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F O R  MEMOREX INTERNAL U S E  O N L Y  

P R E F A C E  

Th is  document desc r ibes  hardware aspects  o f  t h e  
MEMOREX 7200/7300 Computers a t  t h e  des ign l e v e l  
o f  March, 1972. I t  comp le te l y  rep laces t h e  p re -  
v ious  v e r s i o n s .  

T h i s  product  d e s c r i p t i o n  c o n t a i n s  i n f o r m a t i o n  f o r  
programmers, eng ineers ,  f i e l d  suppor t  and marke t ing  
personnel ,  and o t h e r  Memorex personnel concerned 
w i t h  a  general  overv iew o f  t h e  p r o c e s s o r ' s  c a p a b i l -  
i t i e s  o f  t h e  computer; d i scuss  i t s  f u n c t i o n a l  
c h a r a c t e r i s t i c s  and p r i n c i p l e s  o f  o p e r a t i o n ,  i n -  
c l u d i n g  i n s t r u c t i o n  d e s c r i p t i o n s ,  and d e s c r i b e  t h e  
System Con t ro l  Panel and i t s  use. 

I t  i s  recognized t h a t  changes a r e  o c c u r r i n g ,  and 
p o t e n t i a l  changes a r e  be ing eva luated;  present  
and f u t u r e  inaccurac ies  w i l l  be t r e a t e d  i n  l a t e r  
publ  i c a t  ions.  

The Product  D e s c r i p t i o n  i s  intended t o  serve as 
a  source o f  o f f i c i a l  i n f o r m a t i o n  f o r  Memorex 
personnel u n t i l  i t  i s  supplanted by t h e  s e r i e s  
o f  7200 and 7300 Computer manuals now be ing generated.  
Comments may be sent  t o  t h e  P u b l i c a t i o n s  Department, 
Midwest Operat ions,  Memorex Corpora t ion ,  9200 
Science Center D r i v e ,  Minneapol is ,  Minnesota, 55428, 
f o r  use i n  p r e p a r i n g  these f u t u r e  publ  i c a t i o n s .  
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S P E C I A L  M R X  M A R K E T I N G  E D I T I O N  

This  abr idged e d i t i o n  o f  the 7200/7300 computers Product D e s c r i p t i o n  
has been prepared f rom more ex tens ive  Memorex i n t e r n a l  development 
documen t a  t i ons . 
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S E C T I O N  I 
G E N E R A L  D E S C R I P T I O N  

INTRODUCTION 

An overview o f  t h e  ~RX/40/50 data-processing systems i s  prov ided i n  Sec- 
t i o n  1 o f  t h i s  product d e s c r i p t i o n .  The remainder o f  t h i s  manual i s  
devoted t o  t h e  d e t a i l e d  d e s c r i p t i o n  o f  t h e  f u n c t i o n a l  and l o g i c a l  charac- 
t e r i s t i c s  o f  the  MEMOREX 7200 and 73Q0, computers. Appendix A tabu la tes  
the  performance d i f  ferences between t q e  7200 and 7300. Whi 1 e p e r i p h e r a l  
devices a r e  r e f e r r e d  t o  throughout,  tqey a r e  no t  d iscussed i n  d e t a i l .  

The MRX/40 and 50 a r e  low-cost  communicat ions-or iented systems w i t h  
l a r g e  data base capac i t y .  A wide range o f  s torage s i zes ,  p e r i p h e r a l  
devices,  and i n t e g r a t e d  adapters a f fo6ds  maximum f l e x 1  b i  1 i t y  i n  t a i  l o r i n g  
a system t o  meet a u s e r ' s  s p e c i f i c  need. M R X / ~ O / ~ O  a r e  supported by an 
unusual ly  comprehensive o p e r a t i n g  system developed by Memorex. T h i s  
ex tens ive  programming systems s u p p o r t d p e r m i t s  t h e  user  t o  concen t ra te  
on h i s  a p p l i c a t i o n ,  r a t h e r  than on t h e  f u n c t i o n s  o f  the  system. The 
combinat ion o f  hardware and sof tware capability prov ides a p r i c e / p e r -  
fsrmance l e v e l  normal ly  assoc ia ted w i t h  more c o s t l y  data process ing 
systems. The r e s u l t  i s  a more e f f i c i q n t  and economical data-process ing 
system f o r  t h e  user,  

Several c h a r a c t e r i s t i c s  d i s t i n g u i s h  t b e  MRx/40/50 computer systems: 

a Advanced a r c h i t e c t u r e  

Wide range o f  p e r i p h e r a l  devices 

a Extens ive communications support  

e Comprehensive programming systems suppor t  
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ARCHITECTURE 

The MEMOREX 7200 and 7300 o f f e r  advanced hardware des ign a t  a l l  l e v e l s ,  
f rom m o n o l i t h i c  c i r c u i t  components t o  a r c h i t e c t u r e .  The use o f  mono- 
l i t h i c  components produces a  high-speed machine c y c l e .  M i n i a t u r i z e d  
c i r c u i t s  pe rm i t  t h e  c o n c e n t r a t i o n  o f  g r e a t  computat iona l  power i n  a 
p h y s i c a l l y  smal l  c a b i n e t .  They a l s o  reduce t h e  number o f  r e q u i r e d  
components, thus decreas ing t h e  p o t e n t i a l  sources o f  hardware f a i l u r e ;  
t h e  r e s u l t  i s  a  h i g h  degree o f  r e l i a b i l i t y .  The 7200/7300 p r i n t e d -  
c i r c u i t  boards a r e  packaged and arranged by f u n c t i o n ,  which makes f a u l t  
i s o l a t i o n  and c o r r e c t i o n  f a s t e r .  

Main s torage i s  implemented through t h e  use o f  meta l -ox ide semi- 
conductors (MOS) which a l l o w  f o r  g r e a t e r  pack ing d e n s i t y  o f  components 
and lower memory cos ts .  Storage s i z e s  o f  t h e  7200/7300 range f rom 
16K t o  1 2 8 ~  bytes  (each b y t e  con ta ins  8  b i t s  p l u s  a  p a r i t y  W t ) .  

The 7200 and 7300 a r e  microprogrammed computers. A l l  machine language 
i n s t r u c t i o n s  a r e  implemented through t h e  use o f  microprogramming i n s t r u c -  
t i o n s  r e s i d i n g  i n  Con t ro l  Storage. These m i c r o - i n s t r u c t i o n s  pe r fo rm 
w i t h i n  t h e  much s h o r t e r  c y c l e  t ime o f  Con t ro l  Storage. Microprograms, 
a u t o m a t i c a l l y  loaded a t  I n i t i a l  Program Load ( IPL) t ime, a r e  p rov ided  by 
Memorex; they r e s i d e  as a  smal l  reserved p o r t i o n  o f  a  d i s c  pack and 
r e q u i r e  no user i n t e r v e n t i o n  o r  maintenance. 

The design o f  t h e  7200/7300 computers i s  such t h a t  c e r t a i n  p o r t i o n s  o f  
t h e  hardware a r e  ded icated t o  s p e c i f i c  f u n c t i o n s  such as communications 
inpu t -ou tpu t ,  d i rec t -access  inpu t -ou tpu t ,  and a r i t h m e t i c  f u n c t i o n s .  A 
f u l l  s e t  o f  e i g h t  general  r e g i s t e r s  i s  ded icated f o r  each such use by 
t h e  o p e r a t i n g  system. Three a d d i t i o n a l  se ts  o f  e i g h t  general  r e g i s t e r s  
a r e  ded icated f o r  user programs. The use o f  these v a r i o u s  hardware 
f u n c t i o n s  i s  c o n t r o l l e d  by t h e  o p e r a t i n g  system which i n t e r f a c e s  t o  a  
hardware-control  l e d  p r i o r i t y  network. 

The 7200/7300 inco rpora te  i n t e g r a t e d  adapters  f o r  c o n t r o l  o f  d i s c  
storage, communications, card  readers, and ca rd  punches. T h e i r  use 
e l  iminates  t h e  need f o r  l a r g e  e x t e r n a l  c o n t r o l  u n i t s ,  and thus p rov ides  
f o r  a  lower-cost  system. 

7200/7300 computer fea tu res  inc lude  these:  

A1 t e r a b l e  Con t ro l  Storage ( 4 ~  words) 

Up t o  1 2 8 ~  bytes  o f  Ma i n  Storage 

E r r o r  Cor rec t  i o n  Code (ECC) o p t  i o n  f o r  Main 
Storage 

Job A c c o u n t i n g A i d s  

I n t e r v a l  Timer 
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s Storage Pro tec t  ion 

e Relocat ion and Pro tec t  ion 

a l n tegra ted  Console Adapter (standard) 

ln tegra ted  Communications Adapter (ICA) se rv i c i ng  up 
t o  15 communications channels 

a ln tegrated F i l e  Adapter ( I F A )  fqr up t o  e i g h t  MEMOREX 
3664 d i s c  d r i ves .  

ln tegra ted  adapters f o r  the f o l l pw ing :  

- up t o  1000 cpm card readers (89-column) - up t o  500/120 cpm readedpunch (80--column) 

(B P r i n t e r  attachment f o r  up t o  120P lpni p r i n t e r  

(B Up t o  two se lec to r  channels f o r  suppor t ing externa l  
con t ro l  u n i t s .  

PERIPHERAL D E V I C E S  

An unusual ly wide range o f  per iphera l  devices t o  so lve a v a r i e t y  o f  
appl i c a t  ion  needs can be accommodated by the M R x / ~ O / ~ O  systems: 

o Card equipment (80-column cards) .  

e P r i n t e r s  may range i n  speed up t o  1200 1 ines per minute. 

Fromone t o  e i g h t  d i s c  d r i ves  may be used, each w i t h  a  
capac i ty  o f  14 o r  28 megabytes. This adds up t o  a  
p o t e n t i a l  o f  224 m i l l  ion bytes o f  on-1 ine storage. 

Magnetic tape t rans fe r  ra tes  may be up t o  60 k i l oby tes  
per second. 

COMMUNICATIONS SUPPORT 

The ~ ~ ~ / 4 0 / 5 0  systems have low-cost commun i c a t  ions hardware, combined 
w i t h  simp1 i f  ied communications software'. Up t o  15 communications 1 ines 
a re  provided f o r  operat ions i n  asynchropous o r  synchronous modes. Other 
features inc lude a u t o c a l l ,  autoanswer, ,speed se lec t ion ,  au topo l l ,  s t a t i o n  
se lec t ,  and synchronous transparency. ' 
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For term 
c e r t a i n  
r e l a t i v e  

i n a l s ,  t h e  user may choose f rom t h e  MEMOREX 1200 s e r i e s  o r  
IBMf: and Teletypei' i t e rm ina ls .  Networks rang ing  f rom smal l  t o  
l y  l a r g e  may be c o n f i g u r e d  f o r  t h e  ~ R ~ / k 0 / 5 0 .  

A l o g i c a l - l e v e l  macro language i s  p rov ided  t o  hand le  b o t h  asynchronous 
and synchronous t ransmiss ions.  Inc luded a r e  t h e  s tandard f u n c t i o n s  
such as READ, WRITE, GET, PUT, and code t r a n s l a t e .  Messages a r e  
queued i n  memory, A s p e c i a l  communications mon i to r  c o n t r o l s  m u l t i p l e  
te rm ina ls  and m u l t i p l e  t ransac t ions  f o r  t h e  u s e r - w r i t t e n  a p p l i c a t i o n  
programs. 

PROGRAMMING SYSTEMS SUPPORT 

The MRX/40/50 systems a r e  supported by a  l e v e l  o f  programming systems 
normal ly  o n l y  a v a i l a b l e  w i t h  l a r g e - s c a l e  systems. The o p e r a t i n g  system 
prov ided f o r  the MRX/40/50 i s  a  comprehens i v e  mu1 t i -programmi ng system 

inc ludes the f o l  lowing fea tu res :  

Cataloged j o b  c o n t r o l  statements 

Input  spool i ng  

Output spoo l ing  

Complete data  management 

Extens ive u t i l i t y  programs 

High-performance d i s c  s o r t  

Advanced l i b r a r y  f a c i l i t i e s  

Modular systems genera t ion  

I BM+ Sys tem/360 Model 20 compa t i b i 1 i t y  

Four major  programming languages a r e  a v a i l a b l e  f o r  ~ R ~ / 4 0 / 5 0 :  Assembler,. 
ANSI  COBOL, RPG I1 and FORTRAN I V .  The Assembler language has complete 
macro c a p a b i l i t y .  COBOL inc ludes many s i g n i f i c a n t  ex tens ions.  The 
RPG I I  language i s  designed so t h a t  most IBM 360/20 and System/3 
programs w i l l  recompi le  and execute w i t h o u t  m o d i f i c a t i o n .  A l l  languages 
inc lude  t h e  a b i l i t y  t o  e x i t  t o  assembler language subrout ines,  and 
programs can be segmented. 

ATradenames, I n t e r n a t i o n a l  Business Machines Corpora t ion  and t h e  Te le type  
Corporat ion.  



SECTION1 II 
FUNCTIONAL DESCRIPTION 
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S E C T I O N  I 1  
F U N C T I O N A L  D E S C R I P T I O N  

INTRODUCTION 

This sec t ion  contains in format ion intended t o  prov ide program implemen- 
t a t i o n  understanding f o r  the  MRX/40/50 system (MEMOREX 7200 and 7300 
computers respect ive ly ) .  I t does so by fu r the r  exp la in ing  the  system 
a rch i tec tu re  (hardware and software concept and re la t i onsh ip )  and de- 
s c r i b i n g  data and i n s t r u c t i o n  formats, storage addressing, and p r i n c i -  
p l  es p e r t i n e n t  t o  program implementat ion. 

SYSTEM ARCHITECTURE 

Data processing systems d i v i d e  t h e i r  t ime between input /output  operat ions 
and a r i t hme t i c / l og i ca l  funct ions.  Th is  c o n f l i c t  o f  i n t e r e s t  usua l l y  
causes l a rge  periods o f  system t ime t o  be dominated by input /output  
func t ions .  Obviously, wh i l e  t h i s  domination e x i s t s ,  hardware such as 
t h a t  dedicated t o  a r i t h m e t i c / l o g i c a l  func t ions  stands i d l e .  Th is  r e s u l t s  
i n uneconomi ca 1 t i me-versus-hardware usage. 

To avoid t h i s  uneconomica~ usage, the  jr300 computer employs a m u l t i p l e x  
technique which d iv ides  one complete machine cyc le  i n t o  e igh t  segments 
c a l l e d  "major cycles". Along w i t h  t h i s  t ime d i v i s i o n ,  a design concept 
i s  implemented ded ica t ing  those resources (hardware) which are func t i on  
o r i en ted  t o  one o f  these t ime segments. F igure 2-1 i l l u s t r a t e s  t h i s  
combination o f  one major cycle and a p a r t i c u l a r  se t  o f  dedicated 
resources as a "processor state".  These processor s ta tes  are  
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- 
ABBREVIATIONS 

COMM = Communications 

OPTION ADAPTER 
Integrated 
Adapters I to 

IXA 
ns 
RDR 
RIP 

= Input/Oul.put 
= Console A.dapter 
= Nanosecond 
= Reader 
= Reader Pmch 

BASIC DATA 
:OMMUNICATIONS CHANNEL 

Dl  RECT 
BASIC DATA ACCESS 

CHANNEL ST0 RAGE 
Extended 
Registers 

PROGRAMS 
ROUTINES ROUTINES 

Main 
Storage 

DISC 
I10 

ROUTINES 

CONTROL 
PROGRAM 

UNIT  RECORD 
AND 

MAGNETIC 
TAPE 

110 
ROUTINES 

GENERAL GENERAL 
REGISTERS REGISTERS 

GENERAL 
REGISTERS 

GENERAL 
REGISTERS 

GENERAL I GENERAL 
REGISTERS REGISTERS 

GENERAL 
REGISTERS 

GENERAL 
REGISTERS Registers 

lr 
PROCESSOR 

STATE 0 

PROCESSOR 
STATE 5 

Major Cycle 1 

PROCESSOR 
STATE 1 
(800 ns) Maior Cvcle 2 

PROCESSOR 
STATE 2 

Major Cycle 3 

PROCESSOR 
STATE 3 
(800 ns) Major Cycle 4 - 

PROCESSOR 
STATE 4 
(800 ns) Major Cycle 5 

Major Cycle 6 I (800 ns) - 

F igure 2-1. System Arch i tec tu re  
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f u n c t i o n a l l y  o r i en ted  and dur ing  the t ime they e x i s t  have exc lus ive  
access t o  what i s  termed "shared resources". Shared resources are  
those elements o f  hardware, such as an a r i t h m e t i c  sect ion,  which a re  
common t o  a  1 1 processors. 

The f i r s t  cons idera t ion  i n  any data-processing system i s  how we l l  i t  
can t ransmi t  o r  rece ive data. As shown i n  F igure 2-1, the  7300 compu- 
t e r  has f u n c t i o n a l l y  o r i en ted  in tegra ted  adapters and hardware as 
described by the f o l l ow ing  paragraphs. 

0 There i s  an in tegra ted  communications adapter capable 
o f  con t ro l  1 i ng up t o  15 i ndependent communicat ions 
l i n e s .  These communications l i n e s  a re  connected 

through the adapter t o  the communications processor. 

The in tegra ted  adapter ( I x A )  f o r  the system console 
a1 so uses the communications processor. 

0 There are two basic data channel processors. 
1 .  The card reader, card reader/punch, and p r i n t e r  

connect t o  the bas ic  data channel v i a  t h e i r  
respect ive adapters. Up t o  seven ex te rna l  
con t ro l  u n i t s  connect t o  the bas ic  data channel 
v i a  the f i r s t  se lec to r  channel op t ion .  

2. Up t o  e i g h t  add i t i ona l  externa l  con t ro l  u n i t s  
may be at tached t o  the second se lec to r  

' channel. 

To accommodate d i sc  storage devices, an in tegra ted  f i l e  
adapter i s  provided connect ing up t o  e i g h t  d i s c  d r i ves  
t o  the d i sc  processor. 

Computer Hardware 

Each o f  the four  input /output  processors has a se t  o f  general r eg i s te r s .  
These reg i s te r s  are used by the input /output  rou t ines  f o r  t h e i r  respec- 
t i v e  func t ion .  \ 

Four add i t i ona l  sets o f  general r e g i s t e r s  a re  i l l u s t r a t e d  i n  F igure  2-1. 
One o f  these r e g i s t e r  sets  i s  dedicated t o  the con t ro l  programs o f  the 
operat ing system. The remaining th ree  sets  o f  general r e g i s t e r s  a r e  
dedicated t o  execut ing user programs. 
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Hardware t i m i n g  f o r  the 7300 computer d i v i d e s  t h e  t o t a l  computer c y c l e  
i n t o  e i g h t  segments (major c y c l e s ) .  Dur ing each major c y c l e ,  s p e c i f i c  
f u n c t i o n a l l y  ded icated resources (hardware) pe r fo rm i n  c o r ~ j u n c t i o n  w i t h  
shared resources t o  become a  process ing e n t i t y ,  F i g u r e  2-1 i 1 1  u s t r a t e s  
t h i s  p e r i o d  o f  t ime as a  "processor s ta te" .  One o f  these major c y c l e s  
i s  a l l o t t e d  t o  each processor s t a t e .  

Pri ori t y  

As p r e v i o u s l y  mentioned, t h e  hardware machine t i m i n g  i s  d i v i d e d  i n t o  
major cyc les ,  a l l o c a t e d  one c y c l e  per  processor s t a t e .  F i g u r e  2-1 
i l l u s t r a t e s  t h e  f i r s t  major  c y c l e  be ing a l l o c a t e d  t o  processor s t a t e  
0 (communications p rocessor ) .  I n  o t h e r  words, f o r  t h a t  c y c l e  t h e  com- 
pu te r  i s  o p e r a t i n g  the  communications hardware. Dur ing the  next  major  
cyc le ,  processor s t a t e  1 (a m u l t i - d e v i c e  processor)  hardware i s  i n  
opera t ion .  Th is  cont inues through processor s t a t e s  2, 3 ,  4,  5, 6, 
and 7.  

I f ,  as t h e  diagram shows, a l l  processor s t a t e s  have work t o  pe r fo rm o f  
equal p r i o r i t y ,  these cyc les  occur s e q u e n t i a l l y .  Processor s t a t e s  pe r -  
fo rming high-speed inpu t -ou tpu t  opera t ions  need p r i o r i t y  over  those 
per forming lower-speed inpu t -ou tpu t  o r  general computat ional  func t ions .  
For t h i s  purpose, a  p r i o r i t y  scheme i s  prov ided t o  take c,are o f  any 
1/0 processor s t a t e  t h a t  needs major cyc les  sooner than i t s  normal 
t u r n  i n  t h e  sequence. T h i s  p r i o r i t y  scheme can be ad jus ted  a t  t h e  end 
o f  each major c y c l e ;  t h a t  i s ,  every major  c y c l e  a  t e s t  i s  made t o  see 
i f  the  normal p r i o r i t y  ( sequen t ia l  p rocessor -s ta te  opera t ion )  i s  t o  be 
fo l lowed,  o r  i f  an 1/0 processor should be g i ven  an out-of-sequence 
c y c l e .  Th is  a c t i o n  i s  s i m i l a r  t o  t h a t  o f  a  system t h a t  operates  on a  
p r i o r i  t y - i  n t e r r u p t  system. 
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Storage P r o t e c t i o n  

Th is  f e a t u r e  prov ides main s to rage  p r o t e c t i o n  f o r  each o f  t h e  processor 
s t a t e s  5 #  6, and 7. A r e g i s t e r  des ignated Upper Bounds (UB) and Lower 
Bounds (LB)  i s  p rov ided  f o r  each o f  these processor s t a t e s .  These 
r e g i s t e r s  a r e  a c c e s s i b l e  o n l y  by processor s t a t e  4. 

Upper and Lower Bounds values a r e  s e t  up by t h e  c o n t r o l  program 
(processor s t a t e  4 ) .  Each w r i t i n g  access a t tempted by an i n s t r u c t i o n  
execu t ing  under processor s t a t e s  5, 6, o r  7 i s  then checked by t h e  
Storage P r o t e c t i o n  hardware a g a i n s t  the  UB and LB values f o r  t h a t  
processor s t a t e .  I f  t h e  address f a l l s  o u t s i d e  t h e  bounds va lues,  w r i t i n g  
i s  prevented and the  c o n t r o l  program d e t e c t s  a  problem program address ing 
e r r o r .  

Computer Opt ions 

The f o l  lowing paragraphs desc r ibe  o p t i o n a l  f e a t u r e s  o f  t h e  7300 com- 
pu t e r ,  

JOB ACCOUNTING 

This  o p t i o n  comprises e i g h t  3 2 - b i t  r e g i s t e r s ,  one f o r  each processor 
s t a t e ,  and an incremental  adder. Each t ime  a  processor s t a t e  ge ts  
a  major  c y c l e ,  the hardware a u t o m a t i c a l l y  increases t h e  con ten ts  o f  
the  assoc ia ted  Job Account ing r e g i s t e r  by 'I. A j o b  accoun t ing  r e g i s -  
t e r  may be read a t  any t ime, b u t  any a t tempt  t o  w r i t e  i n t o  i t  w i l  1 
r e s e t  i t t o  zero .  

RELOCATION AND PROTECTION 

The Re loca t ion  and P r o t e c t i o n  f e a t u r e  p rov ides  t h r e e  f u n c t i o n s :  

1 .  A l lows f o r  r e l o c a t i o n  o f  programs w i t h o u t  i n s t r u c t i o n  
m o d i f i c a t i o n  

2 .  Extends t h e  address ing c a p a b i l i t y  o f  the system f rom 
65K t o  up t o  one-mi 1 1  i o n  by tes  

3. Provides a  comprehensive s to rage  p r o t e c t i o n  scheme 
f o r  a l l  processor s t a t e s .  

Th is  f e a t u r e  i s  implemented through t h e  use o f  a  Segment R e l o c a t i o n  
Table, P r o t e c t i o n  M a t r i x ,  Segment Tag F i l e ,  and Address Mode R e g i s t e r .  
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ReZocation. Each processor s t a t e  has a  hardware "segment tag" assoc ia ted  
w i t h  i t s  program address (P) reg i s  t e r  and w i t h  each o f  i t s  gtsnera 1 
r e g i s t e r s .  Th is  segment tag  i d e n t i f i e s  an e n t r y  i n  t h e  Segment Re- 
l o c a t i o n  Table, f rom which a  r e l o c a t i o n  cons tan t  o r  lower boundary page 
number o f  t h e  s to rage  segment (or  b l o c k )  i s  ob ta  ined. Each e n t r y  i n  
t h e  Segment Re loca t ion  Tab le  a1 so conta ins  an upper boundary number 
f o r  t h a t  segment. 

The e f f e c t i v e  address presented by each processor t o  t h e  r e l o c a t i o n  
and p r o t e c t i o n  hardware i s  c a l l e d  t h e  system address. The 20-bi t 
system address c o n s i s t s  o f  two p a r t s :  a  b b i t  Segment Number and a  
1 6 - b i t  d isplacement w i t h i n  t h e  segment. The displacement c o n s i s t s  
o f  an 8 -b i  t "age Number ( i d e n t i f y i n g  b locks  o f  256 by tes  each) and 
an 8-b i  t b y t e  displacement.  

The r e l o c a t i o n  and p r o t e c t i o n  hardware uses the  segment t a g  f o r  access 
t o  t h e  a p p r o p r i a t e  e n t r y  i n  the Segment Re loca t ion  Table.  The 1 6 - b i t  
d isplacement i s  then added t o  t h e  r e l o c a t i o n  cons tan t  t o  form t h e  
p h y s i c a l  memory address used i n  the  i n s t r u c t i o n .   h he 8-b i  t d i s p l a c e -  
ment i s  never a l t e r e d .  F i g u r e  2-2.) 

The general r u l e  f o r  o b t a i n i n g  a Segment Number i s  t h i s :  i f  t h e r e  i s  a  
general  r e g i s t e r  i n v o l v e d  i n  the fo rmat ion  o f  the  address, i t s  
assoc ia ted  segment tag  i s  used; i f  t h e r e  i s  no general  r e g i s t e r  so 
invo lved,  t h e  segment tag  assoc ia ted  w i t h  P-Register  i s  supp l ied .  

P r o t e c t i o n .  Storage may be d i v i d e d  i n t o  a  maximum o f  16 segments; 
access t o  each i s  c o n t r o l l e d  through t h e  P r o t e c t i o n  M a t r i x .  Th is  
m a t r i x  i s  organ ized as shown i n  F i g u r e  2-3. Each processor has two 
rows assigned t o  i t ;  one f o r  READ and one f o r  WRITE. Access by a  
processor s t a t e  f o r  READ o r  WRITE t o  a  s p e c i f i c  segment i s  a1 lowed 
o n l y  i f  t h e  b i t  i s  0 i n  the column f o r  the c o r r e c t  segment c o r r e s -  
ponding t o  t h e  row f o r  t h a t  processor s t a t e .  

I f  access i s  t o  be pe rm i t ted ,  a  check i s  a l s o  performed by t h e  r e l o -  
c a t i o n  and p r o t e c t i o n  hardware t o  assure t h a t  the  page number o f  t h e  
sys tem address d  i splacement does n o t  exceed t h e  "upper bounds" e n t r y  
i n  the Segment Re loca t ion  Table f o r  t h a t  segment. "Upper bounds" i s  
the maximum page number which may be addressed w i t h i n  t h a t  segment. 
I f  t he  bounds i s  exceeded, t h e  i n s t r u c t i o n  w i l l  no t  be executed and a  
c o n d i t i o n  code w i  1 1  be s e t  f o r  t h e  processor s t a t e .  

ControZ. Con t ro l  o f  t h e  Relocat  i o n  and P r o t e c t i o n  f e a t u r e  i s  supported 
through spec ia l  machi ne language i n s t r u c t  ions and t h e  Address-Mode 
Reg is te r .  Access t o  these i s  c o n t r o l  l e d  by t h e  c o n t r o l  program (proc-  
essor s t a t e  4) . 
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Svstem Address 

4 Bits 

Displacement 

Searnent Relocat~on Table 

Segment Entry 

I I 
I I 

. :elocat~on Constant 

Used only during 

protection check 

Phvsical Memory Address 

F i g u r e  2-2 ,  Generat i ng Relocat  i o n  Address  

2-7 
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S E G M E N T  N U M B E R  

F igure  2-3. Storage Access P r o t e c t i o n  M a t r i x  

2-8 2999.00 1 
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ERROR CORRECTION CODE OPTION 

The E r r o r  C o r r e c t i o n  Code (ECC)  o p t i o n  co r r -ec t s  s i n g l e - b i t  e r r o r s ,  and 
d e t e c t s  b u t  does n o t  c o r r e c t  d o u b l e - b i t  e r r o r s  made d u r i n g  a  s t o r a g e  
r e f e r e n c e .  I n  e i t h e r  case, an e n t r y  i s  made i n  t h e  E C C  E r r o r  Log 
r e g i s t e r .  

DATA REPRESENTATION 

The b a s i c  u n i t  o f  memory f o r  t h e  MEMOREX 7300 p rocesso r  i s  a n  8 - b i t  b y t e .  
The b y t e s  i n  memory a r e  numbered f rom 0  t o  a  maximum o f  131,072 ( 1 2 % ~ ) .  
The computer t r a n s f e r s  two b y t e s  a t  a  t i m e  i n t o  o r  o u t  o f  memory; t hese  
two b y t e s  a r e  t r e a t e d  as a  u n i t ,  c a l l e d  a word.  The b i t s  i n  a  b y t e  o r  

word a r e  numbered l e f t  t o  r i g h t  f r om 0 th rough  7 o r  0  t h rough  15, 
r e s p e c t i v e l y .  

Data can be rep resen ted  i n  any o f  t h e  f o l l o w i n g  f o r m a t s :  hexadec imal ,  
E B C D I C ,  b i n a r y ,  and zoned o r  packed d e c i m a l .  

Hexadecimal R e p r e s e n t a t i o n  

Hexadecimal n o t a t i o n  i s  a  system i n  wh ich  f o u r  b i t s  a r e  used t o  r e p r e s e n t  
t h e  decimal  v a l u e s ,  0-15.  S ince  t h e  hexadecimal  system i m p l i e s  16 d i f f e r -  
e n t  numbering symbols, t h i s  system uses d i g i t s  0-9 and l e t t e r s  A ,  B ,  C ,  
D ,  E:, and F  f o r  dec ima ls  10, 1 1 ,  12, 13 ,  14 ,  and 15,  r e s p e c t i v e l y .  

Each hexadecimal symbol has a c o r r e s p o n d i n g  4 - b i t  p a t t e r n .  T h i s  system 
uses eve ry  p o s s i b l e  comb ina t i on  o f  t h e  f o u r  b i t s  (16 c o m b i n a t i o n s ) .  

For example, t h e  v a l u e  o f  each o f  f o u r  b i t s  i s  shown, r e p r e s e n t i n g  t h e  
e q u i v a l e n t s  o f  23, 22, 2 l ,  and 2 O .  
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B ina ry  

The f o l l o w i n g  t a b l e  shows t h e  c o r r e l a t i o n  between dec imal ,  hexadecimal, 
and b i n a r y  n o t a t i o n .  

Decimal Hexadecimal B ina ry  

Using hexadecimal n o t a t i o n ,  a d i r e c t  convers ion f rom b i n a r y  t o  hexadec- 
imal ,  or v i ce -ve rsa ,  i s  ve ry  e a s i l y  made. 

Hexadecimal 9 8 E B 

B ina ry  

E B C D I C  Represen ta t i on  

Extended Binary-Coded-Decimal In terchange Code i s  a system t h a t  uses an 
8 - b i  t code t o  rep resen t  256 p o s s i b l e  charac te rs  (256 p o s s i b l e  v a r i a t i o n s  
o f  e i g h t  b i t s ) .  The E B C D I C  system n o t  o n l y  rep resen ts  d i g i t s  0-9, b u t  
a l s o  t h e  l e t t e r s  o f  t h e  a lphabe t  (upper and lower case) ,  a l l  p u n c t u a t i o n  
and a r i t h m e t i c  symbols (such as + - ; > =),  and some s p e c i a l  g r a p h i c  and 
c o n t r o l  symbols (such as SMM - s t a r t  o f  manual message, and EOT - end o f  
t ransmiss ion )  . 
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Each c h a r a c t e r  ( l e t t e r ,  d i g i t ,  o r  o t h e r  symbo l )  i s  r e p r e s e n t e d  i n  one  b y t e  
( e i g h t  b i t s ) .  The b y t e  i s  d i v i d e d  i n t o  two p o r t i o n s  o f  f o u r  b i t s  each :  

Some examples o f  EBCDIC c h a r a c t e r s  and t h e i r  c o r r e s p o n d i n q  8 - b i t  codes 
a r e :  

Numer ic  f i e l d s  i n  EBCDIC a r e  i n  a zoned dec 

1 

0 0 1 1 0 1 1 1  

The f o l l o w i n g  c h a r t  shows t h e  e n t i r e  s e t  o f  
hexadec ima l  e q u i v a l e n t s  o f  t h e  zone and d i g  

= EQT (end o f  t r a n s m i s s i c n )  

ma1 f o r m a t .  

EBCDIC symbols  w i t h  t h e  
t p o r t i o n s .  



B i t s  0-3 
Hexadec ima 1 
and B ina ry  

Representat i o n  

Bits h-7  

Hexadec i ma 1 
and B i n a r y  

Rep resen ta t  i on  
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B i  nary Representation 

A word ( two by tes )  i n  a s igned b i n a r y  format  has a  s i g n  b i t  ( b i t  0) and 
15 b i t s  i n  wh ich t o  h o l d  a  va lue  ( b i t s  1-15),  The v a l u e  o f  each b i t  
increases f rom r i g h t  t o  l e f t  by a power o f  two. 

d i g n  b i t  
O=pl us 

These two by tes  can ho ld  a s igned 
b i n a r y  v a l u e  rang ing  f rom -32,768 t o  +32,767 

To determ 
a r e  added 

i n e  the decimal v a l u e  o f  a b i n a r y  f i e l d ,  t h e  decimal equ iva 
f o r  each b i t  p o s i t i o n  t h a t  i s  on ( 1 ) .  

l e n t s  

581 = decimal v a l u e  of f i e l d  



FOR MEMOREX INTERNAL USE ONLY 

P o s i t i v e  numbers a r e  i n  the  format  desc r ibed  i n  t h e  preced ing t e x t ;  each 
b i t  p o s i t i o n  stands f o r  a  s p e c i f i c  va lue .  Negat ive  numbers a r e  i n  a 
two 's  complement form. The two 's  complement o f  a  v a l u e  i s  formed by 
r e v e r s i n g  t h e  s t a t e  o f  each b i t  ( t h i s  i s  t h e  o n e ' s  complement form) 
and then adding 1 t o  t h e  e n t i r e  f i e l d ( t h i s  i s  t h e  two 's  complementform). 

0  l 5  
+581 i n  t r u e  format  

0 ~ 0 ~ 0 ~ 0 ~ 0 ~ 0 ~  1 l o l o l  1 l o l o l o l  1 1  0 1  1 
t p l  us ( r e v e r s e  b i t  s t a t e s )  

I I I [ I I + I ~ ~ O ~ ~ I I ~ O ~  1 1 1 1  1 1 0 1  1 1 0  one 's  complement format 

+ 1  (add one) 

-581 i n  two 's  coniplement 
l I l I l ( 1 I l I 1 I 0 I 1 I  1 I o I 1 I  1 1  1 1 0 1  1 1  1 

t r n  i nus 

The h i g h e s t  p o s s i b l e  number i n  two 's  complement form i s  +32,767. 

The lowest  p o s s i b l e  number i n  two 's  complement form i s  -32,768- 

Zoned Decimal  Format  

I n  the  zoned decimal fo rmat ,  each d i g i t  0-9 i s  h e l d  i n  one b y t e .  B i t s  
4-7 o f  a b y t e  h o l d  t h e  d i g i t  0-9 i n  t h e  s tandard b i n a r y  format ;  t h i s  
i s  c a l l e d  t h e  d i g i t  p o r t i o n  o f  a b y t e .  B i t s  0-3 o f  a  b y t e  a r e  always 
l l l l16; t h i s  i s  c a l l e d  t h e  zone p o r t i o n  o f  t h e  b y t e .  

Zone D i g i t  

Zone D i g i t  

; V .  
Zone D i g i t  
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S ince each d i g i t  r e q u i r e s  a  b y t e ,  a  t h r e e - d i g i t  f i e l d  r e q u i r e s  t h r e e  
by tes ,  a s e v e n - d i g i t  f i e l d  r e q u i r e s  seven by tes ,  and so f o r t h .  The 
number 10 would occupy two by tes .  

Zone D i g i t  Zone D i g i t  

The d i g i t  p o r t i o n s  equal 1 and 0 ,  o r  10. 

A l l  numeric f i e l d s  must have a  s i g n ,  and i n  t h e  zoned decimal fo rmat  
t h e  f i r s t  f o u r  b i t s  (0-3)  o f  t h e  r i g h t m o s t  b y t e  a r e  used t o  h o l d  a s i g n .  
A hexadecimal C i s  a  p l u s  s i g n ,  and a  hexadecimal D i s  a minus s i g n .  
The number +10 would appear as f o l l o w s :  

-- 04- -- -- 
Zone D i g i t  s I grr D i g i t  
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Packed Decimal Represen ta t i on  

I n  t h e  zoned decimal fo rmat ,  a  b y t e  i s  r e q u i r e d  t o  h o l d  each d i g i t ,  0-9. 
The zone p o r t i o n  o f  each b y t e  i s  unused (except  f o r  t h e  s i g n  i n  t h e  r i g h t -  
most b y t e ) .  These zoned decimal f i e l d s  can be packed i n t o  a fewer number 
o f  by tes  i f  these zones a r e  removed; thus a  packed o r  unzoned decimal 
fo rmat .  I n  t h e  packed format ,  t h e  4 - b i t  s i g n  i s  moved t o  t h e  l a s t  f o u r  
b i t s  o f  t h e  r i gh tmos t  b y t e .  

The f o l l o w i n g  i l l u s t r a t i o n  shows t h e  number 18,634 i n  a  zoned format 
and a  packed (unzoned) fo rmat .  Note t h e  d i f f e r e n c e  i n  placement o f  t h e  
s i g n .  For e a s i e r  i n t e r p r e t a t i o n ,  the  a c t u a l  b i t  p a t t e r n s  a r e  n o t  shown. 

Zoned 

Zone D i g i t  Zone D i g i t  Zone D i g i t  Zone D i g i t  S ign D i g i t  

Packed 

D i g i t  D i g i t  D i g i t  D i g i t  D i g i t  Sign 

I f  a  f i e l d  w i t h  an odd number o f  d i g i t s  i s  packed, no p o r t i o n  o f  t h e  
packed f i e l d  i s  unused. I f  a  f i e l d  w i t h  an even number o f  d i g i t s  i s  
packed, however, t he  f i r s t  f o u r  b i t s  o f  the  packed f i e l d  a r e  unused, 
and a r e  f i l l e d  w i t h  zeros,  

I n  the l a s t  example, 18,634 was conver ted from a  f i v e - b y t e  zoned f i e l d  
t o  a  th ree -by te  packed f i e l d .  For the  number 618,634, t h e  zoned f i e l d  
r e q u i r e s  s i x  by tes  and the  packed f i e l d  f o u r  by tes .  The zoned and packed 
f i e l d s  would appear as f o l l o w s .  The unused p o r t i o n  o f  t h e  l e f t m o s t  b y t e  
o f  the  packed f i e l d  i s  cons idered zero .  

Zoned 

Zone D i g i t  Zone D i g i t  Zone D i g i t  Zone D i g i t  Zone D i g i t  S ign  D i g i t  

Packed 

Zero D i g i t  D i g i t  D i g i t  D i g i t  D i g i t  D i g i t  S ign 

I n  packed decimal fo rmat ,  t h e r e  a r e  severa l  4 - b i t  p a t t e r n s  f o r  p l u s  
and minus. The f o l l o w i n g  4 - b i t  p a t t e r n s ,  i d e n t i f i e d  i n  hexadecimal 
n o t a t i o n ,  i n d i c a t e  p l u s  o r  minus. 

Minus: B ,  D,  1 ,  3 ,  5, o r  9 
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Addressing 

The data  invo lved  i n  an i n s t r u c t i o n  can be i n  one o f  t h r e e  p laces :  
i n  t h e  i n s t r u c t i o n  i t s e l f ,  i n  a  general  r e g i s t e r ,  o r  i n  main s torage.  
I f  the data  i s  i n  t h e  i n s t r u c t i o n ,  t h e r e  r e a l l y  i s  no addressing;  i f  
i t  i s  i n  a  general  r e g i s t e r ,  t h e  programmer s imp ly  p rov ides  t h e  
r e g i s t e r  number. But i f  t h e  data  i s  i n  main s torage,  t h e r e  a r e  severa l  
techniques f o r  d e f i n i n g  t h e  l o c a t i o n  o f  t h a t  data t o  t h e  computer. 
The f o l l o w i n g  m a t e r i a l  d iscusses t h e  b a s i c  address ing techniques and 
how these techniques a r e  combined. For ease o f  p r e s e n t a t i o n ,  a l l  numbers 
i n  t h e  o b j e c t  formats i n  t h i s  s e c t i o n  a r e  decimal numbers. 

ImEDIA.TE  DATA 

Data h e l d  i n  the  i n s t r u c t i o n  i s  c a l l e d  immediate data,  s i n c e  i t  i s  
immediately a v a i l a b l e  
v o l  ved. 

Add Immediate - 

t o  t h e  computer; t h e r e  i s  no address ing i n -  

Reg is te r  Number 
Immediate Data 

Reg is te r  1 1 1 
L7 

OF CODE 

The immediate v a l u e  12 (dec imal )  w i l l  be added t o  
the  con ten ts  o f  general  r e g i s t , e r  5.  i it 12 i s  
0, i n d i c a t i n g  d i r e c t  address ing o f  r e g i s t e r  5 . )  

Note: B i t s  8 and 12 have a  s p e c i a l  use f o r  many i n s t r u c t i o n s ,  t h i s  
i s  descr ibed i n  the d iscuss ions  o f  d i r e c t  and i n d i r e c t  address ing i n  
t h i s  s e c t i o n .  

INDEXING 

l ndex ing  i s  an address ing techn ique i n  which a  memory address i s  added t o  
the contents  o f  a general  r e g i s t e r  (1-7) t o  form t h e  address o f  da ta  used 
i n  t h e  i n s t r u c t i o n .  A general  r e g i s t e r  used f o r  i ndex ing  i s  c a l l e d  an 
index r e g i s t e r .  

Index ing i s  o p t i o n a l  f o r  most o f  t h e  4 - ,  6- ,  and 8-byte  i n s t r u c t i o n s .  For 
i n s t r u c t i o n s  t h a t  a l l o w  index ing  t h e  f i r s t  r e g i s t e r  i n d i c a t e d  ( R ~ )  i n  an 
i n s t r u c t i o n  i s  assoc ia ted  w i t h  t h e  f i r s t  memory address ( M ~ ) ,  and t h e  
second r e g i s t e r  ( ~ 2 )  i s  assoc ia ted wi  t h  t h e  second memory address ( M ~ )  . 
The f o l l o w i n g  example, shows how index ing  a p p l i e s  t o  a  6-byte  i n s t r u c t i o n .  
I n s t r u c t i o n  con ten ts  i n  t h i s  and subsequent examples a r e  expressed i n  
decimal,  
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No l ndex  R e g i s t e r  S p e c i f i e d  f o r  1350 

l ndex R e g i s t e r ,  Added t o  820 
Add Memory - Memory-, 7 1 

0 * 7 8 9 f 11 12 1 3 *  15 

OP CODE 0 0  0 1  

I n d e x i n g :  820 + 

A d d i t  i o n :  880 

- 880 ( f  i na 1 address)  
l ndex  Va lue  

Memory Memory Memory 
1271 + 1350 m j - - - - + 1 3 5 0  [ 1 7 0 1  
Data Data 

Severa l  i n s t r u c t i o n s  use i n d e x i n g  t o  f o rm  a  v a l u e  used i n  t h e  i n s t r u c -  
t i o n  r a t h e r  t han  t o  f o rm  an address .  These i n s t r u c t i o n s  add an 
immediate v a l u e  t c  t h e  c o n t e n t s  o f  t h e  i ndex  r e g i s t e r ;  t h e  r e s u l t  i s  
t r e a t e d  as d a t a ,  n o t  an address .  

R e s u l t  R e g i s t e r  
Index  R e g i s t e r ,  Added t o  11200-, 1 

Add D i r e c t  - R e g i s t e r  
0 

I 1 I I I 1 
I OP CODE l " l  1 0 1  1 

I ndex ing :  11200 + 

A d d i t i o n :  11660 + 

R e g i s t e r  5 
1 - 4 6 0 1 - b l 1 6 6 0  (da ta )  
lndex  Va lue  

R e g i s t e r  6 R e g i s t e r  6 
1340) -----* 
Data R e s u l t s  

A  d i r e c t  address  i s  one (a  memory address  o r  a  r e g i s t e r  number) t h a t  i s  
e i t h e r  t h e  f i n a l  address o f  t h e  d a t a  used i n  t h e  i n s t r u c t i o n ,  o r  an address  
used f o r  i n d e x i n g .  A  d i r e c t  address  i s  n o t  t h e  address o f  a  second add ress .  

D i r e c t  a d d r e s s i n g  i s  i n d i c a t e d  by b i t s  8 and 12 f o r  i n s t r u c t i o n s  i n  w h i c h  
t h i s  t echn ique  a p p l i e s .  I f  t h e  b i t  i s  0 ( o f f ) ,  d i r e c t  a d d r e s s i n g  
i s  i n d i c a t e d .  

I n  t h i s  example, b i t s  8 and 12 a r e  o f f .  T h i s  i n d i c a t e s  t h a t  t h e  reg -  
i s t e r s  i d e n t i f i e d  i n  t h e  i n s t r u c t i o n  c o n t a i n  t h e  d a t a  used i n  t h e  
o p e r a t  i o n .  
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D i r e c t  Addressing o f  Reg is te r  5 
D i r e c t  Addressing o f  Reg is te r  3 

Add Reg is te r  - Reg is te r  4 1 
7 8 9 1 1 1 2 1 3  15 

0 3 0 5  

Reg is te r  3  Reg is te r  5 Reg is te r  5 

Data Data Resul ts  

D i r e c t  addressing a p p l i e s  t o  r e g i s t e r  numbers and memory addresses. 
For 2-byte i n s t r u c t i o n s ,  b i t  8 i s  assoc ia ted w i t h  R 1  ( i d e n t i f i e d  i n  
b i t s  9-11) and b i t  12 i s  assoc ia ted w i t h  R2 ( i d e n t i f i e d  i n  b i t s  13- 
15). For 4-byte i n s t r u c t i o n s ,  b i t  8  i s  assoc ia ted w i th .  ( i d e n t i f i e d  
i n  b i t s  16-31) and b i t  12 i s  assoc ia ted w i t h  R 2 .  R 1  i n  these i n -  
s t r u c t i o n s  i s  used as an index r e g i s t e r ,  and d i r e c t  o r  i n d i r e c t  ad- 
d ress ing  does no t  app ly  t o  index r e g i s t e r s .  For 6-byte  i n s t r u c t i o n s ,  
b i t  8  i s  assoc ia ted w i t h  M i  and b i t  12 i s  assoc ia ted w i t h  M2 ( iden-  
t i f i e d  i n  b i t s  32-47). The 8-byte  i n s t r u c t i o n s  a l l  use d i r e c t  addres- 
s i n g  - i t  i s  a  requirement.  

The f o l l o w i n g  4-byte i n s t r u c t i o n  shows an example o f  index ing and 
d i r e c t  address ing .o f  and R2. 

Receiv ing Register, 
D i r e c t  Addressing o f  Reg is te r  4  

l ndex Reg i s t e r  
D i r e c t  Addressing o f  M 

Reg is te r  1 

Indexing:  1 4 1  + 

Index Value 

Memory 

A d d i t i o n :  2004 1 2 2 0  1 + 
Data 

Reg is te r  4 Regi s t e r  

Data Resul ts  

address) 

4 



FOR MEMOREX INTERNAL USE ONLY 
INDIRECT ADDRESSING 

An i n d i r e c t  address (memory address o r  a  r e g i s t e r  number) i s  the  address 
o f  a  second address. T h i s  second address may be t h e  f i n a l  address o f  
the  data  used i n  t h e  i n s t r u c t i o n ,  o r  i t  may be an address used f o r  indexing.  
The second address must always be a  memory address; i t  cannot be a  
r e g i s t e r  number. An i n d i r e c t  memory address. must be an even-numbered 
address; t h e  f i n a l  address may be even o r  odd-numbered, depending on 
t h e  i n s t r u c t i o n  used. 

