Burroughs

B 5281

TRAINING MANUAL

PROPERTY OF AND TO BE RETURNED TO

Burroughs

Printed in U.S. America Revised 8-1-66 B 5281. 55



August 1, 1966 B 5281.55 i
ANANANA\BURROUGHS FIELD ENGINEERING /\\ | TRAINING MANUAL NAANANAAANAAAANARARANARNARARNANARARARAANANAAAA

TABLE OF CONTENTS
SECTION TITLE
INTRODUCTION

General
Physical Orientation

e
n

LOGICAL IMPLEMENTATION
Operator Control Level Coding
Memory Access
B Register Alignment
Parallel Adder
Serial Decimal Adder
Input Convert: B29T
Output Convert: B30T

PPN NN
~N ONVIULETwW

WORD MODE OPERATIONAL FLOWS
Logical AND Logical OR
Logical EQUIVALENCE
Logical NEGATE
Relational Operators
Compare: B Greater than A
B Greater than or Equal to A
B Equal to A
B Less than or Equal to A
B Less than A
B Not Equal to A
Branch Forward/Backward Unconditional
Branch Forward/Backward Conditional
Branch Return Operator
Store Destructive/Non-Destructive
Integer Store Destructive/Non-Destructive:
Unconditional - Conditional
Dial A - Dial B
Transfer Bits
Compare Field Equal
Compare Field Low
Set Flag Bit/Reset Flag Bit
Test Flag Bit/Interrogate Peripheral Status/Interrogate I/0 Channel
Reset Sign Bit/Set Sign Bit/Change Sign Bit/Stack Search for Flag
Single Precision Add/Subtract
Single Precision Multiply
Single Precision Divide
Integer Divide
Remainder Divide
Double Precision Add/Subtract
Double Precision Multiply
Double Precision Divide
Exponential Arithmetic
Mark Stack, Enter Character Mode
EXIT

wwwww
FwrhoH

O 0~ OV

el
WO

wWwwwwuwwwwwwwwwwwww wwwww
MO NONNNONDDHEHPFEFEE
o EwNHOVV o oNILE

Printed in U.S.A.



ii B 5281.55 August 1, 1966
ANAN AN [\ BURROUGHS FIELD ENGINEERING /\/\/\ TRAINING MANUAL AAANAAAANAAAAARAAAAAANNANARAAAAAAANNAAAAAAAAAA

TABLE OF CONTENTS (Continued)

SECTION TITLE
3.28 Return Normal/Return Special
3.29 Exchange
3.30 Duplicate
3.31 Load
3.32 Index
3.33 Construct Operand/Descriptor Call
3.3L Branch Forward/Backward/Non-destructive/Destructive/Delete
3.35 Variable Field Isolate
L CHARACTER MODE OPERATIONAL FLOWS
L.1 Transfer Source Characters
L.2 Transfer Source Zone
L.3 Transfer Source Numerics
L.L Transfer Program Characters/Transfer Blanks for Non-numerics
L.5 Transfer Words
L.6 Test Operators
Test for: Equal
Greater than or Equal to
Less than or Equal to
Greater
Less
Not Equal
L.7 Test for Alphanumeric
L.8 Test Bit
L.9 Comparison Operators
Compare for: Equal
Not Equal
Greater or Equal
Greater
Equal or Less
Less
L4.10 Field Add/Subtract
L.11 Jump Forward Unconditional/Conditional
L.12 Jump Reverse Unconditional/Conditional
L.13 Begin Loop
L.1)h End Loop
L.15 Jump Out of Loop Unconditional/Conditional
L.16 Skip Forward/Reverse Source
L.17 Skip Forward Destination
L.18 Skip Reverse Destination
L.19 Skip Bit Source
L.20 Skip Bit Destination
Lh.21 Store Source Address
L.22 Store Destination Address
L.23 Store Control Address
L.24 Recall Source Address
L.25 Recall Destination Address
L.26 Recall Control Address

Printed in U.S.A.



August 1, 1966 B 5281.55 iiji
NANAANN\BURROUGHS FIELD ENGINEERING \ \ A TRAINING MANUAL AAANAAAAAAANANAANAAAAARAAAAARAAAANAARNANAARAA

TABLE OF CONTENTS (Continued)

SECTION TITLE
L.27 Set Source Address
L.28 Set Destination Address
L.29 Transfer Source Address
L.30 Transfer Destination Address
L.31 Input Convert
L.32 Output Convert
L.33 Set Tally/Increase Tally/Character Mode No-Op
Store Tally
Reset Bit
Set Bit

Call Repeat Field
Exit Character Mode/In-Line Exit Character Mode

wlwwlww
@@~ ON\ILE

CONTROL STATE AND MISCELLANEOUS OPERATORS
Communicate '
Program Release - I/0 Release
Interrogate Interrupt
Store for Interrupt - Store for Test
Initiate P1 - Initiate Test
Initiate P2 - Initiate I/0
Halt P2 Syllable
Read Timer
Literal Syllable
Operand/Descriptor Call Syllable
Conditional Stop
Syllable Interface SECL/Fetch
MR Logic

QAR ARVARVARE RV RN RV ARVA RN SN2 TN 5 B magll mngll el madl g
W+

H 0 o
wWh O

Printed in U.S.A.



iv B 5281.55 August 1, 1966
\NA/\/\BURROUGHS FIELD ENGINEERING /\\/\ TRAINING MANUAL NANANAAAAANAAAAAANAANAAAAAAARAAAARAARAANARAAAAA

LIST OF ILLUSTRATIONS

FIGURE TITLE PAGE
1.2-1 DP-A and DP-B Main Frame Location--——eee e mmm oo cemm 1.2-1
1.2-2 Main Frame with Processor Opened——-——— e oo oo e 1l.2-2
1.2-3 Processor Rack Layout———mem e e o o e 1.2-3
1.2-4 Panel Layout Wiring Side-————=c e e e e 1.2-)
1.2-5 Processor Display Panel———— e oo oo oo e 1.2-6
2.2-1 "E" Register Gating--——m— e oo e 2.2-4
2.2-2 Processor Access Timing—=———- oo oo o e ——— 2.2-7
2.3-1 B Register Alignment Stations—e-—e—e—ocm oo 2.3-2
2.3-2 Character Alignment —me—e—e e e oo oo e 2.3-3
2.3-3 Left Shift Alignment——mm oo oo e 2.3-L
2.3-) Right Shift AJigNMeNt-==——mmmmm oo et oo 2.3-5
2.54-1 42 Bit Mantissa - 10 Bit Address AddeTr-——-me=ecmemm oo oo 2.4-2
2.14-2 B Bit Complement —— = e e oo o e o 2.4-3
2.4-3 Complement Even Bit Positilon-—=——e e 2.4-L
2.4-0 Bit Combination for WnnR-—-—- e e e 2.4h-4
2.4-5 Marginal Carry from Position mn-—e—— e oo oo e 2.4-5
2.4-6 L2 Bit Mantissa Adder Registers——m——mmmm oo oo oo oo e 2.4-6
2.4-7 10 Bit Address Adder Registers————eemm oo e 2.4-7
2.5-1 Serial Decimal AdQer=———m e oo e e o e 2.5-2
2.5-2 Adder Levels——mmmmm oo e e 2.5-3
2.5-3 Nines Complement === —mm e e o e e 2.5-4
2.5-4 Carry Levelsm——mm o e e e e e e = 2.5-6
2.5-5 Decimal Correction Truth Table-————ee oo e 2.5-7
2.6-1 Decimal 151 t0 Binaryemeee oo oo oo e e 2.6-1
2.6-2 BCD Conversion Via Shiftingee—-—me oo oo 2.6-2
2.6-3 Setting Flip-flops of nth Decade-—=———— = oo e 2.6-3
2.7-1 Decade Bit Shift—---- e 2.7-3
2.7-2 Binary to Decimal Conversion-=—==—=—mo e o e 2.7-L
3.4-1 Compare Operator LogiC—m=m—m o om o oo 3.4-2
3.4-2 Mantissa CompariSOn—m=mmm oo o e e e 3.4-3
3.5-1 Branch L Syllables—————m— oo oo e 3.5-2
3.9-1 Integer/Conditional Integer Store

Destructive/Non-Destructive———m— oo oo __ 3.9-2
3.11-1 B Register Alignment —————emm oo e oo e e 3.11-3
3.15-1 Peripheral to a Register---————emmmmmm e . 3.15-2
3.15-2 I/0 Channel Interrogation-——————— oo o 3.15-4L
3.18-1 Multiplicand Adjustment Table=—m—mememm oo 3.18-7
3.18-2 Adjust Multiplicand ValuesS—m—===m— e oo e e e 3.18-8
3.18-3 Algorithm for Adding or Subtracting-—--—ec—e oo 3.18-8
3.19-1 Quotient Prediction Table == - e —a oo o e 3.19-)4
3.19-2 Divide Cycle Block Diagrame—m—= oo oo e 3.19-5
3.20-1 Simplified Flow Chart - Integer Divide-—e——eme e oo 3.20-2
3.21-1 Simplified Flow Chart - Remainder Divide-~-—--—emmmommmccmome e 3.21-2
3.23-1 Multiply Flow Diagrame———=—eoom e e oo o e 3.23-3
3.24-1 Simplified Actions of Double Precision Divide--——e—eeemmm oo cmcmoo 3.24-6
3.24-2 Detailed Actions of Double Precision Divide-=m=m=ecoome oo 3.2L4-7

Printed in U.S.A.



August 1, 1966 B 5281.55 v
NVANANANBURROUGHS FIELD ENGINEERING /\/\\ TRAINING MANUAL NANAAAAAAAAANARAAANARAAANAAAAAAAAAAARAAAAAAA

LIST OF ILLUSTRATIONS (Continued)

FIGURE TITLE PAGE
3.25-1 Exponent Arithmetic Registers——-e——em e oo 3.25-1
3.31-1 Relative Address Coding=—=== === oo oo e 3.31-2
3.32-1 E & S Register Reference-—m--mmmmmmmm oo oo oo oo oo e 3,320
3.35-1 S Variant ActionS———— e mme e 3.35-2
3.35-2 VFIL Operational Flow———me oo oo oo e e 3.35-3
L.10-1 Truth Table for Result Sign--—=———— oo oo L.10-7
5.h-1 Word Mode Stacke=m=—mm oo oo e 5.h-2
5.4-2 Character Mode Stack-=——m—— e e —————————— S.4-2
5.10-1 Relative Addressing Table-———-— oo e 5.10-3
5.10-2 Operand Call Block Diagrame=——=——-mmm oo o oo oo e e 5.10-4
5.10-3 Descriptor Call Block Diagram-——e=m- o e oo o o e 5.10-5
5.10-L Index Operations - Operand and Descriptor Call——e———coooem oo o 5.10-6
5.10-5 Subroutine Entry - Operand or Descriptor Calle-———e—e-oceccoccecmeeo 5.10-7
5.10-6 OCSL/DCSL F1ow (1 Of L) mmm oo o o e e e 5.10-8
5.10-7  OCSL/DCSL FLlow (2 Of L) =mmmmmmmm e e oo e e 5.10-9
5.10-8  OCSL/DCSL Flow (3 Of L)=mmmmmmmmm e oo 5.10-10
5.10-9 OCSL/DCSL F1low (U Of L) =mmm e e o oo e e e e 5.10-11
5.12-1 Processor Initiation and Syllable Executione-—=——ec oo cccoe oo 5.12-9
5.12-2 Syllable Execute Complete——————m e o e e 5.12-10
5.12-3 Fetch Access—mmmm mmm e e 5.12-11
5.13-1 Test - No Memory ACCEeSS—m—mmmmmm oo oo e o e e e e 5.13-3
5.13-2 Test and Memory Write - —— e oo e 5.13-4
5.13-3 Test and Memory Read-——-——— oo oo o e e 5.13-5

Printed in U.S.A.



August 1, 1966 B 5281.55 1.1-1
NAANNNN\BURROUGHS FIELD ENGINEERING /\ )\ TRAINING MANUAL NANNANAANANAANRNANAANAANAANAANANAANAANAAANAARD

INTRODUCTION
1.1 GENERAL

The purpose of this manual is to provide a detailed description of the internal
functioning of the B 5281 Data Processor. It is written with the assumption
that a knowledge of the B 5500 System Concept has been attained, prior to
reading this manual. Its intention is, therefore, not to duplicate the System
Concept material previously covered, but to complement existing material., For
these reasons the system operating characteristics relative to the Processor
are not described. Instead, the specific operation of the Processor is
detailed. "

To accomplish its purpose, it is intended that this manual be utilized in
conjunction with the B 5500 Processor Flow Charts, which are contained in a
separate binder. As each operator, that the Processor is mechanized to
execute, is detailed in a logical form on the Flow Charts, a description of
the operator flow charts will suffice to explain the operator complement
which is available within the Processor. To facilitate the description of
the operators, the major logical elements provided as part of the Processor
logic are described, These include:

. The Parallel Adder

The Serial Decimal Adder

The Input/Output Conversion

B Register manipulation

The Processor to Memory Timing relationship
The Operator Control Level Coding
Maintenance Test Logic

~N O\ oo -

To facilitate and complement the use of this manual, the separate binder
containing the Operator Flow Charts also contains the Glossary of terms which
are utilized, a Cross Index to the D.A. Logical Schematics, and a Cross Index
to the Logic Book.
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1.2 PHYSICAL ORLENTATION

The physical location of the B 5281 Data Processor within the B 5170 Main
Frame is illustrated in Figure 1.2-1., When a single data processor is
utilized, its location is at the left end of the main frame and is designated
as DP-A. When two data processors are utilized, DP-A is at the lefi and DP-B
is at the right. Aluso illustrated in Figure 1.2-1 are the Gate (Rack) pivot
points. The gate pivot point arrangement facilitates the cabling connections
to the other units of the Main Frame.

DE-A /0 D+D cC MEM MEM

GATE PIVOT POINTS

DP-A 1/0 D+D cC

1T

VT A N N M ;v
FiGU 1 MAIN FRAM

1E LOCATION

RE 1.2-1. DF-A AND D

Figure 1.2-¢ shows a general view of the Main Frame (front view) with the
gates of the Processor opened. The Power Pack and Rack J can be observed
within the Processor. The Power Pack is described in the B 5370 Power
Supply Manual.

The physical construction of the two Processors (DP-A and DP-B) is the

same. The rack layout as illustrated in Figure 1.2-3 is therefore applicable
to either Processor The layout of DP-B is rotated relative to DP-A due to
the physical location of the two Processors. When a single Processor is
utilized, the Rack layout as illustrated in Figure 1.2-3 is valid for bLP-A
when viewed trom the front, It is noted that Rack J is staticnary as

opposed to Racks A, B, D, and K which are swing-out gates.

Figure 1.2-l illustratec the panel layout for the various racks within the
Processor. The numbering layout (O through 9) as illustrated implies that the
racks are viewed from the wiring side of the rack. The numbering is reversed
when viewed from the package insertion side. The panel layout is the same
for Racks A, B, D, and k. Rack J is merely a smaller version of the swing
out gates. Note that the cabling, to and from the Processor racks, plugs
into column L of Panels B, D and V.,
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TOP VIEW

RACK E (GATE)

RACK D (GATE)

————————————— h-'
. RACK G \ L RACK J
e e o e e - -]
RACK B (GATE)
RACK A (GATE)
FRONT VIEW SIDE VIEW
r—— = 7 o
l RACK C ] A
| POWER PACK | ¥
I
_——— e e C
R R R R R
A A A A A
RACKS C o o C C
K K K K K
A B J D E

FIGURE 1.2-3. PROCESSOR RACK LAYOUT
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RACKS A, B, D& E

0 1 23 L 5 5 7 8 9 0 1 23 L

PANEL A ' B

RACK J
01 23 L4 5 6 78 9 0123 L4L

"FIGURE 1.2-l4. PANEL LAYOUT WIRING SIDE
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RACK CONTENT

The rack content in terms of the various registers and logical flip-flops of
the Processor are listed below; the Q flip-flops appear on various racks:

A RACK

1. A Register
2. X Register
3. AROF
L. BROF
5. SALF

B RACK

B Register
"W" Drivers
(Adder Logic)

n H

E RACK

P Register
T Register
J Register
CWMF
PROF
TROF
MRAF
MROF
MWOF
10. HLTF
11. TM Register
12. CCCF

.

O O3 ONVULE W o

SCHEMATIC PAGE NUMBER

.

b
O O~y O\\NFwro -

o
N

(]
w

ViEwo o+

D RACK

Register
Register
Register
Register
Register
Register
Register
Register
Register
Register
NCSF

"U" Drivers
(output drivers)

VARF

HNHREOITDQHEZ2 <=

J RACK

F Register
S Register
C Register
M Register
R Register

C RACK

Power Pack

The various registers and their associated drivers and switches are contained
on the D.A. Logic Schematics in a grouped numbered sequence. The D.A. Logic
Schematics are grouped together according to rack content; that is, all logic
contained on a specific rack is grouped together to form a set of schematics
for that rack. The list which follows indicates the D.A. Logic Schematic
numbering groups according to the indicated circuitry. Because the page
numbers, as indicated on the following list, refer to common circuitry which
may be contained on more than one rack, the same page number group may be

found within the schematics for more than one specific rack. The indicated
page number groups with an (nn), imply a series of pages relative to that logic.
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PROCESSOR DISPLAY PANEL

The Processor display panel is located in Display and Distribution as illustrated in
Figure 1.2-5., If the system consists of two Processors, then there will be two such
display panels. The display panel for Processor A will be located on Gate A (outer
gate) of Display and Distribution and display panel for Processor B will be located
on Gate B (inner gate).

The display panels for either Processors A or B are identical and are as illustrated
in Figure 1.2-5. Mounted on the display panel are the neon indicators for each flip-
flop in the Processor. Each of these indicators contains the capability of manually
setting or resetting its respective flip-flop. Also contained on the display panel
are all of the Processor maintenance switches. The following description will give a
basic description of each of the registers (and flip-flops) and maintenance switches
on the Processor maintenance panel.

Registers and Flip-Flops

A REGISTER. The A register is a L8 bit register which is used to contain the top
word of the stack for word mode or a word of the source string in character mode.
The bits are numbered 1 thru L8 (bottom to top, right to left). These L8 bits can
be subdivided into 16 octal digits or 8 six bit characters. The octal digits
(octades)  are numbered right to left as indicated at the bottom of the A register
neons with octade 1 consisting of bits 1, 2 and 3 of the A register. The six bit
characters are numbered, as indicated above the A register, O thru 7 from left to
right, with character O {zero) containing the six high order bits of the A register

(L8 = L3).

AROF. This is the "A" Register Occupied Flip-flop. When it is set it indicates that
the contents of the A register is valid; when reset, it indicates that the A register
contents are invalid.

B REGISTER. Is of the same construct as the A register. The B register will contain
(in word mode) the top word of the stack if the A register is empty (indicated by
EROF) or the second word of the stack if the A register is occupied (AROF). In Char-
acter Mode the B register will contain one word of the destination string.

BROF. This is the B Register Occupied Flip-flop. When it is ON, it indicates that
the contents of the B register are valid. When it is OFF, it indicates that the con-
tents of the B register are inwvalid.

C REG. This register contains 15 neons which indicate the status of the flip-flops
in the C register. In either the Word Mode or Character Mode, this register holds the
core address of the program word which is in the P register.
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CCCF. Logical flip-flop for the maintenance Test Routines. Controls the Processor
clock.

E REG. There are six neons in this register which are used to indicate the type of
memory access needed by the Processor.

F REG. There are 15 indicators in this register. In Word Mode, this register holds
the address of the top Return Control Word or top Mark Stack Control Word in the
stack. In Character Mode, this register holds the address of the top Return Control
Word in the stack. .

G REG. There are three flip-flops in this register. In Word Mode or Character Mode,
this register points to a character within the A register.

H REG. There are three flip-flops in this register. In either Word Mode or Character
Mode, this register points to the bit of the character in the A register pointed to by
the G register.

I REG. There are seven flip-flops in this register. Bits 1, 2 and 3 are for the Non-
Syllable Interrupts, bits 5, 6, 7 and 8 are used to develop binary values for syllable
interrupts.

J REG. There are four neons in this register. This register contains the primary
control setting used during the execution of a syllable.

K REG. There are three neons in this register. In either the Word Mode or Character
Mode, this register points to a character within the B register.

L REG. (Located between the P and T registers) - There are two neons in this register.
In either the Word Mode or Character Mode, this register points to the next operator
(to be executed) within the P register.

M REG. There are 15 neons within this register. In Word Mode, this register holds
the memory address of the word placed in the A register other than by stack adjustment.
In Character Mode, this register holds the address of the current word in the source
string.

N REG. There are four neons in this register. In either the Word Mode or Character
Mode this register is used as a special counter. The flow chart should be used to
obtain its specific use.
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P REG. There are L8 indicators in this register. They are divided into four groups
of 12, with each group representing one operator. Thé operators are selected by the
L registers.

PROF. This is the P Register Occupied Flip-flop which indicates whether or not the
information in the P register is valid. When True (indicator On) the information in
the P register is valid, when False the information in the P register is invalid.

Q REG. There are 18 flip-flops in this register. The Q register flip-flops are
distributed throughout the Processor unit and they are used as logical flip-flops as
needed by the operators. Bits 1 through 9 are not specified as to particular use.
Bits 12 through 18 are used as follows:

Q12F - In Character Mode it is used as the True-False indicator. In Word
Mode it is the Mark Stack Flip-flop (MSFF).

MRAF - This flip-flop is on when the memory bperatidn is completed for a
memory fetch access. '

MROF - This flip-flop is on when the memory operation is completed for a
memory read access,

HLTF - This bit is used to provide special stops during maintenance
operations.

EIHF - Control flip-flops for a memory read access.

MWOF - This bit is on when the memory operation is completed for a memory
write access.

SALF - Control flip-flop used to indicate if a program is in sublevel or
program level. When this bit is on it indicates sublevel.

CWMF - Character Word Mode Flip-flop, when on indicates program is in
character mode.

R REG. There are nine bits in this register. In word mode, this register contains
the base address (three high order digits only) of the Program Reference Table (PRT).
In Character Mode the six-bits are used as a tally register.

S REG. There are 15 bits within this register. In Word Mode, this register con-
tains the address of the top word in the stack in core memory. In Character Mode,
this register holds the address of the current word in the destination string.
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T REG. There are 12 bits in this register. This register contains the syllable cur-
rently being executed by the Processor.

- TM REG. Eight bit register used for Temporary storage for the Maintenance Test
Routines.

V REG. There are three bits within this register. In either the Word Mode or Char-
acter Mode, this register points to the bit of the character in the B register pointed
to by the K register.

VARF. When set will allow the Processor to access the entire PRT when in sublevel,

X REG. There are 39 bits in this register. In Word Mode, this register is used as
an extension of the B register during mathematical computations. In Character Mode,
this register is used as storage for Loop Control Words.

Y REG. There are six bits in this register. In either the Word Mode or Character
Mode, the register is used for temporary storage of a character from the A register.

Z REG. There are six bits in this register. In either the Word Mode or Character
Mode, the register is used for temporary storage of a character from the B register.

PUSH BUTTON SWITCHES

This is a description of the push button switches (non-indicating) located on the
Processor Display Panel.

These switches are the push type and maintain contact during the duration that the
switch is held in.

BIT RESET. When this switch is held in, it switches the input voltage to the neon
switches from +100V to -100V. This causes the neon switch to apply a reset voltage
to the flip-flop when the neon switch button is pressed. The BIT RESET switch is
common to all of the neon switches on the Processor Panel.

MEMORY WRITE (US25X). To use this switch the MEMORY LOAD switch must be in the TEST
position (up) and TROF must be Off.

When depressed, this switch causes the contents of the B register to be written into
memory under the control of the S register. The S register is incremented by one,
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REG CLEAR. There are 16 buttons in this group. When a button is depressed its associ-
ated register is completely cleared (all bits reset).

SINGLE PULSE (US2LX). This button is used to generate one clock pulse to the Processor,
It is normally used in conjunction with one of the Processor stop switches.

UNIT CLEAR. Pressing this button resets all of the flip-flops in the Processor. This
is the general Clear button for the Processor only.

INHIBIT TOGGLE SWITCHES
This is a description of the toggle switches located on the Processor Display Panel.
Listed below is a table of all toggle switches on the Processor Display Panel. This

table is a listing by switch number sequence. The following write up is in alphabetical
sequence and describes the use of the switches.

