60420300

@ E CONTROL DATA
CORPORATION

CDC° CYBER 170

MODELS 175, 740, 750, 760, 865, 875
FUNCTIONAL UNITS

THEORY OF OPERATION
DIAGRAMS

HARDWARE MAINTENANCE MANUAL



REVISION RECORD
REVISION DESCRIPTION
01 Preliminary edition.
(12-74)
02 Updated diagrams to reflect ECO 36000. This edition obsoletes previous edition.
(2-75)
03 Updated diagrams to reflect ECOs 35738, 35539, 35693, and 36121. This edition obsoletes pre-
(5=75) vious editions.
A Manual released. This edition obsoletes all previous editions.
(7-75)
B No change to this manual (ECO 36403).
(9-75)
C Updated manual to reflect ECO 36429.
(9-75)
D Updated manual to reflect ECO 36183.
(9-75)
E Updated manual to reflect ECO 36724. (ECO PD1346 did not list this manual.)
(9-75)
F Updated manual to reflect ECO/FCO 36194,
(9-75)
G Updated manual to reflect ECO/FCO 36699.
10-75)
H Updated manual to reflect ECO 36185.
(11-75)
J Updated manual to reflect ECO 36849.
(12-75)
K Updated manual to reflect ECO/FCO 36197. Added secondary block and ESE diagrams. This
(2-76) edition obsoletes all previous editions.
L Manual revised; includes Field Change Order 37147. Pages vi, 5-1-4, 5-1-5 in volume 1, vi, viii,
(12-76) 5-11-11, 5-11-13, 5-11-29, 5-11-33, 5-11-34.8, 5-11-35, 5-11-53, 5-11-71, 5-11-147, 5-12-3, 5-12-17,
5-12-25, 5-12-47, 5-12-49, 5-12-65, and 5-14-3 in volume 2 are revised.
M Manual revised; includes Engineering Change Order 37731. Page 5-1-5 in volume 1 and pages 5-12-3,
(8-77) 5-12-5, 5-12-6.1, 5-12-6.3, 5-12-6.4, 5-12-7, 5-12-12.2, 5-12-13, and 5-14-1 in volume 2 are revised.
N Manual revised; includes Field Change Order 37843 (ECO 37767). Pages vi, x, 5-1-5, 5-4-5, 5-5-1,
(8-77) 5-7-5, 5-7-15, 5-10-9, and 5-10-13 in volume 1 and pages vi, ix, 5-11-5, 5-11-13, 5-11-17, 5-11-19,
5-11-29, 5-11-33, 5-11-35, 5-11-93, 5-11-153, 5-12-1, 5-12-3, 5-12-5, 5-12-7, 5-12-9, 5-12-10.2,
5-12-11, 5-12-13, 5-12-15, 5-12-17, 5-12-25, 5-12-43, 5-12-63, 5-12-65, 5-12-69, 5-12-71, 5-12-78.5,
Part 13 divider, 5-13-1, and 5-13-9 in volume 2 are revised. Page 5-12-73.1 is added in volume 2.
Publication No.
60420300

REVISION LETTERS |, 0, Q, S, X AND Z ARE NOT USED.

Address comments concerning this

manual to:
Control Data Corporation

Publications and Graphics Division
4201 North Lexington Avenue
© 1974, 1975, 1976, 1977, 1978, 1979, 1981, 1983 St. Paul, Minnesota 55112

by Control Data Corporation
All rights reserved

Printed in the United States of America or use Comment Sheet in the back of
this manual.

ii

AA 4005 REV.3/83 PRINTED IN U.S.A.



REVISION RECORD (CONT'D)

REVISION DESCRIPTION
P Manual revised; includes Engineering Change Order 37722. Removes volume 2 and adds model C
(10-77) information. Front cover, title page and pages iv, v, vi, vii, x, 5-1-2, 5-1-4, and 5-1-5 are
revised.
R Manual revised; includes Engineering Change Order 38980. Pages iii, iv, v, vi, 5-1-4, 5-1-5,

(04-10-78) 5-2-15, 5-3-15, 5-4-23, 5-5-41, 5-6-11, 5-7-81, 5-8-45, 5-8-53, 5-9-11, 5-10-17, 5-10-19, and

5-10-21 are revised. Page iv-a/iv-b is added. Pages 5-1-7, 5-2-9, 5-2-11, 5-2-13, 5-4-3, 5-4-9,

5-4-11, 5-5-1, 5-5-31, 5-6-7, 5-7-17, 5-7-19, 5-7-25, 5-7-29, 5-7-31, 5-7-33, 5-7-35, 5-7-37,

5-7-39, 5-7-41, 5-7-43, 5-7-49, 5-7-51, 5-7-55, 5-7-67, 5-7-69, 5-7-83, 5-8-23, 5-8-27, 5-8-29,

5-8-43, and 5-10-15 are reprinted for purposes of clarity.

S Manual revised; includes Engineering Change Order 39978. Front cover, title page and pages

(05-10-79) iv-a/iv-b, v, vii, viii, ix, x, xi, 5-1-2, 5-1-9, 5-1-11, 5-1-13, 5-8-1, 5-8-3, 5-8-5, 5-8-7,

5-8-19, 5-8-47, and 5-8-49 are revised. Pages 5-1-15 and 5-1-17 are added.

T Engineering Change Order 39735. No change to this manual.
(07-05-79)

U Manual revised; includes Engineering Change Order 40383, publications change only. Pages ii-a/ii-b,
(07-6-79) iv-a, and v are revised. Page iv-b is added.

\Y Manual revised; includes Engineering Change Order 40489. Pages ii-a/ii-b, iv-a/iv-b, vii, xi,
(11-26-79) 5-1-1, 5-1-2, 5-1-4, 5-1-5, and 5-1-6 are revised.

W Manual revised; includes Engineering Change Order 41276. Grid locators 52B2, 52B4, 52B6, 52B7, 52BS8,
(03-16-81) 52B9, 52B10, '52B12, 52B13, 52E3/E4, and 52E7/E8 are revised.

Y Manual revised to include Engineering Change Order 44495 which adds support for models 865 and 875.

(05-30-83) This edition obsoletes the microfiche edition.

AA Manual revised; includes Engineering Change Order 44802. Pages iii through iv-c and viii are

(08-05-83) revised. Pages iv-d and iv-e are added.

Publication No.
60420300

ii-a/ii-b







MANUAL TO EQUIPMENT LEVEL CORRELATION SHEET
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EQUIPMENT TYPE SERIES WITH FCOs COMMENTS
c02 FC038308
co3 FC038171
c03 FC038022
co3 EC037722
co3 FC037813
CO4 FC038338
CO4 FC038386
co5 FC038712

. C06 FC038418
C06 EC038980
co7 EC038856
c08 EC038858
co8 EC038897
c09 EC039044
c10 EC038584
cl1 EC038670
Cl1 EC038764
cl12 EC039041
c13 EC038781
Cl4 EC038871
c15 EC038941
c16 EC039411 3
c17 EC039368
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DO1 EC039735
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DO1 FC039396
DO1 FC039678
DOl FC039800/
FC039778
DO1 FC039590/
FC039773
DO1 FC039732
DO1 FC039726
DO1 EC040489
DO1 FC040748/
FC040843
D01 FCO40479
D01 EC041276
DO1 Released
D02 FC039944
D03 FCO4Q112
D04 FC040106
D05 FC039936/
FC040225
D06 FC040205
DO7 FC040221
D08 FC040432
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EQUIPMENT TYPE SERIES WITH FCOs COMMENTS

D09 EC039947/
FC040364
D10 FC040379
D11 FC039945
D12 FC040607
D13 FC040658
D14 FC040030
D15 FC040583

D16 FC040589A
D17 FC040740
D18 FC040857
D19 FC040830
D20 FC040827
D21 FC040915
D22 FC040904
D23 FC041012
D24 FC041021
D25 FC041043
D26 EC041358
D27 FC041346
D28 EC041363
D29 FC041359
D30 FC041833
D31 EC041632
D32 EC041639
D33 FC041636
D34 EC041790
D35 FC042000
D36 EC041372
D37 FC042050
D38 FC041736
D39 FC042323
D40 FC042348
D41 FC042913
EO1 EC044495
AT364 A01 EC038980
A01 EC038856
A01 EC038858
A0l EC038897
" A01 EC039044
A01 EC038584
A0l EC038670
A01 EC038764
A01 EC039041
AO1 EC038781
A01 EC038871
A0l EC038941
A01 EC039411
A01 EC039368
A01 EC039319
A01 EC038867
A0l EC039978
A0l EC039735
A0l EC040383
A0l FC039396
A0l FC039678
A0l FC039800/
FC039778

AO1 FC039590/
FC039773

A01 FC039732
A01 FC039726
A01 EC040489
A0l FC040748/
FC040843
A0l FCO40479
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EQUIPMENT TYPE SERIES WITH FCOs COMMENTS
AO1 EC041276
AO01 Released
A0l FC039944
A01 FC040112
A01 FC040106
A01 FC039936/

FC040225
A01 FC040205
AO1 FC040221
A01 FC040432
AOL EC039947/
FC040364
AO1 FC040379
A0l FC039945
A01 FC040607
AO1 FC040658
AO1 FC040030
A01 FE040583
A01 FCO40589A
AO1 FC040740
A01 FC040857
A0l FC040830
A0l FC040827
A01 FC040915
A0l FC040904
AOL FC041012
A01 FC041021
AOL FC041043
A0l EC041358
A0l FC041346
A0l EC041363
A0l FC041359
A01 FC041833
A01 EC041632
AO1 EC041639
A0l FC041636
AO1 EC041790
AO1 FC042000
A0l EC041372
A0l FC042050
AO1 FC041736
A0l FC042323
A0l FC042348
A0l FC042913
BO1 EC039978
BO1 EC039735
BO1 EC040383
BO1 FC039396
BO1 FC039678
BO1 FC039800/
FC039778
BO1 FC039590/
FC039773
BO1 FC039732
BO1 FC039726
BO1 EC040489
BO1 FC040748/
FC040843
BO1 FC040479
BO1 ECOL1276
BO1 Released
BO1 FC039944
BO1 FC040112
BO1 FC040106
BO1 FC039936/
FC040225
BO1 FC040205

iv-d

60420300 AA



EQUIPMENT TYPE SERIES WITH FCOs COMMENTS
BO1L FC040221
BO1L FC040432
BOL EC039947/

FC040364
BO1 FC040379
BO1 FC039945
BO1 FC040607
BO1 FC040658
BO1 FC040030
BO1 FC040583
BO1 FC040589A
BO1 FC040740
BO1 FC040857
BO1 FC040830
BO1 FC040827
BO1 FC040915
BO1 FC040904
BO1 FC041012
BO1 FC041021
BO1 FC041043
BO1 EC041358
BO1 FC041346
BO1 EC041363
BO1 FC041359
BO1 FC041833
BO1 EC041632
BO1 EC041639
BO1 FC041636
BO1 EC041790
BOL FC042000
BO1 EC041372
BO1 FC042050
BO1L FC041736
BO1 FC042323
BO1 FC042348
BOL FC042913
AT402 A0l EC040383
A01 EC040489
A0l EC041276
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PREFACE

This manual contains theory of operation and diagrams for the functional unit portion of the
CONTROL DATA® AA120-A/B/C/D/E Central Computer and the AA131-D Central Computer with an
AT402-A Upgrade Option installed. Also included is information about the AT364-A/B Central
Processor Enhancement which is used with the AA120-C/D Central Computer.

Models 740, 750, and 760 are defined as 7X0. Models 865 and 875 are defined as 8X5.

Comparable information on the central processing unit (CPU), central memory control (CMC),
central storage unit (CSU), peripheral processor subsystem (PPS), and extended core storage
(ECS) coupler is contained in other manuals. The system publication indexes on the
following pages graphically list the related publications. Refer to the Literature and
Distribution Services catalog for the latest revision of each manual.

This manual contains a manual to equipment level correlation sheet. The last line of this
sheet indicates the latest equipment level (series code) that the manual covers. All
manuals for the central computer indicate the latest series code even if the particular
manual is not affected by the field change order.
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19982400 (A/B), 60455620 (C)
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SITE PREPARATION-PERIPHERAL EQUIPMENT
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PPS
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PWR DISTR AND
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19981500 (A) 60420700 (A)

POWER DISTRIBUTION AND WARNING SYSTEM
60450300 (B,C)
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19983800 60427800

INST & CHECKOUT
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INSTALLATION AND CHECKOUT
19981700 (A) 60420520 (B/C}

L

— 1

MAINT & PARTS

MAINTENANCE AND PARTS
60420600
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M-G SET DIAGRAMS
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ECS SUBSYSTEM 1

60451300

SITE PREPARATION-MONITORING AND POWER DAT;I

S:
THIS MANUAL CONTAINS ALL SECTIONS
EXCEPT MAINTENANCE, PARTS, AND
INSTALLATION AND CHECKOUT.

THIS MANUAL CONTAINS ALL SECTIONS.

THESE MANUALS INCLUDE DATA CHANNEL
CONVERTER AND DISPLAY CONTROLLER.

LETTERS WITHIN PARENTHESES INDICATE
EQUIPMENT TYPE IDENTIFIERS.

WIRE LISTS FOR MODEL C ARE INCLUDED
IN PUBLICATION NUMBER 60454810 .

PUBLICATION NUMBER 60420310 INCLUDES
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ECS SUBSYSTEM

NOTES:
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BUSY MZDE @PTI@N 40011-10
IS NOT INSTALLED.
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SECTION 1

GENERAL DESCRIPTION

SECTION 2

OPERATION

(Information for sections 1 and 2 is contained in
the CDC CYBER 170 Hardware Reference Manual,
publication number 60420000.)
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INSTALLATION AND CHECKOUT

(Information for section 3 is contained in the CDC
CYBER 170 Model 175 Installation and Checkout
Manual, publication number 60420500.)

SECTION 4
THEORY OF OPERATION

(Information for section 4 is combined with the

diagrams in section 5 of this manual.)
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PART 1

INTRODUCTION



INTRODUCTION

GLOSSARY

The glossary is a 1list of terms, mnemonics, and abbreviations used on the diagrams.

MODULE-TO-DIAGRAMS CROSS—-REFERENCES

GENERAL

Table 5-1 provides a list of functional unit module types along with the following
information on each type.

Quantity Number of modules of this type located on the mainframe
Location A1l physical locations at which this module type can be found
Diagram Secondary block and detailed-modules diagrams on which this module type

is depicted.

USES

Table 5-1 can be used to locate a particular module logic diagram in the manual without
knowing the functional entity to which it pertains. Another use is to determine the
availability and the location of a substitute module during maintenance. The table also

helps to locate all modules of the same type without having to scan all module placement
diagrams.

KEY TO SYMBOLS (Figures 5-1 and 5-2)

The number of unfamiliar symbols on the block and detailed-modules diagrams has been kept to
a minimum. The symbology has been chosen because it simplifies or clarifies and is
therefore essential to the use and understanding of the diagrams. Time spent familiarizing
oneself with these conventions is not wasted. Note particularly that the AND and OR symbols
define functions; not gates. In some cases, hardware constraints caused the use of AND

gates to perform OR functions. Therefore, the block and detailed-modules diagrams depict
the OR function, not the AND hardware.

60420300 V 5-1-1



SYSTEM BLOCK AND INTERFACE DIAGRAMS

The system block diagrams (figures 5-3, 5-4, 5-5) provide a comprehensive view of the
central computer. In addition to aiding one’s understanding of the system, it relates
physical to electrical data (for example, multiply functional unit located on chassis 7) and
defines the boundaries of the central processor diagrams in the various parts of this
section.

The CP interface diagrams (figures 5-6, 5-7) depict all data and control paths between the
functional entities. Also, this diagram includes all paths between the CP and the other
portions of the central computer which are covered in other manuals.

The status and control register interface diagram (figure 5-8) includes all status/control
paths in the central computer.

DIAGRAMS

Within each functional entity, the diagrams are arranged in the following order: primary,
secondary, detailed-modules, and module logic. The diagrams are intended to ease the
trainee gradually but quickly into the central processor or to allow the initiated to choose
from four levels of drawings for maintenance assistance or memory jogging. The primary
block diagram shows the basic relationship between the various logical components
(registers, adders, and so on) comprising the functional entity. The next, more detailed
level is the secondary block diagram. It depicts the physical building blocks (modules) and
shows the data and control paths between them. The third and most explicit level is the
detailed-modules diagram. This level is similar to the secondary level except that it also
features a simplified block diagram of each unique module. From this level, the user must
proceed to the module logic diagrams only for test point and connector information.

However, when it is necessary to do so, the user arrives at the module logic diagram already
familiar with its contents. Supplemental timing and troubleshooting information are
provided at the end of each part of this section.

A test point chart is provided with each detailed-modules diagram. These charts list test
points associated with signals and registers. Tramslator test points are not listed. An
asterisk adjacent to the module type indicates that additional test points are available but
not listed. Unless otherwise specified, all test points display the complement of the data
indicated in the charts.

Maintenance personnel may find it helpful to reposition the pages in this section so the

diagrams are not separated by theory of operation pages. Although the present arrangement
is best for training purposes, contiguous diagrams may be easier to use during maintenance.

MODULE PLACEMENT DIAGRAMS

The module placement diagrams for all CP chassis (5, 6, and 7) are included in the CPU/MC
manual.

5-1-2 60420300 Y
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TABLE 5-1, MODULE-TO-DIAGRAMS CROSS-REFERENCES (Cont’d)

Module . Module
Type Quantity Location Diagram Type Quantity Location Diagram
4RA7 3 6B06-08 POP CT 2.0, 3.0
4KB7 1 6C06 POP CT 2.0, 3.0
4RC7 5 6B01-05 LG ADD 2.0, 3.0
4KD7 5 6C01-05 LG ADD 2.0, 3.0
4KET7 4 6K09-12 INCR 2.0, 3.0
4KF7 1 6K13 INCR 2.0, 3.0
4KG7 2 6K14-15 INCR 2.0, 3.0
T1KGH 2 6K14-15 INCR 2.0, 3.0
4RHT 1 6K16 INCR 2.0, 3.0
4K17 2 6L14-15 INCR 2.0, 3.0 .
tIKIH 2 5K01-02 INCR 2.0, 3.0
3RJ7 1 6L16 INCR 2.0, 3.0
T1KJIH 1 5K03 INCR 2.0, 3.0
4KK 7 7

6L12 INCR 2.0, 3.0;

6C07-11 BOOL 2.0, 3.0
4RL7 3 6C12-14 BOOL 2.0, 3.0
4RM7 1 6C15 BOOL 2,0, 3.0
4RN7 1 6C16 BOOL 2.0, 3.0
3K07 1 6E10 SHIFT 2.0, 3.0
4xpP7 10 6A07-16 SHIFT 2.0, 3.0
4KQ7 4 6B09-12 SHIFT 2.0, 3.0
4KR7 2 7P02 DIV 2.0, 3.0

7F16 MULT 2.0, 3.5
4RS7 1 7616 MULT 2.0, 3.5
4RU7 1 TH15 MULT 2.0, 3.5
3KV7 1 7H14 MULT 2.0, 3.5
4RW7 4 6B13-16 SHIFT 2.0, 3.0

tModel 865/875 only.
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OR FUNCTION

@ ® o

®

®

® FIGURE NUMBER - FIGURES ARE NUMBERED SEQUENTIALLY:

-}~

AND FUNCTION AND NOT FUNCTION COMPLEMENTER

.

THESE SYMBOLS DENDTE 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 FUNCTION
IS SATISFIED BY THE PRESENCE OF EITHER INPUT.

MODULE ENCLOSURE
MODULE TYPE DESIGNATOR

MODULE LOCATION - ENCLOSURES WITH THE SAME
TYPE DESIGNATOR AND THE SAME LOCATION CONTAIN
DIFFERENT PARTS OF THE SAME MODULE.

DESCRIPTION OF MODULE FUNCTION (OPTIONAL)

REFERENCES
A REFERENCE IS LOCATED AT THE BEGINNING OR END OF ANY LEAD THAT HAS

O—

4 SETS

(ax9)
——

DENOTES NUMBER OF

UNIQUE BITS OR SIGNALS

LOGICAL O

INPUT IS FORCED "0"

LOGICAL |
won

INPUT IS FORCED "I

OUTPUT IS TERMINATED

D

9 SIGNALS
/

@—{3ra7] 5815 BITS 36 - 41

ITS ORIGIN OR DESTINATION ON A MODULE NOT READILY ACCESSIBLE TO THE LEAD.
MOST REFERENCES ARE MADE TO OTHER SHEETS WITHIN THE UNIT OR TO SHEETS

IN OTHER UNITS, BUT A REFERENCE MAY BE TO ANOTHER POINT ON THE SAME
A REFERENCE CONSISTS OF THE FOLLOWING INFORMATION :

V4

@—> CcPU 2.2A -—@®

SHEET NUMBER - A SHEET NUMBER CONSISTS OF THE FOLLOWING PARTS:

(@ UNIT ABBREVIATION

I.X FOR THE
PRIMARY BLOCK [IAGRAM, 2.X FOR THE SECONDARY BLOCK DIAGRAM, AND
3 X FOR THE DETAILED~-MODULES DIAGRAM.

@ DRAWING NUMBER ~ DRAWINGS ARE NUMBERED SEQUENTIALLY WITHIN THE

FIGURE, BEGINNING WITH ZERO

LOCATION ~ QUADRANT OF REFERENCED SHEET TO FURTHER AID IN LOCATING
THE REFERENCED POINT QUADRANTS ARE IDENTIFIED AS SHOWN

Figure 5-1.

SHEET.

O S g U

MASTER CLEAR,
GATE INPUT

BITS O-II

CLEAR BITS 4-1i [[

3WT7

6C06 BITS 8-11

6CO5 4-7

3IWT7
—

6C04 BITS 0-3

3JR7

6806 BITS 8-1i

6B0OS 4-7

3JR7

6B04 BITS 0-3

3RA7

7011 BITS 8-11

7DI0 4-7

BITS 0-11 @ L

ENTER DATA

MASTER CLEAR

3RA7

7009 BITS 0-3

\_T——._._J

STACKED MODULES I/0 CONVENTIONS

A SOLDER -POINT CONNECTION TO A BRACKET DENOTES
THAT ALL OF THE BITS OR SIGNALS ON THE LEAD ARE
INPUTS TO ALL MODULES ADJACENT TO THE BRACKET,
I.E., PARALLEL INPUTS.

THIS TYPE OF CONNECTION ON AN INPUT BRACKET
DENOTES THAT THE BITS OR SIGNALS ON THE LEAD
ARE DISTRIBUTED AMONG THE MODULES ADJACENT
TO THE BRACKET THE SPECIFIC INPUTS TO EACH
MODULE IN THE STACK ARE IDENTIFIED WITHIN
< THE MODULE. THIS TYPE OF CONNECTION ON AN

BITS O-11 | OUTPUT BRACKET DENOTES THAT ALL THE
OUTPUTS FROM THE INCLUDED MODULES MERGE
INTO ONE LEAD THE MERGING BITS OR SIGNALS
ARE IDENTIFIED BY THE SIGNAL NAME ON
THE LEAD.
w

BITS _O-1l

ANY NUMBER OF CONNECTIONS OF EITHER TYPE MAY BE MADE TO THE SAME BRACKET.

BRACKETS ARE NESTED WHEN CONNECTIONS TO ALL MODULES

NOT IDENTICAL.

IN THE STACK ARE

BRACKETS ALONG TOP OR BOTTOM OF STACK ARE EQUIVALENT TO BRACKETS

ADJACENT TO ALL

MODULES IN STACK

INDIVIDUAL INPUTS OR OUTPUTS: (NOT BRACKETED) MAY ENTER OR LEAVE INDIVIDUAL
MODULES IN STACK THROUGH BRACKET.

Key to Diagram Symbols

sawia
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LOGIC LEVELS
CURRENT SWITCH EMITTER FOLLOWER

DRIVEN x REFERENCE
Slev IN -0.8v TRANSISTOR ,/ TRANSISTOR
LOGICAL 1 LoaKkAL | 2 N
uT -08 V ouT-1.6 v
" 08 Vv N ooV CURRENT SWITCH
LOGICAL 0 LOGICAL © : PROVIDES COMPLEMENTARY

ouT 0.0V ouT -08V QUTPUTS

FALSE FROM DRIVEN XSTR
A A
[ —[:}-D‘Aac ® ~¢4AUC
c c

TRUE FROM REF XSTR
AND circuITs

A AtB
8

OR circuir

KEY TO LOGIC SYMBOLS

A==

EMITTER FOLLOWER
SHIFTS VOLTAGE LEVEL OF CURRENT
SWITCH OUTPUT TO VOLTAGE LEVEL
REQUIRED FOR CURRENT SWITCH
INPUT ~ NO INVERSION,

INPUT OUTPUT
CLoCK

cruck

CLEAR-ENTER_ BIT REGISTER

pET DATA (FLIP-FLOP)
TEST POINTS —DENOTED 8Y 2-DIGIT NUMBER INSIOE CURRENT SWITCH
1 (SEE FF) THE FIRST DIGIT IS THE MODULE BOARD NUMBER, IT IS FOLLOWED
BY THE TEST POINT NUMBER. THE TEST POINT VOLTAGE IS NORMALLY
THE COMPLEMENT OF THE SIGNAL IT IS INTENDED TO INDICATE. IN
DATA THIS CASE, IT IS THE OPPOSITE OF THE FF OUTPUT.
EVEN 000 ADD'L EVEN
cLock oUTPUT INPUT AND ODD FF ‘S\—OUTPUT
CLEAR __, cLock otk
INPUT DATA cock
cLoCK cLock cLock

TIMING CHAIN

HOLDING BIT REGISTER

EACH EVEN FF IS SET IN THE FIRST CLOCK PERIOD FOLLOWING THE

ARRIVAL OF ITS INPUT AND IS CLEARED IN THE CLOCK PERIOD
IMMEDIATELY FOLLOWING THE LOSS OF INPUT.THE ODD FF IS SET AND
CLEARED ONE CLOCK PULSE (675X 025NS) LATER THAN THE EVEN FF

A ONE CLOCK PERIOD DELAY RESULTS BETWEEN THE OUTPUTS OF

CONSECUTIVE EVEN FF'S

A+B
A+ -,z
a e AB+ AB

2-INPUT EXCLUSIVE OR

>2INPUTS ONE OF THE TWO GATES(NOT BOTH) MUST
BE ENABLED TO GET AN OUTPUT,

- D=A+B+C
E=A+B4C
COLLECTOR LOGIC CIRCUITS

A STACK'S OUTPUT IS A LOGICAL ONE WHEN ANY OF ITS INPUTS IS A LOGICAL ZERO.

Figure 5-2.

AB + 4B

2-INPUT EQUIVALENCE

>2INPUTS BOTH GATES MUST BE ENABLED OR BOTH
MUST BE DISABLED TO GFT AN OUTPUT

a+B

- —0~- . O~
S . g L
A "ﬁ . TWISTED PAIR RECEIVER

WHEN AN INPUT IS LEFT OPEN, OUTPUT IS A LOGICAL ZERO (-0 8V)
TWISTED PAIR DRIVER — 32 )

SIGNAL NAME ON MODULE SCHEMATIC hand
REFERS TO CONDITION ON TOP PIN.

24

PIN PAIR
CONNECTIONS BETWEEN MODULES ARE MADE VIA
PIN PAIRS. THERE ARE 8 PER BOARD, €4 PER
MODULE. THE FIRST DIGIT OF THE PIN PAIR NUMBER
IS THE BOARD NUMBER, THE SECOND 1S THE CONNECTOR
ON THAT BOARD.

DATA TRANSMISSION
RATE IS 7 5 INCHES /NSEC.

A
170 LINE DRIVER I70 LINE RECEIVER

EITHER OR BOTM OUTPUTS OF
THE CURRENT SWITCH MAY BE USED.