I n d i r e c t  addressing i s  i n d i c a t e d  by b i t s  8 and 12 f o r  i n s t r u c t i o n s  $in 
which t h i s  technique a p p l i e s .  I f  t h e  b i t  i s  1 (on),  i n d i r e c t  address- 
i ng  i s  i nd ica ted .  I n  the  f o l l o w i n g  example, b i t  8 i s  on (1) i n d i c a t i n g  
t h a t  t h e  r e g i s t e r  i d e n t i f i e d  i n  b i t s  9-11 con ta ins  a memory address, 
and a t  t h a t  memory address i s  the  data  used i n  t h e  i n s t r u c t i o n .  B i t  
12 i s  o f f  (0) i n d i c a t i n g  t h a t  t h e  r e g i s t e r  i d e n t i f i e d  i n  b i t s  13-15 
con ta ins  data,  no t  an address o f  data.  The data  f l o w  i n  the example 
i s  memory t o  r e g i s t e r .  

D i r e c t  Addressing o f  Regis ter  5 
l n d i  r e c t  Addressing of  Reg is te r  3  
Add Reg is te r  - 

Memory Reg is te r  5 Reg is te r  5 
A d d i t i o n :  

Data Data Resu t s  

l n d i r e c t  addressing a p p l i e s  t a  r e g i s t e r  numbers and memory addresses 
i n the  same way t h a t  
soc ia ted  w i t h  R1 and 
4-byte i n s t r u c t  ions,  
d i r e c t  addressing i s  
f o l l o w i n g  example o f  
works i n  combinat ion 

l n d i  r e c t  

d i r e c t  addressing does. B i t s  8 and 12 a r e  as- 
R2 f o r  2-byte i n s t r u c t i o n s ,  w i t h  M i  and Rg f o r  
and w i t h  M1 and M2 f o r  6-byte  i n s t r u c t i o n s .  In -  

no t  a l lowed f o r  8-byte  i n s t r u c t i o n s .  The 
a  6-byte  i n s t r u c t i o n  shows how i n d i r e c t  addressing 
w i t h  indexing.  

l ndex Regis ter ,  Added t o  2400 
Addressing o f  Memory Address 2400, 1 
Index Regis ter ,  Added t o  2100- 1 I 

D i r e c t  Addressing o f  Memory Address 2100 
Add M e m o r y ~ l  7 8 9  11 2 1 3  

OP CODE -- 
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R e g i s t e r  1 To 
Index ing:  2100 + -b 2200 ( f  i na 1 address) determi  ne 

Index Va ue operand 1 
address 

I n d i r e c t  address ing:  /2400 \ 

Index ing:  

A d d i t i o n :  

4 2400 Memory [3000] 
I n te rmed ia te  

Address determine 
operand 2 

Memory R e g i s t e r  3  address 
+ I-rv----, 3050 ( f i n a l  address) 

lndex Value 
Address 1 

Memo r Memory 
2200 ~1 + 3050 m 1 ' 3 0 5 0  

Data Data 

I n  the  p reced ing  example, t o  determine t h e  operand 2  address,  t h e  
i n d i r e c t  address ing was reso lved,  then the  index ing  was done, T h i s  
techn ique i s  c a l l e d  pos t - i ndex ing ,  because the  index ing  i s  done a f t e r  
t h e  i n d i r e c t  address ing i s  reso lved .  Almost a l l  i n s t r u c t i o n s  i n  which 
i n d i r e c t  address ing and index ing  a r e  a l l owed  use t h e  p o s t - i n d e x i n g  
technique.  Very few i n s t r u c t i o n s  use a  p r e - i n d e x i n g  techn ique,  i n  wh ich 
t h e  index ing  i s  done b e f o r e  t h e  i n d i r e c t  address ing  i s  reso lved .  The 
f o l l o w i n g  example shows how p o s t - i n d e x i n g  and p r e - i n d e x i n g  d i f f e r .  
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POST-INDEXING PRE-INDEXING 

The address o f  t h e  operand i s  d e t e r -  The address o f  t h e  operand i s  d e t e r -  
mined by these s teps :  mined by these s teps :  

@ I nd i r e c t  address i ng @ I n d i r e c t  address ing  
Memory 1 

n, --d l n t e r m e d i a t e  
Address 

M~ = ( lndex Value l-+lntermediate 
Address 

@ Index ing 

1 

l n te rmed ia te  = lndex F i n a l  
Address I e a l l * d d  ress  

@ Index ing 
Memory 

I n t e r m e d i a t e  F i n a l  
Address --d Address I 

@ F i n a l  address @ F i n a l  address 

F i n a l  address I ~ a t a I  F i n a l  address FKl 

Note: B i t s  8 and 12 i n  t h e  o b j e c t  i n s t r u c t i o n s  a r e  used as i n d i c a t o r  
b i t s ;  they i n d i c a t e  something t o  t h e  computer t h a t  t h e  o p e r a t i o n  code 
a lone  cannot do. These b i t s  a r e  n o t  always used t o  i n d i c a t e  ' d i r e c t  o r  
i n d i r e c t  address ing;  sometimes they t e l l  t h e  computer more about t h e  
operands o r  t h e  o p e r a t i o n  i t s e l f .  When used i n  such a manner, these 
b i t s  a r e  c a l l e d  f u n c t i o n  i n d i c a t o r s ;  they may be tu rned  on by t h e  
assembler i n  some cases and by t h e  programmer i n  o t h e r  cases. F u n c t i o n  
b i t s  a r e  c l e a r l y  d e f i n e d  f o r  each i n s t r u c t i o n  t h a t  uses them i n  t h e  
s e c t i o n  Machine I n s t r u c t i o n s .  
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MACHINE INSTRUCTION FORMATS 

A l l  programs used i n  t h e  computer, whether system, u t i l i t y ,  o r  a p p l i -  
c a t i o n  programs, have one t h i n g  i n  common: when they  a r e  executed they 
r e s i d e  i n  main s to rage  as a s e r i e s  o f  machine i n s t r u c t i o n s .  Machine 
i n s t r u c t i o n s  can be d i r e c t l y  executed by t h e  computer; they a r e  t h e  
r e s u l t  o f  a  t r a n s l a t i o n  o f  source i n s t r u c t i o n s .  The source i n s t r u c -  
t i o n s  a r e  i n  a  format  t h a t  can be e a s i l y  i n t e r p r e t e d  by a  programmer; 
t h e  o b j e c t  (machine) i n s t r u c t i o n s  a r e  i n  a  format  t h a t  i s  e a s i l y  i n t e r -  
p r e t e d  by t h e  machine. The f o l l o w i n g  m a t e r i a l  desc r ibes  t h e  machine 
i n s t r u c t i o n s  i n  t h e i r  o b j e c t  fo rmat ,  as they would appear i n  main 
s torage.  

There a r e  f o u r  b a s i c  machine i n s t r u c t  i o n  formats .  

RR R e g i s t e r - t o - R e g i s t e r  
R X  Reg is te r - to - Indexed  Storage 
X X  Indexed Storage- to- Indexed Storage 
S S  Storage- to-Storage 

The machine i n s t r u c t i o n s  a r e  d i v i d e d  i n t o  these f o u r  c a t e g o r i e s  on 
the  b a s i s  o f  t h e  i n s t r u c t i o n  l e n g t h ( 2 ,  4, 6, o r  8 by tes  o f  8 b i t s  each) 
and t h e  t ype  o f  o p e r a t i o n s  they per form.  The most common v a r i a t i o n s  
o f  each t ype  o f  i n s t r u c t i o n  a r e  i l l u s t r a t e d  i n  t h e  f o l l o w i n g  diagrams. 

R R ,  l n s t r u c t  ions (2-9y te)  
R = general  r e g i s t e r  

I OP CODE l i l  R 1  R2 I 

I OP CODE I R 

R 1  = genera l  r e g i s t e r  

R2 = genera l  r e g i s t e r  

I = immediate data  

i = i n d i c a t o r  b i t  f o r  d i r e c t  o r  
i n d i r e c t  address ing  o f  R 1  and/ 
o r  R2  

Data f l o w  i s  1 ----b 2 
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R X  I n s t r u c t i o n s  ( b ~ y t e )  

R 1  = general  r e g i s t e r  f o r  i ndex ing  
o f  M o r  f 

R 2  = general  r e g i s t e r  

M = memory address 

i R 1  OP CODE R2 I, 
i 

I = immediate data  
+ 

i = i n d i c a t o r  b i t ,  f o r  d i r e c t  or 
i n d i r e c t  address ing o f  M o r  

R2 

Data f l o w  i s  u s u a l l y  1-2 

I 

X X  I n s t r u c t  ions ( 6 - ~ y t e )  

R OP CODE 

R,= general  r e g i s t e r  f o r  i ndex ing  

i 

1 MI= memory address 

h.---- b y t e  _3tk- byte- -+ I  ' o f  M1 

I I M2= memory address 

i = i n d i c a t o r  b i t ,  f o r  d i r e c t  o r  
i n d i r e c t  address ing o f  M 1  
o r  M2 

Rp= general  r e g i s t e r  f o r  index ing 
o f  M2 

Data f l o w  i s 1  - - b 2  

R 2  

M1 

i R 1  OP CODE i 
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SS l n s t r u c t  ions ( 8 - ~ y t e )  

OP CODE R1 

general r e g i s t e r  f o r  index ing 
o f  MI 

general r e g i s t e r  f o r  index ing 
o f  M2 

memory address 

memory address 

f i e l d  leng th  

L 2  = f i e l d  leng th  

Data f l ow  i s  I +  2 

An opera t ion  code i n  the f i r s t  b y t e  o f  each i n s t r u c t i o n  t e l l s  the 
computer what type o f  opera t ion  t o  perform. This  code i s  most 
e a s i l y  represented as a  two -d ig i t  hexadecimal number, each d i g i t  
represent ing f ou r  b i t s .  For instance, an Add Register - Register 
opera t ion  would have the f o l l o w i n g  source rand o b j e c t  represen ta t ion .  
(The o b j e c t  format uses hexadecimal numbers i n  t h i s  example.) 

The opera t ion  code t e l l s  the computer what t o  do w i t h  the data, w h i l e  
the r e s t  o f  the i n s t r u c t i o n  i s  concerned w i t h  i d e n t i f y i n g  the l o c a t i o n  
o r  address o f  the data t o  be used i n  the i n s t r u c t  ion.  





SECTION Ill 
MACHINE INSTRUCTIONS 
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T A B L E  O F  CONTENTS 

M A C H I N E  I N S T R U C T I O N S  

I N T R O D U C T I O N  
A R  l THMET l C I NSTRUCT I ONS 
B I T - O R I E N T E D  I N S T R U C T I O N S  
BOOLEAN L O G I C  I N S T R U C T I O N S  
BRANCHING I N S T R U C T I O N S  
COMPARE I N S T R U C T I O N S  
DATA CONVERSION I N S T R U C T I O N S  
DATA TRANSFER I N S T R U C T I O N S  
NO O P E R A T I O N  
SERV l C E  REQUEST 
S H I F T  I N S T R U C T I O N S  
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S E C T I O N  1 1 1  
M A C H I N E  I N S T R U C T I O F I S  

INTRODUCT ION 

Th is  sec t i on  descr ibes the regu la r  se t  o f  machine i n s t r u c t i o n s .  The 
r e s t r i c t e d  ( con t ro l  and I/O) i n s t r u c t  ions a re  descr ibed i n  Sect i on  

I V ,  Theory o f  Operations (not  inc luded i n  t h i s  ve rs i on ) .  - 

The i n s t r u c t i o n s  a re  grouped by f u n c t i o n  i n  the f o l l o w i n g  o rder :  

1 .  A r i t hme t i c  

2.  B i t -Or ien ted  

3 .  Boolean Logic 

4.  Branching 

5. Compare 

6. Data Conversion 

7 .  Data Transfer  

8. No Operat ion 

9. Serv ice Request 

10. S h i f t  
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W i t h i n  each group, t h e  i n d i v i d u a l  i n s t r u c t i o n s  a r e  arranged a lpha-  
b e t i c a l l y  by name. Each i n s t r u c t i o n  d e s c r i p t i o n  inc ludes  the  source 
format ,  the  o b j e c t  format ,  a  d i s c u s s i o n  o f  the  o p e r a t i o n  invo lved ,  
and an example. The f o l l o w i n g  r u l e s  app ly  t o  the  i n s t r u c t i o n  de- 
s c r i p t i o n s .  

a  Most i n s t r u c t i o n s  must address even bytes i n  memory; 
t h e  r e s t  can address even o r  odd bytes.  The i n s t r u c t i o n s  
which can address even o r  odd bytes a r e  i d e n t i f i e d  by 
a  b u l l e t  f o l l o w i n g  t h e  i n s t r u c t i o n  name (such as, Compare 
Packed Decimal a ) .  

a  The address o f  a  memory f i e l d  r e f e r s  t o  the  l e f t m o s t  
b y t e  o f  t h a t  f i e l d .  

A word i s  d e f i n e d  as two bytes (8  b i t s  i n  a  b y t e ) ;  t h e  
b i t  p o s i t i o n s  i n  a  word a r e  numbered l e f t  t o  r i g h t  (0-15). 

The operand f i e l d s  o f  the i n s t r u c t i o n s  may be f i x e d  o r  
v a r i a b l e  i n  l eng th .  F ixed- leng th  operand f i e l d s  may be 
one by te ,  one word ( 2  b y t e s ) ,  o r  two words (4 by tes )  i n  
l eng th .  V a r i a b l e - l e n g t h  f i e l d s  may range from 0-255 by tes .  

a  The operand f i e l d s  f o r  some i n s t r u c t i o n s  a r e  con ta ined  i n  
two r e g i s t e r s  o r  two words; however, o n l y  one r e g i s t e r  o r  
word i s  addressed by the i n s t r u c t i o n .  I f  the  address o f  
the  operand i s  R ,  t he  operand may be a t  R and R + l  ( p l u s  
one reg i s  t e r )  o r  R and R - 1  (mi nus one r e g i s t e r )  . For 
example: i f  R=5, the operand f i e l d  may be i n  5 and 6 o r  
4 and 5. 

a I f  the address o f  t h e  operand i s  M, t h e  operand may be 
a t  M and M + l  ( p l u s  one word) o r  M and M - 1  (minus one word) .  
For example: i f  M=1324, the  operand f i e l d  i s  a  f o u r - b y t e  
f i e l d  occupying l o c a t i o n s  1324, 1325, 1326, and 1327 ( f o r  
M and ~ + 1 )  o r  1322, 1323, 1324, and 1325 ( f o r  M and M - 1 ) .  

a  The Overf low b i t  ( b i t  0) i n  t h e  C o n d i t i o n  r e g i s t e r  i s  
s e t  i f  t h e  r e s u l t s  o f  a  b i n a r y  add o r  s u b t r a c t  exceed t h e  
l i m i t s  o f  a  s igned one-word o r  two-word r e s u l t  f i e l d .  
S p e c i f i c a l l y ,  o v e r f l o w  i s  i n d i c a t e d  i f  r e s u l t s  > 2n- l -1  
o r  r e s u l t s  < -2n-1 (where n=16 o r  32 b i t s ) .  

a  The L i n k  b i t  ( b i t  3) i n  t h e  C o n d i t i o n  r e g i s t e r  i s  s e t  
i f  t h e  r e s u l t s  o f  a  b i n a r y  add o r  s u b t r a c t  exceed t h e  l i m i t s  
o f  an unsigned one-word o r  two-word r e s u l t  f i e l d .  S p e c i f -  
i c a l l y ,  l i n k  i s  i n d i c a t e d  i f  r e s u l t s  > 2"-1 f o r  an add 
(where n=16 o r  32 b i t s ) ,  o r  i f  operand 1 2 operand 2  f o r  
a  s u b t r a c t ,  
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The source and o b j e c t  formats  o f  the  operands a r e  d e f i n e d  u s i n g  t h e  
f o l l o w i n g  symbols. 

OP Code The o p e r a t i o n  codes a r e  presented i n  hexadecimal 
(00 through FF) . 

R A  genera l  r e g i s t e r  number, 0-7. The r e g i s t e r  
may be used as a  sending o r  r e c e i v i n g  f i e l d  o r  
as an index r e g i s t e r .  

M A  memory address, 0-65,535. 

I An immediate va lue;  t h e  v a l u e  v a r i e s  depending 
on t h e  i n s t r u c t i o n .  The v a l u e  may rep resen t  an 
amount used i n  an a r i t h m e t i c  o p e r a t i o n ,  a  s h i f t  
count ,  a  s k i p  count ,  o r  a b i t  number. 

A f i e l d  leng th ,  u s u a l l y  0-255, b u t  longer  f o r  
some i n s t r u c t  ions.  For c e r t a i n  i n s t r u c t  ions 
t h e  l e n g t h  o f  an operand f i e l d  may be d e f i n e d  
i n  t h e  i n s t r u c t i o n .  The l e n g t h  s p e c i f i e d  i n  t h e  
i n s t r u c t i o n  o v e r r i d e s  ancy p rev ious  f i e l d  l e n g t h  
d e f i n i t i o n ,  bu t  i s  o n l y  i n  e f f e c t  f o r  t h a t  i n -  
s t r u c t i o n .  

An R, M,  I ,  o r  L  i n  source operand 1 i s  i d e n t i f i e d  as R 1 ,  MI, 1 1 ,  o r  L l ;  
i n  source operand 2  they a r e  i d e n t i f i e d  as R2, M2, 12,  o r  L2. I f  t h e r e  
i s  o n l y  one operand, no number i s  used (R ,  M, I ,  o r  L ) .  These symbols 
a r e  numbered so t h a t  they can be r e f e r r e d  t o  e a s i l y  ( d i s t i n g u i s h i n g  
between R l  and R2 i n  t h e  same i n s t r u c t i o n )  and t o  make c l e a r  t h e  loca -  
t i o n  o f  these f i e l d s  i n  t h e  o b j e c t  fo rmat .  

An a t - s i g n  (@) i n  a  source operand i n d i c a t e s  i n d i r e c t  addressing,  an 
o p t i o n a l  f e a t u r e .  For t h e  i n s t r u c t i o n s  i n  which a  r e g i s t e r  i s  a send- 
i n g  o r  r e c e i v i n g  f i e l d ,  t h e  a t - s i g n  i n d i c a t e s  i n d i r e c t  address ing f o r  
R1 o r  R2. I f  a  f i e l d  i n  memory i s  the  sending o r  r e c e i v i n g  f i e l d ,  
t h e  a t - s i g n  i n d i c a t e s  i n d i r e c t  address ing o f  M l o r  M2. 

Index r e g i s t e r s  and f i e l d  leng ths  a r e  o p t i o n a l ;  they a r e  enclosed i n  
parentheses i n  a  source operand. 



FOR MEMOREX INTERNAL USE ONLY 

The two major operand f i e l d s  a re  separated by a  comma. 

The f o l l o w i n g  examples show how the source and o b j e c t  formats a re  i l l u s -  
t r a ted .  The a t - s i g n  and any des ignat ions i n  parentheses a re  almost always 
o p t i o n a l ;  i f  any o f  these des ignat ions a re  no t  o p t i o n a l ,  t h i s  f a c t  w i l l  
be noted. Data f l o w  i s  u s u a l l y  operand 1 t o  operand 2, un less o therw ise  
s ta ted  . 
EXAMPLE 1 

a t - s i g n  which 
turns on b i t  

0  1  2 3  4  5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5  

Data f l ow  I s  1  t o  2. 

 LA^ op t i ona l  
a t - s i g n  which 
turns on 
b i t  8. 

The v a r i a t i o n s  o f  t h i s  i n s t r u c t i o n  a re  as f o l l ows :  data f l o w  may be reg- 
i s t e r  t o  r e g i s t e r ,  r e g i s t e r  t o  memory, memory t o  r e g i s t e r ,  o r  memory t o  
memory, depending on the use o f  i n d i r e c t  addressing, 

ADDR pl 1 R2 

j @ R 1  I @R, 

EXAMPLE 2 

There a r e 2  x  2  = 4 poss ib l e  v a r i a t i o n s  
o f  t h i s  i n s t r u c t i o n .  

OP CODE -1 
ADDM @ ! M ~ ( R ~ ) , @ M ~ ( R ~ )  

An op t i ona l  index r e g i s t e r  
added t o  M2 

An op t i ona l  a t - s i g n  which tu rns  on b i i t  12, 
spec i f y i ng  i n d i r e c t  addressing o f  M2 

An op t i ona l  index r e g i s t e r  added t o  M1 

L ~ n  op t i ona l  a t - s i g n  which tu rns  on b i t  8, s p e c i f y i n g  i n d i r e c t  
addressing o f  MI 
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The data f l ow  o f  t h i s  i n s t r u c t i o n  i s  always memory t o  memory. Any v a r i a -  
t i o n  o f  operand 1 can be used w i t h  any v a r i a t i o n  o f  operand 2.  

M2 

ADDM 
There a r e 4  x 4 = 16 
poss ib le  v a r i a t i o n s  o f  
t h i s  i n s t r u c t i o n .  

Timing formulas f o r  a l l  i n s t r u c t i o n s  a re  included a s  a  p a r t  o f  Appendix 
C t o  t h i s  document. 
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ARITHMETIC INSTRUCTIONS 

Mnemonic Code 

ADDD 
ADD l 
ADDM 
ADD 
ADDK 
ADDR 
ADDT 
D l V D  
D l V l  
D l VM 
D I V  
DlVK 
D l V R  
MPYD 
MPY l 
MPYM 
MPY 
MPYK 
MPYR 
SUBD 
SUB l 
SUBM 
SUB 
SUBK 
SUBR 
SUBT 
ZADK 

Name 

Add D i r e c t  
Add lmmediate 
Add Memory - Memory 
Add Memory - R e g i s t e r  
Add Packed Decimal 
Add R e g i s t e r  - R e g i s t e r  
Add Two-Word 
D i v i d e  D i r e c t  
D i v i d e  Immediate 
D i v i d e  Memory - Memory 
D i v i d e  Memory - R e g i s t e r  
D i v i d e  Packed Decimal 
D i v i d e  Reg is te r  - R e g i s t e r  
Mu1 t i p l y  D i r e c t  
Mu1 t i p l y  lmmediate 
Mu 1 t i p l y  Memory - Memory 
M u l t i p l y  Memory - R e g i s t e r  
M u l t i p l y  Packed Decimal 
M u l t i p l y  Reg is te r  - Reg is te r  
Sub t rac t  D i r e c t  
Sub t rac t  lmmediate 
Sub t rac t  Memory - Memory 
S u b t r a c t  Memory - R e g i s t e r  
Sub t rac t  Packed Decimal 
Sub t rac t  Reg is te r  - R e g i s t e r  
Sub t rac t  Two-Word 
Zero and Add 
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Add Direct 

ADDD I (dl ) , @R2 

FUNCTION: Performs a b i n a r y  a d d i t i o n  o f  a one-word immediate va lue*  
and a one-word f i e l d  i n  a general  r e g i s t e r  o r  i n  memory. 

OPERAND 1 :  A 1 6 - b i t  immediate s igned v a l u e  i n  b i t s  16-31 o f  t h e  i n -  
s t r u c t i o n ;  the  va lue  may range from -32,768 t o  +32,767. 

;':Indexing may be s p e c i f i e d  f o r  operand 1 .  I n  t h i s  case, operand 1 i s  
d e r i v e d  by add ing the  I va lue  and the  general  r e g i s t e r  c o n t e n t s  s p e c i f i e d  
by R 1 ;  no check f o r  o v e r f l o w  o r  1 i n k  i s  made d u r i n g  t h e  index ing .  

OPERAND 2: A one-word f i e l d  i n  t h e  genera 1 r e g i s t e r  spec i f  ied  by R2 o r  
i n  memory i f  i n d i r e c t  address ing i s  used, b i t  12=1. 

RESULTS: The r e s u l t i n g  sum res ides  a t  the  operand 2 l o c a t i o n ,  The Con- 
d i t i o n  r e g i s t e r  i s  a f f e c t e d  as f o l l o w s :  

0 B i t  0 (over f l ow)  i s  s e t  i f  the r e s u l t  i s  g r e a t e r  than 
+32,767 o r  l ess  than -32,768. 
B i t s  1-2 and 4-7 a r e  c lea red .  

0 B i t  3 (1 i n k )  i s  s e t  i f  the r e s u l t  i s  g r e a t e r  than 65,535. 

EXAMPLE : ADDD 15000 (2), 3 

The immediate va lue  o f  15,000 i s  m o d i f i e d  by t h e  con ten ts  o f  r e g i s t e r  2 
and added t o  t h e  va lue  i n  r e g i s t e r  3. The sum remains i n  r e g i s t e r  3. 

I f  @ ( i n d i r e c t  addressing) i s  s p e c i f i e d ,  r e g i s t e r  3 c o n t a i n s  a memory 
address. 
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Add I m e d i a t e  

FUNCTION: Performs a  b i n a r y  a d d i t i o n  o f  a  & b i t  immediate v a l u e  and a  
one-word f i e l d  i n  a  general  r e g i s t e r  o r  i n  memory. 

OPERAND 1 :  A  b b i t  unsigned va lue  loca ted  i n  b i t s  8-1 1 o f  t h e  i n s t r u c t i o n ;  
t h e  va lue  may range from 0-15. The I va lue  i s  added t o  operand 2 i n  
b i t  p o s i t i o n s  12-15 w i t h  b i t s  0-11 zeros.  

OPERAND 2: A  one-word f i e l d  i n  the  general  r e g i s t e r  s p e c i f i e d  by R o r  
i n  memory i f  i n d i r e c t  address ing i s  used, b i t  12=1. 

RESULTS: The r e s u l t i n g  sum res ides  a t  the  operand 2 l o c a t i o n .  The Con- 
d i t i o n  r e g i s t e r  i s  a f f e c t e d  as f o l l o w s :  

a B i t  0 (over f l ow)  i s  s e t  i f  t h e  r e s u l t  i s  g r e a t e r  than +32,767 
o r  l e s s  than -32,768. 

0 B i t s  1-2 and 4-7 a r e  c lea red .  
0 B i t  3 ( l i n k )  i s  s e t  i f  the  r e s u l t  i s  g r e a t e r  than; 65,535. 

EXAMPLE: ADD1 10,$4 -- 
The immediate va lue o f  10 i s  added t o  the  operand a t  t he  memory address 
s p e c i f i e d  i n  r e g i s t e r  4,  a t  which address the sum i s  a l s o  p laced.  

I f  @ ( i n d i r e c t  addressing) i s  n o t  s p e c i f i e d ,  the r e g i s t e r  c o n t a i n s  an 
operand and subsequent sum, r a t h e r  than an operand address. 
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Add Memory - Memory 

FUNCTION: Performs a  b i n a r y  a d d i t i o n  o f  two one-word f i e l d s  i n  memory. 

OPERAND 1 :  A  one-word f i e l d  i n  memory. Addressing o p t i o n s  t o  t h e  base 
address M, i n c l u d e  index ing  (R,), i n d i r e c t  address ing ( b i t  8=1), o r  a  
cornbinat,i&n o f  both .  

I 

OPERAND - 2: Same as operand 1 except use M2, R2, and b i t  12=1. 

RESULTS: The r e s u l t i n g  sum res ides  a t  t h e  operand 2  l o c a t i o n .  The -- 
C o n d i t i o n  r e g i s t e r  i s  a f f e c t e d  as f o l l o w s :  

a B i t  0  (over f l ow)  i s  s e t  i f  t h e  r e s u l t  i s  g r e a t e r  than 
+32,767 o r  l ess  than -32,768. 
B i t s  1-2 and 4-7 a r e  c l e a r e d ,  

e B i t  3 ( l i n k )  i s  s e t  i f  the  r e s u l t  i s  g r e a t e r  than 65,335. 

EXAMPLE : ADDM @HERE (3) ,@TAG (2) 

A HERE(^) i d e n t i f i e s  a  1 6 - b i t  operand which i s  added t o  another  operand 
i d e n t i f i e d  by @TAG(z).  The subsequent sum i s  l o c a t e d  a t  t h e  address 
spec i f i ed a t  @TAG (2) . 
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Add Memory - Register 

FUNCTION: Performs a  b i n a r y  a d d i t i o n  o f  a  one-word f i e l d  i n  memory and 
a  one-word f i e l d  i n  a  general  r e g i s t e r  o r  i n  memory. 

OPERAND 1 :  A  one-word f i e l d  i n  memory. Addressing o p t i o n s  t o  t h e  base 
address M i n c l u d e  index ing ( R ~ ) ,  i n d i r e c t  address ing ( b i t  8=1), o r  a  
combinat ion o f  both .  

OPERAND 2: A  one-word f i e l d  i n  t h e  general  r e g i s t e r  s p e c i f i e d  by R p  
o r  i n  memory i f  i n d i r e c t  address ing i s  used, b i t  12=1. 

RESULTS: The r e s u l t i n g  sum res ides  a t  the  operand 2  l o c a t i o n .  The Con- 
d i t i o n  r e g i s t e r  i s  a f f e c t e d  as f o l l o w s :  

a B i t  0  (over f l ow)  i s  s e t  i f  the r e s u l t  i s  g r e a t e r  than +32,767 
o r  l e s s  than -32,768. 

a B i t s  1-2 and 4-7 a r e  c lea red .  
B i t  3 ( l i n k )  i s  s e t  i f  the  r e s u l t  i s  g r e a t e r  than 65,535. 

EXAMPLE: ADD  TAG(^),^ 

A 1 6 - b i t  operand i d e n t i f i e d  by  TAG(^) i s  added t o  t h e  con ten ts  o f  
r e g i s t e r  7. 

A l though n o t  s p e c i f i e d  i n  the  example, @ ( i n d i r e c t  address ing)  can be 
a p p l i e d  t o  bo th  opera to rs .  
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Add Packed Decimal 0 

ADDK 

FUNCTION: Performs a  s igned decimal a d d i t i o n ,  proceeding f rom r i g h t  t o  -- 
l e f t ,  o f  the  two packed decirnal f i e l d s  i n  memory. The f i e l d  leng ths  L 1  
and L2 may va ry  f rom 0-255 by tes .  

OPERAND 1 :  A packed decimal f i e l d  i n  memory. The f i e l d  leng th ,  0-255 - 
bytes,  i s  s p e c i f i e d  i n  the  L 1  f i e l d  o f  t h e  i n s t r u c t i o n .  The operand address 
i n d i c a t e d  by M 1  may be indexed ( R ~ ) ,  b u t  i n d i r e c t  address ing i s  n o t  
a l lowed.  The e f f e c t i v e  address p o i n t s  t o  the  most s i g n i f i c a n t  by tes o f  
the  decimal f i e l d .  

OPERAND 2: A packed decimal f i e l d  i n  memory. The f i e l d  leng th ,  0-255 
bytes,  i s  s p e c i f i e d  by the  L2  va lue  i n  the  i n s t r u c t i o n .  The operand 
address i n d i c a t e d  by M2 may be indexed ( R ~ ) ,  bu t  i n d i  r e c t  address ing i s  
n o t  a l lowed.  The e f f e c t i v e  operand address p o i n t s  t o  t h e  most s i g n i f i c a n t  
by tes o f  the  decimal f i e l d .  

RESULTS: The r e s u l t i n g  decimal sum res ides  a t  t h e  operand 2 l o c a t i o n .  -- 
The f o l l o w i n g  c o n d i t i o n s  can occur ,  depending on the  va lues o f  L1 and 
L2 

I f  L1 i s  g r e a t e r  than L2 and the  d i f f e r e n c e  between L 1  
and L2 con ta ins  s i g n i f i c a n t  data ,  b i t  0 o f  the  C o n d i t i o n  
r e g i s t e r  i s  s e t .  

e I f  L1 = 0  and L2 = 0, b i t  3 o f  t h e  C o n d i t i o n  r e g i s t e r  i s  s e t .  
0 I f  L1 = 0 ,  a n a d d o f  ze ro  isassumed.  
0 I f  L2 i s  g r e a t e r  than L1, zeros a r e  used t o  make up t h e  d i f f e r e n c e  

i n  f i e l d  lengths.  

The C o n d i t i o n  r e g i s t e r  i s  a l s o  a f f e c t e d  as f o l l o w s :  

e B i t  0 i s  s e t  i f  s i g n i f i c a n t  data  i s  l o s t ;  b i t s  1-7 a r e  c lea red .  
0 B i t s  1 and 5 a r e  s e t  i f  r e s u l t s  a r e  p lus ;  b i t s  0, 2-4, and 

6-7 a r e  c leared.  
0 B i t s  2 and 6  a r e  s e t  i f  r e s u l t s  a r e  minus; b i t s  0-1, 3-5, and 

7 a r e  c lea red .  
a B i t s  3 and 7 a r e  s e t  i f  r e s u l t s  a r e  zero;  b i t s  0-2, and 4-6 

a r e  c lea red .  
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EXAMPLE: ADDK ~ 1 ~ ~ ~ 2 ( 1 0 , 5 ) , F l E L D 1 ( 1 2 , 6 )  

A 10-byte packed f i e l d  i d e n t i f i e d  by F I E L D Z ( ~ O , ~ )  i s  added t o  a  12-by te  
packed f i e l d  i d e n t i f i e d  by  FIELD^(^^,^). Had t h e  f i e l d  l e n g t h s  been 
reversed ( t h a t  i s ,  t r y i n g  t o  add the  l a r g e r  f i e l d  t o  t h e  s m a l l e r )  and 
the  o v e r l a p  c o n t a i n s  s i g n i f i c a n t  (non-zero)  b y t e s ,  b i t  0 of  t h e  Con- 
d i t i o n  r e g i s t e r  i s  s e t  t o  i n d i c a t e  l o s t  da ta  (an i n c o r r e c t  add) .  
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FUNCTION: Performs a  b i n a r y  a d d i t i o n  o f  two one-word f i e l d s ;  e i t h e r  f i e l d  
may be i n  a  genera l  r e g i s t e r  o r  i n  memory. 

OPERAND 1 :  A  one-word f i e l d  i n  t h e  general  r e g i s t e r  s p e c i f i e d  by R 1  o r  i n  
memory i f  i n d i r e c t  address ing i s  used, b i t  8=1. 

OPERAND 2: A one-word f i e l d  i n  the  genera l  r e g i s t e r  s p e c i f i e d  by R2 o r  i n  
memory i f  i n d i r e c t  address ing i s  used, b i t  12=1. 

RESULTS: The r e s u l t i n g  sum res ides  a t  the  operand 2 l o c a t i o n .  The 
C o n d i t i o n  r e g i s t e r  i s  a f f e c t e d  as f o l l o w s :  

0 B i t  0  (ove r f l ow)  i s  s e t  i f  the  r e s u l t  i s  g r e a t e r  than 
+32,767 o r  l e s s  than -32,768. 

0 B i t s  1-2 and 4-7 a r e  c lea red ,  
0 B i t  3 ( l i n k )  i s  s e t  i f  the r e s u l t  i s  more than 65,535. 

EXAMPLE: ADDR @4,@1 -- 
I n  t h i s  example, bo th  source operands s p e c i f y  i n d i r e c t  address ing;  the re -  
f o r e ,  r e g i s t e r  4 and r e g i s t e r  1 c o n t a i n  memory addresses o f  operands. The 
o p e r a t i o n  adds the operand found through r e g i s t e r  4  t o  t h e  operand found 
through r e g i s t e r  1 (sum remains a t  the  l a t t e r  l o c a t i o n ) .  



FOR MEMOREX [NTERNAL USE ONLY 

FUNCTION: Performs a  b inary  a d d i t i o n  o f  a  two-word f i e l d  i n  memory and 
a  two-word f i e l d  i n  two general r e g i s t e r s  o r  i n  memory. 

OPERAND 1 :  A  two-word f i e l d  i n  memory a t  the e f f e c t i v e  address. 
Addressing op t ions  t o  the base address M inc lude indexing (RI), i n -  
d i r e c t  addressing ( b i t  8=1), o r  a  combination o f  both.  

OPERAND 2: A  two-word f i e l d  located i n  two general r e g i s t e r s  ( t h e  most 
s i g n i f i c a n t  b i t s  i n  the r e g i s t e r  spec i f i ed  by R2 and the l e a s t  s i g n i f i c a n t  
b i t s  i n  the r e g i s t e r  ~ ~ + l ) - o r  i n  memory a t  the address i f  i n d i r e c t  
addressing i s  used, b i t  12=1. ( ~ o t e :  I f  r e g i s t e r  7 i s  spec i f i ed  by 
R2, the most s i g n i f i c a n t  b i t s  a re  i n  r e g i s t e r  7 and the l e a s t  s i g n i f i c a n t  
b i t s  a r e  i n  r e g i s t e r  0.) 

The e f f e c t i v e  address po in t s  t o  the  most s i g n i f i c a n t  word o f  the operand. 

RESULTS: The r e s u l t i n g  sum resides a t  the operand 2  loca t ion .  The 
Condi t ion r e g i s t e r  i s  a f f e c t e d  as f o l l ows :  

a B i t  0 (over f low)  i s  se t  i f  the  r e s u l t  i s  g rea te r  than +23'-1 
o r  less than -231. 

a B i t s  1-2 and 4-7 a re  c leared.  
a B i t  3 ( l i n k )  i s  set  i f  the  r e s u l t  i s  g rea te r  than 

 TAG(^) i d e n t i f i e s  a  two-word f i e l d  which i s  added t o  the  contents o f  
r e g i s t e r s  5 and 6. The two word sum remains i n  r e g i s t e r s  5 and 6. 

Although not  used i n  t h i s  example, @ can precede each operatlor t o  spec i f y  
i n d i r e c t  addressing. 



FOR MEMOREX INTERNAL USE ONLY 

D i v i d ~  Direct 

RJNCTION: Performs a  b i n a r y  d i v i s i o n ;  the  d i v i s o r  i s  a  one-word immediate 
valug*,  and t h e  d i v i d e n d  i s  a  two-word f i e l d  i n  two general  r e g i s t e r s  o r  
i n  memory. 

P E R A N D  1 :  The d i v i s o r ;  a  1 6 - b i t  immediate s igned v a l u e  i n  b i t s  16-31 
o f  t h e  i n s t r u c t i o n ;  t h e  va lue  may range f rom -32,768 t o  +32,767. 

+:Indexing may be s p e c i f i e d  f o r  operand 1 .  I n  t h i s  case, operand 1 i s  
de r i ved  by add ing the  I va lue  and the  genera l  r e g i s t e r  c o n t e n t s  s p e c i f i e d  
by R l ;  no check f o r  o v e r f l o w  o r  l i n k  i s  made d u r i n g  the  index ing.  

F E R A N D  2: The d i v idend ;  a  32-bi  t s igned va lue  con ta ined  i n  a  two- 
word f i e l d .  

I f  d i r e c t  address ing i s  used ( b i t  12=0), t h e  l e a s t  s i g n i f i c a n t  b i t s  a r e  
i n  the  r e g i s t e r  s p e c i f i e d  by R2 and the  most s i g n i f i c a n t  b i t s  a r e  i n  t h e  
r e g i s t e r  R 2 - 1  . ( ~ o t e :  I f reg i s  t e r  0 i s  s p e c i f i e d  by R2, t h e  1 eas t  
s i g n i f i c a n t  b i t s  o f  the  d i v i d e n d  a r e  i n  r e g i s t e r  0  and the  most 
s i g n i f i c a n t  b i t s  a r e  i n  r e g i s t e r  7 . )  

I f  i n d i r e c t  address ing i s  used ( b i t  12=1), t h e  l e a s t  s i g n i f i c a n t  b i t s  
a r e  i n  memory a t  t h e  e f f e c t i v e  address and the  most s i g n i f i c a n t  b i t s  
a t  the  e f f e c t i v e  address -2. 

RESULTS: The q u o t i e n t ,  a 1 6 - b i t  s igned va lue,  res ides  a t  t h e  R2 r e g i s t e r  -- 
o r  the  e f f e c t i v e  address o f  the  operand 2 l o c a t i o n .  The remainder, a  
1 6 - b i t  s igned value,  res ides  a t  t h e  R2;1 r e g i s t e r  o r  e f f e c t i v e  address 
- 2  o f  the  operand 2  l o c a t i o n ;  the  rema~ncler always has t h e  same s i g n  as 
the  d i v idend .  

The C o n d i t i o n  r e g i s t e r  i s  a f f e c t e d  as f o l l o w s :  

0 B i t  0  (ove r f l ow)  i s  s e t  i f  t h e  r e s u l t i n g  q u o t i e n t  i s  g r e a t e r  
than +32,767 o r  l e s s  than -32,768. 

0 B i t  0 (ove r f l ow)  i s  s e t  i f  t h e  d i v i s o r  i s  0; t h e  operands a r e  
unchanged. 



FOR MEMOREX INTERNAL USE ONLY 

EXAMPLE : D l VD -32255 (4) , @3 

The i n s t r u c t i o n  s p e c i f i e s  a b inary  d i v i d e  i n  which the d i v i s o r  i s  formed 
by adding -32,255 t o  the contents o f  r e g i s t e r  4, and the d iv idend i s  
found a t  the address spec i f i ed  i n  r e g i s t e r  3 .  

As shown i n  the f o l l o w i n g  i l l u s t r a t i o n ,  the address spec i f i ed  i n  r e g i s t e r  
3 po in t s  t o  the t h i r d  by te  o f  the 32-bi t d iv idend.  Th is  i s  the 4-byte 
f i e l d  i n  memory t h a t  holds the d iv idend.  

1 I I 

Dividend 
I I 

Sign b i t  Address i n  r e g i s t e r  3 
po in t s  here 

A f t e r  the d i v i s i o n ,  the quo t i en t  ( i n c l u d i n g  s i gn  b i t )  i s  placed i n  the 
t h i r d  and f o u r t h  bytes and the remainder ( a l so  w i t h  s i gn  b i t )  i s  placed 
i n  bytes one and two. Thus, f o r  subsequent operat ions,  the quo t i en t  
can be found a t  the address as spec i f i ed  i n  r e g i s t e r  3. Th is  i s  the 
same f i e l d  a f t e r  the d i v i d e  operat ion.  

- ~ d d r e s s  i n  r e g i s t e r  3 
po in t s  here 

i 

Quot ien t  
I 

h 

A 

Sign b i t  Sign b i t  

I 

Rema i nder 
I 



Divide I m e d i a t e  

FOR MEMOREX INTERNAL USE ONLY 

FUNCTION: Performs a  b i n a r y  d i v i d e ;  t h e  d i v i s o r  i s  a  4 -b i  t immediate -- 
value,  and t h e  d i v i d e n d  i s  a  two-word f ie l ld  i n  two genera l  r e g i s t e r s  o r  
i n  memory. 

OPERAND 1 :  The d i v i s o r  i s  a  4 - b i t  unsigned v a l u e  i n  b i t s  8-11 o f  t h e  
i n s t r u c t i o n ;  t h e  va lue  i s  always p o s i t i v e  and may range f rom 0-15. 

OPERAND 2: The d i v idend ;  a  3 2 - b i t  s igned va lue  conta ined i n  a  two-word 
f i e l d .  

I f  d i r e c t  address ing i s  used ( b i t  12=0), t h e  l e a s t  s i g n i f i c a n t  b i t s  a r e  
i n  t h e  r e g i s t e r  s p e c i f i e d  by R 1  and t h e  most s i g n i f i c a n t  b i t s  a r e  i n  t h e  
r e g i s t e r  R .  ( ~ o t e :  I f  r e g i s t e r  0  i s  s p e c i f i e d  by R, t h e  l e a s t  
s i g n i f i c a n t  b i t s  o f  t h e  d i v i d e n d  a r e  i n  r e g i s t e r  0  and t h e  most s i g n i f -  
i c a n t  b i t s  a r e  i n  r e g i s t e r  7.) 

I f  i n d i r e c t  address ing i s  used ( b i t  12=1), t h e  l e a s t  s i g n i f i c a n t  b i t s  
a r e  i n  memory a t  t h e  e f f e c t i v e  address and the  most s i g n i f i c a n t  b i t s  a t  
t h e  e f f e c t i v e  address -2. 

RESULTS: The q u o t i e n t ,  a  1 6 - b i t  s igned value,  res ides  a t  t h e  R r e g i s t e r  
o r  the  e f f e c t i v e  address o f  t h e  operand 2 l o c a t i o n .  The remainder, a  
1 6 - b i t  s igned value,  res ides  a t  t h e  R - 1  r e g i s t e r  o r  e f f e c t i v e  address 
- 2  o f  t h e  operand 2  l o c a t i o n ;  the  remainder always has t h e  same s i g n  
as the  d i v idend .  

The C o n d i t i o n  r e g i s t e r  i s  a f f e c t e d  as f o l l o w s :  

B i t  0 (ove r f l ow)  i s  s e t  i f  the  r e s u l t i n g  q u o t i e n t  i s  g r e a t e r  
than +32,767 o r  less  than -32,768. 
B i t  0 (ove r f l ow)  i s  s e t  i f  t h e  d i v i s o r  i s  0; t h e  operands 
a r e  unchanged. 

EXAMPLE: D l V l  14,@1 -- 
Div ides  a  3 2 - b i t  f i e l d  (31 b i t s  p l u s  s i g n )  by 14. The d i v i s o r  i s  an 
a b s o l u t e  v a l u e  i n  t h e  i n s t r u c t i o n ,  and t h e  d i v i d e n d  i s  l o c a t e d  i n  memory 
accord ing  t o  t h e  method descr ibed under D I V D .  The q u o t i e n t  i s  s t o r e d  a t  
t h e  address s p e c i f i e d  i n  r e g i s t e r  1 .  



FOR MEMOREX INTERNAL USE ONLY 

Divide Memory - Memory 

FUNCTION: Performs a b i n a r y  d i v i s i o n ;  t h e  d i v i s o r  i s  a  one-word f i e l d  i n  
memory, and the d iv idend  i s  a  two-word f i e l d  i n  memory. 

OPERAND 1 :  The d i v i s o r ;  a  1 6 - b i t  s igned va lue  i n  a  one-world f i e l d  i n  
memory. Addressing o p t i o n s  t o  t h e  base address M1 i n c l u d e  index ing (R1),  
i n d i r e c t  address ing ( b i t  8=1), o r  a  combinat ion o f  both.  

OPERAND 2: The d iv idend;  a  3 2 - b i t  s igned va lue  i n  memory a t  t h e  e f f e c t i v e  
address and the  e f f e c t i v e  address - 1 .  Addressing o p t i o n s  t o  t h e  base 
address M2 i n c l u d e  index ing (R2), i n d i r e c t  address ing ( b i t  12=1), o r  
a  combinat ion o f  both .  The e f f e c t i v e  operand 2 address p o i n t s  t o  t h e  
l e a s t  s i g n i f i c a n t  b i t s  o f  the  d iv idend .  

RESULTS: The q u o t i e n t ,  a  1 6 - b i t  s igned value, res ides  a t  t h e  e f f e c t i v e  
address o f  the operand 2 l o c a t i o n .  The remainder, 16-bi t s igned value,  
res ides  a t  t h e  e f f e c t i v e  address -2  o f  the  operand 2 l o c a t i o n .  The 
rema inder always has the  s i g n  o f  the  d  iv idend.  

The Cond i t i on  r e g i s t e r  i s  a f f e c t e d  as f o l  lows: 

a B i t  0 (over f l ow)  i s  s e t  i f  the  r e s u l t i n g  q u o t i e n t  i s  
g r e a t e r  than +32,767 o r  l ess  than -32,768. 

a B i t  0 (over f l ow)  i s  s e t  i f  the  d i v i s o r  i s  zero;  t h e  operands 
a r e  unchanged. 

EXAMPLE : D l VM @HERE (6) , @TAG (4) 

 TAG(^) and  HERE(^) a r e  l o c a t i o n s  each c o n t a i n i n g  an address o f  an operand. 
The operand i d e n t i f i e d  by   TAG(^) i s  d i v i d e d  by t h e  operand i d e n t i f i e d  by 
 HERE(^). The d i v i d e n d  i s  a  f o u r - b y t e  f i e l d ;  t h e  address o f  t h e  d iv idend ,  
@TAG(4), p o i n t s  t o  t h e  t h i r d  b y t e  o f  t h e  f o u r - b y t e  f i e l d .  A f t e r  t h e  
d i v i s i o n ,  t h i s  address p o i n t s  t o  t h e  q u o t i e n t ;  t h i s  address minus two 
bytes p o i n t s  t o  t h e  remainder. 



