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I sometimes fee l, in revie wi ng the e videnc e on t he design of 
computing s ys t e ms , that the ne ces s ary conc lu s ion is that 
de-kludging just i s not possib l e . It is difficult to conceive of 
a mec hanis m which can satisfy the conditi,ns necessa ry fo r it. 
Nevertheless, in spite of s uch e v idence against it, de-kludging 
does sometimes occur. 

--adapte d from Kar l S. La s hl e y, 19 50 
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In trod uction 

l .... LQHll.Y.Hli 

The Drown University Graphics System: 

" The stated objecti ves of the pr::oject's activities are an 
investigation into the ar::ea of me dium-cost , 
micropr::ogr::ammable, intelligent graphics termi llals and the 
"division of labor " trade-offs between a mainframe 
processor:: and the intelligent satellite. In addition to 
these goals, we ar::e a l so interested in examining ~lle 
impact which micropr::ogramming has on the design of other 
aspects of a gr::aphics -terminal, for:: example , system 
configur::aticn a nd the local opera ting system des ign ." 

--Geor::ge M. Stabler 
The BUGS Over::view 

The META 4D / SIMftLE / Vec tor Gener::al comprise the core of 
the graphics facility of the Br::own Univ e r::sity Graphics System 
(DUGS ) . The purpose of this document is to present the 
concepts and facilities of t h is cor::e in s uch a way as to make 
it easy to 1ear:: n and pleasing to us e by people at all levels 
of design and implementa tion. 

In order:: to accomplish this goal , BUGS has herein been 
formalized and conceptualized beyond th e lev e l done in other:: 
documents pertaining to the system (a list ot such docume nts 
i s pr::esented in refer::ences ) . It is hoped that by so doing , 
the various facilities can be made more understandable , more 
usef ul, and he nce more enjoyable. If this s hould turn out not 
to be the case, however, any comments, suggestions, e tc., 
would be greatly appreciated and carefully considered. 

How are the hardwaIe compone nts from which BUGS i s constructed 
inter::con nected and how do they interact? All components can be 
divided into one of two classes, known as !ni1§ and §1Qfg§ . 
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Intr-oduction 

Units ar-e those components of the system capable of 
peL.for-ruing ma nipulation of a nd computation UpOIl data. In 
this way, a unit is an active compo nent whose pur-po se is to 
allow a per-son to per-for-ru the oper-ation s necessar- y to solve 
his pr-oblem . All unit s can, in tur-n , be di vided into t wo 
s ub -cla sses , known as £IQ£§§§Q£§ and iD£Y1LQY12Yl Ynil§. 

Pr-ocessors ar-e units whose bel.avior is capable of 
being co ntr-olled and changed at will, that i s , th ey ar-e 
pr-ogrammable. Thus the word pr-ocessor i s used in the 
convent ional se nse to denote a "computer" or a "CPU ". A 
pr-ocessor- consists of hardware which is capable of 
ex ecut ing a set of primitive commands, known as hQ§l 
in§lIY£ilQD§, which can be us ed dir-ectly by programmers 
to implement their a pplica tions . 

An input/output (I/O ) unit is a hard war-e ue vice which i s 
not progr-ammable, hence having a .fixed function (e.g., a 
car-d reader or a console terminal). Although I/O units 
are capable of performing some ma nipu l ation of data , 
the ir- pr-i ncipal function is to tr-ansmit and pr-esent data 
to other system components and to human users. 
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In trod uc tion 

A store is a passive component of th e s yst em whose so le 
capability is that of retaining or rememb e ring data. I t is 
th e conventional memory space of a computer, although 
various types of stores with var iou s operating speeds may 

I b e present on the system. Examples of s tores on BUGS are 
main core s torag e and sec ondary di sk storage. 

Edch of the above components will be described in greater 
deta il be low. Simply keep in mind the simple picture of 
stores containing programmer-def ined data str uctur es; these 
data structures are op e rat e d upon in a fixed mann e r by I/O 
units, and in a variabl e manner by th e processors. 

The diagram on the follow ing pag e pictures th e various 
components of BUGS and their interconnections. Data i s , in 
most cases, transferred among components in groups o f sixtee n 
bits , call ed !!i!lf!iQI~2' Furthermore, most stores a .r e 
halfword-ori e nte d, also co ntaining data in 16-bi t gro up s , each 
halfword accessab l e via an address specified by a number from 
zero to n. (The excep tion is the SIMALE, as described la·te r.) 
Th e following paragraphs describe the components in greater 
de tail. 

There are three processors in 'BUGS: th e META 4A, META 43, 
and the Sup er-Integral Multi-purpose Arithmetic/Logic 
Exped ite r (SIMALE ). Each processor ha s three stores for 
its own int e rnal use , a nd may be co.nnected to a variety of 
I/O unit s . . 

As was prev ious ly mentioned, eac h processor is capable of 
executing a set of primitive host instructions . Programs 
composed of these intructions reside in a program memory 
known as £Q1l1IQl §!Q!:g. It is from control store that the 
processor fetches, d e codes, and executes host 
in s tr uc tion s . 

Programmers us ing host instructions r e quire work space in 
which to kee p operands , temporary results, etc., and with 
which to communicate to other units. This work s pace comes 
as a set of ha lfwords known as a I~~i§l~I Kilg. Each 
processo r has its own register f ile . 
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Introduction 

Fina lly, eac h processor is equipped with a r e lative ly large 
lQ£~l §lQ!:~ for retaining larger amount s of informat ion 
s uch as tables , matrices, or data lists. Although sma ller 
than main store, local s tore is at l eas t an order of 
magnitud e faste r, and hence s hould b e used f or retaining 
oft e n-us ed in f ormation. 

'r he META 4A processor is compo sed of a Digitial 
scientific c orp. META 4 computer. The META 4A is 
e guipped with control store consisting of 4K2 halfwords 
of !:~~g=Q~lY ill~illQ!:Y (ROM), making modification of host 
programs diff i cult . The r eg i s t e r file consists of 32 
half word registers, many of which serve s pe cial 
purposes. Local s tore has not ye t bee n imple me nted and 
is unavailable to the programmer. 

The I/O. unit s co nn ected to th e 11ETA 4A include a disk 
controller, a console t e rminal, a cont rol pan e l, and a 
ge nera l-purpose binary switc h. In addition , the MET A 4A 
is connected via a multiplexor channel to a S/360-67. 

The MET A 4B processor with its 
nature to the META 4A, althouyh 
halfwords of local s tore. 

stores is identical in 
it is eg uipp ed with lK 

The only 
Ge ne ral 
di sp lay. 

I/O unit connected to the META 4 B i s th e Ve ctor 
(V G ) high-spe ed CRT t ub e used for graphical 

The S.ll1ALE is a high-speed uni t wnich is act ually 
composed o~ four ind e pende nt sub-processo rs . Originally 
inte nd ed to be used solely for the matrix operations 
nece ssary for graphical transformations, it has e volved 
into a co mpl e tely genera l-purpose proc essor. It is 
eguipp ed with 256 halfwords of fully r e a d able -write able 
c ontrol s tore which contains t he host program. In 
addition, e ach s ub-processor has a r eg i s t e r file with 
three l 8 -bit r eg i s t e rs, and a local s tor e with s ixteen 
l 8 - bit location s . There are no I/O units connected to 
the SIMALE . 

" " K" s tands for "time s 1,024". 
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Introduct ion 

It should b e clear from the diagram that data paths 
ex i s t between the SIMALE and the META 4B, and between 
the META 4B and the META 4A. 

Main store is the central data memory for the system. 
It is accessab l e from both the META 4A and META 4B 
processors, so that it can contain data structures , 
programs, e tc. It can also be accessed direct ly by the 
disk controller so that data tran sfe r s ca n be made 
directly to and from main store without processor 
intervention. A halt word can b e transferred to or from 
main store in 900 nanoseconds. 

He ar e currently eg uiFped with 32K halfwords of main 
sto["e. 

Disk sto r e is implemente d on large circular packs, each 
of which contains 5 12,000 halfwords. These packs are 
r e movable and replaceable, hence allowing victually any 
amount of bac k up s torage. However, data is accessed via 
th e disk cont roller I/O unit, and th e a ccess time is 
extreme ly s low, averaging approximately 250 
mi lliseconds. 

It has been said that, given the compo nents described above , a 
user/pro g rammer co uld implement his applications using the 
host instructions provided by the processors in conj unctio n 
with s tores and I/O units. This would be e xtr e mely crude, 
howev e r, given , the rather primitive natur e of these 
instructions , th e fixed ROMs in the META 4A and META (IB, and 
the la ck of progra mming facilit ie s in gen e ral. 

To a lleviate this problem, the designers of BUGS have 
provided th e use r with various facilities to aid him in his 
work. These facilities are embodied in a n overall s ystem 
§1'£.!l£1l!!:~; this s tructure encompasses various concept ual 
l~Y~l§ into which the faci liti es fall. Each level has th e use 
of those facilities s upported by the lowe r l e vel s , and in 
turn offers various additiona l facilities to th e l e vels above 
it. The system s tructure i s pictured be l ow and desc rib e d in 
the fo llowing paragraphs. 
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Introduction 

At t he pinac l e of the structure is the user himself , 
provided with all the fac ilities s u ppo r ted by t he levels 
below him . All in all , the level at wh ich he ca n des i gn 
a nd i mpl eme nt is much closer to th e probl em descr i p tion 
th a n it he we re to work o n the bare hardware. He comes in 
co n tact with t he fo llowing three l e ve l s : 

Th e programming l a nguag e i s the u ser ' s ve hicle f or 
e xpressing t.h e com putation s he wi s hes to perform. Ideally 
t his prog rammin g languag e woul d be f ull Engli s h, however 
c urre nt tech nol og y allows only s i mple art i f icial la nguages , 
ranging across a s pectrum starting with s uch high-l e vel 
l angu ages as PL/I and co ntinuing down to a language wh ich 
is d irec tly e xe cuted b y the hardwar e (i. e ., the host 
l anguag e ). On BUGS we will ha ve a high- l e vel l ang uag e 
ca lled ALGOL W, a nd currently have a low-level PL/360-like 
languag e called PL/DUG S , a nd 2§§gm£lx 12Qgg~gg, to be 
descr ib ed lat e r. 

Th e mo ni tor, a l so called the ope rating s ystem, i s a 
co mpr ehe nsi ve package of p~ograms provided to the user for 
performi ng s tandard and often-us e d f unction s . These 
f u nct ions include I/O unit cont r ol , management of s torage 
space , progL"am c ontrol, e tc. 

The e xten ded monitor comprise s an exte nsion t o th e monitor 
which is s pec i f ically oriented to wa r d the application with 
which th e user is involved . S uch exte nsions might includ e 
graphical s u pport packages , s cie nti f i c s ubro utines , o r 
commu nicatio ns programs. The extended monitor provides 
those useful fac iliti es which do no t b e long in th e sta ndard 
monitor because the y are not ge ne r a lly used by all 
applica tions . 
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As we hav e said , the user expresses his a l gorithms in a 
programming lang uage , a s opposed t o direc tly in host 
in s tructions. Clea rly the n, we must have a prog ram, called 
a £Ql!lE!.l!Zf , which takes the use r' s prog r ams and trans lat es 
th em in to a seque nce of ho st instructi o ns . This i s a very 
difficult task , however, due to the p r imitiveness of the 
host; c urr e nt comp ilin g techni q ues dictate t hat such 
compi l ati o n ' would be e xtr e me ly ineff icie nt and 
time-consuming. We might the n be torced to de sign 
programm ing languages that were l ower -le ve l, close r to the 
hos t in the worst case we could r eq uire the use r to 
specif y each host in s truction individually, so met hing 
wh i ch we sta t ed wo uld be unreasonable . 

In order to make h i gh- l e v e l l ang uages possib l e , a nd in 
order to pro vi de the user with a reasonably usefu l la nguage 
in the absence of a high-level one , we have provided a 
q-i nterpreter (commonly called an em ul a tor) to act as an 
interfac e be tw ee n the host machine and the programming 
lan g uage. The q-int erpreter , written in the ho st 
instruction s and residing in control store , provides 
facilit i es which a r e much mor e usef ul than the host itse lf. 
S uch fac ilities may include th e interpretation of 
higher-le vel intructions or data structur es , control of 1/0 
uni ts , contro l of communica tion wit h other processors , etc . 
In other words , the q -int e r preter prov i des th e well-known 
assembl y lang uage instruction se t. 

Ideally, ma ny d i ffe r e nt q-i nter preters co uld e xist, one 
for each appl i cation , one for each high-le ve l languages to 
compile into, e t c . Each of thes e g -in terp r e ters co ul d be 
des i gned so as to be w e ll-s uit~d for its inten ded purpose. 
Howe ver , t he ex i s t e nce of ROM for c ontrol s tore rules this 
out , e xc ep t in th e case of th e SIMALE (whe r e it is f ully 
e xploit ed, as described later). Theref ore , a g-in terpre t er 
had to be des i g ned which was useful for all applications 
and all pro gr~ruruing languages, obsiously a Ropeless task. 

In order to h e l p alleviate the unada ptabili ty of th e ROMs , 
an ex tra l e ve l has been added between the g-interpreter and 
the programmming languag e . This l e vel , impleme nted using 
th e fac ili ties pro vided by the q -int e rpreter , extends the 
q-interpreter by s upportin g add itional fac ilities in a 
ma nner transparent to th e programming l ang uag e . Si nce the 
e xt e nded q-interpreter i s programmable just like higher 
l e vels of the stru cture , f e atur es ca n be added wi th ease , 
debugged , exper imente d with, e tc. However, th e 
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programming language uses t he m just like any other feature, 
and he nc e need not know that they are not really part of 
the g-interpreter. E vent ua lly, wh e n a feature i s 
completely implemented, it can be moved dow n into the 
g-interpreter, causing an increase in speed with no 
r eprogramming necessary. 

Due to their implementation, each level fa lls into one of 
three categories, depending up on its " solidity ". The mos,t 
solid i s the hardware, changeable only via e ngineering 
modifications. Next, the q-interpr:eter, although changea .ble, 
i s "firm", both because it may reside in ROM and because it is 
somewhat d i ffic ult to program • . Finally, the remaining l evels, 
the major:ity thereof, are " soft" -- eas ily p.r:ogr:ammable and 
adaptable. 

The r: e mainder of 
META 48 / SIMALE / 
chapter:s describe 
q- in te rp r:e te r:. 

this document is d e voted to describ ing the 
Vector: Gener:al unit s of [J UGS . The next few 
the faci lities pr:ovided by the META 4B 
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The META 48, with its q- interpreter, becomes a 
ge nera l- purpose processor . It provides many storag e a nd data 
types to the programmer with which he ca n desig n a nd impleme n t 
a ny type of data str uc tur es a nd data bases necessa ry f or hi s 
appl i cation . In o r der to operat e upon thi s data , a 
comprehe nsive set of instructions i s pro vided , which can be 
used directly i n asse mbly lan g uage or via a h ig h- l e vel 
language and i ts compile r. 

There are four types of stores pro vided to the META 48 
programmer: r e gister f ile , local s tor e , mai n sto r e , and the VG 
reg i s t er f ile . These stores a r e described briefly in the 
followi ng paragrapbs ; mor e detailed informat ion is gi ve n in 
th e course of this doc ume nt. 

The programmer , rather than us ing the processor ' s r eg iste r 
f~ le , is pro vided wi th a mo r e exte ns iv e one of his ow n. 
This register f ile consi sts of 64 halfword r eg i sters , 
divided into fo ur gro ups of s i x t een each. 

The f i rst group , num bered 0 - 15 , is called the 
ggng~.l=~Q~BQ§g ~gg~§l§£§ (GPR ) . These r eg i s ters can 
be used to ' co ntai n nu mer ic data fo r p urposes o f 
arithme tic or compar:ison, addr:e ss data , pr og ram 
f l ags , etc . They are the major store for pe r fo rming 
da t a operations , and can be referenced by a ll 
in s tructions . 

The seco nd g roup, numbered 16 - 31 , i s the £QU1£Ql 
£gg;j&t§£§ . 'rhese reg i sters a .re used by the 
q-interpreter to c ontrol the execution of a user's 
program . Access to thes e registers might be useful to 
the programmer , and he nce they are included in his 
register file . 

The third gro u p, numb ered 32 - 47, is the .111 £~lglill. 
i!l§.!.~Q£.tiQ!l ~ggi§.tg~§. Refer to Chapter 16. for an 
expla nation of this group. 
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The final group, numbered 48 - 63, is the ~!.!:l1\fE; 
2xi.!H:lH!.! !:gg.!§i2!:§, used as a com mu nica tion a rea 
between th e programmer and the SIMALE processor. 

The META 48 i s eq uipped with a 256-halfword local store 
( soon to be expanded to lK). This local store contains 
often-used da ta, both for the user and the q-interpreter . 
The contents of the first 96 locations are pre-defined, as 
follows: 

Tt,e f irst 
correspond 
o - 15. 

sixtee n ha l.fwords, numb ered 0 15, 
one-for-one with general-purpose registers 

Locations 16 -31 
data queue between 
is necessar y in 
display on the VG. 

are used by the g-interpreter for a 
the SIMALE a n d the VG. This que ue 
order to maintain a high rate of 

Locations 32 - 47 correspond o ne -for-one with the ET 
CBTERA instruction registers 32 - 47. 

Locations 48 63 correspond one-for-one with the 
SIMALE external registers 48 - 63. 

Locations 64 - 95 co n tain the information necessary to 
mainta'in the swapping of SIMALE virtual control sto re 
pages to and from r ea l control store . These 32 
half words are called the ~!.!:l1\1E; Yi!:i~2.! gQrri!:21 §i2£2 
£~g2 i!!H2' 

All local store locations from 96 on up can be used by the 
programmer for any pur poses he desires. 

The META 48, along with the META 4A, has access to main 
store which i s eg uip ped with 32K ha lfwords. T hese 
halfwords comprise the major store for both the use r's data 
str uctures and his programs . 

There i s a major difference between the hardware ope ration 
of main store and the way the programmer uses it via the 
g-interpreter. Instead of addressing a se t of halfwo rds, 
the programmer add resses seguential gr:oups of eight b i ts, 
called Qli2§. Each byte is assigned an addr:ess starting 
with zero and continuing up to)HlK (currently ). In effect , 

6'1 
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the n, the low-order bit of an address specifies on e of two 
bytes wit hi n t he half word addressed by the remaining bits. 

In spite of 
reguires that 
byte add r ess, 
reguireme nt is 

this added flex ibility, t he q- interpre ter 
certain 16-bit data be located at an e ven 

1. e ., not cross a halfwoc d bo undary. This 
c a lled halfword ~li[nmgnt. 

The VG disp l a y unit is eq uipped with a cegister file 
containing 85 r egisters of varying sizes ( II one g r ea t ec t h an 
16 bits ). These r egis t er ar e used to control the d i sp lay, 
hand l e user input devices, a nd pr ovide information to th e 
programmer. 

We hav e described the data stcres which ace available to the 
pcogcammec; what sort of data can he keep in th ese s t ores? A 
vaci et y o t data types exist, each of which is usef ul for 
solv in g certai n t y pes of problems. These data types are 
di vided into two classes: numeric and s tring. 

The operat i ons which can be p e rfor med on t hese data types are 
descr i bed beg inning in Chapter4. 

lntegers ar e the simplest form of numer ic data. 
consist of some number 01' bits (commonly 
representing a base two inte ge r number. 

The y 
16 ) 

Intege r s used for performing arithmetic need to be 
s i gned . Hence they are s tored in two's-complement 
binary fo r m, with the high-order bit ind i ca tin g the 
sign. A s i g n bit of 0 s ignifies a non-negative number, 
wh ile that of 1 s ignifies a negative one. S om e in te ge r s 
and their deci ma l eq ui valents are: 

000 ... 0 00 ~ a ( base 10) 
000 ••• 00 1 ~ 1 
111 ... 111 ~- 1 

111 ... 100 ~-4 
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The v a lue of an n-bit s ign ed intege e eanges feom 
-2** (n-1) u p to +2* * (n- 1) -1. Thus a halfwoed ' integer 
ca n hav e the values -3 2 ,7 68 up t o +32 ,7 6 7. 

It i s also possible to work with un signed intege rs, 
which are called lQgbf~l. Th e valu e of a n-bit logical 
inte gee rall ges from 0 up to + 2** n - 1. Th e mos t 
im poetant use of logical int ege r s i s for addressi ng data 
stores , which ha ve location s numbe r ed feom 0 on up. All 
r e f e rences to s t ores must eventually ge ll erate a logical 

,integer to act as the final location address. 

It i s possible for the programmer to woek with s igned 
fract i ons on t he META 48. A feaction is eepresented as 
an II-bit t wo ' s -comp l e me nt binary n u mbee , the high-order 
bit indicating the s i gn . The binary poi nt is a s s umed to 
lie between t he s ign bit and the next high-order bit. 
Th i s a llow s fract ions in th e eange - 1. 0 up to +.9 99 ••• 
Examples of feactions are: 

Fractions are 
be caus e the 
coo L'di na tes. 

a 
VG 

0 10 ••• 000 
0 11 •• • 000 
o 1 1 • • • 111 
11 0 ••• 000 
100 ••• 000 

necessary 
dis~lay 

= . 5 (base 10 ) 
= .75 
= . 999 ... 
= -. 5 
= - 1. 0 

data ty pe on the META 4B 
SCOp8 uses feactiona l 

An i ndex - base-di sp lace me nt (XBD ) i s a data type wh ich i s 
pres e nt only within instruction s . It i s used to 
generate an intege r which can be used for various 
pur poses q uring th e e xec uti on of the in str uction. 
Typ i ca lly this int ege r i s treated logical ly and use d a s 
a main s tore addres s in ord e r to obtain one or more 
byt e s for the inst ructio n to operate upo n. 

The in teger i s generat Ed from the s um of three other 
in tegers s pecifi ed by th e ind ex , base , and 
d i sp laceme nt. The base i s a 4-b i t fie l d (call ed the D 
field in the in s truction) which spec i f i es one of the 
sixteen gene r a l- purpo se r eg i s t e r s , the conte nts of which 
i s treated as an intege r. Added to this integer is th e 
co nte nts of the GPR s pe cified by tJIe 4-bit ind e x (X) 
fie l d . Finally, the displacement , a 1 2-bit logical 
int e ger present immediately within the in s t r uc tion (in 
the 0 f i eld ) is added. If th e base or index f i e ld 
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specifies GPRO , that field i s ignored and GPRO is not 
added to the s um. 

If the XBD i s to be used as an address , th e abo ve 
computation will prod uc e the expected result r egardless 
of wheth e r the X, D, or D compon e nts are con s idered to 
be s ign ed or l ogica l inte gers; th e f i nal s um is a 
logical illteger spec ifyitg a location in ma in store . 

See C hap t e r 3. 1 • 1 for a n e x pIa na ti 0 n. 

A byte i s the simp l es t ferm of s tring data . It consists 
of any single byte of information, which cou ld be an 
8-bit numbe r, a characte r, or a flag. A byte is also a 
cha racte r s tring of l ength one (see ne xt paragraph ). 