Al

L1} CARRY

l_.® A

‘_.® 1] cl'

‘_.® : sum CARRY
L—.© L] F

—® c ™,

t_..@ E

3- INPUT ADDERS

Key to Logic Symbols
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CENTRAL PROCESSING UNIT (CPU)
(CHAS s, 6)

L T o

'_EXTENDED CORE STORAGE A
(ECS) SUBSYSTEM @

CENTRAL
MEMORY
CONTROL

(4 12]
(CHAS 5,6)

@

[centrat @1

EQUIPMENT

DISPLAY
CONSOLE

3000-TYPE
PERIPHERAL
EQUIPMENT

DATA
CHANNEL
CONVERTER

DATA
CHANNEL

CONVERTER

I S I U |

|
| ¢ NOTES:
Ecs S en | :ME"‘O’" (CM) : (D OPTIONAL EQUIPMENT.
A CoNTeH | 1 CENTRAL | ® BASIC CENTRAL MEMORY CONTAINS
STORAGE 63,536 60-8IT WORDS. C
| | | 1S EXPANDABLE TO 98,304,
| T 1 131,072, 196,808, AND 262,144
1 1 €0- 81T WORDS.
| ) @ LOCATED EXTERNAL TO CENTRAL
| 1 } COMPUTER MAINFRAME .
DISTRIBUTIVE
DATA PATH | ] CENTRAL |
® ] STORAGE |
] T uNIT
L 1 H (csu) |
— - ——— — — ——m— w—- w— a— — e | e | {CHAS 1) ]
| (CHAS 2) |
——— - —— —————
1 b;:g!&nsssn;; 1 FCHAS 10)
| e 1 | | remipnenar
' (PPS-0) ' l e s oo . EQUIPMENT
' | SUBSYSTEM
] : | (PPS-1) DATA |
® CHANREL
! cHANEL | | CONVERTER ]
I | convenren | | o ! 3000-TYPE
PERIPHERAL
| 1
' I ' ' EQUIPMENT
! | | |
] ! ! |
| |

L________f__J

Figure 5-3.

System Block Diagram, Model 175




BOOLEAN
(CHAS 6)

FLOATING

NORMALIZE
(CHAS 7)

MULTIPLY
(CHAS 7)

ADD
(CHAS 5)

ADD
(CHAS 6)

DIVIDE
(CHAS 7}

INCREMENT
(CHAS 6)

COUNT
(CHAS 6)

CENTRAL PROCESSING UNIT (CPU)
(CHAS 5, 6)

'-EXTENDED CORE STORAGE
! (ECS) SUBSYSTEM O

-

i
l S I
| ——————
| : i | lcentraL | wores:
I o B : MEMORY (CM) 1 (D OPTIONAL EQUIPMENT.
| ourgu. ] \ CENTRAL | @ BASIC CENTRAL MEMORY CONTAINS
STORAGE 65,536 60-BIT WORDS. CM
| | | T | IS EXPANDABLE TO 98,304,
' ] (csu) ] 131,072, 196,608, AND 262,194
I | (CHAS 3) ' 60 - BIT WORDS.
' . | | ® LOCATED EXTERNAL TO CENTRAL
I | COMPUTER MAINFRAME .
| DISTRIBUTIVE ] |
: CENTRAL
I DATA @PATH | : CENTRAL |
| y | : UNIT
1 (csu) '
e o e e e e e -J 1 (CHAS 1) |
(CHAS 2) |
PERIPHERAL — e - — —— -
EQUIPMENT 1 igzLP:"sEsR:aL | {-(-CHAS 10)
SUBSYSTEM B ! |
DISPLAY *__L, DISPLAY (PPS-0) PERIPHERAL
CONSOLE 1 | coNTROLLER | ! !;ERRJ&HSE::; | EQUIPMENT
SUBSYSTEM
| ! | (PPS-1] DATA |
| | © CHANNEL
| DATA | ] CONVERTER |
@i CHANNEL
| | converTer | | 104 : 3900-TYeE
3000~ TYPE
PERIPHERAL | | ! i I EQUIPMENT
EQUIPMENT | | | DATA '
DATA CHANNEL B
"':_’ CHANNEL | I CONVERTER §d
i CONVERTER I | 10) |
i
PP | L _: o = e o g
R ——_ 1
SYSTEM BLOCK DIAGRAM
P
DEVELOPHENT CENTRAL COMPUTER
4 ] 3 2 |
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6-1-%

o = = = e e = G = = = e = n = = . e = = = e = = e e = = = = = e = = = - = = e =

CENTRAL PROCESSOR (CP)
N
MULT! F
MR

4

\
BOOLEAN
QUNT INCREMENT:
SO
(CHASSIS 6) (CHASSIS 6)

CENTRAL

PROCESSING UNIT (CPU)

(CHASSIS 5 6)

'
'
1
'
1
'
1
1
]
'
1
1
]
1
[
T T e el o e f
' 1
' '
1 '
' '
(SCR 1) I 1
1 1
(CHASSIS 2) ' '
CHAN 36 ' |
CHANN
ofns.lssL,s DATA BUS 1 '
20-33,36g PERIPHERAL ' |
CHAN 16 PROCESSOR [l ]
SUBSYSTEM 1 ' '
A (PPS 1)
79 CYBER 70—t ————————————>| [ [
YPE PERIPHERAL ' !
EQUIPMENT STATUS VAN " '
AND
CONTROL ' |
RGTR O [ 1
(SCR 0)
(CHASSIS 2) T [
(CHASSIS 2) | '
' CENTRAL !
_ CHAN 10 | MEMORY 1
N CONTROL ' CENTRAL MEMCRY
MASTER (CHASSIS 2} PERIPHERAL ' (cmc) '
Shaex, PROCESSOR SUBSYSTEM O | '
(cHAsSIS 2) | CHAN O BARREL ! t 553332
. AND ] ' UNIT
DATA BUS oy | 1 (csu)
DATA . N
AN
TO 3000 TYPE i SELECTOR ! \
PERIPHERAL (bsC) 1 1 (CHASSIS 3)
EQUIPMENT ' '
(CHASSIS 2) PERIPHERAL | \
PROCESSOR
INT CHAN 14 MEMORY ! v
(PPM) ! [
DEADSTART 1 1
PANEL ' 1
] [
CENTRAL ' N
MEMORY
INTERFACE T (CHASSIS 5 6) [
(CMI) [ I
DISPLAY DISPLAY L '
CONSOLE CONTROLLER {CHASSIS 2) R
A (Dsc)
N f
(CHASSIS 2} EXTENDED
. CORE
NOTES _———— STORAGE
CORE N COUPLER . B
EXTENDED CORE
OPTIONAL EQUIPMENT ETORACE Eea) AN tcPLRI/\
SUBSYSTEM A
BASIC CSU IS 131K OF 68 BIT WORDS (8 SECDED BITS)

EXPANDABLE TO IS6K AND 262K (CHASSIS 4)

LOCATED EXTERNAL TO MAINFRAME

OPTIONAL IN INCREMENTS OF 4 PP (20-23), 3 PP
(24-26),3 PP(27,30,31),

mmm—— -

BB bk

bCedeccecced

| e

B

WITH 10-PP CONFIGURATION,CHANNELS G-7,10-13
AND 16 ARE PRESENT. WITH FIRST PP INCREMENT
INSTALLED,CHANNELS 20-27,30-33,AND 36

ARE ALSO PRESENT.
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r
CENTRAL PR@CESSER-O (CP-0)
BT SRR

Y )
| FLBATING I MULTIPLY
LADD!

{(CHASSIS 5) P H 3 {CHASSTS T7)

CENTRAL PRZCESSING UNIT (CPU)

(CHASSTS 5.6)

REMITE
TECHNICAL

TERMINAL

r

-

|

|

|

|

|

|

|

|

|

|
e
u

|

|

|

AT PERIPHERAL |
(RTA)
CHALELS DATA BUS SUBSYSTEM |
(CHASSTS 2) 0-13.15, 16, I
20-33.36g DATA BUS
|
TYoE PERTPIE A 1 (CHASSTS 15.16.17)
TYPE PERIPHERAL
EQUIPNENT STATUS A0
CTRAL
RGTR O
(s 0 PERTPHERAL l CENTRAL
PROCESSZR SUBSYSTEM O fecng
{CHASSTS 2) (PPS 0) (eNC)
BARREL |
AND
SLaT
3 —— (BS)
T2 2000 TYPE
PERIPHERAL
EGUIPNENT SELECTRR l I I
e REAL TIME
j INT CHAN 14
EXTERNAL EXTENDED g e—— PERIPHERAL | | a7s
MEMRY (EEM) PRECESSZR
NEMZRY
A A EXTENDED (PPM) |
SENICRDUCTER
VEMZRY (ESM)
DEADSTART | l
PANEL VEMZRY CENTRAL
INTERFACE VENZRY |
L. WIT INTERFACE I
(CMI)
(CHASSIS 2) |

DISPLAY
STATIGN
CENTRALLER
(DSC)

DISPLAY

{CHASSIS 2)

NBTES:

EXTENDED CZRE
A PPTIONAL EQUIPMENT. ST@RAGE (ECS)
SUBSYSTEM

A BASIC MEMZRY IS 262K 2F 68-BIT WIRDS (8 SECDED BITS)
EXPANDABLE T9 524K, TB6K. AND 1043K.

DISTRIBUTIVE
DATA PATH

A LOCATED EXTERNAL T MAINFRAME.
A @PTIGNAL INCREMENTS @F 5 PPS (20-24). (25-27. 30.3I).

A WITH 10-PP QBNFIGURATI@N. CHANNELS 0-7. 10-13. I5
AMD 16 ARE PRESENT. WITH FIRST PP INCREANENT
33 AND 3

INSTALLED. CHANNELS 20-27. 30-. 6 L
ARE ALSP PRESENT.

MPDELS 865. 875 SYSTEM BLECK DIAGRAM
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©

10,m
x) fx fxi

|

8, PARITY
PPS-0,-1 @={(2X19)
CPLR ACCEPT. [AOM/ |AEQ CPLR,| ADV IFA,NBF,MEM DEAD, MASTER CLEAR,ADV X3K, Ruoluro EP o Jrax, ENTER IFA,SAMPLE BAK,
ERROR ABORT READ TO X,BLOCK DIV, CMC INPUT ERROR,ADV XJC, SAMPLE XJA,TO-T7,A0V BAK,MON FLAG,
T, CT.PAR JWRITE. | SHIFT STACK, SET COMP, PAR OR DBL ERR, BRKPT,’ Ao | 780" Lo [oR% '"‘0 ‘0 MACIP |i | FIF, SXF, XIF,XSF, RANGE ERROR, '
4)FORCE ZERO uAS EXCH ABORT, PPS-0 261 INSTR, PPS-0 262 INSTR, |- 0 ) i® (i) (3) €9) STOPPED, GO' INCR TO STOR, CPU-0 PAUSED,
o loro ¢t REQ EXCH CPU-0, REQ PAUSE, REQ CONTINUE, €XCH BLOCK 1/0, GATE EXCK DATA,
GATE CPU-1 TO BAK,NO 1/0 'REQ,ECS ADV BAK, INCR RANGE ERROR, 1/0 EXCH RESUME CPU-O,
34 4 ECS CPU-O WRITE, EXCH BLOCK REFRESH
<
ECS CPLR
ECS REQ CM, ECS BANK INITIATE, ECS CONTINUE REQ,
ECS EOT,ECS FLAG P E INCR_ADRS
READ/WRITE_ DATA, PARITY G
&)
ECS -
cPLr T CMC ACCEPT, EXCH ABORT ECS, DATA ON LINE,
GO ECS, CSU ADRS P E., DBL ERR, CMC INPUT ERR,
FORCE_ZERO PAR CODE' o
L
REQ, WRITE, EXCH REQ, EXCH CPU DEFINE, MASTER CLEAR :
- 26! INSTR, 262 INSTR =
X WRITE
)~
READ/WRITE DATA, PARITY READ/WRITE DATA, SECDED CODE
\’.‘:.‘l 2X 68
PPS-0,-1 < ADRS/PARITY ~—
19 ADRS/PARITY u
2X18) >
ACCEPT, DATA ON LINE, BRKPT,DBL ERR, CMC INPUT ERR cme ‘ou” e (esu-0,-1
X ()
L A i -2)
1/0 ADRS G0 _BANKS
r —(8) (X 8)—
&) €25
REQ, WRITE GO REFRESH
@) @)
&) &)
READ/WRITE DATA, PARITY
o)
AUX < Ay
ADRS, PARITY
0
&)
ACCEPT,DATA ON LINE, BRKPT, 0BL ERR, CMC INPUT ERR
L &

MEM PARITY MODE

MODE
SWITCH

Swo-3
Bl

Figure 5-6.

PPS-0 .cmm.r

Interface Diagram, Central Processor, Model 175



n
1
[
i
fon
" L untr -
UL,
5k a0
10N,
8 i ﬂs et xu Jxi
2 AT
By
susy,80
'SPL,
cASE
2/8-woRD
o1ABLE
spiten —(2) cPU
»,PARITY
»3-0,1
-8s
cPU ACCEPT, ADRY | cpu RE ADY 17A,NOF,MEM DEAD, MASTER CLEAR,ADV X3K, RIX SAMPLE BAK,
E;ml&ﬁ{g:b!'g"". WORD CPLRECS | mgAD TO X, CMC mnn ROR , ADV X. £Q |EX! SAMPLE XJA,TO-TT,ADV SAK MON FLAS,
R ADRE! CT.PAR | WRITE;n | SHIFT STACK, SET CoMP, PAR OR DBL "G, oaxer, TA FIF, SXF, XIF,XSF, RANGE ERROR,
CT AT CPU,0K YeAR. | EXCH ABOAT, PPs- o 261 INSTR, PPS-0 262 INSTR, STOPPED, GO MCR TO STOR, CPU-0 PAUSID,
EXCH CPU,ECS TPUEXCH | CPU EXCH REQ,REQ PAUSE, REQ CONTINUE, scs EXCH BLOCK 1/0, GATE EXCH DATA,
TRANSFER FEQ,FORCE | GATE CPU-1 TO BAK,NO 1/0 REQ,ECS ADV INCR RANGE ERMOR, 1/0 EXCH RESU CPU-O,
ERR AND COOE 2ERO PAR | CEJ/MEJ,ALL BANKS FREE, DOUBLE ERROR, n.la £CS WRITE, MASTER CLEAR, SWB BIT 58,
CODE RGTR OPERATION PE DIV STOP MEM
69
£CS CPLR 25
ECS REQ CMC, BANK INITIATE , CONTINUE REQ, INCR ADRS
£03 - £0T, FLAG ROTR OPERATION PE O
3 SYNDROME BITS O- 7, SVNDRM Aml IITS 0 2,18,7, 3¢
CM READ/WRITE DATA BITS 0-59, PARITY MON FLAG CP-O(STAT 87 ADAS PE
@ (STAT BIT 1); SECDED ERROR-1, ‘DGUBLE ERROR-1(STAT
s J < T BITS 3,183), CMC BRKPT MATCH, PAR ERR/BRKPT PORT
CPLR CMC ACCEPT, DOUBLE ERROR,DATA ON CODE BITS 0,1; BREAKPOINT FUNCTION CODE BITS 0,1, CMC
LINE,CSU ADRS PE, CMC INPUT ERR ADRS /DATA PAR ERR;CHC PAR ERR (STAT BITS 77,54/%6,
s 58/57,50,09,139,5), CP -0 STOPPED(STAT BIT I92)
. = ADRS BITS O-I7,PARITY ~\ . sca
N BRKPT (STAT BIT N
WRITE 262 INSTR, 261 INSTR, EXCH REQ,PPS 0,1 REQ 0 mo
- : &) -
e £t 20 o hLCon, Lo Saront ns
- b “113)y
CM READ/WRITE DATA BITS 0-39, PARITY BIT 130); BRKPT CONDTN CODE BITS 18-21 (CONT BITS iae
- £X 6)- 117), FORCE ZERO SECDED CODE AND PAR(CONT BIT 126}
PPS 0-1 CHT < ADRS BITS 0-17, PARITY & scR
X19) €SU, CMC,CPU MASTER CLEAR; CEJ/MES
< CMC T ) s~
DATA READY,PPS-0,| ACCEPT DSRT
6x3)
1/0 ADRS 8ITS 0-I7 STER CL
- ~ WRITE
~ READ/ WRITE DATA BITS, SECOED CODE BIT8 0-T
REQ, WRITE @
@) s P T Lcu
ADRS BITS 3-17, ADRS P BIT (csu)
CM READ/ WRITE DATA BITS 0-59, PARITY o\
&) A
AU < ~ ADRS PE
ADRS BITS 0-17,PARITY GO BANKS O-7
® 0
ACCEPT,BRKPT (STAT BIT 76), DBL ERR,CMC INPUT ERR
0!
L NS
swo-3
MEM
g; PR % o
SWITCH
£
N
[«
w
(=]
S Figure 5-7. Interface Diagram, Central Processor, Models 740, 750, 760
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CLR CM BUSY (78), SET C6 FULL (79), FORCE ZERO PAR
ON CHANS (80), FORCE ZERO PAR ON PP MEMS (8!), PPS
BRKPT MODE SEL (83), INIBIT PPS REQ TO CMC(85), STOP ON
PP MEM PE.(95), PP SEL CODE BITS 0-3(120-123), PP SEL
AUTO/MNL MODE (124), FORCE EXIT ON SEL PP(125), FORCE PP
DEADSTART ON SEL PP (i26), PPS TO CMC ZERO ADRS PAR (174),
PPS TO CMC ZERO DATA PAR (I75) 8/C RGTR
©) (PPS-1)
READ PYR PE.(0),P.E.ON DATA FROM EXIT CHAN(6),RE ON DATA FROM
PPS -1 EXT PP (7),CP-0 P RGTR PE.(12),PPO-PPS MEM P.E. (14-23),
CHANS 0-7,10-13 PE (24-35), PPS P RGTR BITS 0-11(80~71),
PP CODE BiTS 0-3 (72-75)
& BRKPT ADRS BITS O-I7 (96 -113), BAKPT CONDTN CODE BITS 18 -21 (114-1I7),
CSU, CMC, CPU_ MASTER CLEAR (127), FORCE ZERO SECDED
CODE AND PAR (128), FORCE ZERO ADRS PAR {129,
ERR IN 2ND PPS (10) MARGIN SLOW, FAST (134,138)
g;"cﬁr,;‘::z,"}&cﬂ::o':ﬁ LN f:,'ff ey CSU-OA ADRS PE.(1,2), SECDED ERROR(3),CMC P.E. (5],
BRKPT MODE SEL(83),ALL PP'S 300NS MAJOR CYCLE (84), "':‘;“:'::;';:f;&""r'::’;.’::mfn"’;‘f (9'5"'5:‘2-
INMIBIT PPS REQ TO CMC (85),STOP ON PP MEM P.E (95),PP T a2, o= Ty one aons roa m e “-”"'
SEL CODE BITS O-3 (120~123), PP SEL AUTO/MNL MODE (124 ), FORCE RE (183), CP =0 sro“:o (192), MON FLAG CP-0 (198) cMc
EXIT ON SEL PP (126), FORCE PP DEADSTART ON SEL PP (126), PPS TO CMC oBL € g PP
ZERO ADRS PAR (174'), PPS TO CMC ZERO DATA PAR (I78] &
O P.E.PORT CODE BITS 0,1 (84,88)
READ PYR PE (0),PE ON DATA FROM EXT CHAN (6), PE. ON DATA FROM [
PPS-0 ext [FPT, PO 'P RGTR PE. {121, pPo-PPo utu PE. (14-23), BRKPT PORT CODE 8178 0,! {86,57) G)
NS 0-7,10-13 P.E.(24-38), PP TR BITS 0 -i1 (6071, —2)
F' CODE BITS 0‘571 75), PPS BRKP" BIT (76)
3
i GRESS (194)
ECS IN_PRO (194} CPU
——- PPM RECONFIGURATION BITS 0-4 (IS'I-ZOI}s\ DEADSTART
i ~ PANEL
cp |
CSU-1 FAULT (9] | S/C RGTR
csu-1 i (PPS-0) SEL MI/LO RVM (134], SEL ALL/ONE RVM (155),
H RVM QDANT O-1l SEL usc-ln)
DISABLE ADRS P.E. (130) 3 RVM WODULE ADRS BITS O-5 (168-173)
GO
csU-0 CSU-~0 FAULT (8) |
- RVI4 SCAN
| | RVM ADRS BITS 0 -8 STATUS (144 -143], RVM HI/LO STATUS
| (130), RVM ALL/ONE STATUS (151)
| ©®
FORCE ZERO PAR CODE BITS 0,11132,133) | | ~
@)
€CS TRANSFER ERROR CODE BITS 0-2 “3\(/7-!“) l '
ECS CPLR €Cs ERROR (1) | | MAINS PWR FAILURE (38), SHUTOOWN IMMINEKT (37)
(@) 6 P
® | ' (2) THPC
LOCK FREQ MAGNITUDE | SLOW/FAST (I41~143)
MASTER ° o 10! l | INHIBIT
SINGLE ERROR
¢éLock L - ] REPORT (118)
NOTES CLOCK PULSE WIDTH
/\ SEE SCR 10 IN PPS MANUAL FOR MODELS NARROW, WIDE {152,131
750,760 INFORMATI 0

N4

Figure 5-8. Interface Diagram, Status/Control Register, Model 175
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BOOL | [ swer ][ worm ] [ Fap
1m0, ’
ml,  Ixi INDEF,
o ik, Gojor m0,60 INF, |60
gooL |xi [xx |8i |xi I8 fswiFt Ixxjej fxi [NORM fxu fxi |8j [UNFL |FaD |xj Jxx Ixi
5 ©9€9(3 S10,
DISABLE
ERROR
EXCH cey
SWITC
zl(lg-AlLE
IWS COINC
MODE
SWITCH cPU
P, PARITY
PPS-0,1
-BS
CPU ACCEPT, CPU REQ [ ADV IFA,NBF,MEM DEAD, MASTER CLEAR,ADV XSK, M EXCH SAMPLE BAK,
Fgggg zEggbip%l;. SIPLR.ECS READ TO X, CMC INPUT ERROR, ADV XJC, READ|1/0 |TO X seq |EXIT SAMPLE XJA,TO-T7,ADV BAK,MON FLAG,
O ADRS) cn RITE, | SHIFT STACK,SET COMP, PAR OR DBL ERR, BRKPT, DATA |aDRs | Taa |xi JoaTA ICTNxua a0 [RAC e 1 | FiF, sxr, XIF, XSF, RANGE ERROR,
CT AT cpu,OK CLEAR EXCH ABORT, PPS-O 261 INSTR, PPS-0 262 INSTR, (19 © @D (zs)s*roweo.so INCR TO STOR, CPU-0 PAUSED,
EXCH CPU,ECS CPUEXCH | CPU EXCH REQ,REQ PAUSE, REQ CONTINUE,ECS EXCH BLOCK 1/0, GATE EXCH DATA,
TRANSFER REQ, FORCE | GATE CPU-I TO aAK NO 1/0 REQ,ECS ADV BAK, INCR RANGE ERROR, I1/0 EXCH RESUME CPU-0,
ERR AND CODE ZERO PAR | CEJ/MEJ,ALL BANKS FREE, DOUBLE ERROR, FLAG ECS WRITE , MASTER CLEAR, SWB BIT 56,
\ v J CODE RGTR OPERATION PE DIV STOP MEM
ECS CPLR &5
ECS REQ CMC, BANK INITIATE , CONTINUE REQ, INCR ADRS
ECS - EOT, FLAG RGTR OPERATION PE @
i ~ ®—
SYNDROME BITS O-7,SYNDROME ADRS BITS 0-2,16,7,3;
CM READ/WRITE DATA BITS 0-59, PARITY MON FLAG CP-O(STAT BITS 40-52,190,195); CSU ADRS PE
@ (STAT BIT 1); SECDED ERROR-1, DOUBLE ERROR-1(STAT
ecs J € BITS 3,183); CMC BRKPT MATCH, PAR ERR/BRKPT PORT
CPLR CMC ACCEPT, DOUBLE ERROR,DATA ON. CODE BITS 0,1; BREAKPOINT FUNCTION CODE BITS 0,1; CMC
LINE,CSU ADRS PEAMC INPUT ERR ADRS /DATA PAR ERR;CMC PAR ERR (STAT BITS 77,54/56,
(5 55/57, 59,59,139,5)-,;{:-0 STOPPED (STAT BIT 192)
~ ADRS BITS 0-17,PARITY 5 {2¢) SCR
BRKPT (STAT BIT 76)
_ WRITE , 262 INSTR, 261 INSTR, EXCH REQ,PPS 0,! REQ J@ Pl;%:.i
> coecs, sne s oo o2 oo A
Bl ON R
CM READ/WRITE DATA BITS 0-59, PARITY BIT 130); BRKPT CONDTN CODE BITS I8—21 (CONT BITS 114~
< @ 1I7); FORCE ZERO SECDED CODE AND PAR(CONT BIT 128)
PPS 0-1 CMI = ADRS BITS 0-17, PARITY ';'ESR'
X 19 cMe CSU,CMC,CPU MASTER CLEAR; CEJ/MEJ
Nt (2) PPS-—
DATA READY,PPS-0,} ACCEPT 2 DSRT
@xs DISABLE ADRS PE -
L MASTER CLEAR
1/0 ADRS BITS 0-I17
VIRITE
r (i8)
—8)- READ/WRITE DATA BITS,SECDED CODE BITS 0O-7
REQ, WRITE -
‘@) ~ L cm
\ ADRS BITS 3-17, ADRS P BIT (csu)
CM READ/WRITE DATA BITS 0-59,PARITY N
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BOOLEAN UNIT

The boolean unit executes the CPU instructions requiring bit-by-bit data manipu-

lation. This includes both the logical operations and the transmissive operations.

The instructions providing logical operations are:

11 Logical product of Xj and Xk to Xi
12 Logical sum of Xj and Xk to Xi

13 Logical difference of Xj and Xk to Xi
15 Logical product of Xj and XK to Xi
16 Logical sum of Xj and Xk to Xi

17 Logical difference of Xj and Xk to Xi

The instructions providing transmissive operations are:

10 Transmit Xj to Xi

14 Transmit Xk to Xi

26 Unpack Xk to Bj and Xi
27 Pack Xk and Bj to Xi

INPUT REGISTERS

Three data input registers exist for the Bj, Xj, and Xk operands. These
registers are cleared and entered with new data each clock period. The con-
tents of the Bj, Xj, and Xk registers are transmitted to the boolean unit each
clock period, without regard to the instruction in the CIW register. These
operands are then available in the boolean unit in the following clock period.

CONTROL

Several bits of control information enter the boolean unit. Instruction designa-
tors f bit 0 and m bits 0 through 2 are sent to the boolean unit from the CIW
register each clock period. These bits define the particular boolean instruction
being executed. The instruction control translator decodes the bits to determine
the type of logical operation and to select the data paths through the boolean unit
for the various instructions. The control signals generated by the instruction
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control translator are:

Extend X: 26 + Xk bit 59

Gate Xk upper: 12 + 13 + 14 + 16 + 17
Comp Xk: 14 + 15 + 17 + 17
Gate Xj: 10 + 12 + 13 + 16 + 17
Gate LP: 11 + 12 + 15 + 16
Gate B: 27

Comp B: 27 « Xk bit 59

Gate Xk lower: 12 + 13 + 14 + 16 + 17 + 26 + 27

Go boolean is received by the boolean unit during the clock period following issue
of a boolean instruction. Data is transmitted to the destination registers only
during a clock period in which go boolean is set.

OPERATION

If go boolean is set during a given clock period, a boolean instruction issued
during the previous clock period and the data in the boolean unit input registers
corresponds with the data described by the j and k designators in that instruction.
Data in the input registers is merged in a static network for transmission to the
destination B and/or X registers. The type of logical operation and the selection

of data paths in this static network are determined by the control information.

LOGICAL PRODUCT

The boolean unit forms the logical product (AND function) of 60-bit words from
the Xj and Xk registers (or its complement) and places the product in the Xi
register. The operation is controlled by the gate LP signal. Bits in Xi are set
to one when the corresponding bits in Xj and Xk (or its complement) are one as

in the following examples.

Xj = o1 I-NMRMﬁ
11

01 = 0101
Xk = 1100 Xk = 0011 l 85 Bﬁ i

Xi = 0100 Xi = 0001 B omm o e mm o B
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The boolean unit forms the complemented result, which is recomplemented so
that the true result is transmitted to the X register.

LOGICAL SUM

The boolean unit forms the logical sum (OR function) of 60-bit words from the
Xj and Xk registers (or its complement) and places the logical sum in the Xi
register. This operation is performed in two steps and is controlled by the gate
LP, gate Xk upper, gate Xk lower, and gate Xj signals.