FOR MEMOREX INTERNAL USE ONLY 

Divide Memory - Register 

FUNCTION: Performs a  b i n a r y  d i v i s i o n ;  t h e  d i v i s o r  i s  a  one-word f i e l d  
i n  memory, and the d i v i d e n d  i s  a  two-word f i e l d  i n  two general  r e g i s t e r s  
o r  i n  memory. 

PERAND 1 :  The d i v i s o r ;  a  1 6 - b i t  s igned va lue  i n  a  one-word f i e l d  i n  
memory. Addressing op t ions  t o  the  base address M i n c l u d e  index ing 
(RI), i n d i r e c t  address ing ( b i t  8=1), o r  a combinat ion o f  both.  

OPERAND 2: The d iv idend;  a  3 2 - b i t  s igned va lue  con ta ined  i n  a  two-word 
F i e l d .  

I f  d i r e c t  address ing i s  used ( b i t  12=0), the  l e a s t  s i g n i f i c a n t  b i t s  a r e  
i n  the r e g i s t e r  s p e c i f i e d  by R2 and t h e  most s i g n i f i c a n t  b i t s  a r e  i n  t h e  
r e g i s t e r  R2-1. ( ~ o t e :  I f  r e g i s t e r  0 i s  s p e c i f i e d  by R the  l e a s t  

c a n t  b i t s  a r e  i n  r e g i s t e r  7 . )  
% s i g n i f i c a n t  b i t s  o f  the  d i v i d e n d  a r e  i n  r e g i s t e r  0 and t e  most s i g n i f i -  

I f  i n d i r e c t  address ing i s  used ( b i t  12=1), the l e a s t  s i g n i f i c a n t  b i t s  
a r e  i n  memory a t  the e f f e c t i v e  address and the  most s i g n i f i c a n t  b i t s  a r e  
a t  the  e f f e c t i v e  address - 2. 

RESULTS: The q u o t i e n t ,  a 1 6 - b i t  s igned value,  res ides  a t  the  R2 r e g i s t e r  -- 
o r  the e f f e c t i v e  address o f  the  operand 2  l o c a t i o n .  The remainder, a  
1 6 - b i t  s igned value,  res ides  a t  the R2-1 r e g i s t e r  o r  e f f e c t i v e  address 
- 2 o f  the  operand 2 l o c a t i o n ;  the  remainder always has the  same s i g n  
as the  d iv idend .  

The Cond i t i on  r e g i s t e r  i s  a f f e c t e d  as f o l l o w s :  

0 B i t  0 (over f l ow)  i s  s e t  i f  the  r e s u l t i n g  q u o t i e n t  i s  
g r e a t e r  than +32,767 o r  l ess  than -32,768. 

0 B i t  0 (over f l ow)  i s  s e t  i f  t h e  d i v i s o r  i s  0; t h e  operands a r e  
unchanged. 



FOR MEMOREX INTERNAL USE ONLY 

E4 = O i f  d i v i s o r  = 0 
E4 = 1 i f  d i v i s o r  # 0 

EXAMPLE : D I V TAG (4) , @2 

Register  2 contains the address (see DIVD) o f  the d iv idend ( 3 2 - b i t  
operand), and  TAG(^) i d e n t i f i e s  the d i v i s o r  (16-bi t operand). The 
quo t ien t  i s  a t  the address i n  r e g i s t e r  2, and the remainder i s  a t  
t h a t  address minus two bytes. 

Although not shown i n  the example, @ ( i n d i r e c t  addressing) can be 
s p e c i f i e d  f o r  the d i v i s o r  a lso.  



FOR MEMOREX INTERNAL USE ONLY 

Divide Packed D e c k ?  

DlWK M1(L1,R1)'M2(~2,R2) 

FUNCTION: Operand two, t h e  d iv idend,  i s  dl ivided by operand one, t h e  
d i v i s o r ,  and replaced by t h e  quo t i en t  and remainder. 

OPERANDS: The quo t i en t  f i e l d  i s  placed l e f tmos t  i n  the  operand two, 
d i v m  f i e l d .  The remainder f i e l d  i s  placed r igh tmos t  i n  t h e  same 
f i e l d  and has a s i z e  equal t o  the  leng th  code, L1, o f  t h e  d i v i s o r .  The 
quo t i en t  and remainder occupy t he  e n t i r e  d iv idend  f i e l d ,  thus t he  address 
o f  the  d iv idend,  operand two, i s  the  address o f  t h e  quo t i en t .  The s i z e  
o f  t he  quo t i en t  f i e l d  i s  L2-Ll . 

The leng th  code, L1, o f  t he  d i v i s o r  must not  exceed 127 (253 d i g i t s  and 
s ign)  o r  be g rea te r  than o r  equal t o  t he  l eng th  code, L2, o f  t h e  d iv idend.  
Otherwise, ove r f l ow  occurs and the  opera t ion  i s  no t  performed. Also, a  
leng th  code o f  zero f o r  the d i v i s o r  o r  zero d i v i s o r  f i e l d  contents  causes 
ove r f l ow  and opera t ion  suppression. The range o f  L1 i s  1-127, the  range 
o f  L 2  i s  2-255. The d i v i s o r ,  d iv idend, quo t i en t  and remainder a r e  a l l  
signed packed decimal f i e l d s  r i gh t -a l i gned .  The s i gn  o f  the quo t i en t  i s  
determined by the r u l e s  o f  algebra. The s ign  o f  the remainder has the  
same value as the  d iv idend  s ign.  Sign va l  i d i t y  
The f o l l o w i n g  r u l e s  apply:  

p lus:  hex 0,2,4,6,7,8,~,C,E,F 

minus: hex 1,3,5,9,B,D 

The p re fe r red  sign; p lus,  X ' C ' ,  and minus, X ' D '  
minus zero quo t i en t  o r  remainder i s  forced t o  p 

The operand f i e l d s  remain unchanged i f  ove r f l ow  

RESIJLTS: The operand f i e l d s  may no t  over lap.  I 
_ I  

undefined r e s u l t s .  The f o l l o w i n g  c o n d i t i o n  r e g i  

B i t s  0-7 

checking i s  no t  performed. 

a r e  generated. A 
US. 

occurs . 
nval  i d  d i g i t s  cause 
s t e r  s e t t i n g s  can occur:  

Cond i t ion 

Overflow, L1>127; Ll>L L1=O; o r ;  
3' d i v i s o r  f i e l d  contents  o zero 

The quo t i en t  t s  g rea te r  than zero 

The quo t i en t  i s  l ess  than zero 

The quo t i en t  i s  equal t o  zero 
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Divide Register - Register 

FUNCTION: Performs a  b i na ry  d i v i s i o n ;  t he  d i v i s o r  i s  a  one-word f i e l d  i n  
a  r e g i s t e r  o r  i n  memory, and the d iv idend  i s  a  two-word f i e l d  i n  two 
adjacent  r e g i s t e r s  o r  i n  memory. 

OPERAND 1 : The d i v i s o r ;  a  16-bi t signed va lue  i n  the  general  r e g i s t e r  
s p e c i f i e d  by R 1  o r  i n  memory i f  i n d i r e c t  addressing i s  used, b i t  8=1. 

OPERAND 2: The div idend; a  3 2 - b i t  s igned va lue conta ined i n  a  two-word 
f i e l d ,  

I f  d i r e c t  addressing i s  used ( b i t  12=0), the  l e a s t  s i g n i f i c a n t  b i t s  a r e  
i n  t he  r e g i s t e r  s p e c i f i e d  by R2 and the  most s i g n i f i c a n t  b i t s  a r e  i n  t he  
r e g i s t e r  R z - 1 .  ( ~ o t e :  I f  r e g i s t e r  0  i s  s p e c i f i e d  by R2, the  l e a s t  
s i g n i f i c a n t  b i t s  o f  t he  d iv idend  a r e  i n  r e g i s t e r  0  and the most s i g n i f i c a n t  
b i t s  a re  i n  r e g i s t e r  7.) 

I f  i n d i r e c t  addressing i s  used ( b i t  12=1), the l e a s t  s i g n i f i c a n t  b i t s  
a re  i n  memory a t  the  e f f e c t i v e  address and the most s i g n i f i c a n t  b i t s  
a r e  i n  the e f f e c t i v e  address - 2. 

RESULTS: The quo t ien t ,  a  16-bi t signed value, res ides a t  the R2 
r e g i s t e r  o r  the e f f e c t i v e  address o f  the operand 1 l oca t i on .  The re-  
mainder, a 16 -b i t  signed value, res ides a t  the  R2-1 r e g i s t e r  o r  e f f e c t i v e  
address - 1 o f  the operand 2  l o c a t  ion; the remainder always has the same 
s i g n  as the d iv idend.  

The Cond i t ion  r e g i s t e r  i s  a f f e c t e d  as f o l l ows :  

B i t  0  (over f low)  i s  se t  i f  the r e s u l t i n g  q u o t i e n t  i s  g rea te r  
than +32,767 o r  less  than -32,768. 

8 B i t  0 (over f low)  i s  se t  i f  the  d i v i s o r  i s  0; t he  operands a re  
unchanged. 

EXAMPLE: D l V R  @1,@3 

A b i na ry  d i v i d e  i s  performed on a 3 2 - b i t  (31 p l us  s i g n  b i t )  d iv idend  
r e s i d i n g  a t  the address s p e c i f i e d  i n  r e g i s t e r  3 .  The 1 6 - b i t  d i v i s o r  
res ides a t  a l o c a t i o n  spec i f i ed  i n  r e g i s t e r  1; the  quo t i en t  i s  s to red  a t  
the address i n  r e g i s t e r  3; the remainder i s  s to red  a t  t h a t  address minus 
two bytes. 



MuZt<p Zy Direct 

FUNCTION: Performs a  b i n a r y  m u l t i p l i c a t i o n  o f  a  one-word immediate 
value& and a  one-word f i e l d  i n  a  general  r e g i s t e r  o r  i n  memory. 

OPERAND 1 :  The m u l t i p l i e r ;  a  1 6 - b i t  imrnediate s igned va lue  i n  b i t s  
16-31 o f  t h e  i n s t r u c t  ion; the va lue  may range from -32,768 t o  +32,767. 

* Index ing may be s p e c i f i e d  f o r  operand 1 .  I n  t h i s  case, operand 1 i s  
de r i ved  by adding t h e  I va lue  and the general r e g i s t e r  contents  
s p e c i f i e d  by R1 ;  no check f o r  over f l ow o r  l i n k  i s  made d u r i n g  the  
index1 ng. 

OPERAND 2: The mu1 t i p 1  icand; a  one-word f i e l d  i n  the general  reg  
s p e c i f i e d  by R2 o r  i n  memory i f  i n d i r e c t  address ing i s  used, b i t  

i s  t e r  
12=1 

RESULTS: The product,  a  3 2 - b i t  s igned value,  res ides  a t  the  operand 2  
l o c a t i o n .  I f  operand 2  i s  i n  a  r e g i s t e r ,  t h e  l e a s t  s i g n i f i c a n t  b i t s  
o f  t h e  product  a r e  i n  the  r e g i s t e r  s p e c i f i e d  by R2  and the  most 
s i g n i f i c a n t  b i t s  a r e  i n  r e g i s t e r  R2-1 .  ( ~ o t e :  I f  r e g i s t e r  0  i s  
s p e c i f i e d  by R2, the  l e a s t  s i g n i f i c a n t  b i t s  a r e  i n  r e g i s t e r  O and the  
most s i g n i f i c a n t  b i t s  a r e  i n  r e g i s t e r  7,) I f  operand 2  i s  i n  memory, 
the  l e a s t  s i g n i f i c a n t  b i t s  o f  the product  a r e  a t  t h e  e f f e c t i v e  address 
and the most s i g n i f i c a n t  b i t s  a r e  a t  t h e  e f f e c t i v e  address - 2. 

EXAMPLE: MPYD 16101 (3) ,@I 

A  1 6 - b i t  ( i nc ludes  s ign)  m u l t i p l i c a n d  a t  t h e  address i n  r e g i s t e r  1 i s  
m u l t i p l i e d  by the  sum o f  16,101 and the contents  o f  r e g i s t e r  3. The 
3 2 - b i t  ( i nc ludes  s i g n  b i t )  product  i s  s t o r e d  a t  t h e  address i n  r e g i s t e r  
1 minus two bytes.  



FOR MEMOREX INTERNAL USE ONLY 

M P Y l  I , @ R  

FUNCTION: Performs a  b i na ry  m u l t i p l i c a t i o n  o f  a  & b i t  immediate va lue and 
a  one-word f i e l d  i n  a  general r e g i s t e r  o r  i n  memory. 

OPERAND 1 :  The m u l t i p l i e r ;  a  4 - b i t  unsigned f i e l d  located i n  b i t s  8-11 
o f  the i n s t r u c t i o n ;  the  va lue i s  always p o s i t i v e  and may range from 0-15. 

OPERAND 2: The mu1 t i p 1  icand; a  one-word f i e l d  i n  the general  r e g i s t e r  
s p e c i f i e d  by R o r  i n  memory i f  i n d i r e c t  addressing i s  used, b i t  12=1. 

RESULTS: The product,  a  32-bi t signed value, res ides a t  the  operand 2  
l oca t i on .  I f  operand 2 i s  i n  a  r e g i s t e r ,  the l e a s t  s i g n i f i c a n t  b i t s  
o f  the product a re  i n  the r e g i s t e r  s p e c i f i e d  by R and the most s i g n i f i c a n t  
b i t s  a r e  i n  r e g i s t e r  R - 1 .  ( ~ o t e :  I f  r e g i s t e r  0  i s  s p e c i f i e d  by R, 
the  l e a s t  s i g n i f i c a n t  b i t s  a r e  i n  r e g i s t e r  0  and the  most s i g n i f i c a n t  
b i t s  a r e  i n  r e g i s t e r  7.) I f  operand 2 i s  i n  memory, the  l e a s t  s i g n i f i c a n t  
b i t s  o f  the product a r e  a t  the e f f e c t i v e  address and the most s i g n i f i c a n t  
b i t s  a r e  a t  the e f f e c t i v e  address - 2. 

EXAMPLE: M P Y l  15,@6 

The m u l t i p l  icand located a t  the address s p e c i f i e d  i n  r e g i s t e r  6 i s  
m u l t i p l i e d  by 15. The subsequent product i s  s to red  a t  the address i n  
r e g i s t e r  6 minus two bytes, 



FOR MEMOREX INTERNAL USE ONLY 

Multiply Memory - Memory 

FUNCTION: Performs a b i n a r y  m u l t i p l i c a t i o n  o f  two one-word f i e l d s  i n  
memory. 

OPERAND 1 :  The m u l t i p l i e r ;  a one-word f i e l d  i n  memory. Addressing 
o p t i o n s  t o  the  base address MI i n c l u d e  index ing (R1),  i n d i r e c t  ad- 
dress ing ( b i t  8=1), o r  a combinat ion o f  both.  

%PERAND 2: The m u l t i p l i c a n d ;  a one-word f i e l d  i n  memory. Addressing 
o p t i o n s  t o  the  base address M2 i nc lude  index ing (R2), i n d i r e c t  address ing 
( b i t  12=1), o r  a combinat ion o f  both.  

RESULTS: The product;  a 32, -b i t  s igned value.  The l e a s t  s i g n i f i c a n t  -- 
b i t s  r e s i d e  a t  the operand 2 e f f e c t i v e  address, and the  most s i g n i f i c a n t  
b i t s  r e s i d e  a t  the  operand 2 e f f e c t i v e  address - 2. 

EXAMPLE : MPYM @FRRD (5) , @TTM (2) -- 
The l o c a t i o n  o f  the m u l t i p l i c a n d  i s  de f ined  by @ T T M ( ~ ) ,  and the  l o c a t i o n  
o f  t h e  mu1 t i p 1  i e r  by @ F R R D ( ~ )  . The 32-bi t product  i s  s t o r e d  a t  t h e  
operand 2 address minus two bytes.  



FOR MEMOREX INTERNAL USE ONLY 

Mu Zt ipZy  Memory - R e g i s t e r  

FUNCTION: Performs a  b i na ry  m u l t i p l i c a t i o n  o f  a  one-word f i e l d  i n  memory 
and a  one-word f i e l d  i n  a  general r e g i s t e r  o r  i n  memory. 

OPERAND 1:  The m u l t i p l i e r ;  a  one-word f i e l d  i n  memory. Addressing 
op t i ons  t o  the  base address M inc lude  index ing ( R ~ ) ,  i n d i r e c t  addressing 
( b i t  8=1), o r  a  combinat ion o f  both. 

OPERAND 2: The m u l t i p l i c a n d ;  a one-word f i e l d  i n  the  general r e g i s t e r  
spec i f i ed  by R2 o r  i n  memory i f  i n d i r e c t  addressing i s  used, b i t  12-1. 

RESULTS: The product,  a  32-b i t  s igned value, res ides a t  the  operand 2 
l o ca t i on .  I f  operand 2 i s  i n  a r e g i s t e r ,  the l e a s t  s i g n i f i c a n t  b i t s  o f  
the  product  a re  i n  the r e g i s t e r  s p e c i f i e d  by R2 and the most s i g n i f i c a n t  
b i t s  a r e  i n  r e g i s t e r  R 2 - 1 .  ( ~ o t e :  I f  r e g i s t e r  0 i s  s p e c i f i e d  by R2, 
the l e a s t  s i g n i f i c a n t  b i t s  a re  i n  r e g i s t e r  0  and the  most s i g n i f i c a n t  
b i t s  a re  i n  r e g i s t e r  7.) I f  operand 2 i s  i n  memory, the  l e a s t  s i g n i f i c a n t  
b i t s  o f  the  product a re  a t  the  e f f e c t i v e  address and the  most s i g n i f i c a n t  
b i t s  a re  a t  the e f f e c t i v e  address - 2. 

The m u l t i p l i c a n d  loca ted  a t  the address s p e c i f i e d  i n  r e g i s t e r  1 i s  
m u l t i p l i e d  by a  va lue a t  a  l o c a t i o n  determined by @ F R R O ( ~ ) .  



FOR MEMOREX INTERNAL USE ONLY 

MzrZt ipty  Packed Decimat 

MPYK M1 (L1 ,R1 , M ~ ( L ~ , R ~ )  

FUNCTION: The product o f  operand 1 ( t h e  m u l t i p l i e r )  and operand 2 ( t h e  
mu l t i p l i cand )  replaces operand 2 .  The m u l t i p l i e r  s i z e  i s  l i m i t e d  t o  253 
d i g i t s  and s ign  and a l s o  must be l ess  than t he  m u l t i p l  icand s ize .  The 
leng th  code, L1, o f  the m u l t i p l i e r ,  i f  l a rge r  than 127, o r  g rea te r  than 
o r  equal t o  the l eng th  code, L2, o f  the  m u l t i p l i c a n d  i s  recognized as 
an ove r f l ow  and no product i s  formed. 

OPERANDS: Since the  number o f  d i g i t s  i n  t h e  product i s  t he  sum o f  the 
d i g i t s  i n  the operands, the m u l t i p l i c a n d  must have h igh-order  zero bytes 
fo; a t  l eas t  a f i e l d  s i ze  t h a t  equals t he  m u l t i p l i e r  f i e l d  s ize ;  o the r -  
wise, an ove r f l ow  c o n d i t i o n  occurs. Th i s  d e f i n i t i o n  o f  t h e  m u l t i p l i c a n d  
f i e l d  insures t h a t  no product over f low can occur du r i ng  t h e  opera t ion .  
A t  l eas t  one h igh-order  d i g i t  o f  the  product f i e l d  i s  zero.  

A f i e l d  s i z e  s p e c i f i c a t i o n  o f  zero,  leng th  code L1,  f o r  t he  m u l t i p l i e r  
causes an e f f e c t i v e  m u l t i p l y  by zero i f  the  m u l t i p l i c a n d  l eng th  code, 
L2, i s  non-zero. I f  e i t h e r  operand (or  both) con ta ins  a l l  zeros, the  
product f i e l d  i s  set  t o  zeros and a s i gn  o f  p l us  ( x ' c ' )  i s  forced.  The 
range o f  L1 i s  0-127, t h e  range o f  L2 i s  1-255. 

The s ign  o f  the  product i s  determined by the  r u l e s  o f  a lgebra.  Sign 
v a l i d i t y  i s  no t  checked, there fo re ,  the  f o l l o w i n g  i n t e r p r e t a t i o n s  a r e  
made: 

p l us  hex 0,2,4,6,7,8,A,C,E,F 

The f i e l d s  may no t  over lap.  D i g i t  va l  i d i t y  i s  not  checked, undefined 
r e s u l t s  w i l l  occur i f  non-decimal d i g i t s  occur. I f  an ove r f l ow  c o n d i t i o n  
occurs,  the  operands remain unchanged. The p re fe r red  s igns o f  X ' C '  f o r  
p lus  and X ' D '  f o r  nega t i ve  a re  generated f o r  t he  product .  A nega t i ve  
zero resu l  t i s forced t o  p i  us. 

RESULTS: The f o l l o w i n g  c o n d i t i o n  r e g i s t e r  s e t t i n g s  can occur :  -- 
B i t s  0-7 -- Cond i t ion  

Overflow: L1 >127; L 1 2 ~  ; o r ;  
l ess  than L1 bytes o f  higft-order 
zeros i n  the m u l t i p l i c a n d  

0100 0100 Product i s  g rea te r  than zero. 

0810 0010 Product i s  l ess  than zero. 

Product i s  equal t o  zero. 

3-27 2999.00 1 



FOR MEMOREX INTERNAL USE ONLY 

~ u Z t i p Z y  Register - Register 

FUNCTION: Performs a  b inary  m u l t i p l i c a t i o n  o f  two one-word f i e l d s ;  e i t h e r  
f i e l d  may be i n  a  r e g i s t e r  o r  i n  memory. 

OPERANDJ: The m u l t i p l i e r ;  a  one-word f i e l d  i n  t he  general r e g i s t e r  
s p e c i f i e d  by R1 o r  i n  memory i f  i n d i r e c t  addressing i s  used, b i t  8=1. 

OPERAND 2: The m u l t i p l i c a n d ;  a  one-word f i e l d  i n  the general r e g i s t e r  
spec i f i ed  by R2 o r  i n  memory i f  i n d i r e c t  addressing i s  used, b i t  12=1. 

RESULTS: The product ,  a 32 -b i t  signed value, res ides  a t  t he  operand 2  
l oca t i on .  I f  operand 2 i s  i n  a  r e g i s t e r ,  t he  l e a s t  s i g n i f i c a n t  b i t s  o f  
the  product a re  i n  t he  r e g i s t e r  s p e c i f i e d  by R2 and the most s i g n i f i c a n t  
b i t s  a re  i n  r e g i s t e r  R2 -1 .  ( ~ o t e :  I f  r e g i s t e r  0 i s  s p e c i f i e d  by R2, 
the  l eas t  s i g n i f i c a n t  b i t s  a re  i n  r e g i s t e r  0 and the most s i g n i f i c a n t  
b i t s  a r e  i n  r e g i s t e r  7.) I f  operand 2  i s  i n  memory, t he  l e a s t  s i g n i f i c a n t  
b i t s  o f  the product a re  a t  the e f f e c t i v e  address and the  most s i g n i f i c a n t  
b i t s  a r e  a t  t he  e f f e c t i v e  address -2. 

EXAMPLE: MPYR @6,@7 

The m u l t i p l i c a n d  a t  the  memory l o c a t i o n  s p e c i f i e d  i n  r e g i s t e r  7 i s  
m u l t i p l i e d  by the m u l t i p l i e r  r e s i d i n g  a t  the memory l o c a t i o n  s p e c i f i e d  i n  
r e g i s t e r  6. The m u l t i p l i c a n d  and m u l t i p l i e r  a r e  1 6 - b i t  operands w h i l e  
the  subsequent product  i s  32 b i t s .  The product  i s  s to red  a t  the 
address i n  r e g i s t e r  7 minus two bytes. 



FOR MEMOREX INTERNAL USE ONLY 

Sub tract Direct 

SUBD I (R, ) ,@R2 

FUNCTION: Performs a  b i n a r y  s u b t r a c t i o n  o f  a  one-word immediate va lue*  
f rom a one-word f i e l d  i n  a  general  r e g i s t e r  o r  i n  memory. 

OPERAND 1 :  A  1 6 - b i t  immediate s igned va lue  i n  b i t s  16-31 o f  t h e  
i n s t r u c t i o n ;  t h e  va lue  may range from -32,768 t o  +32,767. Operand 1 i s  
sub t rac ted  f rom operand 2. 

" Index ing may be s p e c i f i e d  f o r  operand 1 .  I n  t h i s  case, operand 1 i s  
de r i ved  by adding the  I v a l u e  and t h e  general  r e g i s t e r  con ten ts  s p e c i f i e d  
by R1 ; no check f o r  o v e r f l o w  o r  1 i n k  i s  made d u r i n g  t h e  index ing.  

OPERAND 2: A one-word f i e l d  i n  t h e  general  r e g i s t e r  s p e c i f i e d  by R2 o r  
i n  memory i f  i n d i r e c t  address ing i s  used, b i t  12=1. 

RESULTS: The resu l  t ing d i f f e r e n c e  res ides  a t  the  operand 2 l o c a t  ion.  
The Cond i t i on  r e g i s t e r  i s  a f f e c t e d  as f o l  lows: 

a B i t  0 (over f low)  i s  s e t  i f  t h e  r e s u l t  i s  l ess  than -32,768 o r  g r e i  
than +32,767. 

e B i t s  1-2 and 4-7 a r e  c lea red .  
a B i t  3  ( l i n k )  i s  s e t  i f  the r e s u l t  i s  g r e a t e r  than 65,535. 
a S u b t r a c t i n g  800OI6 f rom 0QOO16 r e s u l t s  i n  8000 and b i t  

0  i s  s e t .  16 

EXAMPLE : SUBD TAG ( 5 )  ,@Q 

A two 's  complement b i n a r y  s u b t r a c t i o n  i s  performed. The subtrahend 
address i s  conta ined a t  the l o c a t i o n  s p e c i f i e d  by @TAG(S). 

The minuend, f rom which the subtrahend i s  subt rac ted,  res ides  a t  a 
memory l o c a t i o n  i d e n t i f i e d  by the address s p e c i f i e d  i n  r e g i s t e r  0. 
(Without i n d i r e c t  addressing,  the minuend i s  conta ined i n  t h e  named 
r e g i s t e r . )  The subsequent d i f f e r e n c e  i s  s t o r e d  a t  t h e  l o c a t i o n  o f  
the  minuend. 



FOR MEMOREX INTERNAL USE ONLY 

Subtract Immediate 

FUNCTION: Performs a  b i na ry  sub t rac t i on  o f  a  4 - b i t  f i e l d  from a  one-word 
f i e l d  i n  a  general r e g i s t e r  o r  i n  memory. 

OPERAND 1 :  A 4 - b i t  unsigned va lue  located i n  b i t s  8-11 o f  t he  i n s t r u c t i o n ;  
the va lue may range from 0-15. The I va lue  i s  subt racted from b i t s  12-15 
o f  operand 2; b i t s  0-11 o f  operand 1 a r e  zeroed ou t .  

OPERAND 2: A one-word f i e l d  i n  t he  general r e g i s t e r  s p e c i f i e d  by R 
o r  i n  memory i f  i n d i r e c t  addressing i s  used, b i t  12=1. 

RESULTS: The r e s u l t i n g  d i f f e r e n c e  res ides  a t  the operand 2  l oca t i on .  The 
Cond i t ion  r e g i s t e r  i s  a f f e c t e d  as f o l l ows :  

e B i t  0  (over f low)  i s  se t  i f  the r e s u l t  i s  less than -32,768. 
o r  g rea te r  than +32,767. 
B i t s  1-2 and 4-7 a re  c leared.  
B i t  3 (1 ink )  i s  se t  i f  the r e s u l t  i s  g rea te r  than 65,535. 

EXAMPLE: SUB1 14,@4 

The immediate value, 14, i s  subt racted from the  1 6 - b i t  minuend r e s i d i n g  
a t  the memory l o c a t i o n  s p e c i f i e d  i n  r e g i s t e r  4, which a l s o  i s  the  
l o c a t i o n  o f  the  d i f f e rence .  



FOR MEMOREX INTERNAL USE ONLY 

Subtract Memory - Memorg 

FUNCTION: Performs a  b i n a r y  s u b t r a c t i o n  o f  two one-word f i e l d s  i n  memory. 

CPERAND 1 :  A  one-word f i e l d  i n  memory. Addressing o p t i o n s  t o  t h e  base 
address M1 i n c l u d e  index ing  ( R ~ ) ,  i n d i r e c t  address ing  ( b i t  8 = l ) ,  o r  a  
combinat ion o f  bo th .  T h i s  operand i s  sub t rac ted  f rom operand 2. 

OPERAND 2: Same as operand 1 except use M2, R2, and b  i t 12=1 . 
RESULTS: The r e s u l t i n g  d i f f e r e n c e  r e s i d e s  a t  t h e  operand 2  l o c a t i o n .  
The C o n d i t i o n  r e g i s t e r  i s  a f f e c t e d  as f o l  lows: 

a B i t  0  (ove r f l ow)  i s  s e t  i f  the  r e s u l t  i s  g r e a t e r  than 
+32,767 o r  l e s s  than -32,768 

a B i t s  1-2 and 4-7 a r e  c lea red .  
a B i t  3  ( l i n k )  i s  s e t  i f  the  r e s u l t  i s  g r e a t e r  than 65,535. 
a S u b t r a c t i n g  8 0 0 0 ~ ~  from 000016 r e s u l t s  i n  800Ol6 and b i t  

0  i s  s e t .  

EXAMPLE: SUBM FBITL ( 6 )  ,@JLE (5 )  

@BITL(6) d e f i n e s  the  memory l o c a t i o n  o f  t h e  subtrahend which i s  sub- 
t r a c t e d  f rom t h e  minuend p o i n t e d  t o  by @ J L E ( ~ ) .  Both  operands and t h e  
d i f f e r e n c e  a r e  1 6 - b i t  f i e l d s ;  t h e  d i f f e r e n c e  i s  a t  t h e  l o c a t i o n  o f  t h e  
minuend. 
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Subtract Memory - Register 

FUNCTION: Performs a  b i na ry  sub t rac t i on  o f  a  one-word f i e l d  i n  memory and 
a  one-word f i e l d  i n  a  general r e g i s t e r  o r  i n  memory. 

OPERAND 1 :  A  one-word f i e l d  i n  memory. Addressing op t ions  to1 the  base 
address M i nc lude  index ing (R,) ,  i n d i r e c t  addressing ( b i t  8=1), o r  a  
combination o f  both.    his op&and i s  subyracted from operand 2. 

OPERAND 2: A  one-word f i e l d  i n  the  general r e g i s t e r  spec i f i ed  by R2 o r  
i n  memory i f  i n d i r e c t  addressing i s  used, b i t  12=1. 

RESULTS: The r e s u l t i n g  d i f f e r e n c e  res ides a t  the operand 2 l o c a t i o n .  The 
Cond i t ion  r e g i s t e r  i s  a f f e c t e d  as f o l  lows: 

B i t  0  (over f low)  i s  se t  i f  the r e s u l t  i s  g rea te r  than +32,767 
a r  less than -32,768. 

0 B i t s  1-2 and 4-7 a re  c leared.  
0 B i t  3 ( l i n k )  i s  se t  i f  the r e s u l t  i s  g rea te r  than 65,535. 
0 Subt rac t ing  800Ol6 from OOOOI6 r e s u l t s  i n  800Ol6 and b i t  0  

i s  se t .  

EXAMPLE: SUB @TAG (5) ,@7 

The l o c a t i o n  o f  the subtrahend i s  de f ined  by @TAG(5), and t h a t  o f  t he  
minuend by @7, Regis ter  7 conta ins a minuend address which i s  a l s o  the  
address o f  the d i f f e rence .    TAG(^) i s  the l o c a t i o n  i n  memory o f  t he  
subtrahend. 
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Subtract Packed DecimaZ a 

FUNCTION: Performs a  s igned decimal s u b t ~ r a c t i o n  o f  t h e  two packed decimal 
f i e l d s  i n  memory. The f i e l d  leng ths  L1 and L2 may v a r y  f rom 0-255 by tes .  

FERAND 1 :  A  packed decimal f i e l d  i n  memory which i s  sub t rac ted  f rom 
operand 2. The f i e l d  leng th ,  0-255 bytes,  i s  s p e c i f i e d  by t h e  L1 v a l u e  
i n  t h e  i n s t r u c t i o n .  The operand address i n d i c a t e d  by M i  may be indexed 
( R l ) ,  bu t  i n d i r e c t  address ing i s  n o t  a l lowed.  The e f f e c t i v e  operand 
address p o i n t s  t o  t h e  most s i g n i f i c a n t  by tes o f  t h e  decimal f i e l d .  

PERAND 2: A packed decimal f i e l d  i n  memory. The f i e l d  l e n g t h ,  0-255 
bytes,  i s  s p e c i f i e d  by t h e  L2 v a l u e  i n  t h e  i n s t r u c t i o n .  The operand 
address i n d i c a t e d  by M2 may be indexed ( R ~ ) ,  bu t  i n d i r e c t  address ing i s  
not  a l lowed.  The e f f e c t i v e  operand address p o i n t s  t o  t h e  most s i g n i f i c a n t  
by tes o f  the  decimal f i e l d .  

RESULTS: The r e s u l t i n g  decimal d i f f e r e n c e  r e s i d e s  a t  t h e  operand 2  
l o c a t i o n .  The f o l l o w i n g  c o n d i t i o n s  can occur ,  depending on t h e  va lues  
o f  L1 and L2. 

a I f  L1 i s  g r e a t e r  than L2 and t h e  d i f f e r e n c e  between L1 and 
L2 c o n t a i n s  s i g n i f i c a n t  data ,  b i t  0  o f  t h e  C o n d i t i o n  r e g i s t e r  
i s  s e t .  

a I f  L1 = 0 and L2 = 0, b i t  3 o f  t h e  C o n d i t i o n  r e g i s t e r  i s  se t .  
a I f  L1 = 0, a  s u b t r a c t  o f  zero i s  assumed. 
8 I f  L2 i s  g r e a t e r  than L1, zeros a r e  used t o  make up t h e  

d i f f e r e n c e  i n  f i e l d  leng ths .  

The C o n d i t i o n  r e g i s t e r  i s  a l s o  a f f e c t e d  as f o l l o w s :  

a B i t  0  i s  s e t  i f  s i g n i f i c a n t  data  I s  l o s t ;  b i t s  1-7 a r e  c lea red .  
a B i t s  1 and 5 a r e  s e t  i f  r e s u l t s  a r e  p l u s ;  b i t s  0, 2-4, and 

6-7 a r e  c lea red .  
e B i t s  2  and 6 a r e  s e t  i f  r e s u l t s  a r e  minus; b i t s  0-1, 3-5, and 

7 a r e  c lea red .  
a B i t s  3 and 7 a r e  s e t  i f  r e s u l t s  a r e  zero;  b i t s  0-2, and 4-6 

a r e  c lea red .  
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EXAMPLE: SUBK F I E L D 1 ( 1 0 5 , 2 ) , ~ 1 ~ ~ ~ 2 ( 2 0 1 , 4 )  

I n  t h i s  example, a 105-byte f i e l d  i s  subtracted from a 201-byte f i e l d .  
The l o c a t i o n  o f  the subtrahend i s  FIELD1(105,2) .  The l o c a t i o n  o f  the 
minuend and subsequent d i f f e r e n c e  i s  i d e n t i f  l ed  by FIELD2(201,4) .  
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Subtract Register - Register 

FUNCTION: Performs a  b i n a r y  s u b t r a c t i o n  o f  two one-word f i e l d s ;  e i t h e r  
f i e l d  may be i n  a  general  r e g i s t e r  o r  i n  memory. 

OPERAND 1 :  A one-word f i e l d  l o c a t e d  i n  t h e  genera l  r e g i s t e r  s p e c i f i e d  by 
R1 o r  i n  memory i f  i n d i r e c t  address ing i s  used, b i t  851. T h i s  operand i s  
sub t rac ted  f rom operand 2. 

OPERAND 2: A one-word f i e l d  l o c a t e d  i n  t h e  general  r e g i s t e r  spec 
R2 o r  i n  memory i f  i n d i r e c t  address ing i s  used, b i t  12=1. 

RESULTS: The r e s u l t i n g  d i f f e r e n c e  res ides  a t  the  operand 2  l o c a t  
Cor ld i t ion r e g i s t e r  i s  a f f e c t e d  as f o l l o w s :  

i f i e d  by 

ion .  The 

B i t  0  (over f l ow)  i s  s e t  i f  the  r e f j u l t  i s  l e s s  than -32,768 
o r  g r e a t e r  than +32,767. 

0 B i t s  1-2 and 4-7 a r e  c lea red .  
0 B i t  3  ( l i n k )  i s  s e t  i f  the  r e s u l t  i s  g r e a t e r  than 65,535. 

S u b t r a c t i n g  800016 from 0000,6 r e s u l t s  i n  8000 and b i t  
0  i s  s e t .  16 

EXAMPLE: SUBR @5,@0 -- 
The v a l u e  a t  the l o c a t i o n  s p e c i f i e d  i n  r e g i s t e r  5  i s  sub t rac ted  f rom 
the  va lue  a t  the  l o c a t i o n  s p e c i f i e d  i n  r e g i s t e r  0. The d i f f e r e n c e  r e -  
p laces t h e  minuend. 
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Subtract mo-Word 

FUNCTION: Performs a  b i na ry  s u b t r a c t i o n  o f  a  two-word f i e l d  i n  memory from 
a  two-word f i e l d  i n  two general  r e g i s t e r s  o r  i n  memory. 

OPERAND 1 :  A  two-word f i e l d  i n  memory a t  t he  e f f e c t i v e  address. Addressing 
op t  ions t o  t he  base address M i nc lude  index ing ( R ~  ) ,  i n d i r e c t  addressing 
( b i t  8=1), o r  a combinat ion o f  both.  Th is  operand i s  subt racted from 
operand 2 .  The e f f e c t i v e  address p o i n t s  t o  t h e  most s i g n i f i c a n t  b i t s  
o f  the two-word f i e l d .  

OPERAND 2: A  two-word f i e l d  located i n  two general r e g i s t e r s  ( t he  most 
s i g n i f i c a n t  b i t s  i n  t he  r e g i s t e r  s p e c i f i e d  by R2 and t h e  l e a s t  s i g n i f i c a n t  
b i t s  i n  t h e  r e g i s t e r  ~ ~ + 1 )  o r  i n  memory a t  t h e  address i f  i n d i r e c t  addres- 
s i ng  i s  used, b i t  12=1. ( ~ o t e :  I f  r e g i s t e r  7 i s  s p e c i f i e d  by R2, t h e  
most s i g n i f i c a n t  b i t s  a r e  i n  r e g i s t e r  7 and t he  l e a s t  s i g n i f i c a n t  b i t s  a r e  
i n  r e g i s t e r  0.) 

RESULTS: The r e s u l t i n g  d i f f e r e n c e  res ides  a t  t he  operand 2  l oca t i on .  
The Cond i t ion  r e g i s t e r  i s  a f f e c t e d  as f o l l ows :  

e B i t  0  (over f low{  i s  s e t  i f  t h e  r e s u l t  i s  g rea te r  than +z31- l  
o r  l ess  than -2 1 .  

e B i t s  1-2 and 4-7 a r e  c leared.  
e B i t  3 ( l i n k )  i s  se t  i f  t he  r e s u l t  i s  g rea te r  than +23l-1. 
0 Subtract  i ng 800000001 f rom 000000001 6 resu l  t s  i n  80000000~ 6 

and b i t  0  i s  se t .  

EXAMPLE : SUBT TAG (5) ,2 

A  two-word f i e l d  i d e n t i f i e d  by TAG(S) i s  sub t rac ted  from the  contents  o f  
r e g i s t e r s  2 and 3. The d i f f e r e n c e  i s  h e l d  i n  the  r e g i s t e r s .  
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Zero and Add 

FUNCTION: Zeros o u t  a  f i e l d  i n  memory, then performs an a d d i t i o n  o f  a  - 
packed decimal f i e l d  i n  memory and the  zero f i e l d .  The f i e l d  leng ths  L1 
and L2 may va ry  from 0-255 by tes .  

OPERAND 1 :  A  packed decimal f i e l d  i n  memory; t h e  f i e l d  l e n g t h ,  0-255 
bytes,  i s  s p e c i f i e d  by t h e  va lue  i n  t h e  i n s t r u c t i o n .  The operand address 
i n d i c a t e d  by M1 may be indexed (RI), but  i n d i r e c t  address ing i s  n o t  a1 lowed. 
The e f f e c t i v e  operand address p o i n t s  t o  t h e  most s i g n i f  ;cant  b y t e s  if the 
decimal f i e l d .  

PPERAND 2: A f i e l d  i n  memory t h a t  i s  zeroed o u t  b e f o r e  t h e  a d d i t i o n .  
The f i e l d  leng th ,  0-255 bytes,  i s  s p e c i f i e d  by t h e  L2 v a l u e  o f  t h e  
i n s t r u c t i o n .  The f i e l d  address i n d i c a t e d  by M2 may be indexed by ( R ~ ) ,  
but  no i n d i r e c t  address ing i s  a l lowed.  The e f f e c t i v e  f i e l d  address 
p o i n t s  t o  the  most s i g n i f i c a n t  address o f  t h e  f i e l d .  

RESULTS: The r e s u l t i n g  f i e l d  r e s i d e s  a t  t h e  operand 2  l o c a t i o n .  The 
f o l l o w i n g  c o n d i t i o n s  can occur ,  depending on t h e  va lues o f  L2 and L1 

0 I f  L1 i s  g r e a t e r  than L2 and t h e  d i f f e r e n c e  between L1 
and L2 c o n t a i n s  s i g n i f i c a n t  da ta ,  b i t  0  o f  t h e  C o n d i t i o n  
r e g i s t e r  i s  s e t .  
I f  L1 = 0 and L2 = 0, b i t  3 o f  t h e  C o n d i t i o n  r e g i s t e r  i s  s e t .  

0 I f  L1 = 0, an add o f  ze ro  i s  assumed. 
a I f  L2 i s  g r e a t e r  than L1 ,  zeros a r e  used t o  make up t h e  

d i f f e r e n c e  i n  f i e l d  leng ths .  

T h e c o n d i t i o n  r e g i s t e r  i s  a l s o  a f f e c t e d  ias f o l l o w s :  

0 B i t  0  i s  s e t  i f  s i g n i f i c a n t  data  i s  l o s t ;  b i t s  1-7 a r e  c lea red .  
0 B i t s  1 and 5  a r e  s e t  i f  r e s u l t s  a r e  p lus ;  b i t s  0, 2-4, and 

6-7 a r e  c leared.  
0 B i t s  2  and 6 a r e  s e t  i f  r e s u l t s  a r e  minus; b i t s  0-1, 3-5, and 

7 a r e  c leared.  
0 B i t s  3 and 7  a r e  s e t  i f  r e s u l t s  a r e  zero; b i t s  0-2, and 4-6 

a r e  c lea red .  
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EXAMPLE: ZADK TAG2 (50,4) ,TAG1 (55,O) 

I n i t i a l l y ,  a 55-byte f i e l d  i d e n t i f i e d  by T A G ~ ( ~ ~ , o )  i s  c l e a r e d  t o  
zero;  then a 50-byte f i e l d  i d e n t i f i e d  by T A G ~ ( ~ o , ~ )  i s  added t o  i t .  
(See Resu l t s  d e s c r i p t i o n  f o r  C o n d i t i o n  r e g i s t e r  s t a t u s . )  
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B I T-OR I ENTED l NSTRUCT l ONS 

Mnemonic Code 

IB lT  
RBlT 
ROFR 
RONR 
SBIT 
TBlT 
TOFR 
TONR 

N a nie 

I n v e r t  B i t  a 
Reset B i t  0 

Reverse O f f - B i t  
Reverse On-B i t 
Set B i t  a 
Test  B i t .  0 

Test f o r  O f f - B i t  
Test  f o r  On-Bi t 



FOR MEMOREX INTERNAL USE ONLY 

Invert B i t  cs 

FUNCTION: I n v e r t  ( togg le )  a  b i t  i n  a  one-byte f i e l d  i n  memory. 

OPERAND 1 :  A one-byte f i e l d  i n  memory. Addressing op t ions  t o  t h e  base 

address M inc lude  index ing (R) ,  i n d i r e c t  addressing ( b i t  8=1), o r  a  com- 
b i n a t i o n  o f  both.  

OPERAND 2: A 3 - b i t  va lue i n  b i t s  13-15 o f  t he  i n s t r u c t i o n .  Th i s  va lue  

s p e c i f i e s  the  p o s i t i o n  o f  t h e  b i t  t o  be toggled and may range from 0-7; 
0  s p e c i f i e s  t h e  l e f tmos t  p o s i t i o n  and 7 t he  r igh tmos t  p o s i t i o n .  

RESULTS: The r e s u l t a n t  f i e l d  res ides  a t  t he  operand 1  l oca t i on .  

EXAMPLE : l B l T  @TAG (4 )  , 3  

This  i n s t r u c t i o n  reverses the  e x i s t i n g  b i na ry  s t a t e  o f  a s p e c i f i c  b i t  
i n  memory.  TAG(^) p o i n t s  t o  an 8 - b i t  by te  and 3 i s  the number o f  the  
b i t  ( b i t s  a re  numbered l e f t  t o  r i g h t ,  0-7). 
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Reset Bik I. 

FUNCTION: Resets a  b i t  ( t o  0) i n  a  one-byte f i e l d  i n  memory. 

OPERAND 1 :  The one-byte f i e l d  i n  memory. Addressing op t i ons  t o  the  base 
address M inc lude  indexing (R ) ,  i n d i r e c t  addressing ( b i t  8=1), o r  a  
combination o f  both. 

OPERAND 2: A 3 - b i t  va lue i n  b i t s  13-15 o f  the  i n s t r u c t i o n ,  Th is  va lue  -- 
s p e c i f i e s  the p o s i t i o n  o f  the  b i t  t o  be rese t  and may range from 0-7; 
0  s p e c i f i e s  t h e  l e f tmos t  p o s i t i o n  and 7 s p e c i f i e s  the  r igh tmos t  p o s i t i o n .  

RESULTS: The r e s u l t a n t  f i e l d  res ides  a t  the  operand 1 l oca t i on .  -- 

EXAMPLE: IBIT @ T A G ( ~ ) , ~  -- 
B i t  number 4 o f  an 8 - b i t  by te  located a t  @ T A G ( ~ )  i n  memory i s  g iven the 
b inary  s t a t e  o f  0. 
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Reverse Off-B$t 

FUNCTION: Scans a one-word f i e l d ,  l e f t  t o  r i g h t ,  f o r  the  f i r s t  o f f - b i t ,  
and increases another one-word f i e l d  by an amount equal t o  the p o s i t i o n  o f  
the  f i r s t  o f f - b i t  (0-15). The f i r s t  o f f - b i t  i s  then turned on. I f  no 
o f f - b i t  i s  found, the  f i e l d  i s  increased by a va lue  o f  16. E i t h e r  f i e l d  
may be i n  a general  r e g i s t e r  o r  i n  memory. 

OPERAND 1 1 A one-word f i e l  d i n  t he  genera 1 r e  i s t e r  s p e c i f i e d  by R1 o r  
i n  memory i f  i n d i r e c t  addressing i s  used, b i t  !=I. Th is  f i e l d  i s  scanned 
f o r  the f i r s t  o f f - b i t .  

OPERAND 2: A one-word f i e l d  i n  t h e  general r e g i s t e r  s p e c i f i e d  by R2 o r  
i n  memory i f  i n d i r e c t  addressing i s  used, b i t  12-1. The f i e l d  i s  increased 
by a va lue  equal t o  t he  p o s i t i o n  o f  t he  f i r s t  o f f - b i t  i n  operand 1 .  

RESULTS: The r e s u l t a n t  operands res ide  a t  t h e i r  o r i g i n a l  l oca t i ons .  