A character st ring is a sequence of bytes in main store , 
havin g a l eng th from zero (th e ngll str ing) to 6 5 , 535 . 
Charact e r st rill gs ar e used to r epr ese nt arbitrary l e ngth 
logica l da ta (e . g., a PL/I bit string ) or c haracter 
st r i ng s in the us ual sense (e .g., messages ). 
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The q-interpreter pro vides a compre he nsive set of facilit i es 
whicl. can be used directly 1n assembly l anguage or vi a a 
high-le vel language . Spec i ficatio ns for a h i gh- l e ve l language 
s uch as ALGOL W will h i de many of the q- interp r eter features fr o m 
the programmer and hopef ully make it easier to proyram . However, 
it i s the purpose of this doc ume nt to presen t all of th e feat ures 
for posterity ; hence we wi ll be orie nt ed toward th e asse mbly 
l ang u age programmer. 

It i s ass umed that the read e r is familiar with the META 4A 
Princip l es of Operatio n and the facilities provided by Waterloo 
Assembler G ( ASMG ). The d i ffe r e nces bet ween S/360 ASMG and 
BUGSA SM A, which are outlined in the META 4A Assemb l e r Users' 
Guide , do not h o l d for the ME TA 4 B, how e ver . Any di ffere nces 
will be presented in this doc u me nt. The gene ral format us ed 
herei n is to p r esen t each META 4B fea ture and it s use in 
conjunction wi th BUGSAS M B. 

The metaling ui st i c symbols used in this doc u ment to spec i fy 
syntax are described in App endix O. 

Th~ average programmer i s accustomed to t hinking of h i s 
program as a sequence of individual computations l eadin g to 
the sol ution of his problem . Programming practice dictates 
that th ese comp utations sho ul d b e grouped i nto logical sets 
of associated computa tions , each of which performs a 
specific po rti,o n of t h e o veral l job. The META 4 B s u ppor t s 
suc h a concept by requirin g a program to be s plit u p into 
QIQ£~1Y£~!. seq ue nc in g of pr oced ures i s con troll e d by 
procedure £111 and I~iYID' During the execution of one 
proced ur e , other p ro cedures may be called (ei ther 
exp licitly by the pr ogrammer or implicitly by the 
g -interp r eter), exec ute, and return. 

The q-inte rpre t e r 1S at a l l tim es exec uting a spec i f i c 
procedure , ca ll ed the £YfI~Di proc e dur e . The exec ution of 
this procedure i s ma inta ined by three registers in th e 
register f ile . The f i rst, control r eg ister 16 , i s ca ll ed 
the Procedure Base Reg i s t er (PBR ) . .It simply contains t he 
mai n store address of the beg inning of th e c urr e nt 
procedure (remember , ma in s tor e i s addressed in bytes !). 
Since a procedure must beg in on a halfword bo un da ry, t he 
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PBR is always forced to be even ( 1. e., the low-order bit 
is ignoreu ) . In addition , wh e ne ver a new procedure is 
entered, GPR 15 in the register file i s set to contain a 
copy of the PBR. This i s useful for implic it addressing of 
static uata i ll the procedure, and sllould not be modified 
by the programmer. 

PBIl 

r-----------------, 
1 rroc. address 0 1 
L ________________ J 

o 15 

The third r egister is the Procedure Displacement Reg ister 
( PDR ) , contro l register 17 . It contains the byte 
displacement from the PBR to tb e next illstruction to be 
e xecuted . whenever the q-interpreter is ready to e x e cute 
a n instruction, it fetches it from the locations specified 
by the s um of the PBR and PCR, and th e n adjusts the PDR so 
as to be ready for the next instruction. 

Procedures are limited to 4K bytes in l e ngth. Furtllermore , 
instructions must be on halfword boundaries , so the 
low-order bi t of the PDR is ignored, as wit h th e PBR. 

P DR 

r----------------, 
10000proc . disp.O I 
L __________ _ _ ____ J 

o 4 1 5 

Proced u re d isglac ements are a standard data type, and can 
reside in areas other than the PDR. For example, 
instructions which alter the normal seq uen tial exec ution 
path (branc hing in s truction s ) contain such dis plac eme nts. 
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A single assembly may contain any number of procedures, 
each of which is coded as follows: 

[EXTE:RN AL] PROe <name> 
• 
• 
• (procedure code ) 
• 
• 

static data 

The PROe state ment spec ifies the start of a new procedure 
with the name indicated by <name>. Each procedure must 
have an identifying name. If the scope of the procedure i s 
to be externa l, that is, if the procedure nam e can be 
r efere nc ed by other assemblies (e . g., via V-constan ts) , 
the specif ication EXTER NAL must be included. 

Following the PROe stateme nt is up to 4K bytes of code and 
data which performs the computations ass igned to this 
procedure . static data not used by other procedures should 
be placed at the end, including a LTORG stateme nt to 
locate all lit era l s . The PROC statement sets up a USING on 
GPR 15 so that thi s data can be i mplic itly addressed. 

NOTE that it i s not necessary to code a CSECT statement 
anywhere in the assembly. 

Instructio ns on the MET 4 B are simi l ar to those on an IBM 
System/360/37~ J. Each instruction consists of an 
operation, which specifies some function to be performed 
upon olle or two QE~Lt:!!j}G2 . 

The op" l~a·tion i.s specified in an instruction by a fo ur-, 
eight-, or twelve-bit operation code. This code specifies 
not only the basic function to be performed, but also 
certain modifiers, s uch as the data type of the operands. 
Each different operation code is given a mnemonic for use 
in assembly language progrilmming (e . g. , "A" for add). 

Operations can be performed upon s ingle operands (£n!!£Y 
operations), or upon two operands (.Qin.sl£Y operations). 
" Reference codes" are appended to an op e ration mnemonic to 
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s pecify the data type and location o f the ope rands (e.g., 
"A RH " for adding the cor.te n ts of two general-purpose 
registers ). Th e next section describ es the various types of 
operands and th e ir r efe rencE codes. 

Whe n programming in assembly language , instruction op e rands 
are spec ifie d in the ir logical orde r. Th e instruction 
descriptions in the document give the symbolic format for 
these o perands. A gene ral-purpose r eg ister is s hown 
symbo lically as an "R", while a n XBD address i s shown 
symbolically as "D(X, B)". A symbol ic op e rand may have a 
"1" or a "2" suffix to d e no te which operand it is, or an 
" S" oc "0" s uffi x to denote s oucce and destination. Thus 
a n in s truc t io n to add two cegisters is shown as: 

ARR R1, R2 

Vaciou s cestcictions ac e placed upon 
to be operated upon directly by 
restcictions are outlined hece: 

dat a types if they are 
an io s tcuetion. These 

In mos t cases , inte gers must b e s ixtee n bits in length 
in ocd e c to be opecated upon by in s t .ruction s . In a fe'. 
cases they must be 32 bit s long, s uch as for the 
dividend in a div id e ope ration. These inte ge r s may 
reside in th e gene ral-purpose r eg i s t e rs (and if so ar e 
given th e r efe r e nc e code " R" ) , within ins tructions as 
im med iate data (code " I" ), or within a halfwocd in main 
stoce (cod e "H"). 

The rest riction pl aced 
fractio ll s . 

XSD data can only r e side 
given the code "A". They 
a fou r-bit B f ield, and a 

upon intege cs also hold for 

wit h in in s tructions , 
co nsist of a fo ur-bi t 
twelve-bit D f i e ld. 

and are 
X field, 
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Proc edur e displacements typically reside within th e PDB 
contro l register or bra nching instr uct iollS , but they can 
a l so be s t ored i n GPRs (code " B") or ha lfwords in main 
store (code "H"). Sinc e they ' r eq u ire only tw e lve b it s , 
the high-orde r fo ur bits of the r eg i ster or ha l f wo rd are 
ig ll ored a nd ass um e d to be ze ro. 

Si ng l e byte data items can reside in the low - order eight 
bits of a GPB (code " R"), a ll in Et L-uction (coele "1" ) , or 
in any b yt e in main store (code " 13 " ) . When in main 
store , bytes do not necessarily ha ve to be on 11alfword 
bo un daries . 

Character s trings can only r es id e i n main s tore and are 
given th e code " C". T hey may begi n on a ny byte boundary 
and be of any l e ng th from 0 (t'he flY'!''!' st ring ) up to 
65 , 535 by t es . 

Certai n error s can arise d uring the e xecution of a progra m, 
s uch as an a tte mpt to d ivi de by zero. The g-interpre ter 
provi des a mea ns of in fo rming th e monitor and/o r user of these 
e rror s , a means called 2£QfigQ£& fn&ff§ . When an e rror i s 
detected , e xec uti o n of the instruction in q ues tion is abo rted , 
a n d an impl ic i t proced ure ca ll occurs. A d e tailed e xplanation 
is given in Ch apte r 12 . 

with each in str u~ ti on 
i s give n a li st of 
occ ur and why . 

descr ipti o n 
the possi ble 
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The Transfei Data Instruction 

The purpose of this chapter is to serve as an introduction to th e 
instruction se t of the NETA 4B by describing a fundame ntal 
instr uction, XFER. NOTE that the f ormat used to descr ibe this 
instruction will be used throughout the remaining c ha pters . 

Each in st ruction description cons i sts of four parts; 

1 . The name of th e instr uction. 

2. The mnemonic u sed when coding th e instruction, follo wed by the 
symbol ic forma t of the operands. 

3. A picture o f the instruction as it 
with its ope rand code (hexadecimal ) 
Unused bits are indicated by a slash. 

resides in main store , 
a nd operand fields. 

4. All English-language description of the instruction. 

transFER data 

XFER 0, DO ( DO ) , S,DS (BS), ON ( B N) 

r--------T---~----T----T-------T----r_------T----T-------, 

I FF 1/ D 1/ S I BD I DO OS I BS I I BN I ON J 
L _______ ...L..... ___ ..L ___ ..L ____ ...L ____ __ -....L __ . _ _ .l.. _______ ..1. ____ ..L.. ______ -.J 

o 1 2 1 6 20 3" 36 48 52 63 

The XF8R in str ucti o n allows the programmer to transfer one or 
more halfwords of data from l ocations i ll one store to locations 
1n the same or any other s tor e . Data is transferred from the 
source store s pecif i ed by S, starti ng a t the loca tion spec i f i ed 
by DS (BS ) , to th e destination store s pecified by 0, s tarting at 
the location DO (80 ) The n umber o f h!!lf}tQf:tl2 transfen'e d i s 
speci.fied by 'DN ( BN) , ' 

Addresses and the l ength are computed by adding the contents of 
th e base GPR (B D, 3S, or BN) to the i mmediat e twelve-bit 
displacement ( DO, DS, 0 .[ ON ) , forming a logica l integer. If a 
base tie l d co ntain s zero, GPRO is not added; th e displacement is 
used by itse l f. The r eader may ha ve noticed that the addresses 
and length are xno data types without the index. 

The stores which can be spec ifed in the three-bit D or S f i e l ds 
a nd th e ir idiosyncracies are as fo llows: 

code 0: Reg i ster file (R). Addresses are treate d modulo 6 4, so 
that transfe rring wraps from r e gister 63 to O. 
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code 

Th e T~a n s f e ~ Data I ns truction 

1 ; Loca l Sto r e (LS ) • Addresses 
b e i ng th e current s i ze of loc al 
wra ps f rom locat ion n- 1 to O. 

ar e t reated mod ulo n, n 
s t ore. Th u s transferr ing 

cod e 2: Mai n Sto r e (MS ) • The address mu s t spec i fy a halfw ord 
it does not, an a li gnment proced ure c he ck boundary. If 

occurs . 

code 3: Vector Ge ne ral Reg i s t e z: fil e (VG R) . Addresses az:e tz:eated 
modulo 128, s o th a t 'trans f er ring wraps fr om r egis t e r 127 to 
O. See c hapt e r 15.2. f or an e xplan a tion of th e Vec tor 
Gen e ral z:egisters. 

codes 4-7: unu sed . If specifi ed as a source , zez:oes are obtaine d; 
i f as a desti nation , t he data fa ll s off the face of the 
eart h. 

If t he numb e r of ha l fwords tc be transferred i s zero , you 
wouldn't believe what hap pens. 

I n order to simpl i f y the spec i f i cation of s tor e types, 
r eg i s t e rs, e tc., a macro i s pz:ovid ed which genez:ates eq uates for 
them . This mac z:o i s called " M4BEQUS " and sho ul d be inclUded at 
the e n d o f a ll META 4B assemb lies . A li s ting of t he gene rat ed 
code ca n be f ound in App e ndi x 1. 

Examples : 

xrER R, RS , aS ,PLACE ,3 
Three halfwoz:ds az:e tz:an sfez:r ed fz:om main store , s tarting at 
PLACE , into GPRS -7. 

XPER LS , 256 ,L S,1 28 ,1 28 
128 half word s are tr a nsfe rr ed from l oca l s toz:e loc ation s 
128-255 to locations 256 -3 83 . 

XfEi'! LS,O (ll2 ) ,V GR ,V GDIAL 1,0 (ll 3) 
T he nu mber of vector Ge ne ral dial registe r s spec ifie d by the 
contents o f GPH) is tran sfe 'rz:ed into loca l s tore sta z:ting at 
t he location spec i f i ed by th e contents of GPR2 . 

XFEH R, R8 ,R, DBR ,1 
The DBR i s placed into GPRB . 

NOTE th at XFER is not inte nde d for transferz:in g s in g l e 
a mong the gen era l-fur pose r eg i sters a nd ma i n s t o r e . 
o t hez: , more po we z: f ul, instructions for this puz:pose , 
described in la ter chapte r s . 
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B~anc h illg Inst~uctions 

A class of operations known as branching operations a~e 
p~ovided to allow the p~og~amme~ to make decisions and alte~ 
the flow of contro l th~ough his proced u~es. B~anching 
de6isions a~e cont~olled by the Condition Flag Regis ter. 

The CFR, control re giste~ 18 , p~ovides the means for making 
decisions in a proc e dure. ~t centains eight condition bits 
which are set by certain instructions in order to inform the 
prog .['a mm e r of th e ~esults of the instruction. For example, 
compa~e 0Fe~ations set the CFR to ~efl ect whe th e r the first 
ope~and was less than, equal to, o~ g~eate~ than the second 
ope~and. 

CFR 
r-------T-T--------, 
J flags J5 100000000 1 
L _______ ~_~ ________ J 

o 7 8 15 

Whenever the CFR is modified by an instruction, all bits are 
initially set to ze~o. Next, one of the flags (bits 0-6 ) is 
set to r ef l e ct the results of th e operation. (In the case of 
compares, bit 0 is set on if the operand s a~e equal, bit 1 i f 
th e fi~st operand is greater , or bit 2 if it is less than the 
second operand. ) Finally. the summar y flag, bit 7, is set to 
reflect the most important condition. (For compares, it is 
se t off i f th e ope~ands are un equa l. or on if t hey are equal.) 

The pu~pose of some branch ing in s tructions is to test the CPU 
and e ither branch or not, depe nding upon th e t est. 
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Unconditional B~anching Instruct ion s 

No OPera tion 
NOP 0 
r--------r--------, 
I OD 100000000 1 L ________ ~ ________ ~ 

o 8 1 5 

NOP peL-forms no operation whatsoe ve~. 
with the next seguential i ntru ction . 

Bra nch 
B lab e l 
Ir----.------------, 

4 J proc . disp . Ol L ____ ~ ____________ ~ 

o 4 1 5 

Exec ution cont inues 

A branch i s taken to the spec i f i ed l abe l ~egardless of the 
setting of the CFR. Such a bra nch i s cal l ed gn£QnAiliQDI!. 

Branch via Reg i s t e r 
BR R 
r------------T----' 
I 0 FC I H J 
~ ____________ ~ ____ J 

o 1 Z 1 5 

Branch vi a Halfwqrd [Note t he mnemonic 1 
BH D ( X , B) 
r------------T----T----r------------, 
I 9 FC I X I B J D I l ____________ i ____ L-_ _ ~ ____________ J 

o 1 2 16 2 0 31 
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Unconditional Branching I ns truction s 

An unco nd itiona l branch is tak e n. Fo r BR , the procedure 
disp l acement i s obtained from the GPR specifed by th e operand. 
For BH, it i s o b tained from the halfword at the main store 
address spec i f i ed . I n both cases, the high-ord e r four bits 
of the operand are ignored. 

An a lignme nt proc ed ure check occurs during BH if the main 
stor e address is odd. 
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condi t ional Branching Instruct ion s 

Branch Tr u e 
BT label 
r----T-------------, 
I 3 I proc. disp.O J L ____ ~ _____ _______ j 

o • 1 5 

Bra n ch False 
OF label 
r---- T------------, 

2 j proc. d i sp.O j L _ _ __ ~ ___________ __ J 

o • I 5 

If the s ummary f lag is on 
off and the operation 
specifed label. Otherwise 

and the operatio n i s 
is EF, and branch 
no b ~anch is tak e n. 

Branch on Condition Flag register 
BCF mask, lab e l 
r--------T--------T----------------, 
J 5D j mask j OOOOp roc. dlsp .Oj 
l ____ . ___ ..l. _ _ . ______ . ..L ________________ J 

o 8 1 6 31 

BT , or if it is 
is tak e n to th e 

The eight-bit masK is used to select bits in th e CF' R. If ~.!!y 
selected bits are o n, a branch is taken to the l abel. 
Otherwise , no branch is t aken. Each bit in the mask 
correspo nds to a bit in the CPR. Wh ere ver a one bit appea r s 
ill the mask , the correspond ing CFR bit is selected for 
testing. 

It is not usually necessary f or t he programmer to specify a 
mask on a BCF inst.ruction. Instead, " exte nded mnemonics" 
are prov i ded wh i ch allow th e u ser to i gool:e the mask. Examp l es 
al:e BE ( Bl:anch Egual ) a nd BNG ( Bl:anch Not Gl:eater ). Exte nded 
mnemonics are described with the I:elevant instructions, and 
are also l i stE,d in 1\ ppe ndix 2a. 
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Case Instt:uction 

CASE R.D (X, Il ) 
r--------T----.----T----T------------, 
I 6D 1 R I X 1 B I D I L ________ ~ ____ ~ ___ -k ____ L-___________ J 

o 6 1 2 16 20 31 

Th e main sto re address specif i es a table of halfwords 
containing procedure disp l aceme nt s . The n 'th halfword is 
selected, a nd a b ranch is taken to the procedure disp l aceme n t 
within this halfword . As u sua l, t he high-order four bits are 
ignored. The value of n is the logical integer in the GPR 
specified by H, and ranges frem 0 on up . 

An alignment proced ur e c heck ccc ur s if the table address i s 
odd . 

In order 
( Def ine 
provided. 

to s implify the generation of CASE tables, the DCPD 
Constant Procedure Displacements) stateme nt i s 
It is coded as follows: 

(lab e l] DCPD lab e ll,labe12, ••• ,label n 

A table of n procedure d i sp lacements is generated . 
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Unary Data Moving Instr uctions 

Set to Zero Register 
SZR R 
r------------T----' 
1 0 FO 1 R I l ___________ ~ ____ J 

o 1 2 15 

Set to Zero Halfword 
SZfI D ( X,B) 
r------------T----T----r------------, 
1 9 PO 1 X 1 B I D I l ____________ ~ ____ ~ ___ ~ _ _ __________ ~ 

o 1 2 16 20 31 

These two instructions c ause th e ir operand to be set to zero. 
For SZR, the spec ified GPR is se t to zero, while for SZIi, the 
hal fword at the main, s tore addres~ is zeroed. 

An alignment procedure check occurs during SZH if the address 
i s odd . 

Set t o One Reg i ster 
SO R R 
r------------~---, 

I ' OF' 1 .1 R 1 
L ____________ ..L. ____ J 

o 1 2 15 

Set to On e Halfword 
SOH D (X, B) 
r------- -----y----T----r--------- ---, 

9 P1 1 X 1 B D 1 L ____________ ..L. ____ ~ _ ___ ..L. _ ___________ J 

o 12 1 6 20 3 1 
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Unary Data Moving ~nstruct ion s 

These two inst ructions cause t heir operand to be set to th e 
inte ge r 1. For SOH, the spec i fed GPR i s set to 1, while for 
SOH , the main s tore halfword is se t to 1. 

An a li gnme nt procedu r e chec k cccurs d urin g SOH if the add r ess 
i s odd . 
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Rep lace 

Derr ~ 
~ F 
H • 

Rep l ace Reg ist e r with Regist e r • 0 
c r 

RRR 8 1, R2 A 
< 

~-------~----T----' 

06 I R 1 I H2 I 
R< H~ I ·~ I <c Qr HI 91 

RII 
" " I RA lil' I I 

L _______ -.i. ____ .J.. ___ J 

o 8 12 15 

1<8 I 
Rep l ace Registe r wit h Immediate 
RRI R1,1H2 
r-------r----T--- -T------------- , 

% I R1 I1111I IH2 L _______ -L _ _ __ ~ _ __ ~ ______ . _________ __ J 

o B 1 2 16 31 

Replace Re giste r with Hal f wor d 
RIHl R1, 02 (X2,82 ) 
r------~----._--T----T------------, 

I 66 I .R 1 I X2 I 02 I 02 I 
L ______ ~ ____ .J.. _ _ __ L ___ ~ ___________ J 

o 8 12 16 20 3 1 

Re place Registe r with Add ress 
RRA R 1, 0 2 (X2 , 82 ) 
r----- ---T----T----T----T----------, 
I 76 I 8 1 I X2 I 82 I D2 I 
-L-_______ -L __ ..... _..l. ____ ..l.. ____ ..L _ ___________ J 

o B 1 2 1 6 20 31 

Rep l ace Regis t e r with Byte 
RH8 R 1,02 ( X2 ,B 2 ) 
r--- ---- -T----T----T----T--- --------, 
J 86 I R 1 I X2 I 82 I 02 I 
L ______ L\ _ _ _ .J.. __ 7_..l. ___ ~ __________ J 

o 8 12 1 6 20 3 1 

Re place Ha lfword with Regist er 
RHR D1 ( X1 , 8 1 ) , R2 
r--------T- ---T-----r- - - T-----·------, 

96 1 .R2 1 Xl1 8 1 1 0 1 l ________ .J.. ____ ..l. ____ L ____ ~ _________ J 

o 8 12 16 2 0 31 
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Rep la ce 

Rep l ace Byte with Reg i ster 
RBR Dl(Xl, Bl), R2 
r--------T----T----T----T-------~----, 

A6 I R2 I Xl I Bl I Dl l ________ ~ ____ i _ ___ ~ ___ ~ ____________ J 

o 8 1 2 1 6 2 0 31 

Rep lace Halfword with Immediate 
Rill Dl(Xl, Bl ),IH 2 
~--------T----T---_r----T------------T----------------, 

I B6 11/111 X1 I Bl I Dl I I H2 I L ________ i ____ ~ ___ i ____ i _ ___________ ~ ________________ J 

o 8 12 16 2 0 32 '+ 7 

Bep l ace Halfwo r d with Add r ess 
RH/\ Dl{Xl, Bl ) , D2 (X2,B2 ) 
r- ---- - --r----T----r----T------------T----T------- - - - --, 
I C6 I X2 I Xl I Bl I Dl ! 82 I D2 I l _ _ ______ ~ ____ i ____ ~ _ ___ i ____________ i ____ ~ _____ ______ ~ 

o 8 1 2 16 2 0 3"2 '36 '+ 7 

Replace Halfword with Ha l f word 
RHH Dl( Xl ,B l ) ,D 2 (X2,B2 ) 
r--------r----T----T----T------------T----T------------, 
I D6 I X2 I Xl I B1 I D1 I 02 I D2 I 
l ________ ~ ____ ~ ____ L ____ L_ ___________ i ____ i ____________ J 

o 8 12 16 2 0 32 36 47 

Replace By t e wit h Immediate 
RB I Dl( Xl, Bl),I B2 
r--------T---T----T----T-·----·-------T-------~-------1 

I E6 11111 I Xl I Bl I D1 111111111 1 IB2 I 
L _______ .L ____ .L ____ ..L. _ ._ -..1.. _________ ---.J.. __ . _____ . .l. _____ . __ -.J 

o 8 1 2 16 2 0 40 47 

Replace Charac t e r str ing with Chacacter s tring 
R C C D 1 ( X 1 , B 1 ) , D 2 (X 2, B 2 ) , D L (B L) 

r--------T----r----T---T-------T--~------~----T-------, 

I F6 1:\2 j Xl I Bl I D1 I B2 I D2 I BI. I DL I 
L _____ ___ .l. ____ ~ ___ _L ___ ~ _______ .l. ____ ~ _ ____ -L-__ ~ _______ J 

o 8 1 2 16 2 0 32 36 . 8 S 2 6 3 
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Rep l ace 

These i n str uction s ca use th e f ir s t ope r and to be r ep l aced by 
the s e con d operand . 

