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Preface 

The manual T h i s  manual g i v e s  an i n t r o d u c t i o n  t o  t h e  ND-5000 microprogramming 
and s t a t e s  r u l e s  f o r  use o f  some o f  t h e  commands a v a i l a b l e  i n  t h e  
ND-5000 mnemonic symbols. 

The manual desc r ibes  how t h e  d i f f e r e n t  ND-5000 CPU hardware u n i t s  
shou ld  be c o n t r o l l e d  when they a r e  i n v o l v e d  i n  e x e c u t i o n  o f  t h e  
ND-5000 microprogram. Rules f o r  c o n t r o l l i n g  these hardware u n i t s  
a r e  s t a t e d  when p o s s i b l e .  

For a d e t a i l e d  r e g i s t e r  hardware d e s c r i p t i o n ,  see t h e  manual ND- 
5000 Hardware D e s c r i p t i o n  (ND-05.020). 

The reader The manual i s  made f o r  people w r i t i n g  microprogram r o u t i n e s  f o r  
t h e  ND-5000, and f o r  people work ing w i t h  t h e  ND-5000 hardware.  

Prerequisite 
knowledge Some knowledge about t h e  ND-500 a r c h i t e c t u r e  and d e t a i l e d  

knowlegde about t h e  ND-5000 hardware i s  r e q u i r e d  t o  use t h e  
manual . 

Related 
manuals SAMSON Design I n f o r m a t i o n  ND-05.021 

ND-5000 Hardware D e s c r i p t i o n  ND-05.020 
ND-500 Reference manual ND-05.009 
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I n  t h e  ND-5000, t h e  microprogram c o n t r o l s  t h e  communication 
between d i f f e r e n t  p a r t s  of t h e  c e n t r a l  process ing u n i t  (CPU). 
These p a r t s  a re :  

M i c r o i n s t r u c t i o n  c o n t r o l l e r  ( M I C )  

I n s t r u c t i o n  cache ( I C A )  

I n s t r u c t i o n  address c o n t r o l  1  e r  ( IAC) 

I n s t r u c t i o n  decode u n i t  ( I D U )  

I n s t r u c t i o n  memory management ( I M M )  

Data cache ( D C )  

Data address c o n t r o l l e r  (DAC) 

Data memory management (DMM) 

I n p u t  and ou tpu t  system 

Trap system (TRP) 

A r i t hme t i c  l o g i c  u n i t  (ALU) 

Add i t i ona l  a r i t h m e t i c  processor (AAP) 

The ND-5000 microprogram cons i s t s  o f  m i c r o i n s t r u c t i o n s .  The 
m i c r o i n s t r u c t i o n  w id th  i s  128 b i t s ,  and t he  b i t s  a re  exp la ined  on 
page 3 .  The complete m i c r o i n s t r u c t i o n  format i s  shown i n  Appendix 
B ,  page 65 .  

An NO-500 macro ins t ruc t ion  needs a  number o f  m i c r o i n s t r u c t i o n s ,  
depending on t he  complexi ty o f  t h e  mac ro ins t ruc t i on .  The CPU 
microprogram c o n t r o l s  the f e t ch  o f  operands connected t o  a  macro- 
i n s t r u c t i  on. 

The microprogram uses data,  which i s  fe tched by t h e  CPU 
microprogram, from r e g i s t e r s  o r  from t h e  cache and memory system. 
Th i s  data i s  used i n  ALU operat ions o r  opera t ions  c a r r i e d  o u t  on 
t h e  AAP. Th is  invo lves  synchronizat ion w i t h  t h e  AAP. 
Synchronizat ion w i t h  the  cache and t h e  memory system i s  done 
au toma t i ca l l y .  
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Chapter 1 Introduction 

The microprogram is divided into three parts. 

1. Instructions 

2. Communication between the I / O  processor (ND-110) and the ND- 
5000 

3. Trap handling 

Microinstructions in the ND-5000 CPU are pipelined. This means 
that the CPU is placing microinstructions to be executed in a 
pipeline. The pipeline consists of four levels of micro- 
instructions to be executed one after the other. The levels are: 

a I-level (instruction level 1 

a M-level (data level) 

a A-level (ALU level) 

a F-level (result level ) 

When the CPU microprogram asks for a new instruction and a new 
operand, the necessary action is taken on the I-level of the 
pipeline. Instruction fetch, operand fetch and instruction 
decoding are controlled by the IDU and IAC. 

On the M-level of the pipeline, the MIC is active. It is dealing 
with sequencing of the microprogram and generating addresses to 
the scratch register file. The DAC is completing the operand 
address, and the data cache or the register file is accessed. 

On the A-level of the pipeline, the ALU is active, performing 
operations on data selected from one of these sources: 

a an operand decoded from a macroinstruction 

the working register file (WRF)  

a the scratch register file ( S R F )  

a registers elsewhere in the CPU. 

On the F-level, the result from operations done on the A-level is 
routed to the selected destination (if any). This destination can 
be memory, or registers in the CPU. 
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The ND-5000 microword i s  128 b i t s  wide. It i s  d i v i d e d  i n t o  
severa l  groups, each group c o n t r o l l i n g  spec ia l  p a r t s  o r  f u n c t i o n s  
i n  t he  ND-5000 CPU. The va lue of  each f u n c t i o n  i s  g i ven  a  
mnemonic symbol. The mnemonic symbols can be combined t o  
r ep resen t  more complex f unc t i ons .  Symbols us i ng  t h e  same f i e l d  
should  n o t  be used t oge the r .  Th is  i s  a l lowed by t h e  NO-5000 
microassembler,  as long  as t he  mnemomic symbol do n o t  t r y  t o  s e t  
t h e  same b i t s  i n  t he  f i e l d .  See a l s o  Appendix B,  page 65. 

Mi croword b i  t s  Cont ro l  f u n c t i o n  
- - 

ALU f u n c t i o n  and c a r r y  s e l e c t  ( t r u e )  
ALU f u n c t i o n  and c a r r y  s e l e c t  ( f a l s e )  
Execute uncondi ti onal  
Enable c o n d i t i o n a l  ALU ope ra t i on  
Q - r e g i s t e r  c o n t r o l  
Add i t i ona l  a r i t h m e t i c  processor c o n t r o l  
Timing c o n t r o l  
Data-type c o n t r o l  
O r  c o n t r o l  ( O R C O N )  enable 
A-operand s e l e c t  
B-operand s e l e c t  
Des t i na t i on  s e l e c t  
Sta tus b i t s  c o n t r o l  
Index counter  increment 
Loop counter  decrement 
Enabl e  condi ti onal sequence 
Sequence and s tack  c o n t r o l  ( t r u e )  
Sequence and s tack  c o n t r o l  ( f a l s e )  
I n v e r t  sequence c o n d i t i o n  
Save t e s t  c o n d i t i o n  
Se lec t  t e s t  o b j e c t  
A1 t e r n a t i v e  branch c o n t r o l  
I n s t r u c t i o n  cache w r i t e  c o n t r o l  
Fetch c o n t r o l  
Stop 
AAP synchroni  z a t i  on 
Address a r i t h m e t i c  c o n t r o l ,  OCA/Micro 
E f f e c t i v e  address save c o n t r o l  
Memory request  c o n t r o l l e d  by address code 
Address a r i  thmet i c  a c t i v a t e  (ADACT) 
Data memory c o n t r o l  
Absolute microprogram address 
Address A-operand s e l e c t  
Address B-operand s e l e c t  
Long argument 
Shor t  argument w i t h  s i g n  ex tens ion  
M in i  argument w i t h  s i g n  ex tens ion  
O r  l o g i c  c o n t r o l  (ORCON) 
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M a c r o i n s t r u c t i o n s  r e q u i r i n g  more t h a n  one m i c r o i n s t r u c t i o n  
u s u a l l y  r e q u i r e  s c r a t c h  r e g i s t e r s  f o r  temporary s t o r i n g  o f  
operands o r  r e s u l t s .  The r e g i s t e r s  a v a i l a b l e  i n  t h e  ND-5000 CPU 
may be d i v i d e d  i n t o  severa l  groups.  From t h e  microprogrammer 's 
p o i n t  o f  v iew,  t h e  r e g i s t e r s  p resen t  i n  t h e  CPU, may be d i v i d e d  
i n t o  t h r e e  groups:  

1. Con tex t  r e g i s t e r s ,  connected t o  t h e  r u n n i n g  process 

2 .  S c r a t c h  r e g i s t e r s  

3 .  R e g i s t e r s  a l l o c a t e d  f o r  s p e c i a l  use 

However, t h i s  may be d i f f e r e n t  f rom t h e  hardware p o i n t  o f  v iew.  
R e g i s t e r s  w i t h i n  one o f  t h e  groups d e f i n e d  i n  t a b l e  1, may r e s i d e  
i n  d i f f e r e n t  hardware modules. A  d e t a i l e d  d e s c r i p t i o n  o f  t h e  
r e g i s t e r s  w i t h  r e s p e c t  t o  hardware modules i s  found i n  t h e  manual 
ND-5000 Hardware D e s c r i p t i o n  (ND-05.020.1).  

Context  r e g i s t e r s  shou ld  o n l y  be changed by microcode when 
c o n t r o l  i s  decoded from an assembly i n s t r u c t i o n .  An e x c e p t i o n  i s  
t h e  c o n t e x t  s c r a t c h  r e g i s t e r s .  
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Chapter 3 The ND-5000 Registers 

Reg is te r  Abbrev ia t ion  Resides i n  

Program counter  P IAC gate a r r a y  
L i  nk r e g i  s t e r e r  L IAC gate a r r a y  
Base r e g i s t e r  B DAC gate a r r a y  
Record r e g i  s t e r  R DAC gate a r r a y  
Index r e g i s t e r s  I1 t o  I 4  WRF ga te  a r r a y  
F l o a t i n g  most r e g i  s t e r s  A1 t o  A4 WRF gata a r r a y  
F l o a t i n g  l e a s t  r e g i s t e r s  E l  t o  E4 WRF gate a r r a y  
S ta tus  r e g i s t e r  S 1  + S2 D i f f e r e n t  gate a r rays  
Process r e g i s t e r  PS DMM + IMM gate a r rays  
Cur ren t  execu t ing  domain reg .  CED DMM + IMM ga te  a r rays  
Cur ren t  a l t e r n a t i v e  domain reg .  CAD DMM + IMM ga te  a r rays  
Microprogram scra tch  r e g i s t e r  S C 1  + SC2 WRF gate a r r a y  

Reg i s te r s  f o r  each domain: 

Top o f  s tack r e g i s t e r  TOS 
Lower 1  i m i  t r e g i  s t e r  LL 
Upper 1  i m i  t r e g i  s t e r  HL 
Trap handler  address r e g i s t e r  THA Domain i n f o .  t a b l e  
Own t r a p  enable r e g i s t e r  OTEl + OTE2 D i f f e r e n t  gate a r r a y  
Mother t r a p  enable r e g i s t e r  MTEl + MTE2 D i f f e r e n t  gate a r r a y  
Chi I d  t r a p  enable r e g i s t e r  CTEl + CTE2 Domain i n f o .  t a b l e  
Trap m o d i f i c a t i o n  mask TEMMl + TEMM2 Domain i n f o .  t a b l e  

Table 1 .  Context Registers for a Process in the ND-5000 

As t a b l e  1 shows, t he  con tex t  r e g i s t e r s  a re  found i n  d i f f e r e n t  
ga te  a r rays .  The base ( B )  and the  record  ( R )  r e g i s t e r s  r e s i d e  i n  
t h e  DAC gate a r ray .  The f l o a t i n g  r e g i s t e r s  ( D l  t o  D4) ,  index 
r e g i s t e r s  ( I 1  t o  14) and con tex t  sc ra tch  r e g i s t e r s  ( S C 1  and SC2) 
r e s i d e  i n  t h e  WRF gate a r ray .  The program counter  ( P )  and t h e  
l i n k  r e g i s t e r  ( L )  r e s i d e  i n  t he  IAC gate a r r a y .  

The t r a p  enable r e g i s t e r  w i l l  have p a r t s  r e s i d i n g  i n  d i f f e r e n t  
gate a r rays  according t o  t r aps  detected by t h e  d i f f e r e n t  ga te  
a r rays .  Hardware t r a p  enable r e g i s t e r  i s  e i t h e r  MTE when i n s i d e  
t r a p  handler  o r  MTE OR'ed w i t h  OTE when ou t s i de  t r a p  hand le r .  The 
process ( P S ) ,  c u r r e n t  execut ing ( C E D I  and a l t e r n a t i v e  (CAD) 
r e g i s t e r s  w i l l  r e s i d e  i n  both t he  DMM and IMM gate a r r a y .  The 
t r a p  handler  (THA) , the  c h i l d  t r a p  enable (CTE1 and CTE2) and t h e  
t r a p  enable m o d i f i c a t i o n  mask (TEMM1 and TEMM2) r e g i s t e r s  w i l l  
r e s i d e  o n l y  i n  t h e  Domain In fo rmat ion  Table.  

A  l a r g e  number o f  sc ra tch  r e g i s t e r s  a re  p resen t  i n  t h e  ND-5000 
CPU. The most impor tan t  sc ra tch  r e g i s t e r  i s  t h e  Q - r e g i s t e r  
l oca ted  a t  t h e  ALU ou tpu t .  Special  hardware i s  dedicated t o  
c o n t r o l  m u l t i p l y  and d i v i d e  operat ions on Q - r e g i s t e r  i n  p a r a l l e l  
w i t h  ALU opera t ions  . 
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Chapter 3 The ND-5000 Registers 

The WRF has three-address s t r u c t u r e ,  which means t h a t  i t  i s  
accessed e a s i l y  through two read p o r t s  (A and B )  and one w r i t e  
p o r t .  A l l  ' r ead  be fo re  w r i t e '  problems a re  so lved i n  hardware. 

The SRF i s  accessed through a  s i n g l e  p o r t  ( b u s ) ,  and t h e  
microprogram must know o f  t he  p i p e l i n e  p e c u l i a r i t i e s .  

Some sc ra t ch  r e g i s t e r s  are l oca ted  i n  t h e  work ing r e g i s t e r  f i l e  
(WRF) c l ose  t o  t h e  ALU. It may be used from t h e  microprogram f o r  
sav ing  o f  temporary r e s u l t s .  As an ex tens ion  o f  these s c r a t c h  
r e g i s t e r ,  t he  sc ra t ch  r e g i s t e r  f i l e  (SRF) i s  implemented, n o t  
l oca ted  as near t o  t he  ALU as t he  WRF. 

The sc ra t ch  r e g i s t e r s  are c a l l e d  S C 1  t o  S C 1 3 .  

The sc ra t ch  r e g i s t e r  f i l e  (SRF) may a l s o  be used as s c r a t c h  
r e g i s t e r s ,  when requ i r ed .  The sc ra t ch  r e g i s t e r  f i l e  c o n s i s t s  o f  
4K o f  3 2 - b i t  wide r e g i s t e r s .  

I n  t h e  SRF, from address 0  t o  15, SRFO t o  SRF15, and from SRF 
address 2000B t o  7 7 7 7 8 ,  r e g i s t e r s  a re  a l l o c a t e d  f o r  spec ia l  use 
and should be used as read o n l y .  

Constants used i n  t h e  mathematical f unc t i ons  a re  a l l o c a t e d  from 
address 4000B. 

Some o f  these r e g i s t e r s  a l l o c a t e d  f o r  spec ia l  use c o n t a i n  
i n f o r m a t i o n  w i t hou t  any copy elsewhere i n  t h e  CPU. These 
r e g i s t e r s  a re  dynamica l ly  updated accord ing t o  requi rements  o f  
t h e  runn ing  process and should o n l y  be changed by t h e  system 
r e l a t e d  microprogram r o u t i n e s .  

Norsk Data ND-05.022.1 



Norsk Data ND-05.022.1 



Contro l  o f  operands, read and w r i t e ,  toge ther  w i t h  operand 
s e l e c t ,  data type con t ro l  and updat ing t he  cache system, i s  done 
by t h e  ND-5000 CPU microprogram. The operand c o n t r o l  may be 
d i v i d e d  i n t o  f e t c h  con t ro l  and OR-logic c o n t r o l  and i nvo l ves  
communication w i t h  several  u n i t s  i n  t h e  ND-5000 CPU. 

The d i f f e r e n t  commands f o r  c o n t r o l  o f  f e t c h  opera t ions  must be 
used accord ing t o  t h e  operand d e f i n i t i o n s  f o r  an assembly 
i n s t r u c t i o n .  For mult i -operand i n s t r u c t i o n s ,  w i t h  t h e  second o r  
l a t e r  operand de f ined  as a  d i r e c t  operand, f e t c h  o f  t h e  d i r e c t  
operand must i n d i c a t e  the  s i z e  o f  t he  operand. Special  f e t c h  
commands a re  n o t  r equ i red  f o r  t he  f i r s t  operand i n  case o f  d i r e c t  
operands. 

Fetch commands: 

G ,OOPS Fetch nex t  i n s t r u c t i o n  and f i r s t  operand s p e c i f i e r .  

G,OPS Fetch nex t  operand s p e c i f i e r .  

G,OPSTRD Fetch second operand s p e c i f i e r  f o r  s t r i n g  opera t ions .  

G , D I R l  Fetch a  one-byte d i r e c t  operand. 

G,DIR2 Fetch a  two-byte d i r e c t  operand. 

G,DIR4 Fetch a four -by te  d i r e c t  operand. 

G,COOPS Fetch en te r  i n s t r u c t i o n  and operand s p e c i f i e r  a f t e r  a  
CALL o r  CALLG i n s t r u c t i o n .  

G,OOPS,T Fetch nex t  i n s t r u c t i o n  and operand s p e c i f i e r  f o r  
p re fe r red  branch rou te  and break i f  t e s t  c o n d i t i o n  i s  
t r u e .  

G,OOPS,F Fetch nex t  i n s t r u c t i o n  and operand s p e c i f i e r  f o r  
p re fe r red  branch r o u t e  and break i f  t e s t  c o n d i t i o n  i s  
f a l s e .  

G,TOOPS Fetch nex t  i n s t r u c t i o n  t o  check f o r  C a l l ,  Entm, E n t t  
and Jumpg . 

The f e t c h  commands f e t ch ing  t h e  nex t  assembly i n s t r u c t i o n ,  w i l l  
cause t h e  microprogram t o  s t a r t  execut ion i n  t h e  map address o f  
t h e  fe tched  i n s t r u c t i o n .  
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A f t e r  f e t c h  o f  general operands, a command f o r  upda t ing  t h e  
operand cache must be used. The IAC has t o  be t o l d  how t o  process 
operands requested by a f e t c h  command. These commands a re  t h e  
TBC,<xx>, ABR,<yy>, OR,<select> commands. TBC means ' t o  be cached 
as n e x t  address ' .  ABR means ' a l t e r n a t i v e  branch o r  r e t u r n  
add ress ' .  OR means 'OR-logic c o n t r o l ' ,  i . e .  process i n f o r m a t i o n  
from assembly i n s t r u c t i o n  t o  produce microcode operand addresses. 

These commands a re  requ i red  i n  t h e  m i c r o i n s t r u c t i o n  f o l l o w i n g  a 
f e t c h  c y c l e .  TBC and ABR w i l l  c o n t r o l  sequencing o f  i n s t r u c t i o n s  
on assembly 1 eve1 . 

I f  f o r  some reason t he  read i s  miss ing a f t e r  a f e t c h ,  t h e  read  
may be a c t i v a t e d  i n  a l a t e r  c y c l e .  I 

The OR-logic t o  be used i s  s p e c i f i e d  one c y c l e  be fo re  t h e  read.  

G,OOPS,T and t r u e  t e s t  cond i t i on  : ABR 

G,OOPS,T and f a l s e  t e s t  cond i t i on  : TBC 

G,OOPS,F and t r u e  t e s t  c o n d i t i o n  : TBC 

G,OOPS,F and f a l s e  t e s t  c o n d i t i o n  : ABR 

G,OOPS,T and G,OOPS,F are used i n  t h e  c o n t r o l  i n s t r u c t i o n  on 
assembly l e v e l  such as I F  = GO <displacement> e t c .  

The TBC f i e l d  i s  on l y  a c t i v e  when t he  operand cache has t o  be 
f i l l e d .  The ABR f i e l d  i s  used t o  c a l c u l a t e  t h e  nex t  i n s t r u c t i o n  
address when t h e  nex t  f i e l d  o f  t he  i n s t r u c t i o n  cache should n o t  
be used. 

TBC commands: 

TBC,PREL Cache w r i t e  P r e l a t i v e  jump address. Branch t a r g e t  
address r e l a t i v e  t o  P (P+displacement).  Used f o r  
branch i n s t r u c t i o n s  w i t h  displacement s p e c i f i e d  as 
second o r  l a t e r  operand. 

TBC,SUBR Cache w r i t e  subrout ine address. Next address t o  be 
used i s  subrout ine address o f  CALL o r  CALLG i n s t r u c -  
t i o n .  

TBC,NPCREL Cache w r i t e  NPC r e l a t i v e  jump address. Branch t a r g e t  
address r e l a t i v e  t o  NPC (NPC + d isp lacement ) .  Used 
f o r  branch i n s t r u c t i o n s  w i t h  displacement s p e c i f i e d  
as f i r s t  operand. 

TBC,NEXT Cache w r i t e  nex t  address. Next address i s  c u r r e n t  
address + l eng th  o f  c u r r e n t  i n s t r u c t i o n  p a r t .  
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ABR commands: 

ABR,NEXT A l t e r n a t i v e  branch address i s  c u r r e n t  address ( i n  
NPC) + l eng th  o f  c u r r e n t  i n s t r u c t i o n  p a r t .  The r e s u l t  
i s  p u t  i n t o  the  IAC sc ra tch  r e g i s t e r  (A,IAC,S).  

ABR,NEXTL A l t e r n a t i v e  branch address i s  c u r r e n t  address ( i n  
NPC)  + l eng th  o f  c u r r e n t  i n s t r u c t i o n  p a r t .  The r e s u l t  
i s  pu t  i n t o  t h e  L  r e g i s t e r .  

ABR,NPCREL A l t e r n a t i v e  address i s  branch t a r g e t  address r e l a t i v e  
t o  NPC (NPC + displacement - >  IAC sc ra t ch  r e g i s t e r ) .  
NPC must be v a l i d .  NPC p o i n t s  t o  beginn ing o f  an 
i n s t r u c t i o n  u n t i l  and i n c l u d i n g  a  f e t c h  ope ra t i on  
( G , < f e t c h > ) .  

Data i s  enabled i n t o  the  ALU on e i t h e r  t h e  A  o r  B  operands. On 
t h e  A operand, data i s  enabled t o  t h e  ALU by t h e  mnemonic symbols 
ORA toge ther  w i t h  source s e l e c t  f o r  t h e  operand i n  t h e  ORCON 
f i e l d  ( M I R  b i t s  5 t o  0 ) .  

