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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
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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.

1800 System Units and Features 13



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

Instruction Set 17



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



w

O

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

L1 EIOIRI AIRIEIAIIIIIIIlIII

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

[T T | leaAl

40 45
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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.

Instruction Set 31



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**

*If no one bits were contained in the field defined by
the Index Register (Examples 1 and 2), the program
can determine the value of Accumulator bit 0 only
by testing the Accumulator sign. (Carry Indicator
is OFF and the Index Register is zero.)

**If a one bit was contained in the field defined by the
Index Register (Examples 3 and 4), the SLCA in-
struction was terminated when an attempt was made
to shift the one out of the high-order position, leav-
ing the Carry Indicator ON and the Index Register
at a non-zero condition. (The one bit remains in
the high-order position.)

Hexadecimal Representation

One-Word Instructions (Only)

10%X Contents of A shift left the number
of shift counts in DISP

1140 **Contents of A shift left the number
of shift counts in XR1 (See example.)

1240 **Contents of A shift left the number
of shift counts in XR2

1340 **Contents of A shift left the number

of shift counts in XR3

*The third from the high-order position can be 4, 5,
6, or 7, depending on the value of the shift count.
**These instructions are terminated either when an
attempt is made to shift a one bit from the high-
order position of the Accumulator (with a non-zero
shift count remaining) or when the shift count has
been decremented to zero.

Label Operation FIT
21 25 27 30f {3zfss} {35 40 45
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In the preceding example index register 1 should be
set to the number of bit positions to be shifted. As
the Accumulator is shifted to the left, index register
1 is decremented by one each time a zero is shifted
out. The first 1-bit in Accumulator position zero
terminates the operation. By branching to a table
indexed by register 1 it is possible to have a unique
subroutine for each position of the Accumulator

that could contain a 1-bit, This is quite helpful in
determining device status and interrupt conditions.

®

SHIFT LEFT AND COUNT A & Q (SLC)

oP F T Disp 5

(]
Q|0|0|]|0|Ol ] I]III L1 |_l

— N s
" 1 0-3 &F X

Description: This instruction is the same as the
Shift Left and Count A except that both the Accumu-
lator (A) and its Extension (Q) are shifted. Bit po-
sition 0 of Q is shifted into bit position 15 of A and
vacated positions at the right of Q are set to zero.

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 the
bit zero position 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.

Hexadecimal Representation

One-Word Instructions (Only)

10*%X Contents of A and Q shift left the
number of shift counts in DISP
11C0 **xContents of A and Q shift left

- the number of shift counts in XR1
12C0 **Contents of A and Q shift left

the number of shift counts in XR2
(See example.)

13C0 *xContents of A and Q shift left
the number of shift counts in XR3

*The third fro;m the high-order position can be C,
D, E, or F, depending on the value of the shift
count.

O

**These instructions are terminated either when an
attempt is made to shift a one bit from the high-
order position of the Accumulator (with a non-zero
shift count remaining) or when the shift count has
been decremented to zero.

Label Operation FIT

21 25 30 32133 35 40 45
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In the preceding example both the Accumulator and
extension are shifted left until a 1-bit appears in the
high-order position of the Accumulator (or index
register 2 is decremented to zero). Index register 2
is decremented by one each time a zero is shifted out
of the Accumulator.

SHIFT RIGHT LOGICAL A (SRA)

o OP F T Disp 5
0lolollll‘ol | |0Iol | I .| IJ

NE——
8-B 0-3 X

Description: The Accumulator (A) is shifted right
the number of places indicated by the Shift Count.
Zeros are entered in all vacated spaces. The Ex-
tension (Q) is undisturbed. Low-order bits of A are
lost.

Indicators: The Carry and Overflow indicators are
not affected.

Hexadecimal Representation

One-Word Instructions (Only)

18*%X Contents of A shift right the number
of shift counts in DISP (See exam-
ple.)

1900 Contents of A shift right the number
of shift counts in XR1

1A00 Contents of A shift right the number
of shift counts in XR2

1B00 Contents of A shift right 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.
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Label Operation FIT

SRA.

40 45

3|||||l||||I|||

In the preceding example the contents of the Accumu~
lator is shifted right 3 places. The vacated positions
of the Accumulator are set to zero, and the positions
shifted out are lost.

SHIFT RIGHT A & Q (SRT)

) oP F T blsp 15
l0|0|0|||]|01 1 IIIOI L1l | ’l ]
] 8B 8-B X

Description: The Accumulator (A) and Extension Q)
are shifted right as a 32-bit double precision regis-
ter. The value of the sign (bit position 0 of A) is
entered in all vacated spaces. Low-order bits of Q
are lost.

Indicators: The Carry and Overflow indicators are
not changed.

Hexadecimal Representation

One-Word Instruction (Only)

18%X Contents of A and Q shift right the
number of shift counts in DISP
(See example.)

1980 Contents of A and Q shift right the
number of shift counts in XR1

1A80 Contents of A and Q shift right the
number of shift counts in XR2

1B80 Contents of A and Q shift right 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 FIT
21 25 308 J32f{33] {ss 40 45

I T N | istTl é‘illlllllllllll

In the preceding example the Accumulator and exten-
sion are shifted to the right 6 places. The value of
the sign bit is placed in all vacated positions of the
Accumulator. The bits shifted out of the extension
are lost.

ROTATE RIGHT A & Q (RTE)

o OP F T Disp 15
IBIOIOI]IIIOI 1 I]lll 11 1 IT/]
88 CF X

Description: The Accumulator (A) and Extension Q)
are rotated to the right as a 32-bit double precision
register the number of bit positions specified by the
Shift Count. Bit position 15 of the Extension Q) is
linked to bit position 0 of the Accumulator (A) to form
a continuous loop cycle shift so that the high-order
positions of the Accumulator pick up the bits dropped
from the low-order position of the Extension.

Indicators: The Carry and Overflow indicators are
not changed.

Hexadecimal Representation
One-Word Instruction (Only)

18*X Contents of A and Q rotate right the
number of counts in DISP (See ex-
ample.)

19Co0 Contents of A and Q rotate right the
number of counts in XR1

1ACO Contents of A and Q rotate right the
number of counts in XR2

1BCO Contents of A and Q rotate right the

numbeér of counts in XR3

*The third from the high-order position can be C, D,
E, or F, depending on the value of the shift count.

N
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Label

Operation

3233

35 40 45

RTE,

1lo||1||||||l||l

In the preceding example the Accumulator and exten-
sion are rotated to the right 10 places, that is, the
bits shifted out of the low-order of the extension
are shifted into the high-order of the Accumulator.
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BRANCH INSTRUCTIONS

BRANCH OR SKIP ON CONDITION (BSC or BOSC)

o OP F T Disp 5
olllololllolololol LUl
— N——

4 8 0-7 X

1.8

) OoP F T A0 Cond 150 Address 15
IglllolollllllllllllllIIllILIllIlIIII
R e P S e

4 C-F X X X X X X

Description: There are six testable conditions associ-
ated with the Accumulator. These conditions may be
tested by indicating the bit pattern in the DISPLACE-
MENT of the instruction.

The six Accumulator conditions that can be tested
are shown by bit position.

Bit Condition

15 Overflow OFF

14 Carry OFF

13 Accumulator Even

12 Accumulator Plus (greater than zero)
11 Accumulator Negative

10 Accumulator Zero

When F = 0, the instruction executed is a Skip on
Condition when one or more of the conditions speci-
fied is true. This enables the program to skip over
the next one word instruction. If none of the condi-
tions specified are true, the next instruction in
sequence is executed.

When F = 1, the instruction executed is a Branch
to the Effective Address (EA) when none of the condi-
tion(s) specified are true. I any one of the condi-
tion(s) specified in bit positions 10-15 is true, the
next instruction in sequence is executed. Examples
are shown in Figure 5.

The EA is calculated as follows:

F=1 1A=0 T=00 EA = ADDR
T =01 EA = XR1 + ADDR
T =10 EA = XR2 + ADDR
T=11 EA = XR3 + ADDR
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When the IA bit is equal to a one (IA = 1), this in-
struction enables the program to return to a main-
line program from a program subroutine or interrupt
routine. This is accomplished by making the EA of
this instruction identical to the EA of a previously
executed Branch and Store Instruction Register (BSI)
instruction. The EA as calculated below is loaded
into the Instruction Register.

F=11IA=1 T=00 EA=*C(ADDR)
T=01 EA= C(XR1+ ADDR)
T=10 EA= C(XR2+ ADDR)
T=11 EA= C(XR3+ ADDR)

*C means "Contents of"

Programming Note: When an interrupt request has
been detected by a priority level, the program is
directed to service the request by interrupting. Dur-
ing the servicing, all interrupt requests of equal or
lower status are effectively constrained from inter-
rupting while the servicing of the higher priority is in
progress. However, if a request is detected for a
higher priority level than is presently in progress, the
program is immediately interrupted again. This is
frequently called Nesting of Interrupts.

At the completion of servicing any level of inter-
rupt, it is necessary to signal the priority hardware
to reset the priority-status of the highest level that is
on. This reset permits lower priority requests, that
may have been temporarily constrained but recorded,
to be accepted once again by the P-C. This is effected
by making Bit 9 = 1 in the BSC instruction. A BSC
instruction with Bit 9=1 is called a Branch Out of Inter-
rupts (BOSC). This programmed recognition of wait-
ing interrupts should not be confused with a normal
subroutine linkage back to a mainline program in which
Bit 9 should be set to zero.

The BSC is a conditional instruction. When Bit
9 =1, the reset of the interrupt level occurs only if
the Branch or Skip occurs. If the Branch or Skip does
not occur, the interrupt level is not reset.

Indicators: The Overflow indicator is reset when
tested. The Carry indicator is not reset by testing.
The contents of the Accumulator are not changed by
testing. If no conditions are specified, a Skip does
not occur on the SKIP instruction (F =0)or a
branch does occur on the BRANCH instruction
(F=1).
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Bit Positions: 10 11 12 13 Skip Branch
ACC Conditions: Zero Minus Plus Even |(F=0) (F=1)
(1 1 1 0 Always Never
0 0 0 0 Never Always
0 0 1 0 Plus Not Plus
Test 1 1 0 0 |NotPlus |Plus
Conditions < 0 1 0 0 Minus Not Minus
1 0 1 0 Not Minus| Minus
1 0 0 0 Zero Not Zero
0 1 1 0 Not Zero | Zero
0 0 0 1 Even Odd
0 0 1T 1 Even or Odd and
Plus Minus
0 1 0 1 Even or Odd and
- Minus Plus

Notes: 1. ACC Zero is not a plus condition.

2, Skip and Branch columns specify action or ACC condition
required for Skip or Branch.
3. Skip on Odd condition, Carry ON, or Overflow ON are

not possible, L7312

Figure 5. BSC Examples

Hexadecimal Representation

One-Word Instruction

48*X SKIP the next one-word instruction
if ANY condition is sensed

*The third from the high-order position can be 0, 1,
2, or 3 (BSC) or 4, 5, 6, or 7 (BOSC), depending on
which conditions are tested.

Two-Word Instruction, Direct Addressing

4C*XXXXX Branch to CSL at EA (Addr) on NO
condition (See example.)

4D*XXXXX Branch to CSL at EA (Addr+XR1)
on NO condition

4E*XXXXX Branch to CSL at EA (Addr+XR2)

. on NO condition

4F*XXXXX Branch to CSL at EA (Addr+XR3)

on NO condition

*The third from the high-order position can be 0, 1,
2, or 3 (BSC) or 4, 5, 6, or 7 (BOSC). These hexa-
decimal values are determined by the conditions
being tested.

Two-Word Instruction, Indirect Addressing

4C*XXXXX Branch to CSL at EA (V in CSL at
Addr) on NO condition

4D*XXXXX Branch to CSL at EA (V in CSL at
"Addr+XR1") on NO condition

4E*XXXXX Branch to CSL at EA (V in CSL at
"Addr+XR2'") on NO condition
4F*XXXXX Branch to CSL at EA (V in CSL at
"Addr+XR3") on NO condition
*The third from the high-order position can be 8, 9,
A, B(BSC)or C, D, E, or F (BOSC). These hexa-
decimal values are determined by the conditions
being tested.

Label Operation FIT
21 25 27 30 32|33 35 40 45
S N | .BISACI L TIH|E|B_|_1|, lZ|+| TR W I N |

In the preceding example the program branches to
THERE if the Accumulator is negative. Otherwise,
the next sequential instruction is executed.

Label . Operation FIT
[ T T | B|0|S|c I RIE|T|R|N| { I TN TR NN N N T T

In the preceding example the program branches to
the address stored at RETRN and resets the cur-
rently active interrupt level.

BRANCH AND STORE INSTRUCTION REGISTER
(BSD

o OP FT Disp 15
|°|‘|0|°|0|OI 1 l [ IJ_I
D N —

4 0-3 X X

0 oP F T lAO Cond 15 0 Address 15
OIIIOIOIOI]IIIIIIIlIIIlIlIlLlIIIIIL]_I_l
— " H——j\—\/——/\—«—J

4 4-7 X X X X X X

Description: When F = 0 (one word format), the
contents of the Instruction Register are stored in
the core storage location specified by the effective
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address. The stored address is that of the next
instruction in the normal sequence. The Instruc-
tion Register is then set to the value of the effec-
tive address plus one, and program execution
proceeds from that point.

For example, a BSI instruction located at core
storage address 0500, with an effective address of
0550, would store the address 0501 at location 0550
and then branch to 0551. (See Figure 6.)

A BSC instruction with an IA bit of one and an
ADDRESS of 0550 would be used to return from the
subroutine.

When F = 1 (two word instruction format), the
above function is conditionally executed depending
on the condition bits specified in the Displacement.
These Accumulator condition bits are defined in the
preceding BSC instruction. If any one of the condi-
tions specified is true, the previously explained

branch does not occur. Instead, the next instruction

in sequence is performed. If none of the conditions
are true, the Instruction Register is stored at the

effective address (specified by the ADDRESS) and the

branch is to EA + 1.

Internal, CE, and external level interrupts are
suppressed for the first instruction following a BSI
instruction. Therefore, the Mask Register (See
Interrupt section) may be set without the possibility
of an interrupt other than trace immediately fol-
lowing the BSI instruction.

.
P
r
o
9
r
a
m
v T Bramch ™ 0550 (0501 Stored Here)
gggt}) - BSI = > = 0551 i
S
)

BSC, Indirect (With Address of 550)

Figure 6. BSI Operation
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Indicators: When F = 0, the status of the indicators
is unchanged. When F = 1, the Overflow indicator is

reset if tested.

Hexadecimal Representation

One-Word Instruction

40XX

41XX .,

42XX

43XX

Store next sequential address in
CSL at EA (I+DISP) and Branch to
EA+1

Store next sequential address in
CSL at EA (XR1+DISP) and Branch
to EA+1

Store next sequential address in
CSL at EA (XR2+DISP) and Branch
to EA+1 :

Store next sequential address in
CSL at EA (XR3+DISP) and Branch
to EA+1

Two-Word Instruction, Direct Addressing

44*XXXXX

45*¥XXXXX

46* XXXXX

4THFXXXXX

If NO condition is true, store next
sequential address in CSL at EA
(Addr) and Branch to EA+1

If NO condition is true, store next
sequential address in CSL at EA
(Addr+XR1) and Branch to EA+1
If NO condition is true, store next
sequential address in CSL at EA
(Addr+XR2) and Branch to EA+1
If NO condition is true, store next
sequential address in CSL at EA
(Addr+XR3) and Branch to EA+1

*The third from the high-order position can be 0, 1,
2, or 3, depending on the conditions being tested.

Two-Word Instruction, Indirect Addressing

44+ XXXXX

45*XXXXX

46*XXXXX

If NO condition is true, store next
sequential address in CSL at EA
(V in CSL at Addr) and Branch

to EA+1 (See example.)

If NO condition is true, store next
sequential address in CSL at EA
(V in CSL at "Addr+XR1'") and
Branch to EA+1

If NO condition is true, store next
sequential address in CSL at EA
(V in CSL at "Addr+XR2") and
Branch to EA+1



4THFXXXXX If NO condition is true, store next
sequential address in CSL at EA
(V in CSL at "Addr+XR3") and
Branch to EA+1

*The third from the high-order position can be 8, 9,
A, or B, depending on the conditions being tested.

Label Operation FIT
21 25

R T | B|S|I|

30 32|33 35 40 45

/IO|O|8°|IIIII||II

In the preceding example the Instruction Address
Register is stored at the effective address which is
specified by the contents of storage location /0080.
The program then branches to EA + 1. (Slash
denotes hexadecimal.)

MODIFY INDEX AND SKIP (MDX)

o OP FT Disp 15

|0|] IIIIIO‘OI 1 Ll L1111

AN A S

o o F T W% cond 50 Address 5
E‘|]|||°I]||Il||1|||I|||||||||||||||_J
R 2 A S Suias SHA SUA SR

Description: The Modify Index and Skip instruction
has many uses. The specific operation and the regis-
ters involved depend upon the instruction format.
An Index Register may be modified by a value; this
value may be the expanded Displacement, the Ad-
dress, or the contents of the core storage location
specified by the Address. The Instruction Register
or a core storage word may be modified by the ex-
panded Displacement.

The Displacement is automatically expanded
to a 16-bit value by duplicating bit position 8
(sign bit) in the left 8 positions.

In no case is the Accumulator (A) or its Exten-
sion (Q) modified.

If T is not zero, the Index register specified is
modified. The Instruction Register is incremented
an additional time to cause a skip whenever the Index
Register specified is zero after the operation is com-
plete or has changed sign during the operation.
Therefore, the MDX instruction with T=non-zero
should be followed by a one-word instruction.

If T is zero and the MDX instruction is short
(F=0), the Instruction Register is modified by the
contents of the Displacement. The Instruction Regis-
ter is not incremented an additional time if the In-
struction Register is zero after the operation is
complete. Note that the Instruction Register has no
sign as such, but is treated as a 16-bit logical value.

If T is zero and the MDX instruction is long
(F=1), the core storage location specified by Address
is modified by the expanded Displacement. The In-
struction Register is incremented an additional time
if the content of the specified location is zero after
the operation is complete or has changed sign during
the operation. Therefore the MDX instruction with
T=zero and F = one should be followed by a one-
word instruction.

