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PREFACE

This manual contains the theory of operations, maintenance
diagrams, and service information for the IBM 5415
Processing Unit Models D25 and D26. All references to
Model 15D mean Models 15 D25 and 15 D26.

The Models 15 D19 through 15 D24 have a maximum of
256K bytes of storage, while the Models 15 D25 and 15
D26 have 384K and 512K bytes of storage respectively. To
handle the additional storage, the Models 156 D25 and 15
D26 have the following changes:

® Replacement of the > 64K and > 128K ADDR BITS
toggle switches with an eight-position rotary switch to
provide a > 256K selection.

® Addition of a > 256K PH latch and circuit.
® Addition of a 19th bit circuit to condition SAR bit E13.

“® Replacement of the roller drum to include an 1/10 >
256K position.

The Model D processing unit includes fast | cycle process-
ing, a maximum of 512K bytes of main storage, and
3340/3344 disk drives. Refer to SY31-0367 for informa-
tion about 5415 Models A and B, SY31-0417 for informa-
tion about 5415 Model C, or SY31-0464 for information
about 5415 Models D19 through D24.

-~ A 16-bit ALU was added to the Model D CPU for fast |

cycle processing and is referred to in this manual as the
auxiliary (aux) ALU. Wherever just ALU is used, it refers
to the original Model 15 ALU.

First Edition (November 1977)

This manual is intended for use by GSD customer engineers
for use in the classroom and for recall when servicing in a
free-lance mode.

The manual gives an explanation of the logical circuit func-
tions and major objectives. With this information, the CE
can interpret the operation of circuits illustrated in the
companion diagrams. '

Machine operations are presented in operational flowcharts,
most of which are two-/evel. The general flow path indi-
cated by the heavy line of the two-level charts shows the
major objectives of an operation or instruction. Detailed
flow paths of major objectives are to the right of the general
flow path.

Positive-logic diagrams support the operational flowcharts.
They show logical circuit operation without regard to signal
levels. Most of the logic diagrams in this manual are not
block for block representations of ALDs (automated logic
diagrams). Rathér, only blocks necessary for a logical
understanding of the operation are shown.

For machine characteristics and installation instructions,
refer to the /BM System/3 Installation Manual—Physical
Planning, GA21-9084.

Changes are continually made to the specifications herein; any such change will be

reported in subsequent revisions or technical newsletters.

Address comments concerning the contents of this publication to I1BM Corporation,
Publications, Department 245, Rochester, Minnesota 55901. Comments become the

property gf iBM.

©cCopyright International Business Machines Corporation 1977



SAFETY
Personal Safety

Read and follow the safety suggestions in the CE
Safety Practices Manual, S229-1264, a pocket-
sized card issued to all IBM customer engineers.

Remember:

e Loose clothing can become entangled in moving
parts of the machine.

o Drive belts, because of their internal cable con-
struction, can cause serious injury. DO NOT
crank a machine by pulling on the drive belts.

@ Heat sinks are at an electrical potential. DO
NOT short heat sinks to each other or to the
machine side frame.

e Always unplug machine power and wait ONE
FULL MINUTE before attempting repairs or
adjustments in the power supply area.

e Voltages developed in the resonant circuit of
regulating power supplies are apt to be much
greater than the line voltages.

o Follow the specific safety precautions that ac-
company many of the adjustment procedures
in this manual.

Be aware that an 1/0O device motor and/or clutches
can operate unexpectedly. Conditions that could
cause this are:

e Program commands.

o Loss of dc voltage to a machine, gate, board or
chassis, card, or pin.

e Rempving or.inserting a card or cable.
el “

b~
e Probing and accidentally shorting a pin.

Equipment Safety
Electrical

Always replace blown fuses with fuses of the same
type and rating. Using fuses of a different type or
higher rating could result in component damage.

Remove power from the machine before replacing
logic cards, magnets, or solenoids. Failure to do
this could result in damage to the card being re-
placed or to other cards in the net.

Mechanical

Do not operate the machine under power with units
disassembled, removed, or maladjusted. Keep tools
clear of the mechanism when the machine is oper-
ating under power.

CAUTION: Do not use IBM cleaning fluid on
plastic parts.
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LEGEND

Negator inverts

Ready logic on positive

Ready 'N' (not)
[

logic diagrams

] C A and B must
8 A be active for C
S to be active
D
(] D or E active
OR F
E causes F to
— be active
ﬂl Amplifier
Latch Name
Set On Output
FL
Reset Dup, Off OQutput

ALD Location

Trigger Name

ALD Location

Input to O
bit only

— 0 l 04
Input bus to

all bits
-;x
Gate |

Reg
Name

ALD

Loc /

Indicators

Flip flops or flip

On Output ™ latches that are

shown on another
diagram

»
Off Output

Parity Check
on Bus Line

Parity Generator
(Correct parity is
generated.)

There are eight latches
in register (O through 7)

All bits transfer out

Only bit 7
,transfers out

|7 rd

Register Reset

A DC Set
B GateOn |_On Output
C Set {clock FF

D |Gate Off 1 Off Output
E DC Reset —
Two ways to turn FF on: Two ways to turn FF off:
1. B and C active 1. Cand D active
2. A active 2. E active

Offpage

| > ’ Connector

X-X Special Reference

(RPQ-xxx) for RPQ Circuits

:

o
/0

Interface
Connector

Indicator

On page
Connector

On page
Connector

Joining Lines

Lines cross over
but do not join

Eight lines on

(0-7) bus bits 0, 1,
2,3,4,5,6,
and 7

Boolean Algebra Symbols
» In a line name means AND
+ In aline name means OR

(xx - - - x) Indicates a line name that
does not exist as an actual
ALD name, but used to bet-
ter explain the function of
a line or block

V

ALU
Arithmetic Logic

Unit (in the CPU)

2.5 us Singleshot A
positive shift
on C causes a
2.5 us shift on
D

Exclusive OR
Either Aor B
A must be active
C for C to be
B - active, but if
both are active
or neither active
C will be inactive

Indicates a shift is required after
the gate pulse is present.

P = positive shift required

N = negative shift required

T T

FD202

‘Print’

Decision Block on
a F|owghart
(Asks a question.)

Indicates the func-
tion described can

be found in the ALDs
on this page

Processing Block on
a Flowchart

Single quotes in the
block indicate a line
name, flip latch, or

flip flop name

Keying Operation on
Flowchart

Terminal on a
Flowchart

Note o a
Flowchart

Refers to another
Flowchart

vii



ABBREVIATIONS

A Ampere )

AAR A Address Register

. Alternating Current ..

ALD Automated Logic Diagram

ALU Arithmetic and Logic Unit

Arith Arithmetic =~

ARR Address Recatl Register

ASCII American Standard Code for
Information Interchange

ATT Address Translation Table

AUX Auxiliary

BAR- B Address Register

BCD Binary Coded Decimal

BSCA Binary Synchronous Com-
munications Adapter

BSCC Binary Synchronous Com-
munications Controller

CB Circuit Breaker
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INTRODUCTION

IBM SYSTEM/3 MODEL 15D

The System/3 Model 15D provides a greater pro-
cessing speed and greater disk storage than pre-
vious Model 15s. The processing speed is increased
by accessing storage twice during instruction (1)
cycles. The addition of the 3344 DSA provides the
greater disk storage.

The various configurations of the System/3 Model
15D provide complete unit record type functions
including card reading, punching, interpreting,
collating, reproducing, summary punching, com-
puting, and printing. In addition, magnetic tape
and disk storage drive removable disks offer
practically unlimited data storage growth.

A minimum configuration of Model 15D consists
of a Fast l-cycle processing Unit (96K bytes of
storage}, a 3277 Display Station Model 1 with a
keyboard (feature no. 4632), a 3340 Direct Access
Storage Facility, a 1403 Printer, and one of the
following: 5424 MFCU, 2560 MFCM, 1442 Card
Read Punch, or 3741 Data Station (cardless
systems).

The 3277 Display Station Model 1 with the key-
board (feature no. 4632) is called CRT/keyboard
in this manual.

Introduction
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IBM SYSTEM/3 MODEL 15D (continued)

The System/3 Model 15D operates in a multi-
programming environment without the Model 10
Dual Program Feature. The CPU has the same
basic instruction set, cycle time, and access time
as other System/3 models.

Features include:

® MOSFET (metal oxide semiconductor field
effect transistor) monolithic storage with ECC
(error correction and checking) for CPU main
storage.

® Maximum of 512K bytes of storage available.

® Write/fetch storage protection (for CPU cycles
only) in 2K-byte segments. This feature is used
by the supervisor to keep user programs from
interfering with each other or with the super-
visor.

® Three additional instructions to control multi-
programming and other new enhancements.

® Address translation capability to address main
storage above 64K.

® Four additional interrupt levels.

® Operation end interrupts for all input/output
devices.

® Provisions to mask off (inhibit) all interrupts
except program check.

® Privileged mode of operation. Privileged in-
structions are executed only by the system
control programming.

® Program check interrupt to prevent a hard stop
for invalid storage or device address, invalid
operation code, storage protection violation,
and privileged mode operation error.

® Complete overlap of all 1/0 operations without

data overrun errors.

® A two-byte disk data channel to reduce CPU
burden (1/0 cycle steals) during data transfer.

® An internal timer to provide time-of-day services.

® Unit record restart to allow program detection
of an 1/0 device not-ready to ready transition.

& Fast l-cycle processing unit (Model 15D)
increases execution rate of instruction cycles.

System Control Programming
Multiprogramming

One user program can reside in each of the
System/3 Model 15 program partitions. The pro-
grams then share the CPU facilities, thus reducing
the time that the system is in a wait state.

Program partition priority is controlled by the
supervisor. All programs operate with interrupts
enabled; when an interrupt occurs, the supervisor
gains control, processes the interrupt, and gives
control to the highest priority partition that is
in a ready state. The high priority partition gives
up control when it encounters a condition that
prevents further processing. The supervisor takes
control away from the low priority partition at
the completion of an event for which the high
priority partition is waiting.

1/0 Devices

ol -

|

3277 Display Station/Keyboard

The CRT/keyboard used on System/3 Model 15 is
composed of:

® An IBM 3277 Display Station Model 1 cathode
ray tube (CRT) screen.

® A 78-key operator console keyboard.

The CRT/keyboard is the operator/system com-
munication device for Model 15, and is required
on every system. It attaches directly to the CPU
and is on the system table top. The operator uses
the CRT/keyboard for inquiry, secondary output,
limited key entry of data, and operator/program
interaction,

The CRT displays 480 characters (12 lines of 40
characters each) and supports a 64-character set
(36 alphameric characters, 27 special characters,
and a blank). The keyboard is a movable 78-key
EBCDIC (Extended Binary Coded Decimal Inter-
change Code) keyboard that has 45 alphameric
keys, 21 control keys and 12 program function
keys. The CRT displays each character as it is
keyed.

IBM 3284 Printer

The 3284 Model 1 Printer can be attached to Sys-
tem/3 Model 15 as an auxiliary printer.

The primary use of the 3284 is to obtain hard copy

output of system messages that appear on the CRT.

The 3284 can also be used for low volume output
of other programs.

The 3284 Printer uses a matrix print head and pin
feed platen, and prints 40 characters per second.
It uses a character set of 64 EBCDIC characters
and can produce print lines of 120, 126, or 132
print positions.

1-2

IBM 2501 Card Reader

System/3 Model 15 supports the IBM 2501 Card
Reader Models A1 and A2. Models A1 and A2
read 80-column cards at a maximum rate of 600
and 1000 cards per minute, respectively. The card
image feature is available; however, it is supported
only by the Basic Assembler.



1/O Devices (continued)

IBM 2560 Multi-Function Card Machine

The IBM 2560 Multi-Function Card Machine
(MFCM) is an 80-column card device available
in two models; Model A1 and Model A2. The
MFCM can:

o Read cards from either of two hoppers. Model
A1 reads 500 cards per minute; Model A2 reads
310 cards per minute.

e Punch cards at 160 columns per second (Model
A1) or 120 columns per second (Model A2).

e Print on cards (Model A1 with optional print
feature) at 140 positions per second.

® Stack cards in any of five stackers (Model A1)
or four stackers (Model A2).

The MFCM can be used to match records within
two files, merge two files, select records, or sort
card files.

IBM 3340 Direct Access Storage Facility

The IBM 3340 Direct Access Storage Facility
provides the IBM System/3 Model 15D with a
maximum of 205 megabytes of direct access stor-
age. The system requires at least one 3340 Model
A2 and can also be equipped with either a 3340
Model B1 or B2.

Two, three, or four drives can be attached to a
single system in the following configurations:

Total Total
Configuration Number Capacity in
of Models of Drives Data Bytes
1 3340 Model A2 only 2 102,924,288
1 3340 Model A2 and
1 3340 Model B1 3 154,386,432
1 3340 Model A2 and 4 205,848,576

1 3340 Model B2

Each 3340 drive contains the mechanical and
electrical components needed to house, load, filter,
and drive a 3348 Model 70 Data Module. The
3340 Model A2 also provides logic and power for
all the 3340 drives.

IBM 3741 Data Station Models 1 and 2
IBM 3741 Programmable Work Station
Models 3 and 4

The System/3 Model 15 supports all four models
(Data Station Models 1 or 2, or the Programmable
Work Station Models 3 or 4) of the 3741. The 3741
(all models) is a standalone device with one opera-
tor station, which has one keyboard unit, one dis-
play unit, one or two diskette units, and a control
unit. Models 2 and 4 are alsc equipped with the
binary synchronous communications adapter.

The 3741 can be used online as a diskette input/
output device or offline to perform such 3741
functions as data entry, communications, and as

a programmable work station (Models 3 and 4
only). In the online mode, the 3741 keyboard

is inoperative except to take the 3741 offline. Data
transfer between the 3741 and the system is always
between the system and the diskette, never be-
tween the system and the keyboard/display screen.

A 3741 Model 1, 2, 3, or 4 is required on all
415D cardless systems (channel terminate fea-
ture installed).

IBM 3344 Direct Access Storage

The 3344 Direct Access Storage Model B2 is a
two-drive unit that attaches to the 3340 Direct
Access Storage Facility Model A2 on the 5415
Mode! D. There is a 3344 data module perma-
nently mounted within each drive. The disk
surfaces and read/write heads are sealed within
each 3344 data module.

The two drives of a 3344 provide approximately
407 million bytes of direct access storage.

Introduction
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1/O Devices (continued)

I1BM 5424 Multi-Function Card Unit

The IBM 5424 Multi-Function Card Unit (MFCU)
is a 96-column card device that:

e Reads or feeds cards from either of two hoppers.
e Punches cards.
o Prints on cards.

o Stacks cards in any of four stackers.

Two models of the MFCU are available. Model A1
reads 250 cards per minute and punches or prints
60 cards per minute. Model A2 reads 500 cards
per minute and punches or prints 120 cards per
minute.

The MFCU is controlled by the 5424 attachment
and the processing unit. The MFCU combines the
functions of a card reader, collator, card punch,
sorter, and interpreter. All multifunction opera-
tions, except sorting, can be performed in a single
pass through the machine; sorting requires multiple
passes.

IBM 1442 Card Read Punch

An IBM 1442 Card Read Punch Model 6 or Model
7 can be attached to the System/3 Model 15 to
provide 80-column card reading and punching.
Model 6 reads 300 cards per minute and punches
80 columns per second; Model 7 reads 400 cards
per minute and punches 160 columns per second.
The 1442 can perform the following operations:
e Read

e Punch with no feed

o Punch and feed

@ Stack cards in either of two stackers

o Read column binary (card image)—supported only by the Basic
Assembler program.

1BM 3410 Magnetic Tape Unit

The 3410/3411 Magnetic Tape Units read and
write half-inch magnetic tape. The 3410 is a tape
unit only; the 3411 is a tape unit and a control
unit in the same frame. From one to four tape
units can be attached to System/3 Model 15.

The 3410/3411 Models 1, 2, and 3 have data rates
of 20, 40, and 80 kilobytes per second, respectively.
All units in a magnetic tape system must be the
same model. Recording density can be 800 or

1600 bits per inch (bpi) for nine-track tape, or 200,
556, or 800 bpi for seven-track tape.

Both the 3410 and 3411 are desk high units with
tape reels mounted horizontally rather than verti-
cally. A transparent sliding cover provides easy
access to the tape reels.

Each 3410/3411 tape unit must be equipped with
a special feature that specifies the read/write for-
mat desired. The features are single density, dual
density, and seven-track. Dual-density and seven-
track features cannot be installed on the same sub-
system.



1/0 Devices (continued)

IBM 1403 Printer
Model 2 and Model 5

IBM 1403 Printer Model 2, Model 5, and Model N1

The IBM 1403 Printer (Model 2, 5, or N1) is required on every
System/3 Model 15. It is attached via an IBM 5421 Printer Con-
trol Unit. Each model produces a 132-print-position line. The
character set can be expanded from 48 characters (basic) to as
many as 120 characters if the universal character set special
feature is used.

Note: The Models 2 and 5 require an interchangeable chain car-
tridge adapter special feature for installation of the universal
character set.

Various type fonts, styles, and character arrangements are avail-
able.

The 1403 printers use a type cartridge with 240 characters. The
standard 48 character set is repeated five times on the cartridge
to permit the following throughput (singie line spacing):

Model 2 — 600 lines per minute
Model 5 — 465 lines per minute
Model N1 — 1100 lines per minute

Sloc

The Serial Input/Output Channel (SIOC) allows
attachment of the same devices as on the System/3
Model 10, such as 1231, 1255, 1419, etc.

BSCA

System/3 Model 15 supports the same communi-
cations capabilities that are presently available on
the System/3 Model 10. One or two binary syn-
chronous communications adapters (BSCA) are
available to allow synchronous communications
transmission rates from 600 bps to 50,000 bps.
Communication with other IBM processors as well
as with batch and interactive terminals is possible
with BSCA on both point-to-point and multipoint
basis. The EIA Local feature permits attachment
of local CRT clusters and other bisynchronous
terminals without the addition of modems and
data communication lines.

IBM 1403 Printer Model N1

Display Adapter

The display adapter provides control and 1/0
channel interfacing for the 3277 Display Station
and 3284/86/88 auxiliary printers without the
requirement of a 3271 Control Unit and a remote
communications line. Each terminal connects
directly to the display adapter via a single coaxial
cable. The terminal may be located up to 2000
feet from the system.

The display adapter interacts with the program
like a BSCA device (EBCDIC only, point-to-point
nonswitched). Up to 30 devices, display stations,
or printers can be used.

This feature cannot be used with BSCA-2. When
installed, it uses the BSCA-2 channel address,
interrupt level and cycle steal priority.

LCA (Local Communications Adapter)

The LCA provides a directly connected binary syn-
chronous communications adapter on System/3
Model 15 and allows the attachment of 3741

Model 2 without the use of modems. Also, a direct
connection to 3271/3275 provides limited function
local CRT attachment. The LCA feature is a sim-
plified, reduced function BSCA similar to the exist-
ing BSCA-1 on the System/3 Mode! 10. Attached
devices must have a BSCA feature with a point-to-
point nonswitched network, EBCDIC transmission
code, and a local EIA data set interface. A data
rate of 2,400 bps is standard.

MLTA (RPQ)

The multiple lire terminal adapter (MLTA) pro-
vides attachment capability for IBM’s low-speed
start/stop terminals. MLTA allows attachment of
one to eight communication lines with multiple
terminals per line. Transmission speeds are 134.5
bps to 1200 bps. Terminals may be attached on
an unlimited, limited, or in-house basis.

BSCC (Binary Synchronous Communications
Controller)

The BSCC permits the IBM System/3 to function
as a point-to-point or a multipoint processor
terminal. One or two BSCC lines are available and
each line handles 127 3270-type devices. The
BSCC lines allow synchronous communications
transmission rates from 600 bps to 9,600 bps.
The BSCC operates with EIA, 38LS, or DDSA
modems; or the EIA local teature permits attach-
ment of a cluster of local terminals without the
use of modems ar data communication lines.

Channel Terminate Feature

The channel terminate feature terminates channel
bank 1 on 5415D cardless systems. The card 1/0
board (01A-A3) is replaced by the channel ter-
minate board which has two MST line terminator
cards installed in locations U2 and U3.

A directly attached 3741 is required on ail 5415D
cardless systems. The 3741 becomes the APLD
(alternate program load device).

Installation of the channel terminator feature
does not prevent attachment of the 2501 as a
card input device.

System Maintenance

The primary sources available for failure detection
and isolation are the diagnostics and Maintenance
Analysis Procedures (MAPs) used in conjunction
with one another. The System/3 also logs certain
errors in storage to assist with failure analysis. All
this is described in the diagnostic user’s guide.

This manual provides theory, major operation
objectives, data flow, and conceptual positive logic
diagrams for learning the system, then as an aid to
finding a machine failure using the MAPs.

Scheduled Maintenance

Every 6 months:

1. Check filters visually and replace if neces-
sary.
2, Check cooling fans for proper operation.

1/0O scheduled maintenance procedures are in the
maintenance manual for each 1/0 device.

Introduction 5415 TMD
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5415 PROCESSING UNIT (CPU)

Introduction

The IBM 5415 CPU contains the facilities for
addressing storage, arithmetic and logical pro-
cessing of data, sequencing instructions, and
controlling the transfer of data between main
storage and attached input/output devices. The
basic unit of information is the byte which
represents one alphabetic, numeric, or special
character. In arithmetic operations, a byte
contains one numeric character and a zone.
The low-order byte contains the sign in the
zone portion. Bytes may be handled separately
or grouped together to form fields.

The CPU main storage (MOSFET technology) is
available in 96, 128, 160, 192, 224, 256, 384 and
512K byte capacity. Since the System/3 data

path allows addressing only 64K of main storage,
an address translation table (ATT) is used. Through
use of the ATT, the 512K of main storage can be
addressed.

[EM .3

e

The supervisor program uses storage protection to
protect main storage in 2K-byte segments. Write
protect prevents one user program from writing
over another user program or the supervisor pro-
gram. Fetch protect prevents an unauthorized
user from accessing data.

The CPU main storage unit read and write cycle
time is 480 ns each. There is calculation time
between the read/write time providing a basic
machine cycle (read/compute/write) time of
1.52 us.
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Interrupts allow the system to make optimum use
of the 1/0 devices, to handle program checks, and
to execute data handling routines. An interrupt
that originates at an 1/O device signals operation
end or requests special attention from the CPU.
Generally, an interrupt means that the CPU must
interrupt a current instruction sequence, perform
an intervening instruction sequence, and return
to the interrupted program.

The CPU has direct control over the 1/0 devices
attached to it. Program instructions that determine
which operation is performed (read, write, etc.) and
which unit is to be used test and initiate 1/O opera-
tions.

The CPU is avaitable for processing during most of
each 1/0 operation even though many devices may
be functioning simultaneously. This overlap of 1/0
operations and CPU processing is made possible by
a cycle steal capability by which an /O device,
while performing an 1/O operation, breaks into the
main program and uses enough cycles to transmit
the bytes that are immediately available. For
example, when reading a row of data from a card,
that data is placed in the proper storage location
during 1/O cycles. The main program then con-
tinues processing qntil the next row of data is avail-
able. Thus, the cycle steal capability provides the
benefit of a buffer without sacrificing storage cap-
acity or requiring a special buffer. When the oper-
ation end interrupt occurs, the CPU executes the
program for handling the data just read from the
card.

Step-by-step data processing is controlled by regis-
ters (op register, Q register, and condition register)
that contain the operation code for the instruction
being performed and the additional information
required to execute the instruction.

The arithmetic and logical unit (ALU) performs
calculations within the CPU. The CPU routes all
data to be processed through the ALU, which is
capable of performing the desired action.

In the CPU, odd parity is provided for all bytes of
data to provide a means of validity checking. As
the data is transferred throughout the CPU, parity
circuits check for correct data transfer. As data is
changed within the ALU, the parity of the result-
ant byte is determined by a second ALU (check
ALU) and the generated parity is then checked at
the ALU latched output.

In addition to parity checking, as the program is
executed, the CPU checks each operation code to
ensure that it contains a valid instruction.

Only the supervisor program can execute certain
CPU instructions (privileged mode) unless the CPU
is in Model 10 mode. A program mode register
(PMR) controls this Model 10 mode as well as other
CPU functions. There are nine such registers, one
to control each program level.

Fast I-Cycles

The execution rate of instruction (1) cycles is in-
creased in the 5415D by accessing storage twice
(two instruction bytes) during a 1.52 usec machine
cycle. A four byte instruction (1-Op, 1-Q, I-H1, and
I-L1 cycle) previously taking four machine cycles
to complete now requires only two. See simplified
timing diagram for relationship between pre-
vious 1 cycle processing and fast | cycle operation.
To access storage twice during a single machine
cycle, a two-byte |AR update in parallel with each
storage fetch is required. This two-byte update is
accomplished by adding a 16-bit auxiliary ALU.
The aux ALU is also used to flush data from
storage to the proper register on all fast | cycles
and to perform base displacement operations
during I-X cycles.

Previous Rate |—1.52 us —4

Instruction Cycle

—
|,____

Storage Fetch

IAR Update
Fast | Cycle Rate
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Certain CPU operations must be performed at
normal processing speed. For those operations,
the last half of each | cycle is followed by an idle
or dummy half cycle. For example, a dummy half
cycle is taken following the last | cycle of a 3 or
5 byte instruction. During this half cycle, the pro-
cessor is idle with no storage fetches or IAR
updates. One exception is the IR cycle of a
command format instruction which extends over
the entire machine cycle.

Those operations that require normal processing
speed include:

1/0 and Halt instructions

The last cycle of a 3 or 5 byte instruction

Certain time dependent diagnostic programs

Cycles during which program checks occur
Refer to the instruction cycle diagram on page

5-2 for the | cycle, dummy half cycle, and
machine cycle relationship of all instruction types.

1-Op 1-Q |-H1 I-L1
- -
|.___

Instruction Cycle 1-0p L —.'-EJ—I—UJ
Storage Fetch | { { {
IAR Update — — —




5415 PROCESSING UNIT (Continued)

Data Flow

Data flows serially through the machine in 8-bit
bytes plus one parity bit through ALU and aux
ALU. The output from ALU and aux ALU is
gated and distributed to the remaining functional
units of the machine.

i-Cycle Operation

The aux ALU receives data from the local store
registers (two-bytes wide) or the SDBO (one-byte
wide) and can either pass the inputs directly
through aux ALU unchanged or combine them
with an ADD or AND function. Data passed
directly through can be incremented by +1 if the
carry in signal is active.

The auxiliary ALU output is gated to the local
store registers, condition register, Q register, and
op register. Refer to section 5 for a detailed
description of each i-cycle operation.

E Cycle Operation

The ALU receives two bytes of data and combines
them in parallel into one byte. ALU performs

decimal add and subtract, binary add and subtract,

and logical AND and OR operations. All data to
the ALU comes from the A and B registers, and
the output is the contents of B modified by the
contents of A.

Output of the ALU is available to the |/O attach-
ments on the data bus out (DBO) in one of two
forms: either translated from EBCDIC to System/
3 card code, or straight from the ALU. If data is
transferred to or from a disk drive, two bytes of
data can be transferred: one through ALU, the
other through the extended channel. The ALU
output is also available for entry into main stor-
age, to the op and Q registers for instruction de-
code, to the condition register (CR), and to the
local storage registers (LSR) for temporary
storage.

CPU Timing

The length of the CPU machine cycle is 1.52 us.
Each machine cycle contains a storage read and
an optional storage write time.

Each machine cycle is divided into nine clock
times; clock O through clock 8. Clock 0 and clock
1 are each 200 ns and all of the remaining clock
times are 160 ns. Each clock is divided into 40
ns phases. A clock 9 time, consisting of five phase
pulses (200 ns), is taken each cycle during cycles
of the following operations (1) system reset, (2)
step mode, (3) alter SAR, (4) alter ATT/PMR,
and (5) alter/display storagé with the storage test
switch in its step position.

Parity Checking and Generation

The CPU checks for dropped or extra bits during
data transfer by checking for an odd number of
bits after the transfer. The parity checking (P)
and parity generating (PG) points are shown in
data flow diagram.

Correct ALU output parity is generated. After
the data leaves the A and B registers, it can bé
altered by the decimal and binary complement
circuits, the ALU, the decimal correct circuits,
and the sign control circuits. The parity changes
caused by all these make it necessary to generate
parity for the ALU output.

Unit Check

Unit check handling of testable indicators is con-
trolled by programs. Restart procedures are con-
veyed to the operator by programmed halt opera-
tions, halt identifiers displayed on the console, and
recovery/restart procedure listings.

Errors

The types of CPU errors are Processor checks and
Program checks.

o[ e o Toan [ wone e 208 oo [sowo o [ oo [ v [ avs] 28 or] o Tt [ [ e
1/O LSR Select Check (page 2-40)
LSR Parity Check {page 2-31)
(SAR/ATT) CPU SAR Check {page 2-57
Memory SAR P Check (page 2-57)
SDBI Check (3-13)
SDBO Check (3-13)
Carry Check {(page 2-19)
Channel /O DBI P Check (page 4-130)
Check Lamp A-B Register P Check (page 2-22)
PB121 ALU P Check (page 2-18) Processor Check
(CPU DBO) DBO P Check (page 4-125) OR Causes the processor
OP-Q Register P Check (page 2-44) to stop for operator
DChanne! /0 Check Channel DBO P Check (page 4-120) intervention.
4-100 {(not) 1/O Check Sw Run A Invalid Address (page 2-58)
(STOR PROT) Address Violation Check (page 2-58) * Ol
Privileged Op Check (page 2-43) )I(~
Invalid Op Check (page 2.43) '8 ol
(INV Q) Invalid Device Address Check (page 4-120) \ @ E—(
interrupt 7 Enabled T
2-46
Program Check
OR
Handled by an error
routine and allows
other user programs
to continue.
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Processor Data Flow
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Machine Language (Part 1 of 5)
Number Systems

To understand the operation of the CPU, it is
necessary to understand the number systems and
character codes used. Accordingly, the following
topics discuss the decimal, binary, and hexadec-
imal number systems.

Decimal Number System

The decimal number system has ten symbols: O,
1,2,3,4,5,6, 7,8, and 9. The base of the system
is 10.

Counting starts in the units position with 0 and
proceeds through the next nine symbols. When 9
is reached, there are no more symbols; therefore,

a 1is placed in the position to the left (tens posi-
tion) and the count resumes with a 0 in the original
position:

Units Position

O NOOO A~ WN—O

9
Tens 10
Position 11
12

and so on

Continuing the count, it takes one hundred one
numbers {count began with zero) before a third
position (hundreds position) is required to express
a 3-digit number. Similarly, it takes one thousand
one numbers before a fourth position (thousands
position) is required to express a 4-digit number.
Because of the role that the powers of 10 play in
the representation of a number, {10 unique
symbols), 10 is said to be the base of the decimal
system.

A number is made up of coefficients defined by
the power of their position. Each coefficient is
multiplied by a power of 10 and some number
from 0 to 9. For example, the number 123 breaks
down as follows:

(1x102) +(2x 10" + (3x 109)

l——‘ 3 units

20 tens

100 hundreds

123

Binary Number System

The binary number system has two symbols: 0 and
1. The base of the system is 2.

Digital computers use binary circuits and binary
mathematics. The binary, or base 2 system, uses
two symbols, 0 and1, to represent all quantities.
Counting is started in the same manner as in the
decimal system, with O for zero and 1 for one.
The number 2 is expressed by placing a 1 in the
next position to the left and starting again with O
in the original position. Thus binary 10 is equiva-
lent to 2 in the decimal system. Counting con-
tinues with a carry to the next higher order
every time a 2 is reached instead of every time a
10 is reached. Counting in the binary system is as
follows:

Binary Decimal Binary Decimal

0 0 110 6

1 1 111 7

10 2 1000 8
11 3 1001 9
100 4 1010 10
101 5 1011 11

and so on

The 1's and 0’s of a binary number represent the
coefficients of the ascending powers of 2. To il-

justrate, assume the binary number 1111011; the
number is expressed as:

x28+ (1 x2D)+(1x2H+(1x23) + (0x29)
+ax2M+(1x29

The various terms do not have the meanings of
units, tens, hundreds, thousands, etc., as in the
decimal system, but signify units, twos, fours,
eights, sixteens, etc. Thus the binary number
breaks down as follows {compared with decimal
equivalent):

Binary Decimal
1111011 123
| | L—— 3 units
1 units 20 tens
2 twos 100 hundreds
0 fours
123
8 eights
16 sixteens
——— 32 thirty-twos

—— 64 sixty-fours

123

Hexadecimal Number System

e System has 16 symbols: 0,1, 2,3,4,5,6, 7,
8,9,A,B,C, D, E,andF.

e Base of system is 16.

e System is shorthand notation for binary num-
bers.

e Four binary bits are represented by one hexa-
decimal symbol.

e Byte isrepresented by two hexadecimal sym-
bols.

Binary numbers have approximately 3.3 times as
many coefficients as their decimal counterparts.
This increased length presents a problem when
talking or writing about binary numbers. A long
string of 1s and Os cannot be effectively spoken or
read. A shorthand system is necessary, one that
has a simple relationship to the binary system and
that is compatible with the basic 8-bit byte used in
the CPU. The hexadecimal number system meets
these requirements.

Counting is performed as in the decimal and binary
systems. When the last symbol (F) is reached, a 1
is placed in the next position to the left and count-
ing resumes with a 0 in the original position, as
follows:

0 10 20 A0
1 11 21 Al
2 12 22 A2
3 13 23

4 14

5 15

6 16 and so on
7 17

8 18

9 19

A 1A 9A

B 1B 9B

C 1C aC

D 1D aD

E 1E 9E

F 1F 9F

One hexadecimal symbol can represent four
binary bits. Hence byte, can be represented by two
hexadecimal symbols. The relationship between
the hexadecimal, binary, and decimal systems is
as follows:

Hexadecimal Binary Decimal
0 0000 0
1 0001 1
2 0010 2
3 001 3
4 0100 4
5 0101 5
6 0110 6
7 0111 7
8 1000 8
9 1001 9
A 1010 10
B 1011 11
C 1100 12
D 1101 13
E 1110 14
F 1111 15

It is important to remember that four binary posi-
tions are equivalent to one hexadecimal position.

Hexadecimal numbers are represented in the same
manner as decimal and binary numbers, except
that the base is 16. The terms of the number
represent the coefficients of the ascending powers
of 16 as in the following example of the hexa-
decimal number 257 (decimal equivalent equals
599):

257 - (2 x 162) + (5 x 161) + (7 x 169)
=(2x256)+(5x16) +(7x 1)
=512+80+7
=599
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Machine Language (Part 2 of )
Number System Conversions

In the preceding examples, numbering systems
derive decimal equivalents by multiplying the coef-
ficients of the ascending powers of the base.
Large numbers are difficult to convert with this
method. Simpler methods for converting hexa-
decimal to decimal and back, and hexadecimal to
binary and back are as follows.

Hexadecimal to Decimal

To convert a hexadecimal number to decimal:

1. Convert any term represented by a letter
symbol to its decimal equivalent.

2. Multiply the high order term by 16.

3. Add the next lower order term to the pro-
duct obtained in step 2.

4. Multiply the result obtained in step 3 by
16.

5. Add the next lower order term to the pro-
duct obtained in step 4.

6. Continue multiplying and adding until the
low order term has been added.

As an example, convert the hexadecimal number
273 to its decimal equivalent.

2 7 3

x 16
32
+ 7

39
x 16

234
39

624
+ 3

627

As a second example, convert the hexadecimal
number A78. Converting letter symbols to deci-
mal equivalents yields 10 7 11.

10 7 1
x 16

160
+ 7

167
x 16

1002
167

2672
+ 1

2683

Decimal to Hexadecimal
To convert a decimal number to hexadecimal:

1. Divide the decimal number by 16; the re-
mainder of this first division becomes the
low order term of the final answer.

2. Divide the quotient (obtained from the first
division) by 16; again the remainder becomes
a part of the final answer (next higher order
term).

3. Repeat steps 1 and 2 until the quotient is
less than 16. This final quotient is the high-
order term of the final answer.

4, Convert any term between 10 and 15 to its
hexadecimal letter-symbol equivalent.

For example, convert the decimal number, 471 to
hexadecimal:

29 1 0
16 [471 16 29 16[1—1 D 7
32 16 T
151 13
m
7

answer = 1D7

Hexadecimal to Binary and Binary to Hexadecimal

Hexadecimal O through F, which have the decimal
values of 0 through 15, respectively, are repre-
sented in the binary system by four binary bits.
To convert a hexadecimal number to its binary
equivalent, express each term in its equivalent
four-bit binary group. To convert binary num-
bers to hexadecimal numbers, reverse the process.

For Example:

Hexadecimal: 3 7 B 1
Binary: 0011 0111 1011 0001

Hexadecimal: A 6 5 F
Binary: 1010 0110 0101 1111

Data Formats

The basic unit of information in the CPU is the
byte. Each byte is eight bits or two hexadecimal
characters long. An additional bit (P bit) is added
to each 8-bit byte to maintain odd parity. The bit
structure of a byte is:

Zone Numeric

Bits |[P|0|1]|2{3]|4]|5]|6]7

Each main storage address location contains one
byte of information. Therefore, each time main
storage is addressed a full byte is read from stor-
age.

Each byte is divided into two parts. Bits4 to 7
represent the numeric portion of a character and
bits O to 3 represent the zone portion. Therefore,
a byte can represent numeric, alphabetic, or special
characters. These characters are expressed in
EBCDIC (Extended Binary Coded Decimal Inter-
change Code).

When used as a numeric quantity, each byte con-
tains one numeric digit in bits 4 to 7 with the sign
of the entire field contained in the zone portion
of the low-order byte. The zone portion of the
rest of the bytes in the field contain the EBCDIC
for a numeric digit (hex F). The EBCDIC for plus
is hex F and for minus hex D. Internally, the CPU
also recognizes the ASCIH-8 (American National
Standard Code for Information Interchange) for
minus {hex B} but changes it to EBCDIC in the
result field of a decimal operation. The CPU
considers any other zone combination to be

plus (BA and A).

A B-zone punched over the units position of a
field indicates a minus field to the CPU. A plus
field contains no zone punch. This chart shows
conversion for EBCDIC and card code.

EBCD|C 0123 1100 | 1101 1 1110 | 1111
Bits
Zone

4567 | Digit\\Pch | BA B A

Punch
0000 )
0001 1 A J 1
0010 2 B K S 2
0011 21 C L T 3
0100 4 D M U 4
0101 4 1 E N V 5
0110 42 F 6] W 6
0111 421 G P X 7
1000 8 H Q Y 8
1001 8 1 | R Z 9

*Card Code for Numeric Zero is A Only

The maximum length of a source field is 16 digits
and the maximum length of a result field is 31
digits.




Machine Language (Part 3 of 5)
Instruction Formats

The instruction length is three to six bytes. Bits
0-3 of the operation code determine the type of
instruction and addressing.

The CPU executes three types of instructions.
They are:

® One address instructions.
® Two address instructions.
® Command instructions.

One address instructions address only one field
within main storage and therefore contain one

address. {(The load address instruction contains
the needed data rather than an address.) Two-

address instructions are those instructions that
address two separate fields within main storage
and therefore contain two addresses. Command
instructions are those instructions that do not
address main storage and therefore contain no

addresses

Each instruction has an operation code and a Q
code. Either a control code, or one or two ad-
dresses follow them. Thus, the length of the in-
struction varies from three to six bytes depend-
ing upon the type of instruction and the type of
addressing specified (direct or indexed).

Op Code

Q Code B Field Address

1 Byte 1 Byte Direct - 2 Bytes

A Field Address

Direct - 2 Bytes

Operation Code

The first byte of each instruction is the operation
code (op code). This op code specifies the kind
of instruction, the method of addressing and the

operation to be performed.

The first half byte (bits 0-3) specifies the kind of
the instruction and the method of addressing to be
used.

Indexed - 1 /\\ Indexed - 1 /

Op Code | Q Code B Field Address

1 Byte 1 Byte Direct - 2 Bytes

\ Indexed - 1 /

Control
Code
1 Byte 1 Byte 1 Byte

Op Code | Q Code

Op Code | Number
Bits of Bytes in | B Field A Field
01 23| Address Address Address
o0 loo| 2 Direct Direct
01 : 01 1 Indexed XR1 Indexed XR1
10 : 10 1 Indexed XR2 | Indexed XR2
1 : 1 No address No address
—— 2 - Address
1 - Address
Command

If all four bits of the first half byte are on (all
ones), the instruction is a command instruction.
The bits are grouped in pairs (bits 0-1 and bits
2-3). If both bits in either group are on, the
instruction is a one-address instruction; if neither
group has both bits on, the instruction is a two-
address instruction. If a bit is on in either of the
groups in a two-address instruction or if three
bits are on in a one-address instruction, the address
is indexed. Both bits off in either pair indicates
direct addressing.

The second half byte (bits 4-7) of the op code de-
termines the actual operation to be performed. The
complete instruction set executed by the CPU is
shown in the following chart:

Mnemonic and Operation Q Code Use m Control Code Use
0100 | ZAZ Zero and Add Zoned
0110 AZ Add Zoned Decimai \
0111 SZ Subtract Zoned Decimal
1100 | MvVC Move Characters
1110 ALC Add Logical Characters Field
111 SLC Subtract Logical Characters Length
1101 CLC Compare Logical Characters
1010 | ED Edit
1011 ITC Insert and Test Characters
1000 | MVX Move Hex C! aracter Half-byte Selection
1100 | MVI Move Logical Immediate ; Immediate
1101 cLl Compare Logical Immediate Data
1010 | SBN Set Bits On Masked
1011 SBF Set Bits Off Masked ' Bit
1000 | TBN Test Bits On Masked ’ Selection
1001 TBF Test Bits Off Masked
0100 | ST St~ < Register
0101 L Load Register ' Register
0110 | A Add to Register ) Selection
0010 | LA Load Address
0000 BC Branch on Condition l Branch
0001 TIO Test 1/O and Branch Condition
0000 | SNS Sense 1/0 { Device
0001 LI1O Load I/O Address and
Data Seiection
1110 | scp Store CPU | Register
1M1 LCP Load CPU J Selection
0000 | HPL Halt Program Level Halt identifier {tens) Halt Identifier (units)
0001 APL Advance Program Level Advance Condition Not Used
0010 | JC Jump on Condition Jump Condition Address Modifier
0011 S0 Start 1/O Device Address and Unit Stacker Select, Spacing, etc.
0100 | CcpP Command CPU Function or Feature Action to be Performed
Controlled

N

Q-Code

The second byte of each instruction is the Q-code.
Depending upon the operation specified, the Q-code
is used to further define the instruction m .

Refer to the description of each instruction for
details of its Q-code.

Control Code

The control code is the third byte used in the five
command instructions and contains additional
data pertaining to the command being executed.
Storage Addresses

Instructions in a one- or two-address format use

the third and following bytes for main or register
storage addressing.
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Machine Language (Part 4 of 5)
Addressing

When executing instructions, the CPU uses two
types of addressing; direct addressing and indexed
addressing.

Direct Addressing

Direct addressing requires a two-byte address for
each field or location used by the instruction. For
one-address instructions, the first two-byte address
that follows the Q-code is the address of the result
or destination field (B field). For two-address
instructions, the first address that follows the Q
code is the address of the result or destination
field (B field) and the second two-byte address is
the source field (A field). The BAR (B address
register) maintains the B field address and the
AAR (A address register) maintains the A field
address.

Most addresses given in the instructions are for the
location of the low-order or rightmost digit of the
field. Therefore, the CPU executes the instruction,
processes each digit position, and decrements the
BAR and ARR to address storage in descending
order. An exception is the insert and test char-
acter instruction. The CPU executes this instruc-
tion from high-order to low-order digits and in-
crements the BAR.

Indexed Addressing

Indexed addressing provides the programmer with
a means of changing addresses within a program
without changing the instruction. An indexed
address is a single byte within the instruction.
This single byte is added to the contents of a
two-byte index register to form a new address.
This new address is then loaded into the BAR or
AAR depending upon the address being indexed.

Indexing is used to: (1) execute an instruction
with an indexed address, (2) add a constant to

the index register, and (3} branch to an address to
execute the instruction at a different main storage
location. Thus it is possible to execute an instruc-
tion or series of instructions many times without
wasting main storage.

Two index registers (XR1 or XR2) are available
for indexing. The recognition of indexed
addresses and the selection of each index register
is covered under /nstruction Formats.

Instruction and Execute Cycle

There are two types of machine cycles used in the
internal operation of the CPU. These are instruc-
tion cycles {l-cycles) and execute cycles (A-cycles
and B-cycles).

® |-cycles read out instructions from storage.
® A-cycles and B-cycles execute the instruction.

I-cycles move the instructions from storage to the
various registers used to execute the instruction.
If the instruction does not require additional use
of main storage after the completion of I-cycles,
{such as a branch instruction), the operation is
complete without execute cycles. However,
most operations require the use of data from

one or two main storage fields. Execute cycles
manipulate this data to perform the operation.

The CPU uses two types of execute cycles; A-cycles
to address main storage source fields, and B-cylces
to address the main storage result field. If only

one field is involved with the instruction, B-cycles
address main storage.

Sequential Instruction Execution

@ Instructions are located in consecutive, ascend-
ing main storage locations.

e Instruction address register ({AR) is incremented
by one each instruction cycle.

If computations are performed manually, several
steps can be combined into a single step. For
example, in a payroll operation, all deductions
can be added together in one step. However, the
CPU performs computations in a step-by-step pro-
cedure and must add each deduction into the
deduction total in a separate operation.

Example:

Manual CPU

Federal Tax 17.50 Federal Tax 17.50

State Tax 6.30 State Tax 6.30
Charity 150 Total 23.80
Total Charity 1.50
Deductions 25.30 -
Total
Deductions 25.30

In the example shown the CPU requires three steps.
Since it would be desirable to retain the federal tax
figure, the total deductions are calculated in a
separate location. Therefore, the first step is to
reset the total deduction field to zeros and add the
federal tax into the total deduction field {zero and
add zoned). Then, in separate steps, the state tax
and charity fields are added to the total (add
zoned decimal).

Because of this sequential method of processing
the instructions are in ascending storage locations
in the CPU. Instruction sequence is maintained
by retaining the address of the storage location
in the IAR. The IAR is a two-byte LSR (local
storage register) and is incremented each cycle
so the next ascending storage location can be
addressed.

In the sample program the AR contains the stor-
age location 1000 which is addressed during an
I-cycle. The operation code is read from storage
and loaded into the operation register. The IAR
is incremented by one so storage location 1001
can be addressed during the next cycle. This
process continues until the storage location 1005
has been addressed. The CPU then executes the
instruction. After the instruction execution is
complete, the |AR again addresses storage location
1006 (operation code of next instruction) .

1-12

Zero and
Add Zoned Q Code Address of Total Address of Federal Tax
Operation (Length of Deductions Field Field
Code Two Fields) (B Field) (A Field)
[ 00000100 | | | | ]
Storage 1000 1001 1002 1003 1004 1005
Location
Add Zoned Q Code Address of Total Address of State Tax Field
Decimal (Length of Deductions Field
Operation Two Fields)
Code (B Field) (A Field)
[000001 10 l [ T
Storage 1006 1007 1008 1009 1010 1011
Location
Add Zoned | Q Code Address of Total Address of Charity Field
Decimal (Length of Deductions Field
Operation Two Fields)
Code (B Field) (A Field)
[000001 10 L [
Storage 1012 1013 1014 1015 1016 1017
Location

It is possible to address over 64K positions of

storage with the two-byte address by using the
ATT (address translate table). Refer to page
2-b4 for a complete description of the ATT.

A branch instruction, an 1/O cycle, or an inter-
rupt routine alters the sequential instruction
addressing previously discussed. An 1/O cycle
or interrupt routine always returns control to
the interrupted program and resumes its pro-
gram execution where it stopped; a branch
instruction does not.



Machine Language (Part 5 of 5)

Branching

The CPU can use branching to alter the instruc-
tion sequence. Branching provides flexibility
within a given CPU program. When the program
branches to a different storage location and skips
certain steps, it alters the results of the stored

program. A sample program that contains a

branching operation is shown. In this example,
the company has a stock option plan that per-
mits employees who earn $80.00 or more to
purchase stock. If they earn less than $80.00,
the stock deduction is bypassed.

During the subtract zoned decimal operation, the
CR (condition register) is set to high, low, or equal
depending upon the result. The condition register
is set after all arithmetic and compare operations
but the CR setting varies with the operation per-
formed. For the subtract zoned decimal operation,
the CR is set to low if the result is negative. If
$80.00 is subtracted from the salary field, any
salary of less than $80.00 results in a minus total.

The Q-code bit structure determines the branch
condition for a branch on condition instruction.
In the following example, the branching condition
is a CR low setting. If the CR is set at high or
equal, the next sequential instruction (storage
location 1028) is executed. However, if the CR
which is set at low, the branch-to address (storage
location 1034) replaces the next sequential address
1028.

Subtract Q Code Address of Salary Address of Minimum
Zoned {Length of Field Earnings ($80.00) Field
Decimal 2 Fields)
Operation (B Field) (A Field)
00000111
Storage 1018 1019 1020 1021 1022 1023
Location
Branch On Q Code Branch to Address
Condition (Branch (Storage Location
Operation On CR 1034)
Code Low) (B Field)
11000000 00000010 00010000 |(00110100
Storage 1024 1025 1026 1027
Location
Add Zoned| Q Code Address of Total Address of Stock
Decimal (Length of Deduction Field Deduction Field
Operation 2 Fields)
Code (B Field) (A Field)
00000110
Storage 1028 1029 1030 1031 1032 1033
Location

Interrupt Routines

The 5415 CPU has eight interrupt levels. Five of
these levels are devoted to 1/O devices and three
levels support CPU functions.

The supervisor program, the interval timer, and
the program check interrupt are all assigned an in-
terrupt level which supports the CPU operation.

An interrupt routine interrupts the main program
with a separate program routine. For this reason,
all interrupts except program check interrupts can
occur only at the completion of an instruction.
Program check interrupts occur in the CPU cycle
following the program check.

Interrupts are assigned priorities; the highest in-
terrupt level takes precedence over lower level
interrupts which means it is possible for one
interrupt routine to interrupt another routine of
lower priority. The assigned priority from high to
low is:

Program level 7 Program check
6 Interval timer/Unit record restart
4 SI0C
3 MLTA/BSCC
2 BSCA
5 Op-end
1 CRT
0 Supervisor program

1/0 Cycle Steal

The CPU issues a start 1/0 (SI0) instruction
which starts the /O device. Whenever the 1/0
device reaches a point in its mechanical operation
where it needs data from storage (write, print,
punch) or has data to send to storage (read), the
device requests an 1/0 cycle. The CPU uses two
methods for transferring data to and from the
various 1/O devices: cycle steal and sense/load
during an interrupt routine.