EXAMPLE: ROFR @7,@2 

Reg is te r  J con ta ins  an address o f  a 16 -b i t  f i e l d  which i s  scanned f rom 
l e f t  t o  r i g h t  f o r  a 0 - b i t .  I f  a 0 - b i t  i s  found, the b i t  p o s i t i o n  (0-15) 
determines the va lue t o  add t o  a one-word f i e l d  loca ted  a t  an address 
s p e c i f i e d  i n  r e g i s t e r  2. A f t e r  t h i s  va lue i s  increased, the 0 - b i t  i s  se t  
t o  1 .  
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Reverse On-Bi& 

FUNCTION: Scans a  one-word f i e l d ,  l e f t  t o  r i g h t ,  f o r  t h e  f i r s t  o n - b i t ,  and -- 
increases another  one-word F i e l d  by an amount equal t o  t h e  p o s i t i o n  o f  t h a t  
f i r s t  o n - b i t  (0-15).  The f i r s t  o n - b i t  i s  then tu rned  o f f .  I f  no o n - b i t s  
a re  found, t h e  f i e l d  i s  increased by a  v a l u e  o f  16. E i t h e r  f i e l d  may be 
i n  a general  r e g i s t e r  o r  i n  memory. 

OPERAND - 1 :  A one-word f i e l d  loca ted  i n  t h e  general  r e g i s t e r  s p e c i f i e d  by 
R1  o r  i n  memory i f  i n d i r e c t  address ing i s  used, b i t  8=1. T h i s  f i e l d  i s  
scanned f o r  t h e  f i r s  t on-bi  t . 
OPERAND 2: A one-word f i e l d  l o c a t e d  i n  t h e  general  r e g i s t e r  s p e c i f i e d  by 
R2 o r  i n  memory i f  i n d i r e c t  address ing i s  used, b i t  12=1. T h i s  f i e l d  i s  
increased by a  va lue  equal t~ t h e  p o s i t i o n  o f  t h e  f i r s t  o n - b i t  i n  operand 
2. 

RESULTS: -- The r e s u l t a n t  operands r e s i d e  a t  t h e i r  o r i g i n a l  l o c a t i o n s .  

EXAMPLE: -- RONR @4,@6 

Reg is te r  4 con ta ins  the address o f  a 1 6 - b i t  f i e l d  which i s  scanned f o r  
an o n - b i t .  I f  a 1 - b i t  i s  found, the b i n a r y  p o s i t i o n  (0-15) o f  t h a t  b i t  
determines the va lue  (0-15) added t o  another  one-word f i e l d  a t  t h e  
l o c a t i o n  s p e c i f i e d  i n  r e g i s t e r  6. A f t e r  t h i s  f i e l d  i s  increased i n  
va lue,  t h e  s t a t e  o f  the  o r i g i n a l  b i t  i s  changed t o  a 0 - b i t . .  I f  no 
I - b i t  i s  found d u r i n g  t h e  scan, the o t h e r  f i e l d  i s  increased by a  
va lue  o f  16. 



FOR MEMOREX INTERNAL USE ONLY 

S e t  B i t  r, 

FUNCTION: Sets a  b i t  ( t o  1 )  i n  a  one-byte f i e l d  i n  memory. 

OPERAND 1:  A one-byte f i e l d  i n  memory. Addressing op t ions  t o  the base 
address M inc lude  indexing ( R ) ,  i n d i r e c t  addressing ( b i t  8=1), o r  a  
combination o f  both. 

OPERAND 2 :  A 3 - b i t  va lue i n  b i t s  13-15 o f  the  i n s t r u c t i o n .  This  va lue 
s p e c i f i e s  the  p o s i t i o n  o f  the b i t  t o  be s e t  and may range from 0-7; 0 
s p e c i f i e s  the  l e f tmos t  p o s i t i o n  and 7 the r ightmost  p o s i t i o n .  

RESULTS: The r e s u l t a n t  f i e l d  res ides a t  the operand 1 l oca t i on .  

EXAMPLE: SBlT  TAG(^),^ 

Turns on b i t  number 7 o f  an 8 - b i t  by te  a t  the l o c a t i o n  spec i f i ed  by 
@TAG (2)  . 



FOR MEMOREX INTERNAL USE ONLY 

Tes t  B i t  e 

FUNCTION: Tests  a  b i t  i n  a  one-byte f i e l d  i n  memory, and t r a n s f e r s  t h e  - 
b i t  s t a t e  (1 o r  0) t o  b i t  0  o f  t h e  C o n d i t i o n  r e g i s t e r .  

OPERAND 1 :  The one-byte f i e l d  i n  memory. Addressing o p t i o n s  t o  t h e  
base address M i n c l u d e  index ing  ( R ) ,  i n d i r e c t  address ing ( b i t  8 = l ) ,  o r  
a  combinat ion o f  both .  

OPERAND 2:  A  3 - b i t  v a l u e  i n  b i t s  13-15 o f  t h e  i n s t r u c t i o n ;  t h i s  v a l u e  
s p e c i f i e s  the  p o s i t i o n  o f  the  b i t  i n  operand 2 and may range from 0-7; 
0  s p e c i f i e s  t h e  l e f t m o s t  p o s i t i o n  and 7 t h e  r igh tmos t  p o s i t i o n .  

RESULTS: The r e s u l t  i s  r e f l e c t e d  i n  the  b i t  s t a t e  o f  b i t  0  i n  t h e  Con- -- 
d i t i o n  r e g i s t e r .  

EXAMPLE : TB l T @JTE (5 )  , 6  

The b i n a r y  s t a t e  o f  b i t  6 o f  an 8 - b i t  b y t e  a t  a l o c a t i o n  s p e c i f i e d  by 
@JTE (5) i s  reproduced i n  b  i t 0 o f  the Cond i t ion  r e g i s t e r  . 



FOR MEMOREX INTERNAL USE ONLY 

T e s t  fo r  Off-B%t 

FUNCTION: Scans a  one-word f i e l d ,  l e f t  t o  r i g h t ,  f o r  the f i r s t :  o f f - b i t ,  
and increases another one-word f i e l d  by an amount equal t o  the p o s i t i o n  
o f  t h a t  f i r s t  o f f - b i t  (0-15). The f i r s t  o f f - b i t  i s  no t  changed. I f  no 
o f f - b i t s  a re  found, the f i e l d  i s  increased by a  va lue  o f  16. E i t h e r  
f i e l d  may be i n  a  general r e g i s t e r  o r  i n  memory. 

OPERAND 1 :  A one-word f i e l d  i n  t he  general r e g i s t e r  s p e c i f i e d  by R1 o r  
i n  memory i f  i n d i r e c t  addressing i s  used, b i t  8=1. Th is  f i e l d  i s  scanned 
f o r  the  f i r s t  o f f - b i  t . 

OPERAND 2 :  A one-word f i e l d  i n  the  general r e g i s t e r  s p e c i f i e d  by R2 o r  
i n  memory i f  i n d i r e c t  addressing i s  used, b i t  12=1. Th is  f i e l d  i s  i n -  
creased by an amount equal t o  the  p o s i t i o n  o f  the f i r s t  o , f f - b i  I: i n  
operand I .  

RESULTS: The r e s u l t a n t  operands res ide  a t  t h e i r  o r i g i n a l  l oca t i ons .  

EXAMPLE: TOFR @3,@1 

A 1 6 - b i t  f i e l d  a t  a  l o c a t i o n  s p e c i f i e d  i n  r e g i s t e r  3 i s  scanned l e f t  
t o  r i g h t  (0-15) f o r  a  0 - b i t .  I f  none i s  found, the va lue a t  the l o c a t i o n  
s p e c i f i e d  i n  r e g i s t e r  1 i s  increased by 16. However, i f  a 0 - b i t  i s  found, 
t he  b i t  p o s i t i o n  (0-15) o f  t h a t  b i t  s p e c i f i e s  the  va lue added t o  t he  o the r  
f i e l d .  



FOR MEMOREX INTERNAL USE ONLY 

Tes t  for  O n - B i t  

FUNCTION: Scans a  one-word f i e l d ,  l e f t  t o  r i g h t ,  f o r  t h e  f i r s t  o n - b i t ,  and -- 
increases another  one-word f i e l d  by an amount equal t o  t h e  b i t  p o s i t i o n  o f  
t h e  f i r s t  o n - b i t  (0-15).  The f i r s t  on-b i t :  i s  no t  changed. I f  no o n - b i t s  
a r e  found, t h e  f i e l d  i s  increased by a  v a l u e  o f  16. E i t h e r  f i e l d  may be 
i n  a  general  r e g i s t e r  o r  i n  memory. 

OPERAND 1 :  A  one-word f i e l d  i n  t h e  general  r e g i s t e r  s p e c i f i e d  by R 1  o r  i n  
memory i f  i n d i r e c t  address ing i s  used, b i t :  8=1. T h i s  f i e l d  i s  scanned f o r  
t h e  f i r s t  on-bi  t .  

OPERAND 2: A  one-word f i e l d  i n  the  general  r e g i s t e r  s p e c i f i e d  by R2 o r  i n  
memory i f  i n d i r e c t  address ing i s  used, b i t :  12=1. T h i s  f i e l d  i s  increased 
by an amount equal t o  t h e  p o s i t i o n  o f  t h e  f i r s t  o n - b i t  i n  operand 1 .  

RESULTS: The r e s u l t a n t  operands r e s i d e  at: t h e i r  o r i g i n a l  l o c a t i o n s .  -- 

EXAMPLE: TONR @2,@3 -- 
A 1 6 - b i t  f i e l d  a t  a  l o c a t i o n  s p e c i f i e d  i n  r e g i s t e r  2 i s  scanned l e f t  t o  
r i g h t  (0-15) f o r  a 1 - b i t .  I f  none i s  found, t h e  v a l u e  a t  t h e  l o c a t i o n  
s p e c i f i e d  i n  r e g i s t e r  3 i s  increased by 16. I f  a  1 - b i t  i s  found, t h e  
b i n a r y  p o s i t i o n  (0-15) o f  t h a t  b i t  corresponds t o  t h e  v a l u e  added t o  t h e  
o t h e r  f i e l d .  
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BOOLEAN L O G I C  I N S T R U C T I O N S  

Mnemonic Code 

EORD 
EOR I 
EO RM 
EOR 
EORR 
l ORD 
l O R l  
l ORM 
I OR 
l ORR 
ANDD 
AND I 
AN DM 
AND 
ANDR 

Name 

Exclusive OR D i r e c t  
Exclusive OR lmmediate 
Exclusive OR Memory -- Memory 
Exclusive OR Memory - Register 
Exclusive OR Register - Register 
I nc lus i ve  OR D i r e c t  
l nc lus i ve  OR lmmediate 
Inc lus i ve  OR Memory -Memory 
Inc lus i ve  OR Memory -- Register 
I nc lus i ve  OR Register - Register* 
Logical Product D i r e c t  
Logical Product lmmediate 
Log ica 1 Product Memory - Memory 
Logical  Product Memory - Register 
Logical  Product Register - Register 
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ExcZusive OR Direct 

EORD 

FUNCTION: Performs an exc lus i ve  OR o f  a one-word immediate value>k and a 
one-word f i e l d  i n  a general r e g i s t e r  o r  i n  memory. Corresponding b i t s  
i n  each operand a r e  compared. I f  the  b i t s  a re  u n l i k e ,  the  corresponding 
r e s u l t a n t  b i t  i s  1;  i f  the  b i t s  a r e  the same, the r e s u l t a n t  b i t  i s  0. 

OPERAND 1 :  A 16 -b i t  immediate value i n  b i t s  16-31 o f  the i n s t r u c t i o n ;  
the  va l  ue may range from 0 t o  65,535. 

* Indexing may be s p e c i f i e d  f o r  operand 1 .  I n  t h i s  case, operand 1 i s  , 
de r ived by adding the  I value and the  general r e g i s t e r  contents s p e c i f i e d .  
by K1; no check f o r  over f low o r  l i n k  i s  made dur ing  the indexing.  

OPERAND 2: A one-word f i e l d  i n  the  general r e g i s t e r  s p e c i f i e d  by R2 o r  
I n  memory i f  i n d i r e c t  addressing i s  used, b i t  12=1. 

I 

RESULTS: The r e s u l t i n g  OR operand rlesides a t  the  operand 2 l oca t i on .  

EXAMPLE: EORD 65501 (2) ,@5 

An exc l  us i v e  OR i s  performed between the  value o f  65,501 (2) and the  
16 -b i t  f i e l d  a t  a l o c a t i o n  spec i f i ed  by the  address i n  r e g i s t e r  5; t h i s  
address i s  a l s o  the  address o f  the r e s u l t .  
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E O R l  I , @ R  

FUNCTION: Performs an e x c l u s i v e  OR between a b b i t  immediate va lue  h e l d  
i n  the  i n s t r u c t i o n  and a one-word f i e l d  i n  a  general  r e g i s t e r  o r  i n  
memory. Corresponding b i t s  i n  each operand a r e  compared. I f  the  b i t s  
a r e  u n l i k e ,  the  r e s u l t a n t  b i t  i s  1 ;  i f  t h e  b i t s  a r e  t h e  same, t he  r e s u l t a n t  
b i t  i s  0. 

OPERAND 1: A ' + - b i t  unsigned va lue  loca ted  i n  b i t s  8-11 o f  the  i n s t r u c t i o n ;  
t h e  va lue  may range f rom 0-15. The I va lue  i s  ORed t o  operand 2 i n  b i t  
p o s i t i o n s  12-15 w i t h  b i t s  0-11 zeros.  

OPERAND 2: A one-word f i e l d  i n  t h e  general  r e g i s t e r  s p e c i f i e d  by R o r  i n  
memory i f  i n d i r e c t  address ing i s  used, b i t  12=1. 

RESULTS: The r e s u l t i n g  OR operand res ides  a t  t he  operand 2 Focat ion.  

EXAMPLE: EORl 13,@1 

An e x c l u s i v e  OR i s  performed on t he  immediate va lue  o f  13 and t he  1 6 - b i t  
f i e l d  a t  a l o c a t i o n  s p e c i f i e d  by t he  address i n  r e g i s t e r  1 ;  t h i s  address 
i s  a l s o  t h e  address o f  t h e  r e s u l t .  



~ x e ~ u s i v e  OR Memory - Memory 
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FUNCTION: Performs an exc lus i ve  O R  sf two one-word f i e l d s  i n  memory. 
Corresponding b i t s  i n  each operand a re  compared. I f  the  b i t s  a re  un l i ke ,  
the  corresponding r e s u l t a n t  b i t  i s  1 ;  i f  the  b i t s  a re  the  same, the  
r e s u l t a n t  b i t  i s  0. 

OPERAND 1 :  A one-word f i e l d  i n  memory. Addressing op t ions  t o  the  base 
address M i  inc lude indexing ( R ~ ) ,  i n d i r e c t  addressing ( b i t  8=1), o r  a 
combinat ion o f  both. 

OPERAND 2: Same as operand 1 except use M2, R2, and b i t  1 2 ~ 1 .  

RESULTS: The r e s u l t i n g  OR operand res ides a t  the  operand 2 l oca t i on .  

EXAMPLE : EORM @TAG@) ,@DTN (4) 

An exclusive OR i s  performed between a 16 -b i t  f i e l d  a t  the  address 
i d e n t i f i e d  by @TAG(Z) and the  1 6 - b i t  f i e l d  a t  the  address i d e n t i f i e d  by 
@ D T N ( ~ ) .  The r e s u l t  i s  s to red  a t  the  address spec; f fed by @ D T N ( ~ ) .  
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Exclusive OR Memory - Register 

FUNCTION: Performs an exc lus i ve  OR o f  a one-word f i e l d  i n  memory and a one- 
word f i e l d  i n  a general  r e g i s t e r  o r  i n  memory. Corresponding b i t s  i n  each 
operand a r e  compared. I f  t he  b i t s  a r e  u n l i k e ,  the  corresponding r e s u l t a n t  
b i t  i s  1 ;  i f  the  b i t s  a r e  the  same, the  r e s u l t a n t  b i t  i s  0. 

OPERAND 11 A one-word f i e l d  i n  memory. Addressing op t i ons  t o  t he  base 
address M i nc l ude  index ing ( R ~ ) ,  i n d i r e c t  addressing ( b i t  8=1), o r  a 
combinat ion o f  both.  

OPERAND 2: A one-word f i e l d  i n  t he  general  r e g i s t e r  s p e c i f i e d  by R2 o r  
i n  memory i f  i n d i r e c t  addressing i s  used, b i t  12=1. 

RESULTS : The resu 1 t i ng OR operand res i des a t  t he  operand 2 1 oca t ion .  

EXAMPLE: EOR  TAG(^) ,@5 

An e x c l u s i v e  OR i s  performed between a 1 6 - b i t  f i e l d  a t  the  address 
i d e n t i f i e d  by @TAG(3) and t he  1 6 - b i t  f i e l d  a t  t he  address i d e n t i f i e d  i n  
r e g i s t e r  5. The address s p e c i f i e d  i n  r e g i s t e r  5 i s  a l s o  t h a t  o f  t he  
r e s u l t .  
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ExcZusiue OR Register - Register 

FUNCTION: Performs an e x c l u s i v e  OR o f  two one-word f i e l d s ;  e i t h e r  f i e l d  
may be i n  a  r e g i s t e r  o r  i n  memory. Corresponding b i t s  i n  each operand 
a re  compared, i f  the b i t s  a r e  un l i ke ,  t he  corresponding r e s u l t a n t  b i t  
i s  1 ;  i f  the  b i t s  a r e  t he  same, the r e s u l t a n t  b i t  i s  0 ,  

OPERAND 1 :  A one-word f i e l d  i n  t he  general  r e g i s t e r  s p e c i f i e d  by R1 o r  i n  
memory i f  i n d i r e c t  address ing i s  used, b i t  8=1. 

OPERAND 2 :  Same as operand 1 except use R2 and b i t  12=1. 

RESULTS: The r e s u l t i n g  OR operand res ides  a t  t he  operand 2 l o c a t i o n .  

EXAMPLE: EORR @4,@7 

An e x c l u s i v e  OR i s  performed between two 1 6 - b i t  f i e l d s ,  one o f  which i s  
a t  the  address s p e c i f i e d  i n  r e g i s t e r  4 and the  o t h e r  a t  t he  address 
s p e c i f i e d  i n  r e g i s t e r  7. The r e s u l t  i s  p laced a t  the address s p e c i f i e d  
i n  r e g i s t e r  7. 



IncZusive Ok Direct 

' FOR MEMOREX INTERNAL USE ONLY 

FUNCTION: Performs an i n c l u s i v e  OR o f  a one-word immediate value>k and 
a one-word f i e l d  i n  a general  r e g i s t e r  o r  i n  memory. Corresponding b i t s  
i n  each operand a r e  compared. l f  e i t h e r  o f  the  b i t s  i s  1 o r  i f  bo th  o f  
the  b i t s  a r e  1, t he  corresponding r e s u l t a n t  b i t  i s  1. I f  bo th  b i t s  a r e  
0, t he  r e s u l t a n t  b i t  i s  0. 

OPERAND 1 :  A 1 6 - b i t  immediate va lue  i n  b i t s  16-31 o f  t he  i n s t r u c t i o n ;  
t h e  va lue  may range f rom 0-65,535. 

, * Index ing  may be s p e c i f i e d  f o r  operand 1 .  I n  t h i s  case, operand 1 i s  
, de r i ved  by adding the  I va lue  and t he  general  r e g i s t e r  contents  s p e c i f i e d  
I by R1; no check f o r  ove r f l ow  o r  l i n k  i s  made du r i ng  the index ing.  

OPERAND 2: A one-word f i e l d  i n  t he  general  r e g i s t e r  s p e c i f i e d  by R2 
o r  i n  memory i f  i n d i r e c t  addressing i s  used, b i t  12=1. 

RESULTS: The r e s u l t i n g  OR operand res ides a t  t he  operand 2 l o c a t i o n .  

EXAMPLE: l ORD 64201 (3) ,@5 

An i n c l u s i v e  OR i s  performed on t he  immediate va lue  64,201, as mod i f i ed  
by t he  contents  o f  r e g i s t e r  3, and t h e  16 -b i t  f i e l d  a t  t h e  address 
s p e c i f i e d  i n  r e g i s t e r  5. Th is  address i s  a l s o  t h e  address o f  t he  
r e s u l t .  
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FUNCTION: Performs an i n c l u s i v e  OR between a 4 - b i t  immediate value he ld  i n  
the i n s t r u c t i o n  and a one-word f i e l d  ;in a general r e g i s t e r  o r  i n  memory. 
Corresponding b i t s  i n  each operand are  compared. I f  e i t h e r  o f  the b i t s  i s  
1 o r  both b i t s  a re  1 ,  the corresponding r e s u l t a n t  b i t  i s  1. I f  both b i t s  
a re  0, the resu l tan t  b i t  i s  0. 

OPERAND 1 :  A b b i t  unsigned value located I n  b i t s  8-11 o f  the i n s t r u c t i o n ;  
the  value may range from 0-15. The I value i s  ORed t o  operand 2 i n  b i t  
pos i t i ons  12-15 w i t h  b i t s  0-11 zeros. 

OPERAND 2: A one-word f i e l d  i n  the  general r e g i s t e r  spec i f i ed  by R o r  
i n  memory i f  i n d i r e c t  addressing i s  used, b i t  12=1. 

RESULTS: The resul  t i  ng OR operand resides a t  the operand 2 l o c a t  ion. 

EXAMPLE: l O R l  10,@3 

An i n c l u s i v e  OR i s  performed on the immediate value 10 and the 16-b i t  
f i e l d  a t  the address i n  r e g i s t e r  3. The r e s u l t  i s  s tored a t  the address 
i n  r e g i s t e r  3. 



IncZusive OR Memary -- Memory 
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FUNCTION: Performs an i n c l u s i v e  OR o f  two one-word f i e l d s  i n  memory. 
Corresponding b i t s  i n  each operand a re  compared. I f  e i t h e r  o f  t he  b i t s  
i s  1 o r  bo th  o f  t he  b i t s  a r e  1, t he  corresponding r e s u l t a n t  b i t  i s  1 .  I f  
both b i t s  a r e  0, t he  r e s u l t a n t  b i t  i s  0. 

OPERAND 1 :  A one-word f i e l d  i n  memory. Addressing op t i ons  t o  the  base 
address M, i n c l ude  index ing (R,), i n d i r e c t  addressing ( b i t  8 ~ 1 )  , o r  a 
combinat ibn o f  both.  

I 

OPERAND 2: Same as operand 1 except use M2, R2, and b i t  12=1. 

RESULTS: The r e s u l t i n g  OR operand res ides a t  the  operand 2 l o c a t i o n .  

Performs an i n c l u s i v e  OR between two 1 6 - b i t  f i e l d s .    TAG(^) represents 
t he  address o f  the  r e s u l t s .  



IncZusive OR Memorg - R e g i s t e r  
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each operand a re  compared. 
b i t s  a r e  1, the  correspond 
r e s u l t a n t  b i t  i s  0. 

FUNCTION: Performs an i n c l u s i v e  OR o f  a one-word f i e l d  i n  memory and a 
one-word f i e l d  i n  a general  r e g i s t e r  o r  i n  memory. Corresponding b i t s  i n  

I f  e i t h e r  o f  t he  b i t s  i s  1 o r  i f  bo th  o f  the 
i n g  r e s u l t a n t  b i t  i s  1 .  I f  bo th  b i t s  a re  0, t he  

OPERAND 1 :  A one-word f i e  
address M i nc l ude  index ing 
combinat ion o f  both.  

I d  i n  memory. Addressing op t i ons  t o  the  base 
( R ~ ) ~  i n d i r e c t  addressing ( b i t  8=1), o r  a 

OPERAND 2: A one-word f i e l d  i n  the  general  r e g i s t e r  s p e c i f i e d  by R2 o r  
i n  memory i f  i n d i r e c t  addressing i s  used, b i t  12=1. 

RESULTS : The resu l  t i  ng OR operand res ides a t  the operand 2 l o c a t  i on. 

EXAMPLE: I O R  @TAG(3) ,@7 

An i n c l u s i v e  OR i s  performed on two 16 -b i t  f i e l d s ,  one a t  t he  address 
i d e n t i f i e d  by eTAG(3) and the  o the r  a t  the address s p e c i f i e d  i n  r e g i s t e r  7. 
The address i n  r e g i s t e r  7 i s  the  address o f  t h e  r e s u l t .  



FOR MEMOREX INTERNAL USE ONLY 

Inclusive OH Register -- kegister 

FUNCTION: Performs an i n c l u s i v e  OR on two one-word f i e l d s ;  e i t h e r  f i e l d  
may be i n  a  r e g i s t e r  o r  i n  memory. Corresponding b i t s  i n  each operand a r e  
compared. I f  e i t h e r  o f  the b i t s  i s  1 o r  i f  bo th  o f  the b i t s  a r e  1,  t he  
corresponding r e s u l t a n t  b i t  i s  1 .  I f  both b i t s  a r e  0, the  r e s u l t a n t  b i t  
i s  0. 

OPERAND 1:  A one-word f i e l d  loca ted  i n  the general  r e g i s t e r  s p e c i f i e d  
by R ,  o r  i n  memory i f  i n d i r e c t  addressing i s  used, b i t  811. 

OPERAND 2:. Same as operand 1 except use R2 and b i t  1 2 4 .  

RESULTS: The r e s u l t i n g  OR operand res ides a t  the operand 2 l o c a t i o n ,  

EXAMPLE: I O R R  @5,@6 

An i n c l u s i v e  OR i s  performed between the two 16 -b i t  f i e l d s  a t  t he  addresses 
s p e c i f i e d  i n  r e g i s t e r s  5  and 6. Resul ts  a r e  placed a t  t he  address i n  
r e g i s t e r  6. 



Logicat Product Direct 

FOR MEMOREX INTERNAL USE ONLY 

FUNCTION: Performs a l o g i c a l  product  o f  a  one-word immediate value>f and 
a one-word f i e l d  i n  a  general  r e g i s t e r  o r  i n  memory. Corresponding b i t s  
i n  each operand a re  compared. I f  both b i t s  a re  1 ,  the corresponding 
r e s u l t a n t  b i t  i s  1 ;  i n  a l l  o t h e r  cases, the  r e s u l t a n t  b i t  i s  0. 

, OPERAND 1: A 1 6 - b i t  immediate va lue  i n  b i t s  16-31 of  the i n s t r u c t i o n ;  t he  
va lue  may range f rom 0-65,535. 

I 

, * I n d e x i n g  may be s p e c i f i e d  f o r  operand 1 .  I n  t h i s  case, operand 1 i s  de- 
r i v e d  by adding t he  I va lue  and t he  general r e g i s t e r  contents  s p e c i f i e d  
by R 1 ;  no check f o r  ove r f l ow  o r  1 i n k  i s  made du r i ng  the  index ing.  

OPERAND 2: A one-word f f e l d  i n  t he  general  r e g i s t e r  s p e c i f i e d  by R2 o r  
i n  memory i f  i n d i r e c t  addressing i s  used, b i t  12=1. 

RESULTS: The r e s u l t i n g  f i e l d  res ides a t  the  operand 2 l o c a t i o n .  

EXAMPLE: ANDD 40000 (3) ,@ 1 

A l o g i c a l  product  ope ra t i on  i s  performed between 40,000, as mod i f ied  by t h e  
contents  o f  r e g i s t e r  3, and the  1 6 - b i t  f i e l d  a t  the  address i n  r e g i s t e r  1 .  
T h i s  address i s  a l s o  the  address o f  the r e s u l t s .  



FOR MEMOREX INTERNAL USE ONLY 

Logical Product Imedia te  

e 

FUNCTION: Performs a l o g i c a l  product  o f  a 4 - b i t  immediate va lue and a 
one-word f i e l d  i n  a general  r e g i s t e r  o r  i n  memory. Corresponding b i t s  
i n  each operand a re  compared. I f  both b i t s  a r e  1 ,  the corresponding 
r e s u l t a n t  b i t  i s  1 ;  i n  a l l  o t he r  cases the r e s u l t a n t  b i t  i s  0. 

OPERAND 1: A 4 - b i t  unsigned va lue  i n  b i t s  8-11 o f  t h e  i n s t r u c t i o n ;  the  
va lue may range f rom 0-1 5. The I va lue i s  compared aga ins t  operand 2 
i n  b i t  p o s i t i o n s  12-15 and b i t s  0-11 a re  zeros. 

OPERAND 2: A one-word f i e l d  loca ted  i n  t he  general r e g i s t e r  s p e c i f i e d  
by R o r  i n  memory i f  i n d i r e c t  addressing i s  s p e c i f i e d ,  b i t  12=:1. 

RESULTS: The r e s u l t i n g  f i e l d  res ides  a t  the operand 2 l o c a t i o n .  

EXAMPLE: AND1 14,@2 

A l o g i c a l  product  i s  performed on the  immediate va lue 14 and the 16-b i t  
f i e l d  a t  t he  address s p e c i f i e d  i n  r e g i s t e r  2. Th is  address i s  a l s o  the 
address o f  the  r e s u l t .  



FOR MEMOREX INTERNAL USE ONLY 

LogicaZ Product Memory -- Memory 

FUNCTION: Performs a l o g i c a l  product o f  two one-word f i e l d s  i n  memory. 
Corresponding b i t s  i n  each operand a r e  compared. I f  bo th  b i t s  a r e  1, 
t he  corresponding r e s u l t a n t  b i t  i s  1 ;  i n  a l l  o t h e r  cases the  r e s u l t a n t  
b i t  i s  0. 

OPERAND 1: A one-word f i e l d  i n  memory. Addressing op t i ons  t o  t he  base 
address M, i nc lude  index ing ( R , ) ,  i n d i r e c t  addressing ( b i t  8=1), o r  a 
combinat ibn o f  both.  

1 

OPERAND 2: Same as operand 1 except use M2, R2, and b i t  12=1. 

RESULTS: The r e s u l t i n g  f i e l d  res ides a t  the  operand 2 l o c a t i o n .  

A l o g i c a l  product  i s  performed between a 16 -b i t  f i e l d  a t  the  address 
i d e n t i f i e d  by  HOLD(^) and the  1 6 - b i t  f i e l d  a t  the  address s p e c i f i e d  by 
@SPIKE(Z). The r e s u l t  i s  s t o red  a t  the  @SPIKE(2) address. 



FOR MEMOREX INTERNAL U S E  ONLY 

Logical Product Memory -Register 

FUNCTION: Performs a  l o g i c a l  product o f  a  one-word f i e l d  i n  memory and a 
one-word f i e l d  i n  a  general  r e g i s t e r  o r  i n  memory. Corresponding b i t s  i n  
each operand a re  compared. I f  both b i t s  a re  1 ,  the corresponding r e s u l t a n t  
b i t  i s  1 ;  i n  a l l  o t he r  cases the r e s u l t a n t  b i t  i s  0.  

OPERAND 1 :  A one-word f i e l d  i n  memory. Addressing op t i ons  t o  t he  base 
address M inc lude  index ing ( R ~ ) ,  i n d i r e c t  addressing ( b i t  8=1),  o r  a  com- 
b i n a t i o n  o f  both. 

OPERAND 2: A one-word f i e l d  i n  the general  r e g i s t e r  s p e c i f i e d  by R2 o r  i n  
memory i f  i n d i r e c t  addressing i s  used, b i t  1 2 4 .  

R E S U L T S :  'The r e s u l t i n g  f i e l d  res ides a t  the  operand 2 l o c a t i o n .  

EXAMPLE:  AND  TAG(^),@^ 

Performs a  l o g i c a l  product  between two 1 6 - b i t  f i e l d s .  The r e s u l t s  a re  
s to red  a t  the address s p e c i f i e d  i n  r e g i s t e r  5. 



LogicaZ Product R e g i s t e r  - R e g i s t e r  

FOR MEMOREX INTERNAL USE ONLY 

FUNCTION: Performs a  l o g i c a l  product: o f  two one-word f i e l d s ;  e i t h e r  f i e l d  
may be i n  a  r e g i s t e r  o r  i n  memory. Corresponding b i t s  i n  each operand a r e  
compared. I f  bo th  b i t s  a r e  1, the corresponding r e s u l t a n t  b i t  i s  1 ;  i n  
a l l  o t h e r  cases t he  r e s u l t a n t  b i t  i s  0. 

OPERAND 1: A  one-ward f i e l d  loca ted  i n  t he  general  r e g i s t e r  s p e c i f i e d  by 
R1  o r  i n  memory i f  i n d i r e c t  addressing i s  used, b i t  8=1. 

OPERAND 2: A  one-word f i e l d  loca ted  i n  the general  r e g i s t e r  s p e c i f i e d  by 
R2 o r  i n  memory i f  i n d i r e c t  addressing i s  used, b i t 1 2 4 .  

RESULTS: The r e s u l t i n g  f i e l d  res ides  a t  t he  operand 2 l oca t i on .  

EXAMPLE: ANDR @7,@4 

A  l o g i c a l  product  i s  performed between the  16 -b i t  f i e l d  a t  t h e  address 
s p e c i f i e d  i n  r e g i s t e r  7 and the  16 -b i t  f i e l d  a t  the  address s p e c i f i e d  
i n  r e g i s t e r  4. The address i n  r e g i s t e r  4 i s  the  address o f  the r e s u l t s .  



FOR MEMOREX INTERNAL USE ONLY 

BRANCHING INSTRUCTIONS 

Mnemonic Code 

B 
BA 1 
BA2 
BSR 
BOF 
BON 
BRN 
BRZ 
BC F 
BCT 
BS I 
BS2 
BR 
BCH 
SRMF 
SRMB 
SRNF 
SRNB 
SRPF 
SRPB 
SRZF 
SRZB 
SCFF 
SCFB 
SCTF 
SCTB 
SF 
SB 

Name - 
Branch 
Branch Add One 
Branch Add Two 
Branch and Save Return 
Branch i f  B i t  O f f  
Branch i f  B i t  On 
Branch i f  Register Not Zero 
Branch i f  Register Zero 
Branch on Condi t ion Register  False 
Branch on Condi t ion Register True 
Branch Subtract One 
Branch Subtract Two 
Branch t o  Address i n  Register 
Branch Uncondit ional 
Skip i f  Register Minus - Forward 
Skip i f  Register Minus - Backward 
Skip i f  Register Not Zero - Forward 
Skip i f  Register Not Zero - Backward 
Skip i f  Register Plus - Forward 
Skip i f  Register Plus - Backward 
Skip if Register Zero - Forward 
Skip if Register Zero - Dackward 
Skip on Condi t ion Register False - Forward 
Skip on Condit ion Register False - Backward 
Skip on Condi t ion Register True - Forward 
Skip on Condi t ion Register True - Backward 
Skip Uncondit ional - Forward 
Skip Uncondit ional - Backward 



FOR MEMOREX INTERNAL USE ONLY 

Branch 

FUNCTION: Branches uncond i t i ona l l y  t o  a spec i f i ed  memory l oca t i on .  
This i n s t r u c t i o n  d i f f e r s  from BCH which uses pre-indexing; B 
uses post- indexing. 

OPERAND: A 16-b i t  value i n  b i t s  16-31 o f  the i n s t r u c t i o n  tha t  may 
range from 0-65,535. I t  i s  the  memory l oca t i on  t o  which the pro- 
gram branches. Addressing opt ions t o  the base address M inc lude 
indexing ( R ) ,  i n d i r e c t  addressing ( b i t  8=1), o r  a combination o f  
both. 

# 

EXAMPLE: B @TAG(4) 

The program branches uncond i t i ona l l y  t o  the address i d e n t i f i e d  by 
@TAG (4) . 



Branch Add One 

FOR MEMOREX INTERNAL USE ONLY 

FUNCTION: Tests a one-word f i e l d  i n  a  general r e g i s t e r  o r  i n  memory 
f o r  a zero value; i f  the f i e l d  i s  zero, the next  i n s t r u c t i o n  i n  the 
program i s  executed. I f  the f i e l d  tes ted  i s  no t  zero, i t  i s  increased 
by a va lue o f  1, and the program branches t o  a s p e c i f i e d  memory 
l oca t i on .  

OPERAND -- 1 :  A 16-b i t  va lue  i n  b i t s  16-31 o f  t he  i n s t r u c t i o n .  I t  i s  the  
memory l o c a t i o n  t o  which the  program branches i f  t he  tes ted  f i e l d  i s  
not  zero. Addressing op t i ons  t o  t he  base address M inc lude  indexing 
( R ~ ) ,  i n d i r e c t  addressing ( b i t  8=1),  o r  a combination o f  both. 

OPERAND 2: The va lue  tested;  a  one-word f i e l d  i n  the general r e g i s t e r  
s p e c i f i e d  by R2 o r  i n  memory i f  i n d i r e c t  addressing i s  used, b i t  12=1. 

EXAMPLE: BAl TAG (3)  ,@2 -- 
The 16 -b i t  f i e l d  i s  tes ted  a t  the  address i n  r e g i s t e r  2; i f  the f i e l d  
i s  non-zero, a  va lue of  1 i s  added t o  t he  f i e l d  and the program 
branches t o  t he  address i d e n t i f i e d  by TAG(3) .  I f  the  f i e l d  tes ted  
i s  zero, t he  program cont inues w i t h  the  next i n s t r u c t i o n .  



branch Add Th~o 

FOR MEMOREX INTERNAL USE ONLY 

FUNCTION: Tes ts  a  one-word f i e l d  i n  a genera l  r e g i s t e r  o r  i n  memory 
f o r  a  zero  va lue;  i f  t h e  f i e l d  i s  zero,  t h e  n e x t  i n s t r u c t i o n  i n  t h e  
program i s  executed.  I f  t h e  f i e l d  t e s t e d  i s  n o t  zero,  i t  i s  increased 
by a v a l u e  o f  2, and t h e  program branches t o  a  s p e c i f i e d  memory 
l o c a t  i o n .  

OPERAND 1 :  A 1 6 - b i t  v a l u e  i n  b i t s  16-31 o f  t h e  i n s t r u c t i o n .  I t  i s  t h e  
memory l o c a t i o n  t o  which t h e  program branches i f  t h e  t e s t e d  f i e l d  i s  no t  
zero .  Addressing o p t  ions t o  t h e  base address M i n c l u d e  index ing  ( R ~  ) , 
i n d i r e c t  address ing  ( b i t  8=1),  o r  a  combinat ion o f  bo th .  

OPERAND 2 :  The v a l u e  t e s t e d ;  a  one-word f i e l d  i n  t h e  genera l  r e g i s t e r  
s p e c i f i e d  by R2 o r  i n  memory i f  i n d i r e c t  address ing  i s  used, b i t  

EXAMPLE : BA2 TAG (4)  , @ 1 

The 1 6 - b i t  f i e l d  i s  t e s t e d  a t  t h e  address i n  r e g i s t e r  1 ;  i f  t h e  f i e l d  
i s  non-zero, a  v a l u e  o f  2 i s  added t o  t h i s  f i e l d  and t h e  program 
branches t o  t h e  address i d e n t i f i e d  by  TAG(^). I f  t h e  f i e l d  i s  ze ro  
when t h e  t e s t  i s  made, no branch i s  performed and t h e  program con- 
t i n u e s  w i t h  t h e  n e x t  i n s t r u c t i o n .  



FOR MEMOREX INTERNAL USE ONLY 

 ranch and Save Return 

FUNCTION: Branches u n c o n d i t i o n a l l y  t o  a s p e c i f i e d  memory address, 
s t o r i n g  t h e  address o f  t h e  next  i n s t r u c t i o n  i n  a general r e g i s t e r .  
The address s to red  ( r e t u r n  address) i s  t h e  cu r ren t  program address 
p l us  f o u r  bytes.  

OPERAND 1: A 16 -b i t  va lue  i n  b i t s  16-31 o f  t h e  i n s t r u c t i o n .  It i s  t h e  
memory l o c a t i o n  t o  which t h e  program branches. Addressing op t i ons  t o  
t he  base address M inc lude  index ing ( R ~ ) ,  i n d i r e c t  addressing ( b i t  
8 4 ) ,  o r  a combinat ion of both. 

OPERAND 2: The general r e g i s t e r  s p e c i f i e d  by R2, o r  t h e  memory f i e l d  
i f  i n d i r e c t  address ing i s  used ( b i t  12=1), t h a t  upon complet ion con- 
t a i n s  t h e  r e t u r n  address. 

EXAMPLE : BSR TAG (6) ,5 

Branches uncondi t iona l  l y  t o  t he  addkess iden t  i f led  by  TAG(^) and 
s to res  t he  next  i n s t r u c t i o n  address ( cu r ren t  program address p l us  
f o u r  bytes)  i n t o  r e g i s t e r  5. A f t e r  t h e  i n s t r u c t i o n s  beginn ing a t  
 TAG(^) a re  executed, t h e  program cont inues w i t h  t he  i n s t r u c t i o n  a t  
t h e  address i n  r e g i s t e r  5. 



FOR MEMOREX INTERNAL USE ONLY 

Branch if Bit Off 

FUNCTION: Branches t o  a  s p e c i f i e d  memory l o c a t i o n  i f  the  b i t  t es ted  
i n  a  general  r e g i s t e r  i s  o f f .  I f  t h e  b i t  i s  on, t he  next  i n s t r u c t i o n  
i n  t h e  program i s  executed. 

OPERAND 1 :  The operand i s  composed o f  two p a r t s :  t h e  general  r e g i s t e r  
t es ted  i s  s p e c i f i e d  by R, and t h e  16 -b i t  va lue  conta ined i n  M i s  t h e  
memory address t o  which t h e  program branches. Addressing o p t i o n s  t o  t he  
base address M i nc l ude  i n d i r e c t  address ing ( b i t  8=1), bu t  no t  index ing.  

OPERAND 2: A  h i t  va lue  i n  b i t s  12-15 o f  t he  i n s t r u c t i o n ,  Th i s  va lue  
s p e c i f i e s  t he  p o s i t i o n  o f  t h e  b i t  t o  be tes ted  i n  t he  general  r e g i s t e r  
and may range from 1 - 1  5. 

EXAMPLE : BOF @TAG (3) ,14 

Branches t o  t he  address i d e n t i f i e d  by @ T A C ( ~ )  i f  b i t  14 o f  r e g i s t e r  3 
i s  o f f  (0 ) .  I f  b i t  14 i s  on ( I ) ,  the  nex t  i n s t r u c t i o n  i s  read. 



FOR MEMOREX INTERNAL USE ONLY 

Branch if B i t  On 

BON @M(R) ,  I 

FUNCTION: Branches t o  a  s p e c i f i e d  memory l o c a t i o n  i f . t h e  b i t  t es ted  i n  
a  general  r e g i s t e r  i s  on. I f  t he  b i t  i s  o f f ,  the  nex t  i n s t r u c t i o n  i n  
the  program i s  executed. 

OPERAND 1:  The operand i s  composed o f  two p a r t s :  t h e  general  r e g i s t e r  
tes ted  i s  s p e c i f i e d  by R, and t h e  1 6 - b i t  va lue  conta ined i n  M i s  t h e  
memory address t o  which t h e  program branches. Addressing op t i ons  t o  the  
base address M inc lude  i n d i r e c t  addressing ( b i t  8=1), bu t  no t  indexing. 

OPERAND 2: A  b b i t  va lue  i n  b i t s  12-15 o f  t he  i n s t r u c t i o n .  Th i s  
va lue  s p e c i f i e s  t h e  p o s i t i o n  o f  t h e  b i t  t o  be t es ted  i n  t h e  general  
r e g i s t e r  and may range from 1-15. 

EXAMPLE : BON TAG (5) ,9 

Th i s  i n s t r u c t i o n  t e s t s  b i t  9 i n  r e g i s t e r  5. I f  b i t  9 i s  on ( I ) ,  the 
program branches t o  t h e  address i d e n t i f i e d  by TAG. Otherwise, no branch 
i s  made and the  nex t  i n s t r u c t i o n  po in ted  t o  by the  program counter  
i s  read. 



FOR MEMOREX INTERNAL USE ONLY 

Branch if Register is Not Zero 

BRN @t4(R1),@R2 

FUNCTION: Branches t o  a s p e c i f i e d  memory l o c a t i o n  i f  t h e  general  r e g i s -  
t e r  t es ted  does no t  con ta in  a l l  zeros. I f  t he  r e g i s t e r  con ta ins  a l l  
zeros, t h e  next  i n s t r u c t i o n  i n  t he  program i s  executed, 

OPERAND 1 :  A 16 -b i t  va lue  i n  b i t s  16-31 o f  t h e  i n s t r u c t i o n .  I t  i s  t h e  
memory l o c a t i o n  t o  which t h e  program branches i f  the general  r e g i s t e r  
does no t  c o n t a i n  a1 1 zeros, Addressing op t i ons  t o  t h e  base address 
M i nc l ude  index ing ( R ~ ) ,  i n d i r e c t  addressing ( b i t  8=1), o r  a com- 
b i n a t i o n  of both.  

OPERAND 2: The va lue  tes ted ;  a one-word f i e l d  i n  t he  general  r e g i s t e r  
s p e c i f i e d  by R2 o r  i n  memory i f  i n d i r e c t  address ing i s  used, b i t  1 2 ~ 1 .  

EXAMPLE : BRN 

The program branches to t h e  address spec i f i ed  by TAG(2) i f  t he  con ten ts  
o f  r e g i s t e r  5 are n o t  zeros; i f  the contents  a re  zeros, the nex t  
i n s t r u c t i o n  i s  read. 



FOR MEMOREX IfiTEl?N,4L USE ONLY 

Emnch if Register is Z e r ~  

FUNCTION: Branches t o  a s p e c i f i e d  memory l o c a t i o n  i f  the  general  r e g i s t e r  
tes ted  con ta ins  a l l  zeros. I f  the r e g i s t e r  does no t  c o n t a i n  a l l  zeros, 
the  nex t  i n s t r u c t i o n  i n  the program i s  executed. 

OPERAND 1 :  A  16 -b i t  va lue i n  b i t s  16-31 o f  t he  i n s t r u c t i o n .  I t  i s  t h e  ' 
memory l o c a t i o n  t o  which t h e  program branches i f  t he  general  r e g i s t e r  
con ta ins  a l l  zeros. Addressing op t i ons  t o  t he  base address M inc lude  
index ing ( R ~ ) ,  i n d i r e c t  addressing ( b i t  8=1), o r  a  combinat ion o f  both.  

OPERAND 2 :  The va lue  tes ted ;  a one-word f i e l d  i n  t h e  general r e g i s t e r  
s p e c i f i e d  by R2 o r  i n  memory i f  i n d i r e c t  addressing i s  used, b i t  1251. 

EXAMPLE: BRZ  TAG,^ 

The program branches t o  the.address o f  TAG i f  the contents  o f  r e g i s t e r  
6  a re  a l l  zeros; i f  the  contents  a re  no t  a l l  zeros, t he  next: i n s t r u c t i o n  
i s  read. 



FOR MEMOREX INTERNAL USE ONLY 

Branch on Condition Reg.lster False 

FUNCTION: Branches t o  g~ spec i f i ed  memory loca t ion  if a  designated Con- 
d i t i o n  r eg i s t e r  b i t  i s  o f f .  I f  the h i t  i s  on, the next i n s t r uc t i on  i n  
the program i s  executed. 

OPERAND 1: A 16-b i t  value i n  b i t s  16-31 o f  the ins t ruc t ion .  It i s  the 
memory loca t ion  t o  which the program branches i f  the designated Condit ion 
r eg i s t e r  b i t  i s  on. Addressing opt ions t o  the base address M inc lude 
indexing ( R ~ ) ,  i nd i r ec t  addressing ( b i t  8=1), o r  a  combination o f  both. 

OPERAND 2: A b b i t  value i n  b i t s  12-45 o f  the ins t ruc t ion .  The value 
spec i f ies  the pos i t i on  o f  the b i t  t o  be tested i n  the Condit ion r eg i s t e r  
and may range from 0-15. 

Branches t o  the loca t ion  speci f ied by  TAG(^) i f  b i t  1 1  o f  the Condi t ion 
reg is te r  i s  o f f  (0 ) .  I f  b i t  1 1  i s  on (I), the next i n s t r uc t i on  i s  read. 



FOR MEMOREX INTERNAL USE ONLY 

Branch on Condition Register True 

FUNCTION: Branches t o  a  spec i f i ed  memory l oca t i on  i f  a  designated Con- 
d i t i o n  r e g i s t e r  b i t  i s  on. I f  the b i t  i s  o f f  the next i n s t r u c t i o n  i n  
the program i s  executed. 