B 5000 PROCESSOR - MAINTENANCE PANEL SWITCHES

SWITCH NUMBER ACTION
US01X INHIBIT COUNT REPEAT FIELD
US02X INHIBIT COUNT G AND H
US03X INHIBIT COUNT M
UsoLx INHIBIT COUNT K AND V AND N
USO5X INHIBIT COUNT S
USO&X INHIBIT COUNT C
USO7X INHIBIT COUNT L
US08X ' INHIBIT RESET AROF
US09X INHIBIT RESET BROF
US1oX CINHIBIT T <= P [L]

US11X INHIBIT STORE

Uslex INHIBIT IN/OUT

US13X INHIBIT INTERRUPT

-US1LX STOP OPERATOR

US15X STOP CLOCK

US16X STOP ON EXIT

US17X : STOP ON INTERRUPT (PROCESSOR TYPE)
US18X STOP WHEN NORMALIZED

US19X STOP ON J COUNT

US20X => US23X J-CODE SWITCHES (1, 2, L and 8)
US26X INHIBIT RESET A REGISTER

Us27x INHIBIT L2 BIT ADD

US28X LOCK-UP ON J CODE

US29X MEMORY LOAD
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Inhibit L2 Bit Add (US27X). This switch in the TEST position inhibits the level from
the outputs of the adder circuit. This prevents the sum of the addition from being
fed into the B register.

Inhibit In/Out (US12X). This switch in TEST position forces the Initiate Input/Output
operators to become NO OPS, thus eliminating any I/O operations.

Inhibit Interrupt (US13X). In TEST position, this switch inhibits the set of any
interrupt in the Processor, by inhibiting the setting of any bits in the I register.

Inhibit Store (US11X). When this switch is in TEST position, any memory write access
by the Processor is inhibited.

Inhibit T <= P (L) (US10X). When this switch is in the TEST position it inhibits the
transfer of the operators from the P register to the T register. This switch will not
inhibit the character transfer from the P register to the T register when called for
by the CALL REPEAT FIELD operator.

Inhibit Count C (USO&X). When this switch is in the TEST position, it inhibits in-
crementing the C register. This prevents the fetch of a new program word, allowing
the Processor to recycle on the instruction word addressed by the C register.

Inhibit Count G & H (USO2X). When this switch is in the TEST position it inhibits the
incrementing or decrementing of the G and H registers.

Inhibit Count K, V & N (USOLX). When this switch is in the TEST position, it inhibits
the incrementing or decrementing of the K, V and N registers. These registers may be
either set or reset.

Inhibit Count L (USO7X). When this switch is in the TEST position, it inhibits the
incrementing or decrementing of the L register. This locks the Processor on a single
operator unless an interrupt is encountered.

Inhibit Count M (USO3X). When this switch is in the TEST position, it inhibits the
incrementing or decrementing of the M register.

Inhibit Count Repeat Field (USO1X). When this switch is in the TEST position, it
inhibits the decrementing of the REPEAT COUNT FIELD in the T register.

Inhibit Count S (USO5X). When this switch is in the TEST position, it inhibits the
incrementing or decrementing of the S register.
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Inhibit Reset of AROF (USO8X). When this switch is in the TEST position, it inhibits
the logical resetting of the AROF Flip-flop.

Inhibit Reset of BROF (USO9X). When this switch is in the TEST position, it inhibits
the logical resetting of the BROF Flip-flop.

Inhibit Reset of A Reg (US26X). When this switch is in the TEST position, it inhibits
the logical resetting of the Mantissa in the A register for all operators.

J-Code Switches 1, 2, L and 8 (US20X => US23X). These switches are used in conjunction
with the STOP ON COUNT and the J CODE LOCK UP switches. These four switches (1, 2, L
and 8) are set to indicate the desired J register setting to stop or lock up on.

Lock-Up on J (US28X). This switch is used in conjunction with the J-CODE SWITCHES.
When this switch is in TEST position, it inhibits further changes to the J REG once
it has attained a setting equal to the value set in the J-CODE SWITCHES.

Stop Clock (US15X). When this switch is turned on, it inhibits the clock pulses to

this Processor from Central Control when a memory cycle is not in progress. This allows
for single pulsing the Processor while the remainder of the system is running with the
clock normal.

Stop Exit (US16X). When this switch is in TEST position, it will inhibit the clock
pulses at SECL time, which is at the end of the operator that is presently being
executed.

Stop on Interrupts (US17X). When this switch is in TEST position, it will inhibit the
clock when any Processor Interrupt appears in the Processor Interrupt Register.

Stop on.J Count (US19X). When this switch is in TEST position, it will inhibit the
clock pulses to the Processor when the value of the J register equals the value en-
coded by the J-CODE switches.

Stop Normalized (US18X). When this switch is in the TEST position, it will stop the
Processor clock pulses when both operands in the A and B register are aligned (expo-
nents are equal).

Stop Operator (US1LX). When this switch is in TEST position, it provides a level
which, in conjunction with the Conditional Halt Operator and the J register equal to
zero, will stop all Processor action. Processor operation will be resumed when the
CLOCK START button is pushed. When this switch is in NORMAL position the Conditional
Halt Operator is treated as a No Op.
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B 5000 PROCESSOR SCHEMATIC PAGE NUMBERS

65 ®10 enn ¢ 0O A Register FF's, drivers and switches
65 1L ®*nn e 0O F Register FF's, drivers and switches
65 ¢ 18 enn e O X Register FF's, drivers and switches
65 e 22 enn e 0 K Register FF's, drivers and switches
65 25 enn e 0O V Register FF's, drivers and switches
65 @ 30 enn ¢« 0O N Register FF's, drivers and switches
65 e 3l enn e 0 S Register FF's, drivers and switches
65 ¢ 38 *nn e O C Register FF's, drivers and switches
65 e 38 e 50 D Drivers

65 e ;2 ®* nn e O L Register FF's, drivers and switches
65 o 15 e nn e O P Register FF's, drivers and switches
65 ¢ 50 ®*nn e O T Register FF's, drivers and switches
65 ¢S, *nne 0 G Register FF's, drivers and switches
65 ¢ 58 e nne O H Register FF's, drivers and switches
65 © 52 ¢ nn e O M Register FF's, drivers and switches
65 ¢ 55 e nne O B Register FF's, drivers and switches
65 o 68 e nne O "W" Drivers and Switches

65 ¢ 70 e nn e O E Register FF's, drivers and switches
55 ¢ 72 ®* nne O "U" Drivers and Switches

65 ¢ 74 ®* nne O R Register FF's, drivers and switches
55 ¢« 78 ®* nne O J Register FF's, drivers and switches y TM Register, CCCF
65 ¢ 82 e nne O Y Register FF's, drivers and switches
65 ® 86 ® nne O Z Register FF's, drivers and switches
65 ¢ 88 ¢ nne O I Register FF's, drivers and switches
65 ¢ 90 ®* nne O Q Register FF's, drivers and switches , VARF
65 @ 92 e nne O Common AND Gates

65 ® 94 e nne O Misc., "L" Levels

65 e 95 @ nne QO Intergate Cables

65 ® 95 e nne O Interunit Cables

65 ® 97 ® nne O Filters (Power Distribution)

65 e g7 o 60e O

65 e 97 51e O E Rack Ground

65 ¢ 97 e 52 O

65 @ 97 e 524 § Inter-Lace Ground

65 e 97 e 534 0O

65 e 97 & Alje O J Rack Ground

65 @ 97 e A4 0O

65 @ 97 e 656 O

A5 ¢ 97 A7e O B Rack Ground

65 ¢ 97 68 O ,

650 97 e 45864 § Inter-Lace Ground

650 97 69 0O

65 97¢ 70e O A Rack Ground

65 97 7le O

65 97e 7le 5 Inter-Lace Ground

65 97 724 O

65 97 73e O D Rack Ground

65e 97 The 0O

65 97e The 5 Inter-Lace Ground

65 98¢ nne O Terminations

55 99e nne O Inter Frame Jumpers
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SECTION 2

LOGICAL IMPLEMENTATION

2.1 OPERATOR CONTROL LEVEL CODING

The operator code for a specific operator, when in the T register, is decoded
to provide a level or levels to enable the logic relative to that specific
operator. In some cases the level developed has the same mnemonic designa-
tion as the operator itself. In other cases, the level developed is not
readily identifiable to the specific operator. 1n addition, certain opera-
tors are decoded such that more than one level is developed; in this case,
the levels developed are common to more than one specific operator.

The information which follows indicates the mnemonic name of the operator
and the associated bit configuration decoded in the T register. Not all bit
positions of the T register are decoded in order to develop the various
operator control levels. Only those bits necessary to accomplish the re-
quired decoding are actually decoded. For those bit combinations which do
not decode to a valid operator, the bit configuration is decoded as Syllable
Execute Complete Level and, therefore, act as a NO-OP if placed in the T
register.

WORD MODE OPERATORS

Refer to the B 5500 Handbook, Section 2, for a listing of the word mode
operators with their associated mnemonic code and octal code. Section 9 of
the handbook contains a listing of the T register setting assigned to each
word mode operator, including Operand Call, Descriptor Call, Literal
Syllables and Control operators.

The common levels developed from these operators are indicated in the margins
and footnotes. For those states which are assigned, all blanks are zero,
although only those flip-flops whose state is designated are tested by the
decoding gates. Where a flip-flop is indicated as "X", a "don't care"
condition exists.

CHARACTER MODE OPERATORS

Refer to the B 5500 Handbook, Section 2, for a listing of the Character Mode
Operators with their associated mnemonic code and octal code. Section 9 of
the handbook contains the Character Mode listing the T register states
assigned to each character mode operator, inciuding reserved and "not
assigned" states.

In all assigned cases, the literal portion of the syllable is represented

as a "don't care" condition. The commor. levels developed from these
operators are indicated in the margins,
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2.2 MEMORY ACCESS

Any time the Processor requires a memory access it must provide Central Control with
the necessary data to allow the memory exchange portion of Central Control to select
the correct Memory Module (0 thru 7) and to subsequently enable the address, control,
and information lines between the Processor and the Memory Module. The addressing
data provided by the Processor consists of 15 bits of addressing data to Central
Control. The information lines between the Processor and Core Memory consist of

1,8 write information lines and L8 read information lines. Control data to Central
Control is a memory write level to indicate a memory write operation and an inhibit
level to prevent crosspoint selection when necessary.

The following is a glossary of the levels between Processor and Central Control
that are pertinent to a memory access.

PROCESSOR TO CENTRAL CONTROL

UMAIS/. Memory Request Not, when false inhibits the setting of the crosspoint flip-

flop in Central Control. This level is primarily used in case of an address error,
an address less than 01000 when in Normal State.

UMWRS. Memory Write Level, when true indicates that the subsequent memory access
is a memory write access.

UMO1S/ thru UM12S/ Address lines from the 12 low order bits of the addréssing
register. These lines are routed thru memory exchange to the Memory Module.

UM13D thru UM15D and UM13D/ thru UM15D/. Six lines indicating the status of the
3 high order bits of the addressing register. These bits are used in Central
Control to select a crosspoint flip-flop.

CENTRAL CONTROL TO PROCESSOR
DnnS. L8 read information lines from Core Memory to Processor via memory exchange.

MARD., Memory Address Error indicates an attempt to access either a non-existant
Memory Module or a Memory Module that is in local.

MPEX. Memory Parity BError, used during a memory read operation to indicate that
a memory parity exists. This level is used to set the Memory Parity Error
Interrupt in the Processor.

Printed in U.S.A.



2.2-2 B 5281.55 August 1, 1966
\[\/\\BURROUGHS FIELD ENGINEERING /\\/\ TRAINING MANUAL NANANAAAANAANAANANAANARAAARANARAARAARAAAARAAAAA

MTOD. Memory Time Zero Driver, originates in Central Control, indicates the
memory cycle is at memory time zero. This level is used to set MWOF (Memory Write
Obtained Flip-flop) in the Processor.

MT2S. Memory Time Two, originates in the Memory Module, indicates when the memory
cycle is at memory time two. This level is only used during a read access to
signify when the Processor can sample the read information lines.

No detailed explanation will be given in this manual of the operation of memory
exchange. For this description refer to the Central Control Technical Manual,
Subject 7.6.

ADDRESS REGISTERS

With each memory access the Processor uses one of three 15 bit registers for
addressing memory; the S register, M register, or C register. Of the 15 bits, the
three high order bits are decoded in Central Control and used to select the correct
Memory Module. The 12 low order bits are routed thru memory exchange to the Memory
Address Register in the Memory Module. For the usage of the three addressing reg-
isters refer to the Processor Flow Charts, page L.02.0.

INFORMATION REGISTERS

For each memory access the Processor uses one of four registers to contain the
information to be written into or read from memory. These registers are the A
register, B register, M register, and the P register. The A and B registers are
L8 bit registers used to contain the information being acted upon by the Processor.
Any information to be written into memory must be in one of these two registers.

The P register is a U8 bit register used to contain the program word presently being
executed. Use of the P register as an information register is only during a fetch
access, the addressing register will be the C register.

The M register is normally considered to be an addressing register but can be used
as an information register. This register, being only 15 bits long, will only
receive bits 16 thru 30 of the word read from core memory.

CONTROL FLIP-FIOPS

The Processor uses several flip-flops to control its memory access. A description
of these flip-flops and their functions follows.

MWOF. Memory Write Obtained Flip-flop, is set by MTOD and reset by the next clock
pulse. Its function during a write access is to indicate the termination of the
write access, during a read access it serves to clear the information register in
the Processor.
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MROF. Memory Read Obtained Flip-flop, set by MT2S, it is on for 1 us. This flip-
flop is not used during a write access. During a read access it indicates the
termination of the read access. MROF serves also to enable the read information
lines into the appropriate information register.

MRAF. Memory Read Access Flip-flop, its use is the same as MROF except that it is
only used during a fetch access. It is used to gate the information into the P
register and to indicate the termination of a fetch access.

EIHF. Inhibit Address Flip-flop is set during a memory read, other than a fetch
access, to prevent erroneously selecting more than one Memory Module during one
read access. Its use will take affect in such a case as the addressing register
being counted up or down to address the next Memory Module in sequence prior to
completion of a memory cycle.

E REGISTER

The E register is set by the Processor when initiating a memory access. This reg-
ister is a six bit register that is used to select the desired address register,
information register, and to indicate a read or write access. A description of the
E register bit usage follows.

EO1F. When ON indicates that the B register is the information register, when OFF,
the A register is the information register.

EO2F. When ON indicates that the S register will be the addressing register.
EOLF. When ON indicates that the M register will be the addressing register.
EO8F. When ON indicates a memory write access, when OFF, a memory read access.

EO2F e EOLF. When the E register is equal to six, the access will be a read, the
M register is the addressing register and also the information register.

E16F e E17F. Used to initiate a fetch access in the Processor. EIl6F is set by the
Processor to request a fetch access, E17F is then set to execute the fetch access.

Figure 2.2-1 is a simplified diagram of the E register gating for selection of the
various address and information registers. The selection of any of these registers
is possible with any value in the E register. For example, if the E register was
equal to 3, then the S register will be the addressing register, selected via gates
2 and 12. The B register will be selected as the information register via gate 6
when MROF is true.
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MROF is set, via gate 10, at memory time two (MT2S) with EIHF. EIHF will be set if
the memory access is a read access, but not a fetch access.

If the E register is equal to eleven (EOLF e EO2F e EO8F) then the memory access is
a write. The S register is still the addressing register, via gates 2 and 12, and
the B register is still the information register, now selected by gate 15, to the
write information lines (UWnnS).

Gate 15 will be active during both a read and write access by the Processor, but
only during a write access will the Memory Module sample the status of the write
lines. The write level from the Processor, UMWRS, will be true with EOSF e E17F/,
enabling the Memory Write Level (WOOD) to the memory module.

Coming into the Processor during a memory write access is the timing level MTOD.
With E17F/, indicating that this is not a fetch access, the output of gate 8 will
set MWOF. MWOF in turn indicates to the Processor the termination of the write
access in the Processor.

Two levels are produced as a result of a memory access by the Processor. These two
levels, E Register Equal Zero (EEZL) and E Register Equal Zero and MWOF/ (EWZL),
are for use only within the Processor to indicate when a Processor memory access

is in progress, other than a fetch access. EEZL is true when the E register equals
zero; any access will set the E register bits 1, 2, or L making EEZL False. EWZL,
also normally True, will go False if EEZL is False or MWOF (Memory Write Obtained
Flip-flop) is set. These two levels are primarily used to gate logical functions
within the Processor.

A lelch access, using E16F and E17F, can be attempted simuitaneous with a read or
write access. Normally the fetch access will wait for the data access to take
place. For a description of the type of access and priority of accesses, refer to
the Processor Flow Charts, L.01.0.

PROCESSOR ACCESS TIMING

The timing diagram in Figure 2.2-2 is for the Processor accessing Core Memory, write
and read. The timing diagram will accommodate both the B L4L60 (6 us memory) and the
B U461 (L4 ps memory) timing. The differences in timing which are pertinent to the

B L61 Memory Module are indicated by the dashed lines.
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2.3 B REGISTER ALIGNMENT

The B register, when handling character type information, can only transfer
characters to or from the B register via specified register locations. In
this respect, the B register differs from the A register in that any specified
character position of the register cannot be directly accessed. In the B
register any specified character that must be accessed requires that the
specified character position be shifted to the proper register location.

When a specified character position is in the proper register location to

be accessed, the character position is said to be "aligned" in the alignment
station. Figure 2,.3-1 illustrates the B register with the alignment stations
indicated. If it is desired that a character be transferred from the B
register, the Normal output register location is the 16th and 15th octade
positions of the B register; that is, the most significant character position
(0) of the B register. If it is desired that a character be transferred to
the B register, the Normal input register location is the 1st and 2nd octade
positions of the B register; that is, the least significant character position
(7) of the B register. These two alignment stations are utilized whenever
characters are to be transferred or compared. In addition to the normal input
and output alignment stations, the Field Add/Subtract operator utilizes two
additional alignment stations. During Field Add/Subtract, the output align-
ment station is the 2nd and 3rd octade positions of the B register; the input
alignment station is the 16th and 15th octade positions of the B register.

In this case, the input alignment station during Field Add/Subtract occupies
the same register location as the normal output alignment station.

when character type information is accessed from core memory and placed in the
B register, the characters of the word Jjust accessed may or not be in their
normal configuration. In this sense, normal configuration implies that the
most significant character position of the word occupies the most significant
character position of the B register and the least significant character
position of the word occupied the least significant character position of

the B register. The N register is utilized to determine whether the
characters of the word currently occupy their normal character positions
within the word. If the N register equals zero, the word currently occupying
the B register is said to be "restored" to its normal configuration. Thus,
if the N register is not equal to zero, the B register contents are not in
their normal configuration; that is, the characters of the word in the B
register have been shifted.
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FIGURE 2,3-1, B REGISTER ALIGNMENT STATIONS

CHARACTER ALIGNMENT

When it is desired to either transfer a character to or from the B register,
the specified character position must first be placed in the proper alignment
station. The K register performs the function of specifying the specific
character position to be placed in the proper alignment station. Normally
the K register points to the character position that is to be aligned to the
output alignment station. In the process of aligning a particular character
into the output alignment station, the B register contents are either shifted
right or left by octades (one-half character shifts) until the specified
character pesition is in the output alignment station. During the shifting
of the B register contents, the octade that is shifted out of either end of
the register is circulated to the other end of the B register. In conjunction
with the octade shifts of the B register, the N register tallies the octade
shifts; minus one for each right shift and plus one for each left shift.

Assume that it is desired to transfer a character out of the B register. The
desired character mist be shifted to the output alignment station if not
currently there. Output alignment stations, as referred to here, imply the
normal alignment station (16th and 15th octade positions). The output align-
ment station utilized during Field Add/Subtract is referred to as the secondary
output alignment station. Figure 2,3-2 illustrates two cases, where initially
the B register contents are in their normal configuration (N = O) and there-
after the specified character is shifted to the output alignment station. In
case 1, the desired character is the 2nd character position of the B register
and is subsequently shifted left by octades until it occupies the 16th and 15th
octade positions of the B register; note that the N register is incremented to
a value of four. In case 2, the desired character is in the 6th character
position of the B register, and is subsequently shifted right by octades until
it occupies the 16th and 15th octade positions of the B register; note that the
N register is decremented to a value of 12,
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FIGURE 2,3-2, CHARACTER ALIGNMENT
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ALIGNMENT SHIFT CONTROL

In order to determine the proper direction for shifting the B register contents
to align the specified character in the output alignment station, the L's bit
of the K register is interrogated. If the K register equals four or more (L's
bit on), the B register is shifted to the right until alignment is attained.

If the K register equals less than four (L's bit is off), the B register is
shifted left until alignment is attained.

To recognize that a specified character is in the output alignment station,

the logical condition (K = N) is interrogated. In case 1 of Figure 2.3-2,

the character pointer K is specifying the 2nd character position of the'B
register. Also, it is illustrated that the word in the B register is initially
in its original configuration as indicated by the N register being equal to
zero. Examining the K and N registers for equality, and thus alignment, is
accomplished through the comparison of the 3 most significant bits (2, L and 8)
of the N register with the 3 bits of the K register (1, 2 and L). Effectively,
the comparison is recognizing double counts of the N register and thereby
recognizing whole character shifts of the B register.

For example: If initially K = 2 and N =0 (Case 1), the illustration of
Figure 2.3-3 shows the conditions existing during the shifting of the speci-
fied character into the output alignment station. When the condition K = N
is recognized (the logical level KENL goes true), as indicated in step 5,

the following clock pulse transfers the specified character out of the
output alignment station. Simultaneously, if additional characters require
transfer, the K register is incremented, the B register is shifted another
octade position and the N register is incremented to tally the shift. There-
after, with an additional shift of the B register, K will again equal N and
the process is repeated until all required characters are transferred.

N K N K N K
8 ] ] N
N COMPARE
2 X | X |
1 [ [x] ]

7. INTTIAL 2. AFTRR 3. AFTER L. AFTER 5. AFTER ¢. TRANSFER
CONDITION FIRST SECOND THIRD FOURTH CHARACTER
K o= 2 LEFT LEFT LEFT LEFT
N =0 SHIFT SHIFT SHIFT SHIFT

N =1 N =2 N =3 N =L
K =N
(KENL)

FIGURE 2.3-3. LEFT SHIFT ALTGNMENT
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Similarly, if a right shift is indicated, as in Case 2 of Figure 2.3-2, the N
register will be decremented during the alignment procedure as shown in Figure
2.3-1. Note that in this case, when the logical condition of K = N is first
recognized (KENL is true), only one-half of the desired character is in the
output alignment station. This condition is recognized by the 1's bit of the
N register being in the set state. Therefore, even though the logical
condition of KENL is true, one additional shift of the B register is required
to place the complete character in the output alignment station. When shift-
ing to the right, the logical condition of (KENL e NO1F') indicates the aiign-
ment of the specified character is completed.

N K N K K N K
O Au ] X X
ly X {2 X COMPARE
2 1 | L L L
1 N
1. INITIAL 2. AFTER 3. AFTER  L.AFTER 5. AFTER 6. TRANSFER
CONDITION FIRST SECOND THIRD FOURTH CHARACTER
K =6 RIGHT RIGHT RIGHT RIGHT
N =0 SHIFT SHIFT SHIFT SHIFT
N = 15 N = 1L N =13 N =12
K =N K =N
(KENL) (KENL)

FIGURE 2.3-L4. RIGHT SHIFT ALIGNMENT

INPUT ALIGNMENT STATION

From the preceding discussion, it is observed that the logical condition of KENL
indicates the specified character is in the output alignment station. There-
fore, in order to place the specified character position into the input align-
ment station, two left shifts and a corresponding circulate of the B register

- contents will place the specified character in the input alignment station.
This is the normal procedure utilized.