RRR c a uses th e GPR spe cified b y 8 1 to contain th e contents o f 
t he GPR speci f i ed by R2 . RRI ca uses th e GPR s pe c i f i ed by H1 
t o co ntai n t. e imm e d i a t e ha lfwo cd . Immed i ate data lIIa y be 
s pecifie d by any 2~11~~gi!~!llg ~XE£g§§iQn. 

RRH ca uses th e GPR s pecified t y 8 1 to contain the halfw o rd at 
t he spec i f i e d ma in s t ore address . 

RRA causes the H1 GPR t o co n ta in t he va lue of the s pe c i f i ed 
.•• ' ..... XBO ~ l~~rg§§ . Th e addre ss i t s e l f i s th e second ope rand -- no 

mai n s tore d a ta i s us e d . 

RRB ca us es the l ow-er de r e i g ht bits 
t oe by t e at the ma in sto r e a dd r e ss . 
of th e GPR are z e roe d . 

of th e 8 1 GPR to c ontain 
The h i gh-o r d e r e ight bits 

RH8 ca uses t he half wo r d a t the ma in sto r e ad dcess t o con t a in 
t he GP R specif i e d by H2. 

RBR c a us e s the byte a t the ma in sto r e add r ess to conta i n t he 
l ow-orde r e i gh t bits of t he GPR spec i f i e d by R2 . 

RHI cau se s th e sp e cifed 
i mm e d i a t e halfword . 

mai n s tor e half wo r d to conta in th e 

RH A ca us es t he s pecife d ma in s t o r e ha l fword (firs t ope ra nd ) t o 
r~ contai !! t he second ope r a nd XB D l~~r!§§. Thi s address i s no t 

us e d t o r ef e r e nce ma i n sto r e , b ut i s it se lf the s e c oh d 
op e rand . 

RHH c aus e s th e fir s t opera nd mai n store ha l f word t o c on t a in 
t h e second ope rand ma in s t o r e ha l fword. 

RBJ: ca us es the by t e a t t he ma in 
i mme d i at e b yte . 

sto r e add r e s s to co n tai !, th e 

Ree c auses a cOp! o f t he second ope r and charac t e r s t ring t o be 
pl a c ed in to the fir s t op e r a nd s trin g . This copy i s made b y 
l ogical l y lift i ng t he s t ring cut of ma i n s to r e and se t ting i t 
down in tl, e fir s t o pe rand , so that D O pr opagat i on occ ur s . The 
l e ngth o f the two s t r i ngs i s spe c i fed by OL (BL) , a n d i s 
c ompute d as follows: t he conte nts of th e GPR spec i f i ed b y BL 
(u nl ess it i s ze ro ) i s a dd e d t o t h e tw e lve-bit disp l a c e me nt 
OL . 

An a l ign me nt proce d ur e ch e ck ca n occ ur on any i n s t ruct i o n 
r e q u ir in g a ha l fword in ma in sto r e i f i ts addre ss i s odd . 
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SWap" Registe r with Reg ister 
SIiIRR Rl,R2 
... ---------T----T----' 

07 I R 1 I R2 I L _______ L ____ ~ ____ J 

o 8 1 2 1 5 

SWap Register with Halfword 
SWRH R 1, 02 ( X2 , B2 ) 
r-------T----T----T ----T------------, 

I 67 , I R 1 I X2 I B2 I D2 I l ________ ~ ____ ~ ____ ~ ____ L _______ _ ____ J 

o B l2 16 20 3 1 

SWap Reg ister with By t e 
SWRIJ Rl,D2(X2,B2 ) 
r--------T---T----r----T-----------, 
I 87 I R l I X2 I B2 I DL 1 L ________ i ____ ~ ____ ~ ___ _L ___________ _J 

o 8 12 1<> 20 31 

SWap Halfword with Register 
SWllR 0 1(X l ,B l), R2 
r--------r----T----T----T-----------, 
1 97 I R2 I Xl I B l I D l I 
l _______ -.i. ____ .L ____ ..i. ____ J... ____________ J 

o 8 12 I 6 20 3 I 

SWap Byte with Register 
SWIJR Dl ( Xl , Bl) , R2 
r-------~----r----T----r_-----------, 

I A7 I R2 I Xl I Bl I D l I L ________ ~ ____ .L ____ ..i. ___ ~ _____________ J 

o 6 12 16 20 3 1 

SWap Halfword with Halfword 
SWHH Dl( Xl,B l) ,D2(X2,B2 ) 

RR 
RH ~ Hfl 

RS .. Olt 

\1" 

r------r ----T----T-----T------------T -----T ------------, 

j 07 I X2 I Xl I B l . I D l I B2 I 02 I l ________ .L ____ ..i. ____ ~ ____ L _ ______ _____ ..i. ___ i ___________ ~ 

0 8 1 2 1 6 20 32 36 47 
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Swap 

Swap Character string with Character string 
S\,CC 0 1 ( X 1 , B 1) ,02 (X2,B2 ) ,OL (BL ) 
(macro ) 

The swap operation is used to interchang e the conte nt s of the 
two instruction operands . 

SHRll causes the contents of the two specifed GPRs to be 
swappe d. 

SiRH causes the contents of th~ GPR and th e main store 
halfword to be s wapped. 

SWRB causes the low -o rder eight bits of the GPR to be swa pped 
with the byte in main store. The high-or der e ight bits of the 
GPR are set to zero . 

SWHH performs th e same function as SWRH. 

SWBR performs th e same function as SWRB. 

SWHH causes th e contents of the two main s tor e halfwords to be 
swapped . 

SWCC causes the two character stri ngs to be interchanged. The 
length of the strings is specif i e d by DL(8L) . As with all 
character str ing operations, no propagatio ll occurs. SWCC is 
not implemellte d in the q-interp reter , but rather by a macro 
which generates three XCC instruction s . 

An alig nment procedure check will occur on instruction s which 
specify a main store halfword not on an e v en boundary. 
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Aeithmetic Shift Insleuctions 

The shift insteuct i ons al l ow the peogrammee to shift the 
contents of a 16- or 32-bit va l ue in the GPRs. The fiest 
operand is always a GPR nu mbe e spec i fying the GPO (s ) whose 
co ntents ar:e to be sh i fted . The seco nd ope r:and specif i es th e 
shift count (n umber: of bit I-ositio ns to be shifte d), whi c h 
can be locate d immediately within the instr:uct i on or: in a GPR . 
Immediate counts ar:e four: bits long, allowing a va l ue fr: o m 
z e r:o to fift ee n. If the cou nt is in a GPR, the low-order fi ve 
bits ar:e use d, allowing a value from zero to 31. 

Le ft SHift, Immediate 
L5H1 R1 , IX2 
r----- ---T----T----' 
I 14 I 0 1 IIX2 I 
L ____ ____ ~ ____ ~ ____ j 

o 8 1 2 1 5 

Le ft SHift, Re gister: 
L5HR R1,R2 
r--------r----T----' 

1 C I R 1 I R2 l 
L ________ ~ ____ i ___ _ ~ 

o B 12 1 5 

Right SHift, Immedidte 
RSHI R1,lX2 
,r--------r----T---- ' 

15 j R11 IX2 1 
l _ _ ______ i ___ ._ i ____ J 

o • 1 Z 1 5 
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Arithme tic Shift Instructions 

Right SHift, Register 
RSIiR H1,R2 
r------ --T----T----' 
I 1 D I R 1 I 112 I l ________ ~ ____ ~ ____ j 

o a 1 2 15 

'l'h e contents of the GPR s pe cified by R1 i s shifted . 'l'he 
direction of s hift is s pe~if i €d by th e op code: l ef t sh i fts 
cause vacated bit positions to be filled with zeroes ; right 
s hi fts cause them to be filled with the original sign b i t 
(or igina l bit 0 ) . 'l' he shift count i s e ith e r the imm ediate 
field I X2 or th e low-ord e r five bits of th e GPR specifie d by 
R2. 

NO'l' E that these s hi ft s can be use d to multiply or divide the 
GPR by a po wer of two. 

If, during l et t sh i f t s . a bit u nlike t he original s ign bit is 
s hi fte d in to bit 0, ove r f low i s con s idered to have occurred, 
b eca us e a s i g ni f ic a n"t--i)it:- has been s hifted out of the 
register. S uch a condition i s reflected in the CPR : f lag bit 
1 i s set off if it does not occur or o n if it does (th e 
su mmary f lag is always off ) . 11le extended mne moni c BO (Bra nch 
on Overflow ) ca n be u sed to t es t this condition. NO'l'E that i t 
1 S impossible to branch on no overflow; overtlow i s th e on e 
excep tion to the CPH -s et tin g rules described i n Chapte r :'.2. 

Left SH i ft Double, Immediat e 
LS HDI R 1.1X2 
r--------T----T----' 

16 1 H 1 1IX2 1 
l ________ ~ ____ ~ ___ J 

o 1 2 l -S 

Left SH i ft Do ubl e , Register 
LSHD R R1 ,H2 ' 
r--------T----T----' 

l E J R11 R2 1 
.l ________ .J.. ____ ...L-___ J 

o 8 12 1 5 
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A~ithmetic Shift Inst. uctions 

Right SH ift Double, Immed i a t e 
RSH DI R1, IX2 
r--------T----T----' 
I 17 I R1 JIX2 I L ________ ~ ____ i ____ j 

o 8 12 15 

Right SHift Double, Re giste. 
RSHDR R1, R2 
r--------T----T----' 
I 1F R1 j R2 I L ________ ~ ____ i ____ J 

o 8 12 15 

Tbese ins t.uctions ope.ate exactly 
above, except that a 32-bit ope.and 
The low-o.der s ixt ee n bits of the 
spec i fied by R1, while the high-o~der 
p~evious ( I said er!!~2Y§ ) GPR (i. e ., 

as the fou. e xplained 
(GPR pai. ) is shifted. 
ope.and a.e in the GPR 
s ixteen bits are in th e 

R1- 1). 

A .e~iste. specification pcocedure check cccucs if R1 i s zero , 
since no p.evious GPR exists (GPR-1?) 
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Logica l Shift Instructio n s 

Left SHift Log ical, Immediate 
LSHLI R 1, IX2 
r--------T----T----' 
I 10 I R1 l IX2 1 
L ________ ~ ____ ~ ____ J 

o B 1 Z 1 5 

Left SHift Logical, Reg i ster 
LS HL R Rl, R2 
r-------~----T----' 

I 18 I R 1 I R2 I L ________ L ____ ~ ____ J 

o 6 1 '2 1 '5 

Right SH i ft Logical , Immediate 
RSHLI R 1, IX2 
r--------T----T----' 
I l11 Rl1 IX2 1 
l ________ L ____ L ____ J 

o B 1 2 1 5 

Right SHift Lo g ical, Reg iste r 
RSHLR R1, R2 
r--------T----T--~-' 

I 19 I R 1 I H2 I 
L ________ ~ ___ i ____ J 

o 8 1 2 15 

The contents of the GPR s pecifi ed by Rl is shifted . The 
direction of sh i ft is specified by t he operation code: bo t h 
directions cause vacated bit position s to be f i lled with 
zeroes. Th e s hift COU Tlt i s e ither th e immediate field IX2 or 
the l ow-o r der f ive bits of th e GPR specified by R2 . 

The CFR i s unc h anged . 
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Lo gical sh ift Instruct i ons 

Left SHift Logica l Double , Imm e diate 
LS HLD I Rl,I X2 
,r-- -----T---T----' 

, 12 J Rl IIX 2 I 
L _______ -L ____ ~ ____ J 

o 8 12 1 5 

Lef t SHi ft Log ica l Double , Reg i ster 
LS HLD R Rl, R2 
r--------T----T----' 

lA J R1J R2 1 
l _______ -L _ ___ ~ ___ ~ 

o 8 1 Z 15 

Rig ht SHift Logical Double , I mme diat e 
RSHLDI R l, IX2 
r--------r----T----' 
J 13 I R 1 I IX 2 J 
L _____ __ i ____ i ____ J 

o 8 1 2 1 5 

Right SHift Logi cal Double, Re gi s ter 
RSHLDR R 1, R2 
r--------T----~---, 

I 1 B I R 1 I R2 1 
L ________ L ____ i ____ J 

o 8 1 -2 1 5 

Th ese instructions operate exactly 
abov e , excep t that a 32-bit operand 
The low-order sixtee n bits of th e 
spec i f i e d by Rl, while the high-ord e r 
previous GP H (i. e'" R1-1 ) . 

as the fo ur e xplained 
( GPR pair) i s shifted . 
operand are in the GPR 
s ixteen bits a r e in the 

A r egiste r sp e cifica tion procedur e c h eck occurs if Rl i s ze ro. 
s i nce no pre vi o us GPR e xi s t s . 
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Arithmetic Instructions - Test 

Test Sign Register 
TSR R 
r------------T----' 
I OP8 I R I 
L ____________ i ____ J 

o 12 1 5 

Test Sign And ress 
'ISA D(X,B) 
r------------T----T---~------------, 

7F8 I X B D L ____________ ~ ____ ~ ___ _L ____________ J 

o 12 1 6 20 31 

Test S ign Halfword 
TSH D(X,13) 
r------------T-- --r- ---r-------- ----, 
I 9 F8 I X I BID I L ____________ ~ ____ ~ ___ _i ____________ J 

o 1 2 16 20 31 

The opera n d is tre ated as a sig ned intege r a nd its s ign is 
t es t ed . The CI'R is set as follows: bit 0 is set if the 
ope rand is zero ; bi t 1 if it is posi ti ve ; or bit 2 if it i s 
nega ti ve • Th e summary flag is set to 0 if the operand is 
ze['o, or 1 otherwise. 

The operand for 'ISH is the spec i fied GPR. For TS A it is the 
XBD address itself. And for 'ISH it. is the I,alfword at the 
spec ified-main store address. 

Extended mnemonics are provided for use with the BCF 
instruction. They are: BZ (Bra nch Zero ), BNZ (Branc h Not 
Zero ), 13P ( £Jranch Positive), BNP (Branch Not Positive), BN 
(Branch Negative ). and fiNN (Branch Not Negative) • 

An alignmellt procedure check cccurs during 'ISH if the haltword 
address i s odd. 
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Unaey Incee ment 

Inc ee ment Re gi s tee 
l R R 
.r---- ---- ---T----' 
1 OF2 1 R 1 l __________ ~ ____ J 

o 1 2 15 

Incre me nt Hd lf ~ord 

IH D( X, B) 
r------------T---~---T----------, 

1 9F2 1 X I B I D 1 
,L ____________ ..L. _ ___ ..L ___ ..L __ . _________ J 

o 1 2 1 6 20 3 1 

Increm e nt In c r e me nt Regist e r 
IIR R 
r------- -----T----' 
1 OF 3 1 R 1 
l ____________ ..L ____ J 

o 1 2 1 S 

Ince e me nt Incee ment Halfwoed 
lIH D ( X, B) 
r--- ---------T--- -r---T-----------, 
I 9 EJ .1 X 1 BID I 
L _____ , ______ _ ..L ____ ..L ___ -..l. ___ . _______ ~ 

o 12 16 20 3 1 

Th e ope ean d i s inc ee ment e d by o ne (I R, IH) or tl'10 (IIR , IIH ), 
de pe nding upon the opeeation code . 

The op e eand f or lR oe IIR is the specified GPR , while foe IH 
oe IIH it i s ,th e ha l fword at the main s tore a ddress . An 
a lignme nt proceduce check occurs if this addre s s i s odd. 
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Dnaey Deceernent and Test 

Deceement, Test Sign Heg i ste 
OTsa a 
r------------T----' 
I 0 F4 I R 1 L ____________ ~ ____ J 

o 12 I S 

Deceernent, Test Sign Halfwoed 
D'l'S H D (X, B) 
r------------T----T-~------------, 

9 F4 I X I B I 0 I 
L ____________ i ____ i ___ -L ____________ J 

o 1.2 16 20 31 

Deceement Decrement, Test Sign Register 
DDTSR R 
r------------T----' 
I OF5 I D I 
L ____________ ..L ____ J 

o 1 2 1 5 

Oeceement Decrement , Test Sign Halfword 
ODTSH O(X,B) 
r------------T----r----r------------, 
I 9 F5 J X I B I 0 I L ____________ L ____ ~ ___ ..L _______ . _____ j 

o 1 2 1& 20 "31 

The operand i s decre mented by one (D TSO, DTSH ) oe two (DDT SR , 
DOTSH ), depending upon th e opeeation code . Following this, 
the sign of the resulting numbee is tested , and the CPR is set 
as foe th e Tes t Sign insteuctions desceibed above. 
The operand foe ~TSR or DDTSR is the specified GPO, while foe 
DTSH and DDTSH it is the balfwoed dt th e main stoee addeess. 
An alignme nt proced ue e check oceues if this addee ss i s odd. 
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Absolute Valu e and Negat e 

Absolute valu e Regis ter 
AB SH R 
r------------T----' 

OF6 I R L ____________ ~ ____ J 

o 1 2 15 

Absolute value Halfword 
AIlSH D(X,B) 
r------------T----~---T------------, 
l 9F6 t X I B I D I L _____ ~ _ _ ____ ~ ____ ~ ____ ~ ____________ J 

o 1 2 1 6 2 0 3 1 

The operand i s treated as a signed numb e r and r e placed by its 
abso lute valu e . The abso l ute valu e ·of th e maximum ne gati ve 
numb e r is aga in th e maximum nega tive numb e r. 

The opera lld for ABSR i s the s ~ecified GPR , while for ABSH i t 
is the ha l fw ord a t the main store address. An a lign me nt 
procedure check occurs if th e address i s odd. 
Negate Reg i ste r 
NEGR R 
r------------T----' 

on I H I 
L ____________ i ____ J 

o 1 2 1 5 

Negate Half word 
NEG H D(X,B) 
Ir'------------T----T---~------------, 

9 F7 I X I B D 
L ____________ .l. ____ ..L ___ -.l.. __________ ___ .J 

o 1 2 1 6 

The ope r and i s treated 
ne gative . The nega tive 
the max i mum negative 
nu mb e r. 

2 0 3 1 

a s a signed number and r ep lace d by its 
of zerc is a gain zero. Tne neg ative of 

num ber is again th e maximum ne ga ti ve 

Th e ope rand for NEGR i s th e specified GPR, wnile for NEGH it 
i s th e halfword a t the mai n store address. An a lignment 
proc ed ur e check occur s if the address is odd. 
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Add 

!'. It lU-
In Itt Add Regist e r plus Reg i ster 

ARR R1, R2 PoK t1!-1 

r--------T----T----' (( A ~" 
0 1 1 R1 1 R2 1 

'L _______ --L ____ ..J.. ____ J 

o B 1 Z 1 5 

Add Re gister plus Imm ediate 
ARI R10 , R15 ,I82 -or- &1, 1H2 
r--------T----T----T------------- ---, 

51 1 R 1 D 1 R 15 1 IIi 2 L _______ ~ ____ ~ ____ ~ ________________ j 

o 8 1 2 1 6 31 

Add Re gister pl us Halfword 
AR H R1 ,02 (X2, B2 ) 
r---------T-- --T----r----T------------, 

6 1 R1 I X2 1 B2 I 02 J 
L ________ ..L ____ .1. ____ .1. ____ ...L ___ . _________ J 

o e 1 2 16 20 31 

Add Registe r pl us Address 
ARA R1, 0 2 (X2 , B2 ) 
r--------r----T---- T----T------------, 
1 71 j R11 X2 1 B2 1 02 I 
l _ ______ ~ ____ .J.. ____ ..L ____ .1. ____________ J 

o B 1 :2 16 20 31 

Add Ha l fword p lu s Reg i ster 
AHR 0 1( X1,B1), R2 
r--------T----T----r----r------------, 
I 91I R2 1 :'(1I B11 D1 I 
l ________ L-___ .1. ____ .J.. __ _ ~ __ _ _ ___ _____ j 

Q 8 1 2 1& 2 0 31 

Add Halfword p lus I mm ediate 
11111 0 1 (X 1, B 1) , IH2 
r--------T----~----T----T-----------_r----------------, 

1 B 1 11111 1 X1 I B1 1 0 1 I 1H2 I 
~ _______ ~ ___ _ .1. ____ .J.. ____ L ____________ .1. ________________ j 

o B 1 2 16 20 32 47 



Add 

Add Halfwo~d pl us Ad d~ess 

AH A 0 1( X1,B 1}, D2 (X2 ,B 2 } 
r--------r----r-- --r----r------------r-- --r------------, 
I C1 I X2 1 X1 I B1 1 0 1 I B2 I 0 2 I L ________ ~ ___ L_ ___ ~ ____ ~ __________ _k ____ ~ ___ ________ ~ 

o B 1 2 1 6 20 32 36 47 

Add Halfwo~d plus Halfwo~d 
AHH 0 1( X1, B1},D 2 (X2,D2 } 
.r--------r----T---~----T-'----------_._----T------------, 

I 0 1 I X2 I X1 I B1 I 0 1 I 02 I D2 I L _ _______ ~ ____ ~ ____ ~ ____ ~ _________ ~ ____ ~ ____________ J 

o a 1 2 20 32 '6 .1 

The two ope~ands a~e added togethe~, and the fi~st ope~and i s 
~ e pldced by th e s um. Ca~~y out of the s ign bit i s r ecorded in 
bit 0 of th e CfR , while o ve rflow (th e ' e xclusiv e o .r' of the 
car~ i e s out of t he s ign bi t and bit 1) i s r ecorded in bit 1 of 
the Cf R. Th e s ummary flag is a l ways zero . 

In addi ti o n to the BO extended mnemonic al r eady d e sc~ibed , 
ther e exis t s BC (Oranch Car ry). Remembe r, it i s impossible to 
branch o n no carr y o~ no overflow. The o perands f or ARR are 
th e tw o speci fied GPRs. 

For: ARI, the fir:st oFe rand is r ea lly two . ope ~a nd s . Execu tion 
pr oc eed s a s follo ws : The GPR specified by 8 1S is fetched , 
added , to the immediate half word, a nd the s um is place d into 
the GPR sp ecifi e d b y 8 10 . He nce it is possible to add a 
con s ta nt to one GPR and put the s um in a nothe r:. If o nly one 
GPR i s spe cified , it is consider:ed to be both R10 and R1S. 

For ARH, th e ope r a nds are a GPR and a main s t ore ·h alfword . 

