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be familiar with the information contained in the
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Preface

This manual is a reference source for IBM Data
Acquisition and Control System users who require
detailed knowledge of the functional and operational
characteristics of the system. The functional aspects
of the processor-controller and associated features,
as well as all available process, data processing,
and communications input/output features and devices
are described in detail. Operational characteristics
of these system features and components are de-
scribed in terms of program instructions, input/out-
put operations, and processor-controller console
functions and displays.

Method of Presentation

The features and devices of the 1800 system are
divided into four categories: (1) processor-control-
ler and associated features, (2) process input/output
devices, (3) data processing input/output devices,
and (4) communications input/output features or
devices. Following the introduction, the information
in this manual is presented according to the preced-
ing four categories.

Because of frequent use, the instruction set
section of this manual is designed for easy access.

Ninth Edition (August, 1970)

Where possible, the description of each instruc-
tion in the instruction set is confined to a single
page. Each page has a tab containing the mnemonic
code of the instruction described. The tab is located
at the lower edge of the page. By glancing at the
tabs, one can quickly locate any desired instruction.

Prerequisites

The user of this manual should have a basic knowl-
edge of stored program computer concepts. In addi-
tion, the user should have read the prerequisite
publication, IBM 1800 System Summary, Order No.
GA26-5920.

Suggested Reading

The instruction set section of this manual contains
examples of assembler language coding. However, no
attempt is made to explain all aspects of assembler
language programming. Therefore, IBM 1800 Assem-
bler Language, Order No. GC26-5882, is suggested
reading.

For other suggested reading material, refer to
the IBM 1800 Bibliography, Order No. GA26-5921.

This is a major revision of, and makes obsolete, GA26-5918-7 and Technical Newsletters
GN26-0255 and GN26-0260. The entire manual has been rewritten and reorganized for
clarity. Technical changes to the text and to illustrations are indicated by a vertical line
to the left of the change. Nontechnical changes are not indicated by any special marking.

Significant changes or additions to the specifications contained in this publication are
continually being made. Before using this publication in connection with the operation
of IBM equipment, check the latest SRL Newsletter for revisions or contact the local

IBM Branch Office.

The illustrations in this manual have a code number in the lower corner. This is a

publishing control number and is not related to the subject matter.

Copies of this and other IBM publications can be obtained through IBM Branch Offi.es.

A form for reader’s comments is provided at the back of this publication. If the form
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The ever-increasing pace of technology, industry,
and business continues to demand larger and larger
amounts of reliable, up-to-date information. His-
tory 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 conceivable nature -- available from a myriad
of sources -- must be collected, analyzed, and
translated 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. The 1800
system handles a wide variety of process control,
data acquisition, and real-time applications. Each
system can be individually tailored with modular
building blocks to meet specific system require-
ments.

SYSTEM DESCRIPTION

The 1800 system offers a wide variety of features
and devices as follows:

e A processor-controller for editing, control, or
data analysis.

e A family of real-time process input/output (1/0)
devices such as analog input, analog output,
digital input, and digital output.

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

e Communications I/O devices such as communi-
cations adapters, System /360 adapter, and
2790 Data Communications System adapters.

Processor-Controller

The processor-controller has the following functions
and features:

o A central processing unit that provides arithme-
tic, logic, and control functions for the 1800
system.

Introduction

e Three index registers, 12 levels of priority
interrupt (expandable to 24 by special feature),
three data channels (expandable to 15 by special
feature), three interval timers, an operations
monitor, and an operator's console.

e Up to 32,768 words of core storage. Total sys-
tem core storage can be expanded to 65,536
words with the addition of an IBM 1803 Core
Storage Unit. In this case the processor-
controller contains 24,576 words of core storage
and an 1803 adapter.

e Basic circuitry and controls for attachment of
process input /output equipment.

e Stored program control of input/output and pro-
cessing.

Within its basic design, the processor-controller has
interrupt and core storage cycle stealing capabilities
which are used in controlling the various 1/0 devices
attached to the system. The interrupt facility pro-
vides an automatic branch from normal program
sequence, caused either by external conditions (those
in the process) or internal cond:tions (those within
the 1800). Data channels have the ability to delay
program execution while an I/0O device steals a
machine cycle to communicate with core storage.
Cycle stealing does not change the logical condition
of the processor-controller; therefore it can occur
during program instruction execution.

Index registers, one level of indirect addressing,
and a complete instruction set with powerful options
give the processor-controller high performance for
tasks normally encountered in data acquisition and
control applications.

Two processor-controllers are available -- IBM
1801 and IBM 1802. The 1801 has no provision for
magnetic tape, while the 1802 includes the tape con-
trol unit for the IBM 2401/2402 Magnetic Tape Units.

Process Input/Output Features

Real-time process I/0 features enable the 1800 sys-
tem to accept either analog or digital input signals
and provide analog or digital output signals for con-
trol or display purposes. The modularity of these
features allows the 1800 system to be matched to

Introduction 1



the process requiremente.  Procece 1/0 featnrec

include:

e Analog input, which converts bipolar voltage or
current signals to digital values for use by the
processor-controller.

e Digital input, which accepts binary information
represented by contact closures or voltage
levels.

e Analog output, which converts digital values to

precise voltage levels for operating process
devices.

e Digital output, which provides binary data to the
process in the form of "contact' closures or
voltage levels.

Analog input features include analog-to-digital
converters, multiplexers, amplifiers, and signal
conditioning equipment to handle all types of process
analog input signals. High-speed system conversion
rates are provided, with program selectable resoiu-
tion and external synchronization. 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.

Digital input features provide up to 384 process
interrupt points; up to 1,024 bits of contact sense,
digital input, or 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.

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

Data Processing 1/0 Devices

Data processing I/0 devices enable the 1800 system

+ farmm +h Q d 3 £, Adat
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analysis, editing, and control purposes. These de-
vices are also used to provide instructions for proc-
ess and control room operators as well as reports
for management review.

To provide the necessary logical and buffering
capabilities for I/O device operations on the 1800
system, a control (adapter) feature is available for

each device. The following data processing 1/0 de-

vices can be attached to the 1800 system by means of
the 1/0 attachment features:

IBM 1053 Printer.

e IBM 1054 Paper Tape Reader.
e IBM 1055 Paper Tape Punch.
e IBM 1442 Card Read Punch.

e IBM 1443 Printer.

e IBM 1627 Plotter.

e IBM 1810 Disk Storage.

e IBM 1816 Printer-Keyboard.

e IBM 2311 Disk Storage Drive (attached via the
selector channel and the IBM 2841 Storage
Control).

e IBM 2401/2402 Magnetic Tape Unit.

Communications Devices

These devices and adapters permit expansion of 1800
system capabilities so that it can be utilized in ap-
plications requiring multiprocessor systems, remote
telecommunication or direct communication capabil-
ities, or multipoint real-time data collection or com-
munications. These devices include:

e System/360 adapter.
e Communications adapters.
e 2790 Data Communications System adapters.

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. TFor exampm, the u_'y'SLeux//uuu may be used
to integrate the commercial aspects of an application
with the controlling operations exercised by the 1800
system.

The communications adapter (maximum of four)
provides one or two communication paths (line adapt-
ers) for connection, over voice grade lines, to re-

mote System/360's, IBM 1130 systems, IBM 2770



Data Communications Systems, IBM 2780 Data

T ransmission 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 2790 adapter (maximum of two) provides the
interface facilities for attaching an IBM 2790 Data
Communications System to the 1800 System proc-
essor-controller. This 1800/2790 combination pro-
vides real-time data collection or communication
capabilities with the 1800 being the system con-
troller for the 2790 system.

SYSTEM DATA FLOW

e Data is stored and processed in fixed-length 18-
bit words for fast parallel manipulation of data.
Each 18-bit word contains 16 data bits; the re-
maining 2 bits are used for parity checking and
storage protection control purposes.

e 1/0 devices are connected to the processor-
controller via a standard 1/0 interface.

e Adapter circuitry at each 1/0O device performs
the necessary conversion, buffering, and con-
trol functions.

e Cycle-stealing capability permits high-speed
transfer of data to and from main storage.

A standard 1/0 interface is used between the proc-
essor-controller and all input /output devices.
Adapter circuitry to accommodate each type of 1/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.
Figure 1 shows the data flow between the processor-
controller and the various 1/0 devices.

In a closed-loop process system, process con-
ditions are monitored and analyzed continuously, and
controlling signals are sent to the devices that con-
trol the process. Input data is obtained directly
from measuring devices in the process area without
the need for off-line conversion equipment. Signal
conditioning, multiplexing, and conversion functions
are performed by the input circuits. The input data,
in the 1800 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 equip-
ment such as set-point positioners, displays, and
telemetry systems.

Data processing information can be entered and
retrieved in a variety of forms through the data
processing or communication devices and their adapt-
er circuitry.

When any device is ready to send or receive
data, it can notify the processor-controller by issuing
an interrupt request. The program identifies the
reason for the interrupt by sensing the status of in-
dicators associated with each I/O device. The pro-
gram responds to the interrupt by sending the ap-
propriate 1/0 command to the device. Each I/0
command always places a control word on the out bus
to specify the input/output device and the function to
be performed. Depending on the intrinsic data rate
of the device receiving the control word, the system
allows for transfer of data between core storage and
the device in one of two ways: under direct program
control or by data channel operations.

A data channel transfers data on a high-speed
cycle-steal basis, using a data table in core storage
for flexibility of scanning rates and patterns. The
core storage cycle-stealing capability makes it pos-
sible to delay the program for one machine cycle if
necessary and to use this cycle to transfer the data
word between core storage and the 1/0 device. Cycle
stealing and interrupt servicing are conducted by the
processor-controller on a priority basis. This
makes it possible to simultaneously control combi-
nations of real-time input/output devices.

APPLICATIONS

The 1800 system is capable of accepting electrical
signals, both analog and digital, from such devices
as thermocouples, pressure and temperature tran-
ducers, flow meters, analytical instruments, and
contacts. The system provides electrical on/off and
analog control signals for the customer's controlling
devices. With these capabilities and remote com-
munications facilities, the 1800 system can be inte-
grated into large multiprocessor systems with varied
real-time applications. Typical applications exist
in the area of process control, high-speed data
acquisition, and real-time data communications.
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Process Control

Industrial processing applications are wide and
varied, as are the degrees of control that individual
processes may require. The 1800 system provides
maximum flexibility in the types of process signals
it accepts and the variety of output signals and data
formats it produces. This allows the 1800 system
to provide the degree of control required by the
process. The degree of control may vary from
simple data gathering and reporting to complete
supervisory control where the 1800 monitors and
controls the complete process.

High-Speed Data Acquisition

A high-speed data acquisition system may be thought
of as a monitoring and controlling facility used to
acquire, evaluate, and record data developed during
the testing of a system (or assembly, subassembly,
or component). Here ''system' refers to anything
from an anesthetized animal in the research labora-
tory to a Saturn V booster on a test stand.

Many types of data acquisition systems are
used. Some merely send data directly from instru-
mentation to magnetic tape with a minimum of "quick
look" information, data editing of checking. How-
ever, as experimental work on large systems has
become more complex and time consuming, a trend
toward data acquisition systems with more sophis-
ticated data reduction and real-time display capabil-
ities has occurred. Many systems now include the
facilities to automate the data gathering and to re-
duce the volume of raw data. Data acquisition

systems most readily meet these requirements when
the system is based on a digital computer.

The 1800 system handles widely divergent ap-
plications which involve real-time data acquisition
and processing abilities. Inputs may include signals
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.

Data Communications

The 1800/2790 Data Communications System com-
bines 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 that accommodates
a large volume of short messages from many in-
house data entry unit or area station locations to
a central processing area. This system has typ-
ical applications in manufacturing installations:

it can be used for attendance recording, material
control, and production control.