On t h e  B  operand t o  t he  ALU, on ly  operands decoded from t h e  
i n s t r u c t i o n  may be se lec ted .  

On t h e  A  operand t o  the  ALU, operands may be decoded e i t h e r  from 
t h e  i n s t r u c t i o n  code o r  from a  general operand s p e c i f i e r .  For t h e  
A operand, t h e  ORCON f i e l d  then has t o  s e l e c t  t h e  source f o r  an 
operand according t o  operand d e f i n i t i o n s  f o r  t h e  assembly 
i n s t r u c t i o n  being executed. 

The mnemonic symbol O R A , I N ,  w i l l  supply t h e  OR-logic w i t h  i n f o r -  
mat ion t h a t  t h e  A operand i s  t o  be decoded from t h e  i n s t r u c t i o n  
code. The mnemonic symbol ORA,OP w i l l  cause t h e  A  operand t o  be 
decoded from the  cu r ren t  operand s p e c i f i e r .  

A f t e r  f e t c h  (G ,OOPS o r  G , O P S ,  e t c . ) ,  t h e  ORCON f i e l d  i s  n o t  used, 
e l s e  t h e  ORCON f i e l d  i s  used i n  order  t o  s e l e c t  i n t e g e r  r e g i s t e r ,  
most s i g n i f i c a n t  p a r t  o f  f l o a t i n g  r e g i s t e r ,  o r  l e a s t  s i g n i f i c a n t  
p a r t  o f  f l o a t i n g  r e g i s t e r .  

For d e s t i n a t i o n  s e l e c t ,  t he  mnemonic symbol ORD i s  used i n  t h e  
m i c r o i n s t r u c t i o n ,  r o u t i n g  data back t o  a  d e s t i n a t i o n .  I n  
a d d i t i o n ,  t h e  ORCON f i e l d  i s  t o  be used i n  t h e  same manner as f o r  
c o n t r o l l i n g  t he  A  operand. 

I n  a d d i t i o n ,  t he  ORCON f i e l d  may s e l e c t  OR-control f o r  n e x t  
m i c r o i n s t r u c t i o n .  The mnemonic symbol OR,N t e l l s  t h a t  t h e  OR- 
l o g i c  i s  t o  be used i n  t he  f o l l o w i n g  m i c r o i n s t r u c t i o n .  The 
mnemonic symbol OR,NE t e l l s  t h a t  t he  OR-logic should be used i n  
t h e  f o l l o w i n g  m i c r o i n s t r u c t i o n ,  and t h a t  t h e  ex tens ion  p a r t  o f  a  
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double f l o a t i n g  operand i s  se lected.  

I f  t h e  OR-logic i s  c o n t r o l  l e d  by t he  Operand Cache (OCA) , we have 
t h a t  a f t e r  f e t c h ,  OR-logic i s  done i n  t h e  same c y c l e  as 
r e a d i n g / w r i t i n g  t he  operand. 

When OR-logic i s  used f o r  accessing an a l ready  decoded operand, 
t h e  OR-logic i s  done i n  the  m i c r o i n s t r u c t i o n  executed p r i o r  t o  
t h e  c y c l e  us ing  t he  OR-logic. I f  t he  sequence i s  d i f f e r e n t  f rom 
JMP, t h e  m i c r o i n s t r u c t i o n  po in ted  t o  by t he  jump f i e l d  w i l l  g i v e  
OR-logic c o n t r o l  f o r  t h e  m i c r o i n s t r u c t i o n  t o  use t h e  OR-logic. 

The OR-logic f o r  data type c o n t r o l  may a l s o  be used t o  s e l e c t  
opera t ions  on e i t h e r  by te  ( 8  b i t s ) ,  ha l f -word (16  b i t s ) ,  word and 
s i n g l e  f l o a t i n g  p o i n t  ( 3 2  b i t s )  e t c .  Th is  i s  done by us ing  t h e  
TYP,OR i n  t h e  data type con t ro l  f i e l d .  

When accessing operands w i t h  data type d i f f e r e n t  f rom t h e  data 
t ype  f o r  t h e  assembly i n s t r u c t i o n ,  t h e  data type  must be 
e x p l i c i t l y  c o n t r o l l e d .  When fe t ch ing  such operands, s e l e c t i o n  o f  
index r e g i s t e r  i s  done according t o  t h e  data type c o n t r o l  f i e l d .  
Data-type c o n t r o l  must then correspond t o  t h e  data type  o f  t h e  
operand i n  order  t o  have c o r r e c t  s c a l i n g  i n  case o f  pos t  i ndex ing  
(address code = 3408).  

An example i s  t h e  i n s t r u c t i o n  BYn SFILL <=dest/w/by/IZ=>,<m/r/W>. 
The l a s t  operand has a  data type d i f f e r e n t  from t h e  data t ype  o f  
t h e  i n s t r u c t i o n .  

I n  a d d i t i o n  t o  f e t c h  and operand s e l e c t ,  t h e  microcode a l s o  has 
t o  a c t i v a t e  t h e  DAC module t o  generate addresses f o r  operands 
requested. Th is  i s  done by t he  mnemonic symbol ADACT. Th i s  i s  t o  
be used a f t e r  f e t c h  of a  general operand i s  s t a r t e d  and must be 
done be fo re  t h e  read c y c l e  f o r  t he  operand i s  completed. For 
d i r e c t  operands t h i s  i s  no t  requ i red .  

Example: I n s t r u c t i o n :  By1 + B.24B 

G , OOPS <end o f  prev ious i n s t r u c t i o n )  

<ADD> ALU,A+B ORA ORB TYP,OR % use ORed data t ype  
ST,SAVA ORA,OP % A  ored from operand 

% B  ored from i n s t r .  
ADACT READ % A c t i v a t e  read A  

O R D , I N  ORD % Dest.  f rom i n s t r u c t .  
% w r i t e  i n  ored des t .  

G,OOPS HOLD; % end o f  By1 + 9.249 
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Example: I n s t r u c t i o n :  H ADD2 B . 2 4 , R . O  

G ,OOPS <end of previous  i n s t r u c t i o n )  

<ADD2> ALU,A ORA TYP,OR D,SC5 % use ored d a t a  t y p e  
ORA, OP % A ored 1. operand 

ADACT READ % a c t i v a t e  read  B . 2 4 B  
EAlSAVE % save  address  B . 2 4 B  
G ,  OPS % Fetch nex t  operand 
NEXT* ; 

ALU,A+B ORA B,SC5 TYP,OR D,SC5 ST,SAVA 
ORA, OP % A ored 2 .  operand 

ADACT READ % a c t i v a t e  read  R.0 
ORD ,OP1 % Des t .  i s  1. operand 

A B , E A l D I R  % g i v e  address  l a t c h  
OR,N % and OR-logic i n  nex t  

NEXT* ; 

ALU,A A,SC5 TYP,OR 
WRITE % w r i t e  t o  1. operand 
ORD % i n  c a s e  of r e g i s t e r  

G,OOPS; 
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The a r i t h m e t i c  l o g i c  u n i t  (ALU) and t he  a d d i t i o n a l  a r i t h m e t i c  
processor (AAP) a re  used f o r  a r i t h m e t i c  opera t ions .  

The ALU i s  a  gate a r ray  e s p e c i a l l y  designed f o r  t h e  ND-5000 CPU. 

I n  t h e  f i r s t  ve rs ion  o f  t he  ND-5000 CPU t h e  AAP c o n s i s t s  o f  t h e  
ND-570 f l o a t i n g  p o i n t  u n i t  cards.  

I n  connect ion w i t h  an a r i t h m e t i c  opera t ion ,  A-operand, B-operand, 
data type  c o n t r o l  and d e s t i n a t i o n  may be se lec ted  from separate 
f i e l d s  i n  t h e  microprogram word. 

True and f a l s e  ALU operat ions and t h e  AAP are  c o n t r o l l e d  from 
separate f i e l d s ,  g i v i n g  the  oppo r tun i t y  t o  r u n  bo th  ALU- 
opera t ions  and AAP operat ions i n  t he  same m i c r o i n s t r u c t i o n .  

ALU FUNCT I ONS 

The ALU may perform i n tege r  a r i t h m e t i c  and l o g i c  opera t ions  as 
descr ibed on t h e  nex t  page. 

The ALU operat ions are s p e c i f i e d  by t h e  symbols ALU,<func> f o r  
t r u e  ALU-operation s e l e c t .  The ALU opera t ions  may a l s o  be 
s p e c i f i e d  as a  f a l s e  ALU opera t ion  by t h e  symbols ALUF,<func>. 
The f a l s e  ALU-operation commands enable t h e  c o n d i t i o n a l  ALU 
ope ra t i on  au toma t i ca l l y .  
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A r i t h m e t i c  ALU func t i ons  w i t hou t  0 - r e s i s t e r  c o n t r o l :  

ALU ,A+1 A-operand + 1 

ALU ,A+B A-operand p lus  B-operand 

ALU,A+B+l A-operand p lus  B-operand + 1 ~ 
ALU ,A-B A-operand minus B-operand 1 

ALU,A-B-1 A-operand minus B-operand - 1 ~ 
ALU,A-0-l+C A-operand minus B-operand - 1 + s t a t u s  c a r r y  1 

ALU, B-A B-operand minus A-operand 

ALU,B-A-1 6-operand minus A-operand - 1 

A r i t h m e t i c  ALU func t i ons  w i t h  Q - r e g i s t e r  c o n t r o l :  

ALU,A,/2 A-operand + 0 
FBUS = ALU.output/Z. FBUS.bit.31 = c a r r y  

ALU,A+B,/Z A-operand p lus  B-operand 
FBUS = ALU.output/Z. FBUS.bit.31 = c a r r y  

ALU,A+BYk2 A-operand p lus  B-operand 
FBUS = ALU.output*Z. FBUS.bit.0 = 0 

ALU,A-B,*2 A-operand minus B-operand 
FBUS = ALU.output*Z. FBUS.bit.0 = 0 

ALU,A-B-1,*2 A-operand minus B-operand - 1 
FBUS = ALU.output*Z. FBUS.bit.0 = 0 

Logic  ALU func t i ons :  

ALU,FZRO Force zero from ALU ou tpu t  

ALU,ADIRC A-operand complemented 

ALU ,AND A-operand AND B-operand 

ALU ,ANDCA A-operand compl emented AND B-operand 

ALU,ANDCB A-operand AND B-operand complemented 

ALU , OR A-operand OR B-operand 

ALU , XOR A-operand XOR B-operand 
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The a d d i t i o n a l  a r i t h m e t i c  processor (AAP) i s  g iven  a  separate 
f i e l d  (AAPC) i n  t h e  microword f o r  c o n t r o l :  

The AAP type  used i n  the  f i r s t  ve rs ion  o f  t h e  ND-5000 i s  c a l l e d  
t h e  AAP1. The AAPl cons i s t s  o f  t he  ND-570 f l o a t i n g  p o i n t  u n i t  
cards.  These are i n t e r f a c e d  t o  t he  ND-5000 by t h e  5456 ( o r  5466) 
AAP i n t e r f a c e  card.  It i s  c o n t r o l l e d  by t h e  AAP c o n t r o l  f i e l d  
AAPC(0-7) w i t h  AAPC(5-7)=001, and by t h e  type  f i e l d  i n  t h e  ND- 
5000 microword. 

AAP type 

The AAP f u n c t i o n  b i t s ,  AAPC(0-41, g i v e  space f o r  32 d i f f e r e n t  
opera t ions .  The AAPl can perform s h i f t  opera t ions ,  f l o a t i n g  p o i n t  
and i n t e g e r  conversion, f l o a t i n g  p o i n t  a r i t h m e t i c  and i n t e g e r  
m u l t i p l y .  The f o l l o w i n g  f unc t i ons  are a v a i l a b l e :  

AAP func t i on  
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AAPC Func t ion  A1 1 owed Funct ion 
765 43210 mnemonic TYP,<type> d e f i n i t i o n  

001 00000 reserved 
001 00001 AAP1,CTF BY HW W Convert t o  f l o a t i n g  
001 00010 CTDF BY HW W Convert t o  double f l o a t i n g  
001 00011 UCTF W Unsigned conver t  t o  f l o a t i n g  
001 00100 UCTDF W Unsigned conver t  t o  double f 1 o a t i  ng 
001 00101 CTBYR F DF Convert t o  by te  rounded 
001 00110 CTHWR F DF Convert t o  ha l fword  rounded 
001 00111 CTWR F DF Convert t o  word rounded 
001 01000 CTBY F DF Convert t o  by te  
001 01001 CTHW F DF Convert t o  ha l fword  
001 01010 CTW F DF Convert t o  word 
001 01011 I NTR F DF In teger  p a r t  rounded 
001 01100 I NT F DF In teger  p a r t  
001 01101 SHA BY HW W S h i f t  a r i t h m e t i c  
001 01110 SHL BY HW W S h i f t  l o g i c a l  
001 01111 SHR BY HW W S h i f t  r o t a t i o n a l  
001 10000 DTOFR DF Convert double t o  s i n g l e  rounded 
001 10001 A + B  F DF Add 
001 10010 B - A F DF Subtract  
001 10011 B / A  F DF D i v i de  
001 10100 Unused 
001 10101 COMP F DF Compare (B - A) 
001 10110 Unused 
001 10111 D I V P  F DF P a r t i a l  d i v i d e  (B / A )  
001 11000 A * B  BY H W W  F D F  M u l t i p l y  
001 11001 UMUL W Unsigned mu1 ti p l y  w i t h  over f low 
001 11010 MUL4 W Mu1 ti p l y  w i t h  over f low 
001 11011 RRF Read AAP r e g i s t e r  f i l e  (32 b i t s )  
001 11100 WRF Wr i te  AAP r e g i s t e r  f i l e  (32 b i t s )  
001 11101 Unused 
001 11110 CLEAR Reset AAP ( i n t e r f a c e )  
001 11111 Unused 

L 

T a b l e  2 .  AAPl  Funct ions  
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e 
5.3 INPUT/~UTPUT TO/FROM THE A A P l  

I n p u t  operands are s p e c i f i e d  i n  t he  A- and B-operand f i e l d s  o f  
t h e  m i c r o i n s t r u c t i o n .  

For t h e  two-operand i n s t r u c t i o n s ,  t he  f u n c t i o n  mnemonic u s u a l l y  
shows which operand i s  which. 

Exampl e  : AAPl,B/A and AAP1,B-A. 

The s h i f t  i n s t r u c t i o n s  r e q u i r e  t he  s h i f t  count on B-operand, and 
t h e  operand t o  be s h i f t e d  on A-operand. 

S h i f t  count > 0 imp l i es  s h i f t  l e f t .  S h i f t  count < 0  i m p l i e s  s h i f t  
r i g h t .  S h i f t  r i g h t  i s  n o t  implemented i n  r o t a t i o n a l  s h i f t .  

I n  t h e  one-operand i n s t r u c t i o n s ,  t he  operand i s  g iven  as A- 
operand, except f o r  DTOFR which needs t h e  operand as B-operand, 
and zero on A-operand. 

6 4 - b i t  operands (double f l o a t i n g )  must be g iven  i n  two f o l l o w i n g  
cyc les .  I n  t h e  f i r s t  c yc l e ,  t he  f u n c t i o n  code and type  
s p e c i f i c a t i o n  are g iven together  w i t h  t he  most s i g n i f i c a n t  p a r t  
o f  t h e  operand(s1 i n  the  A  (and B )  f i e l d s .  I n  t h e  nex t  c y c l e ,  t h e  
l e a s t  s i g n i f i c a n t  p a r t  o f  the  ope randb )  i s  s p e c i f i e d  i n  t h e  A  
(and B )  f i e l d s .  Funct ion code must n o t  be g iven  again i n  t h i s  
second c y c l e .  Type i s  no t  necessary. 

I n  t h e  conver t  i n s t r u c t i o n s ,  t he  type f i e l d  s p e c i f i e s  t h e  type  o f  
t h e  source operand, wh i l e  t he  r e s u l t  type i s  i m p l i c i t  i n  t h e  
f u n c t i o n  code. 

To g e t  t he  r e s u l t  back from the  AAP1, t h e  AAPSYNC must be s e t  
f rom t h e  microcode. Th is  cannot be done i n  t h e  i n s t r u c t i o n  t h a t  
s t a r t s  t h e  AAP1, nor i n  the second i n s t r u c t i o n  where eventual  
l e a s t  p a r t s  a re  g iven (double f l o a t i n g ) .  I n  t h e  f o l l o w i n g  
i n s t r u c t i o n s ,  AAPSYNC may be g iven anywhere. I f  t h e  AAPl has then 
completed i t s  opera t ion ,  t he  r e s u l t  i s  immediately handed over .  
I f  n o t ,  t h e  ND-5000 w i l l  w a i t  f o r  the  complet ion.  The r e s u l t  i s  
sen t  t o  t h e  operand s p e c i f i e d  i n  t he  D ( d e s t i n a t i o n )  f i e l d  o f  t h e  
microword, i n  t he  same i n s t r u c t i o n  as t h e  AAPSYNC i s  g iven .  

I f  t h i s  i n s t r u c t i o n  a l so  conta ins an ALU opera t ion ,  t h e  presence 
o f  t h e  AAPSYNC w i l l  ensure t h a t  i t  i s  t h e  AAPl r e s u l t ,  and n o t  
t h e  ALU r e s u l t ,  which goes t o  t h e  s p e c i f i e d  d e s t i n a t i o n .  

However, t h e  ALU may generate a  r e s u l t  f o r  s t a t u s  t e s t i n g .  A lso  
t h e  ALU r e s u l t  might  be sent  t o  t he  Q r e g i s t e r  by t h e  Q,F 
s p e c i f i c a t i o n ,  s ince t h i s  i s  n o t  poss ib l e  f o r  t h e  AAPl r e s u l t ,  
which must use t he  proper d e s t i n a t i o n  f i e l d .  

S i m i l a r  t o  i n p u t  operands, a  6 4 - b i t  r e s u l t  i s  sent  back i n  two 
cyc les ,  f i r s t  t he  most s i g n i f i c a n t  p a r t ,  then t h e  l e a s t .  I n  MUL4 
and UMUL t h e  over f low p a r t  i s  sent  f i r s t ,  and then t h e - r e s u l t .  
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The AAPSYNC must be s p e c i f i e d  i n  both cyc les .  

S ta tus  save i s  done i n  the  i n s t r u c t i o n  w i t h  t h e  AAPSYNC, where 
t h e  r e s u l t  i s  read back. For F  o r  DF, type ST,SAVF i s  s u i t a b l e .  

There i s  no s ta tus  code f o r  i n t ege r  types t h a t  takes s i g n  and 
zero from t h e  AAP1, and a l so  sends t h e  AAPl over f low t o  t h e  
i n t e g e r  over f low s ta tus  b i t .  Therefore Such r e s u l t s  a re  t h e r e f o r e  
sen t  through t h e  ALU af terwards,  w i t h  t h e  ST,SAVM (save mixed 
s t a t u s )  code. 

I n  b y t e  and ha l fword  i n s t r u c t i o n s ,  t h e  type  s p e c i f i c a t i o n  i n  t h e  
c a l l i n g  i n s t r u c t i o n  e f f e c t s  the  i n p u t  operand(s ) ,  by us ing  o n l y  8 
( B Y )  o r  16 (HW) b i t s  o f  i t .  This  type s p e c i f i c a t i o n  a l s o  c o n t r o l s  
t h e  r e s u l t  s t a t u s ,  e .g .  if type = BY and b i t  7 o f  t h e  r e s u l t  = 1, 
S i s  s e t .  It does n o t  con t ro l  t he  ac tua l  r e s u l t  i t s e l f  , t h i s  
con ta ins  t h e  f u l l  word-length r e s u l t  from t h e  AAP1. Nor does t h e  
t ype  s p e c i f i c a t i o n  i n  t he  i n s t r u c t i o n  where t h e  r e s u l t  i s  read  
back have any e f f e c t  on t r unca t i ng  t h e  r e s u l t  down t o  t ype .  

Accord ing ly ,  when a  BY/HW r e s u l t  i s  sent  back t o  an operand o f  
t h e  mac ro ins t ruc t i on ,  i t  must f i r s t  pass through t h e  ALU, w i t h  a  
proper  t ype  s p e c i f i c a t i o n ,  t o  c u t  i t  down. I n t e r n a l l y  i n  t h e  
microcode, i n  a  sequence o f  AAPl c a l l s ,  t h i s  i s  n o t  necessary, 
s ince  t h e  i n p u t  values are t runcated.  

The i n s t r u c t i o n s  CTBY/R and CTHW/R do n o t  s e t  t h e  IOVFL accord ing  
t o  t ype ,  o n l y  word i n t e g e r  over f low i s  detected.  Since t hey  a l s o  
do n o t  c u t  t h e  r e s u l t ,  as mentioned above, they  a re  o f  no use, so 
t h e  CTW i s  used ins tead ,  w i t h  spec ia l  t e s t s  f o r  over f low.  

The d i v i d e  f u n c t i o n  does no t  s e t  t he  s ta tus  b i t  DZ ( d i v i d e  w i t h  
z e r o ) .  Thus bo th  t he  cases O / X  and X / O  should be t e s t e d  and 
t r e a t e d  separa te ly  when us ing  t he  d i v i d e  f u n c t i o n .  
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T h i s  chap te r  desc r ibes  how t o  s e l e c t  source and d e s t i n a t i o n s  f rom 
t h e  ND-5000 microprogram. T h i s  i s  d i v i d e d  i n t o  f o u r  d i f f e r e n t  
s e c t i o n s ,  because o f  t h e  hardware a r c h i t e c t u r e  o f  t h e  r e g i s t e r s  
connected t o  t h e  CPU: 

1. The Q - r e g i s t e r  

2 .  The work ing  r e g i s t e r  f i l e  

3 .  The s c r a t c h  r e g i s t e r  f i l e  

4 .  Memory 

The bot tom l e v e l  o f  t h e  r e g i s t e r s  connected t o  t h e  CPU i s  t h e  Q- 
r e g i s t e r .  The Q - r e g i s t e r  i s  c l o s e l y  connected t o  t h e  ALU w ich  
have s p e c i a l  hardware t o  c o n t r o l  t h e  r e g i s t e r .  The c o n t r o l  o f  t h e  
Q - r e g i s t e r  i s  done from a  separate  f i e l d ,  n o t  a f f e c t i n g  t h e  
operand s e l e c t  f o r  t h e  ALU o r  t h e  AAP.  T h i s  i s  done i n  o r d e r  t o  
implement microcoded d i v i d e  and m u l t i p l y  o p e r a t i o n s  w i t h  
reasonable  speed w i t h o u t  any AAP.  

The Q - r e g i s t e r  may be loaded independan t l y  o f  o t h e r  F-bus 
o p e r a t i o n s .  

