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INTRODUCTION

This section describes the functional operation of the
GE -PAC* 4022A Arithmetic Unit (GE Drawing Number
68C972367) which is the computational and control cen-
ter for the GE-PAC 4020 Central Processing Unit.

The 4022A Arithmetic Unit performs calculations, a
wide range of logical operations, and sequences and
distributes data throughout the computer system. It
supplies and receives information to/from the Core
Memory, Automatic Program Interrupt Module, and In-
put/Output Peripheral Devices.

The Arithmetic Unit addresses sequential programmed
commands stored in Core Memory. Each command ad-
dressed is transferred from the memory location to the
Arithmetic Unit where the command is executed. Since
execution of the command may require the transfer of
data to or from one of the other modules of the system,
the Arithmetic Unit becomes the communications hub of
the system.

The arithmetic operations performed by the Arithmetic
Unit include Add, Subtract, Multiply, and Divide. Addi-
tion and Subtraction are performed in 3.2 microseconds,
while Multiply requires between 8.9 and 12.1 micro-
seconds and Divide requires 13. 6 microseconds. Add
and Subtract use single length 24-bit numbers. Multiply
operates on two 24-bit numbers to produce a double
length (46 bits plus sign) product. Divide operates on a
double length dividend and a single length divisor to pro-
duce a single length (23 bits plus sign) quotient and a
single length remainder.

SPECIFICATIONS

e Electrical Requirements
Voltage: 115/230 T10%

Phase: Single

Frequency: 50 or 60 cps 3%

Central Processor Power: 5.8 KW Maximum.

e Environment
Temperature: 32° - 131°F
Relative Humidity: 5 - 95%.

e Circuit Type
Monolithic Integrated.

e Man/Machine Communication

Programming and Maintenance Console.

“ Registered Trademark of General Electric Company
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e Basic Clock Frequency
10 Megacycles
Pulse Width - 25 nanoseconds T 10%.

o Addressable Core Memory

4096 locations minimum, 32,768 locations
maximum; directly 16,384, relative (¥ 8K)
and indexing to 32,768.

o Operation

Parallel and serial internal; parallel ex-
ternal.

e Arithmetic

Digital, binary, fixed point, and 2's com-
plement; floating point by subroutine.

e Word Size

24-bits (23 through 00); bit 23 is sign and
most significant bit.

o Index Words

Total of 7 words; 5 are unrestricted and 2
(1 and 2) are restricted by Quasi and sub-
routine linkage.

ARITHMETIC UNIT OPTIONS

The GE-PAC 4022A Arithmetic Unit may contain, as
options, Memory Protect, Expanded Console, TIM/
TOM, Program Load, I/O Capability (future), and Stall/
Watchdog/Timer. These options are described under
the mnemonic OPT in this section. The options for a
particular system are contained in a special drawing for
each system titled "Option List''. The model numbers
for each of the above options are listed below:

Basic Arithmetic Unit- - 4DP4022A0100
Memory Protect Option - 4DP4022A0001
TIM/TOM Option - 4DP4022A0002
Console Option - 4DP4022A0003
Program Load Option - 4DP4022A0004
I/O Capability (future) - 4DP4022A0005

Stall Alarm/Timer/
Watchdog Option - 4DP4022A0006.
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ARITHMETIC UNIT DESCRIPTION

The following discussion describes the functional block
diagram of the 4022A Arithmetic Unit. Fig. DESC. 1
contains a block diagram of the Arithmetic Unit illustra-
ting the interconnection of the various registers, paral-
lel adder unit, serial adder, and the associated core
memory module. This diagram does not attempt to de-
fine timing, sequencing, or control organization.

A Register (Accumulator)

The A Register is the accumulator for arithmetic and
bit manipulation operation and temporary storage for

data coming from or going to the registers of the I/O

equipment. It is comprised of 24 high-speed flip-flops

in a bit configuration numbered 00-23 with bit 23 being

the most significant.

The A Register may be shifted right or left via the
micro-coded GEN 1 command. However, the left shift
(when using GEN 1) is accomplished by shifting right.
A true left shift may be accomplished with a GEN 3 in-
struction where data from either B23 or B23 enters Ap
and is shifted left. On a typical right shift, Ag passes
through the serial full adder (where it may be altered)
and back into A23. Position A23 may also enter the se-
rial full adder, possibly modified, and routed back to
Ag3 and at the same shift A23 may be applied to A22.

When A is shifted left, bit position 23 is lost. The con-
tents of the A and B Registers may be shifted right

where the contents of Ag enter either Bgg or B2 as
specified by the shift instruction.

The contents of the A Register may be gated in parallel
to the Parallel Full Adder and the A Register may
receive data in parallel from the Adder. The con-
tents of A may be selectively displayed on the optional
console.

B Register (Buffer)

The B Register is a 24-bit register used to hold all in-
structions and AU data going to or coming from core
memory. During the fetch portion of an instruction, the
10 most significant bits of the B Register are transfer-
red in parallel to the I Register for decoding. The con-
tents of the B Register are routed in parallel to the Par-
allel Full Adder in two fields: B13-0 for address mod-
ification, and B23-0 for full register operations. The
contents of the Parallel Full Adder may be routed to the
B Register in parallel.

The B Register may act as an extension to the A Regis-
ter when performing right and left shifts (MPY, DVD,
GEN 3, TIM/TOM). During a left shift, the contents of
either B23 or B22 as specified by the instruction, enter
position Ag of the A Register. During a right shift, the
contents of Ag enter either B23 or Bgg as specified by
the instruction. The contents of B may be displayed on
the optional console.

| |
I i
%  CORE MEMORY [«
I ]
e e e 4
MEMORY ADDRESS BUFFER
24 3 r— ="
| AUTOMATIC |
L— 1 PROGRAM |
|23 0 23 14 15 15 ! INTERRUPT |
B REGISTER u I | ‘ —-x——"
I 10 LR E o [14 0
1 ™ REGISTER P REGISTER
1 g b | 15 %
10 15 5 APl
CONTROL
S EB 0 1 0 15
R A REGISTER | J COUNTER
4 24
SERIAL |g 1
ADDER PARALLEL FULL ADDER
t » I/O Channels
Al |a Al fa 4
OPERATOR
OVERFLOW TEST GONSOLE
1 0 1 0
Fig. DESC.1. GE/PAC 4022A Arithemtic Unit Block Diagram
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P Register (Program)

The P Register is a 15-bit binary counter register whose
primary function is to control the addressing of the next

instruction. Depending upon the instruction being exe-

cuted, the P Register may be incremented by one or two.
Information from the I Register (address) is transferred
to the P Register during the operation of Branch com-
mands. The contents of P may be selectively displayed

on the console.

J Register (Counter)

The J Register is a 5-bit binary counter used to count
shifts when executing shift instructions. Incrementation
of J is controlled by the micro-coded GEN 1, GEN 3
instructions or Multiply, Divide, or TIM/TOM. The
contents of J may be transferred to the I Register or the
complement of the 5 least significant bits of I may be
transferred to J. The contents of J are displayed on the
optional console.

| Register (Instruction)

The I Register is a 24-bit register used to hold the in-
struction while it is being decoded, interpreted, and

executed. An additional bit (14) position is used in the

I Register to provide for relative addressing. In addi-
tion to holding the instruction to be executed, the I Reg-
ister is also used to hold the divisor during Divide, the

multiplicand during Multiply, and the TIM/TOM control
during TIM/TOM operations.

The I Register may receive data in parallel from the
Parallel Full Adder, B Register, and J Counter. Data
is transferred from the I Register in parallel to the J
Counter, P Register, Memory Address Buffer, and to
the Parallel Full Adder. The contents of the I Register
may be selected for display on the optional console.

Parallel Full Adder

The Parallel Full Adder is a 24-bit full adder. Most
arithmetic operations within the arithmetic and control
unit are accomplished through this adder. In addition to
the normal add and subtract operations, the adder has
the capability of accomplishing the following logical
combinations:

Exclusive "OR" (if A = B, 0 out; if A # B, 1 out).

Logical "AND" (if A = 1 and B = 1
if A#1orB# 1, 0out)

Logical "OR" (if A = 0 and B = 0, 0 out;
if A#0orB#O0, 1l out)

, 1 out;

The adder may receive data in parallel from A, B, I,
or the P Register. The adder also acts as a buffer for
Input/Output operations. Data transferred into the cen-
tral processor unit from Input/Output devices is chan-
neled through the adder for distribution within the arith-
metic and control unit. Data transmitted from memory
to specified Input/Output devices is routed through the
B Register to the Adder for distribution outside the
arithmetic and control unit. Data transmitted from the
A Register is routed through the adder for distribution
outside the arithmetic and control unit.
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Q Register (Multiplier/Quotient)

The Q Register is a pseudo register (located in core
memory address 108) used as an auxiliary accumulator
(MPY and DVD). The contents of Q are also used to
define fields of the A and/or B Register during GEN 3
commands. The Q Register is addressed and gated to
the B Register during the command execution.

Memory Address Buffer

The Memory Address Buffer provides selection of the
core memory address bits from the desired register or
control circuit.

Certain memory locations are pre-assigned for specific
use. These memory locations should be used only for
the purpose intended unless hardware is not included to
make use of the specific reserved address. The re-
served memory locations and the pre-assigned uses are
listed below.

Octal

Address Specific Use

00 Primary Bulk Storage Pointer Word
(Channel 1)

01
¢ } Index Register Words

07
10 Q Register Words
]ll Additional Bulk Storage (11 = Channel 2)
7 Pointer Words (12 = Channel 3)
20 Memory Protect Error Exit Location (SPB)
21 Memory Protect, Saved I Register Word
22 Not Dedicated
23 Not Dedicated
24 API Stall Alarm Error Exit Location (SPB)
25 Not Dedicated
26 Not Dedicated
27 Not Dedicated
30 Not Dedicated
31
¢ } Common Peripheral Pointer Words
37
40 . s
i Quasi Instruction Branch Vectors (SPB's)
77 or Single Word Quasi
100
v } Memory Protect Status Words
177
8 to 128
200 Automatic Program Interrupt Control
Locations
a. Entry Location (SPB's, BRU)
81t b. Tally Control Instructions (DMT' s)
c. I/O Control Words (TIM/TOM Con-
trol Words

4022A-2



Automatic Program Interrupt Control

The Automatic Program Interrupt control logic within
the Arithmetic Unit provides timing synchronization
between the AU and API modules, inhibits interrupts
during the execution of specific commands, inhibits in-
hibitable interrupts under program control, and pro-
vides an Echo interrupt signal to the API under certain
conditions.

Each of these control functions and the logic elements
providing these functions are described below.

e Enable API Gate, GIWENA (logic sheet 122),
must be enabled to allow any interrupts to be
serviced. This gate is enabled only during Time
3 Envelope (TSCA-TSCC) of Sequence Control
State 4. Since some commands do not enter
Sequence State 4 for execution, interrupts fol-
lowing these commands are inhibited. These
commands include: BRU, BTS, BTR, and
TXH.

In addition, the following commands inhibit
GIWENA, thereby inhibiting interrupts follow -

ing the command execution.

Logic Inhibit

Command Signal Function

CLO

CcLZ DGN1- Wios - Allow J Count value
to be stored follow -

CMO WSe67 ine the co nd

cMZ g the commands

LPR . Allows the P Reg-

LDP XRMF ister to be changed

SPB before API

JNO Inhibits a TIM/TOM

JNR interrupt from fol-

N

JDR GS6 lowing JDR, JNR,

JCB and JCB commands

LDX WLDX Allows: Trap Error
detection

Volume

Allows Memory

Difference by rer
MSSI Protect operation

Trap Error

The API Lockout switch on the Console when in
the Lockout position inhibits GIWENA.

e The Permit Automatic Interrupt flip-flop,
F1WPMT (logic sheet 121), when reset inhibits
all inhibitable type interrupts. F1WPMT is re-
set during Time 3 Envelope (TSCA - TSCB - TSCC)
of State 4 when there is not a Volume Difference
or Memory Protect Error by an SPB, IAI, or
LPR command.

FI1WPMT = TSCC-TSCA: -WCPM -
ECLK + Initialize.

4022A-2
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GIWCPM when enabled to reset F1IWPMT, also
applies a signal to the API module to clear the
priority flip-flops.

F1WPMT is set, allowing inhibitable interrupts,
at Last Pulse of State 4 during the execution of
a PAI or LPR command having bit 21 a ""one''.

FIWPMT = WSPM: TLPE - ECLK.

e GIWEKO applies a signal to the API to generate
an "Echo" interrupt when a TIM/TOM operation
is in progress and the last character of the last
word is being transferred or when a DMT com -
mand decrements the memory cell from 0 to -1.
Although the Echo signal is generated whenever
the DMT decrements a cell from 0 to -1, a new
interrupt is generated only if the DMT resulted
from a previous interrupt.

o When an interrupt is generated by the API mod-
ule, memory is addressed from the API module
(GOSAMW) during the next Sequence State 1.
This interrupt signal inhibits addressing mem-
ory from the P Register. GOSAMW enables
memory address bit 7 (DIMAO7) and in conjunc-
tion with the API Address Generator enables .
DIMAO06-00 according to the interrupt level. In
this manner an interrupt response address be-
tween 200g and 377g will be selected.

A detailed description of the API module is con-
tained in the next section of this book set.

Overflow Flip-Flop

The Overflow flip-flop, F1UOFL (logic sheet 54), pro-
vides arithmetic overflow detection during the execution
of ADD, DVD, MPY, and SUB commands. In addition,
the Overflow flip-flop is set during the execution of GEN
3 commands when bit 5 of the command word is a "one"
if the exclusive ""OR'" of Agg and Ag9 is a "one'’

Arithmetic overflow occurs when the result of an arith-
metic operation provides, or will provide, a result
whose magnitude exceeds the capacity of 23 bits for
single word length register (i.e., 223-1 or -223) oper-
ations, or exceeds the capacity of 46 bits for double
length register operations (i.e., 246-1 or -246), Dur-
ing GEN 3 commands, when bit 5 of the command word
is a "one', overflow occurs when bit 23 (sign bit) of the
A Register is changed during a left shift.

The status of the Overflow flip-flop is monitored and
cleared by the JNO (GEN 2) command to establish pro-
gram location control. The status of the Overflow flip-
flop is stored by the SPB command; restoring of the
Overflow flip-flop status may then be accomplished by
the LPR command.

Test Flip-Flop

The Test flip-flop (FIETST) serves as a memory ele-
ment to remember the status of a previous test and to
retain this status until changed by the program. The
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program may then use the status of the Test flip-flop to
initiate a branch.

The Test flip-flop control logic provides the following
functions:

e During the execution of DMT, GEN 1, and TXH
commands, the Test flip-flop is used to remem-
ber the status of the condition tested.

e BTR and BTS commands will cause a branch in
the program depending on the status of the Test
flip-flop.

e The SPB command stores the status of the Test
flip-flop; the status may be restored using the
LPR command.

e The SET (GEN 1) command unconditionally sets
the Test flip-flop; the RST (GEN 1) command
unconditionally clears the Test flip-flop.

Operators Console

The Operators Console provides one method by which
the operator may communicate with the computer in ma-
chine language. It allows the operator to load and
execute programs and monitor the running program. A
detailed description of the Operators Console is con-
tained under the mnemonic CON in this section.

LOGIC SYMBOLS AND NOMENCLATURE

The following paragraphs provide a very brief discus-
sion of the logic symbols and nomenclature used in the
GE-PAC 4020 logic drawings.

Fig. DESC. 2 illustrates the most commonly used logic

symbols and the logic equation associated with each sym-

bol. Each symbol designates the integrated circuit chip
pin numbers, the AND (A) and OR inputs, an identifica-
tion number of the circuit chip type, the logic name of

the logic element, and the physical location of the logic
element on the circuit card. Each of these designations
will be discussed in the following paragraphs.

Since there are many different types of integrated cir-
cuit chips, each logic symbol identifies the type. This
circuit type number is derived from the drawing number
assigned to the individual circuit type. For instance,
the drawing number for a 632 circuit is 68A8363P2; for
a 752 circuit, 68A8375P2; for a 642, 68A8364P2; etc.
Since the 68A83__P part of the drawing number is the
same for all circuits, it is deleted from the circuit type
number contained in the logic symbol.

DESC-4
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INPUT INPUT INPUT Circuit Chip
A_/\_qB oS ._/\_-\N S iE (—/F B G\_\H \yy— Pin Letter
A A i [ A L g AND Gate
OR M M OR «21 — OR Gate
719 632 «—2}— Circuit Type
L 1 GOJINC «—p| Logic Name
O—0 9G -
oF ~— Physical Location
' of this Circuit on
(OUTPUT) a Card
L = ABCN + NCAB + FEGH
NAND Logic Symbol
1711 11
A A
CD
752 642
DOTCKA GOTMEN
9A 6G
T Te
K=E-G.I-F G=E-F

Clock Driver Two-Input NAND/NOR Gate

AC AC
SET CLEAR
rungingn o

ABDE C FGNP

olajjgic

J FF K| 4
M 822 [O— DC Clear
DC Set —d  F1sC03 I
0 7B 0O——DC Clear
B E
L=[(A-B+D-E):C] +M _
L=|[(F-G+N-P).C] +H+1I

Flip-Flop (AND Inputs)

1 = +3.6V
0= 0V

True
= False

u

Fig. DESC.2. Logic Symbols

The logic name consists of six digits to define four parts:

Device Code, Polarity of output signal when the function
is enabled, Functional Area of the logic prints, and the
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mnemonic signal name.

The logic name for the NAND

symbol of Fig. DESC. 2 is described for clarity.

G 0JINCGC

This is the
letter for
gate.

This is a bi-
nary zero and
it denotes the
polarity of the
output when the
logic function is

("These three letters are
used for the mnemonic
signal name. The literal
interpretation of I N C
is increment. Each
mnemonic name has a
meaningful literal sig-
nificance. Some signal
names use a combina-

enabled (0 = OV,
1= 3.6V). P,

Thig letter J Indicates
the functional area of
the logic prints.

tion of letters and num-
bers. A complete list
of mnemonics and the
literal interpretation is
contained on logic sheets
\_2. 1 through 2. 8.

The physical location of this circuit on the card is des-
ignated by numbered and lettered co-ordinates of the
circuit position of the card. Fig. DESC. 3 illustrates a
circuit card and the co-ordinate designations.

The circuit chip pin letters specify the connections of
the chip. Fig. DESC. 3 illustrates a chip and the pin
designation locations.

Fig. DESC. 4 illustrates the wiring nomenclature and
circuit card locations provided in the logic drawings.

The circuit card pin number defines the card connector
and the pin number of that connector. As shown in Fig.
DESC. 3, the connector may be defined by the lettered
co-ordinate. Since each connector contains 14 pins,
the remaining digits specify which pin of the connector.

The card location and size is also defined on the logic
drawings as shown in Fig. DESC. 4. The first letter
specifies the panel on which the card is located, the

Chip Side Board Pin Pin Letters
of Board Numbers St s B A
TN s 2 e 9 8 ® | Circuit
[ < ;
| SSASS gy S By W g S g SUSUS Iy Set Ry St Chlp
i 2 3 4 5 -3 T

Fig. DESC. 3.

4022A-2
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next two numbers specify the card slot of the panel that
the card is located, and the last two letters define the
card size.

A typical page will contain up to four panels, as shown
in Fig. DESC.5. The first letter then designates in
which panel the card is located. The next two numbered
digits specify the card slot within the panel, since 32
card slots may be provided in a panel. The last two
lettered digits indicate the size of the card by indicating
the connectors provided. Therefore, AK is a 10-inch
card utilizing connectors A through K. The letters AE
would indicate a 5-inch card using connectors A through
E, and the letters FK would indicate a 5-inch card using
connectors F through K.

Since wire connections must be made between the indi-
vidual circuit cards, a wire list is used to specify the
required connections. Fig. DESC. 6 illustrates a sam-
ple logic drawing and the wire list associated with the
logic drawing. The wire list gives the wire number,
the name of the signal connected by the wire, where the
wire originates, the route it must take, and the desti-
nation of the wire for each connection.

AUF1MAMV

GOMSLR

DIMSLR
2A

E [F,
A \
Circuit Chip

Pin Number

K? AUFIMLI5
| AUF1ML14

AUDIMAO06

Fig. DESC. 4.

Logic Wiring Nomenclature

<«— 1 to 32 Cards -—w»je«— 1 to 32 Cards —»
] 1 13
T 10 A
0 I
a |0 0
Bl o
2% g g PANEL A PANEL C
<E |1
© | il
D 0
1] i K
1 32 1 32
AlD 1 lA
PANEL B PANEL D
K(0 I K
Fig. DESC.5. Typical View of ay
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l A
l 752 I
DITSCB '

| 7C
) |
I ]

(WIRE 2) Co4 (WIRE 1)

AO7 ' D12

[a13ak ~ T E F_——j | e E MCB A Cl1AE
l 642 I | 622 !
GOMSLR GOIBXI
l 4A | l 5C !
L o | | . |
WIRE SIGNAL FROM VIA TO
1 AUDITSCB B CS 03 C 04 * CCS 11D 12
2 AUDITSCB B CS 03 C 04 s A CS 13 A 07

The breakdown on the origination or "from'' of the list is as follows:

B CS 03 C 04
S E L. _ CONNECTOR PIN NUMBER

| ! ' L_____ CONNECTOR LETTER

! \ | o __ CARD SLOT NUMBER

S ORIGINATES AT A CARD SOCKET
i

i

__ PANEL LETTER

* Means Point to Point.

Fig. DESC.6. Wire List
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CONSOLE

INTRODUCTION

The GE-PAC 4020 Console (Fig. CON. 1) is the basic
man/machine communication link and control element
of the Central Processor. It provides all the necessary
indications and switches to apply power, initialize, load
programs and monitor the operation of the machine.

As shown in Fig. CON. 1, additional controls and indi-
cators are provided on the console as an option
(4DP4022A0013). All of these controls and indicators
are described in the following text. Logic for the Con-
sole is contained in Drawing 68C972367, sheets 125
thru 132. Table CON. 1 lists the operation of the con-
trols and indicators and the functions performed by
each. The purpose of this discussion is to acquaint the
reader with the operation of the Console and the function
of the switches and indicators contained thereon. Basic
procedures to enter data in a register, read in punched
cards or paper tape, store words in memory locations,
display memory locations, and to store a constant
throughout all core memory locations are also provided.

Yy
X

i‘—' STANDARD

Fig. CON.1.
DESCRIPTION
Register Select-P,1,B,A:

In the MANual mode, with the Console Enabled, the
contents of the register selected by the Register Select
switches are displayed by the Register Display indi-
cators. In this manner, the operator may observe the
contents of the P, I, B, or A Registers.

Fig. CON. 2 contains a block diagram of the logic cir-
cuits involved. The contents of the particular register
selected is gated to the Parallel Adder Unit during
TSCA when in the MAN mode, with the console enabled,
and the CLEAR switch not pressed. The contents of the
Parallel Adder Unit are then displayed by the indicators.
Since sequencing is held in TSCA between pressing the
STEP switch (see description below), a display of the
selected register is provided.

4022A-4

Console to A, B

Using the Register Entry Pushbuttons, data may be
entered in the A or B Register as determined by the
Register Select Switch. Fig., CON. 3 contains a block
diagram of the logic utilized to implement this function.
With the Console Enabled, in the MANual mode, and the
A or B Register selected, pressing the Register Entry
pushbuttons sets the corresponding bits in the A or B
Register. The status of the pushbuttons are transfer-
red to the A or B Register via the Parallel Adder Unit.
Ag illustrated in the Register Select discussion above,
the contents of the selected register are also gated to
the Parallel Adder Unit., Therefore, the A or B Re-
gister must first be cleared prior to pressing the Re-
gister Entry pushbuttons. Operation to clear the A or
B Register is described below.

CLEAR Register

The CLEAR Reg. switch, when pressed, clears the B
or A Register depending upon which is selected by the
Register Select switch. In the MANual mode with the

OPTIONAL "

Operators Console

Console Enabled, and the A or B Register Selected, the
status of the Register Entry switches is gated to the
selected Register via the Parallel Adder Unit. Since
none of the Register Entry switches are pressed, this
will clear the selected register. As shown in Fig.
CON. 1, pressing the CLEAR Reg. switch, disables
gating the contents of the Selected Register to the Par-
allel Adder Unit. In this manner, since no data is
applied to the Parallel Adder Unit, the A or B Register
will be cleared.

MANual STEP Operation

Pressing the STEP switch with the Console Enabled and
in the MANual mode, will cause the instruction contain-
ed in the B Register to be executed. Instruction
sequencing is halted after executing this instruction
with the instruction just executed in the I Register and
the next instruction in the B Register.

Fig. CON. 4 illustrates the basic timing, with logic

ARITHMETIC UNIT CON-1



MANUAL
| CONSOLE ENABLE

[ TscA { CLEAR switch
GOCRGE GICSRC
Sh. 123 T I ?
Al [ A
GI1CRGU
(o)
| [ SELECTI [ SELECT B [ SELECT P [ SELECT A
Al la
GOUIA4 GOUBB2 . GOUPAS3 GOUAA?2
! T T T
A A A A A
D1UILA D1UIAU D1UBBU D1UPAU DIUAAU

RS i, v

Gates I -~ PAU

Fig. CON. 2.

equations, of the MANual STEP operation. When in the
MANual mode, sequencing is halted in State 1, time 2
envelope. Pressing and releasing the STEP switch

will allow the instruction contained in the B Register to
be executed. Sequencing will then be halted during

time 2 envelope of the following State 1. In the MANual
Mode, sequencing is held in time 2 envelope by enabling
G1TMEN and disabling GICTAE during State 1. Pres-
sing and releasing the STEP switch will enable GICTAE
and disable GITMEN and allow sequencing to continue
until the next State 1.

CONSOLE PROCEDURES

The following procedures are provided to assist the
operator of the Programming and M aintenance Console,
To use these procedures, the Console must be enabled
by both the key switch and CONSOLE OFF toggle
switch (CSWOCE).

Enter Data in A or B Register

1. Place MAN - AUTO toggle switch to MAN,

2. Select desired Register by pressing A or B
Register Select switch.

3. Press the CLEAR Reg. switch,

4. Press the Data Entry pushbutton switches for
desired bit pattern.

CON-2

Gates B - PAU

Gates P - PAU

v 4

Gates A - PAU

Register Select Block Diagram

Store a Word in Core Memory Location Y

1.
2.
3.
4.

8.

Place MAN - AUTO toggle switch to MAN.
Press A Register Select switch.
Press CLEAR Reg. switch.

Press the Data Entry pushbuttons for desired
bit pattern.

Press B Register Select switch,
Press CLEAR Reg. switch.

Using Data Entry pushbuttons, set a STA (320Y)
in the B Register.

Press STEP switch.

Display the Contents of Memory Location Y

1
2
3.
4

o

ARITHMETIC UNIT

. Place MAN - AUTO toggle switch to MAN.
. Press B Register Select Switch.

Press CLEAR Reg. Switch.

. Press the Register Entry pushbuttons to set a

LDA (000Y) into the B Register.
Press STEP switch.

. Press A Register Select Switch. The contents of

the addressed core cell will be displayed by the
indicators.

4022A-4
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Fig. CON.3. Console To A, B Block Diagram
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10 MC Clock
F1CAUT (124.1)
F1CM AN (124.1)
F1CSP1 (124. 2)
F1CSP2 (‘124. 2)
GICMEN (124.1)
G1CTAE (124, 2)
F1SCO01 (17)
F1TSCC (8)
F1TSCB (8)
F1TSCA (8)
MUDIMDRY

D1BMEN (39)
G1TMEM (9)

@RV ® © © ©

PO ©® ©

CON-4

IR NN

G ¢ @

I ) ) i i€ I @

STEP pushed-s=] |« STEP released ©

i ’ L ®

— . L ®

— | ] @)

—— | ] (5

1 — L @
) S [

| 4t 4 J @

1y 3¢ U -4¢ /177

[ | le
fro|Tije————T2 ———=J13j14} 5 = [rolri}e
le— STATE | - y [

EXECUTE INSTRUCTION
F1CAUT = CAUM + CCLK - (MUFOPPER + STOP ON PARITY ERROR)
SWCAUM = MANUAL + CONSOLE ENABLE
FICMAN = CAUT - MDRY - CMEN + CCLK
GICMEN = SC01 .MVDA
FICMAN = TSCB-TSCA + CCLK
FICSP1 = SSTPNO = STEP Switch pushed
F1CSP1 = SSTPNC = STEP Switch released
F1CsSP2 = CSP2: Clocked by CSP1
FICSP2 = CSCA
GICMEN = SCO01 - MVDA
GICTAE = TSCB (CSP2 + CMEN)
F1SC01 = $SS1 - TLPE + SCLK
FITSCC = TSC2. TSCB - TCK2
GITSC2 = TSCA
FITSCC = TSCB-TSCA * TCK2
FITSCB = TSCA - TSCC * TCK2
FITSCB = TSCC - TCK2
FITSCA = TMEN . TSCB*+ TCK2
FITSCA = TLPE . TCK2
DIBMEN = MDRY . BMRQ * STOR + BCLK
GITMEN = CMAN - CTAE

Fig. CON.4. Manual Mode Step Sequencing
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To Coat Core Memory With A Constant

w oW N

&

10.

11.
12.
13.
14.

15.
16.

To Handload Instructions into Sequential Core locations
Y, Y+1, Y+2, ... (Y = 2).

1.

2
3.
4

5.
6.
7.

11.
12.
13.

M anually Display The Contents of Sequential Memory

locations Y, Y+ 1, Y+2, ... (Y = 2).

Place MAN-AUTO toggle switch to MAN.

Press B Register Select switch. L
Press CLEAR Reg. switch. 2
Press Register Entry switches for 07100001 3.
bit pattern (LXK 1, 1), 4.
Press STEP switch.
Press CLEAR Reg. switch. 5
Press Register Entry switches for 32100001 6.
bit pattern (STA 1, 1) 7.
Press A Register Select switch.
Press CLEAR Reg. switch. 8.
9.

Press Register Entry switches for the desired
constant. 10.

Press STEP switch.
Place SAVE I switch in save position.

Place MAN-AUTO toggle switch to AUTO.

11,

The constant will now be stored in each memory
location.

Place MAN-AUTO switch in MAN,
Lower SAVE I switch,

Place MAN-AUTO toggle switch to MAN. one-
Press B Register Select switch. 1.
Press CLEAR Reg. switch. 2.
Press Register Entry switches for 07100001

(LXK 1, 1) bit pattern.

Press STEP switch. 3
Press CLEAR Reg. switch. 4.
Press Register Entry switches for 321XXXXX

(STA Y-1,1) where XXXXX = Y - 1. 5.
Press A Register Select switch. 6

Press CLEAR Reg. switch.

Press Register Entry switches to bit configura-
tion of first instruction to be stored.

Press STEP switch.
Place SAVE I switch in save position.
For each instruction to be stored:

a. Press CLEAR Reg. switch.

b. Enter instruction in Register Entry
switches. 1

c. Press STEP switch.

The I Register contains the address of the last
location stored.

4022A-4 , ARITHMETIC UNIT

Place MAN-AUTO toggle switch to MAN,
Press B Register Select switch.
Press CLEAR Reg. switch.

Press Register Entry switches for 07100001
(LXK 1, 1) bit pattern.

Press STEP switch.
Press CLEAR Reg. switch.

Press Register Entry switches for 001XXXXX
(LDA Y-1,1) where XXXXX = Y - 1.

Press STEP switch.
Place SAVE I switch in save position.

Press A Register select switch. Contents of
selected memory location is displayed by
Register Display indicators.

Press STEP switch for each sequential location
display. The I Register contains the address
of the location being displayed.

Load a Bootstrap Routine

The following procedure may be used to enter or load
into memory a ''Bootstrap' load routine contained by
paper tape or punched tape. This routine assumes
that the Bootstrap routine is assembled so that the
first instruction is to be stored in memory location

Place MAN-AUTO toggle switch to M AN,

Ready the tape or card reader by inserting the
proper tape or card and placing the device on-
line.

Switch the API Lockout switch to the Lockout
position.

Initialize computer by depressing the ON push-
button.

Switch the Save-P switch to the Save-P position.

Hand load a ""LDA" instruction into location zero.
Press B Register Select switch.
b. Press CLEAR switch.

c. Press Register Entry switches for
32000000g (STA) bit pattern.

d. Press A Register Select switch.
e. Press CLEAR switch.
f. Press STEP switch,

Hand load a "LDA'" instruction into noninhibitable
clock and DM T API response addresses.

a. Press B Register Select switch.

b. Press CLEAR switch.

CON-5



Press Register Entry switches for STA
to noninhibitable clock (and DMT) API
location.

Press A Register Select switch.
Press CLEAR switch.
Press STEP switch.

8. Hand load the TIM Control Word into the corres-
ponding API response address.

a.

e.

Press Register Entry switches for
""00000000" bit configuration for paper
tape or to ''00500000" bit configuration
for cards.

Press B Register Select switch.
Press CLEAR switch.

Press Register Entry switches for
"'32000202" (paper tape) or "3200020"
(cards).

Press STEP switch.

9. Hand load OPR command into B Register.

CON-6

10.

11.

12.
13.

a. Press Register Entry switches for
2502710D (D = Device Address)

Hand load DC1 code into A Register.
a. Press A Register Select switch.
b. Press CLEAR switch.

c. Press Register Entry switches for
"'00000021" bit configuration.

Permit API's by placing API switch in non-
lockout position.

Place AUTO/MAN switch to AUTO.

After card or read operation, place SAVE P
switch in non-save position,

Bootstrap load program reads into memory
starting at location one.

NOTE

Step 7 may be omitted by clearing core
memory prior to step 1.

ARITHMETIC UNIT
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CONTROL ACTIVE IN MODES Z2E| 9 |OE
OR MANUAL, AUTOOR | S.5| 2 |58
INDICATOR CONSOLE OFF O m E - = DESCRIPTION
API STALL Comes on when API Watchdog timer times
(DRCDO00) ALL MODES X out.
APIL/O Inhibits all API's and disables API Watchdog
(SWCAPI) AUTO & MAN T L in the lockout mode. CONSOLE OFF enables
API and Watchdog. Refer to the API descrip-
tion in this book set.
AUTO/M AN In AUTO mode, computer sequencing enabled.
(SWCAUM ) AUTO & MAN T L Computer runs automatically. In MAN mode
computer sequencing occurs each time STEP
switch is depressed... For one instruction.
CONSOLE OFF forces AUTO mode. Refer to
Manual Mode Description.
ALARM Comes on when alarm or error condition
(DRCERR) ALL MODES X exists. Turned off by CLEAR ALARM Switch
or Initialize.
CAB. TEMDP (Slomes on when the heat sink in the Bulk Power N
: : upply or Memory Power Supply reaches 260° <
(DRCDO08) ALL MODES X 5° F. When th_E: temperatures of the heat sink
‘ reaches 287° - 5° F, the power supplies will stop
CLEAR ALARM operating, thus the system is shut down.
(SWCERR) ALL MODES PB M Clears all error/alarm conditions that are
ORed to the ALARM indicator.
CLEAR REG. Will clear the A or B Register as selected on
(SWCCLR) MAN PB M the Reg. Select switches. Refer to Clear
Register description.
COMP Comes on when power is applied. Turns off
RDY(DRCRDY) ALL MODES X when power is removed. Digplays 5V logic
only. Refer to the Power Distribution section
of this book set for details.
CORE PRTY Comes on when a memory parity error is
(DRCDO6) ALL MODES X detected, CLEAR ALARM resets Parity
Error FF and turns off light. JNP and initi-
alize also clears the flip-flop and turns off
the light.
CORE TEMP Comes onwhen core stack temperature (4015B)
(DRCDO7) ALL MODES X is not within allowable range. Turns off when
temperature is within allowable range. If parity
error occurs during out of limits time
memory sequencing is inhibited.
CONSOLE ENABLE When in the disable position only the DM D,
(SWCSEN) AUTO & MAN KEY L RCS Switches, indicators, ALARM CLEAR
and OFF are active. Contacts 10,11, and 12
may be used to provide optional external dis-
play or control.
DM D Sets Demand Flip-Flop when depressed and
(LCDMD) ALL MODES X M released. Demand Flip-Flop is cleared and
light turned off by JND or initialize. Refer
to JND command description.

Continue On Next Page
Table CON. 1. Controls and Indicators
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Table CON. 1. (Cont.)

et
8 S &
B g o<
@] Z H
Dom | £ IH=
CONTROL AcTivE INMODES | 299 | © |08
OR MANUAL, AUTOOR | B2 | 5 |53
INDICATOR CONSOLE OFF MO wm Z |3 = DESCRIPTION
I # INST Comes on at completion of Multiply/Divide or
(DRCD19) ALL MODES X prior to, and upon completion of TIM /TOM
to indicate I Register does not contain last
instruction. Cleared when next instruction
is executed.
1/O BUF Comes on when a parity or timing error
(DRCDO02) ALL MODES X occurs in the I/O Buffer. Cleared by JNE,
Jg - Jy Displays the contents of the J Counter. The
(DRCD13-09) ALL MODES X J Counter is affected by GEN 1, GEN 3, MPY,
DVD, and TIM/TOM operations.
MEM PROT Disables Memory Protect when in Lockout
(SWCMEN) ALL MODES L position, when in the non-lockout position
Memory Protect is active, if TMFF is set.
MPLX CH. 1, CH. 2, Comes on when associated device produces
CH. 3 a parity error. Turned off by initialize or
(DRCDO03, 4, 5) ALL MODES X OUT comm and.
Overflow (OVFL) Comes on when Arithmetic Overflow occurs.
(DRCD23) ALL MODES X Turned off by Initialize, JNO or LPR com-
mands. (See LPR & JNO comm ands. )
OFF Removes DC power from CPU. Refer to
(SWCOFF) ALL MODES T M Power Distribution section of this book set.
ON/Initialize Applies DC power to CPU and Initializes CPU,
(SWCSON) MAN T M Initialize clears B, P,I Reg., Sg_3, Demand,
PAI, All Alarms, and priority interrupt flip-
flops. Refer to the Power Distribution de-
scription of the book set.
PAI Comes on when PAI command is executed to
(DRCD22) ALL MODES X indicate interrupts are permitted. Turned
off by IAI, LDP, LPR, SPB commands and
Initialize. See LPR, LDP, SPB comumand
description.
PROG LOAD Not implemented at this printing. Refer to
(SWCPGL) MAN & AUTO PB M Bootstrap load routine contained in this
section.
Reg. Select Each switch selects its associated register.
A, B, I, P Used in conjunction withthe register entry and
(SWCSLA, B, I, P) MAN X L display switchlights. AllRegisters may be
displayed but only A & B may receive data from
the Reg. Entry switches. Activating any one
of the Reg. Select Switches disables the
others. Refer to Register Select discussions.
Reg. Entry/Display The Switches are used in conjunction with the
(SWCB00-23) MAN PB X M Reg. Select Switch to enter data into A or B
Register. The lights will display the contents
of the register selected (I, P, B, orA) by the
Register Select Switch. Refer to Register
Select Discussions.

Continue on Next Page
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Table CON., 1, (Cont.)

74 st
O = |CF
B o |9«
g9 &8
CONTROL ACTIVE INMODES | B85 | < |E&
OR MANUAL, AUTO OR zE - § 8|53
INDICATOR CONSOLE OFF pLOwm Z |4 = DESCRIPTION
Read Console Sw's. Used in conjunction with the RCS comm and
(SWCC00-23) ALL MODES T L to enter the contents of these 24 switches
into the A Register. The up position re-
presents a 0, while the down position equals
a 1. Refer to the RCS command descriptions.
SAVE P When in the up position the P Register can-
(SWCSSP) AUTO & MAN T L not be altered. When in the down position,
P operates normally. CONSOLE OFF dis-
ables the SAVE P function.
SAVE I When in the up position the I Register can-
(SWCSSI) AJTO & MAN T L not be altered during the instruction fetch
cycle. In the down position I operates
normally, CONSOLE OFF disables the SAVE
I function.
STEP In the MAN mode, each depression and re-
(SWCSTP) MAN PB M lease causes the computer to execute one
instruction. Refer to the Manual Mode
description.
5; - 55 These indicators display the 5 sequence
(DRCD18-14) ALL MODES X states of the CPU.
STALL Comes on when Stall Alarm timer times out.
(DRCDO1) ALL MODES X May be cleared by Initialize, Stall L/O or
the SSA instruction.
STALL L/O When in the Lockout mode the Stall Alarm is
(SWCSTL) AUTO & MAN T L disabled. CONSOLE OFF enables STALL
ALARM. Refer to the Stall Alarm description.
TRAP MODE Comes on when trap or watchdog error
(DRCD20) ALL MODES X occurs, Turned off by SPB executed from
API response address 20g or 24g or Initialize.
Refer to Memory Protect descriptions.
TEST Comes on when Test flip-flop is set. The
(DRCD21) ALL MODES X Test flip-flop can be set by: DMT, TXH,
some GEN 1 commands and LLPR.
The Test flip-flop may be reset by DM T,
TXH, some GEN 1 instructions, LPR, and
Initialize. Refer to these command descrip-
tions.

Table CON. 1. Controls and Indicators
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COMMANDS

The following discussion is provided to assist the reader

in a more thorough understanding of the individual com-
mand descriptions that follow.

COMMAND FORMATS

The commands, used by the GE-PAC 4022A Arithmetic
Unit fall into five categories: Full Operand, GEN 1,
GEN 2, GEN 3, and Quasi. The microcoded format of
each of these command types is shown in Fig. CMD. 1.

Full Operand

The Full Operand commands are the most widely used
commands of the Arithmetic Unit. These commands are
used to perform arithmetic operations, logical opera-
tions, index control operation, and data transfers to
and from memory. These commands designate the core

address for information in memory as an operand ad-

dress. The operand address is a full 14 bits (13-0),
which may be augmented by relative addressing (14)
and/or indexing (17-15),

A detailed discussion of each of these commands is pro-
vided in alphabetical order. Each command description
provides the mnemonic associated with the command,
the command type, format, and a description of the
command usage. In addition, a specific hardware ori-
ented discussion is provided including a block diagram
of the registers used, and a timing diagram including
logic equations, of the more important control signals
enabled within the Arithmetic Unit.

GEN 1

GEN 1 commands are differentiated from other com-
mands by the OP Code (bits 23 through 18) 05g. GEN 1
commands are further subdivided into commands by the
microcoding of the operation portion (bits 14 through 0)

of the command word. GEN 1 commands are used pri-
marily for bit manipulation of the A Register, but may
be microcoded to affect the J Counter and Test flip-flop.

Thirty-seven different GEN 1 commands are described
under the mnemonic GEN 1. Each description contains
the microcoded format of the command, a description of

the command usage, and a description of the hardware
operation when executing the command.

GEN 2

GEN 2 commands are differentiated from other com-
mands by the OP Code (bits 23 through 18) 25g. GEN 2
commands are also subdivided into commands by the
microcoding of the operation portion (bits 14 through 0)
of the command word. These commands are employed
by the GE-PAC system to: (1) select modules and de-
vices in the input/output equipment, (2) transfer data to
or from these devices, and (3) provide for program con-
trol transfers (jump) as determined by various internal
and external conditions.

Twenty-one different GEN 2 commands are described
under the mnemonic GEN 2. Each description containg
the microcoded format, discussion of the command
usage, and a detailed discussion of the hardware oper-
ation when executing the command.

GEN 3

GEN 3 commands are differentiated from other com-
mands by the OP Code 458. GEN 3 commands are also
subdivided into commands by the microcoding of the op-
eration portion of the command word. These commands
are used to manipulate the contents of the A and Q Reg-
isters, affect the J Counter, and optionally affect the
Overflow flip-flop.

Eight individual GEN 3 commands are described in de-
tail under the mnemonic GEN 3.

Quasi

Quasi commands provide operations not included in the
hardware. These commands supply the programmer
with a mnemonic which allows the running program to
be linked with a subroutine. Quasi commands are iden-
tified by OP Codes 40g - 77g if the command is not an
MPY, DVD, LDQ, STQ, or GEN 3.

The Quasi command word is divided into four areas:
bits 23 through 18, the next command address; bits 17

23 22 21 20 19 1817 16 15|14 (13 12 11 10 9 8 7 6 5 4 3 2 1 0
FULL oP CODE INDEXING | OPERAND
OPERAND ADDRESS
INDEXING
S
GEN1 0 5 ADDRESS A B
INDEXING
Kl KO
GEN 2 2 5 ADDRESS S K3 K2
T I I ]
INDEXING
GEN 3 4 5 ADDRESS SEEIGEI\lISD!ESCRIP’II‘ION] |
40g -~ 77g EXCEPT MPY,| INDEXING
A 8 8 ’ * OPERAND
QUASL IhyD,1DQ, STQ, OR GEN 3 ADDRESS
*Relative Address Bit
Fig. CMD.1l. Command Formats
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through 15, index address modification; bit 14, relative
addressing; and, 13 through 0, the operand.

When a Quasi command is "fetched'" from memory, in-
dexing and/or relative address modification of the oper-
and portion of the command is performed if specified.
After modification, if required, the operand portion of
the Quasi command is stored in index cell 2. The next
instruction is then addressed from the OP Code portion
of the Quasi command. Therefore, program control is
transferred to a memory location between 40g and 77g.
This location will normally contain an SPB command to
a subroutine to accomplish the operation. This subrou-
tine may, of course, use the contents of index cell (op-
erand portion of the Quasi command) as an operand
address or data value.

A detailed description of the Quasi command is con-
tained under the mnemonic QSI.

BASIC TIMING OF FULL OPERAND COMMANDS

The following paragraphs describe the basic Arithmetic
Unit timing for full operand commands. The basic tim-
ing for GEN 1, GEN 2, GEN 3, TIM/TOM, and the exe-~
cution states of MPY and DVD are described with the
command description of these commands.

Because the basic timing is identical for all Sequence
States of most commands, the command descriptions
that follow this section do not include this timing except
where differences exist.

The basic clock signal used throughout the 4020 system
is generated from a 10 megacycle crystal controlled
oscillator (sheet 7). The output of the oscillator is ap-
plied through a variable 25 (¥10%) nanosecond single
shot circuit. Therefore, out of the single shot, 25 +10%
nanosecond pulses occurring at a 10 megacycle rate are
applied through clock drivers to the system.

Sequential timing within the Arithmetic Unit is control-
led by a 3-state gray code counter (F1TSCA, F1TSCB,
and F1TSCC). The condition of these flip-flops (set or
clear) are used to specify specific time intervals to
perform various functions. Six different time intervals
are specified by this counter during the execution of
full operand commands. For ease of description, the
time intervals are called Time 0 Envelope through Time
5 Envelope. The count sequence and corresponding time
envelope nomenclature are:

FITSCA FITSCB F1TSCC

0 0 0 Time 0 Envelope

0 0 1 Time 1 Envelope

0 1 1 Time 2 Envelope

1 1 1 Time 3 Envelope

1 1 0 Time 4 Envelope
CMD-2
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Time 5 Envelope

Time 6 Envelope -
This timing envelope

is entered only during
execution of MPY,DVD,
TIM/TOM, and GEN
commands. Refer to
these command de-
scriptions for details.

Fig. CMD.2 contains a timing diagram and logic equa-
tions of the Sequence Time Counter. This timing di-
agram applies to all commands except the execution
states of GEN 1, GEN 2, GEN 3, MPY, DVD, and TIM/
TOM operations.

Last Pulse (D1TLPE) of any Sequence State or the Ini-
tialize signal (DOTINT) clears the gray code counter
forming Time 0 Envelope. Clearing F1TSCA enables
G1TSC2. With TSC2 enabled, the first clock pulse sets
F1TSCC, forming Time 1 Envelope. The next clock
pulse sets F1TSCB, forming Time 2 Envelope. Time 2
Envelope is enabled until Data Ready (MUDIMDRY) is
receilved from the core memory module. This normally
provides a duration of 6 clock pulses. The clock pulse
during Data Ready sets F1TSCA, forming Time 3 En-
velope. The next clock pulse clears F1TSCC, forming
Time 4 Envelope. The next clock pulse clears F1TSCB,
forming Time 5 Envelope. Time 5 Envelope is enabled
until Last Pulse is generated. Last Pulse is generated
from the Memory Release signal (MUD1MRLS), applied
by the Core Memory module at the end of the memory
timing cycle. This provides Time 5 Envelope with a
duration of approximately 6 clock pulses. Last Pulse
Envelope clears the Sequence Time Counter for the next
timing cycle. The duration of Time 0 through Time 5
is approximately 1.6 microseconds.

As described above, the duration of Time 2 Envelope
and the duration of Time 5 Envelope is dependent upon
the memory cycle. The memory cycle begins with
Memory Request (GISMRQ) when access to memory is
granted by the memory priority scheme. Memory Re-
quest 1s normally enabled by the Memory Release
(MUD1MRLS) signal generated in the memory. If, how-
ever, the previous or next cycle does not require mem-
ory access (i.e., State 4 of GEN 1 or GEN 2 command,
or when State 4 is extended for the execution of GEN 3,
MPY, DVD, or TIM/TOM), the Memory Request signal
is inhibited until Time O Envelope. In either condition,
a time duration of 1.7 microseconds is required by the
memory to determine access priority and to complete
the memory cycle. Therefore, if Memory Request is
inhibited until Time 0, the duration of Time 2 Envelope
will be extended by one clock pulse while awaiting Data
Ready. This is, of course, a comparatively rare occur-
rence.

Instruction Sequencing

All instructions performed by the 4022A Arithmetic Unit
follow a definite set pattern or sequence for ''fetching"
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the instruction from memory, performing index address
modification if required, and executing the instruction.
Sequence Control State flip-flops F1SC01, F15C02,
F1SC03, F1SC04, and F1SCO05 are provided to control
this pattern or sequence.

Fig. CMD. 3 graphically illustrates the Sequence States
required to fetch, index, and execute any instruction.
Briefly, the function performed during each Sequence
Control State is described below.

o Sequence Control State 1 - F1SC01: During this
Sequence State, all commands are ''fetched"
from memory. Non-indexed XEC, BRU, BTR,
and BTS commands are also executed during Se-
quence Control State 1.

e Sequence Control State 2 - F1SC02: During Se-
quence State 2 index address modification oc-
curs. Also, STX, TXH, and DMT commands
use State 2 for a portion of the execution.

100 ns —f ]- -||<-—25+2 5 ns

o Sequence Control State 3 - F1SC03: State 3 is
used during the execution of MPY, DVD, STQ,
STX, and TIM/TOM operations.

e Sequence Control State 4 - F1SC04: State 4 is
the execution state for most commands.

e Sequence Control State 5 - F1SC05: State 5 is
used during MPY, DVD, GEN 3, STQ, LDQ,
and TIM/TOM instructions to complete their ex-
ecution cycle.

Sequence Control State 1

Sequence Control State 1 defines the "fetch'" cycle for
all instructions. Because State 1 is nearly the same for
all commands, it is not described in the command de-
scriptions later in this section unless it performs unique
functions (e.g., XEC, BRU, TXH, BTR, and BTS).
Therefore, the following discussion describes the de-
tailed operation of the Arithmetic Unit during State 1.
This discussion applies to all commands.

14 15 16

+3. 5V
cLocK <mchl_fLﬂ_ﬂ_|LH_lLl 1 JLI l_lUL_J L JUL L o
|

DITLPE (11) _| | ' ' ‘s | :

I_I—TLPE = TLP1 = MRLS-®CMAN -
TLPE

F1TSCC (8)

* TSCC = TSC2-TSCB:TCK2
' TSCC = TSCA.TSCB-TCK2 +

F1TSCB (8) Do

N
-

] TLPE - TCK2
} TSCB = TSCA.TSCC-TCK2

Lo 55— TSCB = TSCC - TCK2
| 1 ' | ' I !
' 5 TSCA = MDRY: CTAE - TCK2
l} | '
F1TSCA (8) 55 | Co TSCA = TLPE-TCK2
1 I t e 1 | ]
G1TSC2 (9) | L B [ Tscz = TSCA
) : : oo e i
i . | ] '
MUDIMDRY o y L ‘s !
] |
I '

Core Memory Timing

1
1
MUDIMRLS [ ' L. b
t

GISMRQ (22) _ [+

l————SMRQ* = MRLS-(DG12 + BC12) -
i SRQ2-CMAN + SRQI -

LTime 2 Envelope

Time 1 Envelope

Time 0 Envelope

< 1.6 us

Time 5 Envelope

Time 4 Envelope

Time 3 Envelope

' TSCA - CMAN

NOTES

* Memory Request is not enabled during State 4 of GEN 1 and GEN 2 commands.

*% Memory Request is not enabled until Time 0 when following a Sequence State that does not use memory or a

Sequence State that is extended (i.e.

, following State 4 of GEN. 1, 2, 3, MPY, DVD, or TIM/TOM). When

Memory Request is not enabled until Tlme 0, Time 2 is extended by 1 clock pulse awaltmg data ready.

Fig. CMD. 2.
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F1SC01

NO

—

BTS)-X =0

< YES [(XEC + BRU + BTR + >

NO

y

YES NO
DMT + (X = 0.LXK)

F15C02

NO NO
(XEC + TXH + BRU + A

YES

F18C03

YES

F1SC05

YES ((MPY + DVD + GN3 + STQN F1SC04
LDQ + TIM + TOM

NO

Fig. CMD. 3. Instruction Sequencing

BMEM
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B23-0
UBAU

ADDER

PAU14-0
IUIL

L i
IBXI IUI1
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B23-14

23 141A,13 0
I |

Fig. CMD. 4, State 1 Block Diagram

Fig. CMD. 4 contains a block diagram of the Arithmetic
Unit operation during a normal Sequence State 1. A

timing diagram and logic equations for State 1 are con-
tained in Fig. CMD. 5. Refer to these aids during the

following discussion.
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During Sequence State 1, memory is always requested
(GISMRQ) to "fetch' the next command from memory.
Memory is addressed from the P Register during State 1
except when following a branch instruction (SPB, BRU,
BTS, BTR, LDP, or LPR), an XEC command, an Auto-
matic Program Interrupt, a Memory Protect Error, or
when a new Protect Status Word is required for the op-
tional Memory Protect logic. Upon receipt of the Data
Ready signal from the core memory module, the com-
mand located in the addressed memory location is gated
to the B Register by DIBMEN, Bits 23 through 14 of
the command are gated from B to the I Register (IBXI).
This places the OP Code of the instruction fetched in the
I Register where it is decoded and the operation to be
performed is determined. The operand address portion
of the command (bits 13-0) is gated to the I Register
via the Adder Unit. If the command is relative ad-
dressed (bit 14 is a "'one'’), relative address modifica-
tion of the operand address occurs in the Adder Unit
prior to being transferred to the I Register. Relative
Addressing is described separately under the mnemonic
RLT in the command description portion of the descrip-
tion.

At memory release, Last Pulse Envelope is enabled to
end State 1. Sequencing will then continue for execu-
tion of the command as described under the mnemon-
ic of the command.

INDEXING

Indexing of a command involves the changing of the com-
mand word operand by augmenting it with the contents of
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a designated X core cell (core cells 1 through 7). The
GE-PAC command format allocates 3 bits (15, 16, and
17) to specify Index Address Modification. Special con-
siderations for indexing the GEN 1, GEN 2, GEN 3, and
certain full operand commands are described below.

e GEN 1 and GEN 3 commands involving a variable
K constant (bits 0 through 5) may be indexed.
That is, if the K constant is to vary, it may be
changed by indexing. All other GEN 1 and GEN
3 commands have fixed command information in
bits 13 through 0 and should not be indexed.

e GEN 2 commands that select a device in the in-
put/output equipment may be indexed. Those
GEN 2 commands not gelecting a device should
not be indexed so as to retain the intelligence
coded in the command word.

e LDX, LXC, LXK, INX, STX, and TXH com-
mands use the index bits for instruction control
and do not change the command operand.

A detailed description of Index Address Modification is
contained under the mnemonic INDEX.

RELATIVE ADDRESSING

Relative addressing modifies the operand portion of the
command word (bits 13 through 0) by adding the core
cell address of the command to the command operand.
All Quasi and Full Operand commands, except NOP and
TXH may be relative addressed. Relative addressing
is performed when bit 14 of the Full Operand or Quasi
command word is a ''one''.

Relative addressing allows selection of core memory

locations up to 8K from the location of the relative
addressed command.

CcLOCK (10me) | [ [ | LI L LI 111

L]

A detailed discussion of relative addressing is contained
under the mnemonic RLT.

MEMORY WRAP AROUND

In a system that uses less than the maximum memory,
instructions may be executed with an address greater
than the implemented memory size.

In such cases the memory will wrap around or fetch
zeros as shown in the chart below. The point at which
the implemented memory size and actual 4K block ad-
dressed, cross, indicates the 4K block that will be
affected.

Implemented Memory
4K 8K 12K 16K 20K 24K 28K 32K

((0- 4K |0-4|0-4{0- 4] 0- 4| 0- 4| 0- 4| 0- 4| 0- 4
4- 8K |0-4(4-8|4- 8| 4- 8| 4- 8| 4- 8| 4- 8| 4- 8
8-12K |0-4(0-4|8-12| 8-12| 8-12| 8-12| 8-12| 8-12
12-16K (4-8(4-8| = [12-16(12-16]12-16{12-16|12-16
16-20K (0-4|0-4(0- 4| 0- 4|16-20{16-20{16~20,16-20
20-24K |0-4|4-8|4- 8| 4- 8 * |20-24|20-24|20-24
24-28K | 0-4|0-4|8-12| 8-12 * * |24-28(24-28
@8—321( 0-4{4-8| * |12-16 * * * |28-32

4K Block Addressed

* A zero word is read with no parity error. A write
operation would go undetected unless Memory Protect
were used.

Memory wrap around is accomplished by wiring to the
memory or multiplexer only those address bits required
to address the maximum implemented memory location.
That is, if the implemented memory is 16K words, then

DITLPE (11)

£¢
3.

G1SMRQ (22)

D1SAMP (20)

1
Fiscoi (1m)  __ |

N

—

| TLPE = TLPl1 = MRLS:CMAN- TLPE

| SC01 = SSS1:TLPE-SCLK

l—_ SMRQ = MRLS.DGI12-SRQ2'CMAN + SRQ1 -
_———— TSCA - CMAN

l SAMP = MAMV:.MTRP-SC01-XRMF :SEXC - SPIl

BMEM = MDRY:STOR-BMRQ- BCLK

IBXI = ISAV.-TSCB-HTTF - MSSI-SCO01:TSCA -
TSCC

l UBAU = UBA3 = SC01:TSCA:-UBBl1*UAMV

J_-L__T..IULI = IMAN- XSSI-IC01-CSAI

Fig. CMD. 5. Sequence Control State 1 Timing Diagram
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DIBMEM (39) . | .

D1IBXI (81) » [ <

DI1UBAU (50) » f 5’

D1IULI (80)

DI1IUIL 5 5

MUDIMRLS l » " [
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address bits 0 through 13 are wired to the memory,
etc.

COMMAND DESCRIPTION CONVENTIONS

Each command is described individually and includes the
following information:

a. Mnemonic.
b. Operation Format.
c. Effective Operand Address.

d. Command Type (e.g., Full Operand, Quasi,
GEN 1).

e. A chart indicating the registers, memory cells.
and basic flip-flops affected by the command.

f. Description of the instruction operation.
g. Block diagram of the registers effected.

h. Timing diagram of the primary control signals
enabled.

i Ldgic equations for enabling the primary con-
trol signals.

j- Description of the hardware operation.

Within the command descriptions, the following terms
and symbols are used:

X =~ Specifies the index word used in the execution
of a command.

Y - Represents the operand address of the com-

mand and implies the use of an operand from
storage.

CMD-6
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Z - Represents the effective operand address. It
is developed as a function of X, *, and Y.

* - Indicates relative address modification (rela-
tive to the instruction's own location).

K - A constant in the address portion of certain
commands.

f - Refers to the function of that which follows
(e.g., Z = F (X, *, Y) should be read as Z is
equal to the function of indexing, relative ad-
dressing, and the operand address). Sub-
scripts refer to bit positions of the designa-
ted register (e.g., B13-0 delineates bit posi-
tions 13 through 0 of the B Register).

C () - Refers to the contents of whatever is en-
closed within the parenthesis (e.g., C
(Ag3_0) is read as the contents of A Regis-
ter bits 23 through 0.

All command descriptions are presented in alphabeti-
cal order except GEN 1, GEN 2, GEN 3, and Quasi
commands which are contained under their group mne-
monic in alphabetical order (i.e., GEN 1, GEN 2,
etc.).

In addition to the discussion of individual commands,
a discussion of Index Modification is contained under
the mnemonic INDEX, and a discussion of Relative Ad-
dressing is contained under the mnemonic RLT.