RESTORATION OF THE B REGISTER

During the execution of certain operators the contents of the B register must
be restored to their original configuration. In this case, the status of the
8's bit of the N register is interrogated to determine the most expedient
method to restore the word. If the 8's bit is set (NOBF), the B register
contents are shifted left by octades, with a corresponding increment of the

N register, until the N register equals zero. If the 8's bit is reset (NOSF'),
the B register contents are shifted to the right, with a corresponding decre-
ment of the N register, until the N register equals zero. When NEZL is true

(N equals zero), the contents of the B register are in their original config-
uration.
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ALIGNMENT DURING FIELD ADD/SUBTRACT

During the field Add/Subtract Operation, the same logic is utilized to place
the specified character in the secondary alignment station as is utilized to
align to the normal aligmment station., If, when the B register contents are
in their normal configuration (N equals zero), the N register is preset to the
value of 13, the alignment procedure, when executed, will place the desired
character in the secondary output alignment station. During the restoration
process in this case, the B register is shifted and the N register counted
until the N register equals 13.
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2.l PARALLEL ADDER

The parallel adder is a straight binary D.C. level adder. The parallel
adder is mechanized in two configurations:

1. The L2 Bit Mantissa Adder
2. The 10 Bit Address Adder

The L2 bit mantissa adder may also function as a 39 bit adder. The basic
add logic of both the mantissa and address adder is the same, with the
primary difference in the number of bits which are added and the specific
registers which are utilized.

The parallel adder is capable of addition in only one clock pulse time.

To facilitate the single pulse addition, logic is provided to determine

the presence of a carry prior to the actual addition. Because the parallel
adder is only capable of addition, subtraction is a function of complement
addition.

Figure 2.4-1 shows the ;2 Bit Mantissa Adder and the 10 Bit Address Adder
in block diagram form. The L2 bits of the mantissa adder are made up from
the 39 bits of the A and B registers, respectively, plus their respective
3 bit extension which is contained within the M register. The following
two equations state the action performed by the parallel mantissa and
address adder, respectively.

Logic for the Mantissa Adder

B <-B+A = M[103-8] B 39> 1] < M[10>§ B[39>1] +M[6>>L] A [3931] +QOLF

Logic for the Address Adder

M<M+A = M[103>1]<— M[10=>1]+A[103> 1] +QO1F
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A Reg. Gating
Bits 1 = 39 T for
QO1F ' Specific
" M Reg. I Set or
Bits 4 =6 Gating Gating Reset
Absolute ' of levels;
and Specific For each
B Reg. Marginal Carryc bit of
Bits 1 =39 ? Carry Levels B reg. &
M reg.’
M Reg. (8 =>10)
Bits 8 =>>10
10 Bit Address Adder
A Reg. -34 Generation
Bits 1 =10 [QOTF }—y— of specific
’ : set or
Absolute Specific reset levels
L—* and Carry for
__’Mar'ginal 71level M reg.
Carry Generation Bits 1 =10
M Reg. —
Bits 1 =10

FIGURE 2.4-1. L2 BIT MANTISSA/10 BIT ADDRESS ADDER

BASIC ADDER LOGIC

Due to the binary nature of the parallel adder, it is sufficient to explain
the addition of only two binary bits. Each succeeding binary bit position
has a similar bit configuration.

Consider the addition of two binary bits, which we will call A and B, plus
a possible carry input. The only possible bit configurations that can
occur are:

and B zero, with or without a carry
and B one, with or without a carry
zero and B one, with or without a carry
one and B zero, with or without a carry

—w o
= e e

Printed in U.S.A.



August 1, 1966 B 5281.55 2.4-3
ANNANNN/\BURROUGHS FIELD ENGINEERING \\/\ TRAINING MANUAL NANAAAAAAAAAAANAANAAAAAANAAANARAAARAAANAAAAAR

¥

With these the only possible bit configurations, the logic necessary to sum
the A and B bits (with or without a carry) and then place the sum in the B
bit position, can be stated simply as:

AB = (A ®CARRY') + (A' e CARRY)

Note that the logic is only written in the form to complement the B bit if
required. If the B bit is already in the correct state, no further action

is necessary, Figure 2.4-2 shows the possible bit configurations previously
stated. Note that the equation for AB is valid.

Common Bit Positions Indicated

C 1 1 010 0 1 1

0
1A 0 0 1 1l 0 (O I § 1
0 1 0] 1 0 1

N o S >
Ve

v
AB. Do Not AB

FIGURE 2.4-2. B BIT COMPLEMENT

To mechanize an adder to sum a series of bit positions in parallel requires
a knowledge of a carry from the previous bit position, An equation for the
add logic of the second bit of a two bit configuration follows. Note that
this equation is similar to the equation forAB with the carry portion of

the equation expanded to include the specific terms of the preceeding bit
position.

ABmnF = AmnF ‘e (Amn-1F' @ Bmn-]1F!
+ Amn-1F!' ¢® Wmn-2C!
+ Bmn-1F' “e Wmn-2C!')
+ AmnF' @ (Amn-1F e Bmn-1F
+ Amn-1F » Wmn-2C
+ Bmn-1F e Wmn-2C)

NOTE

In order to facilitate writing the equation for
a number of bit positions, the notation of mn is
utilized:

mn = EVEN bit position, ex. 02, Ok, 06, etc.
mn-1 = ODD bit position, ex., 01, 03, 05, etc.

W = Adder Logic
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In Figure 2.4-3, an example of two bit positions of the A and B register
illustrate the usage of the equation for ABmnF. Note the equation is valid
for all possible bit combinations that will complement the B bit.

Bit| mmn mn-l{ mn mn-1 | mn mn-l1|{ mn mn-1| mn mn-l1| mn mn-1
C 0 0] 1l 1l
A 1 0 1 0 1 0 1 0 1 0
B | A 01|A A o |A 1|4 A 1

FIGURE 2.4-3. COMPLEMENT EVEN BIT POSITION

- CARRY LOGIC

From the two previously stated equations to set the sum in the B register

( ABmn-1F ‘and A BmnF), knowledge of a carry from a .previous bit position is
required. In order to add all bit positions at one clock pulse time, knowl-
edge of the existance of a carry into ALL bit positions is required prior to
the actual summing process.

Absolute Carry

It is not always necessary to know if a carry exists from a previous bit
position in order to determine if a subsequent carry will result from a
given bit position. For those carries which do not require information
relative to a prior carry, the carry logic can be written directly. All
that is necessary is to know the status of the preceeding bit position.
The following equation for WmnR states the logic for an Absolute Carry.
The letter W indicates adder logics while the letter R indicates absolute
carry.
WmnR = AmnF e BmnPF

AmnF e Amn-1F ¢ Bmn-1F
BmnF e Bmn-1F ® Amn-1F

+ + 1

Figure 2.4-l illustrates three examples of an absolute carry, corresponding
to each of the OR terms of the equation for an absolute carry.

Bit mn mn-1 mn mn-l mn mn-1
A 1 1 1l 1
B 1 1 1 1

FIGURE 2.L4-4. BIT COMBINATION FOR WmnR
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Marginal Carry

For those bit positions which do require a carry from a prior bit position

to develop a carry from their own bit position, an equation is written to
indicate that the specific bit position in question has a marginal carry,

The interpretation of a marginal carry is as follows: There is a carry from
the bit position in question if there is a marginal carry preceeded by an
absolute carry or a series of marginal carries preceeded by an absolute carry.
The equation for a marginal carry, WmnM, is as follows; M indicates a marginal
carry.

WmnM = AmnF e Amn-1F
+ AmnF < Bmn-1F
~.BmnF ¢ Amn-1F
+ BmnF e Bmn-1F

Figure 2.4-5 illustrates four examples of a marginal carry corresponding to
each of the OR terms of the equation for a marginal carry.

Bilt mn mn-1 mn mn-1 mn mn-1 mn mn-l

A 1 1 1 1l

B 1 1 1 1

FIGURE 2.4-5. MARGINAL CARRY FROM POSTTION mn

Carry

With the knowledge of an absclute or marginal carry for each -even bit position,
it can then be determined if a carry from any even bit position does indeed
exist. An example of the logical equation stating the existence of an actual
carry for bit position 6 is as follows: C indicates a carry level. The term
WOOC indicates a carry into the low order end of the register,

WO6R

WOEM e WOLR

WO6M ¢ WOLM e WO2R

WO6M @ WOLM ~# WO2M ¢ WOOC

WO6C

+ 4+ +

The existence of an actual carry is seen to result from:
1. An absolute carry

2. A marginal carry preceeded by an absolute carry
3. A series of marginal carries preceeded by an absolute carry
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PARALLEL ADDER LOGIC

The parallel adder logic makes redundant use of all the previously stated
“equations. In the mechanization of the carry logic, the various registers
have their bits grouped in pairs of two. Thus, carry levels are only
developed for even bit positions.

A consolidation of the basic adder logic which is utilized by the parallel
adder follows:

1. A1l ODD bit positions use the equation in the form of A Bmn-1F

5. All EVEN bit positions use the equation in the form of A BmnF

3, The carry level WmnC is developed only for EVEN bit positions

,. The carry logic fron ODD numbered bit positions is developed
within the equation for A BmnF

5 The status of all absolute and marginal carries (true and false)
is known prior to the actual add

6. 'The presence of all carry levels {WmnC) is known prior to the

actual add

L2 Bit Mantissa Adder

Figure 2.L-6 shows the two regiéters of the L2 bit mantissa adder.

M Rege. A Reglster
o lslull 3ol 38 37]36] 35 (( 1a]aofo|8]7]6}s5jh]3]2]?

M Reg. B Register
ololallaol3s[37]36] 35 [( 1a]lofo|s]7[efsfui3]af?

FIGURE 2.L4-6. L2 BIT MANTISSA ADDER REGISTERS

The specific equations for setting the sum into the B register are as
follows. Note that the equations are written in the general form, however,
in the logic book some of the equations may appear in an inverted form.

The term BO2Z allows the gating of the sum into the B register whenever a
4,2 bit mantissa add is required. The term T52L' appears in the gating of
the M register extension of the B register. The term T52L' functions to
convert the L2 bit mantissa adder into a 39 bit mantissa adder, which is
required during the Integer Store Operators for rounding off the B register.
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A Bnn-1F = BO2Z ® Wmn-1A 1 thru 39; ODD
A BinF = B02Z e WmnA 2 thru 38; EVEN
«+. /A MOBF = BO2Z e T52L! e viww
A MOSF = BO2Z » T52L' & W5SWW
. AMIOF = B02Z e T52L' & W2WW
Wmn-1A = Amn-1F ¢ Wmn-2C' WmnA = AmnF ¢ (Amn-1F' e Bmn-1F!
+ Amn-1F'e Wmn-2C + Amn-1F' ¢ Wmn-2C!
+ Bmn-1F!' ¢ Wmn-2C!
WSWW = MOSF ® WLOC!'fae + AmnF' ¢ (Amn-1F  Bmn-1F
+ MOSF' & WhHOC - +Amn-1F ¢ Wmn-2C
+Bmn-1F ¢ Wmn-2C)
W3WW = MOLF' e A39F s B39F W2WW = MOSF #® MO9F e MOGF'!
<~ 4+ MOLF e A39F! e B39F! ~~ + MOSF e WLOC e MO6F!
D + MOLF ® A39F' e W38C! ~ + MOSF e WLOC e MOGF!
+ MOLF ® B39F' ® W38C! 2 + MOSF'e MO9F'e MOGF
+ MOLF' * B39F * W38C + MOSF'e WLOC'® MO6F
+ MOLF' e A39F ¢ W38C + MO9F'e WLOC'e MO6F

Notice that the equations for W3WW and W2WW have the same form as WmnA,

10 Bit Address Adder

Figure 2.4-7 shows the two registers of the 10 bit address adder. The term
M10Z allows the gating of the sum into the M register when the address adder
is required. The equations of WIWW and WLWW have the same form as the equation

for WmriW,
F57i - 42 [£F AOLER
+5 i 39 rir néd Al Roglstor
10j9|8l716e]l5lLul3l2)1
M Register
1o0l918j716|51L4]1312]1

FIGURE 2.L4-7. 10 BIT ADDRESS ADDER REGISTERS
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Mmn-1F = M1OZ ® Wmn-1A
MmnF = M10Z WmnW
MOSF = M107 W1WW

MOGF = M10Z » WO9%A
M10F = MIOZ o WhWW

gl >l n e
\.m\.}—j
=W
o\l

]

Wmn-1A = Amn-1F ® Wmn-2C'
+ Amn-1F'e Wmn-2C

WmnW = ArmF ® (Amn-1F' ¢ Mmn-1F!
+ Amn-1F'® Wmn-2C!

+ Mmn-1F' ¢« Wnn-2C!

+ AmnF' ¢ (Amn-1F & Mmn-1F

+ Amn-1F e Wmn-2C

+ Mmn-1F e Wmn-2C)

W1WW

AIOF' e MOSF e AQ9F
A1QF!' = WOBC ¢ AQ9F
A1QF' » MO9F ® WOBC
A1OF e AO9F'e MO9SF!
A1OF  AO9F'e WOBC!
A1OF s MO9F'e WOBC!

AOBF'' ¢ AQTF ¢ MOTF WLWW

AOBF' » AQ7F e WO6C

AQBF' ® WOTF

WO6C
AOBF o AO7F'® MOTF!
AOBF ® AQTF'e MO6C!
AOBF e MOT7F'e WOEC!

o+ o+ o+ ok
+ 4+ 4+ + o0

Carry Levels

The development of the various carry levels WmnC, WmnR, and WmnM have been
described, Because the carry levels are common to both the mantissa and
address adder, the term QO9F is added to the carry level logic. When QOSF
is SET the adder is functioning as an address adder; carry levels are
developed from the A and M registers. When QO9F is RESET, the adder is
functioning as a L2 bit mantissa adder; carry levels are developed from the
A and B registers. The general form for a carry level follows:

WmnC = WmnR
WmnM ¢ WmnR
WmnM » WmnM ® MmnR
WmnM e WmnM ®*WmnM ® WOOC

+ + + 0

NOTE

WOOC = QO1F. QO1F is set for a PRE-CARRY during
subtraction or is set for adding in a one during a
round operation.

WmnC is developed for each even bit position, W02C
through W4OC. For example, the carry level WLOC is
from the M register, bit positions L4 and 8; see
Figure 2.4-6, the L2 Bit Mantissa Adder.

The absolute carry level logic, WmnR, has the term QO9F included for bit
positions 02 through 10 and 4O. It is not required of bit positions 12
through 38. QO9F indicates address adder and QO9F' indicates the mantissa
adder.
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Bit positions mm (02 through 10): Bit position LO:
WmnR = ArmF e BrmF e QOGF! WLOR = QOSF! e (MOLF e MOSF
+ AnmF e Amm-1F ¢ Bm-1F QO9F'! + MOLF e A39F e B39F
+ BmF e Bm-1F e Amm-1F QO9F'! + MOSBF e A39F e B39F)
+ AmmF e MmF e QOSF
+ AimF e Arn-1F o Mmn-1F e QOSF
+ MmmF e

Mm-1F e Amn-1F e QO9F

Bit positions mn (12 through 38); note that the equation is written in the
Switched Form.

-0'- WmnR

-I - + AmnF' ¢ Amn-1F!
AmnF' e« BmnF'!
AmnF' ¢ Bmn-1F!
Amn-1F' & BmnF!
BmnF' ¢ Bmn-1F!

Th oo+ 4+

The marginal carry logic, WmnM, has the term QO9F included for bit positions
02 through 10 and LO; it is not required for bit positions 12 through 38.

Bit positions mn (02 through 10):

WmnM = AmnF ¢ Amn-1F
+ AmnF ¢ Bmn-1F ¢ QO9F!
+ AmnF * Mmn-1F ¢ QO9F
+ Amn-1F ¢ BmnF ¢ QO9F!
+ Amn-1F ¢ MmnF e QO9F
+ BmnF ¢ Bmn-1F e QO9F!
+ MmnF ¢ Mmn-1F e QOOF

Bit position mn (12 through 38);

-0 - WmnM

-1- + AmnF  * Amn-1F

) + AmnF e Bmn-1F
+ Amn-1F » BmnF
+ BmnF ¢ Bmn-1F

ADDER LEVELS

The levels W10L, W13L and W1LL are developed for use externally in the adder
logic. The levels W10L and W1LL are carry levels from EVEN bit positions.
The level W1OL indicates a carry from the 10 bit position of the address
adder. W1OL has the same development as other carry logic.

NOTE

The level W10C is not developed
for general adder usage, there-
fore, W1O0L is utilized.
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W1O0L = WI1OR
W10M *® WOSBR
+ etc,

+

The level Wl1LL indicates a carry from the 1hth octal sum digit. Its
development is similar to other carry logic.

W1LL = MO6F e M1OF
+ MO6F ® MOSF e MOSF
+ MO6F e MOSF e WLOC
+ MO6F e MOSF e WLOC
+ MOSF e M1OF ¢ MOYF
+ MOSF e M1OF ¢ WLOC
+ M1OF e MOSF e WLOC

The level W13L indicates a carry from the 13th octal sum digit. The bit
position corresponding to the 13th octal sum digit does not correspond to
an even bit position. Therefore, the carry level W13L is from bit position
39, an odd bit position.

W13L = A39F e B39F
+ WSOB e W38R

WS0B e W38M e W36R
+ etc.

W50B = A39F + B39F

+
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2.5 SERTAL DECIMAL ADDER

The Serial Decimal Adder is a D.C. level binary adder which sums two binary
coded decimal digits in the Y and Z registers and places the straight binary
sum into the Z register. Figure 2,5-1 shows the Serial Decimal Adder in a
block diagram form. The inputs to the Y and Z register are from the A and B
registers, respectively; a character at a time. Because the resulting sum of
the addition of the Y and Z registers is in a straight binary form, it is
necessary to convert the sum into a binary coded decimal digit before storing
the sum back into the B register.

ADDER INPUTS

The input tc the Y register is from the A register. Each character that is
transferred to the Y register is the character specified by the G register.
Because the A and B bit position of the least significant character in a
field contains the sign, all bits of a character are transferred to the Y
register.

The input to the Z register is from the second and third octade positions of
the B register. All bit positions of a character are transferred to the Z
register to facilitate sign comparison.

The decimal adder is only mechanized for addition, therefore, subtraction
is accomplished viacomplement addition. In the performance of complement
addition it is necessary to complement either the Y or Z register input
levels to the adder logics. Addition logic states that the smaller of the
two fields (in magnitude) is complemented. If it is required that the Y
input be complemented, the output levels of the Y register are gated into
the adder logics in complement form. If it is required that the Z input
be complemented, the character transferred to the Z register from the B
register is in complement form.

When complement addition is required, the status of QU2F and QOLF states
which of the two inputs is to be complemented. Refer to Field Add flow.
The various states of QO2F and QOLF are as follows:

QO2F ' ¢*QOLF' = No Complement
QO2F o QOLF' = Complement Y
QO2F » QOLF = Complement Z

Figure 2,5-2 shows the decimal adder in block form with specific levels
labeled. The Z register is shown in two places for clarity.
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COMPLEMENT "INPUT

When a complement input to the adder is required, the nines complement of

each binary coded decimal digit is developed. Figure 2.5-3 shows the binary
coded decimal digit input characters with their corresponding nines complement.
Note that decimal digits O through 9 are the cnly possible input digits.

DECIMAL INPUT 9's COMPLEMENT

8L 21 8L21
0 0000 10001
1 0001 1000
2 0010 0111
3 0011 0110
L 0100 0101
g 0101 0100
6 0110 0011
7 0111 0010
8 1000 0001
9 1001 0000

FIGURE 2.5-3, NINES COMPLEMENT

The logic rules which state when to complement a specific bit to develop a
nines complement are as follows, If none of the rules apply, nc complement
is required.

Alwéys Complement

Iia bit =
2's bit = Never Complement
L's bit = Only if 2's bit is on
< 8's bit = Only if both the 2's and L's bit are off

Z Register Inputs. The input to the Z register may be in complement or
non-complement form. The following equations :.ate the input gating to the
Z register. QOLF on, indicates a nines complement input. The term Z02TD1
allows the Z register set and reset levels to be effective,

ZR1F = Z02TD1 ¢« BOLF e QOLF' ZRAF = Z0O2TD1l e BOSF
+ ZO2TD1 e BOLF' e QOLF ZRAF'= Z02TD1 e BOGF!
ZR1F'= ZO2TD1 ¢ BOLF' e QOLF! ZRBF = Z02ID1 e BO9F

+ Z02TD1 » BOLF e QOLF ZRBF'= Z02TD1 e BOOGF!

ZROF = Z®2TD1 o BOSF
/ROF'= Z02TD1 ¢ BOSF!

Z61L = BOEF e BOSE!
ZRUF = Z0O2TDl e Z61L + BO6F' ¢ BOSF e QOLF
ZRLF'= Z02TD1  Z61L! + BO6F e QOLF!
ZR8F = Z02TDl e Z62L Z62L = BOTF' e BO6F!' e BOSF' o QOLF
4RB8F'= Z02TD1 o Z62L! : + BO7F e QOLF!
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Y Register Input

The Y register input is a direct transfer from the A register. The G register
points to the character that is transferred. The following equation shows the
transfer gating input to the Y register in simplified form. Note that the
Common And Gate (CAG) levels correspond to the G register setting.

m=1, 2, L4, 8, A or B
YRmF = CAGYO7 #® AnnF nn = 01=06
+ CAGYOE e Annt nm = Q=12
+ CAGYOS e Annff nn = 13318
+ CAGYOL & AnnF nn = 192}
+ CAGYO3 e AnnkF nn = 25330
+ CAGY0OZ2 e AnnF nn = 31=>36
+ CAGYO1l e AnnF nn = 37342
+ CAGYOO e AnnF nn = L33>),8

Y Register Output

The Y register output levels which are input levels to adder logics may be
in complement or non-complement form. The following logical equations state
the gating of the Y register output levels in complement or non-complement
form., Note that gating for the 2's bit is absent, because it is never
required to complement the 2's bit to obtain the nines complement.

QO2F! & QOLF!
QU2F - QOLF!

No Complement
Complement Y

YS1L = YR1F s QO2F! No A
+ YRIF e QOLF A7
+ YR1F's QO2F e QOLF! AY
YSLL = YRLF » YROF! No A
+ YRLF e QO2F! No A
+ YRLF e QOLF A7
+ YRUFte YR2F s 211L AY
211L = QO2F e QOLF!

ADDER LOGIC

The adder logic accepts the input levels from the Y and Z registers as binary
coded decimal digits, and develops complement logic to place the sum in the

Z register in straight binary form. Figure 2.5-) shows the Y and Z registers
with the corresponding carry levels indicated. QO7F is the carry storage
input from a previous decimal digit or is a pre-carry in complement addition.
The carry levels ZClL, ZC2L and YZCL are developed from bit positions 1, 2
and 8, respectively. A carry level from bit position four is not developed,
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FIGURE 2.5-L4. CARRY LEVELS

The carry level YZCL from the 8 bit position is a binary carry and therefore
has a decimal value of 16. When the sum of Y plus Z is placed in Z, the
carry level YZCL is stored in the B bit position of the Z register.

The basic add logic of placing the sum in the Z register by complementing
or non-complementing the Z register is similar to the logic utilized in the
Parallel Adder. The basic logical equation in simplified form is as follows:

AZ bit = (Y bit e Bit CARRY') + (Y bit' e Bit CARRY)

Z Register Sum Input

The equations for complementing the Z register and thus setting the binary
sum in the Z register are as follows. In the logic book, the equations are
in switched form, The level 6141 allows gating the sum into the Z register
during Field Add/Sub.

AZRIF = 61LL o YZ1L YZ1L = (YS1L o QO7F') + (YSIL e QO7F)
AZR2F = 614L o YZ2L YZ2L = (YR2F e ZC1L') + (YR2F' e ZC1L)
AZRUF = 6141 o YZLL YZLL = (YSLL e ZC2L') + (YSLL' e ZC2L)
AZRSF = 614L & YZBL YZ8L = YSBL o ZRLF!
AZRBF = 61LL  YZCL + YSBL e 7C2L!

+ YSBL'e YSLL e ZRLF

+ YSBL'e YSLL e ZC2L

+ YSBL's ZRLF e ZC2L

In the interpretation of the equation for YZ8L, it must be remembered that
the only possible inputs to the adder are the digits O through 9. There-
fore, the 8 and 4 bits will never be true at the same time.
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Carry logic

The equations to develop carry levels from the first, second and eighth bit
positions are as follows. The carry from the fourth bit position is a part
of the equation for YZ8L and YZCL. : '

ZC1lL = YS1L e ZR1F ZC2L = YR2F e ZR2F YZCL = YS8L e ZR8F
+ YSIL & QO7F + YR2F e ZC1L + YS8L e ZRLF e ZC2L
+ ZR1F e QOTF + ZR2F o 7ZClL + ZRBF e YSUL e ZC2L

BINARY SUM CORRECTION

The binary sum in the Z register passes through decimal correct gating before
being stored in the 15th and 16th octade positions of the B register.

