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The ever increasing pace of technology, industry,
and business continues to demand more and more
reliable, up to date information. History is a good
teacher, true, but its compression within the past
few decades of progress has taught us that today's
problems require real-time answers, not a history
of past performances. Data of almost every con-
ceivable nature—available from a myriad of
sources—must be collected, analyzed, and trans-
lated into terms that can be used to optimize today's
performance.

IBM's answer to the demand for real-time data
acquisition, analysis, and control is the IBM 1800
Data Acquisition and Control System. The1800 Sys-
tem is designed to handle a wide variety of real-time
applications, process control, and high-speed data

‘acquisition. Each system is individually tailored

with modular building blocks that are easily inte-
grated to meet specific system requirements.

The 1800 System provides a large variety of
features and devices as follows:

e A family of real-time process input/output (I/0)
devices such as analog input, analog output,
digital input, and digital output.

o A variety of data processing I/0 devices such
as magnetic tape, disk storage, line printer,
graph plotter, card I/O and paper tape 1/0.

® Several other features and adapters which in-
clude System/360 Adapter, Communications
Adapters, Selector Channel, and 27 90 Adapters.

Real-time process I/0 devices enable the 1800
System to accept either analog or digital input sig-
nals and provide analog or digital output signals for
control or display purposes.

Data processing I/O devices enable the 1800
System to perform the necessary data processing
for data analysis, editing, and control purposes.
These devices are also used to provide instructions
for process and control room operators as well as
reports for management review.

The System/360 Adapter provides a control and
data path for direct attachment of an IBM System/
360 in applications where more powerful supervision
is required. For example, the System/360 may be
used to integrate the commercial aspects of an ap-
plication with the controlling operations exercised
by the 1800 System.

INTRODUCTION

A Communications Adapter (maximum of four)
provides one or two communication paths (Line
Adapters) for connection, over voice grade lines, to
remote System/360's, IBM 1130 Systems, IBM 2780
Data Transmission Terminals, or other 1800's.
This allows the 1800 System to be integrated into
large scale control systems without consideration of
the physical location of control systems above or
below the 1800 in the control hierarchy.

The Selector Channel provides the facilities for
attaching an IBM 2841 Storage Control with up to
eight 2311 Disk Storage Drives. Through the use of
shared files on the 2311's, the 1800 can exchange data
with System/360 or another 1800.

The 2790 Adapter (maximum of 2) provides the
interface facilities for attaching an IBM 2790 Data
Communication System to the 1800 Processor-
Controller. This 1800/2790 combination provides
real-time data collection or plant communication
capabilities with the 1800 being the system controller
for the 2790 System.

APPLICATIONS

The 1800 is capable of accepting electrical signals,
both analog and digital, from such devices as ther-
mocouples, pressure and temperature transducers,
flow meters, analytical instruments, and contacts.
It provides electrical on/off and analog control sig-
nals for the customer's controlling devices. With
these capabilities and remote communication facili-
ties, the 1800 System can be integrated into large
multiprocessor systems with varied real-time ap-
plications. Typical applications exist in the area of
process control, high speed data acquisition, and
data collection or plant communications.

PROCESS CONTROL

Industrial processing applications are wide and
varied, as are the degrees of control that individual
processes may require. Some general process
control application areas are:

Primary Metals Production
Primary Metals Finishing
Power Generation

Power Dispatching
Pipeline Transmission
Paper Production

o Introduction 1



Glass Production

- Cement Production
Environmental Control
Pilot Plants
Chemical Processes
Petroleum Refining

The IBM 1800 Data Acquisition and Control Sys-
tem provides maximum flexibility in the types of
process data that it can accept and the variety of
output signals and data format that it can produce.
Some of the degrees of control that an 1800 may ex~
ercise follow in order of increasing complexity:

Data Gathering: Process data is gathered by the
1800 System, converted into digital information, and
printed to provide: (a) operating records for ac-
counting and supervisory purposes; or (b) a record
of experimental data in process research.

Data Collection and Analysis: Process data is col-
lected by the 1800 Processor-Controller (P-C) for
mathematical analysis. Current performance figures
are compared with those obtained in the past, and the
results are printed for process operator and manage-
ment evaluation.

Data Evaluation and Operator Guidance: Process
data is collected, analyzed, and evaluated with re-
spect to previously stored guidance charts. Control
instructions are then typed out for the process and
control room operator, and messages and log sheets
are provided for management review.

Process Study: The P-C rapidly collects the process
data that is necessary for the development of a model
of the process. The model is developed by using a
combination of empirical techniques and observing
past methods of running the process. When a more
complete and more precise description of the pro-
cess is required, a model is constructed by using
such mathematical techniques as correlation analy-
sis and regression analysis. The process control pro-
gram is then tested on the mathematical model prior
to its use on the process. Extensive operator guide
information is obtained. In addition, the model repre-
sents considerable progress toward complete super-
visory control.

Process Optimization: An extensive P-C program,
based on the model of the process, directs the 1800
System. Process data is continuously collected and
analyzed for computation of optimum operating in-
structions. These instructions are given to the
process operator via an on-line printer.

Supervisory Control: The P-C communicates mes-
sages and commands to the operator and, if desired,

directly to the process equipment and instrumenta-
tion. The sensors that measure process conditions
are continuously monitored by the P-C. The P-C
program analyzes this information and then gener-
ates the required output information.

Messages from the P-C to the operator may be
displayed by several methods in the operator's
working area. These messages guide the operator
in adjusting the status of instruments located at the
point of control. Data messages based upon visual
observation of the process and its instrumentation
are sent back to the P-C or the process operator.
These messages are evaluated by the P-C to pro-
vide additional output, if required, for continued
process operator guidance. Communication between
the control room operator and the process is main-
tained through the P-C.

When the P-C supervisory program computes
new set point values, it may—at the discretion of
the operator—automatically adjust the set points of
the controlling instrumentation to the new values.

HIGH SPEED DATA ACQUISITION

A High Speed Data Acquisition (HSDA) System may
be thought of as a monitoring and controlling facility
that is used to acquire, evaluate, and record data
developed during the testing of a system (or assem-
bly, subassembly, or component). The system here
refers to anything from an anesthetized rodent in the
research laboratory to a Saturn V booster on its test
stand.

Many types of HSDA Systems are used. Some
merely stream data directly from instrumentation
to magnetic tape with a minimum of "quick look' in-
formation and data editing or checking. However,
as experimental work on large systems has become
more complex and time consuming, a trend has been
observed toward HSDA Systems with more sophisti-
cated data reduction and real-time display require-
ments. HSDA Systems most readily meet these
requirements when the system design is based on a
digital computer.

Many aerospace applications, for example, now
require control signals to modify the test as a result
of out-of-limit conditions or evaluation of sample
test data. Thus we find a direct parallel with the
historical development of process control systems.
They began with data gatherings; progressed to oper-
ator guide control; and where the applications re-
quired it, automatically applied system output com-
mands directly to the process equipment.

The following are typical HSDA application areas
for the 1800 System:

Ve
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Missile Check Out

Wind Tunnels

Static Test Stands

Missile Telemetry
Nuclear Reactor Research
Particle Physics Control and Acquisition
Environmental Chambers
Flight Simulators

Hybrid Systems

Medical Research

Medical Analysis—Clinical

DATA COLLECTION AND PLANT COMMUNICATIONS

The 1800/2790 Data Communications System com-
bines, within a single powerful system, the sensor
based capabilities of the 1800 System and the man-
machine interface of the 2790 System. This system
features a high speed two-way data communications
network specifically designed to accommodate a large
volume of short messages from many in-house loca-
tions to a central processing area.

Data communications systems have applications
in many types of installations. Among these are in-
stallations involved in manufacturing or assembly
line processes. In this type of installation, each
step in the manufacturing or assembly process is
usually dependent on completion of a previous step.
These installations are usually susceptible to work
stoppages due to failure of one or more steps in the
assembly process. Through remote data entry units
or area stations located throughout the installation,
data concerning the progress of each phase or sta-
tion along the line can be entered by the workers.
Since data entry is in real-time, the over-all status
of the complete installation is always available from
the 1800 System. This real-time reporting capability
can be used to ensure smooth and continuous opera-
tion of the entire installation.

OTHER ACQUISITION AND CONTROL

The 1800 System has been designed to handle widely
divergent applications which involve real-time pro-
cessing abilities. Inputs may include signals from
only digital sources or from both digital and analog
sources. If desired, the results of analyzing the
required data may be displayed in analog or digital
form, or used to cause direct functions. )

These applications cover a wide range, includ-
ing the following areas:

General Research
Traffic Control (vehicle, railways, etc.)
Engine Testing )

Component Testing
Quality Control
Information Display
Material Dispatching
Marine Operating Systems

SYSTEM DESCRIPTION

Components of the IBM 1800 Data Acquisition and
Control System can be used in three basic configur-
ations:

1. The 1800 System process I/O equipment at-
tached to the Processor-Controller, with any
necessary data-processing I/0 units. The
minimum system will satisfy initial control and
analysis needs and can be expanded to support
medium-scale applications.
The 1800 System process I/O equipment at-
tached directly to an IBM System/360 Model 30,
40, 44, or 50. This configuration is well
suited to medium-scale, real-time applica-
tions involving substantial data processing loads.
3. One or more 1800 Systems (Processor-
Controllers, each with appropriate process 1/0
equipment) communicating with System/360 via
Communications’ Adapter (CA), System/360
Adapter, or through use of shared files on the
2311 Disk Storage Drives. These multiproces-
sor configurations are suited to large-scale
real-time applications, and can be expanded to
supply almost any combination of data proces-
sing capability and real-time input/output
channel capacity.

P

PROCESSOR-CONTROLLER (P-C)

@ Central Processing Unit provides arithmetic,
logic, and control functions for the 1800
System.

e Stored program controls input/output and
processing.

e Standard features include three Index Registers,
12 levels of Priority Interrupt, three Data Chan-
nels, three Interval Timers, an Operations
Monitor, and an Operator's Console.

e Design includes basic circuitry and controls for
attachment of process input/output equipment.

The Processor-Controller contains a binary stored-
program Central Processing Unit (CPU). Within its
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basic design, it has interrupt and cycle-stealing
capabilities which are used in controlling the various
1/0 devices to be attached to the using system.

Index Registers and Indirect Addressing are pro-
vided to facilitate address modification and program-
ming.

A complete instruction set with powerful options
gives the computer very high performance for tasks
normally encountered in data acquisition and control
applications.

Two Processor-Controllers are available: the
IBM 1801 and the IBM 1802. Each has ten models
based on speed and size of core storage. (Core
storage size may be expanded with the addition of an
IBM 1803 Core Storage Unit as described under "Core
Storage.') The 1801 has no provision for magnetic
tape, while the 1802 includes the Tape Control Unit
for the IBM 2401/2402 Magnetic Tape Units.