Bits in Xi are set to one if the corresponding bits in Xj and Xk (or its .comple-
ment) are a one as in the following examples.

Xj = 0101 Xj = 0101
Xk = 1100 . Xk = 0011
Xi = 1101 Xi = 0111

The boolean unit forms the complemented result, which is recomplemented so
that the true result is transmitted to the X register.

LOGICAL DIFFERENCE

The boolean unit forms the logical difference (exclusive OR function) of the
quantity from the Xj and Xk registers (or its complement) and places the differ-
ence in the Xi register. This operation is controlled by the gate Xk upper,
gate Xk lower, and gate Xj signals.

Bits in Xi are set to one if the corresponding bits in Xj and Xk (or its comple-

ment) are unlike as in the following examples.

Xj = o101 Xj = 0101
Xk = 1100 Xk = 00:1
Xi = 1001 Xi = 0110

The boolean unit forms the coraplemented result, which is recomplemented so
that the true result is transmitted to the X register.
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TRANSMIT Xj or Xk

Except that it complements Xk, the boolean unit executes both the transmit Xj

and transmit XK instruction in essentially the same manner. Xj or Xk enter an
equivalence circuit in which the other operand is zero. The result is either 5(3

or Xk. This result is recomplemented upon being sent to the Xi register. Trans-
mit Xj is controlled by the gate Xk upper, gate Xk lower, and comp Xk signals.

UNPACK

The boolean unit unpacks the floating-point quantity from the Xk register. It sends
the 48-bit coefficient to the Xi register and the 11-bit exponent to the Bj register.
The exponent bias is removed during the unpack operation so that the quantity in

Bj is the true ones complement representation of the exponent. The sign bit of the
exponent is extended to fill the 18-bit B register. The true exponent result is
gated to the Bj register by the go boolean signal. B register access control
allows entry from the boolean unit for only the unpack instructions.

Except that Xk is not complemented, the Xk coefficient bits (0 through 47) follow
the same paths as for the transmit Xk instruction. Gate Xk lower controls this
part of the operation. The extend X signal causes the coefficient sign to be ex-

tended to bits 48 through 59 to fill the 60-bit result in the X register.

PACK

The boolean unit packs a floating-point number in Xi. The coefficient of the num-
ber is obtained from Xk and the exponent from Bj. The boolean unit adds bias to
the exponent before merging it with the Xk operand. If Xk is positive, the packed
exponent occupying positions 48 through 58 of Xi is obtained from bits 0 through
10 of Bj by complementing bit 10; if Xk is negative, bit 10 is not complemented,
but bits 0 through 9 are complemented. The comp B, gate B, and gate Xk lower
signals control the pack operation.
NG ETD AN mET NS

| B7B8 I

By o o s el
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BOOLEAN UNIT

The boolean unit executes the CPU instructions requiring bit-by-bit data manipu-
lation. This includes the logical operations for instructions 11, 12, 13, 15, 16,
and 17 plus the transmissive operations for instructions 10, 14, 26, and 27.

INPUT REGISTERS

The three input registers in the boolean unit receive data from the Bj, Xj, and
Xk registers each clock period, without regard to the instruction in the CIW
register. Data is transmitted to the input registers concurrent with the instruc-
tion issue. During the following clock period, data moves from the input registers
through the static selection network and back to the operating registers. Thus,
each instruction is executed in 2 clock periods. The boolean unit is free to begin
executing a new instruction every clock period, If a boolean-type instruction does
not issue in a given clock period, the data in the input registers is not used.

New data enters the input registers in the following clock period.

CONTROL

The boolean unit also receives bits of the f and m designators from the CIW
register each clock period. Instruction designators f bit 0 and m bits 0 through
2 are held in registers and are then translated into control signals that determine
the type of logical operation and select data paths required by the instruction.

The boolean unit receives the go boolean signal in the clock period following issue
of a boolean instruction. The go boolean signal enables the output of the boolean

unit to the destination registers.

The data path to the destination X register for bits 48 through 59 on the 4KN7
module is shared by the various boolean instructions. Control signals from the
4KM17 module prevent conflicts by ensuring that only one data path is active at
any one time. The active data path, containing the complemented result, merges
with all ones on the other two paths. The result is recomplemented upon being

sent to the destination X register.
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LOGICAL PRODUCT

The logical product for instructions 11 and 15 is formed on the 4KL7 and 4KN7
modules. Xk is complemented if this operation is being performed for a 15 in-
struction. Xj is then ANDed with the corresponding Xk bits and the gate LP

si_gnal.

The complement of the logical product goes to another circuit where it is ANDed
with the results of an equivalence circuit. For instructions 11 and 15, the results
of the equivalence operation are all ones because the Xj and Xk inputs to the
equivalence circuit are not enabled. Thus, this second AND circuit for the logical
product instructions acts like a merge. From the second AND circuit, the com-
plemented logical product is recomplemented and sent to the destination X register.

LOGICAL SUM

The logical sum instructions (12 and 16) use the same circuitry as the logical
product instructions except that the inputs to the equivalence circuit are enabled.
Instead of ones, meaningful data is ANDed with the complement of the logical

product.

For example, if Xj equals 0101 and Xk equals 1100, the following logical operations
take place.

1. The first AND circuit forms the logical product of Xj and Xk.

Xj =0101
Xk = 1100
LP =0100

2. Both the Xj and Xk inputs to the equivalence circuit are enabled by gate
Xj, gate Xk upper, and gate Xk lower so the equivalence circuit produces:

Xj = 0101
Xk = 1100 l-—m-n1

=2 -0 1 C5C6 1
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3. The complement of the logical product (LP) is ANDED with EQ to produce:

LP = 1011
EQ = 0110
Xi = 0010

4. This result is recomplemented and sent to the destination X register as
1001,

LOGICAL DIFFERENCE

The logical difference instructions (13 and 17) use the equivalence circuit to form
the complement of the result, The complemented result is ANDed with all ones

from the logical product circuit, which is not enabled for these two instructions.

The result of this merge operation is recomplemented and sent to the destination
X register.

TRANSMIT X

The boolean unit executes both transmit instructions (10 and 14) in essentially
the same way. FEither Xj or Xk is enabled into the equivalence circuit with the
other operand a zero., The result is the complement of whichever operand was
input. The result is then recomplemented upon being sent to the destination X
register.

UNPACK

The unpack operation for instruction 26 requires three separate data paths: one
for the exponent to the destination B register, another for coefficient bits 0 through
47 to the destination X register, and a third for extending Xk sign to bits 48
through 59 of the destination X register.

Unpacking of the exponent takes place on the 4KM7 module. To remove bias and

provide the proper sign, bits 48 through 57 of Xk enter a complement control
circuit. This circuit complements bits 48 through 57 if the coefficient is positive
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(bit 59 is not set). The output of the circuit is recomplemented to become bits 0
through ¢ upon being gated to the destination B register. The complement of the
sign of the exponent (m is determined by the logical difference of Xk bits 58
and 59. Bj sign is complemented and sent to the B register as bits 10 and 11.
This sign extension is repeated on the 4KN7 module for extending Bj sign to bits
12 through 17 of the B register. Bj and extend Bj sign bits are gated by the go
boolean signal. B register access control prevents entry to the destination B

register from the boolean unit for all instructions except 26.

Bits 0 through 47 of Xk are gated into the equivalence circuit on the three 4KL7
modules by the gate Xk lower signal. Since the Xj input to the equivalence circuit
is not enabled, the result of the equivalence is the complement of Xk. This is
recomplemented to become bits 0 through 47 in the destination X register.

Note that gate Xk upper is not set for this instruction, thereby preventing trans-
mission of Xk bits 48 through 59 to the destination X register. Instead, the co-
efficient sign is extended to bits 48 through 59 by the extend X signal on the 4KN7
module. If the coefficient is positive, extend X is set and is ANDed with the go
boolean signal. When ANDed with all ones from the other two paths and recom-
plemented, the signal causes all zeros to enter bits 48 through 59 of the destination
X register. When the coefficient is negative, extend X is clear, and the result is
all ones to bits 48 through 59 of the destination X register.

PACK

Just as unpack requires separate data paths to the B and X registers, packing for
instruction 27 requires separate data paths from the B and X registers.

Packing of the ‘exponent takes place on the 4KN7 module. Bj bit 11 is discarded
because it is merely an extension of the exponent sign bit (bit 10). Bit 10 is
complemented to add bias, and bits O through 10 are then gated into a complement
control circuit by the gate B signal. This circuit complements bits 0 through 10
if the coefficient is positive (Xk bit 59 is not set). The output of the circuit is
Xi bits 48 through 58. These bits and the complement of the comp B signal

(Xi bit 59) are ANDed with ones from the other paths and are recomplemented upon
being sent to the destination X register.

Packing of the coefficient is a straightforward transmission of Xk bits 0 through
47 to the X register gated by gate Xk lower. Data paths for Xk bits 48 through

59 are blocked because gate Xk upper is not set for this instruction.

5-2-4,1
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BOOL 3.0 TEST POINTS

Module | Location | Test Point Description Module Location | Test Point Description Module ILocation | Test Point Description
4KK7 6C07-11 01 Xj rgtr bit N
04 N+1 4KNT* 6C16 71,72 | Gate B
03 N+2 ’ 74’ 78 Py
06 N+3 5 1e omp B
11 N+4 » Comp Xk
14 N+5 11,12 Gate LP
i N+6 05, 06 Gate Xk upper
01,02 Gate Xj
16 N+7 » o
21 N+8 53 Extend Bj sign bits
04 N+9 12 through 17
23 N+10 .
‘26 N+11
46 Xk or Bj rgtr bit N
43 N+1
45 N+2
41 N+3
56 N+4
53 N+5
54 N+6
51 N+7
66 N+8
63 N+9
65 N+10
61 N+11 *
33,34 25-nanosecond clock
4KLT* 6C12-14 11,12 Go boolean
. 21,22 Comp Xk
45, 46 Gate Xj
31,32 Gate Xk lower
55, 56 Gate LP
4KM17 6C15 01 Xk rgtr bit 48
02 49
05 50
06 51
11 52
12 53
15 54
16 55
21 56
22 57
25 58
26,43, 44 59
62 f0 holding rgtr
63 mo
65 ml
61 m2
52 Gate Xk lower - = . -
53 Gate Xk upper
56 Extend X l 03 c4 I
55 Comp B
51 Comp Xk | PR, |
54 Gate B
\ 74 25-nanosecond clock I
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BOOLEAN UNIT

The boolean unit executes the CPU instructions requiring bit-by-bit data manipu-
lation. This includes the logical operations for instructions 11, 12, 13, 15, 16,
and 17 plus the transmissive operations for instructions 10, 14, 26, and 27.

INPUT REGISTERS

The three input registers in the boolean unit receive data from the Bj, Xj, and

Xk registers each clock period, without regard to the instruction in the CIW
register. Data is transmitted to the input registers concurrent with the instruc-
tion issue. During the following clock period, data moves from the input registers
through the static selection network and back to the operating registers. Thus,
each instruction is executed in 2 clock periods. The boolean unit is free to begin
executing a new instruction every clock period. If a boolean-type instruction does
not issue in a given clock period, the data in the input registers is not used.

New data enters the input registers in the following clock period.

CONTROL

The boolean unit also receives bits of the f and m designators from the CIW
register each clock period. Instruction designators f bit 0 and m bits 0 through
2 are held in registers and are then translated into control signals that determine
the type of logical operation and select data paths required by the instruction.

The boolean unit receives the go boolean signal in the clock period following issue
of a boolean instruction, The go boolean signal enables the output of the boolean
unit to the destination registers,

The data path to the destination X register for bits 48 through 59 on the 4KN7
module is shared by the various boolean instructions. Control signals from the
4KM7 module prevent conflicts by ensuring that only one data path is active at
any one time. The active data path, containing the complemented result, merges
with all ones on the other two paths. The result is recomplemented upon being
sent to the destination X register.
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LOGICAL PRODUCT

The logical product for instructions 11 and 15 is formed on the 4KL7 and 4KN7
modules. Xk is complemented if this operation is being performed for a 15 in-
struction. Xj is then ANDed with the corresponding Xk bits and the gate LP
signal.

The complement of the logical product goes to another circuit where it is ANDed
with the results of an equivalence circuit. For instructions 11 and 15, the results
of the equivalence operation are all ones because the Xj and Xk inputs to the
equivalence circuit are not enabled. Thus, this second AND circuit for the logical
product instructions acts like a merge. From the second AND circuit, the com-
plemented logical product is recomplemented and sent to the destination X register.

LOGICAL SUM

The logical sum instructions (12 and 16) use the same circuitry as the logical
product instructions except that the inputs to the equivalence circuit are enabled.
Instead of ones, meaningful data is ANDed with the complement of the logical
product.

For example, if Xj equals 0101 and Xk equals 1100, the following logical operations
take place.

1. The first AND circuit forms the logical product of Xj and Xk.

Xj =0101
Xk = 1100
LP * 0100

2. Both the Xj and Xk inputs to the equivalence circuit are enabled by gate
Xj, gate Xk upper, and gate Xk lower so the equivalence circuit produces:
Xj = 0101
Xk = 1100
EQ = 0110
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SHIFT UNIT

The shift unit executes CPU instructions 20, 21, 22, 23, and 43. These instruc-
tions shift the entire 60-bit field of data within the operand word. Input operands

are of two types. A 60-bit word is read from either the Xi or the Xk register,

depending upon the type of instruction. A second operand is read from either the

CIW or the Bj register. This operand determines the shift count for the 60-bit
word. Shifted operands are sent from the shift unit to the Xi register.

INSTRUCTIONS EXECUTED

LEFT SHIFT Xi BY jk (20ijk INSTRUCTION)

This instruction causes the shift unit to read one operand from the Xi register,
shift the 60-bit word left circularly by jk bit positions, and write the resulting
60-bit word back into the same Xi register. ’

The shift unit does not actually shift data in a left circular mode. Instead, it
simulates the shift. The shift count is complemented, a three-bit left circular
shift correction is performed, and the shift is made in a right circular mode.

RIGHT SHIFT Xi BY jk (21lijk INSTRUCTION)

This instruction causes the shift unit to read one operand from the Xi register,
shift the 60-bit word to the right with sign extension by jk positions, and write
the resulting 60-bit word back inlo the same Xi register.

LEFT SHIFT Xk BY Bj TO Xi (22ijk INSTRUCTION)

This instruction normally causes the shift unit to read one operand from the Xk

register, shift the 60-bit word left circularly by an amount determined by bits 0
through 5 of the Bj register, and write the resulting 60-bit word into the Xi

register. However, if the 18-bit operand in the Bj register is negative (bit 17 is

a one), the shift is to the right with sign extension, and the shift count is deter-
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mined by the complement of Bj bits 0 through 5.

The shift unit always complements Bj bits 0 through 5 during the execution of this
instruction. The left shift is simulated by making a three-bit left circular shift

correction and shifting in a right circular mode.

RIGHT 'SHIFT Xk BY Bj TO Xi (23ijk INSTRUCTION)

This instruction normally causes the shift unit to read one operand from the Xk
register, shift the 60-bit word to the right with sign extension by an amount de-
termined by Bj bits 0 through 5, and write the resulting 60-bit word into the Xi
register. However, if the 18-bit operand in the Bj register is negative (bit 17 is
a one), the shift is left circular, and the shift count is determined by the com-
plement of Bj bits 0 through 5.

The shift unit does not actually shift data in a left circular mode when Bj is
negative; it simulates the shift. A three-bit left circular shift correction is per-
formed and the shift is made in a right circular mode. The shift count is
complemented because the Bj register contains a negative number.

MASK UPPER jk PLACES OF Xi (43ijk INSTRUCTION)
This instruction causes the shift unit to generate a 60-bit word containing ones

in the upper jk bit positions and zeros in the remaining bit positions. The re-
sulting 60-bit word is written into the Xi register.

INSTRUCTION TRANSLATION

The instruction translator determines what instruction has been issued by trans-
lating thee bits from the instruction designators in the CIW register. These are

f bit 1 and m bits 0 and 1. I--_-_q

| B Bo ¢
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OPERAND SELECTION

The operand holding register holds the data which is to be shifted. This 60-bit
operand is selected in the CPU from either the Xi or Xk register. Before en-
tering the holding register, the selected operand passes through a second selection
network. For shift instructions which require a right shift of data, the operand
enters the register unchanged. For shift instructions which require a left shift

of data, the operand is left circularly shifted by three bit positions before entering
the register. For the mask instruction, the operand is discarded and the register
contains all zeros, Before enteringl the first shift rank, the operand is comple~-
mented in a complement control network if a 43 instruction (mask) has been issued
or if the selected operand is negative.

SHIFT COUNT

SHIFT COUNT SELECTION

The amount of shift to be performed on the selected 60-bit operand is determined
by translating a six-bit operand from one of two sources. For 20, 21, and 43
instructions, the j and k designators from the CIW register are used. These
designators are treated as a single six-bit quantity. For 22 and 23 instructions,
the lower six bits from the Bj register are used. If a 20 or 22 instruction has
been issued, the selected shift count bits are complemented in a complement
control circuit.

SHIFT COUNT TRANSLATORS AND FLAGS

The selected shift count bits are translated in three groups. Bits 0 and 1 de-
termine which one of four rank 1 shift count flags will be set. These flags
allow the 60-bit operand to be shifted zero, one, two, or three bit positions in
the first shift rank. Bits 2 and 3 determine which one of four rank 2 shift count
flags will be set. These flags allow the 60-bit operand to be shifted 0, 4, 8,

or 12 bit positions in the second shift rank. Bits 4 and 5 determine which one
of four rank 3 shift count flags will be set. These flags allow the 80-bit operand
to be shifted 0, 16, 32, or 48 bit positions in the third shift rank.
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SHIFT COUNT GREATER THAN 63 TEST

Prior to the execution of a 22 or 23 instruction which requires a right shift, the
shift count greater than 63 test network determines if the shift will be greater
than 63 bit positions. If so, the enable shift signal is not generated, causing none
of the rank 3 shift count flags to be set. With no flags set, the third shift rank
outputs all zeros, and the shift unit outputs all ones to the X registers. This
causes all zeros to enter the Xi registers.

.

LEFT CIRCULAR SHIFT SIMULATION

For instructions requiring a left circular shift (20, 22 with Bj positive and 25
with Bj negative), the shift unit actually performs a right circular shift. The

left circular shift signal enables the three right-shift ranks to shift circularly.
The amount of right shift is determined by the complement of the shift count.

For the left-shift instructions (20 and 22), the shift count is complemented as it
enters the shift unit. For the right-shift instruction which results in a left shift
(23 with Bj negative), the shift count is not complemented because it is already
expressed as a negative number. When a left circular shift is simulated by doing
a right circular shift using the complemented shift count, a three-bit position
error is introduced, The error is caused because the maximum shift count speci-
fies three bit positions more than the 60-bit word. This error is corrected by
the three-bit left circular shift network which shifts the operand before it enters
the operand holding register.

SHIFT RANKS

The three shift ranks shift the operand by an amount determined by the corre-
sponding rank 1, 2, and 3 shift count flags. [Each rank shifts the operand right
circularly if the left circular shift signal is present. If this signal is absent,

the shift is to the right with sign extension. Since the operand is always positive
in the shift unit, the sign extension bits are always zeros.

A 43 instruction (mask) forces all ones into shift rank 1, These ones are right-

shifted with zeros filling the vacated bit positions. The shift count is determined

. a .
in the same manner as previously. - e e gy

B7 B8 1 oo

hﬂ'ﬂ“-



SHIFT UNIT OUTPUT

The third rank of the shift unit outputs the shifted operand (complemented) to
the X registers whenever a go shift signal is present. If this signal is not
present, all ones are sent to the X registers. If the original operand was
positive, the shifted operand is recomplemented before entering the Xi register.
Negative operands are complemented twice in the shift unit. Therefore, they
are not recomplemented.

60420300 K
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SHIFT UNIT

The shift unit executes CPU instructions 20, 21, 22, 23, and 43. These in-
structions shift the entire 60-bit field of data within the operand word. Input
operands are of two types. A 60-bit word is read from either the Xi or the

Xk register, depending upon the type of instruction. A second operand is read
from either the CIW or the Bj register. This operand determines the shift count
for the 60-bit word. Shifted operands are sent from the shift unit to the Xi
register.

INSTRUCTIONS EXECUTED

LEFT SHIFT Xi BY jk (20ijk INSTRUCTION)

This instruction causes the shift unit to read one operand from the Xi register,
shift the 60-bit word left circularly by jk bit positions, and then write the re-
sulting 60-bit word back into the same Xi register.

The shift unit does not actually shift data in a left circular mode. Instead, it
simulates the shift. The shift count is complemented, a three-bit left circular
shift correction is performed, and the shift is made in a right circular mode.
RIGHT SHIFT Xi BY jk (21ijk INSTRUCTION)

This instruction causes the shift unit to read one operand from the Xi register,
shift the 60-bit word to the right with sign extension by jk bit positions, and
write the resulting 60-bit word back into the same Xi register.

LEFT SHIFT Xk BY Bj TO Xi (22ijk INSTRUCTION)

This instruction normally causes the shift unit to read one operand from the

Xk register, shift the 60-bit word left circularly by an amount determined by Bj
bits 0 through 5, and write the resutling 60-bit word into the Xi register. How-
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ever, if the 18-bit operand in the Bj register is negative, the shift is to the
right with sign extension, and the shift count is determined by the complement of
Bj bits 0 through 5.

The shift unit always complements Bj bits 0 through 5 during the execution of
this instruction. The left shift is simulated by making a three-bit left circular
shift correction and shifting in a right circular mode.

RIGHT SHIFT Xk BY Bj TO Xi (23ijk INSTRUCTION)

This instruction normally causes the shift unit to read one operand from the Xk
register, shift the 60-bit word to the right with sign extension by an amount de-
termined by Bj bits 0 through 5, and write the resulting 60-bit word into the Xi
register. However, if the 18-bit operand in the Bj register is negative, the shift
is left circular and the shift count is determined by complemented bits 0 through
5.

The shift unit does not actually shift data in a left circular mode when Bj is
negative; it simulates the shift. A three-bit left circular correction is performed
and the shift is made in a right circular mode. The shift count is complemented
because the Bj register contains a negative number.

MASK UPPER jk PLACES OF Xi (43ijk INSTRUCTION)

This instruction causes the shift unit to generate a 60-bit word containing ones
in the upper jk bit positions and zeros in the remaining bit positions. The re-

sulting 60-bit word is written into the Xi register.

B GSCB s
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INSTRUCTION TRANSLATION

The 3KO7 module determines what instruction has been issued by translating three
bits from the instruction designators in the CIW register. These are f bit 1 and
m bits 0 and 1.

OPERAND SELECTION

The operand holding register (4KP7 modules) holds the data which is to be shifted.
This 60-bit operand is slected from either the Xi or Xk register. The, selection
is made in the CPU (4RF7 and 4RG7 modules) and is based on the value of m in
the CIW register. The Xi data path is selected if the m designator has an octal
value of 0, 1, 4, or 5. The 3k data path is selected when this value is 2, 3,

6, or 7.

Before entering the operand holding register, the selected operand passes through
a second selection network (4K?7 modules). For 2X series instructions which re-
quire a right-shift of data, the operand enters the register unchanged. For 2X
series instructions which require a left-shift of data, the operand is left circular-
ly shifted by three bit positions before entering the register. For 43 instructions,
the operand is discarded. In this case, the register contains all zeros.

Before entering the first shift rank, the operand is complemented in a complement
control network (4KP7 modules) if the complement control flag is set. This flag
is set when a 43 instruction has been issued or if the selected operand is negative
(operand must be positive). A 43 instruction is indicated when the f designator
from the CIW register has a zero in the middle bit (X0X). A negative operand

is indicated when bit 59 (sign) of the selected operand is a one.
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SHIFT COUNT

SHIFT COUNT SELECTION

The shift count to be performed on the selected 60-bit operand is determined by
translating a six-bit operand from one of two sources., The selection of one of
these sources is made in the 3KO7 module. For 20, 21, and 43 instructions,
the j ‘and k designators from the CIW register are used. These designators are
treated as a single six-bit quantity., For 22 and 23 instructions, the lower six
bits from the Bj register are used. 1If a 20 or 22 instruction has been issued,
the selected shift count bits are complemented.

SHIFT COUNT TRANSLATORS AND FLAGS

The selected shift count bits are translated in three groups. Bits 0 and 1 are
sent to a translator in the 4KP7 modules. This translator determines which one
of four flags will be set. These flags allow the 60-bit operand to be shifted zero,
one, two, or three bit positions in the first shift rank (4KP7 modules). Shift
count bits 2 and 3 are translated in the 3KO7 module. This translator determines
which one of four flags in the 4KP7 modules will be set. These flags allow the
60-bit operand to be shifted 0, 4, 8, or 12 bit positions in the second shift rank
(4KQ7 and 4KWT7 modules). Shift count bits 4 and 5 are also translated in the
3KO7 module. This translator determines which one of four flags in the 4KP7
modules will be set. These flags allow the 60-bit operand to be shifted 0, 186,
32, or 48 bit positions in the third shift rank (4KQ7 and 4KW7 modules).

SHIFT COUNT GREATER THAN 63 TEST

Prior to the execution of a 22 or 23 instruction, a network in the 3KO7 module

determines if the right-shift is greater than 63 bit positions. If so, the enable

shift signal is not generated. This causes none of the third shift rank flags to set.

With no flags set, the third shift rank outputs all zeros and the shift unit outputs

all ones to the X registers. This causes all zeros to enter the Xi register.
IIIIII | B~ B -}
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LEFT CIRCULAR SHIFT SIGNAL AND FLAG

For instructions requiring a left circular shift, the shift unit actually shifts the
operand in a right circular mode. The left circular shift signal generated by
the 3KO7 module enables the shift ranks to simulate this shift. This signal
enables a three-bit left circular shift correction in the 4KP7 modules. It also
sets the left circular shift flag (lower-4KP7 module). When this flag is set,
the shift ranks perform a right circular shift.
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SHIFT UNIT OUTPUT

The third rank of the shift unit (4KQ7 and 4KW7 modules) outputs the shifted
operand (complemented) to the X registers whenever a go shift signal from the
4LE7 module is present. If this signal is not present, all ones are sent to the
X registers., If the original operand was positive, the shifted operand is re-
complemented before entering the Xi register under control of the X register
sign control. Negative operands are complemented twice in the shift unit.
Therefore, they are not recomplemented.