The MDX instruction 70FF_ , can be used as a
dynamic wait instruction. This instruction will cause
the instruction register to be modified so that this
same instruction will be repeated continuously, allow-
ing interrupts to be serviced and returning to the
MDX instruction (dynamic wait). Unless an interrupt
subroutine alters the stored return address, the pro-
gram will return to the MDX instruction at the end of
the interrupt subroutine. An exit from the dynamic
wait condition can be made manually by the following
procedure.

Change the Mode switch to Display.

Press console Start.

Change Mode switch to Run.

Press console Start.

The program starts with the instruction following
the MDX instruction.

CﬂrP.CIONH

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

Hexadecimal Representation

One-Word Instructions

T0XX ADD Expanded DISP to I (no skip
can occur)

71XX ADD Expanded DISP to XR1

72XX ADD Expanded DISP to XR2

73XX ADD Expanded DISP to XR3

(See example.)

Instruction Set 39



Two-Word Instruction, Direct

T4XXXXXX Add Expanded Positive DISP to CSL

at Addr (Add to memory)

7500XXXX Add Addr to XR1
7600XXXX Add Addr to XR2
T700XXXX Add Addr to XR3

Two-Word Instruction, Indirect

T4XXXXXX Add Expanded negative DISP to CSL

at Addr (Add to Memory)
‘ A tag must be specified.
7580XXXX

Add V in CSL at Addr to XR1
7680XXXX AddV in CSL at Addr to XR2
7T780XXXX Add V in CSL at Addr to XR3

Label Operation FIT
21 25 27 30 32|33 35 40 45
||||M|D|X| 6lu||||||||I|||

In the preceding example index register 3 is incre-
mented by 6. If index register 3 changes sign the
I-register is incremented by one.

WAIT (WAIT)

o OP FT Disp 1
0,0,11 |0|°|010I0|0|0|0|°|010|0
| ——

3 0 0 0

Description: This instruction is a one word format
instruction only. The P-C stops in a wait condition.
It can be restarted manually or by detection of an
interrupt. Following completion of an interrupt sub-
routine, the instruction immediately following the Wait
instruction is executed if the Branch Out of Interrupt
(BOSC) is the normal indirect subroutine linkage.
Data channel or Timer operations continue during the
wait condition.

Another method of accomplishing the WAIT
function is described under the heading Modify Index
And Skip (MDX).

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

Hexadecimal Representation

One-Word Instruction (only)

3000 WAIT until manual start or until

interrupted.

40

Label Operation FIT

21 25 30 3233 35 40 45

WA T

30158

In the preceding example the P-C stops. The P-C
is automatically restarted if an interrupt request is
detected. It may also be restarted by pressing

the console‘start switch.

COMPARE (CMP)

o OP F T Disp T

]°|'|]|0|°I|I|||||||
B 0-3 X X

F T ABO Address 15

o OP Cond 15 0

|1|0|1|'|0|1| 1 | I°R|0|0|0|0|° Ly
B 4-7 Oor8 0 X X X X

Description: The contents of the Accumulator (A) are

algebraically compared against the contents of the
word at the effective address, and the Instruction
Register (I) is modified according to the result of the
comparison as shown below:

if A>C(EA) thenI=1

if A< C(EA) thenI=1+1

If A= C(EA) thenI=1I+2

The contents of A and Q and core storage are un-
changed at the end of the instruction execution.

Indicators: The Overflow indicator is unaffected by
this instruction. The Carryindicator may be altered.

Hexadecimal Representation

One-Word Instruction

BOXX Compare A with contents of CSL
at EA (I+DISP) (See example.)

B1XX Compare A with contents of CSL
at EA (XR1+DISP)

B2XX Compare A with contents of CSL
at EA (XR2+DISP)

B3XX Compare A with contents of CSL

at EA (XR3+DISP)
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Two-Word Instruction, Direct Addressing

B400XXXX Compare A with contents of CSL
at EA (Addr)

B500XXXX Compare A with contents of CSL
at EA (Addr+XR1)

B600XXXX Compare A with contents of CSL
at EA (Addr+XR2)

B700XXXX Compare A with contents of CSL

at EA (Addr+XR3)
Two-Word Instruction, Indirect Addressing

B480XXXX Compare A with contents of CSL
at EA (V in CSL at Addr)

B580XXXX Compare A with contents of CSL

at EA (V in CSL at "Addr+XR1")

B680XXXX Compare A with contents of CSL

at EA (V in CSL at "Addr+XR2'")

B780XXXX Compare A with contents of CSL

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

Label Operation FIT

11 C|M|p| AIG|E|+|1| | I SN TN WO WU N T B
130161 I

In the preceding example, AGE + 1, which must be
within 127 (or -128) positions of the instruction
(short instruction format), is algebraically compared
against the contents of the accumulator. If the ac-
cumulator is greater, the next sequential instruction
is executed; if the accumulator is less, one word is
skipped and I+1 is executed; and if they are equal,
two words are skipped and I+2 is executed.

DOUBLE COMPARE (DCM)

o OP F T Disp 5

|1|0|'11|1|0| ] I L1l 1_|_|

——— e
B 8-B X X

oP F T lABO Cond 150

Address 15

]IOIII]IIIII 1 I Iolololololol0 | N I T T T T T T T T T N I_I_]

———— N N —
B C-F Oor8 0 X X X X

Description: The contents of the Accumulator (A)
and its Extension (Q) are compared against the con-
tents of the effective address (EA must be an even
address) and the effective address plus one (odd).
The Instruction Register () is modified as follows:

if A, Q >C(EA), C(EA + 1), thenI=1
if A, Q <C(EA), C(EA + 1), thenI=1+1
if A, Q = C(EA), C(EA +1), then I=1+2

Indicators: The Overflow indicator is unaffected by
this instruction. The Carry indicator may be

altered.

Hexadecimal Representation

One-Word Instruction

B8XX

BIXX

BAXX

BBXX

Compare A and Q with contents of
CSL at EA (I+DISP) and EA+1
Compare A and Q with contents of
CSL at EA (XR1+DISP) and EA+1
Compare A and Q with contents of
CSL at EA (XR2+DISP) and EA+1
Compare A and Q with contents of
CSL at EA (XR3+DISP) and EA+1

Two-Word Instruction, Direct Addressing

BCOOXXXX

BDO0XXXX

BEQOXXXX

BFOOXXXX

Compare A and Q with contents of
CSL at EA (Addr) and EA+1 (See
example.)

Compare A and @ with contents of
CSL at EA (Addr+XR1) and EA+1
Compare A and @ with contents of
CSL at EA (Addr+XR2) and EA+1
Compare A and Q with contents of
CSL at EA (Addr+XR3) and EA+1

Two-Word Instruction, Indirect Addressing

BC8OXXXX

BD80OXXXX

BESOXXXX

BF80XXXX

Compare A and Q with contents of
CSL at EA (V in CSL at Addr)

and EA+1

Compare A and Q with contents of
CSL at EA (V in CSL at "Addr
+XR1") and EA+1

Compare A and Q with contents
of CSL at EA (V in CSL at
"Addr+XR2'") and EA+1

Compare A and Q with contents
of CSL at EA (V in CSL at
"Addr+XR3") and EA+1
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Label Operation FIT
21 25 27 s0f f32fss] {ss 40 45

D.c|M| L TIOITIAILI | B S TSR T TN I S T |

Note: Total must be an even address.

In the preceding example, TOTAL, which must be
an even address, and TOTAL + 1 are algebraically
compared against the accumulator and extension. If
A and Q are greater, the next sequential instruction
is executed; if A and Q are less, one word is skip~
ped and I+1 is executed; and if they are equal, two
words are skipped and I+2 is executed.

0AXX Execute IOCC in CSL at EA (XR2+DISP)
and EA+1

0BXX Execute IOCC in CSL at EA (XR3+DISP)
and EA +1

Two-Word Instruction, Direct Addressing

0C00XXXX Execute IOCC in CSL at EA (Addr)
and EA+1 (See example.)

0D00XXXX Execute IOCC in CSL at EA
(Addr+XR1) and EA+1

0E00XXXX Execute IOCC in CSL at EA
(Addr+XR2) and EA+1

0F 00XXXX Execute IOCC in CSL at EA
(Addr+XR3) and EA+1

Two-Word Instruction, Indirect Addressing

EXECUTE 1/0 (XIO) 0C80XXXX Execute IOCC in CSL at EA \4
in CSL at Addr) and EA+1
o 0P FT Disp 15 0DB0XXXX Execute IOCC in CSL at EA (V
|2.0.°.0.1|°| N i ] in CSL at "Addr+XR1'") and EA+1
—— o o 0E80XXXX Execute IOCC in CSL at EA \%
0 88 X X in CSL at "Addr+XR2") and EA+1
0F80XXXX Execute IOCC in CSL at EA (V
o 0 F 1Y% cond o Address s in CSL at "Addr+XR3") and EA+1
lgLolololllll 1 I Iolololololol0 | T O VO I O O I | LI]
H—/;v—/\—w—/w—/%/—/;v—/w—/%—-/ X
CF  Oor8 0 X X X X Label Operation [ {F T
21 25 27 30 3233 35 40 45
71598 o LXI0 R Tece L,

Description: This instruction is used for all 1/0
operations; it may be either one or two words in
length, as specified by the F-bit. In the two-word
instruction, the Address is either a direct or indi-
rect address, as specified by the IA bit. For proper
operation, the Effective Address must be an even
address. The Effective Address is used to select a
two-word 1/0 Control Command (IOCC) from storage.

Internal, Trace, CE, and External interrupts
are suppressed for the first instruction following an
XIO instruction. Therefore, the mask register (See
Interrupt section) may be set without the possibility
of an interrupt.

Hexadecimal Representation

One-Word Instruction

08XX Execute IOCC in CSL at EA (I+DISP) and
EA+1

09XX Execute IOCC in CSL at EA (XR1+DISP)
and EA+1

42

Note: 1OCC must be an éven address.

|30159A l

In the preceding example, the I/O control command
located at IOCC is executed.

The IOCC specifies the I/O operation, 1/0 device,
and core storage address. The format of the two-
word IOCC follows, with an explanation of the as-
signed fields:

0 150 4 5 78 15

Ln T T ,.Ad.dre‘ss. L1 g l 1 éref’ 1 IFU? I 1 Mo?lfliern j
— — / \ "y -
10CC ot EA ot EA + 1

(even location)

Area

This 5-bit field specifies a unique segment of I/0
which may be a single device (1442 Card Read-Punch,
1443 Printer, etc.) or a group of several units (mag-
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netic tape drives, serial I/0 units, contact sense
units, etc.). (See Appendix D.)

Area 00000 is used to address such devices as
the Console and the Interrupt Mask Register. (See
"Area Code Zero" following XIO Data Flow.)

Function

The primary I/O functions are specified by the 3-bit
function code of the IOCC:

000 - This code is used to remove an I/O device
from on-line status and place it in CE mode.
It can also be used to restore the on-line
status and remove the I/O device from CE mode.

001 - Write
This code is used to transfer a single word
from storage to an I/0 unit. The address of
the storage location is provided by the Address
field of the I/O Control Command.

010 - Read
This code is used to transfer a single word
from an I/O unit to storage. The address of
the storage location is provided by the Address
field of the I/O Control Command.

011 - Sense Interrupt Level
This code is used to load the Accumulator
with the Interrupt Level Status Word (ILSW)
for the highest interrupt level pending at the
time it is issued. This command is common
to all I/0 devices; therefore, no device code
is needed. (See "Interrupt' section.)

100 - Control
This code causes the selected device to inter-
pret the Address word or modifier of the IOCC
as a specific control action. (See "Area Code
Zero" following XIO Data Flow.)

101 - Initialize Write
This code initiates a WRITE operation on a
device or unit which will subsequently make

data transfers from storage via a Data Channel.

110 - Initialize Read
This code initiates a READ operation from a
device or unit which will subsequently make
data transfers to storage via a Data Channel.
111 - Sense Device
This code causes the selected device to make
its current status available in the Accumulator
as the Device Status Word or Process Inter-
rupt Status Word (PISW).

If Area 00000 is specified, the Console
status or Interval Timer status may be brought
into the Accumulator as specified by a unit ad-
dress code in the Modifier field.

Programming Note: The current contents of the Ac-
cumulator are destroyed by the execution of Sense
Interrupt Level, Sense Device, Initialize Read,
Initialize Write, Read, or Write. Therefore, it is
the programmer's responsibility to save the Ac-
cumulator contents if necessary.

Modifier

This 8-bit field provides additional detail for either
Function or Area. For example, if the Area speci-
fies a Disk Storage Drive, and if the Function speci-
fies Control (100) then a particular modifier code
specifies the direction of the Seek operation. In this
case, the Modifier serves to extend the Function.

If, however, the Area specifies a group of
serial I/O devices, and if the Function specifies
Write (001), then the particular unit address is
specified by the Modifier. (See Appendix D.)

Address

The meaning prescribed for this 16-bit field is de-
pendent upon the Function specified by this 1/0
Control Command:

1. If Function = Initialize Write (101) or if Function
= Initialize Read (110), then Address specifies
the starting address of a table in storage (an
1/0 block). The contents of this table are data
words and control information (Channel Com-
mand Words for the Selector Channel).

2. If Function = Control (100) and if, for example,
Area specifies the 1443 Printer, the Address
may specify a specific control action.

3. If Function = Sense (011) or (111), the Address
field is ignored. Instead, an increment of time
equivalent to a core storage cycle is taken, dur-
ing which the selected I/O device or Interrupt
Level places its status word in the Accumulator.

4. If Function = Write (001) or if Function = Read
(010), the Address specifies the storage loca-
tion of the data word.

XI10 Execution Data Flow

The circled numbers in Figure 7 correlate with the
data flow sequence that follows:

1. The EA of the XIO is developed in the Accumu-
lator (A) and routed to the Storage Address
Register (SAR) to locate the IOCC.

2. Bit position 15 of SAR is forced on to select the
EA + 1 where the IOCC Area, Function, and
Modifier are found.
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Figure 7. XIO Data Flow

3. The Area, Function, and Modifier are routed

through the B-register to the Out-Bus to the Feature/Register Bits 8-10

1/0O Adapter of the device specified by the Area. Interval Timers 001
4. Bit position 15 of SAR is turned off to allow the Console Data Eniry Switches 010

Address portion of the IOCC word to be trans- Console Sense and Program

ferred, from the core-storage location specified Select Switches,andCE Switches|] 011

by the Effective Address (EA), to the B-register. Interrupt Mask Register 100
5. If the Function is an Initialize Read, Initialize Programmed Interrupt 101

Write, or Control, the Address part of the IOCC Console Interrupt 110

is routed through the B-register to the Out-Bus. Operations Monitor 1

The address part of the Initialize Read/Write

IOCC goes to the Channel Address Register =

(CAR) of the Data Channel. If the Function is
Read or Write, the Address is routed from the
B-register through the A-register to the SAR.

SﬁR l? ddres.ses the siiorage location to or from The IOCC for each operation follows. Note that the
which data is transmitted. Function specifies the operation. Those bit positions

AREA CODE ZERO left blank are not used.

The IOCC Area code 00000 is used with Modifier bits Interval Timers

8-10 to specify the particular feature or register

listed below. These bits are fixed for all 1800 This IOCC is used to start or stop the interval
systems: timers. See "Interval Timers' section.
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0 2 150 4 8 10 15
YquYl [URE YW SN VT TR SHNN A NSO O O W | 0,0|0|0|0I] 00|O| A I
l——T' C Area
I imer
Timer B A 1-Bit Turns Timer on; A Timers
Timer A]  0-Bit Turns Timer Off .
Control

17399

Console Data Entry Switches
Console Sense and Program Switches

The following IOCC's are used to read the console
switches into the accumulator or core storage.

0 15 0 4 8 10 15
Not Used |ooooo|||1|0|””,_|

0|2345G739|0|||Z|3l4|50 4 8 91011 12131415
[ Core Storage Address | oo oolo1ofor 1 |

. Area T
Read

Sense and Program Switches

The status of these switches
is read into Core Storage
(Bit Positions 0-7).

CE Switches

The status of these switches
is read into Core Storage
Bit Positions 8-15.

Interrupt Mask Register

This IOCC is used to mask or unmask customer
interrupt levels 0-23. Internal check level, Trace,
and CE interrupts cannot be masked.

0 9 13 0 4 8 10

Sense Device ] |

Data Entry Switches

The status of these switches
is read into Acc.

(17400

0 150 4 8 10 ]5
r Core Storqge Address ‘0 00 0 0 |0 1 0 lO 10

=TT

Data Enfry Switches

The status of these switches
is read into Core Storage
(Bit Positions 0~15)

0 150 4 8 10 15
CNotUsed |o.olololo|1.| 1 IOII 1 J

Area '-—‘ —

Sense Device

CE Switches

The status of these switches is
read into Accumulator Bit
Positions 8-15

Sense and Program Switches

The status of these switches is
read into the Accumulator

Bit Positions 0-7

15
YYYYYYYYYYYYYY “Tooo.oo[roof100 . 7

L =1 l Conhol—j—) ‘t Interrupt

Mask
Register

O-Interrupt Levels 0-13
1-Interrupt Levels 14-23

Y - The status of bit positions 0-13 or 0-9, de-
pending on Z, is copied into bit positions
0-13 or 14-23 of the 24-bit Interrupt Mask
register.

A 1-bit turns the corresponding mask regis-
ter bit on. This bit prevents the external
interrupt on that particular level from being
acknowledged until the mask is changed to
unmask. A 1-bit prevents a Programmed
Interrupt for its corresponding interrupt
level.

A 0-bit causes the mask register bit to be
set off, which enables the particular inter-
rupt ¢ level.

The execution of this instruction does
not destroy the contents of the accumulator.

Note: Pressing the Console Reset key
masks interrupt levels 0-23.
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Programmed Interrupt

This IOCC is used to initiate an interrupt (or inter-
rupts) from within the program. Programmed inter-
rupts do not turn on bits in the ILSW. See "Interrupt"
section for details of programmed interrupt.

0 9 13 0 4 8 10 15

YYlYIY.Y'YIY.Y.Y.YIY.Y.Y.Y . |o.o.o.o'o|1.olo|1.olll B 7'

L ZLI . Area :"_‘ | Programmed
Control

Interrupt

O-Interrupt Levels 0-13
I-interrupt Levels 14-23

Y - A 1-bit in positions 0-13 or 0-9, depending
on Z, turns on corresponding interrupt
level 0-13 or 14-23 unless this level is
masked or becomes masked prior to the
forced BSI due to this instruction.