PROCESS INPUT/OUTPUT FEATURES

® Modular features are available to match the
1800 System with the process requirements.

e Analog Input converts bipolar voltage or current
signals to digital values for use by the computer.

e Digital Input accepts binary information repre-
sented by contact closures or voltage levels.

e Analog Output converts digital values to precise
voltage levels for operating process devices.

e Digital Output provides binary data to the pro-
cess in the form of "contact'" closures or volt-
age levels.

Analog Input features include analog-to-digital con-
verters, multiplexers, amplifiers, and signal con-
ditioning equipment to handle all types of process
analog and input signals. System conversion rates
to 20, 000 samples per second are provided, with
program selectable resolution and external syn-
chronization. Analog input capacities are 1, 024
relay multiplexer points and 256 solid-state (high-
speed) multiplexer points. A second analog-to-
digital converter can be added to double the system
analog input performance and capacity.

The Digital Input features provide up to 384
process interrupt points; up to 1, 024 bits of contact
sense, digital input, high-speed parallel register
input; or 128 high-speed pulse counters.

Analog Output features provide up to 128 analog
output points for individual or simultaneous opera-
tion of a wide range of customer devices.

The Digital Output features provide up to 2, 048
bits of pulse output, electronic "contact" operate,
and high-speed register output.

DATA PROCESSING I/0 UNITS

e Adapters and controls are available for attach-
ing a wide variety of data processing I/0 units.

Data processing I/0 units function with an external
document such as a punched card or a reel of mag-
netic tape. To provide the logical and buffering
capabilities necessary for operation on the 1800
system, a control (adapter) feature is available for
each I/O Unit.
The following I/0 units can be attached to the

1800 System via the data processing I/0 attach-
ment features:

1053 Printer

1054 Paper Tape Reader

1055 Paper Tape Punch

1442 Card Read Punch

1443 Printer

1627 Plotter

1810 Disk Storage

1816 Printer-Keyboard

2311 Disk Storage Drive (attached via a Selector
Channel and IBM 2841 Storage Control)

2401/2402 Magnetic Tape Unit

COMMUNICATIONS DEVICES

These devices and adapters enable expansion of the
1800 System's capabilities so that it can be utilized
in applications requiring multiprocessor systems,
remote telecommunication or direct communication
capabilities, or multipoint real-time data collection
or plant communications. These devices include:

e Communications Adapters

e System/360 Adapter

e 2790 Adapters

SYSTEM DATA FLOW

e Data is stored and processed in fixed-length 18-
bit words for fast parallel manipulation of data.

e The I/0 devices are linked to the Processor-
Controller via a standard I/O interface.
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e Adapter circuitry at each I/0 device performs
the necessary conversion, buffering, and con-
trol functions.

e Cycle-stealing capability permits high-speed
transfer of data.

A standard I/0 interface is used between the
Processor-Controller (P-C) and all input/output
devices. Adapter circuitry to accommodate each
type of I/O device is installed in the 1800 System as
required. The adapters provide the necessary
buffer registers and controls to permit operation on
the system.

Configuration 1 shows the data flow between the
P-C and the various I/0 devices. In a closed-loop
system, process conditions are monitored and ana-
lyzed continuously, and controlling signals are sent
to the devices that control the process. Input data
is obtained directly from measuring devices in the
process area without the need for off-line conver-
sion equipment. Electrical signals are accepted in
analog or digital form from such devices as thermo-
couples, pressure transducers, digital voltmeters,
and contacts. Signal conditioning, multiplexing, and
conversion functions are performed by the input cir-
cuits. The input data, in 1800 System format, is
held in registers until called for entry into core
storage.

After the input data has been read and analyzed
by the Processor-Controller, the program may

select a process control function. Both digital and
analog output data can be generated for controlling
equipment such as set-point positioners, displays,
and telemetry systems. Data processing informa-
tion can be entered and retrieved in a variety of
forms through the DP I/O units and their adapter
circuitry.

When a device is ready to send or receive data,
it can notify the Processor-Controller by issuing an
interrupt request. The program identifies the
source of the interrupt by sensing the status of indi-
cators associated with each I/0O device. The pro-
gram responds to the interrupt by sending the
appropriate I/O command to the device. Each 1/0
command always places a control word on the Out-
Bus to specify the input/output device and the func-
tion to be performed. Depending on the intrinsic
data rate of the I/O device receiving the control
word, the transfer of data between core storage and
the device can take place under direct program con-
trol, or on a Data Channel operation. A Data Chan-
nel transfers data on a high-speed cycle-steal basis,
using a data table in core storage for flexibility of
scanning rates and patterns. The cycle-stealing
capability makes it possible to delay the program
for one machine cycle and to use this cycle to trans-
fer the data word between P-C storage and the I/O
device. Cycle-stealing and interrupt servicing are
conducted by the P-C on a priority basis. This
makes it possible to simultaneously control combi-
nations of real-time input/output devices.

Introduction 5



Console

Entry and <
Display

Analog —™ Analog To
Jnput ~ —  Multi- »| Digital
Points  —wpuf Pplexer Converter
——p ¥Process
Interrupt
%fotus
ords)
Rigi:csi — Voltage /
Pogzis i Contoct
: oot Serise
* Process interrupt status
words are grouped with Pulse
digital inputs because »
the area code is the Counter
same.
1054
PT
Reader

Processor = Controller

Channel Control

1816
Printer -
Keyboard

1442
Cord Read
Punch

2401/2402
Magnetic
Tape Unit

1810
Disk
Storage

Selector
Channel

| 4
841
Cantrol
Unit
F 3
L 4

31

System/360
Adapter Mod
30,40,44,50

Communication
Adapter
{Line Adapters)

2790
Aduopter

@® Configuration 1. IBM 1800 Data Acquisition and Control System

- Core

Storage

Electronic
" Cantact”
Qperate

Putse
Output

Register
Output

Digital Ta

Analog
Converter

i

1053
Printer

1055
PT
. Punch. . ]

1443
Printer

1627
Plotter

an
Digital
And
Analog Process
Output /O Devices
Points o
o]
Data
Processing
1/O Devices
Communications
Devices n

[24043D |



A brief description of 1800 features and units follows.
This description will facilitate an understanding of
the P-C instruction set. More detailed descriptions
are provided at appropriate sections of the manual.

PROCESSOR-CONTROLLERS

The Processor-Controllers (1801 and 1802), are
fixed-word-length, binary computers. Five core
storage sizes (4, 096; 8,192; 16,384; 24,576; or
32,768 words of 18 bits each) with core storage
cycle times of 2 or 4 microseconds (usec) are avail-
able. With the addition of an IBM 1803 Core Storage
Unit, four additional system core storage sizes

(40, 960; 49,152; 57,344; and 65, 536 words of 18
bits each) with core storage cycle time of 2.25 psec
are also available. One of the 18 bits in a core stor-
age word is used for storage protection and one bit
is used for parity checking. The remaining 16 bits
in each core storage word are data bits.

The instruction set (many of which serve mul-
tiple functions) includes arithmetic instructions that
manipulate both 16-bit and 32-bit words (16 data bits
are handled in parallel). The 2 usec system can
perform high-speed I/O operations during cycle steal
operations via Data Channels at rates up to 500, 000
words (or 8,000, 000 bits) per second in burst mode.
Both indirect addressing and index registers (3) are
provided for address modification.

Other Processor-Controller (P-C) features in-
clude a multi-level interrupt system, three high-
resolution interval timers, storage protection, Cus-
tomer Engineering (CE) storage for limited on-line
DP I/0 maintenance, operations monitor and an
operator's console.

DATA REPRESENTATION

The standard or single precision data word is 16
bits in length.

01 15
4 I

S S S S T S S
28 20

1800 SYSTEM UNITS AND FEATURES

Positive numbers are always in true binary form,
whereas negative numbers are in 2's complement
form. The sign bit (position 0) is always 0 for posi-
tive numbers and 1 for negative numbers. The 2's
complement of a binary number is defined as its 1's
complement increased by one. The 1's complement
of a binary number is that number that results by
replacing each 1 in the number with a 0 and each 0
with 2 1. Some decimal numbers are shown in Fig-
ure 1 with their binary equivalents and 1's and 2's
complements.

Decimal  Binary 1's Comp 2's Comp
15 011114) 10000 10001
9 01001 10110 10111
3 00011} 11100 11101

Figure 1. Binary 1’s and 2’s Complement

Bit positions 1 through 15 represent decimal
values of 214 through 20 respectively. Thus the
largest single precision positive number that can be
represented is 215_1 or 32,767 (a sign bit of 0 and
1's in all other bit positions). The largest negative
number is -219 or -32, 768 (a sign bit of 1 and 0's in
all bit positions) The number zero is represented
by all bits being zero. There is no negative zero.

A double precision number of 32 bits can be
used to give a number range from +2,147,483, 647
to -2,147,483, 648 (231-1 to -231)  Two adjacent
words must be used in core storage with the left-
most word at an even address and the right-most
word at the next higher odd address.

15 0 15
Odd Wierd

Ly
20

[URE YT TN WOUY SN OV SHNNY SO SO R |

o
ERD
28!

CORE STORAGE

Five core storage sizes are available in the 1801/
1802 P-C. The IBM 1803 Core Storage Unit provides
facilities for an additional four core storage sizes
for the system, bringing the total number of sizes to

1800 System Units and Features 7



nine. System core storage sizes and cycle times—
that is, the time required to transfer a word to or
from a core storage address—are as follows:

Storage Size

(18-bit words) Storage Cycle Time

4,096 2 or 4 usec

8,192 2 or 4 usec
16,384 2 or 4 usec
24,576 2 or 4 usec
32,768 2 or 4 usec
40, 960 2,25 usec
49,152 2.25 usec
57,344 2.25 usec
65,536 2.25 usec

In systems with core storage capacities above
32,768 words, the P-C contains 24, 576 words of
core storage and an 1803 adapter. The 1803 con-
tains either 16,384; 24, 576; 32,768; or 40,960
words of core storage depending on which 1803 model
is ordered.

Each core storage word consists of 18 bits: 16
are data bits which can be either data or instructions;
one bit is used for the Storage Protect feature; one
bit is used to maintain odd parity. Parity includes
the 16 data bits and the storage protect bit. The
parity bit cannot be affected by the program. De-
tection of a parity check causes an interrupt to the
internal interrupt level. See "Interrupt' section.

Core storage addresses 00001 and 00002 are
reserved for CE Interrupt; addresses'00004, 00005,
and 00006 are reserved for the Interval Timers;
addresses 00008 through 00034 are reserved for
interrupt addresses.

Addressing

Although core storage addresses have been expressed
in decimal (base 10) form up to now, the 1800 P-C
uses a binary (base 2) form. Internal addressing and
console displays are in 16-bit binary form. However,
greater ease of operation is realized when hexadeci-
mal (base 16) notation is used. Programming Sys-

| tems for the 1800 make use of hexadecimal notation.

The different notations are shown in the following
illustration.