OPERAND 1: A 16-b i t  value i n  b i t s  16-31 o f  the i ns t ruc t i on .  It i s  t he  , 
memory l oca t i on  t o  which the  program branches i f  the  designated Condi- 
t i o n  ;egister b i t  i s  on. ,4ddres&ng opt ions t o  the  base address M 
inc lude indexing (R) ,  i n d i r e c t  addressing ( b i t  8 = i ) ,  o r  a  combination 
o f  both. 

OPERAND 2: A 4 - b i t  va lue i n  b i t s  12-15 o f  the  i n s t r u c t i o n .  The value 
spec i f i es  the  p o s i t i o n  o f  t he  b i t  t o  be tested i n  the  Condi t ion 
r e g i s t e r  and may range from 0-1 5. 

Branches t o  the address i d e n t i f i e d  by  TAG(^) i f  b i t  8 o f  the  Condi t ion 
r e g i s t e r  i s  on (1).  I f  the  b i t  i s  o f f  (o), no branch i s  made and the  
next i n s t r u c t i o n  i s  read. 



FOR MEMOREX INTERNAL USE ONLY 

Branch Subtract One 

FUNCTION: Tests  a one-word f i e l d  i n  a general  r e g i s t e r  o r  i n  memory 
f o r  a zero va lue;  i f  t he  f i e l d  i s  zero, the  nex t  i n s t r u c t i o n  i n  the  
program i s  executed. I f  the  f i e l d  t es ted  i s  no t  zero, i t  i s  de- 
creased by a va lue  o f  1, and t he  program branches t o  a s p e c i f i e d  
memory l o c a t i o n .  

OPERAND 1 :  A 16 -b i t  va lue  i n  b i t s  16-31 o f  t h e  i n s t r u c t i o n .  I t  i s  
t h e  memory l o c a t i o n  t o  which t h e  program branches i f  t h e  t es ted  f i e l d  
i s  no t  zero. Addressing o p t i o n s  tlo t h e  base address M i nc l ude  i n -  
dexing (R,) ,  i n d i r e c t  address ing ( b i t  8=1), o r  a combinat ion o f  both.  

OPERAND 2: The va lue  tes ted ;  a one-word f i e l d  i n  t he  general  r e g i s t e r  
s p e c i f i e d  by R2 o r  i n  memory i f  i n d i r e c t  address ing i s  used, b i t  
12=4 . 

EXAMPLE: BS1  TAG(^),@^ 

Tests 16 -b i t  f i e l d  a t  the  address i n  r e g i s t e r  2. I f  t he  f i e l d  
con ta ins  a non-zero va lue,  a branch i s  made t o  t h e  address i d e n t i f i e d  
by   TAG(^), and the  f i e l d  v a 1 u e . i ~  decreased by 1 .  I f  t he  t es ted  f i e l d  
i s  zero,  t he  nex t  i n s t r u c t i o n  i s  read. 



FOR MEMOREX INTERNAL USE ONLY 

 ranch Subtract !i%o 

FUNCTION: Tests  a one-word f i e l d  i n  a general  r e g i s t e r  o r  i n  memory . 
f o r  a zero value; i f  t he  f i e l d  i s  zero, t he  nex t  i n s t r u c t i o n  i n  t he  
program i s  executed. I f  t h e  f i e l d  t es ted  i s  no t  zero, i t  i s  decreased 
by a va lue  o f  2 and t he  program jumps t o  a s p e c i f i e d  memory l o c a t i o n .  

OPERAND I :  A 1 6 - b i t  va lue  i n  b i t s  16-31 o f  t h e  i n s t r u c t i o n .  I t  i s  t h e  
memory l o c a t i o n  t o  which t h e  program jumps i f  t he  t es ted  f i e l d  i s  no t  
zero. Addressing o p t i o n s  t o  t h e  base address M inc lude  index ing ( R ~ ) ,  
i n d i r e c t  addressing ( b i t  8=1), o r  a combinat ion o f  both.  

OPERAND 2: The va lue  tes ted ;  a one-word f i e l d  i n  t he  general  r e g i s t e r  
s p e c i f i e d  by R2 o r  i n  memory i f  i n d i r e c t  address ing i s  used, b i t  12=1. 

EXAMPLE: BS2 @TAG (5) ,@2 

Same as BS1, bu t  decreases va lue  i n  t es ted  f i e l d  by 2 a f t e r  branch i s  
made. 



FOR MEMOREX INTERNAL USE ONLY 

Branch to Addrsss in Register 

FUNCTION: Causes an uncondit ionall branch t o  a  spec i f i ed  memory 
loca t ion .  

OPERAND: A 3 - b i t  unsigned value i n  b i t s  9-11 o f  the i n s t r u c t i o n .  I t  
po in t s  t o  the address t o  which the  program jumps. The address may be i n  
the general r e g i s t e r  spec i f i ed  by R or  i n  memory i f  i n d i r e c t  ad- 
dress i ng i s  used, b i t 8 4  . 

EXAMPLE: BR 4 

Branches t o  the l o c a t i o n  spec i f i ed  i n  r e g i s t e r  4. 



FOR MEMOREX INTERNAL USE ONLY 

BCH @M(R) 

FUNCTION: Branches uncond i t i ona l l y  t o  a spec i f i ed  memory loca t ion .  
This i n s t r u c t i o n  d i f f e r s  from 0 which uses post- indexing; BCH uses 
pre- indexing. 

OPERAND: A 16 -b i t  value i n  b i t s  16-31 o f  the i n s t r u c t i o n .  I t  i s  the 
memory l o c a t i o n  t o  which the  program jumps. Addressing opt ions t o  the  
base address M inc lude indexing (R) , i n d i  r e c t  addressing ( b i t  8=1) , 
o r  a combination o f  both. 

EXAMPLE: BCH @TAG(5) 

Branches t o  the address i d e n t i f i e d  by @TAG(s). The value o f  TAG i s  
added t o  the contents o f  r e g i s t e r  5; the address formed i s  the address 
o f  an address t o  which the  program w i l l  branch ( t h i s  i s  the pre- 
i ndexi ng techn ique) . 



1 

FOR MEMOREX INTERNAL USE ONLY 

S k i p  if Register Minu@ - Forward 

SRMF I ,R 

FUNCTION: Skips forward a  spec i f ied  number o f  words i f  the  r e g i s t e r  
contents tested a re  minus. I f  the  r e g i s t e r  contents a r e  plus, t he  next 
i n s t r u c t i o n  i n  the  program i s  executed. 

OPERAND 1 :  A 4 - b i t  unsigned value i n  b i t s  8-11 o f  the i n s t r u c t i o n .  
This  va lue spec i f i es  the  number o f  words t o  s k i p  and may range from 0-15. 
The value i s  m u l t i p l i e d  by 2 and added t o  the  cur ren t  program address. 

OPERAND 2: The value tested;  a  one-word f i e l d  i n  the general r e g i s t e r  
spec i f i ed  by R. 

EXAMPLE: SRMF TAGJ 

Tests the  contents o f  r e g i s t e r  3. I f  negative, sk ip  t o  i n s t r u c t i o n  
located a t  TAG; i f  p o s i t i v e  o r  zero, the  next i n s t r u c t i o n  i s  read. 



FOR MEMOREX INTERNAL USE ONLY 

S k i p  if Register  Minus - Backward 

SRMB I ,R 

FUNCTION: Skips back a  s p e c i f i e d  number o f  words i f  the r e g i s t e r  contents  
tes ted  a r e  minus. I f  the r e g i s t e r  con ten ts  a r e  p lus ,  the next: i n s t r u c -  
t i o n  i n  t he  program i s  executed. 

OPERAND 1 :  A b b i t  unsigned va lue  i n  b i t s  8-11 o f  the  i n s t r u c t i o n .  
Th is  va lue  s p e c i f i e s  t h e  number of  words t o  s k i p  and may range from 
0-15. The va lue  i s  m u l t i p l i e d  by 2 and subtracted f r o m - t h e  cu r ren t  
program address. 

OPERAND 2: The va lue tested;  a  one-word f i e l d  in the  general r e g i s t e r  
s p e c i f i e d  by R.  

EXAMPLE: SRMB TAGJ 

Tests t h e  contents  o f  r e g i s t e r  3. I f  negat ive,  s k i p  t o  i n s t r u c t i o n  
located a t  TAG; i f  p o s i t i v e  o r  zero, t h e  next  i n s t r u c t i o n  i s  read. 



S k i p  if Register Not Zero - � or ward 

SRNF I , R  

FOR MEMOREX INTERNAL USE ONLY 

FUNCTIOY: Skips forward a  spec i f i ed  number o f  words i f  the  r e g i s t e r  con- 
t en ts  tested a r e  not  zero. I f  the r e g i s t e r  does conta in  a l l  zeros, the 
next i n s t r u c t i o n  i n  the  program i s  executed. 

OPERAND' 1 :  A b b i t  unsigned value i n  b i t s  8-1 1 o f  the  i ns t ruc t i on .  
This  value s p e c i f i e s  the number o f  words t o  sk ip  and may range from 
0-15, The value i s  m u l t i p l i e d  by 2  and added t o  the cur ren t  program 
address, 

OPERAND 2: The value tested; a one-word f i e l d  i n  the general r e g i s t e r  
spec i f i ed  by R. 

EXAMPLE: SRNF TAG,2 

Tests the  contents o f  r e g i s t e r  2. I f  non-zero, sk ip  t o  i n s t r u c t i o n  
located a t  TAG; if zero, read next i n s t r u c t i o n .  



FOR MEMOREX INTERNAL USE ONLY 

S k i p  if Register Not Zero - Backward 

FUNCTION: Skips back a spec i f ied  number o f  words i f  the  r e g i s t e r  contents 
tested a r e  not  zero. I f  the  r e g i s t e r  does conta in  a l l  zeros, the next  

0 7 8 1 1 1 2 1 3  15 

i n s t r u c t i o n  i n  t h e  program i s  executed. 

SRNB I ,R 

OPERAND 1: A b b i t  unsigned value i n  b i t s  8-11 o f  t h e  i ns t ruc t i on .  
Th is  value spec i f i es  the  number o f  words t o  s k i p  and may range from 0-15. 
The value i s  m u l t i p l i e d  by 2 and added t o  the  cu r ren t  program address. 

OPERAND 2: The value tested;  a one-word f i e l d  i n  the  general r e g i s t e r  
spec i f i ed  by R. 

43 

EXAMPLE: SRNB TAG,2 

. . , . . . . . ....... 
::::::::::::::: 
, . . . . . . 

Tests the  contents o f  r e g i s t e r  2. I f  non-zero, sk ip  t o  i n s t r u c t i o n  
located a t  TAG; i f  zero, read next i ns t ruc t i on .  



FOR MEMOREX INTERNAL USE ONLY 

S k i p  if Register PZus - Forward 

SRPF I ,R 

FUNCTION: Skips forward a  spec i f ied  number o f  words i f  the r e g i s t e r  
contents tested are p lus.  I f  the  r e g i s t e r  contents a re  minus, the  
next i n s t r u c t i o n  i n  the program i s  executed. 

OPERAND 1 :  A b b i t  unsigned value i n  b i t s  8-11 o f  the  i n s t r u c t i o n .  This  
value spec i f i es  the  number o f  words t o  s k i p  and may range from 0-15. 
The value i s  m u l t i p l i e d  by 2 and added t o  the cu r ren t  program address. 

OPERAND 2: The value tested; a  one-word f i e l d  i n  the  general r e g i s t e r  
spec i f i ed  by R. 

EXAMPLE: SRPF TAG,4 

Tests the  value i n  r e g i s t e r  4. I f  p o s i t i v e ,  sk ips t o  the  i n s t r u c t i o n  
a t  l oca t i on  TAG; i f  not  p o s i t i v e ,  the  next i n s t r u c t i o n  i s  read. TAG 
must be w i t h i n  15 words o f  SRP. 



FOR MEMOREX INTERNAL USE ONLY 

Skip if Register Plus - Backward 

SRPB I ,R 

FUNCTION: Skips back a spec i f ied  number of words i f  t h e  r e g i s t e r  contents 
tes ted  a r e  p lus.  I f  the  r e g i s t e r  contents a r e  minus, t h e  next i n s t r u c -  A 

t i o n  i n  the  program i s  executed. 

OPERAND 1:  A  4 - b i t  unsigned value i n  b i t s  8-11 o f  the  . i ns t ruc t i on .  Th is  
va lue  s p e c i f i e s  the  number o f  words t o  s k i p  and may range from 0-15. 
The value i s  m u l t i p l i e d  by 2 and subtracted from the  cu r ren t  program 
address. 

OPERAND 2: The value tested;  a  one-word f i e l d  i n  the  general r e g i s t e r  
spec i f i ed  by R. 

EXAMPLE: SRPB TAG,4 

Tests the  value i n  r e g i s t e r  4 .  I f  p o s i t i v e ,  sk ips  t o  the  i n s t r u c t i o n  
a t  l o c a t i o n  TAG; if not  p o s i t i v e ,  t he  next i n s t r u c t i o n  i s , r e a d .  TAG 
must be w i t h i n  15 words o f  SRP. 



FOR MEMOREX INTERNAL USE ONLY 

Skip if Register Zero - Forward 

SRZF I , R  

FUNCTION: Skips forward a s p e c i f i e d  number o f  words i f  the  r e g i s t e r  
tes ted  conta ins  a l l  zeros. I f  the  r e g i s t e r  does not  con ta in  a l l  zeros, t h e  
next  i n s t r u c t i o n  i n  t h e  program i s  executed. 

OPERAND 1 :  A b b i t  unsigned va lue  i n  b i t s  8-11 o f  the  i n s t r u c t i o n .  Th i s  
va lue  s p e c i f i e s  the number o f  words t o  s k i p  and may range from 0-1 5. 
The value i s  m u l t i p l i e d  by 2 and added t o  the  c u r r e n t  program address. 

OPERAND 2: The value tes ted ;  a  one-word f i e l d  i n  the  general r e g i s t e r  
spec i f i ed  by R. 

EXAMPLE: SRZF' TAG, 5 

Tests the  va lue  i n  r e g i s t e r  5. I f  a l l  zeros, read the  next i n s t r u c t i o n  
a t  l o c a t i o n  TAG; i f  no t  a l l  zeros, the next  i n s t r u c t i o n  i s  read. TAG 
must be w i t h i n  15 words o f  SRZ. 



FOR MEMOREX INTERNAL USE ONLY 

Skip if Register Zero - Backward 

SRZB I ,R  

FUNCTION: Skips back a  spec i f i ed  number o f  words i f  the  r e g i s t e r  tested 
conta ins a l l  zeros. I f  the  r e g i s t e r  does not  conta in  a l l  zeros, the  next 
i n s t r u c t i o n  i n  t he  program i s  executed. 

OPERAND 1:  A b b i t  unsigned value i n  b i t s  8-1 1 o f  the i n s t r u c t i o n .  
This  value spec i f i es  the  number o f  words t o  sk ip  and may range from 0-15. 
The value i s  m u l t i p l i e d  by 2 and subtracted from the cu r ren t  program 
address. 

OPERAND 2: The value tested; a  one-word f i e l d  i n  the  general r e g i s t e r  
spec i f i ed  by R. 

EXAMPLE: SRZB TAG,5 

Tests the  value i n  r e g i s t e r  5. I f  a l l  zeros, read the  next i n s t r u c t i o n  
a t  l o c a t i o n  TAG; i f  not  a l l  zeros, t he  next i n s t r u c t i o n  i s  read. TAG 
must be w i t h i n  15 words o f  SRZ. 



FOR MEMOREX INTERNAL USE ONLY 

Skip on Condition Register FaZse - Forward 

FUNCTION: Skips forward a  spec i f ied  number o f  words i f  the  appropr ia te  
Condi t ion r e g i s t e r  b i t  i s  o f f .  i f  the  b i t  i s  on, the  next i n s t r u c t i o n  
i n  t he  program i s  executed. 

OPERAND 1 :  A 4 - b i t  unsigned value i n  b i t s  8-1 1 o f  the i ns t ruc t i on .  
Th is  va lue spec i f i es  the  number o f  words t o  s k i p  and may range from 0-15. 
I t i s  mu1 t i p l  ied by 2  and added t o  t h e  cu r ren t  program address. 

OPERAND 2: A 4 - b i t  value i n  b i t s  12-15 o f  the i n s t r u c t i o n .  This  value 
s p e c i f i e s  the  p o s i t i o n  o f  the  b i t  tested f o r  o f f  i n  the  Condi t ion r e g i s t e r  
and may range from 0-15. 

EXAMPLE: SCFF 12,3 

I f  b i t  3 (equal b i t )  i n  the  Condi t ion r e g i s t e r  i s  o f f ,  the  program w i l l  
s k i p  forward i n  the program 12 words (24 by tes) .  I f  b i t  3 i s  on, the  next 
i n s t r u c t i o n  i n  the program i s  executed, 



FOR MEMOREX INTERNAL USE ONLY 

S k i p  on Condi t ion  R e g i s t e r  False  - Backward 

SCFB I,, l2 

FUNCTION: Skips back a  spec i f i ed  number o f  words i f  the  appropr ia te  
Condi t ion r e g i s t e r  b i t  i s  o f f .  I f  the  b i t  i s  on, the  next i n s t r u c t i o n  
i n  the  program i s  executed. 

OPERAND 1: A 4 - b i t  unsigned value i n  b i t s  8-11 o f  the i n s t r u c t i o n .  
This  va lue spec i f i es  the number o f  words t o  sk ip  and may range from 0-15. 
I s  m u l t i p l i e d  by 2 and subtracted from the cur ren t  program address. 

/- 

OPERAND 2: A 4 - b i t  value i n  b i t s  12-15 o f  the  i ns t ruc t i on .  This  value 
spec i f i es  the  p o s i t i o n  o f  the  b i t  tested f o r  o f f  i n  the  Condi t ion r e g i s t e r  
and may range from 0-1 5. 

EXAMPLE: SCFB 12,3 

I f  b i t  3 (equal b i t )  i n  the  Condi t ion r e g i s t e r  i s  o f f ,  the  program 
w i l l  s k i p  back i n  the  program 12 words (24 bytes) .  I f  b i t  3 i s  on, 
the next i n s t r u c t i o n  i n  the program i s  executed. 



FOR MEMOREX INTERNAL USE ONLY 

Skip on Condition Register True - Forward 

SCTF I1,l2 

FUNCTION: Skips forward a  spec i f i ed  number o f  words i f  the  appropr ia te  
Condi t ion r e g i s t e r  b i t  i s  on. I f  the  b i t  i s  o f f ,  the next i n s t r u c t i o n  
i n  the  program i s  executed. 

OPERAND 1: A  '+ -b i t  unsigned va lue i n  b i t s  8-11 o f  the i n s t r u c t i o n .  
Th is  va lue s p e c i f i e s  t he  number o f  words t o  s k i p  and may range from 0-15. 
I t  i s  mu1 t ipi ied by 2 and added t o  the cu r ren t  program address. 

OPERAND 2: A 4 - b i t , v a l u e  i n  b i t s  12-15 o f  the i n s t r u c t i o n .  Th is  value 
s p e c i f i e s  the p o s i t i o n  o f  the  b i t  tes ted  f o r  on i n  the  Condi t ion 
r e g i s t e r  and may range from 0-1 5. 

EXAMPLE: SCTF 

Assume t h a t  TAG i s  s i x  words ahead o f  t h i s  i n s t r u c t i o n .  I f  b i t  0  
(over f low b i t )  i n  the  Condi t ion r e g i s t e r  i s  on, the  program w i l l  s k i p  
s i x  words (12 bytes) forward t o  TAG. I f  b i t  0  i s  o f f ,  the  next i n s t r u c t i o n  
i n  the program i s  executed. 



FOR MEMOREX INTERNAL USE ONLY 

S k i p  on Condition Register True - Backward 

SCTB I1,l2 

FUNCTION: Skips back a spec i f i ed  number o f  words i f  t he  appropr ia te  
Cond i t ion  r e g i s t e r  b i t  i s  on. I f  the  b i t  i s  o f f ,  t he  next ins t ruc t l i on  
i n  t he  program i s  executed. 

OPERAND 1: A 4 - b i t  un*signed va lue i n  b i t s  8-11 o f  the  i n s t r u c t i o n .  
Th i s  va lue s p e c i f i e s  the  number o f  words t o  s k i p  and may range from 
0-15. It i s  m u l t i p l i e d  by 2 and subtracted from the  cu r ren t  program 
address. 

OPERAND 2: A 4 - b i t  va lue i n  b i t s  12-15 o f  the  i n s t r u c t i o n .  Th is  va lue 
s p e c i f i e s  t he  p o s i t i o n  o f  the  b i t  tes ted  f o r  on i n  the  Condi t ion r e g i s t e r  
and may range from 0-15. 

EXAMPLE : SCTB TAG, 0 

Assume t h a t  TAG i s  s i x  words behind t h i s  i n s t r u c t i o n .  I f  b i t  0 
(over f low b i t )  i n  t he  Condi t ion r e g i s t e r  i s  on, the  program w i l l  s k i p  
back s i x  words (12 bytes) t o  TAG. I f  b i t  0  i s  o f f ,  the  next i n s t r u c t i o n  
i n  the program i s  executed. 



Skip UnconditConaZ - F o : m d  

SF I o r  M 

FOR MEMOREX INTERNAL USE ONLY 

FUNCTION: Skips forward a spec i f i ed  number o f  words. 

OPERAND: An 8 - b i t  unsigned va lue  i n  b i t s  8-15 o f  the  i n s t r u c t i o n .  
Th is  va lue  s p e c i f i e s  the  number o f  words t o  sk ip  and may range from 0-255. 
I t  i s  m u l t i p l i e d  by 2 and added t o  t h e  cur ren t  program address. 

EXAMPLE: SF TAG 

Skips uncondi t ional ' ly  t o  TAG, 



S k i p  Unconditional - Backward 

SB I o r  M 

FOR MEMOREX INTERNAL USE ONLY 

FUNCTION: Skips back a  spec i f i ed  number o f  words. 

OPERAND: An 8 - b i t  unsigned va lue i n  b i t s  8-15 o f  t he  i n s t r u c t i o n .  
Th is  va lue s p e c i f i e s  the  number o f  words t o  sk i p  and may range from 
0-255. I t  i s  mu1 t i p l  iced by 2  and subtracted from the  cu r ren t  program 
address. 

EXAMPLE: SB TAG 

Skips uncond i t i ona l l y  t o  TAG.. 



FOR MEMOREX INTERNAL USE ONLY 

COMPARE INSTRUCTIONS 

Mnemonic Code 

CBYM 
C BY 
CMPX 
CMPD 
CMP l 
CMPM 
CMP 
CMPK 
CMPR 
CMPT 

Name - 
Compare Byte Memory - Memory a 
Compare Byte Memory - Register a 
Compare Characters a 
Compa r e  D i rec t 
Compare l mmed i a t e  
Compare Memory - Memory 
Compare Memory - Register 
Compare Packed Decimal a 
Compare Register - Register 
Compare Two-Word 



FOR MEMOREX INTERNAL USE ONLY 

Compare Byte Memory - Memo2.y a 

FUNCTION: Performs a magnitude-only comparison o f  one-byte f i e l d s  i n  
memory . 
OPERAND 1: A one-byte f i e l d  i n  memory. Addressing op t ions  t o  the base 
address M, inc lude indexing (R,) ,  i n d i r e c t  addressing ( b i t  8 5 1 ) ~  o r  a 

- I 
combinati6n o f  both. 

OPERAND 2 :  Same as operand 1 except use M2, R2, and b i t  12=1. 

RESULTS: Ne i ther  operand i s  d is turbed,  bu t  the Condi t ion r e g i s t e r  i s  
a f f e c t e d  as fo l lows :  

a B i t s  0 and 4 a re  always c leared.  
a I f  operand 1 i s  g rea te r  than operand 2, b i  t s  1 and 5 

are  se t  and b i t s  2, 3, 6 and 7 a re  c leared.  
a I f  operand 1 i s  less than operand 2, b i t s  2 and 6 are 

se t  and b i t s  1 ,  3, 5 and 7 a re  c leared.  
a I f  operand 1 i s  equal t o  operand 2, b i  t s  3 and 7 a re  set: 

and b i t s  1, 2, 5 and 6 a re  c leared.  

EXAMPLE: CBYM  TAG(^) ,@HERE (2) 

Compares a one-byte operand a t  the address spec i f i ed  by @TAG (4) w i t h  
another a t  the address spec i f i ed  by  HERE(^). I f  the operand a t    TAG(^) 
i s  g rea te r  than the o ther  operand, b i t  1 o f  the Cond i t ion  r e g i s t e r  i s  
turned on; i f  less than the o ther ,  b i t  2 o f  the  Condi t ion r e g i s t e r  i s  
turned on; i f  they a re  equal b i t  3 o f  the Condi t ion r e g i s t e r  i s  turned 
on. (Only one o f  these b i t s  i n  the Condi t ion r e g i s t e r  w i l l  be turned 
on; the others  remain o f f . )  



FOR MEMOREX INTERNAL USE ONLY 

Compare By te  Memory .- Register a 

FUNCTION: Performs a magnitude-only comparison o f  a one-byte f i e l d  i n  
memory and t h e  low-order b y t e  o f  a general  r e g i s t e r  o r  a one-byte f i e l d  
i n  memory. 

OPERAND 1: A one-byte f i e l d  i n  memory. Addressing o p t i o n s  t o  t h e  
base address M i nc lude  index ing ( R ~ ) ,  i n d i r e c t  addressing ( b i t  8=1), 
o r  a combinat ion o f  both.  

OPERAND 2: A one-byte f i e l d  ( b i t s  8-15) i n  a general  r e g i s t e r  s p e c i f i e d  
by R2 o r  a one-byte f i e l d  i n  memory i f  i n d i r e c t  addressing i s  used, 
b i t  1 2 ~ 1 .  

RESULTS: N e i t h e r  operand i s  d i s tu rbed ,  b u t  the Cond i t i on  r e g i s t e r  i s  
a f f e c t e d  as f o l l o w s :  

0 B i t s  0 and 4 a r e  always c lea red .  
e I f  operand 1 i s  g r e a t e r  than operand 2, b i t s  1 and 5 a r e  s e t  

and b i t s  2, 3, 6 and J a r e  c lea red .  
a I f  operand 1 i s  l ess  than operand 2, b i t s  2 and 6 a r e  s e t  

and b i t s  1 ,  3, 5 and 7 a r e  c lea red .  
a I f  operand 1 i s  equal t o  operand 2, b i t s  3 and 7 a r e  s e t  

and b i t s  1 ,  2,, 5 and 6 a r e  c lea red .  

EXAMPLE: CBY  TAG(^),^ 

Compares a one-byte operand i d e n t i f i e d  by  TAG(^) w i t h  the r igh tmos t  
b y t e  o f  r e g i s t e r  6, and the  Cond i t i on  r e g i s t e r  i s  s e t  accord ing ly .  



FOR MEMOREX INTERNAL USE ONLY 

Compare Characters a 

FUNCTION: Performs a  magnitude-only comparison o f  two f i e l d s  i n  
memory. The f i e l d  lengths may vary  f rom 0-255 bytes.  The coniparison 
i s  byte-by-byte and proceeds from l e f t  t o  r i g h t .  The ope ra t i on  con- 
t i nues  u n t i l  e i t h e r  o f  the  f o l l o w i n g  occurs:  the operands a r e  found 
unequal o r  t he  g rea te r  o f  L1 o r  L2 i s  exhausted. 

OPERAND 1: A  f i e l d  i n  memory. The f i e l d  length,  0-255 bytes, i s  
s p e c i f i e d  by the  L1 va lue  i n  the  i n s t r u c t i o n .  Addressing op t ions  t o  
the base address M1 inc lude  on l y  index ing (R , ) .  

OPERAND 2: A  f i e l d  i n  memory. The f i e l d  leng th ,  0-255 bytes,  i s  
s p e c i f i e d  by the L2 value i n  the i n s t r u c t i o n .  Addressing op t ions  t o  
the  base address M2 i nc l ude  o n l y  index ing (R2). 

RESULTS: The f o l l o w i n g  cond i t i ons  may occur,  depending on the  values 
o f  L1 and L2. 

Q I f  L1  = L2, t he  operands a re  compared by te - fo r -by te .  
I f  L1 i s  less  than Lp, the  operands a re  compared u n t i l  
L1 i s  exhausted, then blanks a re  compared t o  operand 2 .  

a I f  L1 i s  g rea te r  than L2, t he  operands a re  compared u n t i l  
L2 i s  exhausted, then operand 1 i s  compared t o  b lanks.  

a I f  L1 = 0  and L2 # 0, blanks are compared t o  operand 2. 
a I f  L2 = 0  and L1 = 0, no compare i s  performed. 

Ne i t he r  operand i s  d is tu rbed ,  b u t  t h e  c o n d i t i o n  r e g i s t e r  i s  a f fec ted  
as f o l  lows: 

a B i t  0 (over f low)  i s  always c leared.  
a I f  operand 1 i s  g rea te r  than operand 2, b i t  1  i s  s e t  and 

b i t s  2  and 3 a re  c leared.  
a I f  operand 1  i s  less  than operand 2, b i t  2  i s  s e t  and 

b i t s  1  and 3 a re  c leared .  
a I f  operand 2  i s  equal t o  operand 1, b i t  3 i s  s e t  and b i t s  

1  and 2  a r e  c leared.  
I f  L1=0 and L2=0, b i t s  1 and 2  a re  c leared  and b i t  3 i s  s e t ,  

Note: CMPX i s  a  word compare i f  L1 and L2 a re  bo th  even and the  
begi  nn i  ng addresses a re  even. 



FOR MEMOREX INTERNAL USE ONLY 

EXAMPLE: CMPX TAG (200, l )  ,HERE (200,2) 

A 200-byte f i e l d  i d e n t i f i e d  by ~ ~ ~ ( 2 0 0 , l )  i s  compared t o  a 200-byte 
f i e l d  i d e n t i f i e d  by H E R E ( ~ O O , ~ ) .  Comparison proceeds byte-by-byte 
u n t i l  i n e q u a l i t y  i s  determined o r  a l l  bytes have been compared 
and found equal. The Cond i t ion  r e g i s t e r  i s  se t  accord ing ly .  



FOR MEMOREX INTERNAL USE ONLY 

Compare Direct 

CMPD I (R1) ,@R2 

FUNCTION: Performs a  signed a r i t h m e t i c  comparison o f  a one-word 
immediate value;: and a  one-word f i e l d  i n  a  general r e g i s t e r  o r  i n  
memory . 
OPERAND 1: A 16 -b i t  immediate s igned va lue i n  b i t s  16-31 o f  the  
i n s t r u c t  ion;  the  va l  ue may range from -32,768 t o  +32,767. 

;klndexing may be s p e c i f  fed f o r  operand 1 .  I n  t h i s  case, operand 1 
i s  der i ved  by adding the  I va lue and t h e  general  r e g i s t e r  contents  
s p e c i f i e d  by R 1 ;  no check f o r  over f low o r  l i n k  i s  made du r i ng  the 
index ing.  

OPERAND 2: A  one-word f i e l d  i n  t he  general r e g i s t e r  s p e c i f i e d  by R2 
o r  i n  memory i f  i n d i r e c t  addressing i s  used, b i t  12=1. 

RESULTS: Ne i t he r  operand i s  d is tu rbed ,  bu t  the  Cond i t ion  r e g i s t e r  i s  
a f f e c t e d  as f o l l o w s  ( b i t s  0-3 r e f l e c t  the  a r i t h m e t i c  r e s u l t s  o f  the  
compare and b i t s  4-7 r e f l e c t  the  l o g i c a l  r e s u l t s  o f  the  compare): 

B i t s  0  and 4 a re  always c leared.  
e I f  operand 1  i s  equal t o  operand 2, b i t s  3 and 7  a re  se t  

and b i t s  1 ,  2, 5 and 6  a re  c leared.  
I f  operand 1 i s  a r i t h m e t i c a l l y  g rea te r  than operand 2, 
b i t  1  i s  s e t  and b i t s  2  and 3 a r e  c leared.  

a I f  operand 1 i s  a r i t h m e t i c a l l y  less  than operand 2, 
b i t  2  i s  s e t  and b i t s  1  and 3 a re  c leared.  
I f  operand 1 i s  l o g i c a l l y  g rea te r  than operand 2, b i t  5  
i s  s e t  and b i t s  6  and' 7  a re  c leared.  
I f  operand 1  i s  l o g i c a l l y  less  than operand 2, b i t  6  i s  s e t  
and b i t s  5  and 7 a re  c leared.  

For a r i t h m e t i c  r e s u l t s ,  7FFF16 i s  t he  l a r g e s t  number and 8 0 0 0 ~ ~  i s  the  
sma l les t  number. 

For l o g i c a l  r e s u l t s ,  FFFF16 i s  t h e  l a r g e s t  number and 000016 i s  the  
smal lest  number. 

EXAMPLE : CMPD -25000 (5) ,@3 

The va lue -25,000 mod i f i ed  by t he  contents  o f  r e g i s t e r  5  i s  compared 
w i t h  the  va lue  a t  t h e  l o c a t i o n  s p e c i f i e d  i n  r e g i s t e r  3; the  Cond i t ion  
r e g i s t e r  i s  s e t  accord ing ly .  



FOR MEMOREX INTERNAL USE ONLY 

Compare Immediate 

CMPl I ,@R 

FUNCTION: Performs a  signed a r i t h m e t i c  comparison o f  a  4 - b i t  immediate 
va lue and a  one-word f i e l d  i n  a  general  r e g i s t e r  o r  i n  memory. 

OPERAND 1 :  A  4 - b i t  s igned va lue  i n  b i t s  8-11 o f  t he  i n s t r u c t i o n ;  the  
va lue  may range f rom 0-15. The 4 - b i t  va lue i s  compared w i t h  operand2 
i n  b i t  p o s i t i o n s  12-15 w i t h  b l t s  0-11 zeros. 

OPERAND 2: A  one-word f i e l d  loca ted  i n  t he  general r e g i s t e r  s p e c i f i e d  
by R o r  i n  memory i f  i n d i r e c t  addressing i s  used, b i t  12=1. 

RESULTS: Operand 1 i s  no t  d is tu rbed ,  bu t  the  Cond i t ion  r e g i s t e r  i s  
a f f e c t e d  as f o l l o w s  ( b i t s  0-3 r e f l e c t  t he  a r i t h m e t i c  r e s u l t s  o f  the 
compare and b i t s  4-7 r e f l e c t  t he  l o g i c a l  r e s u l t s )  : 

e B i t s  0  and 4 a r e  always c leared .  
a I f  operand 1 i s  equal t o  operand 2, b i t s  3 and 7 a re  s e t  

and b i t s  1, 2, 5 and 6 a re  c leared.  
e I f  operand 1 i s  a r i t h m e t i c a l l y  g rea te r  than operand 2, 

b i t  1 i s  s e t  and b i t s  2  and 3 a re  c leared .  
e I f  operand 1  i s  a r i t h m e t i c a l l y  less  than operand 2, b i t  2 

i s  s e t  and b i t s  1  and 3 a re  c leared .  
o I f  operand 1 i s  l o g i c a l l y  g rea te r  than operand 2, b i t  5 

i s  s e t  and b i t s  6  and 7  a re  c leared.  
o I f  operand 1  3 s  l o g i c a l l y  less  than operand 2, b i t  6  

i s  s e t  and b i t s  5 and 7  a re  c leared.  

For a r i t h m e t i c  r e s u l t s ,  7FFF16 i s  t he  l a r g e s t  number and 8 0 0 0 ~ 6  i s  the  
sma l les t  number. 

For l o g i c a l  r e s u l t s ,  FFFF16 i s  the  ' la rgest  number and 000016 i s  t he  
sma l les t  number. 

EXAMPLE: CMPl 1 1  ,@6 

Compares t h e  immediate va lue 11 t o  t he  va lue  a t  t he  l o c a t i o n  s p e c i f i e d  
i n  r e g i s t e r  6  and se t s  t he  Cond i t ion  r e g i s t e r  accord ing ly .  



FOR MEMOREX INTERNAL USE ONLY 

Compare Memory - Memory 

FUNCTION: Performs a  signed a r i t h m e t i c  comparison o f  two one-word 
f i e l d s  i n  memory. 

OPERAND 1: A  one-word f i e l d  i n  memory. Addressing op t i ons  t o  the  base 
address M1 i nc l ude  index ing ( R ] ) ,  i n d i r e c t  addressing ( b i t  8=1), o r  a  
combinat ion o f  both.  

OPERAND 2: Same as operand 1  except use M p ,  R2, and b i t  12=1. 

RESULTS: Ne i t he r  operand i s  d is tu rbed ,  bu t  the  Cond i t i on  r e g i s t e r  i s  
a f f e c t e d  as f o l l o w s  ( b i t s  0-3 r e f l e c t  t he  a r i t h m e t i c  r e s u l t s  o f  the  
compare and b i t s  4-7 r e f l e c t  the  l o g i c a l  r e s u l t s ) :  

e B i t s  0  and 4 a re  always c leared.  
a I f  operand 1  i s  equal t o  operand 2, b i t s  3 and 7 a re  s e t  

and b i t s  1 ,  2, 5 and 6  a re  c leared .  
e I f  operand 1  i s  a r i t h m e t i c a l l y  g rea te r  than operand 2, 

b i t  1  i s  s e t  and b i t s  2 and 3  a r e  c leared .  
a- I f  operand 1 i s  a r i t h m e t i c a l l y  less  than operand 2, 

b i t  2 i s  s e t  and b i t s  1  and 3 a re  c leared.  
0 I f  operand 1  i s  l o g i c a l l y  g rea te r  than operand 2, b i t  5 

i s  se t  and b i t s  6  and 7 a re  c leared .  
0 I f  operand 1  i s  l o g i c a l l y  less  than operand 2, b i t  6 i s  

s e t  and b i t s ,  5 and 7 a re  c leared.  

For a r i t h m e t i c  r e s u l t s ,  ~ F F F ~ ~  i s  t he  l a r g e s t  number and 800016 i s  the  
sma 1  1  es t number. 

For l o g i c a l  r e s u l t s ,  FFFF16 i s  t he  l a r g e s t  number and 000016 i s  t he  
sma 1 1  es t number. 

EXAMPLE: CMPM @ H E R E ( ~ ) , @ T A G ( ~ )  

A 16 -b i t  va lue a t  the  address s p e c i f i e d  by   HERE(^) i s  compared t o  a 
1 6 - b i t  va lue  a t  t he  address i d e n t i f i e d  by   TAG(^); t he  Cond i t ion  
r e g i s t e r  i s  s e t  accord ing ly .  



FOR MEMOREX INTERNAL USE ONLY 

Compare Memory - Reg?:ster 

FUNCTION: Performs a signed a r i t h m e t i c  comparison o f  a  one-word f i e l d  
an memory and a  one-word f i e l d  i n  a general r e g i s t e r  o r  i n  memory. 

OPERAND 1 :  A one-word f i e l d  i n  memory. Addressing op t ions  t o  the  base 
address M inc lude indexing (R,) ,  i n d i r e c t  addressing ( b i t  8=1), o r  a  
combinat ion o f  both. 

I 

OPERAND 2: A one-word f i e l d  i n  the general r e g i s t e r  spec i f i ed  by R2 o r  
i n  memory i f  i n d i r e c t  addressing i s  used, b i t  12=1. 

PESULTS: Ne i the r  operand i s  d is tu rbed,  bu t  t he  Cond i t ion  r e g i s t e r  i s  
a f f e c t e d  as f o l  laws ( b i t s  0-3 r e f l e c t  the  a r i t h m e t i c  r e s u l t s  o f  the  
compare and b i t s  4-7 r e f l e c t  the  l o g i c a l  r e s u l t s  o f  the  compare): 

B i t s  0  and 4 a r e  always c leared.  
a I f  operand 1 i s  equal t o  operand 2, b i t s  3 and 7 a r e  s e t  

and b i t s  1 ,  2, 5 and 6  a re  c leared.  
I f  operand 1 i s  a r i t h m e t i c a l l y  g rea te r  than operand 2, 
b i t  1 i s  se t  and b i t s  2  and 3 a re  c leared.  

e I f  operand 1 i s  a r i t h m e t i c a l l y  l ess  than operand 2, b i t  2  
i s  s e t  and b i t s  1 and 3 a r e  c leared.  

a I f  operand3 i s  l o g i c a l l y  g rea te r  than operand 2 ,  b i t  5 
i s  se t  and b i t s  6  and 7  a re  c leared.  
I f  operand 1 i s  l o g i c a l l y  l ess  than operand 2, b i t  6  
i s  s e t  and b i t s  5 and 7 a re  c leared.  

For a r i t h m e t i c  r e s u l t s ,  7FFF16 i s  the  l a r g e s t  number and 800016 i s  the  
smal les t  number. 

For l o g i c a l  r e s u l t s ,  FFFF16 i s  the  l a r g e s t  number and OO0Ol6 i s  the  
smal les t  number. 

A 1 6 - b i t  f i e l d  a t  the  address i den t  1 by @TAG (5) i s  compared t o  a 
16 -b i t  f i e l d  a t  the  address s p e c i f i e d  i n  r e g i s t e r  6; the Cond i t ion  
r e g i s t e r  i s  s e t  accord ing ly .  

i f  iec 



FOR MEMOREX INTEiRNAL USE ONLY 

FUNCTION: Performs a comparison o f  packed decimal f i e l d s  i n  memory; 
the  s igns a r e  compared f i r s t ,  then the  comparison proceeds d i g i t - b y -  
d i g i t ,  l e f t  t o  r i g h t .  The f i e l d  lengths may vary  f rom 0-255 bytes.  
The ope ra t i on  cont inues u n t i l  e i t h e r  o f  the  f o l l o w i n g  occurs:  the  
operands a re  found unequal o r  t he  g rea te r  o f  L1  o r  L2 i s  exhausted. 

OPERAND 1 :  A packed decimal f i e l d  i n  memory. The f i e l d  length,  0-255 
bytes, i s  s p e c i f i e d  by the  L1 va lue  i n  the  i n s t r u c t i o n .  Addressing 
op t i ons  t o  t h e  base address inc lude  o n l y  index ing ( R ~ )  

OPERAND 2: A packed decimal f i e l d  i n  memory. The f i e l d  length,  0-255 
bytes,  i s  s p e c i f i e d  by t he  L2 va lue  i n  the  i n s t r u c t i o n .  Addressing 
op t ions  t o  t he  base address M2 inc lude  on l y  index ing ( R ~ ) .  

RESULTS: The f o l l o w i n g  cond i t i ons  may occur,  depending on the  values o f  
L1 and L2: 

0 I f  L1 = L , the  operands a r e  compared d i g i t - b y - d i g i t .  
0 I f  L1 i s  fess  than L2, t he  operands a r e  compared u n t i l  

L1 i s  exhausted, then zeros a re  compared t o  operand 2. 
a I f  L1  i s  g rea te r  than L2, t he  operands a re  compared u n t i l  L2 

i s  exhausted, then zeros a re  compared t o  operand 1 .  
0 I f  L1 = 0 and L2 = 0, b i t  3 o f  the  Cond i t ion  r e g i s t e r  i s  se t  

and b i t s  1 and 2 a re  c leared.  

Ne i ther  operand i s  d is tu rbed ,  b u t  the  Cond i t ion  r e g i s t e r  i s  a f f e c t e d  
as f o l l ows :  

0 B i t  0 i s  always c leared.  
0 I f  operand 1 i s  g rea te r  than operand 2, b i t  1 i s  s e t  and 

b i t s  2 and 3 a re  c leared .  
0 I f  operand 1 i s  less  than operand 2, b i t  2  i s  s e t  and b i t s  

1  and 3 a re  c leared.  
0 I f  operand 1 i s  equal t o  operand 2, b i t  3 i s  s e t  and b i t s  

1  and 2 a r e  c leared.  
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EXAMPLE: CMPK T A ~ ( 9 0 , 1 ) , ~ ~ ~ ~ ( 1 0 1 , 3 )  

Two packed decimal f i e l d s  a re  compared; the Condit ion r e g i s t e r  i s  
se t  accordingly.  I n  t h i s  example, the f i e l d  represented by TAG(SQ,l) 
i s  shor te r  than the other ;  therefore,  bytes 91 through 1 Q 1  o f  the 
l a rge r  f i e l d ,  H E R E ( ~ o ~ , ~ ) ,  w i l l  be compared to  zeros i f  an i nequa l i t y  
determinat ion cannot be made before exhaustion o f  the smal ler f i e l d ,  

Since the signs are checked f i r s t ,  an i nequa l i t y  dec is ion  could be 
made immediately i f  the  signs are  d i f f e r e n t .  
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Compare Register - Register 

- 
FUNCTION: Performs a  signed a r i t h m e t i c  comparison o f  two one-word 
f i e l d s ;  e i t h e r  f i e l d  may be i n  a  r e g i s t e r  o r  i n  memory. 

OPERAND 1: A one-word f i e l d  loca ted  i n  t h e  general r e g i s t e r  s p e c i f i e d  
by R1 o r  i n  memory i f  i n d i r e c t  addressing i s  used, b i t  8=1. 

OPERAND 2: Same as operand 1  except use R2 and b i t  12=1. 

RESULTS: Ne i t he r  operand i s  d is tu rbed ,  bu t  the Cond i t ion  r e g i s t e r  i s  
a f f e c t e d  as f o l l o w s  ( b i t s  0-3 r e f l e c t  t he  a r i t h m e t i c  r e s u l t s  o f  the  
compare, and b i t s  4-7 r e f l e c t  the l o g i c a l  r e s u l t s ) :  

a B i t s  0  and 4 a re  always c leared .  
I f  operand 1 i s  equal t o  operand 2, b i t s  3 and 7 a re  se t  
and b i t s  1, 2, 5 and 6  a re  c leared.  

a I f  operand 1 i s  a r i t h m e t i c a l l y  g rea te r  than operand 2, 
b i t  1 i s  s e t  and b i t s  2  and 3 a re  c leared .  
I f  operand 1 i s  a r i t h m e t i c a l l y  less  than operand 2, 
b i t  2  i s  se t  and b i t s  1 and 3 a re  c leared.  

a. I f  operand 1 i s  l o g i c a l l y  g rea te r  than operand 2, 
b i t  5 i s  s e t  and b i t s  6  and 7 a r e  c leared.  

a I f  operand 1 i s  l o g i c a l l y  l ess  than operand 2, b i t  6 
i s  se t  and b i t s  5 and 7 a re  c leared .  

Fo r 
sma 

For 
sma 

a r i t h m e t i c  r e s u l t s ,  7FFF16 i s  t he  l a r g e s t  number and 800016 i s  t he  
l l e s t  number. 

l o g i c a l  r e s u l t s ,  FFFF16 i s  t he  l a r g e s t  number and QQO016 i s  the  
l l e s t  number. 

EXAMPLE: CMPR @7,@5 

A  1 6 - b i t  f i e l d  a t  a  l o c a t i o n  s p e c i f i e d  i n  r e g i s t e r  7 i s  compared t o  a  
1 6 - b i t  f i e l d  a t  a  l o c a t i o n  s p e c i f i e d  i n  r e g i s t e r  5; t he  Cond i t ion  
r e g i s t e r  i s  s e t  accord ing ly .  
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Compare Wo- Word 

FUNCTION: Performs a  signed arithmetic comparison o f  a  two-word f i e l d  
i n  memory and a  two-word f i e l d  i n  two general  r e g i s t e r s  o r  i n  memory. 

OPERAND 1: A  two-word f i e l d  i n  memory. Addressing op t i ons  t o  t h e  base 
address M inc lude  index ing  ( R ~ ) ,  i n d i r e c t  addressing ( b i t  8=1),  o r  a  
combinat ion o f  both.  The e f f e c t i v e  address p o i n t s  t o  the most s i g n i f i c a n t  
b i t s  o f  t he  two-word f i e l d .  

OPERAND 2: A  two-word f i e l d  i n  two general  r e g i s t e r s  ( t h e  most 
s i g n i f i c a n t  b i t s  i n  t he  r e g i s t e r  s p e c i f i e d  i n  R2 and the l e a s t  
s i g n i f i c a n t  b i t s  i n  t he  r e g i s t e r  s p e c i f i e d  by R2 + 1) o r  i n  memory 
i f  i n d i r e c t  addressing i s  used, b i t  12=1. 

