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CYBEﬁ HARDHARE FOR AMALYSTS

ﬁESCRIPTION: This course provides to the software analyst a detailed
explanation of the functioning of the Cyber 70 and 170 series main-

frames. Upon completion of this co
program the CPU and PPU more effici
problems more effectively and to be

Engineer,

ARE-REQUISTES: CP Compass, PP Compass

’ .

urse the student will be able to
ently, analyse and solve system
tter communicate with the Customer

" COURSE CONTENT

i
HARDWARE CONFIGURATION
- Detailed block diagram
- Signal and data flow
COMPUTER MATHEMATICS

- Complement arithmetic
- Boolean algebra

= Floating point

HARDWARE COMPONENTS

- Logic symbology

- Registers, adders, function
-> translators, shifters.

= Core & MOS memory operation

PERIPHERAL PROCESSOR ORGANIZATION

Barrel & slot concept

- Storage sequence control

Trip counter, barrel & slo* paths
PPU instructions, flow charts

PERHIPERAL EQUIPMENT CONTROLLER

3000 Series controllers

6000 Series controllers

Buffer Controller types
Processing of connect, functton
status, interrupts, faults, data.

'CHANNEL OPEPATION

= Control Signal and data flow
- Data channel converter

- Instruction flowcharts

- Status & control

- Deadstart

CENTRAL MEMNRY

- Organization, addressing, phasina-
- Timing access priorities

- PPU to CM communication

- Exchange jump

CENTRAL PROCESSOR

Organization .
Instruction Control timina
Memory referencing instructions
Floating point operation
Compare move operation

Other types of instructions

EXTENDED CORE STOPAGE

- Organization, addressing, phasing
= Access, degradation, flag register
- Controller coupler transfer rates
- Distributed datapath operation



MODEL 174 SYSTEM

.

.

The model 174 basic computer system (figure 1-12)
is functionally similar to model 173, except that the

.

’

CENTRAL PROCESSOR-0

COMPARE/

LARGE SMALL
ARITHMETIC | ARITHMETIC MOVE
SECTION SECTION UNIiT

system provides faster operation.

Model 174 dif-

fers basically from model 173 by having a second
CP. The ECS, CM, PPS, and [/O options are the
same as for model 173.
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SECTION SECTION UNIT
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A
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SUBSYSTEM

EXTENDED CORE STORAGE

DISTRIBUTIVE
DATA PATH

ONE 1/0
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| CENTRAL F

b

MEMORY
CONTROL

PROCESSOR T

DISPLAY P SUBSYSTEM-| ’ ]
STATION SUBSYSTEM-O0 7t 10) 3
3 r'y
) ARSNGB ~ PO
TWO DATA CHAN TWO I/0 TWO DATA C
CONVERTERS CHANNELS TWO 1/0 CONVERTERS
{FOR 3000-TYPE g CHANNELS  (FOR 3000-TYPE g ®
® EQUIPMENT ) EQUIPMENT)
‘ NINE I/0 CHANNELS TEN I/0 CHANNELS N
, NOTES:
{ 3ARIZ0
() OPTIONAL EQUIPMENT.
(@ TWO PORTS AVAILABLE FOR USE BY OTHER SYSTEMS OR DISTRIBUTIVE DATA PATHS.
|~ (® THREE PORTS AVAILABLE AS OPTIONS FOR USE BY OTHER SYSTEMS.
i
| (@ EXTERNAL DATA CHANNEL CONVERTERS MAY BE ADDED IN ADDITION TO THOSE IN PPS-0 AND PPS-1.
[ (® PERIPHERAL EQUIPMENT.
| ! Figure 1-12, Model 174 Computer System
*
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MODEL 175 SYSTEM

The model 175 basic computer system (figure 1-13)
is functionally similar to model 173 and its options
except in the CP. In place of the serial CP, the

model 175 CP contains nine functional units, a cen-

- o - - — - —— — — — —— — — — - o m— e

tral processing unit (CPU), and the CMC. The nine
functional units operate in parallel as independent
specialized arithmetic units, providing maximum
overlap of instruction retrieval and execution. The
basic model 175 has two CSUs that provide 16
independent banks of memory.
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CHANNEL (*  IPHERAL | 4 | PERIPHERAL 1, &
) : £ = PROCESSOR  ¢* -
OISPLAY DISPLAY PROCESSOR . y< SUBSYSTEM-1 | %
STATION CONTROLLER SUBSYSTEM-0 L3 G E
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EQUIPMENT)
NINE I/0 CHANNELS

I 3

NOTES:
(@ OPTIONAL EQUIPMENT.
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TWO DATA CHAN

@‘,

TWO I/0 CONVERTERS
CHANNELS (FOR 3000-TYPE @ @
EQUIPMENT)

TEN I/0 CHANNELS

Y

3ARIeE

@ TWO POR(S AVAILABLE FOR USE BY OTHER SYSTEMS OR DISTRIBUTIVE DATA PATHS.

@ THREE PORTS AVAILABLE AS OPTIONS FOR USE BY OTHER SYSTEMS.

@ EXTERNAL DATA CHANNEL CONVERTERS MAY BE ADDED IN ADDITION TO THOSE IN THE PPS.

(® PERIPHERAL EQUIPMENT.

@ OPTIONAL EQUIPMENT FOR MODELS 175A AND 1758. NOT AVAILABLE FOR MODEL 175C

Figure 1-13, Model 175 Computer System
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MODEL 176 SYSTEM

The model 176 basic computer system (figure 1-14)
is functionally similar to model 175 in the areas of
the CP and PPS. Model 176 differs basically from
model 175 in the use of an LCME option in the basic
system instead of havmg an ECS option, The CM is

CENTRAL PROCESSOR

still optwnally expandable but does not have separate
CSUs as in other models. The CM and LCME each

contain their own control functions.
differences include the option of adding from 4 to a

Other major

total of 13 PPUs, an I/O multiplexer, and a logic

scanner to permit PPS communication with the PPUs.
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@ BASIC CM CONTAINS 16 INDEPENDENT BANKS OF 8, 192 60-81T WORDS EACH AND 1S EXPANDABLE TO 12,288 10

16,384 WORDS.

@ BASIC LCME CONTAINS 2 INDE PE NDENT BANKS OF 262, 144 60-8IT WORDS AND 1S EXPANDABLE TO 4 OR 8 INDEPENDENT

BANKS OF 262, 144 WORDS PER BANK.

@ ADDITIONAL DATA CHANNEL CONVERTERS MAY BE ADDED EXTERNALLY TO PPS-0 AND PPS-1.

(®) PERIPHERAL EQUIPMENT.

@ ADDITIONAL PERIPHERAL PROCES:O% UNITS ARE OPTIONAL. .

@ ONE CHANNEL FOR INTER-PPU commumcunows AND O

Figure 1-14. Model 176
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FUNCTIONAL CHARACTERISTICS

Tables 1-2 through 1-6 summarize the functional characteristics of the CP, CM, PPS, and data address and

checking for each system.

// ’

TABLE 1-2, CENTRAL PROCESSOR FUNCTIONAL CHARACTERISTICS
Models

Functional Characteristics 171 172 173 174 175 176
60-bit internal word X X X X X X
Computatmn in fixed- and floating-point arithmetic X X x X X x
Eight 60-bit operand X reglsters X x x ‘X x x
Eight 18-bit address A registers X X X x X x
Eight 13-bit index B registers x x e X X x
Character manipulation by éompare/move instructions * X x b4 - -
Sync(lﬁonous internal logic with a 50-nanosecond clock
peci X b4 X x - -
Synchronous internal logic with a 27. 5-nanosecond
clock period - - - - - x
Large and small arithmetic sections x X X x - -
Synchronous internal logic with a 25-nanosecond clock
period - - - - x -
12-word iinstruction’ word stack - - - - x x
Nine functional units - - - - x x
x Standard 3
- Not available
* Optional

TABLE 1-3. CENTRAL MEMORY FUNCTIONAL CHARACTERISTICS

— Model
Functr.onal Charactemsttcs 171 172 173 174 175 176
400-nanosecond cycle time for all models except model X x X X X - i
175C series 300 which has a 300-nanosecond cycle time
165-nanosecond cycle time for write, 82.5-nanosecond
cycle time for read - - - - - x
Ma.ximum transfer rate of one word each 50 nanoseconds x x X x X -
Maxifnum ransfer rate of one word each 27.5 nanoseconds| - - - - - x
Semtconduc‘:tor memory of 65,536 words (60-bit words
plus eight g¢rror detectlon/correctlon bits per word);
expandabl | to 98.304; 131,072; 196,608; and 262, 144
words X x x X - -
Semiconductor ::--nory of 131,072 words (60-bit words
plus eight error d--rection/correction bits per word);
expandable to 196,508 and 262, 144 words - - - - x X
Organized into -ight independent banks per CSU X X X x - -
.
Organized into 16 independent banks - - - - x x
x Standard
- Not available
60420000 J 1-11



TABLE 1-4. PERTPHERAL PROCESSOR SUBSYSTEM FUNCTIONAL CHARACTERISTICS

. Model

Functional Characteristics 171 172 173 174 175 176
12-bit internal word X X X x x x
Binary computation in fixed-point arithmetic X X x x X X
Selectable operating speeds of 1X or 2X (1X equals
major cycle of 1000 nanoseconds and minor cycle of
100 nanoseconds; 2X equals major cycle of 500
nanoseconds and minor cycle of 50 nanoseconds) x X x x X x
10 PPs time.-share access to CM X x x x x X
Each PP has an internal semiconductor memory of
4096 words (12-bit words plus one parity bit per word,
odd parity) x X x x x x
12 1/O channels, each accessible by any of the PPs x X x x X x
Status and control register x x X x x x
Real-time clock ' x x x X b4 x
Fach 1/O channel carries 12-bit words plus one parity ) .
bit per word (odd parity) X x x x x x
Expandable from 10 to 20 PPs in increments of 4,3, and 3| = 2 % # * #
and from 12 to 24 1/O channels
x Standard
- Not available
# QOptional

TABLE 1-5. PERIPHERAL PROCESSOR UNIT FUNCTIONAL CHARACTERISTICS

. : Model

Functional Characteristics 171 172 173 174 175 176
12-bit internal word . - - - - - X
Binary computation in fixed-point arithmetic - - - - - X
27.5-nanosecond clock synchronous with CP .- - - - - x
Each PPU has an internal coincident current memory of
4096 words (12-bit words plus one parity bit per word,
odd parity) - - - - - x
Eight bidirectional 1/0 channels dedicated to each PPU - - - - - X

x Standard
- Not available
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TABLE 1-6. DATA AND ADDRESS CHECKING FUNCTIONAL CHARACTERISTICS

Model

Functional Characteristics 171 172 173 174 175 176
Parity check data between CP-0 and CMC X x X x - -
Parity check data between CP-1 and CMC x x - X - -
Parity check data between PPS-0 and cMC x X X x X -
Parity check data between PPS-1 and CMC x x x x X -
Parity check data between ECS and CMC (only if a
parity-enhanced controller is installed) x x x x X -
Single-error correction double-error detection
(SECDED) between CM and CMC X X x X X -
SECDED between CM and co_ntrol - - - - - x
Parity check address from CP-0 to CMC x X x x - -
Parity check address from CP-1 to CMC x x - x - -
Parity check address from PPS-0 to CMC x x x x x -
Parity ci’xeck address from PPS-1 to CMC x X x x x -
Parity cheek address from CMC to CM X X x X X -
Parity check data between CM and control (non-
SECDED mode only). x x x x b X
SECDED b;:tween LCME and LCME control - - - - - X
Parity check data between LCME and LCME control
(non-SECDED mode only) - - - - - x
Parity check on PPS memory data X X x X x x
Parity check on PPU memory data - - - - - X
x Standard
- Not available

)
60420000 H 1-13



DEADSTART

PANEL 7

BAY | BAY 2
| o 'g‘ i - 1L 11 1L nWy
h cp-0 @) ] ®
s-ton |y Pes-o Q@ l Mo csu-t QO 3-TON
CONDENSING CONDENSING
COUNIT e csu-o @ [ [ ees-1 . ®®|| uNT
 omc @ ] f__cr-1 ®06]
g L Il J L —— & J
NOTES:
CHASSIS 2 ALSO CONTAINS TWO DATA CHANNEL CONVERTERS AND A
DISPLAY STATION CONTROLLER.
DISPLAY
(@ Csu-0 Is EXPANDABLE FROM 65,536 TO 98,304 TO 131,072 WORDS. STATION
(® CsSU-1 EXPANDS MEMORY TO 196,608 TO 262. 144 WORDS.
@ WHEN ECS IS INSTALLED, CHASSIS 4 ALSO CONTAINS THE ECS COUPLER.
(® CHASSIS 6 MAY CONTAIN TWO OPTIONAL DATA CHANNEL CONVERTERS.
6aA3D

(® BAY 2 AND CHASSIS 5. 6. AND 7 ARE OPTIONAL.

(D CHASSIS 1 AND § EACH CONTAIN A COMPARE/MOVE UNIT.

IE CHASSIS 5 1S INSTALLED AND CHASS!IS 7 IS NOT INSTALLED, CHASSIS 5

MOUNTS IN THE CHASSIS 7 LOCATION.

Figure 1-3. Model 172 Maximum Chassis Configuration (Top Cutaway View)

Figure 1-4.
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CHASSIS 1 ALSO CONTAINS A COMPARE/MOVE UNIT.

4

DEADSTART
PANEL
7 BAY | BAY 2
-{///////;’;r L A =1
}-,—, ce @ J ®©
3 -TON E’I pps-0  @© ] . CMel> csu-1 @@] 3-TON
CONDENSING : CONDENSING
UNIT | & csu-0 @ | [ ees-1 @@ T
71 CMC @ |
- L J 1 - 1 I1 J L 3
NOTES:
(D CHASSIS 2 ALSO CONTAINS TWO DATA CHANNEL CONVERTERS AND A
DISPLAY STATION CONTROLLER.
DISPLAY
(@ CSU-0 IS EXPANDABLE FROM 65,536 TO 98,304 TO 131,072 WORDS. STATION
® CSU-1 EXPANDS MEMORY TO 196,608 TO 262, 144 WORDS.
(@ WHEN ECS IS INSTALLED, CHASSIS 4 ALSO CONTAINS THE ECS COUPLER.
(® CHASSIS 6 MAY CONTAIN TWO OPTIONAL DATA CHANNEL CONVERTERS.
(® BAY 2 AND CHASSIS 6 AND 7 ARE OPTIONAL. ' 6aa4D

Model 173 Maximum Chassis Configuration (Top Cutaway View)
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MODEL 175 CONFIGURATION

The-models 175 A and B basic configuration (figure
1-6) includes a display station, a stand-alone con-
densing unit, and mainframe bays 1 and 2, which
contain four chassis in bay 1 and three chassis in
bay 2.

The maximum configuration includes one additional
chassis in bay 3. Installation of the optional ECS
requires the addition of a stand-alone cabinet for a
controtler and from one to four cabinets for the
ECS, depending upon the options.

DEADSTART
PANEL
BAY | ) BAY 2
M.l r 10 1 L 1L 1L 4.
N n! csu-0 @
CM - /- cP \
N 5] PPS-0 ®
- 5] 6] 7]
[3'[ csu-1 @ |
ol Q@ |
LT T ’ge T T T U
P
P
S-
]
10 -TON i |
CONDENSING
UNIT ] '
' DISPLAY
STATION
: C 5
NOTES: BAY 3
(D) CHASSIS 2 ALSO CONTAINS TWO DATA CHANNEL CONVERTERS AND A - )
DISPLAY STATION CONTROLLER. .
(@ CSU CHASSIS ARE EXPANDABLE FROM 65.536 TO 98.304 TO 131,072 TO
196, 608 TO 262,144 WORDS.
(® WHEN ECS IS INSTALLED, CHASSIS 4 CONTAINS THE ECS COUPLER. g saase
(@ CHASSIS 10 MAY CONTAIN TWO OPTIONAL DATA CHANNEL CONVERTERS.
(® BAY 3 AND CHASSIS 10 ARE OPTIONAL.

Figure 1-6. DModels 1752 and B Maximum Chassis Configuration (Top Cutaway View)
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The model 175C basic configuration (figure 1-7)

includes a display station, a stand-alone condens-
ing unit, and mainframe bays 1 and 2, which con-
tain four chassis in bay 1 and thrce chassis in bay

2. The maximum configuration has the s/ame bays the options.

i

and chassis except for options added to the chassis.
Installation of the optional ECS requires the addition
of a stand-alone cabinet for a controller and from
one to four cabincts for the ECS, depending upon

DEADSTART
PANEL
’ ; BAY | BAY 2 ‘
-51111[,;[}' 1L— L -
| P csv-0 @ |
CM\'zT pps-0 Q@ /a cP
g esu-1 @ B > 6] 7]
fq rpes-t @ B
L T o & —J L B g N g 1
10~TON
CONDENSING
UNIT ’
DISPLAY
STATION
NOTES:  ~

CHASSIS 2 ALSO CONTAINS TWO DATA CHANNEL CONVERTERS AND A
DISPLAY STATION CONTROLLER.

CSU CHASSIS ARE EXPANDABLE FROM 65,536 TO 98.304 TO 131,072 70
196,608 TO 262,144 WORDS.

@ WHEN ECS 1S INSTALLED, CHASSIS 4 CONTAINS THE ECS COUPLER.

I

.
o

Figure 1-7. Model 175C Maximum Chassis Configuration (Top C-utaway Vi

1-8
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MODEL 176 CONFIGURATION

The model 176 basic configuration (figure 1-8) in-
cludes a display station, two condensing units, a

] stand-alone cabinet with one chassis, and eight

mainframe chassis.

The maximum configuration

includes one additional condensing unit, one addi-
tional chassis in the stand-alone cabinet, and six
additional mainframe chassis.

10-TON 10-TON
CONDENSING CONDENSING
UNIT ® uNIT
POWER 10-TON
DISTRIBUTION CONDENSING
uNIT UNIT
PPU AND
CM CcM (4] CM 1/0 MUX
R®® R@e°® B z B
CM CONTROL
ano cp ®|rru
' ol mi
cp o
® .
7] 5] |
cp -
o] |
LCME
CONTROL
Bl
LCME LCME
ol ©® o
DEADSTART LCME
PANEL
Wllll i @@
2] Ppps-0 |
® 1S PLAY
STATION
fS] _rpps-1 ] GG ol
NOTES:

@ CHASSIS 2 ALSO CONTAINS ONE DATA CHANNEL CONVERTER AND A DISPLAY STATION CONTROLLER.

(2 CHASSIS 4 MAY CONTAIN TWO OFTIONAL DATA CHANNEL CONVERTERS.

(@ CM IS EXPANDABLE FROM 131,072 TO 195,608 TO 262, 144 WCRDS.

(® LCME 1S OPTIONAL BEGINNING AT 524,283 WORDS AND EXPANDABLE TO 1,048.576 OR 2,097,152 WORDS.

@ CHASSIS 4, 11, 12, 15, A1, B1, C1, AND ONE 10-TON CONDENSING UNIT ARE OPTIONAL.

PPU’s ARE OPTIONAL.

SAAI8

Figure 1-8. DModel 176 Maximum Chassis Configuration (Top Cutaway View)
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GLOSSARY

M

BPA
CEJ
CIwW
CcM
CMC
CcP
CPU
CSuU
ECS
EEA
EM
FLC
FLE
FLL
FLS
IAS
IFA
1/0
IWS
LCME
MA
MEJ
MF

60420000 F

Breakpoint address

Central exchange jump

_ Current instruction word

Central memory

Central memory control
Central processor

Central processing unit
Central storage unit

Extended core storage

Exit error address

Exit mode

Field length for CM

Field length for ECS

Field length for LCME

Field length of program for CM
Instruction address stack
Instruction fetch address
Input/output

Instruction word stack

Large core memory extension
Monitor address

Monitor exchange jump

Monitor flag

MOS
NEA
P

PE
PP
PPM
PPS -
PPU
PSD
RAC
RAE
RAL
RAS
RNI
RVM
SAS
SECDED

SRO
SWS

Metal oxide semiconductor
Normal exit address

Program address

Parity error

Peripheral processor
Peripheral processor memory
Peripheral processor subsystem
Peripheral processor unit
Program status designator
Reference address for CM
Reference address for ECS
Reference address for LCME
Reference address for CM
Read next instruction
Reference voltage margin

Storage address stack

Single-error correction double-error

detection
Storage read out

Storage word stack

Instruction designators are defined in
tables 4-1 and 4-7.

