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PREFACE

B B

This manual contains hardware reference information
for the CDC® CYBER 170 Models 835 and 855 Computer
Systems.

Other manuals that are applicable to the CYBER 170
c o m p u t e r s y s t e m s b u t n o t l i s t e d i n t h e f o l l o w i n g
index are:

The manua l desc r ibes the func t i ona l , ope ra t i ona l ,
a n d p r o g r a m m i n g c h a r a c t e r i s t i c s o f t h e c o m p u t e r
s y s t e m h a r d w a r e . A d d i t i o n a l s y s t e m h a r d w a r e
in fo rma t i on i s ava i l ab le i n t he pub l i ca t i ons l i s ted
i n t h e s y s t e m p u b l i c a t i o n i n d e x o n t h e f o l l o w i n g
page.

T h i s m a n u a l i s f o r u s e b y c u s t o m e r, m a r k e t i n g ,
t r a i n i n g , p r o g r a m m i n g , a n d E n g i n e e r i n g S e r v i c e s
personnel who operate, program, and mainta in the
computer systems.

There are two methods used wi th in th is manual to
d e s i g n a t e b i t n u m b e r s . I n t h e m a j o r i t y o f t h e
manual, bits are numbered 59 through 0 reading from
l e f t t o r i g h t .

59

However, in the context of the two-port mult ip lexer
a n d m a i n t e n a n c e r e g i s t e r s , b i t s a r e n u m b e r e d 0
through 63 from left to r ight.

Pub l i ca t ion
C o n t r o l D a t a P u b l i c a t i o n N u m b e r

NOS Version 2 Operator/Analyst
H a n d b o o k 6 0 4 5 9 3 1 0

NOS Version 2 Systems
P r o g r a m m e r ' s I n s t a n t 6 0 4 5 9 3 7 0

NOS Vers ion 1 Operator 's Guide 60457700

NOS Version 1 Systems Programmer's
I n s t a n t 6 0 4 5 7 7 9 0

NOS/BE Version 1 Operator's Guide 60457380

NOS/BE Version 1 System Programmer's
R e f e r e n c e M a n u a l , V o l u m e 1 6 0 4 5 8 4 8 0

NOS/BE Version 1 System Programmer's
R e f e r e n c e M a n u a l , V o l u m e 2 6 0 4 5 8 4 9 0

63 Publ ica t ion order ing in format ion and la tes t rev is ion
l e v e l s a r e a v a i l a b l e f r o m t h e L i t e r a t u r e D i s t r i b u
tion Services catalog, publication number 90310500.

WARNING

Th is equ ipmen t gene ra tes , uses and can rad ia te rad io
f r e q u e n c y e n e r g y a n d i f n o t i n s t a l l e d a n d u s e d i n
a c c o r d a n c e w i t h t h e i n s t r u c t i o n s m a n u a l , m a y c a u s e
i n t e r f e r e n c e t o r a d i o c o m m u n i c a t i o n s . A s t e m p o r a r i l y
p e r m i t t e d b y r e g u l a t i o n , i t h a s n o t b e e n t e s t e d f o r
compliance with the l imits for Class A computing devices
pursuant to Subpart J of Part 15 of the FCC Rules which
a re des igned t o p rov i de reasonab le p ro tec t i on aga ins t
s u c h i n t e r f e r e n c e . O p e r a t i o n o f t h i s e q u i p m e n t i n a
res ident ia l area is l i ke ly to cause in ter ference in which
case the user at his own expense will be required to take
w h a t e v e r m e a s u r e s m a y b e r e q u i r e d t o c o r r e c t t h e
i n t e r f e r e n c e .
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SYSTEM DESCRIPTIONS

0^\.

This section introduces the CYBER 170 Models 835 and
855 Computer Systems, gives physical and functional
charac ter is t i cs , and prov ides descr ip t ions o f ma jor
system components.

INTRODUCTION

Models 835 and 855 (figure 1-1) are medium scale,
high-speed computer systems for both business and
s c i e n t i fi c a p p l i c a t i o n s . B o t h s y s t e m s i n c l u d e t h e
following components.

• Cent ra l p rocessor (CP) .

• Central memory (CM).

• I n p u t / o u t p u t u n i t ( I O U ) .

• D i s p l a y s t a t i o n .

PHYSICAL CHARACTERISTICS

The mainframe configurat ions for models 835 (figure
1-2) and 855 (figure 1-3) inc lude a d isp lay s ta t ion
a n d a t h r e e - s e c t i o n c a b i n e t f o r t h e C P, C M , a n d
IOU. Each cabinet sect ion contains a logic chassis
w i t h p l u g - i n c i r c u i t b o a r d s . T h e l o g i c c h a s s i s i n
t h e I O U a l s o c o n t a i n s a d e a d s t a r t p a n e l w i t h
i n i t i a l i z a t i o n a n d m a i n t e n a n c e c o n t r o l s a n d
d i s p l a y s . E a c h c a b i n e t s e c t i o n a l s o c o n t a i n s a
c o o l i n g u n i t t o c o o l t h e l o g i c c h a s s i s , a n a c / d c
c o n t r o l s e c t i o n w i t h v o l t a g e m a r g i n t e s t i n g
f a c i l i t i e s , a n d d c p o w e r s u p p l i e s . F o r a d d i t i o n a l
coo l i ng o r power i n fo rma t i on , re fe r t o t he coo l i ng
system and power system manuals listed in the system
pub l i ca t ion index .

0Sfi\

Figure 1-1. Models 835 and 855 Computer Systems
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Figure 1-2. Model 835 Chassis Configuration
(Top Cutaway View)

COOLING SYSTEM
DEAD START
PANEL

- t COOLING SYSTEM

DISPLAY
STATION

SPACER
ICABINETI

i i r W L i r a u O r

-COOLING SYSTEM

Figure 1-3. Model 855 Chassis Configuration
(Top Cutaway View)

FUNCTIONAL CHARACTERISTICS
To achieve high computation speeds, the model 835
uses emitter-coupled logic (ECL); the model 855 uses
ECL and large scale integrat ion (LSI) logic. Design
arch i tec ture is a lso or iented towards the ob jec t ive
o f h i g h s p e e d . T h e C P d e s i g n i s b a s e d o n t h e
assumpt ion that both data and inst ruct ions are, in
m o s t c a s e s , a c c e s s e d f r o m s u c c e s s i v e m e m o r y
l o c a t i o n s . A c c o r d i n g l y , t h e C P p r e f e t c h e s b o t h
instructions and data expected to be used next while
the current Instruction is being processed.

The semiconduc to r cen t ra l memory i s d iv ided in to
e ight independent banks. These banks may a l l be
s imul taneous ly in the process o f comple t ing read/
wri te requests which are queued and distr ibuted at
ECL speeds. System input/output speeds are deter
m i n e d b y t h e c a p a b i l i t i e s o f e x i s t i n g e x t e r n a l
devices.

MODEL 835 CHARACTERISTICS

Central Processor

• 6 0 - b i t i n t e r n a l w o r d .

• E igh t 60 -b i t ope rand (X ) reg i s te rs .

• E igh t 18 -b i t add ress (A ) r eg i s te r s .

• E i g h t 1 8 - b i t i n d e x ( B ) r e g i s t e r s .

• T w o r e g i s t e r s t h a t i s o l a t e e a c h u s e r ' s
central memory space (RAC, FLC).

e T w o r e g i s t e r s t h a t i s o l a t e e a c h u s e r ' s
extended memory space (RAE, FLE).

• R e g i s t e r e x c h a n g e i n s t r u c t i o n s ( e x c h a n g e
jumps) for interrupting programs.

• F l o a t i n g - p o i n t a r i t h m e t i c ( 11 - b i t e x p o n e n t ,
4 8 / 9 6 - b i t c o e f fi c i e n t ) .

Integer ar i thmet ic (60/18-bi t operands).

C h a r a c t e r s t r i n g c o m p a r e / m o v e f a c i l i t i e s
(6 -b i t cha rac te rs ) .

P a c k e d i n s t r u c t i o n s ( 1 5 / 3 0 / 6 0 - b i t i n s t r u c
t ions in 60-bi t words).

Synchronous internal logic.

56-nanosecond clock period.

2 0 4 8 - w o r d c a c h e b u f f e r m e m o r y , o p t i o n
available for 4096-word cache.

Instruction and branch instruction lookahead.

Microcode control.

P a r i t y c h e c k i n g o f a l l m a j o r d a t a a n d
address paths.

Maintenance channel to IOU.

Central Memory

7 2 - b i t d a t a w o r d ( 6 0 d a t a b i t s , 8
s i n g l e - e r r o r c o r r e c t i o n d o u b l e - e r r o r
detection bits, and 4 unused bits).

524K wo rds o f r e f r esh - t ype sem iconduc to r
memory, options available to 2097K words.

Organization of eight independent banks.

Two memory ports.

Bounds register to l imit write access.

56-nanosecond clock period.

Maximum data transfer rate of one word every
56 nanoseconds.

672-nanosecond read access time.

^ f fi S v
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448-nanosecond read/write cycle time.

896-nanosecond partial write cycle time.

Read and write data queuing capability.

S ing le -e r ro r co r rec t i on doub le -e r ro r de tec
tion (SECDED) on stored data.

Par i ty check ing o f a l l ma jor da ta , address
and control paths.

Unified extended memory (UEM) which serves
as extended memory within CM.

Input/Output Unit

Ten peripheral processors (PPs), 15-PP/20-PP
o p t i o n s a v a i l a b l e . E a c h P P h a s 4 K
independent memory (PPM) comprised of 16-bit
words with the upper 4 bits zero.

Port to central memory.

B o u n d s r e g i s t e r t o l i m i t w r i t e s t o c e n t r a l
memory.

Twelve 12-bit CYBER 170 channels to external
devices, 24 channel option available.

Real-time clock (channel 14g).

Display controller (CYBER 170 channel 108).

Two-port multiplexer (channel 15g).

Maintenance channel (channel 17g).

P a r i t y c h e c k i n g o n a l l m a j o r d a t a a n d
address paths.

Operating speed of 250 nanoseconds and a
minor cycle of 50 nanoseconds.

MODEL 855 CHARACTERISTICS

Central Processor

• 6 0 - b i t i n t e r n a l w o r d .

• E igh t 60 -b i t operand (X) reg is te rs .

Eight 18-bi t address (A) registers.

Eight 18-b i t index (B) regis ters.

T w o r e g i s t e r s t h a t i s o l a t e e a c h u s e r ' s
central memory space (RAC, FLC).

T w o r e g i s t e r s t h a t i s o l a t e e a c h u s e r ' s
extended memory space (RAE, FLE).

R e g i s t e r e x c h a n g e i n s t r u c t i o n s ( e x c h a n g e
jumps) for interrupting programs.

F l o a t i n g - p o i n t a r i t h m e t i c ( 11 - b i t e x p o n e n t ,
4 8 / 9 6 - b i t c o e f fi c i e n t ) .

In teger ar i thmet ic (60/18-b i t operands) .

C h a r a c t e r s t r i n g c o m p a r e / m o v e f a c i l i t i e s
(6 -b i t cha rac te rs ) .

P a c k e d i n s t r u c t i o n s ( 1 5 / 3 0 / 6 0 - b i t i n s t r u c
t ions in 60-b i t words) .

Synchronous internal logic.

64-nanosecond clock period.

2 0 4 8 - w o r d c a c h e b u f f e r m e m o r y, o p t i o n
available for 4096-word cache.

Instruction and branch instruction lookahead.

Microcode control .

P a r i t y c h e c k i n g o f a l l m a j o r d a t a a n d
address paths.

Maintenance channel to IOU.

Central Memory

7 2 - b i t d a t a w o r d ( 6 0 d a t a b i t s , 8
s i n g l e - e r r o r c o r r e c t i o n d o u b l e - e r r o r
detection bits, and 4 unused bits).

524K words o f r e f resh - t ype sem iconduc to r
memory, options available to 2097K words.

Organization of eight independent banks.

Tw o m e m o r y p o r t s ( l o c a te d i n t h e c e n t r a l
processor cabinet) .

Bounds register to l imit write access.

64-nanosecond clock period.

Maximum data transfer rate of one word every
64 nanoseconds.

528-nanosecond read access time.

448-nanosecond read/write cycle time.

896-nanosecond partial write cycle time.

Read and write data queuing capability.

S ing le -e r ro r co r rec t i on doub le -e r ro r de tec
tion (SECDED) on stored data.

Par i t y check ing o f a l l ma jo r da ta , address
and control paths.

Unified extended memory (UEM) which serves
as extended memory within CM.

Input/Output Unit

The model 855 input/output unit (IOU) is the same as
that o f the model 835. Refer to the descr ip t ion o f
the IOU under Model 835 Characteristics.
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MAJOR SYSTEM COMPONENT DESCRIPTIONS T h e r e g i s t e r s s t o r e d a t a a n d c o n t r o l i n f o r m a t i o n ,
present operands to the execution section, and store
r e s u l t s .

y^S^V

CENTRAL PROCESSOR

The CP hardware (figures 1-4 and 1-5) consists of
the following:

• C o n t r o l s e c t i o n .

• R e g i s t e r s .

• E x e c u t i o n s e c t i o n .

• Cache memory.

• Add ress ing sec t i on .

• On the model 855, central memory control.

The CP is isolated from the IOU and is thus able to
c a r r y o n c o m p u t a t i o n o r c h a r a c t e r m a n i p u l a t i o n
unencumbered by I/O requirements.

Control Section

T h e c o n t r o l s e c t i o n d i r e c t s t h e a r i t h m e t i c a n d
m a n i p u l a t i v e f u n c t i o n s f o r i n s t r u c t i o n e x e c u t i o n .
T h e c o n t r o l s e c t i o n p r e f e t c h e s i n s t r u c t i o n w o r d s
from memory and disassembles them into instructions.

Registers

O p e r a t i n g r e g i s t e r s r e d u c e s t o r a g e a c c e s s e s f o r
o p e r a n d s u s e d d u r i n g t h e e x e c u t i o n o f a n
ins t ruc t ion . These reg is te rs a re :

• E i g h t 6 0 - b i t X r e g i s t e r s ( X O t h r o u g h X 7 )
which hold operands used for computation.

• E i g h t 1 8 - b i t A r e g i s t e r s ( A O t h r o u g h A 7 )
which use AO pr imari ly for indexing and Al
through A7 for CM operand addressing.

• E i g h t 1 8 - b i t B r e g i s t e r s ( B O t h r o u g h B 7 )
w h i c h a r e p r i m a r i l y i n d e x i n g r e g i s t e r s t o
contro l program execut ion. The BO register
always contains all zeros.

E i g h t s u p p o r t r e g i s t e r s s u p p o r t t h e o p e r a t i n g
registers dur ing program execut ion. These registers
are:

• 18-b i t program address (P) reg is ter.

e 2 1 - b i t r e f e r e n c e a d d r e s s f o r C M ( R A C )
register. This Is a program's lower bound.

• 2 1 - b i t f i e l d l e n g t h f o r C M ( F L C ) r e g i s t e r .
This is a program's upper bound.

• 6 -b i t ex i t mode (EM) reg is te r.

• 6 - b i t f l a g r e g i s t e r .

• 2 1 - b i t r e f e r e n c e a d d r e s s f o r U E M ( R A E )
r e g i s t e r.

o 24-b i t fie ld length for UEM (FLE) reg is ter.

• 18-b i t moni tor address (MA) reg is ter.

Execution Section

T h e e x e c u t i o n s e c t i o n c o m b i n e s t h e o p e r a n d s t o
achieve the result .

Cache Memory

T h e c a c h e m e m o r y c o n s i s t s o f t w o s e t s o f f a s t
b i p o l a r m e m o r y, c a p a b l e o f s t o r i n g 2 0 4 8 6 0 - b i t
w o r d s . I t c a n b e e x p a n d e d t o f o u r s e t s w i t h a
c a p a c i t y o f 4 0 9 6 w o r d s . T h e m e m o r y a d d r e s s i n g
sect ions determine whether a requested word is in
t h e c a c h e m e m o r y. I f i t i s n o t , t h e y r e a d f o u r
consecutive words from central memory into the cache
memory.

Addressing Section

The address ing sec t ion checks memory addresses
against the CP registers RAC, FLC, RAE, and FLE to
ensure isolation of user memory space!

Central Memory Control (Model 855 Only)

On the model 855, central memory control (CMC) is
integrated wi th in the CP. CMC contro ls the flow of
data between CM and requesting system components.

CENTRAL MEMORY

T h e C M ( fi g u r e s 1 - 4 a n d 1 - 5 ) c o n s i s t s o f t h e
fo l low ing :

• Eight memory banks.

• Two memory ports.

• D i s t r i b u t o r .

The CM Is a refresh-type metal oxide semiconductor
( M O S ) m e m o r y , w h i c h I s o r g a n i z e d i n t o e i g h t
independent banks. Memory read/wr i te requests are
s to red and d is t r ibu ted a t ECL speeds , a f te r wh ich
each bank completes the requests presented to it at
MOS speeds.

A portion of CM can be reserved for use as extended
memory. It is called unified extended memory (UEM),
and is referenced by the RAE and FLE registers. On
t h e m o d e l 8 3 5 , U E M o p e r a t e s i n 2 4 - b i t f o r m a t
standard addressing mode. On the model 855, it can
operate in e i ther 24-b i t format s tandard addressing
mode or 30-bit format expanded addressing mode.

On the model 835, each memory por t has queuing
buffers. On the model 855, one port has a queuing
b u f f e r . B o t h m o d e l 8 5 5 p o r t s a r e l o c a t e d i n t h e
central processor cabinet.

T h e d i s t r i b u t o r r e s o l v e s p o r t c o n fl i c t s a n d
mul t ip lexes data f rom por ts to the s torage un i t . I t
includes the error correct ion code (ECC) generator,
SECDED, and partial write logic. On the model 855,
the d i s t r i bu to r i s l oca ted i n the cen t ra l p rocesso r
cabinet .

>«tf^v
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INPUT/OUTPUT UNIT

T h e I O U ( fi g u r e s 1 - 4 a n d 1 - 5 ) c o n s i s t s o f t h e
fo l l ow ing :

o T e n l o g i c a l l y i n d e p e n d e n t p e r i p h e r a l
p rocessors (PPs) . Opt ions are ava i lab le to
increase total to 15 or 20 PPs.

• I n t e r n a l i n t e r f a c e t o 1 2 I / O c h a n n e l s .
24-channel option is available.

• Ex te rna l in te r faces to I /O channe ls

1 1 o r 2 3 C Y B E R 1 7 0 c h a n n e l
in te r faces .

D isp lay cont ro l le r in te r face (CYBER
170 channel 10g).

R e a l - t i m e c l o c k i n t e r f a c e ( c h a n n e l
1*8).

T w o - p o r t m u l t i p l e x e r i n t e r f a c e
(channel 15g).

- M a i n t e n a n c e c h a n n e l i n t e r f a c e
(channel 17g).

• In te r face to cen t ra l memory.

• Bounds regis ter to l imi t wr i tes to CM.

• O n t h e m o d e l 8 3 5 , c a c h e i n v a l i d a t i o n b u s
interface to CP.

T h e P P s a r e o r g a n i z e d i n g r o u p s o f fi v e , c a l l e d
b a r r e l s . T h e P P s i n a b a r r e l t i m e - s h a r e c o m m o n
hardware. Each PP has its own independent memory,
and commun i ca tes w i t h a l l I /O channe l s and w i t h
central memory.

DISPLAY STATION

The display stat ion prov ides a v isual , a lphanumer ic
readout for the computer. The receipt of symbol and
p o s i t i o n i n f o r m a t i o n f r o m t h e c o m p u t e r e n a b l e s
d i s p l a y i n g p r o g r a m i n f o r m a t i o n o n a 2 1 - i n c h
ca thode- ray tube (CRT) . The s ta t ion a lso con ta ins
an alphanumeric keyboard which enables an operator
to send data to the computer. The keyboard and CRT
combination permits the computer operator to modify
c o m p u t e r p r o g r a m s a n d v i e w t h e r e s u l t o n t h e
s c r e e n . T h e c o m p u t e r o u t p u t s t w o a l t e r n a t e ,
n o n r e l a t e d d a t a s t r e a m s . T h e d i s p l a y s t a t i o n
keyboard has a switch which enables the operator to
select e i ther of the data st reams or to select both
for presentation on the CRT. Except for programming
i n f o r m a t i o n i n s e c t i o n 5 , r e f e r t o t h e d i s p l a y
s t a t i o n m a n u a l l i s t e d i n t h e s y s t e m p u b l i c a t i o n
i n d e x i n t h e p r e f a c e o f t h i s m a n u a l f o r f u r t h e r
d isp lay s ta t ion in fo rmat ion .

MAINTENANCE
CHANNEL

OISPLAY
STATION

PERIPHERAL
EQUIPMENT

MAINTENANCE

CACHE
INVALIDATION
BUS

MEMORY PORT

MAINTENANCE
CHANNEL

RS232C INTERFACE

(T) AVAILABLE WITH 10, IS, OR 20 PERIPHERAL PROCESSORS

(2) AVAILABLE WITH 12 OR 24 I/O CHANNELS

(3) RESERVED FOR FUTURE USE

Figure 1-4. Model 835 Computer System
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DISPLAY
STATION

PERIPHERAL
EQUIPMENT

RS232C INTERFACE

(T) AVAILABLE WITH 10. 15, OR 20 PERIPHERAL PROCESSORS

(?) AVAILABLE WITH 12 OR 24 I/O CHANNELS

(3) RESERVED FOR FUTURE USE

Figure 1-5. Model 855 Computer System
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FUNCTIONAL DESCRIPTIONS
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This sect ion provides funct ional descr ipt ions of the
cent ra l p rocessor (CP) , cent ra l memory (CM), and
i n p u t / o u t p u t u n i t ( I O U ) a s s h o w n i n t h e b l o c k
d iag rams in sec t ion 1 . Func t iona l desc r ip t i ons fo r
the system d isp lay s ta t ion and the cool ing system
are in their respective manuals l isted in the system
publication index in the preface of this manual.

CENTRAL PROCESSOR
The CP cons is ts o f the con t ro l sec t ion , reg is te rs ,
t h e e x e c u t i o n s e c t i o n , c a c h e m e m o r y, a n d t h e
addressing section. The model 855 CP also includes
central memory control.

CONTROL SECTION

T h e c o n t r o l s e c t i o n c o n s i s t s o f l o g i c f o r
i ns t r uc t i on con t ro l , 24 ope ra t i ng r eg i s t e r s , and 8
support registers.

Model 835 Instruction Lookahead

The model 835 instruction lookahead hardware (ILH)
p r e f e t c h e s i n s t r u c t i o n w o r d s t o m a k e t h e n e x t
instruct ion immediately avai lable when the execution
o f t h e p r e v i o u s i n s t r u c t i o n i s c o m p l e t e ; f o r
example, dur ing condi t iona l branch ins t ruct ions. To
a c c o m p l i s h t h i s , I L H r e a d s i n s t r u c t i o n s f r o m
c a c h e / C M i n t o a t h r e e - w o r d , fl r s t - i n , fi r s t - o u t
b u f f e r .

When ILH detects a conditional branch, it reads two
i n s t r u c t i o n w o r d s f r o m c a c h e / C M , s t a r t i n g a t t h e
target address, into a branch buffer, and holds them
un t i l t he b ranch i s r eso l ved * I f t he b ranch t akes
p l a c e , t h e b r a n c h b u f f e r c o n t a i n s t h e n e x t t w o
executable instruct ion words; i f not, ILH purges the
branch buffer and processing continues with the next
ins t ruct ion in the three-word buffer.

Model 855 Instruction Lookahead

The model 855 instruction lookahead hardware (ILH)
prefetches a maximum of 12 instructions to make the
n e x t i n s t r u c t i o n i m m e d i a t e l y a v a i l a b l e w h e n t h e
execu t ion o f t he p rev ious i ns t ruc t i on i s comp le te .
Th is i s accomp l i shed by read ing ins t ruc t i ons f rom
cache/CM into a series of buffer ranks.

When ILH detects a condi t ional branch, i t assumes
that the branch condition wil l be met. ILH computes
the b ranch t a rge t add ress and reads i ns t ruc t i ons
f r o m c a c h e / C M s t a r t i n g a t t h e t a r g e t a d d r e s s . I f
the b ranch i s taken , the bu f fe r ranks con ta in the
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next executable inst ruct ion words. I f the branch is
not taken, the hardware purges the buffer ranks and
r e s u m e s p r e f e t c h i n g a t t h e i n s t r u c t i o n w o r d
fo l lowing the unsat isfied branch ins t ruct ion.

Maintenance Access Control

The maintenance access contro l per forms in i t ia l iza
tion and maintenance operations in the CP.

Instruction Control Sequences

The ins t ruc t ion cont ro l sec t ion per forms ins t ruc t ion
t r a n s l a t i o n a n d c o n t r o l s e q u e n c e s . E a c h c o n t r o l
sequence obtains the necessary instruction operands
f r o m t h e o p e r a t i n g r e g i s t e r s a n d p r o v i d e s t h e
c o n t r o l s i g n a l s f o r e x e c u t i o n . I n s t r u c t i o n s r e a d
f r o m C M a r e 6 0 - b i t i n s t r u c t i o n w o r d s t h a t a r e i n
f o u r 1 5 - b i t g r o u p s , t w o 3 0 - b i t g r o u p s , o r a
combinat ion of 15-bi t and 30-bi t groups. The 15-bi t
g r o u p s a r e t e r m e d p a r c e l s w i t h t h e fi r s t p a r c e l
( p a r c e l 0 ) b e i n g t h e h i g h e s t - o r d e r 1 5 b i t s o f a
60-b i t CM word . Second , th i rd , and fou r th parce ls
( p a r c e l s 1 , 2 , a n d 3 ) f o l l o w i n o r d e r. T h e 3 0 - b i t
groups contain two 15-bit parcels.

T h e i n s t r u c t i o n c o n t r o l s e q u e n c e s c o n t r o l t h e
execut ion of one or more instruct ions of a common
type. These sequences and assoc ia ted ins t ruc t ions
a r e b r i e fl y d e s c r i b e d i n t h i s s e c t i o n . F o r f u r t h e r
in format ion, re fer to CP Ins t ruc t ion Descr ip t ions in
section 4.

Boolean Sequence

T h e B o o l e a n s e q u e n c e c o n t r o l s i n s t r u c t i o n s t h a t
requ i re b i t - by -b i t da ta man ipu la t i on . Th i s i nc l udes
bo th t he l og i ca l and t r ansm iss i ve ope ra t i ons . The
ins t ruc t ions requ i r ing log ica l opera t ions are :

11 Logical product (Xj) and (Xk)
to Xi

12 Logical sum of (Xj) and (Xk)
to Xi

13 Log ica l d i f f e rence o f (X j )
and (Xk) to Xi

15 Logical product of (Xj ) wi th
complement of (Xk) to Xi

16 Logical sum of (Xj) with
complement of (Xk) to Xi

17 Log ica l d i f fe rence o f (X j )
with complement of (Xk) to Xi

BXi Xj * Xk

BXi Xj + Xk

B X i X j - X k

BXi -Xk * Xj

BXi -Xk + Xj

BXi -Xk - Xj

2-1



The i ns t ruc t i ons requ i r i ng t r ansm iss i ve ope ra t i ons
are:

1 0 T r a n s m i t ( X j ) t o X i B X i X j

1 4 T r a n s m i t c o m p l e m e n t o f B X i - X k
(Xk) to Xi

Shift Sequence

T h e s h i f t s e q u e n c e c o n t r o l s i n s t r u c t i o n s t h a t
requ i re sh i f t ing the 60-b i t fie ld o f data w i th in the
operand word. The shift instructions are:

2 0 L e f t s h i f t ( X i ) b y j k L X i j k

2 1 R i g h t s h i f t ( X i ) b y j k A X i j k

2 2 L e f t s h i f t ( X k ) n o m i n a l l y L X i B j X k
(Bj) places to Xi

23 R igh t sh i f t (Xk ) nomina l l y AX i B j Xk
(Bj) places to Xi

43 Form mask of jk bi ts to Xi MXi jk

The shift sequence also controls the pack and unpack
i n s t r u c t i o n s . I n t h e p a c k e d fl o a t i n g f o r m a t , t h e
coeffic ien t i s con ta ined in the lower 48 b i t s . The
sign and biased exponents are contained in the upper
12 bi ts. The unpack instruct ion obtains the packed
word f rom the Xk reg is ter, de l ivers the coeffic ient
to the Xi register, and delivers the exponent to the
Bj register. The unpack and pack instructions are:

26 Unpack (Xk) to X i and B j UXi B j Xk

27 Pack (Xk) and (Bj) to Xi PXI Bj Xk

T h e s h i f t s e q u e n c e a l s o c o n t r o l s t h e n o r m a l i z e
opera t ions . The coeffic ien t por t ion o f the operand
i s repos i t i oned , and the exponen t i s ad jus ted so
t h a t t h e m o s t s i g n i fi c a n t b i t o f t h e c o e f fi c i e n t i s
i n t h e h i g h e s t - o r d e r b i t p o s i t i o n o f t h e
coeffic ient , and the exponent is decreased by the
n u m b e r o f b i t p o s i t i o n s s h i f t e d . T h e n o r m a l i z e
ins t ruc t ions are :

24 Normalize (Xk) to Xi and Bj NXi Bj Xk

25 Round normalize (Xk) to Xi ZXi Bj Xk
and Bj

Floating-Add Sequence

The floa t ing-add sequence con t ro ls the opera t ions
n e c e s s a r y t o f o r m t h e 4 8 - b i t fl o a t i n g s u m w i t h a
1 2 - b i t e x p o n e n t o f t h e fl o a t i n g - p o i n t s u m o r
d i f f e r e n c e o f t w o fl o a t i n g - p o i n t o p e r a n d s . T h e
float ing-add ins t ruc t ions a re :

3 0 F l o a t i n g s u m o f ( X j ) F X i X j + X k
and (Xk) to Xi

3 1 F l o a t i n g d i f f e r e n c e o f F X i X j - X k
(Xj) and (Xk) to Xi

3 2 F l o a t i n g d o u b l e - p r e c i s i o n D X i X j + X k
sum of (Xj) and (Xk) to Xi

2-2

3 3 F l o a t i n g d o u b l e - p r e c i s i o n D X i X j - X k
difference of (Xj) and (Xk)
to Xi

34 Round float ing sum of (Xj) RXi Xj + Xk
and (Xk) to Xi

3 5 R o u n d fl o a t i n g d i f f e r e n c e R X i X j - X k
of (Xj) and (Xk) to Xi

Floating-Multiply and Floating-Divide Sequence

The floa t i ng -mu l t i p l y and floa t i ng -d i v i de sequence
c o n t r o l s t h e o p e r a t i o n o f fl o a t i n g - m u l t i p l y ,
float ing-d iv ide , and popu la t ion-count ins t ruc t ions .

The mult ip ly instruct ions are:

4 0 F l o a t i n g p r o d u c t o f ( X j ) F X i X j * X k
and (Xk) to Xi

41 Round floa t i ng p roduc t o f RX i X j * Xk
(Xj) and (Xk) to Xi

4 2 F l o a t i n g d o u b l e - p r e c i s i o n D X i X j * X k
product of (Xj) and (Xk)
to Xi

The divide instruct ions are:

44 Float ing d iv ide (Xj ) by (Xk) FXi Xj /Xk
to Xi

4 5 R o u n d fl o a t i n g d i v i d e ( X j ) R X i X j / X k
by (Xk) to Xi

The populat ion-count inst ruct ion counts the number
of one bits in a 60-bit operand. The instruct ion is:

47 Populat ion count of (Xk) to CXi Xk
X i

Increment Sequence

The increment sequence controls the one's complement
a d d i t i o n a n d s u b t r a c t i o n o f 1 8 - b i t fi x e d - p o i n t
operands for increment inst ruct ions 50 through 77.
T h e s e q u e n c e a l s o c o n t r o l s t h e 6 0 - b i t o n e ' s
complement sum and di fference values for long-add
instructions 36 and 37*

The increment instructions are:

50 Set Ai to (Aj) + K

51 Set Ai to (Bj) + K

52 Set Ai to (Xj) + K

53 Set Ai to (Xj) + (Bk)

54 Set Ai to (Aj) + (Bk)

55 Set Ai to (Aj) - (Bk)

56 Set Ai to (Bj) + (Bk)

57 Set Ai to (Bj) - (Bk)

60 Set Bi to (Aj) + K

*̂**̂ K

SAi Aj K

SAi Bj K

SAi Xj K

SAi Xj + Bk

SAi Aj + Bk

SAi Aj - Bk

SAi Bj + Bk

SAi Bj - Bk

SBI Aj K

r>^^v
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61 Set Bi to ( B j ) + K

62 Set Bi to ( X j ) + K

63 Set Bi to ( X j ) + (Bk)

64 Set Bi to ( A j ) + (Bk)

65 Set Bi to ( A j ) - (Bk)

66 Set Bi to ( B j ) + (Bk)

67 Set Bi to ( B j ) - (Bk)

70 Set Xi to ( A j ) + K

71 Set Xi to (Bj ) + K

72 Set Xi to (Xj ) + K

73 Set Xi to ( X j ) + (Bk)

74 Set Xi to ( A j ) + (Bk)

75 Set Xi to ( A j ) - (Bk)

76 Set Xi to ( B j ) + (Bk)

77 Set Xi to ( B j ) - (Bk)

The long-add instructions are:

36 Integer sum of (Xj)
and (Xk) to Xi

37 In teger d i f fe rence o f
(Xj) and (Xk) to Xi

SBi Bj K

SBi Xj K

SBi Xj + Bk

SBi Aj + Bk

SBi Aj - Bk

SBi Bj + Bk

SBi Bj - Bk

SXi Aj K

SXi Bj K

SXi Xj K

SXi Xj + Bk

SXi Aj + Bk

SXi Aj - Bk

SXi Bj + Bk

SXi Bj - Bk

IXi Xj + Xk

I X i X j - X k

A 4 - b i t C 2 r e g i s t e r t h a t s p e c i fi e s t h e
charac ter pos i t ion or o f fse t o f the fi rs t CM
word o f the resu l t fie ld .

Tw o 1 6 - b i t L r e g i s t e r s ( L A a n d L C ) t h a t
specify the number of characters in the data
fi e l d . T h e L A r e g i s t e r i s a s s o c i a t e d w i t h
K l , and the LC reg is te r i s assoc ia ted w i th
K2 . I ns t r uc t i on 464 uses 14 reg i s t e r b i t s .
Instructions 465, 466, and 467 use only the
lower e igh t reg is te r b i ts .

| NOTE |

C M U i n s t r u c t i o n s a r e p r o v i d e d f o r
compat ib i l i t y w i th p rev ious sys tems.
F o r b e t t e r p e r f o r m a n c e , r e c o m p i l e
jobs to avoid use of CMU instructions.

CYBER 170 Exchange Sequence

The CYBER 170 exchange sequence is the method used
to swap jobs in and out of execution. When a CYBER
170 exchange jump instruction occurs, the CYBER 170
exchange sequence writes the contents of the current
job 's CP reg is ters (descr ibed la ter in th is sect ion)
into an area of central memory called a CYBER 170
exchange package. A CYBER 170 exchange package is
a s s o c i a t e d w i t h e a c h j o b . I t c o n t a i n s s u f fi c i e n t
i n f o r m a t i o n t o r e s t a r t a j o b i f t h e j o b i s
interrupted dur ing execut ion and swapped out by a
CYBER 170 exchange jump. To complete the sequence,
CP registers for another job are read from its CYBER
170 exchange package and that job begins or resumes
execut ion . For fu r ther in fo rmat ion , re fe r to CYBER
170 Exchange Jump in section 5.

Compare/Move Sequence

The compare/move sequence controls data manipulation
on a character basis. The compare/move instructions
(a l so re fe r red to as CMU ins t ruc t i ons ) a re 60 -b i t
i n s t r u c t i o n s t h a t u s e s i x s u p p o r t r e g i s t e r s f o r
source and result field CM addresses and character
p o s i t i o n o f f s e t s . T h e s u p p o r t r e g i s t e r s l o a d f r o m
t h e 6 0 - b i t i n s t r u c t i o n w o r d . T h e c o m p a r e / m o v e
ins t ruc t ions are :

4 6 4 M o v e i n d i r e c t ( B j ) + K I M

4 6 5 M o v e d i r e c t D M

466 Compare collated

467 Compare uncoilated

The support registers are:

CC

CU

A n 1 8 - b i t K l r e g i s t e r t h a t s p e c i fi e s w h i c h
relat ive CM address word contains the first
character of the source data field.

An 18 -b i t K2 r eg i s t e r t ha t spec i fies wh i ch
relat ive CM address word contains the first
charac te r o f the resu l t fie ld .

A 4 - b i t C l r e g i s t e r t h a t s p e c i fi e s t h e
character pos i t ion or o f fse t o f the firs t CM
word of the source field.

Block Copy Sequence

The b lock copy sequence con t ro l s t he t rans fe r o f
data between CM and UEM. The number of words to be
t rans fe r red i s de te rm ined by the add i t i on o f K to
the contents of Bj . The star t ing address for CM is
formed by add ing e i ther the A0 reg is ter or cer ta in
b i t s o f t h e X O r e g i s t e r t o t h e R A C r e f e r e n c e
address. The start ing address for UEM is formed by
add ing ce r ta in b i t s o f the X0 reg is te r to the RAE
reference address. The block copy instructions are:

0 1 1 B l o c k c o p y B j + K w o r d s R E C B j + K
from UEM to CM

0 1 2 B l o c k c o p y B j + K w o r d s W E C B j + K
from CM to UEM

Direct Read/Write Sequence

Instruct ions 014 and 015 perform single word direct
read and wri te operat ions for UEM, and instruct ions
660 and 670 pe r fo rm s ing le word d i rec t read and
write operations for central memory.

014 Read one word from UEM at RXj Xk
(Xk + RAE) to Xj

60469290 A 2-3



015 Write one word from Xj to WXj Xk
UEM at (Xk + RAE)

660 Read central memory at CRXj Xk
(Xk) to Xj

670 Wri te Xj in to centra l CWXj Xk
memory at (Xk)

Normal Jump Sequence

The normal jump sequence controls the execution of
b r a n c h i n s t r u c t i o n s 0 2 t h r o u g h 0 7 . T h e 0 2
instruction perforins an unconditional jump to the Bi
register address plus K. The branch address is K
when i equals 0. The 02 instruction is:

02 Jump to (Bi) + K JP

The conditional jump
branch to address K if
These instructions are:

030 Branch to K if

031 Branch to K if

032 Branch to K if
positive

033 Branch to K if
negative

034 Branch to K If
range

035 Branch to K if
of range

036 Branch to K if
defin i te

037 Branch to K if
i ndefin i te

instructions 03 through 07
the jump condition is met.

(Xj) = 0

(Xj) * 0

(Xj) is

(Xj) is

(Xj) is in

(Xj) is out

(Xj) is

(Xj) is

ZR

NZ

PL

NG

IR

OR

DF

ID

04

05

06

07

Branch to K If

Branch to K if

Branch to K if

Branch to K if

(Bi) = (Bj) EQ

(Bi) j (Bj) NE

(Bi) > (Bj) GE

(Bi) < (Bj) LT

Return Jump Sequence

The return jump sequence controls the execution of
three instructions.

to (Bj) + K or monitor
exchange jump to MA

REGISTERS

The CP contains the operating and support registers
described in the following paragraphs. The contents
of these registers can be written into memory and
reloaded from memory as a CYBER 170 exchange package
by a single CP instruction (CYBER 170 exchange
jump). Figure 2-1 shows the CYBER 170 exchange
package.

The time a CYBER 170 exchange package resides in CP
hardware is called an execution interval. During
this interval , the contents of X, A, B, and P
registers can be changed by CP instructions. The
contents of other support registers change only as a
result of a CYBER 170 exchange jump. For further
information, refer to CYBER 170 Exchange Jump in
section 5.

Operating Registers

The operating registers consist of operand (X),
address (A ) , and index (B ) reg is te rs . These
registers minimize memory references for arithmetic
operands and results.

X Registers

The CP contains eight 60-bit X registers, X0 through
X7. The X0 reg is ter i s used in the compare
instructions to indicate if two fields of characters
are equal . Also, the X0 register provides the
relative UEM start ing address in a block copy
operation.
The XI through X7 registers are primarily data
handling registers for computation. XI through X5
are used to input data from CM and X6 and X7 are
used to transmit data to CM.

Operands and results transfer between CM and the X
registers as a result of placing CM addresses into
corresponding A registers.

A Registers

The CP contains eight 18-bit A registers, A0 through
A7. The A0 register serves as an intermediate
register for the user's discretion. The A0 register
is used in the compare collate instruction for the
c o l l a t e t a b l e a d d r e s s . A l s o , t h e A 0 r e g i s t e r
provides the relative CM starting address in a block
copy operation.
The Al through A7 registers are essentially CM
operand address registers associated one-for-one
with the X registers. Placing a quantity into an
address register (Al through A5) causes a CM read
reference to that address and transmits the CM word
to the corresponding X register (XI through X5).
Similarly, placing a quantity into the A6 or A7
register causes the word in the corresponding X6 or
X7 register to be written into that relative address

00 Error exit to MA or of CM.
program stop PS

010 Return jump to K RJ B Registers

013 Central exchange jump XJ Bj + K The CP cont

2-4

The CP contains eight 18-bit B registers, B0 through
B 7 . T h e s e r e g i s t e r s a r e p r i m a r i l y i n d e x i n g
registers to control program execution. Program
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loop counts may also be incremented or decremented
in these registers.

Program addresses may be modified on the way to an A
r e g i s t e r b y a d d i n g o r s u b t r a c t i n g B r e g i s t e r
quan t i t i es . The B reg is te rs a l so ho ld sh i f t coun ts
f o r t h e n o m i n a l B j s h i f t s , t h e r e s u l t a n t e x p o n e n t
for the unpack, the operand exponent for the pack,
and the resultant shif t count from a normalize. The
BO register always contains posit ive zero which can
be used as an operand. Th is reg is ter cannot ho ld
resu l ts f rom ins t ruc t ions.

Support Registers

E i g h t s u p p o r t r e g i s t e r s a s s i s t t h e o p e r a t i n g
r e g i s t e r s d u r i n g t h e e x e c u t i o n o f p r o g r a m s . T h e
contents of the support registers are stored in CM,
and their new contents are loaded from CM during a
CYBER 170 exchange sequence. With the exception of
t h e P r e g i s t e r , t h e c o n t e n t s o f t h e s u p p o r t
r e g i s t e r s c a n n o t b e a l t e r e d d u r i n g t h e e x e c u t i o n
interval of a CYBER 170 exchange package. When the
e x e c u t i o n i n t e r v a l c o m p l e t e s , t h e d a t a i n t h e
support registers is sent back to CM through a CYBER
170 exchange jump.

/IP^V

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

CM
LOCATIONS

N+ 1

N+ 2

N+ 3

N+ 4

N+ 5

N+ 6

N+ 7

N+ 8

N+ 9

N+IO

N + ll

N + 12

N + 13

N + 14

N+15

W////, AO '////////////////////////A
W f RAC A l Blw, FLC A2 B2

EM FLAGS EM y//////////////A A3 B3

Wa RAE WM A4 B4

FLE ww, A5 85

W/////, MA A6 B6

y///////////////yy////////yy. A7 B7

XO

XI

X2

X3

X4

X5

X6

X7

'WA NO HARDWARE REGISTERS EXIST

Figure 2-1. CYBER 170 Exchange Package

/fpp\
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P Register Flag Register

The 18-bi t program address (P) register loads from
CM during the first word of a CYBER 170 exchange
sequence and contains the current program execution
address. The register serves as a program address
counter and holds the relative CM address for each
program step.

RAC Register

The 21-bit CM reference address (RAC) register loads
from CM during the second word of a CYBER 170
exchange sequence. An absolute CM address forms by
adding RAC to a relative address determined by the
instruct ion. The content of the P register is added
t o R A C t o f o r m t h e p r o g r a m a d d r e s s i n C M . A
P-equal - to-zero condi t ion specifies re la t ive address
z e r o a n d , t h e r e f o r e , ( R A C ) . T h i s C M l o c a t i o n i s
r e s e r v e d f o r r e c o r d i n g e r r o r e x i t c o n d i t i o n s a n d
should not be used to store data or instructions.

FLC Register

The 21-bit CM field length (FLC) register loads from
CM during the third word of a CYBER 170 exchange
sequence. The FLC register defines the size of the
fi e l d o f t h e p r o g r a m i n e x e c u t i o n . R e l a t i v e C M
addresses are compared with FLC to- check that the
program is no t go ing ou t o f i t s a l loca ted memory
range.

EM Register

The 6 -b i t ex i t mode (EM) reg is te r loads f rom CM
dur ing the four th word of a CYBER 170 exchange
s e q u e n c e . T h e E M r e g i s t e r h o l d s 6 e x i t m o d e
s e l e c t i o n b i t s t h a t c o n t r o l i n d i v i d u a l e r r o r
condit ions for a program. Selected EM register bi ts
cause the CP to error exit when the corresponding
cond i t ions occur. Any o r a l l o f the 6 b i t s can be
se t a t one t ime. C lear EM reg is te r b i t s a l low the
CP to continue, without error processing, when most
of the corresponding condit ions occur. Refer to the
error exit tables under Error Response in section 5
f o r s p e c i fi c c a s e s . T h e e x i t m o d e s e l e c t i o n b i t s
appear in the exchange package as bits 48 through
5 0 , a n d 5 7 t h r o u g h 5 9 . T h e b i t s a n d t h e i r
corresponding conditions are:

Mode
Select ion

B i t S ign ificance

48 Address out of range

49 Infin i te operand

50 Indefini te operand

57 Hardware error

58 Hardware error

59 Hardware error

T h e 6 - b i t fl a g r e g i s t e r l o a d s f r o m C M d u r i n g t h e
fourth word of a CYBER 170 exchange sequence. The
flag reg i s te r ho lds 6 b i t s t ha t f unc t i on as con t ro l
fl a g s .

B i t s C o n d i t i o n

5 1 H a r d w a r e e r r o r b i t .

5 2 I n s t r u c t i o n s t a c k ( l o o k a h e a d ) p u r g e
fl a g . I f s e t , e x t e n d e d p u r g i n g o f
i n s t r u c t i o n l o o k a h e a d r e g i s t e r s i s
e n a b l e d . F o r f u r t h e r i n f o r m a t i o n ,
re fe r t o Ins t ruc t i on Lookahead Purge
C o n t r o l u n d e r C P P r o g r a m m i n g i n
section 5.

5 3 C M U i n t e r r u p t e d fl a g . I f s e t , o n e o f
instructions 464 through 467 has been
interrupted. The informat ion necessary
to resume operation has been saved.

5 4 B l o c k c o p y fl a g . I f s e t , b l o c k c o p y
i n s t r u c t i o n s ( 0 11 , 0 1 2 ) u s e b i t s 3 0
th rough 50 o f XO ra the r t han AO to
determine the CM address. For further
in fo rma t ion , re fe r t o the desc r ip t i ons
o f t h e b l o c k c o p y i n s t r u c t i o n s i n
sect ion 4.

5 5 E x p a n d e d a d d r e s s i n g s e l e c t fl a g . I f
s e t , U E M i s o p e r a t i n g i n e x p a n d e d
a d d r e s s i n g m o d e ; i f c l e a r , U E M i s
operating in 24-bit standard addressing
mode . Th is b i t mus t be c lea r on the
m o d e l 8 3 5 . F o r f u r t h e r i n f o r m a t i o n ,
refer to Addressing Modes under Memory
Programming in section 5.

5 6 U E M e n a b l e fl a g . I f s e t , U E M i s
a v a i l a b l e . T h i s fl a g m u s t b e s e t t o
a l l o w 0 1 1 , 0 1 2 , 0 1 4 , a n d 0 1 5
instructions to access UEM.

RAE Register

The 21 -b i t UEM re fe rence add ress (RAE) reg i s te r
loads from CM during the fifth word of a CYBER 170
e x c h a n g e s e q u e n c e . T h e l o w e r 6 b i t s o f t h i s
register are always zero. An absolute UEM address
forms by adding RAE to the relative address which is
determined by the instruction.

FLE Register

T h e 2 4 - b i t U E M fi e l d l e n g t h ( F L E ) r e g i s t e r l o a d s
f r o m C M d u r i n g t h e s i x t h w o r d o f a C Y B E R 1 7 0
e x c h a n g e s e q u e n c e . T h e l o w e r 6 b i t s o f t h i s
reg is ter are a lways zero. The FLE reg is ter defines
t h e s i z e o f t h e fi e l d i n U E M f o r t h e p r o g r a m i n
execution. Relative UEM addresses are compared with
FLE.

^c*^i5v
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MA Register

The 18-bit monitor address (MA) register loads from
CM during the seventh word of a CYBER 170 exchange
sequence . The MA reg i s t e r con ta i ns t he abso lu te
star t ing address of an exchange package which is
used when executing a central exchange jump (013)
instruction with the CYBER 170 monitor flag set, or
when honoring a monitor exchange jump to MA (262x)
instruct ion wi th the CYBER 170 moni tor flag c lear.
For further information, refer to CYBER 170 Exchange
Jump in section 5.

EXECUTION SECTION

The execut ion sec t ion combines the operands in to
r e s u l t s , p r o v i d i n g a d d i t i o n a l s e q u e n c i n g c o n t r o l
where necessary.

• The two ports make CM accessible to the CP
and every PP.

• A bounds reg i s te r l im i t s access t o CM f rom
ei ther or both por ts .

• The SECDED generators generate the SECDED
code b i t s s to red w i th each word . SECDED
c h e c k s c i r c u i t s , c o r r e c t s s i n g l e - b i t e r r o r s ,
and detects double-bi t errors.

• The maintenance channel interface gives a PP
in the IOU access to the CM main tenance
r e g i s t e r s f o r s y s t e m i n i t i a l i z a t i o n ,
c o r r e c t i v e a c t i o n , e r r o r r e p o r t i n g a n d
diagnost ics, and for sett ing the port bounds
r e g i s t e r .

CACHE MEMORY

Cache memory is a high-speed buffer memory which is
t r a n s p a r e n t t o t h e u s e r. I t r e d u c e s e f f e c t i v e C M
access time as follows. When the CP first reads CM,
a b l o c k o f f o u r w o r d s f r o m C M ( c o n t a i n i n g t h e
requested word) is read rapidly Into cache memory.
On subsequent reading of any of these words, CM need
no t be accessed when t hese wo rds a re i n cache
memory. Of ten th is is the case because the same
data is read more than once, or because a loop of
instruct ions is repeatedly executed. Also, when CM
w o r d s a r e r e a d s e q u e n t i a l l y, t h e r e i s o f t e n d a t a
l o o k a h e a d . C a c h e m e m o r y i s 2 0 4 8 w o r d s o r ,
optionally, 4096 words.

ADDRESSING SECTION

An address adder calculates memory addresses for
data and unconditional jump instructions.

Memory management hardware ver ifies that memory
addresses are to access permitted memory areas. If
t h i s i s t h e c a s e , t h i s h a r d w a r e a c c e s s e s c a c h e
memory and, if necessary, central memory.

CENTRAL MEMORY CONTROL (MODEL 855 ONLY)

Central memory control (CMC) provides an interface
to CM for the CP and IOU. On the model 855, it is
physically located in the CP cabinet. CMC includes:

• P o r t s a n d d i s t r i b u t o r .

• SECDED logic.

• P a r t i a l w r i t e l o g i c .

• Memory con t ro l l og i c .

• Ma in tenance reg i s t e r s .

CENTRAL MEMORY
The CM performs the following functions.

• The e ight memory banks s tore f rom 524K to
2097K o f 64-b i t words ( the le f tmost 4 b i ts
are undefined) and an 8-bit SECDED code.

ADDRESS FORMAT

Figure 2-2 i l lustrates the address format.

20 18 16 3 2 0

I CHIP ADDRESS

| ROW SELECT
QUADRANT

SELECT

BANK
SELECT

Figure 2-2. Address Format

The fo l lowing l is t defines the address fields.

• B a n k s e l e c t s p e c i f i e s o n e o f e i g h t b a n k s .
Since the bank address is the lowest order 3
b i t s o f t h e s t o r a g e a d d r e s s , s e q u e n t i a l
a d d r e s s i n g r e s u l t s i n a p h a s e d - b a n k
o p e r a t i o n w h i c h a l l o w s a m a x i m u m d a t a
t r a n s f e r r a t e o f o n e w o r d e a c h c l o c k
per iod.

• C h i p a d d r e s s s p e c i f i e s t h e a d d r e s s o f o n e
w o r d i n 1 6 K M O S m e m o r y c h i p s f o r t h e
selected bank.

• Row se lect se lects one of four word rows in
a quadrant.

• Q u a d r a n t s e l e c t s e l e c t s o n e o f f o u r
q u a d r a n t s . I t i s u s e d o n l y f o r s t o r a g e
units larger than 524K.

CM ACCESS AND CYCLE TIMES

Model 835

T h e C M a c c e s s t i m e f o r a r e a d o p e r a t i o n i s 6 7 2
nanoseconds.

O n e b a n k c y c l e i s 8 c l o c k p e r i o d s ( 4 4 8
n a n o s e c o n d s ) . C y c l e t i m e f o r a r e a d o r w r i t e
o p e r a t i o n i s 4 4 8 n a n o s e c o n d s ( 8 c l o c k p e r i o d s ) .
C y c l e t i m e f o r a p a r t i a l w r i t e ( r e a d / m o d i f y / w r i t e )
is 896 nanoseconds (16 clock periods).

Model 855

T h e C M a c c e s s t i m e f o r a r e a d o p e r a t i o n i s 5 2 8
nanoseconds.
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O n e b a n k c y c l e i s 7 c l o c k p e r i o d s ( 4 4 8
n a n o s e c o n d s ) . C y c l e t i m e f o r a r e a d o r w r i t e
o p e r a t i o n i s 4 4 8 n a n o s e c o n d s ( 7 c l o c k p e r i o d s ) .
C y c l e t i m e f o r a p a r t i a l w r i t e ( r e a d / m o d i f y / w r i t e )
is 896 nanoseconds (14 clock periods).

7 . I f m u l t i p l e b i t o r o t h e r u n c o r r e c t a b l e
e r r o r , s e n d u n c o r r e c t a b l e e r r o r r e s p o n s e
code to CP or IOU. A PP in the IOU may then
a n a l y z e t h e s y n d r o m e b i t s u s i n g t h e
maintenance channel.

^ S 8 v

CM PORTS AND PRIORITIES

A p r i o r i t y ne two rk reso l ves access confl i c t s on a
rotat ing bas is , prevent ing long- term lockout o f any
port. In case of simultaneous requests, the CP has
priority. The CM also has a refresh mechanism which
may consume a maximum of 6 percent of memory time on
a model 835 and 7 percent on a model 855. Refresh
requests have pr ior i ty over port requests. Refer to
table 2-1 for maximum request lockout time.

Ta b l e 2 - 1 . P o r t P r i o r i t y

Maximum Request Lockout Time in Bank Cycles

Port Read or Write Requests

Refresh
Port 0
Port 1

NOTE: Fo r a mode l 835 , 1 bank cyc l e
equals 8 clock periods which equals 448
nanoseconds . For a mode l 855 , 1 bank
cycle equals 7 clock periods which equals
448 nanoseconds.

CM LAYOUT

Central memory contains an area that is reserved for
s p e c i a l s o f t w a r e c a l l e d e x e c u t i v e s t a t e s o f t w a r e .
Along with the hardware and microcode, this software
h a n d l e s t h e o p e r a t i o n s o f e x e c u t i v e s t a t e a s
descr ibed in sect ion 5. Execut ive state sof tware is
located at the higher end of memory. The remaining
memory is available to the CYBER 170 state and may
be allocated as central memory (accessible via RAC
and FLC) or as unified extended memory (accessible
v i a R A E , F L E , a n d t h e O i l , 0 1 2 , 0 1 4 , a n d 0 1 5
i n s t r u c t i o n s ) . R e f e r t o fi g u r e 2 - 3 .

Address 0

Available CM size

Actual CM size

CM

UEM
(optional)

Executive State
Software

Figure 2-3. CM Layout

SECDED

The SECDED logic corrects single-bit errors during a
CM read, permitt ing unimpeded computer operat ion.
The SECDED logic prepares for the error correction
by generat ing error correct ion code (ECC) b i ts for
each data word, and by storing these ECC bits in CM-
with the data word during the CM write. Tables 2-2
(model 835) and 2-3 (model 855) list the hexadecimal
codes for all the combinations of syndrome bits with
the number of the data bit assigned each code or a
note categorizing the code. Then, during a CM read,
CM performs the following SECDED sequence.