Figure 2.5-5 contains a truth table for decimal correcting of binary digits

0 through 19.

DECIMAL Z REG. BIT QOT7F B REG. BITS
DIGIT B84 21 L6/8 L5/ Lh/2 L3/1
0 00000 0 O 0 o0 o0
1 00001 0 o 0o o 1
2 00010 0 O 0 1 o0
3 00011 0 o o 1 1
I 00100 0 0 1 0 0
5 00101 0 o 1 o0 1
6 00110 0 o 1 1 o0
7 00111 0 o 1 1 1
8 01000 0 1 0 0 ©
9 01001 0 1 0 0 1
10 01010 1 O 0 0 o0
11 01011 1 o o o0 1
12 01100 1 o 0o 1 o
13 01101 1 o o 1 1
1L 01110 1 O 1 0 0
15 01111 1 ‘0 1 o0 1
16 10000 1 o 1 1 o0
17 10001 1 o 1 1 1
18 10010 1 1 0 O0 0
19 10011 1 1 0o o0 1

FIGURE 2.5-5. DECIMAL CORRECTION TRUTH TABLE
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The equations for setting the decimal corrected binary coded decimal digit
sum into the 15th and 16th octade positions of the B register are as
follows.

NOTE

During Field Add, the 16th octade is cleared prior
to setting the sum into the 15th and 16th octades.
The 16th octade is reset at the time the binary sum
is placed in the Z register.

The level E31L permits gating the sum into the B register during Field

Add/Sub.
BL3F = E31L e ZR1F BLSF = E31L e ZDLL
B43F'= E31L e ZR1F! BLSF'= E31L e ZDLL!
BuF = E31L e ZD2L BLOF = E31L e ZDSL
BLLF'= E31L e ZD2L! QO7F = E31L e ZDCL
Decimal Digits

7D2L = ZRBF' e ZR8F' e ZR2F 2, 3, 6, 1
’ + ZRBF e ZRLF e ZR2F! 12, 13

+ ZRBF e ZR2F! 16, 17
ZDLL = ZRLF ® ZR2F 6, 7, 15, 16

+ ZR8F'e ZRLF L, 5, 6, 7

+ ZRBF ® ZR2F! 16, 17
7D8L = ZRBF e ZRLF' e ZR2F! 8, 9

+ ZRBF ® ZRLF' e ZROF 18, 19
ZDCL = ZRBF 16, 17, 18, 19

+ ZRBF ® ZRLF 12, 13, 1L, 15

+ ZRBF ® ZR2F 10, 11
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2.6 INPUT CONVERT: B29T Flow Chart

The B29T Flow Chart is to be used in conjunction with the INPUT CONVERT
Flow Chart. (See write up on INPUT CONVERT Flow Chart.) The B29T Flow
Chart illustrates the logic for shifting the B register in the attainment
of the conversion of binary coded decimal to straight binary. The actions
described by the B29T Flow Chart occur during J = 3 of INPUT CONVERT.

CONVERSION PRINCIPAL

The conversion from binary coded decimal to straight binary is based on the
principal of repeated division of the decimal number by 2, with the
successive remainders forming the binary number. The first remainder to

be developed forms the least significant binary bit, successive remainders
form the more significant binary bits. An example of the conversion of

the decimal number 151 to binary is shown in Figure 2.6-1.

151 Div. by 2 = 75 - Rem. of 1 1
75 " =37- " 1 11
37 n =18 - » 1 111
18 " = 9 - " 0 0111

9 " = L - n 1 10111
N n = 2 - " 0 010111
2 " = 1 - m 0 0010111
1 " = 0~ 0 1 10010111

Decimal 151 = Binary 10010111

FIGURE 2.6-1. DECIMAL 151 TO BINARY

SHIFT REGISTER

The process of repeated division by 2 is accomplished by repeated shifting
of a register containing the number to be converted. With the binary coded
decimal number entered into a shift register divided in decades, the
division by 2 is performed by shifting towards the least significant digit
position. However, when a one is.shifted from the 1's position of a decade
to the 8's position of the next lower decade, the value of this one changes
from 10 to 8 rather than 10 to 5. This means that when shifting a binary
one from a decade to the next lower decade, a 3 must be subtracted to effect
the division by 2.

An example of the conversion of the binary coded decimal number 27 via a
shift register is illustrated in Figure 2.6-2,
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0010}10111 shift
0001{0011}1 shift
0000100111 shift
0000011011 subtract 3
0O000|0011}011 shift
ocoooo0|000111011 shift
0000|000O0}11011

B.C.D. 27 = Binary 11011
FIGURE 2.6-2. B.C.D. CONVERSION VIA SHIFTING

In the B 5500 each decade is checked by each clock pulse. When a "O" is
stored in the least significant bit position of the (n+l)th digit, the 3
most significant bits of the nth digit and the least significant bit of
the (n+l)th digit are shifted one position to the right.

If a "1" is stored in the least significant bit position of the (n+1)th
digit, the bits of the nth digit are modified through a switching network.
This network performs the action of shifting to the right and simultaneously
subtracting 3.

NOTE

The logic of the switching network is the same
for each decade. The most significant decade
needs no switching network since for this
decade the least significant bit of the next
higher decade is always zero.

Logic

The logic for shifting and subtracting 3 in any one decade is as follows:
Let FF's n equal the four binary bit positions of any one decade; i.e.,
FFnl = 1's bit; FFn2 = 2's bit, FFn3 = L's bit; and FFnL = 8's bit. The
equations which follow are the input equations for the flip-flops of decade
n, assuming that FF(n+l)l equals one. J equals set input and K equals
reset input.
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J-FFnl = FFn2!
K-FFnl = FFn?2

J-FFn2 = FFn3

K-FFn?2 = FFn3

J-FFn3 = FFnl!
K-FFn3 = FFn2

J-FFnly = FFn3 e FFn2
K-FFnL = O

Figure 2.6-3 illustrates the application of the equations for setting the
f1ip-flop of the nth decade when the 1l's bit of the (n+l) decade equals
one. The nth decade (before) illustrates values of O through 9; the nth
decade (after) illustrates the values after shifting and subtracting 3 is

accomplished.
nt+l nth nth
Before After
321lLh321{L321
L21]l8L21]8L421
11000010101 8-3 =5
1100010101 8-3 5
11001010110 9-3 =6
11001110110 9-3 = 6
110100101 11}10-3=17
110101101 11)110-3 =17
1{0110{1000]|11-3 =28
1lo111{1000}11-3 =28
111000{1001)12-3 =9
11100111 001}12-3 =9

FIGURE 2.6-3. SETTING FLIP-FLOPS OF NTH DECADE

B29T FLOW CHART

The B29T Input Convert flow chart illustrates the logic for setting and
resetting the specific bits of the B register to accomplish the input
convert operation. The levels term Wl1(n)I is true when the corresponding
next higher decades 1's bit is equal to zero; in which case the only
required actions for the respective decades is to shift. The levels term
(WO(n)I is true when the corresponding next higher decades 1's bit is equal
to one; in which case the required action is to shift and subtract 3.

Note that the input to a specific bit position ending in "X" refers to a

set input. The input terms ending in "Y" refer to a reset input. For
example BO3X implies the BO3F is to be set.
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2.7 OUTPUT CONVERT: B30T Flow Chart

The B30T Flow Chart is to be used in conjunction with the OUTPUT CONVERT
Flow Chart. (See write up on OUTPUT CONVERT Flow Chart.) The B30T Flow
Chart illustrates the logic for shifting the B register in the attainment °
of the conversion of straight binary to binary coded decimal. The actions
described by the B30T Flow Chart occur during J = 3 of OUTPUT CONVERT.

CONVERSION PRINCIPAL

The conversion from straight binary to binary coded decimal makes use of the
fact that the value of any binary bit is equal to 2n-1 yhere n is the
location of the bit in the binary number. Thus, the decimal value of a
binary number may be determined by adding appropriate powers of 2 as
indicated by the presence of a 1 in the binary number. The power of 2 may
be calculated by doubling each binary bit n-1 times. Doubling of the
binary bits is accomplished via a shift register, since shifting the

entire register once toward the most significant bit position doubles all
binary stages in the register,

When incorporating this procedure in a binary coded decimal (B.C.D.)
register, it must be noted that shifting a 1 from the 8's bit position

of a decade to the 1's bit position of the next higher decade does not
double the value of the bit as occurs when shifting between bit position
within a decade. That is, when a 1 is shifted from the 8's bit position

of a decade to the 1's bit position of the next higher decade, the value of
the bit only increases from 8 to 10 rather than 8 to 16. This means in this
case, that an additional 6 must be added to the "next higher decade" to
account for the missing value of 6. This value of 6 may be added into the
"mext higher decade" by adding 3 to the lower significant decade prior to
shifting; hence, after shifting the value of 6 is effectively added to the
"next higher decade".

In a binary coded decimal register, a carry must occur from any one decade
whenever the value of the digit in the decade exceeds the value of 9. That
is, if the decimal digits in each decade are to remain in proper form and not
exceed the value of 9. If the value of the current digit in any one decade
equals 6 or more before shifting, its value will exceed the value of 9 after
shifting and thereby require a decimal carry to be developed. If it can be
determined that the value of decades contents will exceed the value of 9
after shifting (current value equals 5 or more), the previously described
problem of a 1 in the 8's bit position of a decade being shifted to the 1's
bit position of the next higher decade results; i.e., the loss in the value
of 6. Therefore, if the current value of a digit is equal to 5 or more
before shifting, it is known that a decimal carry will result, which requires
that a value of 3 be added to the digit prior to the shift. The net result
is that all digits remain in proper binary coded decimal form; no digit
position exceeds the value of 9 either before or after shifting.
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In the B 5500, each decade is checked by each clock pulse. If the decades
content equals less than 5, the decade is just shifted one bit position to
the left. If the decades content equals 5 or more, the decades three most
significant bit positions (8, L4 and 2) and the least significant bit
position of the next higher decade are modified through a switching network.
This switching network has an action which is equivalent to adding in the

* value of 3 and shifting one position to the left.

Logic

The logic for adding 3 and shifting (switching network) is the same for

each decade and is as follows: Let FF's n equal the three most significant
binary bit positions of any one decade and FF(n+l) equal the least signifi-
cant binary bit position of the next more significant decade. That is,

FFn2 = 2's bit; FFn3 = L's bit; FFnl = 8's bit; and FF(n+l) = 1's bit. The
equations which follow are the input equations for the three most significant
flip-flops of decade (n) and the least significant flip-flop of decade (n+l).
The leading designation by the letter J indicates the set input, and the
letter K indicates the reset input. It is assumed that the value of the
current digit in the nth decade equals 5 or more; otherwise, the equations
are not valid.

J-FFn2 = FFnl!

K-FFn2 = .FFnl

J-FFn3 = FFnl!

K-FFn3 = FFnl' + FFn2!
J-FFnlh = O

K-FFnl; = FFnl!

J-FF(n+l) = FFnl4 + FFn3 e FFn2 + FFn3 e FFnl
K-FF(n+l) = FFnl' e FFn3' + FFn3 e FFn2' e FFnl!

Figure 2.7-1 illustrates the application of the equations for setting the
three most significant bit positions of decade (n) and the least signifi-
cant bit position of the (n+l) decade. The nth decade (before) illustrates
values O through 9; the nth and nth+l (after) illustrates the values after
shifting. Note that for values less than 5 only shifting is illustrated.
For values 5 or more, adding of 3 and shifting is illustrated as the final
result.
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nth+l nth nth
After | After Before
321}L321fL321 Bit Position
L21}{8L21§8L21 Binary Value
ojooO0OXfo0O0O
0OJ]0OO0O1 Xf00O01
olo10Xjo0010 Less than 5
0l011X§0011
0|1 00XR0100O0
11000XJ0101
1J]o001Xfo0110
1101 0Xf0111 5 or more
1J011X§1000
111 00X§1001
FIGURE 2.7-1. DECADE BIT SHIFT

An example of binary to decimal

conversion is illustrated in Figure 2.7-2.

In Figure 2.7-2 the binary number (1100111) is converted to decimal 103 via
shifting according to the principles previously described. Note that the
addition of 3 and shifting (when required) is illustrated in two steps to

more clearly show the action.

B30T FLOW CHART

The B30T Output Convert Flow Chart illustrates the logic for setting and
resetting the specific bits of the B register to accomplish the output
convert operation. The levels termed WO(n)@ are true when the corresponding
nth decade is equal to a value of 5 or more. In this case, n decade may
have values of 1 through 8, referring to the least significant to the most

significant decade and numbered

1 through 8, respectively.

The levels termed Wl(n)g are true when the corresponding nth decade contains
a value less than 5, in which case, only shifting is required.

Note that the input to a specific bit position ending in the letter nyu
refers to a set input. The input terms ending in the letter wyn refer to

a reset input.
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TENS UNITS

shift
shift
add 3 (decade 1)
sum (decade 1)
shift
1 shift
add 3 (decade 1)
sum (decade 1)
1 shift
add 3 (decade 2)
sum (decade 1)
shift (final result)
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0011

0111 shift
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FIGURE 2.7-2. BINARY TO DECIMAL CONVERSION
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SECTION 3
WORD MODE OPERATIONAL FLOWS
3.1 IOGICAL AND ‘ oL15
TOGICAL OR , 0215

The IOGICAL AND operator will set a ZERO (False) into each bit position of the A reg-
ister, except the flag bit (48), when a ZERO appears in the corresponding bit posi-
tion of the B register.

The LOGICAL OR operator will set a ONE (True) into each bit position of the A regis-
ter, except the flag bit, if the corresponding bit position in the B register is a
ONE.

SUMMARY OF OPERATION

The operators require both the A register and the B register to be occupied. 1f
they are not, then the required stack push up will take place.

The LOGICAL AND function will result in a True indication if the corresponding bits
in the A register and the B register are both True. The LOGICAL OR function will
result in a True indication if either or both of the corresponding bits of the A
register and B register are True. The result will appear in the A register; the B
register will be set to empty. The flag bit of the result in the A register will
be the same as the flag bit was in the B register.

DETAILED DESCRIPTION

JOOL

The actions above the double line are for stack push up if required. The
actions below the double line are to implement the ILOGICAL AND/OR operator.

AROF

If the A register is unoccupied, then shift the contents of the B register to
the A register, A<-B. Mark the B register as empty, BROF to O.

AROF + BROF

If either the A register or the B register are unoccupied, then initiate a
memory read operation, E<+3, and exit from this J count to J = 1.

LROF e BROF

A shift from B register to A register occurred with AROF so if the B register
was occupied then mark the A register occupied.
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AROF e BROF

This condition indicates that the A and B registers are full and the actions
listed below the double line can occur.

AROF e BROF e IOAL

With both registers occupied and a LOGICAL AND operator, perform a single sided
transfer (A' to B') of the False outputs of B[L7=>1] into the KCL (reset) in-
puts of the A[L7=>1]. This results in a True indication only if both corre-
sponding bits of the registers are True.

AROF e BROF e LOOL

With both registers occupied and a LOGICAL OR operator, perform a single trans-
fer, A to B, of the True outputs of B[L7=*1] into the JCL (set) inputs of
A[L7=>1]. This results in a True indication if either or both corresponding
bits are True. \

AROF e BROF
With both registers occupied, mark the B register as empty, BROF to O, and exit
from this operator, (EXIT). The term EXIT will enable the Syllable Execute
Complete Level (SECL) and result in the termination of this operator.
Also transfer the flag bit in the B register to the flag bit position of the
A register, (ALBF<-BLBE).

JO1L
MROF
With MROF set the information is in the MIR register of core memory, shift it
to the B register. Indicate that B register is occupied by BROF 1. Also

count the S register down 1, S-1, and return to JOOL, (J=0). This J register
setting (JO1lL) is used for stack push up only.
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3.2 LOGICAL EQUIVALENCE LOEL-1015

Set a one in each position of the B register, except the flag bit, when the
corresponding bit positions of the A and B register are equal., Set a zero

in each position of the B register, except the flag bit, when the correspond-
ing bit positions of the A and B register are not equal. The flag bit of the
B register is unaltered, The A register is set to empty.

SUMMARY OF OPERATION

The EQUIVALENCE comparison by bit, is performed between the three bit

ositions of the sixteenth octade of the A and B registers. Bit positions
Eé L7 and L8 of the A register are compared against bit positions L6, L7
and L8 of the B register. The results of the EQUIVALENCE comparison are
stored in the first octede position of the .B register, bit positions 1, 2
and 3. E&ch time $he first octalle position of the B register is set to the
results of an EQUIVALENCE comparison, both the A and B registers are
shifted left one octade position. The left shifts by octade are tallied
by the N register.

DETAILED DESCRIPTION

J =0

The actions above the double line load the A and B registers if they are
not already loaded, the actions below the double line perform the logical
. EQUIVALENCE function.

If either the A or B register is unoccupied, a normal push up from the stack
occurs.

ICFL = Q25L e T50L
T50L = Logical EQUIVALENCE
Q25L = = 0) (AROF' + BROF!')

All of the actions that follow require the A and B registers to be occupied
(AROF e BROF).

BO3F to 1 or BO3F to ©

The first clock pulse which finds the A and B registers occupied is when the
A and B registers are in their original form. The term N register equal to
zero (NEZL), indicates that no octade shifts have taken place. Therefore,
the forty-eighth bit position of the B register (flag bit) is set directly
into BO3F, thus forming that portion of the new sixteenth octade position.
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During the subsequent fifteen octade positions, BO3F is set to one if ALSF

% and BLOF are EQUAL (ALSF e BLBF + ALBF' e BLBF'), otherwise BO3F is set to
zero. Subsequent octade positions, other than the flag bit position, are
indicated by the term NEZL' being true.

BO2F is 1 or BO2F to O

During all octade positions, BO2F is turned on if both the corresponding
two bits being checked (ALTF and BLTF) are EQUAL. If ALTF and BLTF are
not both set or both reset, BO2F is turned off.

BO1F to 1 or BO1F to O

During all octade positions, BOIF is turned on if both the two corresponding
bits (ALSF and BLEF) being checked are EQUAL. If AL6F and BLOF are not EQUAL
(ALEF' o BLOF + ALGF e BLEF'), BOLF is turned.off.

J to 2°

When N15L is true, the N register has been counted up to 15 to tally 15 .
left shifts of the A and B registers. The clock pulse which sets the J
register to 2, also gates the last required EQUIVALENCE comparison and left
shift. Thus, the B register is restored to its original form with the flag
bit again in the sixteenth octade position.

Shift A and B left by Octades and N + 1

As each EQUIVALENCE comparison is performed, the A and B registers are
shifted left by octades. Note that the A and B registers are not circulated,
but that new information is developed as the B register is shifted left
toward its final position. The last EQUIVALENCE comparison occurs when N
equals 15, thereafter the N register is counted up by one, leaving the N
register equal to zero.

J =1

This' J register setting is associated with the loading of the B register,
at J equals O, during a normal push up if required.

J = 2

The A register is marked unoccupied by the resetting of AROF, and the Syllable
Execute Complete Level (SECL) is gated true to end the logical EQUIVALENCE
operator.
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3.3 LOGICAL NEGATE ’ LONL-0115

Complement every bit position of the A register except the flag bit which
is left unaltered.
SUMMARY OF OPERATION

If the A register is empty and the B register is full, the B register
contents are transfarred‘to A and the B register is marked unoccupied.

If both registers are empty, the A register is loaded directly and the B
register remains unoccupied. Thereafter, the A register is complemented
and the operator terminated.

DETATLED DESCRIPTION

J =0

If neither the A or B register is loaded, the E register is set to 2
initiating a load of the A register. Once the A register is occupied, the
A register is complemented. The flag bit is left unaltered.

The clock pulse which gates the complement of the A register into the A
register also gates the Syllable Execute Complete Level (SECL) true, thus
terminating the operator.

A0l = 39F = AO3T
A0l = 39F'= AO3T

AO3T = AROF o CO3L ¢ TOTF
CO3L ® TO7F = lLogical Negate
ALO = LSF = AOST

ALO 2> L5F'= 405T
AOST = §ROF  CO3L ® TOTF

AL6 and LTF = AROF ® CO3L ¢ TOTF
Al6 and LT7F'= AROF ® CO3L ® TO7F

J =1

Entry to this J count is due to the setting of E to 2 for a load of the A
register. When the Memory Read Accegs obtained level is available, the J
register is returned to zero, the S register counted down and the A register
marked occupied.
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3.4 RELATIONAL OPERATORS

COMPARE: B Greater than A BGAL - 0225
B Greater than or Equal to A BGEL - 0125
B Equal to A BEQL - LL25
B Less than or Equal to A BLEL - L4125
B Less than A BLAL - L4225
B Not Equal to A BNEL - 0L25

The relational operators perform comparisons on the two top operands in the
stack. The operands are removed from the stack and the result of the
comparison is placed in the top of the stack. The operands may be in an
un-normalized form and the required scaling will take place in the comparison
operation. For the relational operators, operands of zero, minus zero and a
zero mantissa, with a non-zero exponent, are considered equal. Flag bits are
ignored.

The operand in the B register is algebraically compared with the operand in
the A register. Depending 6n the operator level, if the value of the
operand in the B register is algebraically: greater than; greater than or
equal to; equal to; less than or equal to; less than; not equal to, the
value of the operand in the A register, the low order bit of the B register
is set to one and all other bits of the B register are set to zero. Other-
wise, all bits of the B register are set to zero. The A register is set to
empty.

SUMMARY OF OPERATION

Refer to Figure 3.L-1 for a block diagram flow of the logic utilized in the
compare operators. The A and B registers must be loaded if they are not
loaded on entry. If the mantissa of either the A or B register is zero, or
if the signs of the mantissa are different, the comparison is completed on
the basis of the mantissa signs and possible zero mantissa.

If neither mantissa is zero and the mantissa signs of A and B are alike, it

is necessary to determine if the exponents are equal, or if both mantissas are
normalized. If the exponents are not equal and the A and B registers are not
normalized, the A and B registers are normalized before the comparison can
continue. When one or both of the conditions are met (exponents equal or
normalized registers), the A register is complemented enabling a comparison

of the mantissa magnitudes.
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IS A AND B NO LOAD
LOADED A AND B
¥ES
MANTISA OF COMPARE, GATE WITH SET
S OR--—-——- SIGNS AND/OR LEVELS > IF |
MANTISSA SIGNS 7ERO TO SET QOLF
OF AsB # MANTISSA QOLF ON
NO
YES
EXPONENTS = A A REG
_______ OR==== = =4
MANTISSA'S
NORMILIZED
TEST FOR
NO ABSOLUTE |Bm<Am | COMPARE ON
——=—>  EXPONENTS
VALUE OF | gg= AND SIGNS
MANTISSA VIA
NORMILIZE CARRY LEVEL
A AND B
WI3L | Bm > Am COMPARE ON
EXPONEN TS ;
SIGNS; AND
SUBTRACT O MANTISSA

FIGURE 3.4-1 COMPARE OPERATOR LOGIC
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If the carry level W13L is true, the B mantissa is either equal to or
greater than the A mantissa. If W13L is false, the B mantissa is less than
the A mantissa. Figure 3.4-2 illustrates in simple terms how the presence
of a carry indicates the larger of the two mantissas.

A-8"A A-8'A A - 8'sA
A-5-3 A-5-3 A-6-2
B-6-6  B-5-5  B-5-5
B sum 1 Bs 0] B sum 7

CARRY (Bm > Am) NO CARRY (Bm < Am)

FIGURE 3.4-2, MANTISSA COMPARISON

If the carry level is false (W13L' is true), the B mantissa is less than
the A mantissa. The comparison is then completed on the basis of the
mantissa signs and algebraic exponent magnitude.

If the carry level is true, it is necessary to complete the subtract
operation, after which the B mantissa may be interrogated to determine if
the two mantissas were equal or not. Refer to Figure 3.4-2. The comparison
is then completed on the basis of mantissa signs and the algebraic exponent
magnitude.

Depending on the specific operator being utilized and the results of the
comparison, QOLF is turned on if the condition is true or left off if the
required conditions are false. QOLF is serving as temporary storage to
indicate that the required comparison has been met. Subsequently, the state
of QOLF is transferred to the least significant bit of the B register (BO1F)
to indicate the results of the operator. The operation is then terminated.

DETAILED DESCRIPTION

J =0

If either the A or B register is unoccupied, a normal load from the stack
occurs. All of the actions which follow require the A and B registers to be
occupied (AROF e BROF).