3
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~ BINARY ‘ADDITION

RULES: . o . 0 { 1
o +0  *1 + 0 + 4 . =
o i 4 O AND A CARRY

SATISFyY  PASS.  PASS  GENERATE

EXAMPLE:
ofoT+T1[4]0 CARRIES
" [1Tolololls ADDEND
ol 1Tol 110l AUGEND
TT1T1Tolo]o - SUM



L00O ADDER DEFINITTIONS

Stage -~ two-bits from two operands to be arithmetically combined+ of equal binary weight.

Generate - 3@ carry or borrow will be Generated by this stage combination to the next
stage . regardless of it's input

Pass_ - a carry/borrow will be passed to the next stage only if a generate-lnput occurred
at the pass stage : .

Satisfy = a stage combination which does not allow a carry/borrow to be f(npuf to the
next stage ' regardless of input

Generate = a carry {Add>or borrow {Subtract} outputted from-a particular stage or group
Generate-Input - a carry/borrow input ed to a particular stage or group

ADDER E  SUBTRACTOR B
- True T Comp ) True™ — Comp
Generate . X 0 - 8] 1
1 0 : 1. 0
Pass D 10 . 10 01
10 o 10 01
Satisfy 0 1 , L. 0
. — 0 .

Generate Logic

operand =A O O 0 0 0 O O O

0
Operand = B 0 0 0 0 g- 0 0 0 0

|
v 7 \ - VRN v J o\ ) \ / \ /

Grou 5 4. 3 2 L 0
Lroup , C . Y, U — w;

Section M ' 0

Staage




1)

MULTIPLICAND (Md)
X MULTIPLIER (Mr)

PRODUCT (Pr)

MULTIPLY ALGORYTHM

1. Convert Mr and Md to posifive operands. (Note original signs.)

2. Check the LSD of the Mr if it is;

n1n = Add the Md to the Pr
10" ="Add zero's to the Pr (do Nothing)

3. Left shift the Md (shift a zero into the LSD).

4. Right shift the Mr (End Off).

5. Repeat steps 2 through 4 until the Mr is reduced to ncthing. At this point

check the signs of the original Md and Mr if;

Pr is the correct result

# Complement Pr to obtain the correct result,

EXAMPLES
510 X 510 = 2510 =710 X 610 = -4210
Md Mr Pr Md Mr Pr
Start  [000101 650101 000 000 Start 0110 1000 0000
Step 1 000101 000101 000000 Step 1 110 111 000
Step 2 - 000101 000000 Step 2 - 111 000
: + 000101 (4110
005101 110
Step 3-4 | 001010 U010 - Step 3-4 1100 11 -
Step 2 - 00010 000101 Step 2 11 110
+1100
Step 3-4 | ©10100 03¢ -
°p 10100 0 10010
Step 2 - 0001 000101
+ 010100 Step 3-4 11000 1 -
011001 Step 2 - 1 10010
+11000
tep 3-4
Step 101000 101010
t» =
Step 5 f11001 Step 3-4 | 110000 () -
’ Step 5 0101010 -2+-1010101




2a

Je

Ye
5.

DIVIDE ALGORYTHM {WHOLE NUMBERSY}

Write the Divisor {Dv? and the Remainder {Rn} in true form. Set

the sign digit in the quotient to "o" {@ = 0_ . =----}

'Shift the Dv left until it's MSD has the same binary weight as the

MSD OF the Remainder Ro {Note the number of bits that the divisor
is shifted for Quotient correction in Step 5%

Subtract the Divisor from the Remainder if:

a. EAB occursa set the next Quotient digit to "0" and use the
remnainder {minuend} for Step .

b. EAB occurred. set the next Quotient digit to "1™ and use the
difference as the "remainder™ for Step Y.

N

Left shift the Remainder one bit position {Shift in a zero}

Repeat item 3 and 4 until either the desired accuracy has been
achieveds or the remainder in Step 3a has been reduced to zero.
At this point: :

a. Shift the Quotient left the number of places which the
divisor was shifted in Step 2 {This correctly positions the
radix point in the resultl}

b. Check the sign digits of the original remainder and divisora if
they were:

= The Quotient from Step 5~a is the correct result

# Complement the dQuotient from Step 5-ato obtain the correct

result 25 | 31 i
EXAMPLE? DIVIDE 20 = 24 - g
+ 530 ' 56 \
Step Divisor Remainder Quotient
1 0101 D11001 | J—
2 0103100  {Same} {Same} Dv Shift 2
3b {Samel} 0110001
. - 010100
0003201 0. - - -
" {Same? ,0003010 {Same?}
3a {Samel} 0000220
- 00303100
EAB 0 1.0 - -



DIVIDE ALGORYTHM CONT

Step Divisor _Remainder .@Quotient
y {Samel} 0003103100 {Same¥
3b {Same} 00010100

- 030300
o 600000 0 1.0 1 -

§~a.b {Same’} - - 00 %. {LS=-23}



8000 SERIES FLOATING POINT FOR W@

FOLLOWING IS AN EXAMPLE OF HOW A NUM&ER WITHA‘
LARGE MAGNITUDE WOULD BE EXPRESSED IN A 6000
SERIES COMPUTER WORD , |

2?73@@@@O@@@@@@@@@@@@0@@@@@@0@0

WH !CH CAN Bz EXPRESSED
iN CCTAL POWERS OF TWO
I THE FOLLOWING MANNER

AND N THE ©000 FORMAT®
IN THE FOLLOWING MANNE

\

1014 300000000000277 31

ti'.}“";‘“' \ \ 7
. QCOEFFIC!ENT
CEXPON_ENT B T

EXPONENT SIGN
¥ UNSIASED - COEFFICIENT SISN




POSITIVE NUMBER, POSITIVE EXPONENT
2 x 23=20030000000000000002

NEGATIVE NUMBER, POSITIVE EXPONENT
-(2 x 23)=BTTATTTTTTTTITTT7175

POSITIVE NUMBER, NEGATIVE EXPONENT
2 x 2-3=1774000006000060000002

NEGATIVE NUMBER, NEGATIVE EXPONENT
~(2 x 273)=800377T777TTT7TTTITTT5



SOME NOTLS: OF REPRESENTATION OF REAL

NUMBERS IN THE (»C LOOO

Consider each LO-bit word to be numbered from the right from 0 to 59.
For real numbers:, a word is subdivided into 3 parts as shown below.

[ 46 - 56 | 0 - 47 1
tbit 5%};] 11-bit 48-bit '
sign " Biased Exponent Coefficient

Just as with integers, a real number is negative if the sign bit is ).
The negative of a number is obtained by complementations that is: each
‘3-bit becomes 0, and each D-bit becomes 1. For example, the negative
of 171bLbL31ULILNL3LYL3LE {focatl} is LOLLWYLILYL3LUL3LUL2. Now we shall
confine our attention to positive numbars. : .

A Biased Exponent may range from 0000 to 3?77 inclusive {octall}. A
positive real number is indaofinite if its Biased Exponent is 17?7,
regardless of the Coefficient. A positive real number is infinite
if its Biased Exponent is 3777, regardless of the Coefficient. {For
integers: recall that there is no such thing as infinity or inde-
finite.} Real numbers used for multiply or divide a Biased Exponent
of DOOD is zero regardless of the (oefficient.

Each Biased Exponent except 8000: 1777, and 3777 is associated with
o Pumber between -1?7b and 177b foctall}s which we shall call the
exponent. The correspondence is indicated below.

Biased ' _
Exponent aoao’nomljnnae}..‘ ‘L??b!l???;EUDU!EDDl'... |3776 37727
Exponent‘l~~~*ri??bkl??51... iﬂDUll~~-*iDDDDlDUDll... ll??&l~--~

Notice, incidentally, the following nice relationship. If E is

an exponent and C is the corresponding Biased Exponents the Biased
Exponent corresponding to -E is the 11l-bit complement of C. For
example: if E=17?76 {ocatl}; then (=37?7b {octall} = 11112112110 {binary}
The 11l-bit complement of € is 0000000000L {binary} = 000) {octall: ,
which is the characteristic corresponding to an exponent of -177b.

Mow suppose we have a positive real finite: definite number with
coefficient F and Biased Exponent C. Let E be the expongnt assoc-
iated with €. Then the value of our number dg F times 2¥. F is a
48-bit integer:s its value is between o and @2 -1 inclusive.

EXANMPLES

SQ00000000aoionoonn.L 1 timest 20 = 1.0
172204000000000000000 4000000000000000 {foctall} times a-?7 =
27174000000000000000  4000000000000000 {foctal} times 2-18 =
60503000000000000000 the negative of the number above =-0.5
171L52525252525e525¢2 approximately /3

171563046363 UL3 LN approximately 1/5

.0
g.5



The CDC LOOD has instructions to add: subtract, multiply and divide
real numbers. It also has instructions to test whether a real number.
is infinite {the IR and OR instructions} or indefTinite {the DF and ID
instructions}. It is the programmerds responsrbtllty to keep track of
which are integers: accordxngly he chooses the appropriate arithmetic
instructions. Roughly specking: for two real number to be multiplied,
their coefficients should be multiplied and their exponents should be
summed. This is approximately what takes place when a real multipli-
cation {e.g.: FXb X1mX2} is executed. But noLxce this: when two
Ue-bit fractions are multxplxed. the result is a 9b-bit number {possi-
bly with leading zeroes}. Nouw the left-most bits are the most sig-
nificent bits: so we don’t want to lose them. On the other hand: if
we squared the real number ¢30000000000000L, our 9b-bit product of
fractions would be 0000000000000000000000D000000D00Y {octall} so that

if we throw away the right-most U8 bits:, the result would be zero:

3. time . = D. is not very satisfactory arithmetic. Our solution

is to write all our coefficientsshifted left as far as possible.

Thus 1. should be written as 27204000000000000000 instead of
2000000000000000000Y%.  When a positive real finiter definite number

is in this form {i.e.,» when bit #47 is & 1}, it is said to be nor-
malized. Positive zero is said to be normalized wvhen all LD bits

are 0. ‘

Unless the programmer has a special reason for doing otherwise: he
should keep all his real numbers normalized. Real numbers read as
data in FORTRAN are already normalized. So. are real literals.in
COMPASS. Furthermore: the real multiply and divide instructions
are constructed so that the result is always normalized automstic-
ally providing the operands were normalized in the first place.
BUT this is not true of the resl addztxon and subtraction opera-
tions: e.g.s if we write . .

SAL =1.0
FX3  X1-X1

the result is 17200000000000000000, which is an un-normalized
zero. The ZR instruction would not recognl7e this result as zero
Iit e,pects all Dor all ) bits}.

Thus the programmer should normalize after real addition and sub-
traction instructions. {This will take placeAxf the coding is

prepared in FORTRAN.Z o.u‘to)”nq‘f‘lccg”y



FUNDAMENTAL RULES OF BOOLEAN ALGERRA
o s AND |
. +=0R
NO. |  STATEMENT
i | A0 2 {erA=lif A¥O
2 04, 120
3| 06-0=20,0+0¢=0
4 deod =i, & 4§ s
5
6

0.4 20,0+ = 4

Arh = A
7T | AA=A
'8 A+l =
9 | A-0=0
10| A+0 = A
4| Aed = A
12 A+ A s
3] A-A=0
44| A=A

5 | A+AB = A

16 | A(B+C)=AB+AC A+{B-C) = {A+B){A+C)
17 | A+AB = A+B, A(R+B)= A-B

81 A+B=R-8,A-B = B+B

"YOU MAY BREAK THE LINE IF YOU CHANGE THE SIGN.
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MULTIPLICAND (Md)
X MULTIPLIER (Mr)

PRODUCT (Pr)

MULTIPLY ALGORYTHM

1. Convert Mr and Md to positive operands. (Note original signs.)

2. Check the LSD of the Mr if it is;

nin = Add the Md to the Pr

"0" = Add zero's to the Pr (do Nothing)
3. Left shift the Md (shift a zero into the LSD).
|
4. Right shift the Mr (End Off).

5. Repegat steps 2 through 4 until the Mr is reduced to nothing., At this point
check the signs of the original Md and Mr if;

= Pr is the correct result
# Complement Pr to obtain the correct result.

EXAMPLES
510 X 510 = 2510 -T10 X 630 = -4219
Md Mr Pr Md Mr Pr
Start 0006101 0060101 000 000 Start 0110 1000 0000
Step 1 000101 000101 000000 Step 1 110 111 000
Step 2 000101 © 000000 Step 2 - 111 000
+000101 +110
005101 110
Step 3-4 001010 ¢00O10 - Step 3~4 1100 11 -
Step 2 - 00010 000101 Step 2 11 110
A +1100
Step 3-4 | P10100 0901 =T
Step 2 | , - 0001 000101
ny ¢ 010100 Step 3-4 | 11000 1
| 011001 Step 2 - 1 10010
+11000
Step 3-4 | 101000 S50
Step 5 011001 Step 3-4 | 110000 () -
' Step 5 0101010 —2-+1010101




100471

¢-OH

ARITHMETIC AND LOGIC UNIT
CHIP _PIN LAYOUT

04 23 22 21 20 19 18 17 16 15 14 13

1 > 3 4 5 6 7 8 9 10 11 {2



Step

3b

§5-aab '

Divisor
{Same’}

{Samel}

/

{Same?}

DIVIDE ALGORYTHM CONT

/

"Remainder

. @Quotient

{Samel}

0 .0 % -
00O l.

{LS-22}



100L1

-OH

 VOLTAGE LEVELS

LOGIC - |

LOGIC TYPE HIGH LOW
ECL © -0.8V(LOGICAL O) "?;f@V(LDGiCAL i)
TTL +3.5V{LOGICAL 1) +0.8V(LOGICAL O)

MOS +20.0V (LOGICAL 1) GROUND(LOGICAL 0)

POWER SUPPLY
LOGIC POWER

ECL GROUND,-2.2V AND -5.2 VOLTS
TTL | +5 AND +8 VOLTS

MEMORY +20V AND +22.5V



L7001

KEY TO LOGIC SYMBOLS

SYMBOLS

X/

RGT}

ALU

RCYR

MU

.

H

OPEN INPUT PIN

 GROUND INPUT PIN

SR
CNTR
ENDCD

LOGIC FUNCTION

AND GATE
OR GATE/INVERTER

EXCLUSIVE OR

ODD PARITY (DUE TO INVERSION)
ENCODER OR DECODER i

LLOGIC LEVEL COMVERTER
REGISTER

ARITHMETIC LOGIC UNIT
RECEIVER

“MULTIPLEXER_

"1"=LOW=MOST NEGATIVE SIGNAL
"0"=HIGH=MORE POSITIVE SIGNAL
LOGIC "{" INPUT = LOW

LOGIC "0" INPUT =HIGH

SHIFT REGISTER

COUNTER

ENCODER

HO-7



L7001

KEY TO LOGIC SYMBOLS

DESIGNATOR

- GS

GR

DESCRIPTION

LOW INPUT OR OUTPUT

GROUPED INPUTS

‘GATING(CLOCK) INPUT

GATING INPUT THAT AFFECT
OTHER INPUT OR OUTPUTS

RELATIVE WEIGHTING OF INPUTS

“OR OUTPUTS IN CODES

SET INFUT

RESET INPUT

DATA INPUT OF D TYPE F/F
GATED INPUT SET

GATED INPUT RESET

HO-8



KEY_TO LOGIC SYMBOLS

DESIGNATOR DESCRIPTION

; l  INDICATES THE GATING ACTION OCCURES
| ON THE TRAILING EDGE OF THE

| GATING INPUT.

|

L. INDICATES THE GATING ACTION OCCURES
ON THE LEADING EDGE OF THE
GATING INPUT.

—— RIGHT SHIFT OR SHIFT DOWN.

@ LEFT SHIFT OR SHIFT UP.

.é?‘. : WIRED AND GATE

WIRE CONNECTION

| _,%.__ WIRE CROSSOVER

L7001} ' HO-9



100L1

01-OH

KEY TO LOGIC SYMBOIL.S-ECL.
AND GATES T ~ TRUTH TABLE
12 41\ & >%_ Al B |PIN SIPIN 2
S 5 amputquapanp | H 1AL AL E
[N 13; PIN 12 USED AS L | H H L
4?61{3 rq~ CONTROL HlLl H L
N ~ 9 L] L L H
13N 45
" 402 L TRUTH TABLE
4 N[ g 2 ~ [riv2]pin 13| Piv o |PIN1S
S N QUAD 2 INPUT | ¥ bl L
6 N 3 AND
7 N — L H H L
10 N
0 14 H L H L
12 I~ ~_9 L L L H
1S I~ 5




100L71

¢1-OH

KEY TO LOGIC SYMBOLS=ECL

107
4 N 2
5.~ @ L3
7~ {1
oO_n |10
REEN 2
15 P13
' 109
9 N {5
o) ©
(NN
12 .
131
4_IN >_§
S5
SHENN
7| )

TRUTH TABLE

PINZ | PIN 5 | PIN2 | PIN3
EXCLUSIVE QR ’ \H y 3
L | L | A
L H L H
L L H L
5 o,
DUAL 4-5 & & 3 DUAL
INPUT 7 | 4 IINPUT/3 QUTPUT
AND/NAND g N AND
10 NUE
(RN 14
L 115,16



100471

¢1-OH

KEY TO L@Gi@ SYMI@LS E@L

SANARARA

N2

B

TWISTED PAIR
OR
COAX RECEIVER

4 WIDE AND-@R

TRUTH TABLE {17 CHiP

pINalPIN 5 PINGIPINT|PIN SIPIN2{PING
HlHIHTHIH]HLL
Lilu il e |L
HlolutlnlHiHL
HlHlL|lH{HIH]L
‘HlHlHlLIH]H]L
HiHlHIHLIH]L
LlivlwulHln]L]H
4 447

5_15»& toNE

> DUAL AND -

N

78 3 R
—I

o 5 1 s

REAN

2\

3] & 14




100L1

1-OH

_KEY TO LOGIC SYMBOLS-ECL

| 124 |
S ~ & WY B4
6 __. | 2
7 3
) T
{0 ‘ 12
L 15
44 13
' | 14

QUAD TTL TO ECL TRANSLATOR
124 TTL/ECL
1) PIN6=GATE=HIGH TO ALLOW PASSAGE (NORMALLY KEPT AT+5V)
=LOW,ALL™" = 0UTPUTS=1.(ALL"0" OUTPUTS=0)
2) INPUT §=+3.6V. QUTPUT i=-1.6V.
INPUT O =+0.8V OUTPUT 0=-0.8V



100LT

¢1-OH

 KEY TO L

, 126
N ’
3 ] X/Y _47L
B D
7 1] 19/
10 |
1] ’—271-
14_&
5| ] QZ—
-1,29VR|1 |,
430
f;‘ GS
—I>jep N2
CEEAN & 1C
ST o) 5
[y e
'10 ~ GS
CD 15
R
11
2 i=="C G

OGIC SYMBOLS=ECL

QUAD ECL TO TTL TRANSLATOR

125 ECL/TTL

1) PIN 4 CONNECTED TO EVEN PINS = -
INVERSION. PIN 1 CONNECTED TO ODD PINS=
INVERSION.ECL INPUT §=-1.6V.TTL
QUTPUT = +3.6V.

ECL INPUT 0=-0.8V,TTL OUTPUT=+0.8V

 DUAL LATCH

PIN © = COMMON GATE
PINS 6,11= CLOCK INPUTS
PINS 7, '{0=CLOCKED DATA
FINS 4 {3=FORCE SET
PiNS 8,12 = FORCE RESET

1) LATCHES ON_ (ON TRAlLiNG EDGE OF CLOCK).
2) FORCE SET/CLEAR WORKS WHEN CLOCK (HIGH),
3) 0/P FOLLOWS I/P WHEN CLOCK (LOW).



10041

-OH

)

-

KEY TO LOGIC SYMBOLS-ECL

133 QUAD LATCH
—%——5-64 PIN 13 = COMMON GATE
——> 63 PINS 4,i2= CLOCK TNPUTS
3| 8]c2 PINS 3,7,2,i4 = CLOCKED DATA
— o PINS 5,40= OUTPUT GATES
12 PINS 4 AND 43 CLOCK DATA IN FOR.
DINS3ANDT.
RGTR PINS 12 AND {3 CLOCK DATA IN FOR
PINS @ AND {4,
'?f'f"“\g <20 = 5__2_ PIil 5 GATES DATA OUT FOR
9 Nreo 3 b PINS2ANDS.
A4 INITETD 3 > 15  PIN {0 GATES DATA OUT FOR

PINS 11 AND 13.