Effective production control requires that man-
agement know the status of work flow through the
various steps of a manufacturing process. Data
entry units located at appropriate locations and check
points can be used to dynamically record the time
spent on each operation, work pile-ups, quantity of
parts flow, and so on. This information can be
utilized by management to determine the need for
additional capacity at specific steps of the operation
or the need to shift work load to new areas. Shop
load status can be used in determining standard lead
times for production scheduling.

Introduction 5



Processor-Controllers

The processor-controller (1801 or 1802) is a fixed
word-length binary computer that serves as the
nerve center of the 1800 system. The ability of a
processor-controller to ask for and accept input
data, perform the analysis or calculations redquired,
and produce the desired output results is due to the
many functional elements of the machine.

The following descriptions pertain to core stor-
age, the aspects of addressing core storage, the
formats in which data and instructions are stored
and used, the functions of processor-controller
registers, and processor-controller data flow.

CORE STORAGE

The 1800 system main storage uses magnetic cores
for data and program instruction storage. Each ad-
dressable core storage location contains 18 bit posi-
tions and is called a word. One of the 18 bits in a
word is used for storage protection and one bit is
used for parity checking. The remaining 16 bits in
each word are data bits.

Five core storage sizes are available in the
processor-controller. 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 nine. System core storage sizes
and cycle times -- the time required to transfer a
word to or from a core storage location —-- are as
follows:

Storage Size

(18-bit words) Storage Cycle Time

4,096 2o0r4us
8,192 2 or 4 us
16,384 2 or 4 us
24,576 20or4us
32,768 2o0r4us
40,960 2.25 us
49,152 2.25 us
57,344 2.25 us
65,536 2.25 us

In systems with core storage capacities above
32,768 words, the processor-controller contains
4,5

Ly & <38 3¢ s nvre
,576 words of core storage and an 1803 adapter.

Do

The 1803 contains either 16,384, 24,576, 32,768, or
40,960 words of core storage depending on which
1803 mode! is ordered.

Addressing

The processor-controller uses the binary (base 2)
numbering system, with internal addressing and
console displays in 16-bit binary form. However,
for greater ease of operation, programming systems
for the 1800 use hexadecimal base 16 notation. This
and other notations are shown in Figure 2. Through-
out this publication, hexadecimal numbers are pre-
ceded by a /.

Core storage addresses consist of 16 bits, pro-
viding a /0000 to /FFFF address spectrum. On
systems with fewer than 32,768 storage words, not
all 16 bits of a storage address are needed to ad-
dress all available storage positions. The excess
storage address bits are ignored, as shown in the
following illustration.

Storage Size Storage Address Bits

(18-Bit Words) | 0|1 |2(3[4]|5[6|7|8[9[10j11}12]13[14]15
4,09
8,192
16,384
24,576
32,768
D Means bit is ignored.

Systems with greater than 32,768 words use all 16 bits.

The programmer should be aware that an ad-
dress above actual core storage size does not cause
an error condition or inhibit access to core storage.
The excess storage address bits are ignored, as
shown in the preceding illustration, and the core
storage location selected by the address bits not
ignored is actually addressed.

The address of the first location in core storage
is always /0000. The address of the last location in
core storage depends on core storage size. The
ending core storage address for the various sizes of

storage is shown in Figure 2., During system



Core Storage Address Notation
Base 10 Base 2 Base 16
4095 0000 1111 11 1 OFFF
8191 0001 1111 1Mt 1 1FFF
16383 0011 1111 1111 1 3FFF
24575 0101 1111 111 1n 5FFF
32767 01y 111t It 1 7FFF
40959 1001 1111 1111 111 9FFF
49151 1011 1111 1111 1 BFFF
57343 1101 1111 1111 11t DFFF
65535 i 1mm e nn FFFF

Figure 2. Address Notation

operation, sequential core storage addresses are
used to read instructions from core storage for
execution and during transfer of data to or from core
storage. The core storage address may be in~
creased or decreased through the full address spec-
trum (/0000 through /FFFF). Depending on core
storage size, multiple excursions through portions
of core storage or wraparound may occur more than
once with one pass through the address spectrum.
Wraparound occurs when the first core storage lo-
cation (/0000) appears contiguous with the last core
storage location.

Figure 3 illustrates how wraparound occurs for
each core storage size. Note the unique differences
in the 24,576; 40,960; 49,152; and 57,344 word
models.

Reserved Storage Locations

Some core storage locations are reserved for ex-
clusive use by specific features of the processor-
controller. Reserved locations and the features they
are reserved for are as follows:

Storage Location Feature

/0001 CE interrupt
/0002 CE interrupt
/0004 Interval timer A
/0005 Interval timer B
/0006 Interval timer C

/0008 - /0022 Interrupt addresses

4,096
Word ~<——— Wraparound
Core
Storage
/0000 /OFFF
/1000 /1FFF
/2000 /2FFF
/F000 /FFFF
8,192
Word <«+——— Wraparound
Core
Storage /0000 /1FFF
/2000 /3FFF
/EFFF /FFFF
16,384
Word <¢————— Wraparound
Core
St
°r% /0000  /3FFF
/4000 /7FFF
/C000  /FFFF
24,576
Word Wraparound
Core
Storage
/0000 /3FFF /4000 /5FFF
/6000 /7FFF
/8000  /BFFF /C000 /DFFF
/E000 /FFFF
32,768 2\
Word <4——— Wraparound
Core
Storage
/0000 /7FFF
/8000 /FFFF w ‘
raparoun
40,960 a
Word
Core
Storage :
/0000 /7FFF /8000 /9FFF
/A000 /BFFF
/C000 /DFFF
/E000 /FFFF
Wraparound
49,152
o TS
Core
Storage et
/0000 /7FFF /8000  /BFFF
/C000  /FFFF
Wraparound
57,344
Word
Core
Storage e :
/0000 /BFFF /C000 /DFFF
/E000 /FFFF
Wraparound
65,536
Word
Core
Storay
M8 0000 JFFFF

Figure 3. Address Wraparound
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DATA REPRESENTATION

The standard or single precision data word is 16 bits
in length as shown in the following illustration. The
sign bit (position 0) is always 0 for positive numbers
and 1 for negative numbers. Positive numbers are

[ ] 15
gl ]
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~ 15
L

. 2°
Single-precision

data word format 171428

always in true binary form, whereas negative num-
bers are in 2's complement form. The 2's comple-
ment of a binary number is defined as its 1's com~
plement increased by one. The 1's complement of
a binary number is the number that results by
replacing each 1 in the number (including sign) with
a 0 and each 0 with a 1. The following example
illustrates the 2's complement procedure.

Positive number 0001101001001100
1's complement 1110010110110011
Add 1 1
Resulting 2's com-

plement 1110010110110100

Bit positions 1 through 15 of a single precision
data word represent decimal values of 214 through
20 respectively. Thus the largest single precision
positive number that can be represented is 21%_1 or
32,767 (a sign bit of 0 and 1's in all other bit posi-
tions). The largest negative number is -215 op
-32,768 (a sign bit of 1 and 0's in all other bit posi-
tions). The number zero is represented by all bits
being 0. There is no negative zero.

A double precision data word, as shown in the
following illustration, can also be used. The double
precision data word consists of 32 bits, extending
the maximum positive number that canbe repre-
sented to 2,147,483, 647 (231—1) and the maximum
negative number to -2,147,483,648 (-231). Two
adjacent words in core storage must be used, with
the iefimost word at an even address and the right-
most word at the next sequential (odd) address.

[ i5 0 i5

] . menwors ] oddwod |
23I

Double-Precision Data Word Format

REGISTERS

The following registers are used in the manipulation
of data and can be displayed on the processor-
controller console. These registers are also used
uniquely in specific operations described later.

Index Registers

Three index registers (XR) are standard features of
the processor-controller. The XR's are addressed
by the tag bits (positions 6 and 7) of an instruction as
follows:

Tag Bits XR
01 1
10 2
11 3

Operations on an XR, such as load, store, or modify,
are accomplished through instructions in the basic
instruction set. The contents of an XR or of the
instruction register (I) are usually used to perform
address modification.

Storage Address Register

All processor-controller references to storage are
under direct control of the storage address register
(SAR). Data channel references to storage are under
control of the channel address register (CAR) for the
active data channel. (See '"Data Channel Control.")

Instruction Register

The instruction (I) register has 16 bit positions and
holds the address of the next sequential instruction.
The contents of the I-register are automatically
increased for sequential operation of instructions.

Storage Buffer Register

The 16-bit storage buffer register (B) is used for
buffering all word transfers with core storage.
All data enters or leaves core storage via the
B-register.



Arithmetic Factor Register

The 16-bit arithmetic factor register (D) is used to
hold one operand for arithmetic and logical opera-
tions. The accumulator provides the other factor.

Accumulator

The accumulator (A) is a 16-bit register that con-
tains 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

The accumulator extension (Q) is a 16-bit low-order
extension of the accumulator. It is used during
multiply, divide, shifting, and double precision
arithmetic.

Shift Control Counter

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

Temporary Accumulator

The temporary accumulator (U) is a 16-bit register
used to save the contents of the accumulator while
the accumulator is being used for other operations
such as effective address generation.

Operation Code Register

The five-bit operation code register (OP) is used to
hold the operation code portion of an instruction.

ARITHMETIC OPERATIONS

The arithmetic operations of the processor-con-
troller 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 produce a
double precision product. Division allows the divi-
dend to be double precision and uses a single preci-
sion divisor to produce 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 operations,
and indicates a result larger than what can be re-
presented in the accumulator. The overflow indica-
tor can also be turned on by a load status instruction.
Once the overflow indicator is on, it cannot be
changed except by testing the indicator or by execut-
ing a load status or store status instruction.

The carry indicator provides the information
that a carry from or borrow by the high-order posi-
tion 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.

INSTRUCTION FORMATS

Two basic instruction word formats, shown in Figure
4, are used in the 1800 system. The bits within the
instruction words are used in the following manner:

OP (Operation Code): These five bits define which
operation is to be performed by the processor-
controller.

F (Format): This bit controls the instruction word
format. When F is 0, the instruction is a single
word in length and is referred to as a short instruc-
tion. When F is 1, the instruction is two words in
length and is referred to as a long instruction.

T (Tag): These two bits specify the base register (an
index register, the instruction register, or address
portion of a long instruction) used in address modifi-
cation, or the location (an index register or dis-
placement) of the shift count.

DISP (Displacement): During address modification,
these eight bits are usually added to the instruction

One-Word Instruction
0 45 8
Op Code IFI T I Displacement l
s

M. U S S S S N

15

Two-Word Instruction
0 4 5 8 9 10 15 0 15
(Op LT W] Contions [ e ]

Figure 4. Instruction Formats
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bits. The modified address is defined as the ef-
fective address (EA). (See "Effective Address
Generation' in this section.)

If negative, the displacement is in 2's compie-
ment form, with the sign in bit position 8. The sign
is automatically extended to the higher-order bits
(0 through 7) when the displacement is used in EA
generation, or as an add-to-core-storage operand.

IA (Indirect Address): This bit is used only in long
instructions. If IA is 0, addressing is direct. If
IA is 1, addressing is indirect. Indirect addressing
is explained under "Effective Address Generation"
in this section. (See load index and modify index
and skip instructions for exceptions.)

BO (Branch Out): This bit is used with store status,
branch or skip on condition, and modify index and
skip instructions. Refer to the individual instruc-
tions for the functions of this bit.

COND (Condition): These bits specify the conditions
that are interrogated during a BSC or BSI instruc-
tion,

ADDRESS: These 16 bits usually specify a core
storage address in a long instruction. The contents
of these bits can be used in effective address genera-
tion.

EFFECTIVE ADDRESS GENERATION

The location of a single or double precision word
referred to in an instruction is denoted by an ad-
dress. Most program instructions tell the proc-
essor-controller to obtain data at a specified ad-
dress and perform a certain operation on it. The
versatility of the processor-controller allows the
address in the instruction being executed to be modi-
fied as the specific occasion requires. This modi-
fied address is called the effective address.