Core Storage Address Notation

Base 10 Base 2 Base 16

4095 0000 1111 1111 1111 OFFF

8191 0001 1111 1111 1111 1FFF
16,383 0011 1111 1111 1111 3FFF
24,575 0101 1111 1111 1111 5FFF
32,767 O1iT 1111 1111 1113 7FFF
40,959 1001 1111 1111 11 9FFF
49,151 1011 1111 1111 1 BFFF
57,343 1101 1111 1111 1 DFFF
65,535 1T 1111 111 1 FFFF

A wrap around addressing scheme for core stor-
age is provided in the 1800 System. Core storage
addresses begin at zero (000016). The ending ad-
dresses depend on the core storage size and are
shown in the preceding illustration. However, the
address register increments or decrements through
the full spectrum of addresses. That is, 000016
through 7FFF;¢ for core storage sizes of 32,768
words or less, or 000074 through FFFF;¢ for core
storage sizes above 32,768 words. Depending on
core storage size, this may produce multiple excur-
sions through portions of core storage or cause wrap
around to occur more than once with one pass through
the address spectrum. The programmer should be
aware that storage is addressed even if the address
register contains an address above actual core stor-
age size.

The following examples illustrate how wrap
around occurs for each core storage size. Note the
unique differences in the 24, 576; 40,960; 49,152;
and 57, 344 word models.

Note: When an instruction is executed, the in-
struction register (I) contains the address of
the next sequential instruction.



4,096
Word
Core
Storage

8,192
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Core
Storage

16,384
Word
Core
Storage
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Storage

32,768
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Core
Storage

40,960
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Core
Storage

49,152
Word
Core
Storage

57,344
Word
Core
Storage

65,536
Word
Core
Storage

OFFF
1FFF
2FFF

7000 7FFF

<-—— Wrap Around

<«———Wrap Around

0000 1FFF
2000 3FFF
4000 5FFF
6000 7FFF
<———— Wrap Around
0000 3FFF
4000 7FFF
< Wrap Around
( = i
0000 3FFF 4000 5FFF
6000 7FFF
<«—————Wrap Around
0000 7FFF
/Wrap Around
C (
0000 7FFF 8000  9FFF
AO00 BFFF
C000 DFFF
EQ00 FFFF
Wrap
Around
0000 7FFF 8000 BFFF
C000  FFFF
Wrap
Around
0000 BFFF CO00 DFFF
EO00 FFFF
& Vrap
C Around
0000 FFFF
= 4,096 words = 8,192 words

ARITHMETIC

The arithmetic operations of the P-C include add,
subtract, multiply, and divide. Negative data is
always stored and operated upon in 2's complement
form. Addition and subtraction can be done in single
or double precision. Multiplication operates on two
single precision words to provide a double precision
product. Division allows the dividend to be double
length and uses a single precision divisor to provide
a single precision quotient and a single precision
remainder.

Overflow and Carry Indicators

The two indicators associated with the Accumulator
are Overflow and Carry. The Overflow indicator can
be turned on by add, subtract, or divide, and indi-
cates a result larger than can be represented in the
Accumulator. The Overflow indicator can also be
turned ON by a Load Status instruction. Once Over-
flow is on, it will not be changed except by testing
the indicator, or by a Load Status or Store Status
instruction. The Carry indicator provides the infor-
mation that a carry (or borrow) from the high order
position of the Accumulator has occurred. The
Carry indicator is dynamic and changes with each
add or subtract operation. The Carry indicator is
also affected by Shift Left, Load Status, Store Status,
and Compare instructions.

INDIRECT ADDRESSING

Indirect addressing is a standard feature of the 1800.
One level of indirect addressing is provided. Indi-
rect addressing cannot be used with one word instruc-
tions. The instructions that can be modified by
indirect addressing are indicated in the Instruction
Set section. The recognition in the instruction of an
Indirect Address control bit (position 8, two-word
instruction only) causes the address portion to be
treated as an indirect address. The address after
indexing (if specified) gives the location of the effec-
tive address. An additional core storage cycle is
required for indirect addressing.

INDEX REGISTERS
Three index registers (XR) are standard features.

The XRs are addressed by the TAG (positions 6 and
7 in the instruction) as follows:

1800 System Units and Features 9



Bits 6 & 7 XR

01 1
10 2
11 3

Operations on the XR, such as load, store, modify
and skip, are accomplished through instructions in
the basic instruction set. The contents of an Index
Register or the Instruction Register are usually
used to perform address arithmetic.

DATA CHANNEILS

Data Channels give the P-C the ability to delay the
execution of a program while an I/0O device com-
municates with core storage. For example, if an
input unit requires a core storage cycle to store
data that it has collected, the data channel with its
"cycle stealing' capability makes it possible to
delay the program during execution of an instruction
and store the data word without changing the logical
condition of the P-C. After the data is stored, the
P-C continues executing the program which was
delayed by the "cycle-stealing". This capability
should not be confused with interrupt which changes
the contents of the Instruction Register.

Cycle stealing by the Data Channels can occur
at the end of any core storage cycle. Maximum
delay before cycle stealing can occur is 2.25 us for
the 2 us system, 2.50 s for the 2.25 ys system,
and 4.5 us for the 4 us system, assuming no higher
level cycle steal is active.

A Wait instruction, which halts the P-C, will
not stop the operations of Data Channels.

INTERRUPT

The interrupt facility provides an automatic branch
in the normal program sequence based upon exter-
nal conditions (those in the process) or internal
conditions (those within the 1800). Examples of
such conditions are:

@ The detection of an external process condition
that requires immediate attention.

® A P-C Interval Timer has concluded the record-
ing of a preset time interval.

@ A magnetic tape drive has completed a data

transfer previously requested and is ready for
another request.

10

®  An operator has initiated an interrupt from the
P-C console.

These devices and conditions are assigned pri-
ority levels by the user. An interrupt request is
not honored while the level of the request itself or
any higher level is being serviced or if the level re-
quested is masked. A request is honored if the level
is not masked and no interrupt is being serviced or
if any level lower than that of the request is being
serviced. A Wait instruction does not prevent inter-
rupts from being serviced.

INSTRUCTION FORMATS

Two basic instruction word formats are used (Fig-
ures 2 and 3). The bits within the instruction words
are used in the following manner:

oP These five bits define which opera-
tion is to be performed by the P-C.
¥ This format bit controls the in-

struction format. A "zero' indi-
cates a single word instruction
and a "one'" indicates a two word
instruction.

T These two Index Tag bits specify
the base register (XR, I or AD-
DRESS) used in address modifica-
tion or the location (XR or DISP)
of the shift count.

DISP These eight bits are called the dis-
placement and, with one word in-
structions only, are usually added
to the Instruction Register or the
index register specified by T.

The modified address is defined
as the effective address (EA). If
T is 00, the displacement is added
to the Instruction Register (then
EA=I+DISP). The displacement is
in 2's complement form if nega-
tive, with the sign in bit 8. The
bit in position 8 is automatically
extended to the higher ordered bits
(0-7) when the displacement is
used in EA generation, or as an
add to core storage operand.

IA The Indirect Addressing bit is used
in the two word instruction for-
mat. If "zero", addressing will
be direct. If a 'one', addressing
will be indirect. See the Load
Index and Modify Index and Skip
Instructions for exceptions.



.

BO This bit is used to specify that the
Branch or Skip on Condition
(BSC) instruction is to be inter-
preted as a '"Branch Out' (BOSC)
when used in an interrupt routine.

COND Specifies the condition of indicators
that are interrogated on a BSC or
BSI instruction.

ADDRESS These 16 bits usually specify a
core storage address in a two
word instruction, The address
can be modified by the contents
of an index register or used as
an indirect address if the IA bit
is on.

Effective Address Generation

The effective address (EA) is developed as shown in
Table 1 for most instructions. (Exceptions are
noted in the Instructions section.)

P-C REGISTERS

The following registers are used in the manipulation
of data within the P-C and may be displayed on the
P-C console.

Table 1. Determining Effective Addresses

0 4 8 15

Loe [F[r], oo, . |
==

Specifies XR, Instruction Register, or DISP

]
1
i
0 — One-Word Instruction

Figure 2. One-Word Instruction Format

0 4 8 910 15 0 15

I 1 lolp 1 IFIT ]]‘l'éo| 1 lcolndl 1 ) I T T S | AIddlr | S N U U N N | ]

D= Ia—
H 0 - Direct Addressing

! 1 = Indirect Addressing

;

= Two word Instruction

Figure 3. Two-Word Instruction Format

Storage Address Register (SAR)

All P-C program references to storage are under
direct control of this 16-bit register. Data Channel
(DC) references to storage use the Channel Address
Register (CAR) of the active DC. See '"Data Chan-
nel'" section.

F=0 F=1,1A=0
(Direct Addressing) (Direct Addressing)

F=1,1A=1
(Indirect Addressing)

T=00 EA = I+Disp®
T=01 EA =XR1+Disp
T=10 EA = XR2+Disp
T=1 EA = XR3+Disp

EA = Address

EA = AddresstXR1

EA = Address+XR2

EA = Address +XR3

EA = C (Address)

EA =C (AddresstXR1)
EA =C (Address +XR2)
EA = C (Address+XR3)

@ Contents of instruction register or index register.

@ May be true positive quantity or negative 2’s complement quantity.

@ C specifies “Contents” at location specified by address or address +XR1,2, or 3.
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Instruction Register (I)

This 16-bit counter register holds the address of the
next sequential instruction. It is automatically incre-
mented for sequential operation of instructions.

Storage Buffer Register (B)

This 16-bit register is used for buffering all word
transfers with core storage.

Arithmetic Factor Register (D)

This 16-bit register is used to hold one operand for
arithmetic and logical operations. The Accumulator
provides the other factor.

Accumulator (A)

This 16-bit register contains the results of any
arithmetic operation. It can be loaded from or
stored into core storage, shifted right or left, and
otherwise manipulated by specific arithmetic and
logical instructions.

Accumulator Extension (Q)

This register is a 16-bit low order extension of the
Accumulator. It is used during multiply, divide,
shifting, and double precision arithmetic.

Shift Control Counter (SC)

This six-bit counter is used primarily to control
shift operations.

OP Register (OP)

This five-bit register is used to hold the operation
code portion of an instruction.

Note: The above registers are also used
uniquely in specific operations described later.

P-C DATA FLOW

As shown in the simplified P-C data flow block dia-
gram (Figure 4), all instructions and data entering
and leaving core storage do so via the B-register.
Input devices send data and instructions to the B-
register via the In-Bus. Output devices receive data
from the B-register via the Out-Bus. As each stored
program instruction is selected, its various parts
(op code, format bit, etc.) are directed to the control
registers via the B-register and the Out-Bus. The
control registers decode and interpret each instruc—
tion before the instruction is executed.

® " oo X

Core Storage

s sing

Interval Operation
Timers Monitor

B _Jsfrls]

Connected to
\ Input Devices

C’n - Bus

—

*Temporary storage for the accumulator

Figure 4. 1800 P-C Data Flow
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Except for Data Channel operations (see "I/O
Control'" section), all instructions and data must
first be addressed by the Storage Address Register
(SAR) before leaving core storage. SAR obtains the
core storage address from the I-register or the A-
register. The contents of the I-register are devel-
oped by one of the following means, depending on
the P-C operation:

1. The I-register is incremented for each instruc-
tion during sequential operation of the stored
program instructions.

2. The effective address of each instruction is de~
veloped in the accumulator (A-register) and then
transferred to SAR. The contents of the accumu-
lator are saved in an auxiliary (U) register dur-
ing effective address computation. If the in-
struction was a branch, the contents of SAR is
transferred to the I-register.