Console Interrupt

This IOCC is used to read the Console Interrupt
Device Status Word (DSW) into the accumulator.
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0 150 4 8 10 15
LL l 1 1 INIOtIUlse? 1 1 1 1 1 1 Iololololollllllllillol 1 1 1 IZI
Area T
Sense Device—l l_Console
Interrupt

1-Reset DSW (Device Status

0-Do not reset DSW indicator
Word) Indicator .

0 15 17406 \
hLO.O.Ol 000 0] 000 o|o|ol o?l
DSW for Console Interrupt
Operations Monitor

This IOCC is normally used to reset the Operations
Monitor timer, thereby preventing its time-out and
the resulting alarm that would otherwise occur. See
""Operation Monitor' section for more detail.

0 150 4 8 10 15
T X s A
Area It
l Operations
Control — Monitor

0-Timer Not Reset
1-Timer Reset to Time-Out

Period Indicated by Switch

/
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Three timers are provided to supply real-time infor-
mation to the program. They are in core storage
locations 0004 (timer A), 0005 (timer B), and 0006
(timer C). Each timer has a permanent time base
which can be selected by the customer (Table 4). All
three timers can operate at different time periods.

Table 4. Interval Timers

St
(C:;ele T?:egse Available Time Bases (In Milliseconds)
2 or 2.25 psec | 0.125 0.25| 0.5 1 2 4 8 16 32 64
4 psec 0.2510.5 1 2 4 8 16| 32 | 64 | 128

17408 A

The timers can be started or stopped under pro-
gram control. Once started, they are automatically
incremented one count at a time through the cycle
stealing facility of the P-C. A count is added each
time the assigned time base period is completed. This
count is automatic and does not require a program.
The count of the timers proceeds in the positive
direction. When the count reaches the largest
positive value (215—1), the count continues to the
most negative value and then through the negative
numbers (two's complement) toward zero. When the
count reaches zero, an interrupt is requested on the
level assigned to the timers. (All three timers are on
the same interrupt level which is assigned by the
user.) The timer continues to operate after the zero
value has been reached.

The timers, once operating, continue to
record time correctly when the P-C is in the Run,
Trace, or SIW/CS mode. Further, a WAIT
instruction may also be executed by the program
without affecting the timers ability to record time
correctly.

The timers are started by means of the XIO
instruction with the Function of Control referring to
Area zero. The IOCC used to start and stop the timer
has the following form.

INTERVAL TIMERS

15 0 8 9 10 11 1213 1415

[1] 4
[Y.Y.Y.X.X.X.X.X.X.X.X.X.X.X.X.XIO.°.°.°.°|‘.°.°|°.°. 1] xx x x X|
Modifier

Address Area Fun

X - Unused

Y - This information is copied into the Timer
Control. A one (1) causes the timer to be
turned ON and a zero turns the timer OFF.
Bit position 0 of the address corresponds to
Timer A, Bit position 1 - Timer B, and Bit
position 2 - Timer C.

Modifier 001 - Unit Address of Timers

The IOCC used to sense the DSW and reset the inter-
rupt assigned to the timers is:

0 15 0 4 8 15
Not Used |ooooo|11||001xxlxxﬂ
Area Fun Modifier

Modifier 001 - Unit address of timers

X - Unused
7 - A 1-bit resets the DSW indicators; a 0-bit
does not reset them.

The DSW has the following bit significance:

BO Timer A
B1 Timer B
B2 Timer C
B3-15 Not Used

The bit being ON indicates that the timer has initiated
an interrupt.

Note: The timers continue to increment cor-
rectly even if they are protected with a storage
protect bit. However, any other attempt by
the P-C or an I/0O device to alter the data in

a protected timer will cause a storage protect
violation.
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STORAGE PROTECTION

The Storage Protection facility protects the contents
of specified locations of core storage from change due
to the erroneous storing of information during the
execution of a program. This protection is achieved
by providing each location in core storage with a
storage protect bit. The status of each storage loca-
tion is identified as "read only" or "read/write" by
the condition of the storage protect bit.

""Read only" is indicated by the bit being set to
one (ON). '"Read only" is defined as the ability to
access a protected location, read the contents into
the B-register and regenerate into the storage the
contents that were read out. Under program control,
any location in core storage may be designated as
"read only". Since each location has its own storage
brotect bit, each location is conditioned individually
by means of the Store Status instruction.

The Store Status instruction, with bit nine equal
1, is used to Write or Clear storage protect bits.

See Instruction Set section for Store Status. The exe-
cution of this instruction is under control of the Write
Storage Protect Bits switch on the P-C Console.
When this switch is ON, the Store Status instruction
can change the storage protect bits. When the Write
Storage Protect Bits switch is OFF, this instruction
(Store Status with bit nine equal 1) performs as a NO-
OP.

Although the storage protect bit, the parity bit,
and the 16 data bits result in an 18 bit word, only the
16-bit data word need be considered for instruction
and data flow purposes. The odd parity bit covers
the 16 data bits and the storage protect bit. Loss of
any one of the 18 bits in a location is detected by a
Parity Check.

Any attempt by the program to write into a "read
only" protected location results in a storage protect
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violation which causes an Internal Interrupt (highest
priority interrupt). A 2-bit is placed in the Interrupt
Level Status Word (ILSW) of the Internal Interrupt.
The data in the protected location is not changed.

By storage protecting the word following the last
word in input data tables, the storage protect bit can
be employed to detect word count program errors.
This can be especially beneficial during the check out
of new programs. A word count in excess of the num-
ber of words available in the input table can cause the
loss of data in words following the table.

0 2 15

1J

Storage Protect Violate Bit Position
in ILSW for the Internal Interrupt.

17409 A

If an XIO or cycle steal operation attempts to
write into a protected location, the protected data re-
mains intact and the Storage Protect Violation indica-
tor is set in a bit position of the Device Status Word
(DSW) associated with the device operating on the Data
Channel. No internal level interrupt occurs.

The Check Stop switch being ON causes the P-C
to stop at the end of the core-storage cycle in which
any storage protect violation is detected. If the
Check Stop switch is on the OFF position, a storage
protect violation causes the P-C to initiate an inter-
nal interrupt or set the storage protect violation
indicator in the appropriate DSW as described above.

The Disable Interrupt toggle switch on the P-C
Console being ON prevents an Internal Interrupt.
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Any attempt by the program to read from a core stor-
age location having incorrect (even) parity or to write
a word having incorrect parity will result in an Inter-
nal Interrupt. This includes initialization cycles

(and loading CAR) of an XIO instruction. Reading
from core storage takes place as an instruction is
read out to be executed, as an address is read out,
ete. In these circumstances a parity error will not
prevent instruction execution. Therefore, program-
med recovery may not be possible.

If a parity error causes an I/0 device to reject
the XIO command (Initialize Read or Write only)
during the XIO control cycle, a CAR check will also
oceur since CAR is not selected to be loaded. If a
parity error is detected during a data cycle (cycle
steal) the Device Status Word of the device will
have the parity error indicator set. The core stor-
age word in error can be found by using a routine
such as the following that loads data (from core)
into the A register and detects the error at the time
the internal interrupt occurs. - A parity error during
a data cycle resulting from an XIO instruction, does

© not cause an Internal interrupt. This parity error

results in setting the parity indicator in the Device
Status Word (DSW) for the 1/O device being used. It
is the responsibility of the program operating that

PARITY

. .

LDX L1 INTRP
STX L1 8

Setup Interrupt Branch Address

LDX L1 +32,767  XR1=Core Storage Size
LOOP D i 0
MDX 1 -1
MDX LOOP
INTRP  DC 0 Internal Interrupt Branch
. . XR1=Address of Error Word
BOSC I INTRP Check Next Word

device to initiate retries or other error recovery
procedures.

The Check Stop switch being ON causes the P-C
to stop at the end of the core-storage cycle in which
any parity error is detected. If the Check Stop switch
is in the OFF position, a parity error causes the P-C
to initiate an internal interrupt or set the parity indi-
cator in the appropriate DSW as described above.

The Disable Interrupt toggle switch being ON
prevents an Internal Interrupt.
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OPERATIONS MONITOR

This basic feature of the 1800 System can be used to
check program operation. If the 1800 P-C fails to
execute a predetermined sequence of instructions,
within a pre-selected time interval, an alarm circuit
is activated. The alarm may be audible and/or vis-
ual (an indicator light is located at the 1800 console).
Both the alarming device and the power required to
operate it must be furnished by the customer. (Cus-
tomer power is limited to 30 volts and 1 ampere. )

The Operations Monitor includes an internal
timer and manual controls on the 1800 console. The
operator may select any one of six time intervals: 5,
10, 15, 20, 25, or 30 seconds. (The selection switch
is located on the CE panel underneath the console. )
Once the Operations Monitor has been activated by
the operator, a reset monitor timer command must
be executed during program operation at intervals
frequent enough to prevent the timer from timing out.
If the reset command is not given during the selected
time interval, the timer runs out and the alarm cir-
cuit is activated. Once the Operations Monitor alarm
is on, it cannot be reset off by the P-C program
executing a XIO control instruction; reset can only
be accomplished by manually turning the Operations
Monitor toggle switch off. The cause of the timeout
should be identified before the switch is turned back
on. Timeout can also be caused by a power failure,
computer hang-up, computer looping, or any depart-
ure from the predicted instruction sequence in the
program.

Programming Note

The use of the Operations Monitor depends on the
positions of two switches:
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1. The time interval selection switch on the CE
panel.

2. The Operations Monitor on-off toggle switch on
the P-C console. The first time interval is
initiated when this switch is turned on.

With these two switches correctly positioned and
the P-C in programmed operation, the Operations
Monitor timer must be reset at intervals frequent
enough to prevent it from timing out and causing an
alarm. An XIO instruction with the IOCC described
below is used to reset the timer:

0 150 0 8 10 15

L NotUsed 00000 100[1 11] D]
Area LIl | Ld
Control ——J I_Operaﬁons

Monitor

0 = Timer not reset

1 = Timer reset to
Time-Out period
indicated by switch

17411 ’\'

POWER FAILURE PROTECT

In the event of an emergency power failure, circuitry
is provided which permits the P-C to complete execu-
tion of the instruction in progress prior to termina~-
tion of program control. The program is automatically
terminated and the system is reset at the completion
of the cycle in progress.



The P-C console (Figure 8) provides the means for
manual control of the Processor-Controller during
debugging or operating phases.

The basic operating features and controls pro-
vide the facility to:

Start or stop instruction execution.

Address core storage.

Set-up and store data or instructions.
Communicate with the program via Sense or
Program Select switches.

Control the cycling rate in the Run, Single
Storage Cycle, Single Instruction, or Single
Step modes.

Interrupt the program manually.

Trace each instruction.

Reset all control circuitry and storage.
Turn power on and off.

0. Indicate basic machine conditions and status.
1. Display storage words and register data.
12. Write or clear storage protect bits.

13. Clear core storage.

B o
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PUSH-BUTTON SWITCHES AND LIGHTS

There are two rows of push-button switches and
lights. One row is at the top of the console (Figure

9) and one row is at the bottom (Figure 10). Descrip-
tions of their functions follow:

Clear Storage

This push-button (P.B.) switch has four functions
(Table 5). None of the four functions can be executed,
however, until Clear Storage is first held pressed
and then Start is pressed. This dual action require-
ment prevents the accidental clearing of storage.
Note in Table 5 that each clear storage function is
dependent on the positions of two console switches,
the rotary Mode switch and the Write Storage Protect
Bits (WSPB) toggle switch.

The P-C cycles completely through all core
storage addresses during the execution of each clear
storage function.

Program Load

The Program Load push-button switch (Figure 8) is
used to load the first 1442 card or 1054 tape record

PROCESSOR-CONTROLLER CONSOLE

into core storage. The Reset push-button switch must
be pressed prior to pressing the program load switch.
The input device must be in a "ready' condition. The
first card or tape record loaded must contain instruc-
tions that will initiate loading the remainder of the
cards or tape records. (P-C must be in Run Mode for
program operation.) Only one input device can be
used for itial Program Load. The first 1442 on

the system will be used for Initial Program Load
(IPL). The 1054 is used for IPL when there is no
1442 on the system.

The program load operation does not alter the
status of the interrupt mask register.

When the 1442 is used for Initial Program Load,
it operates in Packed Mode, reading the 80 columns
of the first card into core-storage locations 0000-
0039 (00001 - 002716) - Each core-storage location
stores the binary data from two card columns. For
example, binary data from card column 1 (Rows 12-5)
is read into core-storage location 0000 (bit positions
8-15) and binary data from card column 2 (rows 12-5)
is read into the same core-storage location (bit posi-
tions 0-7). Rows 6-9 of the card are not read into
core storage. The remainder of the first card is
entered in the same manner, entering all odd num-
pered card columns in bit positions 8-15 of their
respective core-storage location, and entering all
even numbered card columns in bit positions 0-7 of
their respective core-storage location.

After the first card is read into core storage, the
P-C begins (at 0000) executing the instructions that
were stored in core storage from the first card. The
first card must contain instructions to load the re-
mainder of the program cards.

When the 1054 Paper Tape Reader is used for
Initial Program Load, tape data is loaded into core
storage, starting at location 0000 and loading succes-
ively higher core-storage locations until an end-of-
record punch is sensed in the tape. Each core-storage
location stores the binary data from four tape charac-
ters. For example, binary data from the first tape
character (channels 1-4) is stored in core-storage
location 0000 (bit positions 0-3),..., binary data from
the fourth tape character (channels 1-4) is stored in
core-storage location 0000 (bit positions 12-15). The
remainder of the tape data is entered in the same man-
ner (four characters per word) until a channel 5 punch
is sensed. (Any channel 5 punch except when it is in
a delete character.) The channel 5 punch is the end-
of-record character and is not read into core storage.
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® Figure 8. P-C Console
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CLEAR
STOR

PROG

power |||| LamP
LOAD OFF

READY ON ON TEST

WAIT

RUN

ALARM

RED P.B.

Figure 9. Console Lights and Switches, Top Row

The 1054 interrupt requests are suppressed
while in IPL mode.

Delete characters are characters containing
punches in channels 1-7 and are not read into core
storage while in IPL mode.

Channels 5-8 of the paper tape are not loaded
into core storage during Initial Program Lead.

The P-C then begins (at 0000) executing the
instructions stored in core storage from the first
tape record. If the entire program was not included
in the first tape record, the first record must con-
tain instructions for loading the remainder of the
tape records (program).

Ready

This light is on when the P-C is in an operative
condition.

oft

This push—bufton switch is used to shut down the
power supplies within the P-C.

On

This push-button switch is used to turn on the power
supplies within the P-C.

Power On

This light is used to indicate that the P-C power
supplies are operative.

Lamp Test

This push-button switch is pressed to apply lamp
voltage to all ¢onsole lamps. Its use is to verify
operation of all console lamps.

BLUE P.B. GREEN LENS GREEN P.B. RED PB. WHITE LENS WHITE P B. WHITE LENSGREEN LENS RED LENS

Wait

This light is used toindicate that the P-C: is in either

Load or Display Mode; has been halted by a Wait In-

struction; has been halted by the operator pushing the
Stop or Immediate Stop switch.

Run

This light is used to indicate that the P-C is operating
under program control.

Alarm

This light is used toindicate that the Operation Moni-
tor has timed out. The customer may install an audi-
ble alarm to operate in conjunction with the Alarm
light. See '"Operation Monitor' section.

EMERGENCY PULL SWITCH

This pull-switch is for emergency use only. If pulled
out, all electrical power within the 180 1/1802 is
turned off, including power to the blowers that cool
the electronic circuitry. Turning the blowers off in
this manner may damage some of the circuitry. This
switch must be reset by an IBM Customer Engineer.

Console Interrupt

This push-button switch enables the operator to
interrupt P-C operation. The console interrupt
level is assigned by the customer. The Program
toggle switches may be used in conjunction with Con-
sole Interrupt to specify the console interrupt routine.
However, this relationship between the Program
switches and Console Interrupt would exist only by
virtue of the program. There is no internal relation-
ship between the two.

The Console Interrupt IOCC is provided in the
" Area Code Zero' section of the description for the
Execute I/0O instruction.

CONSOLE| LOAD
INTR 1

IMMED
STOP

RESET

START

sTOP

BLUE P.B. BLUE P.B. BLUE P.B. RED P.B.

Figure 10. Console Lights and Switches, Bottom Row

GREEN PB

RED P.B
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Table 5. Clear Storage Functions

Mode WSPB

Function Switch Switch

1. Store Contents of Data Entry Switches in all
Core Storage Locations. Storage-Protect

Bits are Removed and Parity is Corrected as
Required Because of Bit Removal. If All
Data Entry Switches Are Off, Only Parity
Bits are Left in Storage.

Run On

2. Store Contents of Data Entry Switches in

Each Core Storage Location that is
Unprotected. Locations having Protect
Bits are Unchanged.

Run Off

3. Clear Storage Protect Bits. All Other Data
Remains Unchanged. Parity is
Automatically Corrected in Each Word
in Storage.

Display On

4. Search for Parity Errors. The P-C Cycles
Through Storage Until Stopped by the
Stop Key or a Parity Error. The Check
Stop Switch Must be on for a Parity Error to
Cause a Stop.

Display Off

!

Load I

This push-button switch is used with the rotary Mode
switch in the Load position to transfer the contents
of the Data Entry toggle switches into the I-register
of the P-C. The P-C is in the stopped condition
when it terminates the Load I operation.

Reset

This push-button switch is used to reset all basic
timing, controls, registers (except Index Registers
and Address Registers), and I/O devices. The inter-
rupt mask register is reset with all bits "on". The
Digital Input and Digital-Analog Output registers are
not reset.

Immediate Stop

This push-button switch stops the P-C at the end of
the core-storage cycle in operation when the Im-
mediate Stop contacts close.

All basic timing, controls, registers (except
Index Registers and Address Registers), and 1/0
devices are reset. The Immediate Stop switch can
also be used to stop data channel (cycle stealing)
operations that are nolonger under program control.

Stop

This push-button switch stops the P-C without re-
setting the P-C registers or I/O devices, at the end
of the instruction in operation when the Stop contacts
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close. Data channel operations can be stopped only
by pressing Immediate Stop.