The Q - r e g i s t e r  may be s h i f t e d  l e f t  o r  r i g h t  i ndependan t l y  o f  
o t h e r  d e s t i n a t i o n s .  

D u r i n g  l e f t  s h i f t  t h e  s e r i a l  i n p u t  i s  s p e c i c a l l y  c o n t r o l l e d  
t o  a l l o w  d i v i d e  f u n c t i o n  t o  be c a r r i e d  o u t  e a s i l y .  

When b o t h  t h e  Q - r e g i s t e r  and t h e  F-BUS a r e  s h i f t e d  i n  t h e  
same d i r e c t i o n ,  they  a r e  c o n t r o l l e d  so t h a t  a 6 4 - b i t  s h i f t  
i s  performed . 
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C o n t r o l  f u n c t i o n s  o f  t h e  Q - r e g i s t e r  

Q,F Q - r e g i s t e r  loaded f rom ALU o u t p u t .  
Q , Q k D I V  Q - r e g i s t e r  = Q - r e g i s t e r k 2 .  Q . b i t . 0  = DIVR. 
Q,Q*LOG Q - r e g i s t e r  = Q - r e g i s t e r k 2 .  Q . b i t . 0  = 0 .  
Q,Q*ROT Q - r e g i s t e r  = Q - r e g i s t e r k 2 .  Q . b i t . 0  = Q . s i g n . b i t .  
Q,Q/ARI Q - r e g i s t e r  = Q - r e g i s t e r / 2 .  Q . s i g n . b i t  = Q . s i g n . b i t .  
Q,Q/LOG Q - r e g i s t e r  = Q - r e g i s t e r / 2 .  Q . s i g n . b i t  = 0 .  
Q,Q/ROT Q - r e g i s t e r  = Q - r e g i s t e r / 2 .  Q . s i g n . b i t  = Q . b i t . 0 .  

The n e x t  l e v e l  of t h e  r e g i s t e r  c o n s i s t s  of t h e  work ing  r e g i s t e r  
f i l e .  T h i s  work ing  r e g i s t e r  f i l e  c o n s i s t s  o f  24 32-b i  t r e g i s t e r s .  
T h i s  work ing  r e g i  s t e r  f i 1  e  c o n t a i  ns : a 

r e g i s t e r s  connected t o  t h e  r u n n i n g  process 

f o u r  i ndex r e g i  s t e r s  

f o u r  f l o a t i n g  r e g i s t e r s ,  most and l e a s t  s i g n i f i c a n t  p a r t  

some s c r a t c h  r e g i s t e r s  

Two o f  t h e  s c r a t c h  r e g i s t e r s  ( S C 1  and SC2) w i l l  be i n c l u d e d  i n  
t h e  c o n t e x t  b l o c k ,  where key va lues  t o  s u r v i v e  a  process change 
may be h e l d .  T h i s  i s  u s e f u l  i n  t h e  s t r i n g  i n s t r u c t i o n  and 
i n s t r u c t i o n s  o f  t y p e  a r r a y  p rocess ing  f u n c t i o n s .  

A-operand and B-operand may be s e l e c t e d  independen t l y  f rom 
t h e  WRF as i n p u t  t o  t h e  ALU o r  t h e  AAP. 

The F-bus may be w r i t t e n  i n t o  t h e  work ing r e g i s t e r  f i l e  
i ndependant ly  o f  s e l  e c t i  on o f  A-operand and B-operand s e l e c t  
f o r  t h e  ALU o r  t h e  AAP. 

a Only  one r e g i s t e r  b lock  d e s t i n a t i o n  may be s e l e c t e d  i n  t h e  
same m i c r o i n s t r u c t i o n .  Two work ing r e g i s t e r  f i l e  sources may 
be s e l e c t e d  i n  t h e  same m i c r o i n s t r u c t i o n ,  independant o f  
d e s t i n a t i o n  s e l e c t .  

The work ing  r e g i s t e r  f i  l e  i s  addressed e i t h e r  d i r e c t l y  by 
addresses p resen t  i n  t h e  A-operand o r  B-operand s e l e c t  f i e l d  
o r  by t h e  OR-logic w i t h  addresses d e r i v e d  f rom t h e  assembly 
i n s t r u c t i  on b e i  ng executed.  

A work ing  r e g i s t e r  f i l e  r e g i s t e r  may be b o t h  read  and w r i t t e n  
i n  t h e  same m i c r o i n s t r u c t i o n .  
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R e g i s t e r s  i n  t h e  work ing r e g i s t e r  f i l e  

Index r e g i s t e r s  ( X I  t o  X4) 

F l o a t i n g  most r e g i s t e r s  (A1 t o  A4) 

F l o a t i n g  l e a s t  r e g i s t e r s  ( E l  t o  E4) 

Context  s c r a t c h  r e g i s t e r s  ( S C 1  t o  SC2) 

Sc ra tch  r e g i s t e r s  ( S C 1  t o  SC14) 

The n e x t  l e v e l  o f  r e g i s t e r s  connected t o  t h e  CPU i s  t h e  s c r a t c h  
r e g i s t e r  f i l e  (SRF). It c o n t a i n s  4k o f  3 2 - b i t  r e g i s t e r s .  The 
s c r a t c h  r e g i s t e r  f i l e  i s  f a r t h e r  f rom t h e  ALU and t h u s  n o t  as 
f l e x i b l e  as t h e  work ing r e g i s t e r  f i l e .  There a r e  some 
r e s t r i c t i o n s  when u s i n g  t h e  s c r a t c h  r e g i s t e r  f i l e :  

R e g i s t e r s  i n  t h e  s c r a t c h  r e g i s t e r  f i l e  may o n l y  be addressed 
d i r e c t l y  by microprogram. The s c r a t c h  r e g i s t e r  f i l e  i s  
e i t h e r  addressed f rom t h e  A-operand f i e l d  w i t h  r e g i s t e r  
addresses i n  t h e  range 0 t o  15, o r  by u s i n g  t h e  RFAl and 

.RFA2 r e g i s t e r  as addresses p o i n t i n g  t o  a  r e g i s t e r  w i t h i n  t h e  
s c r a t c h  r e g i s t e r  f i l e .  (When u s i n g  t h e  address r e g i s t e r s  as 
address i n  t h e  s c r a t c h  r e g i s t e r  f i l e ,  t h e  r e g i s t e r  p o i n t e d  
t o  by t h e  address r e g i s t e r  i s  accessed.)  I n  p a r a l l e l ,  t h e  
address r e g i s t e r  may e i t h e r  be h e l d  a t  t h e  same v a l u e  o r  
decremented when accessing a  r e g i s t e r .  

When r e a d i n g  f rom t h e  SRF th rough  an address r e g i s t e r ,  t h i s  
must be s e t  two c y c l e s  b e f o r e .  

The s e l e c t e d  r e g i s t e r  f rom t h e  s c r a t c h  r e g i s t e r  f i l e  i s  
enab led on t h e  A-operand t o  t h e  ALU. 

Exampl e  : 

ALU,A A,BMO5 D,RFAl NEXT*; % 40 t o  address r e g  1 
ALU,A A,MIC,RFAl D,NONE NEXT*; % p r e v .  address r e g  1 

D,NONE NEXT; % 'MIC'  acc .  i m p o s s i b l e  
ALU,A A,RFlD D,SC3 NEXT*; % Read f rom SRF.40 

When w r i t i n g  t o  t h e  SRF through an address r e g i s t e r ,  t h e  
address may be s e t  i n  t h e  p r e v i o u s  c y c l e .  
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Exampl e  : 

ALU,A A,BM05 D,RFAl NEXT*; % 40 t o  address r e g  1 
ALU,A A,BMO6 D,RFAl NEXT*; % 100 t o  address r e g  1 
ALU,A A,SC5 D,RFlD NEXT*; % W r i t e  i n  S R F . l O O  
ALU,A A,SC6 D,RFl NEXT*; % W r i t e  i n  SRF. 77 

Only  one s c r a t c h  r e g i s t e r  f i l e  r e g i s t e r  may be r e a d  i n  one 
m i c r o i n s t r u c t i o n .  

When t h e  s c r a t c h  r e g i s t e r  f i l e  i s  s e l e c t e d  as d e s t i n a t i o n ,  
t h e  w o r k i n g  r e g i s t e r  f i l e  cannot  be d e s t i n a t i o n  i n  t h e  same 
m i c r o i n s t r u c t i o n .  A  s c r a t c h  r e g i s t e r  f i l e  r e g i s t e r  w r i t t e n  
i n  one m i c r o i n s t r u c t i o n ,  cannot  be r e a d  i n  t h e  two f o l l o w i n g  
m i c r o i n s t r u c t i o n s  . 

6.4 MEMORY Memory may a l s o  be s e l e c t e d  as source o r  d e s t i n a t i o n  w i t h  address 
g e n e r a t i o n  c o n t r o l l e d  e i t h e r  by t h e  assembly i n s t r u c t i o n  
executed,  o r  by microcoded c o n t r o l  o f  t h e  address a r i t h m e t i c  w i t h  
microcoded memory r e q u e s t .  Accessing memory r e q u i r e s  address  
l a t c h  o f  an operand i n  t h e  m i c r o c y c l e  executed p r i o r  t o  r e a d  o r  
w r i t e .  S y n c h r o n i z a t i o n  w i t h  t h e  memory system i s  a u t o m a t i c a l l y  
done a t  b o t h  r e a d  and w r i t e .  

Exampl e  o f  m i  croprogrammed read /wr i  t e :  

D  ,NONE 
AA,EAl 10 AB,MARG % Address o f  source 
NEXT* ; 

ALU ,A A,DATA TYP:BY D,SC3 READ 
AA,EA2 374 AB,MARG % Address o f  d e s t i n a t i o n  
NEXT* ; 

ALU,A A,SC3 TYP,B4 D,NONE WRITE 
NEXT* ; 
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The ND-5000 m i c r o i n s t r u c t i o n s  may use  d i f f e r e n t  commands f o r  
sequence c o n t r o l  of t h e  microprogram. The microprogram sequence 
c o n t r o l  c o n s i s t s  of a  s t a c k  command and a  sequence command. Th is  
i m p l i e s  t h a t  both sequence commands and s t a c k  commands a r e  
r e q u i r e d  i n  a  m i c r o i n s t r u c t i o n .  

The microprogram s t a c k  may hold a  maximum of f o u r  d i f f e r e n t  
a d d r e s s e s .  The t o p  word of t h i s  s t a c k  may be s e l e c t e d  a s  i n p u t  t o  
t h e  microprogram address  coun te r  ( m . p . c )  by t h e  sequence command 
RETURN. 

An important  r e s t r i c t i o n  i n  t h e  microprogram sequencer  is t h a t  
t h e  sequencer s t a c k  i s  not  s t a b l e  be fore  t h e  m i c r o i n s t r u c t i o n  
fo l lowing  a  load of sequencer s t a c k  i s  execu ted .  Th is  i m p l i e s  
t h a t  t h e  sequencer s t a c k  cannot be used a s  address  i n p u t  
immediately a f t e r  being loaded.  Hence, a one c y c l e  micro- 
i n s t r u c t i o n  subrou t ine  i s  not  p o s s i b l e .  A one c y c l e  s u b r o u t i n e  
w i l l  a l s o  l o s e  t ime i n  execut ion speed .  

Stack commands and f u n c t i o n s  a r e :  

HOLD Leave s t a c k  unchanged. 

LOAD Word 1 i s  changed t o  c u r r e n t  microaddress  + 1. 
The r e s t  of t h e  s t a c k  i s  unchanged. 

PUSH Word 4 i s  l o s t .  
Word 3 - >  word 4 .  
Word 2 - >  word 3 .  
Word 1 - >  word 2 .  
Current  address  + 1 - >  word 1. 

POP Word 1 may be used a s  r e t u r n  a d d r e s s .  Word 1 < -  word 2 .  
Word 2 < -  word 3 .  
Word 3 < -  word 4 .  
Word 4 < -  word 4 .  

The s t a c k  commands a r e  a l s o  a v a i l a b l e  a s  f a l s e  s t a c k  commands, 
w r i t t e n  a s  F , < s t a c k >  f o r  opera t ion  on t h e  sequencer s t a c k .  
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The sequence commands w i l l  e i t h e r  cause t h e  n e x t  m i c r o i n s t r u c t i o n  
i n  a  sequence t o  be executed,  o r  w i l l  cause some k i n d  o f  a  jump. 

The microprogram sequencer works on a  t h r e e  l e v e l  p i p e l i n e  and 
generates  addresses t o  t h e  c o n t r o l  s t o r e ,  t e l l i n g  where t o  f i n d  
t h e  n e x t  m i c r o i n s t r u c t i o n .  Addresses a r e  generated a t  t h e  f i r s t  
l e v e l  o f  t h e  p ipe1  i n e ,  t h e  I - l e v e l  . The sequencer p i c k s  t h e  jump 
address f rom t h e  I - l e v e l  and guesses t h a t  a  jump i s  i n  p rog ress .  

I f  any sequence command d i f f e r e n t  f rom jump i s  used, t h e  
microprogram sequencer has t o  r u n  one e x t r a  sequencer c y c l e  t o  
genera te  t h e  c o r r e c t  microprogram address.  I f  t h e  guess was t r u e ,  
t h e  address i s  p resen t  and t h e  jump i s  c a r r i e d  o u t  i n  one c y c l e .  

I n  connec t ion  w i t h  c o n d i t i o n a l  sequence, t h e  t r u e  p a t h  i s  
s e l e c t e d  as a  p r e l i m i n a r y  r o u t e  by t h e  microprogram sequence. 
Hence t h e  t r u e  sequence command shou ld  be a  jump i n s t r u c t i o n .  To 
make i t  always p o s s i b l e  t o  p l a c e  a  jump i n  t h e  t r u e  sequence 
f i e l d ,  a  c o n t r o l  s t o r e  b i t  may be used t o  i n v e r t  t e s t  c o n d i t i o n .  
T h i s  i s  done by t h e  INVSEQ command. 

I n  connec t ion  w i t h  t h e  mapping t o  t h e  s t a r t  o f  t h e  n e x t  assembly 
i n s t r u c t i o n ,  b o t h  t h e  t r u e  and f a l s e  sequence f i e l d  must c o n t a i n  
a  jump command. The t r u e  sequence f i e l d  must f o l l o w  t h e  mapping 
w h i l e  t h e  f a l s e  sequence f i e l d  may be used t o  s t o p  e x e c u t i o n  e . g .  
i n  connec t ion  w i t h  r e p o r t i n g  an e r r o r  d e t e c t e d  a t  t h e  end o f  an 
i n s t r u c t i o n .  

When access ing operands, these may be p r e f i x e d  by an address code 
caus ing  mapping t o  s p e c i a l  microprogram r o u t i n e s  t o  hand le  t h e  
address code p r e f i x .  Because of t h e  microcode p i p e l i n e ,  t h e  
microprogram sequencer i s  u s i n g  t h e  jump address t o  f i n d  t h e  way 
back t o  t h e  t rapped  m i c r o i n s t r u c t i o n .  T h i s  means t h a t  a  
r e a d / w r i t e / l a d d r  c y c l e  o f  a  general  operand always has t o  use JMP 
*+1 as sequencer command. 

An easy way t o  generate  jump addresses and jump as sequencer 
command, i s  t o  l eave  a  s p e c i a l  mnemonic symbol f o r  t h e  
microprogrammer, understood by t h e  microcode assembler.  Whenever 
t h e  jump f i e l d  i n  a  microprogram address i s  f r e e ,  i . e .  no l o n g  
argument used, a  ' * '  may be added t o  t h e  NEXT command. T h i s  w i l l  
cause c u r r e n t  microprogram address + 1 t o  be i n s e r t e d  i n  t h e  jump 
address o f  c u r r e n t  microprogram address and t h e  NEXT command i s  
s u b s t i t u t e d  w i t h  JMP. 
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Example o f  microprogram sequence c o n t r o l :  

a )  NEXT* PUSH; % . .  Push b )  as s tack  address 
b )  NEXT* HOLD; % . .  Stack unchanged 
c )  ALU,<func> NEXT* HOLD; 
d )  COND,<cond> 

C,SEQ F,NEXT F,LOAD % . .  Change r e t u r n  address 
IFT NEXT* HOLD; % . .  Hold s tack  unchanged 

e )  ALU,<func> NEXT* HOLD; 
f )  COND,<cond> 

C,SEQ F,RETURN F,HOLD % . .  Return t o  s tack  address b )  o r  e )  
IFT NEXT* POP; % . .  l eave  t h e  sequence,remove b )  o r  e )  

The sequence c o n t r o l  f unc t i ons  a re :  

NEXT Take nex t  m i c r o i n s t r u c t i o n .  

JMP Jump t o  microprogram address < a d d r . f i e l d > .  

JMPREL Jump r e l a t i v e  t o  < a d d r . f i e l d >  

RETURN Return ( f r om  subrou t ine )  t o  s tack  address 

The sequence commands a re  a l s o  a v a i l a b l e  as f a l s e  sequence 
commands, w r i t t e n  as F,<seq> f o r  sequencing t h e  microprogram. 
Enable o f  c o n d i t i o n a l  sequencing i s  done by t h e  f a l s e  sequence 
and f a l s e  s tack commands. 
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1. The i n s t r u c t i o n  i n  t he  TRUE f i e l d  i s  t he  main i n s t r u c t i o n ,  
w h i l e  t h e  i n s t r u c t i o n  i n  t he  FALSE f i e l d  i s  t h e  a l t e r n a t i v e  
i n s t r u c t i o n .  According t o  t h i s ,  t he  TRUE sequence i s  used i n  
uncond i t i ona l  sequence and a l s o  as a  p r e l i m i n a r y  r o u t e ,  
d u r i n g  c o n d i t i o n a l  sequence. 

JUMP i n s t r u c t i o n s  use one c l ock  cyc l e ,  w h i l e  o the r  
i n s t r u c t i o n s  use two c l ock  cyc l es .  According t o  t h i s ,  you 
should  use JUMP i ns tead  of NEXT i n s t r u c t i o n s .  Dur ing 
c o n d i t i o n a l  sequence i t  i s  an advantage t o  p u t  a  JUMP i n  t h e  
TRUE f i e l d  i f  poss ib l e .  

When do ing  c o n d i t i o n a l  sequence, i t  i s  poss ib l e  t o  f o r c e  a  
s p e c i f i c  p r e l i m i n a r y  r ou te  by matching t he  TRUE and FALSE 
f i e l d  w i t h  t he  i nverted-sequence b i t .  

4 .  A t e s t  a t  t he  end o f  a m i c ro rou t i ne  execu t ing  a macro- 
i n s t r u c t i o n  must f o l l o w  these r u l e s :  

i. The e r r o r  a c t i o n  must be he ld  i n  t he  FALSE f i e l d .  Th i s  
can be arranged by means o f  t h e  inverted-sequence b i t .  

ii. The TRUE f i e l d  must con ta i n  a  JUMP. 

5 .  Since t h e  sequence c o n t r o l  and t he  s tack c o n t r o l  a re  
separated, t he  RETURN i n s t r u c t i o n  does n o t  POP t h e  s tack .  It 
o n l y  uses t h e  t op  o f  s tack as nex t  t he  address t o  t h e  c o n t r o l  
s t o r e .  

6 .  I n s t r u c t i o n s  generat ing a hardware branch s h a l l  have a  jump 
address p o i n t i n g  t o  t he  immediate f o l l o w i n g  i n s t r u c t i o n .  

The s tack  c o n t r o l  i s  separated from the  sequence c o n t r o l .  Dur ing  
c o n d i t i o n a l  sequence t he  s tack c o n t r o l  i s  p i p e l i n e d .  There fo re  

4 

you must be very  c a r e f u l  when do ing s tack opera t ions  i n  
connec t ion  w i t h  a  cond i t i ona l  sequence and EXUC (execute 
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uncondi ti o n a l )  . 

1. Uncondi t ional  s tack c o n t r o l  i s  done d i r e c t l y  f rom t h e  M- 
1  eve1 , whi 1  e  cond i t i ona l  c o n t r o l  i s  p i  pe l  i ned  one stage down. 
Th is  w i l l  cause c o l l i s i o n  on t h e  s tack i f  a  c o n d i t i o n a l  
i n s t r u c t i o n  i s  immediately f o l  lowed by an uncondi tSonal 
i n s t r u c t i o n  con ta in ing  a  stack i n s t r u c t i o n .  I n  t h i s  case, t h e  
s tack c o n t r o l  from the  l a s t  i n s t r u c t i o n  w i l l  be l o s t .  

2. The f i r s t  i n s t r u c t i o n  o f  a  subrout ine must n o t  be a  
c o n d i t i o n a l  s tack opera t ion  d i f f e r e n t  from HOLD. Th i s  a l s o  
app l i es  t o  one - i ns t ruc t i on  subrout ines.  

3 .  A one - i ns t ruc t i on  subrout ine should n o t  be c a l l e d  
c o n d i t i o n a l l y  (JUMP & PUSH). 

Read from MIC/SRF i s  done d i r e c t l y ,  w h i l e  w r i t i n g  i s  p i p e l i n e d  
two l e v e l s .  A f t e r  a  w r i t e ,  t he re  must be two dummy cyc les  be fo re  
t h e  same data can be read back. Reading i n  t h e  f i r s t  c y c l e  g i ves  
o l d  da ta .  Reading i n  the  second c y c l e  r e s u l t s  i n  a  c o l l i s i o n  on 
t h e  X-bus. 

7.3.4 EXTRA (SNEAK) INSTRUCTIONS AND THE EXUC 

B i t  number 115 i n  t he  microword i s  c a l l e d  EXUC (execute 
u n c o n d i t i o n a l ) .  When the  sequence i n s t r u c t i o n s  NEXT, RETURN o r  
JMPREL are  executed, an ex t ra  (sneak) c y c l e  i s  entered i n t o  t h e  
p i p e l i n e  on t h e  I - l e v e l  p r i o r  t o  t h e  ' r e a l  ' i n s t r u c t i o n .  Th i s  
e x t r a  c y c l e  i s  stopped on t he  I - l e v e l  un less t h e  EXUC f a c i l i t y  i s  
used. I f  t h e  ex t ra  cyc le  i s  going t o  be executed, t h e  EXUC b i t  i n  
t h e  p rev ious  m i c r o i n s t r u c t i o n  must be s e t  TRUE. Both s tack and 
sequence i n s t r u c t i o n s  i n  the  ex t ra  cyc le  a re  then ignored .  