Data Transfer, 18 Bits

Each word in core storage comprises 18 bits: 16 data
bits, a parity bit (P), and a storage protect bit (S),
During P-C operation, the P bit is automatically
added or removed to maintain odd parity. The S bit
is added or removed by the Store Status instruction,
depending on whether a '"read only" condition is de-
sired. The 16 data bits enter or leave core storage
via the B-register. The P and S bits do so via indi-
vidual latches. The latches and the B-register
together enable the transfer of 18 bits to and from
core storage. The In-Bus and the Out-Bus contain
16 data lines and 2 parity lines. Thus, 18 bits can
be transferred between the P-C and the magnetic
tape units. (See '"Data Formats' in the magnetic
tape units section.)

DATA FLOW EXAMPLES

The following three examples illustrate the data flow
for the Load Accumulator (LD) instruction including
an example for each type of addressing (one-word
format; two-word format, Direct and Indirect ad-
dressing). Circled numbers in each illustration
correspond to the numbered items included for that
illustration.

~ OO >

i
o 19

Y

! |-Register |@

Eme

A-Register

| B-Registej

Qut Bus

Control
Registers

OJOY@)

‘
Register
U-Register @

One-Word Instruction

®

One-Word Instruction

Instruction Cycle

1. A-register transfers to U-register.
2. I-register transfers to SAR (I-register is then
incremented).
3. SAR addresses the core-storage location contain-
ing the instruction.
4. Core-storage location transfers to the B-register
and out-bus.
5. Control registers store various parts of the
instruction (op-code, format, and tag).
6. Displacement is stored in the D-register.
7. a. Iftag =00, I register transfers to A-
register.
b. If tag # 00, the specified XR transfers to
A-register.
8. Displacement (D-register) is added to A-
register.

Execute Cycle

9. A-register transfers to SAR (effective address).
10. U-register transfers to A-register.
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11. SAR addresses data word.
12. Data word transfers to B-register.
13. B-register loads into A-register (through D-

register).
1st Word of | 2nd Word of Data

'[‘; Instruction Instruction

o (OIE |

5 Lo _L(? ——————— J ®
® SinG 1

A

— 1006

I B-Regis'er—l

!
18
®

4

I-Register

| D-Register |

y
A-Register @ ®

A

| ®

i Out Bus

Control
Registers @

)

o] [Elo

Two-Word Instruction, Direct Addressing

Two-Word Instruction, Direct Addressing

Instruction Cycle 1

1. A-register transfers to U-register.

2. I-register transfers to SAR (I-register is then
inecremented)

3. SAR addresses the core-storage location con-
taining the instruction (1st word)

4. Core-storage location transfers to B-register
and out-bus.

5. Control registers store various parts of the
instruction (op code, format, and tag).

6. If tag # 00, the specified XR transfers to A-
register.

14

Instruction Cycle 2

7.

10.

11.

I-register transfers to SAR (I-register is then

incremented).

SAR addresses second word of instruction.

Second word of instruction (address) is read

into B-register.

Address (from B-register) is stored in D-

register.

a. If tag = 00, D-register transfers to A-
register. .

b. If tag # 00, D-register is added to A-
register (A-register contains contents of
XR).

Execute Cycle

12.
13.
14.

15.
16.

A-register transfers to SAR (effective address).
U-register transfers to A-register.

SAR addresses core-storage at effective address
(data word).

Data word transfers to B-register.

B-register loads into A-register (through D-
register.)

Two-Word Instruction, Indirect Addressing

Instruction Cycle 1

1.
2.

3.

A-register transfers to U-register.

I-register transfers to SAR (I-register is then
incremented).

SAR addresses core-storage location containing
the instruction (1st word).

Core-storage location transfers to B-register
and out-bus.

Control registers store the various parts of the
instruction (op-code, format, and tag).

If tag # 00, the specified XR transfers to A-
register.

Instruction Cycle 2

7.

I-register transfers to SAR (I-register is then
incremented).

SAR addresses second word of the instruction.
Second word of the instruction (address) is read
into B-register.

[l



1st Word of | 2nd Word of
Instruction | Instruction

Indirect Data
ddress Word Word

o ®
1 1

L |000®
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| ®

¥
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D-Register

1®
2 Out Bus
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Registers @
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Two=Word Instruction, Indirect Addressing 25074

O

10.

11.

Address (from B-register) is stored in D-

register.

a. If tag = 00, D-register transfers to A-
register.

b. If tag # 00, D-register is added to A-
register. (A-register contains contents
of XR).

Indirect Addressing Cycle

12,
13.

14.
15.

A-register transfers to SAR.

SAR addresses core-storage location at address
(or address + XR).

Core-storage location transfers to B-register.
B-register transfers to A-register (through

D- regiéter) .

Execute Cycle

16.
17.
18.

19.
20.

A-register transfers to SAR.

U-register transfers to A-register.

SAR addresses core storage at effective address
(data word).

Data word transfers to B-register.

B-register loads into A-register (through
D-register).
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INSTRUCTION SET

The 1800 instruction set is shown in Table 2. An
invalid code (such as 0000) enables the programmer
to detect an inadvertent branch to noninstruction area
of core storage, Each instruction falls into one of
five classes. Note that the instructions which may
be used with indirect addressing are indicated in the
Indirect Addressing column, Some instructions per-
form multiple uses, as specified by their control
bits. A more complete breakdown of instructions,
including hexadecimal representations, is found in
sections for each instruction and in Appendix A.
Execution times are provided in Appendix B.

Table 2, Instruction Set

. Indirect .
Class Instruction Addressing Mnemonic
Load and | Load Accumulator Yes LD
Store Double Load Yes LDD
Store Accumulator Yes STO
Double Store Yes STD
Load Index > LDX
Store Index Yes STX
Load Status No LDS
Store Status Yes STS
Arithmetic| Add Yes A
Double Add Yes AD
Subtract Yes S
Deuble Subtract Yes SD
Multiply Yes M
Divide Yes D
And Yes AND
Or Yes OR
Exclusive Or Yes EOR
Shift Shift Left Instructions
Shift Left Logical (A) * No SLA
Shift Left Logical (AQ)* No SLT
Shift Left and Count (AQ)* No SLC
Shift' Left and Count (A) * No SLCA
Shift Right Instructions
Shift Right Logical (A)* No SRA
Shift Right Arithmetically (AQ)* No SRT
Rotate Right (AQ)* No RTE
Branch Branch and Store | Yes BSI
Branch or Skip on Condition Yes BSC(BOSC)
Modify Index and Skip ki MDX
Wait No WAIT
Compare Yes CMP
Double Compare Yes DCM
1/0 Execute 1/O Yes XIO

* Letters in parentheses indicate registers involved in shift operations.
** See the section for the individual instruction (MDX and LDX)

16

Hexadecimal Representation

0 OoP F T Disp 1%
1,1,0,1,0/ 0l 0, 0/0, 1,0, 0,0, 1,0,1

D 0 4 5
LB
o OP F T A0 Cond 5 0 Address 15
l1010l110000000000000001100011l 1)

-17152 B]

The hexadecimal version(s) of each instruction is pro-
vided with its description. The hexadecimal number
is derived by dividing each word into groups of four
bits each and assigning a hexadecimal value corre-
sponding to the decimal (BCD) value of each group.

Instruction Format and Operation Symbology

The following descriptions of 1800 P-C instructions
include the instruction format(s) that can be used with
each instruction, the effect of the instruction on the
carry and overflow indicators, and the hexadecimal
representations of each instruction. Symbols are
used to describe the objective of each hexadecimal
representation of instructions. The symbols and
their meanings are:

Symbol Meaning

A Accumulator

Q Accumulator Extension

ADDRESS  Contents of the Address

or portion of a two-word

Addr instruction.

CSL Core Storage Location

DISP Contents of the Displacement
portion of a one-word instruction.

EA Effective Address (see Table 1)

EA +1 Next higher address from the
Effective Address

I Contents of the Instruction Register

A% Value

XR1 Contents of Index Register 1

XR2 Contents of Index Register 2

XR3 Contents of Index Register 3

X Hexadecimal value (can be 0-F),

* Used for hexadecimal values that

have limits. The limits are given
below each group of hexadecimal
instructions.
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LOAD AND STORE INSTRUCTIONS

LOAD ACCUMULATOR (LD)

oP F T Disp 15

0-3 X X
oP FT [ABO C
[ ond 150 Address 5
ml.0.0.0|1| 1 I I°T°|°|°|°|°|° LLpt it
o —
C 4-7 Oor8 0 X X X X

Description: The contents of the core storage loca-
tion specified by the effective address (EA) of the
instruction replace the contents of the Accumulator
(A). The contents of the core storage location are
unchanged.

Indicators: The Carry and Overflow indicators are
not changed by this instruction.

Hexadecimal Representation

One-Word Instruction

COXX Contents of CSL at EA (I+DISP) are
loaded into A

CIXX Contents of CSL at EA (XR1+DISP)
are loaded into A

C2XX Contents of CSL at EA (XR2+DISP)
are loaded into A

C3XX Contents of CSL at EA (XR3+DISP)

are loaded into A

Two-Word Instruction, Direct Addressing

C400XXXX Contents of CSL at EA (Addr) are
loaded into A (See example.)*
C500XXXX Contents of CSL at EA (Addr +XR1)

are loaded into A

C600XXXX Contents of CSL at EA (Addr +XR2)
are loaded into A

CT700XXXX Contents of CSL at EA (Addr +XR3)
are loaded into A

*Throughout the instruction section are Assembler
Language examples; the particular form illustrated
is followed by a (See example) note.

Two-Word Instruction, Indirect Addressing
C480XXXX Contents of CSL at EA (V in CSL at
Addr) are loaded into A
C580XXXX Contents of CSL at EA (V in CSL at
"Addr +XR1'") are loaded into A

C680XXXX Contents of CSL at EA (V in CSL at
"Addr +XR2") are loaded into A
C780XXXX Contents of CSL at EA (V in CSL at
"Addr +XR3") are loaded into A
Label Operation FIT
21 25 27 30 32133 35 40 45
R T T | L.D-u DIA|T|A1|I|II|IIII

In the preceding example the accumulator is loaded
with the contents of DATA.

DOUBLE LOAD (LDD)

) oP FT Disp 15
[1000000] s 100y
W

——
C 8-B X X

0 oP FT lABO Cond 15 0

Address 15

Ihhonolllll 1 lololololololo A A I W A S A I
C C-F Oor8 0 X X X X

-171545

Description: The contents of the core storage location
specified by the instruction (EA) and the next higher
core storage location (EA+1) are loaded into the Ac-
cumulator (A) and its extension (Q), respectively.
This provides double precision load for use with the
double precision arithmetic. The EA of the instruc-
tion must be an even address for correct operation.

