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Preface 

The product 

The Reader 

The manual 

The ND-110 F u n c t i o n a l  D e s c r i p t i o n  manual 
desc r ibes  t h e  a r c h i t e c t u r e  o f  t h e  ND-110 
computer s e r i e s .  The main b u i l d i n g  b l o c k s  and 
t h e i r  f u n c t i o n s  a r e  d e s c r i b e d .  

T h i s  manual i s  i n tended  f o r  a l l  t e c h n i c a l  and 
maintenance personnel  who w ish  t o  g a i n  
d e t a i l e d  i n f o r m a t i o n  about  t h e  ND-110 
computer. 

The reader  i s  assumed t o  have a genera l  
knowledge o f  d i g i t a l  t echn iques  and 
computers. Some knowledge o f  ND-100 
i n s t r u c t i o n  s e t  and assembly programming w i l l  
a l s o  be h e l p f u l  f o r  p a r t s  o f  t h e  manual ., 

T h i s  manual i s  i n tended  t o  be read  f rom 
beg inn ing  t o  end, s i n c e  some s e c t i o n s  o f  t h e  
manual assume knowledge o f  p r e v i o u s  s e c t i o n s .  
The appendices a r e  i n c l u d e d  c h i e f l y  f o r  
r e f e r e n c e .  

Related manuals 
ND-06.029 ND-110 I n s t r u c t i o n  Set  

Descr ibes t h e  ND-110 f rom t h e  
programmer 's p o i n t  o f  v iew.  

ND-06.017 ND-100 Bus D e s c r i p t i o n  
Descr ibes t h e  bus s i g n a l s  used by 
ND-100 and ND-110 computers.  

ND-60.096 MAC User Guide 
The assembly language manual f o r  
ND-100 and ND-110 computers.  
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ND-110 i s  a 1 6 - b i t  genera l -purpose m i n i  
computer system i n  t h e  ND-100 f a m i l y  o f  16- 
b i t  computers f rom Norsk Da ta .  It i s  genera l -  
purpose i n  t h e  sense t h a t  i t  has b o t h  
so f tware  and hardware a v a i l a b l e  f o r  most 
computer a p p l i c a t i o n s .  The maximum address 
space i s  16 Mwords (32 M b y t e s ) .  It i s  upwards 
compat ib le  w i t h  NORD-1O/S  and ND-100 
computers and runs  t h e  same o p e r a t i n g  system, 
SINTRAN 111. 

The ND-110 CPU i s  s u p p l i e d  i n  two v e r s i o n s  
t h a t  d i f f e r  o n l y  i n  t h e i r  per formance.  

ND-110 Standard 

The ND-110 Standard has t h e  same performance 
as t h e  ND-100/CX. Dependent on a p p l i c a t i o n ,  
t h e  ND-11O/CX  CPU i s  from 1 . 5  t o  3 . 5  t i m e s  
f a s t e r  than  ND-100/CX. 

Both v e r s i o n s  o f  t h e  ND-110 have memory 
management, a new t y p e  o f  cache memory and 
t h e  commercial extended i n s t r u c t i o n  s e t  as 
s tandard.  

1 .I  INSTRUCTION SET 

Al though t h e  b a s i c  ND-110 word i s  16 b i t s ,  
t h e  computer has a comprehensive i n s t r u c t i o n  
s e t  which i n c l u d e s  o p e r a t i o n s  on:  

b i t s  

by tes  

s i n g l e  words (16 b i t s )  

doub le  words (32 b i t s )  

t r i p l e  words (48  b i t s )  

r e g i s t e r  b l o c k s  

f i x e d  o r  f l o a t i n g  p o i n t  numbers 
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Floating point instructions 

Commercial instructions 

New instructions for ND-110 

Writeable control store 

Chapter 1 ND-110 A r c h i t e c t u r e  

The f l o a t i n g  p o i n t  i n s t r u c t i o n s  i n c l u d e  add, 
s u b t r a c t ,  m u l t i p l y  and d i v i d e .  The s tandard 
3 2 - b i t  format  has an accuracy o f  2 3 - b i t  
(approx imate ly  7 decimal d i g i t s ) .  As an 
o p t i o n ,  t h e  ND-110 Standard and ND-11O/CX may 
be equipped w i t h  a 4 8 - b i t  f l o a t i n g  p o i n t  
format  which has 3 2 - b i t  accuracy 
(approx imate ly  10 decimal d i g i t s ) .  

For e f f i c i e n t  system c o n t r o l ,  s p e c i a l l y  
t a i  1  ored p r i  v i  1  eged i n s t r u c t i o n s  a re  
inc luded ,  such as l oad ing  and s to rage  o f  t h e  
r e g i s t e r  b locks  and in te r -p rogram l e v e l  
r ead /w r i t e  opera t ions .  Other i n s t r u c t i o n s  
per form b i  nary-coded decimal ( BCD ) 
a r i t h m e t i c .  Together,  these i n s t r u c t i o n s  
comprise what i s  known as t h e  commercial 
extended i n s t r u c t i o n  s e t  which i s  s tandard on 
a l l  ND-110 CPUs ( o p t i o n a l  on ND-100). 

I n  a d d i t i o n  t o  a l l  ND-100/CX i n s t r u c t i o n s ,  
ND-110 CPUs con ta i n  t he  f o l l o w i n g  new 
i n s t r u c t i o n s  . 

TRA C S ,  TRR CS new i n s t r u c t i o n s  f o r  
read ing  and l oad ing  t h e  c o n t r o l  s t o r e  
The o l d  LWCS ( l o a d  w r i t e a b l e  c o n t r o l  
s t o r e )  i s  s t i l l  l e g a l  b u t  per forms no 
ope ra t i  on. 

TRR CILP Cache page i n h i b i t  o f  i n d i v i d u a l  
pages i n  cache. 

VERSN r e t u r n s  p r i n t  v e r s i o n ,  microcode 
vers ion ,  and i n s t a l l a t i o n  number. 

To a l l o w  dynamic microprogramming, t h e  
microprogram c o n t r o l  s t o r e  i s  w r i t e a b l e  
( o p t i o n a l  on ND-100). Th i s  a l l ows  programmers 
t o  load  t h e  c o n t r o l  s t o r e  w i t h  new 
m i c r o i n s t r u c t i o n s  i n  o rder  t o  extend t h e  
i n s t r u c t i o n  s e t  f o r  spec ia l  a p p l i c a t i o n s .  

The ND-110 i n s t r u c t i o n  s e t  i s  desc r ibed  i n  
t h e  manual ND-110 I n s t r u c t i o n  Set ,  ND-06.029. 
I n s t r u c t i o n s  t h a t  a re  new f o r  t h e  ND-110 CPU 
a re  a l s o  descr ibed i n  Chapter 8  (page 1 9 2 ) .  
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Chapter 1 ND-110 A r c h i t e c t u r e  

A v a r i e t y  o f  address ing modes may be used: 

p rogram-coun te r - re la t i ve  address ing 

i n d i r e c t  address ing 

pre- indexed address ing 

post - indexed address ing 

combinat ions o f  t h e  above ment ioned modes 

The address a r i t h m e t i c  i s  implemented i n  
hardware i n  t h e  ND-110 whereas t h e  ND-100 
used microprogram. T h i s  g i v e s  t h e  ND-110 an 
impor tan t  speed advantage compared t o  i t s  
predecessor.  

1 . 3  BUS STRUCTURE 

The main highway f o r  addresses and da ta  i n  
t h e  system i s  t h e  ND-100 bus,  a mu1 t i p l e x e d  
address and data  bus.  A l l  communication 
between ND-110 CPU c a r d  and t h e  o t h e r  ca rds  
i n  t h e  system i s  p rov ided  by t h i s  bus.  

Since bo th  memory and dev ice  i n t e r f a c e s  a r e  
connected t o  t h e  ND-100 bus, t h e  CPU has t h e  
same easy access t o  p e r i p h e r a l s  as i t  has t o  
memory. 

The ND-110 computer i s  d e l i v e r e d  i n  a number 
o f  d i f f e r e n t  c o n f i g u r a t i o n s  and performance. 
A l l  ve rs ions  a r e  based on t h e  ND-110 CPU, 
which i s  an improved v e r s i o n  o f  t h e  ND- 
100/CX. They execute t h e  i n s t r u c t i o n  s e t  of  
t h e  ND-100/CX w i t h  some ex tens ions .  Programs 
w r i t t e n  f o r  t h e  ND-100 ( a l l  v e r s i o n s )  and t h e  
NORD-1O/S w i l l  r u n  on t h e  ND-110 w i t h o u t  
modi F i c a t i o n s .  

Memory management, cache memory and t h e  
commercial extended i n s t r u c t i o n  s e t  a r e  now 
s tandard on t h e  ND-110. 
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1 . 4 . 1  ND-110 CONFIGURATION 

Chapter 1 ND-110 Architecture 

Communication between ND-110 cards is 
achieved through an advanced high-speed bus 
called the ND-100 bus. The ND-100 bus is 
implemented as a printed backplane. The bus 
can be extended to any number of other ND-100 
buses by a driver and a receiver card. 

ND- 100 bus 

External devices 
(terminals, printers 
etc. 1 

Device 
interface 

1 

Figure 1. ND-100 bus Connection 

Memory 

The Central Processing Unit (CPU) card 
contains: 

t I 

CPU 

real time clock 

terminal interface with switch selectable 
speeds, 50 - 9600 baud (bits per second) 

Dower fail and automatic restart 

memory management system 

cache memory 

panel interface 
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The central processor unit [CPU] ND-110 CPU i s  a  1 6 - b i t  p a r a l l e l  processor  
c o n t r o l l e d  by a  microprogram. The f o l l o w i n g  
f unc t i ons  a re  implemented i n  microprogram: 

a l l  i n s t r u c t i o n s  

opera to r  communication 

b u i l t  i n  t e s t  r o u t i n e s  

boo t s t r ap  loaders  

program l e v e l  change 

Two performance versions 

New cache technique 

Program levels 

Memory Management 

The ND-110 CPU i s  d e l i v e r e d  i n  two ve rs i ons ;  
t he  ND-110 Standard which executes 0 .32  
Whetstone M I P S  ( t h e  same as t h e  ND-100/CX) 
and t he  f a s t e r  ND-11O/CX which executes 0.55 
Whetstone M I P S .  

Both ve rs ions  o f  t he  ND-110 share t h e  same 
(commercial extended) i n s t r u c t i o n  s e t .  

A l l  ve rs ions  o f  t h e  ND-110 CPU i n c l u d e  cache 
memory. A new cache technique i s  used, which 
i n t e g r a t e s  i n s t r u c t i o n  decoding i n t o  t h e  
cache i n  a  novel manner. 

The ND-110 has t h e  same 16- leve l  p r i o r i t y  
system as t h e  ND-100. The 16 l e v e l s  a re  
u s u a l l y  r e f e r r e d  t o  as program l e v e l s  i n  t h i s  
manual. Each l e v e l  i s  assigned a  complete s e t  
o f  working r e g i s t e r s ,  and these r e g i s t e r s  a re  
s to red  i n  t h e  r e g i s t e r  f i l e .  A  copy o f  t h e  
r e g i s t e r  s e t  f o r  t h e  c u r r e n t  l e v e l  i s  l o ca ted  
i n  a  high-speed r e g i s t e r  s e t .  

Memory management i s  now standard on a l l  
ve rs ions  o f  t h e  ND-110 CPU. Memory management 
p rov ides  : 

64 Kword v i r t u a l  address range f o r  each 
user independent o f  phys i ca l  memory 
capac i t y  

dynamic a l l o c a t i o n / r e l o c a t i o n  o f  programs 
i n  memory 

memory p r o t e c t i o n  
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8 Chapter 1 ND-110 A r c h i t e c t u r e  

The implementat ion o f  memory management i s  
based on two major subsystems: 

paging system 

memory p r o t e c t i o n  system 

The paging system The paging system can work i n  two modes: 

b l ocks  o f  1 Kword 
(2048 b y t e s ) .  

"Normal" Th is  mode i s  compat ib le  w i t h  t h e  
NORD-1O/S paging system. Th i s  
maps a 1 6 - b i t  v i r t u a l  address 
( d e s c r i b i n g  a 64 Kword v i r t u a l  
memory) i n t o  a 1 9 - b i t  phys i ca l  
address. I n  t h i s  mode t h e  
phys ica l  address space can be 
extended up t o  512 Kword (1  
Mbyte) . 

"Extended" Th is  i s  now used by most programs 
w r i t t e n  f o r  ND-100 and ND-110 
CPUs, The 1 6 - b i t  v i r t u a l  address 
i s  mapped i n t o  a 2 4 - b i t  phys i ca l  
address.  The CPU can then address 
16 Mwords (32 Mbyte) . 

S ix teen page t a b l e s  h o l d  t h e  phys i ca l  page 
numbers assigned t o  a c t i v e  programs. These 
t a b l e s  a re  l oca ted  i n  h i gh  speed memory, 
reduc ing paging overhead t o  p r a c t i c a l l y  ze ro .  
The ND-110 can a l s o  be used w i t h  f o u r  page 
t a b l e s  (normal mode o n l y )  f o r  c o m p a t i b i l i t y  
w i t h  NORD-1O/S. 

The memory protection system The memory p r o t e c t i o n  system may be f u r t h e r  
d i v i d e d  i n t o  two subsystems: 

The page p r o t e c t i o n  system 

The r i n g  p r o t e c t i o n  system 

The page p r o t e c t i o n  system a l l ows  a page t o  
be p ro tec ted  from read,  w r i t e  o r  i n s t r u c t i o n  
f e t c h  accesses o r  any combinat ion o f  these .  

The r i n g  p r o t e c t i o n  system p laces each page 
and each program on one o f  f o u r  p r i o r i t y  
r i n g s .  

A page on one s p e c i f i c  r i n g  may n o t  be 
accessed by a program t h a t  i s  assigned a 
lower p r i o r i t y  r i n g  number. The r i n g  
p r o t e c t i o n  system i s  used t o  p r o t e c t  system 
programs from user  programs, t h e  ope ra t i ng  
system from i t s  subprograms and t h e  system 
kerne l  from t h e  r e s t  o f  t h e  ope ra t i ng  system. 
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Cache memory 

Local memory 

Hultiport memory 

The memory system has a  f l e x i b l e  and 
h i e r a r c h i c a l  a r c h i t e c t u r e .  The memory system 
i n c l  udes : 

cache memory 

up t o  16 Mwords l o c a l  memory 

Memory channel t o  t h e  m u l t i p o r t  memory 
sys tem 

Cache memory i s  used t o  h o l d  t h e  most r e c e n t  
data  and i n s t r u c t i o n s  t o  be processed. The 
presence o f  cache memory reduces average 
memory access t i m e  s i g n i f i c a n t l y .  

Cache i s  implemented w i t h  h i g h  speed CMOS 
memory dev ices  hav ing  an access t i m e  o f  l e s s  
than  40 ns .  The ND-110 CPUs f e a t u r e  a  new 
extended cach ing system t h a t  i n t e g r a t e s  a  
m i c r o i n s t r u c t i o n  cache w i t h  t h e  macro- 
i n s t r u c t i o n  cache, e f f e c t i v e l y  e l i m i n a t i n g  
t h e  need t o  decode i n s t r u c t i o n s  f e t c h e d  f rom 
cache. 

The two v e r s i o n s  o f  t h e  ND-110 d i f f e r  i n  t h e  
s i z e  o f  t h e i r  cache memory. The N D - 1 1 O / C X  has 
4  Kword o f  cache whereas t h e  ND-110 Standard 
has 1 Kword. 

Both v e r s i o n s  o f  t h e  ND-110 can address up t o  
16 Mword o f  l o c a l  memory. Each word i n  main 
memory i s  s t o r e d  w i t h  a  6 - b i t  e r r o r  
c o r r e c t i o n  code which makes i t  p o s s i b l e  t o :  

C o r r e c t  and l o g  s i n g l e - b i t  e r r o r s  

D e t e c t  and r e p o r t  a l l  doub le  e r r o r s  and 
most mu1 t i p l  e  e r r o r s .  

Each memory c a r d  i n c l u d e s  a l l  necessary 
c i r c u i t r y  f o r  e r r o r  check ing and c o r r e c t i o n  
on t h e  c a r d .  

I n  o rde r  f o r  t h e  ND-110 t o  access t h e  
m u l t i p o r t  memory, a  m u l t i p o r t  memory 
t r a n s c e i v e r  i s  ava i  1  a b l e .  

I f  dev ices  w i t h  h i g h  t r a n s f e r  r a t e  a r e  t o  be 
used, t h e  m u l t i p o r t  memory system shou ld  be 
employed t o  a v o i d  c y c l e  s t e a l i n g  f rom t h e  
CPU. ND-110 CPUs used as co-processors  i n  
ND-500 machines use m u l t i p o r t  memory t o  
communicate w i t h  t h e  ND-500 CPU. 
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Programmed Input/Output 

Direct Memory Access 

The ND-100 i n p u t / o u t p u t  system i s  designed t o  
be a  f l e x i b l e  system p r o v i d i n g  communication 
between slow, c h a r a c t e r  o r i e n t e d  dev ices  as 
w e l l  as h i g h  speed, b l o c k  o r i e n t e d  d e v i c e s .  

Depending on t h e  speed, a  d e v i c e  c o u l d  be 
connected t o  t h e  ND-110 w i t h :  

a CPU c o n t r o l l e d ,  programmed i n p u t / o u t p u t  
(PI01 

a d i r e c t  memory access (DMA) 

Program c o n t r o l l e d  i n p u t / o u t p u t  always 
operates v i a  t h e  A  r e g i s t e r .  Each word o r  
b y t e  o f  i n p u t / o u t p u t  has t o  be done under 
program c o n t r o l .  

D i r e c t  memory access (DMA) i s  used t o  o b t a i n  
h i g h  t r a n s f e r  r a t e s  t o  and from l o c a l  memory. 
CPU a c t i v i t y  and DMA t r a n s f e r s  can occur  
s imu l taneous ly .  

DMA shares t h e  ND-100 bus w i t h  t h e  CPU and 
has p r i o r i t y  over t h e  ND-110 CPU f o r  bus 
access. 

More than one DMA dev ice  may be a c t i v e  a t  t h e  
same t ime ,  shar ing  t h e  t o t a l  band w i d t h  o f  
t h e  DMA channel .  T o t a l  band w i d t h  i s  1 . 8  
Mwords per  second. 

To avo id  c y c l e  s t e a l i n g  t h e  DMA d e v i c e  can be 
connected t o  a  separate  p o r t  on t h e  m u l t i p o r t  
memory sys tem . 

The ND-110 computer i s  d e l i v e r e d  i n  v a r i e t y  
o f  c a b i n e t s .  The s m a l l e s t  v e r s i o n s  (ND-110 
S a t e l l i t e )  house a  7 - p o s i t i o n  c a r d  c r a t e ,  t h e  
ND-110 Compact models house a  1 2 - p o s i t i o n  
c a r d  c r a t e ,  w h i l e  t h e  l a r g e  c a b i n e t  v e r s i o n s  
can h o l d  up t o  21 ca rds .  
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ND-110 is based upon a microprogrammed CPU 
architecture. A microprogrammed architecture 
means that: 

a large portion of system control is 
performed by the microprogram contained 
in the control store memory. 

each microinstruction contains bits to 
control each of the main elements in the 
system 

changes in the machine's instruction set 
are simple to make by rewriting the 
microprogram 

The microprogram resides in writeable 
memory (RAM) which can be modified by 
programs, allowing new versions to be 
installed without changing hardware. 

The hardware package-count is reduced, 
resulting in smaller computers. 

The CPU fetches instructions from memory, 
then decodes and executes them. Each 
instruction consists of one or more 
microinstructions. These sequences perform 
the arithmetic, logic and control operations 
of the ND-110 CPU. 

The ND-110 CPU card contains the following 
functional building blocks: 

RMAC address-arithmetic gate array 

BUFALU 16-bit ALU gate array 

RMIC microinstruction sequencer gate 
array 

Memory Management System 

Cache memory 
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BUFALU 

Memory Management System 

i 

Chapter 2 Central Processor Unit 

Control store 

Interrupt handler I 
Trap handler I 
Timing and real-time clock I 
Operator control-panel interface I 
Terminal no. 1 serial interface 

Register File I 
CPU cycle controller I 
ND-100 bus controller/interface I 

The 16-bit virtual addresses are calculated 
here. They are sent to the memory management 
system (MMS) which converts the virtual 
addresses into physical addresses. If MMS is 
turned off, the logical addresses will be 
sent directly out to the memory system via 
the ND-100 bus. 

This is where the arithmetic and the logic 
functions are performed, i.e. the part in the 
processor that computes. It also contains the 
current register set. 

This is the control part of the CPU or 
microinstruction sequencer. Its job is to 
ensure that the CPU receives the 
microinstructions in the correct sequence. 

The memory management system converts the 16- 
bit virtual addresses from RMAC to physical 
memory addresses that are used on the ND-100 
bus. 
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- BUFALU 
4 D -  

- 

u 
s 

ARB 
BUFALU 
C A 
C D 
clk 
CS 
CYCL 
EPROM 
IDB 
I NT 
MMS 
PAN 
RF 
RMAC 
RMIC 
RTC 
S 
S E R 
TRP 

Address 

: ND-100 bus arbitration controller 
: 16-bit ALU gate array 
: cache address bus 
: cache data bus 
: internal clock signals 
: control store (for microprogram) 
: CPU cycle control 
: control store firmware 
: internal data bus 
: interrupt handler 
: memory management system 
: operator control-panel interface 
: register file 
: address-arithmetic gate array 
: microinstructions sequencer array 
: timing and real-time clock 
: upper/lower cache bank select 
: terminal no. 1 (console) serial interface 
: trap handler 

panel term #1 

F i g u r e  3 .  ND-110 CPU f u n c t i o n a l  b l o c k s  
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Cache 

Interrupt handler 

Trap handler 

Timing and real-time clock 

Operator's Panel 

Terminal no. 1 

Register File 

CPU cycle control 

On t h e  ND-11O/CX, cache i s  d i v i d e d  i n t o  f o u r  
banks, each 1 K  (1024) words. Two banks a r e  
used f o r  data words ( 1 6 - b i t ) ,  and t h e  o the r  
two f o r  i n s t r u c t i o n s  (16-b i  t + 64-bi  t micro-  
i n s t r u c t i o n ) .  The ND-110 CPU uses o n l y  one 
cache bank f o r  i n s t r u c t i o n s  and none f o r  
da ta .  

Caching m i c r o i n s t r u c t i o n s  i n  p a r a l l e l  w i t h  
(mac ro ) i ns t r uc t i ons  i s  new f o r  t h e  ND-110 
CPUs and i s  an impor tan t  c o n t r i b u t i o n  t o  t h e  
speed advantage o f  t h e  ND-110 f a m i l y .  

The i n t e r r u p t  system handles ex te rna l  
i n t e r r u p t s  by c o n t i n u a l l y  comparing t h e  
c u r r e n t  p r i o r i t y  l e v e l  o f  t h e  processor  w i t h  
t h e  l e v e l  o f  any i n t e r r u p t i n g  dev ices .  It 
i d e n t i f i e s  t he  dev ice  w i t h  t h e  h i g h e s t  l e v e l  
above t h e  p rocesso r ' s  p r i o r i t y  l e v e l ,  and 
generates a  t r a p .  

The t r a p  handler  i s  r espons ib l e  f o r  b reak ing  
i n t o  t he  execut ion sequence t o  r e a c t  t o  any 
spec ia l  c o n d i t i o n  r e q u i r i n g  immediate 
t rea tment .  Depending on t h e  t ype  o f  
c o n d i t i o n ,  t h e  t r a p  may i n t e r r u p t  t h e  
microprogram sequence o r  break i n  a t  t h e  
p o i n t  when t h e  CPU i s  about t o  f e t c h  a  new 
mac ro i ns t r uc t i on .  

The ND-110 CPU de r i ves  a1 1  i t s  t i m i n g  s i g n a l s  
f rom a  c e n t r a l  c l ock  which i s  c o n t r o l l e d  by a  
quar tz  c r y s t a l .  

A microprocessor c o n t r o l s  t h e  o p e r a t o r ' s  
panel and op t i ona l  d i  sp lay  . 

The te rmina l  i n t e r f a c e  no. 1 communicates 
d i r e c t l y  w i t h  IDB bus. 

The working r e g i s t e r  se t s  f o r  l e v e l s  n o t  
c u r r e n t l y  runn ing  a re  s t o red  here.  The 
r e g i s t e r  f i l e  has two-way communication w i t h  
t h e  I D B ,  f o r  sav ing and r e s t o r i n g  t h e  c u r r e n t  
r e g i s t e r  s e t .  

The r e g i s t e r  f i l e  i s  a l s o  used as a  s c r a t c h  
f i l e  by t h e  microprogram. Th i s  p a r t  o f  t h e  
(extended) r e g i s t e r  f i l e  i s  o n l y  access ib l e  
from the  microprogram. 

The bas ic  t ime  u n i t  o f  t h e  ND-110 CPU i s  t h e  
nanocycle (26 n s ) .  M ic rocyc les ,  which c o n t a i n  
o f  f o u r  o r  more nanocycles,  a re  generated by 
a  nano -con t ro l l e r .  Th is  i s  a  f i n i t e - s t a t e  
machine which c o n t r o l s  t h e  sequence o f  events  
d u r i n g  t h e  execut ion o f  a  m i c r o i n s t r u c t i o n .  
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@ ND-100 bus controller/interface The ND-100 bus i s  c o n t r o l l e d  by an 
a r b i t r a t i o n  c o n t r o l l e r  on t he  CPU card .  A l l  
requests  f o r  t h e  ND-100 bus and a l l o c a t i o n  o f  
t h i s  bus a re  handled here.  

The ND-110 CPU uses a  microprogrammed CPU 
a r c h i t e c t u r e .  The microprogram i s  executed 
from a  6K by 6 4 - b i t  w r i t e a b l e  c o n t r o l  
s t o r e .  It i s  loaded from an EPROM a t  power on 
o r  when t he  MCL b u t t o n  i s  pressed, b u t  n o t  
when MACL command i s  used from OPCOM. 

The c h i e f  f u n c t i o n  o f  t h e  microprogram i s  t o  
per form t h e  i n s t r u c t i o n  s e t .  Other f u n c t i o n s  
implemented i n  microprogram i n c l u d e :  

o p e r a t o r ' s  communication (OPCOMI 

b u i l t  i n  t e s t  r o u t i n e s  

boo ts t rap  loaders  

i n t e r r u p t  response 

sav ing / load ing  r e g i s t e r  s e t  

New i n s t r u c t i o n s  have been i nc l uded  i n  t h e  
ND-110 i n s t r u c t i o n  s e t ,  which a l l o w  t h e  user  
t o  change t he  i n s t r u c t i o n  s e t  dynamica l l y .  
These a re  descr ibed i n  more d e t a i l  i n  chap te r  
8 .  

map address 
To f i n d  t he  microprogram e n t r y  p o i n t  o f  an 
i n s t r u c t i o n ,  R M I C  takes t h e  upper 10 b i t s  
( b i t s  6-15) o f  t h e  i n s t r u c t i o n  i t s e l f  s h i f t s  
them 3 p laces t o  t h e  r i g h t  and combines them 
w i t h  t h e  base address o f  an area i n  t h e  
c o n t r o l  s t o r e  c a l l e d  t h e  map a rea .  The da ta  
word a t  t h a t  address i s  t h e  f i r s t  
m i c r o i n s t r u c t i o n  o f  t h e  microprogram f o r  t h i s  
mac ro i ns t r uc t i on .  

Several m i c r o i n s t r u c t i o n s  may be needed t o  
execute one machine i n s t r u c t i o n .  R M I C  
c o n t r o l  s  t h e  sequence o f  these 
m i c r o i n s t r u c t i o n s .  Each m i c r o i n s t r u c t i o n  
con ta ins  b i t s  t o  c o n t r o l  t h e  va r i ous  elements 
i n  t he  CPU. I n  a d d i t i o n  i t  may c o n t a i n  a  jump 
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address t o  a  new microprogram sequence. RMIC 
c o n t a i n s  a  microprogram s t a c k  o n t o  which t h e  
microprogram can "push" a  r e t u r n  address.  

The p i p e l i n e  a l l o w s  t h e  n e x t  
1  a t c h  CONTROL STORE m i c r o i n s t r u c t i o n  f e t c h  t o  occur  i n  

para1 l e l  w i t h  t h e  execu t ion  o f  t h e  
c u r r e n t  m i c r o i n s t r u c t i o n .  P a r t s  o f  t h e  
c u r r e n t  m i c r o i n s t r u c t i o n  a r e  f e d  back 
i n t o  R M I C  and a r e  used t o  determine t h e  
n e x t  microprogram address.  T h i s  address 
i s  c locked o u t  o f  t h e  microprogram 

PIPELINE sequencer a t  t h e  same t i m e  as t h e  
c u r r e n t  microprogram word i s  c locked  
i n t o  t h e  p i p e l i n e  r e g i s t e r .  The n e x t  

s tab1 e  m i  crocode m i c r o i n s t r u c t i o n  i s  be ing  f e t c h e d  w h i l e  
t h e  c u r r e n t  one i s  be ing  executed.  

F i g u r e  4 .  I n s t r u c t i o n  p i p e l i n e  

2.2.2 1 NSTRUCT I ON FETCH AND EXECUTION 

The sequence o f  events  d u r i n g  i n s t r u c t i o n  
f e t c h  and execu t ion  i s  somewhat d i f f e r e n t  f o r  
ND-110 compared t o  t h e  ND-100. 

Whereas t h e  ND-100 p r e - f e t c h e d  t h e  n e x t  
i n s t r u c t i o n  d u r i n g  t h e  execu t ion  o f  t h e  
c u r r e n t  one, t h e  ND-110 f e t c h e s  t h e  new 
i n s t r u c t i o n  on t h e  l a s t  m i c r o c y c l e  o f  each 
i n s t r u c t i o n .  The ND-110 loses  no speed 
advantage because o f  t h i s ,  however. T h i s  i s  
because i n s t r u c t i o n s  a r e  n o r m a l l y  f e t c h e d  
f rom cache memory, where t h e y  a r e  s t o r e d  
p a r t l y  decoded (See page 115 f o r  d e t a i l s  o f  
t h e  microcache) .  

The machine i n s t r u c t i o n s  t o  be executed 
r e s i d e  i n  memory. The CPU s t a r t s  f e t c h i n g  t h e  
n e x t  m a c r o i n s t r u c t i o n  d u r i n g  t h e  l a s t  
m i c r o i n s t r u c t i o n  sequence of t h e  p r e v i o u s  
i n s t r u c t i o n .  

The program-counter con ten ts  a r e  s e n t  o u t  
on to  t h e  CA and LA i n t e r n a l  bus f rom RMAC, 
t h e  address -a r i thmet i c  ga te  a r r a y .  The memory 
management system t r a n s l a t e s  t h e  1 6 - b i t  
v i r t u a l  address t o  a  2 4 - b i t  p h y s i c a l  address,  
and t h e  1 6 - b i t  i n s t r u c t i o n  word i s  f e t c h e d .  
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Each i n s t r u c t i o n  has a  co r respond ing  
15 6 5  0  microprogram sequence i n  t h e  microprogram 

c o n t r o l  s t o r e .  Execu t ion  o f  an i n s t r u c t i o n  
corresponds t o  r u n n i n g  a  microprogram 
sequence. I n s t r u c t i o n s  must t h e r e f o r e  be 

F i g u r e  5. i n s t r u c t i o n  f o rma t  decoded t o  determine which microprogram 
sequence t o  r u n .  T h i s  decod ing i s  c o n t r o l l e d  
by R M I C .  

B i t s  6 t o  15 o f  t h e  i n s t r u c t i o n  s p e c i f y  wh ich 
o p e r a t i o n  i s  t o  be c a r r i e d  o u t .  B i t s  8,  9 and 
10 s p e c i f y  t h e  address ing  mode, when 
a p p l i c a b l e .  B i t s  0  t o  7 a r e  n o r m a l l y  used as 
a  d isp lacement  t o  t h e  operand address.  

I  I  I  I  
OP code B  

The o u t p u t  o f  t h e  microprogram c o n t r o l  s t o r e ,  
t o g e t h e r  w i t h  t h e  t i m i n g  c i r c u i t r y ,  c o n t r o l s  
t h e  o p e r a t i o n  o f  t h e  CPU. The microprogram 
sequencer manages t h e  microprogram c o n t r o l  
s t o r e  addresses and t h e i r  sequence. 

I I I I I I I  - d i s p  - 
I 

X 

R M I C  e x t r a c t s  t h e  10 most 
memory - 64 . . . . . . . 0  s i g n i f i c a n t  b i t s  o f  t h e  

i n s t r u c t i o n  ( b i t s  6  t o  1 5 )  
microprogram s h i f t s  them s i x  p l a c e s  t o  t h e  

i n s t r u c t i o n  c o n t r o l  s t o r e  r i g h t .  T h i s  1 0 - b i t  address i s  
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R M I C  
15 6 

w 
F] 

t h e  o f f s e t  i n t o  t h e  map area o f  
t h e  microprogram c o n t r o l  s t o r e .  
The 3 most s i g n i f i c a n t  b i t s  a r e  
s e t  t o  p o i n t  t o  t h e  base address 
o f  t h e  map area making a  1 3 - b i t  
c o n t r o l  s t o r e  address word. 

The 6 4 - b i t  m i c r o i n s t r u c t i o n  a t  
t h i s  address i s  t h e  f i r s t  
m i c r o i n s t r u c t i o n  o f  t h e  
m a c r o i n s t r u c t i o n .  T h i s  

4 
13-b i  t 

address 

F i g u r e  6 .  I n s t r u c t i o n  d e c o d i n g  0 - 7 as a  d isp lacement  need 
f o u r  consecu t i ve  e n t r i e s  i n  t h e  
map area as b i t s  6 and 7 can 
t a k e  any v a l u e .  

- 
1 

64-bi t mic ro -  
i n s t r u c t i o n  

m i c r o i n s t r u c t i o n  word may 
c o n t a i n  a  jump t o  a  new c o n t r o l  
s t o r e  address i f  t h e  
microprogram sequence c o n s i s t s  
o f  more than  one m ic ro -  
i n s t r u c t i o n .  

I n s t r u c t i o n s  which use b i t s  



2  2  

Instruction timing 

Next microinstruction 

Chapter 2 Cent ra l  Processor U n i t  
f 

The t ime an ND-110 CPU takes t o  complete t h e  a 
opera t ions  s p e c i f i e d  by one m i c r o i n s t r u c t i o n  
i s  r e f e r r e d  t o  as a  m i c rocyc l e ,  o r  t h e  
i n t e r n a l  CPU c y c l e  t ime .  The ND-110 completes 
a m ic rocyc le  i n  s i x  o r  more nanocycles (one 
nanocycle = 26 n s ) .  The f a s t e r  ND-11O/CX uses 
f o u r  nanocycles f o r  i t s  s h o r t e s t  m ic rocyc les .  

The sho r t es t  ( m a c r o ) i n s t r u c t i o n s ,  when 
executed from cache, use one m ic rocyc l e  
(compared t o  f o u r  on t h e  ND-100 CPU) . 

When a  m ic rocyc le  i s  completed, t h e  n e x t  
m i c r o i n s t r u c t i o n  has a1 ready been read o u t  
f rom t h e  microprogram c o n t r o l  s t o r e .  When t h e  
sequence o f  m i c r o i n s t r u c t i o n s  i s  f i n i s h e d ,  a  
new f e t c h  w i l l  be issued,  and t h e  CPU i s  
ready f o r  execut ion o f  a  new m a c r o i n s t r u c t i o n  
( = machine i n s t r u c t i o n ) .  

I f  t h e  c u r r e n t  mac ro i ns t r uc t i on  was f e t ched  
f rom memory, R M I C  uses b i t s  6  t o  15 o f  t h e  
i n s t r u c t i o n  word t o  generate an address 
w i t h i n  t h e  map area o f  t h e  c o n t r o l  s t o r e .  The 
da ta  word a t  t h a t  address i s  t h e  f i r s t  micro-  
i n s t r u c t i o n  o f  t h e  mac ro i ns t r uc t i on .  

I n s t r u c t i o n s  fe tched  from cache " s h o r t  
c i r c u i t "  t h i s  s tep .  The f i r s t  m i c r o i n s t r -  
u c t i o n  i s  fe tched  from t h e  m i c r o i n s t r u c t i o n  
cache a t  t h e  same t ime  as t h e  i n s t r u c t i o n  i s  
fe tched  from t h e  i n s t r u c t i o n  cache. 

Fetch from cache 

Fetch from memory 

An i n s t r u c t i o n  t o  be executed w i l l  be f e t ched  
e i t h e r  from cache o r  memory. The sequence o f  
opera t ions  f o l l o w i n g  an i n s t r u c t i o n  f e t c h  
depend on whether o r  n o t  cache was used. 

I f  t h e  i n s t r u c t i o n  i s  fe tched  f rom cache, t h e  
f i r s t  m i c r o i n s t r u c t i o n  o f  t h a t  i n s t r u c t i o n  
w i l l  be fe tched  from m i c r o i n s t r u c t i o n  cache 
a t  t h e  same t ime.  

I f  t h e  i n s t r u c t i o n  was n o t  a v a i l a b l e  i n  
cache, i t  w i l l  be fe tched  from memory. B i t s  
6-15 o f  t h e  i n s t r u c t i o n  ( t h e  op. code) w i l l  
be s h i f t e d  t h r e e  p laces t o  t h e  r i g h t  i n  R M I C  
and added t o  t h e  base address o f  t h e  map area 
o f  t he  c o n t r o l  s t o r e .  The m i c r o i n s t r u c t i o n  a t  
t h a t  address i s  t h e  f i r s t  o f  a  sequence o f  
m i c r o i n s t r u c t i o n s  which must be executed t o  
per form t h e  f u n c t i o n  o f  t h e  (macro) 
i n s t r u c t i o n .  
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B i t s  0-10 of t h e  i n s t r u c t i o n  w i l l  be l o a d e d  
i n t o  t h e  i n s t r u c t i o n  r e g i s t e r  ( I R ) .  

Microinstruction execution The microprogram c o n t r o l  s t o r e  words a r e  
d i v i d e d  i n t o  f i e l d s ,  and  each  f i e l d  c o n t r o l s  
p a r t s  of t h e  p r o c e s s o r ,  such  a s  A L U ,  r e g i s t e r  
f i l e ,  1/0 c o n t r o l ,  p r i o r i t y  i n t e r r u p t  e t c .  
Wi th in  each  word ,  a  f i e l d  c o n t r o l s  t h e  
s e q u e n c e r ,  t e l l i n g  i t  how t o  g e n e r a t e  t h e  
n e x t  microprogram a d d r e s s .  The f u n c t i o n  
performed by one  word i n  t h e  microprogram 
c o n t r o l  s t o r e  i s  c a l l e d  a  m i c r o i n s t r u c t i o n  
and t h e  t i m e  r e q u i r e d  t o  e x e c u t e  a  
m i c r o i n s t r u c t i o n  i s  c a l l e d  a  m i c r o c y c l e .  

The m i c r o i n s t r u c t i o n s  may be e x e c u t e d  t o  
f e t c h  d a t a  from memory ( f o r  example ,  u n d e r  an  
LDA i n s t r u c t i o n ) ,  pe r fo rm ALU o p e r a t i o n s ,  
s h i f t  r e g i s t e r s ,  and s o  f o r t h .  T o g e t h e r  w i t h  
t h e  t i m i n g ,  t h e y  w i l l  c o n t r o l  t h e  o p e r a t i o n  
of t h e  CPU. Dur ing  t h e s e  o p e r a t i o n s ,  t h e  
c o n t e n t s  of t h e  I R  may be needed  t o  d e t e r m i n e  
s o u r c e / d e s t i n a t i o n  r e g i s t e r s  i n  r e g i s t e r  
o p e r a t i o n s ,  t h e  a d d r e s s  mode i n  memory 
r e f e r e n c e  i n s t r u c t i o n s ,  t h e  k i n d  of s h i f t  
mode i n  s h i f t  i n s t r u c t i o n ,  e t c .  T h i s  
i n f o r m a t i o n  may a f f e c t  t h e  microprogram 
s e q u e n c e r ,  t h e  A and B s e l e c t ,  t h e  s h i f t -  
l i n k a g e  c i r c u i t r y  and t h e  l o o p  c o u n t e r .  

Interruption of execution 

ALU operands 

The l a s t  m i c r o i n s t r u c t i o n  of  each  
m a c r o i n s t r u c t i o n  w i l l  t e s t  f o r  an  e x t e r n a l  
i n t e r r u p t  b e f o r e  f e t c h i n g  t h e  n e x t  
m a c r o i n s t r u c t i o n .  I f  an  i n t e r r u p t  i s  a c t i v e ,  
a  t r a p  r o u t i n e  i s  e n t e r e d .  T h i s  t r a p  r o u t i n e  
w i l l  d e t e r m i n e  t h e  s o u r c e  of t h e  i n t e r r u p t  
and t a k e  t h e  a p p r o p r i a t e  a c t i o n .  

When chang ing  from one  program 1  eve1 t o  
a n o t h e r  a s  a  r e s u l t  of an  i n t e r r u p t ,  t h e  
r e g i s t e r  s e t  i n  BUFALU i s  s a v e d  i n  t h e  
r e g i s t e r  f i l e .  The working  r e g i s t e r  s e t  o f  
t h e  new l e v e l  i s  t h e n  c o p i e d  i n t o  BUFALU. 

The ALU i s  c o n t r o l l e d  by t h e  6 4 - b i t  
m i c r o i n s t r u c t i o n  word which c o n t a i n s  b i t  
f i e l d s  t o  s e l e c t  t h e  A and B i n p u t s  t o  t h e  
ALU and t h e  o p e r a t i o n  t o  be pe r fo rmed  on 
them.  
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access  
o n l y  v i a  
m ic rocode  { 

There a r e  16 r e g i s t e r  s e t s  a v a i l a b l e  i n  t h e  
ND-110,  one f o r  each o f  t h e  16 program 
l e v e l s .  Each o f  t h e  r e g i s t e r  s e t s  c o n s i s t s  o f  
8 genera l  programmable r e g i s t e r s  and 8 
s c r a t c h  r e g i s t e r s  wh ich  a r e  a c c e s s i b l e  o n l y  
f rom microprogram.  Together  t h e s e  256 
r e g i s t e r s  a r e  r e f e r r e d  t o  as t h e  r e g i s t e r  
f i l e .  

I n  a d d i t i o n  t h e r e  a r e  t h r e e  s e t s  o f  256 
r e g i s t e r s  wh ich  a r e  r e f e r r e d  t o  c o l l e c t i v e l y  
as t h e  extended r e g i s t e r  f i l e  ( X R F ) .  These 
r e g i s t e r s  a r e  a v a i l a b l e  o n l y  f rom t h e  
microprogram.  The microprogram uses t h e  
extended r e g i s t e r  f i l e  as a  s c r a t c h  f i l e .  

Figure 7. Register file structure 
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0 ~ . ~ . ~ T H E ~ W O R K I N G R E G I S T E R S  

STS [status] register 

D register 

P register 

* B register 

L register 

A register 

T register 

e X register 

Th is  r e g i s t e r  ho lds  t h e  8 s t a t u s  f l a g s  
descr ibed on page 26. 

Th is  r e g i s t e r  i s  an ex tens ion  o f  t h e  A 
r e g i s t e r  i n  double p r e c i s i o n  o r  f l o a t i n g  
p o i n t  opera t ions .  It may be connected t o  t h e  
A r e g i s t e r  d u r i n g  doub le - leng th  s h i f t s .  

Program coun te r ,  address o f  c u r r e n t  
i n s t r u c t i o n .  Th is  r e g i s t e r  i s  c o n t r o l l e d  
au toma t i ca l l y  i n  t h e  normal sequencing o r  
branching mode. But i t  i s  a l s o  f u l l y  program 
c o n t r o l l e d ,  and i t s  con ten ts  may be 
t r a n s f e r r e d  t o  o r  f rom o the r  r e g i s t e r s .  

Base r e g i s t e r  o r  second index r e g i s t e r .  When 
used i n  connect ion w i t h  i n d i r e c t  address ing,  
i t  r e s u l t s  i n  p re - index ing .  

L i nk  r e g i s t e r .  The r e t u r n  address a f t e r  a  
subrou t ine  jump i s  con ta ined  i n  t h i s  
r e g i s t e r  . 

Th is  i s  t h e  main r e g i s t e r  f o r  a r i t h m e t i c  and 
1  og i  c  opera t ions  d i r e c t l y  w i t h  operands i n  
memory. Th is  r e g i s t e r  i s  a l s o  used f o r  
i npu t / ou tpu t  communication. 

Temporary r e g i s t e r .  I n  f l o a t i n g  p o i n t  
i n s t r u c t i o n s  i t  i s  used t o  h o l d  t h e  exponent 
p a r t .  It i s  a l s o  used w i t h  t h e  IOXT 
i n s t r u c t i o n  t o  h o l d  t h e  dev ice  address.  

Index r e g i s t e r .  I n  connect ion w i t h  i n d i r e c t  
addressing, i t  causes pos t - i ndex ing .  

The c u r r e n t  r e g i s t e r  s e t  i s  h e l d  i n  BUFALU, 
and du r i ng  l e v e l  change t h i s  r e g i s t e r  s e t  i s  
s to red  i n  t h e  r e g i s t e r  f i l e .  The r e g i s t e r  s e t  
f o r  t he  new l e v e l  i s  loaded t o  t h e  BUFALU. 
A l l  r e g i s t e r s  and l e v e l s  can be read  o r  
w r i t t e n  by s p e c i f y i n g  r e g i s t e r  and l e v e l  
i n f o rma t i on .  
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ION1 

PON I 

SEX1 

NlOO 

Common s t a t u s  r e g  

paging t a b l e  mode 
FP rounding mode 
1 -b i  t accumulator 
e r r o r  f 1  ag 
dynamic ove r f l ow  f l a g  
s t a t i c  ove r f l ow  f l a g  
c a r r y  f l a g  
m u l t i s h i f t  f l a g  

I 1  I 
P I L  

F i g u r e  8 .  S t a t u s  r e g i s t e r  ( S T S )  b i t  a s s i g n m e n t  

M C O Q Z K G P  

E i g h t  f l a g s  a re  access ib le  by programs. These 
7 6 5 4 3 2 1 0  a re :  

- 1 1 1 ::::Yam 1 1 1  1 1 1 LL 

M M u l t i s h i f t  l i n k  f l a g .  Th i s  i s  used i n  
s h i f t  i n s t r u c t i o n s  as a o n e - b i t  ex tens ion  

F i g u r e  9 .  S T S ,  program d e p e n d e n t  o f  t h e  r e g i s t e r  ( A ,  D o r  T)  t o  a l l o w  
mu1 t i p l e  word s h i f t s .  

C The c a r r y  f l a g  i s  s e t  o r  r e s e t  accord ing  
t o  t he  r e s u l t  o f  a r i t h m e t i c  ope ra t i ons .  

common p a r t  

0  S t a t i c  over f low f l a g .  The ove r f l ow  f l a g  
remains s e t  a f t e r  an ove r f l ow  c o n d i t i o n ,  
u n t i l  i t  i s  r e s e t  by a  program. 

C M 

Q Dynamic over f low f l a g .  

Z E r r o r  f l a g .  Th is  f l a g  i s  s t a t i c ,  and 
remains s e t  u n t i l  i t  i s  r e s e t  by a  
program. The Z  f l a g  may be i n t e r n a l l y  
connected t o  an i n t e r r u p t  l e v e l  i n  such a  
way t h a t  an e r r o r  message r o u t i n e  may be 
t r i g g e r e d .  

0  

K One-bi t  accumulator.  Th i s  f l a g  i s  used by 
t he  b i t  opera t ions  , i n s t r u c t i o n s  
opera t ing  on one -b i t  da ta .  
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G Rounding f l a g  f o r  f l o a t i n g  p o i n t  
o p e r a t i  ons . 

P Page t a b l e  mode. Enables use o f  t h e  
a1 t e r n a t e  page tab1 e .  

These 8 f l a g s  a re  f u l l y  program c o n t r o l l e d ,  
e i t h e r  by means o f  t h e  b i t  i n s t r u c t i o n s  o r  by 
t h e  TRA o r  TRR i n s t r u c t i o n s .  Note,  however, 
t h a t  TRR STS o n l y  w r i t e s  t o  b i t s  0-7 o f  t h e  
s t a t u s  r e g i s t e r ,  and n o t  t h e  whole r e g i s t e r .  

NlOO NlOO f l a g  t o  show t h a t  t h i s  i s  an ND- 
100 f a m i l y  CPU ( i e  n o t  a  NORD-10). 

15 8 7 0  The upper p a r t  ( 8  b i t s )  i s  common f o r  a l l  
I I I  program l e v e l s .  T h i s  p a r t  g i v e s  t h e  f o l l o w i n g  

PIL Cur ren t  program l e v e l  . 

P I L  
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i n f o r m a t i o n :  

1 lk ;;i; ION1 I n t e r r u p t  system ON f l a g .  

P O N I  Memory management ON f l a g .  

SEX1 Extended f l a g  t o  show t h a t  t h e  memory 
Figure 1 0 .  S T S ,  m a c h i n e  d e p e n d e n t  management system i s  i n  2 4 - b i t  extended 

address ing mode i n s t e a d  o f  t h e  1 9 - b i t  
address ing mode. 
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* 

Machine dependent STS Program dependent 

Figure 11 .  Status register 

The f i g u r e  above shows t h a t  each program 
l e v e l  has i t s  own v e r s i o n  o f  STS b i t s  Q-7 
l e v e l ,  w h i l e  STS b i t s  8-15 a r e  common f o r  a l l  
1  eve1 s .  

2 .4  MICROPROGRAM SEQUENCER R M I C  

The use o f  an advanced microprogram sequencer 
w i t h  a  b u i l t  i n  s tack  has made i t  p o s s i b l e  t o  
t a k e  advantage o f  t h e  l a t e s t  microprogramming 
techn iques :  m ic rob ranch ing ,  m i c r o s u b r o u t i n e s  
and r e p e t i t i v e  m i c r o i n s t r u c t i o n  e x e c u t i o n .  

The purpose o f  t h e  microprogram sequencer i s  
t o  generate  t h e  address t o  t h e  microprogram 
c o n t r o l  s t o r e ,  making i t  p o s s i b l e  t o  f e t c h  
and execute a  m i c r o i n s t r u c t i o n .  The 
microprogram sequencer c o n t a i n s  a  
microprogram address r e g i s t e r  (ADR) w i t h  
m u l t i p l e x e d  i n p u t ,  a  push/pop s t a c k  and an 
inc remente r .  Con t ro l  l i n e s  p r o v i d e  t h e  
i n f o r m a t i o n  needed t o  s e l e c t  t h e  source o f  
t h e  n e x t  m i c r o i n s t r u c t i o n  address.  
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TEST 

A A 
AD R 
CD 
CNTR 
I R 
LCS 
SAS 
S C 
S E L 
STACK 
TEST 
VEC 
WCA 
1.11 

LCS 

micro control store 

4 4 4 4 
control signal s -D=, 

A operand address 
microprogram address register 
cache data bus 
divide by two counter 
instruction register 
load control store 
sequencer address multiplexer 
sequence controller 
microprogram address multiplexer 
microprogram stack 
test object (signal to used for a test condition) 
vector address mu1 ti pl exer 
wri teabl e control store address 
next address incrementer 

Sequencer control 

F i g u r e  12. RMIC m i c r o p r o g r a m  s e q u e n c e r  

It is possible to make branches in the 
microprogram, execute subroutines in the 
microprogram and carry out repetitive micro- 
instruction execution. 

RMIC determines the address of the next 
microinstruction with the help of two 
multiplexers (SAS and SEL in figure 12  on the 
previous page) . 

SAS selects from the address of current 
microinstruction (REPEAT), The address stored 
on the top of the microinstruction stack 
(RETURN), the output of the incrementer 
(NEXT) or to a direct address (JUMP). 
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Top 

1 4 
I l e v e l s  

o f  
: n e s t i n g  

1 Bottom 

F i g u r e  13 .  RMIC stack 

The push/pop s tack (LIFO) i s  used t o  s t o r e  a  
r e t u r n  address when execu t ing  
m ic rosubrou t ines .  It can be used f o r  up t o  
f o u r  r e t u r n  addresses. A  s e t  of c o n t r o l  l i n e s  
f rom t h e  sequencer c o n t r o l ,  c o n t r o l s  t h e  
push/pop s tack and determines whether t h e  
f u n c t i o n  be ing performed i s  a  jump t o  a  
subrou t ine  (PUSH), o r  a  r e t u r n  f rom a  
subrou t ine  (POP). It i s  a l s o  p o s s i b l e  t o  h o l d  
t h e  s tack i n f o rma t i on  (HOLD) o r  t o  l oad  t h e  
t o p  word (LOAD) w i t h  t he  c u r r e n t  microprogram 
address + 1 w i t hou t  a f f e c t i n g  t h e  r e s t  o f  t h e  
s t ack .  