{) LATCHES oﬂ__ (ON LEADING EDGE).
2)0/P FOLLOWS I/P WHEN CLOCK (HIGH) OPPOSITE OF 130.
3)0/P IS GATED (PIN 5,10), WHEN GATE =HIGH,ALL O/P'S=1



10041 -

ST-OH

KEY TO LOGIC SYMBO OLS -ECL

UNIVERSAL HéXADEC!MAL COUNTER

136
ey , §) LATCHES ON _§ (ON TRAILING EDGE)
~N 4 2) PIN 9. PIN7
| LOW LOW =PRESET PARALLEL
HIGH LOW =-1 INPUTS
| LOW  HIGH = +1
%—B[— 3,4C0 ;:_::-;j'- HIGH HIGH =STOP COUNTING
oy i 5 3)PIN 10 INHIBITS CLOCK INPUTS AND CARRY
——B@B 3,4CD (s OUTPUT WHEN HIGH.
13,4CD —"  4) CARRY OUTPUT (PIN 4)=LOW WHEN COUNT IS
16 CNTR 111" WHEN INCREMENTING AND
| "0000"WHEN DECREMENTING
2 _Le -
PINS 5,6,11,12 = CLOCK DATA
PINS 10 = CARRY IN
10Nl G4 INCREMENTS OR DECREMENTS AT A RATE
DETERMINED BY THE CLOCK ON PIN 13
9 p > X—>Y
G 3
2_51 G, 6O




10041

61-OH

KEY TO L@Gi@ S ’MI@LM.DME@L

144 FOUR BIT UNIVERSAL SHIFT REGISTER

= i PINS 6,9,11,12=CLOCKED DATA
. ——5’,0 ~| 2 S5 | SHIFTING IS DONE AT A RATE
j i G, 1 DETERMINED BY THE CLOCK ON
4 - PIN 4
T—-—-—-> 2 <— |
= > § —> ,
SR-4 5 {60 12 BIT PARITY
2 I\ oK GENERATOR-CHECKER
§___.t>x 3CD i i.B.
5 ™ iep | S N GENERATES ODD PARITY
9 N 3CD N2 S NI
H___.B.. 3CD \15 Z__B
12 1N S N
- 3CD 14 -
j_.__.-bu 2CD — @_B E.g
‘ AEN PARITY
141 SHIFTER 2N CHIP
{)LATCHES ON.F(ON TRAILING EDGE) . 13 {)EVEN NUMBER OF LOWS
2) PIN 1O PIN 7 141N INPUT =LOW ON OUTPUT.
. v = L15 | 2)0DD NUMBER OF LOW
LOW  LOW PRESER%%LLE 15N D BUTS SHIGH OUTPUT.
Low HIGH =SHIFT RIGHT |
| HIGH  LOW =SHIFT LEFT
- 3) PIN5 = INPUT FOR RIGHT SHIFT(N+4)

PIN§3=INPUT FOR LEFT SHIFT ( -1)



1002471

02-OH

KEY TO LOGIC SYMBO.

TRUTH TABLE _ —

ENABLE {—
TNPLTS INPUTS QUTPUTS

PINI5IPIN 2| PIN14]PINSIPIN 7{PIN 6| PIN 5[PIN 4] PIN 3]PIN {3{PIN {2{PIN 11|PIN {0
L | L L Ll Lo} H | H | H H H | H H
L | L L L | H | H| L J{H|H H H H | H
L | L L H |l L | H|]H{L]H H H H H.
L | L L | H | H ] H|HI]H L H H H H

. L L H L | L | H|{HIHI|H L H H H
L | L H L | H|H| H | HI|H H L H H
L | L H H L | H] HIH]| HH H L H
L | L H H{H | H| HI]H H H H H L
H L @ g { ¢ | H| H | H | H H H H H
L H @ g | 4 | H| H | H|H H H H H
H { H @ g | ¢ H| H | H | H | H H H H

161 @=DON'T CARE
Ny 7 2 3
CODERg ™2 _—
5 % DBINARY 1-8 LOW DECODER

gﬂs 4 5_%; PINS 7,9,14= CODED INPUT

;—i“ 3 i:é DECODER |

5 2 7737 1) PIN 2 AND 15 MUST BE BOTH LOW.

T 1 0 TF EITHER HIGH,OUTPUTS = HIGH.

~—— 0 P> 2) ONLY ONE OUTPUT WILL BE LOW,FOR ANY PATTERN INPUT.




10041

12-OH

KEY TO LOGIC SYMBOLS-ECL

8 LINE TO { LINE MULTIPLEXER
TRUTH TABLE

164 SN 2 |_ADDRESS INPUTS OUTPUT ON

Oy ] PINTO |PIN 9| PINT PIN 15

S IN 42} G7 L L L L PIN ©

7T IS G,0 L L L H PIN B

P S B L oL H L PIN 4
MUX L L H H PIN 3

> L H L L PIN 11

= vV L H L H PIN 12

e L H H L PIN 13

;’,——b- 6 L H H H PIN 14

3—5 5 5 H ? 9 9 L

> Vo= ®=DON'T CARE

ﬁ_iﬁ 3

12 1~

3] 2 PINS 7,9,10=CONTROL PINS

17;’-3 1 PN 2= ENABLE

Lia 0 ) PINS 6,5,4,3,41,12,13,14 - INPUT PINS

164 MULTIPLEXER
{) PIN 2 MUST BE LOW,

IF HIGH,OQUTPUT IS FORCED LOW.

2) PATTERN ON THE 3 INPUT CONTROL PINS,DECIDE WHICH INPUT ALLOWS TO

OUTPUT.



10041

2%-OH

§

KEY TO LOGI

> ERNR A2 GRS
TRUTH TABLE

DATA INPUTS OUTPUTS
ST STFIN 7T PIN 13| PINIO|PIN 1 [[PIN12|PINS|PING|PIN 14 |PIN15|PIN2IPIN3
H| o | @ | © o | o | @ | 0 | H L | L | L
Llunl|l o | o | e} oo} 2| H L | L | H
L} L H o | o | @ { o | @ | H L | H | L
L | L | L H 6 | © {0 | © | H L | H | H
L | b | L H | o} 92| 9| H H| L| L
L L L L | 'L H 1ot o] H H | L | H
Ly L |t L | L {H | @ | H H| H | L
T O T VR PR A VO N S O B B H | H | H
O T O S Lo oL b pt L L L |L
65 ©=DON'T CARE
4 A
—{C ENeRR=_ 8 INPUT PRIORITY ENCODER
MAX—Y| op b—I1& LATCHES oN _§ (ON TRAILING EDGE)
5 A OUTPUT FOLLOWS INPUT WHEN CLOCK IS LOW
——17 4| co P> PiNI4HIGH WHEN ANY INPUT HIGH
3] g PIN 4 =CLOCK
—{-?——4 2| oo P>%
—13
2
s |° ~. 3
— 1 1{ CD
S o




10047T

£€¢-Ol-

VAR S=EC

o VA & ViV I ad ,
Va ST d 57 0 &{m@f\-v ﬁ‘\w‘p S M’*.@*&JW 2y *2‘- J{.r.\:r zrﬂ’qﬂ Ty N
. 473
9, NG5 QUAD 2 TO { MULTIPLEXER LATCH
o PIN 9=GATE PIN 7=CLOCK
¢ CLOCK AND G{ GATES 1CD INPUTS - -
RGTR CLOCK AND G2 GATES 2CD INPUTS ‘
.
S I\
- 4N~ fgg > 2 LOOK AHEAD CARRY BLOCK
5 ~ C2 = GROUP 2 CARRY IN.
s ] 2¢P ~ | P = ALL GROUP PASSES.
——Bm 11CD G = CARRY FROM GROUP 3 EXCLUDING CO.
MINTSCD {4 CO = CARRY INTO GROUPS,
st yep FROM ANOTHER {79 CHIP
2555 15 C4 =CARRY FROM GROUP 3 INCLUDING CO.
RIS qep | 5 179
.__b.i LY -
1) LATCHES ON__% (ON TRAILING EDGE) S i
2) 0/P FOLLOWS I/P WHEN CLOCK (LOW) 5|62 g 2
3) GATE SELECTS I/P. PIN 9=0=1D I/P. r,:‘b[ 122
(PIN 9=1,2D I/P) i0r ‘j: pIN 15
4N
ool c2 =2
AN CO




100471

¥¢-OH

SYMBOLS-ECL

fout e vy

KEY TO LOGIC

4 BIT AR!THET!C LOGIC UNIT

PIN 22 =GROUP CARRY IN.PIN 4=GROUP CARRY OUT EXCLUDING C

_ 181

ST |

BNlg 600

.@_B 4 —--

~fpo 637

ifﬂb_.. 4 l

i@.b 4 >...§.

@b. 2 A B.._Z

21 ! N Z)

~_<

?__B 8

ML

iEARN ‘

20~ 2 IS AB>17 >~ 4
i 7 N8

S AB=17
?-_‘_?:.B. i C

PIN 8=GROUP PASS.PINS 6,7,3,2=DATA OUT.
A AND B=DATA IN.PIN 5=GROUP CARRY OUT INCLUDING C.
PINS 23,13,15,17,14 CONTROL ALU FUNCTION

(SEE TABLE)

FUNCTION {LOGIC FUNCTIONS ARITHMETIC OPERATION -
SELECT 23=M IS HIGH PIN 23=M IS LOW
PINS13,15,17,14 F F

L L L L F=A F=A MINUS 4

L L L H FzA+B F=A PLUS(A+B)

L LHL FzAeB F=A PLUS (A+B)

L L HH{ F=LoGicAL"0" | F=A TIMES 2

L HLL F=A*B F=(AeB) MINUS 1

L HLH F=B F=(AeB)PLUS (A+B)

L HHL F=A®B F= A PLUS B

L HHH FzAeB F=A PLUS (AeB)

HLLL FzA+B F=(AeB) MINUS 1

H L L H F=A®B F=A MINUS B MINUS 1

H L HL F=B F=(AeB) PLUS(A+B)

H L H H F=A-B F=(AeB) PLUS A

HHL LI F=LOGICAL"1" | F=MINUS 1{TWO'S COMPLEMENT)
H HLH FzA+B F=(A+B)PLUS O

H HHL F=zA+B F=(A+B)PLUS O

H HHH F=A F=APLUSO
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LZ-OH

-2.2V

16

> 15120700

1

R100 TERMINATORS

PIN 1=-2.2VOLTS

PINS 9 AND 16 = GROUND

PINS 1 THRU 7 AND 9 THRU 15 = 100 OHMS TO 2.2 VOLTS
PIN 8 = OPEN . -

CAPACITOR =.01 MICROFARAD
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16

% 15120800

1

PINS

2=INPUT
7=TERMINATED
4=8.5 NSEC

12=10.0 NSEC
5=11.5 NSEC

11=13.0 NSEC
6=14.5 NSEC-

10=16.0 NSEC
7=17.5 NSEC

DL17 DELAY

11

PINS
7=INPUT .
2=TERMINATED
10=1.5 NSEG
6=3.0 NSEC
11=4.5 NSEC
5=6.0 NSEC
12=7.5 NSEC
4=9.0 NSEC
2=17.5 NSEC

PIN 16= GROUND

10
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~ MEMORY CYCLE TIMING

-—

65ps

READ DRIVE INHIBIT DRIVE
\ SAMPLE { \WRITE DRIVE/
—| 100 |-

—405ns —°

25nskh——400ng ——

90ns

425 ng —!
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ONE MOS CELL

57001

A ,
o . p, ROW SELECT
[ (CLOCK)
‘L Wiy —d
Q3. Q4
|
|
o] Qz
| |
4 L
- ™
l !
| ol
4 ] s
o4 VSS (+20 VOLTS) BIT
BIT COLUMN
COLUMN 4
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2X2 MOS

MEMORY
A

A 5
. ROW N
T 1 1 ] 1
; o— Q3 L
(o]}
VvSsS VvSS
a ‘ ROW N +1 o
T _1 1 R 1
T———- Q3 l: 1 Q4 —o 6—— Q3 Q4 b—a—
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0¥-OH

SN 75370 | o
SiT DRIVER/SENSE 75370 DUAL BIT DRIVER / SENSE AMP
AMPLIFIER READ '
» SENSE
+17.0 To 22,0V +45 DATA OUT —13 ] MEMORY
T TTO 9.0V 't - DATA
’ |1 16| READ EN DRIVE 12 ) IN/7OUT
9 — Gl X/Y 1; CHIP EN
DRVR
NOTE : WRITE@ATAAIN 1
"/X“TN-‘r(;-S l DRIVE[
15-+0—— o | 62 25[': :‘( 13, WRITE ENY
144 G4 | 12 " ReaD DATA
T j‘ 4Ej0—+—10 _,_OUT SENSE
8 7 & (0 4)MEMORY
—q__|©3 | -1 - - DATA
11 4—dE READ EN ] 5/IN/OUT
—Q
2791 4192, 3% 4 _wRITE DATA OUT DRIVE
34910 2[| x 2 3
| i | o G4 5 l DRlVE[ 16 9 PIN
o &les| 4ELPTTT o }15128604 { +20.0V
64— E WRITE_EN ? 8 GND
3 L 816 +8V
8L ALL PINS ARE TTL LOGIC LEVELS
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MOS CHIP _HANDGC

JUT 002 1024 WORD x4BIT

{024 X 1 BIT MOS MEMORY

6002
DATA {16-—-————'3 |
IN/OUT |15 —Q
NG {RESETB_{J STORAGE
, CLOCK14 —
18 10 T
> 15128400 r o MSB
3...._..__..
, s | #— ADDRESS
5—1 SELECT
ADDRESS ¢ 6 ——
PIN 99—
{ +22.5V 10—
7 +8V )
17 GND 12 ——
18 +20.0V 13 T5Bl

ADDRESS AND TIMING INPUTS
ARE MOS LOGIC LEVELS.

MOS MENOS MEMORY
(+8.V)
(+22.5V) (+20,0V)
y 't 7 e
X2 [ X=Y
X 3
— 256 ~
X 4 |
S ——1 128
X 5 |
x 6 |5
X932 A0000
= 146 A1023
X0 | o
X 11 4
xi2 | ,
Xx13_| |
X 14 f——
. X_8 1 p
NOTE
“X" INDICATES
MOS LINES MEM
15 15
——I"ACPR
18 acps AP 18
L 17
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TYPICAL MOS MEMORY CIRCUIT

BIT O IN/OUT,

READ DATA
e

{K/7{BIT

&y

DATA IN/OUT

16]
15

8

BIT O
6002
CHIP

14

! CLOCK

READ EN— 7

CHIP EN—F—F— 9 - = === -— =~

Lo 11 75370 10

WRITEEN | |, CHIP .

BIT1 INOUT | | 12
READ DATA

DATA IN/OUT

4

ADDRESS —9 RESEL%

16

15

8

]

BIT 1
6002
CHIP

14
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PRIMARY BLOCK DIAGRAM
MASTER CLOCK

The master clock contains a 10-MHz crystal oscillator that generates the internal
reference frequency to run synchronously all components of the computer system.
If the computer system has the ECS standard option installed, the ECS controller
provides the 10-MHz ECS master clock 25 nanosecond pulses (external reference
frequency) to the master clock. This synchronizes all components of the computer
system with all ECS banks. In the event the ECS master clock fails, the reference
frequency is generated internally by the master clock.

The master clock, using either the external or internal reference frequency as its
source, provides 10-MHz pulses to the clock counter., The reference frequency is
divided by 16 in the clock counter which then outputs 625 kHz with a time period of
1.6 microseconds to the phase-locked oscillator. For a normal frequency output of
40 MHz from the phase-locked oscillator, the loop clock counter must be set at 64.
The loop clock counter output, therefore, is 40 MHz divided by 64 which is 625 kHz
with a time period gf 1.6 microseconds. The phase-locked oscillator compares the
leading edge of these two inputs and generates a dc voltage based on the time differ-
ence, This dc voltage controls a voltage-controlled oscillator inthe phase-locked
oscillator circuit. If the 40-MHz output frequency changes, the resultant output
change of the loop clock counter is detected as a time difference between the leading
edges of the two pulses by the phase-locked oscillator. The difference causes a
change in dc voltage that affects the voltage-controlled oscillator and changes the

5-2.0

frequency back to the normal output. The 40 MHz is sent to the four-phase genera-
tor which outputs 25-nanosecond pulses at a 10-MHz rate in four phases (time frame
The four-phase generator also outputs a 50-nanosecond square wave at a 20-MHz
rate. The 10-Mliz output is fanned out as an ac signal to the various components

of the computer system.

The external/internal select circuit is a switching circuit that allows selecting the
internal or external generation of the refcrence frequency. The switch is in the
internal position if the computer system does not have the IECS standard option
installed or when frequency margins are performed, Frequency margins are con-
trolled by software via the status and control register (clock frequency magnitude
bits) or manually generated by switches on the master clock paks. Switches for
manual operation of the frequency margin checks are part of the margin select circu

The master clock receives a master clear signal from CMC to clear internal cir-
cuits of the master clock for synchronization. A master clear signal is also routed
to the ECS coupler.

The master clock containg a +5, 0-volt dc power supply to provide the TTL logic in
the phase-locked oscillator with power, The standard - 5,2 volts dc is converted to
ac, then rectified and filtered for the +5.0 volts dc,

604288(
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CLOCK REQUIREMENTS FOR THE CYBER 172, 173, 174

| 10 MHZ CLOCK
CHASSIS
{
| PHASE 1 PHASE 2 PHASE 3 PHASE 4 TOTAL
CPU-0 3 3 6
CPU-1 3 3 6
cMC 2 2 4
ECS COUPLER 1 1 1 1 4
PPS-0 - 2 1 2 5
PPS-1 2 1 2 5
CSU-0 1 1 2
CSU-1 1 1 2
TOTAL: 15 3 15 1 34
Bl
|
»
L7001 HO-53
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DETAILED PAK DIAGRAM (PPS 3. 20)
PPS CLOCK DISTRIBUTION

DESCRIPTION

"The circuitry shown in PPS 3,20 generates all clocks used in the PPS, 'DCCs and display

controller. Three clock phases from CMC (PH1, PH2, PH3) are converted to ECL levels,
with 25-ns on times. The AA paks shorten the pulse widths of these clocks and fan out the
resultant signals to the complete PPS chassis. Clock timing is illustrated in figure
4-2-13.

Shown in table 4-2-4 are the clock names, the signals from which they were developed

their periods and on times. i

Note that the clock names shown in this table do not necessarily apply to DSC/DCC clocks.
As shown on the top three paks of the AA stack in PPS 3-20, T10 is sometimes gencrated by
TB20, and T20 may be generated by a delayed TB20 for the DSC and DCC.

In addition, several specialized clocks are generated in the DC paks (R38, R39). These are
used in DCC/DSC pass-on and pass-back timing.

The AC modules use T20 and MJE to generate a 10-MHz clock (10-MHz 00-13) and a 1-MHz
clock (1-MHz 00-13) for each channel.

Timing for these channel clocks is shown in figure 4-2-14,

Clocks received from CMC have a 100-ns period. The 50-ns period of TB50, reproduced in
T1, is generated by ORing PH1 and PH3.

TABLE 4-2-4. PPS CLOCKS

CLOCK PERIOD ON-TIME DEVELOPED FROM

T1 50 ns 12+ 2ns 1‘1350 «PH! + PH3

T10 100 ns 12 22 ns TB10 «PH1

Txx 100 ns = 25 ns TB30 « PH3 .
T20 100 ns 122 ns TRB20 « PH2 v

1 MHz 1pus 25 ns MJIE

10 Mz 100 ns 25 ns TB20 «PL2

4-2-39
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T20: PERIOD = 100 nanoseconds

L] LI (.
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INTRODUCTION

—_—

SYSTEM BLOCK DIAGRAM

The system block diagram shows the relationship
of the peripheral processor subsystem (PPS) to
other functional units within the CDC CYBER 170
Computer Systems. This diagram also relates
physical characteristics to functional characteris-
tics at the chassis level and defines the boundaries
of the publications that form the CDC CYBER 170
hardware maintenance manuals.

Each PPS interfaces with:
® The other PPS
e  Central memory control (CMC)
e 12 data channels

® Both central processors (CPU-0 and
CPU-1)

. Exte'nded core storage (ECS)

Any peripheral processor (PP) may access any
channel in either PPS, and all channels may be
active at once.

Channel 10g is dedicated to a display controller
{DSC). Data channel converters (DCCs) connect
to two arbitrarily selected channels in the PPSs.

One channel in each PPS interfaces with the dis-
tributive data path (DDP). The DDP allows the
PPs of any CDC CYBER 170 to access ECS.

Channel 14, is a real-time clock that may be read
by any PP,

Channel 16g is the status and control register
{SCR). The SCR is a collection of bits where any
one bit may indicate the status of a particular piece
of equipment or control the mode of operation of a
central computer function.

SCR-0 bits set either through force set signals
from various sources in the computer or by channel
instructions. They affect functions throughout the
computer.

SCR~-1 bits pertain only to PPS-1; SCR-1 therefore
controls internal PPS-1 functions only.