If the EA is odd, the contents of that location are
entered into both the Accumulator and its extension.
The contents of core storage remain unchanged.

Indicators: The Carry and Overflow indicators are
not changed by this instruction.

Hexadecimal Representation

One-Word Instruction

C8XX Contents of CSL at EA (I+DISP) and
EA+1 are loaded into A and Q
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C9XX Contents of CSL at EA (XR1 + DISP)
and EA+1 are loaded into A and Q

CAXX Contents of CSL at EA (XR2 +DISP)
and EA+1 are loaded into A and Q
CBXX Contents of CSL at EA (XR3 +DISP)

and EA+1 are loaded into A and Q
Two-Word Instruction, Direct Addressing

CCO0XXXX Contents of CSL at EA (Addr) and
EA+1 are loaded into A and Q
(See example.)

CD00XXXX Contents of CSL at EA (Addr
+XR1) and EA+1 are loaded into
A and Q

CE00XXXX Contents of CSL at EA (Addr
+XR2) and EA+1 are loaded into
A and Q

CFO00XXXX Contents of CSL at EA (Addr
+XR3) and EA+1 are loaded into
A and Q

Two-Word Instruction, Indirect Addressing

CC80XXXX CSL at EA (V in CSL at Addr) and
EA+1 are loaded into A and Q

CD80XXXX CSL at EA (V in CSL at "Addr
+XR1") and EA+1 are loaded into
A and Q

CE80XXXX CSL at EA (V in CSL at "Addr
*XR2") and EA+1 are loaded into
A and Q

CF80XXXX CSL at EA (V in CSL at "Addr
*XR3") and EA+1 are loaded into

A and Q
Label Operation FIT
21 25 27 30 3233 35 40 45
L1 LIDIDI L DIA|T|AI TS T T T T T O T T |

Note: Data must be an even address.

In the preceding example the Accumulator and Ex-
tension are loaded with the contents of DATA and
DATA +1. To receive the desired results DATA
must be an even address.
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STORE ACCUMULATOR (STO)

o OP F T Disp 15
1o0fof |

M ~———
D 0-3 X X

| |

o Of  F 1 W% conda 4, Address 5
1 llolllolll 1 I Iololololololo LU i) i1
D 4-7 Oor8 0 X X

Description: The contents of the Accumulator re-
place the contents of the core storage location speci-
fied by the effective address. The contents of the
Accumulator are unchanged.

Indicators: The Carry and Overflow indicators are
not changed by this instruction.

Hexadecimal Representations

One-Word Instruction

DOXX Contents of A are stored in CSL
at EA (I+DISP)

D1XX Contents of A are stored in CSL
at EA (XR1+DISP)

D2XX Contents of A are stored in CSL
at EA (XR2+DISP)

D3XX Contents of A are stored in CSL

at EA (XR3+DISP)

Two-Word Instruction, Direct Addressing

Contents of A are stored in CSL
at EA (Addr)

D500XXXX Contents of A are stored in CSL
at EA (Addr +XR1)

Contents of A are stored in CSL
at EA (Addr +XR2)

D700XXXX Contents of A are stored in CSL
at EA (Addr +XR3)

D400XXXX

D600XXXX



Two-Word Instruction, Indirect Addressing Hexadecimal Representation

D480XXXX Contents of A are stored in CSL One-Word Instruction

at EA (V in CSL at Addr) (See

example.) D8XX Contents of A and Q are stored in
D580XXXX Contents of A are stored in CSL CSL at EA (I+DISP) and EA+1

at EA (V in CSL at "Addr +XR1'") DIXX Contents of A and Q are stored in
D68OXXXX Contents of A are stored in CSL CSL at EA (XR1 +DISP) and EA+1

at EA (V in CSL at "Addr +XR2") DAXX Contents of A and Q are stored in
D780XXXX Contents of A are stored in CSL CSL at EA (XR2 +DISP) and EA+1

at EA (V in CSL at ""Addr +XR3") DBXX Contents of A and Q are stored in

CSL at EA (XR3 +DISP) and EA+1

Two-Word Instruction, Direct Addressing

Label Operation FIT
= L e = = DCO0XXXX Contents of A and Q are stored in
oy L STO L WMORD, Ly u CSL at EA (Addr) and EA+1

DDOOXXXX Contents of A and Q are stored in
CSL at EA (Addr +XR1) and EA+1
DEOOXXXX Contents of A and Q are stored in
CSL at EA (Addr +XR2) and EA+1

(See example.)
DFOOXXXX Contents of A and Q are stored in
CSL at EA (Addr +XR3) and EA+1

In the preceding example the accumulator is stored
at the location whose address is stored at WORD.

DOUBLE STORE (STD) Two-Word Instruction, Indirect Addressing

o} i )
o OF FT O w8 DC8OXXXX Contents of A and Q are stored in
|T|]|°|‘|1I°| ll L1 |_| CSL at EA (V in CSL at Addr) and
b &8 X X EA+1
DDSOXXXX Contents of A and Q are stored in
' CSL at EA (V in CSL at "Addr
o OP £ T 'A% cond 150 Address 15 +XR1") and EA+1
[ 30000l [ olo00000] vy i it iuv ey DESOXXXX Contents of A and Q are stored in
— — S CSL at EA (V in CSL at ""Addr
D C-F Oor8 0 X X X X +XR2'") and EA+1
DF8OXXXX Contents of A and Q are stored in

CSL at EA (V in CSL at "Addr

+XR3" d EA+1
Description: The contents of the Accumulator (A) 3") an

and its extension (Q) are stored at the core storage
locations specified by the effective address (EA)
and the EA+1., This provides double precision store Label Operation | .

-

T

for use with the double precision arithmetic. The 2 ol I 24 sof pafsl 1 L s

EA of the instruction must be an even address for o0 LISTD, L2l WORD, v v v 0 vy

correct operation. If the EA is odd, the contents Note: Word + XR2 must be an even address.

of the Accumulator are stored at the EA and the

contents of the Accumulator Extension (Q) will not

appear in core storage. The contents of A and Q

remain unchanged. In the preceding example the accumulator and exten-
sion are stored at EA and EA + 1. The EA is deter-

Indicators: The Carry and Overflow indicators are | mined by adding the address of WORD to index regis-

not changed by this instruction. ter 2. The EA must be an even address.
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LOAD INDEX (LDX)

T=00 Load |
o OP FT Disp 15 T=01 Load XR1
L I I |+ l T=10 Load XR2
L T=11  Load XR3
D St~ e S S
I.B
o oP F T A0 Cond 150 Address 15

Iﬂdlllololll 1 | Iolololololololil Ll |1
) 4-7 Oor8 0 X X X X

IA =0 - Load Immediate
IA =1 - Load Direct

Description: An Index Register (XR) or the Instruc-
tion Register (I) is loaded by the DISPLACEMENT,
the ADDRESS, or the contents of the location speci-
fied by the ADDRESS. The T bits indicate which
Register is loaded and the F and IA (2-word instruc-
tion only) bits determine the source of data.

If the F bit is 0, the register specified by T is
loaded with the DISPLACEMENT. The eight high-
order positions of the specified register are filled
with the value of the sign bit (bit position 8 of instruc-
tion) to complete the 16-bit word.

If, however, the F bit is 1, the loading of the
register is dependent on the IA bit of the instruction.
If the IA bit is 1, the register is loaded with the
contents of the word specified by the ADDRESS; if
0, the register is loaded with the ADDRESS portion
of the instruction.

Indicators: The Carry and Overflow indicators are
not changed by this instruction.

Hexadecimal Representation

One-Word Instructions

60XX Load DISP into the Instruction
Register

61XX Load DISP into Index Register 1
(See example.)

62XX Load DISP into Index Register 2

63XX Load DISP into Index Register 3

Two-Word Instruction, Direct Addressing

6400XXXX Load Addr into the Instruction
Register

6500XXXX  Load Addr into Index Register 1

6600XXXX  Load Addr into Index Register 2

6700XXXX Load Addr into Index Register 3
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Two-Word Instruction, Indirect Addressing

6480XXXX Load contents of CSL at Addr into .
Instruction Register

6580XXXX Load contents of CSL at Addr into
Index Register 1

6680XXXX  Load contents of CSL at Addr into
Index Register 2

6780XXXX Load contents of CSL at Addr into
Index Register 3

Label Operation FIT
21 25 27 30 32|33 35 40 45 .
[ I N N | LIDIXI i£LnAIIIIIII||II

3

In the preceding example index register 1 is loaded
with the value 2.

STORE INDEX (STX)

T=00 Storel
o OP FT Disp 5 T=01  Store XRI
I_l | I l T=10 Store XR2
0,1,1,0,110] T I B R T=11 Store XR3
—— N — )
6 8-8 X X /
op 1.8
) F T A0 Cond 15 0 Address 5
lolllllolllll ] I |0IO|O|°|O|OIO| Y O I I O A I |
H—/“N—/H—/H/—/‘\PJH—‘/W—’\‘WJ
6 C-F Oor8 0 X X X X
-—171603

Description: An Index Register, or the Instruction
Register, is stored in core storage at the Effective
Address (EA). The T bits specify which register is
stored and bits 5 (F bit) and 8 (IA) govern the gen-
eration of the Effective Address.

Indicators: The Carry and Overflow indicators are f
not affected.

Hexadecimal Representation n

One-Word Instruction

68XX Store I in CSL at EA (I+DISP)

69XX Store XR1 in CSL at EA (I+DISP)
6AXX Store XR2 in CSL at EA (I+DISP)
6BXX Store XR3 in CSL at EA (I+DISP)

N
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Two-Word Instruction, Direct Addressing

6C00XXXX StoreI in CSL at EA (Addr)

6D00XXXX Store XR1 in CSL at EA (Addr)
6E00XXXX Store XR2 in CSL at EA (Addr)
6F00XXXX Store XR3 in CSL at EA (Addr)

(See example.)

Two-Word Instruction, Indirect Addressing

6C80XXXX StoreI in CSL at EA (value in CSL
at Addr)

6D8OXXXX Store XR1 in CSL at EA (value in
CSL at Addr)

6E80XXXX Store XR2 in CSL at EA (value in
CSL at Addr)

6F80XXXX Store XR3 in CSL at EA (value in
CSL at Addr)

Label Operation FIT

21 25 27 30 32133 35 40 45

S.T.Yn L3 panA:CuEu TN Y T SN U IS N N |

In the preceding example the contents of index regis-
ter 3 is stored at location PLACE.

STORE STATUS (STS)

Description: Depending on bit 9 (BO), the Store Stat-
us instruction is used in either of two operations:

1. Store the status of the Carry and Overflow

indicators.
o OP F T Disp 8
EOIIIOI]‘Ol 1 I [ O A |
| —— ————
2 8-B X X
o o F T 4% cond Addr
15 0 ess 15
Blolllolllll ! I I°|°|°|°|O|°|0| Lilt it
o o~
2 C-F Oor8 0 X X X X

Bit 9 (BO) in the two word instruction must equal
zero. The conditions of the Carry and Overflow in-
dicators are stored in the low-order bits of the word

specified by the effective address: Carry indicator
at bit 14 and the Overflow indicator at bit 15.