A f t e r  a  subrou t ine  has been completed, a  
r e t u r n  t o  t he  address immediate ly  f o l l o w i n g  
t he  jump t o  t h e  subrou t ine  i n s t r u c t i o n  may be 
accomplished by s e l e c t i n g  t h e  s tack  as t h e  
source address (RETURN) and s imu l taneous ly  
execut ing a  POP. 

The sequencer c o n t r o l l e r  ( S C )  d i r e c t s  two 
m u l t i p l e x e r s ,  SAS and SEL. I n  a d d i t i o n  i t  
c o n t r o l s  t h e  sequencer s tack  i f  a  c o n d i t i o n a l  
sequence i s  n o t  s p e c i f i e d .  

The f i r s t  mu1 t i p l e x e r ,  SAS,  s e l e c t s  t h e  
source o f  t h e  nex t  microprogram address: 

1. A  d i r e c t  branch address (JUMP) 

2. The s tack (RETURN) 

3.  From t h e  incrementer (NEXT) 

4 .  The c u r r e n t  one (REPEAT) 

A  d i r e c t  branch address comes from t h e  branch 
address f i e l d  i n  t h e  microprogram. 

I f  t h e  incrementer i s  se l ec ted  as t h e  source 
address (NEXT), t h e  sequencer w i  11 s t ep  t o  
t h e  nex t  i n s t r u c t i o n  o f  t h e  microprogram. 

The second address m u l t i p l e x e r ,  SEL, chooses 
between t h e  ou tpu t  o f  SAS and an address 
which comes from t h e  CD bus. The address f rom 
t h e  CD bus i s  used f o r :  

t r a p  vec to rs  

Figure  14. RMIC s o u r c e  address 
mapping ( f i n d i n g  t h e  f i r s t  microprogram 
address o f  an i n s t r u c t i o n )  
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d i r e c t l y  address ing t h e  w r i t e a b l e  c o n t r o l  
s t o r e .  I n  t h i s  case t h e  address f rom CD 
i s  l a t c h e d  i n  WCA. 

Con t ro l  s t o r e  words a r e  64 b i t s  wide b u t  must 
be w r i t t e n  as f o u r  1 6 - b i t  words, which a r e  
s t o r e d  t e m p o r a r i l y  i n  t h e  r e g i s t e r  f i l e .  WCA 
ho lds t h e  c o n t r o l  s t o r e  address,  w h i l e  t h e  
o u t p u t  o f  CNTR s e l e c t s  which 1 6 - b i t  group i s  
t o  be used. 

word group NEXT CNTR f u n c t i o n s  as a  l a t c h  f o r  TRR CS and TRA 
CS i n s t r u c t i o n s .  I n  t h i s  case CNTR c o n t a i n s  
t h e  2 - b i t  s e l e c t  f i e l d  f o r  t h e  1 6 - b i t  group 

c a r r y  -,kI-Lb s p e c i f i e d  i n  t h e  i n s t r u c t i o n .  When t h e  LC5 c o n t r o l  s t o r e  i s  be ing  loaded, CNTR s teps  
through t h e  1 6 - b i t  groups i n  sequence, 
propagat ing a  c a r r y  t o  t h e  microprogram 

Figure  15 .  Loading  c o n t r o l  s t o r e  address incrementer  ( m).  

A  m i c r o i n s t r u c t i o n  may s p e c i f y  two d i f f e r e n t  
s e t s  o f  next-address s e l e c t - c o n t r o l  b i t s .  
Which s e t  t o  use depends on t h e  ALU 
( a r i t h m e t i c  l o g i c  u n i t )  r e s u l t  o f  t h e  
m i c r o i n s t r u c t i o n  l a s t  executed, o r  on a  
number o f  o t h e r  t e s t  o b j e c t s  o r i g i n a t i n g  i n  
t h e  CPU. Th is  makes c o n d i t i o n a l  b ranch ing  
p o s s i b l e .  There i s  a  s p e c i a l  c o n d i t i o n - e n a b l e  
b i t  i n  each m i c r o i n s t r u c t i o n  t h a t  makes t h i s  
two-way branch occur .  

P r i o r  t o  t h e  t e s t i n g  t h e  m i c r o i n s t r u c t i o n ,  
one o f  t h e  t e s t  o b j e c t s  must be s e l e c t e d  by 
t h e  microprogram. I f  t h e  t e s t  o b j e c t  i s  t r u e ,  
one s e t  o f  s e l e c t  c o n t r o l  b i t s  i s  used. I f  i t  
i s  f a l s e ,  t h e  o t h e r  s e t  i s  used. 

The m i c r o i n s t r u c t i o n  fo rmat  i s  g i v e n  i n  
appendix F .  The Microprogramming D e s c r i p t i o n  
manual f o r  ND-100 (ND-06.018.1) may be 
r e f e r r e d  t o  f o r  general  i n f o r m a t i o n .  A  new 
microprogramming manual f o r  ND-110 i s  
planned. Refer t o  your  l o c a l  s a l e s  o f f i c e  f o r  
a v a i l a b i l i t y .  
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The execu t ion  o f  a  m a c r o i n s t r u c t i o n  w i l l  
always s t a r t  w i t h  t h e  m i c r o i n s t r u c t i o n  found 
i n  t h e  map area o r  a  copy o f  t h i s  word 
fe tched  from cache. T h i s  m i c r o i n s t r u c t i o n  
w i l l  no rma l l y  c o n t a i n  a  jump t o  t h e  
c o n t i n u a t i o n  o f  t h e  microprogram sequence. 

The m i c r o i n s t r u c t i o n  word s u p p l i e s  t h e  9 most 
s i g n i f i c a n t  b i t s  ( 4  - 12)  o f  a  branch 
address,  w h i l e  t h e  4  l e a s t  s i g n i f i c a n t  b i t s  
( 0  - 3 )  a r e  taken f rom t h e  v e c t o r  s e l e c t o r .  
Together they  g i v e  a  1 3 - b i t  address i n t o  t h e  
c o n t r o l  s t o r e .  

The i n p u t  t o  t h e  v e c t o r  s e l e c t  i s  one o f  t h e  
f o l l o w i n g :  

The m i c r o i n s t r u c t i o n  word b i t s  0  - 3  I n  
t h i s  case t h e  f u l l  13 b i t s  come f rom t h e  
m i c r o i n s t r u c t i o n  word. 

I R  ( I n s t r u c t i o n  r e g i s t e r )  b i t s  0  - 3 .  

AA (A address) 

The source o f  t h e  A  address i s  determined by 
b i t s  50-52 ( A  OPER)  o f  t h e  m i c r o i n s t r u c t i o n :  

The m i c r o i n s t r u c t i o n  word b i t s  12-15 

PIL r e g i s t e r  

I R  b i t s  3-5 o r  b i t s  3-6.  

The loop  coun te r  (LC) 

The LDA , B , X  i n s t r u c t i o n  i s  t o  be executed. 
Assuming t h a t  t h e  i n s t r u c t i o n  i s  f e t c h e d  f rom 
memory and n o t  f rom cache, t h e  sequence o f  
opera t ions  w i  1  1  be: 

1. R M I C  combines b i t s  6  t o  15 o f  t h e  
i n s t r u c t i o n  word (0464008) w i t h  t he  base 
address (060008) o f  t h e  map area o f  t h e  
c o n t r o l  s t o r e .  
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2 .  The r e s u l t i n g  13-b i  t word (064648 ) i s  
used as t h e  c o n t r o l  s t o r e  address.  The 
6 4 - b i t  word a t  t h a t  address i s  t h e  f i r s t  
m i c r o i n s t r u c t i o n  o f  t h e  LDA , B ,  X 
i n s t r u c t i o n .  

3 .  The f i r s t  m i c r o i n s t r u c t i o n  adds t h e  
con ten ts  o f  t h e  X and B  r e g i s t e r s  and 
passes t h e  r e s u l t  t o  RMAC on t h e  RB bus.  
It a l s o  c o n t a i n s  a  jump t o  a  new address 
(001708) i n  t h e  microprogram where t h e  
LDA ,B,X o p e r a t i o n  i s  completed.  

4 .  The m i c r o i n s t r u c t i o n  a t  001708 per forms a  
read  from t h e  1 6 - b i t  address p o i n t e d  t o  
by ( X  + B ) .  RMAC adds t h i s  t o  t h e  
displacement ( b i t s  0  t o  7  o f  t h e  
i n s t r u c t i o n )  and t h e  r e s u l t i n g  1 6 - b i t  
l o g i c a l  address i s  conver ted  t o  p h y s i c a l  
address by memory management (MMS). I f  
t h e  data  i s  n o t  p r e s e n t  i n  cache, 
execu t ion  w i l l  w a i t  f o r  an ND-100 bus 
t r a n s a c t i o n .  

5 .  When t h e  data  word i s  a v a i l a b l e ,  t h e  
microprogram jumps t o  t h e  l a s t  
m i c r o i n s t r u c t i o n  word o f  t h e  LDA,B,X 
i n s t r u c t i o n .  

6 .  The A  r e g i s t e r  i s  loaded w i t h  t h e  1 6 - b i t  
data  word now p resen t  on t h e  DBR 
( i n t e r n a l  r e g i s t e r )  and a  new i n s t r u c t i o n  
f e t c h  i s  s t a r t e d .  



LDA 
, B 

, X 

Chapter 2 C e n t r a l  Processor U n i t  

LDA ,B ,X  = 0 4  6  4  0 0 ( o c t a l  ) 

I n s t r u c t i o n  word 

F i g u r e  1 6 .  Decoding  o f  the LDA , B  ,X i n s t r u c t i o n  

13 b i t s  
address 

I f  t h e  i n s t r u c t i o n  had been f e t c h e d  f rom 
cache, t h e  f i r s t  m i c r o i n s t r u c t i o n  would have 
been f e t c h e d  i n  p a r a l l e l  f rom t h e  microcache.  
P o i n t s  1 and 2 above would be " s h o r t  
c i r c u i t e d "  and execu t ion  would b e g i n  d i r e c t l y  
a t  p o i n t  3 .  

6 4 .  . . . . . . 0 

microprogram 
c o n t r o l  s t o r e  

Traps can break i n t o  t h e  e x e c u t i o n  sequence 
i n  o rde r  t o  a l l o w  t h e  CPU t o  a t t e n d  t o  
something more i m p o r t a n t  than  t h e  c u r r e n t  
a c t i v i t y .  The p r i o r i t y  o f  t h e  t r a p  determines 
when i t  i s  a l l owed  t o  i n t e r r u p t  e x e c u t i o n .  I n  
decreas ing o rde r  o f  p r i o r i t y  t h e y  a r e :  

I 
64-bi  t mic ro -  
i n s t r u c t i o n  
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Chapter 2 Central Processor Unit 

Internal interrupts (highest priority) 

External interrupts (including panel 
interrupts) 

Internal interrupts (remaining) 

Internal interrupts of highest priority are 
conditions that are so important that they 
must break into the execution of the 
microprogram. They are listed in decreasing 
order of priority. 

Master clear/Power clear 

Page f aul t 

Protect violation 

Ring down 

Page used 

Written in page 

External interrupts and the remaining 
internal traps are handled only when an 
instruction is to be fetched. 

Panel interrupts have priority over other 
external interrupts. 

The remaining internal interrupts are: 

Power fail 

Memory out of range 

Memory parity error 

IOX error 

Z error 

Monitor call 

The pipe1 ine is not localized in one place, 
but is distributed within the CPU. It is 
neverthless convenient to regard it as a 
single register. Data is clocked into the 
pipeline register from the control store at 
the beginning of a microcycle. At the same 
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Chapter 2 Cen t ra l  Processor U n i t  

t i m e  t h e  c o n t r o l  s t o r e  address f o r  t h e  n e x t  
m i c r o i n s t r u c t i o n  i s  v a l i d  on t h e  c o n t r o l  
s t o r e  address bus.  The ALU o p e r a t i o n  s t a r t s  
immed ia te l y .  

1 nanocyc le  
( = 26 ns 1 

b *4-- 

40 ris access address 
c a l c u l a t i o n  

c o n t r o l  s t o r e  RMIC/RMAC 
address v a l i d  

c o n t r o l  s t o r e  m i c r o i n s t r u c t i o n  
d a t a  v a l i d  c l k ' d  i n  p i p e l i n e  

C u r r e n t  m i c r o i n s t r u c t i o n  

Next  m i c r o i n s t r u c t i o n  

ALU 

1-40 ns access -I 
address v a l i d  

c o n t r o l  s t o r e  
da ta  v a l i d  

o p e r a t i o n  

address 
c a l c u l a t i o n  
RM I C/RMAC 

m i c r o i n s t r u c t i o n  
c l k ' d  i n  p i p e l i n e  1 

Figure 17. Execution pipeline 

F o r t y  nanoseconds a f t e r  t h e  s t a r t  o f  t h e  
m i c r o c y c l e ,  t h e  6 4 - b i t  d a t a  word i s  s t a b l e  
f rom t h e  c o n t r o l  s t o r e  o u t p u t .  P a r t s  o f  t h i s  
m i c r o i n s t r u c t i o n  word a r e  used by R M I C  o r  
RMAC i n  address c a l c u l a t i o n s  ready f o r  t h e  
ALU o p e r a t i o n  i n  t h e  coming m i c r o c y c l e .  

A t  t h e  end o f  t h e  m i c r o c y c l e  t h e  new 
m i c r o i n s t r u c t i o n  i s  ready f o r  e x e c u t i o n  and 
t h e  c o n t r o l  s t o r e  has t h e  n e x t  
m i c r o i n s t r u c t i o n  v a l i d  a t  i t s  o u t p u t .  
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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) i s  t h e  
computing p a r t  of t he  processor .  Under 
c o n t r o l  o f  t h e  microprogram, t h e  ALU per forms 
a  number o f  d i f f e r e n t  a r i t h m e t i c ,  l o g i c  and 
man ipu la t i ve  opera t ions  on da ta  i n  t h e  

I working r e g i s t e r s  o r  f rom t h e  i n t e r n a l  da ta  

bus ( I D B ) .  

The f i g u r e  t o  t h e  l e f t  shows t h e  ALU and i t s  
connect ion t o  t h e  system. The c o n t r o l  l i n e s  
from t h e  p i p e l i n e  r e g i s t e r  go i n  as - i n s t r u c t i o n s  c o n t r o l l i n g  t h e  ALU ope ra t i on ,  

ALU and as s h i f t  l i n kage  c o n t r o l  o f  t h e  ALU s h i f t  
opera t ions  w i t h  t h e  r i g h t  i n / l e f t  o u t  and 

> L r i g h t  o u t / l  e f  t i n  1  i nes . 
4 4 4 

The f u n c t i o n  o f  A  operand s e l e c t  and B  ' I I D B ( ~ u s ,  A  operand s e l e c t  i s  t o  s e l e c t  two operands t o  
operands be operated on i n  t h e  work ing r e g i s t e r  b l ock  

F i g u r e  1 8 .  A r i t h m e t i c  logic u n i t  i n s i d e  t h e  ALU. An operand can a l s o  be taken 
from t h e  IDB. 

The r e s u l t  o f  t h e  a r i t h m e t i c  l o g i c  ope ra t i on  
may be s to red  i n  one o f  t h e  work ing r e g i s t e r s  
i n s i d e  t he  ALU o r  enabled on to  t h e  IDB. Any 
f l a g s ,  such as over f low,  c a r r y ,  e t c . ,  a re  
r epo r t ed  t o  t he  s t a t u s  r e g i s t e r ,  t oge the r  
w i t h  f l a g s  f rom t h e  s h i f t  l i n k a g e  c i r c u i t r y  
du r i ng  s h i f t  ope ra t i ons .  

2.6.1 ALU OPERATION 

Microprogramming 
Readers who a re  n o t  i n t e r e s t e d  
i n  microprogramming may p r e f e r  
t o  s k i p  t h i s  s e c t i o n  and 
jump t o  t h e  s e c t i o n  on t h e  
i n t e r r u p t  system on page 40 

The 1 6 - b i t  wide ALU i s  con ta ined  w i t h i n  t h e  
BUFALU ga te -a r ray .  I n  a  microprogrammed 
processor system such as t h e  ND-110, t h e  
f u n c t i o n a l  b locks  o f  t h e  ALU a re  d r i v e n  by 
se t s  o f  c o n t r o l  l i n e s  cor responding t o  f i e l d s  
i n  t he  m i c r o i n s t r u c t i o n .  See Appendix ( F )  f o r  
d e t a i l s  o f  t h e  m i c r o i n s t r u c t i o n  fo rmat  f o r  
t he  ND-110 CPU. 

The ND-110 m i c r o i n s t r u c t i o n  format  d i f f e r s  
s l i g h t l y  from t h e  format f o r  t h e  ND-100 CPU. 
I n  p a r t i c u l a r  t h e  IDBS ( i n t e r n a l  da ta  bus 
source) f i e l d  and t h e  COMM (command code) 
f i e l d s  have new va lues de f i ned .  
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ALU primitive operations 

Terminology 
Al though  t h e  ND-110 does n o t  
use t h e  2901 ALU b i t  s l i c e ,  
used i n  t h e  o l d e r  ND-100, t h e  
terms R ,  S ,  A, B  and Q a r e  
used c o n s i s t e n t l y  w i t h  t h e i r  
use i n  t h e  2901. 

A operand select 

The ALU has 8 p r i m i t i v e  o p e r a t i o n s  d e f i n e d .  
These a r e  t h e  bas ic  a r i t h m e t i c  and l o g i c  
opera t ions  : 

R +  S 

S -  R 

R -  S 

R OR S 

R AND S 

NOT ( R )  AND S 

R XOR S 

NOT ( R  XOR S )  

R and S a r e  s p e c i f i e d  by ALU source f i e l d  
( b i t s  55-57 o f  t h e  m i c r o i n s t r u c t i o n .  

S may come f rom one o f :  

Q ( i n t e r n a l  h o l d i n g  r e g i s t e r )  

0  ( f o r c e d  t o  ze ro )  

R may come from one o f :  

D ( i n t e r n a l  data  bus)  

0  ( f o r c e d  t o  ze ro )  

The A-source and B-source a r e  s p e c i f i e d  by 
t h e  A-oper ( b i t s  50-52) and 0-oper ( b i t s  48- 
49) 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 .  

The A  source can be s p e c i f i e d  by:  

1. RA ( b i t s  12-15 o f  t h e  m i c r o i n s t r u c t i o n )  

2. PIL (program l e v e l )  

3 .  I R  ( i n s t r u c t i o n  r e g i s t e r )  b i t s  3-5 
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4 .  I R  ( i n s t r u c t i o n  r e g i s t e r )  b i t s  3-6 

5 .  LC ( t h e  l o o p  c o u n t e r )  

B operand select The B  operand can be s p e c i f i e d  by:  

1. RB ( b i t s  0-3 o f  t h e  m i c r o i n s t r u c t i o n )  

2 .  I R  ( i n s t r u c t i o n  r e g i s t e r )  b i t s  0-2 

3 .  I R  ( i n s t r u c t i o n  r e g i s t e r )  b i t s  3-5 

4 .  LC ( t h e  loop  c o u n t e r )  

The ALU r e s u l t  ( F )  may be d i r e c t e d  by t h e  
ALU-dest f i e l d  ( b i t s  61-63) t o :  

Q ( t h e  h o l d i n g  r e g i s t e r )  

Y (ALU o u t p u t  = IDB bus)  

I n  a d d i t i o n  t h e  ALU o u t p u t  ( Y )  may r e c e i v e  
t h e  A-operand d i r e c t l y .  

The h o l d i n g  r e g i s t e r  ( Q )  can be used t o  keep 
r e s u l t s  f rom ALU o p e r a t i o n s .  T h i s  r e g i s t e r  
can be s h i f t e d  r i g h t  o r  l e f t .  It may a l s o  be 
l i n k e d  t o  t h e  ALU r e s u l t  ( F )  f o r  3 2 - b i t  
s h i f t s .  

When changing f rom one l e v e l  t o  ano ther ,  t h e  
work ing r e g i s t e r s  ( X ,  T, A, L ,  B,  P ,  D ,  STS) 
i n  t h e  c u r r e n t  r e g i s t e r  s e t  w i l l  be w r i t t e n  
i n t o  t h e  c u r r e n t  l e v e l  r e g i s t e r s  i n  t h e  
r e g i s t e r  f i l e .  The work ing r e g i s t e r s  on t h e  
new l e v e l  w i l l  be cop ied f rom t h e  r e g i s t e r  
f i l e  i n t o  t h e  BUFALU r e g i s t e r  s e t .  

The e i g h t  s c r a t c h  r e g i s t e r s  c o n t a i n  temporary 
i n f o r m a t i o n  managed by t h e  microprogram, such 
as addresses d u r i n g  memory r e f e r e n c e  
i n s t r u c t i o n s ,  temporary r e s u l t s  d u r i n g  
f l o a t i n g  p o i n t  o p e r a t i o n s ,  e t c .  These s c r a t c h  
r e g i s t e r s  w i l l  n o t  be saved under a  l e v e l  
change. 
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EXAMPLES OF ALU OPERATION 

Chapter 2 Cen t ra l  Processor U n i t  

Example 1 

Example 2 

Two b r i e f  examples i l l u s t r a t e  t h e  way t h e  ALU 
i s  c o n t r o l l e d  by t h e  microprogram. 

The LDA i n s t r u c t i o n :  

The operand t o  be loaded i n t o  t h e  A r e g i s t e r  
i s  read from memory i n t o  t h e  DBR (da ta  
r e g i s t e r )  by t he  f i r s t  m i c r o i n s t r u c t i o n .  

The second m i c r o i n s t r u c t i o n  s e l e c t s  t h e  DBR 
as t h e  source f o r  t h e  IDB ( i n t e r n a l  da ta  
b u s ) .  The ALU f u n c t i o n  i s  PASSD. Th is  
s p e c i f i e s  R t o  be D ( i . e .  t h e  i n t e r n a l  data  
bus IDB) and S t o  be 0 ( z e r o ) .  The ope ra t i on  
performed i s  R XOR S (which passes R 
unchanged when S i s  z e r o ) .  ALU d e s t i n a t i o n  i s  
t he  B-operand, which i s  se l ec ted  t o  come f rom 
t h e  m i c r o i n s t r u c t i o n  i t s e l f ,  and has t h e  
va lue f o r  t h e  A r e g i s t e r  ( =  5 ) .  

The RADD SA DB i n s t r u c t i o n :  

The A-operand i s  I R  ( i n s t r u c t i o n  r e g i s t e r )  
b i t s  3-5 which con ta ins  t h e  va lue  f o r  t h e  A  
r e g i s t e r  ( =  5 ) .  The B-operand i s  I R  b i t s  0-2 
which con ta ins  t h e  va lue f o r  t h e  B  r e g i s t e r  
( =  3 ) .  The ALU f u n c t i o n  i s  A + B  and t h e  ALU 
d e s t i n a t i o n  i s  t h e  B-operand, which i s  t h e  B  
r e g i s t e r  . 

Polling 

Interrupts 

One CPU can handle many simultaneous 
processes, b u t  o n l y  one process can be a c t i v e  
a t  any t ime .  

The s imp les t  approach t o  such an asynchronous 
event handler  i s  t h e  method known as p o l l i n g .  
The processor t e s t s  t h e  s t a t u s  o f  each event ,  
i n  sequence and, i n  e f f e c t ,  ' a s k s '  i f  s e r v i c e  
i s  r equ i r ed .  

I n t e r r u p t  i s  an e f f i c i e n t  way o f  s e r v i c i n g  
asynchronous reques ts .  When t h e  processor  
rece ives  t h e  i n t e r r u p t  r eques t ,  i t  suspends 
t h e  program i t  i s  c u r r e n t l y  execu t ing ,  
execute an i n t e r r u p t  s e r v i c e  r o u t i n e  and then  
resume t h e  execut ion o f  t h e  suspended 
program. 
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@ Interrupt levels 

Nested interrupts 

The ND-110 uses a  m u l t i l e v e l ,  v e c t o r e d  
i n t e r r u p t  system. I n t e r r u p t  reques ts  can 
occur on d i f f e r e n t  l e v e l s .  Each l e v e l  i s  
assigned a  p r i o r i t y ;  a  lower  number means 
1  ower p r i  o r i  t y  . These " i n t e r r u p t  1  eve l  s"  a r e  
i n  f a c t  i d e n t i c a l  w i t h  t h e  ND-110 program 
l e v e l s .  

As more than one dev ice  may generate  an 
i n t e r r u p t  on t h e  same l e v e l ,  t h e r e  must be 
some means o f  d e c i d i n g  p r i o r i t y  w i t h i n  a  
l e v e l .  The method used by t h e  ND-110 i s  t h e  
" d a i s y - c h a i n " .  T h i s  means, i n  p r a c t i c e ,  t h a t  
t h e  p o s i t i o n  i n  t h e  c a r d  frame dec ides 
p r i o r i t y .  The c l o s e r  t o  t h e  CPU t h e  h i g h e r  
t h e  p r i o r i t y .  

An i n t e r r u p t  s e r v i c e  r o u t i n e  may be 
i n t e r r u p t e d  by an i n t e r r u p t  r e q u e s t  f rom a  
h igher  l e v e l .  The s e r v i c e  r o u t i n e  f o r  t h e  
h igher  p r i o r i t y  reques t  i s  executed, a f t e r  
which execu t ion  o f  t h e  i n t e r r u p t e d  s e r v i c e  
r o u t i n e  i s  resumed. 

Enabling/disabling interrupts I n t e r r u p t s  may be enabled and d i s a b l e d  u s i n g  
t h e  p r i v i l e g e d  i n s t r u c t i o n s  I O N ,  and IOF. 
(The i n s t r u c t i o n  PION and PIOF, which a l s o  
a f f e c t  t h e  pag ing system, may a l s o  be u s e d . )  

Interrupt vectors 

PROGRAM LEVELS 

Each dev ice  t h a t  can use t h e  i n t e r r u p t  system 
has an i n t e r r u p t  code assigned t o  i t .  T h i s  
code may be used t o  d i r e c t  execu t ion  t o  t h e  
a p p r o p r i a t e  i n t e r r u p t  s e r v i c e  r o u t i n e .  

Context switch 

There a r e  16 program l e v e l s  i n  t h e  ND-110 and 
t h e r e f o r e ,  16 s e t s  o f  r e g i s t e r s  and s t a t u s  
f l a g s .  Each s e t  c o n s i s t s  o f  A, D ,  T,  L ,  X and 
B r e g i s t e r s ,  program coun te r  ( P I  and a  s t a t u s  
r e g i s t e r  (STS) w i t h  t h e  s t a t u s  f l a g s  0 ,  Q ,  Z ,  
C ,  M ,  K ,  PTM and TG. There a r e  a l s o  8 
r e g i s t e r s  t h a t  a r e  o n l y  a c c e s s i b l e  f rom t h e  
microprogram. 

Changing program l e v e l  i s  done by means o f  an 
i n t e r r u p t .  T h i s  may be e x t e r n a l ,  i n t e r n a l  
( t r a p ) ,  o r  programmed. A program may 
r e l i n q u i s h  p r i o r i t y  by execu t ing  a  WAIT 
i n s t r u c t i o n .  Context  s w i t c h i n g  f rom one 
program l e v e l  t o  another  i s  comp le te ly  
automat ic and r e q u i r e s  o n l y  7 . 2  p s ,  i n c l u d i n g  
sav ing and unsaving a l l  r e g i s t e r s  and f l a g s .  

P r i o r i t y  increases w i t h  1  eve l  : program 1  eve l  
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Program l e v e l  15 

Program l e v e l  u s a g e  

Program l e v e l  14 

Program level 13 

15 has t h e  h i ghes t  p r i o r i t y  and program l e v e l  
0  t h e  lowes t .  

Table 1 below shows how t h e  SINTRAN I 1 1  
opera t ing  system uses t h e  16 program l e v e l s .  

A1 1  program l e v e l s  may be a c t i v a t e d  by 
so f tware .  I n  a d d i t i o n ,  t h e  l e v e l s  10, 11, 12 
and 13 may be a c t i v a t e d  by 512 ex te rna l  1/0 
i n t e r r u p t s .  The IDENT i n s t r u c t i o n  i s  used t o  
i d e n t i f y  t h e  i n t e r r u p t i n g  dev i ce .  The IDENT 
i s  descr ibed i n  g rea te r  d e t a i l  on page 150. 

Th is  l e v e l  i s  used f o r  ext remely  f a s t  
i n t e r r u p t s  and may on l y  have one 1/0  
i n t e r r u p t  source. It i s  n o t  used by s tandard 
ND equipment o r  so f tware ,  b u t  i s  a v a i l a b l e  
f o r  users who need an immediate access t o  t h e  
CPU. 

Level Usage (SINTRAN I I I / V S X  vs .K & l a t e r )  

15 Extremely f a s t  user  i n t e r r u p t s  
14 I n t e r n a l  i n t e r r u p t s  
13 Real- t ime c l ock  
12 I n p u t  dev ices 
11 Mass s torage dev ices 
10 Output dev ices 

9 n o t  used 
8 n o t  used 
7 n o t  used 
6  n o t  used 
5  Xmsg 
4 1/0 mon i to r  c a l l s  
3 segment a d m i n i s t r a t i o n  
2 SINTRAN I 1 1  mon i to r  
1 Real- t ime and background 
0  I d l e  loop  

Note 1: Levels  2 & 3 have changed usage f rom 
prev ious vers ions  o f  SINTRAN. 

Table  1 .  Level Assignments 

Program l e v e l  14 i s  used by t he  i n t e r n a l  
i n t e r r u p t  system, which mon i to rs  e r r o r  
cond i t i ons  o r  t r a p s  i n  t h e  CPU. Level  14 has 
10 poss ib l e  sources. Each source i s  
represented by a  b i t  i n  t h e  i n t e r r u p t  c o n t r o l  
r e g i s t e r  ( I I C )  and i n t e r r u p t  mask r e g i s t e r  
( I I E ) .  

The ' r e a l - t i m e  c l o c k ' ,  t h e  m u l t i p o r t  memory 
e r r o r  l o g  and HDLC i n p u t  a re  connected t o  
l e v e l  13.  
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@ Program level 12 

Program level 11 

Program level 10 

Operation 

Character input devices such as terminals, 
tape readers, etc., are connected to level 
12, and so is HDLC output. 

Level 11 is used by mass storage devices such 
as disk, floppy disk, mag. tape, etc. 

Level 10 is assigned to character output 
devices such as line printers, paper tape 
punches, displays, etc. 

When an interrupt request is serviced, the 
CPU moves to a higher program level. The 
interrupt service routine ends with a WAIT 
instruction which relinquishes priority and 
the CPU moves to a lower level . If another 
interrupt request has occurred, with greater 
priority than the original program, then the 
new interrupt is serviced first. If no 
interrupt has occurred or the level of the 
new interrupt is lower, the original routine 
resumes. 

The interrupt controller takes care of all 
interrupts on levels 10-15, including all 
internal interrupts. Interrupts on levels 0-9 
are implemented by the microprogram. 

The interrupt controller sends out a 5-bit 
vector specifying the interrupt source. These 
bits specify a branch address in the 
microprogram. 

In the IIC register there are ten bits for 
level 14 and one bit each for levels 10-13, 
and level 15. Interrupts for levels 0-9 are 
accessed via the microprogram. 

When an interrupt is received, the IIC 
register and the mask register (IIE) are 
combined using a logical AND operation. The 
priority encoder selects the highest priority 
level of the result. This is compared to the 
current level. If the interrupt level is 
higher and the interrupt system is on, the 
interrupt will be accepted. 

An interrupt routine may be interrupted by a 
higher priority interrupt. Service to the 
lower priority routine is resumed 
automatically upon completion of the higher 
level . 
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BUFALU 

External interrupts are controlled by the two 
16-bit registers: 

PIE Program Interrupt Enable 

PID Program Interrupt Detect 

The PIE register is controlled by program 
only. The PID register may be controlled both 
by program and by hardware interrupts. At any 
instant, the program level is the highest 
Drogram level which has its bits set ( =  1) in 
both PIE and PID 

The actual mechanism is as follows: 

The 4-bit PIL field in the STS register 
contains the value of the current program 
level . 

The PIL is compared with PK (the output of 
the priority encoder). PK contains the 
highest program level which has its 
corresponding bits set in both PIE and PID. 
Whenever PK is greater than PIL, an automatic 
change of context will take place. This is 
done by a microprogram sequence. 

The level change can be illustrated as 
fol 1 ows: 

1. The interrupt system is temporarily 
blocked to prevent false interrupts. 

2. The working registers (WRB) on the 
current level are saved in the 
register f i 1 e. 

3. The PIL (program level) register on 
the current level is copied into the 
PVL (previous program 1 eve1 ) 
register . 

4. The PK (new level priority code) 
register is copied into the PIL 
(program level) register. The level 
change takes place at this time. 
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BUFALU Regi ster 
file 

5. The register set for the new level 
i s  moved from the register file to 
the working registers. The paging 
control register (PCR) is loaded 
from the extended register file 
(XRF) at the same time. 

6. The first instruction on the new 
level is then fetched. 

This complete sequence requires 7.2 ps. 

The PID register is a sixteen bit interrupt 
detect register used for both internal and 
external interrupts. 

External interrupts may set PID bits 15, 13, 
12, 11, 10, and internal hardware status may 
set PID bits for program level 14, because 
all internal interrupts are connected to this 
level . 

1 1 6  - TI4 encoder -4 ["I K 

- 
Fetch: 
IDB : 
ION : 
PID : 
PIE : 
PK : 
PIL : 
PVL : 

IDB 

Instruction fetch 
Internal Data Bus 
Interrupt System Active I ON 
Priority Interrupt Detect 
Pri ori ty Interrupt Enabl e 
Priority Code 
Program Level 
Previous Program Level 

Figure 19. External Interrupt System 
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S ince a  vec to red  i n t e r r u p t  system i s  used, 
more than  one dev ice  may use t h e  same 
i n t e r r u p t  l i n e .  T h i s  means t h a t  we need t o  
know which dev ice  generated t h e  i n t e r r u p t  
r e q u e s t .  The v e c t o r  o r  i d e n t i f i c a t i o n  code i s  
found u s i n g  an IDENT i n s t r u c t i o n .  The 
i n s t r u c t i o n  has t h e  f o l l o w i n g  f o r m a t :  

IDENT (program l e v e l  code> 

I n  a  ND-110 system t h e r e  i s  a  maximum o f  2048 
vec to red  i n t e r r u p t s .  Each p h y s i c a l  
i n p u t / o u t p u t  u n i t  w i l l  u s u a l l y  have i t s  own 
un ique i n t e r r u p t  response code and p r i o r i t y .  

These vec to red  i n t e r r u p t s  must be connected 
t o  t h e  f o u r  program l e v e l s  13, 12,  11 and 10.  

The s tandard way of u s i n g  these  l e v e l s  i s  as 
f o l l o w s :  

Level  13: Real t i m e  c l o c k  

Leve l  12: I n p u t  dev ices  

Leve l  11: Mass s to rage  dev ices  

Leve l  10:  Output  dev ices  

When an IDENT i n s t r u c t i o n  i s  executed,  t h e  
bus c o n t r o l l e r  hardware searches f o r  t h e  
i n t e r r u p t i n g  d e v i c e .  

The f i r s t  dev ice  w i t h  an a c t i v e  i n t e r r u p t  on 
t h e  c u r r e n t  l e v e l  w i  11 respond w i t h  i t s  9 -b i  t 
i d e n t i f i c a t i o n  code and remove i t s  i n t e r r u p t  
reques t .  The CPU uses t h i s  code t o  c a l c u l a t e  
a  v e c t o r  t o  t h e  d r i v e r  r o u t i n e  f o r  t h e  
i n t e r r u p t i n g  d e v i c e .  

Us ing 9  b i t s  a l l o w s  512 d i f f e r e n t  v e c t o r s  on 
each o f  t h e  f o u r  e x t e r n a l  i n t e r r u p t  l e v e l s  
(10 -15 ) .  T h i s  means t h a t  a  maximum o f  2048 
v e c t o r s  a r e  p o s s i b l e .  

I f  more than  one dev ice  on t h e  same l e v e l  
generates  i n t e r r u p t s ,  t h e  d e v i c e  i n t e r f a c e  
l o c a t e d  c l o s e s t  t o  t h e  CPU has t h e , h i g h e s t  
p r i o r i t y .  I f  t h e r e  i s  more than  one d e v i c e  
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connected t o  t h e  ca rd ,  an i n t e r n a l  p r i o r i t y  
mechanism on t h e  card  determines which i s  
handl ed f i r s t .  

Programming Example: The f o l l o w i n g  example shows how i n t e r r u p t s  on 
l e v e l  13 m igh t  be handled. The f i r s t  l i n e  o f  
t he  r o u t i n e  uses t h e  IDENT i n s t r u c t i o n  t o  
read t h e  i d e n t i f i c a t i o n  code o f  t h e  
i n t e r r u p t i n g  dev ice  i n t o  t h e  A r e g i s t e r .  The 
second i n s t r u c t i o n  adds t h i s  va lue  t o  t h e  
program counter  ( P  r e g i s t e r )  t o  compute t h e  
address of t h e  dev ice  hand le r .  Th i s  causes a  
vectored jump t o  t h e  dev ice  hand le r .  

IDENT code zero means error I f  t h e  IDENT i n s t r u c t i o n  r e t u r n s  a  code o f  
zero,  i t  means t h a t  no dev ice  has sen t  an 
i d e n t i f i c a t i o n  code. Consequently t h e  
i n s t r u c t i o n  immediately f o l l o w i n g  t h e  RADD SA 
DP i n s t r u c t i o n ,  i s  a  jump t o  an e r r o r  
handl e r  . 

The dev ice handlers  end w i t h  a  jump t o  CONT 
which r e l i n q u i s h e s  p r i o r i t y .  The n e x t  t ime  
l e v e l  13 i s  entered,  execu t ion  con t inues  w i t h  
t h e  i n s t r u c t i o n  f o l l o w i n g  WAIT, which i s  a  
jump t o  t h e  s t a r t  o f  t h e  i n t e r r u p t  r o u t i n e  
(LEV13). 
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Internal interrupts are generated by the trap 
handler. All internal interrupts are on level 14. 

It is controlled from the two registers: 

IIE: Internal Interrupt Enable 

IID: Internal Interrupt Detect 

The IID register is not program accesible. 

The IIE is controlled by program only, i.e, the 
various internal interrupts are enabled/disabled 
by a program setting/clearing the corresponding 
bits in the IIE register. The internal hardware 
status interrupts are assigned to the IIE register 
in the following way: 

MOR 
PTY 
I ox I I 
PI 

Figure 20. I I E  register 

An internal hardware signal will set one of the 
bits in the IID register. IIE and IID are ANDed 
together and go into the priority encoder which 
gives a 4-bit code, the internal interrupt code 
(IIC). This code has a value between 0-12 , which 
wi 1 1  identify the internal interrupt cond? ti on 
which forced the CPU to level 14. The operating 
system will then read the IIC register to find the 
reason for the interrupt. Bit no. 14 in the PID 
register is also set to one. When the internal 
interrupt code is read, the IID register bit is 
reset. 
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["]16rl4 - encoder - 1 read by 
TRA IIC 

1 
* 

Note ( *  1 : The I ID register is not program accessible. 

Figure 21. Internal interrupt system 

The internal conditions which may cause internal 
interrupts and their associated vectors, the 
internal interrupt codes, are listed below: 

Condition Code Cause 

N A 0 Not assigned 
MC l8 Monitor call 
MPV Z8 

8 
Memory Protect Viol ation 
Page number is found in the 
paging status register 

PF 
8 

Page fault 
Page not in memory. 

I I 48 Illegal instruction. 
Instruction not implemented. 

z 5 
8 

Error flag. 
The Z flag is set ( =  11. 

PI 6 Privileged instruction 
I OX 78 

8 
IOX error. 
No answer from external device. 

PTY 
''8 

Memory parity error 
MOR 

"8 
Memory out of range 
Addressing nonexistent memory 

POW 
128 

Power fail interrupt 

Table 2. Internal interrupt codes 

MPV, PF 

PI, I1 

Memory protect violation and page fault 
interrupt the microprogram, i.e. within a 
machine instruction. 

Privileged instruction and i 1 1  egal 
instruction are detected and trapped by the 
microprogram. 
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I O X ,  MOR, MC 
Z ,  PTY and POW The remain ing t r a p s  w i l l  n o t  g i v e  an i n t e r n a l  

i n t e r r u p t  u n t i l  t h e  c u r r e n t  machine 
i n s t r u c t i o n  has been completed.  

I f  PF o r  MPV occur  d u r i n g  a  f e t c h  c y c l e ,  t h e  
P - r e g i s t e r  (program c o u n t e r )  i s  n o t  
incremented.  I n  a l l  o t h e r  cases,  P - r e g i s t e r  
p o i n t s  t o  t h e  n e x t  machine i n s t r u c t i o n .  

- IYULt! 

I O X ,  MOR and Z t r a p s  can 
occur  up t o  two i n s t r u c t i o n s  
a f t e r  t h e  e v e n t  t h a t  caused 
them. T h i s  i s  because t h e  
i n s t r u c t i o n  p i p e l i n e  must be 
empt ied f i r s t .  

Power f a i l  (POW) has t h e  h i g h e s t  p r i o r i t y .  
There i s  no p r i o r i t y  ass igned among t h e  o t h e r  
i n t e r n a l  i n t e r r u p t s ,  as o n l y  one c o n d i t i o n  
can a r i s e  a t  a  t i m e .  

The P I E  b i t  14 must be s e t  t o  enab le  i n t e r n a l  
i n t e r r u p t s  as w e l l  as t h e  a p p r o p r i a t e  b i t  i n  
I I E  I n t e r r u p t  Enabl e . 

The i n t e r r u p t  system must be t u r n e d  on by t h e  
I O N  i n s t r u c t i o n  i n  o r d e r  t o  r e c e i v e  an 
e x t e r n a l  o r  i n t e r n a l  i n t e r r u p t .  

Monitor Call Interrupt One o f  t h e  i n t e r n a l  i n t e r r u p t  sources i s  t h e  
mon i to r  c a l l  i n s t r u c t i o n  MON. The m o n i t o r  
c a l l  i n s t r u c t i o n  d i f f e r s  f rom t h e  o t h e r  
i n t e r n a l  i n t e r r u p t  sources i n  t h a t  t h e  
m o n i t o r  c a l l  code o r  number i s  loaded i n t o  
t h e  T  r e g i s t e r  on l e v e l  14.  

The MON i n s t r u c t i o n  may have up t o  255 
d i f f e r e n t  codes ( t h e  e i g h t  l e a s t  s i g n i f i c a n t  f-3 
b i t s  o f  t h e  MON i n s t r u c t i o n ) .  The T  r e g i s t e r  
w i l l  c o n t a i n  t h i s  v a l u e ,  s i g n  extended ( b i t - 7  
i s  s i g n ) .  

Protect Violation Interrupt Two types  o f  p r o t e c t  v i o l a t i o n s  a r e  p o s s i b l e :  

Memory P r o t e c t  V i o l a t i o n  

T h i s  means t h a t  an i l l e g a l  r e f e r e n c e  
( r e a d ,  w r i t e ,  f e t c h  o r  i n d i r e c t )  has been 
a t tempted.  

Ring V i o l a t i o n  

T h i s  means t h a t  a  program a t tempted  t o  
access an area w i t h  a  h i g h e r  r i n g  s t a t u s .  

D e t a i l s  about t h e  cause o f  t h i s  i n t e r r u p t  a r e  
found i n  t h e  pag ing s t a t u s  r e g i s t e r .  n 
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Page Fault Interrupt 

The paging system must be t u r n e d  on (PON 
i n s t r u c t i o n )  t o  r e c e i v e  t h i s  i n t e r r u p t .  

Generated i f  t h e  program has a t tempted t o  
re fe rence  a  page t h a t  i s  n o t  p r e s e n t l y  i n  
memory. The pag ing s t a t u s  r e g i s t e r  w i l l  
c o n t a i n  d e t a i l s  o f  t h e  page number, e t c .  

The pag ing system must be t u r n e d  on (PON) t o  
r e c e i v e  t h i s  i n t e r r u p t .  

Illegal Instruction Interrupt Caused by an a t tempt  t o  execute an 
i n s t r u c t i o n  t h a t  i s  n o t  implemented. 

Error flag interrupt The Z  f l a g  i n  t h e  STS r e g i s t e r  has been s e t .  
T h i s  may be caused by severa l  c o n d i t i o n s :  

F l o a t i n g  p o i n t  d i v i d e  by ze ro  

Attempt t o  EXR an EXR i n s t r u c t i o n  

DNZ o v e r f l o w  

R D I V  o v e r f l o w  

Program s e t t i n g  o f  Z (BSET, MST o r  TRR) 

Note: Level  14 i n t e r r u p t  r o u t i n e  must a lways 
r e s e t  t h e  Z f l a g  on t h e  i n t e r r u p t i n g  l e v e l ,  
o the rw ise  a  new i n t e r r u p t  w i l l  occur  when 
t h a t  l e v e l  i s  reen te red .  

Privileged Instruction Interrupt An a t tempt  t o  execute a  p r i v i l e g e d  
i n s t r u c t i o n  f rom r i n g  1 o r  0  causes t h i s  
i n t e r r u p t .  The complete l i s t  o f  p r i v i l e g e d  
i n s t r u c t i o n s  a r e  g i v e n  i n  appendix D .  

The pag ing system must be t u r n e d  on (PON 
i n s t r u c t i o n )  t o  r e c e i v e  a  p r i v i l e g e d  
i n s t r u c t i o n  i n t e r r u p t .  

IOX Error Interrupt The addressed i n p u t / o u t p u t  d e v i c e  does n o t  
r e t u r n  a  BDRY (Bus Data Ready) s i g n a l .  T h i s  
may be due t o  a  m a l f u n c t i o n i n g  o r  m i s s i n g  
dev ice ,  o r  t o  no d e v i c e  answering t o  an IDENT 
i n s t r u c t i o n .  

Memory Parity Error Interrupt A  memory p a r i t y  e r r o r  has occur red .  The PES 
and PEA r e g i s t e r s  c o n t a i n  i n f o r m a t i o n  about 
t h e  memory f a i l u r e .  The con ten ts  o f  these  two 
r e g i s t e r s  a r e  locked  u n t i l  t h e  PEA r e g i s t e r  
has been read.  

The PES r e g i s t e r  c o n t a i n s  t h e  upper 8 b i t s  o f  
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the address, the error code and status 
information. The least significant 16 bits of 
the failing address may be read from the PEA 
register (TRA PEA). You must read the PES 
register first. Reading the PEA register 
unlocks both. 

See page 129 in this manual and the ND-100 
Hardware Maintenance Manual (ND-30.008.2) for 
details of how to interpret this information. 

Uemory Out of Range Interrupt This interrupt occurs when the program 
attempts to access an address which does not 
exist in memory. The PES and PEA registers 
contain information about the access failure. 
You must read the PES register first. Reading 
the PEA register unlocks both. 

The PES register contains further information 
as for memory parity error (see above). The 
least significant 16 bits of the referenced 
address can be read from the PEA register. 

Power Fail Interrupt 

Reading IIC 

This interrupt is triggered by the power 
sense unit. It is possible for this interrupt 
to occur simultaneously with some other 
internal interrupt. In this case, the power 
fail interrupt has priority. 

Executing the instruction TRA IIC will load 
the contents of IIC into the A register, bits 
0-3. Bits 4-15 wi 1 1  be zero. 

The instruction TRA IIC automatically resets 
IIC. 

An internal interrupt will force the CPU to 
level 14. The IIC (Internal Interrupt Code) 
register contains a vector indicating the 
source for the interrupt. The register is 
locked to prevent overwriting. 

After executing a TRA IIC the IIC register is 
cleared and the A register contains the 
internal error code. These codes are listed 
in tab16 2. A branch to the internal 
interrupt handler can then be made. 
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The f o l l o w i n g  example shows how i n t e r n a l  
i n t e r r u p t s  may be handled. The TRA I I C  
i n s t r u c t i o n  reads t he  I I C  r e g i s t e r .  The va lue  
i s  added t o  t h e  program counter  t o  form a  
jump address. The va r i ous  i n t e r n a l  i n t e r r u p t  
r o u t i n e s  must end by jumping t o  EXIT14 where 
a  WAIT i n s t r u c t i o n  r e l i n q u i s h e s  p r i o r i t y .  The 
nex t  t ime  l e v e l  14 i s  en te red ,  execu t ion  w i l l  
cont inue t o  t h e  JMP LEV14 i n s t r u c t i o n ,  which 
s t a r t s  t he  i n t e r r u p t  handler  r o u t i n e  again .  

LEV14, TRA 

RADD 

JMP 
JMP 
JMP 
JMP 

JMP 

EXIT14 WAIT 
JMP 

I I C  % Place I I C  code i n  A r e g .  
% and r e s e t  e r r o r  l o c k  

SA DP % computed GO TO - add A r e g .  
% t o  P. r eg .  (program coun te r )  

ERROR % 0 ,  e r r o r  n o t  assigned 
MONCL % 1, mon i to r  c a l l  7 
PROTN % 2 ,  p r o t e c t i o n  v i o l a t i o n  
PAGEF % 3 ,  page f a u l t  

POW % 10, power f a i l u r e  

ION Interrupt system on 

When power i s  tu rned  on, t h e  power up 
sequence w i l l  r e s e t  P I E  and t h e  r e g i s t e r  
b lock  on program l e v e l  zero w i l l  be used. Two 
i n s t r u c t i o n s  a re  used t o  c o n t r o l  t h e  
i n t e r r u p t  system. 

The ION i n s t r u c t i o n  t u r n s  t h e  i n t e r r u p t  
system on. A f t e r  t h e  ION i s  executed, t h e  
computer w i l l  resume ope ra t i on  a t  t h e  program 
l e v e l  w i t h  t h e  h i ghes t  p r i o r i t y .  I f  a 
c o n d i t i o n  f o r  change o f  program l e v e l s  
e x i s t s ,  t he  ION i n s t r u c t i o n  w i l l  be t h e  l a s t  
i n s t r u c t i o n  executed a t  t h e  o l d  program 
l e v e l ,  and t h e  o l d  program l e v e l  w i l l  p o i n t  
t o  t h e  i n s t r u c t i o n  a f t e r  ION. The i n t e r r u p t  
i n d i c a t o r  on t h e  o p e r a t o r ' s  d i s p l a y  i s  l i t  by 
t he  I O N .  The ION i n s t r u c t i o n  i s  p r i v i l e g e d .  
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IOF Interrupt system off The IOF i n s t r u c t i o n  t u r n s  o f f  t h e  i n t e r r u p t  
system, i . e ,  t h e  mechanisms f o r  a  change i n  
program l e v e l s  a re  d i s a b l e d .  The computer 
w i l l  con t inue  o p e r a t i o n  a t  t h e  program l e v e l  
a t  which t h e  IOF i n s t r u c t i o n  was executed, 
i . e .  t h e  PIL r e g i s t e r  w i l l  remain unchanged. 
The i n t e r r u p t  i n d i c a t o r  on t h e  o p e r a t o r ' s  
d i s p l a y  i s  r e s e t  by t h e  IOF i n s t r u c t i o n .  The 
IOF i n s t r u c t i o n  i s  p r i v i l e g e d .  

TRR 

MST 

MCL 

PID and PIE may be read  i n t o  t h e  A  r e g i s t e r  
u s i n g  t h e  i n s t r u c t i o n s  

TRA P I D  

TRA P I E .  

Three i n s t r u c t i o n s  a r e  a v a i l a b l e  t o  s e t  these 
r e g i  s t e r s  : 

1. TRR P I D  ( o r  P I E )  

2.  MST P I D  ( o r  P I E )  

3 .  MCL P I D  ( o r  P I E )  

The TRR i n s t r u c t i o n  w i l l  copy t h e  A  r e g i s t e r  
i n t o  t h e  s p e c i f i e d  r e g i s t e r  . 

The MST, masked s e t ,  i n s t r u c t i o n  w i l l  s e t  t h e  
b i t s  i n  t h e  s p e c i f i e d  r e g i s t e r  t o  one where 
t h e  cor responding b i t s  i n  t h e  A  r e g i s t e r  a r e  
ones. 

The MCL, masked c l e a r ,  i n s t r u c t i o n  w i l l  r e s e t  
t o  zero t h e  b i t s  i n  t h e  s p e c i f i e d  r e g i s t e r  
where t h e  cor responding b i t s  i n  t h e  A  
r e g i s t e r  a r e  ones. 

A1 1  program l e v e l s  may be a c t i v a t e d  f rom 
program, by s e t t i n g  t h e  a p p r o p r i a t e  b i t s  i n  
PIE and P I D .  These a r e  c a l l e d  programmed 
i n t e r r u p t s .  
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Changing to a higher level I f  i n t e r r u p t s  t o  program l e v e l  9 have a l r e a d y  
been enabled ( b i t  9 i n  P I E  i s  s e t ) ,  a  c a l l  t o  
t h a t  program l e v e l  may be made f rom a  lower  
program l e v e l  by s e t t i n g  b i t  9  i n  t h e  P I D  
r e g i s t e r .  T h i s  may be done w i t h  t h e  MST 
i n s t r u c t i o n .  

