
normally only found in higher level languages. 

In order to use this facility .. the programmer must follow certain 
rules and remember some restrictions. first, scse definitions: 

•ain.cade.block 

external.code.block 

•ain.code.base 

All code generated until the first 
CCDE.SEG~ENT state•ent is encountered: 
this may encompass the primary.code.block 
and one o~ •ore segment.blockCs>. 

All code gen&rated between a 
CODE.SEGMENT statement and the 
CCDE.SEG~ENT statement.. or the end of 
program. whichever ccses first-

given 
next 
the 

The H·Mesory bit address of the first •icro 
instruction in the main.code.block. If no 
part of the main.code.bloct resides in 
M•Memory- then the •ain.code.base should be 
o. 

If the pr~cessor is an S-Memcry processor, 
then the main.code.base should be the 
•e•ory address of the first microinstruc
tion in the program. <See MIL Statements: 
MAIN.COD£. BASE.) 
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abr.top11 A 24-bit bucket containing the HBR value 
for the main.code.block. In addition, 
since the MBR value is atways a MOD 16 
number, the low order 4 bits mbr.topm 
should te the TOPM value of the 
main.cod~.block. 

The 11icroprogrammer must provide the following items in a 
program: 

1. A define for MAIH.CDCE.BASE to indicate the Scratchpad 
register containing main.code.base. 

EXAMPLE: 

DEFINE MAIN.CODE.BASE = 5148# 

2. A define for MB~.TOPM to indicate the Scratchpad register 
containing mbr.topm. 

EXAMPLE: 

0£f INE MER.TOPM = St5A# 

The above defines must be included in the main.code.block and 
must not be defined within some LOCAL.DEFINE scope. In addition, 
the two Scratchpad locations must be initialized by the inter-
JU"eter when it is given control fro• GISMO. · 

3. A routine labeled GO.TC.EXTERNAL.SEGMENT to interrogate 
the interpreter dictionary and generate a communicate Cif 
necessary> to guarantee that the reouested external.code 
seg11ent is present in S•.ffeaory. In aodition,, it must 
perform the initial transfer to the external.code.seg
ment. £ J1ample: 

. ' 
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GO~TO.EXTERNAL.SEG~ENT 
% T CONTAINS SEGMENT NU~BER 

% L CONTAINS SIT ~ISPLACEMENT WITHIN SEG~ENT 
SHIFT T LEFT SY 6 SITS TO X % T • 64 
SHIFT T LEFT dY 4 BITS TO T Z T * 16 
MOVE SUM TO FA % T * 80 
ADD ADDR.INTERP.SEG.OICT TO FA 
READ 2 8I'TS ro· x 
IF tSUX THEN % THE SEGMENT IS PRESENT 

BEGIN PRE SE NT 
COUNT f A UP BY 32 
READ Z4 airs TO x % SEGMENT BASE ADDRESS 
IF SUBSET THEN INCLUDE % FOR S•MEMORY PROCESSORS 

BEGIN 
MCYE L TO Y 
MtJYE SUH TO A 

ENO ElSE 
BE GI f\ 

MOVE 0 TO TAS % ~ECESSARY FOR 

l4!0VE l TO T 
MOVE X TO l 
TRANSFE.R. COttT RCL 

ENO 
END PRESENT 

MOV£ T TO l 
MOVE 58 TO T 

SHIFT T LEFT BT 16 BITS 
SET L<O> 
GO TO GIVE.UP.CONTRot. 

POINTS TO NOTE: 

% ~-MEMORY SYSTEM 
% NEW A AND TOPM VALUE 
% NEW HBR VALUE 

% COMMUNICATE NO.FOR 
% NCN PRESENT SEGMENT 

% ONE l£V£l SEG DICT. 
% SAVE STATE AND XFER TO 
% MCP VIA GISMO 

a. The initial •J• and •t• values are supplied by the 
co111piler prior 1:0 entering the above routine. 

b. The contents of other registers may be overwritten~ 
depending on how the routine is written • 

.. 
c. The routine nst push a O Czero> onto the A stack for the 

M-Memory Processor. This is necessary so that an exit 
within an external.code.block can be trapped into a 
:routine that will transfer controt back to the 
aain.code.block. This also implies that parameters may 
not be passed via the A stact when initially tran~ferring 
to an eiternal.code.bloct. 

The compiler will provide all ot~er routines necessary to effect 
tbe transfer to and froa externat.code.bloct<s>. 
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The only kind of transfers allowed are calls and branches from 
the •ain.code.block to an exte~nal.code.block, and from an exter-
nal.ccde.tlock to the main.code.block. Transfers between exter
nal.code.block< s> are not allowed. In addition, such calls and 
branches must be syntactically sEparated frcs calls and branches 
within the the ssme code block. Instead of CALL, the command 
CALL.EXTERNAL must be used. Instead cf GO, the command 
BRANCH.EXTERNAL must be used. CSee MIL Statements: 
EMIT.RETURN.TO.EXTERNAL, CALL.EXTERNAL and BRANCH.EXTE~NAL.J 

following i~ the code the compiler generates when CODE.SEGHENTs 
are used. CAll labels used in the exaaoles are shown tor clarity 
only: the compiler has its own internal representation for the 
labets.> 

HAIN CODE BLOCX 

a. 

b. 

for each different label occurring after a CALL.EXTERNAL 
or BRANCH.EXTERNAL statement in the main.code.block, the 
compiler wilt divert the call or branch to the following 
code which is generated at the end of, and part of, the 
main.code.block: 

MOVE AOD~ESS Clabal> TO L 
MOVE label.segment.nu~ber TO T 
GO ~O GO.TO.EXTERNAL.SEGMENT 

If the program executes on an M·Kemcry Processor <81726), 
the fottowing code will be emitted in the 
main.code.block: 

EXIT. TO.EXTERNAl 
1f0V£ TAS TO L 
MOVE TAS TO T 
MOYE lf TO TF 
HOVE 0 TO lf 
TRANSfER .. CONTROl 
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a. If the program executes on an M-Hemcry Prccessor CB1726,, 
the following code wilt be emitted at the beginning of 
every external.code.block: 

MOVE TAS TO T 
LEAVE.EXTERNAL.SEGMENT 

MOVE ~SR.TOPM TO l 
MOVE LF TO T 
SET lf Tl! O 
TRANSFER. CONTROL 

b. for each different label occurring after a CALL.EXTERNAL 
or BRANCH.EXTERNAL statement in the external.code.block, 
the compiler will divert the call or branch tc the 
following code which is generated at the end of, and part 
of• tha externat.code.block. 

1. If the program executes on an S·Memory Processor 
(81712•81114) the following cede is generated: 

z. 

MOVE ADDRESS Clab~l> TO X 
GO TC SUBSET.BRANCH.TO.MAIN 

If the.progras executes on an H-Memcry Processor 
(91726} the following code is generated for each 
different label in a BRANCH.EXTERN~l statement: 

HOVE ADDRESS Clabell TO X 
GO TO BRANCH.TO.HAIN 

3.. If the program executes an an H•Hemory Processor 
CB17Z&> the following code is g~nerated for each 
different label in a CALL.EXTERNAL statement: 

HOVE ADDRESS <label) TO X 
GO TO CALL.TO.~AIN 

c. At the end of every external.code.block the following 
code is emitted. 

1. for S-Memory Processors (81712-81714): 

SUBSET.BRANCH.TO.MAIN 
MOVE MAIN.CCDE .. BASE TO Y 
MOV£ SUM TO k 
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NOTES: 

a. 

2. for ~-~emery Processors (81726>: 

ciRANC:i.TD.MAI"l 
MGVE TAS TO NULL 
MOVE MA!N.CCCE.BASE TO Y 
Mt:VE SUM TC T 
GO TG LEAVE.EXTERNAL.SEGMENT 

CALL.TC.MAIN 
MCVE MAIN.CCCE.BASE TO r 
t1CV£ SUM TO T 
HOYE ~BR TO l 
MGVE TOPM TO LF 
MOVE l TO TAS 
MOVE ADDRESS <EXIT.TO.EXTERNAL) TO X 
MOVE SUM T 0 T AS 
GU TC LEAVE.EXTERNAL.SEG~ENT 

khen branching from the main.code.block to an 
exte~nal.code.block T and L registers are used~ plus 
whatever registers the GO .. TO .. EXTERNAl.SEGMENT routine 
uses. 

b. When calling or ~ranching to a routine in the 
main.code.block~ the X and Y registers are used: This 
means that they cannot also be used for passing parame
ters. In additionr CP should be eQual to 24, otherwise 
the transfer may not take place correctly. 

Alsor on an M-Hemory Processor, the T and L registers, as well as 
the A stack are used. So a good rule of thumb is to avoid x, Yr 
J, Lr and TAS when passing para•eters to/frc~ the main.code.block 
and external.code.block(s). 

c. The code for S•Memory Processors is different than the 
code for M-Hemory Processors. Thus CODE.SEGMENTS cannot 
be used if tbe progr~• may be used interchangeably on 
either the 81710 or the 81720 series processor. <See 
Appendix A: S NO EXTERNAL). 
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Three main types of data fields may be declared in "IL: 

ll BIT 
2) CHARACTER 
3) flX£D 

A bit field consists' of a number of bits specified by a number in 
parentheses following the reserved woro BIT. 

A character field consists of a number of 8 bit characters. spec
ified by a number in parenthesis following the reserved word 
CHMUCTER-. 

A fixed data field is the same as a BITC24l field but is allowed 
in order to keep d~clare syntax con~istent with SOL. 

ll.U.!B.f llJlil!UI 

jl.BIJJ: 
t <,...... ...... ._...... • __ .._ .......... , 

I I 
OECLARE··--·declare.ele•ent·----- J ----->I 

The DECLARE statement s~ecifies the addresses and characteristics 
of contents of •e•ory storage areas. 

The aaximum number of data ele•ents (including fillers- dummys~ 
and implicit filters> contained in one structure is so. Any 
.at:tempt to declare 110-re w.ill cause a table overflow error to be 
d•tected at co•pile time • 

An array 
a.a.xisu• of 

aaximu• of .65535 eleaents- each being a 
characters). 
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0 The two tyoes of declare.elements are each ciscussed below. 

0 

0 

declare.element: 

---identifier-----------------------------------------dIT (#)----------

1--array.id <1>----------------->f 
I I 

I I<·----- , ---------t I 
I l I 
J- C ----identifier-------- l -->t 
J I J I 
1 l••array.id(#)·->I I 
I I 
1-·--identifier------------->l I 

I J 
!·-array.id C~>-·>I I I 

I I 
1 I 
I i 

1<·---------------·-···------1 I I 1 
J•RE~APS··BASE.ZERO------------->I 

I I 
I-ABSOLUTE titeral----··>I 
l I 
l·ADDRESS<unique.tabell->I 
I I 
I-identifier----------··> I 
I 1 
1-array.id-------------->t 

! I I I I 
I 1--REVERSE->1 1-CHARACTERCJ)-->1 
J . 1 I 
I 1-flXEO--------->t 
I I 
I I 
1•EIT C#>----------------------->1 
I 1 I I 
l-CHARACTERC#J·->1. l-R£VERSE•>1 
I I 
I-FIXED---------> I 

Note: (#) = <expression) 

Data may be declared as simple• having one occurrence; or as 
subscripted. having as many occurrences as specified by the array 
bound <number>. In the latter case, array subscripts are consid
ered to range from zero to the array bound-!. 

SIT. CHARACTER or FIXED specifies the type of data in the field 
and the field size. 

RiVERSE specifies that an ite• or a structut'e is to be accessed 
in a .reverse 11.anner or in· a reverse direction from some base. 
Jbe easi~st way to remember what is happening is to realize that 
the compiler will simply compute the address of a declared iden-
tifier normally, and then, if reverse is specified, add the iden
tifier's length t~ the address to get the endind address of the 
i<tentifie~. 
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As the syntax indicates, different data fields having the same 
tor~at may te oeclared collectively inside ~arenthesis C >. 

The following example illustrates the various options available 
in this type of declaration statement. 

DECLARE fl FIXED. 

where 

C CHARACTER CtO>. 
D BIT C40}..., 
<E• f, G CS>> BIT C2•SJ, 
H C20J flXEC., 
I (5) CHARACTER Co); 

a is a 24 bit numeric field 

C is a lt byte character f ietd. 

D is a 4C bit field. 

E and F are 10-bit fields each. 

G is also a 10-bit field and occurs 5 tires. 

H occurs 20 ti•es each ele11ent being a 24-bit nu11e:ric field. 

I is a 6-byte character fi-eld occurring 5 times. 

Data fields aay be re•for11atted by the use cf the REMAPS option. 
Remapping is subje~t to the sa•e general rules discussed above. 
The following example best .illustrated its use: 

S flXfO, C BIT .(50), 
BB REMAPS B CHARACTER (3), 
CtC2) REMAPS C tlXEC; 

Note that CC specifies 48•bits <or 2 elements. 24-bits each> .. 
which is 2-bits less than c•s data length of SO-bits. These last 
two bits will be treated as an i1plied filler by the eo•piler. A 
field aay· not be reaapped larger than its original size. 



0 

ca&! aaz:a1 •:m:m 

9URROUGHS CORPORATION 
COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 

r r r· row·, 

7-4 

COMPANY CONFIDENTIAL 
81800/31700 MIL 

P. S. 2212 5298 CE> 

There is no limit on the number of times a fielc may be remapped. 
A field which has remapped another may itself be rerrapped. fhe 
rema~ option specifies that tha iaentifier on the left side of 
the reserved word REMAPS will have the same $tarting address as 
the identifier on the right side. 

A data field may be remapped to BASE.ZERC which will give the 
field a relative address of zero. for exam~te: 

DECLARE Q REMAPS BASE.ZERO EIT<7JJ 

This device is used as a free-~tanding declaration since it does 
not remap a previously declared data item. 
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level---identifier------------------------------------------------------
. I I 1 J 

t·-array.id <1>--·- ---------·-·>! 
I I 

t I<·----- , ---------1 I 
I 1 
1- < ----identifier-------- > 
I 
I 
I 

l I 
1--array.idCl>·->I 

-->I 
I 
I 
I 

I l·REVERSE->1 1-BITC#>------->l 
I I · I 
I 1-CHARACTERC#)•>I 
I I I 
I l•FIX£0-------->f 
I-SIT C#l·-------------------·>I 
I I I I 
l•CH~RACTERC#l->I 1·8€VERSE->I 

l•FILLER--·--------------·--·-··>I I l 
I I l·f IXED·------->I 
1---·identifier--··--------->I I 

t I t I 
1·-array.id Ct>···->1 1 I 
I 1 I I 
l··DUMMY-------··-·>t I I 

I I I I 
1--c u-·>1 · 1 1 

l I 
I I 
I l I <·--·---------·,·-···----------··--1 I Note: (#) :. <expression> 

I , I 
l·RE~AP~--BASE.ZERO----------------->t 

1 l 
l•ABSOLUTE literal····---·-·>I 
I I 
1-ADDRESStunique.labelJ···-·>l 
I I 
1-identif ier---------------->1 
I I 
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MlL allows the structuring cf data where a field may be subdi
vided into a nu~ber of sut-fields# each cf "hich has its own 
identifier. ihe ~hole structure is crganizec in ~ hi erarchic~rl 
form, where the most general declaration is a level 01# Car 1>. 
No aeclaration may be en a level greater than 99. A subdivided 
field is called a Grcuc Item, anc 3 field rot subdivided is known 
as an Elementary Item. 

The type and length of data need not be specified on the group 
level. All Elementary Items must indicate type and lenqthJ the 
compiler wilt assume type bit and add the lengths of the compo
nents to determine the length cf the Group Item. Note that the 
length of tne Group Item is the sum of the lengths of its Elemen
tary Items. 

In the follo~ing example, both B and C 
Items: d has a totat length of 90 bits; 

are considered Group 
C is 5 0 b i ts long. 

DECLARE 01 s, % Group Item 
02 c, % Group Item 

03 O.BITC20), % Elementary lt e tt 
03 E 8ITC30), % Elementary Item 

02 f CHARACTEJH5 J; % Elementary Itelll 

flLLERS may be used ta designate certain Elementary Items which 
the program does not reference. If .the FILLER is the last item 
in a structure, it may be omitted; the compiler will consider 
the item to be an implied FILLER. A FILLER may never by used as 
a Group Item .. 

01 ea.-
02 c, 

03 0 BITC2QJ, 
03 FILLER BITC3C), 

02 FILLER CHARACTER(S), 
02 G SITC3Q); 

If the 01 level Group Item is an array. it is mapped as a contig
uous area in memory. However. subdivisions of this array are not 
contiguous as· shown in the exa•ple structure below: 
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c1 :3cs> BIH4S), 
C2 C f IXEO, 
02 U FI.XED; 

or Ceouivalent>: 

01 BCSJ,. 
02 C f I XEO, 
02 D FIXED; 

% i~pliea length of 48 bits 
~er element 

1·-> (each item of B> 48 bits 
I 
I 

----------------------------------------go a1 gz B3 94 
CO 00 Cl DJ C2 DZ C3 03 C4 C4 

I 
l 
1--> Ceach element of C and D> 24 bits 

Note that the C•s are not ~cntiguous, being interspersed with 
D• s .. 

If a Group Item is an array. an array specification may not 
appear in any subordinate item; that is• only one-dimensional 
arrays are allowed. That array specification is applied to all 
subordinate ite•s. 

If a Group Itea is decl~red with the REVERSE option. then REVERSE 
is also implied for atl subordinate items in that group~ Speci
fication of the REVERS£ option for subordinate items would be 
redundant. 

Structured data •ay .be REM.APped in the sa•e aanner as non-struc
tured data. In additio~ .. structured data aay be REMAPped with a 
dU••Y gf"oup identifier. The purpose of tttis construct is to 
attow · the user to R'EMAP data ite11-s without having to declare 
another Group Ite11 which describes the saae area in •e11cry. Thus 
in the following exaaple: 

Cl 8 B.IT(100)cp 
02 C BITC20l .. 
02 D BJT(80):1· 
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01 CUMMY RE~APS 3 8ITClOOJ, 
C2 CC BITC30>. 
02 DO 8ITC70H 

Both B and Ba refer to the sate area in semcry; 
redundant. 

hence aa is 

If a REMAPPED item contains the REVERSE option,. then REVERSE is 
also implied for the remaoping item. 

The user should note the distinction between DUM"Y and FILLER. 
DCMMY is usea in conjunction with RE~AFS to eli•inate the neces
sity of declaring a redundant Group Item. FILLER is used if one 
desires to skip over a part of the structure. 

The following restrictions apply to the use of DUMMY REMAPS: 

1. DUMMY may only he used with remap declarations. 

2. All restrictions applying to REMAPS apply to DUMMY 
REMAPS. 

3. DUMMY must not remap another DUMMY. 

4. DUMMY Group Items must have at least cne non-filler 
component. 

DUMMY is com~onty used to layout a template cf a structure which 
has no fixed memory address; e.g., the contents of a register,. 
or a table in S·•e•ory at a relative memory address • 
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EXAMPLES: 

CODE MEMORY 

c 1c2 
C54C 
4040 
0106 
caos 
404C 
D4Ct 
09E3 
cec 1 
01C9 
044C 
4040 
03C5 
D9D6 
E840 

980'7 
009-0 
7118 
7058 

CODE 

ADDRESS 

CC70COOl 
[0700001 
[C.700181 

• t7DOCOJ ... [700101 • .... [700201 • 
d [70030] ., [ 700 401 • ... (70050] • • £700601 ... (700701 .. 
~ [700801 

• (70090] 

• C700A0l 
d [700801 
d C7DOtOl • [70000J 

• [700£01 

.. C7DOFOl • 
d [701001 

• [701101 
4 [701201 

·• . .,, 

MEMORY 
.IODRESS 

(03E8COl 
[03£800] 
COlESG8l 

COOOOOOJ 
£0000081 

109a a c100001 
8408 ; (10-0101 
BClO ~ C70020l 

DECLARE 
01 DUMMY REfi!APS ADDRESSCNi'MESh 

02 NAME CS> CHARACTERC6)., 
03 NAME.l CHARACTERC3)., 
03 NAME.2 CHARACTERC3H 

TAB.LE NAMES 
BEGIN 

•ASE " 

•JOHN " 

"MARTHA• 

"JIM • 

•t.EROY " 

ENO 

MOVE NAMEC3> TC FA 

READ DATA.LENGTHOUME.1 > BITS TO x INC _FA 
READ DATA.LENGTHCNAME.2> BITS TO y 

·DECLARE 
01 PAGE.AND.SEGMENT REMAPS ABSOLUTE 256000 BIT<2•>• 

02 P.NO BITC8>• 
OZ S.NO BITC16). 

01 DUMMY REMAPS BASE.lER0.-
02 P.T SITC8> .. 
02 s.r BITC16)i 

RElD DATA.LENGTHCPAGE.ANC.SEGMENT> BITS TO T 
EXTRACT DATA.LENGTH<P.NOl SITS FROM TCP.T> TO X 
EXTRACT DATA.LENGTHCS.NOl eITS FROM T< S. Tl TO Y 
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The following will illustrate by example exactly how declarations 
~ight be used in a MIL prograN. CSee also Programming Techni
Ques.> 

% THE DECLARE STATE~ENT IN MIL IS ONE WHICH ALLOWS THE USER TO 
% LOGICAllY ASSIGN NAMES TO PHYSICAL OR RELATIVE MEMORY ADDRESSES 
% IN A STRUCTURED MANNER. THIS FACILITY ALLOWS ONE TO CONSTRUCT 
% DATA STRUCTURES IN A FORMAT THAT IS SIMPLE TO UNDERSTAND ANO EASY 
X TO CHANGE WHEN THE OCCASICN ARISES. 
% 
% •NON.REMAP ITEMS" 
% 
% TH£ Mll COMPILER MAINTAINS A VARIABLE WHICH IS INITIALIZEO TO 
% O. ~~EN AN ITEM IS DECLARED-, IT IS ASSIGNED THE CURRENT VALUE OF 
% THE ~AfiIABlE ANO THE VARIABLE IS INCREMENTED BY THE BIT LENGTH 
% nr THE DECLARED ITEk. EXAMPLE: 
% 

% 

MEMORY 
ADDRESS 

[0000001 
[00001.8] 
[000048] 
COCOC60l 
(000081] 
!00009£] 

DECLARE 
QISPATCH.REGISTER 
GLOP1 
AODR.GISHO 
LOCN.MAKE.HCP.SE.HERE 
GLCPZ 
ADDR.MCP.LIMIT 

BITC24 h 
BIT<48 ), 
SITC24>. 
BITC33h 
81TCZ9>, 
FIXED; 

% NOTE THAT THE DECLARE STATEMENT IS CO"'PLETELY FREE FORM, 
% MUST BEGIN WITH THE WORD •&£CLAR£•, MUST END IN A •;•, AND 
% EACH ELEMENT' HUST BE SEP~AATED BY A•,•. 
% EACH ELEMENT THUS DECLARED IS USEC EXaCTLY LIKE A LITERAL 
% AND MOST OFTEN REPRESENTS A MEMORY ADDRESS. 
% EXAMflE: 
% 

% 

MQVE ADDR.GIS~Q TO FA 
READ 24 BITS TO X 

% WGtJLD ASSIGN THE LITERAL 72C=24•48=ADOR .. GISMO> TO REGISTER 
% f A, AHO WOULD CAUSE THE CONT£NTS Of MEMORY AT ADDRESS 72 TO BE 
% READ 1NTO REGISTER X. 
% Naw. ANOTHER' CEClARE LI KE THE ONE '1BOVE w Ill SI MPL y START 
1 ASSIGNING ADDRESSES WHERE THE LAST ONE LEFT Off.. EXAMPLE: .. 

. : .. .. :· ,· 

.. : .. ·· 

--------------·-
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% 

! 

0£CL-\PE 
GLCF3 
CHAR.SAV'E .A.~~A 

8ITC1JJ,, 
CHARACT:C:RCe); 

% DECLARE ELE~ENTS MAY ALSO 6E STRUCTU~ED SUCH THAT SOME 
% NAMES OVERLAP PIECES OF ME~CRY OESCRIEED SY OTHER NAMES. 
% 

% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 

MEMORY 
i\OORESS 

COCOCOOJ 

CCC CC Cf] 
rccco1ol 
[000014] 

(000015] 
(0COC16] 
!000017] 
CC00018] 
(000018] 
CCOC019l 
COOOOlAJ 

C£CLARE 
01 TRACE.SITS BITC27),. 

05 FILLER BITC15h 
CS NS.HALT.ONLY 8ITC1),. 
OS TB.FLAGS 8ITC4l# ,, -
"::> TB.TYPE 8ITC4J, 

07 FILLER BITCl},. 
07 TB.STORES.ONLY BITCl),. 
07 TE.SRANCHES BlTClJ,. 
07 TE.REST BITClJ, 

OS TB.GET.SPACE.TYPE, 
99 ( TBGS.STORES.ONLY,. 

TBGS.BRANtHES, 
TBGS.REST > BITC1); 

THE ABOVE EXA~PLE ILLUSTRATES SEVERAL POINTS. 

1. THE ADDRESS PICKS UP WHEFE THE PREVIOUS 
DECLARE LEAVES OFF. 
NOTE HOWEVER THAT THIS IS NOT TRUE 
If TH£ PREVIOUS ITEH OR STRUCTURE IS A 
•RE~4P ITEM". THE COMPILER'S INTERNAL 
VARIABLE USEC FOR DEFAULT ADDRESS 
ASSIGNMENT IS MAINTAINED AND 
INCREMENTED ONLY FOR NON.REMAP ITEMS 
OR STRUCTURES. 

2. DECLARES MAY BE STRUCTURED SO THAT SOME FIELDS ARE 
aENOTED AS EEING CONTAINED WITHIN OTHER FIELDSJ 
e.g •• TB.REST IS CONTAINED WITHIN TB.TYPE. 

3. •FILLER• CAN BE USED IN STRUCTURES AS OFTEN AS 
NECESSARY AS A PLACE HOLDER. 

4. ITEMS WITH THE SA~E TYPE AND LENGTH CAN BE PUT 
INTO A LIST. SURROUNDED BY PARENTHESIS. WITH 
THE TYPE ANO LENGTH SPECIFIED AT THE ENI); e.g., 
TBG.STORES.CNLY. TBGS.BR,NCHES, and TSGS.REST. 

Of' AN ITEM NEED NOT BE SPECIFIED If 
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IT HAS SUS ITEMS WHOSE LENGTHS CAN SE DETERMINED; 
e.g.1 TB.GET.SPACE.TYPE- WITH AN IMPLICIT LENGTH 
Of 3 8 ITS. 

% NCT~: STRUCTURES MUST BEGIN WITH AN "Cl" L£VEL IDENTIFIER. 
% SUSSTR~CTURES ~AY THEN HAVE ANY LEVEL FROM 02-99~ 

% WITH THE SUBSTRUCTURE ~LWAYS HAVING HIGHER LEVEL 
% NUMBERS THAN ITS 5UP£RSTRUCTURE. 
% 
% 
% •REMAP ITEMS" 
% 
% IT IS PcrSSISLE TO TEMPORARILY SUSPEND THE ~ECHANISH WHICH 
% CAUSES ADDRESSES TO BE ASSIGNED BASED CN WHERE THE LAST DECLARE 
% LEFT OFF BY USING ~E"APS ST~UCTURES. 
% FOR EXAHPLE1 IF WE WISH TO DECLARE ~ "TEMPLATE"• ~HERE THE 
% DECLARED ADDRESSES ARE, AOOED TO SOME EASE PRIOR TO THEIR USE, 
% THEN ~£ WOULD OD THE FOLLCWING. 
% 

x 

l'EMORY 
ADDRESS 

COOOCOOl 
[0000001 
tOOOOOZl 
{000003] 
(0000041 
COQOOOSl 

(0000101 
[0000141 

[0000201 
[000038] 

CEClARE 
01 SYSTEM.CESCRIPTOR 

02 SY.HECIA 
OZ SY .l. OCK 
02 SY.IN.PROCESS 
02 SY.INITIAL 
02 SY.FILE 
02 FILLER 

· 02 SY .• TYPE 
02 SY.ADDRESS 

03 FILLER 
03 SY.CCR£ 

02 SY .LENGTH 

RE~APS BASE.ZERO~ 

SITC2}, 
BIT<l>, 
BITCll1 
B ITC 1 h 
BITCl), 
BITC10), 
8ITC4h 
BITC36), 
9ITC12), % PORT.CHAN.UNIT 
EITC24), 
BITC24H 

% CNE MIGHT USE THE.ABOVE STRUCTURE AS FOLLOWS: 
x 

D£FINE SYS.OESC.BASE = S14At 
% 

MOVE SY.TYPE TO FA 
ADD SYS.OESC.BASE TO FA % ADO BASE RELATIVE OFFSET 
REAO OATA.LENGTHCSY.TYPEJ BITS TO X 

% 
% 
% NOTE THE USE ClF A NEW RESERVED WORD •CATA.LENGTH,.. 
% THl S CONSTRUCT ALLCWS ONE TO USE THE LENGTH OF A 0 ECLARED ITEM 
1 WITHOUT HAVING TO DEFINE IT ELSEWHERE. 
x 
% 
% THE REMAP STRUCTURES THAT MAY BE USED ARE: 
% t. REMAPS BASE.ZERO 

· % Z. R£1fAPS ABSOLUTE lit er al 
. %. _ l.- RE!APS· AOORESS(so11e. label> 
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% 
% 
% 
% 
% 

% 

4. REMAPS BASE.ZERO REVERSE 

IN 
IF ONE KNEW THE ABSOLUTE ADDRESS OF SOME DATA STRUCTURE 

MEMORY, THE FOLLOWING CCULD SE DONE: 

t'EMORY 
ADORE SS 

[0004001 
[000400] 
[000418] 
[QQOAS8l 

DECLARE 
01 SAVE.ARE~ REMAPS ABSOLUTE 1024, 

OZ SA.FIRST.ITEM FIXED, 
OZ SA.SECOND.ITEM CHARACTERC20Q), 
OZ SA.THIRll.ITEM EITC256l; 

% OR- If THERE WAS A LABEL THAT WAS THE START OF A TABLE OF 
% CONSTANTS, THE FOLLOWING WCUlO BE SUITABLE. 
% 
% 
CODE HEH ORY 

AOORESS 
OEClARE 

tCCCOO~l 01 TRACE.TABLE ClOJ REMAPS AODRESSCTRACE.MNEMDNICSJ, 
COCOOOOJ 02 TRACE.N4~E CHARACTERC4), 
CCOOCOOl 03 TRACE.NAME.! CHARACTERC3J, 
tCCOOlSl 03 TRAC[.NAME.2 CHARACTERClli 

lRACE.MNEttONICS 
TABLE 
BEGIN 

03Ct .. (00000} •LA • • 4Q40 41 [00010J 
ClD3 • COOOZOl •ALA • 
C140 .. [000301 .. 
E2E3 .. [00040] •STN • • 
0540 41 {00050] 
E2E3 • [00060] •STD • 
C44Q 41 CC00701 
D3C9 .. • (00080] . •tIT • 
E340 • [00090] 
C903 • COOOAOl •ILA • 
C14C .. [000801 • 
E2E3 .. CCOOCOl •sTa • • 0640 41 tCOODOl 
C3Ct .. COOOEOl •CASE• • 
EZCS • COOOf'OJ 
C9C6 41 [001001 •tf'TH• 
E3C8 

,. 
[00110] • 

C9C6 • [001201 •tf'EL• 
C.503 ... tOOtlOJ • 

£Nil 

. _· ... ·> :' .<"'_ .. ,':: 
- ·~ --1_·; 

I: -- .. :.·•. 
·~.~ -. .- > 

CT 
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t • ntmn 

9800 • {00140] 
0C40 ; !C0150J 
711e c !CC1fi0l 
7048 ~ (00170] 

HOYE TRACE.NAMEC2l TO FA % MOVE AOOR wALA • TO FA 

% 
% 

READ DATA.LENGTHCTRACE.NAME.1> SITS TO X INC FA 
READ D~Tft.lENGTHCTRACE.NAHE.2) BITS TO Y 

% NOTE THE USE Cf ARRAYS IN THE ASOVE EXAMPLE. IF THE 
% PRCGRAMHER DOES NOT KNOW THE INDEX TO USE AT COMPILE 
% TIME, THE fOLLOWI~G COULO SE DONE: 
% 

% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 

% 
% 
% 
% 

% 

% 

O~FINE TRACE.INDEX = $08# 

MOVE TRACE.INDEX TO X 
MOYE LENGTH.SETWEEN.ENTRIESCTRACE.TABLEl TO Y 
CALL HULTIPLY.X.Y 
% ETC 

MUL TIPL 'f .X.Y 
% MULTIPLY CODE 
EX!T 

THE ABOVE EXAMPLES HAVE SHCWN~ A~CNG CTHER THINGS, TWO OF 
THE ftSPEClALS• THAT ARE INCLUDED IN MIL SYNTAX TO GO ALONG WITH 
OEClARES. THEY ARE: 

DATA.LENGTHCdeclared.identif ier> 
LENGTH.BETWEEH.ENTRIESCarray.identif ierJ 

NOTE THAT WHEN ARRAY NAMES ARE USED WITH THE SPECIALS, THE 
SUBSCRIPT IS NOT PRESENT. AND IS A SYNTAX ERROR WHEN IT IS 
PRESENT. 