Bits 0 through 7 of the word at the effective
address remain unchanged and bits 8 through 13 are
reset to zero. The indicators are reset. An ON
status stores a one bit; and OFF status a zero bit.

0 78 1314 15
[ ololo‘o|olo| []
—————— el

! Overflow
Carry

Unchanged

Indicators: The Carry and Overflow indicators are
reset as they are stored.

Hexadecimal Representation

One-Word Instruction

28XX Store status of indicators in CSL
at EA (I+DISP) (See example.)
29XX Store status of indicators in CSL

at EA (XR1+DISP)

2AXX Store status of indicators in CSL
at EA (XR2+DISP)
2BXX Store status of indicators in CSL

at EA (XR3+DISP)

Two-Word Instruction, Direct Addressing

2C00XXXX Store status of indicators in CSL at
EA (Addr)

2DOOXXXX Store status of indicators in CSL at
EA (Addr+XR1)

9E00XXXX Store status of indicators in CSL at
EA (Addr+XR2)

9F00XXXX Store status of indicators in CSL at

EA (Addr+XR3)

Two-Word Instruction, Indirect Addressing

2C80XXXX Store status of indicators in CSL at
EA (V in CSL at Addr)

2D8OXXXX Store status of indicators in CSL at
EA (V in CSL at "Addr +XR1")

9E80XXXX Store status of indicators in CSL at
EA (V in CSL at "Addr +XR2")

2F80XXXX Store status of indicators in CSL at

EA (V in CSL at "Addr +XR3")

2. Write or clear the storage protect bit from the
core storage address specified by the instruction.

Instruction Set 21



o o F 1 %% cond 50 Address 5
I°|°|'|°|]|'| 1 I |'I°|°|°|°|°| Ly gy
kv—/\wJR—/\w—/WR,J

C-F 4orC Oorl X X

The following conditions must exist:

1. A two word instruction (F bit equals 1) must be
used.

2. Bit 9 (BO) must equal 1.

3. The Write Storage Protection Bit switch must
be on to change storage protection bits.

Bit 15 determines whether the storage protect bit
for the word specified by the effective address of
the instruction is written or cleared:

B15 is zero -- Storage protect bit is cleared.
B15 is one -- Storage protect bit is written.

As long as the Write Storage Protection Bit switch
remains in the on position the program continues to
have the ability to write or clear storage protection
bits. If the switch is off this instruction performs
as a NO-OP (No-Operation).

Hexadecimal Representation

Two-Word Instruction, Direct Addressing

2C40XXXX Clear storage protect bit in CSL at
EA (Addr)

2C41XXXX Write storage protect bit in CSL at
EA (Addr)

2D40XXXX Clear storage protect bit in CSL at

. EA (Addr +XR1)
2D41XXXX Write storage protect bit in CSL at
EA (Addr +XR1)
Clear storage protect bit in CSL at
EA (Addr +XR2)
2E41XXXX Write storage protect bit in CSL at
EA (Addr +XR2)
Clear storage protect bit in CSL at
EA (Addr +XR3)
2F41XXXX Write storage protect bit in CSL at
EA (Addr +XR3)

2E40XXXX

2F40XXXX

Two-Word Instruction, Indirect Addressing

2CCOXXXX Clear storage protect bit in CSL at
EA (V in CSL at Addr)
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2CCIXXXX Write storage protect bit in CSL at
EA (V in CSL at Addr)
2DCOXXXX Clear storage protect bit in CSL at
EA (V in CSL at "Addr +XR1")
2DCIXXXX Write storage protect bit in CSL at
EA (V in CSL at "Addr +XR1")
2ECOXXXX Clear storage protect bit in CSL at
EA (V in CSL at "Addr +XR2")
2ECIXXXX Write storage protect bit in CSL at
EA (V in CSL at "Addr +XR2")
2FCOXXXX Clear storage protect bit in CSL at
EA (V in CSL at "Addr +XR3")
2FCIXXXX Write storage protect bit in CSL at
EA (V in CSL at "Addr +XR3")

Label Operation FIT
21 25 27 30 32|33 35 40 45

114 S.T.S. RLEIIIIIII'III

In the preceding example the status of the Carry and
Overflow indicators is stored in position 14 and 15,
respectively, of the word located at address HERE.
A 1-bit is stored if the indicator is on; a 0-bit is
stored if the indicator is off.

LOAD STATUS (LDS)

o OP ET Disp I5
Ololl|0|010|0|0|0101010‘0|0|Tl
2 0 0 0-3

Description: This instruction applies to the single
word format only. The Carry and Overflow indica-
tors are loaded with the status of the bits in posi-
tions 14 (Carry) and 15 (Overflow) of the instruction.
Normally this status was stored into this instruction
by a previous Store Status instruction. Core storage
remains unchanged. A one bit causes an indicator
ON condition and a zero bit an indicator OFF con-
dition.

Indicators: The Carry and Overflow indicators are
set according to the bits at positions 14 and 15.



&

Hexadecimal Representation

One-Word Instruction (only)

2000 Set CARRY and OVERFLOW
indicators OFF

2001 Set OVERFLOW ON and
CARRY OFF

2002 Set OVERFLOW OFF and
CARRY ON

2003 Set CARRY and OVERFLOW

indicator ON

Label Operation FIT
21 25 27 30} {32]33] f{as 40 45

H|E|R|E| L|D|S| B WA WU WS TN U U I TR NN SN SN N |

In the preceding example the status of the Carry
and Overflow indicators is set according to bits
14 and 15 of the instruction. These bits are
usually determined by a previous Store Status.

Instruction Set

23



ARITHMETIC INSTRUCTIONS

ADD (A)
0 oP FT Disp 1]
|1|0|°|0|0|0I p it |l
——
8 0-3 X X
1.8

o OoP F T A0 Cond 150 Address 0
]lololololll ] l lololololololo L0y |—I
e N 2

8 4-7 Oor8 0 X X X X

Description: The contents of the core storage loca-
tion specified by the instruction are added to the con-
tents of the accumulator. Two's complement arith-
metic is used; that is, both negative operands and
sums are in two's complement form. Core storage
remains unchanged. See Appendix C for details of
""data addition, "

Indicators: The Overflow indicator is turned ON if
the magnitude of the sum is too large to be repre-
sented in the Accumulator; that is, greater than
+215 - 1 or less than -215 (this is detected by a
resultant carry out of one and only one of the two
high-~order bit positions of the accumulator). If
overflow was previously ON, it is not changed.
(Overflow can be reset by testing, or by a Load Status
or Store Status -instruction. See Branch or Skip on
Condition instruction.) The Carry indicator is set
by a carry out of the high-order bit position of the
accumulator.

Hexadecimal Representation

One-Word Instruction

80XX Add contents of CSL at EA (I+DISP)
to A

81XX Add contents of CSL at EA (XR1
+DISP) to A

82XX Add contents of CSL at EA (XR2
+DISP) to A

83XX Add contents of CSL at EA (XR3
+DISP) to A

Two-Word Instruction, Direct Addressing

8400XXXX Add contents of CSL at EA (Addr)
to A (See example.)

8500XXXX  Add contents of CSL at EA
(Addr+XR1) to A
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8600XXXX Add contents of CSL at EA
(Addr+XR2) to A
8700XXXX Add contents of CSL at EA

(Addr+XR3) to A

Two-Word Instruction, Indirect Addressing

8480XXXX  Add contents of CSL at EA (Vin
CSL at Addr) to A

8580XXXX  Add contents of CSL at EA (V in
CSL at "Addr+XR1'") to A

8680XXXX  Add contents of CSL at EA (V in
CSL at "Addr+XR2'") to A

8780XXXX  Add contents of CSL at EA (Vin
CSL at "Addr+XR3") to A

Label Operation FIT
21 25 27 30 32|33 35 40 45
I T | AIII slulﬂllllllllllll

In the preceding example the contents of SUM is
added to the accumulator.

DOUBLE ADD (AD)

o OP F T Disp 15
||0|0|0|1|0| ] I L1111
N~

8 8-B X X

1B
o OP F T A0 Cond 15 0 Address 15
llnolononllll ! I Io[olololololo LUy
NN——
8 C-F Oor8 0 X X X X

Description: The contents of the core storage loca-
tion specified by the instruction and the next higher
addressed location are added to the contents of the
Accumulator (A) and its extension (Q). This provides
double precision addition where the Accumulator and
its extension are considered as one 32 hit Accumu-
lator. The sum replaces the contents of A and Q.
Core storage remains unchanged.

The effective address formed by the instruction
must be an even address for correct operation. If
the effective address is odd, the contents of the loca-
tion are added to both the Accumulator and its exten-
sion, and may be added incorrectly into the Accumu-
lator.

Indicators: When the instruction is completed, the
Carry indicator represents the results of this instruc-
tion — not previous instructions. The Carry indicator

el
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is set ON by detection of a Carry out of the high-
order position of the Accumulator.

The Overflow indicator is turned ON by this in-
struction if the magnitude of the sum is greater than
+231 _ 1 or less then -231, If this indicator was ON
before the instruction, no change occurs. If OFF,
it is turned ON when the magnitudc >f the number is
too large to be represented (this is detected by a
carry out of one and only one of the two high-order
bits of the Accumulator).

Hexadecimal Representation

One-Word Instruction

88XX Add contents of CSL at EA
(I+DISP) and EA+1 to A and Q
89XX Add contents of CSL at EA XR1
+DISP) and EA+1 to A and Q
8AXX Add contents of CSL at EA (XR2
+DISP) and EA+1 to A and Q
8BXX Add contents of CSL at EA (XR3

+DISP) and EA+1 to A and Q

Two-Word Instruction, Direct Addressing

8C00XXXX Add contents of CSL at EA (Addr)
and EA+1 to A and Q

8DO0XXXX Add contents of CSL at EA
(Addr+XR1) and EA+1 to A and Q

8E00XXXX Add contents of CSL at EA
(Addr+XR2) and EA+1 to A and Q

8F00XXXX Add contents of CSL at EA
(Addr+XR3) and EA+1 fo A and Q

Two-Word Instruction, Indirect Addressing

8C80XXXX Add contents of CSL at EA (V in
CSL at Addr) and EA+1 to A and Q

8D80XXXX Add contents of CSL at EA (V in
CSL at "Addr+XR1'") and EA+1 to
A and Q

8E80XXXX Add contents of CSL at EA (V in
CSL at "Addr+XR2'") and EA+1 to
A and Q (See example.)

8F80XXXX Add contents of CSL at EA (V in
CSL at "Addr+XR3'") and EA+1 to
A and Q

Label Operation FIT

21 25 27 30 32133 35 40 45

I N N | A.D.. 125]U|"|||IIII|I||I

Note: EA (V in CSL at "SUM + XR2") must be even .