7.3.5 CONDITIONAL SEQUENCE AND THE EXUC 

The cons t ruc t i on  o f  the  p i p e l i n e  system makes i t  necessary t o  r u n  
two m i c r o i n s t r u c t i o n s  a f t e r  a  cond i t i ona l  sequence has en te red  
t h e  p i p e l i n e ,  u n t i l  the  c o n d i t i o n  i s  v a l i d .  These two 
i n s t r u c t i o n s  a re  c a l l e d  E X C Y C l  and EXCYC2. They en te r  t h e  I- 
l e v e l ,  and a re  normal ly  stopped there ,  b u t  by us ing  EXUC, they  
can be c a r r i e d  ou t  as o rd ina ry  i n s t r u c t i o n s .  The r u l e s  f o r  us i ng  
EXUC i n  t h i s  case a re :  
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1. I f  EXUC is TRUE in the conditional sequence instruction, the 
E X C Y C l  is executed at all pipeline levels. 

a 
2 .  I f  EXUC is TRUE in the conditional sequence instruction and 

EXUC is TRUE in the EXCYC1,  the EXCYC2 is executed at all 
pipeline levels. 

3. Stack control is influenced by the EXUC.  This means that if 
conditional break does not occur, the stack is controlled a s  
specified. I f  a conditional break occurs, the stack is not 
changed. 

EXUC works with the microinstruction controller through the clock 
enable signals. 

- Note! I 
If possible, avoid a combination of conditional sequence, 
stack control and EXUC. This is an example on how you should - not 
combine them: 

C,SEQ EXUC PUSH 
(POP)  
( LOAD ) 

Norsk Data ND-05.022.1 



The t e s t  cond i t i ons  l i s t e d  below may be used f o r  t h r e e  d i f f e r e n t  
purposes i n  t he  ND-5000 microprogram. The t e s t  c o n d i t i o n s  
se lec ted  may have e i t h e r  t r u e  o r  f a l s e  as s t a t e .  Some c o n d i t i o n s  
may s e l e c t  t e s t  r e s u l t s  from e i t h e r  t h e  main s t a t u s  o r  f rom t h e  
mic ro -s ta tus .  

These t e s t  cond i t i ons  are w r i t t e n  i n  t h e  form ( M ) Z R O .  Th i s  means 
t h a t  t h e  c o n d i t i o n  COND,ZRO w i l l  take t e s t  r e s u l t  f rom t h e  Z - b i t  
i n  main s t a t u s .  The cond i t i on  COND,MZRO takes t e s t  r e s u l t  f rom 
t h e  mic ro -s ta tus .  The se lected t e s t  c o n d i t i o n  i s  a u t o m a t i c a l l y  
a c t i v a t e d .  The t e s t  c o n d i t i o n  must be se lec ted  whenever 
condi ti onal sequence, condi ti onal ALU o p e r a t i  on o r  condi  ti onal 
save i s  used. 
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COND,<condition> STATE < t r u e / f a l s e >  
ARITHMETIC OPERATIONS 

Equal t o  (MIZRO t r u e  
Unequal t o  ( M I Z R O  f a l s e  

Signed : 
Greater  than (MISORZ 
Greater than o r  equal t o  ( M ) S G N  
Less than ( M I S G N  
Less than o r  equal t o  ( M ) S O R Z  

True l e s s  than o r  g rea te r  than o r  equal t o :  
Less than MSEXO 
Greater  than o r  equal t o  MSEXO 

f a l s e  
f a l s e  
t r u e  
t r u e  

t r u e  
f a l s e  

Magni tude : 
Greater  than ( M ) C N Z  t r u e  
Greater  than o r  equal t o  ( M ) C R Y  t r u e  
Less than ( M I  CRY f a l s e  
Less than o r  equal t o  ( M ) C N Z  f a l s e  
Overf 1  ow (M)OVFL t r u e  : f a l s e  

P a r i t y  ( f r om ALU-output): 
Odd p a r i t y  PAR I TY 
Even p a r i t y  PAR I TY 

ADDITIONAL ARITHMETIC OPERATIONS 
Check f o r  x/O MDZ 
F l o a t i n g  s i g n  MFS 
F l o a t i n g  over f low MFO 
F l o a t i n g  under f low MFU 
BCD over f low MBO 
I n v a l i d  ope ra t i on  M I V O  

PROCESS STATUS 
Loop counter  = 0  
B i t  0  o f  t h e  Q - r e g i s t e r  
F l ag  
Enter  i n s t r u c t i o n  ENTF e . t . c  
Enter  module i n s t r u c t i o n  
Enter  t r a p  i n s t r u c t i o n  
Test  on jump general 
Data source / d e s t i n a t i o n  
Constant source / d e s t i n a t i o n  
P a r t  done i .e .  r e s t a r t  
Trap 
ALU.cond 00, seq.cond. LCZ 
Saved c o n d i t i o n  1 
Saved c o n d i t i o n  2  

LCZ 
QO 
K 
ENTER 
ENTM 
ENTT 
JUMPG 
DATOP 
CONOP 
PDONE 
TRAP 
AQSLZ 
SAVCl 
SAVC2 

t r u e  
fa1  se 

t r u e  : e r r o r  
t r u e  : f a l s e  
t r u e  : f a l s e  
t r u e  : f a l s e  
t r u e  : f a l s e  
t r u e  : f a l s e  

t r u e  
t r u e  
t r u e  
t r u e  
t r u e  
t r u e  
t r u e  
t r u e  
t r u e  
t r u e  
t r u e  
t r u e  
t r u e  
t r u e  

: f a l s e  
: f a l s e  
: f a l s e  
: f a l s e  
: f a l s e  
: f a l s e  
: f a l s e  
: f a l s e  
: f a l s e  
: f a l s e  
: f a l s e  
: f a l s e  
: f a l s e  
: f a l s e  
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Cond i t i ona l  sequence i s  used t o  s e l e c t  t r u e  o r  f a l s e  sequence and 
s tack  opera t ions  i n  a  m i c r o i n s t r u c t i o n .  

Resu l t  o f  a  t e s t  c o n d i t i o n  se lec ted  i n  c u r r e n t  m i c r o i n s t r u c t i o n  
w i t h  r e s u l t  from prev ious m i c r o i n s t r u c t i o n  a f f e c t i n g  se l ec ted  
c o n d i t i o n ,  determines t r u e  o r  f a l s e  sequence and s tack  c o n t r o l  i n  
t h e  m i c r o i n s t r u c t i o n  us ing  t he  C,SEQ command (C,SEQ i m p l i c i t  i n  
F,<seq> and F , < s t a c k > ) .  

Because o f  t he  p i p e l i n i n g  o f  t he  ND-5000 microprogram, p r e f e t c h  
o f  m i c r o i n s t r u c t i o n s  i s  a c t i v e  a l s o  d u r i n g  c o n d i t i o n a l  
ope ra t i ons .  The t r u e  path i s  always se lec ted  f o r  f e t c h i n g  new 
microprogram addresses. Thus t he  t r u e  pa th  should c o n t a i n  a  jump 
command causing t he  microprogram t o  r un  t h e  normal pa th  o f  
execu t ion  t o  ob ta i n  optimum speed. If t h i s  i s  n o t  p o s s i b l e ,  t h e  
INVSEQ command i s  used t o  i n v e r t  t e s t  c o n d i t i o n  f o r  sequence 
c o n t r o l  . Th i s  command has no e f f e c t  on c o n d i t i o n a l  ALU 
ope ra t i ons .  

The m i c r o i n s t r u c t i o n s  i n  t he  p i p e l i n e  w i l l  n o t  be executed when 
t h e  microcode p i p e l i n e  i s  broken. However, a  microprogrammer 
seeking optimum e f f i c i e n c y ,  may wish t o  execute these 
m i c r o i n s t r u c t i o n s  anyway. I n  order  t o  prevent  d u p l i c a t i o n  o f  t h e  
code, t he  microcode may be executed u n c o n d i t i o n a l l y .  Th i s  i s  done 
by t h e  EXUC command. With except ion o f  t h e  sequence commands, t h e  
m i c r o i n s t r u c t i o n  po in ted  t o  by t he  jump f i e l d  w i l l  be executed if 
EXUC i s  p resen t .  

ALU,A-B A,<ao> B,<bo> TYP,< t t>  NEXT* HOLD; 
C,SEQ F,HOLD F,NEXT I N V S E Q  COND,MZRO 
JMP HOLD m ;  
ALU,A+B A , < a l >  6 , < b l >  TYP,<t3> D , < d l >  NEXT* HOLD; 
ALU,XOR A,<a2> B,<b2> TYP,<t3> D,<d2> NEXT* HOLD; 
ALU,< no th i ng  spec ia l )  HOLD JMP o ;  
ALU,A+B A , < a l >  B , < b l >  TYP,<t3> D , < d l >  NEXT* HOLD; 
ALU,XOR A,<a2> B,<b2> TYP,<t3> D,<d2> NEXT* HOLD; 
NEXT* LOAD; 

The r e s u l t  from the  ALU opera t ion  i n  m i c r o i n s t r u c t i o n  a )  g i ves  
e i t h e r  t r u e  o r  f a l s e  micro zero.  

Resu l t  = 0  g ives  t r u e  i n v e r t e d  = f a l s e  sequence i . e .  n e x t  - >  c )  
f rom mic rocyc le  b ) .  The microcode p i p e l i n e  i s  broken, and t h i s  
cos t s  t ime .  

Resu l t  > <  0  g ives  f a l s e  i n v e r t e d  sequence i . e .  jump t o  
microaddress m )  from m i c r o i n s t r u c t i o n  b ) .  The microcode p i p e l i n e  
i s  n o t  broken. 

I f  m i c r o i n s t r u c t i o n  c )  i s  i d e n t i c a l  t o  m )  and d )  i s  i d e n t i c a l  t o  
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n ) ,  t h e  microcode cou ld  be executed uncond i t i ona l .  EXUC should 
then be i n s e r t e d  i n  b )  and m )  and t h e  c )  and d )  m i c r o i n s t r u c t i o n s  
should be removed. 

-- 

8.3 CONDITIONAL ALU OPERATION 

Cond i t iona l  ALU opera t ion  i s  used t o  s e l e c t  e i t h e r  t r u e  o r  f a l s e  
ALU ope ra t i on  i n  a  m i c r o i n s t r u c t i o n .  

The r e s u l t  o f  a t e s t  c o n d i t i o n  se lec ted  i n  c u r r e n t  
m i c r o i n s t r u c t i o n  w i t h  t he  r e s u l t  from t h e  prev ious micro-  
i n s t r u c t i o n  a f f e c t i n g  t he  se lec ted  c o n d i t i o n ,  determines t r u e  o r  
f a l s e  ALU opera t ion .  

a )  ALU,A-B A,<ao> B,<bo> TYP,< t t>  NEXT* HOLD; 
b )  ALU,<func> ALUF,<func> COND,MSGN 

A,<ao> B,<bo> TYP,< t t>  D,<des t>  NEXT* HOLD; 

The r e s u l t  from t h e  ALU opera t ion  i n  m i c r o i n s t r u c t i o n  a )  g i ves  
e i t h e r  t r u e  o r  f a l s e  micro s i gn .  

M i c ro  s i g n  i . e .  <ao> < <bo> g ives  t r u e  ALU-function i n  micro-  
i n s t r u c t i o n  b )  . 

Not m ic ro  s i g n  i . e .  <ao> > =  <bo> g ives  f a l s e  ALU-function i n  
m i  c r o i  n s t r u c t i  on b )  . 

- - 

8.4 CONDITION SAVE (CSAVE) 

By us ing  t h e  CSAVE command, any t e s t  c o n d i t i o n  may be saved f o r  
l a t e r  use. Any o f  t he  two l a s t  saved cond i t i ons ,  t r u e  o r  f a l s e ,  
may be se lec ted  f o r  t e s t  i n  a  l a t e r  m i c r o i n s t r u c t i o n  by s e l e c t i n g  
saved c o n d i t i o n  1 o r  2 .  

The saved t e s t  cond i t i ons  f unc t i on  as a one b i t  wide s tack ,  where 
a  new t e s t  o b j e c t  may be cont inuously  pushed, l o o s i n g  t h e  bottom 
o f  t h e  s tack .  

CSAVE saves t h e  r e s u l t  o f  t he  c o n d i t i o n  s e t  i n  t h e  c u r r e n t  micro-  
i n s t r u c t i o n  w i t h  the  r e s u l t  from the  p rev ious  m i c r o i n s t r u c t i o n  
a f f e c t i n g  t h e  se lec ted  cond i t i on .  
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Example: 

a )  ALU,<func> A,<ao> B,<bo> TYP,< t t>  SET COND,<cond> NEXT HOLD; 
b )  CSAVE COND,<cond> NEXT* HOLD; 
c )  == == == == == == NEXT HOLD; 

-- -- -- -- -- -- -- -- -- -- -- -- NEXT HOLD; 

n )  NEXT HOLD; 
m )  C,SEQ JMP HOLD F,<seq> F ,<s tack>  COND,SAVCl 

C,MEM MEM,<read/write> AA+AB AA,<ao> AB,<bo> 
C,ALU ALU,<func> ALUF:<func>; 

The r e s u l t  f rom the  opera t ion  i n  m i c r o i n s t r u c t i o n  a )  and se lec ted  
t e s t  o b j e c t  i n  m i c r o i n s t r u c t i o n  b )  i s  saved i n  m i c r o i n s t r u c t i o n  
b ) .  

Saved c o n d i t i o n  1 (COND,SAVCl) i s  se lec ted  i n  m i c r o i n s t r u c t i o n  rn) 
and i s  used f o r  t e s t  i n  t h i s  m i c r o i n s t r u c t i o n .  
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The s t a t u s  r e g i s t e r  may be c o n t r o l l e d  by w r i t i n g  t h e  r e s u l t  o f  an 
ALU ope ra t i on  i n t o  t he  s ta tus  r e g i s t e r ,  o r  by one o f  t h e  commands 
sav ing t h e  s ta tus  i n fo rma t i on  from an opera t ion ,  e i t h e r  f rom t h e  
ALU o r  from t h e  AAP. 

For  opera t ions  a f f e c t i n g  data s ta tus  b i t s ,  commands a re  used f o r  
c o n t r o l  o f  data s ta tus  b i t s  according t o  t h e  r e s u l t  o f  t h e  
ope ra t i on .  

S ta tus  b i t s  c o n t r o l  : 

ST, SAVA 
ST, SAVC 
ST, SAVF 
ST, SAVB 
ST, SAVM 
ST, ACCM 
ST, ACCA 
ST ,ACCF 
ST, LOAD 

Save s ta tus  from ALU opera t ion  
Save s ta tus  from ALU opera t ion  i n  compare 
Save s ta tus  from f l o a t i n g  opera t ion  
Save s ta tus  from BCD opera t ion  
Save mixed s ta tus  from i n t e g e r  m u l t i p l y  
Save and accumulate mixed s t a t u s  
Save and accumulate s ta tus  from ALU ope ra t i on  
Save and accumulate s ta tus  from AAP ope ra t i on  
Load F-bus t o  t he  s ta tus  r e g i s t e r  

Save o f  mixed s ta tus ,  ST,SAVM and ST,ACCM, r e s u l t s  i n  ove r f l ow  
taken from t h e  AAP, and zero and s i gn  taken from t h e  ALU. 

F lag  ( K )  and d e s c r i p t o r  range ( D R )  c o n t r o l :  

K,ZRO : K < -  0 .  
K ,ONE : K < -  1. 
K , l IFZ  : K < -  1 i f  MZRO i s  t r u e .  DR < -  0 .  

The s t a t u s  r e g i s t e r  S 1 ,  i s  an OR'ed s t a t u s  read from t h e  M I C ,  t h e  
IDU and t he  ALU gate a r rays .  

B i t s  i n  S 1  r e s i d i n g  i n  t he  M I C :  37 t o  32, 24, 20, 4 t o  0. 

B i t s  i n  S 1  r e s i d i n g  i n  t he  IDU: 30 t o  25, 23 t o  21. 

B i t s  i n  S 1  r e s i d i n g  i n  t he  ALU: 31, 17  t o  5 .  

A  d e t a i l e d  d e s c r i p t i o n  of the  s ta tus  b i t s  i s  g iven  i n  t h e  manual 
NO-5000 Hardware Descr ip t ion  (ND-05.020). 
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The o n l y  opera t ion  poss ib le  i n  t he  address a r i t h m e t i c  i s  an add 
ope ra t i on  on t he  address A-operand and t he  B-operand. Both A and 
B operands may be zero,  thus a l l ow ing  o n l y  one source o f  address. 
I n  a d d i t i o n  addresses saved i n  t he  EAO and EA1 r e g i s t e r s  may be 
enabled from the  ou tpu t  o f  the  address a r i t h m e t i c .  

The address a r i t h m e t i c  may e i t h e r  be c o n t r o l l e d  by t h e  operand 
cache (OCA) o r  from the  microcode. When c o n t r o l l e d  by t h e  OCA, 
t h e  address a r i t h m e t i c  i s  a c t i v a t e d  by t h e  microprogram when a 
general  operand i s  requested. Th is  i s  usualy  done toge ther  w i t h  
read o f  a general operand, bu t  may i n  some cases be done be fo re  
t h e  read c y c l e  f o r  the  operand i s  entered. 

Since t h e  ND-5000 i s  by te  addressed, t h e  microprogram must handle 
t h e  address a r i t h m e t i c  according t o  t h e  data type  i n  ques t ion  
when us ing  t h e  address a r i t h m e t i c .  

INPUT TO THE ADDRESS ARITHMETIC: 

Address A-operand: 

AA , 0 
AA , DATA 
AA,DISP 
AA , EAO 
AA, EA1 
AA , EA2 
AA , EA3 
AA , MARG 

Zero se lected as i n p u t  
Data i n  r e g i s t e r  as i n p u t  
D i  sp l  acernent r e g i s t e r  as i nput  
EAO r e g i s t e r  as i n p u t  
EA1 r e g i s t e r  as i n p u t  
EA2 r e g i s t e r  as i n p u t  
EA3 r e g i s t e r  as i n p u t  
8 b i t s  argument, s i gn  extended t o  32 b i t s  

Address B-operand : 

AB,O 
AB, B 
AB, 1x1 
AB, 1x2 
AB, 1x3 
AB, 1x4 
AB , MARG 
AB, R 

Zero as i n p u t  
Base r e g i s t e r  as i n p u t  
Index r e g i s t e r  1 
Index r e g i  s t e r  2 
Index r e g i s t e r  3 
Index r e g i s t e r  4 
8 b i t s  argument w i t h  s i gn  extens ion 
Record r e g i s t e r  as i n p u t  

D i r e c t  ou tpu t  address p o s s i b i l i t y :  

AB ,ADR Previous address 
AB,ADR+4 Previous address + 4 
AB,EAlDIR Use EA1 

I n  o rder  t o  make access eas ie r  when index ing  data elements w i t h  
t ype  d i f f e r e n t  from by te ,  index r e g i s t e r s  used on t h e  B-operand 
o f  t h e  address a r i t h m e t i c  i n p u t  may be sca led accord ing t o  da ta  
type  o f  t h e  i n s t r u c t i o n .  The index r e g i s t e r s  may a l s o  be sca led  
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independant of data type 

Address B-operand input with scaling from instruction data twe: 

AB,XlORS Desc(address)(Il), Index register 1 scaled according to 
data type of instruction. 

AB,X20RS Desc(address)(I2), Index register 2 scaled according to 
data type of instruction. 

AB,X30RS Desc(address)(I3), Index register 3 scaled according to 
data type of instruction. 

AB,X40RS Desc(address)(I4), Index register 4 scaled according to 
data type of instruction. 

Address B-operand index scaling for data type. Data 

IX*1 Index register scaled by 1 Byte 
IX*2 Index register scaled by 2 Hal f word 
IX*4 Index register scaled by 4 Word,sing.float 
IX*8 Index register scaled by 8 Doubl .float 
IX/8 Index register scaled by 1/8 Bit 
IX/16 Index register scaled by 16 80-bi t floating 

Output of the address arithmetic is always latched in the EAO 
register. In addition, the microprogram may control address 
arithmetic output to be saved in either EA1, EA2 or EA3. This is 
done by the EA<nr>SAVE commands to save result from the address 
arithmetic to the speci f i ed effective address register. Address 
arithmetic activate will cause address latch to be sent to the 
cache and the memory system when it is required for read or write 
operati ons . 

The microprogrammer may hold base addresses in either EA1, EA2 or 
EA3 registers to generate addresses relative to these. When a 
fetch operation is started, only the EAO register is changed, 
unless an EA<nr>SAVE command is used in the same microinstruc- 
tion. 

When the DAC is busy with the calculation of an OCA controlled 
memory request, and the microprogram wants to perform a new 
memory request in the next microinstruction, new address may be 
generated from microcode, but only OCA controlled, while OCA 
controls the DAC. Only a limited number of address arithmetic 
activate commands may then be used. Only AB,ADR, AB,ADR+4 and the 
AB,EAlDIR may be used and will cause the address to be presented 
by the DAC in the next cycle. 
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The ND-5000 m i c r o i n s t r u c t i o n  i s  a  combinat ion o f  t h e  ND-5000 
mnemonic symbols, constants o r  de f ined  symbols separated w i t h  
space. The m i c r o i n s t r u c t i o n  i s  terminated by ' ; '  and may occupy 
severa l  l i n e s  o f  symbols. Characters o f  a  l i n e  a f t e r  ' % '  a re  
taken as comments t o  the  m i c r o i n s t r u c t i o n .  

The mnemonic symbols are d i r e c t  f unc t i ons  o r  opera to r  s e l e c t o r s .  
One spec ia l  case, r e l a t e d  t o  t he  sequencing o f  t h e  microprogram, 
i s  t r e a t e d  w i t h i n  the  microcode assembler. I n  t h e  case t h a t  t h e  
microprogram jump address i s  f r e e ,  t he  source code may use t h e  
mnemonic symbol NEXT immediately fo l lowed by ' * '  (NEXT*). Th i s  
w i l l  cause t h e  microcode assembler t o  generate a JMP *+I i n s e r t e d  
as sequence c o n t r o l  i n  the m i c r o i n s t r u c t i o n .  I f  t h e  l a r g e  
argument f i e l d  i s  used f o r  values d i f f e r e n t  from 0 t h i s  w i l l  
cause t h e  e r r o r  message: 

O R I N G  REJECTED DUE TO OVERLAPPING MNEMONICS 

Constants used i n  t he  microprogram must be o c t a l  i n t e g e r s  ( o r  
o p t i o n a l :  hexadecimal d i g i t s ) .  The constants  a re  e i t h e r  used i n  
t h e  m in i  argument f i e l d ,  t he  sho r t  argument f i e l d ,  t h e  l ong  
argument f i e l d ,  t h e  microprogram address f i e l d ,  o r  as 
microprogram address mod i f i e r  

M i n i  argument i s  s p e c i f i e d  by one 8 - b i t  i n t e g e r .  The va lue  o f  t h e  
cons tan t  i s  placed i n  the min i  argument f i e l d  du r i ng  assembly 
( c o n t r o l  s t o r e  b i t s  8-01. During execut ion i n  t h e  NO-5000 t h e  
m in i  argument i s  s i gn  extended t o  32 b i t s  by A,MARG, AA,MARG and 
AB ,MARG . 