The 5424 uses the cycle steal method of trans-
ferring its data. An |/O cycle request can occur
during any cycle and is granted before the next
CPU cycle. The attachmnet then has complete
control of data flow, LSR selection, and storage
during that cycle.

Since more than one device attachment may
request a cycle at a time, each device is assigned
a cycle steal priority.

Priority

1-2

13-14

15

19-20

Device

Spare
Magnetic Tape
SI0C

Spare

BSCA-1

MFCU Read. Punch/MFCM Read,

Punch, Print

2501 Card Reader
MLTA/BSCC
BSCA-2/Display Adapter
1442 Card Read Punch
MFCU Print

Spare

3340/3344

3741

1403 Printer

3277 Display Station/Keyboard

Spare

Introduction
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PROCESSOR FUNCTIONAL UNITS

CPU CLOCK

A 25 MHz oscillator drives this group of binary
triggers which supply the basic timing pulses for
both the CPU internal operations and the {/O
attachments. There are nine (0-8) basic clock
times. (The CE can force a clock nine for
diagnostics.) Clock times 0, 1 and 9 are each 200
ns long while the remaining clock times are each
160 ns long. All clock times are divided into 40 ns
phase pulses. Clock times 0, 1 and 9 have five
phases (A through E); the other clock times have
only four (A through D).

E> Enable Clock Run

2-6

{not) Trigger B

A
(not) Trigger C OR | — oR
Phase D A

Clock O

Clock 1 OR

25 MHz Osc

(not) Power on Reset

[ > ]

-
cis c19 9TV e 0000000
W_ eesssssssssss
25 MHz Osc m . . X  ee———
Y  =eee—————
Enable Clock Run - —
Trigger Clock Ug—
1 e
2 —_—
3 -
Phase Pulse A j— — p— j— ju— S S_L_—— 4 —
8 [ - - - mn ) | mem | s 5 -
C l\AL - - - - A \, — -— 6 __mmm
D
\ - - — — — ) -t - - | 7 mm
E ) — y \’ 8 -
F AR L 9 -
AR A
w—— - 40ns
——200 ns—|=*— 200 ns 160 ns 160 ns 160 ns—> l«—160 ns = <«— 200 ns —|
Alt SAR/ALlt Dis Storage Step {not) Z Trigger
Step Mode (not) Y Trigger
Sys Rst OR
A Clock O
[ Force Clock 9 — A
e N :
Phase F — KC
E A 122
Clock 1
— A
N ) N L
Trigger A L
l_l Clock 2
N B — A
| l Phase D N
A L
) Clock 3
| — A
Phase B N
S A L
B [ 2 N —
- Clock 4
FF I A
A Sample DBO to Channel S
1
. N ]
| | A Clock 5
* )
* N Phase DE
ase
— A ] Clock 6
oc
] A
KC142
Phase CD
. e
L Clock 7
| A
1
m :‘_] Clock 8
L | 8
] —
N
L_ A Clock 9 2100
\—'|: I—‘ Phase C to Channel c
F lock
orce Clock 9 |_KC1 22 l >
4-100

Processor Functional Units
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[ o=

Reg Bit 4 —
2-41 9
B Reg Bit 5
B Reg Bit 6 OR
B Reg Bit 7 A
L _|
(not) B Reg Bit 6 L
B Reg Bit0 — A
(not) B Reg Bit 5 A B8 Reg Bt 1
——OR — ]
(not) B Reg Bit 4 B RegBit2 | A
B Reg Bit 3

2-2

4-100
EA 4120
FF
KD101

CYCLE CONTROLS (Part 1 of 2) l
15t Operand Index 2nd Operand index
. . 1-Q 1-X 1
This group of triggers, controlled by A
. FF A
the contents of the operation code, FF
determines what machine cycles are A
. A
needed to execute an operation. N OR (not) Op End P
KD101 KD111 2 Address Format A
(not) EA Eliminate
F Force Op End
Trig Rst Trig Rst
2-50 OR
‘SR: Sys Rst #
2-4
a > EA Eliminate
2-3 .
inhibit 1st Operand Direct H P R
. Advance . A
Program Interiock '—'
550 Clock 0 &\ ﬂr A®
IMC> MC Advance t 2nd Operand Direct 4
N -
53 Phase CD l POIEE q .
Allow Half Cycie Ops
AH N
Program Interiock
2-3 *

Command Format

2 Address Format

Trig Rst

EB Cycle

Significance

L T| éEA Eliminate _ﬂ

System Reset
Significant One Address Non-branch
Digit ﬂ Op End
OR
FF OR
Ciock 8 A FF
1-Op Trigger A
KD131 I-Q Cycle |oR KD131

Trig Rst

Op End

4-100

170 Not Console Instruction

OpBit4

{not) Op Bit 5 A FC Instr

Op Bit6

Op Bit 7
1/0 Condition B RAN121
I-X 1Torl-L1
One Address Branch A
EB Trigger S—
Single EB Cycle Instr A

p—
One Address Non-Branch ‘ A OR
(not) First E-Cycle Trigger
| m—

2 Address Format
Q Reg Biank A
{not) Recomple Gate

1/0 Not Console Instruction

__\ —
OR ] OR
Advance Instruction A
JIN}—I
R 1-Q Cycle —
A A
Clock 8

23,216
2-49
2-51

Program Interlock

Recompl Gate 'OR

1st £ Cycle

I-R Cycle

I-R Program Back-up

I-R Cycle to /O

Op End Gate

Q Register Blank

Set Program Interlock (halt instruction)

Significant Digit

X

2-5, 2-6
2-27, 2-4

{0
2-3
2-34



CYCLE CONTROLS (Part 2 of 2)

l R > Q Num Blank —
2-44 A
Dec Instr Recompl Cycle
FC Instruction (fill character) OR EA Eliminate i O>
‘ L > Edit Instr 1 Address Format
EB 5and 6 ;-;O
] A .
241 (not) B Reg 20
[}
L.l KY111
Op End
' N
2-2
N
{not) SAR Address Error (invalid address)
D Significant Digit m '
I_J EB Cycle | A Cl4cp étore Data (BSM write) @
22 ’ Alter Storage Mode (sw) OR! A New Data to Storage ] A FL —
‘—'J KY 111 Clock 8
Store Data Group New POR j OR
SD - KC132
241 1/0 Not CE Mode
Chan Store Data A
SD
4-100
1 Half Cycle Ops
Allow Half Cyc p @
2-2
E\ﬁFast | Cycle
FC
Clock 3 FL Clock 5
K —] OR
239 Clock 4 A Clock 5 BSM Select
Clock 4CD | A
ClockS | —[ |’— — FL i BSM Select
Clock 6 Wait or Sys Rst oR _@
KD131 POR A =
KC142
Dummy Half Cycles KC132
A AR FF
Clock 4B | I Read Call
T A
Ciock 1
?—E} 1 I Phase B
Diag Mode KD131
2 Add | End
Prog Chk
Machine Cycle Step Mode | R KC132
Any 1/0 Instr
1-X1 or {-L1
" Dummy Half Cycles
1 Address Format KD131 \ @
2-39
Addr Matched Light
FL

Op End Clk O

Processor Functional Units
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RUN CONTROLS (Part 1 of 4)

DCSP Request

1/O
5-72 OR 1/0 Cycte Z
Test Mode Clock O FF
25
Process Mode (switch) A 1/O Not CE Test
o— rr:l ‘ {not) Power On Scan oR
LJ KA202 Step Mode (switch)
| P > Process Run Process Run
M/C Advan
v m A vance @
_, 2-2
E>lnitial Memory Scan Request 2-49
2-51
6-4 .
I I N
l J > Enable Clock Run N .__.l A |IPL
26 _]
[ A |File IPL Cycle D
Program Load Key 4-107
5 1/0 Working or Burst T1 m - _ A MFCU IPL Cycle
Ll MFCU IPL (switch) 1442, 2560, or l >
25 L 13741 performs  4-107
IPL if MFCU is
not installed.
Dlnitial Memory Scan Complete oR KA202
System Reset .C_'_O_cﬂ__.—-l
@nitial Memory Scan T2 A T2 Clock 8 {T2>
4
64 Clock O FE 6
N
KA202 A IPL or System Reset Gate D
2-18
A

| E > 1/0 Condition B

4-100

Reset IPL

s

FL

Clock 6

System Reset

OR Sys Rst B
—_——

2-2

Reset {PL Latch l \/>

25



RUN CONTROLS (Part 2 of 4)

Reset IPL Latch

\%
24
Op End Gate
X
53 Stop Key Stop Light Stop Light
FL
System Reset Op End Gate
S K Start Key OR Clock 7 A
tart Rey - Phase CD )
KA222 — (basic start T2) H
Weset Halt Remembered Latch FL
2-7
2-7 Run Pulse @
KA212 Basic Start T1 Process Run 57
Run Pulse OR Process Run
A
Clock 7 FL A 1] P >
Clock 1 24
(not) Any Interrupt Being Serviced
| c ) CR
Clock 6 (not) Test Mode (sw) KA
2-51 A
10 Cycl A
yee (not) | Cycle Comp Run Sw Process Mode (sw)
KA242  Any I Cycle
A Basic Start T2 A
P R |
OR rocess Run to 1/0 lI/OIF>
B_J—_-
N OR Clock 6
{not) E Cycle Comp Run Sw
A
OR
Address Compare (bits 0-15) Clock 2
MSAR Disp Sw | N I - A I KM171 KA212
L_I Address Match Sync Point Clock 0
64K Addr Sw o OR A-B3R2U12 OR
A Display SAR n
MSAR E15 L MA282 \ —_— A
Address Match KA222
OR Adr Match Hi Process Mode A
—_— A I CE Tie Up A-B3R2MO02 )
N FL [ A Wait State
| A System Reset / m w
— OR S 2-20
128K Addr Sw )
9— l KA222
A OR
i —
MSAR E14 To prevent stopping on address 1/O Cycle inhibit Machine Cycle
match, tie up A-B3R2MO02 to Sve R OR
[] ) A-B3U5B02. ys Heset ’ !
L A 1/0 Overlap Switch Off A . Wai Cvel Wi
nable Wait Cycle Enable Wait Cycle
N | OR OR L ]| A D
(not) Process Mode (sw) 26
L]
256K Addr Sw 1/0 Working T1 )
L D U
A FF L. J
MSAR E13 i — A
o—
OR 1/0O Working or Burst T1 B
A *— 1/O Working
‘ Clock 8 KA222 or Burst T2 24
Burst Request (not used) Burst Mode T1 OR A 26
FF
1/0 Working or Burst T2 { £ >
B Chan 1/0 Working A
KA222 26
4-100 22

Processor Functional Units
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RUN CONTROLS (Part 3 of 4)

Alter SAR/Alter Display Step

M/C Step

kN

System Reset/IPL Key

A
Clock 4
Process Mode {CE mode sw)
Clock Step __,
A L Phase CD
0Odd Clock |
Instruction Step _ OR
I-Cycle End N I — I
Clock 8
— N Start
Step Mode Clock
l e > 1/0 Working or Burst T2 ﬂ—ORl Enable Clock Run @
Clock 8 A FL 1
25 System Reset .
— 2-4
KA232
WO Working or Burst T1 rN_I
m KA232
25
[ 2
Start Key Latch
L
Alter SAR/Alter Display Step Key Rel Step
_1 I OR
A N
Clock 9
_— —
Clock Step
E Ciock ! i
ven Cioc A oR
L'U - L‘I Processor Check
Clock 8
M/C Step
A
OR ]
. KA232
tnstruction Step
A
D Op End Gate
2-2
DEnab!e Wait Cycle L P\
2-5
CE Clock Stop
Power On Reset
Clock 8
Phase B I

(not) Any Mode

> ]

2-6



RUN CONTROLS (Part 4 of 4)

{-R Cycle
L.oad Unit Halt Id
Ci5 A
{not) Any Inter Being Serviced A —
1-Op Cycle
Py Load Ten Hait Id
Cci8 A
A 1-Q Cycle
Halt Instr Halt Basic - t+—
Any Interrupt Being Serviced l | FL
° 1Y
251 Load Reg Instr
Q Reg Bit 2 A oR
1-Q Cycle KA212
Clock 8 |_
(not) Processor Mode
Step Mode (sw) Rst Halt
Remembered Reset Halt Remembered Latch
Run Pul OR S Key Latch A i
tart t
|G> un Pulse ey Latc FL 25
25 A Set Program Interlock { B :
Sys Reset OR 72
| H > (Basic start T2) KA212
25

Processor Functional Units
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ALU

The ALU (arithmetic and logic unit) is a multiple
function unit that receives information from the
A and B registers and performs the following
functions with the A and B register data:

The results of each computation are available in
the ALU latches while ALU circuits are starting
the next computation.

Data from the A and B registers, except the P bits,

AND/OR and Test False

The following figure illustrates the AND/OR and
test false functions for a single bit position. Out-
put from the test faise lines sets the CR test

false latch. The output depends upon the presence
or absence of bits in the A and B registers and the

e Logical OR enters the ALU in parallel form and results in a active control line (AND or OR). Use of test
single byte output. Each ALU position (bit 7 false output is discussed with individual operation
e Logical AND through bit 0) consists of a group of AND, OR, descriptions.

® Tests for presence or absence of bits
o Pass B register through

e Pass A register through

e Binary subtract

e Binary add

o Decimal subtract

o Decimal add

The ALU processes a full byte of information at a
time. Register A or B can supply the full byte or
depending upon the operation only one-half
of the byte. The ALU is used four times during
each machine cycle and is loaded each even clock
phase CD time except 0.

and exclusive OR blocks which give the correct
output for the desired function. Because the

output parity is not necessarily the same as the
input, correct parity is generated for the results.

The output from the ALU is sent to main storage,
local storage registers, operation register, Q
register, condition register, and data bus out. The
use of this output is discussed with individual
operation descriptions.

A Register ‘ | |OR A
(Bit? Test False

) OR
AND} A

ALU Bit
7 Latch

B Register
(Bit7
=

The AND function is a bit-by-bit comparison of
the two registers, |f the same bit is on in each
register the output is active. The OR function
output is active if a bit is present in either
register. Outputs available through the use of
the AND and OR control lines are:

B Register ALU B Register B Register
Latches .
X Bit Output is Need same bit
7 same as in both registers
A Register A Register B register A Register for output
i {no controls)
Bit
Clock | 0 I 1and 2 I 3and 4 |5and6 I 7 and 8 l 0
|
Even Not 0 CD IARI Load ALU | - || [ [ R e
1 |1 [ [ [ B Register
I
AV132
Bit in either Output
Compute data 1 and 2 time results Results from previous computation register for same as
from miscellaneous latched in ALU—compute latched in ALU—compute data from A Register output A Register A register
registers. data from main storage. miscellaneous registers (generally

address registers).



ALU DATA FLOW

Dec Instruction

Sign Control
OR [e] t
- Edit Instruction S B}Jtpu -
1gn its Binary Complement A
B Reg KY101 012 3 »
(bits 0 to 3) (bits 0 to 3) Reg
Plus L I | .
~ . Output is binary
Minus 11 0 1 . .
complement of input: ]
) bit in = no bit out: Decimal Complement
{bits 4 to 7) Decimal Complement no bit in = bit out. (bits 4 to 7)
Input Output Output Input
Bits Bits AVI31 AV111 Bits Bits
456 7/a 586 7 AV141 456 7/4 56 7
0000|1001 AV151 Bin Comp A R 1 00 1]0 000
RAT01 000 11000 AV161 0 ~omp A *7e9 100 0/00 01 RAT11
RA111 00 1 0jO0 1 11 011 1(00 10 RA121
001 1{01 10 01 1 0/{0 0 11 RA131
01 0 0|0 1 0 1 01 0 1(0 1 00O
01 0 1]0 1 00O ALU Internal Bits 01 0 0f0 1 0 1
1 Ty T T T T To-T T T T T —
0 1 0|0 O Output is same | 0 1 2 3 4 5 6 7 001101 10
011 1/00 10 00 1 00 1 11
No Controls as B Register 1
1 00 0jO O O 1 —_ Inbut t 000 1/1 000
100 1/0 000 put. L 000 0[1 001
Avi2y. s T T - === A AV111
Output is same as |
Both AND and OR A Reigster [
Dec Comp B Reg ! Dec Comp A Reg
\ If line is inactive, output L :
is same as input. Need same bit in both} i line is inactive,
AND inputs to get an | output is same as input.
output :
oI Carry Controls
Bit in either | Page 2-16
OR input gives |
an output. : Controls carry from
N | " Arith Carry to ALU digit to digit. Bit
to bit carry is inter- OR
Bin or Dec Subtract (Note 1) nal in ALU. :)
Output is figured bit by bit in i
descending order, bit 7 through Internal bits
bit O for binary; bit 7 through 4 4to7 1st E Cycle
for decimal. ~ A
. Dec or Bin Comp A Register
Decimal Correct -
Internal Output Dec Instruction
Bits Bits A
4 5 6 7|4 5 6 7
T 11 1410 0 1 Arith Carry to Bit 3 (decimal) -j
Dec Inst 11104106060 Arith Binary Carry Out
Carry t0 3 | 11 0 1f0 1 11
A 1t 1 0 0/0 1Y 1O
Clock 3C - 6C | 101 1/0 1 0 1 Test False  ( To Condition Note 1:
KY121 101 0[/0 100 ) Register KG121
/ 100 1|00 1 1
‘ _ L 1t 00 0[O O 1 O ALU Inputs Binary or
If not decimal operation, or, if 011 10 0 0 1 L Internal bits (single position) Decimal Subtract
no carry, output is same as input. 011 0/0 000 Oto3 A B Int Test
Reg | Reg | Carry@Carry| Bit False
0 0 [} 0 0 0 0
1 0 0 0 1
0 1 0 0 1
Not 0 CD U
Even No |AR|L°‘30I AL ALU Latches v 0 ! !
0 0 1 0 0
1 0 1 0 1
AV132
AV 142 0 1 1 0 1
1 1 1 1 1

Processor Functional Units 5415 TMD 29



Binary Subtraction

The following figure shows a decimal comparison
between the conventional method of subtraction
and the type of subtraction used by the System/3.

2
Minuend 2 3 2 4
Subtrahend 1 2 4 6
Total 10

Conventional

Minuend (reduce minuend
and borrow by 1 with borrow)
value \
12 14
2 3 2
1 2$3 42 iubctira-
5 en
Carry 1 1 \and
Total 10 7 8 carry
value
System 3

{increase subtrahend
by 1 with carry)

Under the conventional method, whenever it is
necessary to borrow from the next position, the
minuend is increased by 10 in the position where
the subtraction is taking place and decreased by
1 in the position that is borrowed from. For
instance, when subtracting the 6 from the 4 in
the units positions, after borrowing from the
tens position, the units position of the minuend
becomes 14. Because of the borrow, the tens
position is reduced to 1. In this example, another
borrow is necessary so, after the borrow the tens
positions of the minuend is 11; this method
continues to the end of the probiem.

The same result is reached if, instead of reducing

the minuend by 1 after borrowing, the subtrahend

is increased by 1 with a carry. Thus, in the tens
position of the preceding example, the carry
method subtracts 5 from 12 instead of 4 from
11 as in the conventional method.

Binary subtracting is done in the same way except
for the value of the borrows. Because decimal
numbers have ascending powers of 10, a borrow
has value of 10. Similarly, since binary numbers
have ascending powers of 2, a borrow has a value
of 2. The following figure illustrates this by
subtracting the hexadecimal value BF from the
hexadecimal value EB.

Minuend and
borrow value

AN

3 2 3 2
B Reg 11 10 1 0 1 1 Minuend
A Reg 1.0 Y 1) 1 1 1 Subtra-
izl {2 huna
Carry 111 1

ALU Total 0010 1100

EB minus BF

After subtracting the first two positions, it be-
comes necessary to borrow in order to subtract

the third position. This borrow has a value of 2 and

the result of the subtraction is 1. Using the carry
method of subtraction, a carry to the fourth
position gives the subtrahend a value of 2. This
forces a borrow from the next position which,
when added to the minuend, gives a value of 3.
This method continues to the end of the problem.

The minuend enters the ALU from the B register
and the subtrahend enters from the A register.

Subtract ALU
B Register - Circuits Internal Bit 7 Latches
Subtract h
Bit 7
* A Register Carry to 6 Bit 7
Even CD
B Register Internal Bit6 ¢
2
Subtract Bit 6
A Register Carry to 5
Bits 5
through 1
B Register Internal Bit O
Subtréct Bit0
A Register Arithmetic Carry Out
Digit
Carry Carry to next
cycle for 3 and
FF 4 compute time
Temporary
Carry Carry within
i cycle for register
) o
FF modification

The subtrahend is subtracted bit-by-bit, starting
with bit 7 and continuing through bit 0. Carries
from bit to bit are internal but if there is a carry
from bit O it is held in the carry triggers until it is
needed in bit 7. This figure illustrates the subtract
function for a single bit position.

Carry
in "
A
¢ ——
A IORl Carry
A | I Qut
. —
Register
A
L —
OF ALU
Bit 7
A
Latch
S_‘itl”’L_J OE
B
Register

2-10



Binary Addition

Binary addition is accomplished by complemen-
ting the A register and subtracting the result from
the B register. The A register is complemented
when a bit is replaced by a no-bit and a no-bit is
replaced by a bit. In order to get a true comple-
ment, it is necessary to force a carry into the
low-order bit of the first character. For example,
to add the hexadecimal values 8F 83 and 3F 93:

Borrowed Amount 32 222 22
Minuend (true) 10001111 1000 0011
Subtrahend
(complement) 1100 0000 0110 1100

Carry 1 11171 1 Forced
Carry

ALU Total 1100 1111 0001 0110

8F 83 plus 3F 93

The ALU controls and circuits for binary addition
are similar to binary subtract. The exceptions are:
the A register input to ALU is complemented; and
a carry is forced into bit 7 during the first cycle.

Arithmetic Carry Out
(First cycle of operation)

% B Register

Binary
Comp
Circuits

A Register

Binary
Complement
( A Register ( Subtract
J \ )
Bit In = No Bit Out
No Bit In = Bit Qut

Decimal Subtraction

The ALU subtracts the binary numbers in bytes.
However, because a single decimal number only
uses one-half of each byte, the ALU must subtract
each half separately. Thus, a carry from bit 4 to
bit 3 is used to set the digit carry trigger.

Subtract

B Register Circuits
Sub ‘ Bit Carry to 6
A Register 7

Bn[ 6

ancI 5
B Register
Sub Bit Arithmetic Carry to Bit 3
A Register 4

Carry Digit
FF arry to
ALU Bit
7 for next
digit posi-
tion

Subtraction is done is the same way as binary sub-
traction as long as the minuend (B register) is lar-
ger than the subtrahend (A register). But, because
the ALU is capable of handling digits up to 15
{hex F) and in this case the digits have a maximum
value of 9, the ALU reaches an incorrect decimal
result when there is a borrow from the next digit
(A register larger than B register). This difference
of 6 must be subtracted from the result in order
to reach a correct result,

B Larger Than A A Larger than B
8-3 3-8

222 2
B register 1000 B register 0011
A register 0011 A register 1000

Carry 111 Carry
Total 0101 Total - 1011
Note: 2
Subtract and complement Total 1011
functions affect only the Decimal Correct 0110

digit portions. The zone Carry* 1
portion is not affected. Corrected Total 0101

*Mathematical carry; not done by carry circuit

The decimal correct circuits are activated by the
carry from the bit 4 position.

The following figure shows the data flow for deci-
mal subtraction and contains a table of the bit
correction for the legitimate decimal characters.

Bits O to 3 of the low-order decimal character con-
tain the sign of the field. The ALU output for
bits 0 to 3 is determined by the sign control cir-
cuits and is discussed with the individual opera-
tion descriptions.

ALU

Latches

B Register

Decimal
Correct
Circuits

Internal Bits 7 through 4

Arithmetic Carry to Bit 3

A Register

FL

7 through 4

Input Output
Bits Bits
Subtract 4 5 6 7(]4 5 6 7
Decimal Instruction 1T 1 1 111 0 01
11 1 0|1 0 0 O
11 0 110 1 1 1
11 0 0j0 1 1 0
101 1{0 1 0 1
101 0|0 1 0O
10 0 1]0 O 1 1
1 00 0;j0 O 1 0
O 1 1 110 0 O 1
01 1 00 0 O O

Processor Functional Units

5415 TMD
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ALU P Bit Generation

S
p—

@ Check Carry to ALU (bit 7 position only)

—

B Register Bit P

Even Not OCD

— P : B Register Complement P Bit
216 J— e — B Register B.nt 5 : ___l ]OE ALU
Carry In * - (not) B Register Bit 6 A ; ALL
R AV112 Six Correct Change P OE it
] N A
[+13 - FL
| I t
A OR Carry Ou.
A I | (to next bit) AV132
T (not) ALU Bit 5 (internal)
I———‘T}_ P Dec Sub Gate ALU Bit 6 ({internal) A (bit O position only) )
X correct : ]
X 4 Alts )
— Arith Carry to Bit 3 AV 142 Check Carry Out
e —— Jl cC )
OE ] T 216
A b— .
Sub || {no P bit) S~ Check Carry to Bit 3 DF
0 *
— —
? | I Check Parity Bit 1 2-16
A OR ]
L _,l__] _2.‘ (bit 4 position only)
B — AV162 2 o ALU Check Odd
OR ] | AV172 4 P
A ;
i B> Numeric li AV182 _5 OF { T
L AV192 —
2-15 6 AV132 1
AND [ ] L
D - N 7 2
Numeric l_ — ;
2115 AV132 . . : 3 ALU Parity Error
A Register Bit 5 A Register BitP 4 Even {page 2-18)
Check Position OE x T
o i A Register Bit 6 rN_I i OEI A Register Complement P Check <
Arith Carry to ALU (bit 7 position only) u ] 7
AC " Dec Compl A Ragister AV102 ’ —
2-16 "7
Carry In * —— _ 2-15
-@- 0
A T i
L | | C Out A Register Input ;
A OR arry ¢ U_ " g Even A'Regnster Compl
A I I (to next bit) \ (no P bit) Bits Even
S )
A — §\
W\ AV102
\\ (not) B Register Bit 1
OE — \
A \\‘ (not) B Register Bit 3 oF
t t t —
Sub — \\ no egister Bi OE
L \\\ ; (not) B Register Bit 0
| I Test False \ OE
N A OR—@— W D Change ALU 2 Bit
I I “ CA Legend:
AV202 “ 2165 AV132 Shows circuitry fAsed only during operation
f AV212 1\ noted on input line. When shaded input
OR 1 A — 1 n Controf. of OE is not used, output changes with
B - N AV222 SC T ————— .
Numeric \\ other input.
215 — AV232 \\2s
I D > AND m \\ (bit O position onty) Arith Carry Out 216,
Numeric l__l * 2-32, 2-55
2-15 Internat Bit (bit 4 position only) Arith Carry to Bit 3 (decimal) ! DC>
B
Single Bit Position 2-16

2-12



Decimal Addition

To add decimal digits, it is necessary to complement
the A register and subtract it from the B register.
However, since the characters being comple-
mented are decimal, the binary equivalent of

the 9s complement is used.

2233

B Register 0011

A Register Complemented 0111
Carry* 1111<— Forced

Total 1011

2
Total 1011
Decimal Correct 0110
Carry* 1
Corrected Total 0101

B Register (3) plus A Register (2)

*Mathematical carry; not done by carry circuits

As in subtraction, if the complemented A register
digit is farger than the B register, the result must
be corrected.

The following figure shows the decimal add data
flow with a table for the 9s complement of the
legitimate decimal digits.

Arithmetic Carry Out {1st cycle)

ALU
Latches
7 through 4

FL

B Register

Decimal
Correct
Circuits

Internal Bits 7 through 4

—_——

FL

Arith Carry to Bit 3

Decimal
Complement
Circuits

A Register

Bits 7
through 4

Subtract

Decimal Complement
A Register

Decimal Instruction A

Input Output
Bits Bits

4 5 6 714 5 6 7
00 0 0|1 0 0 1
000 1] 00O
001 0|0 1 1 1
0O 01 10 1 1 0
0 1 0 0f0 1 01
01 0 1/]0 1 00
01 1t 0jJO 0O 11
011 1{0 010
1 0 0 0|0 O O 1
1 00 10 0 0O

Processor Functional Units
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Recomplement

Decimal adding or subtracting under certain con-
ditions produces a result that is a complement form
of the correct result. This requires a recomplement
operation whereby the result is fed through the
ALU a second time to change it to its true form.

A recomplement is necessary if the operation is:

® An add operation with unlike signs for the two
fields and the A-field is larger than the B-field.

® A subtract operation with like signs for the two
fields and the A-field is larger than the B-field.

e A result is minus zero.

The need for a recomplement cycle is signaled by
a carry from the high order position of the fieid.
In the case of a minus zero result, the recomple-
ment is signaled by the condition register and is
covered under the decimal operations. This figure
contains the data flow for recomplementing.

Arithmetic Carry Out (1st cycle)

Dec

B Register Comp Decimal
Circuits
i Correct
Decimal Complement Arith Carry Circuits
B Register to Bit 3
Dec
A Register Comp

(1in 1st cycle) Circuits

Decimal Complement Subtract

A Register

Decimal Instruction

ALU
Latches
7 through 4

The following figure illustrates the method used to
recomplement. After subtracting 52 from 27, the
ALU result is 756. To recomplement, the result is
fed back through the B register and is decimal com-
plemented before entering the ALU. The A regis-
ter is set to 1 on the first cycle and is left blank each
remaining cycle. ‘The decimal complement of the
A register is subtracted from the B register com-
plemeht. A carry is forced into the first digit just
as in regular complementing. The final result is the
10’s complement of the original result.

Subtract Cycles

Borrowed Amount 22 2
B Register (9s Complement) 0010 0111
A Register (9s Compiement of 1) 0101 0010
Carry 11
I I— Borrowed Amount
Total 1101 0101 Total
Decimal Correct
Carry*
Total
Recompliement Cycles
Borrowed Amount 2 2 2 22
B Register (9s Complement) 0010 0100
A Register (9s Complement of 1) 1001 1000
Carry 11 111<«—Forced
_ _— Borrowed Amount
Total 1000 1011 Total
Decimal Correct
Carry”
*Mathematical carry; not done by carry circuits Total

32
1101
0110
1

0111

22
1000
0110
1

0010

0101

0101

1011
0110
1

0101

{minus)

2-14



ALU CONTROLS (Part 1 of 2)

L
EA Cycle

Recompl Cycle

Decimal Compl B Reg
J] DC )

%
A [
EB CI 3C to 5C _‘_LJ
2-12

2-41 A
A
—
OR Sign Control Sign Control
E Cyal OR sC
ycle Dec Instr 512
KY101 Change ALU Bit 2 | Change ALU Bit 2 DCA
——
Zero and Add Instr 212
A A A
N Dec Sub Gate
ClI 3C to 5C Op Bit 6 l KY121 { P>
1st E Cycle l — ] Add Dec Instr
A —® A 2-12
Dec Instr
A N A 2-27
I_I — Dec Comp A Reg
N L e A J| s >
| | KY 101 A Sub Dec Instr OR 212
B Reg Bit 2 Op Bit7 v A Ky121 2.27
L JKY111
OE A Reg Bit 2 _
OE
Recompl Cycle SDR Sign Minus OE
I Dec or Bin Comp A Reg
1st £ Cycle —— True Add OR DB
N
A 2-16
Zero and Add Inst l !
. o A — Clock 3CD A FL
EB Cycle ’ SDR Sign Minus ) A L
3CD Clock OR KY121
FL | B Reg Sign Minus B Reg Sign Minus { M :
A
(not) A Reg Bit 2 Clock 3CD Bin 777
K?WN System Reset |OR Odd CD Compl 4 Bin Comp A Reg
KY101 A L BA
2-32
Set or Test Off A 55
EB CI 3C to 5C
™\ 'R Program Backup m — KY121
L_J I-R Cycle A
2-2 (not) Clock 3 and 4 j
Bin Add Group —
(o> —
-41
2 Bin Add Group A OR
Chan Binary Subtract FC Instr (fill character) —
R EB Cycle A
4-100 | h O
W Cycle Skip True _J "F:estt ’:"gdel(s"“) OR Ci 5 throug
ast |-Cycle 1/0 not CE Mode —
L
2-39 A
Bin Add Sub G —
AR LD 2TouBy A N }“—— (not) CI 3C to 5C
241 EB Cycle
OR Ve OR Bin Sub Gate
F > EB Binary Add or Sub @
241 EB Clock 3C to 5C EB Binary Add or Sub | KY121 l >Te
OR Gate
A i OR Numeric
O: AND A | Move Zone @
2-41 AND Gate AV122
l AND Numeric
. A D
Move Numeric
2-12
AV122
Processor Functional Units 5415 TMD 2-15
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ALU CONTROLS (Part 2 of 2)

Arith Bin Carry Out

F
Fast I-Cycle r—]
@ | N l Temp Car
2-39 A
Clock 7 and 8 A
bbbl |

FF OR Arith Ca y to “L:DJQC

Clock 5 and 6 Clock 5 thru 0 212
A I Odd CD A OR
Clock 7 and 8 A N | KY131
I-R Cycle Skip True ‘ : l

)

"
)
©

Arith Carry to Bit 3 (decimal)

@

Dig Car

OR

Arith Bin Carry Out 4

Carry Check

A FF OE
A Dup 2-19
F —
A m EB 3C to 5C KY131

G [

Q)

[N

N

N
>

(=]

\\ EB Binary Add or Sub
E Y —¢ R
._/ Dig Car Chk
2-15 N
— FF
' EB 5CD
A
c \\ Check Carry Out (binary) |
A
hvd ] OR
212 Dec Instr OR l NI Y131 ,
N
_F\Check Carry to Bit 3 (decimal) + Check Carry
OR to ALU
2-12 —@- cc
Check Carry Out Temp Car Chk Dup I 1>
Op End A FF ? .
p En
[+

Clock 1 thru 4
Odd CD OR

Clock 7 and 8 [
ock 7an A N A KY131

1

| DB> Dec or Bin Compl A Reg (Force Carry)

(not) Cl 7Cto 1C
2-15 A
1st E-Cycle
{ EB-Cycl
not) ycle OR I KY131

{not) CI 3C to 5C




CHECK ALU
Parity Generation and Parity Check

Correct parity is generated for the ALU output.
After the data leaves the A and B registers, it can
be altered by the decimal and binary complement
circuits, the ALU, the decimal correct circuits, and
the sign control circuits. The parity changes caused
by the ALU and these circuits make it necessary
to generate correct parity for the ALU output.

A second ALU, or check ALU, is provided to deter-
mine the parity changes which take place within the
ALU.

B Register Dec

, Comp

A Register Decimal Binary
’ Comp Comp

The check ALU does not have a latched output,
decimal correction, or sign control, but otherwise
performs similarly to the ALU. The output of the
check ALU is a group of exclusive ORs that count
the number of changes made to the B register
compiement after it enters the ALU.

The check ALU output is then added to the changes

caused by the B register complement, sign control,
and the decimal correct circuits to determine if a
P bit is required for the ALU. The output of the
ALU is then checked to ensure that it has odd
parity.

The A register complement circuits are checked
separately. Incorrect parity from either the ALU
or the A register complement circuits cause an
ALU parity error.

Parity

Generate
Circuits

Sign
Control

Dec
Correct

Even

A Register Complement P Check

Carry Check

An additional set of carry triggers is used to con-
trol carries from the high order bit of the check
ALU. The triggers function identically to the
digit carry trigger and the temporary carry trigger
used for the ALU. The outputs of the two carry
control groups are then compared to check for
the correct number of carries for the ALU.

Carry
Check

Check Triggers

FF

Carry Check
E

Carry

Triggers
ALU
FF

ALU
Latches

Bit

Decode
Even
Parity

| O

ALU Parity Error

Processor Functional Units

5415 TMD
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ALU Parity Checking

ALU P bit ALU P Bit
ggnefate FL
cifcuits

Bits 0 to 7

ALU Parity Error )

Note: Rotate drum switch to position 5 to
display ALU and A register contents.

A ALU P Chk Displ

- KB131
— Display Bit 1 Lo )
C ORp—" {
Bits 0 to 7 + P |“°™P | Complement Bits A Reg Comp P Check —
i Drum Switch —
AV102 AV102 Sw Proc Chk Display | PB101
Pos —
s KE293
RA111 PC101
RA121
Dec Comp A Reg RAT3
OR
Bin Comp A Reg
Phase CD c?d:UNPT;V Error ‘
o
P Check Stop Switch l FL ] OR Proc Chk )
— (
. A
I M> l.nmal Memory Scan m__‘—t | -
6-4
KB141 =157 KB1a1 PC111
Load Check Latches @
2-19, 2-22,
2-31, 2-45,
2-57, 3-13,
Check Reset Key 4-125,4-130
DIPL or System Reset Gate A Check Latch
eset Check Latches
52 System Reset OR L 4 {RC >
System Reset Key 2-19, 2-22,2-31,

Process Mode

KB141

240, 243, 245,
2-57,2-568, 3-13,

4-120, 4-125, 4-130

2-18



Carry Check

Dec Inst

(Clock 5 through 0)

(Clock 3C to 5C)

{Clock 3C to 5C)

Carry
Check

KY 131

{Clock 5 through 0)

—
|
A
Arith Carry to Bit 3 Digit
— Carry
in Add b ircui
Bin Add or Subt — Circuit
- A KY 131
| ]
> ALU Arith Binary Carry I Temp
Carry
Circuit
AV211 KY131
Dec Inst
A Digit
Check Carry to Bit 3 OR Carry
Check
Bin Add or Subt Circuit
A KY 131
> Check Temp
ALU Check Binary Carry Carry
Check
Circuit
AV121 KY 131
AV171
AV181
AV191
AV201

Drum
Switch

Sw
Pos
8

KB111

Proc Chk Display

Carry Check

Even Not O A
Load Chk Latches FL
LC
2-18
R heck
@ eset Check Latches KB101
2-18

Note: Rotate drum switch to position 5 to
display ALU output, to position 4 to display
ALU controls and carries.

PC101

L Proc Check

A Carry Chk Displayed

OR

L]

KB 141

PC111

L

Display Bit 7 Hi

KE295

Processor Functional Units

PB101

—~_
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A Register Bit P

2-20

A Register Bit O

A Register Bit 7

A-REGISTER AND CONTROLS Clock 1 and 2
Clock 3 and 4 OR Any Alter/Display-ATT/AMR | A
A-Register | Gate i/O Bus To A
Sense 1/0 A OR *
e (not) Any 1/O LSR Selected .
All data that modifies the contents of the B A OR N |Force P Bit to A
. . . . Clock 3and 4 1/0 Not CE Test ——
register in the ALU is buffered in the one-byte A EB 3and 4 L
register. The modifier comes from the local stor- EB Cycle A | KG131 !
. L. . A
age register (LSR), the condition register (CR), or | R Cycle Skip True Zone Numeric Interchange | A Gate LSR Lo Crossed To A / KG141
from an 1/0 device on data bus in (DBI). For | J > l
normal address modification, output of the 2-39 —
LSRs is fed to the B register arjd through the Op Register Bit 4 r__—— —
ALU while the A register provides the forced — A A Gate LSR Lo Normal To A
ycC
modifier.
2 Address Format t OR L—
! , ) ) ) LA | ?
With the exception of disk operations, all incom- [30 EA Eliminate }Nl [
ing /0 data is fed through the A reg«ster and into 53 Add to Register or Store Instruction i Clock 3 and 4 A —L Gote LSF Lo To A
the ALU. However, on disk operations two bytes — A ate oo
. . S ycle
of data are transferred at one time. One byte is
fed through the A register and ALU and then into
main storage. The other byte is gated directly to & KG131 *
main storage on the extended channel. /
CR Parity Misc Bit P to A
1-Op Cycle A N A REGISTER
P
Clock 1 and 2 Gate CR to A ® A
OR CR Binary Overflow L
1 Q Cycle A OR
Clock 2 and 6 A
*~— OE FL
Add to Register or Store Instruction KG131 —
(not) 1st E Cycle | I CR Test False A
A Gate LSR Hito A _.9
EB Cycle Clock 3 and 4 1
gy S
. A
@Address Format l CR Decimal Overflow
A H
a1 Clock 1 and 2 I A Misc Bit 3to A i 4 —
N ¢ A
KG141 CR Hi g OR
(not) Decimal Instruction A
(not) EA Eliminate OR { o _—
= Q Reg Num Blank CR Lo A
OR ~~
544 A (2]
A [— | om
Recomp Cycle
1st E Cycle CR Equal g
A / A
EB Clock 3and 4 F ) L]
1/0 Not CE Test L__|oR|Force Bit7to AT 3
CE Test No | t —
est No Incremen OR A
DBI Bus — OR
Wait State » A
l >—_‘__‘ A 4115
% Fast |-Cycle OR LSR Lo or Store Data
System Reset B
Clock 5 and 6 I— KG141
| R Program Backup i 2-48 ) \ A
| LSR Hi Bus e—— RA111
Force Bit6 10 A
22 A . RA121
Clock 5 and 6 231 Load A and B Register (Odd CD)

RA131



B REGISTER AND CONTROLS

The B register is a one-byte data buffer. The B
register contents are gated to the ALU where the
data can be modified by the A register. The data in
the FDR (fetch data register) is normally gated
into the B register every machine cycle, but can
be inhibited if the operation requires. During
an 1/O cycle, the attachment has contro! of
gating the data to the B register.

Wait or Alter-Disp ATT-PMR

System Reset

Gate LSR Loto B

OR I ’—?
Fast 1-Cycle N
Clock 5 and 6 A
KG141
Clock 7 and 8 A
Wait or Alter-Disp-ATT-PMR ~ock7anas |
EB Cycle
N
System Reset OR
A
Clock 1 and 2
KG141

OR

Gate LSR Hi to B #

B REGISTER

B Register Bit P

Gate SDR to B

.

B Register Bit 0

Clock 3 and 4

mhibn FDR Transfer)l ' L—
N

—/ Recomplement Cycle OR
256 (not) EB Cycle A _—l

(not) Invalid Address =

KG141
1/O Not CE Test
) A
l v > (Chan Block FDR)
KG151

4-1
00 {not) Alter SAR or Storage

2-31

B Register Bit 7

RA101
RA111

Load A and B Register (Add CD)

LSR Hi Bus

Processor Functional Units 5415 TMD 2-21



A/B REGISTER PARITY CHECKING

LSR

LC

D8I
Translator

Misc or
CR Bits

RA111
RA121
RA131

(P bit generate if no in-

put is gated

LSR

Load Chk Latches

to register.)

RA111

(bits 0 to 7 + P)

(bits 0 to 7 + P)

A Reg P Check

B Reg P Check

Even Not O

2-18

KB101

Reset Check Latches
[rc>

2-18

Note: Rotate drum switch to position 5 to display A
register contents, position 4 to display B register contents.

—OR

OR ' I A or B Reg P Chk Displ
A
RAT11
KB131
Drum
Switch
SW [ proc Chk Display
Pos
8 A
PC101
Proc Chk
)
. X
PC111

—10OR

Display Bit O Lo

PB101

2-22



AUXILIARY ALU

The auxilary ALU is a 16 bit multiple function
unit that receives data from the auxilary B register
and the storage data bus out (SDBQO) and per-
forms the following three functions with that data:

e Pass SDBO and auxilary
B register data through

e AND
e ADD

The aux ALU is used to update the two byte IAR
and to pass data from storage to the proper register
during all fast | cycle operations. It is also used to
update the base displacement during I-X cycles.

Data can be passed directly through the aux ALU
or combined by the AND and ADD functions.

Data passed directly through the aux ALU can be
incremented by +1 if the carry in signal is active.

Correct parity is generated for the aux ALU out-
put and the output gated to the local store registers,
condition register, Q register, and op register. The
use of this output is covered under the individual
operation.

ALU Out Bits 0-7

B Aux B Register Bits 0-15

2-25

B SDBO 8- 15

3-11

IX Cycle

4 Aux
(not) Dummy Half Cycles Aux ALU Chk  ALU
OR A A
B B
— AB141 C C
*— Carry Carry
[n]
OR
L] ] L
Aux Check ALU Out
Fast | Cycle AB1M S
[Fe>
239 Clock 2-3  ——
oc 3 Aux ALU Out Bits 0-15
7/8-0CD
Clock 7-8 OE I
FL [ |
A
Branch or Jump 1Q Cycle
AB141
Carry In
IX Clock 3+8
Clock 4CD to 6 A
A OR Gated ALU Out
Fast I-Cycle : OR e Bits Hi
A | OR —————————
Clock 0-1 A
AB141 n
i
AB141
AB141
Fast I-Cycle m
A Gated ALU Out
Bits Lo
| Op Cycle m
it A OR EEEEEE————
A N L 8- 15 SEE———
Clock 2 N | A
ol | | A
Fast | Cycle I ABIST

AB141

Processor Functional Units 5415 TMD 2-23



AUXILIARY ALU CARD CHECK

B j0-15

SDBO

EVEN

AB131

Load Check Latches

Odd Clock Not 9 to Chan

2-24

A
OE
Clock 7-8
0-7 EVEN Aux B 0-7 Check
Aux ALU
Check
FF
815 EVEN Aux B Reg 8- 15 P Check Fast I-Cycle Not Dummy
0-15 OR Auxilary ALU Check OR
Reset Check Latches r-l A
AB101 LN_J N
KB121
AB141
8-15 EVEN
/ Aux ALU Carry Check 8-15
0-15 Auxilary ALU Check
Aux ALU P Check 8-15
OE
8-15 EVEN Drum Sw
AB131 S
Pos A
] 8 —_— . .
Aux ALU Check 0-7 Display Bit 1 Lo
H — l Aux ALU Bit 0 —
\ — A OE T T T v
| h— ] | ) j o —
i — A b —
7 b | TT]EVEN
{Aux ALU Bit 7] — OE
AB121
(aux check ALU carry out) Aux ALU 8-15 Carry Qut B
Aux ALU 8-15C Out A OF
l—l ux - arry Ou
7 N
‘ | AB131
5 I N | Aux B Reg Bit P 0-7
l—-‘ (aux ALU carry out) p—
| OE oR
6
: A
Processor Check
OR OR (

4 DOT )
3 || N II t —
2

[=]

Aux ALU SDBO Check
{AA >

3-13



AUXILIARY B REGISTER

The auxiliary B register is a two byte register
used to buffer the local store register and
condition register during fast |-cycle operation.
The output of the aux B register is gated to the
aux ALU.

LSR Hi Bus

Not Dummy Cycle

Load SAR

Clock 2

Clock 7 to Chan

OR

IX Cycle Internal

OR

Phase CD Pwd A

1Q Cycle Pwd

Branch or Jump

Clock 2

Clock 6

OR

AB101

AB101

Aux B Register

/ Load Aux B Reg

P,0-7

LSR Lo Bus
AB101
A
CR Bin Overflow A FL 8
A CR Bit 2
Gate CRto A
\ 2 F
CR Test False
1
EB Not 1st Cycle A
“ Bi A A FL 9
Clock 1-2 A o OR CRBit3
2 Address Format A
Dec Instr 2 +_
EA Eliminate A A
*—
Recompl Cycle CR Dec Overfiow * OR A FL 10
A CR Bit4 A
A
Q Num Blank I l *— 2 l
CR Hi | | | I |
A | CRBIt5 | | I |
- | ol
| |
CR Lo | | | | I
A l : I
Clock 5-6 OR CR Bit 6 I | I : |
L]
IR Prog Backup A I | l I {
I | '
A 15
. \—7 ] A FL
Force Bit 7to A T OR Aux B Register
A Bits 0-15
OR 2-23
A System Reset to Channel AB101
CR Eq
Processor Functional Units 5415 TMD 2-25



CONDITION REGISTER (CR) (Part 1 of 2)

The condition register is a six-bit register that
contains the six conditions the system may test
as a result of instruction execution. These six bits
are tested as follows:

234567

X X x x x 1 Equal condition

x x x x 1 x Low condition

x x x 1 x x High condition

x x 1 x x x Decimal overflow condition
x 1 x x x x Test false condition

1 X X x x X Binary overfiow condition

The equal, low, high, and binary overflow condi-
tions reflect the result of executing the last instruc-
tion that affected them (one of the following):

o Add zoned decimal

e Zero and add zoned

e Subtract zoned decimal

e Edit

e Compare logical characters

o Add logical characters

e Subtract logical characters

e Add to register

o Compare logical immediate

The decimal overflow or the test false condition
can be reset by:

® Branch on condition.

® Jump on condition.

® | oad register (PSR) instruction.

® System reset.

System reset initializes the condition register to:
® Equal condition.

® Not overflow condition.

® Not test false condition.

The condition register may be loaded from the
ALU output, but normally the bits are set in-
dividually in the latches by the CPU logic as a re-
sult of instruction execution. When the CR con-
tents are needed for program testing, its output is
fed to the A register and into the ALU.

The lower six bits of the PSR (program status
register) contain the image of the condition
register for the specific program level. PSR is used
to save and to initialize condition register settings
of the individual program levels.

The conditions of the I/0 attachment logic are
stored in registers in the attachment and do not
affect the state of the condition register.