For ARA, the operands a~e a GPR and the XOD ~~drgaa i tse l f . 

For AHB, the ope ra nd s are a maiu s tore halfword and a GPR. 

For AHI, th e 'operands dre a main s tore hal f word and an 
imme diate ha l fword. 

Fo~ Ali A, th e opera nds a~e a main store halfword and ·the XBD 
Eggf~aa itself . 

Fo~ AHH, 
al ignm en t 
specif yi ng 

th e operands a ~ e t~o main sto~e ha l fwords . An 
p~ocedu~ e check will occur on any in s truction 
a main sto~e halfword not on an e ve n boundary. 
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Subtr:act 

Subtr:a ct Instr: uctions 

Th e second oper:and i s s ubtr:acted fr:om the fir:st, and the 
differ e nce i s placed in the fir:st operand location. Th e CFR 
i s set as for: th e add instructions. 

The ins tructio n for mats ar:e identical 
in str uctions , e xcept that the oFeration 
than X' *1'. ~l nemo nics are i'dentical 
l e·tter, which is "S"[ather than "A". 

to those for the add 
code i s X'*2' r:ather: 

except for the fir:st 

An alignment pr:oced ur: e check will occur on any instr:uction 
specifying a main stor:e halfword not on all e ven boundar:y. 
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Multiply Register times Register 
MRR 61, 112 
r--------T---~----, 

1 03 1 R1 1 R2 1 
L _ __ ___ --1.. ____ ..L. ____ J 

o 6 1 2 1 5 

Mu l tiply Reg i ster times Immediate 
MRI R1 D, R15 , IH2 -or- R1,IH 2 
r--------T----T----T----------------, 
1 53 I R1D I R 15 1 IH2 1 L _________ ..L. ____ ..L. ____ ..L. _________________ J 

o 8 1 2 1 6 3 1 

Multiply Reg i ster times Ha l two rd 
MRH R1, D2 (X2,B2 ) 
r--------.----T----r----.------------, 

63 IR11X21B2 1 D2 
L _______ .J.. ____ ~ ___ ..L. ____ ~ ___________ ~ 

o 6 1 2 16 2 0 31 

Multiply Reg i s t er times Address 
MRA R 1, D2 (X2 , B2 ) 
r--------T----T----T----~-----------, 

73 R 1 1 X2 1 B2 I D2 L ______ ~ ____ ..L. ____ ..L ____ ..L. ____________ J 

o 6 L 2 L 6 2 0 3 L 

Multiply Instructions 

The Eirst operand , which i s always a GPR , is mul tiplied by the 
seco nd operand to prod uce a 32-bit product. The low - order 
sixteen bits of this prod uct are p l aced into the f i rst opera nd 
GPR , and the high-orde r s i xteen bits are placed into th e 
previo us GPR (1. e ., R 1- 1). A register specifica tion proced ure 
check occurs it f he Eirs t opera nd i s GPRO. 

For MRR , the second operand i s the Gl'R speciEied by R2 . 

MRI is specia l in that it allows the first operand GPR to be 
two operands . Execution procedes as fo ll ows: the co n tents of 
the GPR specifie d by R 1 S i s mu ltiplied by the immed iat e 
ha l E word. The low-order sixtee n bits of the prod uct are placed 
in the R 1D G[>R , and the hig h-order sixtee n bits in t he 
pre vious o ne . If only o ne GPR i s specified , it is assumed to 
be both R 15 and R1 D. 

For MRII , 
ha lfword . 
is odd. 

th e second 
An alignment 

operand i s the specified main s tor e 
proced ur e check occurs i f its add r ess 
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Multiply Instruct ion s 

for MRA , th e seco nd op e rand i s the XBD address itse lf. 

If multiply in st ~uc t i o ns are used with fractions , t he product 
mllst be sh ift e d o ne bit to the left to give t he co rrec t 
answer. 

-46-



-~-

Div i de Instr uc tion s 

Divide Registe r by Regis t e r 
ORR H1, R2 
r---- - --- T- ---T---- ' 
I 04 I 8 1 I R2 I 
l ___ _ ____ ~ _ _ _ _ i _ __ _J 

o a 1 2 1 5 

Di vide Reg i ster b y I mmed i a t e 
DRI H1D, R1S , IH2 - o ~- R l , I H2 
r- - ------T----r----T----------- - - ---, 
I 54 I R1D I RI S I I H2 I L _ _ ______ i ____ ~ ___ i ________ _ ____ ___J 

o a 1 2 1 & 3 1 

Di vide Regis t er b y Ha l f word 
DRH R l , D2 (X2 , B2 ) 
r --------r ----r ----T ----;r--------- - ---, 
1 64 I R1 1 X2 1 B2 1 02 - I L _____ __ ~ ____ i ____ L_ _ _ _ ~ _ ____ _ _ ___ __ J 

o 8 1 2 16 2 0 31 

Divi de Reg i ster by Address 
ORA R1, D2 (X2,B2 ) 
r--------r----r----r---- r ------------, 
1 74 I R11 X2 1 B2 1 02 I 
L ________ L _ _ _ _ L-_ _ _ i _ __ -4 _ ____ ____ ___ J 

o 8 1 2 1 6.2 0 3 1 

The f i rst operand is t he 32-bit d i v i dend , the l ow-o r de r 
si x teen bits of which a r e in th e GPR speciEed by 8 1, whi l e the 
high - c rder s i xteen bits are i n t h e pre vi o us GPR . The sec o nd 
ope r and is t he div i sor , whic h i s d ivided i n to the d ivide nd, 
prod uc i ng a quotie n t , wh i c h i s p l aced in t he 0 1 GPR , a nd a 
re ma in der , wh ic h i s pl aced in t he p r e vio us GPR. 1\ r e gi ste r 
spec i f i cat i o n proced ur e check occurs i f R1 s pecifies GP RO. 

For ORO , the d ivisor is in t he GP R s pec i fied b y R2 . 

The execution of DRI is so me what d i fferent than t hat of th e 
other divide instructions . I t procedes as fol l ows~ th e 
di v ide nd i s taken from t he GPR specified b y R1S a nd t he 
pre vious one . This di viden d i s d ivided by the immediate 
halfword , and t he q uo t ie nt is p l ace d i n the GPR spec i f i ed by 
R1 D. The rema in de r i s pl ace d in the pre vi o u s GPR ( i. e ., 
R1D- l). If o nl y one GPR i s Epecifie d , it is ass umed to be 
b oth R1D a nd R1S . 
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sguar:e Root 

For: DRH , the di visor i s the main s t ore halfwor:d. An align ment 
froced ur: e check will occur: if its addr:ess i s odd. 

For: ORA, the divisor: i s the XBn addr: ess itse l f . 

Fr:actional 
inst r:uc t i ons . 

divides carnnot be pe r: fo rmed with these 

A di vis ion by zeLO pr:oced uLe check occur:s if th e divisor i s 
zero. Th e CPR i s se t to indicat e oveLflow: bit 1 is set to 
ze r:o if there was no over:flow, or: to one i f there was; the 
sum mar:y flag i s a lw a ys ze r:o. Over:flow occur:s if the guot i e nt 
i s too big to fit in one GPR. 

EXte nd Sig n of Register 
EXS R R 
r------------T----' 
I OF9 I R I l ___ _________ ~ ____ J 

o 1 2 1 5 

The contents of the spec i f i ed GPR i s tLe ated as a signed 
intege r: and ex tended to 32 bits by Lepl i ca ting i ts s i g n in th e 
pre vious GPR . 

A r:eg i steL s~ecification pr:oceduLe check occur:s i f GPRO i s 
spec i f i ed . 

SQuar: e RooT Reg i s t e r: 
SQRT R R 
r------------T----' 
I 0 FA I R J L ____________ ~ ____ 4 

o 1 2 15 
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Squar,e Root 

SQ uare RooT Halfword 
SQRTH D(X, B) 
r------------T----T--~------------, 

1 9FA 1 X 1 BIO I l ____________ ~ ____ L ____ L ____________ , 

o 1 2 16 20 31 

Th e ope r and is trea t ed as a signed f raction and replace d by 
it s sq ua r e root. A n e gative square root pt:ocedut:e check occurs 
i f th e ope r a nd i s ne gative. 
The operand for SQRTR i s the s Fe cified GPR , while fo r SQ RTH it 
i s th e main s tore hal f word. An a lignme nt proced ure check 
occurs if this halfword i s on an odd bounda r y. 
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Compari so n In s truct i ons 

Compare Re gis t e r wi th Re giste r 
CR 8 R 1 , R 2 
r- - - ----- --r----T - - - -' 
J 05 I R l I 82 I 
L ________ ~ ___ L_ _ __ J 

o 6 1 2 1 5 

Compare Regis t e r wi th I mm ed i ate 
CRr R l 0 , R 1 S , IH2 -o r - R l, IH2 
r---- --T----r-- - - T---------------, 
I 55 , E 1 D ! ll l S I I H2 1 l ________ ~ ___ _ ~ ____ ~ _______________ _ j 

o 8 1 .2 1 6 3 1 

compare Re gi s t e r wit h Half wo r d 
CR H R l,0 2 (X2 , B 2 } 
r-------T----T- ---T----T------------, 
j 65 , R l, X2 , 82 , 02 I 
L _____ _ _ ~ _ ___ L ____ L ____ L __________ _ _ J 

o 6 1 2 1 6 z o 3 1 

Compa r e Reg i s t e r wi t h Addr ess 
CR A 8 l , D2 ( X2 , 8 2 } 
r----- ---T----T- - --T----r - ----- - - ---- , 
I 7 5 , R l , X2 , B2 I D2 , 
l _ _ ___ ___ L ____ L-___ i ___ -L ___ _ _ _ _____ J 

o 6 1 2 1 b 2 0 3 1 

Ccmpare lIal f word wit h Re gi ster 
CHI< D l ( X l, B l} ,1<2 
r--------r----T----T--- ,-----------, 
, 95 I R2 , X l , 0 1, D l , l ___ ___ __ i ____ ~ ____ i _ _ _ _ L ___ _________ J 

o 0 1 2 1 6 2 0 31 
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Comparison Instructions 

Co mpar e Halfword with Immediate 
CIII 0 1 (X1,B 1) ,IH 2 
r--------T----T----T----T------------r----------------, 

B5 11/111 X1 B1 I 01 IH2 I L ________ ~ ____ ~ ___ i __ ~ ___________ ~ 

o 8 , 2 "6 2 0 

Compar e Hal f word with Address 
CHA D1(X1,B 1) ,0 2 (X2 ,B2 ) 

32 47 

r--- -----r----T----T----r------------r----r------------ , 
I c5 I X2 I X1 J B1 I 01 I B2 I 02 I 
L ________ ..1. ____ i-___ ..l.. ___ -4.. ____ . ___ . _____ .l. ____ ..l. ___________ -.J 

o 8 1 2 16 Z 0 32 36 47 

Ccmpare Halfword with Halfword 
CHH D1{X1, B1 ) ,D2(X2,B2 ) 
r--------T---- T----T----T------------r----T------------, 

D 5 J X 2 I X 1 J B 1 I D 1 J B 2 J 02 J L _______ ~ ____ ..l.. ____ L __ __L ____________ ~ ____ ~ ____________ J 

OB12 1 (:, 20 32 36 47 

Th e two ope r ands are treated as sig ne d numb ers and compared 
(so that nega tive llumbers ar e less than zero , which is l e ss 
tnan positi ve numbers). The CFR i s set a s fo llow s : bit 0 i s 
set if the operands are eq ual; bit 1 i s se t if th e f irst 
operand i s greater than the second ; or bit 2 is set i f it is 
l ess . Th e s ummary flag is set on if the y are eq ual, off 
otherwise. 

The following e xtended mne monics are provided for b ranching 
aft e r compares : Branch Eq ua 1 (BE ) , Branch Not Eq ual ( BNE), 
i3 ranch Greater (BG), Branch Not Gr eater (BNG ) , llranch Less 
( a Ll, and Branch Not Less ('BNL ) . 

Note that BR is DQt an extended mnemoriic. BH is a mn em onic for 
Branch Halfword. 

The in s tructions allow the compa ri son of a ll 
combinations of 16-bit numbers in r eg i sters , 
ha lfword s , addresses , or main store half word s . 

poss i b le 
immedia te 

An align me nt procedure che ck occurs if a halEword i s spec ified 
on an odd bou.,oary. 
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Compar e Logica l Register with Reg iste r 
CLRll 111 , R2 
r--------T----T----' 
l OB I R 1 I R2 I 
~ ________ L-_ __ ~ ____ J 

o 8 12 15 

Compare Logica l Regi s ter- with Imm e dia te 
CLRI Rl, lH2 
T-------~----T----T-----------------, 

I 5B I Rl 1IIII 1 IH 2 1 L _______ ~ ____ ~ ____ ~ _________________ J 

o 8 12 1. 3 1 

Compare Logica l Regi s ter with Halfword 
CLRH R 1, 02 (X2,B 2 ) 
r--------T----T----T----T--~---------, 

6B I Rl I X2 I B2 I 02 L _______ ~ ____ ~ ____ L ____ ~ ____________ J 

o 8 1 2 16 20 31 

Compare Lo gica l Register with Address 
CL H A R 1, 02 (X 2 , B 2) 
r-------~----T----T----T------------, 

I 7 0 I Rl I X2 I B2 I 02 I L ________ ~ ____ ~ ___ L ____ ~ ___________ J 

o B 12 1& 2 0 '31 

Compare Logical Re gister with Eyte 
CL R Bil l, D 2 (X 2, B 2 ) 
r--------T----T- ---T----T------------, 
I 8D I R 1 I X2 I B 2 I 0 2 I 
l ________ L ____ L-___ L ____ L-___________ J 

o 8 12 1 6 2 0 31 

Compar e Logical Hal f word with Register 
CLHR 0 1( Xl, Bl), R2 
r----'-----;r----T----r----'r------------, 

98 I R2 I Xl I 81 I 0 1 l ________ L ____ ~ ____ i ____ L ____________ J 

o a 1 2 1 6 20 "3 1 
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Logica I Com pares 

compare Logical Byte with Register 
CLBR 01(X1, B1), R2 
r-------~----~-~----T------------, 

I AB I R2 I X1 I B1 I 0 1 I 
L ________ J. ____ -'---___ ..l. ____ .l. _____ _ , ______ J 

o 8 1 .2 ,. 2 0 3 1 

Compare Logical Halfword ~ ith Immediate 
CLHI 01 (X1, B1) ,IH 2 
r--------T----T----T----T------------T----------------, 

BB I1111 1 X1 I Il 1 I 0 1 1H2 I L _______ ~ ____ 4-___ ~ ____ L __________ __ L ________________ J 

o 8 12 16 20 32 47 

Compare Logical Halfword with Address 
CLHA 01(X 1,B 1), 02 (X2,B2 ) 
r-------~----T----T----T------------T---~------------, 

j C B I X 2 I X 1 I 11 1 I D 1 I Il2 I 02 I L ________ ..l. ____ .l. ___ -L ____ ~ __________ _L ____ ..l. ____________ J 

o 8 12 16 20 3236 47 

Compare Logica l Halfword with Halfword 
CLHII 01(X 1, B1),D2 (X2,B2 ) 
r--------r----u----.----T------------r---~------------, 

I OB I X2 I X1 81 J 01 I B2 J 02 I L ________ .l. ____ .l. ____ ..l. ____ .l. __________ ~ ____ ~ ___________ J 

o 8 1 2 16 20 32 36 47 

Compare Logical Byte with Immediate 
CLBl D1(X 1 ,B1 ), 182 

Ir-------~----T----T----T------------ ... --------T--- ·-----, 
I Ell 11111 1 X1 I B1 I 0 1 111111111 1 IB2 J L ________ ~ ____ .l. ____ .l. ____ .l. ___________ ~ ________ .l. _______ ~ 

o 8 12 1 '6 Z 0 32 It 0 4 7 

Compare Logical Chacac t e r string with Characte r string 
CLec 0 1(X1,B1),lJ2 (X2,B 2 ),OL( BL) 
r--------r----T----T----.-------T---~------~----T-------, 

J ["B j X2 IX1 I B1 \ 01 \ B2 I D2 I IlL j OL I l ________ ~ ____ L _ ___ L ____ ~ _______ ~ ____ ~ _____ L ____ ~ _______ J 

0 8 1 2 16 20 32 36 48 52 63 
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Logical Compares 

The two operands are treatEd a s l og i cal bit strings and 
compared in magnitude ( so that ze ro i s t he smallest (lum ber ) . 
The CFR i s set as fo r the other compare instructions. 

These instructions a ll ow all possib l e combinations of 
byte-byte. halfword-halfword. and characte r stri ng-character 

'stri ng compariso ns. 

An alignme nt proced ur e check occurs if a halfword is s pecified 
on a n odd bo undary. 
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Bit a nd Character String Illstruction s 

Or Re gister with Reg ister 
ORR Hl ,R2 
r--------T----T- ---' 
1 08 1 81 1 H2 1 
l ___ _____ ..l. ____ .l. ____ J 

o B 12 15 

Or Re gis t e r with Immediate 
ORI H1D,R 1S,IH2 -or- R l ,1H2 
r--------T----T----T----------------, 
1 5 8 IR1D 18 15 I IH2 1 L ________ ..l. ____ ~ ____ ~ ________________ J 

o B 1 2 1 6 31 

Or Reg ister with Hal±word 
ORH 8 1, D2 ( X2,B2 ) 
r-------~----T----r----r------------, 

1 68 1 8 1 1 X2 1 B2 I D2 1 l ________ ~ ___ ~ ___ ~ ____ .l. ____________ J 

o B 1 2 1 6 20 3 1 

Or Re gista r with Address 
ORA 111,D2 (X2,B2 ) 
r-- ------r----T----T----T------------, 

7 8 I 8 1 1 X2 1 B2 1 D2 1 L _______ ~ ____ L_ _ _ _ L ___ _L ____________ J 

o B 12 16 

Or Reg i s t er with q yte 
OHB R l ,D2 ( X2,B2 ) 

2 0 3 1 

r--------.----T----T----r-- ----------, 
1 88 I H 1 1 X2 l B2 1 D 2 I 
L _ _______ L ____ ~ ___ L __ ~ ____________ ~ 

o 0 1 2 1 6 20 '3 1 
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Oit aDd Character String Instructions 

Or Halfwor d wi th Register 
O!iH Dl( Xl, Bl), R2 
r-------~----T----T----r_-----------, 

I 98 I R2 I Xl I Bl I Dl J L ________ ~ ____ ~ ___ ~ ____ ~ ___________ ~ 

o 6 12 16 20 31 

Or Oyte with Reg ister 
OuR Dl ( X 1, B'I) ,R2 
r--------r----T---- T----T------------, 
I AS I R2 I Xl I B l I Dl I 
L-_ _ _____ ~ ____ L ____ L ____ L ____________ ~ 

o • 12 16 20 31 

Or Halfword with Immediate 
OHI Dl (Xl,Bl) .IH2 
r--------T----T----r----r------------T-------~--------, 

B8 11111 1 Xl I Bl I Dl IH 2 l _ _ ______ ~ ____ L ____ i-_ __ L ____________ ~ ________________ J 

o 8 1 2 1 & 20 3 2 ~ 7 

Or Ha l fword with Address 
OIlA Dl( Xl, Bl),D2 (X 2 , B2 ) 
r-------~----T---~----r_-----------T----T------------, 

I C8 1 X2 1 Xl1 0 11 Dl 1 132 1 D2 1 L ________ L ____ ~ ____ i _ ___ ~ ____________ i ____ ~ ____ ________ J 

o 6 1 2 , 16 20 32 36 41 

Or Hal fword witl. Halfword 
OHf! Dl(Xl , 13 1),D 2(X2 ,B 2) 
r- -------T----T----T----T------------T----T------------, 
I D8 I X2 I Xl I 0 1 I Dl I B2 I D2 I 
L _______ ~ ____ L ____ i ____ L ____________ L ___ _ L ____________ J 

o 6 12 16 20 32 36 47 

Or Byte with Immed i ate 
OBI Dl( Xl,Bl),I E2 
r---- - - --r- ---T----r- ---r------------r--------r--------, 
.1 E8 111I1 I Xl I 8 1 I Dl 111111111 1 IB2 ·1 
L ________ ..L ____ ..1. ____ ..1. ____ ..L ____________ ..1.. __ . _ _____ .L ______ ---1 

o 6 1 2 16 20 3 2 '+ 0 '+ 7 

Or Cha rac t e r stri ng with Cha ract e r string 
OCC Dl (Xl, Bl) , D2 (X2 , 82 ) ,nL(BL) 
r--------T----T----T----T------ - T----T-------T- ---T-------, 

FO IX 2 IXl 18 1 I Dl I B2 I D2 18L DL l _____ ~ ____ ..L ___ _i ____ L-______ ~ ____ ~ _______ ~ _ _ __ ..1. _______ ~ 

o • . 2 1 6 2 0 32 36 4 . 5 2 63 
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Bit a nd Character String Instructions 

The two operands are treated as logical bit strings , and a 
boolean ' OR ' is performed upon them. The result is placed in 
the first operand location. 

TI,e instructions allow al l 
halfword -nalfword, and 

possible combi natiolls of byte-byte, 
character string-character str i ng 

operations. 

An alig nment proced ur e check occurs if a halfword is specified 
o n an odd boundary. 

The two operands are treated as logical bit strings , and a 
boolean 'AND' is performed upon them. TI,e res ul t is placed i n 
the first operand location. 

The instruction formats are i dentical to those for the OR 
instructions, except that the operation code is X'*9 ' rather 
than X' *8 '. Mnemo nics are identical except for the f i rst 
l etter , which is "N" ·rather than " 0". 

All alignment procedure check occ urs if a halfword i s specified 
Oil an odd boundary . 

The two operands are treated as log ical bit strings , and a 
boolean ' EXCLUSI VE OR' is performed upon them. The r es ult is 
placed in the first operand location. 

those for the OR The instr uction formats are identical t o 
in str uctiollS , ex c ept that the ope ration 
than X' *8 '. Mn,emo nics are identical 
l ette r, which is " X" rather t l,an "0". 

code i s X'*A ' rather 
except for the first 

An alignment procedure check occ urs if a halfword is specified 
on an odd boundary. 

The second operand is used 
first operand. Each o n e 
corresponding bit in the 
follows: bi t 0 is set if 
mask is all ze roes; bit 

a s a mask to select bits in the 
bi tin the rna sk selects the 

first operand. The CPR is se t as 
all selected bits are zero or the 
1 i s set if all selected bits are 
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Bit ard Character String Illstruct i ons 

on e ; or bit 2 is set if th e selected bits are mixed zeroes and 
on es . The summar y flag is set on if all selected bit s a r e one ; 
i t . is set off othe rwise. 

Extended mn emon ic s are provided for branching after a Test 
under Mask in s truction: Branch a l l Zeroes ( BZ), Brancn Not 
all Zeroes ( BNZ ) , Branch a ll Ones (1l0 ) , Ilra nc h Not all Ones 
(BNO ) , Branch Mixe d ( BM ) , and Branch not Mixed ( IlNM ) . 

Th e instruction f ormats ar e ide n tica l ·t o those for the boo l ean 
in st ruction s , e xcept that the ope r ation code i s X'* C ' ra t her 
th a n X'*8, 9,A'. Mne monics arE identical except for the f i rst 
l et t er whic h i s " TM " rather than " O, N,X". Additionally, the 
TMCC instruction (for testing character s trin gs ) i s llQl 
provided. 

