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PREFACE

This manual contains hardware reference information
for the CDC® CYBER 170 Model 815 and 825 Computer
Systems.

Part I describes the functional, operational, and
programming characteristics of the computer system
hardware. Part II describes the differences between
models 815 and 825 and the other members of the
CYBER 170 series. Current users of CYBER 170
computer systems should read this part first for a
summary of differences. The comparison is based on
the model 730. Refer to the appropriate CYBER 170
series hardware reference manual for differences
between the model 730 and other CYBER 170 computer
systems.
Additional system hardware information is available
in the publications listed in the system publication
index on the following page.

This manual is for use by customer, marketing,
training, programming, and Engineering Services
personnel who operate, program, and maintain the
computer systems.

Other manuals that are applicable to the CYBER 170
computer systems but not listed in the following
index are:

Control Data Publication

NOS Operator's Guide

NOS System Programmer's Instant

Publication
Number

60457700

60457790

Publication ordering information and latest revision
levels are available from the Literature Distribu
tion Services catalog, publication number 90310500.

WARNING

This equipment generates, uses and can radiate radio
frequency energy and if not installed and used in
accordance with the instructions manual, may cause
interference to radio communications. As temporar
ily permitted by regulation, it has not been tested
for compliance with the limits for Class A computing
devices pursuant to Subpart J of Part 15 of the FCC
Rules which are designed to provide reasonable
protection against such interference. Operation of
this equipment in a residential area is l ikely to
cause interference in which case the user at his own
expense will be required to take whatever measures
may be required to correct the interference.
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SYSTEM DESCRIPTION

This section introduces the CYBER 170 Model 815 and
825 Computer Systems, gives physical and functional
characteristics, and provides descriptions of major
system components:

INTRODUCTION
The CDC CYBER 170 Model 815 and 825 (figure I-1-1)
are medium scale, high-speed computer systems for
both bus iness and sc ient ific app l ica t ions. The
systems include the following components:

• Central processor (CP)

• Central memory (CM)

• Input/output unit (IOU)

• D isp lay s ta t ion

PHYSICAL CHARACTERISTICS
The mainframe configuration (figure 1-1-2) includes
a display station and a single cabinet for the CP,
CM, and IOU. The cabinet contains a logic chassis
with plug-in circuit boards. It also contains fans
to cool the logic chassis, an ac/dc control section
with voltage margin testing facilities, and dc power
s u p p l i e s . I

DISPLAY STATION

PANEL 'A'

CM

CM CONFIGURATION
SWITCHES S4-I

ll)

PANEL'B'

IOU

PANEL 'C

CP

PANEL'D'

IOU

50/60 Hz
POWER
CONTROL
BOX

400 Hz
POWER
CONTROL
BOX

FRONT VIEW
OF CABINET

n Figure I-1-1. Computer System Components
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DISPLAY
STATION

Figure 1-1-2. Chassis Configuration
(Top Cutaway View)

FUNCTIONAL CHARACTERISTICS

The computers use emitter-coupled logic (ECL) to
achieve high computation speeds. Design archi
tecture is also oriented towards this objective.
The CP design is based on the assumption that
instruct ions are, in most cases, accessed from
successive memory locations. Accordingly, the CP
prefetches instructions expected to be used next
while the current instruction is being processed.

The semiconductor central memory is divided into
four independent banks. These banks may all be
simultaneously in the process of completing read/
write requests which are queued and distributed at
ECL speeds. System input/output speeds are deter
mined by the capab i l i t ies o f ex is t ing ex terna l
devices.

CENTRAL PROCESSOR

• 60-bit internal word

• Eight 60-bit operand (X) registers

• Eight 18-bit address (A) registers

• Eight 18-bit index (B) registers

Tw o r e g i s t e r s t h a t i s o l a t e t h e c e n t r a l
memory space of each user (RAC, FLC)

Tw o r e g i s t e r s t h a t i s o l a t e t h e u n i fi e d
extended memory space of each user (RAE, FLE)

Register exchanging instructions (exchange
jumps) for interrupting programs

Floating-point arithmetic (11-bit exponent,
48/96-bit coefficient)

Integer arithmetic (60/18-bit operands)
Character str ing compare/move faci l i t ies
(6-bit characters)

• Packed ins t ruct ions (15/30/60-b i t ins t ruc
tions in 60-bit words)

• Synchronous internal logic

• 50-nanosecond clock period

• 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

• 72-bit data word (60 data bits, 8 SECDED
bits, and 4 unused bits)

• 262K words of refresh-type semiconductor
memory, options available to 1048K words

• O r g a n i z e d i n t o i n d e p e n d e n t b a n k s a s
fol lows: 262K memories into two banks,
other memories into four banks

• Two memory ports

• Bounds register to l imit write access from
specified ports

• 50-nanosecond clock period

• Maximum data transfer rate of one word every
100 nanoseconds

• Read, Write, and Part ial Write Cycles as
follows:

Model 815 Model 825

R e a d a c c e s s t i m e 1 2 5 0 n s 4 5 0 n s

Read/Write cycle t ime 1200 ns 400 ns

Partial write cycle time 1600 ns 800 ns

• Read and write data queuing capability

• Single-error correction double-error detec
tion (SECDED) on stored data

• Parity checking of all major data, address
and control paths

• Unified extended memory (UEM)

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) of 16-bit words
with the upper 4 bits zero.

Port to central memory

Bounds register to limit writes to central
memory

/^SK
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Twelve 12-bit CYBER 170 channels to external
devices, 24-channel option available
Real-time clock (channel 143)

Display controller (CYBER 170 channel lOg)

Two-port multiplexer (channel 15q)

Par i t y check ing on a l l ma jo r da ta and
address paths

500 nanosecond major cycle and 50 nanosecond
minor cycle

Time-of-day/date clock (channel 15g)

Telephone dial-out equipment (channel 15$)

MAJOR SYSTEM COMPONENT DESCRIPTIONS
The following are the major system components:

• Central processor (CP)

• Central memory (CM)

• Input/output unit (IOU)

• Disp lay s tat ion

CENTRAL PROCESSOR

The CP hardware (figure 1-1-3) consists of the
following:

• Contro l sect ion

• Reg is te rs

• Execution section

• Addressing section

The CP is isolated from the input/output unit and is
thus able to carry on computation or character
manipulation unencumbered by 1/0 requirements.

• Eight 60-bi t X registers (X0 through X7)
which hold operands used for computation.

• E ight 18-b i t A reg is ters (A0 through A7)
which use A0 primarily for indexing and Al
through A7 for CM operand addressing.

• Eight 18-bi t B registers (BO through B7)
which are primari ly indexing registers to
control program execution. The BO register
always contains all zeros.

E igh t suppor t reg is te rs suppor t the opera t ing
registers during program execution. These registers
are:

• Program address (P) register, 18 bits.

• Reference address for CM (RAC) register, 21
b i t s .

• Field length for CM (FLC) register, 21 bits.

• Exit mode (EM) register, 6 bits.

• F lag register, 6 b i ts

• Reference address for UEM (RAE) register, 21
b i t s .

• Field length for UEM (FLE) register, 24 bits.

• Monitor address (MA) register, 18 bits.

The registers store data and control information,
present operands to the execution section, and store
results.

Execution Section

The execution section combines the operands to
achieve the result.

Addressing Section

The addressing section checks memory addresses
against the bounds registers to ensure isolation
of user memory space

Control Section

The contro l sect ion d i rects the ar i thmet ic and
manipulative functions for instruction execution.
The control section prefetches instruction words
from memory and disassembles them into instructions.

Registers

Operating registers reduce storage accesses for
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
instruction. These registers are:

CENTRAL MEMORY

The CM (figure 1-1-3) consists of the following:

• Either two or four 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
(M0S) memory, wh i ch i s o rgan i zed i n t o f ou r
independent banks. Memory read/write requests are
stored and distributed at ECL speeds, after which
each bank completes the requests presented to it at
M0S speeds.
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DISPLAY
STATION
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(D RESERVED FOR FUTURE USE

Figure 1-1-3. Computer System Block Diagram

INPUT/OUTPUT UNIT
The IOU (figure 1-1-3) consists of the fol lowing:

• 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 r o c e s s o r s ( P P ) . O p t i o n s a r e a v a i l a b l e t o
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 . A n
addit ional 12 channels are avai lable.

• Ex te rna l i n te r f aces t o I /O channe l s

- 11 or 23 CYBER 170 channel interfaces

- Disp lay cont ro l ler in ter face (CYBER 170
channel 103)

- Real-t ime clock interface (channel 14g)

- Two-po r t mu l t i p lexe r i n te r face ( channe l
158)

- Ma in tenance channe l in te r face (channe l
178)

• In te r face to cen t ra l memory

• Bounds reg is ter to l im i t wr i tes to CM.

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 t e n , 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,
a n d c o m m u n i c a t e s w i t h a l l I / O c h a n n e l s a n d w i t h
central memory.

DISPLAY STATION
The d isp lay s ta t ion prov ides a v isua l , 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 i on a l so 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
se lect e i ther o f the data s t reams or to se lect both
f o r p r e s e n t a t i o n o n t h e C R T . ( E x c e p t f o r
p rogramming in fo rmat ion in sec t ion 5 , re fe r to the
D i s p l a y S t a t i o n m a n u a l f o r f u r t h e r d i s p l a y s t a t i o n
in fo rma t ion . )
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FUNCTIONAL DESCRIPTIONS

This section provides functional descriptions of the
CP, CM, and IOU parts shown in the block diagram in
section 1 in this part. These parts consist of:

• Central processor (CP)

• Central Memory (CM)

• Input/output unit (IOU)

Func t iona l desc r ip t ion fo r the sys tem d isp lay
station is in the Display Station Reference Manual.

CENTRAL PROCESSOR
The CP consists of the control section, registers,
the execution section, and the addressing section.

CONTROL SECTION

The control section keeps the instruction lookahead
bu f fe r r eg i s te r s fi l l ed w i t h i ns t ruc t i on wo rds .
This prefetch consists of two words for the regular
program sequence. A program address source supplies
the memory add ress fo r t he regu la r p rog ram
sequence. Instruction buffer and program address
buffers hold instructions and their addresses during
execution.

Instruction Lookahead

The read next instruction (RNI) hardware prefetches
inst ruct ion words to make the next inst ruct ion
immediately available when the execution of the
previous instruct ion is complete. To accomplish
t h i s , R N I r e a d s i n s t r u c t i o n s f r o m C M i n t o a
two-word, first- in, first-out stack.

60-bit CM word. Second, third, and fourth parcels
(parcels 1, 2, and 3) follow in order. The 30-bit
groups contain two 15-bit parcels.
The ins t ruc t ion con t ro l sequences con t ro l the
execution of one or more instructions of a common
type. These sequences and associated instructions
are briefly described in this section. (For further
information, refer to CP Instruction Descriptions in
section 4 in this part.)

Boolean Sequence

The Boolean sequence controls instructions that
require bit-by-bit data manipulation. This includes
both the logical and transmissive operations. The
Instructions requiring logical operations are:

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

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

13 Logica l d i f ference of (Xj ) BXi Xj -Xk
and (Xk) to Xi

15 Logical product of (Xj) with BXi -Xk«Xj
complement of (Xk) to Xi

16 Logica l sum of (X j ) wi th BXi -Xk+Xj
complement of (Xk) to Xi

17 Logica l d i f ference of (Xj ) BXi -Xk-Xj
with complement of (Xk) to Xi

The instructions requiring transmissive operations
are:

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

1 4 Tr 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

Maintenance Access Control

T h e m a i n t e n a n c e a c c e s s c o n t r o l p e r f o r m s
initialization and maintenance operations in the CP,
CM and IOU.

Instruction Control Sequences

The instruction control section performs instruction
translation and control sequences. Each control
sequence obtains the necessary instruction operands
f rom the operat ing reg is ters and prov ides the
control s ignals for execut ion. Instruct ions read
from CM are 60-bit instruction words that are in
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
combination of 15-bit and 30-bit groups. The 15-bit
groups are termed parcels with the first parcel
(parcel 0) being the highest-order 15 bits of the

Shift Sequence

The sh i f t sequence con t ro l s i ns t ruc t i ons tha t
require shifting the 60-bit field of data within 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

22 Lef t sh i f t (Xk) nomina l ly LX i B j Xk
(Bj) places to Xi

23 Right shift (Xk) nominally AXi Bj Xk
(Bj) places to Xi

43 Form mask of jk bits to Xi MXi jk
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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
c o e f fi c i e n t i s c o n t a i n e d i n t h e l o w e r 4 8 b i t s . T h e
sign and biased exponents are contained in the upper
12 b i ts . The unpack inst ruct ion obta ins the packed
word f rom the Xk reg i s te r, de l i ve rs the coe ffic ien t
to the Xi register, and del ivers the exponent to the
Bj register. The unpack and pack instruct ions are:

2 6 U n p a c k ( X k ) t o X i a n d B j U X i B j X k

2 7 P a c k ( X k ) a n d ( B j ) t o X i P X i B j X k

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
ope ra t i ons . The coe ffic ien t po r t i on o f t he ope rand
i s r e p o s i t i o n e d , a n d t h e e x p o n e n t i s a d j u s t e d s o
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
coe ffic ien t , and the exponen t i s dec reased 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 Normal ize (Xk) to X i and B j NXi B j Xk

2 5 R o u n d n o r m a l i z e ( X k ) t o X i Z X i B j X k
and Bj

The div ide instruct ions are:

4 4 F l o a t i n g d i v i d e ( X j ) b y ( X k ) F X i X j / X k
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 popu la t ion-count ins t ruc t ion counts the number
of one b i ts in a 60-b i t operand. The inst ruct ion is :

4 7 P o p u l a t i o n c o u n t o f ( X k ) t o C X i X k
Xi

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 instruct 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 d i f ference va lues for long-add
instructions 36 and 37*

The increment instructions are:

/ ^ ^ v

Floating-Add Sequence

The floa t i ng -add sequence con t ro l s t he ope ra t i ons
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
floa t ing -add ins t ruc t ions a re :

30 Float ing sum of (Xj) and (Xk) FXi Xj+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 ( X j ) F X i X j - X k
and (Xk) to Xi

32 Float ing double-precis ion sum DXi Xj+Xk
of (Xj) and (Xk) to Xi

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

3 4 R o u n d fl o a t i n g s u m o f ( X j ) R X i X j + X k
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 o f R X i X j - X k
(Xj) and (Xk) to Xi

Floating-Mult iply and Floating-Divide Sequence

T h e fl o a t i n g - m u l t i p l y a n d fl o a t i n g - d i v i d e s e q u e n c e
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 ,
floa t ing -d iv ide , and popu la t ion -coun t ins t ruc t ions .

The mul t ip ly instruct ions are:

40 F loa t i ng p roduc t o f (X j ) and FX i X j«Xk
(Xk) to Xi

41 Round floating product of (Xj) RXi Xj*Xk
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

1-2-2

50 Set Ai t o [Aj I + SAi AJ K

51 Set Ai to (Bj I + SAi BJ K

52 Set Ai to [Xj i + SAi Xj K

53 Set Ai t o iX j (Bk) SAi Xj+Bk

54 Set Ai to [Aj i + (Bk) SAi Aj+Bk

55 Set Ai t o [Aj ) - (Bk) SAi A j -Bk

56 Set Ai t o [Bj i + (Bk) SAi BJ+Bk

57 Set Ai to [Bj ) - (Bk) SAi B j -Bk

60 Set Bi t o [Aj SBi Aj K

61 Set Bi t o [Bj SBi Bj K

62 Set Bi t o iX j SBi Xj K

63 Set Bi to ( Xj, (Bk) SBi Xj+Bk

64 Set Bi to < Aj] (Bk) SBi Aj+Bk

65 Set Bi t o i A j , (Bk) SBi Aj-Bk

66 Set Bi t o iB j (Bk) SBi BJ+Bk

67 Set Bi to < BJ ) - (Bk) SBi Bj-Bk

70 Set Xi t o kAj SXi Aj K

71 Set Xi t o ,Bj SXi Bj K

72 Set Xi to < Xj] SXi Xj K

73 Set Xi to ( Xj] (Bk) SXi Xj+Bk

74 Set Xi to ( Aj] (Bk) SXi Aj+Bk

75 Set Xi to ( Aj] (Bk) SXi A j -Bk

76 Set Xi to ( Bj] (Bk) SXi Bj+Bk

77 Set Xi to ( Bj] (Bk) SXi Bj-Bk
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The long-add instructions are: UEM Block Copy Sequence

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

37 In teger d i f fe rence o f (X j ) IX i X j -Xk
and (Xk) to Xi

Compare/Move Sequence
The compare/move sequence controls the data
manipulation on a character basis. The compare/move
instructions (also referred to as CMU instructions)
a r e 6 0 - 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
registers for source and result field CM addresses
a n d c h a r a c t e r 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
registers load from the 60-bit instruction word.
The compare/move instructions 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 uncollated

The support registers are:

CC

CU

j g ^ V

• An 18-bit Kl register that specif ies which
relative CM address word oontains the first
character of the source data field.

• An 18-bit K2 register that specifies which
relative CM address word contains the first
character of the result field.

• A 4 - b i t C l r e g i s t e r t h a t s p e c i f i e s t h e
character position or offset of the first CM
word of the source field.

• A 4 - b i t C 2 r e g i s t e r t h a t s p e c i f i e s t h e
character position or offset of the first CM
word of the result field.

• Two 16-bi t L registers (LA and LC) that
specify the number of characters in the data
field. The LA register is associated with
Kl, and the LC register is associated with
K2. Instruction 464 uses 14 register bits.
Instructions 465, 466, and 467 use only the
lower eight register bits.

rNOTEl

CMU ins t ruc t ions are s imula ted by
execut ive state (Refer to Execut ive
State, section 5 of this part).

CYBER 170 Exchange Sequence

The CYBER 170 exchange sequence generates timed CM
reference signals to implement the exchange of data
between the CP and CM, as required by the CYBER 170
exchange jump instruction. In addition, the CYBER
170 exchange sequence provides internal control
signals to the operating and control registers to
systematically enter the contents of a CYBER 170
exchange jump package. (Refer to CYBER 170 exchange
Jump in this part for further information.)

The blook copy sequence controls the transfer of
data between CM and UEM. The number of words to be
transferred is determined by the addition of K to
the contents of Bj. The locations of the starting
addresses are determined by the setting of the block
copy flag. The block copy instructions are:

011 Block copy Bj + K words from UEM REC Bj+K
to CM

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

Direct Read/Write Sequence

Instructions 014 and 015 perform single word direct
read and write operations for UEM, and instructions
660 and 670 perform single word direct read and
write operations for central memory.

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

0 1 5 W r i t e o n e w o r d f r o m X j W X j X k
to UEM at (Xk + RAE)

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

670 Write XJ into central memory CWXj Xk
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 performs an unconditional jump to the Bi
register address plus K. The branch address is K
when 1 equals 0. The 02 instruction is:

02 Jump to (Bi) + K JP
The conditional jump instructions 03 through 07
branch to address K if the jump condition is met.
These instructions are:

0 3 0 B r a n c h t o K i f ( X j ) = 0 Z R

0 3 1 B r a n c h t o K i f ( X j ) + 0 N Z

0 3 2 B r a n c h t o K i f ( X j ) p o s i t i v e P L

033 Branoh to K i f (X j ) negat ive NG

034 B ranch to K i f (X j ) i n range IR

035 Branch to K if (Xj) out of range OR

0 3 6 B r a n c h t o K i f ( X j ) d e fi n i t e D F

037 Branch to K i f (XJ) indefini te ID

0 4 B r a n c h t o K i f ( B i ) = ( B j ) E Q

0 5 B r a n c h t o K i f ( B i ) f ( B j ) N E

0 6 B r a n c h t o K i f ( B i ) > ( B j ) G E

0 7 B r a n c h t o K i f ( B i ) < ( B j ) L T
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Return Jump Sequence

The return jump sequence controls the execut ion of
th ree ins t ruc t ions .

00 Er ro r ex i t to MA o r p rogram s top PS

0 1 0 R e t u r n j u m p t o K R J

0 1 3 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 or (MA)

T h e A l t h r o u g h A 7 r e g i s t e r s a r e e s s e n t i a l l y C M
o p e r a n d a d d r e s s r e g i s t e r s a s s o c i a t e d o n e - f o r - o n e
w i t h t h e X r e g i s t e r s . ' P l a c i n g a q u a n t i t y i n t o a n
address register (Al through A5) causes a CM read
reference to that address and transmits the CM word
t o t h e c o r r e s p o n d i n g r e g i s t e r ( X I t h r o u g h X 5 ) .
S i m i l a r l y , p l a c i n g a q u a n t i t y i n t o t h e A 6 o r A 7
register causes the word in the corresponding X6 or
X7 reg is ter to be wr i t ten in to that re la t ive address
of CM.

REGISTERS

The CP contains the operating and support registers
descr ibed in the fo l lowing paragraphs. The contents
of these reg is ters can be wr i t ten in to memory and
reloaded from memory as a CYBER 170 exchange package
by a s i ng le CP i ns t ruc t i on (CYBER 170 exchange
jump).

The time a CYBER 170 exchange package resides in CP
h a r d w a r e i s c a l l e d a n e x e c u t i o n i n t e r v a l . D u r i n g
t h i s i n t e r v a l , t h e c o n t e n t s o f X , A , B , a n d P
reg is te rs can be changed by CP ins t ruc t i ons . The
contents of other support registers change only as a
result of a CYBER 170 exchange jump.

B Registers

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
r e g i s t e r s t o c o n t r o l p r o g r a m e x e c u t i o n . P r o g r a m
loop counts may also be incremented or decremented
in these regis ters.

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
q u a n t i t i e s . T h e B r e g i s t e r s a l s o h o l d s h i f t c o u n t s
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 resul tant shi f t count f rom a normal ize. The
B0 register always contains posi t ive zero which can
be used as an operand . Th is reg is te r canno t ho ld
resu l ts f rom ins t ruc t ions .

Operating Registers

T h e o p e r a t i n g r e g i s t e r s c o n s i s t o f o p e r a n d ( X ) ,
a d d r e s s ( A ) , a n d i n d e x ( B ) r e g i s t e r s . T h e s e
regis ters min imize memory references for ar i thmet ic
operands and results.

X Registers

The CP contains eight 60-bit X registers, X0 through
X 7 . T h e X 0 r e g i s t e r i s u s e d i n t h e c o m p a r e
ins t ruc t i ons to i nd i ca te i f two fie lds o f cha rac te rs
a r e e q u a l . A l s o , t h e X 0 r e g i s t e r p r o v i d e s t h e
r e l a t i v e u n i fi e d e x t e n d e d m e m o r y ( U E M ) s t a r t i n g
address in a block copy operation.

T h e X I t h r o u g h X 7 r e g i s t e r s a r e p r i m a r i l y d a t a
hand l ing reg is te rs fo r computa t ion w i th X I th rough
X5 used to input data from CM and X6 and X7 used to
transmit data to CM.

Operands and results transfer between CM and the X
regis ters as a resu l t o f p lac ing CM addresses in to
corresponding A registers.

S u p p o r t R e g i s t e r s V

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.

P Register

The 18-b i t program address (P) reg is ter loads f rom
CM during the first word of a CYBER 170 exchange
sequence and contains the current program execution
address. The regis ter serves as a program address
counter and holds the relat ive CM address for each
program step.

A Registers

The CP contains eight 18-bit A registers, AO through
A 7 . T h e A 0 r e g i s t e r s e r v e s a s a n i n t e r m e d i a t e
reg i s te r f o r t he use r ' s d i sc re t i on . The A0 reg i s te r
i s used in the compare co l l a te i ns t ruc t i on fo r t he
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 start ing address in a block
copy operation.

RAC Register

The 21-bit CM reference address (RAC) register loads
f rom CM dur ing the second word o f a CYBER 170
exchange sequence. An absolute CM address forms by
adding RAC to a relat ive address determined by the
inst ruct ion. The content o f the P reg is ter 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-equa l - to -zero cond i t ion spec ifies re la t i ve 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.
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FLC Register RAE 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
field of the program in execution. Relat ive CM
addresses are compared with FLC to check that the
program is not going out of its allocated memory
range.

The 21-bit UEM reference address (RAE) register
loads from CM during the fifth word of a CYBER 170
exchange sequence. The lower 6 b i ts o f th is
register are always zero. An absolute UEM address
forms by adding RAE to the relative address which is
determined by the instruction.

EM Register

The 6-bit exit mode (EM) register loads from CM
during the fourth word of a CYBER 170 exchange
sequence. The EM register holds 6 exi t mode
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
conditions for a program. Selected EM register bits
cause the CP to error exit when the corresponding
conditions occur. Any or all of the 6 bits can be
set at one time. Clear EM register bits allow the
CP to continue, without error processing, when most
of the corresponding condit ions occur. The exit
mode selection bits appear in the exchange package
as bits 48 through 50, and 57 through 59. The bits
and their corresponding conditions are:

Mode
Selection

Bit Condition Sensed
48 Address out of range
49 Infinite operand
50 Indefinite operand
57 Hardware error
58 Hardware error
59 Hardware error

Flag Register

The 6-bit flag register loads from CM during the
fourth word of a CYBER 170 exchange sequence. The
flag register holds 6 bits that function as control
flags.

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
flag. When se t , enab les ex tended
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
registers to be done.

5 3 C M U i n t e r r u p t e d fl a g . W h e n s e t , o n e
of instructions 464 through 467 has
been in te r rup ted . The in fo rmat ion
necessary to resume operation has been
saved.

54 Block copy flag. When set , b lock copy
instructions (011, 012) use bits 30
through 50 of X0 (rather than A0) to
determine the CM address.

5 5 R e s e r v e d f o r u s e i n . o t h e r m o d e l s .
Must be a zero.

5 6 U E M e n a b l e fl a g . W h e n s e t , U E M i s
being used. This flag must be set to
a l l o w 0 1 1 , 0 1 2 , 0 1 4 , a n d 0 1 5
instructions to access UEM.

FLE Register

The 24-bit UEM field length (FLE) register loads
from CM during the sixth word of a CYBER 170
exchange sequence . The lower 6 b i t s o f th i s
register are always zero. The FLE register defines
the size of the field in UEM for the program in
execution. Relative UEM addresses are compared with
FLE.

MA Register

The 18-bit monitor address (MA) register loads from
CM during the seventh word of a CYBER 170 exchange
sequence. The MA register contains the absolute
starting 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)
instruction with the CYBER 170 monitor flag clear.
For further information, refer to CYBER 170 Exchange
Jump in section 5 of this part.

EXECUTION SECTION
The execution section combines the operands into
resul ts, providing addi t ional sequencing control
where necessary.

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

Memory management hardware verifies that memory
addresses are to access permitted memory areas. If
this is the case, this hardware accesses central
memory.

CENTRAL MEMORY
The CM performs the following functions.

• The memory banks store from 262K to 1048K of
6 4 - b i t w o r d s ( t h e l e f t m o s t 4 b i t s a r e
undefined) and an 8-bit SECDED code.

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

• A bounds register limits access to CM from
either or both ports.

• The SECDED generators generate the SECDED
code bits stored with each word. SECDED
checks circuits, corrects single-bit errors,
and detects double-bit errors.
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The maintenance channel interface gives a PP
in the IOU access to the CM maintenance
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
diagnostics, and for setting the port bounds
register.

CM PORTS AND PRIORITIES

A priority network resolves access conflicts on a
rotating basis, preventing long-term lockout of 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.
Refresh requests have priority over port requests.

TABLE 1-2-1. PORT PRIORITY

Maximum Request Lockout Time in Bank Cycles

Port Read or Write Requests

Refresh
Port 0
Port 1

NOTE: 1 bank cycle equals 8 clock periods
equals 400 nanoseconds.

ADDRESS FORMAT

Figure 1-2-1 illustrates address format.

21 20 5 4 2 MEGABYTE
I / / / / / I 1 CHIP ADDRESS 1 1 MEMORIES

I
CHIP

SELECT

2 3 2 2 2 1

BANK
SELECT

6 5 4

(2 BANKS)

OTHER
1 1 1 CHIP ADDRESS 1 1 MEMORIES

CHIP
SELECT

PAK SELECT

BANK
SELECT

(4 BANKS)

Figure 1-2-1. Address Format

The following list defines the address fields.

• Bank select specifies one of two/four banks.
Since the bank address is the lowest order
two bits of the storage address, sequential
addressing results in a phased-bank operation
which allows a maximum data transfer rate of
one word each clock period. Model 825 read
or write bank cycle time is 8 clock periods
and a read/modify/write (partial write) bank
cycle time is 16 clock periods. Model 815
read or write bank cycle time is 24 clock
per iods and a read/modi fy /wr i te (par t ia l
write) bank cycle time is 32 clock periods.

• Chip address specifies address of a word in
64K MOS memory chips for the selected bank.

• Chip select selects one of two word rows in a
pak.

• Pak select selects one of two paks. It is
used only for storage units larger than 524K.

CM ACCESS AND CYCLE TIMES

Model 825 CM cycle time for a read or write is 400
nanoseconds. Model 815 CM cycle time for a read or
write is 1200 nanoseconds. Refer to table 1-2-1 for
maximum request lockout time.

SECDED

The SECDED logic corrects single-bit errors during a
CM read, permi t t ing unimpeded computer operat ion.
The SECDED logic prepares for the error correct ion
by genera t ing e r ro r cor rec t ion code (ECC) b i t s fo r
each data word, and by storing these ECC bits in CM
with the data word during the CM write. Table 1-2-2
l ists the hexadecimal codes for al l the combinat ions
o f s y n d r o m e b i t s w i t h t h e n u m b e r o f t h e d a t a b i t
assigned each code or a note categorizing the code.
Then, during a CM read, CM performs the fol lowing
SECDED sequence:

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
ex is ts . Send data to request ing un i t .

4. I f b i ts do not match, generate syndrome bi ts
from result of ECC compare.

5 . Decode syndrome b i ts to determine i f s ing le
o r m u l t i p l e b i t f a i l u r e .

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 .

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
c o d e t o C P. A P P i n t h e I O U m a y t h e n
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.

UNIFIED EXTENDED MEMORY

Central memory contains an area which is reserved
f o r 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
ware. A long wi th the hardware and microcode, th is
s o f t w a r e h a n d l e s t h e o p e r a t i o n s i n t h e e x e c u t i v e
s t a t e a s d e s c r i b e d i n s e c t i o n 5 o f t h i s p a r t .
E x e c u t i v e s t a t e s o f t w a r e i s l o c a t e d a t t h e h i g h e r
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 via RAE, FLE, and the
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
figure 1-2-2 .

•4 f l * c ^ \
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TABLE 1-2-2. SECDED SYNDROME CODES/CORRECTED BITS

Code B i t

©
Code

20

B i t

66 ©
Code

40

Bit

6 5 ©

Code

60

Bit"' ~© Code

80

B i t

6 4 ©

Code

AO

B i t

©
Code B i t Code B i t

00 CO 0/1 EO 3 2 ©

01 7 1 © 21 41 61 81 Al Cl El 3 2 ©

02 7 0 © 22 42 62 82 A2 C2 E2 3 6 ©

03 6 / 7 © 23 43 63 83 A3 C3 E3 3 6 ©

04 6 9 © 24 44 64 84 A 4 C4 E4 3 4 ©

05 25 45 65 85 A5 C5 E5 3 4 ©

06 26 46 66 86 A6 ~C6- E6 3 8 ©

07 2«© 27 2 8 © 47 2 6 © 67 30 87 2 5 © A7 29 C7 27 E7 31/38©
08 6 8 © 28 48 68 88 A8 C8 E8 3 3 ©

09 29 49 69 89 A9 C9 E9 3 3 ©

OA 2A 4A 6A 8A AA CA EA 3 7 ©

OB 1 6 © 2B 2 0 © 4B 1 8 © 6B 22 8B 1 7 © AB 21 CB 19 EB 23 /37©
OC 1 / 5 © 2C 4C 6C 8C AC CC EC 3 5 ©

OD 8 © 2D 1 2 © 4D 1 0 © 6D 14 8D 9© A D 1 3 CD 11 ED 15/35©
OE 0 © 2E « © 4E 2© 6E 8E ! © AE j 5 CE EE 7/39 ©

OF 2F 4F 6F 8F AF 1 CF EF 3 9 ©

10 6 7 © 30 2 / 3 © 50 70 56 90 BO 48 DO 40 FO

11 31 51 71 56 91 Bl 48 DI 40 Fl

12 32 52 72 60 92 B2 52 D2 44 F2

13 33 53 73 60 93 B3 52 D3 44 F3

14 34 54 74 58 94 B4 50 D4 42 F4

15 35 55 75 58 95 B5 50 D5 42 F5

16 36 56 76 62 96 B6 54 D6 46 F6

17 2" © 37 2 8 © 57 2 6 ® 77 30/62© 97 2 5 © B7 29 /54© D7 27/46© F7

18 38 58 78 57 98 B8 49 D8 41 F8

19 39 59 79 57 99 B9 49 D9 41 F9

1A 3A 5A 7A 61 9A BA 53 DA 45 FA

IB 1 6 © 3B 2 0 © 5B 1 8 © 7B 22/61© 9B 1 7 © BB 21 /53© DB 19/45© FB 2 3 ©

IC 3C 5C 7C 59 9C BC 51 DC 43 FC

ID 8 © 3D 1 2 © 5D 1 0 © 7D 14/59© 9D 9© BD 13/51© DD 11/'<3© FD 1 5 ©

IE 0 © 3E « © 5E 2 © 7E 6 / 6 3 © 9E 1 ® BE 5/55 © DE 3/4*r© FE 7 ©
IF 3F 5F 7F 63 9F ® | B F 55 DF 47 FF

/pP^X.

Notes:
1 Corrected single-bit error.
2 Syndrome code bit failed (single code bit set).
3 Double error or multiple error (even number of code bits set).
4 Multiple error reported as a single error.
5 Double error or multiple error with indicated bit(s) inverted.
6 Double error or multiple error or forced double error due to a partial write parity error on one of the

two bytes.
7 No error detected.
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Address 0

Available CM size

Actual CM size

CM

UEM
(optional)

Executive State
Software

Figure 1-2-2. Unified Extended Memory

CM BOUNDS REGISTER

The CM bounds register limits the write access to CM
from specified ports. The ports are limited to the
area between an upper and lower bound as specified
in the CM bounds register. Bits in byte 0 specify
the port(s) from which the write access is limited.
T h e C M b o u n d s r e g i s t e r i s s e t t h r o u g h t h e
maintenance channel. For further information refer
to Maintenance Channel Programming in setion 5 of
this part.

CENTRAL MEMORY RECONFIGURATION

Cent ra l memory reconfigura t ion is a manual ly
per fo rmed func t ion tha t permi ts the computer
operator to restructure the CM addresses so that a
failing part of CM can be quickly locked out to
provide a cont inuous block of usable CM. CM
reconfiguration is accomplished by setting switches
on the memory unit to manipulate the upper address
bits.

When a configuration switch is set forcing a CM
address b i t to a zero/one, the address range
corresponding to the or iginal instal led memory
accesses some parts of the reconfigured memory more
than once. Addresses up to the rightmost forced
bit, and half the addresses using the rightmost
forced bit, cover a contiguous address space from
location zero, which is the reconfigured memory.
(Refer to section 3 in this part.)

• Two-port multiplexer

• Maintenance channel

• CM access

• Time-of-day/date clock

• Telephone dial-out equipment

PERIPHERAL PROCESSOR

The basic IOU contains 10 PPs and is expandable to
20 PPs in 5-PP increments. Each PP is a logically
independent computer with its own memory. Each
10-PP group is organized into a multiplexing system |
which allows the PPs to share common hardware for
ar i thmet ic , log ica l , and I /O operat ions wi thout
los ing independence. Th is mul t ip lex ing system
comprises a 10-rank first in, first out buffer of
reg is ters termed a barre l . Each rank conta ins
i n f o r m a t i o n r e l a t e d t o t h e i n s t r u c t i o n b e i n g
executed by one PP.

Each PP communicates with the CP through CM using
the CYBER 170 exchange jump. The PPs communicate
with each other over the I/O channels.

Each PP executes programs alone or with other PPs to
control data transfers between external devices and
CM. These programs are comprised of instructions
from the IOU instruction set and respond to requests
issued through CM by the operating system. The
programs translate generalized operating system
requests into control functions for accessing the
external devices and may also perform device
scheduling and optimization. The programs use PP
memory as a buffer for the data transfer between
external devices and CM to isolate IOU data transfer
from variations in CM transfer rate.

Deadstart
A microprocessor control led deadstart sequence
allows the IOU to initialize itself. This sequence
is initiated by the DEAD START switch on the display
station. When the switch is operated, a deadstart
d i s p l a y a p p e a r s o n t h e d i s p l a y s t a t i o n , w i t h
opera tor se lec tab le op t ions wh ich inc lude the
assigning of any PPM to PPO.

INPUT/OUTPUT UNIT
The input/output unit (IOU) performs the functions
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
external devices connected to the system, and
controls the transfer of data between a selected
device and CM. The IOU also performs system
maintenance functions.

The IOU contains the following functional areas.

• Peripheral processor (PP)

• I/O channels

• Real-time clock

Barrel and Slot

The barrel consists of the R, A, P, Q, and K
registers, each one of which has 10 ranks, 0 through
9. (Refer to figure 1-2-4.) Information in these |
registers moves conceptually from one rank to the
next at a uniform 20-megahertz rate, providing a
multiplexed system of 10 PPs, each operating at a
12-megahertz rate. The registers are stationary |
while the PPs rotate. For example, rank 4 registers
contain PPO through PP118 in succession, each |
consuming 50 nanoseconds of the total cycle time of
500 nanoseconds. Since PP memories operate at a
slower rate, independent memory with its own address
and data registers is provided for each PP.
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Each time data enters the slot, a portion of the
instruct ion for that data is executed. The s lot
performs tasks such as arithmetic and logic
operat ions and program address manipulat ion.
Complete execution of an instruction may require the
R, A, P, Q, and K register quantities to go more
than one trip around the barrel and through the slot.

The PPM may be referenced once each time the PP
passes around the barrel and through the slot.
During its slot time, the PP may also communicate
with CM or with any of the I/O channels.

PP Registers

address of the data transfer. At deadstart, the P
register is set to zero.

Q Register

The 12 -b i t Q reg i s te r ho lds da ta f o r seve ra 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 ,
peripheral address of data used during one-word
central read or wri te instruct ions, upper 6 bits
during constant mode instructions, channel number on
all I/O and channel instructions, shift count, and
relative jump designator. At deadstart, each rank
of the Q register is set to a corresponding PP
number. Rank 0 is set to PPO, rank 2 is set to PP2,
and so on.

R Register

The 28-bit R register, in conjunction with the A
register, forms an absolute CM address for CM
read/wr i te ins t ruc t ions . When b i t 17 o f the A
register is set, the absolute CM address is formed
by appending six zeros to the lower end of the
contents of the R register and adding to the result
b i t s 0 t h r o u g h 1 6 o f t h e c o n t e n t s o f t h e A
register. Refer to figure 1-2-3.

K Register

The 7-bit K-register is visible to the programmer
through the maintenance channel only. This register
holds the operation code field of an instruction for
display on the IOU deadstart display. When a PP is
halted (idled), this register contains all ones.

27 6 5
000000

16

Figure 1-2-3. Formation of Absolute CM Address

A Register

The 18 -b i t A r eg i s t e r ho lds one ope rand f o r
arithmetic, logic, or selected I/O operations. The
content of A may be an arithmetic operand, CM
address, I/O function, or I/O data word. Various
instructions operate on 6, 12, or 18 bits of the A
register.
When the A register is used as the CM address,
pa r i t y i s genera ted fo r t ransmiss ion w i th the
address to memory control. At deadstart, the A
register is set to 10000 (octal). When bit 17 of
the A register is clear, the A register is used as
the CM address; however, when bit 17 is set, the R
register is added to the A register as described
previously to obtain the absolute CM address for CM
read/write instructions.

P Register

The 12-b i t P reg is ter is the program address
r e g i s t e r , e x c e p t d u r i n g t h e e x e c u t i o n o f
instructions 61, 63, 71t and 73. For these
instructions, the P register contains the PPM

PP Numbering

PPs are numbered as follows:

• B a r r e l 0

• B a r r e l 1

PPs 00 to 11 (octal)

PPs 20 to 31 (octal)

The deadstart sequence decodes deadstart panel
switches to determine PP numbering within a barrel.
The sequence assigns barrel numbers according to the
switch settings and, during the first minor cycle
after deadstart, loads a zero into the Q register in
barrel 0. This defines all the data in that rank of
the barrel as belonging to PPO and since Q is the
channel selector, assigns PPO and channel 0. During
the next minor cyc le , Q loads wi th a 1. This
defines PP1 and assigns i t to channel 1. This
process occurs in parallel in both barrels until the
IOU assigns each rank of each barrel with 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
contains 16 data bits with the upper 4 bits set to
zero, and 1 parity bit. PPO reads the deadstart
program from the deadstar t d isplay dur ing the
deadstart operation. Therefore, PP memory 0 must be
operational. A PP memory reconfiguration feature
allows the user to restore IOU operation if the IOU
detects a fault in the PP memory normally assigned
to PPO.

To reconfigure, the operator assigns a good PP
memory to PPO and the operating system removes the
failing PP memory. Computer operation can continue
without the failing PP memory, and repairs can be
made during scheduled maintenance. The system must
be deadstarted to reconfigure PPMs.
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TEN PERIPHERAL PROCESSOR MEMORIES

0 1 2 3 4 S 6 7 to II

RANK

CENTRAL
MEMORY
(64)_,,

(64 )

(48 ) TO OTHER
BARREL

(36)

(24)

64 BIT WORD

(12) t '6)

©

I INSTRUCTION
IN SLOT

FROM OTHER
BARREL

?♦♦
(16) (l2)

(16)

(24)

(36)

(48)

(64)

64 BIT WORD

CENTRAL
MEMORY

_».(64)

0 1 2 3 4 5 • 7 |fO 111 |l2 13 20!2
i _,1

(12
' '

;Tc20;2I !22:23!24l25l26i27i30!3ll32i33l I/O CHANNELS

©
©

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 IGNORED BY THE PP.