Each PPS sends data and controls to the other PPS
for channel input/output (I/O) operations. PPS-0
also transmits certain SCR control bits and dead-
start information to PPS-1.
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CMC sets and resets certain SCR bits. It also
transmits and receives data and control signals for
data interchange with both PPS-0 and PPS-1.

Both CPUs send the P register contents to PPS-0
and PPS-1. They also send a run status bit to
SCR-0. PPS-0, in turn, sends control bits to the
CPUs from both the SCR and other time-shared
hardware.

Internally, each PP comprises a number of parallel
registers (A, Q, P, and K are the major ones) at
any given time. The data representing any particu-
lar PP shifts circularly at 50-nanosecond intervals
into the registers formerly occupied by the next
lower-numbered PP. Each PP is assigned to a
peripheral processor memory (PPM) at deadstart
time and accesses that PPM only.

At one of the 10 stages of the circular shift register,
the PP accesses time-shared hardware that per-
forms arithmetic, logical I/O, and control opera-
tions on the PP's registers.

This situation is depicted in figure 5-1-1 by a
rotating wheel, with each segment of the wheel
representing a PP. At slot time, a PP rotates

into position to use the time-shared hardware. The
contact brush shown denotes the interaction between
PP and shared hardware.

PPS-O AND PPS-1 DIFFERENCES

PPS-0 is similar to PPS-1. However, certain
standard features in PPS-0 are optional in PPS-1.,
PPS-0 has 2 DCCs and 10 PPs, whereas PPS-1
may have 0 to 2 DCCs and 4, 7, or 10 PPs.

PPS-1 does not have, optionally or otherwise, a
display controller, a deadstart panel, or a real--
time clock. Additionally, PPS-1 contains only a
smaller version of the SCR found in PPS-0.

Similarities between the two PPSs are shown in

the system block diagram (figure 5-1-2). Differ-
ences, comprised mainly of those things PPS-1
lacks relative to PPS-0, are shown in the simplified
system block diagram (figure 5-1-1).

The various PPS-1 configurations are achieved Ly
omitting unneeded memory, DSC, DCC, and dead-
start panel interface paks. This, combined with a
relatively small number of wiring modifications to
the PPS-0 design, is the physical difference-between
PPS-0 and PPS-1.



The PPS-0 and PPS-1 relationship is nearly sym-
metrical. In most cases, signals from one chassis
have counterpart signals originating in the other
chassis from identical hardware. This means that
for most inter-PPS signals, a corresponding signal
with reciprocal origins and destinations exists.
Symmetry extends to internal hardware which is
predominantly identical in both chassis.

The minor nonsymmetries between the PPSs are:

)
° PPS-1 lacks several functional parts con-
tained in PPS-0.

© The PPS-1 channels must be distinguish-
able from PPS-0 channels for software
purposes.

e Any one of the PPMs in either PPS must
be capable of reading the deadstart panel.
Four switches on the panel determine
which PPM performs this function.

e The deadstart signals and the PP counters
in each PPS are synchronized, with PPS-0
and PPS-1 being master and slave,
respectively.

MULTILEVEL DIAGRAMS

The diagrams for each functional unit in the PPS
are provided at four levels: primary block diagram
(PBD), secondary block diagram (SBD), detailed
pak diagram (DPD), and logic diagram (LD).

The PBD shows a high-level relationship between
the various functional components (register, adders,
and so on).

The SBD is a functional-to-physical bridge that
shows each pak and all pak-interconnecting data

and control signals.

The DPD is a functional-to-physical bridge that
shows: )

e Functional detail of every unique pak
® Data paths within the pak

e  All pak-interconnecting data and control
signals

° Backupi text for each diagram

e A chart containing test points for all
major signal paths on the diagram
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Interchassis signals are shown on the PBDs, SBDs,
and DPDs. Unless otherwise stated, these signals
may be assumed to have identical destinations,
whether they originate from PPS-0 or PPS-1; the
diagrams apply equally well to PPS-0 and PPS-1.
In cases where the two systems differ, the basic
drawing shows PPS-0; notes and dotted lines detail
the PPS-1 configuration.

The LD depicts the unit at the integrated circuit (IC)
level; it consists of one or more logic diagrams for
each pak in the unit.

Each LD consists of IC identification and placement,
IC interconnection, plus backpanel wiring informa-
tion in the form of signal names for pak connector
pins.

PAK-TO-DIAGRAM CROSS-REFERENCE
TABLES

These tables appear at the beginning of parts 2, 3,
and 4; they list all PPS chassis pak types along with
the following information on each.

Location All chassis locations at which this
pak type can be found for each PPS
option

Diagram DPDs on which this pak type is
shown
The function covered on the corre-

Function
- sponding pak diagram

The tables enable a user to identify all functional
uses of a particular pak type and show the avail-
ability and location of substitute paks during main-
tenance; they also help in locating all paks of the
same type without having to scan the pak placement
diagrams. Unless otherwise indicated, information
provided in these tables applies to both PPS-0 and
?PS'I- 7

PAK PLACEMENT DIAGRAMS

These diagrams are included to aid in translating
the PPS chassis into functional entities.

KEY TO DIAGRAM SYMBOLS

The key to diagram symbols are shown in figure
5-1-7. The symbology and conventions were chosen
to simplify or clarify; they are essential to the use
and understanding of the diagrams. The AND and
OR symbols define functions, not gates (for example,
AND gates in the hardware may actually be shown

as OR functions on the diagrams).
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Yus 43ETS 9 SIGNALS
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OR FUNCTION AND FUNCTION AND NOT FUNCTION COMPLEMENTER DENOTES NUMBER OF
UNIQUE BITS OR SIGNALS

THESE SYMBOLS DENOTE THE FUNCTION BEING PERFORMED REGARDLESS .
OF THE TYPE OF GATE BEING USED IN THE LOGIC CIRCUIT. THUS, THE
AND FUNCTION IS ENABLED BY COINCIDENT INPUTS AND THE OR FUNCYION
IS SATISFIED BY THE PRESENCE OF EITHER INPUT
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PAKS

() PAK ENCLOSURE

® PAX TYPE DESIGNATOR ? ?
PA A - W A A

O] K LOCATION- ENCLOSURES WITH THE SAME Y. T T TR T
TYPE DESIGNATOR AND THE SAME LOCATION CONTAIN ® »—--J
DIFFERENT PARTS OF THE SAME PAK

@ DESCRIPTION OF PAK FUNCTION {OPTIONAL ) ©
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REFERENCES. )
A REFERENCE IS LOCATED AT THE BEGINNING OR END OF ANY LEAD THAT HAS '
ITS ORIGIN OR DESTINATION ON A PAK NOT READILY ACCESSIBLE TO THE LEAC,
REFENENCES ARE MADC 10 OTHER SHEETS WiThIN THE UNIT OR 7O SHEETS o
IN OTHER UNITS. A REFERENCE CONTISTS OF ThE FOLLOWING INFORMATION:

@®—> PPS 2 2A —®

@ SMEET NUMBER - A SHEET NUMBER CONSISTS OF THE FOLLOWING PARTS:
(@ UNIT ABBREVIATION

@ FIGURE NUMBER - FIGURES ARE NUMBERED SEQUENTIALLY 1.X FOR THE

PRIMARY BLOCK DIAGRAM, 2 X FOR THE SECONDARY BLOCK DIAGRAM, AND T
3 X FOR THE OETAILED=-FAK DIAGRAM, A : 8
1

@ DRAWING NUMBER - DRAWINGS ARE NUMBERED SEQUENTIALLY WITHIN THE == = — = = — =

i
FIGURE, BEGINNING WwiTH ZERQ 4 : 1]
1

® LOCATION - QUADRANT OF REFERENCED SHEET YO FURTHER AID IN LOCATING
THE REFERENCED POINY QUADRANTS ARE IDENTIFIED AS SHOWN
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ABSENCE AND PRESENCE OF SIGhAL

NCT BAR INDICATES

ABSCNCE OF A SIGNAL fresry TEst 4
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ACTIVE MIGH 3IGNAL . TESTA: 1 ]

DETAILED - PAK DIAGHAM . £sY €St TEST 4

(TEST2 +TESTI)

OGES NOT INDICATE
SR mon/ LOW fresrs ACTIVE STATE
<PAA DIAGRA {rmiGn)

\DETAILED-PAA DIAGRAM | (MCm)

{LCGIC DIAGRAM)
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TEST ., TEST

TEST 14
S .

YEST SIGNAL PRESENT s >

whih GATE 1S s

CNABLED, AND ABSENT -
(TESTIWHEN DISAPLED. TESY l l
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{ TIMING)

{LOGIC DIAZRAM)

STACKED PAXS 1/0 CONVENTIONS

WT | 6CQ6 BITS B-11
6C05 4-7

MASTER CLEAR, NT | 6C04 BITS 0-3
GATE IvPUL .

A SOLDER -POINT CONNECTION TO A BRACKET DENOTES
THAT ALL OF THE BITS OR SIGNALS ON THE LEAD ARE
INPUTS TO ALL PAKS ADJACENT TO THE ERACKET |

1.€ , PARALLEL INPUTS

S

rrms TYPE OF CONNECTION ON AN INPUT BRACKET
DENOTES THAY THE BITS OR SIGNALS ON THE LEAD
ARE DISTRIBUTED AMONG THE PAKS ADJACEAT

TO THE BRACKEY THE SPECIFIC INPUTS TO EACH
PAK IN THE STACK ARE 1DENTIFIEC WITHIN

THE PAK THIS TYPL OF CONNECTION ON AN

8IS O-11 | OUTPUT BRACKET DENOTES THAY ALL THE

12 { OUTPUTS FROM THE INCLUDED PAXS MERGE

INTO ONE LEAD THE MERGING BITS OR SIGNALS
ARE IDENYIFIED BY THE SIGNAL NAME ON
kYME LEAD.

JR | 6806 BITS 8-14
6805 4-7

<R | 6004 BITS 0-3
-

A

8ITS O-1i

cLear o17s a-u [[[#a [ 7011 B17S 8-

BITS 0~ L 7010 a-7
12
,H/ RA | 7009 8175 0-3

ENTER DATA

MASTER SLEAR I

ANY NUMBER CF CCNNECTIONS OF EITHER TYPE MAY BE MADE TO THE SAME BRACKETY

8ITS 0-1

BRACKEYS ARE NESTED WHEN CONNECTICNS TC ALL PAKY IN Tn STACK ARE
NOY IDENTICAL

ORACKETS ALONG YCP CR BQTYOM OF SYACK ARE EQUIVALENY TO BRACKETS .
ACJACENT TC ALL PAKS IN STACK

INDIVIBUAL INPUTS OR CUTPUTS (NOT BRACKETED) MAY ENTEKR CR LEAVE 1NOIVIDUAL
PAKS IN STACK TAROUGH ERACKET, -

e — - — — ——— — ——— . S G o> G - —— o— . S —— —— o — St — —

SIGNAL HIGHWAYS BITS 9
Y5 0-7 81Ts
(8175 0-9  ~
s © ®
8iTS 8 MERGE AND BRANCH BITS 0-6

(.:E;(

BRANCH AND FANQUT

FANOUT c BITS 0-3
8I11S 0-9

/IO\O 8ITS 0-9

o/ (o)

/S\BIYS 0-4
o

I

BITS 5-9
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LOGIC DIAGRAM SIGNAL ANNOTATION
INOICATES

SEQUENCE 14 " N$Z ABC== HYPHENS INDICATE VARIABLES
OF VARIABLE ~—__ Ly ME -

IN MULTIPLE = T— 21 Nt = LEFT BLANK INDICATES
USE PAK SAME AS TOP AND BOTTOM

E_}) N ABC -~

{ QUTPUY PINS)
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PRIMARY BLOCK DIAGRAM (PPS 1.0)

A peripheral processor subsystem (PPS) consists of 10 peripheral processors (PPs), each
having 4096 12-bit words (plus parity bit) of metal oxide semiconductor (MOS) memary, The
The PPs are coordinated by a multiplexing system that gives each of them access to common
hardware for arithmetic, logical and 1/O operations, as well as for communication with
central memory (CM). One PPS controls 12 bidirectional 1/O channels with all PP3 having
mutual access to all channels. Two PPSs (models 173/174 only) make available 24 such’ !
channels, with any PP being capable of addressing any channel in either PPS,

All PPs communicate with each other or with external equipment over the 12-bit (plus
parity) channels, One channel handles only one external equipment at a time, but all 12

channels may be active at once.
Each PP does 64 ingtructions including:

1. Arithmetic operation

2. Logic

3. Input/output

4. Central memory read/write

5. Exchange jump

The 1/0O instructions of a PPS determine the status of a channel, select the channel, select
the device, determine the device operation, and transfer the data to or from the channel.

The PPS exchanges data with CM via central memory control (CMC) by me:.ms of the CM
read/write instructions. The read pyramid of a PPS receives 60-bit words from central
m'emory and disassembles them into 12-bit PPS words which go to successive locations in
peripheral processor memory (PPM). Conversely, a write pyramid assembles five PPS
words to form a word for transmission to CM.

The PPS generates a parity bit on data or address transmission to CM and checks parity on
data from CM. Parity generators also produce parity bits on all inputs to a PPM
(peripheral processor memory)and on 1/O data or function transfers. To indicate a parity
error, the appropriate bits of the status and control register (SCR) are set with a

different bit being reserved for each type of error.

60455060 A

Programs for all 10 PPs are stored in separate PPMs, but instruction execution hardware
is time shared. To facilitate this sharing, data pertinent to PPs not using the hardware at
a particular time is stored in the barrel which consists of a number of shift registers. A
clock advances the data in these registers every 50 ns, The execution hardware is at the
end of these registers. When the data of a PP is presented to the hardware, it is in the
slot. The barrel is the set of shift registers which rotates the data of the different PPs in
and out of the slot. The major registers in the barrel are the A, Q, P, K, and M registers.

When data is shifted out of the slot associated with one of the barrel registers, the register
receives this data into 1ts first flip-flop (rank 0). The register then shifts the data into its
next rank on each successive clock pulse until reaching rank 9, which is the slot. Thus a
trip around the barrel is completed every 500 ns, this being a major cycle. A minor cycle
is the 50-ns clock period. ’

To allow software compatibility with the CYBER 70 series, a 1000-ns major cycle is re-
quired. A unit called the skip control circuit forces a 1000-ns major cycle time for a PP
by 1nhibiting changes in the slot on every second trip around the barrel. An SCR bit sets
the major cycle time of all PPs to either 500 ns or 1000 ns.

MEMORY

The 10 PP memories are phased in conjunction with the data in the barrel so that each
memory will be doing the same operation when its data is in a particular rank of the
barrel, PPM reconfiguration switches on the dead start panel allow any PPM to be PPMO.
PPMO has a special controlling function at dead start time,

A REGISTER

The A register (18 bits) holds one operand for arithmetic/logic operations, a CM address
for CM communications, and word counts or data for /O instructions,

In the slot, the A adder performs a number of arithmetic/logic operations. One of the
several choices of operands in the A slot is the X register which contains the current
central processor unit (CPU) address. There are two X registers for a two-CPU system.

On dead start, A 1s set to 10.0008.

4-2-1



P REGISTER

The P register is the program address register. In the slot it increments, decreménts or
passes.

.

On dead start, P is set to zero.

Q REGISTER

The Q register (12 bits) holds data for several functions including operand addresses,
relative jump designator, shift count, the upper 6 bits of a CM address, and the channel
number on all 1/O and channel branch lnstruct/ions.

In the slot, the Q adder adds, subtracts or passes.

Dead start forces each rank of Q to Its corresponding PP number.

K REGISTER

The K register holds the f (6-bit instruction code) portion of an instruction word and the
trip count (3 bits). These 9 bits together determine the operations to occur on a particular
instruction at a particular stage of completion.

The K incrementer and force K circuits in the K slot increment or force K to a new value
upon completion of certain stages of an instruction.

On dead start: (load), K~ 710

(sweep), K - 505
(dump), K- 730.

60455060 A

INPUT/OUTPUT

Each channel has a single register that holds the data word being transferred in or out
(although two separate registers are shown in PPS 1.0 for illustrative purposes). The
maximum transfer rate is one word per 500 ns.

The state of a switch on each channel enables or disables the parity checking capability of
a channel, In this way, parity checking is prevented for external devices with no parity
scheme.

The A register accepts single word transfers from the channels, whereas block transfers

of words are routed through the PPM data register to memory.

Both the PPS and external devices use full and active channel conditions to control the
bidirectional information interchange through the channels, These conditions are indicated
by active/inactive and full/empty flags. Active indicates that the channel is in use; full
means that data is available in the channel data register.

One PP communicates with another by inputting data from a channel that w‘a\s receiving

output from another.

On dead start, channels 0 - “8 are assigned to corresponding PPs by loading the Q barrel
positions with the appropriate channel numbers. .

PPS-1 DIFFERENCES

There are few differences between PPS-0 and PPS-1 at the PBD level, Since the PPS-1
real time clock cannot be read on a channel and PPS-1 has no dead start panel, there is no
input to PPS-1 channel fan-1n from either of these, RTC and dead start panel inputs are
received by PPS-1 (as channels 144 and zero, respectively) via the inter-PPS output
register.
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DETAILED PAK DIAGRAM (PPS 3.1)

A BARREL

The A Barrel consists of an input gselector, a shift register, an A shifter and controls,
anda (A =0, A= 1) test circuit. ’

INPUT SELECTOR

[ I IR TP PR N C . LR P

The BR module produces a signal BRYTOA which determines whether the input to the
A barrel shift register will be Y (the data in register) or A0. The only time Y~+A isona
70 instruction, T

A BARREL SHIFT REGISTER

The A barrel shift register shifts A data from ranks 1 to 8 with no change in the contents
for a particular PP. Shifts occur on the trailing edge of T1.

A SHIFTER AND CONTROLS

The A shifter is used dn the 10X (SHIFTD) instruction, Its 5 ranks shift A by a number
of positions that are successively higher powers of 2 (i.e., rank 1 shifts A one place; rank
2, two places;... rank 5, sixteen places).

o

The output of a particular rank X depends on its control bits, QSCS and QSC(X - 1). QSC5

specifies an end-off right shift; if Q5C5, a circular left shift occurs. QSC(X - 1) enables

the shift action of rank X.

A particular rank causes left, right or no shift by gating an input bit to the appropriate
output bit which would feed the next rank.

60455060 A

PRI E O

[ 1)

A S1OT The zero [iller bits shown entering all ranks are used for the end-off right shift.where

zeros must be forced: into the resultant vacant positions.

The BLSHFT signal is produced on trip 1 of the 10 instruction (100 ~ NF) as a K8 trans-
lation, Two minor cycles latér}'when another instruction is in progress, BLSHFT

emerges to enable control bits QSCO0-5. .
i et (odes aeeordimg tn 108 and NP8, In the absence of any

Ve

The A shift count complementer (BE module) inverts Q7 bits 04 if ‘énabled by QF SIS
o g e, G e e

Q705 is passed to the A shifter unchanged to indicate direction of shift, and Q7 bits 0-4
indicate the shift magnitude.

A =0, 1 TEST CIRCUIT -

The AE module produces the signals AGPIZ, and AGP2Z indicating that AS bits 5-11 and
13-17 are all zero. The AU module uses these signals, combined with the remarning bits,
to generate AEQO (A = zero) and AEQl. These, in turn, indicate the end of a block trans-

fer on /O instructions.

DEAD START

The signal DSRT forces A912 to a one while all other A9 bits go to zero (shown on AX and
AE paks - PPS 3.2).

This sets A to 10,000, during dead start.
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DETAILED PAK DIAGRAM (PPS 3,0)

A SLOT

The A 3lot is comprised of input selectors, an arithmetic/logic unit (ALU), a function
code generator, and an output selector,

INPUT SELECTORS

In the BL module, selector signals are generated according to REFRF7 (early refresh
signal), certain K8 conditions, and D800 (D8, bit 0). These signals determine what the
two ALU inputs (A and B) will be.

BI.AIO, 1 select the A operand from X1, X2, FD and A9. The 27, 36 and 37 instructions
are the only ones that do not produce an A9 -+ A code. On the 27 instruction,either X1 -+ A
or X2 - A with D800 sgecifying which central processor address is read. On 3€ and 37,
the A slot control signals increment FD by forcing FD = A and addinga 1 from the 8
input.

In the BL module, the signals FTOB, DTOB and QTOD are generated to select the 3
operand. B<1 when none of the above signals is present.

The REFRF7 signal is present on rank 8 of the barrel during the time that PPQ is about
to enter the slot on a memory refresh cycle. REFRF7 inhibits any changes that may
occur during early translation. Inthe A slot, REFRF7 prevents any changes on the
contents of A.