CM BOUNDS REGISTER

The CM bounds register limits the
f rom spec i fied po r t s . The po r t s
area between an upper and lower
in the CM bounds reg is te r. B i ts
the por t (s) f rom which the wr i te
T h e C M b o u n d s r e g i s t e r i s
maintenance channel . For fur ther
to Maintenance Channel Programming

CENTRAL MEMORY RECONFIGURATION

write access to CM
are l im i ted to the
bound as specified
in by te 0 spec i fy

access i s l im i ted ,
s e t t h r o u g h t h e
i n f o r m a t i o n , r e f e r
in sect ion 5.

1. Read one CM word and generate new ECC bits
for data portion of CM word.

2. Compare new ECC bits with CM word ECC bits.

3 . I f o l d a n d n e w E C C b i t s m a t c h , n o e r r o r
exists. Send data to request ing unit .

4. If bits do not match, generate syndrome bits
from result of ECC compare.

5. Decode syndrome bi ts to determine i f s ingle
o r mu l t i p l e b i t f a i l u re .

6 . I f s i n g l e b i t f a i l u r e , c o r r e c t b y i n v e r t i n g
f a i l i n g b i t i n d a t a w o r d . S e n d c o r r e c t e d
word to requesting unit.

C e n t r a l m e m o r y r e c o n fi g u r a t i o n i s a m a n u a l l y
p e r f o r m e d f u n c t i o n t h a t p e r m i t s t h e c o m p u t e r
operator to restructure the CM addresses so that a
f a i l i n g p a r t o f C M c a n b e q u i c k l y l o c k e d o u t t o
p r o v i d e a c o n t i n u o u s b l o c k o f u s a b l e C M . C M
r e c o n fi g u r a t i o n i s a c c o m p l i s h e d b y s e t t i n g t h e
switches on the memory unit to manipulate the upper
address bits.

W h e n a c o n fi g u r a t i o n s w i t c h i s s e t f o r c i n g a C M
a d d r e s s b i t t o a z e r o / o n e , t h e a d d r e s s r a n g e
c o r r e s p o n d i n g t o t h e o r i g i n a l i n s t a l l e d m e m o r y
accesses some parts of the reconfigured memory more
t h a n o n c e . A d d r e s s e s u p t o t h e r i g h t m o s t f o r c e d
b i t , a n d h a l f t h e a d d r e s s e s u s i n g t h e r i g h t m o s t
forced b i t , cover a cont iguous address space f rom
l o c a t i o n z e r o , w h i c h i s t h e r e c o n fi g u r e d m e m o r y.
For fur ther in format ion, refer to sect ion 3.
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Table 2-2. Model 835 SECDED Syndrome Codes/Corrected Bits

Code Bi t Code Bit Code Bi t Code Bi t :ode Bi t Code Bit Code Bi t Code B i t

00 20 66 © 40 6 5 © 60 80 6 4 © AO CO 0 / 1 © EO 32

01 71 © 21 41 61 81 Al Cl El 32

02 70 © 22 42 62 82 A2 C2 E2 36

03 6 / 7 © 23 43 63 83 A3 C3 E3 36

04 69 (2) 24 44 64 84 A4 C4 E4 34

05 25 45 65 85 A5 C5 E5 34

06 26 46 66 86 A6 C6 E6 38

07 24 <1) 27 28 (5) 47 2 6 © 67 3 0 © 87 2 5 © A7 29 C7 2 7 © E7 31/38©
08 6 8 © 28 48 68 88 A8 C8 E8 33

09 29 49 69 89 A9 C9 E9 33

0A 2A 4A 6A 8A AA CA EA 37

OB 16 © 2B 20 © 4B 1 8 © 6B 2 2 © 8B 1 7 © AB 21 CB 1 9 © EB 23/37©
OC 4/5(6) 2C 4C 6C 8C AC CC EC 35

OD 8 © 2D 12 © 4D 1 0 © 6D 1 4 © 8D 9 © AD 13 CD U © ED 15/35©
OE 0 © 2E 4 © 4E 2 © 6E 6 © 8E 1 © AE CE 3 © EE 7/39
OF (D 2F 4F 6F 8F AF CF EF 39

10 67 (2) 30 2 / 3 © 50 70 5 6 © 90 BO 48 DO 4 0 © FO

11 (D 31 51 71 5 6 © 91 Bl 48 DI 4 0 © Fl

12 CD 32 52 72 6 0 © 92 B2 52 D2 4 4 © F2

13 33 53 73 6 0 © 93 B3 52 D3 4 4 © F3

14 34 54 74 5 8 © 94. B4 50 D4 4 2 © F4

15 35 55 75 5 8 © 95 B5 50 D5 4 2 © F5

16 36 56 76 6 2 © 96 B6 54 D6 4 6 © F6

17 2 4 © 37 28 © 57 2 6 ® 77 30/62© 97 2 5 © B7 29/54© D7 27/46© F7

18 38 58 78 5 7 © 98 B8 49 D8 4 1 © F8

19 39 59 79 5 7 © 99 B9 49 D9 4 1 © F9

1A 3A 5A 7A 6 1 © 9A BA 53 DA 4 5 © FA

IB 16 © 3B 20 © 5B 1 8 © 7B 22/61© 9B 1 7 ® BB 21/53© DB 19/45© FB 23

IC 3C 5C 7C 5 9 © 9C BC 51 DC 4 3 © FC

ID 8 © 3D 12 © 5D 1 0 © 7D 14/59© 9D 9 © BD 13/51© DD 11/43© FD 15

IE 0 © 3E 4 © 5E 2 © 7E 6/63 © 9E 1 © BE 5/55 DE 3/47 © FE

IF 3F 5F 7F 6 3 © 9F BF 55 DF 4 7 © FF

Notes:

CD Cor rec ted s ing le -b i t e r ro r.
GO Syndrome code bit fai led (single code bit set).
© Double error or mult ip le error (even number of code bi ts set) .
© Mu l t i p l e e r ro r r epo r ted as a s i ng le e r ro r.
© Doub le e r ro r o r mu l t i p l e e r r o r w i t h i nd i ca ted b i t ( s ) i n ve r t ed .
© Doub le e r r o r o r mu l t i p l e e r r o r o r f o r ced doub le e r r o r due t o a pa r t i a l w r i t e pa r i t y e r r o r on one o f

the two bytes.
© No e r ro r de tec ted .

/aSŜ V
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Table 2-3. Model 855 SECDED Syndrome Codes/Corrected Bits

Code Bi t Code B i t Code B i t Code B i t Code Bi t Code B i t Code Bi t Code B i t

00 20 66 © 40 6 5 © 60 80 6 4 © A0 CO 0/1 E0 3 2 ©

01 71 © 21 41 61 81 Al Cl El

02 70 © 22 42 62 82 A2 C2 E2

03 6 / 7 © 23 43 63 83 A3 C3 E3 3 6 ©

04 69 © 24 44 64 84 A4 C4 E4

05 25 45 65 85 A5 C5 E5 3 4 ©
06 26 46 66 86 A6 C6 E6 3 8 ©
07 24 © 27 47 67 30 87 A7 2 9 © C7 27 E7

08 68 © 28 48 68 88 A8 C8 E8

09 29 49 69 89 A9 C9 E9 3 3 ©
0A 2A 4A 6A 8A AA CA EA 3 7 ©
0B 16 © 2B 4B 6B 22 8B AB 2 1 © CB 19 EB

OC 4 / 5 © 2C 4C 6C 8C AC CC EC 3 5 ©
OD 8 © 2D 4D 10© 6D 14 8D AD 13 © CD 11 ED

OE 0 © 2E 4 © 4E 6E 8E AE 5 © CE EE

OF 2F 4F 6F 8F AF CF EF 3 9 ©
10 67 © 30 2/3© 50 70 56 90 B0 4 8 ® DO 40 F0

11 31 51 71 91 Bl DI Fl

12 32 52 72 92 B2 D2 F2

13 33 53 73 60 93 B3 5 2 © D3 44 F3

14 34 54 74 94 B4 D4 F4

15 35 55 75 58 95 B5 5 0 © D5 42 F5

16 36 56 76 62 96 B6 5 4 © D6 46 F6

17 37 28 © 57 2 6 © 77 97 2 5 © B7 D7 F7 3 1 ©

18 38 58 78 98 B8 D8 F8

19 39 59 79 57 99 B9 4 9 © D9 41 F9

1A 3A 5A 7A 61 9A BA 5 3 © DA 45 FA

IB 3B 20 © 5B 18© 7B 9B 1 7 ® BB DB FB 2 3 ©

IC 3C 5C 7C 59 9C BC 5 1 © DC 43 FC

ID 3D 12 © 5D 1 0 © 7D 9D 9 © BD DD FD 1 5 ©
IE 3E 4 © 5E 2 © 7E 9E 1 © BE DE FE 7 ©

IF 3F 5F 7F 63 9F BF 5 5 © DF 47 FF

Notes:

© C o r r e c t e d s i n g l e
© Syndrome code bi
CD Double error or
© M u l t i p l e e r r o r r
© D o u b l e e r r o r o r

the two bytes in
© No er ror detecte

- b i t e n
t f a i l e t
mu l t ip le
eported
mu l t i p ]

d icated
d.

•o r.
1 (sin
i erro
as a

e e r r

gle co<
r (evei
s i n g l e
or or

i e b i t
i numb
e r r o r

forced

s e t ) ,
er of co

double

de bi t

e r r o r

s s e t ) ,

due to a p a r t l a l w t i t e p a r i t y e r r o r o n one of
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INPUT/OUTPUT UNIT

/i$*fc\

The input /ou tpu t un i t ( IOU) per fo rms the func t ions
r e q u i r e d t o l o c a t e , s e l e c t , a n d i n i t i a l i z e t h e
e x t e r n a l d e v i c e s c o n n e c t e d t o t h e s y s t e m , a n d
con t ro l s t he t r ans fe r o f da ta be tween a se l ec ted
d e v i c e a n d C M . T h e I O U a l s o p e r f o r m s s y s t e m
maintenance functions.

The IOU contains the following functional areas.

• Per iphera l p rocessor (PP) .

• I / O c h a n n e l s .

• R e a l - t i m e c l o c k .

• Tw o - p o r t m u l t i p l e x e r.

• Maintenance channel .

• CM access.

PERIPHERAL PROCESSOR

The basic IOU contains 10 PPs and can be expanded to
20 PPs in 5-PP increments. Each PP is a logical ly
independent computer with its own memory. Each 5-PP
group is organized into a mult iplexing system which
a l l o w s t h e P P s t o s h a r e c o m m o n h a r d w a r e f o r
a r i t h m e t i c , l o g i c a l , a n d I / O o p e r a t i o n s w i t h o u t
l o s i n g i n d e p e n d e n c e . T h i s m u l t i p l e x i n g s y s t e m
compr ises five ranks o f reg is ters te rmed a bar re l .
E a c h r a n k c o n t a i n s i n f o r m a t i o n r e l a t e d t o t h e
instruction being executed by one PP.

Each PP can communicate with the CP by issuing a
CYBER 170 exchange request to a specific CYBER 170
exchange package associated with the issuing PP. In
addition, a PP can also communicate with the CP via
CM read and write operations. PPs can communicate
with each other over the I/O channels and through CM.

Each PP executes programs alone or with other PPs to
control data transfers between external devices and
CM. These programs are compr ised o f ins t ruc t ions
from the IOU instruction set and respond to requests
i ssued t h rough CM by t he ope ra t i ng sys tem. The
p r o g r a m s t r a n s l a t e g e n e r a l i z e d o p e r a t i n g s y s t e m
r e q u e s t s i n t o c o n t r o l f u n c t i o n s f o r a c c e s s i n g t h e
e x t e r n a l d e v i c e s a n d m a y a l s o p e r f o r m d e v i c e
schedul ing and opt imizat ion. The programs use PP
memory as a bu f fe r fo r the da ta t rans fe r be tween
external devices and CM to isolate IOU data transfer
from variations in CM transfer rate.

Deadstart

A deads ta r t sequence a l l ows the IOU to i n i t i a l i ze
i t se l f . Th is deads ta r t sequence i s i n i t i a ted by the
DEAD START switch on the deadstart panel or the DEAD
S TA RT s w i t c h o n t h e d i s p l a y s t a t i o n . T h e p a n e l
includes controls for assigning any PPM to PPO. For
fur ther in format ion, re fer to sect ion 3.

Barrel and Slot

T h e b a r r e l c o n s i s t s o f t h e R , A , P, Q , a n d K
r e g i s t e r s , e a c h o n e o f w h i c h h a s fi v e r a n k s 0
t h r o u g h 4 ( r e f e r t o fi g u r e 2 - 4 ) . I n f o r m a t i o n i n
these registers moves from one rank to the next at a
un i form 20-megaher tz ra te , p rov id ing a mul t ip lexed
system of five PPs, each operating at a 4-megahertz
r a t e . T h e r e g i s t e r s a r e s t a t i o n a r y w h i l e t h e P P s
rotate. For example, rank 4 registers contain PPO,
PP1, PP2, PP3, and PP4 in succession, each consuming
5 0 n a n o s e c o n d s o f t h e t o t a l c y c l e t i m e o f 2 5 0
nanoseconds. Since PP memories operate at a slower
rate, independent memory with i ts own address and
data registers is provided for each PP.

E a c h t i m e d a t a e n t e r s t h e s l o t , a p o r t i o n o f t h e
i n s t r u c t i o n f o r t h a t d a t a i s e x e c u t e d . T h e s l o t
p e r f o r m s t a s k s s u c h a s a r i t h m e t i c a n d l o g i c
o p e r a t i o n s a n d p r o g r a m a d d r e s s m a n i p u l a t i o n .
Complete execution of an instruction may require the
R, A , P, Q , and K reg is te r quan t i t i es to go more
than one trip around the barrel and through the slot.

The PPM may be referenced once each time the PP
p a s s e s a r o u n d t h e b a r r e l a n d t h r o u g h t h e s l o t .
Dur ing i ts s lot t ime, the PP may also communicate
with CM or with any of the 1/0 channels.

PP Registers

R Register

T h e 2 8 - b i t R r e g i s t e r , i n c o n j u n c t i o n w i t h t h e A
r e g i s t e r , f o r m s a n a b s o l u t e C M a d d r e s s f o r C M
r e a d / w r i t e i n s t r u c t i o n s . W h e n b i t 1 7 o f t h e A
register is set , the absolute CM address is formed
b y a p p e n d i n g s i x z e r o s t o t h e l o w e r e n d o f t h e
contents of the R register and adding to the resul t
b i ts 0 through 16 of the contents of the A register
( r e fe r t o figu re 2 -5 ) .

A Register

T h e 1 8 - b i t A r e g i s t e r h o l d s o n e o p e r a n d f o r
a r i t h m e t i c , l o g i c , o r s e l e c t e d I / O o p e r a t i o n s . T h e
c o n t e n t o f A m a y b e a n a r i t h m e t i c o p e r a n d , C M
a d d r e s s , 1 / 0 f u n c t i o n , o r I / O d a t a w o r d . Va r i o u s
ins t ruc t ions opera te on 6 , 12 , o r 18 b i t s o f the A
r e g i s t e r .

When t he A r eg i s t e r i s used as t he CM add ress ,
p a r i t y i s g e n e r a t e d f o r t r a n s m i s s i o n w i t h t h e
a d d r e s s t o m e m o r y c o n t r o l . A t d e a d s t a r t , t h e A
r e g i s t e r i s s e t t o 1 0 0 0 0 ( o c t a l ) . W h e n b i t 1 7 o f
t he A reg i s te r i s c l ea r, t he A reg i s te r i s used as
the CM address; however, when bit 17 is set, the R
register is added to the A register (as described in
the R reg i s te r desc r i p t i on ) t o ob ta in t he abso lu te
CM address for CM read/write instructions.
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PP MEMORIES

CENTRAL
MEMORY

<64|

TO OTHER
BARRELS

H^f*
64-BIT WORD

FROM OTHER
BARRELS

^ F
yia

(16)

64-BIT WORD

'1 INSTRUCTION
IN SLOT

CENTRAL
MEMORY

(64)

12 |13 |20 |21 J22 |23 |24 |2S |26 {27J30 |31 |32 |33 | I /O CHANNELS ©

♦

©
©

(121

PERIPHERAL
EQUIPMENT

OPTIONS OF 10, 15 OR 20 PPS AVAILABLE

OPTIONS OF 12 OR 24 I/O CHANNELS AVAILABLE

D IS THE ADDRESS OF THE FIRST PP WORD. THE LEFTMOST 4 BITS
OF EACH CM WORD ARE ZERO AND ARE IGNOREO BY THE PP.

A ^ k ^ \

Figure 2-4. Barrel and Slot

27 6 5 0
R oooooo

16

P Register

the program address
t h e e x e c u t i o n o f

a n d 7 3 . F o r t h e s e

Figure 2-5. Formation of Absolute CM Address

T h e 1 2 - b i t P r e g i s t e r i s
r e g i s t e r , e x c e p t d u r i n g
i n s t r u c t i o n s 6 1 , 6 3 , 7 1 ,
i n s t r u c t i o n s , t h e P r e g i s t e r c o n t a i n s t h e P P M
add ress o f t he da ta t r ans fe r. A t deads ta r t , t he P
register is set to zero.

Q Register

T h e 1 2 - b i t Q r e g i s t e r h o l d s d a t a f o r s e v e r a l
functions such as the address of the operand during
d i r e c t a d d r e s s i n g a n d i n d i r e c t a d d r e s s i n g ,
p e r i p h e r a l a d d r e s s o f d a t a u s e d d u r i n g o n e - w o r d
c e n t r a l r e a d o r w r i t e i n s t r u c t i o n s , u p p e r 6 b i t s
during constant mode instructions, channel number on
a l l I / O a n d c h a n n e l i n s t r u c t i o n s , s h i f t c o u n t , a n d
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/^Rx

r e l a t i v e j u m p d e s i g n a t o r. A t d e a d s t a r t , e a c h r a n k
o f t h e Q r e g i s t e r i s s e t t o a c o r r e s p o n d i n g P P
number. Rank 0 is set to PPO, rank 2 is set to PP2,
and so on.

K Register

The 7 -b i t K - reg i s t e r i s v i s i b l e t o t he p rog rammer
through the maintenance channel only. This register
holds the operat ion code field of an instruct ion for
display on the IOU deadstart panel and for deadstart
pane l i n te r roga t ion . When a PP i s ha l ted ( i d led ) ,
this register contains al l ones.

PP Numbering

PPs are numbered as follows:

Bar re l PPs

0 00 to 04

1 05 to 11 ( o c t a l )

2 20 to 24 ( o c t a l )

3 25 to 31 ( o c t a l )

The deads ta r t sequence decodes deads ta r t pane l
switches to determine PP numbering within a barrel.
The sequence assigns barrel numbers according to the
s w i t c h s e t t i n g s a n d , d u r i n g t h e fi r s t m i n o r c y c l e
after deadstart, loads a zero into the Q register in
barre l 0 . Th is defines a l l the data in that rank of
the barrel as belonging to PPO and since Q is the
channel selector, assigns PPO to channel 0. During
t h e n e x t m i n o r c y c l e , Q l o a d s w i t h a 1 . T h i s
d e fi n e s P P 1 a n d a s s i g n s I t t o c h a n n e l 1 . T h i s
p rocess occu rs In pa ra l l e l I n a l l ba r re l s un t i l t he
IOU ass igns each rank o f each ba r re l w i th a PP
number and a channel number. Reassignment can be
done only during a deadstart.

PP Memory

Each PP has an Independent 4K word memory; each word
conta ins 16 data b i ts wi th the upper 4 b i ts set to
z e r o , a n d 1 p a r i t y b i t . P P O r e a d s t h e d e a d s t a r t
p r o g r a m f r o m t h e d e a d s t a r t p a n e l d u r i n g t h e
deadstart operation. Therefore, PP memory 0 must be
o p e r a t i o n a l . A P P m e m o r y r e c o n fi g u r a t i o n f e a t u r e
allows the user to restore IOU operation i f the IOU
detects a fault in the PP memory normally assigned
to PPO.

To r e c o n fi g u r e , t h e o p e r a t o r a s s i g n s a g o o d P P
memory to PPO and the operating system removes the
fail ing PP memory. Computer operation can continue
without the fa i l ing PP memory, and repairs can be
made during scheduled maintenance. The system must
be deadstarted to reconfigure PPMs.

I/O CHANNELS

T h e I / O c h a n n e l s a r e c o m p r i s e d o f a n i n t e r n a l
interface that al lows common hardware and software
t o c o n t r o l t h e e x t e r n a l d e v i c e s , a n d a n e x t e r n a l
in ter face tha t a l lows the IOU to communica te w i th
t h e e x t e r n a l d e v i c e s u s i n g 1 2 - b i t d a t a c h a n n e l s .
T h e i n t e r n a l i n t e r f a c e c a n t r a n s f e r 1 6 - b i t d a t a
words between two PPs, or be tween a PP and an

external device at a maximum rate of one word every
250 nanoseconds. This rate can be sustained for the
max imum p rac t i ca l channe l t r ans fe r (4096 words ) .
During transfers between PPs, if the PPs are in the
s l o t a t t h e s a m e t i m e , t h e t r a n s f e r r a t e i s 5 0 0
nanoseconds.

Any PP can access any of the CYBER 170 bidirectional
1 / 0 c h a n n e l s . A l l P P s c o m m u n i c a t e w i t h e x t e r n a l
devices through the independent 1/0 channels. Each
channel may be connected to one or more pieces of
external equipment, but only one piece of equipment
can use a channel at one time. All channels can be
act ive s imul taneously.

The d isp lay s ta t ion contro l ler (DSC) is a t tached to
C Y B E R 1 7 0 c h a n n e l 1 0 g . T h e D S C i s t h e I O U
inter face between the PPs and the d isplay stat ion,
servicing both the keyboard and the cathode-ray tube
( C R T ) . I t t r a n s m i t s f u n c t i o n w o r d s a n d d i g i t a l
s y m b o l s i z e / p o s i t i o n d a t a t o t h e d i s p l a y s t a t i o n ,
a n d r e c e i v e s d i g i t a l c h a r a c t e r c o d e s f r o m t h e
k e y b o a r d . I t a l s o r e c e i v e s d i g i t a l s y m b o l c o d e s
from the PPs and converts these to analog signals to
the CRT.

REAL-TIME CLOCK

T h e r e a l - t i m e c l o c k i s a 1 2 - b i t f r e e - r u n n i n g
counter, inc rement ing a t a 1 -megaher tz ra te . I t i s
permanent ly at tached to channel 14g. This channel
may be read at any time as its active and full flags
are always set.

TWO-PORT MULTIPLEXER

T h e t w o - p o r t m u l t i p l e x e r p r o v i d e s c o m m u n i c a t i o n
capability between a PP and two attached terminals.
One port is reserved for maintenance purposes and
t h e o t h e r p o r t i s r e s e r v e d f o r f u t u r e u s e . T h e
t w o - p o r t m u l t i p l e x e r i s p e r m a n e n t l y a t t a c h e d t o
channel 15

MAINTENANCE CHANNEL

The ma in tenance channe l i s used fo r in i t i a l i za t ion
o f t h e C P a n d C M m a i n t e n a n c e r e g i s t e r s a n d
moni tor ing of er ror s ta tus.

The maintenance channel consists of the maintenance
c h a n n e l i n t e r f a c e o n c h a n n e l 1 78> a maintenance
access control in each system element, and a set of
interconnect ing cables.

CENTRAL MEMORY ACCESS

Any PP can access CM. During a write from the IOU
to CM, the IOU assembles five successive 12-bit PP
words into a 64-bi t CM word wi th the lef tmost four
b i t s u n d e fi n e d . D u r i n g a C M r e a d , t h e I O U
disassembles the rightmost 60 bits of the 64-bit CM
word into five PP words. To find the CM address, a
P P r e a d s t h e A r e g i s t e r . I f b i t 1 7 o f t h e A
register is clear, the PP uses the contents of the A
r e g i s t e r f o r t h e C M a d d r e s s . I f b i t 1 7 o f t h e A
register is set , the PP adds the re locat ion address
from the R register to the A register to form the CM
address.

A m a x i m u m o f 2 0 P P s i n v a r i o u s s t a g e s o f
assemb ly /d i sassemb ly can s imu l t aneous l y read CM
words, and five PPs can write CM words.
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OPERATING INSTRUCTIONS

T h i s s e c t i o n d e s c r i b e s m a i n f r a m e c o n t r o l s a n d
ind icators and the operat ing procedures which are
hardware-dependent. Sof tware-dependent procedures
are in system software reference manuals l is ted in
the preface.

CONTROLS AND INDICATORS
This section describes IOU deadstart panel controls
and Indicators and CM configuration switches used by
t h e s y s t e m o p e r a t o r . O t h e r c o n t r o l s u s e d b y
maintenance personnel are described in the hardware
o p e r a t o r ' s g u i d e a n d t h e h a r d w a r e m a i n t e n a n c e
m a n u a l s o f t h e p o w e r d i s t r i b u t i o n a n d w a r n i n g
system, the cooling system, and the display console
l isted in the system publication index.

DEADSTART PANEL CONTROLS/INDICATORS

The deads ta r t pane l ( figure 3 -1 ) i s i n the IOU. I t
c o n t a i n s P P r e g i s t e r s e l e c t i o n a n d d i s p l a y
f a c i l i t i e s , d e a d s t a r t c o n t r o l s , e r r o r i n d i c a t o r s ,
and a switch matrix, which is the source for a short

P P p r o g r a m f o r i n i t i a l i z a t i o n o r t r o u b l e s h o o t i n g .
T h e s w i t c h e s , i n d i c a t o r s , a n d t h e i r f u n c t i o n s a r e
l i s ted in tab le 3 -1 .

CENTRAL MEMORY CONTROLS
The CM for both models contains four three-posit ion
c o n fi g u r a t i o n s w i t c h e s ( fi g u r e 3 - 2 ) . O n t h e m o d e l
835, these switches are located along the edge of a
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Figure 3-1. Deadstart Panel
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p r i n t e d c i r c u i t b o a r d l o c a t e d j u s t t o t h e r i g h t o f
the center post in the middle section of the memory
cab ine t ( l o ca t i on D01 ) . On t he mode l 855 , t hese
sw i t ches a re l oca ted a long the edge o f a p r in ted
c i r c u i t b o a r d l o c a t e d j u s t t o t h e r i g h t o f t h e
c e n t e r p o s t i n t h e l o w e r s e c t i o n o f t h e m e m o r y
cab ine t ( l oca t i on F04 ) . The sw i t ches a re used to
e l i m i n a t e C M s e c t i o n s w i t h m a l f u n c t i o n s . E a c h
switch, SW3 through SW6, forces one corresponding CM
address bit, 23 through 20, either to a zero (switch
down) or to a one (switch up). Refer to table 3-2.

I n c a s e o f C M m a l f u n c t i o n s , t h e r e m a i n i n g g o o d
memory can be reconfigured so i t is access ib le by
c o n t i g u o u s a d d r e s s e s f r o m z e r o t o t h e m a x i m u m
remain ing address. This is accompl ished by set t ing
c o n fi g u r a t i o n s w i t c h e s ( fi g u r e 3 - 2 ) a s l i s t e d i n
tab le 3 -2 . Re fe r to the ha rdware opera to r ' s gu ide
l isted in the system publication index.

Table 3-1. Deadstart Panel Controls/Indicators (Sheet 1 of 2)

Panel Nomenclature Descr ip t ion Funct ion

2° through 2*5 by j through 208 Toggle switch matrix (two-
posi t ion swi tches)

Provides a 16-word deadstart program
for PPO. Switches 2° through 21*
set 12 bits for each of the program
words, labeled 1 through 20 (octal).
Switches 2 through 21^ are set
to zero.

Up posi t ion sets bi t . Down posi t ion
c l e a r s b i t .

PP NO Octal display Shows the PP selected by PP SELECT
switches.

DATA Octal display Shows the content of the register
selected by REGISTER SELECT
switches.

PP SELECT Toggle switches (two-posit ion) Selects the PP whose register is to be
disp layed.

REGISTER SELECT Toggle switches (two-posit ion) Selects the register to be displayed
(00 = P, 01 » Q, 10 » K, 11 = A).

A, K, Q, P Ind ica to rs One of these lights to indicate which
register is selected by REGISTER
SELECT switches.

LAMP TEST Toggle switch ( two-posi t ion) L ights a l l ind icators and d isp lay
segments.

CLEAR AUTO Toggle switch (two-posit ion) Allows manual clearing of auto mode bit
(bit 34 of the environment control
register) to overr ide possib le auto
mode select ion. This al lows the
selection of the PP and register from
the deadstart panel i f bit 34 is
se t .

FREQ MARGIN Toggle switch ( three-posi t ion) Determines the frequency margin
selected (FAST/NORMAL/SLOW). The
sett ing of this switch is sensed
only at deadstart t ime.

RECONFIGURATION, BARREL Toggle switches (two-posit ion) Selects the physical barrel which is
l o g i c a l b a r r e l 0 . A l l t h e o t h e r l o g i
cal barrels are numbered from the
se lec ted phys ica l ba r re l c i r cu la r l y.
( I f physical barrel 1 is selected by
the switches, physical barrel 2 is
logical barrel 1, and so on.)

RECONFIGURATION, PPM Toggle switches (two-posit ion) Selects the physical PP memory which is
logical PPM0. All the other PPMs in
all barrels are numbered from the
selected physical PPM circularly.
If the switches are set to a value
greater than four, no reconfigurat ion
takes place.

.^S^v
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Table 3-1. Deadstart Panel Controls/Indicators (Sheet 2 of 2)

Panel Nomenclature Descr ip t ion Funct ion

LONG/SHORT DEAD START SEQUENCE Toggle switch ( two-posi t ion) Selects the LONG/SHORT deadstart
sequence. The sett ing of this
switch is sensed only at
deadstar t .

DEAD START Toggle swi tch ( three-posi t ion,
cen te r i s o f f )

Selects the fast or s low repet i t ive
deadstart, which generates a master
clear pulse every 250 or 4000 micro
seconds respect ive ly. Up posi t ion
selects fast deadstart; down posit ion
selects s low deadstar t . (The s ing le
deadstart control pushbutton is on
the display console.)

L.D.S. ERROR-A I n d i c a t o r Remains lit when long deadstart branch
tests are not completed within 10.25
microseconds.

L.D.S. ERROR-B I n d i c a t o r Remains lit when a long deadstart
sequence does not go to completion.

DEAD START ERROR Ind ica to r Lights in case of long deadstart ROM
address/data par i ty er ror.

M, CH, A, PQ, I, C Ind ica tors Lights in case of hardware failures as
f o l l o w s :

M: PP memory fa i l u re

C H j I / O c h a n n e l f a i l u r e

A : A b a r r e l f a i l u r e

PQ: P o r Q bar re l fa i lu re

I : F i r m w a r e o r c o n t r o l f a i l u r e

C : 1 2 / 1 6 c o n v e r s i o n f a i l u r e

CENTRAL MEMORY

.--^IWODEL 83S

„^- MODEL 8SS

A B

C 0 V

E / :

Figure 3-2. CM Configuration Switches
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Table 3-2. Central Memory Reconfiguration

Original CM Reconfigured CM

Size

Address Range

Size Location of Failing CM Reconfigurat ion Set t ing

Words Words B i t
23

B i t
22

B i t
21

B i t
20

SW3 SW4 SW5 SW6

524K 0-1 777 777 262K

262K

1049K 0-3 777 777 524K

524K

1573K 0-5 777 777 524K

524K

1049K

2097K 0-7 777 777 104 9K

1049K

( 1 ) ( 2 )

NOTES:

(1) CM remaining can be further reconfigured by sett ing addit ional configuration switches.

(2) U equals up, D equals down, and - equals center position.

POWER-ON AND POWER-OFF PROCEDURES CONTROL CHECKS

In case of an emergency, use the system EMERGENCY
OFF switch. The power-on and power-off procedures
a r e d e s c r i b e d i n t h e h a r d w a r e o p e r a t o r ' s g u i d e
listed in the system publication index.

CAUTIONJ
I m p r o p e r a p p l i c a t i o n o r r e m o v a l o f
power may damage system circuits and/or
air condit ioning system. Power must be
turned on /o f f by des ignated personne l
only, except for the system EMERGENCY
O F F s w i t c h . U s e o n l y f o r e x t r e m e
emergency, not for normal shutdown.

OPERATING PROCEDURES
Refer to the hardware operator's guide l isted in the
system publ icat ion index. The system is in i t ia l ized
by sett ing its control switches, and then by running
ei ther a long or shor t deadstar t sequence (defined
l a t e r i n t h i s s e c t i o n ) . A f t e r i n i t i a l i z a t i o n , t h e
k e y b o a r d i s u s e d t o i n s t r u c t t h e s y s t e m f u r t h e r,
under program control.

B e f o r e a c t i v a t i n g a l o n g o r s h o r t d e a d s t a r t
sequence , check the pos i t i ons o f deads ta r t pane l
swi tches aga ins t the i r in tended use. These checks
can be made by using table 3-1. The normal settings
of these switches is as follows:

Switch Pos i t ion

CLEAR AUTO Down

FREQ MARGIN Center

RECONFIGURATION All down

LONG/SHORT DEAD START
SEQUENCE

Down for
deadstar

DEAD START Center

A l l e r r o r l i g h t s N o t l i t

Deadstart Sequences

In response to a deads ta r t s igna l f rom e i the r the
deadstart pushbutton on the display console, or from

/■ »«-£v
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t h e D E A D S TA RT s w i t c h o n t h e d e a d s t a r t p a n e l ,
c i rcu i ts in the IOU per fo rm a deadstar t sequence.
Depending on the setting of the LONG/SHORT DEAD
START SEQUENCE switch on the deadstart panel, either
t h e l o n g o r t h e s h o r t d e a d s t a r t s e q u e n c e i s
pe r fo rmed . The sho r t deads ta r t sequence i s used
when hardware integr i ty ver ificat ion is not required.
The long deadstart sequence performs al l the tasks
performed by the short deadstart sequence and some
add i t i ona l t asks . The ma in add i t i ona l t ask i s t he
runn ing o f a d iagnost ic program, f rom a read-on ly
m e m o r y ( R O M ) i n t h e I O U , o n l o g i c a l P P O . T h e
diagnostic program takes approximately one minute to
run.

Both deadstart sequences begin with a master clear
wh ich se ts up a l l PPs , excep t log ica l PPO, fo r a
4 0 9 6 - w o r d b l o c k i n p u t s t a r t i n g a t P P l o c a t i o n 0 .
The input into each PP is from the channel with the
s a m e n u m b e r a s t h e l o g i c a l n u m b e r o f t h e P P
c o n c e r n e d . T h e m a s t e r c l e a r a l s o r e s e t s a l l
e x t e r n a l d e v i c e s a n d s e t s m a i n t e n a n c e c h a n n e l
connec t code b i t 52 . The ind iv idua l channe ls and
registers are set as fol lows:

Channel

10 (display
c o n t r o l l e r )

14 (real- t ime
c lock )

15 (two-port
mux)

A c t i v e / F u l l / C h a n n e l
I n a c t i v e E m p t y C h a n n e l E r r o r
F l a g F l a g F l a g F l a g

I n a c t i v e E m p t y C l e a r C l e a r

A c t i v e E m p t y C l e a r C l e a r

Act ive F u l l S e t Set

A c t i v e E m p t y C l e a r C l e a r

1 7 ( m a i n t e n a n c e ) A c t i v e E m p t y C l e a r C l e a r

A c t i v e E m p t y C l e a r C l e a rOther insta l led
channels

Noninsta l led
channels

The flags of channel 14 and of noninstalled channels
are fixed by hardware and cannot be changed.

Regis ter I n i t i a l i z a t i o n Descr ip t ion

K 0071008 Ins t r uc t i on d i sp l ay on
deadstart panel

P 0077778 Causes b lock input to
start f rom locat ion 0

A 10,0008 Count of 4096 words

Q 0, 1 , 2 . . . I / O c h a n n e l n u m b e r s
(PPO: 0, PP1: 1, and
so on)

I n a c t i v e E m p t y C l e a r C l e a r

A l l r e g i s t e r s i n a l l b a r r e l s a r e s e t t o t h e s e
values, except the registers of PPO.

I f the long deadstart sequence is being performed,
hardware c lears locat ion 7777g in a l l PP memories
a n d s e t s t h e P r e g i s t e r o f P P O t o 6 0 0 0 g . P P O
star ts per fo rming a tes t p rogram f rom a read-on ly
memory In IOU and lights the deadstart panel L.D.S.
ERROR-A and L.D.S. ERROR-B indicators. Indicator A
remains l i t unless the test program reaches location
6 2 0 0 g w i t h i n 1 0 . 2 5 m i c r o s e c o n d s . I n d i c a t o r B
remains l i t unt i l the tes t program reaches locat ion
7776g. When th is happens, the un ique par t o f the
long deadstart sequence ends with a master clear.

Next, both deadstart sequences clear PPO location 0,
w r i t e t h e s e t t i n g s o f t h e d e a d s t a r t p a n e l m a t r i x
switches into PPO memory locat ions 1 to 20g, and
clear PPO location 21g. PPO then starts executing
the program entered from the matrix switches, which
is normally a bootstrap program to Input more data
from an assigned external device.

The shor t deadstar t sequence does not d is turb PP
memory o the r t han PPO loca t i ons 0 to 21g . Bo th
d e a d s t a r t s e q u e n c e s l e a v e a l l P P s , e x c e p t P P O ,
wait ing for a block Input, or for act ion through the
m a i n t e n a n c e c h a n n e l . A f t e r t h e b l o c k i n p u t i s
c o m p l e t e , e a c h P P s t a r t s e x e c u t i n g t h e p r o g r a m
e n t e r e d f r o m w h a t e v e r a d d r e s s w a s e n t e r e d i n t o
location 0 of that PP.
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IOU Reconfiguration

The logical PP numbers and hardware are assigned to
p h y s i c a l P P s c i r c u l a r l y f r o m t h e s e t t i n g s o f I O U
deadstart panel RECONFIGURATION switches, which
spec i fy which phys ica l barre l and PPM is PPO. I f
the PPM section of these switches is set to a value
g r e a t e r t h a n f o u r, t h e v a l u e z e r o i s s u b s t i t u t e d .
If the BARREL section of these switches is set to a

value greater than the number of insta l led barre ls ,
t h e v a l u e z e r o i s s u b s t i t u t e d . T h u s , p o s s i b l e
barrel numbering is as described in table 3-3.

I nqteH
The minimum system option is 10 PPs.

Table 3-3. Barrel Numbering Table

Log ica l PPs in Physical Barrel
Barrels Physical with BARREL RECONFIGURATION »

I n s t a l l e d Barre l Switch Values

4 Barrels 0-4 25-31 20-24 5-11
(20 PPs) 5-11 0-4 25-31 20-242 20-24 5-11 0-4 25-313 25-31 20-24 5-11 0-4
3 Barrels 0-4 20-24 5-11 (0 -4 )(15 PPs) 5-11 0-4 20-24 (5-11)2 20-24 5-11 0-4 (20-24)
2 Barrels
(10 PPs)

0-4
5-11

5-11
0-4

(0 -4 )
(5-11)

(0 -4 )
(5 -11 )

1 Barrel
(5 PPs)

0-4 (0 -4 ) (0 -4 ) (0 -4 )

^Gi?V
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INSTRUCTION DESCRIPTIONS

CP INSTRUCTIONS

CP INSTRUCTION FORMATS

NOTE |

C Y B E R 1 7 0 C P I n s t r u c t i o n s u s e t h e
r i g h t m o s t 6 0 b i t s i n t h e 6 4 - b i t w o r d .
The le f tmos t 4 b i t s a re undefined . For
these ins t ruc t ions , the most s ign ificant
b i t i s b i t 5 9 a n d t h e l e a s t s i g n i fi c a n t
b i t i s b i t 0 .

P rog ram ins t ruc t i on words a re d i v ided in to 15 -b i t
fi e l d s c a l l e d p a r c e l s . T h e fi r s t p a r c e l ( p a r c e l 0 )
i s t h e h i g h e s t - o r d e r 1 5 b i t s o f t h e 6 0 - b i t w o r d .
The second, third, and fourth parcels (parcels 1, 2,
and 3) fo l low in o rder. F igure 4-1 shows poss ib le
p a r c e l a r r a n g e m e n t s f o r i n s t r u c t i o n s w i t h i n a
program instruction word.

An ins t ruc t ion may occupy one , two , o r fou r pa r
cels. This arrangement depends upon the instruction
format . When an ins t ruc t ion occup ies two parce ls ,
it must occupy two parcels within the same program
w o r d . A p r o g r a m w o r d m a y b e fi l l e d w i t h a o n e -
parce l pass ins t ruc t ion or an ins t ruc t ion ac t ing as
a t w o - p a r c e l p a s s i n s t r u c t i o n . T h e s e i n s t r u c t i o n s
are used to fil l a program word when necessary to
p l a c e a p a r t i c u l a r i n s t r u c t i o n i n t h e fi r s t p a r c e l
of a program word or to avoid starting a two-parcel
instruct ion in the fourth parcel of a program word.
Pass instructions may also be used for branch entry
p o i n t s b e c a u s e a b r a n c h i n s t r u c t i o n d e s t i n a t i o n
address must begin with a new word. One-parcel pass
Ins t ruc t ions a re 460xx th rough 463xx . Ins t ruc t ions
60xxx through 62xxx may be used as two-parcel pass
ins t ruc t ions by se t t i ng the i i ns t ruc t ion des igna to r
t o z e r o . R e f e r t o t a b l e 4 - 1 f o r C P i n s t r u c t i o n
designators.

CP ins t ruc t i ons O i l and 012 have spec ia l p rope r
t i e s . T h e y a r e 6 0 - b i t d o u b l e i n s t r u c t i o n s w h i c h
m u s t s t a r t a t p a r c e l 0 . T h e p r o g r a m m e r h a s t h e
opt ion o f prov id ing a branch ins t ruc t ion a t parce ls

59
INSTRUCTION

44
COMBINATIONS
2 9 1 4

60 BITSX

X

r opcode! i ! j T k 1

1 4 0 5 Z 0

1 6 | 3 | 3 | 3 | l 5 B I T S

\ \ \ > — 2 n d O P E R A N D R E G I S T E R ( 1 o f 9 )
\ \ \ - l i t O P E R A N D R E G I S T E R t i o f 6 )

\ \ - R E S U LT R E G I S T E R ( 1 o f 8 )
»- OPERATION CODE

c 15 15 15 15

59

PARCEL
0

29

parcel
3

14c 30 15 15

59 44 14c IS 30 15

59 44 29c 15 15 30

59 29 T o p c o o e t i r j r k " 1c 30 30

29 2 5 2 0 I T O

59L 60

6 | 3 | 3 | 1 8 1 3 0 B I T S

\ \ \ 2 m l O P E R A N D
\ \ * - I t t O P E R A N D R E G I S T E R ! ! o l 8 )
\ \ - R E S U LT R E G I S T E R ( 1 o f 8 )

\—OPERATION CODE

Figure 4-1. CP Instruction Parcel Arrangement
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2 and 3 in the same instruct ion word ( to an error
h a n d l i n g s o f t w a r e r o u t i n e ) , o r fi l l i n g t h i s s p a c e
w i t h p a s s i n s t r u c t i o n s . R e f e r t o i n s t r u c t i o n s O i l
and 012.

I n s t r u c t i o n s 0 1 3 a n d 4 6 4 t h r o u g h 4 6 7 a r e 6 0 - b i t
i n s t r u c t i o n s w h i c h m u s t s t a r t a t p a r c e l 0 . T h e y
Ignore any information in parcels 2 and 3; however,
these parcels are normally set to all zeros.

Table 4-1. Central Processor
Instruct ion Designators

Designator Use

Opcode 6 - b i t / 9 - b i t fi e l d s p e c i f y i n g
instruct ion operat ion code.

i 3 -b i t code spec i f y i ng one o f e i gh t
r e g i s t e r s .

j 3 -b i t code spec i f y i ng one o f e i gh t
r e g i s t e r s .

j k 6 - b i t c o d e s p e c i f y i n g a m o u n t o f
shift or mask.

k 3 - b i t c o d e s p e c i f y i n g o n e o f e i g h t
r e g i s t e r s .

K 18-bit operand or address.

X Unused designator.

A O n e o f e i g h t 1 8 - b i t a d d r e s s
r e g i s t e r s .

B One of e ight 18-bi t index registers;
BO Is fixed and equal to zero.

X O n e o f e i g h t 6 0 - b i t o p e r a n d
r e g i s t e r s .

( ) Content of the word at a CM address.

ci t O f f s e t ( c h a r a c t e r a d d r e s s ) o f t h e
fi r s t c h a r a c t e r i n t h e fi r s t w o r d o f
the source field.

C2 t C h a r a c t e r a d d r e s s o f t h e fi r s t
c h a r a c t e r I n t h e fi r s t w o r d o f t h e
r e s u l t fi e l d .

K l t 1 8 - b i t a d d r e s s i n d i c a t i n g t h e C M
l o c a t i o n o f t h e fi r s t ( l e f t m o s t )
character of the source field.

K2 t 1 8 - b i t a d d r e s s i n d i c a t i n g t h e C M
l o c a t i o n o f t h e fi r s t ( l e f t m o s t )
charac te r o f the resu l t fie ld .

LL t L o w e r 4 b i t s o f t h e fi e l d l e n g t h
( c h a r a c t e r c o u n t ) f o r a m o v e o r
compare instruction; used with LU to
spec i f y fie ld l eng th .

LU t U p p e r 9 b i t s o f t h e fi e l d l e n g t h
(charac ter count ) fo r Ind i rec t move
ins t ruc t i on o r t he uppe r 3 b i t s f o r
d i rec t ins t ruc t ions ; used wi th LL to
spec i f y fie ld l eng th .

*Appl icab le to compare/move instructions only.

CP OPERATING MODES

The CP executes instructions in CYBER 170 job mode,
C Y B E R 1 7 0 m o n i t o r m o d e , a n d e x e c u t i v e s t a t e .
Changes between CYBER 170 job mode and CYBER 170
monitor mode are caused by CYBER 170 exchange jumps
(CP instruction 013 and PP instructions 2600, 2610,
and 2620) . A hardware flag cal led the CYBER 170
m o n i t o r fl a g ( M F ) i n d i c a t e s w h e t h e r t h e C P i s i n
CYBER 170 job mode (flag is clear) or in CYBER 170
monitor mode (flag is set).

E x e c u t i v e s t a t e i s i n v i s i b l e t o t h e a p p l i c a t i o n s
programmer. It sets up the CYBER 170 environment
d u r i n g i n i t i a l i z a t i o n , e x e c u t e s c e r t a i n
ins t ruc t i ons , and hand les ha rdware -de tec ted e r ro r
cond i t ions . Hardware-caused exchanges are ca l led
e r r o r e x i t s ; m o s t o f t h e s e c a n b e e n a b l e d o r
d isab led by se t t ing or c lear ing b i ts in the CYBER
170 exchange package. For further information on CP
operating modes, refer to CYBER 170 Exchange Jump,
Executive State, and Error Response in section 5.

CP INSTRUCTION DESCRIPTIONS

T h e i n s t r u c t i o n d e s c r i p t i o n s a r e i n n u m e r i c a l
o r d e r . T h e s h a d e d a r e a s , l i k e t h o s e i n t h e
f o l l o w i n g O O x x x a n d O l O x K i n s t r u c t i o n f o r m a t s ,
ind ica te unused b i ts . The unused b i ts a re ignored
by the CP.

OOxxx Error Exit to MA when CYBER 17
MF Clear
Interrupt to Execut ive
Mode when CYBER 170 MF Set

PS

14 98
OO

This ins t ruc t ion causes an i l l ega l i ns t ruc t ion e r ro r
ex i t . CYBER 170 MF is the hardware moni tor flag.
Refer to I l lega l Ins t ruc t ions , sec t ion 5 .

OlOxK Return Jump to K RJ

29 2120 1817
OIO

This two-parce l ins t ruct ion uses the lower-order 18
b i t s a s o p e r a n d K . T h i s i n s t r u c t i o n w r i t e s a
s p e c i a l w o r d i n t o C M a t r e l a t i v e a d d r e s s K . T h e
current program sequence then terminates by a jump
to address K plus 1. The word stored in memory con
ta ins a jump ins t ruc t ion which causes an uncondi
t i o n a l j u m p t o t h e a d d r e s s o f t h i s r e t u r n j u m p
inst ruc t ion p lus 1 .

* ^ ^ ^ v

4-2 60469290 A



T h i s i n s t r u c t i o n c a l l s a s u b r o u t i n e a n d i n s e r t s
execu t i on o f t he sub rou t i ne be tween execu t i on o f
th i s i ns t ruc t i on word and the fo l l ow ing ins t ruc t i on
word . Ins t ruc t ions appear ing a f te r the re tu rn jump
i n s t r u c t i o n i n t h e i n s t r u c t i o n w o r d a r e n o t e x e
c u t e d . T h e c a l l e d s u b r o u t i n e e x i t m u s t b e a t
address K. The cal led subrout ine entrance address
must be K plus 1.

This inst ruct ion s tores a 60-b i t word at address K
in memory. The upper half of this word contains an
u n c o n d i t i o n a l j u m p ( 0 4 0 0 ) i n s t r u c t i o n w i t h a n
a d d r e s s w h i c h i s e q u a l t o t h e c u r r e n t p r o g r a m
address p lus 1. The lower hal f o f the s tored word
i s a l l z e r o s . T h e o c t a l d i g i t s i n t h e s t o r e d w o r d
t h e n a p p e a r a s i l l u s t r a t e d w i t h t h e x fi e l d i n d i
cat ing the locat ion of the current program address
plus 1.

I n s t a n d a r d a d d r e s s i n g m o d e , 2 4 b i t s o f X O a r e
checked against 23 bi ts of FLE with bi t 23 of FLE
equal to zero. In expanded addressing mode, 30 bits
of XO are checked against 29 bits of FLE with bit 29
equa l t o ze ro . I f t he XO b i t s a re g rea te r t han o r
equal to FLE, an address out of range is detected.

I f B j p l u s K i s n e g a t i v e , a n a d d r e s s r a n g e e r r o r
e x i t t a k e s p l a c e . I f t h e s o u r c e fi e l d a n d t h e
d e s t i n a t i o n fi e l d o v e r l a p i n p h y s i c a l m e m o r y, t h e
fi n a l c o n t e n t s o f t h e d e s t i n a t i o n fi e l d a r e
undefined.

F o r f u r t h e r i n f o r m a t i o n , r e f e r t o B l o c k C o p y
Ins t ruc t ions in sec t ion 5 .

012jK Block Copy Bj+K Words from
CM to UEM

WEC Bj + K

K 0 4 0 0 x x x x x x 0 0 0 0 0 0 0 0 0 0 S u b r o u t i n e
ex i t

5 9 5 1 47 3 0 2 9 0
012 INST. FOR HALF EXIT

Jt l f fi * \

K + 1 yyyyy yyyyy yyyyy yyyyy Subrout ine
entrance

O l l j K B l o c k C o p y B j + K Wo r d s f r o m R E C B j + K
UEM to CM

5 9 5 1 47 3 0 2 9 0
on INST. FOR HALF EXIT

T h i s i n s t r u c t i o n c o p i e s a b l o c k o f B j p l u s K
consecutive words from CM to UEM. The source CM
a d d r e s s i s e i t h e r A 0 p l u s R A C o r X O p l u s R A C
depending on the set t ing of the b lock copy flag in
the CYBER 170 exchange package. When the block copy
flag is clear, the CM address is AO plus RAC. When
t h e b l o c k c o p y fl a g i s s e t , t h e C M a d d r e s s i s
calculated using bi ts 30 through 50 of X0. Bi ts 51
t h r o u g h 5 9 m u s t b e s e t t o z e r o ; r e s u l t s a r e
undefined if these bits are not zero.

r

T h i s i n s t r u c t i o n c o p i e s a b l o c k o f B j p l u s K
consecutive words from unified extended memory (UEM)
to CM. The source UEM address is X0 plus RAE where
the bits used depend on the setting of the expanded
addressing select flag In the CYBER 170 exchange
package . I f t he flag i s c lea r (UEM is i n s tandard
address ing mode) , the UEM address i s ca lcu la ted
using bi ts 0 through 22 of XO; bi ts 24 through 59
are ignored. If the flag is set (UEM is in expanded
address ing mode) , t he UEM address i s ca l cu la ted
using b i ts 0 through 28 of X0; b i ts 30 through 59
are ignored.

The destination CM address is either A0 plus RAC or
X0 plus RAC depending on the sett ing of the block
copy flag in the CYBER 170 exchange package. When
the block copy flag is clear, the CM address is A0
plus RAC. When the block copy flag Is set, the CM
address i s ca lcu la ted us ing b i t s 30 th rough 50 o f
X0. Bits 51 through 59 must be set to zero; results
are undefined if these bits are not zero.

The operation leaves Bj, XO, and A0 unchanged. Bj
a n d K a r e b o t h s i g n e d 1 8 - b i t o n e ' s c o m p l e m e n t
numbers, making it possible to transfer a maximum of
1 3 1 , 0 7 1 6 0 - b i t w o r d s . I f B j p l u s K i s z e r o , t h e
instruct ion acts as a 60-bi t pass instruct ion.

I f b i t 21 or 22 of the resul t of XO plus RAE Is a
one, zeros are t ransfer red and the next ins t ruct ion
i s t a k e n f r o m p a r c e l 2 o f t h e s a m e i n s t r u c t i o n
word . I f t h i s i s no t the case , the nex t i ns t ruc t i on
i s t a k e n f r o m p a r c e l 0 o f t h e n e x t i n s t r u c t i o n
w o r d . I f e x e c u t i o n o f t h e O l l j K i n s t r u c t i o n i s
in terrupted, i t is restar ted f rom the beginning.

T h i s i n s t r u c t i o n i s i l l e g a l i f i t d o e s n o t s t a r t i n
parcel 0 or the UEM enable flag in the CYBER 170
exchange package is clear.

The destination UEM address is XO plus RAE where the
b i t s used depend on t he se t t i ng o f t he expanded
addressing select flag In the CYBER 170 exchange
package . I f t he flag I s c l ea r (UEM i s i n s tanda rd
add ress ing mode) , t he UEM add ress i s ca l cu la ted
using b i ts 0 through 22 of XO; b i ts 24 through 59
are ignored. I f the flag is set (UEM is in expanded
address ing mode) , t he UEM add ress i s ca l cu la ted
using b i ts 0 through 28 of XO; b i ts 30 through 59
are ignored.

The operation leaves Bj, XO, and AO unchanged. Bj
a n d K a r e b o t h s i g n e d 1 8 - b i t o n e ' s c o m p l e m e n t
numbers, making it possible to transfer a maximum of
1 3 1 , 0 7 1 6 0 - b i t w o r d s . I f B j p l u s K i s z e r o , t h e
inst ruct ion acts as a 60-b i t pass inst ruct ion.

I f b i t 21 or 22 o f the resu l t o f X0 p lus RAE is a
one, zeros are t ransfer red and the next ins t ruct ion
i s t a k e n f r o m p a r c e l 2 o f t h e s a m e i n s t r u c t i o n
word . I f t h i s i s no t t he case , t he nex t i ns t ruc t i on
i s t a k e n f r o m p a r c e l 0 o f t h e n e x t i n s t r u c t i o n
w o r d . I f e x e c u t i o n o f t h e 0 1 2 j K i n s t r u c t i o n i s
in ter rupted, i t i s res tar ted f rom the beg inn ing.

T h i s i n s t r u c t i o n i s i l l e g a l i f i t d o e s n o t s t a r t i n
parcel 0 or the UEM enable flag in the CYBER 170
exchange package is clear.

I n s t a n d a r d a d d r e s s i n g m o d e , 2 4 b i t s o f X 0 a r e
checked against 23 b i ts of FLE wi th b i t 23 of FLE
equal to zero. In expanded addressing mode, 30 bits
of XO are checked against 29 bits of FLE with bit 29
e q u a l t o z e r o . I f t h e X 0 b i t s a r e g r e a t e r t h a n o r
equal to FLE, an address out of range is detected.