ANOTHER TYPE OF 
DECLARED STRUCTURE. 
STRUCTURE WILL BEGIN 
EXAMPLE: 

REMAPS IS ONE THAT REMAPS A PREVIOUSLY 

MEMORY 
ADDRESS 

DECLARE 

IN THIS CASE, THE ADDRESSES Of THE REMAP 
AT THE ADDRESS OF THE REMAPPED STRUCTURE. 

COl£8001 01 SA.SECOND.ITEM REMAPS ABSOLUTE 256000 CHARACTERC30)1 

C03E800l 
C03E800l 
C03E800l 
C03E850l 
C03£8AOl 

DECLARE 
01 SAVE.AREA.CHARS REMAPS 

02 SA.NAME 
03 SA.PAtK.IO 
03 SA .• f' AMILY.NAME 
Ol SA.OFFSPRING.NAME 

SA.SECOND. ITEM. 
CH ARACTERC 30 >, 
CHARACTfRC 10) • 
CHARACTER( 10 > ~ 
C.H ARACTERC 10 ); 

ANOTHER ATTRIBUTE THAT MAY 8£ APPLIED TO A SIMPLE. ITEM 
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% 
% 
% 
% 

.% 
% 
% 
'% 
% 

% 
% 
% 
% 

A STRUCTURE IS THE •REVERSE• ATTRIBUTE. THIS ATTRI6UTE CAUSES 
THE FINAL ADDRESS ASSOCIATED WITH A DECLARED IDENTIFIER TO BE 
ITS NORMALLY CALCULATED AOCRESS PLUS ITS DECLARED LENGTH. 

fCR !~STANCE# SUPPOSE A PRGGtiAM~ER WISHES TO S?EC!FY A 
STRUCTURE THAT DESCRIBES THE TOP CF MEMORY AND WANTS TO LIST 
THE IDENTIFIERS fqQM THE TOP Of MEMORY 00ftNWARD. THE FOLLO~ING 
COU-lD THEN SE DONE: 

MEMORY 
ADDRESS 

OE Cl.ARE 
[001109] 01 

{QQQ249l 
[0003391 
[0CC489l 
roocas11 
(0011091 
[0008691 

lOP.DF.HEMORY REMAPS BASE.ZERO REVERSE, 
OZ SLOP BIT<32>~ 
OZ AODR.INTERRUPT.QUEUE BITC553l, 
02 ADDR.SAVED.ASTACK BIT<Z40J. 
02 AOOR.GISMO.WORK.SPACE BITC334), 
02 ADOR.TE~P.fIB 8IT<9ZOl, 
02 ADDR.TRACE.SPACE SIT<Z232J, 

03 AOOR.TRACE.COOE BITC24l; 

THESE IDENTIFIERS COULD THEN BE USED IN MIL STATEMENTS 
AS FOl.lO~S: 

MOVE ACOR-INTERRUPT.QUEUE TO Y 
EXTRACT ACOR.TRACE.CODE FROM T TO X 

·_,' " 
: . ' : \· .. ~ 

.· .:' 

;· ;-
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This section is intended only as a brief cverview of the regis
ters within the processor. It is assu1ec that the reader is 
familiar with the contents of the 81700 Systems Reference Manual 
(fore 1C571SS>. CSee also Appendix 8 in this manual>. 

NOTE: The most-significant Cleft•mostl bit in any register is 
identified in the MIL syntax as bit 0 (zero>~ the next 
most-significant as bit i, etc. This is particularly 
advantageous in a bit•adcressable machine since, for 
software purposes, it is often desirable to think of a 
register as teing an extension of main •emory. It should 
be not~d that this convention is at variance with the 
hardware bit numbering convention where, generally, all 
bits are numbered right to left, O through 23. This 
difference has particular significance when any bit data 
is to be ORed into the M re9ister at run ti~e. 

The registers briefly described in this section are divided into 
the following logical groups: 

Active 
Result 
Scratchpad 
Constant 
Input/Output 
Condition 
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• 

-------------------------I Source I 4•bit Source I 
I & Sink I & Sink I 
1---------1--·-···----......... , 
J 
I 
l 
I .. 
I 
I 
1 
I 
I 
I 
I 
I 
I 

x 
T 
T 
L 
A 

" SR 
LR 
f A 
f 8 
TAS 
tP 

•MSMA 
•MBR 

I • TOPM I 
1-------------.---~-· 
I 
I 
l 
I 
I 
t 
I 
I 
I 
I 
I 
I 

T sub register 

f. 4•bi1: source & sink 1 
, .......................... -.--·----..--1 
I TA TB TC TO TE lf I 
................. --~--------_._._._ -~ 

L sub register 

-----------------------I 4•bit source & sink I 

I LA LB LC LC LE Lf I ··----------49-----------... --

rs sub register 

I scurce & sink I I··--··----...... _.._. ..... _, 
l FU FT fl I I 

-------~-~-~-----

C sub,register 

I source & sink I 
1------49 --~-------..--1 
J CA CB CC •CD ••CPI 

--~---~~--~--~---~--

MSMA. TDPM.9t MSR and the low order 3 bits cf CD are not 
physically present in the S•Me•ary Processor. When 
addressed as a source they will yield a binary value of 
zero. When addressed as a sink Cdestination> the data is 
lost. 

** CPU. a 2-bit sub register of CP# is not addressable as a 
source or a sink • 

.. 
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Source 
l·----------- .. 1 
I 
I 
I 
I 
1 
I 
I 
t 
I 

SUM 
CHPX 
CHPY 
XANY 
XEOY 
MSKX 
MSK'f 
XOR\' 
Olff 

J 
I 
I 
I 
I 
I 
I 
l 
r 

CCNSTANT REGISTERS 

I Source I 1---------1 
I MAXS 1 
I MAXM J 

CONDITION REGISTERS 

--------~-------I 4•bit Source I 
1 .. - .... ~-~--- 19·---- ... ---1 
l 
I 
I 
I 
I 

BICN 
FLCN 

*INCN 
XYCN 
XYST 

l 

' I 
I 
I . 

----~ . ., ... 49·----~---·-

- - WP St SW 
8-3 
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SCRATCHPAO 

Single Scratch~ac Double Scratchpad 

t Source & Sink I I Source & Sink I 
1---------------1 ·---------------· I SOA so I 
I ····-- I • •• 9: I 
I SlSA I I SlS 1 
I I -~~-~--~~-~-~--~-
J SOB I 
I ·-·· I 

' s1ss I 

-----------------
INPUT/OUTPUT REGISTERS 

----------------------
I Source I Sink I Source t Sink l , .... ..-... ----··49-·49·----------- .. --- .. ~-----1 

u I CMNO I DATA I 

---------------------------------

• INCN is not physically pre~ent on the 
S·Memory Processor. When adressed as 
a sour~e it yields a binary value of o. 
When addressed as a sink (destination> 
the data is last. 
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N ct e 

---------1---------1---------1-----------------------------------------
A I 

I 
l 
r 

Depends 
on Pro
cessor 
Used 

I 
I 
I 
J 

so sk I 

' I 
• 

Control Memory Microinstruction Address 
Length = 14 CB1726), 19 CS•! Processor>~ 
20 CS-2 Processor) 

~---- ... ..----1--···--.. --- ... l-···-··-----...~1--.-----........... ~ .... - .......... _ ...... ~._.-~ .. -----... -· ..... ---- ... --- ..... ~ 
BICN I t source boolean conditions 

_____________ , ____ .... ______ ._. .. , ....... .., ....... , ......... ~~-- .... ._ ............... ~---- ... ----------.----------------.... .. 
BR I 

I 
24 l so & sk 

I 
I &ase Registe~ or low address 
I S-Memory protection 

-----~--- • -·---------1 -- ............ ~.1--- ----------------._.__._ ______ ~------- ..... ._ ............. _ .. 
c I 24 I t Controli not addressable as a unit 

............ .-..im 1---,---... --._,-1 .... --_ ....... ~--.. -1--------·----"9:·------------... - ......... _____ ._. ........... ._ ... ... 
CA 1 4 1 so & sk t subfield of c; general purpose 

---------·---------·---------·-----------------------------------------ca 4 so & sk subfield of c; general purpose 
--------~I ·--------------1.--............ --1 -- ·---------.. ---------------... --- ----------------
cc 4 so & sk subfield of c; ir.terructs and flags 

---------·---------·---------·-----------------------------------------CD l I so & sk subfield of c; interrupts and flags ----·-·---1-------. ..--1---·--·--·-1----------.-................. _ ... _._ ___________________ ,.. .. ____ _ 
CMND 24 I sink I 110 Comaand Register .................... , ....... ~--------1------·---...... 1 . ..,- • ._ ... _ ....... ._ ________________ ., ______ ._.,. ........ ,... .. ._ ............. 
CMPX 2 It I source I Result: complement of x; masked by CPL ------------1------ ... --1-- ..... .__ .... , ................ __________ ... __ ......... .- ..... --~ ................ ._ __ _ 
CMPY I 24 I sou.rce l Result: complement of y; masked by CPL ___ ... ,_ ____ 1---------1----~----1-------.------------.-.--.................... .._ ..... ._ _____ ._ ..... .. 
CNS • J 

24 I sink 
l 

1 interface to soft console on •GEM' 
I pt"ocess or 

---------·---------·---------·-----------------------------------------Console 1 
Switchesl 

24 I 
I 

source 1 
I 

the 21t 
on the 

toggle 
Console 

switches located 
front panel ___ ...... .-.. .-.1-------. ....... -. .. , ... _____ .... _ .. 1-·-----.-----.-------... ------------ ... ----- 49 - ............ ._ 

Control I 16-BIT I so l sk I location of microinstructions 
Memory I words I I en M•He•ory Processor --.. -----·-·1-.. -.-- .... ·----1 !. ......... --.... 1----·-------,..,-----~-..------.. ·-·----. ....... 49 ............... _ .. .. 

CP I 8 I so & sk 1 Control Paralleli subfield of C 
---------- , .......... ._,.. ....... __ ,. ____ ._..., ...... ____ , _______ .... ~_ ............. ._ ...................... __ ........ .__.-.,~._ .. _ ..... ~ ..... 19 ... _ 

CPl t 5 J --- I Control Parallel Length; subfield of CP 

---------1---------1---------1-----------------------------------------CPU I 2 l --- I Control Parallel Unit; subfield of CP - __ ...__ ....... ,..., 1--------·,_---1-............. ., ..... i ............. ._ • ._ ...................... l9 ___ ._ __ .... _______ .... .._ ________ ... _~., 

CYD I 1 I source I Carry O if f ere nee or carry of borrow 
.................... 1-........ .....-.-------1---· ....... ..,_,..._, ........ -~ ... ·---------------... ----.--._ . .,._.._"119119' ...... _ ... ~-~--------... ._ .. 
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Name 
length 
In Bits 

Source 
Sink Note 

--·----- -1---------1-----·-···-1- -------------.---.. -------------~ ... ------------
CYF 1 1 SO & Slt Carry flip-Ftopi subfield of CP or SICN 

--·---------1---.-------1-----.-,.-------1-~--~----------------------.-~----------.......... 
CYL I 1 I source ICarry level or carry of sumimasked by CPL 

---------·---------·---------·-----------------------------------------DATA I 24 so & sk 110 Data Register 
-------~- --1-....... -------1-----------1- -----..--------- -------------------------------
Dlf f I 24 I source . I result of X•CY + CYF ); masked by CPL ......... ._ ..... ----1-.......... ------·~-1~--------~-1-----~------............ -19- ... _. ______ .. _________ .__ ..... ____ ~ 

F I 48 t ··- t Field in S-Me•ory;fA and fS concatenated --------- .1-..---.------1.--~-----.--.-.-1--------~-----~--------.._ .. _._ ---~-----------._ .. _____________ .... 
FA I Z' t so & sk t Field Address in S•Memory ............ ---1----------1---------1--------------·-----------~-- ...... ------------..... -.... ----
FB I Z4 I so t sk I S·Memory field Unit<FUh field Type<FTJ,,. 

1 I I and Field length Cfl > ·----------1-... ---.... -._._._ __ , __________ , ....... ._ .. ___ ... __ .............. ~ .. --.. ---------,.----------
FL I 16 I so & sk I Field Length in S·Hemory; subfield of FB 

--------· 1-------.---1-----------1-----------------------------~-·-----------.---
FT I 4 I so & sk I subfield of FE 

-----~---·---------·---~-----·-------------------------~---------------FLC I 4 l so & sk I subfield of FL -----------1 .. .-.................. , ........... -.. , _____ ,.. _____ .. ________ ~----- .... -- .......... ___________ __ 
FlD I 4 I so & sk I subfield of fl 

f'lE I 4 I so & sk I subfield of fl ______ .... ______ , _._...._..,......._ ..... , ........... ,.... .• , .• .., ........... ____________ .._.. __ ~ ------ ... -----------------... -
f LF I 4 I so & sk I subfield of FL ----------1---.. ..,_._ __ , ______ ,... .... , ............ _.._ .. ____ ,.. __________________ -·-----------.... ~ .... 
fl.CN I 4 I source I boolean field Length Conditions 

-----·---- - ------------· 1..,--------1-----~------------- -------~----.............. ._ .. __ ..., __ 
f U I so & sk 1 S•Memory field Unit size; subfield of FB 

-------- - ---·-... ·---1---------1-----------------------------,_---------119 -.--

INCH 4 I $ource t boolean dispatch Interrupt Conditions 
l I K•Me•ory Processcr 

_ _.. ______ ... ._'91 ............ , ......... ~-----1----~----------------~------------- .. --~------
IORG 4 l·so & st I 81830 system only 

---------- -----·------1---------1---~-------,..-----------------------..... ., ...... ... 
L I so & sk 

t 
••• 

I Local register also used in DISPATCH. 
l OVERLAY, TRANSFER.CONTROL, RE•DIWRITE 
I MSML AND S•MEMORY ACCESS -----...--..... 1-------.---1 ................ .___, _ . ...._ ____________ _.._ ... _______ .. ______ ._._ •• ._..... ... _ ... __________ _ 

t.A 1 . l so & sk I subfield of L 
---------1------~- ... --1----------1 ------~-----.. -----------------........ --. ... .--.. 419 ___ .... ,. ......... 

LB I 4 I so & sk I subfield of l ___ ._.. _____ , ... _,. ________ , ____ ., _______ , . _____ ._ _____ _..._ _____________ ,.. ____ .._. _______ ._, __________ _ 
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Name 

LC 

length 
In Bits 

4 

Source 
Sink 

so & sic 

Note 

subfield of L 

---------1---------1---------1-----------------------------------------LO 4 so & sl< sucf iela of L 

-~-------1~--~--~~-1--------·1-------~---------------------------------
LE 4 so & sk subf 1elc of L 

LF 4 I so & sk subfielc of L 

------------------------------------------------------------------------LR I 
I 

24 t so & sk 
I 

I Limit Register or high address S-Memory 
I Pf" ot. ect ion 

---------1---------1---------1-----------------------------------------M I 16 so & st t current Micrcinstruction register 
---------1---------1---------1-----------------------------------------MBR I 

l 
24 I so & sic 

I 
J Main Memory ~icrcinstruction Ease 
I Registeri not en S•Memory Processor 

---------1---------1---------1-----------------------------------------MAX1'! 

MAXS 

HSKX 

l 

I 
I 

I 

24 

24 

24 

J source 

I source 
I 

I source 

I 
I 

hardwired 
words of 

Constant; 
M-Memory 

numb er of 16-b i t 

Constant; size in bits of available 
S·Hemory 

Result; mask of x; length by CPL 

---------·---------·---------·-----------------------------------------MS Kl I 24 I source t Result; mask of y; length by CPL 
-------~-1---------1---------1------~---~~-----~---~~---~----~-------~-

HSHA 

----~----.MSSW 

·--------Hain 
Me•.cry 

-----·----NULL 

---------PERM 

................... 
PERR 

·--------PERP 

READ 

I 
I 

t 
1 

I 
I 
I 

16 I source 
I 

I Control Mesory acaressed by the A 
I register; M•Memory Processor only 

----~~--~1-------...~-1-------------------~------~-------~-~-----
2 I so & sk 1 

I I 
Master/Slave switch 
Not available on 01700 processors 

---------·---------·------------------------------------------- I READ 
I WRIT£ 

t 
I S•Memcry 

24 I so & sk I always zero 

---------·---------·------------------------------------------a 
r 

& sk I 
I 

Parity Error in memory 
Hot available on 81700 processors 

............ --... --... J ..... __ .... ______ _..., -----------.----- ----..--- ... _____ .. _______ ~--.-. .. -----.----
I source 
I 

I P a:r it y Error Reg i st eri ref lee ts error 
I conditions from S & H-Hemory~ & cassette ................. , ___ , __ ....._ __ , _._ ______________ .__ .. __________________ .._ ............ -.. .. 

4 

Z4 

I 
I 

I 
I 

·-

so & sk 

source 

I 
I 

I 
I 
I 

Parity Error in 
Hot Avaiable on 

processor 
01700 processors 

Console switch position; reads S-Me•ory 
addressed by FA to Console lights <A on 
1114) 
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Note 

---------1---------1---------1-----------------------------------------SFL I 
I 

16 I 
I 

subfield of sea corresoonding to FL 
in FB 

---------1---------1---------1-----------------------------------------
SfU l 

I 
4 I 

I 
J Subfielc of SOS corresponding to SFU 
I in f 9 

---------·---------·---------·-----------------------------------------sc-s1s 48 I so & sk t Double Scratchpad Words 
·-·----.-.----·-------- ....... , ..................... _ , .... ~ ............... -.-.. --------·----............... ___ .... '9" .. --......... .. 

SOA-S!SB t 24 I so & sk l Single Scratehpad Words ........ _ .. ._ ......... .-.~~ ...... ..-............ ____ , ................................ --..... ------.-... -...... --._ .... 19-----
S-Heao.ry I 

I 
I READ 
I WRITE 

I tfain Memory 
I 

-------.,--...1-----·-----~--1 ............ ._._, _______ .._ ________ ....... ,.. ........ ._ ...... _ ... _______________ ~-------- .. 
SU I 

J 
I 
t 

subfield of SOB corresponding to FU 
in rs 

---~ .. -- .. -1 ................. 4 .......... ~ ................ -------------... --- .... ---------.- .. -.- ....................... ._ ..... ... 
SUM 
T 

I 
I 
I 
I 

24 
24 

I source 
I so & sk 
I 
I 

• Y + CYF); length by CPL 
SHIFT or will ROTATE, 

Result <X 
Transform 
EXTRACT bitsi used also in S-memory 

and TRANSFER.CONTROL access 

---------·---------·--------- -----------------------------------------TAS I 24 I so & sk Top of A Register-Stack 

---------·---------·--------- ........ ___ .__ ... ~---------------- .. ----- ............... _ .. __ -~--·-
TA I 4 I so & sk subf ielc of T 

---------·---------·---------TB I 4 I so & sk subfield of T 

---------1---------1--------- -------------------TC I 4 I so & sk subfield of T 
-.,. •. ·----1--............... --1----·-----..- ------... ------------..--------.----------------.---

TD I I so & sk I subfield of T 
---------1-------.... '9:---1--~----..... 1--------...... -----.---- ... --------------. ........... ___ ._.__ ..... _ 

TE I 4 1 so & sk I s~bf ield of T .............. .-, ._ ............ .-.~-1---·--- ... -- ..... .-1-----.-.------.. ---·.-... --... --------- ........... -... - ............... ... 
TF J 1 so & sk subfield of T ............... , ............. ._ ... , _______ ._ .. , ......... _ ..... _ ... ________ -----------------.................... . 
TIME 

TOPM 

I 
I 
t 
t 

I 
I 

24 I source 
I 
l 
1· 

I so l sk 
I 

I Not ayailable on 81700 processors 
I Increments every 3 system clocks and 
l wraps around when it passes its highest 
I value. Does not stop when cpu is halted. 

t Top of Control Meaory; not on S-Memory 
I P1"ocessor 

--------~----.._, ... , .................... , .................. 1----..--------.. ----------.... --...... .,-................. ._ ...... ... 
U I 16 I source cassette input only 

--•e:----.-..-.-. ..... ~._ ....... ._ .... .,..,~ .. --.._..,._..._., ...... ec• .. .---419.,.__.,..._ ............. _.,. _____ .......... ._._....,.. .............. _.. 

WRIT 

x 

1 
I 

' 
l 
1 

Z4 

24 

t 
I 
l 

I Console position switch; writes Console 
I switches to address of m1111ory contained 
I in FA CA on 171~) 

Input to function Box and access to 
s ... aeaory 
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Name 
Length 
In Sits 

Source 
Sink Note 

---------1---------1---------1-----------------------------------------XANY 24 I source I Result; X ANC y; length by C?L 

---------1---------1---------1-----------------------------------------XEOY I source l Result; X EOR y; length by CPL 

---------1---------1---------2-----------------------------------------XOR?' 24 ! source 1 Resulti X CR y; length by CPL ---.. ~----1-·--------1------~---1---------- .. -----~----~----~-----~-~-~~~--
XY 48 I source I X ANO Y concatenated ------·-- .. ·I··----·-.. · 1-·--... ··---·-.1 l9------..-- .. -------119-----·----... - ............ - ..... - ... - ... -.. .. ._ 

XYCN I 4 I source I boolean Conditions of X related to Y ------------1 ·- .............. ._ ... , ............... -- .. 1---·-----.------....... .., ........... ~ ....... _ .. _________ ._ ......... _ ... _ ... 
XYST 4 I source I boolean States of X and Y 

- ____ .,.__,.. ___ I ..... ,. ................. J· ......... ..,. ..... .-...-.-1- ...................... _________ .. _________ ...__ ................. _______ _ 
y 24 l so & SK l input to Function Box and access to 

J J s-~e•ory 

-----------------------------------------------------------------------
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The following is a description cf the active registers. 

The X and Y register~ (both of which are 24 bits wide> are used 
as inputs into the 24-bit Function 3ox Csee belcwl. All func
tions are performed under control of the C <Control> register, 
which regulates the length of the ooeraticnp class of arithmet
ics, and _least-significant carry input. The X and Y registers 
are capabl~ of being shifted or rotatea inoividually or as a 48 
bit unit and may receive or transmit data from or to main memory. 

The f register is divided into FA and f8p each subregister being 
24 bits wide. The fA <Field Address) portion is used to address 
main memory. fB is divided into FU crield Unit, consisting of 
four bits used to indicate arithmetic unit size; FT <Field 
Type), a general-purpose 4•bit field; and Fl <Field length), 
consisting of 16 bits used to indicate the length of fields in 
main memory. fl is sutdivided into FLC, FLO, FLE and Flf, each 
four bits in length. 

The L registef" is 24 bits wide and is subdividec into LA• LB, LC• 
LD. LE and Lr, each four bits in length. L anc its subdivisions 
are generatly used to temporarily hold the contents of other 
processor registers. It is also used as a source and destination 
for •ain •emery access and has i•Plicit use in the DISPATCH~ 
OVERLAY• READ/WRITE ·MSML and TRANSFER CONTROL microinstructions .. 

The T register is a 24•bit transformation register used exten
sively for interpretation ot virtual-language operators. It is 
subdivided into TA. TS. TC~ TD. TE and TF~ each four bits in 
length. T bas strong SHIFT and EXTRACT logics associated with it 
and is the principal ·foraatting register of the processor. This 
register also has the capability of receiving or transraitting 
data fro• and to aain ae•a.ry. 
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The M register is a 15-bit register which hclcs 
ator for decoding ano suOseQuert execution by the 
is addressable as a source and sink register; 
sink register the source is bit·CRed with the 
except in TAPE mode. 

the micro-ooer
h3rdware. It 

when used as a 
upcoming M•op,. 

The BR and LR registers are each 24 bits wide and are used to 
hold the main memory base and limit adcresses for the currently 
active main memory process. The H-Memory processor hardware uses 
these registers to determine if addresses in the Field Address 
CFAJ register are within the base/limit boundaries. 

The A register is the micrcprogram address register which 
contains the bit address of the next micrcirstruction. Values in 
the A register are always HOO 16; i.e., the Lew-order four bits 
are always zero. - Register moves to A discard the lower order 4 
bits of the register; moves of A to a register multiply the 
content s of A by 16 be f ore st or i n g i nt a th e reg i st er. I t i s 
capable cf addressing 16,384 microinstructions located in either 
control •emory or •ain •emery or both. The A register is avto
maticatly incremented to the next 11icro;nstruction befo.re the 
current microinstruction is executed. It is also capable of 
having any vatue fro• O to 4,.095 added to or subtraced from it to 
facilitate microcode branching of up to 4095 microinstructions. 
Wraparound can occur and is permitted. 

The A stack is a 32•ele•ent-deep.. 24-bit wide, push-down, pop-up 
semoryJ i.e., a last-in•first•cut CLIFO> storage structure. The 
A stack is used to nest aicroroutine linkages and provides tor 
highly shBred routines, thus reducing control memory require
•ents. Although tbe A stack was intended for •icrocode return 
addresses, it has been 11ade 24-bits wide to at.lov for any operand 
storage. Data is pu$hed into or popped out of the A stack by 
using the TAS register. 
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The TAS register is a 24 bit register which is the top of the A 
stack. Referencing TAS as a source ~ops the top cf the A stack 
into the sink register or pad. Referencing JAS as a sink pushes 
the source register or pad onto th~ top of the A stack. Wrapa
round of TAS is possible; 32 consecutive pops or 32 consecutive 
pushes causes a complete wraparound. 

NOTE: The s-Mesary Processor A stack bas only 16 storage 
etements. 

1~ jJf _&.QNTROJ. !~l!~.B! illf!l litJilllil 
~-Memory Processor only> 

The TCPH register is four bits wide and is used to determine 
which •emory <control or main) contains the next microinstruc
tion. If the A register is equal tc or greater than 
CTOPM•512•16l. the next microinstruction will be fetched from 
main memory rather than control memory. The TOPM register is 
addressable as a source or as a sink (destination>. The fetch 
fro• S•Me•ory takes place at address HBR • C 16•Al • 

.H~!ilil i.!~t .B£.GillI.B illBl 
M•He11ory Processor only> 

The ~BR register is used witb tha A and TOPM registers to obtain 
the aain •esory address of the next microinstruction. CSee above 
for•ula>. The MBR register is addressable as both a source and 
as a sink. 

. ,, , 

Tbe C register is a 24•bit control register far the •icropro
cessor. It contains the 24-bit Fun ct ion Sos controls and carry 
input plus some of the pro.c:essor interrupts and flags. It is 
subdivided into CA, ca, cc, co, each tour bits wide; and CP, 
eight bits wide. CA and CS •av be usec as general-purpose regis• 
ters.. CC and CO represent processor interf'upts and flags <see· 
discussion under XYST Re-giste.r below). CP contains Function Box 
controls: CTF (0 bit of CPl. CPtt Ct and Z bits of CP), and CPL 
<3.4 .. S.6.. and 7 bits of CP>- CYF <Carry flip flop> notifies the 
Function Bolt tllat. a pre.vious unit carry •ust be added to its 
su•••:r1· results. CPU tCo.ntrol Pa.rallel Unit> notifies the Func
tion. .801 of the t-y-pe of unit contained in X and: y:- 00 = bi nary, 

---------· 

. ···, . 
.. 

_,.•· . 
' ~ . 

.. 
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01 ~ 4-bit decimal. CPL CContrct Parallel Length) specifies the 
width, in bits, of the Function Sox and· Reac/Write microinstruc
tions. CPL cannot be directly addressed, but can be accessed as 
a subfield of the CP register. 

The Combinatoriat Logic, ofte~ called the function Box, oroduces 
the Result Registers. Inputs are the X register, the Y register 
and the Carry Flip-flop CCYFl. The inputs are combined under 
control of the Control Parallel Unit CCPUJ register and the 
Control Parallel Length CCPL> register. When vatues are loaded 
into the X and Y registers, a large collection of output values 
and comparisons (called Result Registers) is made available to 
all subsequent mieroinstructions. 

The Result registers are outputs from the 24-bit Function Sox~ 
Their contents are produced immediately ana automatically from 
the inputs to the function Box (X, Y and CYFl and cannot be 
changed except by changing inputs or by changing CPU (Control 
Parallel Unit> or CPL <Control Parallel length>. If the value of 
CPL is less than 24, then the 24 minus CPL most-significant bits 
of all Result registers will be zero. These registers are source 
registers only and therefore cannot be used as the sink <desti
nation) register in a MCVE or in any ether instruction. 

This register contains tba INCLUSIVE OR of the X register 
combined with the Y register. This is a bit by bit operation 
with suceessive pairs of bits treated independently. 

This register contains the AND of the X register combined with 
the Y register. This is the logical product of the X register 
and the Y register. Each pair of bits is treated independently. 

·=-1 
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This register contains the EXCLUSIVE OR of the X reqister 
combined with Y register. 

This register contains the l~s comple•ent of the X register. 

This register contains the l's complement of the Y register. 

Masked X contains the lcw·order CPL bits of the X register. All 
othe~ high-order bits are zero. If CPL is equal to z4, then HSKX 
is identical to the X register. 

Masked Y contains the low•order CPL bits of the Y register. All 
o~her high•order bits are zero. If CPL is equal to 24, HSKY is 
identical to the Y register. 

Su• is the daci•al or binary value Cdeter•ined by CPU> of the X 
register plus the· Y register plus the CYf register. Corre
sponding pairs of bits are grouped by CPU control, and grouoing 
•ay be binary or 4•bit decimal. If the sum of CX+Y•CYf> is 
larget" than the size specified by CPL. then the CYl <Carry Levell 
will be true Conel. CYF aay be set to CYL through use of the 
CARRY SUH instruction. 

' 
. . · ... -

'·.·,: 

4 

'.- ;,··· . 

.• '. ~ 
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OIFF stores the amount resulting from the subtraction of the sum 
of the contents of the Y and CYf registers from the contents of 
the ~ register. The contents of the CPU register determine 
whether the subtraction is deci•al or binary. If the difference 
is negative. X-CY+CYfl<O• then Diff Result will be in 2•s coaple
ment fa~• or 1o•s cosplement fora depending upon the •ode. either 
binary or deciaal respe~tively; and CYD (Ca~ry Difference> wilt 
be true Canel. CYf aay be set ta CYO by executing the CARRY DIFF 
instruction 

NOT£: The CYD register is not condit;oned by CPL; it is always 
based on a Z4-bit comparison. The programmer. therefore. 
must know what is in the high-order positions of the X 
register and the Y register if CPL is less than 24. 

/ 

· .... , .. -

. ... ' 
'• ···,.· 
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The scratchpad may be used for temporary stcr3ge of ~ctive re~is
ters. The scratchpad may be adcressed as sixteen~ 48-bit double 
words or thirty-two# 24-bit words. 

SCRATCHPAO WORDS - 2 4 8 ITS EACH 

SOA S4A S8A St2A 
SOB S4S 588 S12B 
SlA SSA S9A S13A 
s 1a SSB 598 5138 
S2A S6A SlOA S14A 
·s2e 565 SlOB S14S 
S3A 57A SllA SlSA 
538 $78 5118 5158 

DOUBLE SCRATCHPAO WORDS • 4~ SITS EACH 

so 54 $8 512 
Sl SS 59 513 
52 56 510 514 
S3 57 511 515 

C Sn = SnA AND SnB concatenated~ where n = 0 through 15) 

.&ll!i~ I~ NT .BE.§.Uli~ 

The following is a description of the constant registers. 

The 24-bit MAXS register is set by the f ietd engineer and 
contains tbe value of the •aai au• installed nu11-ber of aai n memory 
bits. It is addressable as a source only. Main •e,ory addresses 
begin at zero. The lower 15 bits are always zero; i.e.- HAXS 
has a 4096 byte C32K bitJ resolution. 
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The 24-tit ~AXM register is set by the field engineer and 
contains the value of the ~aximum ;nstallec number of control 
meMory words, each word comprising 16 bits. It is addressable as 
a source only. The lower 10 bits are always zeroi i.e., MAXH 
has a 1024 word resolution. On the 81712/81714 MAXM will always 
contain zero .. 

The 24-bit NULL register, when addressed as a source, contains a 
field of zeroaJ when addressed as a sink, it acts as a "bit 
bucket• (this sink characteristic is used co•monly to pop the A 
stack; e.g., HOVE TAS TC NULLl. 

The following is a description of the Input/Output reg;sters. 

&ll~l.~lilll.t!i:~ 
M•Meaory Processor only> 

This 24-bit register reflects the current state of the 24 Console 
switches on the processor. 

The U register accuaulates the data read fro• the tape cassette 
on the Console contt>ol panel. It is addressabl.-e as a source in 
the RUN •ode with th~ MOVE REGISTER •i~roinstruction and in the 
TAPE mode vith the ~QVE 24-BIT LITERAL •icroinstructian. <See 
MIL St at ement s: lOAO .. JISMA. J It is not add.ressab le as a sink 
<destination> .. 

. ; .· .. 
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The CMNO register is used to transfer commands to the I/O 
controls. It is 24 bits wide and is aadressable as a sink only. 

The DATA register is used to transfer data to and from the 1/0 
controls and their peripherals. It is 24 bits wide and is 
addressable as a source or as a sink. 