60455060 A

FUNCTION CODE GENERATOR

The BM module produces function codes according to K8 and NF8. In the absence of any
of the codes specilied in detailed pak diagram PPS 3,0, BM produces an A = AB(00000)
code. In this way, or by disabling the ALU output, A can remain unchanged in the slot,

On the generation of the AMINUS B control signal, the function code generator also
produces the SUBTR signal. This ensures that the two unused input bits in the AH pak
(location F38) are forced to ones to facilitate a ones complement subtraction within
the pak. -~

ARITHMETIC/LOGIC UNIT ,

The ALU can perform 31 operations. However, the function codes provided in the A slot _
make use of only eight of these.

The A adder carry-summing circuit produces 4 group carry bits (AGCY 1-4) in parallel
by using generate and propagate (AGPG, AGPP) bits from each of the five groups. Carry
bit 3 (AICY03) is used as the 5th group carry bit, This partial look-ahead addition method
provides greater speed than ripple-through carry propagation methods,

OUTPUT SELECTION

The signal BJAB enables the A adder output (AB), allowing it rather than A9G to pass on to
ASH. ’
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DETAILED PAK DIAGRAM (PPS) 3.2)

Q SLOT

The Q slot is comprised of input selectors, an arithmetic logic unit (ALU), a function code
selector, and an output selector, and an output selector,

INPUT SELECTION

The BN module generates input control codes for both operands used in the ALU, One of

the operands, H, is selected from D, FD or 1 (one). H = 1 when neither DTOH nor FTOH
are enabled. . '

The Q slot input selector (AG) determines the Q operand according to the conditions DSRT
(dead start) and PTOG.

The significance of tife Q barrel in channel selection and the nature of Q input at dead start
time are as follows:

In a 10-PP system, Q bits 0-3 are used to select one of channels 00-1610 on 1/O instructions.
For a dual PPS system, there are two such sets of channels, one in each chaesis,

A fifth bit, Q bit 4 specifies which chassis is involved, Q bit 4 = 1 specifies a channel in
the other chassis (an external channel). Q bit 4 = 0 specifies an internal channel,

At dead start time, a sequence of 10 PP numbers (0 - 9) is fed into rank 9 of the Q barrel
from the PP code counter. Fach rank of the Q barrel is thereby loaded with a number one
higher than the previous rank,

Because Q designates the channel to be used on 1/0 instructions, this process of loading
Q900-04 effectively assigns each PP to a channel. PP n is defined as the PP assigned to
channel n at dead start time.
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In a dual PPS system, a scheme allowing each PPS to be assigned to the other's channels
at dead start is provided. Reversing the channel select switch on the dead start panel .
activates the DSPPSW signal at PPS-0, theteby setting Q904. The signal is relayed to
PPS-1 in the form of DSPSEL and E2DSQ4, where it clears Q904, Since Q904 = 0 [or
PPS-1 and 1 for PPS-0, each PPS is assigned to the other's channels. This feature is
only enabled in a full 20-PP system,

Hardware involved in carrying out these functions is outlined in detailed pak diagrams 3,2
and 3.3, For a description of how the PPS interprets Q register bit 4 after it is loaded in
the slot, see figure 4-2-1 and other explanatory material relating to PPS 3.3,

Q ADDER FUNCTION CODE GENERATOR

The Q adder function code generator (BN) produces either one of the three function codes
shown in detailed pak diagram PPS 3, 2 or the Q (00000) code., REFRF7 produces a Q code
and inhibits PTOQ, thus causing a pass in the Q slot prior to a refresh cycle.

LOGIC UNIT/ADDER

The Q ALU carries out five functions; passing H, passing Q, adding (Q plus H), subtract-
ing (Q minus H), and incrementing (Q plus H where H = 1). :

The Q adder carry-summing circuit (AU) uses group generate and propagate bits
(Q GP 0-2 G, P) to produce carry bits in parallel, and thus speeds up the addition process,

OUTPUT SELECTION

BPQHTQ (from BP pak ) determines whether or not the Q adder results (QH) will be used.,

e
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DETAILED PAK DIAGRAM (PPS3.3)

Q BARREL

The main components of the Q barrel are the Q barrel shift reglster, QTOG shift
register, and channel select circuitry. ’

Q BARREL SHIFT REGISTER

A3 shown in detailed pak diagram PPS 3,3, the Q barrel shift register is divided
into two parallel paths: one for the lower 6 bits and the other for the upper 6 bits.

The lower G are used in 1/O instructions with 0-3 forming the channel number. Bit 4
is the chassis designator, and bit 5 is an escape bit. This escape bit causes an 1/0
instruction to exit rather than hanging up the PP involved. For instance, if Q205 is pre-
sent an exit will be generated on an activate (74) instruction when the channel is already
active. At rank 8, the Q = 0 test circuit (AU) produces the signal QBEQO which is used

to detect the end of a block transfer to or from central memory.

CHANNEL SELECT CIRCUITRY

The EZ module transmits the contents of the inter-PP channel select output register (the
channel address) to the other PPS Q pri selector (AF pak). If the receiving PPS has
accepted an external request, the signal BWEREQ occurs, thereby causing the external
channel number (QE2, bits 0-3) to go to the channel select code holding register, Here
the. BD modules generate the CHER 00-13 and SEL 00-13, 16 signals which are channel
designators for parity errors and 1/O respectively.

B1it 4 of the Q barrel has special significance in channel operations. There are two sets

of channels in a dual PPS system, one in each PPS chassis. On I/O instructions, bit 4

is the part of the channel address designating which set is being referenced. Regardless
of which PPS is doing the 1/O mnstruction, when bit 4 is loaded into the slot Q904 = 1 means
PPS-1 is being referenced and Q904 = 0 means PPS-0 is being referenced.
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It follows that Q bit 4 = 1 in PPS5-0 must force a reference to an external channel,” wherecas
the same condition in PPS-1 refers to an internal channel. Therefore, the two PPSs
interpret Q bit 4 differently, This difference is illustrated in figure 4-2-1 where Q804PR

in PPS-0 is simply a fan-out of Q804, while the PPS-1 QB804PR is an inverted Q804. In
both PPS chassis, Q804PR is used exclusively as an external channel indicator. Thus,

QB804 = 1 will designate a PPS-1 channel in either chassis because PPS-0 and PPS-1 would ™.
interpret it as an external and internal channel indicator, respectively.

Figure 4-2-1 also shows how PPs of either PPS may be assigned to the other's channels
at dead start time. When the channel select switch is on during dead start, the DSPPSW
signal is activated., This forces Q9G04 to 1 in PPS-0 and has the opposite effect in PPS-1,
As a result, the PPs of PPS-0 are assigned to channels of PPS-1, and vice versa.

Figure 4-2-1 shows a functional representation of the paks involved in the manipulation
of Q bit 4. Internally, the paks used in both PPSs are identical, DPDs 3.2 and 3.3 show

how wiring changes force identical paks to different functions.

In PPS-0, the circuitry shown in PPS 3.3 enables the selection of external channels in a
20-PP system only. For a 10-PP system, Q24DIS = 0 and this feature would be disabled.

QTOG SHIFT REGISTER

The QTOG shift register holds a QTOG flag (BYQTOG) which is generated on conditions
as shown in the G input control translator (detailed pak diagram 3.8). If the next major
cycle is a skip, BYQTOG (called Q to G95 at Q to G shift register, rank 9) regenerates
the QTOG signal at the G input control translator. This is done because on the skip cycle
the conditions causing QTOG (i.e., NF9) may be absent. In the absence of the BYQTOG

flag, the P~ G condition would arise.
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DETAILED PAK DIAGRAM (PPS 3.4}
P SLOT AND BARREL

The P slot is comprised of an input selector, a function control, an incrementer and an
output selector.

The P barrel is a shift register with anTnput setector.

P SLOT INPUT SELECTOR

In the AF module, the state of BUFDTP gates either P9 or F9DJ to the incrementer. The
P slot control translator translates K8 conditions and the state of FLAGI to form the
FDTP signal,

FUNCTION CONTROL

.

\When the A slot control translator produces the signal BLPINC,the P incrementer
increments; otherwise, it decrements,

FLAGI8 generates both the BLFDTP and BLDEC signals on K=612 to cause FD-1-+P., The
BQ module then resets FLAGI to ensure that FD-] + P occurs only on the first 612 trip
of a 61 instruction.

60455060 A

P INCREMENTER

Depénding on the condition of PINC, the P incrementor either increments or decrements,

Carry out bits, PCY 3, 7 from the two lower order groups of the incrementer are used
directly as carry in bits. No look-ahead carry-summing circuit is used.

The carry in bit for the lowest order group (bits 0-3) is a zero. No end around carry-bit
(PCY 11) i3 necessary because P is always positive. '

SLOT OUTPUT (OR BARREL-RANK 0 INPUT) SELECTOR o~

The PO input selector gates either P9G or the output of the P incrementer (PI{ bits 0-3)
to rank 0 of the P-barrel. BJPI, which is produced in the A/P control translator (BJ),
enables the PI input. '

BARREL AND BARREL INPUT SELECTOR

QTOP controls the barrel input selection. If QTOP, then PO goes to the P barrel shift
register, ranks 1-8. Q- P on all jump instructions for which the jump conditions are
satisfied. In these cases, Q is the jump address.
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DETAILED PAK DIAGRAM (PPS 3.5)
K SLOT AND BARREL, AND FUNCTION TRANSLATIONS

Detailed pak diagram PPS 3,5 shows the components of the K slot and barrel,

Ranks 0-7 of the barrel are comprised of a shift register in which the contents shift
unchanged from end to end, Rank 8 of the barrel does K8 function decoding and new function

input selection,

The main components of the K slot (rank 9) are function translators, K incrementer, force
K circuitry and a KO input selector. The lower 3 K bits are the trip count, and the upper
6 form the function (or instruction) code.

K BARREL
Ranks 0-7 of the K bgrrel (AJ module - PPS 3,5) form a simple shift register.

In rank 8, the new function input selector either passes the function code and trip count
already in the barrel, or gates in a new function code with a zero trip count, NF8 is the
control level that causes the latter selection to be made, It comes from rank 8.of the new
function register (AE module - PPS 3.5). The input to this register is EXIT, a signal
generated at rank 9 of the previous eycle on the last trip of an instruction. Thus the K barrel
uses an instruction termination signal (EXIT) to initiate a new instruction,

Refore a PP enters the slot, the K8 decoders (PPS 3.5) perform early translations in
preparation for slot time, For instance, the A, P and Q registers use these translations to
gate inputs to their slots.

K SILOT - FORCE K CIRCUITRY

The KINCR signal gates bits 0-3 from the K incrementer into KO. If KINCR is a zero, the
trip count from the force trip count decoder enters the barrel,

The force trip count decoder and translator generates a trip count according to the progress
of the ongomng instruction, and presents it to the KO input sclector, !
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This forced change in trip count, along with a forced change in function code produced in
the force K function decoder from bits BCB 0-2, allows a complete change in a PP
instruction.

One instance of a forced change occurs on K = 5x1, In this case, the K9 decoder generates
the level BY3YY (Y indicates that these bits will stay the same - i, e., 3x1 will be forced).
This is translated in the force K-FCTN translator to produce BCBZ . BCB1 . BCBO (code 2)
which results in 3x emerging from the force K function decoder. Likewise, the force trip
count decoder would force the trip count to stay at one.

K 9 DECODERS AND TRANSLATORS

The K9 decoders and translators use the K9 bits ag well as the NF9 and skip conditions to
produce control signals used throughout the PPS,

In the exit control translator (BX - PPS), the EXIT signal is generated when conditions
indicate the end of an instruction, The BX module uses channel condition levels (BXINT,
EUI.L, ACTV, EXIFFULL, EXACTV) as well as K9 translations to produce EXIT 2 as an
indicator for I/O instructions, All other exit conditions are produced in the BV module and
are indicated by the signal BVEXIT,

A special exit condition 13 the CXEXIT signal. By means of settings in the STC register
or by manual switches, CXEXIT 13 generated on the slot time of a particular PP, The
result is that any PP can be forced to exit regardless of other conditions.

The BV module alsp produces BVKI, a signal which is used along with other conditions in
the BK module to produce the KINCR signal,

Note that all signals prefixed by EX (other than EXIT) are status indicators pertaining to
the channels of the other PPS.
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DETAILED PAK DIAGRAM (PFS 3. 6)
CHANNEL IN AND PPM WRITE DATA

Detailed pak diagram PPS 3, 6 shows a serics of input selectors that determine the PPM
data input.

AG modules comprising stages 1 and 2 of channel fan-in determine which of channels 0"168
will be presented to the Y input selector. The control bits for this purpose, QPR 0-3, are
the actual channel numbers from the Q barrel.

Note that the channel data in/out register handles data transfers in both directions. The
same register is shown ag it is used for data output in detailed pak diagram PPS 3.10.

The Y input selector chooses from external channel data (RE00-11), internal channel data
(R9G00-11), or read pyramid data (CX00-11). The word selected may go to the A barrcl
or be written in PPM. Control bits for this selection, BRYIO, 2 originate from the Y Input
gelect bit translator in the BR module.

Also in the BR module is the Y control translator that generates BRPTOY and BRATOY.
These signals determine the outputs of the P ~Y and A ~Y input selectors, which are the
last two stages of the Y input (PPM data input) selection.

The Y control translator also generates the BRPPMW (peripheral processor memory write)
and BRCHPC (channel parity check) control bits,

BRPPMW pgoes to PP memory control to force a memory write cycle., If BRPPMW, then
PPM control forces a read cycle. In other words,. BRPPMW = READ.

* PARITY

On a read from internal channels, the parity error signal BFCHST originates from the BF
pak {location G29). The enabling levels ENBLPC, FULLTO and ENCHPC ensure’ that a
parity error could only be signalled on a data channel read instruction for which the
peripheral device should generate parity, '

Parity checking for external channel reads is carried out in the BF modules in locations
(G29, N14).

The parity bit (PPMPAR), which is stored in PPM with each data word regardless of its
source, may be forced to zero by STCO81,
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DETAILED PAK DIAGRAM (PPS 3.7)
‘PPM DATA PATHS

Data enters and leaves the PPM through the same CC modules,

-

On a write instruction, data enters the data input register from the Y register upon gating by

SEL (select memory). It is then presented to memory by DIG (data in gate) which only occurs
on a write instruction,

The read/write amp (CU or CS) gates data from the data in register to the 1/0O terminals of
the MOS memory on a write instruction. The control signals for the operation are CHENM
(chip enable) and WRENM (write enable). A high CHENM signal activates the read/write
amp and a low WRENM enables the data transfer path from data in register to PPM.

Each of the 10 PP memories is organized into four groups of 1024 words each. The group

being addressed on a memory reference is selected by control signals CLKMn0-n3, where n ’
is the PP number. Only one of the four CLKM signals presented to each PPM is active at one

time in order to select one of the four memory groups, The PP memory control generates a

10-bit address (ADMn 2-11) which sclects a specific word withing the selected group.

o

The reset (RST) signal serves to prepare address and data lines for a PP memory reference,

The sequence of events for a normal (no refresh) memory cycle is shown in detailed pak
diagram PPS 3.7.

The sequence of events for a read cycle is very similar to that of a write cycle. SEL oceurs
twice on a read cycle, but only once on a write, The first occurrence is used only on a write,
The second gates data frorh memory to the data out register after which DOG (data out gate)
presents the data to FD?7. Since WRENM and RDENM are opposite signals, both generated
from HREAD, only one exists during a particular memory cycle. A low RDENM signal that
exists on a read cycle, gates data from MOS memory through the read/write amp to the

data out register.

The CHENMO signal on a read cycle differs from that on a write cycle only in that it starts
50 ns later.

The generation of control signals, phases (PHA 0-9) and addresses are shown in detailed
pak diagrams PPS 3.8 and 3.9,

Note that the MOS memory logic levels are produced by means of ECL/TTL conversion,
followed by TTL/MOS conversion.
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DETA!'.ED PAK DIAGRAM (PPS 3. 8)
MEMORY ADDRESS PATHS

The address input selector (PPS 3.8) determinés which of Q0, PO or zero will bc the PPM . .~ SKIP R

address according to control signals QTOG and ZTOG, G is the address holdiny register,” i | ] | ] ! J ] i |
In the absence of QTOG and ZTOG, P =G+—€ontrol signals are produced in the BS, BY, BT
and AE modules in PPS 3. 8. EXIT = INSTRUCTION TRANSLATIONS « SKIP + NF9. SKIP

8] u

NF9 = EXIT PLUS 500 nsgec,

A special case is the QTOG signal. Its generation may be dependent on the state of NF9.
NF9 only exists on the first major cycle following a skip. Ifa PP is operating at 1X speed,

each trip requires two major cycles, and the NF9 signal will be lost on the second cycle. U’ U
The Q -G flag, QTOGSS 15 produced from the signal BYQTOG which occurs on every function ’
decode requiring Q =G. If the next cycle is a skip, the presence of QTOGYS enables BYQTG

causing Q =G once agam. If QTOG was not enabled on this second trip, P =G, Timing for X U
Q to G9S is shown in figure 4-2-2. '

BY QTOG

Q TOGYS (Q TO G FLAG)

The 10 address holding registers (one for each PPM) of the CJ module gate 10 of the 12 U
address bits through ECL/TTL converters to the MOS memories. Multiplexing signals
PHA 0-9 select the correct PPM address register according to which PP is accessing

memory. U 11

If a refresh cycle is present, ATC = HRETF will occur, causing CLRA (refresh address)
bits 7-11 to become bits 3-7 of the PPM address.

BY QTG * BY Q TOG + Q TOG9SS

+ + +

The address holding registers of the CE module decode the other 2 bits of the PPM address 0 500 1000 1500 2000 2500 3000 3500
to select a quadrant of the PPM being addressed., lere again, there is one such register o
for each PPM, one of which is selected on every minor cycle according to the PHA 0-9 TIME (nsec)

signals. The quadrant to be reset (precharged - see PPS 3.7) is selected in the same way.

On refresh, the HREF signal occurs, causing all four quadrants to be selected for a Figure 4-2-2. Qto G Flag
particular PPM,

This addressing method used on refresh, addresses 1/32 of PPM on every refresh cycle
by addressing one column of the PPM address matrix each time. f

Refresh timing circuitry is described in detailed pak diagram PPS 3.9, Timing for the PHA,
AIG and HRST signals is shown in PPS 3.7.
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DETAILED PAK DIAGRAM (PPS 3.9)
PP MEMORY CONTROL

MEMORY PHASES

The memory sequence decade counter and memory sequence decoder produce memory
timing signals PHA 0-9 (phases 0 to 9).

As an example of the synchronizing effect of the PHA signals, observe the generation of the
HREAD 0-9 signals (PPS 3.9). The Y control holding register (PPS 3. 6) passes the read
signal to the read flip-flop of PP memory control on rank 0 of the PPU. Assuming PIIAO
exists at this time, read forces an HREA DO output (the signal that causes a read in PPMO)
at the read Nlip-flop. On the next minor cycle, PIA1 exists and the read signal produces
HREADI1, setting up PPM1 for a read, In successive cycles HREAD2, HREAD3, HREAD4,
... etc,, are produged. This process continues until the PP that generated HREADO once
again appears. Again, HREADO will occur on the appearance of this PP, All memory
control signals are produced in this way, with each memory being controlled sequentially
by different phases, so that the PPs are synchronized with the PPMs,

The time relationship of the memory phases and the ranks of a particular PP for PPMO
are shown on detailed pak diagram PPS 3. 7.

A fixed timing relationship exists between the PP> count and the major cycle signal, AXMJC.
This relationship is utilized in the CG pak to allow the assignment of any PPM to a given PP
by means of PPM select switches on the dead start panel, The setting of these switches is
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the value to which AXMJC resets the memory sequence decade counter, As a result, the
memory phase signals PHA0-9 may be advanced relative to the PP count by any desired -
number of minor cycles.

This PPM reconfiguration capability is disabled in PPS-1 on 14 and 17 PP systems. The
memory sequence decade counter always presets to zero in these systems. Only in a full .
20PP system are the PP select switches enabled in PPS-1, Reconfiguration in PPS-1 occurs
in parallel with that'in PPS-0. As a result, the two PPSs have identical reconfiguration
assignments.