I f B j p l u s K i s n e g a t i v e , a n a d d r e s s r a n g e e r r o r
e x i t t a k e s p l a c e . I f t h e s o u r c e fi e l d a n d t h e
d e s t i n a t i o n fi e l d o v e r l a p i n p h y s i c a l m e m o r y, t h e
fi n a l c o n t e n t s o f t h e d e s t i n a t i o n fi e l d a r e
undefined.
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F o r f u r t h e r i n f o r m a t i o n , r e f e r t o B l o c k C o p y
Instruct ions in sect ion 5.

0 1 3 j K C e n t r a l E x c h a n g e J u m p t o X J B j + K
Bj+K when CYBER 170 MF Set

0 1 3 x x M o n i t o r E x c h a n g e J u m p t o M A X J
when CYBER 170 MF Clear

The number o f b i ts checked for an address out o f
range condi t ion var ies depending on the addressing
mode of UEM. In standard addressing mode, 24 bits
of Xk are checked against 23 bits of FLE with bit 23
of FLE equal to zero. In expanded addressing mode,
30 b i ts o f Xk are checked aga ins t 29 b i ts o f FLE
wi th b i t 29 of FLE equal to zero. I f Xk is greater
than or equa l to FLE, an address out o f range is
detected.

016jk Read Free Running Counter RC

T h i s i n s t r u c t i o n m u s t s t a r t a t p a r c e l 0 . A l s o , a
CYBER 170 exchange package must be ready at address
Bj plus K or at address MA.

This ins t ruc t ion s tores P p lus 1 in to the outgo ing
CYBER 170 exchange package in hardware and then
exchanges this CYBER 170 exchange package with the
CYBER 170 exchange package stored in memory. If, at
the beginning of the instruction, the CYBER 170 MF
is set, then the incoming CYBER 170 exchange package
s t a r t s a t a b s o l u t e a d d r e s s B j p l u s K . I f , a t t h e
beginning, the CYBER 170 MF is clear, then the j and
K fields of the instruct ion are ignored, and the in
coming CYBER 170 exchange package starts at abso
lute address MA which is obtained from the outgoing
CYBER 170 exchange package. In ei ther case, the
CYBER 170 MF is toggled and the outgoing CYBER 170
exchange package is stored beginning at the same CM
address from where the incoming CYBER 170 exchange
package i s ob ta ined . A lso , the jump is a lways to
relative address P, parcel 0, from the new CYBER 170
exchange package. Refer to CYBER 170 Exchange Jump,
section 5.

14 65 32 0

014jk Read One Word from (Xk + RAE)
to Xj

1 4 6 5 3 2 O
014

RXj Xk

T h i s i n s t r u c t i o n i s i l l e g a l i f t h e U E M e n a b l e fl a g
In the CYBER 170 exchange package is clear. This
Instruction reads the 60-bit word from UEM location
Xk plus RAE into Xj. Xk is less than FLE.

The number of b i ts checked for an address out of
range condit ion varies depending on the addressing
mode of UEM. In standard addressing mode, 24 bits
of Xk are checked against 23 bits of FLE with bit 23
of FLE equal to zero. In expanded addressing mode,
30 b i ts of Xk are checked against 29 b i ts of FLE
with b i t 29 of FLE equal to zero. I f Xk is greater
than or equal to FLE, an address out of range is
detected.

016

Th i s i ns t r uc t i on t r ans fe r s t he cu r ren t con ten t s o f
the 48-b i t f ree runn ing counter to the X j reg is ter.
The leftmost twelve bits of Xj are set to zero. The
k field Is Ignored.

Th is ins t ruc t ion i s a s ing le parce l ins t ruc t ion tha t
can be located in any parcel.

0 1 7 j k I l l e g a l I n s t r u c t i o n

Refer to I l legal Inst ruct ions, sect ion 5.

02ixK Jump to (Bi) + K

29 2423 2120 1817

JP

02 H • <
This two-parcel Instruct ion uses the lower-order 18
b i t s a s o p e r a n d K . T h e i n s t r u c t i o n c a u s e s t h e
current program sequence to terminate with a jump to
address Bi plus K in CM.

This inst ruct ion a l lows computed branch point des
t i na t i ons . Th i s i s t he on l y I ns t r uc t i on i n wh i ch a
computed parameter can specify a program branch des
t ina t i on address . A l l o the r j ump ins t ruc t i ons have
preassigned destination addresses.

The quantities in Bi and operand K are added in an
18-bit one'8 complement mode. The result is treated
a s a n 1 8 - b i t p o s i t i v e i n t e g e r w h i c h s p e c i fi e s t h e
beginning address in CM for the new program se
quence . The rema in ing ins t ruc t i ons , i f any, i n the
instruction word do not execute.

030jK Branch to K if (Xj) = 0 ZR

29 2120 1817
030

>^^5y

015jk Write One Word from Xj to
(Xk + RAE)

14 6 5 3 2 0
015

This two-parce l ins t ruct ion uses the lower-order 18
W X j X k b i t s a s o p e r a n d K . E x e c u t i o n o f t h i s i n s t r u c t i o n

causes the program sequence to terminate with a jump
to address K in CM or to continue with the current
program sequence, depending upon the content of Xj.
The branch to address K occurs only on the following
condi t ions. The current program sequence cont inues
for al l other cases.

T h i s i n s t r u c t i o n i s i l l e g a l i f t h e U E M e n a b l e fl a g
in the CYBER 170 exchange package is clear. This
ins t ruct ion wr i tes the 60-b i t word f rom Xj in to the
UEM location Xk plus RAE. Xk is less than FLE.

4-4

Jump to K if: (Xj) » 0000 0000 0000 0000 0000
(pos i t i ve ze ro )

(Xj) - 7777 7777 7777 7777 7777
(negative zero)
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T h i s i n s t r u c t i o n b r a n c h e s o n a z e r o r e s u l t f r o m
ei ther a fixed-po in t o r a float ing-po in t opera t ion .

This inst ruct ion branches on a negat ive resul t f rom
e i the r a fixed-po in t o r a floa t ing -po in t opera t ion .

031jK Branch to K if (Xj) $ 0

2 9 2 1 2 0 1 8 1 7

N Z 0 3 4 j K B r a n c h t o K i f ( X j ) i s i n R a n g e I R

2 9 2 1 2 0 1 8 1 7 0
031

This two-parcel inst ruct ion uses the lower-order 18
b i t s a s o p e r a n d K . E x e c u t i o n o f t h i s i n s t r u c t i o n
causes the program sequence to te rminate w i th a
jump to address K in CM or to cont inue wi th the
current program sequence, depending upon the content
of Xj. The program sequence continues only on the
f o l l o w i n g c o n d i t i o n s . T h e b r a n c h t o a d d r e s s K
occurs for all other cases.

Continue if: (Xj) = 0000 0000 0000 0000 0000
(pos i t i ve zero)

(Xj) = 7777 7777 7777 7777 7777
(negative zero)

This inst ruct ion branches on a nonzero resul t f rom
ei ther a fixed-po in t o r a float ing-po in t opera t ion .

032jK Branch to K i f (Xj) is Posit ive

2 9 2 1 2 0 1 8 1 7
032

PL

This two-parcel inst ruct ion uses the lower-order 18
b i t s a s o p e r a n d K . E x e c u t i o n o f t h i s i n s t r u c t i o n
causes the program sequence to terminate with a jump
to address K in CM or to continue with the current
program sequence, depending upon the content of Xj.
The branch decision for this instruction is based on
the value of the sign bit in Xj.

Jump to K if: Bit 59 of Xj = 0 (positive)

Cont inue i f : B i t 59 of X j = 1 (negat ive)

This ins t ruct ion branches on a pos i t ive resu l t f rom
ei ther a fixed-po in t o r a float ing-po in t opera t ion .

0 3 3 j K B r a n c h t o K i f ( X j ) i s N e g a t i v e N G

2 9 2 1 2 0 1 8 1 7 0
033

This two-parcel inst ruct ion uses the lower-order 18
b i t s a s o p e r a n d K . E x e c u t i o n o f t h i s i n s t r u c t i o n
causes the program sequence to terminate with a jump
to address K in CM or to continue with the current
program sequence, depending upon the content of Xj.
The branch decision for this instruction is based on
the value of the sign bit in Xj.

Jump to K if: Bit 59 of Xj = 1 (negative)

Con t inue i f : B i t 59 o f X j = 0 (pos i t i ve )

034

This two-parcel inst ruct ion uses the lower-order 18
b i t s a s o p e r a n d K . E x e c u t i o n o f t h i s i n s t r u c t i o n
causes the program sequence to terminate with a jump
to address K in CM or to continue with the current
program sequence, depending upon the content of Xj.
The program sequence continues only on the following
condi t ions. The branch to address K occurs for a l l
other cases.

Con t inue i f : (X j ) - 3777 xxxx xxxx xxxx xxxx
(pos i t i ve ove rflow)

(Xj) = 4000 xxxx xxxx xxxx xxxx
(negative overflow)

This ins t ruct ion branches on a float ing-po in t quan
t i t y w i t h i n t h e fl o a t i n g - p o i n t r a n g e . T h e v a l u e o f
t h e c o e f fi c i e n t i s i g n o r e d i n m a k i n g t h i s b r a n c h
tes t . An underflow quant i t y i s cons idered in range
for purposes of this test.

0 3 5 j K B r a n c h t o K i f ( X j ) i s O u t o f R a n g e O R

2 9 2 1 2 0 1 8 1 7 0
035

This two-parcel inst ruct ion uses the lower-order 18
b i t s a s o p e r a n d K . E x e c u t i o n o f t h i s i n s t r u c t i o n
causes the program sequence to terminate with a jump
to address K in CM or to continue with the current
program sequence, depending upon the content of Xj.
The branch to address K occurs only on the following
condit ions. The current program sequence cont inues
for a l l o ther cases.

Jump to K if: (Xj) = 3777 xxxx xxxx xxxx xxxx
(pos i t i ve overflow)

(Xj) = 4000 xxxx xxxx xxxx xxxx
(negat ive overflow)

036jK Branch to K i f (X j ) is Defini te DF

29 21 20 18 17
036

This two-parce l Ins t ruc t ion uses the lower-order 18
b i t s a s o p e r a n d K . E x e c u t i o n o f t h i s i n s t r u c t i o n
causes the program sequence to terminate with a jump
to address K in CM or to continue with the current
program sequence, depending upon the content of Xj.
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The program sequence continues only on the following
condi t ions. The branch to address K occurs for a l l
other cases.

Continue if: (Xj) = 1777 xxxx xxxx xxxx xxxx
( p o s i t i v e i n d e fi n i t e )

(Xj) = 6000 xxxx xxxx xxxx xxxx
(nega t i ve i ndefin i te )

a fl o a t i n g - p o i n t
r a n g e b u t i s s t i l l

T h i s i n s t r u c t i o n b r a n c h e s o n
quan t i t y wh ich may be ou t o f
defined. The va lue o f the coeffic ien t i s ignored in
making this branch test. An overflow quanti ty or an
u n d e r fl o w q u a n t i t y i s c o n s i d e r e d d e fi n e d f o r p u r
poses of this test.

Th is two-parce l ins t ruct ion uses the lower-order 18
b i t s a s o p e r a n d K . E x e c u t i o n o f t h i s i n s t r u c t i o n
causes the program sequence to terminate with a jump
to address K in CM or to continue with the current
program sequence, depending upon a comparison of the
con ten ts o f t he B i and B j r eg i s te rs . The p rog ram
sequence con t inues on ly i f the two quan t i t i es a re
i d e n t i c a l o n a b i t - b y - b i t c o m p a r i s o n b a s i s . T h e
branch to address K occurs for all other cases.

T h i s i n s t r u c t i o n b r a n c h e s o n a n i n d e x i n e q u a l i t y
t e s t . A q u a n t i t y c o n s i s t i n g o f a l l z e r o s a n d a
q u a n t i t y c o n s i s t i n g o f a l l o n e s a r e n o t e q u a l f o r
t h i s t es t .

0 3 7 j K B r a n c h t o K i f ( X j ) i s I n d e fi n i t e I D

2 9 2 1 2 0 1 8 1 7 0
0 3 7 K

This two-parcel instruct ion uses the lower-order 18
b i t s a s o p e r a n d K . E x e c u t i o n o f t h i s i n s t r u c t i o n
causes the program sequence to terminate with a jump
to address K in CM or to continue with the current
program sequence, depending upon the content of the
Xj register. The branch to address K occurs only on
t h e f o l l o w i n g c o n d i t i o n s . T h e c u r r e n t p r o g r a m
sequence continues for all other cases.

Jump to K if: (Xj) = 1777 xxxx xxxx xxxx xxxx
( p o s i t i v e i n d e fi n i t e )

(Xj) = 6000 xxxx xxxx xxxx xxxx
(nega t i ve i ndefin i t e )

Th is ins t ruct ion branches on a float ing-po in t quan
t i t y wh ich i s no t defined . The va lue o f t he coe f
fi c i e n t i s i g n o r e d i n m a k i n g t h i s b r a n c h t e s t . A n
overflow quant i t y o r an underflow quant i t y i s con
sidered defined for purposes of this test.

04i jK Branch to K i f (Bi) = (Bj)

29 2423 2120 1817

EQ

04

This two-parcel instruct ion uses the lower-order 18
b i t s a s o p e r a n d K . E x e c u t i o n o f t h i s i n s t r u c t i o n
causes the program sequence to terminate with a jump
to address K in CM or to continue with the current
program sequence, depending upon a comparison of the
contents of the Bi and Bj registers. The branch to
a d d r e s s K o c c u r s o n l y i f t h e t w o q u a n t i t i e s a r e
i d e n t i c a l o n a b i t - b y - b i t c o m p a r i s o n b a s i s . T h e
c u r r e n t p r o g r a m s e q u e n c e c o n t i n u e s f o r a l l o t h e r
cases.

T h i s i n s t r u c t i o n b r a n c h e s o n a n i n d e x e q u a l i t y
t e s t . A q u a n t i t y c o n s i s t i n g o f a l l z e r o s a n d a
q u a n t i t y c o n s i s t i n g o f a l l o n e s a r e n o t e q u a l f o r
t h i s t es t .

051jK Branch to K if (Bi) + (Bj)

29 2423 2120 1817

NE

06ijK Branch to K i f (Bi) > (Bj)

29 2423 2120 1817
06

GE

This two-parcel inst ruct ion uses the lower-order 18
b i t s a s o p e r a n d K . E x e c u t i o n o f t h i s i n s t r u c t i o n
causes the program sequence to terminate with a jump
to address K in CM or to continue with the current
program sequence, depending upon a comparison of the
contents o f B i and B j . Both quant i t ies are t reated
as signed integers. The branch to address K occurs
if the content of Bi is greater than or equal to the
content o f B j . The cur rent program sequence con
tinues if the content of Bi is less than Bj.

T h i s i n s t r u c t i o n b r a n c h e s o n a n i n d e x t h r e s h o l d
t e s t . A p o s i t i v e z e r o q u a n t i t y i s c o n s i d e r e d
greater than a negative zero quantity.

07i jK Branch to K i f (Bi) < (Bj)

29 24 23 2120 1817
07

LT

This two-parcel inst ruct ion uses the lower-order 18
b i t s a s o p e r a n d K . E x e c u t i o n o f t h i s i n s t r u c t i o n
causes the program sequence to terminate with a jump
to address K in CM or to continue with the current
program sequence, depending upon a comparison of the
con ten ts o f B i and B j . Bo th quant i t i es a re t rea ted
as signed integers. The branch to address K occurs
i f t h e c o n t e n t o f B i i s l e s s t h a n t h e c o n t e n t o f
B j . The cur rent program sequence cont inues i f the
content o f B i is greater than or equal to the con
tent of Bj.

T h i s i n s t r u c t i o n b r a n c h e s o n a n i n d e x t h r e s h o l d
t e s t . A p o s i t i v e z e r o q u a n t i t y i s c o n s i d e r e d
greater than a negative zero quantity.

lO i j x Transmi t (X j ) t o X i

1 4 9 8 6 5 3 2 0
10 ■ M

05

BXi Xj

T h i s i n s t r u c t i o n t r a n s f e r s a 6 0 - b i t w o r d f r o m X j
in to XI .

This inst ruct ion moves data f rom one X register to
a n o t h e r X r e g i s t e r . N o l o g i c a l f u n c t i o n i s p e r
formed on the data.

■̂ "̂ *\
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l l i j k Log ica l P roduc t o f (X j ) and
(Xk) to Xi

BXi Xj * Xk

14 9 8 6 5 3 2 0
I I

Th is ins t ruc t ion reads operands f rom two X reg is
t e r s , o p e r a t e s u p o n t h e m t o f o r m a r e s u l t , a n d
d e l i v e r s t h i s r e s u l t t o a t h i r d X r e g i s t e r . T h e
operands for this instruct ion are in Xj and Xk. The
r e s u l t d e l i v e r e d t o X i i s t h e b i t - b y - b i t l o g i c a l
product of the two operands. Each of the 60 bits in
Xj is compared with the corresponding bit in Xk to
fo rm a s i ng le b i t i n X i . A samp le compu ta t i on i s
l i s ted i n oc ta l no ta t i on to i l l us t ra te the opera t i on
per formed and inc ludes the four poss ib le b i t com
binations that may occur.

(Xj) - 7777 7000 0123 4567 1010

(Xk) = 0123 4567 0077 7700 1100

(Xi) = 0123 4000 0023 4500 1000

This ins t ruc t ion ex t rac ts por t ions o f a 60-b i t word
during data processing.

12i jk Logical Sum of (Xj) and
(Xk) to Xi

B X i X j + X k

14 9 8 6 5 3 2 0
12

This ins t ruc t ion reads operands f rom two X reg is
t e r s , o p e r a t e s u p o n t h e m t o f o r m a r e s u l t , a n d
d e l i v e r s t h i s r e s u l t t o a t h i r d X r e g i s t e r . T h e
operands for this instruction are in Xj and Xk. The
resu l t de l i vered to X i i s the b i t -by-b i t log ica l sum
of the two operands. Each of the 60 b i ts in Xj is
compared with the corresponding bit in Xk to form a
s ing le b i t in X i . A sample computat ion is l is ted in
octa l nota t ion to i l lus t ra te the operat ion per formed
and includes the four possible bit combinations that
may occur.

(Xj) = 0000 7777 0123 4567 1010

(Xk) = 0123 4567 7777 0000 1100

(Xi) « 0123 7777 7777 4567 1110

Th is i ns t ruc t i on merges po r t i ons o f a 60 -b i t wo rd
into a composite word during data processing.

1 3 i j k L o g i c a l D i f f e r e n c e o f ( X j )
and (Xk) to Xi

BXi Xj -Xk

14 9 8 6 5 3 2 O
13

This ins t ruc t ion reads operands f rom two X reg is
t e r s , o p e r a t e s u p o n t h e m t o f o r m a r e s u l t , a n d
d e l i v e r s t h i s r e s u l t t o a t h i r d X r e g i s t e r . T h e
operands for this instruct ion are in Xj and Xk. The

r e s u l t d e l i v e r e d t o X i i s t h e b i t - b y - b i t l o g i c a l
difference of the two operands. Each of the 60 bits
in Xj is compared wi th the corresponding bi t in Xk
to form a single bit in Xi. A sample computation is
l i s t e d i n o c ta l n o ta t i o n t o i l l u s t r a t e t h e o p e r a t i o n
performed and includes the four possible bit combi
nations that may occur.

(Xj) = 0123 7777 0123 4567 1010

(Xk) = 0123 4567 7777 3210 1100

(Xi) = 0000 3210 7654 7777 0110

Th is i ns t ruc t i on compares b i t pa t te rns o r comp le
ments bit patterns during data processing.

14ixk Transmit Complement of (Xk)
to Xi

BXi -Xk

14 9 8 6 5 3 2 0
14

T h i s i n s t r u c t i o n r e a d s a 6 0 - b i t w o r d f r o m X k ,
complements the word, and writes the result into Xi.

Th is i ns t ruc t i on changes the s ign o f a fixed-po in t
o r fl o a t i n g - p o i n t q u a n t i t y . T h e i n s t r u c t i o n a l s o
i n v e r t s a n e n t i r e 6 0 - b i t fi e l d d u r i n g d a t a p r o
cessing.

1 5 i j k Logical Product of (Xj) with
Complement of (Xk) to Xi

BXi -Xk * Xj

14 9 8 6 5 3 2 O
15

This ins t ruc t ion reads operands f rom two X reg is
t e r s , o p e r a t e s u p o n t h e m t o f o r m a r e s u l t , a n d
d e l i v e r s t h i s r e s u l t t o a t h i r d X r e g i s t e r . T h e
operands for this instruct ion are in Xj and Xk. The
r e s u l t d e l i v e r e d t o X i i s t h e b i t - b y - b i t l o g i c a l
product of the value In Xj and the complement of the
value in Xk. Each of the 60 bits in Xj is compared
w i th the co r respond ing b i t i n Xk to fo rm a s ing le
b i t i n X i . A samp le compu ta t i on i s l i s t ed i n oc ta l
no ta t i on t o i l l u s t r a te t he ope ra t i on pe r f o rmed and
includes the four possible bit combinations that may
occur.

(Xj) = 7777 7000 0123 4567 1010

(Xk) = 0123 4567 0007 7700 1100

(Xi) = 7654 3000 0120 0067 0010

Th is ins t ruc t ion ex t rac ts po r t i ons o f a 60 -b i t word
during data processing.

16 i j k Log ica l Sum o f (X j ) w i th
Complement of (Xk) to Xi

BXi -Xk + Xj

14 9 8 6 5 3 2 0
16

Th is i ns t ruc t ion reads operands f rom two X reg is
t e r s , o p e r a t e s u p o n t h e m t o f o r m a r e s u l t , a n d
d e l i v e r s t h i s r e s u l t t o a t h i r d X r e g i s t e r . T h e
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operands for this instruct ion are in Xj and Xk. The
resu l t de l ivered to XI i s the b i t -by-b i t log ica l sum
of the value in Xj and the complement of the value
in Xk* Each of the 60 bi ts in Xj is compared with
the corresponding bit in Xk to form a single bi t in
X i . A samp le compu ta t i on i s l i s ted i n oc ta l no ta
t i o n t o i l l u s t r a t e t h e o p e r a t i o n p e r f o r m e d a n d
includes the four possible bit combinations that may
occur.

(Xj) = 0000 7777 0123 4567 1010

(Xk) - 0123 4567 7777 0000 1100

(Xi) - 7654 7777 0123 7777 7677

Th is ins t ruc t ion merges por t ions o f a 60-b i t word
into a composite word during data processing.

1 7 i j k Logical Difference of (Xj)
with Complement of (Xk)
to Xi

BXi -Xk - Xj

14 9 8 6 5 3 2 O
17

This inst ruct ion reads operands f rom two X reg is
t e r s , o p e r a t e s u p o n t h e m t o f o r m a r e s u l t , a n d
d e l i v e r s t h i s r e s u l t t o a t h i r d X r e g i s t e r . T h e
operands for this instruction are in Xj and Xk. The
r e s u l t d e l i v e r e d t o X i i s t h e b i t - b y - b i t l o g i c a l
difference of the value in Xj and the complement of
the value in Xk. Each of the 60 bits in Xj is com
pared w i th the cor respond ing b i t in Xk to fo rm a
single b i t in Xi . A sample computat ion is l is ted in
octa l notat ion to i l lust rate the operat ion per formed
and includes the four possible combinations that may
occur.

(Xj) - 0123 7777 0123 4567 1010

(Xk) = 0123 4567 7777 3210 1100

(Xi) - 7777 4567 0123 0000 7667

Th is ins t ruc t ion compares b i t pa t te rns o r comple
ments bit patterns during data processing.

2 0 1 j k L e f t S h i f t ( X i ) b y j k

1 4 9 8 6 5
20 j *

LX i j k

Th is ins t ruc t ion reads one operand f rom Xi , sh i f ts
the 60-b i t word le f t c i r cu la r l y by j k b i t pos i t i ons ,
and wr i tes the resu l t ing 60-b i t word back in to the
s a m e X i r e g i s t e r . T h e j a n d k d e s i g n a t o r s a r e
t rea ted as a s ing le 6 -b i t pos i t i ve in teger operand
in t h i s i ns t ruc t i on .

A l e f t - c i r c u l a r s h i f t i m p l i e s t h a t t h e b i t p a t t e r n
i n t h e 6 0 - b i t w o r d i s d i s p l a c e d t o w a r d s t h e
h i g h e s t - o r d e r b i t p o s i t i o n s . T h e b i t s s h i f t e d o f f
the upper end of the 60-bit word are inserted in the
lowes t -o rde r b i t pos i t i ons i n t he same sequence .
The result ing 60-bit word has the same quanti ty of
bits with values of one and zero as in the original
operand.

4-8

A sample computat ion is l is ted in octa l notat ion to
i l lustrate the operat ion performed.

Initial (Xi) = 2323 6600 0000 0000 0111

j k = 1 2 ( o c t a l )

Final (Xi) = 7540 0000 0000 0022 2464

Th is ins t ruc t ion , toge ther w i th ins t ruc t ion 21 , may
be used whenever a data word is to be shifted by a
p r e d e t e r m i n e d a m o u n t . I f t h e a m o u n t o f s h i f t i s
derived in the execution of the program, instruct ion
22 or 23 should be used.

2 1 i j k R i g h t S h i f t ( X i ) b y j k

1 4 9 8 6 5
21 JK

AXi jk

Th is ins t ruc t ion reads one operand f rom Xi , sh i f ts
the 60-bi t word r ight wi th s ign extension by jk b i t
posit ions, and wri tes the result ing 60-bit word back
into the same Xi register. The j and k designators
a r e t r e a t e d a s a s i n g l e 6 - b i t p o s i t i v e i n t e g e r
operand in th is instruct ion.

A r i gh t sh i f t w i t h s i gn ex tens ion imp l i es t ha t t he
b i t pa t te rn in the 60-b i t word i s d isp laced toward
t h e l o w e s t - o r d e r b i t p o s i t i o n s . T h e b i t s s h i f t e d
o f f the lower end o f the word a re d iscarded. The
h i g h e s t - o r d e r b i t p o s i t i o n s a r e fi l l e d w i t h c o p i e s
of the or ig ina l s ign b i t .

Two sample computations are listed in octal notation
t o i l l u s t r a t e t h e o p e r a t i o n p e r f o r m e d . T h e fi r s t
example contains a positive operand, and the second
example contains a negative operand.

Initial (Xi) = 2004 7655 0002 3400 0004

j k = 3 0 ( o c t a l )

Final (Xi) = 0000 0000 2004 7655 0002

Initial (Xi) = 6000 4420 2222 0000 5643

j k - 1 0 ( o c t a l )

Final (Xi) = 7774 0011 0404 4440 0013

Th is ins t ruc t ion , toge ther w i th ins t ruc t ion 20 , may
be used whenever a data word is to be shifted by a
p r e d e t e r m i n e d a m o u n t . I f t h e a m o u n t o f s h i f t i s
derived In the execut ion of the program, instruct ion
22 or 23 should be used.

22 i j k Le f t Sh i f t (Xk) Nomina l l y
(Bj) Places to Xi

LXi Bj Xk

14 9 8 6 5 3 2 O
22

T h i s i n s t r u c t i o n r e a d s a 6 0 - b i t o p e r a n d f r o m X k ,
sh i f t s the da ta e i ther le f t o r r igh t as spec ified by
B j , a n d w r i t e s t h e r e s u l t i n g 6 0 - b i t w o r d i n t o X i .
I f t h e v a l u e i n B j i s p o s i t i v e , t h e d a t a i s l e f t
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s h i f t e d c i r c u l a r l y t h e n u m b e r o f b i t p o s i t i o n s
des igna ted by the va lue i n B j . I f t he va lue i n B j
i s n e g a t i v e , t h e d a t a i s r i g h t s h i f t e d w i t h s i g n
extension the number of bit posit ions designated by
the value in Bj. The sign of Bj is determined by Bj
b i t 17 .

A l e f t c i r c u l a r s h i f t i m p l i e s t h a t t h e b i t p a t t e r n
i n t h e 6 0 - b i t w o r d i s d i s p l a c e d t o w a r d s t h e
h i g h e s t - o r d e r b i t p o s i t i o n s . T h e b i t s s h i f t e d o f f
the upper end are inser ted in the lowest-order b i t
p o s i t i o n s i n t h e s a m e s e q u e n c e . T h e r e s u l t i n g
6 0 - b i t w o r d h a s t h e s a m e q u a n t i t y o f b i t s w i t h
values of one and zero as in the original operand.

A r i gh t sh i f t w i t h s i gn ex tens ion imp l i es t ha t t he
bi t pat tern in the 60-bi t word is d isplaced towards
t h e l o w e s t - o r d e r p o s i t i o n s . T h e b i t s s h i f t e d o f f
the lower end are discarded. The highest-order bi t
p o s i t i o n s a r e fi l l e d w i t h c o p i e s o f t h e o r i g i n a l
s ign b i t .

Two sample computations are listed in octal notation
t o i l l u s t r a t e t h e o p e r a t i o n p e r f o r m e d . T h e fi r s t
example contains a posit ive shif t count result ing in
a lef t c i rcular shi f t , and the second example i l lus
trates the r ight shi f t wi th s ign extension.

(Xk) - 2323 6600 0000 0000 0111

(Bj) = 00 0012

(Xi) = 7540 0000 0000 0022 2464

(Xk) = 1327 6000 0000 3333 2422

(Bj) = 77 7771

(Xi) = 0013 2760 0000 0033 3324

If Bj bits 6 through 10 are different from Bj bit 17
a n d B j b i t 1 7 i s s e t , t h e s h i f t c o u n t i s g r e a t e r
t h a n 6 3 ( d e c i m a l ) p l a c e s r i g h t , a n d a r e s u l t o f
pos i t ive zero is re turned to Xi . B j b i ts 11 through
16 are not tested by this instruction.

This instruction is used when the amount of shift is
der ived in the computat ion. The inst ruct ion is a lso
u s e d f o r c o r r e c t i n g t h e c o e f fi c i e n t o f a
float ing-point number when the exponent has been
unpacked into a B register.

h i g h e s t - o r d e r b i t p o s i t i o n s . T h e b i t s s h i f t e d o f f
the upper end are inser ted in the lowest -order b i t
p o s i t i o n s i n t h e s a m e s e q u e n c e . T h e r e s u l t i n g
6 0 - b i t w o r d h a s t h e s a m e q u a n t i t y o f b i t s w i t h
values of one and zero as in the original operand.

A r i g h t s h i f t w i t h s i g n e x t e n s i o n i m p l i e s t h a t t h e
bit pattern in the 60-bit words is displaced towards
t h e l o w e s t - o r d e r b i t p o s i t i o n s . T h e b i t s s h i f t e d
o f f the lower end o f the word a re d iscarded . The
h i g h e s t - o r d e r b i t p o s i t i o n s a r e fi l l e d w i t h c o p i e s
o f the o r ig ina l s ign b i t .

Two sample computations are l isted in octal notation
t o I l l u s t r a t e t h e o p e r a t i o n p e r f o r m e d . T h e fi r s t
example contains a posi t ive shi f t count resul t ing in
a r i gh t sh i f t w i th s ign ex tens ion , and the second
example contains a negative shift count result ing in
a l e f t c i r c u l a r s h i f t .

(Xk) = 1327 6000 0000 3333 2422

(Bj) = 00 0006

(Xi) - 0013 2760 0000 0033 3324

(Xk) = 2323 6600 0000 0000 0111

( B j ) 77 7765

(Xi) = 7540 0000 0000 0022 2464

If Bj bits 6 through 10 are different from Bj bit 17
and B j b i t 17 i s c l ea r, t he sh i f t coun t i s g rea te r
t h a n 6 3 ( d e c i m a l ) p l a c e s r i g h t , a n d a r e s u l t o f
pos i t ive zero is re turned to X i . B j b i ts 11 through
16 are not tested by this instruction.

This instruction is used when the amount of shift is
der ived in the computat ion. The inst ruct ion is a lso
u s e d f o r c o r r e c t i n g t h e c o e f fi c i e n t o f a
float ing-po in t number when the exponent has been
unpacked into a B register.

24i jk Normal ize (Xk) to Xi and Bj NXi Bj Xk

14 9 8 6 5 3 2 O
24

23 i j k R igh t Sh i f t (Xk ) Nomina l l y
(Bj) Places to Xi

AXi Bj Xk

14 9 8 6 5 3 2 O
23

Th i s i n s t r uc t i on r eads a 60 -b i t ope rand f r om Xk ,
sh i f ts the da ta e i ther le f t o r r igh t as spec ified by
the con ten t o f B j , and wr i tes the resu l t i ng 60 -b i t
w o r d i n t o X i . I f t h e v a l u e i n B j i s p o s i t i v e , t h e
data is r ight shifted with sign extension the number
o f b i t pos i t i ons des igna ted by t he va lue i n B j . I f
t h e v a l u e i n B j i s n e g a t i v e , t h e d a t a i s l e f t
s h i f t e d c i r c u l a r l y t h e n u m b e r o f b i t p o s i t i o n s
des igna ted by t he va lue i n B j . The s i gn o f B j i s
determined by Bj bit 17.

A l e f t c i r c u l a r s h i f t i m p l i e s t h a t t h e b i t p a t t e r n
i n t h e 6 0 - b i t w o r d i s d i s p l a c e d t o w a r d s t h e

This instruction reads one operand from Xk, performs
a n o r m a l i z i n g o p e r a t i o n o n t h i s w o r d i n
fl o a t i n g - p o i n t f o r m a t , a n d d e l i v e r s t h e n o r m a l i z e d
r e s u l t t o X i . I n a d d i t i o n , a p o s i t i v e i n t e g e r s h i f t
count is sent to Bj . This shi f t count is the number
o f b i t pos i t i ons o f sh i f t r equ i red to no rma l i ze t he
o r ig ina l ope rand coe ffic ien t .

The normal iz ing opera t ion cons is ts o f repos i t ion ing
t h e c o e f fi c i e n t p o r t i o n o f t h e o p e r a n d a n d t h e n
a d j u s t i n g t h e e x p o n e n t p o r t i o n o f t h e o p e r a n d t o
leave the va lue o f the resu l t una l te red . The coe f
fi c i e n t I s s h i f t e d t o w a r d s t h e h i g h e r - o r d e r b i t
p o s i t i o n s o f t h e w o r d . T h e c o e f fi c i e n t i s s h i f t e d
the minimum number of bit positions required to make
b i t 47 d i f f e ren t f r om s i gn b i t 59 . Th i s p l aces t he
m o s t s i g n i fi c a n t b i t o f t h e c o e f fi c i e n t i n t h e
h i g h e s t - o r d e r p o s i t i o n . T h e e x p o n e n t i s t h e n
decreased by the number of bit positions shifted.
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Two sample computations are listed in octal notation
t o i l l u s t r a t e t h e o p e r a t i o n p e r f o r m e d . T h e fi r s t
example invo lves a pos i t i ve floa t ing-po in t number,
and the second example involves a negative number.

(Xk) = 2034 0047 6500 0000 2262

(Xi) - 2026 4765 0000 0022 6200

(Bj) = 00 0006

(Xk) = 5743 7730 1277 7777 5515

(Xi) = 5751 3012 7777 7755 1577

(Bj) = 00 0006

Normalizing a number with either a positive or nega
tive zero coefficient sets a shif t count in Bj to 48
(dec ima l ) and en te rs X i w i th pos i t i ve ze ro . I f Xk
c o n t a i n s a n i n fi n i t e q u a n t i t y ( 3 7 7 7 x x x . . . x o r
4000xxx . . . x ) o r an indefin i te quan t i t y (1777xxx . . . x
or 6000xxx. . .x ) , no sh i f t takes p lace. The content
o f X k i s c o p i e d t o X i , a n d B j i s s e t t o z e r o .
C o r r e s p o n d i n g i n fi n i t e a n d i n d e fi n i t e e x i t c o n d i
t ions are also set in the CP for exit mode action.
I f the exponent is less than negat ive 1777 wi th a
zero coefficient, the contents of Xi and Bj are set
t o z e r o . F o r f u r t h e r i n f o r m a t i o n , r e f e r t o
Float ing-Point Ar i thmet ic under CP Programming in
section 5.

25ijk Round Normalize (Xk) to Xi and Bj ZXi Bj Xk

1 4 9 8 6 5 3 2 0
25

This instruction reads one operand from Xk, performs
a r o u n d i n g a n d t h e n a n o r m a l i z i n g o p e r a t i o n i n
floa t ing -po in t fo rmat , and de l i ve rs the round no r
ma l i zed resu l t to X i . In add i t ion , a pos i t i ve in te
ger sh i f t coun t i s sen t to B j . Th is sh i f t coun t i s
t h e n u m b e r o f b i t p o s i t i o n s o f s h i f t r e q u i r e d t o
normalize the original operand coefficient.

The rounding operat ion consists of adding a bi t to
t h e c o e f fi c i e n t p o r t i o n o f t h e o p e r a n d i n a b i t
pos i t ion immediate ly below the least s ign ificant b i t
pos i t ion . Th is round b i t has a va lue equa l to the
c o m p l e m e n t o f t h e o p e r a n d s i g n b i t . T h e r e s u l t
I n c r e a s e s t h e m a g n i t u d e o f t h e c o e f fi c i e n t b y
one-hal f the value of the least s ignificant b i t .

The normal iz ing operat ion consists of reposi t ioning
the coefficient and adjust ing the exponent to leave
t h e v a l u e o f t h e r e s u l t i n g fl o a t i n g - p o i n t q u a n t i t y
u n a l t e r e d . T h e c o e f fi c i e n t i s s h i f t e d t o w a r d s t h e
h i g h e r - o r d e r b i t p o s i t i o n s . T h e r o u n d b i t i s
s h i f t e d a l o n g w i t h t h e c o e f fi c i e n t . T h e d i s p l a c e
ment is the minimum number of bit positions required
t o m a k e b i t 4 7 d i f f e r e n t f r o m s i g n b i t 5 9 . T h i s
p l a c e s t h e m o s t s i g n i fi c a n t b i t o f t h e c o e f fi c i e n t
in the h ighes t -o rder b i t pos i t ion . The exponent i s
decreased by the number of bit positions shifted.

Two sample computations are listed in octal notation
to i l l u s t r a te t he no rma l i z i ng ope ra t i on pe r f o rmed .

The fi rs t example invo lves a pos i t i ve float ing-po in t
number, and the second example involves a negative
number.

(Xk) = 2034 0047 6500 0000 2262

(Xi) = 2026 4765 0000 0022 6420'

(Bj) = 00 0006

(Xk) » 5743 7730 1277 7777 5515

(Xi) = 5751 3012 7777 7755 1537

(Bj) = 00 0006

I f X k c o n t a i n s e i t h e r a n i n fi n i t e q u a n t i t y
( 3 7 7 7 x x x . . . x o r 4 0 0 0 x x x . . . x ) o r a n i n d e fi n i t e
q u a n t i t y ( 1 7 7 7 x x x . . . x o r 6 0 0 0 x x x . . . x ) , n o s h i f t
takes place. The content of Xk is copied to Xi, and
B j i s s e t t o z e r o . C o r r e s p o n d i n g i n fi n i t e a n d
i n d e fi n i t e e x i t c o n d i t i o n s a r e a l s o s e t i n t h e C P
for exit mode action.

F o r f u r t h e r i n f o r m a t i o n , r e f e r t o F l o a t i n g - P o i n t
Arithmetic under CP Programming in section 5.

26ijk Unpack (Xk) to Xi and Bj

14 9 8 6 5 3 2 0
26

UXi Bj Xk

This instruction reads one operand from Xk, unpacks
th i s wo rd f rom floa t i ng -po in t f o rma t , and de l i ve rs
the coefficient and exponents to Xi and Bj, respec
t ive ly. The 60-b i t word del ivered to Xi cons is ts o f
t h e l o w e s t 4 8 b i t s u n a l t e r e d f r o m t h e o r i g i n a l
operand plus the upper 12 bi ts, each equal to the
o r i g i n a l s i g n b i t . T h i s i s a s i g n e d i n t e g e r e q u a l
t o t h e v a l u e o f t h e c o e f fi c i e n t i n t h e o r i g i n a l
ope rand . The 18 -b i t quan t i t y de l i ve red to B j i s a
signed integer equal to the value of the exponent in
the o r ig ina l operand . The 11-b i t exponen t fie ld in
the operand is altered to remove the bias and then
s i gn ex tended t o fi l l ou t t he 18 -b i t quan t i t y. The
sign of the coefficient is removed in this process.

Four sample sets of operands and unpacked results
a r e l i s t e d I n o c t a l n o t a t i o n t o i l l u s t r a t e t h e
opera t i on pe r fo rmed . These examp les con ta in t he
four combinat ions o f coeffic ient s ign and exponent
sign.

(Xk) = 2034 4500 3333 2000 0077

(Xi) = 0000 4500 3333 2000 0077

(Bj) » 00 0034

(Xk) = 1743 4500 3333 2000 0077

(Xi) = 0000 4500 3333 2000 0077

(Bj) - 77 7743

(Xk) - 5743 3277 4444 5777 7700

(Xi) = 7777 3277 4444 5777 7700

y^ES\

V ^ fl ^ V

■*̂ 5̂\
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0$^\

(Bj) = 00 0034

(Xk) = 6034 3277 4444 5777 7700

(Xi) = 7777 3277 4444 5777 7700

(Bj) = 77 7743

T h i s i n s t r u c t i o n c o n v e r t s a n u m b e r f r o m
fl o a t i n g - p o i n t f o r m a t t o fi x e d - p o i n t f o r m a t . F o r
f u r t h e r i n f o r m a t i o n , r e f e r t o F l o a t i n g - P o i n t
Arithmetic under CP Programming in section 5.

30 i j k F loa t ing Sum o f (X j ) and (Xk) FX i X j + Xk
to Xi

27ijk Pack (Xk) and (Bj) to Xi PXi Bj Xk

14 9 8 6 5 3 2 O
27

This ins t ruc t ion reads the contents o f Xk and B j ,
p a c k s t h e m i n t o a s i n g l e w o r d i n fl o a t i n g - p o i n t
f o r m a t , a n d d e l i v e r s t h i s r e s u l t t o X i . T h e c o e f
fi c i e n t f o r t h e v a l u e i n X i i s o b t a i n e d f r o m t h e
c o n t e n t o f X k , w h i c h i s t r e a t e d a s a s i g n e d
i n t e g e r . T h e e x p o n e n t f o r t h e v a l u e i n X i i s
obtained from the content of Bj, which is treated as
a signed integer.

The lowest -order 48 b i ts in X i a re cop ied d i rec t ly
f rom the lowest -o rder 48 b i ts in Xk . The s ign b i t
i n X I i s cop ied d i r ec t l y f r om the s i gn b i t i n Xk .
The exponent field in Xi is der ived f rom the value
in B j by ex t rac t ing the lowest -o rder 11 b i ts in B j
and modi fy ing th is quant i ty fo r exponent b ias and
coe f fic i en t s i gn .

Four sample sets of operands and packed results are
l i s ted i n oc ta l no ta t i on to i l l us t ra te the opera t i on
performed. These examples contain the four combina
tions of coefficient sign and exponent sign.

(Xk) = 0000 4500 3333 2000 0077

(Bj) = 00 0034

(Xi) = 2034 4500 3333 2000 0077

(Xk) = 0000 4500 3333 2000 0077

(Bj) = 77 7743

(Xi) = 1743 4500 3333 2000 0077

(Xk) = 7777 3277 4444 5777 7700

(Bj) = 00 0034

(XI) = 5743 3277 4444 5777 7700

(Xk) « 7777 3277 4444 5777 7700

(Bj) = 77 7743

(Xi) = 6034 3277 4444 5777 7700

T h i s i n s t r u c t i o n c o n v e r t s a n u m b e r i n fi x e d - p o i n t
f o r m a t t o fl o a t i n g - p o i n t f o r m a t . F o r f u r t h e r
i n f o r m a t i o n , r e f e r t o F l o a t i n g - P o i n t A r i t h m e t i c
under CP Programming in section 5.

14 9 8 6 5 3 2 0
30

Th is ins t ruc t ion reads operands f rom two X reg is
te rs , ope ra tes upon them to f o rm a floa t i ng -po in t
su m, a n d d e l i ve r s t h i s r e su l t t o a t h i r d X r e g i s
t e r . T h e o p e r a n d s f o r t h i s i n s t r u c t i o n a r e i n X j
and Xk. These operands are in floating-point format
and are not necessarily normalized. The sum of the
q u a n t i t i e s i n X j a n d X k i s d e l i v e r e d t o X i i n
fl o a t i n g - p o i n t f o r m a t a n d i s n o t n e c e s s a r i l y
normalized.

The two operands are unpacked f rom float ing-point
format, and the exponents are compared. The coef
fi c i e n t w i t h t h e s m a l l e r e x p o n e n t i s r i g h t s h i f t e d
by the d i f f e rence o f t he two exponen ts such tha t
b o t h c o e f fi c i e n t s a r e t h e s a m e s i g n i fi c a n c e . T h e
t w o c o e f fi c i e n t s a r e t h e n a d d e d t o f o r m a 9 6 - b i t
r e s u l t . T h e u p p e r h a l f o f t h e r e s u l t i s t h e n
selected as a coefficient and packed along with the
l a r g e r e x p o n e n t t o f o r m t h e r e s u l t s e n t t o X i . I f
c o e f fi c i e n t o v e r fl o w o c c u r s , t h e s u m i s r i g h t
shifted one place, and the exponent Is increased by
one.

I f t he two operands have un l i ke s igns , the resu l t
coe ffic ien t may have l ead ing ze ros . No no rma l i ze
o p e r a t i o n i s b u i l t i n t o t h i s I n s t r u c t i o n t o c o r r e c t
t h i s s i t u a t i o n . A s e p a r a t e n o r m a l i z e i n s t r u c t i o n
must be programmed if the result is to be kept in a
normalized form.

When the difference between the exponents is greater
than 128 (decimal), the shifted sign bit is extended
t o t h e e n t i r e s h i f t e d o p e r a n d . I n fi n i t e
( 3 7 7 7 x x x . . . x o r 4 0 0 0 x x x . . . x ) o r i n d e fi n i t e
( 1 7 7 7 x x x . . . x o r 6 0 0 0 x x x . . . x ) o p e r a n d s c a u s e
cor respond ing ex i t cond i t ions to se t in the CP fo r
exit mode action.

F o r f u r t h e r i n f o r m a t i o n , r e f e r t o F l o a t i n g - P o i n t
Arithmetic under CP Programming in section 5.

31 i j k F l oa t i ng D i f f e rence o f
(Xj) and (Xk) to Xi

FXi Xj - Xk

14 9 8 6 5 3 2 0
31

Th is ins t ruc t ion reads operands f rom two X reg is
t e r s , ope ra tes upon t hem to f o rm a floa t i ng -po in t
d i f f e r e n c e , a n d d e l i v e r s t h i s r e s u l t t o a t h i r d X
r e g i s t e r. T h e o p e r a n d s f o r t h i s i n s t r u c t i o n a r e i n
X j a n d X k . T h e s e o p e r a n d s a r e i n fl o a t i n g - p o i n t
f o r m a t a n d a r e n o t n e c e s s a r i l y n o r m a l i z e d . T h e
r e s u l t o f s u b t r a c t i n g t h e q u a n t i t y i n X k f r o m t h e
q u a n t i t y i n X j i s d e l i v e r e d t o X i i n fl o a t i n g - p o i n t
format and is not necessarily normalized.

The two operands are unpacked f rom float ing-po in t
format, and the exponents are compared. The coef
fi c i e n t w i t h t h e s m a l l e r e x p o n e n t i s r i g h t s h i f t e d
b y t h e d i f f e r e n c e o f t h e t w o e x p o n e n t s s u c h t h a t
both coeffic ients are the same s ign ificance. The Xk
c o e f fi c i e n t i s t h e n s u b t r a c t e d f r o m t h e X j c o e f
fi c i e n t t o f o r m a 9 6 - b i t r e s u l t . T h e u p p e r h a l f o f
the resu l t i s then se lec ted and packed a long w i th
the la rger exponent to fo rm the resu l t sen t to X i .
I f c o e f fi c i e n t o v e r fl o w o c c u r s , t h e r e s u l t i s r i g h t
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shifted one place, and the exponent is increased by

I f t h e t w o o p e r a n d s h a v e l i k e s i g n s , t h e r e s u l t
coe ffic ien t may have l ead ing ze ros . No no rma l i ze
o p e r a t i o n i s b u i l t i n t o t h i s i n s t r u c t i o n t o c o r r e c t
t h i s s i t u a t i o n . A s e p a r a t e n o r m a l i z e i n s t r u c t i o n
must be programmed if the result is to be kept in a
n o r m a l i z e d f o r m . I n fi n i t e ( 3 7 7 7 x x x . . . x o r
4 0 0 0 x x x . * . x ) o r i n d e fi n i t e ( 1 7 7 7 x x x . . . x o r
6 0 0 0 x x x . . . x ) o p e r a n d s c a u s e c o r r e s p o n d i n g e x i t
conditions to set in the CP for exit mode action.

F o r f u r t h e r i n f o r m a t i o n , r e f e r t o F l o a t i n g - P o i n t
Arithmetic under CP Programming in section 5.

The two operands are unpacked f rom float ing-po in t
format, and the exponents are compared. The coef
fi c i e n t w i t h t h e s m a l l e r e x p o n e n t i s r i g h t s h i f t e d
by the d i f f e rence o f t he two exponen ts such tha t
both coefficients are the same significance. The Xk
c o e f fi c i e n t i s t h e n s u b t r a c t e d f r o m t h e X j c o e f
fi c i e n t t o f o r m a 9 6 - b i t r e s u l t . T h e l o w e r h a l f o f
the resu l t i s then se lec ted and packed a long wi th
the larger exponent minus 48 (decimal) to form the
r e s u l t s e n t t o X i . I f c o e f fi c i e n t o v e r fl o w o c c u r s ,
the result is r ight shifted one place, and the expo
nent is increased by one.

I n fi n i t e ( 3 7 7 7 x x x . . . x o r 4 0 0 0 x x x . . . x ) o r i n d e fi n i t e
(1777xxx. . .x or 6000xxx. . .x) operands cause corre
sponding ex i t condi t ions to set in the CP for ex i t
mode action.

32ijk Floating Double-Precision Sum
of (Xj) and (Xk) to Xi

D X i X j + X k

14 9 8 6 5 3 2 0
32

This inst ruct ion reads operands f rom two X reg is
ters, operates upon them to form a double-precision
floa t ing -po in t sum, and de l i ve rs the lower ha l f o f
th is resul t to a th i rd X register. The operands for
th is inst ruct ion are in Xj and Xk. These operands
are in float ing-point format and are not necessar i ly
normalized. The sum of the quantit ies in Xj and Xk
i s d e l i v e r e d t o X i i n fl o a t i n g - p o i n t f o r m a t a n d i s
not necessarily normalized.

The two operands are unpacked f rom float ing-point
format, and the exponents are compared. The coef
fi c i e n t w i t h t h e s m a l l e r e x p o n e n t i s r i g h t s h i f t e d
by the d i f fe rence o f the two exponents such tha t
b o t h c o e f fi c i e n t s a r e t h e s a m e s i g n i fi c a n c e . T h e
two coe f fic i en t s a re t hen added t o f o rm a 96 -b i t
r e s u l t . T h e l o w e r h a l f o f t h e r e s u l t i s t h e n
selected and packed along with the larger exponent
minus 48 (dec imal ) to form the resu l t sent to X i .
I f c o e f fi c i e n t o v e r fl o w o c c u r s , t h e r e s u l t i s r i g h t
shifted by one place, and the exponent Is increased
b y o n e . I n fi n i t e ( 3 7 7 7 x x x . . . x o r 4 0 0 0 x x x . . . x ) o r
i n d e fi n i t e ( 1 7 7 7 x x x . . . x o r 6 0 0 0 x x x . . . x ) o p e r a n d s
cause corresponding exit conditions to set in the CP
for exit mode action.

F o r f u r t h e r i n f o r m a t i o n , r e f e r t o F l o a t i n g - P o i n t
Arithmetic under CP Programming in section 5.

331jk Float ing Double-Precision
Difference of (Xj) and (Xk)
to Xi

D X i X j - X k

14 9 8 6 5 3 2 0
33

This inst ruct ion reads operands f rom two X reg is
ters, operates upon them to form a double-precision
fl o a t i n g - p o i n t d i f f e r e n c e , a n d d e l i v e r s t h e l o w e r
h a l f o f t h i s r e s u l t t o a t h i r d X r e g i s t e r . T h e
o p e r a n d s f o r t h i s i n s t r u c t i o n a r e i n X j a n d X k .
These operands are in floating-point format and are
n o t n e c e s s a r i l y n o r m a l i z e d . T h e r e s u l t o f s u b
t ract ing the quant i ty in Xk f rom the quant i ty in X j
i s d e l i v e r e d t o X i i n fl o a t i n g - p o i n t f o r m a t a n d i s
not necessarily normalized.

F o r f u r t h e r i n f o r m a t i o n , r e f e r t o F l o a t i n g - P o i n t
Arithmetic under CP Programming in section 5.

34ijk Round Floating Sum of (Xj)
and (Xk) to Xi

RXi Xj + Xk

14 9 8 6 5 3 2 0
34

This ins t ruc t ion reads operands f rom two X reg is
t e r s , o p e r a t e s u p o n t h e m t o f o r m a r o u n d e d
fl o a t i n g - p o i n t s u m , a n d d e l i v e r s t h i s r e s u l t t o a
th i rd X reg is te r. The operands fo r th is ins t ruc t ion
a r e i n X j a n d X k . T h e s e o p e r a n d s a r e i n
fl o a t i n g - p o i n t f o r m a t a n d a r e n o t n e c e s s a r i l y
n o r m a l i z e d . T h e r e s u l t i s d e l i v e r e d t o X i i n
fl o a t i n g - p o i n t f o r m a t a n d i s n o t n e c e s s a r i l y
normalized.

The round floa t ing -po in t sum i s a s ing le -p rec is ion
fl o a t i n g - p o i n t s u m w i t h a r o u n d b i t ( o r b i t s ) i n
s e r t e d b e f o r e t h e a d d o p e r a t i o n t a k e s p l a c e . A
round b i t is a lways inser ted in the coeffic ient wi th
t h e l a r g e r e x p o n e n t . I f t h e t w o e x p o n e n t s a r e
equa l , the round b i t i s i nse r ted in the coe ffic ien t
for Xk. The round bit is equal to the complement of
t h e s i g n b i t a n d i s i n s e r t e d i m m e d i a t e l y t o t h e
r i g h t o f t h e l o w e s t - o r d e r b i t i n t h e c o e f fi c i e n t .
This has the effect o f increasing the magni tude of
the coe ffic ien t by one-ha l f o f t he l eas t s ign i fican t
b i t . A s e c o n d r o u n d b i t i s i n s e r t e d i n a c o r r e
s p o n d i n g m a n n e r t o t h e o t h e r c o e f fi c i e n t i f b o t h
operands are normal ized or have unl ike s igns. The
second round b i t i s inser ted before the coeffic ient
h a s b e e n s h i f t e d b y t h e d i f f e r e n c e o f t h e e x p o
n e n t s . I n fi n i t e ( 3 7 7 7 x x x . . . x o r 4 0 0 0 x x x . . . x ) o r
i n d e fi n i t e ( 1 7 7 7 x x x . . . x o r 6 0 0 0 x x x . . . x ) o p e r a n d s
cause corresponding exit conditions to set in the CP
for exit mode action.

F o r f u r t h e r i n f o r m a t i o n , r e f e r t o F l o a t i n g - P o i n t
Arithmetic under CP Programming in section 5.

35i jk Round Float ing Difference
of (Xj) and (Xk) to Xi

RXi Xj - Xk

14 9 8 6 5 3 2 0
35
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Th is ins t ruc t ion reads operands f rom two X reg is
t e r s , o p e r a t e s u p o n t h e m t o f o r m a r o u n d e d
fl o a t i n g - p o i n t d i f f e r e n c e , a n d d e l i v e r s t h i s r e s u l t
t o a t h i r d X r e g i s t e r . T h e o p e r a n d s f o r t h i s i n
struct ion are in Xj and Xk. These operands are in
fl o a t i n g - p o i n t f o r m a t a n d a r e n o t n e c e s s a r i l y
no rma l i zed . The resu l t o f sub t rac t i ng the quan t i t y
in Xk from the quant i ty in Xj is del ivered to Xi In
fl o a t i n g - p o i n t f o r m a t a n d i s n o t n e c e s s a r i l y
normalized.