Figure 1-2-4. Barrel and Slot
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I/O CHANNELS MAINTENANCE CHANNEL

The I/O channels comprise an internal interface that
allows common hardware and software to control the
external devices, and an external interface that
allows the IOU to communioate with the external
devices using 12-bit data channels.

The internal in ter face can t ransfer 16-bi t data
words between two PPs, or between a PP and an
external device at a maximum rate of one word every
500 nanoseconds. This rate can be sustained for the
maximum practical channel transfer (4096 words).
During transfers between PPs, if the PPs are in the
slot at the same time, the transfer rate is 1000
nanoseconds.

Any PP can access any of the CYBER 170 bidirectional
1/0 channels. All PPs communicate with external
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
active simultaneously.

The display station controller (DSC) is attached to
CYBER 170 channel 103. The DSC is the IOU
interface between the PPs and the display station,
servicing both the keyboard and the cathode-ray tube
(CRT). I t t ransmi ts funct ion words and d ig i ta l
symbol size/position data to the display station,
and receives d ig i ta l character codes f rom the
keyboard. I t also receives digital symbol codes
from the PPs and converts these to analog signals to
the CRT.

The maintenance channel consists of the maintenance
channel interface on channel 17s 1 a maintenance
access control in each system element, and a set of
interconnecting 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-bit CM word with the leftmost 4 bits
undefined. During a CM read, the IOU disassembles
the rightmost 60 bits of the 64-bit CM word into
five PP words. A PP forms a 28-bit CM address by
adding the 28-bit base relocation address from the R
register to the 17-bit relative address from the A
regis ter.
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
assembly/disassembly can simultaneously read CM
words, and five PPs can write CM words. Each of the
PPs transfers a 64-bit word to or from the CM every
50 nanoseconds.

TIME-OF-DAY/DATE CLOCK

The two-port multipleter incorporates a calendar
clock which supplies the year, month, day, hour,
minute and second of date/time. This clock can be
set to the minute and includes a power interruption
indicator b i t to guarantee the accuracy at the
date/time supplied.

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, incrementing at a 1-megahertz rate. It is
permanently attached to channel l4g. This channel
may be read at any time as its active and full flags
are always set.

TWO-PORT MULTIPLEXER

The two-port multiplexer provides communication
capability between a PP and two attached terminals.
One port is reserved for maintenance purposes and
the other port is reserved for future use. The
two-port mult iplexer is permanently attached to
channel 158*

TELEPHONE DIAL-OUT EQUIPMENT

The two-port mul t ip lexer includes auto dia l -out
equipment which can control any auto calling unit
designed for operation through a RS366 channel. The
equipment is intended for maintenance use; it is,
however, accessible to all PPs and can be adopted
for other uses. It can dial any telephone number
and then transmit an unlimited amount of data to
suitable receiving equipment.
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OPERATING INSTRUCTIONS

This section describes controls and indicators, and
h a r d w a r e - d e p e n d e n t o p e r a t i n g p r o c e d u r e s .
Software-dependent procedures are in system software
reference manuals listed in the preface.

O t h e r d e a d s t a r t d i s p l a y s a r e a v a i l a b l e f o r
maintenance use. Refer to System Init ialization,
section in part II-3 and to the Hardware Operator's
Guide for further information.

CONTROLS AND INDICATORS
This section describes the IOU deadstart display and
CM configurat ion switches used by the system
operator. Other cont ro ls used by main tenance
personnel are described in the hardware Operator's
Guide and the Display Station Hardware Reference
Manual.

DEADSTART PANEL CONTROLS/INDICATORS

When the deadstart pushbutton on the display station
is pressed, an initial deadstart display appears on
the screen of the display station. It is created by
an independent microcomputer in the mainframe, and
does not rely on any program being operational in
the PPs. The initial deadstart display is used to
select a 16-word deadstart program for PPO and to
initiate the deadstart sequence for PPO. It is also
used to reconfigure PPMs and barrels, and to display
error status and maintenance information.

TABLE 1-3-1. DEADSTART DISPLAY

The format of the deadstart display is shown
figure 1-3-1 and table 1-3-1.

i n

DEADSTART

PPM CONF = 00
BRL CONF = 0
DLY LOOP = 0
LDS ADDR = 60000

XX YYYYYYs CHANGE DS PRO
XX+YYYYYY=CHANGE DS PRO INC

S= SHORT DS
LsLONG DS
HsHELP

PROGRAM 0

01 001402
02 007303
03 000017
04 007503
05 007703
06 000300
07 007403
10 007103
11 007301
12 000010
13 000000
14 007H2
15 000000
16 000000
17 000000
20 007112

F igu re 1 -3 -1 . In i t i a l Deads ta r t Pane l

Display Description

CHANGE DS PRO Change the single word in
the dead-start program at
XX to new value YYYYYY.

CHANGE DS PRO INC Change a block of sequen
tial words in the dead-
start program starting at
XX.

S = SHORT DS S = select short dead-
start sequence.

L = LONG DS L s select long deadstart
sequence.

H = HELP Brings up a display which
lists and explains avail
able commands.

PPM CONF PP memory configuration
control.

BRL CONF B a r r e l c o n fi g u r a t i o n
control.

DLY LOOP F o r m a i n t e n a n c e u s e ,
contro ls delay between
repeated deadstarts.

LDS ADDR L o n g d e a d s t a r t s t a r t
address.

PROGRAM 0 Deadstart program.

LDS BRANCH TEST Appear when a long dead-
start sequence is aborted
t o i n d i c a t e n a t u r e o f
fa i l u re .

LDS DATA/ADDRESS

ERROR (NOT SHOWN)

N o t e : T h e d i s p l a y l i n e a l s o e c h o e s k e y b o a r d
e n t r i e s o n t h e b o t t o m l i n e , a n d e r r o n e o u s
e n t r i e s o n t h e n e x t l i n e u p . R e f e r t o
System Initialization, section 3 in part II
and to the Hardware Operator's Guide for
further information.
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CENTRAL MEMORY CONTROLS TABLE 3-2. CM RECONFIGURATION

The CM contains three three-position configuration
switches (figure 1-3-2). These switches are located
along the edge of a printed circuit board located in
the rightmost position of the memory panel (location
A24). The swi tches are used to e l iminate CM
sect ions wi th mal funct ions. Each swi tch, SW4
through SW6, forces one corresponding CM address
b i t , 2 3 t h r o u g h 2 0 , e i t h e r t o a z e r o ( s w i t c h
down, D) or to a one (switch up, U). Refer to table
1-3-2.

In case of CM malfunctions, the remaining good
memory can be reconfigured so it is accessible by
contiguous addresses from zero to the maximum
remaining address. This is accomplished by setting
configuration switches (figure 1-3-2) as listed in
table 1-3-2 (refer to the Hardware Operator's Guide).

CM Size
Words

F a i l i n g
Address

Range

Configura t i on
Switches

CM
A f t e r

Reconfig.
WordsSW4 SW5 SW6

100 OK 00000 - 7FFFF 50 OK

100 OK 80000 - FFFFF 50 OK

50 OK 00000 - 3FFFF 25 OK

50 OK 40000 - 7FFFF 25 OK

25 OK 00000 - 1FFFF 12 5K

25 OK 20000 - 3FFFF 12 5K

PANEL 'A'
PANEL 'B'

PANEL 'D '

CHASSIS LOCATION A24

CM CONFIGURATION SWITCHES

.rfSSRS^

Figure 1-3-2. CM Configuration Switches
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IOU MAINTENANCE PANEL CONTROL CHECKS
The IOU contains a maintenance panel which directs
I O U m i c r o c o m p u t e r o p e r a t i o n s . T h i s p a n e l
incorporates the following switches:

Description

W h e n i n t h e d i a g n o s t i c
p o s i t i o n , c a u s e s t h e
microcomputer to go into a
d iagnost ic rout ine to ver i fy
IOU hardware integrity.

P rov ides se t t i ngs fo r f as t ,
normal and slow system olook.

(One switoh for each port of
the two-por t mux) . Se lec ts
one of eight baud rates (110
to 19.2K) at which the port
operates.

(One switoh for each port of
t h e t w o - p o r t m u x ) . T h i s
s w i t o h c a n b e s e t t o
enable/disable the following:

• All communications
• Non-sys tem o r ig ina ted

communications
• Remote power control and

deadstart.

Refer to Two-Port Mux, section 5 of this part for
further information.

Switch

DIAGNOSTIC/NORMAL

SYSTEM CLOCK

BAUD RATE SELECTION

PORT OPTIONS

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 deadstart display parameters
against their intended use. The normal settings of
these parameters are as follows:

P a r a m e t e r V a l u e

P P M C O N F 0 0

B R L C O N F 0

L D S A D D R 6 0 0 0

E r r o r m e s s a g e s n o n e

Deadstart Sequences

In response to a keyboard command (L or S) to the
deadstart display, the IOU performs a deadstart
sequence. Depending on the command (L or S), 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
performed. The short deadstart sequence is used
when hardware integrity verification is not required.
The long deadstart sequence performs all the tasks
performed by the short deadstart sequence and some
additional tasks. The main additional task is the
running of a diagnostic program, from a read-only
memory (ROM) in the IOU, on logioal PPO. The
diagnostic program takes approximately 15 seconds to
run.

POWER-ON AND POWER-OFF PROCEDURES
In case of an emergency, use the system EMERGENCY
OFF switch. Power-on and power-off procedures are
described in the Hardware Operator's Guide.

CAUTION

Improper app l icat ion or removal o f
power may damage system circuits.
P o w e r m u s t b e t u r n e d o n / o f f b y
designated personnel only, exoept for
the system EMERGENCY OFF switch. Use
only for extreme emergency, not for
normal shutdown.

After being operated, the EMERGENCY OFF switch
must be reset by a technician.

OPERATING PROCEDURES
Refer to the Hardware Operator's Guide. The system
is i n i t i a l i zed by se t t i ng i t s deads ta r t d i sp lay
oontrol parameters, and then by running either a
long or short deadstart sequence (defined later in
th is sect ion) . Af ter in i t ia l izat ion, the keyboard
is used to ins t ruc t the sys tem fu r ther, under
program control.

Both deadstart sequences begin with a master clear
which sets up all PPs, except logical PPO, for a
4096-word block input starting at PP location 0.
The input into each PP is from the channel with the
same number as the logical number of the PP
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
external devices and sets maintenance ohannel
connect code bit 52. The individual ohannels and
registers are set as follows:

Flags

Channel

10 (display
control ler)

14 (real-time
clock)

15 (two-port
mux)

Other installed
channels

Noninstailed
channels

Channel
Ac t ive / Fu l l / Channe l Er ro r
I n a c t i v e E m p t y F l a g F l a g

Inact ive Empty Clear CLear

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

Active 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

17 (maintenance) Active

Active
Empty Clear Clear

Empty Clear Clear

Inact ive Empty Clear Clear

The flags of channel 14 and of noninstalled ohannels
are fixed by hardware and cannot be changed.
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Register I n i t i a l i z a t i o n

K 0071008

P 0077778

A 10,000s

Q 0, 1, 2...

Description
Instruction display

Causes block input to
start from location 0
Count of 4096 words
1/0 channel numbers
(PPO: 0, PP1: 1, and
so on)

All registers in both barrels are set to these
values, except the registers of PPO.

If the long deadstart sequence is being performed,
hardware clears location 77778 in &H pp memories
and sets the P register of PPO to the value
indicated by the parameter LDS ADDR = XXXX (normally
6000g). PPO starts performing a test program froma read-only memory in IOU. Hardware errors cause
the LDS program to hang before completion. In the
absence of errors, execution proceeds until the test
program reaches location 77768. When this
happens, the unique part of the long deadstart
sequence ends with a master clear.
Next, both deadstart sequences clear PPO location 0,
write the deadstart program on the display into PPO

memory locations 1 to 20g, and clear PPO location
2l8« PPO then starts executing the program enteredfrom the deadstart display, (which is normally a
bootstrap program to input more data from an assigned
external device).
The short deadstart sequence does not disturb PP
memory other than PPO locations 0 to 213. Bothdeadstart sequences leave all PPs, except PPO,
waiting for a block input, or for action through the
maintenance channel. After the block input is
complete, each PP starts executing the program
entered from whatever address was entered into
location 0 of that PP.

IOU RECONFIGURATION
The logical PP numbers and hardware are assigned to
physical PPs circularly from the sett ings of IOU
deadstart display PPM CONF and BRL CONF parameters,
specifying which physical barrel and PPM is PPO.
Maximum values for these parameters depend on the
number of PPs installed. Illegal values entered in
RB X and RP XX commands are rejected by the deadstart
display, and cause error messages to appear on the
screen (refer to the Hardware Operator's Guide).
R e c o n fi g u r a t i o n i s d i s c u s s e d i n d e t a i l i n t h e
Hardware Operator's Guide; allowable values for the
PPM CONF and BRL CONF parameters and reconfiguration
examples are shown in tables 1-3-3 and 1-3-4. |

/*3^s
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TABLE 1-3-3. PP and Barrel Reconfiguration, RP=0 TABLE 1-3-4. PP and Barrel Reconfiguration, RP=3

1 I Phys ica l
No.I PPM

L o g i c a l P P 1
RB = 0 RB := 1 | V a l i d

of |in each
PPs|Barrel

I R P RB
B a r r e l B a r r e l I R a n g e
0 1 0 11

1 0 0 00
1 0 1 01 10 < RP < 4 Not

5 1 0 2 02 1 x XI v a l i d
1 0 3 03
1 0 4 04

1 0 0 00
1 0 1 01
1 0 2 02 10 < RP < 11 Not
1 0 3 03 v a l i d

1 0 | 0 4 04 XI
1 0 5 05
1 0 6 06
1 0 7 07
1 1 0 10
1 1 1 11

I 0 0 00 20 20 00|
1 0 1 01 21 21 Oil
I 0 2 02 22 22 0210 < RP < 4 v a l i d
1 0 3 03 23 23 031

1 5 1 0 4 04 24 24 04|
1 0 5 05 05
1 0 6 06 06
1 0 7 07 07
1 1 0 10 10
1 1 1 11 11

I 0 0 00 20 20 071
1 0 1 01 21 21 101
I 0 2 02 22 22 1110 < RP< 11 Va l i d
1 0 3 03 23 23 001
1 0 4 04 24 24 Oil

2 0 I 0 5 05 25 25 021
1 0 6 06 26 26 031
1 0 7 07 27 27 04|
1 1 0 10 30 30 051
1 1 1 11 31 31 06|

Notes
RP = PP recjonf jtgurat- ion j>arameter
RB = Barre]l recj o n fi fj u r a t j.on parameter
Physical PI> nunibers are cletermined by ttle PP
memory assjtgnec1 to (sach I>P

(Physical
No.1 PPM

L o g i c a l P P I
RB = 0 RB :: 1 | V a l i d

of | in each
PPsI Barrel

1 R P RB
Barre l B a r r e l ) R a n g e
0 1 0 11

1 0 0 02
1 0 1 03 10 < RP < 4 Not

5 1 0 2 04 XI v a l i d
1 0 3 00
1 0 4 01

1 0 0 07
1 0 1 10
I 0 2 11 10 < RP < 11 Not
1 0 3 00 v a l i d

1 0 | 0 4 01 XI
1 0 5 02
1 0 6 03
1 0 7 04
1 1 0 05
1 1 1 06

1 0 0 07 22 07 02|
1 0 1 10 23 10 031
I 0 2 11 24 11 0410 £ RP £ 4 Va l i d
1 0 3 00 20 20 001

1 5 1 0 4 01 21 21 oil
1 0 5 02 22
1 0 6 03 23
1 0 7 04 24
1 1 0 05 05
1 1 1 06 06

1 0 0 07 27 27 071
1 0 1 10 30 30 10|
I 0 2 11 31 31 1110 £ RP < 11 Val id
1 0 3 00 20 20 001
1 0 4 01 21 21 Oil

2 0 I 0 5 02 22 22 021
1 0 6 03 23 23 031
1 0 7 04 24 24 04|
1 1 0 05 25 1 25 051
1 1 1 06 26 I 26 061

Notes
RP = PP recjon f j.gurat.ion parameter
RB = Barre]L rec:onfi£j u r a t j.on parameter
Physical PI5 nunibers are determined by the PP
memory assdLgneci to each PP
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INSTRUCTION DESCRIPTIONS

CP INSTRUCTIONS

CP INSTRUCTION FORMATS

| NOTE

Cyber 170 CP ins t ruc t ions use
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 . T h e l e f t m o s t 4
b i t s a r e u n d e fi n e d . F o r t h e s e
i n s t r u c t i o n s , t h e m o s t
s i g n i fi c a n t 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 .

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
pa rce l pass i ns t ruc t i on o r an i ns t ruc t i on ac t i ng 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 fi l 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 start ing a two-parcel
inst ruct ion in the four th parce l o f 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
i ns t r uc t i ons a re 460xx t h rough 463xx . I ns t r uc t i ons
60xxx through 62xxx may be used as two-parcel pass
ins t ruc t i ons by se t t i ng t he i i ns t ruc t i on des igna to r
t o z e r o . R e f e r t o t a b l e 1 - 4 - 1 f o r C P i n s t r u c t i o n
des ignators .

P r o g r a m i n s t r u c t i o n w o r d s a r e d i v i d e d i n t o 1 5 - 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 order. F igure 1-4-1 shows possib 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 i ns t ruc t i on may occupy one , two , o r f ou r pa r
cels. This arrangement depends upon the instruct ion
fo rmat . When an ins t ruc t ion occup ies two parce ls ,
it must occupy two parcels within the same program

C P i n s t r u c t i o n s O i l a n d 0 1 2 h a v e s p e c i a l p r o p e 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
op t ion o f p rov id ing a b ranch ins t ruc t i on a t pa rce ls
2 and 3 in the same inst ruct ion word, ( to an er ror
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 0 11
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 al l zeros.

INSTRUCTION COMBINATIONS
59 44 29 14

I 1 5 15 1 5 I 1 5 1 6 0 B i t s
Parcel 0 Parcel 3 I

I

59 29 14
1 30 15 15

59- 44 14
1 1 5 30 15

59 44 29
1 1 5 15 30

59 29
1 30 30

59
1 6 0

|_0PC0DE i i 1 J. 1 k_|

14 2 0
I 3 I 3 I 3 115 Bits

j j » — 2 n d o p e r a n d r e g i s t e r ( 1 o f 8 )
j t __ i s t 0pe rand reg i s te r ( 1 O f 8 )
•—resu l t reg is te r (1 o f 8 )

—operation code

OPCODE 1 i 1 J

29 23 20 17
6 ! 3 1 3 18 130 bits
I I I i _ - 2 n a o p e r a n d
I I ' — 1 s t o p e r a n d r e g i s t e r ( 1 o f 8 )
I • — r e s u l t r e g i s t e r ( 1 o f 8 )
•—operation code

Figure 1-4-1. CP Instruct ion Parcel Arrangement
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TABLE 1-4-1. CENTRAL PROCESSOR
INSTRUCTION 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 c o d e s p e c i f y i n g o n e o f
e i gh t r eg i s t e r s

J 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 gh t r eg i s t e r s

Jk 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 igh t reg is te rs

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 O n e o f e i g h t 1 8 - b i t i n d e x
reg is te rs ; BO i s fixed and equa l
to zero

( )

Cl*

C2*

Kl«

K2*

LL»

LU«

O n e o f e i g h t
r e g i s t e r s

6 0 - b i t o p e r a n d

C o n t e n t o f
address

t h e w o r d a t CM

Of f se t ( cha rac te r add ress ) o f t he
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
of the source field.

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
charac te r in the fi rs t word o f the
r e s u l t fi e l d .

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.

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 )
cha rac te r o f t he resu l t fie ld .

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 inst ruct ion; used wi th LU
to spec i f y fie ld l eng th .

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 ;
( c h a r a c t e r c o u n t ) f o r i n d i r e c t
m o v e i n s t r u c t i o n o r t h e u p p e r 3
b i t s f o r d i r e c t i n s t r u c t i o n s ; u s e d
wi th LL to speci fy fie ld length.

CP OPERATING MODES

The CP executes inst ruct ions in CYBER 170 job
m o d e , i n C Y B E R 1 7 0 m o n i t o r m o d e , o r i n a n
executive state, and changes these through CYBER
170 exchange jumps. Such exchanges are caused by
CP ins t ruc t ion 013, PP ins t ruc t ions 2600, 2610,
a n d 2 6 2 0 , o r b y h a r d w a r e - d e t e c t e d e r r o r
condi t ions. Hardware caused exchanges are a lso
c a l l e d 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 / d i s a b l e d b y s e t t i n g / c l e a r i n g b i t s i n t h e
CYBER 170 exchange package. Refer to CYBER 170
E x c h a n g e J u m p , E x e c u t i v e s t a t e , a n d E r r o r
Response, section 5 of this part.

A hardware flag called the CYBER 170 monitor flag
(MF) when se t /c lear ind ica tes tha t the CP is in
the CYBER 170 monitor/ job mode. Executive state
provides CYBER 170 environment at ini t ial izat ion,
i n t e r a c t s w i t h t h e c e n t r a l p r o c e s s o r e r r o r
detection logic, and is invoked when a CYBER 170
h a l t o c c u r s . T h e 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
the applications programmer.

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
fo l l ow ing OOxxx and O lOxK ins t ruc t ion fo rmats ,
i n d i c a t e u n u s e d b i t s . T h e u n u s e d b i t s a r e
ignored by the CP.

OOxxx Error Exit to MA when CYBER 170
MF Clear
In ter rupt to Execut ive
Mode when CYBER 170 MF Set

1 4 9 8 0

PS

I 0 0 I / / / / / / / I

Th i s i ns t ruc t i on causes an i l l ega l i ns t ruc t i on e r ro r
ex i t . CYBER 170 MF is the hardware moni tor flag.
R e f e r t o I l l e g a l I n s t r u c t i o n s , s e c t i o n 5 o f t h i s
p a r t .

OlOxK Return Jump to K

29 21 20 18 17

RJ

0
I 0 1 0 I / / / / / I

Th is 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 . 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 wh ich causes an uncond i
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
ins t ruc t ion p lus 1 .

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
e x e c u t i o n o f t h e s u b r o u t i n e b e t w e e n e x e c u t i o n o f
t h i s i ns t r uc t i on wo rd and t he f o l l ow ing i ns t r uc t i on
word . I ns t ruc t i ons appear ing a f te r t he re tu rn j ump
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 ca l led subrout ine ent rance address
must be K plus 1.

>*S^v
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This instruction stores a 60-bit word at address K
in memory. The upper half of this word contains an
uncond i t i ona l j ump (0400) ins t ruc t ion w i th an
address which is equal to the current program
address plus 1. The lower half of the stored word
is all zeros. The octal digits in the stored word
then appear as il lustrated with the x field indi
cating the location of the current program address
plus 1.

K 040Ox xxxxx 00000 00000 Subroutine
e x i t

k + l yyyyy yyyyy yyyyy yyyyy subroutine
entrance

011JK

5 9 5 1

Block Copy BJ+K Words from
UEM to CM

REC BJ+K

47
I 0 11 1 J T

3 0 2 9 0
I INST. FOR HALF EXIT I

When the block copy flag is set, the source CM
address is calculated using the value in bits 30
through 50 of the X0 register rather than the A0
register. Bits 51 through 59 must be set to zero.
Results are undefined if these bits are not zero. |

If bit 21 or 22 of the result of X0 plus RAE is a
one, the next instruction is taken from parcel 2 of
the same instruction word. If this is not the case,
the next instruction is from parcel 0 of the next
instruction word. Also, the execution of the 012jk
ins t ruc t ion may be in ter rupted; i f th is occurs ,
execution is restarted from the beginning. Refer to
Block Copy Instructions, section 5 of this part.

This instruction is illegal if the it does not start
in parcel 0 or the UEM enable flag in the CYBER 170
e x c h a n g e p a c k a g e i s c l e a r . I f B j p l u s K i s
negative, an address range error exit takes place.
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 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
destination field are undefined.

This inst ruct ion copies a b io ok of Bj p lus K
consecutive words from unified extended memory (UEM)
to CM, beginning at address A0 plus RAC in CM and
address X0 plus RAE in UEM. It leaves Bj, X0 and A0
unchanged. Bj and K are both signed 18-bit one's
complement numbers, making it possible to transfer a
maximum of 131,071 60-bit words. If Bj plus K is
z e r o , t h e i n s t r u c t i o n a c t s a s a 6 0 - b i t p a s s
instruct ion.

When the block copy flag is set, the destination CM
address is calculated using the value in bits 30
through 50 of the X0 register rather than the A0
register. Bits 51 through 59 must be set to zero.
Results are undefined if these bits are not zero.

If bit 21 or 22 of the result of X0 plus RAE is a
one, zeroes are transferred and the next instruction
is taken from parcel 2 of the same instruction
word. If this is not the case, the next instruction
is taken f rom parcel 0 of the next instruct ion
word. Also, the execution of the 011jk instruction
may be interrupted; if this occurs, exeoution is
restarted from the beginning. Refer to Block Copy
Instructions, section 5 of this part.

This instruction is i l legal if the instruction does
not start in parcel 0 or the UEM enable flag in the
CYBER 170 exchange package is dear. If Bj plus K
is negat ive, an address range error exi t takes
p lace. I f the source fie ld and the des t ina t ion
field overlap in physical memory, the final contents
of the destination field are undefined.

012JK Block Copy BJ + K Words from
CM to UEM)

WEC BJ+K

5 9 5 1 47
I 0 1 2 I J T

3 0 2 9 0
I INST. FOR HALF EXIT I

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
consecu t i ve wo rds f r om CM to UEM, beg inn ing a t
address X0 plus RAE in UEM and address A0 plus RAC
in CM. It leaves Bj, X0 and A0 unchanged. BJ and K
are bo th s igned 18-b i t one 's complement numbers ,
making it possible to transfer a maximum of 131.071
60-bit words. If Bj plus K is zero, the instruction
acts as a 60-bit pass instruction.

013JK Central Exchange Jump to
Bj + K when CYBER 170 MF Set

Monitor Exchange Jump to MA
when CYBER 170 MF Clear

XJ Bj+K

5 9 5 1 47
I 0 1 3 M l

30 29
K I / / / / / / / / / / / / / / / / / / / / / / / I

This instruction must start at parcel 0. Also, a
CYBER 170 exchange package must be ready at address
Bj plus K or at address MA.

This instruction stores P plus 1 into the outgoing
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, CYBER 170 MF is
set, then the incoming CYBER 170 exchange package
starts at absolute address Bj plus K. If, at the
beginning, CYBER 170 MF is clear, then the j and K
fields of the instruction 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 either case, CYBER
170 MF is toggled and the outgoing CYBER 170 ex
change package is stored beginning at the same CM
address from where the incoming CYBER 170 exchange
package is obtained. Also, the jump is always to
relative address P, parcel 0, from the new CYBER 170
exchange package. Refer to CYBER 170 Exchange
Jumps, section 5 of this part.

0l4jk Read One Word from (Xk + RAE) RXJ Xk
to Xj

14 6 5 3 2 0
I 014 I J I k I

This instruction is illegal if the UEM enable flag
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.

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

14 6 5 3 2 0
l~~0T5 I J I k I

WXJ Xk
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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 c lear. This
ins t ruc t ion wr i tes the 60-b i t word f rom X j in to the
UEM location Xk plus RAE. Xk is less than FLE.

0 3 1 J K B r a n c h t o K i f ( X J ) 0

29 21 20 18 17
I 0 3 1 I . 1 I

NZ

0l6jk Read Free Running Counter

14 6 5 3 2 0
I 016 I .1 I k I

T h i s i n s t r u c t i o n t r a n s f e r s t h e c u r r e n t c o n t e n t s o f
the 48-b i t f ree runn ing coun te r to the X j reg is te r.
The leftmost twelve bi ts of Xj are set to zero. The
k fie ld i s ignored.

Th is i ns t ruc t i on i s a s ing le pa rce l i ns t ruc t i on 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

R e f e r t o I l l e g a l I n s t r u c t i o n s , s e c t i o n 5 o f t h i s
p a r t .

02ixK Jump to (Bi) + K JP

29 24 23 21 20 18 17
I 0 2 I i | / / / / / |

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 . 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 n a t i o n s . T h i s i s t h e o n l y i n s t r u c t i o n i n w h i c h a
computed parameter can specify a program branch des
t i na t i on add ress . A l l o the r j ump i ns t ruc t i ons have
preassigned destination addresses.

The quantities in Bi and operand K are added in an
18-bit one's 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
beg inn ing address in CM for the new program se
quence . The rema in ing i ns t ruc t i ons , i f any, i n t he
instruction word do not execute.

Th is 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 p rog ram sequence to t e rm ina te w i th a
jump to add ress K i n CM o r t o con t i nue w i th t he
current program sequence, depending upon the content
of Xj . The program sequence cont inues 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 al l other cases.

Continue if: (Xj) s 0000 0000 0000 0000 0000
(pos i t i ve ze ro )

(Xj) = 7777 7777 7777 7777 7777
(negat ive zero)

Th is ins t ruc t ion branches on a nonzero resu l t f rom
e i the r a fixed-po in t o r a floa t ing -po in t opera t ion .

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

29 21 20 18 17

PL

0 3 2 I . 1

Th is 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.
The branch decision for this instruct ion is based on
the value of the sign bit in Xj.

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

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

Th is ins t ruc t ion branches on a pos i t i ve resu l t f rom
e i the r a fixed-po in t o r a floa t ing -po in t opera t ion .

033JK Branch to K i f (X j ) is Negat ive NG

2 9 2 1 2 0 1 8 1 7 0
0 3 3 I . 1 I

030JK Branch to K if (Xj) = 0

29 21 20 18 17

ZR

0 3 0 I J I

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 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.

Jump to K if: (Xj) = 0000 0000 0000 0000 0000
(pos i t i ve zero)

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

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 .

Th is 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.
The branch decision for this instruct ion is based on
the value of the sign bit in Xj.

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

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

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 .

034 jK Branch to K i f (X j ) i s in Range IR

2 9 2 1 2 0 1 8 1 7 0
I 0 3 4 I , 1 I
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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 . 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.

Cont inue i f : (X j ) = 3777 xxxx xxxx xxxx xxxx
(pos i t i ve overflow)

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

Th is ins t ruc t 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 quan t i t y i s cons idered in range
for purposes of this test.

Th is 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 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 ruc t ion b ranches on a floa t ing -po in t quan
t i t y w h i c h i s n o t d e fi n e d . 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 t e s t . A n
ove rflow quan t i t y o r an unde rflow quan t i t y i s con
sidered defined for purposes of th is test .

/^£*y

035jK Branch to K i f (X j ) is Out o f Range OR

2 9 2 1 2 0 1 8 1 7 0
I 0 3 5 I J I

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

29 24 23 21 20 18 17
I 0 4 I i I j I

EQ

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 . 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.

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)

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 a comparison of the
contents o f the B i and B j reg is ters . 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
c a s e s . 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
and a quant i ty consist ing of a l l ones are not equal
f o r t h i s t e s t .

0 3 6 J K B r a n c h t o K i f ( X j ) i s D e fi n i t e D F

2 9 2 1 2 0 1 8 1 7 0
I 0 3 6 I j I

05 i jK Branch to K i f (B i ) f (BJ)

29 24 23 21 20 18 17

NE

I 0 5 I i I J

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 . 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.

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
( n e g a t i v e i n d e fi n i t e )

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 fl o a t i n g - p o i n t
q u a n t i t y w h i c h m a y b e o u t o f r a n g e b u t i s s t i l l
defined . The va lue o f the coe ffic ien t i s i gnored in
making this branch test . An overflow quant i 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 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 a comparison of the
c o n t e n t s o f t h e B i a n d B j r e g i s t e r s . T h e p r o g r a m
sequence con t i nues on l y i f t he two quan t i t i e s 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 e s t .

0 6 i j K B r a n c h t o K i f ( B i ) 2 ( B j )

29 24 23 21 20 18 17

GE

I 0 6 I 1 I j I

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
I 0 3 7 1 J I K I
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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
if the content of Bi is greater than or equal to the
content o f B j . The cur rent p rogram 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 21 20 18 17

LT

I 0 7 I i I J I

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
conten ts o f B i and B j . Bo th quant i t ies 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 current program sequence cont inues i f the
content o f B i is greater than or equal to the con
tent o f B j .

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.

(Xj) = 7777 7000 0123 4567 1010

(Xk) = 0123 4567 0077 7700 1100

(Xi) = 0123 4000 0023 4500 1000

Th is i ns t ruc t i on ex t rac ts po r t i ons o f a 60 -b i t wo rd
during data processing.

1 2 i j k L o g i c a l S u m o f ( X j ) a n d B X i S j + X k
(Xk) to Xi

1 4 9 8 6 5 3 2 0
I 1 2 I i I j I k 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 th is instruct ion are in Xj and Xk. The
resu l t de l i ve red to X i i s the b i t -by -b i t l og i ca l sum
of the two operands . Each o f the 60 b i ts in X j i s
compared with the corresponding bit in Xk to form a
s ing le b i t in X i . A sample computa t ion i s l i s ted in
oc ta l no ta t ion to i l l us t ra te the opera t ion per fo rmed
and includes the four possible bi t combinat ions that
may occur.

(Xj) = 0000 7777 0123 4567 1010

(Xk) = 0123 4567 7777 0000 1100

(Xi) = 0123 7777 7777 4567 1110

Th i s i ns t r uc t i on me rges po r t i ons o f a 60 -b i t wo rd
into a composite word during data processing.

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

1 4 9 8 6 5 3 2 0
I 1 0 I i I J I / / / I

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 X i .

This instruct 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.

l l i j k L o g i c a l P r o d u c t o f ( X j ) a n d B X i « X k
(Xk) to Xi

1 4 9 8 6 5 3 2 0
I 11 I 1 I J I k 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 th is 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 bi t in Xk to
f o r m a s i n g l e b i t i n X i . A s a m p l e c o m p u t a t i o n i s
l i s ted i n oc ta l no ta t i on to i l l us t ra te t he ope ra t i on
per formed and inc ludes the four poss ib le b i t com
binations that may occur.

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 ) B X i X j - X k
and (Xk) to Xi

1 4 9 8 6 5 3 2 0
I 1 3 I i I J I k I

Th is ins t ruc t ion reads operands f rom two X reg is
ters , opera tes them to fo rm a resu l t , and de l ivers
th is resu l t to a th i rd X reg is te r. The operands fo 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 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 d i f f e r e n c e
of the two operands. Each o f the 60 b i ts in X j i s
compared with the corresponding bit in Xk to form a
s ing le b i t in X i . A sample computa t ion is l i s ted in
oc ta l no ta t ion to i l lus t ra te the opera t ion per fo rmed
and includes the four possible bi t combinat ions 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 t e rns o r comp le
ments bit patterns during data processing.

I4ixk Transmit Complement of (Xk)
to Xi

1 4 9 8 6 5 3 2 0
I 1 4 I i M i l I k I

BXi -Xk
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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 i s i ns t ruc t i on changes t he s i gn 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 L o g i c a l P r o d u c t o f ( X j ) w i t h B X i - X k » X j
Complement of (Xk) to Xi

1 4 9 8 6 5 3 2 0
I 1 5 I 1 I j I k |

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 th is 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.

I 6 i j k L o g i c a l S u m o f ( X j ) w i t h B X i - X k + X j
Complement of (Xk) to Xi

1 4 9 8 6 5 3 2 0
I 1 6 I i I j I k |

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 th is instruct ion are in Xj and Xk. The
resu l t de l i ve red to X i i s the b i t -by -b i t l og ica l sum
of the value in Xj and the complement of the value
in Xk. Each of the 60 b i ts in Xj is compared wi th
the corresponding bi t in Xk to form a s ingle bi t in
X i . A s a m p l e c o m p u t a t i o n i s 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 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 i s i ns t r uc t i on me rges po r t i ons o f a 60 -b i t wo rd
into a composite word during data processing.

1 7 i j k L o g i c a l D i f f e r e n c e o f ( X j )
with Complement of (Xk)
to Xi

BXi -Xk-Xj

1 4 9 8 6 5 3 2 0
I 1 7 I i I j I k I

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
operands for th is 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 value in Xj and the complement of
the value in Xk. Each of the 60 bi ts in Xj is com
p a re d w i t h t h e co r re sp o n d i n g b i t i n Xk t o f o rm a
s ing le b i t in X i . A sample computa t ion i s l i s ted in
oc ta l no ta t ion to i l l us t ra te the opera t ion per fo rmed
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

T h i s i n s t r u c t i o n c o m p a r e s b i t p a t t e r n s o r c o m p l e
ments bit patterns during data processing.

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

1 4 9 8 6 5 0
I 2 0 l i l j k I

Th i s i ns t ruc t i on reads one operand f rom X i , sh i f t s
t he 60 -b i t wo rd l e f t c i r cu l a r l y by j k b i t pos i t i ons ,
and wr i tes the resu l t i ng 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 r ea ted as a s i ng le 6 -b i t pos i t i ve i n t ege r ope rand
i n t h i s i n s t r u c t i o n .

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
l o w e s t - o r d e r 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 .
The resul t ing 60-b i t word has the same quant i ty of
bi ts wi th values of one and zero as in the or ig inal
operand.

A sample computat ion is l i s ted in octa l nota t ion to
i l lus t ra te the opera t ion per formed.

I n i t i a l ( X i ) 2323 6600 0000 0000 0111

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

Final (Xi) = 7540 0000 0000 0022 2464

Th is i ns t ruc t i on , t oge the r w i t h i ns t ruc t i on 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
der ived in the execut ion 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 0
I 2 1 1 1 1 j k |

AXi jk
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Th is ins t ruc t ion reads one operand f rom X i , sh i f t s
the 60-b i t word r igh t w i th s ign ex tens ion by jk b i t
posi t ions, and wr i tes the resul t ing 60-bi t word back
into the same Xi regis ter. 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 inst ruct ion.

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
b i t pa t te rn in the 60-b i t word i s d i sp 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 t he l ower end o f the word a re d i sca rded . 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 original sign bit.Two sample computations are
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
p e r f o r m e d . T h e fi r s t e x a m p l e c o n t a i n s a p o s i t i v e
operand, and the second example contains a negative
operand.

I n i t i a l (X i ) = 2 0 0 4 7 6 5 5 0 0 0 2 3 4 0 0 0 0 0 4

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

Final (Xi) = 0000 0000 2004 7655 0002

In i t i a l (X i ) = 6 0 0 0 4 4 2 0 2 2 2 2 0 0 0 0 5 6 4 3

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
der ived in the execut ion of the program, instruct ion
22 or 23 should be used.

2 2 i j k L e f t S h i f t e d ( X k ) N o m i n a l l y L X i B j X k
(Bj) Places to Xi

1 4 9 8 6 5 3 2 0
I 2 2 I i I J I k I

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
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 . 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 1 7 . 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
pat tern in the 60-bi t word is d isplaced towards 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 . 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
bi t pat tern in the 60-b i t word is d isp laced 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 d iscarded. The h ighest-order 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 t h e o r i g i n a 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 conta ins a posi t ive sh i f t count resul t ing in
a le f t c i rcu lar sh i f t , and the second example i l lus
t ra tes the r ight sh i f t w i th s ign extens ion.

(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 bi ts 6 through 10 are di fferent from Bj bi t 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 Xk. B j b i ts 11 through
16 are not tested by this instruct ion.

This instruction is used when the amount of shift is
der ived in the computa t ion . The ins t ruc t 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.

2 3 i j k Right Shi f ted (Xk) Nominal ly AXi Bj Xk
(Bj) Places to Xi

14 9 8 6 5 3 2 0
I 2 3 I i I J I k I

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 the r l e f t o r r i gh t as spec ified by
t h e c o n t e n t o f 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
data is r ight shif ted with sign extension the number
o f b i t pos i t i ons des i gna ted by t he va l ue 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
d e s i g n a t e d b y t h e v a l u e i n B j . T h e s i g n 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
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 a re inser ted in the lowes t -o rder 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
bi t pattern in the 60-bi t 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 t he l ower end o f t he word a re d i sca rded . 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 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 conta ins a posi t ive sh i f t count resul t ing in
a r i gh t sh i f t w i t h s i gn ex tens i on , and t he second
example contains a negat ive shi f t count resul t ing in
a l e f t c i r c u l a r s h i f t .
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(Xk) = 1327 6000 0000 3333 2422

(Bj) = 00 0006

(Xi) = 0013 2760 OOOO 0033 3324

(Xk) = 2323 6600 OOOO OOOO 0111

(Bj) = 77 7765

(Xi) = 7540 OOOO OOOO 0022 2464

If Bj bi ts 6 through 10 are di fferent from Bj bi t 17
a n d B j b i t 1 7 i s c l e a r, 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 i ve zero i s re tu rned to X i . B j b i t s 11 th rough
16 are not tested by this instruction.

This instruction is used when the amount of shift is
der ived in the computa t ion . The ins t ruc t 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

1 4 9 8 6 5 3 2 0
I 2 4 I i I j I k I

NXi Bj Xk

This instruction reads one operand from Xk, performs
a normalizing operation on this word in floating
po in t fo rmat , and de l i vers the normal ized resu l t to
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 c o u n t i s
s e n t t o B j . T h i s s h i f t c o u n 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 n o r m a l i z e t h e
or ig ina l operand 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 ign 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.