Th~re are five Condition registers: 

Binary Conditions CBICN> 
field length ConditionsCFLCN> 
Interrupt Conditions CI~CNl 
X ANO/OR Y registersCs> Conditions CXYCNl 
X ANO/OR Y registers<s> States Conditions CXYST> 

Each Condition register consists of four bits. The bits are 
identified from left to right and a~e assigned the position 
numbers O thru 3, with 0 being the most-significant bit. 

Atl Condition registers are source registers only. They may be 
•oved to another register or._, tested, using the IF and SKIP 
instructions. for their current contents. They may not be the 
sink Cdestinationl ,.egister of any inst.ruction. 

BIT BICN XYCH XYST fLCN INCN --- ...... ----·- ------- ---- _ .. __ 
0 lSUY MSBX LSUX fl=SFL NO-OEVIC£ 
1 CYF X=Y ANY.INTERRUPT fl>SFL HI-PRIORITY 
z CYD X<f f. NEQ 0 fl<Sf'l INTERRUPT 
3 CTl X>Y X NEQ 0 fL NEQ 0 LOCKOUT 
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L SUY is 
and the 
CCPU = 
1 ). .• 

true if the Least-significant unit cf t~e Y register is 1 
Control Parailel Unit CCPU> register specifies binary 

Q); or 9 and the CPU register specifies cecimal CCPU = 

The Carry flip-flop CCYF> register indicates 
carry-in bit in tbe Control Parallel CCPl 
register may be •anipulated as part of the CP 
CARRY instructions. 

the value of the 
register. Tne CYf 
register and by the 

The Carry Diffe~ence CCYDJ register is true if X·CCYF•YJ<O. This 
condition is not affected by Cfli i.e., a 24-bit ccmoaTe is 
always made. 

The Carry level CCYLJ register is true if CX~Y+CYf ), limited by 
the Control Parallel length CCPll register, overflows. 

HSBX is true if the most•significant bit of the X register~ as 
determined by the Control Paraltel length CCPLl register. is a 1. 

NOTE: 
* 

The co•parisons of the X register to the Y register are 
not affected by CPL; they are always 24-bit compares. 

LSUX is true if the teast•significant unit of the X register is 1 
and the Control Parallel Unit <CPU) register specifies binary 
<CPU = Q); or 9 a1Td the Control Parattel. Unit <CPU> register 
specifies deci•al CCPU = 1). The coaparisons of the X register 
or the Y register to zero are not affe~ted by CPL; ail 24 bits 
of the X register and/or the Y register are used in the compari
sons. 
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This bit is true if any of the following conditions in registers 
cc, co, or INCN CM-~emory Processor> are true: 

Event -------
MISSING PORT DEVICE 

PORT IN.T£RRUPT 

T.IMER INTERRUPT 

I/O SERVICE REQUEST INTERRUPT 

CONSOLE INTERRUPT 

MAIN MEMORY READ PARITY 
ERROR INTERRUPT 

MEMORY WRIT£/SWAP ADDRESS 
OUT OF BCUNOS INTERRUPT 

Register CBit Position> 
---------~-~-~-----~~-~ INCMCO> 

INCNC2> 

CC< t> 

CCC2> 

CCC3l 

COCO> 

COC3) 

The CC and CD registers are both 4•bit source and sink Cdestina• 
tion> registers within the C register. The bits in each ate 
numbered O th.rough 3. with bit 0 being the •ast si gni ti cant. 
They have been assigned the following uses and •eanings: 

CCC OJ 
CC< t> 
CCC2l 
CCt3l 
CDC OJ 
CD<t> 
CDC2l 
CDC3> 

STATE LIGHT 
TIMER INTERRUPT 
1/0 SERVICE REQUEST INTERRUPT 
CONSOLE INTERRUPT 
MAIN MEMO..RY PARITY ERROR 
MAIN MEMORY WRIT£/SWAP ERROR OVERRIDE 
MAIN '-EMORY READ OUT Of BOUNDS ERROR 
MAIN MEMORY WRIT£/SWAP OUT OF .BOUNDS ERROR . .. -

Atl. bi ts in the CC and CD port i01'ts of the C register.. once set .. 
.re•ain set even though the conditions that caused them to be set 

aay no longer exist. Therefore. if it is desired to clear any of 
these bits to zero~ this aust be done explicitly. CD<l>• CDC2)p 
and CD<l> of ·the C register are always zero in the s-Me1ory 
Processor but stilt.aay be addressed and te-sted. 

CCCO>: lihea true*: tll.e" co-ntrat panel state la1p flip-flop will 
caus& tbe STATE l·aap ta tight an the Console. 

-
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CCCtJ: Thereat time clock interrupt signal is developed from 
the pri11ary power freQuency, field adjustable for either 
SOHz or &OHz. The interrupt signal is received and is 
used to set the CCCZ> bit once every lOC m; lliseconds. 

CCC2l~ The I.a Bus servi~e request interrupt level is derived 
from the various 1/0 controls connected to the 
processor's IJC Bus. The level is the result of a 
set"vice request by one a.r more controls and is used to 
se~ the i nterru1rt bit every cl ac:k ti •e. 

CCC3>: The control panet inte:rrupt level is derived fro• the on 
position of t-be control panet•s INTERRUPT switch. The 
l~v•l fro• the switch is used to set the interrupt bit 
every clock ti••· This-flip-flop also drives the la•p 
behind the INTERRUPT switch on the control panel. 

!Jl! l!Elt!J.BI B~AQ fJBlII £BBID3 l~ItB~fl 
CI>< 0 » 

This bit is set when a main •emory parity error 
duTing a R£AD or the READ portion of a SWAP operation 
attewpt is made to access non-existent •ain •e•ory. 
when on. is atso reported in ANY.INTERRUPT~ 

is detected 
or when an 

This bit, 

During a WRITE or SWAP operation~ if FA is less than BR or 
greater than or equal to LR• then CD<l> is·insp~cted and• if 
zero. the operation is inhibited. Note that a WRITE/SWAP out of 
bounds will always set CD<l> and ANY.INTERRUPT. regardless of the. 
value of CD<t>. 

i£J~ !WlB~l 1lllI ~f .ill~ l!ItRRUfI 
CD<Z>> <M-Mesary Processor only> 

This bit 
Address 
Register 
Register 

is set when a READ ope~ation is attempted and the field 
<FA> register setting is either less than the Base 
CBR> se~ting or greater than or equal ta the Limit 
<LR) setting. The READ cpe~ation is not inhibited. 
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This bit is set when a WRlTE or SWAP operation is attempted and 
the Field Address <FA> register setting is either tess than the 
Base Register CBRl setting or greater than or eQual to the limit 
Register CLRJ setting. This bit. when on. is also reported in 
ANY.INTERRUPT. 

All conditions a~e based upon comparisons between the 16 bits cf 
the FL register and either zero or SFL. which is the corre-
sponding tow-order 16 bits of the Scratchpad SOB • 

.l]JI:.B1B!f1 .&Jl.N.Q111.C1:!.S 11.tt.&bl .B~-1.sllii 
M·Memory Processor onlyl 

NO DEVICE is true if an interrupt message is present in the 
dispatch buffer for a port or channel which does not have a 
device attached to it. This condition is normally cleared by the 
processor with a DISPATCH READ ANO CLEAR instruction. It is also 
reported in ANY.INTERRUFT. 

HI PRIORITY is true if there is a high-priority message present 
in the dispatch buffer. 

INTERRUPT is true if there is a aessage present in the dispatch 
buffer for the proc9ssor. This condition is normally cleared by 
a DISPATCH READ ANO CLEAR instruction. It is also reported in 
ANY.INTERRUPT. 

LOCKOUT is true if the interrupt syste• is locted <marked as •in 
use"). 
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The following is a list, arranged by areas of apolication, of 
registers and their associated designations. 

MICROINSTRUCTION CONTROLS 

A 
M 
TA! 
TOPM 
MBR 

(Microinstruction Address> 
CCu~rent M;croinstruction> 
<Tc~ of Address Stack> 
Clogi~at Top of ~-Me•ory) 
CMicroinstruc~ion Base Register> 

GEN£RAL 
x 
y 

T 
l 

PURPOSE CONTROLS 

S•MEMORY CONTROLS 

SR <Base Register> 
LR Climit Register> 
f A Cfield Address> 
FU (field Unit> 
fT <Field Type) 
FL Cf ield Length> 
CP CCont-rol Parallel> 

INTERRUPT CONTROLS 

cc 
co 
IHCN 

PARALLEL WIDTH CllNTROLS 

c 
CP 
CP1.. 
CPU 

'·· .. :· ... 
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The following is a cescription of the organization of some 
register fields and subfields,. expressed in the notation of MIL 
structured data declarations • 

Cl C BITC24),. 01 f SITC48),. 

NOTE: 

02 CA 811(4),. 
02 ca BIT<4l. 
02 CC BIT< 4),. 
02 tD BIT<lt>,. 
OZ CP SITC8),. 

03 CYF BIT< ll• 
03 CPU BITC2).., 
03 CPL SIT< 5 H 

C does not exist as a composite,. 
only as subfields. 

01 l BlTCZlt),. 

··.:. 

: ·~· .. 

02 LA BITC4),. 
CZ LB 8ITC4>., 
CZ LC BITC4>• 
02 LO 811(4),. 
OZ L£ BIT<4>,. 
02 Lf BITC4J; 

. ... · ·'·· 

OZ FA BITC2lt), 
02 FB BITC21t)., 

03 FU BITC4> ... 
03 FT SITC4>. 
03 fl SITClo).., 

04 FLC BITC4),. 
04 FlO 9ITC4h 
04 FLE 8ITC4),. 
04 FLF BITC4}; 

01 T BITC24),. 
02 TA S ITC 4),. 
02 TS BITC4),. 
0 Z TC a IT< 4 l. 
02 TD 8IT(4),. 
OZ TE BITC4l. 
02 TF BITC4>i 

.. :_: .. • .. 
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Below is a list, categorized by function, of MIL statements found 
alphabetically in the following section. 

Comailer Commands: 
ASSIGN 
FA.POINTS 

Declarations: 
DECLARE 
DEFINE 

Manipulation: 
ADD SCRATCHPAD 
ANO 
BIAS 
CARRY 
Ct EAR 
COMPLEMENT 
COUNT 
DEC 

Program Branching: 
BEGIN 
BRANCH .EXTERNAL 
CALL 

Program loading: 
ADJUST 
ADJUST ADDRESS 
CASSETTE 

Segmentation: 
CODE.SEGMENT 

FINI 
PAG£ 

DEFINE.VALUE 
tDCAt..DEFI N ES 

•DISPATCH 
EOR 
EXTRACT 
HALT 
INC 
LIT 
MONITOR 
JlOVE 

CALL.EXTERNAL 
ELS£ 
ENO 

LOAD 
•lDAD-.MSM 

LIJAD.S MEM 

PROGRAM.LEVEL 
SUB.TITLE 

TITLE 

MACRO 
MICRO 

NOP 
NORMALIZE 
OR 
POINT 
READ 
RESET 
ROTATE 
SET 

EXIT 
Ga TO 
If 

RESERYE.SPACE 
TABt.E 

SHIFT/ROTATE T 
SHIFT/ROTATE X/Y/XY 
ST DRE 
SUBTRACT SCRATCHPAO 

•SWAP 
WRITE 
WRITE.STRING 
XCH 

JUMP 
SKIP 
TRANSFER.CONTROL 

•H.MEMORY BOUNDARY 
REDUNDANT.CODE 
S.MEMORY.LOAD 

£MIT.R£TURN.TO.£XT£RNAL 
MAKE.SEGMENT.TABLE.ENTRY 

•OVERLAY' 
SEGMENT 

• A~ailabla on 81720 systems only 
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****************** 
* AOC SCRATCHPAO * 
****************** 

This instruction adds the teft half of any scratchpad word 
<SOA ••• S15Al to the Field Address CfAl register. The result is 
placed in FA; the eontents of scratchpad.ward remain unchanged. 
CSee also: SUBTRACT SCRATCHPAC.l 

WlffJ.t: 

ADD S9A TO f A 

·, .. 

- ·-
.•.: '; 

•• f' 

., 
--~ 
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*•******** 
• ADJUST • 
*****"***** 

AOJU s·T LOCATION TO··--·--···---------------------·l i terat----> I 
I I 
1---LOCATION------PLUS--->I 

I I 

I I 
l·--MlNUS••>J 
I I 1----- -- ...... ,. 

This pseudo-operation adjusts the physlcal.code.address of the 
co•piter. The value cf the physical.code.address specifies the 
location <control memory address} into which the next generated 
•icroinstruction is to be placed, generally by a user-developed 
loader. CSee also Segmentation:. Label Addresses.J 

LOCATION PlUSC•l 
physical.code.address 
option is not used, 
value of the literal. 

or MINUS<·> incre•ents/deere11ents the 
by the vatue of the literal. If this 
the the ~bysicat.cade.address is set to the 

The literal MOD 16 must have a value of o. 
.NOTE: This instruction is generally used tc co•pensate for 

di spcsable toaoer routines. 

~OJUST LOCATION TO ~1.004 
ADJUST L.GCATIOJf TO LOCATION • 32 
ADJ.UST LOCATION TO LOCATION MINUS 128 

1 
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~ ADJUST ADDRESS 

0 

****************** 
* ADJUST ADDRESS * 
****************** 

AD4UST ADDRESS TO KOD-----l i tera1------BITs--------->' 
I I 
1--HICROS·-->I 

This stateaent, when specified, will insure Cby padding with NOPs 
where necessary> that the next micro instruction will reside at a 
code address whose value mod literal is eQual to o. This state
ment is useful for alignment of a micro loop on a particular 
S•Meaory boundary. 

If the BITS option is used, th~n, if necessary. the literal will 
be raunded down to the nearest O •od 16 value. 

%LABEL •A• WILL ALWAYS RESIDE QN AN EVEN BOUNDARY 
% 

ADJUST ADDRESS TO MOO 2 MICROS 
A INC TA BY 1 

GO TQ A 

ADJUST TO MDD 6~ BITS 

is equiva~~nt to: 

AO~USl AODRESS TO MOO ~ 8ICRQS 

. . .:~ 

. . t , .. 
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******* 
* ANO * 
******* 

AND---source.sink.register---WITH·----source.register------>I 
. I I 

1--titerat--------->J 

This instruction logically ANOs the contents of a 4-bit so~rce 
and sink (destination) register with the bit configuration of the 
literal or the contents of a 4•bit source register. The result 
is placed in source.sink.register; the contents of source.reg
ister remain unchanged~ unless it is also a sink register. <See 
also: OR and ECR.) 

lhe register may be any of the following: 

source.sink.register 

CA CB •CC .. co 
fl FU 
FLC FLO FLE flf 
lJ lB lC lD LE lf 
TA TS lC TD TE Tf 
TOPM Cavaiable on 81720 only> 

source.register 

---------------49---any source.sink.register 
SICN 
flCN 
INCN <availabte en 81720 only} 
PERR <available on 81120 only) 
X'fCN 
XYST 

• CC and en represent processor interrupts and flags 

The liteTai has a deci•al Tange fro• O to 15. 
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TABLE 8•1: A~C Truth Table 

-----------------------------------------------------------------I Source & Sink I 
I Register I 

Literal 
Source Register 

I Sou~ce & Sink 1 
I Register I 

1--.. ----~.-.~---------.-1----·---------.---------11!9-·•·-ei•···------.1--~----.. -----------.1 
I I AND l 0 I Yields I 0 I 
I· •••·••••·•• .... •···---1 ............ ..,~1--...-~-.., ............ , .................. -49 I ••• ...... ._ •• _._ .. ._ __ I 

l 0 I AND I 1 I Yields 1 Q I 
1-.-.---..---.-----.-.----~, _. .......... -1-----.----------.-1 ...... ._ .. ._ _______ 1--------,..--~---1 
I 1 I AND I 0 I Yields I 0 I 
1---.-------~-----1--....-.· ... ---1----------~-1-----........... , ......... .-...... _ .. ___ ._, 
I 1 J AND I 1 I Yields I 1 
----~·----------.-.-----.... ·-~-------------------------·---- .... 19--... -------........ 419., __ .._ .. 

AND TB WITH 3 

-------------------------------------------I TA 1 TB l TC t TO I . TE t TF I 
----1----·-.. 1-----.-1--._ •• ._ 1------1---... ----1-------1 -----------------.. ----
I T I 0000 1 1010 I 1111 I 0011 l 0001 t 0010 I bef are COAF312l I 
, ...... , ______ 1------1-------1-------1------1-----.. 1--------.. ---~--------1 
I I -- I 0011 l J -- I -- I I literal <3> I 

I T I 0000 I· 0010 I 1111 I 0011 I 0001 I 0010 I after (02F3tZ> I . ._ ....................... ___________ .__,_._.__ ........ _ .............................. -................... .. 

..... 
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********** 
* ASSIGN * 
********** 

ASSIGH••-·ARCHlTECTURE.ltAME·-· = ---•cha...-actet9.string•--------->I 
1 I I ·--COP.PI.L£R.lEVEL ··---- = ---l t te·ra l ·--------------->I 
I I f 
1---MCP.LEV£L----·-> I 1 
I t I 
l•••GISMO.LEVEL••••>I l 
I 1 
&•-•ATTRIBUTE literal AS identifier••• = -------o---->I 

I I 
l---1-->I 

This state11ent assigns walues to the va.rious interpreter verifi
cation attributes. These attributes occupy fields in tbe IPB 
<Interpreter Paraaeter Block> of all MARK IV.1 and later inter
preters. They are accessed at BOJ <Beginning of Job> time by the 
MCP and are used to verify that the proper interpreter has been 
c.hosen. 

The characte-r.string for ARCHITECTURE.NAME •ust be a string of 10 
or fewer characters, and must be enclosed within quotation aarks. 

literal has a deciaat range from O to 255 for COMPILER.LEVEL. 
HCP.LEVEL• and GISMO.LEVELi and fro• 0 to 19 fer ATTRIBUTE. 

WJSfJ.£: 

ASSIGN ARCHITECTURE.NAME = •GISM0.26• 
ASSIGN HCP.LEVEL = 197 
ASSIGN ATlRIBUTE 6~ AS lTEM.01=1 

.. 
' .. 
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****•*•** 
*BEGIN·* 
********* 

This statement is paired with the ENO statement to combine MIL 
statements into logica~ blocks. If the BEGIN/END block is named, 
the ~IL program listing will reflect the first ten letters of the 
block.name on every line of the block. CSee example in the 
Programming Techniques section>. 

The BEGIN/END block is useful in an If state•ent when more than 
one statament is necessary following a condition. 

If condition THEN 
BEGIN TRUE.CDNDITION 

• 
• 
• END TRUE.CONDITION 

ELSE 
BEGIN fALSE.CCNDITION 

• ....,, .. 
• 
• 

END FALSE.CONDITION 

8£&1H/£ND blocks aay be nested ta fifteen levels, meaning that no 
portion of a MIL pro-graa •ay reflect •ore than fifteen BEGIH•s 
with out aatc·b i ng END•s. 

SE£ ALSO: END state•ent and LOCAL.DEFINES stateaent 

. ;' 
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LEVEL ---------
Q 
0 
J 
1 
2 
2 

• 
BEGIN BLCCK.1 

• 
BEGIN AHOTHER.BlOCX 

• 
• 
• 
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2 
2 
3 
3 
3 
2 
2 
1 
1 
0 

8£GJN INNERMOST.BLOCK .. 
• 

ENO INNERMOST.BLOCK 
• 

END ANOTHER.BLOCK 
• 

END BLOCK. t 

-

·•. 

,;· w ,·' 

..... :" ; 

·~ 

. . . ' 

~··~: :' -._-
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******** 
* BIAS * 
******** 

B·I AS BY·--····UN IT._... ............. - ......................... ._ •••••••• .-.--.... - ... -~-·--> I 
I I i ~r--. ..... ._..._ ____ ._ .. _.._.... . .-_. _____ ... ____ 49-.-•> I 

I I I I 
I t•--AND····-S·-->I I 
I I I I 
I l•••CP••>I I 
I I 
1---s---------------------------->I 
I 
I 
I 

I I 
l•••ANO F·->I 

I 
I 
I 

l•••CP·-------------------------->I 
I 
l•••ANO f••>I 

I I 
J--·TEST-->1 

This instruction sets the Control Parallel Length <CPL> register 
and the Cont~ol Parallel Unit <CPU> register to values calculated 
f~o• the given operands. 

NOTE: Alt references to register S refer to the Sfl or SFU 
partitions of the scratchpad SOB. 

The CPU register will be set to 1 if the value cf the the Field 
Unit <FU> regist~r ls set to 4 er a; othe~wise CPU is set to o. 
This is done for all va~iations of BIAS exce~t BIAS av s. w~ich 
sets th.e CPU reg i star froa SFU rather tha'n f roa the FU register .. .. 
BIAS BT ••• sets the Cl( r•9ister equal to the s•alter of 24 and 
fl,. or 24 and SFL,. or 24 and fl and SfL, or 24 and CPL and FL,. 
depending on the type af SIAS statement. BIAS BY UNIT sets the 
CPL register equal to the FU re9ister (4 for 4-bit decimal,. 8 for 
8-bi t deciaal,. or any other walue ·less than 16 for binary>. 

. . "I!( • . . •• '·. .~.-

.• .·, 

If the TEST optJon is used tbe above actions are perfor•ed, and 
th.a next aicroinstructian is skipped if CPL. has not been set to 
zet"o. 

;~ .. 

-... ' 
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SIAS BY F 

BIAS SY f ANO CP 

BIAS BY UNlT 

This instruction sets the CPL register to 24 
or to tha value of the Field Length CFL> 
register, if it is less than 24. It also 
sets the CPU register eaual to the unit in 
the fU register .. 

This instruction sets the CPL register to 24. 
to the value in the Fl register. or to the 
value in the CPL register, whichever is the 
smallest. It atso sets the CPU register to 
the unit in the FU register. 

This instruction set$ the CPL registe~ eQual 
to tbe length of the·unit of the type speci
fied by the FU register.. It also sets the 
CPU register equal to one unit of the type 
spe~ified in the FU register, i.e.. 4•bit 
decimal, 8•b1t deci•al, or binary. 

NOTE 

In all cases exceot UNIT, CPU is set to 1 if 
FU <or SFUl is~ or 81 otherwise CPU is s~t 
to o. If UNIT is specified, CPL is set 
directly. to the value in FU. 

· .. · : . - . 
. '•'. 
'. "'~ 
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****************** 
* BRANCH.EXTERNAL• 
****************** 

This instruction transfers controt to the external segment loca
tion specified by label. CSee: Seg•entatian.) 

Label must be associated with a run time address that has a 
displacement fro~ the BRANCH~£XTERNAL instruction cf less tban 
4096 •icrainstructions. 

NOTE: If an external seg•ent does not exist because SNO 
EXTERNAL bas been specified• BRANCH.EXTERNAL is equiva• 
lent to GO TO. 

BRANCH.EXTERNAL TO EXTERNAL.SEGMENT.LABEL 
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******** 
* C"LL * 
******** 

C.A.LL•··-------------·label··--> I 
f I 
I'--- • -->t 
t I 

·--- - -->t 

This instruction stares the address of the next microinstruction 
;n the A stack, then tranches to the location specified by label. 

The location specified by the labe.l 11ay be a maxi1Ruai of 4095 
•icrainstructions away froa the CALL instruction. 

EXU!fJ.": 

CALL M.IN.OUT 
CALJ. +ABC 
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***************** 
* C~LL.EXTERNAL * 
***************** 

This instruction stores the adaress of the ne~t microinstruction 
in the A stack, then branches to the external seg•ent location 
specified by label. <See: Seg•entati~n.> 

' label must be associated wi~b a run ti•e address that has a 
displacement from the CALL.EXTERNAL instruction of less than 4096 
microinstructions. 

NOTE: If an exte.rnal 
EXTERNAL bas 
CALL. 

seg!le.nt does not exist,. because SNO 
been s~ecified, CALL.EXTERNAL is equal to 

CALL.EXTERNAL 8£GINNING.OF.LOOP.t 

·*:· 

··· .. , .. 
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********* 
* CARRY * 

This instr~ction sats the CYF <CARRY> bit in .the CP register to 
either O or 1. Since CJF is an input to the 24-bit function box, 
tbis instru~tion should be used in •icroccded arithmetic rout
ines. 

C~RRY 0 or CARRY 1 sets CYF to O or lP respectively. 

CARRY SUM sets CYF to the value of CYL Cone of the outputs from 
the Z4•bit function box. 

CARRY DIFFERENCE sets CYF to the value of CYD (another output 
fro• the 24•bit functi~n box>. 

The CYO bit- unlit• the CYL register~ is not conditioned by the 
CPL regi·ster. Att '24-hits of the X and 'f registers are compared 
when setting CYD. If tile value of the CPl register is less than 
24~ then the value of the ~igb order bits cf X and r registers 
should be known. 

t X>'I I X=Y AHO C'tf'=O I X=Y AND CYf=l I X<Y I 
CY D = I CJ I 0 I 1 I 1 I 

EXAMPLE: See Example of a MIL Progra• in Progra••ing TechniQues 
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• CASSETTE * 
************ 

CASS ETtE· ...... .--~ ... ST A RT,,_ ............ ._ ............... _...._ .... .._,..,_.. ... _,..__. __ ..... _._._.,,. .. .-._, I 
I I 
I ·----STDP••••• •··--··--·-.-.-........................ ..__>I 
t t t 
I 1--WHEN X-·----£QL Y···-·-·>I 
l I I I I 
1 1 1---N£Q Y·-->I I 
I I I 
t l·--NH£N FA·----EQL BR----->I 
I I I I 
I 1--NEQ SR--> I I 
I I 
t~--REWIN0-~~-----~~~-~~~--~------~---1 

This instruction causes the system-cassette tape to start or stop 
a READ operation at the next inter-record gap. 

The relation •fA EQLJNEQ BR• is not available on 81700 pro.ces
sors-

The infoM1ation read fro• the 
registe~ and re•ains ~here for a 
before tbe U registar is cleared. 

cassette is loaded into the U 
•axiaum at two clock cycles 

The REWIND op~ion is i•Plesented on M5 and later p'f'ocessors. If 
used ort an M5 or M6 proces.sor the tape •ust be stopped first" and 
th~n wait of at least 100 as befoTe issuing the rewind • 

CASSETTE START 
C.ASS£TTE STOP WHEN X EQL Y 

,--, 
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********* 
* ClEAR * 
********* 

Cl Elc.R----.-........... - .... C A CHE•••·•-...... -. ... -~~.-.-.--._------.-..-.- ... .-•• ._<91•-> I 
I 

I I<-···-----~-----··-------+ I I I 

I 
I 
I 

1~-------register------·----~---1 
I . I 
1---~cratchpad.word·--I 

This instruction sets the specified registerCsJ or 24•bit 
scTatchpad wcrd<s> to zero. 

The CACHE option· is not available on 01700 processors ... 

The fo1l owin-g may be cleared: 

register 

A 
BR 
CA CB •CC •CD CP CPU 
FA fB f'l Fl FU 

· f LC FLO FL£ flf 
LA LB LC LO L£ LF 
TA 18 TC TD TE TF TAS 
TOP" <available on 81720 only> 

scratchpac.word .................... ~- ---
SOA .... 
S15A 

SOB ---St58 

• CC and CO represent processor interrupts and flags 

Each register clear takes one clock cycle; 
takes two clock cycles. 

each scratchpad word 

NOTE: 

llef.L.£: 

NOYE NULL TO register will be generated foi- each regi star 
or scratch pad specified on 81110 syste•s• and foT atl but 
L• T. X# Y. FA. FL• FU, and CP on the 81720 systeas • 

..,,.:·.· 
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% A MICRO IS GENERATED FOR EACH 
% REGISTER OR SCRATCHPAD 
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COOE.SEGfl!ENT 

fill.ll: 

-
CODE.SEGMENT--,·t abel ··--->I 

See Segmentation: CODE.SEGMENT 

..... ' 
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**************** 
* CODE.SEGMENT * 
**************** 
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*"************* 
• COMPLE~ENT • 
······~·****** 

COMPLEMENT register <lite.-all····---------------------·-------->I 
I I 
I t<··----.................... ~ ...... --.. ---1 I 
J t I I 
l••••AND·--register Ctiteral>·--t 

This instruction CQMPLEMENTs (switches the state of> the speci
fied bitCsl. By using the options. more than o~e bit in any one 
register can be compte•ented vith the sa•e instruction if ~LL 
BITS are in the SAME 4-BIT R£GIST£R. (See atso: SET and RESET.> 

The register ~ay be any ~-bit source and sink !destination> 
register below: 

CA CS CC CD CCt and CD represent processor int~rrupts and flags> 
fT fU 
f'LC FLO flE flf 
LA LB LC LD LE LF 
TA TB TC TD TE TF 
TCPM <avaiable on 81720 onl1> 

It ••Y also be the Fl~ rs. L• ar T register: all bits •ust then 
be in the sa•e 4-bit subfield. 

The literal bas- a deci•at range froa 0 to 3 far a 4•bit register; 
frow Q to 15 for tbe F'L registerJ and fro• O to 23 for the re. 
l• and T registers. 
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It should be noted that most registers can be addressed in either 
of twa ways: 

LA LB LC LO LE lF 
--------------~----·----~----~--~-~--~-~--------------~--I 0 3 I O 3 I 0 3 I 0 1 2 3 I 0 3 I 0 3 I 

-1 0 .... 3 I 4 1 I a ••• 11 I 12 ••• 1s I 1& 19 I 2 O... 23 t __ , ______ ._ _________ ._ ......... ----1-1---~-... -----.-............... ______ .... _ 
I 
I-·> LCOl 

Of' 

lA(Ol 

1.A LB 

I 1 
LOCO> <·-I l-·> L!13l 

or or 
L<lZl LDCll 

CCMPLE~ENT LOCO> AND LC13> 

LC LO LE lf 

-------------------------------------------------------------t I 0001 I 0010 J 0011 I tOOQ t 0101 I 0110 I before C1Z3856> I 
I ••-49·-~ I ·----.-1-. ........... , .... 49" ...... ._ ,._....,..,._.._, .. - ............ , .. ,. ..... ---.. -.-.. --49 I 

L I 0001 I 0010 1 0011 I 0100 I 0101 l Otta 1 after (123456) I 
f I 1 111 I l I I .................. ._._ . .....-............ .-... ,, ......... ~--..... -----------------,.--.·----.----

0 3 • 1 a 11 II 15 16 17 18 23 
II 

LDCCJ <•-11••> LC13> 

COMPLEMENT Jj(OJ AND TS<t>: These are not presented because the 
bits are in different 4•bit registers. This state•ent is invalid • 

·.,·,. 

~ . . . ~ 
... , 
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********* 
* COUNT * 
•******** 

CDUNl ··- ... ·f A···---UP-----·--· • .... ...._.~ ... .-- ....... .- ........................ 9y .--CPL-... -- ... ._-..... -~--·--> J 
I I l 

I 
I 
I 
I 
I 
I 
l 
I 

I 
I 
I 

I I 
1--ANO FL DOWN-·>I 

I 
I 
I 

I-literal---------> I 

1--0CWN·---------------------~->l 
I I 
l••AND FL··---UP·----1 l 

I I I 
l••OOWN••>I I 

I 
t·-FL--·-UP-------------------------->I 

SEHAtHI<;~: 

I 
I 
I 

I I 
1--ANO FA CCWN·->1 

I 
I 
I 

1-49.00WN••••••••-·••• ... •··-------. ........ > I 
J I 
J••AND FA·--UP----·->I 

l I 
l-DOWN--> I 

I I 
1-BITS•>I 

This instructi~n increments or 
ters by the value of the literal 

decre11ent s the desi g:nated regi s
or the contents of the Control 

Paral!e! Length <CPL> register. 
is o. the value contained in the 

However. if the value cf literal 
CPL register is used. · 

If the fA register is·counted down. it maJ pass through O <i.e •• 
if FA=4 and is counted down by 1, it will be set to ~fFFfFF~>. 
Howeyer. FL cannot be counted dcvn below o. 

If either the FA or fl register overflows. wraparound to or 
tbt"ough 0 vill occur; e.g.. if either is equal to the •aximua 
value it can contain and is counted up by 1. it becoees equal to 
o. 

The literal bas a aaxiau• deci•al value of 144. 

, . 
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COUNT FA UP AND fl DOWN BY 10 

-------------------------------------------------------------f A l 0 0 C 0 J 1 001 I 10 10 I 0 111 I 1111 I 1011 I be f ere C O 9 A 7 f Bl I 
, ........ ._ ... , .................... , ......... , .... _.._. __ , __ ,. .. ,...._ 1 .. ----~1 ------...................... , 
l I I -- I I I 1010 J lit er al • 'Aa I 

FA J 0000 I 1001 I 1010 I 1000 I 0000 I 0101 I after (09.\805) t 

FL I 0000 I 0000 I 0000 I 1000 I before (0008) I 
, ..... ,., ... _, ________ ... J ........ _._. ... , ....... .r • .-·I ................... ._.__ .. __ , 

I •• I -- I I 

ft I 0000 l 0000 I 0000 I 0000 I after COOOO> I 

FA is counted up by deei11at 10 Chexadeci11al Al,. white fl is 
counted down by 8 to its minimua value. 
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******* 
* DEC * 
** * *''"** 

CEC--souree.sink.register--BY----source.register---------------,1 
I f 1 I 
1-·titeral-------->I J·-TEST·->I 

This instruction decrements the contents of a 4·bit source and 
sink Cdestinationl register by the value of the literal or the 
contents of a 4•bit source register. The result is placed in the 
source.sink.register; the contents of the source.register remain 
unch~nged. CSee also: INC.) 