The effective address (EA) is developed as
shown in Figure 5 for most instructions. Exceptions

S R | & SRV ISR 1. S " o 4

are uuueu in the "Instruction DUL btﬁbLlUu

PROCESSOR-CONTROLLER DATA FLOW

As shown in Figure 6, 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.

10

- N - T T
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F=0 F-1, 1A°0 F 1, 1A=]

T-00 | EA=I+DISP EA=Addr EA-V in CSL ot Addr

T-01 | EA=XRI=DISP | EA~Addr-XR1 EA V in CSL ot "Addr- XR1"
T-10 | EA=XR2-DISP| EA=Addr-XR2 | EA-V in CSL ot 'Addr-XR2"
T=11 | EA=XR3+DISP [ EA=Addr~XR3 | EA=V in CSL at “Addr-XR3"

CSL = Core storage location

V = Value

0 15
L e.HTl D

5 SpeC|f|es index register (XR), instruction register (I}
|oor DIspP

0-One-word instruction

0 4 g8 2 !0 0 5

L Op JF ‘ T IIA I Cond | Addr
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0 — Direct addressing
I — indirect addressing

1- Two-word instruction

Figure 5. Effective Address Generation

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 instruction before the instruction is executed.
Except for data channel operations (see "1/0
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 methods, depending on
processor-controller 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
ucvcloped in the accumulator and then trans-
ferred to SAR. The contents of the accumulator
are saved in the U-register during effective
address computation. If the instruction is a
branch, the contents of SAR are transferred to

the I-register.

Each word in core storage consists of 18
bits: 16 data bits, a parity bit (P), and a storage

ISR
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Figure 6. Processor-Controller Data Flow

automatically added or removed to maintain
odd parity. The S-bit is added or removed by
the store status instruction, depending on wheth-
er a '"read only" condition is desired in the
core storage position. The 16 data bits enter
or leave core storage via the B-register. The
P- and S-bits do so via individual latches. The
latches and the B-register together make pos-
sible the transfer of 18 bits to and from core
storage.

The in bus and the out bus each include 16 data
lines and two parity lines. This line combination

]
Y
qOut - Bus
!

[ Control Registers ]

‘ Connected to
Qutput Devices

173040

permits 18-bit transfers to devices such as magnet-
ic tape units.

DATA FLOW EXAMPLES

The following three examples illustrate the data flow
for the load accumulator instruction. An example
for each type of addressing (short format; long for-
mat, direct addressing; long format, indirect ad-
dressing) is included. The circled numbers in each
illustration correspond to the numbered items in-
cluded for that illustration.
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Instruction Cycle

1. A-register transfer to U-register.

2. I-register transfers to SAR. (I-register con-
tents are then increased by 1).

3. SAR addresses the core storage location con-
taining the instruction.

4. Core storage location transfers to the B-regis~
ter and out-bus.

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

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-regis-
ter.

Execute Cycle

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

12

11. SAR addresses data word.

12. Data word transfers to B-register.

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

Long Instruction, Direct Addressing

1st Word of | 2nd Word of Data
A Instruction Instruction Word
D T T T
D ® ® | ®
i I R
@‘ SING i
3
{ + V@ @ @
SAR @ B-Register
@
@
A
I~Register

4———| @

\ E Out Bus
D-Register

A
™7 y i O]
A-Register @ @
R

Y

)
\
Y

@ U-Register Ind.ex @
Register

Instruction Cycle 1

1. A-register transfers to U-register.

I-register transfers to SAR. (I-register con~

tents are then increased by 1.)

SAR addresses the first word of the instruction.

4. First word of the instruction transfers to B-
register and out bus.

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

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

no

w



Instruction Cycle 2

7. I-register transfers to SAR. (I-register
contents are then increased by 1.)

8. SAR addresses second word of instruction.

9. Second word of instruction (address) transfers
to B-register.

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

11. a. Iftag = 00, D-register transfersto A-
register.

b. Iftag # 00, D-register is added to A-register.

(A-register contains contents of XR.)

Execute Cycle

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

13. U-register transfers to A-register.

14. SAR addresses data word at effective address.

15. Data word transfers to B-register.

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

Long Instruction, Indirect Addressing

st Word of | 2nd Word of Indirect Data
Instruction | Instruction Address Word Word
! I I |
A ® O | | @
b L_____l____.]._l _____ J
R
£ |
S
®LsinNe
—
A o 110000
SAR B-Register
0
@
[-Register

] ©

L Out Bus ]

/

Control @
Registers

D-Register

iy
A-Register @ @@
|11 .

-t

4

@ U-Register

Index @
Register @g

Instruction Cycle 1

1. A-register transfers to U-register.

2. I-register transfers to SAR. (I-register
contents are then increased by 1.)

3. SAR addresses first word of the instruc-
tion.

4. First word of instruction transfers to the B-
register and out bus.

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

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

Instruction Cycle 2

7. I-register transfers to SAR. (I-register con-
tents are then increased by 1.)

8. SAR addresses second word of instruction.

9. Second word of instruction (address) transfers
to B-register.

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

register.
11. 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. A-register transfers to SAR.

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

14. Core storage location transfers to B-regis-
ter.

15. B-register transfers to A-register (through
D-register).

Execute Cycle

16. A-register transfers to SAR.

17. U-register transfers to A-register.

18. SAR addresses data word at effective ad-
dress.

19. Data word transfers to B-register.

20. B-~register transfers to A-register (through
D-register).

Processor-Controllers 13
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The 1800 system instruction set is divided into five
classes of instructions. Figure 7 shows the class,
name, indirect addressing capability, and mnemonic
for each instruction. A more complete breakdown
of each instruction, including hexadecimal repre-
sentations and assembler language coding examples,
is given on the page referenced in Figure 7. A sum-
mary of the instruction set is given in Appendix A
for quick reference. Instruction execution times
are given at the end of this section.

Class Instruction A{Zj:':scitng Mnemonic | Page
Load and | Load Accumulator Yes LD 16
Store Load Double Yes LDD 17

Store Accumulator Yes STO 18
Store Double Yes STD 19
Load Index > LDX 20
Store Index Yes STX 21
Load Status No LDS 24
Store Status Yes STS 23
Arithmetic| Add Yes A 25
Add Double Yes AD 26
Subtract Yes S 27
Subtract Double Yes SD 28
Multiply Yes M 29
Divide Yes D 30
AND Yes AND 31
OR Yes OR 32
Exclusive OR Yes EOR 33
Shift Shift Left Instructions
Shift Left Logical (A) * No SLA 34
Shift Left Logical (AQ)* No SLT 35
Shift Left and Count (AQ)* No SLC 37
Shift Left and Count (A) * No SLCA 36
Shift Right Instructions
Shift Right Logical (A)* No SRA 38
Shift Right Arithmetically (AQ)* No SRT 39
Rotate Right (AQ)* No RTE 40
Branch Branch and Store | Yes BS! 43
Branch or Skip on Condition Yes BSC(BOSC)| 41
Modify Index and Skip ** MDX 45
Wait No WAIT 47
Compare Yes CMP 48
Double Compare Yes DCM 49
1/0 Execute [/O Yes XI10 50

* |etters in parentheses indicate registers involved in shift operations.

** See the section for the individual instruction (MDX and LDX),

17151

Figure 7. Instruction Set
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Hexadecimal Representation

o OP FT Disp 15
IITI1011,O‘OIO,OIOI110,010,1.0,11
H_/;V__J\W_J\_\s,_/

D

1,8
o OP F T AO Cond 50 Address s
[l | Tl 6 0606 | 006000011000, 1 |
Ui 140, 1,01717,)70)0)0,0,0,0,01010,0,0,0)0)040,1,1101010) 111374 1)
o e — e —
D 7 0 0 0 1 8 F

The hexadecimal representation(s) of each instruc-
tion is given with its format(s) and assembler
language coding examples. As shown in the preced-
ing example, the hexadecimal number is derived by
dividing each word of the instruction into groups of
four bits each, and assigning a hexadecimal value
corresponding to the binary coded decimal (BCD)
value of each group.

Description Symbology
Symbols are used in the descriptions and examples

for the instruction. The symbols and their meanings
are as follows:

Symbol Meaning

A Accumulator

Q Accumulator extension

Addr Contents of address portion of a
two-word instruction

CSL Core storage location

Disp Contents of displacement portion
of a one-word instruction

EA Effective address (see Figure 5)

EA+1 Next higher address from the
effective address

1 Contents of the instruction (I)
register

\Y 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)



Symbol Meaning
* Used for hexadecimal values that

have limits. Limits are given with
each instruction.

Assembler Language Coding Examples

Assembler language coding examples are provided
with each instruction to illustrate the relationship
between the assembler language coding and the
actual machine language instructions. No attempt is
made to explain or define all aspects of assembler

language programming. Refer to IBM 1800 Assem-
bler Language, Order No. GC26-5882, for assembler
language information.

The assembler language coding examples for
short instructions in this section are shown with the
label DISP in the operand field. Note that with a
short instruction in which an index register is not
specified, the operand may reference a relocatable
label. However, the label must be located within
-128 or +127 words of the referencing instruction.
With a short instruction in which an index register
is specified, the operand must be an absolute value
or a computed absolute value. (A computed absoluted
value is a relocatable value minus another relo-
catable value.)

Instruction Set 15



LOAD ACCUMULATOR (LD)

L

o OP FT Disp 15

]l]lololo 0 1 | T T T I

—— S~
C 0-3 X X

:
%
§
i

R

The accumulator (A) is loaded with the contents of the
core-storage location specified by the effective address

FORMATS eressmrmmesms

o OP F T lABO Cond 59 Address 15

lh‘nouonolll \ lololololololo Lttt 11_|

N ) WS S N ————
C 4-7 Oor8 0 X X X X

WDESCR!PT!ON

(EA) of the instruction. The contents of the core-storage

location are unchanged.

EXAMPLES

THE CARRY AND OVERFLOW INDICATORS are not
changed by this instruction.

Assembler Language Coding

Equivalent Machine Language Instruction

Operation FIT
27 30| PB233

Hexadecimal
Value

Description

Format

1 I

COXX

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

| 1

CI1XX

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

Short
Instruction

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

sof CoL at A (Acdr) are loaded

CS500XXXX

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

C600XXXX

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

C700XXXX

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

C480XXXX

Contents of CSL at EA (V in CSL at Addr) are loaded into A

Long
Instruction
Direct
Addressing

A1D|DJR1

C580XXXX

Contents of CSL at EA (V in CSL at “AddriXRl") are loaded

into A

11 )1
ADDR,

C680XXXX

Contents of CMA (V in CSL at “‘Addr + XR2") are loaded

into A

| |
AD.DR,

C780XXXX

Long
Instruction
indirect
Addressing

#

d
3
i1

5




LOAD DOUBLE (LDD)

o OP FT Disp 15 o OP FT lABO Cond 150 Address 15
LLOO0 0 v by i1y hhononllll 1 l JoloLojolololo] AN NN ILLJ
C 8-8 X X C C-F Oor8 0 X X X X

DESCRIPTION

The accumulator (A) and its extension (Q) are loaded described. If the EA is odd, A and Q are both loaded with
with the contents of the core-storage location specified the contents of the core-storage location specified by the |
by the effective address (EA) of the instruction and the EA. In any case, the contents of the core-storage locations §
next higher core-storage location (EA + 1), respectively. are unchanged.

This provides double-precision load for use with double-

precision arithmetic. The EA of the instruction must be THE CARRY AND OVERFLOW INDICATORS are not
an even address in order for the instruction to perform as changed by this instruction.