T h e r o u n d fl o a t i n g - p o i n t d i f f e r e n c e i s a
s i n g l e - p r e c i s i o n fl o a t i n g - p o i n t d i f f e r e n c e w i t h a
r o u n d b i t ( o r b i t s ) i n s e r t e d b e f o r e t h e s u b t r a c t
o p e r a t i o n t a k e s p l a c e . A r o u n d b i t i s a l w a y s
i n s e r t e d i n t h e c o e f fi c i e n t w i t h t h e l a r g e r e x p o
nent. If the two exponents are equal, the round bit
i s added to the coe ffic ien t fo r Xk . The round b i t
is equal to the complement of the s ign bi t and is
i n s e r t e d i m m e d i a t e l y t o t h e r i g h t o f t h e
l o w e s t - o r d e r b i t i n t h e c o e f fi c i e n t . T h i s h a s t h e
e f f e c t o f i n c r e a s i n g t h e m a g n i t u d e o f t h e c o e f
fi c i e n t b y o n e - h a l f o f t h e l e a s t s i g n i fi c a n t b i t . A
second round bit is inserted in a corresponding man
ne r t o t he o the r coe f fic i en t i f bo th ope rands a re
normalized or have like signs. The second round bit
is inser ted before the coeffic ient has been shi f ted
b y t h e d i f f e r e n c e o f t h e e x p o n e n t s . I n fi n i t e
( 3 7 7 7 x x x . . . x o r 4 0 0 0 x x x . . . x ) o r i n d e fi n i t e
(1777xxx. . .x or 6000xxx. . .x) operands cause corre
sponding ex i t condi t ions to set in the CP for ex i t
mode action.

F o r f u r t h e r i n f o r m a t i o n , r e f e r t o F l o a t i n g - P o i n t
Arithmetic under CP Programming in section 5.

36ijk Integer Sum of (Xj) and
(Xk) to Xi

IXi Xj + Xk

14 9 8 6 5 3 2 0
36

This ins t ruc t ion reads operands f rom two X reg is
ters , opera tes upon them to form a 60-b i t in teger
sum, and de l i ve r s t h i s r esu l t t o a t h i r d X reg i s
t e r . T h e o p e r a n d s f o r t h i s i n s t r u c t i o n a r e i n X j
and Xk. These operands are s igned in tegers . The
resu l t i ng in teger sum is de l i ve red to X i . Overflow
is not detected.

Th is ins t ruc t ion adds in tegers too la rge fo r hand
l ing by 50 through 77 ins t ruct ions. The ins t ruct ion
a lso merges and compares data fie lds dur ing data
processing.

For fu r ther in fo rmat ion , re fe r to In teger Ar i thmet ic
under CP Programming in section 5.

r e s u l t o f s u b t r a c t i n g t h e q u a n t i t y i n X k f r o m t h e
q u a n t i t y i n X j i s d e l i v e r e d t o X i . O v e r fl o w i s n o t
detected.

T h i s i n s t r u c t i o n s u b t r a c t s i n t e g e r s t o o l a r g e f o r
h a n d l i n g b y 5 0 t h r o u g h 7 7 i n s t r u c t i o n s . T h e
ins t r uc t i on a l so compa res da ta fie l ds du r i ng da ta
processing.

For fu r ther in fo rmat ion , re fe r to In teger Ar i thmet ic
under CP Programming in section 5.

40i jk F loat ing Product of (X j ) and
(Xk) to Xi

FXi Xj * Xk

14 9 8 6 5 3 2 0
40

This ins t ruc t ion reads operands f rom two X reg is
te rs , ope ra tes upon them to fo rm a floa t i ng -po in t
p r o d u c t , a n d d e l i v e r s t h i s r e s u l t t o a t h i r d X
reg i s t e r. The ope rands f o r t h i s i n s t r uc t i on a re I n
X j a n d X k . T h e s e o p e r a n d s a r e i n fl o a t i n g - p o i n t
f o r m a t a n d a r e n o t n e c e s s a r i l y n o r m a l i z e d . T h e
r e s u l t i s d e l i v e r e d t o X i i n fl o a t i n g - p o i n t f o r m a t .
I f both operands are normal ized, the resul t is a lso
no rma l i zed . I f bo th ope rands a re no t no rma l i zed ,
the result is not normalized.

The two operands are unpacked f rom float ing-po in t
format. The exponents are added wi th a correct ion
f a c t o r t o d e t e r m i n e t h e e x p o n e n t f o r t h e r e s u l t .
The coe ffic ien t s a re mu l t i p l i ed as s i gned i n tege rs
to form a 96-bit integer product. The upper half of
t h i s p r o d u c t i s e x t r a c t e d t o f o r m t h e c o e f fi c i e n t
f o r t h e r e s u l t . I f t h e o r i g i n a l o p e r a n d s a r e n o r
m a l i z e d a n d t h e p r o d u c t h a s o n l y 9 5 s i g n i fi c a n t
b i t s , a 1 - b i t l e f t s h i f t t o n o r m a l i z e t h e r e s u l t
c o e f fi c i e n t i s d o n e . T h e r e s u l t i n g e x p o n e n t i s
reduced by one count in this case.

I f bo th operands are not normal ized, the resu l t ing
doub le -p rec i s i on p roduc t has l ess t han 96 s i gn i f
icant b i ts . No test is made for the posi t ion of the
m o s t s i g n i fi c a n t b i t . T h e u p p e r 4 8 b i t s a r e r e a d
f rom the double-prec is ion product reg is ter. Leading
zeros occur in th is resu l t coe ffic ien t .

T h i s i n s t r u c t i o n i s u s e d i n fl o a t i n g - p o i n t c a l c u
la t ions where rounding of operands is not des i red,
s u c h a s i n m u l t i p l e - p r e c i s i o n a r i t h m e t i c a n d i n
c a l c u l a t i o n s i n v o l v i n g e r r o r a n a l y s i s . I n fi n i t e
( 3 7 7 7 x x x . . . x o r 4 0 0 0 x x x . . . x ) o r i n d e fi n i t e
(1777xxx. . .x or 6000xxx. . .x ) operands cause cor re
spond ing ex i t cond i t i ons to se t i n the CP fo r ex i t
mode action.

F o r f u r t h e r i n f o r m a t i o n , r e f e r t o F l o a t i n g - P o i n t
Arithmetic under CP Programming in section 5.

3 7 i j k I n t e g e r D i f f e r e n c e o f ( X j ) I X i X j - X k
and (Xk) to Xi

41i jk Round Floating Product of
(Xj) and (Xk) to Xi

RXi Xj * Xk

14 9 8 6 5 3 2 0
37

14 9 8 6 5 3 2 0
41

0 ^ \

Th is ins t ruc t ion reads operands f rom two X reg is
te rs , opera tes upon them to fo rm a 60-b i t i n teger
d i f f e r e n c e , a n d d e l i v e r s t h i s r e s u l t t o a t h i r d X
re g i s t e r. Th e o p e ra n d s f o r t h i s i n s t r u c t i o n a re i n
Xj and Xk. These operands are signed integers. The

Th is ins t ruc t ion reads operands f rom two X reg is
ters, operates upon them to form a rounded floating
poin t product , and de l ivers th is resu l t to a th i rd X
r e g i s t e r. T h e o p e r a n d s f o r t h i s i n s t r u c t i o n a r e i n
X j a n d X k . T h e s e o p e r a n d s a r e i n fl o a t i n g - p o i n t
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f o r m a t a n d a r e n o t n e c e s s a r i l y n o r m a l i z e d . T h e
r e s u l t i s d e l i v e r e d t o X i i n fl o a t i n g - p o i n t f o r m a t .
I f both operands are normal ized, the resul t is also
no rma l i zed . I f bo th ope rands a re no t no rma l i zed ,
the result is not normalized.

The two operands are unpacked f rom float ing-point
format. The exponents are added wi th a correct ion
f a c t o r t o d e t e r m i n e t h e e x p o n e n t f o r t h e r e s u l t .
The coe ffic ien ts a re mu l t i p l i ed as s igned in tegers
to form a 96-bi t integer product. A rounding bi t is
added to bit posit ion 46 of this product. The upper
hal f of th is product Is extracted to form the coef
fi c i e n t f o r t h e r e s u l t . I f t h e o r i g i n a l o p e r a n d s
are normalized and the product has only 95 signif
i c a n t b i t s , a 1 - b i t l e f t s h i f t t o n o r m a l i z e t h e
resu l t coe ffic ien t i s done . The resu l t i ng exponen t
is reduced by one count in this case.

I f both operands are not normal ized, the resul t ing
doub le -p rec is ion p roduc t has less than 96 s ign i f
icant bi ts. No test is made for the posi t ion of the
m o s t s i g n i fi c a n t b i t . T h e u p p e r 4 8 b i t s a r e r e a d
from the double-precis ion product register. Leading
zeros occur in th is resu l t coeffic ient .

T h i s i n s t r u c t i o n i s u s e d i n s i n g l e - p r e c i s i o n
fl o a t i n g - p o i n t c a l c u l a t i o n s . F o r m u l t i p l e - p r e c i s i o n
ca l cu la t i ons , t he 40 and 42 i ns t ruc t i ons mus t be
u s e d . I n fi n i t e ( 3 7 7 7 x x x . . . x o r 4 0 0 0 x x x . . . x ) o r i n
definite (1777xxx.. .x or 6000xxx.. .x) operands cause
corresponding ex i t condi t ions to set in the CP for
exit mode action.

F o r f u r t h e r i n f o r m a t i o n , r e f e r t o F l o a t i n g - P o i n t
Arithmetic under CP Programming in section 5.

4 2 1 j k F l o a t i n g D o u b l e - P r e c i s i o n D X i X j * X k
Product of (Xj) and (Xk) to Xi

T h i s i n s t r u c t i o n I s u s e d i n m u l t i p l e - p r e c i s i o n
fl o a t i n g - p o i n t c a l c u l a t i o n s . T h i s i n s t r u c t i o n a l s o
p r o v i d e s f o r i n t e g e r m u l t i p l i c a t i o n c a p a b i l i t i e s
where both operands have an exponent value of plus
o r m i n u s z e r o , a n d n e i t h e r c o e f fi c i e n t h a s b e e n
n o r m a l i z e d . T h e i n t e g e r r e s u l t s e n t t o X i i s 4 8
b i t s w i t h 6 0 - b i t s i g n e x t e n s i o n . I f t h e r e s u l t
exceeds 48 b i ts , the hardware does not detect an
overflow. An overflow check can be made by execu
ting a 40 instruction using the same two operands.
I f t h e r e s u l t i s n o n z e r o , o v e r fl o w i s t h e n i n d i
cated. An integer mult iply operat ion is not intended
t o b e u s e d w i t h n o r m a l i z e d o p e r a n d s . I n fi n i t e
( 3 7 7 7 x x x . . . x a n d 4 0 0 0 x x x . . . x ) o r i n d e fi n i t e
(1777xxx. . .x or 6000xxx. . .x) operands cause corre
sponding ex i t cond i t ions to set in the CP for ex i t
mode action.

F o r f u r t h e r i n f o r m a t i o n , " r e f e r t o F l o a t i n g - P o i n t
Arithmetic under CP Programming in section 5.

/ * ^ 5 \

431jk Form Mask of jk Bits to XI

! 4 9 8 6 5 3 2
43

14 9 8 6 5 3 2 0
42

MXi jk

This instruction generates a masking word using the
j and k designators as parameters. No operands are
read f rom opera t ing reg is ters . The j and k des ig
nators are t reated as a s ing le 6-b i t oc ta l quant i ty
t o d e s i g n a t e t h e w i d t h o f t h e m a s k i n g fi e l d . A
field of ones, beginning at the highest-order end of
the word, is extended downward on a background of
zeros. The completed masking word consists of one
b i ts in the h ighest -order jk b i t pos i t ions and zero
b i t s i n t h e r e m a i n d e r o f t h e w o r d . T h i s m a s k i n g
w o r d i s t h e n d e l i v e r e d t o X i . T h e f o l l o w i n g a r e
sample parameters.

i = 2
k = 4

y fi i fi ^ V

Th is ins t ruct ion reads operands f rom two X reg is
ters, operates upon them to form a double-precision
floa t ing -po in t p roduc t , and de l i ve rs the lower ha l f
o f th i s resu l t to a th i rd X reg is te r. The operands
for th is ins t ruct ion are in X j and Xk. These oper
ands are in floating-point format and are not neces
s a r i l y n o r m a l i z e d . T h e l o w e r h a l f o f t h e d o u b l e -
p r e c i s i o n p r o d u c t i s d e l i v e r e d t o X i i n fl o a t i n g
point format and is not necessarily normalized.

The operands are not rounded in this operation. The
t w o o p e r a n d s a r e u n p a c k e d f r o m fl o a t i n g - p o i n t
format. The exponents are added to determine the
e x p o n e n t f o r t h e r e s u l t . T h e r e s u l t e x p o n e n t I s
exactly 48 less than the exponent for a 40 instruc
t i o n . T h e c o e f fi c i e n t s a r e m u l t i p l i e d a s s i g n e d
i n t e g e r s t o f o r m a 9 6 - b i t i n t e g e r p r o d u c t . T h e
lower hal f of th is product is extracted to form the
c o e f fi c i e n t f o r t h e r e s u l t . I f t h e o r i g i n a l
operands a re norma l i zed and the doub le -p rec is ion
p r o d u c t h a s o n l y 9 5 s i g n i fi c a n t b i t s , a 1 - b i t l e f t
s h i f t t o n o r m a l i z e t h e r e s u l t c o e f fi c i e n t i s d o n e .
The result ing exponent is reduced by one count in
this case.

I f both operands are not normal ized, the resu l t ing
doub le -p rec i s ion p roduc t has l ess than 96 s ign i f
icant b i ts. No test is made for the posi t ion of the
most s ign ificant b i t . The lower 48 b i ts a re a lways
read from the 96-bit product register.

Xi = 7777 7760 0000 0000 0000

This inst ruct ion generates var iab le width masks for
l o g i c a l o p e r a t i o n s . T h i s i n s t r u c t i o n , t o g e t h e r w i t h
a s h i f t i n s t r u c t i o n , g e n e r a l l y c r e a t e s a n a r b i t r a r y
field mask faster than reading a pregenerated mask
from CM.

44 i j k F loa t ing D iv ide (X j )
by (Xk) to Xi

FXi Xj/Xk

14 9 8 6 5 3 2 0
44

Th is ins t ruc t ion reads operands f rom two X reg is
te rs , ope ra tes upon them to f o rm a floa t i ng -po in t
quot ient , and del ivers th is resul t to a th i rd X reg
i s t e r. The ope rands f o r t h i s i n s t r uc t i on a re I n X j
and Xk . These ope rands a re i n floa t i ng -po in t f o r
m a t . T h e r e s u l t o f d i v i d i n g t h e c o n t e n t o f X j b y
the content of Xk is del ivered to Xi . I f both oper
ands a re no rma l i zed , t he quo t i en t i s a l so no rma
l i zed . The rema inde r f rom the d i v i s i on p rocess i s
discarded.

The two operands are unpacked f rom float ing-po in t
fo rma t . The exponen ts a re sub t rac ted w i th a co r
r e c t i o n f a c t o r t o d e t e r m i n e t h e e x p o n e n t f o r t h e

^ A c s ^ t .
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r e s u l t . T h e c o e f fi c i e n t f r o m X j i s p o s i t i o n e d i n a
d i v i d e n d r e g i s t e r . T h e c o e f fi c i e n t f r o m X k i s
t r i a l - sub t rac ted repea ted ly f rom the d i v idend . The
quot ient b i ts are assembled in a quot ient reg is ter.
When 48 bits of the quotient are assembled, they are
packed w i th the resu l t exponent in to float ing-po in t
format and delivered to Xi.

I f the exponent subtract ion causes an underflow or
o v e r fl o w , a n u n d e r fl o w o r o v e r fl o w r e s u l t i s
returned even with the occurrence of a divide fault.

I f the dividend is not normalized, the quotient can
not be normalized. However, the quotient is correct
even though there may be leading zeros in the coef
fic ien t . I f t he d i v i so r i s no t no rma l i zed , t he quo
t i e n t m a y b e i n c o r r e c t . I f t h e c o e f fi c i e n t f o r t h e
content o f X j is larger than the coeffic ient for the
content of Xk by a factor of two or more, a divide
fau l t causes an indefin i te resu l t to be re turned to
X I .

T h i s i n s t r u c t i o n i s u s e d i n fl o a t i n g - p o i n t c a l c u
lat ions where rounding of operands is not desired.
I n m u l t i p l e - p r e c i s i o n d i v i s i o n , t h i s i n s t r u c t i o n
must be fol lowed by a mult ipl icat ion of the quotient
by the div isor and subtracted f rom the div idend to
reconstruct the remainder.

I f i n fi n i t e ( 3 7 7 7 x x x . . . x o r 4 0 0 0 x x x . . . x ) o r i n d e f
i n i t e ( 1 7 7 7 x x x . . . x o r 6 0 0 0 x x x . . . x ) o p e r a n d s a r e
used, cor respond ing ex i t cond i t ions a re se t in the
CP for exit mode action.

F o r f u r t h e r i n f o r m a t i o n , r e f e r t o F l o a t i n g - P o i n t
Arithmetic under CP Programming in section 5.

45i jk Round Float ing Divide (Xj)
by (Xk) to Xi

RXi Xj/Xk

14 9 8 6 5 3 2 0
45

This ins t ruc t ion reads operands f rom two X reg is
ters, operates upon them to form a rounded floating
po in t quo t i en t , and de l i ve r s t h i s r esu l t t o a t h i r d
X r e g i s t e r. T h e o p e r a n d s f o r t h i s i n s t r u c t i o n a r e
in Xj and Xk. These operands are in float ing-point
format . The resul t o f d iv id ing the content of X j by
the content of Xk is del ivered to Xi . I f both oper
ands a re no rma l i zed , t he quo t i en t i s a l so no rma
l i zed . The rema inder f rom the d i v i s ion p rocess i s
discarded.

The two operands are unpacked f rom float ing-po in t
f o rma t i n t h i s ope ra t i on . The exponen ts a re sub
t r a c t e d w i t h a c o r r e c t i o n f a c t o r t o d e t e r m i n e t h e
exponent fo r the resu l t . The coeffic ient f rom Xj i s
pos i t i oned i n a d i v i dend reg i s te r. The X j quan t i t y
i s mod ified by inser t ing a 2525 . . .25 round pa t te rn
b e l o w t h e l o w e s t - o r d e r b i t o f t h e d i v i d e n d c o e f
fi c i e n t . T h e c o e f fi c i e n t f r o m X k i s t r i a l -
subt rac ted repeated ly f rom the d iv idend. The quo
t i e n t b i t s a r e a s s e m b l e d i n a q u o t i e n t r e g i s t e r .
When 48 bits of the quotient are assembled, they are
packed w i th the resu l t exponent in to float ing-po in t
format and delivered to Xi.

I f the dividend is not normalized, the quotient can
not be normal ized. However, the quot ient is correct
even though there may be leading zeros in the coef
fic i en t . I f t he d i v i so r i s no t no rma l i zed , t he quo
t i e n t m a y b e i n c o r r e c t . I f t h e c o e f fi c i e n t f o r t h e

content o f X j i s la rger than the coeffic ien t fo r the
content of Xk by a factor of two or more, a divide
f a u l t o c c u r s . A d i v i d e f a u l t c a u s e s a n i n d e fi n i t e
result to be returned to Xi.

T h i s i n s t r u c t i o n i s u s e d i n s i n g l e - p r e c i s i o n
fl o a t i n g - p o i n t c a l c u l a t i o n s w h e r e r o u n d i n g o f
operands is desired to reduce truncation errors.

I f i n fi n i t e ( 3 7 7 7 x x x . . . x o r 4 0 0 0 x x x . . . x ) o r i n d e
fi n i t e ( 1 7 7 7 x x x . . . x o r 6 0 0 0 x x x . . . x ) o p e r a n d s a r e
used, cor respond ing ex i t cond i t ions a re se t in the
CP for exit mode action.

F o r f u r t h e r i n f o r m a t i o n , r e f e r t o F l o a t i n g - P o i n t
Arithmetic under CP Programming in section 5.

460xx through 463xx Pass

1 4 9 8 6 5
46 1 ' V/////M

NO

T h e s e i n s t r u c t i o n s fi l l p r o g r a m i n s t r u c t i o n w o r d s
where necessary to match jump destinations with word
bounda r i es . The j and k des igna to rs a re i gno red ,
and a nonzero value has no effect in th is inst ruc
t i o n .

464 through 467 Compare/Move

The compare/move inst ruct ions (a lso referred to as
C M U i n s t r u c t i o n s ) a r e p r o v i d e d f o r c o m p a t i b i l i t y
w i t h p r e v i o u s s y s t e m s . F o r b e t t e r p e r f o r m a n c e ,
recompile jobs to avoid use of CMU instructions.

CMU instructions must appear in parcel 0 or they are
t r e a t e d a s i l l e g a l i n s t r u c t i o n s .

Data fie lds cons is t ing of 6-b i t characters may s tar t
o r end w i th any cha rac te r pos i t i on (o f f se t ) o f t he
1 0 6 - b i t p o s i t i o n s i n e a c h w o r d . T h e c h a r a c t e r
posit ions are designated as fol lows:

59

F o r m o v e i n s t r u c t i o n s , a K l d e s i g n a t o r s p e c i fi e s
wh ich CM word con ta ins the fi rs t cha rac te r o f t he
source data field, and a Cl designator specifies the
c h a r a c t e r p o s i t i o n ( o f f s e t ) o f t h e fi r s t c h a r a c t e r .
The K2 designator specifies the CM location in which
t h e fi r s t c h a r a c t e r o f t h e r e s u l t d a t a fi e l d i s
p l a c e d , a n d t h e C 2 d e s i g n a t o r s p e c i fi e s t h e fi r s t
cha rac te r pos i t i on . Fo r compare i ns t r uc t i ons , bo th
data field addresses speci fy source fields.

Example:

I f the ins t ruc t ion is K l=1000 and C l=3, the fi rs t
character o f the source fie ld is in pos i t ion 3 o f
location 1000.

1000 72 7 3 7 4 7 5 7 6 7 7

T h e r e f o r e , t h e fi r s t c h a r a c t e r o f t h e s o u r c e
fi e l d i s 7 1 .
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An address is out of range i f Cl or C2 is greater
than 9, Kl plus NI Is greater than the program field
length for CM (FLC), or K2 plus N2 is greater than
FLC. NI equals the number of CM references made to
the source data field start ing at Kl, and N2 equals
the number of CM references made to the result data
field s tar t ing at K2. When an address-out -o f - range
c o n d i t i o n o c c u r s , t h e C M U i n s t r u c t i o n i s n o t
executed.

LL is the lower 4 bits, and LU is the upper 9 bits
of the field length designator in numbers of charac
ters. The maximum length of the data fields for the
move d i r ec t and t he compa re i ns t r uc t i ons i s 127
(177g) charac te rs . The max imum da ta fie ld leng th
for the move ind i rect ins t ruct ion is 8191 (17777g)
characters. I f L (LU and LL combined) is zero, the
instruction becomes a pass.

For over lapp ing move ins t ruc t ions , the address o f
the source fie ld (spec ified by Kl ) must be greater
than the add ress o f t he resu l t fie ld ( spec i fied by
K2) t o p rov ide p rope r fie ld ove r l ap . I f K l i s l ess
than K2, part of the source field is changed during
execution, with the amount of change determined by
the number of CM conflicts encountered. Overlapping
fi e l d s s h o u l d n o t c o n t a i n m o r e t h a n 3 7 7 ( o c t a l )
characters, because an exchange jump interrupts any
compare/move operat ion having a decremented field
length greater than 377 (octal).

464jK Move Indirect

59 5150 4847 30 29
464 y//////////////////A

IM

Any instructions located In the lower two parcels of
the instruction word do not execute.

Bj plus K specifies a relative address in CM for the
following descriptor word.

59 5756 4847
7y

302926252221 1817
LU Kl L L C l C 2 K2

The descr iptor word specifies the movement of the
sou rce fie l d t o t he r esu l t fie l d . The movemen t i s
f r o m l e f t t o r i g h t t h r o u g h t h e fi e l d . R e g i s t e r X O
clears at the end of the execution.

The compare is from left to r ight through the fields
unt i l two unequa l charac ters are found. These two
characters are then co l la ted and re ferenced in the
co l la te tab le beg inn ing a t address AO ( tab le 4 -2 ) .
I f t h e t a b l e v a l u e s f o u n d f o r t h e t w o u n e q u a l
charac te rs a re equa l , the compare con t inues un t i l
ano ther pa i r o f charac te rs i s unequa l o r un t i l t he
fi e l d l e n g t h i s e x h a u s t e d . I f t h e t a b l e v a l u e s
found for the two unequal characters are unequal, XO
is set pr ior to instruct ion terminat ion as fo l lows:

I f fi e l d K l i s g r e a t e r t h a n fi e l d K 2 , s e t X O t o
0000 0000 0000 0000 Oxxx.

I f fie ld Kl is equal to field K2, set XO to 0000
0000 0000 0000 0000.

I f field Kl is less than field K2, set X0 to 7777
7777 7777 7777 7yyy where yyy is the complement
of xxx.

The value of the three octal numbers xxx, stored in
X0, is determined by the equation L minus N equals
xxx (L is the length of the field, and N is the num
ber of pairs of characters that were col lated equal
p r i o r t o i n s t r u c t i o n t e r m i n a t i o n ) . I n o t h e r w o r d s ,
xxx i s t he number o f pa i r s o f cha rac te rs no t ye t
compared plus one.

The A0 register contains the start ing word address
o f a n 8 - w o r d , 6 4 - c h a r a c t e r c o l l a t e t a b l e ( t a b l e
4-2) . Th is tab le must have been prev ious ly s tored
in consecutive CM locations.

T h e c o l l a t e d v a l u e o f a c h a r a c t e r I s f o u n d b y
e x a m i n i n g t h e c o l l a t e t a b l e . T h e u p p e r 3 b i t s o f
t h e c h a r a c t e r t o b e c o l l a t e d a r e a d d e d t o A 0 t o
obta in the re la t i ve address o f the word conta in ing
the col lated value. The lower 3 bits of the charac
ter to be col la ted speci fy the character address of
the col lated value.

Example:

Suppose the charac te r under examina t ion i s an
octal 63. The 6 is added to the A0 to form the
word address. The 3 is used to pick the correct
character from that word. The value of 63 is 63
in the co l la te tab le .

.^Sv

^

465 Move Direct

59 51504847 302926252221 1817
465 LU Kl LL Cl C2 K2

DM

T h i s i n s t r u c t i o n m o v e s t h e s o u r c e fi e l d t o t h e
r e s u l t fi e l d a s s p e c i fi e d b y t h e 6 0 - b i t i n s t r u c t i o n
word. The field length is l imi ted to a 7-b i t count .

Tab le 4 -2 . Co l la te Tab le

466 Compare Col lated

5 9 5 1 5 0 4 8 4 7 3 0 2 9 2 6 2 5 2 2 2 1 1 8 1 7
466 LU Kl LL Cl C2 K2

CC

Th is i ns t ruc t i on compares the fie ld des igna ted by
K1,C1 with the field designated by K2,C2 as speci
fied by the 60-bi t instruct ion word.

Address C o l l a t i n g Character Locations

AO 00 01 02 03 04 05 06 07 XX XX

AO+1 10 11 12 13 14 15 16 17 XX XX

AO+2 20 21 22 23 24 25 26 27 XX XX

AO+3 30 31 32 33 34 35 36 37 XX XX

AO+4 40 41 42 43 44 45 46 47 XX XX

AO+5 50 51 52 53 54 55 56 57 XX XX

AO+6 60 61 62 63 64 65 66 67 XX XX

AO+7 70 71 72 73 74 75 76 77 XX XX

,>S^K
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4 6 7 C o m p a r e U n c o l l a t e d C U

5 9 5 1 5 0 4 8 4 7 3 0 2 9 2 6 2 5 2 2 2 1 1 8 1 7 0
467 LU Kl LL Cl C2 K2

52ijK Set Ai to (Xj) + K

29 2423 2120 1817

SAi Xj K

0
52

T h i s i n s t r u c t i o n i s s i m i l a r t o t h e 4 6 6 i n s t r u c t i o n
excep t tha t t he co l l a te tab le i s no t used . The XO
r e g i s t e r i s s e t w h e n t h e fi r s t p a i r o f u n e q u a l
characters is encountered or when the field length is
exhausted.

47ixk Population Count of (Xk) to Xi

1 4 9 8 6 5 3 2 0

CXi Xk

47

This inst ruct ion reads one operand f rom Xk, counts
the number of one bits in the operand, and stores the
count in Xi . The count del ivered to Xi is a posi t ive
in tege r. I f t he ope rand i s a l l ones , a coun t o f 60
( d e c i m a l ) i s d e l i v e r e d t o X i . I f o p e r a n d i s a l l
zeros, a zero word Is delivered to Xi.

50ijK Set Ai to (Aj) + K

29 2423 2120 1817
50

SAi Aj K

0

Th is two-parce l ins t ruc t ion uses the lower -o rder 18
bits as operand K. This instruction reads an operand
from Xj, forms the sum of the operand plus K, and
d e l i v e r s t h e r e s u l t t o A i . I f t h e i d e s i g n a t o r i s
nonzero, a reference is made to CM using the result
as the re lat ive address. The type of reference is a
funct ion of the i designator value.

i = 0

i - 1 , 2 ,3 ,4 ,5

i = 6,7

No CM reference

Read from CM to Xi

Write into CM from Xi

This instruction obtains operands from CM for compu
tation and delivers the result back into CM.

531jk Set Ai to (Xj) + (Bk) SAi Xj + Bk

14 9 8 6 5 3 2 0
53

This two-parce l ins t ruc t ion uses the lower -order 18
bits as operand K. This instruction reads an operand
from Aj, forms the sum of the operand plus K, and
d e l i v e r s t h e r e s u l t t o A i . I f t h e i d e s i g n a t o r i s
nonzero, a reference is made to CM using the result
as the re lat ive address. The type of reference is a
function of the i designator value.

1 - 1,2,3,4,5

I » 6,7

No CM reference

Read from CM to XI

Write into CM from Xi

This instruction obtains operands from CM for compu
tation and delivers the result back into CM.

This instruction reads operands from Xj and Bk, forms
the sum of the operands, and del ivers the resul t to
A i . I f t h e i d e s i g n a t o r i s n o n z e r o , a r e f e r e n c e i s
made to CM using the result as the relative address.
The type o f re ference is a funct ion o f the i des ig
nator value.

i = 0

i = 1 ,2,3,4,5

i = 6,7

No CM reference

Read from CM to Xi

Write into CM from Xi

This instruction obtains operands from CM for compu
tation and delivers the result back into CM.

51ijK Set Ai to (Bj) + K

29 2423 2120 1817

SAi Bj K

0
51

5 4 i j k S e t A i t o ( A j ) + ( B k ) S A i A j + B k

1 4 9 8 6 5 3 2 0
54

Th is two-parce l ins t ruc t ion uses the lower -o rder 18
bits as operand K. This instruction reads an operand
from Bj, forms the sum of the operand plus K, and
d e l i v e r s t h e r e s u l t t o A i . I f t h e i d e s i g n a t o r i s
nonzero, a reference is made to CM using the result
as the re la t ive address. The type of re ference is a
function of the i designator value.

1 = 0

i - 1 ,2 ,3 ,4 ,5

i = 6,7

No CM reference

Read from CM to XI

Write into CM from Xi

This instruction obtains operands from CM for compu
tation and delivers the result back into CM.

This instruction reads operands from Aj and Bk, forms
the sum of the operands, and del ivers the resul t to
A i . I f t h e i d e s i g n a t o r i s n o n z e r o , a r e f e r e n c e i s
made to CM using the result as the relative address.
The type o f re fe rence i s a func t ion o f the i des ig
nator value.

1 - 0

i - 1 , 2 , 3 , 4 , 5

1 - 6,7

No CM reference

Read from CM to Xi

Write into CM from Xi

This instruction obtains operands from CM for compu
tation and delivers the result back into CM.
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5 5 i j k S e t A i t o ( A j ) - ( B k ) S A i A j - B k

1 4 9 6 6 5 3 2 0
55

This instruction reads operands from Aj and Bk, sub
tracts the Bk operand from the Aj operand, and deliv
e r s t h e r e s u l t t o A i . I f t h e I d e s i g n a t o r i s
nonzero, a reference is made to CM using the result
as the re lat ive address. The type of reference is a
function of the i designator value.

I = 1,2,3,4,5

i = 6,7

No CM reference

Read from CM to Xi

Write into CM from XI

This instruction obtains operands from CM for compu
tation and delivers the results back into CM.

561jk Set Ai to (Bj) + (Bk)

1 4 9 8 6 5 3 2 0

SAi Bj + Bk

56

This instruction reads operands from Bj and Bk, forms
the sum of the operands, and del ivers the result to
A i . I f t h e i d e s i g n a t o r i s n o n z e r o , a r e f e r e n c e i s
made to CM using the result as the relative address.
The type of reference is a funct ion of the i des ig
nator value.

i = 0

i » 1,2,3,4,5

i = 6,7

No CM reference

Read from CM to Xi

Write into CM from Xi

This instruction obtains operands from CM for compu
tation and delivers the results back into CM.

57ijk Set Ai to (Bj) - (Bk)

1 4 9 8 6 5 3 2 0

SAi Bj - Bk

57

This instruction reads operands from Bj and Bk, sub
tracts the Bk operand from the Bj operand, and deliv
e r s t h e r e s u l t t o A i . I f t h e i d e s i g n a t o r i s n o n
zero, a reference is made to CM using the result as
t h e r e l a t i v e a d d r e s s . T h e t y p e o f r e f e r e n c e i s a
function of the i designator value.

i = 1 ,2 ,3,4,5

i = 6,7

No CM reference

Read from CM to Xi

Write into CM from Xi

This instruction obtains operands from CM for compu
tation and delivers the result back into CM.

60ijK Set Bi to (Aj) + K

29 24 23 2120 1817

SBi Aj K

0
60

Th is two-parce l i ns t ruc t ion uses the lower -o rder 18
bits as operand K. This instruction reads an operand
f rom Aj , fo rms the sum of the operand p lus K and
de l i vers the resu l t to B i . The sum is fo rmed in an
18 -b i t one ' s comp lemen t mode . Th i s i ns t r uc t i on i s
for address modificat ion in the increment registers.

61ijK Set Bi to (Bj) + K

29 24 23 2120 1817

SBi Bj K

0
61

Th is two-parce l ins t ruc t ion uses the lower -o rder 18
bits as operand K. This instruction reads an operand
from Bj, forms the sum of the operand plus K, and
de l ivers the resu l t to B i . The sum is fo rmed in an
18-bit one's complement mode.

621jK Set Bi to (Xj) + K

29 2423 2120 1817

SBi Xj K

0
62

Th is two-parce l i ns t ruc t ion uses the lower -o rder 18
bits as operand K. This instruction reads an operand
from Xj, forms the sum of the operand plus K, and
de l ivers the resu l t to B i . The sum is fo rmed in an
18-bit one's complement mode.

631jk Set Bi to (Xj) + (Bk)

1 4 9 8 6 5 3 2 0

SBi Xj + Bk

This instruction reads operands from Xj and Bk, adds
the operands, and delivers the result to Bi. The sum
is formed in an 18-bit one's complement mode.

63

64ijk Set Bi to (Aj) + (Bk)

1 4 9 8 6 5 3 2 0

SBi Aj + Bk

This instruction reads operands from Aj and Bk, adds
the operands, and delivers the result to Bi. The sum
is formed in an 18-bit one's complement mode.

64

65ijk Set Bi to (Aj) - (Bk)

1 4 9 8 6 5 3 2 0
65

SBi Aj - Bk

This instruction reads operands from Aj and Bk, sub
tracts the Bk operand from the Aj operand, and de
l i ve rs the resu l t to B i . The d i f fe rence i s fo rmed in
an 18-bit one's complement mode. If the I designator
is zero, this becomes a pass instruction. . j^S^ f tv
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660jk Read Central Memory at (Xk) to Xj

1 4 6 5 3 2 0
660

CRXj Xk

Th is i ns t ruc t ion loads in to X j the word a t l oca t ion
( X k ) , w h e r e X k i s a r i g h t - j u s t i fi e d 2 1 - b i t r e l a t i v e
word address. Bits 21 through 59 of Xk are ignored.
I f t he 21 b i t s o f Xk a re g rea te r t han o r equa l t o
FLC, an address out of range is detected.

66ijk Set Bi to (Bj) + (Bk)

1 4 9 8 6 5 3 2 0
66

SBi Bj + Bk

This instruction reads operands from Bj and Bk, adds
the operands, and delivers the result to Bi. The sum
is formed in an 18-bit one's complement mode. If the
I des i gna to r i s ze ro , t h i s becomes a r ead cen t ra l
memory Instruction.

670jk Write Xj into Central Memory at (Xk) CWXj Xk

1 4 6 5 3 2 0
670

This instruct ion stores Xj in locat ion (Xk) where Xk
i s a 21 -b i t r e la t i ve word add ress . B i t s 21 th rough
5 9 o f X k a r e i g n o r e d . I f t h e 2 1 b i t s o f X k a r e
greater than or equal to FLC, an address out of range
is detected.

Th is two-parce l i ns t ruc t ion uses the lower -o rde r 18
bits as operand K. This instruct ion reads an operand
from Bj , forms the sum of the operand p lus K, and
de l i ve rs the resu l t t o X i . The sum i s fo rmed in an
18-b i t one 's complement mode. The 18-b i t resu l t Is
sign-extended by copying the highest-order bit of the
result into the upper 42 bi t posi t ions in Xi .

72ijK Set Xi to (Xj) + K

29 2423 2120 1817

SXi Xj K

0
72

Th is two-parce l i ns t ruc t ion uses the lower -o rder 18
bits as operand K. This instruction reads an operand
from Xj , forms the sum of the operand plus K, and
de l i ve rs the resu l t to X i . The sum is fo rmed in an
18-b i t one 's complement mode. The 18-b i t resu l t is
sign-extended by copying the highest-order bit of the
result into the upper 42 bi t posi t ions in Xi .

73ijk Set Xi to (Xj) + (Bk)

1 4 9 8 6 5 3 2 0
73

SXi Xj + Bk

This instruction reads operands from Xj and Bk, adds
the operands, and delivers the result to XI. The sum
is formed in an 18-bi t one's complement mode. The
1 8 - b i t r e s u l t I s s i g n - e x t e n d e d b y c o p y i n g t h e
highest-order b i t o f the resul t In to the upper 42 b i t
pos i t ions in X i .

67ijk Set Bi to (Bj) - (Bk)

1 4 9 8 6 5 3 2 0
67

SB i B j - Bk 74 i j k Se t X I t o (A j ) + (Bk )

1 4 9 8 6 5 3 2 0

T h i s I n s t r u c t i o n r e a d s o p e r a n d s f r o m B j a n d B k ,
subtracts the Bk operand f rom the Bj operand, and
de l i ve rs the resu l t t o B i . The d i f f e rence i s f o rmed
i n a n 1 8 - b i t o n e ' s c o m p l e m e n t m o d e . I f t h e I
d e s i g n a t o r i s z e r o , t h i s b e c o m e s a w r i t e c e n t r a l
memory instruction.

74

SXi Aj + Bk

This instruction reads operands from Aj and Bk, adds
the operands, and delivers the result to Xi. The sum
is formed in an 18-bi t one's complement mode. The
1 8 - b i t r e s u l t i s s i g n - e x t e n d e d b y c o p y i n g t h e
highest-order b i t o f the resul t in to the upper 42 b i t
pos i t ions in XI .

701 jK Set Xi to (Aj) + K

29 2423 2120 1817
70

SXi Aj K

0

75 i j k Se t X i t o (A j ) - (Bk )

1 4 9 8 6 5 3 2 0
75

SXi Aj - Bk

Th is two-parce l ins t ruc t ion uses the lower -o rder 18
bits as operand K. This instruction reads an operand
from Aj , forms the sum of the operand plus K, and
de l ivers the resu l t to XI . The sum is fo rmed in an
18-b i t one 's complement mode. The 18-b i t resu l t Is
sign-extended by copying the highest-order bit of the
result into the upper 42 bit posit ions in Xi.

71ijK Set Xi to (Bj) + K

29 2423 2120 1817

SXi Bj K

0
71

This instruction reads operands from Aj and Bk, sub
tracts the Bk operand from the Aj operand, and deliv
ers the resul t to Xi . The d i fference is formed in an
18-b i t one 's complement mode. The 18-b i t resu l t Is
sign-extended by copying the highest-order bi t of the
resul t into the upper 42 bi t posi t ions in Xi .

76 i jk Set X i to (B j ) + (Bk)

1 4 9 8 6 5 3 2

SXi Bj + Bk

This instruction reads operands from Bj and Bk, adds
the operands, and del ivers the result to Xi. The sum

76
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is formed in an 18-bi t one's complement mode. The
1 8 - b i t r e s u l t i s s i g n - e x t e n d e d b y c o p y i n g t h e
highest-order b i t of the resul t into the upper 42 bi t
pos i t ions in Xi .

77 i jk Set Xi to (Bj ) - (Bk) SXi Bj - Bk

14 9 8 6 5 3 2 0
77

T h i s i n s t r u c t i o n r e a d s o p e r a n d s f r o m B j a n d B k ,
subtracts the Bk operand from the Bj operand, and
de l i ve rs the resu l t to X i . The d i f fe rence i s fo rmed
i n a n 1 8 - b i t o n e ' s c o m p l e m e n t m o d e . T h e 1 8 - b i t
resul t is s ign-extended by copying the highest-order
b i t o f the resu l t in to the upper 42 b i t pos i t ions in
X i .

INSTRUCTION EXECUTION TIMING

Approximate execution times for models 835 and 855 CP
inst ruct ions are l is ted in tab les 4-3 and 4-4. These
t i m e s a r e l i s t e d w i t h t h e a s s u m p t i o n t h a t n o
c o n fl i c t s o c c u r. E x e c u t i o n d e l a y s r e s u l t u n l e s s a l l
t h e c o n d i t i o n s l i s t e d i n t h e t i m i n g n o t e s c o l u m n
ex is t fo r the par t i cu la r ins t ruc t ion . The numbers in
the t iming notes column refer to notes l is ted at the
e n d o f t h e t a b l e . E x e c u t i o n t i m e s a r e g i v e n i n
56-nanosecond major cycles.

rNOTE l

T h e s e e x e c u t i o n t i m e s a r e
a p p r o x i m a t i o n s o n l y a n d s u b j e c t t o
c h a n g e w i t h o u t n o t i c e . A c c u r a t e
timings can come only from benchmark
t e s t s . C o n t r o l D a t a C o r p o r a t i o n i s
not responsible for assumptions made
based on the times listed here.

Table 4-3. Model 835 CP Instruction Timing (Sheet 1 of 4)

I ns t r uc t i on
Code Descr ip t ion

Execution
Time in

56-ns Cycles
Timing
Notes

OOxxx Error exit to MA or interrupt to executive mode

OlOxK Return jump to K 11-14

O l l j K Block copy Bj+K words from UEM to CM

012jK Block copy Bj+K words from CM to UEM

013jK Central exchange jump to Bj + K (CYBER 170
moni tor flag set )

175-185

013xx Monitor exchange jump to MA (CYBER 170
moni tor flag c lear ) 175-185

014jk Read one word from UEM to Xj 15-19

015 jk Write one word from Xj to UEM 15-19

016jk Read free running counter

017jk I l l e g a l i n s t r u c t i o n 80-120

02ixK Jump to (Bi) + K 11-14

030 jK Branch to K i f (Xj) =0 4 or 11-14

031 jK Branch to K if (Xj) j* 0 4 or 11-14

032 jK Branch to K i f (Xj) is posit ive 2 or 7-10

033 jK Branch to K if (Xj) is negative 2 or 7-10

034 jK Branch to K if (Xj) is in range 4 or 11-14

035 jK Branch to K if (Xj) is out of range 4 or 11-14

036jK Branch to K i f (Xj) is definite 4 or 11-14

Timing Notes:

1 . F i r sst time shown if branch was not taken; second time shown if 1jranch was taken.

z^w§V

^ * ^ ^ ! V
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Table 4-3. Model 835 CP Instruction Timing (Sheet 2 of 4)

I ns t r uc t i on
Code Descr ip t ion

Execution
Time in

56-ns Cycles
Timing
Notes

037 jK Branch to K i f (X j ) is indefini te 4 or 11-14

0 4 i j K Branch to K if (Bi) » (Bj) 6 or 11-14

051 jK Branch to K if (Bi) j (Bj) 6 or 11-14

06 i jK Branch to K if (Bi) > (Bj) 6 or 11-14

07 i jK Branch to K if (Bi) < (Bj) 6 or 11-14

l O i j x Transmit (Xj) to Xi

l l i j k Logical product of (Xj) and (Xk) to Xi

1 2 i j k Logical sum of (Xj) and (Xk) to Xi

131 jk Logical difference of (Xj) and (Xk) to Xi

14ixk Transmit complement of (Xk) to Xi

1 5 i j k Logical product of (Xj) with complement of (Xk) to XI

1 6 i j k Logical sum of (Xj) with complement of (Xk) to Xi

1 7 i j k Logical difference of (Xj) with complement of (Xk) to Xi

201 jk Le f t sh i f t (X i ) by j k

2 1 i j k R ight sh i f t (X i ) by jk

2 2 i j k Left shif t (Xk) nominal ly (Bj) places to Xi 6 or 7-10

231 jk Right shift (Xk) nominally (Bj) places to XI 6 or 7-10

241 jk Normalize (Xk) to Xi and Bj

2 5 i j k Round normalize (Xk) to Xi and Bj 11-14

261 jk Unpack (Xk) to Xi and Bj 7-10

2 7 i j k Pack (Xk) and (Bj) to Xi

3 0 i j k Floating sum of (Xj) and (Xk) to Xi

3 1 i j k Floating difference of (Xj) and (Xk) to Xi

3 2 i j k Floating double-precision sum of (Xj) and (Xk) to Xi 40-60

3 3 i j k Floating double-precision difference of (Xj) and (Xk)
to Xi 40-60

341 jk Round floating sum of (Xj) and (Xk) to Xi 7-10

3 5 i j k Round floating difference of (Xj) and (Xk) to Xi 7-10

3 6 i j k Integer sum of (Xj) and (Xk) to Xi

3 7 i j k Integer difference of (Xj) and (Xk) to Xi

4 0 i j k Floating product of (Xj) and (Xk) to Xi 11-14

Timing Noteii t

1 . F i r
2 . F i r

the

st time shown if branch was not taken; second time shown if b
st t ime shown i f lef t shi f t ; second t ime shown i f r ight shi f t
s ign.

ranch was taken.
: . Ty p e o f s h i f t: depends on
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Table 4-3. Model 835 CP Instruction Timing (Sheet 3 of 4)

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

Code Descr ip t ion
Time in

56-ns Cycles
Timing
Notes

4 1 i j k Round floating product of (Xj) and (Xk) to Xi 11-14

4 2 i j k Floating double-precision product of (Xj) and (Xk) to Xi 11-14

431 jk Form mask of jk bits to Xi

44 i jk Floating divide (Xj) by (Xk) to Xi 40-60

4 5 i j k Round floating divide (Xj) by (Xk) to Xi 40-60

460xx-
463xx Pass

464 jK Move indirect

465 Move direct

466 Compare collated

467 Compare uncollated

47ixk Population count of (Xk) to XI 20-25

50i jK Set Al to (Aj) + K 3, 7-10,
or 20-25

51 i jK Set Al to (Bj) + K 3, 7-10, or
20-25

52i jK Set Ai to (Xj) + K 3,7-10, or
20-25

5 3 i j k Set Ai to (Xj) + (Bk) 3, 7-10, or
20-25

5 4 i j k Set Ai to (Aj) + (Bk) 3, 7-10, or
20-25

5 5 i j k Set Ai to (Aj) - (Bk) 3, 7-10, or
20-25

561 jk Set Ai to (Bj) + (Bk) 3, 7-10, or
20-25

5 7 i j k Set Ai to (Bj) - (Bk) 3, 7-10, or
20-25

601 jK Set Bi to (Aj) + K

611 jK Set Bi to (Bj) + K

62 i jK Set Bi to (Xj) + K

6 3 i j k Set Bi to (Xj) + (Bk)

6 4 i j k Set Bi to (Aj) + (Bk)

6 5 i j k Set Bi to (Aj) - (Bk)

660 jk Read CM at (Xk) to Xj

Timing Notes:

3 . C M U i n s t r u c t i o n s a r e s i m u l a t e d . F o r b e s t r e s u l t s , r e c o m p j
i n s t r u c t i o n s .

4. P equals the number of bits.
5. 3 cycles when i equals 0; 7-10 cycles when I equals 6 or 7; 20-2

1 through 5.

L i e t o a v o i d u s

15 cycles when I

s e o f t h e s e

equals
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Table 4-3. Model 835 CP Instruction Timing (Sheet 4 of 4)

I ns t r uc t i on
Code

6 6 i j k

670jk

6 7 i j k

70 i jK

71 i jK

721 jK

7 3 i j k

7 4 i j k

751 jk

761 jk

7 7 i j k

Descr ipt ion

Set Bi to (Bj) + (Bk)

Write Xj into CM at (Xk)

Set Bi to (Bj) - (Bk)

Set Xi to (Aj) + K

Set Xi to (Bj) + K

Set Xi to (Xj) + K

Set Xi to (Xj) + (Bk)

Set Xi to (Aj) + (Bk)

Set Xi to (Aj) - (Bk)

Set Xi to (Bj) + (Bk)

Set Xi to (Bj) - (Bk)

Execution
Time in

56-ns Cycles
Timing
Notes
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Table 4-4. Model 855 CP Instruction Timing (Sheet 1 of 3)

I ns t r uc t i on
Code Descr ip t ion

Execution
Time in

64-ns Cycles
Timing
Notes

OOxxx Error exit to MA or interrupt to executive mode

OlOxK Return jump to K 10-20

O l l j K Block copy Bj+K words from UEM to CM

012jK Block copy Bj+K words from CM to UEM

013 jK Central exchange jump to Bj + K (CYBER 170
moni tor flag set )

125

013xx Monitor exchange jump to MA (CYBER 170
moni tor flag c lear ) 125

014 jk Read one word from UEM to Xj 10-20

015jk Write one word from Xj to UEM 10-20

016jk Read free running counter 10-20

017jk I l l e g a l i n s t r u c t i o n 66-75

02ixK Jump to (Bi) + K

030 jK Branch to K if (Xj) - 0 1 or 6

031 jK Branch to K if (Xj) t 0 1 or 6

032 jK Branch to K i f (Xj) is posit ive 1 or 6

033 jK Branch to K if (Xj) is negative 1 or 6

034 jK Branch to K if (Xj) is in range 1 or 6

035 jK Branch to K if (Xj) is out of range 1 or 6

036 jK Branch to K i f (Xj) is defini te 1 or 6

037 jK Branch to K i f (X j ) is indefini te 1 or 6

04 i jK Branch to K if (Bi) » (Bj) 1 or 6

05 i jK Branch to K if (Bi) + (Bj) 1 or 6

06 i jK Branch to K if (Bi) > (Bj) 1 or 6

07 i jK Branch to K if (Bi) < (Bj) 1 or 6

l O i j x Transmit (Xj) to Xi

l l i j k Logical product of (Xj) and (Xk) to Xi

121 jk Logical sum of (Xj) and (Xk) to Xi

1 3 i j k Logical difference of (Xj) and (Xk) to Xi

14ixk Transmit complement of (Xk) to Xi

1 5 i j k Logical product of (Xj) with complement of (Xk) to Xi

Timing Notes

1. Ex<
t i i
an<

2 . F i :

jcution time varies depending on number of words and number
ae is: 36 + 24* (number of words + 5* (number of 16-word b
1 cache hit rate of 75% is assumed,
rst time shown if branch was taken; second time shown if brai

of 16-word blocks.
l ocks ) . Map h i t r ;

ich was not taken.

Execution
ate of 100%

--<a"S»v

<^>\
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Table 4-4. Model 855 CP Instruction Timing (Sheet 2 of 3)

I n s t r u c t i o n
Code Descr ip t ion

Execution
Time in

64-ns Cycles
Timing
Notes

1 6 i j k Logical sum of (Xj) with complement of (Xk) to Xi

1 7 i j k Logical difference of (Xj) with complement of (Xk) to Xi

2 0 i j k Le f t sh i f t (X i ) by j k 4-5

2 1 i j k R igh t sh i f t (X i ) by j k - .
2 2 i j k Left shif t (Xk) nominal ly (Bj) places to Xi 4-5
2 3 i j k Right shift (Xk) nominal ly (Bj) places to Xi 4-5
2 4 i j k Normalize (Xk) to XI and Bj

251 jk Round normalize (Xk) to Xi and Bj

2 6 i j k Unpack (Xk) to Xi and Bj

2 7 i j k Pack (Xk) and (Bj) to Xi

3 0 i j k Floating sum of (Xj) and (Xk) to Xi

3 1 i j k Floating difference of (Xj) and (Xk) to Xi

3 2 i j k Floating double-precision sum of (Xj) and (Xk) to Xi

3 3 i j k Float ing double-precision di fference of (Xj) and (Xk)
to Xi

3 4 i j k Round floating sum of (Xj) and (Xk) to Xi

3 5 i j k Round floating difference of (Xj) and (Xk) to Xi

3 6 i j k Integer sum of (Xj) and (Xk) to Xi

3 7 i j k Integer difference of (Xj) and (Xk) to Xi

4 0 i j k Floating product of (Xj) and (Xk) to Xi

4 1 i j k Round floating product of (Xj) and (Xk) to Xi

4 2 i j k Floating double-precision product of (Xj) and (Xk) to Xi

4 3 i j k Form mask of jk bits to Xi

4 4 i j k Floating divide (Xj) by (Xk) to Xi 10-20

451 jk Round floating divide (Xj) by (Xk) to Xi 10-20

460xx-
463xi Pass

464 jK Move indirect

465 Move direct

466 Compare collated

467 Compare uncollated

47ixk Population count of (Xk) to Xi 10-20

Timing Notes

3. CMU
i n s t

i n s t r u c t i o n s a r e s i m u l a t e d . F o r b e s t r e s u l t s , r e c o m p i
r u c t i o n s .

l e t o a v o i d u s e o f t h e s e
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Table 4-4. Model 855 CP Instruction Timing (Sheet 3 of 3)

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

50 i jK

511JK

52 i jK

5 3 i j k

541 jk

5 5 i j k

5 6 i j k

571 jk

60 i jK

61 i jK

62 i jK

6 3 i j k

6 4 i j k

6 5 i j k

660 jk

6 6 i j k

670 jk

6 7 i j k

70 i jK

71 i jK

72i jK

7 3 i j k

7 4 i j k

7 5 i j k

7 6 i j k

7 7 i j k

Descr ip t ion

Set Ai to

Set Ai to

Set Ai to

Set Ai to

Set Ai to

Set Al to

Set Ai to

Set Ai to

Set Bi to

Set Bi to

Set Bi to

Set Bi to

Set Bi to

Set Bi to

Read CM at

Set Bi to

Write Xj

Set Bi to

Set Xi to

Set. Xi to

Set Xi to

Set Xi to

Set Xi to

Set Xi to

Set Xi to

Set Xi to

(Aj) + K

(Bj) + K

(Xj) + K

(Xj) + (Bk)

(Aj) + (Bk)

(Aj) - (Bk)

(Bj) + (Bk)

(Bj) - (Bk)

(Aj) + K

(Bj) + K

(Xj) + K

(Xj) + (Bk)

(Aj) + (Bk)

(A j ) - (Bk)

(Xk) to Xj

(Bj) + (Bk)

nto CM at (Xk)

(Bj) - (Bk)

(AJ) + K

(Bj) + K

(Xj) + K

(Xj) + (Bk)

(Aj) + (Bk)

(A j ) - (Bk)

(Bj) + (Bk)

(Bj) - (Bk)

Execution
Time in

64-ns Cycles

1

4-5

4-5

4-5

4-5

4-5

2

2

-5

Timing
Notes

Timing Notes:

4. No map miss and cache hit rate of 75% is assumed.
5. No map miss is assumed.
6. ij*0 is assumed.

z-flSSv
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f P P I N S T R U C T I O N S

# ^ P P I N S T R U C T I O N F O R M A T S

Figure 4-2 shows PP ins t ruc t ion fo rmats . PP
instructions are 16 or 32 bits long. In instruction
descriptions, the operation code is given either by
two or three octal digits. The third digit, when
used, indicates the state of the s-bit (zero or one)
in I/O instructions (refer to table 4-5).