RESULTS: Ne i t he r  operand i s  d is tu rbed ,  bu t  t he  Cond i t ion  r e g i s t e r  i s  
a f f e c t e d  as f o l l o w s  ( b i t s  0-3 r e f l e c t  t he  a r i t h m e t i c  r e s u l t s  o f  the 
compare and b i t s  4-7 r e f l e c t  t h e  l o g i c a l  r e s u l t s ) :  

o B i t s  0  and 4 a re  always c leared .  
o I f  operand 1 i s  equal t o  operand B,  b i t s  3  and 7 a re  s e t  

and b i t s  1, 2 ,  5 and 6 a re  c leared.  
0 If operand 2 i s  a r i t h m e t i c a l l y  g rea te r  than operand 2, b i t  1 

i s  s e t  and b i t s  2 and 3 a r e  c leared .  
o I f  operand 1 i s  a r i t h m e t i c a l l y  l ess  than operand 2, b i t  2  

i s  s e t  and b i t s  1  and 3  a re  c leared .  
I f  operand 1  i s  l o g i c a l l y  g r e a t e r  than operand 2, b i t  5 
i s  s e t  and b i t s  6 and 7 a re  c leared .  

o I f  operand 1 i s  l o g i c a l l y  l ess  than operand 2, b i t  6 
i s  s e t  and b i t s  5 and 7 a re  c leared.  

For a r i t h m e t i c  r e s u l t s ,  7FFF16 i s  the l a r g e s t  number and 800016 i s  t he  
sma l les t  number. 

For  l o g i c a l  r e s u l t s ,  FFFF16 i s  the  l a r g e s t  number and 000016 i s  the 
sma l les t  number. 

EXAMPLE : CMPT @TAG (4) ,@l 

A  3 2 - b i t  f i e l d  a t  t h e  address i d e n t i f i e d  by @TAG(?) i s  compared t o  a  
32 -b i t  f i e l d  a t  t he  address s p e c i f i e d  i n  r e g i s t e r  1 ;  the  Cond i t i on  
r e g i s t e r  i s  s e t  accord ing ly .  
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DATA CONVERSION INSTRUCTIONS 

Mnemonic Code 

CVB 
CVBT 
C V D  
CVDT 
EDTX 
PAKX 
TRNX 
UNPX 

Name - 
Convert t o  Binary e 
Convert t o  Binary Two-Word m 
Convert t o  Decimal m 
Convert t o  Decimal Two-Word m 
Packed Decimal/Alpha E d i t  
Pack m 
Trans la te  (I, 

Unpack 
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Convert t o  Binary 

FUNCTION: Converts a 3-byte packed decimal f i e l d  i n  memory t o  a 2-byte 
b i na ry  f i e l d  i n  a general  r e g i s t e r .  

Extended Funct ion Code: B i t  12 serves as an ex tens ion  t o  t he  bas i c  
f u n c t i o n  code and i s  0 f o r  t h i s  i n s t r u c t i o n .  

OPERAND 1: A 3-byte packed decimal f i e l d  i n  memory. Addressing op t i ons  
t o  the  base address M inc lude  index ing ( R ~ ) ,  i n d i r e c t  addressing 
( b i t  8=1), o r  a combinat ion o f  both.  The packed decimal f i e l d  may ho ld  
f i v e  d i g i t s  and a s ign .  The e f f e c t i v e  address p o i n t s  t o  the  most 
s i g n i f i c a n t  b y t e  o f  the  f i e l d  

OPERAND 2: The r e s u l t a n t  2-byte signed b ina ry  va lue i n  the  general  
r e g i s t e r  s p e c i f i e d  by R2. The b ina ry  va lue has 15 b i t s  and a s i g n  b i t .  

RESULTS: The r e s u l t i n g  va lue res ides a t  the  operand 2 l o c a t i o n .  

0 B i t  0 (over f low)  i s  se t  i f  r e s u l t s  a re  g rea te r  than 
+32,767 o r  l ess  than -32,767. ( ~ o t e :  -32,768 i s  converted 
c o r r e c t l y  bu t  t h e  ove r f l ow  b i t  i s  se t . )  

. a B i t s  1-3 unchanged. 

EXAMPLE: CVB  TAG(^) ,6 

@TAG(4) y i e l d s  t h e  address o f  a 3-byte packed decimal f i e l d  ( f i v e  
d i g i t s  p l us  s ign)  which i s  converted t o  a 1 6 - b i t  (15 b i t s  p l us  s ign)  
b i n a r y  va lue  and loaded i n t o  r e g i s t e r  6. 
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Convert t o  Binary Tido-Word e 

FUNCTION: Converts a 6-byte packed decimal f i e l d  i n  memory t o  a 4- 
by te  b inary  f i e l d  i n  two general reg i s te rs .  

Extended Funct ion Code: B i t  12 serves as an extension t o  the basic  
f unc t i on  code and i s  1 f o r  t h i s  i n s t r u c t i o n .  

OPERAND 1: A 6-byte packed decimal f i e l d  i n  memory. Addressing 
opt ions t o  the base address M inc lude indexing (R , ) ,  i n d i r e c t  
addressing ( b l t  8=1), o r  a combination o f  both. ?he packed decimal 
f i e l d  may ho ld  11 d i g i t s  and a s ign.  The e f f e c t i v e  address po in ts  t o  
the  most s i g n i f i c a n t  byte o f  the f i e l d .  

OPERAND 2: The resu l tan t  4-byte signed b inary  value located i n  two 
general reg i s te rs  ( t he  most s i g n i f i c a n t  b i t s  i n  the r e g i s t e r  spec i f i ed  
by R2 and the l eas t  s i g n i f i c a n t  b i t s  i n  the r e g i s t e r  R2+1). ( ~ o t e :  
I f  r e g i s t e r  7 i s  spec i f i ed  by R2, the  most s i g n i f i c a n t  b i t s  a re  placed 
i n  r e g i s t e r  7 and the l eas t  s i g n i f i c a n t  b i t s  i n  r e g i s t e r  0.) The 
b inary  value has 31 b i t s  o f  magnitude and a s ign  b i t .  

RESULTS: ,The r e s u l t i n g  value resides a t  the operand 2 loca t ion .  
i 

e B i t  0 (overf low) i s  se t  i f  r e s u l t s  a re  greater  than t z 3 l - l  
o r  less than -231-1. ( ~ o t e :  -231 i s  converted c o r r e c t l v  
but  the over f low b i t  i s  set.)  
B i t s  1-3 are unchanged. 

EXAMPLE : CVBT @TAG (3) ,7 

@TAG(3) y i e l d s  the address o f  a 6-byte packed decimal f i e l d  (11 
d i g i t s  p lus s ign)  which i s  converted t o  a 32-b i t  ( inc lude s ign)  b inary 
value and loaded i n t o  r e g i s t e r  7. 
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Convert to DecimaZ a 

FUNCTION: Converts a 2-byte b ina ry  f i e l d  i n  a general r e g i s t e r  t o  a 3- 
by te  packed decimal f i e l d  i n  memory. 

Extended Funct ion Code: B i t  12 serves as an extension t o  the  bas ic  
f u n c t i o n  code and i s  0 f o r  t h i s  i n s t r u c t i o n .  

OPERAND 1: The r e s u l t a n t  3-byte packed decimal f i e l d  i n  memory which 
can ho ld  as many as f i v e  d i g i t s  and a s ign .  Addressing op t ions  t o  the  
base address M inc lude indexing ( R ~ ) ,  i n d i  r e c t  addressing ( b i t  8=1), 
o r  a combination o f  both. The e f f e c t i v e  address po in t s  t o  the most 
s i g n i f i c a n t  by te  o f  the  f i e l d .  

OPERAND 2: A 2-byte signed b ina ry  value i n  the  general r e g i s t e r  
s p e c i f i e d  by R2. The b i n a r y  value has 15 b i t s  and a s i g n  b i t .  

RESULTS: The r e s u l t i n g  value res ides a t  the  operand 1 l oca t i on .  

Register  2 conta ins a 16 -b i t  b ina ry  value which i s  converted t o  a 
3-byte packed decimal f i e l d  and s tored a t  the  l o c a t i o n  s p e c i f i e d  by 
@TAG( ] ) .  
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Convert t o  Decimal Tuo-Word 

FUNCTION: Converts a  4-byte  s igned b i n a r y  f i e l d  l o c a t e d  i n  two 
general  r e g i s t e r s  t o  a  6-byte  packed decimal f i e l d  l o c a t e d  i n  memory. 

Extended Func t ion  Code: B i t  12 serves as an ex tens ion  t o  t h e  b a s i c  
f u n c t i o n  code and i s  1 f o r  t h e  CVDT i n s t r u c t i o n .  

OPERAND 1 :  The r e s u l t a n t  6-byte  packed decimal f i e l d  loca ted  i n  
memory. Addressing o p t i o n s  t o  t h e  base address M i n c l u d e  index ing  
( R ] ) ,  i n d i r e c t  address ing ( b i t  8=1), o r  a  combinat ion o f  both .  The 
packed decimal f i e l d  may h o l d  1 1  d i g i t s  and a  s i g n .  The e f f e c t i v e  
address p o i n t s  t o  t h e  most s i g n i f i c a n t  b y t e  o f  t h e  f i e l d .  

OPERAND 2: A 4-byte  s igned b i n a r y  v a l u e  loca ted  i n  two genera l  
r e g i s t e r s .  The most s i g n i f i c a n t  b i t s  a r e  i n  t h e  r e g i s t e r  s p e c i f i e d  
by R2 and t h e  l e a s t  s i g n i f i c a n t  b i t s  i n  r e g i s t e r  R2+1. The b i n a r y  
v a l u e  has 31 b i t s  and a  s i g n  b i t .  ( ~ o t e :  I f  r e g i s t e r  7 i s  s p e c i f i e d  
by R2, the most s i g n i f i c a n t  b i t s  a r e  i n  r e g i s t e r  7 and t h e  l e a s t  
s i g n i f i c a n t  b i t s  a r e  i n  r e g i s t e r  0.) 

RESULTS: The r e s u l  t i n g  v a l u e  r e s i d e s  a t  the  operand 1 l o c a t  ion.  

EXAMPLE: CVDT @TAG(4),3 

R e g i s t e r s  3 and 4 c o n t a i n  a  32-bi  t b i n a r y  v a l u e  which i s  conver ted 
t o  6-byte  packed decimal (11 d i g i t s  p l u s  s i g n )  and s t o r e d  a t  t h e  
l o c a t i o n  i d e n t i f i e d  by   TAG(^). 
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Packed DecimaZ/AZpha Edit a 

FUNCTION: Th i s  i n s t r u c t i o n  moves t:he contents  o f  a  source f i e l d  t o  a  
r e s u l t  f i e l d  w i t h  e d i t i n g  symbols i nse r ted  accord ing t o  an e d i t  mask. 
The f i r s t - b y t e  address o f  the  mask f i e l d  must be s e t  i n  general  
r e g i s t e r  1 p r i o r  t o  execu t ion  o f  the e d i t  i n s t r u c t i o n ,  A  more complete 
d e s c r i p t i o n  o f  the  f unc t i ons  performed and d e t a i l s  o f  the  e d i t  mask 

OPERAND 1 :  The f i e l d  i n  memory t o  be ed i t ed .  I t  must be a  packed 
decimal f i e l d  f o r  numeric e d i t i n g ;  f o r  alpha e d i t i n g  i t  must be an 
EBCDIC f i e l d .  For numeric e d i t i n g ,  the number o f  d i g i t s  i n  the  source 
f i e l d  i s  s p e c i f i e d  i n  L1; f o r  alpha e d i t i n g ,  no leng th  i s  spec i f i ed .  
Addressing op t i ons  t o  the  base address inc lude  o n l y  indexing (R1) .  

OPERAND 2: The f i e l d  i n  memory t h a t  wi  1 1  ho ld  the ed i t ed  r e s u l t s .  
I t  w i l l  always be an E B C D I C  f i e l d .  For numeric e d i t i n g ,  the  leng th  i n  
bytes o f  the  r e s u l t  f i e l d  i s  s p e c i f i e d  i n  L2. For alpha e d i t i n g ,  L 2  
must be zero. Addressing op t i ons  t o  the  base address M2 inc lude  o n l y  
index ing ( R ~ ) .  

RESULTS: An E B C D I C  f i e l d  a t  the  operand 2 l o ca t i on .  Resul ts  depend 
on the  type o f  e d i t i n g  and on the  contents  o f  the  e d i t  mask. 



FOR MEMOREX INTERNAL USE ONLY 

EXAMPLE: EDTX T A G ( ~ ) , H E R E ( ~ )  

No l e n g t h  i s  s p e c i f i e d  because, i n  t h e  example, t h e  f i e l d  t o  be 
e d i t e d  i s  assumed t o  be an a lpha f i e l d ;  as such, b o t h  f i e l d s  a r e  
EBCDIC. 

The l o c a t i o n   TAG(^) c o n t a i n s  t h e  a lpha f i e l d  t o  be e d i t e d ,  and t h e  
f i e l d  a t  the  address  HERE(^) rece ives  the  e d i t i n g  symbols generated 
d u r i n g  t h e  e d i t .  
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DETA I LED DESCR l PT l ON OF ED IT 

The EDTX i n s t r u c t i o n  performs bo th  numeric e d i t i n g  and alpha e d i t i n g .  

The source f i e l d  i s  moved t o  t h e  r e s u l t  f i e l d  w i t h  e d i t i n g  symbols 
i nse r ted  accord ing t o  t he  e d i t  mask. The r e s u l t  f i e l d  i s  always an 
EBCDIC f i e l d .  The source f i e l d  must be a packed decimal f i e l d  when 
numeric e d i t i n g  i s  requested (L2#0). The source f i e l d  must be an 
E B C D I C  f i e l d  when alpha e d i t i n g  i s  requested (~2 '0) .  

The e d i t i n g  f u n c t i o n  i s  terminated as d i c t a t e d  by t he  e d i t  mask. The 
l eng th  s p e c i f i c a t i o n s  ( L ~  and L2) a r e  used when numeric e d i t i n g  i s  
requested t o  unpack t he  source (us ing  IJNPX) be fo re  ac tua l  ed i t i n g  
begins. 

Upon r e t u r n  from a numeric e d i t ,  general r e g i s t e r  1 con ta ins  the  b y t e  
address o f  the l a s t  n o n s i g n i f i c a n t  (FO va lue)  charac te r .  Th i s  address 
i s  used t o  s t o r e  the  f l o a t  charac te r  i f  des i red .  I f  there  i s  no s i g n i f -  
i c a n t  charac te r  (source f i e l d  has zero va lue) ,  general r e g i s t e r  1 w i l l  
be s e t  t o  zero. Th i s  r e g i s t e r  w i l l  always be s e t  t o  zero f o l l o w i n g  an 
alpha e d i t .  

The Cond i t ion  r e g i s t e r  i s  se t  as f o l l o w s  when numeric e d i t i n g  i s  
requested. 

0 B i t  3 se t  - A l l  source d i g i t s  were zero 

B i t  2 s e t - T h e  source f i e l d . w a s  negat i ve  

B i t  1 se t  -The  source f i e l d  was p o s i t i v e  

The Cond i t ion  r e g i s t e r  i s  no t  used o r  mod i f ied  when alpha e d i t i n g  i s  
requested. 

E d i t  Mask: E d i t i n g  i s  accomplished by means o f  an e d i t  c o n t r o l  tech- 
nique. The mask f i e l d ,  which i s  re ferenced (bu t  no t  changed) by 
the EDTX i n s t r u c t i o n ,  i s  ,used t o  c o n t r o l  data movement f rom the  source 
f i e l d  t o  the r e s u l t  f i e l d .  The mask f i e l d  i s  made up o f  a  s t r i n g  o f  
one charac te r  (two hexadecimal d i g i t s )  e d i t  opera to rs  and EBCDIC i n s e r t  
charac te rs .  The e d i t  opera to rs  a r e  bas i ca l  l y  c o n t r o l  f unc t i ons  d i r e c t i n g  
t he  e d i t  microcode r a t h e r  than the t r a d i t i o n a l  mask used by the  e d i t  
microcode t o  d r i v e  the  e d i t i n g  f unc t i on .  

To f a c i l i t a t e  a  c l e a r  understanding o f  the  e d i t i n g  process, the  f o l l ow -  
i n g  microcode i n d i c a t o r s  a re  def ined.  These i n d i c a t o r s  a r e  i n t e r n a l  
t o  t he  microcode and no t  d i r e c t l y  access ib le  by t h e  user .  They a re  
i n i t i a l i z e d  by t h e  microcode as de f ined  below. The e d i t  mask opera to rs  
d i r e c t  t he  r e s e t t i n g  and use o f  these i n d i c a t o r s .  

There a re  two microcode i n d i c a t o r s  and one 8 - b i t  va lue f i e l d  which t h e  
e d i t  microcode requ i res  t o  e f f e c t  t he  execut ion o f  t h e  EDTX i n s t r u c t i o n .  
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SD - S ign i f i cance  D i g i t  l n d i c a t o r  

l n i t i a l l y  50 i s  se t  t o  zero and i s  se t  t o  one when 
s i g n i f i c a n c e  i s  detected (by e d i t  opera to r  o r  by 
occurrence o f  a  non-zero d i g i t  i n  the source).  

SG - Sign l n d i c a t o r  

The SG i n d i c a t o r  i s  s e t  accord ing t o  the  Cond i t ion  
r e g i s t e r  a f t e r  t h e  source has been unpacked. 
EQ = B i t  3 se t  - source i s  equal t o  zero 
LT = B i t  2 se t  - source i s  nega t i ve  
GT = B i t  1 se t  - source i s  p o s i t i v e  

I 

F I  - F i l l  Character - 8 - b i t  EBCDIC 

l n i t i a l l y  se t  w i t h  E B C D I C  space (40 hex). The f i l l  
charac te r  may be s p e c i f i e d  v i a  the Set F i l l  e d i t  
opera to r  t o  any E B C D I C  value. 

The e d i t  operators  w i t h i n  t he  mask f i e l d  have the  f o l l o w i n g  format .  

The f i r s t  (zone) d i g i t  o f  each e d i t  opera to r  charac te r  i s  the v a r i a n t  
s p e c i f i e r ,  V. The second (numeric) d i g i t '  i s  the f u n c t i o n  s p e c i f i e r ,  F. 
When used, V s p e c i f i e s  e i t h e r  repeat count o f  the  f u n c t i o n  F  o r  sub- 
c o n t r o l  i n fo rmat ion .  Otherwise V i s  ignored. 

The e d i t  opera to rs  d i v i d e  i n t o  th ree  f u n c t i o n a l  ca tegor ies .  

0 Data Trans fe r  

0 Data I n s e r t  

0 Cont ro l  

Data Trans fe r  opera to rs  spec i f y  c o n d i t i o n a l  and uncond i t iona l  t r a n s f e r  
o f  data from the  source f i e l d  t o  t he  r e s u l t  f i e l d .  

Data I n s e r t  operators  s p e c i f y  c o n d i t i o n a l  and uncond i t iona l  i n s e r t i o n  
o f  characters  i n t o  the  r e s u l t  f i e l d  where t he re  i s  no dependency o r  
re ference t o  the source f i e l d .  

Contro l  opera to rs  f u n c t i o n  as e x p l i c i t  e d i t  performance c o n t r o l s  where 
t he re  i s  no re ference d i r e c t l y  t o  the  source o r  r e s u l t  f i e l d s .  
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The f u n c t i o n  code F s p e c i f i e s  the ope ra t i on  t o  be performed. These 
codes have a numerical & b i t  hexadecimal assignment. Fo l low ing  i s  a; 
l i s t  o f  the e d i t  operators  w i t h  the F code d i v i d e d  i n t o  ca tegor ies .  

CATEGORY OPERATOR F-HEX F-B I NARY OPERATOR DESCRIPTION 

Data 

Trans fe r  

MC 

MCS 

Data 

l nse r t  

Cont ro l  

TE 

SSD 

SF1 

The I C ,  I C S ,  and SF1 opera to rs  

Move charac te r  

Move charac te r  suppress 

I n s e r t  charac te r  

l n s e r t  charac te r  suppress 

I n s e r t  s i g n  

Terminate e d i t  

Set s i g n i f i c a n c e  (SD) 

Set f i l l  ( F I )  

r e q u i r e  one i n s e r t  charac te r  f o l l o w i n g  
t he  e d i t  opera to r .    he I S G  opera to r  requ i res  e i t h e r  one o r  two i n s e r t  
charac te rs  f o l l o w i n g  t:he I S G  e d i t  opera to r .  I n  a l l  cases t he  i n s e r t  
charac te rs  a re  bypassed automat i c a l  l y  by the microcode t o  o b t a i n  the  
next  e d i t  opera to r .  

Numeric E d i t i n g :  The e d i t  opera to rs  f u n c t i o n  as f o l l o w s  du r i ng  a 
numeric e d i t .  

MC - Move Character F = 8 

I f  SD equals zero, per form the  SSD ope ra t i on  (abso lu te ) .  

Move a charac te r  f rom the  unpacked source f i e l d  t o  the resu l  t 
f i e l d .  

a V s p e c i f i e s  a  repeat count (0-15). 

MCS - Move Character Suppress F = 9 

I f  SD equals one, per form the  MC opera t ion .  

I f  SD equals zero and t he  nex t  source charac te r  equals 
zero, move the f i l l  charac te r  from FI  t o  the r e s u l t  
f i e l d .  
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0 I f  SD equals zero and the next  source charac te r  i s  non- 
zero, per form the MC ope ra t i on  (SD gets  se t  equal t o  one 
by MC) . 
V s p e c i f i e s  a  repeat count (0-15). 

I C  - l n s e r t  Character F = 4 

0 Move the charac te r  f o l  lowing t h i s  e d i t  opera to r  t o  the  
resu l  t f i e l d .  

0 V s p e c i f i e s  a  repeat count (0-15).  The same charac te r  
w i l l  be i nse r ted  V + l  number o f  t imes. 

I C S  - l n s e r t  Character Suppress F = 5 

a I f  SD equals one, per form the  I C  opera t ion .  

e I f  SD equals zero, move the f i l l  charac te r  from F1 t o  the 
r e s u l t  f i e l d .  

a V s p e c i f i e s  a  repeat count (0-15). The same character  
( f i  1 1  charac te r  o r  i n s e r t  charac te r )  w i  1 1  be i nse r ted  
V + l  number o f  t imes. 

I S G  - l n s e r t  Sign F = 7 

I f SG = LT (negat i ve source) and 
V=O, move the charac te r  f o l l o w i n g  t h i s  e d i t  opera to r  

t o  the r e s u l t  f i e l d ;  
V=l, move the  charac te r  f o l l o w i n g  t he  e d i t  opera to r  t o  

the r e s u l t  f i e l d ;  
V=2, move the two characters  f o l l o w i n g  t h i s  e d i t  opera to r  

t o  the r e s u l t  f i e l d .  

0 I f  SG = EQ o r  GT ( p o s i t i v e  source) and 
V=O, move a + ( 4 E  hex) t o  the r e s u l t  f i e l d ;  
V=l, move a space (40 hex) t o  the r e s u l t  f i e l d ;  
V=2, move two spaces t o  the  r e s u l t  f i e l d .  

0 V i s  a  sub-cont ro l  f u n c t i o n  s p e c i f y i n g  the type o f  s i g n  
inser ted .  

TE - Terminate E d i t  F = 0 

0 Immediately terminates the  EDTX i n s t r u c t i o n .  

e The Cond i t ion  r e g i s t e r  has been se t  t o  EQ, GT, o r  LT. 

0 General r e g i s t e r  1 i s  s e t  t o  the address - 1 o f  the  f i r s t  
s i g n i f i c a n t  charac te r  w i t h i n  the  source. I t  i s  set: t o  zero 
i f  there  was no s i g n i f i c a n c e  found. 

a V i s  no t  used. 
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SSD - Set S i g n i f i c a n c e  F = 2 

V i s  a  sub-cont ro l  f u n c t i o n  spec i f5y ing  whether abso lu te  o r  con- 
d i t i o n a l  s e t  s i g n i f i c a n c e  i s  requested. 

I f  V = 1 - Absolute Set S ign i f i cance  
1) Set S D  equal t o  one. 
2) Set cu r ren t  r e s u l t  f i e l d  address - 1 i n  general r e g i s t e r  

1 as f l o a t  address. 

I f  V = 0 - Cond i t iona l  Set S i g n i f i c a n c e  
1) I f  S D  equals one, t h i s  i s  a no opera t ion .  
2) I f  SD equals zero and SG=EQ, t h i s  i s  a  no opera t ion .  
3) I f  SD equals zero and SG=GT o r  LT (source non-zero) , 

per form the abso lu te  se t  s i g n i f i c a n c e .  

SF1 - Set F i l l  Character F = 6 

Set F I  w i t h  the charac te r  f o l l o w i n g  t h i s  e d i t  opera to r  
i n  the  mask f i e l d .  

V i s  no t  used. 

Unusual Condi t ions i n  Numeric E d i t i n g :  The f o l l o w i n g  hexadecimal 
values a r e  no t  l ega l  numeric e d i t i n g  func t ions .  I f  encountered, the 
f o l l o w i n g  r e s u l t s  w i l l  be obta ined.  

F = 1 - A normal Terminate E d i t  (TE) wi 1 1  be executed. 

a F = 3 - A normal Set S ign i f i cance  (SSD) w i l l  be executed,. 

F  = C - A normal Move Character (MC) w i l l  be executed. 

F = D - A normal Move Character Suppress (MCS) w i l l  be 
executed. 

F = A o r E  
1) I f  S D  equals one, move source charac te r  t o  r e s u l t  f i e l d .  
2) I f  SD equals zero, pe r f o rm  the  abso lu te  Set S ign i f i cance  

opera t ion ,  s k i p  the next  source charac te r .  
3) V i s  ignored. 

e F L B o r F  
1) I f  SD equals one, move t he  source charac te r  t o  the 

r e s u l t  f i e l d .  
2) I f  S D  equals zero and the  source charac te r  i s  non- 

zero, per form the  abso lu te  Set S ign i f i cance ;  s k i p  the  
next  source charac te r .  

3) I f  SD equals zero and the source charac te r  i s  zero, 
move t he  FI va lue t o  the  r e s u l t  f i e l d .  

4) V i s  ignared. 

Since the  source f i e l d  i s  unpacked i n t o  the  r e s u l t  f i e l d ,  r i g h t  
j u s t i f i e d ,  the  l eng th  s p e c i f i c a t i o n  L2 must be g rea te r  than L1. 

I f  L2 i s  equal t o  o r  less  than L1, the  source charac te r  cou ld  
poss ib l y  be replaced by e d i t i n g  i n s e r t  charac te rs  and unpred ic tab le  
r e s u l t s  may be obta ined.  
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Alpha E d i t i n g :  Alpha e d i t i n g  i s  performed when L2 = 0. The e d i t  
operators  gene ra l l y  used t o  e f f e c t  alpha e d i t i n g  a re  TE, I C Y  and MC. 

The SSD, SFI ,  and I C S  w i l l  f u n c t i o n  bu t  a re  no t  gene ra l l y  o f  use i n  
the alpha e d i t i n g .  Fo l low ing  i s  a d e s c r i p t i o n  o f  the  e d i t i n g  opera- 
t i o n s .  

MC - Move Character F = 8 

a Move a charac te r  f rom the  source f i e l d  t o  the  r e s u l t  f i e l d .  

e V i s  a  repeat count (0-15). 

a SD i s  no t  se t .  

I C  - I n s e r t  Character F = 4 

e Same as f o r  numeric e d i t i n g .  

I C S  - l n s e r t  Character Suppress F = 5 

e Same as f o r  numeric e d i t i n g .  

TE - Terminate E d i t  F  = 0 

a Immediately te rmina te  the e d i t  and r e t u r n  c o n t r o l  t o  
the  c a l l e r .  

SSD - Set S i g n i f i c a n c e  F = 2 

e I f  V = 1 and SD = 0, se t  S D  = 1 .  

e The address o f  the l a s t  b y t e  moved o r  inser ted  i n t o  the  
r e s u l t  i s  p laced i n  R 1 .  

e I f  V 

SF1 - Set F i  

e Same 

Unusual Cond 
a r e  no t  lega 
r e s u l t s  w i l l  

= 0  o r  SD = 1 ,  no opera t ion .  

1 F = 6  

as f o r  numeric e d i t i n g .  

t i o n s  i n  Alpha E d i t i n g :  The f o l l o w i n g  hexadecimal values 
alpha e d i t i n g  func t ions .  I f  encountered, the  f o l l o w i n g  

be obta ined.  

e F = 1 - A normal Terminate E d i t  (TE) w i l l  be executed. 

o F = 3 - A normal Set S ign i f i cance  (SSD) w i l l  be executed. 

F =  7 - The l n s e r t  Sign has no meanring i n  t h a t  the  Cond i t ion  
r e g i s t e r  i s  no t  s e t  i n  alpha e d i t i n g  and the SG does 
no t  con ta in  a  meaningful va lue.  

a F = 9, C,  o r  D - Treated as a normal Move Character (MC). 

e F = A, B y  E ,  o r  F - One charac te r  i s  moved from the  source 
f i e l d  t o  the  r e s u l t  f i e l d .  V i s  ignored. 
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The Cond i t ion  r e g i s t e r  i s  no t  used o r  mod i f ied  by alpha e d i t i n g .  
General r e g i s t e r  1 i s  se t  t o  zero upon r e t u r n  from alpha e d i t i n g .  
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FUNCTION: Converts a zoned decimal f i e l d  t o  a packed decimal f i e l d .  
Both f i e l d s  must be i n  memory; the f i e l d  lengths may vary  from 0-255. 
Packing proceeds from r i g h t  t o  l e f t  u n t i l  the g rea te r  o f  the f i e l d  
1 eng ths i s exhausted. 

OPERAND 1:  The zoned decimal f i e l d ;  the leng th  o f  the  f i e l d ,  i n  
bytes,  i s  s p e c i f i e d  by the L1 va lue  i n  the  i n s t r u c t i o n .  Addressing 
op t i ons  t o  the  base address M 1  inc lude  o n l y  index ing (R1) .  

OPERAND 2: The r e s u l t a n t  packed decimal f i e l d ;  the leng th  o f  the 
f i e l d ,  i n  bytes, i s  s p e c i f i e d  by the L2 va lue  i n  the  i n s t r u c t i o n .  
Addressing op t ions  t o  the  base address M 2  inc lude  o n l y  index ing (R2). 

RESULTS: The r e s u l t i n g  f i e l d  res ides  a t  the  operand 2 l oca t i on .  
Cond i t ion  r e g i s t e r  s e t t i n g s  are:  

1 .  Overf low ( b i t  0) i s  always c leared .  

2. I n v a l i d  ( b i t  4) i s  s e t  i f  an i n v a l i d  decimal d i g i t  ( no t  0-9) 
occurs i n  operand 1 o r  i f  the s i g n  f i e l d  i s  no t  A-F; b i t s  
1-3 a r e  c leared.  However, packing cont inues u n t i l  the  leng th  
L2 i s  exhausted. 

3. No s i g n i f i c a n c e  i n  the  r e s u l t  (packed f i e l d )  se t s  b i t  3, 
c l e a r s  1 ,  2 and 4. 

4. S i g n i f i c a n c e  and a s i g n  o f  F, A, C o r  E se ts  b i t  1 and q lea rs  
2-4. 

5. S i g n i f i c a n c e  and a s i g n  o f  B o r  D se ts  b i t  2 and c l e a r s  1 ,  3 
and 4. 

The unpacked (zoned) 239-byte f i e l d  i d e n t i f i e d  by ~ ~ ~ ( 2 3 9 , 3 )  i s  
packed (4-b i  t zone codes removed) and then s to red  a t  the  address 
i d e n t i f i e d  by HERE(120,b). 
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FUNCTION: Trans la tes,  byte-by-byte,  the  contents  o f  a memory f i e l d  by 
a tab le ,  r ep lac ing  the  source values w i t h  the  t r ans la ted  t a b l e  values. 
The t a b l e  i s  i n  memory a t  the  address s p e c i f i e d  i n  general  r e g i s t e r  1 .  
The tab1 e has an assumed 1 ength o f  256 bytes. 

OPERAND 1 :  The f i e l d  i n  memory t o  be t : ranslated. Addressing op t ions  
t o  t he  base address M i  i nc lude  o n l y  index ing ( R ~ )  . 
OPERAND 2: The f i e l d  i n  niemory which ho lds the  t r a n s l a t e d  values. 
Addressing op t i ons  t o  the  base address M2 inc lude  o n l y  indexing 
( R ~ ) .  The f i e l d  length,  1-256 bytes, i s  s p e c i f i e d  by t he  L2 value. 

RESULTS: The t r ans la ted  r e s u l t s  r es i de  a t  the  operand 2 l oca t i on .  

EXAMPLE: TRNX TAG (3)  , HE:RE (255,2) 

The 256 bytes i d e n t i f  l ed  by  TAG(^) a r e  moved byte-by-byte t o  a 
f i e l d  i d e n t i f i e d  by H E R E ( ~ s ~ , ~ ) .  Each b y t e  va lue ex t rac ted  from the  
'TAG(3) f i e l d  i s  used as an index t o  the  t r a n s l a t e  t a b l e  (address 
s p e c i f i e d  i n  r e g i s t e r  1).  The b y t e  s to red  i n  operand 2 i s  the  t r a n s l a t e  
va lue a t  t he  indexed byte.  

Note: The leng th  s p e c i f  i qd  i n  assembler language i s  the ac tua l  f i e l d  
length,  b u t  t he  l eng th  i n  t he  machine i n s t r u c t i o n  i s  one less  than 
the  ac tua l  length.  
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Unpack r 

UNPX ( L ~ , R ~ ) , M ~ ( L ~ , R ~ )  

FUNCTION: Converts a  packed decimal f i e l d  t o  a  zoned decimal f i e l d .  
Both f i e l d s  must be i n  memory; the  f i e l d  lengths may vary  from 0-255. 
Unpacking proceeds from r i g h t  t o  l e f t .  The zoned decimal f i e l d  must 
c o n t a i n  a t  l e a s t  as many bytes as there  a r e  s i g n i f i c a n t  d i g i t s  i n  the  
packed decimal f i e l d .  

OPERAND 1 :  The packed decimal f i e l d ;  the  leng th  o f  the f i e l d ,  0-255 
bytes, i s  s p e c i f i e d  by the  L1 va lue  i n  the  i n s t r u c t i o n .  Addressing 
op t ions  t o  the  base address M i  i nc lude  o n l y  index ing ( R ~ ) .  

OPERAND 2: The r e s u l t a n t  zoned decimal f i e l d ;  the  leng th  o f  the f i e l d ,  
0-255 bytes, i s  s p e c i f i e d  i n  t he  L7 f i e l d  o f  the  i n s t r u c t i o n .  Address- - 
ing  o p t i o n s -  t o  t he  base address M2 i n c l  ude o n l y  index ing ( R ~ ) .  

RESULTS: The r e s u l t i n g  f i e l d  res ides  a t  the operand 2 l o c a t i o n .  
Cond i t ion  r e g i s t e r  s e t t i n g s  are:  

1 .  B i t  0  and b i t  4 ( i n v a l  i d )  a r e  always c leared.  

2. I f  no s i g n i f i c a n c e  r e s u l t s  b i t  3 i s  set ,  b i t  1 and 2 a re  
c leared.  

3. I f  s i g n i f i c a n c e  r e s u l t s  and the  s i g n  i s  F, A, C,  E, 0, 2, 4, 
6, 7, o r  8, b i t  1 i s  s e t  and b i t s  2 and 3 a r e  c leared.  

4. I f  s i g n i f i c a n c e  r e s u l t s  and the  s i g n  i s  B, D, 1 ,  3, 5, o r  9, 
b i t  2  i s  s e t  and b i t s  1 and 3 a r e  c leared.  

EXAMPLE: UNPX TAG (1 20,4)  HERE(^^^, 2) 

Converts the  120-byte packed decimal f i e l d  i d e n t i f i e d  by T~G(120,b) 
t o  unpacked decimal, and s to res  them a t  the  f i e l d  i d e n t i f i e d  by 
HERE (239,2) 
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DATA TRANSFER INSTRUCTIONS 

Mnemonic Code 

CLDR 
CSTR 
l NVD 
l NV l 
l NVM 
I NV 
l NVR 
LODB 
LODD 
LOD l 
LOD 
LODT 
MOVB 
MOVX 
MOVL 
MOVM 
MOVR 
PSTR 
STOB 
ST0 
STOT 

Name - 
Condi t ion  Reg is te r  Load 
Cond i t ion  Reg is te r  S to re  
lnverse Move D i r e c t  
lnverse  Move lmmediate 
l nverse Move Memory - Memory 
lnverse  Move Memory - Reg is te r  
lnverse Move Reg is te r  - Reg is te r  
Load Byte 
Load D i r e c t  
Load lmmediate 
Load Memory - Reg is te r  
Load Two-Word 
Move Byte 
Move Characters 
Move Long 
Move Memory - Memory 
Move Reg is te r  - Reg is te r  
Program Address S to re  
S to re  Byte 
S to re  Memory - Reg is te r  
S to re  Two-Word 



FOR MEMOREX INTERNAL USE ONLY 

Condition Register Load 

CLDR @R 

FUNCTION: Transfers  the  contents  o f  a  one-word f i e l d  i n  a  r e g i s t e r  o r  
i n  memory t o  t he  Cond i t ion  r e g i s t e r .  ( ~ o t e :  I f  any o f  the  b i t s  12- 
15 i n  t hk  f i e l d  be ing t rans feFred  a r e  on, f a l s e  s ta tus  cond i t i ons  
(such as a  bounds e r r o r )  may be t r ansm i t t ed  t o  the  execu t i ve  program 
when the  Cond i t ion  r e g i s t e r  i s  loaded. Th is  does no t  apply  i f  the  
f i e l d  be ing  t r a n s f e r r e d  was o r i g i n a l l y  generated by a CSTR i n s t r u c t i o n . )  

OPERAND: A one-word va lue  i n  the  general  r e g i s t e r  s p e c i f i e d  by R o r  i n  
memory i f  i n d i r e c t  addressing i s  used, b i t  8=1. 

EXAMPLE: CLDR @5 

A  16 -b i t  f i e l d  loca ted  a t  t he  address s p e c i f i e d  i n  r e g i s t e r  5 i s  
t r a n s f e r r e d  t o  the  Cond i t ion  r e g i s t e r .  



FOR MEMOREX INTERNAL USE ONLY 

Condition Register Store 

CSTR @ R  

FUNCTION: Trans fe rs  t he  contents  ,of t he  Cond i t ion  r e g i s t e r  rb a  one- 
word f i e l d  i n  a  r e g i s t e r  o r  i n  memory. 

OPERAND: Aone-word va lue  i n  the  general r e g i s t e r  s p e c i f i e d  by R 
o r  i n  memory i f  i n d i r e c t  addressing i s  used, b i t  12=1. 

EXAMPLE: CSTR @6 

The contents  o f  the  Cond i t ion  r e g i s t e r  a r e  t r a n s f e r r e d  t o  the  l o c a t i o n  
s p e c i f i e d  i n  r e g i s t e r  6. 



FOR MEMOREX INTERNAL USE ONLY 

Inverse Move Direct 

FUNCTION: Trans fe rs  the  one 's  complement o f  a one-word immediate 
value+ t o  a one-word f i e l d  i n  a general r e g i s t e r  o r  i n  memory. 

OPERAND 1 :  A 16 -b i t  immediate va lue i n  b i t s  16-31 o f  t he  i n s t r u c t i o n ;  
the va lue may range from 0-65535.  

* Index ing may be s p e c i f i e d  f o r  operand 1.  I n  t h i s  case, operand 1 
i s  der i ved  by adding the I va lue and the  general r e g i s t e r  contents  
s p e c i f i e d  by R 1 ;  no check f o r  ove r f l ow  o r  l i n k  i s  made du r i ng  the 
indexing. 

OPERAND 2: A one-word f i e l d  i n  the general r e g i s t e r  s p e c i f i e d  by 
R2 o r  i n  memory i f  i n d i r e c t  addressing i s  used, b i t  12=1. 

RESULTS: The r e s u l t i n g  va lue res ides a t  the operand 2 local t ion. 

EXAMPLE: I N V D  601 50(4) $7 

The one's complement o f  the  va lue formed by adding 60,150 t o  the  
contents  o f  r e g i s t e r  4 i s  t r a n s f e r r e d  t o  the  l o c a t i o n  s p e c i f i e d  i n  
r e g i s t e r  7. 



FOR MEMOREX INTERNAL USE ONLY 

Inverse Move Immediate 

I N V  

FUN - ON: Transfers the  one's complement o f  a k b i t  immediate va lue  
t o  b i t r 1 2 - 1 5  o f  a one-word f i e l d  i n  a general r e g i s t e r  o r  i n  memory. 
B i t s  0-11 o f  the one-word f i e l d  a re  always s e t  t o  ones. 

OPERAND 1: A k b i t  unsigned value i n  b i t s  8-11 o f  the i n s t r u c t i o n ;  
the val ue may range from 0- 15. 

OPERAND 2: A one-word f i e l d  i n  the  general r e g i s t e r  s p e c i f i e d  by R 
o r  i n  memory i f  i n d i r e c t  addressing i s  used, b i t  12=1. 

RESULTS: The r e s u l t i n g  value res ides i n  b i t s  12-15 o f  operand 2. 

EXAMPLE: 1 N V  1 1 1 , ($3 

The one's complement o f  1 1  i s  t rans fe r red  t o  b i t s  12-15 o f  a 16 -b i t  
f i e l d  located a t  the  address s p e c i f i e d  i n  r e g i s t e r  3. B i t s  0-11 i n  
the  16 -b i t  f i e l d  a r e  turned on; the  r e s u l t  f i e l d  appears as fo l l ows :  
1111111111110100. 



FOR MEMOREX INTERNAL USE ONLY 

Inverse Move Memory - Memory 

FUNCTION: T rans fe r s  t h e  one 's  complement o f  a one-word f i e l d  i n  
memory t o  another  one-word f i e l d  i n  memory. 

OPERAND 1 :  The f i e l d  t o  be t r a n s f e r r e d ;  a one-word f i e l d  i n  memory. 
Addressing o p t i o n s  t o  t h e  base address M1 i n c l u d e  index ing  (R,), 
i n d i r e c t  address ing ( b i t  8=1), o r  a combinat ion o f  both.  

OPERAND 2: Same as operand 1 except use M2, R2, and b i t  12=1. 

RESULTS: The r e s u l t i n g  va lue  res ides  a t  t h e  operand 2 l o c a t i o n .  

EXAMPLE: l NVM @TAG (3)  , @HERE (2) 

The one 's  complement o f  a 1 6 - b i t  f i e l d  l oca ted  a t  an address i d e n t i f i e d  
by  TAG(^) i s  t r a n s f e r r e d  t o  t h e  f i e l d  a t  t he  address i d e n t i f i e d  by 
@HERE (2) . 



FOR MEMOREX INTERNAL USE ONLY 

Inverse Move Memory - Register 

FUNCTION: T rans fe r s  t h e  one ' s  complement o f  a  one-word f i e l d  i n  
memory t o  a  one-word f i e l d  i n  a  genera l  r e g i s t e r  o r  i n  memory. 

OPERAND 1:  The f i e l d  t o  be t r a n s f e r r e d ;  a  one-word f i e l d  i n  memory. 
Addressinq o p t i o n s  t o  t h e  base address M i n c l u d e  index ing  (RI), i n -  
d i r e c t  ad&e;sing ( b i t  8=1), o r  a combinat ion o f  bo th .  

OPERAND 2: The r e c e i v i n g  f i e l d ;  a one-word f i e l d  i n  t h e  general  r e g i s t e r  
s p e c i f i e d  by R 2  o r  i n  memory i f  i n d i r e c t  address ing i s  used, b i t  
12=1. 

RESULTS: The resu l  r i n g  va lue  res ides  a t  t he  operand 2 l o c a t i o n .  

EXAMPLE: I N V  @TAG(~),@I 

The 1 6 - b i t  f i e l d  i d e n t i f i e d  by   TAG(^) i s  t r a n s f e r r e d  i n  one 's  
complement format  t o  t h e  l o c a t i o n  s p e c i f i e d  i n  r e g i s t e r  1. 



FOR MEMOREX INTERNAL USE ONLY 

Inverse Move Register - Register 

FUNCTION: T rans fe r s  t h e  one 's  complement o f  a  one-word f i e l d  t o  
another  one-word f i e l d ;  e i t h e r  f i e l d  may be i n  a r e g i s t e r  o r  i n  
memory. 

OPERAND 1,: The va lue  t o  be t r a n s f e r r e d ;  a one-word f i e l d  l oca ted  i n  
t h e  genera l  r e g i s t e r  s p e c i f i e d  by R1 o r  i n  memory i f  i n d i r e c t  
address ing i s  used, b i t  8 4 .  

OPERAND 2: A  one-word f i e l d  l o c a t e d  i n  t h e  general  r e g i s t e r  s p e c i f i e d  
by R2 o r  i n  memory i f  i n d i r e c t  address ing i s  used, b i t  1 2 4 .  

RESULTS: The r e s u l t i n g  va lue  res ides  a t  t he  operand 2 l o c a t i o n .  

EXAMPLE: INVR 1,2 

.The con ten ts  o f  r e g i s t e r  1 a r e  conver ted t o  one 's  complement format  
and s t o r e d  i n  r e g i s t e r  2. 



FOR MEMOREX INTERNAL USE ONLY 

Load By te  

FUNCTION: Transfers  a one-byte f i e l d  i n  memory t o  b i t s  8-15 o f  a 
one-word f i e l d  i n  a general r e g i s t e r  o r  t o  one-byte i n  memory. 

OPERAND 1:  The value! t o  be t rans fe r red ;  a one-byte f i e l d  i n  memory. 
Addressing op t ions  t o  the  base address M inc lude  indexing (R l ) ,  
i n d i r e c t  addressing ( b i t  8=1), o r  a combination o f  both. 

OPERAND 2: A one-word f i e l d  i n  the general r e g i s t e r  s p e c i f i e d  by R2 
o r  i n  memory i f  i n d i r e c t  addressing i s  used, b i t  12=1. I f  the f i e l d  
i s  i n  a general r e g i s t e r ,  the by te  i s  placed i n  b i t s  8-15 and b i t s  0-7 
a r e  zeroed out .  

RESULTS: The r e s u l t i n g  by te  res ides a t  the operand 2 l oca t i on .  

EXAMPLE : LODB @TAG (3) ,6 

@TAG(3) y i e l d s  the address o f  a one-byte f i e l d  i n  memory which i s  
t r a n s f e r r e d  t o  b i t s  8-15 o f  r eg i s t , e r  6. ( I f  @6 had been spec i f i ed ,  
b i t s  0-7 o f  a memory word would rece ive  the byte.)  



FOR MEMOREX INTERNAL USE ONLY 

Load Direct 

FUNCTION: T rans fe rs  contents  o f  a  one-word immediate value;\ t o  a  
one-word f i e l d  i n  a general r e g i s t e r  o r  i n  memory. 

OPERAND 1: A 16 -b i t  immediate va lue i n  b i t s  16-31 o f  the  i n s t r u c t i o n ;  
the va lue may range from 0-65,535. 

;\ Indexing may be s p e c i f i e d  f o r  operand 1 .  I n  t h i s  case, operand 1 
i s  der i ved  by adding the  I va lue and the  index r e g i s t e r  contents  
s p e c i f i e d  by R1; no check f o r  over f low o r  1 i n k  i s  made du r i ng  the 
i ndexi ng. 

OPERAND 2: A one-word f i e l d  i n  the  general r e g i s t e r  s p e c i f i e d  by R 2  
o r  i n  memory i f  i n d i r e c t  addressing i s  used, b i t  12=1. 

RESULTS: The r e s u l t i n g  va lue res ides a t  the operand 2  1oc:ation. 

EXAMPLE : LODD 4 0 0 0 0  (4) , @5 

The immediate va lue  40,000 i s  added t o  the  contents  o f  r e g i s t e r  4, 
and the  r e s u l t i n g  va lue i s  t r ans fe r red  t o  t he  address s p e c i f i e d  i n  
r e g i s t e r  5. 



FOR MEMOREX INTERNAL USE ONLY 

Load Immediate 

LODl I ,@R 

FUNCTION: Trans fe rs  a b b i t  immediate va lue t o  b i t s  12-15 o f  a one- 
word f i e l d  i n  a general r e g i s t e r  or  i n  memory. 

OPERAND 1 :  A b b i t  unsigned va lue loca ted  i n  b i t s  8-11 o f  t he  i n s t r u c -  
t ion; t he  va lue may range from 0-15. 

OPERAND 2: A one-word f i e l d  l oca ted  i n  t he  general  r e g i s t e r  s p e c i f i e d  
by R o r  i n  memory i f  i n d i r e c t  addressing i s  used, b i t  1 2 ~ 1 .  