- - - - - 
- - =5 - - - - - - - - - - - S AA 0  

- - % c l e a r  A  r e g .  - - - - - - - - - - - 
- - - BSET 

- 
- - - ONE 110 DA % s e t  b i t  9  t o  1 (118 = gI0) - - - 
- - - - - - - - - MST PID 

- - % s e t  P I D  b i t  9 - - - - 
= - - - - - - - - 
C NEXT, - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

E 

Changing to a lower level Assume t h a t  t h e  CPU i s  c u r r e n t l y  r u n n i n g  on 
l e v e l  10 and one wishes t o  c o n t i n u e  on l e v e l  
5 .  

Writing to IIE The i n t e r n a l  i n t e r r u p t  sources a r e  enabled by 
s e t t i n g  t h e  cor responding b i t s  i n  t h e  I I E  
r e g i s t e r .  T h i s  may be done w i t h  t h e  TRR I I E  
i n s t r u c t i o n .  The MCL and MST i n s t r u c t i o n s  a r e  
n o t  a v a i l a b l e  f o r  t h e  I I E  r e g i s t e r .  

The I I D  r e g i s t e r  i s  n o t  a c c e s s i b l e  f rom t h e  
program. 

When an i n t e r r u p t  r o u t i n e  has completed i t s  
work, i t  must r e l i n q u i s h  p r i o r i t y  u s i n g  t h e  
WAIT i n s t r u c t i o n .  

The WAIT w i l l  cause t h e  CPU t o  e x i t  t h e  
c u r r e n t  program l e v e l ,  t h e  co r respond ing  b i t  
i n  P I D  i s  r e s e t ,  and t h e  program l e v e l  w i t h  
t h e  h i g h e s t  p r i o r i t y  w i l l  be en te red .  T h i s  
w i l l  then n o r m a l l y  have a  lower  p r i o r i t y  than  
t h e  program l e v e l  which executes t h e  w a i t  
i n s t r u c t i o n .  
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..- -- 
The P r e g i s t e r  (program c o u n t e r )  o f  a  
l e v e l  t h a t  has g i ven  up p r i o r i t y  p o i n t s  
t o  t h e  i n s t r u c t i o n  f o l l o w i n g  t h e  WAIT 
i n s t r u c t i o n .  T h i s  i n s t r u c t i o n  w i l l  o f t e n  
be a  JMP t o  t h e  s t a r t  o f  t h e  i n t e r r u p t  
r o u t i n e .  

USE OF THE PVL REGISTER 

I f  t h e r e  a r e  no i n t e r r u p t  reques ts  on any 
program l e v e l  when t h e  WAIT i n s t r u c t i o n  i s  
executed,  program l e v e l  ze ro  i s  e n t e r e d .  
Level  ze ro  w i l l  n o r m a l l y  pe r fo rm an i d l e  
1  oop. 

When an i n t e r n a l  i n t e r r u p t  occu rs ,  i t  i s  
o f t e n  necessary t o  know t h e  v a l u e  o f  t h e  P  
r e g i s t e r  (program c o u n t e r )  on t h e  l e v e l  t h a t  
was a c t i v e  a t  t h e  t i m e  o f  t h e  i n t e r r u p t .  

3 0  T h i s  may be done w i t h  t h e  TRA PVL 
i n s t r u c t i o n .  T h i s  i n s t r u c t i o n  w i l l  r e a d  t h e  

F2 conten ts  o f  t h e  PVL r e g i s t e r  ( 4  b i t s )  i n t o  
t h e  A r e g i s t e r  i n  b i t s  3-6.  B i t s  7-15 o f  

7  6  0  t h e  A r e g i s t e r  a r e  loaded w i t h  t h e  
o p e r a t i o n  code f o r  t h e  I R R  i n s t r u c t i o n  
( i n t e r - r e g i s t e r  r e a d ) .  B i t s  0-2 o f  t h e  A  
r e g i s t e r  a r e  s e t  t o  DP ( d e s t i n a t i o n  P 

I RR l e v e l  DP r e g i s t e r )  . 

F i g u r e  22. TRA PVL I n s t r u c t i o n  The A r e g i s t e r  w i l l  now h o l d  t h e  
i n s t r u c t i o n  : 

I R R  <p rev ious  l e v e l  * 10 > DP 
8 

By execu t ing  an EXR SA (execu te  A  r e g i s t e r )  
a t  t h i s  p o i n t ,  t h e  c o n t e n t s  o f  t h e  A  r e g i s t e r  
w i l l  be executed as an i n s t r u c t i o n .  

A f t e r  t h e  i n s t r u c t i o n  has been executed,  t h e  
program counter  on t h e  l e v e l  wh ich caused t h e  
i n t e r r u p t  w i l l  be found i n  t h e  A r e g i s t e r .  

Note t h a t  t h e r e  a r e  some cases where t h e  
program coun te r  has n o t  been incremented,  f o r  
example i f  a  memory p r o t e c t  v i o l a t i o n  
i n t e r r u p t  occurs .  I f  t h i s  i n t e r r u p t  occu rs  
d u r i n g  t h e  f e t c h  o f  an i n s t r u c t i o n ,  t h e  
program coun te r  i s  n o t  incremented,  b u t  i f  i t  
occurs  d u r i n g  t h e  da ta  c y c l e  o f  an 
i n s t r u c t i o n ,  t h e  program coun te r  i s  
incremented (see  a l s o  t h e  s e c t i o n  on memory 
management system, page 87 . 
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@ 2.7.4 IN~TIALIZ~NG THE INTERRUPT SYSTEM 

Example : 

Before  t h e  i n t e r r u p t  system can be used, i t  
must be i n i t i a l i z e d .  A f t e r  power up,  PIE and 
PIL  w i l l  be z e r o .  The r e g i s t e r s  on l e v e l  z e r o  
wi 11 be i n  use.  The i n t e r r u p t  i n i t i a l  i z a t i o n  
must i n c l u d e  t h e  f o l l o w i n g :  

1. Enab l ing  o f  t h e  d e s i r e d  program l e v e l s  by 
proper  mask s e t t i n g  i n  PIE ( P r i o r i t y  
I n t e r r u p t  E n a b l e ) .  

2 .  Enab l ing  t h e  d e s i r e d  i n t e r n a l  i n t e r r u p t  
sources by p roper  mask s e t t i n g  i n  I I E  

I n t e r r u p t  Enable R e g i s t e r .  

3 .  I n i t i a l i s i n g  t h e  P - r e g i s t e r s  (program 
c o u n t e r s ) ,  on t h e  l e v e l s  t o  be used. That  
i s ,  t h e  P - r e g i s t e r s  must c o n t a i n  t h e  
s t a r t i n g  addresses o f  t h e  programs t o  be 
executed on t h e  r e s p e c t i v e  l e v e l s .  

4 .  I f  t h e  Z ( e r r o r )  i n t e r r u p t  ( I I E  b i t  
number 5 )  i s  enab led,  t h e  Z f l a g  ( b i t  3 )  
i n  t h e  STS ( s t a t u s )  r e g i s t e r  must be 
c l e a r e d  f o r  a l l  l e v e l s  b e i n g  i n i t i a l i z e d .  

5 .  The I I C  ( I n t e r n a l  I n t e r r u p t  Code) 
r e g i s t e r ,  t h e  PES ( P a r i t y  E r r o r  S t a t u s )  
r e g i s t e r  and t h e  PEA ( P a r i t y  E r r o r  
Address) r e g i s t e r  shou ld  be un locked  
a f t e r  power up .  

Per forming a  TRA i n s t r u c t i o n  f o r  I I C  and 
PEA, w i l l  un lock  a l l  t h r e e  r e g i s t e r s .  

6 .  The i n t e r r u p t  system must be t u r n e d  ON.  

The f o l l o w i n g  example shows how t h e  i n t e r r u p t  
system can be i n i t i a l i s e d .  
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Chapter 2 Cen t ra l  Processor U n i t  

- - - - - = - - - 
I LDA (76032 % 7603Z8 = o 1 1 1  110 000 011 0 1 0 2  

- - - - 
I - - se 
- - 
- - - - 
- - - % l e v e l s  1, 3,  4,  10, 11, 12, 13 and 14 - - - - - - - - - - - - = = 

PIE % = I TRR - - - - - 
- - - - - - 
- - 
- - - - - = LDA (3736 % 37368 = o ooo 012 221 021 1102  

- - - - 
= - - - 3 - - 

I I E  
- 

% I n t e r r u p t  sources except  Z f l a g  - I TRR - 
- - 
- - 
- - 
- - 
- - - - - - - 
= - - - - - - % Here t h e  P r e g i s t e r  (program c o u n t e r )  f o r  
- - - - - - - - - % l e v e l s l a n d 3 a r e i n i t i a l i s e d .  T h e o t h e r  
- - 
- - 
- - - % l e v e l s  would be i n i t i a l i s e d  s i m i l a r l y  - = - - - - 
- - 
- - 
- - 
- - = 
- - 
- - - - - - - 

( P I  
- 

% s t a r t  address f o r  l e v e l  1 
- I LDA - - - - - - - - - 

10 DP % 
- - 

I I R W  - - - - - - - - - - - - - - - - = - - = - - - 
( P3 

- 
% s t a r t  address f o r  l e v e l  3 

- 
I LDA - - - - - - - - 

30 DP % 
- - 

E I R W  - 
- - - - - - 
- - 
- - - - - - - .  - 
- - - - 
- - 
- - - - 
- - 
- - - .  - 
- - - - - - - - - - - - 
- - - .  - 
- - 
- - 
- - - - 

I I C  
- 

% Unlock I I C  
- I TRA - - - - - - - - - 

PEA % Unlock PEA and PES 
= TRA - 

- - 
- - - - = - 
I - I O N  % Turn on i n t e r r u p t  system I - - - - - - - 

START % Go t o  main program - I JMP - - 
- - 
- - - - - - - - - - - 

Note t h a t  7603Z8 i s  o 1 1 1  110  ooo 011 0 1 0 2  

B i t s  1, 3 ,  4,  10, 11, 12, 13 and 14 a r e  s e t  
h i g h  ( =  11 i n  t h e  b i t  mask. 

S i m i l a r l y  37368 i s  o ooo 012 1 1 1  011 1102  

B i t s  1, 2,  3 ,  4, 6 ,  7, 8 ,  9 and 10 a r e  s e t  
h i g h  ( =  1 ) .  

The ND-110 accesses memory as 1 6 - b i t  words. 
There a re  fou r  d i f f e r e n t  t ypes  o f  memory 
access. 

1. I n s t r u c t i o n  f e t c h .  The word be ing  f e t c h e d  
w i l l  be i n t e r p r e t e d  as an i n s t r u c t i o n .  

2 .  Operand read.  The word be ing  f e t c h e d  w i l l  
be used as d a t a .  

3 .  Operand w r i t e .  The word be ing  w r i t t e n  i s  
da ta .  

4 .  I n d i r e c t  address f e t c h .  The word be ing  
fe tched  w i l l  be t r e a t e d  as an address f o r  
t h e  c u r r e n t  o p e r a t i o n .  
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Chapter 2  C e n t r a l  Processor U n i t  5 9 

The ND-110 uses r e l a t i v e  address ing .  T h i s  
means t h a t  t h e  address i s  s p e c i f i e d  r e l a t i v e  
t o  t h e  con ten ts  o f  t h e  program c o u n t e r  ( P  
r e g i s t e r ) ,  o r  r e l a t i v e  t o  t h e  c o n t e n t s  o f  t h e  
B and/or X r e g i s t e r s .  

The f o l l o w i n g  pages d e t a i l  t h e  v a r i o u s  
address ing modes a v a i l a b l e  on t h e  ND-110. 
These pages a r e  preceded by a  genera l  
d e s c r i p t i o n  o f  t h e  i n s t r u c t i o n  f o r m a t  and t h e  
te rm ino logy  used. 

A l a r g e  group o f  memory r e f e r e n c e  
i n s t r u c t i o n s  share t h e  same f o r m a t :  

Figure 23. Memory r e f e r e n c e  i n s t r u c t i o n  format 

I I I I 
op code 

B i t s  8 t o  10 d e f i n e  t h e  address ing  mode and 
b i t s  0  t o  7 t h e  d i sp lacement .  Together  these 
two f i e l d s  d e f i n e  t h e  memory address.  

The 8 - b i t  d isp lacement  f i e l d  i s  a  2 ' s  
complement s igned  number ( g i v i n g  a  
d isp lacement  range o f  + I 2 7  t o  - 1 2 8 ) .  

I I 
,X  I ,B 

The f i v e  most s i g n i f i c a n t  b i t s ,  t h e  op code, 
d e f i n e  t h e  t y p e  o f  o p e r a t i o n  executed.  

I I I I I I I  
d i  s p l  acement 

The e i g h t  p o s s i b l e  combinat ions o f  " , X u ,  " I "  
and " ,BU d e f i n e  t h e  f o l l o w i n g  address ing  
modes : 

P r e l a t i v e  address ing  

e B r e l a t i v e  address ing  

P i n d i r e c t  address ing  

B i n d i r e c t  address ing  

X r e l a t i v e  address ing  

Norsk Data ND-06.026.1 EN 



Chapter 2 C e n t r a l  Processor  U n i t  

B indexed address ing 

P i n d i r e c t  indexed address ing  

B i n d i r e c t  indexed address ing  

The e f f e c t i v e  address f o r  t h e  o p e r a t i o n  i s  
t h e  address o f  t h a t  memory l o c a t i o n  which i s  
f i n a l l y  accessed a f t e r  a l l  address 
m o d i f i c a t i o n  ( p r e -  and p o s t - i n d e x i n g )  have 
taken  p l a c e  i n  t h e  memory address 
computat i  on.  

T a b l e  3 .  A d d r e s s i n g  m o d e s  

, X  I ,B 

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

I n d i r e c t  address ing inc reases  t h e  e x e c u t i o n  
t i m e  o f  memory r e f e r e n c e  i n s t r u c t i o n s .  One 
e x t r a  m i c r o c y c l e  i s  needed i f  t h e  i n d i r e c t  
address i s  found i n  cache; i f  i t  i s  n o t  i n  
cache t h e  execu t ion  t i m e  i s  i n c r e a s e d  by one 
memory access. 

When B r e l a t i v e  indexed address ing  ( , B , X )  i s  
used, t h e  i n s t r u c t i o n  e x e c u t i o n  t i m e  i s  
i nc reased  by one m i c r o c y c l e .  T h i s  does NOT 
a p p l y  t o  B i n d i r e c t  indexed address ing  
( , X  1 , B ) .  

Mnemonic 

, B 
I 

,B I 
, X 

, B  , x  
I , X  

,B I , X  

I n  t h e  d e s c r i p t i o n s  t h a t  f o l l o w  t h e  memory 
addresses used a r e  1 6 - b i t  v i r t u a l  addresses 
You shou ld  remember t h a t  these  a r e  n o r m a l l y  
t r a n s l a t e d  i n t o  2 4 - b i t  p h y s i c a l  address by  
t h e  memory management system. T h i s  

E f f e c t i v e  Address 

( P I  + d i s p  
( B )  + d i s p  

( ( P I  + d i s p )  
( ( B )  + d i s p )  

( X I  + D i s p  
( B )  + d i s p  + ( X )  

( ( P I  + d i s p )  + ( X )  
( ( B )  + d i s p )  + ( X I  

t r a n s l a t i o n  process i s  d e s c r i b e d  i n  d e t a i  1 i n  
Chapter 3 .  
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Chapter 2 Cen t ra l  Processor U n i t  

When memory management i s  ON,  t h e  t r a n s l a t i o n  
may be done w i t h  t h e  h e l p  o f  t h e  s tandard  
page t a b l e  (PT) o r  t h e  a l t e r n a t e  page 
t a b l e  (APT).  The r u l e  i s :  P r e l a t i v e  
address ing uses t h e  normal page t a b l e ,  B 
r e l a t i v e  o r  indexed ( , X I  address ing modes use 
t h e  a l t e r n a t e  page t a b l e .  

I n d i r e c t  address ing r e s u l t s  i n  two memory 
accesses. One f o r  t h e  i n d i r e c t  address and 
t h e  second f o r  t h e  i n s t r u c t i o n  o p e r a t i o n  
i t s e l f .  The memory management system regards  
these two memory accesses as separate  
opera t ions  and chooses PT o r  APT, accord ing  
t o  t h e  above r u l e ,  f o r  each memory access.  

The ND-11O/CX n o r m a l l y  uses cache f o r  memory 
accesses. T h i s  has no e f f e c t  on t h e  way t h e  
memory address i s  formed. The o n l y  d i f f e r e n c e  
i s  t h a t  accesses f rom cache a r e  f a s t e r .  
Sec t ion  5 .4  (page 115) desc r ibes  t h e  ND-110 
cache system i n  d e t a i l .  
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Chapter 2 Cen t ra l  Processor U n i t  

The f o l l o w i n g  symbols a r e  used below i n  t h e  d e s c r i p t i o n  
o f  t h e  addressing modes o f  t h e  N D - 1 1 0 :  

, X  address r e l a t i v e  t o  X r e g i s t e r  (pos t - indexed)  

I i n d i r e c t  address 

,B address r e l a t i v e  t o  B r e g i s t e r  (p re - indexed)  

d  displacement ( b i t s  0-7 o f  i n s t r u c t i o n )  as a  2 ' s  
compl ement va 1  ue . 

( con ten ts  o f  a  r e g i s t e r  o r  memory l o c a t i o n  

ea e f f e c t i v e  address 

n  a r b i t r a r y  address o f  a  word i n  memory 

K memory b lock  base address p o i n t e r  

* c u r r e n t  va lue o f  t h e  program coun te r  

+ p o i n t s  t o  

> loaded i n t o  

P RELATIVE ADDRESSING 

Description: 

E f f e c t i v e  address = ( P I  + d i s p .  

The e f f e c t i v e  memory address i s  c a l c u l a t e d  by add ing 
t h e  va lue  o f  t h e  displacement t o  t h e  con ten ts  o f  t h e  P 
r e g i s t e r  (program c o u n t e r ) .  If memory management i s  ON, 
t h e  normal page t a b l e  (PT) w i l l  be used. 
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Chapter 2  C e n t r a l  Processor U n i t  

memory 
l o c a t i o n  

Example : 

- e f f e c t i v e  address 

d isp lacement  ( d l  

Note:  d  may have any v a l u e  i n  t h e  range -128 t o  127.  

STA *2 ( i n s t r u c t i o n  code 0040028) 

S t o r e  con ten ts  o f  A  r e g i s t e r  i n  t h e  memory l o c a t i o n  two 
words ahead o f  t h i s  i n s t r u c t i o n .  

memory 
1 o c a t i  on 

-ea = n + 2  
t 

d isp lacement  ( d l  
d  = 2  

( P I  = 6008 

B RELATIVE ADDRESSING 

Description: 

E f f e c t i v e  Address = (B )  + d isp lacement  

The e f f e c t i v e  address i s  c a l c u l a t e d  by  add ing  t h e  v a l u e  
o f  t h e  d isp lacement  t o  t h e  c o n t e n t s  o f  t h e  B  r e g i s t e r .  

memory 
l o c a t i o n  

- e f f e c t i v e  address ( e a )  

t 
d i  s p l  acement ( d  

4 - ( B )  

Note:  d  may have any v a l u e  i n  t h e  range -128 t o  127.  
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Chapter 2 Cen t ra l  Processor U n i t  64 

Example : LDA -4,B ( i n s t r u c t i o n  code 0447748) 

Load t h e  con ten ts  of  a  memory l o c a t i o n  i n t o  t h e  A 
r e g i s t e r . T h e  e f f e c t i v e  address l o c a t i o n  i s  t h e  c o n t e n t s  
o f  t h e  B r e g i s t e r  minus t h e  v a l u e  o f  t h e  d isp lacement  
( =  4 ) .  

memory 
1  o c a t i o n  

100358 d = - 4  
( 8 )  = 0100358 

( ( P I )  = 0447748 
. d i s p .  = -4 
. I 

100318 /I 1 - ea = ( B )  - d i s p  

P I NDI RECT ADDRESS I NG 

E f f e c t i v e  Address = ( ( P I  + d i s p )  

Description: The c o n t e n t s  o f  t h e  P r e g i s t e r  (program c o u n t e r )  a r e  
added t o  t h e  va lue  o f  t h e  d isp lacement  t o  f i n d  t h e  
i n d i r e c t  address ( p o i n t e r  . 

I f  memory management i s  ON, t h e  normal page t a b l e  (PT)  
i s  used t o  c o n v e r t  t h e  i n d i r e c t  address t o  a  p h y s i c a l  
address.  

The 1 6 - b i t  word p o i n t e d  t o  by t h e  i n d i r e c t  address i s  
t h e  e f f e c t i v e  address f o r  t h e  o p e r a t i o n .  

I f  memory management i s  ON, t h e  a l t e r n a t e  page t a b l e  
(APT) c o n v e r t s  t h e  e f f e c t i v e  address t o  a  p h y s i c a l  
address.  

memory 
1  o c a t i  on 

( p o i n t e r )  = e f f e c t i v e  
address 

d isp lacement  ( d  

n  - ( P I  

Note:  d  may have any va lue  i n  t h e  range -128 t o  127. 
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Example : LDA I *2 ( i n s t r u c t i o n  0450028) 

Load t h e  con ten ts  o f  t h e  e f f e c t i v e  address i n t o  t h e  A 
r e g i s t e r .  The e f f e c t i v e  address i s  t h e  c o n t e n t s  o f  t h e  
memory l o c a t i o n  two words ( d  = 2 )  ahead o f  t h e  c u r r e n t  
i n s t r u c t i o n .  

memory 
l o c a t i o n  

ea = ( ( P I  + d i s p )  

( P I +  d i s p  

d  = 2  
400 045002 ( P I  = 4008 

8 

B INDIRECT ADDRESSING 

Description: 

NOTE : 

E f f e c t i v e  Address = ( ( B )  + d i s p )  

The c o n t e n t s  o f  t h e  B  r e g i s t e r  a r e  added t o  t h e  v a l u e  
of  t h e  d isp lacement  t o  form t h e  i n d i r e c t  address.  The 
1 6 - b i t  word f e t c h e d  f rom t h i s  l o c a t i o n  i s  t h e  e f f e c t i v e  
address f o r  t h e  o p e r a t i o n .  

I f  memory management i s  ON, t h e  a l t e r n a t e  page t a b l e  
(APT) w i l l  be used t o  c o n v e r t  b o t h  t h e  i n d i r e c t  and 
e f f e c t i v e  addresses t o  p h y s i c a l  addresses.  

I n d i r e c t  address ing adds one e x t r a  memory access t o  t h e  
e x e c u t i  on ti me o f  t h e  i n s t r u c t i  on.  
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66 Chapter 2 Cen t ra l  Processor U n i t  

memory 
1  o c a t i  on - e f f e c t i v e  address = El I ( ( B )  + d i s p )  

i n d i r e c t  address 

d i  s ~ l  acement ( d  1 

Note :  d  may have any va lue  i n  t h e  range -128 t o  127 

Example : JPL I 3,B ( o c t a l  code f o r  i n s t r u c t i o n  135403) 

The con ten ts  o f  t h e  B  r e g i s t e r  p l u s  t h e  v a l u e  o f  t h e  
d isp lacement  p o i n t  t o  t h e  memory l o c a t i o n  which 
c o n t a i n s  t h e  e f f e c t i v e  address.  

The i n s t r u c t i o n  saves t h e  c o n t e n t s  o f  t h e  P r e g i s t e r  
(program c o u n t e r )  i n  t h e  L r e g i s t e r  and l o a d s  t h e  P 
r e g i s t e r  w i t h  t h e  e f f e c t i v e  address.  T h i s  r e s u l t s  i n  
t h e  n e x t  i n s t r u c t i o n  (marked s u b r .  i n  t h e  d iagram 
be low)  be ing  f e t c h e d  f rom t h e  e f f e c t i v e  address.  

memory 
1  o c a t i o n  

ea = ( ( B )  + d i s p )  

X RELATIVE ADDRESSING 

- ( B )  + d i s p  
t 

d i  s p l  acement ( d  
d = 3  

( B )  = 4008 

( ( P I )  = 1354038 

Description: 

E f f e c t i v e  address = ( X )  + d i s p  

The e f f e c t i v e  address i s  c a l c u l a t e d  by add ing  t h e  v a l u e  
o f  t h e  d isp lacement  t o  t h e  c o n t e n t s  o f  t h e  X r e g i s t e r .  
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Chapter 2  C e n t r a l  Processor U n i t  6  7  

I f  memory management i s  be ing  used, t h e  a l t e r n a t e  page 
t a b l e  (APT) i s  used t o  c o n v e r t  t h e  e f f e c t i v e  address t o  
a  p h y s i c a l  address.  

memory 
l o c a t i o n  - e f f e c t i v e  address 

t 
d i  s p l  acement ( d  ) 

4 - ( P I  

Note:  d  may have any v a l u e  i n  t h e  range -128 t o  127.  

Example : STA 2,X ( i n s t r u c t i o n  code 0060028) 

S t o r e  con ten ts  o f  X r e g i s t e r  i n  t h e  memory l o c a t i o n  two 
words ahead o f  t h i s  i n s t r u c t i o n .  

memory 
1  o c a t i o n  

- ea = ( X I  + 2  

d isp lacement  ( d l  

B INDEXED ADDRESSING 

Description: 

Note : 

E f f e c t i v e  address = ( B )  + ( X I  + d i s p  

The e f f e c t i v e  address i s  c a l c u l a t e d  by add ing  t h e  
con ten ts  o f  t h e  B r e g i s t e r  t o  t h e  c o n t e n t s  o f  t h e  X 
r e g i s t e r ,  and then  add ing t h e  r e s u l t  t o  t h e  v a l u e  o f  
t h e  d isp lacement .  

I f  memory management i s  be ing  used, t h e  a l t e r n a t e  page 
t a b l e  (APT) w i l l  be used t o  c o n v e r t  t h e  e f f e c t i v e  
address t o  a  p h y s i c a l  addresses.  

T h i s  address ing mode adds one e x t r a  m i c r o c y c l e  t o  t h e  
execu t ion  t i m e  o f  t h e  i n s t r u c t i o n .  
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Chapter 2 Cent ra l  Processor U n i t  

memory 
l o c a t i o n  

Example : 

- ea = ( B )  + ( X I  + d i s p .  

t 
displacement ( d )  

Note: d  may have any va lue  i n  t h e  range -128 t o  127. 

LDA l , B  , X  ( i n s t r u c t i o n  code 0464018) 

Load t h e  contents  o f  t he  memory l o c a t i o n  i n t o  t h e  A  
r e g i s t e r . T h e  e f f e c t i v e  address i s  t he  con ten ts  o f  t h e  B  
and X r e g i s t e r s  added toge ther  p l u s  t h e  d isp lacement  ( =  
1).  

memory 
1  o c a t i o n  

P I N D I  RECT I NDEXED ADDRESS I NG 

Description: 

NOTE : 

E f f e c t i v e  address = ( ( P I  + d i s p )  + ( X )  

The displacement va lue i s  added t o  t h e  con ten ts  o f  t h e  
P r e g i s t e r  t o  determine an i n d i r e c t  address. The 1 6 - b i t  
word a t  t h i s  l o c a t i o n  i s  added t o  t h e  con ten ts  o f  X 
( i n d e x )  r e g i s t e r  t o  f i n d  t h e  e f f e c t i v e  address.The 
i n d i r e c t  address can be used as a  base p o i n t e r  t o  a  
b l ock  o f  memory w i t h  ( X I  t h e  index .  

I n d i r e c t  addressing adds one e x t r a  memory access t o  t h e  
execu t ion  t ime o f  t he  i n s t r u c t i o n .  
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Chapter 2  Cen t ra l  Processor U n i t  69 

memory 
1  o c a t i  on 
H 

K+(X) 1 ll e f f e c t i v e  address 

+ i x )  

( P )  + d i s p .  

d isplacement ( d )  

n  - ( P I  

Note: d  may have any va lue i n  t h e  range -128 t o  127 

0 
Example : LDA , X  I *1 ( i n s t r u c t i o n  code 0470018) 

The con ten ts  o f  t h e  P  r e g i s t e r  (program coun te r )  a re  
added t o  t h e  va lue  o f  t h e  displacement ( =  2 )  and t h e  
va lue  fe tched  i s  used as t h e  e f f e c t i v e  address.  

The contents  o f  t h e  e f f e c t i v e  address a re  loaded i n t o  
t h e  A r e g i s t e r .  

memory 
1 o c a t i  on 

B I NDI RECT I NDEXED ADDRESS I NG 

( P I  + d  

( P I  

d = l  
( P I  = 5068 
( X I  = 1 

(5078 I = 1OO0l8 

Description: 

E f f e c t i v e  address = ( ( 6 )  + d i s p )  + ( X I  

The va lue  o f  t h e  displacement i s  added t o  t h e  con ten ts  
o f  t h e  B r e g i s t e r  t o  form an i n d i r e c t  address. The 16- 
b i t  word a t  t h i s  l o c a t i o n  i s  added t o  t h e  con ten ts  o f  X 
( i ndex )  r e g i s t e r  t o  f i n d  t h e  e f f e c t i v e  address.  The 
i n d i r e c t  address can be used as a  base p o i n t e r  t o  a  
b l ock  o f  memory w i t h  ( X I  t h e  index .  
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NOTE : 

Example : 

Chapter 2  Cen t ra l  Processor U n i t  

I f  memory management i s  be ing used, t h e  a l t e r n a t e  page 
t a b l e  (APT) w i l l  be used t o  conver t  t h e  e f f e c t i v e  
address t o  a  phys ica l  addresses. 

I n d i r e c t  addressing adds one e x t r a  memory access t o  t h e  
execu t ion  t ime  o f  t h e  i n s t r u c t i o n .  

memory 
l o c a t i o n  - e f f e c t i v e  address 

n  - (B) 

Note: d  may have any va lue  i n  t h e  range -128 t o  127. 

LDA ,X I ,B *1 ( i n s t r u c t i o n  code 0474018) 

Load t h e  contents  o f  t h e  e f f e c t i v e  address i n t o  t h e  A 
r e g i s t e r .  The t h e  contents  o f  t h e  B  r e g i s t e r  p l u s  t h e  
displacement ( =  2 )  i s  t h e  i n d i r e c t  address (507 ) . The 
i n d i r e c t  address con ta ins  t h e  base address ( 1 0 0 6 1 ~  t o  
which i s  added t h e  contents  o f  t h e  index r e g i s t e r  ( X  = 
1) t o  form t h e  e f f e c t i v e  address. 

memory 
1  o c a t i  on 

ea base - El- ea = ( ( B )  + d i s p . )  + ( X )  

( ( B )  + d i s p . )  

(B )  = 5068 
5078 (B )  + d i s p .  ( X I  = 1 

(50781 = 10OOl8 
5068 (B )  ( ( P I )  = 047401 

8 
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Chapter 2 Cen t ra l  Processor U n i t  

 PRINCIPLESOFAD SO FAD DRESS ARITHMETIC 

The ND-110 CPU performs address a r i t h m e t i c  i n  
t h e  RMAC gate a r r a y .  Th i s  f u n c t i o n  was 
performed by t he  microprogram i n  t h e  ND-100. 
RMAC con ta ins  an adder and s e l e c t i o n  l o g i c  as 
w e l l  as cop ies o f  t h r e e  impo r tan t  r e g i s t e r s ;  
B ,  X and P .  

CD 
-c A 

- B  :- R D 
S - D S 

: E E 16-bi  t 
- X - - L : L w 

1  og i  c a l  
address 

RB 

B  : (copy o f  1 B  r e g i s t e r  
C C C  : Clear cache count  
CD : CD bus 
PC : (copy o f )  P r e g i s t e r  (program coun te r )  
R : t h e  p rev ious  address 
RB : bus f rom BUFALU 
X : (copy o f  1 X r e g i s t e r  

Figure 24. RMAC address-ari thmetic gate array 

RMAC operates one mic rocyc le  ahead o f  BUFALU 
i n  t he  p i p e l i n e .  Th i s  means t h a t  addresses 
a re  ready f o r  BUFALU t o  use w i t h o u t  de lay .  

RMAC OPERATION 

RMAC c a l c u l a t e s  a  memory address by adding a  
displacement t o  t h e  base address.  The 
displacement comes from t h e  c u r r e n t  
i n s t r u c t i o n  (see i n s t r u c t i o n  fo rmat  on page 
5 9 . ) .  The base address comes e i t h e r  f rom t h e  
r e g i s t e r s  B, X and P  o r  a  memory l o c a t i o n .  

A  mu1 ti p l  exer (RSEL se l  ec t s  t h e  base address 
from t h e  f o u r  poss ib l e  sources: 
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Chapter 2 Cent ra l  Processor U n i t  

- 
.I - 

I 

B ( a  l o c a l  copy o f  t h e  B r e g i s t e r  i n  
RMAC 1 e l  
X ( a  l o c a l  copy o f  t h e  X r e g i s t e r  i n  
RMAC 1 

R ,  a  r e g i s t e r  i n  RMAC which con ta i ns  t h e  
p rev ious  va lue  o f  P (program c o u n t e r ) .  

The RB bus from BUFALU. Th i s  source i s  
used f o r  6 - r e l a t i v e  indexed address ing 
(,B,X mode). BUFALU adds t h e  X and B 
r e g i s t e r s  and sends then t o  RMAC v i a  t h e  
RB bus. 

The address adder (ADD) performs 2 ' s  
complement a d d i t i o n  on t h e  operands: 

The r e g i s t e r  operand from RSEL. 

e The CD bus. Th i s  can c o n t a i n  an 8-b i  t 
displacement from t h e  c u r r e n t  i n s t r u c t i o n  
o r  t he  r e s u l t  o f  a  memory read  c y c l e  
( i n d i r e c t  address ing) .  

The main mu1 ti p l  exer (SELECT) se l  e c t s  t h e  
address t o  be used f rom s i x  p o s s i b l e  sources.  

ADD, t h e  address adder.  I 
P C ,  t he  program coun te r .  ( l o c a l  copy o f  P 
r e g i  s t e r  1 

R ,  a  r e g i s t e r  i n  RMAC which con ta i ns  t h e  I 
prev ious va lue o f  P (program c o u n t e r ) .  

m, t h e  incrementer . Th i s  con ta i ns  ( t h e  
prev ious va lue  o f  P )  + 1. 

CD, t h e  i n t e r n a l  bus. Th i s  con ta i ns  t h e  
r e s u l t  o f  a  memory read  ope ra t i on  d u r i n g  
t h e  second RMAC c y c l e  o f  an i n d i r e c t  
indexed memory ope ra t i on .  
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Chapter 2 Cen t ra l  Processor U n i t  

@ HOW THE EIGHT ADDRESSING MODES ARE HANDLED 

The f o l l o w i n g  t a b l e  shows how t h e  e i g h t  
d i f f e r e n t  addressing modes a re  handled. RMAC 
operates one p - cyc l e  ahead o f  t h e  ALU. 

B - r e l a t i v e  indexed address ing uses t h e  ALU t o  
add X + B. Th i s  i s  done i n  t h e  f i r s t  ALU p-  
cyc l e ,  t h a t  i s ,  t h e  second RMAC p -cyc l e .  The 
r e s u l t  from RMAC i s  ready i n  t ime  f o r  t h e  
second ALU p -cyc l e ,  which uses t h e  address 
f o r  t h e  memory access. 

Addressing Mnemonic 1 s t  p - cyc l e  2nd p - c y c l e  

mode i n  RMAC i n  RMAC 

P-re1 a t i v e  R + CD s ign '  - 

I n d  P-re1 I R + CD signi CD2 

B-re1 , B B + CD s igni  - 

I n d  B-re1 ,B I B + CD signi CD2 

Indexed , x x + CD s ign '  - 

B-re1 Indexed ,B,x ( X  + B l 3  - R B ~  + CD s i g n  
I 

I n d  P-re1 Indexed I , X  R + CD s ign '  X + CD2 

I n d  B-re1 Indexed ,B I , X  B + CD s igni  X + CD2 

Note:  1) The CD bus con ta ins  t h e  s i g n  extended displacement 

2 )  The CD bus con ta i ns  t h e  r e s u l t  o f  t he  f i r s t  memory read  

3 )  X and B a r e  added i n  BUFALU n o t  i n  RMAC. Th i s  i s  done i n  t h e  

same p - cyc l e  as t h e  RMAC ope ra t i on .  

4 )  RB con ta i ns  X + B from BUFALU 

Table 4. RMAC address operations 

Sign extens ion i s  performed by s e t t i n g  b i t s  8 
t o  15 of t h e  displacement equal t o  b i t  7 .  

When a new i n s t r u c t i o n  i s  t o  be fe tched ,  t h e  
P r e g i s t e r  (program coun te r )  i s  incremented 
by one be fo re  use. When a P r e l a t i v e  read  o r  
w r i t e  i s  performed, t h e  pre- incremented copy 
o f  P ( i n  R )  i s  used. 

I n d i r e c t  addressing w i l l  always use two 
memory cyc l es .  The f i r s t  memory access 
fe tches  t he  address t h a t  i s  t o  be used by t h e  
second memory c y c l e  ( r ead  o r  w r i t e ) .  
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Chapter 2 Central  Processor U n i t  

B r e l a t i v e  indexed ( ,B,X) addressing uses t h e  
ALU t o  add the  contents of the  B and X 
r e g i s t e r  i n  t he  f i r s t  microcyc le.  

The actual  t ime used f o r  a memory c y c l e  
depends on whether cache i s  used. Memory read 
may use cache ( i f  the  address i s  i n  cache),  
bu t  memory w r i t e  operat ions always r e s u l t  i n  
a ND-100 bus operat ion ( w r i t e  through cache) .  
Cache memory operat ion i s  descr ibed i n  
sec t ion  5.4 (page 115).  
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Memory management is needed to run the 
SINTRAN III/VSX (Virtual Storage) operating 
system. This is now standard on all ND-110 
computers. 

An ND-110 running SINTRAN III/VSX offers the 
following features: 

Two segments, each with 64 Kwords (128 
Kbyte) virtual address range for each 
user, independent of physical memory 
capacity 

dynamic allocation/relocation of programs 
in memory 

memory protection 

paging mechanism 

For each program, a virtual address area of 
64 Kwords is available regardless of the size 
of the physical storage. The physical storage 
available may be greater or smaller than 
this. The programmer does not have to worry 
about whether there is enough physical 
address space in storage when the program is 
to be run, or whether other programs are 
using that part of the storage. 

In order to implement virtual storage, an 
"intelligent" addressing translation 
mechanism must be employed. This mechanism is 
under the control of the operating system. 
Programs are written for a virtual machine 
with 64 Kword storage. The operating system 
(SINTRAN 111) uses the memory management to 
translate virtual addresses into physical 
addresses. 
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Chapter 3 Memory management system P 

1 Memory 
-/- Management 1 - / ~  

[system 1 
t 

Opera t ing  system 

Dynamic relocation 

Regardless o f  t h e  v i r t u a l  address space be ing  
used, t h e  address t r a n s l a t i o n  mechanism w i l l  
p u t  t he  program i n  t h e  most s u i t a b l e  phys i ca l  
address space a t  t h e  t i m e .  For b e s t  s to rage  
u t i l i s a t i o n ,  t h e  program may be s c a t t e r e d  i n  
phys i ca l  s torage.  

Since t he  address t r a n s l a t i o n  mechanism i s  
dynamic, t he  program may be moved t o  any 
l o c a t i o n  i n  t h e  phys i ca l  s to rage .  

No external fragmentation 

More parallelism 

System overhead 

Memory p r o t e c t i o n  i s  n o t  a t tached  t o  
p rede f ined  memory areas,  b u t  t o  t h e  program 
and w i l l  f o l l o w  i t  as i t  i s  moved around. 

L 

I n  ND-110 systems up t o  16 Mwords o f  phys i ca l  
memory may be used; a 1 6 - b i t  v i r t u a l  address 
w i l l  t h e r e f o r e  be t r a n s l a t e d  i n t o  a 2 4 - b i t  
phys ica l  address. 

= l 

e 

a 

Due t o  t h e  paging mechanism, no unused areas 
between programs w i l l  occur .  Programs a re  
broken up i n  phys ica l  s to rage ,  and loaded 
where vacant pages a re  found. 

A lso  as a r e s u l t  o f  t h e  paging system, 
c u r r e n t  p a r t s  of a g iven  program o n l y  r e s i d e  
momentar i ly  i n  p r imary  s to rage .  Th i s  g i ves  
room f o r  more programs t o  be executed i n  
para1 1 e l  (mu1 ti -process i  ng 1 . 

Data t r a n s p o r t  t o  and from mass s to rage  
d u r i n g  paging i s  slow compared t o  t h e  speed 
o f  t h e  processor .  The t ime used f o r  t h i s  t ask  
increases system overheads and thereby  
reduces t he  CPU t ime  a v a i l a b l e  f o r  user  
programs. ND-110 con ta i ns  new i n s t r u c t i o n s ,  
used by SINTRAN I I I / V S X  v e r s i o n  K and l a t e r ,  
which increase system e f f i c i e n c y .  
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Chapter 3 Memory management system 

Paging system 

a 

Memory protection system 

Page protection 

The implementat ion o f  t h e  memory management 
system i s  based on two major subsystems: 

Paging system 

Memory p r o t e c t i o n  system 

The implementat ion o f  paging i s  based on 
d i v i d i n g  phys ica l  memory i n t o  1 Kword pages 
which, under ope ra t i ng  system c o n t r o l ,  a re  
assigned t o  a c t i v e  programs. Data and 
i n s t r u c t i o n  pages may be a l l o c a t e d  anywhere 
i n  memory w i t h o u t  r e s t r i c t i o n .  

The paging system can work i n  t h r e e  d i f f e r e n t  
modes : 

"normal"  ( f o u r  page t a b l e s )  

extended ( f o u r  page t a b l e s )  

extended ( s i x t e e n  page t a b l e s )  

"Normal" mode, which i s  compat ib le  w i t h  t h e  
NORD-10 paging system, uses f o u r  page t a b l e s  
(PTs) t o  map t h e  1 6 - b i t  v i r t u a l  address i n t o  
a 1 9 - b i t  phys i ca l  address,  ex tend ing  t h e  
phys ica l  address space from 64 K t o  512 
Kwords (128 K t o  1 Mby te ) .  Desp i te  i t s  name 
"normal"  mode i s  now used o n l y  f o r  
c o m p a t i b i l i t y  w i t h  o l d e r  programs. 

"Extended" mode, which covers an address 
range o f  16 Mwords, maps t h e  1 6 - b i t  v i r t u a l  
address i n t o  a 2 4 - b i t  phys i ca l  address.  
Extended mode may use e i t h e r  f o u r  o r  s i x t e e n  
page t a b l e s  f o r  t h e  mapping process.  A l l  new 
programs f o r  t he  ND-110 a re  w r i t t e n  f o r  16 PT 
extended mode. 

The memory p r o t e c t i o n  system may be d i v i d e d  
i n t o  two subsystems: 

The page p r o t e c t i o n  system 

The r i n g  p r o t e c t i o n  system 

The page p r o t e c t i o n  system a l l ows  a page t o  
be p ro tec ted  from read,  w r i t e  o r  i n s t r u c t i o n  
f e t c h  accesses o r  any combinat ion o f  these .  
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Ring protection 

Chapter 3 Memory management system 

The r i n g  p r o t e c t  system p laces  each page and 
each user on one o f  f o u r  p r i o r i t y  r i n g s .  

A page on one s p e c i f i c  r i n g  may n o t  be 
accessed by a  user  t h a t  i s  assigned a  lower  
p r i o r i t y  r i n g  number. Th i s  system i s  used t o  
p r o t e c t  system programs f rom user  programs, 
t h e  opera t ing  system from i t s  subprograms and 
t h e  system kerne l  f rom t h e  r e s t  o f  t h e  
opera t ing  system. 

The page t a b l e s ,  each c o n s i s t i n g  o f  a  p r o t e c t  
t a b l e  and a  mapping t a b l e ,  h o l d  t h e  paging 
and p r o t e c t  i n f o rma t i on  assigned t o  an a c t i v e  
program. These t a b l e s  a re  l oca ted  i n  h i g h  
speed r e g i s t e r s  d i r e c t l y  connected t o  t h e  
i n t e r n a l  data  bus ( IDB)  i n  t h e  CPU, reduc ing  
page overhead t o  p r a c t i c a l l y  zero.  

CONNECTION TO CPU 

Un l i ke  t h e  memory management system f o r  t h e  
ND-100 CPU t h e  ND-110 memory management 
system i s  e n t i r e l y  on t h e  CPU card  and a l l  
connect ions t o  t h e  CPU a re  con ta ined  w i t h i n  
t h e  CPU ca rd .  

Memory management c o n s i s t s  o f :  

16 page t a b l e s  

16 paging c o n t r o l  r e g i s t e r s  

Paging s t a t u s  r e g i s t e r  

Page p r o t e c t i o n  system 

Ring p r o t e c t i o n  system 

Memory map t a b l e  

segment map t a b l e  
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Chapter 3 Memory management system 

16 PCRs 16 Page t a b l e s  

P r o t e c t  Mapping 
R e g i s t e r s  

p r o t e c t i o n  t r a n s 1  a t i  on 

Trap system 1 

Figure  25. Memory Management B u i l d i n g  B l o c k s  

The paging system maps t h e  1 6 - b i t  v i r t u a l  
address f rom t h e  address a r i t h m e t i c  i n t o  a  
p h y s i c a l  address.  The number o f  b i t s  i n  t h e  
p h y s i c a l  address depends on whether t h e  
"normal"  ( 1 9 - b i t  NORD-1O/S compat ib le )  o r  t h e  
"extended" ( 2 4 - b i t )  address ing mode i s  used. 
I n  t h e  f o l l o w i n g  e x p l a n a t i o n s ,  t h e  extended 
mode, which i s  t h e  mode most used by ND-110 
systems, i s  used. 

The paging system d i v i d e s  t h e  memory i n t o  
b locks  o f  1 K (1024) words. These b l o c k s  a r e  
r e f e r r e d  t o  as pages. The page t a b l e s  c o n t a i n  
p o i n t e r s  t o  these pages. 

The CPU sends a  1 6 - b i t  v i r t u a l  address t o  t h e  
memory management system. The memory 
management system t r a n s l a t e s  t h i s  t o  a  2 4 - b i t  
p h y s i c a l  memory address ( i n  "normal"  mode, 
1 9 - b i t  p h y s i c a l  a d d r e s s ) .  

15 10 9  0 To address any l o c a t i o n  w i t h i n  a  1 K address 
space, 10 address b i t s  a r e  r e q u i r e d .  These 
b i t s  a r e  r e f e r r e d  t o  as t h e  d isp lacement  
w i t h i n  a  page ( D I P ) ,  and a r e  t r a n s f e r r e d  

1 6 - b i t  V i r t u a l  address d i r e c t l y  t o  t h e  ND-100 bus.  

VPN 
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I I I 
P I L  

The most s i g n i f i c a n t  p a r t  o f  t h e  v i r t u a l  
address ( b i t s  10-15) i s  used as an address 
s e l e c t i n g  one o f  64 l o c a t i o n s  i n  t h e  page 
t a b l e .  These s i x  b i t s  a r e  r e f e r r e d  t o  as t h e  
V i r t u a l  Page Number (VPN). 

15 8 7 0 
The program l e v e l  ( P I L )  f rom t h e  s t a t u s  
r e g i s t e r  (STS) determines which o f  t h e  16 
pag ing c o n t r o l  r e g i s t e r s  ( P C R )  t o  use.  Two 

s t a t u s  r e g i s t e r  (STS)  f i e l d s  i n  t h e  PCR determine which page t a b l e  
i s  t o  be used f o r  P - r e g i s t e r  r e l a t i v e  
address ing and which page t a b l e  i s  t o  be used 
f o r  o t h e r  address ing modes. (See t h e  s e c t i o n  
on address ing modes on page 62 and t h e  t a b l e  
on page 84)  

The v i r t u a l  page number (VPN) addresses an 
e n t r y  i n  t h e  s e l e c t e d  PT. A  page t a b l e  e n t r y  
may be though t  o f  as be ing  d i v i d e d  i n t o  two 

F i g u r e  26 .  A p a g e  t a b l e  e n t r y  p a r t s .  The Mapping p a r t  c o n t a i n s  t h e  p h y s i c a l  
page number (PPN), and t h e  p r o t e c t  p a r t  
c o n t a i n s  i n f o r m a t i o n  about  t h e  access r i g h t s  
ass igned t o  t h a t  page. 

L o g i c a l  address f rom RMAC 

- - - - 

I V PN 1 D I P  

( i n  RMAC) 
1 
I 

Page t a b l e  
/ lo 

Mapping (one o f  16 )  

C 

2 3 Phys ica l  address t o  bus 
0 

F i g u r e  27. V i r t u a l  t o  p h y s i c a l  a d d r e s s  m a p p i n g  

The f o u r t e e n - b i  t mappi ng f i e l d  ( 9 - b i  t f o r  
"normal"  mode) i n  t h i s  page t a b l e  e n t r y  i s  
c a l l e d  p h y s i c a l  page number (PPN). T h i s  i s  
used as t h e  upper 14 b i t s  ( b i t s  

1 1 - 2 3  
o f  t h e  

p h y s i c a l  address.  The lower  t e n  b i t s  a r e  t h e  
d isp lacement  i n  page (D IP)  which pass th rough  
unchanged. 

Norsk Data ND-06.026.1 EN 



Chapter 3 Memory management system 83 

The 1 4 - b i t  PPN can have va lues i n  t h e  range 
0-16384 (0-511 f o r  t h e  9 b i t  PPN i n  "normal"  
mode). It i s  thereby p o s s i b l e  t o  access 
16384 . 1 K ( = 16 M ) words phys i ca l  memory 
i n  extended mode. I n  "normal"  mode t h e  
corresponding address ing area i s  512 Kwords. 

The seven-b i t  p r o t e c t  f i e l d  o f  t h e  page t a b l e  
e n t r y  i s  used by t h e  p r o t e c t i o n  system and i s  
descr ibed l a t e r  (page 8 5 ) .  

P r i o r  t o  program s t a r t ,  t h e  ope ra t i ng  system 
(SINTRAN 111) must s e t  t h e  va lues o f  t h e  
p r o t e c t  and t h e  mapping f i e l d s  i n  t h e  page 
tab1 e.  

Programs runn ing  on an ND-110 may use up t o  
two o f  t he  s i x t e e n  page t a b l e s  a t  any t i m e .  
I f  program counter  ( P I  r e l a t i v e  address ing i s  
used, t he  s tandard page t a b l e  (PT) i s  used. 
The a l t e r n a t e  page t a b l e  (APT) f i e l d  i s  used 
f o r  B r e l a t i v e  and X r e l a t i v e  memory 
re fe rences .  Note t h a t  i n d i r e c t  address ing 
i nvo l ves  2 memory re fe rences ,  where one may 
go v i a  t h e  PT and t h e  o the r  v i a  t h e  APT, o r  
both v i a  t h e  APT. 

The paging c o n t r o l  r e g i s t e r  ( P C R )  con ta i ns  
f i e l d s  which s p e c i f y  which page t a b l e s  a re  
assigned as PT and APT. The PCR r e g i s t e r  
con ta ins  i n f o r m a t i o n  f o r  t h e  c u r r e n t l y  a c t i v e  
program l e v e l  ( s p e c i f i e d  by t h e  PIL f i e l d  i n  
t h e  STS r e g i s t e r ) .  PCR's f o r  t h e  o t h e r  
program l e v e l s  a re  s t o r e d  i n  t h e  extended 
r e g i s t e r  f i l e  (XRF) and loaded a u t o m a t i c a l l y  
d u r i n g  a l e v e l  change. 
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8 4 Chapter 3 Memory management system 

T a b l e  5 .  Page t a b l e  u s e  and a d d r e s s i n g  mode 

Addressing Mode Address Mapping w i t h  PTM = 1 

The main p r i n c i p l e  i s  t h a t  a l l  P r e l a t i v e  
memory re fe rences  a re  mapped v i a  PT, and a l l  
o t he r  re ferences v i a  APT. Th i s  f e a t u r e  i s  
used by processes which r e q u i r e  access t o  two 
segments ( two bank programs) w i t h  d i f f e r e n t  
v i r t u a l  address spaces, g i v i n g  t h e  one 
process access t o  128 Kword o f  v i r t u a l  memory 
i ns tead  o f  64 Kword. I n  one bank programs PT 
and APT w i l l  bo th  p o i n t  t o  t h e  same page 
t a b l e ,  so t h a t  P r e l a t i v e  accesses w i l l  use 
t h e  same page t a b l e  as o the r  accesses. 

SINTRAN 111 - VSX ve r s i on  K ass igns page 
t a b l e s  accord ing t o  t h e  f o l l o w i n g  t a b l e .  