If, at the same time the Stop key is pressed, an
interrupt occurs that can force a BSI (i.e., on an
unmasked level higher than any in progress), the
Stop key must be pressed again to be effective. Pres-
sing the Start key causes the Program to resume
operation,

Start

This push-button switch initiates P~C operations, if
the Ready light is on,as specified by the Rotary Mode
switch.

Mode Switch

This eight-position rotary switch (Figure 11) is used
with the Start switch to extend operator control of
the P-C.

Single Instruction with Cycle Steal (SI W/CS): A
Start switch depression with the Mode switch on SI
W/CS causes the execution of one instruction. Data
channel operations can occur during execution of the
instruction.

Single Instruction (SI): A Start switch depression
with the Mode switch on SI causes the execution of
one instruction. Data Channel operations are pre-
vented.

Single Storage Cycle (8SC): A Start switch depres-

sion with the Mode switch on SSC causes one storage
cycle (2, 2,25, or 4 psec). Single Storage Cycle op-
erations (usually called Single Cycle operations) can
be used in conjunction with the console Cycle lights
to step through instructions and analyze P-C
operation,

Single Step (SS): A Start switch depression with the
Mode switch on SS causes one basic P-C clock cycle.
(See console Clock Lights.)

Run: A Start switch depression with the Mode switch
on Run initiates normal program operation of the P-C.

MODE sw

RUN SIw/cs
TRACE SI
LOAD SscC
DISPLAY Ss
[zrw]

Figure 11. Console Mode Switch
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Trace: This position of the Mode switch causes a
Trace interrupt after the execution of each instruc~
tion. The Trace interrupt is a unique interrupt. It
has no device status word, no interrupt level status
word, and cannot be masked. The Trace interrupt is
the lowest priority customer interrupt. Once initiated,
it is delayed by the occurrence of any other interrupt.
It cannot occur while other interrupts are being
serviced. When the Trace interrupt occurs, the P-C
executes the forced BSI and branches to the routine
whose address is stored at 009. (See "Interrupt"
section) .

Load: A Start switch depression with the Mode switch
on Load causes the contents of the Data Entry Switches
to be stored at the address specified by the I-register.
(The P-C must be in a stopped condition.) The I-
register is incremented following each Load operation
caused by pressing Start.

A Load I switch depression with the Mode Switch
on Load causes the contents of the Data Entry switches
to be stored in the I-register of the P-C.

Display: A Start switch depression with the Mode

switch on Display causes the data at the I-register
address to be displayed in the console B-register
lights. The I-register is incremented after each
display. Successive words are displayed with suc-
cessive depressions of Start.

N

TOGGLE SWITCHES
See Figure 12.

Sense and Program

The contents of these eight switches may be stored

in bit positions 0-7 of the A-register or a core stor-
age location. An XIO instruction with an IOCC func-
tion of Read stores the contents of the Sense and
Program switches at the core storage address speci-
fied by the IOCC. (See "Area Code Zero'" in the
description of the XIO instruction.) A function of
Sense Device stores the switch data in the A-register.

Operations Monitor

This switch is used to start the Operations Monitor.
The off position disables the Monitor.

Disable Interrupt

This switch is used to mask all interrupt levels, in-
cluding Internal errors. It is especially useful during
program analysis when the operator wants to choose
the time at which the program may be interrupted.
The highest level interrupt on and unmasked is ser-
viced when the switch is turned off.

Check Stop

The switch is used to stop the P~-C when one of the
following errors occurs: invalid operation, parity
error or storage protect error. The stop occurs at
the end of the core-storage cycle in which the error
is detected. The appropriate error light will be on.
Start must be pressed to restart the system.

An internal error initiates an Internal Interrupt
when Check Stop is OFF.

The Channel Address Register (CAR) Check in-
ternal level error is an exception to the above de-
seription of the Check Stop operation. A CAR Check
error will initiate an internal level interrupt regard-
less of the position (ON or OFF) of the Check Stop
switch.

A clear storage function is stopped when Check
Stop is on and a parity error is detected (Table 5).

Write Storage Protect Bits

This switch enables the writing or clearing of storage
protect bits. (See ''Store Status' instruction and
nClear Storage' functions, Table 5). A parity error
may occur if the position of this switch is changed
while the P-C is running.

Data Entry Switches

The contents of these 16 toggle switches can be stored
by either manual or program control. See "Area Code
Zero'" in the description of the XIO instruction for pro-
gram control. The description of the Load position
under "Mode Switch'" describes manual control.

SENSE PROGRAM OPERATIONS  DISABLE
MONITOR  INTERRUPT STOP
6 IU 2 é [4] 5 6 é ON ON ON
OFF OFF OFF
DATA ENTRY SWITCHES
é [I] é E] @ 5 6 [j l 6 6 [lj [lj ) 0

CHECK WRITE STOR
PROT BITS

YES

0

NO

Figure 12. Console Toggle Switches
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Figure 13. Console Indicators

CONSOLE INDICATORS

These indicators (Figure 13) show the status of vari-
ous P-C functions and operations.

Arithmetic Control: On during arithmetic operations.

Shift Control: On during shift operations.,

Add: On during add operations.

Arithmetic Sign: On when bit position zero in the A-
register (accumulator) does not initially equal bit
position zero in the B-register.

Storage Protect Check: Turned on when an attempt
is made to write into a "'read-only" location.

The Storage Protect Check Console indicator is
turned off and the Check Console indicator is turned
on (internal interrupt) at the end of the cycle in which
the error is sensed, allowing the storage protect in-
dicator to indicate any subsequent storage protect
error. (See ''Storage Protect" section. )

Parity Check: Turned on when a parity error (even
number of bits) is detected in the 18-bit word trans-
fer between the B-register and core storage. The
presence or absence of storage protect and parity
bits in each word is indicated by their respective
console indicators,

The Parity Check console indicator is turned
off and the Check Console indicator is turned on
(internal interrupt) at the end of the cycle in which
the error is sensed, allowing the parity-check indi-
cator to indicate any subsequent parity error. (See
Parity section. )

Zero Remainder: On when the A-register contains a
zero balance during a divide instruction.

Branch: On during branch instructions.

Interrupt Service: Turned on when the hardware BSI
instruction is being executed for the highest level
interrupt that is on and not masked.

56

Cycle Steal Service: On during cycle steal opera-
tions for the highest priority data channel requiring
service.

Op Code Check: On when an invalid Op code is
placed in the Op register. The Op Code Check con-
sole indicator is turned off and the check console
indicator is turned on (internal interrupt) at the end
of the cycle in which the error is sensed, allowing the
the Op Code Check indicator to indicate any subse-
quent error,

The Op Code Check error causes an internal
interrupt if the Disable Interrupt switch is off and
causes a check stop if the Check Stop switch is on,

Auxiliary Storage: Core storage (CE Storage) is
provided for Customer Engineering (CE) use. The
indicator is on when CE storage is being used.

Storage Protect Bit: On when a storage protect bit
is transferred with the 16 data bits between the B-
register and core storage,

Parity Bit: On when a parity bit is transferred with
the 16 data bits between the B-register and core
storage.

Clock

These eight indicators (0-7) show the advance of the
basic P-C clock during Start key depressions when
the rotary Mode switch is on Single Step (SS). Norm-
ally, eight Start key depressions with the Mode switch
on SS is equivalent to one Start key depression with
the Mode switch on Single Storage Cycle (SSC).

cle

These five indicators (I1, 12, IA, E, and E1) show the
progress of an instruction that is being Single Stepped
or Single Storage Cycled; that is, advanced by suc-
cessive Start key depressions with the rotary Mode
switch on SSC or SS.




I1 shows that a new instruction is being set up for
execution. It is turned on at the beginning of all
single word instructions and for the first word of
all double word instructions.

I2 shows that the second word of a double word
instruction is being set up for execution.

IA shows that the instruction being set up is a double
word instruction that has an indirect address.
The indicator is on while the indirectly addressed
word is being read out of storage.

E shows that the instruction set up during I-time

has been defined by the Op code and is now being
executed.

El is turned on with the E indicator. Its on condition
shows that instruction execution control circuitry
has progressed to the E1 cycle point. E1 is turn-
ed off at the next clock zero (0) time. Instruction
can then progress through E2 and E3 time.

(There are no E2 and E3 console indicators.)

Timers

These three indicators (A, B, and C) show the status
of their respective interval timers. An on condition
indicates that the timer is in operation.

Interrupt Levels: An Interrupt Level indicator is on
for each interrupt level requesting service or being
serviced. Once on, an Interrupt Level indicator can
be reset by either of two instructions:

1. A mask instruction that is executed before serv-
icing of the interrupt begins. (The interrupt
request is not lost but merely detained until the
interrupt level is unmasked, at which time the
indicator is turned back on.)

2. A branch-out-of-interrupt (BOSC) instruction is
executed to complete servicing of the interrupt.

Both of the above instructions are quasi instruc-
tions; that is, variations of the XI0 and BSC instruc-
tions.

The last three interrupt level indicators—
Customer Engineering, Trace, and Check (Internal
Interrupt) -- cannot be masked. The CE interrupt
can be initiated only from the CE panel or from a
device operating in CE mode.

Operation Code

These five indicators (0-4) display the Op code of each
instruction.

Format (F)

This indicator is on when a two-word instruction is
specified.

Tag

The status of these two indicators reflect the instruc-
tion register or index register modification of the
instruction address (the on condition of the indicators
is shown by a 1):

Indicators .

6 7 Register
Y 0 I-Reg
0 1 XR-1

1 0 XR-2

1 1 XR-3

Indirect Addressing

The IA (Bit 8) indicator is on when the instruction
contains this bit, which usually indicates indirect
addressing.

Branch Out

The BO (Bit 9) indicator is on when there is a bit in
position 9 of an instruction. When on in a BSC
instruction, a branch-out-of-interrupt (BOSC) is

specified.

Carry and Overflow

These two indicators are turned on individually when
their respective conditions occur in the accumulator
(A-register).

DATA FLOW DISPLAYS

Six rows of indicators and two rotary switches
(Figure 14) facilitate the display of data flow in the
P-C. A review of the P-C Data Flow section and the
Data Channel section is recommended at this point.

Address Register

These 16 indicators display the data in the Storage
Address Register (SAR) or the selected Channel

Processor-Controller Console 57



Address Register (CAR), depending on the position
of the Display Address Register rotary switch., The
selected register is displayed each time the P-C
comes to a stop or wait condition. (The clock will
be at 7.)

Display Address Register Switch

The 16-position rotary switch is used to select a
CAR or SAR for display in the Address Register.

Permanent Register Displays: I, B, D, and A

The contents of these four registers are always
displayed.

Data Register

These 16 indicators display the contents of the
Q-register, which is the accumulator or A-register
extension, the index registers (XR1, XR2, or XR3),
or the shift counter (SC), depending on the position
of the Display Data Register rotary switch., The
selected register is displayed each time the P-C
comes to a stop or wait condition. (The clock will
be at 7.)

Display Data Register Switch

This 5-position rotary switch is used to select the
Q-register, an index register, or the shift counter
for display in the Data Register.

DISPLAY PROCEDURES
The following procedure may be used to display core
storage data between the execution of single instruc-

tions:

1. With the P-Cin a stop condition, position the
rotary Mode switch to SI (Single Instruction).
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2. Start switch depressions may now be used for
single instruction operations to get the program
to the desired point for data display.

3. Record the address in the I-register. (The I-

register is used in Display mode and this re-

corded address is needed to return the P-C to
the next instruction.)

Set the address of the core storage word to be

displayed in the Data Entry Switches.

Position the Mode switch to LOAD.

Press Load I switch.

Position Mode switch to DISPLAY.

Press START. The selected word is now dis-

played in the B-register indicators.

9. To display other core storage words, repeat
steps 4 through 8.

10. To continue the program:

a. Set Data Entry Switches to address recorded

in step 3.

Position Mode switch to LOAD.

Press Load I switch.

Position Mode switch to RUN.

Press START.

»
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To display core storage data between single core
storage cycle operations:

1. With the P-C in a stop condition, position the
Mode Switch to SSC (Single Storage Cycle).

2. Press START repeatedly until the desired cycle
the execution of the instruction is reached.

3. Perform steps 3 through 10 of the preceding
Single Instruction execution procedure.

PROGRAM FAILURE—RESTART

Program restart points should be written into pro-
grams to allow recovery of the system or a complete
restart of the system. This recovery procedure must
consider the nature of the process and the operational
philosophy of the customer.
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1/0 CONTROL

There are two basic methods of transmitting and/or
receiving data to or from the P-C. First, specific
low speed devices are controlled directly by the pro-
gram. In this Direct Program Control operation,
each character or word of data is transmitted to or
from the P-C core storage by means of separate
Execute I/0 (X IO) instructions. The program con-
tinues transmission, character by character, or
word by word, by responding to "Service Request"
interrupts. Devices operating under Direct Pro-
gram Control (DPC) include:

1053 Printer

1054 Paper Tape Reader

1055 Paper Tape Punch

1627 Plotter

1816 Printer Keyboard

Process I/0 Devices such as analog-to-digital
converters, contact sense, voltage level
sense, pulse counters, etc.

The second method of transferring data is trans-
fer via the Data Channels. Data channel (DC) opera-
tions are initialized by a single XIO instruction. The
transfer of data words then proceeds under control of
the specified DC, completely asynchronous to pro-
gram operation.

The Data Channel method of accessing core
storage provides a powerful means of I/0O communi-
cation with the core storage. Whenever the DC re-
quires core storage access, the P-C operation is
suspended for one core storage cycle time. During
this cycle, the data is taken from or placed into
core storage. Access by the DC can occur at the
end of any storage cycle. It does not require that
an instruction be completed. As soon as the DC has
been satisfied, which normally takes one cycle, the
stored program execution proceeds. The logical
state of the P-C is not changed by the DC's access
to core storage. This method of access is some-
times referred to as "cycle stealing'' since a cycle
is taken from the stored program execution cycles
at any time,

Devices operating under DC control include:

1442 Card Read Punch
1443 Printer

1810 Disk Storage
2401/2402 Magnetic Tape
2790 Adapter
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CA (Line Adapter)
Selector Channel
System/360 Adapter

Some devices operate under DC or DPC control, de-
pending on their characteristics and the configuration
of the 1800 system. These devices include:

Digital Input
Digital Output

Analog Input
Analog Output

ON-LINE MAINTENANCE CONSIDERATIONS

The 1800 System is designed to provide a means
for limited On-Line maintenance of most DP and
Communications I/0 features without interrupting
the customer operations. Such on-line maintenance
is limited to cases where it will not affect user
operations. In any case, the user will be notified
when any on-line maintenance is performed.

The feature which makes this service approach
possible is CE Core Storage which provides the
Customer Engineer (CE) with storage for the neces-
sary programs and data.

CE Storage is designed to prohibit the possi-
bility of alterations of the main core storage dur-
ing service operations. CE Storage cannot read or
write in main storage, but main storage can read or
write in CE Storage.

To assist Customer Engineers in maintenance
of complex 1/0 devices such as the Communications
Adapters (CA), 2790 Adapters, and Selector Channel,
the Multiprogramming Executive (MPX) Operating
System provides the following error information:

1. Error logs for CA, 2790 Adapters, and Selector
Channel.

2. Error Statistics table for each CA line adapter.

3. A CA trace buffer.

This information is stored in CE Storage and is
maintained on a real-time basis.

Seven modified instructions are used by MPX
to maintain the error information in CE storage.
These instructions utilize CE storage addresses
shown in the following illustration to address CE
storage. The instructions are described in the
following paragraphs.



System Storage in 8K Increments
Tst | 2nd | 3rd | 4th [ 5th | éth | 7th | 8th
0000 | 2000|4000 | 6000|8000 | AOOO(COQO | EOOO

CE Storage OOFF | 20FF |40FF | 60FF |80FF | AOFF [COFF | EOFF

ﬁ\ddH’:fes 1100 | 31005100 | 7100|9100 | B100 |D100 | F100

11FF | 31FF |51FF | 71FF [91FF | BIFF |DIFF | FIFF

Load Accumulator (LD)
o OP 4F T IABO Cond 150 Address 15
FIOIOIOII 1 | | Iolololololol 11 1 1 1 1 1 1 1 1 1 1 1 IALJ
cC 4-7 4oC 0 X X X X
0 EA 15
EA mUSr be ’ 1 1 1 IOI Ol ov 1 1 L 1 1 1 1 1 I
X Oorl X X

Description: The contents of the CE storage loca~
tion specified by the effective address (EA) of the
instruction replace the contents of the Accumulator
(A). The contents of the CE storage location are
unchanged. Indexing and Indirect Addressing are

. performed in the same manner as with normal

" instructions. (Indirect addressing uses main

' storage addresses.)

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

Double Load (LDD)

4 F T IABO Cond 150

0 Address 15
|].‘.°.0.|| | I |‘|0.0.0.°.°.0 e I
C C-F 4o C 0 X X X X
! ) 0 EA 15
_' EA must be ﬁ ) .0.0.0. s L()
‘ X  Ooal X 0-E

17814

Description: The contents of the CE storage

location specified by the instruction (EA) and

the next higher CE storage location (EA+1) are
loaded into the Accumulator (A) and its extension
(Q), respectively. The EA of the instruction
must be an even address for correct operation.

If the EA is odd, the contents of that location are
entered into both A and Q. The contents of the
CE storage location are unchanged. Indexing and
indirect addressing are performed in the same
manner as with normal instructions. (Indirect
addressing uses main storage addresses.)

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

Store Accumulator (STO)

o OP 4 F T AO Cond 15 0 Address 15
Ilol‘lolll 1 | |]I0|0|0l010l0| | I T - Lt 1 1 1 1.1 1 1 11 |
D 4-7 40r C 0 X X X X

[ EA 15
EA must be. r ) I
X Oor1l X X

Description: The contents of the Accumulator re-
place the contents of the CE storage location
specified by the effective address. The contents
of the Accumulator are unchanged. Indexing and
indirect addressing are performed in the same '
manner as with normal instructions. (Indirect
addressing uses main storage addresses.)