The upper 4 bits of the PP instructions must be zero
to ensure that the instructions operate as defined
in this section.

Table 4-5. PP Nomenclature

15 1211 65
ZEROS OPCODE

31 28 27 22 21 1615 1211
ZEROS OPCODE ZEROS

(P)
J \ - —v—

(P+l)
15 1211 6 5 4
ZEROS OPCODE

31 28 27 22 20 1615 12 11

(P)
J \ . — V —

( P + 0

ZEROS OPCODE ZEROS

Figure 4-2. PP Instruction Formats

/ ^ * V

/iffSS.

Term

Opcode

(A)

(d)

( (d) )

m + (d)

(m + (d))

Descr ip t ion

Specifies instruct ion operat ion code.

Specifies I /O instruct ion subcode.

Specifies channel number.

R e f e r s t o t h e A r e g i s t e r ( a r i t h m e t i c
r e g i s t e r ) o r t h e c o n t e n t o f t h e A
r e g i s t e r .

Refers to the content o f the word a t
t h e C M a d d r e s s s p e c i fi e d b y t h e A
r e g i s t e r *

R e f e r s t o t h e P r e g i s t e r o r t o t h e
c o n t e n t o f t h e P r e g i s t e r ( p r o g r a m
address reg is te r ) .

R e f e r s t o t h e R r e g i s t e r o r t o t h e
con ten t o f t he R reg i s te r ( r e l oca t i on
r e g i s t e r ) .

Refers to the content o f the word a t
the PP memory address specified by the
d fie ld (d i rec t mode) .

Refers to the content o f the word a t
the PP memory address specified by the
content of the word at the PP memory
a d d r e s s s p e c i fi e d b y t h e d fi e l d
( indirect mode).

Refers to the PP memory address speci
fi e d b y t h e m fi e l d i n d e x e d b y t h e
content of the word at the PP memory
addressed specified by the d field.

Refers to the content o f the word a t
the PP memory address specified by the
m field indexed by the content of the
w o r d a t t h e P P m e m o r y a d d r e s s
specified by the d field (memory mode).

PP DATA FORMAT

Figure 4-3 shows PP data format and how 12-bi t
data is packed into 64-bit CM words or unpacked
from 64-bit CM words.

6 3 5 9 4 8 4 7 3 6 3 5 2 4 2 3 1 2 11
a b c d e

ZEROS
64-BIT DATA WORD IN CENTRAL MEMORY

LOCATION 15 1211
d

d+1
d+2
d+3
d+4

ZEROS
ZEROS
ZEROS
ZEROS
ZEROS

64-BIT DATA WORD IN PP MEMORY

Figure 4-3. PP Data Format

PP RELOCATION REGISTER FORMAT

F i g u r e 4 - 4 s h o w s P P r e l o c a t i o n ( R ) r e g i s t e r
f o r m a t . T h i s r e g i s t e r i s l o a d e d - f r o m / s t o r e d - i n t o
PP memory by instructions 24 and 25 (load/store R
r e g i s t e r ) .
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27 18 17 6 5
a b ZEROS

RELOCATION REGISTER IN PP HARDWARE

L O C AT I O N 1 5 1 2 9
d
d + 1

ZEROS OO
ZEROS

RELOCATION REGISTER IN PP MEMORY

Figure 4-4. PP Relocation (R) Register Format

03d Unconditional Jump d

1 5 1 2 1 1 6 5

UJN d

OO 03

T h i s i n s t r u c t i o n p r o v i d e s a n u n c o n d i t i o n a l j u m p t o
any address up to 31 (decimal) locat ions forward or
backward from the current program address. The value
of d is added to the current program address. I f d
i s pos i t i ve (01 th rough 37 ) , 0001 th rough 0037 i s
added, and the jump is forward. If d is negative (40
through 76), 7740 through 7776 is added, and the jump
is backward. When d equals 00 or 77, the PP hangs; a
deadstart is required to restart the PP.

04d Zero Jump d

15 1211

ZJN d

6 5
OO 04

j^S i^v

PP INSTRUCTION DESCRIPTIONS

P P i n s t r u c t i o n d e s c r i p t i o n s a r e i n n u m e r i c a l o r
der. Refer to section 5, Programming Information.

OOxx Pass PSN
15 12 11 65

00 00

T h i s i n s t r u c t i o n s p e c i fi e s t h a t n o o p e r a t i o n i s t o
be performed. The instruct ion provides a means of
pad- ding out a program.

Th is ins t ruc t ion prov ides a cond i t iona l jump to any
address up to 31 (decimal) locations forward or back
ward f rom the current program address. I f the con
ten t o f t he A reg i s te r i s ze ro , t he j ump i s t aken .
I f the content o f A is nonzero, the next ins t ruct ion
executes f rom P p lus 1 . Negat ive zero (777777) is
t r e a t e d a s n o n z e r o . F o r i n t e r p r e t a t i o n o f d , r e f e r
to the 03 instruct ion.

05d Nonzero Jump d

15 12 11

NJN d

65
00 05

01dm Long jump to m + (d)

31 28 27 22 21 16 15 12 11
0 0 | O l |

\ A
(P)

L J M m , d

0
00 01 00

—v—
(P+l)

Th is ins t ruc t ion prov ides a cond i t iona l jump to any
address up to 31 (decimal) locations forward or back
ward f rom the current program address. I f the con
t e n t o f t h e A r e g i s t e r i s n o n z e r o , t h e j u m p i s
t a k e n . I f t h e c o n t e n t o f A i s z e r o , t h e n e x t
i ns t r uc t i on execu tes f r om P p l us 1 . Nega t i ve ze ro
(777777 ) i s t r ea ted as nonze ro . Fo r i n t e rp re ta t i on
of d, refer to the 03 instruct ion.

Th is ins t ruc t ion jumps to the address g iven by m
plus the content of location d. I f d equals zero, m
is not modified.

06d Plus Jump d

15 12 11 6 5
00 06

PJN d

02dm Return Jump to m + (d) RJM m,d

31 28 27 22 21 16 15 1211
00 02 00

A
V

(P) (P+D

This ins t ruc t ion jumps to the address g iven by m
plus the content of location d. I f d equals zero, m
is no t mod ified . The cu r ren t p rogram address (P)
p l u s 2 i s s t o r e d a t t h e j u m p a d d r e s s . T h e n e x t
ins t ruc t ion s tar ts a t the jump address p lus 1 . The
s u b p r o g r a m e x i t s w i t h a l o n g j u m p o r n o r m a l
sequencing to the jump address minus 1, which in
turn conta ins a long jump, 0100. Th is re turns the
original program address plus 2 to the P register.

Th is ins t ruc t ion p rov ides a cond i t iona l jump to any
address up to 31 (decimal) locations forward or back
ward f rom the cur ren t p rogram address . I f the s ign
o f the A reg is te r i s pos i t i ve , the jump i s taken . I f
the s ign of A is negat ive, the next inst ruct ion exe
cutes f rom P p lus 1 . Pos i t i ve zero is t rea ted as a
p o s i t i v e q u a n t i t y . N e g a t i v e z e r o i s t r e a t e d a s a
nega t i ve quan t i t y. Fo r i n t e rp re ta t i on o f d , r e fe r t o
the 03 inst ruct ion.

07d Minus Jump d

15 12 i I

MJN d

6 5
00 07

->5E^v
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Th is ins t ruc t ion p rov ides a cond i t iona l jump to any
address up to 31 (decimal) locations forward or back
ward f rom the current program address. I f the con
t e n t o f t h e A r e g i s t e r i s n e g a t i v e , t h e j u m p i s
t a k e n . I f t h e c o n t e n t o f A i s p o s i t i v e , t h e n e x t
instruct ion executes from P plus 1. Posi t ive zero is
t r e a t e d a s a p o s i t i v e q u a n t i t y. N e g a t i v e z e r o i s
t r e a t e d a s a n e g a t i v e q u a n t i t y. F o r i n t e r p r e t a t i o n
of d, refer to the 03 instruct ion.

lOd Shift d SHN d

Th is i ns t ruc t ion c lea rs the A reg is te r and loads d .
The upper 12 bits of A are zero.

15d Load Complement d

1 5 1 2 1 1 6 5
00 15

LCN d

This ins t ruc t ion c lears the A reg is ter and loads the
complement of d. The upper 12 bits of A are one.

yfpjfey

1 5 1 2 1 1 6 5 0
00 10

This inst ruct ion sh i f ts the content o f the A reg is ter
r igh t o r l e f t d p laces . I f d i s pos i t i ve (00 th rough
3 7 ) , t h e s h i f t i s l e f t c i r c u l a r . I f d i s n e g a t i v e
(40 through 77) , the sh i f t i s r igh t (end-o ff w i th no
sign extension). Thus, d equal to 06 requires a left
sh i f t o f s i x p laces ; d equa l to 71 requ i res a r igh t
sh i f t o f s ix p laces.

l i d L o g i c a l D i f f e r e n c e d

1 5 1 2 1 1 6 5

LMN d

00 II

16d Add d ADN d

15 12 II 6 5
00 16

This ins t ruc t ion adds d ( t rea ted as a 6-b i t pos i t i ve
quant i ty) to the content of the A register.

17d Subtract d

15 1211

SBN d

6 5
00 17

T h i s i n s t r u c t i o n s u b t r a c t s d ( t r e a t e d a s a 6 - b i t
posit ive quanti ty) from the content of the A register.

T h i s i n s t r u c t i o n f o r m s t h e b i t - b y - b i t l o g i c a l d i f
ference of d and the lower 6 bits of A In the regis
ter in A. Th is is equ iva lent to complement ing ind i
v i d u a l b i t s o f A t h a t c o r r e s p o n d t o b i t s o f d t h a t
are one. The upper 12 bits of A are not altered.

12d Log i ca l P roduc t d

1 5 1 2 I I 6 5

LPN d

00 12

Th is ins t ruc t ion fo rms the b i t -by -b i t log ica l p roduc t
o f d a n d t h e l o w e r 6 b i t s o f t h e A r e g i s t e r a n d
leaves th i s quan t i t y i n the l ower 6 b i t s o f A . The
upper 12 bits of A are zero.

1 3 d S e l e c t i v e C l e a r d

15 12 11

SCN d

65
00 13

T h i s i n s t r u c t i o n c l e a r s a n y o f t h e l o w e r 6 b i t s o f
t h e A r e g i s t e r w h e r e c o r r e s p o n d i n g b i t s o f d a r e
one. The upper 12 bits of A are not altered.

14d Load d LDN d

15 12 11 6 5
0 0 14

20dm Load dm LDC dm

31 28 27 22 21 16 15 12 11
00 20 00

"V~
(P)

J \ . —v—
(P+l)

Th is i ns t ruc t ion c lea rs the A reg is te r and loads an
18-b i t quant i t y cons is t ing o f d as the upper 6 b i ts
and m as the lower 12 bits. The content of the loca
t i on (P p l us 1 ) wh i ch f o l l ows t he p resen t p rog ram
address (P) is read to provide m.

21dm Add dm

3 1 2 8 2 7 2 2 2 1

ADC dm

16 15 12 11
00 21 00

(p)
J V —\/—

(P+D

T h i s i n s t r u c t i o n a d d s t o t h e A r e g i s t e r t h e 1 8 - b i t
quantity consisting of d as the upper 6 bits and m as
the lower 12 b i t s . The con ten t o f the loca t ion (P
plus 1) which follows the present program address (P)
is read to provide m.

22dm Logical Product dm

31 28 27 22 21 16 15 1211

LPC dm

0
0 0 22 00

(P)

J V —v—
(P+l)
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This instruction forms the bit-by-bit logical product
of the content of the A register and the 18-bit
quantity dm in A. The upper 6 bits of this quantity
consist of d, and the lower 12 bits are the content
of the location (P plus 1), which follows the present
program address (P).

23dm Logical Difference dm

31 2827 22 21 1615 1211

LMC dm

0
00 23 00 ID

-v-
(P)

J V —v—
(P+l)

This instruct ion forms the bit-by-bit logical di f
ference of the content of the A register and the
18-bit quantity dm in A. This is equivalent to com
plementing individual bits of A which correspond to
bits of dm that are one. The upper 6 bits of the
quantity consist of d, and the lower 12 bits are the
content of the location (P plus 1), which follows the
present program address (P).

24d Load R Register

15 12 II 65
00 24

LRD d

F i g u r e 4 - 4 s h o w s R r e g i s t e r f o r m a t . I f d i s n o t
e q u a l t o 0 , t h i s i n s t r u c t i o n l o a d s t h e R r e g i s t e r
from PP memory locations d (r ightmost 10 bits) and
d p l u s 1 ( n e x t 1 2 b i t s ) . I f d e q u a l s 0 , t h e
instruction is a pass.

25d S to re R Reg is te r

15 12 II 6 5
00 25

SRD d

F i g u r e 4 - 4 s h o w s R r e g i s t e r f o r m a t . I f d i s n o t
e q u a l t o 0 , t h i s i n s t r u c t i o n s t o r e s t h e R r e g i s t e r
into PP locations d (rightmost 10 bits) and d plus 1
(nex t 12 b i t s ) . I f d equa ls 0 , t he i ns t ruc t i on i s a
pass.

I f the CP is in the CYBER 170 moni tor mode, th is
instruction is a pass. If the CP is in the CYBER 170
job mode, it causes a CYBER 170 exchange jump in the
CP, switching the CP to the CYBER 170 monitor mode
(MF equals 1). The new CYBER 170 exchange package
begins at central memory location R plus A when the
l e f t m o s t b i t i n A i s s e t . W h e n t h i s b i t i s c l e a r, A
s p e c i fi e s t h e a d d r e s s . T h e P P w a i t s u n t i l t h e
exchange has been completed before proceeding with
the next inst ruct ion.

2620 Monitor Exchange Jump to MA

1 5 1 2 1 1 6 5

MAN

00 26 20

I f t h e C P i s i n C Y B E R 1 7 0 m o n i t o r m o d e , t h i s
instruction is a pass. If the CP is in CYBER 170 job
mode, it causes a CYBER 170 exchange jump in the CP,
switching the CP to CYBER 170 monitor mode (MF equals
1). The new CYBER 170 exchange package begins at the
a b s o l u t e a d d r e s s g i v e n i n t h e M A fi e l d o f t h e
outgoing CYBER 170 exchange package. The PP waits
u n t i l t h e e x c h a n g e h a s b e e n c o m p l e t e d b e f o r e
proceeding with the next instruction.

27d Pass KPT d

15 1211 6 5
00 27

T h i s i n s t r u c t i o n i s n o o p e r a t i o n . H o w e v e r , i t
g e n e r a t e s a p u l s e t o a t e s t p o i n t ( k e y p o i n t ) f o r
optional monitoring by external equipment.

30d Load (d) LDD d

15 1211 6 5
00 30

This inst ruct ion c lears the A reg is ter and loads the
c o n t e n t a t l o c a t i o n d . T h e u p p e r 6 b i t s o f A a r e
zero.

y^SfV

^

2600 Exchange Jump
15 12 II

EXN

6 5
00 26 00

Th is i ns t ruc t i on causes an uncond i t i ona l exchange
jump in the CP, leaving the CP CYBER 170 monitor flag
unaltered. The new CYBER 170 exchange package begins
at central memory location R plus A when the leftmost
b i t i n A i s se t . When th is b i t i s c lea r, A spec ifies
the address . The PP wa i ts un t i l the exchange has
b e e n c o m p l e t e d b e f o r e p r o c e e d i n g w i t h t h e n e x t
i n s t r u c t i o n .

2610 Monitor Exchange Jump

1 5 1 2 1 1 6 5

MXN

OO 26 10

3 1 d A d d ( d ) ADD d

15 1211 6 5
00 31

T h i s i n s t r u c t i o n a d d s t h e c o n t e n t a t l o c a t i o n d
( t r e a t e d a s a 1 2 - b i t p o s i t i v e q u a n t i t y ) t o t h e A
r e g i s t e r .

32d Subtract (d)

15 1211

SBD d

6 5
00 32

Th is ins t ruc t ion sub t rac ts the con ten t a t l oca t ion d
( t r e a t e d a s a 1 2 - b i t p o s i t i v e q u a n t i t y ) f r o m t h e A
r e g i s t e r .
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3 3 d L o g i c a l D i f f e r e n c e ( d )

1 5 1 2 1 1 6 5

L M D d 4 1 d A d d ( ( d ) )

15 12 II
00 33

6 5
00 41

ADI d

T h i s i n s t r u c t i o n f o r m s i n t h e A r e g i s t e r t h e
b i t -by -b i t log ica l d i f fe rence o f the lower 12 b i t s o f
the A reg is te r and the con ten t a t l oca t ion d . Th is
is equ iva len t to complement ing ind iv idua l b i ts o f A
w h i c h c o r r e s p o n d t o b i t s i n l o c a t i o n d t h a t a r e
ones. The upper 6 bits are not altered.

3 4 d S t o r e ( d )

15 1211 65

STD d

Th i s i ns t ruc t i on s to res t he l owe r 12 b i t s o f t he A
register at locat ion d.

00 34

35d Replace Add (d)

15 1211

RAD d

6 5
00 35

Th is i ns t ruc t ion adds the quan t i t y a t l oca t ion d to
the content of the A register and stores the lower 12
bi ts o f the resu l t a t locat ion d. The resu l t remains
i n A a t t he end o f t he ope ra t i on and t he o r i g i na l
content of A is destroyed.

36d Replace Add One (d)

1 5 1 2 1 1 6 5

AOD d

00 36

This ins t ruc t ion rep laces the quant i t y a t loca t ion d
w i t h i t s o r i g i n a l v a l u e p l u s 1 . T h e r e s u l t r e m a i n s
in the A reg is te r a t the end o f the opera t ion , and
the original content of A is destroyed.

T h i s i n s t r u c t i o n a d d s t o t h e c o n t e n t o f t h e A
r e g i s t e r a 1 2 - b i t o p e r a n d ( t r e a t e d a s a p o s i t i v e
quan t i t y ) ob ta ined by i nd i rec t add ress ing . Loca t i on
d is read from PPM, and the word read is used as the
operand address.

42d Subt rac t ( (d ) )

15 12 II

SBI d

6 5
00 42

T h i s i n s t r u c t i o n s u b t r a c t s f r o m t h e A r e g i s t e r a
1 2 - b i t o p e r a n d ( t r e a t e d a s a p o s i t i v e q u a n t i t y )
obta ined by ind i rec t address ing. Locat ion d is read
from PPM, and the word read is used as the operand
address.

4 3 d L o g i c a l D i f f e r e n c e ( ( d ) )

1 5 1 2 1 1 6 5
00 43

LMI d

T h i s i n s t r u c t i o n f o r m s i n t h e A r e g i s t e r t h e
b i t -by -b i t l og i ca l d i f f e rence o f the lower 12 b i t s o f
t h e A r e g i s t e r a n d t h e 1 2 - b i t o p e r a n d r e a d b y
ind i rec t add ress ing . Loca t i on d i s r ead f r om PPM,
and the word read is used as the operand address.
The upper 6 bits of A are not altered.

44d Store ( (d) )

15 12 11

S T I d

6 5
00 44

T h i s i n s t r u c t i o n s t o r e s t h e l o w e r 1 2 b i t s o f t h e A
reg is te r a t the loca t ion spec ified by the con ten t o f
loca t ion d .

37d Replace Subtract One (d)

1 5 1 2 1 1 6 5
00 37

S O D d 4 5 d R e p l a c e A d d ( ( d ) )

15 12 I I

RAI d

6 5
00 45

This ins t ruc t ion rep laces the quant i t y a t loca t ion d
w i th i t s o r ig ina l va lue minus 1 . The resu l t rema ins
in the A reg is te r a t the end o f the opera t ion , and
the original content of A is destroyed.

This instruct ion adds the operand, which is obtained
f rom the loca t ion spec ified by the con ten t a t l oca
t ion d , to the con ten t o f the A reg is te r. The lower
12 bits of the sum replace the original operand. The
result remains in A at the end of the operation.

40d Load ((d))

15 12 6 5
00 40

L D I d 4 6 d R e p l a c e A d d O n e ( ( d ) )

1 5 1 2 1 1 6 5

AOI d

00 46

/SflBv

Th i s i n s t r uc t i on c l ea r s t he A r eg i s t e r and l oads a
1 2 - b i t q u a n t i t y t h a t i s o b t a i n e d b y i n d i r e c t
address ing . The upper 6 b i ts o f A are zero . Loca
tion d is read from PPM, and the word read is used as
the operand address.

Th is ins t ruc t ion rep laces the operand , wh ich i s ob
ta ined f rom the locat ion spec ified by the content a t
l oca t i on d , by i t s o r i g ina l va lue p lus 1 . The resu l t
remains in the A reg is te r a t the end o f the opera
tion, and the original content of A is destroyed.
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47d Replace Subtract One ((d))

1 5 1 2 1 1 6 5

SOI d

OO 47

T h i s i n s t r u c t i o n r e p l a c e s t h e o p e r a n d , w h i c h i s
obta ined f rom the locat ion spec ified by the content
a t l o c a t i o n d , b y i t s o r i g i n a l v a l u e m i n u s 1 . T h e
resu l t rema ins in the A reg is te r a t the end o f the
operation, and the original content of A is destroyed.

50dm Load (m + (d)) LDM m,d

31 28 27 22 21 16 15 1211
00 50 00

\ A

(P) (P+l)

Th i s i ns t ruc t i on c lea rs t he A reg i s te r and l oads a
1 2 - b i t q u a n t i t y. T h e u p p e r 6 b i t s o f A a r e z e r o s .
T h e 1 2 - b i t o p e r a n d i s o b t a i n e d b y i n d e x e d d i r e c t
addressing. The quantity m, read from PPM location P
plus 1, serves as the base operand address to which
t h e c o n t e n t o f d i s a d d e d . I f d e q u a l s 0 , t h e
operand address is m, but if d is not equal to 0, ra
plus the content in d is the operand address. Thus,
location d may be used as an index quantity to modify
operand addresses.

51dm Add (m + (d))

31 28 27 22 21 16 15 12 II
O O 1 5 1 | d |

\ A .

ADM m,d

0
OO 51 00

(P)
—v—
(P+l)

a 1 2 - b i t o p e r a n d o b t a i n e d b y I n d e x e d d i r e c t
a d d r e s s i n g ( r e f e r t o t h e 5 0 i n s t r u c t i o n ) i n A . T h e
upper 6 bits of A are not altered.

54dm Store (m + (d)) STM m,d

31 28 27 22 21 16 15 1211
00 54 00

(P)
J \ . —v—

(P+l)
Th i s i ns t ruc t i on s to res t he l owe r 12 b i t s o f t he A
register In the location determined by indexed direct
addressing ( refer to 50 inst ruct ion) .

55dm Replace Add (m + (d)) RAM m,d

31 28 27 22 21 16 15 12 II
00 55 00

(P)
_/\_ — V —

(P+l)

This instruct ion adds the operand, which is obtained
f r o m t h e l o c a t i o n d e t e r m i n e d b y i n d e x e d d i r e c t
a d d r e s s i n g ( r e f e r t o t h e 5 0 i n s t r u c t i o n ) , t o t h e A
reg is te r. The lower 12 b i ts o f the sum rep lace the
original operand in PPM. The result remains in A at
the end of the operation, and the original content of
A is destroyed.

56dm Replace Add One (m + (d)) AOM m,d

This instruct ion adds the 12-bi t operand ( t reated as
a posi t ive quant i ty) read by indexed direct address
ing (refer to 50 instruct ion) to the A register.

52dm Subtract (m + (d))

31 28 27 22 21 1615 12 11

(P)
J u —V—

(P + l)

SBM m,d

0
00 52 00

31 28 27 22 21 16 15 1211
00 56 00

\ A-v
(P) (P+l)

T h i s i n s t r u c t i o n r e p l a c e s t h e o p e r a n d , w h i c h i s
o b t a i n e d f r o m t h e l o c a t i o n d e t e r m i n e d b y i n d e x e d
d i r e c t a d d r e s s i n g ( r e f e r t o t h e 5 0 i n s t r u c t i o n ) , b y
i ts or ig ina l va lue p lus 1. The resul t remains in the
A r e g i s t e r a t t h e e n d o f t h e o p e r a t i o n , a n d t h e
original content of A is destroyed.

T h i s i n s t r u c t i o n s u b t r a c t s t h e 1 2 - b i t o p e r a n d
( t r e a t e d a s a p o s i t i v e q u a n t i t y ) r e a d b y i n d e x e d
d i rec t address ing ( re fe r to the 50 ins t ruc t ion) f rom
the A regis ter.

53dm Logical Difference (m + (d))

31 28 27 22 21 16 15 12 11

J \ .
(P)

—V—
(P + l)

LMM m,d

0
00 53 00

T h i s i n s t r u c t i o n f o r m s t h e b i t - b y - b i t l o g i c a l
difference of the lower 12 bits of the A register and

57dm Replace Subtract One (m + (d))

31 28 27 22 21 1615 12 11

" V -
(P)

JV — V —
(P+D

SOM m,d

00 57 00

This Ins t ruc t ion rep laces the operand, wh ich is ob
tained from the location determined by indexed direct
a d d r e s s i n g ( r e f e r t o t h e 5 0 i n s t r u c t i o n ) , b y i t s
or ig ina l va lue minus 1. The resul t remains in the A
r e g i s t e r a t t h e e n d o f t h e o p e r a t i o n , a n d t h e
original content of A is destroyed.
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60d Central Read from (A) to d

1 5 1 2 1 1 6 5 0

CRD d

OO 60

This instruct ion dissassembles one 60-bit word from
c e n t r a l m e m o r y i n t o fi v e 1 2 - b i t w o r d s a n d s t o r e s
t h e s e i n fi v e c o n s e c u t i v e P P m e m o r y l o c a t i o n s ,
b e g i n n i n g w i t h t h e l e f t m o s t 1 2 b i t s o f t h e 6 0 - b i t
word. The parameters of the transfer are as follows:

I f bi t 17 of A is zero, A bi ts 0 through 16 contain
t h e a b s o l u t e a d d r e s s o f t h e 6 0 - b i t w o r d
t rans fe r red . I f b i t 17 o f A i s one , ha rdware adds
r e l o c a t i o n r e g i s t e r R t o z e r o - e x t e n d e d A b i t s 0
th rough 16 to ob ta in the abso lu te address o f t he
6 0 - b i t w o r d t r a n s f e r r e d . F o r f u r t h e r i n f o r m a t i o n ,
r e f e r t o R R e g i s t e r u n d e r I n p u t / O u t p u t U n i t i n
section 2, and PP Relocation Register Format at the
beginn ing of th is sect ion on PP Inst ruct ions. F ie ld
d g i v e s t h e P P l o c a t i o n w h i c h r e c e i v e s t h e fi r s t
12-b i t word t rans fe r red . PP memory address ing i s
cyclic and location 0000 follows location 7777.

61dm Central Read (d) Words from
(A) to m

CRM d,m

3 1 2 8 2 7 2 2 2 1 16 15 12 11
00 61 00

(P)
_A_ —v—

(P+l)

PP location 0000 is used by hardware. This instruc
t ion disassembles 60-bit words from central memory
in to 12-b i t words, and p laces these in consecut ive
PP memory locations, beginning with the leftmost 12
b i t s o f t h e fi r s t 6 0 - b i t w o r d . T h e p a r a m e t e r s o f
the transfer are as fol lows:

I f bi t 17 of A is zero, A bi ts 0 through 16 contain
t h e a b s o l u t e a d d r e s s o f t h e fi r s t 6 0 - b i t w o r d
t rans fe r red . I f b i t 17 o f A i s one , ha rdware adds
r e l o c a t i o n r e g i s t e r R t o z e r o - e x t e n d e d A b i t s 0
th rough 16 to ob ta in the abso lu te address o f t he
fi r s t 6 0 - b i t w o r d t r a n s f e r r e d . F o r f u r t h e r
in format ion, re fer to R Regis ter under Input /Output
Unit in section 2, and PP Relocation Register Format
at the beginning of this sect ion on PP Instruct ions.
PP location d must contain the number of 60-bit words
t r a n s f e r r e d . F i e l d m g i v e s t h e P P l o c a t i o n i n t o
which the first 12-bi t word is placed.

T h i s i n s t r u c t i o n s t o r e s P p l u s 1 i n t o P P l o c a t i o n
0 0 0 0 b e f o r e b e g i n n i n g t h e t r a n s f e r . A f t e r t h e
t rans fe r i s comple ted , the nex t ins t ruc t ion i s taken
from one plus whatever address Is stored in location
0 0 0 0 . I f t h e t r a n s f e r o v e r w r i t e s l o c a t i o n 0 0 0 0 ,
execution resumes at the location specified by (0000)
p l u s 1 a n d r e s u l t s a r e u n d e fi n e d . ( P P m e m o r y
a d d r e s s i n g i s c y c l i c a n d l o c a t i o n 0 0 0 0 f o l l o w s
locat ion 7777.)

T h e A r e g i s t e r i s i n c r e m e n t e d b y o n e a f t e r e a c h
6 0 - b i t w o r d i s r e a d f r o m c e n t r a l m e m o r y. I f t h e
increment ing changes A b i t 17 , the cen t ra l memory
address ing i s sw i tched be tween d i rec t address and
re locat ion address modes. Refer to Cent ra l Memory
Address ing by PPs, sect ion 5 . Af ter the t ransfer is

c o m p l e t e d , t h e A r e g i s t e r c o n t a i n s e i t h e r t h e
a d d r e s s o f t h e l a s t w o r d t r a n s f e r r e d p l u s o n e
( d i r e c t a d d r e s s i n g ) o r t h e s a m e a d d r e s s l e s s t h e
c o n t e n t s o f t h e r e l o c a t i o n a d d r e s s r e g i s t e r
(relocat ion addressing), except as fo l lows:

I f t h e l a s t w o r d t r a n s f e r r e d I s f r o m a r e l a t i v e
add ress 377776g and re loca t i on i s i n e f f ec t , t hen
the A register is cleared, and the value returned in
A may no t po in t to the las t word t rans fe r red p lus
one.

62d Cen t ra l Wr i te to (A ) f rom d

1 5 1 2 1 1 6 5 0
00 62

CWD d

T h i s i n s t r u c t i o n a s s e m b l e s fi v e 1 2 - b i t w o r d s f r o m
consecutive PP memory locations into one 60-bit word
and s tores the 60-b i t word in cent ra l memory. The
fi rs t 12 -b i t wo rd i s s t o red i n t he l e f tmos t 12 b i t s
of the 60-bit word. (PP memory addressing is cycl ic
a n d l o c a t i o n 0 0 0 0 f o l l o w s l o c a t i o n 7 7 7 7 . ) T h e
parameters of the transfer are as follows:

I f b i t 17 of A is zero, A bi ts 0 through 16 contain
the abso lu te address o f the 60-b i t word s to red . I f
b i t 1 7 o f A i s o n e , h a r d w a r e a d d s r e l o c a t i o n
register R to zero-extended A bi ts 0 through 16 to
o b t a i n t h e a b s o l u t e a d d r e s s o f t h e 6 0 - b i t w o r d
s t o r e d . F o r f u r t h e r i n f o r m a t i o n , r e f e r t o R
Regis ter under Input /Output Un i t in sec t ion 2 , and
PP Relocat ion Regis ter Format a t the beg inn ing o f
th i s sec t ion on PP Ins t ruc t i ons . F ie ld d g i ves the
P P l o c a t i o n o f t h e fi r s t 1 2 - b i t w o r d t r a n s f e r r e d .
The transfer is subject to the CM bounds test.

63dm Central Write (d) Words to
(A) from m

CWM m,d

31 28 27 22 21 16 15 12 11
OO 63 0 0

(P)
7\_ — V —

(P + l)
PP location 0000 is used by hardware. This instruc
t i o n a sse mb l e s 1 2 -b i t w o rd s f r o m co n se cu t i ve PP
memory locations into 60-bit words and stores these
in cen t ra l memory. The fi rs t 12 -b i t wo rd i s s to red
i n t h e l e f t m o s t 1 2 b i t s o f t h e 6 0 - b i t w o r d . ( P P
m e m o r y a d d r e s s i n g i s c y c l i c a n d l o c a t i o n 0 0 0 0
f o l l o w s l o c a t i o n 7 7 7 7 . ) T h e p a r a m e t e r s o f t h e
transfer are as fo l lows:

If bit 17 of A is zero, A bits 0 through 16 contain
the absolute address of the first 60-bi t word t rans
fe r red . I f b i t 17 o f A i s one , hardware adds re lo
cat ion register R to zero-extended A bi ts 0 through
1 6 t o o b t a i n t h e a b s o l u t e a d d r e s s o f t h e fi r s t
6 0 - b i t w o r d t r a n s f e r r e d . F o r f u r t h e r i n f o r m a t i o n ,
r e f e r t o R R e g i s t e r u n d e r I n p u t / O u t p u t U n i t i n
sect ion 2, and in PP Relocat ion Register Format at
t h e b e g i n n i n g o f t h i s s e c t i o n o n P P I n s t r u c t i o n s .
P P l o c a t i o n d m u s t c o n t a i n t h e n u m b e r o f 6 0 - b i t
w o r d s t r a n s f e r r e d . F i e l d m g i v e s t h e P P l o c a t i o n
f r o m w h e r e t h e fi r s t 1 2 - b i t w o r d i s o b t a i n e d . T h e
transfer is subject to the CM bounds test.

T h i s i n s t r u c t i o n s t o r e s P p l u s 1 i n t o P P l o c a t i o n
0 0 0 0 b e f o r e b e g i n n i n g t h e t r a n s f e r . A f t e r t h e
t ransfer is completed, the next ins t ruct ion is taken
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from one plus whatever address is stored in location
0000.

The A register is incremented by one after each
60-bit word is written into central memory. If the
incrementing changes A bit 17, the central memory
addressing is switched between direct address and
relocation address modes. Refer to Central Memory
Addressing by PPs, section 5. After the transfer is
completed, the A regis ter conta ins e i ther the
address of the last word transferred plus one
(direct addressing), or the same address less the
c o n t e n t s o f t h e r e l o c a t i o n a d d r e s s r e g i s t e r
(relocation addressing), except as follows:

If the last word transferred is from a relative
address 377776g and relocation is in effect, then
the A register is cleared, and the value returned in
A may not point to the last word transferred plus
one.

640cm Jump to m if Channel c Active

31 28 27 22 20 1615 1211
0 0 | 6 4 | p | c |

\ . A _

AJM m,c

0
00 64 00

(P)
—v—
(P+l)

If channel c is active this instruction causes a
jump to m. Otherwise, it is a pass.

641cm Test and Set Channel c Flag SCF m,c

31 28 27 22 20 1615 1211
00 64 00

(P)
j \ .

(P+D
I f the channe l c flag i s se t , th i s ins t ruc t ion
causes a jump to m. If the channel c flag Is clear,
I t se ts th is flag and cont inues wi th the next
instruction. When m is set to P plus 2, the channel
flag Is unconditionally set when the program reaches
P plus 2.

If two or more PPs simultaneously issue this in
struct ion for the same channel, the conflict is
resolved as follows:

If one of the competing channels is channel 17
(maintenance channel), the PP in the lowest physical
level sees the true condition of the flag; the other
conflicting PPs see the flag set (and hence take a
jump). I f the compet ing channel is any other
channel, software must resolve the conflict. Any
five consecutively numbered PPs (in the same barrel)
issue instructions at different times.

650cm Jump to m if Channel c Inactive IJM m,c
3 1 2 8 2 7 2 2 2 0 1 6 1 5 1 2 1 1 0

00 65 00
J \ ty y / _

( P ) ( P + l )
This instruction provides a conditional jump to a
new address specified by m. The jump is taken if
the channel specified by c is inactive. The next
instruction is at P plus 2 If the channel Is active.

651cm Clear Channel c Flag
31 2827 22 20 16 15 1211

CCF m,c
0

00 65 00
\ k l A _■ v v

( p ) ( P + D
This instruction clears the channel c flag,
field is required but not used.

The m

660cm Jump to m if Channel c Full
31 28 27 22 20 1615 1211

FJM m,c
0

00 66 00
■ y
(p)

—v—
(P+l)

This instruction provides a conditional jump to a
new address specified by m. The jump is taken if
the channel designated by c is ful l . The next
Instruction is at P plus 2 if the channel Is empty.

An input channel is full when the input equipment
places a word in the channel and that word has not
been accepted by a PP. The channel Is empty when a
word has been accepted. An output channel is full
when a PP places a word on the channel. The channel
is empty when the output equipment accepts the word.

661cm Jump to m if Channel c Error
Flag Set

31 28 27 22 20 16 15 1211

SFM m,c

00 66 00
\ „ A _■V v

( P ) ( P + D
If the channel c error flag is set, this instruction
clears the error flag and causes a jump to m. If
t h i s e r r o r fl a g i s c l e a r, t h e i n s t r u c t i o n i s a
pass. When m is set to P plus 2, the channel error
flag is unconditionally cleared when the program
reaches P plus 2.

670cm Jump to m If Channel c Empty EJM m,c
3 1 2 8 2 7 2 2 2 0 1 6 1 5 1 2 1 1 0

00 67 00
J \ .' v " v

( P ) ( P + l )
This instruction provides a conditional jump to a
new address specified by m. The jump is taken if
the channel specified by c is empty. The next
instruction is at P plus 2 if the channel is full.
Refer to 660 instruction for explanation of full and
empty.

671cm Jump to m if Channel c
Error Flag Clear

31 28 27 22 20 16 15 1211

CFM m,c

00 67 00

(p)
J u — V —

(P + D

I f t h e c h a n n e l c e r r o r fl a g i s c l e a r , t h i s
instruction causes a jump to m. If this error flag
is set, the instruction clears the error flag and
proceeds with the next instruction. When m is set

^bs^V

" ^ * \

^fiiW^V

/ * ^ ^ V
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to P p lus 2, the channel error flag is uncondi t ion
ally cleared when the program reaches P plus 2.

72d Output from A on Channel d OAN d

70d Input to A from Channel d IAN d

1 5 1 2 1 1 6 5
0 0 72

1 5 1 2 1 1 6 5 0
1 0 0 1 7 0 d | This instruct ion t ransfers a word f rom the A regis

ter (lower 12 bits) to output channel d.

This instruction transfers a word from input channel
d to the lower 12 bits of the A register. The upper
6 bits of A are cleared to zero.

| NOTE I

I f b i t 5 o f d i s c l e a r a n d t h e
channe l i s i nac t i ve , t h i s i n s t r uc t i on
hangs the PP, waiting for the channel
t o g o a c t i v e a n d f u l l , i f e x e c u t e d .
I f b i t 5 of d is set and the channel
i s i nac t i ve o r i s deac t i va ted be fo re
a f u l l i s r e c e i v e d , t h e i n s t r u c t i o n
exits. The word is not accepted, and
the A register clears.

71dm Input A Words to m
from Channel d

IAM m,d

"notTI

I f b i t 5 o f d i s c l e a r a n d t h e
c h a n n e l i s i n a c t i v e , t h i s i n s t r u c t i o n
hangs the PP, waiting for the channel
t o g o a c t i v e a n d f u l l , I f e x e c u t e d .
I f b i t 5 of d is set and the channel
is inact ive, the program cont inues at
P p l u s 1 . T h e w o r d I s n o t
t rans fe r red .

73dm Output A Words from m on
Channel d

OAM m,d

31 28 27 22 21 16 15 1211
00 73 0 0

* A . . J
(P) (P+I)

3 1 2 8 2 7 2 2 2 1 16 15 1211
00 71 0 0

A
V

(P) (P+D

Th is i ns t ruc t i on t r ans fe rs a b l ock o f 12 -b i t wo rds
from input channel d to PPM. The first word goes to
t h e P P M a d d r e s s s p e c i fi e d b y m . T h e A r e g i s t e r
holds the b lock length. A reduces by one as each
word is read. The input operation completes when A
equals zero or the data channel becomes Inact ive.
If the operation terminates by the channel becoming
inactive, the next storage location in PPM is set to
ze ro . However, t he word coun t i s no t a f fec ted by
t h i s e m p t y w o r d . T h e r e f o r e , A h o l d s t h e b l o c k
length minus the number of real data words read.

This instruction transfers a block of words from PPM
t o c h a n n e l d . T h e fi r s t w o r d i s r e a d f r o m t h e
add ress spec i fied by m . The A r eg i s t e r ho l ds t he
number of words to be sent . A reduces by one as
each word is read. The output operat ion completes
when A equals zero or the channel becomes inactive.

D u r i n g t h i s i n s t r u c t i o n , a d d r e s s 0 0 0 0 t e m p o r a r i l y
h o l d s P w h i l e m i s h e l d i n t h e P r e g i s t e r . P
advances by one to give the address of the next word
as each word is read from the PPM.

| NOTE |

I f th is ins t ruc t ion executes when the
d a t a c h a n n e l i s i n a c t i v e , n o o u t p u t
o p e r a t i o n i s a c c o m p l i s h e d , a n d t h e
program continues at P plus 2.

D u r i n g t h i s i n s t r u c t i o n , a d d r e s s 0 0 0 0 t e m p o r a r i l y
h o l d s P w h i l e m i s h e l d i n t h e P r e g i s t e r . P
advances by one to ho ld the address for the next
word as each word is stored.

| NOTE j

I f th is inst ruct ion executes when the
d a t a c h a n n e l i s i n a c t i v e , n o i n p u t
o p e r a t i o n i s a c c o m p l i s h e d , a n d t h e
program continues at P plus 2. How
ever, the loca t ion spec ified by m i s
set to zero.

74d Act ivate Channel d

15 1211 6 5
00 74

ACN d

Th is i ns t ruc t i on ac t i va tes the channe l spec ified by
d a n d s e n d s t h e a c t i v e s i g n a l o n t h e c h a n n e l t o
e q u i p m e n t c o n n e c t e d t o t h e c h a n n e l . A c t i v a t i n g a
channel, which must precede a 70 through 73 instruc
t i on , p repa res 1 /0 equ ipmen t f o r t he exchange o f
data.
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NOTE

If th is instruct ion executes when the
data channel is already act ive and i f
b i t 5 o f d i s se t , the p rogram con
t inues a t P p lus 1 . Otherwise, ac t i
v a t i n g a n a l r e a d y a c t i v e c h a n n e l
c a u s e s t h e P P t o w a i t u n t i l t h e
channel goes inactive. The PP hangs
if the channel does not go inactive.

7 5 d D e a c t i v a t e C h a n n e l d D C N d

This instruct ion sends the external funct ion code in
the lower 12 bits of the A register on channel d.

>^^v

15 1211 65
0 0 7 5

I f t h i s i n s t r u c t i o n e x e c u te s w i t h b i t
5 of d clear and the channel act ive,
PP execut ion stops unt i l a deadstar t
or another PP causes the channel to
b e c o m e i n a c t i v e . I f b i t 5 o f d i s
s e t a n d t h e c h a n n e l i s a c t i v e , t h e
p r o g r a m c o n t i n u e s a t P p l u s 1 .
N e i t h e r t h e f u n c t i o n s i g n a l n o r t h e
funct ion word t ransmits. The channel
r e m a i n s a c t i v e , a n d e x e c u t i o n
continues.

Th is i ns t ruc t i on deac t i va tes the channe l spec i fied
by d. As a result, the I/O data transfer stops.

NOTE |

I f th is inst ruct ion executes when the
data channel is a l ready Inact ive and
b i t 5 o f d is se t , the program con
t i n u e s a t P p l u s 1 . T h e c h a n n e l
r e m a i n s i n a c t i v e , a n d n o i n a c t i v e
s ignal is sent to the I /O equipment .
D e a c t i v a t i n g a n a l r e a d y i n a c t i v e
channel causes the PP to hang unt i l
the channel becomes active.

I f a n o u t p u t i n s t r u c t i o n i s f o l l o w e d
b y a d i s c o n n e c t i n s t r u c t i o n w i t h o u t
fi r s t e s t a b l i s h i n g t h a t t h e
information has been accepted by the
i n p u t d e v i c e ( c h e c k f o r c h a n n e l
empty), the last word transmitted may
be lost.

Do no t deac t i va te a channe l be fo re
p u t t i n g a u s e f u l p r o g r a m i n t h e
associated PP. PPs other than 0 are
h u n g o n a n i n p u t i n s t r u c t i o n ( 7 1 )
a f t e r d e a d s t a r t . D e a c t i v a t i n g a
c h a n n e l a f t e r d e a d s t a r t c a u s e s a n
ex i t to the address spec ified by the
content o f locat ion 0000 p lus 1 and
e x e c u t i o n o f t h a t p r o g r a m . I f t h e
c h a n n e l i s d e a c t i v a t e d w i t h o u t a
v a l i d p r o g r a m i n t h a t P P, t h e P P
executes whatever program was left in
P P M . T h e r e f o r e , t h e P P c o u l d r u n
w i l d .

7 6 d F u n c t i o n A o n C h a n n e l d F A N d

1 5 1 2 1 1 6 5 0

77dm Function m on Channel d

3 1 2 8 2 7 2 2 2 1 1 6 1 5 1 2 11

FNC m,d

0

(P)
J u —v—

(P+l)

NOTE

00 77 00

Th i s i ns t r uc t i on sends t he ex te rna l f unc t i on code
specified by m on channel d.

I f t h i s i n s t r u c t i o n e x e c u te s w i t h b i t
5 of d clear and the channel act ive,
PP execut ion stops unt i l a deadstar t
or another PP causes the channel to
b e c o m e i n a c t i v e . I f b i t 5 o f d i s
s e t a n d t h e c h a n n e l i s a c t i v e , t h e
p r o g r a m c o n t i n u e s a t P p l u s 2 .
N e i t h e r t h e f u n c t i o n s i g n a l n o r t h e
funct ion word t ransmits. The channel
r e m a i n s a c t i v e , a n d e x e c u t i o n
continues.

INSTRUCTION EXECUTION TIMING

Approximate execut ion t imes for the PP instruct ions
a r e l i s t e d i n t a b l e 4 - 6 . T h e s e t i m e s a r e l i s t e d
w i t h t h e a s s u m p t i o n t h a t n o c o n fl i c t s o c c u r. T h e
n u m b e r s i n t h e t i m i n g n o t e s c o l u m n r e f e r t o t h e
notes at the end of the table. Execut ion t imes are
given in 250-nanosecond major cycles.

00 76

| NOTE~|

T h e s e e x e c u t i o n t i m e s a r e
a p p r o x i m a t i o n s o n l y a n d s u b j e c t t o
c h a n g e w i t h o u t n o t i c e . A c c u r a t e
timings can come only from benchmark
t e s t s . C o n t r o l D a t a C o r p o r a t i o n i s
not responsible for assumptions made
based on the times listed here.
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Table 4-6. PP Instruction Timing (Sheet 1 of 3)

I n s t r u c t i o n
Code Descr ip t ion

Execution
Time in

250-ns Cycles
Tim ing 1
Notes

OOxx Pass

01dm Long jump to m + (d)

02dm Return jump to m + (d)

03d Unconditional jump d

04d Zero jump d

05d Nonzero jump d

06d Plus jump d

07d Minus jump d

lOd Shift d

l i d Logical di fference d

12d Logical product d

13d Selective clear d

14d Load d

15d Load complement d

16d Add d

17d Subtract d

20dm Load dm

21dm Add dm

22dm Logical product dm

23dm Logical difference dm

24d Load R register from (d) and (d) + 1

25d Store R register at (d) and (d) + 1

260x Exchange jump

26 lx Monitor exchange jump

262x Monitor exchange jump to MA

27d Pass

30d Load (d)

31d Add (d)

32d Subtract (d)

33d Logica l d i f fe rence (d)

34d Store (d)

35d Replace add (d)

Timing Notes:

1. No assembly-disassembly unit (ADU) conflicts and no
request in the ADU.

outstanding CYBER 170 exchange jump
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Table 4-6. PP Instruction Timing (Sheet 2 of 3)
t * s& \

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

Code Descr ip t ion
Time in

250-ns Cycles
Timing
Notes

36d Replace add one (d)

37d Replace subtract one (d)

40d Load ((d))

41d Add ((d))

42d Subt rac t ( (d ) )

43d Log ica l d i f fe rence ( (d ) )

44d Store ( (d) )

45d Replace add ((d))

46d Replace add one ((d))

47d Replace subtract one ((d))

50dm Load (m + (d))

51dm Add (m + (d))

52dm Subtract (m + (d))

53dm Logical difference (m + (d))

54dm Store (m + (d))

55dm Replace add (m + d))

56dm Replace add one (m + (d))

57 dm Replace subtract one (m + (d))

60d Central read from (A) to d 12

61dm Central read (d) words from (A) to m 2,3

62d Central write to (A) from d

63 dm Central write (d) words to (A) from m 2,4
640cm Jump to m if channel c active

641cm Test and set channel c flag

650cm Jump to m if channel c inactive

651cm Clear channel c flag

660cm Jump to m if channel c full

661cm Jump to m if channel c error flag set

Timing Notes:

2 . N o A D U c o n fl i c t s . N o c e n t r a l m e m o r y c o n fl i c t s
resynchronization (CM read instructions only).

. A d d a p o s s i b l e t r i p d u e t o

3 . 7 ma jo r cyc les fo r ins t ruc t ion se t -up and ins t ruc t ion
word.

e x i t . 5 m a j o r c y c l e s for every CM

4. 6 major cyc les fo r ins t ruc t ion se t -up and ins t ruc t ion
word.

e x i t . 5 m a j o r c y c l e s for every CM

.-CEN
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Table 4-6. PP Instruction Timing (Sheet 3 of 3)

I n s t r u c t i o n
Code Descr ip t ion

Execution
Time in

250-ns Cycles
Timing
Notes

670cm Jump to m if channel c empty

671cm Jump to m if channel c error flag clear

70d Input to A from channel d

71dm Input A words to m from channel d

72d Output from A on channel d

73dm Output (A) words from m on channel d

74d Activate channel d

75d Deactivate channel d

76d Function A on channel d

77dm Function m on channel d

Timing Notes:

5. 5 major cycles for instruct ion set-up and exi t . 1 major cycle per word (nonconflict case)
or 2 major cycles per word (conflict case).

Nonconflict case is when two PPs communicating to each other are not in the slot at the
same time.

Conflict case is when two PPs communicating with each other are in the slot at the same
time*
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PROGRAMMING INFORMATION

T h i s s e c t i o n c o n t a i n s s p e c i a l p r o g r a m m i n g i n f o r
m a t i o n a b o u t t h e C P, C M , P P s , d i s p l a y s t a t i o n ,
r e a l - t i m e c l o c k , t w o - p o r t m u l t i p l e x e r , a n d
maintenance channel.

CP PROGRAMMING

CYBER 170 EXCHANGE JUMP

The CP operates in either CYBER 170 job mode, which
can be interrupted, or CYBER 170 monitor mode, which
canno t be i n te r rup ted . A ha rdware flag ca l l ed t he
CYBER 170 monitor flag (MF) indicates the mode in
which the CP is executing a job.

The CP uses a CYBER 170 exchange jump operation to
switch from CYBER 170 job mode to CYBER 170 monitor
mode and back again. The execution of a CYBER 170
e x c h a n g e j u m p p e r m i t s t h e C P t o s e n d p e r t i n e n t
information from the operat ing and control registers
to CM and permits CM to send new information to the
same registers. The information that flows from and
i n t o t h e o p e r a t i n g a n d c o n t r o l r e g i s t e r s d u r i n g a
CYBER 170 exchange jump is cal led a CYBER 170
exchange package (figure 5-1).

A CYBER 170 exchange jump operation is initiated by
the CP 013 instruction and the PP 2600, 2610, and
2 6 2 0 i n s t r u c t i o n s . A C Y B E R 1 7 0 e x c h a n g e j u m p
instruct ion starts or interrupts the CP and provides
CM w i th t he fi r s t add ress o f a 16 -word exchange
package. For the 013 instruction with MF set (CP in
monitor mode) the starting address of the CYBER 170
exchange package is Bj plus K. With MF clear (CP in
job mode), the address is the monitor address (MA).
For the 2600 instruct ion, the CYBER 170 exchange
package address is A plus R when bit 17 of the A
r e g i s t e r i s s e t . W h e n t h i s b i t i s c l e a r , t h e
address is A. For the 2610 instruction with MF set,
the instruction is a pass. With MF clear, the CYBER
170 exchange package address is A plus R when bit 17
o f t h e A r e g i s t e r i s s e t . W h e n t h i s b i t i s c l e a r ,
the address is A. For the 2620 instruct ion wi th MF
se t , t he ins t ruc t ion i s a pass . Wi th MF c lea r, t he
CYBER 170 exchange package address is MA of the
outgoing CYBER 170 exchange package.

T h e C Y B E R 1 7 0 e x c h a n g e p a c k a g e c o n t a i n s t h e
f o l l o w i n g r e g i s t e r s w h i c h p r o v i d e i n f o r m a t i o n f o r
program execution.

• 18 -b i t p rogram address (P) reg is te r.

• 2 1 - b i t r e f e r e n c e a d d r e s s f o r C M ( R A C )
r e g i s t e r .

• 21 -b i t f i e l d l eng th fo r CM (FLC) reg i s te r.

/SfPfis

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

CM
LOCATIONS

N-l- 1

N+ 2

N+ 3

N+ 4

N+ 5

N+ 6

N + 7

N + 8

N+ 9

N + IO

N + l l

N + 12

N + 13

N + 14

N+15

' / / / / / / / / , AO y///////////////////////,
Yy< RAC Al Bl

w FLC A2 B2

EM FLAGS EM W////////////A A3 B3

W. RAE WM A4 B4

FLE yW/A A5 B5

V Z / / M MA A6 B6^ m ^ ^ * ^ % ^ A7 B7

XO

X I

X2

X3

X4

X5

X6

X7

W/a NO HARDWARE REGISTERS EXIST

Figure 5-1. CYBER 170 Exchange Package
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• 6 -b i t ex i t mode (EM) reg is te r.

• 6 - b i t f l a g r e g i s t e r .

• 2 1 - o r 2 4 - b i t r e f e r e n c e a d d r e s s f o r U E M
(RAE); 21 bits with lower 6 bits assumed to
be zero in standard addressing mode; 24 bits
r i g h t - s h i f t e d w i t h 6 a s s u m e d z e r o s i n
expanded addressing mode.

• 21- or 24-b i t f ie ld length for UEM (FLE); 21
bits in standard addressing mode and 24 bits
in expanded addressing mode; lower 6 bi ts
are assumed to be zero.

• 18-b i t moni tor address (MA) reg is ter.

• I n i t i a l c o n t e n t s o f e i g h t 6 0 - b i t X r e g i s t e r s .

• I n i t i a l c o n t e n t s o f e i g h t 1 8 - b i t A r e g i s t e r s .

• I n i t i a l c o n t e n t s o f 1 8 - b i t B r e g i s t e r s B l
through B7, BO contains constant 0.

The time that a particular CYBER 170 exchange pack
age res i des i n t he CP ha rdwa re r eg i s t e r s i s t he
e x e c u t i o n i n t e r v a l . T h e e x e c u t i o n i n t e r v a l b e g i n s
with a CYBER 170 exchange jump that swaps the CYBER
170 exchange package information in CM with the in
formation contained in the CP registers. The execu
tion interval ends with the next CYBER 170 exchange
jump.

EXECUTIVE STATE

The executive state uses a combination of hardware,
software, and microcode to handle the following:

Sys tem in i t i a l i za t i on .

Compare/move instructions.

Sof tware e r ro rs and un imp lemented ins t ruc
tions that occur in CYBER 170 monitor mode.

Processor-detected hardware errors.

Hardware in tegr i ty ver ificat ion (d iagnos
t i c s ) .

In general, executive state determines the cause of
an interrupt and decides whether to return the CP to
the interrupted mode, to halt the CP, or to simulate
a CYBER 170 exchange and return control to CYBER 170
monitor mode. Refer to Error Response, this section.

B is assumed to be 2 fo r b inary-coded quant i t ies .
I n t h e 6 0 - b i t fl o a t i n g - p o i n t f o r m a t ( fi g u r e 5 - 2 ) ,
the binary point is considered to be to the r ight of
t h e c o e f fi c i e n t . T h e l o w e r 4 8 b i t s e x p r e s s t h e
i n t e g e r c o e f fi c i e n t , w h i c h i s t h e e q u i v a l e n t o f 1 5
d e c i m a l d i g i t s . T h e s i g n o f t h e c o e f fi c i e n t i s
s e p a r a t e d f r o m t h e r e s t o f t h e c o e f fi c i e n t a n d
a p p e a r s i n t h e h i g h e s t - o r d e r b i t o f t h e p a c k e d
word . Nega t i ve numbers a re rep resen ted i n one ' s
c o m p l e m e n t n o t a t i o n . T h e e x p o n e n t i s b i a s e d b y
complementing the exponent sign bit.