EXAMPLES

Assembler Language Coding Equivalent Machine Language Instruction
Label Operation FIT See | Hexadecimal Description Format
21 25| (27 30| 3233 35 40 Note Value
Lo 0D, DISP ., C8XX Contents of CSL at EA (I + DISP) and EA + 1 are loaded
L1 [} [ R | into A and Q
L1 Liebp, I[IDISP, | ., CIXX Contents of CSL at EA (XR1 + DISP) and EA + 1 are loaded
L1 [ T R N N A N I into A and Q Short
2o L LDID, 2| ISP , CAXX Contents of CSL at EA (XR2 + DISP) and EA + 1 are loaded | 1PStruction
111 1 1t 1 I T U N N O B | into A and Q
Lo L LDD, 3 IDISP CBXX Contents of CSL at EA (XR3 + DISP) and EA + 1 are loaded
L1 L1t [ B A into A and Q
oo | LDB,y L ADDR, |, ., CCOOXXXX_| Contents of CSL at EA (Addr) and EA + 1 are loaded into
S| L1 L 11 1) Aand Q
L L L,DyD, LiI| JADDR, , |, CDOOXXXX | Contents of CSL at EA (Addr + XR1)and EA + Lareloaded |
11 11 T B A N S into A and Q Inslt‘fuction
Lo 1 iL0ib, Li2l ADDR, | |, CEQOXXXX_ | Contents of CSL at EA (Addr + XR2) and EA + 1 are loaded Rggf;ss,
L1 L1 T N N A R B B into A and Q "
Lo L LpBb, L3 ADDR, |, CFOOXXXX | Contents of CSL at EA (Addr + XR3) and EA + 1 are loaded
Lttt L1 T Y 1 D I B into A and Q
c 110 LoDy I ADDR, | | | | CC80XXXX | Contents of CSL at EA (V in CSL at Addr) and EA + 1 are
1111 L1 I N O O A loaded into A and Q
Loy Db, I[1] ADDR, ., ., CDSOXXXX_| Contents of CSL at EA (V inCSL at “Addr + XR1") and EA 1 |
141 L1 [ B R are loaded into A and Q I:s‘:%uction
L .l LpD, I/12] ADDR, , , ., , CEBOXXXX | Contents of CSL at EA (V in CSL at “Addr + XR2") and EA + 1 L";‘_im?
L1 11 1 3 N Y N O B I | are loaded into A and Q
L1y . L ILbD, 1[3] [ADDR, , | ., CF80XXXX | Contents of CSL at EA (V in CSL at “Addr + XR3") and EA + 1
FE ) [ S NN N O A are loaded into A and Q

Instruction Set 17




STORE ACCUMULATOR (STO)

FORMATS

The contents of the accumulator (A) are stored in the
core-storage location specified by the effective address
(EA) of the instruction. The contents of A are unchanged.

o OP F T Disp s o o F T W% cond o Address 5
T 1,01010 | iy 1314 ]I]lol‘lolll ] 10[01010101010 Lttt ey
A e — ~—e— N I
D 0-3 X X D 4-7 Oor8 0 X X X X
DESCRIPTION

THE CARRY AND OVERFLOW INDICATORS are not
changed by this instruction.

EXAMPLES

Assembler Language Coding Equivalent Machine Language Instruction
Label Operation| |F|T See | Hexadecimal Description Format
21 25| (27 30| (3233 135 40 Note| Value
L1 7.0, DI,SP ¢ DOXX Contents of A are stored in CSL at EA (I + DISP)
21 S.T,0, I DI,SP DIXX Contents of A are stored in CSL at EA (XR1 + DISP) Short
| I SIT,0, 2| DISP D2XX Contents of A are stored in CSL at EA (XR2 + DISP) Instruction
L S T.0 3itlbresp 1 Tosk . . e et itk wma L ioD
Lld 1 L1V Qf Wil 9 1 | 11 D3XX Contents of A are siored in CSL at EA (XR3 + DIiSP)
! 1 ul S |T10| L A]D 10 1R1 Voot | D400XXXX | Contents of A are stored in CSL at EA (Addr) Long i
L1 1 S|T101 L ' AIDJD lRl L DS00XXXX | Contents of A are stored in CSL at EA (Addr + XR1) Instruction
L 1 1S T0, [ [Li2f ADDR | 4 1, D600XXXX | Contents of A are stored in CSL at EA (Addr + XR2) Rggfésm
A S, 1.0, L3l IADDR, |, | | | D700XXXX | Contents of A are stored in CSL at EA (Addr + XR3)
1o ST0, I ADDR, , . D4B0XXXX | Contents of A are stored in CSL at EA (V in CSL at Addr)
L1t S |T|01 I | A|D |D le 111 D580XXXX | Contents of A are stored in CSL at EA (V in CSL at
L1y L1 Lot “Addr + XR1”) t:’sftlrgucﬁon
L1 S T.0 112l ADDR, | | | . D680XXXX | Contents of A are stored in CSL at EA (V in CSL at et
111 11 N N T O B B “Addr + XR2”) Addressing
v 1 1S T0, I3 ADDR, |, . .. D780XXXX | Contents of A are stored in CSL at EA (V in CSL at
L1 [ | I W N S U O I “Addr + XR3") .




STORE DOUBLE (STD)

FORMATS

The contents of the accumulator (A) and its extension
(Q) are stored in the core-storage location specified by
the effective address (EA) of the instruction and the
next higher core-storage location (EA + 1), respectively.
This provides double-precision store for use with double-
precision arithmetic. The EA of the instruction must be
an even address in order for the instruction to perform as

0 15 oP F T A 0 Cond 150 Address 15
LU Y I]‘(’]]II Ilolooooololllll ] L1 _l
W_J\_v_-/\.q,_/ — I\ J\ R U | ,_/g _/;_ —_—
8-B X X D C-F Oor8 0 X X X
17156 B|
DESCRIPTION SR S RN

described. If the EA is odd, the contents of A are stored
at the EA and the contents of Q are not stored. In any
case, the contents of A and Q remain unchanged.

THE CARRY AND OVERFLOW INDICATORS are not
changed by this instruction.

_——— . Y EXAMPLES

- Assembler Language Coding Equivalent Machine Language Instruction .
. Label Operation| |F|T See | Hexadecimal Description Format
: (21 25| |27 30| [32]33 BS 40 Note Value
L 31 1 S 1TID] D|I |S |P| Ll D8XX Contents of A and Q are stored in CSL at EA (I + DISP) and
Bl | [ I A S ] EA+1
” I | SJTLD L | D| I |S |P| L1 DIXX Contents of A and Q are stored in CSL at EA (XR1 + DISP)
Lo L1 1 N IR B and EA+ 1 Short
Ll S,T,D, 2l DISP, ., ., ., DAXX Contents of A and Q are stored in CSL at EA (XR2 + DISP) Instruction
Lot 111 [ T S B B B and EA + 1
Ll IsTDh, 3| DISP L DBXX Contents of A and Q are stored in CSL at EA (XR3 + DISP)
[ | J | N N N N N S | and EA+ 1
1111 S 1T |D 1 L A|D .D |R| L DCOOXXXX Contents of A and Q are stored in CSL at EA (Addr) and
Lyt L1 L1y EA+1
L1 1 | IS TD, LI ADDR, |, | | | DDOOXXXX | Contents of A and Q are stored in CSL at EA (Addr + XR1) Long
L 111 L1 [ R S N andFA + 1 Instruction
L LIS TD, L2 ADDR, |, DEOOXXXX | Contents of A and Q are stored in CSL at EA (Addr + XR2) %xsm
I 1t 1 TS W N I | and EA + 1
L1 LIS TD, L{3] ADDR |, | |, DFOOXXXX | Contents of A and Q are stored in CSL at EA (Addr + XR3)
L1l 11 ] [T N N A and EA +1
L | ST, I ADDR |, | 1 DCBOXXXX | Contents of A and Q are stored in CSL at EA (V in CSL at
S| L1l I B B B B Addr) and EA+ 1
L1 1 1 1STD, IiI{ ADDR, |, || DD8OXXXX | Contents of A and Q are stored in CSL at EA (V in CSL at Long
Lt L Ll L1 “Addr+ XR17) and EA + 1 Instruction
: ) Indirect
L. 1 ISTD 112 [ADDR, |, | |, DESOXXXX | Contents of A and Q are stored in CSL at EA (V in CSL at Addressing
I N | 1t 1 TSR N N N A N N | “Addr+ XR2”)and EA + 1
L1l STD, I13] ADDR, |, | | | DF80XXXX | Contents of A and Q are stored in CSL at EA (V in CSL at
L1 11 R B T W | “Addr+ XR3™) and EA + 1
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LOAD INDEX (LDX)

o OP FT Disp I8 o OP

FORMATS

F T AO Cond

I.B
15 0 Address 15

llololoooooilllllllIlllllll

An index register (XR) or the instruction (I) register is
loaded with the displacement portion of the instruction,
the address word of the instruction, or the contents of

the core-storage location specified by the address word.
The tag bits indicate which register is loaded. The source
of the data is dependent on the instruction format; short
or long. In any case, the source of data remains unchanged.

IF SHORT FORMAT (F bit is 0), the register specified by
the tag bits is loaded with the displacement portion of
the instruction. Before being loaded, the displacement
is expanded to a 16-bit word by propagating the value

IA =0 - Load Immediate

onooo,“lllllll [onooH
T=00 Load I T=10 Load XR2
T=01 Load XRl T=11  Load XR3 IA =1 - Load Direct

DESCRIPTION

EXAMPLES

Oor8

17157 B

of the sign bit (bit position 8 of the instruction)
to the left 8 positions.

IF LONG FORMAT (F bit is 1), the IA bit of the instruc-
tion further specifies the source of data. If the IA bitis &
0, the register specified by the tag bits is loaded with
the address word. If the IA bit is 1, the register speci-
fied by the tag bits is loaded with the contents of the
core-storage location specified by the address word.

THE CARRY AND OVERFLOW INDICATORS are not
changed by this instruction

Assembler Language Coding Equivalent Machine Language Instruction
: Label Operation| |F|T See | Hexadecimal Description Format
21 25 (27 30, 3233 5 40 Note Value
L | D|X 1 )|I 131 P, 1Ll 60XX Load expanded DISP into instruction register
DX, 11 IDI,SP 1 61XX Load expanded DISP into index register 1 Short
L.DiX, 21 IDISP L 62XX Load expanded DISP into index register 2 Instruction
LJD IX' 3 D|I 18 lPl L L1 63XX Load expanded DISP into index register 3
L lD |X 1 L A,D ,D 1R1 L 6400XXXX Load Addr into instruction register Lo
L,D.X, Lyt ADDR, , , 6500XXXX | Load Addr into index register 1 Instonction
LOX, | |L[2] JADDR | | | 6600XXXX | Load Addr into index register 2 gggf;ss.
tD0X, | WB[ADDR, |, . | | 6700XXXX | Load Adds into index register 3 e
L‘ D,x | I AID 1D ,Rl L3 6480XXXX Load contents of CSL at Addr into instruction register Long
LD X, I{1l ADDR, |, , , | 6580XXXX | Load contents of CSL at Addr into index register 1 Instruction
LD X I12] (ADDR, |, | | 6680XXXX | Load contents of CSL at Addr into index register 2 K‘gﬁizm
L, D, x, I 3 A,D lDlRl [ 6780XXXX Load contents of CSL at Addr into index register 3

20




STORE INDEX (STX)

FORMATS

o OP F T Disp s o O F T 4% cond 150 Address 5
Lo Mol 1y v Iolllllol]lll ] l Iololololololo NSNS E NN
% XX e

6 C-F Oor8 0 X X X X
T=00 Store |
T=01 Store XR1
T=10 Store XR2
T=1 Store XR3

DESCRIPTION

An index register (XR) or the instruction (1) register is
stored in the core-storage location specified by the effec-
tive address (EA) of the instruction. The contents of the
register stored remains unchanged. The tag bits specify
which register is stored and therefore, cannot be used in
effective address generation. The EA for a short instruc-
tion is (I + Disp). The EA for a long instruction with

direct addressing (IA bit is 0) is (Addr). The EA for a long
instruction with indirect addressing (IA is 1) is (value in
core-storage location at Addr).