Table CMD. 1 contains an alphabetical listing of all
commands operable with the 4022A Arithmetic Unit.
Table CMD. 2 lists these same commands according to
their OP Code. Using these tables, the command for-
mat may be readily obtained for any command mnemon-
ic, and the command mnemonic may be obtained Ior
any command OP Code.
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Operation Operation
Command Description Type Format Command Description Type Format
ABL Append Beginning of Quasi | 57X*Y LDZ Load Zeros Into A GEN 1 | 05000000
List LMO Load Minus One GEN 1 | 05060000
ABT Abort Device D's GEN 2 | 25X3D LMR Load Mask Register GEN 2 | 25000302
Operation LMRy Load Mask Registery GEN 2 | 25000300
ACT Activate Device D GEN 2 | 25X1D LPR Load Place And F.O, 35X*Y
ADD Add F.O. 11X*Y LXC Load X With Count F.O. 17X00000
ADO Add One To Bit K GEN 1 | 0500700K LXK Load X With K F.O. 07X*K
AEL Append End Of List Quasi | 47X*Y MAQ Move A To Q GEN 3 | 45004330
AKA Add K To A Quasi 60X0K MPY Multiply F.O. 55X*Y
ANA Logical And To A F.O. 20X*Y NEG Negate GEN 1 | 05013000
BRU Branch Unconditionally | F,O. 14X* NOP No Operation F.O. 26200000
BTR Branch If Test FF F.O. 30X*Y OOM Operate On Memory Quasi | 82X*Y
Reset OPR Operate Device D GEN 2 | 25X2D
BTS Branch If Test FF Set F.O. 34X*xY ORA Logical OR To A F.O. 21X*Y
CBK Change Bit K GEN 1 | 05X4700K ouT Out To Device D GEN 2 | 25X4D
CLO Count Least Significant | GEN 1 | 05004137 PAI Permit Automatic GEN 2 | 25020000
Ones Interrupt
CLZ Count Least Significant | GEN 1 | 05070137 RBK Reset Bit K GEN 1 | 0504500K
Zeros RBL Remove Beginning Item | Quasi 56X*Y
CMO Count Most Significant GEN 1 | 05004237 From List
Ones RCS Read Console Switches GEN 2 | 25050000
CMZ Count Most Significant GEN 1 | 05070237 REL Remove Ending Item Quasi 46X*Y
Zeros From List
CPL Complement A GEN 1 | 05010000 REV Reset Test FF Bit K GEN 1 | 05X7040K
DAD Double Length Add Quasi | 51X*Y Even
DLA Double Left Arithmetic | GEN 3 | 45X0644K RNZ Reset Test FF A Non- | GEN 1 | 05004470
DLD Double Length Load Quasi 41X*Y Zero
DLIL Double Left Logical GEN 3 | 45X0720K ROD Reset Test FF Bit K GEN 1 | 05X0440K
DMT Decrement Memory F.O. 060%Y Odd
And Test RST Reset Test FF GEN 1 | 05004737
DRA Double Right GEN 3 | 45X0440K SBK Set Bit K GEN 1 [ 05X4600K
Arithmetic SEL Select Device D GEN 2 | 25X0D
DRC Double Right Circular GEN 3 | 45X0530K SET Set Test FF GEN 1 | 05004637
DRL Double Right Logical GEN 3 | 45X0430K SEV Set Test FF Bit K GEN 1 | 05X7050K
DST Double Length Store F.O. 63X*Y Even
DSU Double Length Subtract | Quasi 61X*Y SKA Subtract K From A Quasi 50X0Y
DVD Divide F. O. 65X*Y SLA Shift Left Arithmetic GEN 3 | 45X0204K
ERA Exclusive OR To A F.O. 10X*Y SLL Shift Left Logical GEN 3 | 45X0200K
FAD Floating Point Add Quasi | T0X*Y SNZ Set Test FF A Non- GEN 1 | 05004570
FDV Floating Point Divide Quasi | 73X*Y Zero
FIX Fix-Floating Number Quasi T4X0K SOD Set Test FF Bit K Odd GEN 1 | 05X0450K
FLO Float-Fixed Number Quasi T4X2K SPB Save Place And Branch F.O. 33X*Y
FMP Floating Multiply Quasi T2X*Y SRA Shift Right Arithmetic GEN 1 | 05X1404K
FMS Floating Mode Shift Quasi 74X1K SRC Shift Right Circular GEN 1 | 05X0404K
FSU Floating Subtract Quasi T1X*Y SRL Shift Right Logical GEN 1 | 05X0004K
IAI Inhibit Automatic GEN 2 | 25030000 SSA Set Stall Alarm GEN 2 | 25010000
Interrupt STA Store A F.O. 32X*xY
IAIg Inhibit Automatic GEN 2 | 25000304 STI Store A Indirect Quasi 53X*Y
Interrupty STM Select Trapping Mode GEN 2 | 25000001
IBK Isolate Bit K GEN 1 | 05X0100K STQ Store Q F.O. 44X*Y
IN In From Device D GEN 2 | 25X5D STX Store X F.O. 06X*Y
INX Increment X F.O. 26X*K SUB Subtract F.O. 31X*Y
JCB Jump If Channel Busy GEN 2 | 25X6D2D TER Test Even Reset Bit K GEN 1 | 05X4560K
JDR Jump If Data Ready GEN 2 | 25X6D4D TES Test Even Set Bit K GEN 1 | 05X4660K
JND Jump If No Demand GEN 2 | 25040000 TEV Test Bit K Even GEN 1 | 05X7070K
JNE Jump If No Error GEN 2 | 25X7D TNM Test Not Minus One GEN 1 | 05070770
JNO Jump If No Overflow GEN 2 | 25060000 TNZ Test A Non-Zero GEN 1 | 05004770
JNP Jump If No Parity GEN 2 | 25070000 TOD Test Bit K Odd GEN 1 | 05X0470K
JNR Jump If Not Ready GEN 2 | 25X6D TOR Test Odd Reset Bit K GEN 1 [ 05X4570K
LBM Load Bit Mask GEN 1 [ 05X6300K TOS Test Odd Set Bit K GEN 1 | 05X4670K
LDA Load A F.O. 00X*Y TSC Test and Shift GEN 1 05X0464K
LDI Load A Indirect Quasi | 52X*Y Circular
LDK Load A With K Quasli 40X*K TXH Test X High F.O. 24X0-K
LDO Load One Into Bit K GEN 1 | 05X0300K TZC Test Zero And Com-~ GEN 1 | 05064670
LDP Load Place F.O. 15X*Y plement
LDQ Load Q F.O. 42X*Y TZE Test A Zero GEN 1 | 05004670
LDX Load X F.O. 16X*Y XEC Execute F.O. 04X*Y
Table CMD. 1. GE-PAC 4020 Command Listing
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OPERATION OPERATION OPERATION
FORMAT COMMAND FORMAT COMMAND FORMAT COMMAND
00X*Y LDA 06X*Y STX 34X*Y BTS
04X*Y XEC 060+Y DMT 35X*Y LPR
05000000 LDZ 07TX*K LXK 40X*K LDK
05004137 CLO 10X*Y ERA 41X*Y DLD
05004237 CMO 11X*Y ADD 42X*Y 1LDQ
05004470 RNZ 14X*Y BRU 44X*Y STQ
05004570 SNZ 15X*Y LDP 45004330 MAQ
05004637 SET 16X*Y LDX 45X0200K SLL
05004670 TZE 17X00000 LXC 45X0204K SLA
05004737 RST 20X*Y ANA 45X0430K DRL
05004770 TNZ 21X*Y ORA 45X0440K DRA
05010000 CPL 24X0-K TXH 45X0530K DRC
05013000 NEG 25X0D SEL 45X0644K DLA
05060000 LMO 25X1D ACT 45X0720K DLL
05064670 TZC 25X2D OPR 46X*Y REL
05070137 CLZ 25X3D ABT 4TX*Y AEL
05070237 CMZ 25X4D ouT 50X0Y SKA
05070770 TNM 25X5D IN 51X*Y DAD
05X0004K SRL 25X6D JNR 52X*Y LDI
05X0100K IBK 25X6D2D JCB 53X*Y STI
05X0300K LDO 25X6D4D JDR 55X*Y MPY
05X0404K SRC 25X7D JNE 56X*Y RBL
05X0440K ROD 25000001 STM 5TX*Y ABL
05X0450K SOD 25000300 LMRoy 60X0K AKA
05X0464K TSC 25000302 LMR 61X*Y DSU
05X0470K TOD 25000304 IAIy 62X*Y OOM
05X0700K ADO 25010000 SSA 63X*Y DST
05X1404K SRA 25020000 PAI 65X*Y DVD
05X4500K RBK 25030000 IAI TOX*Y FAD
05X4560K TER 25040000 JND T1IX*Y FSU
05X4570K TOR 25050000 RCS T2X*Y FMP
05X4600K SBK 25060000 JNO T3X*Y FDV
05X 466 0K TES 25070000 JNP T4X0K FIX
05X4670K TOS 26X*K INX T4X1K FMS
05X4700K CBK 26200000 NOP T4X2K FL.O
05X6300K LBM 30X*Y BTR T5X*Y Optional
056X7040K REV 31X*Y SUB T6X*Y Optional
05X7050K SEV 32X*Y STA TTX*Y Optional
05X7070K TEV 33X*Y SPB

Table CMD. 2. GE-PAC 4020 Command Operation Format Listing




ADD - ADDZTO A

23 18117 15| 14}13 0
FULL OPERAND 11 X s Y Z = £ (X,*,Y)
ADD sums the contents of core cell Z with the contents Non-Indexed 2 (S1. S4)
of the A Register and stores the result in A. If the re- Word Times. ’
sult is too large to be stored in the 23 data bits of the Interruptable
A Register (i.e., more negative than -223 or more po- Following Execution? Yes
sitive than 223-1), the Overflow flip-flop (F1UOFL) is
set. Overflow may occur only when the signs of the CHANGES FOLLOWING EXECUTION
original numbers in A and Z are alike. Overflow is A23_0 C(A) + C(2)
then detected if a sign change occurs in the sum. Q
23-0
A non-indexed ADD command is executed during Se- P C(P) +1
quence Control State 4 (SC04). Memory location Z is 14-0
addressed from IA’ 13-0 (D1SAMI) during State 4. The F1WPMT
contents of memory location Z are gated to the B Reg-~
ister by DIBMEM during the Clock pulse of Memory FIUOFL Set if overflow occurs
Data Ready (MUDIMDRY). From B, the contents of FIETST
memory location Z are gated (DIUBAU) to the Adder
Unit at the same time the contents of the A Register 940
are gated (DIUAAU) to the Adder Unit. The summa-
tion occurs in the Adder Unit and the sum is gated Memory 2
(D1AAUL,U) to the A Register at the Clock of Mem-
ory Release (MUDIMRLS).
COMMAND CHARACTERISTICS
If arithmetic overflow - either positive or negative -
occurs during the summation, the Overflow flip-flop
(F1UOFL) is set. The following examples illustrate
(a) a positive overflow, and (b) a negative overflow. fm———=n
For simplicity, five bit (4 data and a sign) registers are c@) | CORg | >
illustrated. Consider the most significant bit as bit 23 MEMORY '¢————
and the next most significant bit as bit 22. ! MODULE |
Consider: (A = +5) + (Z = +12) = 17, Seventeen is too
large to be contained in 4 bits plus a sign
bit; thus, the Overflow flip-flop is set. MAB
Contents of Z 0 1100 (12) BMEM-—; tSAMI
Contents of A 0 0101 ( 5) 23 B 0 23 I A 13 0
Sum 1 0001 Overflow Set =
23S. 23C. 22C c(2)
(@)  POSITIVE OVERFLOW. [—UBAU
(235 -23C -
Consider: (A = -8) + (Z = -13) = -21. Minus 21 is too 22C) + (23S - ADDER
large to be contained in 4 bits plus a sign 23C - 22C) J j
bit; thus, the Overflow flip-flop is set. UAAU Cc(a) +C(Z)
Contents of Z 1 0010 (-13) (1 [] Ca) § AAULU
Contents of A 1 1000 ( -8) F1UOFL 23 0
Sum 0 1010 Overflow Set = ! 0
23S-23C - 22C
(b) NEGATIVE OVERFLOW. ADD BLOCK DIAGRAM
4022A-5 ARITHMETIC UNIT
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ANA - LOGICAL AND TO A

23 1817 15} 14|13
FULL OPERAND 20 X * Y Z = f(X,*,Y)
ANA performs the logic AND of the contents of core cell Z with the Non-Indexed
contents of A. The corresponding bits of Z and A are compared. Word Times. 2 (s1,54)
If the corresponding bits are both "'one'', a "one'" is placed in that Interruptable
position of A. If either or both of the compared positions are Following Execution? Yes
"zero'', a "zero' is placed in that position of A.
CHANGES FOLLOWING EXECUTION
A non-indexed ANA command is executed during Sequence Control A23-0 C(Z33.9) AND with C{Ag3.¢)
State 4 (SC04). Memory location Z is addressed from IA’13_0
(D1SAMI) during State 4. The contents of memory cell Z are then Q23_0
gated to the B Register by DIBMEM during the clock pulse of Mem- P C(P) +1
ory Data Ready (MUDIMDRY). From B, the contents of memory 14-0
location Z are gated to the Adder Unit (DIUBAU). At the same F1WPMT
time, the contents of the A Register are gated (DIUAAU) to the
Adder Unit along with a control signal, DOULAN, and the Enable F1UOFL
Carry signal, GIUENC. DOULAN, in conjunction with GIUENC, F1
enables the logical AND function of the Adder Unit. The result of ETST
the logical AND 1is then gated back to the A Register to complete J4_0
the ANA execution cycle.
Memory Z
To exemplify the ANA comparison, consider the following; four
bits are used for simplicity.
COMMAND CHARACTERISTICS
Contents of the A Register = 0011
Contents of cell Z = 0101
Result Placed in A Register = 0001.
Fe== ===
c(z) | CORe ! z
MEMORY )
1 MODULE |
| N U P |
MAB
BMEM T samr
v
23 B of |23 1A, 13 0
C(2)
r UBAU
ULAN —Of ADDER l¢— UENC
vaau 2 C(2)-C(a)
c(a) ¢ AAUL,U
23 A 0

ANA BLOCK DIAGRAM

4022A-5 ARITHMETIC UNIT

ANA-1



CLOCK (10 mc)

DITLPE (11)

F1SCO01 (17)

F1SC04 (17)

D1SAMI (21)

MUDIMDRY (10)

D1BMEM (39)
(MDR—»B)

D1UBAU (50)
(B—»PAU)

D1UAAU (52)
(A—PAU)

DOULAN (48)

G1UENC (51)

D1AAUL,U (62)
(PAU—»A)

MUDIMRLS (10)

D1PINI,2

ANA-2
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STATE 4

ANA TIMING DIAGRAM

ARITHMETIC UNIT

TLP1
TLPE

SCo1
SCO01

SCo04
S554

SIAl

BMEM

UBAU

UAA3

ULAN
DLMA

UENC

AAUL

PIN1,2

= MRLS:CMAN- TLPE

"

[T 3 Hou

u

uou

u

TLPX

SR14- TLPE-SCLK
SS11. TLPE.SCLK

S$SS4- TLPE - SCLK
SS41 - SMDV - DBIS + MSSI

MAMYV - DGNS - SC04 -
DXST - DMDQ - SAIl

MDRY: STOR * BMRQ *
BCILK

DBA2. STOR - UC04

UCO04- UMDV - UI20 -
1235 UAA5-UAMV

SC04 - DLMA - UI21-IR22
DLCO- MSSI

ULAN

ECLK-MRLS- DLCO
AUAS®6

PIN4

4022A-5



BRU - BRANCH UNCONDITIONALLY

23 1817 15) 14113
FULL OPERAND 14 X Y Z = f(X,*,Y)
BRU unconditionally transfers program control to the desig- Non-Indexed 1(sD)
nated core address Z. This is accomplished by calculating Word Times.
the address Z, if it is relative addressed and/or indexed, and Interruptable
then transferring this address to the Program (P) Register. Following Execution? No
The BRU command is executed during Sequence Control State CHANGES FOLLOWING EXECUTION
1. For ease of understanding, two successive Sequence State A23_0
I's (i.e., 2 word times) are shown in the Block and Timing
Diagrams. During the first word time of Sequence State 1 Q23_0
(F1SC01), the BRU command is "fetched" from memory in the P Z
normal manner except that the clock of Last Pulse Envelope 14-0
(DITLPE) sets the Remember flip-flop (F1XRMF), At the end FIWPMT
of the first word time, State 1 is not cleared; instead, State 1
is held for another '"fetch" cycle to obtain the command loca- F1UOFL
ted in memory location Z. During this second word time,
memory 1s addressed from IA 13-0 and the command in loca- FIETST
tion Z is "fetched' from memory in the normal manner. Also, J4_0
during this second word time, the contents of IA 13-0 are
transferred to the Program Reglster (PXIP) to complete trans- Memory Z
fer of program control. At the end of this second word time,
the Remember flip-flop is cleared. COMMAND CHARACTERISTICS
rFre==="
BRU Command | CORE !
) MEMORY
| MODULE
| S,
MAB
BMEM SAMP
lzs B _ol Izz . IA,13 ol |14 b
I ' % xmr IULI
] ¢ UBAU
l ADDER I
First Sequence State 1
r—==—=-=-"
C() | CorRe ! 2z
| MEMORY |
| MODULE |
MAB
BMEM
lzj B o] lzs . lA,l:s
L]

[ oo )

3
= _T wu 4
UBAU —

Second Sequence State 1

BRU BLOCK DIAGRAM

4022A-5

ARITHMETIC UNIT

BRU-1



CLOCK (10 mc) _I_LU_LHIHHH H|||||J_L|_LLU_LJ_L|_J_L

]
TLPE = TLP1
DITLPE (11) 1 iy w—ﬂ oA j,y__ﬂ__,. TLP1 = SC04.CMAN- MRLS
" 45 58 $5 SC01 = SSS1-TLPE - SCLK
F1SC01 (17) _ ' SCOl = SR14.TLPE-SCLK
' ' e —
g 2 1 . SAMP = MAMV - MTRP-SC01-XRMF -
D1SAMP (20) _ ” e SEXC - SPI1
; $5- 5 SAMI = SIA3
DISAMI (21) " . i SIA3 = MTRP-SCOl - SAI4- MAMV
| ) ]
MUD1MDRY N L | l !
L 1 )
DIBMEM (39) ] ] ' BMEM = BMRQ:BCLK.STOR -MDRY
DI1UBAU (50) ' y——l__”__l——-;;——-l__ UBAU = UBA3
(B—»PAU) —_— UBA3 = SCOl-TSCA-UAMYV - UBB!
) ' PR
DI1IBXI (81) : M . \ IBXI = ISAV.TSCB-HTTF -MSSI -
(Ba3-14 D T 5 55 | L—-u SCO1- TSCA - TSCC
[} ] [
D1JULI (80) ' J -
IULl = IUI2. MRLS
(PAU 149 -OIA’13-0) {5— 5 J ‘;S——rl-— U

F1XRMF (92) '

D1PXIP (88) ' JL ., PXIP = CIPA-SCO1-MSSI- TSCC -
(I—P) 55 ; 55 TSCB- TSCA - XRMF

SMRQ = DGI2-SRQ1-{(SRQ2 +MRLS) +
G1SMRQ (22) | , ' \
! ;,_._I ) L__,I (Tsca)]
MUDIMRLS _ﬂ (s 55 | | 5 ‘ ,9_1 I_

55
I XRMF = DBRN:SCO01-TLPE-ECLK

M
N

<
be

|¢————- STATE 1 ——»|e—— STATE 1 —]

BRU TIMING DIAGRAM

BRU-2 ARITHMETIC UNIT 4022A-5



BTR - BRANCH IF TEST FLIP-FLOP RESET

23 18{17 15| 14113
FULL OPERAND 30 X e

BTR transfers program control to memory location Z if the Test flip-
flop (FIETST) is reset. If the Test flip-flop is set, program control
continues in sequence (i.e., C(P) +1). The status of the Test flip-flop
is not changed by the BTR command.

To illustrate the operation of the BTR command, two successive word

times are required (i.e., two Sequence Control State 1's). However,

only one word time is used solely by the BTR command, since the
second word time is used to ''fetch" the next command. The Block and
Timing Diagrams illustrate both word times of State 1. During the
first word time, the BTR command is 'fetched' from memory in the

normal manner. At the clock of Last Pulse Envelope, the Remember
flip-flop is set if the Test flip-flop (F1ETST) is reset. If the Test
flip-flop is set, the Remember flip-flop remains reset.

During the second word time, memory is addressed from In 13-.¢
(D1SAMI) if the Remember flip-flop is set (i.e., if the Test flip’-ﬂop is
reset). In this manner, memory location Z is addressed. Algso, if the
Remember flip-flop is set, Ipo 13-0 is transferred tothe P Register
(PXIP) to complete the transfer of program control. If, however, the
Remember flip-flop is reset, memory is addressed from the P Regis~
ter and program control continues in the normal sequence.

0
Y Z=f(X,*,Y)
Non-Indexed
Word Times. 1 (51
Interruptable No
Following Execution?

CHANGES FOLLOWING EXECUTION

A

23-0
Q23—0

P14-0

Z ¥ FIETST
C(P) +1 if FIETST

F1WPMT

F1UOFL

F1ETST

J4-0

Memory Z

COMMAND CHARACTERISTICS

reT == A
BTR Command! CORE ! C(P)
! MEMORY
{ MODULE
MAB
BMEM SAMP
Es B (j ]23 I]A,w ﬂ [14 P 0]
T I 2 4 ixmr LI
UBAU FI1ETST
.
M
ADDER
F1XRMF
l 1 0
First Sequence State 1
r—=—==-7
| CORE ! Zif ETST
R ¢
MEMORY ;
! MODULEJC (P) if ETST
SAMP if
e ~ ~ ETST
: iat |
BMEM SAMI if ETST !
|
,23 B o] Es IIA,L} ol |
] 5 '
IBXI worr 3 z PXIP if !
uBAU — BETST !
TR [} !
L ADDER I !
1 |
l
[ Lo s

Second Sequence State 1

BTR BLOCK DIAGRAM

4022A-5 ARITHMETIC UNIT

BTR-1



CLOCK (10 mc)

DITLPE (11)
F1SCO01 (17)

D1SAMP (20)

D1SAMI (21)
MUDIMDRY

D1IBMEM (39)

D1UBAU (50)
(B—PAU)

D1IBXI (81)
(Bgz_14—0

D1IULI (80)
(PAU 14—0"’IA, 13-0)

F1XRMF (92)

D1PXIP (88)
(I—-P)

G1SMRQ (22)
MUDIMRLS

FIETST (89)

D1PIN1,2 (88)

BIR-2

1] 1
TLPE

—-ﬂ 55 4 I 55 ;»J L s

' 1
$s — (s g SCo1

| | o
1 '

_l 55 3 7 T 1  samp
! s —  SAMI
e 5 f ________ ﬂ_ SIA3
v I SAl4
1 ]

1
| . o , _ BMEM

_— UBA3
: i M . IBXI
I ]

. y L 1w

T - ; ' XRMF
ey | ’ DBRN
A $—— -t . XRMF
[ . ﬂ B . ' PXIP

[T 0o

" H

Hon

u ou

= ISAV- TSCB*

TLP1
SC04: CMAN- MRLS

SSS1. TLPE- SCLK
SR14- TLPE-SCLK

MAMV - MTRP-SCO01:XRMF -
SEXC . SPI1

SIA3

MTRP. SCO01- SAI4- MAMV
XRMF

BMRQ:BCLK-'STOR* MDRY

UBA3
SCO01-TSCA-UAMV .UBBI1

HTTF * MSSI
SCO01. TSCA- TSCC

IUI2 - MRLS

DBRN:SCO01: TLPE:-ECLK
ETST.DCN3-DLCO
TLPE . ECLK - XRMF

CIPA-SC01: MSSI- TSCC-
TSCB - TSCA : XRMF

DG12- SRQ1- [ (SRQ2  MRLS) +
(TscA)]

- - — —— — — - — - — - Previous Condition of Test F/F is

$< rys

Q¢
T

P4
'

--n
-

e
3

1

3
¥

o

rys
tha
'

—|¢—— STATE 1 —»

BTR TIMING DIAGRAM

ARITHMETIC UNIT

Unchanged

' PINI,2 = PIC2

4022A-5



BTS - BRANCH IF TEST FLIP-FLOP SET

23 18117 15} 14]13

FULL OPERAND 34 X *

Z = f(X,*,Y)

BTS transfers program control to memory location Z if the Test flip-
flop (FIETST) is set. If the Test flip-flop is reset, program control
continues in sequence {i.e., C(P) +1). The status of the Test flip-flop
is not changed by the BTS command.

To illustrate the operation of the BTS command, two successive word
times are required (i.e., two Sequence Control State 1's). However,
only one word time is used solely by the BTS command, since the sec-
ond word time is used to "fetch'' the next command. The Block and
Timing Diagrams illustrate both word times of State 1. During the
first word time, the BTS command is ''fetched'" from memory in the
normal manner. At the clock of Last Pulse Envelope, the Remember
flip-flop is set if the Test flip-flop (FIETST) is set. If the Test flip-
flop is reset, the Remember flip-flop remains reset.

During the second word time, memory is addressed from IA 13-0
(D1SAMI) if the Remember ﬂ1p flop is set (i.e., if the Test f11p flop is
set). In this manner, memory location Z is addressed. Also, if the
Remember flip-flop is set, IA 13-0 is transferred to the P Reg1ster
(PXIP) to complete the transfer of program control. If, however, the
Remember flip-flop is reset, memory is addressed from the P Regls-
ter and program control continues in the normal sequence.

Non-Indexed

Word Times. 1(s1)

Interruptable

Following Execution? No

CHANGES FOLLOWING EXECUTION

A

23-0
Q23-0

Z if FIETST

P e
14-0 C(P) + 1 if FIETST

F1WPMT

F1UOFL

FI1ETST

J4:—0

Memory Z

COMMAND CHARACTERISTICS

rT="==-=-"
BTS Command | CORE ! C(P)
MEMORY
I MODULL |
| I,
MAB
BMEM SAMP
v
Izs B 6| {23 I]A,u ol |14 P 0
BI LI
UBAU Fl1ETST
‘i f -
ADDER l
F1XRMF
] 1 0
First Sequence State 1
r———==-- 0
| cCorg ' ZifETST
[ MEMORY |
{ MODULE | lc(p) it ETST
SAMP if
MAR '_-_EE‘S_T_ -
BMEM SAMI if ETST |
IZ3 B | lA 13 ol !
7, PXIP if !
LBXI_TrULI ETST |
UBAU T4 0 !
P ]
ADDER ; :
1
Lome e — g

L

Second Sequence State 1

BTS BLOCK DIAGRAM

4022A-5 ARITHMETIC UNIT
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CLOCK (10 mc)

DITLPE (11)
F1SCO01 (17)

DISAMP (20)

D1SAMI (21)

MUDIMDRY

DIBMEM (39)

D1UBAU (50
(B—»PAU)

D1IBXI (81)
(Bg3-14 —D

DI1IULI (80)
(PAU14-0 +1A,13-0)

" F1XRMF (92)

D1PXIP (88)
(I—P)

G1SMRQ (22)

MUDIMRLS

F1ETST (89)

D1PIN1,2 (88)

BTS-2

[4 —C
‘—‘_5; 5 l

|

LN
e
n

|

<
¥

T

<5 4
pikd Y

4¢—— STATE 1 —»|¢— STATE 1 ——»

BTS TIMING DIAGRAM

ARITHMETIC UNIT

BMEM
UBAU
UBA3
IBXI

IUL1

XRMF
DBRN
XRMF
PXIP

SMRQ

uounou

u o

TLP1
SC04:- CMAN- MRLS

SSS1: TLPE - SCLK
SR14 - TLPE - SCLK

MAMYV - MTRP - SCO1 - XRMF -
SEXC - SPI1

SIA3

MTRP . SCO1. SAl4- MAMV
XRMF

BMRQ-BCLK - STOR * MDRY

UBA3
SCO01- TSCA:-UAMV - UBBI1

= ISAV - TSCB:-HTTF . MSSI -

SC01-TSCA. TSCC

IU0I2 - MRLS

DBRN:.SC01- TLPE:ECLK
ETST.DBTS
TLPE - ECLK - XRMF

CIPA -SCO01.MSSI- TSCC -
TSCB - TSCA - XRMF

DG12 - SRQ1-[(SRQ2 - MRLS) +
(TSCA)]

Previous Condition of Test F/F is
Unchanged

PIN1,2 = PIC2

4022A-5



DMT - DECREMENT MEMORY AND TEST

FULL OPERAND 06 0

23 18|17 15| 14

Z = £ (Y,%)

DMT subtracts 1 from the contents of memory cell Z
each time it is executed. If the DMT is not the result of
an API and the original contents of Z were not equal to

Non-Indexed
Word Times.

3 (S1,52,54)

Interruptable

Yes

0, the Test flip-flop (FIETST) is set. If the original
contents of Z were equal to 0 and the DMT command is
not the result of an API, the Test flip-flop is cleared. If

Following Execution?
CHANGES FOLLOWING EXECUTION

the DMT command is the result of an API and the origi- A23_0

nal contents of Z were equal to 0, a signal is applied to

API for "Echo' generation. The Test flip-flop is not Q23_0

affected by a DMT resulting from an API. When an in- P C(P) +1

dex address is specified (bits 17 through 15 not equal to 14-0

0) the DMT command is executed as an STX command. FIWPMT

The DMT command is executed during Sequence Control F1UOFL

States 2 and 4. During State 2, memory is addressed FIRTST Set if C(Z) # 0

from Ip 13-¢9 (D1SAMI) and the contents of memory lo- Reset if C(Z) = 0%
cation Z’ are gated to the B Register. From B, the con- J4_0
tents of memory location Z are gated to the B input of
the Adder Unit (D1IUBBU). At the same time, both the
true and complemented B Register contents are gated
to the A input of the Adder Unit (D1IUBAU, D1UBNA).
Gating both the true and complemented B Register con-
tents to the A input applies a "'one'' to the A input of each
Adder bit position. This is the same as applying a -1 to
the A inputs of the Adder. The Test flip-flop is cleared
at Time 4 if the DMT command is not being executed
from an interrupt response address (AIFOSPI2). If a
carry occurs from bit 23 of the Adder, due to the sum-
mation (contents of B plus -1), the Test flip-flop is set
at the clock of Memory Release. This indicates that the
original contents of Z were not equal to zero. If a carry
from bit 23 of the Adder does not occur, the Test flip-
flop remains in the reset state, indicating that the orig-
inal contents of Z were equal to zero. If a carry from

Memory Z

COMMAND CHARACTERISTICS

* The Test flip-flop is not affected if the
DMT command is executed as the result
of an Automatic Program Interrupt and
is located in the interrupt response ad-
dress. Inthis case, an "Echo' signal is
applied to the API module when the orig-
inal contents of Z were equal to zero.
This will normally cause a different pro-
gram interrupt.

bit 23 of the Adder does not occur, when the DMT com- (Zz = 2) 00010
mand is executed from an interrupt response address, ( -1) 11111
GIWEKO is enabled allowing the API module to cause 00001 Plus Carry = Test F/F Set*

an interrupt at a different address. At the clock of Last
Pulse Envelope, the Adder outputs (contents of Z -1) (Z = 1) 00001
are gated back to the B Register. 11111
00000 Plus Carry = Test F/F Set*

During State 4, memory is again addressed from

IA’ 13-0 and the contents of B are gated back to memory (Zz = 0) 00000

location Z. In this manner, the original contents of 11111

Z -1 are stored back in memory location Z. 11111 No Carry = Test F/F Reset*
or "Echo' to API

The following examples are used to illustrate that a
carry occurs from PAUsg whenever the value to be de- (z = -1) 11111
cremented is not equal to 0. Only when the value being 11111
decremented goes from 0 to -1 will the absence of a 11110 Plus Carry = Test F/F Set*.
carry occur from PAUgg. For simplicity, word lengths
of 5 bits are used. Consider the most significant bit of
the example to be PAU,3.

* If DMT is not executed from API response
address.

4022A-5 ARITHMETIC UNIT DMT-1



DMT-2

r=—=—=="

c(z) | CORE ! z
' MEMORY I'*———‘
| MODULE |
| R |
MAB
BMEM L osamr
v
23 B ol [23 A3 0
c(z)| T %-BAUL,U
Gates -1 —+PAU[ B-B UBBU |C(Z) -1
UBAU, UBNA ——11 l v
‘ ADDER TSCB
SC02 - DDMT - SPI2 - (f ‘ TSCA
MRLS . ECLK + J..' DDMT -
li ] FE
O— SC02 - ET4E -
1 LB GIWEKO
lF ETSTO DDMT - SPI2

i} API "Echo"

Sequence State 2

r——=-=-- |
C(z)-11 CORE | 7
—® MEMORY
| MODULE |
MAB
2 samr
23 B o [z3 NIE 0

Sequence State 4

DMT BLOCK DIAGRAM

ARITHMETIC UNIT

SCo02
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1} 1 1
DITLPE II I s . Il TLPE = MRLS:CMAN:TLPE

F1SCO1 (17) 1 ) ‘ N )___[— SCo0l = S$SS1-TLPE-SCLK
1 ’ i b i
1
- s | SC02 = $SS2-TLPE -SCLK
F1SC02 (17) f | 5 55 $ss2 = HTTF - DDSX - MSSI- SC01
| [
: " $ SC04 = SSS4-TLPE.SCLK
F1SC04 (17.1) ” s SSS4 = SC03.MSSI
| il ! ———
(5 —p e g SAMI = SIA3 = SC02.SLXD.MAMV
DISAMI (21) ] | SAMI = SIAl = MAMYV - DGNS - SC04 -

] ! ! DXST - DMDQ - SAI1

| 1
MUDIMDRY L 1 s ,J—l s

DIBMEM (39) L [ B ' . .. ' BMEM = BCLK-BMRQ: STOR - MDRY
' 1
DIUBBU (50) __I——“*f fs ! - . _
(Bb PAU) j ” , ! UBBU = UBB1 = 5C02 UDCI
) !
—lC ¢ ' .
DIUBAU (50)| . | 7 7 ] ! UBAU = UBA4 = SC02.DDMT.UAMV
-1—PAUI ' h |
DIUBNA (50) 7 T ' UBNA = UBA4
| ! |
DI1BAUL,U (39) ) = - =
(PAU—» ) o ] 3 ., | BAUL,U = BAU2 = SC02- TLPE-BCLK
¥ ] '
GOSTOR (19) P M , N
- . o 7, ETST = ECTF = EDTX-SC02- MSSI-ET4E
—-——— g — _i_“_ + — 3% — — — $$— —EDTX = DDMT.SPI2
FIETST (89) _ _ _ _ _ _w_ _ _ Y. ETST = ERTF-MRLS.ECLK
| . + ERTF = ERT2 = EDMT - U23C - MSSI- SC02
i — —5$ ’——; |
GIWEKO (122) D PP S¢ s WEKO = U23C- TSCB - TSCA - WEK1

D1PIN1,2 (88) '

. B ] ' PINI,2 = PIN4

«—— STATE 2—.|+——- STATE 4 —»

DMT TIMING DIAGRAM

4022A-5 ARITHMETIC UNIT DMT-3



DVD - DIVIDE

FULL OPERAND | 65 X

13

DVD divides the 47-bit dividend, 24 bits of the A Regis-
ter coupled with bits 22 through 0 of the Q Register, by
the divisor contained in location Z. The quotient is
placed in the Q Register and the remainder is placed in
the A Register. The magnitude of the divisor must be
greater than the magnitude of the A Register. If the
divisor is not larger than A, the Overflow flip-flop
(FIUOFL) is set and the DVD result will be incorrect.
The sign of A (Ayg) applies to the remainder, and the
sign of Q (Qg3) applies to the quotient.

NOTE

Either positive or negative numbers may
be divided, however, the remainder always
has the sign of the divisor, which may yield
an unexpected result. The difference be-
tween the divisor and the remainder ob-
tained yields the expected divisor (e.g.,
(+4) + (-2) = -3, remainder -2.

In actual mathematical operations within
the computer, however, this is of little
congsequence since the quotient formed
by any division is only an approximation

(i. e. , the remainder must be considered).
Only when small integer values are divided
is the quotient obtained of any significant
difference from the expected quotient.

BINARY DIVISION

Division of positive numbers is the process of counting
how many times one number (the divisor) can be sub-
tracted from another number (the dividend) while still
leaving a positive result. The number of times the di-
visor can be subtracted from the dividend is the result,
or quotient. The value remaining after the repeated
subtractions becomes the remainder.

The simplest form of binary division is accomplished by
first subtracting the divisor from the most significant
portion of the dividend. If the subtraction is valid (i.e.,
a positive result is obtained), a ''one'' is placed in that
position of the quotient. The dividend is then shifted one
place to the left and the divisor again subtracted from
the dividend. If the subtraction is not valid (i.e., a
negative result is obtained), a "zero' is placed in that
position of the quotient and the divisor is added to the
negative result to restore the dividend. The dividend is
then shifted one place to the left and the divisor again
subtracted from the dividend. The remainder, after the
division, is that portion of the dividend remaining after
the last valid subtraction. This method of forming the
quotient is illustrated in the following example. The
most significant bit of the divisor and the dividend are
sign bits.

Decimal Problem:

7+3 = 2, remainder 1.

4022A-5

ARITHMETIC UNIT

0
Y Z = f(X,*,Y)
Non-Indexed S1,S3,54,55
Word Times. 13.7us
Interruptable ) Yes
Following Execution?

CHANGES FOLLOWING EXECUTION

A23_0 Remainder

Q 93-0 Quotient

Plio C(p) +1
FIWPMT

F1UOFL Set if Overflow
F1ETST

J4_0 378

Memory Z

COMMAND CHARACTERISTICS

Binary Equivalent:

0 000111

0 011 = 0 010, remainder 0 001.

Binary Method:

0010
0 011) © 000111
1 101 -1
[0]e—1 101 -2
011 -3
0 000 -4
o1l -5
[0]e—1110(| -6
0011 -1
0001y| - 8
1101 -9
[1]«—o0000v -10
1101 -11
[0]«1110 -12
0011 -13
0001 -14
1,  Subtract divisor.
2. Negative result 0—» quotient (Sign).
3. Add divisor to restore dividend.
4. Restored dividend.
5. Shift left dividend and subtract divisor.
6. Negative result 0—» quotient.
7. Add divisor to restore dividend.
8. Restored dividend.

9. Shift left dividend and subtract divisor.
10. Positive result 1— quotient.
11, Shift left dividend and subtract divisor.
12. Negative result 0—» quotient.
13. Add divisor for remainder "fix up'.
Remainder.

Example 1

DVD-1



The first subtraction in Example 1 is described by:
D = 2" (@)D

where: D = dividend
d = divisor
n = register length minus 1.

The multiplication of the divisor (d) by 2" merely aligns
the divisor with the correct portion of the dividend and
is accomplished by shifting left the divisor n places.
For each successive subtraction, the divisor is moved
one place to the right:

n

1st Sub: 2™ (@) = 1 101000
2nd Sub: 2"t @ = 1 10100
3rd Sub: 2"2% @ = 1 1010
Final Sub: 2" (@ = 1 101

Notice in the previous example that, if the subtraction
is invalid (i. e., quotient bit set to ""zero"), it is neces-
sary to add back the divisor to restore the dividend to
its correct form. That is, the number 2% (d) is first
subtracted from the dividend, then added back. In the
4022A Arithmetic Unit, this function is combined with
the next subtraction, which takes 2n-1 (d) from the div-
idend:

12" (q) -2"71

227! (24 - )
21 (a).

(d)

This number is generated by adding the divisor to the
dividend at the 201 position.

Example 2 more closely resembles the mechanics of
the division process within the Arithmetic Unit. For
comparison, the same values (7 + 3) used in Example 1
are used in Example 2.

By comparing Example 2 with Example 1, notice that 4
less steps are required to perform the division in Ex-
ample 2. Steps 3, 4, and 5 of Example 1 are performed
in step 3 below, providing the same result. That is,
when a negative result from a subtraction was obtained
in Example 1, the divisor was added back to restore the
dividend, then the dividend was shifted and the divisor
subtracted. In Example 2, when a negative result from
a subtraction was obtained, this negative result was
shifted and the divisor added to it. The final result of
each operation was the same (i.e., step 6 of Example 1
has the same result as step 4 in Example 2). In this
manner, a much faster divide cycle is obtained.

In both Examples 1 and 2, notice that the first subtrac-
tion is used to determine the sign bit of the quotient.
The divide cycle time in the 4022A Arithmetic Unit is
further decreased by eliminating this step. Within the
Arithmetic Unit, the sign of the quotient is determined
by comparing the sign of the divisor with the sign of
the dividend. 1If the signs are alike, the sign bit is
"zero' (positive); if the signs are unlike, the sign bit
is "one' (negative). Therefore, the first subtraction is
not required to determine the sign of the quotient.

DVD-2
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0010

0 011)0 000111
1 101 -1
[0]«1 1o1l -2
0011 -3
[0]«——1110 -4
0011 -5
+«—— 0000 -6
1101 -7
[0] «——1110 - 8
0011 -9
0001 -10
1. Subtract divisor.
2. Negative result 0—» quotient (Sign).
3. Shift left dividend and add divisor.
4. Negative result . 0-—»quotient.
5. Shift left dividend and add divisor.
6. Positive result . 1—» quotient.
7. Shift left dividend and subtract divisor.
8. Negative result 0—» quotient.
9. Add divisor for remainder 'fix-up'.
10. Remainder.
Example 2
0010
[0]eo0 011) 0 000111 -1
1101 -2
[0] «— 11_151 -3
0011 - 4
[1]«— 0000 -5
1101 -6
[0] «—T11T0 -7
0011 -8
0001 -9
1. Sign of divisor and dividend alike
0—» quotient.
2. Shift left dividend and subtract divisor.
3. Negative result 0— quotient.
4. Shift left dividend and add divisor.
5. Positive result 1-s»quotient.
6. Shift left dividend and subtract divisor.
7. Negative result 0—»quotient.
8. Add divisor for remainder ''fix-up'.
9. Remainder.
Example 3

Example 3 illustrates the mechanics of division by com
paring the signs of the divisor and dividend to determin
the sign of the quotient. The same values (7 + 3) used
in Examples 1 and 2 are used for comparison.

COMMAND DESCRIPTION

Fig. DVD. 1 contains a basic flow chart of the Sequence
Control States required to execute the DVD command
and lists the basic functions performed within each Se-
quence State. Block diagrams of States 3, 4, and 5 are
contained in Fig. DVD. 2.

Sequence State 1

The DVD command is "fetched" from memory during a
normal Sequence State 1. At Last Pulse of State 1, the

4022A-



"Fetch" DVD Command
Set Execute flip-flop

Address Memory from I
Gate Divisor (i.e., Contents of Z)—»I
Set MPY/DVD flip-flop

Address Memory Cell 10g (i. e. , Q Register)

Gate Contents of Cell 10g-»B (Least Significant Half of Dividend—»B)
Perform Arithmetic Operation

Quotient is in B Register and Remainder is in A Register

Address Cell 10
Store Contents o% B—+10g (i. e., Quotient +Q Register)
Reset Execute flip-flop

"Feteh'' Next Instruction
Reset MPY/DVD flip-flop

Fig. DVD.1l. DVD Basic Flow Chart
T ooms T Nt vieaie 7
c(z) | CORE z Quotient ' CORE ' Cell 10
— MEMORY 54————— ——>l MEMORY ;q_i
|  MODULE !  MODULE |
L o - H Lo = - J
MAB MAB
L MXO03
BMEM SAMI
23 o] [23 A,13 0 23 0] |23 A, 13 0
B I B I
01U
rUBAU T'—IUIL Sequence State 5
IULI
ADDER
Divisor
Sequence State 3
23 i 0 rer T 1
! CORE I Cell 10
DIVISOR : MEMORY 8
! MODULE |
Lo__ -
ADDER MAB
23| Bag
i . 22 T——— MX03
T B
2532 A 0 22 . 22 B 0 Ags p Ip3 = 0
A3 = Iz = 1
Most Significant Half of Dividend Least Significant Half of Dividend
Following State 4:
23 122 A 0 23 B 0
S ! REMAINDER QUOTIENT
Sequence State 4
Fig. DVD.2. DVD Block Diagram
4022A-5 ARITHMETIC UNIT DVD-3



Execute flip-flop (FIXEXC) is set. Therefore, at the
end of State 1, the DVD command is contained by the I
Register and the Execute flip-flop is set. Following
State 1, a non-indexed DVD command enters Sequence
State 3.

Sequence State 3

A timing diagram, including logic equations, for State 3
is contained in Fig. DVD. 3. During State 3, memory is
addressed from Ip j33-0 (D1SAMI) and the contents of
memory location Z divisor) are gated to the B Register.
From the B Register, the divisor is gated to the Adder
(D1UBAU) and from the Adder to the I Register (D1IUIU,
DIIUIL, DIIULI). At Time 3, the Execute MPY/DVD
flip-flop (F1XMDV) is set to indicate that the I Register
does not contain the instruction and to provide control
for the DVD operation. The DVD command is differen-
tiated from the MPY command by having both F1XMDV
and FIXEXC (State 1) set. Following State 3, State 4
is entered.

Sequence State 4

Sequence State 4 is used to bring the least significant
half of the dividend (Qg3-g) to the B Register and to per-
form the actual arithmetic operation. To provide these

functions, the duration of State 4 is extended by entering
Time 6 Envelope.

For ease of understanding, a detailed flow chart of State
4 is contained in Fig. DVD. 4. The logic elements and

crock tomey | | L LI LI T[]

associated logic equation used to perform the individual
steps of the flow chart are contained in Table DVD. 1.

An example of the arithmetic operation performed in

State 4 is provided in Table DVD. 2. For simplicity,
9-bit registers are illustrated. The timing diagram of

State 4, contained in Fig. DVD. 5, illustrates the timing
associated with this example. TUsing these aids, little

difficulty should be encountered in determining the op-

eration of the Arithmetic Unit for any dividend and divi-
sor values.

During the first portion of State 4, memory cell 10g is
addressed (GOMXO03) and the contents of the Q Register
are gated to the B Register. Bits 22-0 of the Q Regis-
ter contain the least significant half of the dividend.

The J Counter is initially cleared and then preset to 7

(G1JP07). The J Counter is then incremented at each

shift of the A and B Registers. The count value of the

J Counter is then used to determine when the divide

cycle is completed (J = 37g). The Delay Time Counter

is initially preset to 30g and provides timing control for
determining when to add (or subtract) and when to shift

for each quotient bit generated.

During Time 3 Envelope, the signs of the divisor (Isg)
and dividend (Ag3) are compared to determine the sign
bit of the quotient and to provide control for the Over-

flow check. If the signs are alike, the Strings flip-flop
(F1XSTQ) is reset; if the signs are unlike, the Strings

L LI

DITLPE (11) | l s 5

<
?

by

(_LTLPE = TLP1

F1SCO01 (17) L

A

F1SC03 (17)

F1SC04 (17.1)

SC0l = SR14-TLPE-SCLK

SC03 = SSS3-TLPE-SCLK

SSS3 = 8831 = SCO1- SMDV - HTTF * DNDX
SC04 = SSS4-TLPE-SCLK

SS5S4 = SCO03 - MSSI

DISAMI (21) o b

MUDIMDRY [—L

|_SAMI = SIA2 = SMDV- SC03- MAMV

BN

DIBMEM (39) l

BMEM = MDRY' STOR®:BMRQ'*BCLK

LUBAU = UBAb = SC03* XMDV

(MDR—’B) £ 5
D1UBAU (50) §
(B—+PAU) . !

F1XEXC (95) I

DIIUIU, L, LI (80) e p

XEXC = XXC1:TLPE " ICK1
GIXXC1l = XD1V-XSSI-IC01

|—|_ GOIUL3

SC03 - XMDV - MRLS

F1XMDV (93)

MUD1MRLS _[—l By

XMDV = XSMD:XSDM

ol

¢
=

Fig. DVD.3. DVD Sequence State 3 Timing
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flip-flop is set. Also, if the signs are alike, Bg is
armed to set at the first shift. This "one" will repre-
sent a positive quotient, since the complement of this
bit will be shifted to Bgg at the end of the DVD operation.
If the signs are unlike, Bg will be armed to reset at the
first shift, specifying a negative quotient.

The Overflow check is used to determine if the value of
the quotient will be too large to be contained in a 24-bit
register. If the absolute magnitude of the A Register is
equal to or greater than the contents of the I Register,
the quotient will exceed the capacity of 24 bits and the
Overflow flip-flop (F1UOFL) is set. The Overflow test
is made by performing either an addition or subtraction
of the A and I Registers. If the signs of A and I are
alike (Strings flip-flop reset), I is subtracted from A
and if the sign of the result in the Adder does not change
then A is greater than or equal to I and the Overflow
flip-flop is set. If I and A have unlike signs (Strings
flip-flop set), then I and A are added. If the sign of the
result in the Adder is equal to the sign of A, A is
greater than or equal to I and the Overflow flip-flop is
set. If, however, following the addition or subtraction
the sign of the result is not the same as the sign of A,
the quotient may be contained in 24 bits and a valid divi-
sion may take place.

b

After the test for Overflow, the A and B Registers are
shifted left with the complement of the sign bit, as de-
termined by like or unlike signs, gated to Bg. At the
shift, the complement of B22 is gated to B23 and the
true output of Bgg is gated to Ag. The J Counter is
incremented to indicate that one of the 24 quotient bits
has been determined.

Time 6 Envelope is then entered. The Delay Time
Counter is preset to 26g and the first addition or sub-
traction is performed to determine the first data quo-
tient bit and to generate the partial remainder. If the
most significant bit of the A Register and the sign of the
I Register were alike prior to the last shift (Strings
flip-flop reset), a subtraction is performed. If prior
to the last shift, the most significant bit of A and the
sign of I were unlike (Strings flip-flop set), an addition
is performed. The result of this addition or subtraction
is gated to the A Register and the most significant bits
of A and I are again compared. If they are alike, a
valid effective subtraction was performed and the quo-
tient bit (Bg) is armed to set at the shift. If the most
significant bits are unlike, an invalid effective sub-
traction was performed and the quotient bit (Bg) is
armed to reset. The Strings flip-flop is also armed to
set (if most significant bits are unlike) or reset (if
most significant bits are alike) at the next shift to pro-
vide control for the next effective subtraction.

The A and B Registers are then shifted left with the quo-
tient bit determined above gated to Bg. The complement
of Bpg is gated to B3 and the true output of B23 is gated
to Apg. At the shift, the J Counter is incremented to in-
dicate that a quotient bit has been determined.

Each data bit of the quotient is determined in this man-

ner until the last data bit has been determined (J = 368).
When the last data bit has been determined, only the B

4022A-5
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Register is shifted left. This gates the final data bit to
Bg, the sign bit to B23, and preserves the partial re-
mainder in the A Register. At this shift, the J Counter
is incremented to 37g, indicating that the required num-
ber of shifts (24) have occurred.

Following the 24 shifts, the quotient is contained in the
B Register, and the 'fix-up" of the remainder, if re-
quired, is performed. If, prior to the last shift, the
sign of the divisor (Ip3) and the sign of the remainder
(Ag3) were unlike, the Strings flip-flop was set at the
shift of B. If the Strings flip-flop is set, then one too
many subtractions were performed and I is added to A
to provide the correct remainder. If the Strings flip-
flop is reset, the contents of A are gated to the Adder
and back to A unchanged.

Following State 4, State 5 is entered to store the quotient
contained in the B Register, in cell 10g (Q Register).

Sequence State 5

A timing diagram and logic equations for State 5 are
contained in Fig. DVD. 6.

Memory cell 10g is addressed (GOMXO03) and the quotient
is gated from the B Register to the Q Register. At Last
Pulse of State 5, the Execute flip-flop (FIXEXC) is
reset.

During State 1 of the command following DVD, the Exe-
cute MPY/DVD flip-flop (F1XMDV) is reset.

NOTE

The previous description applies to both posi-
tive and negative values. However, when the
divisor is negative, the quotient and remain-
der must be modified to obtain the expected
result. If the divisor is negative, a positive
one must be added to the quotient and the di-
visor must be subtracted from the remainder
to obtain the expected result. The following
example (using decimal numbers) illustrates
the quotient and remainder obtained, proves
that it is correct, and how it may be modified
to obtain the expected result.

Decimal Problem: +4
-2
Result Obtained:
Quotient = -3, Remainder = -2

Prove Result is Correct:
Divisor x Quotient + Remainder = Dividend
(-2) x (-3) + (-2) = +4

Result Modification:
Add +1 to Quotient; -3 + (+1) = -2
Subtract Divisor from Remainder:
(-2) - (-2) = 0.

As previously described, this is of little conse-
quence in actual mathematical operations within
the computer and normally the quotient is used
without any "fix-up'".

DVD-5



OVERFLOW
CHECK

OFL=A=Iorl=0

GENERATE
SIGN BIT

GENERATE
REMAINDER

GENERATE
QUOTIENT

REMAINDER
FIX-UP

DVD-6

() ToE

CLEAR J COUNTER ]

Ol

T3E

CQ -+B
(2)| PRESET DTC - 304
PRESET J = 7

& RESET FIXSTG YES NO

Ag3 = Ia3

ARM B0 TO SET

l N Vs
»( e

SET F1XSTG
ARM BO TO RESET

F1XSTG SET

A + (T+1)—»PAU —I @

J

SET F1UOFL

—T

® |

et
YES -
fe——( 55 = PaU,; )
» NO

y
Q TSE

SHIFT LEFT A" B
Ba2 —+Bas
Boo—»Ap

INCREMENT J = 108

T6E

DTC = 30

(®) [ prEsET DTC - 265 |

A+I+A F1XSTG SET

| DTC = 27g

A+ (I+1)—A

| @

@ ARM Bg TO SET
RESET F1XSTG

L

ARM Bg TO RESET
SET F1XSTG

r 3

SHIFT B LEFT

SHIFT A-B LEFT

YES NO 2=
Bga—Bas J = 36g By2—+Bas @
Byg —+4g Bgg 49
INCREMENT J = 37g INCREMENT J
o Tiesra smr )N
FIXSTG SET
YES
l A+I-»A || A+0—>A | @
DTC (e
274

LAST
PULSE

Fig. DVD. 4. State 4 Flow Chart
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@ Clear J Counter: Add I to A and gate result to A:

DOJJEO (70) JCK1-TSCA - TSCB-JS4G DIUAAU (52) = XMDV - UC04
G1JS4G (70) SC04 - DMD1 DIUILA,AU (51) = UCO04- UDIV - XSTG
DI1AAUU,L (62) = AAU2 = ECLK-TE26 - AMDV

@ Preset Delay Time Counter to 30

g
GITPAF (12) = TP30 + TD30 @ Subtract I from A and gate result to A:
GOTP30 (12) = TSCB- TSCA - TSCC-:DMGT DI1UAAU (52) = UAA4 = XMDV - UC04
X DIUINA (51) = UIN1 = UCO04-UDIV-XSTG" JE37
Preset J Counter to 7: GIUENC (51) = UIN1

G1JP07 (70) = TP30-XMDV
@ Arm By to set at shift:

(3) Reset Strings flip-flop: GIBSL2 (38) = BDIV-[(BI23-BA23) + (AR23- IR23)]

FIXSTG (94) = GOXCAL- XDVT - ICK1

GOXCAL (94) = (XA23-X123) + (AR23-IR23)

G1XDVT (94) = UDVI-XT3E FIXSTG (94) - XDVT - XCA1 - ICK1

. . GIXDVT (94) = UDVT- ASLB

Arm B, to set at first shift ( (8) ): L GOXCA1 (94) = (XA23-TR23) + (ARZ3 - XI23)
G1BSL2 (38) = BDIV:[(BI23-BA23) + (AR23-1IR23)]

Reset Strings flip-flop at shift:

u ol

@ Arm Bg to reset at shift:

(4)  Set strings flip-flop: GIBSL1 (38) = BDIV [ (BI23- AR23) + (BA23 - IR23)]
FIXSTG (94) = XCAl-XDVT- ICK1 A o .
GIXCAL (94) = (XA23-IR33) + (XI23- AR23) Set Strings flip-flop at shift:
FIXSTG (94) = XCAL-XDVT - ICK1

Arm B to reset at first shift ( ): )
GIBSL1 (38) = BDIV-[ (BI23-AR23) + (BA23-IR23)] Shift B left one place:

) DIBSLL,U,1 (40) = ASLB
@ Add A and L. GOASLB (63) = DDIV - TE27 - TT6E - JE37
DI1UAAU (52) UAA4 = XMDV - UC04

DIUILA,AU (51) = UIA4 = UCO04- UDIV . XSTG

[/}

Gate the complement of Bgs to Bag:

GIB3LD (64) = BR22 - BDIV
(6) Subtract I from A: G1B2LD (64) - BR22 - BDIV
D1UAAU (52) = UAA4 = XMDV - UCO04 Increment the J Counter to 37g:
DIUINA (51) = UIN1 = UC04: UDIV - X8TG - JE37 . R
DIUENC (51) - UINL N1JINC = GOJINC = JE37- TT6E - XMDV - TEFF
{7y  Set Overflow flip-flop at shift ( (8) ): (5) shift left A and B one place:

DIBSLL,U,1 (40) = ASLB
GOASLB (63) DDIV - TE27 - TT6E - JE37
D1ASLL,U (63. 1) ASL1

F1UOFL (54) = UFL5.UFL6-ECLK
GIUFL5 (54) = (UA23-U23S) + (AR23-U23S)

nou

G1UFL6 (54) = ABSL = DDIV-JC04- TT5E - MRLS GOASL1 (63) : DDIV - 7367 - TT6E - TE2T
Shift left A and B Registers one place: Gate the complement of B2a to Baj:

D1BSLL,U,1 (40) = ABSL G1B3LD (64) = BR22:-BDIV

GOABSL (63) = DDIV -JC04 - TT5E - MRLS G1B2LD (64) = BR22-BDIV

DIASLL,U (63.1) = ABSL Gate By to Ag:

Gate By, to Byg at shift: GIAMLN (64) = AML1-BR22

G1B3LD (38) = BR22* BDIV G1AMLD (64) = AML1-BR22
G1B2LD (38) = BR22- BDIV

Gate Bgg to Ag at shift:

G1AMLN (64) = AMLI.BR22
GIAMLD (64) = AMLI-AB22 Add A to I and gate result to A:

Increment J Counter: D1UAAU (52) XMDV - UC04

. . . . . DIUILA,AU (51) = UC04- UDIV - XSTG
N1JINC (71) = GOJINC = XMDV - T'T5E - MRLS - JC04 DIAAUU L (52) = ECLK - TE26- AMDY

@ Preset the Delay Time Counter to 26g: Gate A to Adder and back to A:
G1TP26 (12) = TD30:JEO7- XMDV - DDIV DIUAAU (52) - XMDV - UC04

DI1AAUU,L (62) = ECLK: TE26 - AMDV

Generate Last Pulse:

DITLPE (11) = JE37- AMDV - TE27

]

Increment the J Counter:
N1JINC = GOJINC = JE37 . TT6E: «XMDV- -TEFF

Table DVD. 1. State 4 Flow Chart Equations
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1INN JILE3WHLRY

§-Veeor

evock womol | | | | | | L {000 L L L L]
TLPE(ll)'_r—I 9
F15C04 (17.1)__|

F1TT6E (8) (6 5 l

_1I'_['_lj

GOMXO03 (105) l

DIBMEM (39) . l
ITPAF (12) ~ 3

ot Drcao o I [ S A S S A B A B O

GITP26 (12) . . [30[26 27[30]26 27[30]26 27[30]26 27[30]26 27[30]26 27[30]26 27[30]26 27[30]26 27

G1JPO7 (70) 5 [_l

17

N1JINC (71) 3 - [ leto—fenn Hlen Gl b 14Tr:|1—15ﬂ16_,;l le-36 5] 37

F1XSTG (94) B o l l____l I_

DLASLL,U (53,1 . N o e e e e e

D1BSLL,0,1 0 R N i O o O i B e B e O e I e B

DIUILA, AU (51) l m
(I—+PAU) 55 5

Sromne ) 60 ! ’ L I —

SUB ADD ADD ADD ADD ADD ADD SUB ADD
D1AAUU (62) I I I I l ] l I

(PAU—A) f—

-

A237123

Agz = I3 Ag3 7 I3 :IIA23=123 Az3=Iz3

Fig. DVD.5. DVD Sequence State 4 Example (+27 + +13)



S
I =0 00001101 = +13 +13/T§
A =0 00000000-= 0 26
B=0 00011011 = +27 1
J A REGISTER B REGISTER Bo
COUNT |DTC |XSTG |S 76 543210(S 76543210 |INPUT ACTION
7 30 0 0 00000000|0 00011011 1 T3E - Agg = Ip3
7 30 000000000%00011011/1 T4E - Overflow Test
10 30 0 ooooo0o0o00*t" 0011011 14 T5E - Shift - Sign
10 26 111110011% 0 XSTG = Subtract
11 27 1 1 1110011057 0110111 04 Shift
30 4
26 1 11110011 0 XSTG = Add
12 27 1 111100110’(1 11011100‘/ Shift
30 4
26 1 11110011 0 XSTG = Add
13 27 1 111100111’(0 10111000‘/ Shift
30 4
26 1 11110100 0 XSTG = Add
14 217 1 111101001‘(0 01110000‘/ Shift
30 4
26 1 11110110 0 XSTG = Add
15 27 1 111101100‘1 111000007/ Shift
30
26 1 11111001 0 XSTG = Add
16 217 1 111110011‘(0 11000000“% Shift
30
26 0 00000000 1 XSTG = Add
17=36 27 0 00000000110 10000001*/ Shift
30
26 1 11110100 0 XSTG = Subtract
37 27 1 0 00000010‘/ Shift B Only
30 ‘
26 0 00000001 XSTG = Add = Remainder Fix-Up
27 Last Pulse

LRemainder =1 T—-Quotien‘c =2

Table DVD. 2. Divide Example (27 + 13)
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CLOCK (10me) | | | | |

DITLPE (11) I |

_ [ ] TLPE - TLPI

F1SC04 (17.1) I

) SC04 = TLPE-MVDA-SCLK

F1SC05 (17.1) I

F1SCO01 (17)

I_ SC05 = S8SS5:TLPE-SCLK

J_ SC01 = SCO05°TLPE - SCLK

GOMXO03 (105)

s r MX03 = SCO05-SMQ2 - SMQ3

RS
"N

MUD1MDRY ( | | s
GOSTOR (19) l

J_STOR = SCO05

p'N
N
<

MUD1MRLS s
— S 5— §

F1XMDV (93) S—L_ XMDV = XCO01l.TSCA
{5 —

F1XEXC (95) LXEXC = SCO05° TLPE : ICK1

Fig. DVD.6. Sequence State 5 Timing
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ERA - EXCLUSIVE OR TO A

23 18(17 15[ 1413
FULL OPERAND 10 X *

ERA compares the corresponding bits of A with those of core cell
Z. If the corresponding bits of both A and Z are alike, a "'zero"
is placed in that position of A. If the corresponding bits of A and
Z are not alike, a ''one" is placed in that position of A.

A non-indexed ERA command is executed during Sequence Control
State 4 (5C04). Memory location Z is addressed from I, 13-0
(D1SAMI) during State 4. The contents of memory location Z are
then gated to the B Register by DIBMEN during the clock pulse of
Memory Data Ready (MUDIMDRY). From B, the contents of mem-
ory location Z are gated to the Adder Unit (DIUBAU). At the same
time, the contents of the A Register are gated to the Adder Unit
(D1IUAAU). The Logical OR control signal, DOULXR, is also ap-
plied to the Adder Unit to enable the Logical OR function. Effec-
tively, the contents of memory cell Z and the A Register are
summed in the Adder with carry generation inhibited by DOULXR
to provide the Logical OR result. The result is gated back to the
A Register (DLAAUL,U) to complete the ERA execution cycle.

To exemplify the ERA comparison, consider the following; 4 bits
are used for simplicity.

Contents of A Register = 0011

Contents of cell Z = 0101

Result Placed in A Register = 0110.

0
Y Z = f(X,*,Y)
Non-Indexed
2 (51,54
Word Times, (51,54)
Interruptable Ye
Following Execution? s

CHANGES FOLLOWING EXECUTION

A

C(Zy3.9) © Clay3.9)

23-0
Q23-0

P14-0

C(P) +1

F1WPMT

F1UOFL

F1ETST

J4-0

Memory Z

COMMAND CHARACTERISTICS

r———-=- ]
Cc(z) | CORE !
! MEMORY “4————
| MODULEJ
MAB
BMEM el 2 _sama
23 B 0 23 13 0
c(z)
T UBAU
ULXR —() ADDER
vaau 4
Ca) ¢ AAULD
23 A

ERA BLOCK DIAGRAM

4022A-5 ARITHMETIC UNIT

ERA-1



CLOCK (10 me)
DITLPE (11)

F1SCO01 (17)

F1SC04 (17)

DI1SAMI (21)

MUDI1MDRY (10)

D1IBMEM (38)
(MDR-—B)

D1UBAU (50)
(B—PAU)

D1UAAU (52)
(A—PAU)

DOULXR (48)

D1AAUL,U (62)
(PAU—A)

MUD1MRLS (10)

D1PIN1,2 (88)

ERA-2

1
re rg 4 |
AR T
t
¢ 55~ ,
I3 LS r—l____
I
‘ l 1
¢ 55
|&———— sraTE 4 ——-s|

ARITHMETIC UNIT

ERA TIMING DIAGRAM

TLP!1 = MRLS:CMAN:-:TLPE

TLPE = TLPX

SCo1

SC01 = $S11-*TLPE-SCLK

SC04 = SSS4-TLPE-SCLK

SS54

= SR14- TLPE- SCLK

= $S41+ SMDV - DBIS -MSSI

SIA1 = MAMV:DGNS- SC04 - DXST -

DMDQ - SAIl

BMEM = MDRY-STOR : BMRQ - BCLK

UBAU = DBA2-STOR-UCO04

UAA3 = UC04-UMDV.UI20.123S

UAA5 - UAMV
ULXR = SCO04:-DLMA - UI22-1IR21
DLMA = DLCO-MSSI
AAUl = DLCO-MRLS-ECLK"-AUAS

PIN1,2 = PIN4

4022A-5



GEN 1 COMMANDS

GEN 1 conumands are used for bit manipulation of the A Register. By controlling the operation of the serial Full Adder
(G1AFNS), individual bits of the A Register may be shifted in position, masked by ones or zeros, tested for polarity,
or counted for the number of ones or zeros contained therein, etc. Microcoding of the instruction may be manipulated

to affect the J counter and Test flip-flop as well as manipulate the A Register,

GEN 1 commands are identified by the operation code 05 (bits 23-18). They may be indexed, if desired, but cannot be

relative addressed. Indexing of GEN 1 must be handled with care since it may change the microcoded action bits, thus
changing the command functions. The microcoded action bits of the command format (bits 14-0) provide the logic
signals necessary to perform the individual commands. Fig. GNI. 1 illustrates the use of the microcoded bits and the

control each provides. The instruction format is divided into microcoded categories as defined in the following:

05 = GEN 1 Instruction Octal Code. B = B Control - Controls the B input to
the Full Adder.

X = Index Word Indicator. i as :
T = Test Control - 1 indicates Test flip-
flop (F1ETST) operation.
C = Carry Control - Controls the Full Adder -~ 0 indicat Test
Carry flip-flop (F1AFNP) i 1?1 rcates “:’. es
and, therefore, the Carry tpriiop operation.
input of the Full Adder. .
P S = Shift Control,
A = A Control - Controls the A input to the K = Length of shift or bit position of A
Full Adder. Register designator.
23 |22 |21f20]19]18]ur 615 1afsefuifroo a7 e [sJaa]a]1]o
0 5 X C A B T S K
FULL ADDER
K BITS
CARRY CONTROL THE COMPLEMENT
14[13| FUNCTION ?\IF K AR
0| 0 |NORMAL CARRY] [N THE J COUNTER
0 1|INITIAL SET
ALLOW CARRY
1] 0 |HOLD CLEAR
1|1 |HOLD SET |
8| 7| 6] 5| FUNCTION
0|1 COUNT MOST SIGNIFICANT BITS
FULL ADDER 0 1| |COUNT LEAST SIGNIFICANT BITS
A INPUT CONTROL 0 1|STOP SHIFTING AT J = 37
12]11[ FUNCTION 1 INITIALLY SET TSTF = Bit 6
o| o|NnO INPUT 1]o NO INITIAL CHANGE OF TSTF
o1t A0 1 . SET TSTF IF FULL ADDER-A INPUT =
1o 20 1 AT TIME SPECIFIED BY BIT 5
11 Ag3 CLEAR TSTF IF FULL ADDER~A IN-
1l 1% |pur=1AT TIME SPECIFIED BY BIT 5
1 | | PERFORM TEST WHEN J # 37 AND
STOP SHIFTING WHEN J = 37
FULL ADDER 1 o |PERFORM TEST WHEN J = 37;
B INPUT CONTROL ALLOW 24-BIT SHIFT
10{ 9 |FUNCTION
oTo INo INPUT 1 = TSTF OPERATION
0 = NO TSTF OPERATION
0|1 |A0 WHENJ = 37
1{0 |A0WHENJ = 37
1/1}1 WHENJ = 37
Fig. GN1.1. Action Control Bits of GEN 1 Commands
4022A-5 ARITHMETIC UNIT GNI1-1



There are 1024 unique GEN 1 instruction octal words. Thirty-seven of these have been determined to be useful enough
to justify assigning them mnemonics and are listed in Table GN1. 1. There are three categories into which these com-~
mands fall: bit manipulation, Test flip~-flop operation, and shift A right. By associating the control bit configuration

of Table GN1. 1 to the control bit action of Fig. GN1.1, it may be seen how the various commands are implemented.