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
examp le i nvo l ves a pos i t i ve floa t i ng -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
t ive zero coeffic ien t se ts a sh i f t count in B j to 48
( d e c i m a l ) a n d e n t e r s X i w i t h p o s i t i v e z e r o . I f X k
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
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 6000xxx . . . x ) , no sh i f t t akes p l ace . The con ten t
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 a lso set in the CP for ex i t mode act ion.
I f t he exponen t i s l ess than nega t i ve 1777 w i th a
zero coe ffic ien t , the con ten ts o f X i and B j a re se t
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
F loa t ing -Po in t A r i thmet i c under CP Programming in
sect ion 5 of th is par t .

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

1 4 9 8 6 5 3 2 0
I 2 5 I i I j I k I

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
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 r o u n d 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 c o u n t i s s e n t t o B j . T h i s s h i f t c o u n 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
normal ize the or ig ina l operand coeffic ien t .

The round ing opera t ion cons is ts o f add ing a b i 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 i on immed ia te l y be low the leas t s ign ifican t b i t
p o s i t i o n . T h i s r o u n d b i t h a s a v a l u e e q u a l t o t h e
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
o n e - h a l f t h e v a l u e o f t h e l e a s t s i g n i fi c a n t b i t .
The norma l i z ing opera t ion cons is ts o f repos i t ion ing
the coeffic ient and ad jus t 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
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 . T h e e x p o n e n t i s
decreased by the number of bit positions shifted.

Two sample computations are l isted in octal notation
t o i l l u s t r a t e t h e n o r m a l i z i n g o p e r a t i o n p e r f o r m e d .
The fi rs t examp le i nvo l ves 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 6420

(Bj) = 00 0006

(Xk) = 5743 7730 1277 7777 5515

(Xi) = 5751 3012 7777 7755 1537

(Bj) = 00 0006
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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
f o r e x i t m o d e a c t i o n . 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 u n d e r C P
Programming in section 5 of this part.

2 6 i j k U n p a c k ( X k ) t o X i a n d B J U X i B J X k

1 4 9 8 6 5 3 2 0
I 2 6 I i I j I k I

This instruction reads one operand from Xk, unpacks
t h i s w o r d f r o m 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
the coefficient and exponents to Xi and Bj, respec
t i ve ly. The 60-b i t word de l i ve red to X i 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 p lus the upper 12 b i 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
o p e r a n d . T h e 1 8 - b i t q u a n t i t y d e l i v e r e d t o B j i s
asigned integer equal to the value of the exponent
i n t he o r i g i na l ope rand . The 11 -b i t exponen t fie l d
in the operand i s a l te red to remove the b ias and
then s ign ex tended to fi l l ou t t he 18 -b i t quan t i t y.
T h e s i g n o f t h e c o e f fi c i e n t i s r e m o v e d i n t h i s
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
ope ra t i on pe r f o rmed . These examp les con ta i n t he
four combinat ions o f coeffic ien t 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

(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
floa t ing -po in t fo rmat to fixed-po in t fo rmat .

from

1-4-10

2 7 i j k P a c k ( X k ) a n d ( B j ) t o X i P X i B j X k

1 4 9 8 6 5 3 2 0
I 2 7 I i I J I k |

Th i s i ns t ruc t i on reads the con ten ts 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 lowes t -o rde r 48 b i t s i n X i a re cop ied d i rec t l y
f r om the l owes t -o rde r 48 b i t s i n Xk . The s i gn b i t
i n X i i s c o p i e d d i r e c t l y f r o m t h e s i g n b i t i n X k .
The exponent fie ld in X i i s der ived f rom the va lue
in B j by ex t rac t i ng t he l owes t -o rde r 11 b i t s i n B j
and mod i f y ing th i s quan t i t y f o r exponen t b ias and
c o e f fi c i e n t s i g n .

Four sample sets of operands and packed results are
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 o p e r a t i o n
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
fo rmat to floa t ing-po in t fo rmat .

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

1 4 9 8 6 5 3 2 0
I 3 0 I i I J I k 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 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 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 float ing-point format
and are not necessari ly 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.
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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
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 ope rands have un l i ke s i gns , t he r esu l t
c o e f fi c i e n t m a y h a v e l e a d i n g z e r o s . N o n o r m a l i z e
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 shif ted sign bi t 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
ex i t mode ac t ion . Fo r fu r the r i n fo rmat ion , re fe r to
F loa t ing-Po in t Ar i thmet ic under CP Programming in
sect ion 5 of this part .

3 1 i j k 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

1 4 9 8 6 5 3 2 0
I 31 I i I J I k 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 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 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
shifted one place, and the exponent is increased by
one.

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
c o e f fi c i e n t m a y h a v e l e a d i n g z e r o s . N o n o r m a l i z e
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
cond i t i ons to se t i n the CP fo r ex i t mode ac t i on .
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 of this
p a r t .

32 i j k F loa t ing Doub le -Prec is ion Sum o f DX i X j+Xk
(Xj) and (Xk) to Xi

1 4 9 8 6 5 3 2 0
I 3 2 I i I j I k I

Th i s i ns t ruc t i on reads ope rands f rom two X reg i s
ters, operates upon them to form a double-precision
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 e l o w e r h a l f o f
th i s resu l t t o a th i rd X reg is te r. The operands fo r
t h i s i ns t ruc t i on a re i n X j and Xk . These ope rands
are in float ing-po in t fo rmat and are not necessar i l y
normal ized. The sum of the quant i t 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 necessari ly normal ized.

The two operands a re unpacked f rom floa t 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
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 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 wi th the larger exponent
m inus 48 ( dec ima l ) t o f o rm t he r esu l t sen 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 r e s u l t i s r i g h t
shif ted 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 condit ions to set in the CP
f o r e x i t m o d e a c t i o n . 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 u n d e r C P
Programming in section 5 of this part.

3 3 i 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
Difference of (Xj) and (Xk)
to Xi

1 4 9 8 6 5 3 2 0
I 3 3 I i I J I k I

Th i s i ns t ruc t i on reads ope rands f rom two X reg i s
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 float ing-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 rac t ing the quan t i t y in Xk f rom the quan t i t y 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 necessari ly normal ized.

The two operands a re unpacked f rom floa t 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 l o w e r h a l f o f
t he resu l t i s t hen se lec ted and packed a long w i 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 resul t is r ight shi f ted 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 o r 6000xxx . . . x ) operands cause cor re
spond ing ex i t cond i t i ons to se t i n t he CP fo r ex i t
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m o d e a c t i o n . 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 loa t ing-Po in t Ar i thmet ic under CP Programming in
sect ion 5 of this part .

3 4 i j k R o u n d F l o a t i n g S u m o f ( X j ) R X i X j + X k
and (Xk) to Xi

1 4 9 8 6 5 3 2 0
I 34 I i I J I k |

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 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 i s i ns t ruc t i on
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 i ng -po in t sum i s a s i ng le -p rec i s i on
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 , t he round b i t i s i nse r ted i n t he 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 .
Th is has the e ffec t o f increas ing the magni tude of
t he coe ffic ien t by one -ha l f o f t he l eas t s i gn 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 be fo re the coe ffic ien t
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
f o r e x i t m o d e a c t i o n . 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 u n d e r C P
Programming in section 5 of this part.

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
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 o p e r a n d s a r e
normalized or have l ike signs. The second round bit
i s i nse r ted be fo re the coe ffic ien t has been sh i 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 o r 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
m o d e a c t i o n . 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 loa t ing-Po in t Ar i thmet ic under CP Programming in
sect ion 5 of th is part .

36i jk Integer Sum of (Xj)
and (Xk) to Xi

IXi Xj+Xk

1 4 9 8 6 5 3 2 0
I 3 6 I i I J I k I

Th is i ns t ruc t ion reads operands f rom two X reg is
te rs , ope ra tes upon them to fo rm a 60 -b i t i n tege r
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 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 ope rands a re s i gned i n tege rs . The
re su l t i n g i n t e g e r su m i s d e l i ve re d t o X i . Ove rflo w
is not detected.

Th i s i ns t ruc t i on adds i n tege rs t oo l a rge fo r hand
l ing by 50 th rough 77 ins t ruc t ions . The ins t ruc t ion
a lso merges and compares da ta fie lds du r ing da ta
p r o c e s s i n g . 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 loa t ing -Po in t A r i thmet i c under CP Programming in
sect ion 5 of th is part .

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

1 4 9 8 6 5 3 2 0
I 3 7 I i I J I k I

35 i j k Round F loa t i ng D i f fe rence o f RX i X j -Xk
(Xj) and (Xk) to Xi

1 4 9 8 6 5 3 2 0
I 3 5 I 1 I j I k |

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
st ruct 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 t he quan t i t y
in Xk f rom 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
n o r m a l i z e d . 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. I f the two exponents are equal, the round bi t
i s a d d e d t o t h e c o e f fi c i e n t f o r X k . T h e r o u n d b i t
is equal to the complement o f the s ign b i 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

Th is i ns 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
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
Xj and Xk. These operands are signed integers. The
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
i n s t r u c t i o n a l s o c o m p a r e s d a t a fi e l d s d u r i n g d a t a
p r o c e s s i n g . 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 loa t ing-Po in t Ar i thmet ic under CP Programming in
sect ion 5 of th is part .

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

1 4 9 8 6 5 3 2 0
I 4 0 I i I j I k |

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 fl o a t i n g - p o i n 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
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
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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 resu l t is a lso
n o r m a l i z e d . I f b o t h o p e r a n d s a r e n o t n o r m a l i z e d ,
the result is not normalized.

I f bo th ope rands a re no t no rma l i zed , t he resu l t i ng
d o u b l e - p r e c i s i o n p r o d u c t h a s l e s s t h a n 9 6 s i g n i f
i can t b i ts . No tes t i s made fo r the pos i t ion o f 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 doub le -p rec is ion p roduc t reg is te r. Lead ing
ze ros occu r i n t h i s resu l t coe ffic ien t .

The two operands are unpacked f rom float ing-po in t
format . The exponents are added wi th a cor rec t 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 .
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
to form a 96-bi t in teger product . The upper hal f o f
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 a re no t no rma l i zed , the resu l t i ng
d o u b l e - p r e c i s i o n p r o d u c t h a s l e s s t h a n 9 6 s i g n i f
i cant b i ts . No tes t is made for the pos i t ion o f 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 r o m 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 r e g i s t e r .
Lead ing ze ros occu r i n t h i s resu l t coe ffic ien t . Fo 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 of this
p a r 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 o f 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 o r 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
m o d e a c t i o n . 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 loa t ing-Po in t Ar i thmet ic under CP Programming in
sect ion 5 of th is part .

4 1 i j k R o u n d F l o a t i n g P r o d u c t o f ( X j ) R X i X j « X k
and (Xk) to Xi

1 4 9 8 6 5 3 2 0
I 4 1 I i I j I k I

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
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 resu l t is a lso
n o r m a l i z e d . I f b o t h o p e r a n d s a r e n o t n o r m a l i z e d ,
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 .
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
to form a 96-b i t in teger product . A round ing b i t i s
added to bi t posi t ion 46 of th is product. The upper
ha l f o f th is p roduc t i s ex t rac ted to fo rm the coe 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
are normal ized and the product has only 95 s igni f
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
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
is reduced by one count in this case.

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
c a l c u l a t i o n s , t h e 4 0 a n d 4 2 i n s t r u c t i o n s m u s t b e
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
defini te (1777xxx. . .x or 6000xxx. . .x ) operands cause
co r respond ing ex i t cond i t i ons to se t i n t he CP fo r
ex i t mode ac t i on . Fo r f u r t he r i n f o rma t i on , r e fe r t o
F loa t ing -Po in t A r i t hmet i c under CP Programming in
sec t ion 5 o f th is par t .

42 i jk F loat ing Double-Prec is ion Product DXi XJ»Xk
of (Xj) and (Xk) to Xi

1 4 9 8 6 5 3 2 0
I 4 2 I i I J I k I

Th i s i ns t ruc t i on reads ope rands f rom two X reg i s
ters, operates upon them to form a double-precis ion
fl o a t i n g - p o i n t p r o d u c t , 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 . 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 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 - 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
normal ized.

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
fo rmat . The exponents a re added to de te rmine 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
exact ly 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 ha l f o f th is p roduc t i s ex t rac ted to fo rm 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
ope rands a re no rma l i zed and t he doub le -p rec i s i on
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 resu l t ing exponent i s reduced by one count in
th is case.

I f bo th operands a re no t no rma l i zed , the resu l t i ng
d o u b l e - p r e c i s i o n p r o d u c t h a s l e s s t h a n 9 6 s i g n i f
i can t b i ts . No tes t i s made fo r the pos i t ion o f the
mos t s i gn i fican t b i t . The l ower 48 b i t s a re a lways
read from the 96-bi t product register.

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 t s , the hardware does no t de tec t an
overflow. An overflow check can be made by execu
t ing a 40 instruct ion 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 in teger mul t ip ly operat ion is not in tended
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
( 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
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corresponding exit conditions to set in the CP for
exit mode action. For further information, refer to
Floating-Point Arithmetic under CP Programming in
section 5 of this part.

43ijk Form Mask of jk Bits to Xi

1 4 9 8 6 5 3 2 0
I 4 3 I i I J I k I

MXi jk

This instruction generates a masking word using the
j and k designators as parameters. No operands are
read from operating registers. The j and k desig
nators are treated as a single 6-bit octal quantity
to designate the width of the masking field. 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
bits in the highest-order jk bit positions and zero
bits in the remainder of the word. This masking
word is then delivered to Xi. The following are
sample parameters.

J = 2

k = 4

Xi = 7777 7760 0000 0000 0000

This instruction generates variable width masks for
logical operations. This instruction, together with
a shift instruction, generally creates an arbitrary
field mask faster than reading a pregenerated mask
from CM.

4 4 i j k F l o a t i n g D i v i d e ( X j ) F X i X j / X k
by (Xk) to Xi

1 4 9 8 6 5 3 2 0
I 44 | i | J | k I

This instruction reads operands from two X regis
ters, operates upon them to form a floating-point
quotient, and delivers this result to a third X reg
ister. The operands for this instruction are in Xj
and Xk. These operands are in floating-point for
mat. The result of dividing the content of Xj by
the content of Xk is delivered to Xi. If both oper
ands are normalized, the quotient is also norma
lized. The remainder from the division process is
discarded.

The two operands are unpacked from floating-point
format. The exponents are subtracted with a cor
rection factor to determine the exponent for the
result. The coefficient from Xj is positioned in a
d i v i dend reg i s te r. The coe ffic ien t f r om Xk i s
trial-subtracted repeatedly from the dividend. The
quotient bits are assembled in a quotient register.
When 48 bits of the quotient are assembled, they are
packed with the result exponent into floating-point
format and delivered to Xi.

If the exponent subtraction 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.

If 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
ficient. If the divisor is not normalized, the quo
tient may be incorrect. If the coefficient for the
content of Xj is larger than the coefficient for the
content of Xk by a factor of two or more, a divide
fault causes an indefinite result to be returned to
X i . (Re fe r t o F l oa t i ng -Po in t A r i t hme t i c unde r
Central Processor Programming in section 5 of this
par t . )

This instruct ion is used in float ing-point calcu
lations where rounding of operands is not desired.
In mu l t i p le -p rec i s ion d i v i s ion , t h i s i ns t ruc t i on
must be followed by a multiplication of the quotient
by the divisor and subtracted from the dividend to
reconstruct the remainder.

I f infinite (3777xxx.. .x or 4000xxx.. .x) or indef
ini te (1777xxx.. .x or 6000xxx.. .x) operands are
used, corresponding exit conditions are set in the
CP for exit mode action. For further information,
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 u n d e r C P
Programming in section 5 of this part.

45i jk Round Floating Divide (Xj) RXi Xj/Xk
by (Xk) to Xi

1 4 9 8 6 5 3 2 0
I 45 I i I .1 I k I

This instruction reads operands from two X regis
ters, operates upon them to form a rounded floating
point quotient, and delivers this result to a third
X register. The operands for this instruction are
in Xj and Xk. These operands are in floating-point
format. The result of dividing the content of Xj by
the content of Xk is delivered to Xi. If both oper
ands are normalized, the quotient is also norma
lized. The remainder from the division process is
discarded.

The two operands are unpacked from floating-point
format in this operation. The exponents are sub
tracted with a correction factor to determine the
exponent for the result. The coefficient from Xj is
positioned in a dividend register. The Xj quantity
is modified by inserting a 2525...25 round pattern
below the lowest-order bit of the dividend coef
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 -
subtracted repeatedly from the dividend. The quo
tient bits are assembled in a quotient register.
When 48 bits of the quotient are assembled, they are
packed with the result exponent into floating-point
format and delivered to Xi.

If 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
ficient. If the divisor is not normalized, the quo
tient may be incorrect. If the coefficient for the
content of Xj is larger than the coefficient for the
content of Xk by a factor of two or more, a divide
fault occurs. A divide fault causes an indefinite
r e s u l t t o b e r e t u r n e d t o X i . ( R e f e r t o
Floating-Point Arithmetic under Central Processor
Programming in section 5 of this part.)

0 ^ ^ \
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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 , co r respond ing ex i t cond i t ions a re se t in the
C P f o r e x i t m o d e a c t i o n . 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 u n d e r C P
Programming in section 5 of this part.

460xx through 463xx Pass

14 9 8 6 5

NO

I 4 6 I i I / / / / / / I

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 va lue has no e ffec t in th is ins t ruc
t i o n .

4 6 4 t h r o u g h 4 6 7 C o m p a r e / M o v e i n s t r u c t i o n s m u s t
a p p e a r i n p a r c e l 0 o r b e 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 .

For better performance, recompile jobs to avoid use
of CMU instructions.

Data fie lds cons is t ing o f 6-b i t characters may s tar t
o r end w i t h 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:

5 9 0

fie ld s ta r t i ng a t K2 . When an address -ou t -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 b i ts , and LU is the upper 9 b i ts
of the field length designator in numbers of charac
ters. The maximum length of the data fields for the
m o v e d i r e c t a n d t h e c o m p a r e i n s t r u c t i o n s i s 1 2 7
(1778 ) cha rac te r s . The max imum da ta fie ld l eng th
fo r t he move ind i rec t i ns t ruc t i on i s 8191 (17777s )
characters. I f L (LU and LL combined) is zero, the
instruction becomes a pass.

Fo r ove r l app ing move i ns t r uc t i ons , t he add ress o f
t he sou rce fie ld ( spec i fied by K l ) mus t be g rea te r
t h a n t h e a d d r e s s o f t h e r e s u l t fi e l d ( s p e c i fi e d b y
K 2 ) t o p r o v i d e p r o p e r fi e l d o v e r l a p . I f K l i s l e s s
than K2, par t o f the source field is changed dur ing
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 hav ing a decremented fie ld
length greater than 377 (octal ) .

464JK Move Indirect

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

IM

I I I I I I I I I
1 2 3 5 5 I 7 ~ 8 9 ~

I ^ 6 4 I j I k I / / / / / / / / / / / / / / / I

Any instruct ions located in the lower two parcels of
the instruction word do not execute.

Bj plus K specifies a relative address in CM for the
fo l lowing descr ip tor word.

5 9 5 6 4 8 4 7 3 0 2 9 2 5 2 1 1 7 0
I / / / / I L U I K l I L L I C l | C 2 I K 2 I

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 ruc 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.

The descr ip to r word spec ifies the movement o f the
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 . T h e m o v e m e n 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 0
clears at the end of the execution.

465 Move Direct DM
59 51 50 48 47 3 0 2 9 2 5 2 1 1 7

I 465 LU Kl LL I Cl I C2 K2

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 fie ld length is l im i ted to a 7 -b i t count .

1000I/ / / I / / / I / / / I 71 I 72 I 73 I 74 I 75 I 76 | 77
~ 0 1 2 3 4 5 I 7 5 9 "

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 .

An address is ou t o f range i f C l o r C2 is g rea ter
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 star t ing at Kl , and N2 equals
the number of CM references made to the result data

466 Compare Co l l a ted

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

CC

I 466 I LU Kl I LL | Cl | C2 I K2

T h i s i n s t r u c t i o n c o m p a r e s t h e fi e l d d e s i g n a t e d b y
K1,C1 wi th the field designated by K2,C2 as speci
fied by the 60-b i t ins t ruc t ion word.

The compare is f rom lef t to r ight through the fields
un t i l two unequa l charac te rs a re found . These two
charac te rs a re then co l la ted and re fe renced in the
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c o l l a t e t a b l e b e g i n n i n g a t a d d r e s s A O ( t a b l e
1 - 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
equal characters are equal , the compare cont inues
unt i l another pa i r o f characters is unequal or unt i l
t h e 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 ins t ruct 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 K l is equal to fie ld K2, set XO to 0000
0000 0000 0000 0000.

I f field Kl is less than field K2, set XO 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 pai rs of characters that were col la ted 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 numbe r o f pa i r s o f cha rac te r s no t ye t
compared plus one.

The A0 reg is ter conta ins the s tar t 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
1-4-2). This table must have been previously stored
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
ob ta in the re la t i ve address o f the word con ta in ing
the col lated value. The lower 3 bi ts of the charac
ter to be co l la ted speci fy the character address of
the col lated value.

Example:

4 6 7 C o m p a r e U n c o l l a t e d

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

CU

0
467 LU Kl I LL I Cl I C2 | K2

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
e x c e p t t h a t t h e c o l l a t e t a b l e i s n o t u s e d . T h e X 0
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.

4 7 i x k P o p u l a t i o n C o u n t o f ( X k ) t o X i C X i X k

1 4 9 8 6 5 3 2 0
I 4 7 I i I / / / I k I

Th is ins t ruc t ion reads one operand f rom Xk, counts
the number of one bits in the operand, and stores the
count in X i . The count de l ivered to Xi is a pos i t ive
i n t e g e r. I f t h e o p e r a n d i s a l l o n e s , a c o u n t o f 6 0
( 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 24 23 21 20 18 17
I 5 0 I I J I

SAi Aj K

0
I

Th is two -pa rce l i ns t ruc t i on uses the l ower -o rde r 18
bits as operand K. This instruct ion reads an operand
from Aj , forms the sum of the operand p lus 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 o f re ference is a
funct ion of the i designator value.

^ ^ v

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 f rom that word. The value of 63 is 63
in the co l la te tab le .

i = 0

i = 1 ,2,3,4,5

i = 6,7

No CM reference

Read from CM to Xi

Write into CM from Xi

TABLE 1-4-2. COLLATE TABLE

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

Address Co l l a t i ng Character Locations

A0 00 01 02 03 04 05 06 07 XX XX

A0+1 10 11 12 13 14 15 16 17 XX XX

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

A0+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

A0+6 60 61 62 63 64 65 66 67 XX XX

A0+7 70 71 72 73 74 75 76 77 XX XX

51ijK Set Ai to (Bj) + K

29 24 23 21 20 18 17

SAi Bj K

0
I 5 1 I 1

Th is two -pa rce l i ns t ruc t i on uses the l ower -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
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 o f re ference 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.
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5 2 i j K S e t A i t o ( X j ) + K S A i X j K

2 9 2 4 2 3 2 1 2 0 1 8 1 7 0
52

Th is two -pa rce l i ns t ruc t i on uses the l ower -o rde r 18
bits as operand K. This instruction reads an operand
from Xj , forms the sum of the operand p lus 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 o f re ference 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.

5 3 i j k S e t A i t o ( X J ) + ( B k ) S A i X j + B k

1 4 9 8 6 5 3 2 0
I 5 3 I i I j I k j

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 fe rence is a func t 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.

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
I 5 4 I i | J | k I

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 is a func t 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.

55ijk Set Ai to (Aj) - (Bk)
1 4 9 8 6 5 3 2 0

SAi Aj-Bk

This instruct ion 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 la t i ve address . The type o f re fe rence is a
funct ion of the i designator va lue.

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 results back into CM.
5 6 i j k S e t A i t o ( B j ) + ( B k ) S A i B j + B k

1 4 9 8 6 5 3 2 0
I 5 6 I i I j I k I

This instruction reads operands from Bj and Bk, forms
the sum of the operands, and de l ivers the resu l 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 t ype o f re fe rence i s a func t ion o f the i des ig
nator va lue.

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.

5 7 i j k S e t A i t o ( B j ) - ( B k ) S A i B j - B k

1 4 9 8 6 5 3 2 0
I 5 7 I i I j I k |

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
funct ion of the i designator va lue.

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 21 20 18 17

SBi Aj K

0
I 6 0 I i I j

55 i I J I k I

Th i s two -pa rce l i ns t ruc t i on uses the l ower -o rde r 18
bits as operand K. This instruct ion reads an operand
f rom A j , fo rms the sum o f the operand p lus K and
de l i ve rs t he resu l t t o B i . The sum i s f o rmed i n an
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 i s i n s t r u c t i o n i s
for address modificat ion in the increment registers.
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6 l i j K S e t B i t o ( B j ) + K S B i B j K

2 9 2 4 2 3 2 1 2 0 1 8 1 7 0
I " 6 1 I i I . 1 I K I

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 i vers the resu l t to B i . The sum is fo rmed in an
18-bit one's complement mode.

62ijK Set Bi to (Xj) + K

29 24 23 21 20 18 17

SBi Xj K

0
I 6 2 I J I

Th is two-parce l ins t ruc t ion uses the lower^order 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 B i . The sum is fo rmed in an
18-bit one's complement mode.

63i jk Set Bi to (Xj) + (Bk)

1 4 9 8 6 5 3 2 0
r~63 111 .11 k I

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.

64i jk Set Bi to (Aj) + (Bk)

1 4 9 8 6 5 3 2 0
I 6 4 I i I j I k 1

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.

6 5 i j k S e t B i t o ( A j ) - ( B k ) S B i A j - B k

1 4 9 8 6 5 3 2 0
I 6 5 I i I J I k I

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 t o 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.

660jk Read Central Memory at (Xk) to Xj CRXj Xk

14 6 5 3 2 0
I 660 I J I k I

Th is ins t ruc t ion p laces in to X j the word a t locat 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.
Xk is less than FLC.

6 6 i j k S e t B i t o ( B j ) + ( B k ) S B i B j + B k
i not equal 0

1 4 9 8 6 5 3 2 0
I 6 6 l i l j I k I

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.

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

14 6 5 3 2 0
i T f O I J I k I

Th i s i ns t r uc t i on p l aces X j i n t o l oca t i on (Xk ) whe re
X k i s a 2 1 - b i t r e l a t i v e w o r d a d d r e s s . B i t s 2 1
through 59 of Xk are ignored. Xk is less than FLC.

6 7 i j k S e t B i t o ( B j ) - ( B k ) S B i B j - B k
i not equal 0

1 4 9 8 6 5 3 2 0
I 6 7 l i l J I k I

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 ,
subt rac ts the Bk operand f rom the B j operand, and
d e l i v e r s t h e r e s u l t t o B i . T h e d i f f e r e n c e i s f o r m e d
in an 18-bit one's complement mode.

70ijK Set Xi to (Aj) + K

29 24 23 21 20 18 17

SXi Aj K

0
I 7 0 I i I . 1 I

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 Aj , forms the sum of the operand p lus 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 i s
sign-extended by copying the highest-order bit or the
resul t into the upper 42 bi t posi t ions in Xi .

71ijK Set Xi to (Bj) + K

29 24 23 21 20 18 17

SXi BJ K

0
7 1 I i I J

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 i s
sign-extended by copying the highest-order bi t of the
resul t into the upper 42 bi t posi t ions in Xi .

7 2 i j K S e t X i t o ( X j ) + K S X i X j K

2 9 2 4 2 3 2 1 2 0 1 8 1 7 0
I 7 2 I i I J I

y t f ^ ^ V
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This two-parcel instruction uses the lower-order 18
bits as operand K. This instruction reads an operand
from Xj, forms the sum of the operand plus k, and
delivers the result to Xi. The sum is formed in an
18-bit one's complement mode. The 18-bit result is
sign-extended by copying the highest-order bit of the
result into the upper 42 bit positions in Xi.

This instruction reads operands from Bj and Bk, adds
the operands, and delivers the result to Xi. The
sum is formed in an 18-bit one's complement mode.
The 18-bit result is sign-extended by copying the
highest-order bit of the result into the upper 42
bit positions in Xi.

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

1 4 9 8 6 5 3 2 0
I 73 I i I J I k I

SXi Xj+Bk
7 7 i j k S e t X i t o ( B j ) - ( B k )
SXi Bj-Bk

1 4 9 8 6 5 3 2 0
I 77 I i I .1 I k I

This instruction reads operands from Xj and Bk, adds
the operands, and delivers the result to Xi. The sum
is formed in an 18-bit one's complement mode. The
18 -b i t r esu l t i s s i gn -ex tended by copy ing t he
highest-order bit of the result into the upper 42 bit
positions in Xi.

74ijk Set Xi to (Aj) + (Bk)

1 4 9 8 6 5 3 2 0
I 74 I i I j I k I

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-bit one's complement mode. The
18 -b i t r esu l t i s s i gn -ex tended by copy ing t he
highest-order bit of the result into the upper 42 bit
positions in Xi.

This instruction reads operands from Bj and Bk,
subtracts the Bk operand from the Bj operand, and
delivers the result to Xi. The difference is formed
in an 18-bit one's complement mode. The 18-bit
result is sign-extended by copying the highest-order
bit of the result into the upper 42 bit positions in
X i .

INSTRUCTION EXECUTION TIMING

Approximate execution times for models 815 and 825
CP instructions are l isted in table 1-4-3. These
t imes a re l i s t ed w i th t he assumpt ion tha t no
conflicts occur. Execution delays result unless all
the conditions listed in the timing notes column
exist for the particular instruction. The numbers
in the timing notes column refer to notes listed at
the end of the table.

7 5 i j k S e t X i t o ( A j ) - ( B k ) S X i A j - B k

1 4 9 8 6 5 3 2 0
I 75 I i I j I k I

This instruction reads operands from Aj and Bk, sub
tracts the Bk operand from the Aj operand, and
delivers the result to Xi. The difference is formed
in an 18-bit one's complement mode. The 18-bit
result is sign-extended by copying the highest-order
bit of the result into the upper 42 bit positions in
Xi.

| NOTE

T h e s e e x e c u t i o n t i m e s a r e
approximations only and subject
t o c h a n g e w i t h o u t n o t i c e .
Accurate timings can come only
from benchmark tests. Control
D a t a C o r p o r a t i o n i s n o t
responsible for assumptions made
based on the times listed here.

76ijk Set Xi to (Bj) + (Bk)

1 4 9 8 6 5 3 2 0
I 76 I i I j I k |

SXi BJ+Bk

0$&\
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TABLE 1-4-3. CP INSTRUCTION TIMING (1 of 2)

T i m i n g I I
G r o u p j I n s t r u c t i o n s I N o t e s

2 C l o c k s | 1 0 C o p y X j t o X i I
I 11 L o g i c a l P r o d u c t I
I 1 2 L o g i c a l S u m I
I 13 Logical Difference I
j 1 4 C o m p l e m e n t I
I 15 Logical Product, Comp I

3 C l o c k s | 5 0 A i s A j + K 1 i = 0
I 5 1 A i 3 B j + K | i 3 0
I 5 2 A i = X j + K I i s 0
1 5 3 A i 3 X j + B k | i 3 0
| 5 4 A i s A j + B k 1 i = 0
1 5 5 A i 3 A j - B k | i s 0
I 5 6 A i 3 B j + B k I i = 0
I 5 7 A i 3 B j - B k | i 3 0
I 6 0 B i s A j + K 1
I 6 1 B i 3 B j + K I
| 6 2 B i 3 X j + K I
I 6 3 B i 3 X J + B k I
I 6 4 B i 3 A J + B k I
| 6 5 B i 3 A j 3 B k I
| 6 6 B i 3 B j + B k I i i 0
| 6 7 B i 3 B j - B k I i 4 0
I 7 0 X i s A j + K I
I 7 1 X i 3 B j + K I
I 7 2 X i 3 X J + K I
I 7 3 X i = X j + B k I
I 7 4 X i 3 A j + B k I
I 7 5 X i 3 A j - B k I
I 7 6 X i 3 B j + B k |
I 7 7 X i 3 B j - B k I

4 Clocks j 16 Logical Sum, Comp I
1 17 Logical Diff, Comp I
I 2 0 S h i f t L e f t C i r c I
I 2 1 S h i f t R i g h t I
I 4 3 F o r m M a s k I

5-8 1011 Block copy (X to A) | 6 clocks/word
Clocks 1012 Block copy (A to X) I 6 " n

1030 Branch Xj = 0 I Branch not taken
1 0 3 1 B r a n c h X j i 0 I M o n
1 0 3 3 B r a n c h X J < 0 I " " "
1 0 3 4 B r a n c h X j i n r a n g e | n " "
1 0 3 5 B r a n c h X j o u t r a n g e j " " "
1 0 3 6 B r a n c h X j d e f . I " " "
1 0 3 7 B r a n c h X J i n d e f . | » " "
I 0 4 B r a n c h B i = B j I " " "
I 0 5 B r a n c h B i i B j I " " "
I 0 6 B r a n c h B i > B j I " " w
I 0 7 B r a n c h B i < B j I " » M
I 2 2 S h i f t X k b y B i | L e f t s h i f t
I 23 Sh i f t Xk by B i Comp | " "
I 2 6 U n p a c k I " "
I 2 7 P a c k |
I 3 6 I n t e g e r S u m I
I 3 7 I n t e g e r D i f f . I
1670 Write Xj into CM I Model 825 only

9 C l o c k s I 5 0 A i 3 A j + K I i s 6 - 7
I 5 1 A i s B j + K I "
I 5 2 A i 3 X J + K I "
I 5 3 A i 3 X j + B k I »
| 5 4 A i s A j + B k | "
I 5 5 A i 3 A J - B k I n
I 5 6 A i 3 B J + B k I "
I 5 7 A i 3 B j - B k I »

- " ^ S k
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TABLE 1-4-3. CP INSTRUCTION TIMING (2 of 2)

r

•Timing ■—■
Group Ins t ruc t i ons Notes

10 Clocks 1 22 Shift Xk by Bi 1 Right shif t
1 23 Shift Xk by Bi Comp 1 n
1 50 Ai 3 Aj + K 1 i = 1-5
1 51 Ai = Bj + K | i t

I 52 Ai = Xj + K 1 "
I 53 Ai = Xj + Bk ! "
I 54 Ai = Aj + Bk ! "
I 55 Ai 3 Aj - Bk ! "
I 56 Ai 3 Bj + Bk ! "
I 57 Ai = Bj - Bk 1 "

11-20 1010 Return Jump
Clocks 1015

I 25
Write to UEM
Round & Norm

1660 Read CM at (Xk) 1 Model 825 only

21-24 1670 Write Xj into CH i Model 815 only
Clocks

26-30 02 Branch to Bit K Branch Taken
Clocks 030 Branch Xj 3 0 11

031 Branch Xj >f 0 ti

032 Branch Xj > 0 • t

033 Branch Xj < 0 rt

034 Branch Xj in range ii
035 Branch Xj out range 1
036 Branch Xj def . i t

037 B r a n c h X j i n d e f . | tt t i
04 Branch Bi = Bj t i t i

05 B r a n c h B i i B j |
06 B r a n c h B i > B i | 11 t i

07 B r a n c h B i < B j | tt i t

32 F l o a t i n g D P S u m | Model 825 only
33 F l o a t i n g D P D i f f . | Model 825 only

2 6 - 5 0 | 32 F l o a t i n g D P S u m | Model 815 only
C locks | 33 F l o a t i n g D P D i f f | Model 815 only

2 7 - 3 6 I 660 R e a d C M a t ( X k ) | Model 815 only
C l o c k s j

100-110 | 40 F l o a t i n g P r o d u c t | Model 825 only
C l o c k s | 41 Floating Product Round! Model 825 only

42 Float ing DP Product | Model 825 only

120-130 I 4 0 F l o a t i n g P r o d u c t | Model 815 only
C locks | 41 Floating Product Round { Model 815 only

42 F loa t ing DP Product | Model 815 only

1 3 0 I 44 F l o a t i n g D i v i d e | Model 825 only
C l o c k s | 45 Floating Divide Round 1 Model 825 only

1 5 0 | 4 4 F l o a t i n g D i v i d e | Model 815 only
C l o c k s j 45 Floating Divide Round | Model 815 only

2 1 2 | 013 E x c h a n g e |
C locks {

1 5 - 5 0 0 | 47 P o p u l a t i o n C o u n t |
C l o c k s |

1
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PP INSTRUCTIONS

PP INSTRUCTIONS FORMATS

F i g u r e 1 - 4 - 2 s h o w s P P i n s t r u c t i o n f o r m a t s . P P
ins t ruc t i ons a re 16 o r 32 b i t s l ong . I n i ns t ruc t i on
descr ip t ions, the operat ion code is g iven e i ther by
t w o o r t h r e e o c t a l d i g i t s . T h e t h i r d d i g i t , w h e n
used, indicates the state of the s-bi t (zero or one)
i n I /O i ns t r uc t i ons . (Re fe r t o t ab le 1 -4 -4 . )

The upper 4 bits of the PP instructions must be zero
to ensure tha t the i ns t ruc t i ons opera te as defined
in th i s sec t ion .

15 12 11 6 5
I ZEROS I OPCODE

3 1 2 8 2 7 2 2 2 1 1 6 1 5 1 2 1 1
I ZEROS I OPCODE I d I ZEROS I

-P+l-

15 12 11 6 5
I ZEROS I OPCODE |s|

3 1 2 8 2 7 2 2 2 0 1 6 1 5 1 2 1 1
I ZEROS I OPCODE Is I c I ZEROS I

-P+l-

Figure 1-4-2. PP Instruct ion Formats

TABLE 1-4-4. PP NOMENCLATURE

Term

Opcode

s

c

A

(A)

Descr ip t ion

(d)

( ( d ) )

Specifies instruct ion operat ion code

Specifies I /O instruct ion sub-code

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

R e f e r s t o t h e c o n t e n t o f t h e w o r d 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 register)

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
c o n t e n t o f t h e R r e g i s t e r ( r e l o c a t i o n
r e g i s t e r )

R e f e r s t o t h e c o n t e n t o f t h e w o r d a t
the PP memory address specified by the
d field (direct mode)

R e f e r s t o t h e c o n t e n t o f t h e w o r d a t
the PP memory address specified by the

m+(d)

(m+(d))

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

R e f e r s t o t h e c o n t e n t o f t h e w o r d a t
the PP memory address specified by the
m fie ld i ndexed by t he con ten t o f t he
word at the PP memory address specified
by the d field (memory mode)

PP DATA FORMAT

Figure 1-4-3 shows PP data format and how 12-b i 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 1 1
I I

ZEROS
60-BIT DATA WORD IN CENTRAL MEMORY

ATION 1 5 1 2 11
d 1 ZEROS | a 1
d+1 1 ZEROS 1 b 1
d+2 1 ZEROS 1 c 1
d+3 1 ZEROS 1 d 1
d+4 1 ZEROS j e 1

60-BIT DATA WORD IN PP MEMORY

Figure 1-4-3. PP Data Format

PP RELOCATION REGISTER FORMAT

F i g u r e 1 - 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
fo rma t . Th i s reg i s te r i s l oaded- f rom/s to red - in to PP
m e m o r y b y i n s t r u c t i o n s 2 4 a n d 2 5 ( l o a d / s t o r e R
r e g i s t e r ) .

27 18 17 6 5
ZEROS I

RELOCATION REGISTER IN PP HARDWARE

L O C AT I O N 1 5 1 2 9
d
d + 1 ( Z E R O S

[ZEROS 11001 a

RELOCATION REGISTER IN PP MEMORY

Figure 1-4-4. PP Relocation (R) Register Format

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.

^ S $ K

Z1"*^

1-4-22 60469350 A



■^ v ^
OOxx Pass PSN

15 12 11 6 5
OO OO

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 per formed. The ins t ruc t ion prov ides a means o f
padding out a program.

0 1 d m L o n g j u m p t o m + ( d ) L J M m , d

3 1 2 8 2 7 2 2 2 1 1 6 1 5 1 2 1 1 0
I 0 0 I 0 1 I 00

-P+l-

Th i s i ns t ruc t i on j umps to t he add ress g i ven by m
plus the content of locat ion d. I f d equals zero, m
is not modified.

05d Nonzero Jump d

15 12 11 6 5

NJN d

0
00 05

This ins t ruc t ion prov ides a cond i t iona l jump to any
a d d r e s s u p t o 3 1 ( d e c i m a l ) l o c a t i o n s f o r w a r d o r
backward f rom the cur ren t p rogram address . I f the
c o n 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 ruc t i on execu tes f r om P p lus 1 . Nega t i ve ze ro
(777777 ) i s t r ea ted as nonze ro . Fo r i n te rp re ta t i on
of d , re fer to the 03 ins t ruc t ion .

06d Plus Jump d PJN d

1 5 1 2 1 1 6 5
I 0 0 I 0 6 I

02dm Return Jump to m + (d)

3 1 2 8 2 7 2 2 2 1 1 6 1 5 1 2 1 1

RJM m,d

0
00 02 I 0 0 I

■P+l-

Th i s i ns t ruc t i on j umps to t he add ress g i ven by m
plus the content of locat ion d. I f d equals zero, m
i s n o t m o d i fi e d . Th e c u r r e n t p r o g r a m a d d r e s s ( 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 ta r 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
sequenc ing to the jump address minus 1 , which in
tu rn con ta ins a l ong jump, 0100 . Th is re tu rns the
original program address plus 2 to the P register.

03d Unconditional Jump d

15 12 11

UJN d

6 5
I 0 0 I 0 3 I

Th i s i ns t ruc t i on p rov ides an uncond i t i ona l j ump to
any address up to 31 (decimal) locations forward or
b a c k w a r d f r o m t h e c u r r e n t p r o g r a m a d d r e s s . T h e
value of d is added to the current program address.
I f d is posi t ive (01 through 37), 0001 through 0037
is added, and the jump is forward. I f d is negat ive
(40 through 76), 7740 through 7776 is added, and the
j u m p i s b a c k w a r d . W h e n d e q u a l s 0 0 o r 7 7 , t h e
program hangs and requ i res a deadstar t to res tar t
the system.