,X I ,B 

0 0 0  

0 1 0  

0 0 1  

0 1 1  

1 0 0  

1 0 1 

1 1 0  

1 1  1 
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V ia  PT 

(P )  + d i s p  

( P I  + d i s p  

- 

- 

- 

- 

(P)  + d i s p  

- 

Mnemonic 

I 

,B 

, B I  

,X 

,B,X 

, X  

, B I , X  

Via APT 

- 

( ( P I  + d i s p )  

(B )  + d i s p  

(B)  + d i s p ; ( ( B )  + d i s p )  

( X I  + d i s p  

(B)  + ( X I  + d i s p  

( ( P I  + d i s p )  + ( X I  

(B )  + d i s p  
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Note 1: Mnemonics r e f e r  t o  S i n t r a n  I 1 1  documentat ion 

T a b l e  6 .  Page  T a b l e  Assignments 

Usage 

SINTRAN s t a r t  and r e s t a r t  

users  normal page t a b l e  

users  a l t e r n a t e  page t a b l e  

remote f i l e  user  page t a b l e  

f i l e  system 

Mon i to r  c a l l  608 , ND-500 m o n i t o r  

Xmsg 

r e s i d e n t  common d a t a ,  RT d e s c r i p t i o n s  

Mon i to r  c a l l s ,  r e s i d e n t  code 

SINTRAN, RT l o a d e r ,  DMAC 

Mon i to r  PT, i n t e r r u p t s  ( l e v e l  14) 

ND-500 name and s tandard domain 

user  d i r e c t  t a s k s  

Page t a b l e  

0  
8 

l 8  

2  
8 

3  
8 

4  
8 

5  
8 

6  
8 

7 
8 

10 
8 

11 
8 

1 2 8  

13 
8 

14 
8 

15 
8 

1 6 8  

17  
8 

The reader  i s  r e f e r r e d  t o  S i n t r a n  I 1 1  r e l e a s e  
i n f o r m a t i o n  ND-60.230 f o r  f u r t h e r  e x p l a n a t i o n  
o f  page t a b l e  usage. 

~ n e m o n i c '  

POF 

UPITN 

UPITA 

FUPIT 

FPIT 

SPIT 

XPIT 

DPIT 

RPIT 

SPIT 

MP I T  

~ S D P T  

DTPIT 

The memory management system employs two 
memory p r o t e c t i o n  systems: a  page p r o t e c t i o n  
system and a  r i n g  p r o t e c t i o n  system. The two 
systems complement each o t h e r  t o  p r o v i d e  
ex tens ive  memory p r o t e c t i o n .  

The memory p r o t e c t i o n  system works on 1 Kword 
pages. I f  a  memory access v i o l a t e s  any o f  t h e  
p r o t e c t i o n  systems, a  t r a p  t o  program l e v e l  
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8 6  Chapter 3 Memory management system 

14 w i l l  occur w i t h  t h e  i n t e r n a l  i n t e r r u p t  
code equal t o  2 ( =  MPV) (memory p r o t e c t  
v i  01 a t i  on ) . 

The two p r o t e c t i o n  systems a re  independent,  
and t h a t  bo th  t h e  i n d i v i d u a l  memory 
p r o t e c t i o n  mode and t h e  r i n g  mode must be 
s a t i s f i e d  be fo re  an ope ra t i on  i s  a l lowed t o  
proceed. 

P r o t e c t i o n  e n t r y  
15 9 8 

Map e n t r y  
0  15 13 

P r o t e c t i o n  check 

PROT Phys ica l  page number 

I 
n o t  assigned 

Memory address 

F i g u r e  28 .  L a y o u t  of a n  e n t r y  i n  t h e  page t a b l e  ( 1 6  PT m o d e )  

I n  t h e  f o l l o w i n g ,  i t  i s  impo r tan t  t o  separate  
t h e  v iew o f  t h e  page t a b l e s  as seen f rom 
program (as  shadow memory) f rom how t h i n g s  
work p h y s i c a l l y  d u r i n g  t h e  paging process.  I n  
t h i s  sec t i on  paging i s  descr ibed  f rom t h e  
hardware v i ewpo in t .  

The paging process i s  t h e  same f o r  normal,  
extended ( 4  PT ) and extended ( 16 PT modes. 
I n  sec t i on  desc r i b i ng  shadow memory, on page 
97,  t h e  page t a b l e s  a re  descr ibed  from t h e  

programmer's v i ewpo in t .  There t h e  t h r e e  modes 
l ook  q u i t e  d i f f e r e n t .  

The paging process begins w i t h  lookup o f  an 
e n t r y  se lec ted  by t h e  6  b i t  VPN (see f i g u r e  
2 7 . ) .  Th i s  e n t r y  i s  32 b i t s  l ong  f o r  bo th  
modes and c o n s i s t s  o f  two p a r t s ,  p r o t e c t  and 
map as shown i n  t h e  f i g u r e  above. 

Each page has an assoc ia ted  e n t r y  i n  t h e  page 
t a b l e  which descr ibes p r e c i s e l y  what t o  do 
when t h e  program uses t h a t  page. 

The map p a r t  o f  a  page t a b l e  e n t r y  con ta i ns  
t h e  1 4 - b i t  page address i n  phys i ca l  memory 
where t h e  page i s  s t o red .  The address w i t h i n  
a  page ( t h e  10 l e a s t  s i g n i f i c a n t  b i t s  o f  t h e  
address) i s  used una l t e red .  Th i s  i s  t h e  
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d isp lacement  i n  page ( D I P )  shown i n  f i g u r e  
27. Together t h e y  make t h e  24 b i t s  needed t o  
address 16 Mwords ( 3 2  M b y t e ) .  

When "normal"  mode i s  used, t h e  p h y s i c a l  page 
number i s  o n l y  9 b i t s .  The 5  most s i g n i f i c a n t  
b i t s  o f  t h e  p h y s i c a l  address a r e  s e t  t o  z e r o .  
T h i s  a l l o w s  access t o  t h e  f i r s t  512 Kwords o f  
memory (NORD-1O/S  mode). 

"NO=" MODE 
1 5 1 4 1 3 1 2 1 1 1 0  9 8  7 6  5  4  3  2 1 0  

Page t a b l e  e n t r y  

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

I 
RING WPM 

Page t a b l e  e n t r y ,  even address 

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

I I 
bhys i  c a l  'page nuAber ( P P ~  1 

I 
FPM RPM 

Page t a b l e  e n t r y ,  odd address 

WPM : W r i t e  p e r m i t  
RPM : Read p e r m i t  
FPM : Fe tch  p e r m i t  
WIP : W r i t t e n  i n  page 
PGU : Page used 
RING : R ing l e v e l  

VIP 

FPM WPM 

F i g u r e  29. Page t a b l e  e n t r y  

PGU 

WIP RPM 

The page p r o t e c t i o n  system i s  a  p r o t e c t i o n  
system f o r  each i n d i v i d u a l  page o f  memory. 
Each i n d i v i d u a l  page may be p r o t e c t e d  
a g a i n s t :  

I 
RING PGU 
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Chapter 3 Memory management system 

read  access 

w r i t e  access 

Bit 15: W 

i n s t r u c t i o n  f e t c h  access 

and any combinat ion o f  these .  Thus, t h e r e  a r e  
8 modes o f  memory p r o t e c t i o n  f o r  each page. 

The read,  w r i t e  and f e t c h  p r o t e c t  system i s  
implemented by d e f i n i n g ,  i n  b i t s  13 - 15 o f  
t h e  even word of  a  t a b l e  e n t r y ,  how t h e  page 
may be used. I n  hardware, t h i s  i n f o r m a t i o n  i s  
compared w i t h  t h e  i n s t r u c t i o n  b e i n g  executed,  
i . e .  i f  i t  i s  a  read,  w r i t e ,  i n d i r e c t  address 
o p e r a t i o n  o r  i n s t r u c t i o n  f e t c h .  

The t h r e e  b i t s  f rom a  t a b l e  e n t r y  have t h e  
f o l l o w i n g  s i g n i f i c a n c e :  

W = 0  It i s  imposs ib le  t o  w r i t e  i n t o  
l o c a t i o n s  i n  t h e  page r e g a r d l e s s  o f  
t h e  r i n g  b i t s .  

W = 1 Loca t ions  i n  t h i s  page may be w r i t t e n  
i n t o  i f  t h e  r i n g  b i t s  a l l o w  i t .  

I f  an a t tempt  i s  made t o  w r i t e  i n t o  a  w r i t e  
p r o t e c t e d  page, an t r a p  t o  program l e v e l  14  
w i l l  occu r ,  and no da ta  w i l l  be w r i t t e n .  

Bit 14: R 
R = 0  Loca t ions  i n  t h i s  page may n o t  be 

read  ( b u t  t h e y  may be executed i f  t h e  
r i n g  b i t s  a l l o w  i t ) .  

R = 1 Loca t ions  i n  t h i s  page may be r e a d  i f  
t h e  r i n g  b i t s  a l l o w  i t .  

I f  an a t tempt  i s  made t o  r e a d  f rom a  r e a d  
p r o t e c t e d  page, a  t r a p  t o  program l e v e l  14 
w i l l  occu r .  

Bit 13: F 

NB! 
I n d i r e c t  address ing  

F = 0  Loca t ions  i n  t h i s  page may n o t  be 
executed as i n s t r u c t i o n s .  

I f  an a t tempt  i s  made t o  execute  i n  f e t c h  
p r o t e c t e d  memory, a  t r a p  t o  program l e v e l  14 
w i l l  occur  and t h e  execu t ion  i s  p reven ted .  

I n d i r e c t  addresses may be taken  b o t h  f rom 
pages which have F = 1 and f rom pages which 
have R = 1. 

A l l  combinat ions o f  W ,  R and F a r e  p e r m i t t e d  
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Chapter 3 Memory management system 8 9 

However, t he  combinat ion where W ,  R and F  a re  
a l l  zero i s  i n t e r p r e t e d  as page n o t  i n  memory 
and w i l l  generate an i n t e r n a l  i n t e r r u p t  as a  
page f a u l t .  

v i  01 a t i  on 

Memory page 
access l f a u l  t 

I I I I 
P I  PF MPV 

I I I I I I I I 
n . a .  

I I D  ( p a r t  o f  i n t e r r u p t  system) 

WPM 

I I D  : i n t e r n a l  i n t e r r u p t  d e t e c t  r e g i s t e r  
PM : permi t v i o l  a t i o n  
P I  : p r i v i  leged i n s t r u c t i o n  v i o l a t i o n  
PF : page f a u l t  
PGS : paging s t a t u s  r e g i s t e r  
MPV : memory p r o t e c t  v i o l a t i o n  
R : r i n g  number 

FPM RPM 

Figure 30. Memory protection 

Norsk Data ND-06.026.1 EN 

WIP PGU 
I 

RING 



Chapter 3 Memory management system 

PCR bits 0 0 -*Ring 0: 

PCR bits 0 1 -, Ring 1: 

PCR bits 1 0 -* Ring 2:  

PCR bits 1 1 -* Ring 3: 

The r i n g  p r o t e c t i o n  system i s  a  combined 
p r i v i l e g e d  i n s t r u c t i o n  and memory p r o t e c t i o n  
system, where t he  64 K v i r t u a l  address space 
i s  d i v i d e d  i n t o  fou r  d i f f e r e n t  r i n g s .  Two 
b i t s  ( 9  and 10)  i n  each p r o t e c t  e n t r y  a re  
used t o  s p e c i f y  which r i n g  t he  page belongs 
t o .  

The p r i v i l e g e s  o f  t h e  f o u r  r i n g s  a re  d e f i n e d  
by t h e  paging c o n t r o l  r e g i s t e r  b i t s  0-1:  

Programs executed from t h i s  r i n g  may n o t  
execute p r i v i l e g e d  i n s t r u c t i o n s .  They may 
o n l y  access l o c a t i o n s  i n  r i n g  0 .  Loca t ions  
ou t s i de  r i n g  0  a re  complete ly  i n a c c e s s i b l e .  

Programs executed from t h i s  r i n g  may n o t  
execute p r i v i l e g e d  i n s t r u c t i o n s .  They may 
access l o c a t i o n s  i n  r i n g  1 and r i n g  0 .  

A l l  i n s t r u c t i o n s  a re  pe rm i t t ed  on t h i s  r i n g  
Programs executed from t h i s  r i n g  may access 
l o c a t i o n s  i n  program 2 ,  1 and 0 .  

A l l  i n s t r u c t i o n s  a re  pe rm i t t ed  and t h e  whole 
address space, i n c l u d i n g  t h e  page t a b l e s ,  i s  
access ib le  i f  n o t  o therwise p ro tec ted  by t h e  
RPM, WPM and FPM b i t s .  

The r i n g s  l i m i t  t h e  p r i v i l e g e s  o f  a  program 
and thereby i t s  user .  

Ring 3 programs have no l i m i t a t i o n s  imposed 
on them by t he  r i n g  system ( b u t  may s t i l l  be 
l i m i t e d  by t he  paging system).  Only t r u s t e d  
programs can be a l lowed t o  operate  i n  r i n g  3 
S i n t r a n  I 1 1  moni to r  ke rne l  operates i n  r i n g  
3 .  

A t  t h e  o ther  l e v e l ,  r i n g  0  programs have 
access o n l y  t o  areas i n  r i n g  0 .  User programs 
a re  operated i n  r i n g  0 .  When they  need t o  
access areas ou t s i de  t h e i r  r i n g ,  they  must 
use moni tor  c a l l s  t o  t h e  ope ra t i ng  system. 
Th is  fo rces  a l l  such accesses through t h e  
ope ra t i ng  system which thereby can ma in ta i n  
system i n t e g r i t y .  

An i l l e g a l  r i n g  access o r  i l l e g a l  use o f  
p r i v i l e g e d  i n s t r u c t i o n s  w i l l  cause an 
i n t e r n a l  i n t e r r u p t  on l e v e l  14, and t h e  
fo rb idden  a c t i o n  w i  1  1  be avoided . 
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Chapter 3 Memory management system 9 1 

when lower  r i n g  i n s t r u c t i o n  
codes a re  executed, b u t  n o t  
when da ta  i s  accessed. 

Ring 

I f  a program i n  r i n g  3 executes i n s t r u c t i o n s  
assigned t o  r i n g s  0 ,  1 o r  2, i t s  r i n g  number 
i s  reduced ' acco rd i ng l y .  Such accesses a re  
de tec ted  by hardware which a u t o m a t i c a l l y  
changes t h e  r i n g  number i n  t h e  PCR r e g i s t e r  
f o r  t h e  c u r r e n t  program l e v e l .  

Assignment The recommended way o f  us i ng  t h e  r i n g s  i s :  

Ring 0 :  Timesharing users  

Ring 1: Compi lers,  assemblers, da ta  bases 

Ring 2: F i l e  system, 1/0 system, mon i to r  

Ring 3 :  Kernel o f  ope ra t i ng  system 

Th is  may be v i s u a l i s e d  i n  t h e  f o l l o w i n g  
manner. 

F i g u r e  31. R i n g  A s s i g n m e n t  
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3.5.1 PRIVILEGED INSTRUCTIONS 

I n  a  m u l t i t a s k  system, a background u s e r  i s  
n o t  p e r m i t t e d  t o  use a l l  t h e  i n s t r u c t i o n s  i n  
t h e  i n s t r u c t i o n  s e t .  Some i n s t r u c t i o n s  may 
o n l y  be used by t h e  o p e r a t i n g  system, and 
these a r e  c a l l e d  p r i v i l e g e d  i n s t r u c t i o n s .  

P r i v i  l eged  I n s t r u c t i o n s :  

i n p u t / o u t p u t  i n s t r u c t i o n s  

a l l  i n s t r u c t i o n s  which c o n t r o l  t h e  memory 
management and i n t e r r u p t  system 

in te r -p rog ram l e v e l  communication 
i n s t r u c t i o n s  

Refer  t o  t h e  ND-110 I n s t r u c t i o n  Set  ND-06.029 
f o r  f u r t h e r  i n f o r m a t i o n .  

The o n l y  i n s t r u c t i o n  t h e  use r  has a v a i l a b l e  
f o r  user/system communication i s  t h e  m o n i t o r  
c a l l  i n s t r u c t i o n  MON. The MON i n s t r u c t i o n  
takes  an unsigned e i g h t  b i t  number ( 0  - 256) 
as i t s  parameter.  

When t h e  ND-110 executes t h e  MON i n s t r u c t i o n ,  
i t  generates an i n t e r n a l  i n t e r r u p t  t o  
l e v e l  14.  The e i g h t - b i  t parameter i s  s i g n  
extended t o  16 b i t s  and loaded i n t o  t h e  T 
r e g i s t e r  o f  program l e v e l  14.  The l e v e l  14 
r o u t i n e  may use t h i s  v a l u e  t o  branch t o  t h e  
a p p r o p r i a t e  code. 

See t h e  SINTRAN I 1 1  M o n i t o r  C a l l s  manual (ND- 
60.228) f o r  d e t a i l s  o f  t h e  m o n i t o r  c a l l s  
d e f i n e d  i n  SINTRAN. Note t h a t  SINTRAN 
reserves  8 m o n i t o r  c a l l s  (MON170 t o  MON177) 
f o r  user  d e f i n e d  r o u t i n e s .  

The p r i v i l e g e d  i n s t r u c t i o n s  may o n l y  be 
executed on r i n g s  2  and 3 ,  i . e .  o n l y  by t h e  
o p e r a t i n g  system. I f  use rs  on r i n g s  0  and 1 
t r y  t o  execute a  p r i v i l e g e d  i n s t r u c t i o n ,  a  
p r i v i l e g e d  i n s t r u c t i o n  i n t e r r u p t  w i l l  be 
generated and t h e  i n s t r u c t i o n  w i l l  n o t  be 
executed.  
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E n t r i e s  i n  a  page t a b l e  a re  under program 
c o n t r o l  o n l y ,  except f o r  t h e  two b i t s  PGU and 
W I P ,  which a re  a l s o  c o n t r o l l e d  a u t o m a t i c a l l y  
by t h e  t r a p  system. 

Bit 12: WIP written in page 

Bit 11: PGU page used 

I f  t h i s  b i t  i s  s e t  ( = 11, t h e  page has been 
w r i t t e n  i n ,  and should be w r i t t e n  back t o  
mass s torage i f  t he  phys i ca l  page i s  needed 
f o r  another program. I f  i t  i s  ze ro ,  t h e  page 
has n o t  been mod i f i ed  and need n o t  be w r i t t e n  
back. Th is  b i t  i s  a u t o m a t i c a l l y  s e t  t o  one 
t h e  f i r s t  t ime  a  w r i t e  occurs ,  and then 
remains s e t .  It i s  c l ea red  by program 
(whenever a  new page i s  brought  f rom mass 
s torage 1 . 

I f  PGU i s  s e t  ( = 11, t h e  page has been used. 
The b i t  i s  au toma t i ca l l y  s e t  whenever t h e  
page i s  accessed, and i t  remains s e t .  The b i t  
i s  c lea red  by program. Th i s  b i t  may be used 
by t h e  opera t ing  system t o  ma in ta i n  a  r eco rd  
o f  t h e  access frequency o f  a  page. Th i s  may 
be used i n  dec is ions  making t h e  replacement 
a l go r i t hm ,  i . e .  t o  determine which page 
should be swapped. 

e PON 

The memory management system i s  c o n t r o l l e d  by 
t h e  two p r i v i l e g e d  i n s t r u c t i o n s  PON and POF. 

Turn on t he  management system (pag ing  o n ) .  

The i n s t r u c t i o n s  t h a t  a re  executed a f t e r  t h e  
PON i n s t r u c t i o n  w i l l  go through t h e  address 
mappi ng (paging 1 mechanism. The r i n g  
p r o t e c t i o n  system w i l l  a l s o  be tu rned  on by 
t h i s  i n s t r u c t i o n .  

- IYuLe 

Programs execut ing i n  r i n g  3 w i l l  access 
shadow memory even when paging i s  on. A l l  
o ther  r i n g s  access main memory. 
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Chapter 3 Memory management system 94 

POF Turn o f f  t h e  management system ( p a g i n g  o f f ) .  

The i n s t r u c t i o n  w i l l  t u r n  o f f  t h e  memory 
management system and t h e  f o l l o w i n g  
i n s t r u c t i o n s  w i l l  be taken  f rom a  p h y s i c a l  
address i n  t h e  lowes t  64 K .  

- L d U L  I UII 

The machine w i l l  t h e n  be i n  an u n r e s t r i c t e d  mode w i t h o u t  any 
hardware p r o t e c t i o n  f e a t u r e ,  i . e .  a l l  i n s t r u c t i o n s  a r e  l e g a l  
and a l l  memory a c c e s s i b l e .  When paging i s  o f f ,  t h e  r i n g  p r o t e c t i o n  
system i s  a l s o  o f f .  Shadow memory w i l l  be accessed i n s t e a d  o f  main 
memory. 

THE SEX AND REX INSTRUCTIONS 

SEX 

REX 

NB! 

The address mode f o r  t h e  page mapping system 
i s  c o n t r o l l e d  by t h e  two p r i v i l e g e d  
i n s t r u c t i o n s  SEX and R E X .  

Set  extended address mode 

The SEX i n s t r u c t i o n  w i l l  s e t  t h e  pag ing  
system i n  a  2 4 - b i t  address mode i n s t e a d  o f  a  
1 9 - b i t  address mode. A  p h y s i c a l  address space 
UD t o  16 Mwords w i l l  t hen  be a v a i l a b l e .  

B i t  number 13 i n  t h e  s t a t u s  r e g i s t e r  i s  s e t  
t o  one, i n d i c a t i n g  t h e  extended address mode. 

Reset extended address mode 

The REX i n s t r u c t i o n  w i l l  r e s e t  t h e  extended 
address mode (24 b i t s )  t o  normal address mode 
(19 b i t s ) .  T h i s  i m p l i e s  t h a t  512 Kwords o f  
p h y s i c a l  address space i s  now a v a i l a b l e .  It 
a l s o  i m p l i e s  f o u r  page t a b l e s .  

B i t  number 13 i n  t h e  s t a t u s  r e g i s t e r  i s  
r e s e t ,  i n d i c a t i n g  normal address mode. 

T h i s  mode i s  compat ib le  w i t h  NORD-1O/S .  

Changing t h e  number o f  page t a b l e s  changes 
t h e  s i z e  of  shadow memory. See page 97 f o r  
d e t a i l s  o f  shadow memory addresses.  A f t e r  a  
change o f  mode, t h e  page t a b l e s  must be 
i n i t i a l i z e d  b e f o r e  t u r n i n g  pag ing  ci i  a g a i n .  
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Chapter 3 Memory management system 9 5  

- Note 
The PCR r e g i s t e r s  a r e  n o t  
c l e a r e d  d u r i n g  power on 
i n i t i a l i s a t i o n .  T h i s  must be 
done by program b e f o r e  
e x e c u t i n g  a  PON i n s t r u c t i o n .  

The PCR (pag ing  c o n t r o l  r e g i s t e r )  i s  a  
r e g i s t e r  i n s i d e  RMAC. There i s  a  copy o f  PCR 
f o r  each program l e v e l .  These cop ies  a r e  
s t o r e d  i n  t h e  extended r e g i s t e r  f i l e  (XRF) . 
The P C R  r e g i s t e r  i s  loaded f rom XRF a t  t h e  

1 same t i m e  as t h e  r e g i s t e r  s e t  i s  loaded f rom 
I t h e  r e g i s t e r  f i l e .  

The i n s t r u c t i o n s  TRR PCR and TRA PGC a l l o w  
t h e  programmer t o  w r i t e  t o  t h e  PCR o r  r e a d  
back i t s  c o n t e n t s .  These i n s t r u c t i o n s  can 
read  and w r i t e  t o  t h e  (copy o f  t h e )  PCR on 
any program l e v e l .  

One PCR may be w r i t t e n  i n t o  a t  a  t i m e ,  by t h e  
i n s t r u c t i o n  TRR PCR. 

T h i s  i n s t r u c t i o n  uses t h e  c o n t e n t s  o f  t h e  A 
r e g i s t e r  which must use one o f  t h e  f o l l o w i n g  
fo rmats .  

Four page t a b l e  mode 

I I I I 
n . a .  

Figure  32. TRR PCR i n s t r u c t i o n ,  A r e g i s t e r  format 

I 
A  P T  

I 
P T  

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

It may be d e s i r a b l e  t o  read  back t h e  c o n t e n t s  
o f  t h e  16 PCRs. T h i s  i s  done w i t h  t h e  TRA PGC 
i n s t r u c t i o n .  The A  r e g i s t e r  must be have t h e  
f o l l o w i n g  f o r m a t :  

I I I 
program l e v e l  

I 
Ring 

A f t e r  execu t ion  t h e  c o n t e n t s  o f  t h e  A 
r e g i  s t e r  wi 11 be: 

~ ' i x t e e n  page t a b l e  mode 

1 

1 5 1 4 1 3 1 2 1 1 1 0  9 8 7 6  5  4  3 2 1 0  
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n /a  

I I I I I I I I I 
n o t  ass igned 

I 
Ring 

I I I 
A P T  

I I I 
P T  

I I I 
program l e v e l  

I I I 
program l e v e l  

I I 
0  0  0  



Chapter 3 Memory management system 

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

Figure 33. TRA PGC instruction, A register format 

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

Whenever t h e  memory management system r e p o r t s  
e r r o r s  (page f a u l t ,  memory p r o t e c t i o n  
v i o l a t i o n s ) ,  t h e  o p e r a t i n g  system i s  a l e r t e d  
through an i n t e r n a l  i n t e r r u p t  w i t h  t h e  
i n t e r r u p t  code equal t o  t h e  e r r o r  source.  The 
o p e r a t i n g  system then reads t h e  pag ing s t a t u s  
r e g i s t e r  f o r  f u r t h e r  i n f o r m a t i o n .  The pag ing 
s t a t u s  r e g i s t e r  i s  used f o r  f u r t h e r  
s p e c i f i c a t i o n s  when a  page f a u l t  o r  a  memory 
p r o t e c t i o n  v i  01 a t i  on occurs .  

I I I I 
n . a .  

The i n s t r u c t i o n  TRA PGS i s  used t o  read  t h i s  
r e g i s t e r .  E r r o r s  l o c k  t h e  r e g i s t e r ,  r e a d i n g  
t h e  r e g i s t e r  w i t h  TRA PGS un locks  i t  aga in .  

Four page t a b l e  mode 

I I I 
program l e v e l  

I 
Ring 

The b i t s  i n  PGS have t h e  f o l l o w i n g  
s i g n i f i c a n c e :  

I 
P T  

S i x t e e n  page t a b l e  mode 

0 
I 

A  P T 

I I I 
program l e v e l  

I I I 
A P T  n/a  

Four page t a b l e  mode 

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

I 
Ring 

1 
I I I 

P T  

I I I I I 
V P N  

S i x t e e n  page t a b l e  mode 

Figure 34. PGS Format 

I 
P T  
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n o t  assigned FF 

I I I I I 
V P N  

PM 

I I I 
P T  

I I 1 
n o t  ass igned FF PM 
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Memory management i n t e r r u p t  occur red  d u r i n g  
an i n s t r u c t i o n  f e t c h .  

B i t  14: PH = permit violation 
1 = p e r m i t  v i o l a t i o n  ( r e a d ,  w r i t e ,  f e t c h  

p r o t e c t  system 

0  = r i n g  p r o t e c t i o n  v i o l a t i o n  i n t e r r u p t  

Permi t  v i o l a t i o n  has p r i o r i t y  i f  b o t h  
c o n d i t i o n s  occur .  

PT : 

VPN : 

3.8  CONTROL OF PAGE TABLES 

Page t a b l e  number. The page t a b l e  t h a t  was i n  
use when t h e  v i o l a t i o n  occur red .  

V i r t u a l  page number. T h i s  p o i n t s  t o  t h e  page 
t a b l e  e n t r y  t h a t  caused t h e  v i o l a t i o n .  

I n  "normal mode" i t  i s  t h e  8 l e a s t  
s i g n i f i c a n t  b i t s  o f  t h e  shadow address (see 
page 97 1 . 

I n  "extended mode" t h e  address ( b i t s  0 -7 )  
must be mu1 t i p 1  i e d  by 2 t o  g i v e  t h e  9 l e a s t  
s i g n i f i c a n t  b i t s  o f  shadow address.  

I f  b i t  15 i s  a  one, t h e  page f a u l t  o r  
p r o t e c t i o n  v i o l a t i o n  occur red  d u r i n g  t h e  
f e t c h  o f  an i n s t r u c t i o n .  I n  t h i s  case, t h e  P 
r e g i s t e r  has n o t  been incremented and t h e  
i n s t r u c t i o n  caus ing t h e  v i o l a t i o n  (and t h e  
r e s t a r t  p o i n t )  i s  found f rom t h e  P  r e g i s t e r  
on t h e  program l e v e l  which caused t h e  
i n t e r r u p t .  

I f  b i t  15 i s  ze ro ,  t h e  page f a u l t  o r  
p r o t e c t i o n  v i o l a t i o n  occur red  d u r i n g  t h e  d a t a  
c y c l e s  o f  an i n s t r u c t i o n .  I n  t h i s  case, t h e  P 
r e g i s t e r  p o i n t s  t o  t h e  i n s t r u c t i o n  a f t e r  t h e  
one caus ing t h e  i n t e r n a l  hardware s t a t u s  
i n t e r r u p t .  When t h e  cause o f  t h e  i n t e r n a l  
hardware s t a t u s  i n t e r r u p t  has been removed, 
t h e  r e s t a r t  p o i n t  w i l l  be found by 
s u b t r a c t i n g  one f rom t h e  P  r e g i s t e r .  

The o p e r a t i n g  system (SINTRAN 111) manages 
t h e  page t a b l e s .  Some p a r t s  a r e  f i x e d  f rom 
system s t a r t  t i m e ,  and o t h e r s  a r e  d y n a m i c a l l y  
changed and updated. When a  new program i s  
s t a r t e d ,  t h e  o p e r a t i n g  system examines an 
a d m i n i s t r a t i o n  t a b l e  t o  see which pages a r e  
f r e e .  

The map p a r t  o f  t h e  page t a b l e  i s  f i  1  l e d  w i t h  
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t h e  p h y s i c a l  page numbers ( P P N )  o f  t h e  
a l l o c a t e d  pages. Pages a r e  taken f rom o t h e r  
processes i f  necessary.  The p r o t e c t  p a r t  o f  
t h e  page t a b l e  e n t r y  w i l l  c o n t a i n  t h e  access 
r i g h t s  o f  t h e  program. 

I n  "normal"  mode t h e  con ten ts  o f  each e n t r y  
(16 assigned b i t s )  can be t r a n s f e r r e d  as one 
word. I n  extended mode each e n t r y  needs 21 
b i t s ,  and must be t r a n s f e r r e d  i n  two words. 

To ease read ing  and w r i t i n g  o f  t h e  page 
t a b l e s ,  they  a r e  accessed as memory. The 
h i g h e s t  memory l o c a t i o n s  i n  t h e  64 K v i r t u a l  
address space a re  reserved  f o r  page t a b l e  
access. 
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@ The memory requirements a re  as f o l l o w s :  

normal mode ( 4  PTs):  1 x 64 x 4 = 256 words 
extended mode ( 4  PTs):  2 x 64 x 4 = 512 words 
extended mode ( 1 6  PTs):  2 x 64 x 16 = 2048 words 

The addresses a re :  

Normal Mode: Extended Mode Extended Mode: 
4 page t ab les  4 page t a b l e s  16 page t a b l e s  

0 1774008- 1774778 1770008- 1771778 1740008- 1741778 

1 177500 8 - 1775778 1772008- 1773778 1742008- 1743778 

2 177600 8 - 1776778 1774008- 1775778 1744008- 1745778 

3 1777008- 1777778 1776008- 1777778 1746008- 1747778 

4 n/a n/a 1750008- 1751778 

5 n/a n/a 1752008- 1753778 

6 n/a n/a 1754008- 1755778 

7 n/a n/a 175600 8 - 1757778 

8 n/a n/a 1760008- 1761778 

9 n/a n/a 1762008- 1763778 

10 n/a n/a 1764008- 1765778 

11 n/a n/a 1766008- 1767778 

12  n/a n/a 1770008- 1771778 

13 n/a n/a 1772008- 1773778 

14  n/a n/a 177400 8 - 1775778 

15 n/a n /a 1776008- 1777778 

T a b l e  7 .  P a g e  t a b l e  a d d r e s s  i n  s h a d o w  m e m o r y  

T h i s  area i s  c a l l e d  shadow memory because i t  l i e s  i n  t h e  
shadow o f  main memory and i s  i naccess ib l e  f o r  users  on r i n g s  
0 ,  1 and 2 .  When paging i s  o f f ,  shadow memory i s  access ib l e  
and t h e  corresponding area o f  main memory i s  i n a c c e s s i b l e .  
Programs runn ing  i n  r i n g  3 ,  however, always access shadow 
memory. 

0 
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100 Chapter 3  Memory management system 

3.8.2 READING AND WRITING IN PAGE TABLES 

Normal and extended modes use two d i f f e r e n t  
fo rmats .  A page t a b l e  e n t r y  i s  a  1 6 - b i t  word 
i n  "normal"  mode. Extended mode uses a 3 2 - b i t  
page t a b l e  e n t r y .  T h i s  3 2 - b i t  word i s  w r i t t e n  
as two consecut ive 1 6 - b i t  words i n  shadow 
memory. 

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

Page t a b l e  e n t r y  

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

I 
R I N G  WPM 

Page t a b l e  e n t r y ,  even address 

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

bhys j  c a l  p a g i  nuAber I ( P P ~  1 
I 

FPM RPM 

I I I I I I I I 
n . a .  

Page t a b l e  e n t r y ,  odd address 

W I P  

I 
R I N G  

I 
n . a .  

WPM : W r i t e  p e r m i t  
RPM : Read p e r m i t  
FPM : Fe tch  p e r m i t  
W I P  : W r i t t e n  i n  page 
PGU : Page used 
RING : Ring l e v e l  

PGU 

WPM 

I I I I 1 I I I 
b h y s j c a l  lpag: nuAber PPN 

Figure 35.  Page t a b l e  entry 

W I P  

The reason f o r  t h e  unused b i t s  i n  t h e  page 
t a b l e s  i s  t h a t  i t  s h a l l  be p o s s i b l e  t o  read  
and w r i t e  any con ten ts  i n  t h e  t a b l e s  w i t h o u t  
i n t e r p r e t i n g  i t  as paging i n f o r m a t i o n .  When 
paging i s  o f f ,  t h e  page t a b l e s  may be used as 
2  Kword ve ry  f a s t  random access memory. T h i s  
memory may be used by t e s t  programs as i t  
a l lows  t h e  CPU card  t o  be t e s t e d  w i t h  no 
f u n c t i o n a l  memory a v a i l a b l e  on t h e  ND-100 
bus. 

PGU RPM 
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Page t a b l e  accesses a r e  per formed i n  p a r a l l e l  
w i t h  cache memory l ookup  and consequen t l y  
t h e r e  i s  no t i m i n g  overhead.  

Example : A use r  has a program occupy ing t h e  3K address  
area 40000 - 457778: Addresses i n  t h i s  area 
wi  11 have t h e  fo rm:  

V i r t u a l  page number 

I I I I I 
O l O O p p  

pp may have t h e  v a l u e s  002 ,  012 o r  l o 2  

I 1 I I I I I I I 
d isp lacement  i n  page 

15 14 13 12 11 10 9 The v i r t u a l  page number may be 20 , 21 o r  
22 . User programs w i l l  be ass ign8d  paae 
tab1 e 1 by SINTRAN (see  page 85)  

Page t a b l e  e n t r y ,  even address I f  we assume 16 page t a b l e  ex tended mode, 

each page t a b l e  e n t r y  c o n s i s t s  o f  two 
consecu t i ve  words.  The page t a b l e  e n t r i e s  f o r  
page numbers 208, 218 and 2Z8 a r e  
consequent ly  found a t  addresses 408 ,  4Z8 and 
448 r e l a t i v e  t o  t h e  s t a r t  o f  page t a b l e  1. 

Seen as shadow memory t h i s  means t h e  page 
t a b l e  e n t r i e s  a r e :  

1742408 : P r o t e c t  e n t r y  f o r  v i r t u a l  page 208 
174241 : Mapping e n t r y  f o r  v i r t u a l  page 208 

8 

W I P  PGU 

17424Z8 : P r o t e c t  e n t r y  f o r  v i r t u a l  page 218 
1742438 : Mapping e n t r y  f o r  v i r t u a l  page 2 1  

8 

I 
RING FPM WPM 

1742448 : P r o t e c t  e n t r y  f o r  v i r t u a l  page 2Z8 
174245 : Mapping e n t r y  f o r  v i r t u a l  page 2Z8 

8 

RPM 
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The t h r e e  p r o t e c t  e n t r i e s  a t  addresses 4Q8, 
4Z8 and 448 c o n t a i n  t h e  b i t s  WPM, RPM, FPM. 
SINTRAN s e t s  these b i t s  w i t h  t h e  a p p r o p r i a t e  
access r i  g h t s  . 

FPM ( f e t c h  p e r m i t t e d )  must be s e t  ( = 1) as 
t h i s  i s  a  program. I n  f a c t  SINTRAN a l s o  s e t s  
WPM and RPM t o  1 f o r  use r  programs. WPM, RPM, 
FPM i n  t h e  t h r e e  words a t  408,  428 and 448 
w i l l  t h e r e f o r e  be s e t  t o  1. 

The w r i t t e n - i n - p a g e  b i t  (WIP) w i l l  be s e t  t o  
0  a t  t h e  s t a r t  and w i l l  n o t  change u n l e s s  a t  
l e a s t  one word i s  w r i t t e n  t o  t h a t  page. 

The PGU (page used) b i t  w i l l  i n i t i a l l y  be s e t  
t o  0  by SINTRAN. It w i l l  be s e t  t o  1 as soon 
as an access ( r e a d  w r i t e  o r  f e t c h  i s  made t o  
t h a t  page. 

The R I N G  f i e l d  w i l l  c o n t a i n  t h e  r i n g  l e v e l  
assigned t o  t h e  program. User programs a r e  
assigned t o  t h e  l o w e s t  r i n g  p r i o r i t y  ( =  0 ) .  

The odd address e n t r i e s ,  418,  438 and 458 
c o n t a i n  t h e  1 4 - b i t  p h y s i c a l  page numbers. 

I I I I I I I I I I I I I 
n . a .  J h y s i c a l  page number (PPN) 

Page t a b l e  e n t r y ,  odd address 

The t h r e e  p h y s i c a l  pages p o i n t e d  t o  by t h e  
page t a b l e  e n t r i e s  need n o t  be c o n s e c u t i v e  
pages i n  p h y s i c a l  memory. I n  f a c t ,  d u r i n g  
normal o p e r a t i o n ,  t h e y  w i l l  be s c a t t e r e d  
around i n  vacant  areas o f  memory. T h i s  i s  
t r a n s p a r e n t  t o  t h e  program however. 
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A l l  system components and p e r i p h e r a l s  a r e  
connected t o  a  high-speed p a r a l l e l  bus. The 
ND-110 uses e x a c t l y  t h e  same bus 
s p e c i f i c a t i o n  as t h e  o t h e r  members o f  t h e  ND- 
100 f a m i l y .  

4 . 1  Bus CONTROL 

The ND-100 bus i s  comp le te ly  c o n t r o l l e d  by 
t h e  bus c o n t r o l l e r ,  which i s  an i n t e g r a t e d  
p a r t  o f  t h e  CPU. The f u n c t i o n s  c a r r i e d  o u t  by 
t h e  bus c o n t r o l l e r  may be d i v i d e d  i n t o  two 
p a r t s  : 

a l l o c a t i o n  o f  t h e  ND-100 bus t o  a  
r e q u e s t i n g  bus u s e r .  

s u p e r v i s i n g  t h a t  t h e  ND-100 bus i s  
re leased  by t h e  a l l o c a t e d  user  w i t h i n  a  
c e r t a i n  t i m e  l i m i t  

The bus c o n t r o l l e r  a l l o c a t e s  t h e  bus when: 

a  memory-refresh c y c l e  must be performed 

a DMA c o n t r o l l e r  wants t o  t r a n s f e r  da ta  

t h e  CPU wants t o  read  o r  w r i t e  d a t a  o r  
f e t c h  an i n s t r u c t i o n  

I f  more than one source reques ts  t h e  bus a t  
t h e  same t i m e ,  t h e  bus c o n t r o l  a l l o c a t e s  i n  
o rder  o f  p r i o r i t y .  A  r e f r e s h  r e q u e s t  has t h e  
h i g h e s t  p r i o r i t y .  DMA dev ices have h i g h e r  
p r i o r i t y  than  t h e  CPU, except  a f t e r  a  r e f r e s h  
o p e r a t i o n ,  when t h e  CPU i s  g i v e n  h i g h e s t  
p r i o r i t y .  T h i s  guarantees t h e  CPU access t o  
t h e  bus even d u r i n g  DMA o p e r a t i o n s .  

The ND-100 bus i s  implemented as a p r i n t e d  
c i r c u i t  backplane. Depending on t h e  model, i t  
may have 7 ,  12 o r  21 ca rd  p o s i t i o n s .  The "C" 
connector i s  used f o r  t h e  ND-100 bus,  l e a v i n g  
t h e  "A" and " B "  connectors  f r e e  f o r  o t h e r  use 
( n o r m a l l y  i n p u t / o u t p u t ) .  
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Refer t o  Appendix B f o r  ND-100 bus s i g n a l  
d e f i n i t i o n s .  For a  more d e t a i l e d  d e s c r i p t i o n  
o f  t he  bus s i g n a l s  and t i m i n g ,  r e f e r  t o  t h e  
ND-100 Bus D e s c r i p t i o n  manual, ND-06.017.02. 

The ND-100 bus may be d i v i d e d  i n t o  two 
l o g i c a l  p a r t s :  

24-bi t wide para1 1  e l  mu1 t i p lexed 
address/data bus 

c o n t r o l  l i n e s  

The pa i r ed  i n t e r r u p t  c o n t r o l  l i n e s ,  
m- CONTR, lNGRANf - OUTGRANT and 

- :::IDENT a re  connected t o  
( d a i s y - c h a i n ) .  The card  p o s i t i o n  code 

l i n e s  PA0 - PA3 a re  connected t o  + 5 V  and O V  
accord ing t o  t h e  f o l  l ow ing  t a b l e .  

PA0 P A 1  PA2 PA3 Card p o s i t i o n  

o o o o r i  ghtmosti 
0  0  0  1 r i g h t m o s t  - 1 
0  0  1 0  r i gh tmos t  - 2  

b i na ry  sequence 
C 

Note 1: Card p o s i t i o n  f u r t h e s t  f rom CPU 

The PAO-3 s i gna l  l i n e s  were p r e v i o u s l y  used 
by memory cards,  bu t  a re  now no longer  used. 

A l l  o ther  s i gna l  and power l i n e s  a re  
independent o f  ca rd  p o s i t i o n .  

ND-110 c i r c u i t  cards a re  366.8 mm h i g h  and 
280 mm deep. 

Every ca rd  has a t  l e a s t  one 96 p i n  connector  
( t h e  " C "  connector )  used f o r  connect ion t o  
t h e  ND-100 bus. I n  a d d i t i o n ,  a  ca rd  may have 
one o r  two a d d i t i o n a l  64 p i n  connectors  ( " A "  
and " B " ) .  

Connectors A  and B a re  de f i ned  f o r  each 
i n d i v i d u a l  ca rd  t h a t  uses them. They a re  used 
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- Note 
Computers upgraded w i t h  ND-110 
CPU c a r d  may use t h e  vacant  
s l o t  , p r e v i o u s l y  occupied by 
t h e  CPU, f o r  newer t ypes  o f  
memory ca rds .  The i n s t a l l a t i o n  
d e s c r i p t i o n  manual c o n t a i n s  
t h e  p a r t -  and ECO-numbers o f  
t h e  ca rds  which w i l l  f u n c t i o n  
i n  s l o t  1 .  

RULE : 

4.4 BUS TIMING CONSIDERATIONS 

by 1/0 c o n t r o l l e r s  f o r  connect ions t o  
e x t e r n a l  dev ices .  

The ND-110 CPU card  i s  n o r m a l l y  l o c a t e d  i n  
p o s i t i o n  number 2 i n  t h e  c a r d  c r a t e  o f  a  ND- 
100 machine o r  p o s i t i o n  number 3 f o r  a  ND-500 
machine. T h i s  i s  t h e  p o s i t i o n  used by t h e  
memory management c a r d  when t h e  o l d e r  ND-100 
CPU card  was used. 

The f i r s t  1/0 ca rd  should  be p laced  
immediately t o  t h e  r i g h t  o f  t h e  CPU c a r d .  

There should  never be empty p o s i t i o n s  between 
t h e  CPU and t h e  l a s t  1/0 c a r d .  Expansion i s  
from l e f t  t o  r i g h t .  

I f  t h e r e  a re  n o t  enough c a r d  p o s i t i o n s ,  a  new 
card  c r a t e  may be added. Connect ion between 
t h e  c r a t e s  i s  done w i t h  t h e  h e l p  o f  a  bus 
extender c a r d .  

CPU semaphore cycles 

ND-110 uses t h e  same m u l t i p l e x e d  bus as t h e  
ND-100 f a m i l y .  A  m u l t i p l e x e d  bus uses t h e  
same s i g n a l  l i n e s  f o r  addresses and d a t a .  
Address and data  s i g n a l s  a r e  p resen t  a t  
d i f f e r e n t  t imes d u r i n g  a  bus c y c l e .  That  i s ,  
every c y c l e  c o n s i s t s  o f  two phases, one where 
an address i s  p resen t  and one where t h e  da ta  
i s  p resen t .  

The bus i s  f a s t  enough t o  handle  b o t h  DMA 
( d i r e c t  memory access) a c t i v i t y  and CPU 
a c t i v i t y  a t  t h e  same t i m e  w i t h o u t  
s i g n i f i c a n t l y  s low ing  down t h e  CPU. 

A  CPU memory r e f e r e n c e  occupies t h e  bus 
t y p i c a l l y  f o r  450 ns , and a  DMA t r a n s f e r  f o r  
550 ns . A  s p e c i a l  case i s  a  bus c y c l e  t h a t  
uses t h e  semaphore s i g n a l  (S-). T h i s  w i l l  
l o c k  t h e  bus f o r  two consecu t i ve  bus c y c l e s .  

The i n s t r u c t i o n s  TSET and RDUS use t h e  
--@ s i g n a l  t o  l o c k  t h e  bus.  
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SSEMA 

CLK 

i n s t r u c t i o n  1 1 1 9  
Note 1 : BlNPUf remains h i g h  ( i n d i c a t i n g  a  read)  f o r  RDUS. 

2 :  I n t e r n a l  s i g n a l  w i t h i n  t h e  CPU i n d i c a t e s  locked c y c l e s .  

F i g u r e  36. CPU SEMREQ cycle t i m i n g  d i a g r a m .  

The TSET i n s t r u c t i o n  m i g h t  conce ivab ly  cause 
a  p r o t e c t  v i o l a t i o n  on a t t e m p t i n g  t h e  w r i t e  
c y c l e .  Such a  s i t u a t i o n ,  i f  i t  were a l l owed  
t o  occur ,  would l o c k  t h e  bus.  The m ic ro -  
program t r a p s  such s i t u a t i o n s  b e f o r e  s t a r t i n g  
a  locked  bus c y c l e .  

An added f e a t u r e  i n  ND-110 i s  t h a t  t h e  
s i g n a l  may be d r i v e n  f rom a  DMA d e v i c e  

on t h e  ND-100 bus ( e g .  m u l t i p o r t  memory), and 
n o t  o n l y  f rom t h e  CPU i t s e l f .  
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DMA READ DMA WRITE/READ 

- 
BMEM I 

- 
BDAP 1 

I I 

Figure 37. Bus SEMREQ cycle timing diagram. 

The semaphore s i g n a l  (-1 w i l l  make s u r e  
t h a t  t h e  bus a r b i t e r  w i l l  be l o c k e d  f o r  two 
consecu t i ve  bus c y c l e s ,  t h u s  e n s u r i n g  t h a t  no 
o t h e r  d e v i c e  m o d i f i e s  t h e  memory l o c a t i o n .  
Semaphore l o c k e d  c y c l e s  a lways use a  bus 
c y c l e ;  t h e y  never  use cache.  
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Storage i s  one o f  t h e  major  b u i l d i n g  b l o c k s  
i n  a  computer system. It i s  used t o  h o l d  
programs ( i n s t r u c t i o n s ) ,  d a t a ,  addresses and 
r e s u l  t s  . 

Computer performance i s ,  t o  a  g r e a t  e x t e n t ,  
ob ta ined  by t h e  e f f i c i e n c y  o f  t h e  s t o r a g e  
system. General requ i rements  a r e :  

low access t i m e  

low s to rage  c o s t  

l a r g e  c a p a c i t y  

These requ i rements  a r e  u s u a l l y  c o n f l i c t i n g .  

I n  t h e  ND-110, a  h i e r a r c h i c a l  memory system 
i s  employed. It i s  conven ien t  t o  c o n s i d e r  t h e  
memory system as be ing  d i v i d e d  i n t o  f i v e  
1  eve1 s  . 

r e g i s t e r s  

work ing r e g i s t e r  f i l e  

f a s t  cache memory 

p r i m a r y  memory 

secondary s to rage  

The f a s t e s t  s to rage  a v a i l a b l e  t o  t h e  
programmer a r e  t h e  r e g i s t e r s .  The CPU can 
access these a t  f u l l  speed. They a r e  s e v e r e l y  
l i m i t e d  i n  number. 

Next  i n  a v a i l a b i l i t y  i s  cache memory. The ND- 
1 1 O / C X  uses cache f o r  b o t h  da ta  and 
i n s t r u c t i o n s ,  b u t  t h e  s lower  ND-110 uses 
cache f o r  i n s t r u c t i o n s  o n l y .  Cache memory i s  
v e r y  f a s t  b u t  l i m i t e d  i n  s i z e  (4K f o r  ND- 
1 1 O / C X ,  1 K  f o r  ND-110). 

Pr imary  memory can be expanded up t o  16 Mbyte 
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and i s  reasonably f a s t  (450-550 n s ) .  I n  
normal opera t ion ,  t h e  most used da ta  and 
i n s t r u c t i o n s  w i l l  be a v a i l a b l e  f rom cache. 

Secondary s torage ( d i s k ,  magtape) may be 
expanded t o  more than 2000 Mbyte. 

5.2 ND-110 MEMORY SYSTEM ORGAN I ZAT I ON 

r e g i s t e r  f i 1  e  

r e g i s t e r  f i 1  e  

ND-110 CPU 

r e g i s t e r  f i 1  e  

cache memory 1 
l o c a l  memory 

Multiport memory 

The f i r s t  l e v e l  i n  t h e  s torage system i s  t h e  
r e g i s t e r  f i l e ,  ho l d i ng  128 programmable 
r e g i s t e r s ,  8 f o r  each program l e v e l .  The CPU 
has d i r e c t  access t o  t h e  r e g i s t e r  f i l e  v i a  
t h e  t h e  i n t e r n a l  data  bus ( I D B ) .  

Cache memory i s  a l s o  l oca ted  on t h e  ND-110 
CPU board. It i s  a  s e l e c t i v e ,  h i gh  speed, 
CMOS memory o f  4  Kwords, dynamica l l y  updated 
t o  ho ld  t h e  most r e c e n t l y  used i n s t r u c t i o n  
(and data i n  t h e  case of ND-11O/CX). The 
cache memory reduces t h e  average memory 
access t ime s i g n i f i c a n t l y .  

Local (main) memory i s  l oca ted  i n  t h e  same 
card  c r a t e  as t h e  CPU and may have any s i z e  
f rom 32 Kwords (64K by tes )  t o  16 Mwords (32M 
by tes )  i n  s teps o f  32 Kwords. Each ca rd  may 
con ta i n  a  maximum o f  1 Mword ( 2  Mbytes ) .  Each 
word i n  l o c a l  memory i s  s t o r e d  w i t h  a  6 - b i t  
e r r o r - c o r r e c t i o n  code which makes i t  p o s s i b l e  
t o  : 

c o r r e c t  and r e p o r t  s i n g l e - b i t  e r r o r s  

d e t e c t  and r e p o r t  a l l  d o u b l e - b i t  e r r o r s  
and most mu1 t i p 1  e-b i  t e r r o r s  

On t h e  same l e v e l  as 1  oca l  memory, a  
m u l t i p o r t  memory may be i n s t a l l e d .  M u l t i p o r t  
memory i s  accessed through a  m u l t i p o r t  memory 
channel t r ansce i ve r  connected t o  one p o r t  i n  
a  separate ca rd  c r a t e .  The m u l t i p o r t  memory 
may have severa l  p o r t s ,  a l l o w i n g  severa l  
sources t o  access t h e  same phys i ca l  memory 
area.  

I n  p r i n c i p l e  t h e r e  i s  no d i f f e r e n c e  between 
l o c a l  memory and a  m u l t i p o r t  ( remote )  memory, 
except t h a t  t h e  access t ime  i s  l o n s , r  f o r  t h e  
m u l t i p o r t  memory. I n  a d d i t i o n ,  a  m u l t i p o r t  
memory a l lows  communication between severa l  
processors .  M u l t i p o r t  memory i s  always used 
when t he  ND-110 CPU i s  p a r t - o f  a  ND-500 
computer. 
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ND-110 CPU 

r e g i s t e r  f i 1  e  

cache memory 

l o c a l  memory 

The m u l t i p o r t  memory channel i s  f u r t h e r  
descr ibed i n  M u l t i p o r t  Memory Channel 
S p e c i f i c a t i o n s  (ND-10.006.) .  