THE CARRY AND OVERFLOW INDICATORS are not
changed by this instruction.

EXAMPLES
Assembler Language Coding Equivalent Machine Language Instruction
Label Operation| |F(T See | Hexadecimal Description Format
121 25 |27 30 (3233 I35 40 Note Value
L UISTX DISP |, ., 68XX Store I in CSL at EA (I + DISP)

LIS TX i|[DISP , ., .. 69XX Store XR1 in CSL at EA (I + DISP) Short
o L ISTX 2| DISP | | 6AXX Store XR2 in CSL at EA (I + DISP) Instruction
L 1 LIS TX 3 ISP |, ., 6BXX Store XR3 in CSL at EA (I + DISP)

111 S|T1X| L A,).).R. L1t 6CO0XXXX Store 1 in CSL at EA (Addr) Long
o L STX L] JADDR |, 6DO0XXXX | Store XR1 in CSL at EA (Addr) Instruction
Lo LIS TX L2l ADDR L, 6E00XXXX | Store XR2 in CSL at EA (Addr) Direct

L LISITX Li3] ADDR |, , 6F00XXXX | Store XR3 in CSL at EA (Addr) -
L1 LIS T X, I ADDR, , , ., , 6C80XXXX | StorelinCSL at EA (V in CSL at Addr)

L1 1 ISTX It ADDR, , , ., 6D80XXXX | Store XR1 in CSL at EA (V in CSL at Addr) _f‘n"s"lfumon
o ST | Ti2) JADDR, 6EBOXXXX | Store XR2 in CSL at EA (V in CSL at Addr) Indirect
Ly LISTX I13] [ADDR, , , |, 6F80XXXX | Store XR3 in CSL at EA (V in CSL at Addr) Addressing
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STORE STATUS (STS) Store Status Function

FORMATS

The status of the carry and overflow indicators are
stored in bit positions 14 and 15, respectively, of the
core-storage location specified by the effective address
(EA) of the instruction. The carry and overflow indica-
tors are then reset. Bit positions O through 7 of the word
at the EA remain unchanged and bit positions 8 through
13 are reset to 0’s as shown in the illustration,

If the long format is used, bit 9 (BO) of the instruc-
tion must be O for a store status function; otherwise a
write or clear storage protect bit function is performed

o OP F T Disp 15 o OP F T lI-\BO Cond 50 Address 5
0,010,110} y | v vy 311y lololllon‘lll 1 lololonolololol [ T O O O I Y O O I A
—— —_— AN — A N N N
2 8-B X X 2 C-F Oor8 0 X X X
DESCRIPTION

EXAMPLES

0 70 1314 18
W W U W S N | Olololololol | I
v
Unchanged ! Overflow
Carry

as described on the next page.

THE CARRY AND OVERFLOW INDICATORS are reset |
as they are stored.

Assembler Language Coding Equivalent Machine Language Instruction

Label Operation| {F|T See | Hexadecimal Description Format
21 25 |27 30, (3233 B5 40 Note Value

il S;T;S; D-] |S|P| 111 28XX Store status of indicators in CSL at EA (I + DISP)

L L1 | IsT\S, 11D, ISP 1 i 29XX Store status of indicators in CSL at EA (XR1 + DISP) Short
L1 L ISTS, 2{ DI,SP 2AXX Store status of indicators in CSL at EA (XR2 + DISP) Instruction
0 LIS TS 3 D ISP L 2BXX Store status of indicators in CSL at EA (XR3 + DISP)

. g L ISTS, L| [ IADDR, , . 2C00XXXX | Store status of indicators in CSL at EA (Addr) Long l
oy, L sTS, Lt JADBDR 2D00XXXX | Store status of indicators in CSL at EA (Addr + XR1) Instruction
i 1 1S TS, | |Li2] ADDR, JE00XXXX | Store status of indicators in CSL at EA (Addr + XR2) Dt
L .1 ISTS) L[3] ADDR , , . 2FOOXXXX | Store status of indicators in CSL at EA (Addr + XR3) -
g1 LIS TS, I ADDR, , , | 2080XXXX | Store status of indicators in CSL at EA (V in CSL at Addr)

L. 1 ISTS, 111] {ADDR, , 1 | JDBOXXXX | Store status of indicators in CSL at EA (V in CSL at “Addr

L1 111 A N | + XR1") Long
L LISTS, I12] ADDR, | | | JESOXXXX | Store status of indicators in CSL at EA (V in CSL at “Addr nstruction
1111 L1l [ B S N +XR2™) Addressing
Lo LISTS I1{3| ADDR, , , JFB0XXXX | Store status of indicators in CSL at EA (V in CSL at “Addr

[ 1 [ + XR3™)




STORE STATUS (STS) Write or Clear Storage Protect Bit Function
FORMAT

F T lABO Cond 15 0

OIOIIIOIII ]IIOOOOO | IS N T T O O O Y A I O O
R,_/\W_/W_/W\_V_/H__/\W_/\_V_/
2 C-F 40orC Oorl X

o OP Address 15

b,

DESCRIPTION

The storage protect bit in the core-storage location spec-
ified by the effective address (EA) of the instruction is

The preceding description of the write or clear storage
protect bit function is performed only if the write storage

written or cleared as indicated by bit position 15 of the

instruction being 1 or 0, respectively.
A long format instruction (F bit is 1) must be used

protect bits switch on the P-C console is positioned on
YES. As long as this switch is on YES, the program has
the ability to write or clear storage protect bits as de-

scribed in the preceding paragraphs. If the switch is on

and bit 9 (BO) of the instruction must be 1 for a write o ’ .
NO, this instruction performs as a no-op (no-operation).

or clear storage protect bit function; otherwise a store

status function is performed as described on the pre- THE CARRY AND OVERFLOW INDICATORS are not

ceding page. changed by this instruction,
EXAMPLES
Assembier Language Coding Equivalent Machine Language instruction
Label Operation| |F|T See | Hexadecimal Description Format ‘
F (21 25 (27 30| 3233 R5 40 Note Value
N | SlLS] L A| :)1 D |R| N |/ 14 101 m 2C40XXXX Clear storage protect bit in CSL at EA (Addr)
111l SlTJSl L AI )1 D 1'-'21 Y L/ L4 2C41XXXX Write storage protect bit in CSL at EA (Addr) Long
o L STS et ADDR, /4 01 JD40XXXX_| _Clear storage protect bit in CSL at EA (Addr+XR1) Instuction
Lo 1 L ISTS | Ll ADDR,,,/. 41, 2D4IXXXX_|  Write storage protect bit in CSL at EA (Addr+XR1) Direct
L S 1T| Sl L 2 A,D ,D ,R, 9 ,/ ,4 ,Ol 2E40XXXX Clear storage protect bit in CSL at EA (Addr+XR?2) Addressing
| SJT151 l- 2 AI DID |R| [} 1/ 141 IL 2E41XXXX Write storage protect bit in CSL at EA (Addr+XR2)
- SJTLSJ L 3 AID 1 D lRl )L/ I4|OL 2F40XXXX Clear storage protect bit in CSL at EA (Addr+XR3)
I B S ITISI L 3 A|D |D |R| Y |/ |4| l { 2F41XXXX Write storage protect bit in CSL at EA (Addr+XR3)
| S lTlsl I A|D |DlR L/ 14101 2CCOXXXX Clear storage protect bit in CSL at EA (V in CSL at Addr)
111 1 SLTJSJ -[ AJQD Rl Py |/ 4 l 2CCIXXXX Write storage protect bit in CSL at EA (V in CSL at Addr)
I 11 T T T N I |
L1111 S 1T 1 Sl I I AID |D|R; 9 |/ |4|01 2DCOXXXX Clear storage protect bit in CSL at EA (V in CSL at
Lt L1 IO R “Addr+XR17)
I S ITISI I | A!D 1 DlRl 3 1/ 141 | ! 2DCIXXXX Write storage protect bit in CSL at EA (V_in CSL at Long
S | j I 1.1 1.1 1 1 “Addr+XR1”) Instruction
L L 11 S |T181 I 2 ALDJ D| R| 4 1/ 4,01 2ECOXXXX Clear storage protect bit in CSL at EA (V in CSL at Indirect
L1 L1 L1 L1 “Addr+XR2") Addressing
L LIS TS [ [1I12] |AD, D,R, R I/ 41, JECIXXXX | Write storage protect bit in CSL at EA (V in CSL at
Ll L1 i L1 1 1 b1} “Addr+XR2")
Bl 1ISTS, 13| ADDR,,/ 40 JFCOXXXX |  Clear storage protect bit in CSL at EA (V in CSL at
4 S 111 T A T G S “Addr+XR3™)
L4 i 1 SITISI I 3 AIDJDlleJ/14[| i V 2FCIXXXX Write storage protect bit in CSL at EA (V in CSL at
L1 L1 S WD N N WS N | S Addr+XR3”)

With MPX Version 3, the storage protect operand (/40 and /41) can be
symbolically represented by U and P, respectively.

T —_—_—"
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LOAD STATUS (LDS)

FORMAT

oP FT Disp 15

0
lololl1010]0|01°[010101°1°1°1 1 ]

0 0 0-3

2

DESCRIPTION

The carry and overflow indicators are loaded with the struction are not changed during execution of the instruc-
status of bit positions 14 (carry) and 15 (overflow) of tion. This instruction applies to the short format only. &
the instruction. A 1 bit sets the respective indicator on,

and a O bit sets the respective indicator off. Normally

. the carry and overflow status were previously stored THE CARRY AND OVERFLOW INDICATORS are set
~ in this instruction by a store status instruction. The according to bit positions 14 and 15 of the instruction,
statuses of bit positions 14 and 15 of the load status in- respectively.

EXAMPLES memswmommmmmases

|

|

" - |

Assembler Language Coding Equivalent Machine Language Instruction .

Label Operation| | FT See | Hexadecimai Description Format g

21 25| 27 30] |32]33 S 40 Note Value g
Ll L, D lSl OI Lol 2000 Set carry and overflow indicators off

L L1 L | D i Sl I s ! 2001 Set overflow on and carry off Short

L L L1 LIDIS L 2, oLl L1t 2002 Set overflow off and carry on Instruction o

L L 1D 131 31 Lo 4L 2003 Set carry and overflow indicator on .

Rl

i




ADD (A)
FORMATS

o OP F T Disp s o oP F T lABO Cond 15 0 Address 15
107000,0,010) 4 | vy 111 1 1 I]lololololll L Iololololololo 14 bor 11yl 11
N A AN A

8 0-3 X X 8 4-7 Oor8 0 X X X

DESCRIPTION

The contents of the core-storage location specified by THE OVERFLOW INDICATOR is turned on if the magni-%
the effective address (EA) of the instruction are added tude of the sum is too large to be presented by A; that ‘%
algebraically to the contents of the accumulator (A). is, greater than +32,767 or less than -32;768. (This -
The sum replaces the contents of A, while core storage condition is detected by a resultant carry out of one
remains unchanged. Negative operands and/or negative and only one of the two high-order bit positions of

sums are both in 2’s complement form. (See “Data A.) If the overflow indicator is already on, it is not
Addition” for details of add operations.) changed. The overflow indicator can be reset with a

. load status instruction, store status instruction, or by
® THE CARRY INDICATOR is turned on by a carry out of  testing the indicator with a branch or skip on condition
¢ the high-order bit position of A during the add operation, instruction.