The register may be any of the following: 

source.sjnk.register 

--------------------CA ca •CC •CO 
f T FU 
F'LC FLO fLE Flf 
LA lB LC LD LE LF 
TA 18 TC TO TE TF 

source. register 

any source.sink.register 
BICN 
fLCH 
INCH <available en 81720 only> 
XTtN 

TOPM Ca~aiable en 81720 only> XYST 

• CC and CO represent proeessor interrupts and flags 

The literal has a deciaal range fro• O to 15. 

If the TEST option ts used and tbe. source.sink .register under
flows Cis decre•ented below o.. the s•allest value it can 
contain>~ the next •icroinstruc~ion is stipped. If underflow 
does not occur or if the TEST option is not used,, the next 
aieroinstru.ction is exe~uted. 

NOTE: All 4-tit registers count •odulo 16; e.g.~ if a register 
contains a value of 0 and is dec.re•ented by z., it under
flo11s to a value of 14. 

EXJMPLE: CEC TS BT T 
DEC fLD BY LC TEST 
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*****'****** 
• DECLARE * 
*******it*** 

SEE SECTION 7-1,. DECLARATIONS 
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********** 
* DEFINE * 
********** 

DEf'IftE-----iden·tif ier - -----·---------- I ------------>I 
I 

1--string•->1 

This declaration assigns a name (identifier> to a string of char
acters$ Any subsequent reference to the identifier is replaced 
by the string. 

String •ay be a scratchpad name (24 or 48-bit); a register nameJ 
a lit er al; a part of one i nstruet ion; an entire i nstruc.tion. 
part of which aayhave been prewiously DEFINED; or empty. It 
aay neither begin witb a pound sign <'> nor contain any embedded 
poun.d signs .. 

The entire 0£FINE declaration aust be contained on cne card. and 
att 0£FINEs •ust he declared prior to any executable instruction. 

Nested 0£fINEs. al'e allowed up to 13 levels. 

llJJ!f.L£.: . 

DEFINE SOURCE.POINTER·:: S3# 
D£f'INE OP.REG ::: LI ·· 
DEFINE TEST.DP ::: asoooooa• 
DEFINE HINT : CCt3>t 
DEFINE IGNORE.HALT ::: RESET HINT# 

% LOAD F FROM SOURC£.POINTER 
% CLEAR OP.REG 
% MOVE T·EST•OP TO OP.REG 
% HAlT INTERRUPT 
I IGNORE.HALT 
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*****~********** 
~ 0£rIN£.V,lU£ * 

DEFINE.VALUE••••identifier = literat·------------------------·->I 
I J 
1-- • -----literal••>! 
1 1 
1-- - ··>I 

This ;nstruction assigns the value of the constant expression to 
the identifie~. Any oc~urren~e of the identifier in the program 
is replaced by its assigned value. 

DEFINE.VALUE creates a 24•bit literal. Values less than zero are 
in 2•5 complement notation and are 2lt bits lang. 

If defined identifiers are used as literals in the constant 
expression- they aust be previously defined. 

l.!ll!.fJ.l: 

DEFIN£.VA1..UE AA = ;so; % VALUE is hex 000050 
DEFINE 9 = AA • 1 % VALUE is hex 000051 
DEFINE C = AA - 3 % VALUE is hex OOOOltD 
DEFINE.VALUE FOl = ;( 1 }0010~ • 4 % VAlUE is hex 000006 

• ; ~'·• • p 

. ' .. ' .... ~·,. ' 

_,.,; ;. 
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******************* 
* DIAG.LOAD.CACHE * 
******************* 

DIAG.lOAO.CACHE--·------------START------------------•--------->I 
I I 
l·--·STOP-----J 

For each •icro following DIAS.LOAD.CACHE START and before 
DIA&.lOAD. CACHE STOP. the following instructions will be gener
ated. 

MUYE <parity bit + MICRO> TO Y 
DIAG.WRITE CACHE FROM Y 
MOVE X TO A 
INC A 
MOVE A TO X. 

This instruction is only available on the 81900 •GEM' and later 
processors. 

. -~-·: '· ; .--~· ·.· . ~ 

' . 
•. i 
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DI SP AlCH 

<available on 61720 systems only> 

I I I I 
I l·--SKIP WHEN UNLOCKED•->1 I 
l I 
, ...... WRlTE •--•••• ...................... _.._._._._._ .. ._.._ .... _ .. 49 ___ > I 

I 
t-~·READ•••·~----.--~-----~-----~---~----··>I 
I 
I 
I 

t I 
l·--AND CLEAR••>I 

I 
I 
I 

1--READ .. PO.RT.NUMBER··-····-------------·->I 

~Wlilill: 

************ 
* DISPATCH • 
************ 

This instruction) sends a •essage Ce.g.. an 1/3 desc-ript-or 
address> fro• the processor to a device on an 1/0 port. 

Before sending a message to a port •. the processor s~cutd first 
atte•pt to gain control of the interrupt syste• with a DISPATCH 
LOCK. This is necessary because the interrupt system is shared 
by a.ti ports. 

DISPATCH LOCK locks taarts as •in use•> the interrupt syste•. If 
the interrupt srste• is already loc.k•d• the next microi nstructi an 
is skipped. 

DISPATCH LDCK SKIP MMEN UNLOCKEll locks t11e inteTrur:t systea or 
skips the next aiuoinstru-ction if the interrupt systea is 
al.ready u.nlocted. 

DISPATCH WRITE sends a 2••bit •essage to a pert. . Be-fore a 
DISPATCH NUTE is executed,. tbe L. register •ust contain the 
2•-bit •essage; the seven least-significant bits of tbe T 
register •ust contain t~e .destination port (bits 11-19) and 
channel. nu•bers (bits 20-..23>- Tlae contents of tbe L register are 
taen stored ia tJae IUspatcll buf"fer <aain ·•••ary locations 0-23J, 

' , .• : - ..,. .. ~ .· 
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and the port and channel nu~bers are transferred to a hardware 
register (Dispatch register> in the port interchange. The 
contents of the l ana T register remain unchanged. 

..-_.• 
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OIS?ATCH READ transfers both a 24-bit messaoe from the 
butter to the L register. and the sciirce pert C3 

Dispatch 
bi ts) and 

channel (4 bits) numbers to the seven least-significant 
the T register. 

bits of 

NOTE: If TC23) is found set after a DISPATCH READ and the 
source port is an I/O multiolexor, a main •emory parity 
er-ror was encountered during the fetch of an I/O 
descriptor address or an !JO descriptor. or durinq a 
RESULT SWAP operation. In these cases. the ~essage 
transferred to the L register will be the address +24 of 
the parity error. 

DISPATCH READ AHO CLEAR performs the same as a CISPATCH READ- and 
in addition, clears the Interrupt Condition CINCN> register to 
all zeros. 

Only the least-significant sewen bits cf the T register are 
involved in any DISPATCH operation- higher crde~ bits are ignored 
and are unaffected. 

If the SKIP WHEN UNLOCKED option is used with any variant other 
than a DI~PATCH LOCK, the next••icro instruction is skipced. 

lf the REAO.PORT.NYMSER option is used the port number of the 
processor executing the micro is stored into the T register .. 
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**************** 
* ECHO.ADDRESS * 
**************** 

ECHO.ADDRESS --------------------··- FRC.M FA TO Y -------------> 1 
I I 
•-·- REVERSE ----->I 

This instTuction is not available on 81700 proc~ssors. 

'·:;..," ... ~ - , 
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***••'******** 
* ECHO.DATA * 
*** ***** * ***'* 

[CHO.DATA FROM----·------- x ~-~~-~~~~~- TC Y ·----~--~~-~----->I 
1 I 
1----- y ---<f9·• 1 
I ,._ . ._ ... T 
I I , _____ 

L -·--1 
lll!J.till.ti : 

This instruction is not available on 81100 processors. 

. ;, ·.·,, 

.:· ,! ·. 

·.- _ / · ····,:r/· .... :i··-·. ~ · 
~ ;. ·. 

:.. ~ .. • • • . ...... : ~. .~ ;t., -: . 
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********************* 
* ECHO. PORT. ADAPTER * 
********************* 

ECHO.PORT.ADAPTER ---- literal --- FROM ----- x ---~--- TO 
____ ,,_, 

y -... --.... ->, 
I ·-- y --· I ·-- T --· I I 
J-- L --1 

Literal must be less than or equal to 3. This instruction is not 
available on BlJOO processors. 

•.. ~-·· ·.··, 
",.. o· •. 

-~ ·. ' 

I 
I 
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***"* .. *** 
* ELSE * 
*****"** 

The ELSE statment is used in conjunction with the If statement to 
indicate that a statement is to be executea on a condition false. 
Far e x a" pl e : 

If condition THEN 
state11ent 

ELSE .. 
statement 

The statement foilc~ing the THEN clause will only be executed if 
the condition is true. Likewise- the state•ent follo~ing the 
ELSE clause is executed only if the condition is false. 

The IF stateaent may also contain a BEGIN/ENO block following the 
THEN clause. in which case the ELSE clause becomes part of the 
END state•ent. <See: END>. 

a. IF condition 
s tate-•ent 

ELSE. 
state•ent 

c. If condition 
state11ent 

£LSE 
8£GIN .... 
END 

.. 
,' 

THE ft 

THEN 

.. 

b. If condition THEN 
BEGIN 

•·•·• 
ENO ELSE 

statement 

d. IF condition THEN 
BEGIN ..... 
ERO ELSE 
BEGIN ..... ' 

. ; 

. ,':' -·'. __ ·j 

. •. -·· ,,. ..... ~ ~J 
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******************w******** 
* E~IT.RETURN.TO.EXTERNAL * 
*************************** 

EMIT .RE:TURN.TO.EXTERNAL ·------·-·----->I 

This instruction causes the compiler to e•it the common code 
necessary to get back to the •ain sEg•ent froa the external 
segment. The compiler automatically emits this code when tke 
first CODE.SEGMENT statement is encountered. If the p~cgrae 
requires the code to be eaitted before the first CnDE.SEGHENl is 
encountered• this state•ent can be used to emit the code. This 
code also includes the return code when the seg•ent is exited for 
the last tiae. <See: Segmentation>. 

.Bt~IBl&Illli: 

This statement cannot be usec aore than once in a program, and 
cannot be used after tbe cccurence of the first CODE.S£GM£HT 
state•ent. 

. ;, .. 

... ". . ~ ... 
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******* 
* END * 
***'**** 

£ND------ block.name ------- ELSE -------------->I 
I I I I 
I •· .... ~·---··---~·._.._..- .. >-I 1---·----.... > J 

This statement is paired with the BEGIN statement to combine MIL 
state•ents into logical blocks. The ENO statement must have t~e 
same block.name as its •atching BEGIN state•ent. 

The ELSE clause is usec only when neeced as part of an If state
ment. For exampte: 

BLCCK 
NESTING 

lEVEl ........... 
0 
0 
1 
1 
1 
1 
Q 
1 
1 
1 
1 

MIL STATEMENT ____________ .... .,_ -- --.--------.-, 
If condition THEN 
8£GIH TEST.TRUE.RLOCK 

• .. 
• 

ENO TEST.TRUE.ELDCK ELSE 
BEGIN TEST.FALSE.BLOCK 

• 
• 
• 

END TEST.FALSE.BLOCK 

... 
Good programming pra.:tice raco•wends that SEGIN•s and •atching 
ENO•s start in tha saae coluan, while the ~tateaents within the 
block should be indented to reflect the nesting level. <See 
also: BEGIN and LOCAL.DEFINES l . 

' . 
- ';·. 

.· '-·· 
' 
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If LOC2> FALSE THEN 
BEGIN EMIT.INFO 
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RRIT£ 16 BITS FRCH T I~C f A ANO DEC FL 
MOVE X TO S7A 
SET CBCll 

.ENO EMIT.INFO ELSE 
MOVE Y TO 578 

,., ·.·.' 

.... ~- -,' 
.·;: . . ···· 

... 
·~ 

. ~ .. . ~,' . .. . ~·· .; 

..... >· 
.:.i 
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****"*** 
* EOR * 
***'ll'*** 

EOR--sotn"'c:e.sink.reg·istet"-WITH-------source.register----->I 
l I 
1---l iteral---·------> I 

This instru~tion logicatly EXCLUSIVE ORs the bits in a 4-bit 
source and sink <destination> register with the va.tue of the 
literal or the contents of a 4-bit scurce register. The result 
is placed in the source.sink.register; the contents of the scur
ce.registeT remain unchanged unless it is also the 
source.sink.register. (See alsc: ANO and GR. l 

The register •ay be any of the fallowing: 

source.sink.~giste~ 

CA CB •CC •CD 
fl f'U 
f LC flD FLE FLF 
lA LB LC LD LE lf 
TA TB TC TD !£ Tf'. 
TOPM Cavaiabla on BllZO only> 

sou.rce. register ______ ._._ .. __________ _ 

any source.sink.register 
BICN 
FLCN 
INCN <available en 81720 onlyl 
PERR <available ~n 81120 only> 
XYCN 
XYST 

• CC and CD represen~ processcr interrupts and flags 
.. 

The literal bas a deciaal range fro.• O ·to 15. 

'-•' .·. 
. ::•' ,: . ~ . 

-··.···. 

,--·· . 

"·;·" 
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T ~ELE 8•2 ECR Truth Table 

-----------------------------------------------------------------I Source & Sink 
I Register 

Literal 
Source Register 

Source & Sink 
Reg~ster , _________ ... ___ ._ ___ ._, _______ ... _ .... __ ......... -. ..-.--~----~------....- ·------------... ----· 

I 0 EOR I a Yields I 0 I 
1-----------.-.--.. 49-·l-------1------..- ... --~-- ... -1---.. ---... --. .. 1.----.. --..,---------1 

0 EOR I 1 Yields J l 
1-------------............ , ................ , ................... ~ 1-·---........ - ..... 1----------------1 

1 I £OR I 0 Yields 1 I 

1---------------1-------1------------1----------1---------------1 I 1 ECR 1 Yields 0 

---------~-------------------------------------------------------

EOR TB WITH 3 

-------------------------------------------I TA I TB I TC I TO I TE I Tf 

----1------1------1------1------1------1------1------------------t T 1 0000 I 0101 I 1111 I 00!1 I 0001 I 0010 bef cre COSF312J l 

I -- I 0011 I -- I -- I -- l -- I EOK C 030000) I 
1--.. 1-----~--1-.-419. ....... , .. .-...... , ............ , ._ ..... _"9' 1--------1 ...... .,.... ... .-.......... -) 
I T I 0000 I 0110 I 1111 I 0011 I 0001 I 0010 after C06F312) I 

..... 



. _., ... , ·•'· ·. ' . 
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******** 
* EXIT * 
******** 

This instruction returns Drogra• control to the calling routine 
by causing the compite~ to generate a MOVE TAS TO A operation. 

The top of the A stack CTAS> is moved to the ADDRESS CA> regis
ter,. which is used by the hardware logic as the address of the 
next sicroinstruction to be fetched. The top of stack pointer is 
decre•ented automatically by the hardware after the move. 

NOTE: MOVE TAS TO A may be used instead of EXIT with the same 
result. 

., • • ,r ·~. - ,.. " ·,. ~_ ••. ' 

'. 
~.- .. 

" ·~.· . ""· 

~ -...• - .~ . . 
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*'****"****** * EXTRACT * 

EXTRACT·--con-stant.exp BITS FROM T Cliterall·--------------··>I 
I I I I 
1--decla~ed.id FROM 1--ro---L-->1 

I I l I 
1--<literal>··->l 1--T-->I 

t I 

'--x--> J 
I I 
I ••Y••> I 

This instruction isolates tbe specified bits fram the T regis~er 
and •oves the• to a destination register Cl. T, x, YJ. If a 
destination register is nat specified, T is assu•ed. T re•ains 
unchanged if it is not the destination register. 

The value of tbe folloving coabinations aay not exceed Zit bits: 

constant.expression • literal 
DATA.LENGlH of decta~ed.identif ier 
DATA.LENGTH of decla~ed.identifier + literal 
DATA.LENGTH of declared.identifie1" • DATA.ADDRESS of declared.identifier 

NOTE: 

If the starting bit for declared.identifier is not spe-cified, .its 
DAT-A.ADDRESS is used • 

EIAMfJ..U: ..... . ..... 

a. EXTRACT 4 BITS.FRQJt TC20l TO l 

•• ~> ... • • 

. .. ;. 

, . ., 
; 
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t. COO£ 

8800 
7098 
880C 
8244 

'~.!!!£U: 

TA TB 

~E~ORY 

ADDRESS 

{0000001 
[0000001 
[000004] 
[0000101 

• [00000] 
; [000101 
a (00020] 
" C00.030 J • 

DE CLARE 
Cl STUFF REMAPS BASE.ZERO BITC24>

G2 ITEM.1 BITC4>~ 

OZ ITEM.2 BITC127>-
02 ITEM.3 CHARACT£RC1); 

MOVE STUff TO f A 
READ DATA.LENGTHtSTUFFl BITS TO T 
EXTRACT ITEM.Z FROM T TO X 
EXTRACT ITEH.1 FRCM TCO> TO T 

EXTRACT 4 BITS FROM TC20l TO L 

TC TD TE TF 
-----·-----------------~-~~--~---~-----------~--------~~~----T I 0000 l 0001 I 0011 I 1000 I 1110 I 0100 I before C0138E4l I 

TCZO> 

lA LB LC LD LE Lf ______________ ._. ................................................................... _...._. .... ~-~-------
l I 1001 I 1110 I 0011 I 1001 I 1111 I 1100 I before C1E39fC} I 

1-------·-1---... ---1-----.... -1-.-... ---1-..- ........ -1------1----------.---...... 41'--1 
L I 0000 I 0000 I COOO I 0000 I 0000 I 0100 I after (0000041 I 

Register T re•ains unc!tanged vbile its four extracted bits are 
ptaced in the L register. The bits are right-justifiedi leading 
zeroes are added. 

NOTE: EXT~ACT 0 BllS FROM TC23> TO a destination register •ay 
be specife~f· but tbe pt"ogra••er must OR into tbe H 
reg·iste.r ttae nu•ber of bits to be extracted. This is 
done by doing a HOVE to It <see MOVE stateaentl. Caution 
must be exe:rcf sed..- however. when ORi ng int a tbe H regi s
t•~= tbe aacbine bardwa~e instruction requires the 
right-bit. point-er for the eJttractian field, not the left. 
T•e hardware &lso indexes the T register f~o• 1 tc 24. 
left to right• not O to 23. 

.......... 

'< 
... ;" 
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************* 
* FA.POINTS * 
***********1'\'* 

FA.POINTS TO·--------arithmetic.expression---------->I 

This pseudo-operation does not generate any 
informs the compiler of the current contents 
mation is then used when compiling the POINT 
READ, WRITE and POINT instructions. 

cede. It merely 
of FA. This infor
constructs in the 

The FA.POINTS and POINT FA constructs a~e provided sc that the 
user aay symbolically reference the meaory stru:tures declared in 
a declaration statement. Such references will shaw up in a 
cress-reference listing and can often result ~n automatic code 
changes whan the declaration changes. 

COO£ MEMORY 
ADDRESS 

tQOOOCOJ 
[QQQQQQ] 
COOQOOAl 

DE Cl.ARE 
01 STRUCTURE,. 

OZ DATA.A BIT<lO), 
02 DATA.a CHARACTER <20), 
02 DATA.C fIXEU; 

FA.POINTS TO STRUCTURE 
POIIT FA TO DATA.A 

71 OA 4 COOO:OOl READ DAT A.LENGTH( DAT J. Al BITS Ttl X POI NT f A TO OATA.C 
1818 ~ C00-0101 WRITE DATA.LENGTHCOATA.CJ BITS FROM X POINT FA TO 

STRUCTURE 
06AA a [000201 
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CODE ti' EMORY 
ADDRESS 

(000000] 
[000000] 
COCCOC2l 
COOOOOCl 
[00002Al 

0622 ~ [00000] 
71QA 4l (000101 
0638 ·~ COC021ll 
0626 ~ (000301 
7018 • (0004Cl 

0682 - tOOOSCJ 

• 

DECLARE 
01 STRUCTURE 

CZ NEW.1 
OZ DATA.A 
02 OATA.B 
OZ DATA.C 

8ITC2h 
8ITC10h 
8ITC3Q),. 
FIXt:O 

FA.POINTS TO STRUCTURE 
POINT FA TO DATA.A 
READ DATA.L£NGTH<DATA.Al BITS TO X POINT FA TO OATA.C 

WRIT£ OATA.lENuTHCOATA.C> BITS FRGH X POINT FA TO 
STRUCTURE 

.· '-; 
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"'****'*** 
* FINI * 
*****'*** 

This instruction signals the compiler that the end of the file 
has been reached. It should be tbe last stateaent in the source 
progTa11 • 

.... . ·· ,- . 

,. '·,•' 

·:; 

"' .. :1'' 
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*****'**** 
* GO TO * 
********* 

This instruction transfers control to the locatjon specified by 
Label. 

Label •ust be associated with a run ti•e address that has a 
displacement fro• the GO TO instruction of less than 4096 
•icroinstructions. 

GO TD SORT-ROUTINE 
GO TO ·LOOP. t 
GO TO •LOOP.2 

..... ' 
," -

.... ·.\ ';;.:' 

..... ··, 

.. , ... _ "'·:• ·' . 

•. - ' 

~·· : . 
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****'**** 
* HALT * 
******** 

This instruction brings the processor to an orderly halt. The 
settings of the register select dials deter•ine the register 
displayed. 

Pressing t~e START pushbutton on the system Console will cause 
the processor to again tegin executing micrcinstructions. If tbe 
STEP/RUN svitch is in the STEP position. only one microinstruc
tion is executed. 
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FORMAT 1: CONDITIONAL PROGRAM CONTROL 

I <--·49-····----··· ...... ••0R··-·---~ ...... ---1 
I < ............ .__ ............ <19: ...... A N 0-· .... 411!.._ ........ - ... --1 
I I 
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****** 
* IF * 
****** 

If-------------register 
I I I 
I ••NOT·-> I 

Cliteral>----------------THEN---statemen~-> 
l I I 
I 1-TRUE-->I 

I I 1-r .AL SE-> I 
1---candition------------------->I 

..................... _ ... • ............ ._ ....... ._..-,,. .......... - ... ----... - ...................... _ ............ -..-.... -.~>I 
1 I 
l·--ELSE-----state•ent·--·>I 

FORMAT 2: C1JNDIT10NAL COMPILATION C!lNTROL 

1<_. .......... -~0R-.... .-.--..-~- ...... ._I 
I <··----..... ·•49:.-AHD··--···--·_..... I 
I I 

IF--·····-----•odule.option··-····--·-····ThEN INCLUDE state•ent--> 
I I I I 
I •NOT•>I 1 •TRUE--·> I 

l•FALS£-->t 

I I 
1--ElSE---•stateaent--->I 

NOTES~ State•ent ~ay atso ba a BEGIN/END pairJ see also BEGIN, 
EHG.. and ELSE. 

If TRU£ or FALSE are net specified• then TRUE is assumed .. 

' 
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For the register <Literal) case the instruction will test bitCsl 
for TRUE Cone) or FALSE (zero>. If the test condition is met. 
the specified statement is executed. If the test condition is 
not •et. a bran~h around the statement is taken. and if an ELSE 
clause is specified then that statement is executed. 

Logical operators are valid on the registers immediately 
following the If. as long as all bits related are within the same 
4•bit group: •IF TCO> AND TC3> •• • is valid while •Ir TCZ> ANO 
T<4> ••• • is not. NOT logic is a~ptied only .tc the bit imme
diately following it• 

The register may be any 4•bit source and sink {destination> 
register below: 

CA CB CC CO <CC and CO represent processor interru~ts and flags> 
FT FU 
fLC FLO flE flf 
LA tS lC LO LE lf 
TA TB T~ TD TE TF 
TOPM Cavaiab!e on 817~0 only> 

The register •ay also be the fl• rs- L•· or T register: 
must then be in the same 4-bit subfield. 

EXAMfJ.~: 

IF CA{Q) AND CA(3l THEN MOVE X TO Y 
ELSE MOYE Y TO X 

IF TCSEX.IS.MALE°> THEN 
SEGitt ~ 

MOVE X 10 Y 
SET L(fOUNDl 

END ELSE 
CALL SPECilL.GENCER 

".:: .. ·· ·.:_··. 
:. . ~·· . 

. . . -

"· - '·. ·~ . ~:-:'. :_ 

·.:.·· .. 

all bits 



~ ....... 

0 

0 

:I 

=.: 
··.·i 

0 

9-51 

BURROUGHS CORPORATION 
C~MPUTER SYSTEMS GROU? 
SANTA BARBARA PLANT 

COMPANY CONf IDENTlAL 
81500/IUTOO MIL 

P. S. Z212 5298 C El 

The following ~re valid conditions of the If statement: 

-~-·--- x ........... = ................... .-.. 0 -----~-----·-~·--~->! 
I 1---- EQl ··->I I I I 
I , .... NEQ •••>I , .,.. y --->I I 
i J I 
I 1----.,. < ·----···-----Y·--------·-·->I I 1-.... GTR --·>I t 
1 , ... ._. .. > --->I I 
l ·--- LSS ··->I I ·--- GEQ --->I I , _._,.. lEQ -·->I I 

i --- y ..... ._. .. ..,._ :: ------------~-.-- 0 ._._ ...................... ,I 
1---- EQL --->I I I ·--- NEQ •••>I 

, ____ 
x •••>I I 

I I 
1---- < --------------- x ·-·--------·->I ·--- GTR -·->I 1 
1--- > •••>I 
1-----..- lSS --->I 
1--- G£Q •••>I 
1--- LEQ •••>I 

I·-- ANY.INTERRUPT --------------------------> I 
1--... 
I 
J 
I 
1 
I 
I 
I 
I 
I 
I 

FL------.-
1--· ·---I 
1-..-.... , ..... ,_ .... ·--·---,_ ...... 

=-
EGL 
NEQ 

< 
GTR 

> 
LSS 
G£Q 
LEQ 

... ---. .... ~-------- 0 
......._ __________ > 

•••>I I I 
·-·>I 1-- Sf l -->1 
... ._._ .... _____ ._...._ 

SF'L ......... il9-._..__._. .... 49 > I 
··->I I 
--·>I I 
•••>I I 
--->I I 
--->l I 

I 
I••• CYD ••••••••••••·--··---... ----·------------- .. .-->I 
, ..... CYF _._._._. ............................... ,.,,.._ .... ._ ................ >I 
1- ••• CJL ................................ _ ........ .-........ ,I 
1----- LSB.X ... ~ ....... --49- • .._ ..... _. ... ___ ._._ ... ___ 4!9 .... _._. ................. _.>I 
l I 

l I 
I••• LSUX _ _.._ ....... ~ .... ~--~~-~---.-~--~~--~~---->I 
I I 
J .... LSUY ................. ~ ... ,. ••.• ~ ... ·-·····-·----~·>I 
I l 
·1 ·--- JISBX . ......__ ...... • • ....... .., ................... _. ••••• ....,..., .. >I 
I I 
t••• LOCKOUT·----------------------------·--->I I••• Ht.PRIORI.TY ·--------------···---·->I 
1--- INTERRUPT ------------------·----------->I 
·1--- NO.DEVICE ---------------·-·•••>l 

.... :. 

Sorrow Out level 
Carry fli p•flop 
Carry Out Leyel· 
Least Significant 

Bit of X 
least Significant 

Bit of \' 
Least Significant 

U.nit. Of X 
Least Significant 

Unit of Y 
Mast Si~nificant 

Bit Of x 
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BR 

FA 
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...... _.._._. ______ >! 

I 
I 

-----··-.. ··->I 

Any combination of conditions tbat is containec in one condition 
register can he tested using ASC/OR logic if ail bits can be 
tested for TRUE <on> or FALSE (of·f>. for example, the following 
are ~alid conditions: 

CYL AND LS!JY. 
CYL CR CYD 
fl:SFL ANO FL = 0 

Exa•ple: If CYL ANO LSUY TRUE THEN GO TO £ND 
IF CYL OR tYD FALSE THEN GO TO BEGIN 

If TRUE or FALSE is not si>ecified. TRUE is assused. 

Exampte: IF TO<Z> THEN GO TO LABL7 

Register TO ..... ..., .. , ........ 
0101 
1101 
0111 
0011 

Branch To LABL7 ----------------------.. ---.-..... ..., ...... _._.-. ... _,._ 
NO (bit position two is OFF> 
HQ Cbit position two is Off> 
YES (bit position two is ON> 
YES (bit position two is OM> 

Note: TD< 2> could have been referred ta as TC 14> 

The relations •fA EQL/NEQ BR• and •BR EQL/N£Q FA• are not abail
abla on 81100 processors • 

:·.:1'.«.- .· 

, ...• i ' -·~· ' 
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The follow;ng examples illustrate Format 1: 
Control: 

IF X = Y THEN GO TO •A 

IF TBCll OR TB,3) THEN EXIT 

IF Lf <2> THEN 
MOYE X TD Y 

If FUC!l FALSE THEM 
COMPLfMENT TC10) 

ELSE 
RESET FLC5l 

If FLFC3l FALSE THEN 
BEGIN 

E.ND 

RESET FS<l> AND fSC3> 
CL£AR St4A 

If LACO> THEN 
8£GIN 

1.fJVE TAS TC T 
END ELSE 

MOVE FA TO T 

If TDC3> THEN 

£.LSE 
BEGIN 

END 

MOVE l TO X 

MOVE l TO X 
MOVE SUK.TC X 

IF LA = 14 THEM 
8£GIH 

MOVE 512 TQ X 
END 

fOBMAl z: CQIOIJIDtUL rnet.LAIJDJ CONIB.W. 
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Conditional Program 

This instTuction sh~uld be used for conditional inclusion of 
code, depending up~n :tbe setting of a user-defined• •odute.option 
toggle. This •odute.option toggle is declared and SET or RESET 
wf a a •odule option S card. (See Appendix A: JUL Co•pi ler Oper-
at·ion .... J. .. ··;~: , : .... 

lo.re than one aodule.option toggle can be tested vith the saae IF 
statewent by using. AND/CR lGgic. If KOT is used in front of anp 

. . : .. ' . ~-
L~ • ;" • • ' ' ;., 

:. · • ... " ... 
... : . 
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module.option toggle. that module.option tcggle is checked tor 
the RESET state. If both TRUE and FALSE are omitted• TRUE is 
assu1ed. 

Note: A conditiona! inclusion-block may not be used to include 
or exclude a BEGIN statement when the associated END 
statement is not part of the block. 

The fotlowing,are examples of conditional inclusion of code: 

CODE HEM ORY 
ADDRESS 

EOOS ~ [00000] 

E004 • (00010] 
E003 • [000201 

12AC ~ C0003Ql 

E001 • [000401 
12AO • [ 000501 

S SET DEBUG RESET TRACE.PROGRAM 
S S£T TRACE.PROGRAM RESET S.~~CHINE 

% 
l DPTIONS ARE SET AS FOLLOWS: 
% 
% DEBUG:TRUE TRACE.PROGRAM:TRU£ S .. HACHINE=f ALSE 
% 

IF DEBUG THEN INCLUDE 
CALL DEBUG.ROUTINE 

IF TRACE.PROGRAM THEN INtLUOE 
BEGIN 

CALL SAVE.REGISTERS 
CALL TRACE.ROUTINE 

ENC 
IF DEBUG ANO NOT S.HACHINE THEN INCLUDE 

BEGIN 
MOVE T TO x 

'END ELSE 
BE£IN 

HOVE l TO x 
MOVE T TO SOA 

ENO 
IF kCT TRA~E.PROGRAM OR S.MACHINE THEN INCLUDE 

BEGIN 
HOVE l TO X 
MOVE: T TO S1A 

ENO ELSE 
BEGIN 

END 

CALL TRACE.ROUTINE 
MOVE T TO X 

Any of the preceding ex~•Ples aay be nested 
.above BEGIN/END pairs up. to a: aaxiaum of 15 

within any of the 
levels. That is, at 

any gi ve·n. t iae during a co•~i lat ion there 
BEGlNs that have not-been paired with their 

•ay be at aost 15 
respe~tive ENDs. 
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INC 

llJiln: 

*•***** 
* INC * 
***'**** 

IN·c--source .sink .reg is ter--BY·-··source. register---------------.---> 1 
· ~·~· · 1 J I 1 

l••literal·------··>I 1---TEST•->I 

This instruction increaents the contents cf a 
sink (destination> ~egister by the vatue cf the 
contents of a 4-bit source register. The result 
source and sink registe~; the contents of the 
remain unchanged. <See also: CEt. l 

4-bit source and 
literal o~ the 
is placed in the 
souree register 

(0 The register •ay be any of the following: 

._ 

0 

source. s int .register ............... ------ ....... ·-~-
CA ca •CC •CD 
FT f U 
flC FLO f LE flf 
LA LB lC LD LE LF . 
TA 18 TC TD T£ TF 
TOPK <avaiabte on 81720 only> 

·source.register _____ ._ ............. .. 
any source.sink.register 
BICN 
FLCH 
INCN <available on 81720 only> 
JYCN 
XTST 

• CC aft.d CO represent processor inter~upts and flags 

The literal bas • deci•al range fro• O to 15. 