Condition Register Settings

2-26

Operation Logical Add Branch or
Decimal Compare Logical Add Test Jump on
Condition Bit | Arithmetic Sub Logical to Register Edit Bits Condition
Equal 7 Result is First Operand Result is Source
Zero is Equal to Zero is Zero

Second
Low 6 Negative First Operand No Carry and Negative

is Lower than Non-Zero

Second Result
High 5 Positive First Operand Carry and Positive

is Higher than Non-Zero

Second Result
Decimal 4 Overfiow Overflow
Overflow Reset if

Tested
Test 3 Test Test False
False False Reset if
Tested

Binary 2 Overflow
Overflow




CONDITION REGISTER (Part 2 of 2)

B Reg 20

Edit Instr

OR

Reset CR
System Reset
Clock 5B
OR —
A
Clock 1 and 2 (not) ALU Bit 7
I Load CR
Load CR Instruction
N
1st E-Cycle {not) ALU Blank |
Not CR Equal
DK Bin Add or Sub Not Move Clock 5B OR d
— FL
. 2
241 gg.cycle ’
A .
' 1st E-Cycle {not) ALU Numeric Blank
Dec Instruction Clock 1 and 2 ] G107
OR A Clock 5B
Edit Instruction I ORI OR CR Lo/Not Hi
2-41 I FL
A
T ] [ N l OR
EA-Cycle L KG111
A
A ALUBIit6
1st E-Cycle . - - I
I —\_ B Register Sign Mi | oR
y egister Sign Minus Clock 58
2-15 A | KG111
i ALUBIit 2
p Decimal Sub Gate OR
(not) ALU Bit 2
215 Load CR l
Arith Carry Out (see note) . KG111 ¢
Op End Gate _] a
X N o]
| ]
22 I KG111
- Clock 5B CR Bin Ovfl
A FL
U Bin Add Group I
L/ OR
2-41 L * 1st E-Cycle KG111
H\ Q Register Blank Crock 1 and 2
L~ A CR Dec Ovfl
2-44 ALUBIit 4
[\ Pec Compl A Reg N FL
(5 OR on
2-15
{not) Recompl Cycle l KG111
(not) Arith Carry to 3 A KG111
B Register Bit 4 Clock 58 OR
Branch or Jump Instruction
1-Q Cycle A ALUBIt3 |
Clock 8 A T OR Test False
| V> Test On Off Instruction EB Cycle FL
A
541 B Register Bit 3 Test False ’
Test On Off Instruction
Note: This line indicates an ALU carry
Clock 5B
KG121

on subtract and a not ALU carry on add.

CRE I (bit 7
lN} qual (bit 7)

CR Hi (bit 5)

CR Lo (bit 6)

A
[ ]
]
A

CR Binary Overflow (bit 2)

H CR Parity (bit P)
OE

CR Decimal Overflow (bit 4)

CR Test False (bit 3)

Processor Functional Units
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PROGRAM MODE REGISTERS (PMR)
(Part 1 of 2)

T he nine program mode registers (PMR) control
the Model 15 CPU functions and are the interface
between the programmer and the CPU hardware.

Each of the nine PMRs is uniquely associated with
one of the eight interrupt levels plus the program
level. Since each machine level has its own PMR,
the interrupt routines and the main program can
independently use the enhanced functions of the
CPU.

As interrupts occur and take control from the main
program or lower level interrupts, the PMR for
that interrupt is selected. When interrupts are re-
set, system control falls back to its previous level.
The PMR that was in control previously is setected
and processing resumes as if the interrupt never
occurred.

When a program changes the contents of the
current PMR, the new contents are effective at
NSI (next sequential instruction).

The contents of the PMRs are indeterminate after
power up. The controlling set of polarity holds
{active PMR) are, however, forced to privileged mode
active and all others are inactive. The system is

then referred to as being in Model 10 mode. The
CPU remains in this mode until the first load PMR
instruction is executed.

The program level PMR must first be loaded, then
the interrupt level PMRs are loaded. This must be
done before any interrupts occur to prevent pos-
sible checks caused by using the indeterminate
contents of the PMRs after power up.

The ATT control hits {1, 2, and 3) and the storage
protect bit {6) must not be turned on until the
contents of the ATT/SPT have been set by the
program. To do so would result in checks be-
cause the ATT/SPT contents are also indeter-
minate after power up.

A description of each PMR bit is presented below
(see Q on next page).

Byte 1
Bit 0 1/0 18th bit

This bit is used in conjunction with L1O
and SNS commands to load and sense the
18th address bit associated with each |/O
device LSR.

If this bitis on and an LIO is issued to a
device LSR, the 18th bit in the selected
LSR is turned on. If this bit is off and
an LI1O is issued to a device LSR, the
18th bit in the selected LSR is turned
off. When a SNS command is issued to
a device LSR, the 18th bit in the PMR
(bit 0) is set to the state of the 18th bit
in the selected device LSR. The PMR
may be stored in memory and bit O
inspected to determine the contents of
the device LSR. Since a two instruction
sequence (LCP, L10 or SNS, SCP) is re-
quired to set or inspect the 18th bit in
the I/O LSR, an interrupt may occur
between these instructions. Each in-
terrupt level, however, has its own PMR
and one level will not destroy the results
of another. It is not necessary to set on
the mask interrupt bit while executing
this two-instruction sequence.

Bit 1 Address translation EB cycles

When this bit is on, the output of the ATT
is used to develop a 18-bit real address
during EB cycles only. EB cycles are used
to fetch, modify, and store the contents
of the B field (operand 1). If the B field
is above 64K of storage, this bit must be
on and the ATT must be appropriately
loaded. [f the B field is below 64K of
storage, the ATT may be used but is not
required. This bit must not be turned on
until the ATT contents are set after power
on. This bit should be off while the ATT
contents are changed.

Bit 2

Bit 3

Bit4

Address translation EA cycles

When this bit is on, the output of the ATT
is used to develop a 18-bit real address
during EA cycles only. EA cycles are
used to fetch the contents of the A field
(operand 2). If the A field is above 64K,
this bit must be on and the ATT must

be appropriately loaded. If the A field
is below 64K of storage, the ATT may
be used but is not required. This bit
must not be set on until the ATT con-
tents are set after power on.

Address translation | cycles

When this bit is on, the output of the
ATT is used to develop a 18-bit read
address during | cycles. | cycles are used
to fetch the instruction to be executed
from main storage. If the instruction to
be executed is above 64K of storage, this
bit must be on and the ATT must be
appropriately loaded. If the instruction
to be executed is below 64K of storage,
the ATT may be used but is not required.
This bit must not be set on until the ATT
contents are set after power on.

Privileged mode

When this bit is on, the system is in priv-
ileged mode and all instructions can be
used. If the bit is off, the following in-
structions cannot be used:

LIO

SNS

SIO

TiO

APL

HPL

CCP except when Q equals 10
LCP

SCP

L, ST, A except when Q equals 01, 02,

04, 08, 10, 20, or 40

If an attempt is made to execute these
instructions, a program check interrupt
results (a processor check if interrupt level
7 is not enabled). This bit has no signi-
ficance for interrupt level 0. The system
is automatically in privileged mode when
the CPU is in interrupt level 0.

Bitb

Bit 6

Bit 7

1/0 17th bit

This bit is used in conjunction with LIO
and SNS commands to load and sense the
17th address bit associated with each 1/0
device LSR.

If this bitis on and a LIO is issued to a
device LSR, the 17th bit in the selected
LSR will be set on. If this bit is off and

a LIO is issued to a device LSR, the 17th
bit in the LSR will be set off. When a
SNS command is issued to a device LSR,
the PMR 17th bit (bit 5) will be set to
the state of the 17th bit in the selected
LSR. The PMR may be stored in memory
and bit 5 inspected to determine the con-
tents of the device LSR. Since a two-
instruction sequence (LCP, L1O or SNS,
SCP) is required to set or inspect the 17th
bit in the I/O LSR, an interrupt may
occur between these instructions. Each
interrupt level, however, has its own PMR
and one level will not destroy the results
of another. 1t is not necessary to set on
the mask interrupt bit while executing
this two instruction sequence.

Storage protect
When this bit is on, the storage protect keys

in the SPT (bits 0and 1) are inspected
for each memory cycle except /O cycles.

A violation causes a program check interrupt

or, if interrupt level 7 is not enabled, a
processor check occurs. When this bitis
off, the protect keys are ignored and all
locations are available to the program.
This bit must not be set until the SPT has
been properly loaded. Furthermore, to
prevent an error indication, this bit must
be off whenever the SPT contents are
changed.

Mask interrupts.

When this bit is on, all interrupt requests
(except program check) remain pending
and the CPU remains in its present inter-
rupt tevel.

Byte 2

Bit 7

2-28

This bit may be set in the program level
or any interrupt level. Once set, the CPU
cannot change levels until the bit is set off.
This bit must be set off before any inter-
rupt is reset. Failure to do so causes the
CPU to remain in that interrupt level.
Caution should be exercised when using
this bit because it could tause an overrun
in those devices whose interrupts must

be serviced within a certain period of
time.

Bits 1 through 6 exist for each machine
level, but bit 7 is common to all levels.
Once bit 7 is set, the machine cannot pass
to another level. Independent control of
the mask bit is not required.

The mask bit is always effective immedi-
ately to prevent or allow interrupts that
could occur before the next instruction.

1/0 19th bit

This bit is used in conjunction with L1O
and SNS commands to load and sense the
19th address bit associated with each 1/0O
device LSR.

If this bit is on and an LIO is issued to a
device LSR, the 19th bit in the selected
LSR will be set on. If this bit is off and
an L10 is issued to a device LSR, the 19th
bit in the LSR will be set off. When an
SNS command is issued to a device LSR,
the PMR 19th bit (bit 7) will be set to
the state of the 19th bit in the selected
LSR. The PMR may be stored in memory
and bit 7 inspected to determine the con-
tents of the device LSR. Since a two-
instruction sequence (LCP, LIO or SNS,
SCP) is required to set or inspect the 19th
bit in the I/O LSR, an interrupt may
occur between these instructions. Each
interrupt level, however, has its own PMR
and one level will not destroy the results
of another. It is not necessary to set on
the mask interrupt bit while executing
this two-instruction sequence.



PROGRAM MODE REGISTER (PMR)

(Part 2 of 2)

Alter ATT/PMR Sw

Q8it2

PMR Address 1

PMR Address 2

PMR Address 4

QBit?7

Bin int Bit 1 —OR
QBit6 [

Bin Int Bit 2 — OR
QBit5 L—'

Bin Int Bit 4 ‘; — OR
QBit4

Any IntQ -7 L G ——OR
Gate Q to PMR N

PMR Address 8

1/0 Cycle

1/0 SR 19th Bit

+

OR

ALU Bit7

N
Clock 4
SNS EB Any LSR Seld
Clock 5
2nd E Cycle

OR

—

1/0 LSR 18th Bit

— s — ]

— 00—

The program level PMR is
/selected if all lines are inactive.

KP102
A .-
ALU Bit 0 —OR X
A
—
ALU Bit 2
ALU Bit 1 X —1
Display ATT/PMR Sw
Store PMR Instr OR ALU Bit 4 J
EB Cycle ALU Bit 3
Load PMR Instr X
KP122
Load Current or
Command CPU L
PMR Load ALU Bit 6 X
1/O LSR 17th Bit
QBit 2
A
ALU Bit5 L 1oR X
A
SNS EB Any LSR Seld
Clock 4 A
OR
lay ATT/PMR )
(not) Display (sw A Load PMR A OR
(not) Store PMR Instruction 1st E Cycle | A
KP122 Clock 5

System Reset

Active PMR 18th Bit

Active PMR EB Xlate On

Active PMR EA Xlate On

e

Active | Cycle Xlate On

Privileged Mode

Active PMR 17th Bit

Active PMR SP Bit
(storage protect)

—e]

Mask Interrupt

Active PMR 19th Bit

Active PMR
PH
X Byte 0
1
X 1
X 2
X 3
X 4
L
X 5
X 6
—
X 7
Byte
2 7
KP102
{Interrupt 0)

21
1/0
18th
Bit
PMR
A
(9 register) EA ﬂ
: Xlate
EB A l‘
Xlate *—
Priv A
Bit o
|
A —
l I S
Xlate ]
A }—
o1
Store
Protect At
o |
—
A —
1/0 ’
17th
Bit
A
1/0
19th
Bit
Op End (Clock 8)
KP102 A
Machine Advance
KD141
FL ALU Bt 7
This latch prevents gating PMRs
into the active PMR until after A
the first load PMR instruction.
KP102 l

[}
u

System Reset

OR

To Store Data Assembler
and Display PMR

To Active
PMR Display
and System
Control
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LOCAL STORAGE REGISTERS (LSR)

The LSRs consist of two addressable HDB (high
density buffer) units that maintain:

® Sequential instruction addresses.

® Current operand addresses during instruction
execution.

® |/O data area addresses.
In addition, LSRs contain:

e Index registers for modification of operand ad-
dresses.

® |nterim storage for data, length count, and pro-
gram condition status referred to as scratch pad
type of storage.

Page 2-33 list the LSRs for the system and avail-
able features. To read out data, only the select
lines are needed. To write, ‘data’, ‘write hi or
write lo’, and the 'LSR select” lines are needed.
Following are summaries of the functions of the
base system LSRs:

IAR (Instruction Address Register)

The AR contains the location of the next sequen-
tial instruction byte that is read out of storage. At
the beginning of each |l-cycle, the address in the
IAR is gated into the SAR so that the address
can be decoded. During each |-cycle, the contents
of the AR is incremented by 1 in preparation for
the next |-cycle.

AAR (A-Address Register)

The AAR contains the storage address of the next
byte that is addressed in the A-field. During
I-cycles, the A-field address is taken from the
instruction and loaded into the AAR. At the
beginning of each A-cycle, the address in the AAR
is gated into the SAR. During each A-cycle, the
contents of the AAR is decremented by 1 in
preparation for the next A-cycle.

BAR (B-Address Register)

The BAR contains the storage address of the next
byte that is addressed in the B-field. During
I-cycles, the B-field address is taken from the
instruction and loaded into the BAR. At the

beginning of each B-cycle, the address in the BAR
is gated into the SAR. During each B-cycle, the
contents of the BAR is normally decremented
by 1 in preparation for the next B-cycle.

Index Register 1 and Index Register 2

These registers can each store a two-byte address
to be used in indexing operations. During an
indexing operation, the CPU automatically adds
the single byte displacement from the instruction
to the contents of XR1 or XR2 to obtain the
actual B or A-field address. The contents of the
index registers are not changed as a result of the
addition. The resulting address is placed in the
BAR or the AAR.

ARR (Address Recall Register)

On a branch instruction, the ARR contains the
‘branch to’ address. On a decimal instruction,
the ARR retains the starting address of the B-field
in the event recomplementing is required. On an
insert and test characters instruction, the ARR
contains the address of the first significant digit
encountered.

LCR (Length Count Register)

The LCR is a one byte register that contains the
length count of the B and A-fields. It is decre-
mented by 1 on each B-cycle except the first one.

DRR (Data Recall Register)

The DRR is a one byte register that provides
temporary storage for the data character read out
of storage during each A-cycle. It is also used to
store the Q code of single address instructions.

PSR (Program Status Register)

The high byte of the PSR is used as the LCRR
(length count recall register). The LCRR is used
only during a recomplement operation. It stores
the length of the data fields and is decremented
on each recomplement cycle except the first.
The low byte of the PSR is used as the condition
recall register (CRR). The CRR is an image of the
condition register and is used to store the contents
of the condition register.

MRDAR (MFCU Read Data Address Register)*

The MRDAR contains the storage position that is
to be addressed next while reading data from a
card into the card read area in core storage.

MPCAR (MFCU Punch Data Address Register)*

The MPCAR contains the storage position in the
MFCU punch data area that is to be addressed
next during a punch operation.

MPTAR (MFCU Print Data Address Register}*

The MPTAR contains the storage position in the
MFCU print data area that is to be addressed next
during an MFCU print operation.

LPDAR (Line Printer Data Address Register)

The LPDAR contains the storage position in the
line printer data area that is to be addressed next
during a print operation.

LPIAR (Line Printer Image Address Register)

The LPIAR contains the storage position in the
chain image area that is to be addressed next
during a print operation of the line printer.

Interrupt Level O - 7 Instruction Address Registers—
These registers contain the address of the next se-
qguential instruction byte to be read out of storage
during an interrupt level operation.

Interrupt Level 0 - 7 Address Recall Registers—
These registers have the same function as the
P-ARR, but are active only during that interrupt
level operation.

The registers are paired to give an LSR Hi (the high-
order byte) and an LSR Lo (the low-order byte).

Only one byte can be written into an LSR at a time.

To write into an LSR, it is necessary to activate the
select line for a pair of registers and the ‘LSR write
Hi’ or ‘LSR write Lo’. All 18 bits for the LSR
selected are available at the output of the LSR ar-
ray. These bits can be gated to the SAR (18 bits),
the B register (9 bits), and the A register (9 bits)
for modification of the addresses in these registers.

*These registers are used for the card 1/0 device
that is installed. The base system has one of the
following devices installed: 5424, 2560 or 1442.

LSR select and write lines are normally controlied
by the CPU. However, during an 1/O cycle, the
I/0 attachment can control the select lines for the
LSR assigned to it.

A description of the CPU LSRs and LSR parity
checking may be found on page 2-31.

A description of the /0O LSRs may be found
on page 2-32.

A description of the {/O LSR select checking may
be found on page 2-40.

ALU Input
P01234567
.
Write Hi Write Lo
LSR
)— ———————————————
Select

D 0N =

P01234567 P01234567

Hi Out Lo Out

I_"_l———i"——'
119 : 18 1 17 LSR Hi LSR Lo
ORI TR R,

S P01234567 P01234567
1/0 LSR bits

17,18, and 19

1/0 LSRs have a 17th, 18th and 19th bit position.
These bit positions are turned on by an ALU over-
flow during an 1/0 LSR update, or during an LI1O
with PMR bit 5 (17th bit) of byte 1 bit 0 (18th

bit) of byte 1, or bit 7 (19th bit) of byte 2 on. The
circuit is shown on page 2-32.
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Processing Unit LSRs

ALUBits0-7,P

A-B Reg Check
Even Not O

A-B R
L Load Check Latches o keg LSR
| > ec P Chk
2-18
FL LSRtoAorB
A Disp Bit 0, Hi
I LSR P Chk Disp
Re Reset Check Latches Drum Sw A
Sw
2-18 IX Cycle Pos
lock 2 8
Cloc or 7 A
LSR Write Lo
@ IX Cycle 14 |
R A S
2-39 Clock 2 or 7 Al Eg
, Phase D —
(not) Reset Chk Lt _—l {not) Dummy Cycle] A A
Proc Check
LSR Write Hi P Chk Step Sw__ A OR .
LH (not) Power On Scan I KB101
2-39
00
1 LSR 01
Address
9 Decode
CPU LSR Select
CS ) 4
2-33
8
CPU
LSRs
16
\__ 1F
MA202
LSR Parity Error

LSR LoBit0-7,P

1/O0 LSR Lo Bits0 -7, P

LSR HiBit0O-7,P
[/O LSR Hi Bits0 -7, P

2-32 2-21
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2-32

1/0 LSRs

ALU Bits 0-7, P

LSR Write Lo

LL
2-39

LSR Write Hi

@ ) GEEN SR San 4

2'39 Sys Rst 4@_“—{_‘
< ' A : Arith Carry Out Clock 8 A
A

L

17th 1/O Addr Bit to I/O HDB

2-12
17th ALU Bit Out

IBA> Bin Comp A Reg Ain SNS 1/0 Instr

2-15

18th 1/O Addr Bit to I/O HDB

L= ]0e]

L B -
Any | O LSR Selected y

EB Cycle —-‘

17th LSR Bit A oDD

Chan LIO Instr

PH Active PMR 17th Bit \—l
B in — [ 19th 1/O Addr Bit to |/O HDB

Sys Rst
/ Sub DN L—\_
] Bc.:ks A l I 00 Upper [ 19th | 18th | 17th | Hi
KP132 8th ALU Bit Out 1_ LSR 01 P Bit Bit Bit 0-7,P

18th LSR Bit

Bit \J
Addr =]

R Decode /T\/T\Zf 1/0
1
— 1F

SNS 1/0 Instr

Even Clock l l
S Any 1/O LSR Selected

o0 hAN =

ystem Reset 5 Gyae ] MA202 MA222 1/0 LSR Bits Lo
KP1 32 Chan LtO instr A
Active PMR 18th Bit || 2-31
19th LSR Bit
Sys Rst N I/0 LSR Bits Hi
PH ]
Clock 8 .
A 2-31
 S—
19th ALU Bit Out —
KP132 ) SNS 110 Instr .
] 1/0 Not CE Test A
SNS EB Any LSR Sel [] any 110 LS Seecreg [ o
I_I EB Cycle 1 17th Bit to SAR
Chan L1O trstr A 17th Bit MS Scan A OR

Active PMR 19th Bit

1/O LSR Select

>
L’%
o
w
N

2'33 >64K Sw On I Upper P Bit to SAR
PH o]
N Lo
_—l_‘r—' 18th Bit to SAR
KP132 A OR
> 128K Sw On — KPT32
PH 18th Bit MS Scan A
o
, A
KP132
>
Alter SAR Mode 256K Sw On :—I of 19th Bit to SAR
1/0 Cycle Pwrd A l L
Clock 5 Pwrd KP132
System Reset 19th Bit MS Scan ! A

KP132



LSR Addressing
CPU LSR Select

PSR, BAR
CPU LSRs 1/0 LSRs
HDB Address LSR LSR HDB Address Channel LSR LSR
Hex 168 4 2 1 Name Function Hex 16 8 4 2 1 Bank Name Function
00 000 00O 00 00 O0O0O0
01 00 0 0 1 1AR Instruction Address Register 01 0 0 0 01 — BAR* B Address Register
02 00 010 ARR Address Recall Register 02 00010 2 CRTAR CRT Address Register
03 00 0 11 03 0 0 0 11 1 MRDAR 5424/2560 Read Address Register
04 00100 AAR A Address Register 04 00100 2 MTAP Tape
05 00 101 05 00 1 0 1 1 MPCAR 5424/2560 Punch Address Register
06 00 1 10 06 0O 0 1 10 1 LPDAR Line Printer Data Address Register
07 o0 1 1 1 07 0O 0 1 11 2
08 0 i 0 0 0 XR2 Index Register 2 08 0 1 0 0 O 2 —— Custom System (Spare)
09 01 0 01 DRR/LCR Data Recall and Length Count Register 09 01001 1 MPTAR 5424/2560 Print Address Register/
0A 01 0 10 1442 Read Punch Address Register
oB 01 0 11 XR1 Index Register 1 0A 01 010 1 LPIAR Line Printer Image Address Register
oC 01 1 00 08 01 0 11 2
0D 01 1 01 oC 01100 1 DDCR 3340/3344 Control
OE 01110 MA202 oD 01 1 01 2 — Custom System (1442 RPQ)
S SR foaress OF 01 1 1 0E 01 110 - - Not Available w
OF o1 1 1 1 Not Available 239
PSR BAR 10 1 0 0 0O IAR-0 Interrupt Level O Instruction Address Register 10 10 0 0O 2 BSCAR-1 Binary Sync Comm Adapter-1
11 1 00 0 1 IAR-1 Interrupt Level 1 Instruction Address Register 1" 1.0 0 0 1 1 DDDR 3340/3344 Contro!
12 10 0 1 0 tAR-2 Interrupt Level 2 Instruction Address Register 12 10 01 0 1
13 10 0 v 1 1AR-3 Interrupt Level 3 Instruction Address Register 13 1 0 0 1 1 2
14 1 01 0O 1AR-4 Interrupt Level 4 Instruction Address Register 14 101 0O 1
15 10 1 0 1 1AR-5 Interrupt Level 5 Instruction Address Register 15 101 01 2
16 1 01 10 IAR-6 Interrupt Level 6 Instruction Address Register 16 101 10 3 BSCC-2 Binary Sync Comm Controlier Line 2
17 10 1 11 IAR-7 Interrupt Level 7 Instruction Address Register 17 1 0 1 1 1 3
18 11 0 0O ARR-0 Interrupt Level O Address Recall Register 18 11 000 1
19 11 0 01 ARR-1 Interrupt Level 1 Address Recall Register 19 11 0 0 1 2
1A 1t 1 0 10 ARR-2 Interrupt Level 2 Address Recall Register 1A 11 0 10 3 BSCAR-2 Binary Sync Comm Adapter-2
1B 11 0 11 ARR-3 Interrupt Level 3 Address Recall Register 1B 11 0 1 1 3 BSCAR-2 Display Adapter
1C 111 00 ARR-4 Interrupt Level 4 Address Recall Register 1C 11100 3 BSCC-1 Binary Sync Comm Controller Line 1
10 11 1 01 ARR-5 Interrupt Level 5 Address Recall Register 1D 11 1 0 1 3 DSAR 3741 Data Station
1E t 1 1 10 ARR-6 Interrupt Level 6 Address Recail Register 1E t1 110 3
1F T 1t ARR-7 Interrupt Level 7 Address Recall Register 1F 111 1 - P-PSR* Program Status Register (LCRR)
1/O LSR Select
2-38
Note: The MLTA addresses main storage by using the *Only one LSR can be selected in an HDB module
remote SAR lines and activating ‘remote SAR gate". at a time. Most CPU operations require selecting
only one LSR. However, the following operations
require selecting two LSRs at the same time; A sys-
LSRs \o tem reset operation selects the P-PSR and IAR (re-
fer to page 6-2); A branch, TIO, or decimal instruc-
MA202 tion selects the BAR and the ARR during the IH
cycles. Refer to page 5-8. Therefore, the BAR
To address and the P-PSR are located in the I/O LSR module
main

but function as CPU LSRs.

storage X en— MLT A

Remote SAR Gate
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CPU LSR Select

2-34

IR Cycle Skip True
3 -
Clock 3-4
EB Cycle 239 A
Reg instr A ~ R
QBito & A l cPuU LS
QB3 Reg Instt Int EB 34 Add:ess
A
Clock 3-4 oR 2-33
iR
Cycle OR | 1AR Sefect CPU HDB
Dummy Half Cycles Clock 5-0 A DOT Addr 16
D LSR Interchange Pulse 1 0 G1 —~— A |OR
aa— —
235 oco | G2 LSR Display Gate ™ KLT0T ARR Sefect —
2 G3 Normal Display —— OR N
A U Alter SAR Mode A
LCR or DRR Sel R Py
Any Interiupt Being Serviced 2 3 Ga A > |
N Idle Time Clock 4CD-6 System Reset
OR KL101 KM111
251 A Alt-Disp Stor
- o |ager 1 e =
QB 5 ] OR | Addr 1 A IAR Setect s
A > DOT Clock 0-1 A Fast I-Cycle PrY
Reg Inst Not Q0 EB 34 a 1 KL131
— 4
— 3 ] A
AR Display
A 2
QB2 1
KL131 ARR D A
1splay
L]
N
A
1 0 G1 Clock 5-0 A
CcD ! G2 Recompl Cycle
D
2 G3
QBit4
2 3 Ga ! A OR ARR Select AS
Clock 3-4 DOT
oR ] ORF——— l 251
] Significant Digit
l Y > N KL101
4
’) 22 A
3 EB Cycle Clock 6 or 8
ARR Select 2
1A A
R Select 1 _'_‘izt:erDB FC Instr IXTHILT+IH A
Sel IAR-ARR Int Bits 1-7 4 or Int 0-7 PH
- 3 DoT
KL101
2 KL131 A
1 1 Clock 3+8
\.g OR FC Instr
\_ KLisa Dec Instr OR
\_ Branch or T1O [nstr
N - Sanch 110 o
{ 1
\_2 OR Q Cycle
5 Clock 30or 8 A
\- LSR Display Gate
4 I N
4 D Hall Word Format New [ ]
5 H-F
CPU HDB Sei ARR-IAR int 0-3
\5 OR . Add: 4 - Clock 3-4 u A H
7 £A Cyel OR AC 2-43 a EA Cycle Sel ARR-IAR Int 4-7
e DOT LSR Display Gate
A EB Cycle OR CPU HDB
Clock 5-0 AAR Select KL131 A OR | LCR or DRR Sel Addr 8
— OR ’_'I o OR
IX2+1L2+IH2 OR T OR poT
A Recomp! Cycle N EB Cycle KL121 —
Clock 3-8 ] l A KL131
Clock 1-2
KL1
OpBit3 ISR Display Gate L1z
Sel XR1
Clock 2+7 Sel XR1 e
A
LSR Display Gate N A LSR Display Gate 1X2 Cycle
1X2 Cycte Op Bit 2 ] A Sel XR2
e
LA tnstr A B L A I XR2 Display L
Clock 3+8 Clock 2+7
QBu7 o¢ A L IXTHL+IH1 A ) A
IXT1+IL1+1H1 Clock 348 LSR Dispiay Gn\s,_ OR
Reg Inst Not Q0 EB 34 —{OR > Reg inst Not Q0 EB 34 ——OR
OR LA fnstr KL121
A A A
QBit 7 XR1 Display QBit6 QBit6
X1 Cycie ] A — IX1 Cycle —
SR splay Gat
Clock 2 A LSA Dusplay Gatel Sel XR2 Gate A
. OR { N '4 A
Sel XR2 Gate KL121 Clock 2
L




LSR Select (1/0O Channel Bank 1)

Chan LSR Select 3

L
N
4100 ¢~y
A
N
L Chan LSR Select 4
tN
4-100 N
A
1
L Chan LSR Select 5
4100 ::———‘ N
0 N
A
N
L Chan LSR Select 6
r N
4-100 T f N
A
N
L Chan LSR Select 7
4-100

Clock Trigger A

l G ‘/\ 1/0 Not Console Instruction

r

241
EB Cycle
Clock 2
Clock 8
Clock O
Clock 2
OR
Clock 4

System Reset

NENRES

N

Any CSP Request CSP Request

||_ N\
Clock 8 | A

5-72 FL

Clock 5

]

15

L5 ]

EB Cycle

Clock 5

Clock 0

KC152

Power On Reset

1/0 LSR Select Clock

L

Reset 1/0 LSR

OR

KE151

FF

KE151

FF

KE151

KE151

FF

KE151

TR3
A Ch 1 Sel 1/0 LSR Addr 16
I
TR4
A Ch 1 Sel 1/0 LSR Addr 8
o _I
TRS5
A Ch 1 Sel 1/O LSR Addr 4
TR6
A Ch 1 Sel 1/O LSR Addr 2
*—
A Ch 1 Sel I/O LSR Addr 1 Ch 1 Sel
TR7 1/0 LSR

Nijo o b jw

OR

2-38

(TR3 -7, Channel 1)

2-40

/O LSR Select Clock

>

2-36
2-37

Reset |/O LSR

s

OR

@
2-36
2-37
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LSR Select (I/0 Channel Bank 2)

4-100

4-100

4-100

4-100

4-100

Chan 2 LSR Select 3

| f
Chan 2 LSR Select 4
I  —
A
]
U
Chan 2 LSR Select 5
 —
A
g
DChan 2 LSR Select 6
‘I :
A
[n]
L
l L \\ Chan 2 LSR Select 7
I N
A
1}

2-35

170 LSR Select Clock

I R Reset 1/0 LSR

2-35

FF

KE301

FF

KE301

FF

KE301

FF

KE301

TR3

TR4

A 'Ch 2 Sel /O LSR Addr 16

TR5

¢

A |Ch 2 Sel 1/0O LSR Addr 8

A |Ch 2 Sel 1/O LSR Addr 4

]

[ ——
TR6
*——
.—
TR7

A ICh 2 Sel 1/O LSR Addr 2

A |Ch 2 Sel 1/O LSR Addr 1

Odd

CH2 Sel 1/O LSR

2-38

Channel Bank 2 Selecled% B >

240

L8]

2 of 5 Check Bank 2 @

240

2-36



LSR Select (I/0 Channel Bank 3)

| L > Chan 3 LSR Select 3 TR3 3

4-100

Ch 3 Sel 1/O LSR Addr 16

A
S—
[ —
A A
6 — J
4 [
; A A |Ch 3 Sel /0 LSR Addr 8
4 _ +—‘l—4
A *
5] | o
I—T\ Chan 3 LSR Select 4 TR4 A |Ch3 Sel 1/0 LSR Addr 4
5,
4-100 A
7
5 [
A
l L \. Chan 3 LSR Select 5 TR5
4100 A -—‘J
—
[ —
A
7 _
Y —
—
A ] © Ch 3 Sel 1/0 LSR Addr 2
6 A
l \ )
L Chan 3 LSR Select 6 TR6  —
4-100 , A -
m 4 — T © A [Ch 3 Sel /O LSR Adar 1
KEA01 . A
5 Ch 3 Sel
1/0 LSR
A
7
— 2-38
6,
A
7 Channel Bank 3 Selected
[:\/L Chan LSR Select 7 L ; ’e c
3 — 236
4-100 4 al |
5 o 5 —]
8 5
7
— 6 r_A_L 2 out 5 Check Bank 3
7 _J o] B
I 236
@ 1/0 LSR Select Clock L —
61 A
2-35 7
3
—
4
5
I_R_> Reset 1/0 LSR 5 OE
2-35 7
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1/0 LSR Address Bit Generation

Chan 1 Sel 1/O LSR

2-35
Chan 2 Sel /O LSR

2-36

Chan 3 Sel I/0 LSR
LR

2-37

Setect 1/0O LSR Address Bit 1

LA Instr rN—l
I

LSR Display Gate

Clock 3or 8

Eh__
A
1-X1 or I-L1 or I-H1 A
BAR Sel

EB Cycle OR
Clock 5-0

A
Recompl Cycle
_mpv_B_J— RTT

1/O Address 1

OR OR
OR Select 1/O LSR Address Bit 2
1/O Address 2
OR
> ——
oR Select I/O LSR Address Bit 4
1/0O Address 4
OR
OR Select /O LSR Address Bit 8
1/O Address 8
OR
[ W—
Select 1/0O LSR Address Bit 16
OR

Dummy Half Cycles

OR

1/0 Address 16

Normal Display
o e
Idle Time A A
Clock 2
1-Op Cycle A
QBith
System Reset
A {N I—
. Clock 3-4 A
Clock 3-4 m oR W] — oc PSR Select Select PSR
- L] EBcycle A OR  —or}—=
l;_g—l—t— A Clock 30or8 2 Address Format A
. eg Instr A
QBit0 Iae—— 1Q Cycle
Clock 4
Recompl Cycle b MA202
A
Clock 1-2 A
| KL101

1/0 LSR Select

2-38

2-33



LSR Controls

Dummy Half Cycles
[ DC )
2-3 1/0 Not CE Test
L A
Chan Inhibit LSR Load Idle Time OR N
1Q Cycle Clock 3 or 8 A
1X1 Cycle A A or B Reg Chk
I1X2 Cycle
OR . @
| Cycl A
It; szlz Clock 1 0r5 LSRto AorB m Al or LSR Write Lo Gate D‘-
A Clock 6 L-l -
2-31
EB Cycle 1st E Cycle
OR lock 2-32
A A 1/0 Not CE Test Clock 2 A
Half Word Format New lock 4
vt EB Cycle L1
_ OR N A
Alter Display Storage l__l
N
1-Op Cycle KL111
1Q Cycle
IH1 Cycle
IH2 Cycl
ycle Fast | Cycle
IL1 Cycle OR ’ 3 —¢ FC
|
s o o
yce »— 2-16
1X2 Cycle A 2-23
# KL111 Clock 1 or 5 LSR Write Hi Gate
OR LH
IL1 Cycle A 2-31
2-32
OR ]
L2 Cycle KL111
1Q Cycle
IH1 Cycle Clock 8 A
IH2 Cycle
TX1 Cycie OR
1X2 Cycle Clock 3 A I-R Cycle ‘
Clock 4 OR Condition true or Jump (instruction) A I-R Cycle Skip True I ) :
condition false
A A Branch or Jump - 2-15
EB Cycle I 2-16
st ycle I I 1-Q Cyecl
N | SDBO 8 yee A Branch-Skip True 2:20
Clock 2 L—, l A oF OR —e A °F _._* 2-34
EB Cycle Aux ALU Out Blank \ Output here means ‘
OR ——, KL111 branch condition satisfied Op End CLK O
Alter SAR Mode OR
Branch condition T10 Instruction
equals tested register 1-Q Cycle KD151
(not) 1/O Cond B A
Clock 8 Q Zone Blank and Not Q Bit 4 A
1Q Cycle A N
Clock 4D | Branch or T1O ]

Dummy Haif Cycles A OR LSR Interchange Pulse
@ Clock 3 cli8 A @
N ‘ A Op End

A
23 TIO 2-34

N ,‘ KD151 2-51
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1/0 LSR Select Check

2-36

2-37

2-36

2-37

RC
2-18

(TR3-7, Channel 1)

{two of the possible
five lines should be
active to select

an LSR)

|Channel Bank 1 Seld
OR

L 3 2 out of 5 Check {base LSR)
OE l
l__’ OR OR
L | OF(I 1/0O LSR Select Check
| B > Channel Bank 2 Selected A |
KE161 KB121
OR
D Channel Bank 3 Selected
[CB> 2 of 5 Chk Bank 2
| B> 2 of 5 Chk Bank 3
Reset Chk Latches |T\l_] Sw
T | I | Pos
¢ ] 8
Clock 0 A m - l
Phase DE L A
AL R I A | 1/0 LsR select Check Display
KB111
KB121 . L
lay P H
Even Not O KB121 R Display P Bit Hi
|_l Phase CD Al KB141 PCI11
T L —

KE293

PC101

2-40



OP REGISTER

4 5 7
] AND AND
The op register stores one-byte CPU op codes. X q 119 - @
. . 110 X
The op codes are sent to the op register from main 15 X - 215
. X
storage through the SDR, the B register, and the ToliTo OR OR D
ALU. Decode of the op register is performed to BANTZ1
determine which instruction the machine should 2-15
execute. When an 1/0 instruction is decoded, the 2 Address Format @
1/0 attachments receive this information through 52
signal lines which are a direct output of the 3 56 7 Zero and Add Zoned 220
. 11010
decode logic. oo Add Zoned Decimal
4? SERE Subtract Zoned Decimal
TTololo Move Hex Character
Edit
[ 56 7 1{o0{1]o0 { L>
X n—
X ﬂ Insert and Test Character
01 2 3 \ 1]0]0}x | 1(0f1]1 23
x ot 1 [ x| x| ]| ] Single EB Cycle 7T ToTol—_Move Characters s
ofojo}o RN121 A T ol Compare Logical Characters 2.27
0j0j0f1 T To Add Logical Characters
. 0joy11o o__E Subtract Logical Characters
Note: X can be either O or 1. olilolo 111 {111
ol ol 2 Address Format \
'8 Sense 1/0
ojJt1f1]0 Y
1jojojo &E YR 4-100
1{ofo|1 e\ TeT 4130
1]jofr]o Inv Addr or Addr Viol (page 2-58) L Store Data Group New - Load 1/0
RNT11 : 2 P% E A P J|5D> ofofofn e J]W>
ol ToTo tore Register
E— 23 Load Register 4-100
o1 2 3 ojriort Add R t
1111010 1 Address (branch) 456 7 Test On or Off ojririo T = ;glsh;r
ress (branc est On or t Bit ked
1{110]1 xq1 olo]x F 1V> TTololo est Bits On Maske: o
Test Bits Off Masked
111]1jo0 x|x10(1 N 2.24 X m—) |1 [0]0}1
RN111 Set Bits On Masked 2-44
0|x{1 X 1{011|0 2-48
Half Word Format New Set Bits Off Masked
X Of x| x|x OR HF 11011 - -
01 2 3 Move Logical Immediate
T x 234 11110lo0 - LCP
010j1]1 Load or Store CPU Compare Logical Immediate L
1 Address (non-branch) 2-39 111]0]1 44
ot} 1111110 Store CPU
110111 P P P Load CPU
_(.).. RN RN111
1 . RN121
1 01 2 3
2 ] Command Format RN131
- 1T{111]1 1 Address Branch
Op |3 £
— RN111
= 4 5 6 7 =
% olololo Branch On Condition
T (o) 5 X ololol Test 1/0 and Branch
no | 4 5 6 7 ° Bin Add or Sub Group N olol 1o Load Address
RN101 E— x o 0| x] x| 0 J—' 4-100
E 1/0 Not Console Inst VX ' e Priv Mode
(o] nstr .
Q Reg Blank | | (not) Q Reg Blank @ <l xlo Bin Add Group Halt
H N X v A
| I 2-2 111 N
244 10 2.35 all 227
- 213 x| xlo]1 x 2.24
R -130 HPL ————{ : >
x[x{ 110 A Bin Add or K 2 5 6 7 A l—o
e"_ olololfo N Sub Not Move oToTo 4100
31010 2-27 sTolos Advance Program Level ‘_0 I—(:!\F
TIO 1/0 Check Stop Gate = SG: ol1lolo I 4 X ool 1o Jump On Condition
AN121 Inhibit SDR Transfer D RREE Start /O I 2.43
4-120 RN13I 2-44
| T> Q Reg Zone Blank | N | N1 2-56 ol xIx Command CPU 4-120
L—l C d F
244 ommand Format @

Processor Functional Units 5415 TMD 2-41



PRIVILEGED MODE/MODEL 10
COMPATIBILITY

Privileged Mode

Privileged mode prevents user programs from
issuing 1/0O commands that could destroy effi-
cient multiprogramming or destroy another user’s
program. Privileged instructions are issued only
by the supervisor when the CPU is in privileged
mode.

The privileged commands include all 1/0O com-
mands, APL, HPL, store CPU, load CPU, com-
mand CPU (except Q = 10), and register com-
mands (L, ST, A) that handle interrupt 1ARs.
These privileged commands can only be executed
when the system is in privileged mode. Attempts
to execute these commands when the system is
not in a privileged state causes a program check
interrupt or a processor check if program check
interrupt is disabled (see page 2-43).

Privileged mode is controlled by bit 4 of the PMR
except when the system is forced to privileged
mode because the CPU is in interrupt level 0.

In all other levels, the program controls privileged
mode through the PMR.

Model 10 Compatibility

The CPU is forced to Model 10 mode by system
reset, IPL, or power on. The Model 15 enhance-
ments are disabled and privileged mode is on

(all instructions are executable). The system
remains in this mode regardless of the contents

of any PMR, until the first instruction to load any
PMR is encountered. At that point, the PMR
contents determine the system mode.

While in Model 10 mode, the Model 15 will
execute Model 10 programs with the following
restrictions:

1. Programs that fail on a Mode! 10 may fail in
a different manner on the Model 15. The
instructions that were added to the Model 15
are invalid on the Model 10. Furthermore,
1/0 devices have N codes defined for op-end
interrupt control that are invalid on the
Model 10.

2. Dual programming does not exist on the
Model 15. Therefore, T10, SIO, and APL
instructions do not select the P2 |AR.
Instead, the Q code selects the P1 ARR.

3. TIO, SIO, and APL instructions with a de-
vice address of 0 (Model 10 DPF) are treated
as a no-op.
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Invalid Op Code and Privileged Op Check

/ (not) 4
Reg Instr
A
A
QBit0
DU
L
Op Bits
7 (not) 6
CMD CPU Instr
A -
(not) 5 SVC Instr A 1-Q Cycle A
l N
OR L
(not) 4 (not) 5 ] N (not) Priv Mode (PMR bit 4) Priv Check  ( See Page
2 Address Format Ld/Str CPU Instr } 250
SNSor LIO 1-Op Cycle KN101
4 - —_—
APL |
or TIO OR
5 A HPL
SIO . .
- Display Bit 4 Lo
Priv Op OR ()
Clock 8 CD Check
{not) 5 - — Reset Chk Latches fL EEE———
Op Bits A OR N A
(not) 4 Inh Hard Stop
®
Op Bits 0 1 2 3 ] KB121
OR
not not A
both both 7 ® @
— Op Bit 6 — A |
t -
not © 1 Address Non-Branch 2-47
both
both not
both 6
both | both Y . A
A
1 Address Branch
— Invalid Op
j 5 Code
Op Bits OR
( 4 OR | | A *— \YZe)
A
Command Format 2-47
_J RN131 KN131
cMD Command CPU N
2-41
l LsC Load or Store CPU E]
2-41
Drum Switch
Invalid Op Code Sw
P Pos Proc Chk Display Invalid Op Display
Inh Hard Stop A 8 A
N | FL Proc Chk A
250 (¢iock 8 CD ___ JOm on Display Bit 5 Lo (
)
Reset Chk Latches KB141
|RC > f E KB121 PC111
218 PC101

Processor Functional Units 5415 TMD
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Q REGISTER

All instructions include a Q byte that serves to
extend or modify the op code. During the
execution of an instruction, the Q byte is stored
in the Q register. This register is loaded through
the same data path as the op register and its
output is decoded to determine the necessary
information for the CPU to execute the in-
structions. During the execution of 1/0 in-
structions, the Q register stores the Q byte, but
each 1/0 device also receives the Q byte from the
ALU output on DBO at the same time. The

CPU does not use the Q byte of the I/0 in-
struction even though it is stored in the Q register.

m Command CPU Instr

241

Load PMR Instr

2-44

Load PMR instr

Store CPU Instr

Lcp Load CPU Instr

KN131

Load CPU Instr

4 EB Cycle

QBits 4 (5+6+7)

QBits4+5+6+7‘

Cl 3-4

Ld/Str CPU Instr
LSC

2-41

EB CI 3-4

0 1 2 3
0j0 8 ? SVC Instr
8 8 TTo CMD CPU PRG Chk
™M P
oo 1 CMD CPU PMR Ld
KN121
g 2) g g Str ATT or Prot Instr
olotoln Str PMR Instr
Str Chk Adr Instr
010f1]0
NGERE Str Chk Status Instr
ol Totlo Str Curr PMR Instr
AERRE Str ATT
Str Prot
oj1]1]0 Lo
8 :) (2) g Load ATT or Prot Instr
ololom Load PMR Instr *
NERD Load Chk Adr Instr
AGIERE Load Chk Status Instr
ol 1olo Load Curr PMR Instr
Load ATT Instr
ojh ot Load Prot |
ol 7 To oad Prot Instr

Q Reg Blank
H
2-2
Sel Int Lev 0 Decode 2-27
2-41
Q Reg Zone Blank T
2-41

Q Reg Numeric Biank

S

Diag Fetch Instr

R
N W

FR (fetch data register) Rst Instr

Ld/Str EB Cl1 34

LS

:
[o0]



Op and Q Register Parity

Op (bits 0-7, P) Op Reg P Chk
ALU Reg
RN141
RN101 OR
RN141
|
Q (bits 0-7, P) Q Reg P Chk
ALU
Reg
RN 141
Drum
Switch
SW ' proc Chk Display
Pos
8
Op or Q Reg P Chk
Clock 8 A
@ Load Check Latches FL
2-18
Reset Check Latches OR
'RC >-
218 KB101
KB141

Parity Check Sw Stop

A
KB131
Display Bit 3 Lo (
OR —
PB101
KE295
Proc Chk (
)

PC111

Processor Functional Units

5415 TMD
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2-46

PROGRAM CHECK REGISTERS (Part 1 of 2) ALU Bit 7 (command code)

If multiprogramming is to be efficient errors
caused by one user must not stop the system and Q code = 00100000

deprive another user of processing time.
(interrupt 7 enabled)

P /
Cmd CPU Prog Chk FE t

Through the use of the program check interrupt IR Cycle
and the program check registers, the CPU pro- Clocks A Int 7 PH WL
gram can (1) analyze the conditions that caused 1/0 Cycle | {EJ_
the check, (2) print out an error message, and
(3) transfer CPU control to another user. Invalid Op

. L . Invaln:d Q 2 Program Check
The program check registers contain information Invalid Address
saved from the cycle during which a check Address Violation S

] . Privileged Op Chk

last occurred. If interrupt 7 {program check) is / Clock SCDKL
enabled, these registers are set to reflect the L
system condition when a program check occurs.
The register information is reset when interrupt
level 7 is reset. KN111

-47

Force Interrupt 7

FL

ALU Bit 6

The program check registers can also be loaded
with a load CPU instruction (LCP) or their
contents can be moved to storage with a store
CPU instruction (SCP). Program Check

Address Reg Hi
LCP instruction N
used for
diagnostics.
Ld Check Addr Instr

EB Cycle A Sel Check Addr Reg Hi +
A
1st E Cycle l [ Clock § l L

MSAR Hi Bits PH

OR
—‘— (8) e

(8)

ALU Bits

\ To
Program Check
Assembler

Program Check
Address Reg Lo

A | Sel Check Addr Reg Lo KR201 ALU Bits PH
KR272

KR 272

on e
(8)

2-48

AL

MSAR Lo Bits

® |
KR201



PROGRAM CHECK REGISTERS (Part 2 of 2)

[‘\ Load Prog Chk Reg
LP

N

46
td Check Status Instr

EB Cycle

Program Check
Status Reg Hi

Sel Check Status Reg Hi

1st E Cycle

[ > ]

Sel Check Status Reg Lo

oy

> ]

N

Invalid Q

4-120
tnvalid Op
VO
2-43
Invalid Address
v
2-58
Privileged Op
D
2-43
worrECIable Memory Error
C
3-11

Uncorrectable Memory Error
o

3-11

dd Bi
> 256K Address Bit z}_[ ﬂ___ P |
Reserved A I ] 0 l 1
Bin Int 4 T A OR| )
Bin Int 2 ' |
A 3
L __' To
Program Check
Bin Int 1 A f’_i}_ a 2.48 Assembler
¢
Any Int 0-7 A ' 5
o
) ———] ]
>64K Address Bit A oR 6
A 7
~. N ”,
~128K Address Bit
AL U Bits
I(AB) Program Check
Status Reg Lo
OR
A OR PH 0
Address Violation
l 1A >
2-56 l
o— A OR 1
OR ____J
Block SDBO Check
o> ——
KR211 |
T H A OR 3
To
*7 Program Check
A OR‘ 4 2.48 Assembler
—
*— A OR 5
— A OR li 6
I -—
Tied-Up A OR 7
EN
KR211
A
ALU Bits 8)

Processor Functional Units

5415 TMD
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PROGRAM CHECK ASSEMBLER,
STORE DATA ASSEMBLER

LD/Str EB CI 34
|LS )

2-44

B Program Check Status Hi
_ X
2-47

. Program Check Status Lo x

247

w Program Check Address Hi
% X

2-46

(not) 1st E-Cycle

B Program Check Address Lo
_ X

Program Check

l

|
|
|

2-46
1st E-Cycle
QBit3
Gated Q Bits
1 2 3
ololo Store ATT or Prot Reg Instr
olol Store PMR Instr
ol 1o Store Chk Addr Reg Instr
. Store Chk Status Reg Instr
Str CPU Instruction [0 1| 1
SCP Tolo Store Current PMR Instr
2-41 Tol Store ATT
1T To Store Prot
Clock 3-4

EB Cycle

Assembler
1 0
1
]
2
? Program Check
4]
1 5] LSR Lo
6 (L0 ——
7 2-31
PMR
KR222 ‘h
2-29
D ATT
2-55
0| 0] LSR Lo
1[1]PMR
of1|ATT
— 1] 0] Prog Chk
A o
OR \
A
A
T—___ OR
L A KN121
A
[ ]
A
L 4

Store Data
Assembler

BERANEE

KR242

le— Select Bit 2 Store Data Assembler

N\~ Select Bit 1 Store Data Assembler

LSR Lo P Bit

OR

P Bit Generate

LSR Lo or Store Data (to A reg)
8

2-48
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INTERRUPTS (Part 1 of 3)

The CPU performs its computations in a step-by-
step procedure until altered by a branch (refer
to page 5-51) or an interrupt.