04d Zero Jump d ZJN

15 12 11 6 5
I 0 0 I 0 4 I

Th is ins t ruc t ion prov ides a cond i t iona l jump to any
a d d r e s s u p t o 3 1 ( d e c i m a l ) l o c a t i o n s f o r w a r d o r
backward f rom the cur ren t p rogram address . I f the
s i g n o f t h e A r e g i s t e r i s p o s i t i v e , t h e j u m p i s
t a k e n . I f t h e s i g n o f A i s n e g a t i v e , t h e n e x t
i n s t r u c t i o n e x e c u t e s f r o m P p l u s 1 . P o s i t i v e z e r o
is t rea ted as a pos i t i ve quan t i t y. Nega t i ve ze ro 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 , re fer to the 03 ins t ruc t ion .

07d Minus Jump d MJN d

15 12 11 6 5
I 0 0 I 07

This ins t ruc t ion prov ides a cond i t iona l jump to any
a d d r e s s u p t o 3 1 ( d e c i m a l ) l o c a t i o n s f o r w a r d o r
backward f rom the cur ren t p rogram address . I f the
con ten t o f t he A reg i s te r i s nega t i ve , t he j ump 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
ins t ruc t ion execute f rom P p lus 1 . Pos i t i ve 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 , re fer to the 03 ins t ruc t ion .

lOd Shift d SHN d

15 12 11 6 5
I 0 0 I 10

T h i s i n s t r u c t i o n s h i f t s t h e c o n t e n t o f t h e A
r e g i s t e r r i g h t o r l e f t d p l a c e s . I f d i s p o s i t i v e
( 0 0 t h r o u g h 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 ( 4 0 t h r o u g h 7 7 ) , t h e s h i f t i s r i g h t
(end-o f f w i th no s ign ex tens ion) . Thus , d equa l to
0 6 r e q u i r e s a l e f t s h i f t o f s i x p l a c e s ; d e q u a l t o
71 requi res a r ight sh i f t o f s ix p laces.

This ins t ruct ion prov ides a condi t ional jump to any
a d d r e s s u p t o 3 1 ( d e c i m a l ) l o c a t i o n s f o r w a r d o r
backward f rom the cur rent program address. I f the
c o n t e n t o f t h e A r e g i s t e r i s 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 n o n z e r o , t h e n e x t
i ns t ruc t i on execu tes f rom P p lus 1 . Nega t i ve ze ro
(777777) i s t rea ted as nonzero . Fo r i n te rp re ta t i on
of d, refer to the 03 inst ruct ion.

l id Log ica l D i f fe rence d

15 12 11 6 5
I 0 0 I 1 1 I

LMN d
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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. This is equiva lent to complement ing ind i
v idua l b i t s o f A tha t co r respond to b i t s o f d tha t
are one. The upper 12 bits of A are not altered.

12d Logical Product d

15 12 11

LPN d

6 5
I 0 0 I 1 2 I

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
product of d and the lower 6 bits of the A register
and leaves th is quant i t y in the lower 6 b i ts o f A .
The upper 12 bits of A are zero.

13d Selective Clear d

1 5 1 2 1 1 6 5

SCN d

I 0 0 I 1 3 I

Th is i ns t ruc t i on c lea rs any o f t he l ower 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.

I4d Load d LDN d

15 12 11 6 5
I 0 0 I 1 4 I

This inst ruct ion c lears the A regis ter and loads d.
The upper 12 bits of A are zero.

15d Load Complement d

1 5 1 2 1 1 6 5

LCN d

00 15

This instruct ion clears the A register and loads the
complement of d. The upper 12 bits of A are one.

2 0 d m L o a d d m

3 1 2 8 2 7 2 2 2 1 16 15 12 11

LDC dm

0
00 20 00

-P+l-

Th is ins t ruc t ion c lears the A reg is ter and loads an
18-b i t quant i ty cons is t ing of d as the upper 6 b i ts
a n d m a s t h e l o w e r 1 2 b i t s . T h e c o n t e n t o f t h e
l o c a t i o n ( P p l u s 1 ) w h i c h f o l l o w s t h e p r e s e n t
program address (P) is read to provide m.

21dm Add dm

3 1 2 8 2 7 2 2 2 1 16 15 12 11

ADC dm

0
I 0 0 I 2 1 I 00

■P+l-

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
quant i ty consist ing of d as the upper 6 b i ts and m
as t he l owe r 12 b i t s . The con ten t o f t he l oca t i on
(P plus 1) which follows the present program address
(P) is read to provide m.

22dm Log i ca l P roduc t dm

3 1 2 8 2 7 2 2 2 1 1 6 1 5 1 2 1 1
I
I

LPC dm

0
00 22 I 0 0 I

P+l-

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
p r o d u c t o f 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 n d t h e
18 -b i t quan t i t y dm in A . The uppe r 6 b i t s o f t h i s
quantity consist of d, and the lower 12 bits are the
c o n t e n t o f t h e l o c a t i o n ( P p l u s 1 ) , w h i c h f o l l o w s
the present program address (P).

2 3 d m L o g i c a l D i f f e r e n c e d m

3 1 2 8 2 7 2 2 2 1 1 6 1 5 1 2 1 1
I
I

00 2 3 I I 0 0 1
P+l-

LMC dm

0
I
1

X^s$.

I6d Add d ADN d

15 12 11 6 5
I 0 0 I 1 6 I

This inst ruct ion adds d ( t reated as a 6-b i t pos i t ive
quant i ty) to 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
f e r e n c e o f 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 n d t h e
18-bi t quant i ty dm in A. This is equivalent to com
plement ing indiv idual b i ts of A which correspond to
b i t s o f dm tha t a re one . The upper 6 b i t s o f t he
quantity consist of d, and the lower 12 bits are the
c o n t e n t o f t h e l o c a t i o n ( P p l u s 1 ) , w h i c h f o l l o w s
the present program address (P).

17d Subtract d SBN d

1 5 1 2 1 1 6 5
0 0 I 1 7

24d Load R Register

15 12 11 6 5
I 0 0 I 24

LRD d

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
p o s i t i v e q u a n t i t y ) f r o m t h e c o n t e n t o f t h e A
r e g i s t e r.

F igu re 1 -4 -4 shows R reg i s te r f o rma t . I f d i s no 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 (rightmost 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
instruct ion is a pass.

i ^ ^ s .
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25d Store R Register

15 12 11

SRD d

6 5
0 0 | 2 5

30d Load (d)

15 12 11

LDD d

6 5
I 0 0 I 30

/gm^s

F igu re 1 -4 -4 shows R reg i s t e r f o rma t . I f d i s no 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.

2600 Exchange Jump

15 12 11

EXN

6 5 0
I 0 0 I 2 6 I 0 0 |

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
le f tmos t b i t i n A i s se t . When th i s b i t i s c lea 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 nex t ins t ruc t ion .

2610 Moni tor Exchange Jump

1 5 1 2 1 1 6 5

MXN

I 0 0 I 2 6 I 1 0 I

I f the CP is in the CYBER 170 moni tor mode, th is
i n s t r u c t i o n i s a p a s s . I f t h e C P i s i n t h e C Y B E R
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 le f tmost b i t in A is set . When th is b i t is
c lea r, A spec i fies the add ress . The PP wa i t s un t i l
the exchange has been completed before proceeding
wi th the next ins t ruc t ion .

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
ze ro .

31d Add (d) ADD d

15 12 11 6 5
I 0 0 I 3 1 I

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) SBD d

15 12 11 6 5
00 3 2 I

Th is ins t ruc t ion sub t rac ts the con ten t a t loca 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 .

33d Logical Difference (d)

15 12 11 6 5
I 0 0 I 3 3 I

LMD d

0
1 I

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 - b y - b i t l o g i c a l d i f f e r e n c e o f t h e l o w e r 1 2 b i t s
o f t h e A r e g i s t e r a n d t h e c o n t e n t a t l o c a t i o n d .
Th is i s equ iva len t to comp lement ing ind iv idua l b i t s
of A which correspond to bi ts in locat ion d that are
ones. The upper 6 bits are not altered.

2620 Monitor Exchange Jump to MA MAN

15 12 11 6 5
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
ins t ruc t i on i s a pass . I f t he CP i s i n 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 absolute address given in the MA field
of the outgoing CYBER 170 exchange package. The PP
waits unti l the exchange has been completed before
proceeding with the next instruct ion.

34d Store (d) STD d

15 12 11 6 5
I 0 0 I 34

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
reg is te r a t l oca t ion d .

35d Replace Add (d)

15 12 11

RAD d

6 5
I 0 0 I 3 5 I

27d Pass

15 12 11 6 5
0 0 I 2 7 I

KPT d

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.

Th i s i ns t ruc t i on adds the quan t i t y a t l oca t i on d to
the con ten t o f the A reg is te r and s to res the lower
1 2 b i t s o f t h e r e s u l t a t l o c a t i o n d . T h e r e s u l t
r ema ins i n A a t t he end o f t he ope ra t i on and t he
or ig inal content of A is destroyed.

36d Replace Add One (d)

15 12 11 6 5
0 0 I 3 6 I

A0D d

0
I I
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This ins t ruc t ion rep laces the quant i ty a t locat ion d
w i t h i t s o r i g i na l va lue p l us 1 . The resu l t r ema ins
in the A reg is ter a t the end of the operat ion, and
the original content of A is destroyed.

37d Replace Subtract One (d)

1 5 1 2 1 1 6 5

SOD d

0
I 0 0 I 37

This inst ruct ion rep laces the quant i ty a t locat ion d
wi th i ts or ig inal va lue minus 1. The resul t remains
in the A reg is ter a t the end o f the opera t ion , and
the original content of A is destroyed.

40d Load ((d)) L D I d

15 12 11 6 5
I 0 0 I 40

44d Store ((d)) S T I d

15 12 11 6 5
I 0 0 44

Th is 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
reg is te r a t the loca t ion spec ified by the content o f
locat ion d.

45d Replace Add ((d))

15 12 11

RAI d

6 5
00 45

This instruction adds the operand, which is obtained
f rom the locat ion spec ified by the content a t loca
t ion d , to the content o f the A reg is ter. The lower
1 2 b i t s o f t h e s u m r e p l a c e t h e o r i g i n a l o p e r a n d .
The result remains in A at the end of the operation.

Th is ins t ruc t ion c lea rs the A reg is te r and loads 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
addressing. The upper 6 b i ts of A are zero. Loca
tion d is read from PPM, and the word read is used
as the operand address.

4ld Add ((d)) A D I d

15 12 11 6 5
I 0 0 I 41

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
quant i ty ) ob ta 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.

46d Replace Add One ((d))

15 12 11

A 0 I d

6 5
I 0 0 I 4 6 I

This inst ruct ion rep laces the operand, which is ob
tained from the locat ion specified by the content at
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 p l 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
o p e r a t i o n , a n d t h e o r i g i n a l c o n t e n t o f A i s
destroyed.

4 7 d R e p l a c e S u b t r a c t O n e ( ( d ) ) S O I d

1 5 1 2 1 1 6 5 0
I 0 0 I 4 7 I

4 2 d S u b t r a c t ( ( d ) ) S B I d

1 5 1 2 1 1 6 5 0
I 0 0 I 4 2 I

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 )
obtained by indi rect addressing. 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 ) ) L M I d

1 5 1 2 1 1 6 5 0
00 43

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 - b y - b i t l o g i c a l d i f f e r e n c e o f t h e l o w e r 1 2 b i t s
o f t he A reg i s te r and the 12 -b i t ope rand read by
ind i rec t address ing . Locat ion d is read f rom PPM,
and the word read is used as the operand address.
The upper 6 bits of A are not altered.

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
o p e r a t i o n , a n d t h e o r i g i n a l c o n t e n t o f A i s
destroyed.

5 0 d m L o a d ( m + ( d ) )

3 1 2 8 2 7 2 2 2 1

LDM m,d

1 6 1 5 1 2 1 1 0
I 0 0 I 50 I 0 0 I

-P+l-

Th i s i ns t ruc t i on c l ea 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 quanti ty m, read from PPM locat ion
P p lus 1 , se rves as the base operand address to
which the content of d is added. If d equals 0, the
operand address is m, but if d is not equal to 0, m
plus the content in d is the operand address. Thus,
l o c a t i o n d m a y b e u s e d a s a n i n d e x q u a n t i t y t o
modify operand addresses.

*f4s^V
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5 1 d m A d d ( m + ( d ) ) A D M m , d

3 1 2 8 2 7 2 2 2 1 1 6 1 5 1 2 1 1 0
I 0 0 I 5 1 I
| P

I 0 0 I
-P+l-

This instruct ion adds the 12-bi t operand (treated as
a posit ive quanti ty) read by indexed direct address
ing ( re fer to 50 ins t ruc t ion) to the A reg is ter.

5 2 d m S u b t r a c t ( m + ( d ) ) S B M m , d

3 1 2 8 2 7 2 2 2 1 1 6 1 5 1 2 1 1 0
I 0 0 I 5 2 00

-P+l-

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 fer to the 50 ins t ruc t ion) f rom
the A regis ter.

5 3 d m L o g i c a l D i f f e r e n c e ( m + ( d ) ) L M M m , d

3 1 2 8 2 7 2 2 2 1 1 6 1 5 1 2 1 1 0
I 0 0 I 5 3 I 00

■P+l-

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 f e r e n c e o f t h e l o w e r 1 2 b i t s o f t h e A r e g i s t e r
a n d 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
add ress ing ( r e fe r t o t he 50 i ns t ruc t i on ) i n A . The
upper 6 bits of A are not altered.

5 4 d m S t o r e ( m + ( d ) )

3 1 2 8 2 7 2 2 2 1

STM m,d

1 6 1 5 1 2 1 1 0
I 0 0 I 5 4 |
| P

I 0 0 I
-P+l-

Th i s i ns t ruc t i on s to res the l ower 12 b i t s o f t he A
r e g i s t e r i n 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 rec t address ing ( re fer to 50 ins t ruc t ion) .

5 5 d m R e p l a c e A d d ( m + ( d ) ) R A M m , d

3 1 2 8 2 7 2 2 2 1 1 6 1 5 1 2 1 1 0
I 0 0 I 55 I 0 0 I

-P+l-

This instruction 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
add ress i ng , ( r e f e r t o t he 50 i ns t r uc t i on ) t o t he A
regis ter. The lower 12 b i ts o f the sum replace the
original operand in PPM. The result remains in A at
the end o f the opera t ion , and the o r ig ina l con ten t
of A is destroyed.

56dm Replace Add One (m+(d))

3 1 2 8 2 7 2 2 2 1 1 6 1 5 1 2 1 1
I 0 0 I 5 6 |
| P

t o o r
-p+i-

A0M m,d

0
I
1

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 5 0 i n s t r u c t i o n ) b y i t s
o r ig ina l va lue p lus 1 . The resu l t rema ins in the A
reg i s te r a t t he end o f t he ope ra t i on , and t he o r i
ginal content of A is destroyed.

5 7 d m R e p l a c e S u b t r a c t O n e ( m + ( d ) ) S 0 M m , d

3 1 2 8 2 7 2 2 2 1 1 6 1 5 1 2 1 1 0
I 0 0 I 57 I 0 0 I

■P+l-

Th is ins t ruct ion rep laces the operand, which is ob
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 5 0 i n s t r u c t i o n ) , b y i t s
or ig inal value 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
or ig inal content of A is destroyed.

6 0 d C e n t r a l R e a d f r o m ( A ) t o d C R D d

1 5 1 2 1 1 6 5 0
I 0 0 I 60

This inst ruct ion d issassembles one 60-b i t word f rom
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 fol lows:

I f b i t 17 of A is zero, A b i ts 0 through 16 conta in
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 r a n s f e r r e d . 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 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
t h r o u g h 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
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
s e c t i o n 2 o f t h i s p a r t ) . F i e l d 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 1 2 - b i t w o r d
t r a n s f e r r 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
location 0000 fol lows locat ion 7777.

6 ldm Cen t ra l Read (d ) Words f rom CRM d ,m
(A) to m

3 1 2 8 2 7 2 2 2 1 1 6 1 5 1 2 1 1
I 0 0 I 6 1 | 00

-P+l-

PP location 0000 is used by hardware. This instruc
t ion disassembles 60-bi t words f rom centra l 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 t ransfer are as fo l lows:

I f b i t 17 of A is zero, A b i ts 0 through 16 conta in
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 . 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 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
t h r o u g h 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 . P P l o c a t i o n d m u s t
conta in the number o f 60-b i t words t ransfer red ( fo 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 s e c t i o n 2 o f t h i s p a r t ) . F i e l d
m g ives the PP loca t ion in to wh ich the fi rs t 12-b i t
word is placed.

60469350 A 1-4-27



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 inst ruct ion is 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 ,
e x e c u t i o n r e s u m e s a t t h e l o c a t i o n s p e c i fi e d b y
(0000) plus 1. PP memory addressing is cycl ic and
location 0000 follows location 7777.

Register A is incremented by one af ter each 60-bi 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 i n c r e
m e n t i n g c h a n g e s A b i t 1 7 , t h e c e n t r a l m e m o r y
address ing is swi tched between d i rect address and
r e l o c a t i o n a d d r e s s m o d e s . A f t e r t h e t r a n s f e r i s
comp le ted , t he A reg i s te r con ta ins the address 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
addressing) or the same address less the contents of
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 ( r e l o c a t i o n
addressing), except as fol 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
address 377776s and re loca t i on i s i n e f fec 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 Central Write to (A) from d

1 5 1 2 1 1 6 5

CWD d

00 62

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
o f the 60-b i t word. The parameters o f the t ransfer
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 tored ( fo r fu r ther in fo rmat ion , re fe r to R Reg is te r
under Inpu t /Outpu t Un i t in sec t ion 2 o f th is par t ) .
F i e l d d g i v e s t h e P P l o c a t i o n o f t h e fi r s t 1 2 - b i t
wo rd t rans fe r red . PP memory add ress ing i s cyc 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
transfer is subject to the CM bounds test.

63dm Cen t ra l Wr i te (d ) Words to
(A) from m

CWM m,d

3 1 2 8 2 7 2 2 2 1 1 6 1 5 1 2 1 1 0
I 0 0 I 6 3 I d I 0 0 I m I

-P+l-

PP location 0000 is used by hardware. This instruc
t i on assemb les 12 -b i t wo rds f r om consecu 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 word 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 . T h e
parameters of the transfer are as follows:

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
fer red . I f b i t 17 o f A is 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
60-bit word transferred. PP location d must contain

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
word is obtained.

T h i s i n s t r u c t i o n s t o r e s i t s o w n a d d r e s s p l u s t w o
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 . M e m o r y a d d r e s s i s c y c l i c a n d l o c a t i o n
0000 fo l lows locat ion 7777. The t ransfer is sub ject
to the CM bounds test.

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 w r i t t e n i n t o c e n t r a l m e m o r y. I f t h e
i n c r e m e n t i n g o f A c h a n g e s A b i t 1 7 , t h e c e n t r a l
memory addressing is switched between direct address
a n d r e l o c a t i o n a d d r e s s m o d e s . R e f e r t o C e n t r a l
Memory Address ing by PPs, sect ion 5 o f th is par t .
A f t e r t h e t r a n s f e r i s 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
address reg is te r ( re loca t ion address ing) , except as
fo l l ows :

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 377776s and re l oca t i on i s i n e f f ec t , t hen
the A register is c leared, and the value returned in
A may no t po in t t o the las t word t rans fe r red p lus
one.

640cm Jump to m if Channel c Active

3 1 2 8 2 7 2 2 2 0 1 6 1 5 1 2 1 1
I 0 0 I
|

64 191 I 0 0 I
-P+l-

AJM m,c

0
I
1

I f c h a n n e l c i s a c t i v e t h i s i n s t r u c t i o n c a u s e s a
jump to m. Otherwise, it is a pass.

6 4 1 c m Te s t a n d S e t C h a n n e l c F l a g S C F m , c

3 1 2 8 2 7 2 2 2 0 1 6 1 5 1 2 1 1 0
I 0 0 I 6 4 1 1 1
| P

I 0 0 I
-P+l-

I f t h e c h a n n e l c fl a g i s s e t , t h i s i n s t r u c t i o n
causes a jump to m. I f the channel c flag is clear,
i t s e t s t h i s fl a g a n d c o n t i n u e s w i t h t h e n e x t
instruction. When m is set to P plus 2, the channel
flag i s uncond i t i ona l l y se t .

I f t w o o r m o r e P P s s i m u l t a n e o u s l y i s s u e t h i s i n
s t r u c t i o n f o r t h e s a m e c h a n n e l , t h e c o n fl i c t i s
resolved as fol lows:

I f o n e o f t h e c o m p e t i n g c h a n n e l s i s c h a n n e l 1 7
(maintenance channel), the PP in the lowest physical
leve l sees the t rue condi t ion of the flag; the other
confl ic t ing PPs see the flag set (and hence take a
j u m p ) . I f t h e c o m p e t i n g c h a n n e l i s a n y o t h e r
c h a n n e l , s o f t w a r e m u s t r e s o l v e t h e c o n fl i c t . A n y
five consecut ive ly numbered PPs issue ins t ruc t ions
a t d i f fe ren t t imes .

650cm Jump to m i f Channe l c I nac t i ve I JM m,c

3 1 2 8 2 7 2 2 2 0 1 6 1 5 1 2 1 1 0
I 0 0 I 6 5 1 0 1
| p

I 0 0 I
■P+l-

,>5^̂ \i
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T h i s i n s t r u c t i o n p r o v i d e s a c o n d i t i o n a l j u m p t o a
new address spec ified by m. The jump i s taken i f
t h e c h a n n e l s p e c i fi e d b y c i s i n a c t i v e . T h e n e x t
instruct ion is at P plus 2 i f the channel is act ive.

6 5 1 c m C l e a r C h a n n e l c F l a g C C F m , c

3 1 2 8 2 7 2 2 2 0 1 6 1 5 1 2 1 1 0
I 0 0 I 6 5 H I
| P

I 0 0 I
■p+1-

T h i s i n s t r u c t i o n c l e a r s t h e c h a n n e l c fl a g . T h e m
field is required but not used.

6 6 0 c m J u m p t o m i f C h a n n e l c F u l l F J M m , c

3 1 2 8 2 7 2 2 2 0 1 6 1 5 1 2 1 1 0
I 0 0 I 66 101 I oo I

-p+1-

T h i s i n s t r u c t i o n p r o v i d e s a c o n d i t i o n a l j u m p t o a
new address spec ified by m. The jump i s taken i f
t h e c h a n n e l d e s i g n a t e d b y c i s f u l l . T h e n e x t
ins t ruc t ion is a t P p lus 2 i f the channel is empty.
An inpu t channe l i s fu l l when the inpu t equ ipment
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 fu l l
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 SFM m,c
Flag Set

3 1 2 8 2 7 2 2 2 0 1 6 1 5 1 2 1 1
I 0 0 I 6 6 1 1 1 00

-P+l-

I f t he channe l c e r ro r flag i s se t * t h i s i ns t ruc t i on
c l e a r s t h e e r r o r fl a g a n d c a u s e s a j u m p t o m . I f
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 i s uncond i t i ona l l y c lea red .

6 7 0 c m J u m p t o m i f C h a n n e l c E m p t y E J M m , c

3 1 2 8 2 7 2 2 2 0 1 6 1 5 1 2 1 1 0
I 0 0 I 6 7 1 0 1 00

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
i n s t r u c t i o n c a u s e s a j u m p t o m . I f t h i s e r r o r fl a g
i s s e t , t h e i n s t r u c t i o n c l e a r s t h e e r r o r fl a g a n d
proceeds w i th the nex t i ns t ruc t ion . When m i s se t
t o P p l u s 2 , t h e c h a n n e l e r r o r fl a g i s
uncond i t i ona l l y c lea red .

70d Input to A from Channel d

1 5 1 2 1 1 6 5

I A N d

I 0 0 I 7 0 I

This instruct ion t ransfers a word f rom input channel
d to the lower 12 bi ts of the A register. The upper
6 bits of A are cleared to zero.

| NOTE |
I f b i t 5 o f d i s c lea r and the channe 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 h a n g s t h e
P P, w a i t i n g f o r t h e c h a n n e l 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
o r i s d e a c t i v a t e d b e f o r e 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 e x i t s . T h e
word is not accepted, and the A regis
t e r c l e a r s .

71 dm Input A Words to m
from Channel d

31 28 27 22 21

IAM m,d

16 15 12 11
00 71 I 0 0 I

-P+l-

-P+l-

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 b l o c k o f 1 2 - b i t w o r d s
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
ho lds the b lock leng th . A reduces by one as each
word is read. The input operation completes when A
equals zero or the data channel becomes inact ive .
I f the operat ion terminates by the channel becoming
inact ive, the next storage locat ion in PPM is set to
z e r o . H o w e v e r, t h e w o r d c o u n t i s n o t a f f e c t e d b y
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.

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 fo r the nex t
word as each word is stored.

T h i s i n s t r u c t i o n p r o v i d e s a c o n d i t i o n a l j u m p t o a
new address spec ified by m. The jump i s taken i f
t h e c h a n n e l s p e c i fi e d b y c i s e m p t y . T h e n e x t
i n s t r u c t i o n i s a t P p l u s 2 i f t h e c h a n n e l i s f u l l .
( R e f e r t o 6 6 0 i n s t r u c t i o n f o r e x p l a n a t i o n o f f u l l
and empty.)

671cm Jump to m if Channel c
Error Flag Clear

CFM m,c

3 1 2 8 2 7 2 2 2 0 16 15 12 11
I 0 0 I 6 7 111 I 0 0 I

.| -P+l-

NOTE

I f t h i s i n s t r u c t i o n e x e c u t e s w h e n t h e
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
p r o g r a m c o n t i n u e s a t P p l u s 2 . H o w
e v e r , t h e l o c a t i o n s p e c i fi e d b y m i s
set to zero.

7 2 d O u t p u t f r o m A o n C h a n n e l d O A N d

1 5 1 2 1 1 6 5 0
I 0 0 I 7 2 | d I
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This instruction transfers a word from the A regis
ter (lower 12 bits) to output channel d.

| NOTE

If bit 5 of d is clear and the channel
is inactive, this instruction hangs the
PP, waiting for the channel to go ac
t ive and fu l l , i f executed. 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
inactive, the program continues at P
plus 1. The word is not transferred.

73dm Output A Words from m on
Channel d

OAM m,d

3 1 2 8 2 7 2 2 2 1 1 6 1 5 1 2 1 1 0
00 73 00

:p+T: - I

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 reg i s te r ho lds 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.

I NOTE |

If this instruction executes when the
data channel is inact ive, no output
operation is accomplished, and the pro
gram continues at P plus 2.

This instruction deactivates the channel specified
by d. As a result, the 1/0 data transfer stops.

| NOTE

I f t h i s i n s t r u c t i o n e x e c u t e s w h e n t h e
d a t a c h a n n e l i s a l r e a d y i n a c t i v e a n d
b i t 5 o f d i s s e t , t h e p r o g r a m c o n t i
nues at P plus 1. The channel remains
i n a c t i v e , a n d n o i n a c t i v e s i g n a l i s
s e n t t o t h e 1 / 0 e q u i p m e n t . D e a c t i v a
t ing an already inactive channel causes
the PP to hang un t i l t he channe l be
comes active.

I f an ou tpu t ins t ruc t ion i s fo l l owed by
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 i n f o r m a t i o n h a s
b e e n a c c e p t e d b y t h e 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 e m p t y ) , t h e l a s t
word transmitted may be lost.

Do not deactivate a channel before put
t ing a useful program in the associated
PP. PPs o ther than 0 are hung on an
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 e x i t t o t h e
a d d r e s s s p e c i fi e d b y t h e c o n t e n t o f
loca t ion 0000 p lus 1 and execut ion 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
deact iva ted w i thout a va l id p rogram in
t h a t P P, t h e P P e x e c u t e s w h a t e v e r
p r o g r a m w a s l e f t i n P P M . T h e r e f o r e ,
the PP could run wild.

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

y f ^ ^ V

I 0 0 I 7 6 I

74d Activate Channel d

15 12 11 6 5

ACN d

0
I 0 0 I 7 4 I

This instruction activates the channel specified by
d and sends the active signal on the channel to
equipment connected to the channel. Activating a
channel, which must precede a 70 through 73 instruc
tion, prepares 1/0 equipment for the exchange of
data.

NOTE

If this instruction executes when the
data channel is already active and if
bit 5 of d is set, the program con
tinues at P plus 1. Otherwise, acti
vating an already active channel causes
the PP to wait until the channel goes
inactive. The PP hangs if the channel
does not go inactive.

This instruction sends the external function code in
the lower 12 bits of the A register on channel d.

| NOTE

I f t h i s i ns t ruc t i on execu tes w i t h b i t 5
o f d c lear and the channel ac t ive , PP
e x e c u t i o n s t o p s u n t i l a d e a d s t a r t o r
another PP causes the channel to become
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 nues a t P p l us 1 . Ne i t he r t he f unc
t i o n s i g n a l n o r t h e f u n c t i o n w o r d
t ransmi ts . The channel remains act ive,
and execution continues.

7 7 d m F u n c t i o n m o n C h a n n e l d F N C m , d

3 1 2 8 2 7 2 2 2 1 1 6 1 5 1 2 1 1 0
I 0 0 I 77 I 0 0 I

-P+l-

75d Deact iva te Channel d

15 12 11 6 5
I 0 0 I 7 5 I

DCN d

0
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This instruction sends the external function code
specified by m on channel d.

NOTE |

If this instruction executes with bit
5 of d clear and the channel active,
PP execution stops until a deadstart
or another PP causes the channel to
become inactive. If bit 5 of d is set
and the channel is active, the program
continues at P plus 2. Neither the
function signal nor the function word
t r a n s m i t s . T h e c h a n n e l r e m a i n s
active, and execution continues.

INSTRUCTION EXECUTION TIMING

Execution times for the PP instructions are listed
in table 1-4-5. The times listed in the execution
time column assume that no conflicts occur. The
timing notes refer to the notes at the end of the
table. Execution times are given in 500-nanosecond
major cycles.

NOTE |

These execution times are approximations
on ly and sub jec t to change wi thout
notice. Accurate timings can come only
f rom benchmark tests . Contro l Data
C o r p o r a t i o n i s n o t r e s p o n s i b l e f o r
assumptions made based on the times
listed here.

j 0 ^ * y
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TABLE 1-4-5. PP INSTRUCTION TIMING (1 of 3)
/^SSk

I n s t r u c t i o n
Code Descr ip t ion

Execution Time
(Major Cycles)

Timing
Notes

OOxx Pass

Oldm 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 Shi f t d

l i d Logical d i f ference d

12d Logical product d

13d Select ive clear d

I4d Load d

15d Load complement d

I6d 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

2 6 l x Monitor exchange jump

262x Monitor exchange jump to MA

27d Pass

30d Load (d)

31d Add (d)

32d Subtract (d)

33d Logical d i f ference (d)

34d Store (d)

35d Replace add (d)
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TABLE 1-4-5. PP INSTRUCTION TIMING (2 of 3)

I n s t r u c t i o n Execution Time Timing
Code Descr ip t ion (Major Cycles) Notes

36d Replace add one (d)

37d Replace subtract one (d)

40d Load ((d))

4ld Add ((d))

42d Sub t rac t ( (d ) )

43d Log ica l d i f fe rence ( (d ) )

44d Sto re ( (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 (ra + (d))

55dm Replace add (m + (d))

56dm Replace add one (m + (d))

57dm 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

63dm 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

66lcm Jump to m if channel c error flag set

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
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TABLE 1-4-5. PP INSTRUCTION TIMING (3 of 3)

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

72d

73dm

74d

75d

76d

77dm

Descr ip t ion

Output from A on channel d

Output (A) words from m on channel d

Activate channel d

Deactivate channel d

Function A on channel d

Function m on channel d

Execution Time
(Major Cycles)

Timing
Notes

Timing Notes:

1. No assembly-disassembly unit (ADU) conflicts and no outstanding CYBER 170 exchange jump
request in the ADU.

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 . A d d a p o s s i b l e t r i p d u e t o
resynchronization (CM read instruct ions only).

3. 7 major cycles for instruct ion set up and instruct ion exi t .
5 major cycles for every CM word.

4. 6 major cycles for instruct ion set up and instruct ion exi t .
5 major cycles for every CM word.

5. 5 major cycles for instruct ion set up and exi t
1 major cycle per word (non-conflict 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 to 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
mation such as CYBER 170 exchange jump, instruction
e x e c u t i o n , fl o a t i n g a n d fi x e d - p o i n t a r i t h m e t i c ,
a d d r e s s f o r m a t s , a n d d a t a f o r m a t s . T h i s s e c t i o n
also l is ts central processor error responses.

CP PROGRAMMING

CYBER 170 EXCHANGE JUMP

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
informat ion f rom the operat ing and contro l registers
to CM and permits CM to send new information to the
same registers. The informat ion 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 1-5-1).

A CYBER 170 exchange jump instruction is 013 in the
C P a n d 2 6 0 0 , 2 6 1 0 , o r 2 6 2 0 i n t h e I O U . T h e
instruct ion starts or interrupts the CP and provides

C M w i t h t h e fi r s t a d d r e s s o f a 1 6 - w o r d e x c h a n g e
package. The address is K p lus the content o f the
B j r e g i s t e r , o r t h e m o n i t o r a d d r e s s , f o r t h e
CP- in i t i a ted exchange . The add ress i s t he con ten t
o f A p lus R , i f b i t 17 i n t he A reg i s te r i s se t , o r
t h e c o n t e n t o f t h e A o n l y , i f b i t 1 7 o f t h e A
reg is te r i s c lea r, i n the exchange in i t i a ted by IOU
i n s t r u c t i o n s 2 6 0 0 o r 2 6 1 0 . T h e I O U a l s o h a s t h e
mon i to r exchange jump to MA, 2620 , ins t ruc t ion in
wh ich the con ten t o f MA i s used fo r the exchange
address. The CYBER 170 exchange package provides
t h e f o l l o w i n g i n f o r m a t i o n f o r a p r o g r a m t o b e
executed.

Program address (P) - 18 bits

Reference address for CM (RAC) - 21 bits

Field length of program for CM (FLC) - 21 bits

Exit mode (EM) - 6 bits

F lag reg is te r - 6 b i ts

Reference address for UEM (RAE) - 21 bits (lower
6 bits are assumed to be zeros)

C170 BIT:
59
i _ _ j 56 ,53 50 4 7 3 6 35 18 17

1 1 1 P AO
RAc A1 Bl
FLc A2 B2

EM Flags EM A3 B3
RAe A4 B4
FLe A5 BS
MA A6 B6

A7 B7
XO
XI

X2

X3

X4

X5

X6
X7

WORD

0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

Figure 1-5-1. CYBER 170 Exchange Package
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Fie ld length o f b lock t rans fer fo r UEM (FLE) -
24 bits (lower 6 bits are assumed to be zeros)

Monitor address (MA) - 18 bits

In i t ia l contents o f e igh t A reg is ters - 18 b i ts

In i t ia l contents o f e ight X reg is ters - 60 b i ts

In i t ia l con ten ts o f B l th rough B7 reg is te rs (BO
contains constant 0) - 18 bits

A particular CYBER 170 exchange package resides in
t h e C P h a r d w a r e r e g i s t e r s f o r t h e l e n g t h o f t h e
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. A hardware flag cal led a CYBER 170 monitor
flag (MF) ind ica tes the type o f program the CP is
executing.

W i t h t h e fl a g s e t , t h e C P i s i n n o n i n t e r r u p t i b l e
CYBER 170 monitor mode. With the flag clear, the CP
is in an interrupt ible program ( job) mode. A master
clear (deadstart) clears the CYBER 170 monitor flag.

k C o e f fi c i e n t

B Base number

n Exponent or power to which the base number
is ra ised

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 1 - 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
w o r d . N e g a t i v e n u m b e r s a r e r e p r e s e n t e d i n o n e ' 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.

rCOEFFICIENT SIGN
B I A S B I N A R Y P O I N T -
lEXPONENT INTEGER COEFFICIENT

59 58 /57 48 47
I 1 1 1 1

EXECUTIVE STATE Figure 1-5-2 . F loat ing-Poin t Format

The executive state is implemented by a combination
o f h a r d w a r e , s o f t w a r e , a n d m i c r o c o d e . T h i s s t a t e
handles the fol lowing:

• Compare/move ins t ruc t ions .

• Processor detected hardware errors.

• H a r d w a r e i n t e g r i t y v e r i f i c a t i o n
(d iagnos t i cs ) .

• C P s o f t w a r e e r r o r s a n d e x c e p t i o n s i f t h e y
occur with the CP in CYBER 170 monitor mode.

The following CP conditions cause programs to inter
rupt to execut ive state:

• Compare/move ins t ruc t ions .

• U n i m p l e m e n t e d i n s t r u c t i o n ( i l l e g a l , 0 0 ) i n
CYBER 170 monitor mode.

• CP detected hardware fau l ts .

• Software errors in CYBER 170 monitor mode.

In general, execut ive 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.

FLOATING-POINT ARITHMETIC

Format

Float ing-point ar i thmet ic expresses a number in the
form kBn.

Table 1-5-1 summarizes the configurations of bits 58
and 59 and the impl icat ions regard ing s igns of the
possible combinations.

TABLE 1-5-1. BITS 58 AND 59 CONFIGURATIONS

Bit 59 Bit 58 Coe ffic 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 Negat ive P o s i t i v e

1 1 Negat ive Negative

Packing
Packing refers to the convers ion 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:

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,
beg in w i th a b ias o f 2000 (pos i t i ve zero) and add
the magni tude 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.
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When the coeffic ien t i s negat ive , the packed pos i
tive exponent is complemented to become 5777 through
4000.

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
nega t i ve 1777 . In packed fo rm, the range i s 1777
through 0000.

When the coeffic ient is negat ive, the packed nega
tive exponent is complemented to become 6000 through
7777.

Examples of packed and unpacked floating-point num
b e r s a r e s h o w n 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
p a c k i n g p r o c e s s . E x a m p l e s 1 a n d 2 a r e d i f f e r e n t
forms of the integer posi t ive 1. Example 3 is posi
t ive 100 (dec imal ) , and example 4 is negat ive 100
(dec ima l ) . Examp les 5 and 6 a re l a rge and sma l 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 negat ive zero exponent is not used for
normal operat ion. Instead, 1777 is used to ind icate
the spec ia l e r ro r cond i t i on o f i ndefin i te .

6. Unpacked
c o e f fi c i e n t

Unpacked
exponent

Packed
format

0000 6301 0277 4315 6033

77 6210

0210 6301 0277 4315 6033

1. Unpacked
c o e f fi c i e n t

0000 0000 0000 0000 0001

O v e r fl o w

Overflow o f the floa t ing-po in t range is ind ica ted by
an exponent value of positive 1777 (3777 or 4000 in
p a c k e d f o r m ) . T h i s i s t h e l a r g e s t e x p o n e n t v a l u e
t h a t c a n b e r e p r e s e n t e d i n t h e fl o a t i n g - p o i n t f o r
mat. This exponent value may result from the calcu
l a t i o n i n w h i c h t h i s e x p o n e n t v a l u e , t o g e t h e r w i t h
the computed coe ffic ien t va lue , i s a co r rec t rep re
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 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 th is resul t 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 exponen t la rger than pos i t i ve 1777 . In
t h i s case , a comp le te ove rflow va lue r esu l t s . Th i s
result has a positive 1777 exponent and a zero coef
fic ien t . The s i gn o f t he coe ffic ien t i s t he 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 floa t ing -po in t range .

r*
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

00 0000

2000 0000 0000 0000 0001

0000 4000 0000 0000 0000

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

U n d e r fl o w

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 tha t can be rep resen ted in the floa t 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
c a l c u l a t i o n i n w h i c h t h i s e x p o n e n t v a l u e , t o g e t h e 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 smal ler than negat ive 1777. In
th is case, a comple te underflow va lue resu l ts . Th is
result has a negative 1777 exponent and a zero coef
fic ien t . The comp le te underflow ind ica to r i s a word
of a l l zeros, and i t is the same as a zero word in
in teger fo rmat .

Indefin i te

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 i on canno t be reso lved . An examp le i s
d i v i s ion when the d i v i so r i s 0 and the d i v idend i s
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 coeffic ient (177770, . . . ,0 in packed form) .

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 ica tors a lways generate w i th a pos i t i ve s ign, they
may occur as operands with a negative sign.
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Nonstandard Operands

In summary, the special operand forms in octal are:

P o s i t i v e o v e r fl o w ( + I N F ) 3 7 7 7 x x

N e g a t i v e o v e r fl o w ( - I N F ) 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

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 to r. The resu l t i s a doub le - leng th reg is te r
with the format shown in figure 1-5-3.

BINARY POINT—|
UPPER HALF RESULT
MOST SIGNIFICANT BITS

95 48

LOWER HALF RESULT
LEAST SIGNIFICANT BITS

47

Ta b l e s 1 - 5 - 2 t h r o u g h 1 - 5 - 5 i n d i c a t e t h e r e s u l t i n g
forms when various combinations of underflow, over
fl o w, 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 o p e r a t i o n s . T h e d e s i g n a t i o n s W a n d N a r e
defined as fol lows:

W Any word except + INF and + IND

N Any word except + INF , + IND, and + 0

Normal ized Numbers

A norma l i zed floa t 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 lef t shi f ted unt i l b i t 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
fl o a t i n g - p o i n t n u m b e r h a s n o l e a d i n g s i g n 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
a n d fl o a t i n g - d i v i d e i n s t r u c t i o n s d e l i v e r n o r m a l i z e d
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 ope rands a re no rma l i zed .
Therefore, i t is necessary to per form 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 i n t he ope rands .
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 deta i l .