If the TEST option is used and source.sink.l'agister overflows Cis 
inue.ented beyond 1s, the largest value it can contain), the 
next micrcinstru.ction is skipped. lf overflow does not occu1" or 
if the TEST option is not used# the next •icroinstruction is 
executed. 

NOYE: All 4-bit' registers count •oduto 16; e.g., if a register 
· contafns. a value of 15 and ts incre•ented by z, it over
flows to a value of 1. ·· 

EXAMPLE: IMC LB SJ T 
· .. IIC fLD BY RICI TEST 



0 

0 

9-5& 

BURROUGHS CCRPORATIOM 
COMPUTER SYSTEMS GROU~ 
SANTA BARBARA PLANT 

COMPANY CONFIDENTIAL 
81d00/3170C MIL 

P. S. 2212 5298 CE) 

JUMP 

~ItH !X: 

JU~P------·-·FORWA~D---------··--------------------·->I 
I I 
l•••BACKWARO••>l 
1 

I I 
1-·-literal-·>I 

I 
I 
1 

r---TO------------------label----------->I 
I I 
I 1---
l I 

• 1--.-. 
I 

+ 

-

J 
-·>l 

I 
••>I 

I 
I 
I 
I !-·-·------- PROCESSOR_TYPE ------------·I 

****"**** 
* JUMP * 

'**'****** 

This instruction transfers control to the designatea Location. 

The address of label is limited to a maxiwum Telative displace
ment of plus or minus 4095 •icroinstructions. 

The literal has a deci•at range from O to 4095. 

If literal is not specified- FORWARO/BACKWARO causes the compiler 
to generate a JUMP inst~uction with a displace•ent of zero and a 
direction sign of plus or minus. This is to facilitate ORing the 
actual displacesent into the M register prior tc the execution of 
a JUMP instTuetion. <This method achieves the same result as a 
high level language· CASE stateaent.> 

If PROCESSOR_TYPE is specified one micro will be jumped on a 
B190Q •GEM• processor. 

il.A1' fJ..t: 

JUMP TO +LOOP.1 
JUMP fllRWARO 12 

JUMP FORWARD 
MOVE X TO M -. 
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NOTE: It is strongly rec~mmended that only JUMP FORWARD or JUMP 
BACKWARD without a literal be used and only where neces
sary to generate a displacement of zero. Use GO TO far 
all other uses. 
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LIT 
******* 
* LIT * 
******* 

·-----MCYE-···-·-l i ter al TO·-·····s ink .register·------------> I 
I I I J 
1---LIT··->J 1---scratchpad.word------>I 

This instruction moves a literal to ar.y sink (destination> 
register <except the K register> ~r to a~y 24•bit scratchpad 
wo~d. CSee also: MOVE.> 

The literal may be any deciaal integer from O to 16777215·,. a 
hexadecimal number from ~oa to ~FFFFf~,. a binary number from 
~<llO~ to ~<1>111111111111111111111111;,. or a character string up 
to three characters in tength. Leading zeros are not required 
unless the actual value of the literal is zero. Tbe value of the 
literal should not exceed the maxi•u• value that the sink 
register can contain; if less .. the zerc fill occurs from the 
left. 

literal moves to a 24-bit scratcbpad word generate HOVE literal 
TO TAS followed by MOVE TAS TO scratchpad.word. 

It is raco•mended that the MOVE instruction be used instead of 
LIT. 

MOVE 12 TO L ........ .,.., _______________ . __ ., ___ ., ___________ ._._._ .. _____ _ 
I LA I LS l LC I LO I . LE I Lf I ____ , ............ , .... ____ , _____ .. , .......... , ......... , .. ~----1--... -----------------.-. 

I L I 0011 1 0040 I 1001 I 1010 I 0001 I 0011 I before C309A13> I 
1---1------1--.. -----1-... -----1-------1------~1-----.. -1 .. -----------------.. -~--1 
• I -- I -· I •• l -- I •• I •• I LIT CC> l 
J --.--1-..----1------1------1---49---1------1--... .-.--1---------------------1 
l LI 0000 I 0000 I OOOC I· 0000 I 0000 I 1100 I after COOOOOC>· I -------.. ;e·---~-~-9'---·--------.---49--.... .-......................... .-...... ---...---... ..... 
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******** 
* LOAD * 
******** 

scratch pad word 

NOTE: The compiler will generate twc MOVE instructions for 
Bl71C systems. 

LOAD f FROM Sll 

· .. -.. -
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************** 
* LOAD.CACHE • 
************** 

LO·AD .CACHE--...... .,.. ............ _ START· ........ ._._._ •• .._ .. ~49 ••--------.--. ....... .--._ ....... > I 
J 1 I , f 
I··-- STOP ••••I 1---- WITH VERIFICATION ··--1 

for each group of tou:r micros following a LOAD.CACHE START and 
before a LOAD.CACHE STOP. fthe following instructions will be 
generated: 

HOVE <1st ~icro> TO X 
MOVE <2nd •icro> TO Y 
MCVE <3rd micro> TO T 
HOVE <~t~ Micro> TO L 
MCJVE BR TO 14 
WRITE CACHE.A FROM x.y.r.L 

The following routine will be gerenatec after each CACHE write. 
when WITH VERIFICATION is specified. 

MCVE Y TO TAS 
MOYE X TO Y 
READ CACHE Ta X 
CASSETTE STQP WHEN X NEQ Y 
COUNT FA UP BY 1& 
MOVE TAS TD Y 
READ CACHE TO X 
C,ASS£TTE STOP WHEN X NEQ Y 
'tOUNT FA UP BY 16 
MOVE T TO Y 
READ CACHE TO X' 
CASSETTE STOP WHEN X NEQ Y 
COUNT FA UP BY lo 
MOVE L TD Y 
READ CACHE TQ X 
CASSETTE STOP WHEN X NEQ Y 
COUNT FA UP Bl 16 
MOVE a Ta ., 
MOVE PERP TQ X 
CASSETTE STOP WHEN X NEQ 1' 
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This instruction is not available on 81700 processors. 

0 
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LOAO.~SMA 

*****'***'*****' 
* .L 0 AD.MS~ A * 
***'****'****** 

Cavailatle on E1720 systa~s only> 

~1111.AZ= 

LOAO.MSHA·--------START··--------·-->t 
J I 
1---STOP··-->I 

This pseudo-operation causes the compiler tc either start or stop 
prefacing dll emitted microcode with the first 16 bits of a MOVE 
24 BIT LITERAL TO ~S~A instruction. 

The above action is reQuired when a microprogram is to be loaded 
into control memory from a cassette tape while the system is in 
the TAPE mode. The action of the haraware while in this mode is 
as fo!lows: 

.RE:AOlOOP 
READ 16 BITS FROM THE CASSETTE TO THE U·REGISlER 
MOYE U TO M 
IF ~ = FIRST HALF OF 24·81T LITERAL MOVE, THEN READ 16 BITS 

FROM T~E CASSETTE TC U 
EXECUTE TttE MlCRO•OPERATCR IN H 

(IF ~=~9COO~=HOVE 24-BIT LITERAL TO THE CONTROL MEMORY 
WCRO ADDRESSED SY TH£ A-REGISTER; THEN u, WHICH NOW 
CONTAINS THE ACTUAL MICROINSTRUCTION, IS MOVED TO 
CONTROL MEMORY ACDRESSED BY THE A-REGISTER ANO A IS 
INCREM£NTEO BY 11 

If H = CASSETTE STOP THEN 
STOP CASSETTE ANO HALT PROCESSOR 

ELSE 
JUMP TO •REAOLOOP 

No statement between LOAO..HSMA START and its 
l.O AO.. MSM A STOP may reference any label wh i eh 
declared prior to tbe LCAD.HSMA STOP. 

\ 

coi-respondi ng 
has not been 



----. ..,... ... . - ·.·:: ··;:--~-.~:·r:·· -· .:. . .-.:.~··· .. ·. -~····· ........ <· . .i.· ...... .. 

,--~to.w··~~-~~MW-~~· ~'ta''~ ntllMS6..:..\i:·~·iaire~·ft~~ ~~~~~~..-...~,_' • .- ... @n•icrtsH'··ci: ... ,~~ 

0 

0 

0 

&URROUGHS CORPORATION 
COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 

9-63 

COMPANY CONFIDENTIAL 
81800/81700 MIL 

P. S. 2212 5296 CE> 

The following source code could be usea to enable a 
to be loaded from a cassette into control memory, 
control memory address zero: 

microproaram 
beginning at 

MOVE C TD A 
SEG~ENT ANYNAME AT 0 
LOAD.MSHA START 

•· 
• 

C Mi crop rogr a 11> 
• 
• 

LOAD.MSMA STOP 
MOVE 0 TO A 
CASSETTE STOP 
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************* 
* LGAD.Sl'!OI * 
************* 

lOAO.SMEM·--------START·-----·--------------------------------->I 
I 1 
I •••STCP••••> I 

t I 
1--·-·WITH VERIFICATIDN----->I 

This pseudo-instruction causes the comp;ler to either start or 
stop appending each microinstruction with the following instruc
tions: 

~OVE 24 BIT LITERAL TC X 
WRITE C25> SITS f ~OM X 
WRITE 16 BITS FROM X INC f A 

These instructions are reQuirea when a ~icroprcgra~ is to be 
loaded into main memory from a cassette tape while the system is 
in the TAPE •ode. If WITH VERIFICATION is specified then the 
co•piler will add to the end of the above instructions: 

READ 16 BITS TO Y ~EYERSE 
CASSETTE STOP WHEN X NEQ Y 

' This instruction will cause the cassette load to step if Xis not 
equal to Y. 

MOVE 4096 TCl F"A 
LOAD.SMEM START ..... 
Caic:roprogra•> 

••• 
LOAD .. SMEM STOP 
CASSETTE STOP 

% START ACDRESS 

NOTE: Tba FA must start at a 1od 32 value. 
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* LOCAL.DEFI~ES * 

This statement is provided to allow the use of local definitions 
Csee DEFINE, DEFIN£.VAlUE, OECLARE1 MACRO>. Local definitions 
are useful in limiting unauthorized or unnecessary access of 
special purpose definitions outside of their only areas of use. 
LOCAt.DEfINES, however, does allow cuplicate cefinitions with a 
special local meaning orobably different from a mere global 
meaning. Thus KIL programmers should be careful to avoid such 
potentialy ccntusing duplications. 

A definition which follows LOCAL.DEFINES has that def;nition only 
within the scope of the block in which it is defined. for exam
ple: 

BlCCK 
NESTING 

LEVEL -------
0 
1 
1 
1 
1 
2 
2 
2 
1 
0 
Q 

1 

MIL STATEMENTS 

----------------------------BEGIN LOCAL.BlOCK.t 
DECLARE L.t fIXECi 
LliCAL.DEFINES 
DECLARE L.2 FIXEDi 
BEGIN INNER.BLOCK.1 

DECLARE I.1 FIXEOi 
LOCAL.DEFINES 
DECLARE 1.2 F'IXECi 

ENO INNER.BLOCK.1 
EHO lOCAL.BLOCtt.1 
BEGIN LOCAL.SLOCK.2 

CECLAR£ AA.1 FIXED; 

- .. .: ... 
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The definition of L.l precedes LOCAL.DEFINES and may be refer
enced outside of LCCAL.ELCCK.1. The definition of L.2 follows a 
LOCAL.DEFINES and may be referenced only withir. LOCAL.BLOCK.!. 
The definition of I.l fotlows LOCAL.DEFINES of lOCAL.SLOCK.1 and 
is within that block. Tbus, I.1 may be referenced only within 
LOC Al .SLOCK. J. 

The definition of I.2 follows LOCAL.DEFINES of INNER.SLOCK.1 and 
is within that block. Thus, I.2 is limited to use within 
INNER.8LOCK.1. The definition of AA.1 is not within any block 
containing LOCAL.DEFINES. Thus, AA.! may be used anywhere in the 
statements that follow, even outside of LOCAL.BLOCK.2 

The previous example was not intended to be a model for MIL 
programmers. It merely demonstrates the effect of LOCAL.DEFINES. 
Good programming practice is to combine all global definitions at 
the beginning of the program anc to combine all lccal definitions 
after the LOCAL.DEFINES following the BEGIN stateMent cf the 
block to which they are localized. 

£X.At1fl.~: 

BEGIN LOCAL.BLOCK 
LOCAL.DEFINES 
DEFINE •••• 
DEFINE .V ALU£••• 
DECLARE ••• 
MACRO ••• 
% MIL STATEMENTS FOLLOW ..... 

END LOCAL.BLOCK 
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********************* 
* MACRO declaration • 
********************* 

I<-... --. ........ , 
I I 

MACRO ma,cro.identifier··------------------------- = --statement--1->1 
f 1 
I l<·-~---- ..... - .............. -.1 I 
I I I 
1-C-for1al.parameter·>·>I 

This declaration assigns a name• the macro.identifier• to a 
statement list and declares any fcrmal.para1eters that are used 
in the statement list. Any subseQuent reference <see MACRO 
reference> to macro.identifier will be replaced in•line by the 
statement list• and any formal.para•eters used in these state
ments will be replaced ty the actual.parameters used in the MACRO 
reference. 

The macro.identifier and the 
contained·on one line* and this 
equal sign C=>. The sacra 
beginning on the next ljne .. with 

for11al.para11eter list must be 
line must be terminated by an 
stateaent list •ust then follow, 
cne state•ent per line. 

A MACRO declaration •ust be ter•inatea by a pound sign <1> .. 
~ithe~ at the end ·Of the last state•ent or in colu•ns & through 
72 of the following, line. F'or this reason.. a stateaent within a 
MACRO decl~ration must not contain a pound sign that is not a 
part ~f a character.string. 

-
The for•al.parameter list must be enclosed in parentheses. A 
format.parameter must be a si•ple.icentifier and, if there is 
•ore than one, they must be separated by co•mas. 
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a. A MACRO must not reference itself recursively, although 
it 1ay reference another MACRO. The maxi~u~ level to 
which MACROs may be nested is 10. 

b. A MACRO may have a ~aximum of 7 f crtal.para,eters. 

c. A MACRO may have a maximum of 100 statement lines 
Crecordsl in its stateaent list. 

d. A MIL program fay have a maximu~ of !DC ~ACRO declara• 
tions. 

A MACRO is often used as a single statement fellowing an IF 
statement. If the MACRO declaration state~ent list consists of 
more than one statement and the statement list is not bounded by 
a BEGIN/END pair, the~ a branch will be mace around ONLY the 
first statement when the IF cor.dition tests false. Whenever an 
entire MACRO statement list could conceivably be used as either 
the THEN or ELSE part of an IF statement~ the first statement in 
the list should be BEGIN and the last statment should be END. 

MACRO EXCHANGECDESC.11 CESC.2) = 
BEGIN 

LOAD F FROM OESC.1 
.LOOP 

SWAP.THE.f.FIELO.WIT~CCESC.2) 

If Ft NEQ 0 THEN GO TG •LOOP 
END# 
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8EGIN 
BIAS BY F 
READ TO X 
XCH FIELD f FIELD 
SWAP WITH X 
COUNT FA UP A~C FL DOWN SY CPL 
XCH F'IflD f f' !ELD -
WRIT£ fROM X INC FA ANC CEC f'L 
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The previous MA-CROs could be referenced as follcws: 

IF X>Y THEN 
EXCHANGECFlELO.A~ fIEl..0.6) 

•. 
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******************* 
* MACRO reference * 
******************* 

11 a·c r o. i dent i f i e·r ....... ......-... • - ........ --- ........ • .. ··- .... ._ .......... • ----- - -- - --- ..... _ ....... >I 
I I 
I l<-~----,-........ ·--~--1 I 
l I I I 
1·<·-actuat .parameter-->-> I 

A MACRO reference is replaced in line by statements in the 
statement list associated with the MACRO declaration of 
macro.identifieTJ and the actual.parameters replace the occur
rences of foraal.parameters used in these statements Csee MACRO 
declaration). 

The.re sust be a one•to-one corTespondence between formal and 
actual parameters; i.e.- no actual.parameter eay be c•itted or 
left empty Cbtank>• and the first actual.·~arameter replaces the 
first formal.parameter declared. etc. 

Actual.parameters may be identifiers. literals• strings" reserved 
wo.rd.s# · single line Jtll statements or portions cf state•ents. In 
short• they •ay be almost anything with the fellowing exceptions: 

' 

RESTRICTIONS: Actual.parameters aay not be or contain: 

a. A co••a• %1 or unpaired parenthesis" unless contained in 
a ch~racte~~string • 

.. 
·c. An unpaired •. 

c. A label, unless precede-d. as a part of the actual.parame-
ter• by a non•l ab el token; i.e., ADDRESS CA.LABEL> is a 
valid paraaete-r while A.LABEL or +A.POINT.LABEL is not. 

- .. 
,•, .. 
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MAcqa GET.TA2LE.DATACTAELE.ADDRESS, ELE~ENT.LENGTH, ELE~ENT.rx, REQ): 
eEGlN 

ENO I 

NOTE: 

HD~E ELE~ENT.LENGTH TC X 
MOVE ELE~E~T.lX TQ Y 
CALL SET.SCRATCH.TO.X.TIMES.Y 
HOVE TABLE.AOCRESS TO FA 
AOD INTERP.MAIN.MEMORY.BASE TO FA 
ADO SCRATCH TC FA 
READ ELE~ENT.LENGTH EITS TO REG 

Which could be referenced as: 

GEl.TABLE.DATACAODRESSCTABLE.Al• 24. l• XJ 

Note that TABLE.A is a label and therefore. could net be csed 
alone as an actual.paramgter. 

The compiler options SEXPAND and SALLCCOE may be used to show the 
•aero expansion and code in line on the cocpiler listing <see 
Appendix A: MIL Compiler Operation). 
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**************************** 
* MA~E.SEGMENT.TABLE.ENTRY • 
**************************** 

MAKE.SEGMENT.TABt..£.ENTRY----------------------------->I 
t I 
l•••VALU£ literal•••>I 

This instruction causes an entry to be written into the seg111ent 
name-to·numter correspondence table which is made a part of the 
final code file. This table• together w;th the segment diction-
aries. can be used for load time binding • 

The format of each entry in the corresponde"ce table is as follows: 

1 CORRESPONDENCE.TABLE.ENTRY 
2 CORR.SEGMENT.NAME 
Z CORR.EXTERNAL.SEG~ENT.NU~BER 
2 CORR.INTERNAL.SEGMENT.NU~BER 
2 CORR.VALUE 
2 CORR.INTERNAL.SEGMENT.FLAG 
2 FILLER 

BITC11t4l. 
CHARACTERC1Q), 
SIT (8 l 
BITC8l 
EITC8l 
EITCll 
BITC39l 

If this statement is used iM•ediately following a SEGMENT state· 
ment. then the re•aining fields are set as follows:. 

CORR.. SEGMENT .NAME is set to the name· of the internal segment with 
right truncation o~.blank fill. 

CORR.EXTERNAL.SEGMENT.NUMBER is always set to the number of the 
current external <CODE.SEGMENT) seg•ent. If no CODE.SEGMENT 
statement bas been compi,ed at a given point• the value is zero. 

CORR.INTERNAL.SEGMENT.NUMBER is set to the nu•ber of the internal 
$8g•ent. 
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CQRR.VALUE is set to ze~o if the VALUE literal is not present. 
If present, it ~ust not exceed 255. 

CORR.INTERNAt.SEG~ENT.flAG is set to 1. 

If this statement is used immediately following a CODE.SEGMENT 
statement, or prior to the occuTence of either a CODE.SEGMENT or 
SEGMENT statement, then the reaaining fielos are set as follows: 

CORR.SEGMENT.NAME is set to the name of the external CCODE.SEG
MENT> segment, with right truncation or blank fill. This field 
will be blank if neither a CODE.SEGMENT nor a SEGMENT statement 
has yet occurred. 

CORR.INTERNAL.SEGMENT.NUMBER 
CORR.INTERNAL.SEGMENT.FLAG. 

is se.t tc zero, as is 

This stata~ent can be used more than once within a segment if 
more than an 8-bit value is required. 
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MICRO 
********* 
* MICRO * 
*****"*** 

M t·CRa .. -- ........... lit ara l-----.--· .. ·--------> I 

This instruction 
ti on,. directly 
when th9 desired 
statament. 

olaces the literal,. as a 16-bit microinstruc-
into the code file. MICRO should ba used only 

code cannot be obtained by using a suitable MIL 

The literal has a decimal range from O to 65535. 

~ICRO ;a3AA~ 
MICRO •22• 
MICRO "HI" 
MICRO 784 

% THIS IS EQUIVALENT TC •HOVE ;AA~ TO l" 
% THIS IS EQUIVALENT TO ;F2F2d 
l "HI• = ~C8C941 
% =c03tO• = ·CLEAR x· 
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********************* 
* M.MEMCRY.BOUNDARY * 

(available on 61720 systems only) 

~I~!Jl: 

H.ME~CRY.BOUNOARY-·----~INIHUM·--------->1 
t I 
1·-·fi!AXlt..tUM··>! 

This instruction sets the ~.HEHORY 
Clnterpreter Parameter Elock) cf a MIL 
code address. 

bcuncary within 
program to the 

the IPB 
current 

MlNIXUH specifies to the operating system the number of microin
structions that MUST be loaded into M•Hemory before the •icro
program may be given control. If, however, this value exceeds 
the amount of H·~emory physically present or. a given system- the 
value ~ill be ignored <considered= 0). The state~ent is gener
ally used to ensure that the most used microcode will execute 
fro• control •e•ory, where it executes faster than if it is 
executed fro• main me•ory. 

MAXI~UM specifies the maxi•u• ~-Memory utilization· of a ~icro
proqram. No code e•itted after the cccurence ·of this state•ent 
will ever be loaded into, and hence ex~cutec frcm, M•Memory. It 
is genera!ly used to keep non-executable data, such as TABLEs, 
fro• being loaded into control ~e•ory, thus being •ade inacces
sible in main •emory. 

Thus, at all t1•es. the portion of microcode in H·Hemory will be, 
at the discretion of the operating system• froa the beginning of 
a given 11ic:roprogra11 until scae point between the appearance of 
t.he tt.MEHORY.BOUNDARY MINIMUM and the M.MEMORY .. BOUNOARY MAXIMUM 
stateaents. The . fields are ignored for stand-alone •icropra
g1"'a•s-

.. ~ . 
· .. ·.-· ·: ': 
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*****"*•'**** 
* MONITOR * 
*********** 

This instruction emits the monitor micro-operator with the 
literal occurrence identifier. <See also Appendix B: MONITOR.> 

The literal has a decimal range from 0 to 255. 

UJ!1.f.L£: 

MONlTOR 5 

J 
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..... *"* .... ** 
• ·.o1c VE * 
******** 

r · r 

HOV E--saurce •. reg-----------------------------ro--sou re e. sink. reg-·-> I 
l I I I 
t-scratchoad.wo~d---------------------->I 1-scratchpad.word->I 

' I-ADDRESS 
I 
l 
I 
I 
I 
I 

{label.ref}·-----------------> I 
I 
J 
I- + ---arith.exp->I 
J t I 
l· • ·>I I 

1--arith.exp·-------------------------->J 
l 
l••SEG~ENT.COUNT---------·-----------~->I 
I I 
l••HEX.SfQUENCE.NUMEER·---------------->J 
I I 
l··COOE.SEG~ENT.~UHEER----------------->1 

This instruction ccpies the scecifiea source information into a 
source.sink.register or scratchpad.word. 

ADDRESS Clabel.refl is a literal value equal to the code address 
of the label reference. 

SEGMENT.COUNT is a literal value equal to the number of times a 
segment statement has occurred. 

HEX.~EQCENCE4NUMBER is a literal value equal to the leftmost six 
digits of the current source statement se~uence number. 

CODE.SEGMENT.NUMBER is a literal value eaual to the current 
CODE.~EGMENT number. 

If the source length is less than the destination length~ then 
the data will be right justified wjth zero bits supplied on the 
left. If the source length is greater than the destinaticn 
length• the data will be tr1.1ncated on the left. 
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For information which has a bit value greater than 256 there will 
be two micros generated corresooncing to the 24-bit move hardware 
ape-r a tor. 

The following are restrictions en an S-Memory Processor. 

a. If ADDRESS or arith.exp has a value greater than 255, and 
source.sink.reg is CP, the move witl not take place. 

b. If source.reg is u, sou~ce.sink.reg 1ay not be TAS, H, or 
A. 

c. If source.reg is A, CF, M, or DATA, scurce.sink.reg may 
not be a 4•bit register. 

d. If source.reg is SUH or D!ff, source.sink.reg may not be 
CMNO or OAT A. 

The following are restrictions on both an S-Memory and M-He~ory 
Processor. 

a. hhen source.reg is DATA, source.sink.reg may not be DATA 
or CJi!NC. 

b. When source.sink.reg is H. the operation is cha~ged to a 
SIT-OR which modifies the next micrc-operationJ it does 

t40VE 
HOVE 
MOVE 
MOVE 
MOVE 
MOVE 
MOVE 
MOVE 

not modify the instructions storec in 1emcry. In tape 
mode no BIT•CR takes place. A literal value generated 
from ACDRESS. arith.eXP• or SEGMENT.COtNT may not be 
moved ta the M register. 

X TO Y 
48 TO SIA 
ADORE SS C • GLOP> TC T 
10 TD TA 
S 12A TO S 1-08 
ADDRESS <BLAH)"• 16 * 8 • 1 TO f A 
S£GMENT.CDUNT TO T 
C8t•C3*10l•ll/2 TO Y 

,_ 

•MOVE information to M• is used to •odify the execution of the 
next hardware micro instruction. In this case the information is 
ORed into the instruct.ion ja.ist prior to exe·cuti on. for an 
exaaple of tbis, see EXAMPLE Of A JUL PROGRAM. 

. \. 
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************* 
* M!JV£.NANO * 
************* 

·-~~ .,,, 

MOV..E.NANO··- literal•! ·-· NANC.FIElD --- literal •2 ------------.. ·--->I 

I I 

literal•! must be in the range O to 15. 
literal-2 must be in the range O to 7. 

This instruction is not available on 81700 processors. 

' 

I• STOP MICRO -I 
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•••**** 
* NOP * 
******* 

This NO OPERATION instruction does nothing except use one clock 
cycle and take up one w·ord of central or main memory. 

•' .· .--... · 

'. ~ ... 
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************* 
• ~OR'1ALIZE * 
************* 

This instruction shifts the contents of the X register left while 
counting the fl register down until either the most-significant 
bit of X (determined by CPL> eQuals 1 or Fl eQuals o. If the 
most•sigr.ificant bit cf X is already 1, or if FL is already o~ 
then no shift takes place. 
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****** 
* OR * 
****** 

OR·-·source.sink.register·--WITH·------source.regis~er------->1 
t t 
1---liter3l·--------->! 

This instruction is used to logically OR the contents of a 4•bit 
source.sink.register with the value of the literal o~ the 
contents of a 4-bit source register. The result is placed in 
source.sink.register; the contents of the source.register remain 
unchanged. CSee also: ANO and EGR.) 

The register ~ay be any of the following: 

source.sink.register 
------------~--~~~--
C~ CB •CC •CO 
FT FU 
FLC FLO FLE rlf 
LA LB LC LD L£ lf 
TA TB TC TC TE Tf 
TOP~ <avaiabte on 81720 only> 

source.register 
._ ....... ~ .......... ._ .... 

any source.sink.register 
BlCN 
fLCN 
INCN (available en 31720 only) 
PERR <available en B1720 only> 
XYCN 
XYST 

• CC and CO represent prccessor interrupts and flags 

The literal has a decimal range froa O to 15. 
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TABLE 5•3 CR Truth Table 

----------------------------------------------------------------I Scurce & Sink 
I Register 

Literal 
Source Register 

Source & SinK 1 
Register I 

1---------------1------------------------------1---------------1 I c I QR Q I Yields 0 
I ··----·--------... ._·••.I ......... 1 ... -. .. ._ ................ 1-------- ... ·~-1------ .. -.-..----~--1 
I 1 I OR I 0 I Yields 1 I 
1-,.-------~- ...... ...._._...._, ... _______ ._, ._. ...... --.. ---~~1 .. ---............. , ........... .__,.._49'_._ ..... J 
I 0 I QR J 1 . Yielos 1 I . 1-~-~~- ............... _. .. , .......... , ......... ,. .. ~--..... -, ...... ____ ,. ___ , .. ______ ._.-................ . 

1 I OR I 1 Yields I 1 I 

----------------------------------------------------------------

OR TB WITH 3 

---~---~----~----------~---~--~-~--~---~---I TA I TS I TC I rn I TE I TF I 

I T I 0000 I 0101 I 1111 I 0011 I 0001 I 0010 bef cre C05F31Zl I 
1---1-~-~-~1----~-1------1-~---~1---~--1--~~--1-~------~-------~1 
I I -- I 0011 l -- ·- I -- I -- I literal I 

I T I 0000 I 0111 l 1111 0011 I 0001 I 0010 I after C07F31Zl I 

-~---------------~----------------~-~-------~----~---~~--~-----~-
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*******'**** 
* OVERLAY • 
*********** 

CAvailable on E1720 syste~s only) 

.ll1il11= 

OVERLAY·------~·-·········-->I 

This instruction overlays control memory fro~ ~ain memcry. 
Before an overlay is initiated the L register must contain the 
first control memory . overlay address, the FA register must 
contain the be~inning main me•ory address, and the Fl register 
must contain the length in bits ta be overlayea. Overlay will 
continue until the FL register eauals O er the A register is out 
of bounds. If the A register goes out of bcunds, FA contains the 
address of the next microinstruction in main memory; Fl co~tains 
the length in bits of unfetched data. 

The action of the hardware executing this instruction is similar 
to the follo~ing: 

MOVE A TO TAS 
~OVE l ·10 A 

.LOOP 
READ 16 BITS 10 X INC FA AND DEC FL 
MOVE X TO CONTROL MEMORY ACDRESSED BY A 
INC A 
IF FL NEQ 0 AND A HOT OUT Of BOUNDS THEN GO TO -LOOP 
MOVE TAS TO A 
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******** 
* PAGE • 
*******"* 

This instruction causes the source Listing to skip to the top cf 
a new page at compile time. Cede is not generated. 
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********* 
* POINT * 
********* 

POINT FA To-----a.r;thaeti.c.expression------>1 

This pseudo•operation cause~ the compiler to generate an instruc
tion that adjusts the value of FA to the value of the arithmetic 
expression. 

Prior tc the execution of this instruction, the compiler must 
have been given some knowledge cf the contents of FA. This can 
be done via: 

MOVE arith•etic.expression TD FA 

or 

FA.POINTS TO arithmeti.c.exp~ession 

See discussion under FA.POINTS. FA will be adjusted by up to 144 
bits as a result of this command. <A warning message will result 
if tbe adjustment is gt'eater than 72 bits>. CSee also: READ and 
WRITE.> 

WJ!fJ.£: 

SEE EXAHPlE IN FA.POINTS .. 

• 
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* PROGRAM.LEVEL * 
***************** 

I < ................... CAT---,., ......... _.__ ...... ~ .... I 
l 

PRCGRAM.LEVEL-----···-"character.string•-------------·>I 
I I 
1-·-TOOAYS.CATE·------->1 
I I 
l··-TflOAYS.TI~E-------->I 

This instruction places forty characters of information into the 
PROGRAM.LEVEL location of the IPB <Interpreter Parameter Block>. 

If the TITLE statement is unused• the title headi~gs of the 
pro9ram listing will reflect the PROGRAM.LEVEL information. 

llJlH~.L£ 

PROGRAM.LEVEL •THIS IS A SUBHEADING• CAT TODAYS.TIME 
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RE .40 

******** 
* READ * 
***'***** 

REAO-••MSMl TO X···--·-···--·····--------------------------------·>I 
1 I 
1 

1--CACHE-------------------------ro------Y---------------->I I 
I 
I 

' f l••KEY.OATA••t 
I 
I 
J 

1-._ ............ .-... --------------.ei--~---------.. ro.---- --x------------49 --> 1 
I I 
l••literal·--·BIT•••>I 

I I 
1-·BITS-·>1 

I , I 
l•REVERSE·>I 

I I 
I --Y--> I 
I I 
I --T-·> I 
I I 
l••l••>I 

I 
I 
I 
I 

' I 
I 
I 
I 

l<---------------------------------------------------1 I 
I 
I •••••I NC·--·f A-····---------···._••••·-·----------~-·--------.. -·> 

I I 
J 1--fl .... ----~~----->J 
1 I I 
I I ••FA ANO DEC FL••>I 
I I I 
I •·-fl. AND DEC f A••>I 
I 
I ··DEC-~--..-r A----·---·---~···-··---------------·-··---------·-> 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
aritnmetic.expressian------------------->I 
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An ~-Hemo~y REAC ~S~L TO X instruction reads to the X register 
the 16 cits in ~-Memory pointed to by the contents Of the L 
register. ihe contents of L. Tu~t be modulo 16. This facility is 
not available on S·Me~ory Processors. 

An s-~emory READ instruction reads from O to 24 bits of informa
tion from S·He~ory into one of the allowable sink CdestinationJ 
registers: x, y, T, or L. 

If the literal is zero or is not specified, the field length is 
gi~en by the value of CPL. If the resultant field length is 
zero, then x~ y, r, or L will be ~et to zerc. 