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

Double Store (STD)

op 4F 1 'A% cCond 150 Address
[1101||| [Tifo00000] LJ
D CF 4oaC 0 X X X X
0 EA
EAmustbe | .. 000 .. .. .LJ
X Oorl X 0-E
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Description: The contents of the Accumulator (A)
and its extension (Q) are stored at the CE storage
location specified by the EA and EA+1. The EA
of the instruction must be an even address. If the
EA is odd, the contents of the Accumulator are
stored at the EA and the contents of Q will not
appear in storage. The contents of A and Q
remain unchanged. Indexing and indirect address-
ing are performed in the same manner as with
normal instructions. (Indirect addressing uses
main storage addresses. )

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

Logical AND (AND)

o OP 4 F T'80 Cond 15, Address s
|l_I]_Ll IOIOIII 1 l I‘l Iolololol0 'ol 11 1 1 1 1 1 1 1 1 11 1 Ij
E 47 4aC 0 X X X X

0 EA 15
EAmstbe | 000
X ool X X

Description: The contents of the CE storage lo-
cation specified by the EA are ANDed bit by bit
with the contents of the Accumulator. The result
replaces the contents of the Accumulator and the
CE storage location remains unchanged. Indexing
and indirect addressing are performed in the same
manner as with normal instructions. (Indirect
addressing uses main storage addresses.)

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

Logical OR (OR)

o P sF 1 'AB0  cond 150 Address 15

IRERXION |1|o.ololo.o.o| i o]

E C-F 4aC 0 X X X b
0 EA 15
EA must be L. 000 Lo o ]

X Oor1 X X
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Description: The contents of the CE storage loca-

tion specified by the EA are ORed bit by bit with

the contents of the Accumulator. The result re-
places the contents of the Accumulator, and CE
storage location remains unchanged.

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

Logical Exclusive OR (EOR)

0o OP a4 F T lABO Cond 150 Address 1S
Illlllll'olll . l III0.0'O‘0.0.0I Ll j
F 4-7 4o C 0 X X X X

0 EA 15
EA must be L_. ) '0'0.0. i ‘j
; X 0ol X X

Description: The contents of the CE storage loca-
tion specified by the EA are Exclusive ORed bit
by bit with the contents of the Accumulator, The
result replaces the contents of the Accumulator,
and the CE storage location remains unchanged.

Indicators: The Carry and Overflow indicator are

not changed by this operation.

Customer Engineering Mode

Customer Engineering mode is enabled or disabled
by a CE diagnostic program with the execution of
an XIO instruction. The IOCC of the XIO must
contain the area code of the device to be placed

in CE mode and a function code of 000. CE mode
is enabled with Bit 15 on and disabled with Bit 15
off.

When an I/0 device is in CE mode and is being
exercised by a CE program, the main storage pro-
gram is impacted only by the execution time of the
CE instruction. Because the CE mode operates on
the lowest interrupt priority, service programs
will execute only when the main storage programs
are not operating on interrupt routines.

To permit this service approach, it is neces-
sary to reserve words 1, 2, and Ai6 in main
storage. It is also necessary for main storage
programs to have the ability to program disconnect
any I/0O device that requires servicing.



O

Once the CE mode is operating in CE storage,
all subsequent interrupts (except internal interrupts)
are masked until a BOSC is executed by the CE
program. However, if an internal interrupt occurs
while in CE storage, the CE interrupt level is re-
set and the program branches to the main storage
internal interrupt routine. Upon completion of the
routine instead of returning to CE storage, the
program returns to the corresponding main storage
address. Thus, any program that branches out of
an internal interrupt routine returns to an address
undefined by the program if the interrupt routine
was entered from CE storage. However, most
programming systems provide a restart procedure
for internal interrupts.

CE programs can utilize the Arithmetic and
Index registers. All service programs restore
these registers to their original state before
branching out.

It is necessary for the customer to realize
that a CE service program can possibly interrupt
from a Wait instruction in main storage. When
this occurs, the branch out from this CE program
will be to the instruction at the address following
the Wait instruction.

When in CE mode, the device status word of
the device is altered to make the device appear to
be not ready and not busy, which is off line status.
The true status of ready and/or busy is located
elsewhere in the device status word and is used
for diagnosis. The action initiated in the CE di-
agnostic program interrupts on the CE level and
not on the normal assigned level of the device. The
CE mode uses the assigned core-storage addresses
(0001, 0002, and 000A1g). The interrupt on CE
level stores the instruction register at location
000A 16 in main storage (even if this location is
storage protected) and branches to execute loca-
tion 0001 in main storage or to location 0001 in
CE storage depending on the position of the aux/
main storage switch on the CE panel. The Branch
out of CE interrupt branches indirectly to location
000A1¢g for return to the main program.

DIRECT PROGRAM CONTROL OPERATION

DPC operation of I/O devices proceeds on a one

for one basis; that is, an XIO instruction is executed
for each data word transferred to or from core
storage. The XIO instruction for DPC specifies an
1/0 Control Command (IOCC) with a function of Con-
trol, Sense Interrupt Level, Sense Device, Read or
Write. (See description of XIO instructions.)

Control: An IOCC with a function of Control uses
the IOCC address and modifier to specify the partic-
ular device and the operation to be executed. Ex-
amples of Control operations are Feed Card, and
Load Interrupt Mask Register.

Sense: An IOCC with a function of Sense Interrupt
Level or Sense Device is used to read the "status
words" associated with the device: the Device Status
Word (DSW), the Process Interrupt Status Word
(PISW), and the Interrupt Level Status Word (ILSW).
These status words are explained in detail in the
"Interrupt! section.

Read or Write: An IOCC with a function of Read
or Write uses the IOCC address to determine the
core storage address receiving or providing the
single data word. Immediately following the one
word transfer to or from storage, the XIO instruc-
tion is terminated and the next sequential instruction
is executed. Normally, several data words must
be transferred to complete the message transfer.
This is accomplished by P-C recognition of a de-
vice interrupt each time the device is ready to
send or receive a data word. P-C recognition of
the interrupt causes a branch to a program sub-
routine associated with the device interrupt. The
interrupt subroutine includes the XIO instruction
to read or write the next data word. This sub-
routine must also modify the address portion of
the IOCC for the next data word, provide ''table
look up'" for translation of the device character if
required, and maintain a program word count to
indicate the end of message if necessary.

The exit from the interrupt subroutine must be
accomplished with a BSC instruction that has a one
in its Bit 9 position. This Branch-Out-of-Interrupt
(BOSC) operation restores the interrupt hardware so
that future interrupt requests at the same or lower
priority levels can be acknowledged.

Device Busy

It is possible for the program sequence to execute
an XIO instruction to a device that is busy respond-
ing to a previous XIO instruction. Each device that
can have this condition will provide a Busy indicator
in the DSW. This indicator signals that the device
cannot accept data or control information, and that
should it be sent it will be lost. It is up to the
program to ensure, by testing the Busy indicator,
that data will not be lost. Usually no hardware in-
dication is given to signal incorrect use of the
device.
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Data Overrun

It is possible for a device operating asynchronously
to the program to request a data word transfer be-
fore the program sequence is ready to service the
request. This can be true for both input and out-
put. Devices with this potential provide a ""program
check" indicator that will enable the P-C to know if
a data overrun occurs.

DATA CHANNEL (DC)

Data channels are used to transfer data between P-C
core storage and high-speed I/O devices. The P-C
initializes each DC with a single XIO instruction.
The DC then takes control of the data transfer while
the P-C continues program operation. The DC has
priority to the extent that when the I/0 device is
ready to send or receive a data word, the P-C is
stopped while the word transfers to or from core
storage. This transfer takes 2, 2.25, or 4 usec,
depending on the core storage cycle time, and is
referred to as a cycle steal. P-C data and condi-
tions are undisturbed except for the core storage
locations that receive data from an input device.

Three DC's are standard on the 1800 system;
twelve more are available on an individual basis.
Thus, it is possible to have more than one I/0 de-
vice requesting core storage cycles at the same
time. When this occurs, the DC control circuitry
stops the P-C and services the requesting devices
according to their DC priority. This DC priority
is an assigned hardware priority and is not related
in any way to the Interrupt feature.

The maximum time before service of the
highest priority DC (level zero) is 2.25, 2,50, or
4.5 pusec, depending on the cycle time of core
storage. After all requesting devices have been
serviced, the P-C continues with the program.

1/0 devices that are to be operated concurrently

must be on separate DC's. Within configuration
restrictions, those devices that do not require con-
current operation can be on the same DC. When
multiple devices are assigned to the same data
channel, the Busy indicator of all these devices
must be tested before an operation can be given to
any of these devices.

The XIO instruction for DC specifies an I/O con-
trol command (IOCC) with a function of Initialize
Read or Initialize Write. However, even though a
device operates on a data channel, XIO instructions
for DPC can be used to sense device status and for
control. (See description of XIO instructions. )
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Programming Note: All devices attached to a data
channel will treat an XIO instruction as a no-op if
the addressed device is busy or not ready.

Data Channel Functional Components

Channel Address Register

A Channel Address Register (CAR) is a 16 bit regis-
ter used to store the core-storage address of the
next word that will be addressed (by the Channel Ad-
dress Buffer) for an operation with its associated
Data Channel. Each Data Channel is assigned to a
particular I/0 device and has its own Channel Ad-
dress Register.

A Data Channel and its associated CAR are se-
lected when their assigned I/0 device is selected by
the Area Code and Modifier of an IOCC word. CAR
is incremented by one after each transfer of its con-
tents to the Channel Address Buffer.

Channel Address Buffer

One Channel Address Buffer (CAB) is used by all
Channel Address Registers to address core storage.
When a cycle steal request occurs, the CAR for the
requesting I/O device is transferred into the Channel
Address Buffer.

Channel Address Register Check

Channel Address Register (CAR) checking is provided
to ensure that the first word addressed by a selected
CAR is the first word of the correct data table. The
CAR check will be performed in one of two ways, de-
pending on the type of I/0 device (chaining or non-
chaining).

Non-chaining devices are the

1442

1443

1810

2790 Adapter
Selector Channel*

Chaining devices are the

2401/2402

Analog Input

CA Line Adapter
Digital-Analog Output
Digital Input
System/360 Adapter

*Data chaining with the Selector Channel is accomplished through use
of Channel Command Words as described in the Selector Channel sec-
tion of this manual.
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A CAR check is made for all devices after the
Address from the IOCC word is transferred to the
selected CAR. A bit by bit comparison is made be-
tween the contents of the selected CAR and the con-
tents of the B-register. If any of the corresponding
bits are not equal, a CAR check error occurs. This
CAR check error terminates subsequent cycle steal
requests for the assigned 1/0 device and initiates
an internal interrupt. The 1/0 device cannot request
a cycle steal until the Interrupt Level Status Word
for the internal interrupt is sensed and the I/O de-
vice is reinitialized by another XIO instruction.

Another CAR check is made for chaining devices
each time the I/0 device chains to a different data
table. The CAR check at the beginning of the second
data table and all subsequent data tables in the chain
is accomplished as follows: The first word of the
data table (second data table, third data table, etc.)
must contain its own address. After the first word
of the data table is addressed, a bit by bit com-
parison is made between the contents of the
selected CAR and the contents of the B-register.
If any of the corresponding bits are not equal, a
CAR check error has occurred. Subsequent cycle
steal requests are terminated and a bit is set in
the DSW for the device.

1/0 Device Functional Components

Word or Byte Count Register

A Word Count Register is provided in each of the
following 1/0 devices assigned to a Data Channel:

1443

1810

2401/2402

Analog Input
Digital-Analog Output
Digital Input.
System/360 Adapter

The Word Count Register is loaded with the contents
of the word count portion (bit positions 2 - 15) of
the data table and is decremented each time a data
word is transferred from or to the data table. For
1/0 devices without chaining ability, the word count
must be stored in the first word of the data table.
Tor devices with chaining ability, the word count
must be stored in the first word of the first data
table and in the second word of all subsequent data
tables in the chain.

A Byte Count Register is provided for each of
the following devices:

CA (Line Adapter)
Selector Channel

The Byte Count Register for the CA (Line Adapter) is
analogous with the Word Count Register, except the
count represents the number of character locations
supplied by the data table (two characters per word. )
The Selector Channel Byte Count Register contains
the number of eight bit bytes in the input or output
area. It is loaded from the Byte Count Word of a
Channel Command Word (CCW), and decremented
each time a byte is transferred from or to core
storage. (See Selector Channel.)

The following is the word or byte count capa-
cities for the devices:

Number of | Word Count | Max Count
Device Bits Bit Accepted

Available | Positions by Device
1443 7 9-15 60 or 72
1810 9 7-15 321
2401/2402 14 2-15 16,383
Al 14 2-15 16,383
CA (Line Adapter) 12 4-15 4,095
DAO 8 8-15 255
DI 8 8-15 255
Selector Channel 16 0-15 65,535
System/360 Adapter 14 2-15 16,383

23409C

Scan Control Register

A Scan Control Register is provided in each device
that has chaining ability. Scan control bits must be
stored in the first word of the first data table (bit po-
sitions 0 and 1) and in the second word (bit positions
0 and 1) of the second data table and all subsequent
data tables in a chain. The following is a list of the
devices that have a Scan Control register.

2401/2402

Analog Input

CA (Line Adapter)
Digital-Analog Output

Digital or Pulse Counter Input
System/360 Adapter
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The Scan Control register controls the I/0 de-
vice and the Data Channel operation at the end of the
data table as follows:

DATA CHANNEL OPERATION

The numbered steps that follow correlate with the
circled numbers in Figures 15 and 16. These steps

Bit 0 Bit1 apply to either non-chaining devices or the first data
0 0 Single scan of data table and table of 2 chaining device.
stop with an interrupt
0 1 Single scan of data table and 1. XIO references the IOCC word,
stop (no interrupt) 2. The Area Code and Modifier select the I/0 de-
1 0 Continuous scan of this data, vice. Function specifies the type of operation
table or a different data table (Initialize Read or Initialize Write, etc.)
with an interrupt at the end of 3a. The Address portion of the IOCC word is stored
this table, in CAR for the selected Data Channel (I/0 device).
1 1 Continuous scan of this data 3b. CAR Check made between selected CAR and B-
table or a different data table register.
with no interrupt, 4. Cycle steal requested. CAR transfers to CAB.
Core Storage
XIO
[ | Addr ]
_ )
Y
- ———— 4
H
Y
10CC N— —
L Addr I Area | Fun ] Mod —‘
L N )
A 1 Y
d : P \S
d A a peemmem o J
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[
)
] 1
< ' P! ! In Bus To Input Devices
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Y
[ CARO | CAR 1 j [ CAR 14 ]

4

Figure 15. Data Channel Operation
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Data Table for Second and all
Subsequent Data Tables in a Chain

Data Table for Non-Chaining Devices
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Figure 16. Data Channel Operation

5. CAB addresses core storage for the first word
of data table while CAR is being incremented
by one.

6. The first word of the data table contains
a. Scan control bits (bit position 0 and 1)

b. Word Count (bit position 2-15)

These are transferred to their respective regis-
ters in the 1/0 device. This is the end of the
first cycle steal cycle.

7. When another cycle steal request occurs, CAR,
which was incremented in step 5, now transfers
the next higher address to CAB. CAB then ad-
dresses core storage while CAR is being incre-
mented.

8. The first data word is transferred to or from
the I/O device via the B-register and Data

[ CAR l |
O® B
L CAB |

Channel. The Word Count register in the I/0
device is decremented by one. This is the end
of the second cycle steal cycle.

Steps 7 and 8 now continue on a cycle steal basis; that
is, they occur as the I/O device requests data trans-
fers. Between cycle steals, the P-C continues pro-
gram operation. The CAR is incremented with each
data transfer and the WCR is decremented. This se-
quence continues until the last data word of the data
table is transferred. The last word transfer is
sensed by the WCR reaching zero or through some
indicator in the device. If the device does not have
chaining ability, no more demands for data trans-
fer are made until the device is reinitialized with
another XIO instruction.
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Data Chaining

When a continuous scan is indicated by the Scan Con-
trol Register (SCR) in a device having chaining
ability, the DC takes three cycles after the WCR has
reached zero at the end of the data table. The first
cycle is used to transfer the word following the data
table to the CAR. The address in this word is the
address of the next table of data. The second cycle
addresses the first word of the data table and per-
forms the CAR check. The first word of the data
table must contain its own address. The third cycle
addresses the second word of the data table and
transfers its contents (Word Count and Scan Control)
to their respective registers. The I/0 device is
then ready for independent Data Channel operation.
In this manner, the DC can operate in a scatter
read-write mode. This method of using the DC in a
continuous mode is called "data chaining' because
the data tables are essentially connected together.
The length of time between data transfer cycles on a
data chaining operation is a maximum of three core-
storage cycles on a device connected to the highest
priority DC. It may be greater than this for devices
of lower cycle steal priorities, depending on whether
they must wait for higher DC priorities to be
serviced.

Data Channel Operation (Chaining)

If the Scan Control register contains the bits for a
continuous scan, the following numbered steps cor-
relate to the circled numbers in Figure 16. These
steps are for the second and all subsequent data
tables. See section "Data Channel Control" for steps
1 through 8 (first data table).
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9. The contents of the word following the last data
word in the first data table are transferred to
CAR. This word must contain the address of
the next data table.

10a. When the next cycle is requested, CAR is trans-
ferred to CAB to address core storage. The
contents of the first word of the next data table
are transferred to the B-register. This word
must contain the address of itself.

b. CAR Check is performed and CAR is incre-
mented by one.

11. When the next cycle steal is requested, CAR is
transferred to CAB and CAB addresses core
storage. The Scan Control bits and Word Count
bits are transferred from the second word of
the data table to their respective registers.
CAR is incremented by one.

12. Data is transferred to (from) the I/O device on
a cycle steal basis via the B-register and the
Data Channel. CAB addresses core storage to
transfer a data word to the B-register. Each
time CAB addresses core storage, CAR is in-
cremented by one. When the next cycle steal
request occurs, CAR is transferred to CAB.
The Word Count register is decremented for
each word transferred.

13. When the last data character is transferred
(Word Count is decremented to Z€ero), opera-
tion will continue as specified by the Scan
Control register. See section for "Scan Control
Register. "

Data Table .

Figure 17 is an illustration of two data tables with
Scan control (SC) bits to initiate chaining from the
first data table to the second data table.
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1000
1001

1002

1022
1023

1024
1025

15 0

6 A
[00001 ]1|oo|oooooooo

|1 Address = 1024 I5—|

X10 Instruction

SC Word Count

11[00000000010110

First Data Word

Word Count = 22
SC = Continuous with
No Interrupt

_—

—

Last Data Word

00000117111010000

0000001111101000

Address of Next Table =
2000

10CC

Area |Fun l Modifier

a. First Data Table

Figure 17. Data Tables for Chaining

Address = 1000

2000

2001

2002

2055

00 00011111010000

OOIOOOOOOOOI 10110

First Data Word

/

T

F

Last Data Word

b. Second Data Table

CAR Check Word=2000

Word Count = 54
SC = Single Scan
and Stop with an
Interrupt

17423 A

1/0 Control
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INTERRUPT

To allow for coordination of overlapped 1/O opera-
tions and provide for a smooth flow of productive
processing, it is necessary to provide a means of
switching from one program routine to another. In
the 1800, an interrupt system is provided for this
purpose.