Basic timing for all GEN 1 commands is described below, Timing and Block Diagrams of the GEN 1 commands in
table GN1. 1 denoted by shading, are provided to illustrate the operation of GEN 1 commands. These commands were
selected as being representative of all GEN 1 commands. A general description of all GEN 1 commands is presented.
Because of the similarity of commands within each group, little difficulty should be encountered in determining how

any GEN 1 command is implemented.

BASIC TIMING

All GEN 1 commands are ''fetched" during a normal Sequence Control State 1. Following State 1, all non-indexed
GEN 1 commands are executed during Sequence Control State 4. Since the execution of GEN 1 commands do not re-
quire the use of memory, Memory Request (G1SMRQ) is inhibited during State 4. The basic timing of State 4 of all

GEN 1 commands is the same. These basic timing signals are shown in Fig. GNI. 2,

The Grey Code Sequence Time Counter (F1TSCA, B, C) is incremented by the first six clock pulses of State 4. That
is, s.ince memory is not requested, the Sequence Time Counter cannot and does not await Data Ready and Memory
Release. Because GEN 1 commands require serial shifting of the A Register, State 4 is extended by using the Delay
Time Counter (FITAFF - FITEFF) to allow sufficient time to shift the A Register and to determine when all 24 shifts

have occurred.

The Delay Time Counter is a straight binary counter. It is incremented until it is equal to 308, by each clock pulse
after Time 6 Envelope is entered. Time 6 Envelope is entered after 6 clock pulses of State 4 as determined by the
Sequence Time Counter. Allowing the Delay Time Counter to increment to 30g, defines 24 clock pulses that may

be used to shift the A Register. When the Delay Time Counter is equal to 30g, Last Pulse (DITLPE) is enabled to end

State 4 and consequently completes the execution of the GEN 1 command.

The timing diagram also illustrates that the J Counter is cleared (DOJJEO) and the complement of Is_j (K Bits) are

always transferred to the J Counter.

GN1-2 ARITHMETIC UNIT 4022A-5



croek (tome) | [ [ [LPLPLHLEHE TP T L]

DITLPE (11) ﬂ
F1SCO01 (17) I

F18C04 (17. 1)
F1TSCA (8)

F1TSCB (8)

F1TSCC (8)
F1TT6E (8)

FITEFF (14)

F1TDFF (14)
F1TCFF (14)

FI1TBFF (13)

F1TAFF (13)
DOJJEO (70)
(Clear J)

D1JTILJ (70)
(Ig-0™d)

DOPINI, 2 (88)

4022A-5

_

L
[ 1

TLPE =

SCo1 =

SC04 =

i

OJi|2i3|4] 567 oju{ia)isuy]is{is]irjaclar|22]as|2¥j25{2627]| 30

%

STATE 4

Fig. GN1.2.

TCSA =
TCSA

TCSB
TCSB

TSCC
TSCC

TT6E

non

TEFF =
TEFF =

TDFF
TDFF

TCFF
TCFF

TBFF
TBFF

nou

nou

TAFF =
TAFF =

JJEO =

JTIJ =

PIN1,2=

TLP2= DGN1:TT6E - TAFF: TBFF

SSS1 - TLPE *SCLK

SSS4 - TLPE *SCLK

TLPE * TCK2
TMEM * TSCB - TCK2

TSCC - TCK2
TSCC - TSCA - TCK2

TSCA -TSCB - TCK2 + TLPE - TCK2

TSCB * TSC2 - TCK2
TMEM * TSC1 - TCK2

TEID -JCK1 + TTOE
T6E3 - TEID «JCK1

TEFF « TEID . JCK1 + TTOE
TEFF - TEID - JCK1

GITEFF*GITDFF -JCK1 + TTOE

GITEFF -GITDFF - JCKI1

GI1TDEF -GITCFF - JCK1 + TTOE

GITDEF -GITCFF-JCKl1

G1TDEF *GITBCF -JCK1 + TTOE

G1TDEF -G1TBCF * JCK1
JCK1 - TSCA - TSCB - JS4G

JS4G - TSCA - TSCB - XMDV

PIN4

GEN 1 Basic Timing Diagram

ARITHMETIC UNIT
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i

10

BIT MANIPULATION

SHIFT A RIGHT

11

TEST FLIP-FLOP OPERATION

12

13

14

MNEMONIC

ADO
GBK
CLO
CLZ
CMO
CcCMZ
CPL
IBK
LBM
LDO
LDZ
LMO
NBEG
RBK
SBK

REV
RNZ
ROD
RST
SET
SEV
SNZ

30D

TER
TES
TEV
TNM
TNZ
TOD
TOR
TOS
TSC
TZC
TZE

BRA
SRC
SRL

Timing and Block diagrams of the Gen 1 commands denoted by shading are provided in
the following text and are representative of the different types of GEN 1 commands.

Microcoded Bit Configuration of GEN 1 Commands

Table GN1. 1.

4022A-5

ARITHMETIC UNIT.
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ADO-ADD ONE TO BIT K

()

GEN 1 23 18|17 15{ 14 615 |4 Z = (X, K)

05 X 070 0 K

ADO adds plus one to bit position Z in the A Register. Carries
out of Agg, resulting from the summation, are lost but the Over-
flow flip-flop (F1UOFL) is not affected.

During State 4, the complement of I;_q (Z) is gated to the J Counter.
The A Register is then shifted right circular thru the serial adder,
with the J Counter incremented at each shift. When the J Counter
is incremented to 37g, bit position Z will be shifted from A and a
""one" is added to it in the serial adder. The result is shifted to
Ags. The Carry flip-flop (F1AFNP) provides normal carry propa-
gation if a carry resulted from the summation. The A Register
continues to shift until 24 shifts have occurred, as determined by
the Delay Time Counter.

Interruptable
Following Execution? Yes
CHANGES FOLLOWING EXECUTION
A23-0 c(a) + 22
Q23-0
1:’15—0 C(P) +1
F1WPMT
F1UOFL
F1ETST
J
4-0 278 -Z
Memory Z

COMMAND CHARACTERISTICS

. Logic . . :

Logic Element Sheet Logic Equation Function

GOAFNB 87 JE37-AGN1 " (IR10+ AR00+IR09 + AR00) | Enabled when J = 37g

Gl1AFNB 67 AIl0 - AIO9 « JE37 «DGN1 Enabled when J = 378

GOAFNA 65 ARO0O - ANA2 Gates AO to Adder

AFNP = AFL3 - AFNC - BCLK

F1AFNP 66 AFNP = AFL3 - AFNC . BCLK Normal Carry propagation

D1ASRL, U 63.1 ASR1 = DGN1 . T6E3 - IR05 Shifts A Reg. 24 times

N1J1INC 71 JIN2 - JIN4 Increment J 24 times

CBK-CHANGE BIT K
GEN 1 23 18|17 1514 65 |4 0 Z = #X, K) gltlerru'ptable -
05 < 470 0 K ollowing Execution? Yes
CHANGES FOLLOWING EXECUTION
CBK complements bit Z of the A Register. All other bit positions Aas-0 a3 By 0
of A remain unchanged. Z may be specified from 0 to 30 (decimal), Q
however, if Z exceeds 23, A will be unchanged. 23-0
P

. ) 14-0 P)+1
Timing and block diagrams of the CBK command are contained in c®)
Fig. GNI. 3, 4. F1WPMT

. F1UOFL

During State 4, the complement of I_g (Z) is gated to the J Counter.
The A Register is then shifted right circular thru the serial adder, FIETST
with the J Counter incremented at each shift. When the J Counter is
incremented to 37g, bit Z will be shifted from Ag and a "'one" is added T4-0 27g - Z
toitinthe serial adder, The result is shifted to Ags. Any carry re-
sulting from the summation is lost. In this manner, only bit Z is Memory Z

changed. The A Register continues to be shifted until 24 shifts
have occurred, as determined by the Delay Time Counter.

4022A-5 ARITHMETIC UNIT

COMMAND CHARACTERISTICS
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GN1-6

ARITHMETIC UNIT

: Logic . : .
Logic Element Sheet Logic Equation Function
| GOAFNB 67 JE37+-AGN1. (IR10.-AR00+IR09 - AR00)| Enabled when J = 37g
Gl1AFNB 67 AIl0 - AIO9 *JE37 *DGN1 Enabled when J = 378
GOAFNA 65 ARO00Q - ANA2 Gates Ag to Adder
F1AFNP 66 AFNP = SCO01 - BCLK Inhibit carry propagation
D1ASRL, U 63.1 ASR1 = DGN1 : T6E3 - IR05 Shifts A Reg. 24 places
N1J1NC 71 JIN2 - JIN4 Increment J 24 times
ASRL, U —— 23 0 :4 0
> A —AQ I :
14-0
rJTIJ
1-J= . 1
GN1-J=37-IR10 JIN? T
GN1-IR09-J=37 _I ]'—AO ANA2
A ]l [a [ I [a
OR OR
GOAFNB GOAFNA A109 GN1
(sheet 67) (sheet 65)
? AllQ J = 37
A | A A IA
OR
GlAFNB
N (sheet 67)
A Al [a
O———0 GlAFNS
A~AwhenJ# 37; A—~A whenJ= 37 T
Conditi GOAFNB | GIAFNB | GOAFNA | F1AFNP | GIAFNS
o1 | Output | Output | Output | Output | Output
Ay- J# 37 1 0 0 0 1
A, TF 31 1 0 1 0 0
Ag+ J # 37 0 1 0 0 0
Ag- J#37| O 1 1 0 1
Fig. GN1.3. CBK Block Diagram

4022A-5



Clock (10me) L PR

DITLPE (11) 7 TLPE = TLP2 = DGN1- TT6E - TAFF . TBFF
F1SCO1 (17) ] SC01 = §SS1 - TLPE * SCLK
F1SC04 (17, 1) ] | scosa = $SS4 - TLPE - SCLK

F1TT6E (8) l I__ TT6E
FITEFF (14) IIIHIHHI' H Hl l TEFF = T6E3 - TEID - JCK1

TEFF = TEID .JCKI1 + TTOE

F1TDFF (14) ] | | I l ] | l | TDFF = TEFF - TE1D - JCK1

TDFF = TEFF - TE1D - JCK1 + TTOE

FITCFF (14) J | | | J | TCFF = GITEFF . GITDFF - JCK1
TCFF = GITEFF - GITDFF - JCK1 + TTOE

F1TBFF (13) l l l TBFF = GITDEF *GITCFF *JCKlL

TBFF = GITDEF *GITCFF - JCKl + TT0E

F1TAFF (13) l TAFF = GI1TDEF - GITBCF +JCKl

TAFF = GI1TDEF *GITBCF -JCK1 + TTOE

TMEM - TSC1 « TCK2

DOJJEO (70) T [ JJEO = JCKI1 « TSCA : TSCB .JS4G
D1JTLJ (70) ] JTL] = JS4G * TSCA * TSCB - XMDV
(14-0—»J)

D1ASRL, U(63.1) ASRL, U = ASR1 = DGN1-T6E3-IR05
N1JINC (71) ..______J

F1JENJ (72)

=
=z
Q

il

= JIN2 - JIN4

JSEJ +SC04 - BCLK

!

=)

ZE
won

SCO01 + BCLK
G1AFNB (67) 'r—, : _WhenJ =387 GlAFNB = AI10 - AI0O9 - DGN1 . JE37
F1AFNP (66) AFNP = SC01 - BCLK

Fig. GN1.4. CBK Timing Diagram

CLO-COUNT LEAST SIGNIFICANT ONES

GEN1 |28 0 Interruptable
05004137 Following Execution? No

CHANGES FOLLOWING EXECUTION

CLO counts the number of ''one" bits to the right of the rightmost

"zero' bit in the A Register. The count value is placed in the J A23_0
Counter. If A equals 77777777g, the count in J is 244, Q
23-0
NOTE Pla-0 C(P) + 1
An LXC command must follow a CLO command be- F1IWPMT

fore another GEN 1 command is executed. This is

required to save the J Counter value. FI1UOFL
F1ETST
During State 4, the complement of I,_g is gated to the J Counter. J Number of rightmost
Since I4_( are all "ones", this clears the J Counter. The A Re- 4-0 "ones" in the A Register
gister is then shifted right circular thru the serial adder. The B M 7
inputs (GOAFNB, GlAFNB) are disabled during the CLO command. emory

As the A Register is shifted right, each "one" bit increments the
J Counter until the first "'zero" bit is shifted from AO' The first COMMAND CHARACTERISTICS

"zero'" bit clears the Enable J flip-flop (F1JENJ) which inhibits further incrementation of the J Counter. Therefore, at
the end of 24 shifts, the J Counter contains the number of least significant "one' bits in the A Register.

4022A-5 ARITHMETIC UNIT GN1-7



R Logic . . :
F

Logic Element Sheet Logic Equation unction
GOAFNB 67 GOAFNB = (IR10-IR09)+JE3 Disabled
GlAFNB 67 GIAFNB = (IR10- AR00)+(IR09- AR00) | Disabled
GOAFNA 65 ARO0O - ANA2 Gates Ag to Adder

AFNP = AFL3 - AFNC . BCLK Remains cleared because
F1AFNP 66 AFNP = AFL3 - AFNC : BCLK no summation is performed
D1ASRL, U 63.1 ASR1 = DGN1 - T6E3 - IR05 Shifts A Reg. right 24 places

T PR T Counts ast signticant "ones” rom 4

= ounts least significant ones from

N1JINC & JENJ = JDEJ - ASRI - AFNA & 0

CLZ-COUNT LEAST SIGNIFICANT ZEROS

GEN 1 23

05070137

CLZ counts the number of ''zero' bits to the right of the rightmost
"one'" bit in the A Register.
Counter. If A equals 00000000g the count in J is 24

The count value is placed in the J
10°

NOTE

An LXC command must follow a CLZ command be-
fore another GEN 1 command is excuted.
required to save the J Counter value.

This is

Timing and block diagrams of the CLZ command are contained in

Fig. GN1.5, 6.

Interruptable

Following Execution? No
CHANGES FOLLOWING EXECUTION

A23-0

Q23-0

Plio C(P) +1

F1WPMT

F1UOFL

FIETST

Js4o0 Number of rightmost

"zeros' in the A Register
Memory Z

During State 4, the complement of I,_ is gated to the J Counter.
Since I4_g are all "ones", this clears the J Counter. The A Re-

COMMAND CHARACTERISTICS

gister is then shifted right circular with the complement of Ag ap-

plied to the Adder.

ner, the Adder output is equal to the true output of Ag.
changed after 24 shifts.

The Carry flip-flop (FLAFNP) is held set applying a continuous ''one" to the Adder.
The Adder output is shifted to Agq leavmg the A Register un-
As the A Register is shlfted the J Counter is incremented by each "zero" from the A Regis-

In this man-

ter until the first 'one' is detected. The first "one" from Ag clears the Enable J flip-flop (F1JENJ) which inhibits

further incrementation of the J Counter.

least significant ''zero" bits in the A Register.

Therefore, at the end of 24 shifts, the J Counter will contain the number of

Logic Element Iéﬁf;i Logic Equation Function
" ATFNE = JE37+ (AIL0 - AROO) + )
GOAFNB 67 1105
(AT05 - AR0O) Disabled
GlAFNB 67 AFNB = JE37 + (IR10 - [R09) Disabled
GOAFNA 65 AR00 - ANA1 Gates A to Adder
F1AFNP 66 AFL2 Held set, applies "'1" to Adder
D1ASRL, U 63.1 | ASR1 = DGN1 - T6E3 - IR05 Shift A Reg. 24 places
ﬁlﬁl}g JH}%N‘?FNA $IR05 c 1 £ " " A
N1JINC ount least significant zeros from
L ! JENJ = JDEJ - ASR1 - AFNA & 0
GN1-8 ARITHMETIC UNIT 4022A-5



ASRL, U —{23 o] Ao [23 T4 R
. A I vo37
I14-0
ANA1 JTIJ
A J
OR
GOAFNA JIN2
? ———————1 (_r——IROS
N A Al | a
OR
O—0 GoJiINC
FlAFNP'*j r“'GOAFNB
Al la T
OR N
G1AFNS T
AL A ?
Condition GOAFNB | GIAFNB | GOAFNA | FIAFNP | Gl1AFNS | F1JENJ
Output Output Output Output Output Output
AO 1 0 1 1 1 -
A, 1 0 0 1 0 0
Fig. GN1.5. CLZ Block Diagram
Clock (10me) LD TP
DITLPE (11) _ﬂ | [ TLPE = TLP2 = DGN1- TT6E - TAFF. TBFF
F1Sco1 (17) ] | scoi - sssi-TLPE - SCLK
Fiscos (17.1) | L_ scos = SsS4 ' TLPE - SCLK
FITTSE (8) | L treE = TMEM - TSC1 - TCK2
FITEFF (14) [| ]HHHHH H[HH] TEFF = T6E3 - TEID - JCK1
TEFF = TEID - JCK1 + TTOE
FITDFF (14) [ | L ] L] ‘ ] | TDFF = TEFF - TEID - JCKI1
TDFF = TEFF - TEID - JCK1 + TTOE
FITCFF (14) | ] | 1 [ TCFF = GITEFF - GITDFF - JCK1
TCFF = GITEFF - GITDFF - JCKI + TTOE
FITBFF (13) | | TBFF = GITDEF - GITCFF * JCKI1
TBFF = GITDEF - GITCFF - JCKI + TTOE
FI1TAFF (13) f ] TAFF = G1TDEF -GITBCF - JCKI
TAFF = GITDEF *GITBCF - JCKI1 + TTOE
DOJJEO (70) T JJEO = JCKI1 +TSCA - TSCB . JS4G
D1JTIJI (70) ] JTIJ = JS4G - TSCA - TSCB - XMDV
(I4-0-+J)
DI1ASRL, U(63.1) I ASRL, U = ASRl = DGN1 - T6E3 - IR05
N1JINC (71) [ UntitAq=1 _ __ __ JINC = JIN2 - TR05 - AFNA
F1JENJ (72) __TUnmtllAg=1 T T 7] JENJ = JSEJ - SCO04 - BCLK
JENJ = JCEJ = AFNA .JDEJ - ASR1
G1AFNB (87) GTAFNB = JE37 + (IRI0 - IR09)
GOAFNB (67) GOAFNB = JE37+(AL10+ AR00) +(AT09 - AR0O)
F1AFNP AFNP = AFL2 + (AFL3 - AFNC)
Fig. GN1.6. CLZ Timing Diagram

4022A-5
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CMO-COUNT MOST SIGNIFICANT ONES

GEN 1 |23 0 Interruptable .
05004237 Following Execution? No
CHANGES FOLLOWING EXECUTION
CMO counts the number of "one' bits to the left of the leftmost A
"zero'" bit in the A Register. The count value is placed in the J 23-0
Counter. If A equals 77777777g, the count in J is 241q. Q23_0
NOTE Pia-0 C(P) +1

An LXC command must follow a CMO command be- FIWPMT
fore another GEN 1 command is executed. This is F1UOFL
required to save the J Counter value.

F1lETST
Timing and block diagrams of the CMO command are contained in J4-0 }:IUIHbﬁI' of left most
Fig. GN1.7, 8. ones in the A Register
Memory Z

During State 4, the complement of I o is gated to the J Counter.
Since 14_0 are all "ones'', this clears the J Counter. The A Re-
gister is then shifted right circular with the true output of A COMMAND CHARACTERISTICS
shifted thru the Adder. Each ''zero" bit shifted from Aq causes the J Counter to be reset, In this manner, after the 24
shifts of the A Register, the count in the J Counter corresponds to the number of most significant "one' bits.

R Logic . : :
Logic Element Sheet Logic Equation Function
GOAFNB 67 GOAFNB =(IR10:IR09) + JE37 Disabled
G1AFNB 67 G1AFNB = (IR10-ARO00)+(IR09- AROO) Disabled
GOAFNA 65 ARO0OO - ANA2 Gates A, to Adder

AFNP = AFL3 *AFNC *BCLK Remains cleared because

F1AFNP 66 AFNP = AFL3 -AFNC . BCLK no sumimation is performed
D1ASRL, U 63.1 ASR1 = DGN1 . T6E3 - IR05 Shifts A Reg. right 24 places
N1JINC 71 JIN2 - AFNA - IR05 Each ""one' increments the J Counter
G1JP00 70 ASR1 - JPOA Each "zero'" clears the J Counter

GN1-10 ARITHMETIC UNIT 4022A-5



ASRL, U—23 o] & |e3 14 0
| A 1 .37

ANA2 JTL
= [ —
OR
GOAFNA
FOAFNP Y
GOAFNB —‘
1 l (Clear)

A A I A
OR

P—Q GiaFNs

JIN2 '—"I

AL A T

P—34 Gosine

GOAFNB | GIAFNB | GOAFNA { F1AFNP| G1AFNS | G1JP00 | GLJINC
Output Output Output Output Output Output | Output

Ag 1 0 0 0 1 0 1
@

A_O 1 0 1 0 0 1 0

Condition

(Increment)
Fig. GN1.7. CMO Block Diagram
Clock (10me) L Lt
DITLPE (11) _ﬂ l TLPE = TLP2 = DGN1:- TT6E.- TAFF. TBFF
F1SCO01 (17) —] I SC01 = SSSt ' TLPE *SCLK

F1SC04 (17.1) | | scos = sss4-TLPE - SCLK

F1TT6E (8) | |_ TT6E = TMEM - TSC1 - TCK2
FITEFF (14) I ] | | | ] ] ] | | | | [ ] TEFF = T6E3 - TEID - JCK1

TEFF = TEID . JCK1 + TTOE

F1TDFF (14) I I l I | TDFF = TEFF - TE1D - JCKI1

TDFF = TEFF - TE1D - JCK1 + TTOE

FITCFF (14) ] | ] | | | TCFF = GITEFF - GITDFF -JCKI1
TCFF = GITEFF - GITDFF - JCK1 + TTOE

FITBFF (13) | I ] I TBFF = GITDEF -GITCFF *JCK1
TBFF = GITDEF *GITCFF -JCK1 + TTOE

FITAFF (13) l ] TAFF = GITDEF - G1TBCF - JCKI
TAFF = GI1TDEF *GITBCF -JCK1 +TTOE

DOJJEO (70) [ [ JJEO = JCKI1 *TSCA - TSCB .JS4G
D1JTLJ (70) [ JTL] = JS4G - TSCA * TSCB : XMDV
(14-0~+J)

D1ASRL, U(63.1) ] ASRL, U = ASR1 = DGN1:T6E3-IR05

N1JINC (71) JIN2 - IR05 - AFNA

L
|
&l
zl
ul
"l
I
l
I
I

(Inc. J) - — =

G1JP0C (70) [ Eachdg=0 ~— — = T ASR1 - JPOA

(Clear J) -_— e — =

G1AFNB (67) G1AFNB = JE37 + (IR10 < IR09)

GOAFNB (67) : GOAFNB = JE37+(AI10- AR0O)+(ATI09 - AR0O)
F1AFNP (66) AFNP = AFL3 - AFNC - BCLK

AFNP = AFL3 - AFNC . BCLK
Fig. GN1.8. CMO Timing Diagram
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CMZ-COUNT MOST SIGNIFICANT ZEROS

23 0 Interruptable
1
GEN 05070237 Following Execution? No
CHANGES FOLLOWING EXECUTION
CMZ counts the number of ''zero"” bits to the left of the leftmost A
"one'" bit in the A Register. The count value is placed in the J 23-0
Counter. If A equals 00000000g, the count in J is 24y. Q23_0
—
NOTE Pisoo C(P)+1

An LXC command must follow a CMZ command be- FIWPMT

fore another GEN 1 command is executed. This is

required to save the J Counter value. | F1UOFL
During State 4, the complement of I4_q is gated to the J Counter. FIETST
Since I4.g are all "ones', this clears the J Counter. The A Re- J Number of left most ''zeros'|
gister is then shifted right circular with the complement of Ay ap- 4-0 contained in the A Register
plied to the Adder. The Carry flip-flop (F1AFNP) is held set ap- Memory Z
plying a continuous "one' to the Adder. In this manner, the Adder S

output is equal to the true output of Ag. This Adder output is COMMAND CHARACTERISTICS

shifted to A, leaving the A Register unchanged after 24 shifts. As the A Register is shifted, each "zero' bit incre-
ments the J Counter. Each "one' bit clears the J Counter. In this manner, after 24 shifts, the J Counter will contain
the number of most significant ''zero'’ bits contained by the A Register.

. Logic . . .

Logic Element Sheet Logic Equation Function
: AFNB = JE37 + (AL10 - AR0O) + .

GOAFNB 67 (AT09 - AR00) Disabled

G1AFNB 67 AFNB = JE37 + (IR10 - IR09) Disabled

GOAFNA 65 AROO - ANA1 Gates ./—-X_(.) to Adder

F1AFNP 66 AFL2 + (AFL3 *AFNC + BCLK) Held set applies a ''1" to Adder

D1ASRL, U 63.1 ASR1 = DGN1 : T6E3 «IR05 Shifts A Register right 24 places

N1JINC 71 JIN2 - AFNA - IR05 Each "zero'" increments the J Counter

G1JP0OO’ 70 ASR1 - JPOA Each "one'' clears the J Counter

CPL-COMPLEMENT A
GEN 1 23 0 Interruptable
05010000 Following Execution? Yes
CHANGES FOLLOWING EXECUTION
CPL inverts each bit in the A Register; that is, each "one' is re- A23—0 e (Aaog_p)
placed by a "'zero' and each "zero" is replaced by a "'one'. Qs o
During State 4, the A Register is shifted right 24 places with the P14_0 C(P+1)
complement of Ag shifted through the Serial Full Adder and back
to Ags. The B input of the Adder is inhibited. Since no sum- FIWPMT
mation is performed, no carries result. Therefore, at the end of F1UOFL
24 shifts, the ones complement of the original contents of A is
contained in the A Register, FIETST
T4-0 27g
Memory Z

COMMAND CHARACTERISTICS
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. Logic . . .
l.ogic Element Sheet Logic Equation Function
GOAFNB 67 AFNB = JE37 + (AI10 - AROO) + .
(AIO9 - AROO) Disabled
G1AFNB 67 AFNB = JE37 + (IR10 - IR09) Disabled
GOAFNA 65 AROO - ANAL Gates A to Adder
AFNP = AFL3 - AFNC - BCLK Remains cleared because
F1AFNP 66 AFNP = AFL3 - AFNC - BCLK no summation is performed
D1ASRL, U 63.1 |ARS1 = DGN1 - T6E3 - IR05 Shifts A Reg. right 24 places
N1JINC 71 JIN4 - JIN2 Allows incrementation of J Counter
IBK-ISOLATE BIT K
2 18117 15| 14 4
GEN 1 ’ ol ’ z = fX,K) IFnctlelrc‘)I\;vufrf a%zecution‘P Yes
05 X 010 0] K £ ‘
CHANGES FOLLOWING EXECUTION
IBK leaves bit Z of the A Register unchanged and clears all other A 23
bits in A. 23-0 0 C(Az) . . 0
Q23-0
During State 4, the complement of I, . is gated to the J Counter. =
The A Register is then shifted right circular. At each shift of the 14-0 C(P)+1
A Register, the J Counter is incremented. Until the J Counter is F1IWPMT
incremented to 37g, the serial adder inputs are disabled, and
"zeros'' are shifted to A23. When J is equal to 37g, the bit speci- F1UOFL
fied by Z is shifted from Aj and applied to the B inputs of the serial
adder. The output of the Serial Adder is then equal to Ag and is FI1ETST
shifted to A23. Therefore, this bit is unchanged. The inputs of I o, - Z
the Serial Adder are enabled only when the J Counter is equal to 37g. 4-0 8
The J Counter will continue to be incremented at each shift of A
until all 24 shifts have occurred. Therefore, following State 4, the Memory Z

A Register will contain all "zeros' except the bit specified by Z
which will be unchanged.

COMMAND CHARACTERISTICS

. Logic : . .
Logic Element Sheet Logic Equation Function
GOAFNB 67 AGN1 - IR09 - JE37 - AR0OO

Enables Ag to Adder when J = 374
GlAFNB 67 AIO09 - AR0O - DGN1 < JE37
GOAFNA 65 AFNA = ANA3 - DGN3 - ANA1 - ANA2 Digabled
AFNP = AFL3 - AFNC « BCLK Remains cleared because

F1AFNP 68 AFNP = AFL3 . AFNC . BCLK no summation is performed
DIASRL, U 63.1 ASR1 = DGN1 - T6E3 - IR05 Shifts A Reg. right 24 places
N1JINC 71 JIN2 - JIN4 Enables incrementation of J Counter

4022A-5 ARITHMETIC UNIT
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LBM-LOAD BIT MASK

23 18|17 1514 6|15 4 v
05 X 630 0 K

GEN 1

LBM places ''zero' in bit Z of the A Register and sets all other bits
in A to "one''.

During State 4, the complement of 14_0 (Z) is gated to the J Counter.
The A Register is then shifted right circular with the J Counter in-
cremented at each shift. The Carry flip-flop (F1AFNP) is held set
throughout the shift of A, All other Adder inputs are disabled until
J = 37g. Therefore, the Carry flip-flop forces a "one'" to the Adder
and the "one'' result is shifted to Agg. When J is equal to 37g, a
"one" is also applied to the B input. This provides a "zero'' Adder
output which is shifted to Agpz. Therefore, when J is equal to 37g,

a ""zero' is set in that position of the A Register. This corresponds
to bit position Z. Since the J Counter is incremented at each shift
of the A Register a "zero'" adder output will only occur when bit
position Z is shifted from A,. At all other shifts, a "one'' Adder
output will be generated from the forced carry.

Interruptable

Following Execution? Yes
CHANGES FOLLOWING EXECUTION

A23-0 231 .. .ZO e e 10

Q23-0

Pi4-0 C(P)+1

F1WPMT

F1UOFL

F1ETST

J4-g 27g - 2

Memory Z

COMMAND CHARACTERISTICS

. Logic . . :
Logic Element Sheet Logic Equation Function
GOAFNB 67 AGN1.JE37(IR09 - AR00+IR10 - AR0O)
Applies a ""1" to Adder when J = 37g
GlAFNB 67 AI10 * AIO9 - DGN1 : JE37
GOAFNA 65 ARNA = ANA3 -DGN3 - ANA1 - ANA2 Disabled
F1AFNP 66 AFNP = AFL2 Held set, applies 1" to Adder
DI1ASRL, U 63.1 ASR1 = DGN1 - T6E3 - IR05 Shifts A Reg. right 24 places
N1JINC 71 JIN4 - JIN2 Enables incrementation of J Counter
LDO-LOAD ONE INTO BIT K
23 18|17 1514 65 |4 0f Interruptable
GEN 1 Z = f(X,K) ; o
05 x 030 0 K Following Execution? Yes
CHANGES FOLLOWING EXECUTION
LDO places a "one' in bit Z of the A Register. All other bits of A A 23 Z 0
are cleared (zero). 23-0 0. .."1...0
. Q23-0
During State 4, the complement of I;_g (Z) is gated to the J Counter. P
The A Register is then shifted right circular with the J Counter being 14-0 C(P) +1
incremented at each shift. All inputs to the Serial Adder are disabled,
s gs 1" 1" : X F1IWPMT
providing a 'zero to A,, at each shift except when J is equal to 37g.
When J is equal to 37g, a "one' is applied to the B input of the Serial F1UOFL
Adder providing a "'one" to Ags. The J Counter is equal to 37
when the A Register bit specified by Z is shifted from AO. Since FIETST
the J Counter is incremented at each shift of A, only bit Z will be a J 27g - Z
"one'. All other bits of A will be "zero". 4-0
Memory Z
COMMAND CHARACTERISTICS
GNI-14 ARITHMETIC UNIT 4022A-5




Logic Element

Logic

Logic Equation

Function

Sheet
GOAFNB 67 AGN1 - JE37 . (IR09. AR00+IR10- AROO
Applies a "'1" to Adder when J = 37g
G1AFNB 67 AIl0 - AIO9 - DGN1 - JE37
GOAFNA 65 AFNA = ANA3 -DGN3 - ANAI + ANA2 Disabled
AFNP = AFL3 + AFNC - BCLK Remains cleared because
F1AFNP 66 AFNP = AFL3 - AFNC - BCLK no summeation ig performed
D1ASRL, U 63.1 ASR1 = DGN1 * T6E3 *IR05 Shifts A Reg. right 24 places
N1JINC 71 JIN4 - JIN2 Enables incrementation of J Counter
LDZ-LOAD ZEROS INTO A
GEN 1 23 0 ?tlelrru.pta%le tiono
05000000 ollowing Execution? Yes
CHANGES FOLLOWING EXECUTION
. . " " A 23 " " 0
LDZ replaces the contents of the A Register with ~zeros . 23-0 Zeros
Q
During State 4, the A Register is shifted right 24 places, however, 23-0
the Serial Adder inputs are disabled providing a ''zero' output to Plao C{P) +1
A23.. Thgrefore, after 24 shifts of A have occurred, the entire A FIWPMT
Register is cleared.
F1UOFL
F1ETST
J4-0 214
Memory Z

COMMAND CHARACTERISTICS

Logic

Logic Element Sheet Logic Equation Function
GOAFNB 67 AFNB = IR09 -IR10 Disabled
G1AFNB 67 AFNB = (AI09. AR0O0) +(AI10. AROO) Disabled
GOAFNA 65 AFNA = ANA3 -DGN3 - ANA1 - ANA2 Disabled
AFNP = AFL3 - AFNC - BCLK Remains cleared because
FIAFNP 66 AFNP = AFL3 - AFNC * BCLK no summation is performed
DIASRL, U 63. ASR1 = DGN1 * T6E3 - IR05 Shifts A Reg. right 24 places
N1JINC 71 JIN4 - JIN2 Enables incrementation of J Counter
4022A-5 ARITHMETIC UNIT GNI1-15



LMO-LOAD MINUS ONE INTO A

GEN 1

05060000

LMO places a "one' in each bit of the A Register (equals minus 1).

During State 4, the A Register is shifted 24 places to the right.
During the shifts, the Carry flip-flop (F1AFNP) is held set, All
other Serial Adder inputs are inhibited. In this manner, a ''one"
is applied to Ag3 at each shift. Therefore, at the end of 24
shifts, the A Register will contain all "ones'" which is equal to a
minus one in two's complement integer representation.

Interruptable

Following Execution? Yes
CHANGES FOLLOWING EXECUTION

A23-0 22 "Ones"

Q23 -0

Pla-0 C(P) +1

FIWPMT

F1UOFL

F1ETST

Jap 278

Memory Z

COMMAND CHARACTERISTICS

GNI-16

. Logic . . :
Logic Element Sheet Logic Equation Function
GOAFNB 67 AFNB = IR09 -IR10 Disabled
GlAFNB 67 AFNB = (AI09 - AR0O) +(AI10- AROO) Disabled
GOAFNA 65 AFNA = ANA3 -DGN3 - ANA1 - ANA2 Disabled
F1AFNP 66 AFL2 Held set. Applies a ""1" to Adder
D1ASRL, U 63.1 ASR1 = DGN1 * TgE3 - IR05 Shifts A Reg. right 24 places
N1JINC 71 JIN4 - JIN2 Enables incrementation of J Counter
NEG-NEGATE
0
GEN 1 # g‘]gfll;r\;vuf: a%:ecution” Yes
05013000 g : S
CHANGES FOLLOWING EXECUTION
. A , _
NEG replaces the contents of the A Register with its 2's comple Az o — c(a)
ment value.
Q23-0
A timing and block diagram of the NEG command is contained in P
Fig. GN1.9, 10. 14-0 C(P) +1
F1IWPMT
During State 4, the complement of 14_0 is gated to the J Counter.
Since I;_q are all "ones", this sets the J Counter equal to 37. F1UOFL
The A Register is then shifted right circular with the complement
of Ag applied to the A input of the Serial Full Adder. Because the FIETST
J Counter is equal to 37g at the first shift, a "one" is also applied I o7
to the B input of the Adder. The result of the summation of the 4-0 8
complement of Aj and one is gated to Ag3. Any carry resulting M 7
from the summation is propagated by the Carry flip-flop (F1AFNP). emory

After the first shift of A, the J Counter is no longer equal to 378 and
and the B input of the Adder is inhibited. Therefore, after 24 shifts

COMMAND CHARACTERISTICS

of the A Register, the A Register contains the 2's complement of the original contents of A.

ARITHMETIC UNIT
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. Logic . R ., s
lLogic Element Shiet Logic Equation Function
| GOAFNB 67 JE37+-AGN1 .(AR00-IR09+AR00"IR10)
Applies "1" to Adder (B input) at first
shift because J = 378
G1AFNB 67 AIlQ - AIO9 - DGN1 - JE37
GOAFNA 65 AROO - ANAL Gates Ag to Adder (A input)
AFNP = AFL3 - AFNC . BCLK
FIAFNP 66 AFNP = AFL3 - AFNC - BCLK Allows normal carry
DIASRL, U 63.1 ASR1 = DGN1 - T6E3 *IR05 Shifts A Reg. right 24 places
N1JINC 71 JIN4 - JIN2 Enables incrementation of J Counter
23 0 Ay [23 4 0
A I .
14-0
ANA1 I—JTIJ
4 0
A J
OR
GOAFNA

1 when J = 37g

——

A B P

ADDER
S C

A+1-A J

Fig, GN1.9. NEG Block Diagram
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Clock (10me) VO O L

DITLPE (11) 1 [1_ TLpE
F1SCO1 (17) ] | scos
F1SC04 (17.1) | L scos
FITT6E (8) | L TTeE

TEFF = TEID :JCK1 + TTOE

F1TDFF (14) __J_WLJ_\_ TDFF = TEFF - TE1D - JCK1

TDFF = TEFF -TE1D *JCK1 + TTOE

F1TCFF (14) J l [ ] | L TCFF = GITEFF :GITDFF - JCK1
TCFF = GITEFF :GITDFF - JCK1 + TTOE

FITBFF (13) l | l | TBFF = GITDEF :GITCFF *JCK1
TBFF = GITDEF *GITCFF :JCK1 + TTOE

F1TAFF (13) N TAFF = G1TDEF - GITBCF - JCKI
TAFF = GITDEF *GITBCF - JCKI + TTOE

TLP2 = DGN1- TT6E- TAFF- TBFF

SSS1 * TLPE * SCLK

SSS4 * TLPE *SCLK

TMEM . TSC1 « TCK2

DOJJEO (70) I JJEO = JCKI - TSCA + TSCB . JS4G
DLJTLJ (70) JTL] = JS4G - TSCA - TSCB - XMDV
(Ta-0—+J)

D1ASRL, U(63.1) | | ASRL, U = ASR! = DGNI1 - T6E3- IR05

N1JINC (71) _—l ‘ JINC = JIN4 . JIN2
(Inc. J) e — - —
GOAFNA (65) _____J: _____________ AFNA = AROO * ANA1L

AFNB = AI10 - AIO9 - DGN1 < JE37
AFNB = JE37.AGN1.(AROO.IR09 +AR00.IR10)

G1AFNB (67)
GOAFNB (67)

F1AFNP (66) —_—_————— e — = — — AFNP = AFL3 - AFNC . BCLK
._______J—_ ______________ AFNP = AFL3 .AFNC . BCLK
Fig. GN1.10. NEG Timing Diagram

RBK-RESET BIT K

23 18§17 15) 14 6|5 (4 o ., _ Interruptable
GEN 1 05 < 450 0 K Z = #X,K) Following Execution? Yes
CHANGES FOLLOWING EXECUTION
RBK places a "zero' into bit Z of the A Register. All other bits A 93 Z 0
in A remain unchanged. 23-0 0
Q23-0

During State 4, the complement of 14_0 is gated to the J Counter. P
The A Register is then shifted right circular with Aj applied to 14-0 C(P) +1
the A input of the Serial Full Adder. At each shift of A, the J

Counter is incremented. When J is equal to 37g, the bit specified F1WwPMT

by Z is shifted from Ay and Ag is also applied to the B input of the F1UOFL

Adder. When Ag is applied to both the A and B inputs of the Adder,

the sum output will always be ""zero". This ""zero'" is gated to Agg F1ETST

at the shift. Since J is equal to 37a only when bit Z is shifted from J 27, - Z
Ay, this bit will always be a "'zero”. The remaining bits of the 4-0 8

A Register will be unchanged because A is only applied to the

Adder A input at the remaining shifts. Memory Z

COMMAND CHARACTERISTICS
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. Logic . . s
l.ogic Element Sheet Logic Equation Function
GOAFNB 67 AGN1 <IR09 - JE37 - AR0O
Enables Ag to B input of Adder when
GlAFNB 67 AROO - AI09 -DGN1 - JE37 J = 37g
GOAFNA 65 ARO00 - ANA2 Enables Ag - A input of Adder
F1AFNP 66 AFNP = AFL3 + AFL2 Held clear
DIASRL, U 63. 1 ASR1 = DGN1 . T6E3 «IR05 Shifts A Reg. right 24 places
N1J1INC 71 JIN4 - JIN2 Enables incrementation of J Counter
REV-RESET TEST FLIP-FLOP IF BIT K IS EVEN
23 18|17 15/ 14 615 |4 0 Interruptable
= (X, K
GEN 1 05 X 704 0 K Z X, K) Following Execution? Yes
CHANGES FOLLOWING EXECUTION
REV clears the Test flip-flop (F1IETST) if bit Z in the A Register A
is a ''zero'. If bit Z is a "one"', the status of the Test flip-flop is 23-0
unchanged. Q30
During State 4, the complement of I4-qg (Z) is gated to the J Counter, P14—0 C(P) +1
The A Register is then shifted right circular with the complement of FIWPMT
Aq applied to the A input of the Adder. The Carry flip-flop
(F1AFNP) is held set throughout the shift of A applying a ''one'' to F1UOFL
the B input of the Adder. The summation of 1 plus the complement -
of Aj provides a Sum output of the Adder equal to the true Ay. This FI1ETST Resetif Ay = 0
output is gated to Aggz, leaving the A Register unchanged. The J J 27, - Z
Counter is incremented at each shift of A, When the J Counter is 4-0 8
:equal to 37g, bit Z is shifted from the A Register. If this bit is a
'zero’, the Test flip-flop (F1IETST) is cleared. If bit Z is a "one", Memory Z
the status of the Test flip-flop is unchanged.
COMMAND CHARACTERISTICS
Logic Element Logic Logic E tion Function
g Sheet gic kqua
GOAFNB 67 AFNB = IR10 -IR09 Disabled
G1AFNB 67 AFNB = (AIT0- AR0O)+(AID9 - AROO) Disabled
GOAFNA 65 ARDO - ANAL Ay to Adder A input
F1AFNP 66 IR13 + IR14 Held set -
D1ASRL, U 63.1 ASR1 = DGN1 * T6E3 - IR05 Shifts A Reg. right 24 places
N1JINC 71 JIN2 - JIN4 Enables incrementation of J Counter
FIETST 89 ETST = IR06 - ESTF - ECLK Reset Test flip-flop if Ay = 0

4022A-5 ARITHMETIC UNIT
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RNZ-RESET TEST FLIP-FLOP IF A IS NON-ZERO

GEN 1 |23 0 ;ntlelrruptalizle -
05004470 ollowing Execution? Yes
CHANGES FOLLOWING EXECUTION
RNZ clears the Test flip-flop (F1IETST) if any bit in the A Register
is a "one''. If all bits in A are "'zero", the status of the Test flip- Aga g
flop is unchanged. The original contents of A are unchanged by the Q
RNZ command. 23-0
During State 4, the complement of I -0 is gated to the J Counter. P14-0 C(P) +1
Since I5_q are "zeros'" from the RN% command, this presets the J F1WPMT
Counter equal to 7. The A Register is then shifted right circular
with Ay applied to the A input of the Serial Adder. All other Adder F1UOFL
inputs are disabled. Therefore, the Sum output of the Adder is
equal to Ag. This Sum output is applied to Agg leaving the A Re- FIETST Reset if C(A) # 0
gister unchanged. Any "one' shifted from Ag will cause the Test I 37
flip-flop (F1ETST) to be cleared. The J Counter is incremented at 4-0 8
each shift of the A Register. Since the J Counter was preset to 7g,
after 24 shifts of A the J Counter will equal 37g. When J equals Memory Z
378 further shifting of A is inhibited. Therefore, the A Register is
shifted 24 places and only 24 places. COMMAND CHARACTERISTICS
Logic Element | LO8i° Logic Equati Functi
gic Elemen Sheet ogic Equation unction
GOAFNB 67 AFNB = [R10 - IR09 Disabled
G1AFNB 67 AFNB = (AI10- AR0O) +(AI0S « AROO) Disabled
GOAFNA 65 ARO0O0 - ANA2 Gates Ag to A input of Adder
AFNP = AFL3 - AFNC - BCLK Remains clear because
F1AFNP 66 AFNP = AFL3 -AFNC - BCLK no summation is performed
DI1ASRL, U 63.1 | ASRI = DGN1 . T6E3 . JE37 Shifts A Reg. right until J = 37g
N1J1NC 71 JIN2 . JIN1 . JE37 Enables incrementation of J Counter
FIETST ETST = ESTF -IR06 - ECLK Any "1" from Ag
89 ESTF = IR05 - EGIT . AFNA - ASR1 resets the Test flip-flop
ROD-RESET TEST FLIP-FLOP IF K IS ODD
23 18(17 15{ 14 6|5 |4 o ., _ Interruptable
GEN 1 05 % 044 0 K Z = XK Following Execution? Yes
CHANGES FOLLOWING EXECUTION
ROD clears the Test flip-flop (F1ETST) if bit Z in the A Register A
is a "one". If bit Z is a ''zero", the status of the Test flip-flop is 23-0
unchanged. The original contents of A are unchanged by the ROD QZ 3-0
command. =
14-0 C(P)+1
During State 4, the complement of I, (z) is gated to the J Counter. FIWPMT
The A Register is then shifted right circular with A, applied to the
A input of the Serial Full Adder. All other inputs of the Adder are F1UOFL
disabled. Therefore, the Sum output of the Adder is equal to Ag. - -
This Sum output is applied to Agg, leaving the A Register unchanged. FIETST Reset if AZ =1
The J Counter is incremented at each shift of the A Register. When P an -z
J is equal to 37g, bit Z is shifted from Aj. If bit Z is a "one'", the 4-0 8
Test flip-flop (F1ETST) is cleared. If bit Z is a '"zero'!, the status
of the Test flip-flop is unchanged. Memory Z

GN1-20 ARITHMETIC UNIT

COMMAND CHARACTERISTICS

4022A-5



. Logic . . .
L.ogic Element Sheet Logic Equation Function
GOAKNB 67 AFNB = IR10 - IR09 Disabled
GlAFNB 67 AFNB = (AI10- AROO) +(AI09 - AR0OO) Disabled
GOAFNA 65 ARO0O - ANA2 Gates Ag to A input of Adder
AFNP = AFL3 < AFNC . BCLK Remains cleared because
F1AFNP 66 AFNP = AFL3 - AFNC - BCLK no summation is performed
DIASRL, U 63.1 ASR1 = DGNI1 - T6E3 - IR05 Shifts the A Reg. right 24 places
N1JINC 71 JIN2 - JIN4 Enables incrementation of J Counter
ETST = IR06 - ESTF - ECLK Resets Test flip-flop if
F1ETST 89 ESTF = JE37 *EGIT - AFNA - ASR1 Ay = """
RST-RESET THE TEST FLIP-FLOP
23 0 Interruptable
GEN 1 -
i Yes
05004737 Following Execution?
CHANGES FOLLOWING EXECUTION
RST unconditionally clears the Test flip-flop (F1IETST). The con- A23_0
tents of A are unchanged by RST.
Q23-0
During State 4, the Test flip-flop (F1ETST) is reset. The A Re- P14_0 C(P) + 1
gister is circular shifted right with Ag applied to the A input of the
Serial Full Adder. All other inputs to the Adder are disabled. FIWPMT
Therefore, the Sum output of the Adder is equal to Ag. This Sum FLUOFL
output is applied to Ag3, leaving the A Register unchanged after
24 ghifts, FIETST Reset
Jy.
4-0 308
Memory Z
COMMAND CHARACTERISTICS
Logic Element | LO€1° Logic Equati Functio
g Sheet ogic Equation unction
GOAFNB 67 AFNB = IR10 - IR09 Disabled
GlAFNB 67 AFNB =(AI10. AR0O)+(AI09 - AR0O) Disabled
GOAFNA 65 ARO0O - ANA2 Gates Ay to A input of Adder
AFNP = AFL3 -AFNC - BCLK Remains cleared because
FIAFNP 66 AFNP = AFL3 - AFNC * BCLK no summation is performed
DIASRL, U 63.1 ASR1 = DGNL1 « T6E3 - IR05 Shifts the A Reg. right 24 places
N1JINC 71 JIN2 . JIN4 Enables incrementation of J Counter
F1ETST 89 BETST = Eg}g: IR07 - EIO6 - EGLT- Reset unconditionally

4022A-5 ARITHMETIC UNIT
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SBK-SET BIT K

18 1514 615 |4

460

23 17

X

GEN 1 Z = (X, K)

05 K

SBK sets bit Z in the A Register to 'one''. All other bits in the A

Register are unchanged.

During State 4, the complement of I,_g is gated to the J Counter.
The A Register is then shifted right circular with Ag applied
through the Serial Full Adder to A At each shift of A, the J
Counter is incremented. When J is equal to 37,, bit Z is shifted
from A,. At this time, the complement of Ag is applied to the B
input of the Adder. The summation of Ay plus Ay will always pro-
vide a "one' output to Ag3. Therefore bit Z of the A Register is
set to a 'one'. Since the J Counter is equal to 37g only when bit
Z is shifted from Ag, all other bits will be unchanged.

Interruptable
Following Execution? Yes
CHANGES FOLLOWING EXECUTION
23 Z 0
A23-0 1
Q23—0
P
14-0 C(P) +1
FIWPMT
F1UOFL
|FiETST
27, - Z
T4-0 8
Memory Z

COMMAND CHARACTERISTICS

: Logi . . .
Logic Element Sggz Logic Equation Function
GOAFNB 67 AGN1 +JE37 -IR10 . AR0O .
Gates A0 to Adder B input when J = 378

Gl1AFNB 67 AI10 * AROO - JE37

GOAFNA 65 ARO00 - ANA2 Gates A0 to Adder A input

F1AFNP 66 AFNP = IR13 + IROA Held clear

DIASRL, U 63.1 ASR1 = DGN1 - T6E3 - IR05 Shifts A Reg. right 24 places

N1JINC 71 JIN4 - JIN2 Enables incrementation of J Counter

SET-SET TEST FLIP-FLOP
GEN1 |28 0 In‘cerruptable - Yes
05004637 Following Execution?
CHANGES FOLLOWING EXECUTION
SET unconditionally sets the Test flip-flop (FIETST), The original A23-0
contents of the A Register are unchanged. Q 0
23-
During State 4, the Test flip-flop (FIETST) is set. The A Regis- P14_0 C(P) + 1
ter is circular shifted right with Ay applied to the A input of the
Serial Full Adder. All other inputs to the Adder are disabled. F1WPMT
Therefore, the Sum output of the Adder is equal to Ap. This Sum F1UOFL
output is applied to Agg, leaving the A Register unchanged after
24 shifts. FIETST Set
J4-0 30g
Memory Z

GN1-22 ARITHMETIC UNIT

COMMAND CHARACTERISTICS
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Loogic Element

Logic

Logic Equation

Function

Sheet
GOAFNB 67 AFNB = IR10 - IR09 Disabled
GIAFNB 67 AFNB = (AI10- AR0O) + (AI09 - AROO) Disabled
GOAFNA 65 AROO - ANA2 Gates A( to A input of Adder
AFNP = AFL3 - AFNC * BCLK Remains cleared because
F1AFNP 66 AFNP = AFL3 - AFNC - BCLK no summation is performed
DIASRL, U 63.1 ASR1 = DGN1 - T6E3 - IR05 Shifts A Reg. right 24 places
N1JINC 71 JIN2 - JIN4 Enables incrementation of J Counter
F1ETST 89 GOESTF = IR06 -IR07+-EGIT ET4E Set unconditionally
SEV-SET TEST FLIP-FLOP IF BIT K IS EVEN
GEN 1 23 18|17 15(14 615 |4 0 Z = #(X,K) Interruptable .
05 705 0 K Following Execution? Yes
CHANGES FOLLOWING EXECUTION
SEV sets the Test flip-flop (F1ETST) if bit Z in the A Register is A23_0
a ''zero'. If bit Z in A is a ""one'', the status of the Test flip-flop Q
is unchanged. 23-0
. . Piao C(P) +1
During State 4, the complement of I_q (Z) is gated to the J Counter.
The A Register is then shifted right circular with the complement FIWPMT
of Ag applied to the A input of the Adder. The Carry flip-flop FIUOFL
(F1AFNP) is held set applying a "one'" to the B input of the Adder.
The summation of 1 plus the complement of Ay provides a Sum FIETST Setif Ay = 0
output of the Adder equal to the true Ag output. This Sum output
is applied to Ags, leaving the A Register unchanged after 24 shifts. Ja-0 275 - 2
The J Counter is incremented at each shift of A, When J.is equal
to 37g, bit Z of the A Register is shifted from A,. If this bit is a Memory Z
"zero', the Test flip-flop (FIETST) is set. If this bit is a "one',
the Test flip-flop status is unchanged. COMMAND CHARACTERISTICS
Logic Element Iéﬁgj:c Logic Equation Function
) PR ——— e
GOAFNB 67 AFNB = IR10 -IR09 Disabled
Gl1AFNB 67 AFNB = (AI10- AR00) +(AI09 - AR0O) Disabled
GOAFNA 65 AROO - ANA1 ‘Aj to A input of the Adder
F1AFNP 66 IR13 -IR0OA Held set
DIASRL, U 63.1 ASR1 = DGN1 - T6E3 -IR05 Shifts A Reg. right 24 places
N1JINC 71 JIN2 + JIN4 Enables incrementation of J Counter
ETST = ESTF - EI06 - ECLK
FIETST 89 ESTF = JE37 -EGIT . AFNA < ASR! Set Test flip-flop if Az, = 0
4022A-5 ARITHMETIC UNIT GNiI-23



SNZ-SET TEST FLIP-FLOP IF A IS NON-ZERO

GEN 1

05004570

SNZ sets the Test flip-flop (F1ETST) if any bit in the A Register
is a "one''. If all bits in A are "zero', the status of the Test flip-
flop is unchanged.

A timing and block diagram of the SNZ command is contained in
Fig. GNI1.11, 12,

During State 4, the complement of I;_, is gated to the J Counter.
Since bits 2 through 0 of the SNZ command are '"zeros', this pre-
sets the J Counter equal to 7. The A Register is then shifted right
with Ag applied to the A input of the Serial Full Adder. All other
Adder inputs are disabled. Therefore, the Sum output of the Adder
is equal to Ag. This Sum output is applied to Agg, leaving the A
Register unchanged after 24 shifts. If at any shift of A, Ag is a
"one", the Test flip-flop (F1IETST) is set. If all bits of A are
"zero", the status of the Test flip-flop is unchanged. The J

Interruptable
Following Execution? Yes

CHANGES FOLLOWING EXECUTION

A

23-0
QZS—O

P14-0 C(P) +1

F1WPMT

F1UOFL

FIETST Set if C(A) # ©

J4-0 37g

Memory Z

COMMAND CHARACTERISTICS

Counter is incremented at each shift of the A Register and when equal to 37g inhibits further shifting of A. Since the
J Counter was preset to 7, when J equals 37g, 24 shifts of A have occurred.

. Logi
Logic Element Sggz Logic Equation Function
X JONS— —

GOAFNB 67 AFNB = IR10 *IR09 Disabled

GlAFNB 67 AFNB = (AI10-ARO00)+(AIO9 - AROO) Disabled

GOAFNA 65 ARO0O - ANA2 Gates Aj to A input of Adder
AFNP = AFL3 +AFNC . BCLK Remains cleared because

F1AFNP 66 AFNP = AFL3 - AFNC . BCLK no summation is performed

DIASRL, U . 63. 1 ASR1 = DGN1 . T6E3 - JE37 Shifts A Reg. right until J = 37g

Enables incrementation of

N1J1INC 71 JIN2 - JIN1 « JE37 J Counter until J = 37g
ETST = GLESTF - EIO6 - ECLK Any "1" from A( sets

F1ETST 89 ESTF = IR05 - EGIT -AFNA - ASR1 the Test flip-flop

GN1-24 ARITHMETIC UNIT
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ASRL, U —*23 R ol Ay |23 r4 0
L :
14-0
ANA2 rJFIJ
A 4 5 Ole—jine
OR
GOAFNA
IRO5
— Q EGIT
GOAFNB
FOAFNP ASR!
A Al [a NININIE
OR OR
O——— G1AFNS G1ESTF
ATA ? EI0G
A
ECLK
OR [ EC
FIETST
1 0
Condition | GOAFNB | GIAFNB | GOAFNA | FIAFNP | GIAFNS | F1ETST
n Output Output Output Output Output
Aq 1 0 0 1 1
A 1 0 1 0 0 -
Fig. GN1.11, SNZ Block Diagram
4022A-5 ARITHMETIC UNIT GNI1-25



L LT

Clock (10mc)

L]

1

DITLPE (11)

TLPE

F1SCO01 (17)

=

[ sco

F18C04 (17.1)

_

|_ SC04

]

F1TT6E (8)
FITEFF (14)

F1TDFF (14)

— JHUUUYUUUUUU L zeee
S U O

l_ TT6E

TEFF

TDFF =
TDFF =

F1TCFF (14)

B R

| TCFF =

F1TBFF (13)

[

TCFF =

[1_ tBFF-

F1TAFF (13)

TBFF =

. ’ l TAFF =

TAFF =

DOJJEO (70)

D1JTILJ (70)

JJEO

JTIJ

(I4-0—J)

D1ASRL, U(63.1)

| asgL,

N1JINC (71)
(Inc. J)
GOAFNA (65)

G1lAFNB (67)

S [ B3t

L. JINC

TLP2 = DGN1:- TT6E: TAFF- TBFF

SSS1 - TLPE * SCLK

SSS4 * TLPE - SCLK

TMEM - TSC1 - TCK2

T6E3 - TEID - JCK1
TEID - JCKI1 + TTOE

TEFF - TE1D - JCK1
TEFF - TE1D - JCK1 + TTOE

GITEFF :GITDFF :JCKl1
GITEFF - GITDFF -JCK1 + TTOE

G1TDEF
G1TDEF

*GITCFF
*GITCFF

G1TDEF - GI1TBCF -JCKl1
G1TDEF *GITBCF *JCK1 +TTOE

JCK1 - TSCA * TSCB .JS4G

+JCK1
+JCK1 +TTOE

JS4G + TSCA - TSCB - XMDV

ASR1 = DGN1-T6E3-IR05
JIN2 . JIN1 * JE37

ARO0 - ANA2

(AI10 - AROO) + (AIO9 * AROO)

GOAFNB (67)

F1AFNP (66)

F1ETST (89)

Fig. GN1.12.

SNZ Timing Diagram

AFL3 *AFNC - BCLK
AFL3-AFNC - BCLK

AFNE =

AFNE = IR10 - IR09

AFND =

AFNP -
T ETST = ESTF - EI06 - ECLK

SOD-SET TEST FLIP-FLOP IF BIT K IS ODD

23 18|17 15§14 6 4 v _ Interruptable
GEN 1 05 X 045 K Z = X, K) Following Execution? Yes
CHANGES FOLLOWING EXECUTION
SOD sets the Test flip-flop (F1ETST) if bit Z in the A Register is A23_0
a "one'. If bit Z in A is a "zero", the status of the Test flip-flop Q
is unchanged. 23-0
P C(P)+1

A timing and block diagram of the SOD command are contained in 14-0
Fig, GN1.13, 14, FIWPMT
During State 4, the complement of I,_; (Z) is gated to the J Count- FIUOFL
er. The A Register is then shifted right circular with A, applied FIETST Set if C(A,) = 1
to the A input of the Serial Full Adder. All other inputs of the Z
Adder are disabled. Therefore, the Sum output of the Adder is Ta4-0 27 - Z
equal to Ag. This Sum output is applied to Ayg, leaving the A
Register unchanged after 24 shifts. The J Counter is increment- Memory Z

ed at each shift of A, When J is equal to 37g, bit Z is shifted
from AO and if a "one", the Test flip-flop is set.

GN1-26 ARITHMETIC UNIT

COMMAND CHARACTERISTICS
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. Logic . . R
L.ogic Element Sheet Logic Equation Function
GOAFNB 67 AFNB = IR10 - IR09 Disabled
GlAFNB 67 AFNB = (AI10-ARO00)+(AIO9 . AR0OO) Disabled
GOAFNA 65 ARO0O . ANA2 Gates Ag to A input of Adder
AFNP = AFL3 - AFNC . BCLK Remains cleared because
F1AFNP 66 AFNP = AFL3 - AFNC . BCLK no summation is performed
DIASRL, U 63. 1 ASR1 = DGN1 - T6E3 -IR05 Shifts A Reg. right 24 places
N1JINC 71 JIN2 * JIN4 Enables incrementation of J Counter
ETST = GLESTF *EIO6 - ECLK . . _
F1ETST 89 G1ESTF = JE37 *EGIT . AFNA . ASR1 Set Test flip-flop if A, = 1
ASRL, U — 23 o] A, 3 77
A I .
I4-0
ANA2 rJTIJ
A 4 7 O sinC
OR
GOAFNA 3‘5—3':{
GOAFNB 7 EGlT__._.
FOAFNP ——————— ASR1
A Al |a allalfa]fa
OR OR
& 3 GlAFNS G1ESTF
A—A (,)
EIO6
A
ECLK
OR [
F1ETST
1 0
Condition GOAFNB | GIAFNB | GOAFNA | F1AFNP | G1AFNS
Output Output Output Output Output
Ag 1 0 0 0 1
Ag 1 0 1 0 0
Fig. GN1.13. SOD Block Diagram
4022A-5 ARITHMETIC UNIT

GN1-27



L

1 [
1 [

_ L
— L

—Jyuyruuuuu
SN [ I I

F1TCFF (14) J I I I |

Clock (10mc)

DITLPE (11)

F1SCO01 (17)

F1SC04 (17. 1)

F1TT6E (8)

FI1TEFF (14)

F1TDFF (14)

F1TBFF (13)

TLPE

TLP2 = DGN1- TT6E- TAFF. TBFF

H

SCO1 SSS1 « TLPE * SCLK

SCo04 SSS4 * TLPE * SCLK

TT6E

]

TMEM - TSC1 - TCK2

F1TAFF (13)

DOJJEO (70)

D1JTILJ (70)
(I4-0—=J)

D1ASRL, U(63.1)

—
—

N1JINC (71)
(Inc. J)

GOAFNA (65)

G1AFNB (67)
GOAFNB (67)

F1AFNP (66)
F1ETST (89)

Fig. GN1.14.

TEFF = T6E3 - TEID - JCK1

TEFF = TEID . JCK1 + TTOE

TDFF = TEFF - TE1D - JCK1

TDFF = TEFF - TE1D *JCK! + TTOE
TCFF = GITEFF :GITDFF - JCKl!

TCFF = GITEFF «GITDFF «JCK1 + TTOE
TBFF = GITDEF :GITCFF *JCKI1

TBFF = GITDEF 'GITCFF -JCK1 +TTOE
TAFF = GITDEF - GITBCF - JCK1

TAFF = GITDEF *GITBCF *JCK1 + TTOE
JJEO = JCKI1 - TSCA - TSCB .JS4G

JTIJ = JS4G * TSCA - TSCB - XMDV
ASRL, U = ASR!1 = DGNI1:+T6E3-IR05
JINC = JIN2 * JIN4

AFNA= ARO0O0 - ANA2

AFNB = (AI10+AR00) + (AI0O9 - AR0O)
AFNB = IR10 - IR09

AFNP= AFL3 - AFNC * BCLK
AFNP= AFL3 .AFNC . BCLK

SOD Timing Diagram

SRA-SHIFT A RIGHT ARITHMETIC

23 18)17

X

15

[en]

GEN 1 Z = (X, K)

05 140 1 K

SRA shifts the contents of the A Register Z places to the right.