All interrupts follow the same general outline;
(1) interrupt the program in progress (always at
op-end), (2) execute the requested program, (3)
return control to the interrupted program.

The 5415 processing unit has eight interrupt levels.

Five of these levels are devoted to I/0 devices and
three support CPU functions. The interrupts listed
below are from highest priority to lowest:

Interrupt |Priority | Function Performed
Level

7* 1 Program check — Handles
soft errors.

Interval timer 1 1/0
SioC _ control

MLTA/BSCC S and data
BSCA transfer

N WA
| (WN

Device op-end — Notifies the
CPU that the /O device has
reached end of operation.

1 7 CRT display — 1/0 control
and data transfer

0* 8 Supervisor program — trans-
fers control from a problem
program to the supervisor
program.

None Main program level

*Description on facing page.

The interrupt routine being performed is estab-
lished by the interrupt priority latches. Asin
cycle steal, the highest interrupt level device

takes precedence over lower level devices. Thus, it
is possible for an interrupt routine to interrupt a
routine of a lower priority device. However, each
device maintains its interrupt request until it is
satisfied, so the lower priority device finishes its
routine upon completion of the higher level
routine.

Each interrupt level has a separate IAR, ARR and
PMR in the CPU so these registers for the main
program are not disturbed. Any other registers
(CR or index registers) used during the interrupt
must be stored at the beginning and re-established
at the end of each interrupt routine.

The stored program controls the capability of a
device to interrupt by enabling and disabling the
device through SI0O, LIO, or SVC instructions.
Once an interrupt has occurred, the interrupt
routine is also ended by the same instruction.

During the I-Q cycle, device selection occurs in
the same manner as any SIO instruction. Then

at clock 5 of the I-R cycle, the control code is
sent to the device attachment on DBO. The
control code is decoded by the device attach-
ment to turn on the ‘interrupt enable’ latch. This
latch remains on until a disable control code is
sent in another instruction.

If a device has a need to interrupt, the ‘interrupt
request’ latch is turned on. At the end of the
operation being performed in the CPU, an interrupt
poll is sent to the device. This activates the

‘DBI bit’ line to turn on the interrupt latch

for the device in the CPU. If more than one ‘DBI
bit’ line is active, only the highest priority inter-
rupt latch is turned on (see diagram on page 2-51).

With any interrupt latch on, the selection of the
normal IAR/ARR is blocked and the IAR/ARR
for the active interrupt level latch is selected.
The interrupt request latch in the device attach-
ment stays on until an instruction with the proper
control code resets it.

Any Interrupt Level

Being Serviced
Interrupt

Latch

FL

Selected
Select |AR
ARR Interrupt

Interrupt Mask

A mask function is provided to simplify interrupt
processing. This function gives the programmer
the ability to complete a routine before it is
interrupted by a higher priority program.

The mask interrupt function is controlled by a
bit in the PMR. When this bit is on, any higher
priority interrupt request remains pending until
the mask is set off. The exception is interrupt
level 7 (program check interrupt). Itis not
affected by the mask.

The interrupt mask bit in the PMR must be set
off before an interrupt is reset. Failure to do so
will cause the CPU to remain in that interrupt.

{ Clock 510 8 [ interrupt Poll

[F/I Op End Gate A

2-2 KDI4l
) S10 Inst

0 1-R Cycle
Yciock 5
!

DBO

\t \l’ NS :4

Interrupt
Enable

Enabie

.l

Decode
Control
Code

Disable

Interrupt
Request

) interrupt Request

Reset

Processor Functional Units

Op End

(not) Mask Interrupt

M/C Advance

Typical
Attachment

Interrupt Request Bit (DBI)

Note: Actual logic varies with
the devices. This figure merely
represents the concept involved.

5415 TMD

Interrupt
Latches

2-49



INTERRUPTS (Part 2 of 3)
Supervisor Program (Interrupt Level 0)

A user program passes CPU control to the
supervisor by initiating an interrupt on level 0.
This is accomplished by using the Command
CPU instruction with a Q code of 10 (supervisor
call). Refer to Command CPU instruction des-
cription on page 5-67.

ALU Bit6

Request

SVC Instr
——
IR Cycle
Clock 5

Op End Interrupt (Interrupt Level 5)

When an 1/O device has completed the operation

in progress, and ‘op end interrupt’ is enabled in the

device, ‘op end interrupt request’ is activated. At
the end of the CPU operation being performed,
‘interrupt poll’ is activated. ‘Interrupt poll’ and

Program Check Interrupt (Interrupt Level 7)

For the Model 15, program check interrupt allows
the CPU to enter an interrupt routine rather than
a processor check hard stop condition. Errors
causing a program check interrupt are:

Interrupt O

‘interrupt request’ combine to turn on the hd
‘interrupt level 5’ fatch in the CPU.

°
Once CPU control is transferred to the interrupt
level 5 program, that program determines which L4
device initiated the op end interrupt. This is
done through T10 and SNS instructions. The L
determination of which device requested the
interrupt and what priority each device holids, i

is a programming function.

Invalid address
Invalid Q
Invalid Op
Privileged Op

Storage violation

The occurrence of any of these errors during the
program check interrupt routine causes a pro-
cessor check hard stop. Invalid address during
1/0 cycles also causes a processor check hard

The program check interrupt routine can analyze
the cause of the error from status provided by
the CPU hardware, prepare a message for the user
causing the error, and then transfer CPU control
to another user thereby making maximum use

of the CPU time.

The program check interrupt is assigned to level 7

which is the highest priority interrupt. The
program check function must be enabled by a
command CPU instruction. |f the function is not
enabled, the CPU performs like a Mode! 10 in
that the checks mentioned cause a processor
check hard stop. The command CPU instruction
is also used to disable and reset interrupt level 7.
The status required to analyze the error source

is provided in registers that may be stored using
the store CPU instruction. This status includes
the specific check, the physical main storage
address at the time of error, and the active
interrupt level, if any, at the time of error.

2-50

A description of the program check registers
can be found on page 2-46. A description of

the program mode registers can be found on page
2-28.

SAR Bits |

oo ol

Memory Size

stop.
Invalid Op New
Inv Op Chk Interrupt 7 Enabled @
1-Op Cycle
 { Cmd CPU Prog Chk Int 7 Enable 17
IR Cycle A | A FF Load Prog Chk Regs
Cl 5 I
N
Priv Mode N A FL I
KN111 Force Int 7
Ld STR Instr Fi
See Page 2-43 A 2-51
Chan T10 Instr ALUBIit 7 ALUBit 6
HPL
OR
Chan SIO Instr
SNS or LIO Instr
(not) I/O Condition A .
Inhibit Hard Stop |
] A nvalid @ OR (not) 1/O Cyc: !
S_ Y e 2-43
(not) 1/0 Condition B LD CPU Instr N m 243
See Page 4-120 KN101 L] 4.120
Write Protect or STR Bit 1 P Check \
hibit Ad
Store Data Group A Write Viol rogram nec nhibit Advance J—‘Z\>
Active PMR SP Bit 22
EB Cycle L Ci BCDI '
| lid Add l
el e OR -0 Block write by controlling A <NTT
Any | Cycle ‘ | ‘store data grp’.
See Page 2-58 Fetch Protect or STR Bit 0
A &
Active PMR SP Bit L Store CPU Instr ' M/C Advance A l Force Op End -
- OR Fetch Viol SDRT ; OR Block access by controlling clo
poT Inhibit SDR Transfer ‘INH SDR Xfer'. || 22
2-61
E Cvel A P Interrupt 7 PH Program Check
ycle | >

2-51




INTERRUPTS (Part 3 of 3)

System Reset

l Load Interrupt
OR

(not) Mask Inter
—_—

i

Interrupt 7 PH
[*>

j 2-50

IAR/ARR Int Lv - 7 Seld l

ARR/IAR nt Lv - 7 Seld

These circuits are the same for each interrupt. l

| Priority Buf Bit 2
A

Priority Buf Bit 1

l Priority Buf Bit O
A

Any Interrupt Being Serviced

Interrupt Poll

2-5
2-7
2-34

[ eone 1 3 T
A
2-50 |
N Op End Inter Req 7 KD141 | —
| )- 1 @ 1—1 o ——— 1 1
A o )
22 FL A Priority Buf Bit 7 A
M/C Advance I I
MC N
KM121
2-4 ‘ LSR Interchange Pulse ]
L N
@ Force Intrpt 7 KM101 i
2-39
System Reset l ARR Select
2-50 1 ES\ﬁ
2-34 A
SlO OR | A
Clock § Instruction @ 1AR Seld Select
~ |
I-R Cycle - Q Decode
A Priority Buf Bit 6 2:34 OR
DBO Inter Req 6 A | . . A
*— I EB Interrupt Register Instruction
6 AR FL L — —
N . e o ]
N \E [TYPICAL 1/0 ATTACHMENT] " Inter Req 2
_j —‘ KM101 5 - FL
a L
l Priority Buf Bit 6
Inter Req 5
| e 4 FL KM101
Control Code Bit nterrupt | — M
Enable ‘- k LNJ
— | T~ [~ ner Req
N
| I . KM101 1 - L
Control - -
| *—
Code Disable Priority Buf Bit 4 *—
Inter Req 4
Decode | pecer q
\ 3 FL N KM101
Control Code Bit —
IEERE :
KM101
Interrupt
(1/0 attachment) Request Priority Buf Bit 3 $_
Interrupt Request Inter Req 3
—
; ; .
- o
A= = i
l KM101 A
Op End Gate FF
Inhibit Machine Cycle l l
NH A @ Jt
Clock 5108 I Interrupt Poll A
N
KD141 Interrupt O Request
;_—__—____D_—__— KL131
ALU Bit 6
Command CPU
SVC Inst
Instruction With — kil
Q Code Bit 1, 2, 3 =001 IR Cycle
Clock 5

Processor Functional Units

5415 TMD
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INTERVAL TIMER (Part 1 of 2)

The interval timer is a 24 bit (3 byte) binary
counter that is decremented every 3.3 ms. The
CPU treats the timer like an 1/0 device. LI1O, SIO,
and SNS instructions are used for control. 1/0
cycles are not used, however, so the timer does
not affect the system 1/0 burden.

A value is set into the counter by an LIO instruc-
tion and the contents sensed by using an SNS
instruction. SO instructions are used to enable,
disable, and start the counter. Once started, the
counter is decremented by one every 3.33 ms.
(‘adv int timer’). The counter overflows when

the count goes from zero to a negative value and
an interrupt request is generated {level 6). If a
value of FF FF FF is loaded and the timer started,

an interrupt occurs approximately 15.5 hours later.

The timer uses a separate oscillator and clock that
continues to decrement the timer during halts,
stops, and interrupts. Also, the timer does not
stop when an overflow occurs. It continues to
run until stopped by an LI10, a stop timer com-
mand (S10), a system reset, or by stopping the
system clock. Once stopped, the timer does not
resume counting until an SI10 is issued.

1/0 instruction format is shown in the following illustrations.

Load 1/O
Q Code
Op Code DA lMl N
1
L10 0000 1 Storage address
11
0123 4 567
TN
g N
/// \\\
P N

- N
pad N~ EB1 cycle — Reserved

000 | Timer low byte EB2 cycle — Load timer low byte from storage address -1.
001 | Timer medium and high byte

. EB2 cycle — Load timer high byte from storage address -1.
An LIO instruction to the timer causes decrementing to stop. When the timer value s completely loaded
(two LIO instructions), the timer is started by an SIO (timer control) instruction.
Start 1/0

Q Code

Op Code DA |Ml N  Control Code
T

SIO 0000 1 000
L1

01234 567 01234567

—

N= 000 for timer control Reserved |

\
\

's 6 7

1 X Start timer
0 X Stop timer
X1

Disable interrupt

< Reset interrupt request
Does not reset an interrupt in
process but prevents any new
interrupts from occurring.

X
X
X| Enable interrupt
X
1

A start 1/O command is always accepted.

EB1 cycle — Load timer medium byte from storage address.

Sense 1/0

Q Code
Op Code DA lMl N
T T

SNS 0000 1

-

0123 4 567

- S~ /" EB1 cycle — Reserved (addressed storage location is
// ~
- > set to hex 00).

000 | Timer low byte EB2 cycle — Move timer low byte to storage address -1.
001 } Timer high and medium byte

Storage Address

. EB2 cycle — Move timer high byte to storage address -1.

When moving the timer contents to main storage, the low-order byte must be stored first. When
timer circuits detect an SNS byte with the N code equal to 0, the three-byte counter is transferred
to a three-byte register. This prevents the possibility of presenting erroneous timer data if the timer
should be decremented between the two SNS instructions that are necessary to store the entire
timer contents.

2-52

EB1 cycle — Move timer medium byte to storage address.



INTERVAL TIMER (Part 2 of 2)

(device address)

SNS |
Cl23 A |Gate DBI

EB1 I
[ ] I
KT571
OR
EB2 . 4Bi
% Bit | ——
CTR
Decode
LIO/N =1 EB2 1, 1 Gl Reg
EB2 A Set Count High N=1 1|, 2 G2
4 Bit X 3 G3
—t X H CTR ] P E
LIO/N =1
EB1 A Set Count Medium 4 Bit High Byte
X X 3
o— CTR
Medium Byte D8I
— 2 X
LIO/N =0 — 4-115
i Low Byte -
EB2 Set Count Low 4 Bit
X - X 1
Clock 5 A CTR
o—__ ]
KT571
3.33ms KT541
4 Bit
i X — X
Clock Adv Int Timer (KT601) — CTR
KT701
) Start . .
DBO Bit 5 t Gate Timer Advance 4 Bit
X X X
(S10 timer control) FF CTR
Clock 5
Phase C to Chan DN A DBO KT501
IR Cycle KT611
{not) Channel Clock Run —
Sys Rst
- OR
Reset Timer Adv (L1O) *
(counter overflow)
Enable A

FF Sample Timer (SNS)
interrupt Pol! {CPU)
DBO Bit 6 A 0B!'S6
N Int Req (timer)

KT611
6 FF OR KT541
| IR: Int Req (not rdy-rdy)

2-59

DBO Bit 7

KT611

A
L

R

Sys Rst

Processor Functional Units 5415 TMD 2-53



MAIN STORAGE ADDRESSING (Part 1 of 3)

19th | 18th | 17th 1/0 LSRs CPU LSRs
System/3 data flow uses 2 byte (16 bit) addresses. Bit Bit Bit o 6] |0 16
Sixteen bits control addressing up to 64K bytes of L
storage. To address 512K bytes of storage, three
more address bits are required. These bits are PH OR+
provided by an Address Translate Table (ATT) for >64K
CPU operations, an |/O LSR 17th, 18th, and 19th
bit for 1/0O operations, and a >64K, >128K, and % Provides 17th,
> 256K CE rotary switch for console operations. 18th, and 19th
address bits if
PH OR needed.
>128K
OR
Rotary J— E13||E14 | |{E15f¢{1 1 1 00 1 0 00 O O 00 O O 1
Address PH ] | 01234567012345¢6]7
Switch >256K
(CE console)
Address
Storage Lines

Protect

00 [0000
0000
CON
B ¢
/ @

FP]SP111(§
1111

F i1 111

01

Fetch Protect Key -
Storage Protect Key=|=~ |-

I

Table (SPT)i_

Address Translation

§

Table (ATT) — 0 — No translation takes place during /O cycles, or
ATT 00 Regs (32) when the PMR translate bits are off. The 17th,
01 18th and 19th bits are used if needed.

If the PMR translate is on, these bits are still

o[1[1]1]1]o]1]0

used direct to main storage. ATT bits 1 through

- O~ O e~ = O

0|

IF

7 are combined with SAR bits 5 through 15.

These lines provide the additional bits needed to

E address the 512K bytes of main storage.

0

1234567

(Refer to storage

protection, page

2-56)

19 Bit
Main Storage
Address

E13E14E150 1

N\

2 345678 15

3

4 0 1

(MSAR bits}

o1

D
1[1]1] 1] o]

o[1]oJofo[ofolofo]o]o]1
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Address Translate Table

The address translate table consists of 32 registers
(00-1F) that can be loaded by the program. These
registers provide the high order six bits of the
main storage address when the translator is being
used. The PMR controls the translator with 3 bits:

Bit 1 on = translate on B cycles
Bit 2 on = translate on A cycles
Bit 3 on = translate on | cycles

To use the ATT, the programmer must first load
the ATT registers with the desired bits using LCP
commands {ATT is not power on reset) and then
set the PMR bits to control the translator as de-
scribed previously.

Example:

Assume the following instruction is ready to be
executed:

Op Q B field A field
MVC | length | operand 1 | operand 2
ocC |oo 0501 E401

® The PMR is set up to translate on A cycles
only.

® ATT register 1C (hex) has previously been
loaded with a value of 7A.

The A field address is E401 and is considered a
logical address since it is to be translated into a
real address by the ATT. The real memory ad-
dress for this example is 3D401.

During the A cycle, address translation occurs:

® Five high order bits from SAR address the

ATTEY .

® Seven ATT bits and 11 SAR bits form the
MSAR address 30401 ] . During the B
cycle, address translation is inactive. Sixteen
SAR bits form the MSAR address .

The byte of data from MS address 3D401 is
written into address 0501.



Active PMR 19th Bit

Chan LIO Instr
MAIN STORAGE ADDRESSING (Part 2 of 3) £8 Cycte A b—
Any 1/O LSR Selected
1/0 LSR 17th, 18th, and 19th Bits I —
s B
Because the ATT is not used on |/O cycles, each 19th ALU Bit Out A
1/0 LSR must contain the proper number of E\fArith Carry Out Active PMR 17th Bit — SNS 1/0 Instr
bits to address storage. The number of bits in each 712 Chan LIO Instr R [ — KP132
1/0 LSR varies with main storage size (the Bin Comp ie cly/c(;eLSR _— Clock 8 K
. . . Ct -
maximum being 19 bits for 512K of storage). A Reg = e o Sys Rst
The following discussion assumes a main storage | ] —
size of greater than 128K bytes. 17th ALU Bit Out A oR
SNS 1/O Instr
1/0 LSR bits 17, 18, and 19 are gated into the Lﬁ KP132 I‘gbgl
.. 17
SAR E15, SAR E14, and SAR E13 positions Clock & (]
. A —_—
during 1/0 cycles. Sys Rst o goee!
— >256K | Registers ___|
The SAR then addresses storage untranslated. Active PMR 18th Bit —
Chan LIO Instr Rotary MAZ82
1/0 LSR SAR MSAR Lines e aan™ EB Cycle A | Sdaress
5 13 £13 Any I/O LSR Selected _ ce T ™ SAR E13
18 E14 €14 ' _: console) ™ >128K
17 E15 E15 A i Alter SAR
SNS 1/0 Instr = ——-—ﬂ
(0] 0
I | ? 18th ALU Bit Out MA282
I | | L_—‘ KP132
— PH
| | ] Clock 8 A > 64K
‘ : : Mai Sys Rt N SAR Storage
| ain —Iul L
I | » | ”Storage MA282 512K
15 15 15
1/0 LSRs are loaded by LIO instructions. The low- ALU Doto 1/0 LSR 18th Bit
order 16 bits are loaded from storage during two Bits 0-7 A £8C
. - - VC
consecutive B cycles; the 17th, 18th, and 19th bits - MA102
are conditioned on the same LI10O by the PMR 17th 0—@_
bit (bit 5), PMR 18th bit (bit 0), and PMR 19th A
bit (bit 7 of byte 2) respectively. 0 x 4o éf;liiz B 1 Q Reg Bits 4.7
; ;: ; 9 EA Xlate EACye |
A A Program 1 Xlate
( (EMR Main Storage j ;(( j Mode . Reg EryIen Lot ATT
19th 18th! M7th Operand Operand 10 LSk 170 B |~ g Registers [0 17th Bt B leye s
Bit Bit Bit Address -1 Address ! 6 Store Prot Storage Protect €8 Cycte
A X-8 1/0 19th Bit ycle
! Mask Interrupts Address
Bit 7 Bit0 BitH5 H KP102 ALU Data Bits Lines
EB2 5 1-Op Cyc
1/0 A — Bits 0,1
SR A —1
L 4 Ciock 0O | Load ATT =X X--Load Prot
19th 18th | 17th 6 x 4 00 o
Bit Bit | Bit ATT :
: 0 718 15 7 (32 Reys) I Frlsp
A MATO7 1+ 1 Bits 1-7
The 17th, 18th, and 19th 1/0O LSR bits are modi- SNS EB Any LSR Seld
. . . A —
f:ed dUI‘I(;\g 1/0 cycles each time a 64K boundary Clock 4 a ok L.
is crossed. l
$ Cross LD PMR _ [ OR
Bit 1
A
When an SNS instruction is issued to an 1/0O LSR, Clock 5
the 16 low-order bits are transferred to the speci- 1/0 LSR 19th Bit — OR
fied main storage locations and the 17th bit is A Bu 0 ]
gated into the PMR 17th bit (bit 5) position. The ] H — e
18th bit is gated into the PMR 18th bit (bit 0) =3 ) 2-48
position. The 19th bit is gated into the PMR I A
—.—N [

19th bit (bit 7 of byte 2).
it (bit 7 of byte 2) Processor Functional Units 5415 TMD 2-55



MAIN STORAGE ADDRESSING (Part 3 of 3)
Storage Protect

Storage protect provides the ability to protect main
storage from unauthorized or accidental fetch

and store operations. This is accomplished with
two bits in each of the 32 registers of the storage
protect table (SPT, protect keys). Bit 0 is the
fetch protect key; bit 1 is the write protect key.

The storage protect function is activated by the
storage protect bit in the PMR. When this bit is
on, the protect keys in the SPT are inspected for
every main storage cycle except 1/O cycles. If the
bit is off, the protect keys in the SPT are not
inspected and any available location can be
accessed or written into.

The storage protect hardware does not function
on 1/0 cycles. The supervisor program must verify
that 1/0 buffers reside in a user’s allocated storage.

If attempts are made to fetch or write protected
locations, a storage violation occurs and the CPU
forces a program check interrupt (a processor check
if the program check interrupt is not enabled).

The protect keys are changed or saved with CPU
instructions LCP/SCP. The contents of the pro-
tect keys cannot be predicted after the power up
sequence and must be loaded by the user. The
store protect bit in the PMR is set off during the
power up sequence, so protection is not used
until it is activated by the program.

Storage Protect Table (SPT)
32 Registers

§
Fp | sp
i

0 1

‘ ’ Program Check
OR

Fetch Protect Key —= Store Protect Key
EB Cycle
—_—
Store Data Group A
(not) Load CPU Instr
‘ Address Violation Status
E Cycle A OR @
‘ 2-47
PMR KN101 2-58
I-Cycl
ycle A
Storage Protect
(9)
l Inh FDR Xfer (new)
Store CPU Instr OR IN
2-21

D Inh SDR Xfer

2-41

2-56



Address Parity Checks

ATT Even ATT P Check
MA107
LSR High
OR
Even
MA167 A SAR Hi/ATT Chk Disp
KB111 .
OR Display Bit 1 Hi
Lc \Load Chk Latches Load Chk Latches Memory
(not) Invalid Addr SAR Chk
2-18 {(not) Alter SAR Mode A Lth KE293
AP Addr Parity Check Addr Parity Check
\ Clock 2 or Gated Clock 6 FL
38 PB101
Main storage address parity
check from memory board.
KB101 qMSAR
A MSAR Chk Disp
> —
CPU SAR KB111 Display Bit 2 Hi )
Chk Lth OR
CPU SAR Chk {
Load Chk Latches L
(i xlate) (not) Alter SAR Mode A |
(EA xlate) Clock or Gated Clock 6 KE293
(EB xlate) OR ATT Gate P Check
(SP bit) ) KB101
—_— Drum PB101
KP152 OR Switch
I ‘: Sw
RC Reset Check Latches P Pos
218 KB141 Pg o1 A
Note: Rotate drum switch to position 1
to display SAR contents
Proc Chk )
{
PC111

Processor Functional Units 5415 TMD 2-57



Invalid Address/Storage Protect Check

MSAR E13, E14, E15,0, 1

De-

Memory Size code!

Invalid Address

Invalid Address

o

(not) Test Mode

Clock 2 or Gated Clock 6

Phase CD

Inhibit Hard Stop
IH

2-50

Reset Chk Latches

>

»
4
o

(not) Test Mode

> ]

1A Address Violation Status

2-56

Cl 2 or Gated Clock 6

Phase CD

A llnvalid Address Display

]

{v>

2-47
3-13

Drum . . .
Switch KB111 OR Display Bit 3 Hi
Sw Proc Chk Display
Pos
8 KE293
Invalid PC101
Address
‘ PB101
OR Proc Chk ()
KB121
-
PC111
Address Store Protect Check Display
. . A
Violation 4
FL KB111 OR Display Bit 4 Ha)
-
KB121 KE293

PB101

2-58



Unit Record Restart

The unit record restart circuits detect a device
not-ready to ready transition and interrupts the
CPU program. Interrupt level 6 is shared with the
interval timer. The interrupt routine determines
which function interrupted on level 6 then which
1/0O device changed from not-ready to ready.

The CPU can enable, disable, and reset the inter-
rupt using a SI0 instruction and test for interrupt

request pending using a test 1/0O instruction.

Instruction Format
SI10 Not-Ready to Ready Interrupt Control

QByte R Byte
0000 1 001 012345 6 7
0=Disable interrupt

DAlM| N 1=Enable interrupt

1=Reset the interrupt

Not used

TIO Not-Ready to Ready Interrupt Request
Q Byte Condition Tested

0000 1 001 Not-ready/ready

DA|M| N  Interrupt request

Device Ready

1/0
Device

System Reset

——— e —

Processor Functional Units

A —
Clock 6C | A l ‘ A L
| I FL | N —’ Clock 5C
I—l A m
N
L OR
1/0 ¢
Attachment
DBO 7 Clock 2-3 to DBI {a
DBO 6
OR
A
SIO Instr
DA N Code 1 I
IR Cycle A P S10 N1 Strobe
Clock 5C I
g .

Int
Req Not Ready-Ready

Int Req
FL ——-—.II:’

2-53

KT621
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MAIN STORAGE

The Model D provides the customer with a maxi-
mum of 512K bytes of main storage. Seven storage
capacities are available (96, 128, 160, 192, 224,
384, and 512K). On the Models 15 D25 and 15
D26, the lower 256K (0K through 256K) of main
storage is mounted on circuit board A-B4 and the
upper 256K (384K through 512K) on circuit

board A-A4.

The upper 256K of main storage contains its own
timing, addressing, ECC (error check and correc-
tion) generation, fetch data register, ECC logic,
and byte control circuitry. Each of these functions
operates identically to, but independently of, the
lower 256K.

MOSFET circuitry is used in this main storage. A
read operation is nondestructive and, therefore,

is not always followed by a write operation. A
write cycle is required only when it is desired to
change data at the addressed location.

Within the BSM (basic storage module), two
bytes of data plus six check bits are accessed
each storage cycle.

o - 15]c1 c2 c3 ca c5 Co|

Thus, 96K of main storage is divided into 48K
addressable storage positions. The 15th address
bit (SAR 15) is not used to access these storage
positions and the same two bytes are accessed if
SAR 15=0o0r SAR 15 =1. The two byte stor-
age position always begins at an even address and
SAR 15 then selects one of the 2 bytes later on
in the data path.

During a normal store/fetch operation, only one
byte of the addressed storage position is used (the
CPU data path can move only one byte at a time).
SAR 15 is used to select one of the two bytes. A
disk operation, however, uses both bytes; one is
gated through the CPU data path, the other is
gated to/from the extended channel. This dual
byte operation allows the disks to transfer two
bytes of data during one CPU (disk 1/0) cycle.
The disk must activate dual byte mode and the
storage address must be an even number.

The six check bits allow the ECC circuits to
detect and correct any single bit errors. Errors
involving more than one bit are detected but not
corrected (causing an SDBO processor check).
ECC is described later in this section.

One Byte Fetch

The BSM executes a fetch cycle to read out two
bytes of data (plus 6 check bits). SAR bit 15
determines which byte is gated to the SDBO (store
data bus out); if SAR bit 15 equals 0, SDBO bits
8-15 are gated Y ; if SAR 15 equals 1, SDBO bits
0-7 are gated to the B register n .

BSM

SAR Bit 15

One Byte Store

A fetch operation precedes each store operation.

If SAR bit 15 equals 0, the contents of the SDBI
(store data bus in) are gated to replace main storage
bits 8-15 . If SAR bit 15 equals 1, the contents
of SDBI are gated to replace main storage bits 0-7
ﬂ . Because two bytes are written on one cycle,
the other byte that was read from storage during
the fetch operation is automatically restored.

fo—————— 7[8 — —— ———15]c1—-— ——cé]

a

SAR Bit 15

SDBI

SDBO to B-Register

(from CPU)

BSM

8-15

)( H

Dual Byte Fetch

The BSM executes a fetch cycle to read out two
bytes of data. These two bytes always start on
an even address. The even address byte is gated
to the CPU data path; the odd address byte is
gated to the extended channel. To accomplish
this two byte transfer, SAR bit 15 must be zero,
and the disk must activate ‘dual byte mode’.

FDR

[=}

SDBO 0-7

7 Extended Channel to Disk

SDBO 8- 15
15 To 8 Reglster
(not) SAR Bit 15

BSM

Dual Byte Store

After the BSM executes a fetch cycle, the byte
from the extended channel is stored as main
storage bits 0-7 (odd address), and the byte from
the CPU data path is stored as main storage

bits 8-15 (even address). To accomplish this two
byte write operation, SAR bit 15 must be zero
and the disk must activate ‘dual byte mode’.

Dual Byte Mode SDBI
Extended Channel from Disk ] 0-7
—— )

SDBI 8SM
CPU Data Path 8-15
—Xd

(not) SAR Bit 15 I

Main Storage 5415 TMD 3-1



MAIN STORAGE LOCATIONS

AN — A

BSM 2
256K-512K
Board A-A4

AN = o

AN = O

CPU

Array Cards

TN
s SAR Cable

from CPU
SAR Cable
A-B321
to A-B4V2 32
—————
SDBO Cable
from CPU
SDBO Cable A-B3Z2
to A-B4V3
\% _
SDBI Cable
from CPU
SDBI Cable AB323
to A-B4Vv4
———
|
MISC Cable
from CPU
MISC Cable AB3Z4
to A-B4V5 .

Memory Qutput (MOP) Cards

Address Decode and Clock (384K ADC) Card

Storage Data Bus In (384K SBDI) Card

Storage Data Bus Out (SDBOJ Card

BSM 1

0K-256K
Board A-B4

A Do w

SAR Cabte
from A-A4U2

| -

SDBO Cable
from A-A4U3

SDBI Cable
from A-A4U4

MISC Cable
from A-A4US

Address Decode and Clock (ADC) Card

Storage Data Bus In (SDBI) Card

‘ Storage Date Bus Out {SDBO) Card

3-2



DATA FLOW

SAR

P1,0-7
P2,8-15

P3, E14, E15

CPU Disk
SDBI SDBI
P8-15, 8-15 P0-7, 0-7
Byte Control
Page 3-6
UJ520-521

SAR E13, E14, E15,0-15

Data (16)

Store Data
Check Bit
Generation

Page 3-6

Check (6)

uJ522

BSM 2

Fetch Data
Register

SAR E13
Main Storage
Timing and
Control

BSM Select Page 3-7
UJ510-511

Byte Control

Page 3-6
uJ200-210

SAR E13, E14, E15, 0-15

Data (16)

Store Data
Check Bit
Generation

Page 3-6

Check (6)

uJ220

Page 3-9
UJ530-531
Page 3-7 UJ533
UJ611-618
Address
Decode
Page 3-8
UJ512-513

SDBO 0-15

Array
Cards —

Fetch Data
Register

Page 3-9

Page 3-7

UJ411~418]

Address
Decode

(not) SAR E13
Main Storage
BSM Select Timing and
Control
Page 3-7
UJ100-110

Page 3-8
UJ120-130

UJ300-310,
UJ330

SDBO 0-15

Invert Data
Switch

Page 3-11

Fetch Check
Bit
Generation

Syndrome
Bit
Generation

and Decode

Page 3-10 Page 3-10
UJs32 UJ532
uJ534

Fetch Check
Bit

Syndrome
Bit

Generation Generation
and Decode
Page 3-10 Page 3-10
uJd320 uJ320
uJ340

UJ530-531

Invert Data
Switch

Page 3-11
UJ300-310

. CPU
Byte Seleciion SDBO

SAR 15 P8-15, 8-15

SDBO 0-7 . A

UJ532 SDBO PO-7 or P8-15
N Oor8

SDBO 8-15 torg

Memory
Output

Page 3-12
UJ540-551

SDBO PO-7 or P8-15
Oor8
1or9

Byte Selection

7 or 15

SDBO 8-15

Main Storage 5415 TMD

Disk
SDBO
PO-7, 0-7

3-3



BSM WRITE OPERATION

START

1. The CPU provides
the address
2. The CPU provides

the store data
3. The CPU indicates

the write operation
via the ‘BSM write’
control line.

4. The CPU selects
main storage via
‘BSM select’.

Yes Address
Parity Check
Yes Store

1

Control line ‘BSM write’
is dropped. No storage
operation is executed.

Main storage errors
are described on
pages 3-10 and
3-11.

data parity
check

The store check bit
generator generates the
six check bits

Store data (22 bits) is
stored on the array cards

ENDOF OPERATION

CPU Clock

D]A B C DjA B C D|A B C DIJA

L G d i L l i | 1 i 4 I
7 T g ™ — v v Y v v - v v \] v
}e———— One Main Storage Write Cycle = 480 ns _——T
0 100 200 300 400 480
BSM Select

BSM Write (active = write)

SAR Bits (address) Good

Store Data Good

Store Data Parity Check

CPU samples
for check

during clock 6.

34



BSM READ OPERATION

START

. The CPU provides the
address.

The CPU indicates the
read operation via the
control line ‘BSM write’.
{‘BSM write’ is inactive
for a read operation.)
The CPU selects the

MS via ‘BSM select’.

1 3-9

At the beginning of
the cycle with ‘cycle
reset’ active, all 16
data bits of the FDR
are set to 1's. The
six check bits are
reset,

] 3-7

The array cards
are addressed

‘Address
Parity Check’

The read operation is not
stopped, but fetched data
is wrong.

Main storage errors are
described on pages

3-10and 3-11. l

{ 39

FDR set active gates the
array card output (16
data and 6 check bits)
to the FDR.

| 310

The fetch check bit gener-
ator generates six check bits
out of the 16 fetch data bits.

] 3-10

The syndrome bit generator
generates the six syndrome
bits by comparing the six
fetched check bits with the
six generated check bits,

| 3-10

The syndrome bit decoder
decodes the six syndrome
bits.

| 311

The error classification
logic identifies the type
of error (if any).

‘Uncorrectable

Error
Classification

‘Correctable

Error’ 3-11

The invert data switch cor-
rects the failing data bit

| .
[ 311

The correct 16 data bits
plus 2 parity bits are
available to the system.

END OF OPERATION

(

0 1 2 3 4
CPU Clock (Ejpy B 0 EABICDIABICDIA
One Main Storage Read
Cycle = 500 ns
0 100 200 300 400 500
BSM Select M

T
( BSM Write (inactive = read)
7

AR

Next Access

| Cycle ‘

400

pzf

( SAR Bits (address) Good

)
( Address Parity Check

!
( Correctable Error

Y
( Uncorrectable Error

M

-

sl

(rCycIe Reset —

( FDR Set {
) -
{ Fetch Data Reg (FDR) L A L
, Fetch Data Good (SDBO) 360

() SDR to B

Read Operation Timing Chart

Note: Diagnostic read operation (3) is
covered by the LCP description on page 5-53.

~r~

L L %l

Sampled at
Clock 2

Sampled at
Clock 4

Main Storage

5415 TMD 35



BYTE CONTROL AND CHECK BIT GENERATION

Store Check Bit Generator

® Generates a unique group of check bits
determined by the number of logical 1°s
in the 16 data bits to be stored.

® Each data bit is connected to three even
blocks.

® FEach even block is fed by eight data bit
lines.

® An even block generates a check bit if
an even number of eight input lines (unshaded
squares) are active.

® Resulting 22 bits have even parity.
Example:

Storage

Location Data

0000 F2

0001 F1

Keep a count of the number of unshaded squares
in the C-bit line that correspond to a 1 in the data
line. When all of the unshaded squares for a par-
ticular C-bit line have been checked, determine
whether the count is odd or even. If the count

is even, that C bit is active; if odd, it is off. In
this example, an even number {6) of C1 bits
(unshaded squares) are active; therefore, C1 is
active.

This check is repeated for each of the C-bit lines.
Four of the six check bits are active (C1, C2, C4,

and C6) in this example.

Ten data bits (in the example) plus the four check
bits equal 14 bits active, or even parity.

Store Data Parity Check
The store data parity check indicates wrong parity
on the store data bus. |t prevents the store

operation,

This check causes an SDBI processor check.

SAR Bit 15

Store Check Bit Generation
Address 0001 Address 0000

Bits Oj1]121314|s5]6]7[8}9]10]11]12113114]15
Data |1} 1]1)110]Jojof1|1}1{1|[1]o0|l0]1

SDBO P, 0-7

sDBi P, 0-7

Dual Byte Mode !
(from extended channel |
controlled by disk) i

SD8I P, 8-15 {from CPU)}

SDB1  A-B4P2
Card uJ220

MDBI PO-7,0-7 0-15

SDBI P, 815

SAR Bit 15

MDBI

P8-15, 8-15

Parity

FC3

—Ca4

3-6

Main Storage
Array Card
Input

0-15, C1-C6

Check

SDBO P 8-15

Cards and ALD pages for byte control

Cards and ALD pages for store check bit generation

Byte Control ALD Card (SDBI) Generation ALD Card {SDBI)
BSM 1 UJ200-210 A-B4P2 BSM 1 w220 A-B4P2
BSM 2 UJ520-521 A-A4P2 . BSM 2 uUJbs22 A-A4P2

Store Data Par Chk H PC>

3-12
313



BSM

Controls

The BSM controls, which move data into and out

of main storage, consist of the addressing scheme

for locating words in the storage unit, read/write
control signals, and a clock for timing operations
within the storage cycle. To start a storage cycle, the
CPU sends an address read (not BSM write) or write
(BSM write), and a select pulse to the BSM. The
cycle proceeds under control of the storage unit
clock and data is gated into or out of the BSM.

Addressing

Addressing is a method of locating information
in the BSM. The main storage address coming
from the CPU consists of 19 bits plus three
parity bits .

SAR bits E14, E15, and 0 through 14 are decoded
E and provide the address of the selected double
byte storage word. Since two bytes are read out
of storage at a time, SAR bit 15 is not used for
actual addressing, but determines which of the two
bytes is gated to the SDBO.

BSM 1 and BSM 2 selection and output gating
(MOP) is controlled by SAR bit E13 (board
select)

When SAR E13 is not active, BSM 1 is selected.
When SAR E13 is active, then BSM 2 is selected
and the write signal to the first board is degated.
On a fetch operation the SAR bit E13 controls
which output data (BSM 1 or BSM 2) is gated to
the CPU. See page 3-12.

Note: BSM write is active on write operations and
inactive on read operations.

Timing

A delay line clock and timing latches make up the
timing mechanism. The delay line clock is started

Store Data
Bus In

SAR

by the BSM select pulse . As the pulse travels MSAR
Ithrohugh the delay line it sets and resets the timing PExtd | E13 | €14 | €15 [Po-7 | 0| 1|2]3]a|s]|e|7]|Ps15ls|o|10l11]12]13|14]15
atcnes.
Fetch
Data
Reg To
SDBO
B t
Address Decode SAR 15
For detailed
description of
SAR E13 m - address se-
Timing .
E and lection, see
BSM Select Control page 3-8.
N
( 1 2 3 4 5 6 7
__________ CPU Clock .1 f | A |, B , C | D | E | A | B | €C | D] A | B | C o lAHAA.BlchIAanCIDAA.Blann‘
"_ BSM 1 Select _} e
' l 0 100 ns 200 ns 300 ns 400 ns 500 ns, 500 ns -
| | D Tan AR | HcadecIc“5#:3%:§%¢¢¢¢¢5¢5¢}?§‘+L¢'5:%::5:‘#:%:}?:"3“_4'
no
——————————————————————————— A
| 23 (not) 100 ns Osc | BSM Select {(J11) — Write Cycle
L _J b BT required) o
——————————— ) Cycle Reset
———————————— T )
’_ BSM 2 Select A Main Storage Card Select
: : Timingand BO7 XT-FLand J] X > 38
Control L an
I DB BSM Select I Delay Q Gog |-XTiming . | J] Y> 18
: = (not) 100 ns Osc A | Lines
) |
| SAR E13 |
L ——J 1 —Q
M02 100 ns Osc [T IS Fforhscope wave for;ns
of these timings, reter
FDR Set
12 e RN to pages 3-14 and 3-15.
127741771710707701009001878087844087)
23 Write 1
l > BSM Write {see note nte
S rite { ) AFL ———
XT-FL A Write 2 Cards and ALD pages for main storage timing and controtl
{not) Store Data Par Chk | A Write 3
Par; b Timing and Control ALD Card (ADC)
(not) Address Parity Chk Write 4
BSM 1 uUJ100-110 A-B4R2
BSM 2 UJ510-511 A-A4R2
Main Storage 5415 TMD 3-7



BSM

MSAR

P’Extd E13, E14, E15, P0O-7, 0-7, P8-15, 8-15

E13|E14

PC

Address Parity Check @
Address Parity Check (MSAR Check) being

active indicates wrong parity on the address 2-57
bus. This check inhibits a store operation. 312

E15|0|1]12)3|4]|5]|6]7|8]|9[|10|11]12[13|14 |15}

E13 E14
e B

E15 1 2 1112 13 14

X Timing 1U, 2U, 3U, 4U

X Timing 1L, 2L, 3L, 4L

Card Select

Decoder

' X > Card Select Time

[N

-7
Board Selection (bit on selects board A-A4: 256K-512K)
(bit off selects board A-B4: 0K-256K)

&

3-12

Card Select 0-7

MAR 1-14

5415 Main Storage Board A-B4/A-A4

Byte Selection (page 3-6)
(bit on selects odd byte,
bit off selects even byte)

D £ F G H J K L \
—

3 3 3 3 3 3 3 3

8 8 8 8 8 8 8 8

4 4 4 4 4 4 4 4

K K K K K K K K Upper
/ / / / / / / / Array
5 5 3 3 5 5 3 3 Cards
1 1 8 8 1 1 8 8

2 2 4 4 2 2 4 4

K K K K K K K K

3 3 3 3 3 3 3 3

8 8 8 8 8 8 8 8

4 4 4 4 4 4 4 4

K K K K K K K K Lower
/ / / / / / / / Array
5 5 3 3 5 5 3 3 Cards
1 1 8 8 1 1 8 8

2 2 4 4 2 2 4 4

K K K K K K K K

)
]

cs cs cs cs cs cs cs cs

7 5 3 1 6 4 2 0

Cards and ALD pages for address decode
Address Decode ALD Card (ADC)
BSM 1 UJ120-130 A-B4R2
BSM 2 UJ512-513 A-A4R2

3-8



FETCH DATA REGISTER AND CONTROL

FDO-15
FC1-FC6

FDO-7
FC1-FC3

FD8-15
FC4-FC6

Dot
Function

Cards and ALD pages for main storage

Main Storage ALD Cards (array)

BSM 1 UJ411-418 See page 3-2 for
array card locations.

BSM 2 uJ611-618 See page 3-2 for

array card locations.

FDO-7
FC1-FC3

FD8-15
FC4-FC6

FDO 8 through FD15 B, FC1 B through FC6 B

Dot
Function

FDO A through FD15 A,
FC1 A through FC6 A

FDO-15
FC1-FC6

CPU Time

BSM Time

Gates Reset (reset to ones)
FDR Set (data)

ECC Time

Fetch Data Good on SDBO

(not) BSM Write

FDR Set

Dual Byte Mode

OR

cL1
CcL2
CL3
CL4

Fetch Data
Register (FDR)

T T

(force ones) 12

IFR> FR Reset

5-60

Cycle Reset

(force ones)

(not) BSM Write

Dual Byte Mode

OR

2 3 4
ABCDJABCDI|IABCD
A a1 A4 i1\
0 500
e h |
.
. N
.
390 .
S

(reset)

Cards and ALD pages for fetch data register (FDR)

FDR 0-15, C1-C6
PH 9 ﬂ
10

3-10
3-11

FDR ALD Card (SDBO)
BSM 1 UJ300-310, UJ330 A-BAM2
BSM 2 UJ530-531, UJIB33 A-A4M2

Main Storage 5415 TMD 3-9



ERROR CHECKING AND CORRECTION

The data transferred to main storage during a
write operation consists of 16 data bits plus the
corresponding two parity bits. The store check
bit generator generates six check bits to add to
the data bits. If parity is correct, the two parity
bits are dropped at this point. The 16 data bits
plus the six generated check bits are then stored
as a 22 bit word on the array cards.

C1-C6

FDR 0-15, C1-C6

The 22 bits coming from the BSM during a read
operation are stored in the fetch data register
(FDR). if there is an error in the 22 bits, the
ECC logic detects and corrects (single bit errors)
the error and indicates the type of error to the
system. Using the 16 correct data bits, two parity
bits are generated (one for each byte). These two
bytes of data are then available to the system.

C1-Cé6

Fetch Check Bit Generator

C1

c2

C3

ca

C5

Cé

The unshaded areas
indicate the bits that
are connected to the
even blocks.

Cards and ALD pages

for fetch check and syndrome bit generators

Fetch Check Bit Generator [}

The fetch check bit generator generates six
check bits {C1-C6) from the 16 fetch data
bits coming from the FDR. These checks

are generated in the same manner as in the

store check bit generator.

B Syndrome Bit Generator

Even

Odd
C1t

— Even

Odd
Cc2

Even

Odd

Even

Odd
ca

Even

Odd
C5

TITIT

Odd
cé

St

S2

S3

S4

S5

S6

Generators ALD Card (SDBO)
BSM 1 uJ320 A-B4M2
BSM 2 uJs532 A-A4M2

S1-S6
(Test Points)

Syndrome Bit Generator [

The syndrome bit generator generates six syndrome
bits by comparing, bit by bit, the six generated
check bits (C1-C6) with the six check bits from
storage. If all check bits compare, all six syndrome
bits are zero. Each unequal compare generates

a one for the syndrome bit.

For diagnostic purposes, the six syndrome bits are
connected to test points on the SDBO card.

Syndrome Bit Decoder

3-10

Syndrome Bit Decoder

This circuit decodes the six syndrome bits and
generates the ‘invert data’ lines that identify the
failing data bit in case of a single bit error. It also
identifies muitiple errors or no errors.

Only one syndrome bit decoder output line is
active at a time.

Bit
S1 S2 S3 S4 S5 S6 |Error
0 0 0 0 0 0 [None| |-
1 1 0 1 0 0 0
1 1 (0] 0 1 0 1
1 1 0 0 0 1 2
1 0 1 1 0 0 3
1 0 1 0 0 1 4
0 1 1 1 0 0 5
0 1 1 0 1 0 6
0 1 1 0 0 1 7
1 0 0 1 1 0 8
0 1 0 1 1 0 9
0 0 1 1 1 0 10
1 0 0 1 0 1 11
0 0 1 1 0 1 12
1 0 0 0 1 1 13
0 1 0 0 1 1 14
0 0 1 0 1 1 15
1 0 0 0 0 0 C1
0 1 0 0 0 0 C2
0 0 1 0 0 0
0 0 [s] 1 0 0
0 0 [¢] 0 1 0
0 0 0 0 0 1 C6

Cards and ALD pages for syndrome bit decoder

(Invert Data Bit 0-7)

(Invert Data Bit 8-15)

Decoder ALD Card (SDBO)
BSM 1 uJ340 A-B4M2
BSM 2 uUJs34 A-A4M2

E { >
No Error NE

3-11

Invert Data Bits
0-15

C3 Check Bit Failure (1 and only 1 S bit)
G| rm—
C5 3-11



ERROR CHECKING AND CORRECTION

FDR 0-15,
D C1-C6
39 SDBO 0-7 {to MOP)
. T
Invert Data Switch [} C1-C6 (C1-C6)
3-12
A
The invert data switch corrects a single bit error — SDBO SDBO SDBO 0-7,P
by !nvertmg the fa!hng b.nt. It alsq .corre'ct.s the FR Reset on 0-5 0-15 SDBO 8-15
parity of the byte in which the failing bit is 5-60 @- SDBO 8-15, P
corrected. Diagnostic Fetch A
5-60 | pF
0-5 A
Error Classification Logic [}
FDR 0-7 £0-7
This circuit identifies the type of error and gener- PG Invert Data
ates the error lines ‘correctable error’ and Switch
‘uncorrectable error.’ FDR 815 P8-15 o
a If an invert line SAR 15 SDR P check causes an
. FDR 0-15 | t ; ; SDBO processor check
The number of active syndrome bits relates a | isactive, the P

. . : i - 6, 7, P0-7, 815, P8-1

directly to the kind of error. (See syndrome bit , ) corresponding | 0-15 5
(invert data bit 0-15) data line and

decoder on page 3-10.) A

parity bit are

|
linvert parity bi PO-7) C inverted Cards and ALD pages for invert dat tch
. i : f 3 e ages for invert data switc
Syndrome Bits Type of Error finvert parity bit P8-15) | ?
t
Switch ALD Card (SDBO)
all 6 bits =0 No error
3bits - 0 BSM 1 UJ300, 310, 340 A-B4M2
3bits=1 Single data bit error BSM 2 UJ530, 531, 533 A-AGM2
5 bits =0
1bit=1 Single check bit error E
: Error Classification Logic
All other bit INE>N° Error ~ "]
combinations Multiple bit error 310 (Invert Parity Bit P8-15) All data and check A
bits are good.
(Invert Parity Bit PO-7) Uncorrectable Error
The error classification logic also generates an Invert Data Bits
;" T . . 0-15 o —1| 2-47
invert parity’ line for each single data bit error. D 312
A
310 3-13
Correctable Error
. . OR
The correctable error signal indicates a correct- on Correctable Error D
able error has occurred during a fetch operation & J 4 A ¢ c
{a single bit error has occurred). — Single bit error 2-47
has occurred. 3-12
Uncorrectable Error R
0 Cards and ALD pages for error classification logic
When a multiple bit error occurs, the syndrome Classification ALD Card (SDBO)
hit combination does not allow an output from
i i i heck Bit Fail i i BSM 1 uUJ350 A-B4M2
the decoder. Main storage cn'?unts cannot correct Check Bit Failure (Check Bits Single Error) Note: Only 1 of the syndrome bit
this type of error. The result is an uncorrectable 7 decoder output lines can be active BSM 2 UJ535 A-AdM2
error indication and an SDBO processor check. at the same time.
) ) Diagnostic Fetch
Diagnostic Mode |DF > y
5-60

This line inhibits error correction of the fetched
data. The current contents of the fetch data
register are available at the SDBO bus.