Double-Presion Results

T h e fl o a t i n g - p o i n t a r i t h m e t i c i n s t r u c t i o n s g e n e r a t e
double-prec is ion resu l ts . Use of unrounded inst ruc
t ions a l lows separa te recovery o f 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 -p rec is ion , a re requ i red to re t r ieve
an ent i re double-precis ion resul t .

Figure 1-5-3. Float ing-Add Result Format

I f s i n g l e p r e c i s i o n i s s e l e c t e d , t h e u p p e r 4 8 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 t he r esu l t . Se l ec t i ng doub le p rec i s i on
causes on ly the lower 48 b i t s 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 e c t i v e l y m o v e d f r o m t h e r i g h t o f b i t 4 8 t o t h e
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
figure 1 -5 -4 .

UPPER HALF RESULT
MOST SIGNIFICANT BITS

4T "4V4I

BINARY POINT
LOWER HALF RESULT
LEAST SIGNIFICANT BITS■*■

47 NI

Figure 1-5-4. Mul t ip ly Resul t Format

I f s i n g l e p r e c i s i o n i s s e l e c t e d , t h e u p p e r 4 8 b i t s
of the product and the sum of the exponents plus 60
(oc ta l ) a re re tu rned as the resu l t . The add i t i on 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 g h t o f b i t 4 8 w h e n t h e u p p e r h a l f o f t h e 9 6 - 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-po in t add i t ion and subt rac t ion o f 60-b i t num
bers a re hand led by the l ong -add i ns t ruc t i ons (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 t he 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-po in t add i t ion and subt rac t ion o f 18-b i t num
bers are handled by the increment ins t ruc t ions (50
th rough 77 ) . Nega t i ve numbers a re rep resen ted i n
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 igh t o f the low-order pos i t ion (b i t 0 ) .
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TABLE 1-5-2. Xj PLUS Xk
(30, 32, 34 INSTRUCTIONS)

TABLE 1-5-3- Xj MINUS Xk
(31, 33, 35 INSTRUCTIONS)

X k |
W l+INF -INF l+IND |

1 w l+INF -INF 1 IND |
l+INF +INF l+INF IND 1 IND |

Xj l - INF -INF 1 IND -INF 1 IND |
I +IND IND 1 IND IND 1 IND |

X k |w l+INF l-INF l+IND |1 1 w l-INF l+INF 1 IND I1 l+INF +INF I IND l+INF I IND |
1 Xj l - I N F -INF l-INF | IND I IND |
1 I +IND IND I IND | IND I IND |

TABLE 1-5-4. Xj MULTIPLIED BY Xk (40, 41, 42 INSTRUCTIONS)

1 X k I
| + N | - N | + 0 I - 0 | + I N F | - I N F I + I N D 1

| | + N | I | 0 | 0 | + I N F I - I N F | I N D I
| I — N 1 | | 0 | 0 | - I N F | + I N F | I N D I
1 | + 0 | 0 1 0 | I n t e g e r * | I I N D I I N D I I N D I
1 X j 1 - 0 1 - 0 1 0 i M u l t i p l y l | I N D | I N D I I N D I
1 1 + I N F | + I N F | - I N F | I N D 1 I N D | + I N F 1 - I N F I I N D I
I | - I N F | - I N F I + I N F | I N D 1 I N D I - I N F I + I N F 1 I N D I
I | + I N D | I N D I I N D | I N D 1 I N D I I N D 1 I N D 1 I N D I
1 * I f b o t h o p e r a n d s u s e d i n t h e i n t e r g e r m u l t i p l y a r e n o r m a l i s e d , |
I a n u n d e r fl o w r e s u l t s . 1

0$^\

TABLE 1-5-5. Xj DIVIDED BY Xk (44,45 INSTRUCTIONS)

1 X k |
I + N | - N 1 + 0 1 - 0 | + I N F | - I N F | + I N D I

| | + N | | | + I N F | - I N F | 0 I 0 1 I N D I
| | _ N | | | - I N F | + I N F | 0 | 0 I I N D I
1 I + 0 | 0 | 0 I I N D I I N D I 0 1 0 1 I N D |
I X j 1 - 0 | 0 | 0 I I N D I I N D I 0 | 0 I I N D I
1 I + I N F I + I N F I - I N F I + I N F 1 - I N F I I N D I I N D I I N D 1
I | - I N F | - I N F I + I N F | - I N F 1 + I N F I I N D I I N D 1 I N D I
I | + I N D I I N D I I N D I I N D I I N D 1 I N D 1 I N D 1 I N D 1
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Integer mult ipl icat ion 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.

I ns t r uc t i ons

1. Pack X2 from X2
and BO

2. Pack X3 from X3
and BO

3. Normalize X3 in XO
and BO

4. Normalize X2 in X2
and BO

5 . F loa t i ng quo t i en t o f
X2 and XO to Xi

6. Unpack XI to XI
and B7

7 . Sh i f t X I nomina l l y
left B7 places

Remarks

Pack X2

Pack X3

Normalize X3
( d i v i s o r )

Normalize X2
(d iv idend)

Div ide

Unpack quotient

Sh i f t t o i n teger
p o s i t i o n

T h e d i v i d e r e q u i r e s t h a t b o t h i n t e g e r ( 2 ^ 7 m a x 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 ins t ruc t 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
negat ive n. The quot ient 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 r ight shif ts the quo
t ient 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 mu l t i p l y o f X I and X3 and sub t 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
c h a r a c t e r m a n i p u l a t i o n . T h e c h a r a c t e r s a r e 6 b i t s
long. Characters can be moved from one CM location
to another, and fields of characters can be compared
e i ther d i rec t ly or th rough a co l la te tab le .

The move d i rec t ins t ruc t ion moves a fie ld o f up to
127 characters from one location to another location
a s s p e c i fi e d i n t h e i n s t r u c t i o n . T h e m o v e i n d i r e c 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 col lated instruct ion compares two fields
o f up to 127 charac te rs . When two charac te rs a re
u n e q u a l , t h e c h a r a c t e r s a r e r e f e r e n c e d i n a c o l
l a te t ab le , and the va lues a re compared . I f t hose
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
charac te r i s ind ica ted . The compare unco l la ted in
st ruct ion compares two fie lds of up to 127 charac
te rs and ind ica tes the la rger o f the fi rs t charac te r
pair that is found to be unequal.

The compare /move ins t ruc t ions are imp lemented by
s y s t e m c o d e i n t h e e x e c u t i v e s t a t e , w i t h
c o n s i d e r a b l e p e r f o r m a n c e o v e r h e a d . T h e s e
i n s t r u c t i o n s a r e m a d e a v a i l a b l e f o r p r o g r a m
compatab i l i t y on ly.

For better performance, recompi le jobs to avoid use
of CMU instructions.

ERROR RESPONSE

When the CP detects or is in formed 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
the corresponding condit ion is detected, the program
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 b i t s a r e
contained in word N plus 3 of the exchange package.
Refer to figure 1-5-5 and table 1-5-6.

y?S«K

INTEGER ARITHMETIC

Th e C P h a s t h e f o l l o w i n g e r r o r co n d i t i o n s : i l l e g a l
ins t ruc t ions , hardware e r ro rs , and cond i t iona l so f t
ware errors.

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.

I n i n t ege 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
ins t ruc t ion . Bo th operands mus t have an exponent
va lue o f + 0 , and the coe ffic ien ts canno t bo th be
norma l i zed . The resu l t i s s ign-ex tended to 60 b i t s
and sent to an X register.

In in teger 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
nen t us ing the le f t sh i f t (22 ) i ns t ruc t ion to ob ta in
the integer quot ient.

Il legal 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
ope ra t i ng code , an i l l ega l ope ra t i ng pa rame te 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
inst ruct ion word and extends in to the next ins t 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
ins t ruc t ions cause an exchange to the CYBER 170
monitor mode. In the CYBER 170 monitor mode, they
cause a s imu la ted CP ha l t . CP i l l ega l i ns t ruc t ions
a re :

017

011, 012, 013, 464, 465, 466, 467 if they do
not begin at parcel 0

/=Wtfv
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Oil, 012, 014, 015 if the UEM enable flag in
the flag register of the CYBER 170 exchange
package is clear

Oil, 012 if both XO bit 23 and FLE bit 23 of
the CYBER 170 exchange package are set

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

59 53 V 4 7 / 30 29
I ZEROS I EC ZEROS

Figure 1-5-5. Format of Exi t Condi t ion
Register at (RAC)

TABLE 1-5-6. CONTENTS OF EXIT CONDITION
REGISTER AT (RAC)

F i e l d Descr ip t ion

EC 6-b i t ex i t cond i t ion code

C o d e C o n d i t i o n

008 I l l e g a l i n s t r u c t i o n
01ft Address-range error

( b i t 48 )
028 F l o a t i n g - p o i n t

i n fi n i t e ( b i t 4 9 )
048 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 )
208 Processor-detected

mal funct ion
678 Hardware malfunction

When an error exi t occurs, the content
of the P register may not correspond to
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 e x i t . T h e P r e g i s t e r
may have been incremented prior to the
execut ion o f the ins t ruc t ion.

N O T E : N o n z e r o i n f o r m a t i o n i n b i t s 0
through 29 is error status for customer
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 CYBER 170 monitor mode. If the CP
is in CYBER 170 monitor mode when a hardware error
o c c u r s , t h e C P p e r f o r m s a s i m u l a t e d h a l t . T h e
i n s t r u c t i o n b e i n g e x e c u t e d w h e n s u c h a f a u l t i s
detected is not necessari ly connected with the fault.

Conditional Software Errors

Cond i t iona l so f tware e r ro rs a re 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 ac t ion tha t depends on b i t s se t in the EM
field in the current CYBER 170 exchange package. If

t he b i t assoc ia ted w i th the t ype o f e r ro r i s c lea r,
the error is ignored in both CYBER 170 job and CYBER
170 moni tor modes. Wi th the b i t se t and the er ror
in CYBER 170 monitor mode, an interrupt to executive
s t a t e r e s u l t s . W i t h t h e b i t s e t a n d t h e e r r o r i n
CYBER 170 job mode, an exchange to CYBER 170 monitor
mode results.

CM PROGRAMMING
A l l C M t o C P r e f e r e n c e s f o r i n s t r u c t i o n s o r
r e a d / w r i t e d a t a a r e m a d e r e l a t i v e t o R A C . R A C
defines the lower limit and FLC added to RAC defines
the upper l im i t o f the CM program addresses . The
field length is a number of 60-bi t words establ ished
by the operat ing system prior to program execut ion.
Al l re ferences to CM for a program must be wi th in
the fie ld establ ished for that program.

During a CYBER 170 exchange jump, a 21-bit RAC and a
21-b i t FLC load in to respec t i ve reg is te rs to define
t h e C M l i m i t s o f t h e p r o g r a m t h a t i s i n i t i a t e d b y
the CYBER 170 exchange jump.

Figure 1-5-6 shows the absolute and relative memory
addresses, RAC, FLC, and P reg is ter re la t ionsh ips .
F o r a p r o g r a m t o o p e r a t e w i t h i n t h e e s t a b l i s h e d
l im i ts , the fo l low ing cond i t ions mus t ex is t .

For absolute memory addresses:

RAC< (RAC + P)< (RAC + FLC)

For relative memory addresses:

0< P< FLC

DIRECT READ/WRITE (INSTRUCTIONS 014, 015, 660, 670)
These instruct ions t ransfer one 60-bi t word between
the selected X register and a memory location, using
a 21-b i t re la t i ve address . Ins t ruc t ions 660 and 670
use the memory address Xk (21 bi ts) plus RAC (21
b i ts ) to address CM. Ins t ruc t ions 014 and 015 use
the memory address Xk (21 bits) plus RAE (21 bits)
to address UEM.

BLOCK COPY (INSTRUCTIONS 011,012)
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 memory. The UEM address is
o b t a i n e d f r o m X O p l u s R A E . T h e C M a d d r e s s i s
obtained from A0 plus RAE (if the block copy flag is
c lea r ) o r XO b i t s 30 t h rough 50 p lus RAC ( i f t he
b lock copy flag is set ) .

The t r ans fe r s occu r i n b l ocks o f up t o 64 wo rds ,
d u r i n g w h i c h o t h e r C P a c t i v i t i e s a r e s u s p e n d e d ;
t h e r e f o r e , t r a n s f e r s p e e d s u p t o o n e 6 0 - b i t w o r d
each 300 nanoseconds can be obtained.

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. If the UEM address used has
b i t 21 o r b i t 22 se t , t he nex t i ns t ruc t i on i s t aken
f rom pa rce l 2 , t he same ins t ruc t i on word . I n case
of a block read, a transfer of all zeros can be made
t o c e n t r a l m e m o r y b y s e t t i n g b i t 2 1 o r 2 2 o f t h e
a d d r e s s ( X 0 + R A E ) p r o v i d e d F L E i s s u f fi c i e n t l y
l a r g e . T a b l e s 1 - 5 - 7 a n d 1 - 5 - 8 l i s t C P e r r o r
response.
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TABLE 1-5-7. ERROR EXITS IN CYBER 170 MONITOR MODE (MFsl) (1 of 2)
/ G r ^ f fl $ \

Er ror Condi t ion Error Response

Exit Mode Selected Exit Mode Not Selected

I l l e g a l i n s t r u c t i o n o r 0 0 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 l ega l ins t ruc t ion .

3- In ter rupt to execut ive s ta te .

4. CP stops in executive state.

Exit condit ion bit 48 set by
an incremental read with an
address out of range (AOR).

1.

2.

The X register is unchanged.

The A register contains the AOR
address.

1. Inhibi t read, X unchanged.

2. Cont inue execut ion.

3- Store P and exit
condi t ion b i ts (01) a t locat ion
RAC. P equals address of increment
instruct ion or address of instruc
t ion fol lowing the increment.

4. In terrupt to execut ive s tate.

5. CP stops in executive state.

Exit condit ion bit 48 set by
an incremental write with an
address out of range (AOR).

1 .

2 .

Block wri te operat ion; content of
CM is unchanged.

The A register contains the AOR
address.

1. Inhibi t wr i te, 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
o f ins t ruc t ion fo l low ing the
increment.

4. In ter rupt to execut ive s ta te .

5. CP stops in executive state.

Exit condit ion bit 48 set by
an RNI or branch address
out of range.

1.

2.

Inh ib i t execu t 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 i na 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. In terrupt to execut ive s tate.

4. CP stops in executive state.
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TABLE 1-5-7. ERROR EXITS, CYBER 170 MONITOR MODE (MF=1) (2 of 2)

Error Condi t ion Error Response

Exit Mode Selected Exit Mode Not Selected

Exi t condi t ion bi t 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/wri t ing; 2. Condit ion 1 omits reading/wri t

2. Kl or K2 address out of CM is unchanged. Condition 2 ing; CM is unchanged. Condition
range.

3.

causes the instruct ion to
go unexecuted.

Stores P and exit bits (01) at

2 causes the instruction to go
unexecuted.

RAC. 3. Cont inue wi th next instruct ion.

4. CP stops in executive state.

Exi t condit ion bi t 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. Store P and exit bits (01) at

RAC.
2 .

3.

In te r rup t to execut ive s ta te .

Exit to next 60-bit word and
3. In te r rup t to execut ive s ta te ,

bits (01) at RAC.
cont inue execut 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 instructions 014 and 015. 2.

3.

4.

Store P and exit condition
bits (01) at RAC. P equals
address o f fo l lowing ins t ruc t ion .

In ter rupt to execut ive s ta te .

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 condit ion bits 1. Continue execution.
i n fi n i t e c o n d i t i o n , o r b i t (02 fo r infin i te o r 04 fo r
50 set by indefini te indefin i te ) . P equa ls address
cond i t ions .

2.

3.

o f a r i t hmet i c i ns t ruc t i on o r
address of instruct ion
f o l l o w i n g .

In ter rupt to execut ive s ta te .

CP stops in executive state.

Any hardware parity error or 1. In ter rupt to execut ive s ta te . 1. In te r rup t 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 1-5-8. ERROR EXITS IN CYBER 170 JOB MODE (MF=0) (1 of 2)

Error Condition

Illegal instruction or 00
instructions.

Exit condition bit 48 set by
an incremental read with an
address out of range (AOR).

Error Response

Exit Mode Selected

Exit condition bit 48 set by
an incremental write with an
address out of range (AOR).

Exit condition bit 48 set by
an RNI or branch address
out of range.

1. The instruction is not executed.

2. Store P and exit condition
bits (00) at location RAC.
P equals address of illegal
instruct 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
instruction or address of instruc
tion following the increment.

4. Exchange jump to MA and set CYBER
170 MF.

1. Block write operation; content of
CM 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 instruc
tion or address of instruction
following the increment.

4. Exchange jump to MA and set
CYBER 170 MF.

1. Inhibit execution.

2. Store P and exit condition
bits (01) at location RAC.
P equals address of instruction
required by RNI or address of
branch destination instruction.

3. Exchange jump to MA and set
CYBER 170 MF.

Exit Mode Not Selected

1. N/A (exit mode is always
selected).

1. Inhibit read, X unchanged.

2. Continue execution.

/^3^K

1. Inhibit write, CM unchanged.

2. Continue execution.

1. N/A (exit mode is always
selected regardless of status
of EM register bit 48).

/fl3S8§v
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TABLE 1-5-8. ERROR EXITS IN CYBER 170 JOB MODE (MF=0) (2 of 2)

Error Condi t ion Error Response

Exit Mode Selected Exit Mode Not Selected

Exit condit ion 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 inst ruct ion.

1. Cl or C2 greater than 9.
2. Condi t ion 1 omits reading/wr i t ing; 2. Condit ion 1 omits reading/wri t

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. Stores P and exit bits (01) at RAC. 3. Cont inue wi th next instruct ion.

4. Exchange jump to MA and set CYBER
170 MF.

Exit condit ion bi t 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.

Store P and exit
bits (01) at RAC.

Exchange jump to MA and set
CYBER170 MF.

2. Exit to next 60-bit word and
cont inue execut ion.

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 condit ion bits
(01) at location RAC.

Exchange jump to MA and set CYBER
170 MF.

2. Exit to next parcel and
cont inue execut ion.

Exi t condi t ion b i t 49 1. Store P and exit condit ion bits 1. Continue execution.
s e t b y i n fi n i t e c o n d i t i o n , (02 fo r infin i te o r 04 fo r
or b i t 50 set by indefin i te indefin i te ) . P equa ls address
cond i t i on .

2.

o f a r i t hmet i c i ns t ruc t i on o r
address o f ins t ruc t ion fo l lowing.

Exchange jump to MA and set CYBER
170 MF.

Any hardware parity error 1. In ter rupt to execut ive s ta te . 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 i on b i t s (20 ) a t
RAC.

3. Exchange jump to MA and set CYBER
170 MF. 3. Exchange jump to MA and set

CYBER 170 MF.

/ i ^ v
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PP PROGRAMMING Direct 6-Bit Address

The PPs have access to a l l CM storage locat ions.
One 64-bi t word or a block of 64-bi t words can be
transferred from a peripheral processor memory (PPM)
to CM or f rom CM to PPM. (F ive 12-b i t PP words
equal one 64-bi t CM word, wi th the lef tmost 4 b i ts
equa l to zero . ) Data f rom externa l dev ices is read
i n t o 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, described next.

PP ins t ruc t ions in th is ca tegory a re d i rec t address
instruct ions. They have the format OPCODEd. The d
fie l d i s u se d a s a 6 -b i t d i r e c t a d d re ss , a cce ss i n g
PP memory locations 0 to 778.

Direct 12-Bit Address

PP ins t ruc t ions in th is ca tegory a re indexed d i rec t
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 fie ld is
used as a 12-bit direct address, accessing PP memory
locations 0 through 77778.

CENTRAL MEMORY ADDRESSING BY PPs Indexed 12-Bit Address

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
cen t ra l memory loca t ions w i thou t res t r i c t i on . Every
PP has write access to central memory but the bounds
register in central memory may be set to l imit write
access from 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 )
r e g i s t e r . I f b i t 1 7 o f t h e A r e g i s t e r i s z e r o , 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 8 . 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 ter to spec i fy an abso lu te cent ra l memory
address 0 through 0 007 777 7778. I f b i t 17 o f 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
u n u s e d . T h e r i g h t m o s t 6 b i t s o f R a r e a p p e n d e d
zeros. Inst ruct ion 24 loads R f rom two consecut ive
PP memory loca t ions . Ins t ruc t ion 25 s to res R in to
two PP memory locations. Figure 1-4-4 shows how R
is stored in PP memory.

PP MEMORY ADDRESSING BY PPs

PP inst ruct ions use 6-b i t or 18-b i t d i rect operands,
o r a c c e s s P P m e m o r y t h r o u g h d i r e c t , i n d i r e c t , o r
indexed addressing.

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 a r e n o a d d r e s s
instructions. They have the format OPCODEd. The d
fi e l d i s u s e d a s a 6 - b i t d i r e c t o p e r a n d , z e r o -
extended to 18 bits in calculat ions.

PP ins t ruc t ions in th is ca tegory a re indexed d i rec 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, d equals 0 . The m fie ld is used as a
1 2 - b i t d i r e c t a d d r e s s ( b a s e a d d r e s s ) . T h e d fi e l d
spec ifies a PP memory locat ion f rom 1 to 778, 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 s igned
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 ,
e x c e p t a s f o l l o w s : a d d i n g 7 7 7 7 p l u s 7 7 7 7 e q u a l s
7777 . I n genera l , add ing 0000 o r 7777 l eaves 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 8 ; t h i s
number i s used as a 12 -b i t address to access PP
memory locations 0 through 77778.

READ/WRITE INSTRUCTIONS

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-b i t PP memory words. Inst ruct 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 ove rwr i t i ng PP memory cyc l i ca l l y ;
l o ca t i on 0 , howeve r, has spec ia l p rope r t i es . Re fe r
t o i ns t r uc t i on 61 .

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.

PP Central Memory Write Instructions (62, 63)

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 is possib 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 .
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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 ignmen t o f PPs , t r ans fe r p r i o r i t i es and reso lu
t i on o f confl i c t s 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 o c k s i n c e n t r a l m e m o r y. A f t e r a n y c o n fl i c t s h a v e
been resolved, proceed as follows:

Act ion

1 . C l e a r e r r o r fl a g .

2 . Ve r i f y i n a c t i v e s t a t u s .

3 . Ve r i f y read s ta tus .

Prepare for reading
summary status.

Veri fy that the device
responded.

Act ivate channel.

Read summary status.

Ve r i f y e r r o r fl a g
c l e a r.

Analyze summary status.

4. Enter number of words
to A.

5 . Prepare fo r inpu t /ou tpu t .

Ve r i f y i nac t i ve s ta tus .

Prepare for read/wri te.

Verify that the device
responded.

6. Read/wri te data.

Activate channel.

Read/write data.

I f w r i t e , l o o p u n t i l
empty.

Disconnect channel.

Ver i f y inac t i ve s ta tus .

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
transferred (see note 1).

Ve r i f y e r r o r flag c l ea r.

Ve r i f y i nac t i ve s ta tus .

1-5-14

Typ i ca l I ns t ruc t i on

J u m p i f e r r o r fl a g
s e t , a n d c l e a r fl a g
(661).

Jump if active (640).

Function m (77).

Jump if active (640).

Ac t iva te (74) .

Input to A (70).

Jump i f error flag
set (661) .

L o g i c a l p r o d u c t ( 1 2 )
Zero jump (04).

Load d (14).

Jump if active (640).

Function m (77).

Jump if active (640).

Ac t i va te (74 ) .

Input /output A words
(71 /73 ) .

Jump i f fu l l (660).

Deact ivate (75).

Jump if active (640).

Nonzero jump (05).

J u m p i f e r r o r fl a g
set (661).

Jump if active (640).

Ac t ion

Prepare for reading
device status.

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.

Ty p i c a l I n s t r u c t i o n

Function m (77).

Jump if active (640).

Ac t i va te (74 ) .

Input to A (70).

Jump i f error flag set
(661).

L o g i c a l p r o d u c t ( 1 2 )
Nonzero jump (05).

Deact iva te (75) .

r ^ ^ S V

I 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.

I f A i s no t equa l to 0 , the dev ice
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 i v i ng PP can ac t i va te the channe l used , a f t e 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 500 nanoseconds, except when
the t ransfer is between PPs in d i fferent barrels but
in the same t ime s lot . In such a case the t ransfer
rate is one word every 1000 nanoseconds. PPs which
use the same time slots are as follows:

iSlot 1 1 1 2 1 3 1 4 1 5 1
IPPs |00,20|01,21|02,22|03.23I04,24|

ISlot 1 6 | 7 1 10 | 11 | 12 |
IPPs 105,25106,26107,27110,30111,311
1 N o t e N u m b e r s i n o c t a l I

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.

PP PROGRAM TIMING CONSIDERATIONS
Some ex te rna l equ ipmen t may requ i re t im ing con
s ide ra t ions in i ssu ing func t ion , ac t i va te , and inpu t
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 requi red to ensure that
the equipment attains a proper speed before data is
sen t ( requ i red by some magnet ic tape equ ipment ) .
Also, equipment which terminates a data transfer by
rese t t i ng the ac t i ve flag to i nac t i ve o f ten requ i res
t i m i n g c o n s i d e r a t i o n s i n i s s u i n g t h e n e x t f u n c t i o n
i n s t r u c t i o n .
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CHANNEL OPERATIONS act ive and empty s ta tus o f the channe l s igna ls the
PP to send the next word to the register.

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 i ve / i nac t i ve and fu l l / empty flags and , depend ing
o n t h e s t a t u s o f t h e s e t w o fl a g s , t h e c h a n n e 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 r o r s .

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
s e t s . T h e P P s t o r e s t h e w o r d a n d c l e a r s t h e f u 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
i s sen t to the ex te rna l dev ice s igna l ing i t t o send
the next data word.

00*0̂ *

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 )
i ns t ruc t i on . The channe l can a l so 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
wo rd p l us pa r i t y i n t he channe l r eg i s t e r and se t s
the ac t i ve and fu l l flags . The func t ion word and a
funct ion s ignal are sent to the externa l dev ice. 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 i on . The ex te rna l dev i ce accep ts 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 ac t iva te channe l ins t ruc t ion prepares a channe l
for data t ransfer and sends an act ive s ignal 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 inact ive state, and an inact ive 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 i ved f rom the ex te rna l dev i ce . The reg i s te r i s
empty when the flag c lea rs . The flag i s tu rned on
or off as the register changes state. A channel can
only be ful l when i t is act ive.

On data output, the processor places a word in the
channel reg is ter ( 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
device. The external device accepts the word and
sends an empty s ignal to the channel which c lears
the fu l l flag , c lea r ing the channe l reg is te r. The

Channel (Marker) Flag Instructions (641, 651)

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 178 (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
o ther channe ls , such confl ic ts must be reso lved by
s o f t w a r e . R e f e r t o I n t e r P P C o m m u n i c a t i o n s , t h i s
sect ion, for a l is t of PPs in each t ime 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 par i ty error on channels which
h a v e t h e c a p a b i l i t y o f s e n d i n g a n e r r o r s i g n a 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
o u t p u t d a t a i n t e g r i t y.

Channel Transfer Timing

F i g u r e 1 - 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 i g n a l p u l s e s a r e 2 5 + 5 n a n o s e c o n d s i n w i d t h a n d
occur 25+5 nanoseconds fo l lowing the 10-megahertz
c l ock .

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 ( 5 0 0
nanoseconds ) , a f unc t i on / fu l l / emp ty pu l se 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 l se , r espec t i ve l y, w i t h i n 310 + 35 nanoseconds .
If the maximum speed is not required, this response
t ime may be i nc reased by mu l t i p l es o f 100 nano
seconds.

The PP master clock frequency can be varied by +2
percen t . The per iphera l dev ices used must to le ra te
th i s f requency va r ia t i on .
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FUNCTION
FULL
EMPTY

INACTIVE
EMPTY
FULL

tO MHz CLOCK
TRANSMITTED
ON CHANNEL

MASTER CLEAR
TRANSMITTED
ON CHANNEL

TRANSMITTED
ON CHANNEL

RECEIVEO AT
EXTERNAL DEVICE

SENT BY
EXTERNAL DEVICE

RECEIVED AT PP

•i (*- 25 ± 5 ns 0

j-i—:—u
* K- 25 ns

-*i K— 25 ± 5 ns 0

i_r

u U u

25 ± 5 ns 0

i_r

i s i_r

u i_r u~

— 1 3 5 n s - j
CABLE DELAY

(APPROX.)

— 1 3 5 n s -
CABLE DELAY

(APPROX.)
EXTERNAL OEVICE

RESPONSE TIME

-d>-

ALL TRANSMISSION PULSE WIDTHS (INCLUDING DATA. FULL. EMPTY. ETC.) ARE 2515 ns.
TO AVOID LOST DATA. ALL INPUTS FROM THE CHANNEL TO THE PP MUST ARRIVE WITHIN
THE 70 nt. INPUTS MAY BE EARLIER OR LATER BY 100 n« MULTIPLES.
TOTAL TURNAROUND TIME BETWEEN FUNCTION AND INACTIVE IS MEASURED AT PP.
THIS TIME VARIES DUE TO EXTERNAL DEVICE RESPONSE TIME BUT MUST BE WITHIN
310*35 cm TO MAINTAIN THE 500 ni CYCLE TIME.

Figure 1-5-7. Channel Transfer Timing
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INPUT/OUTPUT TRANSFERS

Data Input Sequence

The external device sends data (figure 1-5-8) to the
PP via the control ler as fol lows:

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
channe l ac t i ve flag . A t t he same t ime , t he
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 ident i fy 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 contro l lers 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 . 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, i nd i ca t i ng accep tance o f t he 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
w h i c h s i g n a l s i n p u t e q u i p m e n t t o s t a r 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 p a r i t y t o t h e c h a n n e l r e g i s t e r w i t h a
fu l l s i gna l wh ich se ts the channe l f u 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 fu l 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 . S teps 4 and 5 repea t fo r 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 r o p p i n g t h e a c t i v e fl a g a n d
send ing an inac t i ve s igna l to the con t ro l le r
w h i c h i m m e d i a t e l y c l e a r s i t s a c t i v e c o n d i
t ion and sends no more da ta , a l though the
input equipment may cont inue to the end of
i ts 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 1 - 5 - 9 ) t o t h e e x t e r n a l
device as fol lows:

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
c a u s e s a l l c o n t r o l l e r s t o s a m p l e t h e w o r d
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, i nd i ca t i ng accep tance o f t he 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
fl o w i s s t a r t i n g .

4 . The PP p laces a 12-b i t da ta word p lus one
pa r i t y b i t i n t he channe l reg i s te r and se ts
the fu l l flag . Co inc iden t l y, t he 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 control ler 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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PP INSTRUCTIONS
76 AND 77

PP INSTRUCTIONS
70 AND 71

CHANNEL INACTIVE
STATUS

® ©

SIGNAL

FUNCTION

INACTIVE

PP INSTRUCTION ACTIVE

FULL

EMPTY

INACTIVE

ORIGIN

12-BIT WORD
+ I BIT PARITY PP

EO

PP

1 2 - B I T W O R D E D
+ I BIT PARITY

ED

PP

ED

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 )

ACTIVE

|HI>T—©-f-<D-f®f<!>| f®r\

FUNCTION CODE

i

n_
DATAn

n_
DATAn

R
r\A

REPEATS FOR EACH WORD

DISCONNECT (ENO OF DATA)

DISCONNECT

(7) TIME IS A FUNCTION OF EXTERNAL DEVICE (ED). PP RECOGNIZES INACTIVE 1 MAJORCYCLE (OR A MULTIPLE OF MAJOR CYCLES) AFTER FUNCTION. THE PP MUST PREVIOUSLY
RECEIVE INACTIVE.

(7) TIME IS A FUNCTION OF PERIPHERAL PROCESSOR (PP). MINIMUM TIME IS 1 MINOR CYCLEACTUAL TIME IS A FUNCTION OF THE PP PROGRAM.

(5) TIME IS A FUNCTION OF ED.

(T) 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.

(5) TIME IS A FUNCTION OF PP. MINIMUM TIME IS 2 MAJOR CYCLES. MAXIMUM TIME IS
AN INTEGRAL MULTIPLE OF MAJOR CYCLES.

(s) TIME IS A FUNCTION OF ED.

7. MAJOR CYCLE TIME IS 500 NS.

8. MINOR CYCLE IS SO NS.

® lleLlKf!. J.V.N£r.ION 0F ED* FULL SHOULD PROCEED THE DATA BY A MINIMUM OF 5 NS(15 NS MAXIMUM) TO REMOVE THE CLEAR ON THE INPUT DATA RECEIVERS.

® PP MAY DISCONNECT AFTER EMPTY SIGNAL OF ANY ED WORD. STATUS REQUESTDISCONNECTS IN THIS MANNER.

(a) CHANNEL MUST BE PREVIOUSLY INACTIVE.

(5) CHANNEL REMAINS ACTIVE UNTIL ED SENDS INACTIVE.

(c) CHANNEL MUST BE PREVIOUSLY INACTIVE.

> ^ ^ l

Figure 1-5-8. Data Input Sequence Timing
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PP
INSTRUCTIONS

76 AND 77

PP
INSTRUCTION

74

PP
INSTRUCTIONS

72 AND 73

PP
INSTRUCTION

75

CHANNEL INACTIVE
STATUS

SIGNAL

FUNCTION

13-BIT
WORD

INACTIVE

ACTIVE

13-BIT
WORD

FULL

EMPTY

INACTIVE

© ® ©
I ACTIVE

ORIGIN

PP

PP

ED

PP

PP

PP

ED

PP

K-©H^©+®4-©H
H© H NH

FUNCTION CODE .
I I

n_i
n_

J~L
n

r u
REPEATS
FOR EACH
DATA WORD

I (DISCONNECT
J [(END OF DATA)

(?) TIME IS A FUNCTION OF EXTERNAL DEVICE (ED). PP RECOGNIZES INACTIVE 1 MAJORCYCLE (OR A MULTIPLE OF MAJOR CYCLES) AFTER FUNCTION. THE PP MUST PREVIOUSLY
RECEIVE INACTIVE.

(I) TIME IS A FUNCTION OF PERIPHERAL PROCESSOR (PP). MINIMUM TIME IS 1 MINOR CYCLE
ACTUAL TIME IS A FUNCTION OF THE PP PROGRAM.

(?) TIME IS A FUNCTION OF ED.

(4) TIME IS A FUNCTION OF PP. MINIMUM TIME IS 1 MINOR CYCLE. MAXIMUM TIME IS UPTO 4 MINOR CYCLES TO ALLOW OPERATION WITHIN 1 MAJOR CYCLE.

(5) TIME IS A FUNCTION OF PP. MINIMUM TIME IS 2 MAJOR CYCLES. MAXIMUM TIME ISAN INTEGRAL MULTIPLE OF MAJOR CYCLES.

(£) TIME IS A FUNCTION OF ED.

7. MAJOR CYCLE TIME IS 500 NS.

8. MINOR CYCLE IS 50 NS.

(a) CHANNEL MUST BE PREVIOUSLY INACTIVE.

(5) CHANNEL REMAINS ACTIVE UNTIL ED SENDS INACTIVE.

(c) CHANNEL MUST BE PREVIOUSLY INACTIVE.

Figure 1-5-9. Data Output Sequence Timing
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DISPLAY STATION PROGRAMMING

KEYBOARD
A PP transmits function code 70208 to request data
f rom the keyboard o f t he d i sp lay s ta t i on . 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. Th is character enters
as the lower 6 bits of the word with the upper bits
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
keyboard . Tab le 1 -5-9 l i s ts the keyboard charac te r
codes.

o f X and Y coord ina tes . The lower le f t co rner do t
is octal address X=6000 and Y=7000, and the upper
right corner dot is octal address X=6777 and Y=7777.

Character Mode

In character mode, three s izes are prov ided. Large
cha rac te r s a re a r r anged 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 l6-by-l6 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 1-5-10 l ists the display character codes.

TABLE 1-5-9. KEYBOARD CHARACTER CODES TABLE 1-5-10. DISPLAY 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
M

14
15

47
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 Carr iage return 60
V 26 Backspace 61
W 27 Space 62
X 30
Y 31
Z 32

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
2 32

/ * * ^ v

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 r a p h i c ) . T h e r e a r e t w o p r e s e n t a t i o n a r e a s ( l e f t
and r ight ) d isp layed. Each is made up of 262 144
dot locat ions arranged in a 512-by-512 dot format.
Each dot position is determined by the intersection

Dot Mode
In dot mode, d isp lay dots are 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. ^SS$\
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Codes PROGRAMMING EXAMPLE

A s ing le func t ion word is t ransmi t ted to se lec t the
p resen ta t i on , mode , and cha rac te r s i ze ( cha rac te r
m o d e o n l y ) . F i g u r e 1 - 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 fo rmat . The word fo l low ing the func t 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 1 - 5 - 11 i l l u s t r a t e s c o o r
d inate data word . In charac ter mode, the fo l lowing
w o r d s 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 1 - 5 - 1 2
i l lust rates the character data word.

The fo l l ow ing p rogramming examp le (figure 1 -5 -13)
requests an input of one l ine of data f rom the dis
play station and displays this data on the CRT as it
is being typed.

0 = CHARACTER MODE
1 = DOT MODE
2 - KEYBOARD INPUT

LEFT PRESENTATION
RIGHT PRESENTATION/

7 = EQUIPMENT NOT
SELECT USED/ :X—\l' l l 9 8 7

0 = SMALL CHARACTERS
1 = MEDIUM CHARACTERS
2 = LARGE CHARACTERS

*

Figure 1-5-10. Disp lay Stat ion Output
Function Code

COORDINATE
ADDRESS

NOTE:

( START )

IN DOT MODE, EACH Y COORDINATE TRANSMITTED
FORCES A DOT DISPLAY.

Figure 1-5-11. Coordinate Data Word

INPUT ONE
DATA WORD

ASSEMBLE
DATA IN
CHARACTER
MODE FORMAT

OUTPUT
ASSEMBLED DATA
PLUS INITIAL
COORDINATES

FIRST
CHARACTER

SECOND
CHARACTER

<fT 6 5

Figure 1-5-12. Character Data Word
Figure 1-5-13. Receive and Display

Program Flowchart

When t he d i sp l ay ope ra t i on has s t a r t ed , t he con
t r o l l e r r e g u l a t e s c h a r a c t e r s p a c i n g o n t h e l i n e . A
new coordinate data word must be sent to start each
l ine . I f new coord ina tes a re no t spec ified , da ta i s
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
overwri t ten. Character sizes can be mixed by send
ing a new function word and coordinate word for each
s i ze change . Spac ing on a l i ne can be va r i ed by
sending a coordinate word for the character which is
to be spaced di fferent ly.

PROGRAMMING TIMING CONSIDERATIONS

When per forming 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 condi t ion to prevent a loss of coordinates or
data. A fu l 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
C h a n n e l 1 4 s 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 a lways act ive and fu l 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-megaher tz
rate from 0 through 4095io«

TWO-PORT MULTIPLEXER PROGRAMMING
Channe l 153 i s r ese rved f o r commun ica t i ons w i t h
one o r two ex te rna l dev i ces t h rough t he two -po r t
mu l t i p lexe r. One po r t i s rese rved fo r ma in tenance
purposes and the other is reserved for future use.
The two-port multiplexer can communicate with all
ex te rna l dev ices wh ich use E IA s tandard RS-232C
s e r i a l i n t e r f a c e . I t c a n a l s o c o m m u n i c a t e w i t h
t e l e p h o n e d i a l - o u t e q u i p m e n t t h r o u g h a R S - 3 6 6 A
interface (port 1 only), and accommodate auto answer
e q u i p m e n t ( b o t h p o r t s ) . I t a l s o h a s a r e m o t e
deadstar t and power on/off capabi l i ty, contro l led by
a four-posi t ion swi tch.

The two-port multiplexer supports data communication
using ASCII code only. It can accommodate data with
odd/even pari ty, 5 to 8 bits per character and 1 or
2 s t o p b i t s . T h e f o r m a t i s s e t b y i s s u i n g
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 19200 baud. Each port has a 64-character
output buffer and a 16-character input buffer.

NOTE

Bit numbering is 0 through
63 f rom le f t to r i gh t .

transmissions apply. Code 7000 selects port 0
( f o r f u t u r e 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
(maintenance console).

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 avai lable for inter-PP communications.

Dese lec t i ng a po r t does no t a f fec t any ope ra t i ons
g o i n g o n b e t w e e n t h e t w o - p o r t m u x a n d e x t e r n a l
e q u i p m e n t . F o r e x a m p l e , i f a n o u t p u t o p e r a t i o n
(02XX function) has just been performed and the 64
c h a r a c t e r o u t p u t b u f f e r i s f u l l , t h e t w o - p o r t m u x
c o n t i n u e s t o e m p t y t h e b u f f e r a f t e r t h e p o r t i s
deselected.

Rood Calendar Clock (1X04)

A s e l e c t p o r t 0 o r p o r t 1 f u n c t i o n c o d e m u s t b e
i s s u e d b e f o r e t h e c a l e n d a r c l o c k c a n b e r e a d .
F u n c t i o n 1 X 0 4 i n i t i a t e s a n e i g h t - w o r d d a t a i n p u t
with format as fol lows:

Sta tus In format ion

5 6 5 7 5 8 5 9 6 0 6 1 6 2 6 3
+ + _ _ _ _ + _ _ _ _ + _ _ _ _ + _ _ — + _ _ _ _ + _ _ _ _ + _ _ _ _ +

W O R D 0 : 0 : 0 : 0 : 0 : 0 : 0 : 0 : S :
+ + — _ _ + _ _ _ _ + _ _ _ _ + _ _ _ _ + _ _ _ _ + _ _ _ _ + _ _ „ +

Te n s o f Y e a r s U n i t s o f Y e a r s

W O R D 1 : Y : Y : Y : Y : y : y ; y : y :

/ * *3S\

TWO-PORT MULTIPLEXER OPERATION

The two-port mul t ip lexer uses the r ightmost 12 bi ts
o n c h a n n e l 1 5 8 * 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 i s t rans la ted to spec i f y the fo l low ing
operat ing condi t ions.