EXAMPLES = . ——

Assembler Language Coding Equivalent/Méchine Language Instruction
Label Operation| F|T See | Hexadecimal Description Format
21 25 127 30 (3233 B5 40 Note Value
LA DISP | | 80XX Add contents of CSL at EA (I + DISP) to A
A Y I DI,SP 1 81XX Add contents of CSL at EA (XR1 + DISP) to A Short
L LA 2l D I,SP | ., 82XX Add contents of CSL at EA (XR2 + DISP) to A Instruction
Lo A 3IbISP 83XX Add contents of CSL at EA (XR3 + DISP) to A
s LA L ADDR, , , ., 8400XXXX | Add contents of CSL at EA (Addr) to A Long
by o A PR JADDR 8500XXXX | Add contents of CSL at EA (Addr+ XR1) to A Instruction
Direct
e Y Li2| ADDR, | | || 8600XXXX | Add contents of CSL at EA (Addr + XR2) to A Addressing
oo LA L3] IADDR , . .. 8700XXXX | Add contents of CSL at EA (Addr + XR3) to A
FE A| L1 A1D101R| L1 8480XXXX Add contents of CSL at EA (V in CSL at Addr) to A Long
Lo LA I/ ADDR, , | ., 8580XXXX | Add contentsof CSL at EA (V in CSL at “Addr + XR1”) to A | Instruction
L LA 2| ADDR, , |, 8680XXXX | Add contents of CSL at EA (V in CSL at “Addr + XR2") to A | Lndirect
L A, [{3] [ADDR , , |, 8780XXXX | Add contentsof CSL at EA (V in CSL at “Addr + XR3”) to A

Instruction Set 25
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ADD DOUBLE (AD)

somemnae FORMATS #»

£ o OP F T Disp s o o F T % cond 50 Address 5
130000 v 1y gy ‘101010|]l]l ! ]ololololololo Ll il lL_l
| 7N 2 N — e — e — S ——

8 8-8 X X 8 C-F Oor8 0 X X X X
[rss®)
# DESCRIPTION BRSO

Two words - - the contents of the core-storage location
specified by the effective address (EA) of the instruction,
and the next higher core-storage location (EA + 1) - - are
added algebraically to the contents of the accumulator (A)
and its extension (Q). This provides double-precision
addition with A and Q considered as one 32-bit accu-
mulator. The sum replaces the contents of A and Q.
while core storage remains unchanged. Negative oper-
ands and/or negative sums are both in 2’s complement
form.

The effective address (EA) of the instruction must be
an even address for correct operation. If the EA is odd,
the contents of the core-storage location specified by
the EA are added to both A and Q. and may be added
incorrectly in A.

s EXAMPLES sz

THE CARRY INDICATOR is turned on by a carry out of
the high-order bit position of A during the add operation.

THE OVERFLOW INDICATOR is turned on if the mag-
nitude of the sum is too large to be represented in A and
Q; that is, greater than +2,147,483,647 or less than -2
-2,147,483,648. (This condition is detected by a result-
ant carry out of one and only one of the two high-order
bit positions of A.) If the overflow indicator is already
on, it is not changed. The overflow indicator can be
reset with a load status instruction, store status instruc-
tion, or by testing the indicator with a branch or skip

on condition instruction.

Assembler Language Coding Equivalent Machine Language Instruction
Operation| |F|T See | Hexadecimal Description Format
27 30| (32334 |35 40 Note Value
AD | DISP 1 88XX Add contents of CSL at EA (1 + DISP) and EA + 1 to A and Q
AD , {1 DI.SP 4 1 89XX Add contents of CSL at EA (XR1 + DISP) and EA + 1 to A and
L1 [ I R AR Q
Short
AD, , 2l IDLLLSP, L BAXX Add contents of CSL at EA (XR2 + DISP) and EA + 1 to A and_| [nstruction
111 T S S U WO N B § Q
AD, | 3 ISP 8BXX Add contents of CSL at EA (XR3 + DISP) and EA + 1 to A and
L1 R O A R Q
AD, | L ADDR, | | || 8CO0XXXX | Add contents of CSL at EA (Addr) and EA + ] to A and Q
AD, | Ll ADDR ., , . 8DOOXXXX | Add contents of CSL at EA (Addr + XR1) and EA + 1 to A and
[ L1 Q i‘r:’;t‘fumon
A|D it L 2 AID lDl' S SEOOXXXX A Direct
L1 L1 Q Addressing
AD, | L|3] ADDOR |, | .. 8FOOXXXX | Add contents of CSL at EA (Addr + XR3) and EA + 1 to A and
111 [ S B | Q
AD I ADDR 1 1 8C80XXXX | Add contents of CSL at EA (V in CSL at Addr) and EA + 1 to
11 I O S O B T Aand Q
AD, | 111 IADDR, | 4 1 8DBOXXXX | Add contents of CSL at EA (V in CSL at “Addr + XR1™) and | Long
Instruction
L1 111 I U N B N B | EA+1toAandQ Indirect
. AD, |, 112 ADDR, . , . 8E8OXXXX | Add contents of CSL at EA (V in CSL at “Addr + XR2") and | Addressing
L L] L1 | EA+1toAandQ
., . AD 113 ADDR | | | 8F80XXXX | Add contents of CSL at EA (V in CSL at “Addr + XR3") and
L L1 R N EA+1toAandQ




SUBTRACT (S)

« FORMATS
: 1B
o OP F T Disp 15 o OP F T AO Cond 50 Address "
10010100y fyw iy IIIOIOIIIOIII ! I lololololololo LU |
\“‘?F_/\_S:;/ X X | AN N A R N
9 4-7 Oor8 0
DESCRIPTION
The contents of the core-storage location specified by THE OVERFLOW INDICATOR is turned on if the mag-
the effective address (EA) of the instruction are sub- nitude of the difference is too large to be represented in
, tracted algebraically from the contents of the accumula- A; that is, greater than +32,767 or less than -32,768.
tor (A). The difference replaces the contents of A, while (This condition is detected by a borrow from one and onl
core storage remains unchanged. Negative operands and/ one of the two high-order bit positions of A.) If the over-
or negative differences are both in 2’s complement form. flow indicator is already on, it is not changed. The over-
THE CARRY INDICATOR is turned on if a borrow by the flow indicator can be reset with a load status instruction
* high-order bit position of A occurs during the subtract or store status mstrpctlon, or by testing the indicator
operation. with a branch or skip on condition instruction.
s EXAMPLES = R — -
Assembler Language Coding Equivalent Machine Language Instruction
Label Operation| |FIT See | Hexadecimal Description Format
1 25| |27 30| (3233 |36 40 Note| Value
L LISy DISP 90XX Subtract contents of CSL at EA (I + DISP) from A
TR N | SI L l D|I |S 1P1 | 91XX Subtract contents of CSL at EA (XR1 + DISP) from A Short
| Sl 11 2 DII IS 1P1 Lo 92XX Subtract contents of CSL at EA (XR2 + DISP) from A Instruction
Lo LS 3 DISP, .| 93XX Subtract contents of CSL at EA (XR3 + DISP) from A
L4 1 Sl I L A;D |D IR. Lo 9400XXXX Subtract contents of CSL at EA (Addr) from A Long
| Sl [ LI ALDJ D1Rl L oto4l 9500XXXX Subtract contents of CSL at EA (Addr + XR1) from A Instruction
b Direct
% L1t S] L L 4 A‘D | D‘RI L1l 9600X XXX Subtract contents of CSL at EA (Addr + XR2) from A Addressing
ol 108y L3 ADDR Gy 9700XXXX_ | Subtract contents of CSL at EA (Addr + XR3) from A
sé [ | Sl L I AI D IDJRL L1 9480X XXX Subtract contents of CSL at EA (V in CSL at Addr) from A
Pl Sy I ADDR 9580XXXX | Subtract contents of CSL at EA (V in CSL at “Addr + XR17)
Lay g L1 Lt 1l from A }Dng i
nstruction
LS I{2] (ADDR, , |, 9680XXXX | Subtract contents of CSL at EA (V in CSL at “Addr + XR2") | Indirect
L11 Ly L1 .| fromA Addressing
cooaoo LS I3 JADDR 9780XXXX_| Subtract contents of CSL at EA (Y in CSL at “Addr + XR3")
L1 1 L | D I Y U I from A
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SUBTRACT DOUBLE (SD)

M——-——————FORMATS P R -
% o OP F T Disp 15 o OP FT % cond 150 Address s i
%

200N N0 1y Illolol]lllll ! Iololololololo Lt

P NN [N N N N N 7N

Z 9 8-8 X X 9 C-F Oor8 0 X X X X

§

%
S

DESCRIPTION musmsasss:

& Two words - - the contents of the core-storage location THE CARRY INDICATOR is turned on if a borrow by

. specified by the effective address (EA) of the instruction, the high-order bit position of A occurs during the subtract
and the next higher core-storage location (EA +1) - - are operation,
subtracted algebraically from the contents of the accum-
ulator (A) and its extension (Q). This provides double- THE OVERFLOW INDICATOR is turned on if the mag-
precision subtraction with A and Q considered as one 32- nitude of the difference is too large to be represented in A

bit accumulator. The difference replaces the contents of and Q; that is, greater than +2,147,483,647 or less than
A and Q, while core storage remains unchanged. Negative  -2,147,483,648. (This condition is detected by a borrow
operands and/or negative differences are both in 2’s from one and only one of the two high-order bit positions

complement form. of A.) If the overflow indicator is already on, it is not
The EA of the instruction must be an even address for  changed. The overflow indicator can be reset with a load
correct operation. If the EA is odd, the contents of the status instruction or store status instruction, or by testing
. core-storage location specified by the EA are subtracted the indicator with a branch or skip on condition
% from both A and Q and may be subtracted incorrectly in A.  instruction.
%
%‘pmm : s EXAMPLES #
% Assembler Language Coding Equivalent Machine Language Instruction
Labe Operation| |F(T See | Hexadecimal Description Format
21 25| |27 30{ [3233 |35 40 Note Value
L1 S |D L1 D[I 1S IPI L1 98X X Subtract contents of CSL at EA (I+DISP) and EA+1 from
| L1 L1 [ I B Aand Q
| SD, | i DISP 1 99XX Subtract contents of CSL at EA (XR1+DISP) and EA+1
| from A and Q Short
[ R L1 [N SR B R Instruction
@* L g L IsSDy 2l ISP, ., 9AXX Subtract contents of CSL at EA (XR2+DISP) and EA+1
i‘% L1 Lt [N I N B R from A and Q
Sl 8D, 3 DISP 9BXX Subtract contents of CSL at EA (XR3+DISP) and EA+1
% O T S | 1 1! [N N S SN N T N | from A and Q
RN S |D| L L AID 1D lRl 1L 9COOXXXX Subtract contents of CSL at EA (Addr) and EA+1 from
AN L1 IS S Aand Q Long )
., 1 SO P L ADDR L, 9DOOXXXX | Subtract contents of CSL at EA (Addr+XR1) and EA+] i“;ﬁ’“c“°"
ndirect
[ 11 TS N W T B W | from A and Q Addressing
[ S ID [ L 2 AID |D lRI 111 9EQOXXXX Subtract contents of CSL at EA (Addr+XR2) and EA+] -
| N | 111 DO TS T N B B | from Aand Q
L1 L ISD, L3t ADDR, |, | 1| 9FOOXXXX | Subtract contents of CSL at EA (Addr+XR3) and EA+1
L1 1t 11 I T O W T W from A and Q
| S 101 1 I A|D |D|R1 NI 9C80XXXX Subtract contents of CSL at EA (V in CSL at Addr) and
[ | L1 T T S B N EA+] from A and Q
ERE I SD, | Iit] JADDR, | | ' 9D80XXXX | Subtract contents of CSL at EA (V in CSL at “Addr+XR1") Long '
L1 L1 [ A S and EA+] from A and Q ;::’r‘e'z:m“
111 S |D| i I 2 AID |D|R1 L L1 9EBOXXXX Subtract contents of CSL at EA (V in CSL at “Addr+XR2") Addressing
L1 11 1 T TN N U B B | and EA+] from A and Q
N S lDl 1 I 3 A]D 1D |R| [ | 9FROX XXX Subtract cantents of CSI. at EA (V in CSL. at “Addr+XR3")

| i D W N D N S S | and FA+1 from A and Q




MULTIPLY (M)

% FORMATS *

o OP FT Disp 15 o OP F T 'A% cond 150 Address 5

]|0|]|0|00 | | S T T T O I | I_]LOIILOLOl]J 1 [ lololololololo | S S 1 T T T O T O A O B |
N— — S—————

X Tos T TXY X X T8 ows v X X Tx T

The contents of the core-storage location specified by the The largest product that can be developed is
effective address (EA) of the instruction (multiplicand) +1.073,741,824. This occurs when the multiplier and

are multiplied algebraically by the contents of the accu- multiplicand are both the largest negative number;
mulator (multiplier). The 32-bit double-precision product ~32.768.

replaces the contents of the accumulator (A) and its ex-

tension (Q). while core storage remains unchanged. The

most significant bits of the double-precision product are THE CARRY AND OVERFLOW INDICATORS are not
inA. changed by this instruction.