Main Storage 5415 TMD 3-11



MEMORY OUTPUT (MOP)

On a fetch operation, the fetched data (SDBO bits)
enters the memory output circuitry where SAR bit
E13 controls which BSM output is gated to the
CPU. The memory output cards select the active
bus only to repower the bus lines to the CPU.

(not) SAR E13

SEL

G1

SAR E13 Pwrd (board select)
BS DCD

SAR E13

b

SDBO P0O-7,0-7 (BSM 1)

SDBO PQ-7, 0-7 (BSM 2) )

Uncorrectable Error (BSM 1)

G2

SDBO P0-7, 0-7 (extended channel to disk)

Uncorrectable Error

Uncorr Error (BSM 2)

3-11
3-11
D Corr Error (BSM 2)

2
Correctable Error (BSM 1) " Correctabie Error
3-11 2
UJ540-541
SEL
(not) SAR E13
G1
DCD
SAR E13
G2
SDBO P8-15, 8-15 (BSM 1) : SDBO P8-15, 8-15
SDBO P8-15, 8-15 (BSM 2)
3-11 2
Address Parity Check (BSM 1) 3 Address Parity Check
» Address Parity Chk  (BSM 2) 2
3-8
Store Data Parity Check (BSM 1) . SDBI Parity Check
B Store Data Par Chk (BSM 2) 5

UJ550-551

312



SDBI/SDBO PROCESSOR CHECKS

Store Data Par Chk
| PC >

3.6 Clock 6 Not Wait A
KA312
—
(not) Alter SAR SDBI Check
A
| LC> Load Check Latches * Load Latches FL A
2-18 —
KB111 - 1 Display Bit 5 Hi
OR 4
KB101
KE293
\
Processor Check PB101
N\ Reset Check Latches
RC ) 4 OR
2-18 A
KB141
Sw .
Processor Check Display
Pos
8
Uncorrectable Error
o Block SDBO Chk A
5-60
SDR P Check
SD OR
3-11 I
AA Aux ALU SDBO Chk Display Bit 6 Hi
l > OR
2-24 JE— )
E
CE Allow SDBO Chk N (not) Invalid Address A
—— SDBO Check
Any Alter or Disp ATT-PMR A (not) Alter SAR Mode A KE293
I FL KB111
A A
(not) Wait State ' I KB101
Clock 4 Not Wait KA312

KB101

Clock 8 SDBO Chk Gate

Main Storage 5415 TMD 3-13



MAIN STORAGE MAINTENANCE

The following scope wave forms are provided to
help you service the 5415 main storage unit.

Operation:

*

Tektronix”®
453 Scope:

‘+100 ns Osc’
BSM 1 — A-B4R2M02 (UJ100)
BSM 2 — A-A4R2M02* (UJ510)

Alter storage — Loop all positions of

main storage (description is on page
6-4).

Sync Ext Minus +Cik O

A-B3T2S09

(KC122)
Ch1and Ch2 50 mV/div
Time Base 0.1 us/div
All Probes X10

Note: Ground probes at panel to
avoid excessive ringing.

‘-BSM Select’
A-B4V5D13

(UJ012)

[T

4
IS SUPEN
+—+ +

<
-+

r

*Use this test point when altering upper storage (> 256K).
**Trademark of Tektronix, Incorporated.

e
++

‘~-BSM Select’

A-B4V5D13

(UJ012)

P
++

[
4
- ——l
4
p

‘~Cycle Reset’
BSM 1 — A-B4R2J07 (UJ110)
BSM 2 — A-A4R2J07™ (UJ511)

‘-BSM Select’
A-B4V5D13
(UJO12)

‘-X Timing’
BSM 1 — A-B4R2G11 (UJ120)
BSM 2 — A-A4R2G11* (UJ512)

=

el R
gttt

il
1+

+—

‘~BSM Select’
A-B4V5D13
(UJ012)

‘_FDR Set’
BSM 1 — A-B4R2J12 (UJ110)
BSM 2 - A-A4R2J12* (UJ511)

3-14

-+
-+

—

-
+

ettt
-+

‘-BSM Select’

P S
++

A-B4V5D13
(UJ012)

A%

-

‘+Card Select 0’

BSM 1 — A-B4R2B07 (UJ120)

BSM 2 — A-A4R2B0O7™ (UJ512)




MAIN STORAGE MAINTENANCE

‘~-BSM Select’
A-B4V5D13
(UJO12)

‘“tWrite 1'
BSM 1 - A.-BAR2MO03 (UJ110)
BSM 2 — A-A4R2MO03” (UJ511)

Read Portion of Storage Cycle

Write Portion of Storage Cycle

|

\d.“‘T

34 4
+—+

-+
+
4

4 "
1t

H++ 1+

4+

4

4
-+

+

Note: Change time base to 0.2 us/div.

Operation:

Tektronix

453 Scope:

‘-FDR Set’

BSM 1 — A-B4R2J12 (UJ110)
BSM 2 — A-A4R2J12™ (UJ511)

‘“FC 1A’

BSM 1 — A-B4M2D02 (UJ330)
BSM 2 — A-A4M2D02" (UJ533)

‘-FDR Set’

BSM 1 — A-B4R2J12 (UJ110)
BSM 2 — A-A4R2J12% (UJ511)

“+FD 1A’

BSM 1 — A-B4M2U03 (UJ310)
BSM 2 — A-A4M2U03" (UJ531)

Display Storage — Loogp all
positions of main storage

data in storage = Hex 'FF" {1111 1111)

(description is on page 6-8)

Sync Ext Minus ‘+Clk 0’

A-B3T2S09

(KC122)
Ch1andCh 2 50 mV/div
Time Base 0.1 us/div

Note: Ground probe at panel to
avoid excessive ringing.

HH

check bits.

Note: Lower trace could be ény of the six

s
++++ 1yt

I+
LI I B R S 0 2 4

++++

Note: Lower trace could be any of the 16

data bits,

*Use this test point when displaying upper

storage (>256K).

Main Storage

5415 TMD 3-15
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1/0 INTERFACE

All 1/0 devices communicate with the CPU over
the 1/0 channel. This attachment interface
consists of several major functions:

1. DBI, DBO drivers and terminators .
2. Extended DBI, DBO for disk only B .

3. DBI and DBO translators (description
is on page 4-095).

4. Cycle steal hardware E {description is on
page 5-72).

5. Input lines for console switches E (descrip-

tion is on page 4-110).

Processor Data Flow

8+ ?A Extended

Channel

rB' P‘ 10 Disk

Main Storage
384K 512K

3CD

Main Storage Address

SOBI Register

1® i-

LSR High — 1CD, 7CD
LSR Low — 5CD

8+P

Main Storage Address

From 17
ATT !
Control and Error Status
Program [
Check L o ~ Address/Data Switches
3C0 Registers| )
fma
3 Odd CD 1.0 Cycle) Cl2and 3
[ ' cis
9]
08I
\) Transtate In
0 N
P
2 A €9
n Reg Y 3cD 1
— 1CD (1:0p), 3€D (1-Q)
5 LSR Hi — 3CD, H Channel In
18] ® LSR Low — 1CD.3CD, = Progiam Mode Control
7| ——— Registers (9)
T
)1( 8+p
Force 1, .
Cond R
2. 00 16 @ ond Heg wmm
1CD, 3CD, 5CD

ALU Gating Ctks

Aux
8
Reg

Decode

PR

B ®

Cycle

\

Channel Ou1t
Control

Cuntrot

E13 E14 E15 O 45 15
Ci34
To
A Reg
Address
Translate
Table
0 45 15
E13 E14 E15 |0 15,
~
) SAR -
0DE. 9D
17th, 18th, and 19th Bit + P

@ Panty Checked
Panty Generate

10 3N 5D {Fast |.Cycle}
20D, 4D, 8D

1D, 3D. 5D, (Fast t-Cycle)
2D, 4D, 6D

i LSR
@i Lo

cPU
LSRs

LSR
Select

10
LSR:

a Display

DBO

Transiate

Channel Out -
l——»——»———a
CPU

Last Attachment

av Att #1 Att #2 Att #3
Channel In
DR |/ DR

CPU

Note: An open in channel wiring between driver
and voltage divider can cause incorrect wave shape.

Example:

Clock I l

Correct Open Channel

1/O Interface

5415 TMD 4-005



CHANNEL CABLING (CPU)

This diagram shows the channel cable connections
within the CPU. If any feature board is not
installed, then the cables run between the existing
boards. If, for instance, the A1 board on B gate

1s not installed, the cables would run from the
B-A2 board to the B-B1 board.

*MLTA and BSCC are mutually exclusive features (cannot
have both features on same machine).

5424, 2560,
Channel 1442, or
A-B2 Channel Bank 1 Chanr‘ml
1403 3340/3344 Terminate
CPU DBO Printer Disk Feature
Y1 z1 —— Vi Go8 A2 Y6 76 Y6
Y2 z2 Y2 DB1 22 A3 Y5 25 Y5
Y3 23 4’ Y3 Z3 A4 Y4 74 Y4
M
Y5 z5 T va4 e 2N Y3 z3 Y3
Y6 Z6 A-B1 Y1 2 A-A3
A5 A-A1
A-B3
. 4 -0
B3 T 18 Bit Extended
B5 —@ Channel
C5
Cc4 B4 B2 A2
Channel Bank 2
3277 SioC
3411 BSCA-1 Spare 2501
DBO
A2 B2 V2 U2 vV2-U?2 A2
Clock
A3 B3 V3 U3 V3-U3 A3
DBI
Wi A4 B4 v4 U4 Vv4-U4 A4
> A5  BS V6 U5 V5-U5 A5
B-B2 B-A2 B-A1 B-B1
Channel Bank 3
BSCA-2/Display Adapter 3741 MLTA
DBO
v2 U2 v2 U2 ——ﬁ Z1
Clock
DBI V3 U3 v3 U3 [—@ 22
vy V4 ua va U4 —@ z3
3¢ V5 U5 V6 US za
B-A3 B-A4 B-B4
or
BSCC*
L A2
A3
A4
A5
B-B4

4-010



DBO TRANSLATOR (5424) 0123456 7 ALUBis . DBl TRANSLATOR (5424) Used only
Used B A 8 4 2 1 96-Column Card Code Positions for IPL B A8 4 2 1 6 Bit Card Code Positions
The DBO translator is used duringclock 4 and 5 only The DBI translator is used during clock 2 and 3 01 23456 7 DBl
time to translate ALU data (EBCDIC) to 96-column for IPL time to translate the 96-column card code into
card code. The DBO translator is not used during Example EBCDIC. The translator is not used in every E_Kd.mple
eve nd if the ‘translate "line i i ’ in’ lineis i i .
-v rY 1/0 cycle a ‘d translate out’ line is 01 2 3la 56 7| ALUBIt Positions 1/0 cycle anq if the ‘translate in’ line is inactive, 01 2 3|4 56 7
inactive, the data is transferred to the 1/O attach- . the 1/0 data is transferred to the A register un- o o
ment unchanged. The figure below shows a ‘translate |1 1 0 10 1 0 0} ALUBits changed. The figure below shows a ‘translate in’ ! 0[]0 1 0 Of DBIBus
out’ conversion table. D 4 EBCDIC conversion table. 2 4 Card Code
. . 24 Translated 96-Column
See page 4-107 for DBO and translator circuits. Card Code See page 4-115 for DBI and translator circuits. D 4 Translated Codr
M Character In EBCDIC
ALU DBI
BITS BITS
0,1,23-— O 1 2 3 4 5 6 7 8 9 A 8 C D E F 0123——= 0 1 2 3 4 5 6 7 8 9 A B C D £ F
4,5,6,7—1 456,7 —‘
0 40 5A 60 DO 00 1A 20 90 Cco 70 EO 50 80 30 A0 10 0 40 FO 60 DO 00 BO 20 90 Cco 70 EO GA 80 30 A0 2A
SPACE| & | — } 0 SPACE| ¢
1 F1 E1 51 C1 B1 Al 11 81 Al 61 D1 41 31 21 9N 01 1 F1 61 D1 C1 B1 21 N 81 n El 51 41 31 Al 11 01
/ A J 1 1 / J A
2 F2 | e2 | o2 | c2 [ B2 | A2 |92 |8 |72 [62 |52 {42 | 32 |22 | 12 | 02 2 F2 |E2 | D2 |C2 B2 | A2 [92 |82 |72 (62 |52 |42 |32 |27 12 102
B8 K S 2 2 S K B
3 F3 E3 D3 C3 B3 A3 a3 83 73 63 53 a3 33 23 13 03 3 F3 E3 D3 C3 B3 A3 93 83 73 63 53 43 33 3 13 03
C L T 3 3 T L C
. _— 5 S
4 F4 | E4 | D4 | C4 | B4 | A4 | 94 [ B4 |74 | 64 |54 |44 | 34 | 24 14 | 04 4 Fa 1E4 1 D4 1 C4 | B4 | A4 |94 |84 74 164 (54 |44 134 |24 14 o4
D M U 4 4 U M D
5 F5 E5 D5 C5 B5 A5 95 85 75 65 55 45 35 25 15 05 5 F5 ES D5 C5 B5 AS 95 85 75 65 55 45 35 25 15 05
E N \Y 5 5 \% N E
6 F6 E6 D6 C6 B6 Ab 96 86 76 66 56 46 36 26 16 06 6 F6 E6 D6 Co B6 A6 96 86 76 66 56 46 36 26 16 06
F (6] W 6 6 w (6] F
7 F7 E7 D7 c7 B7 A7 97 87 77 67 57 47 37 27 17 07 7 F7 E7 D7 Cc7 B7 A7 97 87 77 67 57 a7 37 27 17 07
G P X 7 7 X p G
8 F8 E8 D8 Cc8 B8 A8 98 88 78 68 58 48 38 28 18 08 8 F8 E8 D8 Cc8 B8 A8 98 88 /8 68 58 48 38 28 18 08
H Q Y 8 8 Y Q H
9 F9 EQ D9 C9 B9 A9 99 89 79 69 59 49 39 29 19 09 9 F9 E9Q D9 Cc9 B9 A9 99 89 79 69 59 49 39 29 19 09
I R z 9 9 Zz R l
A 7A 6A FO 4A 3A 2A BO 0A FA EA DA CA BA AA 9A 8A A 7A 50 5A 4A 3A 10 1A 0A FA EA DA CA BA AA 9A 8A
c 1 & ! c
B 78 6B 5B 4B 3B 28 18 0B FB EB DB CB BB AB 9B 8B B 7B 6B 58 4B 3B 28 18 (0153 FB EB DB CB BB AB 98 88
$ . # # $
C 7C 6C 5C 4C 3C 2C 1C 0cC FC EC DC cC BC AC 9C 8C Cc 7C 6C 5C aC 3C 2C 1C ocC FC EC DC cC BC AC 9C 8(
< * % @ ) % . <
D 7D | 6D | 5D | 4D | 3D | 2D | 1D |oD | FD | ED | DD | CD | BD | AD | 9D | 8D D 7D |6D | 5D |4D | 3D |20 | 1D | OD | FD |[ED | DD |[CD | BD | AD | 9D |8D
( ) - ! ‘ ' (
E 7E 6E 5E 4E 3E 2E 1E 0OE FE EE DE CE BE AE 9E 8E E 7E 6E 5E 4E 3t 2E 1E Ot FE EE DE CE BE AE 9E 8k
+ > = > +
F | 7F | 6F | 5F | 4F | 3F |2F | 1F | oF { FF | EF | DF |CcF | BF | AF | 9F | 8F F | 7F |6F |5F |4F 1 3F |2F |1F | OF | FF | EF | DF | CF | BE | AF | 9F | 8F
u ? " ? | [

1/O Interface 5415 TMD  4-095



1/0 INTERFACE LINES

This page provides a CPU entry point from /O
attachment manuals. Only lines shown to exit

those manuals are found here.

1/O IF

N
o
~

/O IF

/O IF

/O IF

/O IF

1/O IF

11O IF

/O IF

1/O IF

/O IF

1/0 IF

1/0 tF

Chan 1 Data Bus In

Data Bus Out

Chan 1/0 Check

Used to transmit information to
the CPU from the 1/O attachments

Used to transmit information to
the 1/0 attachments from the CPU

t/O Attention

1/0 Attention
Lamp

o]

Chan 1 1/Q Condition A

Chan 1 1/0 Condition B

Channel 1/0O Working

Chan LSR Setect Bit 3-7

A

Status In — Used to present the status
of the I/0 attachments to the CPU.

4-100

DB!
. 4115
Chan 1 Data Bus Qut

Chan 1/0 Check

_
S
OV-

1/0 Condition A

J

4-120
t/O Condition B

2-2,2-4,4-120
Chan /0O Working

Chan Translate In

Select Bus In — Used to select an LSR in the
CPU during 1/0 instructions and /0 cycles

N
o

Chan LSR Select 3-7

Chan Translate Out

Chan Binary Subtract

Chan Store Data

Chan Block SDR to B

JPUPEEUEEDE

Check Reset

~

l I Check Reset to |/O
AR

Control In — Used to control the flow
of data in the CPU during I/0 cycles

2-35, 2-36, 2-37

Translate In

4-115

Translate Out

OAVAGROAD

4-107

Chan Binary Subtract

N
x
o

Chan Store Data

Chan Block FDR

e

w
»
o

N
N
<:

Channel Check Reset

KB141

[

S
=

1Q Cycle 1Q Cycle I"‘}
Q 1/0 IF
Dz-z B
EB Not 1st Cycle EB Not 1st Cycle
B I/O IF
2-2
i i h SR 3-7
[ 1/0 IF Channel CS Priority Bit 5 Chan C H a ‘;
5-72
EB Cycle EB Cycle
EB
Clock 0-8 lock 0-
|CL> Clock 08 {n/ow}
2-1
L—"21
LIO Instr LIO Instr
w 110 IF
2-41
I_X/—l TIO Instr TI0 Instr { o IF>
2-41 !
Int Poli Int Poll
P /O IF
251 Tags Out — Used for interlocking and
SNS Instr controlling information on the buses SNS Instr
Y 1/O IF
2-41
SI1O Instr 1O Inst
‘Z> SIO Instr Jlalow)
2-41
Power on Reset D
1/O IF
KC102 |




DBO AND TRANSLATOR

ALU Out Page 2-9 ALU Out 1
AL
OE OR Bit P
A I
(not) 7 A
(not) 6
(not) 5 ‘ A N OR l ]
(not) 4 # A LT
B OR OE OR
N
A A
¢ [ 3
¢_<
A u
{not) 3 A OE — OR
[
2 A |
(not) 6 *—
Bit O (not) 5 A 1]
A
(not) 7 OE OR
I L
OR N S
Bit 1 (not) 5 A .
A
] A g
OE
A OR
- (not) 5 A OR -
(nov 4 | A b
(not) 3 [— 4
A T
[ A 1]
OE OR
A A _
1 : L
OR I—-
A N A 1|
- - A [ ez OR
N r—
I A
A A L] A l
T Y *
A 1
A ’—‘] OE OR
T— ——I OR
—
KE231 A I A
I KE241
\\ Translate Out (5424) ’
S rans u _J
- A A
4100 by 10 Card Translate Clock (CI 4C to 6C) 1
Cycle Steal Request (highest priority acknowledged) — OR
A 1
5-72\ File IPL Cycl B
G = A Clock 7D to OC l I N ‘
24
\. MFCU IPL Cycle
H KE251

24

Data Bus Qut

DBO Parity Check

EVEN

1/O Interface

5415 TMD 4-107



4-110

CONSOLE SWITCHES I ADDRESS

|———ATT/PMR ADDR

DATA

Console Bits Lo

Alt/Displ Storage or Alt/Displ ATT/PMR

—_—_—— e, — e e e e e — e ———

Parity Generation

Clock 34 Gate Console Bits Lo

_j Bit P

1
!
!
!
!
|
|
|
]
1
|
]

Clock 1-2

SNS 1/0
Q Reg Blank
Clock 34
1st £ Cycle

Gate Console Bits Hi

.

f

Console Bits Hi

A

EB Cycle

Facing Page



DBI AND TRANSLATOR cg | Facing Page

Data Bus In To A

{not) 6
P (not) 5 Register Then ALU
A (not) 4 A A
Ft 3 — DBI Bit ¥ 2-20
(not) 2 OR Ok
KE111 || N B A OR
KE101
O e
A OR
FE (not) & o |08 8110
(not) 5 l— A
7 I A
1 6 | OR
= oR— &
A
FL
4 A -—r— OR
(not) 4 DBI Bit 1

E
+ L

OR

o | DBI Bt 2
‘ ‘l" — A
KET11 A

H
-
-
Njwlslo|o
>
1

w
w
X \
m

H
-
—
EYE)
[e} Re}
[$28 Ko

A ]—
! 1 N OR
6 | A DBl Bit 3
5 OR O p—— B ——
4 a4 A N A
A FL (not) 4 | A
N
OR
—— DB! Bit 4
5 0 N OE i
. 4 4T N .y
A §-
e OR -
I A OR
(not) 7 Py N DBt Bit 5
6 6 L ke
t
A FL (not) 5
4 A
3 —
(not) 2 _[\L OR
A
(not) O DB! Bit 6
7 OR OE
A —0—
DBl FL
4-100 Even DBi Parity Check
2-53 »
Clock 2 and 3 to DB OR
Load DBI KE101 DBI Bit 7
(even clock time) A
T | | 424
| T ranslate In (5424) Translate In KE121

4-100

I/O Interface 5415TMD 4-115



CHANNEL DBO PARITY, INVALID

DEVICE ADDRESS
l} 1/0 Condition A

Clock 8CD

L

1/0 Condition B

O i

1/0 Not CE Test
4-100

S 1/0 Check Stop Gate

OR

)

N
H
-

KN101

Channel DBO Parity

1-O Check Stop Gate

1-Q Cycle
Q
2-2
1/0 Condition A
ﬂlN[ KB121
4-100 —
1/0 Condition B
F N
4-100
Reg Instr
A
QB o

Cmd CPU Instr
‘ CMD )

24 SVC Instr ™

B

Priv Mode (page 2-29}

OR

Invalid Q

OR

(=]

Inhibit Hard Stop
IH

2-50

Channel DBO Check

Channel DBO Check Display

4-120

1l

» Reset Chk Latches

218

-+

N

PC111

iw Process Chk Display
8°5 KB131
A Display Bit 6 Lo
OR
KB141 _
Processor Chk ———
OR L 4 KE?295
FL _____4
PB101
KB101 KB141
[=]
PC111
{ Iiva >
2-47
l Invalid Q (invalid device address display)
A
KB111
Display Bit 7 Lo
OR
PESIS————
Sw Process Chk Display
Pos
—_—
8 A KE295
-
PB101
—
—_—1
A W — |
FL Processor Chk
OR *—
___l__|
KB121 KB141



DBO PARITY

> ALU

AV142

EBCIDIC
To Card
Code
Translator

KE231
KE241

ILC> Load Check Latches

2-18

IRC> Reset Check Latches

2-18

A CPU DBO P Chk Displ

KB131

Display Bit 2 Lo

{
OR )
Drum
Clock 7D thru 0C Switch [ ]
S KE295 PB101
w
Prior Pos Proc Chk Display
Req KE251 8
KE201
KE211
DBO P Chk
(not) Clock 7-8
Odd Not 9 A —
__J FL
OR Processor Check ()
PC111

Note: Rotate drum switch to position 7 to
display CS priority bits, position 5 to display

ALU output

1/O Interface
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DBI PARITY

DBl
Reg

(bits0 to 7 + P)

KE101

KE101

DBI P Chk

Odd Clock Not 9

Load Check Latches
LC

218

<

| : Sense 1/0

1/0 Not CE Test

2-41
| OR
1/0 Not Console Instr
I G ) A
EB 34 l
2-41
KG131
Reset Check Latches
|RC/‘
2-18

Note: Rotate drum switch to position 5 to display
A-register contents. Rotate drum switch to
position 1 to display SAR (contains address
of failing column) to determine bit structure.

FL

KB121

i | DBI P Chk Disp
A

KB131
Display Bit P Lo (
OR
Drum
Switch
Sw . L
Proc Chk Display
Pos KE295 PB101
8
PC101
Proc Chk (
OR L 2 -
KB141 PC111

4-130



CPU INSTRUCTIONS

INSTRUCTIONS AND SIGNAL

REFERENCE
Op Bits
Page instructions 01 23l4567
5-21 Zero and Add Zoned ZAZ X 0100 X . X
5-20 Add Zoned Decimal AZ X 0110 X 'C} X
5-20 Subtract Zoned Decimal sz x 0111 X IS g § X
534  Move Hex Character MVX X 1000 | X X X X %* ¥ K
5-26 Edit ED X 1010 X X X X
5-30 Insert & Test Characters ITC X 1011 X X x % % X
5-16 Move Characters MVC X 1100 X X % %
516  Compare Logical Character ~ CLC X 1101 X X g 2
515 Add Logical Character ALC X 1110 X X X 2 ;g)
5-15 Subtract Logical Character SLC X 11ii X X x g é
5.76 Sense 170 SNS Y 0000 X X ak_* X X X
5-73 Load {/0 LIO Y 0001 ¥ ¥ X X g
6546  Store Register ST Y 0100 X X x X X 1S 18
546 Load Register L Y 0101 X X ¥* M
546 Add to Register A Y 0110 X X X x X
542 Test Bits On Masked TBN Y 1000 X X X
5-42 Test Bits Off Masked TBF Y 1001 X X X X
5-42 Set Bits On Masked SBN Y 1010 X X X
5-42 Set Bits Off Masked SBF Y 1011 X X X X
5-38 Move Logical Immediate MVI Y 1100 x X X _
5-38 Compare Logic Immediate CLI Y 1101 X X X E
5-52 Store CPU SCP Y 1110 X X ; X
5-53 Load CPU LCP Y 1111 g X
551 Branch On Condition BC Z 0000 ® o
579  Test1/0 and Branch TI0O Z 0001 S % Legend: ¥ Condit.oned by Q register bits
550 Load Address LA Z 0010 ® % ® Line developed but not used in this operation.
566  Halt Program Level HPL F 0000 ® E Op bits 0123
T O x
5.80 Advance Program Level APL F 0001 5’ % ‘é X Two address instruction (can be indexed by bits 0-3).
565 Jump On Condition i F 0010 ® g 5 é Y One address instruction (can be indexed by bits 0 and 1}.
568 Start 1/0 sio F 0011 ® ; '* Z One address instruction (can be indexed by bits 2 and 3).
567  Command CPU CCP F 0100 ® F Command instruction.

CPU Instructions

5415 TMD

5-1



INSTRUCTION CYCLES (FAST I-CYCLE)

Not all instructions are executed at fast |-cycle
speed. Certain instruction types require normal
processing speed.

These operations that require normal processing
speed include:

® |/0 and Halt instructions

® The last cycle of a 3- or 5-byte instruction

Machine Cycles I V V w \/—1)
® Certain time depend i i 1 2 3 4
pendent diagnostic programs
® Cycles during which program checks occur ti
Y g prog Two Address Instructions J 1-Op V a V -x1 V 1-X2 V EA V EB \\
The following instruction cycle dlagrf-)m shows the I 1-Op V o V h1 V L1 V X2 \vl Dummy V EA \
I-cycle, dummy half cycle, and machine cycle
relationship for all instruction types. f 1-0p V 1-Q V 1-X1 V 2\l 2 ‘VI bummy  \/ EA \
[ e \[ 1a Vo e e EA \
One Address Instructions \W MVI, CLI, TBN, TBF,
(nonbranch) _/ I-Op V i-Q V I-X1 v Dummy V EB V EB SBN, and SBF
oo Ve e Y EB V EB \ ST, L, A, SCP, and LCP
One Address Instructions AW/
(branch) _/ 1-Op v 1-Q V 1-X1 Vv Dummy \ LA and BC
ani
I oe  \[ 10 Ve \/ L1
Command Instructions __/ 1-0p v -a V R w JC and CCP
1/0 Instructions plus HPL 7 \V HPL, APL, SIO, L1O, or SNS with 1/0 bus
and APL J roe y oummy \ @ oummy R \
7T
[ oo\ oummy \/ 1o ‘V pummy \/ 1H1 Y\ Dummy \/ L1 v Dummy \ TIO
T V7 \ [
_/ 1-Op ‘V, Dummy V 1-Q ‘; Dummy V 1-X1 v Dummy TI0
\ W/ Y7 ANA EB1 Followed by
_/ 1-Op Dummy V 1-Q ‘V, Dummy V 1-H1 " Dummy V I-L1 v Dummy \/ EB_110 and SNS
\ 7 ANA
_/ 1-Op v’ Dummy V 1-Q y  Dummy V 1-X1 y Dummy \/ EB1 Followed by EB—LIO and SNS



TWO-ADDRESS INSTRUCTIONS

1-Cycles

® Load operation code into op register. m

® Load Q code into Q register, LCR, and LCRR. B
® Load B field address into BAR.

® Load B field address into ARR for decimal
instructions.

® Load A field address into AAR. E

To perform two-address instructions, you must
know:

1. What operation.
2. Location of the fields.

3. Length of the fields and any special con-
sideration that must be given them.

I-cycles are used to load the various controlling
registers with this information.

First, an l-op cycle transfers the operation code
from main storage to the op register. For two-
address instructions, the Q code generally con-
tains the length count for the fields. The only
exception to this is the move hex character oper-
ation in which the Q code controls the data flow.
Difference in Q code use are covered under the
individual operations. However, in all cases an
1-Q cycle loads the Q code into the Q register,
the LCR, and the LCRR.

I-H1 and I-L1 cycles load the B field address into
the BAR. For decimal instructions, the B field
address is also loaded into the ARR. If indexing
is used, a single I-X1 cycle replaces the I-H1 and
I-L1 cycles.

1-H2 and {-L2 cycles load the A field address into
the AAR. The A field address can also be indexed
by replacing the I-H2 and I-L2 cycles with a single
I-X2 cycle.

1-Op

cycle

]

1-Q cycle

No

I-H1

cycle

Yes

1-X1

cycle

1-L1

cycle

I-H2 cycle

1-X2

cycle

1-L2 cycle

~J

b~

Execution

Cycles

(see page 5-14)

*Indexing is described on page 5-10.

1-Op Cycle

® |oad op code into op register

® Increment instruction address register

® | oad CR to CRR

The first step in an l-op cycle, as in all cycles, is
to address the storage location to be used during
that cycle. The contents of the |AR are trans-
ferred to SAR and a storage fetch cycle started.

Load SAR
LSR LSR Sel 1AR
. a—
SAR SAR High Low
High Low

L1

The two-byte IAR is incremented in parallel with
the storage fetch operation. The IAR is trans-

ferred through the aux B register and incremented
by +1in aux ALU (aux ALU carry in active) E .

E |
/

Aux ALU Ctrl ABC =000 \—

Aux ALU Carry In

Aux

Write ISR Hiand Lo

At clock 3 time the operation register byte is
read from storage and transferred through aux
ALU and stored in the op register.

Main
Storage

Aux ALU Ctrl ABC=010 \

Load Op Reg

Load Aux B Reg

el

X

IAR Selected

1-Q Cycle

® Load Q code into Qregister and: (1) fength count
register (LCR) and length count recall register
(LCRR), or (2) data recall register

® Increment instruction address register
The I-Q cycle is the same as an l-op cycle, except
that the Q code byte is stored in the LCR, the

LCRR, and the Q register. B

The IAR is incremented in the same manner as
for an l-op cycle. E

Main

Storage I
Aux ALU Ctr! ABC=O&

Write LSR Hiand Lo

Select DRR and LCR

Select PSR (LCRR)

Load Q Reg

CPU Instructions 5415 TMD 5-3



I-Op and I-Q Cycles

3
Cik 3
I-op cycle 7D AB101
Place op code in Place Q Code SDBO to aux
op reg in LSR’s; CR ALY
Clk 0-1 KL101 ok 3 in CRR if branch Clk 2 Cik 3
6
Address Storage Activate '1AR SDBO to aux FYTrere— 7-8 KD141
and Modify IAR sel’ ALU 9 Activate ‘load Q
CR to A
reg; Gate aux ALU
out to Qreg
Clk ODE KC142 Clk 3 KD141
Activate ‘load Activate ‘load Op
SAR’ reg’; Gate aux Branch
ALU out toopreg ‘ i
or. jume 1/O instr
instr .
AB101 with (not) channel
N No in /O cond B
v Addr Gate CR bits 2-7 1. Busy
P es translate to aux B reg 2. Parity check
active Clk 2CD 3. Attention — —
Clk ODE AB101 1-Q cycle 6CD AB101 4. Inv DA
No Activate 'load aux
Select xlate reg Load aux B . instr with (not)
reg B reg :
channel in I/O
Clk 2-3
Clk 0CD-2 AB141 Ad(:jress;:orlazfzz 7-8 AB141
Activate aux anc modtly Clk 0-1 Activate aux ALU ctr
ALU carry in 4CD-5 KL10 ABC {AND function
Activate '|AR
sel’
Aux ALU ctrl ABC N Aux ALU out Clk 9-0.
= 000 with carry in =B+1 ({IAR +1) 4D-B5 KC142 Activate 'program
Activate ‘load 2 address k intlk’
SAR’ f Op bits
ormat No . -
Clk 1 KL111 (?;"dd’;)‘)’ ‘Prog intlk is
n .
Write 1AR hi Clk 3 al f:ie'ac‘twated L
8 KL101 . if itis
and lo - single .
Activate ‘sel Yes dd ) active
Ves Addr PSR’ address
translate O
p bits
Addre active el 36053 AB101 01,23 —
sS . , 1,2,
storage Tomm 5 present Analvze op code
Select xlate reg No Oad aux Clk 3 bits 0 to 3
reg
8 KL12
Cik 0CD-2 Activate 'LCR or
4CD-5 AB141 DRR sel’
Activate aux
ALU carry in Cik 3 3of4 Page
Store condition 8 KL111 bits present 5.8
reg in CRR 5'12
5-63

Activate 'LSR -
———|—— write lo and hi Singte
' Ck1&2 KG131 Aux ALU ctrl ABC Aux ALU out Address.
Activate ‘gate =000 with carry in B+1(1AR + 1) Instruction
CR to A’
Clk 1 i
5 KL111
Clk 2 KL101 Write |AR hi -
Activate ‘PSR and lo Load Q register,
select’ determine next
cycle to be taken
Clk even not 0 AVi32 Address
storage )
Load ALU Op bitOor 1
End I1-Q cycle
No
Clk 2D KL111
Write LSR lo
Take I-R cycle Take I-H1 cycle Take I-X cycle

Page Page Page
3 (BJ 5-63 [CJ 5-8 (DJ 5-12



1-Op and 1-Q Cycles

Wait or Atter Disp ATT-PMR

Cl 6 and 6

Gate LSR Low to B

oR LG2te LSR High 1o 8 OR'

Fast | Cycle OR A
System Reset KG141
EB Cycle
Cl1and?2 A
—
CL 7and 8 A
KG141

Wart State

(6]
System Reset

110 Biock SDR

1:0 Not CE Test

(not) Invalid Address ——

(not) EB Cycle
(not) Alter SAR or Storage

Cl3and4

Gate SDR to B

Main Storage

Test Mode

Fast | Cycle

IR Skip True |

Fast | Cycle

Clock 3C to 5C

Odd CD Ctk

Ky121

0Odd CD Clk

{not) Dummy Half Cycles

I

Bin Sub Gate

Bin Co!

mp A Reg

-

Gating

L |-

IAR (high)

Gate CR to A

Force Bit 7to A A Cl 5and 6

{not) IR Program Backup

I Op Cycle
Al a2
ORt—+ Cl20r6
A 1Q Cycle
KG131
—— /O Not CE Test
I N OR Fast | Cycle
CE Test No Increm
-

KG141

Bin Compl A Reg

Odd CD

AU X|

Reg

IAR (low)

of 1] 2] 3] 4]s] 6]

~

o[ 1] 2[3]4]s]s]7

\
o

(LCRR)

PSR

(CRR)

X —

r—j Load SAR
R

Fast | Cycle

FL .A

KY121
A

Not Dummy Cycle
y e
1Q Cycle

Branch or Jump
Clk 2CD or 6CD

L_.
AB101

Dummy Half Cycle

Idle Time

o[ 1]2]3]4]s]e]7

o[ 1] 2] 3] a]s]e]7

LCR

Normal Display

€Q
0
Low/ ——1—-
High —
2
Bin 3
1 | le
ovil 2 Op Cycle
| Load Op Reg
5 A
| Cl 3
Dec 6 e
Ovfl 1 KD141
7
Test
False
Clock 4CD-5
A
OR }—
IAR Seld A
Fast | Cycle A Clock 0-1 —-@7
KL101
4]
— -
' X ey Clock 3
2
3(Q A a 1Q Cycle
z Reg Load Q Reg or[™ ’
Clock 7-8
15 ] A
6
7 kD141 Dummy Half Cycles
Cct2
| Op Cycle
A P
PSR Sel (not) Dummy Half Cycles
clect OR+— Cl3or8
1Q Cycl
A ycle
Cl3or8 2 Address Format
LCR and DRR Seld 1Q Cycle KL101

o 1] 2]3]4]s]6]7

—
tX Cycle o A
Fast 4CD to 6
T — ’ORI__. N\ Aﬂ \VE
L B
Clock 4D-58 A Aux ALY
Load SAR X AB141
Phase DE —ORp—— J—— Carry
A ——
A
Wait State
N KC142 Fast | Cycle OR
Clock 9-0
A AB141
Alter or Disp ATT-PMR Branch or Jump 1Q Cycle
P —
A
 —_—
Dummy Half Cycles
1°0O Not CE Test Clock 2-3
Channel Infuiit LSR Load | clock 7/8-0cp |OF
Idie Time OR
Carry In
A or B Reg Chk Clock 4CD-6
—_— 1A
LSR A B A
1{¢] or
Fast | Cycle | '——{ OR
Clock OCD-2 A
AB141
[
16 + 2P EEE——
1Q Cycle ,__] PSR
1-OP Cycle OR Clock 1 01 5 A
._.J oc LSR Write High
—OoR
*—
1Q Cycle
A
Clock 3or 8
KLin
L)
Clock 1 or 5 A A LSR Write Low %
1Q Cycle —— OR L |
KL111
Clock 3or 8 A

(not) LSR Display Gate

]

KLi21

CPU Instructions
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1-Op and I-Q Cycles

1111

One Address Instr

Two Address Instr

Command Instr

~ O

| B .|

1-Op

[

N

HPL, APL, I/O Instr

and Diagnostic Mode

IAR Select

Load SAR

BSM Select

PSR Select

LCR, DRR Select
Load LSR

Load Op Reg
Load Q Reg

CR

Prog Intlk Lth
Branch Skip True
Allow 1/2 Cycle Adv

Op End

ALU

A Reg In

B Reg In

Load A, B Reg
Bin Comp A
Bin Sub A
Load ALU

ALU Out

Aux ALU

A in (SDBO)

Aux B Reg In

Load Aux B Reg

Aux ALU Ctrl A
B
C

Carry In

ALU Out

IAR

Hand L

CR

CR

H and

* IAR

L

CR if

Branch Skip
Instr

Hand L

Set or Reset

—

Hand L

'

IAR

Hand L

CR if

Branch Skip *

Instr

Hand L

Reset

Branch Skip
-

Set/Reset




I-H and I-L Cycles

® | oad B address register except during load
address instruction.

® [ oad selected index register for load address
instruction.

® Load A address register for second address.

® Load address recall register for branch or
decimal instructions.

I-H1 and |-L1 cycles are the same as the l-op and
I-Q cycles except that the data bytes, B field
address, are stored in the BAR. During the I-H1
cycle, the first byte is stored in the high order
position of the BAR.

Main
Storage

Write LSR Hi (IH cycles)

Select BAR

X

\ 4

Write LSR Lo (IL cycles)

X

\

LSR

AR Selact
Load SAR
BSM Select
BAR Select
XR Sefect
ARR Select”
AAR Seiect
Load LSR
LSR Intchg Puise
| Cycle End
Op End

Allow 1/2 Cycle Adv

Old ALU
Bin Comp A

Bin Sub Gate

Aux B Reqg In
Load Aux B Reqg
Aux ALU Crtrt A
B
C
Carvy In

ALU Out

Hi

LSR
Lo

L1

I-H1

= W

The following cycle, I-L1, stores the second byte
in the low-order position of the BAR. For decimal
instructions, the bytes are also stored in the ARR.

1-H2 and 1-L2 Cycles

I-H2 and 1-L2 cycles are the same as |-H1 and
I-L1 cycles except the address bytes are stored

in the AAR.

o~

I-H2

1141 1

P~ W

1-H2 (preceded by |-X1)

5 6
i1 1 11

|

{-L.2 (followed by dummy cycle)

0 1 2
[ I B

3 4
L1l I

Hand L

H1

XR1, XR2

H and L

n

{Branch sk

(LA, BC, T

|
(L1, 1 Add

L1 (no LA insu)
XR1, XR2 (H1, L1 cycle only)

|
L1 (Dec, BC, TIO, 1TC only)

) true)

(]

format or |

#

Hand L
-

L2}

Hand L
-

AR + 1

—

Hand L
-

———
SDR
L_

—————

-

—r

Hand L

I1AR + 1

SDR

|

SDR
L ﬂ

CPU Instructions
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I-H and I-L Cycles

I-Hand I'L eycle Refer to Page 5-4 point

[

|

| to determine

! which type of cycle to
| take after 1-Q cycle

|

Address Storage
and modify AR

Clk 0-1

4CD-5
Activate '|AR
sel’

KL101

Clk 9-0

4D-5A
Activate 'load
SAR’

KC142

Yes Addr
translate

active

AB101

No Load aux B
Select xlate reg

Clk 0OCD-2
4CD-5

AB141

Activate "aux
ALU carry in’

Aux ALU out
B+1 {IAR+ 1)

Cik 1
5 KL111

Write IAR

hi and low

KLi21

Activate ‘XR1

sel’ or ‘XR2 sel’

Address storage

See note for format.
Branch, test 1/O and
branch, or load address
operations end after

I-L1 cycle. Otherwise,
proceed to specific
operation flowcharts
after completing | cycles.

Load Register.
High-Order position
in I-H Cycles,
Low-Order position
in I-L Cycles.

Clk 3 No {I-H2, 1-L.2) )
8 KL121 Lo
. address
Activate "AAR instr
Select’ Clk 3
8
Clk 3
7 Branch
T
SDBO to Aux or d::ﬁ-nal
ALU i
nstr
Y
Clk 3 e
8 KL101
Activate ‘ARR
select’
Clk 3
8 KL121
Activate 'BAR
select’
|-KN0 (I-L cycle)
cycle
Cik 3 ves Cik 3
8 KL111 8 KL
| Activate ‘write Activate ‘write
[ LSR hi _LSRlo’
3

Clk 8

cycle

Branch
Yes or test 1/0 an

KD131

Turn on 'op end’ trigger

Load address
instruction

branch instruc-

d

KL101

write high’

Activate ‘LSR

I-H1
cycle

Take {-L2 cycle

Take |-

L1 cycle

Single-

Op bit 2
or
Op bit 3

No

Take I-H2 cycle

Take t-X2 cycle

address

No

Op bits {0 and 1) or

(2

and 3)

Branch

Branch
condition
satisfied

| D l Yes
Page 5-12 R ——
| Clk 8 KD151

Tested during 1-Q 1 Activate 'LSR intchg
cycle. Activates ! pulse’ {(page 2-39)
Branch-skip true |

FL. (page 2-39) |

KD151 I

instruction

Load address
instruction

END OF OPERATION

Note: Format for single address instruction
is: 1-H1 and I-L1 cycles or I-X1 cycle
Second address requires. 1-H2 and 1-L2

cycles or 1-X2 cycle

End of l-cycles



I-H and I-L Cycles Clock 5and 6

Wait or Alter-Disp ATT-PMR

Gate LSR Loto B

A
Fast I Cycle ORl . Gate LSR Hito B on
’ l KG141
Svstem Reset Gate SDR to B
Inhibit SDR Transfer Clock 7and 8 A
| EB Cycl — OR
EB Cycle ycle
A (not) Clock 3 or 4 A
(not) Recompl Cycle 2 Clock 1 and 2
Alter SAR or Storage
Wait State 170 Block SDR OR N KG141
OR
System Reset Invalid Address
1/0 Not CE Test

KG141

, | Nl |OR
Force bit 7 to A {not) IR Program Backup l I CE Test No Increment

A
| Clock band 6

Fast | Cycle

OR Bin Sub Gate X

KG141
Clock 3C to 5C
Bin Compl A Reg Fast i Cycle
Main FL A L Odd CD
Storage
Clock 7-0CD {not) Dummy Half Cycles _?_
BE
OR A ] KY121 (Load Aux B Reg) Load SAR
Clock 2-3 I IX Cycte ﬁ ; :”X !
o 1 X
| |Reg
—] !
Fast 4CD to 6 A | i ]
N 14
A B
ClaD-5B S—
—_ Load SAR P ¢
Phase DE —— OR f————— X Fast | Cycle | AB101
A
Branch or Jump 1Q Cycle
Alter or Disp ATT-PMR s 1/0 Not CE Test
1
Clock 9-0 Carry In A
Channel Inhibit LSR Load
Wait State Clock 4CD-6 & A ]—l | Dummy Half Cycles
N OR Idie Time
Fast | Cycle OR I—I I A or B Reg Chk
A
Clock OCD-2 LSRto Aor B
Clock 4CD-5
Clock 0-1
A IAR Select 1AR {hi) 1AR (lo)
A Fast | Cycl IL1 Cycle
= o] 2]s]a]s[e6]7]c]1[2]3]4]5]6]7 ]
N OR
A IL2 Cycle
Clock 8 —— |H1 Cycl
LSR Write Hi vee

A OR
OR| A IH2 Cycle

LSR Display Gate I N l KL111 Clock 3 e
LJ

R —— 1 Clock 1 or 5
Clock 3or 8 A AAR Select AAR (hi) AAR (lo) A
X2 11L2 ¢ 142 | o< [2[=[a[s[e[7[ o[ 2[ 2[5 [6]7 —
KL121

LA Instr

Clock 3or8
IX1 +1L1 + IH1

[

LSR Display Gate L] 011‘21314151617 01i2E14]5l617 — IH1 Cycle

Dummy Half Cycles E}_J—_KL121 IH2 Cycle
g

BAR Select BAR (hi} BAR (lo)

. OR]| L1 Cycte
LLSR Write Lo A A IL2 Cycle

Clock 1 or 5 L_J

Normal Display
N OR OR+— Clock 3or 8
A IX1+ LT + IH1 KL 1LY Cyel
idie Time GoF3o 8 A ARR Select ARR {hi) ARR {lo) A - =
I OR
FC Instr o[ 1] 2] 3] 4]s[e]7[ o] 1] 2] 3] 4]5]e]7 1L2 Cycle
Dec Instr KL101

Branch on T1O Instr

CPU Instructions 5415 TMD 59



Indexing (I-X Cycles Part 1 of 4)

® Assingle byte from the instruction is added to
two bytes fron an index register to create a
new storage address.

® This new address is loaded into the B Address
Register.

® This index cycle does not change the instruc-
tion byte or the address in the index register.
If either is to be changed, an additional CPU
instruction is required.

The need for 1-X cycles is determined by the bit
structure of bits 0 through 3 of the operation regis-
ter. An I-X1 cycle results from the presence of
either bit 0 or bit 1, but not both; an |-X2 cycle
from either bit 2 or 3, but not both. The bit that
is present also determines the index register used.

Instruction Op Bits B Address Register
Format 0i1}2|3 Contains:
0{0]1]1 Two bytes from
storage unchanged
One of1{1]1 One byte from storage
Address added to address from
{nonbranch) XR1
11011 (1 One byte from storage
added to address from
XR2
1]1]0]0 Two bytes from
storage unchanged
One 111101 One byte from storage
Address added to address from
(branch) XR1
1111110 One byte from storage
added to address from
XR2
Command (IREREA

Operation Index
Register Register
Bit Selected | Cycle
1 XR1 1-X1
0 XR2
3 XR1 1-X2
2 XR2
Instruction Op Bits B Address Register A Address Register
Format 0]1] 2|3 Contains: Contains:
ojojofo Two bytes from storage unchanged
010|011 Two bytes from One byte from storage added to
storage unchanged address from XR1
ojoj1}o One byte from storage added to
address from XR2
0oj1]0j0 Two bytes from storage unchanged
Two 01110} 1 One byte from One byte from storage added to
Address storage added to address from XR1
oj111t0 address from XR1 One byte from storage added to
address from XR2
110j0{0 Two bytes from storage unchanged
1101011 One byte from One byte from storage added to
storage added to address from XR1
110{1]0 address from XR2 One byte from storage added to
address from XR2

During I-X cycles the IAR is selected and loaded
into the SAR tn the same manner as for other
instruction cycles. A storage fetch cycle is started
and the B field address fetched from storage.

The two-byte IAR is incremented in paratlel with
the storage fetch operation. When the IAR is
gated to SAR it is also transferred through the
aux B register and incremented by +1 in the aux
ALU (aux ALU carry in active) .