I—COEFFICIENT SIGN
BIAS
EXPONENTi ribsc\

BINARY POINT-i
INTEGER COEFFICIENT

s^ss1^?

Figure 5-2. F loat ing-Point Format

Table 5-1 summarizes the configurat ions of b i ts 58
and 59 and the impl icat ions regarding signs of the
possible combinations.

Table 5-1. Bits 58 and 59 Configurations

Bit 59 Bit 58 Coeffic ien t S ign Exponent Sign

0 1 P o s i t i v e P o s i t i v e

0 0 P o s i t i v e Negative

1 0 Negative P o s i t i v e

1 1 Negative Negative

Pocking

Packing refers to the conversion of numbers in the
f o r m k B n t o fl o a t i n g - p o i n t f o r m a t . A s h o r t c u t
method of packing exponents can be derived by con
sider ing the representat ion of negat ive and posi t ive
z e r o e x p o n e n t s . A s s u m i n g a p o s i t i v e c o e f fi c i e n t ,
zero exponents are packed as follows:

•̂ SSSy

FLOATING-POINT ARITHMETIC

Format

Float ing-point ar i thmetic expresses a number in the
form kBn.

k C o e f fi c i e n t

B Base number

n Exponent or power to which the base number
is raised

Positive zero exponent

Negative zero exponent

2 0 0 0 x , . . . , x

1 7 7 7 x , . . . , x

Since positive exponents are expressed in true form,
begin wi th a b ias o f 2000 (pos i t ive zero) and add
the magnitude of the exponent. The range of posi
t i v e e x p o n e n t s i s 0 0 0 0 t h r o u g h 1 7 7 7 . I n p a c k e d
form, the range is 2000 through 3777.

When the coeffic ient is negat ive , the packed pos i
tive exponent is complemented to become 5777 through
4000. ^S%X\
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Negative exponents are expressed in complement form
by beginning with a bias of 1777 (negative zero) and
then subtracting the magnitude of the exponent. The
range of negative exponents is negative 0000 through
negat ive 1777. In packed form, the range is 1777
through 0000.

When the coefficient is negat ive, the packed nega
tive exponent is complemented to become 6000 through
7777.

Examples of packed and unpacked floating-point num
bers a re shown in oc ta l no ta t i on to i l l us t ra te the
pack ing p rocess . Examp les 1 and 2 a re d i f f e ren t
forms of the integer posit ive 1. Example 3 is posi
t ive 100 (decimal) , and example 4 is negat ive 100
(dec ima l ) . Examples 5 and 6 a re la rge and smal l
positive numbers. The unpacked values are shown as
they might appear in the X and B registers prior to
a pack operation.

The packed negative zero exponent is not used for
normal operat ion. Instead, 1777 is used to indicate
the spec ia l e r ror cond i t ion o f indefin i te .

1. Unpacked
c o e f fi c i e n t

Unpacked
exponent

Packed
format

2. Unpacked
c o e f fi c i e n t

Unpacked
exponent

Packed
format

3. Unpacked
c o e f fi c i e n t

Unpacked
exponent

Packed
format

4. Unpacked
c o e f fi c i e n t

Unpacked
exponent

Packed
format

5. Unpacked
c o e f fi c i e n t

Unpacked
exponent

Packed
format

0000 0000 0000 0000 0001

00 0000

2000 0000 0000 0000 0001

0000 4000 oooo oooo oooo

77 7720

1720 4000 0000 0000 0000

0000 6200 0000 0000 0000

77 7726

1726 6200 0000 0000 0000

7777 1577 7777 7777 7777

77 7726

6051 1577 7777 7777 7777

0000 4771 3000 0044 7021

00 1363

3363 4771 3000 0044 7021

6. Unpacked
coefficient

Unpacked
exponent

Packed
format

0000 6301 0277 4315 6033

77 6210

0210 6301 0277 4315 6033

Overflow

Overflow of the float ing-point range is ind icated by
an exponent value of positive 1777 (3777 or 4000 in
packed f o rm) . Th i s i s t he l a rges t exponen t va l ue
tha t can be rep resen ted i n t he floa t i ng -po in t f o r
mat. This exponent value may result from the calcu
la t ion in wh ich th i s exponen t va lue , toge ther w i th
the computed coeffic ient va lue, is a cor rect repre
sen ta t i on o f t he resu l t . Th i s s i t ua t i on i s ca l l ed a
p a r t i a l o v e r fl o w . H o w e v e r , f u r t h e r c o m p u t a t i o n
using this result generates an overflow.

A c o m p l e t e o v e r fl o w o c c u r s w h e n e v e r a r e s u l t
requ i res an exponent la rger than pos i t ive 1777. In
th is case , a comple te overflow va lue resu l ts . Th is
result has a positive 1777 exponent and a zero coef
ficient . The sign of the coefficient is the same as
t h a t w h i c h g e n e r a t e s i f t h e r e s u l t h a d n o t o v e r
flowed the float ing-point range.

Underflow

U n d e r fl o w o f t h e fl o a t i n g - p o i n t r a n g e i s i n d i c a t e d
by an exponent value of negative 1777 (0000 or 7777
i n p a c k e d f o r m ) . T h i s i s t h e s m a l l e s t e x p o n e n t
va lue that can be represented in the float ing-po in t
f o r m a t . T h i s e x p o n e n t v a l u e m a y r e s u l t f r o m t h e
ca lcu la t i on i n wh ich th i s exponen t va lue , toge the r
w i t h t h e c o m p u t e d c o e f fi c i e n t v a l u e , I s a c o r r e c t
r e p r e s e n t a t i o n o f t h e r e s u l t . T h i s s i t u a t i o n i s
c a l l e d a p a r t i a l u n d e r fl o w. F u r t h e r c o m p u t a t i o n
using this result may be detected as an underflow.

A c o m p l e t e u n d e r fl o w o c c u r s w h e n e v e r a r e s u l t
requires an exponent smaller than negative 1777. In
th is case, a complete underflow value resul ts. This
result has a negative 1777 exponent and a zero coef
fic ient . The complete underflow ind icator is a word
of al l zeros, and i t is the same as a zero word in
in teger format .

Indefinite

A n i n d e fi n i t e r e s u l t i n d i c a t o r g e n e r a t e s w h e n e v e r
the ca lcu la t ion cannot be reso lved . An example i s
d iv is ion when the d iv isor i s 0 and the d iv idend is
a l s o 0 . A n o t h e r e x a m p l e i s m u l t i p l i c a t i o n o f a n
overflow number t imes an underflow number. The in
d e fi n i t e r e s u l t i n d i c a t o r i s a v a l u e t h a t c a n n o t
o c c u r i n n o r m a l fl o a t i n g - p o i n t c a l c u l a t i o n s . T h i s
indicator corresponds to a negative 0 exponent and a
0 c o e f fi c i e n t ( 1 7 7 7 7 0 0 i n p a c k e d f o r m ) .

A n y i n d e fi n i t e i n d i c a t o r u s e d a s a n o p e r a n d
g e n e r a t e s a n i n d e fi n i t e r e s u l t n o m a t t e r w h a t t h e
o t h e r o p e r a n d v a l u e i s . A l t h o u g h i n d e fi n i t e i n
d icators a lways generate wi th a pos i t ive s ign, they
may occur as operands with a negative sign*

60469290 A 5-3



Nonstandard Operands

In summary, the special operand forms in octal are:

P o s i t i v e o v e r f l o w ( + €0 ) 3 7 7 7 x , , . . , x

N e g a t i v e o v e r fl o w ( - 0 0 ) 4 0 0 0 x , . . . , x

P o s i t i v e i n d e fi n i t e ( + I N D ) 1 7 7 7 x , . . . , x

N e g a t i v e i n d e fi n i t e ( - I N D ) 6 0 0 0 x , . . . , x

P o s i t i v e u n d e r fl o w ( + 0 ) 0 0 0 0 x , . . . , x

N e g a t i v e u n d e r fl o w ( - 0 ) 7 7 7 7 x , . . . , x

Tables 5-2 through 5-5 indicate the resul t ing forms
when va r ious comb ina t ions o f underflow, overflow,
a n d i n d e fi n i t e f o r m s a r e u s e d i n fl o a t i n g - p o i n t
operations. The designations W and N are defined as
fo l l ows :

W Any word except + CO and + IND

N Any word except + CO » + IND, and + 0

Normalized Number

A normal ized float ing-po in t number has as la rge a
coefficient and as small an exponent as possible. A
floating-point number in packed format is normalized
i f t h e c o e f fi c i e n t s i g n b i t i s d i f f e r e n t f r o m b i t
4 7 . T h i s c o n d i t i o n i n d i c a t e s t h a t t h e c o e f fi c i e n t
has been left shifted unti l bit 47 contains the most
s i g n i fi c a n t b i t i n t h e c o e f fi c i e n t ; t h e r e f o r e , t h e
floa t i ng -po in t number has no l ead ing s i gn b i t s i n
t h e c o e f fi c i e n t . T h e n o r m a l i z e d i n s t r u c t i o n s p e r
f o r m t h e c o e f fi c i e n t s h i f t . T h e fl o a t i n g - m u l t i p l y
and floa t i ng -d i v i de i ns t ruc t i ons de l i ve r no rma l i zed
results when provided with normalized operands. The
floa t i ng -add i ns t ruc t i ons may de l i ve r unno rma l i zed
resu l t s even when bo th operands a re norma l i zed .
Therefore, i t is necessary to perform the normal ize
o p e r a t i o n a f t e r e a c h s e q u e n c e o f fl o a t i n g - a d d o r
fl o a t i n g - s u b t r a c t o p e r a t i o n s i f t h e r e s u l t i s t o b e
kept in a normalized form.

Rounding

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 r o u n d t h e r e s u l t s i n
s i n g l e - p r e c i s i o n c o m p u t a t i o n . T h e s e I n s t r u c t i o n s
execute in the same amount of time as the unrounded
vers ions. The operands are modified to accompl ish
t h e r o u n d i n g f u n c t i o n . T h e a m o u n t o f b i a s i n t r o
d u c e d b y t h e r o u n d i n g o p e r a t i o n v a r i e s a n d i s
a f fec ted by the coe ffic ien t va lue In the operands .
T h e d e s c r i p t i o n s o f t h e r o u n d i n s t r u c t i o n s d e fi n e
the effects of rounding in detai l .

Double-Precision Results

The floa t i ng -po in t a r i t hme t i c i ns t ruc t i ons gene ra te
double-precis ion resul ts . Use of unrounded instruc
t ions a l lows separate recovery of upper and lower
h a l f r e s u l t s w i t h p r o p e r e x p o n e n t s . R o u n d e d
i n s t r u c t i o n s a l l o w o n l y u p p e r h a l f r e s u l t s t o b e
o b t a i n e d . Tw o i n s t r u c t i o n s , o n e s i n g l e - p r e c i s i o n
and one doub le-prec is ion , a re requ i red to re t r ieve
an ent i re double-precis ion resul t .

To add o r sub t rac t two floa t ing -po in t numbers , the
coe ffic ien t hav ing the sma l l e r exponen t en te rs the
upper half of an accumulator and is r ight shifted by
t h e d i f f e r e n c e o f t h e e x p o n e n t s . T h e o t h e r c o e f
fi c i e n t i s t h e n a d d e d i n t o t h e u p p e r h a l f o f t h e
accumula tor. The resu l t i s a doub le- length reg is ter
with the format shown in figure 5-3.

B I N A R Y P O I N T-
UPPER HALF RESULT
MOST SIGNIFICANT BITS

A

LOWER HALF RESULT
LEAST SIGNIFICANT BITS

A

' 9 5 4 8 N 4 7 0 ^

Figure 5-3. Floating-Add Result Format

I f s i ng le p rec i s i on i s se lec ted , t he uppe r 48 b i t s
o f t h e 9 6 - b i t r e s u l t a n d t h e l a r g e r e x p o n e n t a r e
re tu rned as the resu l t . Se lec t i ng doub le p rec i s ion
causes on ly the lower 48 b i ts o f the 96-b i t resu l t
a n d t h e l a r g e r e x p o n e n t m i n u s 6 0 ( o c t a l ) t o b e
r e t u r n e d a s t h e r e s u l t . T h e s u b t r a c t i o n o f 6 0
( o c t a l ) i s n e c e s s a r y b e c a u s e t h e b i n a r y p o i n t i s
e f f ec t i ve l y moved f r om the r i gh t o f b i t 48 t o t he
r igh t o f b i t 0 .

A 9 6 - b i t p r o d u c t g e n e r a t e s f r o m t w o 4 8 - b i t c o e f
fi c i e n t s . T h e r e s u l t o f a m u l t i p l y i s a
d o u b l e - l e n g t h r e g i s t e r w i t h t h e f o r m a t s h o w n i n
figu re 5 -4 .

BINARY POINT
U P P E R H A L F R E S U LT L O W E R H A L F R E S U LT
MOST SIGNIFICANT BITS LEAST SIGNIFICANT BITS

9 5 4 8 W 4 7 d

Figure 5-4. Mult iply Result Format

I f s ing le p rec is ion i s - se lec ted , the upper 48 b i t s
of the product and the sum of the exponents plus 60
(octa l ) a re re turned as the resu l t . The add i t ion o f
6 0 ( o c t a l ) i s n e c e s s a r y b e c a u s e t h e b i n a r y p o i n t
e f f e c t i v e l y m o v e s f r o m t h e r i g h t o f b i t 0 t o t h e
r i gh t o f b i t 48 when the uppe r ha l f o f t he 96 -b i t
r e s u l t i s s e l e c t e d . I f d o u b l e p r e c i s i o n i s
s e l e c t e d , t h e r e s u l t i s t h e l o w e r 4 8 b i t s o f t h e
product and the sum of the exponents.

FIXED-POINT ARITHMETIC

Fixed-point addi t ion and subtract ion of 60-b i t num
bers a re hand led by the long-add ins t ruc t ions (36
and 37). Negative numbers are represented in one's
complement notation, and overflows are ignored. The
s ign b i t i s i n the h igh -o rde r b i t pos i t i on (b i t 59 ) ,
a n d t h e b i n a r y p o i n t i s t o t h e r i g h t o f t h e
low-o rder b i t pos i t i on (b i t 0 ) .

F ixed-point addi t ion and subtract ion of 18-b i t num
bers are handled by the increment inst ruct ions (50
th rough 77) . Nega t i ve numbers a re rep resen ted in
o n e ' s c o m p l e m e n t n o t a t i o n , a n d o v e r fl o w s a r e
i g n o r e d . T h e s i g n b i t i s i n t h e h i g h - o r d e r b i t
p o s i t i o n ( b i t 1 7 ) , a n d t h e b i n a r y p o i n t i s t o t h e
r ight o f the low-order pos i t ion (b i t 0) .

*nti&$$\
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Table 5-2. Xj Plus Xk
(30, 32, 34 Instructions)

Table 5-3. Xj Minus Xk
(31, 33, 35 Instructions)

Xk

W +C0 -CO + IND

Xj

+00 - 0 0 IND

+ 00 + 00 + 00 IND IND

-co -CO IND -CO IND

+ IND IND IND IND IND

Xk

w +C0 -00 + IND

IND

Xj

-CO +00

+ C0 + 00 IND + 00 IND

- 0 0 - 0 0 -co IND IND

+ IND IND IND IND IND

Table 5-4. Xj Multiplied by Xk (40, 41, 42 Instructions)

Xk

+N -N +0 -0 + 00 - 0 0 + IND

Xj

+N + 00 - 0 0 IND

- N -CO + 00 IND

+0
Integer t
multiply

IND IND IND

-0 -0 IND IND IND

+00 + 00 - 0 0 IND IND + 00 -co IND

-co -co + C0 IND IND -co + C0 IND

+ IND IND IND IND IND IND IND IND

t If both operands used in the integer multiply are normalized, an underflow results.

Table 5-5. Xj Divided by Xk (44, 45 Instructions)

Xk

+N -N +0 -fl + C0 -CO + IND

X j

+N +00 -co IND

-N ^ ^ " -co + 00 IND

+0 IND IND IND

-0 IND IND IND

+00 +00 -co + 00 -CO IND IND IND

-CO -co +00 -CO + 00 IND IND IND

+.IND IND IND IND IND IND IND IND
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Integer mult ipl ication is handled as a subset opera
t i o n o f t h e fl o a t i n g - m u l t i p l y ( 4 2 ) i n s t r u c t i o n . T h e
i n t e g e r m u l t i p l y r e q u i r e s t h a t b o t h 4 7 - b i t i n t e g e r
o p e r a n d s h a v e z e r o e x p o n e n t s a n d a r e n o t n o r
m a l i z e d . T h e r e s u l t i s 4 8 b i t s w i t h s i g n e x t e n
s ion. Normal ized operands cause underflow resu l ts
t o b e r e p o r t e d . I f t h e r e s u l t s e x c e e d 4 8 b i t s ,
overflow is not detected.

An integer divide takes several steps. For example,
an integer quotient XI equal to X2/X3 is produced by
the fol lowing steps.

Ins t ruc t ions

1. Pack X2 from X2
and BO

2. Pack X3 from X3
and BO

Remarks

Pack X2

Pack X3

3 . N o r m a l i z e X 3 i n X O N o r m a l i z e X 3
a n d B O ( d i v i s o r )

4. Normalize X2 in X2
and BO

Normalize X2
(d iv idend)

5 . F l o a t i n g q u o t i e n t o f D i v i d e
X2 and XO to Xi

6. Unpack XI to XI
and B7

7. Shift XI nominal ly
left B7 places

Unpack quotient

Shi f t to In teger
pos i t i on

The d i v i de requ i res t ha t bo th i n tege r ( 247 max i
mum) operands be in float ing-point format, and the
dividend coefficient must be less than two times the
d i v i s o r c o e f fi c i e n t . T h e n o r m a l i z e X 3 i n s t r u c t i o n
ensures this condit ion.

The normal ize X3 inst ruct ion le f t sh i f ts the d iv isor
n p l a c e s ( n > 0 ) , p r o v i d i n g a d i v i s o r e x p o n e n t o f
negative n. The quotient exponent is then 0 minus
(-n) minus 48 equals n minus 48<0.

A f t e r u n p a c k i n g a n d l e f t s h i f t i n g n o m i n a l l y, t h e
negative (or zero) value In B7 right shifts the quo
tient 48 minus n places, producing an integer quo
t i e n t i n X I . A r e m a i n d e r m a y b e o b t a i n e d b y a n
in teger mul t ip ly o f X I and X3 and subt rac t ing the
result from X2.

COMPARE/MOVE ARITHMETIC
T h e c o m p a r e / m o v e a r i t h m e t i c p r o v i d e s m u l t i p l e
cha rac te r man ipu la t i on . The cha rac te rs a re 6 b i t s
long. Characters can be moved from one CM location
to another, and fields of characters can be compared
ei ther d i rect ly or through a col la te table.

The move direct instruct ion moves a field of up to
127 characters from one location to another location
as spec ified in the Ins t ruc t ion . The move ind i rec t
instruction performs the same kind of move, but a CM
r e f e r e n c e i s u s e d t o o b t a i n t h e p a r a m e t e r s . T h e
m o v e i n d i r e c t i n s t r u c t i o n m o v e s a fi e l d o f u p t o
8181 characters.

The compare collated Instruction compares two fields
of up to 127 characters. When two characters are
unequa l , t he cha rac te r s a re r e f e renced i n a co l
la te tab le , and the va lues are compared. I f those
v a l u e s a r e u n e q u a l , t h e fi e l d w i t h t h e l a r g e r
character is ind icated. The compare uncol la ted in
struct ion compares two fields of up to 127 charac
ters and ind icates the larger o f the firs t character
pair that is found to be unequal.

CMU instruct ions are provided for compatibi l i ty with
previous systems. For better performance, recompile
jobs to avoid use of CMU instructions.

INSTRUCTION LOOKAHEAD PURGE CONTROL

P r e f e t c h i n g o f i n s t r u c t i o n s a t a b r a n c h t a r g e t
address by instruct ion lookahead hardware can lead
to p rogram fa i lu res I f a p rogram mod ifies i t s own
c o d e d y n a m i c a l l y. U n d e r n o r m a l c o n d i t i o n s , t h e
lookahead reg is te rs a re purged by execu t ion o f a
return jump instruct ion (010), UEM read inst ruct ion
( O i l ) , e x c h a n g e j u m p i n s t r u c t i o n ( 0 1 3 ) , o r
u n c o n d i t i o n a l b r a n c h i n s t r u c t i o n ( 0 2 ) . T h e s e
cond i t ions can be ex tended by se lec t ing ex tended
purge con t ro l . When ex tended purge con t ro l i s i n
e f f e c t , l o o k a h e a d r e g i s t e r s a r e a l s o p u r g e d b y
execu t i on o f any cond i t i ona l j ump i ns t r uc t i on ( 03
through 07) or any CM store instruction (50 through
57 when i equals 6 or 7). To enable extended purge
contro l , the system sets b i t 52 of the flag register
i n t h e C Y B E R 1 7 0 e x c h a n g e p a c k a g e . W h e n
self-modifying code is present, i t may be helpful to
set extended purge control ; however, the addi t ional
purging does cause a degradat ion in execut ion and
does not cover all cases of code modification.

INTEGER ARITHMETIC

I n t e g e r d i v i d e p a c k s t h e i n t e g e r s i n t o fl o a t i n g
p o i n t f o r m a t u s i n g t h e p a c k i n s t r u c t i o n w i t h a
zero-exponent value.

In i n tege r mu l t i p l i ca t i on , a 48 -b i t p roduc t can be
f o r m e d b y u s i n g t h e d o u b l e - p r e c i s i o n m u l t i p l y
inst ruct ion. Both operands must have an exponent
va lue o f +0 , and t he coe f fic i en t s canno t bo th be
normal ized. The resu l t is s ign-extended to 60 b i ts
and sent to an X register.

In integer d iv is ion, the d iv isor must be normal ized
b u t t h e d i v i d e n d n e e d n o t b e n o r m a l i z e d . T h e
resul t ing quot ient must be unpacked and the coef
ficient shifted by the amount of the unpacked expo
nent us ing the le f t sh i f t (22) ins t ruc t ion to ob ta in
the integer quot ient.

Model 835 Purge Control

I f n o r m a l p u r g e c o n d i t i o n s a r e i n e f f e c t , a s t o r e
i n s t r u c t i o n t h a t m o d i fi e s a s e q u e n t i a l i n s t r u c t i o n
m u s t m o d i f y a t l e a s t P p l u s fi v e w o r d s a h e a d t o
e n s u r e e x e c u t i o n o f t h e m o d i fi e d c o d e . A s t o r e
i n s t r u c t i o n f o l l o w e d b y a b r a n c h t o a m o d i fi e d
ins t r uc t i on w i l l e xecu te t he mod i fied code on l y i f
that code is at least at the branch's target address
plus two words, or the branch is at least at P plus
four words fol lowing the store instruct ion.

I f t he ex tended pu rge op t i on i s se lec ted , a s to re
i n s t r u c t i o n c a n m o d i f y t h e n e x t s e q u e n t i a l
instruction and be assured of executing the modified
i n s t r u c t i o n . L i k e w i s e , a s t o r e i n s t r u c t i o n f o l l o w e d
b y a b r a n c h t o a m o d i fi e d i n s t r u c t i o n a l w a y s
executes the modified code.
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Model 855 Purge Control

I f no rma l pu rge cond i t i ons a re I n e f f ec t , a s t o re
i n s t r u c t i o n t h a t m o d i fi e s a s e q u e n t i a l i n s t r u c t i o n
m u s t m o d i f y a t l e a s t P p l u s s i x w o r d s a h e a d t o
ensure execut ion of the modified code. In addit ion,
a store instruction fol lowed by a branch to a modi
fied instruct ion wi l l execute the modified code only
i f t h e r e a r e a t l e a s t 1 2 e x e c u t e d I n s t r u c t i o n s
between the store and the modified code.

I f t he ex tended pu rge op t i on i s se lec ted , a s to re
i n s t r u c t i o n c a n m o d i f y t h e n e x t s e q u e n t i a l
instruction and be assured of executing the modified
ins t ruc t i on . L i kew ise , a s to re i ns t ruc t i on f o l l owed
b y a b r a n c h t o a m o d i fi e d i n s t r u c t i o n a l w a y s
executes the modified code.

Oil, 012, 014, 015 if the UEM enable flag In
the flag register of the CYBER 170 exchange
package is clear.

A n y 3 0 - b i t i n s t r u c t i o n w h i c h b e g i n s a t
parcel 3.

CONTENT OF P
EXIT REGISTER WHEN

CONDITION ERROR IS DETECTED
. C Z ^ f * "59 5453 48 47 30̂29

ZEROS ec ERROR STATUS

Figure 5-5. Format of Exit Condit ion
Register at (RAC)

ERROR RESPONSE

When the CP detects or is informed of an error, i t
records the error. Depending upon the type of error
a n d t h e e x i t m o d e s e l e c t i o n b i t s s e t i n t h e E M
r e g i s t e r , t h e p r o g r a m i n e x e c u t i o n m a y b e
i n t e r r u p t e d . I f t h e e r r o r i s a n i l l e g a l i n s t r u c t i o n
or an address-range error on an RNI or branch, the
p r o g r a m i n t e r r u p t i o n i s u n c o n d i t i o n a l . F o r o t h e r
t y p e s o f e r r o r s , t h e e x i t m o d e s e l e c t i o n b i t s
d e t e r m i n e w h e t h e r o r n o t t h e p r o g r a m i s
i n t e r r u p t e d . I f t h e e x i t m o d e s e l e c t i o n b i t i s s e t
a n d t h e c o r r e s p o n d i n g c o n d i t i o n i s d e t e c t e d , t h e
p r o g r a m i s i n t e r r u p t e d . T h e e x i t m o d e s e l e c t i o n
bits are contained in word N plus 3 of the exchange
package. F igure 5 -5 shows the fo rmat o f the ex i t
c o n d i t i o n r e g i s t e r a t ( R A C ) . Ta b l e 5 - 6 d e s c r i b e s
t h e p o s s i b l e c o n t e n t s o f t h e r e g i s t e r. Ta b l e s 5 - 7
and 5-8 list CP error responses.

The CP has the fo l l ow ing e r ro r cond i t i ons : i l l ega l
ins t ruc t ions, hardware er rors , and cond i t iona l so f t
ware errors.

Illegal Instructions

A n i n s t r u c t i o n i s i l l e g a l w h e n i t h a s a n i l l e g a l
opera t ing code , an i l l ega l opera t ing pa ramete r, o r
w h e n i t i s p o s i t i o n e d s o t h a t i t b e g i n s i n o n e
instruct ion word and extends into the next inst ruc
t i o n w o r d . I n t h e C Y B E R 1 7 0 j o b m o d e , i l l e g a l
inst ruct ions cause an exchange to the CYBER 170
monitor mode. In the CYBER 170 monitor mode, they
cause a jump to executive state; the CP stops. CP
i l l e g a l i n s t r u c t i o n s a r e :

017.

011, 012, 013, 464, 465, 466, 467 if they do
not begin at parcel 0.

Table 5-6. Contents of Exi t Condit ion
Register at (RAC)

Fie ld Descr ip t ion

ec 6-b i t ex i t condi t ion code

C o d e C o n d i t i o n

0 0 g I l l e g a l i n s t r u c t i o n
0 1 g A d d r e s s - r a n g e e r r o r

( b i t 48 )
0 2 g F l o a t i n g - p o i n t i n fi n i t e

(b i t 49 )
0 4 g F l o a t i n g - p o i n t

i n d e fi n i t e ( b i t 5 0 )
2 0 g P r o c e s s o r - d e f e c t e d

mal funct ion
6 7 g H a r d w a r e m a l f u n c t i o n

P When an error exit occurs, the con
tent o f the P reg is ter may not cor
r e s p o n d t o t h e a d d r e s s o f t h e
i n s t r u c t i o n t h a t c a u s e d t h e e r r o r
ex i t . The P reg is ter may have been
inc remen ted p r i o r t o t he execu t i on
o f t h e i n s t r u c t i o n .

ERROR Nonzero information in bits 0 through
STATUS 2 9 i s e r r o r s t a t u s f o r c u s t o m e r

engineering and maintenance.

Hardware Errors

C P / C M h a r d w a r e e r r o r s a r e : d a t a p a r i t y e r r o r s ,
a d d r e s s p a r i t y e r r o r s , a n d d o u b l e b i t e r r o r s . I f
the CP is in CYBER 170 job mode, a hardware error
causes a jump to execut ive s ta te wh ich re turns to
CYBER 170 monitor mode. If the CP is in CYBER 170
mon i to r mode , a ha rdware e r ro r causes a jump to
e x e c u t i v e s t a t e ; t h e C P h a l t s . T h e i n s t r u c t i o n
being executed when such a fault is detected is not
necessari ly connected with the faul t .
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Table 5-7. Error Exits in CYBER 170 Monitor Mode (MF=1) (Sheet 1 of 2)

Error Condi t ion

Error Response

Exit Mode Selected Exit Mode Not Selected

I l l ega l i ns t ruc t ion o r 00
i n s t r u c t i o n .

1. The Instruction is not executed. 1. N/A (exit mode is always
se lec ted ) .

2. Store P and exit condition
bits (00) at location RAC. P equals
address o f i l lega l ins t ruc t ion .

3. Interrupt to execut ive state.

4. CP stops in executive state.

Exit condit ion bit 48 set by
an incremental read with an

1. The X register is unchanged. 1. Inhibit read, X unchanged.

address out of range (AOR). 2. The A register contains the AOR
address.

2. Cont inue execut ion.

3. Store P and exit condition bits
(01) at location RAC. P equals
address of increment instruction
or address of instruct ion fol lowing
the increment.

4. Interrupt to execut ive state.

5. CP stops In executive state.

Exit condition bit 48 set by
an incremental write with an
address out of range (AOR).

1.

2 .

Block write operation; content of
CM is unchanged.

The A register contains the AOR
address.

1. Inhibit write, CM unchanged.

2. Cont inue execut ion.

3. Store P and exit condition bits
(01) at location RAC. P equals
address of instruction or address
of ins t ruc t ion fo l lowing the
increment.

4. Interrupt to execut ive state.

5. CP stops in executive state.

Exit condition bit 48 set by
an RNI or branch address
out of range.

1.

2.

Inh ib i t execut ion.

Store P and exit condition bits
(01) at location RAC. P equals
address of instruct ion required
by RNI or address of branch
des t ina t i on i ns t ruc t i on .

1. N/A (exit mode is always
selected regardless of status
of EM register bit 48).

3. Interrupt to execut ive state.

4. CP stops in executive state.

^ * « ^ V
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Table 5-7. Error Exits in CYBER 170 Monitor Mode (MF=1) (Sheet 2 of 2)

Error Condit ion

Error Response

Exit Mode Selected Exit Mode Not Selected

Exit condit ion bit 48 set 1. Detected by executive state during 1. Detected by executive state
on CMU instruction. the execution of compare/move

i n s t r u c t i o n .
during the execution of compare/
move inst ruct ion.

1. Cl or C2 greater than 9.
2. Condit ion 1 omits reading/writ ing; 2. Condit ion 1 omits reading/writ

2. Kl or K2 address out of CM is unchanged* Condition 2 ing; CM is unchanged. Condition
range.

3.

causes the instruction to
go unexecuted.

Store P and exit bits (01) at

2 causes the instruction to go
unexecuted.

RAC. 3. Cont inue with next instruct ion.

4. CP stops in executive state.

Exit condit ion bit 48 set by 1. Execute instruction as a pass. 1. Execute instruction as a pass.
a UEM address range check
for instruct ions Oi l and 012. 2 .

3 .

4 .

Store P and exit bits (01) at RAC.

Interrupt to execut ive s tate.

CP stops in executive state.

2. Exit to next 60-bit word and
continue execution.

Exit condit ion bit 48 set by 1. Execute instruction as a pass. 1. Execute instruction as a pass.
a UEM address range check
for instructions 014 and 015. 2.

3.

4 .

Store P and exit condition bits (01)
at RAC. P equals address of follow
ing i ns t ruc t i on .

In terrupt to execut ive s tate.

CP stops in executive state.

2. Exit to next parcel and continue
execut ion.

Exit condit ion bit 49 set by 1. Store P and exit condition bits (02 1. Continue execution.
i n fi n i t e c o n d i t i o n , o r b i t f o r i n fi n i t e o r 0 4 f o r i n d e fi n i t e ) .
50 set by indefinite P equals address of arithmetic
cond i t ion .

2.

3 .

instruct ion or address of instruc
t i on f o l l ow ing .

In terrupt to execut ive s tate.

CP stops in executive state.

Any hardware parity error or 1. Interrupt to execut ive s tate. 1. In ter rupt to execut ive s ta te .
double SECDED error.

2. Executive state stores P and exit
condition bits (20) at RAC.

2. Executive state stores P and
ex i t cond i t i on b i t s (20 ) a t
RAC.

3. CP stops in executive state.
3. CP stops in executive state.
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Table 5-8. Error Exits in CYBER 170 Job Mode (MF=0) (Sheet 1 of 2)

Error Condi t ion

I l l ega l i ns t ruc t ion o r 00
i n s t r u c t i o n .

Exit condition bit 48 set by
an incremental read with an
address out of range (AOR).

Exit condition bit 48 set by
an incremental write with an
address out of range (AOR).

Exit condit ion bit 48 set by
an RNI or branch address
out of range.

Error Response

Exit Mode Selected

1. The instruction is not executed.

2. Store P and exit condition bits
(00) at location RAC. P equals
address o f i l lega l ins t ruc t ion .

3. Exchange jump to MA and set CYBER
170 MF.

1. The X register is unchanged.

2. The A register contains the AOR
address.

3. Store P and exit condition
bits (01) at location RAC.
P equals address of increment
instruct ion or address of instruc
tion fol lowing the increment.

4. Exchange jump to MA and set CYBER
170 MF.

1. Block wri te operat ion; content of
CM is unchanged.

2. The A register contains the AOR
address.

3. Store P and exit condit ion bits
(01) at location RAC. P equals
address of instruction or address
of ins t ruc t ion fo l lowing the
increment.

4. Exchange jump to MA and set
CYBER 170 MF.

1 . I n h i b i t e x e c u t i o n .

2. Store P and exit condit ion bits
(01) at location RAC. P equals
address of instruction required by
RNI or address of branch destination
i n s t r u c t i o n .

3. Exchange jump to MA and set
CYBER 170 MF.

Exit Mode Not Selected

N/A (exit mode is always
se lec ted ) .

/ f fl x

Inhibit read, X unchanged.

Continue execution.

Inhibit write, CM unchanged.

Continue execution.

N/A (exit mode is always
selected regardless of status
of EM register bit 48).

yd^^V

.rffi^PV
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Table 5-8. Error Exits in CYBER 170 Job Mode (MF=0) (Sheet 2 of 2)

Error Condit ion

Error Response

Exit Mode Selected Exit Mode Not Selected

Exit condition bit 48 set on 1. Detected by executive state during 1. Detected by executive state
CMU instruction. the execution of compare/move

i n s t r u c t i o n .
during the execution of compare/
move instruct ion.

1. Cl or C2 greater than 9.
2. Condit ion 1 omits reading/writ ing; 2. Condit ion 1 omits reading/writ

2. Kl or K2 address out of CM is unchanged. Conditon 2 causes ing; CM is unchanged. Condition
range. the instruction to go unexecuted. 2 causes the instruction to go

unexecuted.

3. Store P and exit bits (01) at RAC. 3. Cont inue with next instruct ion.

4. Exchange jump to MA and set CYBER
170 MF.

Exit condit ion bit 48 set by 1. Execute instruction as a pass. 1. Execute instruction as a pass.
a UEM address range check
for instructions Oil and 012. 2 .

3 .

Store P and exit bits (01) at RAC.

Exchange jump to MA and set CYBER
170 MF.

2. Exit to next 60-bit word and
continue execution.

Exit condit ion bit 48 set by 1. Execute instruction as a pass. 1. Execute instruction as a pass.
a UEM address range check for
instructions 014 and 015. 2.

3 .

4 .

Stop CP.

Store P and exit condition bits (01)
at location RAC.

Exchange jump to MA and set CYBER
170 MF.

2. Exit to next parcel and
continue execution.

Exit condit ion bit 49 set by 1. Store P and exit condition bits 1. Continue execution.
i n fi n i t e c o n d i t i o n , o r (02 fo r Infin i te o r 04 fo r indefi
b i t 50 set by indefin i te nite). P equals address of ari th
cond i t ion .

2.

metic instruct ion or address of
i ns t ruc t i on f o l l ow ing .

Exchange jump to MA and set CYBER
170 MF.

Any hardware parity error 1. Interrupt to execut ive s tate. 1. In te r rup t to execut ive s ta te .
or double SECDED error.

2. Executive state stores P and exit
condition bits (20) at RAC.

2. Executive state stores P and
ex i t cond i t ion b i ts (20) a t
RAC.

3. Exchange jump to MA and set CYBER
170 MF. 3. Exchange jump to MA and set

CYBER 170 MF.
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Conditional Software Errors ADDRESSING MODES
>c^^s

Condi t ional sof tware errors are caused by address-
r a n g e e r r o r s , a n d fl o a t i n g - p o i n t i n fi n i t e / i n d e fi n i t e
o p e r a n d s o r r e s u l t s . A c o n d i t i o n a l s o f t w a r e e r r o r
causes action depending on bits set in the EM field
in the current CYBER 170 exchange package. If the
bi t reserved for use wi th the specific type of error
is clear, the error is ignored in both CYBER 170 job
and CYBER 170 monitor modes. If the bit is set and
the e r ro r occu rs i n t he CYBER 170 j ob mode , i t
causes an exchange to the CYBER 170 monitor mode.

If the bit is set and the error occurs in the CYBER
1 7 0 m o n i t o r m o d e , i t c a u s e s a n i n t e r r u p t t o
executive state.

UEM can be used in either of two addressing modes:
s tanda rd o r expanded . S tanda rd add ress ing mode
p r o v i d e s a d d r e s s i n g u p t o 2 1 b i t s i n a 2 4 - b i t
f o r m a t . E x p a n d e d a d d r e s s i n g m o d e p r o v i d e s
a d d r e s s i n g u p t o 2 4 b i t s i n a 3 0 - b i t f o r m a t .
A d d r e s s i n g m o d e i s d e t e r m i n e d b y t h e e x p a n d e d
a d d r e s s i n g s e l e c t fl a g , b i t 5 5 o f w o r d 3 i n t h e
CYBER 170 exchange package.

DIRECT READ/WRITE INSTRUCTIONS (014,015,660, 670)

<*C3yi^X

MEMORY PROGRAMMING
All references to CM by the CP for instruct ions or
read/write data are made relative to RAC. The RAC
defines the lower l imi t of the addresses of a pro
g ram i n CM. The uppe r l im i t o f t he p rog ram ad
dresses is defined by FLC added to RAC.

All references to UEM by the CP for instructions or
read/write data are made relative to RAE. The RAE
d e fi n e s t h e l o w e r l i m i t o f t h e a d d r e s s e s o f a
p r o g r a m / d a t a i n U E M . T h e u p p e r l i m i t o f t h e
addresses is defined by FLE added to RAE.

T h e fi e l d l e n g t h I s a n u m b e r o f 6 0 - b i t w o r d s
established by the operating system prior to program
e x e c u t i o n * A l l r e f e r e n c e s t o C M o r U E M f o r a
p rog ram/da ta mus t be w i th in the fie ld es tab l i shed
for that program.

During a CYBER 170 exchange jump, RAC and FLC are
loaded in to respec t i ve reg is te rs to define the CM
limits of the program that is initiated by the CYBER
170 exchange jump. RAE and FLE are loaded to define
the UEM limits of a program.

Figure 5-6 shows the absolute and relat ive memory
a d d r e s s e s , R A C , F L C , R A E , a n d F L E r e g i s t e r
re la t ionsh ips. For a program to operate wi th in the
e s t a b l i s h e d l i m i t s , t h e f o l l o w i n g c o n d i t i o n s m u s t
e x i s t .

For absolute memory addresses:

RAC < (RAC + P) < (RAC + FLC)

For relative memory addresses:

0 < P < FLC

These instruct ions transfer one 60-bit word between
the selected X register and a memory location, using
a 21-bi t re lat ive address. Inst ruct ions 660 and 670
use the memory address Xk (21 bits) plus RAC (21
bi ts) to address CM. Instruct ions 014 and 015 use
the memory address Xk (21 bits) plus RAE (21 bits)
to address UEM.

BLOCK COPY INSTRUCTIONS (Oil, 012)

T h e s e i n s t r u c t i o n s t r a n s f e r u p t o 1 3 1 0 7 1 6 0 - b i t
words between fields in CM and UEM. The UEM address
i s X 0 p l u s R A E ( b i t s 0 t h r o u g h 2 2 i n s t a n d a r d
a d d r e s s i n g m o d e ; b i t s 0 t h r o u g h 2 8 i n e x p a n d e d
addressing mode). The CM address is A0 plus RAC (if
t h e b l o c k c o p y fl a g i s c l e a r i n t h e C Y B E R 1 7 0
exchange package) or X0, bi ts 30 through 50, plus
RAC (if the block copy flag is set).

The t rans fe rs occur i n b locks o f up to 64 words ,
during which other CP activities are suspended.

T h e s e i n s t r u c t i o n s a r e 3 0 - b i t i n s t r u c t i o n s w h i c h
must start at parcel 0. I f the UEM address has bi t
21 or bit 22 set in standard addressing mode (bit 28
i f i n e x p a n d e d a d d r e s s i n g m o d e ) , z e r o s a r e
transferred to CM and the next instruct ion is taken
from parcel 2 of the same instruct ion word. I f th is
i s n o t t h e c a s e o n a b l o c k r e a d , t h e n e x t
i n s t r u c t i o n i s t a k e n f r o m p a r c e l 0 o f t h e n e x t
i n s t r u c t i o n w o r d . A t r a n s f e r o f a l l z e r o s c a n b e
made to central memory using the 011 instruction and
s e t t i n g b i t 2 1 o r 2 2 ( o r b i t 2 8 ) o f t h e a d d r e s s
(X0 + RAE) when FLE is sufficiently large.

r<^^y
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Figure 5-6. Memory Map
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PP PROGRAMMING
The PPs have access to a l l CM storage locat ions.
One 64-bit word or a block of 64-bit words can be
transferred from a peripheral processor memory (PPM)
to CM or f rom CM to PPM. (Five 12-bi t PP words
equal one 64-bit CM word, with the leftmost 4 bits
undefined.) Data f rom external devices is read into
a P P M , a n d w i t h a d d i t i o n a l i n s t r u c t i o n s , i s
t r a n s f e r r e d t o C M . C o n v e r s e l y , d a t a i s t r a n s
ferred from CM to a PPM and is then transferred by
a d d i t i o n a l i n s t r u c t i o n s t o e x t e r n a l d e v i c e s .
Addresses sent to CM from PPs are absolute or relo
cation addresses.

CENTRAL MEMORY ADDRESSING BY PPs

PPs address central memory using either absolute or
r e l o c a t i o n a d d r e s s i n g . E v e r y P P c a n r e a d a l l
cent ra l memory locat ions wi thout rest r ic t ion. Every
PP has write access to central memory. The bounds
register in central memory may also be set to l imit
write access from the IOU.

I n s t r u c t i o n s 2 4 / 2 5 l o a d / s t o r e t h e r e l o c a t i o n ( R )
reg i s te r. I f b i t 17 o f t he A reg i s te r i s ze ro , b i t s
0 through 16 of A specify an absolute central memory
a d d r e s s 0 t h r o u g h 3 7 7 7 7 7 g . I f b i t 1 7 o f A i s
one, bits 0 through 16 of A are added to the 28-bit
R reg is te r to spec i f y an abso lu te cen t ra l memory
address 0 through 0 007 777 777g. I f b i t 17 of A
changes during a transfer, the addressing mode also
c h a n g e s a c c o r d i n g l y . T h e l e f t m o s t 7 b i t s o f R
r e p r e s e n t e x t r a a d d r e s s i n g c a p a c i t y w h i c h i s
unused . The r i gh tmos t 6 b i t s o f R a re appended
zeros. Instruct ion 24 loads R from two consecut ive
PP memory locat ions. Ins t ruct ion 25 s tores R in to
two PP memory locations. Figure 4-4 shows how R is
stored in PP memory.

PP MEMORY ADDRESSING BY PPs

PP instruct ions use 6-bi t or 18-bi t direct operands,
o r access PP memory th rough d i rec t , i nd i rec t , o r
indexed addressing.

Direct 6-Bit Address

PP ins t ruc t ions In th is category are d i rec t address
instructions. They have the format OPCODEd. The d
fie ld i s used as a 6 -b i t d i rec t add ress , access ing
PP memory locations 0 to 77g.

Direct 12-Bit Address

PP inst ruct ions in th is category are indexed d i rect
a d d r e s s i n s t r u c t i o n s , w i t h z e r o i n d e x . T h e y h a v e
the format OPCODEdm, d equals 0. The m field is
used as a 12-bit direct address, accessing PP memory
locations 0 through 7777o.

Indexed 12-Bit Address

PP inst ruct ions in th is category are indexed d i rect
a d d r e s s i n s t r u c t i o n s . T h e y h a v e t h e f o r m a t
OPCODEdm, d equals 0. The m field is used as a
12 -b i t d i rec t add ress (base add ress ) . The d fie ld
specifies a PP memory location from 1 to 77o, the
c o n t e n t s o f w h i c h i s a 1 2 - b i t o n e ' s c o m p l e m e n t
number index. The indexed direct address is formed
by adding the index to the base address as signed
one's complement numbers, ignoring overflow. When m
p l u s ( d ) e q u a l s 7 7 7 7 , t h e r e s u l t i s s e t t o 0 0 0 0 ,
excep t as f o l l ows : add ing 7777 p lus 7777 equa l s
7777. In genera l , adding 0000 or 7777 leaves the
other number unchanged, except when the other number
is also 0000 or 7777.

Indirect 6-Bit Address

P P i n s t r u c t i o n s i n t h i s c a t e g o r y a r e i n d i r e c t
a d d r e s s i n s t r u c t i o n s . T h e y h a v e t h e f o r m a t
OPCODEd. The 6-bit d field Is used to read a 12-bit
n u m b e r f r o m P P l o c a t i o n s 0 t h r o u g h 7 7 g . t h i s
number is used as a 12-b i t address to access PP
memory locations 0 through 7777a,

<""^^!V

/^S^\

Direct 6-Bit Operand

P P i n s t r u c t i o n s i n t h i s c a t e g o r y
ins t ruc t ions . They have the fo rmat
fi e l d i s u s e d a s a 6 - b i t d i r e c t
extended to 18 bits in calculations.

are no-address
OPCODEd. The d
operand, zero-

Direct 18-Bit Operand

P P i n s t r u c t i o n s i n t h i s c a t e g o r y a r e c o n s t a n t
a d d r e s s i n s t r u c t i o n s . T h e y h a v e t h e f o r m a t
OPCODEdm. The combined d and m fields are used as
an 18-bit operand.

CENTRAL MEMORY READ/WRITE INSTRUCTIONS

PP instructions can read and write to central memory
either single words or blocks of words.

PP Central Memory Read {Instructions, |60, 61).

I n s t r u c t i o n 6 0 t r a n s f e r s o n e C M w o r d i n t o ' fi v e
12-bi t PP memory words. Instruct ion 61 t ransfers a
block of 1 through 811 CM words into 5 through 4095
1 2 - b i t P P w o r d s ; i t i s p o s s i b l e t o t r a n s f e r u p t o
4096 CM words overwr i t i ng PP memory cyc l i ca l l y ;
l oca t ion 0 , however, has spec ia l p roper t ies . Re fe r
to inst ruct ion 61.
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PP Central Memory Write Instructions (62, 63) Act ion Typ ica l Ins t ruc t i on

j ^ f ^ V

Instruction 62 transfers five 12-bit PP memory words
i n t o o n e C M w o r d . I n s t r u c t i o n 6 3 t r a n s f e r s 5
through 4095 PP memory words into 1 through 811 CM
words. I t i s poss ib le to t ransfer up to 20 480 PP
memory words, repeating information from PP memory
c y c l i c a l l y .

INPUT/OUTPUT CHANNEL COMMUNICATIONS

Data transfers to and from external devices are con
t r o l l e d b y P P I n s t r u c t i o n s 6 4 t h r o u g h 7 7 . T h e
ass ignment o f PPs , t rans fe r p r io r i t i es and reso lu
t ion o f confl ic ts a re so f tware respons ib i l i t i es .

Channel parity and reservation must be provided for,
using the channel marker flag and/or software inter
l ocks i n cen t ra l memory. A f te r any confl i c t s have
been resolved, proceed as follows:

Act ion

1 . C l e a r e r r o r fl a g .

Typ ica l Ins t ruc t i on

Jump i f e r ro r flag se t ,
and clear flag (661).

2 . Ver i f y i nac t i ve s ta tus . Jump i f ac t i ve (640) .

3 . Ver i f y read s ta tus .

P r e p a r e f o r r e a d i n g F u n c t i o n m ( 7 7 ) .
summary status.

Ver i fy tha t the dev ice Jump i f ac t ive (640) .
responded.

Activate channel.

Read summary status.

Ve r i f y e r r o r fl a g
c l e a r .

Ac t iva te (74) .

Input to A (70).

Jump if error flag set
(661).

Ana lyze summary s ta tus . Log ica l p roduc t (12) .
Zero jump (04).

Load d (14).4. Enter number of words
to A.

5 . Prepare fo r inpu t /
output .

Ver i fy inac t ive s ta tus . Jump i f ac t ive (640) .

Prepare for read/wri te. Funct ion m (77).

Ver i fy tha t the dev ice Jump i f ac t ive (640) .
responded.

6. Read/wr i te data.

A c t i v a t e c h a n n e l . A c t i v a t e ( 7 4 ) .

R e a d / w r i t e d a t a . I n p u t / o u t p u t A w o r d s
(71/73) .

Jump i f fu l l (660) .I f w r i t e , l o o p u n t i l
empty.

Disconnect channel. Deact ivate (75).

7 . Ve r i f y t r a n s f e r
i n t e g r i t y .

Verify A words were
t r a n s f e r r e d ( r e f e r
to note) .

Ve r i f y e r r o r fl a g
c l e a r.

Ve r i f y i n a c t i v e
s ta tus .

Prepare for reading
device s tatus.

Ver i fy that the device
responded.

Act ivate channel .

Read device status.

Ve r i f y e r r o r fl a g
c l e a r.

Analyze device status.

Disconnect channel.

Nonzero jump (05).

Jump if error flag set
(661).

Jump if active (640).

Function m (77).

Jump If active (640).

Ac t iva te (74) .

Input to A (70).

Jump if error flag set
(661).

L o g i c a l p r o d u c t ( 1 2 ) ,
Nonzero jump (05).

Deact ivate (75).

| NOTE

I f A e q u a l s t h e o r i g i n a l v a l u e , n o
words were transferred.

If A is not equal to 0, the device or
another PP ended the transfer.

iNTER-PP COMMUNICATIONS

Any PP can communicate with any other PP using any
channel (except the real- t ime clock) by omit t ing the
condi t ioning of the external devices of that channel
f o r a d a t a t r a n s f e r . B o t h s i n g l e w o r d a n d b l o c k
t r a n s f e r s c a n b e u s e d . E i t h e r t h e s e n d i n g o r t h e
rece iv ing PP can ac t i va te the channe l used , a f te r
which the sending PP outputs data into the channel
register of the channel concerned and the receiving
PP inputs data from the same register. The transfer
rate is one word every 250 nanoseconds, except when
the transfer is between PPs in di fferent barrels but
in the same t ime s lot . In such a case the t ransfer
rate is one word every 500 nanoseconds. PPs which
use the same time slots are as follows:

S lo t PP Number

1
2
3
4
5

0, 5, 20, 25
1, 6, 21, 26
2, 7, 22, 27
3, 10, 23, 30
4, 11, 24, 31

Ver i fy inac t ive s ta tus . Jump i f ac t i ve (640) .

Sof tware reso lves pr ior i ty and reservat ion prob lems
a r i s i n g i n i n t e r - P P c o m m u n i c a t i o n s b y i n t e r l o c k s
stored in CM or by other means.
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PP PROGRAM TIMING CONSIDERATIONS

Some ex terna l equ ipment may requ i re t im ing con
s idera t ions in i ssu ing func t ion , ac t i va te , and input
i n s t r u c t i o n s . R e f e r t o t h e a p p l i c a b l e e x t e r n a l
equipment reference manual. Such t iming considera
t ions may, for example, be required to ensure that
the equipment attains a proper speed before data is
sent ( requi red by some magnet ic tape equipment) .
Also, equipment which terminates a data transfer by
reset t ing the ac t ive flag to inac t ive o f ten requ i res
t im ing cons idera t ions in I ssu ing the nex t func t ion
i n s t r u c t i o n .

CHANNEL OPERATION

Channel Control Flags

C h a n n e l o p e r a t i o n i s a f f e c t e d b y t h e c h a n n e l
ac t ive / inact ive and fu l l /empty flags and, depending
on the s ta tus o f t hese two flags , t he channe l i s
s a i d t o b e a c t i v e , i n a c t i v e , f u l l , o r e m p t y. E a c h
channel also has a marker flag for software use, and
a n e r r o r fl a g f o r i n d i c a t i n g t r a n s m i s s i o n p a r i t y
e r ro rs .

Channel Active/Inactive Flag

A channel is normally activated by a function (76 or
7 7 ) i n s t r u c t i o n o r b y a n a c t i v a t e c h a n n e l ( 7 4 )
ins t ruc t ion . The channe l can a lso be ac t i va ted by
an external device.

A f u n c t i o n i n s t r u c t i o n c o n d i t i o n s t h e e x t e r n a l
d e v i c e f o r a c o m i n g d a t a o r s t a t u s i n f o r m a t i o n
t r a n s f e r. T h e i n s t r u c t i o n p l a c e s a 1 2 - b i t f u n c t i o n
word p lus par i t y in the channe l reg is te r and se ts
the act ive and fu l l flags. The funct ion word and a
funct ion s ignal are sent to the external device. No
a c t i v e o r f u l l s i g n a l s a r e s e n t d u r i n g a f u n c t i o n
ins t ruc t ion . The ex te rna l dev ice accepts the func
tion word and sends an inactive signal which clears
t h e c h a n n e l a c t i v e a n d f u l l fl a g s , c l e a r i n g t h e
channel register.

An act ivate channel inst ruct ion prepares a channel
for data transfer and sends an act ive signal to the
e x t e r n a l d e v i c e . S u b s e q u e n t i n p u t o r o u t p u t
i n s t r u c t i o n s t r a n s f e r d a t a . A d i s c o n n e c t c h a n n e l
( 7 5 ) i n s t r u c t i o n a f t e r a d a t a t r a n s f e r r e t u r n s t h e
channel to an inactive state, and an inactive signal
is sent to the external device.

Register Full/Empty Flag

A r e g i s t e r i s f u l l w h e n i t c o n t a i n s a f u n c t i o n o r
data word for an external device or contains a word
rece ived f rom the externa l dev ice. The reg is ter is
empty when the flag c lears . The flag is turned on

or off as the register changes state. A channel can
only be ful l when it is active.

On data output, the processor places a word in the
channel register ( the channel should be act ive and
e m p t y ) a n d s e t s a f u l l fl a g . T h e d a t a w o r d p l u s
p a r i t y a n d a f u l l s i g n a l a r e s e n t t o t h e e x t e r n a l
dev ice . The ex te rna l dev ice accepts the word and
sends an empty s ignal to the channel which c lears
t h e f u l l fl a g , c l e a r i n g t h e c h a n n e l r e g i s t e r . T h e
act ive and empty status of the channel s ignals the
PP to send the next word to the register.

On data input, the external device sends a word and
a f u l l s i g n a l t o t h e d a t a c h a n n e l . T h e w o r d i s
p l a c e d i n t h e c h a n n e l r e g i s t e r, a n d t h e f u l l fl a g
se ts . The PP s to res the word and c lea rs the fu l l
fl a g , c l e a r i n g t h e d a t a r e g i s t e r. A n e m p t y s i g n a l
is sent to the external dev ice s ignal ing i t to send

Channel (Marker) Flag Instructions (641,651) i

This flag is used by software as a marker and does
not affect hardware operation. When PPs in the same
t i m e s l o t u s e t h i s fl a g , p r i o r i t y c o n fl i c t s e x i s t .
For channel 17g (maintenance channel) marker flag,
p r i o r i t y p r o b l e m s a r e r e s o l v e d b y h a r d w a r e . F o r
other channels, such conflic ts must be resolved by
sof tware. Any five consecut ive ly numbered PPs are
not in the same time slot.