Shor t  argument i s  s p e c i f i e d  by one 1 6 - b i t  i n t e g e r .  The va lue  o f  
t h e  cons tan t  i s  placed i n  the  sho r t  argument f i e l d  d u r i n g  

Norsk Data ND-05.022.1 



Chapter 11 The ND-5000 Microassembler 

assembly ( c o n t r o l  s t o r e  b i t s  15-01. Dur ing execut ion i n  t h e  ND- 
5000 t h e  s h o r t  argument i s  s i gn  extended t o  32 b i t s  by A,SARG. 

Long argument i s  s p e c i f i e d  by two 1 6 - b i t  i n t e g e r s  separated by 
I , '  o r  by one 3 2 - b i t  i n t e g e r .  The va lue o f  t h e  cons tan t  i s  p laced 
i n  t h e  long  argument f i e l d  du r i ng  assembly ( c o n t r o l  s t o r e  b i t s  
31-0) . 

Microprogram address may be se lec ted  e i t h e r  by re fe renc ing  a  
l a b e l  o r  by spec i f y i ng  a  long argument where t h e  most s i g n i f i c a n t  
p a r t  i s  taken as microprogram address ( c o n t r o l  s t o r e  b i t s  31-16).  
Referencing a  l abe l  w i l l  cause t he  va lue o f  t h e  l a b e l  t o  be 
p laced i n  t h e  microprogram address f i e l d .  

The microprogram address may be modi f ied by a  1 6 - b i t  i n t e g e r  
te rmina ted  by ' / I  l oca ted  as t he  f i r s t  element o f  a  micro-  
i n s t r u c t i o n .  Current  microprogram address i s  s e t  equal t o  i n t e g e r  
s p e c i f i e d .  

Labels a re  de f i ned  by up t o  16 alphanumeric charac te rs  terminated 
by I : ' .  The l a b e l  must be loca ted  as t h e  f i r s t  symbol o f  a micro- 
i n s t r u c t i o n .  Value o f  t h e  l a b e l  i s  c u r r e n t  c o n t r o l  s t o r e  address. 
The 16 f i r s t  characters  are s i g n i f i c a n t .  Reference t o  a l a b e l  
wi 11 cause t he  va lue o f  the  l abe l  t o  be placed i n  t h e  
microprogram address f i e l d  ( c o n t r o l  s t o r e  b i t s  31-16).  

The assembler works on mass storage f i l e s  and may handle 40 i n p u t  
f i l e s  and may g i v e  5 outpu t  f i l e s .  Output f i l e s  r equ i red  by t h e  
assembler a re  marked by I * ' .  I n  a d d i t i o n  t h e  user  running t h e  
assembl e r  a1 so requ i  r es  t he  mnemoni c  symbol f i 1  e  (SAM-MNE- 
SYMB0LS:SYMB) and t he  mnemonic va lue f i l e  (SAM-MNE-VALUES:DATA). 
The i n p u t  and ou tpu t  f i l e s  a re  o f  t ype  :SYMB except t he  o b j e c t  
f i l e  which i s  o f  type :DATA. 

The ou tpu t  f i l e s  w i t h  content  a re :  

* Required: Undefined symbols l i s t - f i l e  con ta ins  a l l  
undef ined symbols. 

* Required: E r r o r  l i s t - f i l e  con ta ins  e r r o r s  de tec ted  d u r i n g  
assembly. 

* Required: Object  f i l e  conta ins i n p u t  t o  c o n t r o l  s t o r e .  
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Chapter 11 The ND-5000 Microassembler 43 

List-file contains symbolic list of the microprogram with 
control store address. 

Unsorted label list-file contains all labels defined with 
corresponding microprogram address. 

The assembler may also be used for converting the object file to 
an octal list file of the microprogram. 

The assembler also has a built in mnemonic editor in order to 
edit mnemonic symbols, values and comments as well as listing the 
mnemonic symbol table. File name of the mnemonic comments is 
assumed to be: SAM-MNE-C0MMENT:SYMB. 

The assembler has a "help" command which provides information 
about possible commands. 
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Example o f  runn ing  t he  ND-5000 m i  croassembl e r  : 
- 

@SAM-MICRO-ASSEM 
The ND-5000 micro-code assembler 2.0 September 1983 

Microassembler * ASSEMBLE-MICRO-PROGRAM 
Give f i lename o f  e n t r y  no. 1 : SAM-MICRO-01-00:SYMB 
Give f i lename o f  e n t r y  no. 2 : SAM-MICRO-02-00:SYMB 
Give f i lename o f  e n t r y  no. 3 : 

Undefined symbols l i s t - f i l e  : SAM-MICRO-UDEFV:SYMB 
E r r o r  1 i s t - f  i 1 e : SAM-MICRO-ERR0R:SYMB 
Object  f i l e  : SAM-MICRO-0BJEC:DATA 
L i s t - f i l e  : SAM-MICRO-SL1ST:SYMB 
Unsorted 1 abel 1 i s t - f  i 1 e : SAM-MICRO-US0RT:SYMB 

Length o f  microprogram i n  k i lowords (each 128 b i t s ) :  8 

100 Words assembled 
200 Words assembled 

100 Items i n  ud fv  t a b l e  recognized 
0 Diagnost ics  have been detected 

A l l  program func t i ons  terminated . 
microassembler * EXIT 

@ 

The e r r o r  messages from the  ND-5000 microassembler g i v e  t h e  
microprogram address where an e r r o r  i s  detected,  
ERROR AT CLC ( o c t a l  number), fo l lowed by a d d i t i o n a l  e r r o r  
i n f o rma t i on .  The d i f f e r e n t  e r r o r  messages a re  l i s t e d  below 
toge ther  w i t h  a sho r t  exp lana t ion .  A t  t he  end o f  t h e  assembly, 
t h e  number o f  e r r o r s  detected i s  w r i t t e n  on bo th  t h e  e r r o r  f i l e  
and t h e  t e r m i n a l .  

ERROR AT CLC XXXXXXB 
CURRENT LOCATION COUNTER I S  AT UPPER LIMIT 
Moving ou t s i de  address space. Th is  means t h a t  upper c o n t r o l  s t o r e  
address i s  reached f o r  t h i s  s i z e  o f  c o n t r o l  s t o r e .  

ERROR AT CLC XXXXXXB 
BLOCK NUMBER TOO LARGE: 
M o d i f i e d  microprogram address i s  ou ts ide  address space f o r  t h i s  
s i z e  o f  c o n t r o l  s t o re .  
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ERROR AT CLC XXXXXXB 
ILLEGAL CHARACTER IN ROUTINE "TRANSFORM" 
Oc ta l  number i s  n o t  a t  source f i l e .  

ERROR AT CLC XXXXXXB 
TRANSFORM OVERFLOW 
Over f low i n  conver t  t o  o c t a l .  Octal  number a t  source f i l e  i s  t o o  
1 arge.  

ERROR AT CLC XXXXXXB 
ILLEGAL FORMAT ON CLC MODIFIER 
I l l e g a l  format  when mod i fy ing  t h e  microprogram address. 

ERROR AT CLC XXXXXXB 
CLC MODIFIER ERROR 
E r r o r  i n  mod i fy ing  t he  microprogram address. 

ERROR AT CLC XXXXXXB 
TOO MANY MNEMONICS BETWEEN SEMICOLONS 
I n p u t  b u f f e r  con ta i n i ng  source code f o r  assembling i s  f u l l .  

ERROR AT CLC XXXXXXB 
TOO LONG MNEMONIC 
More than  20 charac te rs  i n  a mnemonic symbol. 

ERROR AT CLC XXXXXXB 
ATTEMPT TO WRITE ON FORMER ENTRY 
T r y  t o  w r i t e  i n t o  a p rev i ous l y  used microprogram address. 

ERROR AT CLC XXXXXXB 
OR-ING REJECTED DUE TO OVERLAPPING OF MNE-VALUES 
E r r o r  occured because same b i t s  should be s e t  f o r  combinat ion o f  
mnemonic symbols o r  arguments. Rest o f  t h e  m i c r o i n s t r u c t i o n  i s  
n o t  assembled. 

FATAL ERROR!!!! OVERFLOW I N  DFV ARRAY (DFVPACK) 
No more space f o r  de f i ned  symbols. 

ERROR AT CLC XXXXXXB 
ILLEGAL FORMAT ON DFV 
E r r o r  i n  area con ta i n i ng  de f i ned  symbols. May be caused by 
d e f i n e d  symbols w i t h  more than 16 charac te rs .  

ERROR AT CLC XXXXXXB 
MNEMONIC USED AS LABEL: 
Labels  equal t o  mnemonic symbols n o t  a l lowed.  
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ERROR A T  CLC XXXXXXB 
ALREADY DEFINED:  
Label already defined. 
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Some i n s t r u c t i o n  codes i n  the  ND-5000 a re  a v a i l a b l e  f o r  user  
w r i t t e n  microprogram. This  means t h a t  an i n s t r u c t i o n  code has an 
e n t r y  i n  t h e  ND-5000 microprogram, b u t  i s  n o t  used. 'No t  used'  
means t h a t  t h e  i n s t r u c t i o n s  generate an i l l e g a l  i n s t r u c t i o n  code. 
These i n s t r u c t i o n  codes may be used f o r  spec ia l  microprogramming 
t o  implement new func t i ons .  

Three i n s t r u c t i o n  codes a re  used f o r  c o n t r o l l i n g  t h e  b u i l t  i n  
t i m e r ,  and f ou r  i n s t r u c t i o n  codes a re  used t o  c o n t r o l  t h e  b u i l t  
i n  hardware t r a c e  module. These are marked as used i n  t h e  t a b l e  
be1 ow. 

The i n s t r u c t i o n s  a v a i l a b l e  may be d i v i d e d  i n t o  t h r e e  d i f f e r e n t  
groups, depending on p re fe t ch  and operand decoding. These groups 
a re  d i v i d e d  i n t o  subgroups, one group f o r  each data t ype .  A 
general  d e s c r i p t i o n  o f  t he  d i  f f e r e n t  types o f  i n s t r u c t i o n s  i s  
a l s o  g iven .  The i n s t r u c t i o n s  are l i s t e d  w i t h  i n s t r u c t i o n  code, 
d e f a u l t  data type f o r  the  operand and t h e  e n t r y  p o i n t  i n  t h e  
microprogram. 

The space a v a i l a b l e  f o r  user w r i t t e n  microprogram, depends on t h e  
microprogram ve rs i on .  New contents  may be p laced i n  t h e  upper 
p a r t  o f  t h e  w r i t a b l e  con t ro l  s t o re .  A general  r u l e  i s  t h a t  t h e  
area f r e e  f o r  user w r i t t e n  microprogram i s  empty o r  con ta ins  o n l y  
a  jump t o  microprogram address 200. Space a v a i l a b l e  f o r  user  
w r i t t e n  microcode w i l l  be de f ined  on t h e  program d e s c r i p t i o n  
sheet f o r  t h e  d i f f e r e n t  microprogram ve rs i ons .  

For a d e t a i l e d  d e s c r i p t i o n  o f  t he  space a v a i l a b l e  f o r  user  
w r i t t e n  microprogram, t he  program d e s c r i p t i o n  sheet f o r  t h e  
p roduc t  should be considered. 

C l a s s i f i c a t i o n  o f  t he  ND-5000 user i n s t r u c t i o n s  i s  done depending 
on operand decoding. 

I n s t r u c t i o n  group 1 : No operand i s  fe tched  
I n s t r u c t i o n  group 2 : A memory operand i s  fe tched  
I n s t r u c t i o n  group 3 : A general operand i s  fe tched  
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48 Chapter 12 User Instructions for Microprogram Extensions 

The f o l l o w i n g  u s e r  i n s t r u c t i o n s  a r e  a v a i l a b l e  i n  group 1. 

I n s t r u c t i o n  code I n s t r u c t i o n  t y p e  Microprogram e n t r y  

W EXT 
W EXT 
W EXT 
W EXT 
W EXT 
W EXT 
W EXT 
W EXT 
W EXT 
W EXT 

1637 Read M ic .Adr .  t r a c e  
1640 Read D / I . A d r .  t r a c e  
1641 Read s t a t u s  o f  t r a c e r  
1642 Load c o n t r o l  t r a c e r  
1643 
1644 
1645 
1646 Timer i n t e r r u p t .  
1647 Timer c l e a r .  
1650 Timer read .  
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The p r e f e t c h  processor  i s  f o r  group 2 ,  f e t c h i n g  one memory 
operand.  Th is  i s  f o r  d a t a  type  b y t e ,  hal fword,  word, and s i n g l e  
f l o a t i n g  p o i n t .  For t h e  d a t a  t y p e  double  f l o a t i n g  p o i n t ,  a d d r e s s  
g e n e r a t i o n  of t h e  ex tens ion  p a r t  of t h e  double  f l o a t i n g  p o i n t  
operand i s  r e q u i r e d  i n  o rder  t o  read t h e  l e a s t  s i g n i f i c a n t  p a r t  
of t h e  operand.  

The fo l lowing  u s e r  i n s t r u c t i o n s  a r e  a v a i l a b l e  i n  group 2 .  

I n s t r u c t i o n  code I n s t r u c t i o n  type  Microprogram entry 

By EXT <operand/r/BY> 1721 
By EXT <operand/r/BY> 1723 
By EXT <operand/r/BY> 1725 
By EXT <operand/r/BY> 1727 
By EXT <operand/r/BY> 1731 
By EXT <operand/r/BY> 1733 
By EXT <operand/r/BY> 1735 
By EXT <operand/r/BY> 1737 

I n s t r u c t i o n  code I n s t r u c t i o n  type  Microprogram e n t r y  

H EXT <operand/r/H> 
H EXT <operand/r/H> 
H EXT <operand/r/H> 
H EXT <operand/r/H> 
H EXT <operand/r/H> 
H EXT <operand/r/H> 
H EXT <operand/r/H> 
H EXT <operand/r/H> 

I n s t r u c t i o n  code I n s t r u c t i o n  type  Microprogram e n t r y  
C 

177500 W EXT <operand/r/W> 
177501 W EXT <operand/r/W> 
177502 W EXT <operand/r/W> 
177503 W EXT <operand/r/W> 
177504 W EXT <operand/r/W> 
177505 W EXT <operand/r/W> 
177506 W EXT <operand/r/W> 
177507 W EXT <operand/r/W> 

1761 Rphs 
1763 Wphs 
1765 CAD :=  
1767 
1771 
1773 used i n  AX 
1775 used i n  AX 
1777 used i n  AX 
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I n s t r u c t i o n  code I n s t r u c t i o n  type Microprogram entry 

F EXT <operand/r/F> 
F EXT <operand/r/F> 
F EXT <operand/r/F> 
F EXT <operand/r/F> 
F EXT <operand/r/F> 
F EXT <operand/r/F> 
F EXT <operand/r/F> 
F EXT <operand/r/F> 

200 1 
2003 
2005 
2007 
2011 
2013 used i n  AX 
2015 used i n  AX 
2017 used i n  AX 

I n s t r u c t i o n  code I n s t r u c t i o n  type Microprogram entry 

177520 D EXT <operand/r/D> 
177521 D EXT <operand/r/D> 
177522 D EXT <operand/r/D> 
177523 D EXT <operand/r/D> 
177524 D EXT <operand/r/D> 
177525 D EXT <operand/r/D> 
177526 D EXT <operand/r/D> 
177527 D EXT <operand/r/D> 
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For i n s t r u c t i o n s  i n  group 3 ,  a general  operand, e i t h e r  a cons t an t  
from program a r e a ,  a r e g i s t e r  o r  a memory operand i s  f e t c h e d .  In 
a d d i t i o n ,  OR-1 ogi c s e l e c t i o n  of regi  s t e r  i s pos s ib l e .  

The fol lowing user  i n s t r u c t i o n s  a r e  a v a i l a b l e  i n  group 3 .  

I n s t r u c t i o n  code In s t ruc t i on  type Microprogram e n t r y  

177300 - 177303 Byn EXT <operand/r/BY> 1651 
177304 - 177307 Byn EXT <operand/r/BY> 1653 
177310 - 177313 Byn EXT <operand/r/BY> 1655 
177314 - 177317 Byn EXT <operand/r/BY> 1657 

I n s t r u c t i o n  code In s t ruc t i on  type  Microprogram e n t r y  

177320 - 177323 Hn EXT <operand/r/H> 1661 
177324 - 177327 Hn EXT <operand/r/H> 1663 
177330 - 177333 Hn EXT <operand/r/H> 1665 
17733.4 - 177337 Hn EXT <operand/r/H> 1667 

I n s t r u c t i o n  code In s t ruc t i on  type Microprogram e n t r y  

177340 - 177343 Wn EXT <operand/r/W> 1671 
177344 - 177347 Wn EXT <operand/r/W> 1673 
177350 - 177353 Wn EXT <operand/r/W> 1675 
177354 - 177357 Wn EXT <operand/r/W> 1677 
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I n s t r u c t i o n  code I n s t r u c t i o n  type Microprogram e n t r y  

177360 - 177363 Fn EXT <operand/r/F> 1701 
177364 - 177367 Fn EXT <operand/r/F> 1703 
177370 - 177373 Fn EXT <operand/r/F> 1705 
177374 - 177377 Fn EXT <operand/r/F> 1707 

I n s t r u c t i o n  code I n s t r u c t i o n  type Microprogram e n t r y  

177440 - 177443 Dn EXT <operand/r/D> 1711 
177444 - 177447 Dn EXT <operand/r/D> 1713 
177450 - 177453 Dn EXT <operand/r/D> 1715 
177454 - 177457 Dn EXT <operand/r/D> 1717 
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ALU , FZRO 
ALU,ADIRC 
ALU ,AND 
ALU ,ANDCB 
ALU ,A 
ALU ,A+ 1 
ALU , XOR 
ALU , ANDCA 
ALU , OR 
ALU ,A -1  
ALU,A, /2  
ALU ,A-B 
ALU ,A-B-1  
ALU ,A-B- l+C 
ALU,A-B,*2 
ALU,A-B-1,*2 
ALU,A+B, /2  
ALU ,A+B 
ALU , A+ B+ 1 
ALU, B-A 
ALU, B -A -1  
ALU,A+BYk2  
CRY ,ONE 
CRY, C 
CRY ,MC 
ALUF , FZRO 
ALUF,ADIRC 
ALUF ,AND 
ALUF,ANDCB 
ALUF ,A 
ALUF ,A+1 
ALUF , XOR 
ALUF,ANDCA 
ALUF ,OR 
ALUF ,A- 1 
ALUF,A, /2  
ALUF , A-B 
ALUF,A-B-1 
ALUF,A-B- l+C 
ALUF,A-B,*2 
ALUF,A-B-1,*2 
ALUF ,A+B, /2  
ALUF ,A+B 
ALUF,A+B+l  
ALUF , B-A 
ALUF,B-A-1 
ALUF,B-A- l+C 
ALUF,A+B,*2 
CRYF, ONE 
CRYF , C 
CRYF ,MC 

FORCE ZERO ALU OUTPUT 
ALU OUTPUT COMPLEMENTED 
LOGICAL AND OF A AND B 
LOGICAL AND OF A AND B COMPLEMENTED 
A OPERAND DIRECT THROUGH THE ALU 
ADD 1 TO A OPERAND 
LOGICAL EXCLUSIVE OR OF A AND B 
LOGICAL AND OF A COMPLEMENTED AND B 
LOGICAL OR OF A AND B 
DECREMENT A OPERAND 
FBUS = ALU.OUTPUT/Z; F B U S ( 3 1 )  = CARRY 
A MINUS B OPERAND 
A MINUS B OPERAND MINUS 1 
A MINUS B OPERAND MINUS 1 ADDED CARRY 
FBUS = ALU.OUTPUT*Z; FBUS(O0)  = 0 
FBUS = ALU.OUTPUT*Z; FBUS(O0)  = 0 
FBUS = ALU.OUTPUT/Z; F B U S ( 3 1 )  = CARRY 
A OPERAND ADDED B OPERAND 
A OPERAND ADDED B OPERAND ADDED 1 
B OPERAND MINUS A OPERAND 
B OPERAND MINUS A OPERAND MINUS 1 
FBUS = ALU.OUTPUT*Z; FBUS(O0)  = 0 
ONE AS CARRY 
C FROM STATUS AS CARRY 
MICRO CARRY AS CARRY 
FORCE ZERO ALU OUTPUT 
ALU OUTPUT COMPLEMENTED 
LOGICAL AND OF A AND B 
LOGICAL AND OF A AND B COMPLEMENTED 
A OPERAND DIRECT THROUGH THE ALU 
ADD 1 TO A OPERAND 
LOGICAL EXCLUSIVE OR OF A AND B 
LOGICAL AND OF A COMPLEMENTED AND B 
LOGICAL OR OF A AND B 
DECREMENT A OPERAND 
FBUS = ALU.OUTPUT/Z; F B U S ( 3 1 )  = CARRY 
A MINUS B OPERAND 
A MINUS B OPERAND MINUS 1 
A MINUS B OPERAND MINUS 1 ADDED CARRY 
FBUS = ALU.OUTPUT*Z; FBUS(O0) = 0 
FBUS = ALU.OUTPUT*Z; FBUS(O0)  = 0 
FBUS = ALU.OUTPUT/Z; F B U S ( 3 1 )  = CARRY 
A OPERAND ADDED B OPERAND 
A OPERAND ADDED B OPERAND ADDED 1 
B OPERAND MINUS A OPERAND 
B OPERAND MINUS A OPERAND MINUS 1 
B OPERAND MINUS A OPERAND MINUS 1 ADDED CARRY 
FBUS = ALU.OUTPUT*Z; FBUS(O0) = 0 
ONE AS CARRY 
C FROM STATUS AS CARRY 
MICRO CARRY AS CARRY 
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EXUC 
Q ,  F 
Q,Q*DIV 
Q ,  Q*LOG 
Q ,Q/ARI 
Q , Q/LOG 
Q , Q/ROT 
Q , Q*ROT 
EXPISO 
I XAD J 
TYP,W 
TYP,F 
TYP,HW 
TYP ,BY 
TYP,B I  
TYP,DF 
TYP,DD 
TYP,OR 
A, BMOO 
A,BMOl 
A ,  BM02 
A ,  BM03 
A,  BM04 
A,  BM05 
A, BM06 
A ,  BM07 
A,  BM10 
A,BM11 
A,  BM12 
A,  BM13 
A,  BM14 
A,BM15 
A,BM16 
A,BM17 
A,  BM20 
A,  BM21 
A,  BM22 
A,  BM23 
A, BM24 
A,  BM25 
A,  BM26 
A,BM27 
A, BM30 
A,BM31 
A,  BM32 
A,  BM33 
A,  BM34 
A, BM35 
A, BM36 
A, BM37 
A ,X1  
A, X2 
A, X3 
A, X4 
A,A1 
A,A2 
A,A3 