The Interrupt feature provides an automatic
branch from the normal program sequence. The
branch is based upon an external condition, Exam-
ples of conditions which would normally be used to
cause interrupts follow: (1) The Interval Timer has
concluded the recording of a preset time interval.

(2) The Magnetic Tape drive initialized and selected
on a Data Channel has completed the required data
transfer and signals the P-C with a Scan Complete.
(3) An undefined operation code has been detected
during the P-C instruction readout and therefore can-
not be executed. (4) A device, such as the Printer
Keyboard, has completed the transfer of the previous
character and requests a subsequent character. (5)
An external process condition has been detected which
requires an immediate change in the program execu-
tion,

Interrupt Philosophy

Because of the large number and widely varying types
of interrupt requests, it is often not desirable to
cause a branch to a unique address for each condition.
For the same reasons, it is frequently not desirable
to cause one branch for all interrupt requests and to
require the program to determine the individual re-
quest(s) requiring service., Therefore, it is exped-
ient to group the many individual request lines into

a lesser number of priority levels., This accom-
plishes two very important functions: First, it allows
all interrupt requests common to a specific interrupt
level to have the privilege of interrupting immediately
if the only requests present are of a lower priority
level, Conversely, it permits interrupt requests con-
nected to a higher priority level to temporarily termi-
nate the servicing on a lower level and to immediately
interrupt to the higher priority. Service is returned
to the initial request only after all higher level re-
quests have been serviced. Second, since a unique
branch can be defined for each interrupt priority
level, it is possible to combine many interrupt re-
quests on a common priority level and therefore use

a common interrupt subroutine to service many re-
quests.
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There are two important operating characteristics
of the interrupt system. (1) When more than one re-
quest line is connected to any priority level, it is
necessary by programming means to identify the indi-
vidual request(s) causing the priority level to be en-
ergized. (2) The first request that is recognized on
a given priority level prevents future requests on that
or lower priority levels from interrupting until the
completion of servicing the first interrupt is signaled
by a Branch Out Operation (see Branch or Skip on
Condition-BSC), However, interrupts that occur on
the same level for which an interrupt is being ser-
viced can be interrogated and serviced by program-
ming if the Interrupt Level Status Word (ILSW) is
interrogated again before the "Branch Out" is execu-
ted. The ILSW is explained in detail towards the end
of this section.

INTERRUPT LEVELS

As shown in Table 6, a maximum of 24 external inter-
rupt levels are available. Twelve external interrupt
levels are standard, as are the Internal, Trace, and
CE interrupt levels. Note that the priority level of
each interrupt, as well as its unique core storage
address is listed in decimal form. Note also that all
but the Trace and CE interrupts have an Interrupt
Level Status Word (ILSW)., The ILSW, which is ex~
plained in detail later, is used to identify the specific
condition causing its interrupt level to request serv-
ice. No external interrupt can occur at the end of an
XIO or BSI instruction (until another instruction is
taken).

Internal Interrupt

The Internal Interrupt is a P-C interrupt that occurs
when any one of four error conditions occur in the
P-C:

1. An invalid Op code is detected.

2. A parity error (even number of bits) is detected
in the B-register during data transfer to or from
core storage.

3. A storage protect violation occurs from an attempt
to write into a "read-only' core storage position.

4, CAR Check error occurs either as a CAR Check
or as the result of a parity error having caused a
command reject.



Table 6. Interrupts

Interrupt t;i:;i'ty Core Storage Location ILSW
Decimal Hex.
Internal 1 8 8 Yes
Trace 26 9 9 No
** CE 27 10 A No
*External O 2 11 B Yes

1 3 12 C Yes
2 4 13 D Yes
3 5 14 E Yes
4 6 15 F Yes (¢ Basic
5 7 16 10 Yes
6 8 17 11 Yes
7 9 18 12 Yes
8 10 19 13 Yes
9 11 20 14 Yes
10 12 21 15 Yes
11 13 22 16 Yes J
12 14 23 17 Yes
13 15 24 18 Yes
14 16 25 19 Yes Special
15| 17 26 1A Yes { Feature
16 18 27 1B Yes Group 1
17 19 28 1C Yes
18 20 29 1D Yes
19 21 30 1E Yes Special
20 22 31 1F Yes | Feature
21 23 32 20 Yes Group 2
22 24 33 21 Yes .
23 25 34 22 Yes ) !

an XIO instruction prevents a Trace interrupt for
one instruction.

CE Interrupt

The CE interrupt can be initiated from the CE panel
or from a device operating in CE mode. It cannot be
masked and does not have an ILSW. The CE level is
not polled on an XIO or BSI instruction

Interrupt Level Masking

* External Interrupt cannot occur at the end of an XIO or BSI
instruction.

** A CE Interrupt Stores the return link in core location 10
(decimal) and starts execution at core location 0001,
Interrupts are prevented in the same manner as for the

standard forced BSI.

The Internal interrupt cannot be masked. However,
an XIO or BSI instruction prevents the internal interrupt
for one instruction. Its ILSW is reset when it is sensed
to determine the interrupting condition. The four
error conditions are assigned tothe ILSW as follows:

0 Internal Interrupt ILSW 5

| ] I 2l3 | N 1 111 1l " J
—
‘ l—— (S:tifcg: iitf::f I'Violcal'ion

B-Register Parity Error
Invalid Op Code

o

Trace Interrupt

The Trace interrupt occurs after every instruction if
the P-C is in program operation with the console
mode switch on Trace, The Trace interrupt cannot
be masked and does not have an ILSW. However,

A mask register exists for the masking and unmask-
ing of external interrupt levels. An interrupt level
that is masked cannot initiate a request for service

until it has been unmasked.
Programmed interrupts will not occur if the

corresponding interrupt is masked prior to the time
the XIO command for programmed interrupt is ex-
ecuted or before the forced BSI occurs.

Device status words and PISWs are not affected
by the mask operation.

The XIO Control instruction is used to simultane-
ously mask and unmask external interrupt levels 0-13
or 14-23, depending on Modifier bit 15 ofthe IOCC.
Two XIO Control instructions are required to mask/
unmaskthe maximum of 24 external interrupts (All
external interrupts are automatically masked when
electrical power is first applied to the P-C.) The
execution of this instruction does not affect the
contents of the A-register.

TheIOCC for the Mask instruction is shown below:

0 9 13 0 4 8 10 15

YYYYYYYYYYYYYY l°.°.°.°.°|'.°.°|'.°.°| o |z]

h ¥

| z=l 0-Levels 0-13
Z-—l'O 1-Levels 14-23

Note that the Area is 00000 and that Modifier
bits 8-10 must be 100.

The status of Address bit positions 0-13, or 0-9,
depending on Modifier bit 15 (Z), determine whether
external interrupt levels 0-13 or 14-23 are masked
or unmasked:

A 1-bit masks the corresponding interrupt level.

A 0-bit unmasks the corresponding interrupt level.

External Interrupt Polling

Two polling cycles are requiredto sample all 24 inter-
rupt level requests. Interruptlevels 0throughl3are
polled as a group and interrupt levels 14 through 23 are
polled as another group. The group that is polled on any
given cycle is not readily predictable because the first
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group polled after an interrupt will be the group
that was being polled when the interrupt occurred.
During any core-storage cycle, other than the first
core-storage cycle of an instruction, both groups
of interrupt levels are polled. Therefore, unmask-
ing an interrupt level for an instruction that takes
only one core-storage cycle (MDX, LDX, LDS,
etc.), would not poll all 24 interrupt level requests.
This one core-storage cycle instruction would poll
only one group, and the group could be either 0-13
or 14-23. Polling is inhibited during:

e XIO and BSI instructions.
e Load, display, or IPL modes.

e Clear storage operations.

Programmed Interrupts

External interrupt levels can be programmed. An
XIO Control instruction is used to turn on individual
external interrupt levels within either of two groups
(0-13 or 14-23) depending on the status of Modifier
bit position 15 of the IOCC. Two instructions must
be executed to turn on interrupt levels in both of
these groups. The IOCC is shown below:

0 9 13 0 4 8 10
YYYYYYYYYYYYYY] |oo °°°|'.°.°|'.°.1| B

15
1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IZI
J
z=1 Y
r O-Level 0-13
7=0 1-Levels 14-23

Note that the Area is 00000 and that Modifier bits
8-10 must be 101.

The status of Address bits 0-9 or 0-13, depend-
ing on Modifier bit 15 (Z), determine whether indi-
vidual interrupts within priority levels 0-13 and
14-23 will be turned on:

A 1-bit turns on the corresponding external

interrupt level.

A 0-bit does not turn on the corresponding

external interrupt level.

Programmed interrupts will not occur if the
corresponding interrupt level is masked prior to
the time the XIO command is executed. ‘

72

If a programmed interrupt level is turned on
but the hardware forced BSI instruction has not oc-
curred, an XIO instruction to mask the programmed
interrupt level will turn the programmed interrupt
level off. Another Programmed Interrupt XIO in-
struction would be needed to reinitiate the pro-
grammed interrupt after the specified level is un-
masked.

Programming Note

A°BOSC instruction following an XIO instruction
which turns on a programmed interrupt for a level
as high or higher than the level currently being
serviced will reset the programmed interrupt just
turned on. For example, while in a routine servic-
ing interrupt level 4 an-XIO instruction to set pro-
gram interrupt to level 2, followed by a BOSC in-
struction would reset interrupt level 2 and not reset
level 4. To prevent this condition the following
technique can be used for program set interrupts.

iig xggé } Prevent All Interrupts

BOSC +-Z Clear Current Interrupt Level
NOP

))38 ‘dmg,ﬁ;} Restore Interrupt Mask Register
XIO PROGI  Set Program Interrupt

BSC I EXIT Exit Current Level

STATUS WORDS

The 1/0 devices of the 1800 System and some of the
system features contain "status" indicators. The
on/off condition of each status indicator reveals to
the operating program an operational status or con-
dition of the device in which the indicator is located.
Status indicators are also contained in the process
being monitored and/or controlled by the 1800 Sys-
tem. These indicators, both system and process
oriented, project their individual conditions into
the system via the In-Bus. Those process and sys-
tem indicators assigned to interrupt levels initiate
interrupt requests when they are turned on.

The status words used in the 1800 are:

1. Device Status Word (DSW) (includes Selector
Channel Status Words)

2. Process Interrupt Status Word (PISW)

3. Interrupt Level Status Word (ILSW)



Device Status Word Indicators

DSW indicators (including Selector ChannelStatus in-
dicators) usually fall into three general categories:

1. Error or exception interrupt conditions.
2. Normal data or service required interrupts.
3. Routine status conditions.

The DSW indicators are always read into the
A-register with a Sense Device instruction. A
unique DSW exists for each device, and consists of
one or more words. The second word of a Sense
Device IOCC specifies the device whose DSW is to
be sensed. If the device has more than one word
in the DSW, the modifier bits are used to spec1fy
the desired word of the DSW,

(See Appendix C.)

Bit 15, of the second word of the IOCC, being 1
specifies reset of the resettable indicators in the
word being sensed. A list of the DSWs is in
Appendix D.

Process Interrupt Status Word Indicators

The PISW indicators, which are physically located
in the 1800 System, are turned on by the closing of
a contact or the shifting of a voltage from a custo-
mer process.

When an XIO Sense or XIO Read instruction
reads a specified PISW, the indicators are uncon-
ditionally reset. The difference between the two
instructions is where the PISW is stored. A read
instruction stores the PISW at the core storage
location specified by the first word of the IOCC;
the sense instruction stores it in the A-register.

Assignment of PISW Bit Positions

Process interrupts are terminated on 16-position
terminal blocks within the 1800 System. The
terminating circuitry restricts the assignment

of process interrupts to the bit positions within
each PISW:

1. Terminal block positions 0 through 15 must
be assigned to corresponding PISW bit posi-
tions 0 through 15. There can be no cross
assignment, such as position 0 of the terminal
block to position 1 of the PISW. Position 0
must be assigned to position 0, 1 to 1,
15 to 15.

2. Terminal block positions can be separated in
groups of four and assigned to one, two, three,
or four PISW's.

e

Terminal

B!ock

PISW fo 3 |
\AA

PISW IO 4 7

For example, as shown in Figure 18, terminal
block positions 0-3 may be assigned to bit positions
0-3 of one PISW; terminal block positions 4-7 may
be assigned to positions 4-7 of a second PISW;
terminal block positions 8-11 to 8-11 of a third
PISW; and terminal block positions 12-15 to 12-15
of a fourth PISW. In like manner, terminal block
positions 0-7 could be assigned to 0-7 of one PISW,
and terminal block positions 8-15 to 8-15 of a
second PISW.

Twenty-four PISW's exist in the 1800. They
are addressed individually by the modifier of the
XIO Sense Device instruction. PISW decimal ad-

-dresses in the modifier are 2 through 25.

Interrupt Level Status Word

The Interrupt facility includes one 16-position
Interrupt Level Status Word (ILSW) for each inter-
rupt level., (The Trace and CE interrupts are ex-
ceptions; they are unique mterrupts and require
no ILSW.)

The ILSW is always read into the A-register.
Each of its bits is assigned to a specific device or
PISW on the interrupt level associated with the

i

Process Interrupts

L

PISW lo 8 1 |

PISW b 12 1ﬂ

Figure 18. Bit Positions Assignment of PISW’s (typical)
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Figure 19. Relationship of Status Words

Each interrupt level requests service when any
one of the 16 bits in its ILSW is turned on. When the
P-C program recognizes the interrupt request, it
executes an XIO Sense Interrupt Level instruction to
read the ILSW of the requesting interrupt level into
the A-register. The P-C program then determines
which bit position in the ILSW caused the interrupt.
This bit position identifies the DSW or PISW that has the
interrupt initiating indicator. The DSW or PISW is then
analyzed by the P-C program to determine which indi-
cator in the DSWor PISW caused the interrupt.

The programmer does not specify the ILSW inthe
XIO Sense Interrupt Level instruction usedto read the
ILSW into the A-register. This specification is fixed;
thatis, each ILSW is hardware assigned to its inter-
rupt level. The Sense Interrupt operation provides
the ILSW of the highest priority level requesting
service. Except for the P-C Internal interrupts, none
of the DSW and/or PISW interrupf indicators ORed
into ILSW bit positions are reset when the ILSW is
read into the A-register. The indicators are not reset
until their respective DSW or PISW is read into the A-
register with an XIO Sense Device instruction with
reset.

Figure 19 also shows that each PISW may be
assigned to one bit position of an ILSW. If this prac-
tice were carried to its extreme, all 24 PISW's could
be assigned to only two ILSW's, which would restrict
all process interrupts to two interrupt levels. Con-
versely, only one PISW could be assigned to each
ILSW, which would provide the maximum number of
interrupt levels for process interrupts. Interrupt
level assignments for any one Process Interrupt
Adapter must be to interrupt levels 0-11 or 12-23.
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PROGRAMMED OPERATION

The 1800 System may be programmed to service inter-
rupt requests in several alternative manners:

1. Process and other interrupts are intermixed on
the same level. The ILSW is interrogated first
and the PISW is interrogated subsequently.

2. DProcess and other interrupts are intermixed on
the same level, but process interrupt is given
priority on that level so that the PISW's (typically
one) are sensed directly and checked before the
ILSW is sensed and checked.

3. An interrupt level is completely reserved for
process interrupts and interrogation of the
ILSW determines which PISW contains the
actual interrupt.

4. An interrupt level is completely reserved for
process interrupts and the number of PISW's
on that level is restricted to one. In this case,
the program can go directly to the PISW con-
taining the interrupting condition.

In general, an interrupt request is recognized at
the completion of the instruction being executed when
the interrupt request occurs. Exceptions to this
practically instantaneous recognition occur when:

1. The instruction being executed when the inter-
rupt request occurs is either an interrupt forced
or normal: Branch and Store Instruction Register
(BS]) instruction or an XIO instruction. These
instructions effectively mask all interrupts during

T
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their execution and the execution of the next
instruction.
2. The interrupt request level is masked. The re-

quest will be retained by the device adapter in the

1800 System for recognition when the interrupt
level is unmasked. (Programmed interrupts are
not retained if masked prior to their execution.)

3. The interrupt request is of the same or a lower
priority level than an interrupt level being
serviced.

When an interrupt request is recognized, the
P-C inhibits the normal access to core storage and
generates into the B-register a BSI Indirect Ad-
dressing instruction. The format of this forced
hardware instruction is:

0 4 8
[oross[loal[eosomad _ vmermteioe, ]
BSI F TIA Address

Programming Details

The Address of the forced BSI Indirect instruction

is unique for each interrupt level, as specified in
Table 6. Program operation from this point is shown
in Figure 20 and described below. The circled
numbers in Figure 20 correspond to the numbered
descriptions below:

1. The interrupt request occurs during operation
of the main line program.

2. The forced BSI Indirect instruction stores the
contents of the I-register at the Effective Ad-
dress (EA) of the instruction. The EA is the

Main Line
Program

@EA

EA +1

Interrupt @ @ X0

Bsi © wox

Figure 20. Program Identification of Interrupts

address that the user stores at the interrupt
vector. The forced BSI Indirect instruction
then branches to the address of the interrupt
subroutine (EA + 1),

3. The interrupt subroutine stores all data and/or
index registers that it will use and then prior
to subroutine completion restores the same data
and/or index registers.

4, The last instruction of the interrupt subroutine is
a Branch or Skip on Condition (BOSC) instruction
(Bit 9 = 1) that returns the program to the ad-
dress previously stored at the EA (step 2). This
address is the location of the next instruction in
the main line program. The BOSC instruction
also resets the interrupt level so that other
lower priority levels can be recognized.

If a Wait instruction is operative when the
interrupt request occurs, the Wait instruction is
considered complete when the interrupt request is
recognized. Following completion of the interrupt
subroutine, the instruction immediately following
the Wait instruction will be executed.