EXAMPLES zannmspiseaspmrmenmungy

Assembler Language Coding Equivalent Machine Language Instruction
i i
| Label Operation| |F{T See | Hexadecimal Description Format
25| |27 30| [3233] B5 40 Note Value
Lo | My DISP, 1 1 AOXX Multiply contents of CSL at EA_(I+DISP) by A Short
Lo M | PISP AIXX Multiply contents of CSL at EA (XR1+DISP) by A Instruction
LM 2. DISP, L, A2XX Multiply contents of CSL at EA (XR2+DISP) by A
L M 3 ISP L, A3XX Multiply contents of CSL at EA (XR3+DISP) by A
L M L ADDR ., ., ., A400XXXX | Multiply contents of CSL at EA (Addr) by A Long
oo LM L JADDR AS00XXXX | Multiply contents of CSL at EA (Addr+XR1) by A Instruction
Direct
Lo LM Li2] IADDR, | | || AG600XXXX | Multiply contents of CSL at EA (Addr+XR2) by A eet
M L A D D R - Addressing
[ 1 1t 3 WWNHUIN 1 g AT00XXXX Multiply contents of CSL at EA (Addr+XR3) by A
LM T ADDR , |, | A480XXXX | Multiply contents of CSL at EA (V in CSL at Addr) by A
Lo LM I ADDR |, , | AS80XXXX | Multiply contents of CSL at EA (V in CSL at “Addr+XR1”) __ |0n8
Instruction
b] oy | [ R by A Indirect
oo LM T II2 JADDR | AGBOXXXX | Multiply contents of CSL at EA (V in CSL at "AdrsXR2") |y
L1 L1 SN L1 41 by A
Lo LM 113 ADDR, |, , |, A780XXXX | Multiply contents of CSL at EA (V in CSL at “Addr+XR3”)
Y I B N O | N I B U B by A
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DIVIDE (D)

# FORMATS

o OP FT Disp s 0 oP F T xABO Cond 150 Address 15

1,000,100 y |y 4 111 1|0|l|0|]l]l 1 IO]OLOLOIOIOIO NN EN NN NN

. Y N A N
A 8-B X X A C-F Oor8 0 X X X X

!
%
2
a

DESCRIPTION

The contents of the accumulator and its extension form THE CARRY INDICATOR is not affected by this 1
a 32-bit double-precision dividend which is divided alge- instruction. ;
braically by the contents of the core-storage location

specified by the effective address (EA) of the instruction THE OVERFLOW INDICATOR is turned on when a
(divisor). The quotient and remainder replace the con- division by zero is attempted or when a quotient overflow
tents of the accumulator (A) and its extension (Q), re- condition exists. A quotient overflow occurs if the magni-
spectively, while core storage remains unchanged. The tude of the quotient is too large to be represented in A;

“sign” of the remainder is the same as the “sign” of the . .
dividend. Negative operands and/or negative quotients that is, greater than +32,767 or less than -32,768. A quo-
or remainders are in 2’s complement form. tient overflow causes A and Q to be left in an undefined =
The largest dividend that can be divided correctly is state. A division by zero leaves A and Q unchanged. In |
+1,073,774,591 provided the divisor is the largest nega- either case, the overflow indicator is unchanged if it is §
tive number (-32,768). already on.
.

-

EXAMPLES

Assembler Language Coding Equivalent Machine Language Instruction
Label Operation| |F|T See | Hexadecimal Description Format
21 25| |27 30 3233 I35 40 Note Value
L1 D, 1 DISP 1 ABXX Divide A and Q by contents of CSL at EA (I+DISP)
i R D, I DISP iy ASXX Divide A and Q by contents of CSL at EA (XR1+DISP) Short
é Lt D1 2 DISP AAXX Divide A and Q by contents of CSL at EA (XR2+DISP) Instruction
T 3l DISP ABXX Divide A and Q by contents of CSL at EA (XR3+DISP)
g Lt D, L ADDR, , . ACO0XXXX| Divide A and Q by contents of CSL at EA (Addr) Long
. 1 0| L1 L | A.D |D ,Rl Rt ADOOX XXX Divide A and Q by contents of CSL at EA (Addr+XR1) Instruction
(b L2 ADDR 4y AEOOXXXX| Divide A and Q by contents of CSL at EA (Addr+XR2) Direct
. oDy L3 IADDRY oy AFOOXXXX| Divide A and Q by contents of CSL at EA (Addr+XR3) Addressing
Lo 1Dy ADDR, |, |, .. 'ACB0XXXX| Divide A and Q by contents of CSL at EA (V in CSL
T | P11 [T D N N N EE at Addr)
N N T Ijl{ ADDR, , , |, ADSOXXXX| Divide A and Q by contents of CSL at EA (V in CSL at Long
g Lot [ [ IR R ! “Addr+XR1”) I"St'm”\“on
% T | Dl L1 I 2 A|D |D 1R1 L1 AE80XXXX Divide A and Q by contents of CSL at EA (V in CSL at i:::ec‘ti
Loyr ot [ R T N B S B I | “Addr+XR2") ressing
% [ D; [ I 3 A:D 1D .R| [ AF80XXXX Divide A and Q by contents of CSL at EA (V in CSL at
[ | 111 1 Pl [ S T N T S | “Addr+XR3")

o




LOGICAL AND (AND)
- FORMATS

o OP FT lAB() Cond 50 Address

i5
l,l.l.0.0lll ] I IOTOIOLOIOIOlO EEEEEENEEE NN IJ
4-7 Oor8 0 X X X X

DESCRIPTION s

The contents of the core-storage location specified by AND
& the effective address (EA) of the instruction are ANDed Storage |1]110]0
% bit by bit with the contents of the accumulator (A). The Accum 1{0]1]o0
result replaces the contents of A, while core storage re- Result 1{ofofo
mains unchanged. [7i76 |
The possible AND conditions are shown in the THE CARRY AND OVERFLOW INDICATORS are not
illustration. changed by this instruction. =

EXAMPLES =

Assembler Language Coding Equivalent Machine Language Instruction
Label Operation| |F (T See | Hexadecimal Description Format
L 21 25 {27 30| 3233 BS5 40 Note Value
¢l .. | IAND, DISP , EOXX AND contents of CSL at EA (1+DISP) with A
Lo [ AND, I PISP ), EIXX AND contents of CSL at EA (XR1+DISP) with A Short
Loy | AND, 2| DISP, , E2xX '| AND of CSL at EA (XR2+DISP) with A Instruction
L 11 1 | IAND, 3l ISP E3XX AND contents of CSL at EA (XR3+DISP) with A
Bl AND, L ADDR, . . .| E400XXXX | AND contents of CSL at EA (Addr) with A Long
c o0 1 | AND, LI JADDR, | 1 ES00XXXX | AND contents of CSL at EA (Addr+XR1) with A Instruction
v o L AND, | [L]2] ADDR, ; ;i E600XXXX | AND contents of CSL at EA (Addr+XR2) with A Direct
11 ] A]Nl 1 L 3 AIDID IRI | E700XXXX AND contents of CSL at EA (Addr+XR3) with A Addressing
201 | IAND, I ADDR , , | E480XXXX | AND contents of CSL at EA (V in CSL at Addr) with A
.. | |AND, | {IIN JADDR , 4, ES80XXXX | AND contents of CSL at EA (V in CSL at “Addr+XR1") Long
14 4 1 [ I O W WO N U | with A Instruction
v o | AND, | [T/2] ADDR  , E680XXXX | _AND contents of CSL at EA (V in CSL at “Addr+XR2") Indirect
L1 1 111 11 11111 with A Addressing
.+ | IAND, | [I|3] JADDR, , , E780XXXX | AND contents of CSL at EA (V in CSL at “Addr+XR3")
[ | JE j I I I I I with A
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FORMATS mmas

| |
&

The contents of the core-storage location specified by
the effective address (EA) of the instruction are ORed
bit by bit with the contents of the accumulator (A).
The result replaces the contents of A, while core stor-
age remains unchanged.

The possible OR conditions are shown in the
illustration.

& o OP F T Disp " o OP F 1 W% cond 15 0 Address 15

f’% :/

O LR TR K I ]I]l]lolllll A |0]0|010101010 NN NN ]

% \—v—/\-—v—/ ;V_/H,_/;V_/W_/H,__/\V/\v_zw_/

ggg E 8-B X X E C-F Oor8 0 X X X X
sDESCRIPTION:

OR
Storage 111010
Accum 1{0]110
Result 1f1]1]o

THE CARRY AND OVERFLOW INDICATORS are not
changed by this instruction.

Assembler Language Coding Equivalent Machine Language Instruction
Label Operation| |FiT See | Hexadecimal Description Format
21 25| |27 30| 3233 |35 40 Note Value
L 0|R| 1 01 [ISIPI L L i1 E8XX OR contents of CSL at EA (I+DISP) with A Shost
O
v s L OR Il IDI,SP 1y E9XX OR contents of CSL at EA (XR1+DISP) with A Instruction
L1 | IOR, 2l ISP |, EAXX OR contents of CSL at EA (XR2+DISP) with A
) 0.R, . 3l D.ISP . , EBXX OR contents of CSL at EA (XR3+DISP) with A
1 1 1 H 1 1 1 1 i 1 1 1 1 i i
Lol ORy L IL ADDR, , ., ECOOXXXX | _OR contents of CSL at EA (Addr) with A Long
L1 1 LIOR, Lii| |ADDR, \ 1 EDOOXXXX | OR contents of CSL at EA (Addr+XR1) with A Instruction
L1l OR, , L2| ADDR , , | EEO0XXXX | OR contents of CSL at EA (Addr+XR2) with A D"ec"
, .. | OR , | [LI3] [ADDR | 4 i EF0OXXXX | _OR contents of CSL at EA (Addr+XR3) with A Addressing
L OR, , I ADDR, |, | | EC80XXXX | OR contents of CSL at EA (V in CSL at Addr) with A
L .. 1 1 IOR, 11 ADDR, | . EDSOXXXX | OR contents of CSL at EA (V in CSL at “Addr+XR1") e
) ng
L1y L1t L1 11y with A Instruction
Lo | OR 1.2 ADDR, | 4 EESOXXXX | OR contents of CSL at EA (V in CSL at “Addr+XR2”) Indirect
j ‘| Addressing
[ | 111 L1 111 with A
L1001 | IOR 113 ADDR, . , | | EF80XXXX | OR contents of CSL at EA (V in CSL at “Addr+XR3")
[N L1l T N 0 S B 1 with A