RESULTS: The r e s u l t i n g  va lue res ides a t  the operand 2 l oca t i on ,  The 
va lue from operand 1 i s  p laced i n  b i t s  12-15 o f  operand 2; b i t s  0-11 
o f    per and 2 a r e  always zeroed ou t .  

EXAMPLE: LODl 14,@3 

The immediate va lue  14 i s  w r i t t e n  i n  memory a t  t he  l o c a t i o n  s p e c i f i e d  
i n  r e g i s t e r  3. The r e s u l t  i n  memory appears as f o l l ows :  
0000000000001110. 



FOR MEMOREX INTERNAL USE ONLY 

~ o a d  Memory - Register 

FUNCTION: Trans fe rs  the contents  o f  a one-word f i e l d  i n  memory t o  a 
one-word f i e l d  i n  a general  r e g i s t e r  o r  i n  memory. 

OPERAND 1: A one-word f i e l d  i n  memory. Addressing op t i ons  t o  t h e  base 
address M i nc l ude  index ing (R1), i n d i r e c t  addressing ( b i t  8==1), o r  a 
combinat ion o f  both. 

OPERAND 2: A one-word f i e l d  i n  the  general r e g i s t e r  s p e c i f i e d  by R2  
o r  i n  memory i f  i n d i r e c t  addressing i s  used, b i t  1211. 

RESULTS: The r e s u l t i n g  va lue res ides a t  the  operand 2 l oca t i on .  --. 

EXAMPLE : LOD @TAG (4) , @5 

@TAG('+) y i e l d s  t he  address i n  memory o f  a 16 -b i t  va lue  which i s  
t r a n s f e r r e d  t o  another l o c a t i o n  s p e c i f i e d  by the address i n  r e g i s t e r  5. 



FOR MEMOREX INTERNAL USE ONLY 

Load Two- Word 

FUNCTION: Trans fe rs  the  contents  o f  a two-word f i e l d  i n  memory t o  
a  two-word f i e l d  i n  a  general  r e g i s t e r  o r  i n  memory. 

0 7 8 9 11 1213 15 

OPERAND 1: A two-word f i e l d  i n  memory. Addressing op t ions  t o  t h e  base 
address M inc lude  index ing (R1), i n d i r e c t  addressing ( b i t  8=1), o r  a 
combinat ion o f  both. The e f f e c t i v e  address p o i n t s  t o  the most s i g n i f i c a n t  
b y t e  o f  t he  f i e l d .  

LODT W4(Rl),@R2 

OPERAND 2: A two-word f i e l d  i n  two general  r e g i s t e r s  ( t h e  most s l g -  
n i f i c a n t  b i t  i n  t he  r e g i s t e r  s p e c i f i e d  by R2 and the l e a s t  s i g n i f i c a n t  
b i t  i n  r e g i s t e r  R2+1) o r  i n  memory i f  i n d i r e c t  addressing i s  spec i f i ed ,  
b i t  1 2 4 .  The e f f e c t i v e  address p o i n t s  t o  the most s i g n i f i c a n t  b i t s  o f  
the two-word f i e l d .  

RESULTS: The r e s u l t i n g  values res ide  a t  the  operand 2  l oca t i on .  

EXAMPLE : LODT @HERE (7) ,5 

The 3 2 - b i t  f i e l d  i d e n t i f i e d  by  HERE(^) i s  loaded i n t o  r e g i s t e r s  5 and 6. 

R 2  70 

M 

RI 



FOR MEMOREX INTERNAL USE ONLY 

Move Byte  e 

FUNCTION: Transfers a one-byte f i e l d  i n  memory t o  another one-byte 
f i e l d  i n  memory. 

OPERAND 1: The by te  t ransferred;  a one-byte f i e l d  i n  memory. Addressing 
opt ions t o  the base address M1 inc lude indexing (R1), i n d i r e c t  addressing 
( b i t  8=1), o r  a combination o f  both. 

OPERAND 2: The rece iv ing  f i e l d ;  a one-byte f i e l d  i n  memory. Address- 
ing  i s  the same as f o r  operand 1 except use M2, R2, and b i t  12=1. 

RESULTS: The r e s u l t i n g  value resides a t  the operand 2 loca t ion .  

EXAMPLE : MOVB @!TAG (1 ) , @HERE (4) 

A by te  a t  the  address i d e n t i f i e d  by   TAG(^) i s  moved t o  the  l o c a t i o n  
i d e n t i f i e d  by  HERE(^). 



FOR MEMOREX INTERNAL USE ONLY 

Move Characters 0 

FUNCTION: Trans fe rs  t he  contents  o f  a  f i e l d  i n  memory, one by te  a t  a  
time, t o  another f i e l d  i n  memory; the f i e l d  lengths may vary  from 
0-255 bytes.  

OPERAND 1 :  A f i e l d  i n  memory moved one b y t e  a t  a  t ime. The f i e l d  
leng th  0-255 bytes, i s  s p e c i f i e d  by the  L1 va lue i n  the i n s t r u c t i o n .  
Addressing op t i ons  t o  the  base address MI i nc lude  on l y  index ing ( R ~ ) .  

OPERAND 2: The r e c e i v i n g  f i e l d  i n  memory. The f i e l d  length,  0-255 
bytes, i s  s p e c i f i e d  i n  the  L2 f i e l d  o f  the  i n s t r u c t i o n .  Addressing op- 
t ions t o  the base address Mp inc lude  on l y  index ing ( R 2 ) .  

RESULTS: The r e s u l t i n g  va lue res ides  a t  the  operand 2 l o c a t  ion. The 
f o l l o w i n g  cond i t i ons  may occur, depending on the values o f  L1 and 
'-2. 

o I f  L1 = L2, the  number o f  bytes s p e c i f i e d  by L1 i s  t r ans fe r red .  
0 I f  L1 i s  less  than L2, t he  number o f  bytes s p e c i f i e d  by L1 i s  

t rans fe r red ,  then blanks a r e  used t o  f i 1 1 operand 2. 
a I f  L1 i s  g rea te r  than L2, the  number o f  bytes s p e c i f i e d  by L2 

i s  t r ans fe r red .  
e I f  L1 = 0 and L2 # 0, the number o f  bytes s p e c i f i e d  by L2 i s  

f i l l e d  w i t h  blanks.. 
I f  L1 = 0  and L2 = 0, no t r a n s f e r  i s  executed. 

Note: MOVX i s  a word move i f  L1 and L2 a r e  both even and t he  beginn ing 
addresses a r e  both even. 



FOR MEMOREX INTERNAL USE ONLY 

Move Long a 

MOVL Ml(~,RI),M2(R2) 

FUNCTION,: Moves a f i e l d  i n  memory t o  another l o c a t i o n  i n  memory. The 
l eng th  o f  both f i e l d s  must be the  same; t h i s  l eng th  can vary  from 
~ 6 5 , 5 3 5 .  

OPERAND 1 :  A f i e l d  i n  memory moved one b y t e  a t  a  t ime. The f i e l d  
length,  0-65,535 bytes, i s  s p e c i f i e d  by the L va lue i n  the i n s t r u c t i o n .  
Addressing op t ions  t o  the base address M i  i nc lude  on l y  index ing ( R l ) .  
The e f f e c t i v e  address p o i n t s  t o  t he  most s i g n i f i c a n t  word o f  the  f i e l d .  

OPERAND 2: The rece i v i ng  f i e l d  i n  memory. The f i e l d  length,  0-65,535 
bytes, i s  s p e c i f i e d  by the  L va lue i n  t he  i n s t r u c t i o n .  Addressing 
op t i ons  t o  the  base address M2 inc lude  on l y  index ing -(R2).  The 
e f f e c t i v e  address po in t s  t o  the most s i g n i f i c a n t  word o f  the f i e l d .  

RESULTS: The r e s u l t i n g  f i e l d  res ides  a t  the  operand 2 l oca t i on .  The 
sending f i e l d  and rece i v i ng  f i e l d  may over lap.  I f  L = 0, no move o f  
data i s  executed. 

Note: MOVL i s  a  word move i f  the length,  L, i s  even and the beginn ing 
addresses a re  even. 

EXAMPLE : MOVL TAG (2000,6) ,HERE (7) 

A 2,000-byte f i e l d  i d e n t i f i e d  by ~ ~ G ( 2 0 0 0 , 6 )  i s  moved t o  another memory 
l o c a t i o n  beginn ing a t  the  address represented by HERE (7) . 



FOR MEMOREX INTERNAL USE ONLY 

Move Memory - Memor2 

FUNCTION: Transfers  the contents  o f  a one-word f i e l d  i n  memory t o  
another one-word f i e l d  i n  memory, 

OPERAND 1 :  A one-word f i e l d  i n  memory. Addressing op t ions  t o  the 
base address M1 inc lude  indexing (R, ) , i n d i  r e c t  addressing ( b i t  8 = l ) ,  
o r  a combination o f  both. 

OPERAND 2: Same as operand 1 except use M2, R2, and b i t  1231. 

RESULTS: The r e s u l t i n g  va lue  res ides a t  the operand 2 l o ca t i on ,  

EXAMPLE : MOVM @TAG (3) ,@HERE (6) 

A 16 -b i t  f i e l d  i d e n t i f i e d  by  TAG(^) i s  moved t o  the f i e l d  i d e n t i f i e d  
by @HERE (6) . 



FOR MEMOREX INTERNAL USE ONLY 

Move R e g i s t e r  - R e g i s t e r  

MOVR @R1 p @ R 2  

FUNCTION: Transfers  the contents  o f  a  one-word f i e l d  t o  another one- 
word f i e l d ;  e i t h e r  f i e l d  may be i n  a  general r e g i s t e r  o r  i n  memory. 

OPERAND 1 :  A  one-word f i e l d  i n  the ~ e n e r a l  r e q i s t e r  s p e c i f i e d  !by R, 
o r  i n  memory i f  i n d i r e c t  addressing i s  used, b i t  8-1. ' 

OPERAND 2: Same as operand 1 except use R2 and b i  t 121 

RESULTS: The moved va lue  res ides  a t  t h e  operand 2  l o c a t  ion.  

EXAMPLE: MOVR @6,@4 

A  16 -b i t  f i e l d  a t  the  address s p e c i f i e d  i n  r e g i s t e r  6 i s  moved t o  the 
address s p e c i f i e d  i n  r e g i s t e r  4 .  



FOR MEMOREX INTERNAL USE ONLY 

Program Address Store 

PSTR @R 

FUNCTION: T rans fe r s  t he  c u r r e n t  program address t o  a  one-word f i e l d  
,-- 

i n  a r e g i s t e r  o r  i n  memory. 

OPERAND: A  one-word f i e l d  i n  
i n  memory i f  i n d i r e c t  address 

RESULTS: The c u r r e n t  program -- 

t h e  genera l  r e g i s t e r  s p e c i f i e d  by R o r  
i ng  i s  used, b i t  12=1. 

address res ides  a t  t h e  operand 1 l o c a t i o n .  

EXAMPLE: PSTR @5 

T rans fe r s  t h e  c u r r e n t  va lue  o f  t h e  Program Address r e g i s t e r  t o  t h e  address 
s p e c i f i e d  i n  r e g i s t e r  5. 



FOR MEMOREX INTERNAL USE ONLY 

Store Byte a 

FUNCTION: Transfers  the contents  o f  b i t s  8-15 o f  a general r e g i s t e r  o r  
a one-byte f i e l d  i n  memory t o  a one-byte f i e l d  i n  memory. 

OPERAND 1 :  The r e c e i v i n g  f i e l d ;  i t  i s  a one-byte f i e l d  i n  memory. 
Addressing op t ions  t o  the base address M inc lude  index ing (R1),  
i n d i r e c t  addressing ( b i t  8 = l ) ,  o r  a combinat ion o f  both.  

OPERAND 2 :  The f i e l d  t o  be s tored;  b i  t s  8-1 5 o f  the genera 1 reg i s  t e r  
s p e c i f i e d  by R 2  o r  i n  memory i f  i n d i r e c t  addressing i s  used, b i t  12-1. 

RESULTS: The s to red  b y t e  res ides a t  the operand 1 l oca t i on ,  

The contents  o f  b i t s  8-15 o f  r e g i s t e r  4 a re  s to red  a t  a memory l o c a t i o n  
i d e n t i f i e d  by @TAG(3). 



FOR MEMOREX INTERNAL USE ONLY 

Store Memory - Register 

FUNCTION: Trans fe rs  t he  contents  o f  ia one-word f i e l d  i n  a general  
r e g i s t e r  o r  i n  memory t o  another one-word f i e l d  i n  memory. 

OPERAND 1:  The r e c e i v i n g  f i e l d ;  i t  i s  a one-word f i e l d  i n  memory. 
Addressing op t  ions t o  the base address M inc lude  index ing ( R ~ ) ,  
i n d f r e c t  addressing ( b i t  8=1), o r  a combinat ion o f  both. 

OPERAND 2: The f i e l d  t o  be s tored;  i t  i s  a one-word f i e l d  i n  the 
general  r e g i s t e r  spec i f i ed  by R2 o r  i n  memory i f  i n d i r e c t  addressing 
i s  used, b i t  12=1. 

RESULTS: The f i e l d  i s  s t o red  i n  the operand 1 l oca t i on ,  

EXAMPLE : ST0 @TAG (3) ,4 

The contents  o f  r e g i s t e r  4 a r e  s to red  a t  a memory l o c a t i o n  i d e n t i f i e d  
by @TAG(3) 
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Store Two- Word 

FUNCTION: Transfers the  contents o f  a  two-word f i e l d  i n  two general 
r e g i s t e r s  o r  i n  memory t o  a two-word f i e l d  i n  memory. 

OPERAND 1: The rece i v ing  f i e l d ;  a two-word f i e l d  i n  memory. Addressing 
op t ions  t o  the base address M inc lude indexing (R l ) ,  i n d i r e c t  addressing 
( b i t  8=1), o r  a  combination o f  both. 

OPERAND 2: The f i e l d  t o  be stored; a  two-word f i e l d  i n  two general 
r e g i s t e r s  ( t h e  most s i g n i f i c a n t  word i n  the  r e g i s t e r  s p e c i f i e d  by R2 
and the  l e a s t  s i g n i f i c a n t  word i n  the  r e g i s t e r  s p e c i f i e d  by R2+l) o r  
i n  memory i f  i n d i r e c t  addressing i s  used, b i t  1 2 = L  

RESULTS: The s tored values res ide  a t  the  operand 1 l o c a t  ion. 

EXAMPLE : STOT @TAG (2)  , @7 
A 32 -b i t  f i e l d ,  the  address o f  which i s  s p e c i f i e d  i n  r e g i s t e r  7, i s  
s to red  i n  memory a t  a  l o c a t i o n  i d e n t i f i e d  by  TAG(^). 
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NO OPERATION 

Mnemonic Code Name 

NOP No Operat ion 



FOR MEMOREX INTERNAL USE ONLY 

No Operation 

NOP 

FUNCTION: Performs no operation. Th is  ins t ruct  ion has no operands. 

EXAMPLE: NOP 

This  ins t ruct ion  occupies four bytes i n  the program. 



SERVICE REQUEST 

Mnemonic Code 

SR 

FOR MEMOREX INTERNAL USE ONLY 

Name - 
Service Request 



FOR MEMOREX INTERNAL USE ONLY 

Service Request 

FUNCTION: Provides an i n fo rma t i on  by te  c a l l e d  the request index ( I )  -- 
t o  be i n t e r p r e t e d  by the opera t ing  system (so f tware) .  The request 
index by te  has the f o l l o w i n g  format:  

8 9 10 11 12 15 

Class 

P b i t  lnd ica tes  l o c a t i o n o f  p a r a m e t e r s t r i n g ,  

0  means immediately f o l l o w i n g  se rv i ce  request.  
1 means a t  address contained i n  r e g i s t e r  6. 

C b i t  l n d i c a t e s w h e n c o n t r o l  i s  t o b e r e t u r n e d t o r e q u e s t i n g  
program. 

0 means a f t e r  se rv i ce  request i s  completed. 
1 means a f t e r  se rv i ce  request i s  recognized by 

the c o n t r o l  program. 

E b i t  l nd ica tes  i f  the  request ing program w i l l  process except ion 
complet ion o f  the request.  

0 means reques t ing  program w i l l  no t  process excep t ion  
complet ion. 

1 means request ing program w i l l  process except ion 
complet ion. 

CLASS Denotes major c lass  i n  which the  se rv i ce  request f a l l s .  
Serv ice  requests f a l l  i n t o  the. f o l l o w i n g  seven major 
c lasses.  

CLASS 0 Debugging se rv i ce  request.  
CLASS 1 Res t r i c t ed  se rv i ce  request.  
CLASS 2 Contro l  program se rv i ce  request.  
CLASS3 Block I / O s e r v i c e r e q u e s t .  
CLASS 4 Phys ica l  1/0 s e r v i c e  request.  
CLASS 5 Supervisor se rv i ce  request. 
CLASS 6 Telecommunications s e r v i c e  request.  

NOTE: Th is  ma te r i a l  on the Serv ice Request i n s t r u c t i o n  does no t  
cover a l l  the necessary d e t a i l s ;  parameter s t r i n g s ,  f o r  instance, must 
be preceded by a fou r -by te  f i e l d  t h a t  f u r t h e r  de f ines  the opera t ion .  
For more i n fo rma t i on  on se rv i ce  requests,  see t he  Operat ing System 
s p e c i f i c a t i o n s .  



FOR MEMOREX INTERNAL USE ONLY 
OPERAND: I i s  the request index by te ,  which i s  de f ined  by the oi at-&- 
t i n g  system. 

RESULTS: Execut ion o f  a s e r v i c e  request i n s t r u c t i o n  causes t he  
f o l l ow ing :  

9 The Serv ice Request b i t  ( b i t  13) o f  t he  execut ing p rocessor ' s  
Cond i t ion  r e g i s t e r  i s  se t .  

e The Busy and A c t i v e  b i t s  o f  Processor 4 a r e  both se t .  
e The Busy and A c t i v e  b i t s  o f  the  execut ing processor a re  both 

rese t .  
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SHIFT INSTRUCTIONS 

Mnemonic Code 

ARDR 

ARD l 

ARSR 

ARS l 

LLDR 

LLD l 
LLSR 

LLS l 
LRDR 

LRD l 
LRSR 

LRS l 
RLDR 

RLD l 
RLSR 

RLS I 
SHFK 

Name - 
A r i t h m e t i c  R igh t  Double S h i f t  - by 

Reg is te r  
A r i t h m e t i c  R igh t  Double S h i f t  - 

lmmed i a t e  
A r i t h m e t i c  R igh t  S ing le  S h i f t  - by 

Reg is te r  
A r i t h m e t i c  R igh t  S ing le  S h i f t  - 

Immediate 
Log ica l  L e f t  Double S h i f t  - by 

Reg is te r  
Log ica l  L e f t  Double S h i f t  - lmmediate 
Log ica l  L e f t  S ing le  S h i f t  - by 

Reg is te r  
Log ica l  L e f t  S ing le  S h i f t  - lmmeldiate 
Log ica l  R igh t  Double S h i f t  - by 

Reg is te r  
Log ica l  R igh t  Double S h i f t  - Immediate 
Log ica l  R igh t  S ing le  S h i f t  - by 

Reg is te r  
Log ica l  Right  S ing le  S h i f t  - Immediate 
Rota t ing  L e f t  Double S h i f t  - by 

Reg is te r  
Ro ta t ing  L e f t  Double S h i f t  - lmmediate 
Rota t ing  L e f t  S ing le  S h i f t  - by 

Reg is te r  
Ro ta t ing  L e f t  S ing le  S h i f t  - Immediate 
S h i f t  Packed Decimal a 



FOR MEMOREX INTERNAL USE ONLY 

Arithmetic Right Double Shif 8 - bg! Register 

FUNCTION: Performs an a r i t h m e t i c  r i g h t  s h i f t  o f  a  two-word f i e l d  i n  
two general  r e g i s t e r s .  The s i g n  ( b i t  0) o f  the f i e l d  i s  extended. 
The s h i f t  count i s  a & b i t  f i e l d  i n  a general  r e g i s t e r  o r  i n  memory. 

OPERAND 1 :  A  4 - b i t  unsigned va lue loca ted  i n  the  general r e g i s t e r  
s p e c i f i e d  by R 1  o r  i n  memory i f  i n d i r e c t  addressing i s  used, b i t  831. 
The s h i f t  count may range from 0-15. 

OPERAND 2: A two-word f i e l d  i n  two general r e g i s t e r s :  the  most 
s i g n i f i c a n t  b i t s  i n  the  r e g i s t e r  s p e c i f i e d  by R2 and the l e a s t  
s i g n i f i c a n t  b i t s  i n  the  r e g i s t e r  s p e c i f i e d  by R2+1, The data i s  
s h i f t e d  t o  the  r i g h t  the  number o f  p o s i t i o n s  s p e c i f i e d  by operand 1 ,  
The s i g n  o f  the data i s  extended. Any data s h i f t e d  o u t  o f  the h igher  
r e g i s t e r  i s  l o s t .  (Note: I f  r e g i s t e r  7 i s  s p e c i f i e d  as operand 2 ,  
the  operand i s  assumed t o  be i n  r e g i s t e r s  7 and 0  w i t h  the most 
s i g n i f i c a n t  b i t s  i n  7.) 

EXAMPLE: ARDR @ 3 , 5  

S h i f t s  the data i n  r e g i s t e r s  5 and 6 t o  t he  r i g h t ;  r e g i s t e r  3 con- 
t a i n s  the  address o f  a  memory f i e l d  t h a t  ho lds the s h i f t  count.  
The s i g n  i s  extended, and data s h i f t e d  o u t  o f  r e g i s t e r  5 i s  l o s t .  



FOR MEMOREX INTERNAL USE ONLY 

Arithrnet$c Right DoubZe Shift - ~rnmed<ate 

FUNCTION: Performs an a r i t h m e t i c  r i g h t  s h i f t  o f  a  two-word f i e l d  i n  
two general r e g i s t e r s .  The s i gn  ( b i t  0) o f  the  f i e l d  i s  extended. 
The s h i f t  count i s  a  4 - b i t  immediate value. 

OPERAND 1: A 4 - b i t  unsigned va lue loca ted  i n  b i t s  8-11 o f  t h e  i n s t r u c -  
t i o n ;  the  s h i f t  count m y  range from 0-15. 

OPERAND 2: A two-word f i e l d  i n  two general r e g i s t e r s :  the most 
s i g n i f i c a n t  b i t s  i n  the r e g i s t e r  s p e c i f i e d  by R and the l e a s t  
s i g n i f i c a n t  b i t s  i n  the r e g i s t e r  s p e c i f i e d  by R + l .  The data i s  
s h i f t e d  t o  the  r i g h t  the  number o f  p o s i t i o n s  s p e c i f i e d  by operand 1 .  
The s i g n  o f  the data i s  extended. Any data s h i f t e d  ou t  o f  the h igher  
r e g i s t e r  i s  l o s t .  ( ~ o t e :  I f  r e g i s t e r  7 i s  s p e c i f i e d  f o r  operand 2, 
the  operand i s  assumed t o  be i n  r e g i s t e r s  7 and 0 w i t h  the most 
s i g n i f i c a n t  b i t s  i n  7.) 

EXAMPLE: A R D l  13,s 

S h i f t s  t h e  data i n  r e g i s t e r s  5  and 6 t o  t he  r i g h t  13 b i t  p o s i t i o n s .  
The s i gn  i s  extended from b i t s  0-13 i n  r e g i s t e r  5; data s h i f t e d  ou t  
o f  r e g i s t e r  6 i s  l o s t .  
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Arithmetic Right S i n g l e  S h i f t  - by Register 

FUNCTION: Performs an a r i t h m e t i c  r i g h t  s h i f t  o f  a one-word f i e l d  i n  
a  general  r e g i s t e r .  The s i gn  ( b i t  0) o f  the  f i e l d  i s  extended. The 
s h i f t  count i s  a  & b i t  f i e l d  i n  a general  r e g i s t e r  o r  i n  memory. 

ARSR @ R l r R 2  

OPERAND 1:  A b b i t  unsigned va lue loca ted  i n  t he  general  r e g i s t e r  
s p e c i f i e d  by R1 o r  i n  memory i f  i n d i r e c t  addressing i s  used, b i t  8x1. 
The s h i f t  count may range from 0-15. 

OPERAND 2: A  one-word f i e l d  i n  the general r e g i s t e r  s p e c i f i e d  by R2. 
The data i s  s h i f t e d  t o  t h e  r i g h t  the number o f  p o s i t i o n s  s p e c i f i e d  by 

2F 

operand 1 .  The s i g n  o f  the data  i s  extended. Any b i t s  s h i f t e d  ou t  o f  
the  r e g i s t e r  a r e  l o s t .  

EXAMPLE: ARSR @5,4 

1 

S h i f t s  the data i n  r e g i s t e r  4 t o  the  r i g h t ;  r e g i s t e r  5 con ta ins  the 
address o f  the s h i f t  count.  The s i g n  i s  extended, a n d  data s h i f t e d  
out o f  r e g i s t e r  4 i s  l o s t .  

R1 

..:.:.:.:.:.:::: . . . . ., . , , .... :.:.: .,:.>: .... . . . . . :.:.;.>:.: ..... 

R 2  



FOR MEMOREX INTERNAL USE ONLY 

Arithmetic Right Single S h i f t  - Inmediate 

ARSl I,R 

FUNCTION: Performs an a r i t h m e t i c  r i g h t  s h i f t  o f  a  f i e l d  i n  a  general  
r e g i s t e r .  The s i g n  ( b i t  0) o f  the f i e l d  i s  extended. The s h i f t  
count i s  a  4 - b i t  immediate value. 

OPERAND 1:  A  4 - b i t  unsigned va lue loca ted  i n  b i t s  8-18 o f  the  i n s t r u c -  
t i o n ;  t he  s h i f t  count may range from 0-15. 

OPERAND 2 :  A  one-word f i e l d  i n  the  general r e g i s t e r  s p e c i f i e d  by R. 
The data i s  s h i f t e d  t o  the r i g h t  the number o f  p o s i t i o n s  s p e c i f i e d  by 
operand 1 .  The s i gn  o f  the  data i s  extended. Any data s h i f t e d  ou t  
o f  t he  r e g i s t e r  i s  l o s t .  

EXAMPLE: ARSl 11,2 

S h i f t s  the data i n  r e g i s t e r  2 t o  the r i g h t  1 1  b i t  p o s i t i o n s .  The s i g n  
i s  extended from b i t  0-11; any data s h i f t e d  o u t  o f  r e g i s t e r  2 i s  l o s t .  
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LogicaZ L e f t  Double S h i f t  - by Register 

FUNCTION: Performs a  l e f t  s h i f t  (zero f i l l  from r i g h t )  o f  a  two- 
word f i e l d  i n  two general  r e g i s t e r s .  The s h i f t  count i s  a  ' + - b i t  
f i e l d  i n  a general  r e g i s t e r  o r  i n  memory. 

OPERAND 1: A h i t  unsigned va lue  loca ted  i n  t h e  general  r e g i s t e r  
s p e c i f l e d  by R1  o r  i n  memory i f  i n d i r e c t  addressing i s  used, b i t  8-1. 
The s h i f t  count may range from 0-15. 

OPERAND 2: A two-word f i e l d  i n  two general  r e g i s t e r s :  the most 
s i g n i f i c a n t  b i t s  i n  the r e g i s t e r  s p e c i f i e d  by R2 and the l e a s t  
s i g n i f i c a n t  b i t s  i n  the r e g i s t e r  s p e c i f i e d  by R2+1. The data i s  
s h i f t e d  t o  the  l e f t  t he  number o f  p o s i t i o n s  s p e c i f i e d  by operand 1. 
Any data s h i f t e d  o u t  o f  the lower r e g i s t e r  i s  l o s t .  ( ~ o t e :  I f  r e g i s t e r  
7 i s  s p e c i f i e d  f o r  operand 2 ,  the  operand i s  assumed t o  be i n  r e g i s t e r s  
7 and O w i t h . t h e  most s i g n i f i c a n t  b i t s  i n  7.) 

S h i f t s  the data i n  r e g i s t e r s  3 and 4 t o  the  l e f t ;  the address o f  the 
s h i f t  count i s  i n  r e g i s t e r  2. Data s h i f t e d  o u t  o f  r e g i s t e r  3 i s  l o s t .  
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Logical Lef t  DoubZe S h i f t  - Imnediate 

FUNCTION: Performs a  l e f t  s h i f t  
f i e l d  i n  two general r e g i s t e r s .  
value. 

(zero f i 11 from r i g h t )  o f  a  two-word 
The s h i f t  count i s  a  4 - b i t  immediate 

OPERAND 1 : A 4-b i t unsigned va 1 ue loca ted  i n  b i t s  8- 1 1  o f  the  
i n s t r u c t i o n ;  the s h i f t  count may range from 0-15. 

OPERAND 2: A two-word f i e l d  i n  two general  r e g i s t e r s :  the most 
s i g n i f i c a n t  b i t s  i n  t he  r e g i s t e r  s p e c i f i e d  by R and the  lease 
s i g n i f i c a n t  b i t s  i n  the  r e g i s t e r  s p e c i f i e d  by R+1. The data i s  
s h i f t e d  t o  the l e f t  the number o f  p o s i t i o n s  s p e c i f i e d  by operand 1. 
Any data s h i f t e d  ou t  o f  t he  lower r e g i s t e r  i s  l o s t .  ( ~ o t e :  I f  
r e g i s t e r  7  i s  s p e c i f i e d  f o r  operand 2, the operand i s  assumed t o  be 
i n  r e g i s t e r s  7 and 0  w i t h  the most s i g n i f i c a n t  b i t s  i n  7.) 

EXAMPLE: LLDl 10,O 

S h i f t s  the data i n  r e g i s t e r s  0  and 1  t o  the  l e f t  10 b i t  pos i t i ons .  
Data s h i f t e d  o u t  o f  r e g i s t e r  0  i s  l o s t .  
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LogicaZ L e f t  Single S h i f t  - by Register 

LLSR &Rl,R2 

FUNCTION: Performs a l e f t  s h i f t  (zero f i l l  f rom r i g h t )  o f  a  one-word 
f i e l d  i n  a  general  r e g i s t e r .  The s h i f t  count i s  a b b i t  f i e l d  i n  a 
general  r e g i s t e r  o r  i n  memory. 

OPERAND 1: A h i t  unsigned va lue  i n  t he  general r e g i s t e r  s p e c i f i e d  
by R 1  o r  i n  memory i f  i n d i r e c t  addressing i s  used, b i t  8-1, The s h i f t  
count may range from 0-15. 

m,: A  one -wo rd - f i e l d  i n  the general r e g i s t e r  s p e c i f i e d  by R2. 
The data i s  s h i f t e d  t o  t he  l e f t  t h e  number o f  p o s i t i o n s  s p e c i f i e d  by 
operand 1 .  Any data s h i f t e d  ou t  o f  the r e g i s t e r  i s  l o s t .  I 

EXAMPLE: LLSR @2,7 

S h i f t s  the data i n  r e g i s t e r  7 t o  the  l e f t ;  the address o f  t he  s h i f t  
count i s  i n  r e g i s t e r  2. Data s h i f t e d  o u t  o f  r e g i s t e r  7 i s  l o s t .  
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~ o g i c a t  Le f t  Single Shift - Inunediate 

LLSl I ,R  

FUNCTION: Performs a l e f t  s h i f t  (zero fill from r i g h t )  o f  a  one-word 
f i e l d  i n  a  general  r e g i s t e r .  The s h i f t  count i s  a  b b i t  immediate 
v a l  ue. 

OPERAND 1 :  A b b i t  unsigned va lue located i n  b i t s  8-11 o f  the i n s t r u c -  
t i o n ;  the s h i f t  count may range from 0-15. 

OPERAND 2: A  one-word f i e l d  i n  the general r e g i s t e r  s p e c i f i e d  by R. 
The data i s  s h i f t e d  t o  the  l e f t  the  number o f  p o s i t i o n s  s p e c i f i e d  by 
operand 1 .  Any data s h i f t e d  ou t  o f  the r e g i s t e r  i s  l o s t .  

EXAMPLE: LLSl 7,s 

S h i f t s  the  data i n  r e g i s t e r  5 t o  the  l e f t  7 b i t  p o s i t i o n s .  Data 
s h i f t e d  ou t  o f  r e g i s t e r  5 i s  l o s t .  
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Logical Right Double!  hi ft -- by Register 

FUNCTION: Performs a  r i g h t  s h i f t  (zero f i l l  from l e f t )  o f  a two-word 
f i e l d  i n  two general  r e g i s t e r s .  The s h i f t  count i s  a  4 - b i t  f i e l d  i n  
a general  r e g i s t e r  o r  i n  memory. 

OPERAND 1 :  A  4 - b i t  unsigned va lue loca ted  i n  the  general  r e g i s t e r  
s p e c i f i e d  by R1 o r  i n  memory i f  i n d i r e c t  addressing i s  used, b i t  8=1. 
The s h i f t  count may range from 0-15. 

OPERAND 2: A two-word f i e l d  i n  two general  r e g i s t e r s :  the most 
s i g n i f i c a n t  b i t s  i n  the r e g i s t e r  s p e c i f i e d  by R 2  and the l e a s t  
s i g n i f i c a n t  b i t s  i n  the r e g i s t e r  s p e c i f i e d  by R2+1. The data i s  
s h i f t e d  t o  the r i g h t  the  number o f  p o s i t i o n s  s p e c i f i e d  by operand 1 .  
The s i gn  o f  the  deta i s  no t  extended. Any data s h i f t e d  ou t  o f  the 
h igher  r e g i s t e r  i s  l o s t .  ( ~ o t e :  I f  r e g i s t e r  7  i s  s p e c i f i e d  as  
operand 1, the  operand i s  assumed t o  be i n  r e g i s t e r s  7 and 0 w i t h  t h e  most 
s i g n i f i c a n t  b i t s  i n  7.) 

EXAMPLE: LRDR @7,4 

S h i f t s  the data i n  r e g i s t e r s  4 and 5 t o  the  r i g h t .  The s h i f t  count 
i s  a t  the memory address s p e c i f i e d  i n  r e g i s t e r  7. Data s h i f t e d  o u t  
o f  r e g i s t e r  5 i s  l a s t .  
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~ogicaZ Right Double S h i f t  - Imediate  

LRDl l , R  

FUNCTION: Performs a  r i g h t  s h i f t  (zero f i  11 from l e f t )  o f  i3 two-word 
f i e l d  i n  two general  r e g i s t e r s .  The s h i f t  count i s  a  & b i t  immediate 
value. 

OPERAND 1:  A b b i t  unsigned va lue  loca ted  i n  b i t s  8-11 o f  the i n s t r u c -  
t i o n ;  t he  s h i f t  count may range from 0-15. 

OPERAND 2: A  two-word f i e l d  i n  two general r e g i s t e r s :  the  most 
s i g n i f i c a n t  b i t s  i n  t he  r e g i s t e r  s p e c i f i e d  by R and the  l e a s t  
s i g n i f i c a n t  b i t s  i n  the  r e g i s t e r  s p e c i f i e d  by R+1. The date i s  
s h i f t e d  t o  t he  r i g h t  the  number o f  p o s i t i o n s  s p e c i f i e d  by operand 1 .  
Any data s h i f t e d  o u t  o f  the h igher  r e g i s t e r  i s  l o s t .  ( ~ o t e :  I f  
r e g i s t e r  7 i s  s p e c i f i e d  f o r  operand 2, the  operand i s  assumed t o  be 
i n  r e g i s t e r s  7 and 0  w i t h  the  most s i g n i f i c a n t  b i t s  i n  7.) 

EXAMPLE: LRDl 10,O 

S h i f t s  the data i n  r e g i s t e r s  0  and 1  t o  t he  r i g h t  10 b i t  p o s i t i o n s .  
Data s h i f t e d  o u t  o f  r e g i s t e r  1  i s  l o s t .  
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Logical Right SingZe Shift - by Xegister 

LRSR @ R l  ,R2 

FUNCTION: Performs a  r i g h t  s h i f t  (zero f i 1 1  from l e f t )  o f  a  one- 
word f i e l d  i n  a  general  r e g i s t e r .  The s h i f t  count i s  a  4 - b i t  f i e l d  
i n  a  general  r e g i s t e r  o r  i n  memory. 

OPERAND 1 :  A b b i t  unsigned va lue loca ted  i n  the  general r e g i s t e r  
s p e c i f i e d  by R 1  o r  i n  memory i f  i n d i r e c t  addressing i s  used, b i t  851. 
The s h i f t  count may range from 0-15. 

OPERAND 2 :  A one-word f i e l d  i n  the  general r e g i s t e r  s p e c i f i e d  by R2.  
The da ta  i s  s h i f t e d  t o  the r i g h t  the number o f  p o s i t i o n s  s p e c i f i e d  
by operand 1  . The s  i gn i s  no t  extended. Any data s h i f t e d  ou t  o f  the  
r e g i s t e r  i s  l o s t .  

EXAMPLE: LRSR @ 3 , 5  

S h i f t s  the  data i n  r e g i s t e r  5 t o  the r i g h t ;  the address o f  the  s h i f t  
count i s  i n  r e g i s t e r  3.  Data s h i f t e d  ou t  o f  r e g i s t e r  5 i s  l o s t ,  



FOR MEMOREX INTERNAL USE ONLY 

L o g i c a l  R i g h t  S i n g l e  S h i f t  - Immediate 

LRSl I , R  

FUNCTION: Performs a  r i g h t  s h i f t  (zero f i  1 1  from l e f t )  o f  a one-word 
f i e l d  i n  a  va lue.  

OPERAND 1: A k b i t  unsigned va lue loca ted  i n  b i t s  8-11 o f  the  i ns t ruc -  
t i o n ;  t he  s h i f t  count may range from 0-15. 

OPERAND 2: A  one-word f i e l d  i n  the general  r e g i s t e r  s p e c i f i e d  by R a  . 

The data i s  s h i f t e d  t o  the  r i g h t  the number o f  p o s i t i o n s  spec:ified 
by operand 1 . The s i g n  o f  the  data i s  no t  extended. Any data sh i f ted 
ou t  o f  t he  r e g i s t e r  i s  l o s t .  

EXAMPLE: LRSl 7,5 

S h i f t s  the  data i n  r e g i s t e r  5 t o  the  r i g h t  7 b i t  p o s i t i o n s .  Data 
s h i f t e d  ou t  o f  the r e g i s t e r  i s  l o s t .  
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Rotating Lef t  Double S h i f t  - by Register 

RLDR @Rl  ,R2  

FUNCTION: Performs a  r o t a t i n g  l e f t  s h i f t  o f  a  two-word f i e l d  i n  two 
general  r e g i s t e r s .  The s h i f t  count i s  a b b i t  f i e l d  i n  a  general 
r e g i s t e r  o r  i n  memory. 

OPERAND 1: A b b i t  unsigned va lue loca ted  i n  the  general  r e g i s t e r  
s p e c i f i e d  by R1  o r  i n  memory i f  i n d i r e c t  addressing i s  used, b i t  811. 
The s h i f t  count may range from 0-15. 

OPERAND 2: A two-word f i e l d  i n  two general r e g i s t e r s :  the most 
s i g n i f i c a n t  b i t s  i n  the r e g i s t e r  spec i f i ed  by R2 and the l e a s t  
s i g n i f i c a n t  b i t s  i n  t he  r e g i s t e r  s p e c i f i e d  by R2+1. The data i s  
s h i f t e d  t o  the  l e f t  the number o f  p o s i t i o n s  s p e c i f i e d  by operand 1 ,  
Each b i t  s h i f t e d  ou t  o f  the l e f t  end o f  the lower r e g i s t e r  i s  brought  
back i n  the r i g h t  end o f  the h i ghe r  r e g i s t e r .  B i t s  s h i f t e d  o u t  o f  the 
r e g i s t e r  a r e  no t  l o s t .  ( ~ o t e :  I f ,  r e g i s t e r  7 i s  s p e c i f i e d  as operand 1, 
the operand i s  assumed t o  be i n  r e g i s t e r s  7 and 0  w i t h  the  most 
s i g n i f i c a n t  b i t s  i n  7.) 

S h i f t s  t h e  data i n  r e g i s t e r s  2 and 3 t o  the  l e f t ;  t he  s h i f t  count i s  
a t  t h e  memory l o c a t i o n  s p e c i f i e d  i n  r e g i s t e r  5.  Data s h i f t e d  ou t  
t he  l e f t  end o f  r e g i s t e r  2 i s  brought back i n  t he  r i g h t  end o f  
r e g i s t e r  3. 



FOR MEMOREX INTEIINAL USE ONLY 

Rotating Lef t  Double S h i f t  -Immediate 

RLDl I ,R 

FUNCTION: Performs a  r o t a t i n g  l e f t  s h i f t  o f  a two-word f i e l d  i n  two 
general  r e g i s t e r s .  The s h i f t  count i s  a 4 - b i t  immediate value. 

OPERANDJ: A 4 - b i t  unsigned va lue loca ted  i n  b i t s  8-11 o f  the  
i n s t r u c t i o n ;  the  s h i f t  count may range from 0-15. 

OPERAND 2: A two-word f i e l d  loca ted  i n  two general r e g i s t e r s :  the  
most s i g n i f i c a n t  b i t s  i n  the r e g i s t e r  s p e c i f i e d  by R and the l e a s t  
s i g n i f i c a n t  b i t s  i n  t he  r e g i s t e r  s p e c i f i e d  by R+1. The data i s  
s h i f t e d  t o  the  l e f t  the number o f  p o s i t i o n s  s p e c i f i e d  by operand 1 .  
Each b i t  s h i f t e d  ou t  o f  the l e f t  end o f  t he  lower r e g i s t e r  i s  brought 
back i n  the r i g h t  end o f  the h i ghe r  r e g i s t e r .  B i t s  s h i f t e d  ou t  o f  
the lower r e g i s t e r  a r e  no t  l o s t .  ( ~ o t e :  I f  r e g i s t e r  7 i s  s p e c i f i e d  
as operand 1 ,  t he  operand i s  assumed t o  be i n  r e g i s t e r s  7 and 0  wi t h  
the most s i g n i f i c a n t  b i t s  i n  7.) 

EXAMPLE: RLDl 6 , l  

S h i f t s  the data i n  r e g i s t e r s  1 and 2 t o  the l e f t  s i x  b i t  p o s i t i o n s .  
Each b i t  s h i f t e d  ou t  o f  the l e f t  end o f  r e g i s t e r  1 i s  brought back 
i n  the t i g h t  end o f  r e g i s t e r  2. 
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R o t a t i n g  L e f t  S i n g l e  S h i f t  - b y  Register 

RLSR @R1,R2 

FUNCTION: Performs a  r o t a t i n g  l e f t :  s h i f t  o f  a  one-word f i e l d  i n  a 
general  r e g i s t e r .  The s h i f t  count i s  a  b b i t  f i e l d  i n  a  general  
r e g i s t e r  o r  i n  memory,, 

OPERAND 1:  A  k b i t  unsigned va lue loca ted  i n  the general  r e g i s t e r  
s p e c i f i e d  by R 1  o r  i n  memory i f  i n d i r e c t  addressing i s  used, b i t  8=1. 
The s h i f t  count may range from 0-15;. 

OPERAND 2: A  one-word f i e l d  i n  the  general  r e g i s t e r  s p e c i f i e d  by R2. 
The data ' is s h i f t e d  t o  the  l e f t  t he  number o f  p o s i t i o n s  s p e c i f i e d  by 
operand 1. Each b  i t sh i f t e d  o u t  th~e l e f t  end o f  the r e g i s t e r  i s  brought 
back i n  t he  r i g h t  end, B i t s  s h i f t e d  ou t  o f  the r e g i s t e r  a r e  not  l o s t .  

EXAMPLE: RLSR @1,2 

S h i f t s  the  data i n  r e g i s t e r  2 t o  the  l e f t .  Data s h i f t e d  o u t  t he  l e f t  
end o f  t he  r e g i s t e r  i s  brought back i n  the r i g h t  end o f  the  r e g i s t e r .  
The s h i f t  count i s  a t  t h e  memory address i n  r e g i s t e r  1. 
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Rotating Le f t  Single S h i f t  -Immediate 

FUNCTION: Performs a  r o t a t i n g  l e f t  s h i f t  o f  a one-word f i e l d  i n  a 
general r e g i s t e r .  The s h i f t  count i s  a 4 - b i t  immediate value. 

OPERAND 1: A  4 - b i t  unsigned va lue loca ted  i n  b i t s  8-11 o f  the i n s t r u c -  
t i o n ;  the s h i f t  count may range from 0-15. 

OPERAND 2: A one-word f i e l d  located i n  the  general r e g i s t e r  spec i f i ed  
by R. The data i s  s h i f t e d  t o  the l e f t  the number o f  b i t  p o s i t i o n s  
s p e c i f i e d  by operand 1. B i t s  s h i f t e d  o u t  o f  the r e g i s t e r  a re  no t  l o s t ;  
each b i t  s h i f t e d  o u t  o f  the l e f t  end o f  the r e g i s t e r  i s  brought back 
i n  t he  r i g h t  end o f  the  r e g i s t e r .  

EXAMPLE: RLSl 5,2 

S h i f t s  t he  data i n  r e g i s t e r  2 t o  the  l e f t  5 b i t  p o s i t i o n s .  Data 
s h i f t e d  o u t  the l e f t  end o f  the  r e g i s t e r  i s  brought back i n  the r i g h t  
end; no b i t s  a r e  l o s t .  
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S h i f t  Packed DecimaZ 

FUNCTION: S h i f t s  a packed decimal f i e l d  i n  memory a s p e c i f i e d  number 
o f  d i g i t s .  The l eng th  o f  t he  packed decimal f i e l d  can be de f i ned  f o r  
each SHFK i n s t r u c t i o n .  

OPERAND 1: The packed decimal f i e l d  i n  memory. The l eng th  o f  t h i s  
f i e l d  (number o f  decimal d i g i t s )  i s  i n  L ;  t h i s  va lue may range from 
0-255. Addressing op t i ons  t o  the  base address M i nc l ude  o n l y  i n -  
dex ing ( R ~ ) .  

OPERAND 2: The s h i f t  count i s  t he  I va lue i n  the  i n s t r u c t i o n ,  t h i s  
i s  a s igned va lue  from -128 t o  +127. I f  a r e g i s t e r  i s  s p e c i f i e d  i n  
R 2 ?  t he  contents  o f  t he  r e g i s t e r  a r e  added t o  the  I va lue t o  form the 
s h ~ f t  count. 

CONDITION REGISTER: 

e B i t  0 i s  se t  i f  any s i g n i f i c a n c e  i s  s h i f t e d  o u t  i n  a  
l e f t  s h i f t ;  o therw ise  b i t  0  i s  c leared.  

0 B i t  1 i s  se t  i f  t h e  r e s u l t  i s  p o s i t i v e ;  o therw ise  K t  
1 i s  c leared.  

e B i t  2 i s  se t  i f  t h e  r e s u l t  i s  negat ive;  o therw ise  b i t  
2 i s  c leared.  

0 B i t  3 i s  se t  i f  a l l  s i g n i f i c a n c e  i s  s h i f t e d  ou t ,  
r e s u l t i n g  i n  zero, o r  i f  b=O; otherw ise  b i t  3 i s  
c leared.  

EXAMPLE : SHFK TAG (90,2) ,14 (5) 

The contents  o f  l o c a t i o n  TAG a r e  modi f ied by t h e  contents  o f  r e g i s t e r  
2 t o  f i n d  a 90-byte packed decimal f i e l d ,  which i s  s h i f t e d  14 b i t  
p o s i t i o n s  (modi f ied by r e g i s t e r  5) t o  the  r i g h t .  





SECTION V 
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S E C T I O N  V 

S Y S T E M  C O N T R O L  P A N E L  

INTRODUCTION 

This sec t ion  describes the func t i on  o f  con t ro l s  and i nd i ca to rs  associated 
w i t h  the  operator group, programmer group, system a c t i v i t y  d i sp lay  group, 
and communication a c t i v i t y  d i s p l a y  group. Descr ip t ion  o f  con t ro l s ,  i n d i -  
cators,  and procedures associated w i t h  the maintenance group p o r t i o n  o f  
the  panel a r e  s p e c i f i c a l l y  excluded from t h i s  sect ion because t h e i r  use 
i s  r e s t r i c t e d  t o  p rope r l y -qua l i f i ed  maintenance personnel only .  