Noraally, on an S•Hemory read, the contents of the fA register 
point to the first bit of the field to be read. If the REVERSE 
ooticn is used, the contents of the FA reg;ster point to the last 
bit + l of the field to be reao. The sink register receives the 
con~ents of this field as if it had been reaa i~ a forwara direc
tion. 

INC/CEC adjusts FA/fl by the field length after the operation but 
in the same microinstruction. 

POINT FA adjusts FA by up to 144 + field length bits after the 
operation. <A warning message will be issue~ if the adjustment 
is greater than 72 • field length bits). The POINT FA option can 
be used only if litvral BITCSJ is specified anc is greater than 
O. <See also: FA.POINTS and PQINT.l 

The CACHE read instruction is not available an 81700 processors. 

il.U.fl.£= 

READ MSML TO X 
REAO 24 SITS TO X 
READ TO Y INC FA 
READ Z BITS REVERSE TO T DEC FA AND FL 
READ REVERSE TO L INC FL 
READ 10 BITS·TO T POINT FA TO 100 
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******************* 
* READ.CLEAR.cLOG * 
******************* 

RE AD.CLE AR .. ElOG -----........ ·---... - ......... - ...... .._ _ _. ................ ---------------- --- ... ->I 

Reads error log to Y register, and clears 
processor product spec for error log format. 
not available on 81700 processors. 

error log. See 
This instruction is 
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*************** 
* RE.40.Dif~ECT • 
*******"*'******* 

RE JO.DIRECT -------- TO ----------- Y ------------------------>! 

This instruction is not available on 81700 crocessors. 

.. 
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************* 
* READ.ELOG * 
************* 

RE AD .EL CG --•• ._ ... _ ................ - .................... ._. ..... _ • ._. ..... _ .. - .................. -. .. - ........... >I 

Reads error log to Y register. CSee ~racesscr product spec for 
error log format.) This instruction available en 81900 'GEM• 
processors only • 
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******************* 
* READ.PORT.LATCH * 
******************* 

READ.PORT.LATCH --·--······--·- TO ··---------- Y --------------->I 

This instruction is not available on 81700 ~rocessors. 
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****************** 
* RECU~DANT.COOE * 
****************** 

This instruction causes the comoiler to emit each micro twice. 
It can be used to hel~ ensure the correct leading of a progra~ or 
data from cassette. Care should be exercised because so~e 
micros, such as REAC/WRITE with changes to FA. er ~OvE TO H, do 
not produce the sa•e results when executed twice in a rcw • 
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***************** 
* RESERVE.SPACE * 
***************** 

lllil.Al= 

RESERVE.SPACE FOR-·--arith11etic.expression-----BITS----------->I 

This instruction causes the coapiler to emit a sufficient number 
of NOP's <;oooo;J to allow for the number cf .bits specified by 
arithmetic.axpression. 

The actual amount of space reserved will always be MOO 16; ther
efore~ up to 15 tits more than that specified by the 
arithmetic.expression 1ay be reserveo. 

This instruction is usea primarily to reserve space for some data 
area in line. 

DECLARE IO.OESC~IPTOR BITC188); 
• 
• 
• 

DESC.tOCN 
RESERVE.SPACE FOR OATA.LENGTH<IC.OESCRIPTCRJ BITS 
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********* 
* RESET * 
********"* 

RESET---- ---···-~register Cl i ter at l---.. ,. .......... ---- .. --.... ----~-~-----------------> J 
I I l I 
1-NOT•>I t tc-----------------------------1 1 

t 1 I 
1----ANC--------register Cliteral)-->I 

I I 
1-NOT->I 

This instruction RESETs Csets to zero) the bit specified by the 
literal into the register. By using the options, more than one 
bit in any ong register can be reset with the same instruction if 
ALL BITS are in the SAME 4-BIT FEGISTER. CSee also: COMPLE~ENT 
and SET.) 

The register may be any 4•bit source and sink (destination> 
register below: 

CA CS CC CO CCC and CD represent processor interru~ts and flags) 
FT FU 
f'LC FLO FlE flf 
LA LB LC LO LE LF 
TA TS TC TD TE Tf 
TOPM {available on 81720 only> 

It may also be the tL, FB~ L# or T register: 
be in the same 4-bit sutfield. 

ail bits must then 

The literal bas a decimal range from Oto 3 for a 4-bit register; 
from 0 to 15 for the Fl register; and fro• 0 to Z3 for the fB, 
L. and T registers. 
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RESET TCO) ANO TAC3> 

TA Ta TC TC TE TF 
___ .__. ___ 419 --- -· -- ------ - -- -------- - - - - -- .. ~--- ---- - - -- __ .. __ ...... - - .. --- ---- -

T I 1111 I 1010 J 1100 I 1110 1 1001 I 1001 I before CfACE99) I 

1------1------1------1------1------1------1-------------- I T I 0110 t 1010 t 1100 1 1110 1 1001 I 1001 1 after C6ACE99l J 
Jl 11 I t l I I t 

--·--·-------------------------------------------------------0 • 
I 

TC0><--1 

13 4 1 8 
I 
l••>TAC3> 

11 15 16 17 18 23 

RESET NOT TACO> ANC TAC3) 

TA TB TC TC TE TF 
-------------------------------------------------------------T I 1111 t 1010 I 1100 I 1110 I 1001 I 1001 I before CFACE99) t 

1-----------------------------------------------------------1 I 1110 I 1010 I 1100 I 1110 I 1001 I 1001 I after CEACE99) 
T ll ff I f 1 I I --- ,, ..... ,_ ... ._. .. ,_._.._.~------------·---... -- .............. ,. ........... ,.. --_ ..................... __ .... ._ __ ,... 

O I I 3 4 1 a 11 15 16 1 T 18 23 
I I 

TACO)<••l l••>TA(3l 
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********** 
* ROTATE * 
********** 

ROTATE-----r---LEFT BY-----literal BITS----------------------->I 
I l I I 
I I f•••CPL-~-----~·->I 

l I 1 
t 1--RIGHT SY literal SITS·-->I 
I 
I 

I 
1--TO 

1 
register--> I 

I 
I 
I 
I 

1---x------------LEFT------ar----titeral BITS-------->I 
l 1 I I 
I ---Y-·->I 1·-·RIGHT••>J 

I 
I -··XY--> J 

See ~HIFT/ROTATE T and SHIFT/ROTATE X/Y/XY. 
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*****'****** 
* St:G,"!£NT * 
*********** 

SEGM£NT•••••NEWSEG~ENT·------······-···--------··-------------->l 
I 

l·-label-----·>1 
l I 
l••AT•••••AOORESS Clabel> ---·->I 

I I 
1--literat---------·>J 

Note: The literal must be HCC 16. 

C:i:'MANTTr~: 
.¥~--~-.:&. 

See: Segmentation. 
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******* 
* SET • 
******* 

SET----------register TC literal·----------------------------------->I 
I I I f 
l•NOT->I I-register Cliteral>---------------------------------->I 

I l<----------------------------1 I I t 

J 

' I 
l·-AND--------register Cliteral)••>J 

I I 
J·NOT·>f 

This instruction SETs the register to the value of the literal or 
SETs <bit=one> the ~it specified by the literal into the 
register. Sy using the opticns, more than one bit in any one 
register can be set with the same instruction if ALL BITS are in 
the SAME 4•BlT REGISTER. CSee also: COMPLEMENT and RESET.> 

SET register TO literal: The register aay by any 4-bit source 
and sink (destination> register listed below. 

CA CS CC CO CCC and CD represent processor interrupts and flags) 
FT FU 
FLC FLO ft£ flF 
LA LB lC LO lE LF 
TA TB TC TO TE Tf 
1-0PM <available on e11zo systems only) 

It aay also be the CPU register. If CPU is used ... the literal has 
a decimal ~ange fro• O to 3; otherwise the literal has a range 
fro• o to 1s. 

SET register Clite~al>: The register may be any 4•bit source and 
sink regjster listed above. It may also be the FL. re, L. or T 
register: atl bits •ust then be in the saae 4-bit subfield. Tbe 
literal has a decimal range from O to 3 fo.,. a 4-bit regi steri 
from 0 to 15 for the FL .register; and fros 0 to 23 tor the re, 
L ... and T registers. 
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-------------------------------------------------------------T I 1111 I 0100 J 0101 I 0110 I 0111 I 1000 I before CF45678) 1 

1------1------1------1------1------1------1-----------------1 T 1 0011 I 0100 I 0101 J 0110 I 0111 I 1000 J after C34SG18) I 
_________ ._ ..... -------- .. --·-·---------·-·---- ........ _ .... .._ ................... _ .. ___ ,.. ___ ... ____ -41 ___ 

SET TCCZ> ANO TCll> 

TA TS TC TO TE TF 
-------------------------------------------------------------T I 0001 I 0010 I 0000 I 0100 I 0101 I 0110 I before (120456) J 

1------1------·--~---1------J------1------1-----------------1 T I 0001 l 0010 I 0011 J 0100 I 0101 I 0110 I after C923456> 

------------------··-----------------------------------------II 
TC(2l <·-II••> TC11l 

SET NOT TCCOl AND NOT TCC3l 

TA TB re TD TE Tf 

-------------------------------------------------------------T I 0001 I 0010 I 0000 I 0100 I 0101 I 0110 J before C120456) I 
1------1------1------1-~-~--1-~--~~1~~----1---.. ----~~--~~--~1 

T J 0001 J 0010 I 0000 I 0100 I 0101 I 0110 I after C120456) 
--~·------- ---- -----11----------·---. .... ------... --------------· .. --- --... -

ti 
TCCOl <••JI••> TCC3J 
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****************** 
* SHIFT/ROTATE T * 
****************** 

1 
J--TO register-->I 

1 
I 
I 

t 
I 
t·--RIGHT av literal errs-~------------------------>I 

J t J 
I 1---rc-----x-->t 1 
I I 
I J·--Y·->! I 
f I I i 
I 1---T-·>I I 
I I 
I 1---L·->J 1 
I I 
l·-·ROJATE T·-·LEFT BY··---literal 

I I J 
I J·-~CPL···------->I 1--TO register-->J 
I f 
1-·RIGHT BY literal 8ITS·-->I 

This instruction S~IFTs or ROTATEs the contents of the T register 
and places the result either in T or in so~e other source and 
sink (destination> register. If the result is not placed in the 
T register, T remains unchanged. SHIFT will zero fill. 

The literal has a deci•al range fro• O to 24. 

SHIFT/ROTATE T LEFT: If 0 or CPL is used# a shift or rotation by 
the value of the CPL f"egister will occur. If CPL is greater than 
24. 24 is used. 

TO register: p.laces the s.nifted OT rotated results in the spec
ified source and sink register; the T register re11ains unchanged 
unless T is also the destination. If the TO register cption is 
not used~ the result is placed in the T register. The register 
may be any source and sink register except DATA or MBR (.refer to:. 
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Registers And S~ratchpacl. If the register ;s H, the result cf 
the ~HIFT/ROTATE operation is E!T-ORed ;nto the M register ana 
~odities the next microinstruction. 

ROTATE T RIGHT: Because the harcware can only rct3te the T 
register to the left, the co~ciler converts this instruction to 
the proper left rotate ta accomplish the sa~e result as the 
rotate right. 

SHIFT T RIGHT: Because the hardware can only shift the T 
register left, the compiler will generate an EXTRACT to accom-
plish the same result. Therefore. the T register may be shifted 
right only to the x~ y, T or L register. If the TO... option is 
not used, the result is placed in the T register. 

1. It is recc•~endeo that the EXTRACT instruction be used, 
rather than SHIFT T RIGHT. 

2. MOVE ••• TO M may be used to create cynamic SHIFT/ROTATE•s 
Csee ~OVE and references to the M register>. 

ROTATE T LEFT BY 4 BITS 

TA TB TC TO TE Tf 

T .I Ct10 J COll I 1000 I 0101 I 1111 I 0000 I before C6385F0) I 
I~:. ..... I ._ .......... 1••••••1-...... - ... -1---.- ...... J ......... ·1--~-----~-- ...... .- .... ._J 

T I 0011 I 1000 I 0101 I 1111 I 0000 l 0110 I after C3SSF"06) 

-------------------------------------------------------------

SHIFT T LEFT EY 4 BITS 

TA TB TC TD TE Tf' 

-------------------------------------------------------------T I 0110 I 0011 I 1000 I 0101 1 1111 l 0000 I before C6385f0) I 

1------1------1------1-----~1------1------1-----------------1 T I 0011 I 1000 I 0101 l 1111 I 0000 I 0000 I after <385f00) 
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*********************** 
* SHIFT/ROTATE X/Y/XY * 
*********************** 

-----SHIFT-----------x-----------·LEFT------aY----literal SITS----->I 
I I I I 
l•••ROTATE••>I J··-Y•••>I l···RIGHT-->J 

I I 
l•••X'f••>f 

This instruction shifts or rotates the x. Y~ or XY register ex 
concatenatea with Yl a spec1fied number of bits to the right or 
left. Zero fill will occur with the SHIFT instruction. 

The litaral has a decimal r~nge from O to 23 fer the X and Y 
re g i s t er • and tr o • O t o 4 7 f or t h e X 't re 9 i s t er. 

HOVE ••• rc M may be used for dynamic SHIFT/ROTATES (see MOVE and 
references to M register>. 

NOTE: The lite~al has a maximum value of 1 on the 81710 systems 
with the concatenated XY register. 

il.!.HfJ.£: 

SHIFT X LEFT BY 5 BITS 
ROTATE XY RIGHT BY 40 SITS 
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SKIP 
******** 
* SKIP • 
**'*'****"* 

SKI? WHEN---...,.egister--ALL-----------------l;terat-----------------> 
I I I 11 II I 
1 J I ---CLEAR--> I I I 1---F ALSE--> I 
I I I I 
t l·--ANY----------··>J I 
I l I 
1 I •••EQL------------> I I 
I J 

This instruction causes one microinstruction to be ~kipped if the 
designated condition is satisfied. CSee also: If.> 

SKIP WHEN register: The literal contains a 4-bit mask. 

All is considered to be true only if all the bits in tbe register 
corresponding to ones bit in the •ask are true. That is# only 
the designated bit positions are tested to see if they contain 
ones. ANY is true if at least one bit in the register corre• 
spending to a one bit in mask is true. EQL is true if atl the 
register bits •Qual the corresponding bits in the mask. That is, 
the register must be exactly like the •ask. 

All CLEAR causes the masked bits of the register <except EICN, 
FLCN, XYCN# XYS and INCNl to be set to zeros after testing the 
ALL condition. Only the bits tested are cleared• and the 
clearing action always occW"s whether the SKIP is taken or not. 
If Alt is used with a mask of oooa. the result is always true. 
lf ANY is used with a mask of 0000# the result is always false. 
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FALSE causes 3 skip ~h~n the whole condition is false. 

SKIP WHEN condition: The c~ndition ~ay be any cordition avail• 
able from the condition registers Csee If>. 

The register may be declared as fottows: 

FU TA lA CA 8ICN 
FT TS LB ca FLCN 
f LC TC LC cc INCN 
FLO TD LO co XYCN 
FLE TE LE XYST 
flf Tf Lf 

The use of the If ••• THEN ••• ELSE instruction is recommended rather 
than the SK!P instruction. The SKIP is limited to ore. 4•bit 
grouping mask in one register and may only skip one microinstruc
tion. The If js capable of testing any combination of bits in 
many registers or skipping blocks of microinstructions and will 
generate a SKIP ~HEN hardware •icroinstructicn whenever possible. 
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***************** 
* S.ME~ORY.LOAO * 
***************** 

This instruction specifies the location fer beginning state~ents 
in s.~EMCRY. Code is not generated, but the code address of the 
last statement is placed i" the IP9 <Interpreter Parameter Blockl 
at RESERVEC.M.M£MOnY. 

This statement is used to record the size of all code emitted 
previous to its occuTrence into IPB.RESERVED.M.MEMORY in the 
Interpreter Parameter Block of the f inat coce file. IPB.RESER
VEC.M.MEMORY can then be used by a load tice binder to load 
previously generated code into control memory and to make allow
ances for its atsence in main memory. 
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********* 
• STOR£ * 
***"****** 

STORE F INTO·--·-doubte.scratcttpac.word---->1 

This instruetion MOVEs the Fietd Cf> T~gister into any double 
scratchpad word csa ••• S1Sli the F register remains unchanged. 

NOTE: The compi!er generates two MOVE instructions on 81710 systems. 

STORE f INTO -56 
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************* 
* SUB.TITLE * 
************* 

1<-~----~----~-CAT-~~~~~---~-----1 
I 

SUB.TITL~---------··-"character.string"--------------->I 
J 
l·--····>TO~AYS.DATE···--·->l 
I l 
1 ------- • >TOJ AY S. TI ME·-----·> I 

This instruction modifies proqram title information • 

If •character.string• exceeds 72 characters. right-hand trunca
tion will occur. 

The 1 HEADINGS and PAG£.NUHSERS •ust be specified if subtitles 
are to be listed on all page headings. 

SUB.TITLE TODAYS.DATE CAT •PROS.A• CAT TOCATS.TlME 
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*********************** 
• SUSTRACT SCRATCHPAD • 
*********************** 

SU5TRACT··------scratchpad.word·------·FROJi1 fA···----->f 

This instruction subtracts the left half of any scratchpad word 
CSCA ••• SlSAl from Field Addresss CfAl register. The result is 
placed in FA; the contents of scratchpad.word remain unchanged. 
CSee also: ~OD SCRATCHPAD>. 

Neither ove~flow nor underflow is detected. The value of FA may 
go through its maximum or ainisui value ana wrap around. 

SUBTRACT S3A FRCM FA 
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SNAP 
•******* 
* SWAP * 
******** 

SWAP literal· SITS------·-------·-------WITH------L·---------> I 
I I I I 
t·-·REVERSE-·>l t---T-->I 

1 
l•••X••>I 
I l 
1---Y·->I 

This instruction swaps the specified number of bits between main 
•emory and the specified register. 

The FA <field Address) register 1ust have been previously set to 
the proper main memory address. 

lhe literal has a decimal range from O to 24. If the value cf 
the literal is zero. the contents of tbe CPL register are used. 
If the CPL register is also o. the register is cleared to all 
zeros. If less than 24 bits are swapped, the leading bits of the 
register are zero. 

Nor•ally the contents of the FA register point to the first bit 
of the field to be swapped. If the REVERSE cption is used• the 
contents of FA point to the last bit plus one of the main memory 
field involved. The specified regist~r <L• r~ X or Y> receives 
the contents of th is field as if it had been read in a , forwaf"d 
direction. 

for the 81710 (S SUBSET specified) the coapiler emits the 
fo.l lowing code, 

MQVE X TO TAS 
READ literal BITS tREVERSEl TO X 
WRITE literal gITS CREVERSEl FROM regjster 
MOYE X TD register 
MQVE TAS TQ X 

where r. T or L is the register. If X is the register. tben 
replaca X where it appears in the above code by Y. 

· .... 



ttt' ,, · ·'·· r ·- , .'c r ht'- r · ·i '"'-t t ~rw'riiffrrftt" , ·tmf·., .. · .. w 'JtCrJ!t!ttttrt:tJ ttrfnt@!'Hti®t -!I.!!*'. '~f?fti 
i-f 
'I ,' ,, 
' 

0 

BURROUGHS CCRPORATION 
COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 

TASLE 

~ 

9-113 

COMPANY CONFIDENTIAL 
81800/31700 l<!IL 

P. S. 2212 5293 CEl 

********* 
* TA9LE * 
***'*****• 

l<----~-~-~-~-----~---~-~t 
I 

rrw 

TASL£ l~bel-----BEGIN----------•character.string9 ·---------ENC---->I 
I I 
l···-hgx.string·----·>1 
I I 
1--AuDRESSClabel>---->! 

l I 
1-C->>t I 

1-------expressicn->I 

This instruction creates in-line character.strings. 

Any number of strings are allowea per line, but a string cannot 
cross a line boundary. The character.string must be enclosed 
within quotation marksi the hex.string must be enclosed within a 
signs. · 

The BEGIN/ENC pair must surround alt strings in the TABLE. The 
characters are grouped two per address; i.e •• 16 bits. 

The label of the table must be uniquei 
first 16 bits of the table. 

its use references the 

When the ADDRESS cl4use is used, a 16 bit value correspondinq to 
the code address of the label is gene~atea. The ADDRESS clause 
cannot be combined on one reeord with any other clause and the 
generated value must begin on a 16 bit boundary. 
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TASlE REF 
BEGIN 

ENO 

•Aa .. 
;ABC; 
•o• 
•45• 

MOVE ADDRESS CREF> TO Y 

Code generated: 

C1C2 
OABC 
OOC4 
f ltf5 

·~·~ .. 
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% Th9 address of the tabte <REF> will 
% be loaded into the Y register 

:\: . 
. I: 

:~. 
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********* 
* TITLE * 
********* 

I<•·•• ..... -~••-•···-- ··-C A.T • ·- .... .-~- ........ - --- •I 
I I 

TITLE---------------•character.string"--------------->I 
I 1 
f------··TQDAYS.CATE-------·>I 
I I 
l••••••••TODAYS.TIME-------->1 

The instruction modifies progra• title information. 

If •character.string• exceeds 72 characters- right-hand trunca
tion witl occur. 

All S HEADINGS and PAGE.NUMBERS •ust be sJlecif ied if titles are 
required on following pages. 

TITLE TODAY.DATE CAT •PATCHES• 

• ... ; .. 
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******************** 
* TRANSFER.CONTROL * 
**~***************** 

This instruction generates the TRANSFER.CONTROL microinstruction. 
<See Appendix s: Transfer.Control>. On the 81710 series it acts 
as a NOP. 

khen it is necessary to transfer control from one firmware 
process to another. the A, MSR, and TOPM registers may all need 
to be changed. Changing any one of these registers will cause a 
transfer of control to so~e •icro other than the next mi~ro in 
line. Consequently some means of changing atl three of these 
registers simultaneously is reQuired; this will be accomplished 
with the TRANSFER.CONTROL instruction. 

The action of the 61720 hardware is as follcws: 

MOVE L TO >4BR 
ti!OYE TF TO TOPM 
MOVE TC6l THRU TC19l TO A 

~OVE ACDRESS.CF.GISMO.IN.S.MEMORY TO l 
~OVE GlSHO.EVENT.AOORESS TC T 
HOVE 0 TO TF 
lRANSFER.CONTROL % Off WE GO ••• 

.. 
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WRITE 
********* 
* WRITE * 
****"'**** 

WRITE·-MSML FROM X------------------------------------------------->1 
I . I 
1 
1----CACHE.A·····FRQM·---X#Y#T#L---------------------------->J 
I I I 
I 1··CACHE.8•• I 
1 

I I I 
J·-WITH EVEN.KEY.PARITY--1 I 

I 

1··-··-----------·-------····---------·-·fRO~---x---------·->l 
I I I I I I l 

1-literal·-------SIT·--·->I l·REVERSE•>I 1-Y->1 I 
t ' I I 
l•Cliterall•>I 1•8ITS->1 1-T->I I 

I I I 
1-L·>I I 

I 
I 
I 

)<--·---------------------------------------------------· 
1·-···I~C-·-·fA·····--······--------------------------------> 

I I I 
I l••fL···-·---~~··•>I I 
I • I I 
I l••FA ANO DEC FL-•>I ' t I I I 
I ... -fl AND DEC f A••>J I 
I I 
I ••DEC••••f A··•••••• ... ••••••••••••-•••••••••·--------···••·••> I 
I I I I 
I 1--·fL-.-. ............. , ....... > I I 
I I I I 
I 1-fA AND FL-·-···>l I 
I I I I 
I l••FA ANO INC fl-->' I 
I I J I 
I I ••f'L ANC INC fA••>I I 
l I I • I I ••f'A AMO DEC f'L••> I I 
I I I t 
I I-Fl ANO DEC f A••>t I 
I I 
l••PQIHT f'A TO ·a.rithmetic.expression-------------------->I 

•, 

.. ~ ,, 
·J 
;: 

~.i-
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An ~-Me~ory WRITE "S~L TO X instructicn ~rites from the X 
register the lo bits in 1'·Mernory r:ointed tc by the contents of 
the L register. The conterts of L must be rrcdulc 15. This 
facitity is not avaitabta on S·~ernory Processors. 

An S•Me~ory WRITE instruction w~ites from O to 24 bits cf infor
mation into S-Memory fro1 one cf the allowable source registers: 
X • Y , T, a~ L ,. 

The amount of data ~ritten Cfield length) is determined by the 
1iteral/Cliterall BITCS> opticn. If this is eaual to o or is 
empty, then the field length is given by the value of CPL. If 
the resultant field length is zerc then nothing is written. 
However, a memory parity check will be ~ade. The unparenthesized 
litgral bas a deci~al range from O tc 24. Cliterall has a 
decimal range from Oto 26; a value of 25 will cause 24 bits to 
be written with correct Codd) parity; a value of '26 will cause 
24 bits to b~ written with incorrect <evenl parity. Parenthe
sized literals should te used for hardware ciagrostic rcutines. 

Normally the contents of the FA register ~aint to the first bit 
of the field to be written. If the REVERSE opticn is used, the 
contents of the fA point to the last bit plus or.e of the field to 
be written to memory; after the write, memory contains the 
rightmost contents of the source register as if it had been 
written in a forward direction. 

INC/DEC adjusts FA/fl by the resultant field length as cart of 
the write ooeration. PCINT FA adjusts FA by up to 144 plus field 
length bits after the operation. CA warning aessage will be 
issued if the adjustment is greaier than 72 plus field length 
bits}. This option can be used only if literal/{ literal> BITCSJ 
is specified and is greater than o. CSee alsc: FA.POINTS and 
POINT.> 

l.he CACHE write instruction is not available on 81700 processors. 

ll~f.L_il: 

WRITE HSMI. f ROH X 
WRITE Z4 81 TS FROM X 
WRITE FROM Y INC FA 
WRITE 2 BITS REVERSE FROM T DEC FA AND DEC fl 
WRIT£ REVERS£ FROM L DEC fl 
ltRITE DATA.LENGTHCAGfl BITS FROM X POINT FA TO HEIGHT 

I 
. I 
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WRITE.DIRECT 

~!11111= 

WRITE.DIRECT .. ._ ...... .,. f RCH ._._,.. ...... ._ .. 
I 

·--1 

·--I 
1--

x 

't --· 
T --· 
l --1 
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**************** 
*WRITE.DIRECT* 
**************** 

This instruetion is not available on 81700 processors • 
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**************** 
* ~1ITE.STRI~~ * 
**************** 

WR IT E. STRirlG-··--s tr i ng-----·-----------FRCM----x------- -------- > ( 
I I I I I I 
l-REVE~S£·>1 l•Y•>I I 

I J I 
1-T·>I I 
I I l 
l·L->I I 

I 

1<·-----------------------------------------------1 j I I 
I I 

• l I 
I 1-•FL-······--····>I I 
J I I I 
I I ••f A ANO DEC FL••>l 
I I I 
I l·-Fl ANC OEC f.4-·>I 1 
I I 
l••DEC···~FA•••••·--·--~-~---~-~~-------~~----~--->I 

I 
1-~fL~······--····>I 
I 
I -·FA AND FL·-·,;. .... >l 
I I 
1--Fl ANC FA--··-->I 
I 
J-·FA AN& INC f'L··>I 
t I 
1--F:~ AtiD INC FA••>I 
I I 
I ••f A AND OEC FL••>I 
I I 
l••Fl AND DEC FA••>l 
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This instruction ~enerates the necessary in-line Literals for a 
strin~, ~ith moves to the indicated register. It also generates 
the ~RITE com~anas to ~rite the strinq into ~ain ~a1cryp ~egin
ning at the address in the f~ r~gistar. 

The length of the strinq is limit~d tc the re~ainder of the 
source care image. !t may be ar.y of the following data types. 

Start-Stop length Of 
Tyoe Sy11bo l Each Unit Example --- - ________ .__ ______ 9t ___ 

--------~ 

character • 8 bits ""PCl 2dJKt• 
He ic • 4 bits Gl!24A.\!JFa 
Cctal ;c 3 > 3 bits ~(3)123567;, 
Quartal ;c21 2 bits ~1(2)123321; 
Unary ;c 1 > l tl it Ql(ll11001101:l 

If the str~ng length is greater than 24 bits, then INC/DEC FA 
must be specified to avoid overwriting part of the string. 

EXAMPLE: 

CODE ~E~ORY 

ADDRESS 

SOCl .... COCCOOJ WRlTE.STRING ·Aac• f'ROl1 x • 
CZC3 41 COCOtOl 
1e1e .. t0002<ll • 
90C1 ... [00090] WRITE.STRING ·Aacc• FROM x INC FA • 
C2C3 ~ COOOACl 
7918 .. rcooeo1 • 
80C4 ... CCOCCCl • 
7908 

.., (000!)0] • 
90C2 .. r oa cro1 WRITE.STRING •ASCC" REVERSE FROM X CEC FA • 
C3C4 .. tOOOFOl tr 

7938 .. cco1001 • eoc1 41 [001101 
7928 41 C0012Cl 
8007 ... [00000] WRITE.STRING -Clll1141 FROM X • 
7803 .. tOOOlOl • 
9000 41 [000201 WRITE.STRING ~C2l33333• fROJI! X INC FA 
03FF .. COOC3Cl • 
790A • CQ0-04Cl 
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*'***'*** 
* XCH * 
******* 

XCH··-double.scratchpad.word.1---F---double.scratch~ad.word.2-->I 

This instruction moves 
double.scratchpaa.word~2 

'the 48 bit Field CF> register to 
CSO ••• Sl5)i double.scratchoad.w-0rd.l 

CSC ••• S15l is then 
Ooubte.scratchpad.word.2 and 

moved to the F register. 
dcuble.scratch~ad.word.1 may be the 

same. 

illl!fj._E: 

XCH SO F SO % equivalent to f'OVE FA TO SOA 
% MOVE rs TO SOB 
% 
% and simultaneousty: P.OVE SOA TO FA 
% !WOVE 503 TO f L 
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A set of virtual-instruction encodings for the virtual machine 
sust fir~t be def inea as each being a uniaue string of bits. 
This definition may be chosen according to any relevant criteria. 
For example, COBOL verbs may be encoded according to their 
frequency of usage, the higher frequency verbs being encoded in 
three bits with one escape code that soecifies the next eight 
bits as an extended code string. Another approach might be to 
accept dire~tly the source language as in a time-snaring, "lin~

at-a-time,• interactive mode. ftfter the S-instructions and their 
operand fields have teen defined, all stancard conventions and 
techniques should be developed. For example• the base values of 
S-instructions and S•data might be in S4A and SSA of the scratch
pa~; ~r all routines are to be referenced with CALL and end with 
an EXIT instruction to facilitate subrouting. The ~icropro

grammer is now ready to begin creating the microrcutines needed 
to perform each of the S-instructions of the S·language. 

The compiler accepts card 
•icroin~tructio~ per card. 
following format: 

i•ages consisting of one sy~holic 
Tbe source prcgrac must reflect the 

Column 
--~ --·-

1-5 

Usage 

Reserved for label declarations which• if used, 
aust begin somewhere within this field. 

A percent sign (%) 
indicates that the 
is to be ignored. 

anywhere within this field 
re•ainder of the record image 

MIL statements may appear anywhere within this 
field. At least one blank must be used between 
words except in those cases where a special 
character <e.g., a parenthesis or relaticnal 
operato~l is requJred, in which case blanks are 
optional. 
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73-80 

Bath p~int latels 9nd unicue Lao~ls may extend 
into cols S·72. Oetecticr, of unicue labels is 
limited to the first 25 characters of the la:el. 
In the case 0f ~oint lauels .. the first 23 ~~Hac
ters are usea. 

Raservec for secuence numbers. 

Source cod~ maintenance as well as other cc~piler options ~ay be 
specified by the use of either a s (dollar sign) er & Campersandl 
in column 1. <See Acpenaix A: HIL Co•oiler Operat;on.> 

Examples A- B and C fir~t expl3in S·language statements; there 
is assumed to exist so~e basic criver routir.e which is in control 
at the beginning and enc of each S·instruction. This control 
routine performs the Virtual ~achine f~nctions cf raintaining an 
Instruction register and fetching the next S•instruction. 

.ElJl! fJ..E A : 

Assume the following: 

a. The 3 bits 010 i~cty an S·instructicn of AOC the 6 4-bit 
decima! digits located at Ind·irect address-1 to the 6 
4•bit deci•al digits tocated at Indirect address-a and 
store the ans~er at the location referenced by Indirect 
address-2. 

b. Indirect addresses are ciisplacemet"lts troll! the beginf'ing 
of a tabtei the actual base value of the table is the 
current setting of the Base Register C3Rl. 

c. The lengths of the Indirect addresses are 9 bits. 

d.. All data is' in 4•bit decimal form ard is 6 ceciJJal digits 
(24 bits> long. 

e. Overflo~ is to be ignored. 