Error Flag Instructions (661, 671)

T h i s fl a g i n d i c a t e s a n i n p u t d a t a p a r i t y e r r o r o n
t h e s p e c i fi c c h a n n e l b e i n g t e s t e d . I t a l s o i n d i
cates an output data parity error on channels which
have t he capab i l i t y o f send ing an e r ro r s i gna l t o
the IOU in case of such an error. The status regis
ter of the device concerned must be read to ver i fy
output da ta in tegr i ty.

Channel Transfer Timing

F i g u r e 5 - 7 s h o w s c h a n n e l t r a n s f e r t i m i n g . A l l
s igna l pu lses a re 25+5 nanoseconds in w id th and
occur 25+5 nanoseconds fol lowing the 10-megahertz
c lock.

To m a i n t a i n t h e f a s t e s t p o s s i b l e c y c l e t i m e ( 2 5 0
nanoseconds) , a func t ion / fu l l /empty pu lse f rom the
P P m u s t b e a n s w e r e d w i t h a n i n a c t i v e / e m p t y / f u l l
pu lse , respec t i ve ly, w i th in 310+35 nanoseconds . I f
the max imum speed is not requ i red, th is response
t ime may be inc reased by mu l t i p les o f 100 nano
seconds.

The PP master clock frequency can be varied by +2
percent . The per iphera l dev ices used must to lerate
th is f requency var ia t ion.

,y<^v
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INPUT/OUTPUT TRANSFERS

Data Input Sequence

The external device sends data (figure 5-8) to the
PP via the controller as follows:

1. The PP places a function word in the channel
r e g i s t e r a n d s e t s t h e f u l l fl a g a n d t h e
channel ac t ive flag. At the same t ime, the
PP sends the first of a group of words and
f u n c t i o n s i g n a l s t o a l l c o n t r o l l e r s . T h e
f u n c t i o n s i g n a l s c a u s e a l l c o n t r o l l e r s t o
sample the words and identify the words as
f u n c t i o n c o d e s r a t h e r t h a n d a t a w o r d s .
Connect codes select controllers and modes
o f o p e r a t i o n a n d c l e a r n o n s e l e c t e d c o n
t r o l l e r s . O n l y s e l e c t e d c o n t r o l l e r s a r e
connected.

2 . The con t ro l l e r sends an i nac t i ve s i gna l t o
the PP, ind icat ing acceptance of the func
t i o n c o d e . T h e s i g n a l d r o p s t h e c h a n n e l
a c t i v e fl a g , w h i c h i n t u r n d r o p s t h e f u l l
flag and clears the channel register.

3 . T h e P P s e t s t h e c h a n n e l a c t i v e fl a g a n d
s e n d s a n a c t i v e s i g n a l t o t h e c o n t r o l l e r
wh ich s igna ls the input equ ipment to s tar t
sending data.

4. The input equipment reads a 12-bit data word
plus one parity bit and then sends the word
w i t h pa r i t y t o t he channe l r eg i s t e r w i t h a
fu l l s igna l wh ich sets the channel fu l l flag
( 1 0 t o 1 5 n a n o s e c o n d s a f t e r t h e d a t a
a r r i v e s ) .

5. The PP stores the word, drops the ful l flag,
a n d r e t u r n s a n e m p t y s i g n a l , i n d i c a t i n g
acceptance of the word. The input equipment
c l e a r s i t s d a t a r e g i s t e r a n d p r e p a r e s t o
send the next word.

6. Steps 4 and 5 repeat for each word t rans
f e r r e d .

7 . A t t h e e n d o f t h e t r a n s f e r , t h e c o n t r o l l e r
c l e a r s i t s a c t i v e c o n d i t i o n a n d s e n d s a n
i n a c t i v e s i g n a l t o t h e P P t o i n d i c a t e t h e
e n d o f t h e d a t a . T h e s i g n a l c l e a r s t h e
c h a n n e l a c t i v e fl a g t o d i s c o n n e c t t h e
controller and the PP from the channel.

8 . A s a n a l t e r n a t i v e , t h e P P m a y c h o o s e t o
disconnect from the channel before the input
e q u i p m e n t h a s s e n t a l l i t s d a t a . T h e P P
d o e s t h i s b y d ro p p i n g t h e a c t i ve fla g a n d
sending an inact ive s igna l to the cont ro l le r
wh i ch immed ia te l y c l ea rs i t s ac t i ve cond i
t ion and sends no more data, a l though the
input equipment may continue to the end of
its record or cycle (for example, a magnetic
t a p e u n i t w o u l d c o n t i n u e t o e n d - o f - r e c o r d
and stop in the record gap).

Data Output Sequence

T h e P P s e n d s d a t a ( fi g u r e 5 - 9 ) t o t h e e x t e r n a l
device as follows:

1. The PP places a function word in the channel
r e g i s t e r a n d s e t s t h e f u l l fl a g a n d t h e
c h a n n e l a c t i v e fl a g . T h e f u n c t i o n s i g n a l
causes a l l con t ro l l e r s t o samp le t he wo rd
a n d i d e n t i f y t h e w o r d a s a f u n c t i o n c o d e
r a t h e r t h a n a d a t a w o r d . C o n n e c t c o d e s
s e l e c t c o n t r o l l e r s a n d m o d e s o f o p e r a t i o n
a n d c l e a r n o n s e l e c t e d c o n t r o l l e r s . O n l y
selected control lers are connected.

2 . T h e c o n t r o l l e r s e n d s a n I n a c t i v e s i g n a l t o
the PP, Ind ica t ing acceptance o f the func
t i o n c o d e . T h e s i g n a l d r o p s t h e c h a n n e l
a c t i v e fl a g , w h i c h i n t u r n d r o p s t h e f u l l
flag and clears the channel register.

3 . T h e P P s e t s t h e c h a n n e l a c t i v e fl a g a n d
s e n d s a n a c t i v e s i g n a l t o t h e c o n t r o l l e r
which signals the output equipment that data
flow i s s ta r t i ng .

4. The PP p laces a 12-b i t data word p lus one
par i t y b i t i n the channe l reg is te r and se ts
the fu l l flag . Co inc iden t l y, the PP sends a
w o r d w i t h p a r i t y a n d a f u l l s i g n a l t o t h e
c o n t r o l l e r .

5. The controller accepts the word and sends an
e m p t y s i g n a l t o t h e P P w h e r e t h e s i g n a l
c l e a r s t h e c h a n n e l r e g i s t e r a n d d r o p s t h e
f u l l fl a g .

6. Steps 4 and 5 repeat for each PP word.

7 . A f t e r t h e l a s t w o r d i s t r a n s f e r r e d a n d
acknowledged by the controller empty signal,
t h e P P d r o p s t h e c h a n n e l a c t i v e fl a g a n d
t u r n s o f f t h e c o n t r o l l e r w i t h a n i n a c t i v e
s i g n a l .
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CHANNEL INACTIVE
STATUS

SIGNAL

PP INSTRUCTIONS
76 AND 77

INACTIVE

PP INSTRUCTION ACTIVE

PP INSTRUCTIONS
70 AND 71

FULL

EMPTY

INACTIVE
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FUNCTION

12-BIT WORD
+ I BIT PARITY pp

ED

PP

FUNCTION CODE

I

PL
1 2 - B I T W O R D E D
+ I BIT PARITY

OATAn
ED

PP

ED

DATA

J~L
J ^

> REPEATS FOR EACH WORD

DISCONNECT (END OF DATA)

P P I N S T R U C T I O N I N A C T I V E P P
7 5 ( A L T E R N A T E )

DISCONNECT 10)

TIME IS A FUNCTION OF ED.

(7) TIME IS A FUNCTION OF EXTERNAL DEVICE (ED). PP RECOGNIZES INACTIVE 1 MAJOR^^ CYCLE <0R A MULTIPLE OF MAJOR CYCLES) AFTER FUNCTION. THE PP MUST PREVIOUSLY
RECEIVE INACTIVE.

0 TIME IS A FUNCTION OF PERIPHERAL PROCESSOR (PP). MINIMUM TIME IS 1 MINOR CYCLE.ACTUAL TIME IS A FUNCTION OF THE PP PROGRAM.

0 TIME IS A FUNCTION OF PP. MINIMUM TIME IS 1 MINOR CYCLE. MAXIMUM TIME IS UP^ TO 4 MINOR CYCLES TO ALLOW OPERATION WITHIN 1 MAJOR CYCLE.

0 TIME IS A FUNCTION OF PP. MINIMUM TIME IS 2 MAJOR CYCLES. MAXIMUM TIME IS
AN INTEGRAL MULTIPLE OF MAJOR CYCLES.

0 TIME IS A FUNCTION OF EO.

7. MAJOR CYCLE TIME IS 2S0 NS.

8. MINOR CYCLE IS SO NS.

0 TIME IS A FUNCTION OF ED. FULL SHOULD PROCEED THE DATA BY A MINIMUM OF 5 NS
(15 NS MAXIMUM) TO REMOVE THE CLEAR ON THE INPUT DATA RECEIVERS.

0 PP MAY DISCONNECT AFTER EMPTY SIGNAL OF ANY ED WORD. STATUS REQUESTDISCONNECTS IN THIS MANNER.

0 CHANNEL MUST BE PREVIOUSLY INACTIVE.

0 CHANNEL REMAINS ACTIVE UNTIL ED SENDS INACTIVE.

0 CHANNEL MUST BE PREVIOUSLY INACTIVE.

Figure 5-8. Data Input Sequence Timing
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CHANNEL INACTIVE
STATUS

© © ©
I ACTIVE

z^sBjv

h
HiHh5H«-®+-©H

■©- H HH

pp
INSTRUCTIONS

76 AND 77

PP

SIGNAL

FUNCTION

13-BIT
WORD

INACTIVE

FUNCTION CODE ,
I I

INSTRUCTION ACTIVE
74

13-BIT
WORD

PP
INSTRUCTIONS

72 AND 73

PP

FULL

EMPTY

INSTRUCTION INACTIVE
75

ED

PP

PP

PP

ED

PP

n_;n_n. j~l

r~L_
REPEATS
FOR EACH
DATA WORD

I (DISCONNECT
J [(END OF DATA)

(7) TIME IS A FUNCTION OF EXTERNAL DEVICE (ED). PP RECOGNIZES INACTIVE 1 MAJOR^ CYCLE (OR A MULTIPLE OF MAJOR CYCLES) AFTER FUNCTION. THE PP MUST PREVIOUSLY
RECEIVE INACTIVE.

0 TIME IS A FUNCTION OF PERIPHERAL PROCESSOR (PP). MINIMUM TIME IS 1 MINOR CYCLE.
ACTUAL TIME IS A FUNCTION OF THE PP PROGRAM.

0 TIME IS A FUNCTION OF ED.

0 TIME IS A FUNCTION OF PP. MINIMUM TIME IS 1 MINOR CYCLE. MAXIMUM TIME IS UP^ TO 4 MINOR CYCLES TO ALLOW OPERATION WITHIN 1 MAJOR CYCLE.

0 TIME IS A FUNCTION OF PP. MINIMUM TIME IS 2 MAJOR CYCLES. MAXIMUM TIME IS
AN INTEGRAL MULTIPLE OF MAJOR CYCLES.

0 TIME IS A FUNCTION OF ED.

7. MAJOR CYCLE TIME IS 2S0 NS,

8. MINOR CYCLE IS SO NS.

0 CHANNEL MUST BE PREVIOUSLY INACTIVE.

0 CHANNEL REMAINS ACTIVE UNTIL ED SENDS INACTIVE.

0 CHANNEL MUST BE PREVIOUSLY INACTIVE.

>*̂ \̂

Figure 5-9. Data Output Sequence Timing
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DISPLAY STATION PROGRAMMING

KEYBOARD

a n d Y c o o r d i n a t e s . T h e l o w e r l e f t c o r n e r d o t i s
octal address X=6000 and Y=7000, and the upper right
corner dot is octal address X=6777 and Y=7777.

A PP transmits function code 7020g to request data
f rom the keyboard o f the d i sp lay s ta t ion . The PP
t h e n a c t i v a t e s t h e i n p u t c h a n n e l a n d i n p u t s o n e
character f rom the keyboard. This character enters
as the lower 6 bits of the word; the upper bits are
c l e a r e d . T h e r e i s n o s t a t u s r e p o r t b y t h e
k e y b o a r d . Ta b l e 5 - 9 l i s t s t h e k e y b o a r d c h a r a c t e r
codes.

Table 5-9. Keyboard Character Codes

Character Code Character Code

No data 00 33
A 01 34
B 02 35
C 03 36
D 04 37
E 05 40
F 06 41
G 07 42
H 10 43
I 11 44
J 12 45
K 13 46
L 14 47
M 15 50
N 16 51
0 17 52
P 20 Left blank key 53
Q 21 54
R 22 Right blank key 55
S 23 56
T 24 57
U 25 Carriage return 60
V 26 Backspace 61
W 27 Space 62
X 30
Y 31
Z 32

Character Mode

In character mode, three s izes are provided. Large
cha rac te rs a re a r ranged i n a 32 -by -32 do t f o rma t
wi th 16 characters per l ine. Medium characters are
arranged in a 16-by-16 dot format with 32 characters
p e r l i n e . S m a l l c h a r a c t e r s a r e a r r a n g e d I n a n
8 - b y - 8 d o t f o r m a t w i t h 6 4 c h a r a c t e r s p e r l i n e .
Table 5-10 l ists the display character codes.

Table 5-10. Display Character Codes

Character Code Character Code

Space 00 33
A 01 34
B 02 35
C 03 36
D 04 37
E 05 40
F 06 41
G 07 42
H 10 43
I 11 44
J 12 45
K 13 46
L 14 47
M 15 50
N 16 51
0 17 52
P 20 Space 53
Q 21 54
R 22 Space 55
S 23 56
T 24 57
U 25
V 26
W 27
X 30
Y 31
Z 32

DATA DISPLAY

Data is displayed within an 8- by 11-inch area of a
c a t h o d e - r a y t u b e ( C R T ) . T h e d i s p l a y c a n b e i n
c h a r a c t e r m o d e ( a l p h a n u m e r i c ) a n d / o r d o t m o d e
(g raph i c ) . Two p resen ta t i on a reas ( l e f t and r i gh t )
a r e d i s p l a y e d . E a c h i s m a d e u p o f 2 6 2 1 4 4 d o t
locations arranged in a 512-by-512 dot format. Each
dot pos i t ion is determined by the in tersect ion of X

Dot Mode
In do t mode, d isp lay do ts a re pos i t ioned by the X
and Y coord ina tes . The X coord ina tes pos i t ion the
d o t s h o r i z o n t a l l y. T h e Y c o o r d i n a t e s p o s i t i o n t h e
do ts ver t i ca l l y and unb lank the CRT fo r each do t .
Horizontal l ines are formed by a series of X and Y
coo rd ina tes . Ve r t i ca l l i nes a re f o rmed by a s i ng le
X coordinate and a series of Y coordinates.
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Codes PROGRAMMING EXAMPLE
/S|»

A s ingle funct ion word is t ransmit ted to select the
presen ta t ion , mode, and charac te r s i ze (charac te r
m o d e o n l y ) . F i g u r e 5 - 1 0 i l l u s t r a t e s t h e f u n c t i o n
word format . The word fo l lowing the funct ion word
s p e c i fi e s t h e s t a r t i n g c o o r d i n a t e s f o r t h e d i s p l a y
( f o r e i t h e r m o d e ) . F i g u r e 5 - 11 i l l u s t r a t e s t h e
coordinate data word. In character mode, the words
t h a t f o l l o w a r e d i s p l a y c h a r a c t e r c o d e s . F i g u r e
5-12 i l lustrates the character data word.

OsLEFT PRESENTATION
I = RIGHT PRESENTATION

7= EQUIPMENT NOT
SELECT USED

- A I

0= CHARACTER MODE
MDOT MODE
Z- KEYBOARD INPUT

0 = SMALL CHARACTERS
I = MEDIUM CHARACTERS
2=LARGE CHARACTERS

\̂ et7~ 6"5 3V2

Figure 5-10. Display Station Output
Function Code

6 s X C O O R D I N A T E
7 = Y A D D R E S S

' I I 9 V 8 d

note:
in dot mode, each y coordinate transmitted forces
a oot display.

Figure 5-11. Coordinate Data Word

FIRST
CHARACTER

A

SECOND
CHARACTER

A
' l l 6W5

Figure 5-12. Character Data Word

When the d isp lay opera t ion has s ta r ted , the con
t ro l l e r r egu la tes cha rac te r spac ing on the l i ne . A
new coordinate data word must be sent to start each
l ine . I f new coord inates are not spec ified, data is
w r i t t e n o n t h e l i n e s p e c i fi e d b y t h e a c t i v e c o o r
dinate word, and information already on that l ine is
overwritten. Character sizes can be mixed by send
ing a new function word and coordinate word for each
s ize change. Spac ing on a l ine can be var ied by
sending a coordinate word for the character which is
to be spaced differently.

T h e f o l l o w i n g p r o g r a m m i n g e x a m p l e ( fi g u r e 5 - 1 3 )
requests an input of one l ine of data from the dis
play station and displays this data on the CRT as it
is being typed.

f START J

i r
. INPUT ONE

DATA WORD

< DATAvT YES

■vvNO

STORE
DATA

I
ASSEMBLE
DATA IN
CHARACTER
MODE FORMAT

1r
OUTPUT
ASSEMBLED DATA
PLUS INITIAL
COORDINATES

^ H A S ^ X s .no /"display linens,
\ b e e n fi l l e d /

Tyes

/ c o n t i n u e ^ v , YES
■>. DISPLAY .

T n o

END

Figure 5-13. Receive and Display
Program Flowchart

PROGRAMMING TIMING CONSIDERATIONS

When performing an output operat ion, the computer
mus t wa i t a t t he end o f t he ou tpu t f o r a channe l
empty condit ion to prevent a loss of coordinates or
data. A ful l jump at the end of the output ensures
that the channel is empty and the display control ler
a c c e p t s t h e l a s t w o r d o f t h e o u t p u t b e f o r e d i s
connecting from the channel.
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REAL-TIME CLOCK PROGRAMMING Terminal Select (7XXX)

C h a n n e l I 4 g i s r e s e r v e d f o r t h e r e a l - t i m e c l o c k .
This channel is always act ive and ful l and may be
read a t any t ime . The rea l - t ime c lock i s a 12 -b i t
f ree-running counter increment ing at a 1-megahertz
rate from 0 through 4095iq.

The PP sends this select code to specify the termi
nal to which the funct ion codes and data transmis
s ions app ly. Code 7000 se lec ts po r t 0 ( fo r fu tu re
u s e ) a n d c o d e 7 0 0 1 s e l e c t s p o r t 1 ( m a i n t e n a n c e
console) .

TWO-PORT MULTIPLEXER PROGRAMMING

/§!PWS,

1 NOTE~|

For two-port mult iplexer programming,
b i t n u m b e r i n g w i t h i n w o r d s i s 0
through 63 from left to r ight.

Channe l 15g I s rese rved fo r commun ica t ions w i th
one o r two ex te rna l dev i ces th rough the two-po r t
mu l t i p lexer. One por t i s reserved fo r ma in tenance
purposes and the other is reserved for future use.
The two-por t mul t ip lexer can communicate w i th a l l
ex terna l dev ices wh ich use EIA s tandard RS-232C
ser ia l in te r face . The mul t ip lexer can accommodate
data with odd/even parity, 5 to 8 bits per character
and 1 or 2 stop bi ts. The format is set by issuing
a p p r o p r i a t e f u n c t i o n c o d e s . T h e r a t e i s s w i t c h
se lec tab le fo r each channe l fo r opera t ion be tween
110 and 9600 baud. These switches are located in
ternal ly on the two-port mul t ip lexer.

TWO-PORT MULTIPLEXER OPERATION

The two-port mult iplexer uses the r ightmost 12 bi ts
on channel 15 A 1 2 - b i t ( o c t a l ) f u n c t i o n w o r d
f rom the PP is t rans la ted to spec i fy the fo l low ing
operat ing condit ions*

C o d e F u n c t i o n

7 X X X Te r m i n a l s e l e c t

6XXX Te rm ina l dese lec t

00XX Read status summary

01XX Read termina l data

0 2 X X Wr i t e o u t p u t b u f f e r

03XX Set operat ion mode to terminal

0 4 X X S e t / c l e a r t e r m i n a l c o n t r o l s i g n a l , d a t a
terminal ready (DTR)

0 5 X X S e t / c l e a r t e r m i n a l c o n t r o l s i g n a l ,
request to send (RTS)

06XX No t used

07XX Master c lear se lec ted por t

Terminal Deselect (6XXX)

The PP sends this code which deselects the two-port
mul t ip lexer f rom channel 15g so the 16-b i t channel
is available for inter-PP communications.

Read Status Summary (00XX)

This code permi ts the PP to input s tatus f rom the
s e l e c t e d t e r m i n a l . O n e - w o r d i n p u t m u s t f o l l o w t o
read the status response. The response is 12 bits.

B i t

52-58

59

60

61

62

63

Status

Not used

Output buffer not fu l l

Input ready

Data carr ier detect or carr ier on

Data set ready

Ring ind icat ion

PP Read Terminal Data (01XX) )

This code permits the PP to input the terminal data
f rom the se lec ted te rm ina l . Channe l 15g mUs t be
act ivated and a one-word input must fol low to read
in the terminal data. The data word is 12 bits.

Bit Status

5 2 D a t a s e t r e a d y

5 3 D a t a s e t r e a d y a n d d a t a c a r r i e r
de tec to r

5 4 O v e r r u n

5 5 F r a m i n g o r p a r i t y e r r o r

5 6 - 6 3 8 - b i t d a t a

Data Set Ready (Bit 52)

When the da ta se t ready s igna l i s ac t i ve , th i s b i t
se ts .

j i r j * * ^
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Data Set Ready (DSR) and Data Carrier Detector (DCD)
(Bit 53)

When both data set ready and data carrier detector
s ignals are act ive, th is b i t sets .

Over Run (Bit 54)

When the previously received character is not read
by the PP be fo re the p resen t charac te r i s t rans
f e r r e d t o t h e d a t a h o l d i n g r e g i s t e r, t h e o v e r r u n
b i t s e t s .

Framing or Parity Error (Bit 55)

When the received character does not have a valid
stop bi t ( f raming error) , or when th is bi t sets, the
rece ived charac ter par i ty does not agree wi th the
se lec t pa r i t y (pa r i t y e r ro r ) .

Data Character (Bits 56 through 63)

The lower 8 b i ts o f the input word fo rm the data
c h a r a c t e r . T h e m u l t i p l e x e r f o r m s t h i s c h a r a c t e r
d i rec t ly f rom the Un iversa l Asynchronous Rece iver
and Transmitter (UART).

B i t

60

61-62

63

Status

Number of stop bits

Th i s b i t se l ec t s t he number o f s t op
b i t s , 1 o r 2 , t o b e a p p e n d e d
i m m e d i a t e l y a f t e r t h e p a r i t y b i t .
W h e n t h i s b i t i s c l e a r, i t i n s e r t s 1
s t o p b i t a n d w h e n s e t , i t i n s e r t s 2
s top b i t s .

Number of bits per character

These 2 b i t s a re in te rna l l y decoded
to select 5, 6, 7, or 8 data bits per
charac te r.

B i t 6 1 B i t 6 2 B i t s p e r C h a r a c t e r

Odd/even parity select

T h i s b i t s e l e c t s t h e t y p e o f p a r i t y
wh ich w i l l be appended immed ia te l y
a f t e r t h e d a t a b i t s . I t a l s o d e t e r
mines the parity that wil l be checked
on read data.

PP Write Output Buffer (02XX)

Th i s code p repa res t he mu l t i p l exe r f o r an ou tpu t
operation to the 64-character output buffer memory.
Be fo re an ou tpu t ope ra t i on can p roceed , channe l
1 5 8 m u s t b e a c t i v a t e d . T h e o u t p u t o p e r a t i o n i s
terminated when the multiplexer receives an inactive
signal from the PP, or when no more locations are
ava i l ab le i n the ou tpu t bu f fe r. I n the la t te r case ,
an inact ive ( ins tead o f empty) s igna l is sent back
t o t h e c h a n n e l , w h i c h i n t u r n w i l l t e r m i n a t e t h e
output operations.

Set/Clear Data Terminal Ready (04XX)

This code permits the PP to set or clear the termi
nal control signal, data terminal ready (DTR.). When
b i t 63 i s se t , DTR i s ac t i ve , and when b i t 63 i s
clear, DTR Is inactive.

Set/Clear Request to Send (05XX)

This code permits the PP to set or clear the termi
nal control signal, request to send (RTS). When bit
63 is set, RTS is active, and when bit 63 Is clear,
RTS is inactive.

Set Operation Mode to the Terminal (03XX)

This code permits the PP to set the terminal opera
t i o n m o d e r e g i s t e r . A 1 2 - b i t f u n c t i o n c o d e w o r d
f rom the PP spec ifies the opera t ion o f the te rm i
n a l . T h i s w o r d i s d e c o d e d i n t h e f u n c t i o n r e g i s
t e r . S e g m e n t s o f t h e w o r d d e fi n e t h e m o d e a s
fo l lows:

Master Clear (07XX)

T h i s c o d e p e r m i t s t h e P P t o m a s t e r c l e a r t h e
selected port including its output buffer memory and
U A RT. T h e t e r m i n a l o p e r a t i o n m o d e r e g i s t e r a n d
terminal control signals are not cleared.

Bit

58 Not used

59 No parity

Status

W h e n t h i s b i t i s s e t , i t e l i m i n a t e s
t h e p a r i t y b i t f r o m t h e t r a n s m i t t e d
a n d r e c e i v e d c h a r a c t e r s . T h e s t o p
b i t ( s ) i m m e d i a t e l y f o l l o w t h e l a s t
da ta b i t .

PROGRAMMING CONSIDERATIONS

Channel 15g communicates wi th the terminals con
nected to the external in ter face, one at a t ime. To
establish communications between a PP and the termi
nal, the PP issues a funct ion for select. The func
t ion word fo r se lec t i s fo rmed by the leas t s ign i
fican t 12 b i t s , sen t t o channe l 15g , and spec i fies
the fo l lowing informat ion.
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• A s e l e c t c o d e t o s e l e c t t h e m u l t i p l e x e r
(7XXX).

• The terminal with which the PP would l ike to
establish communication (7XXX).

When the connect Is established, the two-port multi
plexer routes al l data to the terminal designated by
the select code. The mult ip lexer responds wi th the
inac t i ve s i gna l t o acknow ledge the rece ip t o f t he
function code of 7XXX for select, 6XXX for deselect,
and OXXX for operat ion. Otherwise, the funct ion is
ignored by the mult iplexer.

Output Data

The multiplexer accepts a maximum data block length
o f 6 4 c h a r a c t e r s p e r t e r m i n a l . D u r i n g t h e b l o c k
data t ransfer, the mul t ip lexer terminates the output
operat ion ei ther when i t receives an inact ive signal
from the channel or when the output buffer is fu l l .
W h e n t h e o u t p u t b u f f e r i s f u l l , t h e m u l t i p l e x e r
sends back an inact ive s ignal instead of an empty
signal to the channel on the last output word. The
s igna l ind ica tes the output bu ffe r accepts the las t
output word and it cannot receive anymore data from
the PP. Ou tpu t t o a fu l l bu f fe r i s no t a l l owed by
t h e m u l t i p l e x e r . T h e m u l t i p l e x e r s e n d s b a c k a n
i n a c t i v e s i g n a l t o d e a c t i v a t e c h a n n e l 1 5 g a f t e r
the mul t ip lexer decodes the previous funct ion code
which is 02XX (PP write output buffer), and receives
an activate signal from the PP.

MAINTENANCE CHANNEL

A P P i n t h e I O U c a n p e r f o r m a n y o r a l l o f t h e
f o l l o w i n g o p e r a t i o n s t h r o u g h t h e m a i n t e n a n c e
channel (MCH) to each system element, such as the
CP, IOU, and CM.

• I n i t i a l i z i n g r e g i s t e r s , c o n t r o l s , a n d
memories.

• Mon i to r ing and record ing er ro r in fo rmat ion .

• V e r i f y i n g e r r o r d e t e c t i o n a n d c o r r e c t i o n
hardware.

The maintenance channel consists of the maintenance
channe l i n t e r f ace on channe l 17g , a ma in tenance
channel Interface in each system element, and a set
of in terconnect ing cables.

The IOU main tenance channe l in te r face conta ins a
selector that connects to one of up to seven system
elements. The IOU is element 0 and its maintenance
access control is internal ly connected to the selec
to r. A l l o the r sys tem e lemen ts a re ass igned a rb i
trary element numbers. Each maintenance access con
t r o l i s c o n n e c t e d t o t h e . s e l e c t o r b y a s i n g l e
cable. This arrangement resul ts in a radial connec
tion that allows any system element to be shut down
or removed without affect ing communication with the
other elements.

Input Data

The mul t ip lexer does not store the input data f rom
t h e t e r m i n a l . A l o s t d a t a c o n d i t i o n e x i s t s i f t h e
PP does not input the previous data before the new
d a t a a r r i v e s f r o m t h e t e r m i n a l . T h e m u l t i p l e x e r
allows input from an empty input buffer.

Request to Send and Data Terminal Ready

Request to send and data terminal ready are brought
up automatically by the hardware under the following
condit ions regardless of the software RTS and DTR
b i t s .

• Data in the UART output register.

• Data in the FIFO output reg is ter.

When no data is in the FIFO or UART, the software
bit determines RTS and DTR.

MAINTENANCE CHANNEL PROGRAMMING

| NOTE |

Maintenance registers are numbered 0
through 63 from lef t to r ight.

MCH FUNCTION WORDS

T h e M C H f u n c t i o n w o r d c o n s i s t s o f t h e c o n n e c t ,
opcode, and type fields which are used as described
in the next three paragraphs and table 5-11.

T h e c o n n e c t fi e l d s p e c i fi e s t h e u n i t t o w h i c h t h e
M C H i s c o n n e c t e d ( C P, C M , o r I O U ) , c o n t r o l l i n g
s e l e c t i o n w i t h i n t h e I O U o n l y. T h e u n i t r e m a i n s
c o n n e c t e d u n t i l a n o t h e r c o n n e c t c o d e s e l e c t s a
d i f f e r e n t u n i t . C o n n e c t c o d e s l O g t o 1 7 g l e a v e
the MCH unconnected; in this state the interface can
be used for PP to PP communications.

The OPCODE field controls the unit selected by the
c o n n e c t c o d e , p r e p a r i n g t h e u n i t f o r a c o m i n g
r e a d / w r i t e / e c h o o p e r a t i o n , o r c a u s i n g t h e u n i t t o
h a l t , s t a r t , c l e a r, o r d e a d s t a r t .

The use of the TYPE field depends on the connected
unit. When the CP is the connected unit, type codes
1 th rough A16 (mode l 835) or 1 th rough 7 (mode l
855 ) spec i f y the da ta t ype i n the ope ra t i on to be
per fo rmed. A lso , fo r the CP, type code 0 spec ifies
tha t the in te rna l address o f the CP reg is te r to be
connec ted i s spec i fied i n a con t ro l wo rd wh i ch i s
sen t as two da ta wo rds immed ia te l y f o l l ow ing t he
function word. When IOU is the connected unit, type
codes 0 through 7 speci fy the star t ing byte number
f o r r e a d / w r i t e o p e r a t i o n s . T h e e x c e p t i o n s a r e
read ing the opt ions ins ta l led and e lement ident ifier
reg is te rs . On the mode l 835 , CM ignores the type
code. On the model 855, CM uses Ajg to access the
maintenance registers.
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Table 5-11. MCH Function Word Bit Assignments (Sheet 1 of 2)

F i e l d Descr ip t ion

MCH Function Word to Model 835 CP

CONNECT (bits 8-11) Code 2l6 Connect CP maintenance registers

OPCODE (bits 4-7) Code 0l6
116
416
5 l 6
&16
7 l 6

ss

zzt

ra

Halt processor
Start processor
Prepare for read (control word required)
Prepare for write (control word required)
Master clear
Clear errors

TYPE (bits 0-3) Code °16 Control word required

MCH Function Word to Model 835 CM

CONNECT (bits 8-11) Code he ss Connect CM maintenance registers

OPCODE (bits 4-7) Code hehe
«16
716

Prepare for read (control word required)
Prepare for write (control word required)
Master clear
Clear faul t s tatus register

MCH Function Word to Model 855 CP and CM

CONNECT (bits 8-11) Code he Required for model 855 CP and CM

TYPE (bits 0-3) Code °16 CP and CP registers

OPCODE (bits 4-7) Code °16
i16416
5 l 6
616
716

C3

Halt processor
Start processor
Prepare for read
Prepare for write
Master clear
Clear errors

TYPE (bits 0-3) Code he Control store memory

OPCODE (bits 4-7) Code hehe
rs Prepare for read

Prepare for write

TYPE (bits 0-3) Code 3 - ? 1 6 - Internal memories

OPCODE (bits 4-7) Code *16
5 l 6

Prepare for read
Prepare for write

TYPE (bits 0-3) Code A16 CM and CM registers

OPCODE (bits 4-7) Code
516
616616
7 l 6

E3

CB

Prepare for read
Prepare for write
Master clear
Clear errors

■^̂ v

^
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Table 5-11. MCH Function Word Bit Assignments (Sheet 2 of 2)

F ie ld

CONNECT (bits 8-11)

OPCODE (bits 4-7)

TYPE (bits 0-3)

Code 016

Code 416 =
^16 °
$16 =
c16 =c16 =

Codes 0-716 =

Descr ip t ion

MCH Function Word to IOU

Connect IOU maintenance registers

Prepare for read (control word required)
Prepare for write (control word required)
Master clear
Clear fau l t s ta tus reg is ters
Read IOU status summary (reads one byte, control word not
requi red)

IOU regis ters are read c i rcu lar ly (byte 0 fo l lows byte 7)
from the byte specified by the TYPE field

MCH CONTROL WORDS

Some function words must be fol lowed by two 8-bit
control words which speci fy the internal address of
the reg is ter to be accessed. Th is is accompl ished
by transmitting two PP words where the rightmost 8
b i t s i n e a c h w o r d a r e u s e d . C o n t r o l w o r d s a r e
required for the fo l lowing:

• F u n c t i o n w o r d s t o a m o d e l 8 3 5 C P w i t h
opcodes 4/5 (read/write) and type code 0.

Funct ion words
opcodes 4/5.

t o a m o d e l 8 5 5 C P w i t h

• Funct ion words to CM and IOU with opcodes
4/5.

• F u n c t i o n w o r d s t o C P, C M , a n d I O U w i t h
opcode 8 (echo).

Refer to tables 5-12 through 5-16 for CP, CM, and
IOU internal address assignments.

MCH Programming for Halt/Start (Opcode 0/1)

These operations consist of the output of a function
w o r d . A h a l t o p c o d e h a l t s t h e p r o c e s s o r w i t h o u t
damaging the process being executed, including the
i n t e g r i t y o f t h e i n t e r u n i t c o m m u n i c a t i o n o f t h e
halted processor such as CDC CYBER 170 exchange
reques t commun ica t i on , cen t ra l memory commun i
ca t i ons , and t he p rocess s ta te . I f t he p rocess i s
subsequent ly restarted wi thout performing any other
MCH operat ions, or af ter performing read/wr i te wi th
c e r t a i n p r e c a u t i o n s a s d e s c r i b e d i n O p e r a t i n g
Systems Manual, the process continues without damage.

MCH Programming for Read/Write' (Opcode 4/5)

Refer to Programming for PP Data Input /Output in
t h i s s e c t i o n f o r a m o r e c o m p l e t e p r o c e d u r e . I n
general terms, proceed as follows:

1. Issue function with opcode 4/5.

2 . Ou tpu t fi rs t con t ro l word .

3 . Ve r i f y e r r o r fl a g c l e a r .

4. Output second control word.

5 . Ve r i f y e r r o r fl a g c l e a r .

6. Input/output required number of data words.

7 . Ve r i f y e r r o r fl a g c l e a r .

R e a d i n g a n o n e x i s t e n t r e g i s t e r r e t u r n s a l l z e r o s .
Wri t ing to a read-only regis ter, or to a nonexistent
r e g i s t e r, d o e s n o t a l t e r a n y r e g i s t e r. M o s t r e g i s
t e r s a r e r e a d / w r i t e a s 6 4 - b i t ( e i g h t - b y t e ) r e g i s
te rs , requ i r i ng the inpu t /ou tpu t o f e igh t MCH da ta
words . Mos t reg is te rs wh ich a re phys ica l l y sma l le r
t h a n e i g h t b y t e s a r e r i g h t - j u s t i fi e d w i t h
ze ro - fi l l . Excep t i ons a re as f o l l ows :

• R e a d i n g a s t a t u s s u m m a r y r e g i s t e r r e p e a t s
the status information in each byte.

• T h e I O U m a y d i s c o n n e c t t h e M C H w i t h o u t
affect ing subsequent MCH operat ions in the
fol lowing cases:

- Af ter read ing one to e ight by tes f rom
any maintenance register.

- A f te r wr i t i ng one by te to a cor rec ted
e r r o r l o g r e g i s t e r.

- A f t e r w r i t i n g o n e b y t e t o a n
uncor rec ted er ror log reg is ter.

The following MCH operations on CP registers can be
performed with the CP running or halted.

Read CP status summary register.

Read CP fault status register.

Read CP corrected error log registers.

Read CP options instal led registers.

Read CP element Ident ifier register.

Read/wri te CP dependent environmental con
t r o l r e g i s t e r .
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• Read/wr i te tes t mode cont ro l reg is te rs .

• C l e a r e r r o r s .

To read /wr i te o ther CP reg is te rs , the CP must be
r u n n i n g s i n c e t h e s e r e g i s t e r s a r e a c c e s s e d b y
m ic rocode . Re fe r t o t ab les 5 -17 th rough 5 -21 fo r
register bi t assignments.

MCH Programming for Master Clear/Clear Errors
(Opcode 6/7)

These operat ions consist of the output of a s ingle
func t i on wo rd . The mas te r c l ea r immed ia te l y and

a r b i t r a r i l y c l e a r s t h e c o n n e c t e d u n i t , w i t h o u t
r e g a r d t o p o s s i b l e i n f o r m a t i o n l o s s . C l e a r e r r o r s
c lea rs t he e r ro r I nd i ca to rs I n t he connec ted un i t ;
to avo id loss o f e r ror in fo rmat ion wh i le the er rors
are cleared, the unit concerned should be halted.

MCH Programming for Read IOU! Status Summary
(Opcode C, IOU Only)
Th i s ope ra t i on i s an a l t e rna t i ve , f as te r means o f
reading the IOU status summary register.

1. Issue function with opcode C.

2. Input status summary byte.

Table 5-12. Model 835 CP Internal Address Assignments

Internal Address (1)

Type
( 2 ) ( 3 ) Descr ip t ionHex Octal

00
10
30
42
80
81
90
92
93

000
020
060
082
200
201
220
222
223

R A
R A
R A
R M
R A
R A
R A
R A
R A

Status summary register
E lement iden t ifier reg is te r
Dependent environment control register
Moni tor condi t ion register
Processor faul t s tatus register
Control store errors register
Retry corrected error log register
Cache corrected error log register
Map corrected error log register

NOTES:

( 1 ) T h e i n t e r n a l a d d r e s s i 3 t h e s e c o n d b y t e o f t w o 8 - b i t c o n t r o l w o r d s
which must be supplied after a function word output with OPCODE =
4/5 . The fi rs t by te is d iscarded.

( 2 ) R = r e a d , W » w r i t e

(3) A » always accessible, M =» microcode accessible

5-28
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Table 5-13. Model 835 CM Internal Address Assignments

Internal Address (1)

Type (2) Descr ip t ionHex Octal

00

10
12
AO
A4
A8

000
020
022
240
244
250

R/W
R/W
R/W

Status summary register
E lement i den t i fie r reg is te r

Opt ions ins ta l led reg is te r
Corrected error log register
Uncorrected error log 1 register
Uncorrected error log 2 register

NOTES:

( 1 ) T h e i n t e r n a l a d d r e s s i s t h e s e c o n d b y t e o f t w o 8 - b i t c o n t r o l
words wh ich must be issued a f te r a func t ion word ou tpu t w i th
OPCODE = 4/5. The first byte is discarded.

(2) R = read, W = write

Table 5-14. Model 855 CP Internal Address Assignments

Internal Address (1)

Type
( 2 ) ( 3 ) Descr ip t ionHex Octal

00
10
30

42
80-89

000
020
060

082
200-211

R A
R A
R A

R M
R A

Status summary register
E lemen t I den t i fie r r eg i s te r

Dependent environment control
r e g i s t e r
Moni tor cond i t ion reg is ter
Processor fault status registers 1
through 9

NOTES:

( 1 ) T h e i n t e r n a l a d d r e s s i s t h e s e c o n d b y t e o f t w o 8 - b i t c o n t r o l
words which must be suppl ied af ter a funct ion word output wi th
OPCODE = 4/5. The first byte is discarded.

(2) R «• read, W - write

(3) A = always accessible, M = microcode accessible

/ ^ ^ v
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Table 5-15. Model 855 CM Internal Address Assignments

Internal Address (1)

Type (2) Descr ip t ionHex Octal

00
10
12
AO
A4

A8

000

020
022

240
244

250

R/W
R/W
R/W

Status summary register

E lement i den t i fie r reg is te r

Opt ions ins ta l led reg is te r
Corrected error log register
Uncorrected error log 1 register

Uncorrected error log 2 register

NOTES:

(1) The in ternal address is the second byte of two 8-b i t contro l
words which must be issued after a function word output with
OPCODE =4/5. The first byte is discarded.

(2) R «• read, W » write

>Gs^v

>B3^v

Table 5-16. IOU Internal Address Assignments

Internal Address (1)

Type (2) Descr ip t ionHex Octal

00
10
12
18
40
80
81

000
020
022
030
100
200
201

R/W
R
R/W
R/W

Status summary register
E lement i den t i fie r reg is te r

Opt ions ins ta l led reg is te r
Fault status mask-register
Status register
Fault status 1 register
Faul t status 2 register

NOTES:

(1) The in ternal address is the second byte of two 8-b i t cont ro l
words which must be issued after a function word output with
OPCODE =4/5. The first byte is discarded.

(2) R = read, W » write
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Table 5-17. Model 835 CP Register Bit Assignments t(Sheet 1 of 3)

Channel Bit

59
60
61
62
63

32-39
40-47
48-63

08
09
10
11
12
13
14
15

48
50

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
20
21
22
23
27
28
29

Descr ip t ion

CP Status Summary Register (MCH Address 0016)

Short warning, imminent power failure
CP halted
Uncorrected error
Corrected error
Long warning

CP Element Identifier Register (MCH Address 1016)

Element type (0016 = CP)
Element model (2016 = model 835)
Element serial number

CP Dependent Environment Control Register (MCH Address 30,6)

Cache memory 1st quarter enabled (0-1 klloword)
Cache memory 2nd quarter enabled (0-1 klloword)
Cache memory 3rd quarter enabled (0-1 klloword)
Cache memory 4th quarter enabled (0-1 klloword)
Cache memory conflict register 0 enabled
Cache memory conflict register 1 enabled
Cache memory conflict register 2 enabled
Cache memory conflict register 3 enabled

CP Monitor Condition Register (MCH Address 4216)

Uncorrectable error
Short warning

CP Processor Fault Status Registers (MCH Address 80^, 81 ia)
CP Retry Corrected Error Log Register (MCH Address 9016)

Address and data cache input 0
Address and data cache input 1
Address and data cache input 2
Address and data cache input 3
Cache output 0
Cache output 1
Cache output 2
Cache output 3
Data port 0-0
Data port 0-1
Data port 0-2
Data port 0-3
Data port 1-0
Data port 1-1
Data port 1-2
Data port 1-3
Indent, port 0
Indent, port 1
Indent , par t ia l wr i te , cache input
Indent, cache output
Response code = 1 error
Response code - 5 error
Response code = 7 error
Cache time outs
No overload on simulated response buffer
Function code, cache input

'Register bits are numbered 0 through 63 from left to right.
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Table 5-17. Model 835 CP Register Bit Assignmentst (Sheet 2 of 3)

Channel Bit Descr ip t ion

CP Processor Fault Status Registers (MCH Address 8016, 81ig)
CP Retry Corrected Error Log Register (MCH Address 90lo) (Contd)

30 Increment indent, cache input
31 Maintenance access control ROMs
32 Register fi le byte 0
33 Register fi le byte 1
34 Register fi le byte 2
35 Register fi le byte 3
36 Register fi le byte 4
37 Register fi le byte 5
38 Register fi le byte 6
39 Register fi le byte 7
41 I mux, B mux, address
42 I mux, B mux, address
43 I mux, B mux, address
44 I mux, B mux, address
48 Invalidation address, exchange address
50 J stream
51 K stream
52 Byte output
53 Byte control
54 Byte branch ROM
56 Floating point trap ROM
57 Exponent adder
58 ROM and partial writes
59 A data selection ROMs
60 Ident from cache
61 Immediate control ROMs

CP Control Store Parity Fault Status Register (MCH Address 8116)

0 Parity of micrand bytes 0/8
8 Parity of micrand bytes 1/9
16 Parity of micrand bytes 2/10
24 Parity of micrand bytes 3/11
32 Parity of micrand bytes 4/12
40 Parity of micrand bytes 5/13
48 Parity of micrand bytes 6/14
56 Parity of micrand bytes 7/15

CP Cache Corrected Error Log Register (MCH Address 9216)

0 This log contains valid information
1 Unlogged error
2 Not used
3 Parity error, LRU status array counters
4-6 Not used
7 No multiple hit in tag arrays
8 No parity errors, tag array blocks 0 and 1
9 No parity errors, tag array blocks 2 and 3
10 No parity errors, tag array blocks 4 and 5
11 No parity errors, tag array blocks 6 and 7
12 No parity error, tag array blocks 0 and 1
13 No parity error, tag array blocks 2 and 3
14 No parity error, tag array blocks 4 and 5
15 No parity error, tag array blocks 6 and 7

tRegister b i ts are n iimbered 0 through 63 from left to right.

y*5»$IV
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Table 5-17. Model 835 CP Register Bit Assignmentst(Sheet 3 of 3)

/H^S

Channel Bit

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

0-31
32
33
34-36
37
38
39
40-63

Descr ip t ion

CP Cache Corrected Error Log Register (MCH Address 9216) (Contd)

Compare
Compare
Compare
Compare
Compare
Compare
Compare
Compare
Compare
Compare
Compare
Compare
Compare
Compare
Compare
Compare

b i t s
b i t s
b i t s
b i t s
b i t s
b i t s
b i t s
b i t s
b i t s
b i t s
b i t s
b i t s
b i t s
b i t s
b i t s
b i t s

block 0
block 1
block
block
block
block
block
block
block
block 1
block 2
block
block
block
block
block

CP Map Corrected Error Log (MCH Address 9316)

Reserved
Valid map corrected error log (CEL) entry
Unlogged error
Not used
Parity error, segment associat ive section
M u l t i p l e h i t
M u l t i p l e h i t
Pa r i t y g roup fau l t I den t i fie r

'Register bits are numbered 0 through 63 from left to right.

y^ijteY

/ ! f^K
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Table 5-18. Model 835 CM Register Bit Assignments t (Sheet 1 of 2)

Channel Bit Descr ip t ion

CM Status Summary Register (MCH Address 0016)

56-57
58
61
62
63

Oscillator code (00 = normal, 01 = -2%, 10 = +2%)
Clock set to tuning mode
Val id uncorrectable error
Corrected error
Long warning (low/high temperature, condensing unit fault, blower 1/blower 2
f a u l t )

NOTE:

The byte is duplicated in each byte.

32-39
40-47
48-63

03
07
09
11
16
19
20
21
22

00
01
08-09
13-14
15-16
17-23
24-30
31-33
35
36
37
42-49

00
01
02
03
04
05

CM Element Identifier Register (MCH Address 1016)

Element type (01,g = CM)
Element model (20ig = model 835)
Element serial number

-^*!v

CM Options Installed Register (MCH Address 1216)

524K memory installed
1049K memory installed
1573K memory installed
2097K memory installed
A memory configuration switch is in the up position
Top switch (SW3) is not in the center position
Next to top switch (SW4) is not in the center position
Next to bottom switch (SW5) is not in the center position
Bottom switch (SW6) is not in the center position

CM Corrected Error Log Register (MCH Address AOjg)

This log contains valid information
Unlogged single-bi t error
Port code (0/1 = port 0/1, 4/5 = not used, 6
Array PAK select address
Chip row select address
Chip column address
Row address
Bank address
Address parity P5
Address parity P6
Address parity P7
Syndrome bits

no request, 7 = refresh)

CM Uncorrected Error Log 1 Register (MCH Address A416)

This log contains valid information
Unlogged uncorrected error
I l l e g a l f u n c t i o n
Double-b i t e r ror
Bounds fault
F i r s t l e v e l p a r i t y e r r o r

tRegister bits are numbered 0 through 63 from left to right.
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Table 5-18. Model 835 CM Register Bit Assignmentst (Sheet 2 of 2)

Channel Bit Descr ip t ion

CM Uncorrected Error Log 1 Register (MCH Address A4jg) (Contd)

06 Second level pari ty error
07 Buffer request
08-10 Port code (0/1/2/3 = port, 4/5 = not used, 6 = no request, 7 = refresh)
13-14 Array PAK select address
15-16 Chip row select address
17-23 Chip column address
24-30 Chip row address
31-33 Bank address
35 Address parity P5
36 Address parity P6
37 Address parity P7
38-41 P a r i t y e r r o r b y t e p o s i t i o n c o d e ( 0 = t a g P E , 1 / 2 / 3 / 4 / 5 / 6 / 7 / 8 = byte

7/6/5/4/3/2/1/0 data PE, 9/A/B = address bits 56-60/48-55/40-47 PE, C = not
used, D = mask PE, E = function code PE, F = no error)

50-57 Mark bits associated with error word
58 Mark pari ty
59-62 Function bits associated with error word
63 Funct ion par i ty

CM Uncorrected Error Log 2 Register (MCH Address A816)

00 This log contains val id information
01 Unlogged uncorrected error 2
02 CM part ia l wr i te par i ty error
03 Data read parity error
08-10 Port code (0/1/2/3 = port 0/1/2/3, 4/5 = not used, 6 = no request,

7 = refresh)
13-14 PAK select address
15-16 Chip row select address
17-23 Chip column address
24-30 Chip row address
31-33 Bank address
35 Address parity P5
36 Address parity P6
37 Address parity P7
38 Byte 0 read PE (1)
39 Byte 1 read PE (1)
40 Byte 2 read PE (1)
41 Byte 3 read PE (1)
42 Byte 4 read PE (1)
43 Byte 5 read PE (1)
44 Byte 6 read PE (1)
45 Byte 7 read PE (1)
46 Byte 0 PE, partial write
47 Byte 1 PE, partial write
48 Byte 2 PE, partial write
49 Byte 3 PE, partial write
50 Byte 4 PE, partial write
51 Byte 5 PE, partial write
52 Byte 6 PE, partial write
53 Byte 7 PE, partial write
54 Tag out par i ty error

NOTE:

( 1 ) I f b i t 3 i s set in both uncorrected error logs and SECDED is discarded, these bits point to the
bytes with e rrors for a read data parity error.

tRegister b i ts are n ianbered 0 through 63 from left to right.
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Table 5-19. Model 855 CP Register Bit Assignments? (Sheet 1 of 4)

Channel Bit Descr ip t ion

CP Status Summary Register (MCH Address 0016)

59 Short warning, imminent power failure
60 CP halted
61 Uncorrected error
62 Corrected error
63 Long warning

CP Element Identifier Register (MCH Address 10^)

32-39 Element type (OO^g = CP)
40-47 Element model (30jg = model 855)
48-63 Element serial number

CP Options Installed Register (MCH Address 1216)

62 32K-byte cache installed

CP Dependent Environment Control Register (MCH Address 30j6)

33 Test mode
35 Disable corrected error to CP status summary
42 Control store off- l ine (sweep)
44 Enable control store breakpoint
47 Disable detected uncorrectable errors (processor-detected malfunctions)
48 Apply wide clock margins
49 Apply narrow clock margins
50 Enable cache lookahead
51 Disable unconditional cache lookahead
52-56 Er ro r re t ry l im i t p lus par i t y ; b i t 56 i s par i t y
57-60 Enable cache configuration sets 0 through 3 where bit 57 is set 0, bit 58

set 1, and so on.
i s

61 Cache fake central memory

CP Monitor Condition Register (MCH Address 42lo)

48 Uncorrectable error
50 Short warning

CP Processor Fault Status Register 0 (MCH Address 80)

0 Uncorrected error
1 One of the fol lowing has occurred: corrected error, soft error, or bypass

a processor fault
of

2-7 Address fan- in par i ty error, bytes 0 through 5 where bi t 2 indicates byte
and so on

8-15 Input data stream parity error, bytes 0 through 7 where bit 8 indicates byte
0 and so on

16-23 A data stream holding register par i ty error, bytes 0 through 7 where bi t
indicates byte 0 and so on

16

24-31 B data stream holding register par i ty error, bytes 0 through 7 where bi t
indicates byte 0 and so on

24

tRegister b i ts are numbered 0 through 63 from left to right.