AA to A, QOIF to 1

If the A and B exponents are equal (W73L true), or if both the mantissas are
normalized, the A mantissa is complemented. QOlF is set to one, thus
changing the 7's complement to an 8's complement, for the possible subtract
operation to follow.,
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QOLF to 1

The setting of the logical toggle QOLF is a result of a compare operator
ANDED with comparison logic. QOLF serves as temporary storage, until

J = 6, at which time BOIF is set. The following paragraphs explain each
gate condition for setting QOLF.

BGEL + BGAL + BNEL

If the operator is elther:
1. B greater than or equal to A
2. B greater than A )
3. B not equal to A

If the following OR logic is true when:

WO6L ® WOTL' ® BL7F' - A mantissa is zero and B is a positive number,
therefore, B is greater than A.

WO6L' e WOTL e ALTF - A is a negative number and the B mantissa is zero,
therefore, B is greater than A.

WO6L' ® ALTF e BLTF' - A is a negative number and B is positive, there-
fore, B is greater than A. ’
BLEL + BLAL + BNEL
If the operator is either:
1. B less than or equal to A
2. B less than A
3. B not equal to A
If the following OR logic is true when:

WO6L ® WO7L' ® BL7F - A mantissa is zero and B is a negative number,
therefore, B is less than A.

WO6L' ® WOTL ® BLTF' - A is a positive number and B mantissa is zero,
therefore, B is less than A,

WO6L' ® AL7F' ® BL7F - A is a positive number and B is negative, there-
fore, B is less than A.
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BEQL + BGEL + BLEL

If the operator is either:
1. B equal to A
2. B greater than or equal to A
3. B less than or equal to A

If the following logic is true when:

WO6L ® WOTL - A mantissa is zero and the B mantissa is zero, therefore,
A and B are equal. (Negative and positive zeros are considered the same.)

BOIF to 0, J to 6

If either of the mantissas are zero or the signs of the mantissa are
opposite, the compare would have been complete via the previous logic.
BO1F is reset in case the compare is not met. The J register is set to
six to allow the setting of BO1F if the compare was met.

AROF e BROF ¢ WOOL' ® WO7L' e (BLTF' o ALTF' + BUTF ® ALTF)

The above gating conditions define that both the A and B registers are not
zero and that their signs of the mantissas are alike, which will allow the
following action based on additional gating logic:

T 4. N
Jg LU ¢

With the above gating conditions and the exponents of A and B equal (W73L)
or the mantissas of both A and B normalized, a possible subtract operation
is required to complete the compare operation. Note that W73L refers to an
algebraic equality; the signs of the exponents (L6th bit) must be alike.
This same logic caused the complement of A to be set into A.

J to L
If the exponents of A and B are not equal (W73L') and either the A or B

mantissa is not normalized, the A and/or B registers must be normalized
before further comparison can be made.

BROF to 1, S-1, J to O
Entry to this J register setting would only occur if the registers required

loading. Upon completion of a normal load, a return to J equals O, allows
the previously described logic to occur.
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Jd =2

Entry into this J register setting is required when a subtract (complement
add) must be performed to decide the comparison.

Due to the carry propagation feature of the L2 bit mantissa adder, the
presence or absence of a carry level from the 13th octade (WL3L + W13L')
is determined and available immediately, once the A and B registers are
occupied. The state of this level immediately indicates which mantissa is
greater than or equal to in absolute value.

B+ A toB, Jto3

If W13L is true, the mantissa (the mantissa alone and not its signs or
exponents) of B is greater than or equal to in absolute value than the
mantissa of A. The subtract operation is performed, after which, at

J = 3, the magnitude in the B mantissa is interrogated to determine if the
two mantissas were equal.

BO1F to O, J to 6

If W13L' is true, the mantissa of B is less in absolute value than the
mantissa of A. Therefore, the compare operation will be completed at this
J register setting.

QOLF to 1

With W13L' true, the operators are ANDED with the mantissa signs and expon-
ents to determine if the compare is true. 1In order to arrive at this point,
the B mantissa is less than the A mantissa and the mantissa signs are alike.

BGEL + BGAL + BNEL

These operators check for B greater than A. The following logic ANDED with
the operators determines a true comparison:

ALTF' ¢ W75L - A is a positive number and B is also a positive number (like
signs) with the exponent of B greater than the exponent of A (W75L). There-
fore, B is greater than A.

ALTF « W7LL - A is a negative number and the exponent of B is less than the
exponent of A (W7LL). The mantissa of B is less in absolute value than the
mantissa of A (W13L'), that is, A contains a larger negative number than B.
Therefore, B is greater than A.

ALTF ¢ W73L - A is a negative number and the exponent of A equals B (W73L).
The mantissa of B less than the mantissa of A (W13L'), that is, A contains a
larger negative number than B with exponents equal. Therefore, B is greater
than A.
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BLEL + BLAL + BNEL

These operators check for B less than A. The following logic ANDED with
the operators determines the comparison:

WLTF ¢ W75L - A is a negative number and the exponent of B is greater than
the exponent of A with the mantissa of B less than the mantissa of A. Both
numbers are negative, with B more negative than A. Therefore, B is less
than A,

ALTF'e WILL - A is a positive number and the exponent of B is less than the
exponent of A. Both numbers are positive with both the mantissa and exponent
of B less than the mantissa and exponent of A. Therefore, B is less than A.

ALTF!' ¢ W73L - A is a positive number and the exponents of A and B are

equal. Both numbers are positive with equal exponents and the mantissa of
B is less than the mantissa of A (W13L'). Therefore, B is less than A.

J =3

Entry to this logical state is from the J = 2 box where the subtract
(complement add) operation had been performed. The difference of this
subtract operation is in the B register.

BO1F to O, J to 6

The compare will be completed in this box, therefore, BOIF is set to zero.
(The content of B is no longer valid after this clock pulse time.) Entry
into this state requires that the signs of the mantissa be alike.

QOLF to 1

The operators are ANDED with the mantissa signs and exponent to determine
the comparison. A true comparison sets QOLF to one.

(BEQL + BGEL + BLEL) ¢ W73L * WO7L

These operators are comparing for equality. With the mantissa of B equal

to zero (WO7L) and the exponents equal, B is equal to A. In Figure 3.4-2
it is illustrated how equal mantissas result in a zero B mantissa.
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BGEL + BGAL + BNEL

These operators check for B greater than A. The following logic ANDED with
the operators determines the comparison:

AL7F' o W75L - The signs of both mantissas are positive (ALTF' is required
to arrive at this point) and the exponent of B is greater than the exponent
of A. Both numbers are larger than zero and B the larger of the two, there-
fore, B is greater than A.

ALTF o W7LL - The signs of both mantissas are negative and the exponent of
B is less than the exponent of A. Both numbers are less than zero with A
more negative than B, therefore, B is greater than A.

ALTF' o W73L e WO7TL' - The signs of both mantissas are positive, the
exponents are equal and the mantissa of B is greater than A (WO7L'). The
B mantissa could only have been greater than or equal to the A mantissa to

avriva at +thia natint m'lnnrn-pnv-@ R 3o nv-ea'f'g'r\ +hnan A
arrive auv uils poOiliv. irnerelor'e, O 15 gi vl Ulladll ne

BLEL + BLAL + BNEL

These operators compare for B less than A. The following logic ANDED with
the operators determines the comparison:

ALTF e W75L - The signs of both mantissas are negative and the exponent of
B is greater than the exponent of A. Both numbers are negative with B being
the larger negative number. B, then, is less than A.

ALTF' ¢ W7LUL - The signs of both mantissas are positive and the exponent of
B is less than the exponent of A. Both numbers are positive with A being
the larger of the two. Therefore, B is less than A.

ALTF e W73L e WOTL' - The signs of both mantissas are negative, the
exponents are equal and the mantissa of B is greater than the mantissa of A.
The number in B is more negative than the number in A. Therefore, B is less
than A.

J =1

Entry into this J count can only be achieved from the J = O state with the
exponents not equal (W73L'), neither mantissa normalized (B13L + A13L),
equal mantissa signs and neither mantissa zero. In other words, A and/or
B must be normalized before the comparison can continue.

NORMALIZE A
Shift the A register left by octades, count down the exponent of A and set

the least significant octade of A to zero, until the A mantissa is normalized
or the exponents are equal.
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NORMALIZE B

Normalize the B register in the same manner as the A register.

J to O

If both mantissas are normalized or if the exponents become equal, set the
J register to zero to continue the compare operation.

B to 0, AROF to 0, EXIT

Unconditionally clear the B register, mark the A register as empty and
terminate the operation. SECL will be true at this clock pulse time.

BOIF to 1

If the logical toggle QOLF is on, indicating that the compare is true,
pulse the one side of BOl1F, Essentially this will cause the bit to
complement as the complete B register is being set to zero at this clock
pulse time. Because BOIF is cleared at each compare logical box, this
results in BO1F going to the on state.
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3.5 SYLLABLE BRANCH FORWARD UNCONDITIONAL BFUL - L4231
SYLLABLE BRANCH BACKWARD UNCONDITIONAL BBUL - 4131
WORD BRANCH FORWARD UNCONDITIONAL JFUL - 6231
WORD BRANCH BACKWARD UNCONDITIONAL ' JBUL - 6131

For the branch operators, the top of the stack specifies the cell or syllable to
which branching occurs. Branching is either relative to the location of the branch
operator or to an absolute address, as determined by the type of word in the top of
the stack. An operand specifies the number of syllables or words to be jumped,
either forward or backward; a descriptor specifies an address to which the branch-
ing occurs.

If the flag bit of the word in the A register is zero with a syllable branch opera-
tor, the C and L registers are:

1. Increased for branch forward by the 12 lower order bits of the word in
the A register.

» 2. Decreased for branch backward by the 12 lower order bits of the word
in the A register.

s+ If the flag bit of the word in the A register is zero with a word branch operator,
the L register is set to zero and the C register is:

1. Increased for branch forward by the 10 lower bits of the word in the
A register.

2. Decreased for a branch backward by the 10 lower bits of the word in
the A register.

If the flag bit and the presence bit of the word in the A register are both one,

the 15 low order bits of the word in the A register are transferred to the C reg-
ister and the L register is set to zero. In all cases, the A register is set to

empty.

If the flag bit of the word in the A register is a one and the presence bit is a
zero, the presence bit is set in the interrupt register if the Processor is in
normal state. The contents of the A register are retained and the operation
terminated.

SUMMARY OF OPERATION

If the A register is not loaded on entry, adjustment of the stack occurs to load
the A register., When the A register is loaded, or if occupied on entry, the status
of the A register is checked to determine whether it is a descriptor or an operand.

If the word in the A register is a descriptor, the presence bit is checked; and if
the information is present, the A and B registers are interchanged, thus placing
the descriptor in the B register. The contents of B[15=>1] are transferred to the
C register and s fetch from this address is initiated. The original contents of
the B register are restored from temporary storage in the A register.
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If the presence bit of the descriptor in the A register is off (AL6F'), no branch
takes place and the operation is terminated. If the Processor is in normal state
(NCSF) then the presence bit interrupt is set.

If the word in the A register is an operand and the operator is a syllable branch,
the contents of the C register are transferred to the M register. The M register
and the L register are then modified by the 12 least significant bits of the A reg-
ister (A12 through A0l). Therefore, the number of syllables that may be transfer-
red (forward or reverse) is 0 through 1,095. The modification of the M and L
registers is accomplished by incrementing the L register by the 2 least significant
bits of the A register and then using the 10 bit address adder to increment the M
register by the next ten least significant bits of the A register (Al2 through AQ3).
The modified address in the M register is then placed in the B register, and sub-
sequently transferred to the C register. A fetch is initiated to load the P
register from the modified address and the operator terminates.

Syllable branching either forward or reverse is considered to be relative to the

syllable following the branch operator syllable. Figure 3.5-1 illustrates branching
forward and/or backwards L syllables from an assumed branch operator specified by
L =2,
Present L = 2 New L = 3
c=6 |o]1]2]3] c=17 [o]1]2T]3]
+0 +1 42 +3 4]

BRANCH FORWARD l; SYLLABIES

New L = 3 Present L = 2
c=6 J[oJ1]2T3] c=7 (ol1]2]3]
-L -3 =2 -1 -0

~ BRANCH BACKWARD | SYLLABIES
FIGURE 3.5-1 BRANCH L SYLLABLES

If the word in the A register is an operand and the operator is a word branch, the
actions are similar to a syllable branch with the exception that the L register is
set to zero, and the A register bits 10 thru 1 (only) are used to modify the C reg-
ister contents. Therefore, syllable and word branches are the same with regard to
total number of syllables that may be spanned. Word branching, either forward or
reverse, is relalive to the word which contains the branching instruction.

DETAILED DESCRIPTION

J =0

If the A register is not occupied on entry, the A register is loaded via a normal
stack adjustment, resulting in the A register being occupied and the B register
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being unoccupied. If A and B are occupied on entry, no stack adjustment occurs.
Fetch is inhibited by the term ICFL' being false, thus giving precedence to the
loading of the A register. The term ICFL' is false for the duration of the opera-
tor.

ICFL = TS7L e T12F

TS7L e T12F = Branch Forward/Backward Unconditional

Program Word in A

Once the A register is occupied and the word in A is a descriptor (ALBF), the
presence bit is checked. If the information 1s present (AL6F) in core memory, the
A and B registers are interchanged; thus enabling the transfer of the core address
at J = 5. The L register is set to zero, indicating a branch to the first syllable
of the address contained in the descriptor. The A register is marked empty as it
will no longer contain valid information once the B register is restored at J = 5.
E16F is set to 1 to indicate that a new program word is needed in the P register
and to initiate a Fetch operation.

Presence Interrupt to 1

If the program word addressed by the descriptor in the A register is not present in
core memory (ALO6F'), the presence bit interrupt is set by the setting of U1SF, Ul6F
and U17F. The operator is terminated by the setting of J to 15.

UISF, U16F, U17F = NOSF e TO87 e US13X!

I08Z = AO3L e TS57L e T12F e ALOF!
AO3L = AROF e ALUBF ¢ J =0
TS7L e T12F = Unconditional Branch
US13X' = Inhibit Interrupt Switch in D. D.

C toM

If the A register contains an operand (ALBF'), the contents of the C register are
transferred to the M register for subsequent modification by the operand in the A
register.

J to 2

If the T register contains a syllable branch operator and the A register an operand,
the J register is set to 2 for subsequent L register modification.

Jd to 6

If the T register contains a word branch and the A register an operand, the J reg-
ister is set to 6. This will by-pass the L register modification and subsequent
actions will set the L register to zero.

L -1

The L register is counted down 1 to point at the branch instruction. The L register
had been counted up by 1 at the time that SECL had transferred the branch instruc-
tion to the T register.
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J =1

This J count is part of the stack adjustment to load the A register.

J =2

If the A register contains an operand, modification of the L and M registers occurs
at this J count by the two least significant bits of the A register. In other
words, the two least significant bits of the A register are used to set the L reg-
ister to the correct syllable within an address word. The N register is used as a
tally to gate the required clock pulses at this J count. The following paragraphs
describe the occurrences at J = 2, relative to the setting of the N register and
Branch Forward Unconditional.

N = 0, Branch Forward

The N register is equal to zero at the first clock pulse of J = 2. If AOIF is set,
the L register is incremented by one. If, in addition to AOIF being on, the L reg-
ister is equal to three, the M register is incremented by one to carry on into the
next word. The A register is shifted right one binary bit and the N register
counted up one.

N = 1, Branch Forward

At the second clock pulse of J = 2, the AOIF bit has the binary value of 2 (it was
shifted into the AOIF position from the AO2F position). Therefore, if the AOIF bit
is on at the second clock pulse time, the L register must then be incremented twice.
The first incrementation occurs at this clock pulse, and the second incrementation
occurs at the following clock pulse when the N register equals three. If the L
register is equal to three when AOlF is on, the M register is advanced by one to
carry into the next word. The A register is not shifted at this clock pulse because
the AOlF bit position will have to be interrogated at the next clock pulse. AOlF
at this time has a value of 2.

N = 2, Branch Forward

At the third clock pulse of J = 2, the L register is counted up one if AOlF is on.
This accounts for the second count of the L register due to the original second bit
position of the A register. If LE3L is true, the M register is counted up one. The
A register is shifted right one binary bit position, thus placing the original third
bit position of the A register into AQIF.

N = 3, Branch Forward

At the fourth clock pulse of J = 2, the L register is counted up one by the logic N
is equal to 3. The L register is incremented at this time because the L register
was decremented at J = O of this operator. The reference for branch is the sylla-
ble following the Branch syllable. The L register is not allowed to count during
fetch because the logic at fetch time does not provide for incrementing the M reg-
ister. Refer to Figure 3.5-1 and note the zero reference point following the branch
operator syllable. If the L register is equal to three, the M register is incre-
mented to carry into the next word.
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QO%F to 1, J to 3

At this fourth clock pulse, QU9F is set to enable the adder logic to function as an
address adder. The J register is set to 3 where the M register is incremented via
the address adder.

J = 2, Branch Reverse

The following paragraphs describe the occurrences at J = 2, relative to the setting
of the N register and Branch Reverse Unconditional.

N = O, Branch Reverse

The N register is equal to zero at the first clock pulse of J = 2, If AOIF is on,
the L register is decremented by one, provided the N register does not equal three
(NO3L'). If the L register equals zero, when AOIF is set, the M register is also
decremented to carry back into the previous word. The A register is shifted right
one binary bit, to bring the second binary bit into the AOlF position.

N = 1, Branch Reverse

At the second clock pulse of J = 2, the AOIF bit has a binary value of 2. There-
fore, the L register must be decremented twice if AOQlF is on. The first decremen-
tation occurs at this clock pulse. If the L register is equal to zero and the N
register is not equal to three, the M register is also counted down when AOIF is
on. No shift of the A register occurs at this clock pulse, since the AOIF bit will
be interrogated at the next clock pulse, because AOlF has a value of 2 at this
clock pudlse.

N = 2, Branch Reverse

At the third clock pulse of J = 2, the L register is counted up for the second count
if AOIF is on. The M register is decremented if AOIF is on, provided the N register
does not equal three and the L register is equal to zero. This provides a carry to
the prior word. The A register is shifted right one binary bit position, placing
the original third bit position of the A register (AO3F) into AOIF.

N = 3, Branch Reverse

At the fourth clock pulse of J = 2, the L register is counted up one from the logic
that N is equal to 3. The M register is also incremented if the L register is equal
to three.

The L register, and possibly the M register, 1s incremented at this time because
Inhibit Fetch at J = O prevented the normal count of L. The count of L is required
because the reference for branch reverse is the syllable following the branch syl-
lable. The L register was not allowed to count at fetch time because Fetch does
not provide logic to carry into the M register.

N = 3, Forward or Reverse Branch

At the fourth clock pulse of J = 2, (N = 3) QOSF is set to one, enabling the paral-
lel adder to function as an address adder. The J register is set to three where
the add occurs.
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BBUL

If the operator is Branch Backward Unconditional, the mantissa of the A register is
complemented to provide for a complement add. QOlF is set to on for a pre-carry,
converting the seven's complement to an eight's complement. QO3F is set to one

(at J = 3) for decrementation logic of the high order bits of the M register.

J =3

AROF to O, B to A

The A register is marked unoccupied, as the add occurs at this clock pulse time.
Therefore, the contents of the A register are no longer required. The B register
contents are transferred to the A register for temporary storage so that the B
register can be used in the transfer to the A register of the modified address in
the M register to the C register. Saving the B register content is only significant
if the A and B registers were loaded on entry to the operator. Otherwise the B reg-
ister contains non-valid information.

M plus A, J to Ly

Add the 10 low ordér bits of the A register to the M register and place the sum in
the M register. The J register is set to L to start the transfer of M to C.

Increment M1SF through M11F

If QO3F is off, (indicating a branch forward operator), and a carry exists from the
address adder (W1OL), the M register, bits 15 through 11, are incremented. The in-
crementing of M15 through 11 provides for branching to the next higher segment of
memory. This is in conjunction with the results of the add of bits 10 through 1.

Decrement M1SF through M11F

If QO3F is on, indicating a branch reverse operation and a borrow occurred during

the complement add (no carry; WOlL'), the M register bits 15 through 11 are decre-
mented. The decrementing of M15 through 11 provides for branching to the next lower
segment of memory in conjunction with the results of the subtract of bits O through 1.

J =1

The contents of the modified M register are transferred to the B register in prepa-
ration for the subsequent transfer to the C register. The J register is set to 5
to complete the transfer, and E16F is set to 1 to initiate a Fetch.

J=5

Transfer B to C

The 15 least significant bits of the B register are transferred to the C register.
The C register will now contain the modified address. A fetch was initiated by
previously setting the E register to 16. The fetch will load the P register with
the new program word.
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Transfer A to B, Exit

The original contents of the B register, which were placed in the A register for
temporary storage, are returned to the B register. The syllable execute complete
level is true at this clock pulse time, terminating the operator.

Lto©O

If the operator is a word branch (T11F) then set the L register to zero to indicate
a branch to syllable zero of the word branching to.

J =6

QOSF to 1, J to 3

At this time QUSF is set to enable the adder logic to function as an address adder.
The J register is set to 3 where the M register is incremented via the address adder.

A[39=>1] to A A[39=>1], QOIF to 1, QO3F to 1
If the operator is a branch backwards words (JFBL), the mantissa of the A register
is complemented to provide for a complement add. QOIF is set to one for a pre-carry,

converting the seven's complement to an eight's complement. QO3F is set to one for
decrementation logic of the high order bits of the M register at J = 3.

J =15

If the word in the A register at J = O was a descriptor and if the information was
not present in core memory, a presence interrupt would occur if in normal state.
The syllable execute complete level is true at this clock pulse to terminate the
operator,
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3.6 SYLLABLE BRANCH FORWARD CONDITIONAL BFCL - 0231
H BACKW. ND AL BBCL - 0131

H FORW. CONDITIONA JFCL - 2231

H 'ARD CONDITIONAL JBCL - 2131

For the branch operators, the top of the stack specifies the cell or syllable to
which branching occurs. Branching is either relative to the location of the branch
operator or to an absolute address, as determined by the type of word in the top of
the stack. An operand specifies the number of syllables or words to be jumped,
either forward or backward; a descriptor specifies an address to which branching
occurs.

Conditional branch operators use the low-order bit of the second word in the stack
as the true or false condition on which to branch. Conditional branches take place
on a false condition.

If the low order bit of the word in the B register is a one, the A and B registers
are set to empty and the operation terminated.

If the low order bit of the word in the B register is a zero and the flag bit of
the word in the A register is a zero, the C and L registers are:

Syllable Branch

1. Increased for branch forward

2. Decreased for branch backward

By the 12 low order bits of the word in the A register.
Word Branch

1. For branch forward the L register is set to zero and the C register is
increased

2. For branch backward the L register is set to zero and the C register is
decreased

By the 10 low order bits of the word in the A register.

If the low order bit of the word in the B register is a zero and the flag bit and
the presence bit of the word in the A register are both one, the 15 low order bits
of the word in the A register are transferred to the C register and the L register
is set to zero. In both of the cases, the A and B registers are set to empty.

If the low order bit of the word in the B register is a zero, the flag bit of the
word in the A register is a one and the presence bit of the word in the A register
is a zero, the presence bit is set in the interrupt register if the Processor is

in normal state. The contents of the A and B registers are retained and the opera-
tion is terminated.
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SUMMARY OF OPERATION

If either the A or B register is not loaded on entry, stack adjustment occurs to
load the A and B registers. When the A and B registers are loaded, or if occupied
on entry, the status of the least significant bit of the B register (BO1F) is
checked to determine whether a branch is called for. If BOlF is on, a true condi-
tion is indicated and no branch occurs. Therefore, the A and B registers are marked
unoccupied and the operator terminated.

If a false condition of BOIF is indicated, the A register is checked for a descriptor
or an operand. If the A register contains a descriptor, the presence bit is checked.
If the information is present, the A register is transferred to the B register. Sub-
sequently, the contents of B15 through Bl are transferred to the C register and a
fetch initiated. If the information is not present, a presence interrupt condition
is set in normal state and the operator terminated.