F-—--
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SHIFT 3.0 TEST POINTS

Module Location | Test Point Description Module Location | Test Point Description Module Location | Test Point Description
3KOT7x* 6E10 54 20 instruction
53 22
55 23
4K P 6A07-16 16 Operand holding rgtr
bit N
11 Operand holding rgtr
bit N+1
- 24 Operand holding rgtr
bit N+2
23 Operand holding rgtr '
bit N+3
34 Operand holding rgtr
bit N+4
33 Operand holding rgtr
bit N+5
43 Operand holding rgtr
bit N+6
45 Operand holding rgtr
bit N+7
54 Operand holding rgtr
bit N+8
01, 06 Compl cont flag
74 Rank 1 shift 0 flag
73 1
76 2
75 3
41, 46 Shift cont flag
71,72 25-nanosecond clock
4KQT* 6B09-12 71 Left circular shift
73 Go shift
02 Rank 2 shift 0
06 4
05 8
01 12
74 Rank 3 shift 0
75 16
76 32
72 48
4KW T3 6B13-16 71 Left circular shift
73 Go shift
03 Rank 2 shift 0
06 4
05 8
01 12
74 Rank 3 shift 0
75 16 -
76 32 F - — q
: i 103040

60420300 K

5-3-4.4




noTES.
@ EVERY FOURTH BIT (EG-BITS 0-12+ 0,
@ EVERY EIGHTH BIT (E3-BITS 0-2420,
@ sioNeniT Sy

@ RANK | SHIFT NETWORK AT LOCATIONS 6AOT-6AIS HAVE
LOGICAL ONE INPUT INSTEAD OF LEFT CIRCULAR SHIFT,

X1 OR Xk BITS 31-39, -
-y sn}'.s 54-59,

r & 8173 0-34 ® ®

CORRECTED

cPu 3.48 811 51-39 8175 84-39,
0-2 © FLAG AND FANOUT AT LOCATIONS AO7-6A15 ARE USED FOR SHIFT
® CONTROL SIGNALS. THIS CIRCUITRY IS NOT USED AT LOCATION GAIG.
Xi OR Xk S$IGN © 4KWT MODULE IS SAUE AS 4KOT MODULE EXCEPT AxW? MODULE
OUTPUTS SEVEN BITS.
43 INSTR OR NEG OPERAND [©] QURING A 21, OR 23 INSTAUCTION (RIGHT SHIFT), THE SHIFT 1S RIGHT
PEN-ENDED. 'A 20 OR 22 INSTRUCTION (LEFT SHIFT), THE SHIFT
R GO
[3x07] cPu 3 18— @ IF ENABLE SHIFT IS NOT PRESENT,THE RANK 3 SHIFT NETWORK WILL
seio (cIW) OUTPUT ALL ZEROS AND THE SWIFT UNIT WILL OUTPUT ALL ONES.
a1 | BTSN
89
LEFT
LEFT GIRCULAR
11, mo,mi Cincucan sry | ST
3u-.—®_ ® LEFT CIRCULAR SHIFT @ [
RANK |
SHIFT COUNT RIGHT
8113 0.1 SHIFT
i) L
314 RANK |
20421443 RANK | SHIFT RANK | SHIFT SHIFT O
INSTR Sunr COUNT BITS 0, | COUNT 8ITS Ot Eons RANK | SHIFT
! Shso-s RANK 2 SHIFT | 0.1,2, 03
0.4,8, 01 12
30 S
BjeITs 8 RANK 3
Loy ts o- 20422 CouNT SHIFT 0,
CcPU 3.58 0 "-“3-‘”‘ A8 —
<‘P e @ |- ® ~fremi]
0 =
mANK 3 - | [SKFTJGAIS B1TS 45-56 (1N), 48-53 (OUTI; RANK 3 SHIFT 48 FLAG 1| manx s
SHIFT 48 SHIFY 40
RANK 3 [eaia 39-30 (IN), 42-47 (OUT), RANK 3 SHIFT 32 FLAG RANK 3
SHIFT 32 SHIFT 32
8j
8T 17 098178 0-58 (D (IN), 0-56
RANK 3 a3’ 33-44 (IN), 36-41 (OUT), RANK 3 SHIFT I8 FLAG RANK 3 g S
LSHIFT 16 . SHIFT 18
airT
cPu3.2ze -—-—-—-”
RANK 3 6A12 27-38 {IN),30-35 (OUT), RANK 3 SHIFT O FLAG RANX 3
SHIFT 0 SHIFT O
SAIFT 0,16, 32, 0n a8
LEFT SHI il
gincuLAR . L Omen O
> RANK 2 [ean 21-32 (IN), 24-29 (OUT); RANK 2 SHIFT 12 FLAG AANK 2
SHIFT 12 H SHIFT 12
RANK 2 [6alo 1826 (IN), 18-23 (OUT), RANK 2 SHIFT 8 FLAG AANK 2 O g 2 | 0178 °©
SHIFT 8 | [SWIFT's o118 O-d9 sivs 0-s6 | "GNET | 0-48,56 BITS 0-59
=@} 0,4.8, f—=(id)- CPU 3.4A
ORIi2 (X RGTR)
23
INSTR Xi OR Xk | Xi OR Xn RANK 2 [6A0S  9-20 (IN), 1217 (OUT); RANK 2 SHIFT 4 FLAG RANK 2 o
SIGN SIoN SHIFT ¢ e SHIFT 4
. HEe L2
RANK 2
} ' RANK 2 [6A08  3-14 (IN), 6-11 (OUT); RANK 2 SHIFT O FLAG RANK 2 SHFT 01
cPU 3.48 cPU 3.4A SHIFT 0 | | swiFT'o ® ®
[AKPT[6AO7 BITS 0-8, 57-39 (IN); 0-8 (OUT ). LEFT CINCULAR SHIFT FLAG J LEFT
FT CIRCULAR SHIFY CIRCULAR SHIFT

Cl C2 i

----d

[
DETAILED-MODULES DIAGRAM 34010 ';0:20300 _r;f

oeviLoemear | SHIFT UNIT
DIVISION D Iswrraofs-3-5




CLOCK PERIOD
CLOCK PULSE

TWO SUCCESSIVE SHIFT INSTRUCTIONS
IN TOP PARCEL OF CIW REGISTER

GO ISSUE

GO SHIFT

RESULT REGISTER Xi RESERVED FOR
INSTRUCTION |

INSTRUCTION | RESULT ENTERS THE XI
REGISTER

RESULT REGISTER Xi RESERVED FOR
INSTRUCTION 2

INSTRUCTION 2 RESULT ENTERS THE Xi
REGISTER

NOTES!

DESTINATION REGISTER)

431jk (ASSUMING NO ISSUE CONFLICTS EXIST)
23ij| (OPERAND REGISTER CONFLICTS WITH INSTRUCTION |

ENABLE ISSUE IS DELAYED 4 CLOCK PERIODS ( THEREFORE, GO ISSUE

1S DELAYED A MINIMUM OF 4 CLOCK PERIODS) IN THE AA120-C.

THIS DELAY IS REMOVED BY INSTALLING OPTION AT364-A.

-n--

D11D12 ﬂ

NTROL:DATA
CONTRO. B TIMING DIAGRAM

I oeveopwent | SHIFT INSTRUCTION

DIVISION

2




4RFT 4RF7 4RFT 4RF7
6DI0 6009 6008 6007
T
&
M 58 57 56 55 54 53 52' 5| 50 49 48 47 46 45/44 4342 41 40 39 38 37 36 35 34 33 32 31 30[29 28 272625242322 2 2019 18 17 16 15[1413 1211109 8 7 6 5 4 3 2 | O
4RG7
59)
6FO7 J
4KP7 4KPT 4KPT 4KPT 4KPT |\ ouTs
2 | 0 5958 575655545352 51|504948 47 46 454443 42 41 40 39(38 37 36 35 343332 31 302928 272625242322 212019 18 17 16 15/1413 1211109 8 7 6 5 4 3
2 | 0 595857565554 50 49 48 47 46 45 44 43 42 38 37 36 35 34 33 32 3| 30 26 25 24 23 22 21 2019 18 14131211109 8 HOLDING
59 58 57 56 55 54| 47 46 45 44 43 42| 2
322 212019 18 OUTPUTS
N N N N N
4KP7 4KPT 4KP7 4KPT 4KPT

5352 51 50 4948

41 40 39 38 37 36|

29 28 27 26 25 24

N N N N N
4KWT
6816 [59 55 51 a7 a3 39 35 30 27 73 B 1 n 7 3
55 47 39 31 23 15 7
4KWT
6615 [58 54 50 a6 @z 38 34 30 26 22 18 1% 0 3 2
N
54 46 38 30 22 14 6
4KWT
614 [57 53 49 a5 @ 37 33 29 25 21 12 i3 0 5 v
53 45 37 29 21 13 5
4KW7T
6813 [56 52 48 44 40 36 32 26 24 20 16 12 B 3 °
52 44 36 28 20 12 4
axa?
6812 59 55 51 47 43 39 35 31 27 23 ® 5 n 7 3
N
59 51 43 35 27 9 " 3
4KQ7
681158 54 50 a6 a2 38 34 30 26 22 0 T4 o s 2
N
58 50 42 34 26 18 10 2
4Ka7
6810 [57 53 49 45 4l 37 33 29 25 21 17 3 B 5 ]
N
57 49 41 33 25 17 s )
4KQ7
6809 [56 52 48 44 %0 36 32 28 24 20 I 2 ) % o
N
56 48 40 32 24 16 8 0
EXAMPLE 4KP? @ enor NOTES:
—
— 2 weurs ® LS3 TO HOLDING REGISTER ON LEFT SHIFT BIT 57 T0 0, BIT 58 TO I, BIT 59 TO 2, ETC.
s 7 _6 5 4 3 2 | 58 NPU a .
ez 1 | | | - - ® BITS 0-8 TO HOLDING REGISTER BITS 0O-8 ON RIGHT SHIFT. P o o
® ® ® ® v 3 RSO HOLDING RGTR BITS 0-5 TO OUTPUT BITS 0-5.
s.r 6 5 4 3 2 1 0 HOLDING REGISTER @ RS HOLDING RGTR BITS 1-6 TO OUTPUT BITS 0-5. E 3 '
NN ™ [ A A | ® RS2 HOLDING RGTR BITS 2-7 TO OUTPUT BITS 0-5.
RS3 HOLDING RGTR BITS 3-8 TO OUTPUT BITS 0-5.
§ 4 3 2 1 0 OUTPUTS ® Eh ow o o e @

§ DEVELOPM
DIVISIO

Sll TROUBLESHOOTING CHART

SHIFT UNIT
ENT
N

2




PART 4

NORMALIZE UNIT

| El i

B oo e el



NORMALIZE UNIT

The normalize unit executes CPU instructions 24 and 25. These two instructions

are identical except instruction 25 adds a round bit to the coefficient.

The normalize unit operates on operands in positive (true) form so it complements
1t then left-shifts the coefficient by
The

negative operands before operating on them.
an amount that causes a one it to appear in the most significant position.

normalize unit adjusts the exponent by subtracting the shift count.

OPERATION

The normalize instructions require 3 clock periods for execution. Data moves
from the operating registers to the normalize unit in the same clock period in
which the instruction issues from the CIW register. Input registers hold the
information necessary to complete the instruction for use during the second clock
period., During the second clock period, the normalize unit complements the
operand if the sign was negative, and a static network determines the number
of shifts necessary to normal.ze the coefficient. The shift count determination
network sends a six-bit shift count to the first stage of the exponent adder for
exponent correction, to a register that holds the shift count for transmission to
The shift count translator
shift 0, 2, 4, 8,

The decoded shift count register holds this decoded

the B register, and to the shift count translator.
translates the six-bit binary shift count into control signals:
16, 32, 48,

shift count for use during the third clock period.

and no shift.

The shift count determination network also sends bit zero of the binary shift count
to shift rank 1 where it left-shifts the coefficient one position if bit 0 is a one.
shift ranks 2,

During the third clock period, 3, and 4 complete the shifting of

the coefficient, and the second stage of the exponent adder completes the sub-
traction of the shift count from the exponent. Go normalize gates the shift
count to the B register, and if there are no special cases, gates the corrected

exponent and shifted coefficient to the destination X registers.

60420300 K

SPECIAL CASES

it tests for an overflow
the unit blocks

After the normalize unit corrects the exponent for sign,
or indefinite quantity. If the exponent is overflow or indefinite,
the shift count, the operand passes through the unit unaltered.

delivered to the B register is zero and a bit is set in the exit condition

register (CPU).

The quantity

If the coefficient portion of the operand is all zeros after the correction for sign,
the shift count is 48,
the round bit results in a normalized coefficient.

If this situation occurs in execution of a 25 instruction,
If this situation occurs in
execution of a 24 instruction, the shift count of 48 is a special case and the
result entered in the destination X register is all zeros. The shift count de-

livered to the B register is 48 in either of these cases.

The subtraction of the six-bit shift count from the exponent may result in an
underflow of the floating-point exponent range. This situation causes all zeros
to enter the destination X register. The shift count delivered to the B register

is not affected by this situation.

i E5 EG b
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NORMALIZE UNIT

The normalize unit executes CPU instructions 24 and 25. These two instructions
are identical except instruction 25 adds a round bit to the coefficient.

The normalize unit operates on operands in positive (true) form so it comple-
ments negative operands before operating on them. It then left-shifts the co-
efficient by an amount that causes a one bit to appear in the most significant

position (bit 47)., The normalize unit adjusts the exponent by subtracting the

shift count.

EXPONENT AND CONTROL

4EE7 MODULE

Xk bits 48 through 59 and instruction designators m bit 0 enter registers in this
module when the instruction issues from the CIW register. A static network
complements bits 48 through 58 if bit 59 is a one to place the exponent in biased
positive format. A ones check is then performed on exponent bit 0 through 9.
Bits 0 through 9 are all ones if an exponent overflow condition (3777) or an ex-
ponent indefinite condition (1777) exists. If either .of these conditions exists, the
ones check detects it and blocks enable shift. Blocking enable shift causes the
operand to pass unchanged through the normalize unit and a zero shift count to
be sent to the B register.

This module also sends bit 59 (X sign) to the CPU X register sign control. This
controls the complement of the result at the input to the destination X register.

If the instruction is a round normalize (25), m bit 0 is a one and sets the round
flag. The round flag sends a round signal to the 3EF7 and 4EC7 modules. Round
causes a bit to be added to the coefficient in a position immediately below the

bit zero position of the coefficient before it is shifted. The shift ranks then

the round bit along with the coefficient.
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3EF7 MODULE

Exponent bits 0 through 10 enter this module from the 4EF7 module during the
second clock period, where the first stage of subtraction of shift count bits 0
through 5 from the exponent takes place. Enable shift gates shift count bits 0
through 5 into the first stage of the adder. Registers hold the partial difference
for use during the third clock period. The 3EF7 module also tests for a zero
coefficient and a complete underflow.

In the case of a 24 instruction (no round bit) with a coefficient equal to zero, a
normalized result is impossible. The zero coefficient results in a shift count ’
of 48, and combined with round and enable shift, blocks gate output. Blocking
gate output causes all ones to be sent to the X registers. A normalize under-
flow signal is sent to the X register input control (5CB7 module) which comple-
ments the word of ones causing all zeros to enter the destination X register.

If subtraction of the shift count causes the exponent to exceed its negative range,
a complete underflow results. This is detected by testing the bit enables and

bit borrows., A complete underflow blocks gate output which causes all ones to
be sent to the X registers. A normalize underflow signal is sent to the X regis-
ter input control (5CB7 module) which complements the word of ones causing all

zeros to enter the destination X register,

Go normalize enters the module during the second clock period and the go norma-
lize flag-2 holds it for use during the third clock period. Go normalize enables
gate output under normal conditions and also causes the extension of zero bits in
B register bits 6 through 17, ‘

This module tests for indefinite or infinite operands. For indefinite operands
(exponent equals 1777), the complement of exponent bit 10 and the complement of
enable shift are ANDed with the go normalize signal, For infinite operands
(exponent equals 3777), exponent bit 10 and the complement of enable shift are
ANDed' with the go normalize signal. The indefinite and infinite signals are sent
to the CPU to set the corresponding bit in the exit condition register (CPU),
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4EH7 MODULE

This module performs the second stage of subtraction of the shift count from the
exponent. Gate output gates the output of the adder to the X registers. The
result is complemented as it is sent to the X registers. If the result is positive,
it is recomplemented by the X register input control (5CB7 module) as it enters
the destination X register.

COEFFICIENT

4EA7 MODULE

Xk bits 0 through 47 enter this module when the instruction issues from the CIW
register. The module contains the coefficient input register and complements the
coefficient if bit 59 is a one. This changes the coefficient to positive format in
the same way the 4EE7 module corrected the exponent for sign., The 48 co-
efficient bits go to the 4EC7 and 4EB7 modules.

4EB7 MODULE

This module contains the static shift count determination network., Its output is
a six~-bit binary shift count equal to the number of zero bits from the most signi-
ficant one bit on the unshifted corfficient up to and including bit 47. All six bits
of this shift count go to the 3EF7 and 4EGT7 modules, Shift count bit 0 goes to
the 4EC7 modules.
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4EG7 MODULE

Enable shift gates the shift count into these modules during the second clock
period. The shift count translator translates the six-bit shift count into shift
control signals of shift 0, 2, 4, 8, 12, 16, 32, 48, and no shift. Registers hold
them for use in the 4ED7 modules during the third clock period. A register also
holds shift count bits 0 through 5 for use during the third clock period. Extend
Bj gates the shift count to B register bits 0 through 5.

4EC7 MODULE

The coefficient bits 0 through 47 enter these modules during the second clock

period. A left-shift of one takes place in shift rank 1 if shift count bit 0 and
enable shift are both ones. A register holds the output of shift rank 1 for use
in the 4ED7 modules during the third clock period.

4ED7 MODULE

Coefficient bits 0 through 47 enter these modules during the third clock period.
Shift ranks 2, 3, and 4 complete the left shifts needed to normalize the coefficient.
Gate output gates coefficient bits 0 through 47 to the destination X register. The
result is complemented as it is sent to the X registers. If the result is positive,

it is recomplemented by the X register input control as it enters the destination
X register.

| F7F8 |

5-4-4,1



NORM 3.0 TEST POINTS

Module Location | Test Point Description Module Location | Test Point Description Module Location | Test Point Description
4EAT 7J02-04 41, 42, Bit 59 norm sign rgtr | I 44 Shift rank 1 rgtr | l 05 Exponent bit 0
45, 46 : : bit N+8 : : 06 1
01 Coef input rgtr bit N | 43 Shift rank 1 rgtr 15 2
03 N+1 bit N+9 16 3
05 N+2 54 Shift rank 1 rgtr 25 4
06 . N+3 bit N+10 26 5
11 N+4 53 Shift rank 1 rgtr 35 6
12 N+5 bit N+11 36 7
15 N+6 64 Shift rank 1 rgtr 42 8
16 N+7 bit N+12 41 9
21 N+8 63 Shift rank 1 rgtr 56 10
23 N+9 . bit N+13 71,72 25-nanosecond clock
‘2 Nl 72 Shift rank 1 rgtr 3EF7* | 1J16 76 Enable shift
11 : bit N+14 03 Bit 0 enable
31 _ N+12 76 Shift rank 1 rgtr 04 1
32 N+13] - bit N+15 13 2
35 . N+14 71 25-nanosecond clock
36 \ N+15 14 3
59 " Coef bit N 4EDT* 7J08-11 75 Gate output 23 4
53 N+1 72 Nq shift 24 5
55 N+2 04 Shift 0 35 6
56 N+3 03 4 32 7
51 N+4 06 8 42 8
54 N+5 . 05 12 45 9
64 N+6 63 16 55 ¥10
66 N+7 52 32 01 Bit 0 borrow:
55 48 06 1
62 N+8 ! y 1 5
61 N+9 4EET* 1314 51, 54, Bit 59 norm sign rgtr 16 3
63 N+10 55,62 21 4
65 N+11 02 Exponent input rgtr 2 b 5 !
71,172 N+12 bit 48 59 Extend Bj
73,74 N+13 04 Exponent input rgtr
75 N+14 bitp49 P € | ! 72 25-nanosecond clock
76 N+15 12 Exponent input rgtr 4EGT* 7J15 56 Enable shift
43,44 25-nanosecond clock ) bit 50 62 Shift count bit 0
4EBT* 7512 73 Shift count bit 5 14 Exponent input rgtr 83 ;
4ECT* 7J05-07 06 Shift rank 1 rgtr 22 Exponent input rgtr 75 3
bit N bit 52 73 4
01 Shift rank 1 rgtr 24 Exponent input rgtr 72 5
bit N+1 bit 53 32 No shift
16 Shift rank 1 rgtr 32 Exponent input rgtr 12 Shift 0
bit N+2 bit 54 02,05 Shift 2
11 Shift rank 1 rgtr 34 Exponent input rgtr 15 Shift 4
bit N+3 bit 55 ) 22 8
26 Shift rank 1 rgtr 45 Exponent input rgtr 25 12
bit N+4 bit 56 35 16
21 Shift rank 1 rgtr 43 Exponent input rgtr 42 32
bit N+5 bit 57 45 48
36 Shift rank 1 rgtr . : 52 Exponent input rgtr 52,54 25-nanosecond clock
i I 31 e k1 retr i ‘ 65 bitS8 AEHT* 7013 41,42 | Gate output
o i n g Roun ag 79 Xtend Bj
it N+7 Txtend B3
60420300 K ____- 5-4-4,2
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FLOATING-ADD UNIT

DIAGRAM LAYOUT

The floating-add unit primary block diagram is drawn with the registers and
flip-flops arranged in vertical columns according to clock periods.

There are three columns of registers. The first column on the left has the

m1l input flip-flop on top and the borrow register for the first stage of Xk minus
Xj exponent on the bottom. The second column of registers has the ml flip-flop
on top and the reference sign flip-flop on the bottom. The third column has the
DP flip-flop on top and the borrow register for the first stage of shifted operand
plus reference operand on the bottom.

Because of this arrangement, this diagram shows everything that happens in each
clock period. Everything happening on the left side of the first column of regis-
ters, including the setting of the registers, occurs during the first clock period.
Everything happening between the first and second columns of registers, including
the setting of the second column of registers, occurs during the second clock
period. Everything happening between the second and third columns of registers,
including -the setting of the third column of registers, occurs during the third
clock period. Everything happening to the right of the third column of registers,
including the setting of the result into the Xi register in the CPU, occurs during
the fourth clock period.

The exponent takes a path from left to right across the upper half of the diagram,
and the coefficient takes a path across the lower half of the diagram. Shift count
determination and shift control are across the middle. The remaining control is
across the top of the diagram.

GENERAL OPERATION

The floating-add unit performs CPU instructions 30 through 35. They are:

Floating sum (30)
Floating difference (31)

Floating double-precision sum (32)

60420300 K

Floating double-precision difference (33)
Round floating sum (34)
Round floating difference (35)

The m designator of the instruction controls the type of operation the unit performs.
Bit 0 controls the mode of operation (add or subtract). Bit 1 controls single or

double precision. Bit 2 controls the rounding operation.
Execution time is 4 clock periods.

The unit receives two 60-bit operands in floating-point format from the X registers
specified by the jand k designators of the instruction.

If the instruction is a 31, 33, or 35 (subtract), m designator bit 0 causes the unit
to complement the Xk operand. Thus, the unit subtracts by complementary
addition.

The unit tests both exponents for overflow and indefinite. If a special case is
detected, the output of the unit is blocked and the appropriate special case flag
is sent to the CPU.

Before the two coefficients can be added, they must be aligned in a manner that
causes the exponents to be equal. Thus, each bit in the adder has equal signifi-
cance with the bit to which it is added. The unit aligns coefficient bits of equal
significance by right-shifting the coefficient having the smaller exponent by an
amount equal to the difference between the two exponents. The coefficient selected
for shifting is called the shifted operand. The coefficient having the larger ex-
ponent is called the reference operand. The difference between the two exponents
is determined by an 11-bit adder. The output of this adder translates into shift
control signals. These signals control the shift ranks that shift the shift operand.
This adder also determines which exponent is the larger and outputs a signal called
sign of difference. Sign of difference is equal to one when Xj is the larger ex-

ponent. It controls the selection of the exponent and which coefficient becomes the
shifted operand.
I- URER MO NN K ﬂ!

i1 B5B6 &

Be sen om we om mn B
5-5-0.1



If the two exponents are equal so that no shifting is required, all the shift con-
trol signals are zero and the shifted operand passes through the shift ranks un-
changed. Both coefficients occupy the upper half of the 97-bit shifted and reference
operands with the signs of the two coefficients filling the lower half. The binary
points are in the middle of the 97-bit operands (between bits 47 and 48). If the
exponents are different so that alignment is required, the coefficient selected for
shifting is right-shifted within the 97-bit shifted operand. The sign of this
coefficient fills in above and below as it is shifted. )

After the amount of the difference between the two exponents is determined, the
smaller exponent is discarded, under control of sign of difference. The larger
one is selected to continue through the unit to become the exponent of the result.

When the command is a 34 or 35 (round) instruction, m designator bit 2 causes
the unit to add a round bit to one or both operands. If both operands are nor-
malized or if the signs of the two operands are different, the round bit is added
to both operands. If the above conditions are not met, the round bit is added
only to the reference operand. The round bit added to the reference operand is
always in bit position 47. This is immediately to the right of the binary point.
If the round bit is also added to the shifted operand, it starts out in bit position
47 but is right-shifted with the rest of the coefficient. If no shifting takes place,
the round bit remains in bit position 47. Round bits are equal to the complement
of the sign of the operands to which they are added. After the alignment, the

two operands are added in a 99-bit ones complement adder.

60420300 K

Instructions 30, 31, 34, and 35 (single precision) cause the unit to deliver the
upper half of the 99-bit result to Xi location 0 through 47. The result exponent
and sign bit are packed in floating-point format into Xi locations 48 through 59.

Instructions 32 and 33 (double precision) cause the unit to deliver the lower half
of the 99-bit result to Xi locations 0 through 47. These 48 bits are to the right
of the binary point, so the unit subtracts 48 from the result exponent to correct
for double precision before sending it to the Xi register.

When the coefficient sum overflows the highest order bit of the result coefficient,
the unit detects it by testing the signs of the two operands and determining
whether or not there was a borrow (carry) into bit 96. If the unit determines
that there was a coefficient overflow, the 48-bit coefficient delivered to Xi is
taken from the 99-bit adder result one bit higher than if no overflow occurs.

If overflow occurs, the exponent is increased by one prior to sending it to Xi.

! B7 B8
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INPUT; SPECIAL CASE TEST; SHIFT COUNT DETERMINATION;
COEFFICIENT OUTPUT SELECTION CONTROL; EXPONENT SELECTION

INPUT

The 60-bit Xj and Xk operands enter the 4FF7 module during the clock period
in which the instruction issues from the CIW register. Instruction designator m
bits 0 and 2 also enter the 4FF7 module at the same time. Designator m bit 1
enters the 4RD7 module (which will be discussed later).

Designator m bit 0 differentiates between an add and a subtract command. If

m bit 0 is a one, the command is a subtract so it complements all 60 bits of the
Xk operand, The 4FF7 module contains registers which hold both 60-bit operands
for use during the second clock period.

ROUND BIT CONTROL

Designator m bit 2 controls the rounding of the coefficients. A flip-flop holds
m bit 2 for use during the second clock period. The output of the m bit 2 input
flip-flop is round reference. Round reference causes the round bit to be added
to the operand with the largest exponent (reference operand) or the Xk operand
if the exponents are equal. A round bit is also added to the operand with the
smaller exponent (shift operand) if both operands are normalized or if the signs
of the operands are not equal. The 4FF7 module tests for normalized operands
by comparing bit 47 to the sign bit (59), The result of these tests is ANDed
with round reference and causes the shift operand to be rounded,

The sign of the operand controls the binary state of the round bit for that operand.
The state of the round bits is always different than the sign bit. This round bit
preparation takes place on the 4FC7 modules.

The 4FC7 modules prepare round bits before the determination of which operand
will be the reference and which will be the shift operand. Therefore, if the
round reference signal is a one, the 4FC7 modules output a reference round bit
for both the Xk and Xj operands. If the round shift signal is a one, shift round
bits are output for both operands.
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BIAS REMOVAL

The 4FC7 modules remove the bias, complement the expenent for negative coeffi-
cients, and test for overflow and indefinite. The sign bit (59) controls the re-
moval of bias by complementing exponent bits 0 through 9 if the sign is negative.
The sign bit controls bit 10 (bias bit) opposite to bits 0 through 9. For example,
if the sign is negative, exponent bits 0 through 9 are complemented, and bit 10
is not complemented. If the sign is positive, exponent bits 0 through 9 are not
complemented, and bit 10 is complemented.

OVERFLOW AND INDEFINITE TEST

The tests for overflow and indefinite take place after the removal of bias. Be-
fore removal of bias, an exponent of 3777 or 4000 indicates oveziflow. After
removal of bias, an overflow is 1777. An indefinite exponent before bias removal
is 1777 or 6000. Unbiased, indefinite is 37717.

SHIFT COUNT DETERMINATION

The exponents from the two floating-point format operands enter the 4FA7 module
during the clock period that the instruction issues from the CIW register. Static
networks remove the bias from both exponents and complement the Xk exponent.
The exponents are also complemented if their coefficients are negative. The
exponents then enter the first stage of an adder that subtracts the Xj exponent from
the Xk exponent by complementary addition. Registers store the partial result for
use in the 4FB7, 4FD7, and 3FE7 modules during the second clock period.

The 4FB17, 4FD7, and 3FE7 modules each contain a second stage adder which
forms results that are shift control signals.
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The second stage adder in the 4FB7 module receives enables and borrows from
the 4FAT7 module and forms a result which is shift 1, 2, 4, and sign of difference.
Sign of difference is a one when the Xj exponent is larger than the Xk exponent.