The nex t  l e v e l  o f  t h e  ND-110 s to rage  system 
cons i s t s  o f  mass s torage dev ices such as 
d i sks  and magnetic tapes.  Some o f  t h e  da ta  t o  
be processed i s  r e q u i r e d  seldom and does n o t  
have t o  be i n  memory a t  a l l  t imes .  Th i s  data 
can be s to red  on magnetic tape ,  d i s k  packs o r  
f l oppy  d i sks  i n  a  da ta  l i b r a r y .  

Large amounts o f  data can be s to red  here ,  a t  
a  low s torage p r i c e / b i t .  P r i o r  t o  us t h e  da ta  
must be t r a n s f e r r e d  t o  l o c a l  ( o r  m u l t i p o r t )  
memory. Software overhead and longer  access 
t ime must be accepted i n  connect ion w i t h  such 
a  data t r a n s p o r t .  Data t o  and from mass 
s torage devices goes through t h e  i n p u t / o u t p u t  
system, and u s u a l l y  over a  d i r e c t  memory 
access channel (DMA)  . 

A l l  memory cards i n  t h e  ND-100 system have 
asynchronous t i m i n g  r e l a t i v e  t o  t h e  CPU. That  
i s ,  several  handshaking s i g n a l s  must be 
exchanged between t he  CPU and t h e  memory 
system d u r i n g  t h e  t r a n s f e r .  Memory cards w i t h  
d i f f e r e n t  access t imes can be mixed. 

Cache i s  a  ve ry  f a s t  memory area where o f t e n  
used i n s t r u c t i o n s  and data a re  s t o red .  

On t h e  ND-11O/CX, cache i s  d i v i d e d  i n t o  4 
banks, two f o r  i n s t r u c t i o n s  and two f o r  da ta .  
The ND-110 Standard uses one cache bank f o r  
a l l  types o f  i n s t r u c t i o n s  and does n o t  use 
cache f o r  da ta .  

I n s t r u c t i o n ,  program l e v e l  1 (11) 

I n s t r u c t i o n ,  o the r  l e v e l s  ( I 2  

Data, "s tandard"  page t a b l e  (PT) 

Data, a l t e r n a t e  page t a b l e  (APT 

The I1  cache bank i s  used f o r  cach ing 
i n s t r u c t i o n s  which a re  fe tched  i n  program 
l e v e l  1 (user  program l e v e l )  w h i l e  t h e  I 2  
cache bank i s  used f o r  i n s t r u c t i o n s  fe tched  
i n  a l l  o t he r  l e v e l s .  
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Data i s  l i k e w i s e  cached i n  t h e  PT o r  APT bank 8 
accord ing t o  which page t a b l e  i s  used f o r  
addressing: standard o r  a l t e r n a t e .  

APT 
P T  
I1 
12 

macro R micro  I 
The f o u r  cache banks 

The ND-110 CPU implements cache as an 
assoc ia t i ve  memory. Each cache bank i s  
addressed us ing  t he  lower 10 b i t s  o f  t h e  
address bus from the  MMS. Th i s  s e l e c t s  a  word 
w i t h i n  any page i n  phys i ca l  memory. Thus a l l  
pages o f  a  p a r t i c u l a r  t ype  ( I n s t r u c t i o n :  11, 
12; Data: PT, APT) share t h e  same cache bank. 
The two i n s t r u c t i o n  cache banks c o n t a i n  bo th  
a  mac ro i ns t r uc t i on  and m i c r o i n s t r u c t i o n  p a r t .  

The advantage o f  us i ng  f o u r  cache banks 
i ns tead  o f  one, as used by t h e  ND 100 CPU i s  
t h a t  i t  avoids data and i n s t r u c t i o n s  
competing f o r  a  cache e n t r y ,  thereby 
i nc reas ing  cache h i t  r a t e  f o r  c e r t a i n  types 
o f  t i g h t  l oops .  I n  a d d i t i o n  program l e v e l  1 
(norma l l y  user programs) a re  s i m i l a r l y  
separated from the  o the r  l e v e l s  (subsystems, 
S i n t r a n  e t c . ) ;  and operand accesses u s i n g  
normal page t a b l e  (PT) a re  seperated from 
accesses us ing  a l t e r n a t e  page t a b l e  (APT).  

Any page i n  phys ica l  memory may be p r o t e c t e d  
from updat ing cache by use o f  t h e  cache- 
i n h i b i t  b i t  map. A  page which i s  i n h i b i t e d  
f rom update w i l l  s t i l l  g i v e  cache h i t  f o r  
e x i s t i n g  v a l i d  cache e n t r i e s .  

Cache e n t r i e s  can be l o g i c a l l y  d i v i d e d  i n t o  
f o u r  p a r t s  : 

D i r e c t o r y  m i c r o i n s t .  D 
D i r e c t o r y  

Cache-used b i t  

Data word o r  i n s t r u c t i o n  

M i c r o i n s t r u c t i o n  word ( o n l y  f o r  
I1 and 12) 

L used b i t  

Figure 38. A cache entry 

U  
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Chapter 5 The ND-110 s torage system 11 7 

@ Directory 

Used bit 

The d i r e c t o r y  e n t r y  i s  c a l l e d  t h e  cache page 
number (CPN) and i s  t h e  phys i ca l  page number 
(14 b i t s )  o f  t h e  cache word. 
A d i r e c t o r y  e n t r y  t h e r e f o r e  con ta i ns  t h e  14 
most s i g n i f i c a n t  b i t s  o f  t h e  (24 b i t )  
phys ica l  address o f  t h e  memory l o c a t i o n  be ing  
cached. 

The cache-used b i t  i s  s e t  ( = >  1 )  if t h e  cache 
l o c a t i o n  i s  c u r r e n t l y  i n  use and r e s e t  ( = >  0 )  
o therwise.  Only cache e n t r i e s  which have 
t h e i r  used b i t s  s e t  con ta i n  v a l i d  da ta .  

Two separate cache-used bit-maps e x i s t ,  o n l y  
one of which se lec ted  a t  any t ime  w h i l e  t h e  
o ther  i s  be ing c l ea red .  Execut ing a  cache 
c l e a r  i n s t r u c t i o n  (TRR CCL) w i l l  exchange 
areas. Normal ly t h i s  w i l l  cause no e x t r a  
overhead whereas ND-100 CPU d i s a b l e d  t h e  
cache f o r  60 ps w h i l e  cache was be ing  
c leared .  

The cache-used b i t  map i s  c l ea red  
au toma t i ca l l y  d u r i n g  those mic rocyc les  t h a t  
do n o t  re fe rence  memory. One b i t  i s  c l e a r e d  
f o r  each such mic rocyc le ;  t h e  complete b i t  
map needs 1024 mic rocyc les  t h a t  do n o t  
re fe rence  memory. 

I f  a  cache c l e a r  i n s t r u c t i o n  i s  i ssued  be fo re  
t he  de-se lected bank has been c l ea red ,  t h e  
CPU w i l l  h a l t  u n t i l  t h e  bank has been 
c leared .  Th is  w i l l  t a ke  104 ns t imes  t h e  
number o f  b i t s  l e f t  t o  c l e a r  (wo rs t  case 
* 100 p s ) .  

The data p a r t  o f  a  cache e n t r y  con ta i ns  t h e  
ac tua l  data  o r  i n s t r u c t i o n  be ing  cached. When 
i n s t r u c t i o n s  a re  cached (cache banks I1 and 
I 2  o n l y ) ,  t he  f i r s t  microprogram word o f  t h e  
i n s t r u c t i o n  i s  a l s o  cached. Th i s  6 4 - b i t  
m i c r o i n s t r u c t i o n  i s  s t o red  i n  t h e  
m i c r o i n s t r u c t i o n  cache. Th i s  i s  a c t u a l l y  
p h y s i c a l l y  p a r t  o f  t h e  c o n t r o l  s t o r e ,  b u t  
operates i n  p a r a l l e l  w i t h  t h e  i n s t r u c t i o n  
cache and i s  n o t  addressed sepa ra te l y .  
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Cache memory i s  d i v i d e d  i n t o  f o u r  banks o f  1 
page each. Two banks a re  f o r  da ta  and two 
banks f o r  i n s t r u c t i o n s .  The i n s t r u c t i o n  banks 
have corresponding microcache banks which a re  
p h y s i c a l l y  p a r t  o f  t h e  w r i t e a b l e  c o n t r o l  
s t o r e .  

Cache used i s  implemented as a  b i t  map. Each 
b i t  i n  t h e  b i t  map represen ts  a  page i n  
memory. There a re  two bit-maps i n  ND-110, 
o n l y  one o f  which i s  se l ec ted  a t  any t ime .  
The CPU c l e a r s  t h e  o the r  b i t  map 
au toma t i ca l l y  so t h a t  a  c l e a r  cache 
i n s t r u c t i o n  can norma l l y  swap b i t  maps 
w i t hou t  de l  ay . 

PPN I I CD I Lower 
/ / O - I 5  / c o n t r o l  s t o r e  

l4 C l6 C 6 4  C 
APT I 1 1  1 

C A  
1 0 - 1 1  m ic ro  cache 

C A cache bank 
0 - 9  se l  ec t 

I mic ro  
/ c o n t r o l  word 

6 4  i 
1 4  

PPN 

-/- 4 I& cache h i t  

Figure 39. Cache organization 
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@ 5.5 CACHE MEMORY ACCESS 

23 p h y s i c a l  address 0  

o f f  s e t  0 
cache -1 

(compare I 
match 1 d 

4 
h i t  

Cache memory i s  accessed each t i m e  an 
i n s t r u c t i o n  i s  t o  be f e t c h e d  o r  a  da ta  
operand i s  read  o r  w r i t t e n .  The cache bank i s  
s e l e c t e d  accord ing  t o  what t y p e  o f  memory 
access i s  i n v o l v e d .  An i n s t r u c t i o n - f e t c h  
s e l e c t s  I1 ( P I L  = 1) o r  I 2  ( P I L  # 1 ) .  A da ta -  
read  o r  w r i t e  s e l e c t s  PT (normal page t a b l e )  
o r  APT ( a l t e r n a t e  page t a b l e ) .  

The lower 10 b i t s  o f  t h e  p h y s i c a l  memory 
address ( o f f s e t )  f rom t h e  memory management 
system (MMS) a re  used t o  address w i t h i n  t h e  
s e l e c t e d  bank. The con ten ts  o f  t h e  cache 
d i r e c t o r y  a t  t h a t  address i s  t h e  page number 
o f  t h e  s e l e c t e d  cache e n t r y  (cache page 
number, CPN). These two va lues  a r e  compared 
( b l o c k  marked i n  f i g u r e  3 9 ) .  I f  t h e y  
match, t h e  cache e n t r y  corresponds t o  t h e  
p h y s i c a l  address.  I f ,  i n  a d d i t i o n ,  t h e  used 
b i t  o f  t h a t  e n t r y  i s  s e t  ( =  11, then  t h e  
cache e n t r y  c o n t a i n s  v a l i d  d a t a  (cache h i t ) .  

The sequence o f  events  d u r i n g  cache access 
v a r i e s  accord ing  t o  whether an i n s t r u c t i o n  i s  
fe tched ,  a  data  word read  o r  a  d a t a  word 
w r i t t e n .  I n  t h e  case o f  i n s t r u c t i o n - f e t c h  and 
data- read,  t h e  a c t i o n  a l s o  depends on whether 
t h e  i n s t r u c t i o n  o r  da ta  can be found i n  cache 
(cache h i t )  o r  i f  i t  must be read  f rom memory 
(cache u p d a t e ) .  Data i s  always w r i t t e n  t o  
bo th  cache and memory ( w r i t e  th rough  cache 
a l g o r i t h m ) .  

I n s t r u c t i o n s  a r e  never w r i t t e n .  Programs a r e  
norma l l y  loaded by DMA and cache c l e a r e d  
b e f o r e  e x e c u t i  on. 

Thus 4 d i f f e r e n t  types of cache read access 
can be d e f i n e d :  

I n s t r u c t i o n - f e t c h  Cache h i t  

I n s t r u c t i o n - f e t c h  Cache miss 

Data-read Cache h i t  

Data-read Cache miss 

and one t y p e  o f  w r i t e  access: 

Da ta -wr i te  through Cache 
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~ n s t r u c t i o n - f e t c h  Cache hi t  When an i n s t r u c t i o n  i s  be ing fe tched  ( l a s t  p- 
c y c l e  o f  prev ious i n s t r u c t i o n ) ,  t h e  
displacement (address w i t h i n  a  page) i s  used 
t o  address cache memory. The c u r r e n t  program 
l e v e l  se l ec t s  t he  bank (P IL  = 1 s e l e c t s  bank 
11, a l l  o thers  s e l e c t  1 2 ) .  

The cache page number CPN i s  read  o u t  o f  t h e  
D i r e c t o r y  and compared w i t h  t h e  phys i ca l  page 
number ( P P N )  from t h e  memory management 
system ( M M S ) .  If these two a re  i d e n t i c a l  and 
t h e  used b i t  i s  s e t  ( = 11, then a  cache h i t  
has occurred and t h e  i n s t r u c t i o n  c y c l e  begins 
us ing  t h e  6 4 - b i t  word i n  t h e  microcache, and 
t he  1 6 - b i t  i n s t r u c t i o n ,  which i s  cop ied i n t o  
t h e  GPR r e g i s t e r  i n  BUFALU. 

Ins t ruc t ion - fe tch  Cache m i s s  

map address 

Data- read Cache hi t  

I f  t h e  cache page number and t h e  page number 
from MMS a re  d i f f e r e n t  o r  a  match was found 
b u t  t he  cache-used b i t  i s  n o t  s e t ,  then an 
ND-100 bus t r a n s a c t i o n  takes p l a c e .  The 16- 
b i t  i n s t r u c t i o n  i s  read from t h e  bus, R M I C  
e x t r a c t s  b i t s  6  t o  15 o f  t h e  i n s t r u c t i o n  and 
combines i t  w i t h  06000 t o  c rea te  an address 
i n  t he  c o n t r o l  s t o r e  m i p  a rea .  

I f  t h e  b i t  corresponding t o  t h e  PPN i n  t h e  
cache page i n h i b i t  b i t  map i s  zero ( n o t  
i n h i b i t e d )  t he  i n s t r u c t i o n  i s  w r i t t e n  t o  t h e  
cache data word and t h e  cache-used b i t  i s  s e t  
t o  1 t o  i n d i c a t e  t h a t  t h e  cache e n t r y  i s  
v a l i d .  

The 6 4 - b i t  word read from t h e  c o n t r o l  s t o r e  
map area i s  t he  f i r s t  m ic ro  code word o f  t h e  
i n s t r u c t i o n  and i s  w r i t t e n  t o  t h e  microcache. 

A data-read cache h i t  i s  s i m i l a r  t o  an 
i n s t r u c t i o n - f e t c h  cache h i t .  The PT o r  APT 
bank i s  se lec ted  accord ing t o  which page 
t a b l e  i s  be ing used f o r  t h e  data- read.  I f  t h e  
CPN i n  t h e  D i r e c t o r y  f o r  t h e  se lec ted  cache 
bank matches t h e  page number f rom t h e  MMS and 
t h e  corresponding b i t  i n  t h e  cache-used b i t  
map i s  s e t ,  then t h e  1 6 - b i t  da ta  word f rom 
t h e  cache i s  cop ied t o  t h e  DBR r e g i s t e r  i n  
BUFALU and t h e  c u r r e n t  i n s t r u c t i o n  proceeds 
w i t hou t  a  ND-100 bus t r a n s a c t i o n .  
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~ a t a - r e a d  Cache  m i s s  I f  t h e  D i r e c t o r y  CPN and t h e  page address 
from MMS a re  d i f f e r e n t  o r  a  match was fownd 
bu t  t h e  cache-used b i t  i s  n o t  s e t ,  then  t h e  
word i s  read from t h e  ND-100 bus and copied 
t o  t h e  DBR r e g i s t e r  i n  BUFALU. I f  t h e  b i t  
corresponding t o  t h e  PPN i n  t h e  cache page- 
i n h i  b i t  b i t  map has been c l ea red ,  t h e  1 6 - b i t  
word i s  w r i t t e n  t o  t he  cache da ta  word and 
t h e  cache-used b i t  i s  s e t .  

Da ta -w r i t e  through Cache 

5 .6  CACHE CONTROL AND STATUS 

A Da ta -wr i te  always updates bo th  cache and 
memory. I n  a d d i t i o n  t h e  o the r  da ta  cache bank 
(PT o r  APT) and bo th  i n s t r u c t i o n  cache banks 
( I 1  and 12)  a re  searched f o r  h i t  (CPN 
i d e n t i c a l  w i t h  MMS page address and cache- 
used b i t  s e t )  and r e s e t  i f  a  h i t  was found. 
Th is  i n v a l i d a t e s  any o l d  cop ies o f  t h e  memory 
l o c a t i o n  i n  t h e  o the r  cache banks. 

Cache status reg i s te r  

Cache f unc t i ons  a re  c o n t r o l l e d  w i t h  t h e  h e l p  
o f  a  s t a t u s  r e g i s t e r  and a  b i t  map. The b i t  
map i n  ND-110 rep laces  and extends t h e  upper 
i n h i b i t  and lower i n h i b i t  r e g i s t e r s  o f  t h e  
ND-100 CPU. 

Cache s t a t u s  r e g i s t e r  

Cache- inh ib i t  b i t  map 

The cache s t a t u s  r e g i s t e r  (CSR) i s  loaded 
i n t o  t h e  A r e g i s t e r  by t h e  TRA CSR 
i n s t r u c t i o n .  

The CSR has t h e  f o l l o w i n g  fo rmat :  

FIN D I S  CON CUP 

B i t  0 :  CUP - The cache-updated b i t  i s  s e t  
( 1 )  i f  cache was updated on t h e  
c u r r e n t  memory reques t .  Th i s  b i t  i s  
v a l i d  from one memory reques t  t o  t h e  
n e x t .  
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Cache- inhib i t  bit map 

.. , .  - Caut ion 
I n h i b i t i n g  a  cache page does 
n o t  remove v a l i d  e n t r i e s  f o r  
t h a t  page. Use cache c l e a r  
a f t e r  i n h i b i t i n g  a  page i f  t h e  
con ten ts  o f  t h a t  page a re  
no l onge r  v a l  i d .  

B i t  1: CON - Cache on. On t h e  ND-110 t h i s  
b i t  i s  i n ve rse  o f  b i t  3 .  It i s  s e t  
when cache i s  enabled us i ng  t h e  cache 
ON/OFF sw i t ch  on t h e  ND-110 CPU card .  
Un l i ke  t he  ND-100, i t  i s  n o t  c l e a r e d  
du r i ng  cache c l e a r .  

B i t  2 :  D I S  - The manual-disable b i t  i s  s e t  
(1) when cache i s  d i sab led  u s i n g  t h e  
Cache ON/OFF sw i t ch  on t h e  ND-110 CPU 
card .  

B i t  3 :  FIN - Cache c l e a r  f i n i s h e d .  I n d i c a t e s  
t h a t  t h e  cache-used b i t  map, n o t  
c u r r e n t l y  enabled, has been c l ea red .  
I f  a cache c l e a r  i n s t r u c t i o n  i s  
issued w h i l e  t h i s  b i t  i s  ze ro ,  t h e  
CPU w i l l  h a l t  u n t i l  t h e  cache-used 
b i t  map i s  c l ea red .  

Areas o f  memory may be d e f i n e d  as be ing  
i n h i b i t e d  f rom cache update.  Th i s  i s  in tended  
f o r  memory areas t h a t  a re  i n v o l v e d  i n  DMA 
t r a n s f e r s  and f o r  memory shared by o t h e r  
processors .  

Al though ND-110 does n o t  have t h e  upper and 
lower l i m i t  r e g i s t e r s  o f  t h e  ND-100 CPU, t h e  
i n s t r u c t i o n s  t h a t  s e t  t h e  upper and lower  
l i m i t  r e g i s t e r s  s e t  b i t s  i n  t h e  b i t  map t o  
per form t h e  same f u n c t i o n .  

The upper and lower l i m i t s  a re  s e t  by t h e  
i n s t r u c t i o n s :  

LDA <lower l i m i t >  
TRR LCIL 

and 

LDA <upper l i m i t >  
TRR UCIL 

I n  a d d i t i o n ,  ND-110 has a  new i n s t r u c t i o n  
which a l lows  s i n g l e  pages t o  be i n h i b i t e d  o r  
f r eed .  

LDA < l i m i t  word> 
TRR CILP 
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The fo rmat  o f  t h e  l i m i t  word i s  

= 0 : t h e  page i s  s e t  t o  i n h i b i t  
= 1 : t h e  page i s  s e t  t o  normal 

F 

ND-110 memory ca rds  a r e  a v a i l a b l e  w i t h  up t o  
8 Mbyte o f  e r r o r  c o r r e c t e d  memory. The t a b l e  
below g i v e s  t h e  ND numbers f o r  t h e  ca rds  
a long  w i t h  t h e i r  s i z e  and p r i n t  number. 
Memory techno logy i s  changing r a p i d l y .  The 
t a b l e  may n o t  i n c l u d e  t h e  l a t e s t  memory 
ca rds .  Contact  you r  ND s a l e s  o f f i c e  f o r  
c u r r e n t  i n f o r m a t i o n  . 

Phys ica l  page address a f f e c t e d  

ND s a l e s  number Memory s i z e  P r i n t  no.  

ND-113 64 Kbyte 3036 
ND-115 128 Kbyte 3036 
ND-116 256 Kbyte 3034 
ND-117 512 Kbyte 3034 
ND-370 1 Mbyte 3042 
ND-380 2 Mbyte 3042 
ND-??? ? 4  Mbyte? 30?? 
ND-??? 8 Mbyte 30?? 

T a b l e  8 .  A v a i l a b l e  m e m o r y  c a r d s  

A l l  memory cards f o r  t h e  ND-100 and ND-110 
CPUs may be c o n f i g u r e d  by means o f  l i m i t  
sw i tches.  
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Lower Limit Switch 

Upper limit indicator 

Example : 

ND-110 Card c r a t e  

F i g u r e  4 0 .  Memory s w i t c h  s e t t i n g s  

The lower 1  i m i  t ( L L )  swi tches s e t  t h e  lower  
memory address f o r  t h e  memory c a r d .  The v a l u e  
s e t  corresponds t o  t h e  two ( o r  t h r e e )  o c t a l  
d i g i t s  o f  t h e  address.  

The upper l i m i t  (UL) address i s  d i s p l a y e d  on 
t h e  two ( o r  t h r e e )  d i g i t  i n d i c a t o r .  The 
memory ca rd  c a l c u l a t e s  t h e  UL v a l u e  f rom t h e  
LL va lue  and i t s  own address range.  

An ND-110 machine has two 512 K memory c a r d s .  
The s w i t c h  s e t t i n g  o f  t h e  r i g h t m o s t  c a r d  
( l o w e s t  addresses) w i l l  always be 0 .  The 
Upper l i m i t  i n d i c a t o r  w i l l  show 040. T h i s  
va lue  i s  then s e t  on t h e  lower  1  i m i  t 
i n d i c a t o r  o f  t h e  second c a r d .  The upper l i m i t  
i n d i c a t o r  on t h e  second c a r d  w i l l  now show 
100. 

It i s  a l s o  p o s s i b l e  t o  l e t  t h e  c a r d  determine 
bo th  lower and upper memory address as a  
f u n c t i o n  o f  t h e  s l o t  p o s i t i o n  i n  t h e  c a r d  
c r a t e .  The lower l i m i t  swi tches should  then  
bo th  be s e t  t o  8 .  T h i s  i s  o n l y  meaningfu l  f o r  
c a r d  w i t h  64 K address space (64  Kwords) .  

R e l a t i v e  
s l o t  Upper 1  i m i  t Address range 
p o s i t i o n  d i  sp lay  

8 04 OK < A  < 64K-1 
7 10 64K < A  < 128K-1 
6 14 128K < A  < 192K-1 
5 2 0 192K < A  < 256K-1 
4 24 256K I A  < 320K-1 
3 30 320K < A  < 384K-1 
2 3 4 384K < A  < 448K-1 
1 40 448K A < 512K-1 

Note 1: The p o s i t i o n s  a r e  i n c r e a s i n g  f rom l e f t  t o  r i g h t ,  
where 8 i s  t h e  r i g h t m o s t  s l o t  p o s i t i o n  i n  t h e  
c r a t e .  

T a b l e  9 .  A d d r e s s  S p a c e  f o r  64 K memory c a r d  
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The address space o f  t h e  ca rd  i s  d i v i d e d  i n t o  
f o u r ,  and each p a r t  has a  memory access 
i n d i c a t o r .  When a  memory access i s  per formed 
on t h e  card,  t h e  cor responding i n d i c a t o r  
l i g h t s .  

ECC DISABLE SWITCH 

The E r r o r  check and c o r r e c t i o n  ( E C C )  system 
on t h e  ca rd  may be d i s a b l e d  w i t h  t h e  ECC 
d i s a b l e  s w i t c h .  The r e d  i n d i c a t o r ,  c a l l e d  
DISABLE, l i g h t s  when t h e  E C C  system i s  
d i s a b l e d .  

The 1 6 - b i t  v i r t u a l  address i s  generated by 
RMAC. The memory management system c o n v e r t s  
t h i s  t o  a  2 4 - b i t  p h y s i c a l  address which i s  
sen t  o u t  on to  t h e  bus t o g e t h e r  w i t h  c o n t r o l  
s i g n a l s .  These c o n t r o l  s i g n a l s  a r e  d e s c r i b e d  
i n  t h e  f o l l o w i n g  s e c t i o n .  

A l l  memory cards connected t o  t h e  ND-100 bus 
" l i s t e n "  t o  t h e  address on t h e  bus.  Each 
memory ca rd  has an address range (LL  t o  UL- 
1). (see page 123 f o r  s w i t c h  s e t t i n g  
d e t a i l s ) .  Only t h e  c a r d  c o n t a i n i n g  t h e  g i v e n  
address w i l l  answer. 

Local memory operates asynchronously w i t h  t h e  
CPU, and each memory c a r d  has i t s  own t i m i n g .  

Local memory can be used by t h r e e  d i f f e r e n t  
c o n t r o l  1  e r s  : 

Refresh c o n t r o l l e r  (on  t h e  CPU c a r d )  

D i r e c t  Memory Access (DMA) c o n t r o l l e r ( s )  

Cent ra l  Processor (CPU) 

These c o n t r o l l e r s  opera te  independen t l y  o f  
each o t h e r .  A bus a r b i t e r  ( o n  t h e  CPU c a r d )  
ensures t h a t  o n l y  one c o n t r o l l e r  uses t h e  bus 
a t  any t i m e .  I f  more than  one c o n t r o l l e r  
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requests  t he  bus a t  t h e  same t ime ,  t h e  
a r b i t e r  a l l o c a t e s  t h e  bus i n  t h e  o rde r :  

1. Refresh 

2.  CPU ( i f  l a s t  bus c y c l e  was a  r e f r e s h )  

3 .  DMA 

4 .  CPU (p rev ious  c y c l e  n o t  r e f r e s h )  

Note 1: I f  t h e r e  i s  more than one DMA 
c o n t r o l l e r ,  t h e  d i s t ance  f rom t h e  CPU dec ides 
which c o n t r o l l e r  has g r e a t e s t  p r i o r i t y  (see 
page 157) .  

The CPU i s  however g iven  p r i o r i t y  over  t h e  
DMA once each r e f r e s h  c y c l e  (every  13 p s ) .  
Th is  ensures t h a t  t h e  CPU can access t h e  bus 
f o r  f a s t  i n t e r r u p t  hand l ing .  The ND-110 CPU 
w i l l  no rma l l y  make t h e  m a j o r i t y  o f  i t s  memory 
accesses from cache which do n o t  i n v o l v e  t h e  
ND-100 bus. Th i s  means t h a t  t h e  CPU can 
g e n e r a l l y  work und is tu rbed  i n  t h e  presence o f  
heavy DMA a c t i v i t y  on t h e  ND-100 bus. 

A  CPU memory read o r  w r i t e  c y c l e  i s  s t a r t e d  
by an i n t e r n a l  s i gna l  reques t ing  t h e  bus. 
When t h e  bus a r b i t e r  g ran t s  t h e  reques t  ( m), t he  bus c y c l e  can beg in .  The CPU s e t s  
BINPUT f a l s e  ( h i g h )  f o r  a  memory read  c y c l e  
and t r u e  ( l o w )  f o r  a  memory w r i t e  c y c l e .  The 
2 4 - b i t  phys ica l  memory address i s  s t robed  
onto t h e  bus (m). 
When v a l i d  data i s  a v a i l a b l e  on t h e  bus, t h e  
data source (memory ca rd  f o r  read c y c l e ;  CPU 
f o r  w r i t e )  acknowledges w i t h  m. The memory 
ca rd  c loses by t h e  memory c y c l e  by s i g n a l i n g  
w i t h  BDRY t h a t  data has been t r a n s f e r e d .  
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R W 

CLK 

BDRY 

Figure 41. CPU read/wri te cycle timing diagram. 

A  DMA memory c y c l e  i s  s t a r t e d  by t h e  DMA 
c o n t r o l l e r  r e q u e s t i n g  t h e  bus (m). The bus 
a r b i t e r  sends a  GRANT s i g n a l  t o  t h e  m/ 
OUTGRANT d a i s y  c h a i n .  The r e q u e s t i n g  DMA 
c o n t r o l l e r  answers w i t h  BAPF\. See page 157 
f o r  a  d e t a i l e d  d e s c r i p t i o n  o f  DMA t r a n s f e r s .  

DMA READ DMA WRITE 

BMEM 

- 
GRANT 

- 
BDAP 

BDRY 

Figure 42. DMA read/write cycle timing diagram. 

Locked bus cycles The ND-110 CPU suppor ts  locked  bus c y c l e s  
u s i n g  t h e  -0 s i g n a l .  Locked bus c y c l e s  
a re  two normal bus c y c l e s  t h a t  a r e  
i n d i v i s i b l e .  T h i s  means no o t h e r  d e v i c e  can 
access t h e  bus u n t i l  t h e  locked  c y c l e  has 
been completed. Locked bus c y c l e s  a r e  used 
d u r i n g  t h e  RDUS and TSET i n s t r u c t i o n s .  DMA 
dev ices ( f o r  example mu1 ti p o r t  memory) can 
a l s o  use locked  bus c y c l e s  on ND-110 systems. 
See page 107 f o r  more d e t a i l s  about  l ocked  
bus c y c l e s .  
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5.7.3 ERROR CHECK AND CORRECTION (ECC) 

The r e d  i n d i c a t o r ,  c a l l e d  ERROR, l i g h t s  when 
t h e  ECC system de tec t s  a  p a r i t y  e r r o r .  Use o f  
t h e  E C C  d i s a b l e  sw i t ch  o r  a  Master Clear  
r ese t s  t he  i n d i c a t o r .  

Each ( 1 6 - b i t )  word i n  memory i s  s t o r e d  
toge ther  w i t h  a  6 - b i t  E C C  code ( E C  0 - 5 ) .  Th i s  
code i s  generated by hardware on t h e  memory 
card.  Each EC b i t  i s  t h e  r e s u l t  o f  a  l o g i c a l  
exclusive-OR ( X O R )  ope ra t i on  on d i f f e r e n t  
subsets o f  t h e  data b i t s .  

i n p u t  
A  

0  
0  
1 
1 

- When a  memory read access i s  performed, t h e  
s to red  E C C  code i s  compared w i t h  a  newly 

T a b l e  1 0 .  T r u t h  t a b l e  f o r  XOR generated E C C  code. I f  t h e  two ECC code a re  
d i f f e r e n t ,  an e r r o r  has occured. I f  o n l y  one 
b i t  (da ta  o r  ECC code) i s  i n  e r r o r ,  t h a t  b i t  
i s  co r rec ted .  I f  two o r  more b i t s  a re  i n  
e r r o r ,  t he  e r r o r  i s  n o t  c o r r e c t a b l e .  

One r e g i s t e r  c o n t r o l s  a l l  t h e  memory cards on 
t h e  ND-100 bus. 

i n p u t  
B  

0  
1 
0  
1 

The r e g i s t e r  i s  loaded w i t h  a  TRR E C C R  
i n s t r u c t i o n .  The microprogram performs an I O X  
t ype  i n s t r u c t i o n  t o  t he  app rop r i a t e  address.  

ou tpu t  
A  xor  B  

0  
1 
1 
0  

The format  o f  t h e  ECCR i s  as f o l l o w s :  

B i t  D e s c r i p t i o n  
4 S imulate  memory e r r o r  i n  b i t  6  
3 D i sab le  E C C  system and p a r i t y  i n t e r r u p t  
2 Enable p a r i t y  i n t e r r u p t  on a l l  e r r o r s  

( r e s e t  f o r  o n l y  m u l t i p l e - b i t  e r r o r s )  
1 S imu la te  memory e r r o r  i n  b i t  15 
0  S imu la te  memory e r r o r  i n  b i t  0  

I I I I I I I I I I 
n o t  assigned 

F i g u r e  4 3 .  E r r o r  c o r r e c t i o n  c o n t r o l  r e g i s t e r  f o r m a t  
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Chapter 5  The ND-110 s t o r a g e  system 

@ PARITY ERROR STATUS REGISTERS PEA. PES 

These r e g i s t e r s  c o n t a i n  s t a t u s  i n f o r m a t i o n  
a f t e r  an i n t e r r u p t  caused by a  p a r i t y  e r r o r  
o r  a memory o u t  o f  range i n t e r r u p t .  The 
i n t e r r u p t  l o c k s  t h e i r  c o n t e n t s .  They a r e  
un locked by r e a d i n g  t h e  PEA r e g i s t e r .  T h i s  
means t h a t  t h e  PES r e g i s t e r  must a lways be 
read  f i r s t .  

The PES r e g i s t e r  i s  l o c a t e d  i n s i d e  t h e  ND-110 
CPU. It has t h e  f o l l o w i n g  f o r m a t :  

I E r r o r  occu r red  d u r i n g  a  DMA r e f e r e n c e  

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

E r r o r  occy r red  d u r i n g  an i n s t r u c t i o n - f e t c h ,  an EXAM' 
o r  a  DEPO i n s t r u c t i o n .  

Note  1: EXAM and DEPO a r e  OPCOM commands 

FCH 

Figure 44. PES register format 

1 1  F a t a l  e r r o r .  M u l t i p l e - b i t  e r r o r  has occur red  
E r r o r  code c o n t a i n s  no meaningful  i n f o r m a t i o n .  

I I I I 
e r r o r  code 

B i t s  0-7 c o n t a i n  t h e  8 most s i g n i f i c a n t  b i t s  
o f  t h e  l a s t  memory address i s s u e d  on t h e  ND- 
100 Bus. The PEA r e g i s t e r  c o n t a i n s  t h e  16 
l e a s t  s i g n i f i c a n t  b i t s .  

I I I I I I I 
upper 8 b i t s  o f  memory addr .  DMA 
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Note  1: FATAL = 0 f o r  a l l  e n t r i e s  shown 
Note  2 :  E r r o r s  shown as n o t  s i n g l e  a r e  m u l t i p l e - b i t  e r r o r s .  

It i s  n o t  p o s s i b l e  t o  i d e n t i f y  t h e  f a i l e d  b i t  f o r  these  
e r r o r s .  

T a b l e  1 I .  Coding of s i n g l e -  bi t memory e r r o r s  

E r r o r  code 
EC 0-4 

0  
l8 
z8 
38 
48 
58 
6' 
78 

10; 

::a 
13' 
1 4 ~  

15: 

8 

B i t s  8-12 c o n t a i n  t h e  e r r o r  code (EC b i t s  O- 
4 )  s e n t  f rom t h e  t h e  i n t e r r u p t i n g  memory 
c a r d .  The t a b l e  below may be used t o  
t r a n s l a t e  t h e  e r r o r  code. 

F a i l e d  b i t  
(D=Data b i  t , 
P=Par i  t y  b i t )  

OK (no  e r r o r )  
P16 
P 17 
DO 
P18 
D  1 
( n o t  s i n g l e )  
D2 
P19 
D3 
( n o t  s i n g l e )  
D4 
D5 
D6 
D 7 
( n o t  s i n g l e )  

E r r o r  code 
E C  0-4 

20 
218 
2z8 
238 
248 
~ 5 ~  
26' 
27' 
308 

:$ 
338 

34; 3  5  
36' 
378 

8 
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F a i l e d  b i t  
(D=Data b i t ,  
P=Pari t y  b i t )  

P20 
D 8 
D9 
D l 0  
D l 1  
( n o t  s i n g l e )  
D 12 
( n o t  s i n g l e )  
D l 3  
( n o t  s i n g l e )  
D l 4  
( n o t  s i n g l e )  
D l5  
( n o t  s i n g l e )  
( n o t  s i n g l e )  
P21 
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Data word Generated p a r i  t y  

The t a b l e  shows which group o f  b i t s  t h a t  a r e  XOR'ed t o g e t h e r  d u r i n g  w r i t e  
and r e a d .  means t h e  d a t a  o r  p a r i t y  b i t  i s  p r e s e n t  i n  t h e  E C  g roup .  

T a b l e  12.  Terms i n c l u d e d  i n  ECC C o d i n g  

D u r i n g  w r i t e  t h e  p a r i t y  b i t s  PI6  - P21 a r e  generated:  
. . .  'n+16 = Dxl XOR Dx2 XOR Dx 9 

7  

• 

D u r i n g  r e a d  t h e  E C C  b i t s  EC 0-5 a r e  generated:  
ECn = (Dxl XOR Dx2 . .  XOR D l g )  XOR Pn+16. 

4  

• 

ECO 

EC1 

EC2 

EC3 

EC4 

EC5 

The e r r o r  code i n  t h e  PES r e g i s t e r  c o n t a i n s  t h e  
ECC b i t s  E C  0-4 .  E C  5  i s  ze ro  n o t  used f o r  s i n g l e  
b i t  e r r o r s .  

1 

• 

0  

Example : 

8  

• 

• 

5  

. . . . .  
• 

Suppose b i t  da ta  b i t  D l5  f a i l s .  Because t h e  D l 5  i s  
i n c l u d e d  i n  t h e  equa t ions  f o r  EC2, EC3 and EC4, 
these b i t s  a r e  s e t .  The v a l u e  o f  EC b i t s  0-4 
becomes 0111002 = 348 . 

11 

• 

• 

2  . . . . .  
• 

• 

6  

• 

. . .  

PARITY ERROR ADDRESS (PEA) REGISTER 

9  

• 

• 

3 

• 

The PEA r e g i s t e r  i s  l o c a t e d  i n s i d e  t h e  ND-110 
CPU. 

12 

• 

• 

. . . . . . . .  

10 

• 

• 

It c o n t a i n s  t h e  16 l e a s t  s i g n i f i c a n t  b i t s  o f  
t h e  p h y s i c a l  memory address p r e s e n t  on t h e  
ND-100 bus a t  t h e  t i m e  o f  t h e  memory access 
which caused t h e  i n t e r r u p t .  

The r e g i s t e r  may be read  u s i n g  t h e  
i n s t r u c t i o n  TRA PEA. 

13 

• 
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• 

0 . 0  

15 

• 

PI6 

• 

PI7 

• 

P18 

• 

PI9 

• 

P20 

• 

P21 

• 
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CHAPTER 6 THE INPUT/OUTPUT SYSTEM 

The purpose o f  t h e  i n p u t / o u t p u t  system ( I / O  
system) i s  t o  ensure t h e  p h y s i c a l  
communication between connected p e r i p h e r a l  
equipment and t h e  ND-110 computer system. 

The user  no rma l l y  does n o t  i n t e r a c t  d i r e c t l y  
w i t h  t h e  1/0 system, o n l y  i n d i r e c t l y  v i a  t h e  
o p e r a t i n g  system. 

However, p r i v i l e g e d  users  may access t h e  1/0 
system d i r e c t l y ,  and users  w i t h  s p e c i a l  r e a l -  
t ime  requ i rements  ( r u n n i n g  d i r e c t  t a s k s )  may 
bypass t h e  1/0 system f o r  d i r e c t  access t o  
s p e c i f i c  dev ices .  

The 1/0 system p rov ides  a two-way 
communication between t h e  CPU and i t s  
p e r i p h e r a l s ,  and i s  designed t o  be a f l e x i b l e  
system p r o v i d i n g  communication between slow, 
c h a r a c t e r - o r i e n t e d  dev ices  as w e l l  as between 
h i g h  speed, b l o c k - o r i e n t e d  dev ices .  General 
requirements f o r  an 1/0 system a r e :  

R e l i a b i l i t y  

F l e x i b i l i t y .  The 1/0 system shou ld  be 
a b l e  t o  handle s low dev ices  as w e l l  as 
h i g h  speed dev ices .  

M o d u l a r i t y .  The 1/0 system should  be easy 
t o  expand accord ing t o  customer 
requ i rements .  The 1/0 c o n f i g u r a t i o n  
should be easy t o  change. 

Depending on t h e  speed, a d e v i c e  c o u l d  be 
connected t o  an ND-110: 

Slow: w i t h  CPU c o n t r o l l e d ,  Program 
Inpu t /Ou tpu t  ( P I O ) .  

Fas t :  w i t h  D i r e c t  Memory Access (DMA) 
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6.1 ND-100 BUS I N  THE 110 SYSTEM 

The ND-110 computer system uses t h e  ND-100 
bus as a  communication p a t h  between i t s  
f u n c t i o n a l  b l o c k s .  T h i s  bus i s  unchanged f rom 
t h e  ND-100 computer f a m i l y  and i s  d e s c r i b e d  
i n  d e t a i l  i n  t h e  ND-100 Bus D e s c r i p t i o n  
manual ND-06.017. 

New f o r  ND-110, however, i s  t h a t  dev ices  
o t h e r  than t h e  CPU ( e . g .  mul t ipor t -memory)  
may now use t h e  semaphore s i g n a l  t o  
reserve  t h e  bus f o r  two consecu t i ve  bus 
c y c l e s  . 

f u n c t i o n  dependent ND-100 
I, bus 

f u n c t i o n  dependent 
c i r c u i t s  

Device c o n t r o l l e r s  a r e  n o r m a l l y  d i v i d e d  i n t o  
two p a r t s ,  t h e  ND-100 dependent p a r t  and t h e  
dev ice  dependent p a r t .  

The ND-100 dependent p a r t  i n c l u d e s  bus 
handshake c o n t r o l  l o g i c .  T h i s  p a r t  i s  
s tandard ised f o r :  

a l l  P I0  dev ice  c o n t r o l l e r s  

a l l  medium speed DMA c o n t r o l l e r s  ( e . g .  
mag. t a p e )  

F i g u r e  4 5 .  ND- 100 s t a n d a r d  1/0 c a r d  

The dev ice  dependent p a r t  may handle  up t o  
f o u r  d i f f e r e n t  P I0  dev ices ,  o r  one DMA 
c o n t r o l l e r .  A  DMA c o n t r o l l e r  may handle  up t o  
f o u r  u n i t s .  

Examples of 1/0 cards 
f o u r  t e r m i n a l s  and f l o p p y  d i s k  c o n t r o l l e r  

e i g h t  t e r m i n a l  ca rd  

one mag. tape c o n t r o l l e r  (up  t o  4 u n i t s )  
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@ 6.1.2 ALLOCATION OF THE ND-100 Bus 

CPU Bus Request 

One of t h e  f u n c t i o n s  of t h e  b u s  c o n t r o l ,  i s  
t o  a l l o c a t e  t h e  ND-100 b u s  t o  one of t h e  
p o s s i b l e  r e q u e s t i n g  bus u s e r s  ( r e f e r  t o  
chap te r  4 ,  page 1 0 5 ) .  That i s ,  t o :  

t h e  CPU 

a  DMA c o n t r o l l e r  

memory r e f r e s h  c y c l e  

These sources  r e q u e s t  t h e  ND-100 b u s  
asynchronously ,  and t h e r e f o r e  a  p r i o r i t y  
a r b i t e r  network i s  implemented i n  t h e  bus 
con t ro l  . 

In o r d e r  f o r  t h e  bus c o n t r o l  t o  know who has 
i n i t i a t e d  a  r e q u e s t ,  each b u s  u s e r  i s  
a ss igned  a  unique b u s  r e q u e s t  s i g n a l .  

The C P U  may a l l o c a t e  t h e  ND-100 bus f o r  one 
of s i x  r e a s o n s :  

i n s t r u c t i o n  f e t c h 1  

operand readi  

i n d i r e c t  address  read i  

operand s t o r e  

programmed a c c e s s  t o  t h e  1/0 system 

programmed a c c e s s 2 t o  e x t e r n a l  system 
con t ro l  r e g i s t e r s  

Note : 

1 .  These causes  a  bus r e q u e s t  on ly  when 
t h e  word i s  n o t  i n  cache .  See page 
115 f o r  more d e t a i l s  of cache memory. 

2 .  Control r e g i s t e r s  n o t  l o c a t e d  on t h e  
C P U  ca rd  ( f o r  example, E r r o r  
Correct ion Control  R e g i s t e r s  ( T R R  
E C C R )  on memory modules ) .  
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F i g u r e  4 6 .  B u s  r e q u e s t  s o u r c e s  

DMA Bus Request 
ND-100 bus A  DMA c o n t r o l l e r  t r i e s  t o  a l l o c a t e  t h e  ND-100 

1 I I I bus t o  e s t a b l i s h  t h e  DMA channel t o  memory 
each t i m e  a  word i s  ready t o  be exchanged. 

Memory Refresh Bus Request The memory r e f r e s h  c y c l e  i s  s t a r t e d  f rom t h e  
CPU ca rd .  

A  B C 
CPU JBREQ 

a r b i t e r  

Re f resh  l o g i c  1 

The ND-100 bus i s  a l l o c a t e d  and r e l e a s e d  on a  
c y c l e  b a s i s ,  i . e .  f o r  eve ry  by te /word  t o  be 
exchanged. The c y c l e  may be s u b d i v i d e d  i n t o  
an address c y c l e  and a  d a t a  c y c l e  (See 
chap te r  4  f o r  more d e t a i l s  o f  t h e  m u l t i p l e x e d  
bus 1 . 

The f requency o f  t h e  DMA reques ts  depend on 
t h e  speed o f  t h e  p e r i p h e r a l  u s i n g  t h e  DMA 
channel and t h e  number o f  a c t i v e  DMA 
c o n t r o l l e r s  s h a r i n g  t h e  DMA channel .  

address 

one bus c y c l e  

t 
a1 l o c a t i o n  

t 
r e 1  ease 

F i g u r e  4 7 .  ND-100 Bus  C y c l e  

The accessed d e v i c e ,  i . e ,  t h e  1/0 system o r  
memory system, r e l e a s e s  t h e  bus when ready  
(bus da ta  ready - m) The t i m e  f rom 
a l l o c a t i o n  t o  r e l e a s e  o f  t h e  ND-100 bus s h a l l  
n o t  exceed 15 p s .  T h i s  i s  mon i to red  by  t h e  
bus c o n t r o l .  

I f  t h e  bus i s  n o t  re leased ,  i t  w i l l  cause a  
system hang-up. To p r e v e n t  such a  s i t u a t i o n ,  
t h e  bus c o n t r o l  w i l l  a b o r t  a  bus c y c l e  which 
exceeds 15ps. The f a u l t y  c y c l e  i s  r e p o r t e d  t o  
t h e  CPU as i n t e r n a l  i n t e r r u p t  on l e v e l  14 
(MOR,  I O X E R R )  . 
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E x t e r n a l  dev ices  may be c l a s s i f i e d  as :  

1. Slow charac te r /word  o r i e n t e d  dev ices  
( e . g .  t e r m i n a l s )  

2 .  H igh speed b l o c k  o r i e n t e d  mass s t o r a g e  
dev ices  ( e . g .  d i s k s ,  mag. t a p e )  

Data exchanged between t h e  two c l a s s e s  o f  
p e r i p h e r a l s  and ND-100 f a l l s  i n t o  one o f  
these two c a t e g o r i e s .  The f i r s t  i s  c o m p l e t e l y  
c o n t r o l l e d  by program, and i s  c a l l e d  
Programmed Inpu t /Ou tpu t  ( P I O ) .  

A P I0  i n t e r f a c e  i s  always des igned t o  hand le  
s low byte /word o r i e n t e d  dev ices  ( t a p e  r e a d e r ,  
1  i n e  p r i n t e r ,  e t c .  1 ,  and i s  c o m p l e t e l y  
c o n t r o l l e d  by t h e  CPU. I n  programmed d a t a  
t r a n s f e r s ,  each word o r  b y t e  i s  exchanged 
under program c o n t r o l .  

To s t a r t  an 1/0 t r a n s f e r ,  t h e  P I 0  i n t e r f a c e  
o r  t h e  DMA c o n t r o l l e r  has t o  be a c t i v a t e d .  
T h i s  i s  done by t h e  d e v i c e  d r i v e r  program. 
The dev ice  d r i v e r  program i s  s t a r t e d  f rom a  
user  program o r  f rom an 1 /0  d e v i c e  c o n t r o l l e r  
th rough a  hardware i n t e r r u p t .  

The 1/0 dev ice  i n t e r f a c e  i s  c o n t r o l l e d  by 
means o f  r e g i s t e r s  on t h e  i n t e r f a c e  c a r d .  The 
two i n s t r u c t i o n s ,  I O X  and IOXT a r e  used t o  
access these r e g i s t e r s .  

6 .2.1 THE INPUT/OUTPUT INSTRUCT IONS I O X  AND I O X T  

I n  t h e  ND-100 i n s t r u c t i o n  s e t  t h e r e  a r e  two 
i n s t r u c t i o n s  used f o r  i n f o r m a t i o n  exchange 
between t h e  hardware d e v i c e  c o n t r o l l e r s  and 
t h e  CPU: t h e  I O X  and t h e  IOXT i n s t r u c t i o n s .  
These a r e  p r i v i l e g e d  i n s t r u c t i o n s .  

I f  t h e  o p e r a t i n g  system i s  n o t  r u n n i n g  and i f  
pag ing i s  o f f ,  I O X  and IOXT a r e  a v a i l a b l e  as 
o t h e r  n o n - p r i v i l e g e d  i n s t r u c t i o n s .  

I n  t h e  ND-100 i n s t r u c t i o n  s e t ,  I Q X  and IQXT 
a r e  t h e  o n l y  i n s t r u c t i o n s  t h a t  can be used t o  
exchange i n f o r m a t i o n  between t h e  CPU and 1/0 
dev ice  c o n t r o l l e r s .  
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The ac tua l  f u n c t i o n  o f  t h e  IOX/IOXT 
i n s t r u c t i o n s  depends on t h e  se lec ted  1/0 
dev ice r e g i s t e r .  

1/0 dev ice c o n t r o l l e r s  a re  assigned a  group 
o f  r e g i s t e r s  addresses. Each 1/0 r e g i s t e r  has 
i t s  spec ia l  meaning f o r  t h e  p a r t i c u l a r  
i n t e r f a c e .  1/0 dev ice  r e g i s t e r s  may be used 
f o r :  

data  t o  o r  f rom PI0 i n t e r f a c e  ( n o t  DMA 
i n t e r f a c e s  1 

c o n t r o l  i n f o rma t i on  t o  PI0 and DMA 
i n t e r f a c e s .  

s t a t u s  i n f o r m a t i o n  f rom PI0  and DMA 
i n t e r f a c e s .  

I O X  and t h e  IOXT i n s t r u c t i o n s  access an 1/0 
dev ice  r e g i s t e r  by i t s  address,  r e f e r r e d  t o  
as ' dev i ce  r e g i s t e r  add ress ' .  Data i s  
always t r a n s f e r r e d  v i a  t h e  A r e g i s t e r .  

0 I n  t h e  I O X  i n s t r u c t i o n ,  t h e  address o f  t h e  
1/0 dev ice r e g i s t e r  i s  s p e c i f i e d  i n  b i t s  
0  - 10 o f  t h e  i n s t r u c t i o n  i t s e l f .  

Op code d e v i c e - r e g i s t e r  addr .  Usage : 

F i g u r e  4 8 .  IOX I n s t r u c t i o n  Format I O X  { dev i ce - reg i s t e r  address) 

0  I n  t h e  IOXT i n s t r u c t i o n ,  t h e  1 6 - b i t  dev ice-  
r e g i s t e r  address i s  loaded i n t o  t h e  T  
r e g i s t e r  p r i o r  t o  execu t ing  IOXT. 

Usage : 
F i g u r e  4 9 .  IOXT I n s t r u c t i o n  Format 

LDT {dev i ce - reg i s t e r  address) 

I OXT 

I O X  TRANSFER DIRECTION 

I O X  and IOXT i n s t r u c t i o n s  handle bo th  i n p u t  
and ou tpu t  t r a n s f e r s .  An i n p u t  t r a n s f e r  i n  
t h i s  con tex t  means t h a t  da ta  i s  t r a n s f e r r e d  
t o  t he  CPU A r e g i s t e r  f rom t h e  s p e c i f i e d  1/0 
dev ice  r e g i s t e r .  An ou tpu t  t r a n s f e r  means 
t h a t  data i s  t r a n s f e r r e d  from t h e  CPU A 
r e g i s t e r  t o  t h e  s p e c i f i e d  1 /0  dev ice  
r e g i s t e r  . 
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0 
Direction encoding The ac tua l  t r a n s f e r  d i r e c t i o n  o f  t h e  I O X  and 

IOXT i n s t r u c t i o n s  i s  decoded from t h e  dev ice-  
r e g i s t e r  address, based on t h e  f o l l o w i n g  
convent i  on : 

The t r a n s f e r  d i r e c t i o n  is i n p u t  i f  t h e  
d e v i c e - r e g i s t e r  address  i s  even .  