- -

REFRESH CONTROLS

Shown on PPS3.9 are the refresh timing and address counter circuits. The refresh timing
circuit enables the CL 32 signal once every 32p - sec during the odd major cycle. Any PP
executing a PPM read cycle will be forced to refresh during the CL32 'on' time. PPMREF
causes a skip cycle to occur after the refresh period because no data is read during refresh,
A timing diagram showing the major signals related to the refresh cycle is on PPS 3.9,

When CL 32 occurs on a read cycle, the memory reference is postponed until the skip cycle
which follows refresh time, However, a write memory cycle would go on uninterrupted
while setting the delayed refresh FF., This flip-flop then forces a refresh on the skip cycle
following the write. :
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DETAILED PAK DIAGRAM (PPS 3,10)

PPM READ DATA OUTPUT

PPM READ PARITY CHECKER

T1 strobes data bits PPMRO-11 from PPM into rank 8 of the FD register,

* The PPM parity checker (PPS 3.6) co.apares the parity bit from memory (PPMRPB) with
one it generates itself from D8, F8bL :5 0-5 and produces a parity error bit (BFPMSP) if
they differ. BFPMSP forces a 507 !«utruction if allowed by the SCR, with the result that
the offending PP hangs. Fifty ns after BFPMSP, a 17-ns pulse, BFPMST goes to a fan-in
circuit that selects one of PMEROO-IZB. PMEROQ-IZ’a in turn sets a bit in the SCR indicat-
ing which PPM was in error,

D8 COMPLEMENTER

The D8 complementer inverts D8 on the relative jump instructions (03-07) if D8 bit 5 = 1,
On these instructions, D is added to the present address in Q to arrive at the new address.
Since all negative numbers are in ones complement form, D8 bit 5 indicates a negative
number. In order to cawry out the addition of this negative number to the present address,
the Q adder subtracts the inverted D8 bits from Q.

D= 0 TEST CIRCUIT

- The D = 0 test circuit (PPS 3,10) produces the signal DEQZRO0 which is used on the K
increment and G input control translators to skip trip 2 of instructions 01, 02, 5X

M REGISTER

FDY is used in many locations throughout the PPS since all data from memory goes through
the FD register. The M input selector may gate FDS directly to the channel data 1/0
register depending on the state of BJMI bits 0, 1 and BWPR.
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When a PPS is addressing its own channels, FD-=M on every cycle of the 732 instruction.
P, which holds the address of the next word to be read, is not incremented unless the
empty response i3 received signalling that data has been accepted by the channel,

On an external write, no response comes from the other PPS until after the data is sent,
If Nag Il = 1, P will increment and A, the word count, will decrement. When the BFIFUL -
response occurs, a new word enters M.

“Tiag 11 prevents a new word from entering M by recirculating the first word in the M
register until a BF1FUL response is received. Entry of a new word into M at this stage
would be undesirable because P has already incremented with the result that the wrong
word is in FD., Further changcs in the A and P registers are also inhibited by Tag 1L

Similarly, transmission of an incorrect function code caused by a P increment on the
first 770, "NTFY trip is prevented by TTag IT which causes recirculation of the correct code
in the M barrel until the code is accepted by the other PPS.

ME9 =M whenever channel control accepts a request from the other PPS, as indicated by
BWPRI. If a read request from the other PPS generates BWPRI, then channel control
(detailed pak diagram PPS 3.12) would not generate the control signals such as AQXM to
allow tranamission from the channel infout register (PPS 3,10). Channel control prevents
transmission of any unwanted outputs from M by not generating the transmission signals
AQXM 00-11, This includes the cases when ME9 =M on a BWPRI arising from an external
read request or on a 70 instruction with a BF1FUL response,

Note that A =M on a 72 instruction when a CZEFUL or EXTPLY response is received. This
indicates that the other PPS did not accept the write request and, therefore, the same data
from A must be output once again.
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164-77), REFRITT ‘ FaK G24.7 3.5 N8
M dll ne. 4 BN 3.2 022+ (601-601)+ 615+ (NFB. 62x)+635 . Kg—Kg 3.5 RT3
'QADDER FUNCTIONS . FORCE K K18, 2 YY3 DBY 637, BGAO. QULQO, SKIT?
QPLUS H 3 BN 3,2 (01140214022 +5x1+ (03x. 07x), 0805+ 601-604+ 3yy 3.5 Sl (xx, N179)
NFB.62x), RETRAIT 340 3.5 N9, SKIT(35x-37x)
s 28 BN 3.2 fto3~-07x)DB05+615+635 ) . REFRFT 505 3.5 DSHT, SWELY+SKIP, BBSTOP
Q MINUS 1
H 5 BN 1.2 (N1°8, 03%. 07x)+ 01010201 4xx+5%0+ 6104630+ 732 3.5 DSHT. DUMP
(64.67x) ,RAFFRTFT 110 3.5 DSRT, LOAD
e . R 7Y3 1.5 QILQO(IY 617+ BGAD. BY837)
L’._"é}l’.&%‘.“_"ﬂ‘is. NoL§ Bp 3.2 (Oxx -Glx+62x, HITNWIN+G3x, BUDIFULLr . o2 GITA0. SRIP. [(TAD. BY 617
A o 64-77x). SEIP . o 6Y3 6% 7, (BUAD, QILQD, SKT1)
- G194
L0 M. ADDRESS INPUT By . BS KA ] BVEES [62x+ (60x, 600, N¥D)v 3xx+ (NFY. 600, BGAO]] :ﬂ cro.s§ Trip
¥ +DRZIROO10+0205x0) ¢ (021 r4xx + Sx L)+ NF9{610+630) 1 o ﬁlnt‘:-‘.
+BXQTOPQTOGYS . SKIP - Ky Gi9,1 put. BT { T R "
BY.BT 3.8 640. N°0+610. TFD+T10. NF9-730, N19+ SKIP, NFFD EXIT 21,13 BX 3.5 g EXITOSRIP, 704 - SKID, NEY (100(BWINT,
Z9G Ja2re . . 2eBe It S FULL BKRPLY, EXEUNTZOBWINT, ACTV, IFLLL.
A SBERPLY, LXAC, TRFU)750 BWINTIACT VY Q909
PaG (ST 'rer) 1750, BRRP LY (EXAC 1Q005) 1 (T0x 72%+ i 4x1T6x+77x)
Y REG INPUT SRT, LVE . (BWINT, Q05+ BWINT, ATT Vi BRRIPLY . QU4+
SK 214610, NFT+830, RTT+71x. NI'O+ 5 . N.Quou
T J20. - 3.: +3KIP, (0214610, T T NFO) BRRPLY. ESATI ¢ |ShU%. NUO.CWNSKIY . [BGAO
Oy 120.7 . SRTIT 601-604 +614-6174BKCHF (600, NTT4613)) 624+ 1xx 100X+ 03x- 0% x (20-23) KT 70 24 -27 011, 022
BR 38 Q004.5RTP. [70x . NI'0 #7112 ERPLY, (LXTL + (30-34)NT79+ (64-67)NT2+ 603 ) - 600, IGAD, sl
ny BR 3s (CxSY). (T 5Y) X0 DSRT F16.2 BB.CY. N
‘:\ 120.2 B 3.6 SRNIP (110, NIT+34x , NFO+14x  NFO4341+ FLAG I BQ 3.4 NF9ILAGI. (SKIPVFDTOM
P MENORY WRITE ’ . gpagx 31X FLAG It BK 3,10 NEOSFLIY. (QOTINTTIOMTTIN)
L T 1o bR 3.6 Ug)""-,";]-l”;m‘“{.‘r’.’ L 600, KFT4613) Q-G FLAG Kig. 1 BY 3.8 BVIX [62x"(60x. 600, N19)
o :63;‘:«;0uoxo.'!urv»m-nsao.Nrtﬁnx.M‘ﬂ '3‘x'¢Nl~;9-60f!: ﬂ(}AOH ‘l)\ﬂ(?(OIO'UZU'SxO)O
STIZBWIN L, (ACTHIULLIERPLY. QI04. 021+4xx+ SxLeNFHG104630) vQ— |
(EXICIEXNCT) 4735 N8|
CHAN, PAR_CHLCK 177 §712. 1 BWINT(ACTY + FULL)
LHrc o 5.6 ?L& !-:u'x'[l Y. (EXIU+LXAC))+70x  NFY
M}\_{J—Tﬁ“‘—@' 3 nJ 3.10 FOOT. (XU EXRPLY)
WFLI :XFU+LRPTY)
Moo \ e ‘1o Ko r:{;:]s;(‘p T XRPLY* FLI)
FD—=M ° BJ .10 . . -
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PPS INSTRUCTION SUMMARY

This instructibn summary lists mnemonic code, address field, instruction name, and in- -.
struction length for each PPS instruction. More detailed information may be found in the
CDC CYBER 170 Hardware Reference Manual, publication number 60420000.

Symbols used in the summary are:
d  6-bit operand or operand address

f 6-bit instruction code

m 12 bits used with d to form an operand or operand address

These three words or subwords are drawn from memory and used in various combinations
as instruction codes for the two PPS instruction formats (12-bit and 24-bit).

The 12-bit format (figure 5-A-1) is a standard PPM word broken into an operand address (d)
and a function code (f}.

- -

f d

6 bits 6 bits ’
11 6 5 0
Figure 5-A-1, 12-bit Format

°

The 24-bit format (figure 5-A-2) uses the contents of two consecutive PPM locations (P and
P+1). Here, P contains f and d while P+1 carries the m portion of the instruction. In this
format, fis the instruction code and d, in combination with m, specifies further instruction

parameters.
f d m
6 bits 6 bits 12 bits
11 0 11 0
AN A i -/
Y Yo
(P) (P+1)
Figure 5-A-2. 24-bit Format
A A register
P Program address register
Q Q register
(x) Contents of a register or location x

((x)) x specifies an address whose contents is the address of an operand (indirect -
addressing).
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NO ADDRESS

PPU INSTRUCTION & OPERAND FORMAT

6-OH

" 65 0
-------- f d 'OPERAND=d
DIRECT

n 6 5 0

o f d OPERAND=(A)
INDIRECT

1 6 5 0 a
f d OPERAND=((d))
CONSTANT

n 6 5 0

P f d
, o OPERAND=dm
P+1 m

INDEXED DIRECT ADDRESS

1 65 0
f d
OPERAND=
1" o(M+(d))
/ m ‘
' OPERANDS
BT 6 5 0
OPERANDS
1 0
OPERANDS
17 , 12 1 0
OPERANDS|  OPERANDS

;“('"J\_ -/
-
. m

d
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TABLE 5-A-2,

PER!PH;QRAL AND CONTROL PROCESSOR INSTRUCTIONS

Octal Mnemonic Audress Instruction Instruction Octal Mnemonic Address Instruction Instruction
Code Code IYield Name Length (bits Code Code Field Name Length (bits)
00 PSN Pass 12 40 LDI d Load ((a)) 12°
01 LIM md Long jump to m + {d) 24 41 ADI d Add ((d)) 12
02 RJM md Return jump to m + (d) 24 42 SBl d Subtract ({(d)) 12
03 UJN d Unconditional jump d 12 43 LMI d Logic difference ((d)) 12
04 ZJIN d Zero jump d 12 44 STI d Store ((d)) 12
05 NJN d Nonzero jump d 12 45 RAIL d Replace add ((d)) 12
06 PJN d Plus jump d 12 46 AO! d Replace add one ((d)) 12
07 MJIN d Minus jump d 12 47 SO1 . d Replace subtract one ((d)) 12
10 SIIN d Shift d . 12 50 LDM md Loud (i + (d)) 24
11 LMN d lL.ogical difference d 12 51 ADM md Add (m + (d)) . 24
12 LLPN d I.ogical product d 12 52 SBM md Subtruct (m + (d)) 24
13 SCN d Sclective clear d 12 53 LMM md L.ogical difference {(m + (d)) 24
14 LLDN d Loud d 12 54 STM md Store (m + (d)) 24
15 LCN d Load complement d 12 55 RAM md Replace add (m + (d) 24
16 ADN d Add d 12 56 AOM md Replace add one (m + (d)) 24
17 SBN d Subtract d 12 57 SOM md Replace subtract one (m + (d)) 24 -
20 LDC dm Load dm 24 60 CRD d Central read from (A) to d 12
21 ADC dm Add dm 24 31 CRM md Central read (d) words : 24
22 LPC dm Logical product dm 24 from (A) tom
23 LMC dm Logical difference dm 24 62 CWD d Central write to (A) from d 12
24 PSN Pass 12 63 CWM md Central write (d) words 12
25 PSN Pass 12 to (A) from m
260 EXN Exchange jump 12 64 AIM md Jump to m 1 channel d active 24
201 MXN Monitor exchange jump 12 65 1IJM md Jump to m if channel d inactive 24
262 MXN Monitor exchange jump to MA 12 66 FJM md Jump to m if channel d full 24
263 MXN Monitor exchange jump to MA 12 67 EJM md Jump to m if channel d empty 24
27 RPN Read program address 12

70 IAN d Input to A from channel d | 12
30 1.DD d Load (d) 12 71 IAM md Input (A) words tom 24
31 ADD d Add (d) 12 . from channel d
32 sSpD d Subtract (d) 12 72 OAN d Output from A on channel d 12
33 I.MD d Logical difference (d) 12 13 OAM md Output (A} words from m 24
34 STD d Store (d) 12 on channel d
35 RAD d Replace add (d) 12 74 ACN d Active channel d . 12
36 AOD d Replace add one (d) 12 75 DCN d Digconnect channet d = 12
37 SOD d Replace subtract one (d) 12 76 FAN d Function (A) on channel d 12
M FNC md Function m on channel d 24

<
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EXIT EXIT
ENTER 00 P-G
P-G ENTER 01, 02
— 1 S £ oxo - - ——[copE -~ NAME
TRIP 1 P+1-P FoK -
NF ——UFD = ¥ . PSN 00 PASS
(FD-= INST) T (};‘D 1:*'1131)5'1:) . luim o1 LONG JUMP TO M + (D)
TRIP 1 Do 11 RJM 02 RETURN JUMP TO M + (D)
EXIT NF SET QG Flag(D#O)
P-G l
‘n:' YES (K+1=-K
= p-G
Q-G
NO
0x0 N
K+1-K
(FD = INDEX)
TRIP 2 F~H_ o
NF D-H
QA=func 5=H
P-G
(011) (021)
FD=M=Base Addr. |’ P+l1-P
- K+1-K
TRIP 243 ({;3“3}.& F-H
(K=011) D-H TRIP 2+3 , D—oH}—-Q
QA=func 31=ADD {K=021) Q-Q
l' ' WRITE PPM QA=func 31=ADD
P-Y
EXIT Q-G
G
@ (022)
. — QQ ‘..p ‘
TRIP 445 FD—-H~H(+1)
(K=022) ]
EXIT
Q~—G

Figure 5-A-3. PPS Instructions 00, 01, and 02
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CODE NAME
EXIT EXIT UJN 03 UNCONDITIONAL JUMP D
P-G P-G © |ZJN 04 ZERO JUMP D
ENTER 03 ENTER 04-07 NJN 05 NONZERO JUMP D
\L PJN 06 PLUS JUMP D
MJN 07 MINUS JUMP D
F-K (FD = INST)
TRIP 1 ToH , ; 5
NF D->H SIGND = 2
P—Q 04 NO
rms__ﬂ‘—- | o0
D>0
NO 4 YES
Qa=func 3lg A4 05 NO
. ADD Qa=func 263 //X# 0?\
=SUBTRACT =
TRIP 1 YES
- NF
[QtH-Q-P| [Q-H-QP) 06 NO
-—-—-——e@?f?‘
‘ YES
07 NO
EXIT _—
A A ? )
QG YES
P-Q
\ D-H P+l-P
JUMP# JOMT
y
< P-G
EXIT

Figure 5-A-4, PPS Instructions 03 through 07
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o o

-
TRIP 1} Ehiﬂ Q places

—————— -

Figure 5-A-5.

PPS Instructions 10 through 17

CODE NAME
SHN 10 SHIFT D
LMN 11 LCGICAL DIFFERENCE D
LPN 12 LOGICAL PRODUCT D
SCN 13 SELECTIVE CLEAR D
.| LLDN 14 LOAD D
LCN 15 ——{-— LOAD COMPLEMENT D
ADN 16 ADD D
SBN 17 SUIBTRACT D :
EXIT
P-G
ENTER 10-17 .
F-K \
P+1-P
(FD=INST)
D-H
TRIP 1
NF
10 11 12 12 14 15 16 17
SHIFT FLAG A=A A=A A=A A=A A=A A=A A-A
L A—A D-B D-B D-B D-B D-B pD-B D-B
- = E 33
2A=If3unc0 AA=func 118 AA=func 4 AA=func 108 AAtfunc 5 AA func 128 AA func 318 AAsfunc 268
=A =EX.OR. sAND =sel clear =B only =B =Add =Subtract
QA=func5=H (A -B)
|
1
¥ v
EXIT EXIT
i P-G
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L-V-¢

TRIP 1
NF

CODE NAME

LDC 20 - LOAD DM )
ADC 21 ADD DM

LPC 22 LOGICAL PRODUCT DM
LMC 23 LOGICAL DIFFERENCE DM

(@ D = UPPER 6 BITS OF CM ADDRESS
(® M= LOWER 12 BITS OF CM ADDRESS

EXIT
P-G

ENTER 20-23

|

F-K
P+1-P
FD=INST)
D-H

P-G

P+1-P @
(FD=M=0OPER.)

Txgg 2 20

Z

21

22

23

N

A-A
D-B
F-B
Q-B
AA=func 5

=B

A-A
D-B
F-B
Q-B
AA=func 31

=ADD

A-A
D—-B
F-B
Q-B
AA=func 4

=AND

A-A
D-B
F-B
Q—+B
AA=func 118

=EOR

Figure 5-A-6.

EXIT
P-G

PPS Instructions 20 through 23
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CODE . NAME
CODE | NAME -
EXN 260 | REGULAR EXCH. PSN 24 PASS
MXN 261 | MON. EXCH. A L+ Pass
. EXCH. A. . EXN 26 EXCHANGE JUMP
MAN 262 | MON. EXCH. MA. RPN 27 READ PROGRAM ADDRESS
EXIT [ ExIT - EXIT
P-G ¢ P>G K P-G
ENTER 24, 25 : . ENTER 27
i} ' . Fo> K X = CENTRAL )
F-K D> PROC Pr1-P
TRIP 1 Pelap REQUEST PRIORITY (P) REG st | rle
NF (FD=]NST) — NO . X2 =A--==D el
L Dot PRIORITY 2 X oAslIno XF
. YES -
2 TRIP 1+ (_BUSY? ?{STORE PRIORITY
EXIT NF ¥NO l,
P-G P+1->P EXIT
SEND ADDRESS P~G
SEND EXCH. REQ.
SET BUSY * * ACCEPT CLEARS BUSY
SEND BIT 3 (MXN)
SEND BIT 4 (MAN)
(SEND BIT 0
C\ Exor
P—->G

[NEXT INSTRUCTION]

Figure 5-A-7. PPS Instructions 24 through 27
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CODE - NAME
LDD 30 LOAD (D)
ADD 31 ADD (D)
sBD 32 SUBTRACT (D)
LMD 33 LOGICAL DIFFERENCE (D)
STD 34 STORE (D)
RAD 35 REPLACE ADD (D)
AOD 36 REPILLACE ADD ONE (D)
SOoD 37 REPLACE SUBTRACT ONE (D),
EXIT EXIT
P-G P-G
ENTER 30-37(39) ENTER 34
F-K F-K
P+1-P D-H
TRIP 1 (FD=INST) Pil~P
KF D=1l - NP
9=G Ay PPM WRITE.
QG
Y
{FD=OPLR)

30 31 32 33 35 36 37
A=A F-B F-B F-B F-B F-A F-A
F-B D-B D-B D~B D-B D-A D-A
D-B A=A A=A A=A A=A FD=1=+1~B A=A

AAxfunc 5B AA:func 31=ADD AAafunc 26-SUBT. AAtf\mc 11-EOR AA-fuuc 31=ADD A=X Th-B=+1=B
A=Y A ,=func 31=ADD | A, =func 26=SUBT.
A ALy ATTALY
L Q=G RIS Q=G
WRITE PPM FORCE K-340
, 340
TRIP 2 0r 3
\F A=A
A p=funcO= A

EXIT
P-G

Figure 5-A-8, PPS Instructions 30 through 37
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CODE NAME
EXIT LDl 40 LOAD ((D))
P=G AD! 41 ADD ((D)
ENTER 40-47 spl 42 SUBTRACT (D)
l LML 43 LOGICAL DIFFERENCE (D))
4Y0 STI 44 STORE (D)
NF F-K RAL 45 REPLACE ADD ((D)}
TRIP 1 P+1-P . | Aot 16 REPLACE ADD ONE ((DD
(FD=INST) SOl 47 REPLACE SUBTRACT OXE ((D)
Read Inst. D=1
d-Q 0-G
I
4 dvo 1 440 -
F—1l F—U
NF p-u 9 D—H™R
TRIP Q4 =func 5=H QA=func5=11 PPM WRITE
Read (=Q  |poRCE K=3Y0 FORCE K=340
Q-G A-Y
0
Read (N-Q  (FD-OPER)
|
TRIP3
R¥ ,
30 3 32 33 35 36 37
A=A - F-B F-B F-D F-B F-A F=A
L F-B D~B D-B D-B D-B _~__p_-_‘_.~\‘ s D=A
D-B A=A A=A A=A A=A FD—1i-+1~ A=A _
AA'func 5sB| A ,=func 31=sADD AAtfunc 26-SUBT. AA'lunc 11=EOR AA-f\mc 31:ADD A=A ! T—-11:-1=B
A A~Y A =func 31=ADD jA, :func 26:SUBT.
ATEY ATMOE
Q-G Q-G Q=G

WRITE PPM

FORCI: K»340

i

Figure 5-A-

9. PPS Instructions 40 through 47

N
TRIP 4 or 3 l
\F ' A=A
‘AA=func0=A
@
Y
EXIT
P-G
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CODE NAME
EXIT LCM 50 LOAD (M + (D))
P-G ADM 51 ALD (M + (D)
ENTER 50-57 SBM 52 SUBTRACT (M +°(D))
L.MM 53 LLOCICAL DIFFERENCE (M + (D))
STM 54 STORE (\ + (D)
F-K 5Y0 RAM 55 REPLACE ADD (M + (D))
P+l ~P AOM 56 REPLACE ADD ONE (M + (D)
(FD:INST) SOM 57 REPRLACE SUBTRACT ONE (M + (D))
D
TRIP SET QG Flag (D=0, 5x0)
NP (5x0. V=0)
I K+1-K { 341
S @%\ YES {D=0.5Y0) D
L: =06 Pal-p
NO F~ 1l
D~ il FORCE Kx341 - -
5Y0 5v1 aQ WRITE PPM
Fli (FD-M) . Qp~fune 31=ADD
D-H P+l=P 9=c _
TRIP 2 [FD=(») |- JF=-H : TRIP 2 or 3 h
xF Qu=func 5+H —=3 D=1l FORCE K:3Y0 KT |
- 341
K*P‘“K Q4 =func 31=ADD TRIP 3 or 4
=8 -
ENIT
I(Pwomm Lavo P-G
TRIP 3 or 4
\F
30 a1 32 33 35 36 37
A-A F-B F-B F-B F-B F—-A F—A
F-B D~B D-B D-B D-B DA D-A
D-B A-A A-A A-~A A=A FD-DB:+1-B A
AAtlunc 5=B AAsluuc 31=ADD AA'func 26-SUBT. AAxfunc 11=EOR AA-func 31=ADD A-A FD=~DBr+1-B
A=Y, A, rfunc 31«ADD | A, =func 26:SUBT.
. AT ATTHE ST
‘ Q- G | Q-~G Q-G
WRITE PPM FORCE K=340
340
TRIP3,4 0r 5 |
XF A-A |
Ap=func0=A .