The sign bit (23) of A is unchanged. Bits shifted out of Ag are lost.
Bits shifted into Agg are the same as the sign bit. The maximum
number of shifts is 24 places.

A timing and block diagram of the SRA command is contained in
Fig. GN1.15, 16.

During State 4, the complement of I4_g is gated to the J Counter.
The A Register is then shifted right with Ay g shifted to Aggy and
with Agg also shifted through the Serial Full Adder back to Agg,
leaving Agg unchanged. At each shift of the A Register, the J
Counter is incremented. When J is equal to 37,, the number of
shifts specified by Z have occurred and further shifting is inhibit-
ed. Therefore, the A Register is shifted right the number of
places specified by Z.

GNI1-28 ARITHMETIC UNIT

Interruptable

Following Execution? Yes
CHANGES FOLLOWING EXECUTION

A23—0 See Text

Q23—0

P40 C(P) + 1

F1WPMT

F1UOFL

F1ETST

T4-0 373

Memory Z

COMMAND CHARACTERISTICS

4022A-5



R Logic . s ;

Logic Element Sheet Logic Equation Function

GOAFNIB 67 AFNB = IR10 - IR09 Disabled

GlIAFNB 67 AFNB = (AI10. AROO) + (AI09 - AROO) Disabled

GOAFNA 65 ANA3 - AR23 Gates Agg to A input of Adder
AFNP = AFL3 . AFNC . BCLK Remains cleared because

F1AFNP 66 AFNP = AFL3 . AFNC - BCLK no summation is performed

D1ASRL, U 63.1 ASR1 = DGN! * T6E3 - JE37 Shifts A Reg. right until J = 37g

N1JINC 71 JE37 - JIN1 . JIN2 Increments J Counter until J = 37g

DGN1

TOE3 —«l [——JE_I37

a |

A

GOASR1

OR

=T

A

A

D1ASRU

D1ASRL

j)

]

[

23

22

A23

[a] [a

ANAS3

[a][a]

GOAFNA

OR

i

A

Al |a

A23 ~ A23

OR

F1AFNS

7

4022A-5

Fig. GNI. 15,

23

KN
[}

Lost

SRA Block Diagram

ARITHMETIC UNIT
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Clock (10me) L T
DITLPE (11) JL [l ripE
F1SCO1 (17) 1 | scoi

F1SC04 (17. 1) ] L scos
FITT6E (8) | L TTeE

TEFF = TEID . JCK1 + TTO0E

F1TDFF (14) ____J_W_ TDFF = TEFF - TEID - JCK1

TDFF = TEFF - TE1D - JCK1 + TTOE

F1TCFF (14) J | | | J TCFF = GITEFF - GITDFF - JCKI
TCFF = GITEFF *GITDFF -JCKI + TTOE

F1TBFF (13) ] | TBFF = GITDEF :GITCFF *JCKl1
TBFF = GITDEF *GITCFF :JCK1l + TTOE

F1TAFF (13) TAFF = GITDEF :GITBCF - JCKIl1
TAFF = GITDEF *GITBCF JCK1 + TTOE

TLP2 = DGN1- TT6E: TAFF. TBFF

SSS1 * TLPE * SCLK

SSS4 * TLPE * SCLK

TMEM - TSC1 - TCK2

DOJJEO (70) H JJEO = JCKI1 « TSCA - TSCB .JS4G
D1JTLJ (70) I | JTIJ = JS4G * TSCA * TSCB - XMDV
(i4-o—>n — T
D1ASRL, U(63.1) |_ Untild =379 _ _ _ _ _ __ ASRL, U = ASR! = DGN1:T6E3-JE37
N1JINC (71) | vmug-s1g 1 sinc = 7EFF .01 - oI
(Inc. ) e e e
GOAFNA (65) ____l—_ —— e e - - AFNA= ANA3 :- AR23
G1AFNB (67) AFNB = (AI10- AR00)+(AIO9 - AR0O)
GOAFNB (67) AFNB= IR10 :IR09
AFNP = AFL3 - AFNC - BCLK
F1AFNP (66) AFNP= AFL3 .AFNC - BCLK
Fig. GN1.16. SRA Timing Diagram
SRC-SHIFT RIGHT CIRCULAR
23 18|17 15|14 615 14 0 . _ Interruptable
GEN 1 05 x 040 1 K Z = #(X,K) Following Execution? Yes
CHANGES FOLLOWING EXECUTION
SRC shifts the contents of the A Register Z places to the right in a A23_0 See Text
circular fashion; that is, the bit shifted from Ag is inserted in A23, Q
replacing the bit shifted out of Ag3. The maximum number of 23-0
shifts is 24, Placo C(P) +1
0
GEN 1 23 A F1IWPMT
F1UOFL
FIETST
During State 4, the complement of I, _ (Z) is gated to the J Counter. 7 37
The A Register is then shifted right circular with AO applied through 4-0 8
the A input of the Serial Adder back to A23. At each shift of the A
Register, the J Counter is incremented. When J is equal to 37g, the Memory Z
number of shifts specified by Z have occurred and further shifting
of A is inhibited. COMMAND CHARACTERISTICS
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. Logic . . .
4 o F
Loogic Element Sheet Logic Equation unction
| GoARNB 67 AFNB = TR0 - TR09 Disabled
GLAFNB 67 AFNB = (AI10- AR00) +(AI09 . AR0O) Disabled
GOAFNA 65 ARO0O - ANA2 Gates A0 to A input of Adder
AFNP = AFL3 - AFNC - BCLK Remains cleared because
F1AFNP 66 AFNP = AFL3 . AFNC : BCLK no summation is performed
D1ASRL, U 63.1 ASR1 = DGN1 .T6E3 . JE37 Shifts A Reg. right until J = 37
N1JINC 71 JE37 . JIN1 - JIN2 Increments J Counter until J = 37g
SRL-SHIFT RIGHT LOGICAL
GEN 1 23 18117 15(14 6(5 |4 0 5 = £(X, K) glgflzrx;uip:atge tion Yeu
05 X 000 1 K g rxecution
CHANGES FOLLOWING EXECUTION
SRL shifts all twenty-four bits of the A Register to the right Z A23~0 See Text
places. Zeros are shifted in through Agg. Bits shifted out of Ag Q
are lost. The maximum number of shifts is 24 places. 23-0
Placo C(P) +1
23 0
0's—» A I yLost F1IWPMT
F1UOFL
During State 4, the complement of I4_g (Z) is gated to the J Counter.
The A Register is then shifted right with the J Counter being incre~ FIETST
mented at each shift. When J is equal to 378, the number of shifts 3 37
specified by Z have occurred and further shifting of A is inhibited. 4-0 8
Bits shifted from A are lost. ""Zeros'" are shifted into Agg at
each shift. Memory Z
COMMAND CHARACTERISTICS
. Logic R . . :
Logic Element Sheet Logic Equation Function
GOAFNB 87 AFNB = IR10 -IR09 Disabled
Gl1AFNB 67 AFNB = (AI10. AR00)+(AI09 . AR0O) Disabled
GOAFNA 65 AFNA = ANA1 -ANA2 - ANA3 Disabled
AFNP = AFL3 . AFNC - BCLK Remains cleared because
F1AFNP 66 AFNP = AFL3 - AFNC °* BCLK no inputs to Adder
DIASRL, U 63.1 ASR1 = DGN1 - T6E3 - JE37 Shifts A Reg, right until J = 37g
N1JINC 71 JE37 - JIN1 . JIN2 Enabled J incrementation until J = 37g

4022A-5 ARITHMETIC UNIT
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TER-TEST EVEN AND RESET BIT K

23 18}17 15
05 X

14 6{5 |4
456 0 K

=)

GEN 1 Z = (X, K)

TER sets the Test flip~-flop (F1ETST) if Bit Z in the A Register is
"zero", and places a ''zero'' back in bit Z. If bit Z is "one" the
Test flip-flop is cleared and a "'zero" is placed in bit Z.

NOTE
The Test flip-flop will be set if Z is greater than 23

10°
During State 4, the complement of I;_g (Z) is gated to the J Counter.
The Test flip-flop (F1ETST) is unconditionally set. The A Register
is shifted right circular with Ag applied to the A input of the Serial
Full Adder. All other inputs to the Adder are disabled until the J
Counter is equal to 37g. In this manner, the Sum output of the Adder
is equal to Ag until J is equal to 37g and this Sum output is applied
to Agg leaving these bits of A unchanged. The J Counter is incre-
mented at each shift of A. When J is equal to 37g, Ag is also ap-
plied to the B input of the Adder. This always results in a Sum out-

remains in the set state.

Interruptable

Following Execution? Yes
CHANGES FOLLOWING EXECUTION

Aa3-0 i "z, 0

Q23--0

P14_0 C(P) +1

FIWPMT

F1UOFL

pierst |pet Py o

Ja-0 27g - Z

Memory Z

COMMAND CHARACTERISTICS

put of "'zero'. This "zero" is gated to Ags, placing a ""zero" in position Z of the A Register. Also, when J is equal to
37g, if the bit shifted from A (Az) is a "'one", the Test flip-flop is cleared. If this bit is a "zero', the Test flip-flop

. Logic . . R
Logic Element Sheet Logic Equation Function
GOAFNB 67 AGN1 -IR09 - JE37 - AROO
Gates Ay to B input of Adder when J = 378
GlAFNB 67 ARO00 *ARO9 -DGN1 * JE37
GOAFNA 65 AROQO - ANA2 Gates A to A input of Adder
F1AFNP 66 AFNP = (SC01. BCLK)+IR13+IR0A Held Clear
D1ASRL, U 63.1 ASR1 = DGN1 ' T6E3 *IR05 Shifts A Reg. right 24 places
N1J1INC 71 JIN2 - JIN4 Enables incrementation of J Counter
ETST= GOESTF = IR06 - IR07 . ET4E s .
Set Test F/F; Clear Test if A, =1
FIETST 89 ETST = BY8&TF . IR0 - ECLK Z
TES-TEST EVEN AND SET BIT K
23 18)17 15{14 6{5 {4 0 Interruptable
Z = f(X,K) P
GEN 1 05 X 466 0 K ( Following Execution? Yes
CHANGES FOLLOWING EXECUTION
TES sets the Test flip-flop (F1ETST) if bit Z in the A Register is A 93 Z 0
a "zero', and replaces bit Z with a "one". If bit Z is a "one'', the 23-0 1
Test flip-flop is cleared and a "one' is placed back in bit Z. Q23_0
NOTE Pla-o C(P) +1
The Test flip-flop will be set if Z is greater than 2310- FI1WPMT
During State 4, the complement of I4_q (Z) is gated to the J Counter. F1UOFL
The Test flip~-flop (F1ETST) is unconditionally set. The A Regis- FIETST Setif Ay =0
ter is shifted right circular with A0 applied to the A input of the Reset if Az = 1
Serial Full Adder. All other inputs to the Adder are disabled until J4-0 275 - Z
the J Counter is equal to 378. In this manner, the Sum output of
the Adder is equal to AO’ unless J is equal to 37g, and this Sum Memory Z
output is gated to Ag3 leaving these bits of A unchanged. The J COMM AND CHARACTERISTICS
GNI1-32 ARITHMETIC UNIT 4022A-5




Counter is incremented at each shift of A. When J is equal to 37g, the complement of Ag is applied to the B input of
the Adder. The summation of Ag and A—O always provides a Sum output of "one'"". This "one" is applied to Aoz, there-
by setting bit Z to a "one''. Also, when J is equal to 37g, if the bit shifted from Aqg (Az) is a "one'", the Test flip-flop
is cleared. If this bit is a "zero", the Test flip-flop remains in the set state.

. Logi
Logic Element Sgitljc Logic Equation Function
GOAFNB 67 AGN1 -JE37 -IR10 - AROO
Gates Ag to A input of Adder when J = 37,4
GlAFNB 67 AI10 - AROO - DGN1 - JE37
GOAFNA 65 AROO - ANA2 Gates Ag to A input of Adder
F1AFNP 66 AFNP = (SC01 - BCLK)+IR13 +IR0A Held clear
D1ASRL, U 63.1 ASR1 = DGN1 . T6E3 :IR05 Shifts A Reg. right 24 places
N1JINC 71 JIN2 - JIN4 Enables incrementation of J Counter
ETST = g%}i}%TF = TR06 -IR07 - ET4E- Set Test F/F;
FIETST 89 ETST = GIESTF » IR06 - ECLK Clear Test F/F if A, = 1
TEV-TEST BIT K EVEN
2 18{17 151
GEN 1 3 5/ 14 6|5 (4 Z = £(X,K) glterru.ptable )
05 x 707 K ollowing Execution? Yes
CHANGES FOLLOWING EXECUTION
TEV sets the Test flip-flop (F1ETST) if bit Z in the A Register is Aoz
"zero'". If bit Z in the A is "one'", the Test flip-flop is cleared. Q
23-0
P C(P) + 1
NOTE 14-0 (P)
F1WPMT
The Test flip-flop is cleared if Z is greater than 23.
F1UOFL
Set if Ay =0;
During State 4, the complement of I,_; (Z) is gated to the J Counter. FI1ETST Reset ifZA7 =1
The Test flip-flop is unconditionally cleared. The Carry flip-flop 7
(F1AFNP) is held set applying a "one'" to the B input of the Serial 4-0 275 - 2
Adder. The A Register is then shifted right with the complement
of Ag applied to the A input of the Serial Adder. The summation Memory Z
of Ag and the forced "one'" from F1AFNP provides a Sum output of
the Adder equal to the true Ap. This sum output is applied to Agg, COMMAND CHARACTERISTICS

leaving the A Register unchanged. At each shift of A, the J Counter
is incremented. When J is equal to 37g, bit Z is shifted from Ag. If Agis a ""zero’, the Test flip-flop is set. If
Aj is a "one' when J equals 37g, the Test flip-flop remains cleared.

4022A-5 ARITHMETIC UNIT GNI1-33



. Logic . R .
Logic Element Sheet Logic Equation Function
GOAFNB 67 AFNB = IR10 . IR09 Disabled
GlAFNB 687 AFNB = (AI10- AR00) +(AI09 - AR0O) Disabled
GOAFNA 65 ARO00 - ANA2 Gates AQ to A input of Adder
F1AFNP 66 AFL2 + AFLS3 Held set
DIASRL, U 63.1 ASR1 = DGN1 . T6E3 - IR05 Shifts A Reg. right 24 places
N1J1INC 71 JIN2 - JIN4 Enables incrementation of J Counter
ETST = EIO6 - GIESTF -ECLK Clear Test/F/F;
ETST = ECTF = IR07 - EIO6 - EG1T - Set Test F/F if A, = 0
F1IETST 89 BTam Z
TNM-TEST NOT MINUS ONE
GEN1 |28 0 Interruptable Yes
05070770 Following Execution?
CHANGES FOLLOWING EXECUTION
TNM sets the Test flip-flop (F1ETST) if any bit in the A Register A
is a ''zero''. When all bits of the A Register are "ones" (minus 1) 23-0
the Test flip-flop is cleared. Q23 o
During State 4, the complement of I4_g is gated to the J Counter. P14-0 C(P) + 1
This presets the J Counter equal to 7, since bits 2 through 0 of the F1WPMT
TNM command are "'zeros'. The Test flip-flop (F1IETST) is reset.
The Carry flip-flop (FLAFNP) is held set applying a "one" to the F1UOFL
B input of the Serial Full Adder. The A Register is then shifted to Set ffany bt n & = 0;
the right with the complement of Aj applied to the Serial Full Adder. F1ETST Reset if all bits in A =1
The Sum output of the Adder is equal to the true Ay, This Sum out-
put is applied to Agg, leaving A unchanged after 24 shifts. If at J4:-0 378
any shift of A, Agpisa "zero'", the Test flip-flop is set. If all bits
of A are '"ones', the Test flip-flop remains in the reset state. At Memory Z
each shift of the A Register, the J Counter is incremented. When
the J Counter is equal to 37g, 24 shifts of the A Register have oc-
curred and further shifting is inhibited. COMMAND CHARACTERISTICS
: Logic . : R
F
Logic Element Sheet Logic Equation unction
GOAFNB 67 AFNB = IR10 - IR09 Disabled
G1AFNB 67 AFNB = (AT10 - AR00) + (AI09 - AR0O) Disabled
GOAFNA 65 ARO00 - ANA2 Gates Ag to A input of Adder
F1AFNP 66 AFL2 + AFLS3 Held set
DI1ASRL, U 63. 1 ASR1 = DGN1 . TgE3 . JE37 Shifts A Reg. right until J = 37
Enables incrementation of
N1JINC 71 JE37T - JIN1 « JIN2 J Counter until J = 37g
ETST = ECTF= EIO7 +EI06 - EG1T - Clear Test F/F;
ET4E Set Test F/F if any bit of A = 0
FIETST 89 ETST = GIiESTF - EI06 . ECLK ot Test F/I if any

GN1-34 ARITHMETIC UNIT
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TNZ-TEST A NON-ZERO

GEN 1 23 0 Interruptable
05004770 Following Execution? Yes
CHANGES FOLLOWING EXECUTION
TNZ sets the Test flip~-flop (F1ETST) if any bit in the A Register A23_0
is a ''one". If all bits in the A Register are ''zero'', the Test flip- Q
flop is cleared. 23-0
Placo C(P)+1

During State 4, the complement of I4.g is gated to the J Counter.
This presets J equal to 7, since bits 2 through 0 of the TNZ com- FIWPMT
mand are "zeros'". The Test flip-flop (F1ETST) is cleared. The

A Register is then shifted right circular with A, applied to the A F1UOFL
input of the Serial Full Adder. All other inputs to the Adder are FIETST Set I C(A) 7 (13
disabled providing a Sum output equal to Ag. This Sum output is Reset if C(A) = 0
applied to Ag3, leaving A unchanged after 24 shifts. If at any shift Ja-0 378
of A, Ag is equal to a ''one'', the Test flip-flop is set. If all bits
of A are "zero", the Test flip-flop remains in the reset state. The Memory Z
J Counter is incremented at each shift of A, When the J Counter
is equal to 37g, 24 shifts of A have occurred and further shifting
of A is inhibited. COMMAND CHARACTERISTICS
Logic Element Logic Logic E tio F ti
g Sheet ogic Equation unction
GOAFNB 67 AFNB = IR10 -IR09 Disabled
GlAFNB 67 AFNB = (AI10.ARO00)+(AI09.ARO00) Disabled
GOAFNA 65 AROO - ANA2 Gates Ag to A input of Adder
AFNP = AFL3 - AFNC - BCLK Remains cleared because
F1AFNP 66 AFNP = AFL3 - AFNC - BCLK no summation is performed
DIASRL, U 63.1 ASR1 = DGN1 - T6E3 : JE37 Shifts A Reg. right until J = 37g
N1JINC 71 JE37 . JIN1 - JIN2 Enables J incrementation until J = 37g
ETST= ECTF = IR07- EI06- EG1T- ET4E|  Clear Test F/F;
F1ETST 89 ETST = EIO6 *GIESTF -ECLK Set Test F/F if any bit of A = "1"
TOD-TEST BIT K ODD
GEN 1 23 18{17 15(14 615 |4 0f Z = £(X,K) ;ntflrruptable - Yes
05 X 047 0 K ollowing Execution?
’ CHANGES FOLLOWING EXECUTION
TOD sets the Test flip-flop (F1ETST) if bit Z in the A Register is A
a''one'. Ifbit Z in A is "zero", the Test flip-flop is cleared. 23-0
Q
23-0
1 NOTE Plsaco C(P) + 1
L The Test flip-flop is cleared if Z is greater than 2310. F1WPMT
F1UOFL
During State 4, the complement of 14_0 is gated to the J Counter. SetifAz =1
The Test flip-flop (F1ETST) is reset. The A Register is shifted FIETST Reset if Az = 0
right circular with A, applied to the A input of the Serial Full J
Adder. All other inputs to the Adder are inhibited. Therefore, the 4-0 278 -z
Sum output of the Adder is equal to AO. This Sum output is applied Memory Z
to Agg, leaving the A Register unchanged after 24 shifts. At each Y

shift of A, the J Counter is incremented. When J is equal to 37g, COMMAND CHARACTERISTICS

bit Z is shifted from A and if bit Z is a "one", the Test flip-flop is set. If bit Z is a "zero', the Test flip-flop remains
in the reset state.
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. Logic . . .
F
Logic Element Sheet Logic Equation unction
GOAFNB 67 AFNB = IR10 -IR09 Disabled
GlAFNB 87 AFNB = (AL10 - AR0O) + (AI0O9 - AR0O) Disabled
GOAFNA 65 ARO0O0 -ANA2 Gates Aj to A input of Adder
AFNP = AFL3 . AFNC - BCLK Remaing cleared because
F1AFNP 66 AFNP = AFL3 - AFNC - BCLK no summation is performed
D1ASRL, U 63.1 {ASR1 = DGN1 - T6E3 - IR05 Shifts A Reg. right 24 places
N1JINC 71 JIN2 . JIN4 Enables incrementation of J Counter
ETST= ECTF = IR07-EL06 - EG1T-ET4E | Clear Test F/F;
F1ETST 89 ETST = EIO6 *G1ESTF +ECLK Set Test F/F if Ay =1
TOR-TEST ODD AND RESET BIT K
23 18(17 15(14 6(5 |4 0. . Interruptable
GEN 1 05 X 457 0 K Z= XK Following Execution? Yes
CHANGES FOLLOWING EXECUTION
TOR sets the Test flip-flop (F1ETST) if bit Z in the A Register is Ay3 0 23 Zg 0
a "one" and replaces bit Z with a "zero'. IfbitZ in A is a "zero", Q
the Test flip-flop is cleared and bit Z remains "'zero''. 23-0
Plio C(P) +1
NOTE F1WPMT
The Test flip-flop is cleared if Z is greater than 23. F1UOFL
Setif Az =1
FIETST Reset if Ay = 0
During State 4, the complement of I4_g (Z) is gated to the J Count- J 97 -2
er. The Test flip-flop (FIETST) is reset. The A Register is 4-0 8
shifted right with Ag applied to the A input of the Serial Full Adder. Memory Z
All other inputs to the Adder are disabled, except when J is equal y

to 37g. When J is not equal to 37g, the Sum output of the Adder

is equal to A, This Sum output is applied to Agg, leaving these COMMAND CHARACTERISTICS

bits of A unchanged. The J Counter is incremented at each shift

of A and when equal to 378, bit Z is shifted from Ag. Ifbit Z is a "one'", the Test flip-flop is set. Also, when J is
equal to 37g, A( is applied to the B input of the Adder. The Sum of AQ and Ay will always result in a "zero' Sum out-
put of the Adder. The Sum output is applied to Ay, providing a "zero" in position Z of the A Register after 24 shifts
have occurred.
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. Logic . . .
Logic Element Sheet Logic Equation Function
B 6 . 09 - JE <A
GOAFN ! AGN1 - IR JEST - AROO Gates Ag to B input of Adder
When J = 37g
GlAFNB 67 ARO0O - AIO9 - DGN1 «JE37
GOAFNA 65 ARO0 . ANA2 Gates Ag to A input of Adder
F1AFNP 66 AFL2 + AFL3 + (AFL1 - ECLK) Held reset
D1ASRL, U 63.1 |ASR1 = DGN1 . T6E3 -IR05 Shifts A Reg. right 24 places
N1J1INC 71 JIN2 « JIN4 Enables incrementation of J Counter
ETST= ECTF=IR07-EI06 - EGIT.ET4E| Clear Test F/F;
F1ETST 89 ETST= G1ESTF .- EI06 . ECLK Set Test F/F if Ay = 1
TOS-TEST ODD AND SET BIT K
23 18(17 15(14 615 |4 0f - Interruptable
GEN 1 05 X 467 0] K 2= XK e ow ing Execution? Yes
CHANGES FOLLOWING EXECUTION
TOS sets the Test flip-flop (F1ETST) if bit Z in the A Register is Ays o 23 Z, 0
a "one' and bit Z remains a "one''. If bit Z in A is a ""zero", the Q
Test flip-flop is cleared and bit Z is replaced with a "one''. 23-0
Plao C(P) +1
NOTE
FIWPMT
The Test flip-flop is cleared if Z is greater than 23{g. F1UOFL
FIETST Set if Az = 1;
During State 4, the complement of I;_g (Z) is gated to the J Count- Resetif Az = 0
er. The Test flip-flop (F1ETST) is reset. The A Register is J4o0 o7 -7
shifted right with Ay applied to the A input of the Serial Full Ad- 8
der. All other inputs to the Adder are disabled, except when the Memory Z
J Counter is equal to 37g. Therefore, the Sum output of the Adder
is equal to AO, unless J is equal to 37g. This Sum output is ap-
plied to Agg, leaving these bits of A unchanged. The J Counter COMMAND CHARACTERISTICS
is incremented at each shift of A, When J is equal to 37g, bit Z
is shifted from the A Register. The complement of bit Z is applied to the B input of the Adder. The result of the
summation of Ay and &g results in a ''one' Sum output of the Adder. This "one' is applied to A3, making bit Z a
"one". Also, when J is equal to 37, if Ag is a ''one'', the Test flip-flop is set.
4022A-5 ARITHMETIC UNIT GN1-37



. Logic . . .
Logic Element Sheet Logic Equation Function
GOAFNB 67 AGN1 +JE37 -IR10 - AROO Gates mto B input of Adder

when J = 374
GLAFNB 67 AIl0 - AROO -DGN1 » JE37
GOAFNA 65 ARO00 -ANA2 Gates Ag to A input of Adder
F1AFNP 66 AFL2 + AFL3 + (AFL1 * ECLK) Held reset
D1ASRL, U 63.1 |ASR1 = DGN1 . T6E3 .IR05 Shifts A Reg. right 24 places
N1J1NC 71 JIN2 « JIN4 Enables incrementation of J Counter
ETST= ECTF= IR07-EI06 +EG1T+*ET4E Clear Test F/F;
F1ETST 89 ETST = G1IESTF .EIO6 - ECLK Set Test F/F if Ay = 1
TSC-TEST AND SHIFT CIRCULAR
23 18{17 15|14 65 |4 0 Interruptable
Z = f(X
GEN 1 05 X 046 1 K X K) Following Execution? Yes
CHANGES FOLLOWING EXECUTION

TSC shifts the contents of the A Register right circular Z places. A23_0 C(A)shifted right circular Z
If all bits shifted out of Aj are "zero'", the Test flip-flop (F1IETST) Q places
is set, otherwise it is cleared. The maximum number of shifts 23-0
is 2410.

10 Plaoo C(P)+1
During State 4, the complement of I4-0 (Z) is gated to the J Count-~ F1WPMT
er. The Test flip-flop (FIETST) is set. The A Register is then
shifted right circular with A_ applied to the A input of the Serial F1UOFL
Full Adder. All other Adder inputs are disabled providing a Sum Set See Text
output of the Adder equal to Ag. This Sum output is applied to Agg. FIETST Réset> b
If any bit shifted from AO is a "one", the Test flip-flop is cleared. J40 37
The J Counter is incremented at each shift of A. When J is equal 8
to 37g, the number of shifts specified by Z have occurred and Memory Z

further shifting is inhibited.

COMMAND CHARACTERISTICS

s Logi
Logic Element Sl?.gg Logic Equation Function
GOAFNB 67 AFNB = IR10 -IR09 Disabled
G1AFNB 67 AFNB= (AI10 - AR00O) +(AI09 - AROO) Disabled
GOAFNA 65 AR00 - ANA2 Gates Ag to A input of Adder
AFNP = AFL3 +-AFNC - BCLK Remains reset because
F1AFNP 66 AFNP = AFL3 - AFNC « BCLK no summation is performed
D1ASRL, U 63.1 |ASR1 = DGN1 - T6E3 - JE37 Shifts A Reg. right until J = 37
Enables incrementation of J
N1JINC 71 JE37 . JIN1 « JIN2 Counter until J = 37g
ETST = GOESTF = IR06 - IR07 . ET4E. EG1 F Set Test Flip-flop;
FIETST 89 ETST = G1ESTF .IR06 . ECLK Clear if any bit shifted from Ag = 1

GN1-38 ARITHMETIC UNIT
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TZC-TEST ZERO AND COMPLEMENT

GEN 1 23 0 Interruptable
’ 05064670 Following Execution? Yes
CHANGES FOLLOWING EXECUTION

TZC sets the Test flip-flop (F1ETST) if all bits in the Register A23_0 C(Ag3_0)

are ''zero". If any bit in the A Register is a "one', the Test flip- Q

flop is cleared. TZC also replaces the contents of the A Register 23-0

with its 1's complement.

Piio C(P) +1

During State 4, the complement of I4_g is gated to the J Counter. FIWPMT
This presets the J Counter to 7 because bits 2 through 0 of the
TZC command are "zeros''. The Test flip-flop (FIETST) is set. FIUOFL i
The A Register is then shifted right with Ag applied to the A input FIETST Set if C.Z(A) = 0;
of the Serial Full Adder. The Carry flip-flop (F1AFNP) is held Reset if C(A)# Q0 |
set throughout the shift of A applying a "one' to the P input of the Ja4-0 37g
Adder. The Sum output of the Adder is equal to the 1's comple-
ment Ag (i.e. Agplus 1 = complement of Ay). This sum output Memory Z
is applied to Agg placing the 1's complement of A back in A, If

at any shift of A, A0 is a ""one', the Test flip-flop is cleared.

The J Counter is incremented at each shift of A, When J is equal COMMAND CHARACTERISTICS
to 378, 24 shifts of A have occurred and further shifting is inhibited.

. Logic . . .

Logic Element Sheet Logic Equation Function

GOAFNB 67 AFNB = [R10 *IR09 Disabled

GlAFNB 67 AFNB = (AI10 - AR0O) +(AIO9 - AROO) Disabled

GOAFNA 65 ARO00 - ANA2 Gates Ag to A input of Adder

F1AFNP 66 AFL2 + AFL3 Held set

D1ASRL, U 63.1 |ASR1 = DGNI . T6E3 *JE37 Shifts A Reg. right until J = 374

Enables incrementation of
N1JINC 71 JE37 . JIN1 . JIN2 J Counter until J = 37g
ETST=GOESTF=IR06- IR07- ET4E. EG1IT Set Test flip-flop
F1ETST 89 ETST = G1ESTF .IR06 + ECLK Clear if C(A) # 0
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TZE-TEST A ZERO

GeEn 1 |28 0 Interruptable
05004670 Following Execution? Yes
CHANGES FOLLOWING EXECUTION
TZE sets the Test flip-flop (F1ETST) if all bits in the A Register A23_0
are "zero'', If any bit in the A Register is a "one', the Test flip- Q
flop is cleared. The original contents of A are unchanged. 23-0
P C(P)+1
During State 4, the complement of I4-¢ is gated to the J Counter. 14-0
This presets the J Counter equal to 7 because bits 2 through 0 of FIWPMT
the TZE command are ''zeros'. The Test flip-flop is set. The
A Register is then shifted right circular with AO applied to the A F1UOFL .
input of the Serial Full Adder. AIll other inputs of the Adder are FIETST Set if (.'(A) = 0;
inhibited providing a Sum output of the Adder equal to Ag. This Reset if C(A) # 0
Sum output is applied to Agg, leaving the A Register unchanged J4-0 37g
after 24 shifts. If at any shift of A, Agis a "one'", the Test flip-
flop is cleared. The J Counter is incremented at each shift of A Memory Z

When J is equal to 37g, 24 shifts of A have occurred and further

shifting is inhibited. COMMAND CHARACTERISTICS

. Logic . . .
Logic Element Sheet Logic Equation Function
GOAFNB 67 AFNB = IR10 *IR09 Disabled
Gl1AFNB 67 AFNB = (AIl10 * AR0O) + (AI09 * AROOQ) Disabled
GOAFNA 65 AROO -ANA2 Gates Ag to A input of Adder
AFNP = AFL3 :AFNC - BCLK Remains reset because
F1AFNP 66 AFNP = AFL3 - AFNC - BCLK no summation is performed
D1ASRL, U 63.1 ASR1 = DGN1 - T6E3 . JE37 Shifts A Reg. right until J = 374
Enables incrementation of
N1JINC 71 JE37 . JIN1 « JIN2 J Counter until J = 37g
ETST=GOESTF=IR06+ IR07- ET4E: EGIT Set Test flip-flop;
F1ETST 89 ETST = G1ESTF = IR06 « ECLK Clear if any bit shifted from Ag = 1
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GEN 2 INPUT/OUTPUT COMMANDS

18 17 15|14 12

11

25

K3 K2 Kj

Ky

“GEN 2 Op-Code

GEN 2 commands are micro-coded and used primarily
to control input/output sub-systems. GEN 2 commands,
however, are also used to perform some operations
internal to the Central Processor. To further illustrate
the microcoding of the GEN 2 format, Fig. GN2.1, 2,
and 3 are provided. These figures show the specific
microcoded functions of GEN 2 commands when operat-
ing various groups of controllers. Fig. GN2.1 illus-
trates the command format when operating input/output
sub-systems that utilize the memory multiplexer.

Fig. GN2. 2 illustrates the GEN 2 format when operat-
ing I/O devices through the I/O Buffer. Fig. GN2, 3
illustrates the GEN 2 format when operating other /0
controllers,

The GEN 2 command is identified by the operation code
25g. GEN 2 commands are divided into two categories,
internal and external, according to the K3 bits (11 thru
9). If the K3 bits are equal to 0, the command is in-
ternal. If any of the K3 bits is a "one', the command
is external. External commands are Input/Output com-
mands that select modules and devices for inputting and
outputting data. A single GEN 2 command will select
and address a specific device and specify the action that
is to be performed. The selection of a device and the
transfer of data is accomplished with a single GEN 2
comm and.

Internal GEN 2 commands are used to control the API
module, test for Parity, Overflow, or Demand indica-
tions, read the console switches, reset the Stall Alarm,
turn off or on alarm contacts and setthe Trapping Mode.

GEN 2 commands cannot be relative addressed. They
may be interrupted upon completion except for IAIy,
IAI9, JNR, JDR, JCB and JNO. Since indexing may
alter bit positions 14-0 of the GEN 2 command, caution
must be exercised when specifing an index register.

The following table lists the GEN 2 commands as defin-
ed by the S (14-12) and K3 (11-9) bits.

4022A-5

l»--w— -~-—Micro-coded to select a
controller and device and specify
some special sub-operation

Specifies the action that is to be performed.

L—~—Specifies the index register to be used if any.

S Bit Internal External
(K3=0) (K370)
T ~STM, LMR,

0 (optional)CLMRz, 1AL, SEL
ALARM

1
SSA ACT

2 PAI OPR

3 IAIL ABT

4 JND ouT

5 RCS IN

6 JNO JNR, JDR,

JCB
7 JNP JNE

BASIC TIMING

The basic timing of GEN 2 commands is divided into
three groups; internal (K3=0), high-speed external
(K3=17), and normal external (K3#0 or 7). The basic
timing of each of these groups is described in the fol-
lowing paragraphs. Following this discussion of basic
timing, each GEN 2 command is described individually.

Internal GEN 2 Commands

GEN 2 commands with K3=0 perform various functions
within the Central Processor and are executed at very
high speeds (i.e. 2.2 us.).

Fig. GN2. 4 contains a timing diagram and logic equa-
tions for GEN 2 commands with K3=0. These commands
are executed during Sequence State 4 which has a dura-
tion of 0.6 microseconds.

Since memory is not required to execute GEN 2 com-
mands, memory is not requested and the Sequence Time
Counter (F1TSCA-C) is not held in Time 2 (SCA-SCB-
SCC) awaiting Data Ready. Instead, it is allowed to in-

‘crement to Time 5 (SCA-SCB* SCC) which generates Last

ARITHMETIC UNIT

Pulse Envelope (DITLPE), ending the execution cycle.
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MEMORY CHANNELS

4520
4510B DRUM
DRUM &
COUPLER CONTROL
4022 CORE 4515B 4547
DISC DISC
ARITHMETIC |MEMORY COUPLER CONTROLLER
N 4511B 45918
MEMORY 4501 COMMON
MULTIPLEXER PERIPHERAL PERIPHERAL
COUPLER MULTIPLEXER INTERFACE
COUPLER
4536 4546 4570 4560 4550
MAG DISC CARD CARD LINE
TAPE FILE PUNCH READER PRINTER
23 18 |17 15]14 12{11 98 6| 5 32 0
25 X = Ke K| %o
N J J
| 4591 only. Specifies Pointer Word address.
(00 - 07 Specifies Pointer
Word address 30-37 respectively)
— Specifies Memory Channel
10 = Channel one
20 = Channel two
40 = Channel three
Specifies action to be performed
0 = Not Used
1 = Activate Interrupt
2 = Disc (Return to zero)
Drum (Not Used)
4591 (Not Used)
3 = Abort operation
4 = Initiate operation
5 = Disc (Read Status)
Drum (Not Used)
4591 (Program Load - Manual Only)
= Controller Busy Test
7 = Error Test
L Specifies Index Register
L——GEN 2 Op-Code
Fig. GN2.1, Memory Multiplexer Channels
GN2-2 ARITHMETIC UNIT 4022A-5



4022

ARITHMETIC
UNIT 4202
/0
4221-C 4262-C 4233-C 4212-C 4244-C
BUFFER LINE TTY-35 PTA‘AAPIFER CARD
TYPER PRINTER READER READER
4213-C 4270-C 4223-C 4253-C 4234-C DATANET
PAPER Lo PAPER 760
TAPE -C. TAPE TTY-33 CRT
READER TYPER TYPER PUNCH DISPLAY
23 1817 15]1a  12[i1 4 3z 0
—

“—— GEN 2 Op-Code

4022A-5

4 Output Data
5 Input Data
6 Channel Busy/Data Ready Test

7 Error/Alarm Test

Fig. GN2. 2.

L Specifies Index Register

I— I/0 Buffer channel
address 00 - 17g
specifies channel 1 - 16
respectively.

N— Busy/Ready Test

01 = Channel Busy Test (JCB)

10 = Data Ready Test (JDR)

—— Error/Alarm Test

00 = Test Line 1
01 = Test Line 2
10 = Test Line 3
11 = Test Line 4

1/0 Buffer Address 71g = First I/0 Buffer

L___Action to be performed
0 Not Used

1 Not Used

2 Initiate Operation

3 Abort Operation

I/0 Buffer Application

ARITHMETIC UNIT
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4022

ARITHMETIC

UNIT

4074

I/0
EXPANDER

4306

COMM UNICATIONS

COUPLER

7, -

REMOTE

COMM UNICATION

4302

TIMED OUTPUT
CONTROLLER

440

0-B

4075
I/0

4400-A

DIGITAL INPUT
CONTROLLER

430

0-B

COUPLER

4282
CARD

PUNCH

4300-A

MULTIPLE OUTPUT
CONTROLLER

410

1-B

4101-A

ANALOG INPUT
CONTROLLER

410

0-B

4100-A

ANALOG INPUT
CONTROLLER

23

18 17 15

12

25

Ky

Ky

Ko

GN2-4

J\

12
14
41
42

Not Used

J
L— Reserved

Controller Address

First analog input control
First digital input control
First card punch
First multiple output control
First Timed output control
First communications coupler

Action to be performed

Activate Interrupt

Abort Operation

Input Information

Controller Busy Test

Error Test

Specifies Index Register

L—— GEN 2 Op-Code

Fig. GN2.3.

0
1
2
3
4 Output Information
5
6
7

Controller Applications

ARITHMETIC UNIT

4307
REMOTE
SCANNER

4100
4300
4302
4400

4201-B
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Fig. GN2.4. Internal GEN 2 Basic Timing

High-Speed External GEN 2 Commands

High-speed GEN 2 commands are those GEN 2 com -
mands having the K3 bits equal to 7. These commands
are used with I/0 Devices that operate through the 1/0
Buffer at high-speeds. High-speed GEN 2 comm ands
are executed in 8, 5 microseconds.

Fig. GN2, 5 illustrates the basic timing signals and

the associated logic equations for the execution state
(State 4) of GEN 2 commands with K3 equal to 7. Sequence
Control State 4 has a duration of 6.9 microseconds for
these commands. The duration of State 4 is controlled
primarily by Time 6 Envelope (F1TT6E), the Delay

Time (binary) Counter (F1TAFF-FI1TEFF), and the
Extended Time Counter flip-flops (F1TECI, 2).

The Sequence Time Counter (F1TSCA, B, C) is incre-
mented by the first six Clock pulses of State 4 to Time
6 Envelope (F1TT6E). At Time 3 (SCA:SCB.SCC) of
the Sequence Time Counter, the Delay Time Counter is
preset to a count of 30g by GITPAF, and the Extended
Time Counter flip-flops (F1TEC1, 2) are set. At Time
4 (SCA-SCB-SCC) of the Sequence Time Counter, the
Delay Time Counter is preset to a count of 4 by DOTP04.
During Time 6 Envelope, the Delay Time Counter is
incremented by each Clock pulse until it is equal to 30g.
When the Delay Time Counter is equal to 30g, FITEC2
is reset and the Delay Time Counter is again preset to
4 by DOTP04. The Delay Time Counter is again incre-
mented until it is equal to 30g. At this time, F1TECI!
is reset and the Delay Time Counter is again preset to
4 by DOTP04. F1TEC2 is set if the command is not a
JNE, JNR, JDR or JCB command with the jump condi-
tion true (i.e. if G1TP1X). The Delay Time Counter is
again incremented by each Clock pulse until it is equal
to 308. At this time, with the Delay Time Counter
equal to 30g and the Extended Time Counter flip-flops
(F1TECI, 2) reset, Last Pulse Envelope (DITLPE) is
enabled to end the execution cycle.

4022A-5
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Phase A and Phase B timing signals are applied to the
I/0 Subsystem by DONPHA and DONPHB. Notice that
DONPHB is not enabled for external jump commands
(JNE, JNR, JCB, JDR) when the jump condition is true.

External GEN 2 Commands (K3 # 7)

External GEN 2 commands that do not have the K3 bits
equal to 7 are executed in 26. 5 microseconds. Most
external GEN 2 commands are in this category.

Fig. GN2. 6 illustrates the basic timing signals and the
associated logic equations for the execution state

(State 4) of these external GEN 2 commands. Sequence
Control State 4 has a time duration of 24. 9microseconds.
This time duration is controlled in much the same man-
ner as the High-Speed GEN 2 commands described above,
except that the Delay Time Counter is incremented by
every fourth Clock pulse instead of at every Clock pulse.
The Frequency Divider (F1TED1, 2) is used to provide the
Delay Time Counter triggers at every 4th Clock pulse

of these external GEN 2 commands.

The Sequence Time Counter (F1TSCA, B, C, ) is incre-
mented by the first six Clock pulse of State 4 to Time 6
Envelope (FITT6E). At Time 3 (SCA.SCB-SCC) of the
Sequence Time Counter, the Delay Time Counter
(F1TAFF-F1TEFF) is preset to 308 by GITPAF and the
Extended Time Counter flip-flops (F1TECI, 2) are set.

At Time 4 (SCA-SCB-SCC) of the Sequence Time Counter,
the Delay Time Counter is preset to 4 by DOTP04. Each
Clock pulse of Time 6 Envelope increments the Frequency
Divider flip-flops (F1TFD1, 2), when the Delay Time
Counter is not equal to 30g. F1TFD1 and FITFD2 act as
a binary counter and are, therefore, both set at every
fourth Clock pulse. When both F1TFDI1 and FITFD2 are
set, GOTDFD is enabled. When enabled, GOTDFD enables
G1TEID and allows incrementation of the binary Delay
Time Counter (F1TAFF-F1TEFF). Therefore, every
fourth Clock pulse increments the Delay Time Counter
until it is equal to 30g. When the Delay Time Counter is
equal to 308, the Extended Time Counter flip-flop,
F1TEC?2, is cleared and the Delay Time Counter is pre-
set to 4 by DOTP04. The Delay Time Counter is again in-
cremented at every fourth Clock pulse until it is again in-
cremented to 30g. At this time the Extended Time Counter
flip-flop, F1TECI1, is reset and the Delay Time Counter
is again preset to 4 by DOTP04. The Delay Time Counter
is again incremented by every fourth Clock pulse until
equal to 30g. At this time, with FITECI and FITEC2 re-
set and the Delay Time Counter equal to 30g, Last Pulse
Envelope (DITLPE) is enabled ending the execution cycle.

Phase A and Phase B timing signals are applied to the
1/0 Subsystem by DONPHA and DONPHB. Notice that
DONPHB is inhibited during external jump commands
(JNE, JNR, JCB, JDR) when the jump condition is true.
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ABT-ABORT DEVICE D’s OPERATION

GEN 2 23 18|17  15/14 12|11 0
(s=3, K37 0) 25 X 3 D

Z={(X, D)

ABT terminates the operation of the addressed device
and initializes the addressed channel. The operation
may or may not have been completed, thus, ABT pro-
vides an interrupt to indicate that the ABT command has
been executed. Some device operations cannot be ter-
minated instantly, (Teletype, Magnetic Disc seek) there-
fore, the program must account for this delay to com-
plete termination of the operation. For example, the
Teletype requires 100 ms to transmit one character. If
ABT is executed before the full character has been
transmitted, the channel will be initialized but the Tele-
type unit must complete its cycle. Therefore, if another
command is issued to the Teletype before it completes
that cycle, a synchronization problem occurs.

Since ABT is an external GEN 2 command (K3#0), the
duration of Sequence Control State 4 will be 6. 9 micro-
seconds if K3 is equal to 7, or 24, 9 micro-seconds if K3
is not equal to 7. The timing diagram contained in Fig.
GN2.5 or GN2. 6 applies to the ABT command.

Because the S bits (14-12) of the ABT command are
equal to 3, the NGS3 gates are enabled by the corres-
ponding bits of the I Register. Bits 11 through 0 of the
ABT command are decoded from the I Register, enabling
the corresponding K decode gates. These signals, along

ACT-ACTIVATE DEVICE D’s INTERRUPT

GEN 2 23 18|17 15[14 12f11 0O
(S=1, K370) 25 X 1 D

Z=f(X, D)

ACT indirectly initiates programmed operation of device
Z by initiating an Automatic Program Interrupt from the
device. If device Z is not in operation, ACT simulates
the completion of an operation to provide the Automatic
Program Interrupt (i.e. ‘the ready signal is cycled to not
ready and back to ready). If device Z is in operation, the
ACT command is ignored. The ACT command may be
used to initiate subroutines for devices connected to
modules such as the Analog Input Controller, Multiple
Output Controller, Drum, Disc, etc.

Since the ACT command is an external command (K3# 0),
the duration of Sequence Control State 4 will be 6.9 mi-
croseconds if K3 is equal to 7 or 24, 9 microseconds if
K3 is not equal to 7. The timing diagram shown in Fig.
GN2, 5 or GN2. 6 applies directly to the ACT command.

The S (bits 14-12) and K (bits 11-0) bits of the ACT com-
mand are decoded from the I Register. Since S is equal
to 1, the NGS1 gates are enabled. This signal along

with the K decode gates enabled and the Phase A and
Phase B timing signals are applied to the addressed

I/0 Subsystem. Refer to the description of the particular
Subsystem addressed for details of the ACT operation
within the Subsystem.

with the Phase A and Phase B timing signals, are ap- I REG. 23 A 13 1211 0
plied to the I/O Subsystem. Refer to the I/O Subsystem 1
description (e.g. Disc, Drum, etc. ) for a detailed dis-
cussion of the operation of the ABT command within the
Subsystem. '
A
GONGS3
I REG. | 2° A 133 1411 0 K0-K3 DECODE
,——“ Sheet 101
3 |
A A A A
GONGS3
KO-K3 DECODE DONPHA | | DONPHB | | XINGS1 GINSG1
Sheet
100
Sheet 101 99, T T T v T v
Sheet 101 To I/O Subsystem
A A A A ACT Block Diagram
DONPHA | | DONPHB| | X1NGS3 G1NGS3 IAI1-INHIBIT AUTOMATIC INTERRUPT
(f T T GEN 2 23 0
v v (S=3, K3=0)

To I/O Subsystem

ABT Block Diagram

GN2-8
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25030000

IAL; clears the Permit Automatic Interrupt flip-flop

4022A-5



(F1WPMT) to inhibit inhibitable program interrupts.
Non-inhibitable interrupts are not affected by the IAL;
command or Permit Automatic Interrupt flip-flop.

Since the IAI] command is an internal GEN 2 command,
Sequence Control State 4 has a duration of 0.6 micro-
seconds. The timing diagram and logic equations shown
in Fig. GN2. 4 apply to the IAI; command.

The S bits of the IAI; command are decoded from

I 13 to enable the NGS3 gates. The K3 bits are
decoded from Ij;_g and enable the NK30 gates. At
time 3 (TSCA- TSCB- TSCC) the Permit Automatic In-
terrupt flip-flop (FIWPMT) is reset. FIWPMT when
reset, applies a signal to the Automatic Program In-
terrupt module inhibiting inhibitable type interrupts.

I Reg.
23 A, 13, 12 |11 9 0
3 0
A K3 DECODE  |Sheet 100
GONGS3 ]
K3=0
(r ——DGN?2
L o
OR
Sheet 101 | GINGS3 G1DGKT Sheet 29
A
Sheet 121 GOWGS3 1SS
TSCB
? | e
Al la]l {a]l |a
OR
G1WCPM
Q
TSCC -TSCA
ECLK
_I _
Sheet 121 FIWPM T
1 0
¢ v
TO API MODULE
IAI; Block Diagram
4022A-5

IAlo-INHIBIT AUTOMATIC INTERRUPT(Optional)

GEN 2 23 0
(S=4, K3=0) 25004304

IAI is used in conjunction with the optional Automatic
Interrupt Mask Register. IAls inhibits all interrupts,
both inhibitable and non-inhibitable provided the Permit
Automatic Interrupt flip-flop has been previously cleared.

Since the IAl; command is an internal GEN 2 command,
Sequence Control State 4 has a duration of 0.6 micro-
seconds. The timing diagram and logic equations shown
in Fig. GN2.4 apply to the IAIs command.

The S and K bits of the IAl; command are decoded from
the I Register. Decoding these bits apply the S=0 and
corresponding K decode signals to the optional API
Mask Register logic. From these signals, the Mask
Register logic inhibits all interrupts by clearing the
Time Counter, clearing the Priority Interrupt flip-flops
and disabling Echo generation.

ARITHMETIC UNIT

) I Reg.
23 EA, 13, 12511 9:8 655 352 0
i 0t o0 3 1 0 ' 4
A A A A
GONGSO0 NK21 NK22 NKO04
A
G1NGS0
TO API MASK REGISTER
IAI, Block Diagram
IN-INPUT FROM DEVICE D
GEN 2 23 18[17 1514 1211 0
(S=5, K370) 25 X 5 p |¢HXD)

IN transfers data from the addressed device to the A
Register. The IN command is not required on sub-
systems connected to the Memory Multiplexer channels
with the exception of the Model 4591 Common Peripheral
Interface Coupler. A manually executed IN comm and
(via the Console) addressed to the Model 4591 initiates

a program load operation. Refer to the Model 4591 for

. further details.

GN2-9



F1SCO01 (17)

F1SC04 (17, 1)

FITEC1 (16)

F1TEC2 (186)

DONPHA (101)

DONPHB (101)

D1UIOU, L (53)

D1AAUU, L (62)

GN2-10

23 A, 13, 12 g
I REG.
5
A
Sheet 101 | GONGS5 KO- K3 DECODE
Q Sheet 99,100
Sheet 101 A A
G1NGSS5 X1NGS5 ]
@)
UCco4
| #B  @a
A
Sheet 53 GOUIO1 i
L — —_— - — -——
o) P £
,——4- { I/0 SUB-SYSTEM '
. e e e e e s — — —— I
A A
D1UIOU D1UIOL 1/0
)
INPUT
l_j) 0 1 e | DATA BITS
GATES
Sheet 42-47| 23 ADDER 0
Sheet 97, 98
[ ! AAUL, U
73
Sheet 56-61 A

—

-

24.9 us. if K377
6.9 us. if K3=7

IN Block Diagram

i

—
L
|

SC01 = SSS1 - TLPE - SCLK
SC04 = SSS4 - TLPE - SCLK
TEC1= 8SC04 - TP11 - BCLK
TEC1= TEC2 - TD30 - BCLK
TEC2= SC04. TP11- BCLK+ TP1X. TD30. BCLK
TEC2= TD30 « TT6E - BCLK
NPHA= TEC1 * TEC2 . BINA
NPHB= TECI - TEC2 - BINA

UIOU, L = UIO1 = NSG5 * UC04

AAUU, L= AAU4=TT6E: TBFF- TAFF-NS5T- ECLK

IN Timing Diagram

ARITHMETIC UNIT
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The duration of State 4 is 24. 9 microseconds if the K3
bits are not equal to 7, or the duration is 6.9 micro-
seconds if the K3 bits are equal to 7. The basic timing
diagram in Fig. GN2.5 or GN2. 6 applies to the IN
comm and.

Since the S bits of the IN command are equal to 5, X1NGS5
is enabled and the resultant signal is applied to the I/0
Sub-system along with the Phase A and Phase B timing
signals and the decoded address signals (KO - K3), Data
from the addressed subsystem is applied through the

1/0 Input Gates (logic sheets 97 and 98) and gated to the
Adder Unit by D1UIOU, L. From the Adder Unit, the
data bits are gated to the A Register by D1AAUT, L.

JCB-JUMP IF CHANNEL BUSY

GEN 2 |23 18117 15{14 12|11 6(5/4|3 0
(s =8,
K3 #0) 25 X 6 D jon D

JCB transfers program control to the second sequential
instruction (P + 2) if the addressed channel is busy. If
the addressed channel is ready, program control is
transferred to the first sequential instruction (P + 1),

Hardware operation of the JCB command within the
Arithmetic Unit is identical to that of the JDR and JNR
commands. Refer to the description of the JNR com-
mand for further details.

JDR-JUMP IF DATA READY

?EN 2 |23 18|17 15|14 12{11  6}5 [4]3 0
S = 86,
K3%0) 25 X 6 D 110 D

JDR transfers program control to the second sequential
instruction (P + 2) if the addressed input channel is busy
and its data ready indicator is set. Control is also
transferred to the second sequential instruction (P + 2)
when the addressed output channel is busy and its buffer
ready indicator is set. If either indicator of the ad-
dressed channel is reset, program control is transfer-
red to the first sequential location (P + 1). When the
addressed channel is not busy, program control

is transferred to the first sequential location

(P +1).

Hardware operation of the JDR command within

the Arithmetic Unit is identical to that of the JCB
and JNR commands. Refer to the description of
the JNR command for further details.

JND-JUMP IF NO DEMAND

GEN 2 23 0
(S=4, K3=0)

25040000

JND transfers program control to the second sequential

4022A-5
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location (P + 2) if the Demand flip-flop (F1CDMD) is re-
set. If the Demand flip-flop is set, JND clears it and
advances program control to the first sequential location
(P + 1). The Demand flip-flop is set by pressing and then
releasing the DEMAND switch on the computer console.

Since the JND command is an internal GEN 2 command,
Sequence Control State 4 has a duration of 0.6 micro-
seconds. The timing diagram and logic equations shown
in Fig. GN2, 4 apply to the JND comm and.

The P Register is always incremented during Time 2
(TSCA- TSCB) of the JND command. If the Demand flip-
flop (F1CDMD) is in the reset state, the P Register is
again incremented at Time 5 (TSCA-TSCB-TSCC). If
the Demand flip-flop is set, the JND command resets it
during time 0 of the following State 1.

The Demand flip-flop is set by pressing and then releas-
ing the DEMAND switch on the computer console. Pres-
sing the DEMAND switch applies a ground to F1CDMS

providing a '"one'' output to arm F1CDMD. Releasing the

DEM AND

CLC1
Sh. 25 O NK30
’_, NS4T
. FOCDMS F1CDMS A
Sheet 124 O
i GOCRDM
Q
(a1 [a]

F1CDMN O——¢
1 0

CSCA
[a] l—m

Sheet 124|{F1CDMD | |

1 0
A
DOCDMD
NK30 - NSG4
A
OR
Sheet 100 GONJM P

T

TO P REG. INCREMENT
CONTROL (Sheet 88)

JND Block Diagram
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TLP4= DGKT. TSCA.SC04. TSCB

_ | L
L

F1SC04 (17, 1)

F1CDMD (124)

SSS4 . TLPE - SCLK

GONJMP (100)

G1PIN9 (88)

CDMD = CDMN . CSCA
CDMD = CRDM =CSCA"* NS4T. NK30. CL.C1
NJMP = NSG4 - NK30 - CDMD

I L PIN9 = TSCA .NJMP :DGN2 - NK30

GOPIN3 (88)

PIN9 . TSCC - TSCB - PIN1

GOPIN4 (88)

L
IN

D1PIN1, 2 (88)

—

PIN1 - BGNN « TSCA . TSCB

)
=
Z
N

]

I [_. PIN1, 2= PIN4 + PIN3

L

DEMAND SET

Increment P = P+ 1

Llncrement P=P+2
Increment P= P+ 1

DEMAND RESET

JND Timing

DEMAND switch removes the ground from F1CDMS and
applies it to FOCDMS. This provides a "one" output
from FOCDMS which is applied to F1CDMS causing its
output to fall to "zero'' thereby setting F1CDMD.
F1CDMD is cleared by the decoded JND command
(NS4T - NK30) at the beginning of the following State 1.

JNE-JUMP IF DEVICE D NOT IN ERROR

GEN 2
(S=17, K3#0)

23 18|17 15(14 12|11 0

25 X 7 p [¢7fXD)

JNE transfers program control to the second sequential
location (P + 2) if no error or alarm exists in the ad-
dressed module. If an error or alarm exists, program
control is transferred to the first sequential instruction
(P +1). Depending on the module addressed, the JNE
command may also clear the error or alarm indicator
in the module.

The duration of Sequence Control State 4 is 24. 9 micro-
seconds if K3 (bits 11 - 9 of the JNE command) is not
equal to 7 or the duration is 6.9 microseconds if K3 of
the JNE command is equal to 7. Refer to the basic
timing diagram contained in Fig. GN2.5 or GN2. 6.

The S bits of the JNE command are decoded from

Ia, 13, 12 to enable NGS7. This signal, along with the
decoded K3-0 signals and Phase A and Phase B, are
applied to the I/0 Subsystem. The P Register is incre-
mented (GOPIN4) at Time 2 of State 4. The error or
alarm signal from the addressed module is applied
through GONJP2. If an error or alarm exists, GONJMP
is disabled. When disabled, GONJM P enables setting

of FITEC2 when the Delay Time Counter is equal to 30g.

GN2-12

ARITHMETIC UNIT

Setting F1TEC2 enables generation of the Phase B
signal to the addressed module and inhibits increment-
ing of the P Register for the second time. If, however
no error or alarm exists, GONJMP is enabled. When
enabled, setting of F1TEC?2 is inhibited when the Delay
Time Counter is equal to 30g. Inhibiting F1ITEC2,
inhibits generation of Phace B and enables G1PINS.
G1PIN8 enables GOPIN3 causing the P Register to be
incremented a second time (P + 2),

ERROR OR ALARM INPUTS

I Reg.
24 A,13,12]11
G1INJ21 GINJ22 | | GINJ24 .
K3=1h-‘1<3=2 K3=4 K3=7 ;Z{B ¢A K DECODE
A I 4 | | A
OR

NGS7
Sheet 100
GONJP2

T 3

GINJP2 |

i L e e e J
NSG7
A; [a]

OR

GONJM P

7

TO EXTENDED TIME COUNTER,
F1TEC2, CONTROL Sheet 16

Sheet 100

JNE Block Diagram
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¥1SCO01 (17)

F15C04 (17. 1)

FITEC1 (16)

F1TEC?2 (16)

DONPHA (101)

DONPHB (101)
GONJM P (100)
GOPIN4 (88)
G1PINS (88)
GOPINS (88)

D1PIN1, 2 (88)

JNO-JUMP IF NO OVERFLOW

‘.___

q

24.9 ps. if K377

‘

| ’

[ ¢

T

6.9 us. if K3=7
|'sc01 = SSS1 - TLPE - SCLK
Lsco4 = 8§S54 - TLPE *SCLK
i TEC1 = SC04 :-TP11 *BCLK
f——— TECI = TEC2 -TD30 . BCLK
‘r-----w----wl TEC2 = SC04.TP11.BCLK+ TP1X. TD30- BCLK
" . <5 L TEC2 = TD30 - TT6E *BCLK

s | ‘___I——“ NPHA =

TEC1 « TEC2 - BINA

"

NPHB = TECI1 « TEC2 - BINA

‘__...__/,4,____
—————————— i L et LDl
. . . NJMP = NSG7 - NJP2
U i b s PIN4 = TSCB .TSCA .BGNN .PIN1
4 £¢ S —— -
PINS = TECI +-TEC? - PGK3 + TG67
\ N ﬂ PIN3 = PIN8 * TT6E - TD30 + PIN1

11 PIN1, 2= PIN4 + PIN3

‘
a)

[

GEN 2 23
(S=6, K3=0)

25060000

DITLPE
F1SC04 (17.1)
F1UOFL (54)
GONJM P (100)
G1PIN9 (88)
GOPIN3 (88)
GOPIN4 (88)

D1PIN1, 2 (88)

4022A-5

I"—'O.Bus.——’l
Ll

L
Y

J

NO ERROR OR ALARM
ERROR OR ALARM

NE Timing Diagram

JNO transfers program control to the second sequential
location (P + 2) if the Overflow flip-flop (F1UOFL) is
cleared. If the Overflow flip-flop is set, JNO clears it
and transfers program control to the first sequential
location (P + 1).

Since the JNO command is an internal GEN 2 command,

I'—O.‘Gus.—-’I
HEEEEEE

_ L

L
=

TLPE = TLP4= DGKT- TSCA.SC04. TSCB
____I L SC04 = SSS4 - TLPE .SCLK
TUOFL = ECLK - TSCB * UFL9
NJMP = NSG6 - NJP1
l | PIN9 = TSCA-NJM P.DGN2. NK30
L_l_ PIN3 = PIN9* TSCC. TSCB- PIN1
L_| PIN4 = PIN1.BGNN.TSCA. TSCR
I—l |—L PIN1, 2= PIN4 + PIN3

T—Increment P=P+1

OVERFLOW SET

Increment P = P + 2

Increment P= P + 1
OVERFLOW RESET

JNO Timing

ARITHMETIC UNIT GN2-13



Sequence Control State 4 has a duration of 0.6 micro-
seconds. The timing diagram and logic equations
shown in Fig. GN2. 4 apply to the JNO command.

The P Register is always incremented during Time 2
(TSCA - TSCB) of the JNO command. If the Over-
flow flip-flop (F1UOFL) is in the reset state, the P
Register is again incremented at Time 5 (TSCA
TSCB . TSCC). If the Overflow flip-flop is set, the
JNO command resets it during Time 5 (G1UFLS9).

ECL TSCB
TSCA*® NGS6* WC04- DGKT

a][a] | [alla
OR o

R
F1UOFL Sheet 54
1 0
NONOFL Sheet 100
T ]— K3=0
GONOFL
GINJP1
S=6
A
OR
GONJM P Sheet 100

TO P REG. INCREMENT
CONTROL (Sheet 88)

JNO Block Diagram

GN2-14 ARITHMETIC UNIT

JNP-JUMP IF NO PARITY ERROR

GEN 2 23 0
(S=7, K3=0) 25070000

JNP transfers program control to the second sequential
location (P + 2) if a core memory parity error does

not exist (i.e. the Core Parity Error flip-flop is
clear). If a core parity error exists, JNP transfers
program control to the next sequential location (P + 1)
and clears the Core Parity Error flip-flop.

Since the JNP command is an internal GEN 2 command,
Sequence Control State 4 has a duration of 0.6 micro-
seconds. The timing diagram and logic equations
shown in Fig. GN2. 4 apply to the JNP comm and.

The P Register is always incremented during Time 2
(TSCA. TSCB) of the JNP command. If the Parity
Error flip-flop in the Core Memory Module is reset,
the P Register is incremented for the second time

(P + 2) at Time 5 (TSCA - TSCB . TSCC). If the Parity
Error flip-flop is set, the JNP command applies a
signal (GINCPE) to reset it.