Because a number of interrupt requests can be
assigned to any one priority level, program analysis
of the requesting interrupt level's ILSW is necessary
to determine the source of the interrupt request
signal. This analysis is accomplished within the
interrupt subroutine in the following manner (the
numbered descriptions that follow relate to the
circled numbers in Figure 20):

5. An XIO Sense Interrupt Level instruction
causes the ILSW for the interrupt level being
serviced (the highest priority level on) to be
read into the A-register. Only the Function
of the IOCC need be specified. No other parts

Branch Table

-17431 A
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of the IOCC are used. The status of the indi-
cators in the devices assigned to the ILSW are
not reset.

A Load Index Register (LDX) instruction loads
an index register with the number of interrupt

count is decreased, the indexed address for the BSC

instruction is decreased. Effectively, the branch
address of the BSC instruction begins at the bottom
of the Branch Table and progresses up the Branch
Table as the A-register is shifted. For example:

signals assigned to the ILSW.

7. A Shift Left and Count (SLCA) instruction is 1.
executed. The resulting count in the index
register corresponds to the first non-zero bit
of the ILSW in the A-register.

8. A BSC instruction is executed. This instruction
is both indirect and indexed with the index
register containing the count corresponding to
the first non-zero bit in the A-register. The
Address of the BSC instruction is related to
the top word of the Branch Table (Figure 21).

The Branch Table is a table of addresses.
Each address is the location of an interrupt

Load Index Register

Index Register one (XR1) is loaded with sixteen
or the maximum number of interrupt request
lines connected to the level which caused the
interrupt. (In this example, assume sixteen
request lines are connected to the interrupting
level.)

XR1 |00000000000| 0000

T NS T N T T TR N T T S IO DO T

subroutine that is related to an interrupt request
assignment in the ILSW. Thus, if bit position

.zero of the ILSW is on, the last word of the .
table is used, and the BSC branch is to the 2. Execute I/O (Sense Interrupt Level)

address stored in the last word of the table.
If bit position one of the ILSW is on, the
BSC branch is to the address stored in the
second to last word of the Branch Table, etc. 3.

An XIO instruction is executed which senses the
ILSW of the interrupting level into the A~
register.

I/0 Control Command

Thus, the above sequence of instructions locates
the interrupt subroutine for the ILSW bit that initiated | Address ~ " = Nof Used

the interrupt. Each time the A-register is shifted, 0 15
the shift count is decreased by one. As the shift Bﬁx XXO0T1XXXXXXXX

I T T |

ILSW 7434
<stefo oo To[oJe[o ol lo[o[o]d X - Unused bits
l )

| L. Branch Table

p—

In this example, the ILSW appears in the A-
register as follows:

0 ‘ 15
- ILSW |3.°.°.°.] .olololo.o.o'o.o.ollﬂ
~ .
. 4. Shift Left and Count

A Shift Left and Count normalizes the A-register
and leaves a remainder count in the index
register. Note that four shifts have reduced

' Figure 21. ILSW Branch Table
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N

the value in XR1 from 16 to 12. -Also, regard-
less of the status of bit positions 8 and 9 in the
index register, they are set to zero and bit
positions 0-7 will be unchanged.

| 00000000010000 o| Acc

1
0 15
ﬁooooooooooon IOOIXRI

i7436

5. Branch or Skip on Condition

An indexed branch instruction with an indirect
bit permits a unique branch to a table of ad-
dresses which contains an entry for each bit
of the accumulator.

Op Code F Tag |IA Disp

[B‘SIClIIOIIIII .°.°.°.°.°.°.°j
0 15

L.|"l|ﬁqdr"‘llll—|

EA = C (XR1 + ADDR)

Indicator Identification

If the device requesting service is assigned to a DSW
or PISW, it is necessary to determine which indicator

in the DSW or PISW is responsible for the interrupt
request. This identification can be made in an
almost identical manner to the previously described
program steps 1 through 8 of Figure 20:

1. An XIO Sense Device instruction is executed in
step 5 instead of an XIO Sense Interrupt Level
instruction. The area and/or modifier must
specify the device or the status word.

2. The LDX instruction (step 6) loads the index
register with the maximum number of indicators
assigned to the DSW or the PISW instead of the
number of interrupt request signals assigned to
the ILSW.

3. SLCA and BSC (in steps 7 and 8) should be
programmed in such a manner that all possible
interrupting conditions are checked; i.e., even
if one condition is on, the other conditions are
not assumed to be off.

Programming Note

If a subroutine can be called from two or more
priority levels there can be a significant problem in
the loss of data (return addresses and intermediate
subroutine results) unless care in programming is
exercised,

Note: I only one device (one interrupt) is on
an interrupt level, the program can be written
so that only the DSW is sensed into the A-
register and its indicators are interrogated.
Since only one interrupt is on the interrupt
level, the ILSW need not be interrogated.
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DATA PROCESSING INPUT/OUTPUT AND

COMMUNICATIONS DEVICES

The IBM 1800 Data Acquisition and Control System
offers a wide variety of highly flexible input/output
devices:

IBM 1053 Printer

IBM 1054 Paper Tape Reader

IBM 1055 Paper Tape Punch

IBM 1442 Card Read Punch

IBM 1443 Printer

IBM 1627 Plotter

IBM 1810 Disk Storage

IBY 1816 Printer-Keyboard

IBM 2311 Disk Storage Drives (attached via
a Selector Channel and 2841 Storage Control)
IBM 2401/2402 Magnetic Tape Units

In addition, communications devices such as
System/360 Adapters, Communications Adapters
and 2790 Adapters are available.

INPUT/OUTPUT DEVICES AND CONTROL UNITS

Input/output operations involve the transfer of
information to or from main storage and an 1/0
device. Input/output devices include such equip-
ment as card read punches, magnetic tape units,
disk storage, printer-keyboard devices, printers,
incremental plotters, communications devices, and
process-control equipment.

Many 1I/0 devices function with an external
document, such as a punched card or a reel of
magnetic tape. Other I/0 devices handle only elec-
trical signals, such as communications devices and
those devices found in process-control networks.

In either case, I/0O device operation is regulated
by a control (adapter) function. All I/O devices,
except 1810, require an adapter and/or controls.
Adapters and/or controls for all DP I/0 devices,
except 2311, are located in the 1801 or 1802. A
Selector Channel provides the control functions
for a 2841 Storage Control which in turn controls
the 2311's. The Selector Channel is located in an
1826 Data Adapter Unit along with adapters and/or
controls for System/360 Adapter, Communications
Adapters (CA), and 2790 Adapters.

In all cases, the control function provides the
logical and buffering capabilities necessary to
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operate the associated I/0O devices. From the pro-
gramming point of view, most control functions
merge with I/0 device functions.

Each control function operates only with the
1/0 device for which it is designed, but each control
function has standard signal connections with regard
to the channel to which it is attached which allows it
to be attached to a shared channel,

INPUT/OUTPUT INTERFACE

So that the Processor-Controller (P-C) may control
a wide variety of 1/0 devices, all control functions
are designed to respond to a standard set of signals.
This "I/O unit to P-C" connection is called the 1/0
interface. It enables the P-C to handle all I/0
operations with a common set of instructions.

I/O0 CONTROL

The IBM 1800 uses two methods to control I/0
devices:

Data Channel Control (cycle steal)
Direct Program Control

Data Channel Control

The IBM 1800 Data Channel transfers blocks of data
between P-C core storage and the I/0O device at a

rate controlled by the I/O device. While this trans-
fer is underway, the P-C can continue with the pro-

gram. The P-C program is delayed one core storage

cycle for each word the I/0 device reads or writes
into or out of core storage. (See Data Chamnel for
Data Channel operations. )

The following devices are under Data Channel
Control:

IBM 1442 Card Read Punch -

IBM 1443 Printer

IBM 1810 Disk Storage

IBM 2401/2402 Magnetic Tape Units
2790 Adapters

CA Line Adapters

Selector Channel

System/360 Adapter

N
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Direct Program Control

IBM 1800 Direct Program Control transfers individ-
ual words of data between P-C core storage and the
1/O device at a rate controlled by the program and
the 1I/O device's maximum speed. The P-C program
is interrupted for each word transfer. The following
steps are performed when the interrupt occurs.

1. Branch to an I/O routine where the next word
~ transfer instruction to the I/O device is
executed.
Turn off the interrupt request, and
3. Branch back to the normal P-C program.

o

The following devices are under Direct Pro-
gram Control:

IBM 1053 Printer

IBM 1054 Paper Tape Reader
IBM 1055 Paper Tape Punch
IBM 1627 Plotter

IBM 1816 Printer-Keyboard

INPUT/OUTPUT INSTRUCTION (XIO)

The IBM 1800 uses only one I1/0 instruction: Exe-
cute I/O. This instruction initiates all 1/O opera-
tions.

Programming Note: All devices attached to a data

channel will treat the XIO instruction as a no-op if
the addressed device is busy or not ready.

1/0 Control Commands

The address portion of the Execute 1/0 instruction
(XIO) specifies the core storage location of a two-
word I/0 Control command.

Eight I/O Control command functions are pro-
vided for the IBM 1800:

Read

Write

Initialize Read

Initialize Write

Control

Sense Device Status Word (DSW)

Sense Interrupt Level Status Word (ILSW)
Set CE Mode

All I/0 Control commands have four parts:
Address, area, function, and modifier.

0 15 0 4 8 15

N N N

————— e ———— | T ——
Address Area  Function Modifier
Even Location | Odd Location

- (EA) (EA+T)

Address

The meaning of this 16-bit field is dependent upon
the function of the I/O Control command:

1. If the function is Initialize Write (101) or Ini-
tialize Read (110), the address field specifies
the starting address of a table in storage (an
I/0 Block). This table contains data words and
control information (Channel Command Words
for the Selector Channel). Initialize Write and
Initialize Read functions are used only with data
channel control.

9. If the function is Control (100), for example,
and the area field specifies a disk storage de-
vice, the address field may indicate the number
of cylinders the actuator must be moved. The
function of the address is variable, depending
upon the I/0 device used.

3. If the function is Sense DSW (111) or Sense
Interrupt Level (011), the address field is ig-
nored. Instead, an increment of time, equiva-
lent to a core storage cycle, is taken during
which the selected I/O device or interrupt level
places its status code into the P-C accumulator.

4. If the function is Write (001) or Read (010), the
address field specifies the core storage location
of the data word. These functions are used only
with direct program control.

Area

This 5-bit field specifies a unique segment of I/0,
which may be a single device (1442 Card Read Punch,
1443 Printer, etc.) or a group of several units (mag-
netic tape units, printer-keyboard unit, etc.).

Area codes are preassigned by IBM to each
type of I/0 device that can be ordered for the
system. The following is a list of those devices
and their codes.

Data Processing Input/Output and Communications Devices 7 9



Area Code
1/O Device
Decimal | Binary | Hex
Console Operations 0 (00000) 0
1816/1053 Printers (first 4) 1 (00001) 1
1442 Card Read Punch (First) 2 (00010) 2
1054/1055 Paper Tape Units 3 |(00011) 3
1810 Disk Storage (first drive) 4 (00100) 4
1627 Plotter 5 (00107) 5
1443 Printer 6 (00110) 6
2790 Adapter (first) 7 (00111) 7
1810 Disk Storage (second drive) 8 (01000) 8
1810 Disk Storage (third drive) 9 (01001) 9
Analog Input 10 (010100 | A
Digital Input (Digital and Pulse Count) 11 (o1011) B
Digital and Analog Output
(DO, ECO, RO, AO) 12 (01100) | C
System/360 Adapter 13 (01101) D
2401/2402 Magnetic Tape Units 14 (01110 E
1816/1053 Printers (second 4) 15 (01111) F
Analog Input Expander 16 [(10000) [ 10
1442 Card Read Punch (second) 17 (10001) | 11
Selector Channel 18 (10010) | 12
2790 Adapter (second) 19 (10011) | 13
Comm Adapter (fourth) 20 (10100) | 14
Comm Adapter (first) 21 (1o101) | 15
Comm Adapter (second) 22 (10110) | 16
Comm Adapter (third) 23 aonny | 17

Function

The eight primary 1/0 functions are specified by the
3-bit function code:

000 -

001 -

010 -
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Customer Engineering Mode

This code is used to place a device
in CE mode or to remove a device
from CE mode.

Write

This code is used to transfer a single
word from core storage toanI/Ounit.
The address of the core storage lo-
cation is provided by the address
field of the I/O Control command.

Read

This code is used to transfer a
single word from an I/O unit to
core storage. The address of the
core storage location is provided
by the address field of the 1/0
Control command.

011

100

101

110

111

- Sense Interrupt Level

This code is used to load the Accumu-
lator with the Interrupt Level Status

’ Word (ILSW) for the highest interrupt
level pending at the time it is issued.
This command is common to all I/0
devices; therefore, no device code
is needed.

- Control

This code causes the selected device to
interpret the modifier and/or the ad-
dress field as a specific control action.

- Initialize Write

This code initiates a write operation
to a device or unit which will sub-
sequently request data transfers
from core storage via a data channel,

- Initialize Read

This code initiates a read operation
from a device or unit which will
subsequently request data transfers
to core storage via a data channel.

- Sense Device Status Word (DSW)

This code directs the selected de-
vice to make its current indicator
status available for automatic place-
ment into the P-C accumulator, If
area 00000 is specified, the console
status or interval timer status may
be brought into the P-C accumulator
as specified by a unit address code
in the modifier field.

Note: The current contents of the P~-C accumu-
lator are destroyed by the execution of the
following six functions: Read, Initialize

Read, Write, Initialize Write, Sense DSW,
Sense Interrupt Level. Therefore, it is

the programmer's responsibility to save the
P-C accumulator contents, if necessary.

Modifier

This 8-bit field provides additional definition for
either function or area. For example, if the area
field specifies a 1443 Printer, and the function field
specifies Initialize Write (101), a particular modi-
fier code specifies the suppress-space operation.

In this case, the modifier extends the function. If,
however, the area field specifies a group of serial

TN



I/0 devices (for example, magnetic tape), and the
function specifies Write (001), the particular unit
address is specified by the modifier field. In this
case, the modifier extends the area.

INPUT/OUTPUT TERMINATION

Input/output operations using devices under direct
program control are terminated when the device
has completed the single function requested by the
program.

Data channel I/0 operations are terminated
when the end of the last core storage data table has
been reached.

INPUT/OUTPUT INTERRUPTS

Input/output interrupts are caused by termination
of an I/0 operation, by certain error conditions, or
by operator intervention at the I/O device. Input/
output interrupts enable the P-C to provide appro-
priate programmed responses to conditions that
oceur in I/0 devices.

Input/output interrupts are assigned priority
sequences to allow the most efficient use of all 1/0
devices.

Conditions responsible for 1/0 interrupt re-
quests are preserved in the Device Status Word of
the I/0O devices until they are reset by the P-C
executing a Sense DSW instruction with modifier bit
15 set to 1.

Note: The interrupting conditions for each
device are listed under each device in the
manual.

DEVICE STATUS WORD (DSW)

The 16-bit Device Status Word consists of bit indi-
cators that define the status of the I/0 device and

its control. The indicators vary from device to
device. However, each indicator falls into one

of two groups: interrupt indicators and non-interrupt
indicators.

As the name implies, interrupt indicators are
associated with conditions that interrupt the stored
program execution; for example, "operation com-
plete". Non-interrupt indicators are associated
with conditions that do not interrupt the P-C pro-
gram; for example, "Busy' and "Not-Ready."

Programming Note: Since the P-C is much faster
than the 1/0 devices, it is necessary that they oper-
ate asynchronously. It is therefore possible to
sense the status of a device during the short period
of time that the status is being changed.

The following technique should be used to
assure that the final status of the device is
sensed. The DSW should be sensed with the re-
setting modifier bit off. When the bit state
changes, the sense should be done once more
with the resetting modifier bit on; the data from
the last DSW sensed should be used as the valid
machine condition.
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IBM 1816 PRINTER-KEYBOARD AND IBM 1053 PRINTER

The IBM 1816 Printer-Keyboard (Figure 22) pro-
vides a console-keyboard entry and a console-
printer output for the Processor-Controller (P-C)
of the IBM 1800.

The IBM 1053 Printer (Figure 23) provides
additional output typewriter printers for the IBM
1800.

The printer portion of the 1816 is physically
and functionally the same as the 1053. Therefore,
the printer description and programming are the
same for these two units.

A maximum of two 1816's and six 1053's can
be attached to the 1800 System, or one 1816 and
seven 1053's, or eight 1053's.

All 1053 printers can operate in the over-
lapped mode; that is, each can print a different
message at the same time. The 1816 can be in-
stalled up to 50 feet from the P-C. Each 1053 can
be installed up to 2000 feet from the P-C.

PRINTER FUNCTIONAL DESCRIPTION

IBM 1053 printers provide output at a maximum
rate of 14.8 characters per second. Data to be
printed is transferred from core storage to the
1053 by direct program control.

Figure 22. IBM 1816 Printer-Keyboard
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Figure 23. IBM 1053 Printer

Data and control characters (space, tabulate,
etc.), are sent to the 1053 by means of the Write
command. Because control characters and data
characters are sent in the same manner, the
message to be printed contains a mixture of data
characters and control characters in the sequence
necessary to give the desired formatted output.

The character format within a core storage
word to be transmitted to the 1053 printer is:

Control/Print
Upper/Lower Case
1053 Character Code

Each word transmitted to the 1053 Printer con-
tains one data character or one control character.
Line formatting is programmed by use of the con-
trol characters. For example, the carrier return
control characters are used at the end of the line in
order to return the carriage. If a carrier return
control is not given, in some instances data will be
over printed in the last column until a carrier
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return is given. To prevent this from occurring a
carrier return command should be given at the end
of each line of print.

The 1053 and 1816 output printer should have a
pinfeed platen for continuous forms.

Data Coding

The character coding for input data is shown in

Figure 24. The right side of each half of the Figure

shows the binary coding assigned to each input

character.

Data to be printed by the 1053 printer is coded
by the program into the 1053 code. Figure 25 shows
the characters which can be printed by the standard
print element for IBM 1053 printers.