Aux

Reg

Aux ALU
Ctrl ABC = 000

Aux ALU Carry In

Write LSR Hi and Lo

|AR Selected

The selected index register (XR1 or XR2) is trans-
ferred to the aux B register (right side of aux ALU).
The B field address is read from storage and enters
the left side of the aux ALU. The index register
and the B field address are then added in the aux
INEVR B |

Main

Storage
Aux ALU \ Aux
Ctri A (add) ALU

XR1 or XR2
AL ANLALLL S
Selected

5-10

The aux ALU output is written into the iow- and
high-order positions of the BAR

. Aux
Main B
Storage Reg

Write LSR Hiand Lo

¢

BAR Selected
aidthdba

If the operation is a decimal or branch operation,
the results are also stored in the ARR. An |-X2
cycle operation is the same as a |-X1 except the
results are wirtten in the AAR.



indexing (I-X Cycles)

IAR Select

Load SAR

BSM Select
Index Reg Select
BAR

AAR

ARR

Load LSR

LSR Intchg

| Cycle End

Op End

Allow 1/2 Cycle Adv

Old ALU
Bin Comp A

Bin Sub Gate

Aux ALU

A in (SDBO)

Aux B Reg In

Load Aux B Reg

Aux ALU Ctrl A
B
o

Carry In

ALU Out

1-X1 1-X2 1-X2 Dummy
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
J I I O O O | L1 111 111 111 | A I 1 11 I T T O 111 11 | 11111 11
]
Rt or R2 LA (R1 or R2) R1 or R2 |R1 or R2
—
|
Dec, Branch, BC
Hand L Hand L Hand L Hand L Hand L Hand L
] - - -
——
SDR SDR
]
IAR XR1 or XR2 IAR IAR XR’
AR in B Reg
-~ ‘e -0
1AR + 1 Mem + XR [IAR +1 Mem + XR 1AR + 1 Mem + XR
[ ] L L__T
Dly

CPU Instructions
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5-12

Indexing (X Cycles)

Refer to page 5-4

2
IX Cycle point @to
determine which Clk 3
type of cycle to take 8 KL111
after 1-Q cycle

Load Selected
register

Activate 'LSR
write hi and o’

Address Storage {1-X2 cycle)

and Modify AR

|
Ctk 0-1 }
4CD-5 KL101 | See note for format
Branch or
Activate '1AR | Branch test 1/0 and TI0 and
4 [}
select | branch, or load address branch instr
| operations end after
Clk9-0 [ 1-X1 Cycle. Otherwise Single
4D-5A KC142 | proceed to specific op- address Yes Load
Activate ‘load l eration flow charts instr dd
SAR’ | after completing | a m:rss
e Cik 2 Cik 2 Cik 8 KD131
7 KL121 Turn on op end
Activate ‘XR1 sel’ Activate ‘XR1 sel’ XR1 for op bit 1 trigger
or XR2 sel’ or ‘XR2 sef’ XR2 for op bit 0
|
Addr |
translate |
active Cik 9-0 | Cik g?:% Cik 2
4D-58B AB101 %7 . AB101 7 KL121
No Load aux B | XR1 for op bit 3 Load aux B reg Acf»vate XR1 sel No  (I-X2 cycle)
Select xlate reg reg 1 XR2 for op bit 2 or ‘XR2 sel’
Clk 0CD -2 |
4CD-5 AB141
Activate ‘aux Activate ‘bin comp A I
ALU carry in’ reg’ and ‘bin sub gate
Single
XR1 for op bit 1 address
{not) bitOorop | instr
Aux ALU out SDBO to aux bit 3 (not) 2. l
B+1(IAR+1) ALU XR2 for op bit 0 [
Clk 1 Cik 2-3 Ln‘otz) (bit:) ;r op |
5 KL111 7-8 AB141 "teino |
Activate ‘'LSR Activate 'aux Yes Op
write hi and lo ALU ctri A "{add) bit 2 or
op bit 3
Take 1-X2 cycle Load
Address storage oa
9 Yes Load address
address instr
instr
Branch
condition
satisfied
Yes
Cik 3 Clk 3 Clk 8 KD151
8 KL121 8 KL121 oo LH2 | Activate 'LSR
Activate ‘'XR1 sel’ Activate 'BAR Cik 3 No (IX2 Cycie) ake I-nscycle intchg pulse’
or 'XR2 sel’ sel’ 8 KL121
! Activate ‘AAR
sel’
FC
Dec, Branch c
or TIO End of operation End of | cycles
instr Page 5-8
Cik 3 Yes
8 KL101 Note: Format for single address instruction
Activate ‘ARR is IH1 and IL1 cycles or 1X1 cycle. Second
sel’ address requires IH2 and IL2 cycles or
IX2 cycle.




Indexing (1X Cycles)

Clock 6 and 6
Wait or Alter-Disp ATT-PMR |
inhibit SDR Transfer P A Gate LSRlowB —‘ mmjo ol
] -~
EB Cycle OR N > Gate LSR Hi to B oR 1 n c18
A System Reset KG141 e Op-End
(not) Recompl Cycle I '2“ Q 1 Address Branch A
8 I3 31 IX1 or IL1 Cycle FL
R 4 g ¥ < -
Wat State Clock 7 and 8 A 9 -—5-1 g
oR EB Cycle — OR 'é- :
System Reset A el g <D131
Gate SDR Clock 1 and 2 7 7]
(not) Cl 3or 4 B —1 KG141
Alter SAR or Storage N to IX Cycle ‘
1:0 Block SDR ————0R
Invalid Address
i i | AR Fast | Cycle
KG1a1 Bin Sub Gate Bin Compl eg — A
Main FL 0dd CD Clock
—
Storage
Clock 2-3 ’_—l {not) Dummy Half Cycles Load SAR
lock 7/8- OR A KY121
Clock 7/8-0CD ‘ IX Cycle _ (
*—
Fast 4CD 10 6
A Load N A 1/0 Not CE Test
Clock 4D-58 SAR Fast | Cycl B AuxALU
as ycle ux
Phase DE - X L] c A Chan inhibit LSR Load
AB101
A [y
Alter or Disp ATT-PMR
——
KC142 Branch or Jump 1Q Cycle A Dummy Half Cycles
N OR Idle Time
Clock 9-0
Clock 4CD-6 | Gating Ao B Reg Chk
Wait State A Carry In o vg -h
Fast | Cycle [ 1 Jor A A LSR 0 Ao B
Ciock OCD-2 A
AB141
-—J
[_. IAR (high) 1AR (low)
o[ +J2[3]4]s]e]7] o] 1] 2[3]4]5]6]7 Clock 10r &
I1X2 Cycle
Op Bit 3 A
Clock 2 or 7 A LSR Write Hi Gate oRr — Ciock 3or 8
IX1 or (L1 or {H1 — l A
Clock 3or 8 »
Select XR1
LA Instr A XR1 (high} XR1 (low) KL111
Q87 o[ 1] 2]3]a]s[6]7[ o] 1] 2]3]4]s]6]7
LSR Display Gate N — X2 Cycle Clock 1 0r 5
A Op Bit 2 A 1X1 Cycle
3 Clock 2 or 7 A
IX1 Cycle LSR Write Lo Gate OR
or}— IX2 Cycle
Clock 2 KL121 IX1 or IL1 or {H1 — 1| | — ‘
LSR Display Gate Clock 30r 8 EEE————— A
H LA Instr alor Select XR2 XR2 (high) XR2 (low) Clock 3or 8
Op Bit 2 Q8it6 o[ 1[2]3]4]sle]7[o]1]2]3]4]s]s]7 K111
*—
Op Bt O A 1X1 Cycle —
oR Sel XR2 Gate
Clock 2 A
A
Op Bit 1
: - '
LSR Display Gate . KLizi IX2or iL2 or 1H2
N -
AAR (high) AAR (low) Select AAR A Clock 3or 8
o[ 1] 2] 3] a]s[6]7{o] ] 2] 3] 4]s]6]7 ! LSR Display Gate
KLi21
Dummy Half Cycie — Clock 4CD-5
Fast | Cycle
A A Select AR
Idie Time } X1 or IL1 or 1H1
OR I ———— Ciock 301 8
A Clock 01 OR — BAR (high) BAR (iow) Select BAR A r
Normal Displa LA Instr
L A FC insi INBEE0E0EEDEBREEE | . L —
1 Dec Instr KL121 I N LSR Display Gate
- OR
Branch or T10O Instr
M y—] -———E‘
N A Select ARR ARR (low)

UJ

IX1 or tL1 or IH1

Clock 3or 8

ARR (high)

KL101

o[1]2]3]4]s]s]7

o[ 1J2[3]4]s]6]7

CPU Instructions
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Execution Cycles

Because only one byte at a time can be removed
from or placed into main storage, two cycles per
byte are required when controlling data between
two different storage locations. During the A-
cycle, the A field byte is removed from storage
and retained. The B-cycle is then used to remove
the B field byte from storage and, depending upon
the particular operation, to determine what to do
with each byte.

A-Cycle

Because the A-cycle data flow is the same, regard-
less of the operation, it can be covered as a separ-
ate topic. Some operations require the condition
register to be reset to equal during the first A-
cycle and some require the use of sign control for
the A field character, but the basic data flow re-
mains the same.

e Store A field byte in DRR.

The first step in an A-cycle, as in all cycles, is to
" address the storage location to be used during that
- cycle. At clock O time, the contents of the AAR
are transferred to the SAR in the same manner
that the |AR was transferred.

No data is transferred during clock 1 and 2 times

as the CPU waits for the data to be read from storage

and enter the FDR. During clock 3 and 4 times,
the byte is transferred through the B register and
ALU and stored in the DRR.

Main
Storage

B
Register

Gate SDR to B

Select DRR and LCR

LSR Write Lo (DRR)

The rest of the cycle is then used to decrement the
AAR so that the next position of the A field can
be addressed if necessary. The example below
shows that a 1 is subtracted from the AAR. Two
steps are required because of the possibility of a
carry from the low-order to the high-order position

Gate LSR Loto B

Gate LSR HitoB

B A
Register Register
I S—

Bit 7to A

Binary Subtract

Select AAR

B
Register

Misceltaneous

LSR Write Lo

Step 1

Binary Subtract

Select AAR

LSR Write High

Step 2

B-Cycle

The B-cycle operation is covered under the indi-
vidual operations descriptions that follow.

5-14



Add Logical Characters—ALC

Bits 01234567
OpCode x x x x 1110
e Binary add A field to B field data.

e A and B fields are the same length (Q code
plus 1).

The add logical characters operation adds the A
field data, one byte at a time, to the B field data.
The entire A field byte (bits 7 through 0) is binary
added to the B field byte. The operation begins
with the low order position of each field and con-
tinues until the high order position is reached.
Both fields are the same length, which is 1 more
than the Q code.

The CPU performs the add logical characters oper-
ation with a series of A- and B-cycles. First an A-
cycle removes the first A field byte from storage
and retains it in the DRR. Then a B-cycle removes
the first B field byte from storage, adds it to the

A field byte, and stores the result in the B field
units location. The next A field byte is then add-
ed to the second B field byte through the same
process, and so on to the end of the field.

After the first A field byte has been stored in the
DRR and the AAR has been decremented (refer
to A-cycle), the CPU enters a B-cycle. The

BAR is selected and loaded into the SAR in the
same manner that the |AR was transferred.

The B field units byte is read from storage and is
loaded into the B register. The A field byte is
transferred from the DRR to the A register and
the two bytes are binary added in the ALU. The
result is then stored into the B field units storage
location.

Gate SDR to B

Gate LSR Lo Normal to A (DRR}

R

B
Register

Main »

Storage BSM Write

Binary Complement

—

A
Register

A Register

Binary Subtract

Select DRR and LCR LSR
Hi

The BAR is then decremented in the same manner
that the AAR was decremented. The Q register is
tested to see if the end of the field has been reached
(blank Q register). If the Q register is not blank,
the CPU takes another A-cycie and another B-cycle
to add the next characters; if the Q register is
blank, the ‘op-end’ trigger is turned on and the
operation ends.

During clock 1 and 2 of each B-cycle, except for
the first, the LCR is decremented.

Miscellaneous Bit 7 to A (not 1st Bcycle)

Gate LSR Hi to B (LCR)

B
Register

A
Register

Binary Subtract

Load Q Register

Q
Register

ISeIect DRR and LCR

LSR Write Hi (LCR)

The LCR contains the field length which was
stored there during the 1-Q cvcle. The result,
which is tatched into the ALU at clock 2CD time,
is loaded into the Q register at clock 3 time. By
not decrementing the LCR on the first B-cycle,
the field length becomes 1 more than the Q code.

An additional function of the add logical charac-
ters operation is to set the condition register.

Binary
Equal Low High Overfiow
Result No Carry Carry and Result too
iszero and non- non-zero large for

zero re- result field (no
sult high order
carry)

During clock 1 and 2 of the first B-cycle of the
operation, the condition register is reset to equal.
During each B-cycle, after computing the A and
B field data at clock 3 and 4 time, the ALU out-
put is sampled. If the ALU output is all zeros,
the condition register remains set to equal. How-
ever, if an ALU output occurs during any B-cycle
the result can no longer be equal and the equal
condition is reset.

Once the equal condition has been reset the final
high or low setting of the condition register is not
determined untii the last B-cycle of the operation.
In the meantime, because of the machine circuitry,
a CR high condition will be indicated. During the
last B-cycle (Q register all zeros) if a carry results
from the computation, the CR is set to low; if no
carry occurs the condition register remains set to
high.

If there is no carry from the high order position,
the CR binary overflow condition is also set. This
is an indication that the result is too large to be
contained in the B field.

Subtract Logical Characters—SLC

Bits 012345867

OpCode x x x x 1 1 1 1

o Binary subtract A field characters from B field
characters.

o A and B fields are the same length (Q code plus
1).

The subtract logical characters operation is the
same as the add logical characters operation ex-
cept that the A field data is subtracted from the
B field data.

Gate SDR to B

The condition register is set as shown:
Equal Low High

Aand B B fieldis B field is
fields are  lower than higher than
equal A fieid A field

Although the settings have a different significance,
the CR is set in the same manner as in the add logi-
cal characters operation, except the binary over-
flow is not set on.

Gate LSR Lo Normal to A (DRR)

B
Registes

[ Main ey

Storage

BSM Write

|

A
Register

Binary Subtract

Setect DRR and LCR LSR
Hi

CPU Instructions 5415 TMD 5-15



Compare Logical Characters—CLC

Bits 0
X

1234567
Op Code x x x 1101
e Compare A field data to B field data.

e Aand B fields are the same length (Q code
plus 1).

During the compare logical characters operation,
the CPU compares the two fields by binary sub-
tracting the A field data from the B field data.
The operation is the same as a subtract logical
operation except that the results are not entered
into storage.

Gate SDR to B Gate LSR Lo Normal to A (DRR)
B A
Register Register
Main
Storage \/
Binary Subtract
- ALU

Select DRR and LCR LSR LSR
Hi Lo

The A and B fields remain unchanged by the
operation, and the ALU results are used merely
to set the condition register:

Equal Low High

Aand B B field is B field is
fields are lower than higher than
equal A field A field

Move Characters—MVC

Bits 012345¢6 7
OpCode x x x x 1 100
e Move A field characters to B field location.

e A and B fields are the same length (Q code
plus 1).

The move characters operation moves the A field
data, one byte at a time, into the B field location.
The operation begins with the low-order position
of each field and continues through the high order
position.

The operation is the same as add logical characters
(previous page), except that the B field character

is not loaded into the B register.

Gate LSR Lo Normal to A (DRR)

A
Register
Main BSM Write
Storage \/ ZBinary Complement A Register
ALU

Binary Subtract

LSR

Select DRR and LCR Hi

When the B register is biank, the operation is the
same as adding the A tield to zero.

The AAR, the BAR, and the LCR are decremented
the same way and the operation ends in the same
manner (Q register all zeros). However, the condi-
tion register setting is not changed.
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Move Characters or Compare, Add, or Subtract

Logical Characters

Obijectives:

1. Move Characters
Bits 012345¢67
OpCode x x x x 1 100

e Move the contents of the A field to the B
field.

.Compare Logical Characters

01
X X

Bits 2 34567

Op Code x x 1101

e Compare the A field data with the B field
data.

Add Logical Characters
Bits 0
X

2 3
Op Code X X

—_ e

1 56 7

X 110

e Binary add the A field data to the B field
data and store results in B field location.

Subtract Logical Characters
Bits 01234567
OpCode x x x x 1 1 11

o Binary subtract the A field data from the B

field data and store results in B field location.

All Operations

e A and B fields are same length.

o Length of field is Q code plus 1.

e Set condition register except during move
operation.

MOVE, COMPARE
ADD. SUBTRACT
LOGICAL

RN131

——
Address translation
description is on

page 2-54

Select xlate reg

[

Address storage

]

Clock 3& 4

Store A field data
in DRR

| kG4

Activate 'gate SDR
to B’

[ iz

Activate ‘sel DRR
and LCR’

Clock 0

Address B address
storage location

I

KD111

Activate ‘EB cycle’

Compare operation

No iy

Activate ‘new data
to storage’

KL121

Activate ‘sel BAR’

| KC142

Activate ‘load SAR’

]

Clock 1 & 2

Clock 5 & 6

Decrement low
order of AAR

l KL101
Acuvate 'LSR
write low’

] KL121

Actwvate ‘sel AAR’

I KG141

Acutivate 'gate LSR
lo to B’

I KG141

Activate ‘misc bit 7

to A’
T kvim

Activate ‘bin sub
gate’

[ ko

Activate 'LSR write
tow’

Clock 7& 8

Op code activates
‘store data group’

Decrement high
order of AAR

Clock O

F-1—-

Address A address
storage iocation

KD121

Tst E cycle

Activate "1st E cycle’

No

[

KD121

Activate EA cycle’

KL121

Activate ‘sel AAR’

|  «cia

Activate ‘load SAR’

KLi2i

Activate ‘sel AAR’

I KG141

Activate ‘gate LSR
hi to B’

I KY121

Activate ‘bin sub
gate’

] KL101

Activate ‘LSR write
high’

Clock 3& 4

Decrement LCR each
B cycle except first
B cycle

KG141

—

to A’

Activate ‘misc bit 7

KG101

Activate 'CR equal’

I

No

1st B cycle

AV 142

KL121

Activate ‘'sel DRR
and LCR’

[ «cia

Activate ‘gate LSR
hito B’

I KY121

Activate ‘bin sub

gate’
T KL101

1

ALU output latched |

Activate ‘LSRR write
high’

Compute A and B

field data and load
remaining freld
tength into Q reg

J
1 kw2
Activate ‘sel ORR
and LCR’
l KG131
- -
DRR : Activate ‘gate ,LSR
fo normal to A
3

RN121

Move operation

Activate "inhibit
SDR transfer”

Activate ‘gate SDR

L

éﬁ

Move
or add
operation

KY121

Activate ‘bin corip
A reg’

KY121

Activate ‘bin sub
gate’

Clock 3CD] KD141

ALU output was

- -
]
latched at 2CD !

Activate ‘load Q reg’

Yes <
e Compare operation

Clock 4¢D |N° k132

Activate ‘BSM write’

If computation re-
sulted in acarry,

‘digit carry’ 1s acti-

Clock 5 & 6

Decrement low

order of BAR and
set CR

KG111

Activate 'CR hy’

Add fogicat

Acuvate ‘'CR 1o’

vated to give ‘arith
carry out’ at next
clock 3C-5C

characters

operation

Activate 'CR bin
overflow’

L

KL121

Activate ‘sel BAR'

] KG141

Activate ‘gate LSR
foto B’

I KG141

to A’
L

Activate ‘misc bit 7

Ky121

Activate ‘bin sub

gate’
L KL101

Activate 'LSR write

]

CPU Instructions

Clock 7& 8

A and B cycles are

repeated until Q reqg

1s blank. When Q reg
1s blank, end of field
has been reached and
operation s ended

i
I
|
!
I

oo

Decrement high
order of BAR and

check for blank Q reg

]

KL121

KY131

Activate ‘sel BAR’

KGi141

)
Activate ‘gate LSR

hitoB’

] KY 121
Activate ‘bin sub
gate’

Q register blank

KD131

Turn on ‘op end’
trigger

5415 TMD

KL101

Activate 'LSR write
high’

‘Op
end’ trigger

END OF
OPERATION

5-17



Move Characters or Compare, Add, or
Subtract Logical Characters

Wait or Alter-Disp ATT-PMR
isp —

Cl 5and 6

4]

Gate LSR Loto B

2 Address Format

(not) Recompl Gate

ci8

>

Op-End

FF

KD131

Bin Sub Gate

Aux ALU Out

5-18

{ JTtoA

Bin Compl A Reg

r

[ ALU Gating Ckts |

LSR Write High |
S rite Hig A

Sel LCR and DRR T 1

Q Reg Blank
System Reset ﬂ
OR N _,
Fast I-Cycie L_I KG141
. )
EB Cycle (not) Cl 3and 4 Time
(not) Recompl Cycle A 1/0 Block SDR OR N Gate SDR to B
inhibit SDR Transfer Alter SAR or Storage —
Invalid Address
Wait State _
Cl tand 2 KF_‘_“_‘
System Reset OR— A
L EB Cycle Gate LSR Hito B
| OR
Wait or Alter-Disp ATT-PMR __ Cl 7and 8 _
Fast |-Cycle I | KG141
R N
System Reset 0 A
N —
Main Storage {not) 3C to 6C
Binary Add or Sub Group OR
KY121
Op Bit 4
Phase DE — OpBiE |
Load SAR A+—
A X x.._____1 EB Cycle
Alter or Disp ATT - PMR N KC142 I ;
Clock 9-0
. A 16+ 2P
Wait State
N BSM Write
Op Bit 6
. EB Cycle
Not Op Bit 7 OR (not) Significant Digit |
(not) Edit Instr A
{not) Test On or Off A Store Data Group New l
(not) Op Bit 6 Kyin
RN 131
(not) Halfword Format OR
(not) LSR Display Gate
(not) Recompl! Cycle KC132
EA Cycle EB Cycle
Cl 1 and 2
EB Cycle OR
Cl3and 4 I
(not) LSR Display Gate A
—9— _l

(not) Op Bit 4

> |

Halfword Format r;]

One Address Instr

U

LCR

DRR

ol1]2]3fals]e]7

ol1]2]3]als]6]7

AAR (high)

b Q Reg Blank

AAR (low)

ol1]2]3]a]s]e]7

ol1|2]3]lals]e]7

BAR (high)

BAR (low)

o[1]2]3]als]e]7

ol1]2]3]afs][6]7

Op Bit4
EB Cycl
Gate LSR Low Normal to A vee
A Cl3and 4
(not) Zone - Num Interchange
KG131 — Recompl Cycle
OR
_..1 I (not) Q Num Blank
m A EA Eliminate
l_l Dec Instr
I - 2 Address Format
A A
Ct1and?2 EB not 1st Cycle
1/0 Cycle Not Test
‘ CE Test No Incre
1 OR ) E}"—\ OR Wait State
A Cl5and 6 System Reset
X KG141 {not) IR Prog Backup Fast I-Cycle
— (not) Op Bit 7
FL A Odd CD .
Foree Bit Bin Add A Op Bit4
Group I OpBitS
L
A N A KY121
KY121 EB 3C to 5C ——1/0 Not CE Test
I—- A |Channel Inhibit LSR Load
L
Dummy Half Cycle A or B Reg Chk
OR|Idle Time A
[— LSRto AorB
~IL1 Cycle
A |clock 8 OR IL2 Cycle
L111 l_ OR |—{Clock 2 EB Cycle
A
OR| Alter SAR Mode
_T Clock 6
A
LSR Write L N Fast I-Cycle
rite Low —lor
0 A Clock 4
T EB Cycle
R KL111
i ’_‘LE‘ OR| Aiter Display Storage
3
%J Load Q Reg
? EB Cycle
— - Cl 3
A
7 EQ Cond 2 Address Format
Reg (not) Single EB Cycle Instr
Lo/Hi KD141
Bin EA Cycle
Ovfl AAR Sel A C! 5 through O
Dec —
Ovfi KL121
)
Test BAR Sel EB Cycle
False A Cl 5 through O
{not) Recompl Cycle




Move Characters or Compare, Add, or
Subtract Logical Characters

Machine Cycle EA EB ALD Reference
0 1 2 3 6 7 8 0 1 2 3 4 5 6 7 8
Clock || 1 11 1 1 11 411 1 1 1 111 | | 11 L1 ] I L 111 | I | | [ | L i1 L 41 KC122
BSM Select e— F KC132
Load SAR _ KC142
AAR Select KL121
BAR Select KL121
LCR/DRR Select KL121
A Reg Input Force Bit 1 Force Bit 1 RA111
B Reg Input SDR LCR BAR Lo BAR Hi RA101
Load A and B Reg : RA101
Bin Compl A Reg {Move and Add Only) KY121
Binary Subtract Gate _ KYi2i
Load ALU AV132
ALU Output AV1i42
Load LSR KL101
BSM Write i iRel il KC132
Load Q Reg # KD141
CR Control ——— KG111
Op End Se-t s KD131

Condition Register
Operation Equal Low High Binary Overflow
Move
Add If result is zero If result not zero If result not zero Result too large for field
and a high order and no high order | (no high order carry)
carry carry
Subtract If A field equals 1f B field is iower If B field is higher
B field than A field than A field
Compare If A field equals If B field is lower If B field is higher
B field than A field than A field

CPU Instructions 5415 TMD 5-19



Add or Subtract Zoned Decimal—AZ—SZ

e Decimal add A field data to B field data for add
instruction with like signs and subtract instruc-
tion with unlike signs.

e Decimal subtract A field data from B field data
for add instruction with unlike signs and sub-
tract instruction with like signs.

e Signs are in zone portion of low order bytes.

o Length of A field is a numeric portion of Q
code plus 1.

e B field is longer than A field by amount in zone
portion of Q code.

Although the add zoned decimal and subtract
zoned decimal operations have different operation
codes, the execution of each operation is the same
depending upon the signs of the two fields. For
instance, an add instruction with unlike signs for
the two fields (1 minus and 1 plus) actually sub-
tracts the A field from the B field. Likewise, a
subtract instruction with unlike signs actually adds
the A field to the B field. In either instance, the
operations are the same except for the add or sub-
tract function of the ALU.

The operations begin with the low order position
of each field and continue until the high order
position of the B field is reached. First an A-
cycle removes the first A field byte from storage
and retains it in the DRR. Then a B-cycle removes
the first B field byte from storage, transfers it to
the B register, and adds or subtracts the registers
in the ALU. This process continues until the end
of the A field, which can be shorter than the B
field, and then B-cycles continue to the end of the
B field.

If the result is in true form, nothing more is done
with it. If the result is in complement form, the
result must be recomplemented. Results are in
complement form when:

e Operation has a subtract function (no A regis-
ter complement) and the A field is larger than

the B field.

o Result is minus zero.

Recomplement begins with the low order position
of the B field and continues to the high order posi-
tion. Continuous B-cycles remove the bytes from

storage and recomplement them in the ALU.

The numeric portion of the Q code plus 1 is the
length of the A field. The B field is longer than
the A field by the amount in the zone portion of
the Q code.

After an A-cycle has stored the first A field byte
in the DRR and the AAR has been decremented
the CPU enters into a B-cycle. During the B-cycle,
the first B field byte is read from storage and is
loaded into the B register. The A field byte is
transferred from the DRR to the A register and,
depending upon the operation code and the signs
of the two fields, the two bytes are either decimal
added or subtracted in the ALU.

Gate SDR to B

Gate LSR Lo Normal to A (DRR)

B
Register

Main BSM Write
Storage .

A
Register

Carry (1st B-cycle only)

~/ Decimal Subtract

Decimal Complement A Register

Select DRR and LCR LSR
Hi

LSR
Lo

CR
Add Instructicn

Subtract Instruction

Like
Signs
In A
and B
Fields

—9

Add or Subtract Zoned Decimal—Add or Subtract Characters

Unlike
Signs
In A

and B
Fields

The result is then stored in the B field storage lo-
cation.

The BAR is decremented and the Q register is tested
to see if the end of the A field (Q register numeric
portion all zeros) or if the end of the B field (Q
register all zeros) has been reached. If the numeric
portion of the Q register is not all zeros, the CPU
takes another A-cycle and another B-cycle to add

or subtract the next characters. If the numeric
portion is all zeros but the zone portion still con-
tains bits, ‘EA eliminate’ is activated to block A-
cycles and the CPU takes a B-cycle.

Gate LSR Hi to B (LCR)

B A
Register Register

5-20

If the Q register is all zeros, a check is made to
determine if the total is in true or complement
form. If the operation function is decimal sub-
tract (A register not complemented) and a carry
occurs from the high order byte, ‘recomplement
cycle’ is activated to start recomplementing. Un-
der all other conditions, except a minus zero re-
sult, the ‘op-end’ trigger is turned on and the oper-
ation ends. A minus zero result, which is also re-
complemented, is determined by the CR setting )
and is discussed later.

During clock 1 and 2 of each B-cycle, except for
the first, the LCR is decremented. The LCR con-
tains the length count that was stored there dur-
ing the 1-Q cycle. The result, which is latched into
the ALU at 2CD time, is loaded into the Q register
at clock 3 time. Until the Q register numeric par-
tion is all zeros, the LCR is decremented with a 7
bit; after the numeric portion is all zeros, decre-
menting is done with a 3 bit.

Binary Subtract

Load Q Register

ALU

Q . Numeric
Register

Miscellaneous Bit 7 to A
(not 1st B-cycle)

Decode
Miscellaneous Bit 3 to A

Portion
Blank

(not 1st B-cycle)

Eliminate A Cycles

LSR | Select DRR and LCR

LSR Write Hi (LCR)

Decrementing Length Count—Unequal Length Fields



Add or Subtract Zoned Decimal (Continued)

During each A- and B-cycle, ‘sign control’ is acti-
vated to provide the EBCDIC code for the sign of
each field. The sign is in bit 0-3 of the first byte
of each field. EBCDIC sign for minus is 1101 and
for plusis 1111. The CPU also recognizes the
ASCI1-8 code for minus (1011) but ‘sign control’
changes this to EBCDIC. After the first byte of
each field, all zone bits (1111) are provided for
each character. During the first B-cycle, the sign
of the B-field is entered into storage.

During clock 1 and 2 of the first A-cycle, the con-
dition register is reset to equal. Then in the first
B-cycle, the ‘CR lo/hi’ latch is set by the result
sign {lo for minus, hi for plus). However, if no
numeric output occurs from the ALU (all zeros),
the condition register remains set to equal. If,
during any B-cycle, a non-zero ALU output occurs,
the result can no longer be equal and the equal
condition is reset. The setting of the ‘CR lo/hi’
latch is then used to determine the CR setting.

If the CR equal condition has not been reset be-
fore the last B-cycle and the ‘CR lo/hi’ latch is set
to lo (minus) the result is minus zero. All zero
results are considered plus and ‘recomplement
cycle’ is activated to recomplement the results.

If the operation is an add function (decimal com-
plement A register) and no carry occurs from the
high order position, the CR decimal overflow con-
dition is also set. This is an indication that the re-
sult is too large to be contained in the B field.
The following chart shows the significance of all
the CR settings.

Con- Decimal
dition Over-
Register | Equal | Low High flow
ALU Result | Result Result | Result
result is zero | isminus | is plus | too large
for field

Recomplement Cycles

Addressing for recomplement cycles is controlled
by the ARR which contains the low order address
of the B field (refer to I-H1 and I-L1 cycles). The
ARR is decremented each recomplement cycle in
the same manner that the AAR and BAR are de-
cremented in other operations.

‘EA eliminate’ is active through the entire recom-
plement operation causing continuous B-cycles.
Each byte is read from storage and loaded into the
B register.

Gate SDR to B

Miscellaneous Bit 7 to A {1st recomplerment cycle only)

B
Register

Main BSM Write
Storage *

ALU

Recomplementing

The A register has a 1 forced into it on the first
recomplement cycle and is left with all zeros for
the remainder of the cycles. Both the A and B
registers are decimal compiemented.

The length of the field is determined by the LCRR

which was loaded during the 1-Q cycle. Decrement-

ing of the LCRR is the same as for the LCR in a
decimal add or subtract operation.

The Q register is tested each cycle to see if the end
of the field has been reached (all zeros in the Q
register). When the Q register is all zeros, the ‘op-
end’ trigger is turned on and the operation ends.

Because recomplement is necessary only when the
A field is larger than the B field or the result is
minus zero, ‘sign control’ is activated to reverse
the sign of the result. The ‘CR lo/hi’ latch is reset
on the first cycle and the CR setting is determined
in the same way as during decimal add or subtract.

A
Register

Decimal Subtract

/ Decimal Compiement A Register

[ Decimal Complement B Register

Zero and Add Zoned—ZAZ

e Decimal add A field data to zeros and place re-
sultin B field.

e B field is longer than A field by amount in
zone portion of the Q code.

The zero and add zoned operation is similar to an
add zoned decimal operation except the function
is always add, without consideration of the fields
signs. Another difference is that the B field char-
acters are not loaded into the B register.

Gate LSR Lo Normal to A (DRR)

Main BSM Write
Storage

. ]

A
Register

Carry (1st Bcycle only)

/

Decimal Subtract

ALU /4

Decimal Complement

Zero and
Zoned
Add Zon Select DRR and LCR LSR LSR
Hi Lo
Adding
Characters

With the B register all Q’s, the operation is the same
as adding the A field to zero. The only other sig-
nificant difference is that the A field sign is entered
as the sign of the result instead of the B field sign.

The address registers and the LCR are decremented
in the same way. The operation ends in the same
manner. Recomplementing is not necessary unless
the result is minus zero. The CR settings are
shown in the chart below.

Con- Decimal
dition Over-
Register | Equal | Low High flow
ALU Result | Result Result | Result
result is zero | isminus | is plus | too large
for field

A Register
CR

CPU Instructions
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Objectives:

Zero and Add Zoned

Bits 0
x

Op Code

123 4
x x x 0

Zero and Add Zoned and Add or Subtract
Zoned Decimal

o

6 7
6o

-

o Decimally add A field data to zeros and
place results in B field location.

Add Zoned Decimal

Subtract Zoned Decimal

Bits
Op Code

01
X X
X X

xX X N
X X W

oo s

- -
—_—-
- O

e Decimally add A field data to B field or

subtract A field data

from B field.

® Instruction and signs of fields determine
add or subtract function.

All Operations

® Length of A field is numeric portion of

Q code + 1.

e B field is longer than A field by amount

in zone portion of Q

code.
Page 5-23

ZERO AND ADD ZONED,
ADD OR SUBTRACT
ZONED DECIMAL

A cycle

B

Clock O

RN131
S

Op code activates |
‘store data group’

1
—_——

Address A address
storage location

Activate ’

1st E cycle’

L

KD121

Activate 'EA cycie’

I KL121

Activate ‘sel AAR’

| KC142

Activate ‘load SAR’

Address translation
description is on
page 2-54

- — — -

Select xlate reg

[

Address xlate active

“Clock 7& 8

KL121

Activate ‘sel AAR’

Decrement high
order of AAR

l KG141
Activate ‘gate LSR

Clock 1 & 2

Set condition reg-
ister to equal on

first cycle
Activate ‘CR equal’
Clock 3& 4
Store A field data
in DRR _] KG141
Activate ‘gate SDR
to B’
r KL121
————— —— Activate ‘sel DRR
Bits O to 3 of st —: and LCR’
byte {1st E cycle) | ‘ KY 101
contains sign of field. | L
Minus is entered into Activate ‘sign
DRR as 1101, plus as control’
1111, After Ist
byte, all bytes enter [ KL101
with 1111 in digits Activate ‘LSR write
0to3 iow’
Clock 5 & 6
Decrement tow
order of AAR T KL121
Activate ‘sel AAR’
I KY121 l KG141
Activate ‘bin sub Activate ‘gate LSR
gate’ lo to B’
I KL101 T KG141
Activate ‘LSR write Activate ‘'misc bit 7
low’ to A’

Page 5-23
No
Address storage
T B cycle

Address B address
stor location from
BAR during regular
B cycles: ARR for
recomp cycles

hi to B’

] KY121

Activate ‘bin sub
gate’

| kui0

Activate ‘'LSR write
high’

]
KD111

Activate ‘EB cycle’

J KY111
Activate ‘'new data
to storage’

complement
cycle

5
RN101
No Q register KG101
numeric portion -
blank Activate ‘reset
CR o’
KG141 Yes kG141 J
Activate ‘'misc bit 7 Activate ‘misc bit 3 AV142
to A’ to A’ f
J I ALU output latched
L
KY121 :
Activate 'bin sub |
gate’ |
|
l KL101
Activate ‘LSR write KY121
high’ ;
Clock 3& 4 Activate ‘decimal
l comp B reg’
Compute A and B
field data and load
remaining field ] KL121 KY121
length intc Q reg Activate ‘sel DRR Activate ‘dec comp
and LCR’ A reg’

KL121

Activate ‘ARR seld’

Activate ‘sel BAR’

[

r

T KC142

Activate ‘load SAR’

]

Clock 1 & 2

Decrement field
length count. LCR
during reguiar B
cycles: LCRR dur-
ing recomp

| ;

Activate ‘gate LSR
hi to B’

complement

Zero
and add
instruction

complement

Re-

cycle

Activate 'sel DRR
and LCR’

Zero
and add
operation

Add instruc-
tion with like

Subt.
instruction
with unlike
signs

Bits O to 3 of 1st byte {1st
EB cycle} contains sign of
field. Minus is entered into
storage as 1101, plus as
1111, B field sign is enter-
ed for result: sign is re-
versed during recomp A
field sign is entered for

KY121

B

Activate 'dec sub
gate’

————

| kvio

Activate 'sign
control’

KD141

Activate ‘load Q reg’

[ KC132

Activate ‘BSM write’

cycle zero and add operation
Yes AV142
— -
KG141 ALU output was |
KG141 Activate ‘gate SDR latched at 2CD !
to B KC132
‘BSM select’ enters 1,
1 data at clock 5 }
LCRR : o
e-
S | No
| complement
! ]
KL121I cvcie
Activate ‘sel PSR’ Yes
Ist EA
0 ] Yes
1st recomplement eliminate
recomplement cycle active
cycle
Yes]  KG141 Nol  KG131
Activate ‘misc bit 7 Activate ‘gate LSR
to A’ lo normal to A’
8

Facing page

5-22



Zero and Add Zoned and Add or Subtract
Zoned Decimal

Facing page

Clock 5 and 6

Set CR and decrement

- | 3and4

KY131
l If computation resulted
in acarry, ‘digit carry’ is
l activated to give ‘arith
carry out’ at next clock

low order of BAR during
regular B cycles: ARR
during recomp

ALU
numeric output
blank

Yes

KG101

Deactivate 'CR equal’

|

1st EB cycle

ALU (not) bit 2

Turn on ‘CR lo/hi’ latch
{No output pin latch)

Yes .
'CR equal’ active

lo/hi’ latch
on

KG111

KG111

Activate ‘CR hi’

Activate ‘CR lo’

Q register blank

‘CR
equal’ and
‘CR lo/hi’ latch
active

‘Dec
Comp A
reg’ active

Arith
carry to
bit 3

Recomp cycle

Activate ‘recompl gate’

Last regular B cycle or
last recomp cycle

Result is minus zero

L

Zero and add inst: add
inst with like signs, sub
inst with unlike signs

Recomplement cycle

Activate ‘sel BAR

KL141

Activate ‘ARR seid’

KG141

Activate 'gate LSR lo
to B’

KG141

Activate ‘misc bit 7
to A’

| -

-—l KY121

Activate ‘bin sub gate’

RN101

Q
register
numeric portion
blank

Yes

Yes

Recomp cycle
KY111

Activate 'EA eliminate’ No

KL101

Activate 'LSR write low’

l

Clock 7 and 8

Decrement high order of
BAR for regular B cycles:
ARR for recomp cycles

Recomp cycle

Activate ‘ARR seld’

Q register blank

Recompl gate active

KD131

Turn on ‘op end’ trigger

KL101

Activate ‘LSR write high’

KL121

See Note Activate ‘sel BAR’

‘Op
end trigger
on

END OF OPERATIOQ

'Recompl gate’ active

Yes
Clock 0 KD111

Activate ‘recompl cycle’

KG121

Deactivate ‘recompl gate’

[

KG141

Activate ‘gate LSR hi
to B’

KY121

Activate ‘bin sub gate’

‘EA
eliminate’
active

Page 5-22

Note: Operation repeats A and B cycles until end of A field

{Q register numeric portion blank). ‘EA eliminate’ then allows
B cycles until end of B field (Q register blank). Operation ends
uniess result is in complement form. To recomplement, the
low order of the B field is established by the ARR and the
length of the field is established by the LCRR. ‘EA eliminate’
then allows B cycles until end of the field (Q register blank).
Operation ends.

CPU Instructions 5415 TMD 5-23



5-24
Zero and Add Zoned and Add or Subtract Zoned Decimal

Wait or Alter Disp ATT—PMR

Fast | Cycle oR
Op Bit 5 System Reset Cl5and 6 Recompl Cycle A Reg Bit 2
oR Inhibit SDR N ol Gate LSR Lo 10 B EA Elminate . BoE F SDR Sign Minus
(not) Op Bit 4 Transfer A Recompl! Gate oR
Op Bits (not) 6and (not) 7 A Cl7and8 - KG141 K FF ——‘__ 1st E Cycie
L_ Ci1and?2 — OR Gate LSRHitoB A A [ €3¢0
EB Cycle A £ ovel A — Dec Instruction 2 Addr Format
{not) Recompi Cycie vee L] KG141 l PZEE Zero and Add lostr A L N
Wait State R N | | L] (not) Op Bit 4
OR 'ﬁ Add Dec Instr A Op B 6
System Reset (not Cl 3and 4 OR |__ Dec Compl A Reg
"~ Alter SAR or Storage oR Q Reg Biank Op End £8 CI 3C to 5C | ‘ m
1/O Block SDR Gate SDR to B A KY121 Sub Dec Instr A U
invalid Address [ kG1a1 :M FF L Op Bt 7

Main Storage

BSM Write

EB Cycle
Not Edit Instr

ew Data to Store|

(not) Sigmficant Digit

- (not) Zone Num Interchange
EBClI3and 4
: Gate LSR Lo Normal to A Not EA Ehiminate
A X A
i 2 Address Format
Reg
Force Bit 310 A KG131 Recompt
" 1 Force Bit 710 A
Dec Compt B Reg £ A

Ky111 CI 8
KC132 .
Store Data Group New 5 A — | (nou Q Num Blank
w| - L
X o—‘ X e—o OpBiL 6 ﬂegompl Cycle Nl N A Dec insu
I J EA Ehiminate
. OR Bin Sub Gate Dec Sub Gate A EB Ci 3C to 5C E L
{not) Op Bit 7 j— - EB Not 1st Cycle
{not) Test On or Off A Aux ALU Out g A A
Ci 3C to 5C
(not) Op Bit 6 A uC3 Cond Cl 1and 2 2 Address Format
pBitb ALU Gating Ckt Dec Instr = L L J
on RN131 KY121 ating Lxts 31 < | Reg Recompl Cycle
o
(not) Halfword Format !
g OR A tst E Cycle
= Cl6and 6 EBCl3and a
2 KG141 A Not IR Prog Backup
©
Cl1and?2 * (not) CE Test No Increment
Phase DE A I Sel PSR 3 1 A (not) 1/O Cycle Not Test
Ci9-0 PSR (LSRR
A Store Pulse Recompl Cycle I (LSRR) (noT) War State
Wait State KL ﬂ 1 l 2 [ 3|4 l 5 I 6 l 7 A (not) Fast | Cycle
HNaitotate
KC142 Clock 8 0 (not} System Reset
An/Displ ATT/PMR | R IL1 Cycle 7 A __QRegBlank -2 -
OR — X Recomplement EB Cvcle
1L2 Cycle 2 Dec Instr
EB Cycle R — OR L Gate
Ciock 2 A A LSR Write Hi i Q A Q Reg Blank
OR AAR (hi) AAR (lo) AAR Sel _L Reg (not) Dec Compl A Req
Alter SAR Mode l
16+2P e KL111 o1]2]3]a]s]e[7]o] 1 ]2]3]a]s]6]7 5] Sys Rt IA Arith Carey to 3
6
ook a | 6| Recompl Cycle Cl 58
EB Cycle _| oc 7 KG121 OR
r_\ Load __. 2 Address Format Cl7and 8
Alter Display Storage OR[ m A Q Reg EB Cycle A CR Low
*— LSR Write Lo BAR Sel A c3 CR Equa!
Fast | Cycle S— h BAR (Hi) BAR (Lo} (not) Single EB Cycle Instr
1/0 Not CE Test yc .I: OR EA Cycle
n T EELEE L EREEED
A Clock 6 A A1 Clock 5 through 0
Channet! Inhibit LSR Load Ock 5 throug
ey KL121
\dle Time Dummy Half Cycles
OR N KL111
A or B Reg Chk —
LCR DRR Sel DRR and LCR (not} Recompl Cycle (not) Recompl Cycle
LSR to A B A A EB Cycle EB Cycle
o A or
- of1]2]3]a]s]e]7]o]1]2]3]a]s]e]7 Clack 5 through 0 A J—
Dummy Half Cycles [ ] 16+2p KL121 (not) LSR Display Gate
r {not) Op Bit 4
{ ] Halfword Format

A
Ci 3and 4 NI ‘ One Address Instr

EA Cycle

Idie Time —oR N"‘ . l p on
Normal Displayl I A Cl 5 through 0 l R ARR Seld |

Recomp! Cycle ARR ARR

KLT41 of1]2]s]4]s]e]7]o]1]2]3]a]s]6]7 oR

> ]

EB Cycle




Zero and Add Zoned and Add or Subtract Zoned Decimal

Cycie

Clock

Load SAR

BSM Select

AAR Select

BAR Select
LCR/DRR Select
LSR Load

Load A and B Reg
Load ALU

ALU Output

A Reg Input

B Reg Input
Binary Sub Gate
Decimal Sub Gate
Dec Compl A Reg
Sign Control

BSM Write

CR Control

Load Q Reg
Recompl Gate
EA Eliminate

Op End

Cycie

Clock

Load SAR

BSM Select

ARR Select

Sel PSR
LCR/DRR Select
LSR Load

Load A and B Reg
Load ALU

ALU Qutput

A Reg Input

B Reg Input
Binary Sub Gate
Decimal Sub Gate
Dec Compl A Reg
Dec Compl B Reg
Sign Control

BSM Write

CR Control

Load Q Reg

EA Eliminate

1st E Cycle

Op End

EA EB
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
RN Lo erre e b fred e et PPl
—— I
_ A N
e
DRR LCR DRR
ﬂ . | . q
BARH|
. _______ B
.
_—
(fQ=0)
Recomplement 1st EB Recomplement Not 1st EB
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Pl prerr e e et b ettt
.
ﬂk
A [ A _ . ﬁ _—— —
s
Force Bit 7 Force Bit 7 Force Bit 7 or Bit Force Bit 7
LCRR SDR ARR Lo ARR Hi i LCRR SDR ARR Lo ARR Hi
| |
(1fQ=20) (IfQ:O)—

ALD References

KC122
KC142
KC132
KL121
KL121
KL121
KL101
RA101
AV132
AV142
RA111
RA101
KY121
KY121
KY 121
KY101
KC132
KG111
KD141
KG121
KY111
KD131

KC122
KC142
KC132
KL141
KL121
KL121
KL101
RA101
AV132
AV142
RA111
RA101
KY121
KY121
KY121
KY121
KY101
KC132
KG111
KD141
KY111
KD111
KD131

Condition Register

Operation Equal | Low High Decimal Overflow
Zero and Result | Result | Resuit
Add Zoned is is is

zero minus | plus
Add or Subtract Result | Result | Result | Resultis too
Zoned is is IS large for

zero minus | plus field

CPU Instructions
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Edit—ED

Bits 0
X

2 314
Op Code x x 1

1 56 7
X 010
o Replace hex 2/0 in B field with A field data.

o Skip other characters in B field leaving them as
they were.

e Length of B field is Q code plus 1.
e A field sign stored in condition register.
An edit operation inserts punctuation (decimal

points, commas, or other symbols) into an amount
field.

Example:
A field 090715
B field before edit X, XXX. XX
Biank
B field after edit 0,907.15 *

x = Replaceable Character (2/0)

The A field represents the total nine-hundred seven
dollars and fifteen cents. The B field is the pre-
established edit pattern. The total is then moved
into the edit pattern to replace those positions
that contained a replaceable character (2/0).

The operation begins with the low order position
of each field and continues until the high order
position is reached. First, an A-cycle removes the
first A field byte from storage and retains it in the
DRR. Then a B-cycle removes the first B field
byte from storage, transfers it to the B register,
and checks to see if the character is a replaceable
character. Only a hex 2/0 is recognized. If the
character is 2/0, the A field character is stored in
that location; if the character is not 2/0, the A
tield character is retained and the next B field
character is checked.

The Q code plus 1 is the length, in bytes, of the
B field. The A field characters are assumed to be
decimal numeric, and their zone portions are all
set to F before entering them into the B field.
However, the sign of the A field before the oper-
ation is used to control the setting of the condi-
tion register. The following chart shows the sig-
nificance of the condition register settings.

Equal Low High

A field A field A field
is zero is negative is positive

After an A-cycle has stored the first A field byte

in the DRR, the CPU enters into a B-cycle. During
the B-cycle the A field byte is transferred from

the DRR to the A register. The first B field byte

is read from storage and is loaded into the B regis-
ter. The 'AND’ and ‘OR’ lines are activated to
move tne A register byte through the ALU.

Gate LSR Lo Normal 10 A {DRR)
Gate SDR to B

B
Register

1

Main
Storage

BSM Write

Select DRR and LCR LSR
Hi

The B register is checked to see if it contains the
character 2/0. If it does, the ALU result is stored
in the B field units storage location. Since the A
field byte was stored, the machine takes another
A-cycle to read out the next A field character and
store it in the DRR.

If the B register byte is not 2/0, the ALU output
is not entered into the SDR and the B register byte
is regenerated back into main storage. In this case,
‘EA eliminate’ is activated, the A field byte is re-
tained in the DRR, and the machine takes another
B-cycle to read the next B field byte from storage.

During each B-cycle, except the first B-cycle, the
LCR is decremented. The LCR contains the B
field length count which was stored there during
the 1-Q cycle. The result, which is latched into
the ALU at clock 2CD time, is loaded into the

Q register at clock 3 time.

The Q register is tested each B-cycle to see if the
end of the field has been reached (all zeros in the
Q register). If the Q register is all zeros, the

‘op end’ trigger is turned on and the operation
ends. By not decrementing the LCR on the first
B-cycle, the B field length becomes one more
than the Q code.

The cycles required to complete a typical edit
operation are:

During the first A-cycle, the A field low order
byte, in this case a 5, is stored in the DRR. Dur-
ing the following two B-cycles, as the asterisk and
space are read from storage, the 5 is retained in
the DRR. On the third B-cycle, when the replace-
able character is read from storage, the 5 replaces
the 2/0 in the B field location. Another A-cycle
follows to read out the next A field character,
and so on until the length count is reduced to
zero.