Core Parity Error S=1
K3=0 K3=0
| [ [
GONPER | Sheet 100 GONCPE
(l) T Sheet 101

GINJP2

GINCPE
ol
nilirs |
OR

TO RESET CORE
PARITY F/F

GONJM P

T

TO P REG., INCREMENT
CONTROL (Sheet 88)

Sh. 100

JNP Block Diagram
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I‘——O.Gus.—’l
PP dg

I‘—O.Gus.—’l
N

I IT1

DITLPE

gL [lruee

TLP4 = DGKT: TSCA-SC04- TSCB

] i —

PARITY ERROR L

F1SC04 (17.1)

|_ SC04 $SS4 . TLPE - SCLK

PARITY ERROR = NK30 - NGS7

GONJM P (100)

i

NJMP NSG7 - NJP2

G1PIN9 (88)

TSCA . NJMP .DGN2 * NK30

"

I | PIN9

GOPIN3 (88)

PIN9 « TSCC - TSCB - PIN1

I__J- PIN3

L
N

GOPIN4 (88)

D1PIN1, 2 (88)

PIN1 - BGNN * TSCA - TSCB

L

N PIN1, 2= PIN4 + PIN3

PIN4

LIncrement P=P+1

PARITY ERROR SET

LIncrement P=P+2

L Increment P= P + 1

PARITY ERROR RESET

JNP Timing

JNR-JUMP IF DEVICE D NOT READY

JNR transfers program control to the second sequential
location (P + 2) if the addressed device (Z) is in oper-
ation. If the addressed device is "ready", JNR trans-

GEN 2 23 18§17 1514 12|11 0 R . .
(526, K3#0) 25 X 6 D Z=£(X, D) f;ri g;vogram control to the first sequential location
BUSY INPUTS
Y Y T \ I Reg.
Gingit | | aingez | | cingie 24 A, 13,1211 0
6
K3=1—| K3=2-—I K3=4—l K3=7—] ¢B ¢A K DECODE
al lal 1al 1a
OR NGS6
Sheet 100
GONJP1
? r—""—"-""=-=7777"7
|
I 1/0 SUB-SYSTEM |
GINJP1 !
Lo e e - 4
NSG6
A | A
OR
GONJM P Sheet 100
TO EXTENDED TIME COUNTER,
F1TEC2, CONTROL Sheet 16
JNR Block Diagram
4022A-5
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24. 9 ps. if K377
6.9 us. if K3=7

l.___

Fiscol (171) |

—

[‘ SC01 = SSS1 - TLPE « SCLK

16

F1SC04 (17.1) _]

I <t 1

F1TEC1 (16)

F1TEC2 (16)

L
Pom— e — ey
[ ! | ) | N ! TEC2= SC04: TP11. BCLK+TP1X-

L SC04 = SSS4 - TLPE *SCLK

TEC1 =
TEC1 =

SC04 - TP11 « BCKK
TEC2 - TD30 - BCLK

ik TD30 - BCLK
" +——— TECZ2= TD30 - TT6E - BCLK
DONPHA (101) 1___4 NPHA= TEC1 *TEC? - BINA
4t T ' 4 -
DONPHR (101) ' o 4.___l NPHB= TECI -TEC2 -BINA
B T TR S —— s — ————— -
GONJM P (100) . N NJM P= NSG6 - NJP1
GOPIN4 (88) U i - N PIN4 = TSCB- TSCA* BGNN* PIN1

GOPINS (88) PIN8 = TECI1- TEC2 PGK3. TG67
GOPINS (88) “ i . [1 PiN3 = PINS. TT6E- TD30- PINI
GOPIN1, 2 (88) [ " i i+ JL PNt 2= PIng + PING
= BUSY
----- = READY

JNR Timing Diagram

The duration of Sequence Control State 4 is 24.9 micro-
seconds if K3 (bits 11-9 of the JNR command) is not
equal to 7 or the duration is 6.9 microseconds if K3 is
equal to 7. Refer to the appropriate basic timing dia-
gram contained in Fig. GN2,5 or GN2. 8.

The S bits of the JNR command are decoded from

Ia, 13, 12 to enable NGS6. This signal, along with the
decoded K3-0 signals and Phase A and Phase B, are
applied to the I/0 Sub-system. The P Register is in-
cremented (GOPIN4) at Time 2 of State 4. The "busy"
signal from the addressed device is applied through
GONJPL. If the addressed device is busy (not ready),
GONJP1 is enabled, enabling GONJMP. When enabled,
GONJMP inhibits setting of FITEC2 when the Delay Time
Counter is equal to 30g. Inhibiting FITEC2, inhibits
generation of Phase B (DONPHB) and enables G1PINS,
G1PIN8 enables G1PIN3 causing the P Register to be in-
cremented a second time (P + 2). If, however, the de-
vice is ready, GONJMP is inhibited. Inhibiting GONJMP
enables setting F1TEC2 when the Delay Time Counter is
equal to 30g. Setting F1TEC2 enables generation of
Phase B and inhibits incrementation of the P Register
for the second time.

GN2-16
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LMR, LMR9-LOAD MASK REGISTER (Optional)

LMR 23 0
25000302

LMR, |23 0
25000300

LMR transfers the contents of the A Register bits 15-0
to the first 16 bits of the optional API Mask Register.
LMR o transfer the contents of the A Register bits 15-0
to the second 16 bits of the optional API Mask Register.
LMRy is only used for systems having more than 64
interrupts.

Since LMR and LMRgy are considered internal GEN 2
commands, Sequence Control State 4 has a duration of

p. 6 microseconds.The timing diagram andlogic equations
phown in Fig. GN2. 4 apply to the LMR and LMRy comm and.

Each bit of the A Register will specify if a specific group

4022A-5
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Levels:

1
©
le]

23 122121120 Tag T1gT17T16115T14T13T12T11T10T09 TosTo7 Tos To5 To4 To3 To2 To1 100
LMR NOT USED :
2| | PNOTUSED, b L L L1

. D~ 2] o~ ™ D 9 ™
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[aY] — — — O O o o » <) o~ r~ [and el ©
.—1 —t — — LR B |
I REG. A REG.
23 T T T T To 23 (15 00
' 1
. S |K3jK2 | K1|K0 !
API MASK REGISTER
LMR, LMRy Block Diagram
of 4 interrupts are inhibited. If the A Register bit is a OPR is primarily used in conjunction with the Model
"one', the 4 associated interrupts are inhibited. If the 4202 /0 Buffer to:
A Register bit is a "'zero", the 4 corresponding inter-
rupts are allowed. The A Register bits and the inter- 1. Initiate the I/0 operation or addressed channel.
rupts affected are shown above. 2, Transfer the contents of the A Register to the
addressed channel.
OPR-OPERATE
3. Set the addressed channel to the busy state.
GEN 2 23 187 sz 121 0 4. Clear the addres'sed channels Error/Alarm line.
(5= 2, K37 0) 25 X 2 D Z=1(X,D) Refer to the command description for the OUT command
—NGS2
NCO04
A
OR

GOUAA1 Sheet 52

7

Y I REG.
23 0 23 15]A, 13, 12]11 0
DIUAAU A 2
v y
73 0
ADDER &8 )D/ A NGS2 K DECODE

DATA LINE DRIVERS (Sheet 102)

T >

DATA BITS L .

OPR Block Diagram
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for details of operation of the OPR command within the
Arithmetic Unit. The description and timing diagram
of the OUT command applies to the OPR command ex-
cept that the A Register is gated to the Adder Unit by
enabling GOUAA1 by GINGS2 - D1UCO04 for the OPR
command.

OUT-OUTPUT TO DEVICE D

GEN 2 23 18|17 15|14 12|11 0

(=4, K37#0) 25 X 4 p [|&7fXD)

OUT transfers data from the A Register to the addressed
device. When the addressed device is one of the Memory
Multiplexer channels, the contents of A are not used but
the OUT instruction initiates the direct to memory I/O
operation. Except for the Memory channels, OUT

NS4T
NCo04

[a

OR
GOUAARD

T

A

Sheet 52

performs two distinct functions: (1) specifies a device,
(2) transfers data to that device. This data in some
controllers may be instruction type data, i.e. point
selection for analog input.

Since the OUT command is an external GEN 2 command,
the duration of Sequence Control State 4 is 24. 9 micro-
seconds if the K3 bits are not equal to 7 or the duration
is 6.9 microseconds if the K3 bits are equal to 7. The
basic timing diagram contained in Fig., GN2.5 or GN2.6
applies to the OUT command.

The S and K bits of the command are decoded from the
I Register and applied to the addressed module along
with the Phase A and Phase B timing signals. The con-
tents of the A Register are applied to the Adder unit
throughout State 4. From the Adder, the contents of

A are applied through the Data Line Drivers to the ad-
dressed M odule.

I REG.

23
D1UAAU A

0 23 151A,13,12[11 o

23
ADDER

p@ . /O/A NGS4 K DECODE

S S S

DATA LINE DRIVERS (Sheet 102)

|

1
|

ADDRESSED MODULE |
|

DATA BITS

r
|
|
|
I
I
|
|
I
|
|
|
[
I
|
L

OUT Block Diagram

24.9 us. if K3#7
y 6.9 us. if K3=7

r SC01 = SSS1 - TLPE : SCLK

F1SCO1 (17) ‘]

oAl i¥ 13

F1SC04 (17.1) _’

" L%
<¢ '

F1TEC1 (186)

| scos = sSS4-TLPE -SCLK

TEC1 SCo04 - TP11 - BCLK

¢——— TEC1 = TEC2 -TD30 -BCLK

FITEC2 (16) I l l | TgCZ : SC04. TP11. BCLK+TP1X. TD30- BCLK

TD30 - TT6E - BCLK

————— L
DONPHA (101) \ l * NPHA = TEC1 *TEC2

DONPHB (101)

{ e

{4
_I k) Y i

D1UAAU (52)

, L__*_r NPHB = TEC] - TEC2

L UAAU = UAA1l = UC04 - NS4T

OUT Timing Diagram
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PAI-PERMIT AUTOMATIC INTERRUPT I REG

23 A,13,12 |11 9 o
2 0
GEN 2 23 0 I———j
(=2, K3=0) 25020000 yy
K3 DECODE Sheet 100
PAI sets the Permit Automatic Interrupt flip-flop GONGS2 K3 =0
(F1WPMT) to allow inhibitable program interrupts fol- Sheet 101 (f DEN?
lowing the next interruptable command. ]
A 2l [a
: . . OR
Since the PAI command is an internal GEN 2 command, GINGS2 Sheet 29
Sequence Control State 4 has a duration of 0.6 micro- G1DGKT
seconds. The timing diagram and logic equations (ﬁ
shown in Fig. GN2. 4 apply to the PAI command. T ]
The S bits of the PAI command are decoded from 5
Ip 13,12 to enable the NGS2 gates. The K3 bits of the GOWGS2 heet 121
PAI command are decoded from 111_9 and enable the -
NK30 gates. At the Clock of Last Pulse of State 4, the ﬁ) WCoi
Permit Automatic Interrupt flip-flop (FIWPMT) is set.
When set, FIWPMT applies a signal to the Automatic A A A A
Program Interrupt module to enable inhibitable type OR
interrupts.
G1WSPM
RCS-READ CONSOLE SWITCHES
DITLPE
GEN 2 23 0 ECLK
al [
(S=5, K3=0) 25050000
FIWPMT Sheet 121
F1WPMT = NGS2. WC04- |1
RCS places the contents of the console toggle switches in TLPE.ECLK
the A Register. A console toggle switch in the down
position generates a "one'; a toggle switch in the up PAI Block Diagram
+5V o—l R } » 5 ¢
chcgj CONSOLE SWITCHES  SWCC00 o)
aN (Sheet 130)
D
2 T ?
NK30 —-l !——— NK30
A A
DINC2B DINC2A
A 11 mimimim A Sheet 97
GIND23 G1NDOO
0—0O 0—Q
UIOU " i f vy UIOL
23 0
Sheet 42-47 ADDER
AA AAUL
UU ﬁ y ;—__
23 0
Sheet 56-61 A

RCS Block Diagram
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P—O.Gus.—»l
L]
DITLPE (11) I I I | TLPE
F15C04 (17.1) ___J

D1UIOU, L (53) I

Clock (10mc)

TLP4

L SC04 = SSS4 - TLPE .SCLK

| viou, L = Ulo1 = NSGS - UC04

I AAUL,U = AAU3 = ECLK-SC04+ TSCA"
TSCB- NS5T+ DGKT

D1AAUL, U (62)

RCS Timing Diagram

Py " 1"
position generates a zero .

Since the RCS command is an internal GEN 2 command,
Sequence Control State 4 has a duration of 0.6 micro-
seconds. The timing diagram and logic equations shown
in Fig, GN2. 4 apply to the RCS command.

The S bits of the RCS command are decoded from )
IA, 13, 12 to enable the NGS5 gates. The K3 bits of the
RCS command are decoded from 111_9 and enable the
NK30 gates. The status of the Console Switches

(SWCC23 - SWCCO00) are applied through the I/O Input
gates. From the I/O Input gates, the status of the Con-~
sole Switches are gated to the Parallel Adder (D1UIOU, L)
and at the Clock of Time 5 the contents of the Parallel
Adder are gated to the A Register (DIAAUU, L).

SEL-SELECT DEVICE D

GEN 2 23 18)17 15]14 12]11 0

(S=0, K3#0) 25 X 0 D |zZ=f(X,D)

SEL enables a device (Z) in the input/output equipment,
but performs no functional operation on, or with, the de-

vice. The SEL command is used only when timing re-
quirements between the Arithmetic Unit and the device
I REG.
23 A, 13,1211 0
0
A
GONGS0 K0-K3 DECODE
Sh. 99, 100
Sheet 101 Sheet 101
A A A A
DONPHA| | DONPHB G1INGSO0 X1NGSO0
T ? v

v
TO 1I/O SUBSYSTEM
SEL Block Diagram

GN2-20
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are such that the time allotted for an IN, OUT, ACT,
etc., is not enough to complete a functional operation.
IN, OUT, ACT, etc., contain selection and functional
operation capabilities within the command, but where
timing requirements between the AU and the I/O module
are restrictive, the SEL command precedes these
commands., The SEL command is not normally required
for I/O Modules currently in use.

Since SEL is an external GEN 2 command (K3 #0), the
duration of Sequence Control State 4 is 6. 9 micro-
seconds if K3 is equal to 7 or 24. 9 microseconds if K3
is not equal to 7. The timing diagram and logic equa-
tions contained in Fig. GN2.5 or Fig. GN2, 6 apply to
the SEL command. The S bits of the SEL command are
decoded from Ip 13 13 to enable the NGSO0 gates. Ij1-o
is decoded to enable the corresponding K decode gates.
These signals along with Phase A and Phase B are
applied to the I/O Subsystem.,

SSA-SET STALL ALARM (Optional)

GEN 2 . |23 0
(S=1, K3 = 0) 25010000

SSA resets a manually adjustable (1 to 5 second) timer
in the optional Stall Alarm circuitry. If the timer is
allowed to "'time out', because the program does not
execute another SSA command to again reset the timer,
an output signal is available to light the Stall Alarm and
Error indicators on the console and optionally halt com-
puter sequencing, generate an interrupt, etc.

The Stall Alarm, as described in the Options section, is
used to detect a malfunction in the computer program or
system that causes a hang-up or stall condition in pro-
gram sequencing., The stall alarm circuitry is inhibited
in the manual mode of operation or when the Stall Lock-
out switch is in the lockout position. Refer to the Options
section for a detailed discussion of the Stall Alarm cir-
cuitry.

Since the SSA command is an internal GEN 2 command,
Sequence Control State 4 has a duration of 0.6 micro-
seconds. The timing diagram and logic equations shown
in Fig, GN2. 4 apply to the SSA command.

The S and K bits of the SSA command are decoded enabl-
ing GINRGG at TSCA time of State 4. Enabling GINRGG

4022A-5



initiates a new time period in the manually variable 1
to 5 second timer. If the timer is allowed to "'time
out", FINSTA is set providing the error signal. Once
set, FINSTA may be cleared by pressing the ON (init-
ialize) switch or by placing the STALL L/O switch in
the lockout position with the console enabled.

D1NK30
NONK21
NONK22
NONK24

GONRDG
DO0SCo04
GONGS1 DOTSCA
A l A A |A
OR
G1NRGG
? Sheet 103
1 to 5 sec.

Delay Circuit

FINSTA FONSTA

SSA Block Diagram
STM-SELECT TRAPPING MODE (Optional)

GEN 2 23 0
(5=0, K3=0) 25000001

STM sets the Trapping Mode flip-flop (FIMTRM) to
enable the protection functions of the optional Memory
Protect (memory fence) capability. Refer to the Memory
Protect discussion contained in the Options Description
portion of this section for details.

Since the STM command is an internal GEN 2 command,
Sequence Control State 4 has a duration of 0.6 micro-
seconds. The timing diagram and logic equations
shown in Fig. GN2.4 apply to the STM command.

The S bits of the STM command are decoded from

IA, 13,12 to enable NGS0. The KO bits of the STM
command are decoded from 12_0 to enable NKO1,

These signals enable setting of the Trapping Mode flip-
flop FIMTRM at the Clock of L.ast Pulse of State 4.

4022A-5
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NK30 =™} [T NGS0
A

GODKSo0

(f’ Sheet 29
A

G1DKSO0

DGN2 T I—— NKO1

A

GOMF16 Sheet 120

l :‘SC04
A A

OR
GIMSTM

TLPE MCK2

al[a]

OR

FIMTRM Sheet 119

STM Block Diagram

PROGRAMMABLE ALARM

Alarm On 25000400

Alarm Off 25000401

The programmable alarm internal GEN 2 commands
provide the capability of enabling a relay driver,

under program control, for optional use by the system.
The relay driver is turned on by executing 25000400
and turned off by executing 25000401,

Since the K3 bits of these commands are equal to 0,
these commands are executed in 0.6 microseconds.
The basic timing diagram contained in Fig. GN2. 4
applies to these commands. The logic associated with
these commands is shown on sheet 142 of the logic.

Whenthe Alarm On command is executed, sets FINALM
enabling the relay driver PINALM, F1NALM remains in
the set state, enabling the relay driver, until the Alarm
Off command is executed. Whenexecuted, the Alarm Off
command resets FINALM disabling the relay driver.
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NKO1 =~ NKO1 ~——

NK24 . TSCC . SC04 - DK30

GINALM GONALM

Q
25000400 = 1 -v—k. Q/-ZSOOO‘IOO =0
25000401 = 01“ /——25000401 =1

FINALM FONALM
Sheet 142

LS

25000400 = 0
€ 25000401 = 1

PINALM

Programmable Alarm, Block Diagram
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GEN 3 COMMANDS

GEN 3 commands are microcoded instructions that pro-
vide serial shifting of the A and Q Registers, both left
and right, and optionally affect the Overflow flip-flop.
Actual shifting of the Q Register (memory cell 10g)
occurs in the B Register.

GEN 3 commands are identified by the OP code 45g
(bits 23-18). Fig. GN3. 1 illustrates the GEN 3 format
and explains the microcoded bit control.

GEN 3 commands ''fetched'" during Sequence Control
State 1 are executed during Sequence Control States

4 and 5. The duration of State 4 is extended and con-
trolled by the J Counter. The J Counter is preset from
the shift constant (bits 4 - 0) of the GEN 3 comm and
and then incremented at each shift of the B and/or A
Register until it is equal to 37g. When J is equal to 37,
Last Pulse of State 4 is enabled. In this manner, the
execution time of GEN 3 commands varies from 4. 8 to
8.0 microseconds depending upon the value of the shift
constant. GEN 3 commands may be interrupted follow-
ing execution.

Due to the microcoding of GEN 3 commands, there are
hundreds of unique operations that may be performed by

GEN 3 commands. At this time, 8 of these operations
are considered to be used frequently and mnemonics
have been assigned. These 8 commands and the mi-
crocoding are listed in Table GN1.1. Following the
basic timing and sequence of events for GEN 3 com~
mands, each of the 8 commands having assigned
mnemonics is described.

BASIC TIMING

Fig. GN3. 2 contains a flow chart illustrating the basic
operation of GEN 3 commands. Fig. GN3. 3 contains a
tim ing diagram with logic equations that applies to all
GEN 3 commands. Refer to these aids during the fol-
lowing discussion.

Like all other commands, GEN 3 commands are "fetch-
ed" from memory during Sequence Control State 1.
Non-indexed GEN 3 commands are then executed in
Sequence State 4. During State 4, core memory cell
10g is addressed (GOMXO03). As previously described,
memory cell 10g is used as the Q Register. The con-
tents of memory cell 10g are gated to the B Register.
Also, during this time, the J Counter is cleared
(D0JJEO) and the complement of Ig-q (K) is gated to J.

20| 19 118

918 7 61 5

23 Jzﬂ 21
4

17 116]15 14 {13 ]12 |11 [10
5 X

QT ol e

473 12r1 0
K

SINGLE/DOUBLE CONTROL

11 | Function

0| Single (A Register)

1| Double ( A & Q Reg.)

LEFT/RIGHT CONTROL

10 | Function

0| Right Shift

1| Left Shift

LSHIFT CONSTANT

— ] OVERFLOW CONTROL

5 | Function

0 { Overflow Not Affected

Set Overflow If Agg #Agg
1 | During Left Shift of A

Q99 CONTROL

6 | Right Shift Left Shift
0|Ag - Qoo Qo1 -~ Qa9
1 [Qo3 ~ Qa2 Qy; - Q22

Ag3/Ag CONTROL

9 18 | Right Shift Left Shift

0]0 10 —~Asg3 0 ~Ap Q93 CONTROL

0l1 |Ass . As3 Q29 — Ag 7| Right Shift Left Shift

110190 ~ Aa3 Qo =~ A9 0]Q23 ~ Q23 Q23 ~ Qo3

111 | Undefined Undefined 1Ay - Qo3 Q29 - Qg3
Fig. GN3. 1. Action Control Bits of GEN 3 Commands
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MNEMONIC 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DLA 0 0 (] 1 1 0 1 0 0 1 - K S
DLL 0 0 0 1 1 1 0 1 0 0 - K -
DRA 0 0 0 1 0 0 1 0 0 0 - K L
DRC 0 0 0 1 0 1 0 1 1 0 - K >
DRL 0 0 0 1 0 0 0 1 1 0 - K >
MAQ 0 0 0 1 0 0 0 1 1 0 1 1 0 0 0
SLA 0 0 0 0 1 0 0 0 0 1 - K >
SLL 0 0 0 0 1 0 0 0 0 0 = K >

Table GN3. 1. Microcoding of Defined GEN 3 Commands

During this portion of State 4, the Sequence Time Counter
(F1TSCA - C) is incremented in the same manner as

full operand commands. That is, the Sequence Time
Counter is incremented and held in Time 2 (SCA.SCB-
SCC) until Data Ready (MUDIMDRY) is received from
memory. The Sequence Time Counter is then incre-
mented until Time 5 (SCA+SCB. SCC), where it is held
until Memory Release (MUDIMRLS) is received from
memory. After Memory Release is received, the Se-

quence Time Counter is incremented to Time 6 (F1TTGE).

During Time 6, the B and/or A Registers are shifted
according to the microcoding of the GEN 3 command.
These shifts occur at each clock pulse of Time 6. At
each shift, the J Counter is incremented. When the J
Counter is equal to 37g, the number of shifts specified
by the K bits (4-0) of the GEN 3 command have occurred,
further shifting is inhibited and Last Pulse is enabled to
end State 4.

Following State 4, State 5 is entered. During State 5,
memory cell 10g is again addressed (GOMX03) and the
contents of B are stored back in the Q Register (cell 10g).
The basic timing of State 5 is the same as for all full
operand store commands. State 5 completes the

execution of the GEN 3 command and State 1 is entered
to "fetch'" the next instruction.

SCo1

"Fetch GEN 3 Command

CD Address cell 10g (Q) Gate C(Q) ~ B
Gate 14_0 - J
SCo4 Shift B and/or A and increment J at

each shift until J = 37g

Address cell 10g (Q)
Store C (B) - Q

@ "Fetch' next command

GN3-2 ARITHMETIC UNIT

Fig. GN3.2., Basic GEN 3 Flow Chart
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S-Vecovy

1INN JILIWHLIV

€-ENO

Clock (10mc)
DITLPE (11)

F1SC04 (17.1)

F1SC05 (17.1)
F1TSCA (8)

F1TSCB (8)

F1TSCC (8)
MUDIMDRY
D1BMEM (39
MUDIMRLS
F1TT6E (8)

GOMX03 (105)

DOJJEO (70)
(Clear J)

D1JTIJ (70)
(14_0 - J)

N1JINC (71)

GOSTOR (19)

D1PIN1, 2 (88)

CELLLR L L PP L L
N . ) Ny M ; TLPE

; 5 , TLP3
N " h L. SCo4
5 ¢ { ¢ | LSCO5

_‘_4”__' 1z { ¢ L, [_—__“——_l_%‘%

——-l_“_—_l 55 f 5 r—“—_—l——w———’r}‘g—gg

S I S | R
s—ﬂ 15 — s—-ﬂ 45—

l Iqa c £¢
LI Y o4 e

o 11

TSCC
TSCC

BMEM

3
35—

. s TT6E
—] ; - J_ MX03
i Ean - i f JIEO
______5,__|_|L_,, e . JTLI
; — | UNTILs Jtl 37g L 4 JINC

IShift Until J = 378|

e
d

I

i !

B l STOR

STATE 5——»|

[ STATE 4 =

Fig. GN3.3. GEN 3 Basic Timing

i)

n

PIN1, 2=

TLP3 + TLP1
JE37 - TT6E -DGN3

SSS4 - TLPE - SCLK

SSS5 «- TLPE » SCLK
MDRY - CTAE « TCK2
TLPE - TCK2

TSCC - TSCA - TCK2
TSCC . TCK2

TSCB* TSC2+ TCK2+MRLS+ TSC1 - TCK2
TSCA +TSCB+ TCK2 + TLPE * TCK2

MDRY - STOR - BMRQ - BCLK

TSC1 «MRLS

SMRQ1 - 8C04 + SMRQ2 - SMQ3 - SC05

TSCA - TSCB «JCK1

TSCA + TSCB +J54G « XMDV

JE37 - JIN3

SCo05

PIN4



DLA-(SHIFT) DOUBLE LEFT ARITHMETIC

GEN 3 |23 18117 15]14 6(5]4 0

45 X o6a |1| x [#TIEK

DLA shifts the contents of the A and Q Registers, Z
places to the left. Bits shifted out of Qgq enter Aj. Bits
shifted out of Agg are lost. Bit Q23 is cleared. If any
of the bits shifted into Ags are unlike Ag3's original
contents, the Overflow flip-flop (F1UOFL) is set.

During State 4, the contents of memory cell 108 are
gated to the Arithmetic Unit B Register. The

complement of I;_, (Z) is gated to the J Counter. Both
the A and B Registers are shifted left with bit 22 of the
B Register applied to Aj via GIAMLD and GIAMLN,
"Zeros'" are shifted into By at each shift (G1BSL1).
Bits shifted out of A, are lost. If B23 is set, it is
cleared by GIBSRU and G1B2RD. I at any shift of the
A Register, bit 22 is not equal to bit 23, the Overflow
flip-flop is set. This indicates that the sign bit of the
A Register has been changed by the shift.

The J Counter is incremented at each shift of A and B
and when J is equal to 37g, the number of shifts speci-
fied by Z have occurred and further shifting is inhibited.
State 5 is then entered and the contents of B are stored
in cell 10g (Q).

Shift Left until J = 37g
(D1ASLL, U)

CLEAR (G1BSRU - G1B2RD)

Shift Left until
J= 37g
(BSLU, L, 1)

23 0 23 22 0
Loste—] . r— le—0's (G1BLS1)
A e B
Ag3 I Aga
GOUA23 GOUA22 GOAB22
T T GoAMLA
] GOAM L1
A [ A
G1UFL4 ,_LI_4 LI |
al [al[alla] [a] [a - -
UFL2 OR
GlAM LD GIAMLN |
A 9,
OR| | OR T (Sheet 64)
F1UOFL :
Logic Element Egif:t Logic Equation Function
DIASLL, U 63.1 GOASL1 = AABL * TT6E - JE37 Shift Left Ags_g
D1BSLL,1,U 40 GOASLB = TT6E-IR11.JE37-AABL Shift Left Byg_
GIMALD 64 AB22 - AML1 B A
GIMALN 64 AML1 . BR23 22 = “o
G1BSRU 40 B3RD .- BB23 Cloar B
G1B2RD 41 B3RD - BB23 ear So3
G1BLS1 38 DDIV - BGN3 0 -Bg
G1UFL4 54 UA22 .AR23 + UA23 . AR22 Set Overfl
G1UFL2 54 ASL1 - IR05 « UGN3 et Vvertlow
DLA Block Diagram
GN3-4 ARITHMETIC UNIT 4022A-5



DLL-(SHIFT) DOUBLE LEFT LOGICAL

GEN 3 23 18 {17 15114 6|64 O

45 X 072 0 K

DLL shifts the contents of the A and Q Registers Z
places to the left. Bits shifted out of Qg3 enter A,
Bits shifted out of Ay are lost.

Z=1(X, K)

During State 4, the contents of memory cell 10g are

Shift Left until J = 37g

gated to the Arithmetic Unit B Register. The comple-
ment of I;_q (Z) is gated to the J Counter. Both the

A and B Registers are then shifted left. Bits shifted
from Bgs are applied to Ay by GIAMLD and G1IMAMN.
"Zeros" are shifted into Bg at each shift (G1BSL1).
Bits shifted out of Agg are lost. The J Counter is in-
cremented at each shift of A and B and when J is equal
to 37g, the number of shifts specified by Z have occur-
red and further shifting is inhibited. State 5 is then
eptered and the contents of B are stored in memory
cell 104 (Q).

l—_ Shift Left until
0

(D1ASLL, U) J = 374 (BSLU, L, 1)
23 0 23 22
Lost— A ‘ B 0's (G1BLS1)
Bag
23 GOAML2
GOAM L1
allalla Al la - =
G1AM LD G1AM LN
o —O
Logic E1 t Logic Logic Equati Functi
OglC emen Sheet OglC qua on unction
D1ASLL, U 63.1 GOASL1 = AABL * TT6E * JE37 Shift Left Ay,
D1BSLI, 1,U 40 GOASLB = TT6E -IR11 .JE37 - AABL Shift Left By, _
G1BLS1 38 DDIV - BGN3 0 - By
GIMALD 64 AB23 . AM L2 B A
GIMALN 64 BR23 -AM L2 23 — 0
G1B2LD 38 B22R . BB22 B B
G1B3LD 38 BGN3 - BR22 22 ™ 723

DLL Block Diagram

DRA-(SHIFT)DOUBLE RIGHT ARITHMETIC

GEN 3 |23 18|17 15 14 6|54 O

45 x 044 lo| K |Z"IXK)

DRA Shifts the A and Q Registers Z places to the right.
Bits shifted out of AO are shifted into sz. Bits shifted
out of Q, are lost. Bits shifted into A9y are the same
as Ags. Agyg remains unchanged and Qg3 is cleared.

During State 4, the contents of memory cell 10g are

4022A-5

ARITHMETIC UNIT

gated to the Arithmetic Unit B Register. The comple-
ment of I;_q (Z) is gated to the J Counter. Both the A
and B Registers are then shifted right. Bits shifted
from Ag are shifted into Bgg via G1B22N and G1B22D,
Agyg is shifted to Agg and through the Serial Full Adder
back to Agg leaving Agg unchanged. Bgg is cleared by
G1B2RD. Bits shifted from Bj are lost. The J Counter
is incremented at each shift of A and B. When the J
Counter is incremented to 378, the number of shifts
specified by Z have occurred and further shifting is
inhibited. State 5 is then entered and the contents of
B are stored in cell 104 (Q) to complete execution of
the DRA command.

GN3-5



(D1ASRL, U)

CLEAR
(G1B2RD)

1—— Shift Right until J = 37g
22

Shift Right until J = 37g
" (D1BSRU, L, 15)

23 0 23 Z
—»
A B Lost
Ag
Agg ~ Agg N
(GTAFNS) 4y | BGN3
IB06 | 1B06
Al [a I [a][a] [al[a][a]l[a
G1B22N G1B22D
AO - Bgo
. Logic . . :
Logic Element Sheet Logic Equation Function
D1ASRL, U 63. 1 GOASR2 = AABR - T6E3 - JE37 Shift Right Agz_g
D1BSRU, L, 15 40 GOASRB = AABR-JE37-IR11. TT6E Shift Right Byg_q
G1B22D 38 BI06 : AR0O - BGN3 A B
G1B22N 38 BI0O6 - BGN3 - BAGO 0 = P22
G1AFNS 87 GOAFNA = ANA3 - AR23 A N
NOAFNS 67 GTAFNS 23 =~ 23
G1B2RD 41 B3RD - BB23 Clear Bgj

DRC-(SHIFT) DOUBLE RIGHT CIRCULAR

DRA Block Diagram

GEN 3 |23 18

45

17 15
X

14

6]5]14 O

053 |o| x [2°HXK

DRC shifts all 48 bits of the A and Q Registers Z
places in a right circular fashion with Qg shifted into

Ag3 and Ag shifted to Qo3.

During State 4, the contents of memory cell 10g (Q)

are gated to the B Register.
(Z) is gated to the J Counter.
are then shifted right with B applied through the Serial
Full Adder to Agg. A is shifted through G1B1RD and
The J Counter is incremented at each
shift of A and B. When the J Counter is equal to 37g,
the number of shifts specified by Z have occurred and
further shifting is inhibited. State 5 is then entered
and the contents of the B Register are stored in

G1B2RD to B,

The complement of I,_
The A and B Registers

memory location 108 (Q) to complete execution of the

Shift Right until J = 374
(D1ASRL, U)

DRC comm and.

Shift Right until J = 374
(D1BSRU, L, 15)

23 0 Ag — B 23 (22 0
A (G1B1RD) i " B
(G1B2RD) .

Bgs — Bgo
(G1B22D, N)

By — Agg

(GLAFNS)

DRC Block Diagram
GN3-6 ARITHMETIC UNIT 4022A-5



Logic Element Iéﬁg:; Logic Equation Function
DIASRL, U 63.1 GOASR2 = AABR - T6E3 - JE37 Shift Right Agg_g
D1BSRU, L, 15 40 GOASRB = AABR.JE37-.IR11-TT6E Shift Right Byg_g
G1B1RD 41 AROO - B22R A B
G1B2RD 41 B22R - BA0GO 0~ 23
G1B22D 38 BB23 - DM PY - BGN3 - IR06 B B
G1B22N 38 BR23 . BGN3 . GMPY - IR06 23 T 22
GlAFNS 67 GOAFNA = DGN3 - BR0O . IR09 B A
NOAFNS 67 GIAFNS 0~ ™23

DRC Block Diagram

DRL-(SHIFT) DOUBLE RIGHT LOGICAL

GEN 3 |23 18 |17 15|14 6154 O

45 X 043 |o| x |ZHXK

DRL shifts all 48 bits of the A and Q Registers Z places
to the right. Ag is shifted into Qgg. Bits shifted out of
Qg are lost. Zeros are shifted into Agg.

During State 4, the contents of memory cell 10g (Q)

Shift Right A until J = 374
(D1ASRL, U)

23 0

: ]

are gated to the B Register. The complement of 14_0
(Z) is gated to the J Counter. The contents of both
the A and B Registers are then shifted right with the
bits shifted from Ag applied to Bgg via GIB1RD and
G1B2RD. ''Zeros" are shifted into Agg by inhibiting
the Serial Full Adder. Bits shifted from Bg are lost.
The J Counter is incremented at each shift of the A
and B Registers. When the J Counter is equal to 37g,
the number of shifts specified by Z have occurred and
further shifting is inhibited. Sequence State 5 is then
entered and the contents of the B Register are stored in
memory cell 10g (Q) to complete the execution of the
DRL command.

v Shift Right B until J = 37g
(D1BSRU, L, 15)

23 22 0
B —>LOST

0's GOB22R —

B2z - Bag
(G1B22D, N)

Ag

(NOAFNS) Ag L
Alla 'Ai iA Al [a

G1B2RD G1B1RD

T T |

Logic Element Logic Logic Equation F ti
Sheet g q unction

D1ASRL, U 63.1 GOASR2 = AABR - T6E3 . JE37 Shift Right Ayq_

D1BSRU, L, 15 40 GOASRB = AABR:JE37-IR11.TT6E Shift Right Bgg_g

G1B1RD 41 ARO00 - B22R A

G1B2RD 41 B22R . BAQOO 0 - Bas

G1B22D 38 BB23. DMPY . BGN3 - IR06 B

G1B22N 38 BR23 - BGN3 . DMPY - IR06 23 ~ Baa

DRL Block Diagram

4022A-5 ARITHMETIC UNIT GN3-7




MAQ-MOVE ATO Q

GEN 3 23

45004330

MAQ places the contents of the A Register into the Q
Register. The original contents of Q are lost. Zeros
are placed in the A Register.

During State 4, the contents of memory location 103 (Q)
are gated to the B Register. The complement of I;_g
(bits 4 through 0 of the MAQ command) are gated to the

Shift Right A until J = 37g
(D1ASRL, U)

J Counter. Since bits 2 through 0 of the MAQ com -
mand are zero, this presets the J Counter equal to 7.
The A and B Registers are then shifted right. Bits
shifted from Ag are gated through G1B1RD and G1B2RD
to Bp3. Bits shifted from B are lost. "Zeros'' are
shifted to Agg from the disabled Serial Full Adder.
The J Counter was preset to 7, 24 shifts will have oc-
curred when the J Counter is equal to 37g and further
shifting is inhibited. After 24 shifts, the contents of
A have been shifted to B, ""zeros' have been shifted to
all 24 bits of A, and the original contents of B (Q) are
lost. State 5 is then entered and the contents of B
are stored in cell 10g (Q) to complete the MAQ
comm and.

p— Shift Right B until J = 374
(D1BSRU, L, 15)

23 0 22 0
A B —» Lost
Bg3z — By,
(G1B22D, N)
o's GOB22R —
(NOAFNS) Ag A_o
allallalla]l [a] [a
G1B2RD G1BI1RD
Ay - Bgg
. Logi
Logic Element Sgg:; Logic Equation Function
D1ASRL, U 63.1 GOASR2 = AABR : T6E3 . JE37 Shift Right Ags_g
D1BSRU, L, 15 40 GOASRB = AABR :JE37 -IR11 * TT6E Shift Right Bgz_g
G1B1RD 41 AR00 . B22R A B
G1B2RD 41 B22R . BA0O 0 — ™23
G1B22D 38 BB23 . DM PY . BGN3 . IR06 B B
G1B22N 38 BR23 - BGN3 : DM PY - IR06 23 T T22

MAQ Block Diagram

SLA-SHIFT LEFT ARITHMETIC

GEN 3 |23

45

18 |17

X

15|14 6

020 |1 Z=#X, K)

K

SLA shifts the contents of the A Register Z places to
the left. Bits shifted out of A,, are lost. Zeros are
shifted into Ag. The Overflow flip-flop (FIUOFL) is
set if any bit shifted into Agg is unlike the original
content of Agg.

GN3-8

ARITHMETIC UNIT

During State 4, the contents of memory location 103 (Q)
are gated to the B Register. The complement of I_g
(Z) is gated to the J Counter. The A Register is then
shifted left with "'zeros'" shifted into Ay (GIAMLN).
Bits shifted out of Agg are lost. If at any shift of A,
bit 23 changes (Agg # Agg) the Overflow flip-flop is
set. At each shift of A, the J Counter is incremented.
When the J Counter is equal to 37g, further shifting of
A ig inhibited. State 5 is then entered and the contents
of B (original contents of Q) are gated back to cell
10g unchanged. This completes execution of the SLA
comm and.

4022A-5



Shift Left until J = 37g

J,— (D1ASLL, U)
Lost +—] 23 A 0 e—0's
Ag3 | Agz
GOUA23 GOUA22
Al 1a
G1UFL4
UFL2
A
OR
F1UOFL
1 0
Logic Element Logic Logic Equation Function
g Sheet
DIASLL, U 63.1 GOASL1 = AABL - TT6E * JE37 Shift Left A23_0
Gl1AMLN 64 GOAML3 = DGN3 - WI08 - AIR9 0 - Ay
GIUFL4 54 UA22 - AR23 + UA23 - AR22 Set Overflow
G1UFL2 54 ASL1 -IR05 - UGN3

SLA Block Diagram

4022A-5 ARITHMETIC UNIT GN3-9



SLL-SHIFT LEFT LOGICAL

23 18117 15}14 6|5|4 O
45 X 020 |0] K

GEN 3 Z= (X, K)

SLL shifts the contents of the A Register Z places to
the left. Bits shifted out of A23 are lost. Zeros are
shifted into A,

During State 4, the contents of memory location 10g(Q)

are gated to the B Register although this data is not
changed or used during the SLL command. The com-
plement of I,_, (Z) is gated to the J Counter. The A
Register is then shifted left. ''Zeros' are shifted in-
to Ag from GIMALN, Bits shifted out of A23 are lost.
The J Counter is incremented at each shift of A, When
the J Counter is equal to 37g, the A Register has been
shifted left the number of places specified by Z and
further shifting is inhibited. State 5 is then entered
and the contents of B are stored back in cell 10g (Q).
The contents of B (Q) was not changed by the SLL
comm and.

Shift Left until J = 37g
(D1ASLL, U)

23
Lost ¢+ A

+— 0's

Logic Element Igzg:; Logic Equation Function
DI1ASLL, U 63.1 GOASL! = AABL *TT6E - JE37 Shift Left Ags_q
G1AMLN 64 GOAM L3 = DGN3 - WI08 - AIR9 0 - Ap

SLL Block Diagram
GN3-10 ARITHMETIC UNIT
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INDEXING ADDRESS MODIFICATION

The GE-PAC instruction format allocates three bits
(15, 16, and 17) to specify Indexing Address Modifica-
tion. When bits 15, 16, and 17 are not equal to zero,
the 14 bits of the instruction operand (0 through 13) are
added to the least significant 15 bits of the specified in-
dex register contents. The memory location (1 through
7) of the index register is specified by bits 15 through
17. The result of this addition allows the instruction to
address one of 32,7689 memory locations.

To illustrate the effect of indexing address modification,
consider the following examples.

Example 1:
P = 10008
Location 10008 = 005001008
Index Reg. 5 = 000000408.
Following execution of the command (LDA) in loca-
tion 10008;
A Register = Contents of location 1408
Location 10008 = 005001008
Index Reg. 5 = 000000408.
Example 2:
P = 20008
Location 20008 = 327001008
Index Reg. 7 = 000400008.
Following execution of the command (STA) in loca-
tion 20008;
Location 4()1008 = Contents of the A Register
Location 2000g = 327001008
Index Reg. 7 = 000400008.
4022A-5

ARITHMETIC UNIT

Some commands use the index bits (15, 16, and 17) for
instruction control rather than for index address modi-
fication. These commands are:

INX
LDX
LXC
LXK
STX
TXH.

Refer to the command description for the use of the in-
dex bits for these commands.

Indexing of GEN 1, GEN 2, and GEN 3 commands may
change the intelligence of the microcoding. Therefore,
caution must be exercised when specifying index ad-
dress modification of these commands.

Indexing of any command requires the use of Sequence
Control State 2. The indexed command is ''fetched"
during a normal Sequence Control State 1. Bits 15,
16, and 17 not being equal to zero causes sequencing to
State 2. During State 2, memory is addressed from
bits 15, 16, and 17 (G1ISAMX) and the contents of the
addressed index register are gated to the B Register.
From B, all 24 bits of the addressed index register
are gated to the Adder (D1UBBU). At the same time,
IA’13_0 is gated to the Adder where summation with
the index register contents occurs. The result of this
summation (bits 14 through 0) is gated back to IA,13-0
(D1IULI,IL), to complete the indexing address modi-
fication operation. The next Sequence State would
then be entered and memory addressed from the I
Register.

INDEX-1



r———-- hl NO

cx) | CORe ! X IS INDEXING SPECIFIED
! MEMORY |
{ MODULE , f YES
| S |

FETCH CONTENTS OF INDEX
MAB WORD SPECIFIED BY Iy7_15
MEMORY—+B REGISTER

BMEM < | ’___* 4 samx l

23 B o] [23 18[17 15]A,13 0
! STATE
t ULI 2 IA AND 113_0 —+ADDER
Boa. I . -0 —» ADDE
23-0 A, 13-0 UL B23-0 — ADDER
UBBU L ¢ UILA l
ADDER ADDERj4-¢9 »Ip ANDIj3.9
| PAUL, '
Y
INDEX BLOCK DIAGRAM
Ip AND Ij3-¢ —»MAR
EXECUTE
INDEX FLOW CHART
cLock (0me) | | | | [ 10111111 1J1]
DITLPE (11) 11 i %__I_L__ TLPE = TLPI
F1SCO1 (17) 1 " . SC01 = SSS1-TLPE-SCLK
" ” SC02 = SSS2- TLPE-SCLK
F1SC02 (17) I l_ sss2 = HTTF- DNDX - MSSI- SCO1
. . SAMX = SC02-DLDX- DDSX
G1SAMX (19) | " ” | pLDX = LDX
DDSX = STX + DMT
MUDIMDRY _____;s—,_l 5
DIBMEM (39) " | s BMEM = MDRY-BMRQ - STOR - BCLK
DIUBBU (50) " 5,, UBB1 = SC02 (UDC1 + UI20)
(B,, ,—*PAD) ] L upci-umo = LxC
DIUILA (51) ” ; UIA5 = SC02-ULSX
(I, ;3.0 —>PAU) _ L uLsx = STX + LDX

IULI,UIL = IUL2
]();i%LI,IL_:%O) y 55 ’,i—-l—_l— IUL2 MRLS - SLXD - SC02
14-0 A,13-0 SLXD LDX + STX + DMT

MUDIMRLS 11 o 1L

|e————— STATE 2 — |

won

INDEX TIMING DIAGRAM

INDEX-2 ARITHMETIC UNIT 4022A-5



INX - INCREMENT X

23 18317

26 X

15
FULL OPERAND

14

13

f(K,*)

’

INX adds the numeric value of Z to the contents of the
X core cell specified by bits 17 through 15 of the com-
mand. The value of K must have a value within the
range of +8, 191 to -8, 192. As the INX instruction is
performed, K13 is extended into bit 14 (i.e., if K13=0,
bit 14 is set to 0 and represents a positive incrementa-
tion; if K13 = 1, bit 14 is set to 1 and represents a
negative incrementation). Then, Kj4-0 is added to the
contents of X23.-9 and stored back in X. If the INX
command is relative addressed, K14-0 plus P14-0 are
added to X93-0 and stored back in X.

NOTE

An INX command specifying to increment X
cell 2 by zero (26200000) is NOP - No Oper-
ation. If the index field of the INX command
(17 through 15) is equal to zero, the instruc-
tion is undefined.

Sequence Control State 1 operates as a normal ''fetch''
cycle for the INX command except that bit 13 of the INX
command is applied to both bits 13 and 14 of the Adder
Unit and the result transferred to IA,13-0. In this
manner, a negative value of K in 2' s complement form
will be extended from 14 bits (13 through 0) to 15 bits
in the I Register (IA13-0).

Following State 1, State 2 is entered. Memory is ad-
dressed from the X bits of the I Register (17 through
15) and the contents of the addressed X cell are gated to
the B Register. From B, the contents of the addressed

4022A-5

ARITHMETIC UNIT

Non-Indexed
Word Times.
Interruptable
Following Execution?

CHANGES FOLLOWING EXECUTION

3 (S1,52,54)

Yes

A23—0

Q23-0

F1WPMT

F1UOFL

FIETST
J

4-0

Memory X C(Xg3.¢) +Z

COMMAND CHARACTERISTICS

X cell are gated to the Adder Unit (DIUBBU). At the
same time, the contents of 1A 13-0 (Z) are gated to the
Adder Unit (DIUILA). The sum of these two adder in-
puts is then gated back to the B Register at the end of
State 2.

Following State 2, State 4 is entered. During State 4,
memory is again addressed from the X bits of the I Reg-
ister and the contents of the B Register (original con-
tents of the X cell plus Z) are gated back to the X cell.

INX-1



INX Command

—j rIBXI
23 B o |23 LA, 13 0
I LIULI
*Big o—] ¢ UBAU
' 1
;14" ADDER
* GlUB14 (49) = UINX - USIA -BR13
Sequence State 1
r-——-- bl
cX) | COorRe ! X
MEMORY M
| MODULE ,
MAB
BMEM __; SAMX
23 B 0 23 17 15(A,13 0
savL,u & C (X) 1A, 13-0 = Z
B UILA
UB Uﬁ v
ADDER
C (X) plus Z J
Sequence State 2
r———-- ]
CX)plusZ | CORE ! X
o MEMORY I‘
i MODULE
S ——
MAB
21 samx
23 B of [3 | 7 15[a,13 0
Sequence State 4
INX BLOCK DIAGRAM
INX-2 ARITHMETIC UNIT

"Fetch" INX Command

sco1 B13-0 »PAU
Bis —’PAU14 K—»I
PAU 140 *1a,13-0
AMX

scoz C (X) Plus Iz 13-0 +PAU
PAU-»B '

AMX
B—+X Cell

{"Fetch" Next Commrand

4022A-5



crock @ome) LU LEL L TLL L

TLPE = MRLS:CMAN-:TLPE

' ) [ scor = sssi-TLPE-sCLK
!
1

DITLPE (11)

24 b4

F1SCO01 (17)

N
&
N
3

Y
-

SC02 = SSS2-TLPE-SCLK
5852 = HTTF - DNDX - MSSI- SC01

F1SC02 (17)

SC04 = SSS4-TLPE-SCLK

F15C04 (17.1) SSS4 = SC02° SMDV - DBIS- MSSI

SAMX = SCO02-DLDX-DDSX + SC04 -
SXIN

G1SAMX (19)

MUDIMDRY

n
N
~

L | l 1%
J

| ! ' BMEM = BCLK-BMRQ- STOR - MDRY

DIBMEM (39)

DIUILA (51)

i
” | | UIA5 = SC02-ULSX
Ua,13-0*PAV) — s—
D1UBBU (50) 5 —ss | ]
(B—»PAU) L p UBB1 = SC02.TUDCI

D1BAUL,U (39)

! = . .
(PAU—B) BAUZ2 = TLPE-BC12-BCLK

£ res
7 4

GOSTOR (19)

S [ [ A R e

£ L
27 £

1
D1PIN1,2 (88) , , L1

—t 55 —>

«—— STATE 2 —.|<— STATE 4 —-.'

PIN1,2 = PIN4

)
[ sTor = sco4.sTo1
I

i

Ll

INX TIMING DIAGRAM

4022A-5 ARITHMETIC UNIT INX-3



LDA - LOAD THE A REGISTER

23 18117 15) 14}13 0
FULL OPERAND 00 X * Y Z = £ (X,*,Y)

LDA places the contents of memory location Z into the Non-Indexed 2 (S1.54)

A Register. The contents of memory location Z are Word Times. i

unchanged. Interruptable Yes
Following Execution?

A non-indexed LDA command is executed during Se- CHANGES FOLLOWING EXECUTION

quence Control State 4 (SC04). Memory location Z is ry

addressed from Ip 13-0 (D1SAMI) during State 4. The 23-0 c(2

contents of memory location Z are gated to the B Reg- Q

ister by DIBMEM during the Clock Pulse of Memory 23-0

Data Ready (MUDIMDRY). Piio C(P) +1
F1WPMT

From B, the contents of memory location Z are gated

to the Adder Unit (DIUBAU). At the Clock of Last FI1UOFL

Pulse, the contents of the Adder Unit are gated to the A

Register (D1IAAUL,U), completing execution of the LDA FIETST

command. Sequence Control State 1 is then entered to J4_0

"fetch'' the next command.
Memory Z

COMMAND CHARACTERISTICS

r— —=-=-"
C (2) | CORge | Z
— MEMORY ﬁ‘“—_"”__‘
\ MODULEJ
MAB ]
BMEM — Y samr
23 B o [23 MIWE 0
C(2)
UBAU
) v
ADDER
c(z)

£——AAUL,U

23 0

LDA BLOCK DIAGRAM

4022A-5 ARITHMETIC UNIT LDA-1



CLOCK (10 mc)

DITLPE (11)

F1SCO01 (17)

F1S5C04 (17.1)

D1SAMI (21)

MUDIMDRY

D1IBMEM (39)
(MDR—»B)

D1UBAU (50)
(B—»PAU)

D1AAUL,U (62)
(PAU-»A)

G1SMRQ (22)
MUD1MRLS

D1PIN1,2 (88)

LDA-2

TLP1

,5__,—L_ TLPE

SCol
SCo1

SS11

BMEM

&Y
N

UBALl

< G

- |l¢&———— STATE 4 ——»

LDA TIMING DIAGRAM

ARITHMETIC UNIT

SCo04
5554

SIAl

SMRQ@

[:_
g
-
:

¥ | AAUL
-
2

Hou nonon

"

MRLS: CMAN - TLPE
TLPX

SR14- TLPE - SCLK
SS11. TLPE. SCLK
SC04 . DUST* HTTF - MSSI

SSS4- TLPE - SCLK
SS41. SMDV - DBIS * MSSI

MAMYV - DGNS- SC04- DXST - DMDQ -
SAIl1

MDRY ' STOR* BMRQ* BCLK
DBA2-STOR:-UC04:- UAMV
DLCO - MRLS-ECLK - AUA6

DG12- SRQ1- [ (SRQ2 -MRLS) + (TSCA)]

PIN4

4022A-5



LDP - LOAD PLACE

FULL OPERAND 15 X

23 18117 15} 14

13

LDP transfers program control to the location speci-
fied by the contents of Zi14-¢9. Bit 21 of Z controls
the status of the Permit Automatic Interrupt flip-flop
(FIWPMT); if bit 21 is a '"one", FIWPMT is set; if
bit 21 is a ""zero'', FIWPMT is cleared. The LDP com-
mand unconditionally clears the Quasi flip-flop.

The LDP command is ''fetched" during a normal Se-
quence Control State 1. At the last pulse of this State 1,
the Remember flip-flop (FIXRMF) is set. Following
this State 1, memory is addressed from IA 13-0 and
the contents of core cell Z are gated to the B Register.
From B, the contents of core cell Z are gated to the
Adder Unit (D1UBAU). Bits 14-0 are then gated to
IA,13-0 at memory release (DIIULI,UIL)., At Time 3,
thé Permit Automatic Interrupt flip- ﬂop is cleared, and
at the Clock of Last Pulse Envelope it is set if bit 21 in
the Adder (i.e., bit 21 of Z) is a "one'. Also, at Last
Pulse Envelope the Quasi flip-flops (F1XQUA,B) are
reset.

Following this State 4, State 1 is entered to ''fetch' the
next command. Memory is addressed from IA 13-0
and the contents of Ip 13-0 are transferred to the P
Register to complete the transfer of program control.
This State 1 then operates in the normal manner except
that at the Clock of Liast Pulse Envelope, the Remember
flip-flop is cleared. Sequencing then continues to exe-
cute this command.

4022A-5

ARITHMETIC UNIT

0
Y = £ (X,*,Y)
Non—Indfexed 2 (S1,54)
Word Times.
Interruptable No
Following Execution?

CHANGES FOLLOWING EXECUTION

A23~0

Q23—0

P14-0

C(Zy4-0)

FI1WPMT

Set if Zgi =
Reset if 721

F1UOFL

FI1ETST

J4~O

Memory Z

F1XQUA, B

Reset

COMMAND CHARACTERISTICS

LDP-1



F--~=-=n"
i I ° C) ! CORE ! g
— MEMORY !4———
l_PAI L ' MODULE ,
- - e w o
Status Branch
Address
MAB
BMEM - L A4 samr
2 1 0
3 B 0 23 1|41
IUIL
IULI WCPM XCQN
rUBAU l
‘21 —-l
1 ]
, ADDER
| F1WPMT EIXQWA,B
C(Z14-0) 1 0 1 0
A |DON21S p——A|G1WSPMpP—
Sequence State 4
r-——=--1
| CORE ! Branch Address
: MEMORY
i MODULE ;
MAB
BMEM 1 t——. SAMI
23 B o |23 LA 18 0
Branch Address

r PXIP

14 0
P

Next Sequence State 1

LDP BL.OCK DIAGRAM

LDP-2 ARITHMETIC UNIT 4022A-5



crock womer | [[[[JIIILLLLLL, L]

DITLPE (11) TLP1 = MRLS-CMAN - TLPE
55 . | " TLPE = TLPX
I P —
55 SC01 = SR14- TLPE-SCLK
F1sCo1 (17) " i l l SC01 = SS11-TLPE-SCLK
1
45 $ e SCo04 = SSS4- TLPE - SCLK
F1SC04 (17) | " .. SSS4 = SS41-SMDV - DBIS - MSSI
A . . = MTRP -SCO1-SAl4 MAMV
DISAMI (21) ' L- SIAl = SAIl- DMDQ- DXST- SC04- DGNS- MAMV

MUD1IMDRY

DIBMEM (39) | o BMEM = MDRY-STOR: BMRQ- BCLK

D1UBAU (50)

r3s 5 i [E— J—
UBA1l = DBA2-UC04-STOR

L
K
=
—] 45 45 i -~ SIA3
N
J1
-

(Byy_o —>PAU)
D1IUL1,UIL (80) I—-l IUL4 = UCO04- MSSI- MRLS-IR20- UI19-IR21-
(PAU ol ) . p 5 | l IR18-123S
14-0 " "A,13-0 . IUL1 = IUI2. MRLS
D1PXIP (88) [ |"L PXIP = CIPA-SCO01-MSSI: TSCC- TSCB- TSCA -
Iy 13.07P) 5 g g XRME
4 £ < ' {‘
s XRMF = DBRN-XSCl.TLPE-ECLK
1
FIXRME (92) 2y - 1 L XRMF = XSPI-XRMF - XCS1- TLPE - ECLK
‘‘‘‘‘ ~o- -3 WPMT = WCPM. TSCC- TSCA -ECLK
; 791 =0
FIWPMT (121) -- - - —1—“——1.—21—— - - - WPMT = WSPM' TLPE-ECLK
FIXQUA,B (91) . _”_1 XQUA,B = TLPE - AUA5 - XCQN
. © 81 of XQUB = TLPE -AUAS
4+—— STATE 4 ——»p |4 Next —»
Instruction

LDP TIMING DIAGRAM

4022A-5 ARITHMETIC UNIT LDP-3



LDQ - LOAD THE Q REGISTER

23 18117 15| 14113
FULL OPERAND 42 X *

LDQ places the contents of memory location Z into
the Q Register (memory location 10g). The contents
of memory location Z are unchanged by the LDQ com-
mand.

Z = £ (X,%,Y)

Non-Indexed
Word Times.

3 (S1,54,85)

Interruptable
Following Execution?

Yes

CHANGES FOLLOWING EXECUTION

The LDQ command is executed during Sequence Control A
States 4 and 5. During State 4, memory is addressed 23-0
from Ip 13-9 (SAMI) and the contents of memory loca- Q c (@)
tion Z ate gated to the B Register. 23-0
Plico C(P) +1
Following State 4, State 5 is initiated. During State 5, FIWPMT
memory location 10g is addressed by enabling GOMX03,
and the contents of the B Register are stored in cell F1UOFL
10g. In this manner, the contents of memory location F1
Z are stored in the Q Register (memory cell 10g). ETST
J4—0
Memory Z

COMMAND CHARACTERISTICS

r-——=--19
c(z) | CORE ! Z
MEMORY e
| MODULE
b e - - —
MAB
BMEM — L samr
23 B o |23 INE 0
Sequence State 4
C(Z) | CcORE ! Celll0=Q
MEMORY i
| MODULE ,
- — —
MAB
4 vxos
23 B ol |23 (A3 0

Sequence State 5

LDQ BLOCK DIAGRAM

LDQ-1

4022A-5 ARITHMETIC UNIT



CL.OCK (10 mc)

DITLPE (11)

F15C01 (17)

F1SC04 (17.1)

F1SCO05 (17.1)

D1SAMI (21)

MUDIMDRY
DIBMEM (39)

GOMXO03 (105)
GOSTOR (19)

D1PIN1, 2 (88)

~
P
R,

< “©
$ 45
! l

h
[N

|._ STATE 4 _.|4__ STATE 5 —»I

LDQ TIMING DIAGRAM

ARITHMETIC UNIT

TLPE

scCol

SCo04
SSS4

SCo05
SSS5

SAMI

BMEM

MXO03

STOR

PIN1,2

]

Hon

Hon

" "

MRLS- CMAN: TLPE

SC05* TLPE - SCLK

SSS4. TLPE - SCLK
SS41. SMDV - DBIS - MSSI

S$SS5+ TLPE - SCLK
DUST - MVDA . SC04

SIA1 = MAMV: DGNS -
SC04 - DXST - DMDQ - SAIl

MDRY - STOR
SMQ2 - SMQ3 - SC05

SC05

PIN4

4022A-5



LDX - LOAD X LOCATION FROM Z

23 1817 15| 14}13
FULL OPERAND 16 X *

Z = £ (Y,%)

LDX places the contents of memory location Z into the
specified (bits 17 through 15) index core cell. If the in-
dex field (bits 17 through 15) of the LDX command are
zero, the command is undefined.

The LDX command is executed during Sequence Control
States 2 and 4. During State 2, memory is addressed
from I, 13_g (D1SAMI) and the contents of memory lo-
cation Z’are gated to the B Register. Following State 2,
State 4 is entered. During State 4, memory is ad-
dressed from Iy7_15 (GISAMX) and the contents of the
B Register are stored in the index core cell specified by
bits 17 through 15 of the LDX command.

r———=--"
c(zy | CORe ! Z
' MEMORY :‘—“”—
| MODULE
S |
MAB
BMEM _; . SAMI
y
0
23 B o]l |23 LA, 13
Sequence State 2
rFr====-=-"
C(2) | CORE | X
MEMORY :‘
i MODULE
| P U |
MAB
r__f 2 samx
23 B 0 23 18 17115 A,13 0
Sequence State 4
LDX BLOCK DIAGRAM
4022A-5 ARITHMETIC UNIT

Non-Indexed
Word Times.

3 (S1,S2,S4)

Interruptable

Following Execution?

No

CHANGES FOLLOWING EXECUTION

A

23-0
Q23—0

P14—0

C(P) +1

F1WPMT

F1UOFL

F1ETST

J4—0

Memory X

C(z)

COMMAND CHARACTERISTICS

{"Fetch" LDX Command
AMI
C(z)—»B
AMX
C(z)—»X

{"Fetch" Next Command

LDX-1



crock @oma LU L THLL LT L
DITLPE (11) 1 3 |

MRLS: CMAN - TLPE

1

&

"
|
3

Fisco1 (17)

S Y [ scor = sss1.TLPE.sCLK

1

s
' '

D1PIN1,2 (88) PIN1,2 = PIN4

t
\ £ '
s 45 ., SC02 = $552. TLPE.SCLK
F15C02 (17) ] L ; SSS2 = HTTF - DNDX - MSSI- SCO1
| 1
: | — | SC04 - sSS4- TLPE. SCLK
F15C04 171 1) 5 (5 SSS4 = SC02.S5MDV « DBIS - MSSI
) ' [
G1SAMI (21) N | ' sIA3 = SC02-SLXD- MAMV
1 | 1
MUD1IMDRY : I | ! M !
| ! [
D1BMEM (39) ! » | B ! ! BMEM = BCLK:BMRQ-STOR® MDRY
I 2T ' DA \
GISAMX (19) ' B 7 " | samMx = sco4.sxmN
I 1 ]
. o5
GOSTOR (19) u | [ sTOR = scos-sTO1
] , 3¢ S
X I
]

«—— STATE 2 —»| «— STATE 4 —s|

LDX TIMING DIAGRAM

LDX-2 ARITHMETIC UNIT 4022A-5



LPR - LOAD PLACE AND RESTORE

23 18(17 15} 14|13
FULL OPERAND 35 X *

LPR restores the status of the Overflow flip-flop (FIUOFL), Permit
Automatic Interrupt flip-flop (FIWPMT), and Test flip-flop (F1ETST)
from the contents of bits 22, 21, and 20, respectively, of core loca-
tion Z. The contents of Z14_g are placed in the P Register to trans-
fer program control. If bit 19 of Z is a 'one', the Trapping Mode
flip-flop (F1IMTRM) is set. If bit 19 of Z is a "zero', the status of
the Trapping Mode flip-flop is unchanged. The LPR command uncon-
ditionally resets the Quasi flip-flops(F1XQUA,B).