In the preceding example the address of SUM is added
to the value in index register 2 to obtain the storage
location containing the effective address. The con-
tents of EA (EA must be an even address) and EA +1
are treated as a single 32-bit word and are added to
the Accumulator and extension.

SUBTRACT (8)

0 oP F T Disp 15

‘|0|0|]|°|0| 1 I L1111
| W
9 0-3 X X

LB

o OP F T AO Cond 5 0 Address 5
|T|0|0|1|0|ll | | I0|°|°|°|0|°|° NS EE NN
Y, S R N N——7

4-7 Oor8 0

-17169 B

Description: The contents of the core storage loca-
tion specified by the instruction are subtracted from
the contents of the Accumulator. The result replaces
the contents of the Accumulator. Two's complement
arithmetic is used; that is, both negative operands
and differences are in two's complement form. Core
storage remains unchanged.

Indicators: The Overflow indicator is turned ON if
the magnitude of the difference is too large to be rep-
resented in the Accumulator; that is, greater than
+215 _ 1 or less than -215_ 1f Overflow was previ-
ously ON, it is not changed. (Overflow can be reset
by testing or a Load or Store Status instruction. See
Branch or Skip on Condition Instruction.) This is de-
tected by a borrow from one and only one of the two
high-order bit positions of the accumulator. The
Carry indicator is set by a borrow from the high-
order position.

Hexadecimal Representation

One-Word Instruction

90XX Subtract contents of CSL at EA
(I+DISP) from A

91XX Subtract contents of CSL at EA
(XR1+DISP) from A

92XX Subtract contents of CSL at EA
(XR2+DISP) from A

93XX Subtract contents of CSL at EA
: (XR3+DISP) from A

Two-Word Instruction, Direct Addressing

9400XXXX Subtract contents of CSL at EA
(Addr) from A (See example.)
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9500XXXX  Subtract contents of CSL at EA
(Addr+XR1) from A

9600XXXX  Subtract contents of CSL at EA
(Addr+XR2) from A

97T00XXXX  Subtract contents of CSL at EA
(Addr+XR3) from A

Two-Word Instruction, Indirect Addressing

9480XXXX  Subtract contents of CSL at EA
(V in CSL at Addr) from A
9580XXXX  Subtract contents of CSL at EA
(V in CSL at "Addr+XR1") from A
9680XXXX  Subtract contents of CSL at EA
(V in CSL at "Addr+XR2") from A
9780XXXX  Subtract contents of CSL at EA
(V in CSL at "Addr+XR3") from A

Label Operation FIT
21 25 27 s} J32]aaf {ss 40 45

T B | sz-n T|0|T|A|L|l||||I|||

In the preceding example the contents of TOTAL is
subtracted from the Accumulator.

DOUBLE SUBTRACT (SD)

0 oP F T Disp 15
1 olollll'ol 1 | I O I | l

9 8-B X X

oP F T [ABO C
0 ond 150 Address 15
]lololllllll ! I Iololololololo AEEEEEE NN
N— ' e —

9 C-F Oor8 0 X X

Description: The contents of the core storage loca-
tion specified by the instruction and the next higher
Core Storage location are subtracted arithmetically
from the contents of the Accumulator (A) and its ex-
tension (Q). This provides double precision sub-
traction where the Accumulator and its extension are
considered as one 32-bit accumulator. The differ-
ence replaces the contents of A and Q. Core storage
remains unchanged. The effective address formed
by the instruction must be an even address for cor-
rect operation. If the effective address is odd, the
contents of that location are subtracted from both

the Accumulator and its extension, and may be in-
correct in the Accumulator.
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Indicators: The Overflow indicator is turned ON if
the magnitude of the difference is too large to be rep-
resented in the Accumulator (A) and its extension (Q),
or more specifically, greater than +231 = 1 or less.

than -231, This is detected by a borrow from one and

only one of the two high-order bit positions of the Ac-
cumulator. If Overflow was previously ON, it is not
changed. (Overflow can be reset by testing or by a
Load or Store Status instruction. See Branch or

Skip on Condition instruction.) The Carry indicator
is set by a borrow from the high-order position.

Hexadecimal Representation

One-Word Instruction

98XX Subtract contents of CSL at EA
(I+DISP) and EA+1 from A and Q
99XX Subtract contents of CSL at EA
(XR1+DISP) and EA+1 from A and Q
9AXX Subtract contents of CSL at EA
(XR2+DISP) and EA+1 from A and Q
9IBXX Subtract contents of CSL at EA

(XR3+DISP) and EA+1 from A and Q
Two-Word Instruction, Direct Addressing

9C00XXXX Subtract contents of CSL at EA
(Addr) and EA+1 from A and Q (See
example.)

9DO00XXXX Subtract contents of CSL at EA
(Addr+XR1) and EA+1 from A and Q

9E00XXXX Subtract contents of CSL at EA
(Addr+XR2) and EA+1 from A and Q

9F00XXXX Subtract contents of CSL at EA
(Addr+XR3) and EA+1 from A and Q

Two-Word Instruction, Indirect Addressing

9C80XXXX Subtract contents of CSL at EA
(V in CSL at Addr) and EA+1 from
A and Q

IDB8OXXXX Subtract contents of CSL at EA
(V in CSL at "Addr+XR1") and EA+1
from A and Q

9E80XXXX Subtract contents of CSL at EA
(V in CSL at "Addr+XR2'") and EA+1
from A and Q

IF80XXXX Subtract contents of CSL at EA
(V in CSL at "Addr+XR3'") and EA+1

from A and Q
Label Operation FIT
21 25 27 30 32|33 35 40 45
T T | S,D, 1 L TIO|T|A|L| | I T TN N U NN T SO |

Note: Total must be an even address.



In the preceding example TOTAL and TOTAL + 1 are
subtracted from the Accumulator and extension.
TOTAL must be an even address.

MULTIPLY (M)

o OP FT Disp 15
|T|0|110|0|0| 1 I L1111 LJ_|
) S R S

oP F T AO Cond 50 Address
[]C’IOOII ||0|000000|IIIlILlIlIIlILI_l
H_Jw-/m/ \-—v-JW—A—v—JHf—/

Description: The contents of the core storage loca-
tion specified by the instruction (multiplicand) are
multiplied algebraically by the contents of the Ac-
cumulator (multiplier). The 32-bit product replaces
the contents of the Accumulator (A) and its extension
(Q). The most significant bits of the product are in
the Accumulator. Core storage remains unchanged.
The product is in the double precision format.

Indicators; Neither the Overflow nor the Carry in-
dicators are changed.

Programming Note: The largest product that can be
developed is 230, This occurs when the multiplier
and multiplicand are both the largest negative num-
bers, -215,

Hexadecimal Representation

One-Word Instruction

AOXX Multiply contents of CSL at EA
(I+DISP) by A

AIXX Multiply contents of CSL at EA
(XR1+DISP) by A

A2XX Multiply contents of CSL at EA
(XR2+DISP) by A

A3XX Multiply contents of CSL at EA

(XR3+DISP) by A

Two-Word Instruction, Direct Addressing

A400XXXX Multiply contents of CSL at EA
(Addr) by A (See example.)
A500XXXX Multiply contents of CSL at EA

(Addr+XR1) by A

AB00XXXX Multiply contents of CSL at EA
(Addr+XR2) by A
AT00XXXX Multiply contents of CSL at EA

(Addr+XR3) by A

Two-Word Instruction, Indirect Addressing

A480XXXX Multiply contents of CSL at EA
(V in CSL at Addr) by A

AB80XXXX Multiply contents of CSL at EA
(V in CSL at "Addr+XR1'") by A

AB80XXXX Multiply contents of CSL at EA
(V in CSL at "Addr+XR2'") by A

AT80XXXX Multiply contents of CSL at EA
(V in CSL at "Addr+XR3") by A

Label Operation FIT
I N | ‘M||| L MlLITIPIYIIIIIllIIl

In the preceding example the contents of MLTPY
is multiplied by the contents of the Accumulator.
The resultant product is 32 bits with the low-order
bit in position 15 of the extension.

DIVIDE (D)

oP FT Disp 5
Illolllolllol 1 I L1

A 8-B X X

oP F T AO Cond 150 Address 15
r‘)]on]llllloloooooo||1||L1|L||||||J
;v_/\_\,_/\_v_/w_/\__\,./\__v_/w_/H,_/

A C-F Oor8 0 X X X X

Description: The contents of the Accumulator and its
extension (a 32-bit double precision word) are divided
by the contents of the core storage location specified
by the instruction. The quotient and remainder re-
place the contents of the Accumulator and the Accum-
ulator extension, respectively. The "sign' of the
remainder is the same as the dividend.

The largest dividend that can correctly be oper-
ated upon is 230 + 21 - 1 if divided by the largest
negative divisor (-2 )
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Indicators: The Overflow indicator is turned ON
when division by zero is attempted or when the quo-
tient overflow condition exists. A quotient overflow
occurs when the factors are such that the quotient
would exceed the range of -215 to +215 -1, An
overflow causes the accumulator and its extension
(Q) to be left in an undefined state. Divide by zero
leaves the Accumulator and its extension unchanged.

Hexadecimal Representation

One-Word Instruction

A8XX Divide A and Q by contents of CSL
at EA (I+DISP) (See example.)

A9IXX Divide A and Q by contents of CSL
at EA (XR1+DISP)

AAXX Divide A and Q by contents of CSL
at EA (XR2+DISP)

ABXX Divide A and Q by contents of CSL

at EA (XR3+DISP)

Two-Word Instruction, Direct Addressing

ACO0XXXX Divide A and Q by contents of CSL
at EA (Addr)

ADOOXXXX Divide A and Q by contents of CSL
at EA (Addr+XR1)

AE00XXXX Divide A and Q by contents of CSL
at EA (Addr+XR2)

AF00XXXX Divide A and Q by contents of CSL
at EA (Addr+XR3)

Two-Word Instruction, Indirect Addressing

AC80XXXX Divide A and Q by contents of CSL
at EA (V in CSL at Addr)
AD8OXXXX Divide A and Q by contents of CSL
at EA (V in CSL at "Addr+XR1")
AE80XXXX Divide A and Q by contents of CSL
at EA (V in CSL at "Addr+XR2")
AF80XXXX Divide A and Q by contents of CSL
at EA (V in CSL at ""Addr+XR3")

Label Operation FIT
21 25 27 30 32|33 35 40 45

T B | Dlll i*l+|6||||41||11||
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The contents of the Accumulator and extension are
considered as a 32-bit dividend; therefore, it is
generally necessary to shift the Accumulator right
16 places before dividing. In the preceding example
the Accumulator and extension are divided by the
contents of the EA which is determined by adding
the displacement (6) to the I-register. The quotient
replaces the Accumulator and the remainder is in
the extension.

Note: The *+6 is an 1800 Assembler Language

notation to indicate a displacement of 6 from the
location following this instruction (I-register).