EXECUTE UNCONDITIONAL 
Q < -  ALU OUTPUT. 
Q < -  Q*2;  Q ( 0 0 )  < -  DIVR 
Q < -  Q*2;  Q ( O 0 )  < -  0 
Q < -  Q / 2 ;  Q ( S I G N . B I T )  < -  Q ( S I G N . B I T )  
Q < -  Q / 2 ;  Q ( S I G N . B I T )  < -  0 
Q < -  Q / 2 ;  Q ( S I G N . B I T )  < -  Q ( 0 0 )  
Q < -  Q*2; Q ( 0 0 )  < -  Q ( S I G N . B I T )  
ISOLATE FLOATING EXPONENT; FBUS(8-0)  < -  F ( 3 0 - 2 2 )  
INDEX COUNTER INCREMENT 
DATA TYPE I S  WORD 
DATA TYPE I S  SINGLE FLOATING 
DATA TYPE I S  HALF WORD 
DATA TYPE I S  BYTE 
DATA TYPE I S  B I T  
DATA TYPE I S  DOUBLE FLOATING ( 6 4 - B I T S  REAL) 
DATA TYPE I S  1 2 8  B I T S  FLOATING POINT 
DATA TYPE CONTROLED BY THE ICA 
A-BUS I S  B I T  MASK 0 
A-BUS I S  B I T  MASK 1 
A-BUS I S  B I T  MASK 2 
A-BUS I S  B I T  MASK 3 
A-BUS I S  B I T  MASK 4 
A-BUS I S  B I T  MASK 5 
A-BUS I S  B I T  MASK 6 
A-BUS I S  B I T  MASK 7 
A-BUS I S  B I T  MASK 1 0  
A-BUS I S  B I T  MASK 11 
A-BUS I S  B I T  MASK 1 2  
A-BUS I S  B I T  MASK 1 3  
A-BUS I S  B I T  MASK 1 4  
A-BUS I S  B I T  MASK 1 5  
A-BUS I S  B I T  MASK 1 6  
A-BUS I S  B I T  MASK 1 7  
A-BUS I S  B I T  MASK 20  
A-BUS I S  B I T  MASK 2 1  
A-BUS I S  B I T  MASK 22  
A-BUS I S  B I T  MASK 23 
A-BUS I S  B I T  MASK 2 4  
A-BUS I S  B I T  MASK 25 
A-BUS I S  B I T  MASK 26 
A-BUS I S  B I T  MASK 27 
A-BUS I S  B I T  MASK 3 0  
A-BUS I S  B I T  MASK 3 1  
A-BUS I S  B I T  MASK 3 2  
A-BUS I S  B I T  MASK 33 
A-BUS I S  B I T  MASK 3 4  
A-BUS I S  B I T  MASK 3 5  
A-BUS I S  B I T  MASK 36  
A-BUS I S  B I T  MASK 37  
A-BUS I S  INDEX REGISTER X I  
A-BUS I S  INDEX REGISTER X2 
A-BUS I S  INDEX REGISTER X3 
A-BUS I S  INDEX REGISTER X4 
A-BUS I S  FLOATING MOST REGISTER A 1  
A-BUS I S  FLOATING MOST REGISTER A2 
A-BUS I S  FLOATING MOST REGISTER A3 
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A,A4 
A ,  SC1  
A,SC2 
A,SC3 
A,SC4 
A , E 1  
A ,E2 
A ,E3  
A , E 4  
A ,  SC5 
A,SC6 
A,SC7 
A,SC10 
A ,SC11  
A,SC12 
A,SC13 
A,SC14 
A ,  DATA 
A,  BMLC 
A ,AAPRES 
A,Q 
A,ALU,STS 
A,ALU,TE 
A,  PXBM 
A,IMM,PSTP 
A,DMM,PSTP 
A,IMM,PUWP 
A,DMM,PUWP 
A,  IMM,LA 
A,DMM,LA 
A,  IMM,WR 
A,DMM,WR 
A,  IMM,CAP 
A ,  DMM , CAP 
A ,  IMM,PS 
A,DMM,PS 
A ,  IMM,PHS 
A,DMM,PHS 
A,IMM,DOM 
A,DMM,DOM 
A,  IMM,MEM 
A,DMM,MEM 
A,IMM,PHYS 
A,DMM,PHYS 
A,  IMM,STS 
A,  DMM, STS 
A,  IMM,ADOM 
A,DMM,ADOM 
A,SPEC,MOD 
A,SPEC,AOB 
A,SPEC,IAR 
A,SPEC,OC,DP 
A,SPEC,OC,AD 
A,SPEC,OC,CO 
A,SPEC ,AC 
A,SPEC, I C  
A,SPEC,OLAHZ 

A-BUS I S  FLOATING MOST REGISTER A 4  
A-BUS I S  SCRATCH REGISTER 1 
A-BUS I S  SCRATCH REGISTER 2 
A-BUS I S  SCRATCH REGISTER 3 
A-BUS I S  SCRATCH REGISTER 4 
A-BUS I S  FLOATING LEAST REGISTER E l  
A-BUS I S  FLOATING LEAST REGISTER E 2  
A-BUS I S  FLOATING LEAST REGISTER E 3  
A-BUS I S  FLOATING LEAST REGISTER E 4  
A-BUS I S  SCRATCH REGISTER 5 
A-BUS I S  SCRATCH REGISTER 6 
A-BUS I S  SCRATCH REGISTER 7 
A-BUS I S  SCRATCH REGISTER 1 0  
A-BUS I S  SCRATCH REGISTER 11 
A-BUS I S  SCRATCH REGISTER 1 2  
A-BUS I S  SCRATCH REGISTER 13 
A-BUS I S  SCRATCH REGISTER 1 4  
A-BUS I S  DATA INPUT REGISTER 
A-BUS I S  B I T  MASK FROM LOOP COUNTER 
A-BUS I S  AAP RESULT 
A-BUS I S  Q-REGISTER 
A-BUS I S  ALU STATUS B I T S  
A-BUS I S  ALU TRAP ENABLE B I T S  
A-BUS I S  POST-INDEX BIT-MASK 
A-BUS I S  IMM PSTP REGISTER 
A-BUS I S  DMM PSTP REGISTER 
A-BUS I S  IMM PUWP REGISTER 
A-BUS I S  DMM PUMP REGISTER 
A-BUS I S  IMM L A  REGISTER 
A-BUS I S  DMM L A  REGISTER 
A-BUS I S  IMM WR REGISTER 
A-BUS I S  DMM WR REGISTER 
A-BUS I S  IMM CAPABIL ITY  
A-BUS I S  DMM CAPABIL ITY  
A-BUS I S  IMM PS REGISTER 
A-BUS I S  DMM PS REGISTER 
A-BUS I S  IMM PHs REGISTER 
A-BUS I S  DMM PHs REGISTER 
A-BUS I S  IMM DOM REGISTER 
A-BUS I S  DMM DOM REGISTER 
A-BUS I S  INSTRUCTION MEMORY 
A-BUS I S  DATA MEMORY 
A-BUS I S  INSTRUCTION PHYSICAL ADDR. 
A-BUS I S  DATA PHYSICAL ADDRESS 
A-BUS I S  IMM STS REGISTER 
A-BUS I S  DMM STS REGISTER 
A-BUS I S  IMM ADOM REGISTER 
A-BUS I S  DMM ADOM REGISTER 
A-BUS I S  MODUS-REGISTER 
A-BUS I S  AOB-REGISTER 
A-BUS I S  IAR-REGISTER 
A-BUS I S  DPA-PART OF OC 
A-BUS I S  NADDR-PART OF OC 
A-BUS I S  CONTROL-PART OF OC 
A-BUS I S  address-CACHE 
A-BUS I S  INSTRUCTION-CACHE 
A-BUS I S  OLAH2-REGISTER 
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A,SPEC,AFLAG 
A,SPEC,AOBASR 
A,SPEC, I R L  
A,SPEC,DACR 
A,SPEC,ACH 
A,SPEC,DLAH 
A,SPEC,LA 
A,SPEC,FLA 
A,SPEC,DPSDOM 
A,SPEC,IPSDOM 
A ,SPEC, ID IR  
A,SPEC,DCALA 
A,SPEC,CSTRC 
A,SPEC,DCADAT 
A,SPEC,STRACE 
A,SPEC,ITRACE 
A,SPEC,ATRACE 
A,SPEC,DTRACE 
A,SPEC,CTRACE 
A,MIC,MISTS 
A,MIC,VECT 
A , M I C , R F A l  
A,MIC,RFA2 
A,MIC,STS 
A,MIC,TE 
A,MIC,CURR 
A,MIC,CNT32 
A , R F l  
A,RF2 
A , R F l D  
A ,  RF2D 
A ,  SRFO 
A , S R F l  
A,SRF2 
A ,  SRF3 
A,SRF4 
A ,  SRF5 
A ,  SRF6 
A ,  SRF7 
A ,  SRFOO 
A,SRFOl  
A ,  SRF02 
A, SRF03 
A,  SRF04 
A ,  SRF05 
A ,  SRFO6 
A ,  SRF07 
A,SRF10 
A ,SRF11  
A,SRF12 
A,SRF13 
A , S R F I 4  
A,SRF15 
A ,  SRF16 
A,SRF17 
A ,  IDU,TE 
A,  IDU ,HL  

A-BUS I S  ACCP-FLAG-REGISTER 
A-BUS I S  C0MM.-REGISTER 
A-BUS I S  INSTR-READ-LATCH 
A-BUS I S  DAC-REGISTER 
A-BUS I S  AC-HOLD-REGISTER 
A-BUS I S  DLA-HOLD-REGISTER 
A-BUS I S  LA-LATCH 
A-BUS I S  FORWARD-LA-LATCH 
A-BUS I S  DATA PS/DOM 
A-BUS I S  INSTRUCTION PS/DOM 
A-BUS I S  INSTR-CACHE-DIR 
A-BUS I S  DATA-CACHE LA  
A-BUS I S  
A-BUS I S  DATA-CACHE DATA 
A-BUS I S  STRACE 
A-BUS I S  ITRACE 
A-BUS I S  ATRACE 
A-BUS I S  DTRACE 
A-BUS I S  CTRACE 
A-BUS I S  M I C  STATUS REGISTER 
A-BUS I S  M I C  VECTOR REGISTER 
A-BUS I S  RF-ADDRESS REGISTER 1 
A-BUS I S  RF-ADDRESS REGISTER 2 
A-BUS I S  M I C  STATUS B I T S  
A-BUS I S  M I C  TRAP ENABLE B I T S  
A-BUS I S  M I C  CURR REGISTER 
A-BUS I S  M I C  3 2 - B I T  COUNTER 
A-BUS I S  REG.F ILE  POINTED TO BY R F 1  REGISTER 
A-BUS I S  REG.FILE POINTED TO BY RF2 REGISTER 
A-BUS I S  REG.FILE POINTED TO BY R F 1 , R F l  DECREMENT 
A-BUS I S  REG.FILE POINTED TO BY RF2,RFZ DECREMENT 
A-BUS I S  SRF-WORD 0 
A-BUS I S  SRF-WORD 1 
A-BUS I S  SRF-WORD 2 
A-BUS I S  SRF-WORD 3 
A-BUS I S  SRF-WORD 4 
A-BUS I S  SRF-WORD 5 
A-BUS I S  SRF-WORD 6 
A-BUS I S  SRF-WORD 7 
A-BUS I S  SRF-WORD 0 
A-BUS I S  SRF-WORD 1 
A-BUS I S  SRF-WORD 2 
A-BUS I S  SRF-WORD 3 
A-BUS I S  SRF-WORD 4 
A-BUS I S  SRF-WORD 5 
A-BUS I S  SRF-WORD 6 
A-BUS I S  SRF-WORD 7 
A-BUS I S  SRF-WORD 1 0  
A-BUS I S  SRF-WORD 11 
A-BUS I S  SRF-WORD 1 2  
A-BUS I S  SRF-WORD 1 3  
A-BUS I S  SRF-WORD 1 4  
A-BUS I S  SRF-WORD 1 5  
A-BUS I S  SRF-WORD 1 6  
A-BUS I S  SRF-WORD 1 7  
A-BUS I S  M I C  TRAP ENABLE REGISTER 
A-BUS I S  I D U  HL REGISTER 
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A,  IDU,LL  
A, IDU,LIMC 
A, IDU,B2 
A,IDU,STS 
A ,  IDU,DPA 
A , I A C , I L A R  
A,  IAC,S  
A , I A C , Y  
A, IAC,SP 
A , I A C , L  
A, IAC,P 
A,  IAC,NPC 
A,DAC,DLAR 
A, DAC , EAO 
A,  DAC , EA1  
A, DAC , EA2 
A, DAC , EA3 
A,  MARG 
A,DAC,B 
A,DAC,R 
A, SARG 
A,  LARG 
B ,X1  
B,X2 
B,X3 
B,X4 
B , A l  
B ,A2 
B,A3 
B ,A4 
B, SC1 
B, SC2 
B, SC3 
B, SC4 
B,E1 
B,E2 
B,E3 
B,E4 
B,SC5 
B,  SC6 
B,  SC7 
B,  SC10 
B,  SC11 
B, SC12 
B,  SC13 
B, SC14 
B,  LC 
B,Q 
B , BCD 
B , I X C  
D,X1 
D,X2 
D,X3 
D,X4 
D , A l  
D,A2 
D ,A3 

A-BUS I S  IDU L L  REGISTER 
A-BUS I S  I D U  L I M I T  CONTROL REGISTER 
A-BUS I S  IDU BUFFER-2 
A-BUS I S  IDU STATUS REGISTER 
A-BUS I S  DPA-BUS-REGISTER 
A-BUS I S  IAC LA-REGISTER 
A-BUS I S  IAC SCRATCH REGISTER 
A-BUS I S  IAC Y REGISTER 
A-BUS I S  I A C  SP REGISTER 
A-BUS I S  IAC L ( L I N K )  REGISTER 
A-BUS I S  IAC P REGISTER 
A-BUS I S  IAC NPC REGISTER 
A-BUS I S  DAC LA-REGISTER 
A-BUS I S  DAC EAO REGISTER 
A-BUS I S  DAC EA1 REGISTER 
A-BUS I S  DAC EA2 REGISTER 
A-BUS I S  DAC EA3 REGISTER 
A-BUS I S  M I N I  ARGUMENT 
A-BUS I S  DAC B REGISTER 
A-BUS I S  DAC R REGISTER 
A-BUS I S  SHORT ARGUMENT 
A-BUS I S  LONG ARGUMENT 
B-BUS I S  INDEX REGISTER X 1  
B-BUS I S  INDEX REGISTER X2 
B-BUS I S  INDEX REGISTER X3 
B-BUS I S  INDEX REGISTER X4 
B-BUS I S  FLOATING MOST REGISTER A 1  
B-BUS I S  FLOATING MOST REGISTER A2 
B-BUS I S  FLOATING MOST REGISTER A3 
B-BUS I S  FLOATING MOST REGISTER A4 
B-BUS I S  FLOATING SCRATCH REGISTER SC1 
B-BUS I S  FLOATING SCRATCH REGISTER SC2 
B-BUS I S  FLOATING SCRATCH REGISTER SC3 
B-BUS I S  FLOATING SCRATCH REGISTER SC4 
B-BUS I S  FLOATING LEAST REGISTER E l  
B-BUS I S  FLOATING LEAST REGISTER E2 
B-BUS I S  FLOATING LEAST REGISTER E3 
B-BUS I S  FLOATING LEAST REGISTER E4  
B-BUS I S  SCRATCH REGISTER SC5 
B-BUS I S  SCRATCH REGISTER SC6 
B-BUS I S  SCRATCH REGISTER SC7 
B-BUS I S  SCRATCH REGISTER SClO 
B-BUS I S  SCRATCH REGISTER S C l l  
B-BUS I S  SCRATCH REGISTER SC12 
B-BUS I S  SCRATCH REGISTER SC13 
B-BUS I S  SCRATCH REGISTER SC14 
B-BUS I S  LOOP COUNTER ( L C )  
B-BUS I S  Q-REGISTER 
B-BUS I S  BCD CORRECTION ( Q / 4  OR Q / 8 )  
B-BUS I S  INDEX-COUNTERS 
DESTINATION I S  INDEX REGISTER X 1  
DESTINATION I S  INDEX REGISTER X2 
DESTINATION I S  INDEX REGISTER X3 
DESTINATION I S  INDEX REGISTER X4 
DESTINATION I S  FLOATING MOST REGISTER A 1  
DESTINATION I S  FLOATING MOST REGISTER A2 
DESTINATION I S  FLOATING MOST REGISTER A3 
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2 8 0  D ,A4  
2 8 1  D,SC1 
2 8 2  D,SC2 
2 8 3  D,SC3 
2 8 4  D,SC4 
2 8 5  D , E 1  
2 8 6  D ,E2  
2 8 7  D,E3 
2 8 8  D,E4 
2 8 9  D,SC5 
2 9 0  D,SC6 
2 9 1  D,SC7 
2 9 2  D,SClO 
2 9 3  D ,SC11  
2 9 4  D,SC12 
2 9 5  D,SC13 
2 9 6  D,SC14 
2 9 7  D,NONE 
2 9 8  D , I X C  
299 D ,LC 
3 0 0  D,SPEC,MOD 
3 0 1  D,SPEC,AIB 
3 0 2  D,SPEC,DCADAT 
3 0 3  D,SPEC,OC,DP 
3 0 4  D,SPEC,OC,AD 
3 0 5  D,SPEC,OC,CO 
3 0 6  D,SPEC,AC 
3 0 7  D ,SPEC, IC  
3 0 8  D ,SPEC , M I 0  
3 0 9  D , SPEC, TRPARM 
3 1 0  D,SPEC,TRPCLR 
3 1 1  D,SPEC,CC 
3 1 2  D,SPEC,LA 
3 1 3  D,SPEC,FLA 
3 1 4  D,SPEC,CLDCA 
3 1 5  D,SPEC,CLICA 
3 1 6  D,SPEC,CTRACE 
3 1 7  D,DMM,PSTP 
3 1 8  D,IMM,PSTP 
3 1 9  D,MM,PSTP 
3 2 0  D,DMM,PUWP 
3 2 1  D,IMM,PUWP 
3 2 2  D,MM,PUWP 
3 2 3  D,DMM,LA 
3 2 4  D, IMM,LA 
3 2 5  D,MM,LA 
3 2 6  D,DMM,WR 
3 2 7  D,IMM,WR 
3 2 8  D,MM,WR 
3 2 9  D,DMM,CAP 
3 3 0  D,  IMM,CAP 
3 3 1  D,MM,CAP 
3 3 2  D,DMM,PS 
3 3 3  D,IMM,PS 
334 D,MM,PS 
3 3 5  D,DMM,PHS 
3 3 6  D , IMM, PHs 

DESTINATION I S  FLOATING MOST REGISTER A 4  
DESTINATION I S  SCRATCH REGISTER SC1 
DESTINATION I S  SCRATCH REGISTER SC2 
DESTINATION I S  SCRATCH REGISTER SC3 
DESTINATION I S  SCRATCH REGISTER SC4 
DESTINATION I S  FLOATING LEAST REGISTER E l  
DESTINATION I S  FLOATING LEAST REGISTER E 2  
DESTINATION I S  FLOATING LEAST REGISTER E 3  
DESTINATION I S  FLOATING LEAST REGISTER E 4  
DESTINATION I S  SCRATCH REGISTER SC5 
DESTINATION I S  SCRATCH REGISTER SC6 
DESTINATION I S  SCRATCH REGISTER SC7 
DESTINATION I S  SCRATCH REGISTER SC lO  
DESTINATION I S  SCRATCH REGISTER S C l l  
DESTINATION I S  SCRATCH REGISTER SC12 
DESTINATION I S  SCRATCH REGISTER SC13 
DESTINATION I S  SCRATCH REGISTER SC14 
NO DESTINATION 
DESTINATION I S  INDEX-COUNTERS CLEAR 
DESTINATION I S  LOOP COUNTER ( L C )  
WRITE MODUS REGISTER 
WRITE ACCP-INPUT-BUFFER 
WRITE DATA-CACHE DATA 
WRITE DPA-PART OF OC 
WRITE NADDR-PART OF OC 
WRITE CONTROL-PART OF OC 
WRITE ADDRESS-CACHE 
WRITE INSTRUCTION-CACHE 
WRITE MIB-REGISTER 
TRAP-ARM 
TRAP-CLEAR 
WRITE CONTROL-WORD-CACHE 
WRITE LA-REGISTER 
WRITE FORWARD-LA-REGISTER 
CLEAR DATA-CACHE 
CLEAR INSTRUCTION-CACHE 
WRITE CTRACE 
DESTINATION I S  IMM PSTP REGISTER 
DESTINATION I S  DMM PSTP REGISTER 
DESTINATION I S  IMM AND DMM PSTP REGISTER 
DESTINATION I S  IMM PUWP REGISTER 
DESTINATION I S  DMM PUWP REGISTER 
DESTINATION I S  IMM AND DMM PUWP REGISTER 
DESTINATION I S  IMM LA  REGISTER 
DESTINATION I S  DMM L A  REGISTER 
DESTINATION I S  IMM AND DMM L A  REGISTER 
DESTINATION I S  IMM WR REGISTER 
DESTINATION I S  DMM WR REGISTER 
DESTINATION I S  IMM AND DMM WR REGISTER 
DESTINATION I S  IMM CAPABIL ITY  REGISTER 
DESTINATION I S  DMM CAPABIL ITY  REGISTER 
DESTINATION I S  IMM AND DMM CAP REGISTERS 
DESTINATION I S  IMM PS REGISTER 
DESTINATION I S  DMM PS REGISTER 
DESTINATION I S  IMM AND DMM PS REGISTER 
DESTINATION I S  IMM PHs REGISTER 
DESTINATION I S  DMM PHs REGISTER 
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D ,MM,PHS 
D ,DMM,DOM 
D,IMM,DOM 
D,MM,DOM 
D ,DMM,MEM 
D , I M M  ,MEM 
D,DMM,WTSB 
D,IMM,WTSB 
D ,MM,WTSB 
D,DMM,CTSB 
D, IMM,CTSB 
D,MM,CTSB 
D,DMM,CTRP 
D, IMM,CTRP 
D,MM,CTRP 
D,DMM,DIRTY 
D, IMM,DIRTY 
D,MM,DIRTY 
D,DMM,ADOM 
D,IMM,ADOM 
D,MM,ADOM 
D , M I C , M I S T S  
D,MIC,VECT 
D , R F A 1  
D , RFA2 
D , M I C , S T S  
D ,MIC,TE 
D , M I C ,  BRK 
D , M I C , C N T 3 2  
D,MIC,RESTU 
D , R F 1  
D ,  R F 2  
D ,  RF1D 
D , RF2D 
D , SRFO 
D , S R F l  
D , SRF2 
D , SRF3 
D , S R F 4  
D , SRF5 
D , SRF6 
D , S R F 7  
D , SRFOO 
D , SRFO1 
D , S R F 0 2  
D , S R F 0 3  
D , S R F 0 4  
D , SRFOS 
D , S R F 0 6  
D , SRFO7 
D ,SRF10 
0 , S R F l l  
D ,SRF12 
D ,SRF13 
0, S R F 1 4  
D ,SRF15 
D ,SRF16 