A n a li g n men t procedure che ck occu rs if a lt a lfword i s speci fied 
on a n od d boundary. 

SCan Forward Equal to Addres 
SCFEA Dl (Xl , B l) ,D 2 (X2,B2 ) , OL (BL ) 
r--------T----r----r----T-------T----T-------T----T-------, 
) FO I X2 I Xl IB l 1 0 1 l B2 I 02 I BL I Of. I 
L ________ i-___ ~ ____ ~ ____ L _______ ~ ____ ~ _______ ~ ____ ~ _______ J 

o 8 12 1 6 20 32 36 48 52 63 

SCan Backwa r d Equ a l to Address 
SCBEA Dl (Xl ,S l) ,D2 (X2,82 ) ,01 (8 L) 
r--------T----r----T----T-------T----T-------T----T-------, 
I F2 I X2 I Xl I Bl J Dl I B2 I D2 I BL I D1 I 
l _______ -i ____ ~ ____ L ____ L _______ ~ ____ ~ _______ L ___ _L_ ______ ~ 

o 8 12 16 Z 0 32 36 .8 52 63 

The first operand cha~acter str ing is scanned forward ( l e ft to 
right. ) or back~a rd ( r i ght to left ) for a character eq ual to 
that. specif i ed by the 10.w-ord e r byt e o f the secolld ope rand 
A11£~!!. If the character i s found, bit 0 of the CFR i s set 
on and GPR l is set to point at that character in opera nd 1. 
If n o s uch character is pres e nt, bit 1 of the CPR is set on 
and GPRl is unchanged . The summary flag i s set on if 
successf ul, of f othe rwise . 

Extended mnemonics are prov\ided for branching after a s can: 
B~anch Successf ul (BS) , and Branch Not S uccessf ul (BNS ) . 

If the l eng t h i s zero , the instruct i on a lway s fa il s . 
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8it ard Character String Instructions 

SCan Forw a rd Not equal to Address 
SCFNA 0 1 (X l ,B l) ,02 (X2, 82 ) , LL ( 8L ) 
r-------~----r_--~----T-------T----T-------T----T--~----, 

J F 1 I X2 I X l I B 1 I 0 1 182 J D2 18L I DL l 
l ________ ~ ____ i ____ L_ ___ ~ _______ ~ __ ~ ______ _L ____ i _______ J 

o 8 1 2 16 20 323ft -48 52 63 

SCan BacKward Not eyual to Address 
SCBNA 0 1 (Xl, 8 1) ,D2 (X2,82 ) , DL ( BL) 
r- -------T----T----T----T-------T----T-------r----T-------, 
I F3 IX2 I X l 18 1 1 0 1 182 I n2 J 8L I DL I L _ ______ -i ___ _ ~ ____ ~ ____ ~ _______ ~ ____ 4 _______ L ____ ~ _______ J 

o 6 12 16 20 32 36 It 8 52 63 

The fi rst ope rand cha r acter string is sca nned forward (left to 
righ t ) or backward (right to left ) for d character llQl egual 
to that specified by the low-order byte of the seco nd operand 
£!QQ!:£§§. If an unequal character is found, bit 0 of the CFR 
i s set on and GPR l is set to point at that character 1n 
operand 1. If all characters are eq ual , bit 1 of th e CPR is 
set on and GPB l is u nchanged. The summary f la g i s set on if 
successful , off otherwise. 

Extended mn e monics are provided for branching after a scan: 
Branch Successful (BS ), and Branch Not S uccessf ul ( BNS ) 

If th e length i s zero, the instruction always fails. 

SCan Forward using Table 
S C F'f 0 1 (X 1 , B 1 ) , n 2 (X 2, 82 ) , 0 L ( 8 L) 

r--------T----T----r----~------~---T-------T----T-------, 

J F 4 I X 2 I X 1 I B 1 J 0 1 I B2 I D2 I 8L I OL I 
l ________ i ____ i ___ -L ____ i _______ ~ ___ _4 _______ i ____ i _______ ~ 

o B 12 1 6 " 20 32 36 .6 S2 63 

SCan Backward using Table 
SCBT 01 ( X l,B l) ,D2 (X2,B2 ) ,DL ( BL ) 
r--------T----T----T----r-------r----T-------T----T-------, 
I F5 I X2 I X l IB l 101 I B2 I 02 18L I DLI 
L ________ L-___ ~ ____ ~ ____ ~ _______ ~ ___ ~ ______ ~ ___ _4 _______ ~ 

o 8 12 16 20 32 3& 48 52 {)3 
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Bit and Character String Instruction s 

The first operand character string i s scanned forward or 
back wa rd a c haracter at a time . Each character i s use d to 
se l e ct a b yt e f rom t.h e second operand table . It thi s se l e cted 
b yte is zero, scanni ng con t inues . If this byte i s no n-zero , it 
i s placed in GPRO and the address of t he selector character in 
operan<i. 1 is placed in GPR 1. If t he scan i s s uc cessfu l, CPR 
bit 0 ~ nd th e summary flag are set on ; otberwise CPR bi t 1 
is set on and t i,e summary f l ag is set off (allowing use of t he 
BS an d BNS e xtende d mnemonics ) . 

The secon d opera n d table is always 256 b y te s long . Hence there 
i s one tabl e byte for every possible valu e of a character fro m 
oper a nd 1. Table by t es are se l ected by taking the " n " th table 
byte if th e valu e of the ope rand 1 c haracter i s " n". 

I f th e length i s zerc, the instr uction always fa i l s . 

TRa ns l at e cha racte r string 
TR Dl(X l ,B l) , 0 2 (X2 , B2 ), DL(B L) 
r--------T----T----T----T-------T--~------~----T-------, 

I FD I X2 I Xl I B l I Dl I B2 I 02 I B.L I DL I L _______ ~ ___ _i ____ ~ ____ ~ ____ ___ ~ ____ ~ _______ L ____ i_ _____ _ J 

o 8 1:2 1 6 2 0 32 36 '+8 52 63 

The first ope rand charact er string is tran s l a te d acco rding to 
th e 256-byte table specified by ope r an d 2 . Eac h character in 
operand 1 i s s canned , its va l ue , say " n " , is used to select 
th e co rr espodin<] " n" th byte in the table, wh ich th e n replaces 
the old ope ran d 1 byte . 
If the length i s zerc , 11 0 tra nslation is performed . 

INI T i a liz e cha ract er s tring 
!NIT Dl ( Xl , Bl ) , D2 (X2. B2 ), CL (BL ) 
.r------~---T----r----r_------T----T-------T----T-------, 

I FE I X2 I X 1 I B 1 I D 1 I B2 I D2 I BL I DL I L ___ ___ __ ~ _ _ __ ~ ____ ~ ____ i _______ ~ ___ ~ ____ ~ __ __i _______ J 

o 8 1 2 1 6 2 0 32 36 48 52 63 
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Bit and Character String Instructions 

The first operand character string is initialized to th e 
low-order byte of t he operand 2 Q~~£!§§. The whole c haracter 
st r~n g is fi lled with thi s byte. 
If th e len gth i s zero, no initial~zat~on i s performed. 
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ProceduL'es 
them and 
detail ed 
~i!H§ ar e 

wer e first mentioned in 
how they we re controlled. 

expla natioll. particularly 
performed. 

Subroutines and Interrupts 

Chapter 3. 1 -- how to write 
This chapter gives a more 
in terms of how proced ure 

A procedure call can occ ur for two reason~. First the programmer 
may request an ex plici t §QQ£Q.!!li!l!2 ~El1 via t he CALL instruction. 
Second ly, the q~interpreter might force an implicit ini~£IQ£! 
£i!11 when an interrupt request is detected. Both of these calls 
are performed in the same manner, so that a called procedure need 
not know whether it is a sUbrouti ne o r an interrupt handler . 

In order 
and to 
call s, a 
format: 

to maintain the correct seq uence of pIocedure calls, 
save the contents of various registeIs across these 

save area ~1~£1 is employed. It has the following 

• 
• 
• 

r----------------, 
1 SA VE AREA 

421 1 1 
t----------------i 
1 SAVE AREA 1 

21 0 I 
t-------r--------i 

SP--> Ol currentl last 1 L _______ ~ ________ J 

o 8 I 5 

As a new proced ure is i nv oked, it i.s assig ne d the next 
available save area on the stack. The save area number for 
the currently executing procedure is contained in the 
"current" byte. A save area is twenty halfwords long, and is 
used to save the ge neral- puq:ose registers, PUR, PDR, CPR, 
and ICMR (see below ) whenever a new procedure is called. When 
the procedure returDs, they are restored , thus preserving 
their contents across the call. 

The "last" byte gives the save area number of the last 
useable save area on the stack. This helps pre vent main store 
following th e stack from being used indiscriminately. 
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Subroutines and Inte rrupts 

META 4B control register 20, the Stack Pointer (SP), is always 
set to point at the stack ("current" byte). This register 
sho uld not be tamp ered with by th e user. 

Certain special cond itions concerning th e save area s tack can 
arise duri ng program exec ution. These conditions require 
special ' considerat ion (pro bably performed by a monitor 
prog ram) and are de s cribed here. 

Wh e n the q-interpreter dete rmines that a procedure being 
invoked will own the next-to-last sa ve a rea, it considers 
s tack overflow to have occurred. After invocation is 
complete , but before the f irst instruction o f the new 
proced ur e is executed, a stack ove rflow proced ure check 
will be forced. This allows a monitor program to allocate 
a bigger stack. 

If the warning given by stack overflow goes unh eeded , a 
proce dure may e ventually be invoked which can own no save 
area. If thi s procedure were to call another , or an 
interr upt call were to occur, stack escape would be 
r e co gnized . In this case , the g-intE'rpreter goes into an 
inf inite loop. 

If an attempt is made to r e turn from a procedure which owns 
the Ot h sa ve area, staCK underflow occU!:s. A stac k 
und e r f low procedure c heck is generated, and a monitor 
program can react as desired. 
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Procedul:e calls 

CALL via Register 
CALLR R 
r------------T----' 
I OFD I R I L-___________ ~ ____ J 

o 12 1 5 

CALL via Address 
CALLA D(X,B l 
r------------T----T---~------------, 

I 7FD I X I B ID I 
L ____________ ..L __ -__ -'-____ ..L. _____________ J 

o 

CALL via 
CALLH 

12 

Halfword 
D ( X, El l 

1 " 
20 J 1 

r------------T----r----r------------, 
I 9 FD I X I B ID I L ____________ L ____ ~ ____ .J.. ____________ J 

o 12 
1 " 

20 31 

Th e ope rand specifi es the address of a procedure to be " 
invok e d. The f ollowing steps a"re taken by th e g-inte rpre ter: 

1. Ch eck for stack escape co nditio n. 

2. Sav e ge ne ral-purpose I:egi s t e l:s, PBR, PDH, CFR , and ICMR 
in curl:ent s ave area. 

3. Ass i g n next save are a to new proc ed ure, 
"cu I:l: e nt" byte. 

and update 

4. Updat e PBR and GPR15 to point at new pl:oced ul: e, an d set PDR 
to ze ro. 

5. Cau se s tack over f low pl:ocedure che c k it a p propriate, or 
beg in e xe cution of new procedul:e. 

An alignme nt procedul:e check cccurs if the proce dul:e address 
is odd. 
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Interrupt Calls 

An interrupt, call is pe rformed automatically by the 
g-inte rpre t e r when some s pe cia l event occurs of which the 
s o ftware mus t be informed. The interrupt procedure is invoked 
almos t exactly like a ca l led proced ure , exc ep t t hat its 
address canllot be provided ~y the progra mmer at the time of 
inlTocation. Instead,these addresse s ar:e obtaine d from the 
§t~£1 E£~Ki!, which resides below the stack in mai n store. 
Ti,e stack prefix contains pairs of halfwords, one for each 
inte rruptioll source. It has the following format: 

~ I" 

SP--> I I 
t-----------------_i 

- 4 J Ext e nded I li S t. J 
~-----------------_i 

- 8 J s e l f -inter:rupt I 
/---------------_i 

- 12 J Procedur e Check J 
~-----------------_i 

-1 6 J ME TA 4A I 
/-------------------1 

-20 J SI MlILE J 
r------------------i 

- 2 4 J Ve ctor Ge neral I 
L.. __ __________ _____ J 

The f ir s t ha l f wor:d of each pair contains the address of a 
pr:oc e dur e to handle inte rrupts from that inte rrupt s ource. The 
s e cond half word contains the ICMR which s ho uld be in affect 
dur:in g exe cution of the i n t e rr: upt procedure. 

Th e Interrupt Call 
contains bit s which 
It has the f ollowi ng 

Mask Register (ICMR) , control r e gister 19, 
control the occurence a t inte rrupt calls. 
forma t: 

I CMR 
r------T-.----T---' 
JVG bits JA I//// JQQT J 
L-______ -i_~ ____ L ___ J 

o a 13 15 

Bit s 0 - 8 a r e used to control interr:upt c alls for th e META 4A 
and Ve ctor General. Whenever the se units reguest an 
inte rrupt, on e of these bits is checked. If it i s off, the 
interrupt i s ignored for the time b e ing. If it is on, an 
inte r:rupt c a ll i s per:formed. Mor:e detail will b e prese nte d in 
l a t e r chapt e r s . 

8i t s 13 and 14 a r e us ed by the g -interpre t e r and s hould Hever: 
be se t on by th e use r. 
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Interrupt Calls 

Bit 15 is the trace bit. See the META 46 g -interpreter 
listing for a descdption of this bit. 

The following steps are performed by the q-interpreter when an 
interrupt procedure is to be called: 

1. Check for stack esca pe condition. 

2. Save general-purpose registers, PBR, PDR, CFR, and lCMR 
in the current save area. 

3. Assign nex t save area to new procedure, 
"Clll:rent" byte. 

and update 

4. Updat e PBR, GPR 15, and lCMR from stack base, and set PDR to 
z el: o. 

5. Put interrupt designator 
information in GPR7 on up. 

in GPR6, and any interrupt 

6. Cause s tack overflow procEdul:e check if appropriate, or 
begin exec ution of ne w procedure. 

The intel:rupt designator in Step 5 
the source of th e interruption. 
information will be described in 
cha pters. 
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RETURN fro m proced ure 
RETU RN first, count 
r-------~----T----T----------------l 

I 5E Ifr s tlfrst l count J L ________ ~ ____ ~ ____ ~ ________________ J 

o 8 12 1 6 31 

Return 

The RET URN instruction is us e d to terminate the execution of a 
proc ed ur e and ret urn to the pre viously-executing o ne (caller 
or: inter:rupted). A se t ot gen e ral-rur:pose :I: e gist e l: s may be 
preser: ved across this return, so that results or comple tion 
codes may be returned to the c alle r:. The f irst register a nd 
number at r egiste l-s to be prese rved are· specified by the 
" f ir st " and "count" opera n ds, resp e c·tively. If the count is 
zero , no regis t e rs are preser ve d. 
The following steps are tak e n ty t he q-interpreter: 

1. Check for sta c k underflow, 
it exists. 

and cause a pr:oced ure check if 

2. Update "curr:ent " byte to s pecify previous sa ve area. 

3. Restore ge ne ral - purpose registers (except those to be 
preserved ), and PBR, PDR, CFR, and ICM R. 

4. Co ntinue e xec utio n in the previous procedur:e. 
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Internal Inte rrupt s 

Inteerupt requests ca n be d ivided up into two classes: inte rnal 
and exteenal . Inter na l inteerupts oeiginate feom within the 
q -i nteepeet er , a nd a re necessary to indica te va rio us except ional 
peogrammi ng rey ui eements or er roe s . Exter nal inte eeupts ace 
gen eeated by unit s other than the META 4 B, and are used t o inform 
th e B of specia l co nd itions in those units. 
This c hap t ee dea l s with the three kind s of i n t e rnal interrupts~ 
extended instructio n inte eeupts , se l f -inte r e upts , a nd peoced ure 
checks . 

Extended instructions are an optional fac ilit y usef ul foe 
interfacing be t ween a usee's program and th e monitor. They 
a l low the use e to code monitoe requests in the nor mal 
insteuction format , us ing ot herw ise invalid op erat ion codes, 
and to I,ave these "invalid" in s tructi o ns trappe d and 
interpreted by soft wilee . 'rhi s techniqu e i s extensi ve ly used 
ill th e META 411. 

I n order , for a n opeeation code to be consi deeed ex tended 
eathee than in va lid , a lt e ra t ions mu st be made to a table in 
the q- interprete .e. Give n th ese alteeations, the occu r e nce of 
an ex t e nded operat ion code causes an immediate e xte nded 
inste uction interrupt call. The inteerupt proced uee ~ill find 
the fo l lowing info rma t ion in its general-puepo se registers: 

GPR6: X' OOOO ' 
GPR 7; fiest ha 1 Ew oed of in s ·truction. 
GPR8 : conteuts of g -interpeete r e e gistee A 1 • 
GPR 9 : co nt en t s of g- in terpre te e eegister D1. 
G PR 1 0: contents of q-interpreter eegister 11 2 . 
GPR 11: co n te,nts of g- in te .I pre ter r e gister D2 . 

The contents of the foue g-inte epre t er 
the fo rmat of the ex t e nded ins truction. 
listing for more detai l. 

registers depends upon 
See th e q- i nt e rpreter 
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Procedure Chec ks 

Self-INTerr upt via Reg i s t e r 
SINTI1 11 
r- --------- --T----' 
I OFE I R I L ____________ L ____ ~ 

o 1 2 15 

Self-INTerrupt vi a Ha lfword 
SINTH D(X,B) 
r------------T-----T'-----T------ ---, 

9 FE I X I B D 
L _ . ___________ .t. ____ ~ __ ~ ____________ J 

o 1 2 16 2 0 31 

Self-INTerrupt via Add r ess 
SINTA D ( X , B ) 
r-------------T----T---~------------, 

I 7FF. I X 1 B I D I L ___________ L ____ ~ ___ _L ____________ J 

o 1 2 1 6 20 31 

The se l f-i nt e rrupt instr uctions provide 
explic it, means of comm unica ting with the 
execut i o n of o ne of these inst ructi ons , 
self-i nterr up t ca ll i s performed, with 
proced ur e receiving the fo llowing informatio n: 

GPR6: X' 000 1' 
GPR7: instruction operand. 

a nother , mor e 
mon itor . Upon 
an immed iate 

the i nter rupt 

A cu r sory descr iption of procedure chec k s was gi ven in Chapter 
3.3. They pro vi de a means fo r i n formin g the us e r and/or 
monitor of programming errors . wi ·th each inst L'uction 
descript i on 1n this document, the possib l e pL'oceduL'8 checks 
are noted . 

When a proced uL-e check occurs, the PD R is backed up ·to point 
at the instruction in error , a nd a proced ure check interrupt 
call i s forced . The interrupt proced ure r eceives the 
fol l owing information: 

GPR 6: 
G PR 7: 

X' 0002 ' 
proced ur e check type code: 
o - invalid operation code 
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1 - alignment 
2 - register specification 
3 - division by zero 
4 - SQRT operand negative 
5 - stack overflow 
6 - stack underflow 
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Communication with the MET A 41 

Communication with the META 4A is a necessar y in g ~ edie nt for 
performin g mUltiprocess ing tas ks on BUG S . Facilities are 
provided fo r inte rrupting each processo r from th e other . and 
for s ynchroniz ing exec ution via Dijkstra-like sema phores. 

Interrupting of one processor by the other i s controlled by 
the Unit Control Blocks (UCB). The METIl 41\. i s unit 7; hence 
its UCB poi nt er i s a t loca ticn X ' 3E' {since the . UCB point er 
table starts at l ocations X'30' ). T he ~lETIl 4B i s unit 1; it s 
UCB po inter i s at locatio n X'32'. The formats ot t he two UCBs 
are as fol l ows : 

META 4A UCB 
r----------------, 

o 1 71 
~----------------~ 

2 1 USH 1 
L _____ ___________ J 

o 15 

ME'l'A 4 E UCB 
r----------------, 

o 1 11 
~----------------~ 

2 1 USH j 

t-------------~--~ 
4 1 start- up PBR I 

~----------------4 
6 1 start- up IC~lR I 

t----------------~ 
8 I start -u p SP I 

L ________________ J 

o 1 5 
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communication with the META 4A 

The META 4A inter rupts the B via the extended instruction 
INTB: 

INTB D (X, 8 ) 

~--------T----T----T----T------------' 

I 6F IIIII I X I B I D' I 
L ___ . _ ____ ..L ____ .1. ___ ~ ___ _.J.. _________ ___ J 

o 8 l Z 
1 " 

20 3 I 

The opera n d i~~£~§§ is used as the inte rrupt code. There are 
t wo classes of interrupts: 

If bit 0 of t he inte rrupt code is on, t he META 4B's 
q -int e rpreter handles the interrupt a nd does not give it to 
tbe s o ftware . Th e only q-inte rpreter inter rupt prese nt now 
i s co d e X' 8000 ' . This is a start- u p interrupt and causes 
the B to perform the following steps: 

1. Halt e xec ution of any current pLog r am . 

2 . Pick u p th e s tart-up PBR fLam i ts UCB, copy it into 
GPR15, an d zero th e PDR. 

3 . Ze ro the CFH. 

4. Pic k u p the start-up ICMR and SP f rom its UCB. 

5 . Begi n e xecution 
me thod by which 
META 4B. 

of th e new proced ur e . This is the 
the META 4A sta rt s up a pLogram in th,e 

If bit 0 of the interrupt code i s off, the q-inte Lpreter 
will attempt to cause a METr. 4A inte r:rupt call. Bit 8 in 
the c urr e nt ICM R controls this call -- if it i s on, then 
a n inte rrupt c all imm e diately occ u t: s ; if it i s off, t he 
interrup t r e mains pending. When th e interrupt pLocedure 
receives control, th e (=~gi}ers are loaded with the 
fo llowing info rmati on: 

GPR6: X' 8 00 7' 
GPH7: the interrupt code 
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communication with th e META 4A 

liQTI fhlillQ11I: Software inte rrupt codes are divided u p 
into two classes for purposes of t i,e mO llitor environment. 
Users sho uld r estrict the ir inte rrupt codes to the range 0 
to X'3 FFF '. All codeS above X'3FFF' are trapped by th e 
monitor a nd not given to the user. 

'l'he META 48 inte rrupt s the A via the ins tructions': 

INTerrupt A via Register 
INTAR R 
r------------T----' 

OfF I R L ____________ ~ ____ J 

o 1 2 15 

INTerrupt A vi a Halfword 
I NTA II D ( X,B) 
r------ ------T----T----r ------------, 
I 9 FF' I X I B I 0 J 
L __ . ____________ .L ____ ..l. ___ --...L _ __________ J 

o 12 1 6 20 J 1 

INTe rrupt A via Address 
I NTA A O(X,B ) 

r----------~----T--_r--------, 

J 7Ff I X I B I 0 I L _ __________ ~ ____ ~ ___ _L __________ J 

o 12 16 20 31 

The ins truction operand is used as the interrupt code to th e 
A. As with the INTB instruction, users shou la restrict 
t hemse lv es to cqdes between 0 and X'3FFF'. 

The methods by whic h the 
proced ures on the A a n d B is 

user actually specifies inte rrupt 
described in Chapter 17. 