That i s :  
b i t  0  o f  t he  address dec ides t h e  t r a n s f e r  
d i r e c t i o n .  

B i tO = 0  I n p u t  ( f r o m  dev ice  t o  CPU) 

B i t O  = 1 Output ( f r o m  CPU t o  d e v i c e )  

Th is  means t h a t  a l l  1/0 dev ice  r e g i s t e r s  
which need t o  be loaded from t h e  CPU A 
r e g i s t e r  ( o u t p u t  t r a n s f e r )  a re  assigned an 
odd dev ice r e g i s t e r  address.  S i m i l a r l y  1/0 
dev ice i n p u t  r e g i s t e r s  a re  assigned even 
addresses. 

1: Customer-designed 
i n t e r f a c e  

Figure 50. IOX I n s t r u c t i o n  decoding d e t a i l s  

When t h e  IOXT i n s t r u c t i o n  i s  used, t h e  T  
r e g i s t e r  con ta ins  t h e  16 b i t s  d e v i c e - r e g i s t e r  
address. B i t s  0 ,  1 - 2 and 10 o f  t h e  address 
have t h e  same i n t e r p r e t a t i o n s  as f o r  t h e  I O X  
i n s t r u c t i o n .  

The I O X  I n s t r u c t i o n  Address Range 

The I O X  i n s t r u c t i o n  can address a  t o t a l  o f  
2048 r e g i s t e r s ,  i . e .  addresses from 0-3777 . 
However, t h e  dev i  ce - reg i  s t e r s  imp1 emented 8n 
i n t e r f a c e s  designed a t  Norsk Data use t h e  
address area 0  - 17778 o n l y .  

The remaining 1024 r e g i s t e r  addresses a re  
a v a i l a b l e  f o r  customer-designed i n t e r f a c e s .  
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Norsk Data i n t e r f a c e s  

Customer i n t e r f a c e s  

A c c e s s i b l e  by I O X  and IOXT 
0  

. 4000 
8 . I l l e g a l  address area . 

Illegal address area 

The IOXT i n s t r u c t i o n  uses t h e  1 6 - b i t  T 
r e g i s t e r  t o  h o l d  t h e  d e v i c e - r e g i s t e r  address,  
and, i n  t h e o r y ,  can address 64 K r e g i s t e r  
addresses 10-1777778). Only some o f  these  
addresses a re  l e g a l  however. 

The range covered by t h e  I O X  and IOXT 
i n s t r u c t i o n s  i s  i l l u s t r a t e d  below. 

Access ib le  o n l y  by IOXT 

. I 1  l e g a l  address area 

100000 
8 System c o n t r o l  r e g s .  

1007778 

I 10100008 
Reserved 

I Norsk Data i n t e r f a c e s  1 14000008 

Figure 51. IOX and IOXT Address Range 

The d e v i c e - r e g i s t e r  address o f  t h e  IOXT 
i n s t r u c t i o n  over laps  i n  t h e  I O X  i n s t r u c t i o n ' s  
address range. 

The address range from 40008 t o  777778 i s  
i l l e g a l  and an a t tempt  t o  pe r fo rm an IOXT 
i n s t r u c t i o n  w i t h  an address i n  t h i s  range 
w i l l  cause an I O X  i n t e r r u p t  ( see  s e c t i o n  on 
i n t e r n a l  i n t e r r u p t s ,  page 4 8 ) .  

Addresses f rom 1000008 - 1007778 a r e  used t o  
s p e c i f y  system c o n t r o l  r e g i s t e r s  which have 
t o  be accessed v i a  t h e  ND-100 bus.  An example 
i s  t h e  E r r o r  C o r r e c t i o n  Con t ro l  R e g i s t e r  
(ECCR), p h y s i c a l l y  l o c a t e d  on t h e  memory 
modules . 

ECCR i s  loaded by t h e  TRR i n s t r u c t i o n .  
However, s i n c e  ECCR i s  accessed v i a  t h e  ND- 
100 bus, t h e  microprogram per forms t h e  
e q u i v a l e n t  o f  an IOXT i n s t r u c t i o n  t o  address 
1001158. 

Reserved for future needs Addresses from 1010008 - 1377778 a r e  reserved  

by Norsk Data f o r  f u t u r e  needs. 
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0 
Reserved for future 1/0 Addresses f rom 1400008 - 1777778 a r e  r e s e r v e d  

by Norsk Data f o r  f u t u r e  e x t e n s i o n  o f  t h e  1/0 
d e v i c e - r e g i s t e r  address range .  

Since a l l  p r e s e n t  1/0 d e v i c e  c o n t r o l l e r s  
designed a t  Norsk Data may be s p e c i f i e d  i n  
t h e  address area 0  - 17778, and may be 
s p e c i f i e d  by b o t h  t h e  I O X  and t h e  IOXT 
i n s t r u c t i o n ,  t h e  IOXT i n s t r u c t i o n  i s  used i n  
t h e  programming examples and when r e f e r r e d  
t o .  

Each 1/0 dev ice  c o n t r o l l e r  i s  ass igned a  
group o f  consecu t i ve  d e v i c e - r e g i s t e r  
addresses. The t o t a l  number o f  r e g i s t e r s  
assigned one 1/0 i n t e r f a c e  may be f rom 4 t o  
16, depending on t h e  c o n t r o l  f u n c t i o n s  needed 
on a  d e v i c e .  The d e v i c e - r e g i s t e r  address may 
t h e r e f o r e  be d i v i d e d  i n t o  two p a r t s :  

dev ice  number (base address o f  d e v i c e )  

r e g i s t e r  number. R e g i s t e r  address w i t h i n  
t h e  s e l e c t e d  d e v i c e  

The IOX/IOXT d e v i c e - r e g i s t e r  address i s  then  
formed by combining t h e  two p a r t s :  

< d e v i c e - r e g i s t e r  address) = <dev ice  number> + < r e g i s t e r  number> 

For dev ice  c o n t r o l l e r s  produced by Norsk 
Data,  bo th  t h e  dev ice  number and t h e  r e g i s t e r  
number have been s t a n d a r d i s e d .  See appendix 
C .  

The numbers ass igned t o  t h e  v a r i o u s  r e g i s t e r s  
on an 1 /0  i n t e r f a c e  a r e  g i v e n  i n  t h e  
s p e c i f i c a t i o n s  f o l l o w i n g  each 1 /0  i n t e r f a c e .  
See appendix B (Programming S p e c i f i c a t i o n s  
f o r  some 1/0 Dev ices)  f o r  more d e t a i l s .  

Example : The programming s p e c i f i c a t i o n  f o r  t e r m i n a l  
number 1 can be found on page 160. E i g h t  
r e g i s t e r  addresses a r e  ass igned t o  t e r m i n a l  1 
( t h e y  a r e  desc r ibed  i n  d e t a i l  on t h e  above 
mentioned p a g e ) .  The l o w e s t  d e v i c e - r e g i s t e r  
address i s  t o  300 . T h i s  i s  t h e  d e v i c e  
address f o r  t e r m i  \a1 number 1. 

Each p e r i p h e r a l  t y p e  has a  co r respond ing  I / Q  
i n t e r f a c e  and d e v i c e  number. As t h e r e  may be 
more than  one i n t e r f a c e  c a r d  f o r  a  p a r t i c u l a r  
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1/0 t ype  ( e . g .  t e rm ina l  i n t e r f a c e ) ,  t h e r e  
w i l l  be severa l  dev ice  addresses a v a i l a b l e  
f o r  each type  o f  i n t e r f a c e .  

An edge sw i tch  on t h e  1/0 i n t e r f a c e  ca rd  i s  
used t o  s e t  t he  address o f  t he  p a r t i c u l a r  
ca rd  w i t h i n  t he  pe rm i t t ed  dev ice  address 
area.  

Example : 

Each r e g i s t e r  implemented on an 1/0 i n t e r f a c e  
i s  assigned a  unique number i n  t h e  i n t e r f a c e .  
Th i s  i s  r e f e r r e d  t o  as t h e  r e g i s t e r  number. 

The i n t e r p r e t a t i o n  o f  t he  data word w r i t t e n  
t o  o r  read from t h e  r e g i s t e r  i s  d e f i n e d  i n  
t h e  t he  programming s p e c i f i c a t i o n  f o r  t h e  
i n t e r f a c e .  

The programming s p e c i f i c a t i o n s  f o r  t e rm ina l  
number 1 and t he  r e a l  t ime  c l ock  may be found 
a t  t h e  end o f  t h i s  chap te r ,  s t a r t i n g  on page 
160. For o ther  i n t e r f a c e s ,  t h e  programming 
s p e c i f i c a t i o n s  w i l l  be found i n  t h e  hardware 
d e s c r i p t i o n  manual f o r  t he  i n t e r f a c e .  

A  PI0 i n t e r f a c e  w i l l  have a t  l e a s t  t h r e e  
r e g i s t e r s  f o r  each channel :  

c o n t r o l  r e g i s t e r  

s t a t u s  r e g i s t e r  

data r e g i s t e r ( s 1  

The c o n t r o l  r e g i s t e r  i s  a  ' w r i t e - o n l y '  
r e g i s t e r  (IOX/IOXT o u t p u t ) .  Commands 
( s t a r t / s t o p  t r a n s f e r ,  mode o f  o p e r a t i o n )  f rom 
a  dev ice d r i v e r  program t o  an 1/0  i n t e r f a c e  
channel a re  g iven  through t h i s  r e g i s t e r .  

The s ta tus  r e g i s t e r  i s  a  ' r ead -on l y '  r e g i s t e r  
(IOX/IOXT i n p u t ) .  By read ing  t h e  r e g i s t e r ,  
t h e  s t a t u s  o f  an 1/0  i n t e r f a c e  channel ( ready  
f o r  t r a n s f e r ,  busy, e r r o r s ,  e t c . ) ,  may be 
i n v e s t i g a t e d .  

Norsk Data ND-06.026.1 EN 



Chapter 6  The i n p u t / o u t p u t  system 

@ 6.2.4 EXAMPLE OF A PROGRAMMED 110 ROUTINE 

A  programmed 1/0 ( P I 0 1  d e v i c e  may be d r i v e n  
e i t h e r  by an i n t e r r u p t  r o u t i n e ,  o r  by a  
r o u t i n e  which p o l l s  ( c o n t i n u o u s l y  senses) t h e  
s t a t u s  o f  t h e  i n t e r f a c e .  

The f o l l o w i n g  example shows how a  p o l l i n g  
r o u t i n e  reads a  c h a r a c t e r  f rom t e r m i n a l  1. 
(See page 160 f o r  programming 
s p e c i f i c a t i o n s )  . 

% The d e v i c e  number f o r  t e r m i n a l  1 i s  300 . 
% F i r s t  we must w r i t e  a  1 t o  r e g i s t e r  3 ,  b i t  2  t o  ensure t h a t  t h e  
% d e v i c e  i s  a c t i v e .  T h i s  w i l l  a l s o  s e t  t h e  number o f  b i t s  and 
% p a r i t y  The example uses 8 -b i  t no p a r i t y .  

START, SAA 4 % A  r e g .  b i t  2  = 1 
I O X  303 % Load c o n t r o l  word r e g  

% Now we p o l l  t h e  r e a d - s t a t u s  r e g i s t e r  30Z8 u n t i l  b i t  3  goes h i g h  
% t o  i n d i c a t e  t h a t  a  b y t e  i s  a v a i l a b l e .  

I O X  302 % Read s t a t u s  r e g .  
BSKP ONE 30 DA % I s  b i t  3  = 1 

% I f  yes ,  s k i p  one l o c a t i o n .  
JMP *-2 % I f  no, l oop  u n t i l  t r u e  

- - 
% Data i s  a v a i l a b l e ,  so read  one b y t e  f rom d a t a  r e g i s t e r  3008 and 

= - 
% save t h e  v a l u e  i n  X r e g i s t e r .  - - - - - - 

I O X  300 % Read da ta  r e g . ,  c h a r .  i n  A  r e g .  
COPY SA DX % Save c h a r a c t e r  

% Now we s h a l l  echo t h e  b y t e  back t o  t h e  t e r m i n a l .  
% F i r s t  we must check i f  t h e  dev ice  i s  ready t o  r e c e i v e  d a t a  

- - - - - 
I O X  306 

- 
% Read o u t p u t  s t a t u s  t o  check i f  ready  ; - - 

BSKP ONE 30 DA % I f  s t a t u s  b i t  3  = 1 
- - - - - - - - 

% s k i p  one l o c a t i o n  - - - - - - - - 
JMP *-2 % o the rw ise  loop  u n t i l  ready - - - - - - - - - - - - - - - - 

% The d e v i c e  i s  ready ,  so copy b y t e  i n t o  A  r e g i s t e r  aga in  and - - - - - .- - - 
% send i t .  - - - - - - - - - - - - - - - 

COPY SX DA 
- 

% Unsave c h a r a c t e r  - - - - - - - 
I O X  305 

- 
%echo da ta  - - - - - - - - - - - - - - - - 

% Somewhere he re  i n  a  r e a l  d r i v e r  r o u t i n e  we would send t h e  - - - - - - - - 
% r e c e i v e d  d a t a  t o  another  r o u t i n e  b u t  as t h i s  i s  j u s t  an example - - 
% we l o o p  back t o  START. - - - - - - - - - - - - - - - 

JMP START 
- 

% Repeat - - - - - - 
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6.3 ND-100 BUS SIGNALS DURING IOX INSTRUCTIONS 

6 . 3 . 1  IOX IN P U T  

The f i g u r e  below shows t h e  c o n t r o l  and da ta  
s i gna l s  present  on t h e  ND-100 bus d u r i n g  t h e  
execut ion o f  an I O X  i n p u t  i n s t r u c t i o n .  

- 
BAPR I 

BUS I ad='-/ * d r j  

BIOXE p, I - 
BINPUT I 

BINACK : i I 

- 
BRDY I 

+ from CPU bus c o n t r o l l e r  t o  i n t e r f a c e  
+ t o  CPU bus c o n t r o l  from i n t e r f a c e  

Note ( * )  Data may be c locked o u t  here f o r  combined i n p u t / o u t p u t  
c y c l  es . 

F i g u r e  52. C o n t r o l  s i g n a l s  d u r i n g  a n  IOX i n p u t  i n s t r u c t i o n  

When an I O X  i n s t r u c t i o n  i s  executed, t h e  11- 
b i t  dev i ce - reg i s t e r  address i s  sen t  o u t  on 
t h e  ND-100 bus, toge ther  w i t h  t h e  c o n t r o l  
s i gna l  m, bus address p resen t .  Th i s  s i gna l  
t e l l s  a l l  devices t h a t  a  dev ice  address i s  
present  on t h e  ND-100 bus. 

Each i n t e r f a c e  compares t h e  d e v i c e - r e g i s t e r  
address w i t h  i t s  own address.  The i n t e r f a c e  
w i t h  t he  corresponding address i s  se l ec ted .  

The c o n t r o l  1  e r  sends t h e  m, i nput /ou tpu t  
enable s i g n a l ,  onto  t h e  bus s i g n a l i n g  t o  t h e  
se lec ted  i n t e r f a c e  t h a t  da ta  i s  may be p laced 
onto t he  bus. 

The se lec ted  dev ice now sends a  BfNPUT s igna l  
t o  t h e  bus c o n t r o l l e r ,  t e l l i n g  i t  t h a t  t h i s  
i s  an i n p u t  t r a n s a c t i o n .  The bus c o n t r o l l e r ,  
answers t he  BINPUT s igna l  w i t h  BINAC#, i n p u t  
ac know1 edge s i gna l  . 

The 1 6 - b i t  data  word from t h e  i n t e r f a c e  i s  
now made a v a i l a b l e  on t h e  ND-100 bus. The 
i n t e r f a c e  in forms t h e  bus c o n t r o l l e r  t h a t  t h e  
da ta  i s  v a l i d  w i t h  t h e  m, data bus ready 
s i g n a l .  When t he  CPU has read t h e  da ta  bus 
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i n t o  A r e g i s t e r ,  i t  s i g n a l s  t h e  i n t e r f a c e  by 
r e l e a s i n g  t h e  BINACK s i g n a l .  The i n t e r f a c e  
then re leases  t h e  BRDY s igna l  thereby ending 
t h e  bus c y c l e .  

6.3.2 I O X  OUTPUT 

The f i g u r e  below shows t h e  c o n t r o l  and da ta  
s i g n a l s  on t he  ND-100 bus d u r i n g  t h e  
execut ion o f  an I O X  ou tpu t  i n s t r u c t i o n .  

BAPR I 

BUS 1 address H H i  
- 
BIOXE -1 

BRDY t I I 
-, from CPU bus c o n t r o l l e r  t o  i n t e r f a c e  
+ t o  CPU bus c o n t r o l  from i n t e r f a c e  

F i g u r e  5 3 .  Control s i g n a l s  d u r i n g  a n  IOX o u t p u t  i n s t r u c t i o n  

When an I O X  i n s t r u c t i o n  i s  executed, t h e  11- 
b i t  dev i ce - reg i s t e r  address i s  sen t  o u t  on 
t he  ND-100 bus, toge ther  w i t h  t h e  c o n t r o l  
s igna l  m, bus address p resen t .  Th i s  s i g n a l  
t e l l s  a l l  dev ices t h a t  a  dev ice  address i s  
present  on t he  ND-100 bus. 

Each i n t e r f a c e  compares t h e  d e v i c e - r e g i s t e r  
address w i t h  i t s  own address. The i n t e r f a c e  
w i t h  t h e  corresponding address i s  se l ec ted .  

The c o n t r o l l e r  sends t h e  m, i n p u t / o u t p u t  
enable s i g n a l ,  onto  t h e  bus s i g n a l i n g  t o  t h e  
se lec ted  i n t e r f a c e  t h a t  data i s  may be p laced  
onto t he  bus. 

When t he  i n t e r f a c e  has read  t h e  da ta ,  
t he  m, bus da ta  ready c o n t r o l  s i gna l  , i s  
issued by t h e  i n t e r f a c e ,  t e r m i n a t i n g  t h e  bus 
c y c l e .  
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IOX ERROR 

Chapter 6 The input/output system 

If BDR'r' is not received in the bus control 
within 15 ps after the start of an IOX input 
or output instruction, a timeout interrupt is 
generated. The cycle is terminated, and an 
internal interrupt, IOX ERROR, is sent to the 
interrupt system. 

IOXT I N S T R U C T I O N S  

IOXT instructions follow the same sequence of 
control signals as IOX instructions. The only 
difference between an IOX and an IOXT 
instruction is that the IOXT instruction uses 
a full 16-bit device-register address. In the 
case of the IOX instruction the upper 5 bits 
of the address are always 0. 

When the operating system (SINTRAN 111) is 
started, all 1/0 devices connected to the ND- 
100 bus will be initialised. Thereafter they 
operate asynchronously with respect to the 
CPU. 

This means that the 1/0 controllers generate 
interrupts to signal to the CPU that a change 
of status has occurred. 

Status changes that generate interrupts 
i ncl ude : 

Error condition 

Output completion 

Input available 

The status register of the interrupting 
device will contain flags (bits) which 
identify the exact cause of the interrupt 
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6.4.1 INTERRUPT LEVELS 

Interrupt levels 10-13 and 15 may be 
activated using signal lines available in the 
ND-100 bus. These lines go directly to the 
priority interrupt controller in the CPU. The 
CPU can read these signals from PID register. 

For equipment produced by Norsk Data, the use 
of these lines has been standardised: 

All output interrupts use level 10 

A1 1 DMA control lers use level 11 

All input interrupts use level 12 

Real-time clocks and special devices such 
as HDLC input use level 13 

Level 15 is not used by Norsk Data equipment, 
but is available for use by devices which 
need the fastest possible interrupt response. 

The interrupt sequence 

More than one device may use the same 
interrupt line. In order to find the 
interrupting device, an IDENT instruction is 
executed. 

The IDENT instruction performs a hardware 
search for the interrupting device. Only 
devices with active interrupts on the level 
specified in the IDENT instruction are 
included in the search. The device nearest 
the CPU on the daisy-chain and which has an 
active interrupt will respond with a 9-bit 
identification code. 

The identification code is unique for each 
device and is used to generate a branch to 
the driver routine for that device. The 
driver will read the status register to find 
the reason for the interrupt and take 
appropriate action. 

1. An interrupt condition occurs in a device 
which latches the condition and drives 
the appropriate interrupt line (10, 11, 
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2.  I f  t h e  CPU i s  o p e r a t i n g  on a  l e v e l  lower  
than t h e  i n t e r r u p t  l e v e l ,  t h e  CPU i s  
f o r c e d  t o  t h e  i n t e r r u p t i n g  1  eve1 . I f  t h e  
CPU program l e v e l  i s  h i g h e r  than  o r  equal 
t o  t h e  i n t e r r u p t  l e v e l ,  t h e  i n t e r r u p t  
w i l l  remain pending u n t i l  t h e  CPU program 
l e v e l  f a l l s  below t h e  i n t e r r u p t  l e v e l .  

3 .  The CPU issues  an IDENT i n s t r u c t i o n .  The 
i d e n t i f i c a t i o n  code i s  read  i n t o  t h e  A 
r e g i s t e r .  A t  t h e  same t i m e  t h e  t h e  IDENT 
i n s t r u c t i o n  r e s e t s  t h e  i n t e r r u p t  
c o n d i t i o n  on t h e  i n t e r f a c e .  

4 .  Using t h e  i d e n t i f i c a t i o n  code t o  generate  
a  branch address,  t h e  CPU w i l l  s t a r t  
execu t ing  t h e  dev ice  d r i v e r  r o u t i n e .  

5.  The d r i v e r  r o u t i n e  w i l l  n o r m a l l y  beg in  by 
read ing  t h e  s t a t u s  r e g i s t e r  o f  t h e  d e v i c e  
t o  f i n d  o u t  t h e  reason f o r  t h e  i n t e r r u p t .  

6.  The d r i v e r  r o u t i n e  w i l l  n o r m a l l y  end w i t h  
a  WAIT i n s t r u c t i o n  which g i v e s  up 
p r i o r i t y .  

7 .  The CPU w i l l  r e s t o r e  t h e  c o n t e x t  o f  t h e  
i n t e r r u p t e d  program and resume e x e c u t i o n .  

On i n t e r f a c e s  produced by Norsk Data,  t h e  
edge swi tches which s e l e c t  t h e  dev ice  address 
a l s o  s e l e c t  t h e  a p p r o p r i a t e  i d e n t i f i c a t i o n  
code. 

The IDENT Instruction Format IDENT <Program l e v e l  code> 

See appendix A  f o r  t h e  va lues  o f  t h e  program 
l e v e l  (PL) code. 

IDENT 

F i g u r e  54 .  T h e  IDENT i n s t r u c t i o n  

I 1 1 1 1 1 1 1 1  
1 1 0 0 0 1 1 1 1 0  

The IDENT i n s t r u c t i o n  i s  a  p r i v i l e g e d  machine 
i n s t r u c t i o n  used i n  dev ice  i n t e r r u p t  
i d e n t i f i c a t i o n .  When executed, i t  searches 
f o r  i n t e r f a c e s  w i t h  i n t e r r u p t  c o n d i t i o n  s e t ,  

I I I I I  
PL code 
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and reads t h e  i n t e r f a c e ' s  i d e n t i f i c a t i o n  code 
i n t o  t h e  A  r e g i s t e r .  

To m a i n t a i n  t h e  i n t e r r u p t  p r i o r i t y  t h e  i d e n t  
i n s t r u c t i o n  searches o n l y  f o r  i n t e r r u p t s  on a  
s p e c i f i e d  1  eve l  . The 1  eve l  t o  search i s  
s p e c i f i e d  i n  t h e  IDENT i n s t r u c t i o n .  

Example : The i n s t r u c t i o n  IDENT PL12 searches f o r  
i n t e r f a c e s  d r i v i n g  i n t e r r u p t  l i n e  12 (m) 
o n l y .  An i n t e r r u p t  on l e v e l  10 o r  11 w i l l  be 
ignored .  

BUS SIGNALS DURING AN IDENT INSTRUCTION 

The f i g u r e  below shows t h e  c o n t r o l  and da ta  
s i g n a l s  on t h e  ND-100 bus d u r i n g  an i n t e r r u p t  
and IDENT i n s t r u c t i o n .  

B  I NTxx I 
- 
BAPR I 

BUS 1 l e v e l x x  - 1 - 1  
IDENT : 

BRDY 
-t f rom CPU bus c o n t r o l l e r  t o  i n t e r f a c e  

I 

+ t o  CPU bus c o n t r o l  from i n t e r f a c e  

xx : I n t e r r u p t  l e v e l  (10,  11, 12 o r  13 )  

F i g u r e  55. C o n t r o l  s i g n a l s  d u r i n g  a n  IOX o u t p u t  i n s t r u c t i o n  

The i n t e r r u p t  l i n e s  on l e v e l s  10 t o  13 ( 
m) w i l l  s e t  t h e  a p p r o p r i a t e  b i t  i n  t h e  
p r i o r i t y  i n t e r r u p t  d e t e c t  r e g i s t e r  (PID 
r e g i  s t e r )  . 

The CPU w i l l  change t o  t h e  l e v e l  o f  t h e  
i n t e r r u p t  and an IDENT i n s t r u c t i o n  w i l l  be 
executed as p a r t  o f  t h e  d r i v e r  r o u t i n e .  

The s i x - b i t  program l e v e l  code (see appendix 
A  f o r  va lues )  i s  w r i t t e n  on to  t h e  ND-100 bus 
and t h e  BAPR (bus address p r e s e n t  s i g n a l  1 i s  
i ssued  t o  t e l l  a l l  connected dev ices  t h a t  a  
l e v e l  code i s  p resen t  on t h e  bus. 

The CPU issues  t h e  IDENT s i g n a l  and each 
dev ice  on t h e  ND-100 bus accepts  t h e  
s i g n a l  f rom t h e  dev ice  neare r  t h e  CPU and 
sends i t  t o  t h e  n e x t  d e v i c e  i n  t h e  d a i s y  
cha in .  
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Th is  search s i gna l  i s  da isy-chained from 
dev ice t o  dev ice u n t i l  i t  i s  stopped by t h e  
i n t e r r u p t i n g  dev ice i n t e r f a c e .  The i n t e r r u p t  
c o n d i t i o n  i s  c l ea red  on t h i s  dev ice ,  
r e l e a s i n g  t he  i n t e r r u p t  l i n e .  

The dev ice sends t h e  i d e n t i f i c a t i o n  code t o  
t h e  CPU and s i gna l s  t h a t  i t  i s  a v a i l a b l e  w i t h  
t h e  m, bus data ready s i gna l  . Th i s  t e l l  s  
t h e  CPU t h a t  data i s  ready on t h e  ND-100 bus, 
and t he  i d e n t i f i c a t i o n  code i s  read  i n t o  t h e  
A  r e g i s t e r .  The CPU acknowledges t h a t  i t  has 
read  t he  data by r e l e a s i n g  t h e  s i gna l  , 
and t h e  i n t e r r u p t  dev ice te rm ina tes  t h e  bus 
t r a n s a c t i o n  by r e l e a s i n g  t h e  s i g n a l  . 

It should now be obvious t h a t  t h e r e  must 
never be any empty p o s i t i o n s  i n  t h e  ND-100 
bus between t he  CPU and 1/0 dev ice  
c o n t r o l l e r s .  An empty p o s i t i o n  would s t op  t h e  
search s i gna l  and never r e l ease  i n t e r r u p t s  on 
modules i n  h igher  s l o t  p o s i t i o n s  than  t h e  
empty one. 

Among i n t e r f a c e s  genera t ing  i n t e r r u p t  on t h e  
same l e v e l ,  t h e  i n t e r f a c e  neares t  t h e  CPU has 
h i ghes t  p r i o r i t y .  

The example shows t h e  use o f  i n t e r r u p t s  i n  a  
d r i v e r  r o u t i n e  f o r  t e rm ina l  number 1. It i s  
assumed t h a t  t he re  i s  a  user  program runn ing  
on l e v e l  1 which w i l l  send and r e c e i v e  da ta  
v i a  te rm ina l  1. Data i s  p laced i n  a  v a r i a b l e  
(BUFF) ready f o r  t ransmiss ion  and rece i ved  
da ta  i s  made a v a i l a b l e  i n  a  cor responding 
v a r i a b l e  R C V D .  

I n  accordance w i t h  t h e  standards used by 
Norsk Data dev ices,  t h e  i n p u t  i n t e r r u p t  i s  on 
l e v e l  12 and t he  ou tpu t  i n t e r r u p t  on l e v e l  
10. The dev ice  address o f  t e rm ina l  number 1 
may be found on page 160 and i s  3008. 

Note t he  use o f  WAIT t o  r e l i n q u i s h  p r i o r i t y ,  
t h a t  i s  a l l o w  programs on lower l e v e l s  t o  
ga in  access t o  t h e  CPU. Note a l s o  t h e  JMP 
i n s t r u c t i o n  a f t e r  WAIT which b r i n g s  execu t ion  
back t o  t h e  s t a r t  o f  t h e  i n t e r r u p t  r o u t i n e  
again when t he  l e v e l  i s  reen te red .  
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% The f o l l o w i n g  code must be executed t o  i n i t i a l i s e  t h e  dev ice  
% s e t t i n g  b i t s  0 ,  1 and 2 ( =  7 enables i n t e r r u p t s  ( f o r  dev i ce  
% ready and dev i ce  e r r o r )  and i c t i v a t e s  t h e  dev i ce .  

LEV1, SAA 7 % Set b i t  no. 0 ,  1 and 2 i n  A  reg .  
I O X  CONTR % Send t o  i n p u t  c o n t r o l  r e g .  (3038)  

SAA 7 % Set b i t  no.  0 ,  1 and 2 i n  A r e g .  
I O X  CONTW % Send t o  ou tpu t  c o n t r o l  r e g .  (3078)  

- - - - - - - - - - - - - - % i n i t i a l i s i n g  code f o r  o the r  dev ices  would 
- - - - - - - - % f o l l o w  here 
- - - - - - - - WAIT % g i v e  up p r i o r i t y  
- - - - - - - - - - - - - - - - % Code f o r  t he  user  program which w i l l  send 
- - - - - - - - % and rece i ve  data would come here 
I - - Level  10 (dev i ce  o u t p u t )  r o u t i n e s  a re  handled here - 
I - - t h e  data b y t e  t o  be sen t  i s  a v a i l a b l e  i n  t h e  v a r i a b l e  BUFF 
- - - - - - - - - 
I - - LEV10, IDENT PLlO % I d e n t i f y  i n t e r r u p t  - - - - - 
!!!!! - - - - - - - - - - - % t h e  code f o l l o w i n g  t h e  IDENT i n s t r u c t i o n  
- - - - - - - - % w i l l  r o u t e  t h e  te rm ina l  1 i n t e r r u p t  t o  OUT1 
- - - - - - - - - 
- OUT1, LDA BUFF - % Get saved data 
E - - - - 
E 

I OX WDATA % send i t  t o  data ou tpu t  r e g .  ( 3058 )  
- - - - - - - - I O X  STATUS % Read ou tpu t  s t a t u s  r e g .  (306 
- - - BSKP ZERO 40 DA % Check t he  e r r o r  b i t  (no .  4 )  0 
- - - - - - - - - - - - JMP ERROR % jump t o  an e r r o r  handler  - - - - - - - - % ( n o t  g iven i n  example) 
- - - - - = - - z - % i f  eve ry th i ng  was O K ,  we cont inue here.  We generate an i n t e r n a l  - 
I - - % i n t e r r u p t  t o  l e v e l  1 t o  say t h a t  ou tpu t  i s  done - - - - - - - - - - - - - - - - - SAA 2 % s e t  b i t  1 ( f o r  l e v e l  1) - - - - - - - - MST PID % generate an i n t e r n a l  i n t e r r u p t  
- - - - - - - - - - - - - - - - WAIT % Give up p r i o r i t y  
- - - - - - - - JMP LEV10 % nex t  t ime  l e v e l  10 i s  en te red  execu t ion  - - - - - - - - % cont inues here so we must jump t o  t h e  - - - - - - - - % beginn ing expl  i c i  tl y 
- - - - - - - - - 
I - - . . .  Cont inued on t h e  nex t  page. 
- - - 
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Program example o f  i n t e r r u p t  d r i v e n  1/0 - cont inued.  

- - - - - - - - - 
E - - % Level  12 (dev i ce  o u t p u t )  i n t e r r u p t s  a re  handled here - 
I - - % t h e  rece i ved  da ta  p laced i n  a  v a r i a b l e  f o r  use by some o the r  - - 
I - % program - - - - - = - - 
I - LEV12, IDENT PL12 - - % I d e n t i f y  i n t e r r u p t  
- - - - - - - - - - - - - - - - % t h e  code f o l l o w i n g  t h e  IDENT i n s t r u c t i o n  
- - - - - - - - % w i l l  r o u t e  t h e  te rm ina l  1 i n t e r r u p t  t o  INP l  
- - - - - - - 
1 - - INP1, I O X  STATUS - - % Read i n p u t  s t a t u s  r e g i  s t e r  1 3028 ) 
- - - - - - - - BSKP ZERO 40 DA % Check t h e  e r r o r  b i t  (no .  4 )  
- - - - - - - JMP ERROR % jump t o  an e r r o r  handler  
- - - - - - - - - % ( n o t  g iven i n  example) 
- - - - - - - 
I - - % we con t inue  here i f  eve ry th i ng  i s  OK - - - - - - - - - - - - - - - = I O X  RDATA % Read data r e g .  (30083 
- - - - - - - STA RCVD % Save data - - - - - - - - 
I - - % da ta  has been rece i ved  so we generate an i n t e r r u p t  t o  l e v e l  1 - 
I - - % where t h e  user  program t h a t  w i l l  use t he  data i s  r unn ing .  - - - - - - - - - - - - - - - - - - SAA 2 % s e t  b i t  1 ( f o r  l e v e l  1 )  
- - - - - - - MST PID % generate an i n t e r n a l  i n t e r r u p t  
- - - - - - - - - - - - - - - - - WAIT % Give up p r i o r i t y  
- - - - - - - - - JMP LEV12 
- 

Parallel operation 

The most e f f e c t i v e  way f o r  high-speed 
pe r i phe ra l s  t o  t r a n s f e r  da ta  t o  and from 
memory i s  t h e  technique c a l l e d  d i r e c t  memory 
access ( D M A ) .  Th is  means t h a t  da ta  i s  
t r a n s f e r r e d  w i t hou t  be ing read i n t o  a  CPU 
r e g i s t e r  f i r s t .  The CPU s t a r t s  t h e  DMA 
t r a n s f e r ,  which then proceeds w i t h o u t  CPU 
i n t e r v e n t i o n .  

The DMA i n t e r f a c e ,  which c o n t r o l s  t h e  DMA 
t r a n s f e r ,  must be i n i t i a l i s e d  be fo re  i t  can 
be used. The i n i t i a l i s a t i o n  r o u t i n e  must t e l l  
t h e  DMA i n t e r f a c e  t h e  memory address where 
t h e  data b lock  s t a r t s ,  t h e  address o f  t h e  
ex te rna l  dev ice and t h e  number o f  words t o  
t r a n s f e r  . 

Once s t a r t e d ,  t he  DMA t r a n s f e r  runs  
independent ly o f  t h e  CPU. Both t h e  DMA dev ice  
and t he  CPU compete t o  ga in  access t o  t h e  ND- 
100 bus. The bus a r b i t e r ,  s i t u a t e d  on t h e  CPU 
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ca rd ,  g i ves  DMA dev ices  p r i o r i t y  over  t h e  
CPU, b u t  a l l o w s  t h e  CPU access a t  l e a s t  once 
every  memory r e f r e s h  c y c l e .  

As t h e  ND-11O/CX n o r m a l l y  executes 
i n s t r u c t i o n s  and reads data  f rom cache 
memory, t h e  CPU performance w i l l  n o t  be 
s i g n i f i c a n t l y  decreased by DMA a c t i v i t y .  The 
a c t u a l  change i n  performance depends on how 
e f f i c i e n t l y  cache i s  be ing  used. T h i s  aga in  
depends on t h e  program t h a t  i s  be ing  
executed. 

The ND-110 Standard uses cache memory o n l y  
f o r  i n s t r u c t i o n s .  DMA a c t i v i t y  w i l l  a f f e c t  
i t s  performance more than  t h e  N D - 1 1 O / C X .  

Total bandwidth of 1.8 Mword/s More than one DMA c o n t r o l l e r  may be a c t i v e  a t  
t h e  same t i m e ,  s h a r i n g  t h e  a v a i l a b l e  band 
w i d t h  ( 1 . 8  Mword/second). 

Typ ica l  DMA dev ices a r e :  

D isks 

Magnetic tapes 

In ter -computer  l i n k s  

Data buffering (FIFO) 

DMA c o n t r o l  1 e r  E l  1/0 Device E l  
F i g u r e  56.  DMA d a t a  t r a n s f e r  

Memory n 
A l l  DMA c o n t r o l l e r s  f o r  t h e  ND-110 have a t  
l e a s t  16 words b u f f e r i n g  between d e v i c e  and 
memory. T h i s  means t h a t  data  i s  w r i t t e n  t o  
and read f rom t h e  b u f f e r ,  i n s t e a d  o f  
t r a n s f e r r i n g  d i r e c t l y  t o  o r  f rom memory. The 
b u f f e r  i s  organ ised as a f i r s t  i n  f i r s t  o u t  
(FIFO) memory. I f  t h e  DMA c o n t r o l l e r  i s  
unable t o  g a i n  access t o  t h e  ND-100 bus f o r  
s h o r t  p e r i o d s ,  data  i s  accumulated i n  t h e  
FIFO b u f f e r  and t r a n s f e r r e d  t o  memory as soon 
as t h e  ND-100 bus i s  a v a i l a b l e .  T h i s  form o f  
b u f f e r i n g  e f f e c t i v e l y  p reven ts  under- run on 
o u t p u t  and overrun on i n p u t .  

Norsk Data ND-06.026.1 EN 



156 

6.5 .I DNA TRANSFER 

Chapter 6 The input/output system 

A DMA transfer may be divided into 3 steps: 

Initialisation 

Transfer 

Termination and status check 

Start address 

Word count 

The DMA controller must be initialised before 
a transfer can be started. For each DMA 
transfer, the device driver routine will 
define the following values: 

Start address in memory. 

Word count. 

Device dependent registers 

The memory address register (MAR) on the DMA 
controller contains the current memory 
address. This will be initialised to the 
first address in memory to be read (DMA 
output 1 or written to (DMA input). The 
address in the register is incremented 
automatically by the DMA controller during 
the transfer. 

The memory address used by the DMA controller 
is a 24-bit physical address. The MAR must be 
loaded in two parts. The 8 most significant 
bits of the address are written first, 
followed by the 16 least significant bits. 

The word count register is initialised with 
the number of words to be transferred. 

Device dependent registers The peripheral device used may require one or 
more registers to be loaded with control or 
data words. 

For example, a disk controller has registers 
to specify the cylinder, surface and sector 
address. 
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When t h e  DMA c o n t r o l l e r  has been i n i t i a l i s e d ,  
t r a n s f e r  i s  s t a r t e d  by w r i t i n g  a  word t o  t h e  
c o n t r o l  r e g i s t e r .  The word t o  be w r i t t e n  w i l l  
depend on t h e  t y p e  of DMA c o n t r o l l e r  and t h e  
t y p e  o f  t r a n s f e r  requested.  

The c u r r e n t  memory address r e g i s t e r  (MAR) i s  
incremented f o r  each word t r a n s f e r r e d .  The 
word count  r e g i s t e r  i s  decremented f o r  each 
word. 

When t h e  word counter  i s  decremented t o  ze ro ,  
t h e  DMA t r a n s f e r  i s  complete .  The s t a t u s  
r e g i s t e r  on t h e  DMA c o n t r o l l e r  w i l l  i n d i c a t e  
t h a t  i t  i s  ready f o r  t r a n s f e r  aga in .  I f  t h e  
i n t e r r u p t  system has been t u r n e d  on ( ION) and 
i n t e r r u p t s  have been enabled on t h e  
c o n t r o l l e r ,  a  l e v e l  11 i n t e r r u p t  r e q u e s t  w i l l  
be generated.  

6.5.2 ND-100 BUS SIGNALS DURING A DMA TRANSFER 

DMA Input The f i g u r e  below shows t h e  c o n t r o l  and d a t a  
s i g n a l s  which a r e  p resen t  on t h e  ND-100 bus 
d u r i n g  a  DMA i n p u t  t r a n s f e r .  The DMA 
c o n t r o l l e r  s t a r t s  a  bus c y c l e  w i t h  by 
a c t i v a t i n g  t h e  bus l i n e .  The bus a r b i t e r  
on t h e  CPU card  d r i v e s  t h e  1  i n e  a c t i v e  
t o  s i g n a l  t h a t  a  bus c y c l e  w i l l  access 
memory. 

An OUTGRANT s i g n a l  i s  a l s o  generated by t h e  
bus a r b i t e r .  T h i s  i s  t h e  response t o  m, i n d i c a t i n g  t h a t  t h e  bus i s  a v a i l a b l e  
f o r  a  DMA c y c l e .  The OUTGRANT s i g n a l  f rom t h e  
CPU i s  connected t o  t h e  INGRANT o f  t h e  
i n t e r f a c e  c a r d  neares t  t h e  CPU. 

The s i g n a l  i s  "da isy-cha ined"  th rough  each 
i n t e r f a c e  c a r d  u n t i l  i t  reaches t h e  i n t e r f a c e  
ca rd  which i ssued  m. T h i s  c a r d  ho lds  i t s  
OUTGRANT s i g n a l  i n a c t i v e  ( h i g h ) .  I n  t h i s  way, 
i f  more than  one c o n t r o l l e r  has requested a  
DMA c y c l e ,  t h e  DMA c o n t r o l l e r  w i t h  t h e  
h i g h e s t  p r i o r i t y  ( n e a r e s t  t h e  CPU) wins 
c o n t r o l  o f  t h e  bus. T h i s  i s  t h e  same 
techn ique used f o r  i n t e r r u p t s ,  where t h e  m, fNIllENT s i g n a l s  a r e  used. 
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DMA READ DMA WRITE 

m r 

F i g u r e  57. N D - 1 0 0  B u s  s i g n a l s  d u r i n g  a  DMA t r a n s f e r  

The BINPUT 1 ine, is used by the requesting 
controller, to signal the direction of the 
memory operation. The BINPUT signal is driven 
active (low) to indicate that data is to be 
transferred from the DMA device to memory. 

The DMA controller sends the 24-bit memory 
address onto the bus, and strobes the 

(address present) signal . 

DHA input cycle 

DHA output cycle 

DHA semaphore cycle 

If the DMA transfer is an input cycle, the 
DMA controller places the data word on the 
bus and strobes the BAPR (data present) 
signal. The memory card that contains the 
addressed location repl ies by strobing B67FV 
(data ready 1 to ac know1 edge the transfer . 

If the DMA transfer is an output cycle, the 
memory card that contains the addressed 
location is responsible for placing the data 
word on the bus and strobing m. The DMA 
control 1 er repl i es with BDRY 

If the ND-110 computer does not have any 
memory at that address, no memory card will 
reply. The bus arbiter detects a hanging bus 
cycle (after 1 5 ~ s )  and generates a memory out 
of range (MOR) interrupt. PEA and PES 
registers contain the address that failed, 
bit 14 in PES is set ( =  1) to show that it 
was a DMA cycle. 

The bus arbiter on the ND-110 supports DMA 
semaphore cycles. Semaphore cycles are bus- 
locked READ/WRITE cycles. Any DMA device may 
generate a semaphore cycle, but the feature 
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has been implemented c h i e f l y  f o r  m u l t i p o r t  
memory. Semaphore bus c y c l e s  a r e  desc r ibed  on 
page 109. 

6 . 5 . 3  PROGRAMMING A DMA CONTROLLER 

The f o l l o w i n g  i s  an example o f  how a  DMA 
t r a n s f e r  t o  a  d i s k  may be programmed. The DMA 
c o n t r o l l e r  i s  i n  t h i s  case an i n t e g r a l  p a r t  
o f  t h e  i n t e r f a c e  ca rd  f o r  t h e  d i s k .  

T h i s  i s  assumed t o  have t h e  f o l l o w i n g  w r i t e  
r e g i s t e r s :  

MEMADR Memory address r e g i s t e r  

WORDCNT Word count  r e g i s t e r  

BLCADR Block ( s e c t o r / c y l i n d e r )  address 
r e g i s t e r  

CONTRW Cont ro l  word r e g i  s t e r  

and ( a t  l e a s t )  one read  r e g i s t e r .  

STATUS Sta tus  r e g i s t e r  

INITIALISATION, 

LDA RESET % Command word t o  p u t  t h e  d i s k  c o n t r o l l e r  
% i n  a  known s t a t e  

I O X  CONTRW % W r i t e  t o  t h e  c o n t r o l  word r e g i s t e r  

LDA UMEMADR % Load most s i g n i f i c a n t  p a r t  ( 8  b i t s )  o f  
% t h e  memory s t a r t  address 

I O X  MEMADR % W r i t e  t o  t h e  memory address r e g i s t e r  (MAR) 

LDA LMEMADR % Load l e a s t  s i g n i f i c a n t  p a r t  (16 b i t s )  
% t h e  memory s t a r t  address 

I O X  MEMADR % W r i t e  t o  t h e  memory address r e g i s t e r  (MAR) 

LDA WORDCNT % Load t h e  number of words t o  be t r a n s f e r r e d  
I O X  WORDCNT % W r i t e  t o  word count  r e g i s t e r  

i LDA DISKADR % Load s e c t o r / c y l i n d e r  address 
i I O X  BLCADR % W r i t e  t o  b lock  address r e g .  (BAR) 

I LDA START % Load s t a r t  command word 
I I O X  CONTRW % W r i t e  t o  c o n t r o l  word r e g i s t e r  

. . .  con t inued  on n e x t  page 
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Programming example con t inued  
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TRANSFER, 
% DMA t r a n s f e r  takes p lace  p a r a l l e l  
% w i t h  f u r t h e r  CPU a c t i v i t y .  

TERMINATION, 
% Con t ro l  reaches t h i s  p o i n t  as a  r e s u l t  
% o f  an i n t e r r u p t  f rom t h e  DMA c o n t r o l l e r  

I O X  STATUS % Read s t a t u s  r e g i s t e r . .  
% and check t h a t  t h e  t r a n s f e r  has been 
% completed w i t h o u t  e r r o r .  

The r e a l - t i m e  c l o c k  and conso le  t e r m i n a l  
i n t e r f a c e  a re  l o c a t e d  on t h e  CPU board.  

Since these dev ices a r e  i n c l u d e d  i n  every  
CPU, t h e i r  programming s p e c i f i c a t i o n s  a r e  
g iven  here.  Programming s p e c i f i c a t i o n s  f o r  
o t h e r  dev ices a r e  g iven  i n  separate  manuals. 

The console t e r m i n a l  i n t e r f a c e  i s  on t h e  CPU 
board.  It occupies t h e  1/0 address address 
range 3008-3078 . 

1/0 address R/W r e g i  s t e r  

300 R read  da ta  
30 1 - n o t  used 
3 0 2 ~  R read  s t a t u s  
303; W read  c o n t r o l  
304 - n o t  used 
3 0 5 ~  W w r i t e  d a t a  
3 0 6 ~  R w r i t e  s t a t u s  
307; W w r i t e  c o n t r o l  

Table 13. Console i n t e r f a c e  r e g i s t e r s  
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The read-data  r e g i s t e r  (add ress  3008)  
c o n t a i n s  t h e  most r e c e n t l y  r e c e i v e d  
c h a r a c t e r .  

The r e a d - s t a t u s  r e g i s t e r  (add ress  302 ) 
c o n t a i n s  t h e  c u r r e n t  s t a t u s  o f  t h e  i n b u t  
channe l .  The b i t s  a r e  ass igned  as f o l l o w s :  

B i t  0 : Set  ( =  1) i f  i n t e r r u p t  on d a t a  
ava i  1  a b l e  

B i t  1 : a lways z e r o  

B i t  2  : a lways z e r o  

B i t  3 : Se t  ( =  1) i f  d a t a  i s  a v a i l a b l e 1  

B i t  4 : Set  ( =  1) i f  d a t a  i s  i n  e r r o r  (one 
o r  more o f  b i t s  5-7 s e t ) .  

B i t  5  : Set  ( =  1) i f  t h e r e  was a  f r a m i n g  
e r r o r .  

B i t  6  : Set  i=  1) i f  t h e r e  was a  p a r i t y  
e r r o r .  

B i t  7  : Se t  ( =  1) i f  t h e r e  was an o v e r r u n  

B i t s  8-15 a r e  a lways z e r o .  

Note 1. B i t  3  i s  never  s e t  when t h e  CPU i s  i n  
OPCOM mode. 

The r e a d - c o n t r o l  r e g i s t e r  (add ress  303 1 i s  
used t o  s e t  t h e  i n p u t  channel  parameteFs. 
B i t s  0 ,  11, 12 and 13 and 14 a r e  used.  Unused 
b i t s  shou ld  be s e t  t o  z e r o .  

- I Y U  LC 

The word l e n g t h  and p a r i t y  s e t t i n g s  a l s o  
a p p l y  f o r  t h e  o u t p u t  channe l .  

B i t  0 : Se t  t o  1 t o  enab le  i n t e r r u p t  
when d a t a  i s  a v a i l a b l e .  
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B i t s  11 & 12 : B i t s  11 and 12 determine t h e  
word l e n g t h .  P a r i t y ,  i f  used, 
adds 1 e x t r a  b i t  t o  t h e  word 
1  ength . 

B i t  11 B i t  12 word l e n g t h  

1 1 5  b i t s  
0  1 6 b i t s  
1 0  7  b i t s  
0  0  8 b i t s  

Table 14. Terminal interface 
word 1 ength 

B i t  13 : 

B i t  14 : 

Set ( = >  1) f o r  one s top  b i t .  
Reset ( = >  0 )  f o r  two s top  b i t s  
( 1 . 5  f o r  5 - b i t  word l e n g t h )  

Set ( = >  1) t o  make t h e  
i n t e r f a c e  check p a r i t y .  The 
word l e n g t h  w i l l  be increased 
by one when p a r i t y  i s  be ing  
used. 

Data w r i t t e n  t o  t h e  w r i t e -da ta  r e g i s t e r  
(address 3058 1 w i  11 be sen t  t o  t h e  ou tpu t  
channel .  

The w r i t e - s t a t u s  r e g i s t e r  con ta i ns  t h e  
c u r r e n t  s t a tus  o f  t h e  ou tpu t  channel .  The 
b i t s  a re  assigned as f o l l o w s :  

B i t  0  : Set ( =  1) i n d i c a t e s  t h a t  t h e  
i n t e r f a c e  w i l l  generate an 
i n t e r r u p t  when i t  i s  ready f o r  
t r a n s f e r .  

B i t  3  : Set ( =  1) i n d i c a t e s  t h a t  t h e  
t r a n s m i t t e r  i s  ready f o r  t r a n s f e r  
( da ta  may be w r i t t e n ) .  

B i t s  1-2 and 4-5 a re  n o t  used 
( a1 ways zero . 

The w r i t e - c o n t r o l  r e g i s t e r  (address 307 ) i s  
used t o  s e t  t h e  ou tpu t  channel parameteFs. 
Only b i t  0  i s  used. Set t h e  o the r  b i t s  t o  
zero.  

B i t  0  : Set ( = >  1) t o  generate i n t e r r u p t s  
when t he  dev ice  i s  ready f o r  
t r a n s f e r  ( a  new da ta  word may be 
w r i t t e n  t o  t h e  w r i  t e -da ta  
r e g i s t e r ) .  
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The word length and p a r i t y  ( i f  used) a r e  t he  
same a s  s e t  i n  t h e  read-control r e g i s t e r .  

C l e a r  r e a l - t i m e  clock (11 ) 
8 

The real- t ime clock on t h e  C P U  board occupies 
device- reg is te r  address  range 108-138. 
Address l o 8  i s  not used ( r e t u r n s  0 ) .  

Writing t o  t h i s  address  causes t he  next clock 
pulse t o  occur exac t ly  20 ms l a t e r .  If t h i s  
i n s t ruc t ion  i s  executed repea ted ly ,  t he  
counter wil l  never be incremented, and no 
clock pulses wi l l  occur .  

@ R e a d  clock s t a t u s  (12 ) 
8 

Bi t  0  : Set  ( =  1)  means t h a t  t h e  clock wi l l  
generate  an i n t e r r u p t  when next 
clock pulse a r r i v e s .  

B i t 3  : Se t  ( =  1)  means t h a t  t h e  clock i s  
ready f o r  t r a n s f e r  ( t h a t  i s  a  clock 
pulse has occu r red ) .  B i t s  1-2 and 
4-15 a r e  always zero .  