C o d e F u n c t i o n s

7 X X X Te r m i n a l s e l e c t
6 X X X Te r m i n a l d e s e l e c t
1X04 Read ca lendar c lock
1X05 Wr i t e ca lenda r c l ock
1 X 0 6 Wr i t e a u t o d i a l - o u t d a t a
1X07 Read au to d ia l -ou t s ta tus
1 X 1 0 A b a n d o n c a l l
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 Select (7XXX)

T h e P P s e n d s t h i s s e l e c t c o d e t o s p e c i f y
terminal to which the function codes and data

the

Te n s o f M o n t h s U n i t s o f M o n t h s

W O R D 2 : 0 : 0 : 0 : M : m : m : m : m :

Te n s o f D a y s U n i t s o f D a y s
+ _ _ - - + - - . . _ + - — + - — + — - - + — - + - — + +

W O R D 3 : 0 : 0 : D : D : d : d : d : d :
+ + _ + — — + — — + — — + — — + — - + — — +

Te n s o f H o u r s U n i t s o f H o u r s
+ _ _ _ _ + _ — _ + _ + + + + _ _ _ _ + + .

W O R D 4 : 0 : 0 : H : H : h : h : h : h :
+ — H + H + + + + +

Te n s o f M i n u t e s U n i t s o f M i n u t e s
+ _ _ — + — _ _ + _ _ — + _ _ — + _ — + _ — + _ — _ + _ _ _ _ +

W O R D 5 : 0 : M : M : M : m : m : m : m :
+ + + + + + + + +

Te n s o f S e c o n d s U n i t s o f S e c o n d s
+ - — + - — + — — + - + — — + - + — — + - +

W O R D 6 : 0 : S : S : S : s : s : s : s :

Reserved for Future Use

W O R D 7 : 0 : 0 : 0 : 0 : 0 : 0 : 0 : 0 :

B i t 6 3 , w h e n s e t , i n d i c a t e s t h a t t h e r e h a s b e e n a
power failure and the clock data is no longer valid.
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Write Calendar Clock (1X05)

A s e l e c t p o r t 0 o r p o r t 1 f u n c t i o n c o d e m u s t b e
i s s u e d b e f o r e t h e c a l e n d a r c l o c k c a n b e w r i t t e n .
The format of data sent by the 1X05 function is as
fo l l ows :

Te n s o f Ye a r s U n i t s o f Ye a r s
+ + + + + + + + +

W O R D 0 : Y : Y : Y : Y : y : y : y : y :

Te n s o f M o n t h s U n i t s o f M o n t h s
+ - . _ — + _ - . — + — — + _ + + + + _ . . — +

W O R D 1 : 0 : 0 : 0 : M : m : m : r a : m :
+ - + — — + — _ _ + — _ _ + _ - — + _ _ _ _ + _ _ — + +

Te n s o f D a y s U n i t s o f D a y s
+ + + + + + + + . . _ _ _ +

W O R D 2 : 0 : 0 : D : D : d : d : d : d :
+ + + + + + - + — — + +

Te n s o f H o u r s U n i t s o f H o u r s
+ + + + + + + + +

W O R D 3 : 0 : 0 : H : H : h : h : h : h :
+ — — + _ + _ _ — + - + _ _ _ _ + + + _ _ _ _ +

Te n s o f M i n u t e s U n i t s o f M i n u t e s
+ + + + + + + + +

W O R D 4 : 0 : M : M : M : m : m : m : m :
+ — _ _ + _ _ _ _ + + _ „ _ + _ _ _ _ + _ — « . + — _ _ + +

Reserved for Future Use
t — — 4 - - — - + + + + + + _ _ — +

W O R D 5 : 0 : 0 : 0 : 0 : 0 : 0 : 0 : 0 :
+ - — + - — + — — + + + + - + — _ - +

The smal lest t ime uni t that can be set is minutes.
Tenths, units, and tens of seconds are set to zero.
Wr i t i n g t h e w a l l c l o c k a u t o m a t i c a l l y r e s e t s b i t 6 3
of the status word to zero to indicate that the wal l
c lock data is val id.

Write Auto Dial-Out Data (1X06)

Port 1 must be selected before this function can be
issued. Funct ion 1X06 cond i t ions the two-por t mux
t o p a s s s e q u e n t i a l 8 - b i t o u t p u t c h a r a c t e r s t o t h e
auto d ia l -ou t equ ipment as 4 -b i t numbers /codes as
fo l l ows :

Channel B i t s Number/Code
56/60 57/61 58/62 59/63

0 0 0 0
0 0 0 1
0 0 1 0
0 0 1 1
0 1 0 0
0 1 0 1
0 1 1 0
0 1 1 1
1 0 0 0
1 0 0 1
1 0 1 0
1 0 1 1
1 1 0 0 End of number
1 1 0 1 Wait for 2nd tone
1 1 1 0 Unassigned
1 1 1 1 Unassigned

Bits 56 - 59 represent the first number/code output,
and bits 60 - 63 the second. An End of Number code
must fo l low the las t te lephone number in the data.
I f t h e r e i s a n e v e n n u m b e r o f d i g i t s i n t h e
t e l e p h o n e n u m b e r, t h i s c o d e i s i n t h e f o u r m o s t
s ign ificant b i ts o f the las t word and the four leas t
s i gn i fican t b i t s a re i gno red .

The function, 1X06 may be issued only when the auto
dial-out status bit 62 is a zero and bit 63 is a one
( l i n e n o t o c c u p i e d a n d p o w e r o n ) . W h i l e t h e
two -po r t mux i s d i a l i ng , t he PPs may mon i t o r t he
s ta tus o f t he ca l l by l ook ing a t t he Abandon Ca l l
a n d C a l l O r i g i n a t i o n S t a t u s s t a t u s b i t s , d e s c r i b e d
n e x t .

Read Auto Dial-Out Status (1X07)

P o r t 1 m u s t b e s e l e c t e d b e f o r e t h i s f u n c t i o n i s
issued. The funct ion, 1X07 causes a one-word input
wi th the fo l lowing format .

B i t Descr ip t ion

52-59 Not Used
60 Abandon call
61 Ca l l o r i g i na t i on s ta tus

. 6 2 Data line occupied
63 Power on

Abandon Call (1X10)

Th is funct ion abor ts the cur rent ca l l .

Read Status Summary (00XX)

Th is code permi ts the PP to input s ta tus 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 S ta tus

52-58 Not used
59 Outpu t bu f fe r no t fu l l
60 Input ready
61 Data carr ier detect or carr ier on
62 Data set ready
63 Ring ind ica t ion

PP Read Terminal Data (01XX)

This code permits the PP to input the terminal data
f r o m t h e s e l e c t e d t e r m i n a l . C h a n n e l 1 5 s m u s t b e
act ivated and a one-word input must fo l low to read
in the terminal data. The data word is 12 bits.

d a t a c a r r i e r

Data Character (Bits 56 through 63)

The l owe r 8 b i t s o f t he i npu t wo rd f o rm the da ta
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 l y f r om the Un i ve rsa l Asynch ronous Rece i ve r
and Transmitter (UART).

B i t S ta tus
52 Data set ready
53 D a t a s e t r e a d y a n d

d e t e c t o r
54 Over run
55 Framing or par i ty error
56-63 8 - b i t d a t a
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Framing or Parity Error (Bit 55)

When the received character does not have a val id
s top b i t ( f raming er ror ) , or when th is b i t se ts , the
rece ived cha rac te r pa r i t y does no t ag ree w i th the
s e l e c t p a r i t y ( p a r i t y e r r o r ) .

Overrun (Bit 54)

The over run b i t se ts , when the ear l ies t p rev ious ly
received character is not read by the PP before the
four th character ar r ives .

Data Set Ready (DSR) and Data Carrier Detector (DCD)
(Bit 53)

Th i s b i t se t s when bo th da ta se t r eady and da ta
carr ier detector s ignals are act ive.

B i t

60

61-62

Status

Number of stop bits

T h i s b i t s e l e c t s t h e n u m b e r o f s t o p
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 i n t e rna l l y decoded
to select 5, 6, 7, or 8 data b i ts 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

Data Set Ready (Bit 52)

T h i s b i t s e t s w h e n t h e d a t a s e t r e a d y s i g n a l i s
ac t i ve .

PP Write Output Buffer (02XX)

T h i s c o d e p r e p a r e s t h e m u l t i p l e x e r f o r a n o u t p u t
operat ion to the 64-character output buffer memory.
B e f o r e a n o u t p u t o p e r a t i o n c a n p r o c e e d , c h a n n e 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 mult iplexer receives an inactive
signal f rom the PP, or when no more locat ions are
ava i l ab le i n t he ou tpu t bu f f e r. I n t he l a t t e r case ,
an in- act ive ( instead of empty) signal 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 operat ions.

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 i on o f t he 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:

B i t

58

59

Status

Enable loop-back

This bit, when set, enables a
round trip data path from channel
158 fco the selected RS232C port
(UART chip) and back to channel
158

When in loop back mode, the UART
c h i p d o e s n o t t r a n s m i t d a t a
e x t e r n a l l y.

No pari ty

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 )
immed ia te l y fo l l ow the las t da ta
b i t .

1-5-24

6 3 O d d / e v e n p a r i t y s e l e c t

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 i ch 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 pari ty that wi l l be checked
on read data.

Set/Clear Data Terminal Ready (04XX)

This code permits the PP to set or clear the termi
nal control s ignal, data terminal ready (DTR). When
b i t 6 3 i s s e t , D T R i s a c t i v e , a n d w h e n b i t 6 3 i s
clear, DTR is inact ive.

Set/Clear Request to Send (05XX)

This code permits the PP to set or clear the termi
nal control s ignal , request to send (RTS). When bi t
63 is set, RTS is active, and when bit 63 is clear,
RTS is inactive.

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 UART. The terminal operation mode register
and terminal control signals are not cleared.

Device Initiated Functions

The two-por t mux has the capab i l i t y to reac t to a
s i g n a l o n a s e p a r a t e l i n e f r o m s u i t a b l e e x t e r n a l
devices, and to special ASCII code sequences input
o v e r t h e d a t a l i n e . I n e i t h e r c a s e , t w o - p o r t m u x
s t a t u s b i t 6 3 ( R i n g I n d i c a t o r ) s e t s . A s t h e
t w o - p o r t m u x o p e r a t e s f r o m 6 0 - H z p o w e r , t h i s
capab i l i t y ex is ts even when the computer (400-Hz)
power is off and includes the capabi l i ty to turn the
computer power on.
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Status bit 63 is monitored by a microcomputer in the
two-port mux. The action taken depends on the
position of the port option switch for each port as
follows:

Switch
Position

Disabled

MSG Only

Description

The port is disabled for all input and
output operations. No data can be sent
out and all incoming signals are ignored.

T h e p o r t i s e n a b l e d f o r s y s t e m
o r i g i n a t e d f u n c t i o n s o n l y . T h e s e
f u n c t i o n s m a y b e o u t p u t o r i n p u t
operations. Remote power control and
remote deadstart are disabled.

DS Enabled The port is enabled for all functions
except remote power control.

DS & PWR Enabled T h e p o r t i s e n a b l e d f o r a l l
f unc t i ons ( sys tem o r ig ina ted ,
remote power control and remote
deadstart).

The port option switches and the baud rate selection
switches are located on a panel in the back of the
mainframe. Since the back doors of the mainframe
are normally locked, the switches can be changed
only by an authorized maintenance person.
Device-initiated functions are also safeguarded by
passwords.

PROGRAMMING CONSIDERATIONS

Channel 15s communicates wi th the terminals
connected to the external interface, one at a time.
To establish communications between a PP and the
terminal, the PP issues a function for select. The
function word for select is formed by the least
s ign ifican t 12 b i t s , sen t to channe l 15a , and
specifies the following information.

• A se lect code to se lect the mul t ip lexer
(7XXX).

• The terminal with which the PP would like
to establish communication (7XXX).

When a connec t i s es tab l i shed , the two-po r t
m u l t i p l e x e r r o u t e s a l l d a t a t o t h e t e r m i n a l
designated by the select code. The mult iplexer
responds with the inactive signal to acknowledge
receipt of the function code of 7XXX for select,
6XXX fo r dese lec t , and OXXX fo r opera t ion .
O t h e r w i s e , t h e f u n c t i o n i s i g n o r e d b y t h e
multiplexer.

Output Data
The multiplexer accepts a maximum data block length
of 64 characters per terminal. During the block
data transfer, the multiplexer terminates the output
operation either when it receives an inactive signal
from the channel or when the output buffer is full.
When the output buffer is full, the multiplexer

sends back an inactive signal instead of an empty
signal after receiving the last output word. This
signal indicates that the output buffer has accepted
the last output word and cannot receive any more
data from the PP. Output to a full buffer is not
allowed by the multiplexer.

Input Data
The multiplexer stores 16 words of input data from
the terminal. A lost data condition exists if the
PP does not input the previous data before the
f o u r t h w o r d 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
multiplexer 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
conditions independent of software RTS and DTR bits.

• Data in the UART output register.

• Data in the FIFO output register

When no data is in the FIFO or UART, the software
bit determines RTS and DTR.

MAINTENANCE CHANNEL PROGRAMMING

MAINTENANCE CHANNEL

A PP in the IOU can perform any or all of the
following operations through the maintenance channel
(MCH) to each system element (CP, IOU, or CM).

I n i t i a l i z i n g
memories.

r e g i s t e r s , c o n t r o l s , and

• Monitoring and recording error information.

e Ver i fy ing er ror detect ion and cor rect ion
hardware.

The maintenance channel consists of the maintenance
channel interface on channel 173, a maintenance
channel interface in each system element, and a set
of interconnecting cables.

A selector on the IOU maintenance channel interface
connects to one of up to three system elements. The'
IOU, CM, and CP are combined together as element 0,
and its maintenance access control is internally
c o n n e c t e d t o t h e s e l e c t o r. A n y o t h e r s y s t e m
elements are assigned arbitrary element numbers.
Each maintenance access control connects to the
se lec to r by a s ing le cab le . Th is a r rangement
resul ts in a rad ia l connect ion that a l lows any
system element to be shut down or removed without
affecting communication with the other elements.

NOTE
Bits numbering is 0 through
63 from left to right.
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MCH FUNCTION WORDS 1. Issue function with opcode 4/5.

The MCH function word consists of the connect,
opcode, and type fields which are used as described
in the next three paragraphs and table 1-5-11.

The connect field specifies the element to which the
MCH is connected, controlling selection within the
IOU only. The element remains connected unti l
another connect code selects a di fferent uni t .
C o n n e c t c o d e s 1 0 s t o 1 7 a l e a v e t h e M C H
unconnected; in this state the interface can be used
for PP to PP communications.

The OPCODE field controls the unit selected by the
connect code, preparing the unit for a coming
read/write/echo operation, or causing the unit to
halt, start, clear, or deadstart.

The type field selects the group of registers to be
operated on (CP, IOU, CM, Control Store, Register
File, MAP).

MCH CONTROL WORDS

Some function words must be followed by a 16-bit
control word which specifies the internal address of
the register to be connected. Refer to table 1-5-12
for TJOU internal address assignments, table 1-5-13
for CM internal address assignments, and table
1-5-14 for CP internal address assignments. The

I control word is issued as two 8-bit data words
( s o m e t i m e s c a l l e d a d d r e s s b y t e s ) . T h i s i s
accomplished by transmitting two PP words where the
lower 8 bits in each word are used as follows:

e Function words to CP with opcodes 4/5'
(read/write) and op code F (deadstart).

e Function words to CM and IOU with opcodes
4/5.

• Function words to CP, CM, and IOU with
opcode 8 (echo).

MCH Programming for Halt/Start (Opcode 0/1)

These operations consist of the output of a function
word. A halt opcode halts the processor without
damaging the process being executed, including the
integr i ty of the interuni t communicat ion of the
halted processor such as CDC CYBER 170 exchange
request communication, central memory communi
cations, and the process state. If the process is
subsequently restarted without performing any other
MCH operations, or after performing read/write with
cer ta in precaut ions as descr ibed in Operat ing
Systems Manual, the process continues without damage.

2. Output data word (leftmost half of control
word).

3. Ver i fy error flag c lear.

4. Output data word (rightmost half of control
word).

5. Ver i fy error flag c lear.

6. Input/output required number of data words.

7. Ver i fy error flag c lear.

Reading a nonexistent register returns all zeros.
Writing to a read-only register, or to a nonexistent
register, does not alter any register. Most regis
ters are read/write as 64-bit (eight-byte) regis
ters, requiring the input/output of eight MCH data
words. Most registers which are physically smaller
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
zero-fill. Exceptions are as follows:

• Reading a status summary register repeats
the status information in each byte.

• IOU may disconnect MCH without affecting
subsequent MCH operations.

- After reading one to eight bytes from
any register which does not require
microcode assistance.

- After writing one byte to a corrected
error log register.

- A f t e r w r i t i n g o n e b y t e t o a n
uncorrected error log register.

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 installed registers.

• Read CP element identifier register.

• Read/write CP dependent environmental con
trol register.

• Read/write test mode control registers.

• C lear er rors .

MCH Programming for Read/Write (Opcode 4/5)

Refer to Programming for PP Data Input/Output, this
section, for a more complete procedure. In general
terms, proceed as follows:

To read/write other CP registers, the CP must be
running since these registers are accessed by
microcode. Refer to table 1-5-15 for IOU register
bit assignments, table 1-5-16 for CM register bit
assignments, and table 1-5-17 for CP register bit
assignments.
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TABLE 1-5-14. CP INTERNAL ADDRESS ASSIGNMENTS

y^&^V

I n t e r n a l
Hex

Address
Octal

Type
( 2 ) ( 3 ) Descr ip t ion

00 000 R A Status summary register
10 020 R A E l e m e n t i d e n t i fi e r r e g i s t e r

30 060 R A Dependent environment control register
42 082 R M Moni to r cond i t ion reg is te r
80 200 R / W A Processor fau l t s ta tus reg is te r
90 220 R / W A Retry cor rected er ror log reg is ter
93 223 R / W A Map corrected error log register

NOTES

(1) The in terna l address is the second by te o f a 16-b i t cont ro l word
which must be supplied after a function word output with OPCODE =
4 /5 . The fi rs t by te i s d i sca rded .

« ) R s read, W = write

(3) A = always accessible, M = microcode accessible

TABLE 1-5-15. IOU REGISTER BIT ASSIGNMENTS (1 of 4)

Channel Bit Descr ip t ion

59
60
61
62
63

IOU Status Summary Register (MCH Address 00^5)

Summary status
Processor halt
Val id uncorrected error
(not used)
Long warning

NOTE

When more than one byte is read, bits 59-60 are duplicated in each byte.

32-39
40-47
48-63

IOU Element Identifier Register (MCH Address 10^5)

Element type (02i6 = IOU)
Element model (10l6 = 825, llj^ = 815)
Element serial number (in packed decimal)
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TABLE 1-5-15. IOU REGISTER BIT ASSIGNMENTS (2 of 4)

Channel Bit Descr ip t ion

IOU Options Installed Register (MCH Address 12J.6)

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
61 Radia l in ter face 2/3
62 Two-port mux
63 Display controller (CC545)

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 0, PP 11
12 Barrel 0, PP 10
13 Barrel 0, PP 7
14 Barrel 0, PP 6
15 Barrel 0, PP 5
19 Barrel 1, PP 4
20 Barrel 1, PP 3
21 Barrel 1, PP 2
22 Barrel 1, PP 1
23 Barrel 1, PP 0
27 Barrel 1, PP 11
28 Barrel 1, PP 10
29 Barrel 1, PP 7
30 Barrel 1, PP 6
31 Barrel 1, PP 5
32 Channel 7
33 1 C h a n n e l 6
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TABLE 1-5-11. MCH FUNCTION WORD BIT ASSIGNMENTS

F i e l d Descr ip t ion

MCH Function Word to IOU

CONNECT (bits 8-11) Code 0l6 = Connect IOU maintenance registers

OPCODE (bits 4-7) Code *16 =
5l6 =
6l6 =
716 =
Cl6 =

Prepare for read (control word required)
Prepare for wri te (control word required)
Master clear
C lea r fau l t s ta tus reg is te rs
Read IOU status summary (reads one byte,
control word not required)

TYPE (bits 0-3) Codes 0-7l6 = IOU registers are read circular ly (byte 0
fol lows byte 7) from the byte specified
by the type fie ld .

MCH Function Word to CM

CONNECT (bits 8-11) Code 116 = Connect CM maintenance registers

OPCODE (bits 4-7) Code «16 =
516 =
6l6 =
7l6 =

Prepare for read (control word required)
Prepare for wri te (control word required)
Master clear
Clear error logs

MCH Function Word to CP

CONNECT (bits 8-11) Code 2l6 = Connect CP maintenance registers

OPCODE (bits 4-7) Code °16 =
116 =
♦♦16 =
5l6 =
6l6 =
716 =

Halt processor
Start processor
Prepare for read (control word required)
Prepare for wri te (control word required)
Master clear
Clear errors

TYPE (bits 0-3) Code 0l6 = Control word required
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MCH Programming for Master/Clear/Clear Errors
(Opcode 6/7)
These operations consist of the output of a single
function word. The master clear immediately and
a rb i t ra r i l y c l ea rs the connec ted un i t , w i thou t
regard to possible information loss. Clear errors
clears the error indicators in the connected unit;
to avoid loss of error information while the errors
are cleared, the unit concerned should be halted.

MCH Programming for Read IOU Status Summary
(Opcode C, IOU Only)
This operation is an alternative, faster means of
reading the IOU status summary register.

1. Issue function with opcode c.

2. Input status summary byte.

TABLE 1-5-12. IOU INTERNAL ADDRESS ASSIGNMENTS

Internal Address
H e x O c t a l Type (2) Descr ip t ion

00 000 Status summary register
10 020 E lemen t i den t i fie r reg i s te r
12 022 Opt ions ins ta l led reg is te r
18 030 R/W Fault status mask register
40 100 Sta tus reg is te r
80 200 R/W Faul t s tatus 1 regis ter
81 201 R/W Faul t s tatus 2 regis ter

NOTES

( 1 ) '
1
(

rhe in ternal address is the second byte of a 16-b i t contro l
rford which must be issued after a function word output with
3PC0DE = 4/5. The first byte is discarded.

(2) R = read, W = w r i t e

TABLE 1-5-13. CM INTERNAL ADDRESS ASSIGNMENTS

Internal Address
H e x O c t a l Type (2) Descr ip t ion

00 000 Status summary register
10 020 E lemen t i den t i fie r reg i s te r
12 022 Opt ions ins ta l led reg is te r
A0 240 R/W Corrected error log register
A4 244 R/W Uncorrected error log 1 register
A8 250 R/W Uncorrected error log 2 register

NOTES

(1) The internal address is t
word which must be issued
4 / 5 . T h e fi r s t b y t e i s d i

he second byte of a 16-bi t contro l
after a function word with OPCODE =
scarded.

(2) R = read, W = write
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TABLE 1-5-15. IOU REGISTER BIT ASSIGNMENTS (3 of 4)

c h a n n e l B i t 1 Descr ip t ion

IOU Fault Status Mask Register (MCH Address 183^) (contd)

34 Channel 5
35 Channel 4
36 Channel 3
37 Channel 2
38 Channel 1
39 Channel 0
40 Channel 17
42 Channel 15
44 Channel 13
45 Channel 12
46 Channel 11
47 Channel 10
48 Channel 27
49 Channel 26
50 Channel 25
51 Channel 24
52 Channel 23
53 Channel 22
54 Channel 21
55 Channel 20
59 Radial inter face 2/3
60 Channel 33
61 Channel 32
62 Channel 31
63 Channel 30

IOU Status Register (MCH Address 40^)

38-55 Internal Register (A, P, Q or K as per EC bits)
56 LTS bit
59 Barre l reconfigurat ion swi tches
60-63 PP reconfiguration switches

IOU Fault Status 1 Register (MCH Address 8O1.5)

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 0, PP 11 error
12 Barrel 0, PP 10 error
13 Barrel 0, PP 7 error
14 Barrel 0, PP 6 error
15 Barrel 0, PP 5 error
19 Barrel 1, PP 4 error
20 Barrel 1, PP 3 error
21 Barrel 1, PP 2 error
22 Barrel 1, PP 1 error
23 Barrel 1, PP 0 error
27 Barrel 1, PP 11 error
28 Barrel 1, PP 10 error
29 Barrel 1, PP 7 error
30 Barrel 1, PP 6 error
31 Barrel 1, PP 5 error
32 Error on A/R
33 Error on P/Q
34 Firmware error
35 PP memory data out error 7XF0
36 ADU error
38 PP memory address error
39 PP memory data-in error
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TABLE 1-5-15. IOU REGISTER BIT ASSIGNMENTS (4 of 4)

Channel Bit Descr ip t ion

IOU Fault Status 1 Register (MCH Address 80;^) (Contd)

45 OS bounds violation
46 OS boundary address PE
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 in error
56 CM data out error byte 0
57 CM data out error byte 1
58 CM data out error byte 2
59 CM data out error byte 3
60
61

CM data out error byte 4
CM data out error byte 5

62 CM data out error byte 6
63 CM data out error byte 7

IOU Fault Status 2 Register (MCH Address Hl^)

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
53 Channel 22 error
54 Channel 21 error
55 Channel 20 error
59 Radia l in ter face 2/3 er ror
60 Channel 33 error
61 1 C h a n n e l 3 2 e r r o r
62 1 C h a n n e l 3 1 e r r o r
63 1 Channe l 30 e r ro r

./SSj.
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TABLE 1-5-16. CM REGISTER BIT ASSIGNMENTS (1 of 2)

Channel Bit Description

56-57
58
61
62
63

CM Status Summary Register (MCH Address 00^)

Oscillator code (00 = normal, 01 = -2$, 10 = +2%)
Clock set to tuning mode
Valid uncorrectable error
Corrected error
Long warning (low/high temperature, blower 1/blower 2 fault)

NOTE

The byte is duplicated in each byte.

32-39
40-47
48-63

CM Element Identifier Register (MCH Address lOxg)

Element type (01ig=CM)
Element model (10l6 = 825, llig = 815)
Element serial number

01
03
07
16
20
21
22

CM Options Installed Register (MCH Address 12i6)

262K memory installed
524K memory installed
1049K memory installed
A memory configuration switch is in the up position
Memory configuration 524K
Memory configuration 262K
Memory configuration 131K

00
01
05-06

08-28
29
30
31
32-39

CM Corrected Error Log Register (MCH Address AO^)

This log contains valid information
Unlogged single-bit error
Port code

00 Reserved
01 Reserved
10 Port to IOU
11 Port to CP

Address
Address parity P5
Address parity P6
Address parity P7
Syndrome bits

00
01
02
03
04
5-6

7

CM Uncorrected Error Log 1 Register (MCH Address M^)

This'log contains valid information
Unlogged uncorrected error
I l legal function
Bounds violation
PW error
Port number code

00 Reserved
01 Reserved
10 Port to IOU
11 Port to CP

Refresh

0^^\
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TABLE 1-5-16. CM REGISTER BIT ASSIGNMENTS (2 of 2)

Channel Bit Description

CM Uncorrected Error Log 1 Register (MCH Address A41g)

8-28 Address
29 Address parity P5
30 Address parity P6
31 Address parity P7
32-39 Write data parity error, bytes 0-7 (one bit per byte)
43 Tag in error
44 Function error
45 Mark error
46 Address error 4
47 Address error 5
48 Address error 6
49 Address error 7
50-53 Function bits associated with error word
54 Function parity
55 Mark parity
56-63 Mark bits associated with error word

CM Uncorrected Error Log 2 Register (MCH Address AB^)

00 This log contains valid information
01 Unlogged uncorrected error-2
02 Data read parity error
03 SECDED double bit error
04 Tag out parity error
5-6 Port number code as for AO, A4
7 Refresh port
8-28 Address
29 Address parity P5
30 Address parity P6
31 Address parity P7
32 Byte 0 read parity error (1)
33 Byte 1 read parity error (1)
34 Byte 2 read parity error (1)
35 Byte 3 read parity error (1)
36 Byte 4 read parity error (1)
37 Byte 5 read parity error (1)
38 Byte 6 read parity error (1)
39 Byte 7 read parity error (1)

NOTE

( 1 ) I f b i t s 2 and 3 are set and SECDED is disabled, these bits point to the bytes with errors for
a read da ba parity error.

/ ^ ^ \
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TABLE 1-5-17. CP REGISTER BIT ASSIGNMENTS (1 of 2)

Channel Bit Descr ip t ion

58
59
60
61
62
63

32-39
40-47
48-63

05
06
20
24
25
26
27
28
29
30
31
32
33
35
36
37
38
39

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

NOTE

CP Status Summary Register (MCH Address 00^6)

Excutive Monitor mode
Short warning, imminent power failure
CP halted
Uncorrected error
Corrected error
Long warning

CP Elememt Identifier Register (MCH Address 10^)

Element type (OO^g = CP)
Element model (10^ =825, 11^6
Element serial number

815)

CP Dependent Environment Control Register (MCH Address 30^)

Micro step
Enable processor fault status trap
Exchange preserve
Processor fault status enabled
MAP real memory address mode enabled
MAP file 0 enabled
MAP file 1 enabled
MAP file 2 enabled
MAP file 3 enabled
Inst ruc t ion re t ry enabled
Instruct ion step enabled
Maintenance scan halt enabled
Test mode enabled
Disable corrected error to CP status summary
Control store breakpoint enabled
Control store sweep enabled
Force good response on CM single bit error
Disable CM corrected error log

CP Processor Fault Status Register (MCH Address 80^5)
CP Retry Corrected Error Log Register (MCH Address 90^)

ARVI parity error bits 0-7, 32-39
ARVI parity error bits 8-15, 40-47
ARVI parity error bits 16-23, 48-55
ARVI parity error bits 24-31, 56-63
Uncorrected memory write error
Memory reject
Memory tag parity error
Response code parity error
FP exception trap index ROM parity error
AD or BD bits 0-15 parity error
LD box ROM parity error
ADS or BDS or XBD sel ROM parity error
Shif t type ROM pari ty error or shi f ter input
Uncorrected memory read error
AD or BD bits 16-31 parity error
AD-UN parity error
Memory response timeout
CYBER ROM parity error
I n s t r u c t i o n p a r i t y e r r o r
XBD ROM parity error
AD or BD bits 32-47 parity error

Registers 803.6 and 90i6 indicate errors in CP hardware.
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TABLE 1-5-17. CP REGISTER BIT ASSIGNMENTS (2 of 2)
/ ' u * ^ V

Channel Bit Descr ip t ion

CP Processor Fault Status Registers (MCH Address 80, 8125)
CP Retry Corrected Error Log Register (MCH Address 90^) (Contd)

53 BDP adder, data ROM, parity error
54 Immediate ROM
55 AD or BD bits 48-63 parity error
56 MAP parity error
57 MAP parity error
58 MAP parity error
59 MAP parity error
60 MAP mult ip le hi t faul t
61 (Not used)
62 Maintenance access control error
63 Any control store par i ty error

CP MAP Corrected Error Log (MCH Address 93i6)

56 F i le 0 par i t y e r ro r
57 F i l e 0 pa r i t y e r ro r
58 F i le 1 par i t y e r ro r
59 F i le 1 par i t y e r ro r
60 F i le 2 par i t y e r ro r
61 F i l e 2 pa r i t y e r ro r
62 F i l e 3 pa r i t y e r ro r
63 F i l e 3 pa r i t y e r ro r
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ARCHITECTURAL DIFFERENCES

i « i r m i i i M W « i i i i i M j . i m i i . j » ' j — l u ' j i . . i ' . i i m ,

HARDWARE

INTRODUCTION

The computer cons is t o f a cent ra l p rocessor (CP) ,
c e n t r a l m e m o r y ( C M ) , a n d a n i n p u t / o u t p u t u n i t
(IOU). Each of these elements is described below as
compared to a mode l 730 . Un less spec ifica l l y sa id
to be di fferent , models 815 and 825 operate l ike a
model 730.

among those used most recent ly, no access to the
central memory tables is needed.

The MAP can a lso be degraded dur ing in i t ia l izat ion
u s i n g t h e h a r d w a r e r e c o n fi g u r a t i o n ( * H * ) d i s p l a y.
( F o r f u r t h e r i n f o r m a t i o n o n d i s p l a y s , r e f e r t o t h e
opera t ing sys tem opera to r ' s gu ide o r the Hardware
O p e r a t o r ' s G u i d e . ) T h e M A P i s d i v i d e d i n t o f o u r
u n i t s , w h i c h c a n b e t u r n e d o n o r o f f . T h e * H *
display shows which of units 0 through 3 of the MAP
are log i ca l l y on .

CENTRAL PROCESSOR CENTRAL MEMORY

T h e C P i s m i c r o p r o g r a m m a b l e . T h e m i c r o c o d e i s
c o n t a i n e d i n a s p e c i a l m e m o r y i n t h e C P c a l l e d
c o n t r o l s t o r e . M i c r o c o d e i s l o a d e d d u r i n g
i n i t i a l i z a t i o n ( r e f e r t o s e c t i o n 3 o f t h i s p a r t ) .

The CP does not include a compare/move unit (CMU);
however, CMU instructions are supported by software
re fe r red to as execut ive s ta te so f tware , o r s imp ly,
execut ive state. This sof tware is descr ibed in more
deta i l la ter in th is sect ion (under Sof tware) and in
s e c t i o n s 4 a n d 5 o f t h i s p a r t . T h e f o l l o w i n g C P
inst ruct ions are new or per form d i f ferent ly.

• B l o c k c o p y i n s t r u c t i o n s ( O i l a n d 0 1 2 ) a n d
di rec t read/wr i te ins t ruc t ions (014 and 015)
for extended memory.

• D i r ec t r ead /w r i t e i n s t r uc t i ons ( 660 and 670 )
for CM.

CEJ/MEJ is a lways enabled; i t cannot be d isabled.
R e f e r t o s e c t i o n 4 i n t h i s p a r t f o r f u r t h e r
information on CP instruct ions.

I n s t r u c t i o n e x e c u t i o n t i m e s d i f f e r f r o m t h o s e f o r
the model 730. Execution t imes are given in section
4 of part I .

The operat ing registers (X0 through X7, A0 through
A7, and B0 through B7) and support registers (P, EM,
RAE, FLE, and MA) are the same in models 815, 825,
and 730. The RAC and FLC registers have increased
to 21 b i t s to suppor t l a rge r memory s i zes . A new
6 - b i t r e g i s t e r, t h e fl a g r e g i s t e r, h a s b e e n a d d e d ;
i t conta ins new cont ro l b i ts which are expla ined in
greater detail under CYBER 170 Exchange Package in
sect ion 5 of th is part .

I n a d d i t i o n t o t h e i n s t r u c t i o n c o n t r o l a n d
a r i t h m e t i c / l o g i c s e c t i o n s , t h e C P c o n t a i n s a
h i g h - s p e e d b u f f e r , c a l l e d m a p , u s e d i n m e m o r y
addressing. This buffer minimizes the time used
t o a c c e s s c e n t r a l m e m o r y . I t d o e s n o t a f f e c t
programming.

The map is part of the memory addressing sect ion.
Th is sec t ion uses tab les in cen t ra l memory dur ing
i t s o p e r a t i o n . To s a v e t i m e , t h e a d d r e s s e s u s e d
most recent ly are saved in the CP a in h igh-speed
buffer cal led the MAP. I f the desired address is

C e n t r a l m e m o r y i s a v a i l a b l e i n s i z e s f r o m 2 6 2 t o
1048K words organized in two banks (262K memories)
or four banks (other memories). To accommodate the
la rger addresses , the RAC and FLC reg is te rs have
increased to 21 b i ts . There is a lso a PP re locat ion
register (R) which is used in conjunction with the A
register to form absolute CM addresses for CM read/
w r i t e i n s t r u c t i o n s . R e f e r t o A d d r e s s i n g b y P P s i n
s e c t i o n 4 o f t h i s p a r t . A C M w o r d c o n s i s t s o f 6 4
bits of which only the rightmost 60 bits are used.

C M c o n t a i n s a r e g i s t e r, t h e C M b o u n d s r e g i s t e r,
wh ich l im i ts the wr i te access to CM f rom spec ified
ports. The ports are l imited to the area between an
upper and lower bound as specified in the CM bounds
r e g i s t e r . T h i s r e s t r i c t i o n p r e v e n t s P P s f r o m
writ ing into the area of CM permanently occupied by
t h e e x e c u t i v e s t a t e s o f t w a r e . T h e C M b o u n d s
r e g i s t e r i s s e t t h r o u g h t h e m a i n t e n a n c e c h a n n e l
desc r ibed la te r i n th i s sec t ion . Memory address ing
(address ou t o f range, and so on) i s descr ibed in
sect ion 4 of th is par t .

Extended memory is actually a part of central memory
a n d i s c a l l e d u n i fi e d e x t e n d e d m e m o r y ( U E M ) . I n
general, the instructions which deal with ECS/ESM on
the model 730 (and LCME on the model 176) are the
same as those used for unified extended memory on
m o d e l s 8 1 5 a n d 8 2 5 . S p e c i fi c a l l y, t h e s e a r e t h e
b l o c k c o p y i n s t r u c t i o n s ( 0 11 a n d 0 1 2 ) a n d 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 ( 0 1 4 a n d 0 1 5 ) . F o r f u r t h e r
in format ion , re fer to sec t ion 4 o f th is par t .

INPUT/OUTPUT UNIT

T h e I O U c o n s i s t s o f 1 0 , 1 5 , o r 2 0 p e r i p h e r a l
processors (PPs) wi th 10 PPs per barre l . Each PP
has 4K words of memory. A PP memory word consists
o f 16 b i ts o f wh ich on ly the r igh tmost 12 b i ts a re
u s e d ; t h e l e f t m o s t 4 b i t s m u s t b e s e t t o z e r o .
Either 12 or 24 1/0 channels can be used. The PPs
work at a speed which is the same as the CYBER 170
PPs 2xPP speed.

The IOU conta ins a deadstar t microcomputer wh ich
crea tes d isp lays fo r in i t i a l i za t ion and ma in tenance ,
i n a d d i t i o n t o d i s p l a y s f o r P P r e g i s t e r s a n d e r r o r
i n d i c a t o r s ( r e f e r t o s e c t i o n s 2 a n d 3 o f t h i s
p a r t ) . C h a n n e l s t a t u s a n d a s s i g n m e n t s a r e a l s o
given in sect ion 3 of th is part .
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A two-port multiplexer is permanently attached to
channe l 158 . ^ i s p rov ides fo r commun ica t ion
between a PP and two terminals. One port is
reserved for maintenance purposes; the other is
reserved for future use.

Each PP in the IOU has a 28-bit R (relocation)
register. It is used with the A register to form
absolute CM addresses for CM read/write instruc
tions. It is loaded and stored with the 24 and 25
PP instructions. Refer to Addressing by PPs in
section 4 of this part.

PP instruction 27 (RPN), which reads the P register
on the model 730, is now a pass instruction. The P
register can be read, however, through the main
tenance channel (see Maintenance Registers and
Maintenance Channel later in this section). Other
differences in PP instructions (24, 25, 641, 651,
661, and 671) are described in section 4 of this
part. PP instruction execution times are given in
section 4 of part I.

EXTENDED MEMORY

Extended memory for models 815 and 825 is called
unified extended memory (UEM) and it exists as a
part of central memory. (See preceding discussion
of cent ra l memory. ) Ne i ther ECS nor ECM is
available.

MAINTENANCE REGISTERS AND MAINTENANCE CHANNEL

Maintenance registers are present in the CP, CM, and
IOU. The maintenance registers, like model 730
status/control registers, reflect system status and
errors, and additionally can be used to initialize
certain conditions (like the CM bounds described

previously). Maintenance registers are on channel
178, unl ike model 730 status/contro l reg is ters
which are on channel 163. Channel 178 is called
the maintenance channel (MCH).

The maintenance channel has a software rather than
hardware interlock using the channel flag. Before
maintenance channel I/O is permitted, the channel
must be reserved using the test and set channel flag
instruction (641cm); it is released by the clear
flag instruction (651cm). Refer to Set and Clear
Channel Flag Instructions in section 4 of this part.

One PP can be designated to access the maintenance
registers in the CP, CM, and IOU through the main
tenance channel for the purpose of reading and/or
i n i t i a l i z i ng t he reg i s te rs . Sec t i on 5 o f pa r t I
describes maintenance channel programming and
several of the maintenance registers.

SOFTWARE

Although the computer hardware differs from the
model 730, it operates much the same using microcode
and special software. The microcode executes the
model 730 instruction set. The software, referred
to as executive state, simulates certain model 730
error exits and also the CMU instructions. Both the
microcode and executive state software must be
loaded during initialization by the Common Test and
Initialization (CTI) software routines. These three
items (microcode, executive state software, and CTI)
are integral parts of the systems and are required
to make them function as a model 730 would.

The actions taken by CTI to set up the proper
environment are discussed in more detail in section
3 of this part ; execut ive state is discussed in
sections 3, 4, and 5 of this part.

y^SSSk.
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OPERATIONAL DIFFERENCES

/ ^ V

INTRODUCTION
This section discusses the physical switches on the
central memory that differ from the model 730. It
also discusses the deadstart display which differs
from the model 730 deadstart panel. New switches
are discussed first; switches which appear on a
model 730 but do not have corresponding switches on
models 815 and 825 are discussed last.