Semaphores are a means of synchronizing execution of para llel 
processors . 1\ semaphore on BUGS i s a hal r ,wrd in ma in s tore 
whic h i s us ually associate d with a r eso urce that both 
processors wishto use (e . g., a da ta structure ) . Bit 150f 
thi s semaphore deter mines whe ther or n ot the resource is 
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free -- i f it i s off , the 
a pr'ocessor; if it is on, 

Co mmunicat i on with the ~lET A 4A 

resource is Eree a nd can be used by 
th e reso urce i s already in use . 

A typical seg ue nce of code utili z in g a se maph o re to control a 
resource wo ul d be as follows: 

1. test bit 15 of the se map hor e. 

2 . if on, repeat ste p 1. if of .f , set i ·t on and cOlltinue. 

J. use t he r eso urc e. 

4. reset bit 15 t o ze ro 

steps 1 and 2 must be performed so that the other processo r 
cannot change the semaphor e in betwee n t hem . Th e B provides a 
specia l inst ruction t o do thi s: 

SEMAp hore 
SEMA D ( X, 8) 
r------------T----T---~------------, 

I 9D I X I B I D I L ____________ ~ ____ ~ _ _ __L ____________ J 

o 1 2 16 20 3 1 

Bit 15 of the halfword ope rand is t ested . If it is o n, b i t 1 
of the CPR i s set ; if off , bit 0 is set . The s ummary f l ag i s 
s e t to ref l ect the o n state. The bit 15 is t hen 
u nconditiona l.ly set t o o ne . 'lhe two steps are done with main 
store locked o ut, s o tha t the A ca nn ot tamper with the 
se rna phor e. 

If th e se maphore address i s odd, an alignme nt proce dure chec k 
OCC U LS. 

Thus , to use a r es ource o n the B, th e user codes: 

SEM A 
BT 
• 

<sema phore> 
*-4 

• use the resource 
• 

SZH <semaphore) 

Tbe sa me seq uence would be c oded on the A as: 

TSL (semaphore) +1, X'01' 
BO *-4 
• 
• use the r esou rce 
• 
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communication with the META 4 A 

LZ R2.< s emaphore) 

witi. th e TSL instruction pe rforming the same d utie s as the 
SEMA. 
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lLI!!JL2J:MA LE -----
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VectoL General 

The VectoL GeneLal (VG ) is an 1/0 unit connected to tlle 
META 4B and capable of processing numerous types of 
gLaphical information. As its main function, it di5plays 
gr"aphical data upon a Cathode-Ray Tube (CRT), not unlike an 
oscilloscope. This data i s in the form of point, line and 
character 5pecifications. Additionally, th e VG is equipped 
with various interacti ve devices us ef ul for inputting of 
information by the user. 

The cathode-ray tube creates images by moving a beam of 
e l ectLo n s aCLOSS a glass face coveLed with phosphoLus. 
This beam traces out the points and lines making up the 
image, as specified by Qrd~I2 to the VG control logic. It 
is necessary to draw the picture continually -- about 40 
times per second -- to maintain a steady image without 
f licker. 

Each point on the scope face i s repLesented by three 
cooLdinates: X and y to select the position on the screen , 
and Z to se l ect the writi ng intensity. +Z is considered to 
be in fro nt of the scope face, while -z is behind it. It i s 
possible for the user to work i n two dimensions , 
maintaining a constant Z intensity, or to work in all three 
dimension s . 

A coordinate is a 12-bit signed llumbeL, most commonly 
tr e ated as a fraction from - 1 .0 to +.999 ••• It is also 
possible to consider it an integer fr om -2048 to +2047, 
although this can lead to problems. Thus our screen 
consists of a 4096 X 4096 X 4096 grid of points , called 
IJ§lgI YDil§. The cubic space created by these coordinates 
i s ca ll ed the §£2Bg or iilli.9§l §BJ£g, with the poi nt (0,0,0) 
located in the center of the scope face. 
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Vector Genera l 

The VG is capable at drawing vectors from the current 
beam positio n to any specif ied point . These vectors can 
be blanked (that is, the beam can be turned off ) or 
non-blanked, allowing both beam movement and drawing. 
Furthermore , a drawn lin e can be solid , dashed , dotted , 
or simply an end-point. 

characters can be drawn on the scope in four different 
sizes. The character set consists of abo ut 200 
graphics , represented by 8-bit ASCII codes. Appendix 3a 
contains a table of the character set. 

A character occupies a certain amou nt of space in the 
scope space, measured in raster units. The following 
table describes the four Eizes: 

CODE HOWS COLUMNS WIDTH HEIGHT 
0 60 120 34 68 . 005" , on 
1 <+0 80 50 100 .Q I'L ,Q, 't 
2 30 60 68 136 . 01" ,O !)) 

3 1 6 32 12 8 256 . 0) , .. ~ } 

( per sc reen) (raster uni ts) 

Certain ASCII codes perform control functions, such as 
carriage return or changing the character s i ze. These 
characters are given symbolic names, which are 
ge nerat e d by the M4 BEQUS ma cro i.f the argument "V G" is 
specified. 

Each ASCII code has an equivalent 
vice- v e rsa (see Appendices 3a and 3b ) . 
are avai l able for converti.ng these 
generated as fo llows: 

TABLE ASCII-EBCDIC liBCDI (- lISC II 

EBCDIC code and 
Translate tables 
codes , and are 

The VG is equip ped with a verit ab l e plethor a of de vice s 
which ca n be employed by the user to input information. 
Th ese devices are located on the table in frollt of the CRT 
display and are manipulated by the human llands. The 
following paragraphs describe these devices: 
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Vector GeneLa 1 

Joystick. The joystick is a small sp Lin g -loaded upLight 
shaft wit h thLee degLees of fLeedom: l ef t/Light, 
back/foLth, and twist. These aLe most com monly 
thought of as repLesenting move ment in the X, Y, and 
l dime ns ion s , Lespect ively. The analog set tings of 
these thLee degLees of fLeedom are passed thLo ug h an 
A/D conver t er , and are continuously a vailab l e to th e 
useL as thLee 12-bit s igne d fLactions. 

Dials. There aLe t e n ana log dials (numb eLecl 1- 10) on a 
sma ll box connected to the VG. Th e analog settings of 
these di a l s a r e passE d thLough an A/D conveLteL , and 
are co ntinu o usly a v a ilable to the user as t e n 12-bit 
sig ned fLactio ns . 

Light Pe n. The light pe n i s a small, pen-s haped de vice 
which can be held by th e use L. If the pen is pointed 
at the CRT s CLean, and th e e l e ctLon beam passes in 
front of i t, a sig nal 1S ge nerated to the VG. If 
appLopLiately e nab l ed, this signal can Lesult in a n 
inter rupt req ues t to the META 40. 

T he light pe n is a l so eq uip pe d with a fi nger-act.i vated tip 
sw it ch , which can be used in conjunct io n witb the pen 
to contLol interLupt r eq ues ts. This is expla ine d in 
gL e ater de t a il below. 

Data Tablet. The data t ablet i s a flat tab l et-sized device 
wh i ch ca n prod uc e X-Y coordinates whe n tracked over by 
a styl us . I n add ition, i f appropriately e nab l e d, it 
produces int err upt s to inform the user of the l oca tion 
of the stylu s above the table s ULf ace . 

The data tab l et is good fo r inputting free - form p i ct ures or 
charac t ers to the prog r am . 

Keyboard . A rathe r c o mp l ex alphanumeor ic keyboaLd i s 
availab l e for inputting characters. App e nd ix 3c sho ws 
the phys ic a l layout of this keyboard, with 
the gLaph i cs produced by e ach key . The keyboard 
produc es ASCII c ha r acte r codes i de n t i cal to those used 
by the character drawing facility. 

If appropL i ate ly enabled , depression of a key causes an 
i nterr u pt request to the META 4 B. If he ld dow n, any 
key wil l ca use a request e veL Y s i xth of a seco nd . 

Function Keys . A pa nel of 33 function ke ys ( n u mbered 0 -32 ) 
i s a v a ilab l e on th e VG. Each ke y is a sma ll button 
which has the capability of being illuminate d. If 
appropriate ly e nabled , depression of a function key 
causes an inte[r[upt r eq uest to the META 4B. The B 
can then determin e which ke y was hit. Key 32 i s 
spec ial in that it will generate continuous interrupt 
reg ues t s . 
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Any combination of f unction keys 0-3 1 (but not 32 ) can be 
illuminated by the user under program con tro l. 

As me ntioned ill Chap t er 2 . 2.4, the VG i s eg ui pped with a 
r egiste r file , whi c h can ' be. referenced with the XfE R 
instr uctio n. These r e gi s t ers vary in length f r om e ight to 
twelve bits , but are always tra nsfer r ed in a 16 - bit half word, 
'lith rele ve n t bi t s .J&!;i:. j!! §ii.t!~!:l. 

The following paragraphs desc rib e the r eg ister f ile . Each 
r eg i ste r is assig ned a symbc lic llame by which it sho ul d be 
r efe r e nced . These names are defined by t he M40EQUS macro i f 
th e argument "VG" i s given. In addition eac h r egister has a 
7-bit i nteger address . 

X COORDi nate (V GXCOORD , 8) 
Y COORDina t e (VGY COOR D, 9 ) 
Z COORDina t e ( VG ZCOO RD, 10 ) 
r-----------, 
I fraction 
L ___________ J 

o 1 1 

These three registers always contain the 12-b i t sig ned 
fractional coordinates of the current beam position. They call 
be fetched and loa ded. I f l oaded, th e y cause the beam to 
mov e (not draw ) to t he speci fied position. This i s usef ul for 
setting up initial image s t arting points . 

X SCALE (V GXSCALE, 17) 
Y SCALE ( VGYSCALE., 1 9) 
r ..... ----------, 
I fract ion I 
L _ _____ _ _____ J 

o 1 1 

These two registers a r e used to scale the X and Y d ime ns ions 
of th e image . The 12 -bit s ig ned fractions in th ese reg i s ter s 
are ,!!Ull.tiJ21i~Qtimes a ny X and Y image coordinates , 
r es pectively, before they a r e used for movi ng the beam . If a 
scale r eyiste r contai ns a negati ve numbe r, th e image will be 
scaled and i nverted in that dime ns ion. 

Notice that the two registers are not co n tiguo us ly Il umbe r ed . 
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Vector General 

Z or Intensity Scale Regis ter ( VGISR, 13) 
,f"-----------, 
I fr action 
l __________ J 

o 1 1 

When this register contains zero, the writing intensity i s 
full, and all Z coordinates are ignor ed , allowing t he u se r to 
work in o nly two dimensio ns. 

When this register contains a nega tiv e fraction, a ll points 
with a +Z coor:dinate ar:e written at fuLl intensity , while 
those with a -Z coor:dinate are gradated. The sma ll e r the Z 
coor:di nate , the dimmer it i s d r awn. 

When this register: ccntai ns a posi tive fract ion, 
with a +Z coordinate are blanked, while those 
coor:dinate are gr:adated. 

all points 
with a - Z 

Th e mag llitu de of the ISR determines the r:ange of gradat ion . 
The bigger the ISR is in magnit ude, the more gradation that 
OCCU['s. 

X DISPlacement (VGX DISP, 20 ) 
Y DISPlacement (V GYDISP, 2 1) 
r----------, 
I fraction I 
.L _ ____________ J 

o 1 1 

These two registers are used tor displacing the image to be 
drawn. After sca l ing i s performed, these 12-b it s igned 
fractions are !:!Qg!:lg to the t'es ulting coordina 'tes lJefore they 
are used to move the beam. This can be used to display a n 
image centerell around a po i nt oth e r than (0,0 ). 

JOYstick X coor:di nate (V GJO YX, 67 ) 
JOY stick Y coord inate (V GJOYY, 68 ) 
J OYstick Z coord ina te ( VGJOYZ, 69 ) 
r--------, 
I fraction I 
L __ . _ _________ J 

o 1 1 

Tl,ese three registers contain the d i g i tized 12-bit sig ned 
frdctional values of the thr:ee joystick degrees-of-freedom. 
Storing in~o t h ese regis ter s i s i g nored • 

DIAL 1 value ( VGDIAL 1, 70) 
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DIAL 2 value (VGDIAL2, 7 1) 

DIAL 10 value ( VGDIIIL 10, 79 ) 
r---·--------, 
I fraction I 
l ___________ .J 

o 

These ten 
fractional 

I I 

registers 
values of 

contain the 
each of the 

these r egiste rs is ignored. 

data TABlet X coordinate ( VGTABX, 2 ) 
r------------T--T-T-' 
I fraction III I IITI 
L ___________ ~ __ ~~_J 

o 1 I 1 '+ 15 

data TABlet Y coordinate ( VGTAEY, 3 ) 
r------------, 
I fraction 
L __________ ....:.J 

o I I 

Vector General 

digitized 12-bit signed 
ten dials. Storing i nto 

The high-order 1 2 bits of these two register s contain the 
digitized signed fractional values of the X and Y sensi ng 
circuits in the data tablet. In addition, th e VG'rABX register 
contains two position bits: 

I: This b it i s on when the 
&Sabove the tablet s urface; 

stylu s i s less than one inch 
it is off othe rwise. 

T: This bit is on when the stylus is touching the tablet 
surface; it is off otherwise. 

If appropriately e nabled, an interrupt r eq uest ' i s made to the 
B wh e never either of these bits changes. 

Storing into these registers is ignored. 

Mode Control Register (VGMCR, 5 ) 
("-T' , .. .1 "'t----, 

11 111L I D i K I F I BIOl 11 1 1 1 
l_L_~~~_t_L_L_L_~ ___ ~ 

0123456781 1 

The L, 0 , 
ke y boa rd, 

K, and F bits control the liqht pen, da ·ta tablet, 
and function ke ys, .r es pectively. If a bit is off, 
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t he co rr espondi ng device i s e ntirely di sabled. If it i s on, 
use of the device will cause int e rrupt r equests to the META 
4 13 . 

The bl ink bit (B) , if o n , causes a n y ima ge being disp layed 
to blink nau seatingly every half second (bad karma ) . 

The r ema ining bi t s mu s t be set as specified in the picture . 

Function Key Lights 0-7 (VGfKL O, 0 ) 
Function Key Lights 8 -1 5 ( VGFKL8, 1) 
Fu nction Key Lights 16-23 (V GF KL16, 52 ) 
Fu nc bon Key L.i g ht s 2 4-31 (VGFKL 24, 53 ) 
r-------, 

bit s 
"-______ J 

o 7 

Th ese fo ur r eg isters contain a total of 32 bits , one fo r each 
of th e function keys 0-3 1 . Th eir stat us d e t e rmines whethe r or 
not each key is lit. Function key 32 can not be lit at will, 
but on ly liyhts wh en dep resse d. 

Notic e that the tou r r eg i s t ers are not contiguou s ly numbered, 
thu s req uiring two XFERS to se t a ll the f unction key lights. 

The VG graphical facilities are con trol l ed by special 
in s tructions, ca ll ed Q!;Q.!L!:l!, whic h ace se nt to the VG by t he 
META 48 . These oeders ca n modify th e co nt e nt s of the VG 
r e gister f il e , display lines and points , di s play characters, 
etc . VG orders can be generated at assembly time using 
macros , or at run-time . The following paragraphs describe 
them. 

VGNOP 
r---T------------, 
10000 1//////////// 1 
L-_. __ ..L. _ . _ _____ ....; ____ J 

o • I 5 

VGSPEC [DATA=<value>][, PBI T=.t!O+ I XES ] 
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r-T---T------------, 
I P I 0 10 1 valu e I 
L_~ ___ .l.. _____________ .J 

o 1 • 1 5 

Th e VGNOP order pecfoms no operation at the VG. 

Th e VGSP EC ord e r serv es the special purpose of a llowing the 
use r to genecate an intercupt r eq ues t to the META 4B. 
Tl, ese inte rrupt r eq uests are called P-bit inte rrupts and 
ar e acti vated by the presence of bit 0 in the ocd e r. 
Opt ionally, a 12-bit integer can be inc luded in th ~ orde r, 
specified at as se mbly time by the DATA arg ument. 

When a P-bit i s ellcount e red, the VG will s top accept ing 
ord e rs, and the n will cequest an interrupt to the META 4B. 

V G L OADI II DOl AN DIO R <firs t- reg> ,<va lu e 1> , ••• , <va 1 ue n> 
r------T----T-------, 

I op 1llll l f r st-rg l L _____ .l.. ____ ~ _______ .J 

o 5 9 15 

These orders can b e used to modify th e co nt e nt s of 
registers in t he VG r eg i ster fi l e . "n " 
contiguous ly-numbered regist e rs ar e modified, sta rting 
with the one specified by <first-reg >. The r eg i s t e rs are 
mo d i f i ed b y rep l aci ng th em with the values , add ing th e 
values to th em , or 'AND'ing or 'OR ' ing th e va lues with 
th em . A val u e ca n be specified as a s igned fraction, a 
d ec im a l numb e c fr om -2 048 to +2047, a 2- oc 3-digit 
he xadecima l number, or a syrobol. 

These val ues 'ar e ge ne ra ted lett-jus ti fied in "n" halfwords 
following t .he ord e r. Th e low-order tour bits of these 
h alEwords are zero , e xcept for th e final ha lfwor d , in 
whic h b it 15 ffi.Q[!! be on. ~his should b e r e me mbe red if the 
l ast value is t o be cha nged dynamically. 

Note that i t i s now possible to chang e VG regist e rs with 
both th e XFER ins truction and a di s play orde r. 
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VGABS/REL [MODE=lLNE+ 
r----T------T-~----, 

I000 1 111///l l mdt op I 
L ____ ...L. ______ J.. __ ...L. ___ ~ 

o 4 1 0 12 1 5 

VGC <v a l u e > , <op>,<axis> 
r------------~-T--' 

j valu e l op t ax l 
L ____________ ...L. __ ...L. __ ~ 

o 1 Z 1 It 

Vector General 

IlASHED QQT1' ED I fOINT] 

T hese orders allow the user to draw vec t o r s on the VG 
scope . Vector mode is e ntered by spec ifying a VGABS or 
VGREL order, which i s fol low e d by an arbitrary numb e r of 
VGC coordinate s pe c ifications . 

VG ABS mod ", c auses !L!1.2Ql!!i§ ve ctors to be dL'awn , that is, 
th e user specifies alJ s olu ·t e scope space coordinates. VGREL 
mode causes r e l a tive ve ctocsto be dcawn, that i s , the 
us er s pec ifies--coot=dinateE which are relative to the 
current beam position just b efo r e t he vector mode was 
e n tered. 

Vecto rs 
dotted 
the· end 

ca n be dr awn as s olid (md=OO), dashed (md=O 1) , or 
end-po in ts (a dot at ( md=10 ) lines , or a s simple 

of the vector ) ( md= 11) • 

To specify the act ual vec tors , the user can use the VG C 
macro or genet:a t e t 'hem at run-time. I n e i ·ther case , he 
must specify actual 12 - b it coordinate values, whethe r th e y 
per t a i n to the X, Y, or Z axis, d nd how the y are to be 
used. Coo t: d inat e val ues can be spe cified as s igne d 
frac ti o ns , integers frcm -204 3 to +20 47, 3-digit 
hexadecimal n~mb ers , or symbols. The axis is spec i f i e d a s 
" X", " Y" , oc "Z " . Coocdi nat e operations are as fo llows: 

" L": The coordinate val ue is loaded (VGA 13S ) or added 
(VG REL ) to the s pe cified coordinate reg i ster , but the 
beam posi tion is not changed. 

II LM " : The coo cdinate r e gis ter: is modified as with "L ", and 
t he beam i s them l!!QY~fi to th e position specif i ed by all 
coordinate reg i s t e r s . 

I1 LD ": The coo rdinat e r eg ister is modified as with tt L " , and 
the beam is then drl!!I.!! to the posi ti o n specif i ed by a l l 
coordi nate registers. 
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"L OT"; Opel'ation pl'oc ee ds 
dl'awing, the vectol' 
half word i s assumed to 
last opel'ation in 
specif i cations. 

Vectol' General 

as with "L O". In addition , aftel' 
mode i s tel'minated, and the next 
be a new ol'der. "LDT " must be the 

a list of cool'dinate 

When Uuilding VGC ha lf words at l'un-time, the following 
method i s used: compute th e cool'dinate value and shift it 
.into the high- erdeI: 12 bits of a WOI:K I:egisteI:, 'ZeI: oing 
the low-ord eI: four bits. Then 'OR' in the <01'> and <axis> 
bits. Mnemo ni c na mes are pI:ovided by the M4BEQUS macro fOI: 
this pUI:pose (if the "VG" aI:gument i s specified). They are 
"VGL" , "VGLM", "VGLD", and "VGL DT " foe th e ope rations, 
and "VGX", "VGY ", and "V GZ " fOI: the axis . I f these names 
are 'O R'ed into a value (with bits 12-15 off), they will 
set the appropI:iate bits. 

An example may 
Surpose I wanted 
the point (0,0 ) 
seguence could be 

VGABS 
VGC 
VGC 
VGC 
VGC 

" 

c larify 
to dr aw 

to the 
used: 

the use of VGC s pecifica tions. 
a 2-dimensional dashed line fl'om 
point (.4,.5). The following 

MOOE=DASHED 
O,L,X 
0, LM, Y 
.4,L,X 
.5,LDT,Y 

'. 6 ' co 

VGCHAR ( SIZE= 16X32+ I 10X60 .1 ~OX80 I .(!OX 120 t EREVIOUS ] 
[,SLANT=llCRIZONTAL+ 1 ! ERTICAL] 

r----T----r-T---T----' 
I 000 1 1// / / I s I si z I 1111 J 
L ____ ~ ____ ~_~ ___ ~ ____ J 

o • 8 9 1 2 15 

This onieI: causes characteI: mode to be enteI:ed . The 
character size can be specified explic itly, or the size 
fI:om th e previo us VGCHAR ol'der can be used . If an exp licit 
size i s specified, the "siz " fie l d contains a 1 followed 
by the size code . If PREVIOUS i s used, it co ntains Zel'oes. 
The chaI:acteI:s can be wI:itten hOI:izontally (s=O) OI: 
veI:tically Is=1) (e . g., for graphs). 

following the oI:der is an arbitl'al'ily long string of ASCII 
chaI:acter codes , one per byte, specifying the message to be 
displayed . This stc ing can be of an odd or e ven length, 
but must end with the VGTERM control character. A maceo is 
pl'o vid ed to genel'ate ASCII c.haracteI: codes: 
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ASCII <string l > •••• ,<stringn> 

Each stri ng i s eithe r a s tring of characters e nclosed in 
pops (pops or ampe rsand s within this string must be 
doubled), or a single character code. Single characters 
can be spec ified using the symbolic nam es generated by the 
M4BEQUS macro, or as any eXFression . 

The characters are displayed with the £!H~1~£ of the first 
o ne lying at the current bea m position. The beam position 
i s updated as each cl,aracte r is displayed. 

Examples: 

VG CHA R 
ASCII 
ASCII 
VGCHAR 
I\S CI I 
ASCII 

SIZE=40 X80 
'DOG ','BONE' 
'EAT',VGTERM 
SIZE=PREVIOUS 
'l.',VGCR 
'2.',VG'I ERM 

The VG 
location 
locat ion 
halfwords 

is a t unit address 9, and it s UCO pointer is at 
X'42 ' , since the UCB pointer t able begins at 
X ' 30'. The q-interpreter expec t s the first two 
of the UCB to look as follows (t he us ual format ) : 

VG UC B 
r--------------, 
191 
~----------~---~ 
I inter rupt USH I 
L _______________ J 

o \ S 

The conte n ts of the USH is irrelevant. 