The LPR command is 'fetched" during a normal Sequence Control
State 1 (SCO1). At Last Pulse Envelope of State 1, the Remember
flip-flop (F1IXRMF) is set. Following State 1, State 4 is entered and
memory is addressed from IA’13-0. The contents of memory loca-
tion Z are gated from memory to B and from B to the Adder Unit.
The Overflow, Permit Automatic Interrupt, Test, and Quasi flip-flops
are cleared during State 4. The Overflow flip-flop is then set, if bit 22
of the Adder is a "one'; the Permit Automatic Interrupt flip-flop is
set if Adder bit 21 is a "one'’; the Test flip-flop is set if Adder bit 20
is a ""one'’; and the Trapping Mode flip-flop is set if Adder bit 19 is a

n "

one . The contents of Adder bits 14-0 are transferredto Ip 13-0-

Following State 4, State 1 is entered to ''fetch' the next instruction, as
specified by the contents of Z14-9. Memory is addressed from IA’ 13-0
to obtain this instruction. The contents of IA’ 13-0 are then transferred
to the P Register during this State 1, thereby transferring program
control to the address specified by the contents of Zj14-09. At Last
Pulse Envelope of State 1, the Remember flip-flop is cleared. Se-
quencing then continues to execute the new command (i.e., the com-
mand located in the address specified by the contents of Z14-0).

4022A-5 ARITHMETIC UNIT

0
Y Z = f(X,*,Y)
Non-indexed
Word Times. 2 (s1,54)
Interruptable No
Following Execution?

CHANGES FOLLOWING EXECUTION

A23-0

Q3-0

Pia-o €4

FIWPMT | RS S ciba - 0
A TS
FIETST Bttt o) - o
F1IMTRM Set if C(Z;g) = 1
F1XQUA,B Reset

COMMAND CHARACTERISTICS



7 = 23]22]21]20]19|18 15|14 0
- 0 0 Branch Address
OVERFLOW Status ——J l—» P Register

PAI Status
TEST Status
1 = Set TRAP Mode

[ i |
C(z I CORE ! 7
_(—)_‘ MEMORY M———
! MODULE '
| I J
MAB
BMEM T 2 samr
oo T
23 : 22 .' B 0 23 I AJ13 0
1 |
4w
IULI
UBAU
2212010
=5ELEN T ADDER
C(Zy4-0)
ECLK-TSCA EF ET4E TLPE
3
1 e
——QF1IUOFL F1WPMT| |F1ETST ‘FIMTRM F1XQU_
1 0 1 0 1 0 1 0 1 0
Sequence State 4
r-——--19
| CORE ! Branch Address
| MEMORY l'
i MODULE ;
O |
MAB
BMEM L SAMI
—
23 B ol [23 NISE 0
Branch Address

PXIP
r

14 0

Next Sequence State 1

LPR BLOCK DIAGRAM

LPR-2 ARITHMETIC UNIT 4022A -5



CLOCK (10 me) | |

o

MRLS: CMAN - TLLPE
TLPX

SR14. TLPE. SCLK
SS11: TLPE - SCLK

SSS4- TLPE - SCLK
SS41- SMDV - DBIS - MSSI

MTRP- SC01- SAI4- MAMV
SAIl - DMDQ - DXST - SC04 -
DGNS+- MAMV

MDRY - STOR : BMRQ- BCLK

DBA2-UC04- STOR

UC04- MSSI* MRLS - IR20 -
UIl9-IR21-IR18- 1235
IUI2 - MRLS

CIPA-SCO1- MSSI- TSCC -
TSCB* TSCA - XRMF

DBRN-XSC1l- TLPE: ECLK

DITLPE (11) ) TLP1
T, P P B3
% Sco1
F1SCO01 (17) l 54 55 | L SCo1
4§ 45 ~-- SC04
F1SC04 (17) | [ ” - sS4
55 z 9 " -~ SIA3
DISAMI (21) | L. S1A1
MUDIMDRY [ .
DIBMEM (39) . | . ; BMEM
s s §
DLUBAU (50) f I . | uBAI
UL4
DIIUL1,UIL (80) —] | 5 o 1 g —1 L
(PAU 4.1z 13-0) Ll
D1PXIP (88) . ” [l PXIP
(Ia,13-0—F)
’ <5 45 f
FIXRMF (92)  __ | L g
- - —- - = = e e e e - gy
F1UOFL (54) . o i _____ vory
----------- - == ----- FETST
FIETST (89)  __ _ _ _ _ o oo T ETST
---------- === = - WPWT
FIWPMT (121) ——-ss—-—-]! s - - - = —- — - WPMT
FIMTRM (119) . L ___wmTRM
FIXQUA,B (91) ~~ — ~ ~ ;_____—_ o s s-—-_—-l

XQUB
S1 of

——  STATE 4 —— 3| 4— Next —»

4022A-5

Instruction

LPR TIMING DIAGRAM

ARITHMETIC UNIT

XSP1- XRMF - XCS1* TLPE

TSCA.-ULPR:ECLK
ULPR-BR22: ECLK- MRLS

ECTF = ULPR.ET4E
MRLS-ECLK-ULPR - U20S

ECLK- TSCC: TSCA .- WCPM
WSPM- TLPE - ECLK

MSTM = DLPR-N19S-SC04

XQUA B = TLPE- AUA5. XCON

TLPE - AUAS

LPR-3



- LXC - LOAD X WITH COUNT

23 18117 15| 14)13 0
FULL OPERAND 1 X * SEE TEXT

The function performed by the LXC command depends upon the config-
uration of bits 14 through 0. If bits 14 through 0 of the LXC command
are ''zero'', the contents of the J Counter are stored in bits 4 through Interruptable

0 of the addressed X cell. Bits 23 through 5 of the addressed X cell Following Execution?

" " 1 "
are replaced by zeros . If bits 14 through O are not 'zeros ', the CHANGES FOLLOWING EXECUTION
LXC command causes the following to occur:

Word Times. 3 (51,52,54)

Yes

A
23-0
1. Bits 23 through 14 of the indicated X cell are cleared. Q
23-0
2. Bits 13 through 5 of the indicated X cell are replaced by bits P C (P) +1
13 through 5 of the instruction operand. If the LXC command 14-0

is relative addressed (bit 14 is a "one'), bits 15 through 5 are FI1WPMT
replaced by the sum of bits IA 13-5 of the instruction operand

plus the core address (P) of the LXC command. F1UOFL
3. Bits 4 through 0 of the indicated X cell are replaced by the FIETST
logical "OR" of J4-0 and Ig-g. 4.0
Memory X 23 5|4 *0
The LXC command is executed during Sequence Control States 2 and 4. Zero C (J4-0)
During State 2, the contents of the J Counter are transferred (single-
ended) to bits 4 through 0 of the I Register. Then, IA 13-0 is gated to COMMAND CHARACTERISTICS

the Adder Unit (D1UILA). The contents of the Adder (24 bits) are then

transferred to the B Register.

* If LXC = 17X00000. See text for contents
NOTE of X following other LXC commands.

Although memory is requested during State 2 (G1SMRQ), op-
eration of the LXC command is not affected. The contents of
core cell 0 will be transferred to the B Register but this data
will be destroyed by the double-ended transfer of the Adder
to the B Register. This operation is implemented for mem-
ory protect error detection.

Following State 2, State 4 is entered. Memory is addressed from the
X bits of the I Register (17 through 15). The contents of the B Register
are then stored in the addressed X cell to complete the LXC operation.

Izs B 0‘ Izs I IA,13 0'

BAUL,U -® T ’ 2 o
UILA
| o4 i
l ADDER l F_J—I "Fetch" LXC
sCo1 Command
Sequence State 2
F=——==--1n J*—DI4_0
| CORE ! X SC02 Ia,13-0 *PAU
™ MEMORY /& PAU-+B
{ MODULE |
AMX
SCo04 B—+X Cell
SAMX

E3 B ol ,23 13'17 15|A 13 o scol "Fetch" Next
Command

Sequence State 4

LXC BLOCK DIAGRAM
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LXC-2

CLOCK (10 mc) ||||||||||||[||||||]||||||]|||J_]_|_|_

DITLPE (11) I, | . |l TLPE
F1SCO1 (17) i . . [ scot
F1SC02 (17) [ i ; ggé’zz
F1SC04 (17. 1) , A " Sssa
G1SAMX (19) , P L samx
MUDIMDRY | o |

DIBMEM (39) o | . . y BMEM
L Sy
aon L w
Pavt) el B
GOSTOR (19) T, . | STOR
D1PIN1,2 (88) s 4 ’J‘| ) PIN1,2

|¢— STATE 2—»|¢—STATE 4—»

LXC TIMING DIAGRAM

ARITHMETIC UNIT

MRLS: CMAN- TLPE

= 8851 TLPE - SCLK

It

[}

1"

SSS2« TLPE . SCLK
HTTF - DNDX - MSSI- SCO01

SSS4 - TLPE - SCLK
SCO02 - SMDYV - DBIS - MSSI

SC04 -+ SXIN

BCLK*BMRQ: STOR - MDRY

SCO02 - ULSX
SC02 - UDC1-IR20
TLPE - BC12 - BCLK

SC04-STO1

PIN4

4022A-5



LXK - LOAD X WITH K

23 18}17 15| 14113 0
FULL OPERAND 07 X K Z = f(K,*)
LXK stores the value Z into the addressed X core cell. Non-Indexed 2 (S1.54)
Leading bits of the addressed X cell are set to "'zero''. Word Times. ’
The range of K, when not relative addressed, may vary Interruptable
from 0 to +16,383. The range of K when relative ad- Following Execution? Yes
dressed may vary from -8,192 to +8,191 gince bit 13
represents the sign of bits 12-0 when relative addressed. CHANGES FOLLOWING EXECUTION
If bits 17, 16, and 15 of the LXK command are zero, the A23 0
command is undefined (i.e., an X cell address must be -
specified). Q23_o
. P C(P) +1
The LXK command is executed during Sequence Control 14-0
State 4 (SC04). During State 4, memory is addressed FIWPMT
from Ij7_15 (GISAMX). The contents of Ip 13-0 are
gated, via the Adder Unit (G1UILA), to the B Register F1UOFL
(D1IBAUL,AU). From B, this value is stored in the ad-
dressed X cell to complete the LXK command. FIETST
J
4-0
Memory X 23 Zer0515 14 Z
COMMAND CHARACTERISTICS
r==—--n
zZ | CORe ' x
» MEMORY I‘
 MODULE ;
f———— 4
MAB
__fl LSAMX
23 B 0 23 18]17 15{A, 13 0
BAUL,AU 4 I
ADDER
UILA —f z

LXK BLOCK DIAGRAM

4022A-5 ARITHMETIC UNIT
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crock tome) || LI PEJ LI ITL, 1]

TLP1
DITLPE (11) [1 4 ) M TLPE

MRLS-CMAN: TLPE
TLPX

SC01 = SR14- TLPE-SCLK

Fiscol {17 l 45 s [™ scor - ssii-TLPE-sCLK

s 5 SC04 = SSS4- TLPE - SCLK
Fisco4 17.1)  __| L_ Ssss4 - ss41- SMDV- DBIS- MsSI

; < SAMX = SC04.SXIN
G1SAMX (19) [ i ? L sxIN - DXST
GOSTOR (19) ] ) ) [ 2ey [ o0 sTol
G1UILA (51) i o— .
a —»PAU) | L vulas SC04 : DLXQ
-Ua,13-0
DIBAUL, AU (39) - TSEE
(PAU —3) | y o BAULl = BCLK - TSCB - TSCC - BAU5
MUD1MDRY L 11 o

5% SMRQ = DGI12-SRQL1-[(SRQ2- MRLS) +
G1SMRQ (22) ] | P (Tsca)]
MUDIMRLS M ]
D1PIN1,2 (88) c 1 . PINI,2= PIN4

«— STATE 4 —_—

LXK TIMING DIAGRAM

LXK-2 ARITHMETIC UNIT 4022A-5



MPY - MULTIPLY

23 18117 15) 14}13 0

FULL OPERAND 55 X * Y Z = f(X,*,Y)
MPY forms the product of the contents of core cell Z Non-Indexed $51,83,54,55
(multiplicand) and the contents of the Q Register (multi- Word Times. 8.9 -12.1us
plier). The contents of the A Register are added alge- Interruptable
braically to the least significant half of the product. Following Execution? Yes
Thus, with proper scaling, it is possible to form the
value,QZ+A. The result is stored in A23_g and Q22-0, CHANGES FOLLOWING EXECUTION
with the most significant half in A. Bit 23 of Q is set to A Most Significant Part of
" " . s 23-0 Product

zero'' and is not a part of the product. The sign of A 33722 Loast Sionifi Part0
(Agg) applies to the entire product. Either positive or Q23-0 0} cas o%gnpr&?&‘;‘t art
negative (2's complement) values may be multiplied, P
with the correct product, positive or negative (2's com- 14-0 c(p) +1
plement), contained in A and Q. F1WPMT
BINARY MULTIPLICATION F1UOFL Set if Overflow Occurs

For a better understanding of the following description, FIETST
two important steps of multiplication must be recalled: J4_0 37g
two numbers are multiplied by a series of (1) additions,
and (2) shifts. The following examples illustrate that Memory Z

the mechanics employed for decimal numbers is true
also for binary numbers.

Decimal Binary
3 (multiplicand) 00011 = 3
x15 (multiplier) 01111 = 15
3 Add 00011 Add & Shift
3 Add 00011 Add & Shift
3 Add 00011 Add & Shift
3 Add 00011 Add & Shift
3 Add & Shift 00000 Shift
3 Add 0000101101 = 45
45

As illustrated in the example of binary multiplication,
the following rules are obeyed:

(1) If a multiplier digit is a "one', the multiplicand
is added to obtain a partial product. Then, a
shift one place to the left occurs for the next
partial product.

(2) If a multiplier digit is a ''zero' , the multipli-

cand is not added but a shift one place to the left

occurs for the next partial product.

(3) The partial products are then added to obtain

the result.

Multiplication within the 4022 Arithmetic Unit utilizes
the "'string’ concept of multiplication to reduce the num-
ber of additions required, thereby increasing the speed
of the multiply cycle. Using the "string'' concept, it is
not necessary to form the partial product for each bit
when the multiplier contains two or more successive
"one' bits.

The following observations will be of assistance in
understanding the '"string'' concept of multiplication.
First, a binary number such as, 0100001000 may be
written as 28 + 23. Observe also, that a binary number

4022A-5

ARITHMETIC UNIT

COMMAND CHARACTERISTICS

such as 000111111 may be written 26 - 20 (i.e.,
001000000 minus 1 = 000111111). Thus, when a binary
multiplier has a number of successive "one' bits, it is
not necessary to form the partial product for each "one"
bit, but, as in the case above, merely subtract 20 from
2°. Now consider a binary number such as 0011011,
which can be written 25 - 22 - 20 gince it is the same
as 0011111 reduced by 22. A number such as this con-
tains a "string’ of "ones' with an included "zero''. Note
that the effect of an included ''zero' is a subtraction of
the corresponding power of two. This effect holds for
more than one included "zero". Using this method, the
least number of powers of 2 representing a binary num-
ber may be determined. For example:

16 15 14 13 12 11 10 9876 543210

001170 1TT1TI
= 9l5 _ gl2 _

The following example is provided as an aid in deter-
mining when to add the multiplicand to the partial prod-
uct and shift, when to subtract the multiplicand from the
partial product and shift, and when to just shift the par-
tial product. This example illustrates a multiplier with
various combinations of "ones' and "zeros'. A minus
sign (-) above a digit indicates that a subtraction should
be performed; a plus sign (+) above a digit indicates
that an addition should be performed; and a dot (.)
above a digit indicates that only a shift is required.

+. .- 0 -0 o0t 0 -

00110111001001111

L L Set Strings

LClear Strings
Set Strings
Clear Strings

MPY-1



As the multiplier is shifted right from least toward more
significant bits, each bit must be examined and the deci-
sion made to add, subtract, or shift.

These observations can best be summarized in terms of
the concept of a string of 'ones''. Two or more adjacent
"ones'' constitute a string of "ones", and as noted above,
the least significant ''one" of a string is interpreted as

1, while the zero to the left of the most significant

+ L. T
"one" is interpreted as 0, for example, as in 0011111,
A string may include isolated 'zeros", i.e., "zeros'
each of which is flanked by "'ones', such "zeros” are in-

- Lt -
terpreted as 0, for example, as in 001101011l. Isolated
"ones', i.e., ''ones' each of which is flanked by
"zeros' and is not a member of a string, are interpre-

+, +
ted as Jlr, for example, as in 0010100. Thus, working
from right to left, as a string of "ones' is met, a sub-
traction must take place, and only subtraction can take
place within a string; in exiting from a string, an addi-
tion takes place and only additions can take place outside
a string. Finally, note that the above discussion shows
that, when working from right to left, a string is not in-
itiated until at least two adjacent ''ones' occur and does
not end until at least two adjacent "zeros'' occur.

COMMAND DESCRIPTION

Fig. MPY. 1 contains a basic flow chart of the Sequence
Control States required to execute the MPY command
and lists the basic functions performed within each Se-
quence State. Block diagrams of States 3, 4, and 5 are
contained in Fig. MPY. 2.

Sequence State 1

The MPY command is "fetched'" from memory during a
normal State 1. At the end of State 1, the MPY com-
mand is contained in the I Register. Following State 1,
a non-indexed MPY command enters Sequence State 3.

Sequence State 3

A timing diagram with logic equations for State 3 is con-
tained in Fig. MPY.3. During State 3, memory is ad-
dressed from IA 13-0 (D1SAMI) and the contents of
memory location Z (multiplicand) are gated to the B
Register. From the B Register, the multiplicand is
gated to the Adder (DIUBAU) and from the Adder to the
I Register (D1IUIU, DIIUIL, DIIULI). At Time 3 of
State 3, the Execute MPY or DVD {lip-flop (F1XMDV)
is set to indicate that the I Register does not contain
the instruction, and to provide control for the MPY op-
eration. The MPY command leaves the Execute flip-flop
(F1XEXC) reset and the DVD command sets FIXEXC.
Therefore, when F1XMDV is set and F1XEXC is reset,
the MPY command is specified. Following State 3,
State 4 is entered.

Sequence State 4

Sequence State 4 is used to bring the multiplier from
the Q Register (memory cell 10g) to the B Register and
to perform the actual arithmetic operation. To provide
these functions, the duration of State 4 is extended by
entering Time 6 Envelope.

MPY-2

ARITHMETIC UNIT

SCO01

SCO03

"Fetch' MPY Command

Address Memory from I
Gate Multiplicand
(i.e., Contents of Z)—1I

Address Memory Cell 10g
(i.e., Q Register)

Gate Contents of Cell 10g-—+B
(i. e., Multiplier —»B)

Perform Arithmetic Operation
Most Significant Half of Product is
in A and Least Significant Half

of Product is in B

SCo04

——

N Address Memory Cell 10g

Clear Bgg

SCO05 Store Contents of B—»10g

(i.e., Least Significant Half of
Product—= Q)

B

SCo1 } "Fetch" Next Instruction

Fig. MPY.1l. MPY Flow Chart

For ease of understanding, a detailed flow chart of
State 4 is contained in Fig. MPY. 4. The logic elements
performing the functions listed in the flow chart are pro-
vided, along with the logic equations and the logic sheet
numbers on which these elements may be found, in Table
MPY. 1.

An example of the arithmetic operation is provided in
Table MPY.2. For simplicity, nine-bit registers are
used. The timing diagram of State 4 contained in Fig.
MPY. 5, illustrates the timing associated with this
example. Using these aids, little difficulty should be
encountered in determining the operation of the Arith-
metic Unit for any multiplier and multiplicand values.

During the first 1.6 microseconds of State 4, memory
cell 10g is addressed (GOMXO03) and the multiplier is
gated from the Q Register (cell 10g) to the B Register.

At Time 3, the Delay Time Counter is preset to 30g
and the J Counter is preset to 7g. The J Counter is
incremented as each bit of the multiplier is considered
to determine the final product. When J is equal to 37g,
all 23 bits of the multiplier have been considered and the
fix-up cycle, if required, is entered to end the MPY
cycle. The Delay Time Counter is used to provide con-
trol for the addition or subtraction and shift required
with each multiplier bit.

4022A-5



Fmm—-" 0 Least Significant F~~ — 7 A
C@ | CoRE ! =z Rt of Brodust | CORE | Cell10g
MEMORY I"_—“‘ MEMORY |
| MODULE LMODULE_:
Clear MAB
BMEM 3 (BSRU - xoz
—1 y SAMI ¢ B2RD)
23 B 0 23 [ ]a,13 0 23 B 0 23 a8 0
|
4 ww
IUIL Sequence State 5
i r UBAU IULI
ADDER
l Multiplicand
Sequence State 3 e 1
' CORE | cell 104
5 : 5 ! MEMORY |¢——
3 | MODULE
MU LTIPLICAND L
MAB
ADDER  xos
C (@)
23
BMEM
A ;
23 22 0 22 B 0 L
> A > MULTIPLIER —» LOST
Sequence State 4
Fig. MPY.2. MPY Block Diagram
crock @ome) | | L [ LI P L], ||
DITLPE (11) . TLPE = TLP1
F1SCO1 (17) ) SC01 = SR14- TLPE-SCLK
. T § SC03 = SS$3- TLPE.SCLK
Fiscos an [ L Sss3 - ss31 - SCO1- SMDV - TFTF- BNDR
SC04 = SSS4-TLPE SCLK
F15C04 (17 1) ; ‘s SSS4 = SCO03- MSSI
DISAMI (21) | w s ]_ SAMI = SIA2 = SMDV: SC03- MAMV
MUD1MDRY [] /5
DIBMEM (39) - ey .
(MDR—» ) . i BMEM = MDRY - STOR - BMRQ- BCLK
DIUBAU (50) — 5 B )
(B —» PAU) g ]_ UBAU = XMDV * SC03
D1IUIU, L, LI (80 GOIUL3 = SCO03-XMDV - MRLS
2 ( ) >§ 2
F1XMDV (93) . o XMDV = XSMD .XSDM
MUD1MRLS ] . i
Fig. MPY.3. MPY Sequence State 3 Timing
4022A-5 ARITHMETIC UNIT MPY-3



O Refer to Table MPY. 1 for
Flow Chart Logic Equations
. TOE

6 |  ciear 5 counTER |

?TISE

C (Q)—B
@ PRESET DTC = 30g
PRESET J = 7

@ | INCREMENT J = 10g j

B

y
NO YES

@ | F1XSTG SET @

YES 4 NO YES NO
| PRESET DTC = 26g Bg Bg = 1)—» PRESET DTC = 263 |

NO By - 1 YES D(’)I‘C = YES NO
3
© © ’ ©

A y y
T+1) + A—>»A I +A—>A

it
—

I +A—»A T+1) + A—»A
SET F1XSTG AT SHIFT RESET F1XSTG
INCREMENT DTC INCREMBENT DTC DTC= DTC= | INCREMENT DTC INCREMENT DTC
{ ¢ 27g 27g ‘¢ *
SHIFT RIGHT A AND B ay
20 —*?2* * If an Overflow occurred during
A23-_—:A23 the addition or subtraction, if
H\?gREM%EZNT 5 COUNTER required, a 1 is added to Ags.

DTC = 308 é

YES YES ‘L-\ NO
Bg3 - 1 PRESET DTC = 26g | J = 374
NO
o B
F1XSTG SET F1XSTG SET
@ YES 14

T+1) + A»A I+ A—»A I INCREMENT DTC J
IF OVERFLOW, IF OVERFLOW,
SET F1UOFL SET F1UOFL DTC = @
INCREMENT DTC INCREMENT DTC

278 LAST
v v ;O————»O PULSE

Fig. MPY.4. State 4 Flow Chart
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Clear J Counter:
DOJJEO (70) = JCK1:TSCA - TSCB-JS4G
G1JS4G (70) = SC04-DMD1

Preset Delay Time Counter to 308:

GITPAF (12) = TP30 + TD30
GOTP30 (12) = TSCB-TSCA:-DMGT: TSCC

Preset J Counter to T:
G1JPO7 (70) = TP30-XMDV

Increment J Counter:
N1JINC (71) = GOJINC = XMDV - TT5E -
MRLS-JCO04
Preset Delay Time Counter to 26g:

G1TP26 (12) = TD30-JEO07-XMDV - GOTP26
GOTP26 (12) XSTG-BR00-DMPY

I

]

Add I to A:

D1UAAU (52)
D1UILA,AU (51)

XMDV - UC04

UIA3 = JE37.UIAA -
XSTG -BRO1-BROO
D1AAUU,L (62) = ECLK-TE26- AMDV

f

>

Subtract I from

DIUAAU (52)
DIUINA (51)

XMDV - UC04

uon

BRO1 -BRO00 - XSTG - XEXC
G1UENC (51) = UIN2
D1AAUU,L (62) = ECLK' TE26 - AMDV

Set Strings Flip-Flop at Shift of A and B:

F1XSTG (94) = XDST-XBSR - ICK1
G1XDST (94) = BRO1-BRO0O

i

Preset Delay Time Counter to 26g:

G1TP26 (12) = TD30-JEO7-XMDV - GOTP26
GOTP26 (12) = BRO0OO-XSTG-DMPY

Add I to A:

DIUAAU (52)
DIUILA,AU (51)

XMDV - UC04

UIA2 = BROO:BRO1 .
XSTG-JE37.UIAA
D1AAUU,L (62) ECLK - TE26 - AMDV

Reset Strings Flip-Flop at Shift of A and B:

F1XSTG (94) = XNST-XBSR:ICK1
GI1XNST (94) = BRO1-BROO

Subtract I from A:
D1UAAU (52) = XMDV -UCO04

DIUINA (51) = UIN3 = UC04-XMDV -JE37 -

BRO1-BR0O -+ XSTG -+ XEXC
GIUENC (51) = UIN3
D1AAUU,L (62) = ECLK- TE26 - AMDV

Table MPY. 1.

UIN2 = UC04 -XMDV: JE37 -

® &

ARITHMETIC UNIT

Shift Right A and B:

GOABSR (63) = JE37-DMPY-TE27- TT6E +
TT6E -JE37 TE30- ABSG

Gate AO to Bzzt

G1B22N (38) = BAOO-BMPY
G1B22D (38) = BMPY- AR0O

Gate Agg to Agg:

GlAFNS (67) = AFNA = ANA3-AR23
NOAFNS (67) = GLAFNS

Increment J Counter:

N1JINC (71) = GOJINC = JE37-ABSG- TE30 -
TT6E + JE37- TT6E - XMDV
TEFF

Add 1 to Agg if Overflow Occurred During @ ,

N N or

F1AFNP (66) = TE26-UFL1-BCLK
G1UFL1 (48) = W23C-U22C-U23S-ADIV +
U23S -U22C-U23C - ADIV

Preset the Delay Time Counter to 26g:
G1TP26 (12) = TD30-JEO07XMDV - JE37

Subtract I from A:

D1UAAU (52) = XMDV -UCO04
DIUINA (51) = UIN4 = JE37-XSTG-UIAA -
BR23

GlUENC (51) = UIN4
D1AAUU,L (62) = ECLK - TE26 - AMDV

If Overflow Occurs During Subtraction, Set
F1UOFL:

F1UOFL (54) = UFLB

GOUFLB (48) = JE37.TE26-ECLK-UFL1

GIUFL1 (48) = W23C.U22C -U23S.ADIV +
U23S-U22C-U23C- ADIV

Add I to A:
D1UAAU (52) = XMDV - UC04
DIUILA,AU (51) = UIA4 = UIAA-JE37 -
XSTG - BR23

D1AAUU,L (62) = ECLK -TE26 - AMDV

If Overflow Occurs During Addition, Set
F1UOFL:

F1UOFL (54)
GOUFLB (48)
GIlUFL1 (48)

UFLB
JE37-TE26-ECLK:-UFL1
W23C-U22C -U23S* ADIV +
U23S-U22C-U23C - ADIV

1

Enable Last Pulse:
DITLPE (11) = JE37- AMDV - TE27

State 4 Flow Chart Logic Equations

MPY-5



At Time 5 (Memory Release), the J Counter is allowed
to increment for the first time. Time 6 is then entered
and the actual computation is performed.

As described in the basic multiply discussion, the two

least significant bits of the multiplier (Bj and Bg) and
the status of the Strings flip-flop (F1XSTG) are used to
determine if the multiplicand is added or subtracted

from the partial product in the A Register and then the
partial product is shifted or if only a shift of the partial
product is required.

After the J Counter is equal to 37g, the status of the
Strings flip-flop and the sign bit of the multiplier (Ba3)
is examined to determine if an addition or subtrac-
tion is required to 'fix-up' the product. If Bag is a
"zero'' and the Strings flip-flop is set, then an addition
must be performed to end the within strings cycle. If
B23 is a "one' and the Strings flip-flop is reset, then
the multiplier was negative and an additional subtraction

is required. Following this "fix-up', if required, State
4 is ended. Therefore, at the end of State 4, the most
significant half of the product is in the A Register and
the least significant half of the product is in the B Reg-
ister.

Sequence State 5

During State 5, the least significant half of the product
contained in the B Register is stored in the Q Register
(cell 10g). A timing diagram and logic equations for
State 5 are contained in Fig. MPY. 6.

At the first clock pulse of State 5, Bgg, if a 'one', is
reset to "zero''. Memory cell 10g is addressed
(GOMXO03) and the contents of the B Register are stored
in cell 108.

During State 1 of the command following MPY, the
Multiply/Divide flip-flop (F1XMDV) is reset.

I =§ 00001111-=+15= MULTIPLICAND

B=0 00001100 = +12 = MULTIPLIER

A=0 00000000 = 0
J A REGISTER B REGISTER I REGISTER
COUNT |DTC|S 76543210 |S 76543210 ]S 76543210 | XSTG ACTION
10 30 6, 000000000 00001100 |0 00001111 0 T5E of S4
11 30 3\00000000\>00000110 0 Shift
12 30 04\00000000}‘00000011 0 Shift
12 26 1 1111000 1N 0 SUB
13 27 ]{\411111000}‘10000001 1 Set XSTG

l\ \ Shift
14 30 1 11111100 0 01000000 1 Shift
14 26 0 0000101 1Y 1 ADD
15 27 OJ\‘OO 0101 >10100000 0 Clear XSTG
l\ \ Shift
16 30 0 000000100 11010000 0 Shift
17 30 J\OOOOOOOI\}‘OZLIOIO Shift
20 30 2\00000000}‘10110100 0 Shift
t_Equivalent toJ = 37g L = 18010
When Using 24-Bit Registers
Table MPY.2. MPY Example (+15 x +12)

MPY-6
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’__

CLOCK (10 mc)

DITLPE (11)

1
I
F15C04 (17.1) _{
_l

F1TT6E (8)

NEEp

GOMX03 (105)

DIBMEM (39)
(Q—B)

DOJJED (70) ’ I £ §—
(Clear J)

GITPAF (12) T
(Set DTC = 30g) o1 L L]

G1JPO7 (70)
(Set 3 = 7) I L .

N1JINC (71) . | otoufiz | owslia | 1516 1718

F1XSTG (94) . l I

G1TP26 (12)

(Set DTC = 26g) " ¢ [__L
2

GOABSR (63) 55 <
(Shift A, B) 1

D1UAAU (52) {—
(A—»PAU)

D1UILA,AU (51) l’ﬁ
(I—»PAU) 55 ‘5

D1UINA ]
GLUENC } (51) 5 s

(I + 1 »PAU)

DIAAUU, L (62) B | |
(PAU—+A) : > SUB ADD A+ 0—A

BO £ £ { I
Bl < S , ]

DTC 305 ——=J26[27[30  |26]|27)=— 30 —>J26|27

NN

Fig. MPY.5. MPY Sequence State 4 Timing Example (+15 x +12)
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CLOCK (10 mc)
DITLPE (11)
F1SC04 (17. 1)
F18C05 (17. 1)
F1SCO01 (17)
GOMXO03 (105)
MUD1MDRY
GOSTOR (19)
MUDIMRLS

F1XMDV (93)

F1BR23 (32)

MPY-8

S

RN

[ 1 Tree

SCo04

L 13

| scos
[ scot

r MX03

|

J— STOR

[

BR23
B2RD

¢
7

Fig. MPY.6.

MPY Sequence State 5 Timing

ARITHMETIC UNIT

BSRU

WonH

TLP1
TLPE - MVDA - SCLK
SSS5. TLPE - SCLK
SC05- TLPE - SCLK

SC05. SMQ2 - SMQ3

SC05

]_ XMDV = XCO01-TSCA

B2RD - BSRU
B3RD-BB23
BB23-B3RD

4022A-5



NOP - NO OPERATION

23
FULL OPERAND 2 6 2

NOP transfers program control to the next sequential
location (P+1). No operation is performed. NOP is
useful as a programming tool to replace deleted com-
mands or to provide room for the insertion of new com-
mands in the program.

NOP is an INX (Increment X) command that specifies in-
crementing of index cell 2 by 0. Sequence States 1, 2,
and 4 are required to 'fetch' and "execute' the NOP
command. Refer to the INX command description for
details of the operation of the NOP command.

4022A-5 ARITHMETIC UNIT

Word Times.

3 (S1,S2,54)

Interruptable

Following Execution?

Yes

CHANGES FOLLOWING EXECUTION

A

23-0
Q23-0

P14-0

F1WPMT

F1UOFL

F1ETST

J4-0

Memory X

COMMAND CHARACTERISTICS

NOP-1



ORA - LOGICALOR TO A

23 18117 15) 14[13 0
FULL OPERAND 21 X Y Z = f(X,*,Y)
ORA performs the logical OR of the contents of core cell Z with the Non-Indexed 2 (S1.54)
contents of the A Register. Each bit of Z is compared with the cor- Word Times. ’
responding bit of A. When either or both is a "one', a ''one' is Interruptable
placed in that position of A. When both bits are "zero", that posi- Following Execution? Yes
tion of A is not changed.
CHANGES FOLLOWING EXECUTION
A non-indexed ORA command is executed during Sequence Control A c(z )ORed with C(A )
State 4 (SC04). Memory location Z is addressed from Ia 13-0 23-0 23-0 25°0
(D1SAMI) during State 4. The contents of memory location Z are Qs _o
gated to the B Register by DIBMEM during the Clock pulse of Mem- P C(P) +1
ory Data Ready (MUDIMDRY). From B, the contents of memory lo- 14-0
cation Z are gated to the Adder Unit (DIUBAU). At the same time, F1IWPMT
the contents of the A Register are gated to the Adder Unit. Also,
the control signal (DOULOR) to enable the Logical OR function of the F1UOFL
Adder Unit is applied to the Adder Unit. The result is then gated
back to the A Register (D1IAAUL,U) to complete the ORA execution. FI1ETST
J
To exemplify the ORA comparison, consider the following; 4 bits 2-0
are used for simplicity: Memory Z
Contents of A Register 0011
Contents of B Register (Z) 0101 COMMAND CHARACTERISTICS

Result Placed in A Register 0111.

r—=—=-—=-=-"
c(z)y! CORE 1 gz

BMEM 4 SAMI

23 0 23 A,13 0

C (2)

UBAU
r

ULOR —O ADDER

UAAU J C(Z) +C(Aa)

C(A) & AAUL,U

23 0

ORA BLOCK DIAGRAM

4022A-5 ARITHMETIC UNIT ORA-1



CLOCK (10 mc)

LAJ ATttt el i

7
R4

TLP1 = MRLS.CMAN-TLPE

[11]

DITLPE (11) I ; TLPE = TLPX

SC01 = SR14- TLPE-SCLK
F1SC01 (17) ] . o " sco1 - ssi1-TLPE.scL
F1SC04 (17) T & # L 8654 - a1, BabY. Dems. ussI
DISAME (21) T —5$ 55 L SIA1 = g/;AIllVIV-DGNS-SCOl&-DXST~DMDQ'
MUDIMDRY L »
?ﬁgﬁwg;w) ) | . BMEM = MDRY- STOR  BMRQ- BCLK
I(ZEEFSXU()W) T ‘ ki | UBAU = DBAZ-STOR:UC04

1Hfﬁgu()52) T 45 4 1 UAA3 = %%_%UMDV-UIZO-123S-UAA5-

DOULOR (48) ] , . s :1532%41‘.]3&5%]13'@']:[{22
?Plﬁl?l_JfA;J (62) ) y | AAU1 = ECLK-MRLS:DLC1-AUA5
MUDIMRLS 11 . P
D1PIN1,2 (88) o 11 (% PIN1,2 = PIN4

«———— STATE 4 —————»|

ORA TIMING DIAGRAM

ORA-2 ARITHMETIC UNIT 4022A-5



QUASI COMMANDS

18117 15

FULL OPERAND

14
40-717 X *

13

Y Z = f(X,*,Y)

Ex@'MPY, DVD, LDQ, STQ, GEN 3

Quasi commands provide operations not included in the
hardware. These commands supply the programmer
with a mnemonic which allows the running program to be
linked to a subroutine. Quasi commands are identified
by operation codes 408 through 77g if the command is
not an MPY, DVD, LDQ, STQ, or GEN 3. Quasi com-
mands store the operand portion of the command (Z) in
memory location 2 and the next instruction is "fetched"
from the memory location specified by the operation
code (bits 23 through 18) of the Quasi command. The
command located at the specified operation code address
is normally an SPB which branches to a software sub-
routine associated with the Quasi command. Some Quasi
commands, however, contain an instruction other than
SPB in the location specified by the operation code.
These instructions include AKA, LDK, and SKA. These
instructions will contain an ADD, LDA, and SUB com-
mand with an operand address equal to 2, respectively,
in the location specified by the operation code. The com-
bination of the Quasi command storing the value Z in
cell 2 and then executing the instruction in the operation
code address completes the operation to be performed
for these commands.

Although the function to be performed by the Quasi com-
mand depends on the instruction located in the operation
code address, certain operation codes are normally re-
served to perform specific Quasi functions, thereby,
providing program compatibility with other GE-PAC

computers. The following is a list of these commands:
Quasi Quasi
Operation Code Command Mnemonic

40 LDK

41 DLD

46 REL

47 AEL

50 SKA

51 DAD

52 LDI

53 STI

56 RBL

57 ABL

60 AKA

61 DSU

62 OOM

70 FAD

71 FSU

72 FMP

73 FDV

74 FIX/FLO/FMS

4022A-5

ARITHMETIC UNIT

The Quasi command cannot be interrupted following exe-
cution. That is, the command located in the operation
code address must be executed before an interrupt can
occur. Commands within the Quasi subroutine, how-
ever, may be interrupted following execution provided
the command is normally interruptable following execu-
tion. If the optional Memory Protect function is enabled
relative addressed instructions within the Quasi sub-
routine are not subject to the protect criteria. Com-
mands that are located within the Quasi subroutine and
not relative addressed are subject to the established
protect criteria.

To better understand the operation of Quasi commands,
consider the following examples.

Example 1 - FAD 70X*Y

The Floating Add command (FAD) adds the single length

floating point number contained in memory location Z to
the floating point number contained in the A Register.

The FAD command is "'fetched' from memory and since
the Op Code is 70g, it is decoded as a Quasi command.
If the FAD command is relative addressed and/or in-
dexed, the computation is performed and the result (Z)
is gated to IA, 13-0. State 4 is then entered and index
cell 2 is addressed. The contents of Ip 13-0 (Z) are
then stored in index cell 2. The Op Code’portion of the
FAD command (70g) is gated from Iy3_jgto I5_g. The
P Register is not incremented during this command
execution. State 1 is then entered and memory is ad-
dressed from the I Register and the command located in
cell 70g is "'fetched'. Since the FAD function cannot be
completed in one instruction, this will be an SPB com-
mand. During execution of the SPB command, the P
Register will be incremented by 1. This provides a
value of P equal to the location of the FAD command
plus 1. This value is stored in index cell 1 and will be
used to return to the running program following the com-
pletion of the subroutine required to perform the FAD
operation. After storing the contents of the P Register
in cell 1, the SPB command loads the P Register with
the branch address specified by bits 13-0 of the SPB
command. This will transfer program control to the
subroutine that will perform the FAD operation.

The first instruction of this subroutine will contain an
STX command to save the location of the running pro-
gram that was stored in cell 1. The rest of the sub-

routine will perform the operations required to obtain

the result of floating point addition. This routine will

use the contents of index cell 2 to obtain the address (Z)
of one of the operands.

The last instruction of the FAD subroutine will be an
LDP or LPR command. This LDP or LPR command
will restore the P Register with the location of the run-
ning program (i.e., with the value stored in cell 1 by
the SPB command and saved in another location by the

Qsi-1



STX command. This LDP or LPR command will also
clear the Quasi flip-flop, F1XQUA, which is used for
control of the optional Memory Protect circuitry.

Example 2 AKA - 60X0K

The Add K to A command adds the value Z to the con-
tents of the A Register.

During State 1, the AKA command is "fetched' from
memory. Since the Op Code of the AKA command is
60g, it is decoded as a Quasi command. If the AKA
command is indexed, indexing occurs and the result (Z)
is gated to Ia 13-0. State 4 is then entered and index
cell 2 is addressed. The contents of IA’13-0 are stored
in cell 2. The Op Code portion of the AKA command
(60g) is gated from Ig3_1g to I5_g. The P Register is
not incremented during this command. State 1 is then
entered. Memory is addressed from the I Register and
the command in location 60g is "fetched'. This com-
mand will normally be an ADD (11000002). This ADD
command will sum the contents of the A Register with
the contents of index cell 2 (value Z). During execution
of this ADD command, the P Register will be incremen-
ted and the Quasi flip-flops (F1XQUA,B) will be cleared.
Program control will then return to the location follow -
ing the AKA command.

In this example, an SPB command was not located in the
Quasi Op Code address because only one instruction was
required, in addition to the AKA command, to complete
the AKA operation.

HARDWARE OPERATION

Although there are many Quasi commands that may be

executed, the hardware operation for these commands
is the same. Therefore, this discussion will describe
only these functions.

Fig. QSI. 1 contains a flow chart of the basic hardware
functions performed. Note that the only concern about
the subroutine addressed by the Quasi command is to de-
termine when the Quasi flip-flop F1XQUA is reset. This
flip-flop is used by the optional Memory Protect logic,
when enabled, to determine if a violation exists. Quasi
commands within the subroutine are not subject to trap-
ping if the command is relative addressed. A more de-
tailed discussion of Memory Protect is contained in the

Options (OPT) portion of this Arithmetic Unit Description.

Fig. QSI.2 contains a block diagram of the functions
performed by the Sequence States of the Quasi command.
A timing diagram, including logic equations, is con-
tained in Fig. QSI. 3.

During State 1, the Quasi command is ''fetched” from
memory. At Last Pulse of State 1, the Execute flip-
flop is set. Following State 1, State 4 is entered.

During State 4, index cell 2 is addressed (GOMXO01).
IA,13-0 (Z) is gated to the Adder and from the Adder to
the B Register and stored in location 2. Izg-1g (Quasi
Op Code) is gated to I5-0. The Quasi flip-flops
(F1XQUA,B) are set. Following State 4, the second
State 1 is entered.

Qsl-2 ARITHMETIC UNIT

FETCH QUASI COMMAND
SET EXECUTE FLIP-FLOP

STORE Z VALUE (Ip 13.0) IN CELL 2
GATE OP CODE (23-18) TO I5-g
SET F1XQUA,B

ADDRESS MEMORY FROM I
FETCH COMMAND IN 4xg

IS IT SPB

YES

*

EXECUTE INSTRUCTION
CLEAR F1XQUB

STORE ADDRESS OF QUASI +1
CLEAR F1XQUB
BRANCH TO ROUTINE

Clear
F1XQUA
Return
To
Running
Program.

IS IT LDP
OR LPR

EXECUTE INSTRUCTION
FETCH NEXT INSTRUCTION

3

*

All commands within the Quasi subroutine that are
not relative addressed, are subject to memory
protect trapping if enabled.

** Running program starts at the location of the Quasi
command plus 1.

Fig. QSL 1. Quasl Flow Chart

4022A-5



During this State 1, memory is addressed from the I
Register and the instruction located in the memory cell
specified by the Quasi Op Code is gated to memory.
This command is then executed. Normal incrementa-

tion of the P Register occurs.

an SPB, both Quasi flip-flops (F1XQUA and F1XQUB)
are cleared at Last Pulse of State 4. If the command is
an SPB, F1XQUB will be cleared at Last Pulse of State
4 of the SPB command but, F1XQUA will not be cleared

If the command is not until an LDP or LPR command is executed.

CORE !
MEMORY "¢

i MODULE :
L —d

IA,13-0 |

»

MAB
& GOMXO01
[ vy 1J05-0

23 0 23 18 13

B

2 Bauu,L

ADDER

UILA A& & Ia,13-

Sequence State 4

o

L MODULE

-———_——d

BMEM

23 23

B 1A,

4022A-5

4 4 5x1
I UBBU

ADDER
l

Next Sequence State 1

Fig. QSI. 2. Quasi Block Diagram

ARITHMETIC UNIT QS1-3



crock (ome) | [ | [ QL CQ PP I I PPt illy]
[T s
| L

DITLPE (11)

F1SCO01 (17)

F15C04 (17.1)

FIXEXC (95)

GOMXO01 (105) Address Cell 2 J

J L L J49

GOSTOR (19)

DISAMI (21) I ;
DIUILA (51)
(IA,13_0—+PAU)__| l

D1BAUU, L (39) |

®@ 0 06 ©6 O

e ©

DOICLL (81)
(Clear IA,13—0) I T | l l

DO1J 05

GO01J04-0 (82) 1 l l | L l L | i

(Iz3-18—15-0) e

F1XQUA (91) | @ L._1

F1XQUB (91) | ® L
|<__— STATE 4 -l STATE 1 — |

®

DITLPE = TLP1 = TLPE -MSSI‘ SC04
F1SC01 = SSS1-TLPE*SCLK
F1SC04 = SSS4- TLPE- SCLK
FIXEXC = XXCl-TLPE-ICK1
GOMX01 = SC04-DQUA

GOSTOR = SC04- STO1

DISAMI = SIA3

® ©® 06 POPLOLEEOMLOOO

DIUILA = UIA5 = SC04°-DLXQ

DIBAUU,L = BCLK 'TSCB- TSCC-BAUb5

G1BAUS = BLXQ* TSCA-BC04

DOICLL = ISCA.ICK1l.-TSCB-ICL1

DOIJ05 = IQUA-ISCA -ICK1-1IR23

G0IJ04-0 = IQUA-ISCA-ICK2-IR22-18

FI1XQUA = DQUA-SC04-TLPE.-ECLK

F1XQUA = AUA5-TLPE-ECLK:[(XQUB-XSPB) + (XLPR - XSPB) + (DSPB- XTRP- WC04)]
FIXQUB = DQUA-SC04-TLPE-ECLK

F1XQUB = AUA5:-TLPE-ECLK

Fig. QSL. 3. Quasi Timing Diagram

Qsl-4 ARITHMETIC UNIT 4022A-5



RELATIVE ADDRESSING

Relative addressing modifies the operand (bits 13-0)
portion of the command ''fetched" from memory by add-
ing the core cell address of the command to the op-
erand bits. The core cell address of most commands
is the bit information contained in the P Register. How-
ever, for the object instruction of XEC and Quasi (i. e.,
locations 40 through 77) commands, the bit information
contained in IA,13-0 is the address of the command.
Relative addressing of a command is specified by a
"one'' in bit 14 (¥), of the command. All commands
may be relative addressed with the exception of the fol-
lowing:

GEN 1
GEN 2
GEN 3
TXH

Relative addressing, as well as indexing and the normal
incrementation of P, allows addressing of up to 32,768
memory locations. Relative addressing permits the
program to address a memory location in the range of
plus 8,191; to minus 8,192 with respect to the in-
struction address. The plus or minus direction is de-
termined by bit position 13 of the instruction operand
address. When bit 13 is a ""one", the operand address
is in 2's complement form and relative addressing oc-
curs in the negative direction.

Relative addressing for all commands occurs during
Sequence Control State 1. The relative addressed com-
mand is ''fetched" from memory and gated to the B Reg-
ister. The relative addressed command will normally
be addressed from the P Register. However, if the
relative addressed command is the object instruction of
XEC or Quasi, it will be addressed from the I Register.
Although BTS, BTR (with the jump condition true), and
BRU commands address memory from I for the next in-
struction, the P Register will also contain the address
of this next instruction and this value is used for rela-
tive addressing.

From the B Register, bits 23 through 14 of the relative
addressed command are gated to the I Register for de-
coding. With bit 14 of the command a "one'' and if the
command is not a GEN, then IR14 will be set indicating
that the command is relative addressed. Bgg.gg is
gated to the Parallel Adder. Because it is relative ad-
dressed, Bj3 is also applied to bit 14 of the Adder
(GIUB14). The contents of the P Register (or I Regis-
ter for XEC and Quasi) are also gated to the Adder where
the summation occurs. The result of this summation is
then gated to IA’ 13-0 as the effective operand address
of the command. The command is then executed in the
normal manner using this effective operand address.

The following examples illustrate the summation and
the expansion of B13 to bit 14 of the Adder. Both posi-
tive and negative addressing is illustrated.

als]2]1] 0]

11

11I1019[8,7
P|P

10

2

Lo [5]

P9 P8 |P7|P6 |P5|P4|P3(P2|P1

Poi——l

for

B Register 13]EJ
UB14— [p1a 1Ps 11;
IRIME
Parallel Adder L14l 13 I 121 11

[2o]

I, 13-0
Object Instruction
of XEC or Quasi

VYVVVYVYVVVVVY

Ipn Iiglialyp o g Ig I7 Ig 15 Iy I3

b bd b dd b b 4 o ud b
ofsfrfefsfse]s]a]s]o]
vVvyyv

I, I I

Example 1-

1312 1110 9 8 7 6 5 4 3 2 1 0O
Command Operand in B Register li) 1 1 0 0 0 0 60 0 O 0 O0 1 l—l =+ 6,147
Command Address in P (or I) Register [0 11 10 0 0 00 0O 0 0 O (ﬂ = 14,336,
Parallel Adder Result [1 01 0 0 00 0O OO O0 0 1 TI = 20,48310

Gated to Ip 13-0 as Effective Operand Address (Z)

Example 2:

1312 1110 9 8 7 6 5 4 3 2 1 O
Command Operand In B Register b 0 00 0O0O OO O0 OO0 0O 0 0 ] = - 8,192,
Command Address in P (or I) Register LO 11 00 0 0 0O 0O O O 0 O I = 12,228,
Parallel Adder Result [0 0 1 0 0 0O OO OCO O O 0 O I = 4,09610

Gated to Iy ;3.q as Effective Operand Address (Z)
3

4022A-5
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' COReg ‘'
—————‘, MEMORY :“——
MODULE .
| -
MAB
BMEM o T 2 samp
23 5 0 T 0
T T
v ¢ IBXI
23 'A 13 0
UBl14 L x
UBAU UPAU IULI
YYY VYV IOTL
ADDER
+
l Pis-0 " Bisoo

(1) All Relative Addressed Commands Except Quasi and XEC
Object Instructions.

P === ==q

t CORE .

Y MEMORY 1¢——————
1 MODULE !

AL
BMEM IBXI SAMI
K y ¥
73 0 53 A, 13 0
I

2 wu

IUIL

l I 1320
UB14 :
vBaU — |7 ¢ VA

ADDER

+
[ Ia 1320 - Bis-o

(2) Object Instruction of XEC or Quasi.

RELATIVE ADDRESSING BLOCK DIAGRAM

RLT-2 ARITHMETIC UNIT 4022A-5



L FETCH INSTRUCTION |

'

[ ISBIT 14 SET TO 1 J

NO l YES
By3.0—+ADDER; 3¢

L B14-9*ADDER;4 ¢ I B3 — ADDER,

] I

IS THIS AN EXECUTE OR
QUASI INSTRUCTION

__Ino lYES

v

l P40~ ADDER, J | T, AND I;3_o—»ADDER 4

l

[ PERFORM ADDITION
‘—ni ADDER;, o-#I, ANDI 4 o J
r I, AND I;5_o—+MAR J

EXECUTE

RELATIVE ADDRESSING FLOW CHART

CLOCK (10 mo) LU L
DITLPE (i1) M B ) M
F1SCO01 (17) [ 5 L
DISAMP (20) [ ? > |
MUDIMDRY [
DIBMEM (39) l ) Basic State 1 Timing
MUDIMRLS M 3 . I
D1IBXI (81) 5 [ 5
DIUBAU (50) " | # L
D1IULL,IL (80)
(PAU14_0—>IA’13_0) 5 6 [
5 UREL = BR14-(AB23 + UERD - (AB22 +
GLUREL (49) 5 | BR14-GEN 1,2,3 L_ UERD - US1A
DI1UILA (51) £
a —»PAU) . | Relative Addressed |__ UILA = UREL- TSCA: XEXC
A,13-0 ’ Quasi + XEC

F1IR14 (79) | 4§ 5 IR14 =_UREL:IBXI-ECLK

s IR14 = SCO1-TSCA-ECLK
DIUPAU (53) = 5 | UPAU = UPAl = UEXC:-IR14-TSCA -
(P —» PAU) Quasi- XEC SCo1

RELATIVE ADDRESSING TIMING DIAGRAM

4022A-5 ARITHMETIC UNIT RLT-3



SPB - SAVE PLACE AND BRANCH

23 18417 15[ 14
FULL OPERAND 33 X S

13 0

Y Z = £ (X,*,Y)

SPB places the status of the Overflow (F1UOFL), Per-
mit Automatic Interrupt (FIWPMT), Test (FIETST),
Trapping Mode (FIMTRM), and Quasi (F1XQUA) flip-
flops in bit position 22 through 18, respectively, of
index cell 1. The contents of the P Register, plus 1%,
are stored in bits 14 through 0 of index cell 1. The SPB
command resets the Permit Automatic Interrupt flip-
flip, inhibiting inhibitable interrupts. The Trapping
Mode flip-flop is cleared if the SPB command is
executed due to a trap error or if the SPB command
is executed as a result of an Automatic Program
Interrupt.

* NOTE

The address that is stored by the SPB com-
mand is normally the address of the SPB
command plus 1. However, there are ex-
ceptions to this. If an SPB command is
performed due to the use of XEC or Quasi
commands, the address of the XEC or
Quasi plus 1 is stored. If SPB is executed
immediately following an acknowledged
Automatic Program Interrupt or memory
protect trap, P contains the address of
current program control. In these cases
only, the value saved in index word 1 is P,
the first unexecuted instruction in the in-
terrupted program (i.e., the address.to
which program control will return when the
interrupt has been serviced).

The SPB command is executed during Sequence Control
State 4 (SC04). During the next Sequence Control State
1 (SC01) memory is addressed from I and the contents
of IA’ 13-0 are gated to the P Register to complete the
transfer of program control.

During State 4, memory cell 1 is addressed (GOMXO00).
The contents of the P Register (DIUPAU) and the status
of the aforementioned flip-flops (D1UIOU) are gated to
the Parallel Adder Unit. From the Adder, this data is
gated to the B Register (DIBAUL,AUU), and from B,
to memory cell 1. At Time 3 of State 4, the Permit

4022A-5

ARITHMETIC UNIT

Non -indexed
Word Times.

Interruptable
Following Execution?

CHANGES FOLLOWING EXECUTION

2 (S1,54)

No

A93-0
Q

23-0

Pia-0
F1WPMT

Reset

F1UOFL
F1ETST

Reset if SPB is Executed Because of

FIMTRM Trap Error or API

J4:—0

Memory 23 |22(21{20]19{18|17 15|14 0
Cell 1 0 C(P) +1 *

0

Overflow F/F ___] ‘_ Quasi F/F
PAI F/F Trapping Mode F/F

Test F/F

COMMAND CHARACTERISTICS

Automatic Interrupt flip-flop (FIWPMT) is cleared.
Last Pulse of State 4 will clear the Quasi flip-flop,
F1XQUB. The Trapping Mode flip-flop (F1IMTRM) is
cleared at Last Pulse Envelope if the SPB command
was executed as the result of a trapping mode error, or
if the SPB command was executed as the result of an
Automatic Program Interrupt.

Following State 4, State 1 is entered to "fetch'' the com -
mand located in memory cell Z. Memory is addressed

from Ia 13-0 (D1SAMI) and the contents of 1A, 13-0 are

transferred to the P Register. In this manner, core

cell Z is addressed and Z is transferred to the P Reg-
ister for subsequent program control.

SPB-1



SPB-2

r 9
1 CORE Cell 01

———p MEMORY ¢—
! MODULE
I |
MAB
£ wmxoo0
23 B 0
BAUL,AUU 4
53]22[21]20]19]18
ADDER
viov 111111111 2 _ ypau
1/O CONTROL
(Sheet 55) 14 P 0
Overflow F/F _f
PAI F/F —
Test F/F —
Trapping Mode
Quasi F/F -
Sequence State 4
-
C(z) ' CORE z
—! MEMORY M———————
MODULE |
MAB
BMEM 2 samn
- T
23 0 23 A,13 0
B I
z
PXIP
v
14 0
P

Next Sequence State 1

SPB BLOCK DIAGRAM

ARITHMETIC UNIT
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CLOCK (10 mc)
DITLPE (11)
F1SC04 (17.1)

F1SCO01 (17)

D1PIN1,2 (88)

F1XRMF (92)

GOMXO00 (105)
(Address Cell 1)

DIUPAU (53)
(P—PAU)

D1UIOU (53)
(I/O—+»PAU)

DIBAUL,AUU (39)

(PAU—»B)

GOSTOR (19)

F1WPMT (121)

D1SAMI (21)

D1PXIP (88)

FIMTRM (119)

4022A-5

I s B

L JLS LGk

If SPB is Result of

NEXT
4——— STATE 4 ———-—————’l‘——-STATE 1—»

SPB TIMING DIAGRAM

ARITHMETIC UNIT

MRLS: CMAN - TLPE

= TLPX

SSS4- TLPE « SCLK

SSS1- TLPE - SCLK

PIC2

DSPB:XSC1l-TLPE:-ECLK
GIXRMF - TLPE - ECLK

DSPB - SC04
UC04.UDC1.UI20- TSCA

UPA2

TSCA - TSCB: DAU4- BCLK

SC04-STO1

TSCC: TSCA - WCPM -
ECLK

XRMF - SC01- MTRP -
MAMV

CIPA-SCO01- MSSI* TSCC *
TSCB: TSCA - XRMF

MCK2: TLPE - MTRM
= SC04-DSPB - (SPI1 +
MTRP)

SPB-3



STA - STORE CONTENTS OF A

23 18)17 15| 14]13 0

FULL OPERAND 32 X * Y Z = £ (X,*,Y)
STA places the contents of the A Register into memory Non-Indexed 2 (S1.S4)
location Z. The contents of the A Register are un- Word Times. ’
changed. Interruptable Yes

Following Execution?

A non-indexed STA command is executed during Se- CHANGES FOLLOWING EXECUTION
quence Control State 4 (SC04). Memory location Z is A
addressed from Ip 13-0 (D1SAMI) during State 4. The 23-0
B Register is cleared (BCLR) and then the contents of Q
the A Register are gated (UAAU), via the Adder Unit, 23-0
to the B Register (BAUL,U). From the B Register, the Piio C(P) +1

data from the A Register is transferred to the memory
module where it is stored in location Z. Following Se-
quence Control State 4, Sequence Control State 1 is en- F1UOFL
tered to "fetch' the next command.

F1WPMT

FIETST

J4-0
Memory Z C(4)

COMMAND CHARACTERISTICS

r——=—=="

c(a) | CORE ! Z
| MEMORY e

MAB

BCLR 4 samr

«

B o [23 BSE 0

BAUL,U 4 C )

ADDER

vass —

23

23 0

STA BLOCK DIAGRAM

4022A-5 ARITHMETIC UNIT STA-



CLOCK (10 mc) LLi e el

TLP1 = MRLS:CMAN. TLPE
DITLPE (11) M . . 1L TLPE - TLPX

SCO01I = SR14- TLPE.SCLK
Fiscot 1 l . . [ scoi = ssii-TLPE-SCLK

SSi1 = SC04.DUST- BTTF - MSSI
F1SC04 (17. 1) [ # 7] _ SC04 = SSS4.TLPE-SCLK

SSS4 = SS41.SMDV - DBIS- MSSI
D1SAMI (21) I 3 —] _ sial - MAMV-DGNS- sC04- DXST -

DMDQ - SATL

MUD1IMDRY ” I I <

DIBCLR (39) |

BCL2 = TSCA.TSCC-:DSTA-BMRQ:

” ,, BCLK
DI1UAAU (52) 7 55 UAA3 = UCO04 UMDV - U120 - 1235 IR19 -
(A—»PAU) —J L IR18- UMAV

DIBAUL (39) - . TSCA .

(PAU D) | I”I | | 3 BAU2 = BCLK-TSCA - TSCB - DAU4
GOSTOR (19) | [T STOR = STO3-STO2

G1SMRQ (22) ] S A SMRQ = %%EZA)?RQlo[(SRQZ-MRLS)+
MUDIMRLS [ . T

D1PIN1,2 (88) [ g PIN1,2 = PIN4

2 a— ?

+——— STATE 4 ————»]

STA TIMING DIAGRAM

STA-2 ARITHMETIC UNIT 4022A-5



STQ - STORE CONTENTS OF Q

23 18]17 15| 14]i3
FULL OPERAND 44 X i

Z = £(X,*,Y)

STQ places the contents of the Q Register (memory lo-
cation 10g) into memory location Z. The contents of
the Q Register are unchanged by the STQ command.

Sequence Control States 3, 4, and 5 are required to
execute the STQ command. During State 3, memory is
addressed from Ipo 13-0 and the contents of memory lo-
cation Z are gateci to the B Register, but this is only
used to detect a Memory Protect Error. Following
State 3, State 4 is entered. During State 4, memory lo-
cation 10g is addressed by enabling GOMXO03. The con-
tents of cell 10g (Q Register) are gated to the B Regis-
ter. Following State 4, State 5 is entered. During State
5, memory is addressed from I5 13-0 (SAMI) and the
contents of the B Register are stored in memory loca-
tion Z. In this manner, the contents of the Q Register
are stored in memory location Z.

r———-- A
C(@Q | CORE 1  cen 10g
! MEMORY [
y MODULE ,
L _ = Jd
MAB
BMEM _; L SMQ1
23 B ol (23 1A, 0
Sequence State 4
r-———=--°
c@ | COre ! Z
| MEMORY I‘
i MODULE ;
MAB
4 samr
23 B 0 23 1,18 0
Sequence State 5
STQ BLOCK DIAGRAM
4022A-5 ARITHMETIC UNIT

Non-Indexed
Word Times.

4 (S1,53,54,55)

Interruptable

Following Execution?

Yes

CHANGES FOLLOWING EXECUTION

A

23-0
Q23-0

P14—0

C(P) +1

FIWPMT

F1UOFL

F1ETST

J4—O

Memory Z

C(@Q) i.e., memory cell 10

8

COMMAND CHARACTERISTICS

"Fetch"
STQ Command

AMI
Used Only To Detect
Memory Protect Error

{Address cell 108

C(Q)—»B
AMI
C(B)—»2Z

"Fetch" Next
Command

STQ-1



crock (10 me) [ IJLJ L LTI LR L e TELJ TEET

DITLPE (11) I, ) | o L TLPE - MRLS'GMAN: TLPE
F1SCOL (17) . . , D 3 [ scol = SCO05- TLPE-SCLK
5 55 SC03 = SSS3+ TLPE- SCLK
F18C03 (17) | L S5 5 4 SSS3 = SS31 = SCOL- SMDV - DNDX
SC04 = SSS4- TLPE- SCLK
—s
F1SC04 (17. 1) ) S L., « SSS4 = SCO3- MSSI
s 55 SC05 = $SS5- TLPE:SCLK
F1SC05 (17.1) ., . s o L ssss - DUST.MVDA - sC04
— ‘s 5 SAMI = SMDV - SC03- MAMV
D1SAMI (21) | l 5 ] .5,__J L SAMI = DQRT-SCO05
MUDIMDRY L i | o |
BMEM = BMRQ- BCLK - STOR -
DIBMEM (39) P I B . ; MDRY
GOMX03 (105) g T . MX03 = SCO04-SMQ1

GOSTOR (19) 0 " l . | sTOR
o M i ) B PIN1,2 = PIN4

|¢—STATE 3—»|«—STATE 4—#|¢—STATE 5—»

SCO05

D1PIN1,2 (88)

STQ TIMING DIAGRAM

STQ-2 ARITHMETIC UNIT 4022A-5



STX - STORE X LOCATION

INTO Z

FULL OPERAND 06 X

23 18117 15| 14113

S
sk

0
Y Z = £ (Y,%)

STX stores the contents of the indicated X core cell into
memory location Z. The STX command may not be
automatically modified since bits 15, 16, and 17 are
used to specify the X cell to be stored. If no index ad-
dress is indicated, the STX command is executed as a
DMT command.