CONTROLS AND INDICATORS 

Contro ls  and i nd i ca to rs  on the  System Control  Panel a re  d iv ided i n t o  
f i v e  groups: 

Operator Group 

Programmer Group 

a Maintenance Group 

e System A c t i v i t y  D isp lay  Group 

e Communications Ac t : i v i t y  D isp lay  Group 

The fo l l ow ing  paragraphs prov ide  a  func t iona l  desc r ip t i on  f o r  each 
con t ro l  and i nd i ca to r  on the panel. The desc r ip t i ons  a re  arranged by 
panel group, s t a r t i n g  w i t h  t h e  bottom r i g h t  con t ro l  i n  each group and 
proceeding i n  a  le f tward  and upward manner. 
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Operator Group 

a EMERGENCY PULL Knob 

When pul led, i n s t a n t l y  removes a1 1 power from system (does 
no t  go through normal power-down sequence which i s  the case 
when us i ng POWER OFF pushbut ton) .  

NOTE: The EMERGENCY PULL knob i s  not meant f o r  normal 
"power-off" sequencing. Whenever t h i s  swi tch i s  used t o  
remove power from the system, power cannot be reappl ied u n t i l  
a mechanical i n t e r - l o c k  w i t h i n  the cabinet i s  released. 
 h his i s  a maintenance a c t i v i t y . )  Thus the EMERGENCY PULL 
knob i s  intended t o  be used on l y  i n  emergency s i t u a t i o n s  
(circumstances i nvo l v ing  a sa fe ty  hazard). 

a POWER OFF Pushbutton/ lndicator 

Turns system power o f f  when POWER MODE swi tch i n  the Mainten- 
ance Group i s  i n  LOCAL. This  swi tch assures proper power- 
down sequencing. (POWER OFF has no e f f e c t  wh i l e  POWER MODE 
i s  i n  REMOTE.) 

NOTE: POWER OFF w i l l  be i l luminated unless no primary 
power i s  ava i lab le ,  the Main Disconnect swi tch i s  o f f ,  the 
EMERGENCY PULL knob has been pul led,  o r  power i s  on ( tha t  
per iod  between the  complet ion o f  a power-up sequence and 
the i n i t i a l i z a t i o n  o f  a power-down sequence). 

0 POWER ON Pus hbu t ton/ l nd i ca t o r  

Turns system power on when the POWER MODE swi tch i n  the 
Mahtenance Group i s  i n  LOCAL. This  swi tch  assures proper 
power-up sequenc i ng . (POWER ON has no e f f e c t  wh i 1 e POWER 
MODE i s  i n  REMOTE.) 

NOTE: Upon completion o f  the  power-up sequence, a ResetILoad 
sequence i s  au tomat ica l l y  i n i t i a t e d .  Moreover, a t  completion 
o f  the Reset/Load sequence, an Autoload sequence i s  auto- 
m a t i c a l l y  i n i t i a t e d  provided the  Maintenance Mode has not  been 
selected. Fur ther  d e t a i l  i s  provided under Reset/Load, Auto- 
load, and Maintenance Mode i n  t h i s  sect ion. 

.a AUTOLOAD Pushbu t ton 

Causes Main Storage t o  be loaded, s t a r t i n g  a t  a l oca t i on  de ter -  
mined by the  microprogram subrout ine w i t h  data obtained 
e i t h e r  from d i sc  d r i v e  zero (when AUTOLOAD SELECT swi tch i s  
i n  PRIMARY) o r  from a card reader (when AUTOLOAD SELECT 
swi t c h  i s  i n  ALTERNATE) . 

0 AUTOLOAD SELECT Switch 

Down p o s i t i o n  (PRIMARY) se lec ts  d i s c  as input  device. Up 
p o s i t i o n  (ALTERNATE) se lec ts  card reader as input  device. 
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NOTE: The PRIMARY p o s i t i o n  o f  t h i s  switch causes the f i r s t  
Autoload microprogram loader i n s t r u c t i o n  t o  come from 
Control  Storage address 011316. The ALTERNATE p o s i t i o n  o f  
t h i s  swi tch causes the f i r s t  autoload microprogram loader 
i n s t r u c t i o n  t o  come from Control  Storage address 01 1216. 

This  swi tch a l so  determines the device, as def ined above, 
t ha t  Control  Storage i s  loaded from dur ing a Reset/Load 
operat ion. 

a SPEAKER VOLUME Control  

Adjusts volume o f  the speaker contained i n  the System Control  
Panel enclosure. This  speaker i s  d r i ven  by the  c i r c u i t s  
associated w i t h  b i t  pos i t i ons  13, 14, and 15 o f  the Console 
Data Register Display ind ica tors .  

NOTE: The r e l a t i v e  loudness o f  these b i t s  on the  speaker 
are: b i t  14 w i l l  be twice as loud as b i t  13 and b i t  15 
twice as loud as b i t  14. 

a I / O  FAULT Pushbutton/ lndicator 

I / O  FAULT w i l l  i l l u m i n a t e  i f  any o f  the fo l l ow ing  cond i t ions  
occur. 

1 .  Channel 1 Transmission P a r i t y  Er ror  

2. Channel 2 Transmission P a r i t y  Er ror  

3. Channel 1 Control  Check Er ror  

4. Channel 2 Control  Check Er ror  

5. Burst Check Er ror  (dur ing a Reset/Load operat ion from 
d i s c ) .  

6. F a i l u r e  o f  d i s c  heads t o  r e t r a c t  dur ing power-down 
sequence 

Pressing 1/0 FAULT ext inguishes the i nd i ca to r .  ( ~ e f e r  t o  
i nd i v idua l  I / O  f a u l t  i nd i ca t i ons  i n  the System A c t i v i t y  
Display Group, f u r t h e r  i n  t h i s  sect ion.) 

a PROC FAULT Pushbutton/ lndicator 

PROC FAULT w i l l  i l l u m i n a t e  i f  any o f  the fo l l ow ing  cond i t ions  
OCCU r . 
1. Control  Storage P a r i t y  Er ror  

2. M a i n S t o r a g e P a r i t y E r r o r  

3. DC Voltage Fau l t  

4. Over-Temperature cond i t i on  
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Pressing PROC FAULT ex t ingu ishes  t he  i n d i c a t o r .  

e ALARM ( loca ted  behind System Cont ro l  Panel ) 

Furnishes an aud ib l e  s i gna l  when the  LAMP TEST pushbutton 
i s  depressed o r  when any o f  the  f o l l o w i n g  cond i t i ons  e x i s t .  

1 .  Blower f a i l u r e  w i t h i n  t he  computer 

2. D.C.  vo l t age  f a u l t  

3. F a i l u r e  o f  d i s c  heads t o  r e t r a c t  du r i ng  a  power-down 
sequence 

NOTE: When blower f a i l u r e  o r  D.C.  f a u l t  c o n d i t i o n  e x i s t s  f o r  
approx imate ly  60 seconds, t he  power-down sequence i s  auto-  
ma t i ca l  ly i n i t i a t e d .  

I f  the  heads f a i l  t o  r e t r a c t  from a  d i s c  du r i ng  t he  power- 
down sequence, DC vo l tages  w i l l  be removed w i t h i n  t he  computer. 
The power-down sequence wi 1 1  s top a t  t h a t  p o i n t  u n t i l  t h e  
problem i s  cor rec ted .  

a ALARM DISABLE Pushbut ton/ lnd icator  

Press ing t h i s  pushbutton, i f  t he  aud ib l e  a larm i s  on, causes 
the  ALARM t o  s top  and t h e  ALARM DISABLE t o  i l l u m i n a t e .  When 
the a larm c o n d i t i o n  i s  co r rec ted ,  the  ALARM DISABLE w i l l  
e x t  ingu ish.  

e LAMP TEST Pushbutton 

Pressing t h i s  sw i tch  causes a l l  i n d i c a t o r s  t o  i l l u m i n a t e  
and t he  a larm t o  sound. Releasing t he  sw i tch  re tu rns  them 
t o  t h e i r  p r i o r  s t a te .  

s RESET/LOAD Pushbutton 

Causes data t o  be read from e i t h e r  cards o r  d i s c  and 
t r ans fe r red  t o  e i t h e r  Cont ro l  Storage and f i r s t - 1  eve1 decode 
address t a b l e  o r  Main Storage, depending on whether the  
CONSOLE MODE SELECT se lec to r  i s  se t  t o  CS-WR o r  MS-WR and if 
the  Maintenance Mode has been se lected.  Se lec t ion  o f  
cards o r  d i s c  as inpu t  medium i s  determined by p o s i t i o n  o f  
AUTOLOAD SELECT swi tch.  

Upon complet ion o f  a  Reset/Load ope ra t i on  from d i s c ,  an 
Autoload ope ra t i on  w i l l  au toma t i ca l l y  be i n i t i a t e d  pro- 
v i d i n g  t h e  Maintenance Mode has no t  been se lected.  
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Programmer Group 

NOTE: Cont ro ls  w i t h i n  t h i s  group a re  cond i t ioned  by t he  
PROGRAM MODE pushbut ton / ind ica to r  except where o therw ise  
des i gna ted , 

e CONSOLE MODE SELECT Se lec to r  

Selects  bas ic  mode o f  ope ra t i on  f o r  System Contro l  Panel: 

RO-RD - Regis ter  Opt ion read 

RO-WR - Reg is te r  Opt ion w r i t e  

RF-WR - Rea is te r  F i l e  w r i t e  

RF-RD - Reg is te r  F i l e  read 

OFF - se lec t  sw i t ch  d isab led  

MS-RD - Main Storage read 

MS-WR - Main Storage w r i t e  

CS-RD - Contro l  Storage and f i rqst-1 eve1 decode address 
t a b l e  read o r  scan (enabled i n  Maintenance 
Mode on1 y)  

CS-WR - Cont ro l  Storage w r i t e  (enabled i n  Maintenance 
Mode o n l y  except d u r i n g  a Reset/Load opera t ion)  

e CONSOLE RUN Pushbutton 

I n i t i a t e s  t he  f u n c t i o n  se lected on the  CONSOLE MODE SELECT 
se lec to r  i n  a  manner determined by t h e  CONSOLE CONTROL 
SELECT and Console MS switches. 

e CONSOLE CONTROL SElLECT Switch 

Three-pos i t ion  sw i t ch  governing way i n  which se lec ted  console 
c o n t r o l  ope ra t i on  i s  executed: 

STOP/STEP - stop and s tep 

NORMAL - run con t inuous ly  

BREAKPO l NT - run a s  f a r  a s  breakpoint  (appl i es  t o  
CS-RD, CS-WR, MS-RD, and MS-WR o n l y )  
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0 Console Main Storage Switch 

NOTE: This swi tch has no e f f e c t  unless the Relocat ion and 
Pro tec t  ion fea ture  i s  i n s t a l  led. 

When Console Mode Selector i s  set  t o  MS-RD o r  MS-WR t h i s  swi tch 
determines whether the contents o f  the S-Register i s  i n t e r -  
preted as a System o r  Physical Main Storage Address. When i n  
the RELOCATE (up) p o s i t  ion, the contents o f  the S-Register are 
in te rpre ted  as a System Main Storage address and i s  converted 
by the re loca t i on  mechanism i n t o  a Physical Main Storage 
Address. When i n  the OFF (down) pos i t i on ,  the  contents o f  
the  S-Register i s  d i r e c t l y  in te rpre ted  as a Physical Main 
Storage Address and w i l l  bypass the re loca t i on  mechanism. 

SYSTEM RESET Pushbutton 

The SYSTEM RESET pushbutton c lea rs  the fo l l ow ing  reg i s te rs :  

1 .  EXTENDED REGISTER FILE 

Group I : Pp o f  a1 1 processor s tates 

Group I I :  Busy/Active, Tie-Breaker, Contro l ,  Pr iv i leged,  
Boundary-Crossing, Control  Storage Scan, 
Console Address, and Console Data. 

2. SHARED RESOURCE REGISTERS 

Ap, Bu, D, Sp, Fp-1, Fu-2, and Forced Carry Register 

e PROGRAM MODE Pushbutton/ lndicator 

Pressing t h i s  swi tch enables those switches located i n  the 
programmer group area o f  the panel unless otherwise indicated.  
The pushbutton i s  i l l uminated when Program Mode i s  selected. 

CONSOLE DATA REGISTER SELECT Selector 

Selects one o f  eleven r e g i s t e r s  t o  be displayed by the  
CONSOLE DATA REGISTER DISPLAY ind ica tors .  ( ~ o e s  not  a f f e c t  
the  pushbutton func t ion . )  

NOTE: Only the DATA and B/A pos i t i ons  a re  enabled when Program 
Mode i s  selected. A l l  o ther  pos i t i ons  o f  t h i s  swi tch requ i re  
Maintenance Mode t o  be e f f e c t i v e .  

Fp2 - Micro-command Funct ion r e g i s t e r ,  rank 2 

Fu1 - Micro-command Function r e g i s t e r ,  rank 1 

RTC - Real-Time Clock r e g i s t e r  

C S S  - Control  Storage Scan r e g i s t e r  

B/A - Busy/Active r e g i s t e r  
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DATA - Console data r e g i s t e r  

D - Ma i n  Storage Data r e g i s t e r  

Ap - ALU feeder r e g i s t e r  Ap 

Bp - ALU feeder r e g i s t e r  Bp 

SUM - ou tpu t  o f  ALU (sum o f  Ap and ~ p )  

BC - Boundary-Cross ing  r e g i s t e r  

e CLEAR DATA Pushbutton 

Clears  con ten ts  o f  Console Data Reg is te r .  

a CONSOLE D A ' d  REG l STER D l SPLAY Pushbutton/ l nd i c a t o r s  

Twenty pushbut ton / ind ica to rs  h o r i z o n t a l l y  loca ted  as 5 
groups o f  4 b i t s  each. These groups f u n c t i o n  as f o l l ows :  

These pushbut ton / ind ica to rs  a re  no t  f u n c t i o n a l  un- 
l ess  the Re loca t ion  and P r o t e c t i o n  Feature i s  present 
i n  the  7200/7300 computer. 

I n  t h e  presence o f  t h e  Re loca t ion  and P r o t e c t i o n  
fea tu re ,  p ress ing  these pushbuttons w i l l  cause c o r -  
responding b i t s  t o  be set  i n  t he  Segment Tag p o r t  ion  
o f  the Console Data Reg i s te r .  The i n d i c a t o r s  w i l l  be 
on f o r  corresponding b i t  p o s i t i o n s  t h a t  a r e  se t  and o f f  
f o r  corresponding b i t  p o s i t i o n s  t h a t  a r e  c l e a r  i n  t he  
Segment Tag p o r t  ions o f  t he  Console Data Reg is te r .  

Press ing these pushbuttons w i l l  cause corresponding 
b i t s  t o  be se t  i n  the  Console Data Reg is te r  on l y .  How- 
ever,  t h e  i n d i c a t o r s  w i l l  be on f o r  corresponding b i t  
p o s i t i o n s  t h a t  a re  se t  and o f f  f o r  corresponding b i t  
p o s i t i o n s  t h a t  a r e  c l e a r  a t  Fp2, Fp l ,  RTC, CSS, B/A, 
DATA, D,  AM, Bv, SUN o r  BC ou tpu ts  as determined by the 
CONSOLE DATA REGISTER SELECT Se lec to r .  

The d i g i t a l  i npu ts  t o  t he  Console Data Reg is te r  D i sp lay  
lamp d r i v e r s  i n  b i t  p o s i t i o n s  13, 14, and 15 a r e  a l s o  
used as inpu ts  t o  t h e  panel speaker d r i v e r s .  

a CONSOLE ADDRESS REGISTER SELECT Se lec to r  

Se lec ts  one o f  f o u r  r e g i s t e r s  t o  be d isp layed  by t he  
CONSOLE ADDRESS REGISTER DISPLAY i nd i ca to r s .  ( ~ o e s  not  
a f f e c t  t h e  Console Address Reg is te r  pushbutton f u n c t i o n . )  
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NOTE: Only the S and ADDRESS pos i t i ons  are  enabled when 
Program Mode i s  selected. The remaining pos i t i ons  o f  t h i s  
swi tch requ i re  Maintenance Mode t o  be e f f e c t i v e .  

S - Main Storage address r e g i s t e r  

SIJ - Control  Storage address r e g i s t e r  

ADDRESS - Console Address r e g i s t e r  

PE - Main Storage P a r i t y  Er ror  address 
r e g i s t e r  

a CLEAR ADDRESS Pushbutton 

Clears contents o f  Console Address Register .  

9 CONSOLE ADDRESS REGISTER DISPLAY Pushbutton/ lndicators 

Twenty pushbut ton/ indicators h o r i z o n t a l l y  located as 5 
groups o f  4 b i t s  each. These groups func t i on  as fo l lows:  

These pushbut ton/ indicators are not  func t iona l  unless 
the Relocat ion and Pro tec t ion  Feature i s  present 
i n  the 7200/7300 computer. 

I n  the presence o f  the Relocat ion and Pro tec t ion  
Feature, pressing these pushbuttons w i l l  cause cor -  
responding b i t s  t o  be set i n  the Segment Tag Port  ion 
o f  the  Console Address Register .  The i nd i ca to rs  w i l l  be 
on f o r  corresponding b i t  pos i t i ons  t h a t  are set  and o f f  
f o r  corresponding b i t  pos i t i ons  t h a t  are c l e a r  i n  the 
Segment Tag po r t i ons  o f  the  S, Console Address, and 
PE Registers as determined by the CONSOLE ADDRESS 
REGISTER SELECT Selector.  

Pressing these pushbuttons w i l l  cause corresponding 
b i t s  t o  be set i n  the Console Address Register on ly .  
However, the  i nd i ca to rs  w i l l  be on f o r  corresponding 
b i t  pos i t i ons  t h a t  a re  set and o f f  f o r  corresponding 
b i t  pos i t i ons  tha t  a re  c l e a r  i n  the Sp, S, Console 
Address and PE Registers as determined by the  CONSOLE 
ADDRESS REGISTER SELECT Selector .  

a BREAKPOINT MODE SELECT Switches: 

1.  WRITE DATA Switch 

When up (on), causes breakpoint stop a t  end o f  each storage 
reference c y c l e  i n  which data was w r i t t e n  a t  breakpoint 
address. 

2. READ DATA Switch 

When up (on), causes breakpoint stop a t  end o f  each storage 
reference c y c l e  i n  which data was read a t  breakpoint 
address. 

5-8 2999.001 
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3 .  READ INSTR Switch 

When up (on), causes breakpoint stop immediately a f t e r  
the  machine language i n s t r u c t i o n  i s  read a t  breakpoint 
address. 

4. SYSTEM/PHYSICAL Switch 

NOTE: This swi tch has no e f f e c t  unless the  Relocat ion 
and Protect  ion Feature i s  i n s t a l  led.  

This  swi tch determines whether the System o r  Physical 
Main Storage Address i s  compared w i t h  the Breakpoint 
Address SELECT. A d d i t i o n a l l y ,  t h i s  swi tch determines 
whether the System o r  Physical Main Storage Addresses 
a re  sent t o  the Console Address Register Display indica-  
t o r s  when the  Console Address Register  Select swi tch 
i s  se t  t o  the  S pos i t i on .  When i n  the SYSTEM (up) pos i -  
t i on ,  System Main Storage Addresses are  selected as 
described above. When i n  the PHYSICAL (down) pos i t i on ,  
Physical Main Storage Addresses are selected as de- 
scr ibed above. 

BREAKPO l NT ADDRESS SELECT Selectors 

F i ve  se lec tors  which prov ide a hexadecimal stop address 
f o r  processor s ta te (s )  operat ing i n  the breakpoint mode. 
Also app l ies  t o  console mode, MS-RD, MS-WR, and CS-WR se lect ions.  

0 PROCESSOR SELECT Selector 

Selects one o f  the e igh t  processor s tates t o  execute i n  
the mode selected by the corresponding Processor Control  
Select switches. , 

PROCESSOR RUN Pushbutton 

S t a r t s  the  processor s t a t e  selected by the  PROCESSOR 
SELECT sel ector .  

e PROCESSOR CONTROL SELECT Switches 

E igh t  th ree-pos i t ion  switches which p lace i nd i v idua l  
processor s ta tes  i n  one o f  three modes: 

1 .  STOP/STEP - Stop and step selected processor 
s ta te .  

2. NORMAL - Al lows selected processor s t a t e  t o  run 
cont inuously. 

3. BREAKPOINT - A 1  lows selected processor s t a t e  t o  run 
u n t i l  a breakpoint-comparison e q u a l i t y  
oecu r s  . 
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Yystem A c t i v i t y  Display Group 

PROCESSOR STATE lnd i c a t o r s  

Dynamical ly i n d i c a t e  which processor s ta tes  a re  execut ing 
major cyc les .  

a Status I nd i ca to rs  

Twelve i n d i c a t o r s  t h a t  il luminate p a r t i c u l a r  s ta tus  cond i t ions :  

MS PARITY BYTE 0  - D isp lays  s t a t e  o f  p a r i t y  b i t  o f  
upper by te  ( b i t s  0 through 7 )  o f  word c u r r e n t l y  being 
read ou t  o f  MS. (Not enabled i f  ECC i s  present . )  

MS PARITY BYTE 1 - Disp lays s t a t e  o f  p a r i t y  b i t  o f  
lower by te  ( b i t s  8 through 15) o f  word c u r r e n t l y  
being read o u t  o f  MS. ( ~ o t  enabled i f  ECC i s  present . )  

MS PARITY ERROR - Disp lays s t a t e  o f  MS P a r i t y  
E r ro r  f l i p - f l o p .  I nd i ca to r  i s  on i f  f l i p - f l o p  i s  set  
and o f f  i f  f l i p - f l o p  i s  c leared.  

C S  PARITY ERROR - lnd ica tes  a  p a r i t y  e r r o r  i n  C S  o r  
f i r s t - l e v e l  decode address tab le .  

D.C.  FAULT - lnd i ca tes  t h a t  one o r  more DC power 
supply i n  system i s  no t  w i t h i n  a l lowab le  ou tpu t  
range. Remains on u n t i l  c o n d i t i o n  i s  corrected.  

OVER TEMP. - l nd i ca tes  a  blower f a i l u r e  c o n d i t i o n  
w i t h i n  cab ine t ,  

HEADS EXTENDED - lnd ica tes  t h a t  heads i n  one o r  more 
d i s c  f i l e s  f a  i 1 t o  r e t r a c t  du r i ng  the power-down 
sequence. 

BURST CHECK - Ind ica tes  de tec t i on  o f  a. bu rs t  check 
e r r o r  du r i ng  a  Reset/Load sequence from the  d i s c  f i l e .  

CHANNEL 1 DATA CHECK - lnd i ca tes  s t a t e  o f  Channel 
1 Transmission f l  i p - f  lop .  

CHANNEL 1 CNTRL, CHECK - l nd i ca tes  s t a t e  o f  Channel 
1 Contro l  Check f l i p - f l o p .  

CHANNEL 2 DATA CHECK - lnd i ca tes  s t a t e  o f  Channel 2 
Transmission f l i p - f l o p .  

CHANNEL 2 CNTRL. CHECK - lnd i ca tes  s t a t e  o f  Channel 
2 Contro l  Check f l  i p - f l o p .  
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Maintenance Group 

Contro ls  and i nd i ca to rs  o f  the maintenance group are not  described 
i n  t h i s  manual because t h e i r  use i s  r e s t r i c t e d  t o  maintenance per- 
sonnel only .  

Communications Line Display Group 

These i nd i ca to rs  show the adaptedmodem s ta tus  f o r  the  15 communications 
channels and the integrat:ed communicat.ions adapter as fo l lows.  

e RECEIVED DATA (BB) - The ON cond i t i on  ind ica tes  t h a t  the 
l i n e  i s  i n  the spacing cond i t i an  ( i .e. ,  a  b inary  zero).  
The OFF cond i t i on  ind ica tes  tha t  the 1 ine i s  i n  the mark- 
ing cond i t i on  ( i . e . ,  a  b inary  ome). 

e TRANSMITTED DATA (BA) - The ON cond i t i on  ind ica tes  tha t  
the 1 ine  i s  i n  the spacing cond i t i on  ( i .e . ,  a  b inary  zero) .  
The OFF cond i t i on  ind ica tes  tha t  the l i n e  i s  i n  the marking 
cond i t i on  ( i .e . ,  a b inary  one). 

a CLEAR TO SEND (CB) - The ON cond i t  ion together w i t h  the 
ON cond i t i on  on c i r c u i t s  CA,  C C ,  and CD,  ind ica tes  tha t  the  
channel i s  i n  a  t ransmi t  cond i t i on .  

e RECEIVED LlNE SIGNAL DETECTOR (CF) - The ON cond i t i on  
ind ica tes  tha t  the  modem i s  rece iv ing  a s ignal  which 
meets i t s  s u i t a b i l i t y  c r i t e r i a  f o r  demodulation, and 
i n  the  case o f  hal f -duplex channels, t h a t  the  l i n e  adapter 
i s  i n  the receive mode, 

e SECONDARY RECEIVED LlNE SIGNAL DETECTOR (SCF) - The ON 
cond i t ion ind ica tes  the  proper recept ion  (where appl i cab l  e) 
o f  the  secondary channel l i n e  s igna l .  I t  i s  used t o  
i nd i ca te  the  c i r c u i t  assurance s ta tus  and t o  s ignal  the 
i n t e r r u p t  cond i t ion .  

e DATA SET READY (CC)  - T h e  ON cond i t i on  on t h i s  c i r c u i t  
i s  presented t o  i nd i ca te  tha t  the  modem i s  connected 
t o  a communication channel and has completed the  t rans-  
miss ion o f  the  answer tone. 

9 OFF HOOK (OH) - When answering a c a l l ,  t h i s  s ignal  u l t i -  
mately completes a d.c, path t o  the  serv ing Central  
O f f i ce ,  t r i p p i n g  the  incoming r i n g i n g  s igna l .  When 
o r i g i n a t i n g  a  c a l l ,  t h i s  lead i s  operated t o  ob ta in  d i a l  
tone and then pulsed t o  generate the desi red d i a l  d i g i t s .  

a R I N G  INDICATOR (cE:) - the  ON cond i t i on  ind ica tes  t h a t  a  
r i n g i n g  s ignal  i s  being received on the communication 
channel. 
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NOTE: Since under normal operat ion the  commun i c a t  ions 
handler w i l l  answer a c a l l  on the leading edge o f  the 
r i n g  s igna l ,  the  ON cond i t i on  on t h i s  i nd i ca to r  impl ies 
e i t h e r  a mal funct ion o r  t ha t  the channel i s  not enabled. 

a ENABLE (EN) - The ON cond i t i on  ind ica tes  tha t  the l i n e  
adapter i s  enabled and i s  there fore  not i n  the master 
c l e a r  o r  loop t e s t  mode. 

OPERATING PROCEDURES 

The fo l l ow ing  paragraphs conta in  procedures which may be executed from 
the  System Control  Panel. These procedures f a c i l i t a t e  loading 
Control o r  Main Storage from e i t h e r  a d i sc  o r  card reader, reading 
from o r  w r i t i n g  i n t o  Main Storage o r  r e g i s t e r s  w i t h i n  Register F i l e s  
o r  Register Options and execut ing programs i n  Maintenance Mode. 

a S W I T C H I N G  POWER ON 

To t u r n  the  computer on, ensure tha t  the LOCAL/REMOTE swi tch 
i s  i n  the LOCAL pos i t i on ,  then simply depress the POWER ON 
pushbut ton/ indicator .  Upon completion o f  the  power-up 
sequence, the associated i nd i ca to r  w i  1 1  1 i gh t .  

1 power-up swi tch ing sequence f o r  the computer 
ives i s  performed by the  hardware. 

The in terna 
and d i sc  d r  

To t u r n  the 
i nd i ca to r .  

computer o f f ,  depress the POWER OFF pushbutton/ 
The associated i nd i ca to r  w i l  1 1 i g h t .  

0 F U N D A M E N T A L  MODES 

Apart from the Reset/Load and Autoload f a c i l i t i e s ,  which 
are  always a v a i l a b l e  t o  the operator ,  the System Control  
Panel proper (act  ivated by the PROGRAM MODE and MA l NTENANCE 
MODE) has two fundamental modes o f  operat ion. These two modes, 
Processor Control  and Console Contro l ,  a re  not mutual l y  
exc lus ive  from the hardware po in t  o f  view, but  should be 
c l e a r l y  d is t ingu ished and kept separate i n  operat ing prac- 
t i c e .  This  separat ion i s  necessary s ince the Console Mode 
can d i r e c t l y  a l t e r  the  contents o f  storage and r e g i s t e r s  and 
i n  t h i s  way could completely d i s r u p t  Processor Mode operat ions. 

The Processor Control  Mode enables the operator ,  i n  connec- 
t i o n  w i t h  programmed operat ion, t o  d i r e c t l y  con t ro l  execu- 
t i o n  o f  i ns t ruc t i ons  by a l l  e igh t  processor s tates.  Thus, 
i nd i v idua l  processors s ta tes  may be switched on and o f f  o r  
may be made t o  run one i n s t r u c t i o n  a t  a t ime (STEP mode) 
e tc .  Except f o r  the i n te rna l  e f f e c t s  o f  the programs them- 
selves, the  Processor Mode does not  enable the  contents o f  
storage t o  be a l te red .  



FOR MEMOREX INTERNAL USE ONLY 

The Console Control  Mode,, on the  o ther  hand, does not  invo lve  
any ac tua l  execut ion o r  i ns t ruc t i ons ,  but a l lows any i n d i v i -  
dual c e l l  o f  Main o r  Control  Storage t o  be e i t h e r  d isp layed 
o r  a l t e red .  The console mode a l s o  a l lows any o f  the hard- 
ware r e g i s t e r s  t o  be d isp layed o r  a l t e red .  The console 
(system Control  panel) i s  a1 located major cyc les j u s t  as 
though i t  were a n i n t h  processor, except t h a t  i t  cannot exe- 
cu te  machine i ns t ruc t i ons .  

BREAKPOINT FACIL IT.Y 

The Breakpoint f a c i l  i t y  provides a way o f  te rminat ing  Proc- 
essor Mode o r  Console Mode operat ions a t  a s p e c i f i c  p o i n t  
i n  e i t h e r  Main Storage o r  Contro l  Storage ( i nc lud ing  the 
f i r s t - l e v e l  decode address tab le ) .  This  f a c i  1 i t y  may be 
invoked i f  the  selected processor i s  s ta r ted  e i t h e r  from 
the  panel (Processor RUN) o r  by i n te rna l  operat ions,  o r  i f  
the  computcr i s  a l ready execut ing i ns t ruc t i ons .  The Break- 
p o i n t  operat ion i s  i n i t i a t e d  by s e t t i n g  the Processor Control  
Select swi tch t o  BREAKPOINT. The computer then proceeds 
unt  i 1 the storage 1 ocat ion on the BREAKPOINT ADDRESS SELECT 
i s  used f o r  one o f  three purposes as selected on the th ree  
Breakpoint Mode switches. Read l n s t r  w i l l  stop the  selected 
processor when i t  reads an i n s t r u c t i o n  from the Breakpoint 
address; Read Data w i l l  s top i t  when i t  reads an operand from 
the Breakpoint address and Wr i te  Data w i l  1 stop i t  when i t  
stores an operand a t  the Breakpoint address. 

With respect t o  the  Breakpoint f a c i l i t y ,  a  Read Data reference 
i s  o n l y  the  loading o f  the  f i r s t  two bytes o f  an i n s t r u c t i o n .  
Thus, the  reading o f  the V 1 ,  V2 ,  L1 ,  and L2 po r t i ons  o f  4-, 
6-, and 8-byte i n s t r u c t i o n s  are  t rea ted  as operand references 
f o r  Breakpoint purposes. 

NOTE: Word addressing w i Z Z  not r e su l t  i n  a Breakpoint 
stop where the right-most byte address o f  the  refer-  
enced word i s  designated i n  the  Breakpoint address 
switches. An exartpZe i s  the caise of MS-RD or MS-M?? 
operations whioh w i Z Z  not perform a breakpoint stop 
i f  any odd-numbered (right-most by te )  address i s  desig- 
nated by the BREAPOINT ADDRESS SELECT. 

For console operat ions (when the  CONSOLE CONTROL SELECT 
swi tch i s  set t o  BREAKPOINT), the  stop w i l l  always occur 
a t  the end o f  the storage reference cyc le  i n  which data 
i s  read o r  w r i t t e n  a t  the Breakpoint address. 

NOTE: The Breakpoint f a c i l i t y  i s  no t  a v a i l a b l e  f o r  CS 
references i n  e i t h e r  Operator o r  Program Mode. 
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A P P E N D I X  A 
C O M P A R I S O N  O F  7 2 0 0 / 7 3 0 0  

P E R F O R M A N C E  C H A R A C T E R I S T I C S  

PERFORMANCE CHARACTERISTICS 7300 7200 

M1 - Memory Reference Cycle Time a 9  ps 1.8 v s  
1.0 us w i t h  ECC no t  a v a i l a b l e  
E C C  

M2 - Non-memory Reference Cycle Time .8  us 1.6 V S  

NOTE: The above times w i l l  be increased by .2 us i f  the  computer i s  
used f o r  spec ia l  purposes which requ i re  the machine t o  be run i n  a 
s i n g l e  processor s t a t e  on ly .  
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ADD 
ADDD 
ADD l 
ADDK 
ADDM 
ADDR 
ADDT 
AND 
ANDD 
AND l 
ANDM 
ANDR 
ARD l 
ARDR 
ARS l 
ARS R 
B 
lBA 1 
B A 2  
BC F 
BCH 
lBC M 
BCT 
DO F 
BON 
BR 
BRN 
BRZ 
13s 1 
B S 2  
BSR 
C BY 
CBYM 
CLDR 
CMP 
CMPD 
CMP l 
CMPK 

A P P E N D I X  B 
M N E M O N I C  C O D E  T O  H E X  C O D E  

CMPM 
CMPR 
CMPT 
CMPX 
CSTR 
CTB 
CVB 
CVBT 
CVD 
CVDT 
D l 0  
D I V  
D l V D  
D I V K  
D l V l  
D I V M  
D l V R  
EDTX 
EOR 
EORD 
EOR l 
EORM 
EORR 
I B l T  
I M P  
I NV 
l NVD 
l N V l  
l NVM 
l NlVR 
l OR 
l ORD 
I OR I 
l ORM 
1 ORR 
LL.D I 
LLDR 
LL.S I 

L L S R  
LOD 
LODB 
LODD 
LOD l 
LODT 
LRD l 
LRDR 
LRS l 
LRSR 
MOVB 
MOVL 
MOVM 
MOVR 
MOVX 
MPY 
MPYD 
MPYK 
MPY l 
MPYM 
MPYR 
NOP 
OUT 
PA KX 
PSTR 
RAR 
R BA 
R B l T  
RC N 
RDC 
RDX 
RLD l 
RLDR 
R L S  l 
RLSR 
ROFR 
RONR 
RPM 



I iSAR F F  
SB BB 
SF B A 
SAR F F  
SBA 10 
SB I T  BC 
SCFB 4 8  
S C F F  49 
SCN 1 4  
SCTB 4 A  
S C T F  48 
SHFK 3 8  
S I O  F 1 
S PM 15 
SR 1 3  

SRMB 4 7  
SRMF 46 
SRNB 4 3  
SRNF 4 2  
SRPB 45 
SRPF 44 
SRZB 41 
S R Z F  40 
S T 0  F A  
STOB F 8  
STOT F B  
SUB A 3  
SUSD 8 3  
SUB l 33  
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SUBK 53 
SUBM 63 
SUBR 23 
SUBT 73 
T B I T  BE 
TOFR 6E 
TONR 6C 
TRNX 56 
T S T  1 1  
UNPX 59 
WAR FE 
WRC F 4  
WRX FO 
ZADK 50 
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A P P E N D I X  C 

M A C H I N E  L A N G U A G E  I N S T R U C T I O N  
T I M I N G  F O R M U L A S  

This  appendix l i s t s  formulas f o r  c a l c u l a t i n g  execut ion times o f  machine 
language i n s t r u c t i o n s .  i n s t r u c t i o n s  a r e  l i s t e d  by hexadecimal opera t ion  
code and assembler mnemonic. I n  most cases, times a r e  dependent on the  
type o f  addressing (d i r e c t / i n d  i r e c t )  used f o r  i n s t r u c t  ion  operands. 
Formulas f o r  each o f  t he  addressing combinations poss ib le  a re  l i s t e d ,  
where: A r e f e r s  t o  operand 1 w i t h  d i r e c t  addressing, I3 t o  operand 2 
w i t h  d i r e c t  addressing, (A)  t o  operand 1 w i t h  i n d i r e c t  addressing, and 
(0) to operand 2 w i t h  i n d i r e c t  addressing. A legend o f  meanings o f  
symbols used i n  the formulas i s  a t  t h e  end o f  t h i s  appendix. 
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( u n p r i v i l e g e d  ( ~ n p r i v i  leged ( P r i v i l e g e d  ( ~ r i v i  leged 
B i t  s e t )  B i t  Not set) B i t  s e t )  B i t  Not s e t )  

CTB M 1  + 3 ~ ~ ( U n ~ r i v i l e g e d )  M 1  + 4 ~ 2 ( P r i v i l e g e d )  

SCN M i  + 7M2 MI + 8 ~ 2  
( ~ r o c e s s o r s  4-7) ( ~ r o c e s s o r s  0-3) 

M 1  + 7M2 MI + 8 ~ 2  
(processors  4-7)  (Processors 0-3) 

(Unpr i v  i 1 eged   ode) ( ~ r  i v i  1 eged   ode) 

RPM M1 + 3M2 M i  + 6 ~ 2  

MOVR 

CMPR 

ADDR 

SU BR 

l NVR 

ANDR 

EORR 

1 ORR 

MPYR 

D l V R  

C STR 

CLDR 

LLSR 



Hex 
C o d e  
I 

2D  

M n e m o n  i c  

L R S R  

RLSR 

ARSR 

LOD l 

CMP 1 

ADD l 

SUB l 

l N V l  

AND l 

EOR l 

l O R l  

MPY l 

D l V l  

P S T R  

S H F K  

L L D R  

LRDR 

R L D R  

ARDR 

S R Z F  

SRZB 

SRNF 

SRNB 

S R P F  

SRPB 

SRMF 

A - B  -- 
M i  -+ 2 M 2  

M1 4' M2 

M1  4' 3 M 2  

M1 -t. 2M2 

M1  -+ 2M2 

M I  + 2M2  

M 1  + 2M2 

M1 + 2M2 

M1 + 2M2 

M1 + 2M2 

M i  + 2M2 

2 M 1  + % M ~ K ,  

M 1 +6M2+K2 

FOR MEtlOREX I N T E R N A L  U S E  ONLY 

S e e  s p e c i a l  f o r m u l l a  a t  end 

a N o t e  A :  Ml+M2 i f  s h i f t  c o u n t = O  

N o t e  B:  2M1+M2if s h i f t  c o u n t = O  

M 1  + M2 i f  sk ip  not  taken 
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Hex 
Code - 

47 

48 

49 

4A 

49 

4c 

4~ 

4~ 

4~ 

50 

5 1 

52 

53 

54 

55 

56 

57 

58 

59 

5A 

5B 

5c 

5D 

5E 

5F 

60 

61 

Mnemon i c 

SRMB 

SCTF 

SC FF 

SCTB 

SCFB 

LLS 1 

LRS 1 

RLS l 

ARS I 

ZAD K 

CMPK 

ADDK 

SUBK 

MOVX 

CMPX 

TRNX 

EDTX 

PA KX 

UNPX 

MOVL 

MPYK 

LLD 1 

LRD l 

RLD l 

ARD 1 

MOVM 

CMPM 

M 1  + M2 i f  s k i p  n o t  t a k e n  

See s p e c i a l  f o r m u l a s  
a t  end 

M1 + 5M2 

M1 + 5M2 
MI + M2 i f  s h i f t  count=O 

M1 + 5M2 

M1 + 5M2 

SM 1 6M 1 GM 1 7M 1 

5M1 + M2 6Ml + M2 6M1 + M2 7M1 + M;! 
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Hex 
C o d e  - M n e m o n  i c 

ADDM 

SU BM 

l NVM 

ANDM 

EORM 

l ORM 

MPYM 

D l V M  

MOVB 

C BYM 

TONR 

RONR 

TOFR 

ROFR 

L O D T  

CMPT 

A D D T  

S U B T  

D l V K  

LOD 

CMP 

ADD 

SUB 

I NV 

AND 

EOR 

I OR 

MPY 

SM 1 6M 1 6M 1 7M 1 

5M1 + M2 6M1 + M2 6 ~ 1  + M2 7 M 1  + M2 

M 1  + 2M2 2M1  + 2M2 3M1  + 2M2 4M1 + 2M2 

M 1  + 3 M 2  3 M 1  + 2 M 2  3 M 1  + 3M2 5M1 + 2M2 

MI + 2M2 2M1  + 2M2 3 M 1  + 2M2 4 M 1  + 2M2  

M1 + 3 M 2  3 M 1  + 2 M 2  3 M 1  + 3M2 5M1  + 2M2 

'+MI 5M 1 6M 1 7M 1 

3 . 5 ~ ~ ~ + M ~ ( a v g . )  4 . 5 ~ ~ + M ~ ( a v g . )  5 M 1 + M 2 ( a v g . )  6 M 1 + M 2 ( a v g . )  

4 M 1  + M 2  5M1 + M 2  8M 1 9M 1 

4 M 1  + M2 5M1 + M2 8M1 9M 1 

S e e  s p e c i a l  f o r m u l a  a t  end. 

3M1 4M1 4n 1 5M 1 

3M 1 4 ~ 1  4M1  + M2 5M1  + M 2  

3M 1 4M1  5M 1 6M 1 

3M 1 4 M 1  SM 1 6M 1 

3M 1 4 M 1  4 M 1  SM 1 

3 M 1  4 M ~  5M 1 6M 1 

3M 1 4M 1 SM 1 GM 1 

3 '41  4 M 1  5M 1 6M 1 

4M1  +6M2+K1 5M1 +6M2+K1 7M1  +4M2+K1 8~ +4M2+K1 
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H e x  
C o d e  M n e m o n  i c  - 

A 9  D I V  

A A CVB 

A A CVBT 

A B  CVD 

A B  CVDT 

8 0  LODD 

B1 CMPD 

B 2  ADDD 

B 3  SU BD 

8 4  l NVD 

B 5  ANDD 

B 6  EORD 

B 7  l ORD 

MPYD 

D l V D  

S F  

SB 

SB I T  

R B l T  

T B l T  

I B l T  
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Hex 
Code - 

EO 

E 1 

E2  

E3 

E4 

Mnemon i c  

BRZ 

BRN 

BOF 

BON 

BA 1 

BA2 

BS 1 

BS2 

BCT 

BC F 

BSR 

BR 

BCH 

B 

NOP 

BCM 

RDX 

WRX 

S I 0  

Dl0 

RDC 

WRC 

I NP 

OUT 

LODB 

ST0 B 

C BY 

i f  jump 

taken 
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Hex 
Code Mnemon i c 

S T 0  

S T O T  

RRO 

WRO 

RA R 

WAR 

SAR 

RSAR 
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ZADK 

CMPK 

ADDK 

SUBK 

MOVX 

CMPX 

TRNX 

EDTX 

SPEC IAL FORMULAS 

L25L 1 (6+4Ll*ig)M1+[1 1 + ( 1 0 + 6 ~ 1 - 2 ~ 2 )  i 9 ] M 2  

L2>L1 [+(L2+3Ll) i 9 ]M1+[15+(10+~2+3~ l )  i 9 ] M 2  

L25L 1 (5+i8+2i9+L2+L1 )M1+(3+5+i9+3L1)M2 

L2>L1 (6+2 i p L 2 + L l  )MI+ ( 8 + 3 ~ 2 ) ~ ~  

L2<L1 - (6+3~l~i~)~~+[10+(10+4~1-2~2) i 9 ] M 2  

L2>L 9 [6+(L2+2~1) i g ] M 1 + [ 1 ~ + ( l 0 + 2 ~ 1 + ~ 2 )  i 9 ] M 2  

i f  recomplement add: 

(3L l+ l  )Ml+(5~1+7)M2 

same as ADDK 

L22L 1 (5+L1 )N1+3M2 (word move)+ 

(6+2Ll)M1+(2+i7)M2 ( b y t e  move)+ 

L2<L1 (5+~2+1. 1 )MI +3M2 

L 2>L 1 ( 4 + ~ 2 )  Ftl+ (3+~2+.  5L1) M2 (word compare)* 

( 4 l - 2 ~ 2 )  M1 + ( 3 + 2 ~ 2 + ~  1 ) M2 ( b y t e  compare)& 

L2<L1 ( 4 + ~ l  ) ~ ~ + ( 3 + ~ 1 + .  5 ~ 2 ) ~ ~  (wo r d  cornpa r e )  * 
( 4 + 2 ~  1 ) M1 + ( 3 + 2 ~  1 + ~ 2 )  M2 ( b y t e  compare)* 

( 7 + 3 ~ 1 ) ~ ~ + ( 4 + ~ l ) M ~  

Numeric Ed i t (L2f0) 

(~+L,+Lz+L I ) M1 + (1 3+3C 1 +6c2+C3+2c4+3C5 

+7.5cg)M2+[(1 . 5 ~ 1 + 1 ) 1 ~ ~ + ( 5 . 5 ~ 1 - 1  . 5 i 7  

+ ~ ~ + Y ) M ~ I  i9 

Alpha E d i t  (12=0) 

(4+Lm+2c +c,+) M + (5+2C +c3+2c4) M2 
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PA KX 

UNPX 

MOVL 

SHFK 

MPYK 

DlVK 

4~~+7~~+[(3~l+ig)~~+(10~l+i8-l)M~] ig 

4 ~ ~ + 7 ~ ~ + [ ( ~ 1 + ~ 2 * i 8 ) ~ ~ + ( 5 . 5 L 1 - 1  . 5 i 7 + i 6 + 9 ) ~ 2 ]  ig 

( 5 + ~ 2 )  M~ +2M2 (word move) 2k 

( 5 + 2 ~ 2 )  M1 +2M2 ( b y t e  move)& 
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LEGEND 
-I 

MI= Memory reference c y c l e  t ime 

M2= Non-memory reference c y c l e  t ime 

Kl= (i1+i2+i3+i4+2i5)M2 

K2- ((5l+i1+i2)M2) i0 

:: lengths as spec i f i ed  i n  t he  machine language 

Lm=length o f  e d i t  mask inc ludtng new f i l l  
characters, characters t o  be inser ted and a l l  
the  e d i t  operators. 

Cl=count o f  source characters ( d i g i t s )  moved t o  
r e s u l t  v i a  the MC o r  MCS operators. 

C2=count o f  source d i g i t s  suppressed by f i l l .  

C3=count o f  I C  and I C S  operators i n  e d i t  mask. 

C4=count o f  mask characters inser ted or suppressed 
i n  r e s u l t  v i a  10 and I C S  operators. 

C5=count o f  SSD and SF1 operators i n  e d i t  mask. 

C6=count o f  I S G  operators i n  e d i t  mask. 

i3 = 0 i f  A and B have l i k e  signs 
1 i f  A and 0 have u n l i k e  signs 

14 = number o f  one-bi ts  i n  smal ler o f  I A I  o r  1 0 1  
is = 16 - b i t #  o f  MSB i n  smal ler o f  I A ~  o r  

16 = number o f  non-zero d i g i t s  unpacked 

C - 1 1  
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i7 = 0  i f  L1 i s  even 
1 i f  L1 i s  odd 

i10 = s ign  extended s h i f t  count from 6 t h  by te  o f  i n s t r u c t i o n  

ill = il0+(8) 

i12 = smal ler  o f  I i l l I  and ( 2 ~ - 1 )  

i15 = 0  i f  i l l >  0  l e f t  s h i f t  
1 i f  i l l <  0  r i g h t  s h i f t  

i 1 6  = 0  i f  r e s u l t  o f  sh i f tZO  
1 i f  r e s u l t  o f  sh i f t =O  

i17 = number o f  one-b i t s  i n  ( B  1 

i 1 9  = 0  i f  s i n g l e  p r e c i s i o n  ( C V D )  
1 i f  double p r e c i s i o n  (CVDT)  

i20 = b i t  p o s i t i o n  o f  MSB i n  B 

NZ = number o f  bytes o f  lead ing  zeros i n  operand B f i e l d  
(mu1 t i p 1  i e r  f i e l d ) .  ( N ~ ~ L , )  
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