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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

COMPARE/

o

SMALL

INSTRUCTION CONTROL
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A
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COUPLER

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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| ' |
b e e e e~ —— o — o —— S|
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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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CHANNELS

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.




.

!
\;i
A\l
s —

Q

020 .

oK

o

. &\ S RSP i

{NCREN

i [(ADVANCE)

NPUT




STAGE 2

STABZ {

STAGE O

’-———-———-INPUT COMBINATIONS ey
EAQI
B -1 et T B el |

OROUP

PR

]
| .

GROue 1, 2D~27
caowe 0 19-32

r--—-—-—F!tDEhl-—-—-———'

r
'
'
'
L]
'
'
'
t
1
'
]
'
'
!
Ll
'
[
'
!
]
'
1
[
[
'
'
)
'
'
[
'
\
L
[
t
J
1
]
[
'
'
t
'
J
t
'
1]
1
'
'

b emme e oo memn o= m = =

r---'-RESULT NETWORK ey

nio [1s
LIZI\F]

Y - % ro.c14EQ.G)

“TRUE RESULT EQUATION"

[
ROI-D aSTAGE O GENERATE=ABs {
“TRUE ADDER" STAGE DEFINITIONS

Iy

CONTAROL DATA
conPoRATION | CENTRAL PROCESSOR

COMPUTER OIVISION ADDER

"6601704

rd sesv It & “e
o eons300 |cr

FIG 13




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