The STX command is executed during Sequence Control
States 2, 3, and 4. During State 2 memory is addressed
from IA’13_0 for detection of a Memory Protect (op-
tional) violation. Following State 2, State 3 is entered.
During State 3, memory is addressed from Ij7_is5
(G1SAMX) and the contents of the addressed X cell are
gated to the B Register. Following State 3, State 4 is
entered. During State 4, memory is addressed from
IA, 13-0 and the contents of the B Register are stored in
memory location Z. In this manner, the contents of the
addressed X cell are stored in location Z.

r—-——-- ]
CX) | CORg ! X
MEMORY :‘
i MODULE
| S S
MAB
BMEM — 2 samx
23 B of [23 | 18017 15]A,13 0
Sequence State 3
r———=--"
cx) | CORE ! Z
MEMORY <
i MODULE ;
MAB
r SAMI
23 B 0 23 BENE 0
Sequence State 4
STX BLOCK DIAGRAM
4022A-5 ARITHMETIC UNIT

Word Times.

4 (S1,52,53,54)

Interruptable
Following Execution?

Yes

CHANGES FOLLOWING EXECUTION

A

23-0
Q23—0

14-0

p C(P) +1

F1WPMT

F1UOFL

F1ETST

T4-0

Memory Z cx)

COMMAND CHARACTERISTICS

STO1

e

STO02

Al

w

ST04

STO1

040,

"Fetch"
STX Command

Used Only For
Memory Protect
Purposes

AMX
Tos ){c (X)—>B

AMI
C(B)—»2Z

"Fetch' Next
Command

STXA1




CLOCK (10 mec)

DITLPE (11)
F1SCO01 (17)
F1SC02 (17)
F1SCO03 (17)
F1SC04 (17. 1)

MUD1MDRY

D1BMEM (39)

G1SAMX (19)

G1SAMI (21)

GOSTOR (19)

D1PIN1,2 (88)

STX-2

L L L

N 55 s——ﬂ » o Il ., [l TLPE
g S— - ” . . [ sco1
S L , 582
N e o N
e T T LS
. > A| — P |
o $5— " | 55 . ,, BMEM
s A B T, . SAMX
B ] L sana
? ” L T sror
55 s o5 ] PIN1, 2
|¢— STATE 2—»|«—STATE 3—s|e— STATE 4—»

STX TIMING DIAGRAM

ARITHMETIC UNIT

W 1]

non

MRLS- CMAN-TLPE

SSS1-TLPE - SCLK

SSS2 - TLPE - SCLK
HTTF - DDSX - MSSI: SC01

SSS3 - TLPE - SCLK
SS31 = SSTX - SC02

SSS54 - TLPE - SCLK
SC03 - MSSI

BCLK - BMRQ: STOR - MDRY

SSTX -+ SC03

SIA3 = SC02 - SLXD* MAMV
SIA1 = MAMV - DGNS - SC04 -
DXST - DMDQ * SAI1

SC04 - STO1

nou

PIN4

4022A-5



SUB - SUBTRACT Z FROM A

23 18]17 15] 1413
FULL OPERAND 31 X *

SUB performs algebraic subtraction of the contents of core cell Z from
the contents of the A Register. The result of the subtraction is stored
in the A Register. If the result is too large to be stored in the 23 bits
of A (i.e., more negative than -223 or more positive than 223-1), the
Overflow flip-flop (F1UOFL) is set.

A non-indexed SUB command is executed during Sequence Control State
4 (SC04). Memory location Z is addressed from 1A, 13-0 (D1SAMI)
during State 4. The contents of memory location Z are gated to the B
Register by DIBMEM during the Clock pulse of Memory Data Ready
(MUDIMDRY). From B, the complement of the contents of memory lo-
cation Z and the Enable Carry signal (GIUENC) are gated to the Adder
Unit. The Enable Carry signal adds 1 to the complemented contents
of core memory cell Z forming the 2's complement of Z. The contents
of the A Register are also gated to the Adder Unit where the sum-
mation of A and the 2's complement of Z occurs. The result is gated
(D1AAUL,U) back to the A Register. This is the difference between
the contents of the A Register and core cell Z.

If arithmetic overflow - either positive or negative occurs during the
summation, the Overflow flip-flop (F1UOFL) is set. The following
examples illustrate (a) a positive overflow, and (b) a negative overflow.
For simplicity, five bit registers are illustrated. Consider the most
significant bit as bit 23, and the next most significant bit as bit 22.

Consgider: Consider:

(A =+48) - (Z = -11) = +19. Nineteen is too large to
be contained in 4 bits plus a sign bit; thus, the
Overflow flip-flop is set.

Contents of Z 10101 (-11)

1's Complement of Z 01010

+ Enable Carry 1 (+D

2's Complement of Z 01011

+ Contents of A 01000 ( +8)

Total 10011 Overflow Set =

235-23C-22C.

(a) Positive Overflow.

4022A-5 ARITHMETIC UNIT

Z = f(X,*,Y)

Non-Indexed
Word Times.

2 (51,54)

Interruptable

Following Execution?

Yes

CHANGES FOLLOWING EXECUTION

A

C(A) -C(2)

23-0
Q23—0

P14—0

C(P) +1

F1WPMT

F1UOFL

Set if Overflow Occurs

F1ETST

T40

Memory Z

COMMAND CHARACTERISTICS

(A =-7) - (Z=+13) = -20.

large to be contained in 4 bits plus a sign bit; thus,

the Overflow flip-flop is set.
Contents of Z
1' s Complement of Z
+ Enable Carry ‘
2's Complement of Z
+ Contents of A
Total

(b) Negative Overflow.

Negative twenty is too

01101 (+13)
10010
1+
10011
11001 ( -7)

01100 Overflow Set =

235-23C - 22C.

SUB-1



c(z) ! CORe ! z
e |

! MEMORY “————l
{ MODULE ,
| I
MAB
BMEM ! SAMIL
|23 B ol [23 . IA, 13 OJ
c(@)
FUBNA rUENC (+1)

(23S - 23C - 22C) + | ADDER J
(235-23C - 22C) T

EJ
- UAAU Cc(A) -C(2)
Lr‘

c(a) AAUL,U
FIUOFL >3 v A
Lo | » |
SUB BLOCK DIAGRAM
CLOCK (10 mc) LIl
LP1 = - CMAN-
DITLFE {11) J—| ¢ ¢ I_L_ P'FI‘LPE = ¥§;§ CMANTTLPE
SC01 = SR14- TLPE.SCLK
F1sCo1 (17) I 9 4 I scoi - ssi1.TLPE-SCLK
SS11 = SC04.DUST: HTTF - MSSI
F1SC04 (17.1) 7 " [ sco4 = sSs4-TLPE-SCLK
SSS4 = SS41-SMDV - DBIS: MSSI
DI1SAMI (21) | # 7 [ SIA1 = MAMV:DGNS: SC04. DXST - DMDQ -
SAI1
MUDI1MDRY [
2) 2
DIBMEM (39) = .5TOR - .
(MDR —»B) B [ o BMEM = MDRY - STOR' BMRQ' BCLK
D1UBNA (50) g 4 UBNA = UC04-UAMYV -I23S-IR21- UI20 -
(B —»PAU) 1 ’ L G195 IR18
GIUENC (51) 55 =
(1—» PAU) | UENC = UBNA
D1UAAU (52) 55 s UAA3 = UC04. UMDV - UI20 - 1235 UAAS -
(A —»PAU) L UAMY
D1AAUL,U (62) - . . .
(AU —» A) . B | AAUl = ECLK-MRLS-DLC1-AUA5
4 SMRQ = DGI2-'SRQ1-[(SRQ2- MRLS) +
GISMRQ (22) N L o | ° (Tsca)) arl
MUD1MRLS [ 1 5 M
.., UFLB = ECLK-MRLS-SC04- UASB
F1UOFL (54) . ﬂ UASB = UFL1 = ADIV-[(U23S-U23C -
> o U22C) + (U235 - W23C - §220)]
D1PIN1,2 (88) 1 » PIN1,2 = PIN4

IQ___._. STATE 4 ——

SUB TIMING DIAGRAM

SUB-2 ARITHMETIC UNIT 4022A-5



TIM/TOM - TABLE INPUT TO MEMORY /TABLE OUTPUT FROM MEMORY

The Table Input to Memory (TIM) and Table Output from
Memory (TOM) is an optional capability that provides a
faster I/O rate and eliminates the normal software
"housekeeping' chores required when using GEN 2 com-
mands. This is a semi-direct to memory I/O scheme
where data flow is from the I/O Device, to the B Regis-
ter, to memory, or from memory, to the B Register to
the I/O Device. The TIM/TOM method of input/output
does not disturb the A, P, Q, J, or Index Registers.

TIM/TOM is not an instruction in the true sense of the
word (i.e., such as GEN 2). It is a hardware sequence
that is activated by an interrupt from the I/O Device.
Each TIM or TOM channel is operated in conjunction
with a unique interrupt that is activated by the device
using the TIM or TOM function. Each of these interrupts
is wired to a matrix board which determines the device
code and the operation, TIM or TOM, for that device.

When an interrupt from an I/O Device using the TIM/
TOM function occurs, the word stored in the interrupt
response address is "fetched'' from memory. The word
stored in this address will be a TIM/TOM Control Word.
This Control Word is used to define how the data is to
be organized (i.e., how many characters or bytes are
contained in each 24 bit word), where in the first 16K of
core memory the table of words is located or to be lo-
cated, and how many words are to be transferred. The
format of the TIM/TOM control word is shown below:

23 18|17 16|15 14|13 0
N C P Y

N Field - Word Count:

This field contains the current number, in 1's com-
plement form, of words remaining to be read (TOM)
or written (TIM). The maximum number of words
is 63.

C Field - Character Count:

This field specifies at any given point its time, the
number of characters still to be packed (TIM) or
unpacked (TOM) in the word being operated on.
Initially, C is normally set equal to P.

P Field - Packing Mode:

This field specifies the number, in 2's complement
form, of characters to be packed or unpacked in
each word.

00 = 4 characters per 24 bit word
01 = 3 characters per 24 bit word
10
11

2 characters per 24 bit word

1 character per 24 bit word.

Y Field - Starting Address:

This field initially specifies the starting address
(-1) of the data table. This field is then incremen-
ted to address the word being operated on at any
given point in time.

4022A-5

ARITHMETIC UNIT

NOTE

Because the N field may specify up to 63
words and 1, 2, 3, or 4 characters may
be packed or unpacked in each word, the
number of characters that may be trans-
ferred in a block is 252 six-bit charac-
ters, 189 eight-bit characters, 126 twelve-
bit characters, or 63 twenty-four-bit
characters.

As many as 48 different TIM/TOM channels may be
included as an option in the 4022A System. Each chan-
nel has a defined interrupt response address. Associ-
ated with each interrupt response address, is a de-
fined device code and input or output enable. The device
code and the input or output enable is obtained from
a wired matrix board. Therefore, individual inter-
rupts are required for each TIM and each TOM chan-
nel.

Each TIM/TOM function requires 12.7 or 30,7 us to
execute depending on whether a high-speed or low -speed
channel (K3 = 7) is used. Therefore, burst mode trans-
fer rates of up to 62,000 words or characters per sec-
ond is possible.

BASIC OPERATION

Although the TIM and TOM methods of inputting and out-
putting data are very similar, the general operation of
TIM and TOM are listed separately to provide a clearer
understanding.

TIM

1. The program loads the assigned API Response
Address with the Control Word.

2. When an interrupt occurs from the input device,
a matrix board generates the associated device
code and enables the input function.

3. The Control Word is '"fetched' from the inter-
rupt response address. The C field (bits 16 and
17) of the Control Word is compared with the P
field, and if they are equal, the Y address field
is incremented by one. The C field is always
incremented by one to indicate that one charac-
ter will be transferred during this cycle. If a
carry occurs from the C field (C incremented to
00) it is applied to the N field. A carry will oc-
cur from the C field during the cycle that the
last character of a word is read in from the de-
vice. In this manner, the word count is incre-
mented when the last character of a word is re-
ceived. When the last character of the last word
is received, the N field is incremented to 77g
and an "Echo'' interrupt is generated. When C
is equal to 00, C is set equal to the P field
to prepare for the next word.

4. The updated Control Word is stored back in the
API response address. This updated Control

TIM/TOM-1



TOM

TIM/TOM-2

Word will be addressed when the next interrupt
occurs.

The contents of the Y Address specified by the
Control Word is gated from memory to the B
Register. If this is the first character of this
word to be obtained, the B Register is cleared.
If more than one character is to be stored in the
word, the B Register is then shifted left in a
circular fashion. That is, if 2 characters are
to be stored in this word, B is shifted left cir-
cular 12 places; if 3 characters are to be
stored in this word, B is shifted left circular 8
places, etc.

The contents of the B Register are gated to the
Parallel Adder where the character from the
device is ORed into the least significant bits.
The result is then gated back to the B Register.

The contents of B are then stored back into the
memory location specified by the Y field of the
Control Word.

The above sequence will occur each time the in-
terrupt occurs until the proper number of words
have been read. When the proper number of

words have been read, an "Echo' interrupt is

generated, as described in step 3. After the

"Echo' interrupt is generated, the program will
normally load the interrupt response address

with another TIM control word in preparation

for the next input function.

The program loads the API response address
with the Control Word.

When an interrupt occurs from the output de-
vice, a matrix board generates the associated
device code and enables the output function.

The Control Word is 'fetched" from the inter-
rupt response address. The C field of the con-
trol word is compared with the P field and if
they are equal, the Y address is incremented.
The C field is always incremented by one to in-
dicate that one character will be transferred
during this cycle. If a carry occurs from the
C field (i.e., C is incremented to 00), it is ap-
plied to the N field. A carry will occur from
the C field during the cycle that the last charac-
ter of a word is transferred to the device. In
this manner, the word count is incremented
when the last character of a word is transferred
to the device. When the last character of the
last word is transferred, the N field will be in-
cremented to 77g and an "Echo'' signal is gener-
ated. Whenever the C field is equal to 00, the
C field is set equal to the P field, to prepare for
the next word.

The updated Control Word is stored back in the
API response address. This updated Control

Word will be addressed when the next interrupt
occurs.

5, The contents of the Y Address specified by the
Control Word is gated from memory to the B
Register. If more than one character is con-
tained in a word, the B Register is then shifted
left circular. That is, if 2 characters are con-
tained in a word, the B Register is shifted left
circular 12 places; if 3 characters are con-
tained in the word, B is shifted left circular 8
places, etc.

6. The contents of the B Register are gated to the
Adder where the least significant bits (1 char-
acter) is transferred to the addressed output de-
vice. As previously mentioned, the device ad-
dress (code) is generated by a matrix board
from the interrupt input.

7. The contents of B are then stored back in the
memory location specified by the Y Address of
the Control Word.

8. The above sequence will occur each time the
interrupt occurs, until an "Echo" interrupt is
generated, as described in step 3. After the
"BEcho" interrupt is generated, the program will
normally load the interrupt response address
with another TOM control word in preparation
for the next function.

To further illustrate the operation of the TOM function,

the following example is provided. This example illus-
trates the organization of data to be transferred, how
the Control Word is updated, and the general sequence

of events during a TOM operation.

TOM Example:
This example illustrates the basic operation of using a

TOM capability to type out the words MARY JANE coded
and previously stored in memory.

23 1817 16115 14113 ; 0
API Control N ,cC ! ! Y-
Word = 111101 ,00 ; 00 , 778
LBeginning
Address =
10004

Packing Mode =
4 Character/Word

Character Count

- Total Number of Words

n
N

Location 23 18117 1211 65 0
1000 = M ;, A | R | Y
Location 23 18117 12111 6:5 0
1001 = J . A I N | E

ARITHMETIC UNIT 4022A-5



lst INTERRUPT:

6th INTERRUPT:

Update Control |23 18|17 16|15 14|13 0 Update Control |23 1817 16|15 14|13 0
Word 111101 01 00 1000g Word 111110 10 00 1001g
Store Control Word in API Location Store Control Word in API Location
£ 23 18|17 1211 6(5 0
‘fggézn_tf; A R - M Contents of 23 18|17 12[11 65 0
- 1001g—»B N E J A
L lar 6 Pl 8
Shift B Left Circular aces L’ Shift B Left 6 Places [__>
Simulate OUT To Simulate OUT To
S W in 1000 T
Store Shifted Word in 1000g yper Store Shifted Word in 1001g Typer
2nd INTERRUPT:
7th INTERRUPT:
Update Control |23 18|17 16|15 14|13
Word 111101 10 00 1000g Update Control |23 18|17 16{15 14|13
Store Control Word in API Location Word 111110} 11 00 1001g
Store Control Word in API Location
Contents of 23 1817 1211 615 0
R M
1000g—+B Y A Contents of 23 _ 18|17 _ 1211 _ 65 _ O
Shift B Left Circular 6 Places E J A N
Simulate OUT To Shift B Left 6 Places L.
i 1000 T
Store Shifted Word in 1000g yper Simulate OUT To
3rd INTERRUPT: Store Shifted Word in 1001g Typer
Update Control |[23 18117 16 (15 14]13 8th INTERRUPT:
Word 111101 11 00 1000g
Store Control Word in API Location Update Control |23 18|17 16(15 14|13
p
Word 1111 11| 00 | 00 1001g
Contents of 23 v 18)17 .- 12)11 A 6(5 R 0 Store Control Word in API Location
1000g —»B Bitj4 15—*Bit1g 17
Shift B Left Circular 6 Places L ’ ’ GENERATE ECHO
Simulate OUT To Contents of 23 18117 1211 615 0
Store Shifted Word in 1000g Typer 1001g—+B J A N E
Shift B Left 6 Places L>
4th INTERRUPT: Simulate OUT To
Update Control 23 18117 16|15 14]13 Store Shifted Word in 1001g Typer
Word 1111 10| 00 00 1000g
Store Control Word in API Location The ECHO signal generated, because this is the last
Bit14 15-»Bit1g 17 character of the table, causes another interrupt. If de-
’ ’ sired, this interrupt will change the Coatrol Word for
Contents of 23 18117 12[11 615 0 additional data outputs. If, however, another interrupt
1000a —»B M A R Y occurs for the Control Word shown above, the operation
Shift8B Left Circular 6 Places L will be terminated before data is transferred.
Simulate OUT To
Store Shifted Word in 1000g Typer THEORY OF OPERATION
The TIM/TOM function is initiated upon receipt of an in-
5th INTERR :

t UPT terrupt at an interrupt channel wired for the TIM/TOM
Update Control |23 18[17 16115 14[13 0 function. This interrupt is wired to a matrix board to
Word 11 11 10| o1 00 1001g define the operation of TIM or TOM (S bit = 5 or 4) and

. to define the device code (K3, K2, K1, and K0) address
C 3 3 El
Store Control Word in API Location of the device causing the interrupt. The TIM or TOM
Contents of 23 18117 1211 815 0 function is then executed in Sequence Control States 1,
1001g—+ B A N B J 3, 4, and 5. Fig. TIM/TOM. 1 illustrates the basic
functions performed in each of these Sequence States.
Shift B Left Circular 6 Pl
eft Clreular 6 Places L. A detailed flow chart of the TIM/TOM function is con-
Simulate OUT To tained in Fig. TIM/TOM. 2. Refer to these aids during
Store Shifted Word in 1001g Typer the following discussion.

4022A-5 ARITHMETIC UNIT TIM/TOM-3



AUTOMATIC

PROGRAM
INTERRUPT
Terminate
~
TIM/TOM
Address API Response Location
Control Word —»B
SCo1 IfC =P, Add1toY
Adjust Control Word {Increment Character Count (C)
If Carry from C, Increment Word Count N
Adjusted Control Word —+1I
Adjusted Control Word —»B
YES If Word Count N = 775 and Carry from C Occurs, Generate ECHO
Carry from N Field
or N=77g & C Carry
NO
Address API Response Location
If C = 00, Gate P—»C
SCo3 Adjusted Control Word —+ API Response Location
Preset TIM/TOM Counter if P # 10
Clear I53_15 Register (Simulates LDA Command)
Address Memory from I
4 Gate Contents of Y—+ B
Clear B if 1st Character of TIM
5C04 Shift B Left Circular (12, 8, or 6) if Required, i.e., P # 11
If TIM, Simulate GN2 IN Command - ORed Data -»B
L If TOM, Simulate GN2 OUT Command
y
SC05 { Address Memory from I
Store Contents of B—»Y
Return to
Interrupted
Program
Fig. TIM/TOM. 1. Sequence State Flow Chart
Device Code Matrix K bits of the device code. Also, all input drivers used
for TIM functions will have a diode wired to enable
A diode matrix board (RTTA1) is used to generate the N1HT12. The following list of inverters illustrates the
device and operation code from an interrupt input de- K bit decode pattern. This K bit decode corresponds to
fined for use as a TIM or TOM function. This ma- the device code specified by the GEN 2 commands.
trix board is shown on sheet 133 of the Arithmetic
Unit logic. N1HTO00
: N1HTO1 } KO
Each TIM and TOM interrupt is wired to one of the input N1HTO02
drivers, DOHLO1 through DOHL24 (future expansion will
provide an additional 24 input drivers). From each of N1HTO03
these drivers, diodes are wired to enable only the in- N1HTO04 } K1
verters (N1HT00 through N1HT11) corresponding to the N1HTO5

TIM/TOM-4 ARITHMETIC UNIT
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N1HTO06 } (9 TIM/TOM

NI1HTO7 K2

N1HTO08

[ INTERRUPT OCCURS J

N1HTO09

N1HTI10 } K3 scol

NI1HTI11

ADDRESS API RESPONSE LOCATION
N1HTI12 } S CONTROL WORD— B
First
As an example of the operation of the diode board, con- Character  ¥ES ~—— FELDJ: CFELD )
sider that a TIM function for a device having a device E__’ NO
code (K3 - KO) of 1100, has an interrupt line connected
to DOHLO1. Diodes would then be jumpered from the INCREMENT C FIELD
output of DOHLO1 to enable N1HT09 and N1IHTO06. Since C CARRY—#N FIELD
it is an input function (TIM), a diode will also be jump- 3
ered from DOHLO1 to enable NIHT12. GOHTTA is en- CPDATED CONTROL N et by
abled when any TIM or TOM interrupt occurs and is WORD 1 AND B Have Already
used to control the Arithmetic Unit for the TIM/TOM 3 Been Transferred
function. C)ARRY FROM N FIELD ) YES, Terminate
OR N = 77 AND C CARRY G1HSTP (135)
With HT09 and HTO06 enabled and all other device code L vEs
inverters disabled, the device code of K3 - KO = 1100 is Last Character }
enabled, in the same manner as decoding for GEN 2
commands. Refer to logic sheets 99 and 100. N
SC03

Any TIM operation enables N1HT12. NI1HTI12 is then
used in S bit decoding to enable an S = 5 (IN) function. PRESET SHIFT
Whenever N1HT12 is disabled, during a TIM/TOM func- COUN;(E)RPASI%if;Dmc

tion, an S = 4 (OUT) function is enabled indicating a
TOM operation.

{ Last Character of Word

Sequence State 1
) [SET C FIELD = P FIELDJ

Block and timing diagrams of State 1 operation are con-
tained in Figs. TIM/TOM. 3 and 4. During State 1, mem-
ory is addressed from the API (D1SAMW) and the TIM/ STORE UPDATED CONTROL
TOM Control Word from the interrupt response address WORD IN API ADDRESS

is gated to the B Register. The I Register is cleared
(DOICU1,CUL). If C (bits 16 and 17) is equal to P (bits
14 and 15), a ''one'" is set in Ip. A "one' is uncondition-

ally set into Ijg. The contents of [ (I3g = 1 and Ig = 1 if ‘ SC04
C = P) are gated to the Adder (UIAU,LA). The contents

of B (Control Word) are also gated to the Adder B o

(DIUBBU) where & is summed with the contents of L. emrcu’ worn From ¥ poRess

v
The result of this summation will then add 1to C, add 1 YES
to N if a carry results from C, and add 1 to Y if C was 15 IT TIM AND st CHARACTER )
equalto P. The result of this summation is then gated | NO

P

{Simulates LDA Op Code

to both the I and B Registers. SHIFT B LepT ] YES

CIRCULAR 12 WASP = 10 {2 Characters Per Word
If during the summation, a carry resulted from C YES NO
(PAU17) causing N to be incremented to 77g, an Echo Sggguikg? WAS P = 01 {3 Characters Per Word
signal (GIWEKO) is generated to indicate that this is vES NO
the last character of the last word to be transferred. SHIFT B LEFT WAS P = 00 {4 Characters Per Word
This Echo signal is then used by the program to deter- CIRCULARS O
mine that the transfer is complete and that a new Con- VES NO
trol Word must be stored in the Interrupt response ad- ?/E’—égu )4_( TIM H B—»ADDER—1/0 |
dress if further data transfers are desired. AU—»B

- - SC05 I

If during the summation, a carry resulted from PAU23, T‘
Indicating that N was incremented beyond 77g, or if N OR 1/0 Data
is equal to 77g and no carry results from C (i.e. , With C (B) LSTORE B IN LOCATION ¥ I

PAU17) the operation is terminated (GIHSTP). This
indicates that an interrupt occurred after the last .
word specified by the Control Word was transferred. Fig. TIM/TOM.2. TIM/TOM Flow Chart

Return to Interrupted Program

4022A-5 ARITHMETIC UNIT TIM/TOM-5



7 Interrupt

Control Word| CORE ! Regponse Address
| MEMORY &
{ MODULE
S |
MAB
BMEM HI16 AMW
v 3 s - 00 if
23 B o] [23 181716151413 o] €= F
4 _BauL,u L 2
23-0 23-0 IUIL
UBBUT y y v UIAU,LA oL
ADDER
C+1
LPAU23_0 S y+iic=p
N + 1 if C Carry
Fig. TIM/TOM. 3. State 1 Block Diagram
crock ome) | [ L L L LTI

DITLPE (11)

11

|

F18CO01 (17)

c.
£ p2d

D1SAMW (20) [ SAMW =
D1HTTF (134) I HTTF =
DOICU1,CLL | l I >'[ l s ICulr =
(Clear Ip3.¢) (81) ICLL =
D1IBMEM (39) | 55 BMEM =
D1UBBU (50) s

B =
(B23-0—»PAU) ;5——-! L UBBU
GOHI16 (136) 3 l —*5 HIl6 =
(1—1;5) HCA4 =
GOLJ00 (82) s v 55 1Joo =
F1HCFA (137) | ‘IfC = P Her2 :
DIUIAU, LA (51) I UIAU, LA

D1IUTU, L, LI (80)
(PAU23-0—1

.

G1WEKO (135)

N = 77g-Carry from C—»E-

P24 )5——I l_

IUIU

WEKO
WEK2

HECO

D1BAUL,U (39)

TIM/TOM-6

55

Fig. TIM/TOM. 4.

ARITHMETIC UNIT

IVIL, LI

nonou

| BavL,u

TLP1

SSS1: TLPE - SCLK

SC01.SWPI

HTTE + F1HTTF

TSCB - TSCC.ICK1-ICU3
ISCA -TSCB-ICK1-.ICL1

BMRQ: MDRY - BCLK - STOR

UBB1 = UBB3-SCO01-TSCA

HCA4 HCLK
HCO1.-HTTF - TSCC- TSCA

ICK2-HCA5.-HCA4

(C =P)i.e., Bjg=Big-B1s =By
SC01- TSCA - HCLK

HCLK - HCA5+HCA4 - HTTF

= UIA4 = SCO01-TSCA-UTTF

HUI1 = HMAN - MRLS- HUIU
= IUI 2 -MRLS

U23C-TSCB- TSCA - WEK2
SC01-HECO
H17C-H77X

BC12.TLPE . BCLK

State 1 Timing Diagram

4022A-5



Termination is implemented by holding sequencing in
State 1 and allowing the interrupted program to continue.

Following State 1, State 3 is entered.

Sequence State 3

Timing and block diagrams of State 3 operation are con-
tained in Figs. TIM/TOM.5 and 6. During Sequence
State 3, the C field (117,16) is examined and if it is
equal to 00, the C field is set (GOHI17,16) equal to
the P field (115’A). This indicates that this is the last
character of the present word and presets the C field
for the next word. The contents of I (updated Control
Word) are then gated to the B Register via the Adder.
Memory is addressed from the API Module (D1SAMW)
and the updated Control Word is stored back in the API
Response Address. The next time an interrupt occurs
for this address, this Control Word will again be used.

3715 Aiscleared (DOICU1), Clearing Iz3-;5. A simulates
an LE’A command for use during the next Sequence State.

Also during State 3, the TIM/TOM Counter (F1HCFA-E)
is preset, if required, to control the number of shifts
required to position the data word. A discussion of this
control is provided later in this section.

Following State 3, State 4 is entered.

Sequence State 4

Block and timing diagrams of State 4 operation are con-
tained in Figs. TIM/TOM. 7 and 8. During State 4, the
actual data transfer occurs. To accomplish this func-
tion, the duration of State 4 is extended in the same
manner as are GEN 2 commands.

crock @ome) | [ [ L L L[] I 1L ][]

r==—=- A

Interrupt
Control Word |
el

CORE ! Regsponse Address
MEMORY

y MODULE ,
e e —d

MAB

ICUIT—T_j SAMW

23 0 23 18(1716|15A 13 0

3K HIl6,17 _ 48 | [[1fBjg -

BAUL,U 123-0 B17 = 00
i ¢ VUIAU,LA

ADDER

Fig. TIM/TOM.5. State 3 Block Diagram

During the first portion of State 4, an LDA command is
simulated, except that the contents of the AU are not
gated to the A Reglster. This is accomplished because
the Op Code portion of the I Register was cleared during
State 3. Memory is addressed from Y and the contents
of the memory cell are gated to the B Register. This is
the contents of the memory cell that data is to be trans-
ferred from (TOM) or that data is to be transferred to
(TIM).

If this is the first character of a TIM word, the B Reg-
ister is cleared (DIBCLR). Clearing of B is necessary
since the data bits received from the input device are
ORed with B in the Adder.

I

DITLPE (11)

_

F1SCo03 (17)

DISAMW (20)

DoICU1 (81)
(Clear Ig3-15, A)

DIUIAU, LA (51)

GOHI17 (136)

;
(I15—+I17) iIf Bl B17 = 00, i.e., C = 00

GOHI16 (136)

I
e :HB16'317=00,1.6.,C=00
A-—)Ile)

DIBAUL, U (39) i i 11 1 1Bjg-B1y =00

[ TLPE - TLPI

| SC03 - §83.TLPE.SCLK
SSS3 = $S31 = HTTF . SECO -SCO1

L samw = HTTF.scos
ICUL = TSCB:TSCC-ICU3-ICK1

| vulau,La = scos-uTTF
HI17 = HBI7.HB16-HCLK-HTTF - SC03-

TSCA - TSCC- IR15

HIl6 = HCLK.HB16-HB17-HP16
BAUL,U = HBAU = HB16-HBI17. HCLK -

SCO03- TSCB- TSCA . HTTF

—

GOSTOR (19)

[ sror

= SC03:-HTTF

Fig. TIM/TOM. 6.

4022A-5
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pme-—-
I CORE '

MEMORY M————————
! MODULE !

-—— - - - o

* BCLR if 1st
Character + TIM

JBSLlnLnU T tSAMI
0

23 A,13

B » oo I
TIM
BAUL,U

roml I TIM K DECODE

BMEM

™
W)
(=)

-
M "_—-_— -

'

1 I/O DEVICE g NGS4 - TOM
Ceooemmm e 4 NGS5 - TIM

Fig. TIM/TOM. 7. State 4 Block Diagram

Time 6 Envelope is then entered. The basic timing of positions that a character requires. This operation is
Time 6 is the same as that for an IN (TIM) or OUT described below.

(TOM) command. First, the data word must be posi-

tioned so that the character to be transferred is either After the shifting is complete, data is transferred from
in the least significant bits of the B Register or that B to the output device via the Adder (TOM) or the data
space is reserved in the least significant bits of the B received from the input device is gated to the Adder
Register for the character to be received. This posi- where it is ORed with the least significant bits of the B
tioning of the B Register is accomplished by shifting the Register. In either case, the contents of the Adder are
B Register left in a circular fashion, the number of bit gated back to the B Register. ’

RN

a4

DITLPE (11) [ |

F1SCO04 (17. 1) I
DISAMI (21) | ’

DIBMEM (39)

TLPE = TLP2

I SC04 = SSS4-TLPE

SAMI = SIAl

e

/TOM. 9,
Also, a GEN 2 IN (TIM) or OUT

(TOM) command is simulated. Refer to the descrip-

tion of the IN or OUT command for details.

L

v

BMEM = BMRQ: MDRY -
BCLK " STOR

F
]
!
.

D1UBBU (50) —$5 . |
(B23-0 —»PAU) _r | UBBU UBB
F1TT6E (8) e l_ TT6E = TSC!l - MRLS- TCK2

Ed]

DIBCLR (39) TIM - 1st Character

BCLR = HCLB
(Clear B23-0) —s

BAUL,U = HAU7
HAU7 = TIM.TBFF  TT6E -
TAFF

DIBAUL,U (39)
(PAU—» B) ‘¢

F1SC05 (17.1) : 7

Fig. TIM/TOM. 8. State 4 Timing Diagram

During this time, the B .Register is shifted left

circular, if required. Refer to Figs. TIM

10, 11, and 12.
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Following State 4, State 5 is entered to store the data
word back in memory location Y. Prior to discussing
State 5, however, a discussion of positioning the char-
acter in the B Register is provided.

NOTE

When a TOM function is executed specifying

4 characters per word (l.e., P =00), the
complement of bit 5 of the data word is trans-
ferred to bit 6 of the output device by X1NDO06
(sheet 101). This feature 1s primarily used
by the paper tape punch. Using this technique,
ASCII coded tape may be punched from six bit
characters. Examination of the ASCII charac-
ter code reveals that the seventh bit is always
the complement of the sixth bit. This gating
structure, therefore, conserves memory
space by generating a seven bit ASCII code
from six bits stored in memory. For example:

6-bit code to be punched = 010101
7-bit ASCII code punched = 010101
X1NDO6 = NGNS5
GINGN5 = NINGN5 * N1INO05S

Character Positioning

Since more than one character may be contained by a
word, the B Register must be positioned so that the
character being operated on will be in the least signifi-
cant bits. This is accomplished by shifting the B Reg-
ister left circular the number of placed that the charac-
ter contains, except when one character is equal to
a word. The P field of the Control Word specifies

S1 S3 S4 MRLS

v v v

F1HCFE (137)

v o—

the number of characters in a word, This value is used
to determine the number of shifts required.

P = 11 - 1 character per word, no shifting re-
quired.

P = 10 - 2 characters per word, 12 sghifts required.

P = 0l - 3 characters per word, 8 shifts required.

P = 00 - 4 characters per word, 6 shifts required.

The TIM/TOM Counter (F1HCFA-E) provides control of
the number shifts. During State 3, the Counter is pre-
set, if necessary. During the first clock pulses of Time
6 Envelope of State 4, the B Register is shifted, if re-
quired. At each shift of B, the TIM/TOM Counter is
incremented. When the required number of shifts have
occurred, further shifting is inhibited by the TIM/TOM
Counter.

Figs. TIM/TOM. 9, 10, 11, and 12 contain timing
diagrams and logic equations of the shift control
logic.

Sequence State 5

During Sequence State 5, the contents of B (word being
operated on) is stored back in memory location Y, as
specified by the Control Word. Figs. TIM/TOM. 13 and
14 contain block and timing diagrams of the operation of
State 5.

During State 5, memory is addressed from I (D1SAMI),
and the contents of the B Register are stored in mem-
ory location Y. The TIM/TOM flip-flop (F1HTFF) is
cleared to end the TIM/TOM operation.

S5
T6E — *

F1HCFD (137) |

F1HCFC (137)

§ I
HCFD = HCD1 = HCO03-BR14 - BR15 -
HSCA

F1HCFB (137)

NN

4oL

F1HCFA (137)

G1HBCE (137)

o

HCFA = HRS4 HCFD-HCLK
HRS4 = SC04- MRLS:-HTTF

1

=

P

GOHCE1 (137)

Inhibit B Shift

HCE1l HCFA + TT6E

Fig. TIM/TOM.9. P = 11 -1 Character/Word Timing Diagram

4022A-5
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MRLS

1 2 3 45 6 7 8 9101112

HCFE
HCFE

HCFD
HCFD

HCFC
HCFC

HCFB
HCFB

HCFA
HBCE
HCE1

O ® ® © O

TIM/TOM-10

wn
w

HCFA -
HCFA -

HCFE
HCFE -

HCFE -

HCFC-
HCFE -

HBCE -
HCFB-
HCFA -

F1HCFE (137) MU U [-—4 —
F1HCFD (137) | | [ | e
F1IHCFC (137) J l I |_.; —
F1HCFB (137) l l._4 -
——————————————————— r——.
F1HCFA (137) v ]
G1HBCE (137) ] L_‘ —
GOHCE1 (137) | shift B 12 Places ]
le )
e T6E >
(1) HCFE - HCFA - TT6E-HCLK - HCFE
HCFE - HCFA - TT6E-HCLK-HCFE + SCO01- HCLK
(2) HCFD = HCFE-HCFC -HCLK
HCFD = HCFE-HCLK + SC01-HCLK
(3 HCFC = HCFE-HCFD-HCLK
HCFC = HCFE-HCFD-HCLK + SCO1.HCLK
(® HCFB = HCFC:HCFE - HCLK
HCFB = HCFE-HCFC-HCLK + SCO1-HCLK
(3) HCFA = HBCE-HCLK
(6§) HBCE = HCFB-HCFC-HCFE
(@) HCE1 = HCFA.TT6E
Fig. TIM/TOM. 10. P = 10 - 2 Character/Word Timing Diagram
s1 S3 S4 MRLS S5
v v v 12345678 v
F1HCFE (137) I ! l l | I |
F1HCFD (137) | l T
F1HCFC (137) L__J L..4 [EE——
FLHCFB (137) | l_‘ R
——————————————————— [ S
FIHCFA (137) v I
G1HBCE (137)
‘—_—_—.—-
GOHCE1 (137) | Shift B 8 Places l s
= T6E >

TT6E- HCLK: - HCFE
TT6E - HCLK - HCFE + SC01-HCLK

HCFC-HCLK

HCLK + SCO01.HCLK

BR15:-HB14:-SC03- HSCB + HCFE-HCFD: HCLK
HCFD-HCLK + SCO01-HCLK

HCFE - HCLK

HCFC-HCLK + SCO01-HCLK

HCLK
HCFC-HCFE
TT6E

Fig. TIM/TOM. 11.

P =

01 - 3 Character/Word Timing Diagram

ARITHMETIC UNIT
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S1 S3 S4 MRLS

‘ v v 12 3456
F1HCFE (137) [ 111 :

F1HCFD (137)

F1HCFC (137)

MTTT

ONOXOXONOIOXO,

L

F1HCFB (137) l__‘
I

L

F1HCFA (137) 1
G1HBCE (137)
f.——_
‘_
GOHCE1 (137) [shitt B 6 Placesl L

l<———T6E ___>l

HCFE = HCFA - -TT6E-HCLK - HCFE
HCFE = HCFA-TT6E -HCLK: -HCFE + SCO01-HCLK

HCFD = HCFE-HCFC-HCLK
HCFD = HCFE-HCLK + SCO01-HCLK

HCFC = HCFE-HCFD:HCLK
HCFC = HCFE: -HCFD:- -HCLK + SC0l1-HCLK

HCFB = BR15+:BR14-HSCB:SC03 + HCFC:HCFE-HCLK
HCFB = HCFE-HCFC'HCLK + SCO01-HCLK

HCFA = HBCE:-HCLK
HBCE = HCFB-HCFC-HCFE
HCEl = HCFA.TT6E

QR ® ® ©® O

Fig. TIM/TOM.12. P = 00 - 4 Character/Word Timing Diagram

r——==-=-"
| CORE ! v
—® MEMORY I“_—
i MODULE |
- - — o]
MAB
SAMI
23 B o| [23 TE 0

Fig. TIM/TOM. 13. State 5 Block Diagram
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crock ome) | | [ [ | [ L [ L[ Q]| ]]
DITLPE (11) _J_-L

F1SC05 (17.1)

DI1SAMI (21)

F1HTTF (134)

GOSTOR (19)

TIM/TOM-12

L

TLPE

]

| scos

SSS5

—

l
| samr
| HTTF

r STOR

Fig. TIM/TOM. 14. State 5 Timing Diagram

ARITHMETIC UNIT

n

TLP1

$SS5 - TLPE - SCLK
HTTF - SC04

SIA2 = HTTF - SC05

SC05. MRLS - NCLK

SCO05
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TXH - TEST X HIGH OR EQUAL

23 18117 15| 14
FULL OPERAND 24 X 0

13

TXH sets the Test flip-flop (FIETST) if the contents of
the specified X cell (bits 14-0) are greater than or equal
to the value K. If the contents of X14-0 are less than K,
the Test flip-flop is cleared. Bits 15, 16, and 17 of the
TXH command specify the address of the X cell to be
compared. The K value of the TXH command must be
specified in 2' s complement form. The value of the in-
dex cell contents may vary between 0 and 32,767. The
value of K may range between 16,383 and 1. The con-
tents of the addressed X cell are not changed by the
TXH command. If the value of K is zero, the Test flip-
flop cannot be set. If bits 15, 16, and 17 are "zero',
the command is undefined, i.e., an X cell address must
be specified.

During Sequence Control State 1, the TXH command is
"fetched' from memory in the normal manner. How-
ever, as bits 13-0 of the command are gated from B to
the Adder Unit, a "one" is forced to Adder Unit bit 14

by GlUB14. The result is then transferred from the
Adder Unit to IA, 13-0. In this manner, bit IA is forced
to a 'one'".

During Sequence Control State 2, memory is addressed
from 117-15 (G1SAMX) and the contents of the addressed
X cell are gated to the B Register (DIBMEM). The con-
tents of the X cell are then gated from the B Register to
the Adder Unit (UBBU). At the same time, the contents
of IA, 13-0 are gated to the Adder Unit (UILA). The Test
flip~-flop is unconditionally cleared by the TXH command
during Time 4 Envelope. At the Clock pulse of Memory
Release (MUDIMRLS), the Test flip-flop is set if the
summation of B (contents of X) and IA 13-0 (-K) results
in a carry output from bit 14 of the Adder Unit.

The following examples are provided to illustrate that
only when the contents of the addressed X cell are equal
to or greater than the value K, is the carry output of
Adder bit 14 true. For simplicity, a 5 bit K value and a
6 bit X value is used. Assume the most significant bit
of the summed values to be PAU14.

4022A-5

ARITHMETIC UNIT

(a)

()

X

2's complement of K =

0
-K
Non-Indexed
Word Times. 2 (81,52)
Interruptable No
Following Execution?
CHANGES FOLLOWING EXECUTION
A23-0
Q23-0
P14~0 C(P) +1
F1IWPMT
F1UOFL
Setf K = C(X)

F1ETST Reset if K> C (X)
J4—0
Memory X

COMMAND CHARACTERISTICS
=K = 5:

Forced "one'' bit
C (X)

1011
=1
= 00101

—— 00000

PAU 4 Carry

K
X

2's complement of K =

= 5:
= 4.

Forced "one' bit
C (X)

PAU; 4 Carry

= Test flip-flop
set.

1011
=1

00100
11111

i

= Test flip-flop
remains cleared.

TXH-1



TXH-2

BMEM 1 ;— TXH Command

1% UBAU

v r IBXI {— IULI

1A, 13 0
I I

* G1lUB14 (49) = ETXN - UIXR - USIA

BMEM
?

Sequence State 1

C(X) ' CORE ! X
MEMORY M———

! MODULE |
| IR 9

23

0 23 18|17 15|A,13 0

C (X) I 13-0

UBBU K v UILA
23 15|14

MRLS:-ERTF

ETA4E - MSSI -
FIETST P sco2.EDTX
1 0

Sequence State 2

TXH BLOCK DIAGRAM

ARITHMETIC UNIT
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CLOCK (10 mc) |

IR AN

DITLPE (11) M . L TuPE = TLPI1
SCO1 = SR14- TLPE - SCLK
F1SCO1 (17) | ) . SR14 = DNDX-HTTF - MVDA
SC01 = §SS1‘TLPE - SCLK
F1SC02 (17) [ 777 _ scoz = $Ss2- TLPE.SCLK
SSs2 = HTTF - DNDX - MSSI- SCO1
GISAMX (19) 1 " "L samMx = scoz-DLDX- DDSX
MUD1MDRY o1 »
DIBMEM (39) ) J— )
(MDR—»B) 45 | 5 BMEM = MDRY-STOR * BMRQ- BCLK
DIUILA (51) ‘5 5 UILA = UIAS
(Ip 13-0—>PAU) — L uras - scoz.GTs%
DIUBBU (50) [ 55 2 UBBU = UBBL
(B—»PAU) UBB1 = SC02-UDC1
D1PIN1,2 (88) | I . PIN1,2 = PIC2
___________ yy ETST = ECTF
F1IETST (89) . 1, J ECTF = ET4E- MSSI- SC02- EDTX
ETST = MRLS:ECLK:ERTF

o

4«—— STATE 2 __—,l ERTF U14C-DTXH - SC02

TXH TIMING DIAGRAM

4022A-5 ARITHMETIC UNIT TXH-3



XEC - EXECUTE

23 18117 15] 14]13 0
FULL OPERAND 04 X Y Z = f(X,*,Y)
XEC indicates the address Z of the next instruction to Non-Indexed 1(s1)
be executed. Program control does not change, that is, Word Times.
the P Register is not incremented and the program con- Interruptable No
tinues in sequence after executing the instruction loca- Following Execution?

ted at the effective operand address. All instructions

including XEC, may be executed. If the object instruc- CHANGES FOLLOWING EXECUTION

tion (contents of cell Z) is relative addressed, the effec- Ayso
tive operand of the object instruction is computed from

the location of the object instruction rather than from Q23-0
the contents of the P Register. P14 0
Two successive Sequence Control State 1's are re- F1WPMT
quired to illustrate the operation of the XEC command.

During the first State 1, a normal 'fetch' cycle oc- FI1UOFL
curs, except that at Last Pulse Envelope the Execute FIETST
flip-flop (F1XEXC) is set. During the next State 1,

memory is addressed from Iz 13-¢0 (DISAMI) and the Ja0
normal "fetch' cycle for the object instruction occurs

except that at Last Pulse the Execute flip-flop is Memory Z

cleared. Sequencing then continues to execute the ob-

ject instruction. COMMAND CHARACTERISTICS

XEC Command | CORE !

MEMORY '

l MAB |
SAMP

BMEM I |

23 B o] [e3 A, 13 0 14 0

L I JIBXLJ 4 ISJI,J ] r - J
IUIL

UBAU ¥

[ AD]TER J

First Sequence State 1

r-——=—=="
Object Instruction | CORE ! z
MEMORY —
i MODULE ,
S |

MAB
BMEM SAMI
Lzs B ol ES ! ]A, 13 0
l I ixpr # 4 4 i,
L__j IUIL
UBBU
K2
l ADDER ]

Second Sequence State 1

XEC BLOCK DIAGRAM

4022A-5 ARITHMETIC UNIT XEC-1



CLOCK (10 mc) L LT

TLPl1 = MRLS:CMAN-TLPE
DITLPE (11) 1 . 11 " .Jf L rLPE - TLPX
F15C01 (17) ] 'e—Inhibited by ! DBIS:-DNDX
DISAMP (20) N 5 | SAMP = g[I;AII;/[V- MTRP - SC01. XRMF - SEXC -
D1SAMI (21) r' "L sAMI = SIA3 = MTRP-SCOl-SAI4- MAMV
MUDIMDRY 1 M
DIBMEM (39) B . . BMEM = MDRY:STOR-BMRQ' BCLK
DIUBAU (50) [ : | UBAU = UBA3 = SCO01-TSCA-UBBl1-UAMV

IBXI = GOIBXI = ISAV:TSCB-:HTTFE - MSSI -
D1IBXI (81) R | L ) SCO1- TSCA - TSCC
D1IULI IULI ) _ B )
DlIUIL} (80) » 7 N , ) IUIL} = GOIUL1 = IUI2: MRLS

— “—L XEXC = XXEC-XSSI-IC01- TLPE - ICK1

FIXEXC (95) s g XEXC = DXEC -IC01- XQUA - TLPE - ICK1

1}

UBB1 = UBB3:TSCA.SCO01

D1UBBU (50) , . ] ‘—]_ UBBU

4 o5

<«— STATE 1 —»I‘— STATE 1 —->|

XEC TIMING DIAGRAM

XEC-2 ARITHMETIC UNIT 4022A-5
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INTRODUCTION

The 4015A Core Memory is a high-speed digital storage
device capable of storing 24 (24 data and 1 parity) bits of
information in 8, 192 or 16, 384 randomly accessible
locations. Data is stored in arrays of 30 mil OD x 18
mil ID ferrite cores, and selection is accomplished with
three-wire, coincident-current techniques. A full
memory cycle requires only 1.6 microseconds.

Features of the core memory are as follows:

e Type - coincident current, destructive read.
e Capacity - 8,192 (8K) or 16, 384 (16K).

e Word size - 24 data bits plus 1 parity bit.

e Communications - Parallel

e Temperature range - 0°C to 50° C ambient.
e Basic clock frequency - 10 megacycles.

e Error checking - Odd parity.

® Operating Modes -
Read - Regenerate
Clear - Write
Read - Modify - Write

e Multiplexed User Devices -
Up to 4 (4022 Arithmetic Unit and any com-
bination of from 1 to 3 Drum Couplers, and/
or Disc Couplers and/or Peripheral Control-
ler Couplers).

The 4015A Core Memory consists of the 4015A Memory

Control Unit (GE Drawing 68C972375), one or two
ICM-40 Core Memory Modules, and a MP40 Power
Supply. The ICM-40 Memory Module is manufactured
by Computer Control Company, Inc. Framingham,
Massachusetts., The MP-40 Power Supply is manufact-
ured by Ault Incorporated, 3501 48th Ave. North,
Minneapolis, Minnesota. A basic block diagram of an
8K and 16K memory system is contained in Fig. INT. 1.
The 4015A Memory Control Unit establishes priority of
the user devices, multiplexes data and addresses to/
from the user devices, checks or generates parity, and
provides timing and operation control of the memory
module. The ICM-40 Memory Module contains the
ferrite cores for data storage, address decoding for
selecting the addressed location, and the timing and
control required to read and write data. Two ICM-40
Modules are required for 16K words of memory. When
two ICM -40 Modules are required, the upper module
contains bits 1 thru 15 and the lower module contains
bits 16 thru 25 of the data word. The M P-40 Power
supply provides operating power of +24vdc, +6vdc, and
-6vdc to the ICM -40 memory module(s).

LOGIC SYMBOLS AND NOMENCLATURE

This section illustrates the logic symbols and nomen-
clature used in the logic drawings for the ICM -40 Core
Memory Module. Since the logic symbols for this logic
differs from the standard General Electric drawings,

a thorough understanding of these symbols is required
to understand the operation of the ICM-40, Logic for
the ICM -40 is contained in appendix A of this section.

MP40
POWER SUPPLY

ICM ~-40 <
CORE MEMORY

(a) 8K BLOCK DIAGRAM

4022A

ARITHMETIC <4——® 40154

UNIT MEMORY

P TO ‘ »| CONTROL UNIT

3 USER P (653C972375)

DEVICES* \&—¥

4022A

ARITHMETIC <— 2018

UNIT MEMORY
CONTROL UNIT

UP TO —>

3 USER +“——>  (68C972375)

DEVICES*

» MODULE

(28 bits, 3 unused
8K each)

ICM -40
CORE MEMORY
MODULE

(Bits 1-14,

16K each)

[

M P40
POWER SUPPLY

ICM-40 N

* The 3 user devices may be
any combination of from 1 to 3
Drum Coupler and/or Disc
Couplers and/or Peripheral
Controller Couplers.

Fig. INT. 1.

4015A-1

CORE MEMORY
MODULE

(Bits 15-25,
16K each)

(b) 16K BLOCK DIAGRAM

4015A Memory System, Block Diagram

COREMEMORY INT-1



Each logic symbol used is presented in the following
figures. Included with each symbol is the logic function
and truth table for the symbol. Using these aids, little
difficulty should be encountered in interpreting these

symbols.

Positive logic with a binary "one' equal to positive 6
volts and a binary "'zero' equal to zero volts is used
within the ICM-40 logic. Binary "ones' applied to the
ICM -40 from the Memory Control Unit are amplified
from the 3.5 volt level to the 6 volt level, Binary
"ones' at 6 volt level from the ICM-40 are applied
through dropping resistors for application to the
Memory Control Unit at the 3.5 volt level.

F-02, QUAD NAND Gate

A. Logic Symbol

INPUT A 2
1 C = AB
INPUT B 3 ,
B. Logic Function
C= AB
C. Truth Table
INPUT A INPUT B OUTPUT C
0 0 1
0 1 1
1 0 1
1 1 0
= GROUND
1= +6V
F-Ol, DUAL NAND Gate
A. Logic Symbol
olLOAD
INPUT A 76
INPUT B 8 5P OUTPUT D
INPUT C 9 1

NODE (expansion point)

B. Logic Function

D = ABC

INT-2 CORE MEMORY

C. Truth Table

INPUT A INPUT B INPUT C OUTPUT D
0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 1
1 1 1 0

Paralleled NAND Gates with Common Load Resistors
A. Logic Symbol

LOAD
INPUT A
f OUTPUT E
INPUT B
LOAD
INPUT C
INPUT D

B. Logic Function
E= AB+CD

C. Truth Table

INPUT A |INPUT B |INPUT C|INPUT D|OUTPUT E
0 0 0 0 1
0 0 0 1 1
0 0 1 0 1
0 0 1 1 0
0 1 0 0 1
0 1 0 1 1
0 1 1 0 1
0 1 1 1 0
1 0 0 0 1
1 0 0 1 1
1 0 1 0 1
1 0 1 1 0
1 1 0 0 0
1 1 0 1 0
1 1 1 0 0
1 1 1 1 0
4015A-1



Type F-03 Power Amplifier Equivalent Logic Symbol 1. Logic Diagram

A, Logic Symbol o__J
oc SET {5'
s, o—
2 —0 SET ouTPUT
INPUT A —1
INPUTB = ——2 12 OUTPUT D
o RESET OUTRUT
INPUT C  ——14 j~ ®, o—
P RESET { R, O—o
NODE ®s
B. Logic Function
2. Truth Table and Boolean Equations
D = ABC
Sp - AND result of the dc set inputs.
SHn=81° S
C. Truth Table D 1 2
Rp - AND result of the dc reset inputs.
INPUT A INPUT B INPUT C OUTPUT D RD = Ry R2 * Rg
0 0 0 . F - state of the flip-flop (set output)
F' - previous state of the flip~flop
0 0 1 1
Sp RD F
0 1 0 1
0 L L 1 0 0 (Both set and reset outputs are 0's. )
0 1 1
1 0 0 1 1 0 0
1 0 1 1 1 1 F' (no change)
1 1 0 1 F= Ry Sy +F)
1 1 1 0 3. Timing Diagram
- 1
, peser (L[ 1 .
Type F-04 Flip-Flop , : !
]
DC RESET { o | ’l | ! .l l I |I
A. Logic Symbol L i ! i o
SET OUTPUT { I l I | ! l
o 1
RESET '
OUTPUT { ! | l | l‘ ___l
DC SET °
DC SET ,
C. AC Operation
i0 |- SET OUTPUT
SET CONTROL 1. Logic Diagram
SET CONTROL
cLock
RESET CONTROL
RESET CONTROL -
12 }— RESET OUTPUT . ol —o SET ouTPUT
bc Reset contfel (1! o]
DC RESET NOTE : PIN 1l IS CONNECTED cLock ©
DC RESET TO GROUND AND PIN 4 1S { r, o—i
CONNECTED TO +6 V. conrnor L, o

ALL DC SET AND RESET
INPUTS MUST BE LOGIC ONES.

B. DC Operation

4015A-1 CORE MEMORY INT-3



2. Truth Table and Boolean Equations
Sc - AND result of the set control inputs,

S = 81 89
RC - AND result of the reset control inputs,
RC =r;°ry
F' - previous state of the flip-flop
F - state of the flip-flop after the clock pulse
S R F F
0 0 01 0 /vocHANGE
0 0 1 1
0 1 o 0
0o 1 1 0 RESET o
T 0 o 1 F=ScF' + RCF'
1 0 1 1 SET
1 1 0 1
1 L 1 0 COMPLEMENT

3. Timing Diagrams

COMPLEMENTING

1
SET CONTROL { °

RESET CONTROL {(l)
'

cLock <o _J [ [ ’ I 1

SET OUTPUT {cl, I L L

SET

{0————-—’
{
RESE CONTROL (o]

cLock <:>_.|ﬁ

|
SET OUTPUT { ) I

SET CONTROL

RESET

SET CONTROL { (l)

1
RESET CONTROL {o l

o (o _J L L1 L.
SET OUTPUT {(I) L
NO CHANGE

SET CONTROL {:)

P Y —
—f
!
RESET CONTROL <0 ;5
—
|
CLOCK 0 [ — l_, ,_l L] L
, ;
SET OUTPUT <o ¢

INT-4 CORE MEMORY

Logic Nomenclature

Fig. INT. 2 illustrates a portion of the ICM -40 logic
drawings and the meaning of the nomenclature used.
Appendix A and B of this section contains a mmemonic
dictionary of the logic signals, an input/output connector
list, a circuit board location map, detailed information
on each circuit card, and the ICM~-40 logic.

Signal mnemonics contain the designation - (minus) to
indicate that the signal function is true when at the zero
volt level or the designation + (plus) to indicate that the
signal function is true when at the + 6 volt level.

BASIC CORE THEORY

Information is stored in a three-dimensional array of

18 x 30 mil ferrite cores. Each core may be individually
set to one of two possible magnetic states thereby re-
presenting one bit of binary information. Nonvolatile
storage is made possible by core B-H characteristics
which approximate a rectangular hysteresis loop. The
core state is identified by the polarity of flux within

the toroid structure. The switching mechanism may be
qualitatively understood by examination of the B-H loop
shown in Figure INT, 3.

The H represents magnetizing force proportional to cur-
rent magnitudes linking the toroid, and B symbolizes
magnetic flux density within the core. The device charac-
teristic is useful since the B-H relationship is extremely
nonlinear and irreversible. For example, if a core is
initially in state 0, as magnetizing force is increased,

B is only slightly affected until H approaches Hy. As

H increases from Hj to Hy, total flux reversal occurs
(path a), At Hg, the core may be considered saturated
in the opposite state such that an additional increase in
H cannot significantly alter B. Irreversibility is

shown by the fact that B returns to state 1 rather than
starting point 0 as H is relaxed from Hg to 0. However,
state 0 may again be realized by applying sufficient H of
opposite polarity to traverse path b.

The threshold characteristic of the device permits its
use in a coincident-current selection scheme as shown
in Figure INT.4. Each core in the array is linked by
an X- and Y- drive line. Subscripts R and W refer to
read and write, and + and - are polarity (direction) in-
dicators. The current magnitude of IY or IXR corres-
ponds to Hy, or less, and their sum corresponds to a
field exceeding Hy. Currents of this magnitude entering
a core from the same side will produce a field exceeding
Hy. Currents entering from opposite sides will have
mutually cancelling fields resulting in H = 0. Currents
IXR and IXy have the same amplitude but opposite
polarity, as do I¥+ and IY-.

Each X- and Y- drive line links two cores in one bit
array. The X-drive line is common to all bits., How-
ever, each bit has its own Y-drive lines. The prefixes
01 or 05 on the Y-drive lines correspond to bit 1 and 5,
respectively. Bits 01 and 05 are used in this example
since they are physically located in the top and second
planes in 4K and 8K memories.

4015A-1
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AYOWIW 80D

S-INI

/ CIRCUIT CARD LOCATION

E51 CIRCUIT CARD MODULE,
MODEL NUMBER
CM-003“]
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LOGIC SHEET WHERE 4T SRCY 4]
SIGNAL ORIGINATES £ 1
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- 6 >
(Sheet 1} CBSY ] | JUMPER CONNECTION PIN.
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b
B=0
Bo
(o]
H=0 Hi  Hp
Fig. INT.3. Typical B-H Characteristics

If one X-drive line and one Y-drive line are energized,
only one core in the entire array will see a magnetic
field strong enough to cause it to change state. For
example, if X1 and 01Y1 are energized with IXg and
IY+, core Cyll+ will be switched to the clockwise
magnetic state (if it is not already in that state). Core
C111- is subjected to a net field of zero and all other
cores linked by 01Y1 or X1 are subjected to half
currents. Consequently, a unique core address can be
selected by energizing an X-drive line and one Y-drive
line per bit.

Consider a read operation with all cores in array one
(bit 1) in the counterclockwise magnetic state (ONE)
and gll cores in array five (bit 5) in the ZERO state.
Assume IY+ drive currents flow in lines 01Y1 and
05Y1 and IXR current flows in line X1. Core Cj11+
is switched to the ZERO state and the resultant flux
change appears as a differential voltage at the sense

INT-6 CORE MEMORY

winding terminals (SW01). This voltage is amplified,
strobed, and standardized, setting the corresponding
data register stage to a ONE. If the direction of the
Y-drive current is reversed (IY-), core Cq11- will be
switched. Core Czll+ was in the ZERO state so the
currents drive the core further into saturation. This
results in a flux change too small to set the associated
data register flip-flop. Core Cgll- is subjected to a
net field of ZERO.

After the read operation, both cores at the selected
address have been interrogated and stored information
has been transferred to the data register. Although the
read-out was destructive, the stored information may
be reinserted during the write portion of the cycle. The
data register flip-flop controls the Y-drive currents.
Bit-1 currents IXyw and IY- flow but there is no current
in 05Y1 because the bit-5 data register is in the ZERO
state. The result is that core C11+ is switched to the
ONE state and core Cgll+ is left in the ZERO state.
All other cores in the array remain in their original
state.

The memory shown in Fig. INT. 4 can be expanded to
an array of 8192 cores comprising one bit of an §192-
word memory. There are 256 X-drive lines and 16 re-
entrant Y-drive lines, each Y-drive line linking 512
cores. The array of 8192 cores has two sense windings,
each of which links 4096 cores in conjunction with 128
X-lines. One core plane consists of four arrays on a
5 x 9 inch printed circuit board. The core stack con-
sists of one plane for every four bits stacked together
with the X-lines threading all arrays. In addition to
the core planes, printed circuit boards are located on
the top (X-selection diode Flat Packs) and bottom (X-
selection bus wiring) of the core stack.

In a 16K core stack, two 8K bits are used as one 16K
bit. This is accomplished in the wiring of the decoding
and selection circuitry. The 16K core stack contains
one plane for every two bits. Four sense windings per
bit are used according to the bit location. Since 25 bits
are required for each word, two ICM-40 Memory
Modules are used for 16K words of memory.

4015A-1



Fig. INT.4. Coincident Current 2 1/2D Selection,
Core Memory of Six Words, 2 Bits
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SYSTEM DESCRIPTION

A functional block diagram of the memory system is con-
tained in Fig. SYS.1. As shown in the diagram, as
many as 3 devices, in addition to the Arithmetic Unit,
may conmunicate directly with the memory. These 3
devices may be any combination of from one to three
Drum Couplers, and/or Disc Couplers, and/or Peri-
pheral Controller Couplers.

The user device applies a memory request signal, the
operation (read or write) to be performed, and the
memory location address to be affected to the Memory
Control Unit. If more than one device requests memory
at the same time, the Memory Control logic determines
which device has priority and grants access to that de-
vice only. The device connected to the Channel 1 input
has priority over the Arithmetic Unit or devices connect-
ed to Channel 2 or Channel 3 inputs. Channel 2 devices
have priority over the Arithmetic Unit and the Device
connected to Channel 3. Channel 3 requests have prior-
ity over Arithmetic Unit requests.

The Arithmetic Unit has the lowest priority since its
operation speed is the fastest. The Memory Control
Unit applies a device granted signal to the Device that
obtains priority.

After the access priority has been established, a signal
is applied to the core memory module to indicate the type
of operation and to begin the memory cycle. The Arith-
metic Unit always initiates the Read-Modify~-Write oper-
ation within the memory regardless of a read or write
operation. Other user devices initiate the Read-Regen-
erate mode if it is a read operation or initiate the Clear-
Write mode if it is a write operation.

If the operation is write into core, the data transferred
from the user device is gated through the Multiplexer
Data Gates. The parity bit, if required, is generated
and the data is transferred to the Data Register of the
memory module. The address of the core location to be
affected is multiplexed from the user device to the Ad-
dress Register of the memory module, The address is
decoded and the corresponding X and Y lines are enabled.
Enabling the X and Y lines will cause the cores in this
memory location to clear. Since this is a write into core
operation, the data contained in this location is not used.
The "one" data bits contained in the Data Register then
controls the decoded Y lines to set the corresponding
data bits of the addressed location. Setting the core
cells of the addressed location to the configuration of
"one' bits in the Data Register completes the memory
cycle. When the Arithmetic Unit has access to memory,
a Memory Release signal is applied from the Memory
Control logic to the AU at the end of the cycle.