Figure 5-A-10,

EXIT
rP-G

PPS Instructions 50 through 57
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DETAILED PAK DIAGRAM (PPS 3.12)

"CHANNEL CONTROL

PPS 3.12 shows hardware used primarily for channel control timing. Translations of 1/O
instructions and channel status are illustrated in PPS 3.11.

PPS CHANNEL SIGNALS AND STATUS

There is one AR module for each channel. The transmitter shown in the AR module
(PPS 3.11) sends empty (EMPTY) and function (FUNY) signals to a selected channel if the
conditions BWMT or BWFN, respectively, arise in the full/active control translator.
Channels are selected by means of the select channel XX signal (SELXX). There is one
such signal for each channel. The AP module's transmitter sends the deactivate signal
(ACY - PPS 3.11) to the channels, but it originates in a similar way as the FUNY and
EMPTY signals from the ARIA signal of the AR modules.

-
The transmission of these signals to channel X must be accompanied by a corresponding
change in the empty (AQNFX) and inactive (AQNAX) states as indicated by flip-flops in the
AQ modules (PPS 3.11). Signals ARMT (set empty), SACT (sct active), and CACT (clear
active), which can be generated by processor conditions or by responses from the channels,
serve to make appropriate changes in channel conditions.

In the AQ modules there are several flip-flops working in conjunction to transmit full
(FULLY), parity (PARY), and activate (AQAC) signals to the channels. In addition to
storing channel conditions, the AQ module generates signals for transmission control
within the processor. These are AQXM (enables transmission), AQSD (enables data entry
into channel data 1n/out register), and AQCL (clears channel data in/out register before
loading new data).

Note that signals are not necessarily sent when the corresponding change in channel
condition occurs. For example, the function signal (FUNY) is sent rather than an active
(ACTV) on a 76 or 77 instruction, although the active condition (AQNA) is set. Also, no
signal is sent when condition changes are due to responsecs {rom the channels.

An example of a deactivate on a 75 instruction is shown in figure 4-2-5.

In this sequence, the signal ARIA cnables transmission of the inactive signal IACY to the
synchronizer. At the same time the CACT signal resets ACTV FF (T30), thereby setting
the inactive flag AQNA. ACT FF (T1) is normally reset. It sets only momentarily on a 74
instruction to send the active gignal to the synchronizer. All transmissions are gated

by the tuned clock TXX which occurs at T30 time.

80455060 A

Note that BWIA, the deactivate GO signal, could arise on a minor cycle coincidental with
either T10 or T30, If T30 dccurs during BWIA, the send inactive FF is set directly aqd
transmission occurs immediately on TXX. This is the most simple situation, illustrated
in figure 4-2=5 by dotted lines where it differs from the case in which T10 is cuincidental
with BWIA. In the latter instance, when T30 does not occur during BWIA as shown by solid
lines in figure 4-2-5, BWIA is held for one minor cycle in the inactive holding FF. This
flip-flop, in turn, sets the send inactive flip-flop whose contents are transmitted on the )
channel by TXX.

For all such channel control signals, provision is made™o retain channel commands until
transmission time. In the AR paks, the empty, function and inactive holding FFs retain
the transmit command until T30 time, while in’AQ the full and active (T1) FFs retain their
commands until transmission is completed,

The inactive indicator (AQNA) requires that either active FF be enabled to indicate an
active state, whereas the tranamit active signal (AQAC) specifically requires the ACTV
fhp-flop (T1) to enable a transmission. Thus ona 76 or 77 instruction, ACTV FF (T30)

is set by the signal SACTOO to force an active state without sending the active signal to the
synchronizer.

A similar arrangement exists for the full condition where both flip-flops (full FFs T1 and
T30) must be set to transmit, but only one (T30) is set to disable the empty (AQNF) flag.

Figure 4-2-6 shows channel timing, including responses from the external device on a
function instruction. The diagram shows that the channel becomes active at the same time
as the function signal is transmitted. The channel responds with a deactivate signal.
Timing restraints are noted at the bottom of figure 4-2-6.

PARITY

The parity holding flip-flop (PPS 3.11) outputs either a parity bit from the channel (CHPA)
or a parity bit generated from data read from memory (CHWP). \When CIIPA is present,
as on an input from peripheral equipment, AVCHPD is generated and used in a parity check
in the PPM channel paritj checker. When the channel parity generator sends CHWP to the
parity holding flip-flop on a 72 or 73 instruction, the selected parity transmitter sends this
parity bit to the channel as PARY.

4-2-19



PPS-0/PPS-1 STATUS DIFFERENCE T30
‘ Y L U |
PPS-1 differs from PPS-0 in channel status assignments at dead start time. On a 20-PP ; | | :
system, all channels are forced active and empty at dead start time. However, in 14 or .h | »—————‘—-.%.—1 . )
t .
17-PP systems, software requires that those channels assigned to nonexistent PPs must be . “U U Uv U m u—— L
forced inactive at dead start. Thus chamie'rs-‘m%n?and 07-11g of PPS-1 are forced : i ; 1 H
inactive in 14 and 17-PP systems, respectively. ‘i’lOl : t : :
This is accomplished by using DSRT to force the CACT 03-09 (clear active) signals on all ': ] !...J : | U l_r
affected channels, The AR and AQ paks (PPS 3.12) carry out this alteration in normal TX;( } | : :
status patterns. ' [ | | | [ | l
L—g——J |
o ! bt :
(I} | [ { |
SEL,BWIA,CACT.. [ 1 ~
] | 1 J‘ i [
. I i | __DENOTES DE-ACTIVATE (BWIA)
' | | COMMAND OCCURING ON A T30 ~
1 ! | I MINOR CYCLE.
INAC HLDG FF _ /| ! 1
D
] |
I | o :
1 | !
EEND INACT FF ! 1 !
i v ! ! I
\ ! 1
| | | H |
50ns 8§ | ! | |
l
1 ! 1
ARIA - ] ' ]
. | ] |
ACTV ]——_\__/I
AQNA_ .
| -
TIME (ns)’ !
‘. + + t 1 }
0 50 100 150 200 250

Figure 4~2-5. Deactivate Sequence

60455060 A . 4-2-20
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TI0
Y20

r————noo..-———»I
—u

|9 u U | ) U LJ
+ PPS INTERNAL 1 U
U } = }'cmss:s CLOCKS U ]
P : 1 TPUTS YO CHANNELS 1 i |
1SLOT TIME |SLOT TiM! NEXT SLOT rcx'r SLOY
1FOR EVEN (Fon oonE | ARE SHeui TE0 AT T35 Tive leven P 000 PP'S
1pP'y PP'S i ‘ | ]
) [
| S | W~ FUNCTION « BWFN (GENERARATED ON PPS INSTRUCTION DECOOE
R — L CHAMNEL ACTIVE [
10 MHZ CLOCK TRANSMITTED ON CHANNEL :
LC — L_J | - T L L_J
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NOTES + (X) TOTAL TURNAROUND TIME BETWEEN FUNCTION AND INACTIVE MEASUREO- AT THE
PPS SHOULD BE 310 ns ¢ 35ns TO MAINTAIN 500ns CYCLE TIME

ALl INP\ITS FROM THE CHANNEL YO THE PPS MUST ARRIVE AT THE PP IN

THE
TSas WINOOW INDICATEQ, TO AVOID LOST DATA (INPUTS MAY BE EARLIER OR LATER
BY 100 n¢ MULTIPLES)

@ ALL AC TRANSMISSION PULSE WIOTHS ARE 23ns ¢ 3ns SIMILAR TIMING RELATIONSHIPS
EXIST FOR DATA ,FULL, E‘MP\'Y. ETC

Figure 4-2-6. 1/O Timing for CYBER 170 I/O Channels

PP CLEARS RECEIVERS AT T20 TIME

_FUNCTION RECEIVED AT PP LATCHES INPUTS AT TIO TIME
TLEXT_DEVICE o
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DETAILED PAK DIAGRAM (PPS 3.13)

READ PYRAMID

Control signals C5C4, C4C3, C3C2, C2C1 and C1Y from the BU module (PPS 3. 13) gate
the CM word into successive ranks of the read pyramid. At each rank, the 12 most
significant bits are sent to the Y register,

The read pyramid receives data fror: CM via the CM data catching register. On trips
600 NF8 to 604 and on 613 to 617, a shift in the read pyramid is accomplished.

The CM data catching register actually forms C5, C5C4 gates bits 48-59 to the Y input
selector (PPS 3.6). C4 reccives the remaining 48 lower bits,

The BU and BK modules (PPS 3,13) together generate the control signals for the read
pyraiaid, :

On receipt of the CMDOL signal from CMC (which precedes the data by 50 ns), the data
ready 2 flip-flop (DR2) sets. This enables the BKC5F signal, which in turn activates
BUC5C4 when K = (§x3) or when NFJ . (K = 600). On the next T1, data ready 1 (DR1) sets,
thereby maintaining BKCSF = 1. DRI resets on C5C4.T1 when a new CM word may be
accepted.

Successive shifts in the read pyramid are dependent only on the ingtruction code which
produces signals C4C3 to C1Y.

The signal TDR (PPS 3.13) = BKC5LA.T1. The AA module produces this signal unless
either of the data ready FFs are set while the C5C4 flip-flop is reset. Thus, the CM data
catching register holds a word from CM until it is shifted into C4 (indicated by BUC5C4).

TWO OUTSTANDING READ REQUESTS

If a data word remains unprocessed in the CM data catching register when a second CMDOL
signal is received from CMC, DR2 sets, When the first word is shifted out of the CM data
catching register on BUC5C4, the C5C4 flip-flop in the BK module sets and, through
BKCSLA, gates the new word into the CM data catching register. At the same time DR2
shifts into DR1, making room for another word from CM.

60455060 A

There may be up to two PPs having outstanding requests for a CM read at any given time.
The response from CMC may occur prior to the slot time of cither of these PPs. To
prevent the second PP from receiving the first's word, it is locked out by means of the
BGCSEN signal which inhibits the generation of the BKCS5F signal when the sccond PP’ is in
the slot.

-

BKCSF is also inhibited by the C4C3 flip-flop. This prevents loss of data by ensuring that
C4 is empty before C5 - C4. -

PARITY

The CM read parity checker (PPS 3.13) produces a 17-ns SST 0000 signal when it detects a
parity error on a CM read. This sets STC 000 (SCR bit 0).

In the event that a single error is detected and corrected by means of the SECDED system,
CMC sends the PPS a corrected data word. Normally the data is accompanied by an
appropriate parity bit, but in this case the parity bit is inverted since it is generated from
the data word before correction. To prevent the parity error signal that would be generated
at the PPS in such cases, CMC also sends a bit (DPPOIP) which inverts parity in the read
pyramid recewvers (KR pak - PPS 3.13).
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CHANNEL CHARACTERISTICS 1

CHANNMEL DESCRIPTION

The CYBER 170 series computer systems are configured with either 10 or 20 separate
peripheral processors (PPs), any one of which can exchange data with external equipment
connected to a data channel, A 10-PP system allows any processor access to any one

of 12 data channels. A 20-PP system allows any of its processors access to any one of
24 data channels. Communication between a processor and an external equipment is via
a synchronizer. Signal transfer between a data channel and a controller is by means of
one-shot pulses that are converted, within the synchronizer, to the form required by the
external equipment.

Each data channel has a 13-bit bidirectional register and several bidirectional control des-
ignators that define the status of the register and channel. Each data channel transfers
12-bit words and a parity bit at rates up to a maximum of one word every 500 nanoseconds
when the PP is running at 2X speed. The one exception in which a 2-MHz transfer rate
cannot be maintained occurs in a 20-PP system when a PP on one chassis is accessing a
channel on the other chassis and, at the same time, a PP in the second chassis is exe-
cuting channel instructions; e.g., PP-1 aéc_essing channel 248 while PP—138
forming channel operations. In these exceptional cases, both PPs will operate at the
1-MHz rate,

is also per-

Pulse communication is used on all data and control lines of a channel, all lines are syn-

chronized to the PP clock system, and all channels may be in operation at the same time.

A "channel active'' designator is set from an internal (PP) source, or from an external syn-
chronizer, to reserve a channel for communication between a PP and a synchronizer (or
another PP).

A "channel inactive' designator, originating either internally or externally, clears the
""channel active' designator to terminate communication.

A " channel full" designator, set from an internal or external source, indicates that a 12-bit
(plus parity) data word has been entered into the channel register.

A "channel empty'' signal clears the "‘channel full" designator, which in turn clears the
channel register.
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Figure 1-1. Data Channel Cable Connectors
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The pulses on the data and control lines are one-shot, nonrepeat type transmissions, and
all synchronizers must provide /storage for the information. Control signals include a
10-MHz (100-nsec period) clock, a 1-MHz (1-usec period) clock, and a MASTER CLEAR

for all external devices.

Channel data and control lines are grouped into two cables: input and output (refer to

figure 1-1). The output cables carry processor signals to the synchronizers. The input
cables carry synchronizer signals to the processor and the two clocks in the opposite
direction. All devices on a channel connect to the data and control lines in a serial-parallel
arrangement, Each synchronizer (with the exception of the data channel converter) samples
the lines, and unconditionally relays all signals to the next-in-line synchronizer. Each syn-
chronizer times the signal relay on the 10-MHz clock signal so that all are synchronous

with the érocessor, but time-displaced from each other by one or more clock periods.

The data }channel converter (DCC) relays data only when not selected (the DCC does relay

| .
the function that selects it).

On a CYBER 170 with 10 PPs, channel 108 is permanently wired to the display controller

"pass-on''

(DSC) so that 1/O channel data is available to external equipment only via the
logic in the display controller. Thus, all I/O transfers on channel 108 are delayed by
100 nanoseconds. Channel 108 is wired as a normal channel on the second chassis of a

20-PP system when a second display controller is not installed.
SIGMAL - SPECIFICATIONS

The data channel signal specifications are listed in table 1-1. Separate input and output
cables are used for each data channel. Each cable line originates and terminates on the
PPS logic chassis. Cable lines have a fixed length of 22.9 meters (75 feet), including the
lengths internal to both the PPS and external synchronizer,

A logical "1" signal, measured at the circuit terminals of the sending device, is illustrated
in figure 1-2 and described in table 1-2, No signal is impressed on the line for a logical
zero. Input circuits in the external equipment must terminate the line in its characteristic

impedance.
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ov.

)

|l
]

| 20.25 ns

20. 25 ns
>

<%

MAX VOLTAGE SWING = + 2.7V p-p
MIN VOLTAGE SWING = + 2.1V p-p

Figure 1-2, Output Pulse Characteristics

Measured at output pin of TR. looking into a 75 impedance.

TABLE 1-1., DATA CHANNEL COAXIAL CABLE LINES
Input Cable PIN Color Code QOutput Cable
Data bit 0 A 90 Data bit 0
Data bit 1 B 91 Data bit 1
Data bit 2 C 92 Data bit 2
Data bit 3 D .93 Data bit 3
Data bit 4 E 94 _Data bit 4
Data bit 5. F 95 Data bit 5
Data bit 6 H 96 Data bit 6
Data bit 7 J 97 Data bit 7
Data bit 8 K 98 Data bit 8
Data bit 9 L 99 Data bit 9
Data bit 10 M 900 Data bit 10
Data bit 11 N 901 Data bit 11
Active P 902 Active
Inactive R 903 Inactive
Full S 904 Full
Empty T 905 Empty
Clock (10 MHz) U 906 Function
Clock (]i MHz) v 907 Master Clear
Input Daita i ’ 908 Output Data

Parity Parity
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TABLE 1

-2. LINE CHARACTERISTICS

Parameter

Description

Line length (maximum)

Pulse amplitude at output
of the transmitter

Rise time

at the output

of the transmitter
Fall time

Line capacitance

Line af.tenuation

Voltage rating

22,9 meters (75 feet) typical CDC cable

2. 3 volt peak at 32 milliamperes into a
70-73 ohm coaxial cable - the cable to be
terminated in its approximate characteristic

impedance

2 nanoseconds

2 nanoseconds

70.5 picofarads]meter (21.5/foot) maximum
(typical CDC cable)

0.15 decibels/meter (0.045/foot) (typical)

30 volts maximum

NOTE

22,9 meters (75 feet) line length is the total length
from the transmitter to the receiver. This includes
the short cables cn the PP and synchronizer chassis.

19983600 A
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SIGNAL TIMING

” la——xoa ns——‘{
u - U

T20 :
PPS Internal
(W] - U Chassis Clocks. [ ] U
T30
! T~ au b ' ' LrJ U
outputs to Chaanel

! ' are transmitted at T30 Time ! Next Stot |

t Stot i Time for !

) Time for 1 t PP-N ]

PP-N
] i ]
‘ Function |

T Chanael Active at PP - [

310 MHz Clock transmitted on Channel

- L_f L LI 1 L |
IL/__{\
H Function tranamitted
25 na on Chanael l J LI PP clears Receivers at T20 Time
l I PP latches Inputs at T10 Time
——— - Inactive seat by
N :at:x::s;:h,__"‘- - -f.\. ——— External Device e
Function set at -1 _," - ]
External Device - t Inact ived
> 135 s nactive recei at PP
Cable Delay i
. ]
1
f\A 1
/ o

Notes:

@ _Total Turnaround Time between Function and Inactive measured at the PPS should
be 410 ns * 35 ns to maintain 500 ns Cycle Time.

All inputs from the Channel to the PPS must arrive at the PP in the 75 ns window
indicated, to avoid lost data (inputs may be earlier or later by 100 ns multiples).

@ All AC Transmission Pulse Widths are 25 ns + 5 ns,
Similar timing relationships exist for Data, Full, Empty, etc.

The MASTER CLEAR is pulsed at 4096-usec periods for as long as the DEADSTART switch
(on the deadstart panel) is in the ON position, or while the DEADSTART button (on the dis-

play console) is pressed. Each deadstart cycle causes a train of pulses to be transmitted,

on all channels, for a 1-usec period.