Other controls used by maintenance personnel are
described in the hardware manual for the display
console l isted in the System Publication Index.
Power-on and power-off procedures are described in
the Hardware Operator's Manual, also listed in the
publication index.

DEADSTART DISPLAY
The deads ta r t d i sp lay i s shown in figure I I -2 -1 . I t
i s a d isp lay on the sc reen o f the d isp lay s ta t ion ,
c r e a t e d b y a n i n d e p e n d e n t m i c r o c o m p u t e r i n t h e
main f rame. I t does no t re ly on any p rogram be ing
o p e r a t i o n a l i n t h e P P s . T h e d e a d s t a r t d i s p l a y i s
used to select a 16-word deadstart program for PPO
and to initiate the deadstart sequence for PPO.

It is also used to reconfigure PPMs and barrels, and
t o d i s p l a y e r r o r s t a t u s a n d m a i n t e n a n c e i n f o r m a
t i o n . I n m o d e l t h e 7 3 0 , t h e s a m e f u n c t i o n s a r e
per formed by swi tches on the deadstar t panel . For
example on the mode l 730, p ress ing the deadstar t
bu t ton loads the con ten ts o f the sw i tch pane l in to
log i ca l PPO and i n i t i a tes a deads ta r t o f PPO. On
models 815 and 825, press ing the deadstar t but ton
act iva tes the deadstar t microcomputer wh ich br ings
u p t h e i n i t i a l d e a d s t a r t d i s p l a y t o p r e p a r e f o r
ac tua l deads ta r t ; The f u r t he r s tep o f deads ta r t i ng
logical PPO is accomplished by a command (S or L) to
the microcomputer.

T h e i n i t i a l d e a d s t a r t d i s p l a y c o n t a i n s a 1 6 - w o r d
p r o g r a m i n w h i c h e a c h w o r d c o m p r i s e s s i x o c t a l
d ig i t s . On ly the r igh tmost four d ig i t s may be used
f o r t h e d e a d s t a r t l o a d o r b o o t s t r a p p r o g r a m ; t h e
leftmost two digits are reserved for maintenance use
and must be set to zero. Other in format ion on the
deadstar t d isp lay is :

• A l is t of some basic commands (XX YYYYYY,
XX+YYYYYY, L, S, and H) .

e Reconfigurat ion status for PPMs and barrels.

The line PPM C0NF=XX indicates the current
reconfigura t ion s ta tus o f the PP memor ies .
The number XX i s an oc ta l number i n the
r a n g e 0 - 1 1 , a n d i s t h e n u m b e r o f t h e
physical PP memory which is being used as
logical PPO.

• Simi lar ly, the l ine BRL C0NF=X, where X may
be 0 o r 1 , i nd i ca tes wh i ch phys i ca l ba r re l
is being used as logical barrel 0.

I f no errors occur, the deadstart program is
read in to PPO. (More de ta i l ed desc r ip t i ons
o f the shor t and long deads ta r t sequences
are given in sect ion 3 of part I . )

• A k e y b o a r d e n t r y l i n e : t h e b o t t o m l i n e o f
the display echos back the entr ies made by
the operator on the keyboard of the console.

• A n e r r o r l i n e : t h e l i n e i m m e d i a t e l y a b o v e
t h e k e y b o a r d e n t r y l i n e i n d i c a t e s t h a t t h e
keyboard entry has an error in it.

• L D S s t a t u s : i f a l o n g d e a d s t a r t s e q u e n c e
abor ts because o f a hardware ma l func t ion ,
the type o f e r ro r i s d isp layed in the lower
r igh t -hand s ide o f the screen. These er rors
are:

LDS BRANCH TEST FAILURE
LDS DATA/ADDRESS ERROR
STATUS SUMMARY ERRORS

• P P R e g i s t e r s : t h e P, A , Q , a n d K r e g i s t e r s
for PPs 0 through 11 may be displayed on the
r igh t -hand s ide o f t he sc reen . Th is d i sp lay
i s b r o u g h t u p a u t o m a t i c a l l y d u r i n g l o n g
deadstar t ; a t other t imes i t may be brought
up manually by the maintenance command PR.

Other displays and commands are available for main
t e n a n c e , o r f o r s o f t w a r e d e b u g g i n g . F o r f u r t h e r
in fo rmat ion on these d i sp lays , o r on ed i t i ng dead-
s t a r t p r o g r a m s , r e f e r t o t h e H a r d w a r e O p e r a t o r ' s
Guide.

T h e l o n g / s h o r t d e a d s t a r t s e l e c t i o n d e t e r m i n e s
whether IOU d iagnost ic tes t ing is done or omi t ted .
When the long deadstart program is selected (command
L), PPO runs a diagnostic program from a read-only
memory (ROM) in the IOU to test the first five PPs.
The de tec t ion o f a hardware e r ro r dur ing th i s tes t
suspends the deadstart sequence with the LDS error
s ta tus d isp lay descr ibed prev ious ly in th is sec t ion .
I f no e r ro r s occu r, t he deads ta r t p rog ram i s r ead
in to PPO. (More de ta i led descr ip t ions o f the shor t
and long deadstart sequences are given in section 3
o f p a r t I . )

T h e i n i t i a l i z a t i o n r o u t i n e s p r o v i d e f o r a d d i t i o n a l
t e s t i n g o f t h e fi r s t fi v e P P s i f a p a r t i c u l a r b i t o f
the deadstart program on the panel is set, perform
ing a deadstart cal led an extended deadstart (EDS).
( 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 t h e o p e r a t i n g
system operator 's guide or the Hardware Operator 's
Guide.)
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Neither the SWEEP/LOAD/DUMP switch nor the CEJ/MEJ
switch on a model 730 deadstart panel are present on
models 815 and 825. The central exchange jump
instruction for the CP and monitor exchange jump
instructions for the PPs are permanently enabled.
There is no facility for disabling them.

MEMORY RECONFIGURATION
Central memory has three configuration switches,
located in the top left-hand panel (location D01).
If a portion of CM malfunctions, that portion can be
disabled using the configuration switches. Remain
ing CM is reconfigured so that it is accessible by
contiguous addresses starting at address 0 and going
up to the maximum remaining address. Refer to
sect ion 3 o f par t I fo r fur ther in format ion on
reconfiguring memory.

Address ing o f reconfigured cent ra l memory is
discussed in section 4 of this part.

DEADSTART

XXX+YYYYYY=CHANGE DS PRG
XXX+YYYYYY=CHANGE DS PRG INC

S=SH0RT=SH0flT DS
LsLONG DS
HsHELP

PROGRAM 0

01 001402
02 007303
03 000013
04 007503
05 007703
06 000300
07 007403
10 007103
11 007301
12 000010
13 000000
14 007112
15 000000
16 000000
17 000000
20 000000

PPM CONF = 00
BRL CONF = 0
DLY LOOP = 0
LDS ADDR = 6000

X?3t5!S

Figure I1-2-1. Initial Deadstart Display,

y ^ % .

y£^3jv
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I I -2-2
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SYSTEM INITIALIZATION

OVERVIEW

System in i t ia l izat ion puts the system hardware in a
known state where i t is ready for the loading of an
o p e r a t i n g s y s t e m o r o f f - l i n e m a i n t e n a n c e t e s t s .
I n i t i a l i z a t i o n i s a n a u t o m a t i c p r o c e s s i n i t i a t e d b y
pressing the deadstart switch or button and entering
S ( for short deadstart ) or L ( for long deadstart ) on
the keyboard.

The procedures for deadstart described in sect ion 3
o f p a r t I i n i t i a l i z e t h e I O U . T h e l a s t s t e p o f t h e
deadstart is to read the deadstart program from the
m i c r o c o m p u t e r i n t o P P O . T h i s p r o g r a m r e a d s o r
p r o v i d e s f o r t h e e v e n t u a l r e a d i n g o f t h e fi r s t
r e c o r d o f f a n e x t e r n a l d e v i c e . T h i s r e c o r d i s t h e
b e g i n n i n g o f t h e 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
( C T I ) s o f t w a r e r o u t i n e s . I t i s u p t o C T I t o
in i t ia l ize the remainder of the system elements and
v a r i o u s m a i n t e n a n c e r e g i s t e r s , a n d s e t u p t h e
opera t i ng env i ronmen t such tha t t he compu te r w i l l
operate l ike a model 730. (If maintenance is chosen
o n t h e fi r s t C T I d i s p l a y, v e r y l i t t l e i n i t i a l i z a t i o n
is done to preserve the contents of the elements for
t e s t i n g . )

CTI OPERATIONS
O n e o f t h e fi r s t a c t i o n s C T I t a k e s i s t o t e s t
c h a n n e l 1 7 8 ^ t n e m a i n t e n a n c e c h a n n e l ) ; i f t h e
channel is act ive, CTI recognizes the machine as a
model 8XX. At th is po int , CTI takes some d i f ferent
actions than it would for other models of the CYBER
170 ser ies. Where before i t had to run a ser ies of
programs to determine the proper machine attributes,
it has now only to access the maintenance registers
o f a l l the connec ted e lements to find ou t the s ize
o f memory, the number o f PPs , and so on . These
attr ibutes are then noted as before in the hardware
desc r ip to r t ab le .

On other CYBER 170 series machines, CTI would test
m e m o r y a f t e r s e t t i n g u p t h e h a r d w a r e d e s c r i p t o r
table, but on models 815 and 825 microcode may have
t o b e l o a d e d t o t h e C P c o n t r o l s t o r e a n d t h e
execut ive state software must be loaded to memory
firs t . CTI loads the mic rocode and execu t i ve s ta te
s o f t w a r e f r o m t h e H a r d w a r e I n i t i a l i z a t i o n a n d
Ver ifica t ion Sof tware (HIVS) .

CTI reads the actual CM size (or the adjusted s ize
i f m e m o r y w a s r e c o n fi g u r e d o r d e g r a d e d b y t h e
opera to r ea r l i e r i n the p rocess ) f rom the hardware
d e s c r i p t o r t a b l e a n d l o a d s t h e e x e c u t i v e s t a t e
s o f t w a r e a t t h e h i g h e s t p a r t o f m e m o r y ( r e f e r t o
fi g u r e I I - 3 - D .

Address 0

Available CM size

Actual CM size

CM

UEM
(op t i ona l )

Executive State
Software

Figure I1-3-1. Central Memory Format

CTI then adjusts the size of memory available taking
in to cons iderat ion the space used by the execut ive
s ta te so f tware . Th i s new s i ze i s t he CM ava i l ab le
for the operating system or maintenance system and
i t s j o b s / t e s t s . T h e s e c t i o n o f m e m o r y c o n t a i n i n g
e x e c u t i v e s t a t e s o f t w a r e i s p r o t e c t e d f r o m t h e
operating/maintenance system and its jobs by the CM
bounds register discussed in section 1 of this part.

C T I a l s o i n i t i a l i z e s m a i n t e n a n c e r e g i s t e r s i n t h e
CP, CM, and IOU. After the loading of microcode and
execu t i ve s ta te so f twa re and i n i t i a l i z i ng o f app l i c
able registers, the environment necessary to support
the computer i s comple te . A t th is po in t , the CP is
n o t r u n n i n g . I f t h e d e a d s t a r t i s a r e c o v e r y d e a d -
s tar t , cont ro l passes immedia te ly to the opera t ing
o r ma in tenance sys tem w i th no fu r the r CT I i n i t i a l
i z a t i o n . I f i t i s n o t a r e c o v e r y d e a d s t a r t , t h e C P
is s tar ted. The remainder o f CTI process ing is the
same as i t i s fo r o ther mode ls o f the CYBER 170
s e r i e s . C T I i n i t i a l i z e s m e m o r y a n d c o m p l e t e s a n y
o t h e r s e t t i n g s n e c e s s a r y b e f o r e h a n d i n g o f f t h e
ha rdwa re t o an ope ra t i ng o r ma in tenance sys tem.
When handing off to an operating system, the CP is
stopped.

S ! ^ " \
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CTI HANDOFF STATE
Before an operating system or maintenance system can
be loaded and executed, the elements in the hardware
sys tem mus t be in i t i a l i zed to a known s ta te . Th is
i s d o n e b y C T I b e f o r e i t p a s s e s c o n t r o l t o t h e
w a i t i n g s y s t e m . T h e r e m a i n d e r o f t h i s s e c t i o n
descr ibes the in i t ia l s ta te o f the sys tem e lements ,
channels, and registers. Any hardware component not
defined is assumed to be in an undefined state.

ONTRAL PROCESSOR
The CP is master cleared on all deadstart levels.

CENTRAL MEMORY

A l l a v a i l a b l e m e m o r y ( t h a t i s , r e c o n fi g u r e d o r
degraded memory less the space used by the executive
s ta te so f tware ) i s i n i t i a l i zed w i th the excep t ion o f
t h e a r e a w h i c h c o n t a i n s t h e i n i t i a l i z a t i o n c o d e .
The rightmost 60 bits of each 64-bit CM word are set
to a l l ones ; t he l e f tmos t 4 b i t s a re se t t o ze ros .
The execu t i ve s ta te so f tware res ides in the upper
end of memory as described under CTI Operations.

PP MEMORY
A l l P P s t h a t a r e l o g i c a l l y o n a r e i n i t i a l i z e d w i t h
t h e e x c e p t i o n o f t h e a r e a t h a t c o n t a i n s t h e
i n i t i a l i z a t i o n c o d e . T h e r i g h t m o s t 1 2 b i t s o f e a c h
16-b i t PP word are set to a l l ones; the le f tmost 4
bits are set to zeros.

The R reg i s te r o f each PP tha t i s l og i ca l l y on i s
in i t i a l i zed to 40008 .

PPs AND I/O CHANNELS

All PPs that are logical ly on, wi th the except ion of
PPO, are in the deadstar t s ta te . PPO is execut ing
the operating system or maintenance system bootstrap
p r o g r a m . I f t h e r e w a s a P P o n t h e d e a d s t a r t
channel , i t is execut ing an IAM instruct ion ( input A
words to m from channel d) on channel 128.

A l l P P s t h a t a r e l o g i c a l l y o f f a r e i d l e d v i a t h e
maintenance register(s) .

A l l I / O c h a n n e l s a s s o c i a t e d w i t h P P s t h a t a r e
log ica l l y on , w i th the excep t ion o f channe l 0 , a re
a c t i v e a n d e m p t y. C h a n n e l 0 i s i n a c t i v e . A l l 1 / 0
channels not associated wi th PPs that are logical ly
o n a r e i n a c t i v e , e x c e p t a s n o t e d a b o v e f o r t h e
d e a d s t a r t c h a n n e l . T h e d e a d s t a r t d e v i c e i s
logically connected on the deadstart channel.

The status of all non-1/0 channels is as follows:

Channel (in octal) Status
^ersm \̂

Channel (in octal)

0

10 (d isp lay con t ro l le r )

14 (real- t ime clock)

Status

Inactive and empty

Active and empty

Act ive and fu l l

15 ( two-por t mul t ip lexer ) Act ive and empty

1 6 I n a c t i v e

1 7 ( m a i n t e n a n c e ) A c t i v e a n d e m p t y

At least 10 PPs, two of which are PPO and PP10, are
o n . A l l c h a n n e l fl a g s a n d c h a n n e l e r r o r fl a g s a r e
c leared.

MAINTENANCE REGISTERS

T h e c o n t e n t s o f s e v e r a l m a i n t e n a n c e r e g i s t e r s
d e t e r m i n e t h e e n v i r o n m e n t i n w h i c h t h e c o m p u t e r
o p e r a t e s . A t t h e t i m e o f h a n d o f f t o a n o p e r a t i n g
system or maintenance system, the condit ions l isted
be low are in e f fec t . (The reg is ter number in hexa
d e c i m a l i s g i v e n i n p a r e n t h e s e s f o l l o w i n g t h e
register name.)

CP Environment

• S t a t u s s u m m a r y r e g i s t e r ( 0 0 ) * s h o w s t h e
processor halted and in executive state, and
no errors set.

e E l e m e n t i d e n t i fi e r r e g i s t e r ( 1 0 ) * s h o w s t h e
e lemen t t ype , e l emen t mode l , and e lemen t
serial number.

• O p t i o n s i n s t a l l e d r e g i s t e r ( 1 2 ) * s h o w s C P
opt ions tha t a re ins ta l led .

• Dependen t env i r onmen t con t ro l r eg i s t e r ( 30 )
is set so that the CP is not in test mode;
c o r r e c t e d e r r o r r e p o r t i n g i s e n a b l e d ;
i n s t r u c t i o n r e t r y i s e n a b l e d ; e n a b l i n g o f
MAP by quar te rs i s se t as spec ified ; c lock
margins are set to normal.

• P r o c e s s o r f a u l t s t a t u s r e g i s t e r ( 8 0 ) s h o w s
no errors.

• Map co r rec ted e r ro r l og reg i s te r ( 93 ) shows
no errors.

CM Environment

• S t a t u s s u m m a r y r e g i s t e r ( 0 0 ) * s h o w s n o
e r r o r s ;

• E l e m e n t i d e n t i f i e r r e g i s t e r ( 1 0 ) * s h o w s t h e
e lemen t t ype , e l emen t mode l , and e lemen t
serial number.

• O p t i o n s i n s t a l l e d r e g i s t e r ( 1 2 ) * s h o w s t h e
m e m o r y i n s t a l l e d a n d r e c o n fi g u r a t i o n , i f
any, at deadstart .

e E n v i r o n m e n t c o n t r o l r e g i s t e r ( 2 0 ) i s s e t s o
that par i ty checking is enabled; SECDED is
e n a b l e d ; n o n i n t e r l e a v e d m o d e i s d i s a b l e d ;
check/syndrome bits are normal; corrected

_*S^\

•This register cannot be wr i t ten; i t is for s tatus only.
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e r r o r l o g g i n g i s e n a b l e d ; s u p p r e s s i o n o f
c o r r e c t e d e r r o r r e p o r t i n g v i a p o r t s i s
enab led ; t im ing marg ins a re no t enab led ;
the port disable bi t vector is set to 0.

• Bounds reg is ter (21) is se t so that IOU por t
w r i t e s a r e i n h i b i t e d a b o v e t h e fi r s t w o r d
address o f t he execu t i ve s ta te so f twa re i n
CM.

e C o r r e c t e d e r r o r l o g r e g i s t e r ( A O ) s h o w s n o
e r r o r s .

• Unco r rec ted e r ro r l og reg i s te rs 1 and 2 (A4
and A8) show no errors.

IOU Environment

• S t a t u s s u m m a r y r e g i s t e r ( 0 0 ) * s h o w s n o
errors; however, status summary is set.

• E l e m e n t i d e n t i f i e r r e g i s t e r ( 1 0 ) * s h o w s t h e
e lemen t t ype , e l emen t mode l , and e lemen t
serial number.

e O p t i o n s i n s t a l l e d r e g i s t e r ( 1 2 ) * s h o w s t h e
b a r r e l s , c h a n n e l s , a n d o t h e r o p t i o n s t h a t
a r e i n s t a l l e d .

• S t a t u s r e g i s t e r ( 4 0 ) i s s e t s o t h a t f a s t a n d
slow t iming marg ins are not enabled; barre l
and PP reconfigurations are set as required.

• F a u l t s t a t u s r e g i s t e r s 1 a n d 2 ( 8 0 a n d 8 1 )
show no errors.

In addi t ion to the handoff s tate set by CTI, cer ta in
cond i t ions are se t by the execut ive s ta te so f tware .
T h e s e s e t t i n g s i n d i c a t e t h a t t h e C P d o e s n o t
interrupt processing on short warning or correctable
h a r d w a r e e r r o r s ; i t i s i n t e r r u p t e d , b u t n o t
n e c e s s a r i l y s t o p p e d , o n a l l u n c o r r e c t e d h a r d w a r e
e r r o r s . R e f e r t o s e c t i o n 5 o f t h i s p a r t f o r f u r t h e r
informat ion on error handl ing.

*This register cannot be wr i t ten; i t is for s tatus only.
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INSTRUCTION/ PROGRAMMING DIFFERENCES

CP OPERATING MODES
Three modes of operation are mentioned in part I:
CYBER 170 job, CYBER 170 monitor, and executive.
CYBER 170 job mode and CYBER 170 monitor mode
function similarly to the program and monitor modes
of the model 730. The CYBER 170 monitor flag still
exists and indicates whether the program currently
running is in CYBER 170 monitor mode (flag is set)
or CYBER 170 job mode (flag is clear).

Executive state oversees the CYBER 170 job and
monitor modes and ensures that they duplicate the
actions of a model 730. This includes the simula
tion of CMU instructions and processing of certain
error conditions (refer to section 5 of this part).
E x e c u t i v e s t a t e i s c o n t r o l l e d b y h a r d w a r e ,
microcode, and software.

CP INSTRUCTIONS
The CP instruction format is the same on models 815,
825/ and 730. The same restrictions on instructions
with word boundaries apply. The following instruc
tions are new or differ from the way they performed
on the model 730.

• 011, 012 (block copy of UEM)

• 014, 015 (direct read/write UEM)

• 464, 465, 466, 467 (CMU)

• 660, 670 (direct read/write CM)

UNIFIED EXTENDED MEMORY INSTRUCTIONS
(011,012,014,015)

Ihe UEM enable flag (bit 56 in the flag register)
must be set in the CYBER 170 exchange package for
these instructions to execute legally.

Block Copy Instructions (011, 012)

These ins t ruc t ions d i f fe r f rom the b lock copy
instructions on a model 730 primarily in that the
copy is to or from UEM rather than ECS. On models
815 and 825 an exchange breakin is allowed after a
read or write of data blocks containing not more
than 64 words each. F lag reg is ter operat ions
(caused when bit 23 of X0 and bit 23 of FLE are both
set) are illegal. If X0 plus RAE bit 21 or 22 is
set, the next instruction is taken from parcel 2 of
the same instruction word. If this is not the case,
the next instruction is taken from parcel 0 of the
next instruction word. A negative Bj plus K result
causes an address range error exit rather than a
pass instruction.

Direct Read/Write UEM Instructions (014, 015)

On a model 730, the 014 and 015 instructions are
illegal. On models 815 and 825 these instructions
transfer single words between UEM and a specified X
register. (For those familiar with the CYBER 170
model 176, these instructions are similar to that
machine's 014 and 015 instruct ions except the
transfer is to or from UEM rather than LCME.)

The format of the 014 instruction [read one word
from (Xk plus RAE) into Xj] is as follows:

14 6 5 3 2 0
I 014 I j I k I

The format of the 015 instruction [write one word
from Xj to (Xk plus RAE)] is as follows:

14 6 5 3 2 0
I 015 1 j I k I

COMPARE/MOVE INSTRUCTIONS (464, 465, 466, 467)

These ins t ruc t ions were prev ious ly ava i lab le on ly i f
t h e C P c o n t a i n e d a c o m p a r e / m o v e u n i t ( C M U ) .
Compare/move units do not exist on model 815 or 825
b u t t h e i n s t r u c t i o n s a r e s i m u l a t e d b y e x e c u t i v e
s ta te so f tware . The i ns t ruc t i ons work as desc r ibed
for a model 730 in the CYBER 170 series hardware
reference manual with the fol lowing exception.

CMU ins t ruc t i ons move o r compare l ong cha rac te r
str ings but, on a model 730, i f they are interrupted
by a PP exchange request, the current move/compare
must stop and then restart. Models 815 and 825 keep
t r a c k o f w h e r e t h e i n t e r r u p t o c c u r r e d a n d r e s u m e
o p e r a t i o n a t t h a t p o i n t . B i t 5 3 i n t h e f o u r t h w o r d
of the CYBER 170 exchange package (the CMU inter
rupted flag or CIF) is set i f a CMU inst ruct ion has
been interrupted. When the CP sees the CMU instruc
t ion aga in , i t sw i tches to execu t ive s ta te (because
e x e c u t i v e s t a t e s i m u l a t e s C M U i n s t r u c t i o n s , n o t
because the i ns t ruc t i on was i n te r rup ted ) and finds
b i t 5 3 s e t . I t t h e n r e t r i e v e s t h e n e c e s s a r y i n f o r
mation which was saved earlier and resumes the move
or compare at the point of interrupt ion.

For better performance, jobs should be recompiled so
as not to use CMU instructions.

DIRECT READ/WRITE CM INSTRUCTIONS (660, 670)

The 660 and 670 ins t ruc t ions are pass ins t ruc t ions
on a model 730. On a model 815 or 825, they read
and wr i te centra l memory. When 1 is not zero, the
66i jk and 67i jk instruct ions perform the same as on
a model 730.
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660jk Read Central Memory at (Xk) to Xj

14 6 5 3 2 0
I 6 6 0 I j l ~ |

This instruction reads the word at location (Xk) in
central memory and places it in Xj. Xk is a right-
justified 21-bit relative address. Bits 59 through
21 of Xk are ignored.

670jk Write Xj into Central Memory at (Xk)

14 6 5 3 2 0
1 670 I J 1~|

This instruct ion wri tes Xj into locat ion (Xk) in
central memory. Xk is a 21-bit relative address.
Bits 59 through 21 of Xk are ignored.

INSTRUCTION LOOKAHEAD

The computers have instruction lookahead hardware
that prefetches up to two words for the regular
program sequence, into two registers (a two-word
fi r s t - i n , fi r s t - o u t b u f f e r ) . [ T h e m o d e l 7 3 0
instruction lookahead hardware prefetches the next
instruction (at address P plus 1) after the current
inst ruct ion. ]

The computers al low the purging of instruction
lookahead registers to be controlled. Under normal
conditions, the lookahead registers are purged by
execution of a return jump instruction (operation
code 010), UEM read instruction (011), exchange jump
instruction (013), or unconditional branch instruc
tion (02). When extended purge control is selected,
the registers ars also purged by execution of any
conditional jump instruction (operation codes 03
through 07) or any CM store instruction (operation
codes 50 through 57 when i equals 6 or 7). To
enable extended purge control, the system sets bit
52 of the flag register in the CYBER 170 exchange
package. It may be helpful to set extended purge
con t ro l when se l f -mod i f y ing code i s p resen t ;
however, the addi t ional purg ing does cause a
degradation in execution and does not cover all
cases of code modification.

If normal purge conditions are in effect, a store
instruction that modifies a sequential instruction
must modify at least P plus 4 words ahead to ensure
execution of the modified code.

If the extended purge option is selected, a store
instruction can modify the next sequential instruc
t ion and be assured of execut ing the modified
ins t ruc t ion . A s to re ins t ruc t ion fo l l owed by a
branch to a modified instruction always executes the
modified code.

PP INSTRUCTIONS
In general, the PP instruction format is the same on
models 815, 825, and 730 although they are shown as
16-bit instructions in this manual. The leftmost 4
bits must be set to zero for the instructions to
operate as defined in this manual. If unexpected
results occur and any of the leftmost 4 bits are
set, contact a Control Data support analyst or
customer engineer.

The following instructions are new or differ from
the model 730.

• 24, 25 (load/store R register)

e 27 (pass)

• 641, 651 (set/clear channel flag)

e 661, 671 (set/clear channel error flag)

LOAD/STORE R REGISTER INSTRUCTIONS (24, 25)

On a model 730, the 24d and 25d instructions are
pass instructions. On models 815 and 825 these are
pass instructions only if d is zero; if d is non
zero, the 24d and 25d instructions load and store
the relocation (R) register.

24d Load R Register

15 12 11 6 5
00 24

If d is not 0, this instruction loads the R register
from bits 9 through 0 of PP memory location d (this
becomes the leftmost 10 bits of R) and from bits 11
through 0 of location d plus 1 (this becomes the
next 12 bits of R). Refer to figure 11-4-1. If d
i s 0 , i t i s a p a s s l i k e t h e m o d e l 7 3 0 2 4 0 0
instruction.

LOCATION 1 5 1 2 9
d (ZEROS 1100!
d+1 1 ZEROS 1

RELOCATION REGISTER IN PP MEMORY

27 18 17 6 5
ZEROS

RELOCATION REGISTER IN PP HARDWARE

Figure I1-4-1. R Register Formation

25d Store R Register

1 5 1 2 1 1 6 5
I 0 0 I 2 5 I

I f d i s n o t 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
reg is te r i n PP loca t i ons d ( t h i s con ta ins the
leftmost 10 bits of R) and d+1 this contains the
next 12 bits of R) If d is 0, it is a pass like the
model 730 2500 instruction.
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PASS INSTRUCTION (27) Clear Channel Error Flag and Jump (661, 671)

On a model 730, the 27d instruction reads the
program address. On models 815 and 825 the program
address is read through the maintenance channel.
The model 825 27d instruction is a pass instruction.

2 7 d P a s s I n s t r u c t i o n

661cm Test and Clear Channel c Error Flag Set

31 28 27 22 20 16 15 12 11
I 0 0 I 6 6 1 1 1 c I 0 0 I
| ( P ) 1 ( P + i ) .

1 5 1 2 1 1 6 5
I 0 0 I 2 7 I

Th is ins t ruc t ion a l lows sens ing o f i t s execut ion by
genera t ing a pu lse to a tes tpo in t where i t can be
moni tored by external equipment; otherwise, i t does
no other operatios

I f t h e c h a n n e l c e r r o r fl a g i s s e t , t h i s i n s t r u c t i o n
c l e a r s t h e e r r o r fl a g a n d c a u s e s a j u m p t o m . I f
the er ror flag is c lear, the ins t ruc t ion is a pass .
I f m i s P p l u s 2 , i t u n c o n d i t i o n a l l y c l e a r s t h e
channe l e r ro r flag .

671cm Test and Clear c Error Flag Clear

r

CHANNEL FLAG INSTRUCTIONS (641, 651, 661, 671)

On a model 730, instructions 64dm, 65dm, 66dm, and
67dm jump to a new address depending on the status
o f c h a n n e l c . T h e s e i n s t r u c t i o n s a r e s t i l l a v a i l
ab le on models 815 and 825 using the inst ruct ions
640cm, 650cm, 660cm, and 670cm. New model 815 and
825 instruct ions, 641cm, 651cm, 661cm, and 671cm,
set and c lear the channel c flag, c lear the channel
c e r ro r flag , and jump to address m depend ing on
t h e fl a g s e t t i n g .

Set and Clear Channel Flag (641, 651)

641cm Test and Set Channel c Flag

3 1 2 8 2 7 2 2 2 0 1 6 1 5 1 2 1 1
I 0 0 I 6 6 1 1 1 c I 0 0 I

3 1 2 8 2 7 2 2 2 0 16 15 12 11
I 0 0 I 6 4 1 1 1
| ( P )

00
^FrTT-

I f t h e c h a n n e l c fl a g i s s e t , t h i s i n s t r u c t i o n
causes a jump to m. If the channel c flag is clear,
i t s e t s t h e fl a g a n d c o n t i n u e s w i t h t h e n e x t
i n s t r u c t i o n . I f m i s P p l u s 2 , i t u n c o n d i t i o n a l l y
sets the channel c flag.

I f m o r e t h a n o n e P P s i m u l t a n e o u s l y i s s u e s t h i s
i n s t r u c t i o n o n c h a n n e l 1 7 t h e c o n fl i c t i s r e s o l v e d
a s f o l l o w s . T h e P P i n t h e l o w e s t p h y s i c a l l e v e l
s e e s t h e fl a g a s i t a c t u a l l y i s ; a l l o t h e r P P s i n
conflict see the flag set and, therefore, jump to m.
For other channels, the conflict is not resolved but
can be avoided. Any ten consecutively numbered PPs
i s s u e i n s t r u c t i o n s a t d i f f e r e n t t i m e s . F o r c o d e
c o m p a t i b i l i t y w i t h i n t h e 8 0 0 s e r i e s , c o n fl i c t o n
accessing the channel flag does not exist when any
five consecutively numbered PPs access any channel
fl a g .

651cm Clear Channel c Flag

3 1 2 8 2 7 2 2 2 0 1 6 1 5 1 2 1 1 0
I 0 0 I 6 5 1 1 1 c I 0 0 I m I

(P)- (P+D-

This instruction clears the channel c flag. The
m field is required but not used.

60469350 C

. _ ( P ) 1 ( P + l ) .

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 i n s t r u c
t ion causes a jump to m. I f th i s e r ro r flag i s se t ,
t h e i n s t r u c t i o n c l e a r s t h e e r r o r fl a g a n d p r o c e e d s
w i th the nex t i ns t ruc t i on .

PP COMMUNICATIONS
On a model 825, data transfers between PPs are
performed using 16 bits rather than 12 as is true on
a model 730. When transferring 12-bit instructions,
it is possible that one or more of the leftmost 4
bits of the 16-bit word being transferred could be
set; this could cause unexpected results to occur.

I t is also possible to generate incorrect par i ty
when transferring data between PPs on a CYBER 170
channel. The parity bit sent reflects the parity of
the 16-bit word in PP memory while the peripheral
controller verifies parity of the 12 bits received.
Programmer must ensure that the leftmost 6 bits of
the 18-bit A register are zero when outputting A to
any channel.

CENTRAL MEMORY

MEMORY ADDRESSING

The largest CM address possible is 21 bits
(7 777 777) as opposed to 18 bits in the model 730.
If an address is larger than the maximum memory size
(7 777 777), i t is treated as an undefined operation
i f a l l o w e d b y F L C ; o t h e r w i s e , i t i s t r e a t e d a s a n
address out o f range. I f an address is la rger than
the amoun t o f memory ins ta l l ed in the sys tem bu t
l e s s t h a n 7 7 7 7 7 7 7 , a n o n e x i s t e n t a d d r e s s i s
r e f e r e n c e d ; f o r a w r i t e o p e r a t i o n , a l l d a t a i s l o s t
and fo r a read opera t ion , a l l ones are read. (Th is
situation on a model 730 would cause the address to
wrap around installed memory.)

If memory has been reconfigured and the address is
in a part of memory no longer available, the address
i s w r a p p e d a r o u n d i n s t a l l e d m e m o r y. ( T h i s i s t h e
same action taken on a model 730.)
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ADDRESSING BY PPs MEMORY MAP

The PP R (relocation) register is a 28-bit register
used in conjunction with the A register to form
absolute CM addresses for CM read/write instruc
t ions. I f bi t 17 of the A register is clear, bi ts
16 through 0 of that register specify an absolute CM
address in the range 0 through 377 777. If bit 17
of A is set, bits 16 through 0 are added to the R
register (aligned as shown in figure II-4-2) to form
an absolute CM address in the range 0 through
0 0007 777 777. The rightmost 6 bits of the R
register are always zeros. The leftmost 7 bits of
the R register represent extra addressing capacity
that is unused.

The following discussion assumes that a site is
using UEM. If not, the memory map is the same as
for a model 730.

A user program can use two areas of memory: CM in
locations RAC through RAC plus (FLC-1), and UEM in
locations RAE through RAE plus (FLE-1). These two
areas never overlap. The user addresses these areas
using CM relative addresses 0 through FLC-1 and UEM
relative addresses 0 through FLE-1. Refer to figure
I I -4-3.

27 6 5

Address 0

RAC
000000

16

Figure II-4-2. Absolute Address Formation

P P i n s t r u c t i o n 2 4 l o a d s t h e R r e g i s t e r a n d
instruction 25 stores the R register. Refer to PP
Instructions in this section.

RAE

FLC

FLE

!>
CM

i
i

UEM

V
Figure II-4-3. CM/UEM Memory Map
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ERROR HANDLING

r

r

OVERVIEW
C e r t a i n e r r o r s a n d c o n d i t i o n s o c c u r r i n g i n t h e
computer are handled differently than in a model 730
because o f the d i f fe ren t hardware . Execu t i ve s ta te
s o f t w a r e i s r e s p o n s i b l e f o r r e s o l v i n g t h e s e e r r o r s
and spec ia l cond i t ions so that the same or s imi la r
results occur on both machines.

Executive state software handles

e CMU ins t ruc t i on s imu la t i on

e A l l unco r rec ted p rocesso r -de tec ted ha rdware
e r r o r s

• S o f t w a r e e r r o r s t h a t o c c u r i n C Y B E R 1 7 0
monitor mode

• 0 1 7 i n s t r u c t i o n

Software errors that occur in CYBER 170 job mode
( w i t h t h e e x c e p t i o n o f t h e 0 1 7 i n s t r u c t i o n ) a r e
taken care of by the CP microcode. Results are the
same as on a mode l 730 . (The 017 i ns t ruc t i on i s
h a n d l e d b y e x e c u t i v e s t a t e s o f t w a r e b u t , a g a i n ,
results are the same as on a model 730.)

HARDWARE ERRORS
Hardware er ror ex i t modes are a lways enabled. A l l
uncorrected processor-re lated hardware errors cause
e x e c u t i v e s t a t e t o t a k e c o n t r o l . F o r h a r d w a r e
er ro rs in CYBER 170 job mode, con t ro l re tu rns to
CYBER 170 mon i to r mode . Fo r ha rdware e r ro rs i n
CYBER 170 monitor mode, executive state simulates a
CP halt.

When a hardware error occurs in CYBER 170 monitor
mode and the CP is in executive state, a PP cannot
issue a CYBER 170 exchange request to get out; the
machine must be redeadstarted.

SOFTWARE ERRORS
A l l s o f t w a r e e r r o r s t h a t c a u s e a C P t o h a l t i n a
model 730 cause an exchange to executive state in
models 815 and 825. These instructions are:

• I l legal instruction in CYBER 170 monitor mode

• R e a d / w r i t e a d d r e s s o u t o f r a n g e e r r o r i n
C Y B E R 1 7 0 m o n i t o r m o d e w i t h t h e
corresponding exit mode bits set

• R e q u e s t n e x t i n s t r u c t i o n ( R N I ) o r b r a n c h
address out of range in CYBER 170 monitor
mode

• I n f i n i t e o r i n d e f i n i t e v a l u e d e t e c t e d i n
C Y B E R 1 7 0 m o n i t o r m o d e w i t h t h e
corresponding exit mode bits set

• 00 instruction in CYBER 170 monitor mode

Illegal instructions on models 730, 815, and 825 are:

• I n s t r u c t i o n 0 1 7 I

e Ins t ruc t i ons 011 , 012 , 013 , and 464 th rough
467 in parcels 1, 2, or 3

• A n y 3 0 - b i t i n s t r u c t i o n i n p a r c e l 3

On a model 730, instructions 011 and 012 are il legal
if ECS is not present; on models 815 and 825, they
are i l legal i f the UEM enable flag is not set in the
CYBER 170 exchange package or if bit 23 of X0 and
b i t 2 3 o f F L E a r e b o t h s e t ( i n d i c a t e s a fl a g
r e g i s t e r o p e r a t i o n ) . I n s t r u c t i o n s 0 1 4 a n d 0 1 5 a r e
a lways i l l ega l on a mode l 730 ; they a re i l l ega l on
models 815 and 825 only i f the UEM enable flag is
no t se t .

I f the CP detects an address out of range condit ion
dur ing execut ion o f ins t ruc t ions 50 th rough 57, the
c o n t e n t s o f t h e d e s t i n a t i o n X r e g i s t e r i s n o t
c l e a r e d ; i t r e m a i n s u n c h a n g e d . O n a m o d e l 7 3 0 ,
zeros are wri t ten to the X register.

I f a K l o r K 2 a d d r e s s o u t o f r a n g e c o n d i t i o n i s
de tec ted dur ing execu t ion o f CMU ins t ruc t ions and
ex i t mode is not se lec ted, no read ing or wr i t ing is
done; CM is unchanged. On a model 730, reading or
wr i t ing wou ld occur up to the po in t o f the address
out of range.

An RNI or branch address out o f range that would
cause memory to wrap around on a model 730 causes an
address out of range error and exchanges to execu
t ive s ta te on models 815 and 825 i f i t occur red in
CYBER 170 monitor mode.

RAC
F o r t h o s e e r r o r c o n d i t i o n s t h a t e x e c u t i v e s t a t e
sof tware processes, execut ive state wr i tes into RAC
t h e p r o g r a m a d d r e s s ( P ) , t h e e r r o r e x i t c o n d i t i o n
code ( in the manner descr ibed below), and possib ly
certain bits in the rightmost 16 bits of RAC.

W h e n a n e x i t c o n d i t i o n o c c u r s f o r w h i c h t h e
c o r r e s p o n d i n g m o d e s e l e c t i o n b i t i s s e t , t h e e x i t
c o n d i t i o n c o d e i s w r i t t e n i n t o R A C . I f t h e
c o r r e s p o n d i n g m o d e s e l e c t i o n b i t i s n o t s e t ( a n d
t h e r e f o r e , e x e c u t i o n c o n t i n u e s ) , t h e e x i t c o n d i t i o n
b i t i s s a v e d u n t i l e i t h e r a n e x i t c o n d i t i o n w h i c h
c a u s e s a n e r r o r e x i t o c c u r s , o r a n e x c h a n g e t o
execu t ive s ta te i s made. I f an e r ro r ex i t i s taken ,
the bit that was saved is writ ten to RAC along with
t h e b i t t h a t a c t u a l l y c a u s e d t h e e r r o r e x i t . I f a n
e x c h a n g e i s m a d e t o e x e c u t i v e s t a t e , t h e b i t i s
discarded Because exchanges to execut ive state are
t ransparen t to the user, i t shou ld no t be assumed
that the b i t w i l l be present .
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E r r o r e x i t c o n d i t i o n c o d e s a r e g i v e n u n d e r E r r o r
R e s p o n s e i n s e c t i o n 5 o f p a r t I . F o r s o f t w a r e
e r r o r s , e x e c u t i v e s t a t e w r i t e s t h e c o d e 0 0 i n a l l
cases . For hardware e r ro rs , execu t i ve s ta te wr i tes
exit condition codes 20 and 67 only.