During clock 1 and 2 of the first A-cycle, the con-
dition register is set to equal. The sign of the A
field (which is contained in the zone portion of
the low order byte) is checked while the byte is

in the B register. If the sign is minus the CR low
latch is turned on; if not the latch is left off. Dur-
ing each B-cycle, after computing the A and B data
at clock 3 and 4 time, the ALU output is sampled.
If the ALU output is all zeros, the condition regis-
ter remains set to equal and the equal condition
takes precedence over the sign of the field. How-
ever, if an ALU output occurs during any B-cycle
the result can no longer be equal and the equal
condition is reset.

Cycle A|B|B{B|A|B|A|B|B|A A|BiB
B register 51 18]|x|1([x|7]. |x]|0 0], |x
A register 5[5(5 1 717 0|0
Data recall register [5[5(5|5{1]1]|7|7]7{0 ofo|o0
Regenerate 5|*|¥ 1 79. 0 ol,

New data 5 1 7 0
Length count 919|8|7(71|6|6(5(4]|4 2(1]0

x = Replaceable Character (2/0)

A field 090715

B field before edit X, XXX.X ¥

B field after edit 0,907.15 *
blank

Note: Since the A and B registers are loaded each
odd CD clock time, the figures shown apply only
to clock 3 and 4 time when the main storage data
is being analyzed.

5-26

Once the equal condition has been reset, the final
high or low setting of the condition register is de-
termined by the CR low latch. If the CR low latch
is on, a CR low condition is indicated; if the CR
low latch is off, a CR high condition is indicated.

During each A-cycle, as the A field byte goes
through the ALU, ‘sign control’ is activated.
Thus, each byte is entered into the DRR as a
decimal numeric character (zone bits all present).



EDIT — ED

Address A address
storage iocation Yes

1

RN131

Activate ‘store
data group’

st

cycle

No

KD121

Activate ‘EA cycle’

[ KL121

Activate ‘sel AAR’

] KC142

Activate ‘load SAR’

Address

xlate
active

Address storage

' KD121

Activate ‘1st

E cycle’
——
Address translation |
description is on :
page 2-50 |
{
Select xiate reg
Clock 1 & 2

Set CR to equal
on 1st cycle

Activate ‘CR equal’
Clock 3 & 4

Store A field data
in DRR

Sign isin bits 0 to
3 of tstbyte. Sign
is entered as plus re-
gardless of how it

came out of storage
Plusis 1111 .1n bits
Oto3

1 KG141

Activate ‘gate SDR
to B’

[«

Activate ‘sel DRR
and LCR’

T «vios

Activate
‘sign control’

I KL101

Activate ‘LSR
write low’

|

Clock 5 & 6

if minus field

Decrement low order
of AAR. Set 'CR
1o’ latch in 1st cycle

Clock 7 & 8

of AAR

B cycle

Clock O

Address B address
storage location

Activate 'EB cycle’

[ kuiz

{ Activate ‘sel BAR®

| kcia2

Activate ‘load SAR’

]

Clock 1 & 2
Decrement LCR each
cycle except 1st l KL121
cycle Activate ‘sel DRR
and LCR’
l KG141
KY101 reg. sign Activate ‘gate LSR
—_— - .
‘B Rag sign minus’ : mnus hito8
latch set at clock 3CD:
Until 'CR equal’ is 1‘ Turn on ‘CR t0’
deactivated it takes | latch
f ‘CR N
Tr? en?g(;e oxer c | NOTE 1 Activate 'misc
o or hi J bit 7 to A’ Yes
KL12 Ky121
L1
Clock 3 & 4 Activate 'bin sub
Activate ‘sel AAR’ Store A field data in gate
B field posinon if B I KL101
T KG141 field position con- Activate 'LSR
Activate ‘gate LSR tains replaceable write high’
o to B’ character {Hex 2/0).
Load remaining ___J
I KG141 fength count into
Activate ‘misc bit Q reg ] KLi21
7 t0 A’
Actwvate ‘sel DRR
T xviz and LCR’
Activate ‘bin sub [ KG131
gate’ B
| Activate ‘gate LSR
l KL101 DRR ' lo normal to A’
N—
Activate ‘LSR I KG141
write low’
Activate ‘gate SDR
e to B’
IR
Decrement high ord
4 'q er —_1 KL121 Activate ‘and’ and
or
Activate ‘sel AAR’ AV211 l KD141
y --
ALU output was i , ,
1 KG141 latched at 2-CD : Activate 'load Q reg
Activate ‘gate LSR
hi to B’
I KY121 AB
No register
Activate ‘bin sub contains
gate’ Clock 5 & 6 2/0
1 KL101 Decrement tow order NOTE 2 |Yes kyi11
Activate ‘LSR of BAR. Set CR Activate new dat
; ivate new data
write high to storage’
l l KC131
Activate ‘BSM
KD111 wrte’

]

ALU
numeric

Clock 7 & 8
Decrement high
order of BAR and
check for blank

KLi21

Activate ‘sel BAR’

blank Q reg
l KG141
Activate ‘gate LSR
hi to B’
Ragister NOTE 3
contains 210, 1 KY121
Activate ‘bin sub
{Yes KG101 gate
Deactivate 'CR
equal’
No Q
register
biank
lo’ latch
on
Turn on 'Op end’
trigger
Activate ‘CR hi’
KL101
KGt11 Activate 'LSR
write tugh’
Activate 'CR lo’ )\
‘ KD121

B
register
contains

2/0

KY 111

eliminate’

Acuvate 'EA

S|

KL121

Activate ‘sel BAR’

| kG

Activate ‘gate LSR
o to B’

I KG141

Activate ‘risc bit 7
to A’

] KY 121

Activate ‘bin sub
gate’

l KL101

Activate 'LSR write
fow’

END OF
OPERATION

~

NOTE 1: No output pin from latch.

NOTE 2: A-register data; put in ALU at 4CD.

NOTE 3: After B cycle, if B field character was
not a Hex 2/0, ‘EA eliminate’ causes another B
cycle. When B field Hex 2/0 is found, machine
takes another A cycle to read out next character
to be stored. When end of field is reached

(Q register blank) operation ends.

CPU Instructions
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5-28

Edit—ED . Op Bit4
Edit Instr A
Eliminate EQ -— A
(not) B Reg 20 AT EBCsands | A EB Cycle
an
e = — FF Gate LSR Low Normal to A A Cl 3and 4
{not) Cl 3and 4 Time Lo/Hi A
not (not) Zone - Num Interchange
EB Cycle Invalid Address
Y Bin Cond EA Eliminate (not) Recompl Cycle
(not) Recompl Cycle A Y111 Ovfi Reg
— A N A
Inhibit SDR Transfer oR N Gate SDR to B 2 Address Format s Op-End oo N Sec Inetr ]’:]'—— (hot) Q Num Blank
Wait or Alter-Disp Alter SAR or Storage I
ATT-PMR {not) Recompl Gate J A EE Ovfl
1/0 Block SDR A
Q Reg Blank T EB Not 1st Cycle
s OR KG141 est
ystem Reset EB Cycle False A A
E it 7 A Cl 1 and 2 2 Address Format
D131 it 71to — N
Cl1and?2 A *——1’_—' KD13 oree B! OR Cl5and 6 (not) 1/0 Cycle Not Test
) Cl7and 8 OR Gate LSRHito B OR mm |0 (0| wm (not} CE Test No Incre
Wait or Alter Disp i I I T 1 KG141 A = A o War St
ATT-PMR A r ] ___2_ (not) IR Prog Backup | ( )Fal '(;a I
not) Fast |-Cycle
Fast I-Cycle l m _2_4 L ] A Yy
R R U B 3 3] A X (not) System Reset
System Reset 2] Reg AND
Reg |4 hd A
A Gate LSR Lo to B _; =
Main Storage Cl5and 6 5] 6] KL—Y101 ' EB 3C to 5C 2 Address Format
- 7
7 \/ - }-— OR 7]
BSM Write AND ,” P Op Bit 4 (not) 5
Wait State £8 C\/c.le — - ALU ‘ Clock 8 IL1 Cycle
(not) Significant Digit New Data to Store CI 3C through 5C [—] Bin Sub Gate OR gd A
w N N OR
OR A S
Alter/Displ ATT/PMR Cr4cb AR OR _Clock 2 _ IL2 Cycle
Aux ALU Out A
ux K71 EB Cycle
KY111
Cc18 OR
Phase DE ||_ d SAR ' ALU Gating Ckts m Alter SAR Mode
ase %a -— KC132 EB Cycle
Cl 9-0 A X g Store Data Group New A L—I Clock 4
OpBit6 ] —
KC142 pBi LSR Write Low — OR j IN:llFast | Cycle OR Alter Display Storage
(not) Op Bit 7 OR . | ALe Clock 6
t
— — LSR Write High | oc
(not) Test On or Off A Sel LCR and DRR
B Reg Bit 4 (not) Op Bit 6 % Channel Inhibit LSR Load
B Reg Bit 5 RN 131
OR A
B Reg Bit 6 OR r— (not) Halfword Format R DRR 1/0 Not CE Test
- . LC L :
B Reg Bit 7 Edit Instr oR flnger‘;eg —
— 7
o0 8 Feg 810 N ol [2[e[als e 7o [i [z 5]al5]6] T
- B Reg 20 .ﬁ A
{(not) B Reg Bit 1 | - LSRto AorB
B Reg Bit 2 A 2| X " Dummy Half Cycles
3
{not) B Reg Bit 3 T cheg EB Cycle
AAR (high) AAR (low) 5 ] Ci3
| | — Load Q Reg
EA Cvel {not} Recampl Cycle o] 1]213]a[s]e[7]o]1[2]3]4]s]6]7 6 A | 2 Address Format
e l .
e EB Cycle 7 (not) Single EB Cycle Instr
OR Cl 1and 2
EB Cycle (not) LSR Display Gate ]—E EA Cycle
(not) Op Bit 4 Cl 3and 4 i AAR S A Cl5th h O
l i throu
A Halfword Format m BAR (high) BAR (low) L g
One Address Instr L] ‘ ol1[2T3Tals]s]7]l o] 1]2]3[4]s[6]7 K21 e eyele
BAR Sel A Ci 5 through 0
16 + 2P | (not) Recompi Cycle

KL121



Edit—ED

Cycle 1st EA 1st EB ALD Reference
0 1 3 4 6 8 0 1 2 4 5 6 7 8
Clock 1111 11 11 111 111 1 1 1 I 11 P11 11 L1 1 1111 1 111 L 11 1 1 1 [ [ 11 111 | J | KC122
BSM Select s KC132
Load SAR : KC142
AAR Select KL121
BAR Select KL121
LCR/DRR Select elalal Sl lalil KL121
Load LSR DRR AAR Iﬂ AARi LCR BAR Lo BAH& KL101
Load A and B Reg o A — _— —— e RA101
Load ALU | AV132
ALU Output AV142
A Reg Input - RA111
B Reg Input - —— RA1O1
Binary Sub Gate KY121

ALU Control {And/Or) _ KY101

Sign Change —— Ky1a1

CR Control - - KG111

Load Q Reg q KD141
EA Eliminate w Kyan

BSM Write KC132
Op-End KD132
Cycle EB Last EB
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8

Clock | | [ [ 141 || 11| 11 L1 4 | I J L1 11 1 L4 | | L1 L1 L1l KC122
BSM Select - eeeee— SE— KC132
Load SAR A — KC142
AAR Select KL121
BAR Select KL121
LCR/DRR Select o lalal %%l Rlals KL121
Load LSR LCR BAR lﬂ BAR Hi LCR BAR Lo BARHI 0
Load A and B Reg — — — — RA101
Load ALU AV132
ALU Output AV142
A Reg Input Force Bit 7 DRR Force Bit 7 Force Bit 7 RA1T11
B Reg Input LCR SDR BAR Lo BAR Hi LCR SDR BAR Lo BAR Hi RA101
Binary Sub Gate KY121
ALU Control (And/Or ——— # KY 101
Sign Change KY101
CR Control KG111
Load Q Reg — KD141
EA Eliminate KY111
BSM Write | KC132
Op-End l | | KD132
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Insert and Test Character—ITC

Bits 0
X

1234567
Op Code x x x 1011
e Replace all characters to left of first significant
digit in B field with A field character.

e Only numeric characters 1 through 9 are con-
sidered significant digits.

The insert and test character operation inserts a
single A field character into each B field position
to the left high order significant digit. Only nu-
meric characters 1 through 9 are considered to be
significant digits.

An example ot an insert and test character opera-
tion is:

A field character *

B field before operation $001.98
B field after operation $**1.98

The B field starting address is the high order posi-
tion and the operation continues until either, the
low order position of the field is reached, or a sig-
nificant digit is found. The B field length is one
more than the Q code.

After the A field byte has been stored in the DRR
the CPU enters into a B-cycle. The B field high
order byte is read from storage and is loaded into
the B register. The A field byte is transferred from
the DRR to the A register and the ‘AND’ and

‘OR’ ALU control lines are activated to move the
A field byte through the ALU.

Gate SDRto B

Main
Storage

B
Register

Gate LSR Lo Normal to A (DRR)

A
Register

BSM Write

Decode
Numeric
1109

Select DRR and LCR LSR
Hi

If the B register contains a character other than
numeric 1 through 9, the A field byte is stored in
the B field high order location.

The BAR is then incremented in the same manner
that the IAR is incremented during l-cycles. ‘EA
eliminate’ prevents the CPU from taking another

A-cycle. Another B-cycle reads the next descend-
ing B field position from storage and it is checked
in the same manner.

If the B field byte contains a significant digit the
B field byte is regenerated back into storage and
the ‘op-end’ trigger is turned on and the operation
ends. Meanwhile, the LCR is decremented each
B-cycle, except the first B-cycle, and is transferred
to the Q register. If no significant digit is found
before the length count is reduced to zero, the

all zero Q register ends the operation.

Each B-cycle in which no significant digit is found,
the address of the next B field byte is stored in the
ARR for programming purposes. At the end of
the operation, the ARR will contain the address

of the first significant digit. If no significant digit
is encountered, the ARR will contain the address
of the byte to the right of the B field.

AL

$ 0 0 1 . 9 8
LB Field Starting Address

Reference to timing

Action taken chart on facing page

* 10 DRR——————— e K
Length Count to LCR un- ~——————————
changed, also to Q Register

* to B Field ($*01.98)—————————————
Increment BAR— =~ e o n
Decrement length count and = ———————_
store in LCR and Q Register

* B Field ($"*1.98) ==~~~ ———- 6 |
Increment BAR —_ —_
Decrement length count and—————————- n
store in LCR and Q Register

No change in B Field due to—————— ———- n

significant digit ($**1.98)

Increment BAR—==——=——=——— - m— = —- m
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Insert and Test Characters — ITC

Machine Cycle

Clock

Load SAR

BSM Select

AAR Select

BAR Select

DRR Select

LCR Select

ARR Select

Load A and B Reg
A Reg Input

B Reg Input

ALU Output

ALU Control (and/or)
Binary Sub Gate
Bin Compl A Reg
Load LSR
Significant Digit (1-9
Load Q Reg

BSM Write

EA Eliminate

Op End

Machine Cycle

Clock

Load SAR

BSM Select

AAR Select

BAR Select

DRR Select

LCR Select

ARR Select

Load A and B Reg
A Reg Input

B Reg Input
ALU Output
ALU Control (and/or)
Binary Sub Gate
Bin Compl A Reg
Load LSR
Significant Digit
Load Q Reg

BSM Write

EA Eliminate

Op End

1
[ 111

=N

ALD Reference

KC122

KC142

KC132

KL121

KL121
KL121

KL121

KL121
RA101

Force Bit 7

DRR

Force

Bit 7

RA111

[ SDRI____lBAR Lo _— —EART
I S S S S R
——

RA101
AV142
KY101

DRR mmy

LCR pu

BAR Lo

KY121
KY 121

BAR Hi KL101

KD131

KD141

KC132
KY111
KD132

0
L1l

1
L1t

KC122

8
| 1]

KC142

—

KC132

KL121

Force Bit 7

KL121
KL121

KL121

KL121

RA101

-
Force Bit 7
LCR

RA
DR

i
BAR L

BAR Hi

Force Bit 7

LCR

DRR

DR

LCR - __

BAR Lo

BAR Hi

BAR Lo

Force Bit 7

RA111

AR H,

RA101
AV142
KY 101

KY 121
KY 121
KL101

KD131
KD141

KC132
KY111
KD132

CPU Instructions
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Insert and Test Character—ITC

Objectives

Insert and Test Character

Bits 01234
OpCode x x x x 1
°

6 7
11

Replace all characters to left of first significant
digitin B fietd with A field character.

Only numeric characters 1 to 9 are considered

significant digits.

Length of B field is Q code + 1.

e A field is only 1 character in length.

Example:

Edited field before operation

A field character

Edited field after operation

B field starting address

INSERT AND TEST
CHARACTERS

A Cycle

Clock O

$001.98

$**1.98

Address A address
storage location

RN131

Activate ‘store data
group’

I KD121

Activate "1st E cycle’
trigger

| KD121

Activate ‘EA cycle’

l KL121

Activate ‘sel AAR’

| KC142

Activate ‘load SAR’

Address translation de-
scription is on page 2-54

Select xlate register

Address

storage

Clock 3and 4

Store A field character
in DRR

]

KG141

B Cycle

Activate ‘gate SDR to B’

KL121

Activate ‘sel DRR and
LCR’

] KL101

Activate ‘LSR write low’

Clock O

¢

Address B address
storage location

AAR is decremented
from 5 to 8 time but
is insignificant for this
operation

KG141

Yes

to A’

Activate ‘misc bit 7

KY 121

Activate ‘bin sub gate’

| KL101

Activate 'LSR write
high’

]

Clock 3and 4

Store A field character

if B field character is not
significant. Load remain-
ing length count into Q
reg

Clock 5and 6

—

KY111

Activate ‘EA eliminate’

L KL1£

Activate ‘sel BAR’

I KG141

Activate ‘gate LSR lo
to B’

I KG141

Increment low order of
BAR. Put address in
AAR uniess B field
character was sign.ficant
digit

KD111

Activate ‘EB cycle’

KL121

Activate ‘sel BAR'

KC142

AV 142

Activate 'misc bit 7
to A’

| KY121

Activate ‘bin sub gate’

I KY121

Activate ‘bin comp A
reg’

]
DRR ] No Signi-
4 ficant digit
KL121 | active
) KL141
Activate ‘sel DRR and l Yes
LCR : Activate "ARR seld’
l KG131 |
Activate ‘gate LSR lo ;J
normal to A’ KL101
l KG141 Activate ‘LSR write
low’
Activate ‘gate SDR Clock 7 and 8
to B’ __]
RN121 Increment high order of
BAR. Check for signifi-
. L KL121
Activate ‘and’ and ‘or’ cant digit or blank Q reg
Activate ‘sel BAR’
KD141

Activate ‘load SAR’

-
ALU output was latched |
at 2CD |

J

Activate ‘load Q reg’

Clock 1 and 2

Decrement LCR each
cycle except 1st cycle

j KL121

Activate ‘sel DRR and
LCR’

I KG141

Activate ‘gate LSR hi
to B’

B
register
significant
digit

—_——— — . - ——

B cycles are repeated
until either a significant
digit is found or the Q
register is blank (end of

field). Operation ends

KY 111

Activate ‘significance’

Activate ‘new data to
storage’

KD131

KC132

Activate ‘significant digit’

Activate ‘BSM write’

] KG141

Activate ‘gate LSR hi
to B’

] KY121

Activate ‘Din sub gate’

] KY121

Activate ‘bin comp
A reg’

Signi-
ficant digit
active

Yes

Yes

5-32

No

KL141

Activate "ARR seld’

register
blank

KD131

Tuwn on ‘Opend’

trigger

KL101

Activate 'LSR write
high’

on

Op-end
trigger

Yes

END

OPERATION

OF




Insert and Test Characters — ITC

Op Bit 6 B RegBit4 S
OR {not) Edit Instr B Reg Bit 5 Significant Digit c 8 Op End
{not) Op Bit 7 EB Cycle Nevs Dore v Sroraaa B Reg Bit 6 OR ca | AR e EB Trigger onl ARl FF
(not) Test On or Off A Store Data Group New 9 B Reg Bit 7 A €B Cycle 2 Address Format
(not) Op Bit 6 ] — W (not) Recompl Gate | A
OR kvin SL8 (not) B Reg Bit6 _ B Reg Bit 0 A A Q Reg Blank
(not) Halfword Format| L, KC132 B Reg Bit 1 KD131 Op Bit4 KD131
k—————-—— ‘BSM Write ) A 2 |
AN131 (not) B Reg Bit 5 OR B Reg Bit 2 A A
N (not) Significant Digit Cl 5and 6 B Reg Bit 3 EB Cycle
A Gate LSR Lo to B (not) B Reg Bit 4 EB Cl §5and 6 EA Eliminate
2 Address Format —— FC Instr A EE Cl3and 4
{not) Wait State KG141 Op Bit4 Gate LSR Low Normal to A A
(not) Fast | Cycle A I {not) Op Bit5 A | {not) Zone Num Interchange
(not) System Reset A Op Bit 6 KG131
Cl7and 8 Gate LSR Hi to B l 9;3 Bit 7 KY111 (not) Recompl Cycle
Cl 1and 2 OR OR — N A
A !—-L_] {not) Q Num Blank
EB Cycle
Dec Instr
N A
™ EA Etiminate
Main Storage | [ T T T R egE g F o : EB Not 15t Cycle
. A
invalid Address . Bit 710 A Cl 1and 2 2 Address Format
ol oo ) 1/0 Block SDR o e 0 loR—{Ci5and 6
N L e
Phase DE | SZBR Alter SAR or Storage | (not) IR Prog Backup
A X X =— (not) Cl 3and 4 Bin Compl A Reg | (not) CE Test No Increment
l_] Wait or Alter-Disp KG141 A (not) 1/0 Cycle Not Test
K142 :TT‘PQAR or|OR __I : lGa‘e SDR 10 B (not) Wait State
ystem Reset
EB Cycle | C13cC m" Sub Gate A | (not) Fast) Cycle
_— S Reset
(not) Recompl Cycle A through 5C Klﬁjm {not) System Rese
Alt/Disp Inhibit SDR Transfer Aux ALU Out
ATT/PMA - [ FCnste Load Q Re
A | CL5 through 0 2
Wait State EB Cycle {not) Single EB Cycle Instr
ALU Gating Ckts . 2 Address Format
1 A | EB Cycie
Cl 3
E— X
KD141
16 + 2p 1L1 Cycle Clock 8 LSR A Q Reg Blank (0| =m {not) Op Bit 0
. 7 —
oRl Il OR Write Hi | 1] 2 Address Format (not) Op Bit 1
1L2 Cycle A 2] oR A{ (not) Op Bit 2
—J — .
EB Cvel Clock 2 A 3la A {not) Op Bit 3
ycle — OR LCR DRR Sel DRR And LCR 2 |Reg
Alter SAR 6 | 4| L_
OR
Modo B o[1]2]3]als]e[7]o]1]2]3]a]s]6]7 % . EB 3C 10 5C
AND Op Bit4 not 5
Clock 4 El A
EB Cycl
yele LsRWritelo | - an (Lot (nov) Op Bit 4
AAR (Hi o —
N
1/O Not CE Test Alter Display Storage OR ol I 213 l 2 I 5 I 5 L7 o l ; [ 5 l 3 l Telels —’_;;_3 y Halfword Format e A .
o o | 3 and ne ress Instr
— —_— ——
Eg;""::'a";‘h'b" A Clock & OR ~ )
5 H T ovel L] Fast | Cycle N % Cl 1and 2 A EA Cycle (not) LSR Display Gate
umm al cles 1 —
.y Y OR N OR A (not) Recompi EB Cycle EA Cycle
Idle Time _'I l[ TKEE] EB Cycle KLi21 R
A or B Reg Chk ] Cl 5through O
BAR (Hi) BAR (Lo} R
AAR Sel KL121
A
LSRto AorB o[ 1]2]3]a]s[e[7]o]1]2]3]a]s]6]7
d EB Cycle
Ci6and8 , BAR Sel EB Cycle
| FC Instruction A ARR Sel C15 through 0
Significant Digit M| ARR AAR (Lo) A
N (not) Recompl Cycle
U KL101 of1]2[afafsTe[7]|of1]2[3]a]s 6]~ KL121

CPU Instructions 5415 TMD
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Move Hex Character — MV X

Bits 0
x

12346567

Op Code x x x 1000
o Move half (zone or numeric) of A address byte

to the numeric or zone portion of the B address

byte.

o Do not change the other half of the B address
byte.

e Bits 6 and 7 of Q code specify the portion of
each byte used.

The move hex character operation moves a half
byte of information from one main storage location
to another. Either half of the A field byte (zone or
numeric) may be placed in either portion of the

B field byte (zone or numeric) without changing
the other half of the B field byte. The type of
move is determined by bits 6 and 7 of the Q code.
The following example shows the four types of
moves possible and gives the Q code bit structure
for each type of move. Since each field is only

one character in length, one A cycle and one B
cycle are all that are required to complete the
operation.

Before Operation After Operation

A Field B Field

Byte Byte

B Field
5 Byte
Bitg| ,ZOne to Zone
67 . .
00 /Numenc to Numeric
1 Zone to Numeric 4] 3]
10
01

™~ Numeric to Zone [6]7]

After an A cycle has stored the A field byte in the
DRR, the CPU enters into a B cycle. During the B
cycle, bits 6 and 7 of the Q code control the data
flow.

The following figure shows that if the half byte is
to be moved to the same relative position in the B
field byte, the bits are transferred from the DRR
to the A register in their normal positions.
However, if the move is to the opposite portion of
the B field byte, the A field byte enters the A
register with the zone and numeric portions
crossed. For example, a 3 bit enters the A register
as a 7 bit, a 2 bit enters as a 6 bit, and so forth.

Gate LSR Lo Normal to A (DRR)

Gate LSR Lo Crossed to A {DRR)

0 4
1 5
Bits Bits
2 6
3 7
4 0
5 ) 1
Bits 6 Bits 9
7 3
A A
Register Register
g Q g
Bits
67
LSR 00 | Zone to Zone LSR LSR
™ Hi 1 wi Lo
11 | Numeric to Numeric
10 | Zone to Numeric
01 [ Numeric to Zone

Select DRR and LCR

Select DRR and LCR

Hex Character to A Register Data Flow

The portion of the B register byte that is to be
changed by the A field half byte determines the
ALU controls. The ‘AND’ and ‘OR’ ALU control
lines are activated only for that portion that is to
be changed.

B
Register

Main BSM Write
Storage
AND
a 0
Bits ALU 1
67 Bits 2
3 OR
00 | Zone to Zone Move Zone
01 | Numeric to Zone R AND
10 | Zone to Numeric Move Numeric ALU 5
) Bits 6
11 | Numeric to Numeric ; OR

A
Register

The other half of the B register byte passes
through the ALU without any ALU controls and
the new byte is entered into storage. At clock 8
time the ‘op end’ trigger is turned on and the
operation ends.
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1
Move Hex Character—MVX Address translation | {4
description is on : 44
Bits 012346567 page 2-54 , Clock 3 an 3
OpCode x x x x 1 000 - - Store selected portion —l KL121 | bi
bits Zone
Yes Address xlate active of DRR and unchanged ico
Obijectives: portion of B field byte Activate ‘sel DRR 1 67 to numeric or
! ' . : . Y00 numeric to numeric
in B address location and LCR I zone to zone move
. . : 01 numeric to zone
e Move numeric (lower . four bits) or zone (upper No - -
. . . . Select xlate reg 1 10 | zone to numeric
four bits) portion of the byte in the location k - -
- ) ! 1 numeric to numeric RN121
specified by the A address register, to the
numeric or zone portion of the byte in the L—_ Address storage to zone or Activate ° , Activate ’ ,
R e . . . ctivate ‘'move num ctivate ‘move zone
location specified by the B address register. [ numeric to numeric :
move RN121
e Do not change the other half of the B address Clock3&4 Activate ‘zone
location byte. Store A field ] num interchg’
byte in DRR KG141 KC132 - KC132
o Do not change the A address location byte. Activate ‘gate LSR lo
g Activate 'gate SDR to B’ normal togA' KG131 Activate ‘BSM write’ i 'BSM select’ enters
R . . | data at clock 5
e Bits 6 and 7 of Q cede specify portion used. Activate ‘gate LSR lo L
crossed to A’
KL121
Clock 7 & 8
Activate ‘sef DRR K 0 e e e T T T T
and LCR’ KG141 End operation BAR is decremented
MOVE HEX from 5 to 8 time but
CHARACTER Activate ‘gate SDR to B’ is insignificant for
KL101 this operation
KD131
Clock O . . ,
Activate 'LSR write low I RN121
AAR is decremented Activate ‘op end’ trigger
Address A address from 5 to 8 time but Activate ‘and’ and ‘or’
storage location is insignificant for
this operation
Clock 0 - - - -—-=
KD121 KD111 . END OF OPERATION
Activate ‘EA cycle’ Address B aqdress Activate 'EB cycle’
storage location
ALD
EA EB
RN131 Reference
Machine Cycle 0 1 2 3 4 5 6 7 8 0 1 2 3 a4 5 6 7 8
Activate "store data group’ Ky111 Clock Lot frr et ee e e by g Rer22
BSM Select KC132
Activate ‘new -
data t ¢ , Load SAR - KC142
ata to storage
KL121 9 AAR Select S
BAR Select KL121
Acti ‘'sel AAR’ _
ctivate ‘se KL121 B Reg Input (SDR) RA101
DRR Select (A Reg Input) KL121
KC142 Activate ‘sel BAR’ Load A and B Reg i RA101
ALU Control (And/OR) : KY101
Activate 'load SAR’ KC142 Load ALU AV132
ALU Output AV142
R KL
Activate 'load SAR’ Load LS 1o
BSM Write KC132
First E Cycle KD111
Op End KD131
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Move Hex Character—MVX

Invalid Address

Single EB Cy Instr

Q Bit
68&7

00

Zone to Zone

11 Numeric to Numeric

10

Zone to Numeric

01

Numeric to Zone

EB Cycle
(not) Recomp! Cycle A EB Trigger
Inhibit SDR Transfer I
Wait or Alter-Disp ATT - PMR
D131
Svstem Reset OR KD13 o Gate LSR Low A
e = A Normal to A Zone Numeric Interchange
(not) 3 and 4 time OR Gate SDR to B s
Alter SAR or Storage Op Bit 4
1/0O Block SDR T
0 Bloc 1.9 0,11—': A A EB Cycle
1L 1
: q24 Gate LSR L A
Main Storage o 3 { e Crao:sed o Ao A Ci3and 4
{2 [3ia A
4] 4 | Reg KG131
5 5 - . Clock 8 1L1 Cycle
i8] J51 A A N OR
> 73 Clock 2 1L.2 Cycle
oc
" 2 A OR A EB Cycle
X BSM Write -f AND oR
Phase DE EB Cycle ALU KL111 Alter SAR Mode
ClI9 Thru 0 (not) Significant Digit Lo T EB Cycle
A X - A |New Data to Store
(not) Edit Instr ) A OR
KC142 bet FL OR . Chan Inhibit LSR Load
Aux ALU Out Clock 4 Alter Display Storage
. KY111 A A
Wait State 1/0 Not CE Test
CL 8 ALU Gating Ckts LSR Write Low —B—oR —® m Fast | Cycle
if |
A/pisp ATT/PMR [N KC132 R Clock 6 || {not) Dummy Half Cycles
Idle Time
| Store Date Group New N— OR
Sel DRR RLT A or B Reg CHK
DRR A
Op Bit6 0T1 213]”5 6[7 LSRtoAorB
OR ND
(not) Op Bit 7 | A 0
—_
(not) Test On or Oft A 1 ALU{Move Zone Q Bits|
2 Bits 6&7
(not) Op Bit 6 — OR
RN131 . 3 00 [Zone to Zone
(not] Halfword F OR AAR (high) AAR (low) AND ‘4 o1 INomore e 7oms
not) Halfwo mat
rd Forma o[1]2]3]a]s[e[7]{o]1]2]3]4]s]6]7 _ o e o
5 ALU|Move Numeric - —] umeric
6 Bits 11 Numeric to Numeric
OR 5
EB Cycle V107 ALU Controls: No Controls—Output Same As B Reg
—_— Both And and Or—Output Same As A Reg
OR EA Cycle
EA Cycle Cl3and 4 A Sel AAR
{not) Op Bit 4 L1 (not) LSR Display Gate |~ ] BAR (high) BAR {low) e A
not!Pp oA — a 6 > 2 7 Ci5Thru0
Halfword Format r 011I2I3 lsl l7 0[11 I3 15161
A N KL121 KL121
One Address
RN111 Sel BAR (not) Recompl Cycle
16+2P 1 EB Cycle
KL121 CI5Thru 0

CPU Instructions
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ONE ADDRESS INSTRUCTIONS
I-Cycles

o Load operation code into op register.
e Load Q code into Q register and DRR.

o Load B field address into BAR except for
load address instruction.

o Load index register for load address instruction.

o Load B field address into ARR for branch
instruction.

Single address instructions require a maximum
B field length of two bytes. Therefore, it is not
necessary to maintain a field length count in the
Q code for them. Because it is not necessary to
maintain a field length count in the Q code, the
Q code can be used for controlling the functions
necessary to execute the single address instruc-
tions. Use of the Q code is discussed with the
individual instruction descriptions.

l-cycles for single address instructions are either
three or four cycles in length. First, an I-op cycle
transfers the operation code from main storage to
the op register. Second, an 1-Q cycle transfers the
Q code into the Q register and the DRR.

Two cycles, an I-H1 and an I-L1 cycle, are then
used to load the B field address into the BAR.
For branch instructions, the B field address is

also loaded into the ARR. For a load address
instruction, and index register is loaded instead of
the BAR. This is discussed with Load Address.

If indexing is used, a single 1-X1 cycle replaces
the I-H1 and I-L1 cycles.

l-op and I-Q cycles are the same as in 2 address
instructions except the Q code is stored in the
DRR instead of the LCR and LCRR. I-H1 and
I-L1 cycles are the same unless the instruction is
a load address instruction (refer to Load
Address).

The need for an I-X1 cycles is determined by (1)
either op bit 0 or 1, but not both, or (2) bit 2 or 3,
but not both. The I-X1 cycle description and the
index register selected are the same as in two
address instructions.

Any additional considerations made during the
I-cycles are discussed with the individual opera-
tion descriptions.

The |-cycle description begins on page 5-3.

Move Logical Immediate—MV|

Bits 01234567

OpCode x x 111100

e Move the Q code byte to the B address storage
location.

The move logical immediate operation moves the
byte of data which is contained in the Q code
portion of the instruction to the B address storage
location. Since only one byte is being moved, the
operation is executed with a single B-cycle.

During the B-cycle, the storage location is
addressed by the BAR, and at clock 3 and 4 time
the DRR is transferred to the A register.

Gate LSR Lo Normal To A (DRR)

BSM Write

Main
Storage A

Register

Binary Subtract

/ Binary Complement

A Register

ALU

Select
DRR
and
LCR LSR
Hi

The DRR contains the Q code that was stored in it
during the |I-Q cycle. The data in storage, if any is
present, is not transferred to the B register and the
A register is binary added to the zeros in the B
register. The result is written into the B address
location. The op-end trigger is then turned on and
the operation ends.

Compare Logical Immediate—CLI

Bits 0
X

1234567

Op Code x 111101

e Compare Q code with byte in B address storage
location.

The compare logical immediate operation compares
the byte of data that is contained in the Q code
portion of the instruction with the B address
storage location byte. Since only one storage
position is involved, the operation requires a single
B-cycle.

The operation is similar to a move logical operation
except the B address byte is loaded into the B
register and the Q code byte is binary subtracted
from it.

Gate LSR Lo Normal To A (DRR)
Gate SDR To B

A
Register

B
Register

Binary Subtract

Main
Storage

Setect DRR
and LCR

5-38

The results are not entered into storage but are
used to set the condition register.

Equal Low High

B address and B address byte | B address byte
Q bytes are is lower than is higher than
equal Q byte Q byte




Move Logical Immediate or Compare
Logical Immediate

Objectives

Move Logital Immediate

Bits 01234567
OpCode x x 111100
e Store the Q code, which is located in the Data

Recall Register, in the location specified by the

B address register.

Compare Logical Immediate
Bits 0
X

2345
Op Code 1111

1 6 7

X 01

o Compare the Q code, which is located in the
Data Recall Register, with the data in the

location specified by the B address register.

e Record the result of the comparison in the
condition register.

MOVE LOGICAL IMMEDIATE OR
COMPARE LOGICAL IMMEDIATE

Second level
diagrams are
on the next

two pages

. S

Requires single B cycle

Clock 0

Address Storage

KD111

Activate 'EB cycle’

Move
logical immediate
operation

RN131

Activate ‘store
data group’

KL121

Activate 'sel BAR’

KC142

Activate ‘load SAR’

KY111

Activate ‘new
data to storage’

Address xlate active

Yes

Address translation
description is on

page 2-54

Address Storage

Clock 1 & 2

Set condition
register to
equal for
compare

Compare
logical immediate
operation

Yes

Select xlate reg

KG101

Activate 'CR equal’

Clock 3& 4

Move: Move DRR
to storage

with storage

1 KL121

Compare: Compare DRR

Activate ‘sel DRR
and LCR’

KG131

Activate ‘gate LSR
lo normal to A’

KY121

Activate ‘bin sub gate’

Conditioned
by ‘bin and
or sub not
move’

{
|
| Load DRR into A reg
[

—

L

Move

operation

logical immediate

KG141

Activate ‘gate
SDR to B’

RN121

Activate ‘inhibit
SDR transfer’

KY121

Activate ‘bin
comp A reg’

KC132

Activate ‘BSM Write’

Clock 5 & 6

Set condition register

/ove
Yes logical immediate

operation

BAR is decremented
from 5 to 8 time but
is insignificant for
this operation

Activate 'CR hi’

KG111

Activate 'CR lo’

Clock 7 & 8

End operation

KD131

Turn on ‘op end’ tr

igger

GND OF OPE RATIOI\D

CPU Instructions

KC132

F— ==

‘BSM select’ enters
data at clock 5
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Move Logical Immediate

Main Storage

Single EB Cycle Instr

EB Trigger

Ccl 8

Op End

1 BSM Write

EB Cycle

(not) Op Bit 6

— — Cl4CD
(not) Significant Digit
- New Data to Storage| A
Not Edit Instr A
KY111
Store Data Group New KC132
Op Bit6 N
OR
(not) Op Bit 7
(not) Test On or Cff A

e

{not) Halfword Format

OR

S

Aux ALU Out

Set DRR

KD131

Bin Sub

{not) 3C to 5C

Bin Compl A Reg

ALU Gating Ckts

Q Code

(1Q Cycle)

BAR (high) BAR (iow)

Op Bit 4

EB Cycle

Gate LSR Lo Normal To A | A

Clock 3and 4
| (not) Zone-Num Interchange

KG131

Machine Cycle

Clock

MVI-Hex YC

Bits 01234656 7
OpCode X X 1 1 1 1 0 0

BSM Select
Load SAR

BAR Select

LCR/DRR Select

A Reg Input

Load A Reg

Bin Compl A Reg

Bin Sub Gate
Load ALU

ALU Output (DRR)

BSM Write

Op End

{not) Recomp Cycle

EB Cycle

Sel BAR

CI15Thru0

o[1]2]3]a]s]e[7]o1][2]3]4a]s]6]7

EB Cycl
(not) LSR Display Gate EBCycle
Ct3and 4 l
(not) Op Bit 4 —I A
Halfword KL121
One Address Non-Branch Format

RN111

a

KL121

Bin Comp! A Reg

Op Bit 4
Bin Add or Sub Group A
| Op Bit5
KY121
Odd CD
OpBit 4
Op Bit5
A (not) Op Bit 7

EB 3C to 5C

KC122
KC132
KC142
KL121
KL121
RA11
RA101
KY121
KY121
AV132
AV142
KC132
KD131

540



Compare Logical Immediate

Invalid Address

(not) Recompl Cycle
Inhibit SDR Transfer

Single EB Instr

A A Op End
EB Cycle EB Trigger CLS8 A FF
Wait State
OR
System Reset |
KD131
(not) 3and 4 [ DRtoB
OR N Gate S o
Alter SAR or'Storage | I
1/0 Block SDR
KG141
Main Storage
Wait state
AwDispl ATTPMA | OF N ALY Blank
is
d Bin Add or Sub No Move EB | CR Equal
Cl 58 FL
Load SAR
Phase DE A 03 X EB Cycle
ci 90 A Bin Add or Sub No Move EB KG101
Op End Gate o] A I l .
1 CR Lo/Hi Low | 2
.—‘ L
OpBit4&5 c158
A Bin Add or Sub Not Move First E Cycle
. High
OpBit7 Cl1and?2 A Reset CR Lo N igl
EE——— OR
) A pPb—-
Edit instr KG11
Arith Carry Out
A N
EB Cycle Q Code
(1Q Cycle)
Cl1and?2 Sel DRR
Load CR Instr A Reset CR DRR
First E Cycle | of]1T2]3]4af5]6]7
KG101
(not) LSR Display Gate Machine Cycle (EB)
EB Cycle Clock
(not) Op Bit 4 Cl3and4 A BSM Select
A I Halfword Format m Load SAR
One Address Non-Branch I | I KL121 BAR Select
DRR Select
(not) Recompi Cycle B Reg Input (SDR)
EB Cycle A Sel BAR BAR (high) BAR (low) A Reg Input (DRR)

Cl 5 thru O

of1J2]3J4a]s][6]7

o[1[2[3]a]s]6]7

Load A and B Reg
ALU Control (Bin Sub)
Load ALU

ALU Output (to CR)
CR Reset

CR Set

Op End

Bin Sub

(not) 3C to 5C

Op Bit 4

___ OpBit4
Gate LSR Lo Normal to A EB Cycle
A Cl3and 4
(not) Zone - Num Interchange
KG131

Bin Add or Sub Group l A

OpBitb5

Bits
CLI OpCode XX 111101

6

L1t 11

01234567

7 8
1 11 ]

ALD
Reference

KC122

KC132

KC142

KL121
KL121

RA101

RA111

RA101

KY121
AV132

AV142

KG111

KG111

CPU Instructions
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Set Bits On/Off Masked and Test Bits
On/Off Masked (Part 1 of 3)

Set Bits On Masked—SBN

e Place bits that are present in the Q code into
the B address storage location.

e Do not change the remainder of B address byte.

The set bits on masked operation, turns on the
bits in the B address storage location that cor-
respond to the Q code bits. Bits that were already
on in the B address byte are left on.

Example: Q Code Byte 11000111
B Address Byte 10010010
New B Address Byte 11010111

The operation requires a singie B-cycle and ORs
the Q code byte, which was stored in the DRR
during the 1-Q cycle, with the B address byte.
The result is written into storage. The op-end
trigger is turned on and the operation ends.

Set Bits Off Masked—SBF

e Remove bits that are present in the Q code from
the B address storage location.

o Do not change the remainder of the B address
byte.

The set bits off masked operation turns off the
bits in the B address storage location that cor-
respond to the Q code bits. The rest of the bits
in the B address byte are left unchanged.

Example: Q code byte 11000111
B address byte 10010010
New B address byte 00010000

The operation requires a single B-cycle and ANDs

the B address byte with the binary complement of .

the Q code. The result is written into storage and
the op-end trigger is turned on to end the oper-
ation. The Q code was stored in the DRR during
the 1-Q cycle of the operation.

Gate SDRto B Gate LSR Lo Normal to A (DRR)

B
Register

A
Register

Main BSM Write
Storage

Select DRR and LCR LSR
Hi

Gate SDR to B Gate LSR Lo Normal to A {DRR)

B A
Register Register
Main BSM Write
Storage AND
ALU
Binary Complement
A Register

Select DRR and LCR LSR LSR
Hi Lo

Test Bits On Masked —TBN

e Activate 'CR test false’ if bits present in the Q
code are not all present in the B address storage
location.

The test bits on masked operation tests to
determine if all bits present in the Q code are also
present in the B address storage location. If they
are not, the ‘CR test false’ latch is turned on.

The operation requires a single B-cycle and uses
the ‘OR’ control line in the ALU. The Q code is
transferred from the DRR to the A register and the
B-field byte is loaded into the B register. Any bit
in the A register that is not present in the B
register gives a ‘test false’ ohtput. The results are
not written into storage but are used merely to set
the condition register.

Test Bits Off Masked—TBF

o Activate ‘CR test false’ latch if any bits present
in the Q code are also present in the B address
storage location.

The test bits off masked operation tests to determine
if all bits present in the Q code are absent from the

B address storage location. If they are not, the

‘CR test false’ latch is turned on.

The operation requires a single B-cycle. The Q

code is transferred from the DRR to the A register.
The A register is binary complemented and the AND
control line in the ALU is used to give a ‘test

false’ output for any bit in the Q code which has a
corresponding bit in the B address byte. The

results are not written into storage but are used
merely to set the condition register.

5-42

Gate SDRto B Gate LSR Lo Normal to-A (DRR)

8 A
Register Register

Main
Storage

OR

AL_U__/

Test False

Select DRR and LCR LSR LSR
Hi Lo

Q Code Byte 01 00 0 0O

B AddressByte 0 1 0 O 010

Test False

Gate SDR to B Gate LLSR Lo Normal to A (DRR)

B A
Register Register
Main
Storage AND
ALU
Binary Complement
/ A Register

Test False

Select DRR and LCR LSR
Hi

Q Code Byte 0 00 0O0OO

B Address Byte 0 000 O0 10

Test False



Set Bits On/Off Masked and Test Bits
On/Off Masked (Part 2 of 3)

Objectives:

Set Bits On Masked
Bits 0
X

12345¢6 7

Op Code x11101°¢C

e If abitis present in the Q code, turn on the
corresponding bit in the storage location

specified by the B address register.

o Do not change bits which correspond with bits
not present in the Q code.

Set Bits Off Masked
Bits 01234567
OpCode x x 1 110 11
e If a bitis present in the Q code, turn off the
corresponding bit in the storage location

specified by the B address register.

e Do not change bits which correspond with bits
not present in the Q code.

Test Bits On Masked
Bits 012345¢67
OpCode x x 111000
e If a bitis presentin the Q code, test to see if
the corresponding bit in the storage location

specified by the B address register is on.

® Ignore bits that correspond with bits not
present in the Q code.

® Turn on ‘test false’ latch if selected bits are
not all on.

Test Bits Off Masked
Bits 0
X

1234567

Op Code x 111001
e If a bitis present in the Q code, test to see if
the corresponding bit in the storage location

specified by the B address register is off.

® |gnore bits that correspond with bits not
present in the Q code.

o Turn on ‘test false’ latch if selected bits are
not all off.

SET BITS ON/OFF MASKED
TEST BITS ON/OFF MASKED

Clock O

m—— =1

Requires single B Cycle

Address Storage

Clock 3& 4

Set bits on: Combine
DRR with storage.

Set bits off:
Complement DRR and
combine with storage.

Test bits on: Compare
bit positions on in
DRR with same
positions in storage.

] KD111

Activate 'EB cycle’

Set bits
on/off masked

RN131

operaﬁ?
No

Activate ‘store
data group’

|

KY111

Activate ‘new
data to storage’

]

KL121

Activate 'sel BAR’

KC142

Activate 'load SAR’

Set bits on

or test bits on
operation

KY101

Activate 'or gate’

KY121

Activate ‘'bin
comp A reg’

KY101

Activate ‘and gate’

L

KC132

Test bits
on or test bits off
operation

Yes

KC132

'BSM select’ enters
data at clock 5

S

Activate 'BSM write’

Address translation
description is on
page 2-54

Address xlate active

/

Address Storage

|

Test bits off: Compare
the complement of

bit positions on in
DRR with same
positions in storage.

| KL121

Activate ‘sel
DRR and LCR’

KG131

Activate ‘gate LSR
lo normal to A’

KG141

Activate 'gate SDR to B’

Select xlate reg

Load DRR into A reg

Machine Cycle

Clock

BSM Select

Load SAR

BAR Select

DRR Select

B Reg Input from SDR

A Reg Input from DRR

Load A and B Reg
Load ALU

ALU Output to SDR
BSM Write

Bin Compl A Reg (Set Bit Off)

ALU Contol (And/Or)
Op End

Activate ‘CR test false’

Test bits on: A Reg bit
and (not) B Reg bit.
Test bits off: A Reg bit
and B Reg bit.

— - - — J—

Clock 7 & 8

End operation

@m OF OPERATION

L1y irit]id

KD131

Turn on ‘op end’ trigger

Set Bits On/Off

3 4
1111l

BAR is decremented
from 5 to 8 time but
is insignificant for
this operation

ALD Reference

KC 122

KC132

s
j—

KC142

KLi21
KL121

RA101

RA111

RA101

AV132

AV142

KC132
KY121

KY101

KD131

CPU Instructions
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Set Bits On/Off Masked and Test Bits
On/Off Masked (Part 3 of 3)

Main Storage

BSM Write

Single EB Cycle Instr

EB Trigger

Ct4CcD
New Data to Storage] A

16 + 2P

Cci8

Op End

Gate SDR to B

FF

KD131

OR

[

EB Cycle (not) Recompl Cycle
(not) Significant Digit Inhibit SDR Transfer A
(not) Edit Instr A EB Cycle
Store Data Group New (not) 3and 4 Time
I KY111 Wait or Alter-Disp ——
Op Bit 6 S ATT - PMR
Al OR —]
_ OR System Reset
(not) Op Bit 7 Alter SAR or Storage
(not) Test On or Off A 1/0 Block SDR
(not) Op Bit 6 —— Invalid Address
OR
{not) Halfword Format

-
Aux ALU Out

ALU Gating Ckts

Machine Cycle

Test Bits On/Off

(not) Recompl Cycle

EB Cycle

CI5Thru0

BAR (high)

o[1]2]3]a]s]6]7

ALD
0 1 2 3 4 5 6 7 8 Ref
Clock LAt e Lttty byldg e
BSM Select __ E—— KC132
Load SAR — KC142
DRR Select KL121
BAR Seiect — KL121
B Reg Input (SDR) RA101
A Reg Input (DRR) RA11
Load A and B Reg RA101
Load ALU AV132
Bin Compl A Reg (test bit off) KY121
ALU Control (and/or) KY101
ALU Output (test false) AV142
CR Control KG101
Op End  e— KD131
Op Bit 4
EB Cycle
Gate LSR Low Normal to A
— Set Bits On A Cl3and4
(not} Zone Num Interchange
OR .
Test
oSt on ?'ts On KG131 {not) Op Bit 4
—— SetBusOff N
AND o l I_N-] Halfword Format A
Test Bits Off EB Cycle |_J I One Address Non Branch
Bin Comp —— Set Bits Off A |Cl3and 4 RN111
A Reg OR (not) LSR Display Gate
Test Bits Off ____ Channe! Inhibit LSR Load
R KL121
KY121 A
I 1/0 Not CE Test
Test False A m | Idle Time
Test Bits On or Off L OR Dummy Half Cycles
A or B Reg Chk
Q Code (1Q Cycle) ’_‘.__, A
LSRtoAorB
Clock 6 L_
A
l m Fast | Cycle
Sel DRR LN_I
DRR - KL111
o[1]2]3]a]s]e]7
LSR Write Lo
Clock 8
BAR (low) LSR Write Hi —— IL1 Cycle
of1]2]3]4]s]e]7 \o ) OR__A NI1O%R  1L2cycle
Clock 2
A — EB Cycle
OR
KL111 Alter SAR Mode
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Store, Load, or Add to Register
(Part 1 of 4)

Store Register — ST

Bits 0
X

1234567

Op Code x 110100
e Store the registers that are selected by the Q
code into the location specified by the BAR.