1-6 , 19983600 A



CHANNEL OPERATION

SIGNAL RELAY

Signal relay is necessary in all synchronizers on a channel except in the one at the end of
the line. Signal timing through the relay is at a 10-MHz rate. Each synchronizer appears
-as the processor to the next-in-line synchronizer except for a time lag. This time lag
depends upon the cable length and the internal circuiting of each synchronizer between it
and the c}ata channel. Each synchronizer samples and stores all output signal lines in ad-
dition to§ sending them to the next-in-line synchronizer.

Each synchronizer also transfers all input signal lines to the next-in-line synchronizer.
In-addition, each synchronizer must provide for entering its signals onto the same lines.
Therefore, the network feeding a processor (or the next-in-line synchronizer) is an OR
combination of the synchronizer and the one feeding it.

Computation of cable time and signal delay time through internal hardware allows. a syn-
chronizer to place the signals on the lines, for relay to the next-in-line synchronizer, at
a time relative to the processor delayed by an integral multiple of 10-MHz clock periods.
Thus, each synchronizer appears as the processor to the next-in-line synchronizer.

TYPICAL DATA INPUT SEQUENCE

An external device sends data to the processor by way of a synchronizer in the following

manner (refer to figure 2-1):

1. The processor places a function word in the channel register and sets the "full"
- and "channel active' flags. Coincidentally, it sends the function word and a
| “"fuhction'" signal to all synchronizers. The "function" signal tells all synchro-
l niszrs to sample the word, and identifies it as a function code (as opposed to a
: dady word). The code selects a synchronizer and a mode of operation. Non-

~ selected synchronizers clear, and only the selected synchronizer is turned on.

A synchronizer will not select if it detects a parity error in the function word.

2. The synchronizer sends an "inactive' signal to the processor, indicating
acceptance of the function cqQde. This signal drops the ''channel active" flag
which, in turn, drops the "full" flag and clears the channel register.
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2~2

6.

8.

The processor sets the "channel active' flag and sends an "active' signal to the

synchronizer signalling the device to start sending data.

The device reads a word and then sends that word to the channel register with a
"full" signal that sets the "'channel full" flag coincident with the data arrival.

The processor stores the word; drops the "full" flag and returns an "empty"
signal indicating acceptance of the word. The device clears its data register and
prepares to send the next word. The detection of a parity error by the channel
causes a signal to be sent to the status and control register, indicating this condi-

tion and the channel on which it occurred.
Steps 4 and 5 are repeated for each word transi:erred.

At the end of the transfer, the synchronizer clears its "active'' condition and sends
an "inactive' signal to the processor to indicate '"end-of-data'. The signal clears
the -"channel active'' flag, disconnecting the synchronizer and the processor from
the channel, .

As an alternative, the processor may choose to deactivate the channel before

the device has sent all its data. The processor does this by dropping the "active"
flag and sending an "inactive'' signal to the synchronizer that immediately clears
its active condition and sends no more data, although the device may continue to
the end of its record or cycle (e.g., a magnetic tape unit continues to "end-of-
record' and stops in the record gap).
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R I

SIGNAL ORIGIN
FUNCTION PP —-!——]——

l I FUNCTION CODE
13-BIT WORD PP

5

INACTIVE ED

13-BIT WORD ED
FULL ED
EMPTY PP
INACTIVE ED

INACTIVE PP
{ALTERNATE)

REPEATS FOR

e o} e e ....———-—-.-—n—-——-—.——-——i—

EACH WORD
DISCONNECT
_j (END OF DATA)
DISCONNECT
PP MAY DISCONNFCT AFTER
et} THE EMPTY SIGNAL OF ANY

ED WORD. STATUS REQUEST
1S DISCONNECTED IN THIS
ANNER.

PP = peripheral and conirol processor; ED = external device

A, Time is a function of ED

B. Time is a function of PP

C. Time is a function of ED

D. Time is a function of PP

E., Time is a function of PP.

F. Time is a function of ED

PP recognizes inactive 1 major cycle time*
(or an integral multiple of major cycle times).
after function, Inactive must have been
received by the PP sometime before this.

Minimum time is 1 minor cycle time *;
actual time is a function of the PP program.

Minimum time is 1 minor cycle time; maxi-
mum time is an integral multiple of up to

9 minor cycle times (to allow operation
within 1 major cycle time).

Minimum time is 3 major cycle times;
maximum time is an integral multiple of
major cycle times.

* Major cycle time is 500 nanoseconds or 1 microsecond (500 nsec or 1.0us modes of

operation).

Minor cycle time is 50 nanoseconds or 100 nanoseconds (500 nsec or 1.0ps modes of

operation),

Figure 2-1, Datrzx Input Sequence, Data Channel
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STATUS REQUEST

A status request is a special one-word data input transfer in which an external device indi-

cates a 'ready" or "error'" condition to a processor (refer to figure 2-1).

2-4

1.

5.

The processor places a function word in the channel register and sets the 'full"
and. "channel active'' flags. At the same time, it sends the word and a "function"
signal to all synchronizers. The "function' signal tells all synchronizers to
sample the word as a function code (as opposed to a data word). The code selects
a synchronizer and places it in the ''status'' mode. Nonselected synchronizers
clear, and only the selected synchronizer is turned on. A synchronizer will not
select if it detects a parity error.

The synchronizer sends an "inactive'' signal to the processor indicating acceptance
of the status function code. The signal drops the ''channel active' flag which, in
turn, drops the ''full" flag and clears the channel register.

The processor sets the ''channel active' flag and sends an "'active'' signal to the

synchronizer which signals the device to send the status word.

The synchronizer sends the status word, drops the "full" flag and returns an
"empty" signal, indicating acceptance of the word. The detection of a parity
error by the processor causes a signal to be sent to the status and control
register, indicating this condition and the channel on which it occurred.

The synchronizer accepts the word and sends an "empty'" signal to the processor
where it clears the channel register and drops the "full" flag.

The processor drops the ''channel active' flag and sends an "inactive' signal to
turn the synchronizer off,
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TYPICAL DATA OUTPUT SEQUENCE

The processor sends data to an external device in the following manner (refer to

figure 2-2).

1. The processor places a function word in the channel register and sets the "full"
and ''channel active' flags. Ceoincidentally, it sends the word and a ''function"”
signal to all synchronizers. The ""function" signal informs all synchronizers to
sample the word and identifies it as a function code. The code selects a synchro-
nizer and a mode of operation. Nonselected synchronizers clear, and only the
selected synchronizer is turned on. A synchronizer will not select if it detects a

parity error in the function word.

.

2. The synchronizer sends an "inactive'' signal to the processor, indicating accept-
ance of the function code. The signal drops the ''channel active' flag which, in

turn, drops the "full" flag and clears the channel register.

3. The processor sets the "channel active" flag and sends an "'active' signal to the

synchronizer which signals to the device that data flow is starting.

4. The processor places a data word in the channel register and sets the '"full" flag.

Coincidentally, it sends the word and a ''full" signal to the synchronizer.

5. The synchronizer accepts the word and sends an "empty'' signal to the processor,

where it clears the channel register and drops the 'full" flag.
6. Steps 4 and 5 are repeated for each synchronizer word.

7. After the last word has been transferred and acknowledged by the synchronizer,
the processor drops the ''channel active'' flag and sends an '"inactive" signal to

the synchronizer, turning it off.

TREATMENT OF PARITY ERROR

One odd parity bit is added to all the 12-bit words (data or function) prior to loading the
channel output registers. Thus, a 13-bit word is transferred on the output channel. Like-
wise, a 13-bit word is expected on input transfers from the external devices. The in-
coming 13-bit words are held in the appropriate ""channel data-in" registers, where the odd
parity is checked and only the 12 data bits are transferred to the appropriate register or
registers. Parity bits are transferred over the ""W'' wire in both input and output coaxial

cables.
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1
FUNCTION CODE |
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FULL PP
ACTK\{E PP _________l———L_‘
EMPTY ED
INACTIVE PP

DISCONNECT
{END OF DAT V)

PP = peripheral and control processor; ED = external device

is a function of ED

is a function of PP

is a fﬁnction of PP

is a function of ED -

is a function of ED

is a function of PP

PP recognizes inactive 1 major cycle time*
(or an integral multiple of major cycle times)
after function,

Minimum time is 1 minor cycle time *; actual
time is a function of the PP program.

Minimum time is 2 or 4 major cycle times
depending on instruction; actual time is a
function of the PP program.

Minimum time is 1 minor cycle time; maxi-
mum time is an integral multiple of up to

8 minor cycle times (to allow operation
within 1 major cycle time).

Minimum PP time is 1 major cycle time.

Minimum time is 2 major cycle times after
empty from ED.

* Major cycle time is 500 nanoseconds or 1 microsecond (500 nsec or 1.0us modes of

operation).
Minor cycle time is 50 nanoseconds or 100 nanoseconds (500 nsec or 1.0ys modes of
operation).
Figure 2-2, Data Output Sequence, Data Channel
L T =3
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There is no parity on the control signals transferred to and from-the peripheral processors
on the channels.

In the event of a parity error during an input data transfer on any of the channels of a PPS,
a parity error indication is sent to the status and control register. Bits from 024 to 035
are set for the respectiye channel parity errors of the 12 channels. The PPS continues
in its normal mode of operation, and any corrective action to retrieve the system is left to .
the system's software. If a transmission parity error occurs during an output transfer, it
is expected that the exterral device synchronizers will set an error bit in their respective

" error registers. Any other action taken may vary from device to device depending upon its

capabilities.
|

z
The internal data channel converter (part of PPS-0) will respond as follows when it detects
a parity‘ error on data transfer from the channel:

1. Parity Error in Function Codes
(a) The "connect' and ''function' signals to the 3000 series equipment are
blocked.

(b) The converter does not send an "inactive' signal to the channel.
(c) The parity error status bits 2 and 11 in the converter are not set.
(d) The function is not executed.
2. Parity Error on Data Words (including functional data on Mode II Connect or
Function)
(a) Both parity error status bits 2 and 11 are set in the converter status word.

(b) The data is used as normal. The parity bit received from channel is sent un-
changed to the 3000 series synchronizers. The connected synchronizer will
also detect the parity error and react appropriately.

To Mode II connect or function code parity errors, the DCC will generate
) an "empty' signal after a delay of 100 nanoseconds.

Pa‘ ity Error on Data Received by the DCC from the 3000 Series equipment
(a) Bit 2 is set in the DCC status word.

(b) The data is sent to the channel with uncorrected parity.
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y
4. Parity on Status Information
No parity is generated on status information transferred from the 3000 series

equipment to the DCC. The DCC generates and transmits parity for the status
information to the channel.

For external devices with no parity capability, there are 12 switches on the
PPS chassis to disable parity checking on data received on any of the 12
channels,

TEST O? PARITY SYSTEM

f
Bit 1208 of the status and control register (SCR) allows testing of the parity network in

the PPS. When set, this bit forces zero parity transfer on all 12 channels; i.e., this

function cannot be selected for a single channel.
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CONTROLLER/EQUIPMENT CONNECTIONS 3

TYPICAL CONNECTIONS

Synchronizers are connected to an associated data channel as shown in the typical configu-

ration in figure 3-1,

‘Several synchronizers may be connected to a common data channel provided none have

identicall select function codes.

f
!
I
|

'COAXIAL COAXIAL COAXIAL
CABLES CABLES CABLES
OUTPUT ‘
CABLE
DATA SYNCHRONIZER SYNCHRONIZER | SIGNAL
CHANNEL < RELAY
INPUT g
\ CABLE SIGNAL RELAY IS-NOT

REQUIRED FOR LAST
SYNCHRONIZER ON A
CHANNEL

EXTERNAL EXTERNAL
EQUIPMENT EQUIPMENT

Figure 3-1, Typical Synchronizer/Equipment Connections

SPECIAL CONMECTIONS

Two speicial ‘Lquipments have a modified configuration. These are the DCC (data channel

converter) id the 6682/83 satellite coupler (refer to figures 3-2 and 3-3).
| !
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SIGNAL

RELAY
3000
SERIES
ONTROLLER
] F{
>4 3000
. CHANNEL g 17 7~ T CONTROLLER
TWISTED A
PAIR CABLE EXTERNAL
«——-r——>-
| EQUIPMENT
i
* THE SIGNAL RELAY IS BLOCKED |
FOR FUNCTION CODES WHEN THE "
DCC.IS SELECTED. « 1 o |EXTERNAL
EQUIPMENT
Y -
Figure 3-2, Typical DCC Configuration
SIGNAL SIGNAL
RELAY RELAY
! i 1 {
T ——— < aatat] 1 ] . g
DATA 1 1 DATA
e S o
CHANNEL |, | ses2/esy T 6682/83 € CHANNEL
TWISTED
PAIR CABLE

Figure 3-3. Typical 6682/83 Configuration

The 6681 may be selected by a select function code or by performing a master clear,
The 6682/6683 and all other controllers may be selected by a select function code only.

3-2
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S 00028661

CODE
AJM 64 JUMP TO M IF INT OR EXT CHAN D ACTIVE
1M 65 JUMP TO M IF INT OR EXT CUAN D INACTIVE
I'JM 66 JUMP TO M IF INT OR EXT CHAN D FULIL
EJM 67 JUMP TO M IF INT OR EXT CHAN D EMPTY
EXIT
F=G
<[- ENTER 64-67
TRIP 1
F-K
NF P+l=P
) {FD=INST)
D=1l
£~G
FD=M=JUMP ADDR
T Pil-P
F-1l jump
D-U
~ QA-{unc 5='l'only,
64 67
YES NO YES [ATT.SKIP. - NO YES NO YES NO
CHAN
TRIP 2 I o
T NACTIVE?
l y JUMP Jump
Q,-P P-P Qp-F P-Pp Q,-P PP Q,-F P-p
Q-G P-C Q-G P-G Q-G P~G Q-G P-G

Figure 5-A-15, PPS Instructions 64 through 67
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EXIT
P=G
ENTLR 70

i _100

» (FD=INST)
Pl p
FaK
D-Hl

CODE

NAME

IAN 70

INPUT TO A FROM
INT CHANNEL D

P

700

RaY
YA

{Data fi om Chan, D)

rCh:m Full?

YLS

SEND EMPTY

exit coue: NAME
> -
PPYO.Y ENTER 10 INPUT TO A FROM
i IANT0 | pXTERNAL CHAN D
) 70. NF,SKIP. .
TRIP 1 (FD=INSTR)
P+1apP
FoK
DallaQ (EXTERNAL CHAN #) ,
- P - G
PP10, 1 /l PPI2-9
TRIP 2 -
l 700. NF., 5K l 700. NF. SKIP
.
INHB READ REQUEST READ REQUEST
8 P-GC PaG
SKIP
TRIP 700. NF.SKIP

READ REQUEST

PG

|

YES

EXIT
P3G

!

YES

4

INHIBIT SKIP (PP#2-9)
PPM WRITE
B-Y A

mues  ( neruvoruitact —=( rerwv.@2’ s vacm y—» r-c —+¢

YES

PG ]

Figure 5-A-16. PPS Instruction 70

EXIT

PPI2-9

PP#0,1

OTHER PPS
PRI FULL.ACT

SEND EMPTY PULSL
CLR FULL
CHECK CHAN PAR

PPI2-9
-

TRIP 1

TRIP 2

SKIP
TRIP
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TRIP 1
NF
(PPM WRITE)

DEAD START—*

EXIT
PG
ENTHLR 71

71
(I'D:=INST)
F=X
P+l D
N-H
P-Y
7 -G

CObE

NAME

1AM 71

INPUT (A) WORDS
TO LOC. M FROM
INT CHAN. D

PPM WRITE
ADDER-A
NCR =P
SEI{'D EMPTY ©
CHAN PAR CHECK

713( 112

TRIP 2
|
711
(1FD=M)
TRIP 3 (FD-1)~P
NF K+1-K
PG
ln’z
=Y
A-1-~ADDER
P+ 1= INCR
TRIP4
NF
‘PPM WRITE
P INCR—P°
K+1 —K©
¥ CHAN PAR CHECK
713
TRIP § e
Ad
TRIP 6 [ _Ji]
\F (FD: 1)~ P

EXIT
P-G

712 = PPM READ UNLESS FULL

Figure 5-A-17.

1’40, 1
-

TRIP }

TRIP 2

TRIP 3

TRIP 4

DEADSTART LOAD

LNIT

rP-G

ENTER 71

(FD - INSTR)
K

P+lap
D-11-Q

Py
PPM WRITE

(EXTERNAL CHAN ¢

(FD = M)
FD-1.P
Kr1l-K

P-G

PP0, 1

]

INIIB REQUEST

READ RLQUEST

7.2.5KIP

712. SK{P

712

—Ill.'l‘l.‘!. INACT,

INHALS

KIP (PPe2-9

COLE NAME

INPUT (A) WORDS
1AM 71 | TO LOC M FROM AN
EXTERNAL CHAN D

Pyraz.o

(A) rerz-n
Q PPIo, 1

! X INIHB SKIP (1PP12-9)
{f’l;“.’c"‘_",‘,}‘* PPAM WRITE
WLy ADDER = AO

- -
L curck rariTy PINCR PO
— CHECK PARITY
1
TRIP 60
TRIP 7+

PPS Instruction 71

OTHER PPS

SIIND EMPTY PULSE
CLEAR FULL,
CHECK CHAN PARITY

PPI2-9

PPI10,1}

TRIP 1

TRIP 2

TRIP 3

TRIP 4

SKIP
TRIP
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.

. TRIP 1
NF
PPM WRITE

TRIP 2
NF

TRIP 3
NF

TRIP 4+
RF¥

TRIP 5+
NF

TRIP 6+
NF

EXIT
P-G
ENTER 73

\L 730

r-x
FD=INST
P+l1-P
D-H
P-Y

(FD=M)
¥D-P
K+1-K

COhE NAME
OAM 73 OUTPUT (A) WORDS FROM

LOC M ON INT CHAN D

P-G

732
I'D~M
A-1-ADDER
P+1-~P.INCR

CHAN EMPTY?

NO

K+1 K

ADDER=A
P, INCR -~ P

P=-G

v 733
K+l-K
2-G

(FD=M. ADDR)]
FD+l- P

EXIT
PG

GEN CIIAN PAR.
SEND FULL SIGNAL
SET FULL
SEND DATA

A,=d |A#0

Figure 5-A-19,
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¥
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EXIT
P-G

ENTER 74

F=K
P+1- P
(FD:INST)
D=t

T4

CODE

NAME

ACN 74

ACTIVATE INT CHAN 0

CHAN. INACT?

SET I\C’ITVC
SEND ACT. SIGNAL

-

TRIP
N¥

TRIP 2+
\F

Prio,1
T

TRIP 1

EXIT
P-G
ENTER 74

74, NF. SKIP

CODE

NAME

ACN 74

ACTIVATE EXTERNAL
CHAN D

{FD=INSTR)
F =K
Pelap
D1l Q

{EXTERNAL CHAN ¥)

PP#0,)

|

PP#2-9

INHB CONNLCT REQ

P-G

l 74.NF. SKIP

SKIP . }
TRIP

CONNECT REQUEST

P-G

!

CONNECT REQUEST

P .G

OTHIER PPS

i

TRIP 2+
NO
= nerLy.02® « nacn) )
I YES
L [ ixnmskwe (praz-n | [ innm sk (peez-9) )
1 -G PG
. EXIT

PPr2-9

PP#o,1

Figure 5-A-20, PPS Instruction 74

SET ACTIVE

SEND ACT PULSE
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TRIP 1

SKIP
TRIP
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CODE

NAME

DCN 75

DISCONNECT INT CHANNEL D

EXIT
P-G
ENTER 75

CHAR ACTIVELNS

YES

CLEAR ACTIVE
SEND INACT.

F-K
P+l-P

(FD=INST) TRIP 1
D=1t - NF
P~G x

TRIP 2
wF

EXIT
PG
ENTUR 75

COLE

NAME

DCN 75 |DISCONNECT EXTERNAL
CHAN D

DISCONNECT REQUUST

OTHER PPS

PRIORITY.ACTIVE

YES

CLEAR ACTIVE
SEND INACT PULSE

PP, 1
-
78, N¥. SKTP
(FD=INSTR)
FeK
D« H~Q (EXTERNAL CHAN #)
TRIP 3 PeiaP
PPY0, 1 1 PPI2-9 l
1 INHB DISC REQUEST
PaG P~G
SKIP
TRIP 75. NF, SKIP
DISC REQUEST
T PG
NO
THIP 2 N— TNt T
VES
1 [Civn sk (pey2-91 |} [TinnioiT sk vpr2-9) |
PG PG
é EXIT

Prez-9

Figure 5-A-21,

PP20.)

PPS Instruction 75
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SKip
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