Read or bring from core memory operations require the
same determination of priority after receipt of the
memory request signal. The multiplexed address is again
decoded to clear the bits of the corresponding memory
location. The data sensed during this clearing operation
is strobed through the sense amplifiers into the Data
Register. The data contained in the Data Register is
then used to control the Y lines and, thereby, store the
same data back in the addressed location. The data in
the Data Register is also applied through the Memory

4015A-2

Input Buffer for application to the user device. A Data
Ready signal is provided by the Memory Control Unit to
set this data in the user device. The data read from
core is checked for odd parity. If a parity error exists,
a parity error signal is provided. This parity error
signal lights the Parity Error indicator on the console,
provides for program detection of the error (JNP), and
may be optionally used to halt further accesses to
memory by the AU using the Stop On Parity switch. If
the user is the Arithmetic Unit, a memory release signal
is applied to the Arithmetic Unit upon completion of the
memory cycle.

MEMORY MODULE ARRANGEMENT

Fig. SYS. 2 illustrates the physical organization of the
ICM -40 Memory Module. The Memory Module coordi~
nates are marked for identification of printed circuit
boards and component locations.

Fig. SYS. 3 illustrates the organization of the memory
stack for both an 8K and a 16K memory system. An 8K
memory system consists of one ICM -40 Memory Module
with 8K words of storage. The 8K core stack consists
of 7 planes of data bits. Each plane contains 4 bits of
storage for 8K words. Therefore, 7 planes provide for
storage of up to 28 bit words. The 4015A Memory
System only utilizes 25 of this bits, providing a 24 bit
data word plus a parity bit. Two additional planes are
required by the stack; one X-Diode Board and one X-
Buss Board.

A 16K memory system requires two ICM -40 modules.
One module has a stack containing 14 bits of 16K words
and the other module has a stack containing 12 bits of
16K words. The 14 bit stack contains data bits 1 thru
14 and the 12 bit stack contains data bits 15 thru 24, a
parity bit, and one bit is unused.

PRIORITY ACCESS

The Memory Control logic (68C972375, sheet 7) contains
the logic required to enable access to memory of Channel
1 requests over AU, Channel 2, or Channel 3 requests;
Channel 2 access to memory over AU or Channel 3 re-
quests; and Channel 3 access to memory over AU re-
quests. The Arithmetic Unit requests have the lowest
priority for access to memory due to its operational
speed. Channel 1, 2, and 3 requests are assigned as a
system option for the devices (Drum, Disc, etc.) used
by the system.

Requests from the user devices are applied to the Prior-
ity Request flip-flops FIMPR1 thru FIMPR4. Request
from the Arithmetic Unit (G1SMRQ) are applied to
FIMPR4. With no other request present, or at the last
clock pulse of a previous memory cycle, the priority
flip-flop corresponding to the channel request input is
set. Priority of the Priority Request flip-flops is then
established in gates GOM BR1 thru GOM BR4. Only one

of these gates will be enabled according to the priority
scheme.

CORE MEMORY SYS-1
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GOMBR1 = FIMPRI

GOMBR2 = FIMPR2 - FIMPRI

GOMBR3 = FIMPR3 - FIMPRZ - FIMPRI
GOMBR4 = FIMPR4-:FIMPR3:FIMPR2-FIMPRI

Enabling one of these gates starts the memory cycle and
enables access to memory for the corresponding device.
Address and data control of the memory is then allocated
to the user device granted access.

A detailed description of the operation of the memory
system for an Arithmetic Unit request and a User Device
request ig contained in this section. Both a read and a
write operation of each request is discussed.

ADDRESS DECODING AND SELECTION

The memory location address from the device granted
access to memory is multiplexed via GIMAOO thruGIMA13
of the Memory Control logic (68C972375, sheets 14, 15)
to the Address Register of the ICM~40 Memory Module.
These logic elements invert the address bits providing a
"one'' input for each "zero' address bit from the user
device. The Address Register (See Appendix A, sheet
A-B) bits are numbered from 1 thru 14 instead of 0 thru
13 as labled in the Memory Control logic. Therefore,
Memory Control address bit 0 is applied to Address
Register bit 1, etc. When examining the address de-
coding, these two variations must be kept in mind.

Fig. SYS. 4 illustrates a simplified diagram of the ad-
dress decoding and selection for a typical bit (bit 1) of
an 8K memory. The address bits are applied from the
Memory Control logic to the Address Register in single-
ended fashion and gated into the register at the start of

a memory cycle by the SRCY - signal. The Address
Register outputs are double-ended and used to control
the X and Y selection circuits.

Each Address Register output line shown represents a
binary bit. Four bits are transferred to the X-switches
and four others go to the X-sinks., The X-switches
uniquely enable one of 16 read/write output pairs going
to the diode matrix; the X-sinks select one of 16 read/
write buses. The selected bus enables one end of 16
drive lines, only one of which has its other end connect-
ed to an enabled diode matrix. Thus, only one of the
256 X-drive lines will be selected.

The Y-selection is accomplished in a similar manner but
with the inclusion of a read-write interchange, which is
the operation of changing the polarity (direction) of read
and write Y-currents with respect to X-currents. This
saves decoding circuitry and is accomplished by having
the read and write timing inputs a function of ARO7.
Selection of one of 32 effective Y-drive lines is made

by selecting one of 16 wires. When the ARO7 flip-flop
is reset, the SWRW+ and SKRW+ signals are +6v during
the read portion of the cycle and the SWWR+ and SKWR+
signals are +6v during the write portion. If the ARO7
flip-flop is set, SWWR+ and SKWR+ are +6v at read !
time and SWRW+ and SKRW+ are +6v at write time. An
X-drive line intersects with a Y-drive line at two cores
as shown in Figure INT. 4. The relationship of X~ and
Y- currents (controlled by AR07) defines which of the
two cores is addressed.

The 16K decoding and selection method is similar to
that for the 8K, except two Y-switches are used per bit
to select one of 32 Y-lines in 16K systems.
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M
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Table SYS. 1 shows the address decoding and X-drive
line selection for 8K and 16K memories. The table
shows the X-switch (XD01-XD32), sink (XB01-XB16)
and drive line (X1-X258) selected by a given address.
The stack location that is shown refers to the core
stack drawing (Figure SYS. 3).

For example, if address register flip-flop outputs 13,
5,2, 1 are in the "one" state (+6v) and 12, 6, 4, 3 are in
the ""zero" state (0v), read switch XD31 (stack location
N2S01) and sink XBO01 (stack location W1A01) are acti-
vated and X read current flows in drive line X242,

Table SYS. 2 shows address decoding and Y-drive line
selection for 4K, 8K, and 16K memories. The plane
locations are the connections of the Y-selection switch
and sink outputs to the Y-core plane. The stack con-
nections for a given bit can be determined from the de-
coding tables and the bit location diagrams (Figure
SYS. 3). For example, read switch YD07 and sink YBO03
are selected in bit 5 of an 8K memory by address AR11+,
AR10-, AR09+, AR08+, and ARO7- (10 110). Activating
switch YDO07 (stack location Q1UO01) and sink YBO03
(stack location Q1T03) selects drive line Y19.

Figure SYS. 5 is a simplified diagram of the Y-selection

logic for one 8K bit. The selection switches are con-
trolled by read and write timing inputs SWRW+X and
SWWR+X, while the sinks are controlled by SKRW+X
and SKWR+X, The enabling signals for the selection
switches and sinks are ENSW+X and ENSK+X, respec-
tively. The address inputs are decoded by the power
amplifier (PA) circuits. The WDXX+ input controls the
Y-switches as a function of the state of the data regis-
ter flip-flop, while the PLXX+ input is used for parti-
tioning.

Assume that the address levels are decoded so that the
ENSK+X signal enables Y-sink power amplifier PA1

and the ENSW+X has enabled a similar Y-switch power
amplifier. During the read portion of the cycle SKRW+X
causes current to flow in the transformer associated
with PA1. The secondary of the transformer turns on
transistor Q4, and charging current flows in drive lines
Y1, Y5, Y9, and Y13 to -V. Shortly after SKRW+X
becomes +6v, SWRW+X occurs and turns on Q1 (assum-
ing PLXX+ is +6v). Read current flows from +V,
through R2, Q1, CR2, Y1, and Q4 to -V. Because of
the way in which the core is oriented, only the core on
the A-half of drive line Y1 switches. The output of the
selected core is sensed and ultimately sets the data
register to a "'one''.

A X-Switch Stack
AR (XD) Location
13715121 Read|Write Read {Write L X-Drive Line
ojololo 1 2 N2BO1 | 02 2 4 6 8! 10| 121 14 16 1 3 5 7 9 | 11 ] 13115
010]0[1 3 4 N2C0l | 07 4 18 20 22 24 26 28 30 32 17 19 21 23 25 27 291 31
ololi]o 5 6 N2DO1 | 02 - 34 | 36| 38 | 40 | 42 | 44 | 46 | 48 | 33| 35| 37| 39 | 41 43 45| 47
010{11}1 7 8 N2EOl | 02 F— 50 52 54 56 58 60 62 64 49 51 53 55 57 59 61 | 63
oli[ofo0 9 10 N2FOL | 02 | 66| 68| 70 | 72| 74| 76| 78| 801 65| 67| 69] 71 73 75 771 79
ofit]o]1 11 12 N2GOl1 | 02 |} 82| 84| 86 | 88| 90| 92| 94| 96| 81 83 | 85| 87 | 89 | 91 931 95
olii]o 13 14 N2HOl | 02 4 98 100 102 |104 | 106 | 108 [ 110 | 112 | 97| 99 J101{ 103 [105 [107 [ 109111
ofi]1]1 15 16 N2J0l | 02 4114 [ 116 | 118 |120 [ 122 | 124 [ 126 | 128 [ 113 [ 115 [ 117] 119 [12]1 [123 | 1250127
1{olofo 17 [ 18 N2KO1 | 02 {130 [ 132§ 134 [136 | 138 | 140 | 142 | 144 | 129 [ 131 [ 133] 135 | 137 [139 | 14] {143
1]o0]o]1 19 20 N2LOl | 02 1146 | 148 | 150 | 152 | 154 | 156 | 158 | 160 | 145 | 147 | 1497151 ] 153 [155 ] 157]159
1]0]1]0 21 22 N2MO1| 02 {162 | 164 | 166 | 168 | 170 | 172 | 174 | 176 | 161 | 163 | 165 167 | 169 |17l [ 173175
ilof1q1 23 24 N2NOl | 02 {178 [ 1801 182 {184 | 186 | 188 1190 | 192 { 177 | 179 | 181 ] 183 [185 [187 | 189191
1]ilo]o 25 | 26 N2POL | 02 {194 | 196 | 198 | 200 | 202 | 204 | 206 | 208 | 193 | 195 | 197] 199 [ 201 [203 } 205 [207
111]o0f1 27 28 N2QO) | 02 210 | 212 | 214 [216 | 218 | 220 | 222 | 224 | 209 [ 211 | 213] 215 | 217 1219 | 221 [223
L]1]1]0 29 | 30 N2ROL [ 02 {226 | 228 | 230 [ 232 | 234 | 236 | 238 | 240 | 225 | 227 | 229 231 | 233 235 } 237|239
111 31 32 N2S01 | 02 {242 | 244 | 246 | 248 | 250 | 252 | 254 | 256 | 241 | 243 | 245| 247 | 249 [251 | 253|255
ARA | x.sink| stack
1216143 {(XB) | Location
ololojo 1 WL1AO!
0]010]1 2 WI1AQ2
0olo{1l0 3 W1A03
ojofi[1 4 W1A04
olilolo 5 W1A05
oftfo]l 6 W1A06
ofifl]o 7 WIAO7
ofiJ1][1 8 WI1AO08
110{0;0 9 W1A09
1jofo]2 10 WI1ALO
1{o0]1]0 11 Wi1All
1jof1]1 12 WI1AL2
1]1]o]o 13 W1Al13
1]/1j0]1 14 WI1Al4
1]1]1]0 15 WIALS
TRNERE 16 W1Alb
A When using the multiplexer in the Memory Control Unit,
these address bits are the complement of the address
from the Arithmetic Unit or User Device.
Table SYS. 1. X-Decoding and Selection
SY$-6 CORE MEMORY 4015A-2



SWRW+X
PLXX +

-
|
|

I

| 3

l

I

|
i

Y SWITCH CM006

YYYY

1
' O
| |
WD XX+ ] vl |
SWWR +X A j Q2
. S %‘ |
Ensw+><,L A 4 ,
. Y= il T il - —
e o= | | Rl
| |
me» »«ka
"H‘TH"P "KTH*
L
o jepe o e
Y DRIVE LINE 1E $ 3 1 ‘;—'
TURN AROUND POINT\!\E’ A 2% 2 |
11
: < [ IR b ¢ 3 |
| 4 %% [ % / :
TYPICAL ARRAY | |
OF 8192 CORES
| I
[ — —— v—— —— — — — — — — —— — —— ———— . it s i oa— — — v
r— - T -7 A R I
| Q3 |
I aa || mn 4 I
el J -
I skwaax
[ |
| » }
I
| A |
| skrRw+x :
i |
| ) e p P p |
>
l 3" : "IZP "“ZP ”“ﬁb |
| ! ¢ |
| -v |
| PAl PA2 PA3 PA4 I
I [ m m '
| ENSK+X
| |
| ADDRESS |
| LEVELS v sink cmoos |
L g —————————————— !

Fig. SYS.5. Simplified Decoding and Selection Matrix

4015A-2 CORE MEMORY SYS-7



ARA Y-Switch Plane ARA Y-Switch Plan‘e
(YD Location (YD) Location |

09]08|07 | Read| Write| Read [Write Y-Drive Line* 0910807 write] Read | Read [Write| Y-Drive Line%%
6lojo0 1 2 ]1uo3 07 H 2]30f{26]| 6 ojo]o 1 2 (3U06| 08 H23| 11 |15]19
ol 01 2 1 |1vuo7 03 — 4|32|28]| 8 olof1 2 1 |3U08) 06 H21| 9|13]|17
0of1]o0 3 4 |1U08 06 |4 10l22] 181} 14 of1]o0 3 4 {3U03| 07 H3L{ 3| 7|27
o111 4 3 1 1U06 08 1 12|24/ 20] 16 0j1]1 4 3 |3007] 03 H29| 1| 5}25
1{ofo 5 6 |1U04 02 H 32731 7 1{olo 5 6 |[3U02] 04 H30| 6| 2|26
10l 6 5 | 1U02 04 H 1{25{29]| s 1|01 6 5 |[3uo04f 02 H32| 8| 4|28
1i1f{0 7 8 (1lUo1 05 f— 11 (23|19 15 1L{1{o0 7 8 |3U05) 01 H22( 101418
1141 8 7 {1005 oL o 9f2t|17]13 111 8 7 [3vu01| 05 H2al 12|16 20
ARA | yY-Sink| Plane AR A Y-Sink | Plane
11 10 (YB) Location 11 | 10 (YB) Location
0 0 1 1TOL (] 1 3T04
0 1 2 1T04 0} 1 2 3T01
1 0 3 1TO03 1| 0 3 3T02
1 1 4 1T02 1|1 4 3T03

*Use table for 4K and 8K bits 1, 2, 5, 6, 9, 10, 13, 14, 17, 18,

21, 22, 25, and 26 and 16K bits 1, 3, 5, 7, 9, 11, 13A, and 14A.

**¥Use table for 4K and 8K bits 3, 4, 7, 8, 11, 12, 15, 16, 19, 20,
23, 24, 27, and 28 and 16K bits 2, 4, 6, 8, 10, 12, 13B, and 14B.
AWhen using the multiplexer in the Memory Control Unit,
these address bits are the complement of the address
from the Arithmetic Unit or User Device.

Table SYS. 2. Y-Decoding and Selection

The address levels and enabling inputs ENSK+X and
ENSW+X do not change during the write portion of the
cycle. When timing inputs SWWR+X and SKWR+X are
generated, transistors Q2 and Q3 are turned on. This
reverses the polarity of Y-drive current and write cur-
rent flows from +V through Q3, Y1, CR1, Q2 -and R3 to
-V. The coincidence of X- and Y-write currents re-
sults in the generation of a "one'' in the selected core.

Write Y-drive current flows only if the data register
is a ''one'. If a "zero' was read out of the selected
core during the read portion of the cycle, the Y-switch
is prevented from turning on during write time by the
WDXX+ input. The selected core receives only an X~
write current so it remains in the '"zero" state.

If ARO7 is in the set state, read current flows through
R3, Q2, CR1, Y1, and Q3 and write current flows
through R2, Q1, CR2, Y1, and Q4. This results in
the selection of a core in the B-half of Y1,

The selection method shown in Figure SYS. 5 is used for

X- and Y-selection in 8K and 16K memories., Y- and
X-selection is the same for 8K and 16K memories but, 16K
memories use more Y-selection switches than 8K
memories.

The following statements surmarize the X and Y line
selection and control.

e Address Register bits 13,5, 2, and 1 control the
selection of the X Switch Lines (XD).

e Address Register bits 12,6, 4, and 3 control the
selection of the X Sync lines (XB).

e Address Register bits 8 and 9 control the selec-
tion of the Y Switch lines (YD).

e Address Register bits 10 and 11 control the se-
lection of the Y Sync lines (YB).

e Address Register bit 7 is used to control the
direction of current flow in the Y Switch (YD)
and Y Sync (YB) lines.

e During a write into core cycle, the Y lines are
controlled by the corresponding bits of the Data
Register. Only those Y lines corresponding to a
"one'" in the Data Register are enabled to flip the
core to the '"one" state.

ARITHMETIC UNIT ACCESS

The Arithmetic Unit utilizes the Read-Modify-Write
mode of memory operation. The timing and basic opera-
tion of the memory for both a store (write) or read
operation is the same (See Fig, SYS.6, 7). In either

a write or read operation the addressed memory loca-
tion is cleared and the data contained therein is strobed
through the Sense Amplifier into the memory data re-
gister. If it is a read operation (store), this data is
gated to the Arithmetic Unit B Register (D1BMEM). The
contents of the B Register are then written back in the
memory location during the write portion of the memory

SYS-8 CORE MEMORY 4015A-2
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cycle. If it is a read operation, the contents of the B
Register is the data read from the addressed core
location. If it is a write operation, the data from
memory is not gated to the B Register and the B Regis-
ter contains the new data to be stored in the addressed
core cell. During a read operation, the data read from
the addressed memory location is checked for odd
parity. If an odd number of one bits is not read from
memory an error indication is provided and the word
read is stored back with incorrect parity. If the
operation is write, the data to be stored from the B
Register is checked by the parity generator. If an
even number of ones is contained by the B Register
data, a one parity bit is generated. Therefore, an
odd number of data bits is always stored in the addres-
sed location during a write operation.

Memory Control Timing

Fig. SYS. 8 contains a timing diagram with logic equa-
tions of the memory control unit for an Arithmetic Unit
memory access operation. The memory control unit
timing is initiated by a memory request signal from the
Arithmetic Unit (AUG1SM RQ) and operates independent
of the ICM -40 Memory Module, The Memory Control
unit applies control signals to the ICM -40 to control
the Read-Modify-Write cycle (D1IMBE4) and to start

the read (GOMROW) and write (GOMRQW) portions of
the cycle.

The first clock pulse following G1SMRQ is used to de-
termine the priority of memory access. If no other re-
quests are present, FIMPR4 is set and DOMBR4 is
enabled. DOMBR4 enables DIMBE4, DIMBE4 is applied
to the ICM -40 to enable the Read-Modify-Write mode of
operation. DIMBE4 also gates the memory location
address from the Arithmetic Unit through the multi-
plexer (GIMAOO - G1MA13) to the Address Register of
the ICM -40. DOMBR4 also enables DIMAE4 to gate

the contents of the B Register thru the multiplexer
(GIMDOO - GIMD23) to the Data Register of the ICM -40.

After the Arithmetic Unit has been granted access to
memory, the memory time counter (FIMTCI, 2, 3, 4) is
enabled and the read signal (GOMROW) is applied to the
ICM -40. The memory time counter is a binary counter
incremented by the 10 megacycle clock pulses. The
Time Counter controls the timing within the memory
cycle.

After a count of one, the time counter disables the read
control signal (GOMROW) to the ICM ~40. When the
counter is incremented to a count of six, a Data Ready
signal (DIMDRY) is applied to the Arithmetic Unit indi-
cating that the addressed memory location has been
read out and sequencing can continue in the AU. The
next clock pulse following Data Ready enables GOMRQW
to start the write portion of the memory cycle in the
ICM -40. When the time counter has been incremented
to a count of 178, a Memory Release signal (F1IMRLS)
is applied back to the Arithmetic Unit to indicate the
end of the memory cycle. This Memory Release signal
may be used by the AU to end the current Sequence
State and to enable a new Memory Request (G1SMRQ)

CORE MEMORY SYS-9
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for the next Sequence State.

The operation of the Memory Control unit described
above applies to either a store (write) or read (store)
memory request.

ICM-40 Memory Module Operation

Timing diagrams of the memory module control signals
are contained in Figures SYS.9 and 10. Figure SYS.9
compares the time duration and control signal levels
required for the ICM -40 operation with the actual con-
trol signals provided by the memory control logic. Fig.
SYS. 10 illustrates the relationship of the various con-
trol signals and the delays encountered. This drawing
illustrates the timing of the memory as close as possible.
The exact memory timing will vary slightly from unit to
unit. The strobe delay setting that provides optimum
operation of each memory is labled on the memory mo-
dule. Refer to these timing diagrams and the ICM -40
logic contained in Appendix A during the following
discussion.

The Arithmetic Unit access granted signal, DIMBE4,

is applied to the Read-Modify-Write input, RMWC+, of
the memory module. The read control signal, GOMROW,
is applied to the Read-Regenerate control input, XRRC-,
of the memory module. This XRRC- signal is inverted
and then ANDed with the memory busy not signal, MBSY-.
Assuming that the memory is not busy, since the memory
control logic will not permit a request until after the
previous memory cycle would be completed, the Start
Read Cycle signal, SRCY-, will be enabled. SRCY-
sets the Read Control flip-flop, RCYF. SRCY- also
enables the Reset Data Register pulse, RDRP-, to re-
set the Data Register flip-flops in preparation for the
data to be read from the memory cells. SRCY- also
gates the memory location address to the Address Re-
gister, ARO1 - AR14. XRRC+ and MBSY- also sets the
Read-Regenerate Control flip-flop RRCF.

With the Read Control flip-flop set, RCYF- is at zero
volts. This signal is applied to the input of a 300 nan-
osecond delay line. The delay line has 24 taps each of
which are 12 nanoseconds apart. Fig. SYS. 10 indicates
the typical connections of this delay line. Tap C6 of

the delay line is connected to M4 pin 2 enabling ERAD+
for approximately 72 nanoseconds. ERAD+, in conjunc-
tion with RSKA+, RYSW+, and RXSW+, are used to
enable decoding of the address, enable the Read X and
Y Switches, and enable the Read Sink to flip the addres-
sed core cell bits to the zero state. The RSKA+, RYSW+,
and RXSW+ signals are generated by delaying RCYF-

in the delay line and jumpering the outputs to the gates
as shown in Fig. SYS. 10.

The Strobe signal, STRB-, is generated from the 300
nanosecond delay line and a 50 nanosecond delay line to
provide more precise increments for strobe adjustment.
The delayed signal is ANDed with RRCF+ (Read-Regen-~
erate) which was enabled by XRRC+ and MBSY-. The
exact sétting of the strobe is labled on each memory
module. The strobe signal gates the "one' bits sensed
from the addressed core cell into the Data Register,
DRXX, causing the Data Register bit to set.

CORE MEMORY 4015A-2
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From the Data Register, this data is applied thru the
Memory Input Buffer of the Memory Control logic. If
this is a read operation (Store) the data is gated to the

B Register (DIBMEM). If this is a store operation,
D1BMEM is inhibited and the B Register contains the
new data to be stored in the addressed cell. The data
read from the addressed cell is lost. During read
operations, the data read from the addressed cell is
checked for a parity error. Parity checking is discussed
at the end of this section.

Following this read portion of the Read-Modify-Write
memory cycle, the memory control logic applies a Re~
quest Write control signal (MRQW) to the Clear Write
input (XCWC-) of the ICM -40 module. This XCWC-
signal sets the write control flip-flop (WCYF') and re-
sets the Read Regenerate Control flip-flop (RRCF).
Setting WCYF and resetting RRCF generates LLDR
which is used to gate the contents of the B Register
into the Data Register. The Data Register will contain
the data to be stored in the addressed memory location.
The Enable Write Address (EWAD+), Write Sink Acti-
vate (WSKA+), Write X Switch (WXSW+) and Write Y
Switch (WYSW+) signals are enabled by delaying the
WCYF- signal. Fig. SYS. 10 indicates the delay line
connections and timing relationships associated with
these signals. During this write cycle, the Y lines
are controlled (WDXX+) by the data bits in the Data
Register. Each data bit in the Data Register that is

a ""one" enables the corresponding addressed Y line to

§YS-12

Shaded areas indicate 'Don't Care" times.

CORE MEMORY

Solid areas are intervals when inputs must be stable and outputs are valid.

During all other times, inputs must not be applied and outputs are not provided.

Heavy lines indicates normal signal level provided.

ICM -40 Timing - AU User

set the core in the "one'' state. "Zero' bits in the Data

Register inhibit the Y line (WDXX+#) leaving the corres-
ponding core in the "zero' state. After the data bits
are stored in the addressed location, the memory cycle
is ended.

USER 1, 2, 3 ACCESS

User 1, 2, and 3 devices may include from one to three
Drum Controllers, and/or Disc Controllers and/or
Peripheral Controller Couplers. When a user device
is accessing core memory to store new data in a se-
lected cell, the ICM -40 Memory Module operates in the
Clear-Write mode. The addressed memory cell is first
cleared and then the new data to be stored controls the
Y Switch to flip those cores corresponding to the "one"
data bits. When the user device is accessing core
memory to obtain data (read), the ICM-40 module oper-
ates in the Read-Restore mode. The addressed memory
cell is cleared and the "'one' bits sensed from the cell
set the corresponding Data Register flip-flops. This
data is then transferred to the user device and is also
used to control the Y Switch to restore the core cells
back to their original configuration. Figures SYS. 11
and 12 illustrate the basic operation of the read and
write operations.

Parity is checked during all read operations and parity

is generated, if required, during all write operations.
A detailed discussion of parity checking and generation

4015A-2
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is provided later in this section.
Memory Control Timing

Fig. SYS. 13 illustrates the basic timing of the Memory
Control unit (68C972375) for a Device 1, 2, or 3 access
to memory. This basic timing of the Memory Control
Unit for a user 1, 2, or 3 access is very similar to that
of an Arithmetic Unit access. The differences exist
primarily in the control signals applied to the ICM -40
Memory Module. If the user device is requesting a write
operation, signals (GOMWRQ and GOMRQW) are genera-
ted and applied to the ICM -40 to enable the Clear-Write
operation. If the user device is requesting a read
operation, signals (GOMRRQ and GOMROW) are genera-
ted and applied to the ICM -40 Module to enable the Read-
Regenerate mode of operation.

The Memory Control Unit timing is initiated by the re-
quest signal from the user device. The first clock pulse
following the request signal is used to determine the
priority access. If no other higher priority access is
present, FIMPR1, 2, or 3 is set. Setting F1MPR1, 2,
or 3 enables the corresponding access gate GOIMBRI, 2,
or 3. This signal is inverted (DIMAE1, 2, 3 and
DIMBE1, 2, 3) and used to gate the memory location
address from the device through the multiplexer
GIMAOO - GIMA13) to the Address Register of the

ICM -40, and gates the data from the device through the
multiplexer (GIMDO0O - GIMD23) to the Data Register of
the ICM ~40. This data will only be set in the Data Re-
gister, however, if a write operation is requested.
DIMBE1, 2, or 3, is also AND with the READ/WRITE
signal from the device. If it is a read request,
GOMROW and GOMRRQ are enabled to control parity
checking and to initiate the Read-Regenerate mode of
operation within the ICM -40. If it is a write request,
GOMRWQ and GOMRQW are enabled to control parity
generation and to initiate the Clear-Write mode of
operation within the ICM -40.

After access has been granted, the Memory Time Counter
(FIMTC1, 2, 3, 4) is allowed to increment at each clock
pulse. This time counter provides control of the dura-
tion of the GOMROW and GOMRQW control signals so as
not to exceed 300 nanoseconds. When the time counter
is incremented to 7, a Data Ready (GOMRD1, 2, 3) signal
is enabled. This signal is applied to the user device
indicating that the request signal may be terminated and
that if this is a read operation, the data read from core
is available.

The time counter continues to be incremented in a binary
manner until it is equal to 17g. When the time counter
is equal to 17g, the memory cycle is complete.

CORE
I O
STACK
STROBE
SENSE
!
; DATA REGISTER
DR25 :DR24 DRO1
> |
> WYSW+
R2 R.
READ
0 volts = "1" data bit
MEMORY INPUT BUFFER
BT | [MB23 MB0O Y SWITCH
l 3.5 volts = "1" data bit REGENERATE
23 00
USER DEVICE REGISTER
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Fig. SYS.11. TUSER 1, 2, 3, Read Block Diagram
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ICM-40 Memory Module Operation

Timing diagrams of the primary control signals within
the ICM -40 Memory Module are presented in Figures
SYS. 14 and 15. These timing diagrams illustrate the
timing for both a Read-Regenerate and a Clear Write
mode of operation. The differences between these two
modes involve the Strobe (STRB-) and the Load Data
Register (LDDR-) signals. The strobe is enabled only
during the Read-Regenerate mode. This strobe signal
gates the data sensed from core into the Memory Data
Register for a read operation. During a write (Clear-
Write) operation, the strobe is inhibited and the data
sensed from core is lost. The load data register signal
gates the new data to be stored into the Memory Data
Register during a write operation. During a read oper=-
ation, the load data register signal is inhibited to retain
the data sensed from core so that it may be restored in
the addressed core cell.

Fig. SYS. 14 illustrates the timing limits of the ICM-~40
module control signals and relationship of the actual
control signals from the Memory Control Unit.

Refer to these aids as well as the ICM-40 logic con-
tained in Appendix A at the end of this section.

Read-Regenerate Mode

The Read-Regenerate Mode of operation within the
ICM -40 is initiated by the GOMROW signal from the
Memory Control Unit. As previously described, this
signal is enabled within the Memory Control Unit when
a user device has been granted access for a read from
core operation. GOMROW is applied to the Read-Regen-
erate control input, XRRC-, of the ICM-40 Module.
This XRRC- signal is inverted and then ANDed with the
not busy signal (MBSY-) to set (SRCY-) the Read Con-
trol flip-flop (RCYF) and to set the Read-Regenerate
Control flip-flop (RRCF). Due to the timing of the
Memory Control Unit, the ICM -40 will not be busy when
the Read-Regenerate control signal is applied. RRCF+
is used to enable the Strobe pulse (STRB-) and to dis-
able the Load Data Register pulse since this is a read
operation.
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The SRCY- signal, enabled by XRRC+ and MBSY-, also
gates the memory location address from the Memory
Control unit into the Address Register of the ICM -40
and resets the Data Register (RDRP).

Setting the Read Control flip-flop RCYF generates a
series of pulses to enable the X and Y drive lines.
These pulses (ERAD+, RSKA+, RYSW+, and RXSW+)
are timed by jumpers from the 300 nanosecond delay
line. Fig. SYS. 15 illustrates typical timing and delay
line connections. Each tap of the delay line provides
12 nanoseconds delay. The precise timing of these
signals may vary slightly from one module to another.
Each module is stamped with the optimum setting of the
Strobe pulse.

The Strobe pulse samples the core signal during this
read portion of the cycle. A "one" signal output ex-
ceeds the threshold of the sense amplifier providing an
output to set the associated Data Register flip-flop
(DRXX). A "zero'' readback will not exceed the sense
amplifier threshold, and the Data Register flip-flop
will remain reset. The contents of the Data Register
are applied thru the Memory Input Buffer of the Memory
Control to the user device.

The trailing edge of End Read Cycle signal (ERCY+),
generated from the RCYF signal through the delay line,
enables the SWCY- signal to set the Write Control flip-
flop (WCYF). The WCYF signal, in conjunction with
the 300 nanosecond delay line is then used to enable the
addressed X and Y lines. The X and Y lines are also
controlled by the contents of the Data Register during
this portion of the Read-Regenerate cycle. Enabling
these X and Y lines, restores the data back in the
addressed memory location to complete the memory
cycle.

Clear-Write Mode

The Clear-Write mode of memory operation is enabled
by GOMRQW from the Memory Control logic. This
signal is enabled at the start of the memory cycle when
a write (store) into memory request from a device is
provided access. GOMRQW is applied to the Clear-
Write Control input, XCWC-, of the ICM -40,

Operation in the Clear-Write mode is the same as that
described for the Read-Regenerate mode except that
the Read-Regenerate Control flip-flop (RRCF) is reset
by the XCWC+ signal. With RRCF reset, the Strobe
pulse (STRB-) is inhibited and the Load Data Register
signal (LDDR) is enabled. This results in a loss of
data from the addressed location and gates the data to
be stored from the user device into the Data Register.
This data then controls the Y lines and flips the cor-
responding cores to the "one'' state.

The SRCY- signal used to start the read cycle is
enabled by the AND of XCWC+ . RMWC- .MBSY-.

PARITY GENERATION

Parity generation, in conjunction with parity checking
provides a means of detecting if a stored data word has

SYS-18 CORE MEMORY

gained or lost a bit. The parity generation logic ensures
that an odd number of ''one' bits are stored in memory
during any write operation. The parity checking logic
ensures that an odd number of "one" bits are read back
for each data word. If an odd number of "one'' bits are
not read back, a parity error signal is provided to light
the Parity Error indicator on the computer console,
enable the running program to detect the parity error
(JNP), and to optional inhibit further access to memory
by the Arithmetic Unit (Stop on Parity switch).

As shown in the AU Write Block Diagram of Fig.

SYS. 7 and the User 1, 2, 3 Write Block Diagram of

Fig. SYS.12, data bits from the multiplexer are applied
to the parity generator. The parity generator then
enables a ''one'" to bit 25 of the ICM -40 Data Register

if an even number of one bits are contained by the 24 data
bits.

Fig., SYS. 16 illustrates in block diagram form the logic
used in generating a parity bit. This diagram is made
from sheets 17 thru 21, 1 of the Memory Control logic,
GE Drawing 68C972375. As shown in Fig. SYS. 16,
most of this logic is also used in checking for parity
errors during a read operation. Parity Checking is
discussed immediately following this discussion of
parity generation.

The data bits to be stored in memory are gated from the
user device thru the multiplexer by DIMAE1, 2, 3, or
4 when memory access has been granted. These data
bits are applied to the ICM -40 Data Register as well as
the inputs of the parity generation logic (GOPOG! thru
GOPOGS).

GOPOG1 thru GOPOGS8 each sample three data bits and
if an odd number of "ones' are contained by these three
data bits, a "zero' output signal is provided. If an even
number of 'one' data bits are contained by the three
inputs, a "one' output is provided. The outputs of
GOPOG1 thru GOPOGS8 are applied to GOPOS1, G1POS2,
and GOPOS3. The output from these gates are applied
to GIPOFS. The output from G1POFS is then a "one"
if an odd number of data bits was detected from the
multiplexer or a "zero" if an even number of "one" data
bits was detected from the multiplexer.

The output of G1POFS is then ANDed with the Write
Request signal MWRQ) in GIMMPB. A "one'" output
from G1IMMPB is provided only if a ""zero" is provided
from G1POFS indicating an even number of ''one' data
bits. This "one" output from GIMMPB is applied to
Data Register bit 25 of the ICM -40 Module and stored in
the addressed memory location along with the other data
bits. In this manner, an odd number of bits are stored
in the addressed memory location.

PARITY CHECKING

During a read operation from memory, the data read
from the addressed core cell is checked to determine
if it contains an odd number of "one' data bits. Since
the parity generation logic ensured that an odd number
of "one" bits were stored in the memory location, if an
even number of "ones' is read back, a bit has been
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gained or lost and an error condition exists., When an e Sets FIPPED to light the Error indicator on the
error condition is detected, the Parity Error flip-flop Computer Console.
(F1PPER) is set and the data word is restored in the
memory location in the same form that it was read. The Parity Error flip-flop may be cleared by a JNP
command, the Clear Alarm switch on the Computer
Setting the Parity Error flip-flop performs the following Console, or by Initializing the system. The only method
functions: of clearing F1PPED is by pressing the Clear Alarm
switch on the Computer Console. Therefore, if a parity
° Applies a signal to the Arithmetic Unit error occurs, the Error Indicator on the Computer
(AUGONPER) where the status may be checked Console will remain lighted until the Clear Alarm switch
by the JNP command. is pressed.
e Applies a signal to the Stop On Parity switch As shown in the AU Read Block Diagram of Fig. SYS. 6
(CSWSOP) to stop Arithmetic Unit sequencing and the User 1, 2, 3, Read Block Diagram of Fig.
when a parity error occurs and the Stop On SYS. 11, the data transferred to the user device is gated
Parity switch is in the Stop position. back through the Multiplexer to the parity check logic
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SYS-20

DR25
O A
MEMORY
CONTROL
I__MRRQ
N
GIMPBT
MT16 G1MMPB
G1POFS T
MT18 MRQR
|
G1POFS
l * “ Restores Parity Bit During
A A Write (restore) portion of
Cycle
GOPPE1 GOPPE2
A
G1PPER
MCK2
TT5E - NCPE = JNP
A I A
0, PPEC = CLEAR ALARM
1PP
1 F1PPER 0 O— MINT
Y |
A A
F1PPED FOPPED
v l
JNP GATE CONSOLE AU
STOP ON PARITY INDICATOR
Fig. 8YS.17. Parity Check
CORE MEMORY
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along with the parity bit (DR25) read from memory.
The data read is applied back through the multiplexer
by the MBE1, 2, 3, or 4 signal being true throughout
the memory cycle.

Fig. SYS. 17 illustrates the logic associated with parity
checking. This logic compares the status of the parity
bit read back from memory with the status of G1POFS.
As described in the parity generation portion of this
discussion, the output of G1POFS is a "one'" when the
24 data bits contain an odd number of "ones'.

G1POFS is ANDed with the parity bit read back from
memory in GOPPELl and GOPPE2., GOPPEI! is enabled
if an odd number of "one" bits was contained by the
data word and the parity bit is a "one' indicating that
an extra "one'' bit was read back from memory.
GOPPE? is enabled if an even number of '"one' bits was
contained by the data word and a "zero' was read back
for the parity bit, indicating that a "one' bit was lost.

GOPPE1 POFS -MPBT -MT16 .MRQR

GOPPE2 POFS -DR25 .MT16 - MRQR

Enabling either GOPPE1l or GOPPE2 will cause the
Parity Error flip-flop (F1PPER) to set at the next
clock pulse. As previously described setting F1IPPER
applies a signal to the Arithmetic Unit for JNP checking
and to the Stop On Parity switch to halt sequencing
within the Arithmetic Unit. Setting F1PPER also sets
F1PPED to light the Console Error indicator. Asa
system option, the Parity Error flip-flops may be used
to light other indicators or enable other system test
gates.

F1PPER = PPER *MCK2

G1PPER = PPE1l + PPE2
The Parity Error flip-flop may be reset by executing a
JNP command, pressing the Clear Alarm switch, or
Initializing the system.

F1PPER = (TT5E -NCPE) + PPEC + MINT

F1PPED is cleared by pressingthe Clear Alarm switch.

Clearing F1PPED extinguishes the Alarm indicator.
F1PPED = PPEC

TRANSMISSION PARITY -ERROR CHECKING

If a "one' data bit is lost or gained while receiving data
from the Model 4511 Peripheral Channel Multiplexer
during a write operation, a parity error signal will be
applied back to the 4511. The state of the parity bit
from the 4511 is compared with the status of G1POFS
in GOPERD. G1POFS, as previously described, pro-
vides a "one" output when the 24 data bits contain an
odd nuniber of "one" bits. GOPERD is enabled, signi-
fying a transmission parity error, when an odd number
of ""one" bits is contained by the data word and the
parity bit is a "one' or when an even number of "one'
bits is contained by the data word and the parity bit is
a "zero''. The output of GOPERD is applied back to the
4511. Refer to the 4511 description for the effect of
this parity error signal.

GOPERD = POFS -MEDP -MRRQ +
POFS -MRRQ - Parity Bit

ICM-40 DC POWER

The M P-40 Power Supply (PR36) manufactured by Ault
Incorporated 3501 48th Ave. North, Minneapolis,
Minnesota 55429, is used to provide dc power to the
ICM-40 Memory Module. A detailed description of this
power supply is provided in a separate instruction
manual provided with each system.

A power cable from the power supply connects +6 volts,
-6 volts, +24 volts, -24 volts and ground to the memory
module as listed in Table SYS. 3. Fig. SYS. 2 illustrates
the power connections at the ICM -40.

The dc chassis grounds are isolated from each other.
The 24 volt floating supply is referenced to ground by
two resistors. The -24 volt and +24 volt outputs are ap-
proximately one-half the nameplate value when measured
to ground (e. g., the +24 volt output is approximately +11
volts to ground and the +24 volt output is approxi-
mately -11 volts to ground when the 24 volt setting is
22 volts).

WIRE MEMORY
VOLTAGE COLOR CODE TERMINALS PIN NO.

-6v White D6906 32%
+6v Red D1006 34
24v+ Yellow C2902, D6902 2%
24v- Green C2904, D6904 1%
dc gnd Black D1004, D6906 33
FLT Violet NOT USED

RT Red & Black NOT USED

*Not used on all circuit cards.
Table SYS. 3.

4015A-2
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MEMORY RETENTION

The magnetic core array does not require power to pro-
vide its static memory capability. A pulse of power is
required to switch cores from one state to the other but
the pulse is not necessary to hold cores in their respec-
tive states. All cores remain in the state to which they
have been switched because of the retentivity of the core
magnetic material. If power is removed or lost, the
magnetic core array retains stored information indefi-
nitely.

The MP-40 power supply turn-on sequencing is designed
so that the drive voltage (24v) remains off until the +6v
and -6v logic supplies are stabilized. Similarly, the
24v supply is turned off before the logic supplies. This
ensures that no currents can flow during the power sup-
ply turn-on and turn-off transients, and change data
stored in the core array.

Memory Wrap Around

The Memory Address Multiplexer inputs are wired with
only the address bits required to address the implement-
ed core size. That is, if an 8K memory module is im-
plemented, only address bits 0 thru 12 are wired to the
address multiplexer, etc. Using this technique, when

$YS-22

the user device addresses a core cell above the imple-
mented size, a corresponding location within the im-
plemented memory will be addressed or zeros will be
fetched from core.

The following chart illustrates the 4K memory block
addressed and the corresponding 4K block affected for
the various implemented memory sizes.

CORE MEMORY

Addressed Implemented Memory
4K Block 4 8 12 16
0-4K 0-4 0-4 0-4 0-4
4-8K 0-4 4-8 4-8 4-8
8-12K 0-4 0-4 8-12 8~12
12-16K 0-4 4-8 * 12-16
16-20K 0-4 0-4 0-4 0-4
20-24K 0-4 4-8 4-8 4-8
24-28K 0-4 0-4 8-12 8-12
28-32K 0-4 4-8 * 12-16

*Zeros are read with no parity error., A write operation
will go undetected unless Memory Protect is used.
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MAINTENANCE

This section contains preventive and corrective main-
tenance procedures for the 4015A Memory System.

RECOMMENDED TEST EQUIPMENT

In addition to the test equipment recommended for the
GE-PAC* 4020 System, Table MAINT. 1 lists the test
equipment that is unique to the 4015A Memory.

Description Type
Worst Case Core Test 68A976868
Card Extender PAC 3C XP - 330
u-PAC Extractor Tool 3C B008428

Resistor 47K +1%, 1/2w

Table MAINT.1. Recommended Test Equipment

RECOMMENDED SPARE PARTS

Table MAINT. 2 and 3 lists the recommended spare
parts for the ICM-40 Memory Module and the MP-40
Power Supply. Spare parts for the 4015A Memory
Control Unit are included in the recommended spare
parts for the GE-PAC 4020 System.

ICM-40 CIRCUIT BOARD
HANDLING AND REPAIR
The following paragraphs describe the handling and
repair procedures for the ICM-40 circuit boards
(u-PAC). Handling of the circuit cards in the 4015A
Memory Control Module is described at the beginning
of the System Maintenance Manual.

Inserting and Removing

The u-PAC connector is polarized to protect against
incorrect PAC insertion. p-PAC removal from the
memory is accomplished by engaging the two holes in
the handle of the PAC with the u~PAC extractor tool.
Do not remove or insert printed circuit cards without
turning off the dc power to the unit.

Troubleshooting

The Extender PAC, Model XP-330, can be used to gain
access to points on the u-PACs., Signals on the pins of
the u-PACs may be ascertained from the PAC descrip-
tion or logic contained in Appendix A and B.

Component Checking

Many u-PACs have identical channels. Components
can be checked by resistance comparison with parts on
other channels or other u-PACs.

Component Replacement

When replacing defective components, use a small
soldering iron and rosin core 60/40 solder. Remove
excess solder from the printed circuit board. Care
should be taken to avoid lifting the etch.

* Registered Trademark of General Electric Company
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Insert the leads of the new component through the drill-
ed hole or eyelet, clip off excess wire, and solder to
the printed circuit etch. A Flat Pack should be placed
squarely on the etched area, using an insulator between
it and the u~-PAC. (An insulator should not be used on
F-06 Flat Packs.) The lead s should then be cut to the
proper length and soldered. Examine the PAC care-
fully for excess solder. Remove rosin deposits with

a commercial cleaning solvent and wipe the PAC clean
with a dry lint-free cloth.

OPERATIONAL CHECK

Operation of the 4015A Memory System is checked by
running the Worst Case Core Test, General Electric
68A976868. Using this test, errors or failures are
typed out to assist the Maintenance Engineer in isolat-
ing the probable cause.

CALIBRATION PROCEDURES

Drive Voltage Calibration

The drive line currents are determined by the setting
of the 24-vde supply and the precision resistors which
are mounted on the resistor boards. The 24-v supply
(MP-40) is temperature compensated by a thermistor
which is mounted near the core stack. The 24-v supply
calibration should be periodically checked according

to the following procedure.

a. Turn off the ac power to the MP-40 Power Sup-
ply. Disconnect the thermistor by removing the
leads going to the power supply Rt terminals.
Connect a fixed 4. 7K +1%, 1/2w resistor to the
R; terminals of the MP-40 using a T and B RB~
250 terminal (provided with the power supply)
attached to each lead of the resistor.

NOTE

A detailed description of the MP-40
Power Supply is provided in a separate
book supplied with each system. This
book contains detailed theory of opera-
tion, adjustment procedures, and sche-
matic diagrams for the MP-40 Power

Supply.

b. Turn on the ac power to the MP-40. Use a volt-
meter with at least +3% accuracy to set the 24-v
supply to the value shown on the core stack
nameplate.

The nameplate value is the optimum voltage set-
ting of the power supply at 25°C, using a 4. 7K
resistor instead of a thermistor to eliminate
calibration temperature dependence. It was de-
termined prior to shipment by setting the MP-
40 to the voltage which gives the best operating
margins, replacing the thermistor with a 4. 7K
resistor and recording the resultant voltage.
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c. Turn off the MP-40 Power Supply. Remove the
4. 7K resistor and replace the thermistor leads.
The voltage will change as a function of memory
stack temperature (decreases 0. 5% for a 1°C
rise in temperature) but will be at the proper
value for best memory operation. The 24-v
supply can vary typically +5% without causing
memory errors.

Logic Voltage Calibration

The +6v and -6v MP-40 supplies are not temperature
compensated, so they can be calibrated in the conven-
tional manner. The ¥6v and -6v logic supplies may be
monitored at the MP-40 terminals using an accurate
voltmeter or the front panel meter, if provided (100%
reading corresponds to +6v and -6v), The +6v and -6v
supplies should be set to their nominal values (-6.0v
and +6.0v). They can vary typically #5% from their
nominal values without causing memory errors.

Strobe Timing Calibration

The timing of the sense amplifier strobe pulse is set for
each unit to give optimum operating margins. The core
stack nameplate shows the time between the leading edge
(1. 5v point) of the RXSW+ and STRB+A signals. It
should not be necessary to adjust the strobe timing., If
a change in timing is required to obtain proper memory
operation, the associated PACs should be checked (e. g.,
CM-006, CM-007, and PA-335) before a timing change
is made. The CM-003 description inthe appendix should
be referred to if a timing change is required. Fig. SYS.
10 and SYS. 15 shows the delay line jumpers for a typi-
cal system.

CORRECTIVE MAINTENANCE

Corrective maintenance procedures consist of electrical
and mechanical inspection and memory system trouble-
shooting. Troubleshooting procedures for the MP-40/
MP-40E power supply are covered in the power supply
instruction manual.

Corrective Maintenance Inspection

Before beginning troubleshooting procedures, athorough
inspection of the system should be performed. Check
that the system is not physically damaged and that no
wires have been torn accidentally from the equipment,
Make sure electrical connectors and circuit cards fit
firmly in their sockets.

Troubleshooting Procedures

Malfunctions within the memory system are best isolat-
ed using the Worst Case Core Test (68A976868). Using
the symptoms provided by the Worst Case Core Test,
memory failures may generally be isolated into one
of the following types.

e Operation failures which are caused by faulty
timing and control circuits. Operation failures
are indicated when there is no apparent response
to commands applied to the memory, or when
faulty operation occurs at all addresses. Refer
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to Table MAINT. 4 for a list of the possible
causes of operation failures.

e Partial data word failures which are caused by
a faulty sense amplifier, data register flip-flop,
data multiplexer logic elements, or data regen-
eration circuits. Partial data word failures are
indicated when one or more bits at all addresses
fail. Refer to Table MAINT, 5 for a list of the
possible causes of partial data word failures.

e Address failures which are caused by address
register, address multiplexer, or address se-
lection circuits. Address failures are indicated
by faulty memory operation at particular addres-
ses only. Refer to Table MAINT, 6 for a list of
the possible causes of address failures.

e Parity errors which are caused by faulty parity
check and generate circuits. Parity error faults
are indicated by parity errors when the data bits
read back are the same as the data bits stored.

In many cases, spare circuit cards or identical circuit
cards may be interchanged with a suspected faulty

board to isolate or correct the problem. All circuit
boards may be interchanged with a similiar board ex-
cept the Timing Distribution PAC, CM-003, which has
jumper wires for delay line timing. Once a defective
circuit card has been found, refer to the circuit card
drawing. Many defective components may then be

found by resistance comparison with an identical channel
or an identical circuit card.

MAGNETIC CORE STACK MAINTENANCE

Under normal operating conditions, it is unlikely that
troubles will occur within the magnetic core stack. How-
ever, continuity measurements of the sense and drive
windings will enable maintenance personnel to check
core stack wiring. Exercise caution in taking these
measurements to avoid damaging the matrix windings.

Sense Windings

a. Turn off memory power. Remove the Data Re-
gister PAC (CM-007, CM-107, or CM-207 de-
pending on word capacity) associated with the
sense windings to be checked.

b. Place the ohmmeter leads across the sense
winding inputs (SWXX+ and SWXX-) to the Data
Register PAC as determined from the logic dia-
gram of Appendix A, One sense winding links
4, 096 cores. For 8,192- and 16, 384- word
memories, two and four sense windings,respec-
tively, must be checked for continuity.

c. Resistance readings should be approximately 10
ohms for all sense windings. The resistance
readings for all bits should agree within +10%.

Drive Windings
a. Turn off memory power. Remove the CM-006

and CM-106 Selection Switch PACs associated
with the X- and Y-drive line to be checked. This
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can be determined from the logic diagrams by
relating the bad address to a sink and switch
output for both X- and Y-coordinates. The
drive winding connections to the core stack are
shown in Tables SYS.1 and 2.

b. Drive line resistance is a function of the core
stack characteristics (number of bits, type and
gauge of wire, and core spacing). The actual
drive line connections are located on the printed
circuit board of the core stack planes. The se-
lection switch outputs are isolated by a diode
from each drive line so that the resistance read-
ing of any drive line will include a diode forward
drop. The Y-drive line resistance is the same
for all size memories (nominally 1,6 ohms)
while the X-drive line resistance is a function of
word length only (nominally 3 ohms for a 24-bit-
memory).

c. Measure continuity by referring to the simplified
selection diagram, Fig. SYS,5. For example,
to check the continuity of drive line Y1, put one
ohmmeter probe on the corresponding sink out-
put (emitter output of transistor Q3) and the
other ohmmeter probe on the proper switch out-
put (collector of transistor Q2). A low resis-
tance (one forward diode drop plus a drive line
resistance given in the preceding paragraph) in-
dicates continuity for both diodes and the drive
line. It may be necessary to reverse the probes
to obtain the correct polarity to forward-bias
the selection diodes. The continuity of the cur-
rent path for the opposite drive polarity should
be similarly checked by moving the probe from

4015A-3
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the collector of Q2 to the collector of Q1 and re-
versing the polarity. A high resistance reading
in both drive current polarity paths indicates an
open drive winding or drive bus. If a drive bus
is open, the other drive lines connected to the
same bus will also have a high resistance read-
ing. A high resistance reading in only one of
the read or write current paths indicates an
open F-08 Flat Pack diode.

POWER DISTRIBUTION
AC Power

The memory power furnishes ac power to both cooling
units. Each cooling unit is individually fused by a 1/2
amp slow-blow fuse. A separate ac power cord is
used for the MP-40 Power Supply. The MP-40 Power
Supply instruction manual contains information on ac
power requirements.

DC Power

The memory dc power cable connects the memory to
the MP-40 Power Supply. The dc power is distributed
through the memory via laminated power buses, except
for -6v which is wire wrapped to those PACs requiring
this voltage. The dc and chassis grounds are isolated
from each other. Fig. SYS.2 shows the memory dc
power terminals. The 24v floating supply is referenc-
ed to ground by two resistors. The 24v- and 24v+ out-
puts are approximately one-half the nameplate value
when measured to groung (e. g., the 24v+ output is
+11v to ground and 24v- is ~11v to ground when the 24v
setting is 22v).
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COMPUTER CONTROL CORP., MEMORY ICM-40
GENERAL ELECTRIC 68A8659P2 (8K) and 68A8639P3 or 68A869P4 (16K)

PART NUMBER DESCRIPTION RECOMMENDED
SPARES QUANTITY
8K 16K

CM-003 Timing Distributor PAC 1 1

CM-005 Address Register PAC 1 1

CM-006 Selection PAC 4 6

CM-106 Selection PAC 2 4

CM-007 Data Register PAC 2 2

CM-207 Data Register PAC - 2

DI-335 NAND Type 1 PAC 1 1

DL-335 NAND Type 2 PAC 1 1

PA-335 Power Amplifier PAC 1 2

TG-335 Transfer Gate PAC 1 1

XD-335 Line Driver PAC 1 1

F-08 Flat Pack 4 4

930 011 146 Capacitor, M1CA,

510PF +5% 100v 1 1

68A8519P14 Fuse, 1/2 AMP, Slow Blow 5 5

68A7002P00101 Resistor 1 1

932 215 009 Resistor, 5 5

53 ohm +1%, 5w
130 217 018 Capacitor, 1 1
3. 3uf +20%, 35v

932 300 004 Thermistor, 4, 7K at 1 1

25° C +20%, 0.6w

68C998339P11 Fan 1 1

Table MAINT. 2, ICM-40 Recommended Spare Parts
MAINT-4 CORE MEMORY 4015A-3




AULT INCORPORATED MODELS PR36-A2 & PR36-Bl1
COMPUTER CONTROL CORP. MODELS MP40 & MP40E
GENERAL ELECTRIC #68A8659P5 & P6

PART NUMBER DESCRIPTION MANUFACTURER MFG. PART NUMBER RECOMMENDED
SPARES QTY.

080-2409 Circuit Board Asm. Ault Inc. 080-2409 1

080-2410 Circuit Board Asm. Ault Inc. 080-2410 1

400-1243 Capacitor, 5000 mfd, 2
10 Volt DC

400-1244 Capacitor, 1200 mfd, 1
50 Volt DC

400-1269 Capacitor, 48, 000 mfd, 1
20 Volt DC

400-1272 Capacitor, 22, 000 mfd, Sangamo 539-3764-402 2
50 Volt DC

400-1362 Capacitor, 38, 000 mid, Sangamo 539~3765-02 1
10 Volt DC

406-1312 Capacitor, 5 mfd, General Electric 49F 4344 2
660 Volt AC

580-4123 Resistor, WW, 5 Watt 1
250 ohm, 5%

580-5359 Resistor, WW, 10 Watt 2
0. 25 ohm, 10%

580-5360 Resistor, WW, 10 Watt 1
0.1 ohm, 10%

580-6546 Resistor, WW, 25 Watt 1
0.5 ohm, 5%

580-6601 Resistor, WW, 25 Watt 1
0.1 ohm, 10%

600-1029 Rectifier 1

601-1131 Transistor RCA 2N3055 3

601-1161 Transistor RCA 2N3054 1

603-1191 Rectifier RCA 40209 1

603~1194 Rectifier RCA 40109 1

603-1198 Rectifier RCA 40208 2

603-1200 Rectifier RCA 40211 2

606-1031 Rectifier Asm. Motorola SDA-10121 1

626-1022 Switch 1

626-1031 Switch, Toggle 1

12A6275P1 Lamp General Electric NES51 5

68A8519P10 Fuse Bussman MDL 1/4 5

876B216P1 Fuse Bussman AGC-5 5

876B216P4 Fuse Bussman AGC-15 5

876B216P5 Fuse Bussman AGC-20 5

68C998339P11 FAN Rotron Sentinel 1

4015A-3
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SYMPTOMS

PROBABLE FAULT

No apparent response to commands

1. DC Voltage
2. CM-003 PAC

ICM-40

5. Memory Time Counter in Control Unit,

4. Priority Access circuits in Control Unit.

3. MBSY-, SRCY-, ERCY+, SWCY-gignals in

Unable to read from any address

2. DABL-signal at GND
3. 24-v supply

4. STRB+ signal

5. GOMROW

6. AUDIBMEM

1. Read and write CM-003 PACs interchanged

Table MAINT. 4,

Operational Failures

SYMPTOMS

PROBABLE FAULT

Failure of one bit (ZERQ or ONE)
at all addresses

1. Data register PAC

2. Y-switch or sink PAC
3. TG-335 circuit

4. Sense windings

5. Data Multiplexer gate

Failure of one bit at particular addresses

1. Data register PAC

2. Y-switch or sink PAC
3. Sense winding

4, Y-drive line
5

Y-selection diode

Failure of one bit at one address

1. Marginal data register PAC

2. Marginal core

Failure of four bits at particular addresses

1. Y-switch PAC or back plane resistor

Table MAINT. 5.

Partial Word Failures

SYMPTOMS

PROBABLE FAULT

All bits fail as a function of particular
address bits

., X-gwitch or sink PAC
CM-~-003 PAC

X-drive line
CM-005 PAC

. X-selection diode

D W N -
.

Address Multiplexer gate

MAINT-6
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Address, Decoding, and Selection Failures
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APPENDIX A

DESIGNATION

IDENTIFICATION

ARO1+ to AR14+

CBSY-

DABL-
DRDY-A
DRO1+A to DR25+A

EDCY-
ENSK+
ENSW+
ERAD+
ERCY+
EWAD+

LDDR+

MAO1+ to MA14+
MBSY+
MDO1+ to MD28+

RCYF+
RDRP+
RMWC+
RRCF+
RSKA+
RTO1
RXSW+
RYSW+

SKRW+

SKWR+

SRCY-

STRB+

SWCY-

SWRW+

SWWR+

SWO01+A to SW28+A
SWO01+B to SW28+B

WSKA+
WXSW+
WYSW+
WDO01+ to WD28+

XCwcC-
XRRC-
XDO01 to XD32
XB01 to XB16

01YD1 to 01YDS8
01YB1 to 01YB4

Address register flip-flop outputs
Signal forming the center of MBSY+

Selection disable signal
Data ready output signal
Data register output signals

End cycle (NOT USED)

Selection sink enable signal
Selection switch enable signal

Enable read address decoding signal
End read cycle signal

Enable write address decoding signal

Load data register pulse

Memory address input signals
Memory busy signal
Memory data input signals

Read cycle flip-flop signal

Reset data register pulse
Read-modify-write control
Read-regenerate control flip-flop signal
Read sink activate signal

Thermistor

Read X~switch signal

Read Y-switch signal

Sink read-write control

Sink write-read control

Start read cycle pulse

Sense amplifier strobe pulse

Start write cycle pulse

Switch read-write control

Switch write-read control

Sense windings, A half of core stack
Sense windings, B half of core stack

Write sink activate signal
Write X-switch signal
Write Y-switch signal
Write data signals

Clear-write command
Read-regenerate command
X-gelection switch outputs
X-selection sink outputs

Y-selection switch outputs, bit 1
Y-selection sink outputs, bit 1

4015A

Table. 1.

ICM-40 Mnemonic Signal List

APPENDIX A

A-l



A

*% Inputs must be grounded if option is provided but is not being used.

l1+|l

”_Il —

1

= +6 volts true
0 volts true
amplified signal

Table. 2.

APPENDIX A

ICM-40 Input/Output Connector List

CONNECTOR
Pin No. E6A E6B E6C E6D
1 MDO1+ DRO1+A MAO1+
2 GND GND GND GND
3 MDO02+ DRO2+A MAO2+
4 GND GND GND GND
5 MDO03+ DRQ3+A MAO03+
6 GND GND GND GND
7 MDO04+ DRO4+A MAO04+
8 GND GND GND GND
9 MDO5+ DRO5+A MAQS+
10 GND GND GND GND
11 MDO6+ DRO6+A MAO6+
12 GND GND GND GND
13 MDO7+ DRO7+A MAQT7+
14 GND GND GND GND
15 MDO08+ DRO8+A MAO08+
16 GND GND GND GND
17 MDO09+ DRO9+A MAQ9+
50 GND GND GND GND
18 MD10+ DR10+A MA10+
19 GND GND GND GND
20 MD11+ DR11+A MA11+
21 GND GND GND GND
22 MD12+ DR12+A MA12+
23 GND GND GND GND
24 MD13+ DR13+A MA13+
25 GND GND GND GND
26 MD14+ DR14+A MA14+
27 GND GND GND GND
28 MD15+ DR15+A MD26+% MBSY +A*
29 GND GND GND GND
30 MD16+ DR16+A MD27+% SPARE
31 GND GND GND SPARE
32 MD17+ DR17+A MD28+%
33 GND GND GND GND
34 MD18+ DR18+A PTZ1+%* DRDY-A%*
35 GND GND GND GND
36 MD19+ DR19+A PTZ2+%* EDCY+A*
37 GND GND GND GND
38 MD20+ DR20+A PTZ3+%*x DR26+A*
39 GND GND GND GND
40 MD21+ DR21+A PTZ4+%* DR27+A No
41 GND GND GND GND
42 MD22+ DR22+A SPARE DR28+A
43 GND GND SPARE GND
44 MD23+ DR23+A XCwWC- DRRC-%*
45 GND GND GND GND
46 MD24+ DR24+A RMWC+
47 GND GND GND GND
48 MD25+ DR25+A XRRC-
49 GND GND GND GND
* Not Used
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B C D F
A B D
DR-03/04 /N CM007 DR-11/12 /N ©M007 DR-19/20 /N CcM007
XSK CM106 YSK-03 CM006 YSK-11 CMO006 YSK-19 CMO006
XSW CM106 YSW-03 CMO006 YSW-11 CMO006 YSW-19 CMO006 ICM-40 1/O
Connectors
XSK CMO006 YSK-04 CMO006 YSK-12 CM006 YSK-20 CMO006
XSW CM106 YSW-04 CMO006 YSW-12 CMO006 YSW-20 CM006
pr-07/08 /N cmoo7 | [DRr-15/16 AN\ cMo07 DR-23/24 /N CMO007
XSK CM106 YSK-07 CMO06 YSK-15 CMO06 YSK-23 CM006
XsW CM106 YSW-07 CMO006 YSW-15 CMO006 YSW.23 CM006
XSK CML106 YSK-08 CM006 YSK-16 CMO006 YSK-24 CMO006
XD335
lxsw __ CM006] [|XSwW-08 CM006 | YSW-16 CMO006 YSW-24 CM006 CMO003 RTID
Dr-27/28 /N cMo007 DI-335
YSK-27 CMO006 DL-335
PA-335
YSW-27 CM006 PA-335
PA-335
YSK-28 CM006 TG-335
TG-335
YS