If BOIF is false and the A register contains an operand, the contents of the C reg-
ister is transferred to the M register. If the operator is a syllable branch, the
M register and the L register are then modified by the 12 least significant bits

of the A register (A12 through AOl). Therefore, the number of syllables that may
be transferred (forward or reverse) is O through L095. The modification of the M
and L registers is accomplished by incrementing the L register by the 2 least signi-
ficant bits of the A register and then using the 10 bit address adder to increment
the M register by the next ten least significant bits of the A register (A12 through
A03). The modified address in the M register is then placed in the B register and,
subsequently, transferred to the C register. A fetch is initiated to load the P
register from the modified address and the operator terminated. If the operator

is a word branch, then the L register is set to zero and the 10 low order bit of
the A register (only) are used to modify the C register contents.

DETAILED DESCRIPTION

J =0

Normal stack adjustment occurs on entry if either the A or B register or both are
empty. Fetch is inhibited by the term ICFL' being false, giving precedence to the
loading of the A and B registers.

ICFL = Q25L e TS57L
T57L = Branch Forward/Backward Conditional
Q25L = (J = 0) e AROF' + BROF'

No Branch

Once the A and B registers are loaded, the least significant bit of the B register
is checked. If BOIF is on, no branching occurs. The A and B registers are marked
unoccupied and the J register is set to 15 to terminate the operator. Fetch is
allowed at this clock pulse time, because BOlF is on (ICFL' goes true).

ICFL = TS7L e Q21L e BOLF'
T57L = Branch Forward/Backward Conditional
Q21L = (J = 0) e AROF e BROF
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Branch - Program Word in A

If BO1F is reset, branching will occur. Therefore, Fetch is inhibited by ICFL!'
being false. If the word in the A register is a descriptor (ALSBF) and the informa-
tion is present (AL6F), the A register contents are transferred to the B register;
this enables the transfer of the core address to the C register at J = 5. The A
register is marked unoccupied and the L register is set to zero. EI6F is set to
one to initiate the Fetch of a new program word to the P register.

Presence Interrupt to 1

If the program word, addressed by the descriptor in the A register, is not present
in core memory (ALO6F'), the presence bit interrupt is set by the setting of UISF,
U1l6F and Ul7F. The operator is terminated by the setting of J to fifteen.

U1SF, Ul6F, UL7F = NCSF e I08Z e US13X'

I08Z = AO3L e TS57L e BO1F' e AL6F' e BROF
AO3L = AROF e ALBF e (J =
T57L = Conditional Branch

US13X' = Inhibit Interrupt Switch in D.D.

C to M

If the A register contains an operand (ALBF'), the contents of the C register are
transferred to the M register for subsequent modification by the operand in the
A register.

J to 2

If the T register contains a syllable branch operator (ALBF' e T11F') and the A reg-
ister an operand, the J register is set to 2 for subsequent L register modification.

J to 6

If the T register contains a word branch (ALBF' e T1lF) and the A register an oper-
and, the J register is set to 6 and the L register will subsequently be set to zero.

L-1

The I register, having been counted up during SECL time when transferring the
branch instruction of the T register, is counted down 1 to point to the branch in-
struction in preparation for modifying the L register.

J =1

This J count is part of the stack adjustment.
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J =2

If the A register contains an operand, modification of the L and M register occurs
at this J count by the two least significant bits of the A register. 1In other
words, the two least significant bits of the A register are used to set the L reg-
ister to the correct syllable within an address word. The N register is used as a
tally to gate the required clock pulses at this J count. The following paragraphs
describe the occurrences at J = 2 relative to the setting of the N register and
Branch Forward Conditional.

N = 0, Branch Forward

The N register is equal to zero at the first clock pulse of J = 2, If AOLF is set,
the L register is incremented by one. If, in addition to AOIF being on, the L
register is equal to three, the M register is incremented by one to carry on into
the next word. The A register is shifted right one binary bit and the N register

mnted 13
counvea up one.

N = 1, Branch Forward

At the second clock pulse of J = 2, the AOIF bit has the binary value of 2 (it was
shifted into the AC1F position from the AO2F position). Therefore, if the AOLF bit
is on at the second clock pulse time, the L register must be incremented twice.

The first incrementation occurs at this clock pulse, and the second incrementation
occurs at the following clock pulse when the N register equals three. If the L
register is equal to three when AOlF is on, the M register is advanced by one to
carry into the next word. The A register is not shifted at this clock pulse be-
cause the AOIF bit position will have to be interrogated at the next clock pulse
and AO1F has a value of 2.

N = 2, Branch Forward

At the third clock pulse of J = 2 the L register is counted up one, if AOLF is on.
This accounts for the second count of the L register due to the original second bit
position of the A register. Again, if IE3L is true, the M register is counted up
one. The A register is shifted right one binary bit position, placing the original
third bit position of the A register into AOlF, ’

N = 3, Branch Forward

At the fourth clock pulse of J = 2, the L register is counted up by the logic N is
equal to 3. The L register is incremented at this time because the L register was
decremented at J = O of this operator. The reference for branch is the syllable
following the Branch syllable. The L register is decremented at J = O because the
logic at fetch time does not provide for incrementing the M register. If the L
register is equal to three, the M register is incremented to carry into the next
word,
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QOSF to 1, J to 3

At this fourth clock pulse, QO9F is set to enable the adder logic to function as an
address adder. The J register is set to 3 where the M register is incremented via
the address adder.

J = 2, Branch Backward

The following paragraphs describe the occurrences at J = 2, relative to the setting
of the N register and Branch Backward Conditional.

N = 0, Branch Backward

The N register is equal to zero at the first clock pulse of J = 2. If AOlF is on,
the L register is decremented by one provided the N register does not equal three
(NO3L')., If the L register equals zero when AOLF is set, the M register is also
decremented to carry back into the previous word. The A register is shifted right
one binary bit, to bring the second binary bit into the AOIF position.

N = 1, Branch Backward

At the second clock pulse of J = 2, the AOIF bit has a binary value of 2. Therefore,
the L register must be decremented twice if AOlF is on. The first decrementation
occurs at this clock pulse. If the L register is equal to zero and the N register
is not equal to three, the M register is also counted down when AOlF is on. No
shift of the A register occurs at this clock pulse since the AOIF bit will be in-
terrogated at the next clock pulse because AOLF has a value of 2 at this clock pulse.

N = 2, Branch Backward

At the third clock pulse of J = 2, the L register is counted up for the second count
if AOLF is on. The M register is decremented if AOIF is on, provided the N register
does not equal three and the L register is equal to zero. This provides a carry to
the prior word. The A register is shifted right one binary bit position placing

the original third bit position of the A register (AO3F) into AOIF.

N = 3, Branch Backward

At the fourth clock pulse of J = 2, the L register is counted up one from the logic
that N is equal to 3. The M register is also decremented if the L register is equal
to zero.

The L register and possibly the M register is incremented at this time because
Inhibit Fetch at J = O prevented the normal count of L. The count of L is required
because the reference for branch reverse is the syllable following the branch syl-
lable. The L register was not allowed to count at fetch time because Fetch does
not provide logic to carry into the M register.
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N = 3, Forward or Backward Branch

At the fourth clock pulse of J = 2 (N = 3), QOSF is set to one enabling the parallel
adder to function as an address adder. The J register is set to three where the add
occurs.,

BBCL

If the operator is Branch Backward Conditional, the mantissa of the A register is
complemented providing for a complement add. QO1F is set on for a pre-carry convert-
ing the seven's complement to an eight's complement. QO3F is set to one for decre-
mentation logic (at J = 3) of the high order bits of the M register.

J =3

AROF to O, B to A

The A register is marked unoccupied as the add occurs at this clock pulse time.
Therefore, the contents of the A register are no longer required.

M plus A, J to L

Add the 10 low order bits of the A register to the M register and place the sum in
the M register. The J register is set to L to start the transfer of the M register
contents to the C register.

Increment M1SF through M11F

If QO3F is off, indicating a branch forward operator and a carry exists from the
address adder (W1OL), the M register bits 15 through 11 are incremented. The
incrementing of M1l through 11 provides for branching to the next higher segment of
memory in conjunction with the results of the add of bits 10 through 1.

Decrement M1S5F through M11F

If QO3F is on, indicating a branch reverse operation and a borrow occurred during
the complement add (no carry; W1OF'), the M register bits 15 through 11 are decre-
mented. The decrementing of M15 through 11 provides for branching to the next
lower segment of memory in conjunction with the results of the subtract of bits 10
through 1.

J=1

The contents of the modified M register are transferred to the B register in prepa-
ration for the subsequent transfer to the C register. The J register is set to §
to complete the transfer and E16F is set to initiate a Fetch.
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Transfer B to C

The 15 least significant bits of the B register are transferred to the C register.
The C register will now contain the modified address. The fetch will load the P
register with the new program word. The B register is marked unoccupied. The syl-
lable Execute Complete Level is true at this clock pulse time, terminating the
operator.

LtoO

If the operator is a word branch (T11F), then set the L register to zero to indicate
a branch to syllable zero of the word branching to.

Jd =6

QO9F to 1, J to 3

QOSF is set to enable the adder logic to function as an address adder. The J reg-
ister is set to 3 where the M register is incremented via the address adder.

A A[39=>1], QOIF to 1, QO3F to 1

If the operator is a branch backward words (JBCL), the mantissa of the A register
is complemented to provide for a complement add. QOlF is set for a pre-carry,
converting the seven's complement to the eight's complement. QO3F is set to 1 for
decrementation of the high order bits of the M register at J = 3,

J =15

If the word in the A register at J = O was a descriptor and the information was not
present in core memory, a presence interrupt would occur if in normal state. The
syllable execute complete level is true at this clock pulse to terminate the operator
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3.7 BRANCH RETURN OPERATOR RJPL-0135

For the branch return operator, the top of the stack specifies the word to
which branching occurs. If the presence bit of the word in the A register
is zero, the presence bit is set in the interrupt register and the operation
is terminated.

If the presence bit of the word in the A register is one, the operation is
continued as follows: The S register is set to the contents of bit posit-
ions 30 through 16 of the word in the A register. The C register is set to
the contents of bit positions 15 through 1 of the word in the A register.
The L register is set to zero.

The contents of the cell addressed by the S register, the mark stack control
word, is read from memory. The R and F registers are set to the contents
" of their respective fields of the mark stack control word. - The mark stack
flip-flop and the program level flip-flop are set to the contents of their
respective positions of the mark stack control word. The S register is
decreased by one. The A and B registers are set to empty.

SUMMARY OF OPERATION

Upon entry into the branch return operator, the top word of the stack is
placed in the B register if not already there. The presence bit of the
descriptor in the B register is checked and if not present, a presence bit
interrupt is set. If however, the information is present (presence bit on),
the address of the mark stack control word is transferred from the B register
to the S register. A memory cycle is initiated to load the mark stack
control word into the B register. From the descriptor in the B register,
the address of the word, to which branching occurs, is transferred to the C
register. A fetch is initiated to load the program word into the P register.

- The syllable control register (L), the mark stack flip-flop and sublevel
flip-flop are cleared.

When the mark stack control word in the B register is transferred to the F
and R registers, the mark stack flip-flop and the sublevel flip-flop, the.

operator is terminated and the next syllable to be executed is the first
syllable of the new program word previously fetched.

DETAILED DESCRIPTION

J =0

Unconditionally inhibit fetch count up. Mark the B register as occupied
and the A register as empty. If the A register is loaded on entry, the
contents of the A register is transferred to the B register.
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E to 3, QO3F to 1

If both the A and B registers are empty, a load of the B register is
initiated by setting the E register to 3. The logical flip-flop, QO3F,

is set to one to indicate that the stack address must be adjusted prior

to terminating the operator, if a presence interrupt is set. The S register
must be counted down, on a presence interrupt, because "Storage For Inter-
rupt" logic counts the S register up, if the B register contains valid
information, (BROF).

Set Presence Bit Interrupt

If the presence bit is off (BL6F'), the presence bit flip-flops, ULSF, UL6F
and Ul7F, are set. The J register is set to 3 to terminate the operator.

U15F, Ul6F, ULTF = NCSF ® I08Z ® USL3X!

T08Z = Q23L e RJPL e BLAF' e EEZL
Q23L = AROF'e BROF e (J = 0)
US13X' = Inhibit Interrupt Switch in D.D.

B30 through 16F to S

If the presence bit is on (BL6F), the address of the mark stack control word
in the B register (bits 30 through 16), is transferred to the S register.
The J register is set to 1 and a memory access is initiated to load the mark
stack control word, by setting E to 3.

J =1

The contents of the B register (bits 15 through 1) are transferred to the C
register and a load of the P register is initiated by the setting of E to 16.
The L register is cleared, thus pointing at the first syllable of the
branched to program word. The mark stack flip-flop and the sublevel flip-
flop are cleared in preparation for their new status, from the mark stack
control word, at J = 2,

J = 2

Upon completion of the memory access, which loaded the mark stack control
word into the B register, the entry stack location is restored to the F
register from the B register (bits 30 through 16). The base address of
the Program Reference Table is restored to the R register from the B
register (bits L2 through 3L).

The S register is decremented so it will point to the word prior to the

mark stack control word. The B register is marked empty and the syllable
execute complete level is true, to terminate the operator.
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SALF and MSFF to 1

If the sublevel bit is on (B31F), the sublevel flip-flop (SAIF) is set. If
the mark stack bit is on (B32F), the mark stack flip-flop is set. The mark
stack flip-flop is equivalent to Ql2F,

SALF = 909L ® B31F & RJPL
909L = EEZL ® JO2L

Ql2F = Q10I

Q10I = 909L ® B32F e RJPL

J =3

Entry into this J count occurs only if the presence bit was not on in the
initial word in the B register. Upon entry to the operator the B register
may have been occupied or empty. If the B register had been empty, it would
have been loaded and the logical flip-flop QO3F, turned on. QO3F is turned
on to indicate that the loading of the B register occurred without a corres-
ponding decrement of the S register. If, however, the B register was loaded
on entry to the operator, the S register would have already been decremented
and QO3F would not be turned on.

The syllable execute complete level is true at the last pulse of the
operator. If QO3F is on, the stack address is decremented.
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3.8 STORE DESTRUCTIVE BSDL-0L21
STORE NON-DESTRUCTIVE BSNL-1021

The store operators operate on the two top words in the stack. The top word in the
stack specifies the cell into which the second word in the stack is stored. The
destructive store operators remove both the address and the information stored from
the stack. The non-destructive store operators remove only the address from the
stack.

If the VARF Flip-flop is set, the Processor is set to sub-program level after the
relative address operation and VARF is reset.

If the flag bit and the presence bit of the word in the A register are both one,

the contents of the B register are stored in the memory cell addressed by the 15 low
order bits of the A register. The A and B registers are set to empty for store
destructive and only the A register set to empty for store non-destructive.

If the flag bit of the word in the A register is one and the presence bit is zero,
the presence bit code is set in the interrupt register if NCSF is set and the oper-
ation terminated.

If the flag bit of the word in the A register is zero, the ten low order bits of the
word in the A register are used as a relative address, except that no addressing
relative to the C register takes place. If the syllable calls for addressing relative
to the C register, the absolute address is constructed relative to the R register in-
stead. The contents of the B register are stored in the memory cell addressed after
appropriate indexing of the relative address. The A and B registers are set to empty
for store destructive and only the A register set to empty for non-destructive.

SUMMARY OF OPERATION

If the word in the A register is a descriptor, the presence bit is checked to deter-
mine if the storage area is present in core memory. If the presence bit is on, the B
register contents are stored in the cell addressed by the 15 low order bits of the
descriptor in the A register. If the presence bit is off, the storage area is not in
core memory and a presence interrupt is set.

If the word in the A register is an operand, the status of the sub-level flip-flop,
mark stack flip-flop and the A register bits (10, 9 and 8) determine whether the
storage address is to be developed by indexing R relative or F relative. The follow-
ing chart specifies the flip-flop and bit combination required for the indexing of a
relative address.
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ABSOLUTE ADDRESS
SALF | BIT 10| BIT 9| BIT 8| MSFF Base Relative Address
0 - - - - R+| Bits 10 thru 1
1 0 - - - R+} Bits S thru 1l
1 1 0 - 0 F+| Bits 8 thru 1l
1 1 0 - 1 (R+7) +| Bits 8 thru 1l
1 1 1 0 - ¥* C+| Bits 7 thrul
1 1 1 1 0 F-1 Bits 7 thru 1l
1 1 1 1 1 (R+7) F_| Bits 7 thrul

% Forceq to R relative for Store Operator

When‘indexing is F relative, either the present F register contents are
utilized as the base or the F register address contained in the mark
stack control word at location R+7 is utilized as the base. If the F
register address contained in the mark stack control word is utilized it
must first be accessed and brought to the M register before the final
storage address may be indexed.

The R register is a nine bit register whose bits occupy high order signifi-
cance in a 15-bit address. Therefore, an R register address is specifying

a block area of 6L words. The 6 low order bits of a 15-bit address, specify
which one of the 6L cells (in the block) is being addressed.

DETAILED DESCRIPTION

If either the A or B register is empty, a push up from the stack loads the
A and/or B registers. Once the A and B registers are loaded or if loaded
on entry to the operator, the flag and presence bits are interrogated.

Presence Interrupt

If the word in the A register is a descriptor (ALBF) and the storage area
1s not present in core memory (AL6F'), a presence interrupt is set by
turning on U1l5F, UléF and Ul7F. The J register is set to 15 to terminate
the operation.

UlSF, Ul6F, UL7F = NCSF e I08Z e US13X!

I08Z = AQ3L ® COLL ® BROF e T11F' e A)6F!
AO3L = AROF e (J = 0) o AlSF
COLL e T11F'= Store Operators
USL3X' = Inhibit Interrupt SW in D.D.
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Descriptor is Present

If the word in the A register is a descriptor and the storage area is present in core
memory (ALEF), the low order bits of the A register (15 through 1) are transferred to
the M register. A store of the B register contents is initiated by the setting of
the E register to 13. The J register is set to 5 for unconditional clearing of the A
register. The B register is cleared if the operator is store destructive.

AROF e BROF e AL8F' e SALF e A1CF

The following paragraphs apply if the A register contains an operand with the sub-
level flip-flop and A1CF both on.

AlOF and AO9F to O

If the index operation is F+ relative (SALF e A1QOF e AO9F'), A1OF and AOSF are reset,
limiting indexing to one of the 225 locations above the address contained in the F
register. If the index operation is decoded as C relative (SALF e A1QOF e AOSF), it

is forced to R relative for the store operator. AlCF and AOYF are reset, limiting

the indexing to one of the 127 locations above the address contained in the R register.

F toM

If an F relative index is based on the present contents of the F register (MSFF' e
AO9F' + MSFF' e AQ8F), the contents of the F register are transferred to the M reg-
ister, establishing the F relative base in the M register.

7toM [3=>1], Eto 6

If an F relative index is based on the F register contents presently stored in the
mark stack control word (MSFF e AQSF' + MSFF e AQO8F) at location R + 7, the three
low order bits of the M register are set to 7. The high order bits of the M register
(bits 5 through 7) were set to the contents of the R register at SECL time when this
operator was set into the T register. Thus, the M register contains the address of
the mark stack control word. A memory load cycle is initiated by setting E to 6,
which transfers bits 30 through 16 of the mark stack control word to the M register.
Thus, after the memory cycle, the M register will contain the F register setting
stored at location R + 7.

AA[7=1] to A[7 = 1], QOIF and QO3F to 1

If the index operation is F- relative (SALF e A1OF e AOSF e AO8F), the A register
bits 7 through 1 are complemented for the ensuing subtract operation. QOIF is set
to convert the 7's' complement to an 8's complement. QO3F is set to remember that
a subtract operation is to take place. Because seven bits are involved in the
subtraction, the indexed address may be up to 127 locations below the F register.
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J to L

If the word in the A register is an operand (ALBF'), the J register is set to L for
either the addition or subtraction.

SALF to 1, VARF to 1

If the preceding operator was VARL, then SALF was reset to allow R+ of 1023 words.
VARF was set to remember that SALF was reset. With AROF e BROF e VARF restore SALF
to 1 and reset VARF.

QO9F to 1

If the top word in the stack is an operand (AROF e BROF e ALSF'), then set QOSF to
convert the parallel adder logics to a 10 bit address adder.

M+AtoM,, Etol3, J to5

If the operation is R+ relative (AROF e BROF e ALSF' e (SALF' + A1OF'), then add M
to A with the result in M. The M register had been set to the R register contents
during the SECL time that transferred this operator to the T register. The E reg-
ister is set to 13, thus initiating a store of the B register contents at the
indexed address in the M register. The J register is set to 5 in preparation of
termination of this operator.

M [15 =11] + 1

If during the add a carry from the 10's position of the adder is indicated (W1OL),
a one is added to the high order bit positions of the M register.

J =1

This J register setting is for the initial loading of the A and/or B registers, if
not loaded on entry.

J =1

If the desired F register setting is in R + 7, the addition of the A register to
the M register must wait until E is equal to zero (M is loaded with the F contents).
If, however, indexing is relative to the R register or to the present F register
contents, E is equal to zero on entry to J = L. If QO3F is off (arithmetic oper-
ation is addition) and a carry from the 10's position of the adder is indicated
(W1OL), a one is added to the high order bits of the M register. If QO3F is on
(arithmetic operation is subtraction via complement addition) and a carry from the
10's position is not developed (W1OL'), a one is subtracted from the high order
bits of the M register. The absence of a carry indicates a larger number was
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subtracted from a smaller number. Therefore, an artificial borrow is required to
address the next lower segment of memory.

The E register is set to 13, thus initiating a store of the B register contents at
the indexed address in the M register. The J register is set to 5 for termination
of the operation.

J=5

Upon completion of the memory write cycle (EEZL), the A register is marked empty
and the syllable execute complete level (SECL) is true to terminate the operator.
If the operator is store destructive, the B register is also marked empty.

Printed in U.S.A.



August 1, 1966 B 5281.55 3.9-1
NAANNANN \BURROUGHS FIELD ENGINEERING /\\ A TRAINING MANUAL AAAAAAAAAAAAAARNNANANANAAAAAAAAAAAAAARARANARAS

3.9 INTEGER STORE DESTRUCTIVE ISDL-4121
NTEGE s NON-DESTRUCTIVE ISNL-4221
NTEGER STORE DESTRUCTIVE CSDL-0121
—Mom INTEGER STO TIVE CSNL-0221

The store operators operate on the two top words in the stack. The top word
in the stack specifies the cell into which the second word in the stack is
stored., The destructive store operators remove both the address and the
information stored from the stack. The non-destructive store operators remove
only the address from the stack. The A and B registers are set to empty for
store destructive. Only the A register is set to empty for store non-des-
tructive,

Integer Store operator or Conditional Integer Store (if the integer bit of the
word in the A register is a one): If the flag bit and the presence bit of the
word in the A register are both one, or if the flag bit of the word in the A
register is a zero, the word in the B register is made an integer as follows:

If the exponent is zero, the operand is not changed.

If the exponent is positive and non-zero, the operand is normalized and the
exponent reduced. If the exponent is not reduced to zero as a result of
normalizing, the integer overflow interrupt bit is set.

If the exponent is negative and non-zero, the operand is shifted to the
right until the exponent equals zero. The mantissa is rounded according

tc the following rules:

a. For positive operands, the mantissa is increased in magnitude
by one if the fractional part of the operand (i.e., the digits
shifted out of the register) was greater than or equal to
one-half,

b. For negative operands, the mantissa is increased in magnitude
by one if the fractional part of the operand was greater in
magnitude than one-half.

If an integer overflow occurs, the integer overflow bit is set in the
interrupt register, the contents of the A and B registers is retained
and the operation is terminated.

If integer overflow does not occur or if the operator is Conditional
Integer Store with the integer bit of the word in the A register off
and if the flag bit and the presence bit of the word in the A register
are both one, the contents of the B register are stored in the memory
cell addressed by the 15 low order bits of the A register. The A and
B registers are set to empty.
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If the flag bit of the word in the A register is one and the presence bit
is zero, the presence bit is set in the interrupt register and the opera-
tion terminates.

If the flag bit of the word in the A register is zero, the ten low order
bits of the word in the A register are used as a relative address, except
that no addressing relative to the C register takes place. If the syllable
calls for addressing relative to the C register, the absolute address is
constructed relative to the R register instead. The contents of the B
register are stored in the memory cell addressed after appropriate indexing
of lhe relative address.

SUMMARY OF OPERATION

Refer to Figure 3.9-1 for a flow diagram of the basic logic utilized in

the Integer Store operators. If the A register contains a descriptor, its
presence bit is checked. If the presence bit is off, a presence bit inter-
rupt is set into the interrupt register and the operator is terminated.