D E S T I N A T I O N  I S  IMM AND DMM PHs REGISTER 
D E S T I N A T I O N  I S  IMM DOM REGISTER 
D E S T I N A T I O N  I S  DMM DOM REGISTER 
D E S T I N A T I O N  I S  IMM AND DMM DOM REGISTER 
WRITE MEMORY DMM 
WRITE MEMORY IMM 
D E S T I N A T I O N  I S  IMM TSB 
D E S T I N A T I O N  I S  DMM TSB 
D E S T I N A T I O N  I S  IMM AND DMM TSB 
IMM TSB CLEAR 
DMM TSB CLEAR 
IMM AND DMM TSB CLEAR 
TRAP CLEAR AND UNLOCK THE IMM 
TRAP CLEAR AND UNLOCK THE DMM 
TRAP CLEAR AND UNLOCK THE IMM AND DMM 
D E S T I N A T I O N  I S  DMM DIRTY-DOM-PS REGISTER 
D E S T I N A T I O N  I S  IMM DIRTY-DOM-PS REGISTER 
D E S T I N A T I O N  I S  MM DIRTY-DOM-PS REGISTER 
D E S T I N A T I O N  I S  IMM ADOM REGISTER 
D E S T I N A T I O N  I S  DMM ADOM REGISTER 
D E S T I N A T I O N  I S  IMM AND DMM ADOM REGISTER 
D E S T I N A T I O N  I S  M I C  STATUS REGISTER 
D E S T I N A T I O N  I S  M I C  VECTOR REGISTER 
DEST.  I S  R F 1  ADDR. REG. 
DEST.  I S  RF2 ADDR. REG. 
D E S T I N A T I O N  I S  M I C  S T S - B I T S  
D E S T I N A T I O N  I S  M I C  TRAP ENABLE B I T S  
D E S T I N A T I O N  I S  M I C  BREAKPOINT-REGISTER 
D E S T I N A T I O N  I S  M I C  3 2 - B I T  COUNTER 
CLEAR STACK UNDERFLOW 
D E S T I N A T I O N  I S  R E G . F I L E  POINTED TO BY R F 1  REGISTER 
D E S T I N A T I O N  I S  R E G . F I L E  POINTED TO BY R F 2  REGISTER 
D E S T I N A T I O N  I S  R E G . F I L E  POINTED TO BY R F 1 , R F l  DECR. 
D E S T I N A T I O N  I S  R E G . F I L E  POINTED TO BY RF2,RFZ DECR. 
D E S T I N A T I O N  I S  SRF-WORD 0 
D E S T I N A T I O N  I S  SRF-WORD 1 
D E S T I N A T I O N  I S  SRF-WORD 2 
D E S T I N A T I O N  I S  SRF-WORD 3 
D E S T I N A T I O N  I S  SRF-WORD 4 
D E S T I N A T I O N  I S  SRF-WORD 5 
D E S T I N A T I O N  I S  SRF-WORD 6 
D E S T I N A T I O N  I S  SRF-WORD 7 
D E S T I N A T I O N  I S  SRF-WORD 0 
D E S T I N A T I O N  I S  SRF-WORD 1 
D E S T I N A T I O N  I S  SRF-WORD 2 
D E S T I N A T I O N  I S  SRF-WORD 3 
D E S T I N A T I O N  I S  SRF-WORD 4 
D E S T I N A T I O N  I S  SRF-WORD 5 
D E S T I N A T I O N  I S  SRF-WORD 6 
D E S T I N A T I O N  I S  SRF-WORD 7 
D E S T I N A T I O N  I S  SRF-WORD 10 
D E S T I N A T I O N  I S  SRF-WORD 11 
D E S T I N A T I O N  I S  SRF-WORD 1 2  
D E S T I N A T I O N  I S  SRF-WORD 13 
D E S T I N A T I O N  I S  SRF-WORD 1 4  
D E S T I N A T I O N  I S  SRF-WORD 1 5  
D E S T I N A T I O N  I S  SRF-WORD 16 
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D ,SRF17 
D,  IDU ,TE  
D , IDU ,HL  
D , I D U , L L  
D , IDU ,L IMC 
D , I D U , C S I T  
D, IDU,STS 
D, IDU,AREG 
D , I D U , I B U F  
D,  IAC,NPC 
D , I A C , P  
D , I A C , L  
D, IAC,SUML 
D,  IAC,DPA 
D, IAC,CLKNPC 
D, IAC,CLKP 
D , IAC ,CLKSP 
D,DAC,R 
D,DAC,B 
D,DAC,SUMB 
D ,DAC,DPA 
K,ONE 
K , ZRO 
K , l I F Z  
ST,  SAVA 
ST,  SAVC 
ST,  SAVF 
ST,  SAVB 
ST,  LOAD 
ST,  SAVM 
ST,  ACCA 
ST,  ACCM 
ST ,  ACCF 
TE,ALU,LOAD 
LCDECR 
AD ACT 
EA lSAVE 
EA2SAVE 
EA3SAVE 
C , MEMOT 
CSAVE 
C 3 SEQ 
COND,MSEXO 
COND,MSORZ 
COND , SORZ 
COND ,MCNZ 
COND , CNZ 
COND ,MZRO 
COND ,MCRY 
COND ,MSGN 
COND,MOVFL 
COND , ZRO 
COND , CRY 
COND, SGN 
COND , K 
COND , OVFL 
COND,PARITY 

DESTINATION I S  SRF-WORD 1 7  
DESTINATION I S  M I C  TRAP ENABLE REGISTER 
DESTINATION I S  I D U  HL REGISTER 
DESTINATION I S  I D U  L L  REGISTER 
DESTINATION I S  I D U  L I N I T  CONTROL REGISTER 
CONDITIONA SETTTING OF SINGLE INSTRUCTION-TRAP 
DESTINATION I S  I D U  STATUS REGISTER 
DESTINATION I S  I D U  ADDRESS REGISTER 
DESTINATION I S  I D U  IBUF-REGISTER 
DESTINATION I S  I A C  NPC REGISTER 
DESTINATION I S  I A C  P REGISTER 
DESTINATION I S  I A C  L ( L I N K )  REGISTER 
SUM I S  TRANSFERRED TO I A C  Y REGISTER 
DESTINATION I S  IAC-DPA-REGISTER 
L A  - >  NPC 
NPC - >  P 
P - >  SP 
DESTINATION I S  DAC R (RECORD) REGISTER 
DESTINATION I S  DAC B (BASE)  REGISTER 
SUM I S  TRANSFERRED TO DAC B REGISTER 
DESTINATION I S  DAC DPA-REGISTER 
SET K (FLAG)  1 TO K 
CLEAR K (FLAG)  0 TO K 
SET K TO 1 I F  ALU OPERATION I S  0 
SAVE STATUS FROM ALU OPERATION 
SAVE STATUS FROM ALU I N  COMPARE 
SAVE STATUS FROM FLOATING OPERATION 
SAVE STATUS FROM BCD OPERATION 
LOAD ALU STATUS. 
SAVE MIXED STATUS FOR INTEGER MULTIPLY 
SAVE AND ACCUMULATE ALU STATUS 
SAVE AND ACCUMULATE MIXED STATUS 
SAVE AND ACCUMULATE AAP STATUS 
LOAD ALU TRAP ENABLE B I T S  
DECREMENT THE LOOP COUNTER 
ADDRESS ARITHMETIC ACTIVATE 
SAVE ADDRESS I N  E A 1  AND EAO 
SAVE ADDRESS I N  EA2 AND EAO 
SAVE ADDRESS I N  EA3 AND EAO 
MEMORY REQUEST I F  DATA-OPERAND 
PUSH TEST CONDITION TO STACK(2 )  
ENABLE CONDITIONAL SEQUENCE 
EXOR OF S AND 0 FROM ALU RESULT 
OR OF S AND Z FROM ALU OPERATION 
OR OF S AND Z FROM STATUS ( S l )  
AND OF C AND NOT Z FROM ALU OPERATION 
AND OF C AND NOT Z FROM STATUS ( S 1 )  
Z FROM ALU OPERATION 
C FROM ALU OPERATION 
S FROM ALU OPERATION 
0 FROM ALU OPERATION 
Z FROM S 1  
C FROM S 1  
S FROM S 1  
K FROM S 1  
0 FROM S 1  
PARITY  OF LEAST S I G N I F I C A N T  BYTE OF F-BUS 
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COND , QO 
COND,SAVCl 
COND,SAVC2 
COND , LCZ 
COND,ENTER 
COND,DATOP 
COND,CONOP 
COND,PDONE 
COND ,MFS 
COND ,MFO 
COND ,MFU 
COND , MDZ 
COND ,MIVO 
COND ,MBO 
COND,RFlOCT 
COND,RF20CT 
COND,GOOPS 
COND,AQSLZ 
COND,IRALT 
COND , CALL 
COND , ENTM 
COND , ENTT 
COND,JUMPG 
JMP 
JMPREL 
RETURN 
NEXT 
HOLD 
POP 
LOAD 
PUSH 
F , JMP 
F ,  JMPREL 
F , RETURN 
F ,NEXT 
F , HOLD 
F , POP 
F , LOAD 
F ,  PUSH 
INVSEQ 
AA,O 
AA , MARG 
AA,DISP 
AA , DATA 
AA , EAO 
AA, E A 1  
AA , EA2 
AA , EA3 
AB,O 
AB , MARG 
AB,B 
AB,R 
AB, 1x1 
AB, 1 x 2  
AB, 1 x 3  
AB, 1 x 4  
AB , CMBRET 

Q-REGISTER B I T  0 .  
TOP B I T  OF SAVED CONDITION STACK 
BOTTOM B I T  OF SAVED CONDITION STACK 
LOOP COUNTER ZERO RESULT 
CHECK FOR ENT- INSTRUCTIONS 
CHECK FOR DATA AS OPERAND 
CHECK FOR CONSTANT AS OPERAND 
PART DONE FROM STATUS ( S l )  
S FROM FLOATING AAP 
0 FROM FLOATING AAP 
U FROM FLOATING AAP 
D I V I D E  BY 0 FROM FLOATING AAP 
I N V A L I D  OPERATION FROM BCD AAP 
0 FROM BCD AAP 
ZERO I N  RF-ADDRESS 1 B I T S  0 - 2  
ZERO I N  RF-ADDRESS 2 B I T S  0 - 2  
GET-TYPE I S  G,OOPS 
Q0  FOR ALU, LCZ FOR SEQ. 
FIRST-OPERAND I S  ALT-ADDRESSED 
MACROINSTR. I S  CALL 
MACROINSTR. I S  ENTM 
MACROINSTR. I S  ENTT 
MACROINSTR. I S  JUMPG 
JUMP TO ADDRESS 
JUMP TO VECTOR ADDRESS 
RETURN TO SEQUENCER ADDRESS 
NEXT MICRO INSTRUCTION 
HOLD SEQUENCER STACK 
POP SEQUENCER STACK 
LOAD SEQUENCER STACK 
PUSH SEQUENCER STACK 
FALSE JUMP TO ADDRESS 
FALSE VECTOR JUMP TO ADDRESS 
FALSE RETURN TO TOP OF STACK 
FALSE NEXT MICRO INSTRUCTION 
FALSE HOLD SEQUENCER STACK 
FALSE POP SEQUENCER STACK 
FALSE LOAD SEQUENCER STACK 
FALSE PUSH SEQUENCER STACK 
INVERT TEST CONDITION FOR SEQUENCE 
ADDRESS A OPERAND I S  ZERO 
ADDRESS A OPERAND I S  MINIARGUMENT 
ADDRESS A OPERAND I S  DISPLACEMENT 
ADDRESS A OPERAND I S  DATA REGISTER 
ADDRESS A OPERAND I S  EAO REGISTER 
ADDRESS A OPERAND I S  EA1  REGISTER 
ADDRESS A OPERAND I S  EA2 REGISTER 
ADDRESS A OPERAND I S  EA3 REGISTER 
ADDRESS B OPERAND I S  ZERO 
ADDRESS B OPERAND I S  MINIARGUMENT 
ADDRESS B OPERAND I S  BASE ( B )  REGISTER 
ADDRESS B OPERAND I S  RECORD ( R )  REGISTER 
ADDRESS B OPERAND I S  INDEX REGISTER X 1  
ADDRESS B OPERAND I S  INDEX REGISTER X2 
ADDRESS B OPERAND I S  INDEX REGISTER X3 
ADDRESS B OPERAND I S  INDEX REGISTER X4 
RETURN FROM CMISS U-CODE 
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AB ,ADR 
A B , E A l D I R  
AB ,ADR+4 
AB, X lORS 
AB , X20RS 
AB , X30RS 
AB , X40RS 
LADDR 
WR, POF 
CCDD 
WR, PHYS 
WR, DOM 
WRY ADOM 
WRITE 
QVACC 
RD , POF 
RD , PX 
RD , PHYS 
RD , DOM 
RD ,ADOM 
READ 
CLEAR 
I SAMP 
G ,OOPS 
G,OOPS,T 
G,OOPS,F 
G, COOPS 
G , D I R 1  
G,DIR2 
G, OPS 
G ,D IR4  
G, OPSTRD 
G , TOOPS 
LOADLA 
TBC ,NEXT 
TBC, SUBR 
TBC, L 
TBC,NPCREL 
TBC, PREL 
TBC, INCRILAR 
TBC , NOOP 
ABR, NEXT 
ABR,NPCREL 
ABR, NEXTL 
ORA 
ORA, I N  
ORA, OP 
ORA, ALTEN 
ORB 
ORD 
ORD, I N  
ORD , OP 
ORD , OP1 
ORD , ALTEN 
OR,N 
OR, NE 
I F T  

EAO I F  RECYCLE NOT NECESSARY 
E A 1  I F  RECYCLE NOT NECESSARY 
PREVIOUS ADDRESS +4 I F  RECYCLE NOT NECESSARY 
D E S C ( X ) ( I l ) , I l  SCALED ACCORDING TO INSTRUCTION 
D E S C ( X ) ( I 2 ) , 1 2  SCALED ACCORDING TO INSTRUCTION 
D E S C ( X ) ( I 3 )  , I 3  SCALED ACCORDING TO INSTRUCTION 
DESC(X)  ( 1 4 )  , I 4  SCALED ACCORDING TO INSTRUCTION 
PERFORM A LADDR REQUEST 
PERFORM A PHYSICAL WRITE WITH MMS 
CLEAR CACHE AND DUMP DIRTY 
WRITE PHYSICAL SEGMENT 
WRITE DATA MEMORY I N  NORMAL DOMAIN 
WRITE DATA MEMORY I N  ALTERNATIVE DOMAIN 
WRITE DATA MEMORY 
FORCE QVACC (USE WITH A , I A C ,  AND LOADLA) 
PERFORM A PHYSICAL READ WITH MMS 
READ DATA MEMORY, WRITE PERMIT REQUIRED 
READ PHYSICAL SEGMENT 
READ DATA MEMORY I N  NORMAL DOMAIN 
READ DATA MEMORY I N  ALTERNATIVE DOMAIN 
READ DATA MEMORY 
CLEAR I A C  
INTERRUPT SAMPLE 
GET NEXT INSTRUCTION AND OPERAND SPECIFIER 
GET NEXT INSTRUCTION AND OPERAND SPECIFIER I F  TRUE 
GET NEXT INSTRUCTION AND OPERAND SPECIF IER  I F  FALSE 
GET NEXT INSTRUCTION AND OPERAND AFTER CALL 
GET IMMEDIATE OPERAND 1 BYTE LONG 
GET IMMEDIATE OPERAND 2 BYTES LONG 
GET SECOND OR LATER OPERAND SPECIFIER 
GET IMMEDIATE OPERAND 4 BYTES LONG 
GET SECOND OPERAND SPECIFIER FOR STRING INSTR 
GET NEXT INSTRUCTION CODE, FOR TESTING ONLY (NO MAPPIN 
SET START ADDRESS FROM I B  TO L A  
CACHE WRITE NEXT INSTRUCTION STREAM ADDRESS 
CACHE WRITE SUBROUTINE ADDRESS 
CACHE WRITE L I N K  REGISTER 
CACHE WRITE NPC RELATIVE JUMP ADDRESS 
CACHE WRITE P RELATIVE JUMP ADDRESS 
I L A R  + 4 - >  I L A R  
NO TBC-OPERATION 
CALCULATE NEXT INSTRUCTION STREAM ADDRESS 
CALCULATE JUMP TARGET ADDRESS 
CALCULATE NEXT ADDRESS TO L I N K  REGISTER 
USE OR LOG1 C-CONTROLLED A-OPERAND 
OR A OPERAND I N  CURRENT FROM INSTRUCTION 
OR A OPERAND I N  CURRENT FROM CURRENT OPERAND SPECIF IER  
OR A OPERAND ( I N  NEXT) FROM STRING SOURCE OPERAND 
USE OR LOGIC-CONTROLLED B-OPERAND 
USE OR LOGIC-CONTROLLED DESTINATION 
OR DESTINATION I N  CURRENT FROM INSTRUCTION 
OR DESTINATION I N  CURRENT FROM OPERAND SPECIF IER  
OR DESTINATION ( I N  NEXT) FROM F I R S T  OPERAND SPECIF IER  
OR DESTINATION ( I N  NEXT) FROM STRING DEST. OPERAND 
OR-CONTROL I S  FOR NEXT CYCLE 
ENABLE EXTENSION REGISTER I N  NEXT MICRO CYCLE 
I F  TRUE THEN . . .  
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SLOWl 
SLOW2 
FSLOWl 
AAPSYNC 
AAPSYNCL 
I X * l  
I X * 2  
I X * 4  
I X * 8  
I X / 8  
I X * l 6  
AAP1, CTF 
AAP1, CTDF 
AAP1, UCTF 
AAP1,UCTDF 
AAP1,CTBYR 
AAP1,CTHWR 
AAP1, CTWR 
AAP1, CTBY 
AAP1, CTHW 
AAP1, CTW 
AAP1, INTR 
AAP1, I N T  
A A P l  ,SHA 
AAP1, SHL 
AAP1, SHR 
AAP1,DTOFR 
A A P l  ,A+B 
AAP1, B-A 
AAP1, B /A 
A A P l  ,A-B 
AAP1, COMP 
A A P l  ,A/B 
A A P l  , D I V P  
A A P l  ,A*B 
AAP1,  UMUL 
A A P l  ,MUL4 
AAP1, RRF 
AAP1, WRF 
AAP1,CLEAR 
AAP2,SUBAB 
AAP2 ,A-B 
AAP2,ABSSUB 
AAP2, MUL 
AAP2 ,A*B 
AAP2,MULABSA 
AAP2, NEG 
AAP2,MULABSB 
AAP2,MULNEG 
AAP2,MULNEGA 
AAP2 ,ADD 
AAP2 ,A+B 
AAP2,ABSADD 
AAP2,ADDABS 
AAP2,MULNEGB 
AAP2, PASS 
AAP2,MULNEGAB 

CYCLE TIME = 1 1 0  N.SEC. 
CYCLE T IME = 1 6 0  N.SEC. 
FORCE SLOWl ON A,SPEC,<- ->  
WAIT FOR AAP READY 
WAIT FOR AAP READY (USED FOR LEAST PART) 
SCALING = *l 
SCALING = * 2  
SCALING = *4 
SCALING = *8 
SCALING = /8 
SCALING = * I 6  
AAP1: CONVERT TO FLOATING 
AAP1: CONVERT TO FLOATING 
AAP1: UNSIGN CONVERT TO FLOATING 
AAP1: UNSIGN CONVERT TO FLOATING 
AAP1: CONVERT TO I N T .  ROUNDED 
AAP1: CONVERT TO I N T .  ROUNDED 
AAP1: CONVERT TO I N T .  ROUNDED 
AAP1: CONVERT TO I N T .  ROUNDED 
AAP1: CONVERT TO I N T .  ROUNDED 
AAP1: CONVERT TO I N T .  ROUNDED 
AAP1: INTEGER-PART ROUNDED 
AAP1: INTEGER-PART TRUNCATED 
AAP1: S H I F T  ARITHMETICAL 
AAP1: SH IFT  LOGICAL 
AAP1:  SH IFT  ROTATIONAL 
AAP1: CONVERT DOUBLE TO FLOATING ROUNDED 
AAP1: A+B 
AAP1: B-A 
AAP1:  B /A  
AAP1: A-B 
AAP1: COMPARE ( A - B )  
AAP1: A /B 
AAP1: PARTIAL D I V I D E  A /B  
AAP1: A*B 
AAP1: UNSIGNED MULTIPLY.  
AAP1: MULTIPLY WITH OVERFLOW 
AAP1: READ AAP REGISTERFILE 
AAP1: WRITE AAP REGISTERFILE 
AAP1: COPY A TO F 
AAP2: SUBTRACT A-B 
AAP2: SUBTRACT A-B 
AAP2: MAGNITUDE OF DIFFERENCE 
AAPZ: MULTIPLY 
AAP2: MULTIPLY 
AAP2: B TIMES MAGNITUDE OF A 
AAP2: NEGATE 
AAP2: A TIMES MAGNITUDE OF B 
AAPZ: MULTIPLY AND NEGATE 
AAP2: B TIMES NEGATIVE VALUE OF A 
AAP2: ADD 
AAP2: ADD 
AAP2: MAGNITUDE OF SUM 
AAP2: SUM OF MAGNITUDES 
AAP2: A TIMES NEGATIVE VALUE OF B 
AAP2: IDENTITY  
AAP2: NEGATIVE VALUE OF A TIMES B 
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64 Appendix A Alphabetic List of Mnemonic Symbols 

AAP2,PASSABS 
AAP2, SUBBA 
AAP2, B-A 
AAP2,SUBABABS 
AAP2,SUBBAABS 
AAP2, IMUL  
A A P I  ,A*B 
AAP2, IMULD 
A A P I  ,A*B,D 
AAP2, IMULU 
A A P I  ,UMUL 
AAPI,UMUL,D 
AAP2,CLEAR 
AAP2, C T I  
AAP2, C T I R  
AAP2 , CTF 
AAP2, CBF 
AAP2,EXPISO 
#A,OP 
# A ,  OPM 
# A ,  OPL 
#A, WOP 
#A, WOPM 
#A, WOPL 
STOP 

AAP2: ABSOLUTE VALUE 
AAP2: SUBTRACT 
AAP2: SUBTRACT 
AAP2:  DIFFERENCE OF MAGNITUDES 
AAP2: DIFFERENCE OF MAGNITUDES 
AAP2: INTEGER MUL, ONE RESULT 
AAP2: INTEGER MUL, ONE RESULT 
AAP2:  INTEGER MUL, TWO RESULTS 
AAP2: INTEGER MUL, TWO RESULTS 
AAP2: INTEGER UMUL, ONE RESULT 
AAP2: INTEGER UMUL, ONE RESULT 
AAP2: INTEGER UMUL, TWO RESULTS 
AAP2: CLEAR ONGOING AAP2-SEQUENCE 
AAP2: CONVERT TO INTEGER 
AAP2: CONVERT TO INTEGER ROUNDED 
AAP2: CONVERT TO FLOATING 
AAP2: CONVERT TO OTHER FLOATING FORMAT 
AAP2: EXPONENT ISOLATE 
READ + ORA + ADACT + TYP,OR + ORA,OP 
#A,OP + OR,NE + AB,ADR+4 
READ + ORA + CYMEMOT + TYP,OR 
READ + ORA + ADACT + TYPyOR + ORAyOP + EAlSAVE + ORD,O 
#A,WOP + OR,NE + AB,ADR+4 + ORD,OP 
READ + ORA + C,MEMOT + TYP,OR 
STOP-MICROPROGRAM 
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Appendix B The Microinstruction Format 

S A M S O N  M 1111 C R 0 mC2 0 D E D IE F llll N 1111 T llll 0 N 
D a t e :  15,05 19537 

Norsk Data ND-05.022.1 EN 

A L U  ~ o n t r o L  
T r u e  F a L s e  

i I I I I I I I i I i i I I I I I I I 1 
SUFI3 

- k o m ~ h ~ - l o m a , t a m u ~ n l - ~ m a , ~ i ~ m l t m r \ l l - ~ m b r i ~  

S e q .  C o n t r o l -  
' 0  

$ . 

i i o i o o  
1 1 0  1 0  1 

k ~ n ~ ~ - ~ m ~ a r c ~ ~ \ t ~ h - o ~ ~ a r ~ ~ s h n ~ - o ~ o a r k o m t ~ n k v - ~ . ~ a , r ~ m t ~ ~ - ~ ~ a , - b m ~ ~ ~ - ~ m a , - ~ ~ t ~ ~ - ~ ~ ~ ~ ~ m / ~ h n ~ ~ - ~ ~ ~ r ~ _ n ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ c ~ ~ t ~ ~ ~ - ~ ~  
hl-u I C ! A L u  I C : 

0 ' 
D-mem C o n t r o L  

I I I I I 1 I SRF li 
X X X  1 I 1 0  1 SRF IS 

I I I I I I I 1 X X X I I  1 40 SRF I6 
SRF ll 

I I I * I  I I I 1 I 1 I I 1 I I I 1 

I I I I i 1 I I I I I I I 1 I I 1 

I I I I I I I I I 1 I I I I I I I 

- ~ a  C o n t r o l  

- 
3 

2 . 
t g  

ual :; 0 0  

T r u e  1 F o i r e  

: 

4 1 0 1  1 0  
1 1 0 1 1 1  
1 1  1 0 0 0  
4 1 4 0 0 1  
1 1  1 0  1 0  
4 1 4 0 1  1 
4 1 1 1 0 0 C A L L  
1 4 1 1 0 1 
4 1 4 1 I O E N T T  
4 1 4 4 4 4 

- J Y  - c f l  U 

! 