The instruction might appear in main memory as follows: 

Sop•Code 
010 

Indirect Ad~ress-1 
oaoo11001 

Indirec~ Address-z 
000010110 
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This bit string represents an S•instruction comciled from a 
source language statement such as the following: 

ADO SUM TO ROLLTCTAL 

That portion of an ;nterpreter which would perfcrrn the aoditian 
might appear as follows: 

FETCH.NEXTSOP MOVE N£XTSO?FA TC FA 
READ 3 BITS TO X INC f A 
HC!VE X TO M 
JUMP FORWARD 
GC TO ~OUTINE.GET 
GC TC ROUTINE.STCRE 
GD TC ROUTINE.ADD 

• 
• 
• 

RCUTINE.AOD 
READ 9 SITS TO T INC FA 
READ 9 BITS TO L INC FA 
MOVE f A TC NEXTSCPfA 
MOVE l TC f A 
MOVE 9R TC SlA 
ADO SlA TC FA 
READ 24 EITS TO X 
MOVE T TC FA 
ACD SlA re FA 
READ 24 SITS TO Y 
MOVE •Ctl00111000~ TO CP 

MOVE SUM TO T 
WRITE 24 EITS FROM T 
MOVE 24 TC CP 
GO TO fETCH.NEXTSOP 

It the source langu~ge statement was 

MOV£ INVERTING FIElC 1 TO fIELD Z 

% GET OP •CO CE 
% PREPARE TO DECODE 
% GO TO OECCOER 

% ACO ROUTINE 

% LASEL FIRST LINE 
% RE~C FIRST INDEX 
% REAO SECOND INDEX 

% LC AO lNCEX 
% SET BASE FOR AOO 
% ACD ACTUAL BASE TO INDEX 
% GET DATA•2 
% LOAD INDEX 
% ACD ACTUAL BASE TO INDEX 
% GET DATA·l 
% ClE"RS CARRY 
% SETS CPU ANO CPL CORRECTLY 
% GET SUM READY TO WRITE 
% WRITE SUM 
% MCST RESTORE CPU IN GENERAL 
% GO TO NEXT S•INSTRUCTION 

The S•language might then consist of the s-cp MVINv~ which would 
perform a move-invert from address• 1 to address-2. The f o.r11at of 
the S•op woutd be: 
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----------------------------------------------------------------------IOP·COOEI 
I SIT I 
ISTRING I 
I I 
I I 
I I 

CATA TYPE 
0001=8INARY 
0100=4-BIT 

DECil"ALCECC> 
1000=d·B IT 

DECit-ALCEECOICl 

ILEFT-~OSTILENGTH·11RIGHT·HOSTJLE~GTH·21 
J~CCR£SS·11 IN IACORESS-2 I I~ I 
I UNIT J SITS J U~Hi I 3l"7S I 
l AESOUTE I I ADDRESS I I 
l ~CDRESS I I IN 3ITS I t 
I IN BITS I I 1 ! 

----------------------------------------------------------------------
NOTES: 

a. The size of each S-op is 24 bits or less. 

b. The left•11ost·addres·s-1 points to the beginning of 
field-1 and the data will be accessed with READ FORftARO 
commands. The right·mast·address-2 points to the end of 
field•2 and the data will be accessed with WRITE REVERS£ 
commands. 

Assume the following events have been performed in a mar.ner 
sicilar to that used in Exaeple A: 

a. 

b. 

The Op-code has been prcperly decoded and the correct 
routine has been entered. 

The address and length cf field 1 are in the F register. 

c. The address and length of field 2 are in scratchpad word 
so. 

The following cede then p~rfor•s the ~OVE-INVERT operation and 
properly pads with space if the receiving field <field 2l is 
longer than the sending field <field t>. 

MVINV 
TOP 

PAO 

A. 

BIAS BY UNIT 
If FL = 0 THEN GO TO PAD 
If Sfl = 0 THEN GO TO £NOOP 
READ TO X INC F~ AND DEC Fl 
XCH SO .r SQ 

% SET CPU AND CPL 
% TEST LIMIT FIELD! 
% END Of FIELDZ STOP 
% GET A UNIT Of DATA 
% EXCHANGE SO ANO F REG 

WRITE REVERS£ 

XCH SO f SO 
G.O TO TCP 

FROM X DEC FA ANO 
% 
% 

DEC FL 
PUT A UNIT OF DATA 
EXCHANGE FOR GET 

LOAD F FROM SO 
MOVE C TO X 
IF Lf(4l THEN 

MOVE •4aa TO x 
HRITE FROM X DEC FA DEC FL 
If fl N£~ 0 GD TO •A 
GO TO ENOOP 

% GET ADDRESS INTO 
% SET ZERO FOR PAO 
% TEST FOR EBCDIC 
% ADO PAO SPACES 
% WRITE A SPACE 
% TEST LIMIT 
% END Of OPERATION 

f REG 
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The resultant data movement in ~emory would be: 

~tpha Cata 5tring 

FI£LG1 flt:LD2 

cietcre l A B C D E I 145&7dl .... ____ ,.. ____ ..... 
----..--·- ......... --

After IAdCDEI IEOCEAI 
_'9: __ .. .__ - ........ 

Sit Strings 

FIE LO 1 f IELD2 

Bef cre I 1 1 C O O I 1111111 

-..------------- ....... ________ _ 

After 111000) 1000111 ... ., ........... . --..-----·-·---

Notice that the same microinstruction seauence will wort in 
either case • 
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Problem: Sort tne aata items into ascending secuer.ce in pl3ce. 
COo a butble sort.J 

a. The S•operator has the following ger.eral format: 

Op code Type Indicator 
left-most 
Ad cress 
In Bits 

length 
Of List 
In Sits 

·------------------------------------------------------------------I A 4 : 4•bit decimal 1 A A I 
I aIT STRING 8 = a-cit aipha CEBCOICl 

I any other value from 0 
I SlT STRING SIT STRING I 

I 
I I to 15 

I I 
I I 

I 
I 

-------------------------------------------------------------------
b. The Op-code has been decoded <see Example Al and the 

necessary ~outine has been entered. 

c. Scratchpad word SS contains the most-significant Cleft
mostl address in SSA and the TYPE and length in 558. 

Then the following routine will perform the bubble sort: 
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BSORT CLEA:l L 
CYCLE LJAC F FRGM SS 

!F fl = C iHE~ ~~ Tu E~JC? 
3L~S 3Y Ui'.IT 

.A ~CU~T FA U? ANC FL JwhN BY 
If FL = a GO re ENJGP 
~EAD REWERSE TC X 
READ TO Y 
IF X LEQ Y THEN GO TC ·A 
WRITE REVERSE FROM Y 
kRITE FRO~ X 
MOVE ;f ;j TC LF 
GO TO •A 

ENDCF If LFCO) TRUE GO TO EXITR 
CLEAR L 
GO TO CYCLE 

EXITi1 EXIT 

CDP 

., 
.... 
• lo 

~ ., 
Jo 
., ,. ., ... 
% 
% 
% 
% ., .. 
% 
% 
% 
% 
% 
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CLEAR SWITCH 
FETCH BEG!~,ING A~~RESS 

CEGEN~RATE CASE TEST 
S~T CFL TO UNIT FOR RC/WT 
PL~CE ~ET~EEN ITE~S 
L.~ST ITC:~ TEST 
GET ITE~ CN LEFT 
GET ITEM ON RIGHT 
LEAVE AL:J~E 

REPLACE RIGHT TO LEFT 
REPLACE LEFT TO RlGHT 
MARK NOT ALL SORTF-D SWITCH 
GC GET NEXT 
EXIT ROUTI:~E 
RESET SWITCH 
!~Y WHOL~ LAS! AGAIN 
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T h e p ur i:: o s e o f t h e co !I! p i l "! r cont r o l c a rd i s t o a l l o w th e 
programmer to specify option settings to the co"pi ler. 

Every MIL control card bas eith~r a S (dollar sign) in column 1 
and is called a •dotlar card•. or has an & (ampersand> in column 
1 and is called an •ampersand card•. Columns 73-60 may be used 
as a sequence field. 

I<·· ........... ---····· ............ ........... 4m ___ ..... _ ..... _,. ................. ._ ... I 

s------------------any.dollar.cption.not.ir..this.diagram---------->t 
I 
I 
1 
I 
J 
I 
J 
I 
J 
I 
I 
I 
I 
I 
I 
1 
1 
I 
I 
l 
I 

I I 
1---NO--> 1 

I 
1 
I 

l•••CE0UG·--··----~------~---~--~-~~-~---~~-~----~~-->1 
J 
I 
t 

1---literal••>J 
I 
t 
I 

1 J -·-H··> J I 
I l·--U-·>I 1 
I 1 
1---LINES.PER.PAGE literal--------------------------->I 
I I 
1-··LIBRARY~PACK pack.identif ier·-------------------->I 
I I 
1-------SET--·-·-·conditicnat.in~lusior..iaentifier--->I 
I I I 1 
I l•••RESET-·>1 I 
I I 
J •••NO SEg ......................... ~ .• ilm' .... --.... .- ........................ _ ----~--.---> 1· 
I I 

J· · 1---SEQ··-----~------------------------------------·->I 
I 
t 
J 
I 
I 
I 
I 

I 
I•• • increment•••••••>I 
.l I , __ 

base·-~~~-~-----~·> I 
1 I 
1-- base + incre•ent·->1 

I 
I 
I 
I 
I 
1 
t 
I 
I 
i 
I 
J 
I 
I 
I 
I 
J 
1 
I 
I 
I 
I 
I 
I 
I 
J 
I 
1 
I 

I ··--V CID·---·-..··-···--·· .................................. -~----------- .... -.- ..... -...... -..... -> I 
I I 
J·->terminatfng.sequence.f ietd··-~I 

I-: 
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~DiiAE ~ABQ ~t~~~Il~~: 

ALLCOOE 

AMPERSAND 

ANALYZE.CCDEFILE 

AN.Al YZE. ONtY 

CHECK 

COMPILE 

CONTROL 

DEBUG 

DECK 

COLLAR 

DOUBl.E 

ERROR.FILE 

EXPAND 

EXTERNAL 

FORCE 

FRAME 

HARO JURE. TYPE 

':. 
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lists all code genarated for each MIL 
statement when listing. 

lists all ampersand records except ts 
records when listi~g. 

prints an analy~is of th~ code file at 
end of source listing. 

prints an analysis of an existing MIL 
code tile. 

chects for sequence errcrs (default on>. 

when reset a fast source listing will be 
produced with no coae generation or 
syntax checking (default on). 

prints atl do!lar cards when listing; 
same as. SOlllLAR. 

for cc•piler cebugging use. 

punches an object deck. 

prints all dollars cards on listing. 

double spaces Listing when printing. 

lists errors and warning o~ a separate 
printer tile as well as the sain 
listing. 

when listing, prints all statements 
Cincluding comments> within macro~ when 
a •aero is invoked. 

gen-rates external segment 
code {default onl. 

branching 

generates a code file regardless of 
syntax errors .. 

lists all If, BEGIN ••• ENO statements 
.which condjtionatly exclude code 
' tdefaut t on>. 

specjfies vhieh hardwa~~ p~ocessor type 
vilt·be used: S tS-Meaory>; M <M-He• 
aoryl#. U <Universal>. Example: SHARD-

I .. 
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tiEADH!GS 

LI3!LARY.PACK 

LIN£ S • .P£ R.PAG£ 

LIST 

LI STALL 

l1ST.NOW 

llST.PATCH£S 

LISTP 

HER GE 

NEW 

NO 

NOPS 

OLD.LISTING.FORMAT 

PAGE 

PAGE.NUMBERS 

WARE.TYPE = U. 
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P. S. 2212 5298 CEl 

prints all title ana subtitle headfngs 
at the oe3inning of the page •hen 
L;sting. If hEACINGS are reauired tar 
each page then L!NES.P£~.PAGE ar 
PA~E.N~MSERS must also be scecified. 

specifies tha default pack id for 
library files. EX~MPLE: ll!3RARY.PACK 
MY. PACl(. 

orints •aximum number of lines per cage 
of listing if PAGE.NUM€ERS is unspeci
fi.ad. 

lists all source reccrcs excluding macro 
records that are caw~iled {default on>. 

lists sll unconcitionalty excluded 
records to be printed. 

lists source records ~hen read; same as 
SllSTP. 

lists all patches from the CARDS file 
when read; used with SHERGE. 

same as l LIST.NOW. 

merges a se~ondary sou~ce file C"CAROS"l 
witb the primary source file <•SOURCE•> 
replacing primary source records by 
secondary records with the same sequence 
nu•bers. 

creates a new source file C"NEWSOURCE·>~ 

resets any specified dollar option if 
at lowed. 

generates NOPs in external linking code 
to~ debugging purposes. 

uses listing for ~re-s.1 version of the 
co•pi ler. 

skips ~o a new page before printing the 
next line. 

put.s page number on each new page when 
listing and puts a •axi•u• number of 
lines on a page (60 by default> ~hich 
e:an be changed by SLINES.PER.PAGE. 
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FARA~ETER.SLGCK 

PASS.END 

RESET 

SEQ 

SET 

SINGLE 

SUBSET 

SUPPRESS 

VOID 

XREF 

XREf .ALL 

XREf .LABELS 

XREF.NAMES 

XREF.REGISTERS 

XREF.EXCLUDED.SOURCE 

COMPANY CONFIDENTIAL 
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punches a parameter black with the 
objict deck if usea with SCECK; other
wise cnly code is punc.hed. 

displays comoiter pass information on 
the SFC. 

resets any s~ecified conditional inclu
sion option. 

resequences source records. 

sets any specifiea ccnciticnal inclusion 
options. 

prints single-space listings {d~fault 
on). 

generates coce f cr 
Processors; same as 

51710 CS-~9mcry> 
the sa110 .. :HARO-

WARE.TYP£=S. 

suppresses printing of warning messages. 

deletes a specified range of source 
records. The terminating sequence range 
iust be exactly 8 characters. 

sets XREf.tABELS and XREF.NAHES. This 
option say be set or reset (SNO XREF> at 
any paint in the source input in order 
to include tokens in• or exclude them 
from. the cross•ref erenee produced by 
the cc11piler. 

sets XREF'.LA8ELS. XREF.NAMES and 
XREF' .REGISTERS. 

cross-references all labels. 

cross-·references all na11es. 

cross-~eferences all registers. 

cross-references items within the source 
that are conditionally excluded (default 
onl. 

NOTES ANO RESTRICTIONS: 

a. Unless otherwise specified (through the MERGE option>. 
the only source of input is the card reader. Once S 
MERGE has been specified,. and the first no.n-s record· has 
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~een encountered, 
•CAJiOS CNLY". 

it is not possible to 3gain indicate 

b. If no dollar cards are used the cefault options are: 
AMPERSAND, CHECK, COMPILE~ EXTERNAL, F~AME, L:ST and 
SINGLE. All incut will be from the CARDS file.· 

c. Options are turned off cnly through the appeara~ce of NO 
followed by the option word. Note that NO and the option 
word are separated by at least one blank. 

d. Comm~nts may appear on dollar cares by preceding the 
comment with a % Cpercen~ sign). 

e. Do1lar cards are not included as part of a "NEWSOURC€" 
fite when S NEW is specified. 

&··-···LIBRARY··--·multi.fil~.id·----------------------------·->I 
t l I l 
I 
I 
I 
I 
I 
I 

1---multi.file.idlfile. id----------->I 
1 I 
1---pack.id/multi.fite.id/·--------->1 
J I 
1---pack.id/multi.file.id/file.ia--->J 

I 
I 
I 
J 
I 
I 

1-·-0EFAUlT---SET·------condition.inclusion.identifier-->I 
I I I I 
I I-RESET••> I 1 
I I 
, ....... S dol la16.opt ion----.-.- .... -- ... - ......... - ............................. -- ...... >I 
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LISH.ARY 

DEf AUlT 

t 

Causes the specified file to be opened and 
compiled. Compilation oroceeds to tha end of the 
library file with no contribution from any standard 
pri~ary or secanaary input file. The last record 
in a litlrary file that is to be compiled must be 
FINIJ this record cannot be omitted. At end of 
file# ca1pitatian is resu•ed from the standard 
input files. The pack.id• aultifile.id• and 
file.id may be enclosed within quotes. A library 
file is assumad to be a d;sk file. 

Specifies default settings for one or mere condi
tional inclusion toggles. The default setting for 
a particular tcggle will take effect only if no 
previous $ or & card specified a settin3 for that 
toggle. 

EXAHPt.E: & DEFAULT SET TOG.A RESET TOG.S 

Any valid dollar statement may be used. 

NOlE~ ANO RESTRICT10HS: 

a. All & records are included as part of a "NEWSOURCE• file 
when s NE~ is specified. 

b. &S records are listed only when bath s COLLAR and s 
AMPERSAND are specified. 

c. l I a R ~R'f., DEFACLT and s statements say not be intersixed 
on a· single & card. 
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Following are examples cf so~e ~xecuticn aecks that may ue usea 
to compile M!L ~rcgrams on a B170C. 

a. If the source code is en cards only, the follcwing deck 
may be used: 

1 COMP1l£ obje~t.name MIL LIBRARY 
? DATA CARDS 

• 
<MIL Source Cards) 

• 
1 END 

b. If the source code is on disk, the following cgck may ~e 
used: 

7 COMPILE object.name MIL LIBRARY 
1·filE SOURCE NAME source.name; 
'2 CATA CARDS 
1 MERGE 

• 
<Pa~ch Cards If Any> 

• 
? ENO 

c. !f it ls desired to make a new source file on disk as the 
result of a compilation, one cf the following decks may 
be used: 

d. 

... 

? COMPILE object.naae MIL LIBRARY 
1 FILE NEWSCURCE NA~E new.source.na•e; 
~ CATA CARDS 
S NEW 

• < Hll Source Cards> 
• 

? END 
. 

If the source file is already on disk then: 

1 COMPILE object.naae MIL LIBRARY 
7 FILE SOURCE NAME source.name; 
t FILE NEWSCURC£ NAME new.source.nase; 
1 DATA CARDS 
S H£RGE NEW 

• 
(Patch Cards If Any> 

2 ENO 
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Each of the names object.na~e~ scurce.na~e~ and new.source.name 
may taka one of the following f cr~ats: 

u.ulti.fi le.ic 
multi.file.id/file.id 
pack-id/multi.file.id/ 
pack.id/multi.f ila.id/fite.id. 

where 

aulti.fite.id = iaentifier 
file.id = identifier 
pack.id = identifiei 

EXAMPLES: 

2 CC~PILE MINNI MIL ll2RARY 
2 FIL£ SOURCE NAME ~CUSE/SOURCE; 
? FILE NEHSOURCE NA~E ~ICKEY/MCUSE/SOURCE; 

or 

1 COMPILE MICKEY/~Ih~IIOBJECT ~!l SYNTAX 
1 FILE SCURCE NAME ~ICKEY/MGUSE/; 
? FILE N£WSOURCE ~A~£ TRASH; 

Some of .the compiler•5 internal file names and their uses are 
listed below. This information is provided for use with ? FILE 
statements. 

CARDS 

LINE 

PUNCH 

SOURCE 

NEWS OUR CE 

Input fila containing control and source 
records. Default aevice = Card Reader 

Out pu t fi l e f o.r t he li st i n g. O e f a ut t 
device = Printer or Backup 

Output file for the object deck; used 
when s DECK is spe~ified. Default 
device = Punch or Sacku~ 

Secondary input file for source records 
when S MERGE is specified. Default 
device = DisJc, USE.INPUT.SLOCIUNG 

Output file fer new sou-rce records when 
S NEW is specified. Default device = 
Disk, 4 records/blcck 
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LIB SOURCE 

LINES AVE 

CODE_ Flt£ 

PARAM_fILE 

HILXREf 

CODE 

ERROR_LINE 

NOTES: 
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Input file for source records when & 
LIBRARY is encountered. Default device 
: Disk, USE.INPUT.ELCC~ING 

A temporary work file containing a copy 
of the Usting. 

A teaoorary wor~ file containing a copy 
of the obje~t code. 

A tempora~y work file containing parame
ters affecting the object code and the 
listing. 

A temporary disk file containing infor
mation to be processed during the cross
referencing phase. The file is produced 
only if one of the SXREF options is 
specif ieci .. 

The actual generated code file. 
DISK file ccntair.s a maximum 
180-byte re~ords, and may contain 
one area. 

This 
Of 300 

only 

An auxiliary PRINTER or BACKUP file 
replicating lines en file LINE that have 
caused syntax errors alonq with the 

. actual error messages~ if SERROR.f'ILE 
has been specified. This allows the 
•ain listing to gc tc p~inter backup 
Mith an immediate indication of any 
syntax errors .. 

a. The question mark C?> or an invalid character on 80 
column cards the ampersand <&>~ and the dollar sign CS) 
must appear in column 1 of the card. 

b. The word LI~RARY or SYNTAX must appear after the wo~d MIL 
o" the compile card~ since the default compile and go is 
not yet applicable to a MIL progra•. 

1. LIBRARY •eans the object MIL file will be saved on 
disk at the completion cf a compile with no syntax 
errors. 

2. SYNTAX aeans tbe object file ~ill not be saved on 
disk. 
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c. The i FILE carcCsl must ac~ear after the? .COMPILE c3rd 
but tefcr~ the cata deck for the CARCS file, if present. 
All of the elements in the file statem~nts ~U3t ~e sepa
rated ty a spac~ and each statement ~ust te terminated 
with a semicolon. 

a. if the •soURCE" or "N~WSOURCE" file i~ to oe a maanetic 
tape file then the word TAPE shoulc appear on the- file 
card. Exa11pte: 

? FILE SOURCE NAME EBCSOR TAPE; 
or 

? FILE SOURCE TA?Ei 

e. If disk cartridge is used and there is rot enough room on 
the system cartridge fer backup f;les etc., then some at 
the coc:piler's temporary fi Les may be label equated to a 
user P~Gk using the file card. Exatple: 

: FILE LINESAYE NA~E HYPACK/LINESAVE/; 

t. Cards with a S in coluzn 1 are not transferred to the new 
source file when s NE~ is specifie~. 

9• The MIL command FINI must be the last physical reccrd in 
any source file. The word FINI must a~pear in column 6 
or greater on this reccrd. 
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GROUP 
CRow> 
NUMBER 

This Appendix ~ill fellow the hardware bit numbering 
convention; bits are nuioered right tc left, O through 
23. As noted eorlier, thi5 is at variance with the soft
ware convention, where the most-significant Ctaft·most> 
bit in any regist~r was identif ieo in the HIL syntax as 
bit 0 <zero), the next most significant as bit 1, etc. 

Table B-1: Register Addressing 

SELECT CColumnl NUMBER 

0 1 2 3 

-~-~--~------~-------~----~--~~~---~---~-~~---~---
c TA FU x SUM 1 
1 TB FT y CMPX f 
2 l TC Fl.C T CMPY I 
3 I TO FLO l XANY I 
4 I TE FLE A XEOY I 
s I Tf f lf H MS!<:X I 
6 I CA BICN BR HSJ('f I 
7 I ta f LCN LA XORY I 
e I LA •TCPH FA DIFF I 
9 I LB RESERVED f B MAXS I 

10 I LC RESERVED Fl •MAXM I 
11 I LO •PERR TAS u I 
12 I LE XYCN CP *MBR I 
13 I lf XYST •HSH DATA J 
14 I cc •l NCN Rf AO CHNO • 15 I co RESERVED WRIT NULL I 

-~-~-~-----~-~~~-~-~-----~~~---~-----~--~--------~ 

.. *Available on 81720 systems only 
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Tab{e e-2: Condition aegisters 

Sattwa_re Bits 

0 1 2 3 -........... .,. ...... ._. ________ ............ -.-.. --------~----.. -.-. .. -- ---. .._ ........ _ .. ______ ............. .. 
BICN I Lsu-y I CYF I CYC I CYL I 

XYCM I HSBX I X:Y I X<Y I X>Y 

XY!T I LSUX I INT I Y NEQ 0 1 X NEQ 0 I 

·--------------1--------------1----------------1--------------1 FLCN I fl=SFL I fl>S.ft I Fl<Slf I f'L NEQ 0 

·--------------1--------------1----------------1--------------1 •INCN I PORT D£VIC£ I PORT HIGH 
I HISS1NG I PRIORITY 

I PORT lNTERRU?T I PORT LOCKOUT 1 
I I I , ............... _ ..... _ ... ___ ... , __ ._~--------- .. -----1------.... - .... ---------1---- ....... - .... -... --... ..-1 

cc I STATE 
I LIGHT 

I TIMER 
J INTERRUPT 

I l/C 
I INTER~UPT 

I CONSOLE 
I INTERRUPT 

1 
1 

1-·------------·--------------1----------------1--------------J CD I MEMORY I MEMORY * 1 MEMORY * 
I READ DATA I WRITE/SWAP I REAO ACOR 
I PARITY ERROR I ADOR OUT OF I OUT OF BOUNDS 
I INTERRUPT I BOUNDS OVER- 1 INTE~RUPT 
I I RIDE l 

I MEMORY 1r 

I WRITE/SWAP 
J AOOR OUT 
I Of SOUNDS 
I INTERRUPT 

J 
I 
a 
I 
I 

---------------------------------------------------------------3 2 1 0 

Hardware Bits 

• Available on 81720 systems only 

NOTES: 

a. BICN- FLCN, INCN~ XYST, and XYCN are addressable as 
source registers only. 

b. The TOPH, MBR* and A registers are used to aetermine the 
aemory <control or main> and iocation of the next 
aicroinstr~~~ion. 

c. MSMA is- control memory and may be a~dre~sed only from the 
•aintenance Console during tape mode. 

d. CPU is a destination register only. 

e. NULL always contains a value of O. Any register or 
sct'atebpad word to which it is moved will be cleared to 
o .. 
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-------------------------------------------------------J OP 
I COCE 
I 0000 0000 0011 

I BIAS I TEST CPL NEQ O FLAG I 
I VARIANTS CV) I 0 - NO TEST I 
I o ••• 7 I 1 - TEST CPL RESULT I ... ___ ._ .... _ .. ______ ,. _____ ._ __ ._ _____ . _______ ,. _________ ,_~...._ ... _,.. ___ ._._ 

15 4 3 1 0 

This instr~ction sets CPU to the value 1 if the value of FU is 4 
or 8 and to 0 otherwise, unless V = 2. If V = 2, the value of 
the CPU is determined DY SFU in tieu of FU4 SFU is the first 4 
bits cf the scratchpad word SGB. con the E1110, FU= 8 will set 
CPU = C • .l 

The value of CPL is also set to the s~allest of the values 
denotea in the following tabte. 

v VALUES .. ------
0 FU 
1 2 4 o..r Fl 
2 24 or Sf L 
J 24 o:r fl o,r Sf L 

-4 CPL 
c; 24 AND CPL AND FL .-
6 CPL 
1 CPL <not defined on the 81710) 

If the test flag equals 1 and tbe final value of CPL is not o, 
the .next •icroinstru.ction is skipped. 
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(Available on El720 systems only) 

-----------~--~~~~-----
I OP COO E I 
I COCO 0000 OOOQ 0100 I 

12 0 

This instruction moves the 24-bit value from the L register to 
the "BR register; moves the least significant 4 bits from the T 
re~ister to the TOPM register; and moves the most significant 20 
bits from the T register to the A register~ truncating the left 
most 6 bits of the source. 

1 OP I REGISTER I REGISTER I REGISTER I CISPLACEMENT I DISPLACEMENT 
I CODE I GROUP ' I SELECT ., l SIT ' I SIGN I VALUE 
I Cl GO I 0 .... 15 I 0 ..... 1 I o ••• 3 I 0 - POSITIVE 1 o ••• 1s 
I t I l I l - NEGATIVE I 

I 
I 
I 
I ..... __ ---- _________ .._,._ .. _______ 49'.., ...... .., ........... ._ .. __ .. __ -------..... ----- - .. ·-------·---

15 1Z 11 7 6 5 3 

This instruction tests the designated bit within the s~ecified 
register and branches (relative to the next instruction) by the 
amount and direction of the signed displacewent value if the bit 
is O~ If the bit is 1, a displacement value of O is assumed, and 
control passes to the next in-line M•inst~uction. A displacement 
value indicates the nu•ber of 16•bit words from the next in•line 
instruction. A negative sign indicates lower addresses in 
contra! 11-emory (backward disp1ace•ent>. The 11axi11u• displace11ent 
is 15 microinstructions. 

NOTE: Register Bi~ # is read from right tc left# o-3 according 
to the hardware bit nu•bering convention. 

0 



a·-eerwm m arr tn rrnzrm ·ma mz r zrr4 F7 . ?WZWTf IWff'"fWWWr .; -·· ms 72 T?WS mr~ an mm ·~ ~mm r a·· r._--v 
. - - , _, -"' ..... ·. :.~ .... :. ........ ,~....,·--"'"- ~ -.... ;., .... Joi,,.,__-··---~~:..._. __ i..#~ . ...;;..._;.:.:;..;;_;.~~~ ... : .. 2::;, •. .....,a.";:'.&..o.,.,...,.~..:a··~.:.~·:r..a..~~--~Mlll~~-~-· ... ~· ...... ~~~-.:..J w...t ....... ·~ ....... ~·---~~~~1-

0 

0 

6URRCUGHS CCRPGRATIJN 
COMPuTER SYSTEMS GROUP 
SANTA aftRdAR~ PLANT 

s·r 1~sr g~a~cH TPLJE -~- ---- ------ ----

B-6 

COMPANY CONFIDENTIAL 
81800/31700 MIL 

P. S. 2212 5298 CE) 

-----------------------------------------------------------------------ro 
U• R£G1STE:::t ~Eu ISTE,~ ?EGIST£R I OlSPi..ACEM£NT DISPLACEMENT I 
CODE GRCU? ti SE:l E CT . '.f. 2IT .. l Sl:N VALUE l It 

Cl Cl c ••• 1s a ••• 1 0 .... 3 I 0 - POSITIVE o .... 15 I 
I 1 - NEGATIVE I 

-----------------------------------------------------------------------15 12 11 7 6 5 4 3 

This instruction tests the designated bit within the s~ecified 
register and branches Crelative to the next instruction) by the 
3mount and direction of the signed aisptacement value if the bit 
is 1. If the bit is o~ a displacement value of O is assumed, and 
control passes to the next in-line M-instruction. A displacement 
value inaicates the numter of 16-bit words from the next in-line 
instruction. A negative sign indicates tower addresses in 
control memory Cbackworc disolace~entl. The maxireum displace~ent 
is 15 microinstructions. 

NOTE: Register Sit • is reac right to left, 0-3 according to 
the hardware bit numbering convention. 

I OP I DISPLACEMENT SIGN 
J CODE I 0 = POSITIVE 
I 110 I 1 = NEGATIVE 

I DISPLACEMENT VALUE 
I 
I o ••• 4095 

--------------------------------------------------15 13 12 11 0 

This instruction fetches the next microinstruction ftos the 
location obtained by adding the signed displa~e~ent value given 
in the instruction to the address of the next in-line microin-
struction. 

A displacement value indicates the number of 16-bit words. 

a 
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------~--~-~----~--~-------~------~---~------~----
I OP DISPLACEMENT SIGN 
J CODE I C = POSITIVE 
I 111 I 1 = NEGATIVE 

I OISPLACE~ENT VALUE 
I 
1 c ••• 4095 

--------------------------------------------------
15 13 1Z 11 0 

This instruetion pushes the address of the next in-Line microin
struction (already contained in A r~gister> intc the A stack and 
then fetches the next micrainstTuction frcm the location obtained 
by adding the signed displacement value given in the instruction 
to the address of the next in-line microinstruction. 

A displacement value indieates the number of lo-bit words. 

NOTES: 

a .. EXIT, the op~asite of CALL, is accczplishec by employing 
the MOVE register instruction with TAS as the source 
register and A as the sink register. 

b. hhen the A ac~ress is stored i" the A stack, it is 
multiplied by 16 and stcred as a bit address. 
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-~-·--~~-------------------~--··-------------------I OP 
J CODE 
1 coco ocac co10 

t CASSETTE M~NIPULATE 

1 VARIANTS CV> 
I 0 •• • 1 

RESERVED 
I FLAG SIT I 
I 0 ••• 1 1 

---------------------------------------------------15 4 3 1 0 

Th;s instruction perfor11s the if'd;cated operation 
cassette. 

v :: (j Start Tape 
1 Stop Tape 
2 Stop Tape if x NEQ y 
3 Reserved 
4 Reserved 
5 Reserved 
6 Reserved 
7 He served 

on 

Alt ~top Tape variants cause the tape to halt in the 
able gap. 

<Available on 81720 systems only> 

-------------------------------I O? 
I CODE 
I OOOQ 0011 
I 

J REGISTER FLAGS I 
I 8•BITS I 
I l T Y .X f F f C I 
I A L U P I .. 

--~~------------~-----~---~-~--15 8 1 0 

the tape 

ne xf avail-

This instruction clears the specified registerCs) to O if the 
respective flag bit is 1. 
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This in~truction incre1ents (decrements> binarily the designated 
registerCs> by the value of the literal containea in the instruc-
tion or by the value of CPL if the value of the literal is o. 

Neither overflow nor underflow of FA is detected. The value of 
FA may go through its maximum value or its ainimum value and wrap 
around. 

Overflow of fl is not detected. The value of Fl 1ay go through 
its 1aximum value and wrap around. Underflow of Fl is detected 
and will not wrap around. The value O is left in fl .• 

Literal values Car CFL values if LIT=Ol of 25 through 31 are 
truncated to the value 24. 