Whe ne ver 
interrupt 
the 0 ' s 

an event occurs in the VG which causes an 
req uest to the META 4B, tl,i s tact i s r eco rded in 

VG InteL"rupt Register (VGIR), co n trol 
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Vectoc General 

register 2 4. This will in turn cause an interr upt ca ll if 
enabled in the lCMR {see ne~t- section ) 

The format of t he VG IR is as ta llow s : 

VGIR 
r-T-T-T-T-T-T----------, 
IPIC JLJDIK J FJ J 
L~_~_~_i~_i __________ J 

012345 1 5 

P : if on , a P-bit interr upt r eq uest has been made. 

C: if on , 
second , 
drawn. 

th e refresh rate clock has timed out a 40th of a 
signif ying that another image frame can be 

L: if 01' , a light pen interrupt cequest has been made. 

D: if on , a data tablet interrup-t request has bee n made. 

K: if on, a keyboa cd interr upt Legu es t has been made. 

1': i f on, a fUllction key inteLr u p-t r:eq uest has been mad e . 

Once an interrupt call ha s occucred 
reguest, t he corresponding VGIR bit is 
q-interpreter . 

fOL an interrupt 
turned off ' by the 

various types of gadgets which can cause interrupt req uests 
hav e bee n described abo v e . At the VG end, th e s e r eq uests 
ca n be contrql l ed by tbe VGMCR register. At t he META 48 
e nd, the ICMR ca n be used to control the occ ure nce of 
in terr upt cal l s for these L€guests. 

Tj. e high-ordeL byte of the lCMR co ntains the following 
bits: 

lCMR 
1"---' .... -\ 

r-r-T-T-T-T-T~-T--------, 

IPI/ IL IDI Kl f J/ l TI I 
L_~-L_~_~_~_i_~_~ ________ J 

01234567 15 
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P: P-oit mask . If on, P-bit inten:u pt I:eguests I:esulting 
fI:om VGSPEC oI:ders cause inteI:I: upt call s . If off, they 
do not, and the I:equest remains pending in the VGIR. 

L: Light pe n mask. If on, the occurI:ence of light pen 
int e ~I:upt calls is controlled by the T nit (bit 7). If 
the T bit is off, inteI:I:upt calls always OCCUI:. If the T 
bit is on, th e calls occur only if th e light pe n tip 
switch is being touched (otherwise the i nteI:rupt I:equest 
is ~i§£!I4!~). MOTE that a light pen illteI:I:Upt call will 
OCCUI: e ach time the pe n sees light fOI: as long as the 
sw i tch is touc hed . 

On th e othe r hand, if the light pen mask is off, thE' 1 ight 
once the 
no wa y to 

pe n ceg ues t cemains' pending. Note tha ·t 
inte cI:u p t call does OCCUI:, there will be 
corcelate the light pen position. 

D: Data 'rab let mask. I f on, data tablet interr upt ceguests 
cause intecr:upt calls . If off, the y do not, and the 
req ues t cemains pending. 

K; Ke yboaI:d mas k. If 
in tecI: upt calls. 
r e mains pe nding. 

on, keyboard int e rrupt I:eg uests cause 
If o.ff, they no not, and th e request 

F: Fllllction key mas.k. If on, function ke y intecI:upt 
r e quest s calis e interI:upt callt;. If off, th e y do not, 
and the I:eguest I:emains pending. 

When a VG inte I:rupt call ~CCUI:S, th e inte rrupt pcoceduce 
r eceives the f ollowing information: 

GP R6 : X' B009 ' 
GPH7: The I CM H bit number of th e type o.f inteI:rupt (0 

for P-bit, 2 for light pen, 3 for da ta tablet , 
4 f OI: keyboard, or 5 fOI: f unction keys). 

GPR8: Spe cial information de pending upon the t y pe of 
inteI:cupt. Foc keyboacd inte cI:upts, it 
co~tains the ASCII chacacter code in bits 
8- 15, zeroes in oi ts 0-7. Foc .f unction key 
inteI:rupts, it contains the fu nction key 
numbex: (Q.c:32 ). Fox: th e othex: intex:x:upts, it 
contains h· uft. 

7 , 
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I n the preceeding chapters we have described th e SIMALE a nd 
the Vector Gene ral. In each case , a (perhaps comp l ex ) 
data str:ucture is nee ded to contain the data information to 
be interpre t ed by these units. In th e case of the SIMA LE 
th e data might be coordinates, characters , or 
f l oating-point n u mbers. For the Vector General , t he data 
i s a linear seq ue nce of orders specifying a display image. 
The question which remains is: how do we provide this data 
to these units? 

'I' hp ET CETERA (ETC ) instructi on g ives us this capabilit y. 
When an ETC is executed , the META 4B q-interpreter goes 
into a spec i al mod e in which it acts as an interface 
be tween the u ser-spec ified data structu re and the SIMA LE 
and/or Vector General. It directs the int e rpr e tation of 
th e data str: uct ur: e at tl, e high est level , extracting 
infor:mation and tr1lS\Eerri ng it to and from these uni·ts. 

In order for the user: and t he q-interprete r to control the 
interpr e tation of the ETC data str ucture, a set of sixteen 
regis ters is used. These ar:e the ETC r:egisters 32-47, 
also referenceable as local store locations 32- 47. 

Some of the~e registers are set u p by the user before 
i ss uing an ETC in s truction these registers specify the 
wher:eabouts of the data str uctuL-e to .be interpreted. The 
q- inte r:pr:eter updates these r eg isters a s it extracts 
infor:mation from the str ucture . 

Each ETC r eg i s ter will be descr:ibed below. The y are gi v e n 
symbolic names which are def in ed by the M4BEQUS macro , as 
us u al. 
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E'f Cetera 
ETC nam e 
,r-------T--------T------------, 

I 6F 1IIIIIIII 1 nam e t L ______ ~ ________ ~ _______________ J 

o a 1 6 31 

The ETC in s truction 
s truct u re to beg in , 
The halfword nam e 
ETCNAME register . 
i de ntif yillg which 
s h o ul d be aborted 
check ) • 

ca uses interpr e tation of the use r data 
as spe cified by c er tain ETC r eg i s ters . 
i s loade d into ETC r eg i s t er 47 , th e 
Thi s g ives th e user a mea ns of 

ETC inst ru c ti on was exec utin g if on e 
for any .z:easo n (s uch as by a proc ed ure 

The data s tructure fo r an ETC in st ruction li es within an 
area of main st ore called a Q~t~ ~~~~ . Althou gh thi s data 
a r ea r es i des in a s pec ific place in mai n s tore, all 
pointe r s to or addresses 'o f ite ms within this area are 
£~12tiY~ t o the s tart of th e ar e a. Th us the f i rst byte in 
the area is relat iv ely a ddre s sed a s byte 0, while th e 100th 
ha l fword would be add r essed as byt e 198 . 

The p ur pose of r elativ e addressing i s to prov i de th e user 
an easy and eff icie nt !teans of ·relocating h i s data 
struc ture witho ut cha nging the actua l data . An e xample i s 
when she writes a data are a out to disk a nd reads i t back 
into a d if fe r ~ nt place i n mai n s tor e . 

When a data a r ea i s to be used initially by an ETC 
instruction, it s addLess (absolute ) must be pla ced in th e 
Data Base Reg iste r (DBR ) , ETC regis t e L 32 . 

A data aLea ca n be created at assembl y time by codin g th e 
following macros : 

[<labe la>] DATA 
• 
• ( info within data area ) 
• 

[<labelb>] ENDDAT A 
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If the user: wishes to use absolute pointer:s within the data 
ar:ea (i.e., r: e lative to absolut e location 0), the labe l on 
the VATA macr:o should be ommitted. This is useful if th e 
data i s to be b uilt at r u n t ime, but not sa ved. 

flithin the data ar:ea, 
arranged in a linked 
composed of three par:ts: 

infor: maticn to be inter:pr:eted is 
ring of Q1QQ~§. Each b l ock is 

1. The block he ader. Th e header contains two halfwords, 
the fi r:st of which contains a £~lA1i!~ pointe r: to th e 
next block in the r:ing. The second half wor:d can be used 
for any purposes desired by tile programmer: (a typical 
use might be fo r a r:elative pointer to the pre v ious 
block , makillg the da ta str:ucture a do ubly-linked Ling ) . 

2. A set at sub-blocks. It is the sub-blocks which contain 
th e actual data to be interpreted. An arbitrary number 
of sub-b locks can r:es ide in each block. 

3. A half word containing zero. This marks the end of the 
b l ock. 

Before an ETC instruct i o n can be is s ued, the Block Poi nter 
( BP ) (ETC r eg i s ter 33 ) must be initialized with the 
r: e l a tiv e address of the i nitial block to be interpr:eted 
within th e data ar:ea. 

A b loc k ca n be cr:eated at assemb l y time by coding t he 
fol l owing macros : 

<labela> 

• 

BLK nex t-b I k[ ,P RE V=<bl k- labe l> I 
SECOND=<vaIue> 1 

• (info within block) 
• 

[ <labelb> 1 ENDBLK 

<next-blk> i s the label on the BLK macro for the next block 
in the ring. If th e sec ond header halfword i s to b e used, 
it can be specified as a relative pointer: (PREV= ) or as a n 
absolute valu e (SECOND= ) . 
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S u b-alocks are the e ntities containing the actual data to 
be interpreted. A sub-block eesides within a block, and 
consists of two pacts: 

1. The s ub- b lock header. This headee is two halfword s long, 
and the tirst half word cc~taills the l e ngth (in bytes ) of 
the sub-block, ill£l~Qing the four bytes of h eader. A 
sub-block may be odd in length, in which case the extra 
byte after the e nd is ignored. The seco nd half word 
contains infor mati on speci fy ing how this sub -block is to 
be iIlterpreted. If bit 0 is off, then this s ub-block is 
to be interpreted by the SIMILE, and the remaining bit s 
contain SIMI LE initialization information. If bit 0 is 
on, then this s ub-block contains only orders to be sent 
direct ly to th e Vector General. 

2 . Su b-b l ock data. Fol lowing the header is the data to be 
interpreted by the SIMILE or th e orders to be sent to 
the Vector Ga neeal. 

Befol:e a n ETC is issued, the Sub-Block Pointe r (SBP ) (ETC 
eegister 34 ) must b e set to contain the r e l at iv e address 
of the initial s ub-block (. ithin the initial b lock ) to be 
inte rpeeted . This is usually the first sub-bloc k i n the 
initial b lock. 

A s ub-b loc k can be cre a ted at assembly time by coding the 
following maceos; 

[ <1 abela> ] S UBLK <simale-init> I VG 
• 
• (d ata within sub-block) 
• 

[<labelb> 1 END SUBLK 

The argument to 
informa tion or th e 
in automatic~lly. 

SUBLK is either SIMILE initialization 
tag "V G" . The sub-block l e ngt b i s filled 

liQ1'&l The SUBLK macro generates lab els in t he form SUBn 
(n = 1, 2, 3 ••• ) . The user should avoid . using . uch .lab e ls. 

When an ETC instr uc tion i s i ss u ed , after sett ing up th e 
DBR , BP, and SBP, e xecution p roce eds as fol l ows : 

1. Starti ng 
in terpl:et 

with the initial block and 
all the s ub-blocks in each block, 
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to new b l ocks eac h time the endi ng zero halfword is 
enco un te red. 

2 . If, while interpreting, an error condition shou ld arise 
(e . g ., an odd next-block offset), abort execution and 
cause the appropriate procedure check. 

3. Otherwise, if a 
interrUpt call 
enaoled light pen 
occur . 

M E'r A 4 A, S 1M AI. E, or 
is r eq uired (e. g., 
hit), abort execution 

Vector General 
d ue to an 

so t ha tit ma y 

4. Otherwise , if none of the 
entire data ring exac tly QQgg, 

above occur, display the 
d nd then abort. 

Hhenever we 
up da ted to 
have been 

abort ETC eXEc ution, the BP and SSP will be 
point a t the ng~l block/sub-block that would 

displayed had we not aborted. This means the 
has to set up these registers only once, and 

issue multiple ETCs (pel:haps in a loop ). Each 
ETC will take up wherever the previou s one l eft 

pLogl:ammer 
then can 
success i ve 
of f. 

PurtheLmore, f our other ETC registers will be set to 
indicate wbere we were inte rpretin g wh e n the abort 
occurred. These aLe the Final Data Base Reyister (FDBR ), 
Final Block Pointer (FEP ) , Final S ub-BLOCK Pointer (FS BP ) I 

a nd Final Data Poi nter ( FOP ), ETC registers 40-43. These 
can tell the pcogrammec in which data aL"ea, b lock , and 
sub-block the abort occurcEd, plus which halfword was the 
last one inte r pre t ed . The FDBR contains an absolute 
addcess , while the others are celative to it. ----------

During interpretation of Vecto r Ge neral sub-blocks, the ETC 
instruction may b!" abort ed due to errors or the comp letion of 
one circuit of th e block ring. In addition, i f a P-bit or 
light pen inte rrupt ceCjuest is recognized, intecpretation 
will be immediately abo rted so that an inte rrupt call can 
occu r. Ke yboard or function key interr upt s will .!l9.i abort --
they are left pendi ng during ETC e xecution. ~ 

Aft e r an a bart due to a P-bit request, the FOP will point at 
t he VGS PEC ord e r 1 n question. lifter one due to a light pen 
hit , the FOP will be ace ura te if a vector was be ing 
disp l a yed , but may be off by one or two halfwords if 
characte rs weI.:'e. 
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Cl early, ane o f the pri nc ipal uses of th e ETC ins t ruct i o n i s 
to perform graphical data manipulation and display . When 
us ing the Vector Gene r al s cope, it is nece ssary to e ns ure that 
s im ple images are not d i sp l aYEd too ofte n. }' or exa mpl e , if 
an ETC instr uction were to be used to display a s ingle dot, 
and this ETC we r e to be put in a tight loo p in orde r t o 
ma intai n the imag e , a wonderf ul burn e d spot would s oon appear 
in the p hosphor us . 

As exp l ai ned i n Chapter 15 .1 .2 ., the Vector Gen eral has a 
.refresh rat e c lock which p ulses 4 0 times per seco nd. No i mage 
should be d i splayed more ofte n that this. He nce the 
p rogramm er needs an in str uc tion which patlSes unt i l th e next 
clock pulse: 

CLOCK vector general 
CLOC K 0 
r-------T-----------'--------·-----, 
1 BE 1//////////1111/1//1/11111 l ________ ~ ___________ ____________ ~ 

o 6 31 

A CLO CK in struction should appear at the to p o f e ve ry display 
loop us ing ETC . 

The 
the 

follow ing is an 
ETC in s tr uct i o .n 

outline of a typic a l seg ue nc e e mploying 
to d i s pla y an image upon the Vec tor 

Gener:al ~ 

LOOP 
set u p i .nit i al DBR, BP , a nd SBP 
C.LO CK 0 
update dy nam ic portion of data st ructure 
ETC 0 
test for terminate co ndi tio ns 
GOTO LOO P i f not satisfied 
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When running programs on BUGS using the META 4B, a monitor is 
need e d to control s uch things as META 41/B communication, META 4B 
int errupts , main store allocation by the META 4B, etc. This 
monitor i s called MULTIP IC, and iE controlled by the user via the 
MULTI macro. 

Two mortes of programming are avai l able with MULTIPIC: 

1. RUNIl mode. In RUNB mode, it is assumed 
to write code on ly for the META 41l; no 
present. A "null" A program is provided 
exec ute any such B program. 

that the use r wants 
A programs will be 

which will load and 

2. Normal mode. 
programs, and 
facilitie s . 

In this mod e , the 
they communicate via 

use r writes both I and B 
g-inteepr'eter and MULTIPIC 

In RUNB mode, the user writes code only for the META 48. The 
mainline B program must use the MULTI maceo to se t up an 
operating en vironm en t and to specify ve ctor General interrupt 
handling options, if reguired. This macro should be th e 
I1:£§i 1!:!.i!l9. ~,,££.!!~~~ in the mainline and is coded as follows: 

~1 ULTI META 4B[ ,VGINT=<proco> 
[ ,ICI1R= (f-BIT+, 

1IGHT-PEN+, 
QlITA-1ABLET+, 
jiEY BO AR D+, 
gUNCTION-KEYS+, 
rIP -S IUTCH+, 
tl ETI- 4A +) 

[ ,VGMC[l= (hIGHT-PEN+, 
QA TA-TIlBLET+, 
jiEYBOIRD+, 
IUNcnON-KEYS+ , 
~LINK ) ]] 1 

IE Vector Ge ne ral interr upt s are to be accepted, the VGINT 
argument specifies a pr:ocedure to handl e them. The ICM R 
ar:gument specif i es which and 1,0W interrupt calls ar:e to be 
enabled in th e B's ICMR. The VGM CR argument specifies the 
type of inter rupts or opticn to be e nabled in the VG MCR 
register:. Any combinations of keywords, in any order, is 
allow e d. 
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Upon return from the MULTI macro, interrupts 
as specified by the ICMR and VGMCR options. 
changed later if the use r so desires. 

Multipac 

will be e nabled 
Enabling may be 

Whe ll th e ma inline B program determines that execution is 
complete, the followin~ macro should be executed to terminate 
processing: 

RUN BDON E 

This generates code to inform MULTIPAe of completion and to 
r e turn from tIle a mainline. 

When you ace ready to run a Fl:ogedm in RUNB mod e , generate a 
BUGS MODU file undee CMS using the GMSLINK command. 

Once th e MODU i s on the BUGS disk, it can be run with the 
following GMS command: 

RUNa <modu-name) 

* A sample HUNB mode program is shown in Appendix 4a. 

I '.. \~ > 

" , , ;\ 

t"r 1," 

In normal mode, the user writes progeam s for both machines , 
which can communicate using the fac ilities described in 
Chapte r 13 . When a normal mode program is e xecuted , the A 
mainline ge t s contro l first. It must then staet up a B 
mainline, which will run in parallel with it. To do this, 
another ve rsion of the MULTI macro i s used: 

MULTI 

(',\'".< ~ I 
~~')~ 

START , M4BPROC=<proco) 
[ ,~1 4BINT=<p [OCD) 

[ , MAXUSH=<expression) JJ 
\.t:\" 

The M4BPROC argument specifies the address of the B mainline. 
If a in ter ru pts are to be accepted by the A (these would be 
generated by an INTA instruction), M4BINT specifies the 
address of an A .l2rQ£~g!dr~ to handle them . The MAXUSH argument 
can be used to set a limit on the interrupt code, so that all 
codes above this limit are discarded. The default limit is 
X'3FFF '. 

Th e M4BINT p["o ce dure, if 
return with a RET. The 
register 2 upon entey . 

pr ese nt., must begin with an EN1' and 
int. e rrupt code from t.he B will be in 

Additional arguments ace a vailable on the MULTI META4B macro 
to specify ha ndling of A interrupts. These are: 
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MUL TI META4B , ••• f, M4A INT=<proco> 
[, MAXUSH=<express i on>]] 

If A i nterrupts are to be acce pted by the B Ith ese 
ge ne r a t ed by an INTB instr uct ion), the M4J1INT 
spec i f i es a procedure to handle t hem • . The MAX US H 
co rrespo nds t o th e one o n the MUL TI START macro . 

Multipac 

would be 
arg ument 
argume nt 

Th e M4J1INT proced ur e , if present, mu st be a standa rd B 
procedure. T he interr upt code from the A will be in GPR7 upon 
e ntry. 

Whe n the ma inline 
co mpl e t e , it s h ould 
GMS and RET urnin g : 

MULTI DONE 

A program det er min es that exec ution i s 
i ss ue the foll o·. in g macro !!.~tQ.£~ POSTing 

On th e o t her hand, when th e ma inli ne B program desir! s to 
, complete, all it needs to do is RETURN . The two mainli ne ~ illQ§i 

complete; they may complete in any o rd e r -- MULT I PAC waits 
until they are bot h fi nished . 

A a n d B programs may of cour se be GMSLINK ed in to the same MODU 
f iles , a n d t he y may r efe r to €ach o t her vi a V-consta nts . 

i' A sa mp l e normal mod e program i s s hown in Appe ndix 4b. 

As in th e A, a user of the B can allocate and free b l ocks of 
mai n s tore. An allocated block i s a lways a lig ned on a 
half word bo un dar y, a nd is always a mUl tiple o f fo u .r bytes in 
l e ngt h. To a llocate a block , the B use r codes: 

MULTI ALLOCATE,SIZE=<s i ze> ,Jl DDRESS=<gp r> 

The <size> c a n be speci fi ed as a n XUD address or as a GPR in 
</: pa r e nthases. This size is rounded Q12 to a multipl e ot fo ur , 

spa c e is obtailled from main s t o r e , and its address is returned 
in th e GPR spec ifi ed by th e ADDRESS argum e nt. I f spa ce i s not 
<lvailable, a n address of zero is returned . 

When th e user no l enger needs thi s a l located space , ii §hQQ14 
~! 1£~!4 . To do this , the u ser codes: 

M UL'rI FREE ,A DDRESS=<gp r>,SIZ E=<s i ze> 

The s i ze i s again round ed , 
dea lloca ted . 
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Multipac 

[1U LTIPAC pr:ovides a facility which a llows tlle use r: to execute 
GM5 SVCs from th e B. Th_us _th_e user: coulil e xecute commands , 
mdnipulate tiles , or: ~ad ca~iJ.n, fr:om the B. This i s 
espec ially usefUl in RUNB moile . To do this , o ne codes: 

MULTI G M5 UC, 5 VC= < ex pressi on>, AR GL 15T=< la bel> , 
WAI'f=lE S + I liO 

The SUC specif i ed by th e sue arg um e nt i s e xe cuted , using the 
ar:gument li st spec ified by ARG LIST. Thi s ar:gument lis t should 
be ~1~Bti£Al to the one used o n the A. 

I n oLder to 
WAIT= YES , 
( HAI'l'=NO ) • 

wait f or comp l e ticn of th e SUC , the use r ca n coil e 
or ca n t es t for: completion l ater in t he pr:ogram 
To test for: comp l e tion, cod e : 

WAIT <arglist-label> 
This loops until th e WCH i s POSTed by the A. 
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The Fudd Deb ugg ing Package 

The fUDD debugging package is described in a separate document 
entitled " FUDD: Int e ractive Debugger Use rs ' Guide ", 
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App e ndix a - Metalinguistic Symbols 

• Syntactic constants a~e specified in uppe r- case l et t e r s . 

• synta c tic va riables are enclosed in angle brackets (" ( " and 
" >"), and named using lower-case l e tters. 

• Op tional items ace e nclosed in ~quare bLackets {"l" and" 

• The minimu m abbreviation tor a key~ord is un derscored. 

• Defaul t s 
plus sign 

are specified 
(""") . b y follow in g them with a s uperscript 

• Syntact i c vaLiables fol l owed by a box (" n il) 
address specif ications. They can be coded as 
V-constant , oc a register: in parenthases. 

- 10 1-
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Appendix 2a - I n str uct i ons by Mnemonic 

APPENDIX 2A: INSTRUC 'rrONS B~ MNE~ONIC - --r----------- ----- --- ------ -- - -------

SETS 
M NE MONI C OPCOOE PAGECFR? 