S e t  clock s t a t u s  (13 ) 
8 Bit  0  : Se t  ( = >  1 )  t o  enable i n t e r r u p t s  

when ready f o r  t r a n s f e r .  

Bi t  13 : Set  ( = >  1) t o  c l e a r  t he  ready f o r  
t r a n s f e r  b i t  i n  t he  clock s t a t u s  
r e g i s t e r .  

The operator  panel and opt ional  d i sp l ay  i s  
cont ro l led  by a  microprocessor.  The panel 
processor i s  acces ib le  from program by means 
of two in te rna l  r e g i s t e r s :  

PANS, Panel S t a tus  ( r ead  only)  The PANS 
r e g i s t e r  i s  a l s o  used t o  send da ta  from 
the  panel processor t o  t h e  CPU. 

P A N C ,  Panel Control ( w r i t e  on ly)  The PANC 
r e g i s t e r  i s  buffered by a  f i r s t - i n / f i r s t -  
out (FIFO) queue. I t  i s  important t o  
check i f  the  FIFO i s  f u l l  before sending 
commands t o  t he  panel processor .  
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The i n s t r u c t i o n s  TRA PANS, and TRR PANC a r e  
p r i v i l e g e d  i n s t r u c t i o n s .  

The microprogram and the display The microprogram sends commands and d a t a  t o  
t h e  panel processor  eve ry  20 ms d u r i n g  normal 
o p e r a t i o n  o f  t h e  CPU. The FIFO b u f f e r  absorbs 
t h e  commands and a l l o w s  t h e  panel  p rocessor  
t o  process t h e  commands a t  i t s  own pace.  

Commands t o  t h e  panel  processor  f rom a  
program come i n  a d d i t i o n  t o  t h i s  s teady  
stream f rom t h e  microprogram, and i t  i s  t h e  
programmer's r e s p o n s i b i l i t y  t o  check t h a t  t h e  
FIFO b u f f e r  i s  a b l e  t o  accept  commands 
(PANS b i t - 1 4 ,  see b e l o w ) ,  b e f o r e  u s i n g  t h e  
TRR PANC i n s t r u c t i o n .  

PANEL STATUS REGISTER (PANS) 

The program can read  t h e  panel  s t a t u s  
r e g i s t e r  a t  any t i m e  u s i n g  t h e  p r i v i l e g e d  
i n s t r u c t i o n  TRA PANS. The r e s u l t  i n  t h e  A  
r e g i s t e r  c o n s i s t s  o f  two 8 - b i t  f i e l d s .  The 
upper h a l f  ( b i t s  8-15) c o n t a i n s  i n f o r m a t i o n  
about  t h e  s t a t u s  o f  t h e  panel  processor  and 
i t s  i n t e r f a c e .  The panel  processor  uses t h e  
lower  h a l f  ( b i t s  0 -7 )  t o  send da ta  t o  t h e  
CPU. 
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The fo rmat  i s  as f o l l o w s :  

I t  Not d e f i n e d  - The 1  a s t  command has been completed.  
The TRA PANS i n s t r u c t i o n  c l e a r s  t h i s  b i t  

The l a s t  processed command requested d a t a .  
B i t s  0-7 c o n t a i n  t h i s  d a t a .  

FIFO b u f f e r  i s  ready f o r  d a t a .  If t h i s  b i t  i s  
zero f o r  more t h e  2 ms, t h e r e  i s  an e r r o r  i n  
t h e  panel p rocessor .  

I Panel i s  i n s t a l  l e d .  T h i s  b i t  w i  11 be ze ro  
on machines t h a t  do n o t  have t h e  panel 
o p t i o n .  

Note ( 1 )  : B i t s  8-10 c o n t a i n  t h e  l a s t  command processed 

( 2 )  : B i t s  0-7 c o n t a i n  t h e  da ta  requested by t h e  l a s t  
processed command. I f  no data  was requested,  b i t s  0-7 
w i l l  c o n t a i n  b i t s  0-7 o f  t h e  command word w r i t t e n  t o  
PANC . 

Figure 58. Panel status register (PANS) 

Commands and data  t o  t h e  panel processor  a r e  
w r i t t e n  t o  t h e  panel c o n t r o l  r e g i s t e r  w i t h  
t h e  p r i v i l e g e d  i n s t r u c t i o n  TRR PANC. 
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The A r e g i s t e r  must have t h e  f o l l o w i n g  format  be fo re  execu t ing  
t h e  i n s t r u c t i o n :  

- - DAT 0 0 cAmma;d1 datd f r A m  tAe C ~ U  t; th; paAe12 

Must be zero when w r i t i n g  t o  PANC from 
program ( b u t  used by t h e  microprogram).  

The command requests  data from t h e  panel 
processor .  It w i l l  be r e tu rned  i n  b i t  0-7 
o f  t h e  PANS r e g i s t e r .  

Not used. .. - . 

Note ( 1 )  : Panel processor command. See below f o r  l e g a l  va lues .  

( 2 )  : Data t o  t h e  panel processor.  I t s  i n t e r p r e t a t i o n  depends 
on t h e  command (see be1 ow) . 

F i g u r e  59.  P a n e l  c o n t r o l  r e g i s t e r  (PANC) 

The t a b l e  below g ives  t h e  seven p o s s i b l e  
values o f  t he  command f i e l d  ( b i t s  8 -10 ) .  

Command I n t e r p r e t a t i o n  
v a l  ue 

000 I l l e g a l  
00 1 Reserved 
0 10 Message va lue  ( W r i t e  o n l y )  
011 Message c o n t r o l  ( W r i t e  o n l y )  
100 Clock Low Seconds (Read/Wri te)  
101 Clock High Seconds (Read/Wri te)  
110 Clock Low Days (Read/Wri t e )  
111 Clock High Days (Read/Wri te)  

T a b l e  15.  Pane l  p r o c e s s o r  commands 

The message and c l ock  commands a re  desc ibed 
i n  d e t a i l  i n  t he  f o l l o w i n g  two sec t i ons .  
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Programs can send A S C I I  characters t o  panel 
d i sp lay .  These w i l l  be shown f o u r  characters 
a t  a  t ime.  A message of up t o  40 characters 
can be d isp layed by commanding t h e  panel 
processor t o  r o t a t e  t he  message. 

The message con t ro l  command i n t e r p r e t s  t h e  
data i n  b i t s  0-2 as fo l l ows :  

000 : Stop r o t a t i n g  the  message 

001 : Return d i sp lay  t o  normal f u n c t i o n  

010 : Clear t e x t  b u f f e r  and Funct ion d i s p l a y .  

100 : Rotate t he  message i n  t he  t e x t  b u f f e r ,  
d i sp lay ing  f o u r  characters a t  a  t ime.  

110 : Clear the  t e x t  and s t a r t  r o t a t i o n  
(command 010 p lus  command 100) 

The d i sp lay  can a l so  be re tu rned t o  normal 
f unc t i on  from OPCOM w i t h  t he  F  command (see 
page 185) . 

The message value f i e l d  i s  i n t e r p r e t e d  as an 
A S C I I  character .  It i s  placed a t  t h e  end o f  
the  40-character t e x t  b u f f e r .  When t h e  b u f f e r  
i s  f u l l ,  f u r t h e r  characters a re  ignore  u n t i l  
the  b u f f e r  i s  c leared.  

The c lock  calendar can be s e t  us ing  t h e  c lock  
commands. 

The c lock  can a l so  be adjusted us ing  t h e  
SINTRAN commands @UPDAT o r  @CLADJ. 

- IYuLe 

E a r l y  vers ions  o f  t he  ND-110 
CPU ( p r i n t  no. 3090) d i d  no t  
have a  separate c e l l  f o r  t he  
c lock ,  b u t  took power from 
t h e  backup power supply.  

The calendar c lock  draws i t s  backup power 
from a  l i t h i u m  c e l l  on the  CPU card.  Th i s  
c e l l  w i l l  keep the  c lock  running f o r  many 
years. I f  the  calendar c lock  needs s e t t i n g  
a f t e r  a  power f a i l u r e ,  i t  may mean t h a t  t he  
l i t h i u m  c e l l  needs rep lac ing .  
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The opera to r  o f  t h e  ND-110 computer can g a i n  
c o n t r o l  over  t h e  ND-110 computer by u s i n g :  

t h e  c o n t r o l  panel 

t h e  conso le  ( t e r m i n a l  number 1) 

The c o n t r o l  panel a l l o w s  t o  o p e r a t o r  t o  s t a r t  
and s top  t h e  ND-110 computer. Many v e r s i o n s  
of ND-110 have a  key -sw i t ch  which can be used 
t o  d i s a b l e  t h e  c o n t r o l  pane l .  To p r e v e n t  
unauthor ised use i t  should  n o r m a l l y  be 
locked.  I n  o r d e r  t o  use t h e  c o n t r o l  panel t h e  
key-swi tch ( n o r m a l l y  on t h e  r i g h t  hand s i d e  
o f  t h e  p a n e l )  must be t u r n e d  t o  t h e  ON 
p o s i t i o n .  

The d e s c r i p t i o n  below r e f e r s  t o  t h e  o p e r a t o r  
panel c u r r e n t l y  d e l i v e r e d  w i t h  Norsk Data 
computers. E a r l i e r  models used a  d i f f e r e n t  
pane l .  I f  your  computer has been upgraded 
w i t h  an ND-110 CPU, you should  r e f e r  t o  t h e  
documentation d e l i v e r e d  w i t h  y o u r  computer. 

STOP START STOP RUNNING TERMINATE LOCAL LISTEN ON 

a OPERATING 

STOP MCL LOAD ( OPCoM 1 OPCOM REM LISTEN OFF 

F i g u r e  60. The Operator's p a n e l  

Setting the control panel in To s e t  t h e  panel must be p u t  i n t o  s e r v i c e  
service mode mode ( a l s o  c a l l e d  advanced mode) p ress  and 

h o l d  t h e  r i g h t m o s t  b u t t o n  depressed w h i l e  
p ress ing  t h e  l e f t m o s t  b u t t o n .  

STOP LISTEN ON 

t 
and then press 
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- noce 
When t h e  MACL command i s  used 
i n  OPCOM mode, t h e  m ic ro -  
program per forms t h e  same 
i n i t i a l i s a t i o n ,  b u t  t h e  
c o n t r o l  s t o r e  i s  not  loaded.  
Use t h e  MCL b u t t o n  on t h e  
o p e r a t o r  panel  i f  you want t o  
r e l o a d  t h e  microprogram. 

When t h e  panel key i s  un locked and t h e  panel  
i s  i n  s e r v i c e  mode, t h e  panel push b u t t o n s  
a r e  a c t i v e  and have t h e  f o l l o w i n g  e f f e c t :  

The (master c l e a r )  b u t t o n  i s  used t o  
f o r c e  t h e  computer i n t o  a  d e f i n e d  i n i t i a l  
s t a t e .  The CPU loads t h e  microprogram i n t o  
t h e  c o n t r o l  s t o r e  f rom t h e  EPROM where i t  i s  
s t o r e d .  The microprogram then  t r a p s  t o  t h e  
master c l e a r  r o u t i n e .  T h i s  i n i t i a l i s a t i o n  i s  
a l s o  performed when t h e  CPU goes through t h e  
power up sequence, and when t h e  bus l i n e  
c a l l e d  BMCL i s  a c t i v a t e d .  

The master c l e a r  r o u t i n e  t u r n s  o f f  r u n n i n g  
i n d i c a t o r ,  t h e  PIE r e g i s t e r  i s  c l e a r e d .  The 
paging and i n t e r r u p t  systems a r e  t u r n e d  o f f .  
The paging system i s  s e t  i n  "normal"  mode ( a s  
i f  t h e  REX i n s t r u c t i o n  had been e x e c u t e d ) .  
The CPU s e l f - t e s t  r o u t i n e  microprogram i s  
executed. I f  no e r r o r s  a r e  found, t h e  r u n n i n g  
i n d i c a t o r  lamp i s  l i t ,  and t h e  t e r m i n a l  
i n t e r f a c e  on t h e  CPU board ( t e r m i n a l  no.  1) 
i s  i n i t i a l i s e d  t o  7 - b i t  p l u s  even p a r i t y .  
P a r i t y  i s  n o t  checked on i n p u t .  

When t h e  rcaster c l e a r  r o u t i n e  i s  f i n i s h e d ,  
t h e  CPU w i l l  be i n  STOP mode. 

The I T ]  b u t t o n  has t h e  same e f f e c t  as 
e n t e r i n g  t h e  STOP command when t h e  CPU i s  i n  
OPCOM mode. The CPU e n t e r s  STOP mode and t h e  
OPCOM i n d i c a t o r  w i l l  be l i t .  I n  STOP mode t h e  
CPU w i l l  respond t o  i n p u t  f rom t h e  conso le  
( t e r m i n a l  no.  1) as f o r  OPCOM mode. 

The b u t t o n  has t h e  same e f f e c t  as 
e n t e r i n g  t h e  & (ampersand c h a r a c t e r )  command 
when t h e  CPU i s  i n  OPCOM mode. It w i l l  l o a d  
t h e  o p e r a t i n g  system (SINTRAN) f rom t h e  mass 

a 
s to rage  dev ice  s p e c i f i e d  by t h e  ALD edge- 
s w i t c h  on t h e  CPU board.  

Press ing t h e  b u t t o n  p u t s  t h e  CPU i n  
OPCOM mode. I n  t h i s  mode t h e  conso le  
( t e r m i n a l  no.  1) communicates d i r e c t l y  w i t h  
t h e  microprogram. When t h e  CPU i s  i n  OPCOM 
mode, i n t e r r u p t s  f rom t h e  conso le  a r e  
d i s a b l e d .  Data f rom t h e  conso le  goes d i r e c t l y  
t o  t h e  microorogram. OPCOM mode i s  t e r m i n a t e d  . - 
by t h e  p ress ing  t h e  escape ( P I  key on t h e  
conso le .  
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Running 

Opcom 

Operating 

The opera to r  panel c o n t a i n s  a  number o f  t e x t  
f i e l d s  which a r e  used t o  i n d i c a t e  t h e  c u r r e n t  
CPU s t a t e .  A t e x t  f i e l d  becomes v i s i b l e  when 
t h e  i n d i c a t o r  lamp behind i t  i s  l i t .  

When t h e  r u n n i n g  f i e l d  i s  1  i t ,  t h e  computer 
i s  i n  i t s  normal o p e r a t i n g  mode. T h i s  f i e l d  
i s  l i t  when SINTRAN i s  r u n n i n g .  

When t h i s  f i e l d  i s  l i t ,  t h e  conso le  i s  i n  
d i r e c t  communication w i t h  t h e  microprogram. 

The o p e r a t i n g  f i e l d  i s  used on ND-500 
computers t o  i n d i c a t e  a c t i v i t y  on t h e  ND-500 
CPU. I n  normal o p e r a t i o n  t h i s  f i e l d  f l a s h e s  
on and o f f .  The o p e r a t i n g  f i e l d  i s  n o t  used 
on ND-110 computers. 

The l a y o u t  shown below i s  t h e  fo rmat  used i n  
c u r r e n t  models. For  computers upgraded t o  ND- 
110 you should  c o n s u l t  t h e  documentat ion 
which was s u p p l i e d  w i t h  t h e  computer. 

UTILIZATION CACHE HIT RATE PROTECT R I N G  INTERRUPT PAGING 

0 0 - - - - - -  0 0 0 0 0 0 0 ~  -3'- ON 0  N 

DAY: 21 TIME : 12:18:15 . . I . . I  . . . . . . .  I I I 
15 ACTIVE LEVEL 0 

F i g u r e  6 1 .  The d i s p l a y  p a n e l  

Utilisation The e i g h t  0  u t i l i s a t i o n  i n d i c a t o r s  a r e  
d i s p l a y e d  i n  p rogress ion  t o  i n d i c a t e  how much 
t ime  t h e  ND-110 spends i n  program l e v e l s  1 t o  
15 ( i e ,  n o t  i n  t h e  i d l e  l o o p ) .  T y p i c a l l y  o n l y  
a  few i n d i c a t o r s  a r e  d i s p l a y e d .  
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Hit 

Ring 

Paging 

Interrupt 

Active level 

The e i g h t  (cache) h i t  0 i n d i c a t o r s  a re  
d isp layed  i n  p rogress ion  t o  i n d i c a t e  how many 
memory accesses a re  found i n  cache. The ND- 
110 CPU operates f a s t e s t  when most memory 
accesses a re  found i n  cache. T y p i c a l l y  most 
o f  t h e  i n d i c a t o r s  a re  d i sp l ayed .  The cache 
system i s  descr ibed on page 115. 

The ND-110 CPU r i n g  p r o t e c t i o n  system has 
f o u r  l e v e l s  ( r i n g s ) .  When t h e  ND-110 CPU i s  
runn ing  under t h e  SINTRAN ope ra t i ng  system, 
t h e  r i n g  usage i s :  

0 Background RT programs (use r  programs) 

1 RT programs a l lowed t o  access RTCOMMON 

2 SINTRAN and RT programs us i ng  p r i v i l e g e d  
i n s t r u c t i o n s  

3 SINTRAN segment a d m i n i s t r a t i o n  

Paging must be ON f o r  r i n g  p r o t e c t i o n  t o  
f u n c t i o n .  Ring p r o t e c t i o n  i s  desc r ibed  i n  
more d e t a i l  on page 90. 

ON i s  d i sp layed  when paging i s  on. The f i e l d  
i s  b lank when paging i s  o f f .  Dur ing  normal 
opera t ion  o f  SINTRAN, paging i s  ON. 

ON i s  d i sp layed  when t h e  i n t e r r u p t  system i s  
on. The f i e l d  i s  b lank when t h e  i n t e r r u p t  
system i s  o f f .  Dur ing  normal ope ra t i on  o f  
SINTRAN, t h e  i n t e r r u p t  system i s  ON, b u t  
tu rned  o f f  f o r  s h o r t  i n t e r v a l s .  

Th i s  d i s p l a y  shows t he  most r ecen t  program 
( i n t e r r u p t )  l e v e l s  used. The program l e v e l s  
a re  o f t e n  a c t i v e  f o r  t o o  s h o r t  a t ime  t o  be 
v i s i b l e  i f  they  were o n l y  d i sp l ayed  w h i l e  
they  a re  a c t i v e .  The b lack  I segments a re  
d isp layed  l ong  enough t o  be v i s i b l e  t o  t h e  
human eye. 

A d e s c r i p t i o n  o f  how SINTRAN uses t h e  v a r i o u s  
program l e v e l s  may be found on page 4 2 .  

The opera to r  may communicate d i r e c t l y  w i t h  
t h e  microprogram from t h e  console ( t e r m i n a l  
no. 1). To do t h i s  t he  CPU must be i n  OPCOM 
o r  STOP mode. The Opcom f i e l d  w i l l  be l i t. 
OPCOM mode may be entered from SINTRAN by 
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- IYOLt! 

A l l  va lues  and addresses i n  
t h e  f 01 1  owi ng d e s c r i p t i o n  o f  
OPCOM a r e  assumed t o  be i n  
octal except  when e x p l i c i t l y  
s t a t e d  o therw ise .  

e n t e r i n g  t h e  @OPCOM SINTRAN command o r  by 
p ress ing  t he  OPCOM b u t t o n  on t h e  d i s p l a y  
panel .  

The opera to r  can use these r o u t i n e s  t o  

Load and s t a r t  t h e  ope ra t i ng  system 
(SINTRAN 

Perform backup and maintenance t asks  

Debug programs 

Commands t o  t h e  microprogram c o n s i s t  o f  one 
o r  more charac te rs .  A l l  charac te rs  en te red  
a re  s i g n i f i c a n t .  Spaces a re  n o t  p e r m i t t e d  
w i t h i n  commands. The space charac te r  i t s e l  f 
i s  i n t e r p r e t e d  as a  command t o  i g n o r e  a l l  
p rev i ous l y  entered cha rac te r s .  Most commands 
a re  i n t e r p r e t e d  immediately and need n o t  
(must n o t )  be ended w i t h  c a r r i a g e  r e t u r n .  
When a  command r e q u i r e s  a  c a r r i a g e  r e t u r n ,  i t  
i s  shown ( 4  s i g n ) .  

The f o l l o w i n g  commands may be used whenever 
t h e  CPU i s  i n  OPCOM mode. 

Command E f f e c t  

/ Examine memory l o c a t i o n  o r  r e g i s t e r  

RD 4 Dump r e g i s t e r s  

E  4 Spec i f y  phys i ca l  o r  v i r t u a l  address f o r  / command 

F 4 Spec i f y  t h e  d i s p l a y  format  

k P r i n t  t h e  address o f  t h e  l a s t  examined memory l o c a t i o n  

prl Terminates OPCOM mode. Th is  command has no e f f e c t  
i f  t h e  CPU i s  i n  STOP mode. 

MACL 4 master c l e a r  ( b u t  no microcode l oad )  

STOP 4 Puts CPU i n  STOP mode 

T a b l e  16 .  OPCOM commands 

Many o f  t he  above commands may r e q u i r e  
parameters be fo re  t h e  commands i n  o rde r  t o  
work. See t he  d e s c r i p t i o n  o f  t h e  i n d i v i d u a l  
command f o r  d e t a i l s .  The f o l l o w i n g  commands 
a re  l e g a l  o n l y  i n  STOP mode: 
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Command E f f e c t  

I S t a r t  program i n  main memory. 

Z S i n g l e  s tep  i n s t r u c t i o n .  

$ o r  & Boo ts t rap  l oad .  

Set b reakpo in t .  
I I Manual i n s t r u c t i o n  command. 

# S t a r t  microprogrammed memory t e s t .  

T a b l e  17.  Commands in STOP mode 

A l l  o t he r  charac te rs  a re  answered w i t h  a ? ,  
and charac te rs  w r i t t e n  be fo re  t h e  
unrecognised charac te r  w i l l  be f o r g o t t e n  (as  
i f ' space ' had been typed . 

- IYULV 

An extended power f a i l u r e  i s  
a  power f a i l u r e  t h a t  l a s t e d  
longer  than  t h e  c a p a c i t y  o f  
t h e  standby b a t t e r y ,  thereby 
r e s u l t i n g  i n  memory con ten ts  
be ing  l o s t .  

The commands $ and & bo th  cause t h e  CPU t o  
l oad  (and p o s s i b l y  execute)  a  program f rom a  
s torage dev ice .  The dev ice  address i s  d e f i n e d  
by an o c t a l  va lue entered immediate ly  be fo re  
t h e  command. If t h e  va lue  i s  omi t ted ,  t h e  
l oad  w i  11 be de f ined  by t h e  s e t t i n g  on t h e  
Automatic Load Desc r i p t o r  (ALD) sw i t ch  on t h e  
CPU card .  

The f o l l o w i n g  t a b l e  shows how t h e  ALD s w i t c h  
s e t t i n g  a f f e c t s  t he  l oad  ope ra t i on .  The 
a c t i o n  taken i s  t h e  same regard less  o f  
whether t he  load  was due t o  an extended Dower 
f a i l u r e ,  t h e  l oad  commands ( $  o r  8) o r  t h e  
/LOAD1 bu t t on .  
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ALD 1l2* Load a c t i o n '  

15 0 Note 2 

14 1560 BPUN l o a d  f rom f 1  oppy ( 15608 1 and run3 
13 20500 B o o t s t r a p  l o a d  f rom Winchester d i s k  (5008 1 and run3  
12 21540 B o o t s t r a p  l o a d  f rom SMD d i s k  (15408) and r u n 3  
11 400 BPUN 1  oad from paper tape 1 4008 ) and run3  
10 1600 BPUN 1  oad from HDLC 1 16008 1 and run3 
9 Run3 (no  1  oad 
8 Run3 (no 1  oad) 
7 100000 Note 2 

6 101560 B i n a r y  l o a d  f rom 1560 
5 120500 Mass s to rage  from 500 
4 121540 Mass s to rage  from 1540 
3 100400 B i n a r y  l o a d  f rom 400 

2 101600 B i n a r y  l o a d  f rom 1600 

Table 18. ALD switch settings 

Note 1: The a c t i o n  w i l l  be taken i f  
a .  $ o r  & ( w i t h o u t  preceding v a l u e )  has been typed  
b .  The b u t t o n  has been pressed 
c .  The power has been r e s t o r e d  and t h e  keysw i tch  i s  

i n  t h e  l o c k  p o s i t i o n ,  b u t  t h e  standby power has 
been l o s t  (extended power f a i l u r e ) .  

Note 2: No l o a d .  The CPU i s  p u t  i n  STOP mode. 

Note 3 :  Run f rom address 208. 

Note 4 :  Contents o f  i n t e r n a l  r e g i s t e r  I12 r e f l e c t s  ALD s e t t i n g  

ALD s w i t c h  s e t t i n g s  8 t o  15 s p e c i f y  l o a d  and 
r u n ,  s e t t i n g s  2 t o  7 s p e c i f y  l o a d  o n l y .  ALD 
s e t t i n g s  4, 5, 12 and 13 s p e c i f y  a  b o o t s t r a p  
l o a d  f rom a d i s k .  A l l  o t h e r  s e t t i n g s  expect  
BPUN fo rmat .  The s t a r t  address i s  a lways t h e  
power f a i l  r e s t a r t  address (208). 

The opera to r  may s p e c i f y  t h e  d e v i c e  address 
f rom t h e  conso le .  The dev ice  address i s  
entered immediate ly  b e f o r e  t h e  & ( o r  $ 1 .  The 
d e f a u l t  fo rmat  i s  BPUN. SMD and Winchester 
d i s k s  use b o o t s t r a p  format .  To s p e c i f y  a  
b o o t s t r a p  l o a d  s e t  b i t  13 o f  t h e  d e v i c e  
address t o  1 ( i . e .  i f  t h e  d e v i c e  address i s  
1550 , e n t e r  21550&). 

8 
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Execut ion i s  s t a r t e d  a t  t h e  address en te red  
immediately preceding t h e  ! command. I f  no 
address i s  g iven ,  t h e  c u r r e n t  va lue  o f  t h e  
program counter  ( P  r e g i s t e r  i s  used ) .  

Some impor tan t  address when runn ing  SINTRAN 
a re :  

208 Power f a i l  r e s t a r t  address 

218 Warm s t a r t  address 

2Z8 Cold s t a r t  address 

A memory t e s t  r o u t i n e  i n  t h e  microprogram may 
be s t a r t e d  w i t h  t h e  # command. Memory i s  
t e s t e d  i n  banks (segments) o f  64 Kword. The 
bank number i s  entered immediate ly  be fo re  t h e  
# charac te r .  

A  second # charac te r  i s  p r i n t e d  on t h e  
console i f  t he  t e s t  i s  success fu l .  I f  an 
e r r o r  i s  found, t he  t e s t  s tops and ? i s  sen t  
t o  t he  console .  The r e g i s t e r s  then c o n t a i n  
t h e  f o l l o w i n g  i n f o r m a t i o n :  

T: F a i l i n g  b i t s  

P :  F a i l i n g  address 

D :  E r r o r  p a t t e r n  

L:  Test  p a t t e r n  

8 :  S t a r t  address 

X :  Stop address 

Some OPCOM commands a re  c h i e f l y  in tended  f o r  
program debugging. These commands p e r m i t  t h e  
user  t o  a l t e r  memory l o c a t i o n s  and r e g i s t e r s ,  
s e t  b reakpo in ts ,  s i n g l e  s tep  t h e  CPW and 
execute a  s i n g l e  i n s t r u c t i o n  en te red  from t h e  
console.  
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A s i n g l e  Z charac te r  w i l l  cause one 
i n s t r u c t i o n  ( o r  one i n t e r r u p t  l e v e l  change) 
t o  be executed. I f  an va lue  i s  en te red  be fo re  
t he  Z cha rac te r ,  t h a t  number o f  i n s t r u c t i o n s  
w i l l  be executed. 

Page f a u l t s ,  p r o t e c t  v i o l a t i o n s  and i n t e r r u p t  
l e v e l  changes a re  executed c o r r e c t l y ,  b u t  a re  
counted as e x t r a  i n s t r u c t i o n s .  An e x t r a  
overhead o f  approx imate ly  3 ps  i s  i n t r oduced  
between each i n s t r u c t i o n  when t h e  CPU s i n g l e -  
s teps i n s t r u c t i o n s .  

Enter  t h e  b reakpo in t  address f o l l owed  by t h e  
. ( f u l l  s t op /pe r i od )  cha rac te r .  When t h e  
program reaches t he  en te red  address,  
execut ion s tops and t h e  . cha rac te r  i s  echoed 
t o  t h e  console .  An e x t r a  overhead o f  
approx imate ly  3 ps  i s  i n t r oduced  between each 
i n s t r u c t i o n  when t h e  CPU s i ng le - s teps  
i n s t r u c t i o n s  . 

I f  t h e  s p e c i f i e d  address i s  never reached, 
execut ion cont inues u n t i l  a  cha rac te r  o the r  
than 0-7 o r  A-Y i s  t yped .  

Example : 

READ/WRITE 110 DEVICE (101) 

Th is  command s t a r t s  cont inuous execu t ion  o f  
t he  i n s t r u c t i o n  s p e c i f i e d  as argument. The 
execut ion s tops when a  cha rac te r  o t h e r  than  
0-7 o r  A-Y i s  typed.  

The paging-on i n s t r u c t i o n  (PON) has t h e  o c t a l  
code 150410 . The OPCOM command 150410" t u r n s  
on t he  pagihg system. 

Enter  t h e  dev ice address f o l l owed  immediate ly  
by IO/. The CPU executes an I O X  i n s t r u c t i o n  
us ing  t h e  g iven  dev ice  address. 

The usual  r u l e s  app ly  f o r  d i r e c t i o n  (even 
address: i n p u t  t o  CPU; odd address:  Output 
from CPU) . 
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Output data i s  taken from t h e  OPR pseudo- 
r e g i s t e r  (See page 1 8 2 ) .  I n p u t  da ta  i s  
d isp layed  on t h e  console ,  b u t  n o t  s t o r e d  
anywhere. None o f  t he  work ing r e g i s t e r s  i s  
a f f e c t e d .  

When * i s  typed, an o c t a l  number i s  p r i n t e d  
i n d i c a t i n g  t h e  c u r r e n t  phys i ca l  o r  v i r t u a l  
address on which a  memory examine o r  memory 
depos i t  w i l l  t ake  p l ace .  The c u r r e n t  l o c a t i o n  
counter  i s  s e t  by t h e  examine command / ,  and 
i s  incremented each t ime c a r r i a g e  r e t u r n  i s  
typed a f te rwards .  

IY u Ltt 

ac tua l  page number. Th i s  i s  
d i f f e r e n t  f rom t h e  ND-100 CPU 
where a  code was used. 

To s p e c i f y  t h e  page t a b l e  t o  used f o r  
subsequent OPCOM memory commands. The command 
i s  preceded by t h e  page t a b l e  number 
( 0  t o  1 7 8 ) .  

I f  no number i s  g iven ,  subsequent memory 
commands w i l l  app ly  t o  phys i ca l  memory. 

Example : 5E4 - 
I f  paging i s  on, f u t u r e  memory re fe rences  
w i l l  be made v i a  page t a b l e  5 .  

Enter  t he  memory l o c a t i o n  address f o l l owed  
immediately by t he  / cha rac te r .  The con ten ts  
o f  t h e  l o c a t i o n  w i l l  be echoed t o  t h e  
console.  

You then have t he  o p t i o n  o f  changing t h e  
contents  o f  t h a t  l o c a t i o n  o r  v iew ing  t h e  
contents  o f  t he  nex t  l o c a t i o n .  

Changing the contents in STOP 
mode I f  you en te r  an o c t a l  va lue  f o l l owed  by 

ca r r i age  r e t u r n ,  t h e  memory l o c a t i o n  w i l l  be 
changed t o  t h a t  va l ue .  The con ten ts  o f  t h e  
nex t  l o c a t i o n  w i l l  be d i sp l ayed  and, i f  you 
wish,  you may change t h a t  l o c a t i o n  i n  t h e  
same way. Jus t  e n t e r i n g  c a r r i a g e  r e t u r n  
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d i s p l a y s  t h e  con ten ts  o f  t h e  n e x t  l o c a t i o n  
w i t h o u t  changing t h e  p rev ious  one. 

Changing the contents in RUN mode Changing t h e  con ten ts  o f  memory l o c a t i o n s  
w h i l e  SINTRAN i s  r u n n i n g  can produce 
u n p r e d i c t a b l e  r e s u l t s !  To guard a g a i n s t  d o i n g  
t h i s  i n a d v e r t e n t l y ,  you must f o l l o w  t h e  o c t a l  
va lue  by DEP ( d e p o s i t )  . 

Examples : I n  t h e  f o l l o w i n g  examples user  i n p u t  i s  
under1 i ned. 

- - - - - - - - - - E - - - - - - - - - 
1 #100/137777 d i s p l a y  con ten ts  o f  address 1008 - - 
- - 
= - s - I - - - - - - - - = - - - - - - - - - - 
Z #100/137777 04 d i s p l a y  con ten ts  o f  address 100s - - - - - - = - I - - - - = e - - - - - - - - - and change i t  t o  0 (CPU i s  i n  STOP mode) Z 
- - I - - - - G - = - - - - - - - - 
E #100/137777 ODEPd t h e  same as t h e  second example b u t  - - 
- - - 
= - - - - - - 
- - - - = - - - CPU i s  i n  RUN mode - - - - - - - = - - - - - - - 

I f  t h e  paging system i s  used, you may s p e c i f y  
v i r t u a l  address ing by s e t t i n g  t h e  page t a b l e  
t o  be used w i t h  t h e  E command. 

I f  you s p e c i f y  v i r t u a l  address ing,  page 
f a u l t s  and p r o t e c t  v i o l a t i o n s  a r e  i g n o r e d .  I f  
p h y s i c a l  address ing i s  used, t h e  address may 
c o n t a i n  up t o  24 b i t s  ( 8  o c t a l  d i g i t s ) .  

To dump t h e  con ten ts  o f  an area o f  memory t o  
t h e  conso le ,  e n t e r  t h e  s t a r t  address,  t h e  
memory dump c h a r a c t e r  < ,  t h e  end address and 
te rm ina te  t h e  command w i t h  c a r r i a g e  r e t u r n .  
The con ten ts  o f  t h e  memory addresses between 
t h e  s t a r t  address and t h e  end address a r e  
p r i n t e d  on t h e  conso le ,  w i t h  8 addresses per  
l i n e .  

The dump i s  taken f rom t h e  64 Kword memory 
bank (segment) l a s t  addressed by a memory 
examine command / .  A memory examine command 
should  always be done b e f o r e  a memory dump. 
The dump may be stopped by p r e s s i n g  any key.  
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The form o f  t h i s  command i s  t h e  same as f o r  
t h e  examine memory command / .  The r e g i s t e r  
name i s  w r i t t e n  b e f o r e  t h e  command i n s t e a d  o f  
t h e  memory address.  The program l e v e l  may be 
s p e c i f i e d  (0-178 ) b e f o r e  t h e  r e g i s t e r  name. 
I f  t h e  program l e v e l  i s  o m i t t e d ,  program 
l e v e l  zero i s  assumed. 

The con ten ts  o f  t h e  r e g i s t e r  i s  d i s p l a y e d  
a f t e r  t h e  / c h a r a c t e r .  If you want t o  change 
t h e  con ten ts ,  e n t e r  t h e  new va lue  i n  t h e  same 
way as f o r  t h e  examine memory command. I f  t h e  
CPU i s  i n  STOP mode, you must end t h e  v a l u e  
w i t h  "DEP". 

Working r e g i s t e r s  may be s p e c i f i e d  by e i t h e r  
t h e  form Ry where y  i s  a  number i n  t h e  range 
0  - 7  o r  t h e  name o f  t h e  r e g i s t e r .  

RO - R7 correspond t o  : S ,  D ,  P ,  B ,  L ,  A, T, 
X r e s p e c t i v e l y .  

I n t e r n a l  r e g i s t e r s  a r e  addressed as I y  where 
y  i s  a  number i n  t h e  range 0  - 1 5 8 .  

I 0  - I15  correspond t o  t h e  i n t e r n a l  
r e g i  s t e r t  : 

PANS (01,  STS (11, OPR ( 2 ) * ,  PSR (31 ,  
PVL (41,  I I C  (51,  P I0  ( 6 1 ,  PIE ( 7 1 ,  
CSR ( l o 8  1 ,  ACTL ( 118 1 , ALD (12 ) , 

PES (1381 ,  PCR ( 1 4 8 ) ,  PEA (15 8 .  
8 

Note ( *  : OPR i s  a  s imu la ted  panel s w i t c h  
r e g i s t e r  which can be w r i t t e n  t o  
from OPCOM. Programs can read  t h e  
con ten ts  w i t h  t h e  TRA OPR 
i n s t r u c t i o n .  

Examples : 

- - - - = - - - - - - - - - - - - 
1 #A/126500 examine A  r e g i s t e r  on l e v e l  0  = - - 
= - - - - - - - - - - - - - - - - - - - - - 

#7P/140003 examine P r e g i s t e r  on l e v e l  7  
- - - - - 

- - - - - - - - - - - - - - - - - - 
examine R2 ( =  P )  on l e v e l  7  

- 
#7R2/140003 - - 

- - - - - - - 
Zi 

- - - - - - - 
- f - - - 
1 #17/030013 - examine PIE r e g i s t e r  ( i n t e r n a l  r e g i s t e r  7 )  
- - - - - 
= 

- - - - - - - - - 
#OPR/00100 examine t h e  OPR pseudoreg is te r  

- = - - - - - - - - - - - - - - - - - - - - 
E 

- - - - - - 
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0 
DISPLAY PSEUDO-REGISTERS 

Example : 

I n  a d d i t i o n  t o  t h e  r e g i s t e r s  l i s t e d  above, 
t h e r e  a r e  t h r e e  o t h e r  pseudo- reg is te rs  t h a t  
may be addressed. Addressing these  pseudo- 
r e g i s t e r s  a f f e c t s  t h e  ( o p t i o n a l )  d i s p l a y  
panel o n l y .  

ACT : The d i s p l a y  shows a c t i v e  l e v e l s ,  c l o c k  
and a c t i v i t y  (normal d i s p l a y ) .  

BUS : The d i s p l a y  shows bus a c t i v i t y .  A  two 
d i g i t  code p reced ing  t h e  command 
s p e c i f i e s  what data  i s  d i s p l a y e d .  
F i r s t  d i g i t :  

0  = CPU data  i s  d i s p l a y e d  

1 = DMA data i s  d i s p l a y e d  

2 = CPU address i s  d i s p l a y e d  

3 = DMA address i s  d i s p l a y e d  

Second d i g i t :  

0  = n o t h i n g  i s  d i s p l a y e d  

1 = Read access o n l y  i s  d i s p l a y e d  

2 = W r i t e  access o n l y  i s  d i s p l a y e d  

3 = Read and w r i t e  a r e  d i s p l a y e d  

23BUS/ The d i s p l a y  w i l l  show a l l  da ta  
w r i t t e n  f rom t h e  CPU t o  memory. The 
f u n c t i o n  f i e l d  o f  t h e  d i s p l a y  w i  11 show 
"ACWR" . 

OPR : The d i s p l a y  shows t h e  c o n t e n t s  o f  t h e  
OPR r e g i s t e r .  T h i s  i s  a  s imu la ted  panel 
s w i t c h  r e g i s t e r  which can be w r i t t e n  t o  
from OPCOM. Programs can read  t h e  
con ten ts  w i t h  t h e  TRA OPR i n s t r u c t i o n .  

U  : The d i s p l a y  shows t h e  c o n t e n t s  o f  a  
s c r a t c h  r e g i s t e r  which can be w r i t t e n  
t o  by t h e  TRR LMP i n s t r u c t i o n .  T h i s  i s  
used by t h e  DISC-TEMA program t o  show 
t h e  c y l i n d e r  number d u r i n g  d i s c  
o p e r a t i o n s .  

Norsk Data ND-06.026.1 EN 



Chapter 7 Operator I n t e r a c t i o n  

The contents  of t h e  work ing r e g i s t e r s  on 
program l e v e l s  xx  t o  yy a re  d i sp l ayed  on t h e  
console .  One r e g i s t e r  s e t  i s  d i sp l ayed  per  
l i n e .  The r e g i s t e r s  a re  p r i n t e d  i n  t h e  
f o l l o w i n g  o rde r :  STS, D ,  P ,  B ,  L ,  A, T, X .  

To dump the  r e g i s t e r  s e t  on o n l y  one l e v e l  xx 
must be equal t o  y y .  I f  x x  and y y  a re  o m i t t e d  
(<RD),  the  r e g i s t e r s  on l e v e l  0  a re  dumped. 

The I R D  command d i s p l a y s  t h e  16 i n t e r n a l  
r e g i s t e r s  o f  t he  CPU. Th i s  command i s  o n l y  
a l lowed when t he  CPU i s  i n  STOP mode. Th i s  i s  

a 
t o  avo id  u n i n t e n t i o n a l  un l ock i ng  o f  PEA, PES 
and I I C  when t he  CPU i s  r unn ing .  

The RDE command dumps t h e  con ten ts  o f  t h e  8 
sc ra tch  r e g i s t e r s  ( o n l y  microprogram 
access ib le  1 on program l e v e l s  xx t o  yy. One 
sc ra tch  r e g i s t e r  s e t  i s  d i sp l ayed  per  l i n e .  
Th i s  command i s  in tended f o r  debugging 
microprograms o n l y .  

Th is  command w i l l  d e f i n e  t h e  d i s p l a y  fo rmat  
when t h e  op t i ona l  d i s p l a y  u n i t  i s  i n c l uded  i n  
t h e  system. uuzzyx a re  o c t a l  d i g i t s  and 
d e f i n e  t h e  chosen fo rmat .  F ,  w i t h o u t  
argument, ( o r  w i t h  argument equal t o  ze ro )  
w i l l  s e t  t he  d e f a u l t  d i s p l a y  fo rmat ,  which i s  
o c t a l  format .  The f i e l d s  o f  t h e  argument have 
t h e  f o l l o w i n g  meaning: 

x : Number r ep resen ta t i on  code. x  = 0 
Displayed data i s  i n  o c t a l  
r ep resen ta t i on .  zz has no e f f e c t .  

x  = 1 Disp layed data i s  i n  unary 
r ep resen ta t i on ,  i . e .  4 o f  t h e  b i t s  i n  t h e  
d isp layed  data a re  used t o  l i g h t  one o u t  
o f  16 i n d i c a t o r s .  zz i n d i c a t e s  which 4 
b i t s  t o  decode. 
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0 Example : 

x = 2  D isp layed  d a t a  i s  i n  b i n a r y  
r e p r e s e n t a t i o n .  zz  has no e f f e c t .  

y  : " S t r e t c h "  code. 

y = 0  No s t r e c t c h i n g  

y  = 1 Zeros a r e  s t r e t c h e d .  

y  = 2  Ones a r e  s t r e t c h e d .  

y = 3 Zeros and ones a r e  s t r e t c h e d .  

zz :  Lower s t a r t  b i t  f o r  unary  d i s p l a y .  

zz = 0-24 P o s i t i o n  o f  l o w e s t  b i t  
p o s i t i o n  t o  be rep resen ted  i n  unary  
r e ~ r e s e n t a t i  on. 

uu:  D i s p l a y  processor  maintenance codes ( 4  
b i t s  

uu = 1 D i s p l a y  year  and month 

uu = 2  I n h i  b i t  message 

uu = 4  I n i t i a l i z e  panel  p rocessor  

uu = l o 8  A b o r t  message 

See page 167 f o r  d e t a i l s  about  d i s p l a y i n g  
messages on t h e  p a n e l .  

A f t e r  t h i s  fo rmat  s p e c i f i c a t i o n ,  b i t s  14 - 
17 ( b i t s  12 - 15)  w i l l  be shown i n  u n a r t  
r e b r e s e n t a t i  on w i t h  a f t e r g l o w  on ones. ( I f  
t h e  d i s p l a y  shows an address,  t h i s  i s  
e q u i v a l e n t  t o  push ing t h e  DECODE ADDRESS 
b u t t o n  on NORD-1O/S . 
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The BPUN format  i s  de f i ned  as f o l l o w s :  

Pre-amble : Th i s  may c o n t a i n  any charac te rs  except " ! "  ( 4 1 8 ) .  I t ' s  o r i g i n a l  use 
was a  boo t s t r ap  loader  f o r  stand a lone CPUs. Th is  i s  no longer  used. 
( I t  i s ,  however, generated by t h e  NRL command BPUN). 

r / / 

S t a r t  : A  f i e l d  c o n t a i n i n g  an ASCII encoded o c t a l  s t a r t  address f o r  t h e  
program. It i s  te rm ina ted  by a  ca r r i age  r e t u r n  ( 1 5 8 )  and o p t i o n a l l y  
a  l i n e  feed  ( 1 2 8 ) .  

Pre-amble 

Boot : A  f i e l d  c o n t a i n i n g  an ASCII encoded o c t a l  va lue  g i v i n g  t h e  s t a r t  
address o f  t h e  above mentioned boo t s t r ap  loader  and te rmina ted  by 
t h e  " ! "  charac te r  ( i . e .  t h e  nex t  f i e l d ) .  No longer  used. 

" ! "  : S t a r t  o f  da ta  s i gna l  

/ / 

program s t a r t  1 1 L I- word count a c t i o n  code 
S t a r t  o f  da ta  s i g n  s t a r t  address f o r  l oad  

s t a r t  

Address : Address where t h e  b i n a r y  load  w i l l  s t a r t .  Two by tes  (most 
s i g n i f i c a n t  f i r s t ) .  

Count : Number o f  words i n  t h e  f o l l o w i n g  data f i e l d .  Two by tes  (most 
s i g n i f i c a n t  f i r s t ) .  

boo t  

Data : A  f i e l d  c o n s i s t i n g  o f  <Count> (16 b i t )  words. Each word i s  recorded 
as two by tes ,  t h e  most s i g n i f i c a n t  by te  f i r s t .  

Checksum : A r i t h m e t i c  sum o f  f121 t h e  words i n  t h e  data f i e l d  t r unca ted  t o  16 
b i t s  ( i e .  modulo 2  1 .  recorded as two by tes ,  t h e  most s i g n i f i c a n t  
b y t e  f i r s t .  

! 

A c t i o n  : Two b y t e  f i e l d .  I f  t he  a c t i o n  f i e l d  i s  zero,  execu t ion  w i l l  s t a r t  a t  
t h e  address s p e c i f i e d  i n  t h e  s t a r t  f i e l d .  I f  t h e  a c t i o n  f i e l d  i s  no 
zero ,  t h e  CPU w i l l  remain i n  OPCOM mode. The P r e g i s t e r  w i l l  c o n t a i n  
t h e  va lue  read  f rom t h e  s t a r t  f i e l d .  

The l oad  format  i s  compat ib le  w i t h  t h e  fo rmat  
dumped by t h e  IBPUN command i n  t h e  MAC 
assembler and t h e  BPUN command i n  t h e  NRL 
1 oader . 

address 
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8 . 1  WHAT I S  DIFFERENT FROM THE ND-lOo? 

The main areas of  change a r e :  

Phys ica l  s i z e  

New technology 

Cache-memory s t r a t e g y  

Address a r i t h m e t i c  

I n t e r r u p t  system 

Con t ro l  s t o r e  

Con t ro l  l o g i c  and t i m i n g  

The ND-11O/CX CPU now i n c l u d e s  CPU, memory 
management system, cache memory and o p e r a t o r  
panel processor .  The r e d u c t i o n  i n  p h y s i c a l  
s i z e  i s  due t o  e x t e n s i v e  use o f  g a t e  a r r a y s  
and PALS. 

The ND-11O/CX CPU has been designed u s i n g  
ga te -a r ray  techno logy .  Gate a r r a y s  a r e  "semi-  
custom" v e r y  l a r g e  s c a l e  i n t e g r a t e d  (VLSI )  
c i r c u i t s .  

Semi-custom means t h a t  t h e  g a t e - a r r a y  
manufacturer des igns c i r c u i t s  w i t h  
unconnected l o g i c  ( g a t e )  e lements.  The 
customer ( i n  t h i s  case Norsk Data)  s p e c i f i e s  
t h e  f u n c t i o n  o f  t h e  t h e  c i r c u i t  by t e l l i n g  
t h e  manufacturer how t h e  elements a r e  t o  be 
in te r -connec ted .  
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BUFALU 

M A C  - the microaddress 
controller 

The ND-11O/CX CPU has t h r e e  ga te  a r r a y s :  

RMIC 

RMAC 

BUFALU 

The mic ro  i n s t r u c t i o n  c o n t r o l l e r ,  RMIC, 
con ta ins  t h e  c i r c u i t r y  t h a t  p r e v i o u s l y  
cons is ted  o f  t h r e e  sequencer packages and 
about 30 o t h e r  l o g i c  ICs .  

T h i s  rep laces  t h e  f o u r  b i t - s l i c e  a r i t h m e t i c  
and l o g i c  u n i t  (ALU) c i r c u i t s ,  some 
a d d i t i o n a l  r e g i s t e r s  l i k e  t h e  da ta  bus 
r e g i s t e r  and t h e  general  purpose r e g i s t e r ,  
and t h e  work ing r e g i s t e r  s e t .  

T h i s  i s  an implementat ion o f  ND-110 address 
a r i t h m e t i c  i n  hardware. I n  t h e  ND-100 t h i s  
f u n c t i o n  was performed by t h e  microprogram. 

The ND-11O/CX  CPU has a nove l  implementat ion 
o f  cache memory f o r  m i c r o i n s t r u c t i o n s .  The 
s tep  known as mapping i n  t h e  ND-100 i s  
thereby avoided, because t h e  f i r s t  
m i c r o i n s t r u c t i o n  word o f  a M a c r o i n s t r u c t i o n  
i s  s t o r e d  i n  cache memory. 

The address a r i t h m e t i c  i n  t h e  ND-11O/CX CPU 
i s  implemented i n  hardware by t h e  RMAC g a t e  
a r r a y .  Th is  i s  an advantage compared t o  t h e  
ND-100, which performed address a r i t h m e t i c  i n  
microprogram. 
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Changes i n  hardware a r c h i t e c t u r e  have c r e a t e d  
changes i n  t h e  i n t e r r u p t  system. U n l i k e  t h e  
ND-100 CPU, t h e  ND-100/CX CPU handles 
synchronous i n t e r r u p t s  as t r a p s .  T h i s  i s  
s i m i l a r  t o  t h e  ND-500. Asynchronous 
i n t e r r u p t s  have n o t  been a f f e c t e d .  

The c o n t r o l  s t o r e  uses,  r e a d / w r i t e  memory 
(RAM). A t  power up i t  i s  i n i t i a l i s e d  w i t h  t h e  
s tandard microprogram which i s  s t o r e d  i n  two 
read o n l y  memory c i r c u i t s  ( E P R O M ) .  

The s tandard microprogram can be m o d i f i e d  
u s i n g  a  s p e c i a l  i n s t r u c t i o n  implemented i n  
t h e  ND-11O/CX CPU. The con ten ts  o f  t h e  
c o n t r o l  s t o r e  can a l s o  be read  f rom program. 

Much o f  t h e  c o n t r o l  l o g i c ,  t i m i n g  c i r c u i t s  
and bus i n t e r f a c e  l o g i c  have been designed 
u s i n g  programable a r r a y  l o g i c  (PAL) .  

The main o s c i l l a t o r  i s  now a  39.3216 Mhz 
c r y s t a l  o s c i l l a t o r .  T h i s  o s c i l l a t o r  i s  used 
f o r :  

t h e  nano-sequencer 

t h e  CPU c l o c k  

sampling i n  t h e  bus a r b i t e r  

t h e  r e a l - t i m e  c l o c k  

t h e  s e r i a l  conso le  i n t e r f a c e  ( t h e  WART) 

The ND-110 nano-sequencer i s  a  f o u r - b i t  
s tate-machine.  I t s  o u t p u t  i s  used th roughou t  
t h e  CPU f o r  t i m i n g  and c o n t r o l .  
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TRA CS opcode 1500178 
Description: 

TRR CS opcode 1501178 
Description: 

15 14 
X- 
r e g i s t e r  

C o n t r o l  
S t o r e  

Reads 16 c o n t r o l  s t o r e  b i t s  i n t o  t h e  A- 
r e g i s t e r .  The X - r e g i s t e r  c o n t a i n s  t h e  c o n t r o l  
s t o r e  address.  

W r i t e s  t h e  A - r e g i s t e r  i n t o  16 c o n t r o l  s t o r e  
b i t s .  The X - r e g i s t e r  c o n t a i n s  t h e  c o n t r o l  
s t o r e  address.  

For  b o t h  t h e  i n s t r u c t i o n s  TRA CS and TRR CS 
we have : 

0  C o n t r o l  S t o r e  Address 0-8K X X 

One o f  t h e  b i t  groups i s  s e l e c t e d  

BIT GROUP SELECT 

0  0  B i t s  15-0 
0  1 31-16 
1 0  47-32 
1 1  63-48 

by b i t s  0 and 1 i n  t h e  X-reg.  1 

8K deep 

Figure  62.  C o n t r o l  S t o r e  B i t  Group S e l e c t i o n  
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e 
TRR CILP opcode 1501130 

a 
Description: The cache i n h i b i t  page i n s t r u c t i o n  a l l o w s  t h e  

programmer t o  i n h i b i t  i n d i v i d u a l  pages i n  
cache. 