Count variants are as follows: 

v = ooc No Count 
001 Count f A Up 
010 Count Ft Up 
011 Count f A u., and FL Down 
100 Count f A Dawn and FL Up 
101 Count FA Dcwn 
110 Count Fl Down 
111 Count f'A Dawn and fl Down 
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CRequires a haraware IIC sucsystem available or the B172C only) 

--~-----··----~-----------·----·----·---~------------------~~-------
I OP I DISPATCH I SKI? VARI.~~! I 
I COOE I YAR I.ANTS I (Applies only to l 
J OOCQ 0000 0001 I OOO•LOCKOUT I lockout variant> I 
I I oat-WRITE I O·SKIP IF ALREADY LOCKEC l 
I· ' OlO•REAO I l•SKI? IF NOT ALR£ADY LOCKED I 

' ' 011•'1EAO & Ct EAR I I 
1 J lOO•WRITE HIGH l J 
I ! lOl•PORT ASSENT I 1 

--------------------------------------------------------------------15 4 3 1 0 

This instruction sen~slreceives interrupt aro irterruct infarma• 
tion to/tram other ports. 

Since the interrupt system is shared by all ports, the processor 
s~ould gain control of the interruot system by successf~lly 
coapleting a LOCKOUT prior to a CISPATCH WRITE. 

LOCKOUT sets 
"i a the skip 
instruction 
the lOCKCUT. 

the lockout bit in the DISPATCH register and allows, 
variant• skipping or not skipping the next 15-bit 
based upon the success or failure Calready set> of 

WRITE (High or Low> DISPATCH sets the Lockout and Interiupt flip 
flops in the port interchange. It also stores the contents of 
the L register into •emery location O to 23 and the contents of 
the least-significant seven bits of the T register Cd9signating 
the destination pert # and channel #) into the appropriate port 
interchange register. In addition. it sets CWrite High) or 
resets <Write Low> the High Interrupt fli~ flop in the port 
interchange. 

READ DISPATCH stores the 
23 into the l register and 
register into the least 
The otb~r 17 bits of T are 

contents of memory locations O through 
tbe contents cf the Port Channel 
significant 1 bits cf the T regi ste~. 

unaffected. 

RE.AD AND CLEAR DISPATCH in addition to performing th~ READ 
OISPAlCH operation clears the lockout flip flop, the two inter-
rupt flip flops and the Port Device Absent flip flop in the port 
intercbange. It doe1 not clear any me,ory locations. 

PORT ABSENT is executed by the processor when necessary to return 
a Po.-t Device Absent level signal to another po,rt indicating the 
absence of the designated channel. 
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Disoatch O?erat;ons in the case of Processcr-2 ard Processor 
Adaoter·l (direct c~nnect to rre~cryl 3re ti~itec to tha follow
ing: 

b. ~RITE LCW al~ays sats fort Dev;ce Absent Level true Ctrue 
indicates absence>. 

c. READ ANC CLEAR: always sets the Port Oevic~ Absent level 
false (false incicates present). 

No changes occur in the T and L registers. In the INCN register 
only the Port Device Absent bit can change. The Lockcut. the 
Interrupt. and High Priority bits will alway• be false. No other 
dispatch operations are aetined. 

-------·--------~-·-----~~~~-~------~~--------

' OP I ROTATE I 0£STINATICN I EXTRACT J 
I CODE l BIT COUNT l REGISTER l SIT CQt!NT I 
I 1011 I c ••• 21t I 00 - x I o ••• 24 I 
I I I 01 - '( I I 

' l 10 - T I 
I 1 11 - L J 

-~--------------~------------~---------~~--~--15 12 11 7 6 5 4 c 

This instruction rotates the T register contents left by the 
ROTATE count• extracts the 
the sink register. If the 
data is right-justified 
bits suppliea. 

bits specified and mcves the result to 
extract bit count is less than 24. the 
witn the left C1ost•significantJ zero 

The contents of the T register are unchangec unless it is also 
the sink register •.. 

A rotate value of 2~ is eQual to O ana is eauivalent to a NO 
OPERATION. 

NOTE: The ~icroprcgramming assembler uses the left-most bit to 
be ~xtracted and calculates the rotate bit count to be 
used ~Y the haraware cir~uits. The assembler addresses 
the bits within the T register left to right as O through 
23; hardware addresses the bits right to left as O 
through Z3. · 
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--~--------~~~~-------------~-----~---~-----~--~-------
I OP I REGISTER I REGISTER J ~ANIPULATE I LITERAL 
J CODE I GRGUP I J SELECT # I VARIANTS CVJ I 
J 0011 1 c ••• 1s 1 0 ••• 1 1 o ••• 7 1 o ••• 1s 

---------·--·-----------------------------~----~-----~-15 12 11 a 1 6 4 3 0 

Tbis instruction performs the cperation specified by the variants 
an the designated register. 

v = a The register is set to the value cf the literal. 

1 The register is set ta the t.ogical ANO OT the register 
and literal. 

2 The register is set to the logical OR of the register 
and literal. 

3 The register i 'l set to the logical EXCLUSIVE-OR of the 
register and literal. 

4 The register is set to the bina1"y sum C modul a 16) Of 
the register and literal. 

c; The . .-egister is set to the binary sum Cmodulo 16) Of ~ 

the .-egister and literal; the next microinstruction is 
skipped if a carry is i:roduced. 

e The register i. s set .to the binary difference (modulo 16) 
Of the register and the literal. 

7 The register is set to the binary difference <modulo 16) 
Of the register and literati the next microinstruction 
is skipped if a borrcw is produced. 

EXCEPTICNS: 

BICN~ ftCH. XYCN. XYST. INCH (81720) and CPU CB1710l when speci
fied as opsrand registers are not changed as a result of this 
operation. However. the carry or bof'row outputs are produced and 
a skip can result. 

, 
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This inst~uction stops the execution of the ~icrcinstructicns. 
In RUN mode the next micro to te executed is fetched and stcr9a 
in the ~ register, and the A re~ister cojnts tc the next 
following micro. Ir. T~P£ ~ode the next micro is not fetchea anQ 
stored in the M r9gtster, but the HALT ~icro is left in the M 
register. 

The register indicated ty the register select switch will be 
aisplayed. 

CAvailatle on 51720 systems only> 

---------------------------------
J OP I SCRATCHPAD I 
1 CODE I WCRO ADDRESS I 
I QOCO 0000 0101 I o ••• 1s I 

~--~--~-----~-~~~~---------~~----
15 4 3 0 

This instruction moves the contents of the A and a portions of 
the designated scratchpad word to the FA anc FB registers res~ec
tive.t.y. 

, 
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CAvailabla on 21720 systems only) 

! OP CODE I VARIANTS I 
I GDCO 1001 I 7, s, 5, 4, 3, 2, C I 

-----------------------------------15 a 1 c 

This instruction skips to the next seQuential irstruction. 

During the time this micro-operator is executing the aoerator and 
the last two bits CO and 1) are dacodea, ANOed with the system 
clock and are present in the backplane as follows: 

1t'CNITOR a True for the OP Code 
1'!GNITOR OORO True if last two bits are 00 
~GNITQR 0 lRO True if last two bits are 01 
>'GNITGR 02RC True if ta st t WO bits are 10 
ttCNITGR C3RC True if last two bits are 11 

At the backplane. the monitors are one-half clock frcm leading 
edge to trailing edge. 

--------------------------------I OP I OESTINATICN I LITERAL I 
I CODE I REGISTER I I 
I 1000 I GROUP 3 I a ••• zss J 
I I o ••• 1s l I 

--------------~~-------~---~----15 12 11 8 1 0 

This instruction moves the 8•bit literal given in the instruction 
to the sink register. If the move is between registers of 
unequal lengths, the data is right•justifiec with left Cmost
si gnificantJ zero bits supplied. 

EXCEPTIONS: 

a. READ and WRIT are excluded as sinks. 

Whan M is used as a.sink register. the operation is 
changed to a bit-OR which sodifies the next microinstruc
tion. It does not aodi fy tbe instruction as stored in 
aemory. 
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This instruction moves the 24•bit literal given 
length microinstruction to the sink register. 
between registers of unequal lengths• the literal 
from the left. 

in the double
If the move is 
is truncated 

EXCEPTIONS: 

a. READ. WRIT. H and CP CE1110) are excluded as sinks. 

b. The MSHA register (available onty on the 817201 ~ay be a 
sink only in the TAPE mode. 

I OP I 
J CODE I 
I OOCO COOO COOO OCOO I 

---------~-------------15 0 

This instruction initi~tes a skip to the next seQuential instruc
tion. 
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This instruction shifts the X reg;ster left while ccunting fl 
down until FL = O or until the bit in X referenced by C?L = 1. 
Zeras are shif tea into the right-most end of x. 

CPL = 1 references the right-~ost bit of X while CPL= 24 refer
ences the left-most bit of X. If CPL = o, the operation will 
continue until fl = o. 

<Available on Et720 systems onlyl 

-----------------------I OP I 
I CODE I 
I QOCO 0000 0000 0010 I 

-~-~-~----~~-~~-~----~-
15 0 

This instruction overlays control memory CM•Meacry> fro~ main 
memory. 

The starting •ain •e•ory address is in the FA register; the 
length of the data to be averlai~, in bits, is in the FL 
register. The starting control memory address is in the l 
register. 

Execution of tbe instruction proceeds as follows: 

a. The contents of the A register are moved to the TAS 
register • 

b. The contents of the L register are moved to the A 
register • 

c. Tbe fi rs.t 16 tits of data are reao from main 11e110.ry and 
stored in the control •e•ory via register L. Register fL 
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d. 

is decremented by lG bits; FA is incre•ented by 16 bitsi 
and A is incremented by 1 word. 

Step 3 is repeated until fl = a or A > MAX~~ at which 
point the process terminates with a move of TAS to A. 

e. The operation then continues with the next rnicroinstruc
ti en. 

----------------------------------------------------------------------IOP 
!CODE 
10111 
I 

l DIRECTICN 
J 0 TO REGISTER 
I 1 TO MEMORY 
J 

I COUNT I 
I VARI ANTS I 
J o •• • 1 I 
I J 

REGISTER 1i A 
00 = x J 
01 = y J 
10 = T I 

FIELD I 
DIRECT! ON I 
0 - POSITIVE I 
1 - NEGATIVE I 

MEMORY I 
FIELD J 
LENGTH I 
0 ••• 261 

J I I I 11 = L I I I 

-------------------------------------------~-----------------~--------15 12 11 10 a 1 6 5 4 

This instruction moves the contents of the register Cmemory) to 
the memory <register>. If the value of the memory field length 
is less than 24. the data from memory is right-justified with 
left Csost•significant> zero bits supplied white the data from 
the register is truncated fror the left. 

The contents of the source is unchanged. 

Register FA contains tbe bit address of the me•ory field while 
the •emery field direction sign and memory field length are given 
in the instruction. 

If the value of the •emory field length as given in the instruc
tion is Q, the value in CPL ~s used. 

Memory field length values Car CPL 
26 a~e truncated to the value cf 24. 
ation. the value 25 and 26 cause odd 
to be written into memory regaroless 
data .. 

values if Hfl = Ol of 25 and 
When used on a WRITE oper

and even parity res~ectively 
of the ~arity of the read 

for a description of th& count variants. see COUNT FA/fl. 

0 
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CAvailabte on 81720 systems only) 

I OP I VARIANTS I R/W VARIANT I 
I CODE l GIB I H/F i SIN I 0 TO X I 
I coco oooa Gtll I I I I l FROM x I 

This instructi-0n Ct> moves the contents of the X register to the 
M-Me•ory word specified by the address contained in the L 
register if the RJW variant bit = 1; data is right justified 
with left Caost significant> bits supplied or C2J •aves the 
contents of ihe M•Memory word specified by the address contained 
in the l register to the X register if the R/W variant bit = o; 
data is right justified with left Cmost significant) zero bits 
supplied. 

The lower 4 bits and the upper 8 bits of the acdre~s in l are 
ignol"ed. 

READ/WRITE ~SM causes the A register to be moved to the TAS 
~egister and the l register to be •oved to the A register before 
the instruction is executed. The TAS is restored to A after the 
READ/WRITE MSM operation is coapleted. 

The S variant is used to enable the set/reset of the G/B and H/f 
flip flops. If S = 1- the GIB and Hlf flip flops are set/reset 
by the GIB and M/f variants. If S = o, no change is made in the 
GIB and HJF flip flops. 

If the GIB flip flop is true~ atl READ/WRITE HSM operations will 
force bad parity in the addressed word. If the G/B fli~ flop is 
false~ all READ/WRITE MSM ~perations will force good parity in 
tbe addressed word. 

If the H/f flip t!op i~ true. the processor upon reading an 
M•Meaory word containing parity error will flag the error condi
tion. by setting a CD bit true.. It will net halt. If the H/f' 
flip flop is false. tha processor upon detection of a parity 
error in reading an X•He11or1 word witl flag the error condition 
by -set:ting PERR bit 1 true and tilen halt. Readi.ng an M-He11ory 
word. OC1:Uf'~ wben fetching a M-op fro.a M-Me•ory er when moving an 
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(> M•Meaory word to any destination. 

,.o 
\ 

0 

The H/F and GIB flio flops are cleared to zerc (false) -ith the 
CLEAH signal. If S = i, the G/6 and H/F fli~ flops are set/reset 
prior to the execution of the R£AC/WR11E MS~ portion of the aper• 
at ion. 

______ .. __________________________________________________ _ 

I OP 1 SOUHC£ I SOURCE 1 t:EST !NATION. I DESTINATION I 
1 CODE t REGISTER 1 REGISTER J R£GISTER J REGiSTER J 
I OOCl I GROUP··' I SELECT ' I GROUP # I SEtECT fl. I 
I I c ••• 1s 1 G ••• 3 I o ••• 3 I o ••• 1s I 

----------------------------------------------------------15 12 11 a 1 & 5 4 3 0 

This instruction moves the contents rif the source register to the 
sink register. If the move is between registers cf uneQuat 
lengths• the data is right-justified with ieft (East-significant> 
zero bits supplied or the data is truncated from the left. 
whichever is appropriate. 

The contents of the source register are unchanged unless it is 
also the sink register. 

EXCEPTIONS: 

a. 

b. 

i.RIT. CMHO Cand CPU. READ on Sl710) are excluded as 
source registers. 

When the M register is used as a 
•ode. the operation is changed 
fies the next •i~roinstruction. 
instruction stored as stored in 
bi.t-OR taJce.s place. ·· 

sink in RUN or STOP 
to an bit-OR which modi
It does not modify the 

•e•cry. In TAPE mode• no 

c. RICN, fLCN. XYCN. XYST •. INCH. READ. WRIT, SUM. CMPX, 
CMPY. XANY• XfQY• XEOR. MSKX. DIFF. MAX. HAXM. and U are 
excluded as sink registers. 

d. U is exclude6 as a source register in the STEP mode. 

8• 

f. 

ihen DATA <and SUM ... DifF on 81710) is designated as a 
source. CMNO. arid DATA are excluded as sinks. 

On the 81110 when· A. M... CP.. or ·DITA is designated as a 
source, all 4•bit registers a.re p.robibited as sinks. 
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g. On tbe 91720, when U or DATA is designated as a source 
.~ and when the next micro i~ to be obtained from main 

memory. M is exclud~d as a sink. 

---~-----------~-~----------------------------------~----~-~---~~------~ I OP I REGISTER 1 REGISTER I DIRECTION l SCRATCHPAO I SCRATCHPAO I 
J CODE 1 GROUP ' I SELECT ' I 0-TO I WORD 1 WORD I 
I 0010 J o ••• is I a ••• l I SCRATCHPAC I 0-LEFT WORD I ADDRESS I 
I I I I t•fRCM I !•RIGHT I 0 ••• 15 I 
J I I I SCRATCHPAD I WORD I l 

------------------·----------------------------------------------------15 12 11 8 1 6 5 4 3 

This instruction moves the contents of the register Cscratchpad} 
to the scratchpad <register). If the move is between fields of 
unequal lengths, the data is right•justifiec with left Cmost
si gnificantl zero bits supplieo or the data is truncated from the 
left, whichever is appropriate. 

lbe contents of the source register are unchanged. 

EXCEPTIONS: 

a. ~hen the M register is used as a sink• the operation is 
changed to a bit-OR which •edifies the next microinstruc
tion. It does not •oaify the instruction as stored in 
meaory. 

b. BICN, fLCN. XYCN. XYSJ, lNCN, fiEAO, WRIT. SUH. CMPX, 
CMPY, XANY. XORY. XEDY. MSKX, MSKY. Clff, HAXS, MAXM and 
U are excluded as sink registers. 

c- WRIT. CMND Cand CPU. READ on 61710} are excluded as 
source registers. 

d. U is excluded as a source in STEP made. 

e. On the 8111Q M as a SOY1"Ce results in a trans f ef' of 24 
zeros. 

0 
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......... _ ....... --..... ,.. ... ,..._ ..... .-.............. --------- .............. _ _._,.. __ ----------- ............... ... 
I OP I RESERVED I SIGN OF I LEFT HALF ADDRESS I 
I CODE I l 0 : POSITIVE I Of A SCRATCHPAD ~ORO I 
I 0000 1000 I 000 I 1 = NEGATIVE I o ••• 15 J ...................................................... ~_. ............ ,.~,-~ ... --.. -............... ____ ..... _______ ._. 

l 

15 a 7 5 4 3 0 

This instruction replaces the contents of the FA. r·egister by the 
binary sum of FA and the left half the specified scratchpad word. 

Neither overflow nor underflow of FA is detected. The value of 
FA may go througb its 11aximu11 value or its 11ini11um value and wrap 
around. 

.... ._ ....... ,... ... ~ ................... ~ ... --........ ..,,._ ....... _ ... ____ _ 

I OP I SET I 
I CODE I VARIANTS CVl I 
1 oo~o 0000 0110 a 1,2,4.a 1 
._.._._..._,-.-_._ • _. .. .__.._._~._ ........ -.., •• ,. .•• ...._ .... ec.-• 

15 4 3 0 

This instruction sets the carry flip-flop as specified by the 
variants. 

v = 1 Set err to Q 
2 Set CYF to 1 
4 Set CYf to CYl Cca:rry total fro• sumsl 
a Set Crf t.o CYD Ccarry borrow troa difference> 

NOTES: 

a. CYL ia generated unde~ the control cf the l~ngth in CPL. 

b. CYf is an input to the arithmetic logic along with the X 
and Y registers. Clf is the lef t-•ost bit of the CP 
portion of tbe C register. 
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---------------------------------------------------------------~--O? DEST!NATICN CESTINATZC'.'\ r SHifT/RCTATE SHIFT/ROTATE 
I CODE I rtEG1STER f;EGISTC:R I 0 - SHIFT BIT COUNT 
I 1010 J GR CUP ., SELECT fl J 1 - ROTATE o ••• 24 
I I c ••• 1s o ••• 3 I ............. ------------ ... --------- _________ . .,.. ..... .-.......... ,,...-~ .......... _ -_____ ._ ............... .-......... ... 

15 12 11 8 1 6 5 0 

This instruction shifts (rotates> register T left by the number 
of bits specified and then ~oves the 24•bit result to the sink 
register. !f the move is between registers of unequal lengths, 
the data is right-justified, with data truncate~ from the left. 

The contents of the T register are unchange~ unless it is also 
the sink register. 

Zero fill on the rigbt and truncation on the left occurs with the 
shift operation. ROTATE is an end-around shift with no trunca· 
ti on or fill .. 

If the value of the SHIFT/ROTATE COUNT as given in the instruc· 
tion is o. the value given in CPL is used. 

EXCEPTIONS: 

a. hhen the H register 
ation is changed 
micr-0instruction. 
stored in me•ory. 

is used as a sink register, the oper
to a bit•OR which modifies the r.ext 
It does not modify .the instruction as 

b. BICN. fLCN. XYCN. XYST. INCN, READ, WRlfp SUM, CMPX, 
CHPY, XANY• XEOY, XCRY, Olff, MAXS, MAXH and U are 
excluded as' sink regist.ers. 
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----------------------------------------------------------I OP 1 SHIFT/ROTATE I SHIFT/ROTATE I SHIFT/ROTATE j 
I CODE I VARIANT J OI11ECTICN I BIT I 
J coca 0101 I 0 - SHIFT I VARIANT I COUNT ) 
J I 1 - RtlTATE I 0 - lEfT I o ••• 48 I 
J I I 1 - RIGHT I I __________ .................. .-------------~-.. ---.~---·--... -------------.-,_-.-.-

15 8 1 6 s 0 

This instruction shifts <rotates> register X and Y left (right> 
by the number of bits spacif iea. The register X is the left-most 
<most-significant> half of the concatenated 48-bit XY register. 
Only a count of one may be specified on the B1710 for the concat• 
enated XY register. 

Zero fill on the right and truncation on the left occurs with the 
left shift. Zero fill on the left anc truncation en the right 
occurs with the right shift. 

I OP 1·SHlfT/ROTATE 
I VARIANT 

J SHIFT/ROTATE 
I DIRECTION 

J X/Y I SHIFT/ROTATE I 
I CODE f V .t~ IANT I 3IT I 
I COCO 0100 
I 

I 0 - SHIFT 
I 1 • ROTATE 

I 0 • lEfT I 0 - X REG 
I 1 - Y REG 

I COUNT I 
I 1 • RIGHT I O ••• 24 I ------------.... -----.-.-----·- ... ·---~-....--... -------- ... ----------------...-.-............. ------

1s 8 1 6 5 

This instru~tion shifts <rotates) register X or Y left or right 
by the nuaber of bits specif iea. 

Zero fill on the right and truncation on the left occurs with the 
left shift. Zer~ fill on the left and truncation on tbe right 
occurs witb the right shift. 

0 
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------------------------------------------------------I OP I REGISTER I REGISTER l SlUP TEST 1 MASK I 
I CODE I ROW # I COLUMN # I VARIANTS (~) I o ••• 1s I 
I 0110 I o~ •• 1s 1 0 ••• 1 I o ••• 7 I I 

------------------------------------------------------15 12 11 8 1 6 4 3 

This instruction tests only the bits in the register that are 
referenced by the 1 bits in the mask and ignores all ethers. it 
then performs the actions specified below. Excepticn: If V = 2 
or ~ = 6~ it compares all bits for an equal coneiticn. 

V = 0 If any of the referenced bits are l~s, the next 
M·tnstruction is skipped. 

1 If all of the referencec bits are l's' the next 
M·instruction is skipped. 

2 If the register is equal to the ~ask, skip the 
next H•instruction. 

3 This is the same as Y = 1, but the referenced bits 
are also cleared to O without affecting the non-ref
erenced bits. 

4 If any of the refere~ced bits are l's, the next 
H•instruction is not skipped. 

S If all the referenced bits are 1•s, the next 
M·instruction is not skipped. 

6 If the register is equal to the mask, the next 
H•instruction is not skjpped. 

1 This is the sa•e as V = s. but the referenced bits 
are also ~!eared to O without affecting the non-ref
erenced bits. 
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.o NOTES AND RESTRICTIONS: 

io 

0 ' 
····~··· 

a .. If t~e mask equals COOO the ANY result is 
skip is made for V = O and is not made for ~ 
~ask eQuals 0000, the All result is true. 
made for V=5 ana V=7 and is not made fer V=t 

false. The 
= 4. If the 

The skip is 
and V=3. 

b. BICN, FLCN, XYC~, XYST, and cannot be cleared ~ith V=3 or 
V=7. However, thay can be tested. 

<Availahte on B17l0 systems only) 

---------------------------------I OP I SCRATCHPAO I 
I CODE I WORD ADDRESS I 
I coco 0000 ClOO I o ••• 1s I 

------------~~---~-~~---~-~-~~---15 4 3 0 

This instruction mov~s tbe contents of the FA and fB regi~ters to 
the designated s~~atchpad word. FA is transfered to the A half 
of the scratchpad word, and fB (which ·contains FL# rr, and FU> is 
transferred to the B scratchpad word. 

The contents of FA and FB reaain uncharged. 

-~ .. ---------.----............... ---------... .-.......... .... 
I OP I DESTIN.ITICN I SOURCE I 
I COOE l 4B-8IT J 48•BIT I 
I coco 0111 I SCRATCHPAD l SCRATCHPAD I 
I I WQRD 

.. 
WORD I I 

a I 0 ••• 15 I o ••• 1s •• ........ .._.._ _______ :e _____ ...._~ .............. -~ ........... _ ... _ ....... 

15 8 7 " 3 0 

Tbis instruction •oves the contents of the FA and FB registers to 
a hardware holding register. It a·lso moves the contents of the 
left and right word of the souree scratchpad wo~d ta the FA and 
FB register respectivel1, and 1oves the contents of the hardware 
holding register to th~ destination scratchpad wcrd. 
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CAvailatle on 61720 systems cnlyl 

--------------------------------------------------I OP ] REGISTER • 1 FIELC I HE!'IORY I 
I CODE I 00 = x 1 DIRECTION I FIELD I 
I coco 0010 l 01 = y I 0 - POSIT IVE I LENGTH I 
I J 10 = T I l - t.EGATIVE I 0 ••• 24 I 
) I 11 = L I I I ---~- ..... -... ,.. ....... .- ............. ._ ........... ~._ ... ._ .. ----------- ........... __ _.. ... .. 

15 a 1 5 4 0 

This instr~ction swaps data fro~ main memory with the d~ta in the 
specified regis~er. If the value of the me~ory field is less 
than 24, the data from memory is right-justifiec with laft Cmost
significantl zero bits supplied. The data fro~ the register is 
truncated tram the left before entering me~cry. 

Register FA contains the absolute binary address of the main 
memory field while the field direction sign and field is given in 
the instruction. 

If the value of the memcry field length as given in the instruc
tion is a. the value gi~en in CFL is used. 
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The time required to execute a set of ~IL instructions is dapen
aent on a number at factors. The three ~ost ir.portant flctors 
are: the number of clock cycles reQuirea tc execute~ partic~lar 
microinstructioni the number of clock cycles required to execute 
various combinations cf microinstructions; and the type of 
processor used. 

The time required to execute a particular microinstruction may 
also de~end on the registers used. for example, a register ~ove 
on an M•2 processor may normally take one clack cycle. If DATA 
is used as a source then the ir.structicn takes two clocks. If U 
is a source, then the instruction takes three clocks. If MS~. 
TOPM. or A is the cestinat;cn then the instruction takas one 
additional clock. If CATA or CMNO is the cestination, then the 
instruction takes two additional clocks. If the instruction is 
fetched from S-memory then five additional clccks are needed. 

The time required to execute combinations of microinstructions 
may be more or less than the time reauired tc execute each 
•icrcinstruction. Certain processors have bee~ designed to run 
some instructions in a concurrent mode. Fer mere details on how 
these instructions overlap please see the product specification 
for the processor in question. 

The following is a list of hardware microinstructions with the 
number of clock cycles requirec for each ir.structicn where the 
instruction is contained in M•memory. In general• five clock 
cycles are added for instructions fetched frcm S-memory. for 
more detail please see the product s~ecif ication for the 
processcr in question. 
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Table 8•6: HARDWARE M-INSTRUCTION TIMES 
FOR 81710 and 81720 CM-2l PROCESSORS 

Bt714 Clock Speed 81720CM·2) Clock Soeed 
4 megahertz 6 ~egahertz 

-------------------------------------------M-INSTffllCTION 
BIAS 
BIND 
BIT TEST BRANCH FALSE 
BIT TEST BRANCH TRUE 
BRANCH 
CAll 
CAS~ETTE CONTROL 
Ct£AR REGISTERS 
COUNT f A/fl 
DISPATCH LOCKOUT 
DISPATCH PORT ABSENT 
DISPATCH READ 
DISPATCH READ ANO CLEAR 
DISPATCH kRITE 
EXTRACT FROtl T 
FOUR-BIT MANIPULATE 
HALT 
LOAD f FROM OOUBLEPAO WORD 
MONITOR 
HOVE 8•BIT LITERAL 
HOVE 24•8IT LITERAL 
NO OPERATION 
NORMALIZE 

I 
I 
I 
I 
I 
J 
I 
I 
I 
I 
I 
I 
t 
I 
I 
I 
I 
I 

' I 
I 
I 
I 
f 
I 

OVERLAY ~~MEMORY I 
<Direct Connect} I 
OVERLAY M•HEHORY I 
<Pert Connect} I 
READ <Direct Connect} I 
READ CPort Connect> I 
REAO/WRITE MEMORY I 
READ/WRITE MSM I 
R£GISTER MOVE l 
SCRATCHPAD HOVE t 
SCRATCHPAO R£lJT£ f A I 
SET CYf I 
SHIFT/ROTATE T L£FT I · 
SHIFT/ROTATE XY LEFT/RIGHT I 
S~IFT/RDTATE X/Y LEfT/RIGHTI 
SKIP WHEN I 
STORE F INTO DOUBlEPAO WORDI 
SWAP f WITH OOUBL£PAD WORD I 
SWAP (Direct Connect) I 
SNAP CPort Connect) I 
WRITE <Direct Connect) I 
WRil£ CPort Connec:t> I 

CLCCX:S 
2 -
2 
2 

" 5 
2 
• 
4 

• 
3 
2 
2 

-
2 
6 
2 

7/BIT 
SHIFTED -

-
-
a -
2 
z 
4 
2 
3 
6 
3 
2 

10 -
-

I 

I NOTES 
I g 
I 
I a.g 
I a.g 
I 
I 
I 
I 
J 
1 
I 
I 

J 
I 
I 

9 

b 
d 

I a.b.c 
t a,.b 
I 
I 
I b 
I 
I 
I a,.g 
I 
I 
•• 
I 
1 
J 

I CLOCKS I 
I 1 I 
I 3 I 
I 1 I 
I 1 I 
I 2 I 
I 2 I 
1 1 1 
I t I 
I 1 I 
I 6 I 

' 1 l 
I 6 J 
I 6 J 
I 6 I 
I 1 I 
J 1 I 
I 1 I 
l 1 I 
I 1 I 
I 1 I 
I 3 I 
I 1 I 
11•# of B!TSI 
I SHIFTED J 
J 8• 
I 
1 a.s+ 
J 
I 7 
I 8 
I 
I 6 
I 1 
I 1 
I 2 
I 1 
I 1 
ll•BIT COUNT 
ll+BIT COUNT 
J 1 
I 1 
I 1 
I· 8 

' 9 t 3 I 
I 4 t 

NOTES 
m 

m 

• 

0 

e 

l 
l 
k 
k 

I 
I 
l 
I 
l 
s 
1 

• 
I 
I 
J 
I 

' I 
J 
I 
I 
I 
I 
I 
j 

I 
I 
I 
I 
I 
I 
I 
I 
l: 
I 
t 
l ........ ._~ ....... --...... ., ................ ._ ___ _. .. _......._.~, ... -.............. ____ _ 
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a~ If C?U=Cl and tha source re~ister is S~~, CIFF or 3iC~, 
ado one elect<. 

b. If A is the aesginatio" register, add t~c clock~. 

c. lf U is source. this operation may take several clocks. 

d. If in TAPE mode• this operation may take several clocks. 

e. If fl goes to zero, adc t~o clccks. 

t. If ~S9X=l• then this operation will t3ke fcur clocks. 

9• If branch or skip is taker, add two clocks. 

a .. 

b. 

c. 

d. 

e. 

If MSM. 
clock • 

SUM or OIFF is the source register. add one 

If DATA is the source register, ada ~wo clocks. 

If U is the source, 
clocks. 

this operaticn ~ay take several 

If H is the destination with A cut-cf-bc~nds• this oper
ation always takes one clock. 

If MSM, TOPM or A is the destinaticn. er if MBR 
aestination with A out•of·bouncs, add ore· cloci<. 
o' C~ND is the destination, add two clocks. 

is the 
lf DATA 

f. If the ~revious operation was a WRITE into scratchpad, 
add one cloc.t. 

9• If A or MS~·is tbe destination, add one clock. 

~. If TAS is the destination with A out-of•bounas. add five 
or six clocks. 

i. If A is out-cf-bounds and TAS is not the destination, 
this operation will take two plus five er six clocks • 
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j. 

k. 

l. 

111. 

n. 

o. 

P• 

If first portion of instruction is aligned on odd 16-bit 
memory boundary,. this apgration will take two olus five 
or six ciocl<s. 

lf the next operation i s a memcry eye la,. ado f cur clocks. 

If the next operati!)n is a :nemory cycle,. add s i x clocks. 

If a branch or skip is taken• add or. e clock. 

If BICN. FLCN. XYCN. or XYST are used, add cne cl.ock. 

If the number of words 11oved is odch aac twc cl eeks. 

If the number of words !IOVed is odd. adc 2.5 cl eeks. 
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{ BEGih 
• BIAS 
< SICN 
<:: SITS 
( BR 
+- BRANCH 

* 3RANCH.£XTEi;NAl 
) SY 
; CA 
~ CACHE 

CACHE.A 
I CACHE.a 
I= CAL.L .EXTERNAL 

- CARRY 
CASSETTE 

> CAT 
>= CE 

' cc .. CD • t CHARACTER 
:: CLEAR 
• Cl'NO 
A CMPX 
AS ~Ol UTE CMPY 
ADD CCO[.SE:GMENT 
ADDRESS CODE.SEGMENT.NUMBER 
AC JUST CCMPlE~EHT 
ALL CONS CLE.SWITCHES 
AND CONSTANT 
ANY CCU NT 
ANY.INTERRUPT CP 
AS CPl 
ASSIGN CPU 
ASTAtK CYD 
AT ··cyr 
BACKWARD CYL 
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