ABS H 'I£'6 NO 41 
I\BSR Qp6 NO 4 1 
AHA C1 YES 4 3 
AHH D1 YES 4 3 
AHI B 1 YES 4 3 
AHR 9 1 YES 4 2 
ARA 7 1 ~ES 42 
A HI! 6 1 YES 4 2 
AR I 5 1 YES 42 
A HR 0 1 YES 42 _ B 4 NO 22 

- BC 508 NO 43 
-B Cr' 5D NO 24 
- BE 508 <- NO 5 1 
- BF 2 NO 24 
- BG 5D4 " NO 5 1 
- Bf! 9FC NO 22 
-B L 5D2 , NO 5 1 
- BM 5D2 I NO 58 
- B N 502 NO 38 
- BNE 506 I NO 5 1 
- BNG 50A t NO 5 1 

.~ - B NL 5DC , NO 5 1 
- BNM 5DC ", NO 58 
- B NN 5 DC NO 38 
- DNO 5DA ' , NO 58 
- DNP 5 DA ' , NO 38 
- BNS 5D4 I ' NO 52 

I3NZ 5D6 " NO 38,58 
- BO 5D4 " NO 43 , 58 
- sp 5D4 n NO 38 
- DR OFC NO 22 
- SS 'ODS It NO 58 
- BT 3 NO 24 

B'l 5DS " NO 38,58 
CAL LA 7f'0 NO 64 
CALLH 9 PO NO 6 4 
CA LL R o FO NO 64 
CASE 6D NO 25 
C HA C5 YES 5 1 
C HH 05 YES 5 1 
CHI B5 YES 5 1 
CHR 95 YES 50 
CLBI EI3 ~ ES 53 
CLBR AB YES 53 
CLCC FB YES 53 
CLf! A CB YES 53 
CLH H DB YES 53 
CLHI BB YES 53 



Appendix 2a - Instructions by Mnemo ni c 

CLHR 9B YES 52 
CLOCK 8E NO 95 
CLR A 78 YES 52 
CLRB 8B YES 52 
CLI1H 6B YES 52 
CLI1I 58 YES 52 
CLRR DB YES 52 
C RA 75 YES 50 
CRH 65 YES 50 
CRI 55 YES 50 
CRR 05 YES 50 

DD'l'SH 9F5 YES 40 
, D DTSR o F5 YES 40 

DRA 74 YE S 47 
D RH 64 YES 47 
DRI 54 YES 47 
DRR 04 YES 47 
DTS H 9F4 YES 40 
DTS R o F4 YES 40 

ETC 6F' ~1 U NG 9 1 
EXSIl 0F'9 NO 48 

IDLE 8D NO * ** IH 9F2 NO 39 
IIH 9F3 NO 39 
IIIl OF3 NO 39 
I NI T FE NO 60 
I NTAA 7FF NO 73 
I NTAH 9H NO 73 
INTAR OFP NO 73 
IR o F2 NO 39 

LSHD I 16 YES 3 4 
LSHDR 1 E YES 34 
LSIH 14 YES 33 
LS,-ILDI 12 NO 37 
LSHLDR 1 A NO 37 
L51-1LI 10 NO 36 
LSIHR 1 a NO 36 
LSHR 1C YES 33 

MHA 73 NO 45 
MRH 63 NO 45 
M RI 53 NO 4 5 
MRR 03 NO 45 

N BI E9 NO 57 
N BR A9 NO 57 
Nec f'9 NO 57 
N EGH 9F7 NO 41 
NEG R OF? NO 4 1 
N HA C9 NO 57 
NHH D9 NO 57 



Appe ndix 2a - I nstructio ns b y Mnem onic 

NHI B9 NO 5 7 
NHR 99 NO 5 7 
NOP o DO NO 22 
NRA 79 NO 57 
NRB 89 NO 5 7 
NRH 69 NO 57 
N RI 59 NO 5 7 
NRR 09 NO 57 

OBI £8 NO 56 
OBR A8 NO 56 
OCC F8 NO 50 
aHA C8 NO 56 
o HH D8 NO 56 
OHI B8 NO 56 
OHR 98 NO 56 
ORA 78 NO 55 
ORB 88 NO 55 
ORH 68 NO 55 
ORI 58 NO 55 
URR 08 NO 55 

REI £6 NO 29 
RBR A6 NO 29 
RCC 1'6 NO 29 
REr UR N 5E NO 6 7 
RH II C6 NO 29 
HHH D6 NO 29 
RHI B6 NO 29 
R HR 96 NO 28 
RRA 76 NO 28 
RRB 86 NO 28 
RRH 66 NO 28 
RRI 56 NO 28 
R R 11 06 NO 28 
RS HDI 17 NO 35 
RSIiDR 1P NO 35 
RSBI 15 NO 33 
RSH LOI 1 3 NO 37 
RSli LOR 1 B NO 37 
R S HL I 1 1 NO 36 
HSII LI1 19 NO 36 
RSHR 10 NU 3 4 

SCBE A F2 YES 58 
SCBNA f'3 YES 59 
SCBT F5 YES 53 
SCfEA FO YES 58 
SCFN II F 1 YES 59 
SCfT f4 YES 59 
SEl1A 900 YES 74 
SIIA C2 YES 44 
S HH D2 YES 44 

.~ 
S il l B2 Y £S 44 
S li R 92 YES 44 



Appendix 2a - Instr:uct ions by Mnemonic 

SIaA LE 5F NO *** SINTA 7n NO 69 
SlNTH 9FE NO 69 
SINTll OF E NO 69 
SOH 9 F 1 NO 26 
SOH OF 1 NO 26 
SQR TH 9fA NO 4 9 
SQRTH o FA NO 4 8 
SHA 72 YES 44 
SR U 62 YES 44 
SRI 52 YES 44 
S RR 02 YES 44 
SWBll A7 NO 3 1 
SWIIII D7 NO 31 
SWHll 97 NO 31 
SWR B 8 7 NO 3 1 
SWRH 67 NO 3 1 
SWllR 07 NU 3 1 
SZH 9FO NO 26 
SZIl OFO NO 2 6 

TMBI EC YES 5 7 
TMBR flC YES 5 7 
TMHA CC YES 57 
TMHH DC YES 5 7 
TMHI BC YES 57 
TMHR 9C YES 57 
T~1H A 7C YES 57 

".--" TMllB BC YES 5 7 
TMRH 6C YES 57 
TMllI 5C YES 57 
TMHR OC YES 5 7 
TR FD NO 60 
TSA 7 F8 YES 38 
TSH 9 F' 8 YES 38 
TS R OF'S YES 38 

XBI EA NO 5 7 
X DR AA NO 5 7 
X CC FA NO 5 7 
XFER f'F NO 1 9 
XHA CA NO 5 7 
XHH DA NO 5 7 
X HI SA NO 57 
XHR 9A NO 57 
X RA 7A NO 5 7 
XRB 8A NO 57 
XRH 6/\ NO 5 7 
XRr 5A NO 57 
XRR OA NO 5 7 



Appe nd i x 2b - Instructions by Opcodes 

SETS 
01' CODE MNEMONIC CFR? 

o 1 ARR YES 
02 SIlR YES 
03 MBR NO 

00 04 ORR YES 
nox 05 CRR YES 
0E 06 RRR NO 

0 7 SWRR NO 
DIB 08 ORr< NO 
~o 09 NRR NO 
S7 all XRll NO 
50£ 01:3 CLRIl YES 
00 Oc TMRH YES 
(,£ 000 NOP NO 
7<> 01'0 SZIl NO 
7 7 0 1' 1 SOil NO 
70 01'2 IR NO 1E 
I F l J FN,6c,.j: 01'3 II R NO 

'" 
01' 4 D'l'SH YES 

~ , o F5 DDTSH YES 
" 01'6 ABS H NO " s~ on N EGH NO 
n 01'8 TSR YES IF 

~ '. 01'9 EXSR NO 
7) OFA SQRTR NO 
'I~ OI"C Bll NO 
"0 to OFD CIIL111 NO 
9f 1 on: SINTfl NO 
9F& OFF INTAR NO 
~D ... 1 0 LSHLI NO " 
'" 1 1 IlSIlLI NO 
p'., 

1 2 
" 

LSHLDI NO 
13 llSHLDI NO 

\) 

1 4 1SIII YES o( 

1 5 llSHI NO 1'( 

flo c, 1 6 LSHUl YES vo 
e. " Dj 17 RSHOI NO 
D. c" .~ 18 LSHLR NO 
97 Cl 19 RSHLR NO 
e. c. " 1A 1SHLD R NO 
8. <'J .. 1 B LO R .NO 
~F cr 'f 1C 1SIIR YES 
00 1 0 aSHR NO 
Cr 1 E LSHOll YES !;?: 

t~ 11' RSHD H NO 
c~ 
E, 2Q: 81' NO 
£> FJ 
6. f( 

30· r~ BT NO 
Cf 



Appendix 2b - Instr uctions by Ope odes 
, 

4~ B NO 

5 1 ARI YES 
52 SRI YES 
53 MRI NO 
54 DRI YES 
55 CRI YES 
56 RBI NO 
58 ORI NO 
59 NRI NO 
SA XRI NO 
5B CLRI YES 
5C TMRI YES 
50 BCE' NO 
502 Bl'l NO 
502 BN NO 
502 BG NO 
504 BP NO 
504 80 NO 
504 BL NO 
50 4 BN S NO 
506 BNZ NO 
506 BN E NO 
508 BZ NO 
508 BC NO 
508 BE NO 
508 BS NO 
50A BNP NO 
SOC BNL NO 
SOli BNO NO 
SOC BNM NO 
50C BNN NO 
SOC BNG NO 
5E RETURN NO 
SF SIMALE NO 

6 1 ARH YES 
62 SRH YES 
63 MRfI NO 
64 ORll YES 
65 CRH YES 
66 RR 1I NO 
67 SWHH NO 
68 ORB NO 
69 NRH NO 
6/\ XRH NO 
68 CLRH YES 
6C TMRH YES 
60 CASE NO 
6F ETC IIll NG 

7 1 ARA YES 
72 SR A YES 
73 MRA NO 
74 ORA YES 



Appendix 2b - Instructi on s by Opcodes 

75 eRA YES 
7 6 fiR A NO 
78 ORA NO 
79 NR A NO 
7A XRA NO 
7 B eLRA YES 
7e 1'N HA YES 
7F8 TSA YES 
7 FD CA LLA NO 
7 FE SINTA NO 
7FF INTAA NO 

86 RRB NO 
8 7 SWR B NO 
88 ORB NO 
89 NilB NO 
SA XRB NO 
8B CL R [l YES 
BC TMRB YES 
81l IDLE NO 
8E CLOCK NO 

9 1 AH R YES 
92 SHH YES 
95 CHll YES 

I 

96 R Bll NO 
97 SWHR NO 
98 OHR NO 
99 NH R NO 
9A X HR NO 
9B CLHR Y ES ""~U 
9C TMHR ~\t' 9110 SEMA 
9 FO SZ H NO 
9 F1 SO H NO 
9 F2 IH NO 
9F3 IIH NO 
9 F4 DTSH YES 
9F5 DDTSH YES 
9F6 ABS,H NO 
9F7 NEGH NO 
9 P8 'fS H YES 
9F A SQRTH NO 
9 FC BrI NO 
9FD CALL H NO 
9FE SIN TH NO 
9FF IN TAH NO 

A6 RBR NO 
A7 SWBR NO 
A8 OER NO 
A9 N BR NO 
AA XBR Nil 
AS CLBR YES 
AC TtlBH YES 



Appendix 2b - I llstructi ollS by Opcodes 

8 1 AHI YES 
B2 SHr YES 

~ 
85 CIII ¥ES 
86 RHI NO 
B8 OHl NO 
B9 NHI NO 
BA XHI NO 
BB CLHI YES 
BC 1'l'l HI YES 

C1 AHA YES 
C2 SHA YES 
C5 CllA YES 
C6 [lH A NO 
C8 a HA NO 
C9 NHA NO 
ClI X HA NO 
CD CLHA YES 
CC Tl'lHA YES 

D1 AHH YES 
02 SHH YES 
D5 CHH YES 
06 RHf{ NO 
D7 SW HH NO 
08 OH H NO 
09 NHH NO 
DA XHH NO 

~ DB CLHH YES 
DC 'l'MHH YES 

£6 [lB I NO 
~8 OBr NO 
E9 NBI NO 
EA X131 NO 
EB CLBI YES 
EC T~l B I YES 

]'0 SCF EA YES 
F1 SCFNA YES 
i'2 SCBEA YES 
l'3 SC BN l\ YES 
F4 SC F l' YES 
F5 SCOT YES 
F6 [lce NO 
F8 OCC NO 
F9 NCC NO 
FA XCC NO 
FB CLCC YES 
FD 1'R NO 
FE ~NIT NO 
FF XFER NO 

~/ 



Appe ndix 3a - ASCII to EBCDIC 

A2~H £;Ul;;QI~ g.!lHllI~ l!.~~n ]!2~QI£ g~Al:!:lI~ 

00 00 '" NUL 20 40 o1r- SPACE I VI;-"""") 

o 1 0 1 SOH 21 511 
02 02 STX 22 7F " 
03 03 ETX 23 7B # 
04 37 EaT 24 5B $ 
05 20 ENQ 25 bC % 
06 2~ liCK 26 50 & 
07 21" BEL 27 70 
08 16 ~ BS 28 4D ( 
09 05 HT 29 50 ) 
Oil 25 • LF 2A 5c * OJ] OB V'I 2B 4E t 

OC Oc FF 2C 68 
0 0 15 * Cll 2D 60 
OE OE SO 2E 4B 
OF OF SI 21" 6 1 / 

10 10 OLE 30 FO 0 
1 1 1 1 DC l 31 f l 1 
12 12 * DEC SZ 32 f'2 2 
13 13 ,. INCSZ 33 fJ 3 
14 3C ,. T ERl'! 34 F4 4 
15 30 NIIK 35 F'5 5 
16 3 2 SYN 36 F'6 6 
17 26 E'rB 37 f7 7 
18 18 CAN 38 F8 8 
19 19 EN 39 F9 9 
1 A 31" SUB 3A 71\ 
I II 27 ESC 3B 5E ; 
1e 1 C FS 3e 4e < 
10 10 GS 30 7E = 
I E 1E llS 3E 6E > 
1 I' 1 F' VS 3F 6F 'f 



Appendix Ja - ASCII to EBCDI C 

40 7C iiJ 60 78 
, 

4 1 C1 A 6 1 8 1 a 
42 C2 8 62 82 b 
43 C3 C 63 83 c 
44 C4 D 64 84 d 
45 C5 E 65 85 e 
46 C6 F 66 86 E 
4 7 C7 G 67 87 9 
48 C8 H 68 88 h 
49 C9 I 69 89 i 
411. D1 J 611. 9 1 j 
4 B D2 K 6B 92 k 
4C D3 L 6c 93 1 
40 D4 M 60 94 m 
-4E D5 N 6E 95 n 
4F D6 0 6F 96 0 

50 D7 P 70 97 P 
5 1 D8 Q 71 98 9 
52 D9 R 72 99 r: 
53 E2 S 73 11. 2 s 
5 4 EJ T 74 11. 3 t 
55 E4 U 75 A4 u 
56 E5 V 76 11. 5 v 
5 7 E6 W 77 11.6 w 
58 E7 X 7 8 11.7 x 
59 E8 Y 79 11.8 Y 
SA .t: 9 Z 7A 11.9 2 

- 58 AD [ 7 B 8B { 
5C EO \. 7C 4f' J (l) 
5D 13D 1 7D 9B } 
5E 7 1 t 7E 59 
5f' 6D 7F 07 DEL 



Appendix 3a - ASCII to EBCDIC 

80 20 , (CUP ) AD 43 c 

8 1 2 1 <- (CDOWN ) A1 44 , .J, 
82 22 • (CHaM E) A2 48 II 
83 23 ~ (C FOR) A3 75 0 
84 24 j (fBAC K) A4 DB "l. 
85 Cll A5 5 1 V 
86 9F A6 4 1 
8 7 77 A7 53 ..r-
88 EO A8 54 c 
89 9F 1\9 55 .::> 
81\ 9F AA 58 
8B 9F llIIJ AB 62 -+ 
8c 9F IIC BC :5 
81) 9F AD 64 '" BE 9E' liE AE ~ 
8F' 9F AF SF ~ 

90 9F BO 9F 0 

9 1 A1 ll1 45 t 
92 6 1 / B2 67 'f 
93 9r B3 76 0 
9 4 9 F' B4 4A ¢ 

95 91' B5 52 
96 CO B6 9f 
97 9 r' B7 68 
9il 9F B8 57 U 
99 6 1 I B9 56 n 
911 9F BA 49 0 

9B 4 1 llB 63 " 9C 9r BC 47 <,--

90 42 f BD BE t 
9E 9F BE 46 ~ 

9f 9F Ill' 09 00 



Appe ndix 3a - ASCII to EBCDIC 

cO 72 EO '" 15 (CU RS OR ) 
C1 67 Y £ 1 AA C< 

~ 
C2 BE' ( v",J v s.,.,J E2 E'C f3 
C3 9 F' E3 6A " C4 8D II E4 BO J 
C5 66 ] E5 B1 • 
C6 8E 'I £6 82 
C7 Ai" 0 E7 fD Y 

. C8 EO T E8 EC l-
C9 8E' 'l' E9 BC 
CA 80 EA EO 
Cll 9f Ell 74 
CC 9F EC B3 A 
CD 9f 1\ ED 84 ,u 
CE ~O EE B5 
CF 9C .n, EF B6 w 

DO BB 1'0 87 l' 
D1 9f E' 1 65 
D2 9D F2 B8 P 
D3 9£ E F3 Il9 cr 
D4 AO 6 F4 llA ,.. 
D5 91' F5 9F 
06 70 F6 9F' 
D7 9,' F7 9E' 
08 9F D8 9F 
09 9F • F9 68 4 
DA CB FA " 04 SCHO'l'UM ( V'-JCltJlr) 

DB AB L FB AC r 
DC 73 "'l> FC 4F 1 
DO EE I- FO Ef -l 
DE DO F'E CO 
OF A1 0 FF ,l 9F UilI IVfr 9LO r~) 



App end ix 3b - EBCDIC to ASCII 

~££!QQlf_l~~_~~£Q~£_TQ_!~~ll_~Qli1~E~IQN 

,-../ 

]~~n~ !l~~U li!!!£!il~ £;BCQl~ !l2~H li.RHl:!~S; 
00 00 NULL 20 80 (Cll P) 
0 1 0 1 SOH 21 81 (CDOWN ) 
02 02 STX 22 82 (CHOI1 E) 
03 03 ETX 23 83 (CFOR ) 
04 "e-4. FI>. SCROT UM 24 84 (CBACK ) 
05 09 HT 25 OA Lr' 
06 [,'F 26 17 Err [J 

07 71' DEL 27 16 r::SC 
0 8 1'1' 28 r'f 
09 FI' 29 fF 
OA 1'1' 2A FF 
OB OB Vl' 26 Pi' 
Oc OC FF 2C FF 
00 FF 20 05 ENQ 
Of OE SO 2E 06 ACK 
OF Of' SI 2P 07 BEL 

10 10 DLE 30 FE 
11 1 1 DC l 3 1 f'P 
12 12 OECSZ 32 16 SYN 
1 3 13 INC SZ 33 FF 
14 EO (CURSOR ) 34 FF 
15 00 CR 35 1'1' 
16 08 ' BS 36 1'1' 
17 r' !, 37 04 EOT 
18 18 CAN 38 FF 
19 19 EM 39 FE' 
H !'!' 3A FP 
1 13 1"1" 3[j FE' 
1C 1C FS 3C 14 TERM 
10 10 GS 30 15 NAK 
1E 1 E RS JE FE' 
11' 1P US 31' 1A SUB 



Appendix 3b - EBCDIC to ASCII 

.!H!~.Q!~ ASCII fHLH~!:Jl~ EBCDIC ll~fJl 2!l.Aftl!~ 
40 -20-- SPACE -60--- 20 

~, 41 A6 61 2F / 
42 90 62 AB 
43 AO 63 BB 
44 A1 64 AD 
45 B1 65 F 1 
46 BE 66 C5 
47 13C 67 C1 
4 8 A2 68 87 
4 9 SA 69 SF 
4A 84 ¢ 611 E3 
4B 2E 68 2C , 
4C 3C < 6c 2 5 % 
4D 28 ( 6D 5F -4E 28 + 6E 3E > 
4F FC 6P 3f ? 

50 26 [, 7 0 Db 
5 1 A5 71 5E 
52 B5 7 2 cO 
53 A7 73 OC 
54 A8 74 BB 
55 A9 75 A3 
56 89 76 03 
57 B8 77 87 
58 AA 7 8 60 
59 7E 7 9 Fr' 
5A 2 1 7A. 3A 
58 24 $ 7 B 23 ~ 

5C 2A * 7c 40 al 
5D 29 7D 27 
5E 313 7E 3D = 
Sf Af 7 f 22 " 



AppelldiK 3b - EBCDIC to ASCI I 

.!H!~.QI~ Ii~~ll "Hl.!!gtll~ £;BC.!?H lL~£n Q.tlHtl!.~ 
80 CA AO D4 
fj 1 6 1 a A1 DF 
82 62 b A2 73 s 
83 63 c A3 74 t 
84 64 d A4 75 u 
85 65 c AS 76 v 
86 66 f A6 77 w 
87 67 g A7 7<3 K 
88 68 h A8 79 y 
89 69 i A9 7A z 
BA Ft' All E1 
8[1 713 AB DB 
BC AC AC F'B 
8D C4 AD 5[3 
8E C6 AE AE 
8F C9 AF C7 

90 CE 130 E4 
9 1 6A j 81 E5 
92 68 k 132 E6 
93 6C 1 133 EC 
94 6D In 134 ED 
95 61l n 135 EE 
96 6.F' 0 136 EF' 
9 7 70 P 137 FO 
98 71 g 138 f2 
99 72 r 139 F'3 
9A F'J:' BA F'4 
913 7 D 1313 DO 
9C CF' BC f:9 , 9 D 'l>l;.' 0 '2. BD 5D 
9g D3 BE BD 
9F FF BF C2 



J;;Q!;;H£ !~n..!: §!l.lH'.!:!!£ EBCDIC A§£H §!Hf!:!l£ 
CO FE -EO--- 5C 
C 1 4 1 A E1 FF 
C2 42 B E2 53 5 
C3 43 C E3 54 T 
C4 44 D E4 55 U 
C5 45 E E5 56 V 
C6 46 F E6 57 VI 
C7 47 G E7 58 X 
C8 48 H E8 59 y 
C9 49 G E9 5i\ Z 
CA FE EA n' 
CB 96 Ell FF 
CC FF EC E8 
CD FF ED C8 
CE FE EE DD 
CF FF EF FD 

DO DE FO 30 0 
D1 4A J F 1 3 1 1 
D2 48 K F2 32 2 
D3 4C L F3 33 3 
D4 4D M F4 34 4 
D5 4E N F5 35 5 
D6 4F 0 F6 36 6 
07 50 p F7 37 7 
08 5 1 Q F8 38 8 
D9 52 R F9 39 9 

- OA FF FA H 
DB A4 FB FF 
DC FF FC E2 
DD FP FD E7 
DE FF FE FF 
OF FF FF FF 
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A survey of the vast ex per iae ntal literature on the effec t s 
of computing system design i s like ly to convince the most 
dispassionate observer that the po ssibi lity of de-kludging 
i s improbable. 

--adapted frem 1. Steele Russe ll, 1971 