LOGICAL AND (AND)

o OP F T Disp 15
]Illllololol 1 L1111 11

E 0-3 X X

o OP FT IABO Cond 15 0 Address 15
l|1|||0|0|1| ) I0l0|0|°|0|0|° AN EENEE RN

— N — ——
E 4~7 Oor8 0 X X X X

Description: The contents of the core storage loca-
tion specified by the instruction are ANDed bit by bit
with the contents of the Accumulator. The following
table defines the AND operation.

AND
Storage 111100
Accum 1{oj1]o
Result 110]10]o0

The result replaces the contents of the Accumu-~
lator. Core storage remains unchanged.

Indicators: The Carry and Overflow indicators are
not changed by this operation.

Hexadecimal Representation

One-Word Instruction

E0XX AND contents of CSL at EA (I+DISP)
with A
E1XX AND contents of CSL at EA (XR1

+DISP) with A



O

o OP F T Disp 15

E2XX AND contents of CSL at EA
(XR2+DISP) with A

E3XX AND contents of CSL at EA
(XR3+DISP) with A

Two-Word Instruction, Direct Addressing

E400XXXX AND contents of CSL at EA (Addr)
with A (See example.)

E500XXXX AND contents of CSL at EA
(Addr+XR1) with A

E600XXXX AND contents of CSL at EA
(Addr+XR2) with A

E700XXXX AND contents of CSL at EA
(Addr+XR3) with A

Two-Word Instruction, Indirect Addressing

E480XXXX AND contents of CSL at EA (V
in CSL at Addr) with A
E580XXXX AND contents of CSL at EA (V
in CSL at "Addr+XR1") with A
EB80XXXX AND contents of CSL at EA (V
in CSL at "Addr+XR2") with A
E780XXXX AND contents of CSL at EA (V
in CSL at "Addr+XR3") with A

Label Operation FIT
21 25 4 30| {32]|3} {35 40 45

T N | AN:D: L FII|E|L|D|I||||I||1

In the preceding example the contents of FIELD is
ANDed with the Accumulator. If a 1-bit appears in
both words in corresponding positions, a 1-bit is
placed in that position of the Accumulator, other-
wise, a zero is placed there.

LOGICAL OR (OR)

l|1|1|O|1|0| ] I L1
———
E 8-B X

o o F T 4% cond o Address s
lullhoullll i | |°l°|0|0|°|0|° Lttt
—

E C-F Oor8 0 X X X X

Description: The contents of the core storage loca-
tion specified by the instruction are ORed bit by bit
with the contents of the Accumulator. The following
table defines the OR operation:

OR
Storage 111]0]0
Accum 1101110
Result 11110

The result replaces the contents of the Accumulator.
Core storage remains unchanged.

Indicators: The Carry and Overflow indicators are
not changed by this operation.

Hexadecimal Representation

One-Word Instruction

E8XX OR contents of CSL at EA (I*DISP)
with A

E9XX OR contents of CSL at EA (XR1
+DISP) with A

EAXX OR contents of CSL at EA (XR2
+DISP) with A

EBXX OR contents of CSL at EA (XR3

+DISP) with A
Two-Word Instruction, Direct Addressing

EC00XXXX OR contents of CSL at EA (Addr)
with A

EDOOXXXX OR contents of CSL at EA
(Addr+XR1) with A (See example.)

EEQOXXXX OR contents of CSL at EA
(Addr+XR2) with A

EF00XXXX OR contents of CSL at EA
(Addr+XR3) with A

Two-Word Instruction, Indirect Addressing

EC80XXXX OR contents of CSL at EA (V in
CSL at Addr) with A
ED8OXXXX OR contents of CSL at EA (V in
CSL at "Addr+XR1") with A
EES80XXXX OR contents of CSL at EA (V in
CSL at "Addr+XR2") with A
EF80XXXX OR contents of CSL at EA (V in
CSL at "Addr+XR3") with A
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Label Operation FIT
[ .| OIRI 11T|A.B|L|E|||.|.||||

The contents of the effective address, determined
by modifying the address of table by index register
1, is ORed into the Accumulator, A 1-bit appearing
in either the Accumulator or the word at EA causes
a 1-bit to be placed in the corresponding position of
the Accumulator,

LOGICAL EXCLUSIVE OR (EOR)

o OP F T Disp 5
1]|]|]|°|0I1I||||||||
W_JW—JH_/W_/

F 0-3 X X

I8

o oP F T 'A0 Cond 150 Address 15
1 hhholll ] I lololololololo L4111 by ]
| N O

F 4-7 Oor8 0 X X X X

Description: The contents of the core storage loca-
tion specified by the instruction are Exclusive ORed
bit by bit with the contents of the Accumulator. The
following table defines the Exclusive OR operation:

Exclusive OR

Storage 111]0]0
Accum 1]10|1]0
Result ojtji1fo

The result replaces the contents of the Accumulator.
Core storage remains unchanged.

Indicators: The Carry and Overflow indicators are
not changed by this operation.
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Hexadecimal Representation

One-Word Instruction

FOXX EOR contents of CSL at EA (I+DISP)
with A

FIXX EOR contents of CSL at EA
(XR1+DISP) with A

F2XX EOR contents of CSL at EA
(XR2+DISP) with A

F3XX EOR contents of CSL at EA

(XR3+DISP) with A
Two-Word Instruction, Direct Addressing

F400XXXX EOR contents of CSL at EA (Addr)
with A

F500XXXX EOR contents of CSL at EA

i (Addr+XR1) with A

F600XXXX EOR contents of CSL at EA
(Addr+XR2) with A

F700XXXX EOR contents of CSL at EA
(Addr+XR3) with A

Two-Word Instruction, Indirect Addressing

F480XXXX EOR contents of CSL at EA (V in
CSL at Addr) with A (See example.)

F580XXXX EOR contents of CSL at EA (V in
CSL at "Addr+XR1") with A

F680XXXX EOR contents of CSL at EA (V in
CSL at "Addr+XR2") with A

F780XXXX EOR contents of CSL at EA (V in
CSL at "Addr+XR3") with A

Label Operation FpT

21 25 30 32}33 40 45
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In the preceding example the EA is determined by
the contents of AREA. The contents of the EA is
exclusively ORed into the Accumulator. That is,
Accumulator bits which are equal to their corre-
sponding bits at EA are set to zero, otherwise to 1.

e '\



SHIFT INSTRUCTIONS

All shift instructions are single word format only

(F = 0). They are divided into subclasses as defined
by bit positions 8 and 9. Those that have their shift
count defined by the TAG bits shift as shown below:

Table 3. Shift Count

Tag Shift Count Determined By:
00 Low=Order 6 Bits of Disp
01 Low=Order 6 Bits of XR1
10 Low=Order 6 Bits of XR2
11 Low=Order 6 Bits of XR3

If the shift count is zero, the instruction performs a
NO-OP.

SHIFT LEFT LOGICAL A (SLA)

o OP FT Disp 15

OIOIOI]IOIOI 1490 4y 10
] . S
1 0-3 0-3 X

17182 A

Description: The Accumulator (A) is shifted left the
number of spaces specified by the Shift Count (Table
3). Vacated bit positions are set to zero. Bits
leaving the high-order (bit 0 of A) position are shifted
into the Carry indicator. (See Indicators below. )

The Extention (Q) is not affected. Note that bit posi-
tions 8 and 9 must be 00.

Indicators: The Carry indicator is turned on for
each one and off for each zero shifted left from the
high-order position of A. The Overflow indicator
is unaffected.

Hexadecimal Representation

One-Word Instructions (Only)

10*%X Contents of A shift left the number
of shift counts in DISP (See exam-~.
ple.)

1100 Contents of A shift left the number
of shift counts in XR1

1200 Contents of A shift left the number

of shift counts in XR2

1300 Contents of A shift left the number
of shift counts in XR3

*The third from the high order position can be 0, 1,
2, or 3, depending on the value of the shift count.

Label Operation FIT
21 25 “30f {32fas
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In the preceding example the Accumulator is shifted
left 16 places. The vacated positions are set to zero.
In this particular case the Accumulator is cleared
(set to all zeros).

SHIFT LEFT LOGICAL A & Q (SLT)

o OP F T Disp s
oIOIOI‘IIO‘OII llolllll
i 0-3 88 X

Description: The accumulator (A) and its extension
(Q) are shifted left as a 32-bit double precision regis-
ter. Vacated bit positions are set to zero. Bits
leaving the high-order position (bit position 0 of A)
are shifted into the Carry indicator.

Indicators: The Carry indicator is turned on for each
one and off for each zero shifted left from high-order
position of A. The Overflow indicator is unaffected.

Hexadecimal Representation

One-Word Instructions (Only)

10*%X Contents of A and Q shift left the
number of shift counts in DISP (See
example.)

1180 Contents of A and Q shift left the
number of shift counts in XR1

1280 Contents of A and Q shift left the
number of shift counts in XR2

1380 Contents of A and Q shift left the

number of shift counts in XR3

*The third from the high-order position can be 8, 9,
A, or B depending on the value of the shift count.
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Label Operation F(T
21 25

N T T T | SILITI

30 32|33 35 40 45
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In the preceding example both the Accumulator and
extension are shifted left 8 places as one 32-bit
register.

SHIFT LEFT AND COUNT A (SLCA)

) OP F T Disp 1]
olololllolol I IOI]I '
— S —

i 03 47 X

17186 A

Description: A TAG of 00 causes this instruction to
be performed as a Shift Left A instruction. A TAG
specifying one of the indéx registers causes the shift
count to be transferred from the low-order six bits
of the specified register to the shift counter. This
count is decremented by one for each position that
the contents of the Accumulator (A) are shifted to
the left. Vacated bit positions are set to zero.

The shift terminates either when an attempt is
made to shift a one from the high-order position of
A (the "1" remains in the high-order position after
the instruction has terminated) or when the shift
count has been decremented to zero. The decre-
mented count is then loaded back into the six low-
order bit positions of the index register (bits 10-15)
and bits 8 and 9 are reset to zero. Bit positions
0-7 of the index register remain unchanged at com-

pletion of the instruction. If the shift count is initial~

ly zero or if the high-order position of the Accumu-
lator (Bit 0) is initially a one bit, the instruction
performs as a NO-OP.

Indicators: The Carry indicator will be OFF at the
end of the operation if the shift is terminated by the
detection of the count reaching zero. The Carry
indicator will be ON at the end of the operation if
the shift is terminated by the detection of a 1 in bit
0 of the Accumulator before the shift count reaches
zero. For T = 0 the Carry indicator is set as in
Shift Left instruction. The Overflow indicator is
unaffected.
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SLCA Examples: For the four examples below, as-
sume the Index Register was previously loaded by an
LDX instruction. Only the low-order bit positions
(10-15) of the Index Register (XR) are shown and only
the high-order bit positions (0-5) of the Accumulator
(A) are shown. Those bit positions containing an X
can be zero or one.

Example Number 1 2 3 4

XR before SLCA 000011 000100 000101 000110
XR after SLCA 000000 000000 000001 000010

A before SLCA  00001X 00001X 00001X 00001X

A after SLCA 0IXXXX IXXXXX IXXXXX IXXXXX
Carry Indicator
after SLCA OFF* OFF* ON** ON**

*I