N N N N N N ~ ~ - - - - - - - - - - B 0 0 0 0 0 0 0 0 0 ~ ~ ~ ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

U N & J N N N N N T - - - - - - T - -  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- 
m = . J 

E .J 

i-- 0 t-7 . A t - ~ u m e n t  
0 1 S h o r t  A r g c r m e q t  1 S e x t  J 

TY: 10veratron;*, Ttive .', . A - - 0 p r  . 1 B - O D ~ .  I D o s t  ~n 1 5ts -. 

1 1 1  1 0 1  31 

m m m m m a a a a , a a a a a a - r r r r r r r r r i ~ c ~ 1 ~ 1 ~ c ~ c 3 ~ c ~ c ~ c ~ m ~ ~ ~ 1 : ~ ~ ~ m m m t t t t t t t \ t t t w w m m h n ~ w w ~ m ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - - - - - - - - - -  

GOOPS 
AQSLZ 

IRALT 

ENTN 

JUMPG 

- 
m 
-I 

n 0 

m 

L 

p .- 

i a c  ~ o n t r o l -  
Testoblect IABR I TBC Got Gl 

( 1  1 S l  51 21 0 0 0 0 
000 1 
0 0 4 0 
0 0 4 1 
0 1 0 0 
0 1 0  4 
0 1 1 0  
0 1 1 1 O R  
1 000  
1 00 1 
4 0 1 0 
1 0  1 1 
1 1 0 0  
1 4 0 1 
1 1 1 0  
4 1  1 1  

I I I I I I i I I I i i 

I I 1 I I I I I I I I I 

1 I I I I I I I I I i I 

I I I I 1 1 I I I I I I 

1 I I 1 I I I I I I I i 

- l ( ~ m t b . n ~ - l o m m k - a m k ~ ~ - b m a , ~ a m k ~ ~ 1 - o m I C D r a n k ~ ) ~ I - o m ~ r a L n t m k v - o m ~ r ~ b ~ ~ o h ~ o o , b a , r k o m s ~ ~ - ~ ~ a , ~ k ~ ~ t h ~ - b m a , - k o m t k , ~ - b m ~ t a m k ~ ~ - b m a , ~ a m k m ~ l - ~ m ~ r i O ~ l t w ~ l - o m ~ r ~ b t ~ l w - o  

9) 

o o U  
x u :  

o o o o o o o o o o m m m m m m m m m m a , a , a , w a , o a , a , m a , - r r r r r r r r r - a a a a ~ ~ ~ ~ a a m m m m m m m m m m t t t t t t t t t t m m m m m m m m ~ m ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - - - - ~ - - - - ~  

:;: 

FZRO 
ADlRC 
AND 
ANDCB 
At0 
XOR 
ANDCA 

A - I  
AtO.F,C/2 t o  F 
A-B 
A-B. Fx2 t o  F 
AtB,F,C/2 t o  F 
At0 
B-A 
AtB. F x 2 t o F  

5 1 I s C 3 I 2 3 I  'Le, 2 ( 1  2 G I  - -  251 - -  '24,251 - - - 221 - - 2 - 1 . I 7 C 3  - - 

2 ( 1  261 251 241 251 221 2 .I 120 S 1 

4 - 1  - 1 t31 I! ( 1  

I M c n ~ a r q  

1 5 1  1 -=+I 1 5 1  1 2  1 3 1  1 t) 

I G _ ; T b ]  1 4 1  I , ,  , 

LJ .Jump A d d r e s s  

501 2 9  1 ( 1  1 G 
0 
- 1  

AS 

I I L I  -r; 
1 61 4 ,  1 11 4 0 1  51 

2 -  

X X X  1 0 0 0  1 
X X X 1 0 0 1 0 
X X X  1 0 0  1 I 

X X X I O 1 0 1 8 1 1 2 5 S C 1 2 I P S  

X X X I 1 0 0 0 
X X X  1 1 0 0  1 
X X X I l U l O B H 3 2  
X X X I 1 0 1 1 B H 3 3 Q  
X X X 1 1 1 0 0 
X X X 1 1 1 0 1 B H 3 5 A L U - T E  
X X X I 1 1 1 0 

X I  

4 

A I S I  21 , O  

D a t a  o d d r  c o v .  
A a  1 A h  1Scol 

0 
1 

0 0 
0 1 
1 0  
1 1 

ONIE - )  K 
ZERO-) K 
i -)  K IF  Z 

SAVC 

LOAD aiu-stat 
SAVM 

C l r  cc ln  
NIE1 4 1 D 

X X X O  1 1 0  1 
x x x 0 1 1 1 0 
,X X X 0 1 1 1 1 
X X X 1 0 0 0 0 

N o r m a l  
E x e c u t e  UnCond . 

INV.SEQ.cond .  

I I i I I 

I i I i I 

I I I I i 

I i i I i 

00 4000 
00 1 00 4 
00 4 0 I 0 
0 0 i U I l H S G N  
00 1 1 0 0  
00 4 I 0 1 
0 0 I 1 1 0 
00 1 1 I 1 
O I 0 0 0 0 H O V F L  

1 000 
4 00 1 
1 0 1 0 
1 0 1 1 6 , D I R 4  
4 1 0 0  
4 I 0 1 
1 1 I 0 
1 1 1 1 

i 1 

I 1 

i 1 

i 1 

i I 

1 

I 

i 

1 

i 

1 

I 

I 

TRUE 

INTR MULNEGB 
I N T  PASS 
SHA MULNEGAB 
SHL PASSABS 
SHR 
DTOFR SUBBA I B - A 1  
A+B SUBABABS 
B-A SUBBAABS 
B/  A 
( A - B 1  I M U L  f 1 . A )  
COMP IMULD ( I .A . D l  
I A / B I  IMULU I I , U M U L I  
D l V P  I M U L U D I I , U M U L , D I . .  
A CLEAR 
UMUL 
MUL4 
RRF C T I  
WRF C T l R  

CTF 
CLEAR CBF 

0 
1 
000 
00 1 
0 1 0  
0 1 1 L O G  
1 0 0 
1 0 I 
1 1 0  
1 1 1 

CNZ 
NZRO 
NCRY 

cnz 
mzro 
mcry 
msgn 

6,DlRt 
~ . D I R ~  
LOPS 

6,OPSTRD 
6.T00PS 
LOADLA 

zero 
ONE 
C r y  
HCru 

AClCA 
AClCM 
ACCF 

1 1 1 1 l o c o d A i U - T E  

000  I 
0 0 1 0 
00  1 1 
O 1 0 0 S A V A  
0 1 0 1  
0 1 1 O S A V F  
0 1 1 1 s ~ ~ ~  
1 0 0 U 
1 0 0  4 
1 0 1 0  
1 0 1 1  
1 1 0 0 
1 1 0 1 
1 1 1 0  

000 001 

X X X X X X I  I I I 

. 0 1 0 1 1  . 0 1 1 0 0  . 0 1 1 0 1  . U . 1 1 1 0  . 0 1 1 1 1  . 1 0 0 0 0  . 1 0 0 0  1 . 1 0 0 1 0  . 1 0 0 1 1  . 1 0 1 0 0  . I 0 I U 1 . 1 0 1 1 0  
1 0 1 1 1  . 1 I O U 0  . 1 1 0 0 1  . 1 4 0 1 0  . 1 I U I I  . 1 ~ 1 1 0 0  . 1 1 1 0 1  . 1 1 1 1 0  . 1 1 1 1 1  

1 

I I 

i I 

1 i 

1 I 

i 

I i 

1 I 

I I 

1 I 

1 1 

81121 St6 IPUVP DPSDOH SUFI 
BH22 S C 1  iLA IPSDOM SRF2 
BH23SCIO i Y R  l D i R  SRF3 

XXX10100BH2iSClIlCAPOCALASRFi 
CSTRCSRFS 

XXX10110BH26SC13iPHSDCAOATSRF6 
X X X ~ O I ~ ~ B ~ ~ ~ S C ~ ~ ~ D C M S T R A C E S R ~  

81130 DATA lHEH [TRACE SRFlO 
BH3lBHiC ATRACESRFII 

iPHYSDTRACESRFI2 
iSTSCTRACESRFl3 

81134 ALU-STS SUFI4 
SUFIS 

BH36 PXBH SRFI6 

Use Trtie ALU 
Use Faise. /True 

No OR Logkc l O X  
OR Loacc I 1 

h o l d  l I I 1 
iXADJ I 

Ho ld  
LoadIF to 01 
DLV. S h ~ f t  

l e f t  
AR I r c g h t  
LOG r c g h t  
ROT r c g h t  
ROT l e f t  A 

I I i i I i 

i I I i i 

O l 1 0 0 0 P A R i T Y  
0 1  1 0 0 1  
0 1  1 0 1 0  
0 1 4 0 4 1 
0 I 1 1 0 0 
0 1  1 1 0 1  
0 1 1 1 1 0 l c z  
0 1 4 1 1 I 
1 0 0 0 0 0  
40000 1 
1 0 0 0 1 0 D A T O P  
1 0 0 0 1 1 
1 0 0  1 0 0  
400 1 0  1 
4 0 0 1  1 0  
I 0 0 1 1 1 
4 0 1 0 0 0 H F D  
1 0 1 0 0 1 
1 0 1 0 1 0 N D Z  
1 0 1 0  1 1 
1 0 1  1 0 0 M B O  
40 1 1 0  1 
1 0  1 1  1 0  
1 0  1 1  1 1  
1 1 0000 
1 1 0 0 0 1 
1 1 0 0  1 0  
4 400 1 1 

0 4 000 4 
0 1 0 0  1 0  
0 1 0 0  1 4 
0 1 0 1 0 0 K  
0 1 0 4 0 1 
0 1 0 1  1 0 k  
0 1 0  1 1 1 

1 

0 1 0 0 6 . 0 0 P S  
0 I 0 1 
04106,OOPS,F 
OI116 ,COOPS 

I i I I I 

I I I I 1 

i 1 

I 1 

I 1 

A L i i  SPEC MIS MIC IAC DAC 

X I  no0 PSTP H i S T S T E  
X2 AIB PUMP VECT H i  WC 
X3 OCADAT L I  RFAI LL PC R 
X i  OC,OP YA RFA2 LlHC 

CAP STS CSiTL B 
A2 OC,CO PS TE STS S-L S-B 
A3 AC PHs BRK ARE6 

I A ~  i t  DGI! CNT32lBllF 
HEHII-IRESTU DPADPA 
YTSB 

SC3 TRPCLR C l S B  
C l R P  

LA RF I 
E2 FLA RF2 CLKNPC 

DIRTY RFID CLKP 
E i  CLlCA ADOH RF2D CLKSP 

SRFO 
SC6 FOR HHS 'OIXZ' SUFI 
St1 SiGNIFIE!S SRR 

SRF 3 SCIO 
SRFi 

St12 0101 DM SRFS 
10SCI3 01t0 I M  SRF6 

S C I ~  0111 inm r ow sun 
NONE SRFlO 

SRF I l 1XC 

BH15 E2 ACH RF2 

X2 
X3 
X i  
At 
A2 
A3 
A t  
SCI 
SC2 
S C ~  
SC4 
El 
E2 
E3 
E i  
SC5 
SC6 
SC1 
SClO 
SCl l 
SC12 
SC13 

I I I I I I I I 

I I I i I I I i 

I I I I I I I i 

XXX11111BH31ORA,IN/OPi-ADOHSRFl1 

0 0 0 0 1  
000  1 0  
000  1 1 
00 
0 0 1 0 1 
00 1 I 

0 1 
0 1 0 0 1 

0 1 1 0 1 

U I 1 I 
1 0 0 0 U X X X O  

1 0 0 1 0 

1 0 1 0 0 
1 0 1 0 1 
1 0  1 1 

1 1 0 0 0 
1 1 0 0  
I 1 o 1 
1 1 0  1 1 
1 1 1 

X X Z Z 'Z 'Z'Z 

X .X Y 0 00 U 0 

00 
0 1 
40 

,4 1 
1 

1 

I 

i 

i 

O 0 0 1 0 O r n s e x o  
6,OOPS.T 

OIXZZZZZ 100 101 110 l l(n 

~ ~ 1 6  n DLAH RFID 
BHI? E i  DADOH LA RF2D 
81120 St5 iPSTP FLA SRFO 

EXP l SO 
AAP i 

AAP2 

SUBAB [ A - B 1  
CTF ABSSUB 
CTDF MUL ( A 1  
UCTF MULABSA 
UCTDF NEG 
CTBYR MULABSB 
CTHWR MULNEG 
CTWR MULNEGA 
CTBY ADD I A t B 1  
CTHW ABSADD 
CTW ADDABS i 

SCl4 
i C  
Q 

BCD 
IXC 

O O O 0 0 X X X Z Z Z Z Z  

X X X O 0 0 O O  
1 0 0 X X X 0 0 0 0  1 

X X X 0 0 0 1 0 
O X X X  000  1 1 

O O ~ l I X X X 0 0 l O ~ A l O C , A O  
O O U X X X O O  1 0  1 

X X X 0 0 1 I 0 
O ~ O I O X X X O ~ ~  I 
0 1 0 1 1 X X X U 1 0 0 0 S C I H i B  
U I 1 O O X X X O 1 U 0 1 S C 2 T R P A R H  

X X X 0 1 0 1 0 
0 1 1 1 O X X X 0 1 0 1 1 S C i C C  

l X X X 0  1 1 0 0 E I  
1 1 0  1 

1 0 0 0 1 X X X U 1 1 1 0 E 3 C i D C A  
X X X 0 I 1 1 1 

1 0 0 1 1 X X X 1 0 0 0 0 S C S C T R A C E  
X X X 1 0 U 0 1 
X X X 1 0 0 1 0 

O X X X  1 0 0  1 1 
10111XXX10100SCl IO1OONOiUP 

X X X 1 0 1 0 1 
1 X X X  1 0  1 
o x x x  I 0 1 1 I 

X X X  1 1 0 0 0  
O O X X X  1 1 0 0  1 

000 001 010 011 I00 101 I10 I!! 
BH6 ALU HHS SPEC HlC IOU IAC DAC 

BH0 X I  DPSTP HOD MISTS TE 
X Y X O U U O  I 

- X  X X 0 0 0 1 0 
X X X O U U  I 1 
X X X 0 0 l O O B H i  
X X X 0 U 1 0 I 
X X Y 0 0 1 1 0 
X X X U U  I 1 1  
X X X O  1 0 0 0  

. I I 1 

I i i 
I 

i 1 I O 
1 

QO 
SAVE! 
SAVE2 
LCZ 

ENTER 

CONOP 

PDONE 
MFS 

NFU 

HlVO 

RFlOCT 
RF2OCT 

ZRO 
CRY 
SGN 

OVFL 

ovfL 

SAR6. 
LAR6 . 

0 0 0 0 

4 l O x x x x x  
00  I x x x x x  
0 l 0 x x x x x  

. 0000u . 0 0 0 0 1  . 000  1 0  . 000  1 1 . 00  1 0 0  . 0 0 1 0 1  . 0 u 1 1 0  . 0 0 1 1 1  . 0 1 0 0 0  . O I U U I  . 0 1 0 1 0  

0 

M I  12 DPUVPAOB VECT Hi 
BH2 13 DLA IAR RFA! Li 
BH3 X i  OUR OC,DP RFA2 LIHC ILAROLAR. 

A l  DCAPOC,ADSTS 82 S EAO 
BHS A2 DPS OC,CO TE STS Y E A I  
BH6 A3 DPHS AC CURR OPA SP EA2 
BH A i  DOOH IC CNT32 EA3 
BHlO S C I  OLAH2 

X X X 0 1 0 0 1 B H I l S C 2  
X X X 0 1 0 1 0 
X X X 0 4 0 1 1 
X X X O  1 1 0 0  

NEXT 
N P C R E L  
NEXTL 

00 
0 1 
1 0  
1 1 
id 
F 
HY 
BY 
81 
DF 

U h o i d  
iCDECR 

t rue  seg 
C,SEQ 

4 0 EA2SAVE I i i 
1 1 EA3SAVE 

0 0 0 
0 0 I 

0 00 1 0 1 
~ 0 O O l l C ~ s o r z  

~ 0 0 1 1 1 a c n z  

0 

i i I I 

AFiA6 HAR6. 
BHI2 SC3 DPHYS AOBASR i B 
BH13 SC4 OSTS IRL PC R 
BHIi E l  DACR RFI NPC 

i 101 O C A  i 
1 MiCRO 

1 I i 
0 1 EA 4SAVE 

I I I I 

NORM 
SLOW l 
SLOW2 
SLOW3 
000 
0 0 1  
0 1 0 
0 1 1 
1 0 0  
1 0  1 

DD 
iCA 

NEXT 
SUBR 

I 

msorz 

HOLD 

hc ld  
CSAVE I 

1 
I 

i i 

I i 

I i 

i 

I I 1  

1 I 1  

1 1 0  
1 1 1 

'q,, 1 I i 1 

I i 1 

00 
0 1 
1 0  
1 I 

i 

.JMP 

.JMPREl 
RETURN 
NEXT 

I i I I I 

I i i I i 

0000 
0 0 0 1 C L E A R  
00 1 0  
00 I 1 

I I i I I I i I 

I I i i i I i i 

i I I i I I I I 

i I I I I I I 

I i I I i I I i 

I I i I i i I I 

I i I I I I I I 

I I I I I I I I 

STOP E x e c u t i o n  

, 
i I I 

1 HEHOT 
i 

4 
0 h o L d  I I i 
1 ADACT 

0 1 0  
0 1 1 
1 0 0 
40 1 
1 I 0  
1 1 1 

I 

40 
1 I 

ISAHP 

0 
-1 

I i 

i i 

I 

0 1 00 
0 I 0  1 
0 1 4 0 
0 1 1 4  

4 000  
1 00  1 
1 0 1 0  
1 0 1 1 

I 0 0  
I I 0  I 

1 1 0  
1 I 1 1 

NPCREL 
PREL 

iLARt4-) iLAR 
NOOP 

LOAD 
P U S H ,  

I AS  TRilE 

I 

WR , P H Y S c c a i  s e g m e n t  
WR.DOM 
WR,ADOM 
WRITE 
QVACC 
RD,POF 

RD,PX 
RD.PHYSicaC s e g m e n t  
RD,DOM 
RD.ADOM 
READ 

X X Y X  
0 

n o r m a l  
AAPSYNC 

0 000 
0 00 I 
0 0 1 0 
0 . 0 1 1 

I I 1 

no rmo l -  

00  
0 1 

000000 
0 0 0 0 0 1  

I i I i 

N o  d a t a  r e q u e s t  
LADDR r e q u e s t  
WR ,POF 
Dump D c r t y  

HOLD 
P O P  

MSEXO 
MSORZ 

0000 1 0  
0000 1 1 

SORZ 
HCNZ 
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manuals? Do you have trouble finding things? 

Please let us know if you: 
- find errors 
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- cannot find information 
- find needless information. 

Do you think we could improve our manuals by rearranging 
the contents? You could also tell us if you like the manual. 

Send to : 
Norsk Data A.S 
Documentat ion Department 
P.O. Box 25 BOGERUD 
N - 0621 OSLO 6 - Norway 

NOTE! 

This form is primarily for documentation errors. Software 
and system errors should be reported on Customer System 
Reports. 

Manual Name: Manual number: 

Which version of the product are you using? 

What problems do you have? (use extra pages if needed) 

Do you have suggestions for improving this manual? 

Your name: Date: 

Company: Position: 

Address: 

-- 

What are you using this manual for? 
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