In this case, the shift 1, 2, and 4 signals are in complement form. The 4FB7
module sends shift 1, 2, and 4 signals to shift ranks 1, 2, and 3 where they con-
trol the shifting of the “shift operand., Sign of difference is used for operand
selection.

The second stage adder in the 4FD7 module receives group enables and group
borrows from the 4FA7 module. The adder also receives Xk and Xj exponent
bits 3 through 5 fi‘om the 4FC7 modules. From these inputs, it forms results
which are shift 8, 16, and 32 control signals. These shift terms are always in
true form. A register holds them for use during the third clock period on the
3FHT7 modules.

The second stage adder in the 3FE7 module receives group enables and group
borrows from the 4FA7 module. The adder also receives Xk and Xj exponent bits
6 through 10. From these inputs, it forms results which are shift 64 and 128
control signals. A register holds them for use during the third clock period on
the 3FH7 module.

EXPONENT SELECTION

During the second clock period of execution, the unit makes a selection between
the operands. One operand becomes the reference operand, and the other be-
comes the shift operand. The coefficient for this shift operand goes to a shift
network where it is right-shifted by an amount equal to the difference between
the two exponents. The unit discards the exponent of the shift operand. The
sign of the shift operand becomes the shifted sign, and the sign of the reference
operand becomes the reference sign.

The selection of which exponent will be the reference exponent takes place in the
4FD7 and 3FE7 modules. The sign of difference makes the choice and gates
the larger exponent into the selected exponentrregister. Sign of difference is
equal to one when Xj is the larger exponent.
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Sign of difference gates the sign of the operand with the smaller exponent into

the shifted sign flip-flop and the sign of the operand with the larger exponent into
the reference sign flip-flop. These registers and flip-flops hold the selected
exponent, shifted signs, and reference signs for use during the third clock period.
The 4FD7 module handles the selection of exponent bits 0 through 5. The 3FE7
module handles the selection of exponent bits 6 through 10, shifted signs, and
reference signs.

.

EXPONENT CORRECTION FOR DOUBLE PRECISION

Designator m bit 1 differentiates between a single-precision and a double-precision
instruction. If m bit 1 is a zero, the instruction is single-precision and the unit
selects the upper 48 bits of the 97-bit result as the result coefficient. If m bit 1
is a one, the instruction is double~precision and the unit selects the lower 48 bits
of the 97-bit result register as the result coefficient. Since the binary point is
effectively right-shifted 48 places, it is necessary to adjust the exponent by sub-
tracting 48 from it.

Designator m bit 1 enters the 4FD7 module during the clock period in which the

instruction issues from the CIW register. Flip-flops hold it for 2 clock periods

for use during the third clock period. The output of the two flip-flops is double-
precision and goes to the 3FM7 module.

During the third clock period, exponent bits 0 through 10 enter the 3FM7 module
from the selected exponent register in the 4FD7 and 3FE7 modules. A static
network in the 3FM7 module complements bits 0 through 10 and feeds them into
an adder that subtracts 60 (octal) if DP is a one. If DP is a zero, exponent bits
0 through 10 pass through the adder unaltered. The exponent always leaves this
adder in true form so it needs no complementing. A register holds the result for
use during the fourth clock period.
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SPECIAL CASE TEST

The floating-add unit senses overflow, underflow, and indefinite special cases.
The 4FC7 modules test for overflow and indefinite for each operand and send the
results to the 4FD7 module. The 4FD7 module stores Xk and Xj overflow for
use during the third clock period. It also ORs Xk and Xj indefinite and stores
the result in the indefinite flip-flop for use in the 3FM7 module during the third
clock period.

Static networks in the 3FM7 module test these conditions and send the proper
special case flag to the X sign control translator during the third clock period.

The following table shows which flag is sent to the X sign control translator for
different conditions of overflow and indefinite. For example, if either operand
is indefinite, the indefinite flag is set. If both operands are negative overflow,

the overflow flag is set.

W = Operand with no special cases
-00 = Overflow with negative sign
+00 = Overflow with postive sign

IND = Indefinite flag
OVF = Overflow flag

Xk
w +00 -co | IND
w OVF | OVF | IND

+00 OVF | OVF | IND | IND
-00 OVF | IND | OVF | IND
IND [IND | IND | IND | IND

Xj

Signs are reference and shifted.
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An underflow occurs when the unbiased selected exponent is a number more
negative than 2060 (octal) and the instruction is double-precision. The correction
for double-precision subtracts 60 (octal) from the exponent causing it to exceed
the most negative end of its range. If this happens, the 3FM7 module sends the
underflow signal to the X sign control translator.

During the second clock period, the 4FD7 module receives the go floating-add
signal from the CPU if the instruction code is 30 through 35. The go holding
flip-flop +holds it for use during the third clock period in the 3FM7 module.

During the third clock period, the go signal enters a flip-flop in the 3FM7 module
and enables output data to the destination X register during the fourth clock period,
If go floating-add is not set, the data is discarded.

If the go floating-add signal is received and a special case flag is set, go add
special case is set. This signal, together with the special case flag and the sign
of the reference operand, goes to the X sign control translator and causes the X
register input circuits to generate the proper special case result.

The 3FM7 module generates indefinite-1 and infinite signals. When these signals
occur, the corresponding bit is set in the exit condition register (CPU). The
indefinite-1 signal is generated when go and indefinite signals are present. The
infinite signal is generated when go and either Xk or Xj overflow signals are

present,

COEFFICIENT OUTPUT SELECTION CONTROL

During the fourth clock period, the floating-add unit transmits the results to the
destination X register. There are four possible data paths from the coefficient
portion of the unit to the X registers. The unit selects one of these four paths
on the basis of instruction mode and if coefficient overflow occurred.

ICQ C10 I
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There are two possible output data paths from the 97-bit result for single-precision
commands, one for normal single precision (bits 48 through 95) and one for co-
efficient overflow (bits 49 through 96).

There are also two possible output data paths from the 97-bit result for double-
precision commands, one for normal double precision (bits 0 through 47) and one
for coefficient overflow (bits 1 through 48).

The coefficient output selection contrél on the 3FMT7 module controls the selection
of which half of the 97-bit result is transmitted from the unit.

If the instruction is single precision with no special cases and a go floating-add

is received from the CPU, the sample upper half and sample center signals are

ones. These signals are held for use during the fourth clock period in the 4FK7
module.
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If the instruction is double precision with no special cases and go ﬂoating;add is
received from the CPU, the sample lower half and sample center signals are ones.
These signals are held in the 3FM7 module for use during the fourth clock period

" by the 4FK7 module.

EXPONENT SAMPLE CONTROL

The exponent for the result coefficient is transmitted to the destination X register
during the fourth clock period. Control for enabling the exponent output takes
place on the 3FM7 module., If there are no special cases and go floating-add is
received from the CPU, the sample exponent signal is sent to the 4FL7 module
where it enables the output of the exponent.

! G11C12 l
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FAD 3.0 TEST POINTS

Module Location |[Test Point Description Module Location | Test Point Description Module Location | Test Point Description
4FAT* 5B01 74 Bit 0 enable I I 35 Xk coef bit N+24
73 1 . . 36 N+30
71 2 55 N+36
66 10 . 56 N+42
35 Group enable bits 0-2 65 Xk exp bit N
43 3-5 63 v N+6
53 6-8 04 Xj coef bit N
65 9-10 06 N+6
72 Bit 0 borrow 24 N+12
76 26 N+18
.36 Group borrow bits 0-2 31 ° N+24
42 3-5 33 N+30
52 6-8 53 N+36
61 9-10 51 N+42
75 25=-nanosecond clock 61 Xj exp bit N
. 62 N+6
4FBT* 5C01 (No signal/rgtr TPs) 71 25 -nanosecond clock
4FCT* 5C2-03 25,42 | Sign 3FM7% | 5C06 56 Go
’ 66 Shifted sign
4FDT%* 5C04 76 Indefinite 62 Ref sign
71 Xk overflow 33 Exponent bit 0 enable
73 Xj overflow Q05 1
06 Exponent bit 0 04 2
01 1 03 3
11 2 25 6
16 3 24 7
26 4 23 8 l
21 5 35 10
64-66 Double precision 32 Exponent bit 0
63 Go 06 1
32,33 Shift 8 01 2
41, 46 16 02 3
51, 56 32 11 4
61 25-nanosecond clock 12 5
3FET* 5C05 41,73 | Shifted sign 58 s
25 Ref sign 22 8
05 Exponent bit 6
06 7 36 9
11 8 31 10
16 9 75, 76 25-nanosecond clock
23 10
31,36 Shift 64
51, 55 y 128
75, 76 25-nanosecond clock
4FF 7% 5B02-07 76 mo0
72 m2
73 Round ref - L ] ﬂl
02 Xk coef bit N
! : 01 N+6 i C3 84 I
: X 22 N+12
v ¥ 21 N+18 Hoss mxu wm om veco wll
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@:Tw BI1S 5-55 @

Xk COEF
BITS 0-47
FAD 3.1C
[rerscos s 6-10 0TS 0-10
CPU EXP
348 [4FCT[3C03_X] EXPONENT 8iTs 0-10
& exe : o GROUP EnABLES L
8IS 0-11 [4FCT|SCO2 XK EXPONENT O FAD 3.28
&r Xk, X
ey OVERFLOW (a)_GROUP_BORROWS 48,460,
X) COEF (
@ Hiam glv‘s7 Xk EXp o« exponent | | X1 EXP oe ]——lw op
o- BITS o-u 175 0-1
hoosr . @ sic r_@_4 (- niuo:: —Rus oo BiIs 0-10 i pied 3.20
. 1A
REGISTER ~ FAD 318 4-10
Xk, X) SPECIAL CASE TEST 8 COEF 0 ADD
XK INDEF INDEF OQUTPUT SELECTION CONTROL SPECIAL
CASE ~
X) EXP © GO ADD SPECIAL CASE:
0 ). 8ITs o-1 . P (DPSEXP < 20604+ INDEF
Xk, Xj Xk SIGN 324 +OVERFLOW) (GO
EIYL SIGN Xk SIGN sien Woal INDEF
59 ———3{FANOUT ] »FANOUT } @ 1 SHIFTED| SMIFTED INDEF:
Sian |-SIoN 30 REF SIGN # SHIFTED SIGNeXk
Xk,X) ® X} SIGN FF OVERFLOWeX) OVERFLOW + cPU 3.44)
TEST FOR SIGN v INDEF
UNDERFLOW
St X st " Xk EXP Xk BITS = UNDERFLOW:
XK SIGN # Xj SIGN sirseo 610, - X DPeEXP < 20604
Xk SIGN Xk SIGN OVERFLOW OVERFLOW
sounp SHIFT Xk © 10 v seLecteo] 8173 ovERFLOW: g
! it our] ROUND BIT X) EXP EXPONENT (Xj OVERFLOW + Xk SAMPLE
CONT BITS 6-10, RCTR & Y OVERFLOW)(TNDEF ) UPPER
Xj SIGN o~ REF_SIGN
2 m2 Ropne REF Xk - O ©__re . HALF 328
oy - i ROUND BIT SAMPLE UPPER HALF:
lSCIIBWl FF SIGN OF REF Xj . %g’ ADD SPECIAL CASE+GOe g:u;L:
DIFFERENCE A L) 310 OVERFLOW) gAMPLE CENTER: NTE
- \ REF GO ADD SPECIAL CASE- GO SAMPLE
4FF7]5B06 BITS 4-88 g SIGN LOWER FAD 320
. HALF
guet wxi saurie_Lowen waur: J
ROUND BIT GO ADD SPECTAL CASE-DPe
5805 3-57
- ] 407 3c04 BITS 0-5 6o SAMPLE
® :gz";k,'n FAD 31C ,-___-““’“ SAMPLE EXPONENT EXPONENY 3.08
5804 2-% g ROUND SHIFT Shour ENABLES GO ADD SPECIAL CASE®GO
- NDEF -1 o INDEF =1,
INDEF * G INFINITE
5505 5 A INFINITE: }—cpu 3.108
@ ROUND REF -© (X OVERFLOW + Xk OVERFLOW)(GO)
Xk BITS 3-5 REF SIGN r“—" Siow
GFFT]5B02 BI7S 0-54 @ 3 SHIFY
816,32
FAD 3.08
- J GROUP ENABLES a0 2.1 r—-———lsmmo SHIFTED
(5)SROUP_BORROWS : SHIFTED 516N SieN
A Xk EXP
BITS 0-5 )Xk BITS 0-3 P I_—I SIGN pU3an
X)_EX 8175 0-5
Shers EXPONENT ——o—>
> REGISTER
aFB7]5C01 —© O
[4FAT]5B01 Xk AND X BITS 48-59 318N of
OIFF & NOTES:
GROUP ENABLES
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8- 0 BITS 0,1 & .X) OVERFLOW Xj OVERFLOW
SIGN OF
DIFF Xk_INDEF
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COEFFICIENT SELECTION, SHIFT

COEFFICIENT SELECTION

Coefficient selection takes place during the second clock period on the 4FG7 and
4FO7 modules. The coefficient with the larger exponent becomes the reference
operand and the other becomes the shifted operand. A register on the 4FG7 and
4FO7 modules holds the reference operand for use during the third clock period.
The coefficient having the smaller exponent becomes the shift operand. The shift
operand enters a shift network which right-shifts it by an amount equal to the
difference between the two exponents.

Sign of difference gates the coefficient having the larger exponent into the refer-
ence operand register. Sign of difference is a one when Xj is the larger ex-

ponent. Sign of difference also gates the proper round bits. If the Xk coefficient

becomes the shift operand, the shift Xk round bit is selected for the shift operand.

If the Xk coefficient becomes the reference operand, the reference Xk round bit
is selected for the reference operand. The round bit is inserted one bit position
to the right of bit 0 of the original coefficient. Sign of difference gates the
coefficient having the smaller exponent into shift rank 1,

Both coefficients expand into 96-bit operands before entering the adder. Since
the reference operand is not shifted, the original coefficient becomes bits 48
through 95 of the 96-bit reference operand with the round bit in position 47.
Reference sign fills bits 0 through 46 of the reference operand.

SHIFT

If the exponents are equal, there are no shifts so the shifted operand occupies

bits 47 through 95 with bit 47 being the shift round bit. If the exponents are not
equal, this coefficient is right-shifted by the amount of the difference. The bits
on either end of the original coefficient in the 96-bit shifted operand are filled
with shifted sign.

60420300 K

The shifting takes place in the 4FG7, 4FO7, and 3FH7 modules. The 4FG7 and
4FO7 modules contain shift ranks 1, 2, and 3. The control signals for these three
shift ranks are shift 1, 2, and 4 which come from the 4FB7 module. If sign of
difference is a one, the 4FB7 module sends these signals in complementary form.
To correct for this, the 4FG7 and 4FO7 modules recomplement them if sign of
difference is a one. Therefore, when the shift signals enter the shift ranks,

they are always in true form.

Shift ra.nk 1 performs a right shift of zero or four bit positions under the control
of shift 4, If shift 4 is a one, the shift rank performs a right shift of four bit
positions. If shift 4 is a zero, the operand moves through the shift rank un-
changed. Shift ranks 2 and 3 function in the same way under control of shift 2
and shift 1.

These first three shift ranks perform any combination of right shifts up through
seven bit positions. If a shift of seven is performed, the round bit which was
inserted in bit position 47 is shifted to bit position 40. Therefore, the output of
shift rank 3 is shifted operand bits 40 through 95.

Shift ranks 1 and 2 perform their shifts during the second clock period. The
shifted operand register holds the result for use during the third clock period.
Shift rank 3 performs its shift during the third clock period and sends the results
to the 3FH7 modules for further shifting.

Shifted operand bits 40 through 95 enter the 3FH7 module during the third clock
period where the remainder of the shifting takes place in shift ranks 4 and 5.

Control for these shift ranks comes from the 4FD7 and 3FE7 modules during the

third clock period. These control signals are shift 8, 16, 32, 64, and 128.
Shift 8, 16, 32, and 64 control signals enter the shift count translator on the

3FH7 module. The translator outputs two groups of shift control signals.

i D5 D6 I

5-5-6.0



The first group of signals is shift 0, 8, 16, and 24. These signals go to shift . The output of shift rank 5 is shifted operand bits 0 through 95. The 3FH7
rank 4 where they cause this shift rank to right-shift the shifted operand by 0, module sends this shifted operand to the 4FJ7 and 4FI7 modules for the first
8, 16, or 24 bit positions. stage of addition.

The second group of signals is shift 0, 32, 64, and 96. These signals are

ANDed with shift 128 and go to shift rank 5. Shift 128 goes directly to shift
rank 5.

rmmm

D7 D8 &

B oo o we om wmm
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FAD 3.1 TEST POINTS

Module Location | Test Point Description Module Location | Test Point Description Module Location | Test Point Description
4FGT* 5(B08, 53 Ref operand bit N
B10-15) 52 N+1
51 N+2
56 N+3
55 N+4
54 N+5
15 Shifted operand rgtr
bit N .
25 Shifted operand rgtr
bit N+1
.35 Shifted operand rgtr N
bit N+2
42 Shifted operand rgtr
bit N+3
16 Shifted operand rgtr
bit N+4
26 Shifted operand rgtr
bit N+5
36 Shifted operand rgtr
bit N+6
41 Shifted operand rgtr
bit N+7
3FHT* 5C08-15 32,33 Shifted sign
@ 35, 36
4FOT* 5B09 53 Ref operand bit 47
52 48
51 49
56 50
55 51
54 52
r o G [ ] 1
Hoom oo mn mon o sl
|
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X1, xk Sioh [ [FETTSB1S Xj,XK BITS 41-47, X}, Xk SIGN (IN), SHIFTED, REF OPERAND BITS 89-95 (OUT) ]
FAD 3.0A ~o—(2)—
[ Jeo 34-47 82-88
—Teers 27-40 75-81
[ Tserz 20-33 68-74
[ Tsen 13-26 61-67
[FTTEATo Xj,Xk BITS 6-19 (IN), SHIFTED, REF OPERAND BITS 54-60 (0UT)
r SCI5 SHIFTED OPER BITS 47-95, SHIFTED SIGN (IN). h
ST L2.4 W] SHIFT 1 [T - SHIFTED OPER BITS ‘:-:: @ toun
3 CONT FF REF SIGN 6-94 o)
SHIFT [SHIFT 5Ci3 35-93,
SIGN OF DIFF E— e 2 5-93
5CI2 44-92,
i ;3}, SHIFTED 122 ©
(i) () SHIFT|SHIFT = "
@ RANK [ RANK OPERAND REF SIGN [ Tso e
Xj, Xk BITS 6-19 [ 2 BITS 54~ FaD 3.08 o —-c 3-91
5C10 42-90,
* Xk RIGHT |RIGHT 2-90 @
& SHIFT [SHIFT
ots | 0t2 Jscos a1-89, ®
1-89
L Xk BITS 6-12 REF l[::: 5C08 SHIFTED OPER BITS 40-88, SHIFTED SIGN (iN),
3} ner greranp SHIFTED OPER 8ITS 0-88 @ (ouT)
54-60
- L O e ——— e | SHIFT 128
;'L‘ X} BITS 6-12
S
FAD 3.00
SHIFT 64
wx,.xk BITS 0-12, SHIFT X), Xk ROUND BITS, REF Xj, Xk ROUND BITS (IN),  SHIFTED, REF OPERAND BITS 47-83 (OUT)
SHIFT 8, SHIFT 0,8,16,24
SHIFT 1,2,4 CONP 5 SHIFT 1 ]—'_lsmfr T FAD 3 00 : 16,32 @
= CONT FF
HIFT [SHIFT
SIGN OF DIFF A
Xi HIF SHIFTED
Xk, Xj @ @ S | AR SotRARD SHIFTED OPERAND RANK | RANK| SHIFTED OPERAND OPER
BITS 0-47 Xj, XK BITS 0-12 (I) \ BITS 47-53 SHIFTED OPERAND BITS 40-95 BITS 40-88 o V8% | Bits o-s8 BITS 0-95
FAD 3 0A—gp—miGi— 0 @4 | IO~ RicHT [RiGHT (2 3.2¢
Xk =N RIGHT [RIGHT 1o} SHIFT|SHIFT
SHIFT Xj,Xk . HIFT [SHIFT SHIFTED SIGN
ROUND BITS = 0+4 | 042 FAD 3. ts
.
5 Xk BITS 0-5 er
REF Xk ROUND BIT * REF XK ROUND BIT OPERAND REF OPERAND
£a0 300 i py REF BITS 4753 BITS 47-95 a0 320 REF SIGN REFERENCE SIGN _,EN:L REF SIGN REF SIGN a2
1 - @ . u :
. X _Bus 0-3 REGISTER ~
REF Xj ROUND BIT L REF_X] ROUND 817
g 0 Lu
FeT]s808 X), Xk BITS 0-5, SHIFT X;, Xk ROUND BITS, Xj, Xk SIGN (IN),  SHIFTED, REF OPERAND BITS 40-46 (OUT) NOTES:
@ USED TO SIGN EXTEND SHIFTED OPERAND.
SHIFT 1
——G— __ﬂ._'@ gg:“: O s":ﬁ' ! @ EVERY EIGHTH BIT FOR INPUT AND OUTPUT BITS.
FAD 3.0C ISHIFT [SHIFT
SIGN OF DIFF —D— 4 2
Xj '
i ~JalsHiFT [siFT SHIFTED
Xj, Xk RANK | RANK OPERAND
BITS 0-5 [ A BITS 40-46
- RIGHT |RIGHT
SHIFT [SHIFT
SHIFT X, Xk @) @ 0+4 | 042
ROUND BITS - ﬁll R A S e
Xk SIGN BITS
FAD 3.0 Xi, XK SIGN REF REF SN n ] Dz .
0
X; SIGN BITS REGISTER
4

Ik

CONTROI DAIA e T ewe o

P DETAILED-MODULES DIAGRAM 34010 | 60420300 | -

veveLopuenT | COEF SELECTION, SHIFT VRl P
DIVISION FAD 3.1 |5-5-7




ADDER; COEFFICIENT OUTPUT SELECTION; COEFFICIENT OVERFLOW DETECTION;
EXPONENT OUTPUT CONTROL; OUTPUT

ADDER

Shifted operand bits 0 through 95 and reference operand bits 49 through 95 enter
the 4FJ7 and 4FI7 modules during the third clock period. Reference sign fills

bits 0 through 46 of the reference operand. Bit 96 of the reference operand is
filled with reference sign, and bit 96 ‘of the shifted operand is filled with shifted
sign. This makes room for coefficient overflow and controls the section borrow
from section 11 (end-around borrow). Since the upper two bits of the adder are
sign bits, if both operands are positive the adder always has an end-around borrow.
If both operands are negative, the adder never has an end-around borrow. If the
signs are not alike, the remaining bits control the end-around borrow.

Each 4FJ7 module handles nine bits, and the 4FI7 module handles seven bits.
Both operands are complemented as they enter the 4FJ7 and 4FI7 modules and
then enter the first stage of the adder. The first stage of the adder divides the
operands into bits, groups, and sections and forms a partial sum consisting of

enables and borrows,

ADDER FORMAT

Each module is a section; therefore, sections 1 through 10 are nine bits long
because they are on 4FJ7 modules, and section 11 is seven bits long because it is
on a 4FI7 module. A section borrow sets when there is a borrow-out of that
section. A section enable sets when all bit enables in that section are set.

A group is three bits long. There are two groups per section. These two
groups form the lower six bits of each section. A group enable sets when all
bit enables in that group set, A group borrow sets when there is a borrow-out
of that group., This partial sum is held in registers for use during the fourth
clock period.

A second stage of the adder is on 4FK7 modules. The second stage receives the

partial sum inputs and forms the sum. The sum at this point is in ones comple-

ment form.

60420300 K

COEFFICIENT OVERFLOW DETECTION

The result of an addition or subtraction instruction may be one bit longer than the
operand's input into the adder. Therefore, since the adder receives 96-bit oper-
ands, it is possible to overflow into the 97th bit. When this happens, it is
detected in the 4FL7 module which generates a coefficient overflow signal.
Coefficient overflow causes the result coefficient to be right-shifted one bit position
to retain this overflow bit. Because of this right shift, the exponent is corrected
by adding one to it.

The coefficient overflow detecting network is on the 4FL7 module and is divided
into two parts. The first part receives section and group enables and borrows
from the first stage of the adder. It tests to see if a borrow will be propagated
to bit 96. The second part receives the output from the first part and the signs
of the two operands. It determines if there was an overflow of the coefficient.

To have a coefficient overflow, the signs of the operands must first be alike.
If the signs are not alike, they actually subtract and cause a smaller result.

If the signs of both operands are positive, the coefficient overflow determination

network receives borrow to 96. If the signs are both negative, the network
receives borrow to 96.

COEFFICIENT OUTPUT SELECTION

There are four coefficient data paths from the 97-bit result coefficient. The
4FK7 modules output the upper 48 bits for single-precision instructions and the
lower 48 bits for double-precision instructions. If coefficient overflow occurred,
the 4FK7 modules select a different set of outputs that perform é wired right-shift
of one bit position to the upperor lower half of the 97-bit result.

Normal output for single precision is bits 48 through 95 of the 97-bit result. This

data path is coefficient bits 48 through 95 and becomes bits 0 through 47 in the X

register. If coefficient overflow occurred, the 4FK7 modules output bits 49 through
' IR B0S BN O _
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96 of the 97-bit result, This coefficient overflow data path is coefficient bits
49 through 96 shifted which becomes bits 0 through 47 in the X register.

Normal output for double precision is bits 0 through 47 of the 97-bit result which
become bits 0 through 47 in the X register. If coefficient -overflow occurred, the
4FK7 modules output coefficient bits 1 through 48 shifted, which become bits 0
through 47 in the X register.

Control of which half of the 97-bit result coefficient is sent to the X register
comes from the coefficient output selection control on the 3FM7 module. These
control signals are sample upper half, sample center, and sample lower half.
The double precision (CP) also comes from the 3FM7 module.

The 4FK7 module in location 5E06 handles bits 45 through 53 of the 97-bit result.
Because some of its bits are in the upper half and some in the lower half, this
module is the only 4FK7 module that has four possible outputs.

The DP, sample center, and coefficient overflow signals control the output of bits
45 through 53 in the following manner.

If DP, sample center, and coefficient overflow signals are all present, the
data path for coefficient bits 45 through 48 shifted is enabled.

If only sample center and coefficient overflow are present, the data path
for coefficient bits 49 through 53 shifted is enabled.

If only DP and sample center are present, the data path for coefficient bits
45 through 47 is enabled.

If only sample center is present, the data path for coefficient bits 48
through 53 is enabled.

If sample center is not present, all ones are sent to the X register.
Bits 54 through 96 are controlled by sample upper half and coefficient overflow

signals. The 4FK7 module inputs for DP and DP are both forced to a constant
one. Thus, if sample upper half is present, data is gated from the upper half

60420300 K

of the 97-bit result. Coefficient overflow determines which set of outputs (shifted

or unshifted) is used.

Bits 0 through 44 are controlled by sample lower half and coefficient overflow
signals in the same manner as the upper half.

The upper unused bits, coefficient bits 96 through 98 and coefficient bits 97,

98 shifted, are terminated. Coefficient bit 0 shifted is also terminated because
the right shift for coefficient overflow is an end-off type shift and bit 0 is dis-
carded.

EXPONENT CORRECTION FOR COEFFICIENT OVERFLOW, EXPONENT OUTPUT

CONTROL

The exponent enters the 4FN7 module during the fourth clock period and has a
choice of two paths through the module. The path taken by the exponent is under
control of sample exponent, the signs of the two operands, and borrow to 96.

Sample exponeni ailows the 4FN7 module to output the exponent. If sample
exponent is not present, both exponent paths are blocked and all ones are output
to the X register.

If the signs of the two operands are alike, borrow to 96 determines if there was
a coefficient overflow. If coefficient overflow occurred, the exponent is corrected
by the addition of one. This correction is necessary because the coefficient was
right-shifted one bit position. If the signs of the two operands are different,
borrow to 96 indicates which operand was the larger so the correct sign can be

given the result.