(The contents of the A and B registers are retained in the A and B registers).
If the presence bit of the descriptor in the A register is on, the address
contained in the 15 low order bits of the A register is utilized to store

the contents of the B register.

If the contents of the A register are an operand, the contents of the B
register are stored at a relative address. The status of the sub-level
flip-flop, mark stack flip-flop and the A register bits (10, 9 and 8)
determine whether the storage address is to be developed by indexing R
relative or F relative. The following chart specifies the flip-flop and

A register bit combinations required for the indexing of a relative address.

. , ABSOLUTE ADDRESS
SALF BIT 10 BIT 9 BIT 8 MSFF Base Relative Address
0 - - - - R+| Bits 10 thru 'l
1 0 - - - R+|] Bits 9 thru l
1 1 0 - 0 F+| Bits 8 thru 1l
1 1 0 - 1 (R+7) +| Bits 8 thru 1l
1 1 1 0 - * C+| Bits 7 thru l
1 1 1 1 0 F- Bits 7 thru 1
1 1 1 1 1 (R+7) - Bits 7 thru 1l

* Forced to R relative for Store Operator.

When indexing is F relative, either the present F register contents are
utilized as the base or the F register address contained in the mark
stack control word at location R+7 is utilized as the base. If the F
register address contained in the mark stack control word is utilized, it
must first be accessed and brought to the M register before the final
storage address may be indexed.
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If the operator is:

1. An Integer Store operator,

2. A Conditional Integer Store operator and the A register contains
a descriptor with its Integer bit (A29F) on,

3. A Conditional Integer Store operator and the A register contains
an operand,

the contents of the B register is made into type integer (if not already an
integer) prior to the storage operation.

If the operator is a Conditional Integer Store operator and the A register
contains a descriptor with its Integer bit off, the contents of the B
register is stored without any modifications.

DETAILED DESCRIPTION

J = 0

The occurrences at the J register equals zero setting is applicable to all

of the Integer Store Operators. The occurrence above the first double line
functions to load the A and B registers, if not already loaded, on entry.

The occurrences between the first and second double lines are applicable to
descriptors only. The occurrences below the second double line are applicable
to operands only.

Handling Descriptors

If the A and-B registers are loaded, the flag bit of the word in the A
register is checked. If the flag bit (ALSF) is on, the word in the A
register is a descriptor. The address described by the descriptor (in
bits 1 through 15) is shifted to the M register. At the same time, the
presence bit is checked. If the presence bit (AL6F) is off, the storage
area addressed by the descriptor is not presently contained in core memory.
Therefore, a presence bit interrupt is set into the interrupt register by
turning on U1lSF, Ul6F and Ul7F. If the presence bit is off, the J register
is set to 15 to terminate the operator.

If the presence bit is on, the J register is set to L to continue the store
operator. The logical flip-flop QO6F is turned on to remember the fact that
the A register contained a descriptor. QO6F being on, causes the relative
addressing index logic to be non-effective.
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Handling Operands

If the flag bit (ALBF) is off, the word in the A register is an operand and a relative
address (as contrasted to the absolute address used with descriptors) is developed in
the M register.

F to M

If SALF and A1OF are on with the mark stack flip-flop (MSFF') off, and either AO9F' is
off or AOBF is on, the storage address will be relative to the address contained in the
F register. As a result, the contents of the F register are transferred to the M reg-
ister. In other words, the contents of the B register will be stored relative to
either the address of a return control word or a mark stack control word.

7toM[3=1], E to 6

If an F relative index is based on the F register contents, presently stored in the
mark stack control word (MSFF e AQ9F' + MSFF e AO8F) at location R + 7, the three low
order bits of the M register are set to 7. The high order bits of the M register (bits
15 through 7) were set to the contents of the R register at the previous SECL time and
the M register will contain the address of the mark stack control word. A memory load
cycle is initiated by setting E to 6, which transfers bits 30 through 16 of the mark
stack control word to the M register. After the memory cycle, the M register will
contain the F register setting stored at location R + 7.

A]lOF and AOSF to O

If the index operation is F+ relative (SALF e AICF e AQSF'), ALOF and AOSF are reset,
thus limiting indexing to one of the 225 locations above the address contained in the
F register. If the index operation is decoded as C relative (SALF e A1QF e AOSF), it
is forced to R relative for the store operator. AlCF and AOYF are reset, thus limiting
the indexing to one of the 127 locations above the address contained in the R register.

AA[7T=1]to A [7=1], QOIF and QO3F to 1

If the index operation is F- relative (SALF e AI1OF e AO9F e AOS8F), the A register bits

7 through 1 are complemented for the ensuing subtract operation. QOIF is set to convert
the 7's complement to an 8's complement. QO3F is set to remember that a subtract oper-
ation is to take place. Because seven bits are involved in the subtraction, the

indexed address may be up to 127 locations below the F register.

QO9F to 1

QO9F is set, to convert the parallel adder logics to a 10 bit address adder.
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J to )y

If the operation is F relative (SALF e A1QF) or the B register contents is not an
integer (W72L') and the A register contains an operand (ALSF'), then set the J reg-
ister to L for either an addition or subtraction and prepare to make B an integer.

SATF to 1, VARF to O

If the preceding operator was VARL, then SAIF was reset to allow R+ of 1023 words.
VARF was set to remember that SALF was reset. Restore SALF to 1 and reset VARF.

A+MtoM, E to 13, J to 5

If the operator is R+ relative (AROF e BROF e A)L8F' e [SALF + AIOF']) and the word
in the B register is an integer (W72L), then add M + A with the result in the M reg-
ister. The M register had been set to the contents of the R register during the
previous SECL time. The E register is set to 13 to initiate the store of the B reg-
ister contents and the J register is set to 5 to terminate this operator.

M[15 =11] +1

If during the add a carry from the 10's position of the adder is indicated (W1OL),

a one is added to the high order bit position of the M register.

J =1

This J register setting is for the initial loading of the A and/or B registers if not
loaded on entry.

J = |j @ EEZL

If the logical flip-flop QO&F is off, the A register contains an operand. Therefore,
the indexing logic between the first and second double lines is allowed to occur.

If the desired F register setting is in R + 7, the addition of the A register to the
M register must wait until E is equal to zero (M becomes loaded with the F contents).
If, however, indexing is relative to the R register or to the present F register con-
tents, E is equal to zero on entry to J = 4. If QO3F is off (arithmetic operation is
addition) and a carry from the 10's position of the adder is indicated (W1OL), a one
is added to the high order bits of the M register. If QO3F is on (arithmetic opera-
tion is subtraction via complement addition) and a carry from the 10's position is
not developed (W1OL'), a one is subtracted from the high order bits of the M register.
The absence of a carry indicates a larger number was subtracted from a smaller number
and, therefore, an artificial borrow is required to address the next lower segment of
memory.
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J = L B Ready for Storage

The word in the B register is ready for storage if its exponent is zero (BEXL) or if
the operator is a Conditional Integer Store and the A register contains a descriptor
with its Integer bit reset (A29F'). The level BEXL is equivalent to W72L in the
logic book. The word in the B register is stored at the address specified by the M
register via the setting of E to 13. The J register is set to 5 to terminate the
operation.

J = L B Not Ready for Storage

The word in the B register is not ready to be stored if the following conditions
exist: BEXL' e (A29F + ISDL + ISNL). This logic indicates that the exponent of the
word in the B register is not zero and either:

1. An Integer is required (A29F)
2. The operator is an Integer Store operator (ISDL or ISNL)

If these conditions exist, the sign of the exponent and the contents of the mantissa
are checked to determine what further manipulations of the B register are required.

J to 6

The J register is set to 6 to modify a word in the B register which has a non-zero
mantissa (WO7L') and the exponent sign is positive (BL&F'). The B register will be
shifted left.

Jd to 7

The J register is set to 7 to modify a word in the B register which has a non-zero
mantissa (WO7L') and the exponent sign is negative (BL&F). The B register will be
shifted right.

Clear B [47 = 1], E to 13, J to §

If the B register mantissa is zero (WO7L) and the exponent is not zero (W72L'), the
B register is cleared to zero. The E register is set to 13 to store the zero B reg-
ister contents. The J register is set to 5 to terminate the operator.

J=5

The operator waits until the store memory cycle is complete (EEZL). The B register
is marked empty if the operator is Store Destructive. The A register is marked un-
occupied regardless of which store operator is used. The syllable execute complete
level (SECL) is gated true to end the operator.
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J =6

This J register count occurs when the word to be stored has a positive
exponent sign and a non-zero mantissa. The mantissa of the word in the B
register is shifted left until the exponent is reduced to zero. If a non-
zero octal digit is encountered, before the exponent is reduced to zero, the
number cannot beIntegerized and an integer overflow condition is indicated.

Shift B Mantissa Left, Count Exponent Down

If the thirteenth octade position of the B register mantissa is zero (B13L)
and the exponent is not zero (W72L'), the mantissa of the B register is
shifted left by octades and the exponent counted down. This continues until
the number isintegerized (exponent reduced to Zero),

Integer Overflow, J to 15

If, during the processof integerizing, the mantissa becomes normalized (B13L!
no more leading zeros), the integer overflow is set into the interrupt
register. The interrupt register flip-flops Ul7F and UlS8F are set. The J
register is set to 15 to terminate the operator.

E to 13, J to 5

If the exponent is reduced to zero before the mantissa becomes normalized,
the E register is set to 13 to complete the store of the B register contents

at the address contained in the M register. The J register is set to five
to terminate the operator.

J =1

This J register setting occurs when the word to be swred has a non-zero
mantissa and a negative exponent sign. The word in the B register is
integerized by shifting right into the X register and decreasing the exponent.
During the process of integerizing either one of two things happens:

1. The exponent of the B register is reduced to zero. In this case
the portion of the mantissa still in the B register is possibly
rounded and then stored at the address indicated by the M register.

2. The mantissa of the B register becomes zero before the exponent
of the B register becomes zero. In this case the B register is
cleared and stored in the address indicated by the M register.

B 13 through 1 to X13 through 1
The B and X registers are effectively joined to handle octal right shifts.
The exponent of B is counted up by one with each shift. This occurs as long

as the mantissa is not zero (WOTL') and the exponent is not zero (BEXL').
The term BEXL is equivalent to W72L in the logic book.

Printed in U.S.A.



August 1, 1966 B 5281.55 3.9-9
NANNAANN\BURROUGHS FIELD ENGINEERING /\ A\ TRAINING MANUAL NANANAANAAANAANAAAAANNANARAANNANNAAANAAANANAARN,

QOLF to 1

The logical flip-flop (QOLF) is set if a bit is shifted from the B register
to the X register. The status of QOLF will be a factor to determine whether
a round of the B register mantissa is required.

J equals 7, No Round Required

The rules for rounding the mantissa of the word in the B register are as
follows:

1. If the sign of the mantissa is positive, increase the mantissa
by one if the portion of the mantissa to be dropped (that portion
shifted to the X register) is greater than or equal to one-half.

2. If the sign of the mantissa is negative, increase the mantissa by
one if the portion of the mantissa to be dropped is greater than
one-half, NOTE

In the octal system, a L is representative of 1/2.

When the exponent becomes equal to zero, the status of X39F and QOLF are
checked for a possible round. Rounding is not required when X39F is reset

or the sign of the B mantissa is negative (BL7F) with QOLF reset. If X39F

is reset, the portion of the mantissa shifted out of the B register is less
than L. If QOLF is reset, the portion of the B register mantissa shifted

out is not greater than L. It must be greater than l if the mantissa sign

is negative. Therefore, with a round operation not required, the B register
contents are stored by setting E to 13. If, in the process of shifting right
to reduce the exponent to zero, the mantissa of the B register word becames
zero (WO7L), the sign of the mantissa is made positive (BL7F = 0).

J equals 7, Round Required

The rules for rounding are listed in the preceding paragraph. Checking for
a possible round occurs when the exponent equals zero (W72L). Rounding is
required when X39F is set and either the sign of the mantissa is positive
(BLTF') or QOLF is set. If X39F is set, a L was shifted out of the B
register., If the sign of the mantissa is positive, a 4 shifted out is
sufficient to require a round. If QOLF is set, the portion shifted out is
greater than l, and, therefore, a round is required.

The procedure for adding a 1 to the portion of the mantissa still in the B
register is as follows:

. The A register mantissa is cleared.

QO1F is set so that a 1 will be added in during the subsequent add.
QO9F is reset so the parallel adder will function as such. If it is
on, the parallel adder functions as an address adder.

. The J register is set to 8, where the zero in the A register mantissa
and the 1 via QO1F are added to the B register mantissa.

= w oK
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J =7, Clear B

If the mantissa of the B register is reduced to zero (WOTL), while the
exponent of B is still not zero (W72L'), the B register is cleared and then
stored at the address specified by the M register (E is set to 13). The J
register is set to 5 to end the operator.

J = 7, Clear Exponent Sign

If the exponent of the word in the B register is zero, the sign of the

exponent is cleared (BLOF is reset).

J =8

The content of the A register mantissa (zero) plus QO1F are added to the

B register mantissa, increasing the mantissa in the B register by 1. Note
that the parallel adder is functioning as a 39 bit mantissa adder (not a
L2 bit adder). The E register is set to 13 to store the word in the B
register at the address indicated by M. The J register is set to 5 to

end the operator.

J =15

At J equals 15, the syllable execute complete level is gated true to end the
operator. The J register setting occurs if a presence bit or integer
overflow interrupt resulted during the operator.
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3.10 DIAL A DIAL - XX55
WORD MODE NOOP NOPL - 0055
DIAL B DIBL - XXé1
SET VARLANT VARL - 0061

If the six high order bits of the operator (repeat count field) are not zero, the three
most significant bits of the operator are placed in the:

1. G register for DIAL
2. K register for DIBL

and the three next most significant bits of the operator are placed in the:

1l. H register for DIAL
2. V register for DIBL.

If all of the six high order bits are zero, then the following action takes place:
1. Nothing happens for a NOPL
2. VARF is set and SALF reset for VARL.
SUMMARY OF OPERATION
The character and bit pointers of either the A or B register (depending on the oper-
ator) are set to the value contained in the six high order bits of the operator. If the

six high order bits are equal to zero, then there will either be no action or VARF will
be set and SALF reset. depending upon the operator.

DETATLED DESCRIPTION

Jd =0

DIAL A: If the six high order bits of the operator in the T register are not equal to
zero (TEZL'), the contents of the T register [12 => 7] are transferred to the G and H
registers. The Syllable Execute Complete Level (SECL) is true with the term EXIT to
terminate the operator.

NOPL: If the operator in the T register is 0055, that is, the six high order bits of
the T register are equal to zero, then only the term EXIT is true to terminate the
operator. No other logical functions occur.

DIAL B: If the six high order bits of the operator in the T register are not equal to

zero (TEZL'), the contents of the repeat count field of the T register are transferred
to the K and V registers. SECL is true with the term EXIT to terminate the operator.
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VARL:
will

If the operator in the T register is a 0061 (VARL), then the following actions
occur:

EXIT

The term EXIT will enable the SECL logic to terminate the operator.

VARF to 1

If the Processor is in sublevel (SALF) and the six high order bits of the
T register are zero (TEZL), then set VARF. This is to remember that SALF
was turned off.

SALF to O

If the six high order bits of the T register are zero (TEZL), then reset

the sublevel flip-flop (SAIF). This will place the Processor in program
level to allow relative addressing of R+ 1023 words.
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3.11 TRANSFER BITS TRFL-XX65

A field in the A register, starting at the bit position addressed by the G
and H registers, replaces a corresponding length field in the B register,
starting at the bit position addressed by the K and V registers, and pro-
ceeding towards the lower order bit positions.

. The length of the field transferred is specified by the six high order
bits of the operator. The transfer of bits is terminated by the transfer
of the specified number of bits or when either the A or B registers have
been exhausted. '

The contents of G, H, K and V registers after the operation are the same
as prior to the operation. The A register is set to empty.

SUMMARY OF OPERATION

Bits are transferred from the A register to the B register via the Y register.
Character transfer from the A register to the Y register is specified by the

G register. The desired receiving character position in the B register,
specified by the K register, is shifted (aligned) into the first and second
octade position of the B register. Thereafter bit transfer commences from

the Y register to the B register. Bit transfer from the Y register, specified
by the H register bit pointer, is into a bit position of the first and second
octade positions of the B register, specified by the V register bit pointer.
As each bit is transferred, the H and V registers are incremented to point at
the next bit position of a character. As the bits of a character position
become exhausted, the G register is incremented to address the next lower
significant character of the A register and/or the K register is incremented,
resulting in a shift of the B register to bring the next receiving character
position into the first and second octade positions. Upon transfer of all

the required bits the B register is restored, aligning the character positions
to their original configuration.

DETAILED DESCRIPTION

J =0

If the six high order bits of the operator are equal to zero (TEZL) on entry
or after the A and B registers are loaded (if required), the J register is
set to L to terminate the operator.

Store Dials
The character and bit pointers of the A and B registers are stored in the X

register, so they can be restored to their present setting upon completion of
the operator.
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QOSF to 1, N to 1L

The logical flip-flop QO7F is off, on entry to the operator. Therefore, the

N register is set to 1L and QOTF is set on the first clock pulse. QOTF's

only function is to prevent the N register from being jammed to 1l more than
once. The N register is pre-set to 1L, resulting in a simulated left charac-
ter shift of the B register. Thus, when alignment of the B register occurs,
the desired character position will be in the first and second octade positions,

NOTE

Normal alignment logic provides for alignment
into the 15th and 16th octade positions, which
is one character position displaced from the
position required in this operator.

A[G] to ¥

The first clock pulse of the operator, that finds the A register occupied,
transfers the character pointed to by the G register to the Y register,
Only the first character transfer occurs at this time, subsequent character
transfers from the A register occur at J equals 3.

Load A and/or B

The A and/or B registers are loaded if not occupied on entry to the operator.
A normal push-up from the stack occurs if required.

Alignment of B Register

The A and B registers must be loaded, there must be bits to transfer (TEZL")
and QO7F must be set, indicating that the N register has been pre-set to 1l
for the alignment to commence.,

Shift B right by octade. 1If the K register is not equal to the three high
order bits of the N register (KENL'), the B register must be shifted to
place the character pointed to by K, into the first and second octade
positions of B. If KOLF is true, K is pointing at one of the | least
significant character positions of the B registery it is faster to shift
right to attain alignment. If NOIF is true, an odd number of shifts are
indicated, and additional shifting is required.

Shift B left by octade. If KOLF is reset, K is pointing at one of the L
most significant character positions of the B register, it is faster to
shift left to atiain alignment. .

J to 3. As soon as KENL is true (K equals the 2, L, 8 bit configuration
in the N register), control is set to J equals 3, Figure 3.11-1 shows an
example of the B register before and after alignment. In the example, K
equals 5 and the N register is shown in its pre-set condition of equal to
1)} at the start.
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FIGURE 3.11-1. B REGISTER ALIGNMENT

J =1

This J register setting is attained by a load of either the A or B register,
required on entry.

J = 2

This J register setting is arrived at from J equals 3. Going to J equals 2
implies that all bit positions of the present character in the tirst and
second octade positions of the B register have been transferred. The next
character position must be shifted into the first and second octade positions
of the B register (provided more characters are to be transferred).

QO3F was set at J equals 3 to cause transfer to J equals 2, therefore, QO3F
is reset, as control is returned to J equals 3. The B register is shifted
left and circulated one octade position to complete the second of two octade
shifts required. (The first octade shift occurs at J equals 3}, The N
register is incremented to tally the left shift of the B register.

A [G] to Y, QOLF to O

If QOLF is on, a character from the A register (specified by G) is trans-
ferred to the Y register. QOLF would have been on if the last bit of the
present character in the Y register had been transferred, thus the Y
register required reloading. QOLF is reset to permit the bit transfer to
again commence,
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Shift B, N + 1, J to 2

If QO3F is on, all bit positions of the present character in the first and
second octade positions of the B register have been transferred into. To
bring the next lower significant character into the first and second octade
positions of the B register the B register is shifted left and circulated
one octade. This is the first half of the character shift; the second half
occurs at J = 2, The N register is incremented to tally the shift and the
J register is set to two.

QOLF to 1, Clear Y

If HESL is true, the H register is pointing at the last bit of the character
being pointed at by the G register. QOLF is set to 1 to enable the reloading
of the Y register at the next clock pulse. The Y register is cleared for

the same reason.

QO3F to 1

QO3F is turned on if VESL is true. VESL is true if the V register is point-
ing at the last bit of the character in the first and second octade positions
of the B registers, i.e., the character being pointed to by the K register.

J equals 3 - QOLF' ® QO3F!

Both QOLF and QO3F must be off for the following actions to occur. These
flip-flops are off as long as the bit pointers of the A and B registers are
not pointing to the last bits of their respective character. QOLF, when set,
inhibits bit transfer to allow reloading of the Y register. QO3F, when set,
inhibits bit transfer to allow the required character shift of the B register,

Y [H] to B [KV]

The H register bit pointer indicates which bit of the Y register to transfer
to the first and second octades of the B register.  The V register bit
pointer indicates which bit position of the first and second octades is

to receive the bit from the Y register. The following logical equations
show the set and reset logic of the first and second octade positions of

the B register (bits BO1F through BO6F).

BOIF = JL2L e VESL e YOHL
BO1F'= JL42L e VESL e YOHL'

VELL e YOHL
VELL e YOHL!

BO2F = JL2L
BO2F'= JL2L

BO3F = JL2L e VE3L e YOHL
BO3F'= JL2L e VE3L e YOHL'
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BOLF = JL2L e VE2L e YCHL
BOLF '= JL2L e VE2L e YOHL'

BOSF = JL2L e VE1L e YOHL
BOSF'= JL42L e VE1L e YCHL'

BO6F = JL2L e VEZL
BO6F '= JL2L ¢ VEZL

YOHL
YOHL'

JL2L = (J = 3) e TRFL e QOLF'e QO3F'
YOHL = YR1F e HOLF e HOIF H
YR2F e HOLF e HOLF'

YRLF e HO2F e HOIF

YRBF e HO2F e HOLF'

YRAF e HOLF' e HO2F' e HOLF

YRBF e HOLF' e H-2F' e HOLF'

+ 0

+
[ ]

+ + o+
e o o

honowounonon
O WU

H and V plus 1, T minus 1

The H register is counted up by one to point at the next lower significant
bit positions of the Y register. The V register is counted up by one to
point at the next lower significant bit position of the first and second
octades of the B register. The six high order bits of the T register are
counted down by one at each bit transfer to tally the bit transfers.

K plus 1, G plus 1

If VESL is true, the last bit of the character, presently in the first and
second octades of the B register, is being loaded. Hence, K is incremented
to point at the next character of the B register. If HESL is true, the last
bit of the character in the Y register is being transferred out. Hence, the
G register is incremented to point at the next character in the A register.

J toly

The operator specifications state that the operator is terminated if either
the A or B registers exceed the least significant bit position of their
respective register or if the six high order bit positions of the T register
are counted down to zero. Hence, if G equals 7 and H equals 5, the last bit
of the least significant character of the A register is being transferred.

If K equals 7 and V equals 5, the last bit of the least significant character
of the B register is being transferred. TELlL being true indicates the last
bit (of the specified number) is about to be transferred. The J register is
set to L to terminate the operator.

Printed in U.S.A.



3.11-6 B 5281.55 August 1, 1966
"\ \/\ \BURROUGHS FIELD ENGINEERING /\/\\ TRAINING MANUAL NANANANANAARANANANAARNARANANANAAAAAANANARAAAAAAA

J =1

Restore Dials, Clear Top of Stack

The G, H, K and V register settings, which were formerly stored in the X
register, are returned to their respective registers. AROF is cleared to
indicate that the top address of the stack no longer contains valid infor-
mation,

Restore B Register

If either the 8th bit of the N register is off (NOBF') or the level N15L is
true, it is most expeditious to restore the B register to its original con-
figuration by shifting RIGHT and circulating. The N register is decremented
to tally the right shifts. When the N register equals 1L, the B register is
in its original configuration.

NOTE

Normally, when the N register is equal to zero,
the B register is in its original configuration.
However, at J = O of this operator, the N regis-
ter was pre-set to 1l prior to any shifts of the
B register. Thus in this case, when N1LL is true,
the B register is in its original configuration.