The data-character codes also contain (in bit 6)
the information as to whether the character is an
upper-case (UC) shift or lower-case (LC) shiift

Key  IBM Card Code o|1 |2|3I4|5‘6|7|8l9llolll||2|13 14|15 Key  IBM Card Code |o 1]2 6|7i8 9t|o|n|12|13|14|15
. 1,8,4 1 1 1 J 1,1 1
/ 0,1 K 1,2 1
0 0 L 1,3 ]
1 1 M 1,4 1 1
2 2 N 1,5 1 1
3 3 o 1,6 1 1
4 4 1 P n,7 1 1
5 5 Q 1,8 1 1
6 6 R 1,9 1 1
7 7 s 0,2 1
8 8 1 T 0,3 1
9 9 U 0,4 1 1
$ 11,8,3 1 1 v 0,5 1 1
. (Period) 12,8,3 |1 1 W 0,6 1 ]
, (Comma) 0,8,3 1 X 0,7 1 1
EOF None Y 0,8 1 1
gﬁ-IR None A 0,9 1 1
IEED None 1 Space Blank

¢ 12,8,2 |1 i
- 68 ! < 12,8,4 |1 1 1
' (Apostrophe) 5,8 1 | 12,8,7 |1 E
( 12,58 | 1 1 A T F
) 11,5,8 1 1 i 1,8,2 ] 1
* 12,86 |1 ! ; (Semi=colon) | 11,8,6 1 1 1
= Oosh) L ! = me7 | K
A 12,1 11 % 0,8,4 1 1 1
B 12,2 |1 __ (Underscore) | 0,8,5 1 1 1
¢ 12,3 )1 > 0,8,6 1 L
d 12,4 |1 ! ? 0,8,7 1 1k
E 12,5 |1 : (Colon) 8,2 1
F 12,6 |1 7 53 ]
G 12,7 |1 e 5.4 ] ]
H 12,8 |1 1 . 5.7 T
1 12,9 |1 0-8-2 0,8,2 1 1

Figure 24. IBM 1816 Keyboard Character Coding
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Lower Case Upper Case
BO_B1 B2 B3 B4 B5 |B6=0[Hexadecimal | B6=1 [Hexadecimal | B7
o0 1 1 1 1] A 3C A 3E 0
00 0 1 1 0] 8 18 B 1A 0
00 0 1 1 1] ¢ 1C C 1E 0
0 0 1 1 0 0] D 30 D 32 0
00 1 1 0 1] E 34 E 36 0
0 0 0 1 0 0] F 10 F 12 0
00 0 1 0 1] & 14 G 16 0
0 0 1 0 0 1] H 2 H 26 0
0 0 1 0 0 0] 1 20 | 22 0
o1 1 1 1 1)y 7C J 7E 0
0 1 0o 1 1 0] K 58 K 5A 0
01 0 1 1 1] L 5C L 5E 0
01 1 1 0 0] M 70 M 72 0
01 1 1 0 1] N 74 N 76 0
01 0 1 0 0] © 50 o 52 0
01 0 1 0 1] p 54 P 56 0
01 1 0 0 1] aQ 64 Q 66 0
01 1 0 0 o] R 60 R 62 0
1 00 1 1 0o s 98 s 9A 0
T o0 1 1 1| T 9C T 9E 0
1 01 1 0 of u BO U B2 0
1 01 1 0 1| v B4 v B6 0
1. 0 0 1 0 of w 90 w 92 0
1 0 0 1 0 1] X 94 X 9 0
1 01 0 0 1] Y Ad Y Ab 0
1 01 0 0 o] z A0 z A2 0
11 1 1 0 1] FC ( FE 0
11 0 1 1 0] 2 D8 + DA 0
11 0 1 1 1] 3 DC < DE 0
1 1 1 1 0 o 4 FO - F2 0
T 1 1 1 0 1] 5 F4 ) Fé 0
1 1. 0 1 0 o 6 DO ; D2 0
1T 1.0 1 0 1| 7 D4 * D6 0
1 1 1 0 0 1] 8 E4 , E6 0
1T 1.1 0 0 of ¢ ) " E2 0
1 1.0 0 0 14 o c4 | cé 0
1. 1.0 0 o of * co = c2 0
1T o1 1 1 1| / BC - BE 0
1 00 0 0 1| - 84 ? 86 0
1 0 0 0 0 of , 80 : 82 0
01 0 0 0 1] & 4 > 46 0
o 1 0 o o o0 § 40 ! 42 0
00 0 0 0 1| @ 04 % 06 0
0 0 0 0 0 0 . 00 ¢ 02 0

Figure 25. IBM 1816/1053 Printer-Character t‘oding

character. The printer shifts automatically as re-
quired for each data character.

A 1053 Printer Write command is modified by
the bit 7 position of the output character word. If
bit 7 equals 1, the Write command is interpreted as
a control function. If bit 7 equals 0, the Write com-
mand is interpreted as a print function.

The codes for 1053 Printer control functions are
shown in Figure 26.

Note: When alphameric data is the output,
programs should be written using L.C mode
alpha characters since any shifting adds
from 60 to 70 ms to the print time.
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Hexadecimal
Function Representation
0 123 45678910101 12131415

Carrier Return Il 0'0 'O .0.0.0 'I l* ; ‘ ‘ o “,3 8l
0

Tabulate IELI 000001] 4
01 2345678 910112131415

Spclce lgnouluolonouonlf :4 x»o‘v.x « ] 21

01 23456789101 121314

Back Space (0,001,000 1R n
0 4 8 15
. i R i
Shift to Red |gL0 oo01 ,O,O,IE:}.-‘%?%}@ 3 09
0 4 8 L]
Shift to Black 0,00 0010 1F i i 05
0
Line Feed Iglo |0 .o .010 .l .I E £ N X i 03
Control Bit —J fEee)

i Figure 26. Printer Function Codes
PRINTER PROGRAMMING

The 1053 Printers operate on the IBM 1800 under
direct program control.

1/0 Control Commands (I0CC)

The first four printers are addressed by the 5-digit
area code of 1 (00001). The second four printers
are addressed by the 5-digit area code of 15 (01111).
The modifier bits 11-14 address specific printers in
a write, CE mode, or sense DSW operation.

Bl4 - 1st or 5th printer
B13 - 2nd or 6th printer
B12 - 3rd ar T7th printer
B1l - 4th or 8th printer

Note: Printers 1 and 5 may be either 1816
Printer-Keyboards or 1053 Printers. Type-
writers 2-4, 6-8 are 1053 printers.

CE Mode (000)

1st Thru 4th Printers
[} 15 0 4 " 1415

5th Thru 8th Printers

0 n 1415

This command places the specified 1053 printers
(and keyboard if 1816 is specified) in CE mode if



O

modifier bit 15 is on, or removes them from CE
mode if bit 15 is off.

Write (001)

1st Thru 4th Printers
0 15 0 4

[ Core Storage Address [o0001 o 0

5th Thru 8th Printers
0 15 0 4 8 11 15

[ Corestogenddress  Toriiifoonf eil

This command causes the P-C word at the core
storage location specified by the address field to be
sent to the specified 1053 printers for printing or
control.

If two or more printers are addressed all those
addressed will print the same data simultaneously.
At least one 1053 printer must be addressed.

Note: A console-printer (1816) can only
be addressed by modifier bit 14; a type-
writer-printer (1053) can be addressed
by any of the modifier bits B11 to B14.

Sense DSW (111)

1st Thru 4th Printers
0

5th Thru 8th Printers

14 15

This command causes the Device Status Words of
the selected printers to be ORed together and then
placed in the PC accumulator. This command also
resets the indicators on the selected printers if bit
15 is set to 1. There is one Device Status Word for
each 1053 Printer (Figure 27), and one for the 1816
(Figure 29).

R=1 Resets indicators.,
R=0 Does not reset indicators,

0 45 9 12 13 15

[T P T T T | inicoror Name

13 CE Not Ready

12 CE Busy

9 Printer Parity #

6 Keyboard Not Ready #

5 Printer Not Ready

4 Printer Busy

0 Printer Service Response «#

* Interrupt .
# Indicator reset by a sense DSW.
(Other indicators are reset by their status turnoff).
+  Always on when first or fifth printer is a 1053,

Figure 27. Device Status Word (1053)

Note: If the 1816 Printer-keyboard is specified,
the indicator bits for the console-keyboard are
also ORed into the DSW. If bit 15 of the DSW is
a 1, the indicators will be reset.

Interrupt Indicator

There is only one interrupt associated with each
1053 Printer.

All typewriters within a group of four(1-4 or
5-8) must be assigned to the same priority level
of interrupt and each typewriter within that group
must have its interrupting DSW bits assigned to a
unique ILSW bit associated with that interrupt level.

Printer Service Response: This interrupt occurs
each time a printer has completed printing the data
or the control operation specified by the last Write
command.

Non-Interrupt Indicators (DSW)

The following indicators are associated with each
1053.

Printer Busy: When on, this indicates that the
printer is in the process of typing a character or
executing a control and therefore should not be
given a Write command. The busy line is active
from the time data is sent to the 1053 printer until
the printer has completed the action required.

Note: The Printer Not Ready indicator will
always be on when the Busy indicator is on.
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Printer Not Ready: When off, this indicates that
the printer is properly loaded with forms, has de
power, is not in CE mode, and is not busy. It is
necessary that the program always determine that
the Printer Not Ready (or CE Not Ready) indicator
is off before a write command is given. If a Write
command is given while the Not Ready indicator is
on, loss of information will probably occur. No
indication is given of this loss.

If the Not Ready indicator is tested and found to
be on, Busy should then be tested. If Busy is off,
operator intervention is required unless the 1053
is in CE mode. However, the Not Ready indicator
on and Busy on, indicates that the printer has not
finished execution of the previous Write command.

Printer Parity Error: This indicator is turned on
when a parity error is detected in the character
transmitted from the P-C.

CE Busy: In the CE mode (000), this indicator is
used in place of the Printer Busy indicator. All
conditions defined in the Printer Busy status are
applicable to this indicator in the CE mode only.
Programs utilizing the CE mode use this indicator
instead of the Busy indicator.

CE Not Ready: In the CE mode (000), this indicator
is used in place of both the Keyboard Not Ready and
the Printer Not Ready indicators. All conditions
defined for both the Not Ready indicators are appli-
cable to this indicator in the CE mode only. Pro-
grams utilizing the CE mode use this indicator

instead of Printer Not Ready or Keyboard Not Ready.

KEYBOARD FUNCTIONAL DESCRIPTION

The input speed of the IBM 1816 Printer-Keyboard
is 20 characters per second but is usually limited
by the speed of the operator. Keyboard entries are
not automatically printed. The P-C must be pro-
grammed to provide an output of the Keyboard entry
on the printer. The keyboard emits a coded char-
acter for each key struck by the operator. These
characters are related to IBM card coding. " Striking
the A character key places bits in positions 0 and 3
of the P-C word; striking the I character key places
bits in positions 0 and 11 of the word; striking the 9
character key places a bit in position 11 of the word;
etc. The input code for each character is shown in
Figure 24.
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The position and arrangement of the various
keys are shown in the keyboard layout (Figure 28).

The Power On switch on the 1816 front panel
must be left on for/printer operation.

Keyboard Function Keys

KBD REQ (Keyboard Request): This key causes an
interrupt in the P-C and turns the Proceed light off.

EOF (End of Field): When the P-C reads in response
to this key, a word containing a 12-bit only is placed
in memory. Analysis of this word allows the pro-
gram to determine that no further characters are to
be sent in this message.

ER CHR (Erase Character): When the P-C reads in
response to this key, a word containing a 13-bit only
is placed in memory. Analysis of this word allows
the program to determine that the last character re-
ceived is to be replaced by the next character to be
entered.

ER FLD (Erase Field): When the P-C reads in re-
sponse to this key, a word containing a 14-bit only
is placed in memory. Analysis of this word allows
the program to determine that the message being
entered is to be deleted and replaced by a corrected
message.

Mode: There are two mode keys: Numeric (NUM)
(upper case shift) and Alphabetic (ALPHA) (lower
case shift). These keys place the keyboard in the
indicated mode. The keyboard remains in the
selected mode until changed. If the numbers or
symbols which appear on-the top portion of the keys
are desired, the keyboard must be placed in Numeric
mode.

REST KBD (Restore Keyboard): This key allows the
operator to restore the keys if they should become
locked. System Reset from the P-C console also
unlocks the keyboard.

Keyboard Lights

Proceed: This light comes on when the P-C has
performed a Control command. This light goes
off when a Read command is performed or 25 ms
after a key is pressed (when keyboard service
response interrupt is given).
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ALPHA: When ALPHA is illuminated, it indicates 6. Operator presses any character keyboard key.

that the keyboard is in the Alphabetic mode (lower Key locks down and keyboard is locked. After

case shift). 95 ms the Proceed light is turned off (DSW key-

board not ready is off) and a Service Interrupt

NUM: When NUM is illuminated, it indicates that is set.

the keyboard is in the Numeric mode (upper case 7. One key is now down, the keyboard'is locked,

shift). and Proceed light is off (DSW keyboard not

A ready is off).

Operating Procedure 8. The program is interrupted and sense DSW

The following procedure describes a typical use of n$>tes that service bit ; s o (Sense DSW uses

the keyboard. bit 15 to turn off service interrupt). ' .
9. The program does XIO read. If parity error is

1. Unlock keyboard by pressing Restore key. detected, program reads again. ‘
The program initializes by issuing an XIO 10. Return to step 4. (Replace "KBD REQ" with
read to turn Proceed light off (DSW keyboard "Character").
not ready off).

2. Press KBD REQ key. Key locks down. Key-
board is locked. After 25 ms, request inter- PROGRAMMING
rupt is set.

3. The program is interrupted and Sense DSW The keyboard operates under direct program control
notes that request bit is on. (Sense DSW uses of the IBM 1800.
bit 15 to turn off request).

4., The program does XIO control. Proceed light 1/0 Control Commands (IOCC)
turns on (DSW goes keyboard not ready).

5. At the end of 25 ms keyboard is unlocked and The Printer-Keyboard is addressed by the same
restored and the Proceed light is turned on area code used by the IBM 1053 printers, modified
(DSW goes keyboard not ready). by a 1 in the bit 14 position of the I0CC.

@lank) RS ; / 5 - | (fs_qu;w (Blark) ‘} Blank] | Koo | [lank) | (elenk} | § (Blank)
A Q w E) {1 R I T Y U | e} P [m"”k}{
T - " " ; . ] RETURN
: : : ; — : 5
. Blonlg A S \L!f F G H K L || ECOF FELT)
? " = ! ( 7 8 H 7 |1 er
NUM 7 X ¢ v " N ) CHR ALPHA

Space Bar 4

Figure 28. Keyboard Layout
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CE Mode (000)

1st Thru 4th Printers

'5th Thru 8th Printers
0

This command places the 1816 printer-keyboard in
the CE mode if modifier bits 14 and 15 are on or re-
moves it from CE mode if bit 14 is on and 15 is off.

Read (010)

1st Thru 4th Printers
0 150 4
L Core Storage Address |o 0001[010

oolo'lﬂ

5th Thru 8th Printers
0 15 0 4
L Core Storage Address |o 1111010

This command enters a single input character from

the keyboard into the P-C storage location specified

by the address of the IOCC and turns off the Proceed
light. The character can be re-read if desired.

Sense DSW (111)

st Thru 4th Printers

0 15 0 4 8 13 15

5th Thru 8th Printers
0

This command reads the Device Status Word (Figure
29) associated with the 1816 keyboard-printer into
the Processor-Controller. Modifier bit 14 must be
a 1 to select the keyboard.
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Indicator
Name

13 CE Not Ready
12 CE Busy

9 Printer Parity Error ¥
8 Keyboard Parity Error #

7 Storage Protect Violation #
Keyboard Not Ready

Printer Not Ready

Keyboard Request *#

Keyboard Service Response *#

6
5
4 Printer Busy
2
1
0

Printer Service Request *#

* Interrupt
# Indicator reset by a sense DSW
(Other indicators are reset by their
status turnoff)

Figure 29. Device Status Word (1816)

Modifier bit 15 specifies whether the indicator bits

are to be reset: no reset if 0; reset if 1. Any con- \

sole printer indicators which are on, will be reset
at the same time.

Control (100)

st Thru 4th Printers
0

5th Thru 8th Printers

[] 50 4

0111 ||1 0
1 L 1 1 1

This command places the keyboard in a proceed
status so that a character can be entered. This
command also turns on the Proceed light and unlocks
the keyboard.

Interrupt Indicators

The two interrupts associated with the keyboard
are internally ORed together with the 1816
printer interrupt as a single interrupt to be
assigned to a priority level of external interrupt
and to a unique ILSW bit.

/



Printer Service Response: This interrupt occurs
each time a printer has completed printing the data
or the control operation specified by the last Write
command transmitted.

Keyboard Service Response: This interrupt signals
that a character key has been pressed and that a
character is ready to be entered into core storage.

Keyboard Request: This interrupt is initiated by the
Request key located on the keyboard.

Non-Interrupt Indicators (DSW)

Printer Busy: When on, this indicates that the
printer is in the process of typing a character or
executing a control and therefore should not be given
a Write command. The busy line is active from the
time data is sent to the printer until the printer has
completed the action required.

Note: The Printer Not Ready indicator will
always be on when the Busy indicator is on.

Printer Not Ready: When off, this indicates that the
printer is properly loaded with forms, has dc power,
is not in CE mode, and is not busy. It is necessary
that the program always determine that the printer
not ready (or CE not ready) indicator is off before a
write command is given. If a write command is
given while the Printer Not Ready indicator is on,
loss of information will probably occur. No indica-
tion is given of this loss.

If the Printer Not Ready indicator is tested and
found to be on, Busy should then be tested. If Busy
is off, operator intervention is required unless the
1053 is in CE mode. However, the Printer Not
Ready indicator on and Busy on indicates that the
printer has not finished execution of the previous
Write command.

Keyboard Not-Ready: When off, this indicates that
the keyboard is attached, has dc power, is not in

CE mode, and is not busy. The keyboard is normally
not ready from the time a keyboard control is given
until the keyboard service interrupt is issued, which
is 25 milliseconds after a character key has been
pressed. This indicator is always on if there is no
1816 attached in the first or fifth position.

It is necessary that the program always deter-
mine that the Printer Not Ready indicator is off
before a Control or Read command is given. Other-
wise, loss of information may occur. No indication
is given of this loss.

Storage Protect Violation: This indicator is turned
on if there is an attempt to read data from the key—
board into a storage-protected core location.

Keyboard Parity Error: This indicator is turned on
if a parity error is detected by the P-C in the re-
ceived character during an XIO Read instruction.

Printer Parity Error: This indicator is turned on
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