The format  o f  t h e  A - r e g i s t e r  i s  shown i n  t h e  
f o l l o w i n g  f i g u r e :  

Phys ica l  page address a f f e c t e d  -11 
= 0 ,  t h e  page i s  s e t  i n h i b i t  
= 1, t h e  page i s  s e t  normal 

F i g u r e  63.  Cache I n h i b i t  Page I n s t r u c t i o n  

@ -SN opcode 1401330 
0 

Description: Reads v e r s i o n  numbers o f  p r i n t  and 

P r i n t  v e r s i o n  

microprogram 

ALD 

4 3 0  1 .  P r i n t  v e r s i o n  i n t o  b i t s  4-15 o f  t h e  A- 
r e g i s t e r .  B i t s  0-3 i s  t h e  au tomat i c  l o a d  
d e s c r i p t o r  (ALD) s w i t c h  s e t t i n g  . 

F i g u r e  6 4 .  A - r e g i s t e r  a f t e r  VERSN 

0  2 .  Microprogram v e r s i o n  i n t o  t h e  T- 
r e g i s t e r  . 

Microprogram v e r s i o n  

F i g u r e  6 5 .  T - r e g i s t e r  a f t e r  VERSN 

I n s t a l l a t i o n  no.  

15 7 0  3 .  One b y t e  o f  t h e  i n s t a l l a t i o n  number (16  
b y t e  number) i n t o  b i t s  0-7 o f  t h e  D- 
r e g i s t e r .  B i t s  8-15 a r e  n o t  d e f i n e d .  B i t s  
8-11 o f  t h e  A - r e g i s t e r  d e f i n e  which o f  
t h e  16 by tes  a r e  read ,  and you have t o  

F i g u r e  6 6 .  D - r e g i s t e r  a f t e r  VERSN 
l o a d  t h e  A - r e g i s t e r  w i t h  these f o u r  b i t s  
b e f o r e  you execute t h e  VERSN command. 

You must r e p e a t  t h e  i n s t r u c t i o n  16 t i m e s  
t o  read  t h e  complete i n s t a l l a t i o n  number. 
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SETPT opcode 1403008 
Description: 

CLEPT opcode 1403018 
Description: 

Set page t a b l e s .  

Th is  i n s t r u c t i o n  can rep lace  t h e  f o l l o w i n g  
i n s t r u c t i o n s :  

SETPT: JXZ * 7 R  - 
LDDTX 208 
BSET ZRO 130R DA - 
LDBTX l o 8  
STD , B  
LDXTX 008 
JMP *-68 

Each t ime t he  loop  i s  executed ( u n t i l  X 
becomes zero )  two consecut ive phys i ca l  memory 
l o c a t i o n s  addressed by X a re  loaded i n t o  t h e  
A and D r e g i s t e r s .  

The word i n  A i s  t h e  p r o t e c t  f i e l d  o f  t h e  
page t a b l e ,  b i t  11 ( t h e  PGU b i t )  i s  c l e a r e d  
t o  s e t  t he  page t a b l e .  The double word ( i n  A  
and D )  i s  then s to red  i n  two consecu t i ve  
l o c a t i o n s  po in ted  t o  by t h e  con ten ts  o f  t h e  B 
r e g i s t e r ,  the  page t a b l e  address.  

* i s  t h e  mnemonic f o r  P r e l a t i v e  address ing.  

Clear page t a b l e s .  

Th is  i n s t r u c t i o n  can rep lace  t h e  f o l l o w i n g  
i n s t r u c t i o n s  : 

CLEPT: JXZ * l o 8  
LDBTX l o 8  
LD A , B  
JAZ *3 
STATX 20: 
STZ , B  
LDXTX 008 
JM P *- 7 

8 

Each t ime  t h e  loop  i s  executed ( u n t i l  X 
becomes zero )  t h e  phys i ca l  memory l o c a t i o n  
addressed by X i s  loaded i n t o  t h e  B r e g i s t e r .  

The B r e g i s t e r  con ten ts  p rov i de  t h e  address 
o f  a  page t a b l e  e n t r y ,  which i s  loaded i n t o  
t h e  A r e g i s t e r .  

I f  t he  page t a b l e  e n t r y  i s  zero (unused) t h e  
loop  i s  r e s t a r t e d .  
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I f  t he  page t a b l e  e n t r y  i s  n o t  ze ro  (used)  i t  
i s  s t o red  i n  a  phys i ca l  l o c a t i o n  addressed by 
X ( 8  l o c a t i o n s  away from i t s  o r i g i n a l  e n t r y )  
and t he  o r i g i n a l  page t a b l e  e n t r y  c l ea red  by 
p l a c i n g  zero i n  t h e  l o c a t i o n  addressed by t h e  
B r e g i s t e r .  

The phys ica l  l o c a t i o n  addressed by X i s  then  
loaded i n t o  t he  X r e g i s t e r  i t s e l f  and t h e  
loop r e s t a r t e d .  

CLNREENT opcode 1403028 
Description: Clear non r e - e n t r a n t  pages. 

The contents  o f  t he  memory address a t  A  + 2  
a re  read t o  f i n d  t h e  page t a b l e  t o  be c l ea red  
a long w i t h  t he  SINTRAN RT bi tmap (addressed 
by t he  X and T  r e g i s t e r s  . The page t a b l e  
e n t r i e s  corresponding t o  those b i t s  s e t  i n  
t h e  RT bi tmap a re  then c l ea red .  

CHREENTPAGES opcode 140303 
8 

Description: Change page t a b l e s .  

The X r e g i s t e r  i s  used t o  address t h e  c u r r e n t  
( R 1 )  and p rev ious  (Rp) sc ra t ch  r e g i s t e r s  . 

I f  t he  R 1  i s  zero,  t h e  r e - e n t r a n t  page has 
no th ing  t o  change so t h e  l oop  i s  l e f t ,  
o therwise t h e  con ten ts  o f  t h e  memory l o c a t i o n  
po in ted  t o  by t h e  R 1  + 2  a re  loaded i n t o  T.  

T then con ta ins  t h e  p r o t e c t  t a b l e  e n t r y ,  i f  
t h e  page has n o t  been w r i t t e n  t o  ( W I P  b i t  12 
i s  zero T and R 1  a re  loaded w i t h  Rp. R 1  
(now con ta i n i ng  Rp) i s  t e s t e d  again  f o r  ze ro .  
I f  t h e  page has been w r i t t e n  t o ,  t h e  T 
r e g i s t e r  i s  loaded w i t h  t h e  con ten ts  o f  t h e  
second sc ra tch  r e g i s t e r  (R21, p o i n t e d  t o  by 
R 1 ,  and R2 becomes t h e  address o f  Rp. X i s  
loaded w i t h  R 1  as t h e  new p o i n t e r  t o  t h e  r e -  
e n t r a n t  pages and Rp i s  loaded i n t o  t h e  D 
r e g i s t e r  po in ted  t o  by A .  

CLEPU opcode 1403048 
Description: Clear page tab1 es and c o l  1  e c t  PGU 

i n fo rma t i on .  

Th is  i n s t r u c t i o n  c o l l e c t s  i n f o r m a t i o n  on t h e  
PGU (page used) b i t  of a  page t a b l e  e n t r y  
w h i l s t  execut ing CLEPT. 
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Chapter 8 New f e a t u r e s  i n  ND-110 

WGLOB opcode 1405008 
Description: 

RGLOB opcode 1405018 
Description: 

The i n s t r u c t i o n  p laces  PGU i n f o r m a t i o n  i n  an 
e i g h t  word t a b l e  c a l l e d  the page map bank. 
Each b i t  i n  t h e  bank rep resen ts  t h e  s t a t u s  o f  
a page 's  PGU b i t  as f o l l o w s :  

word 0 

word 1 

word 7 

A denotes page 1778 PGU b i t  
* denotes page 3Z8 PGU b i t  
0 denotes page O8 PGU b i t  

The L r e g i s t e r  c o n t a i n s  t h e  address o f  t h e  
map e n t r y .  

I n i  ti a1 i ze g l o b a l  p o i n t e r s  . 

( T )  = bank number o f  segment t a b l e  (STBNK) 
(A)  = s t a r t  address w i t h i n  bank (STSRTI* 
( D )  = bank number o f  co re  map t a b l e  (CMBNK) 

* must be d i v i s i b l e  by 8 

Examine g l o b a l  p o i n t e r s .  

( T )  - bank number o f  segment t a b l e  (STBNK) 
( A )  - s t a r t  address w i t h i n  bank (STSRT) 
(D) - bank number o f  co re  map t a b l e  

( CMBNK 
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Chapter 8 New f e a t u r e s  i n  ND-110 

• INSPL opcode 1405020 
Description: 

0 

RElMPL opcode 1405038 
Description: 

CNREK opcode 1405048 
Description: 

I n s e r t  page i n  page l i s t .  

R 1  : =  ( s tbnk ,B)  . 7  
X = :  ( s t b n k , B ) . 7  
R 1  = :  (cmbnk,X) . O  

I F  R1<>0 THEN 
Q : =  (cmbnk,Rl) .1 
X = :  (cmbnk,R1).1 

ELSE 
Q : =  ( ( B  - s t s r t )  / 2 ) + 3 

END I F  
Q : =  (cmbnk,X) .1 
T = :  (cmbnk,X).3 

Remove page from page l i s t .  

R 1  : =  (cmbnk,X) . O  
R2 : =  ( cmbnk ,X) . l  

I F  R2A3 = 0 THEN 
R 1  = :  (cmbnk,R2).0 

ELSE 
Q : =  (R2 * 2 )  + s t r s t  
R 1  = :  ( s t b n k , Q ) . 7  

ENDIF 
I F  R1<>0 THEN 

R2 = :  ( c m b n k , R l ) . l  
ENDIF 

0 = :  (cmbnk,X).O 
0 = :  ( cmbnk ,X) . l  

C lear  non r e - e n t r a n t  pages. 

Q : =  ( s t b n k , A ) . 2  
I F  A=O THEN 

EXIT 
END I F  
R 1  : =  ( (QA1700) * 2 )  + 174000 
DO FOR R2=X TO X+10 

R4 : =  (T,R2) . 0  
I F  R2 = X+10 THEN 

EXIT 
ENDIF 
DO FOR 1c=O TO 17 

I F  b i t ( l c , R 4 )  = 1 THEN 
0 = :  (R11.0 

END I F  
R 1  : =  R 1  + 2 

ENDDO 
ENDDO 
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CLPT opcode 1405058 
Description: Clear  segment f rom page t a b l e s .  

WHILE X < > O  DO 
B : =  ( ( (c rnbnk,X) .3)  V 176000 ) * 2 
I F  A < O  THEN 

0 = :  B.0 
ELSEIF A>O THEN 

R3 : =  B.0 
I F  R3<>0 THEN 

R3 = :  (cmbnk,X).2 
END I F  

ELSE 
R3 : =  B.0 
I F  R3<>0 THEN 

R3 = :  (cmbnk,X).2 
0 = :  B.0 

END I F  
END I F  
X : =  (cmbnk,X).O 
I F  i n t e r r u p t  pending THEN 

P : =  F-1 
EXIT 

END I F  
ENDDO 
EXIT 

ENPT opcode 1405068 
Description: Ente r  segment i n  page t a b l e s  

WHILE X < > O  DO 
A :=  ( (cmbnk,X).2 1 h 173777 
R3 : =  X/4 
B : =  ( ( (cmbnk,X).3 ) V 176000 1 * 2 
A = :  8 .0  
R3 = :  B . 1  
X : =  (cmbnk,X).O 
I F  i n t e r r u p t  pending THEN 

P : =  P-1 
EXIT 

END I F  
END DO 
EXIT 
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RE, opcode 140507R 
" 

Description: 

LBIT opcode 1405108 
Description: 

SBITP opcode 1405138 
Description: 

Ente r  r e - e n t r a n t  segment i n  page t a b l e s .  

WHILE X < > O  DO 
A  : =  ( (cmbnk,X).2 ) A 073777 
R3 : =  X/4 
B : =  ( ( (cmbnk,X).3 V 176000 * 2 
A = :  B.0 
R3 = :  0 . 1  
X : =  (cmbnk,X).O 
I F  i n t e r r u p t  - pending THEN 

P : =  P - 1  
EXIT 

END I F  
END DO 
EXIT 

Load s i n g l e  b i t  accumu la to r (K)  w i t h  l o g i c a l  
memory b i t  . 

( X )  p o i n t s  t o  t h e  s t a r t  o f  a  b i t  a r r a y  
( A )  p o i n t s  t o  t h e  b i t  w i t h i n  t h e  a r r a y  

S to re  t h e  s i n g l e  b i t  accumulator ( K )  i n  a  
phys i  c a l  memory b i  t . 

( T I  p o i n t s  t o  t h e  bank number c o n t a i n i n g  t h e  
b i t  a r r a y  

( X )  p o i n t s  t o  t h e  s t a r t  o f  a  b i t  a r r a y  
(A)  p o i n t s  t o  t h e  b i t  w i t h i n  t h e  a r r a y  

LBYTP opcode 1405148 
Description: 

SBYTP opcode 1405158 
Description: 

Load t h e  A  r e g i s t e r  w i t h  a  b y t e  f rom p h y s i c a l  
memory. 

( D l  p o i n t s  t o  t h e  bank number c o n t a i n i n g  t h e  
b y t e  a r r a y  

( T I  p o i n t s  t o  t h e  s t a r t  o f  a  b y t e  a r r a y  
( X )  p o i n t s  t o  t h e  a c t u a l  b y t e  w i t h i n  t h e  

a r r a y  

S to re  a  b y t e  i n  p h y s i c a l  memory. 

( D l  p o i n t s  t o  t h e  bank number c o n t a i n i n g  t h e  
b y t e  a r r a y  

( T I  p o i n t s  t o  t h e  s t a r t  o f  a  b y t e  a r r a y  
( X I  p o i n t s  t o  t h e  a c t u a l  b y t e  w i t h i n  t h e  

a r r a y  
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TSETP opcode 1405168 
Description: 

RDUSP opcode 140517s 
Description: 

LASE opcode 1407A08 
Description: 

Test  and s e t  phys ica l  memory word. 

( T I  p o i n t s  t o  t he  phys i ca l  memory bank t o  be 
accessed 

( X )  p o i n t s  t o  t h e  address w i t h i n  t h e  bank 
(A )  i s  loaded w i t h  t he  word 

The contents  o f  t h e  l o c a t i o n  addressed by T  
and X a re  s imul taneous ly  loaded i n t o  t h e  A  
r e g i s t e r  as t he  l o c a t i o n  i s  w r i t t e n  t o  w i t h  
a l l  I s .  No o the r  memory access i s  a l lowed 
d u r i n g  t h i s  ope ra t i on .  
The o l d  con ten t  o f  t h e  memory address i s  
always read from t h e  memory and never f rom 
cache. The a l l  I s '  da ta  word i s  never w r i t t e n  
t o  cache. 
Th is  i n s t r u c t i o n  can be used f o r  processor  
synchron iza t ion .  

Read a  phys ica l  memory word w i t h o u t  u s i n g  
cache. 

( T )  p o i n t s  t o  t he  phys i ca l  memory bank t o  be 
accessed 

(X) p o i n t s  t o  t h e  address w i t h i n  t h e  bank 
(A)  i s  loaded w i t h  t h e  memory word 

The o l d  con ten t  o f  t h e  memory address i s  
always read from t h e  memory and never f rom 
cache. 

Note:The execut ion t ime  o f  t h i s  i n s t r u c t i o n  
inc ludes  two bus-read cyc l es  (The CPU uses 
semaphore cyc les  - see page 107) 

Load t he  A  r e g i s t e r  w i t h  t h e  con ten ts  o f  t h e  
segment-table bank (STBNK). 

( A )  - (ea)  

ea = ( B )  + A = STBNK e n t r y  

A 3 - b i t  d isplacement added t o  B  i nc l uded  i n  
t h e  i n s t r u c t i o n  opcode. 
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@ SASE opcode 1407A10 
0 

Description: 

LACE opcode 1407A28 
Description: 

SACB opcode 1407A38 
Description: 

LXSB opcode 1407A48 
Description: 

LXCB opcode 1407A58 
Description: 

Store  t h e  A r e g i s t e r  con ten ts  i n  t h e  segment 
t a b l e  bank (STBNK). 

( e a )  - ( A )  

ea = ( B )  + A = STBNK e n t r y  

A 3 - b i t  d isp lacement  added t o  B  i n c l u d e d  i n  
t h e  i n s t r u c t i o n  opcode. 

Load t h e  A r e g i s t e r  f rom t h e  c o r e  map-table 
bank (CMBNK). 

ea = ( B )  + A = CMBNK e n t r y  

A 3 - b i t  d isplacement added t o  B  i n c l u d e d  i n  
t h e  i n s t r u c t i o n  opcode 

S to re  t h e  A r e g i s t e r  i n  t h e  co re  map t a b l e  
bank (CMBNK . 

ea = ( 9 )  + A = CMBNK e n t r y  

A 3 - b i t  d isplacement added t o  B  i n c l u d e d  i n  
t h e  i n s t r u c t i o n  opcode. 

Load t h e  X r e g i s t e r  f rom t h e  segment t a b l e  
bank (STBNK . 

ea = ( B )  + A = STBNK e n t r y  

A 3 - b i t  d isplacement added t o  B  i n c l u d e d  i n  
t h e  i n s t r u c t i o n  opcode. 

Load t h e  X r e g i s t e r  f rom t h e  c o r e  t a b l e  bank 
(STBNK) . 

( X I  - ( e a )  

ea = ( B )  + A = CMBNK e n t r y  

A 3 - b i t  d isplacement added t o  B  i n c l u d e d  i n  
t h e  i n s t r u c t i o n  opcode. 
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SZSB opcode 1407A68 
Description: 

SZCB opcode 1407h78 
Description: 

S t o r e  zero i n  t h e  segment- table bank (STBNK) 

ea = ( 0 )  + A = STBNK e n t r y  

A 3 - b i t  d isplacement added t o  B i n c l u d e d  i n  
t h e  i n s t r u c t i o n  opcode. 

S to re  zero i n  t h e  co re  map-table bank 
(CMBNK . 

ea = ( 8 )  + A = CMBNK e n t r y  

A 3 - b i t  d isplacement added t o  B . i nc luded  i n  
t h e  i n s t r u c t i o n  opcode. 

The i n t e r n a l  a r c h i t e c t u r e  i n  t h e  ND-11O/CX 
d i f f e r s  somewhat f rom t h e  ND-100. The 
microprogram has been m o d i f i e d  i n  p l a c e s  t o  
r e f l e c t  these d i f f e r e n c e s .  

Appendix F shows t h e  m i c r o i n s t r u c t i o n  word 
format  i n  d e t a i l .  The changes can be 
summarized as f o l l o w s :  

a d d i t i o n s  i n  t h e  COMM f i e l d  

a d d i t i o n s  i n  t h e  IDBS f i e l d  

t h e  microprogram branch address i s  one 
b i t  w ider  ( b i t  20 f u n c t i o n s  as t h e  e x t r a  
b i t ) .  

vec to red  branch f i e l d  s i m p l i f i e d  

c l o c k  t i m i n g  f i e l d  changed 
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AAA : 172400 
AAX : 173400 
ADD : 060000 
AND : 070000 
BAN C : 177000 
BLDA : 176600 
BORC : 177400 
BSTA : 176200 
CHREENT-PAGES 
CLD : 000100 
CLNREENT : 140302 
CM2 : 000600 
COPY : 146100 
D A : 000005 
DEPO : 150417 
D P : 000002 
ECCR : 000015 
ENTR : 140135 
EXIT : 146142 
FDV : 114000 
GEQ : 000400 
IDENT : 143600 
I I E  : 000005 
I OF : 150401 
I OXT : 150415 
JAF : 131400 
JAZ : 131000 
JPC : 132000 
JXZ : 133000 
LBIT : 140510 
LBYTP : 140514 
LDATX : 143300 
LDDTX : 143302 
LDX : 054000 
L I N : 003000 
LSS : 002400 
LXCB : 1407A5 
MGRE : 001400 
MLST : 003400 
MPY : 120000 
ONE : 000200 
0 RA : 074000 
PEA : 000015 
PGS : 000003 
PIOF : 150405 
P L l l  : 000011 

AAB 
AD 1 
ADDD 
, €3 
BAND 
BLDC 
BSET 
BSTC 

CLEPT 
CLPT 
CNREK 
cs 
D B 
DL 
DT 
ELEAV 
EQL 
EXR 
FMU 
GRE 
I F  
INIT 
I ON 
I RR 
JAN 
JMP 
JPL 
LACB 
LBITP 
LCIL 
LD BTX 
LDF 
LDXTX 
LMP 
LST 
LXSB 
M I N  
MON 
MST 
OPCOM 
PACK 
PES 
P I D  
P I  ON 
PL12 

AAT 
AD C 
ALD 
B AC 
B CM 
BORA 
BSKP 
CCLR 
C I LP 
CLEPU 
CM 1 
COMD 
CSR 
DD 
DNZ 
DX 
ENPT 
EXAM 
FAD 
FSB 
I 
I I C  
INSPL 
I OX 
I RW 
JAP 
JNC 
JXN 
LAS B 
LBYT 
LDA 
LDD 
LDT 
LEAVE 
LRB 
LWCS 
MCL 
M I  X3 
MOVEW 
NLZ 
OPR 
PCR 
PGC 
P I E  
PLlO 
PL13 
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POF 
RADD 
RDCR 
RDUSP 
REX 
R I N C  
ROT 
S AA 
SAD 
SAX 
S B I T P  
S D 
SHA 
SHR 
s L 
SSC 
SSO 
ssz 
STATX 
STF 
STX 
SUB 
S X 
T RA 
TSETP 
UPACK 
WGLOB 
ZRO 

PON 
RAND 
R D I V  
REMPL 
RGLOB 
RMPY 
RSUB 
SAB 
SASB 
SB 
SBYT 
SETPT 
SHD 
SHT 
S P 
SSK 
SSQ 
ST 
STD 
STS 
STZ 
SUBD 
SZCB 
TRR 
UC I L 
VERSN 
, x 

PVL 
RCLR 
RDUS 
REPT 
REX0 
RORA 
S A 
SACB 
SAT 
S B I T  
SBYTP 
SEX 
SHDE 
SKP 
SRB 
S SM 
SSTG 
STA 
STDTX 
STT 
STZTX 
SWAP 
SZSB 
TSET 
UEQ 
WAIT  
Z I N 
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STZ : 000000 
Z RO : 000000 
OPR : 000002 
PGS : 000003 
DL : 000004 
D A : 000005 
D T : 000006 
D X : 000007 
SSTG : 000010 
P L l l  : 000011 
CILP : 000013 
PEA : 000015 
S P : 000020 
SSZ : 000030 
SSQ : 000040 
SSO : 000050 
S SM : 000070 
CM1 : 000200 
, B : 000400 
AD 1 : 000400 
ROT : 001000 
I : 001000 
UEQ : 002000 
L IN  : 003000 
STA : 004000 
STD : 020000 
LDF : 034000 
LDT : 050000 
SUB : 064000 
FAD : 100000 
FDV : 114000 
J AP : 130000 
JAF : 131400 
JXZ : 133000 
SKP : 140000 
COMD : 140122 
UPACK : 140125 
VERSN : 140133 
LEAVE : 140136 
CLEPT : 140301 
CHREENT- PAGES 
WGLOB : 140500 
REMPL : 140503 
ENPT : 140506 
LBITP : 140511 
LBYTP : 140514 
RDUSP : 140517 
SASB : 1407A1 
LXSB : 140764 
SZCB : 1407A7 
LBYT : 142200 
MIX3 : 143200 
LDDTX : 143302 
STZTX : 143305 

I F  : 000000 
STS : 000001 
D P : 000002 
D B : 000003 
PLlO : 000004 
I I E  : 000005 
P I D  : 000006 
CSR : 000010 
SD : 000010 
UC I L : 000012 
PES : 000013 
ECCR : 000015 
S S K  : 000020 
SB : 000030 
PL13 : 000043 
SSC : 000060 
S X : 000070 
SHR : 000200 
GEQ : 000400 
CM 2 : 000600 
AD C : 001000 
MGRE : 001400 
ZIN : 002000 
LST : 003000 
STT : 010000 
LDD : 024000 
MIN : 040000 
LDX : 054000 
AND : 070000 
FSB : 104000 
MPY : 120000 
JAN : 130400 
JPC : 132000 
JXN : 133400 
ADDD : 140120 
TSET : 140123 
SHDE : 140126 
IN IT  : 140134 
ELEAV : 140137 
CLNREENT : 140302 

: 140303 
RGLOB : 140501 
CNREK : 140504 
RE PT : 140507 
SB I T : 140512 
SBYTP : 140515 
EXR : 140600 
LACB : 1407A2 
LXCB : 1407A5 
RMPY : 141200 
SBYT : 142600 
LDATX : 143300 
LDBTX : 143303 
STDTX : 143306 

EQL 
DD 
LM P 
PCR 
PVL 
I I C  
PIE 
CCLR 
LC I L 
ALD 
PGC 
C S 
PL12 
S L 
S A 
ST 
CLD 
ONE 
B CM 
BAC 
GRE 
, x 
LSS 
MLST 
STX 
STF 
LD A 
ADD 
ORA 
FMU 
JMP 
JAZ 
JNC 
JPL 
SUBD 
PACK 
RDUS 
ENTR 
SETPT 

CLEPU 
INSPL 
CLPT 
LBIT 
SBITP 
TSETP 
LASB 
SACB 
SZSB 
R D I V  
MOVEW 
LDXTX 
STATX 
LWCS 
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IDENT : 143600 
REX0 : 145000 
RCLR : 146100 
RDCR : 146200 
TRA : 150000 
MST : 150300 
I ON : 150402 
SEX : 150406 
PION : 150412 
DEPO : 150417 
DNZ : 152000 
MON : 153000 
SHT : 154000 
SAD : 154600 
S AA : 170400 
AAB : 172000 
AAX : 173400 
BSTC : 176000 
BLDA : 176600 
BORC : 177400 

SWAP : 144000 
RORA : 145400 
COPY : 146100 
RINC : 146400 
TRR : 150100 
OPCOM : 150400 
POF : 150404 
REX : 150407 
I OXT : 150415 
WAIT : 151000 
SRB : 152402 
I RW : 153400 
SHD : 154200 
I OX : 164000 
SAT : 171000 
AAA : 172400 
BSET : 174000 
BSTA : 176200 
BAN C : 177000 
BORA : 177600 

RAND 
RADD 
EXIT 
RSUB 
MCL 
I OF 
P I  OF 
PON 
EXAM 
NLZ 
LRB 
I RR 
SHA 
SAB 
SAX 
AAT 
BSKP 
BLDC 
BAND 
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Appendix B ND-Bus s i g n a l s  

B . 1  ND-110 CPU C-CONNECTOR 

Note 1: P o s i t i o n  code 

Row a Row b Row c 

Note  2: These l i n e s  a r e  connected as a d a i s y - c h a i n  

Note  3 :  A l l  bus s i g n a l s  a r e  a c t i v e  low TTL l e v e l .  
Low ( l o g i c a l  0 )  + 2 . 4  t o  5 .0  V 
H igh  ( l o g i c a l  1) + 0 . 0  t o  0 . 5  V 

p i n  name 

1 Gnd 
2 +5v 
3 BD 0 
4 BD 2 
5 BD 4 
6 BD 6 
7 BD 8 
8 BD 10 
9 B D 1 2  

10 BD 14 
11 Gnd 
12 BREQ 
13 PA 0 : 
14 P A 2  
15 BINT 11 
16 BINT 13 
17 BINT 15 
18 BDAP 
19 BIOXE 
20 BMEM 
21 OUTCONTR 
22 OUTIDENT : 
23 OUTGRANT 
24 Gnd 
25 + 15V 
26 Analogue Gnd 
27 - 15V 
28 + 1 2 V  
29 Power Sense 
30 + 5V Standby 
31 + 5 V  
32 Gnd 

p i n  name 

1 Gnd 
2 + 5v 
3 BD 1 
4 BD 3 
5 BD 5 
6 BD 7 
7 BD 9 
8 B D 1 1  
9 B D 1 3  

10 BD 15 
11 Gnd 
12 BREF 
13 P A l l  

1 14 P A 3  
15 BINT 10 
16 BINT 12 
17 SEMRQ 
18 BINPUT 
19 BDRY 
20 BAPR 
2 1 I NCONTR 
2 2 INIDENT : 
2 3 INGRANT 
24 Gnd 
25 + 15V 
26 Analogue Gnd 
27 - 15V 
28 + 1 2 V  
29 Power Sense 
30 + 5V Standby 
31 + 5V 
32 Gnd 

Note 4 :  Re fe r  t o  ND-100 Bus D e s c r i p t i o n  manual, ND-06.017.02, 
f o r  more d e t a i l s .  

p i n  name 

1 Gnd 
2 + 5v 
3 BD 16 
4 B D 1 7  
5 BD 18 
6 B D 1 9  
7 BD 20 
8 B D 2 1  
9 BD 22 

10 BD 23 
11 Gnd 
12 LOAD 
13 RESTART 
14 RUN 
15 CONTINUE 
16 STOP 
17 BLANK 
18 BPAERR 
19 BINACK 
20 BMCL 
21 BERROR 
22 BCRQ 
23 B M I N H  
24 Gnd 
25 + 15V 
26 Analogue Gnd 
27 - 15V 
28 + 1 2 V  
29 Power Sense 
30 + 5V Standby 
31 + 5V 
32 Gnd 

Figure 67 .  ND-100 b u s  s i g n a l s  
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B. 2 ND-110 CPU B-CONNECTOR 8 

Note 1: A l l  bus s i g n a l s  a r e  a c t i v e  low TTL l e v e l .  
Low ( l o g i c a l  0 )  + 2 .4  t o  5 . 0  V 
H igh  ( l o g i c a l  1 )  + 0 .0  t o  0 . 5  V 

Row a Row b Row c 

F i g u r e  68 .  ND-110 T r a c e r  signals 

p i n  name 

1 Gnd 
2 +5v 
3 LuA4 
4 LuA6 
5 LuA8 
6 L u A l l  
7 LuA3 
8 LuA12 
9 LuA l  

10 PPN24 
11 COMM2 
12 LCS 
13 COMMO 
14 MIS0 
15 I DB7 
16 I DB5 
17 IDBO 
18 IDB2 
19 IDB12 
20 IDB9 
2 1 IDBlO 
2 2 IDB14 
23 LA6 
24 LA4 
25 LA2 
26 LAO 
27 LA14 
28 LA12 
29 MLAlO 
30 LA8 
31  +5V 
32 GND 

Norsk Data ND-06.026.1 EN 

p i n  name 

1 GND 
2 +5V 
3 EBUS 
4 INR6 
5 INR5 
6 INRO 
7 INR2 
8 INR3 
9 PILO 

10 P I L l  
11 PIL3 
12 PIL2 
13 INRl  
14 SEL5MS 
15 INR7 
16 PPN25 
17 INR4 
18 MOR 
19 TRAP 
20 SELPT 
21 LSHADOW 
2 2 - 
23 LA18 
24 LA19 
25 LA20 
26 LA17 
27 LA16 
28 LA22 
29 LA23 
30 LA21 
31  +5V 
32 GND 

p i n  name 

1 GND 
2 +5v 
3 LuA5 
4 LuA7 
5 LuAlO 
6 LuA9 
7 LuA2 
8 LuAO 
9 OSC 

10 XCLK 
11 COMM3 
12 COMMl 
13 COMM4 
14 MIS1 
15 IDB6 
16 IDB4 
17 I D B l  
18 IDB3 
19 IDB13 
2 0 I DB8 
2 1 I D B l l  
2 2 IDB15 
2 3 LA7 
24 LA5 
2 5 LA3 
26 LA1 
2 7 LA1 5 
28 LA13 
29 M L A l l  
30 LA9 
3 1 +5V 
3 2 GND 
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Note 1: A l l  bus s i g n a l s  a r e  a c t i v e  low  TTL l e v e l .  
Low ( l o g i c a l  0 )  .- 2.4 t o  5 .0  V 
H igh  ( l o g i c a l  1 )  + 0.0  t o  0 . 5  V 

Row a Row b Row c 

Figure 69. ND-110 1/0 connector s i g n a l s  
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p i n  name 

1 GND 
2 
3 
4 
5 
6 OCOc 
7 TXDc 
8 RXDc 
9 RTSc 

10 
11 DSRc 
12 GND 
13 
14 
15 SWLDc 
16 SWMCLc 
17 SWSTPc 
18 RUNc 
19 EAUTOc 
2 0 LOCKc 
2 1 CONSOLlc 
2 2 +5V 
2 3 XTR 1 c 
2 4 +5VSTBY 
2 5 DPlc 
2 6 DP2c 
2 7 DP3c 
2 8 DP4c 
29 DP5c 
30 CONSOL2c 
3 1 +12V 
3 2 GND 

p i n  name 

1 GND 
2 
3 
4 
5 
6 OClc 
7 I l + c  
8 12-c 
9 Ol+c 

10 02-c 
11 
12 DTRc 
13 
14 
15 SWLDc 
16 GND 
17 GND 
18 GND 
19 GND 
20 GND 
21 GND 
22 GND 
23 GND 
24 GND 
25 GND 
26 GND 
27 GND 
28 GND 
29 GND 
30 ON2c 
3 1  +5V 
32 GND 

p i n  name 

1 GND 
2 
3 OSCCLc 
4 XTR2c 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
2 0 
2 1 
2 2 
2 3 
24 
2 5 
26 
2 7 
2 8 
29 
3 0 
3 1 
32 GND 
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Appendix C Switches and i n d i c a t o r s  on the ND-110 CPU 

a 
C . 1  SWITCH SETTINGS ON THE OLD CPU CARD (30901 

Figure 70. Switch settings ND- 110, early version (3090) 

r 
29J 

28 J 

26 J 

215 

195 

155 

135 
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Component pos i t i ons  

P r i n t  no. 3090 

0 Potentiometer 

ALD edge swi tch 

Baud r a t e  edge swi tch 

0 S e l f  t e s t  lamp (green) 

0 Running lamp ( r e d )  

0 Cache on lamp ( r e d )  

0 Cache ON/OFF swi tch 

- 

A 

- 

- 

B  

- 

- 

C 

- 
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C.2 SWITCH SETTINGS ON THE NEW CPU CARD (30951 

r Component posi ti ons 

Figure 71. Switch settings ND-110, new version (3095) 

Print no. 3095 

ALD edge switch 

a Sel f test 1 amp (green) 
Running lamp (red) 
Cache on lamp (red) 

0 Cache ON/OFF switch 

0 Baud rate edge switch 
0 Potenti ometer 
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- 

A 

I 

- 
B 

- 

- 

C 

- 
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C.3  SWITCH SETTINGS O N  THE TERMINAL INTERFACE (3013) 

r 

Figure 72. The  8- Terminal I n t e r f a c e  (3013) 

Baud rate switch settings 

Component p o s i t i o n s  

P r i n t  no.  3013 - 

Norsk Data ND-06.026.1 EN 

Baud-rate s e l  e c t o r  , 
group A 

S e l e c t o r  swi tches 
f o r  c u r r e n t  1 oop/ 
RS232-C (V24) €I 

- 

Baud 
r a t e  

2400 
600 
200 
134.5 

7 5 
50 

Not  used 
Not  used 

Swi tch  
s e t t i n g  

0 
1 
2 
3 

4 
5 
6 
7 

Sw i t ch  s e t  t o  0 :  C u r r e n t  l o o p  
Sw i t ch  s e t  t o  1: RS232-C (V24) B 

Baud 
r a t e  

110 
150 
300 

2400 

1200 
1800 
4800 
9600 

Baud-rate s e l e c t o r ,  
g roup B 

Device-number s e l e c t o r ,  
g roup B 

Device-number s e l e c t o r ,  
group A 

u - 

- 

Switch  
s e t t i n g  

8 
9 

10 
11 

12 
13 
14 
15 
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r Component p o s i t i o n s  

P r i n t  no.  3107 - 

Baud-rate s e l e c t o r ,  
group A  

Baud-rate s e l e c t o r ,  
group B 

Se lec to r  switches 
f o r  c u r r e n t  loop/  
RS232-C (V24) 

Swi tch s e t  t o  0 :  Current  loop  
Swi tch s e t  t o  1: RS232-C (V24) B 

Terminal  group s e l e c t i o n ,  
group A  

0 Extended address s e l e c t i o n ,  
group A  

Terminal  group s e l e c t i o n ,  
group B 

u - 
Extended address s e l e c t i o n ,  
group B  

- 

Figure 73. The 8- Terminal Interface (3107) 

Baud rate switch settings 
Switch Baud Swi tch Baud 
s e t t i n g  r a t e  s e t t i n g  r a t e  

0  110 8  2400 
1 150 9  600 
2  300 10 200 
3  2400 11 134.5 

4  1200 12 75 
5 1800 13 5 0  
6  4800 14 Not used 
7  9600 15 Not  used 
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CHREENT- 
PAGES 
CLEPT 
CLEPU 
CLNREENT 
CLPT 
CNREK 
DEPO 
ENPT 
EXAM 
I DENT 

@ I N S P L  
I OF 
I ON 
I OX 
I OXT 
I RR 
I RW 
LACB 
LAS B 
L B I T  
L B I T P  
LBYTP 
LDATX 
LDBTX 
LDDTX 
LDXTX 
LRB 
LWCS 
LXCB 
LXSB 
MCL 
MST 
OPCOM 
P I O F  
P I O N  
POF 
PON 
RDUSP 
REMPL 
RE PT 
REX 
RGLOB 
SACB 
SASB 
S B I T  
S B I T P  
SBYTP 
SETPT 
SEX 

change non r e e n t r a n t  pages c  e  

c l e a r  page tab1 es c  e  
c l e a r  page t a b l e s , c o l l e c t  PGU i n f o  c  e  
c l e a r  non r e e n t r a n t  c  e  
c l e a r  segment f rom page t a b l e s  s  i 
c l e a r  non- reen t ran t  pages s i 
memory d e p o s i t  PX 
e n t e r  segment i n t o  page t ab les  s  i 
memory examine PX 
i d e n t i f y  i n t e r r u p t  P  X 

i n s e r t  page i n  page l i s t  s  i 
t u r n  o f f  i n t e r r u p t i n g  system P  X 

t u r n  on i n t e r r u p t i n g  system P  X 

i n p u t / o u t p u t  P  X 

i n p u t / o u t p u t  P  X 

i n t e r - r e g i s t e r  read PX 
i n t e r - r e g i s t e r  w r i t e  PX 
l oad  A w i t h  co re  map t a b l e  bank s  i 
load  A i n  segment t a b l e  bank s  i 
load  K f l i p - f l o p  w i t h  l o g i c a l  memory b i t  s i  
l oad  K f l i p - f l o p w i t h  phys ica l  memory b i t  s i  
l oad  b y t e  f rom phys ica l  memory s  i 
l o a d  A w i t h  phys i ca l  memory contents  s  i 
load  B w i t h  phys i ca l  memory contents  s  i 
load  D w i t h  phys i ca l  memory contents  s  i 
l o a d  X w i t h  phys i ca l  memory contents  s  i 
load  r e g i s t e r  b l ock  PX 
1  oad w r i  t e a b l  e  c o n t r o l  s t o r e  P  X 

l oad  X w i t h  co re  map t a b l e  bank s  i 
load  X w i t h  segment t a b l e  bank s  i 
masked c l e a r  o f  r e g i s t e r  PX 
masked s e t  o f  r e g i s t e r  PX 
s e t  t o  OPCOM mode P  X 
t u r n  paging and i n t e r r u p t  o f f  P  X 

t u r n  paging and i n t e r r u p t  on P  X 

t u r n  memory management o f f  P  X 
t u r n  memory management on P  X 

read  a  word w i t h o u t  us ing  cache s  i 
remove page f rom page l i s t  s  i 
e n t e r  r e e n t r a n t  segment i n  page t a b l e s  s  i 
r e s e t  extended address mode PX 
examine STBNK,STSRT;CMBNK s  i 
s t o r e  A i n  co re  map t a b l e  bank s  i 
s t o r e  A i n  segment t a b l e  bank s  i 
s t o r e  K f l i p - f l o p  i n  l o g i c a l  memory b i t  s  i 
s t o r e  K f l i p - f l o p  i n  phys ica l  memory b i t  s i  
s t o r e  by te  i n  phys i ca l  memory s  i 
s e t  page t a b l e s  ce 
s e t  extended address mode P  X 
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SRB 
STATX 
STDTX 
STZTX 
SZCB 
SZSB 
TRA 
TRR 
TSETP 
WAIT 
WGLOB 

s t o r e  r e g i s t e r  b l ock  
s t o r e  i n  A phys i ca l  memory contents  
s t o r e  i n  D phys i ca l  memory contents  
s t o r e  i n  Z phys i ca l  memory contents  
s t o r e  0  i n  co re  map t a b l e  bank 
s t o r e  0  i n  segment t a b l e  bank 
t r a n s f e r  i n t e r n a l  r e g i s t e r  t o  A  
t r a n s f e r  i n t e r n a l  r e g i s t e r  from B  
phys i ca l  tes t -and-se t  request  
g i v e  up p r i o r i t y  
i n i  ti a1 i ze g l oba l  p o i n t e r s  

* new ND-110 i n s t r u c t i o n s  o r  i n s t r u c t i o n  usage 
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The CPU ca rd  c o n t a i n s  a  1 2 - b i t  jumper area 
(component p o s i t i o n  E 35 on p r i n t  number 
3095; J 33 on p r i n t  number 3090) The VERSN 
i n s t r u c t i o n  may be used t o  f e t c h  t h e  s e t t i n g s  
o f  jumber f i e l d  (See page 193 f o r  a  
d e s c r i p t i o n  o f  t h e  VERSN i n s t r u c t i o n ) .  

The A r e g i s t e r  has t h e  f o l l o w i n g  fo rmat  a f t e r  
execu t i  ng VERSN . 

The b i t  f i e l d s  have been assigned t h e  f o l l o w i n g  d e f i n i t i o n s :  

Only two p r i n t  numbers have been d e f i n e d .  

B i t  14 B i t  13 P r i n t  number 

0 0 3090 
0 1 3095 
1 0 reserved  
1 1 reserved  

CX 
I 1 

r e l e a s e  no - 

T a b l e  1 9 .  P r i n t  n u m b e r  j u m p e r  s e t t i n g s  

I I I 
( ALD 1 

B i t  12 B i t  11 B i t  10 B i t  9  B i t  8 ECO l e v e l  

1 1 1 1 0 A 
1 1 1 1 1 B 
0 0 0 0 0 C 
0  0 0 0 1 D 
0 0 0 1 0 E 
0 0 0 1 1 F 
0 0 1 0 0 G 

I 
p r i n t  

Continued on t h e  n e x t  page . . .  
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Appendix E  P r i n t  v e r s i o n  

T a b l e  20. ECO jumper  s e t t i n g s  

E.3  SPEED VERSION (CX) 

Note 1 : There a r e  a  few e a r l y  CPU cards 
( p r i n t  number 3090, r e l e a s e  C) 
Where i t  i s  n o t  p o s s i b l e  t o  
read  t h i s  f i e l d .  

T a b l e  21 .  S p e e d  v e r s i o n  jumper  s e t t i n g s  
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Appendix E P r i n t  ve rs i on  

B i t 6  B i t 5  B i t 4  P r i n t  3090 P r i n t  3095 
re lease  vsn.  r e l ease  vsn. 

0 0 0 C B 
0 0 1 K 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

T a b l e  22. Print r e l e a s e  jumper s e t t i n g s  
Only t he  above re lease  vers ions  have been de f i ned  a t  
p resen t .  
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I I 
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Bit 

Bit map 

@ Byte 

T h i s  appendix c o n t a i n s  e x p l a n a t i o n s  o f  some i m p o r t a n t  
terms and concepts used i n  t h i s  manual. The 
e x p l a n a t i o n s  g i v e n  f o r  t h e  terms a p p l y  t o  t h e i r  use i n  
t h i s  manual and i n  Norsk Data p roduc ts  g e n e r a l l y .  

The s m a l l e s t  u n i t  o f  da ta  i n  a  d i g i t a l  computer.  A  b i t  
may have t h e  va lue  0  ( z e r o )  o r  1 ( o n e ) .  

A r e g i s t e r  o r  area o f  memory t h a t  uses i n d i v i d u a l  b i t s  
t o  r e p r e s e n t  l o g i c a l  v a l u e s .  Commonly used t o  r e c o r d  
t h e  s t a t e  (used /no t  used) o f  areas o f  memory and memory 
dev ices  ( e . g .  d i s k s ) .  

One h a l f  o f  an ND-110 word. A  group o f  e i g h t  b i t s  
t r e a t e d  as one u n i t .  

Complementary Meta l  Oxide Semiconductor .  A  techno logy  
used f o r  manufactur ing i n t e g r a t e d  c i r c u i t s .  CMOS 
c i r c u i t s  consume l e s s  power than  conven t iona l  ( b i p o l a r )  
c i r c u i t s .  

Commercial extended The extended v e r s i o n  o f  t h e  ND-100 i n s t r u c t i o n  s e t  t h a t  
i n c l u d e s  BCD o p e r a t i o n s  and o t h e r  ex tens ions  o f  t h e  
b a s i c  i n s t r u c t i o n  s e t .  T h i s  i s  now s tandard  on a l l  ND- 
110 computers. 

Console 

Gate array 

Information 

The t e r m i n a l  used by t h e  o p e r a t o r  t o  communicate 
d i r e c t l y  w i t h  t h e  CPU. The conso le  t e r m i n a l  i s  t h e  o n l y  
t e r m i n a l  t h a t  can communicate d i r e c t l y  w i t h  t h e  
microprogram. ( see  a l s o  O P C O M ) .  

Numbers, l e t t e r s ,  symbols and t h e  codes t h a t  a r e  used 
t o  r e p r e s e n t  them, regarded as o b j e c t s  t o  be s t o r e d  o r  
processed by a  computer. 

A  t y p e  o f  i n t e g r a t e d  c i r c u i t  which i s  c o n s t r u c t e d  as a 
r e g u l a r  a r r a y  o f  s tandard c i r c u i t s  ( l o g i c  g a t e s ) .  The 
i n t e r c o n n e c t i o n  o f  these gates  i s  t h e  f i n a l  s t e p  i n  
manufacture .  The ND-110 CPU uses t h r e e  g a t e  a r r a y s ;  
R M I C ,  RMAC and BUFALU. 

The i n t e r p r e t a t i o n  g i ven  t o  da ta  when unders tood i n  a 
s p e c i f i c  c o n t e x t .  
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Instruction 

Macroinstruction 

Microprogram 

Microinstruction 

MOPC 

ND-100 family 

Operating System 

OPCOM 

Thus, depending on t h e  c o n t e x t ,  t h e  1 6 - b i t  v a l u e  
1433048 may be understood as :  

The unsigned i n t e g e r  5088410 

The ASCII s t r i n g  "FD" 

The ND-110 i n s t r u c t i o n  STATX 

A  code which can be i n t e r p r e t e d  by t h e  CPU ( o r  ALU) as 
a  command t o  pe r fo rm one o r  more l o g i c a l  o r  
a r i t h m e t i c a l  o p e r a t i o n s .  The ND-110 has two l e v e l s  o f  
i n s t r u c t i o n s :  m a c r o i n s t r u c t i o n s  and m i c r o i n s t r u c t i o n s .  
( see  a l s o  m a c r o i n s t r u c t i o n  and m i c r o i n s t r u c t i o n )  

One o f  t h e  s e t  o f  o p e r a t i o n s  which t h e  ND-110 CPU can 
execute .  Sometimes r e f e r r e d  t o  as machine i n s t r u c t i o n  
o r  MAC i n s t r u c t i o n .  ( see  a l s o  m i c r o i n s t r u c t i o n ) .  

The s e t  o f  v e r y  low l e v e l  i n s t r u c t i o n s  t h a t  t o g e t h e r  
d e f i n e  t h e  f u n c t i o n s  o f  t h e  CPU. ( see  a l s o  
m i c r o i n s t r u c t i o n )  

One o f  t h e  s e t  of  p r i m i t i v e  o p e r a t i o n s  which a r e  used 
i n  t h e  microprogram t o  d e f i n e  t h e  c h a r a c t e r i s t i c s  o f  
t h e  CPU. M a c r o i n s t r u c t i o n s  a r e  d e f i n e d  by one o r  more 
m i c r o i n s t r u c t i o n s .  (see a l s o  m a c r o i n s t r u c t i o n )  

Acronym from Microprogram Operator  Communication. T h i s  
i s  t h e  p a r t  o f  t h e  microprogram t h a t  communicates w i t h  
t h e  conso le  ( t e r m i n a l  no.  1) when t h e  CPU i s  i n  t h e  
OPCOM mode. 

The f a m i l y  o f  1 6 - b i t  general-purpose computers f rom 
Norsk Data c o n s i s t i n g  o f  t h e  f o l l o w i n g  machines: 

A  program, o r  s e t  o f  programs which p r o v i d e  t h e  b a s i c  
o p e r a t i n g  f u n c t i o n s  o f  a  computer. The o p e r a t i n g  system 
used on Norsk Data computers i s  c a l l e d  SINTRAN. 

Acronym from Operator  COMmunication mode. I n  t h i s  mode 
t h e  ND-110 CPU conso le  ( t e r m i n a l  no.  1) communicates 
d i r e c t l y  w i t h  t h e  microprogram. T h i s  mode i s  used f o r  
s e r v i c e  and maintenence o n l y .  
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Appendix G Glossary 241 

@ Page A cont iguous area o f  memory c o n s i s t i n g  o f  1024 words 
(2K b y t e s ) .  By ex tens ion ,  a  page may a l s o  r e f e r  t o  1024 
words on a  d i s k ,  tape o r  o the r  s torage medium. 

P a g e  index table A page t a b l e  as seen from so f tware .  Table c o n t a i n i n g  
t h e  phys ica l  page numbers and access i n f o r m a t i o n  o f  
pages o f  memory. Page index t a b l e s  (P ITS)  a re  managed 
by t he  opera t ing  system (SINTRAN). 

Page table 

Word 

An area o f  h i gh  speed memory, w i t h i n  t h e  memory 
management p a r t  o f  t h e  CPU, which con ta i ns  t h e  
i n f o rma t i on  needed f o r  t h e  memory management system t o  
conver t  v i r t u a l  (16 b i t )  address t o  phys i ca l  (24  b i t )  
address. 

The opera t ing  system f o r  a l l  Norsk Data computers. The 
ve rs i ons :  c u r r e n t l y  used a re :  

SINTRAN I 1 1  VSX For ND-110 computers 

SINTRAN I 1 1  VSX-500 For ND-500 computers 

The fundamental data u n i t  o f  a  computer. The ND-110 
uses a  word o f  s i x t een  b i t s .  
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can be used both to report errors in the manual and give 
an evaluation of the manual. Both detailed and general 
comments are welcome. 

ND-110 Functional Description 
Publ.No. ND-06.026.1 EN 

PRINTING RECORD 

RING BINDER OR PLASTIC COVER 

PRINTING 

03/87 

The manual can be placed in a ring binder for greater @ protection and convenience of use. Ring binders may 
be ordered at a price of NKr. 45.- per binder. 

NOTES 

Version 1 EN 

The manual may also be placed in a plastic cover. 
This cover is more suitable for manuals of less than 
100 pages than for larger manuals. 

Please send your order, as well as all types of 
inquiries and requests for documentation to the local 
ND office, or (in Norway) to: 

Graphic Center 
Norsk Data A.S 
P.O.Box 25 BOGERUD 
N-0621 OSLO 6 - Norway 

I would like to order 

........ Ring Binders, 85, at NOK 35,- per binder 

........ Ring Binders, A4, at NOK 45.- per binder 

........ Plastic Covers, A4, at NOK 10.- per cover 

Name: ........................................................................ 

Company: .................................................................. 

Address: .................................................................... 



*****,,******* SEND US YOUR COMMENTS!!! ***,*,,*,,,,*, 

Please let us know if you 
find errors 
cannot understand information 
cannot find information 
find needless information 

DO you think we could improve the manual by 
rearranging the contents? You could also tell 
us ~f you like the manual! 

Are you frustrated because of unclear information in 
this manual? Do you have trouble finding things? 
Why don't you join the Reader's Club and send us a 
note? You will receive a membership card - and 
an answer to your comments. 

,,,,,*,,,,,, HELP YOURSELF BY HELPING US!! ....,,,,,,,, 
Manual name: ND-110 Functional Description Manual number: ND-06.026.1 EN 

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 ? -- 

NOTE! Send to: 
This form is primarily for Norsk Data A.S 
documentation errors. Software and Documentation Department - 
system errors should be reported on P.O. Box 25, Bogerud Norsk Data's answer will be found 
Customer System Reports. 0621 Oslo 6, Norway on reverse side 



Answer from Norsk Data 

-- - -- 

Answered by Date 

Norsk Data A.S 
Documentation Department 
P.O. Box 25, Bogerud 
0621 Oslo6, Norway 
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