Three combinations of signs and borrow to 96 cause the exponent to take the path
through output 2. They are listed with the sign given the result coefficient, the
form (true or ones complement) of the result exponent, and if there was coefficient

overflow,

IE7E8 ]
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Both Signs Positive Both Signs Negative Unlike Signs

" Borrow to 96 Borrow to 96 Borrow to 96

+ sign of the result - sign of the result + sign of the result

Output in true form Output in ones comple- Output in true form

ment form

No coefficient overflow No coefficient overflow No coefficient overflow

When both signs are positive and borrow to 96 is a one, there is no coefficient
overflow. Since both signs are positive, the result is positive and expressed in
true form. Complement control 2 controls the form of the result exponent and
adds bias, sign 2 gives it its sign, and output control 2 gates the exponent to the
X register.

When the signs of the two operands are not alike, borrow io 98 indicates which
operand is larger. In the case of output 2, borrow to 96 is a zero so the
positive operand is the larger of the two. Thus, the sign given the result ex-
ponent by sign 2 is positive, and complement control 2 causes the exponent to
be output in true form.

Three combinations of signs and borrow to 96 cause the exponent to take the path
through the exponent plus 1/0 adder and output 1. They are listed with the sign
given the result coefficient, the form of the result exponent, and if there was
coefficient overflow.

Both Signs Positive Both Signs Negative Unlike Signs

Borrow to 96 Borrow to 96 Borrow to 96

+ sign of the result - sign of the result - sign of the result

Output in true form Output in ones comple-

ment form ment form

Coefficient overflow Coefficient overflow No coefficient overflow

60420300 K

Output in ones comple-

When both signs are positive and borrow to 96 is a zero, there is a coefficient
overflow, The exponent takes the path through the adder where plus 1 causes

the adder to add ones to the exponent. Complement control 1 causes the exponent
to be output in true form and adds bias, sign 1 gives the result coefficient a
positive sign, and output control 1 gates the result exponent to the X register.

Complement control 1 also ensures that the exponent correction for coefficient
overflow does not result in the unit sending out a negative 0 exponent. If both
signs areg positive and the exponent takes the path through output 1, it is because
coefficient overflow and the adder add one to the exponent. In this case, if the
exponent is negative 1, the addition of one results in a negative 0 exponent.
Complement control 1 senses this and causes the 4FN7 module to output a
positive 0,

When the signs of the two operands are not alike and borrow to 96 is a one,
there is no coefficient overflow. The exponent takes the path through the adder
but plus 1 is a zero because the signs are not alike. This causes the exponent
to pass through the adder unchanged, Complement control 1 causes the exponent
to be output in ones complement form, and sign 1 gives a negative sign to the
result coefficient. In this case, borrow to 96 indicates that the negative operaﬁd
was the larger of the two.

The resultant leaving output 1 of the 4FN7 module is exponent positive 1/0 bits
48 through 59 and goes to the destination X register.

The result leaving output 2 of the 4FN7 module is exponent bits 48 through 59
and goes to the destination X register.

- I D e ey
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FAD 3.2 TEST POINTS

Module Location | Test Point Description Module Location | Test Point Description Module Location | Test Point Description
4FTT7* 5D11 Bg Bit g(l) enable 4FK T+ 5E01-11 (No signal/rgtr TPs)
gﬁ 92 4FLT7* 5D12 (No signal/rgtr TPs)
45 93 4FNT: 5C07 (No signal/rgtr TPs)
46 94
52 95
25 96-98
74 Bit 90 borrow
75 91
76 93 .
.13 94
24 96, 97
66 Group enable bits 90-92
61 93-95
43 90-95
35 Group borrow bits
90-92
71 Group borrow bits
93-95
42,63 Section enable bits
90-96
31,53 Section borrow bits
90-96
| 22 25-nanosecond clock
48 JT* 5D01-10 32 Bit N enable
33 N+1
45 N+2
44 N+3
65 N+4
66 N+5
55 N+6
54 N+7
56 N+8
71 Bit N borrow
74 N+1
T2 N+3
75 N+4
73 N+6
76 - N+T
62 Group enable bits
N-N+2 :
61 Group enable bits
N+3-N+5
31 Group borrow bits
N-N+2
46 Group borrow bits
N+3-N+5 - L N - B ] ﬁ
43,63 Section enable bits
a E3 E4 1
34,53 Section borrow bits

N-N+8

]
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OUTPUT CONT NO. 2

SIGN NO. 2

COMP CONT
NO.2

EXP BITS 0-9

FL7)5012 faFnT]scor Exp outPUT
SHIFTED SIGN pomRow To%e
oUTPUT CONT NO. 2 03
FaD 30D S W OT0 o6x saupre txrs BT
REF SIGN « BOWROW YO 98+ SAMPLE ExXP
MIF T
JSEeTion EMABLES 1-10 SHORTEO | s1an No. 2: BOTH SIONS NEG
175 90-95
S O muy COEF OVERFLOW DETECTION COEF SAMPLE | COMP CONT NO. 2: BOTH SIGNS NEG
GROUP ENABLES- OVERFLOW: OVERFLOW
8175 90-95 (REF SIGN NEG*SHIFTED SIGN NEG
BORROW 3"‘"0"’ BORROW TO 96) + (REF SIGN POS» )]
10 96 096 SHIFTED SIGN POS BORROW TO 96)
SECTION
BORROWS I-11 PROPAGATION EXP BITS 0-10
r - ( ) " NETWORK BORROW TO H
BORROW v::ncn:o wro et ss | 99M5eY Ex
GROUP BORROWS- 10 %6 8175 0-10 ~ EXP BITS 0-10
BITS 90-95 FaD 3
BORROW
! XD 1 PLUS It
GROUP ENA!LES- é BOTH SIGNS ALIKE
BITS 90-
SHETED N REF SIGN jw COMP CONT NO. 1:
FAD 3.08 FI7]SDII SHIFTED, REF OPERAND BITS 90-95, SECTION || ENABLE BOTH SIGNS POS - EXPe -l +31GNS ¥
© SHIFTED, REF SIGN BITS (® $enTE0 r‘ + BOTH SIGNS NEG-EXP# -1
FAD 3 00

REF
IGN
fap 3.1p-2E

[4F)7]5DI0 SHIFTED, REF OPERAND BITS 81-89

SECTIONS HAVE THE SAME NUMBER AS THE LA
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SI6N NO.1:
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BOTH SIGNS POS
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P 4 BO

SIGN NO. |
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COMP CONT NO. |
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Exp
BITS 48-59

f——OUTPUT NO I ——

Sos

CcPU 3.4A

EXP 4170 [(X RGTR)
BITS 48-59
e

@-FB

OUTPUT CONT NO. 1

[ [sxTsen BiTs s0-96 ®

j ® COEF BITS 96-98

[ Tstio 81-89
SAMPLE UPPER HALF
£ 7Z-80
es-71
Se-ez

COEF OVERFLOW

]s(o'r

[4rk7[5€06 BITS 45-53

-} cOEF 8173 s0:33
Gl

COEF BITS 97,98 TERM
SHIFTED

om COEF BITS 48-95
O

co:r slrs 49-33
.54

COEF BITS 49-96
o SHIFTED

<&
7 CPU3.4A

D COEF BITS 0-47 (X RGTR)

J[1.COEF BITS 45-47
'\.J—

COEF BITS 45-48
— SHIFTED

FaD soaL
——tt

SAMPLE
CENTER

COEF OVERFLOW

@ 4FI7 MODULE HANDLES SEVEN BITS IN THE SAME WAY 4FJ7 MODULES HANDLE NINE.
(® ON ALL 4FKT MODULES EXCEPT LOCATION SEO6,DP AND DP ARE EQUAL TO LOGICAL ONE
@ BIT ENABLE 96 IS EXTENDED TO BIT 97 AND 98 (UNUSED POSITIONS) ON 4FK7 MODULE AT LOCATION SEN.
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OIviSioR | EXP OUTPUT CONT, OUTPUT D |fao 31[:5-9

[ Ts000 72-80 9
[ Tso08 €371 [
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REF OPERAND BITS 47-53, SIGN
BIT_ENABLES
S 45-53 BIT ENABLES
—G)
GROUP ENABLES-
BITS 9¢
GROUP ENABLES-
B|TS 45-50 GROUP ENABLES —@
SECTION ENABLE SECTION 6
SHIFTED SHIFTED BITS 45- o {
OPERAND OPERAND L EnaBie
BITS 0-95 BITS 45-53
FaD —)+(} '\J
300 ~
HIFTE
REF OPERAND OPERAND +
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OPERAND SIGN EXTENDED REFQPERAND.
BITS 47-95 TO BITS 45,46 ETAGE
FAD
3ic Oy BIT BORROW
L1 8ITS 43, 46,43,
49,51, 81T BORROW ’N
GROUP BORROWS -
BITS 90-95
GROUP BORROWS| B0RRO ‘—@—'
BITS 45-50 GROUP BORROWS @
SECTION BORROWS
EARE e Noas
h -
d
REGISTER
[4FJ7]5005 SHIFTED OPERAND BITS 36-44, SECTION 3 (nil.L_CE_
REF OPERAND SIGN BITS
5504 Z7- 38, 4 u
REF_SIGN SIGN BITS
FAD
3.0 5503 18-26, 3 -
SIGN BITS
[—_Js00z 517 2 ju
SIGN BITS
[aFJ7]5001 SHIFTED OPERAND BITS 0-8, SECTION | ENABLE
REF OPERAND SIGN BITS
NOTES.
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_SAMPLE LOWER waLF |

6]
o T

4FKTJSEDS BITS 36- 44

[sE04 27-38
[SE03 18-26
se02 9-17

[aFk7]3E01 BITS 0-8

COEF ul'rs 1-48
SHIFTE|

IEIEZl

COEF BIT O SHIFTED




@ 60 ISSuE

NOTES !
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CLOCK PERIOD

CLOCK PULSE " l I I " ” ” ”

FLOATING ADD INSTRUCTIONS IN TOP

. PARCEL OF THE CIW REGISTER

¢
;

5

TR

.

GO FLOATING ADD FLAG SET

-

Xi (1), Xk (1), mt (1), m2 (1) IN FLOATING
ADD UNIT INPUT REGISTERS

e

Xi (1) RESERVED

INSTRUCTION | RESULT ENTERS Xi m

Q
. =) N

|

@_—_— e e e |- —

e

Xk (2),m(2),AND m2 (2) IN FLOATING
ADD UNIT INPUT REGISTERS

Xj (2)% IN FLOATING ADD UNIT
INPUT REGISTER

@

Xi (2) RESERVED

|

INSTRUCTION 2 RESULT ENTERS Xi(2)

INSTRUCTION | - ASSUME NO ISSUE CONFLICTS.

INSTRUCTION 2 — ASSUME OPERAND REGISTER Xj (2) CONFLICTS WITH
INSTRUCTION | DESTINATION REGISTER Xi (1). THAT IS, j(2)=i (1)

THUS, ISSUE DELAYED ONE CLOCK PERIOD UNTIL Xi (1) RESERVATION IS CLEARED.
THE Xj(2) QUANTITY IS THE INSTRUCTION | RESULT THAT IS ENTERED INTO Xi(l)

-—-5---

,g‘_

ENABLE ISSUE IS DELAYED 4 CLOCK PERIODS (THEREFORE, GO ISSUE

IS DELAYED A MINIMUM OF 4 CLOCK PERIODS) IN THE AAI20-C.

THIS DELAY IS REMOVED BY INSTALLING OPTION AT364-A.

i

DEVELOPMENT

DIVISION

l C7C8 1

LAY TIMING DIAGRAM

FLOATING ADD INSTRUCTION

CODE 10ENT

34010
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LONG ADD UNIT

The long add unit executes CPU instructions 36 and 37. It performs a 60-bit
integer addition to X register operands specified by the j and k portions of the
instruction and delivers the 60-bit sum to the X register specified by the i por-
tion of the instruction. Prior to addition, the unit complements the Xk and Xj
operands for the 36 instruction (integer sum) and only the Xj operand for the 37

instruction (integer difference).

The long add instructions require 2 clock periods for execution. The operands
move from the X registers to the long add unit in the same clock period in which
the instruction issues from the CIW register. The result moves from the iong
add unit to the destination X register during the following clock period. A new
instruction may issue from the CIW register for execution in the long add unit
each clock period.

The long add unit complements the operands as specified by the instruction code
and forms a partial sum in the first stage of addition. The partial sum enters
the second stage of the adder where the result is formed from the partial sum.
At this point, the result is in ones complement form. The go long add flag,
sent from the CPU, gates this sum to the result X register through a static

network which complements it to return it to true form.

Adder Format:

59 11 2
X X X |X X XX X X| X X X Xk
X X X |IX X XX X X| X X X Xj
Section R —
Group

FIRST STAGE

The first stage of addition forms a partial sum which consists of bit enables,
bit borrow generates, group borrow generates, section borrow generates, and
section enables. Group enables are also generated but are not sent to the

second stage of the adder.

60420300 K

0

[

Bit enables = or

1
1

n—-IO

1

Bit borrow generates = 1
0

Group borrow generates = borrow-out of three-bit group

Example: 110 101
010 iq

000 or 011

Group enable = all bit enables in group equal to one
Section borrow generates = borrow-out of 12-bit section

Section enable = all group enables in section equal to one

SECOND STAGE

The second stage of the adder forms group borrow inputs and bit borrow inputs

from the partial sum. An exclusive OR of the bit borrow inputs and the bit

enables forms the sum. The sum at this point is in ones complement form.

Group borrow inputs = borrow into group

Bit borrow inputs = borrow into bit

D5 D6 l
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Example:

The following example uses a 12-bit adder performing a 36 instruction. In this

case, the section borrow generate is the end-around borrow. In the case of the

long add unit, it is the section borrow from the highest-order section.

36 Instruction Example:

4470 - Comp — 3307 — 011 011 000 111
1532 - Comp.—~ 6245 — 110 010 100 101
6222 101 001 100 010
010 010 000 101
1 0 0 1
1
0
0 0 1 1
100 100 001 111
001 101 101 101
110 010 010 010
6 2 2 2
60420300 K

Bit enables

Bit borrow generates
Group borrow generates
Section borrow generates
Section enable

Group borrow inputs
Bit borrow inputs
Exclusive OR of bit
borrow inputs and bit
enables

Comp

Sum (octal)

5-6-0.2



CcPU

Xj BITS 0-59

Xk BITS 0-59

comP '

FIRST CLOCK PERIOD

SECOND CLOCK PERIOD

N4

mo

CONT

FIRST STAGE

SECOND STAGE

BIT ENABLES
' '
BIT BORROW GENERATES |
{ ' L
' |
| l
: SECTION . SROUP
! ENABLES T BORRON
| | EXCLUSIVE OR
BIT ENABLES oF
AND I sEcTioN | BIT BIT ENABLES
81T BORROW GROUP AND
]
GENERATES BORROW GENERATES | INPUTS 8IT BORROW
GENERATES ! | INPUTS
! GROUP
| ENABLES |
|
] |
1
X |
GROUP BORROW GENERATES I
' |
I
| |
|
|

Egﬂﬁ ADD
cry

Xi

BITS 0-%9
cru

F----‘

1 D3 D4

CONTROL DATA:

DEVELOPMENT
DIVISION

PRIMARY BLOCK DIAGRAM
LONG ADD UNIT

€0DE 10ERT  JOwE WO ey

34010 | 60420300 | A

114 PAS
c L6 ADDIDI5-G-I




SECTION 5 ENABLE

4KC7] 6805 BITS 48-59 SoTion T ENAEE ® 4KD7] 6CO5 BITS 48-59
6804 36-47 . 6C04 36 -47
6803 24 - 35 Sz;:s: : 2:::t§ 6C03 24 -35
6802 12-23 6C02 12 -23
X} BITS 0-59 4KC7| 6BOI BITS O-I1 4KD7| 6CO! BITS O -1
B—gor— 4 SECTION [ ENABLE O)
SECTION BORROW
GENERATE.
—C)
cPu 2.2
BIT BORROW
- ® GENERATE 4 Xj BITS 0-55
) b E———Cruzec
Xk BITS 0-59 BIT ENABLES X ROTR)
D—-@———»—{ Xj +Xk FIRST STAGE P—o) ~ Xj + Xk SECOND STAGE
! GROUP BORROW i
GENERATE )
>—@ <
G0 LONG ADD
cPU 2.18
cPU 2.08 mo
(cIw)
(LG ADD 3.0) (LG ADD 3.0)

NOTE :
(O secrion

(2) sEcTion 2 ENABLE GOES TO 6COI,6CO3, 6CO4,6CO5

ENABLE GOES TO 6€02,68C03,6C04,8C08

SECTION 3 ENABLE GOES TO 6CO! ,6C02,6C04,6C05
SECTION 4 ENABLE GOES TO 6COI ,6C02,6C03,6C08

SECTION 5 ENABLE GOES TO 6COi,6C02, 6C03,6C04

R EE ER oI s

& B8l SECONDARY BLOCK DIAGRAM
DEVELOPMENT LONG ADD
DIVISION




LONG ADD UNIT

The long add unit executes CPU instruction 36 and 37. It performs a 60-bit
integer addition to X register operands specified by the j and k portions of the
instruction and delivers the 60-bit sum to the X register specified by the i
portion of the instruction. Prior to addition, the unit complements the Xk and
Xj operands for the 36 instruction (integer sum).

The long add instructions require 2 clock periods for execution. The operands
move from the X registers to the long add unit in the same clock period in which
the instruction issues from the CIW register. The result moves from the long
add unit to the destination X register during the following clock period. A new
instruction may issue from the CIW register for execution in the long add unit
each clock period.

60420300 K

During the first clock period, the 4KC7 modules complement both operands. If
the instruction is integer difference (37), m bit 0 is a one and the 4KC7 modules
recomplement the Xk operand. After complementing, the operands enter the first
stage of the adder.

The first stage of the adder is divided into two parts. The first part forms the
bit enables, bit borrow generates, and group borrow generates. Registers hold
them for use during the second clock period. The second part of the first stage
of addition takes place during the second clock period. It forms the section borrow

generates and section enables.
The 4KC7 modules send the partial sum to the 4KD7 modules where the second

stage of addition takes place. Go long add gates the result from the second stage
to the result X register.

E5E6i
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LG ADD 2,0 TEST POINTS

Module | Location | Test Point Description Module Location | Test Point Description Module Location | Test Point Description
4KCT* 6B01-05 35 Bit N enable

33 N+1

31 N+2

42 N+3

44 N+4

46 N+5

52 N+6

54 N+7

56 N+8

65 N+9

64 N+10 *

61 N+11

36 Bit N borrow

34 N+1

41 N+3

43 N+4

51 N+6

53 N+7

66 N+9

63 N+10

32 Group N borrow

45 N+1

55 N+2

72 Section enable

| 71 25-nanosecond clock
4K DT 6C01-05 71,72 Go long add
== s |
B e oo oom e

60420300 K 5-6-4,2




4KC7] 6B05 BITS 48-59 | [ SECTION 5 ENABLE ® [[ax07Jecos BiTs 48 -89
6B04 36-47 | | SECTION 9 ENABLE 6CO4 36- 47
5603 24-35 SECTION.3 ENABLE 6C03 24-35
6802 12-23 | | SECTION 2 ENABLE 6C02 12-23
aKC7] 6BOI BITS O -1 aKD7]6CO1 BITS O- i
® SECTION
SECTION ENABLE ENABL|
SECTION BORROW :
® GENERATE L)
BIT BORROW BIT BORROW
GENERATES SENERATES
RGTR
Xj BITS 0-59
i — o\ )
CPU 3.4A ® Xi BITS 0-11 Xi girs
-39
Xk BITS 0-59 coup (SECOND STAGE) f;‘;"é‘,:‘)‘
CON
- O—e~ Y 0)
mo \ BIT_ENABLES
—_— BIT (D] @02 ENABES
“"(“c?w')e ENABLE ®
RGTR
GROUP_BORROWS
GROUP 4< )_._ m 4
BORROW 3 & 4@
RGTR
CPU 3,28 oS0 LONG ADD GO_LONG ADD
NOTE:

(D) SECTION | ENABLE GOES TO 6C02, 6CO3, 6CO4, 6COS

SECTION 2 ENABLE GOES TO 6COl, 6C03, 6C04, 6CO5
SECTION 3 ENABLE GOES TO 6COl, 6C02, 6CO04, 6CO5
SECTION .4 ENABLE GOES TO 6COI, 6C02, 6C03, 6CO5
SECTION 5 ENABLE GOES TO 6COl, 6C02, 6C03, 6C04

(® m=1 RECOMPLEMENT Xk OPERAND

CONTROL DATA

DEVELOPMENT
DIVISION

DETAILED-MODULES
LONG ADD UNIT

DIAGRAM




| 3 y 2 1

CLOCK PERIOD | 0|1

cock puese || | U T U U
TWO SUCCESSIVE INSTRUCTIONS THAT USE THE LONG ADD !
IN THE TOP PARCEL OF THE CIW REGISTER @@ |
@ GO ISSUE
G0 LONG ADD
O @]
|
RESULT REGISTER Xi RESERVED FOR INSTRUCTION | :—lg———
i
|
INSTRUCTION | RESULT ENTERS THE XI REGISTER ﬁj—————
|
RESULT REGISTER Xi RESERVED FOR INSTRUCTION 2 e T

INSTRUCTION 2 RESULT ENTERS THE X: REGISTER —@u-—-—
1 1

NOTES!
@ 36 1jk (ASSUMING NO ISSUE CONFLICTS EXIST).
@ 37 ijI (OPERAND REGISTER CONFLICTS WITH INSTRUCTION | DESTINATION REGISTER).

@ ENABLE ISSUE IS DELAYED 4 CLOCK PERIODS (THEREFORE, GO ISSUE
IS DELAYED A MINIMUM OF 4 CLOCK PERIODS) IN THE AA120-C.
THIS DELAY IS REMOVED BY INSTALLING OPTION AT364-A.

g == = o=

uF5 Fﬁ

et

EEAMLSIIRILY T1MING DIAGRAM

oeveLoement | SONG ADD INSTRUCTION

DIVISION

| 3 4 ' 2 |
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MULTIPLY UNIT

The floating-multiply unit executes the following three instructions.

40 Floating product of (Xj) times (Xk) to Xi
41 Rounded floating product of (Xj) times (Xk) to Xi
42 Floating double-precision product of (Xj) times (Xk) to Xi

The Xi coefficient and Xi exponent are formed separately with consideration
taken for single or double precision. 'If single precision is specified, the upper
half of the coefficient result and an exponent (corrected for single precision) are
sent to the X register. For double ‘precision, the lower half of the coefficient
result and the exponent result are sent to the X register.

If both operands are normalized, the result is normalized. If rounding is
specified, a round bit is generated and added to bit 46 of the coefficient result.

The multiply instructions require 5 clock periods for execution. Multiply instruc-
tions may enter the multiply unit every other clock period. Thus, during a2 5-
clock-period segment, more than one multiply instruction may be active in the

unit,

COEFFICIENT MULTIPLY

Coefficient multiply is basically the same as a multiply done with paper and
pencil. Every bit of the multiplier is multiplied by every bit of the multiplicand.
In binary arithmetic, this is the AND (logical product) function.

As in pencil and paper multiplication, the bit-by-bit products are arranged in a

matrix as shown below with each row offset by one bit. The columns of the
matrix are then added to obtain the final product, Xi.

60420300 K

KW 8 ¢ ¢ K oxx
O I R -
0.5 0 4 0.3 0.2 .01 .0.0
RS LS L i°

K° i : . : )
J I’k J7k j7k J7k Tk Matrix’

i10 i9 .8 7 .6 -5 4 .3 -2 .1 ;0 Final
product
Xi

The multiply is performed in two steps. First, the lower 24 Xj bits are multiplied by
all 48 Xk bits, and the columns of the resulting matrix are partially added. The upper
24 Xj bits are then multiplied by all 48 Xk bits and the resulting matrix is added to
the partial sums and carries from the first pass to form the 96-bit double-precision
product. Each step in the process involves forming 1152 binary products. These 1152
bits of data must then be added in the proper groupings to form a combined sum.




60420300 K

The multiply in the previous example appears as follows when executed in two steps.

First pass K A L
2 1 0

i i i

0 .4 0.3 0.2 0.1 .0.0

J 5 J° J J Ik 7k

Ik j i i j
Partial sums ps7 ps6 psS ps4 ps3 ps2 psl psO’ Resglts
Partial carries pc7 pc6 pcd pc4 pc3 pc2 of first,
second,
‘ and third
level adds
Second pass k5 k4 ’ k3 k2 k1 k0
5 4 3
J ] J

j j j KT 3Tk 37k
5.4 5.3 5.2 5. 1 5 0
P20 RS S ik
. Results of
ps10 ps9  ps8 ps7  ps6  ps5  ps4  ps3 | [°%F
level add

pcl0  pc9 pc8 pc7 pcé pcbd

Add
ps7 ps6 psb ps4 ps3 ps2 psl ps0 loop bits -

from
pc7  pc6  pe5  pcd  pe3  pe2 first pass

9 8 sT s6 s5 s4 s3 52 s1 s0) Results of
psl0 ps ps p p p p p p p pi e o,

hc3 third
pcl0  pcd pc8 pc? pc6 pcd pcé pc level adds
11 10 ;9 i8 37 i8 i3 i4 i3 ;2 i1 i0 Final add

In a 24-by 48-bit multiply, in order to handle 1152 bit products in the matrix, the
summing is performed in several more stages; there are several more levels of sums
and carries. Because of the size of the matrix, there are also several sums or carries
per bit position at some levels of the multiply. Since a complex carry network to re-
solve all the carries requires excessive time and hardware, the multiply unit employs

a carry save adder for efficiency.

Using these inputs, the first half of the adder forms pseudo sums and pseudo carries.

'nnm—mq

! B7 B8

[ - |
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CARRY SAVE ADDER

The carry save adder permits the addition of columns of numbers without using
the time-consuming carry and satisfy checks typical of full adders. Instead,
each level of add has two outputs, pseudo sums and pseudo- carries.

1 0 1 0
0 1
Pseudo sums 1 1 0
0 1 0 (Pseudo carries are displaced one bit

to the left because they affect the next
Pseudo carries 0 0 1 0 significant bit position.)

The sum of these two numbers is the actual answer; however, the sum is not
taken until the final add. Instead, both quantities are put back into the next
level of the adder and are summed with other pseudo sum and carry bits that
represent the same bit position of the final product (that is, sums of bits

in the same column of the matrix or carries to that column).

The inputs to the first level add are the logical products produced by the
matrix. The inputs to the second level add are the pseudo sums and carries
from the first level add., The inputs to the third level add are the pseudo sums
and carries from the second level add. The output from the third level add is

a pseudo sum and carry bit for each bit position of the product.

After the first pass, the output from the third level add is right-shifted 24
places, fed back into the second level add, and added to the results of the
second pass through the matrix. The second and third level adds are then re-
peated for the entire product until a pseudo sum and carry bit again represent
each bit position of the product. This time the output of the third level add is
fed to the final add network and is reduced to one bit for each bit position of
the final product (96. bits). ‘

60420300 K

EXPONENT FORMATION

Two adders are used for the formation of the final exponent. The first adder

is a half adder that forms the sum of the complemented exponents of Xj and Xk.
When single' precision is selected, this adder adds 60 (octal) to the exponents to
compensate for truncating the coefficient of the product in single-precision mode.

The second adder subtracts one from the result of the first adder if the coefficient

is left-shifted one place to normalize it.

The exponent logic also examines the incoming exponents for special cases in-
volving overflow, underflow, or indefinite operands before performing the
additions. Upon receiving the output from the first adder, the exponent logic
checks the result for overflow or underflow of the floating-point range, sum-
marizes the special cases, and sets the appropriate special case flags.

Xj + Xk + 60 (OCTAL) ADDER

The Xj + Xk + 60 adder is a static network that sums the two exponents in ones
complement mode during the second and third clock periods of instruction execu-
tion. For purposes of this discussion, the exponent portion of the multiply
operand (bits 48 through 58) is referred to as bits 0 through 10.

The add network for bits 0 through 3 and 6 through 10 is a two-input adder that
sums Xj and Xk. Bits 4 and 5 of the add network, however, have three inputs
to allow the single-precision correction to be made. The following example
illustrates the adder inputs.