The store register instruction stores an LSR in the
B field storage locations. LSR selection is divided
into two different groups depending upon the
presence or absence of Q bit 0.

Q Register Selected
Code When Q When Q
Bits Bit0=1 Bit0=0
1 Interrupt 1-1AR P-ARR
2 Interrupt 2-1AR P-IAR
3 Interrupt 3-1AR IAR*
4 Interrupt 4-1AR ARR™
5 Interrupt 5-1AR PSR
6 Interrupt 6-1AR XR2
7 Interrupt 7-1AR XR1

Note: When Qbit 0= 1 and all other Q bits = 0,
Interrupt O-1AR is selected.

* Current registers in use. Can be program level
or any interrupt level registers.

Since the LSRs are two bytes long, the store register
instruction requires two B cycles. During the first

B cycle, the Q register selects the LSR and the fow
order position is transferred to the A register. The
A register is binary added to the B register (all
zeros). This moves the LSR byte through ALU

and into storage.

The BAR is decremented and in the second B cycle,

the high order byte of the LSR is moved. The
‘op end’ trigger is then turned on and the oper-
ation ends.

{not} 1st B Cycle

o

Gare LSR Ho1o A

141 B Cycle
Gate LSR Lo Normal 1o A
OR
Register
Main I BSM Write
—

Storage

I

Binary Subtract

Bmary Complement

A Reqister
Re;)mel (Setects LSRY tth tiR
Decode
Load Register — L
Bits 012345867
OpCode x x 1 10101

o Load the registers that are selected by the Q
code with data from the location specified by
the BAR.

The load register operation loads an LSR with the
contents of the B field storage locations. LSR
selection is the same as for a store register oper-
ation.

During the first B cycle, the Q register selects the
LSR and the first B field byte is passed through
the ALU without any ALU controls. The ALU
output is then written into the low order position
of the LSR.

Gate SDR 10 B

8
Reqister

Main
Storage

Q
Register
Decode

{Selects LSR)

(mot! 15t B Cycle

" LSRR Write H LSR LSR
o Hi Lo
15t B Cycle

LSR Write Lo

The BAR is decremented and in the second B cycle,
the next byte is written into the high order position
of the selected LSR. The ‘op-end’ trigger is turned
on to end the operation.

If the LSR selected by the Q code is the PSR

(Q bit 5 and not bit 0), an additional function is
performed. Since the PSR fow order position is

used as the CRR, the CR is also set by the ALU
output during the first B cycle.

CR setting for Load PSR

ALU

Output CR

Bits Results

7 Equal

6not?7 Low

not 6 not 7 High

2 Binary Overflow
3 Test False

4 Decimal Overflow

Add to Register — A

Bits 0
X

1234567
Op Code x110110
e Add the data from the location specified by the
BAR to the contents of the registers that are

selected by the Q code.
e Load the results into the selected registers.

The add to register operation adds the B field to an
LSR and loads the result into the LSR. LSR

selection is the same as for a store register operation.

During the first B cycle, the Q register selects the
LSR and the low order position of the LSR is
transferred to the A register.

-1Gate LSR Hito A
qst _WHN
\ Cyc|e |Gate LSR Lo Normai to A,
Gate SDRt0B ‘
Gate SDF 5 |
b
o [ 4
Aoy o
Reg f

1B

‘ Reg- ‘
| ister - ister |
l Main | T Bin}?y
LStorage \ ERV4 Subtract
\ Binary
\*\ ALU Complement
A Register

[

Beg | selects LSR) _ |
ister | LSR LSRl
ecodd Lo

{not) 1st B Cycle LSR
T Wme Hn
_"1

1st B Cycle LSR i

_‘ Write Lo

5-46

The first B field byte is loaded into the B register
and binary added to the A register. The results
are written into the low order position of the LSR.

The BAR is decremented and the process is
repeated for the high order position of the
LSR. The ‘op-end’ trigger is turned on to end
the operation.

The results of the addition are also used to set the
condition register.

Equal Low High Binary
Overflow
Result is No Carry | Carry and|{ Result too
zero and non- | non-zero | large for
zero result register (no
result high order
carry)




Store, Load, or Add to Register (Part 2 of 4)

LOAD, STORE, OR
ADD TO REGISTER

[ «uior

Requires 2 B

—

1

i
cycles

1

Activate ‘gated
P1/P2 reg instrs’

Address storage

KD121

Activate ‘1st E

l KD111

Activate 'EB cycie’

st
E cycle
of operation

cycle’ KD121
Deactivate “1st
E cycte’
Yes Store
register
RN131 operation
Acuvate ‘store
data group’ No
[ KY111 KL12t
Activate ‘new data Activate ‘sel BAR’
10 storage
[ [ kcia2
Actwate 'load
Mamr SAR’
Address translation
description is on |
page 2-54 !
Address xlate
I active
fect x|,
Select xlate reg No

L

Clock 1 & 2

Set CR to equal T—
on 1st cycle of add
to register operation
or load CR opera-

Address storage

L ]

; RN111
won ’ -
| Load CR operation
| 1s Q bit 5 {not)
Add™\ N Qbit O
No 10 register oper_ -
ation or load
NJon
operation,
1st
E cycle
of operation KG101
Activate 'CR equal’
Clock 3& 4

Pertorm opera-
tion objectives

Q
register
bit

KT131

P2
1A

Activate ‘tAR/ARR

seld’ or "ARR/
R P2 seld

register
bit

]

KL101

2

Activate ‘PT IAR/
ARR' or 'P1
ARR/IAR’

Q
register
bit
3

KL141

———
Could be any IAR,
whichever is current |

Activate '1AR seld’

Q
register

bit

KL141

4

Acuvate ‘ARR seld’

|

Q
register
bit

KLi21

|
PSR is used as the 1
CRR and the LCRR !
- 1

]

[}
|
KL121}

5

Activate ‘sel PSR’

Q
register
brt

6

Activate ‘XR2
seld’

Q
register
bit

KL141

7
No

Activate ‘XR1
seld’

Q
register
bit
0

Yes

KL131

reg inst’

Activate ‘EB inter

Q
register
bit

register
bit
2

Q
register
bt
3

Q
register
brt

\4

Q bits
1-7
absent

KM111

inter 1°

Activate ‘sel IAR/
ARR inter 1’ or
‘sel ARR/IAR

A

KM111

inter 2

Activate ‘sel IAR/
ARR inter 2° or
‘sel ARR/IAR

nter 3°

R

Activate ‘sel AR/
ARR inter 3' or
‘sel ARR/IAR

L]

KM101

Acuvate ‘sel AR/
ARR inter 4" or
‘sel AAR/IAR
inter 4"

L]

KTi41

Sel ‘lAR/ARR
nter 0

|

Load
register
operation

No

[ ez

Activate ‘gate LSR
hi to A’

o

st
cycle

Yes kG131

Activate ‘gate
LSR lo normal
to A’

KY121
Activate ‘bin sub
gate’ and ‘bin
comp A reg’

KG141

Acuivate ‘gate
SOR to B’

1st
E cycle
of operation

KL101

Activate ‘LSR
write high'

KLio1

Activate ‘LSR
write fow’

|

Clock 5 & 6.

Set CR and decrement

Add
to register
operation

ALU

Store
register
operation

Yes gN121

Actvate ‘inhibit
SOR transfer’

l KC132

Activate ‘BSM
write’

L

]

Deactivate 'CR
equal’

KG101

Yes

output
blank

KG111

No

No Arith
binary
carry

Yes kg1

low order of BAR

Activate 'CR hi’

Acuvate ‘CR lo’

|

L

RN111
Q bit 5 (not)

| xG1

Activate ‘CR 1o’

L

/

ALU bit 2

KG111

Activate 'CR bin
overflow’

|

KG121

Activate ‘CR test
false’

KG111

Actwate ‘CR dec
overflow’

|

H KY131

If add to register
operation and com-
putation results in
acarry, ‘digit carry’
i« activated to give
‘anth carry out’ at
next clock 3C - 5C

KL121

Activat

e ‘sel BAR’

| kcia

o 10 B’

Activate ‘gate LSR

] KG141

710 A

Activate ‘misc bit

] KY121

gate’

Activate ‘bin sub

- KL1O1

Activate ‘'LSR
write low’

]

Clock 7 & 8

Decrement high
order of BAR

KL121

Activate ‘sel BAR'

l KG1d*

hi 1o B8’

Activate ‘gate LSR

[ KY121

gate’

Activate ‘bin sub

E

[ xou

Turn on ‘op end’
trigger

of operation

Ist
cycle

KL101

write

Activate ‘LSR
high’

E

15t

of operation

cycle

END
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Store, Load, or Add to Register

1 Address Nonbranch

Gate SDR to B

(Part 3 of 4)
Op Bit5
OR {not) 1st E Cycle
(not) Op Bit.4 A EB Trigger
(not) Op Bit 6 and Not 7
Inhibit SDR Transfer Invalid Address
EB Cycle A
(not) Recompl Cycle (not) Cl 3 and 4
Alter SAR or Storage

Wait or Alter-Disp ATT-PMR 170 Block SDR

OR
System Reset
Wait state
Alt/Displ ATT/PMR OR Main Storage
Phase DE A Load SAR
C1 9-0

KC142

Op Bit6

KG141

BSM Write

~New Data to Storage

Cl 4CD

OR {not) Significant Digit
M (not) Edit Instr CcI18
' EB Cycle A
(not) Test On or Off A Store Data Group New
(not) Op Bit 6 KY111
RN131

KC132

Wait State
Fast I-Cycie

OR

System Reset

(not) Op Bit 4 (not) 3C to 5C

(not) Op Bit 7 A EB Cycle

1 Address Non-branch A
RN131 Bin Add or Sub group

Cl5and 6 —

Cl7and 8

Ciland2

EB Cycle

KY141
A Gate LSR Loto B é

Hi
OR Gate LSR Hito B

KG141

KY121

548

— EB Cycle
t) 1st E Cycle
Gate LSR Hito A la {not) s y ]ml
OR Cl3and4
EA L
L KG131
1 Address Format Eliminate
EBCI 5and 6 Gate LSR Lo Normal to A _: Add to Reg or Store Instr
1st E Cycle
L___J
KG131
Kyin 1/0O Not CE Test
r‘l CE Test No Increment
N Wait State
LJ System Reset
Fast |-Cycle
Force Bit 7 A Cl 5and 6 o
- (not) IR Prog Backup
KG141
2 X
Reg
EB 3C to 5C
A (not) Op Bit 7
Bin Add Group A {not) Op Bit 4
1 Addr Non Branch
RN131
Bin Compl A Reg £Q ]
0 Lo/Hi
Bin Sub Gate T -
7 Bin | Cond
— Ovfl
31 o RQcode (1-Q Cycle) Ree
_4— Dec
— Ovfl
5
-6— Test
Aux ALU Out 7 false
Clock 8 IL1 Cycle
ALU Gating Ckts M OR
A | IL2 Cycle
Cl
OR ock 4
—l - I (not) 1st E Cycle EB Cycle
LSR Write Hi L
A A
LSR Write Lo _ J[_‘ Half Word Format New
KL111 EB Cycle
LSR Hi LSR Lo LSR Select Q N OR .
(selected by Q code) (selected by Q code) De- Clock 4 Alter Display Storage
2] 3Jals5]6]7]o]1T2]3]a]s5]6]7 A
#— OR }— Channel Inhibit
Fast I-Cycle LSR Load
A Clock 6 L
LSR Write Low A 1/0 Not CE Test
| Idie Time
EB Cycle KLin r; OR
CIEThio D L Dummy Half Cycles
BAR (high) BAR (low) BAR Sel A [(not) Recomp! Cycle A or B Chk
112]3]4|5|6]7]0]1}2]3]4]5]6]7 A
[2[3]aT5T6]7[ 0] 1] 2[ 3] 41 5[] L LSR 1o A or B




Store, Load, or Add to Register

(Part 4 of 4)

Machine Cycle mﬁt = _*ALD Reference
4] 1 2 3 4 5 6 7 8 ] 2 3 4 5 6 7 8
Clock | 1 1 | | [ ] 1 1 | .| 1 11 | L1 1 1 1 1 || 1 1 | | | | ] 1 1 11 S | 11 KC122
BSM Select A— — EE— j— KC132
Load SAR KC142
BAR Select J KLi21
LSR Select {Determined by Q Code) KL121
B Reg Input Add and Load Reg (SDR}|BAR Lo Add and Load Reg (SDR) RA1O1
Add and Store Add and Store
A Reg Input VIZIFIAIISISIIRINIA A YISSRAININNISINENIE RA111
l_oad A and B Reg —— ! _ RA101
Bin Compl A Reg Add and Store Reg Add and Store Reg KY 121
Bin Sub Gate —zzdzdaa;d Vi Vs Teayr o Pos) KY101
Load ALU AV132
ALU Output AV142
Load LSR KL101
CR Control (Load and Add Reg) Reset Set (Add to Reg only) KG111
EA Eliminate KY111
B8SM Write (Store Reg Operation) KC132
First E Cycle KD111
Op End ——  KD131
Condition Register LSR Selection
Operation Equal Low High Binary Overflow Test False Decimal Overflow Q Code bits Q bit 0=1 With No Q bit 0=0
- ) ) - - - 1 Interrupt 1-1AR P-IAR
Load PSR If ALU bit 7 I1f ALU bit 6, not 7 If ALU notbit6 or 7 If ALU bit 2 If ALU bit 3 If ALU bit 4
2 Interrupt 2-1AR P-ARR
Add to Regist If Resuft i If Result is not zero If Result is not zero ;f R;sul't Is too l?:_g(:] 3 Interrupt 3-1AR Current I1AR
e 4 . .
to Register esult is zero and a high order carry and no high order carry or Register (no hig 4 Interrupt 4-1AR Current ARR
order carry)

5 Interrupt 5-AR PSR

6 Interrupt 6-1AR XR2

7 Interrupt 7-1AR XR1

No other bits Interrupt O IAR

CPU Instructions
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Load Address—LA

Bits 012345867

OpCode 1 1 x x 0010

o Load one or two bytes from storage into one
of the two index registers.

e If instruction format is four bytes, load two-
byte address into index register selected by Q
code bits 6 and 7.

o If instruction format is three bytes, add last
instruction byte to index register selected by

op code bits 2 and 3.

e Load result into index register selected by Q
code bits 6 and 7.

Index Register Selection for Load Address

Q Code Bit Register Selected
6 XR2
7 XR1

e Take I-H and I-L cycles (four byte format)
See Page 5-8
e Take I-X cycle (three byte format)

See Page 5-12

( LOAD ADDRESSD

1-Op cycle page 5-4

B

1-Q cycle page 5-4

Instruction Indexed (3 bytes)

format

Direct (4 bytes)

I-H, I-L cycles page 5-8 1-X cycle page 5-12

The load address instruction performs one of two
possible operations, depending on the instruction
length. If the instruction is four bytes long, the
last two bytes of the instruction are taken from
storage and loaded into the index register
selected by bits 6 and 7 of the Q code; if the
instruction is three bytes long, the last byte of
the instruction is taken from storage, added to
the contents of the index register selected by bits
0-3 of the op code, and then loaded into the index
register selected by bits 6 and 7 of the Q code.

Load Address Data Flow—Not Indexed

Main B
Storage Register
I |

Gate SDR to B J

LSR Write Hi {I-H1)

LSR Write Lo (1-L1)

XR1 Selected (Q Bit 7)
XR2 Selected (Q Bit 6)

Load Address Data Flow—Indexed

Gate SDR to B Gate LSR Lo Normal To A

K ]

Main B A
Storage Register Register

\ AU

XR1 Selected or XR2 Setected LSR LSR
High Low

A four byte format requires one I-H1 cycle and one
I-L1 cycle. During the I-H1 cycle bits 6 and 7

of the Q code select one of the two index registers.
Bit 7 only being on selects XR1, bit 6 only being
on selects XR2. Data is transferred from the
storage position addressed by the |AR to the B
register, through the ALU, and into the high order
position of the selected index register. The AR is
incremented and during the I-L.1 cycle the process
is repeated for the low order position of the index
register.

Binary Subtract

Binary Complement

A Register

(selected by op code)

A three-byte format requires going through only
one |-X cycle. Data is transferred from the storage
location address by the AR to the B register and
at clock 3 time is added to the contents of the
selected index register (bits O through 3 of the op
code). Bits 6 or 7 of the Q code selects one of the
index registers at clock 4 time and the sum in the
ALU is loaded into that register. The IAR is incre-
mented for the next operation.

B
Register

Binary Subtract

Binary Complement

A Register

XR1 Selected or XR2 Selected LSR

(selected by Q code)

High

LSR

Low

A
Register

Clock 4




Branch On Condition—BC

Bits 0
1

1234567
Op Code 1 xx 0000
e Condition register is tested for the condition
specified in Q code.

e Branch to address is placed in ARR.

e Branch to address becomes next sequential
instruction,

The branch on condition operation loads the
two byte branch to address into the ARR. If
the condition specified in bits 2 through 7 of
the Q code is satisfied, an IAR/ARR interchange
occurs at op end. The ARR is then used as the
1AR.

Bit O of the Q code is used to specify if the branch
is to be performed on condition true or condition
false. If bit O is on and at least one of the con-
ditions specified by the Q code is present, the
branch is performed. If bit 0 is off and all con-
ditions specified by the Q code are missing, the
branch is performed.

During the I-Q cycle, the Q code data is trans-
ferred from storage, through the B register, and
into the ALU. The contents of the condition
register are decoded and enter the ALU through
the A register. An ALU AND function is per-
formed (both input bits must be the same to
get an output), and the output is checked for
nonzero. The result is placed in the Q register.
B register bit 0 indicates whether or not an ALU
sum of zero or not-zero is needed to satisfy the
branch condition. The following list shows the
function of each Q code bit when testing the
condition register.

Q Bit Condition Tested

0 Presence of Condition
Not 0 Absence of Condition

7 Equal

6 Low

5 High

4 Decimal Overflow

3 Test False

2 Binary Overflow

During the I-H1 cycle, the ARR is selected and the
high order position of the branch to address is
transferred from storage through the B register,
ALU and into ARR high. The IAR is incremented
and the process is repeated for the low order
position.

Gate SDR To B

Main B

Storage ﬁ Register

A Miscellaneous
Reai
egister Bits To A
Op End
B Register Bit O OE

FL

CR

. IAR Selected

BRANCH ON
CONDITION

1-Op cycle
page 5-4

1-Q cycle
page 5-4

Indexed

Instruction
Format

I-H, I-L cycles 1-X cycle
page 5-8 page 5-12

condition
satisfied

Branch ~~r—Gg ————"""—"————————————

IAR/ARR tnterchange
page 2-39

Tested during 1-Q cycle.
Activates Br-skip True F L}

(page 2-39) KD1561

CPU Instructions
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Store CPU (SCP)

Bits 01234567

OpCode x x 111110

® Place the contents of the register selected by
the Q code into the B field storage location.

® This is a privileged instruction.

The store CPU instruction is very similar to the
store register instruction. It stores the register
specified into the B field storage focation.
Registers selected by this instruction are divided
into four groups depending on Q bits 1, 2, and 3:

1. Address translation/storage protect registers
2. Program mode registers

3. Program check address register

4. Program check status register

The store CPU instruction requires two B-cycles.
During the first B-cycle the Q register bits are
decoded to select the required register. The first
byte is transferred to the A register and the B
register is left all zeros so the A register is binary
added to zero to move the byte through ALU
and into storage.

The BAR is decremented and in the second B-
cycle, the high order byte is moved. The ‘op-end’
trigger is then turned on and the operation ends.
If the instruction is to store PMR, a second EB
cycle is taken and data is transferred. The result
is bits O through 6 are all zeros and bit 7 is set to
PMR 19th bit.

Op Code Q Code
N 7 01 2 3 4586 70 \ 15
v i B § ]
1110 B field starting
address
4 3
¥ / / \ T
/ / AN
/ / \\ EB2 EB1
// / \\ Second byte First byte
/ // \ to be moved to be moved
/ / N I
/ / \l |
/ / | !
[o 0 0 ofo 0 0 0[ATTandsPT reg00and 01
0 0 01 02 and 03
0010 04 and 05 | Contents of odd Contents of even
- - numbered register | numbered reqister
———————1
11 10 IC and ID
11 1 1 1E and IF

Note: Bits 0 and 1 of the selected SPT register and bits 2 through 7 of the selected
ATT register are stored into the B field storage location.

Main
Storage

E) 00 1[0 0 0 0f Progievel PMR

Bits 0-6, all
zeros

Bit 7, set to
PMR 19th bit
of selected
register

Contents of
selected register

Q
Reg
Decode

BSM write

(Selects Reg)

Gate LSR Lo Normal to A

A
Register

Binary Subtract

Binary Complement

A Register

SPT Regs (32)

ATT Regs (32)

——

PMRs (9)

SAR hi at check

SAR to at check

System status a

t time of check

1000 Int 0 PMR
10 01 tint 1 PMR
A L
1 11 1 0 Int 6 PMR
1T 1 1 1 int 7 PMR
0o 10 0 0 0 O] Current PMR
0 0 1 0 O O O} Program check address reg
0O O 1 1|10 0O 0 O] Program check status
01 0 110 0 0 O] ATT Reg00 and 01
0 0 0 1 02 and 03
00 10 04 and 05
/'_\Q_“fk
1 11 0 IC and ID
11 11 IE and IF

Contents of odd
numbered register

Contents of even
numbered register

is not affected,

Note: Bits O through 7 of the selected ATT register are stored.

The SPT register

k) 11 0|0 0 0 0| SPT Reg00 and 01

0O 0 0 1 02 and 03

cC 010 04 and 05
'_\_—ﬂ'

7] 11 1 0 ICand ID

11 1 1 IE and IF

Contents of odd
numbered register

Contents of even
numbered register

Note: Bits 0 and 1 of the selected SPT register are stored. Zeros are stored in bits
2 through 7. The ATT register is not affected,

Program check
address reg

—

Program check
status reg

LSR
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LOAD CPU (LCP)

Bits 0123465867

OpCode x x 1 1 1 1 11

e Place the contents of the B field (two bytes)
into the register selected by the Q code.

e This is a privileged instruction.

The load CPU instruction is very similar to the load
register instruction. It loads a register with the
contents of the two byte B field storage location.

The Q codes used in the Store CPU instruction are
also used for this instruction. In addition, three
other Q codes are defined only for a Load CPU
instruction

During the first B cycle the Q register selects the
register to be loaded. The first B field byte passes
through ALU without any controls. The ALU
output is then written into the low order register
position.

The BAR is decremented and in the second B
cycle, the next byte is written into the high order
position of the selected register. The op-end
trigger is turned on to end the operation. If this
instruction is to load PMR, a second EB cycle is
taken and data is transferred. Bit 7 is used to
control the PMR 19th bit of the selected register.
Bits 0-6 have no effect.

The following pages further describe the Load/
Store CPU operations.

Gate SDR to B
B
Reg
X
Main
Storage
ALU
Q (selects register)
Reg ATT
Decode SPT
PMRs (9)

Program check
address register

Program check
status register

Op Code Q Code
0 ‘ 701234567 :
T LB \
Y 1111 B field starting address
} — va 7 t
,,/ ,/ /,/
e e ” EB2 EB1
7 S e
7/
/’/ /’, /’ Second byte First byte
7 7 2l moved to moved to
e
/,/ /’ /’ 1 I 1
e Ve e | i i
, d e 1 ] 1
7 rd 7 ! 1
[0 0 0 0{0 O O OJATT and SPT Reg 00 and 01
0001 02 and 03 Contents of odd Contents of even
=P\0 10 04 and 05 numbered register | numbered register
1 1T10 IC and ID
11 11 IE and IF
Notes:

1. Operand bits 2 through 7 are loaded into the selected ATT register.
Bits 0 and 1 are loaded with zeros.

2. Operand bits 0 and 1 are loaded into the setected SPT register.
fo 0 0 1]0 0 0 0]Proglevel PMR
1 g 8 ? Int 0 PMR Bit 7 is used to Selected
. Int 1 PMR control PMR register
111 0}int 6PMR 19th bit contents
11 1 1]Int7 PMR
01 00|00 O O|Current PMR
0 0 1 0(0 0 O O|Program check addr reg Chk addr reg hi Chk addr reg lo
0 01 1[0 0 0 OfProgram check status reg Chk status reg hi Chk status reg lo
01 0 1[0 0 0 O]JATT Reg 00 and 01
0001 02 and 03
40 0 1.0 04 and 05 Contents of odd Contents of even
1110 ICand ID numbered register numbered register
1111 IE and IF
Notes:
1. Operand bits O through 7 are loaded into the selected ATT register.
2. The SPT register is not affected.
[0 1 1 0[0 0 0 0[SPT Reg 00 and 01
0001 02 and 03
40 010 04 and 05 Contents of odd Contents of even
1110 IC and ID numbered register numbered register
111 IE and IF
Notes

2. The AT

T register is not affected.

1. Operand bits 0 and 1 are loaded into the selected SPT register.

1. Memory Diagnostic Fetch (Q Code X'21')

The data in the main storage location addressed
is loaded into the program check address
register. The storage location must begin with
an odd address so that the proper two bytes
are fetched.

During the fetch, ECC is disabled so the program
check register receives the exact contents of
main storage. Because one bit errors now appear
as uncorrectable errors, a status bit (bit 6) in the
program check status register is set on.

The first main storage byte (bits 0-7) is loaded
into byte 1 of the program check address
register; the second byte (bits 8-15) is loaded
into byte 2.

2. Memory FDR Reset (Q Code X‘22’)

The fetch data register is reset to hex FFFF
then loaded into the program check address
register.

The check bits are not affected and the ECC
is not disabled.

The storage location must begin with an odd
address. Then the first main storage byte (bits
0-7) is loaded into byte 1 of the program check
address register; the second byte (bits 8-15) is
loaded into byte 2.

3. Memory FDR Reset and Diagnostic Fetch (Q
Code X'23')

The memory check bits are loaded into bits 0-5
of byte 1 of the program check address register.
Bits 6 and 7 of byte 1 and all of byte 2 will
contain 1's.

The storage location must begin with an odd
address so that the proper two bytes will be
fetched.
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Load/Store CPU (Part 1 of 9)

Store CPU

Bits
Op Code

1234567
x111110

® Store the registers that are selected by the Q
code into the location specified by the BAR.

Load CPU

Bits
Op Code

1234567
x 111111

® Load the registers that are selected by the Q
code with data from the location specified by

the BAR.

(LOAD/STORE CPU ’

e

Clock O

Requires 2 B cycles

Address storage

KD111

Activate ‘EB cycle’

1st E cycle
of operation

KLi21

Activate ‘sel BAR’

KC142

Activate ‘load SAR’

| Address translation de-
{ scription is on page 2-54

Address xlate active

Select xlate reg

Address storage

Clock 3 & 4

Perform operation

by the Q code

objectives as specified

KD121

Deactivate ‘1st E cycle’

No (store CPU instruction)

Load CPU instruction

Decode the Q code

Decode the Q code

554

Activate ‘1st E cycle’

]

Store CPU operation

Yes

RN131

Activate 'store data

group’
| KY111

Activate ‘new data to

storage’

Q Code Operation Details Q Code Operation Details
000 X x X Load ATT/SPT register | page 5-56 Store ATT/SPT

0 0 0 0 x register page 5-55
0 0O X x X Load PMR page 5-57 T

0 0 0 1 x Store PMR page 5-57
0 0 1 00O Load Program Check reg | page 5-59

Store program
0 0 1 0 01 Memory diagnostic fetch | page 5-60 001 x O check register page 5-59
0 0 1 010 Memory FDR reset page 5-60 01000 Store current PMR page 5-58
Memory FDR reset 01 0 1 x Store ATT register page 5-55

o 01 011 and diagnost’  fetch page 5-60

01 1 0 x Store SPT register page 5-55
010 0 0 O Load current PMR page 5-58
010 X X X Load ATT register page 5-56
0 1 1 X X X Load SPT register page 5-56

Clock 5 & 6

Decrement low order of
BAR

KL121

Activate

‘'sel BAR’

KG141

Activate ‘g
to B’

ate LSR 1o

KG141

Activate ‘misc bit 7

to A’

KY121

Activate ‘bin sub gate’

KL101

Activate ‘LS

R write low’

Clock 7 & 8

Decrement high order of
BAR

KL121

Activate ‘sel BAR’

KG141

Activate ‘gate LSR hi

to B’

KY121

Activate ‘bin sub gate’

KL101

Activate ‘LS

R write high’

1st E cycle Yes

of operation

KD131

Turn on ‘op end’ trigger

|
=)




Load/Store CPU (Part 2 of 9)

Clock 3-4

KN121

Activate
Str Data

Sel Bit 2
Asm

KR242
KR252

through 7

Store ATT bits 2

and Str

bits 0 and 1 are
stored in the store
data assembler (ATT
register bits 0-7)

KN121

Activate Str ATT or

Prot Instr

EB Cycle

Yes

KP1562

Activate Alter Disp
ATT or Gate Even
(selects even reg)

MA142
Activate LD-STR
ATT 5X EB

MA152

Allow Str bits O
and 1 to be stored.

KP152

Activate Load Store

ATT Prot

EB

KP152

Activate Alter Disp
ATT or Gate Even
(selects even reg)

C STORE ATT )
Objectives Objectives
@ Store bits 0 through 7 of the e Store bits 0 and 1 of the
selected ATT register. selected SPT register.
e The SPT reg is not affected. e The ATT reg is not affected.
5X Q Code 6X
KN121
Activate STR ATT 0X
or Pn:ot Instr KN121 Objectives
EB le Activate Str ATT or
Cye Prot Instr e Store bits 0 and 1 of
the selected SPT reg
Clock 3-4 KN121
KP152 EB Cycle and bits 2 through 7 - -
Activate Load Store of the selected ATT Activate Sel Bit 2
ATT Prot EB Clock 3-4 KN121 KP152 reg. Str Data Asm
Activate Sel Bit 2 Activate Load Store
Str Data Asm ATT Prot EB KR242
KR252
KR242 Store write protect
KR252 and fetch protect bits
1st E-Cycle v (SPT bits 0 and 1).
Store write protect, 1st E-Cycle es
fetch protect and store
No ATT bits 2 through 7. KP152
(SPT reg bits 0 and 1 No Activate Alter Disp
and ATT reg bits 2-7) ATT or Gate Even
(setects even reg)
MA142
MA142 Activate LD-Str Prot
MA142 6X EB

Activate ATT addr
Bits 1-16

Activate ATT/SPT
Addr bits 1-16.

MA152

Inhibit ATT bits 2
through 7 from
being stored,

1st E-Cycle

MA142

Activate ATT Addr

bits 1-16

(addr SPT)

KG131

Activate gate LSR lo
normal to A

KY121

Activate bin sub gate
and bin comp A reg

RN121

Activate inhibit
SDR transfer

KC132

Activate BSM
write

A

Return to page 5-54
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Load/Store CPU (Part 4 of 9)

C LOAD PMR } —_ C STORE PMR )» 7
Q code is 0001 xxxx

T
|
| | Q code is 0001 xxxx
L L
Clock 3 and 4 Clock 3and 4 KP122
KG141 Activate 'str PMR
Activate ‘gate SDR to reg instr’
B’
| Byte is gated through No
L ALU without control 1st Ecycle
KP102 Yes
Activate ‘ALU to SDR |~ — — T KP122 KP122
bits’ ; T T
' | ALUlines to PMR Activate 'gate Q to PMR’ [ These lines are decoded Activate ‘gate Q to PMR’
L : to address one of the
9 PMRs
L=
No KN121 KN121
1st E cycle e r— -
Activate ‘sel bit 1 str I ] | Activate ‘sel bit 1 str
data asm’ and ‘sel bit I Gates PMR into store | data asm’ and ‘sel bit
2 str data asm’ { data assembier | 2 str data asm’
KP122 |
- _——— KG131 KG131
. T —_——
Actlv'ate gate Q to Activate ‘gate Q to PMR’ | These lines are decoded . 1 K
PMR | toadd f th Activate ‘gate LSR lo Activate ‘gate LSR lo
o address one of the Ito A’ During the 2nd EB | to A’
| 9PMRs normal to normal to
t cycle the 1/0 > 256K
bit is stored in bit 7.
KP122 KP122 Ky121 All other bits are set Ky121
) aiukuint m Activate ‘bin sub gate’ to zero. Activate ‘bin sub gate’
Activate ‘load PMR lo’ Activate ‘load PMR hi’ { PMR s not loaded and ‘bin comp A reg’ and ‘bin comp A reg’
| until ‘clock 5 PWRD’
! i tivated
s RN121 RN121
Activate ‘inhibit SDR Activate ‘inhibit SDR
transfer’ transfer’
KC132 KC132
Activate ‘BSM write’ Activate ‘BSM write’

0 S

Return to page 5-54. Return to page 5-54.
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Load/Store CPU (Part 5 of 9)

LOAD CURRENT
PMR

Clock 3and 4 KG141

Activate ‘gate SDR to B’

KP102

Activate ‘ALU to SDR
bits’

KM161

Activate ‘bin int bit’
lines

KN121

Activate ‘Ld curr or
SVC PMR load’

\htE cycle

Yes
KM161

Activate ‘bin int bit’
lines

KN121

KP122

Activate ‘Load PMR lo’

Activate ‘Ld curr or
SVC PMR load’

KP122

Activate ‘Load PMR hi’

A

Return to page 5-54.

Q code is 01000000

Byte is gated through
ALU with control

ALU lines to PMR

Encode of the interrupt
PHs addresses the PMR
currently in use

— o —

PMR is not loaded
until ‘clock 5 PWRD’
is active

Second EB cycle is
taken but PMR is not
loaded

STORE CURRENT -
PMR

e |
| Qcode is 01000000
L
Clock 3and 4
1st E cycle No
- —— r—
Activate ‘bin int bit’ | Encode of the interrupt |
| PHs addresses the PMR I
Lcurrently in use |
KN 121 :
Activate ‘sel bit 1 str — T
data asm’ and ‘sel bit 2 I Gates PMR into store l
str data asm’ lL data assembler | str data asm’
I
KG131 ]
Activate ‘gate LSR lo .
normal to A’ During the 2nd EB normal to A’
cycle the 1/0 >256K
KY121 bit is stored in bit 7.
All other bits are set

Activate ‘bin sub gate’ to zero.
and ‘bin comp A reg’

RN121
Activate ‘inhibit SDR
transfer’

KC132

Activate ‘write BSM’

KM161

Activate ‘bin int bit’

KN121

Activate ‘sel bit 1 str
?
data asm’ and ‘sel bit 2

KG131

Activate ‘gate LSR lo

KY121

Activate ‘bin sub gate’
and ‘bin comp A reg’

RN121

Activate ‘inhibit SDR
transfer’

KC132

Activate ‘write BSM’

9,

Return to page 5-54.
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Load/Store CPU (Part 6 of 9)

LOAD PROGRAM __
CHECK REGISTER

]
| Qcode is 001x0000
Clock 3and 4 L
KG141
Activate ‘gate SDR to
g8
—— - — —— - 1
| Byteis gated through
I ALU without control
L
KP102
Activate 'ALU to SDR : ALU lines to prog
bits | check registers
L

Bit 2 only {load program check address register)

Bits 2 and 3 on

KN121
Activate ‘load chk status
reg instr’
No No
1stEcyc'e/ 1st E cycle
Yes Yes
KR272 KR272 KR272
Activate ‘sel chk Activate ‘sel chk Activate sel chk
status reg 1o’ status reg hi’ addr reg lo’
Clock 5
KR272 KR272 KR272

Activate 'Ld chk status Activate 'Ld chk status Activate 'Ld chk addr
reg o reg hi’ reg lo’

KR272

Activate ‘sel chk
addr reg hi’

KR272

Activate ‘'Ld chk addr
reg hi’

&)

Return to page 5-54.

~

Clock 3and 4

\

STORE PROGRAM
CHECK REGISTER

Q code is 001x0000

00100000 (Store check address register)

Q code

/,

00110000
KN121

Activate ‘str chk status
reg instr’

/\

1st ECVC'/

Yes

Gate chk status reg lo
to assembler

Gate chk status reg hi
to assembler

No

1st5>

Yes

Gate chk addr reg lo
to assembier

Gate chk addr reg hi
to assembler

KN121

Activate ‘sel bit 1 str
data asm’

KG131

Activate ‘gate LSR lo
normal to A’

KY121

Activate ‘bin sub gate’
and ‘bin comp A req’

RN121
Activate ‘inhibit
SDR transfer’

KC132

Activate ‘BSM write’

A

Return to page 5-54.

Gates register contents
into store data assembler
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5-56
Load/Store CPU (Part 3 of 9)

( LOAD ATT )

Clock 3and 4 KG141
Activate ‘gate SDR to
B
: Byte is gated through
L ALU without controls
KP102
K I |
R
Actvate ‘ALU 1o SD | ALU linesto ATT/SPT
bits 1
Code\
KN121 KN121
Activate load ATT Activate load prot
instr KN121 instr
EB Cycle Activate LLd prot and EB Cycle
Ld ATT instr
Clock 5 KP122 KP152
EB Cycle KP152
Activate load ATT Actwvate load store Activate load store
ATT prot EB Clock 5 KP122 KP152 ATT prot EB
Activate Ld ATT and Activate load store
Ld prot ATT prot EB
MA 142 Clock 5 KP122
i(;t;,vgt; :;:-Str C Activate Ld-Str ) Activate load prot
Prot 6X EB
1st E-Cycle Yes i

1st E-Cycle
MA152 KP152
KP152
Gates ALU bits 0 NO Activate alter disp v
and 1 to ATT ATT or gate even Activate alter disp e 1st E-Cycle

register input (selects even reg) ATT or gate even

(selects even reg) KP152
Activate alter disp
No
ATT or gate even
|
MA142 MA142 (selects even reg)
:T“:a:;ATT addr Activate ATT/SPT
- addr bits 1-16

MA 142
Activate ATT addr

bits 1-16 (addr SPT)
e Operand bits 0
through 7 are loaded e Load operand bits
into the selected ATT 2 through 7 (nto selected
register. AT‘[ reg. ib
o The SPT register ® Load operand bits
is not affected 0 and 1 into selected . Load' operand bits
- - SPT reg 0 and 1 into the sel-
® ATT regbits 0 and ected SPT reg. -
1 are loaded with e The ATT register
is not affected.
zeros.




Load/Store CPU (Part 7 of 9)

MEMORY

Clock 3 and 4

DIAGNOSTIC FETCH ) '7|
| Q code 00100001
1

KA322

KG141

Activate ‘diagnostic
fetch’

Activate ‘SDR to B’

Disable ECC page 3-11

KA322

Activate ‘block SDBO
check’

Singte bit error

Activate ‘uncorrectable
error’ and ‘correctable
error’

No
1st cycle
KR272 KR272
Activate ‘sel chk Activate ‘sel chk
addr register o’ addr register hi’
Clock 5
—— —— o—— e—— — e— — —— —_— ——
KR272 KR272
Activate ‘ioad chk Activate ‘load chk
addr regto’ addr reg hi’
KR211
Set bits 5/6 on in the
program check status
register if error occurred

A
:: Return to page 5-54

MEMORY
FDR RESET

Clock 3 and 4

-

i Q code is 001000010
L

Clock 3 and 4

Activate ‘FR reset’ [[64

T
|
L

FDR is reset to FFFF

KA322

KG141

Activate ‘block SDBO
check’

Activate ‘SDR to B’

Single bit error

Yes Page 3-11

Activate ‘correctable

error’
1st cycle
Yes
KR272 KR272
Activate ‘sel chk addr Activate ‘sel chk addr
register lo’ register hi’
Clock 5 _J
KR272 KR272
Activate ‘load chk Activate ‘load chk
addr regfo’ addr reg hi’

AND DIAGNOSTIC FETCH

( MEMORY FDR RESET}

T
|

l

Q code is 00100011

KA322

Activate ‘FR reset and
‘diagnostic fetch’ m

KA322

Gate C1-C6 to SDBO
0-5.6-15 are all is

FDR is reset to FFFF

KG141

Activate ‘SDR to B’

Disable ECC page 3-11

J KA322

Activate ‘block SDBO

check’ E

Single bit error

Yes
Page 3-11

Activate ‘uncorrectable
error’ and ‘correctable
error’

Display Chk Bits Sw On

Display Storage

T

L]

QBit6

L.d Program Check Addr Reg Instr

EB Cycle

b

QBit 7

FR Reset Instr

A l Diagnostic Fetch Instr

KR272

Activate ‘sel chk addr
reg lo’

Activate ‘sel chk
addr reg hi’

Ciock 5

KR211

Set bit 50on in the
program check status

register if error occurred

l A l
Return to page 5-54

KR272

KR272

Activate 'load chk
addr reg lo’

Activate ‘load chk
addr reg hi’

KR211

Set bit 5/6 on in the
program check status reg if
error occurred

| A l
Return to page 5-54

KA322

5-60

@

39

8| g

Block SDBO Check BC

2-47
3-13

m Diagnostic Fetch (to BSM) DF

3-11



Load/Store CPU (Part 8 of 9) Op Bit 5

. OR
(not) Op Bit 4 A 1 Address Nonbranch EA
(not) Op Bit 6 and Not 7 (not) Tst E Cycle A | Op End 1 Address Format Eliminate 1/0 Not CE Test
EB Trigger I Cc18 A FF EBCl5and 6 A FE CE Test No Increment
. ' Force m OR Wait State
Inhibit SDR Transfer Invalid Address Bit 7 Cl5and 6 L_I
A S R
EB Cycle A m A (not) IR Prog Backup ystem Heset
R | | Fast | Cycl
{not) Recompl Cycle {not) CI 3 and 4 KD131 I__j Y111 KGTa1 ast | Cycle
Alter SAR or Storage OR N Gate SDR to B {not) 1st E Cycle |_N-|
Wait or Alter-Disp ATT - PMR 1/O Block SDR l EB Cval
d OR Gate LSR Hi to A A yee U
on |
System Reset KG141 Cl3and 4
KG131
Gate LSR Lo
Main Storage Normal to A A :\ddEt;) Rleg or Store Instr
st ycle
KG131
Wait State I
o X BSM Write
R
H R h
Alt/Displ ATT/PMR___ | ™ | Bin Compl A Reg LSR hi
EB
Phase DE Load SAR {not] 3C to 5C [ ———-—-———3(: to5¢ .
Y A X EB Cycle (not) Op Bit 7
(not) Op Bit4 A Bin Add Group | [ (not) Op Bit 4
{not) Op B;: 7 A ' Bin Add or Sub Group 1 Addr Non Branch
1 Address Non-branch
I KY 141 Refer to page 2- RN131
RN131
Store Data Assembier @
Bin Sub Gate KR222
Op Bit6 {not) Significant Digit l Clock 8 — IL1Cycle
- New Data
(not) Edit Instr R A
(not) Op Bit 7 OR EB Cyele A to Storage - LSR Lo N OR IL2 Cycle
Cl4CD A -
{not) Test On or Off Store Data Group New FL A OR Clock 4 —
{not) Op Bit 6 A e —t (not) 1st E Cycle EB Cycle
P KY111 A
A
RN131 ci8 - Half Word Format New
KC132 | ALU Gating cits | Program RT3 l - —EB Cycle
Cli5and 6
Wait State ‘ Gate LSR Loto B Cneck E on
| A Registers A Clock 4 I Alter Display Storage
Fast | Cycle
System Reset OR N _—
OR .
m Fast | Cycle Channel Inhibit LSR Load
— A
Clock 6
A I— A 1/0 Not CE Test
Ci7and8
— A LSR Write Low KL111 Idle Time
OR Gate LSR Hito B OR Dummy Half Cycles
|
Ci1and?2 - EB Cycle
Ci5 Thru O A B Reg Chk
141 BAR Sel or 9
EB Cycl A *e BAR (high) BAR (low) ‘ ¢ A (not) Recompl Cycle
ycle A
of1]2]3]a]s[e[7]of1]2]3[4fs5][6]7 LSRTOAorB

KL121
16 + 2P
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Load/Store CPU (Part 9 of 9)

Machine Cycle
Clock

BSM Select

Load SAR

BAR Select

B Reg Input

A Reg Iriput

Load A and B Reg
Bin Compl A Reg
Bin Sub Gate
Load ALU

ALU Output
Load LSR

EA Eliminate
BSM write (Store CPU Operation)
First E Cycle

Op End

Load PMR

Load ATT

Load Prog Chk Reg

Store CPU

2 (12772 7]

5 5
1 11 1 11 111 1 1 1 1 ;1
Store CPU Store CPU
IS ESA 177777
Load CPU BAR Lo BAR Hi Load CP
Store CPU Force 1 Store CPU Force 1
LL L L LA Z T2 AL LTI Il 227 77T T T I 7T ITT
Store CPU Store CPU
Store CPU

Lo

BAR Lo

BAR Lo

BAR Hi

BAR Hi

BAR Lo

BAR Lo

BAR Hi

5-62

ALD Reterence
KC122
KC132
KC142
KL121
RA101
RA111
RA101
KY 121
KY101
AV132
AV142
KL101
KY1i1
KC132
KD111
KD131
KP122
KP112

KE272



COMMAND INSTRUCTIONS Data resd oo ] “ G1as
to SDR ! Activate ‘gate SDR
o Command instructions are: halt program level, to B’ 9
advance program level, jump on condition, Clock 3& 4
start 1/0, and command CPU. C:: :" address in
. . . or jump Jump Command
ration egister. : P No
® Load operation code into op regist mstrt.Jc.tuon w_'"f No instruction with CPU instruction
e (Q code used to define command. condition satisfied condition satisfied
e Control code is third byte of instruction and (page 5-64) <
contains additional information pertaining to s
the command. Yes KG131 Q code Q code Q code l
. Activate ‘gate l’.SR 00010000 00100000 00110000 }.oad cyrrent PMR
I-cycles for command operations are three cycles lo normal to A | 'f"":d'ate {clock 5
. . f 1 |
in length; first, an |-op cycle transfers the opera- [ ky1i24+ L. ___ L Of IR cyclel
tion code from main storage to the op register. Activate ‘bin KN121 KN121 Kmier
Second, an | Q cycle transfers the Q-code into comp ’; 'eg' and Activate ‘SVC instr’ A,C“V?;i,'c'"" cPU Activate ‘bin int I Encode of the
. . . n e ro U
the Q-register and DRR. If the operation is a nsub g progc¢ bit’ lines | interrupt PHs
branch or jump, the condition register is also L KL141 ] KN121 : address the PMR
tested for true or false. Third, an | R cycle is then Activate ‘1 AR seld’ Activate ‘id curr 1 currently in use
used to transfer from storage the control code Command Command or SVC PMR load
needed to execute the command. The details for code bit 6 code bit 7 [ KP122_ [ he 1/0 > 286K
use of the control code are discussed with specific AV211 KL101 Activate ‘load | bitis not affected
operation descriptions. ALU output Activate ‘'LSR Yes PMR | by this instruction.
latched | write low’ KN121 KN111
Reset interrupt O R
J Disable interrupt 7 Clock 7 & 8
request latch
| R Cycle (Part 1 of 2) Clock 5 & 6 Increment or
Increment or I KN121 KNi11 decrement high 1 KL141
Objectives: decrement low KL141 Set interrupt 0 ) order of instruction . , ,
order of instruction ) request latch on Enable interrupt 7 address Activate ‘|AR seld
address Activate 'tAR seld’
o Execute command instruction, unless program J KG141
interlocked. r l KG141 Activate ‘gate LSR
e Increment or decrement instruction address | Advance instruc: Activate ‘gate hi to B’
X { tion and Q reg blank LSR loto B’
register. | ] Ky 121
| KD Activate ‘bin sub
Page 5-4 | 131 gate’
[ Refer to page 5-4 | ‘Prog intlk’ KN111
I RCYCLE I Point  [A> to | i
} determine which I Reset interrupt KD131
| type of cycle to take Unconditional level 7
Prog intlk’
| after 1 Qcycle program level L rog intik
KG141 -
- - See further details on page 5-67.
Add ] KL141 Activate ‘misc bit
ress storage '
KD151 TtoA Unconditional
Activate ‘IAR seld’ Activate ‘IR | kvizi program
l KC14 program backup’ Activate ‘bin level adv — - vKY121
2 l KG141 comp A reg’ Activate ‘bin
— . T " " comp A reg’
Address translation | Activate ‘load SAR’ Activate ‘misc bit
description is on | 610 A’
page 2-54 : | r KD131
KY121 T“(;f’f." op
en re r
Activate ‘bin sub =
gate’ AV211__ _ [ kuo
Select xlate reg < AV211 | KL101 ALU output ] Activate ‘LSR
I ALU output 1 Activate ‘LSR latched : write high’
latched write low’ J

Address storage

1

END OF
OPERATION
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I-R Cycle (Part 2 of 2)

1/0 Biock SDR
] | Op End
A N IR Cycle
1/O Not CE Test ci8 A FE
L e A
Wait or Alter-Disp
ATT - PMR
—)
OR N
System Reset L KD131
(not) Inhibit SDR Transfer (not) Invalid Address l
(not) EB Cycle OR A Gate SDR to B
Recompl Cycle Ct3and 4

Main Storage

(not) Alter SAR or Storage

KG141

Cl7and 8 Gate LSR Hi
Storage addressing A o8B
Wait State
Fast I-C
-Cycle
——— OR
System Reset N
X Gate LSR Lo to B
Cl5and 6
Phase DE KG141
Cl 9-0 A
16 + 2P
KC142 Refer to page 5-67 for
Wait State command CPU details

Alt/Dispt ATT/PMR OR

U]

Cl 3C and 50[<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>