,^5™^\
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Table 5-19. Model 855 CP Register Bit Assignmentst (Sheet 2 of 4)

Channel Bit Descr ip t ion

CP Processor Fault Status Register 0 (MCH Address 80) (Contd)

38-39 Operation code parity error where bit 38 is byte 0 and bit 39 is byte 1
40-43 Recovery address parity error, bytes 0 through 3 where bit 40 indicates byte

0 and so on
47 Shi f t count par i ty er ror
48 A length counter parity error
49 B length counter parity error
50 AJ in MUX parity error
51 AK in MUX parity error
52 L e f t b i t s h i f t p a r i t y e r r o r
54 AK port input pari ty error
55 AJ port input pari ty error
56 Register file A address counter pari ty error
57 Register file B address counter pari ty error58 Register fi le A data par i ty error
59 Register fi le B data par i ty error61 Limit register stage 3 par i ty error
62 Stage 7 parity error63 PFS PAK 0 parity error

CP Processor Fault Status Register 1 (MCH Address 8116)

0 Input stream buffer address parity error
1 Output stage 2 parity error
2 RAM PAK 1 - memory A or memory B address parity error
3 RAM PAK 1 - memory A or memory B data parity error
4 Port J second data latch parity error
5 Port K second data latch parity error
6 AJ descr iptor la tch par i ty error
7 AK descr iptor latch par i ty error
8 RAM PAK 0 - memory A address parity error
9 RAM PAK 0 - memory A data parity error
10 RAM PAK 0 - memory B address parity error
11 RAM PAK 0 - memory B data parity error

CP Processor Fault Status Register 2 (MCH Address 8216)

0 Scale counter parity error
1 Edit mask parity error
2-7 Cache address register parity error, bytes 0 through 5 where bit 2 indicates

byte 0 and so on
8-15 Cache write data parity error, bytes 0 through 7 where bit 8 indicates byte 0

and so on
16 Cache multiple hit
17 Cache mult iple al locate error
20 LM MUX pointer, direct CMC data
21 LM MUX pointer, cache read data
23 LM MUX pointer, buffered CMC data
24 Cache write data from CP parity error
25 Cache write data from CM parity error
26 Cache associative tag parity error
27 Cache mark parity error
28-31 Car error pointer parity error, bytes 0 through 3 where bit 28 indicates byte

0 and so on
32-35 LM input control pari ty error, bytes 0 through 3 where bit 32 indicates byte

0 and so on
52 Exchange tag parity error56 CM corrected write
57 CM corrected read
58 CM uncorrected write

tRegister bi ts are nuinhered 0 through 63 from left to right.
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Table 5-19. Model 855 CP Register Bit Assignments t (Sheet 3 of 4)

Channel Bit Descr ip t ion

CP Processor Fault Status Register 2 (MCH Address 8216) (Contd)

59 CM uncorrected read
60 CM reject
61 CM response code parity error
62 CM tag parity error
63 PFS PAK 1 parity error

CP Processor Fault Status Register 3 (MCH Address 83i0)

0-3 Cache address parity error, bytes 0 through 3 where bit 0 indicates byte 0
and so on

4-7 Cache tag RAM parity error, bytes 0 through 3 where bit 4 indicates byte 0
and so on

8-11 Cache MUX parity error, bytes 0 through 3 where bit 8 indicates byte 0 and so
on

CP Processor Fault Status Register 4 (MCH Address 84^)

0 Set 0 parity error
1 Set 1 parity error
12-15 New P register parity error, byte 0 through 3 where bit 12 indicates byte 0

and so on
16-19 Address input pari ty error, bytes 0 through 3 where bit 16 indicates byte 0

and so on
20 Bypass register pari ty error
24 Input purge code parity error
25 Data type rank 32 parity error
26 JK rank 32 parity error
32-33 Write data parity error where bit 32 is 0 through 7, and bit 33 is 8 through

15
36-39 P reg is ter par i ty er ror
41 Successful entry
42 Deadman time-out
45 Retry counter pari ty error
46 Exchange halt
56 Write address minipipe parity error
57-58 Register file out par i ty error where bi t 57 Is bytes 0 through 3 and bi t 58

is bytes 4 through 7

CP Processor Fault Status Register 5 (MCH Address 85ig)

13 Tag pari ty error

CP Processor Fault Status Register 6 (MCH Address 86lo0

32 Maintenance access control (MAC) read path parity error
33 Maintenance channel (MCH) parity error
34 MAC data fanout parity error
35 MAC data bus parity error
36 RAM address MUX parity error
37 Address translation MUX parity error
40 CYBER 170 monitor or job mode odd RAM PAK 0 parity error
41 CYBER 170 monitor or job mode even RAM PAK 0 parity error
42 Executive state RAM PAK 0 parity error
48 CYBER 170 monitor or job mode even RAM PAK 1 parity error
49 CYBER 170 monitor or job mode even RAM PAK 1 parity error
50 Executive state RAM PAK 1 parity error

t Register bits are nuimbered 0 through 63 from left to right.
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Table 5-19. Model 855 CP Register Bit Assignments! (Sheet 4 of 4)

, # * v

Channel Bit Descr ip t ion

CP Processor Fault Status Register 7 (MCH Address 87,6)

0-3 Branch address address

CP Processor Fault Status Register 8 (MCH Address 8816)

14
15
16-23

24-31

32-43

44-55

56
58-59
60-61

Sof t cont ro l reg is te r par i ty e r ro r
Sof t cont ro l reg is te r par i ty e r ro r
Mu l t ip l y C reg is te r par i t y e r ro r, by tes 0 th rough 7 where b i t 16 ind ica tes
byte 0 and so on
Mul t ip l y B reg is te r par i t y e r ro r, by tes 0 th rough 7 where b i t 24 ind ica tes
byte 0 and so on
General network adder parity error, bytes 0 through 11 where bit 32 indicates
byte 0 and so on
General network adder carry miscompare, bytes 0 through 11 where b i t 44
indicates byte 0 and so on
Mul t l so f t con t ro l par i t y e r ro r, by te 0
Shift parity error where bit 58 is byte 0 and bit 59 is byte 1
Multiply carry miscompare where bit 60 Is byte 0 and bit 61 is byte 1

CP Processor Fault Status Register 9 (MCH Address 8916)

0-6 Multiply carry miscompare, bytes 2 through 8 where bit 0 indicates byte 2 and
so on

tRegister bits are numbered 0 through 63 from left to right.
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Table 5-20. Model 855 CM Register Bit Assignmentst (Sheet 1 of 2) y^fev

Channel Bit Descr ip t ion

CM Status Summary Register (MCH Address 0016)

56-57 Oscillator code (00 = normal, 01 = -2%, 10 = +2%)
58 Clock set to tuning mode
61 Val id uncorrectable error
62 Corrected error
63 Long warning (low/high temperature, condensing unit fault, blower 1/blower

f a u l t )

CM Element Identifier Register (MCH Address 10lo0

32-39 Element type (01jg = CM)
40-47 Element model (30}g = model 855)
48-63 Element serial number

CM Options Installed Register (MCH Address 12x6)

0-15 Installed memory size in megabytes. Only one bit can be set at a time.

B i t s e t M e m o r y s i z e

0 5 2 4 K w o r d s
1 1 0 4 9 K w o r d s
2 1 5 7 3 K w o r d s
3 2 0 9 7 K w o r d s
1 2 - 1 5 M o d e l - I n d e p e n d e n t o p t i o n s

16 Set when any of the configuration switches in central memory are in the
p o s i t i o n .

up

17-22 Set when a particular configuration switch is not in the center posit ion.

B i t S w i t c h M e m o r y s i z e

1 9 S W 3 2 0 9 7 K w o r d s
2 0 S W 4 1 5 7 3 K w o r d s
2 1 S W 5 1 0 4 9 K w o r d s
2 2 S W 6 5 2 4 K w o r d s

CM Environment Control Register (MCH address 20]^g)

0 Disable parity checking
1 Disable SECDED
3-4 Write check/read check/read syndrome bits

V a l u e D e s c r i p t i o n

0 0 N o r m a l
0 1 W r i t e b y t e 0 t o c o r r e c t i o n b y t e
1 0 R e a d c o r r e c t i o n b y t e t o b y t e 0
1 1 R e a d s y n d r o m e t o b y t e 0

5-6 Timing margins

V a l u e D e s c r i p t i o n

0 0 N o r m a l
0 1 N a r r o w
1 0 W i d e
1 1 W i d e

tRegister bi ts are numbered 0 through 63 from left to right.

~ * \
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Table 5-20. Model 855 CM Register Bit Assignmentst (Sheet 2 of 2)

Channel Bit Descr ip t ion

CM Environment Control Register (MCH address 20,6) (Contd)

32-35

38
39

Port d isable

B i t S i g n i fi c a n c e
3 2 P o r t 0 ; d i s a b l e C P I p o r t s
3 3 P o r t 1 ; d i s a b l e I 0 U 1 p o r t
3 4 P o r t 2 ; d i s a b l e C P 2 p o r t s
3 5 P o r t 3 ; d i s a b l e I 0 U 2 p o r t
Suppress corrected error reporting via ports
Disable corrected error log

CM Corrected Error Log Register (MCH Address AOjg)

0
1
8-10
11-37
42-49

Va l i d b i t
Unlogged corrected error
Port number
Address plus parity associated with the error
Syndrome bits

CM Uncorrected Error Log 1 Register (MCH Address A4jg)

0
1
2
3
4
5
6
7
8-10
11-37
38-41
42-49
50-58
59-63

Va l i d b i t
Unlogged uncorrectable error
I l l e g a l f u n c t i o n
Multiple bit memory error
Memory bounds fault
CMC error
CSU error
Common memory select; memory address bit 01
Port number
Address plus parity
Par i ty e r ror by te pos i t ion
Data- in par i ty e r ro r b i ts
Mark plus parity; bit 58 is mark parity
Funct ion p lus par i ty ; b i t 63 is funct ion par i ty

CM Uncorrected Error Log 2 Register (MCH Address AS^)

0
1
2
3
8-10
11-37
38-45

46-53

Va l i d b i t
Unlogged uncorrectable error
P a r t i a l w r i t e p a r i t y e r r o r
Data out path parity error
Port number
Address plus parity
Data-out path par i ty error, bytes 0 through 7 where bi t 38 indicates byte 0
and so on
Par t ia l wr i te par i ty er ror, by tes 0 th rough 7 where b i t 46 ind ica tes by te 0
and so on

tRegister bits are numbered 0 through 63 from left to right.
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Table 5-21. IOU Register Bit Assignmentst (Sheet 1 of 4)

Channel Bit Descr ipt ion

IOU Status Summary Register (MCH Address OOjg)

59 Summary status
60 Processor halt
61 Val id uncorrected error
63 Long warning

NOTE:

The byte is duplicateid in each byte.

IOU Element Identifier Register (MCH Address 1016)

32-39 Element type (0216 = IOU)
40-47 Element model
48-63 Element serial number

IOU Options Installed Register (MCH Address 1216)

20 Barrel 3
21 Barrel 2
22 Barrel 1
23 Barrel 0
24 Channel 7
25 Channel 6
26 Channel 5
27 Channel 4
28 Channel 3
29 Channel 2
30 Channel 1
31 Channel 0
32 Channel 17
34 Channel 15
36 Channel 13
37 Channel 12
38 Channel 11
39 Channel 10
40 Channel 27
41 Channel 26
42 Channel 25
43 Channel 24
44 Channel 23
45 Channel 22
46 Channel 21
47 Channel 20
52 Channel 33
53 Channel 32
54 Channel 31
55 Channel 30
59 Radial inter face 5/6
60 Radial inter face 3/4
61 Radial inter face 1/2
62 Two-port mult ip lexer
63 Disp lay con t ro l l e r

t Register bits are n\imbered 0 through 63 from left to right.
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Table 5-21. IOU Register Bit Assignmentst (Sheet 2 of 4)

Channel Bit Descr ip t ion

IOU Fault Status Mask Register (MCH Address 1816)

03 Barrel 0, PP 4
04 Barrel 0, PP 3
05 Barrel 0, PP 2
06 Barrel 0, PP 1
07 Barrel 0, PP 0
11 Barrel 1, PP 4
12 Barrel 1, PP 3
13 Barrel 1, PP 2
14 Barrel 1, PP 1
15 Barrel 1, PP 0
19 Barrel 2, PP 4
20 Barrel 2, PP 3
21 Barrel 2, PP 2
22 Barrel 2, PP 1
23 Barrel 2, PP 0
27 Barrel 3, PP 4
28 Barrel 3, PP 3
29 Barrel 3, PP 2
30 Barrel 3, PP 1
31 Barrel 3, PP 0
32 Channel 7
33 Channel 6
34 Channel 5
35 Channel 4
36 Channel 3
37 Channel 2
38 Channel 1
39 Channel 0
40 Channel 17

IOU Status Register (MCH Address 4016)

59-60 Barrel reconfigurat ion swi tches
61-63 PP reconfiguration switches

IOU Fault Status 1 Register (MCH Address 8016)

03 Barrel 0, PP 4 error
04 Barrel 0, PP 3 error
05 Barrel 0, PP 2 error
06 Barrel 0, PP 1 error
07 Barrel 0, PP 0 error
11 Barrel 1, PP 4 error
12 Barrel 1, PP 3 error
13 Barrel 1, PP 2 error
14 Barrel 1, PP 1 error
15 Barrel 1, PP 0 error

t Register bits are numbered 0 through 63 from left to right
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Table 5-21. IOU Register Bit Assignmentst (Sheet 3 of 4)

Channel Bit Descr ip t ion

IOU Fault Status 1 Register (MCH Address 8016) (Contd)

19 Barrel 2, PP 4 error
20 Barrel 2, PP 3 error
21 Barrel 2, PP 2 error
22 Barrel 2, PP 1 error
23 Barrel 2, PP 0 error
27 Barrel 3, PP 4 error
28 Barrel 3, PP 3 error
29 Barrel 3, PP 2 error
30 Barrel 3, PP 1 error
31 Barrel 3, PP 0 error
32 PP error 7VD0
33 PP error 7VE0
34 Firmware error
35 PP memory data out error 7XF0
36 PP error 7VG0
37 12/16 conversion error 7VJ0
38 PF memory address error
39 PP memory data-in error
45 OS bounds violation
46 OS boundary address PE
47 ADU barrel priority ROM PE
48 CM read buffer error
49 Uncorrected CM read error
50 Uncorrected CM write error
51 CM reject
52 Input CM tag error
53 CM response code error
54 CM data out error
55 CM address out error
56 CM data in error byte 0
57 CM data in error byte 1
58 CM data in error byte 2
59 CM data in error byte 3
60 CM data in error byte 4
61 CM data in error byte 5
62 CM data in error byte 6
63 CM data in error byte 7

IOU Fault Status 2 Register (MCH Address 8116)

32 Channel 7 error
33 Channel 6 error
34 Channel 5 error
35 Channel 4 error
36 Channel 3 error
37 Channel 2 error
38 Channel 1 error
39 Channel 0 error
40 Channel 17 error
42 Channel 15 error
44 Channel 13 error
45 Channel 12 error
46 Channel 11 error
47 Channel 10 error
48 Channel 27 error
49 Channel 26 error
50 Channel 25 error
51 Channel 24 error
52 Channel 23 error

tRegister bits are nuiinhered 0 through 63 from left to right.

.J*U*&£\
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Table 5-21. IOU Register Bit Assignments t (Sheet 4 of 4)

Channel Bit Descr ip t ion

IOU Fault Status 2 Register (MCH Address 1816) (Contd)

53 Channel 22 error
54 Channel 21 error
55 Channel 20 error
57 Radial Interface 5/6 error
58 Radial interface 3/4 error
59 Radial interface 1/2 error
60 Channel 33 error
61 Channel 32 error
62 Channel 31 error
63 Channel 30 error

tRegister bits are numbered 0 through 63 from left to right.
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A D U A s s e m b l y - d i s a s s e m b l y u n i t

A O R A d d r e s s o u t o f r a n g e

C E L C o r r e c t e d e r r o r l o g

C I F C M U I n t e r r u p t e d fl a g

C M C e n t r a l m e m o r y

C M U C o m p a r e / m o v e u n i t

C P C e n t r a l p r o c e s s o r

C R T C a t h o d e - r a y t u b e

C T I C o m m o n Te s t a n d I n i t i a l i z a t i o n

D S C D i s p l a y s t a t i o n

D T R D a t a t e r m i n a l r e a d y

E C C E r r o r c o r r e c t i o n c o d e

E C L E m i t t e r - c o u p l e d l o g i c

E D S E x t e n d e d d e a d s t a r t

E I A E l e c t r o n i c I n d u s t r i e s A s s o c i a t i o n

EM, EMS Exi t mode se lect ion

E C E x i t c o n d i t i o n c o d e fi e l d a t ( R A C )

F I F O F i r s t i n , fi r s t o u t

F L C F i e l d l e n g t h , c e n t r a l m e m o r y

F L E F i e l d l e n g t h , e x t e n d e d m e m o r y

H I V S H a r d w a r e I n i t i a l i z a t i o n
and Verificat ion Software

I L H I n s t r u c t i o n l o o k a h e a d h a r d w a r e

I/O

IOU

MA

MCH

MF

MOS

MUX

OS

PE

PP

PPM

RAC

RAE

RAM

RNI

ROM

RTS

SECDED

UART

UEM

Input /ou tpu t

Inpu t /ou tpu t un i t

Monitor address

Maintenance channel

Mon i t o r flag

Metal oxide semiconductor

Mu l t i p l exe r, se l ec to r

Operating system

Par i t y e r ro r

Peripheral processor

Peripheral processor memory

Reference address, central memory

Reference address, extended memory

Random access (read-write) memory

Read next instruction

Read-only memory

Request to send

S i n g l e - e r r o r c o r r e c t i o n d o u b l e - e r r o r
d e t e c t i o n

Universal Asynchronous Receiver and
Transmi t ter

Unified extended memory
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2-6,11; 5-12
2-6

2-6,11; 5-12

5-12

A b a r r e l f a i l u r e 3 - 3
A reg i s t e r, PP 2 -11

S e t i n s t r u c t i o n s 2 - 2
A reg is te rs , CP 1 -4 ; 2 -4

S e t I n s t r u c t i o n s 4 - 1 7 , 1 8
Absolute CM address formation
Absolute UEM address formation
Access, CM 2-7,13
Act ivate channel 4-35; 5-16
Act i ve channe l 5 -16
Add ins t ruc t ions 4 -29 ,30 ,31 ,32
Address des ignator 4-2
Address format, CM 2-7
Address out of range error 2-6; 5-8,10
Address registers, see A registers
Addressing

Absolute address formation
By PPs 5-14
CM 5-14
CM by PPs 5-14
PPM by PPs 5-14
Relative address formation
Sect ion in CP 1-4; 2-7

Addressing mode
Expanded 1-4; 2-6; 5-2,12
Standard 1-4 ; 2 -6 ; 5 -2 ,12

Alphanumeric characters 5-21
Assembly/disassembly 2-13
Auto mode b i t 3-2

B r e g i s t e r s 1 - 4 ; 2 - 4
S e t i n s t r u c t i o n s 2 - 3 ; 4 - 1 8

Bank cycle t imes 2-7
B a n k s e l e c t fi e l d 2 - 7
Banks, CM 1-4; 2-7
B a r r e l a n d s l o t 2 - 11 , 1 2
B a r r e l s 1 - 5 ; 2 - 11

L o g i c a l b a r r e l 0 s e l e c t i o n 3 - 2
R e c o n fi g u r a t i o n 3 - 2

Bit assignments, maintenance registers
Bi t number ing 5; 4-1
B lock copy flag 2 -6
Block copy from CM instruction
Block copy from UEM instruction
Block copy instruction sequence
B lock copy i ns t ruc t i ons 2 -6
Boolean instruct ion sequence 2-1
Bounds reg i s te r 1 -5 ; 2 -7 ,8
Branch dest inat ion address 4-4
B r a n c h i n s t r u c t i o n s 2 - 4

D e fi n i t e 4 - 5
Equa l t o ze ro 4 -4
I n r a n g e 4 - 5
I n d e fi n i t e 4 - 6
N e g a t i v e 4 - 5
Not equal to zero 4-5
Out o f range 4-5
P o s i t i v e 4 - 5
Regis ter greater than or equal 4-6
Reg i s t e r l e ss t han 4 -6
R e g i s t e r s e q u a l 4 - 6
Reg is te rs no t equa l 4 -6

Branch target address
B u f f e r s , q u e u i n g 1 - 4

2-1

5-31

4-3; 5-12
4-3; 5-12
2-3

Cache corrected er ror log reg is ter 5-32
Cache inva l ida t ion bus in te r face 1-5
Cache memory 1-4; 2-7
Cathode ray tube, see CRT
CCEL register, see cache corrected error log register
CEL register, see corrected error log register
Centra l exchange jump instruct ion 4-4
Centra l memory contro l 2-7
Central memory control (CMC) 1-4
Central memory, see CM
Central processor, see CP
Cen t ra l r ead i ns t r uc t i on 4 -33
C e n t r a l w r i t e i n s t r u c t i o n 4 - 3 3
Channe l ac t i ve flag 5 -16
Channe l con t ro l flag 5 -16
Channe l e r ro r flag 5 -16
C h a n n e l fl a g i n s t r u c t i o n 5 - 1 6
Channel, I/O, see I/O channels
Channel, maintenance, see maintenance channel
Channel marker flag 5-16
Channel t rans fer t im ing 5-16,17
Character address designator 4-2
Character codes 5-21
Charac te r man ipu la t i on 5 -6
Character mode 5-21,22
Charac te r s i ze 5 -21
Characteristics,

F u n c t i o n a l 1 - 2
P h y s i c a l 1 - 1

Chassis configurat ion
Mode l 835 1 -2
Mode l 855 1 -2

C h i p a d d r e s s fi e l d 2 - 7
CIF (CMU in ter rup ted flag) 2 -6
CLEAR AUTO switch 3-2
Clear channel er ror flag inst ruct ion
C lea r channe l flag i ns t r uc t i on 4 -34
CM

A c c e s s 2 - 1 3
Access time, model 835
Access time, model 855
Address f o rma t 2 -7
Address fo rma t ion 2 -6 ,11
Addressing by PPs 5-14
B a n k s 1 - 4 ; 2 - 7
B l o c k c o p y i n s t r u c t i o n s 5 - 1 2
B o u n d s r e g i s t e r 1 - 5 ; 2 - 7 , 8
C o n fi g u r a t i o n s w i t c h e s 3 - 3
C o n t r o l s 3 - 1
Cycle t imes, model 835 2-7
Cycle t imes, model 855 2-8
D e s c r i p t i o n 1 - 4
D i s t r i b u t o r 1 - 4
Extended, see UEM
Field length register, see FLC register
Func t iona l charac te r i s t i cs , mode l 835 1 -2
Func t iona l charac te r i s t i cs , mode l 855 1 -3
F u n c t i o n a l d e s c r i p t i o n 2 - 7
L a y o u t 2 - 8

2-7
2-7

4-34
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Maintenance registers, model 835 5-29,34
Maintenance registers, model 855 5-30,40
M a p 5 - 1 3
MCH function word 5-25
P o r t p r i o r i t y 2 - 8
P o r t s 1 - 4 ; 2 - 7 , 8
Programming 5-12
Read word from 4-19; 5-12
R e c o n fi g u r a t i o n 2 - 8 ; 3 - 1 , 4
Reconfigura t ion sw i tches 3 -1
Reference address register, see RAC register
W o r d 4 - 1
Wri te word to 4-19; 5-12

CMC 1-4; 2-7
CMU error ex i t 5-9 ,11,13
CMU instructions, see Compare/move instructions
CMU in ter rupted flag 2-6
Codes, d isp lay s ta t ion 5-22
Col late table for compare/move instruct ion 4-16
Compare col la ted inst ruct ion 4-16; 5-6
Compare/move arithmetic 5-6
Compare/move instruction sequence 2-3
Compare/move instructions 2-3; 4-15

Compare col lated 5-6
Compare uncollated 5-6
Des igna to rs w i th in i ns t ruc t i ons 4 -2
M o v e d i r e c t 5 - 6
M o v e i n d i r e c t 5 - 6
Suppo r t r eg i s te r s 2 -3

Compare uncol lated instruct ion 4-17; 5-6
Complement, instruct ions using 4-7,8
Condi t iona l sof tware er rors 5-12
Configurat ion, mainf rame 1-1
Configurat ion swi tches, CM 3-1,3
Constant address inst ruct ions 5-14
Cont ro l checks 3-4
C o n t r o l f a i l u r e 3 - 3
C o n t r o l fl a g s 2 - 6 ; 5 - 1 6
Con t ro l sec t ion 1 -4 ; 2 -1
Con t ro l s to re pa r i t y fau l t s ta tus reg i s te r 5 -32
Control words, maintenance channel 5-27
C o n t r o l s 3 - 1 , 2
Conversion

F i x e d - p o i n t t o fl o a t i n g - p o i n t 4 - 11
F l o a t i n g - p o i n t t o fi x e d - p o i n t 4 - 1 0

Coord ina tes , d isp lay s ta t ion 5 -21 ,22
Corrected error log register

Model 835 5-34
Model 855 5-41

Counte r, runn ing 4 -4
CP

Address ing sect ion 1-4 ; 2-7
Cache memory 1-4; 2-7
C o n t r o l s e c t i o n 1 - 4 ; 2 - 1
D e s c r i p t i o n 1 - 4
Execu t ion sec t ion 1 -4 ; 2 -7
Funct iona l character is t ics , model 835 1-2
Funct iona l character is t ics , model 855 1-3
F u n c t i o n a l d e s c r i p t i o n 2 - 1
I n s t r u c t i o n d e s c r i p t i o n s 4 - 1
I n s t r u c t i o n d e s i g n a t o r s 4 - 2
Maintenance registers, model 835 5-28,31
Maintenance registers, model 855 5-29,36
MCH function word 5-25
Operating modes 4-2
Programming 5-1
R e g i s t e r s 1 - 4 ; 2 - 4

CRT 1-5; 5-21
CYBER 170 exchange jump 2-3,11; 4-2,4; 5-1
CYBER 170 exchange package 2-3,4; 4-4; 5-1

C o n t e n t s 5 - 1
CYBER 170 exchange sequence 2-3
CYBER 170 job mode 4-2; 5-1

E r r o r e x i t s 5 - 1 0

2-7; 4-2; 5-1
4-2; 5-1

CYBER 170 monitor flag
CYBER 170 monitor mode

E r r o r e x i t s 5 - 8
Cycle times, CM

Model 835 2-7
Model 855 2-7

Data carr ier detector (DCD) 5-24
Data charac ter 5 -24
Da ta d i sp lay 5 -21
Da ta fo rma ts 4 -1

P P 4 - 2 7
Data input sequence 5-18,19
Data output sequence 5-18,20
D a t a p a r i t y e r r o r 5 - 1 6
Data set ready (DSR) 5-23
DATA switch 3-2
Data terminal ready (DTR) 5-24,25
DCD, see Data carrier detector
Deact ivate channel 4-36
DEAD START ERROR indicator 3-3
DEAD START switch 2-11; 3-3
Deadstart

C o n t r o l s 3 - 1 , 2
I n d i c a t o r s 3 - 1 , 2
M a t r i x 3 - 2
P a n e l 2 - 11 ; 3 - 1
Prog ram 3 -2 ,5
Sequence 2-11; 3-4
S w i t c h e s 3 - 1 , 2

DEC register, see Dependent environment control
reg i s te r

Dependent environment control register
Model 835 5-31
Model 855 5-36

Descr ip t i on , sys tem 1 -1
D i rec t add ress i ns t ruc t i ons 5 -14
Di rec t read /wr i te ins t ruc t ion sequence 2 -3
D i rec t read /wr i te ins t ruc t ions ,

CM 2-3; 5-12
UEM 2-3; 5-12

D i rec t 6 -b i t add ress 5 -14
Di rec t 6 -b i t operand 5 -14
D i rec t 12 -b i t address 5 -14
Di rec t 18-b i t operand 5-14
Display character codes 5-21
D i s p l a y c o n t r o l l e r I n t e r f a c e 1 - 5
D i s p l a y s t a t i o n 1 - 5

Character codes 5-21
Charac te r s i zes 5 -21
Codes 5 -22
C o n t r o l l e r 2 - 1 3
Coord ina tes 5 -21 ,22
Keyboard 5-21
Mode 5-21,22
Output funct ion code 5-22
P r e s e n t a t i o n 5 - 2 2
Programming 5-21
Tim ing cons ide ra t ions 5 -22

D i s t r i b u t o r , C M 1 - 4
Dot mode 5-21
D o u b l e - b i t e r r o r s 2 - 7 ; 5 - 9 , 11
D o u b l e - p r e c i s i o n r e s u l t s 5 - 4
DSC, see Display station controller
DSR, see Data set ready
DTR, see Data terminal ready

EC register, see Environment control register
ECC bits, see Error correction code bits
ECL, see Emitter-coupled logic
EID reg is ter, see Element ident ifier reg is ter

V- * * ^ k
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Elemen t i den t i fie r reg i s te r,
CM, model 835 5-34
CM, model 855 5-40
CP, model 835 5-31
CP, model 855 5-36
I O U 5 - 4 2

E M r e g i s t e r 2 - 6
EMC, see Exit mode conditions
EMERGENCY OFF switch 3-4
Emi t te r -coup led log ic (ECL) 1 -2
Empty reg is te r 5 -16
EMS bits, see Exit mode selection bits
Environment control register

CM, model 855 5-40
I O U 3 - 2

E r r o r c o n d i t i o n s 2 - 6
Er ro r co r rec t ion code b i t s 2 -8 ; 5 -7
E r r o r e x i t 4 - 2
Er ro r ex i t cond i t ion codes 2 -6 ; 5 -7
Er ro r ex i t t o MA i ns t ruc t i on 4 -2
E r r o r e x i t s 5 - 7

In CYBER 170 job mode 5-10
In CYBER 170 monitor mode 5-8

E r r o r fl a g 5 - 1 6
E r r o r fl a g I n s t r u c t i o n 5 - 1 6
E r r o r h a n d l i n g 5 - 7
Er ro r p rocess ing 2 -6 ; 5 -7
Er ro r response 5 -7
Exchange jump instruct ion 4-30
Exchange jump, see CYBER 170 exchange jump
Exchange package, see CYBER 170 exchange package
Exchange sequence, see CYBER 170 exchange sequence
E x e c u t i o n i n t e r v a l 2 - 4 ; 5 - 2
Execu t i on sec t i on 1 -4 ; 2 -7
Execution times

Model 835 CP 4-20
Model 855 CP 4-24
P P 4 - 3 6

Execu t i ve s ta te 2 -8 ; 4 -2 ; 5 -2
Executive state software, see Executive state
Ex i t cond i t i on codes 5 -7
E x i t c o n d i t i o n r e g i s t e r 5 - 7
Exi t mode condi t ions 5-7
Exit mode register, see EM register
Ex i t mode se lec t ion b i ts 2 -6 ; 5 -7
Expanded addressing mode 1-4; 2-6; 5-2,12
Expanded addressing select flag 2-6
Extended purge control, see instruction lookahead

purge control
Ex te rna l i n te r face , IOU 1 -5 ; 2 -13

F a s t d e a d s t a r t 3 - 3
Fau l t s ta tus mask reg is te r 5 -43
Faul t s ta tus regis ters 1 and 2 5-43,44
Field length for CM register, see FLC register
Field length for UEM register, see FLE register
F i rmware o r con t ro l f a i l u re 3 -3
F i x e d - p o i n t a r i t h m e t i c 5 - 4

Normalized numbers 5-6
O v e r fl o w 5 - 4

F ixed -po in t t o floa t i ng -po in t conve rson 4 -11
F l a g r e g i s t e r 2 - 6
F L C r e g i s t e r 2 - 6
F L E r e g i s t e r 2 - 6
F loa t ing-add ins t ruc t ion sequence 2-2
F l o a t i n g d i v i d e i n s t r u c t i o n 4 - 1 4
F loa t ing -d i v ide ins t ruc t i on sequence 2 -2
Float ing double-prec is ion d i f ference

ins true t ion 4-12
F loa t ing doub le -p rec is ion p roduc t i ns t ruc t ion 4 -14
Float ing doub le-prec is ion sum ins t ruc t ion 4-12
F loa t i ng -mu l t i p l y i ns t ruc t i on sequence 2 -2

F l o a t i n g - p o i n t a r i t h m e t i c 5 - 2
D o u b l e - p r e c i s i o n 5 - 4
F o r m a t 5 - 2
I n d e fi n i t e 5 - 3
Nonstandard operands 5-4
Normalized numbers 5-4
O v e r fl o w 5 - 3
P a c k i n g 5 - 2
R o u n d i n g 5 - 4
U n d e r fl o w 5 - 3

F l o a t i n g - p o i n t d i f f e r e n c e i n s t r u c t i o n 4 - 11
F loa t i ng -po in t sum i ns t r uc t i on 4 -11
F l o a t i n g - p o i n t t o fi x e d - p o i n t c o n v e r s i o n 4 - 1 0
F l o a t i n g p r o d u c t i n s t r u c t i o n 4 - 1 3
Form mask instruct ion 4-14
F ram ing e r ro r 5 -24
Free runn ing counter 4-4
FREQ MARGIN switch 3-2
Frequency margin 3-2
FS reg is ter, see fau l t s ta tus reg is ter
F u l l r e g i s t e r fl a g 5 - 1 6
F u n c t i o n i n s t r u c t i o n 5 - 1 6
Funct ion on channel ins t ruct ion 4-36
Function words, maintenance channel 5-27
Funct iona l charac te r is t i cs

Mode l 835 1 -2
Mode l 855 1 -3

Funct ional descr ip t ion
C M 2 - 7
C P 2 - 1
I O U 2 - 11

G l o s s a r y A - l
Graphic mode 5-21

H a l t C P 5 - 2 7
Hardware errors 5-7,9,11

3-3
,13

5-16
5-15

1-5; 2-13

1-5; 2-13

1/0 channel fai lure
1 /0 channe ls 2 -11 ,

A c t i v a t e 5 - 1 6
A c t i v e / i n a c t i v e
Communications
Ex te rna l i n te r face
I n i t i a l s t a t e 3 - 5
I n t e r n a l i n t e r f a c e
O p e r a t i o n 5 - 1 6
P a r i t y 5 - 1 5
R e s e r v a t i o n 5 - 1 5

I / O t r a n s f e r s 5 - 1 6 , 1 8
ILH, see Instruction lookahead
I l l e g a l i n s t r u c t i o n s 4 - 2 , 4 ; 5 - 7 , 8
I n a c t i v e c h a n n e l 5 - 1 6
Increment ins t ruc t ion sequence 2-2
I n d e fi n i t e e r r o r 5 - 9 , 11
I n d e fi n i t e , fl o a t i n g - p o i n t 5 - 3
I n d e fi n i t e o p e r a n d e r r o r 2 - 6
Index registers, see B registers
Indexed direct address instruct ions
Indexed 12-b i t address 5-14
I n d i c a t o r s 3 - 1 , 2
I n d i r e c t a d d r e s s i n s t r u c t i o n s 5 - 1 4
I n d i r e c t 6 - b i t a d d r e s s 5 - 1 4
I n fi n i t e o p e r a n d e r r o r 2 - 6 ; 5 - 9 , 11
I n i t i a l i z a t i o n

I O U 2 - 11 ; 3 - 4
I n p u t d a t a p a r i t y e r r o r 5 - 1 6
Inpu t f rom channe l i ns t ruc t i on 4 -35
Input/output channel, see I/O channel
Input/output unit , see IOU
Input sequence 5-18,19

5-14
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Instruction control sequences 2-1
Block copy sequence 2-3
Boolean sequence 2-1
Compare/move sequence 2-3
CYBER 170 exchange sequence 2-3
Direct read/write sequence 2-3
Floating-add sequence 2-2
Floating-divide sequence 2-2
Foating-multiply sequence 2-2
Increment sequence 2-2
Normal jump sequence 2-4
Return jump sequence 2-4
Sh i f t sequence 2-2

I n s t r u c t i o n d e s c r i p t i o n s 4 - 1
C P 4 - 1
P P 4 - 2 7

Instruct ion designators
C P 4 - 2
P P 4 - 2 7

Instruction execution t imes
Model 835 CP 4-20
Model 855 CP 4-24
P P 4 - 3 6

Ins t ruc t ion lookahead 2-1
P u r g e c o n t r o l 5 - 6

Instruct ion lookahead purge contro l 2-6
Inst ruct ion lookahead purge flag 2-6
Instruction prefetch, see Instruction lookahead
I n s t r u c t i o n p u r g e fl a g 2 - 6
Instruction word designators

C P 4 - 2
P P 4 - 2 7

Instruction word format
C P 4 - 1

Instructions, CP (see also inside front cover)
Block copy from CM 4-3; 5-12
Block copy from UEM 4-3; 5-12
B r a n c h 4 - 4 , 5 , 6
Central exchange jump 4-4
Compare col lated 4-16; 5-6
Compare/move 4-15
Compare uncollated 4-17; 5-6
Complement 4-7,8
Direct read/wr i te of CM 5-12
Direct read/wri te of UEM 5-12
Er ro r ex i t to MA 4 -2
F l o a t i n g 4 - 11 , 1 2 , 1 3 , 1 4
F l o a t i n g d i v i d e 4 - 1 4
F loa t ing doub le -p rec is ion d i f fe rence 4 -12
Float ing doub le-prec is ion product 4-14
Float ing double-precis ion sum 4-12
F l o a t i n g - p o i n t d i f f e r e n c e 4 - 11
F loa t ing -po in t sum 4 -11
F loa t i ng p roduc t 4 -13
Form mask 4-14
I l l e g a l 4 - 2 , 4 ; 5 - 7 , 8
I n t e g e r d i f f e r e n c e 4 - 1 3
In tege r sum 4 -13
In ter rupt to execut ive mode 4-2
J u m p 4 - 2 , 4
L e f t s h i f t 4 - 8
L o g i c a l d i f f e r e n c e 4 - 7
L o g i c a l p r o d u c t 4 - 7
Log ica l sum 4 -7
Monitor exchange jump 4-4
Move d i rec t 4 -16 ; 5 -6
Move ind i rec t 4 -16 ; 5 -6
N o r m a l i z e 4 - 9 , 1 0
P a c k 4 - 11
P a s s 4 - 1 5
Popu la t ion count 4 -17
Read free running counter 4-4
Read word from CM 4-19; 5-12
Read word from UEM 4-4

Index-4

Return jump 4-2
R i g h t s h i f t 4 - 8 , 9
Round floa t i ng d i f f e rence 4 -12
Round floa t i ng d i v i de 4 -15
Round float ing product 4 -13
Round float ing sum 4-12
Round normal ize 4-10
S e t A i 4 - 1 7 , 1 8
S e t B i 4 - 1 8 , 1 9
S e t X i 4 - 1 9 , 2 0
Trans fe r word reg is te r to reg is te r 4 -6
Transmit complement 4-7
Transmi t word 4 -6
Uncond i t iona l jump 4-2 ,4
Unpack 4 -10
Write one word to UEM 4-4
Write word to CM 4-19; 5-12

Inst ruct ions, PP (see a lso ins ide f ront cover) 4-27
Ac t i va te channe l 4 -35
Add 4 -29 ,30 ,31 ,32
Cen t ra l r ead 4 -33
C e n t r a l w r i t e 4 - 3 3
Channe l flag 5 -16
Clear channe l e r ro r flag 4-34
Clear channe l flag 4 -34
CM read 5-14
CM wr i te 5-15
Deact ivate channel 4-36
E r r o r fl a g 5 - 1 6
Exchange jump 4-30
Function on channel 4-36
Input f rom channel 4-35
Jump i f channel act ive 4-34
Jump if channel empty 4-34
Jump i f channel er ror flag c lear 4-34
Jump i f channel error flag set 4-34
Jump i f channe l fu l l 4 -34
Jump i f channel inact ive 4-34
Load 4 -29 ,30 ,31 ,32
Load complement 4-29
Load/s tore R reg is ter 4 -30; 5 -14
Log i ca l d i f f e rence 4 -29 ,30 ,31 ,32
L o g i c a l p r o d u c t 4 - 2 9
Long jump 4-28
Minus jump 4-28
Monitor exchange jump 4-30
Monitor exchange jump to MA 4-30
Nonzero jump 4-28
Output on channel 4-35
Pass 4 -28 ; 30
P lus j ump 4 -28
Replace add 4-31; 32
Replace add one 4-31; 32
Replace subtract one 4-31; 32
Return jump 4-28
S e l e c t i v e c l e a r 4 - 2 9
S h i f t 4 - 2 9
S t o r e 4 - 3 1 ; 3 2
Store R reg is te r 4 -30 ; 5 -14
S u b t r a c t 4 - 2 9 , 3 0 ; 3 1
Test and set channel flag 4-34
Uncond i t iona l jump 4-28
Zero jump 4-28

I n t e g e r a r i t h m e t i c 5 - 6
I n t e g e r d i f f e r e n c e i n s t r u c t i o n 4 - 1 3
In teger sum ins t ruc t ion 4 -13
Inter-PP communicat ions 5-15
Internal addresses, maintenance registers

5-28,29,30
In te rna l i n t e r f ace , IOU 1 -5 ; 2 -13
In te r rup t to execu t ive mode ins t ruc t ion 4 -2
IOU

B a r r e l a n d s l o t 2 - 11 , 1 2
D e a d s t a r t 2 - 11

60469290 A

,̂ ^&\



j r ^ ^ S y

D e s c r i p t i o n 1 - 5
Env i ronmen ta l con t ro l reg i s te r 3 -2
E x t e r n a l i n t e r f a c e 1 - 5
F u n c t i o n a l c h a r a c t e r i s t i c s 1 - 3
Func t i ona l desc r i p t i on 2 -11
I /O channe l s 1 -5
I n i t i a l i z a t i o n 2 - 11 ; 3 - 4 , 5
I n t e r n a l i n t e r f a c e 1 - 5
Main tenance reg is ters 5-30,42
MCH function word 5-25,27
Peripheral processors, see PPs
PPs 1 -5 ; 2 -11
R e c o n fi g u r a t i o n 3 - 6

Job mode, see CYBER 170 job mode
Jump i f channel ac t ive ins t ruc t ion 4-34
Jump i f channel empty instruct ion 4-34
Jump i f channel error flag clear Instruct ion
Jump i f channel error flag set instruct ion
Jump i f channe l fu l l I ns t ruc t ion 4 -34
Jump i f channel inact ive 4-34
Jump Ins t r uc t i ons 4 -2 ,4

4-34
4-34

K reg i s t e r, PP 2 -13
Keyboard character codes 5-21

L. D. S. ERROR-A indicator 3-3
L. D. S. ERROR-B indicator 3-3
LAMP TEST switch 3-2
Large sca le In teg ra t ion (LSI ) l og ic 1 -2
L e a s t s i g n i fi c a n t b i t 4 - 1
L e f t c i r c u l a r s h i f t 4 - 8 , 9
L e f t s h i f t i n s t r u c t i o n 4 - 8
Load complement instruct ion 4-29
Load ins t ruc t i on 4 -29 ,30 ,31 ,32
Load R register 4-30; 5-14
Lockout time, maximum request 2-8
Log i ca l d i f f e rence i ns t ruc t i on 4 -7 ,8 ,29 ,30 ,31 ,32
Log i ca l p roduc t i ns t r uc t i on 4 -7 ,29
Log ica l sum ins t ruc t ion 4 -7
Long-add ins t ruc t i ons 2 -3
Long jump ins t ruc t ion 4-28
Long/short deadstart sequence 3-3,5
LONG/SHORT DEAD START SEQUENCE switch 3-3
Lookahead

P u r g e c o n t r o l 5 - 6
Lookahead, Ins t ruc t ion 2 -1
Lookahead purge control 2-6
Lookahead purge flag 2-6
L S I l o g i c 1 - 2

M A r e g i s t e r 2 - 7
MAC, see Maintenance access control
Ma in f rame configu ra t i on 1 -1
Maintenance access control 2-1,13
Maintenance channel 2-13; 5-25

M a s t e r c l e a r 5 - 2 8
Programming 5-25
Regis ter b i t ass ignments 5-31
Reg is te r in te rna l addresses 5-28 ,29 ,30

Maintenance channel interface 1-5; 2-7,13; 5-25
Cont ro l words 5-27
Funct ion words 5-25,26,27

Maintenance registers, see also individual registers
by name

5-31
5-34
5-40
5-31
5-36

Bit assignments
CM, model 835
CM, model 855
CP, model 835
CP, model 855

I n i t i a l i z a t i o n 5 - 2 5
In te rna l add ress 5 -28 ,29 ,30
I O U 5 - 4 2
R e a d 5 - 2 7
W r i t e 5 - 2 7

Map cor rec ted er ror log reg is ter 5 -33
Marke r flag , channe l 5 -16
Mask des ignator 4 -2
Masking word 4-14
M a s t e r c l e a r 3 - 5

Maintenance channel 5-28
Tw o - p o r t m u l t i p l e x e r 5 - 2 4

MCEL register, see Map corrected error log register
MCH, see Maintenance channel

C M r e c o n fi g u r a t i o n 3 - 1 , 4
CM reconfigura t ion sw i tches 3 -1 ,5
P P r e c o n fi g u r a t i o n 3 - 6
PP reconfigu ra t i on sw i t ches 3 -2 ,6
Programming 5-12
Reconfigu ra t i on sw i t ches 2 -8

Memory see also CM
CM reconfigu ra t i on 2 -8 ; 3 -1 ,4
CM reconfigura t ion sw i tches 3 -1 ,5
M a p 5 - 1 3
P P 2 - 1 3
P P r e c o n fi g u r a t i o n 2 - 1 3 ; 3 - 6
PP reconfiguration switches 2-8; 3-2,6
Programming 5-12

Metal oxide semiconductor memory, see MOS
MF, see CYBER 170 monitor flag
M i c r o c o d e 5 - 2
Minus jump ins t ruc t ion 4 -28
Mode se lec t i on b i t s 5 -7
Modes of operat ion 4-2
Monitor address register, see MA register
Moni tor cond i t ion reg is ter

Model 835 5-31
Model 855 5-36

Moni tor exchange jump inst ruct ion 4-4,30
Monitor flag, see CYBER 170 monitor flag
Monitor mode, see CYBER 170 monitor mode
MOS 1-4
M o s t i n s i g n i fi c a n t b i t 4 - 1
Move d i r ec t i n s t r uc t i on 4 -16 ; 5 -6
M o v e i n d i r e c t i n s t r u c t i o n 4 - 1 6 ; 5 - 6

No-add ress i ns t ruc t i ons 5 -14
Nonstandard operands 5-4
Nonzero jump ins t ruc t ion 4-28
Normal jump instruct ion sequence 2-4
N o r m a l i z e i n s t r u c t i o n 4 - 9 , 1 0
Norma l i ze opera t ions 2 -2 ; 4 -9 ; 5 -4
Normalized numbers

F i x e d - p o i n t 5 - 6
F l o a t i n g - p o i n t 5 - 4

Offset designator for compare/move 4-2,15
01 reg is ter, see Opt ions ins ta l led reg is ter
One's complement add i t ion/subt ract ion 2-2
Opcode des ignator 4-2
Operand des ignator 4-2
Operand registers, see X registers
Ope ra t i ng i ns t r uc t i ons /p rocedu res 3 -1 ,4
Operating modes, CP 4-2
O p e r a t i n g r e g i s t e r s 1 - 4 ; 2 - 4
Opera t i on code 4 -2
Opt ions ins ta l led reg is te r

CM, model 835 5-34
CM, model 855 5-40
CP, model 855 5-36
I O U 5 - 4 2
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Outpu t da ta pa r i t y e r ro r 5 -16
Output on channel instruct ion 4-35
Output sequence 5-18,20
Overflow

F i x e d - p o i n t 5 - 4
F l o a t i n g - p o i n t 5 - 3

O v e r r u n 5 - 2 4

P o r Q bar re l fa i l u re 3 -3
P r e g i s t e r, C P 2 - 6
P reg i s te r, PP 2 -12
P a c k i n s t r u c t i o n 4 - 11
Pack/unpack ins t ruc t ions 2-2 ; 4-10
Packing numbers 5-2
P a n e l , d e a d s t a r t 3 - 1
P a r c e l s 2 - 1 ; 4 - 1
Parity, channel 5-15
Parity errors 5-9,11,16,24
Partial overflow 5-3
Partial underflow 5-3
Pass instruction 4-15,28,30
Peripheral processors, see PPs
PFS register, see Processor fault status register
Phased-bank operation 2-7
Physical characteristics 1-1
Plus jump instruction 4-28
Population-count instructions 2-2; 4-17
Port bounds register, see CM bounds register
Por t pr io r i ty 2-8
Ports, CM 1-4; 2-7,8
Power-off procedures 3-4
Power-on procedures 3-4
PP NO switch 3-2
PP SELECT switch 3-2
PPM 2-13
P P s 1 - 5

Access to CM 2-13
Add ress i ng 5 -14
B a r r e l s 1 - 5 ; 2 - 11
Communications 2-11; 5-15
CM read ins t ruct ions 5-14
CM wr i te ins t ruc t ions 5 -15
Data fo rmat 4 -27
D e s c r i p t i o n 2 - 11
I n i t i a l i z a t i o n 3 - 5
I n s t r u c t i o n d e s i g n a t o r s 4 - 2 7
Ins t ruc t ion execu t ion t imes 4 -36
Ins t ruc t ion word fo rmat 4 -27
I n s t r u c t i o n s 4 - 2 7
Memory fa i l u re 3 -3
Memory (PPM) 2-13
Number ing 2-13
PPO selection
Program t iming considerat ions 5-16
Programming 5-14
Reconfigu ra t i on 2 -13 ; 3 -2 ,6
Reconfigura t ion sw i t ches 3 -2 ,6
R e g i s t e r s 2 - 11 ; 3 - 5
Re loca t ion reg is te r fo rmat 4 -27
Se lec t i on sw i t ches 3 -2
To PP communications 5-15
Wr i t e ou tpu t bu f f e r f unc t i on 5 -24

Prefetch of instruct ions, see Instruct ion lookahead
Processor faul t s tatus register

Model 835 5-31
Model 855 5-36

Programming
CM 5-12
C P 5 - 1
D i s p l a y s t a t i o n 5 - 2 1
Maintenance channel 5-25
P P 5 - 1 4
Rea l - t ime c lock 5 -23

Two-po r t mu l t i p l exe r 5 -23
Program address register, see P register
Program mode 4-2
Program t iming considerat ions, PP 5-16
Program word format 4-1
Programming informat ion 5-1
P u b l i c a t i o n i n d e x 6
Purge control

Mode l 835 5 -6
Model 855 5-7

Q b a r r e l f a i l u r e 3 - 3
Q reg is te r, PP 2-12
Q u a d r a n t s e l e c t fi e l d 2 - 7
Queu ing bu f fe rs 1 -4

R reg i s te r 2 -11 ; 4 -27 ,30
L o a d i n s t r u c t i o n 5 - 1 4
S t o r e i n s t r u c t i o n 5 - 1 4

RAC 5-7
RAC reg is te r 2 -6
RAE reg i s te r 2 -6
R a n k s 2 - 11
Read f ree running counter Inst ruct ion 4-4
Read maintenance registers 5-27
Read-only memory 3-5
Read status summary 5-28
Read status summary function 5-23
Read terminal data funct ion 5-23
Read word from CM instruction 4-19; 5-12
Read word from UEM instruction 4-4
Rea l - t ime c lock i n te r face 1 -5 ; 2 -13

Programming 5-23
Reconfigurat ion,

C M 2 - 8 ; 3 - 1 , 4
P P s 2 - 1 3 ; 3 - 2 , 6

RECONFIGURATION, BARREL switch 3-2
RECONFIGURATION, PPM switch 3-2
Reconfiguration switches

CM 2-8 ; 3 -1 ,3
P P 3 - 2 , 6

Reference address for CM register, see RAC register
Reference address for UEM register, see RAE register
Reg i s te r des igna to r 4 -2
Reg i s te r d i sp lay, PP 3 -2
Regis ter empty 5-16
Reg i s te r f o rma ts 4 -1
R e g i s t e r f u l l fl a g 5 - 1 6
REGISTER SELECT switch 3-2
R e g i s t e r s , 2 - 4

A, CP 1-4 ; 2-4 ; 4-17,18
A , P P 2 - 11
B 1 - 4 ; 2 - 4 ; 4 - 1 8 , 1 9
Compare/move support 2-3
C P 1 - 4 ; 2 - 4
E M 2 - 6
Exit mode, see EM register
Field length, see FLC and FLE registers
F l a g 2 - 6
F L C 2 - 6
F L E 2 - 6
Gene ra l desc r i p t i on 1 -4
K 2 - 1 3
M A 2 - 7
Maintenance, see Maintenance registers
Monitor address register, see MA register
O p e r a t i n g 1 - 4 ; 2 - 4
P, C P 2 - 6
P, P P 2 - 1 2
P P 2 - 11
Program address, see P register
Q 2 - 1 2
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2-4

R 2 - 11 ; 5 - 1 4
R A C 2 - 6
R A E 2 - 6
Reference address, see RAC and RAE registers
S u p p o r t 1 - 4 ; 2 - 5
X 1 - 4 ; 2 - 4 ; 4 - 1 9 , 2 0

Rela t ive address 5-12
Relocation register, see R register
Replace add ins t ruct ion 4-31,32
Replace add one instruct ion 4-31,32
Replace subtract one inst ruct ion 4-31,32
Request lockout time, maximum 2-8
Request to send 5-24,25
Reservat ion , channe l 5 -15
Retry corrected error log register
Return jump ins t ruc t ion 4 -2 ,28
Return jump instruction sequence
R i g h t s h i f t i n s t r u c t i o n 4 - 8 , 9
ROM 3-5
Round floa t i ng d i f f e rence i ns t ruc t i on 4 -12
Round floa t i ng d i v i de i ns t ruc t i on 4 -15
Round floa t ing p roduc t ins t ruc t ion 4 -13
Round float ing sum inst ruct ion 4-12
Round normal ize inst ruct ion 4-10
R o u n d i n g , fl o a t i n g - p o i n t 5 - 4
Rounding operat ion 4-10; 5-4
R o w s e l e c t fi e l d 2 - 7
RTS, see Request to send
Running counter 4-4

S register, see Status register
SECDED 2-8
SECDED code bits

D e s c r i p t i o n 2 - 8
Mode l 835 2 -9
Model 855 2-10

SECDED errors 5-9,11
S e l e c t i v e c l e a r i n s t r u c t i o n s 4 - 2 9
S e l e c t o r 5 - 2 5
S e t A r e g i s t e r i n s t r u c t i o n s 2 - 2
S e t A i i n s t r u c t i o n s 4 - 1 7 , 1 8
S e t B r e g i s t e r i n s t r u c t i o n s 2 - 3
S e t B i i n s t r u c t i o n s 4 - 1 8 , 1 9
S e t X r e g i s t e r i n s t r u c t i o n s 2 - 3
S e t X i i n s t r u c t i o n s 4 - 1 9 , 2 0
S h i f t d e s i g n a t o r 4 - 2
S h i f t i n s t r u c t i o n 4 - 2 9
Sh i f t i ns t ruc t i on sequence 2 -2
Short deadstart sequence 3-3,5
S i n g l e - b i t e r r o r s 2 - 8
Single error correct ion/double error detect ion, see
SECDED
S i n g l e - p r e c i s i o n 5 - 4
Slot, see Barrel and slot
S low deads ta r t 3 -3
So f twa re e r r o r s , 5 -12
SS register, see Status summary register
S t a c k 2 - 1
Standard addressing mode
S t a r t C P 5 - 2 7
S t a t u s r e g i s t e r 5 - 4 3
Status summary register

CM, model 835 5-34
CM, model 855 5-40
CP, model 835 5-31
CP, model 855 5-36
I O U 5 - 4 2
R e a d 5 - 2 8
Read func t ion 5-23

S t o r e i n s t r u c t i o n 4 - 3 1 , 3 2
Store R reg is te r 4 -30 ; 5 -14

1-4; 2-6; 5-2,12

Compare/move 2-3
Switches,

CM reconfigu ra t i on 2 -8 ; 3 -1 ,3
P P r e c o n fi g u r a t i o n 3 - 2 , 6

Syndrome codes 2-8
Mode l 835 2 -9
Model 855 2-10

Sys tem desc r ip t i on 1 -1
Sys tem pub l i ca t ion index 6

Ta rge t add ress 2 -1
Te rm ina l dese lec t f unc t i on 5 -23
Terminal operat ion mode funct ion 5-24
Te r m i n a l s e l e c t f u n c t i o n 5 - 2 3
Test and se t channe l flag ins t ruc t ion 4-34
Timing considerat ions

C h a n n e l 5 - 1 6
D i s p l a y s t a t i o n 5 - 2 2
P P 5 - 1 6

Tr a n s f e r b l o c k s 5 - 1 2
Trans fe r s ing le words 5 -12
Tr a n s f e r t i m i n g 5 - 1 6 , 1 7
Trans fe r wo rd r eg i s t e r t o r eg i s t e r 4 -6
Tr a n s f e r s , I / O 5 - 1 6
Transmi t complement Ins t ruct ion 4-7
Transm i t wo rd i ns t r uc t i on 4 -6
Two-po r t mu l t i p l exe r i n t e r f ace 1 -5 ; 2 -13

I n p u t d a t a 5 - 2 5
O p e r a t i o n 5 - 2 3
O u t p u t d a t a 5 - 2 5
Programming 5-23

UART 5-24
UEL register, see Uncorrected error log register
UEM

Block copy i ns t ruc t i ons 2 -3 ; 5 -12
D e s c r i p t i o n 1 - 4
D i r e c t r e a d / w r i t e i n s t r u c t i o n s 5 - 1 2
E n a b l e fl a g 2 - 6
Field length register, see FLE register
I n s t r u c t i o n s 2 - 3
Read one word from 5-12
Reference address register, see RAE register
Wr i te one word to 5-12

Uncond i t i ona l j ump i ns t r uc t i on 4 -2 ,4 ,28
Uncorrected error log registers 1 and 2

Model 835 5-34,35
Model 855 5-41

U n d e r fl o w, fl o a t i n g - p o i n t 5 - 3
Unified extended memory, see UEM
Universal Asynchronous Receiver and Transmitter

5-24
U n p a c k i n s t r u c t i o n 4 - 1 0
U n p a c k I n s t r u c t i o n s 2 - 2

Word
B i t n u m b e r i n g 5
I n s t r u c t i o n 4 - 1

Wr i te ma in tenance reg is te rs 5 -27
Wr i t e o u t p u t b u f f e r 5 - 2 4
Wri te word to CM instruct ion 4-19; 5-12
Wri te word to UEM instruct ion 4-4

X r e g i s t e r s 1 - 4
Se t i ns t ruc t i ons 2-3; 4-19,20

Sub t rac t i ns t r uc t i on 4 -29 ,30 ,31 ,32
S u p p o r t r e g i s t e r s 1 - 4 ; 2 - 5

Z e r o j u m p i n s t r u c t i o n 4 - 2 8

00 i ns t ruc t i on
E r r o r e x i t 5 - 8 , 1 0

1 2 / 1 6 c o n v e r s i o n f a i l u r e 3 - 3
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