Bit 10 9 8 7 6 5 4 3 2 1 0

Xj 111110 1 1 1 0 1
Xk 1 11111 0 1 1 O
Correction 1 1

30

i)
B wo ez oo ml
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Using these inputs, the first half of the adder forms pseudo sums and carries.
The second half of the adder uses the pseudo sums and carries to determine
enables and carries for three-bit groups. The add network resolves the enables
and carries to form the complemented result.

MINUS ONE NETWORK

The minus one network subtracts one from the output of the first adder by adding
one to the complement. This add network takes into account any end carry
condition and also makes carry propagation checks. Bit 10 is 'complemer;ted to
add the exponent bias value, The complemented output of this add network (true
output) is gated to the X'register when the coefficient has been left-shifted one
place to normalize it.

60420300 K

An alternate network, with no minus one correction, is used when the coefficient
is already normalized or cannot he normalized by a left-shift of one. This
alternate network merely forms the exponent bias and complements the output

so that the true exponent goes to the X register.

CONTROL

Multiply, busy is the primary control signal in the multiply unit. It is set in

the CPU at the end of the clock'peridd in which a floating-multiply instruction
issues from the CIW register. The flag is copied to other register ranks as data
is processed by the unit. The flag blocks input to the multiply unit in the clock
period immediately following instruction issue. This flag and copies of it
control data movement through the multiply unit.

P—m__

! Bl BI2 | i
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x) SN oo
(cpyy BIT 59 PRODUCT RESULT SIGN CONTROL
xk —SI6N ] siGN
(cpy) BIT 59 TO X REGISTER INPUT CONTROL
SPECIAL CASE SIGNALS N (cpPu)
EXPONENT COMPLEMENT IF
! TBITS 48-58 X NEGATIVE
(CPU) Xk + EXPONENT BITS 48-58 _
X} +60g Xi
EXPONENT COMPLEMENT IF
cPU) BITS 48-58 Xk NEGATIVE EXPONENT EXPONENT
( TO X REGISTERS
Xi ( FOR SHIFTED (cpPu)
(cPU) DOUBLE PRECISION COEFFICIENT)
(INNIBIT ADD OF 60g) NORMALIZATION
CORRECTION
EXPONENT COEFFICIENT TO
X REGISTERS
——> Xi UPPER HALF
ROUND (SECOND PASS ONLY) _FIRST PASS FEEDBACK LOOP (RIGHT SHIFT 24) ®
(BITS 40-95 LEFT
SHIFTED | PLACE)
(cpPuy
xj —SQEFFICIENT LOWER HALF FIRST PASS
(cpu) BITS 0-23 COMPLEMENT IF SELECT LOWER
Xj NEGATIVE HALF.
FORM n = xi urPER HaLF
SECOND PASS: Fiate 0
j ~COEFFICIENT UPPER HALF SELECT UPPER PRODUCTS OF SECOND THIRD FINAL R “'(7:':,"’5)
(cpuy BITS 24-47 COMPLEMENT IF MATRIX LEVEL ADD LEVEL ADD ADD Pl I LA
Xj NEGATIVE JUNCTIONS OF BIT OF BIT 96-81T L
PRODUCTS PRODUCTS, PRODUCT )
2
COEFFICIENT (48 BITS) E |——= xi LOWER HALF
(cpy) BITS 0-47 COMPLEMENT IF ®
X NEGATIVE RGTR NO. 2 RGTR NO.3 (BITS 0-47 LEFT
SHIFTED | PLACE)
RGTR NO. | (cPu)
COEFFICIENT
® p—— Xi LOWER HALF
SAMPLE EXPONENT (BITS 0-47)
AND GATE LOOP (cpPu)
T
GATE EXPONENT RESULT NoTE
(cPU) AND (@ ALL OPERANDS ARE TREATED AS POSITIVE.IF RESULT IS TO
GATE COEFFICIENT RESULT BE NEGATIVE,THE RESULT IS COMPLEMENTED INTO THE
(cpu) X REGISTER BY THE X REGISTER INPUT CONTROL
MULTIPLY CONTROL CHAIN (@ IF BOTH OPERANDS WERE NORMALIZED AND THE RESULT IS NOT
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i B3 B4
B

e o e e e o

NORMALIZED A LEFT SHIFT OF | IS PERFORMED. THIS WiLL
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TQUIPMINT
PRIMARY BLOCK DIAGRAM
SIZE| DRAWING NO L33

DEVELOPMENT
DIVISION
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DP CORR(ADD 60g |F SINGLE PRECISION)
; ] GATE MULT
PSEUDO SUM ONFL OVELINDEF xU7] HI5
- A7[ Ai6 vr[Hia JOVFL, . 4
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LOGICAL PRODUCT OF MATRIX JUNCTIONS AND FIRST LEVEL ADD

INPUT REGISTERS

All instructions performed in the floating-multiply unit require 5 clock periods

for execution. Data moves from the operating registers to the multiply coefficient
input registers on the 4GA7 modules in the same clock period in which a floating-
multiply instruction issues from the CIW register. The input registers are cleared
and new data entered whenever the multiply busy flag clears. When the multiply
busy flag sets, the data in the input’ registers is held over into the following

clock period. This data is held in the input register for a total of 2 clopk periods,

The multiply busy flag serves the purpose of a go multiply flag as well as blocking
further entry to the unit in the clock period following issue. The multiply busy
flag serves as the basic timing control that gates data into the registers of the
unit at the proper time.,

As the Xj and Xk coefficients enter the input registers, they are complemented,
if negative, so that the multiply coefficient hardware deals only with positive
numbers. The 12 4GA7 modules hold 48 Xk bits and 48 Xj bits.

During the first clock period, bits 0 through 47 of the Xk coefficient and bits

0 through 23 of the Xj coefficient enter the input registers of the 4GA7 modules.
The 4GB7 and 4GC7 modules use these bits during the second clock period for
forming the first half of the product. During the first clock period, bits 24
through 47 of the Xj coefficient enter bit holding registers and are held there
until gated into the input registers by the multiply busy signal in the second clock
period, Xj bits 0 through 23 are discarded at this time. The 4GB7 and 4GC7
modules use Xk bits 0 through 47 and Xj bits 24 through 47 during the third
clock period for forming the second half of the product.

60420300 K

MATRIX AND FIRST LEVEL ADD

The bit-by-bit product of Xk and Xj is formed on the 24 4GB7 and 4GC7 modules
during the second and third clock periods. This product is formed in two passes
through a 24-bit-by-48-bit multiply matrix.

On the first pass (second clock period), the product of Xk and the lower half of
the Xj coefficient (bits 0 through 23) is formed. During the second pass (third
clock period), the product of Xk and the upper half of Xj (bits 24 through 47) is
formed. Each pass through the matrix produces 1152 binary products, which must
be added in the proper groupings to form a combined sum.

Several bits are produced that represent the same bit position of the product.
(Refer to diagram for 4GC7 module located at B06.) For example, Xi product bit
9 is produced from the following combinations of operand bits.

First level add = pseudo sum bit 9
pseudo carry bit 10

Xk bit 2 . Xj bit 7 = Xi bit § '
Xk bit 3 . Xj bit 6 = Xi bit 9

]

Xk bit 6 . Xj bit 3
Xk bit 7 . Xj bit 2

First level add = pseudo sum bit 9
pseudo carry bit 10

Xi bit 9 '
Xi bit 9

The first level add sums these product bits in groups of two or three bits to pro-
duce pseudo sum and carry bits. For example, the first level add of the top two
Xi bits 9 produces a pseudo sum bit 9 and a pseudo carry bit 10. Similarly, the
sum of the lower two Xi bits 9 produces a pseudo sum bit 9 and a carry bit 10.
The first level add of the six Xi bits 8 produces two pseudo carry bits 9. Thus,
four bits are output by the 4GC7 module for Xi bit 9: two pseduo sum bits and
two carry bits.

The results of the first level add (788 bits) are sent to the 4GD7, 4GE7, 4GF7,
4GG17, 4GH17, 4GI7, 4GK17, 4GL7, 4GO7, and 4GP7 modules for a second level add.
The result of the add of Xk bit 47 and Xj bit 47 (bit 94) is sent to the 3BA7 module
where it is used in the integer multiply check. If bit 94 is a zero and both oper-
ands have underflow exponents, an integer multiply is performed.
EED O NS BRI @mm *
g
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MULT 3.0 TEST POINTS

Module Location |[Test Point Description Module Location |Test Point Description Module Location |Test Point Description
4GAT* 7(C-E) 34 Mult Busy
13-16 04 Xk Bit N
03 N+1
24 N+2
23 N+3
41,42 Xj Bit N or N+24
61,62 N+1 or N+25
54 N+24
53 N+25
4GB7 7(A04-14, - (No Signal/Rgtr TP's)
. B08-16)
L 4GCT* 7(A15-16, - (No Signal/Rgtr TP's)
B06-07)
" Bea P
]
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SECOND LEVEL ADD

The second level add modules receive 788 pseudo sum and pseudo carry bits from
the first level adder and continue to sum groups of bits to form pseudo sum and
pseudo carry bits for each bit position of the result. The resulting bits are held
in registers for 1 clock period.

On the first pass through-the second level add, the only bits summed are from
the first pass through the 4GB7 and 4GC7 modules. However, on the second pass
through the second level add, loop bits from the first pass through the 4GK7,
4GL7, 4GM7, and 4GN7 modules are merged with the pseudo sum and pseudo
carry bits from the second pass through the 4GB7 and 4GC7 modules. The
hardware for both passes through the second level adder is the same, except

that the 4GJ7 modules are not used during the first pass. The modules containing
logic for the second level add are 4GJ7, 4GlI7, 4GD7, 4GE7, 4GF17, 4GG7, 4GH7,
4GK7, 4GL7, 4GO7, and 4GP7. The 4GK7, 4GL7, 4GO7, and 4GP7 modules also
contain logic for the third level add. '
On the 4GE7 and 4GF7 modules, reference is made to duplicate bits. These bits
are received from fanouts on the 4GB7 and 4GC7 modules. The duplicate bits
provide a means of generating a pseudo carry to bit N from bit N-1. The pseudo
sum for bit N-1 is generated by the next lower module. Since separate modules
generéte the pseudo sum and pseudo carry bits, dupiication of the input bit is
necessary.

FIRST PASS

During the first pass (second clock period), the 4GD7, 4GE7, 4GF7, 4GG7, 4GHT,
and 4GI7 modules receive pseudo sums and carries and sum these bits in groups
to form pseudo sums and carries for each bit position of the lower part of the
product (bits 0 through 70). The resulting pseudo sums and carries are held in
registers for use during the third clock period. In the beginning of the third
clock period, add logic on the same modules further sums the pseudo sums and
carries before sending them to the 4GK7, 4GL7, 4GM7, 4GN7, 4GO7, and 4GP7
modules for the third level add. » v

The 4GJ7 modules are not used during the first pass.

60420300 K

SECOND PASS

During the second pass (third clock period), the 4GD7, 4GE7, 4GF7, 4GG7, 4GHT,
4GI7, and 4GJ7 modules merge 141 loop bits (bits 0 through 70) from the first
pass with pseudo sums and carries of the upper half of the product (bits 24 through
94). The loop bits come from the 4GK7, 4GL7, 4GM7, 4GN7, 4GO7, and 4GP7
modules and are right-shifted 24 places so that the lower 24 bits enter the 4GJ7
modules and are properly positioned for the merge. Except for the 4GJ7 modules,
the pseudo sums and carries that result from the second level add are held in
registers for use during the fourth clock period. In the beginning of the fourth
clock period, add logic on all except the 4GJ7 modules further sums the pseudo
sums and carries before sending them to the 4GK7, 4GL7, 4GM7, 4GN7, 4GO7,
and 4GP7 modules for the second pass through the third level add.

The 4GJ7 modules have two loop bits entering for each bit position of the final
product. The two loop bits enter registers on the 4GJ7 modules during the third
clock period and are held there during the fourth clock period when the final add
is performed. This part of the final add generates an enable for each of 12 bit
positions, a carry for each of 9 bit positions, and a group carry and group en-
able for each 4 bits of the final product. The output of the 4GJ7 modules goes
directly to the 4GS7 and 4GT7 modules, where the final add is completed.

ROUNDING

If rounding is specified by the multiply instruction, two copies of the round bit
signal enter at bit 46 of the 4GE7 module during the second pass. These two
bits generate a carry into bit 47 of the product during the fourth clock period.
The round bit signals come from the 3KV7 module of the multiply exponent
logic during the third clock period of instruction execution.

l 013 DM l
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MULT 3.1 TEST POINTS

Module Location | Test Point Description Module Location |Test Point Description Module Location | Test Point Description
4GDT* 7(C01-02, 25 Second level add bit N ! ! 46 Second level add bit N+5
"D03-04) 34 N+1 : . 31 N+6
22 . ’ N+1 34 N+6
45 N+1 11,12 25-nanosecond clock
3 ‘ Ne2| ac1rs |7(B0S,C03) 03, Second level add bit N
55 05 N
N+2
) . 01 N+1
56 : N+3 02 N+1
.01 25-nanosecon§i clock 12 N+l
4GET* 7(C04-09, 24 Second level add bit N 14 N+2§
D01-02, 23 N+1 15 N+2
D05-09, 34 N+1) 21 N+3
E01-12, 43 N+1 1 . 26 N+3
F03-13) 33 N+2 32 N+3
44 N+2 24 N+4
53 . N+2 34 N+4
54 \ N+3 43 N+4
11 25-nanosecond clock 45 N+4
AN . 64 N+5
4GFT* 7(C-D)10 24 Second level add bit N 62 . N+5
23 . N+l 66
N+5
45 . N+1
32 76 N+6
N+1
46 N+2 73 v N+6
31 e | 71,72 25=-nanosecond clock
55 N+2| 4GJ7* 7B03-04 - 05 Final add bit N
56 v N+3 06 N
11 25-nanosecond clock 04 N+1
A v, . 03 N+1
4GGT* 7(C-D)11 31 Second level add bit N . 15 N+2
32 -N+1 16 N+2
45. N+1
42 14 N+3
N+1
46 13 N+3
N+2
. 25 N+4
56 . N+2
59 26 N+4
N+3
24 N+5
54 N+3
23 N+5
55 N+3 35 N+6
| | 21 25-nanosecond clock 36 N+6
4GHT* 7(C-D)12 54 Second level add bit N 34 N+7
06 .. N 33 N+7
26 N+1 42 N+8
21 N+1 41 N+8
45 N+1 43 N+9
05 N+1 44 N+9
55 N+2 52 N+10
51 N+2 51 N+10
42 N+2 53 N+11
44 N+2 54 \ N+11 -mmnm
56 N+3 4 v 75, 76 25-nanosecond clock
: T 01012 ]
24 N+4
: : 32 N+4 ’ B em on e om e ol
v v 35 N+4 ]
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ROUND BIT

MULT 3 58

X1 LOOP BITS
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THIRD LEVEL ADD

The third level add modules receive pseudo sum and pseudo carries from the
second level adder and continue to sum groups of bits to form a pseudo sum and
carry for each bit position of the result. The modules used for the third level
add are 4GK7, 4GL7, 4GM7, 4GN7, 4GO7, and 4GP7. The 4GK7, 4GL7, 4GO7,
and 4GP7 modules contain registers that hold some of the pseudo sum, pseudo
carry, and loop bits. All the other pseudo sum and carries received by these
modules were held in registers on the 4GD7, 4GE7, 4GF7, 4GG7, 4GH7, and
4GI7 modules.

On the 4GM7, 4GN7, 4GO7, and 4GP7 modules, reference is made to duplicate
bits. These bits are received from fanouts on the second level add modules.
The duplicate bits provide a means of generating a pseudo carry to bit N from
bits N-1 and N-2. The pseudo sums for bit N-1 are generated on the next
lower module as bit N + 2 pseudo sums, Since separate modules generate the
pseudo sums and carries, duplication of the input bits is necessary.

60420300 K

FIRST PASS

The first pass through these modules takes place during the third clock period.
The third level add further reduces the results of the first pass through the
matrix to a pseudo sum and pseudo carry (loop bits) per bit position of the
lower part of the product. These 141 bits loop back to the 4GJ7, 4GK7, 4GL7,
4G17, 4GD7, 4GF17, 4GG7, and 4GH7 modules to be added with the results of
the second pass through the matrix. An enable loop signal from the 3KV7
module enables the loop from the 4GM7, 4GN7, 4GO7, and 4GP7 modules during
the third clock period and blocks the loop on all other clock periods.

SECOND_ PASS

The second pass through the third level add takes place during the fourth clock
period. At this time, the third level add further sums the entire product, the
results of both passes through the matrix, until only two bits of data remain in
each bit position of the upper part of the double-precision sum (bits 24 through
95). These 141 pseudo sum and carry bits are delivered to the 4GS7, 4GR7, and
4GQ7 modules for the final add.
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MULT 3,2 TEST POINTS

Module Location | Test Point Description Module Location | Test Point Description Module Location | Test Point Description
4GKT* TFO1 02 Third level add input
bit N
04 Third level add input
bit N+1
06 Third level add input
bit N+2
01 Third level add input
bit N+3
03 Third level add input
bit N+4
05 Third level add input
bit N+5
11 25-nanosecond clock
4GL7* TF02 02 Third level add input
bit N
06 Third level add input
bit N+2
01 Third level add input
bit N+3
05 Third level add input
bit N+4
| 03 25-nanosecond clock
4GMT* 7G01-14 01 Enable loop
4GNT* 7G15 01 Enable loop
4GOT* TF14 01,02 Enable loop
16 Third level add input
bit N
13 Third level add input
bit N+1
12 Third level add input
bit N+2
26 Third level add input
bit N+3
23 Third level add input
bit N+4
22 Third level add input
bit N+5
| 03 25-nanosecond clock
4GPT* TF15 11,13 Enable loop
05 Third level add input
bit N+1
02 Third level add input
bit N+2
04 Third level add input
bit N+3
01 Third level add input
bit N+4 = == oo o =
14 Third level add input E 1
bit N+5 l E3 E 4 I
16 Third level add input
bit N+6 - B N ] -
\ 12 25-nanosecond clock |
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_@ N+5
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R
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NOTES:
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TO MODULE LOCATION.
NUMBER GIVEN DOES NOT INCLUDE
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MULT 3.4C

Xi 8ITS
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MULT 3.50

s

4GN7|GI5 Xi BITS 55-59 (FIRST PASS)
79-83 (SECOND PASS)

ENABLE LOOP

FIRST PASS,LOOP
MULT 3.1C

sEconbsl:Ass
MUIT.T 3. 50

MULT 3.1
@

O N+2
@ N+!
C N
N=|
mems)
@ N-2 |
(OUPLICATE)|

ENABLE LOOP

4GM7]| GI4 Xi BITS 82 -55 76-79
46M7]GI3 49 -52 73-76
4GM7| 612 46 - 49 70- 73 .
46M7] 611 43-48 67- 70
4GM7 | GIO 40 - 43 64-67
4GM7 | GO9 37- 40 - 64
4GM7| 608 34-37 58- 6l
46M7 [ GO7 3| -34 55-58
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4GM7| 602 16-19 40-43
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FINAL ADD - LOWER HALF

The final add is performed in two parts. The first half of the final add sums
the pseudo sums and pseudo carries and sends the resulting carries and enables
to the second half of the final add. The second half of the ‘final add uses a
standard pass and carry check method of carry propagation. Both halves of the
final add constitute a full adder. A full adder is not used in the earlier stages
of the multiply unit because of the extra time involved in checking enables and

carries.

The first half of the final add is located on the 4GJ7, 4GS7, 4GR7, and 4GQ7
modules. The output of the 4GJ7 modules goes to the two 4GTT7 modules, where
the second half of the final add for bits 0 through 23 takes place during the

fourth clock period,

During the fourth clock period, the 4GS7 module generates enables for bits 24
through 31 by performing an exclusive OR of the pseudo sum and carry bits in-
put for each bit position. These enables are held in registers during the fifth
clock period when they are used by the 4GV7 modules for the second part of the
final add.

60420300 K

The 4GS7 module generates carries for bits 25 through 31 during the fourth clock
period by performing an AND of the pseudo sum and carry bits input for each
bit position. The enable and carry bits for bits 24 through 31 of the final
product go to a 4GV7 module,

During the fifth clock period, the 4GS7 module uses the bit enables and carries
to form+«a section carry and a section enable. The eight bits of the final

product that are handled by each module constitute a section. The section carry
and section enable generated are fanned out to the 4GU7, 4GV7, 4GW7, and 4GX7
modules of the coefficient hardware and to the 4KU7 module of the exponent hard-

ware for coefficient left-shift determination.

l Ei3 EM I
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MULT 3.3 TEST POINTS

Module Location | Test Point Description Module Location | Test Point Description Module Location | Test Point Description
4GST* THO5 06 Final add bit 25 carry
45, 46 26
05 27
56 28
16 29
66 30
15 31
75 32
22 Final add bit 24 enable
23 25 .
26 26
24 27
32 28
33 29
35 30
34 31
25 Final add bits 26 and
27 enable
31,65 Final add bits 28 and
29 enable
36,76 Final add bits 30 and
31 enable
54 25-nanosecond clock
4GTT7* THO03-04 01 Xi bit 0 or 12
03 lor 13
05 2or 14
11 3or 15
13 4 or 16
15 5o0r 17
56 6 or 18
54 7Tor 19
52 8 or 20
66 9or 21
64 10 or 22
62 11 or 23
71 25-nanosecond clock
4GUT* 7103-04 33-36 Gate lower half
4GV T* 7105-07 02,05 Gate lower half
v v 15 Bit N enable

5 Ell E12 !
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46v7[107 Xi BITS 40 -47 1
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FINAL ADD - UPPER HALF

FIRST HALF

The first half of the final add is located on the 4GJ7, 4GS7, 4GR7, and 4GQ7
modules. During the fourth clock period, the 4GR7 and 4GQ7 modules generate
enables for bits 32 through 94 by performing an exclusive OR of the pseudo sum
and pseudo carry bits input for each bit position. These enables are held in
registers during the fifth clock period when they are used by the 4GW7 and
4GX7 modules for the second part of the final add.

The 4GR7 and 4GQT7 modules generate carries for bits 33 through 95 during the
fourth clock period by performing an AND of the pseudo sum and carry bits input
for each bit position. The enable and carry bits for bits 32 through 95 of the
final product go to the 4GV7, 4GW7, and 4GX7 modules.

During the fifth clock period, the 4GR7 and 4GQ7 modules use the bit enables
and carries to form a section carry and a section enable. The eight bits of
the final product that are handled by each module constitute a section. The
section carry and section enable generated are fanned out to the 4GU7, 4GV7,
4GW17, and 4GX7 modules of the coefficient hardware and to the 4KU7 module
of the exponent hardware for coefficient left-shift determination.

The section carry generated by the 4GQ7 module includes special circuitry that
prevents the final result from being left-shifted one place when neither of the
source operands was normalized. One of the two bits entering the 4GQ7
module for bit 94 is the pseudo sum for bit 94, This bit is the result of the
logical product of bit 47 of the two source operands. Neither the 4GC7 module
that formed the logical product nor the 4GP7 module has modified this product

60420300 K

other than to call it pseudo sum 94. Assuming that the two source operands
were normalized, this bit should be a one, since it would then be the logical
product of two one bits. If it is not a one, the two source operands were not
normalized. The 4GQ7 module uses the complement of pseudo sum 94 to set the
section carry bit and thereby prevents left-shifting the final result when the two

source operands are not normalized,

a

SECOND HALF

The second half of the final add is performed on the 4GT7, 4GU7, 4GV7, 4GW7,
and 4GX7 modules. The 4GW7 and 4GX7 modules form the final prbduct of bits
48 through 95. The input of these modules is an enable and a carry for each
bit position and an enable and a carry for each section. The result is the com-
plement of the final sum and is complemented again as it is gated to the X
registers by the gate upper half signal. This recomplements the final product so
that the X registers receive the positive value of the result. If the result is
negative, it is complemented by the X register input control (CPU) before

it enters the destination X register.

LEFT SHIFT NETWORK

Before gating the final result, the 4GU7 and 4GV7 modules determine whether to
left-shift the result by one to normalize it. If bit 95.is a one, shifting is not

performed. Bit 95 is a one when the multiply process has generated a carry to
it or it is forced to a one when one or both of the multiply source operands are
normalized. If bit 95 is a zero, the result is not normalized and the hardware

left-shifts it one to normalize it. Bit 95 is a zero only when both source oper-
ands are not normalized and there was no carry into bit 95,
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MULT 3.4 TEST POINTS

Module | Location | Test Point Description Module Location | Test Point Description Module Location Test Point Description
4GQT* TH13 06 Final add bit 89 carry I I 21 Final add bit N and
43 90 : N+1 enable
05 91 25,55 Final add bit N+2 and
56 ‘92 N+3 enable
16 93 31,65 Final add bit N+4 and
66 94 N+5 enable
15, 75 7 95 36,76 Final add bit N+6 and
22 Final add bit 88 enable N+7 enablé
23 89 54 25-nanosecond clock
28 o 4GW7+ | 7108-10| 04,05° | Gate upper half
32 92 4GXT* mM11-13 04, 05 Gate upper half
33 . 93
36,35, 76 94
21 Final add bits 88 and
89 enable
25,55 Final add bits 90 and
91 enable
31,65 Final add bits 92 and
93 enable
54 25-nanosecond clock
4GRT* TN06-1 06 Final add bit N+1
carry
42,43 Final add bit N+2
carry
05 Final add bit N+3
carry -
56 Final add bit N+4
carry
16 Final add bit N+5
carry
66 Final add bit N+6
carry
15 Final add bit N+7
carry
71 Final add bit N+8
carry
22 Final add bit N enable
23 N+1
26 N+2
24 N+3
32 N+4
' . 33 N+5
H . 36 N+6
v v 34 N+17
60420300 K 5-7-12,2
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EXPONENT AND CONTROL

EXPONENT ARITHMETIC

EXPONENT INPUT RECISTERS

The exponent input registers, located on the 4KR7 module, receive bits 48
through 59 of the multiply operands from the 4RE7 module during the first clock
period. If the coefficient sign (bit 59) is negative, the associated exponent is
complemented to obtain the true value. Bit 59 is then removed and is sent to

the 3BA7 module. The two resulting 11-bit exponents are sent to the 4KS7
module. From this point on, bits 48 through 58 are referred to as bits 0 through
10.

ADD NETWORK

During the second clock period, the exponent logic on the 4KS7 module submits
the complement of bits 0 through 9 of both exponents to the add network. Ex-
ponent bias is removed by not complementing bit 10.

The add network sums the two exponents in a 13-bit ones complement mode.
Depending upon the instruction mode, this network also adds a third quantity.
If the multiply double-precision flag is set, this third quantity is a zero. If
the multiply double-precision flag is cleared, the third quantity is 60 (octal)
(+48 decimal).

First Half

The first half of the add network forms pseudo sums for bits 0 through 3 and
6 through 10 by performing an equivalence of the two exponents. For these
bits, a pseudo sum is generated when the corresponding bits of the two expo-
nents are equal,
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Bits 4 and 5 are handled by a three-input adder to allow the single-precision
correction to be made. The add network performs an exclusive OR of the ex-
ponents for bits 4 and 5. Then, depending upon whether double precison is
selected or not, it performs an exclusive OR of the result and the double-pre-
cision correction signal received from the 3KV7 module during the second clock
period.

The 4KS7 module also generates pseudo carries. The add network forms pseudo
carries to bits 1 through 4 and 7 through 11 by performing an OR of the corre-
sponding bits of the two exponents. Pseudo carries to bits 5 and 6 are handled
by a three-input network to allow the single-precision correction to be made.
When the pseudo sums and pseudo carries are half-added, the result is 60 (octal)
added to the exponent if single precision is selected.

Second Half

The 3BAT module combines the pseudo sums and carries from the 4KS7 module
to determine which stages are enables and which stages have carries coming into
them.

A bit enable is produced by an exclusive OR of the pseudo sum and pseudo carry
coming into that stage. Bit and group carries are produced by an AND of the
pseudo sum and pseudo carry into a stage or an AND of an enable and carry
generated by the next lower stage.

The add network uses the resulting bit enables, bit carries, and group carries
to perform carry propagation checks until each bit of the sum is represented by
an enable and a carry. An exclusive OR of these two bits produces the sum in
complemented form. This complemented result is fed to the 4KU7 module.

---HM@
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PRODUCT SIGN

The 3BAT module generates the product sign by performing an exclusive OR of
the sign bits received from the 4KR7 module.