If the 8th bit of the N register is on (NQ8F) and neither NILL nor N15L is
true (N1LL' e N15L'), the most expediticus way of restoring the B register
is to shift LEFT and circulate. The N register is incremented to tally the
right shifts,

EXIT

When N1LL becomes true, indicating that the B register has been restored to
its original alignment, the Syllable Execute Complete Level is gated true to
terminate the operator.
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3.12 COMPARE FIELD EQUAL CFEL-XXT75

A field in the A register, starting at the bit position addressed by the

B and H registers, is compared with a corresponding length field in the

B register, starting at the bit position addressed by the K and V registers
and proceeding towards the lower order bit positions.

The length of the fields in the registers is specified by the six high
order bits of the operator. The comparison is terminated by the comparison
of the number of bits specified or by the comparison of the low order bit
of either register.

If all of the corresponding bits of the fields compared are equal, the low
order bit of the A register is set to one and other bit positions of the

A register are set to zero. If any of the corresponding bit positions of
the fields compared are not equal, all bit positions of the A register are
set to zero. The contents of the B, G, H, K and V registers after the
operation are the same’ as prior to the operation.

SUMMARY OF OPERATION

Upon entry into the operator, if the six high order bits of the operator
are equal to zero and the B and A registers are occupied, the A register
is clearcd, AOIF is set (thus marking the operation as true) and the
operator is terminated.

If the six high order bits of the operator are not zero, and either or
both registers are not loaded, load them and continue. The dial pointers
(bit and character pointer registers) are temporarily stored in the X
register for preservation. The B register is aligned to the output
alignment station. The character containing the first bits to be compared
is transferred from the A to the Y reglster and from the B to the Z
register.

Logical toggle QOSF is turned on, this results in starting the compare with
an assumption of equality. The comparison of bits, starts at the most
significant bit position of both fields and continues until a false condition
(the field in B is not equal to the field in A) is found, or either the end
of the word is reached or the T register is counted down to zero. As the
bits of a character of either field are exhausted, the next character of

that field is transferred into the compare registers. Logical toggles are
employed to inhibit comparison during the shifting of new characters into

the compare registers. As soon as a false condition is found, the operation
terminates leaving the false condition (A register is cleared) in the A
register. The dial settings are restored. All logical toggles and compare
registers are cleared. The B register is restored, and the operation
terminates., If the fields do not find a false condltlon for a word length,
the operation is terminated leaving the A register marked as a true condition
(A is cleared except for the least significant bit). B is restored.
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DETATLED DESCRIPTION

J =0

If the six high order bits of the operator are equal to zero, and the A and
B registers are loaded, the A register is cleared while the J register is
set to i to terminate the operator. When this operator is used with the six
high order bits of the operator equal to zero, the top word of the stack is
cleared and is subsequently marked with a true comparison indication

QOSF to 1

The logical flip-flop QO5F is unconditionally turned on to assume equality.
If, during the compare phase of the operator, an unequal compare is encoun-
tered, QOSF is turned off. The status of QO5F at the termination of the
operator determines whether a true or false condition is set into the A

register,

Store Dials

The contents cf the G, H, K and V registers are temporarily stored in the
X register bit positions X39 and X28. They are restored at J = L,
Push-Up

If either the A and/or B registers are not loaded on entry to the operator,
they are loaded in the normal fashion.

Alc] to Y

If or when the A register is loaded, a character from the A register is
transferred to the Y register as defined by the G register. This transfers
the most significant, character (containing bits to be compared) of the word
in the A register to one of the compare registers (Y).

Alignment of B Register

When the A and B registers are loaded, and the six high order bits of the
cperator are not zero (TEZL'), the most significant character position of
the B register (that has bits to be compared) is shifted to the output
alignment station (the 15th and 16th octade positions), if necessary.

If the K register is not equal to the three high order bits of the N

register (KENL'), indicating that the specified character position is
not in the output alignment station, the status of KOLF is checked. If
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KOLF is on, the B register is shifted RIGHT and circulated while counting
the N register down. If KOLF is off, the B register is shifted LEFT and
circulated while counting the N register up.

If the B register is shifted right (KOLF is on) to attain alignment and NOL1F
is On (When KENL is true), an additional left octade shift is required to
place the complete character position in the output alignment station.

Transfer B to Z

When KENL is true and NO1F is off, the specified character in the output
al ignment station is transferred to the Z register. At the same time, the
B register is shifted one octade position to bring one half of the next
character into the output alignment station. The N register is counted

up by one to tally the left shift. QO2F is set to remember an octade shift
of the B register has occurred, so that at J = 3 the second half of the
complete character shift will take place. The J register is set to 3 for
continuation of the operator.

-

Jd =1

This J count is part of a normal push-up of the stack,.

J =3

During this control state the comparison takes place, bit by bit, from the
most significant to the least significant bit. The first compare that finds
the specified bit in Z not equal to the specified bit in Y (BENL) turns

QOSF off. Upon encountering a not equal comparison, the A register is cleared
and the J register is set to L to terminate the operator. QO5SF is turned

off to inhibit the setting of AQIF at J = L, and the operator is ended with
the A register marked to a false condition.

BENL = YOHL e ZOVL!
+ YOHL' *ZOVL

- 0! - ZOVL!

- 0 - ZOVL

- I - + ZR1F e VOLF e VOIF V=25
+ ZR2F e VOLF e VOLF! L
+ ZRLF e VO2F e VOL1F 3
+ ZRBF e VO2F e VOLF! 2
+ ZRAF e VOLF' e VOQ2F' ® VOIF 1
+ ZRBF ® VOLF'! e VO2F'e VOLF! o]
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- 0' - YOHL!'
- 0 - YOHL
- 1 - + YRIF e HOLF e HOIF H =

+ YR2F e HOLF e HO1F!
+ YRLF e HO2F e HOIF
+ YR8F e HO2F o HOLF!
+ YRAF o HOLF'e HO2F' e HOIF
+ YRBF e HOLF'e HO2F' e HOIF'

O HMPDWEU

Count Bit and Character Pointers

With QOLF off and either QO3F off or QO2F on, the bit pointers are advanced.
QOLF being off indicates that the Y register is not in the process of being
loaded. QO3F off or QO2F on indicates the Z register is not in the process
of being loaded. Thus, if both the Y and Z registers are loaded, a bit
comparison is taking place; therefore the H and V registers bit pointers
are incremented and the six high order bits of the operator in the T
register are decremented.

If the H register (bit pointer for the character in the Y register) is
equal to 5, the G register is incremented, the Y register is cleared and
QOLF is turned on. QOLF is set on to inhibit compare while the next
character in the A register is transferred to Y.

If the V register (bit pointer for the character in the Z register) is
equal to 5, the K register is incremented, the Z register is cleared and
QO3F is turned on. QO3F is set on to inhibit compare while the next
character in the B register alignment station is shifted to the Z register,
QO3F is also set on to implement the next character shift of the B
register.

B Register Shift

If QO3F is on, the present character in the output alignment station of
the B régister (15th and 16th octades) is shifted to the Z register. At
the same time, QO3F gates the first half of a character shift (one octade
shift and circulate). The N register is incremented to tally the shift
of B. QO3F also gates the setting of QO2F to the 1 state. QO2F going

on subsequently gates the second half of the required character shift
(second octade shift and circulate). QO2F is unconditionally reset,
allowing it to gate only one octade shift, During the first character
transfer to the Z register (at J = 0), QO2F is set. Thus, on entry to
this J = 3 count, QO2F is on to gate the second half of a character shift,
All subsequent settings of QO2F occur at J = 3.

J =)

If QOSF is on, indicating that the field in the B register is equal to the
field in the A register, the least significant bit of the A register is
turned on (AO1F). With AOLF on and the remainder of the A register cleared,
the compare field equal operator indicates a true comparison.
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The bit and character pointer values which were stored in the X register
at J = 0, are restored by transferring the X register bit (X39 through X28)
to the G, H, K and V registers.

Alignment of B Register

If the N register does not equal zero, the B register is out of alignment
relative to its original position and must therefore be restored.

If the N Greater than 8 level (NGBL) is true, it is more expedient to bring
the B register into alignment by shifting the B register left by octades and
circulating it.

If the N Less than 8 level (NL8L) is true, B register alignment is accom-
plished by shifting right by octades and circulating it.

The N register is counted to tally the shifting of the B register, and
when the N register equals zero (NEZL) the B register is in its original
position. The Syllable Execute Complete level is true when NEZL is true
to terminate the operator.

NOSBF
NOBF' e (NOLF + NO2F + NOIF)

NG8L
NL8L
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3.13 COMPARE FIELD LOW CFLL-XX71

A field in the A register, starting at the bit position addressed by G
and H registers, is compared with a field in the B register, starting at
the bit position addressed by the K and V registers, and proceeding
towards the low order bit positions.

The length of the fields in the registers is specified by the six high

order bits of the operator. The comparison is terminated by the comparison '
of the number of bits specified or by the comparison of the low order bit

position of either register.

If the magnitude of the field compared in the B register is less than the
magnitude of the field compared in the A register, the low order bit of
the A register is set to one and all other bit positions of the A register
are set to zero; otherwise all bit positions of the A register are set

to zero. The contents of the B, G, H, K and V registers after the
operation are the same as prior to the operation.

SUMMARY QF OPERATION

Upon entry into the operator, if the six high order bits of the operator
are equal to zero and the A and B registers are occupied, the A register

is cleared (thus marking the operation as talse) and the operator is
terminated. If the six high order bits of the operator are equal to zero
and either or both registers are empty, either or both are loaded and then
the A register is cleared (marking the operation as false) and the operator
is terminated.

If the six high order bits of the operator are not equal to zero, and both
registers are loaded: The dial pointers (bit and character pointer registers)
are temporarily stored in the X register for preservation. The B register

is aligned to the output alignment station and the characters containing

the first bits to be compared are transferred, from the A to the Y register
and from the B to the Z register.

The comparison of bits starts at the most significant bit position of
both fields and continues until a true condition is found; that is, the
field in B is less than the field in A, or either the end of the word is
reached, or the specified number of bits have been compared. As the bits
of a character of either field are exhausted, the next character of either
field is transferred into the compare registers. Logical toggles are
employed to inhibit comparison during the shifting of new characters into
the compare registers.

As soon as a true condition is found, the operation terminates leaving the
true indication (A register is cleared except for the least significant
bit which is turned on) in the A register, the dial settings are restored,
all logical toggles and compare registers are cleared, the B register is
restored, and the operation terminates.
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If the fields do not find a true condition by the end of a word or after
the specified number of bits have been compared, the operation is termin-
ated, leaving the A register marked as a false condition (all bits of A
are cleared) and the B register is restored.

DETAILED DESCRIPTION

J =0

If the six high order bits of the operator are equal to zero, and the A

and B registers are loaded, the A register is cleared while the J register

is set to L4 to terminate the operator. When this operator is used with the
six high order bits of the operator equal to zero, the top word of the stack
is cleared to mark it with a false comparison indication.

Store Dials

The contents of the G, H, K and V registers are temporarily stored in the
X register bit positions X39 through X28. They are restored at J = L.

Push-Up

If either the A and/br B registers are not loaded on entry to the operator,
they are loaded in the normal fashion.

AfG] to ¥

If or when the A register is loaded, a character from the A register is
transferred to the Y register as defined by the G register. This transfers
the most significant character (containing bits to be compared) of the word
in the A register to one of the compare registers (Y).

Alignment of B Register

When the A and B registers are loaded, and the six high order bits of the
operator are not zero (TEZL'), the most significant character position of
the B register (that has bits to be compared) is shifted to the output
alignment station (the 15th and 16th octade positions), if necessary.

If the K register is not equal to the three high order bits of the N
register (KENL'), indicating that the specified character position is not
in the output alignment station, the status of KOLF is checked. If KOLF
is on, the B register is shifted right and circulated while counting the
N register down. If KOLF is off, the B register is shifted left and
circulated while counting the N register up.
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If the B register is shifted right (KOLF is on) to attain alignment and
NO1F is on (when KENL 1is true), an additional right octade shift is required
to place the complete character position in the output alignment station.

Transfer B to Z

When KENL is true and NO1F is off, the specified character in the Output
alignment station is transferred to the Z register. At the same time, the
B register is shifted one octade position to bring one half of the next
character into the output alignment station. The N register is counted
up by one to tally the left shift. QO2F is set to remember the one octade
shift of the B register has occurred, so that at J = 3 the second half of
the complete character shift will take place. The J register is set to 3
for continuation of the operator.

J =1

This J count is part of a normal push-up of the stack.

Jd =3

During this control state the comparison takes place, bit by bit, from the
most significant to the least significant. The first compare that finds
the specified bit in Z not equal to the specified bit in Y (BENL), clears
the A register (A Lo 0) and sels J equal to L to terminate the operator.

Upon encountering a not equal comparison, QO5F is turned on if the Z less
than Y level (ZLYL) is true; in which case the operator is ended with the
A register marked to a true condition. Otherwise the A register is marked
to a false conditien.

BENL = YOHL e ZOVL!' ZLYL = YOHL ® ZOVL!'
+ YOHL'® ZOVL

- 0' - ZOVL!

-0 - ZOVL

- I - + ZR1F e VOLF e VOIF V=5
+ ZR2F o VOLF e VOIF' L
+ ZRLF e VO2F e VOIF 3
+ ZRBF e VO2F e VOLF' 2
+ ZRAF o VOLF'e VO2F!' ¢ VOIF 1
+ ZRBF * VOLF'® VO2F' ® VOIF! 0

- 0" - YCHL'

- 0 - YOHL

- I - + YRIF e HOLF ¢ HOLF H=75
+ YR2F e HOLF e HOLF'! L
+ YRLUF e HO2F e HOLF 3
+ YRBF e HO2F e HOLF! 2
+ YRAF o HOLF' e HO2F' e HOLF 1
+ YRBF e HOLF' e HO2F' e HOIF'' 0
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Count Bit and Character Pointers

With QOLF off and either QO3F off or QO2ZF on, the bit pointers are advanced.
QOLF being off indicates that the Y register is not in the process of being
loaded. QO3F off or QO2F on indicates the Z register is not in the process
of being loaded. Thus, if both the Y and Z registers are. loaded, a bit
comparison is taking place. The H and V registers bit pointers are
incremented and the six high order bits of the operator in the T register
are decremented.

If the H register (bit pointer for the character in the Y register) is equal
to 5, the G register is incremented, the Y register is cleared and QOLF is
turned on. QOLF is set on to inhibit compare while the next character in the
A register is transferred to Y.

If the V register (bit pointer for the character in the Z register) is equal
to 5, the K register is incremented, the Z register is cleared and QO3F is
turned on. QO3F is set on to inhibit compare while the next character in
the B register alignment station is shifted to the Z register. QO3F is also
set on to implement the next character shift of the B register.

B Register Shift

If QO3F is on, the present character in the output alignment station of the

B register (15th and 16th octades) is shifted to the Z register. At the same
time QO3F gates the first half of a character shift (one octade shift and
circulate). The N register is incremented to tally the shift of B. QO3F also
gates the setting of QO2F to the 1 state. QO2F going on gates the second half
of the required character shift (second octade shift and circulate). QO2F

is unconditionally reset, allowing it to gate only one octade shift.

During the first character transfer to the Z register (at J = 0), QO2F is set.
Thus, on entry to this J = 3 count, QO2F is on to gate the second half of a
character shift. All subsequent settings of QO2F occur at J = 3.

J to L. The operator specifications state that the operator is terminated if
either the A or B registers exceed the least significant bit position of their
respective register or if the six high order bit positions of the T register
are counted down to zero. Hence, if G equals 7 and H equals 5, the last bit
of the least significant character of the A register is being transferred.

If K equals 7 and V equals 5, the last bit of the least significant character
of the B register is being transferred. The level TELL being true, indicates
that the last bit (of the specified number) is about to be transferred. Thus,
the J register is set to L to terminate the operator and the A register is
cleared to terminate the operator.

If the N Greater than 8 level (NG8L) is true, it is quicker to bring the B

register into alignment by shifting the B register left by octades and
circulating it.
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If the N Less than 8 level (NL8L) is true, alignment is accomplished by
shifting right by octades and circulating it.

The N register is counted to tally the shifting of the B register, and when
the N register equals zero (NEZL) the B register is in its original position.
The Syllable Execute Complete level is true when NEZL is true to terminate
the operator.

NG8L = NOBF
NL8L = NOBF' ¢ (NOLF + NO2F + NOIF)
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3.1l SET FLAG BIT SFBL-L015
RESET FLAG BIT RFBL-2015

Set Flag Bit: Set the flag bit of the word in the A register to one.

Reset Flag Bit: Set the flag bit of the word in the A register to zero.

SUMMARY OF OPERATION

If the A Register is empty it is loaded with the top word in the stack. If
the top word is in B then B is transferred to A. If neither A nor B registers
are loaded, then B is loaded from Memory and transferred to A. With a word
in the A register, the L8th bit is set to 1 or O as indicated by the operator.
If the L8th bit equals 1, the word is considered a Descriptor. If it equals
0, the word is an operand.

DETAILED DESCRIPTION

J =0

Upon entry, if the A register is empty and the B register is full (ARCF' »
BROF), the word in B is transferred to A, the B register is marked as
empty and A is marked as full.

If both A register and B register are empty, upon entry, (AROF'® BROF')
then Memory access to load B is initiated, (E to 3) and primary control
counter J is set to 1 where the operator waits for completion of Memory
access.

When the A register is loaded and if the operator is Reset Flag Bit ALBF
is set to 0. If the operator is Set Flag Bit then ALBF is set to 1; in
either case, the syllable execution complete level becomes true and the
operator terminates.

J = 1 Level
Upon receipt of MROF signal from Memory the top word in the stack is placed

in "B", BROF is set to 1, marking "B" full, the address register (8) is
counted down to address the next word in the stack and J is set to O.
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3.15 TEST FLAG BIT TFBL - 2031
INTERROGATE PERIPHERAL STATUS IPSL - 2431
ATE 1/0 C TIOL - 6431

If the operator is a Test Flag Bit, and if the flag bit of the word in the B register
is zero, the low order bit of the word in the A register is set to one and all other
bits of the A register are set to zero; otherwise, all bits of the A register are set
to zero.

Interrogate I/0 Channel will set a value into the A register (three low order bits)
corresponding to the number of the I/0 channel that is not busy.

Interrogate Peripheral Status will allow the MCP to determine, very rapidly, which
units have changed status since the last interrogation. This bulk interrogation of
peripheral units eliminates the need for a separate I/0 operation for each unit.

SUMMARY OF OPERATION

Upon entry to the operator the stack is checked to determine if stack adjustment is
necessary. I1f the operator in the T register is Test Flag Bit (TFBL), then the stack
is adjusted to place the top word of the stack in the B register. If the operator is
interrogate, then the stack must only beadjusted to mark the A register empty.

With the test flag bit operator (TFBL) and the top word in the stack is in the B reg-
ister, the B register is checked to see if it contains an operand or a descriptor. If
the word is an operand (BLBF'), the least significant bit of the A register (AOIF) is
set to one and the rest of the A register is cleared. If the word is a descriptor
(BLBF), the A register is cleared and the operator is terminated. In either case the
A register is marked as valid.

Interrogate I/0 Channel: This operator interrogates the I/0 Channels to determine which
channel is currently in line to be assigned next, that is, which is the lowest-numbered
currently available Input-Output Control Unit. A literal is placed in the top of the
stack. The literal indicates the next assigned channel. in the following way:

Literal Channel
0 A1l channels busy
1 Channel one due for assignment
2 Channel two due for assignment
3 Channel *three due for assignment
L Channel four due for assignment

Interrogate Peripheral Units: This operator places in the top of the stack a word
representing the current ready status of the peripheral equipment. One bit in the
word is associated with each peripheral unit. This bit is set to 1 if the associated
unit is ready; to O if the associated unit is not ready.

The A register is set to zero. The 31 low order bits are set to reflect the current
status of the peripheral units. '

The A register is marked full and the operation is terminated.
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PERIPHERAL UNIT A REG.
(PS LINES) FF
TSU - A 1
TSU - B 2
TSU - C 3
TSU - D L
TSU - E [
TSU - F 6
TSU - H 7
TSU - J 8
TSU - K 9
TSU - L 10
TSU - M 11
TSU - N 12
TSU - P 13
TSU - R 1l
TSU - S 15
TSU - T 16
DRUM - 1 17
DRUM - 2 18
DISC FILE - 1 19
DISC FILE - 2 20
PRINTER - 1 21
PRINTER - 2 22

CARD PUNCH 3¢ 23
CARD READER - 1 N
CARD READER - 2 25
SPO - KEYBOARD 26
P.T. PUNCH - 1 27
P.T. READER - 1 28
P.T. READER - 2 29
P.T. PUNCH - 2 30
DATA COM. CONTROL 31

FIGURE 3.15-1 PERIPHERAL TO A REGISTER

Figure 3.15-1 shows the association between the A register bit positions and periph-
eral units.

DETAILED DESCRIPTION

JOOL

UNCONDITIONALLY indicate A register as occupied (AROF set to 1).

AROF e BROF

With A register and B register occupied, push down the stack by initiating a store of
the B register (E to 11). Indicate the storage location of the latter (S +1). Exit

this J count to J2. Printed in U.S.A.
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AROF e BROF

With A register occupied and B register not occupied, shift the contents of A register
to B register and mark the B register as occupied.

IROF e EROF e TOOF (Test Flag Bit Operator)
With A register and B register not occupied and a Test Flag Bit Operator (TO9F') initi-

ate a read out of the top word of the stack from core memory to B register (E to 3).
Exit this J count to Jl.

IROF + BROF
If either A register or B register, or both A register and B register are unoccupied,

ensure that the contents of A register are equal to zero due to single-ended set
logics at J3.

AROF e BROF + AROF e BROF + EROF e BHOF e TOOF
If either A register or B register is occupied (not both), exit this J count to J3.
With A register and B register not occupied and an Interrogate I/0 Channel or Periph-

eral Status operator (TOSF), exit this J count to J3. No further stack adjustment is
necessary.

JO1L

MROF (Memory Read)

With the Memory Information Register occupied (MROF), shift the contents of MIR to B
register, mark B register as occupied; Decrement S register; exit this J count to J3.

JO2L

MWOF (Memory Store)
With the Memory Information Register occupied (MWOF), Store the contents of the

Memory Information Register; shift the contents of A register to B register; clear
A register; exit this J count to J3.

JO3L

Unconditionally EXTT from this operator.

Printed in U.S.A.
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BLBF o TOSF (Test Flag Bit)

If the Flag Bit of the top word of the stack is zero, set AOLF bit to 1.

TO9F e TI2F (Interrogate Peripheral Status)

For any peripheral unit that is ready (CC indication), set a corresponding bit in A

register to indicate same (A [31 <=1] by PS). For PS to A register bit see Figure
3.15-1.

TOSF e T12F (Interrogate I/0 Channel)

Figure 3.15-2 indicates the A register bits set/reset for the I/0 Channel interrogation.

AOIF AO2F | AO3F CHANNEL
0 0 0
X 0 0 T1BS(DIRSX)
0 X 0 I12BS(D2RSX)
X X 0 I3BS(DIRSX e D2RSX)
0 0 X ILBS(D3RSX)
FIGURE 3.15-2

The Central Control logic will only allow one of the I/0 channels at a time be not
busy. The I/0 not busy lines in CC (InBS') are used to develop the DnRSX lines to the

Processor; n indicates any value of 1 to l. The following is the logic for developing
the DnRSX levels.

DIRSX = TIBS + I3BS
D2RSX = I2BS + I3BS
D3RSX = TIBS

From this logic it is determined that DIRSX is True if I/0 1 or 3 is not busy; D2RSX
is True if I/0 2 or 3 is not busy; and D3RSX is True if I/0 | is not busy.

Printed in U.S.A.
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3.16 RESET SIGN BIT MSPL - LL31
ORI SIGN BIT MSNL - 0L31
CHANGE JICN BIT CSSL - 1031
STACK SEARCH FOR FLAG SSFL - 7031

Reset Sign Bit. Set the sign bit of the word in the A register to zero.
Set Sign Bit. Set the sign bit of the word in the A register to one.
Change Sign Bit. Complement the sign bit of the word in the A register.

Stack Search For Flag. Start at the address specified by the fifteen low order bits
of the word in the A register, search consecutive memory locations until a word is
found with the flag bit on, a descriptor is left in the top of the stack pointing to
the word found with the flag bit on.

SUMMARY OF OPERATION

Stack adjustment is the same for all of these operators; if the top word in the stack
is not in the A register, a stack push 1p is done to mark the A register as full.

The sign of the mantissa of the word in the A register is adjusted (set, reset, or
complemented) depending upon which of the sign o