Execu t i ve s ta te may se t ce r t a i n b i t s i n t he r i gh t
m o s t 1 6 b i t s o f R A C ; i f s o , t h e s e b i t s e n a b l e a
Control Data support analyst or customer engineer to
further isolate the cause of the error.

CYBER 170 EXCHANGE PACKAGE
The CYBER 170 exchange package differs slightly from
that for the model 730. The RAC and FLC registers
u s e 2 1 b i t s r a t h e r t h a n 1 8 . A n e w 6 - b i t r e g i s t e r,
t h e fl a g r e g i s t e r , e x i s t s i n t h e f o u r t h w o r d . T h e
remaining registers are the same.

T h e fl a g r e g i s t e r c o n s i s t s o f b i t s 5 6 t h r o u g h 5 1 .
These bits are defined as follows:

The UEM enable flag must be set to allow the 011,
0 1 2 , 0 1 4 , a n d 0 1 5 i n s t r u c t i o n s t o a c c e s s U E M ;
o t h e r w i s e , t h e s e i n s t r u c t i o n s a r e i l l e g a l . I f U E M
is not used, th is b i t i s c lear.

T h e b l o c k c o p y fl a g i s s e t w h e n t h e b l o c k c o p y
i n s t r u c t i o n s ( 0 11 a n d 0 1 2 ) a r e t o u s e b i t s 3 0
through 50 of X0 rather than AO to determine the CM
address.

T h e C M U i n t e r r u p t e d fl a g i s s e t w h e n a C M U
i n s t r u c t i o n i n p r o g r e s s i s i n t e r r u p t e d . T h e
i n f o r m a t i o n n e c e s s a r y t o r e s u m e t h e o p e r a t i o n i s
s a v e d . W h e n t h e i n s t r u c t i o n i s r e a d a g a i n a n d
c o n t r o l s w i t c h e d t o e x e c u t i v e s t a t e , t h e s e t b i t
will be noted and the move or compare resumed at
the po in t o f i n te r rup t ion .

T h e i n s t r u c t i o n s t a c k p u r g e fl a g i s s e t w h e n
e x t e n d e d p u r g i n g i s t o b e p e r f o r m e d . ( R e f e r t o
Instruct ion Lookahead in sect ion 4 of this part . )

B i t D e s c r i p t i o n

5 6 U E M e n a b l e fl a g

5 5 R e s e r v e d f o r h a r d w a r e ; t h i s b i t m u s t b e
set to zero

5 4 B l o c k c o p y fl a g

5 3 C M U i n t e r r u p t e d fl a g

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

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

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 S C o n t r o l s t o r e

C T I C o m m o n t e 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 Exit mode select ion

E M C E x i t m o d e c o n d i t i o n 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

F L E F i e l d l e n g t h , e x t e n d e d

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
a n d Ve r i fi c a t i o n

I / O

ILH

IOU

MA

MCH

MF

MOS

MUX

OS

PE

PP

PPM

RAC

RAE

RAM

RNI

ROM

RTS

SECDED

UART

UEM

I n p u t / o u t p u t

Instruction lookahead hardware

I n p u t / o u t p u t u n i t

Monitor address

Maintenance channel

Mon i t o r flag

Metal oxide semiconductor

M u l t i p l e x e r, s e l e c t o r

Operating system

P a r i t y e r r o r

Per ipheral processor

Peripheral processor memory

Reference address, central

Reference address, extended

Random access (read-write) memory

Read next instruct ion

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
de tec t i on

Universal Asynchronous Receiver and
Transmi t te r

Unified extended memory
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INDEX

00 inst ruct ion, Error ex i t 1-5-7; I I -5-1
017 i ns t ruc t i on I I - 5 -1
2xPP speed II-1-2
A register, PP 1-2-9
A registers, CP 1-1-3; 1-2-4; 1-4-2; I I - l - l
Absolute CM address formation 1-2-5,9,11;

1-5-7,13; II-4-4
Absolute UEM address formation 1-2-5
Absolute address formation 1-2-5,9,11; 1-5-7
Absolute address formation by PPs II-4-4
Access, CM 1-2-6,11
Activate channel 1-4-30; 1-5-15
Active channel 1-5-15
Add instruction 1-4-24,25,26,27
Address designator 1-4-2
Address format, CM 1-2-6
Address out of range error 1-2-5; 1-5-6,9
Addressing, Section 1-2-6
Alphanuneric characters 1-5-20
Arch i tec ture I I—1-1
Assembly/disassembly 1-2-11
B reg is ters 1-1-3; 1-2-4; 1-4-2; I I - l - l
BAUD RATE SELECTION switch 1-3-3
Bank se lect fie ld 1-2-6
Barrel and slot 1-2-9,10
Bar re l s 1 -1 -4 ; 1 -2 -8
Block copy from CM 1-4-3; 1-5-7
Block copy from CM instruction 1-4-3; 1-5-7
Block copy from UEM 1-4-3; 1-5-7; II-l-l; II-4-1
Block copy from UEM instruction 1-4-3
Boolean instruction sequence 1-2-1
Bounds register 1-1-4; 1^2-8; I I - l - l
Branch destination address 1-4-4
Branch instruct ions 1-2-3,4
Branch target address 1-2-1
B u f f e r s I I - l - l
CEL Read 1 -5 -26
C E L Write to 1-5-26
CIF (CMU interrupted flag) 1-2-5; II-4-1; II-5-2
CM Access 1-2-6,11
CM Address format 1-2-6
CM Address formation 1-2-5,9,11; II-4-4
CM Addressing by PPs 1-5-13
CM Block copy instructions 1-5-7
CM Bounds register 1-1-4; 1-2-8; II- l- l ; II-3-1
CM Compare collated 1-5-6
CM Compare uncollated 1-5-6
CM Configuration switches 1-3-2; 11-2-1,2
CM Controls 1-3-1
CM Cycle times 1-2-6
CM Designators within instructions 1-4-2
CM Differences II—1-1
CM Error handling II-5-1
CM Format II-3-1
CM Functional characteristics 1-1-2
CM Functional description 1-2-5; II-1-1
C M I n i t i a l s t a t e I I - 3 - 2
CM MCH function word 1-5-26
CM Maintenance registers 1-5-28; II-3-2
CM Map 1-5-7,12; II-4-4

CM Move direct 1-5-6
CM Move indirect 1-5-6
CM Ports 1-2-5
CM Programming 1-5-7
CM Read word from 1-4-18; 1-5-7; II-4-1
CM Reconfiguration 1-2-8; 1-3-2; 11-2-1,2
CM Sizes I I -1-1
CM Support registers 1-2-3
CM Word 1-4-1; I I - l - l
CM Write word to 1-4-18; 1-5-7; II-4-1
CMU error exit 1-5-7
CMU inst ruct ions I I -1-1
CMU interrupted flag (CIF) 1-2-5; II-4-1; II-5-2
CMU simulat ion II-5-1
CP Addressing section 1-1-3; 1-2-6
CP Control section 1-1-3; 1-2-1
CP Di f ferences I I -1-1
CP Execution section 1-1-3; 1-2-5
CP Functional characterist ics 1-1-2
CP Functional description 1-2-1
CP Funct ional descript ion I I-1-1
C P I n i t i a l s t a t e I I - 3 - 2
CP Instruct ion descript ions 1-4-1
CP Instruction designators 1-4-2
CP Inst ruct ion d i f ferences I I -4-1
CP MCH function word 1-5-26
CP Maintenance registers 1-5-29,35; II-3-2
CP Operating modes 1-4-2; II-4-1
CP Programming 1-5-1
CP Registers 1-1-3; 1-2-4
CRT 1-1-4; 1-5-20
CTI Descr ip t ion I I -1-2; 11-3-1,2
CTI Handoff state 11-3-1,2
CYBER 170 exchange jump 1-2-3,8; 1-4-2; 1-5-1
CYBER 170 exchange package 1-2-3; 1-4-3; 1-5-1;

I I -4 -1 ; I I -5 -2
CYBER 170 exchange sequence 1-2-3,5
CYBER 170 job mode 1-4-2; 1-5-1,2; II-4-1; II-5-1
CYBER 170 job mode Error exits 1-5-6,7
CYBER 170 monitor flag 1-2-5; 1-4-2; 1-5-2; II-4-1
CYBER 170 monitor mode 1-4-2; 1-5-1,2
CYBER 170 monitor mode II-4-1; II-5-1
CYBER 170 monitor mode Error exits 1-5-9
Central exchange jump instruction 1-4-3
Central read instruct ion 1-4-28
Centra l wr i te ins t ruct ion 1-4-28
Channel act ive flag 1-5-15; I I -3-2; I I -4-3
Channel control flag 1-5-15
Channe l e r ro r flag I I -3 -2 ; I I -4 -3
Channel marker flag 1-5-15
Channel transfer t iming 1-5-15
Channel, maintenance 1-2-11
Character address designator 1-4-2
Character codes 1-5-20
Character manipulation 1-5-6
Character mode 1-5-20,21
Character s ize 1-5-20
Chassis configurat ion 1-1-2
Chip address field 1-2-6
Clear channel error flag instruct ion I I -4-3
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Clear channel flag instruction 1-4-29; I I-1-2;
11-4-2,3

Codes, display station 1-5-21
Collate table for compare/move 1-5-6
Compare collated instruction 1-4-15; 1-5-6
Compare uncollated instruction 1-4-16; 1-5-6
Compare/move 1-2-3
Compare/move arithmetic 1-5-6
Compare/move instruction sequence 1-2-3
Compare/move instructions 1-2-3; 1-4-15; II-l- l

I I - 4 -1
Compare/move sequence 1-2-3
Complement, instructions using 1-4-6,7
Condit ional software errors 1-5-6,7
Configuration switches, CM 1-3-2; II-2-2
Configuration, mainframe 1-1-1,2
Constant address instructions 1-5-13
Control checks 1-3-3
Contro l flags 1-2-5; 1-5-15
Control sect ion 1-1-3; 1-2-1
C o n t r o l s t o r e I I - l - l ; I I - 3 - 1
C o n t r o l s 1 - 3 - 1 , 2
Conversion, Floating-point to fixed-point 1-4-10
Conversion, Fixed-point to floating-point 1-4-10
Coordinates, display station 1-5-20,21
Correctable hardware errors II-3-3
Corrected error log register 1-5-26,32; II-3-3
Corrected error log register, CM 1-5-33
Cycle times, CM 1-2-6
DEADSTART ERROR indicator I1-2-1
DEADSTART pushbutton 1-2-8; 1-3-1; II-2-1
DEJ/MEJ switch 11-2-2
DIAGNOSTIC/NORMAL switch 1-3-3;
Data carr ier detector 1-5-23
Data character 1-5-22
Data d isp lay 1-5-20
Data formats 1-4-1
Data input sequence 1-5-17
Data output sequence 1-5-17
Data par i ty error 1-5-15
Data set ready 1-5-23
Data terminal ready (DTR) 1-5-22,23,24
Data transfers between. PPs II-4-3
Deactivate channel 1-4-30
Deadstart Controls 1-3-1

D i s p l a y 1 - 3 - 1
I n d i c a t o r s 1 - 3 - 1
Load program 11-2-1
L o n g I I - 2 - 1
Master c lear 1 -5-2
P rog ram I - 3 -1 ,3
Pushbut ton 1-3-1
Sequence 1-2-8; 1-3-3
S h o r t I I - 2 - 1
B u t t o n I I - 2 - 1
D i s p l a y I 1 - 2 - 1
Microprocessor 1-2-8
P r o g r a m I I - 2 - 1
R e c o v e r y I I - 3 - 1

D e fi n i t e 1 - 4 - 5
Dependent environment control register Read/write

1-5-26
Dependent environment control register 1-5-29,35

I I -3 -2
Descr ip t ion, system I -1-1
Differences, models 815 and 825 and CYBER 170

s e r i e s I I - l - l

Direct 12-bit address 1-5-13
Direct 6-bi t address 1-5-13
Direct 6-bit operand 1-5-13
Direct 8-bit operand 1-5-13
Direct address instruct ions 1-5-13
Direct read/write instruction sequence 1-2-3
Direct read/write instructions,CM 1-2-3; 1-5-7;

I I - l - l ; I 1 - 4 - 1
UEM 1 -2 -3 ; 1 -5 -7 ; I I - l - l ; I I - 4 -1

Direct read/write sequence 1-2-3
Display Presentat ion 1-5-21
Display character codes 1-5-20
Disp lay cont ro l le r in ter face 1-1-4
D isp lay s ta t i on 1 -1 -4

Character codes 1-5-20
Character s izes 1-5-20
Codes 1-5-21
C o n t r o l l e r 1 - 2 - 11
Coordinates 1-5-20,21
Mode 1-5-20,21
Output function code 1-5-21
Programming 1-5-20
Timing considerat ions 1-5-21

Disp lay, deadstar t 1 -3-1
Dot mode 1-5-20
Double-bi t errors 1-2-6; 1-5-7
Double-precis ion resul ts 1-5-4
E C S I I - 1 - 2
E D S I I - 2 - 1
EM reg i s te r 1 -1 -3 ; 1 -2 -5 ; I I - l - l
EMERGENCY OFF switch 1-3-3
Element Identifier register, Read 1-5-26

IDU 1-5 -28 ,29 ; H-3 -3
CM 1-5-28,29,33; I I -3-2
CP 1 -5 -29 ,35 ; I I -3 -2

Emitter-coupled logic (ECL) 1-1-2
Empty register flag 1-5-15
Environment control register,IOU I1-2-1

C M I I - 3 - 2
Equal to zero 1-4-4
Er ro r cond i t i ons 1 -2 -5
Error correct ion code bits 1-2-7
Error exit condit ion codes 1-2-5; 1-5-6,7; I I-5-2
Error exit to MA instruction 1-4-2
Er ro r ex i t s 1 -4 -2 ; 1 -5 -6
Error exits In CYBER 170 monitor mode 1-5-9
Error exits In CYBER 170 job mode 1-5-6,7
E r r o r fl a g 1 - 5 - 1 5
Er ror hand l ing 1 -5-6 ; I I -5 -1
Error processing 1-2-5; 1-5-6
Error response 1-5-6
Exchange breakin I1-4-1
Exchange jump instruction 1-4-25
Exeout ion interval 1-2-4; 1-5-2
Execution section 1-1-3; 1-2-5
Execution times, CP 1-4-19

P P 1 - 4 - 3 1
Executive state 1-4-2; 1-5-2; 11-1-1,2; I I-3-1;

I I - 4 -1
Executive state Error handling I1-5-1
Exit condit ion code 1-5-7
Ex i t cond i t ion reg is ter 1 -5-7
Exit mode conditions 1-5-6,7
Exit mode selection bits 1-2-5; 1-5-6; II-5-1
Extended core storage II-1-2
Extended deadstart I1-2-1
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Extended memory II-1-2
Extended' purge control II-4-2
External in ter face 1-2-11
External interface,IOU 1-1-4
FLC reg is te r 1 -1 -3 ; 1 -2 -5 ; I I - l - l ; I I -4 -4 ; I I -5 -2
FLE reg is te r 1 -1 -3 ; 1 -2 -5 ; I I - l - l ; I I -4 -4
FREQ MARGIN switch II-2-1
Fault status mask register Read 1-5-26
Fault status mask register 1-5-28,30
Fault status registers 1 and 2 1-5-28,31,32;

I I -3-3
Fixed-po in t ar i thmet ic 1-5-4
Fixed-point arithmetic Normalized nunbers 1-5-4
Fixed-point arithmetic Overflow 1-5-4
Fixed-point to floating-point conversion 1-4-10
F lag reg is te r 1 -1 -3 ; 1 -2 -5 ; I I - l - l ; I I -5 -2
Flag register operat ions 1-4-1; I I-5-1
Float ing div ide instruct ion 1-4-14
Floating double-precision difference instruction

1-4-11
Floating double-precision sun instruction 1-4-11
Floating double-precision product instruction

1-4-13
Float ing product instruct ion 1-4-12
Floating-add instruction sequence 1-2-2
Floating-add sequence 1-2-2
Floating-divide instruction sequence 1-2-2
Floating-divide sequence 1-2-2
Floating-mult iply instruction sequence 1-2-2
Floating-mult iply sequence 1-2-2
Float ing-po in t ar i thmet ic 1-5-2

Fo rma t 1 -5 -2
Pack ing 1 -5 -2
I n d e fi n i t e 1 - 5 - 3
Underflow 1 -5 -3
Double-prec is ion 1-5-4
Nonstandard operands 1-5-4
Normalized nunbers 1-5-4
Rounding 1-5-4
O v e r fl o w 1 - 5 - 5

Float ing-point d i fference instruct ion 1-4-11
Float ing-point sun instruct ion 1-4-10
Floating-point to fixed-point conversion 1-4-10
Form mask instruction 1-4-14
Framing error 1-5-23
Frequency margin II-2-1
Fu l l r eg i s te r flag 1 -5 -15
Funct ion inst ruct ion 1-4-30
Func t i ona l 1 -1 -2
Funct ional character is t ics 1-1-2
Funct ional descript ions 1-2-1
Graphic mode 1-5-20
Halt CP 1-5-26
Hando f f s ta te I I - 3 -1
Hardware Initialization and Verification Software

I I -3-1
Hardware error bit 1-2-5
Hardware error exit modes II-5-1
Hardware errors 1-5-6,7; 1-5-7
Hardware overview II-1-1
I/O Channels 1-2-8,11

A c t i v a t e 1 - 5 - 1 5
Ac t i ve / i n a c t i ve 1 -5 -1 5
Communications 1-5-14
External interface 1-1-4; 1-2-11
I n i t i a l s t a t e 1 - 3 - 3 ; I I - 3 - 2

I n t e r n a l i n t e r f a c e 1 - 1 - 4
Opera t ion 1 -5 -15
P a r i t y 1 - 5 - 1 4
Reserva t ion 1 -5 -14

I / O t r a n s f e r s 1 - 5 - 1 7
IOU Maintenance Panel 1-3-3

Barre l and s lo t 1-2-8,10
D e a d s t a r t 1 - 2 - 8
D i f f e r e n c e s I I - 1 - 1 , 2
Funct iona l character is t ics 1-1-2 ,3
Funct iona l descr ip t ion 1-2-8 ; I I -1-1
I/O channels 1-1-4
I n i t i a l i z a t i o n 1 - 2 - 8 ; 1 - 3 - 3 , 4
I n t e r n a l i n t e r f a c e 1 - 1 - 4
MCH function word 1-5-26
Maintenance registers 1-5-28; I I -3-3
PPs 1-1-4 ; 1 -2-8
Reconfigura t ion 1 -3 -3 ,4
Te s t i n g I I - 2 - 1

I l l e g a l i n s t r u c t i o n s 1 - 4 - 3 , 4
I l lega l ins t ruc t ions Er ro r ex i t 1 -5 -6 ,7 ; I I -5 -1
In r ange 1 -4 -4
Inact ive channel 1-5-15
Increment instruction sequence 1-2-2
Increment sequence 1-2-2
I n d e fi n i t e 1 - 4 - 5
I n d e fi n i t e e r r o r 1 - 5 - 7
Indefini te operand error 1-2-5; I I -5-1
I n d e fi n i t e , fl o a t i n g - p o i n t 1 - 5 - 3
Indexed 12-bit address 1-5-13
Indexed direct address instructions 1-5-13
I n d i c a t o r s 1 - 3 - 1
Ind i rect 6-b i t address 1-5-13
Indirect address instruct ions 1-5-13
Infini te operand error 1-2-5; 1-5-7; I I -5-1
In i t i a l deads ta r t d i sp lay I1 -2 -1
I n i t i a l i z a t i o n r o u t i n e s I I - 2 - 1

C M I I - 3 - 2
C P I I - 3 - 2
I / O c h a n n e l s I I - 3 - 2
IOU 1-2-8 ; 1 -3-3 ; I I -3 -1
Maintenance registers 11-3-1,2
PP memory II-3-2
P P s I I - 3 - 2
R r e g i s t e r I I - 3 - 2
S y s t e m I I - 1 - 1 ; I I - 3 - 1

Input data par i ty error 1-5-15
Input from channel instruction 1-4-29
Input sequence 1-5-17
Instruction control sequences 1-2-1
Inst ruct ion descr ip t ions 1-4-2; 11-4-1,2

p p 1 - 4 - 2 2
C P 1 - 4 - 2

Instruct ion differences II—1—1; I I-4-1
Instruction execution times, CP 1-4-19

P P 1 - 4 - 3 1
Instruction execution times II—1—1
Ins t ruc t ion fo rmats , 1 -4 -1
Instruct ion lookahead 1-1-2; 1-2-1; I I -4-2
Ins t ruc t ion s tack purge flag I I -5-2
Instruction word designators, CP 1-4-2

P P 1 - 4 - 2 2
Instruct ion word format 11-4-1,2,3

P P 1 - 4 - 2 2
C P 1 - 4 - 1

00&^
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Instruct ion, Activate channel 1-4-30
Add ' 1-4-24,25,26,27
Branch 1 -4 -4
CM read 1-5-13
CM write 1-5-13
CMU 1-4-15,* II-4-1
Central exchange jump 1-4-3
Central read 1-4-28
Cent ra l wr i te 1-4-28
Clear channel flag 1-4-29; I I-1-2; I I-4-3
Compare collated 1-4-15; 1-5-6
Compare uncoilated 1-4-16; 1-5-6
Compare/move 1-4-15; II-4-1
Complement 1-4-6,7
Deactivate channel 1-4-30
Direct read/wri te of CM 1-5-7; I I - l - l ; I I -4-1
Direct read/wri te of UEM 1-5-7; I I - l - l ; I I -4-1
Error exit to MA 1-4-2
Exchange junp 1-4-25
Float ing d iv ide 1-4-14
Floating double-precision sum 1-4-10
Floating double-precision difference 1-4-11
Floating double-precision product 1-4-13
Float ing product 1-4-12
Float ing-point sun 1-4-10
Float ing-point d i f ference 1-4-11
Form mask 1-4-14
Function on channel 1-4-30
I l l e g a l 1 - 4 - 3 , 4
Input from channel 1-4-29
Integer d i f ference 1-4-12
Integer sun 1-4-12
Interrupt to executive mode 1-4-2
Jump 1-4-2 ,3 ,4
Jump if channel active 1-4-28
Junp if channel empty 1-4-29
Junp if channel error flag clear/set 1-4-29
Jump if channel full 1-4-29
Jump if channel inactive 1-4-28
Jump if channel error flag set II-4-3
Junp if channel error flag clear I I-4-4
L e f t s h i f t 1 - 4 - 7 , 8
Load 1-4-24,25,26
Load R register 1-4-24
Load complement 1-4-24
Load/store R register 1-5-13; II-4-2
Logical difference 1-4-6; 1-4-23,25,26,27
Logical product 1-4-6; 1-4-24,25
Log ica l sun 1-4-6
Long jump 1-4-23
Minus jump 1-4-23
Monitor exchange junp 1-4-3,25,26
Monitor exchange jump to MA 1-4-25
Move direct 1-4-15; 1-5-6
Move indirect 1-4-15; 1-5-6
Nonzero jump 1-4-23
Normal ize 1-4-9
Output on channel 1-4-30
Pack 1 -4 -10
Pass 1-4-14,23,25
P a s s I I - 4 - 3
Plus jump 1-4-23
Populat ion count 1-4-16
Read word from UEM 1-4-3; II-4-1
Read word from CM 1-4-18; 1-5-7; II-4-1
Replace add/one 1-4-25,26,27
Replace subtract one 1-4-25,26,27

Return jump 1-4-2,23
R i g h t s h i f t 1 - 4 - 7 , 8
Round floating sum 1-4-11
Round floating difference 1-4-12
Round floating product 1-4-13
Round floating divide 1-4-14
Round normalize 1-4-9
Selec t ive c lear 1-4-24
Set A i 1 -4 -16 ,17
S e t B i 1 - 4 - 1 7
S e t X i 1 - 4 - 1 8
Set /c lear channel er ror flag I I -4-3
Set /c lear channel flag I I -4 -3
S h i f t 1 - 4 - 2 3
Sto re 1 -4 -25 ,26 ,27
Store R register 1-4-25; 1-5-13; I I-4-2
Subtract 1-4^24,25,26,27,28
Test and set channel flag 1-4-28; II-1-2;

I I -4-3
Transmit complement 1-4-6
Transmit word register to register 1-4-6
U E M I I - 4 - 1
Uncondit ional jump 1-4-2,3,4,23
Unpack 1-4-10
Write one word to UEM 1-4-3; II-4-1
Write word into CM 1-4-18; 1-5-7; II-4-1
Zero jump 1-4-23
PP 1 -4 -22 ; I I - 4 -2

In teger ar i thmet ic 1-5-6
Integer d i fference instruct ion 1-4-12
Integer sum instruction 1-4-12
Inter-PP communications 1-5-14
Internal interface, IOU 1-1-4; 1-2-11
Interrupt to executive mode instruction 1-4-2
Jump if channel empty instruction 1-4-29
Jump if channel error flag clear instruction

1-4-29
Jump if channel error flag set instruction 1-4-29

I I -4-3
Jump if channel error flag clear instruction

I I -4 -4
Jump if channel ful l instruction 1-4-29
Jump if channel inactive 1-4-28
Jump instruct ions 1-4-2,3,4
K regis ter, PP 1-2-9
Keyboard character codes 1-5-20
LCME I I -4 -1
LONG/SHORT DEAD START control switch 1-3-3
Leas t s ign ifican t b i t 1 -4 -1
L e f t c i r c u l a r s h i f t 1 - 4 - 7
L e f t s h i f t i n s t r u c t i o n 1 - 4 - 7 , 8
Load R register 1-4-24; 1-5-13; II-4-2
Load complement instruction 1-4-24
Load instruct ion 1-4-24,25,26
Lockout time, maximum request 1-2-6
Logical barrel 0 select ion 1-3-1,3
Logical d i fference instruct ion 1-4-6,7,24
Logical product instruct ion 1-4-6,7,24
Logical sum instruct ion 1-4-6,7
Long jump instruction 1-4-23
Long-add instruct ions 1-2-3
Long/short deadstar t I I -2-1
Long/short deadstart sequence 1-3-1,3
Lookahead, instruction 1-1-2; 1-2-1; I I-4-2
MA register 1-1-3; 1-2-5; 1-5-2; II-1-1
MOS 1-1-3
Mainframe configuration 1-1-1
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Maintenace Channel interface. Initialization
1-5-25

Maintenace Channel interface, Read/Write 1-5-26
Maintenace Channel interface, Internal addresses

1-5-28,29
Maintenace Channel interface. Description II-1-2
Maintenace Channel interface, Initial state

11-3-1,2
Maintenance Panel, IOU 1-3-3
Maintenance access control 1-2-1,11; 1-5-25
Maintenance channel 1-2-11; 1-5-25; II-3-1
Maintenance channel interface 1-1-4; 1-2-6,9,11;

1-5-25; II-1-2
Maintenance channel interface Function words

1-5-26
Maintenance channel interface Control words 1-5-26
Maintenance channel interface Programming 1-5-26
Map corrected error log register 1-5-29,36; II-3-2
Marker flag, channel 1-5-15
Mask designator 1-4-2
Masking word 1-4-14
Master clear 1-3-3,4; 1-5-2
Master clear Maintenance channel 1-5-28
Master clear Two-port multiplexer 1-5-22
Memory, Addressing II-4-4

Addressing reconfigured CM II-4-4
CM configuration switches II-2-2
CM reconfigurat ion 1-2-8; I I -2-2
E x t e n d e d I I - 1 - 2
Map 1-5-7 ,12; I I -3 -1 ; I I -4 -4
P P 1 - 2 - 9
PP reconfigurat ion 1-2-9; I I -2-1

Microcode 1-5-2; 11-1-1,2; I I-3-1
Microcode In error handling II-5-1
Microcomputer I I -2-1
Microprogrammable II—1—1
Minus jump instruction 1-4-23
Mode selection bits 1-5-6; II-5-1
Modes of operation 1-4-2; II-4-1
Monitor condit ion register 1-5-29
Monitor exchange jump instruction 1-4-3,26; II-2-1
Most s ign ificant b i t 1 -4-1
Move direct instruction 1-4-15; 1-5-6
Move indirect instruction 1-4-15; 1-5-6
N e g a t i v e 1 - 4 - 4
No address instructions 1-5-13
Nonstandard operands 1-5-4
Nonzero junp instruction 1-4-23
Normal jump instruction sequence 1-2-3
Normal jump sequence 1-2-3
Normal ize instruct ion 1-4-9
Normalize operations 1-2-2; 1-4-9; 1-5-4
Normalized nunbers, Fixed-point 1-5-6
Normalized nunbers, Floating-point 1-5-4
Not equal to zero 1-4-4
Offset designator for compare/move 1-4-2,15
One's complement addition/subtraction 1-2-2
Opcode designator 1-4-2
Operand designator 1-4-2
Operat ing d i f ferences I I -2-1
Operating instructions/procedures 1-3-1,3
Operating modes 1-4-2; II-4-1
Operating registers 1-1-3; 1-2-4; II—1-1
Operation code 1-4-2
Options installed register. Read 1-5-26

IOU 1-5-28,30; I I -3 -3
CM 1-5-28; I I -3-2
C P I I - 3 - 2

Out of range 1-4-5
Output data pari ty error 1-5-15
Output on channel instruction 1-4-30
Output sequence 1-5-17
Over run 1-5-23
Overflow, F ixed-po in t 1 -5-4
Overflow, F loa t ing-po in t 1 -5 -3
P register, CP 1-1-3; 1-2-4; I I -1-1

P P 1 - 2 - 9
PORT OPTIONS switch 1-3-3
P P 1 - 1 - 4 ; I I - 1 - 1
PP Program timing considerations 1-5-14
PP SELECT controls 1-3-1,14,5

Access to CM 1-2-11
Address ing 1 -5 -13 ; I I -4 -4
B a r r e l s 1 - 1 - 4 ; 1 - 2 - 8 ; I I - l - l
CM read/write instructions 1-5-13
Communications 1-5-14; II-4-4
Data format 1-4-22
D e s c r i p t i o n 1 - 2 - 8
Execution t imes 1-4-31
I n i t i a l i z a t i o n 1 - 3 - 3 , 11 ; I I - 3 - 2
Instruct ion word format 1-4-22; I I -4-2
I n s t r u c t i o n s 1 - 4 - 2 2 ; I I - 4 - 2
Load R reg is te r I I -4 -2 ;
Memory (PPM) 1-2-9
Memory reconfiguration 1-2-9; I I-2-1
Numbering 1-2-9; I I -2-1
P a s s i n s t r u c t i o n I I - 4 - 3
Programming 1-5-13
Reconfigura t ion 1 -3 -4 ; I I -2 -1
Reg i s te r d i sp l ay I I - 2 -1
Reg is te rs 1 -2-9 ; 1 -3-4
Relocation register format 1-4-22
Se lec t ion con t ro ls 1 -3 -1 ,4 ,5
Se t channe l flag I I -4 -3
S to re R reg i s te r I I - 4 -2
To PP communications 1-5-14
Word I I -1 -1

PPM by PPs 1-5-13
Pack ins t ruc t ion 1 -4 -10
Pack/unpack instructions 1-2-2; 1-4-10
Packing nunbers 1-5-2
Page map II—1—1
Parce ls 1 -2-1 ; 1 -4 -1
Par i t y e r ro rs 1 -5 -7 ,15 ,23 ; I I -4 -4
Par i t y, channe l 1 -5 -14
P a r t i a l o v e r fl o w 1 - 5 - 3
Par t i a l unde rflow 1 -5 -3
Pass inst ruct ion 1-4-14,25; I I -4-3
Phased-bank operation 1-2-6
P h y s i c a l 1 - 1 - 1
Phys ica l character is t ics 1-1-1
Phys ica l sw i tches I I -2 -1
Plus jump instruct ion 1-4-23
Populat ion-count instruct ions 1-2-2; 1-4-16
P o r t p r i o r i t y 1 - 2 - 6
Ports, CM 1-2-6
P o s i t i v e 1 - 4 - 4
P o w e r - o f f I I - 2 - 1
Power-off procedures 1-3-3
Power -on I I - 2 -1
Power-on procedures 1-3-3
Processor fault status register 1-5-29,35; I I-3-2
Program Address, In RAC II-5-1

R e a d i n g I I - 4 - 3
Reg is te r, CP 1-1-3
Reg is te r, PP 1 -2 -9
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Program timing considerations, PP 1-5-14
Program word format 1-4-1
Programming differences II-4-1
Programming information 1-5-1
Purge con t ro l I I - 5 -2
Purge instruction lookahead buffers II-4-2; II-5-2
Q register, PP 1-2-9
Quadrant, select field 1-2-6
R register 1-2-8,11; 11-1-1,2
R register. Clear instruction II-4-2

F o r m a t i o n I I - 4 - 4
In address format ion I I -4-4
I n i t i a l s t a t e I I - 3 - 2
Load inst ruct ion 1-5-13
Store ins t ruc t ion 1 -5 -13 ; I I -4 -3

RAC 1-5 -7 ; I I -5 -2
RAC register 1-1-3; 1-2-4; I I -1-1; I I -4-4; I I -5-1
RAE reg is ter 1-1-3 ; 1-2-5 ; I I - l - l ; I I -4 -4
RECONFIGURATION, BARREL controls 1-3-1,4,5

PPM control 1-3-1,4,5
REGISTER SELECT switch 1-3-2
ROM 1-3-3; I I -2-1
Range error bi t 1-5-7
Ranks 1 -2 -8
Read maintenance registers 1-5-26
Read status summary 1-5-22,25,26
Read terminal data 1-5-22
Read word from CM instruction 1-4-18; 1-5-7;

II-4-1
Read word from UEM instruction 1-4-3; II-4-1
Read-only memory 1-3-3; II-2-1
Real-time clock interface 1-1-4; 1-2-11
Real-time clock interface Programming 1-5-22
Reconfigurat ion 1-3-1 ,4 ,5
Reconfiguration controls PP 1-3-4,5
Reconfiguration switches 1-2-8
Reconfiguration switches CM 1-3-2; II-2-2
Reconfiguration, CM 1-2-8; 1-3-2; II-2-2
Reconfiguration, PP 1-2-9; 1-3-4; II-2-1
Reconfigured CM II-4-4
Reconfigured memory, addressing II-4-4
Recovery deadstart II-3-1
Register designator 1-4-2
Register empty flag 1-5-15
Reg is te r fu l l flag 1 -5 -15
Register greater than or equal 1-4-5
Register less than 1-4-6
Registers equal 1-4-5
Registers not equal 1-4-5
R e g i s t e r s 1 - 2 - 4

A, CP 1-1-3; 1-2-4; 1-4-16; II-1-1
A , PP 1 -2 -9
B 1-1-3; 1-2-4; 1-4-17; I I -1-1
CP 1-1-3; 1-2-4
Compare/move support 1-2-3
Di f fe rences I I -1 -1
E M 1 - 1 - 3 ; 1 - 2 - 5 ; I I - l - l
FLC 1-1-3 ; 1 -2-5 ; I I - l - l ; 11-4-3 ,4 ; I I -5 -2
F L E 1 - 1 - 3 ; 1 - 2 - 5 ; I I - l - l ; I I - 4 - 4
F lag 1 -1 -3 ; 1 -2 -5 ; I I -1 -1
General descript ion 1-1-3
I n i t i a l s t a t e 11 - 3 ^ 2
K 1 - 2 - 9
MA 1-1-3 ; 1 -2-5 ;
Maintenance 11-3-1,2
Operat ing 1-1-3; 1-2-4
P, CP 1-1-3; 1-2-5; I I -1-1

P, P P 1 - 2 - 9
P P 1 - 2 - 9 ; I I - 2 - 1
Q 1 - 2 - 9
R 1-2-9,11; 1-5-13; 11-1-1,2; I I -4-2,4
RAC 1-1-3; 1-2-4; I I -1-1; I I -4-4; I I -5-2
RAE 1 -1 -3 ; 1 -2 -4 ; I I - l - l ; I I - 4 -4
Suppor t 1-1-3; 1-2-4
X 1 -1 -3 ; 1 -2 -4 ; 1 -4 -18 ; I I - l - l

Relat ive address 1-5-7
Relative address formation 1-5-7
Relocat ion register 1-5-13; 11-1-1,2
Replace add instruction 1-4-25,26,27
Replace add one instruction 1-4-25,26,27
Request lockout time, maximum 1-2-6
Request to send 1-5-22,23,24
Reservation, channel 1-5-14
Retry corrected error log register 1-5-29,35
Return jump instruction 1-4-2,23
Return Jump instruction sequence 1-2-4
Return jump sequence 1-2-4
R igh t c i r cu la r sh i f t 1 -4 -7
R igh t sh i f t i ns t ruc t ion 1 -4 -7 ,8
Round floating difference instruction 1-4-12
Round floating divide instruction 1-4-14
Round floating product instruction 1-4-13
Round floating sum instruction 1-4-12
Round normalize instruction 1-4-9
Round operation 1-4-9; 1-5-4
Rounding, float ing-po in t 1-5-4
Row select fie ld 1-2-6
SECDED 1-2-6,7
SECDED code bits 1-2-7
SECDED errors 1-5-7
SWEEP/LOAD/DUMP switch II-2-1
SYSTEM CLOCK switch 1-3-3
S e c t i o n 1 - 1 - 3
Segment map II—1 —1
Select ive c lear instruct ion 1-4-24
Selector, Baud Rate 1-5-24
Sel f -modi fy ing code I I -4-2
Set Ai inst ruct ion 1-4-16,17
Set channe l flag I I -4 -3
Se t i ns t ruc t i on 1 -4 -17
Set instructions, A Registers, CP 1-4-16
Sh i f t des igna to r 1 -4 -2
Sh i f t i n s t r uc t i on 1 -4 -23
Shift instruct ion sequence 1-2-2
Shif t sequence 1-2-2
Short deadstart sequence 1-3-1,3; II-2-1
Single word t ransfers I I -4-1
S i n g l e - b i t e r r o r s 1 - 2 - 6
S ing le -p rec is ion 1 -5 -4
S o f t w a r e I I - 1 - 2
Sof tware er rors , 1-5-6,7; I I -5-1

0 0 i n s t r u c t i o n I I - 5 - 1
Address out of range error 1-5-6,7; II-5-1
I l l e g a l i n s t r u c t i o n 1 - 5 - 6 , 7 ; I I - 5 - 1
Indefin i te va lue 1 -5 -7 ; I I -5 -1
I n fi n i t e v a l u e 1 - 5 - 7 ; I I - 5 - 1

S t a c k 1 - 2 - 1
Stack purging bi t 1-2-5
Star t CP 1-5-26
Status register 1-5-28,29,31
Status summary register. Read 1-5-22,25,26

IOU 1-5-28,29; I I -3 -3
CM 1-5-28,33; I I -3-2
CP 1-5-29 ,35 ; I I -3 -2
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Sta tus / con t ro l r eg i s t e r s I I - 1 -2
Store R register 1-4-25; 1-5-13; II-4-2
Subtract instruct ion 1-4-24,25,26
Support registers 1-1-3; 1-2-4
switches. Memory configuration 1-2-8; 1-3-2;

I I - 2 -2
Syndrome codes 1-2-7
System description 1-1-1
System init ial ization II—3—1
TPM interface Input data 1-5-24
TPM interface Operation 1-5-22
TPM interface Ouput data 1-5-24
TPM interface Programming 1-5-22
Telephone Dial-Out Equipment 1-2-11
Terminal deselect function 1-5-22
Terminal operation mode 1-5-22
Terminal select function 1-5-22
Test and set channel flag instruction 1-4-28;

I I -1-2; I I -4-3
Test mode control register 1-5-26
Time-of-Day/Data Clock 1-2-11
Timing considerations, Channel 1-5-15

Disp lay s ta t ion 1-5-21
P P 1 - 5 - 1 4

Transfer b locks 1-5-7
r T r a n s f e r s i n g l e w o r d s 1 - 5 - 7 ; I I - 4 - 1
■ T r a n s f e r t i m i n g 1 - 5 - 1 5

Transfer word register to register 1-4-6
Transfers , I /O 1-5-17
Transmit complement instruction 1-4-6
Two-port multiplexer interface 1-1-4; 1-2-11;

I I - 1 -2
UART 1-5-23
UEM block copy sequence 1-2-3

Block copy instruction sequence 1-2-3
Block copy instructions 1-2-3; 1-5-7; II-4-1
Descr ip t ion 1-1-2; 1^2-6,8; I I -1-2

0 ^ - - 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 1 - 5 - 7Enable flag 1-2-5; I I -4-1; 11-5-1,2
I n s t r u c t i o n s 1 - 2 - 3 ; I I - 4 - 1
M a p I I - 4 - 4
Read one word from 1-5-7
Write one word to 1-5-7

Uncondit ional junp instruction 1-4-2,4,23
Uncorrected error log registers. Write to 1-5-26
Uncorrected error log registers 1 and 2, CM

1-5-28,33,34
Uncorrected error log registers 1 and 2 II-3-3
Uncorrected hardware errors II-3-3; II-5-1

r U n c o r r e c t e d p r o c e s s o r - r e l a t e d e r r o r s I I - 5 - 1Underflow, floa t ing-po in t 1 -5 -3
Universal Asynchronous Receiver and Transmitter

1-5-23
Unpack instruction 1-4-10; 1-2-2
Word Boundaries II-4-1

C M I I - l - l
I n s t r u c t i o n 1 - 4 - 1
P P I I - 1 - 1

Write maintenance registers 1-5-26
Write output buffer 1-5-22
Write word to CM instruction 1-4-18; 1-5-7; II-4-1
Write word to UEM instruction 1-4-3; II-4-1
X reg is ters 1-1-3 ; 1 -2-4 ; 1 -4-2 ; I I - l - l
X registers, Set instruct ion 1-4-18
Zero jump instruction 1-4-23
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