SPECIAL CASE CHECKS

The 4KS7 module receives the true values of the two operand exponents from

the 4KR7 module during the second clock period and examines them for overflow,
underflow, or indefinite conditions. Overflow of the floating-point range is indi-
cated by an operand exponent value of 3777 in packed form, the largest exponent
value that can be represented in floating-point format. Underflow of the floating-
point range is indicated by 0000 in packed form, the smallest exponent value

that can be represented in floating-point format. An indefinite condition is in-
dicated by a minus zero exponent, 1777 in packed form. The exponent logic
looks for each of these conditions and sends an overflow, underflow, or' indefinite
condition indicator for each operand exponent to the 3BA7 module.

The 3BA7 module summarizes the special cases and examines the final result for
overflow or underflow of the floating-point range.

INDEFINITE

An indefinite signal is sent to the 3KV7 module when one of the following con-

ditions exists.

One or both of the operands have an indefinite exponent.

One operand has an underflow exponent and the other operand has an

overflow exponent.

60420300 K

OVERFLOW

An overflow signal is sent to the 3KV7 module when one of the following conditions

exists.
" One operand has an overflow exponent and the other operand has a normal
exponent.
Both operands have overflow exponents.

The ‘unpacked exponent of the result (sensed prior to reducing it by one
when a left-shift is performed) is greater than +1777 (octal).

UNDERFLOW

An underflow signal is sent to the 3KV7 module when one of the following conditions
exists.

One operand has an underflow exponent and the other operand has a normal
exponent.
Both operands have underflow exponents.

The unpacked exponent of the result (sensed prior to reducing it by one when
a left-shift is performed) is less than -1776 (octal).

SPECIAL CASE

A special case signal is sent to the 3KV7 module if any of the previous special
conditions exist,

INDEFINITE-1

An indefinite-1 signal is sent to the 3KV7 module if one or both operands have an
indefinite exponent. The indefinite bit is set in the- exit condition register (CPU)
for this case. P [ R B N -

IG7GSI
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INFINITE

An infinite signal is sent to the 3KV7 module if one or both operands have an
overflow exponent. The infinite bit is set in the exit condition register (CPU)
for this case.

INTEGER MULTIPLY

If both operands have underflow expohents and the operand coefficients are not

both normalized, an integer multiply is performed.

NOTE

If an integer multiply is performed with one
coefficient normalized, an undetected overflow
result may occur.

An integer multiply forces the second half and result bits 0, 4, and 5 to ones
and forces bit 10 (bias bit) to a zero. This ensures that all zero bits are sent
to the Xi register for the exponent portion of the result. The complement of the
exponent portion is sent to the Xi register if the sign of the result is negative.

RESULT REGISTER

The exponent result register on the 4KU7 module rece_ives the complemented
result of the exponent add from the 3BA7 module during the fourth clock period.
The result is used by two separate output networks.

One output network subtracts one from the output of the first adder by adding
one to the complement., This network, called the minus one network, gates

the exponent to the X register when the coefficient result has been left-shifted
one place to normalize it. The other network, which does not have a minus one
correction, gates the exponent when the coefficient result is not shifted. Both
output networks complement bit 10 to add the exponent bias and then complement
the entire output to form the true output.
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The 4KU7 module determines whether or not the coefficient was shifted by checking
for a carry into bit 95 using the section carries and enables from the 4GT7,

4GS7, 4GR7, and 4GQT7 modules. If no carry was generated into bit 95 (forced

or otherwise), the coefficient was shifted and the network with the minus one

correction is gated out.

Gating of the exponent from either network occurs upon receipt of the gate expo-
nent signal from the 3KV7 module during the fifth clock period.

a

MULTIPLY CONTROL LOGIC

The multiply control logic for both the exponent and coefficient arithmetic of the
floating-multiply unit is located on the 3KV7 module. The multiply busy flag,
which is received from the 4LE7 module, controls data movement through the
multiply unit. The multiply busy flag on the 4LE7 module sets at the end of the
first clock period.

Consequently, multiply busy on the 3KV7 module sets during the second clock
period and is clear on all others. Similarly, the multiply busy signal on the
3KV7 module is a one during the first clock period and a zero during the second
clock period. A timing chain and the multiply busy signal control the output of
following signals.

ROUND FLAG

Two copies of the round flag cause the addition of a round bit to bit 49 of the
double-precision coefficient during the third clock period of instruction execution.
The round flag sets during the first clock period of execution when rounding is
specified by the multiply instruction, This flag is copied to another register rank
for use during the third clock period when two copies of the flag are sent to
coefficient bit 45 on a 4GE7 module. A carry bit, generated by these two bits,

rounds bit 46 of the coefficient.
m BrE ED C -
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DP CORRECTION

The DP correction flag sets during the first clock period when double precision
is specified by the multiply instruction and sent immediately to the 4KS7
module to control ‘the exponent arithmetic. This flag is also copied to other
register ranks on the 3KV7 module until the fifth clock period when it gates the
lower half of the double-precison coefficient. The complement of this signal
gates the upper half of the double-precision coefficient.

60420300 K

ENABLE LOOP

The enable loop signal, conditioned by multiply busy, gates the loop bits from
the first pass through the coefficient logic during the third clock period. Looping
is blocked at all other times to prevent the possibility of bits from the second
péss through the matrix from interfering with the execution of a new multiply

instruction that may have entered the multiply unit.

'GHG’EZ l
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MULT 3.5 TEST POINTS

Module Location Test Point Description Module Location | Test Point Description Module Location | Test Point Description
|
3BAT* 7TH16 (No signal/rgtr TPs) l :
4KRT* TF16 33,34 Mult busy 22 Underflow FF
42 Xk exponent rgtr bit 48 24 Indefinite FF
45 49 21 Product sign FF
43 50 11 Gate mult
44 51 02 Mult busy FF (MB+1)
52 52 03 Mult busy FF (MB+2)
54 53 05 Mult busy FF (MB+3)
55 54 64 Gate upper half
. 56 55 74 Gate lower half
62 56 54, 44 Enable loop
64 57 \ ¥ 15, 16 25-nanosecond clock
65 58
66 59
01 Xj exponent rgtr bit 48
03 49
05 50
06 51
15 52
13 53
12 54
11 55
22 56
25 57
23 58
26 v 59
73, 14 25-nanosecond clock
4KST* 7G16 (No signal/rgtr TPs)
21 Gate exponent
4KUT* TH15 25 Sample exponent
02 Exponent bit 0
03 1
06 2
05 3
14 4
16 5
11 6
12 7
24 8
22 9
23 v 10
26 25-nanosecond clock
3KV T TH14 35 mO0 FF
36 mO0 FF (MB+1)
33 ml FF .
34 ml FF (MB+1) e |
32 ml FF (MB+2) § 63 G4 l
H : 13 Special case FF
: : 12 Go mult special case . -
v v 25 Overflow FF IVM l- o g2 e el

60420300 K
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3KVT[HI4
m
cPU3.1B o ROUND BIT L
(c1w) 3.1A
SPECIAL
cPU
CAsE gg s:uu SPL 3.4
L. GATE MuLT |
NORMAL 344
. _jop corr
mi -
she bl g I 2 [« J+[FanoUT }>{- MuLT
3BA7| HI6 ™) GATE LOWER
4KR7[FI6  Xj aks7|cl6 XK, X -:]— FANOUT -1 MULT
,
BIT 59 (7)OVERFLOW CPO3 preciStn GATE UPPER 3.4D
: —(9)—
CHECK FOR Xk, Xj CHECK FOR [ WULT | O EEEF oo, ﬁ‘@ °VERFWW-{‘)*—§;UA
INDEFINITE SPECIAL CASE BUSY | 'INDEFINITE, UNDERFLOW,
OVERFLOW, Ay ' INDEFINITE
j 2 OVERFLOW =]PRODUCT SIGN cPo2 cPO3 X
Xj BITS UNDERFLOW, 2) v e - - PRODUCT SIEN
48-59 xj . INDEFINITE xk.xi [+ UNDERFLOW, cPU B FF
CcPU « || expoNENT %! OMPLEMENT] UNDERELOW AND INDEFINITE 328 |MuLT BUSY + MB+2[|MB+3 INDEFINITE-)
3.48 REGISTER Xj 0-9 o INFINITE
XPONENT! (2
COMP IF BITS 0-10 "E"‘:’;{E t
| 3 -
X INFINITE ﬁga
NEGATIVE i pe. '
INDEFINITE ) 0] SPECIAL CASE 3
X) - 3|
SIGN FORM FANOUT — MULT
J— PRODUCT ENABLE 3.2
cPy MULT BUSY Xk SIGN ENAD .
3.28 SIGN
N INTEGER MULTIPLY SKUTJHIS —GATE EXPONENT|
— LOGICAL |
SAMPLE BIT 59
— — EXPONENT N
Xk BITS Xj +Xk - —-hoo BIAS } {5} 12
48-59 Xk Xk FIRST HALF Xj+ Xk %P Xi BITS 48-53
cPy -—@'[‘ﬂ- EXPONENT Q) OMPLEMENT] ADD 60 IF @-—- SECOND @ . RESULT cru
348 REGISTER XPONENT| Xk 0-9 SINGLE CARRIES HALF REGISTER 3.4A
BITS 0-10| REMOVE PRECISION EXP BIT 53
COMP IF BIAS i ® {‘; (X RGTRY
Xk PSUEDO SUMS Xi BITS 48-59
NEGATIVE
Xk —
8IT 59 SECTION LEFT SHIFT
PERFORM
BT 94 wur 3.38 | T ves LEFT SHIFT
MULT 3.4 eheck on
- sm:gs COEFFICIENT :
BT 70 OR BIT 94 CARR LEFT SHIFT
NOTES: MULT 3.08 MULT 3.28
I. ALL MODULES SHOWN ARE LOCATED ON CHASSIS 7.

@ THE NET RESULT IS TO SUBTRACT ONE FROM THE EXPONENT.

(@ AT.THE X REGISTER THE GATE EXP SIGNAL IS
BIT 59 FOR BOTH EXP AND EXP~I.

@ BOTH BIT 70 (FIRST PASS) AND BIT 94 (SECOND

S) ARE SENT TO THE

PAS:
3BAT MODULE, BUT ONLY BIT 94 IS USED FOR THE INTEGER MULTIPLY CHECK.
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i DETAILED — MODULES DIAGRAM
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3BA7T MODULE

The 3BA7 module forms the second half of the exponent add and examines the
complement of the result for overflow or underflow of the floating-point range.

The 3BA7 module also determines whether an integer multiply should be performed.,

The overflow and underflow tests are made primarily by examining bits 10, 11,
and 12 of the result. Since the result is in complement form at this point of the
add operation, bit 12 (term H12) set indicates a positive exponent result, and
term TH set indicates a negative exponent result. Bit 11 may be set for a posi-
tive result, but should never be set when the result is negative. The value of
bit 10 depends upon whether the exponent result is negative or postive. '

OVERFILOW

When bits 10 and 11 of a positive result are set (terms H10 and H11), the result
is £+ 1777, Term T7I indicates the complement of this condition or that the re-
sult is >+ 1777, Therefore, an overflow condition (term 7I set) occurs when the
result is >+ 1777, The overflow signal is sent to the 3KV7 module if an in-
definite condition does not already exist.

60420300 K

UNDERFLOW

When the result is negative (term 7H set), two possible overflow conditions are
examined. Bit 10 (term H10) set indicates that overflow has occurred because
the exponent result is <- 2000. Terms JA, JB, and JC set indicate that the
result is equal to - 1777. If either of these conditions exists, an underflow con-
dition (term UF) is detected. The underflow signal is sent to the 3KV7 module

if an indefinite condition does not already exist.

INTEGER MULTIPLY

When both operands have underflow exponents (terms KU and JU are cnes) and
the operand coefficients are not both normalized (term BI is one), an integer
multiply is performed. However, if one of the operand coefficients is normalized,

an undetected overflow result normally occurs.

When an integer multiply is performed, exponent adder output bits 0, 4, and 5 are
forced to one by term IM, and the bias bit (bit 10) is forced to a zero. This
ensures that all zero bits are sent to the Xi register for the exponent portion of
the integer result.

During an integer multiply operation, an underflow condition exists, but the
special case condition is blocked by term NIM. Blocking special case to multiply
control (3KV7 module) enables the multiply unit to output to the Xi register even
though the underflow condition exists.

mmmm;
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CLOCK PERIOD 10 |;2:3:4:5:e=7

CLOCK PULSE I l |

TWO SUCCESSIVE FLOATING MULTIPLY INSTRUCTIONS I@ @
IN THE TOP PARCEL OF THE CIW REGISTER

(@ 6O ISSUE (IN ISSUE CONTROL)

%

MULTIPLY BUSY FLAG SET (IN ISSUE CONTROL)

»

e

Xj (1) (BITS 24-59), xk{l) (BITS 0-59),m0(I),AND
mi (1) IN MULTIPLY UNIT INPUT REGISTERS

Xj (1) (BITS 0-23) IN MULTIPLY UNIT INPUT REGISTERS

B
e

___;g___‘

Xi (1) RESERVED

INSTRUCTION | RESULT ENTERS Xi (1)

Xj(2)(BITS 24-59), Xk(2)}{BITS 0-59),m0 (2), AND
mi (2) IN MULTIPLY UNIT INPUT REGISTERS

¥

Xj(2)(BITS 0-23)IN MULTIPLY UNIT INPUT REGISTERS

@

g

Xj (2) RESERVED

INéTRUCTION 2 RESULT ENTERS Xi (2)

o __

NOTES:
(@ INSTRUCTION |- ASSUME NO ISSUE CONFLICTS.
@ INSTRUCTION 2 - ASSUME THAT ONLY ISSUE CONFLICT IS THAT THE MULTIPLY UNIT IS BUSY.
THUS, ISSUE IS DELAYED ONE CLOCK PERIOD.

@ ENABLE ISSUE IS DELATED 4 CLOCK PERIODS (THEREFORE, GO ISSUE
IS DELAYED A MINIMUM OF 4 CLOCK PERIODS) IN THE AAI20-C.

THIS DELAY IS REMOVED BY INSTALLING OPTION AT364-A.
- G OO BED EENp

| HIH2 &

mun—d

CODE IDENT oWE O REV
I TIMING DIAGRAM 34010 | 60420300
P MULTIPLY INSTRUCTION i T
DEVELOPHENT
DIVISION C 5-7-8!
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PART 8

DIVIDE UNIT
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DIVIDE UNIT

The floating-divide unit executes the two CPU instructions, floating divide (44)

and round floating divide (45). ‘These instructions direct the computer to divide
Xj by the divisor Xk and send the quotient to Xi. This unit involves a 17-step
iterative process to form the quotient from the two operands. Only one divide
instruction may be executed in the iterative portion of the divide unit at a given

time.

The divide instructions require 20 clock periods for execution. Data moves
from the operating regiéters to the divide unit input registers each clock period
in which the divide busy flag is clear. The data is used for. instruction execu-
tion only if a divide instruction issues from the CIW register and sets the divide
busy flag., The data which arrives at the divide unit during the clock period of
instruction issue is then used in the execution of the following divide sequence.
The divide busy flag prevents the CIW from issuing another divide instruction
for the 17 clock periods following instruction issue. However, in the 18th clock
period after instruction issue, a second divide instruction may issue.

Bit 0 of the m designator is held in an input register along with the operand
data in Xj and Xk. This bit is the divide round flag which distinguishes
between the two instruction modes.

The divide unit operates on positive coefficient values only. Each coefficient
for Xj and Xk is individually complemented in static networks if its sign is
negative. The sign of the result is determined by the divide unit and is sent to
X register input control in the CPU. This sign bit is the logical difference of
the two operand sign bits.

The divide busy flag initiates a chain of divide sequence control flags which
sequence the steps in the instruction execution. This chain controls the sequence
of events for the 19 clock periods following the issue of the divide instruction.
These static conditions then control the data movement within the divide unit and
the data transmission of the X register input path at the end of the divide

sequence.

60420300 K

The format of a floating-point number is k2", where k is a 48-bit integer

coefficient and n is a 10-bit integer exponent.

Division of floating-point numbers requires the subtraction of the exponents and
the division of two 48-bit coefficients. Double-precision division is not provided
and a remainder cannot be retrieved. Since the divide hardware produces a
quotient in the range, 1.7777 7777 7777 7777 through 0.0000 0000 0000 0000, the
ratio of Xj to Xk must always be less than 2 to 1. If the divisor is normalized,
this requirement is always met. If this requisite is not met, the resulting
quotient is meaningless. If both the dividend Xj and the divisor Xk are nor-

malized, the quotient Xi is also normalized.

The quotient coefficient is formed three bits per clock period in 17 iterative steps.
The result of the first iteration is stored in the control module. The results of
the 16 succeeding iterations (a total of 48 bits) are stored in the quotient shift
register. If the quotient is of the form, 0.X-------- X (the ratio of Xj to Xk

is less than 1 to 1), the result of the first iteration is a zero, and the 48 bits

in the quotient shift register are taken as the coefficient of the result.

Given: Xi Xj/ Xk
(Xj) 2057 4400000000000015
(Xk) = 2032 6000000000000000

The divide coefficient logic forms:

4400000000000015
66060600000800000

= 0,6000000000000021

In floating-point format, the coefficient must be an integer. Therefore, the binary
point must be moved 48 places to the right. Since the exponent must be de-
creased by one for every place, the binary point is right-shifted, 60 (octal) is
subtracted from the difference of the exponents, and the final result is:

(Xi) = 1744 6000000000000021 Em L R ] %

B5 B

o Em e e B

[Final exponent = 2057 - 2032 - 60 = -33 (unbiased) = 1744]
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If the quotient is of the form, 1,X-=w=-==- X (the ratio of Xj to Xk is 1 to 1 or
greater, but less than 2 to 1), the result of the first iteration is a one, and the
upper 47 bits in the shift register are interpreted as bits 0 through 46 of the
quotient coefficient. The X register access control interprets bit 47 as a one.

Given: Xi = Xj/Xk
(Xj) = 2016 7000000000000000
(Xk) = 2025 4000000000000000

The divide logic forms:

7000000000000000
4000000000000000

= 1,6000000000000000

In order to make this quantity an integer, the binary point must be moved 47
places to the right. Therefore, 57 (octal) is subtracted from the difference of
the exponents and the final result is:

(Xi) = 1711 7000000000000000

[Final exponent = 2016 - 2025 - 57 = =66 (unbiased) = 1711]

If the ratio of Xj to Xk is 2 to 1 or greater, the result of the first iteration is
forced to a two by the release remainder control signal. The control network
then sends a special case signal (indefinite) to the X register input control net-
work along with an operand consisting of all ones, The X register input control
network then generates an indefinite result.

The quotient coefficient is formed three bits per clock period. The iteration
network functions exactly like a pencil and paper octal divide. A multiplication
network forms seven multiples of the divisor, Xk through 7Xk. The dividend is
entered into the remainder register, which holds 51 bits (initially bits 48, 49,
and 50 are all 0). The trial subtraction network simultaneously compares each
of the seven divisor multiples with the contents of the remainder register. The
largest multiple that is smaller than the remainder is subtracted from the re-
mainder. The resulting quantity is left-shifted three binary (one octal) positions
and entered into the remainder register. The number of the multiple chosen
(pick number) becomes the first quotient digit. The pencil and paper method is:

60420300 K

0.6000 0000 0000 0021

6000 0000 0000 0000 |Z4oo 0000 0000 0015.0000 0000 0000 0000
0000 0000 0000 0000

4400 0000 0000 0015 O
4400 0000 0000 0000 O

The same division as performed 15 0000 0000 0000 000
by the functional unit: 14 0000 0000 0000 000
Dividend (Xj) = 4400 0000 0000 0015 1 0000 0000 0000 0000

6000 0000 0000 0000
Divisor (Xk) = 6000 0000 0000 0000 2000 0000 0000 0000

The multiplication network forms:

Xk = 6000 0000 0000 0000
2Xk = 1 4000 0000 0000 0000
3Xk = 2 2000 0000 0000+ 0000
4Xk = 3 0000 0000 0000 0000
5Xk = 3 6000 0000 0000 0000
6Xk = 4 4000 0000 0000 0000
7Xk = 5 2000 0000 0000 0000

The dividend enters the remainder register.
RMDR = 0 4400 0000 0000 0015

Initially, the quotient shift register has contents: XXXX XXXX XXXX XXXX
The 17 iterative operations are performed as follows:

1. Compare RMDR versus Xk through 7Xk:
RMBR is smalleb than any of them.
Enter octal digit 0 in shift register:
Quotient = XXXX XXXX XXXX XXXO0 (the quotient
is left-shifted one octal digit each clock period).
Enter chosen digit (in this example, a 0) in con~
trol module this iteration only.
Enter RMDR-0 and left-shift three:
RMDR = 4 4000 0000 0000 0150 <—becomes a 2525
pattern if in-
struction 45
enter 0 since left-shift

three
2. Compare RMDR versus Xk through 7Xk: 6Xk< RMDR<TEXk
Enter second octal digit: QUOT = XXXX XXXX

XXXX XX06
& D E

37 BO

g




Enter RMDR-6Xk and left-shift three: RMDR = 16,

0 0000 0000 0000 1500

In the next 12 iterations, an octal digit 0 is picked, and

3 through 14
the quotient and remainder are left-shifted three binary

11,

places each clock period.

Compare RMDR versus Xk through 7Xk: 2Xk< RMDR< 3Xk

Enter octal digit 2: QUOT = 0600 0000 0000 0002
Enter RMDR-2Xk: RMDR = 1 0000 0000 0000 0000

Compare RMDR versus Xk through 7Xk: Xk< RMDR< 2Xk

Enter ocial digit 1: QUOT = 6000 0000 0000 0021

Discard remainder and transmit quotient to Xi

RMDR
QUOT

15. Compare RMDR

Enter
Enter

60420300 K

0 1500 0000 0000 0000
= XX06 0000 0000 0000

versus Xk through 7Xk: RMDR <Xk

octal digit 0: QUOT = X060 0000 0000 0000
RMDR-0: RMDR = 1 5000 0000 0000 0000

l BQ BIO 1
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EXPONENT, OUTPUT, AND CONTROL

EXPONENT MANIPULATION

INPUT REGISTERS

The data input registers for both operand exponents, bits 48 through 59, are on
the 4KR7 module. The data that is jn the registers when the divide busy flag
sets is held for the 17 clock periods during which the flag remains set. Xj bit
59 and Xk bit 59 are sensed and the exponents (bits 48 through 58) are individually
complemented if they are negative., The output goes to the 4DO7 module (bits 48
through 58) and the 3DP7 module (bit 59).

EXPONENT FORMATION

The exponent subtraction occurs while the coefficient is being formed. The
quotient exponent is held until the quotient coefficient is completely assembled.
The exponent subtraction network, comprised of the preliminary and final addition
networks, is on the 4DO7 and 3DP7 modules. Instead of subtracting the divisor
exponent and the correction factor from the dividend exponent, the dividend expo-
nent is complemented and added to the divisor exponent and to the correction
factor (CF). The CF is determined in CP04 by bit 0 (overflow bit) of the first
quotient coefficient digit. The resulting sum (exponent) is complemented on out=-
put by the 4DS7 module to obtain the quotient exponent. In effect, the exponent
network forms minus (-Xj + Xk + CF) instead of (Xj - Xk - CF).

The exponent addition is performed in two halves. The network that performs

the preliminary exponent addition is on the 4DO7 module; the final exponent
addition network is on the 3DP7 module. The bias is removed from both expo-
nents on input to the 4DO7 module., The exponents and the correction factor are
then added. 1If the overflow bit from the 4DQ7 module, bit 0 of the first iteration,
is a zero, the quotient is of the form 0,XXXX XXXX XXXX XXXX, and the cor-
rection factor is 60 (octal), If bit 0 of the first iteration is a one, the quotient

is of the form 1,XXXX XXXX XXXX XXXX, and the correction factor is 57 (octal).
m =0 BN B “

~ D5 D6 l
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The result of the first half addition is a bit carry and a bit enable for each
position. These bits are transferred to the final exponent addition network on the
3DP7 module.

The final addition network combines the carries and enables in a 13-bit mode.
The two extra bits are formed by sign-extending the exponents. The upper
three bi‘ts of the 13-bit sum are sensed to detect special case conditions.
Exponent bias is added, and the lower 11 bits of the sum are then transferred
to the output network on the 4DS7 module.

The sign of the quotient is formed by a network on the 3DP7 module and sent to
the X register input control. This sign bit is the logical difference of the two
operand sign bits. A network on the 4DO7 module checks for operand exponent
overflow, underflow, and indefinite exponents. The rest of the special case
checks are performed on the 3DP7 module. If any special case exists, the
special case signal to the 4DQ7 module is a one, in which case, a quotient of all
ones is sent to the X register. The three signals to the X register input control
specify which, if any, of the special case conditions exist.

SPECIAL CASE

A number of special cases are treated in the floating-divide unit, If any special
case conditions exist, the special case signal from 3DP7 to the 4DQ7 module be-
comes & one. When the go divide special case signal from the 4DQ7 module to the X
register input control becomes a one, the specific condition is indicated by the
exponent indefinite, overflow, and underflow signal from the 3DP7 module. In
any special case condition, the transmission of data from the divide unit output
registers to the destination X register is blocked. The gate quotient signal from
4DQ7 to 4DS7 remains a zero, forcing the exponent output registers to transmit
all ones. The gate output signal (which is the gate quotient signal delayed 1
clock period) forces the coefficient output registers to transmit all ones. Thus,
a quotient of all ones is delivered to the X register and the input control forms
the particular special case word. The special condition flags cause the appro-
priate bit to be set in the exit condition register.
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If no special case conditions exist, the special case signal from 3DP7 to 4DQ7
remains a zero. The go divide special case signal to the X register input con-
trol is a zero and the gate divide and the gate quotient signals are ones. The
gate quotient signal gates the quotient output.

SPECIAL CASE OPERANDS

One category of special case conditions involves overflow, underflow, or indefinite
operand values. These situations are sensed in the 4DO7 module. The combi-
nation of special operand values which cause specific results are sensed on the
3DP7 module. If either operand is indefinite, or if both operands are indefinite,
the result is indefinite, The operand coefficients are ignored in this case, and
the resulting word delivered to the Xi register is positive indefinite with a zero
coefficient. The indefinite bit is set in the exit condition register (CPU) for

this case,

If either operand has an overflow exponent, or if both operands have overflow
exponents, the result is infinite. The infinite bit is set in the exit condition re-
gister (CPU) for this case.

If Xj has an overflow exponent and Xk is in floating-point range or has an under-
flow exponent, the result is a complete overflow word delivered to the Xi register.
The coefficients of the operands are ignored in this case, and the result is a zero
coefficient. The sign of the result is calculated in the same manner as for
operands in range.

If Xj has an underflow exponent and Xk is in floating-point range or has an over-
flow exponent, the result is a complete underflow word delivered to the Xi
register. The coefficients of the operands are ignored in this case, and the
result is a zero word.

If Xk has an overflow exponent and Xj is in floating-point range, the result is a

complete underflow word delivered to the Xi register. The coefficients of the
operand are ignored in this case, and the result is a zero word,

60420300 K

If Xk has an underflow exponent and Xj is in floating-point range, the result is
a complete overflow word delivered to the Xi register. The coefficients of the
operands are ignored in this case. The sign of the result is calculated in the
same manner as for operands in range.

The combination of operand exponents of overflow divided by overflow and under-
flow divided by underflow results in a positive indefinite word delivered to the Xi
register.

.

SPECIAL CASE QUOTIENT

A second category of special cases occurs if there is an underflow or an over-
flow of the floating=-point exponent range during the exponent calculation. In these
cases, the special case signal is sent to the X register input control, and the
output from the divide unit is blocked in the same manner as for the. special

case operands.

A complete overflow occurs for this instruction whenever the exponent compu-
tation results in an exponent greater than plus 1777 (unbiased), If any combi-
nation of operand exponents causes an indefinite condition, the overflow situation
is ignored. Otherwise, this situation is sensed as a special case, and a com-
plete overflow word with proper sign is delivered: to the Xi register. The co-
efficient calculation is ignored in this case.

A complete underflow occurs for this instruction whenever the exponent compu-
tation results i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>