LOGICAL EXCLUSIVE OR (EOR)

o OP FT Disp 5 o OP F T IABO Cond 15 0 Address 15
PRI (U | Il]l]l]lol]l ) | |0|°|0|0|01010 NN NN RN 11
g —_— N N N N, NS\
| F 0-3 X X F 4-7 Oor8 0 X X X X
DESCRIPTION s
=
g%
@
%ﬁ The contents of the core-storage location specified by Exclusive OR
the effective address (EA) of the instruction are exclu- Storage |1]11]0]0
sive ORed bit by bit with the contents of the accumu- Accum 1{oj1}o
lator (A). The result replaces the contents of A, while Result ofjrjijfo
core storage remains unchanged.
The possible exclusive OR conditions are shown in THE CARRY AND OVERFLOW INDICATORS are not
the illustration. changed by this instruction. )

o
ﬁx,

i

% Assembler Language Coding Equivalent Machine Language Instruction

gi Label Operation FIT See | Hexadecimal Description Format

:;% 21 25| |27 30] (3233 |35 40 Note Value

ﬁ Lo | EOR, )IJ_|S|P1 L1 FOXX EOR contents of CSL at EA (I+DISP) with A

| QT E,OR, i DISP g FIXX EOR contents of CSL at EA (XR1+DISP) with A Short

1, v 1 | IEOR, 21 ISP, F2XX EOR contents of CSL at EA (XR2+DISP) with A Instruction
L1 L IEOR, 3| ISP F3XX EOR contents of CSL at EA (XR3+DISP) with A
L1 | IEOR, L ADDR , . .| F400XXXX | EOR contents of CSL at EA (Addr) with A Long
Lo ¢ | EOR, | LI} JADDR | FS00XXXX | EOR contents of CSL at EA (Addr+XR Dwith A Instruction
L1 L EOR, L2 ADDR ; | 4, F600XXXX | EOR contents of CSL at EA (Addr+XR2) with A Direct
b0 | EIOR L{3] JADDR F700XXXX | EOR contents of CSL at EA (Addr+XR3) with A Addressing
c o1 | EOR, I ADDR, , | ., F480XXXX | EOR contents of CSL at EA (V in CSL at Addr) with A
T EIOIRI Il AIDIDJRI | FS80XXXX EOR contents of CSL at EA (V in CSL at “Addr+XR1") Long
L1 11 T S N N S T B | with A Instruction
L | IEOR, Iji2| ADDR , , , F680XXXX | EOR contents of CSL at EA (V in CSL at “Addr+XR2”) Indirect
1111 i1 R T B B B B with A Addressing
L. | IEOR 1|13 IADDR, , | | | F780XXXX | EOR contents of CSL at EA (V in CSL at “Addr+XR3”)
111 | 11 1 U N I R I N with A
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SHIFT LEFT LOGICAL A (SLA)

M FORMAT
-3

o OP FT Disp s
Ololol]l0 0 1 Olol 11111
1 0-3 0-3 X

The bits in the accumulator (A) are shifted left the num-

ber of positions specified by the shift count. Vacated

bit positions are set to 0. Bits leaving the high-order

(bit 0) position of A are shifted into the carry indicator.
The source of the shift count is specified by the tag

bits as shown above. The shift count is loaded into the

shift control counter from the specified source and then

decremented as each shift occurs. The source of the shift

count remains unchanged. If a shift count of 0 is specified,

s DESCRIPTION =

a EXAMPLES s

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

this instruction performs as a no-op (no-operation).
Note that bit positions 8 and 9 of the instruction must
both be 0.

THE CARRY INDICATOR is turned on for each 1 bit
and off for each 0 bit shifted left from the high-order
(bit 0) position of A.

THE OVERFLOW INDICATOR is not changed by this
instruction.

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

SRR

Assembler Language Coding Equivalent Machine Language Instruction
. Label Operation| |F|T See | Hexadecimal Description Format
|11 25| |27 30 (3233 [35 40 Note Value
2;
% L1t SILA, D.ISP 1 (10X Contents of A shift left the number of shift counts in DISP
% L1 s lLlAl | U TN S N N T I | 1100 Contents of A shift left the number of shift counts in XR1 Short
é L LIS \LA 20 | 1200 Contents of A shift left the number of shift counts in XR2 Instruction
§ oo L ISILIA 3l L 1300 Contents of A shift left the number of shift counts in XR3
o PR S | 11 1 IS I RN S TS WS S W |

SRR SRR R R
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SHIFT LEFT A AND Q (SLT)
I S FORMAT

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
1 Low=Order 6 Bits of XR3

& DESCRIPTION & e

The bits in the accumulator (A) and its extension (Q) count remains unchanged. If a shift count of Q is specified,

are shifted left, as a 32-bit double-precision, register, the instruction performs as a no-op (no-operation).

.the number of positions specified by the shift count. Note that bit positions 8 and 9 of the instruction must
"The high-order (bit 0) position of Q is shifted into the be 1 and 0, respectively.

low-order (bit 15) position of A. Vacated bit positions ' ‘
are set to 0. Bits leaving the high-order (bit 0) position THE CARRY INDICATOR is turned on for each 1 bit and
of A are shifted into the carry indicator. off for each 0 bit shifted from the high-order (bit 0)

The source of the shift count is specified by the tag position of A.

bits as shown above. The shift count is loaded into the
shift control counter from the specified source and then THE OVERFLOW INDICATOR is not changed by this
decremented as each shift occurs. The source of the shift instruction.

#8 EXAMPLES sesse

Assembler Language Coding Equivalent Machine Language Instruction
Label Operation| |F|T See | Hexadecimal Description Format
25 |27 30/ (3233 B35 40 Note| Value
11 S |L |T1 Dl 1 LSJPJ [ 10*X Contents of A and Q shift left the number of shift count in
JE [ I I T N S S DISP
[ S 1 LlTl | Ll 11t 1180 Contents of A and Q shift left the number of shift counts in Short
0
L1 [ Lo XR1 Instruction
Lo L ISILT AN 1280 Contents of A and Q shift left the number of shift counts in
L1 [ [ O N S B XR2
L1 1 S |L|T1 3 [N N O U B R | 1380 Contents of A and Q shift left the number of shift counts in
[ L1 I T S N N T O XR3

The third from the high-order hex. digit can be 8, 9, A. or B depending on
the value of the shift count.
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SHIFT LEFT AND COUNT A (SLCA)

o} opP F T DISD L]
olololllo 0 I Ol]l | |
1 0-3 4-7 X

If the tag bits in this instruction are both 0 (no index
register specified), the instruction performs as a shift
left A (SLA) instruction,

If the tag bits are not both 0 (an index register is
specified), the bits in the accumulator (A) are shifted
left until the shift is terminated by an attempt to shift
a 1 bit from the high-order (bit 0) position of A (the 1
bit remains in the high-order position of A after the in-
struction is terminated) or by the shift count decreasing
to 0. Vacated bit positions are set to O.

The source of the shift count is the index register
specified by the tag bits. The shift count is loaded into
the shift control counter from the index register and
then decreased as each shift occurs. When the shift is
terminated, the residual shift count in the shift control
counter is loaded back into bit positions 10 through 15
of the specified index register. Bit positions 8 and 9 of
the index register are set to zero, while bit positions 0
through 7 of the index register remain unchanged. If
the shift count initially specified is 0, or the high-order
(bit 0) position of A is initially a 1 bit, this instruction
performs as a no-op (no-operation).

seenss DESCRIPTION

EXAMPLES &=

MR T

ERaaey

“
Tag Shift Count Determined By: ;
00 | Low-Order 6 Bits of Disp E
0l Low=Order 6 Bits of XR1 o
10 Low-Order 6 Bits of XR2 é
11 Low=Order 6 Bits of XR3 3

Note that bit positions 8 and 9 of the instruction must
be 0 and 1, respectively. :

THE CARRY INDICATOR is set as in a shift left A
(SLA) instruction if the tag bits are both 0. If the
tag bits are not both 0, and the shift is terminated
by the shift count decreasing to 0, the carry indicator
will be off at the end of the operation. In this case,
the value of the high-order (bit 0) position of A can
be determined only by testing the “sign” of A. If
the tag bits are not both 0 and the shift is terminated
by an attempt to shift a 1 bit from the high-order
(bit 0) position of A, the carry indicator will be on
at the end of the operation. The one bit remains in
the high-order (bit 0) position of A and the

residual shift count, which will be non-0, is in the
index register specified by the tag bits.

THE OVERFLOW INDICATOR is not changed by this
instruction,

Assembler Language Coding Equivalent Machine L ge Instruction
Label Operationj (F(T See | Hexadecimal Description Format
21 250 27 30] 3233 5 40 Note Vaiue
cl1 A 1 .

[ AL Al DII |S IPI 1111 n 10*X Contents of A shift ieft the number of shift counisin DISF |
Lo L ISILGCA [ R 1140 Contents of A shift left the number of shift countsin XR1 | Short
- S lL lc IA 2 T N T T B T 1240 Contents of A shift left the number of shift counts in XR2 Instruction
Lo S |L ICIA 3 RN A 2 1340 Contents of A shift left the number of shift counts in XR3
I S W | - IS S I N WA S S

m'[‘he third from the high-order hex. digit can be 4. 5, 6, or 7, depending on
the value of the shift count.

:
§
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2 |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.




SHIFT LEFT AND COUNT A AND Q (SLC)
—— 8 FORMAT

o OP F T Disp 15 Tag Shift Count Determined By:

00 Low=Order 6 Bits of Disp
0,0;0,1,0]0 1 -
_— LA 01 Low-Order 6 Bits of XR1

1 0-3 EE-F X 10 Low=-Order 6 Bits of XR2
11 Low-Order 6 Bits of XR3
DESCRIPTION
If the tag bits in this instruction are both 0 (no index bits are not both 0 and the shift is terminated by the shift §
register specified), the instruction performs as a shift count decreasing to 0, the carry indicator will be off at the§
left A and Q (SLT) instruction. end of the operation. In this case, the value of the high- %
If the tag bits are not both 0 (an index register is speci-  order (bit 0) position of A can be determined only by test-
fied), the instruction performs in the same manner as a ing the “sign” of A. If the tag bits are not both 0 and the %
shift left and count A (SLCA) instruction with non-0 tag shift is terminated by an attempt to shift a 1 bit from the =
bits except that bits in both the accumulator (A) and its high-order (bit 0) position of A, the carry indicator will %
extension (Q) are shifted as a 32-bit double-precision be on at the end of the operation. The 1 bit remains in §
register. The high-order (bit 0) position of Q is shifted the high-order (bit 0) position of A and the residual shift
into the low-order (bit 15) position of A. Vacated posi- count, which will be non-0, will be in the index register
tions are set to O, specified by the tag bits,
Note that bit positions 8 and 9 of the instruction must
both be 1.

THE CARRY INDICATOR is set as in a shift left A and THE OVERFLOW INDICATOR is not changed by this
Q (SLT) instruction if the tag bits are both 0. If the tag instruction.

EXAMPLES

Assembler Language Coding Equivalent Machine Language Instr
Label Operation| |F|T See | Hexadecimal Description Format
21 25 |27 30| 3233 B35 40 Note Value
N s IL ICI Dl I ISJPL 1 1t 3 10*X Contents of A and Q shift left the number of shift counts in
T I | | O N T N T S I | DISP
111 | SIL lc 1 | N T B S B B | 11C0 Contents of A and Q shift left the number of shift counts in Short
L1 L1 [ U B S XR1i Instruction
1)) s |L JCL 2 I N W S T T W | 12C0Q Contents of A and Q shift left the number of shift counts in
111 11 i T W T B I XR2
L1 S IL IQI 3 D I T S R N I 13C0 Contents of A and Q shift left the number of shift counts in
N SR T L U S O B A S XR3
E]The third from the high-order hex. digit can be C, D, E or F, depending on These instructions are terminated either when an attempt is made to shift a
the value of the shift count. 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.
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SHIFT RIGHT LOGICAL A (SRA)

~ FORMAT
]

o OP F T Disp 15 Tag Shift Count Determined By:
0 01011 1] 0 \ ()l (')l Ll L 00 Low=Order 6 Bits of Disp
—— A 01 Low-Order 6 Bits of XR1
1 8-8 0-3 X 10 Low-Order 6 Bits of XR2
11 Low=Order 6 Bits of XR3
g _—17 181

DESCRIPTION

The bits in the accumulator (A) are shifted right the unchanged. If a shift count of O is specified, this instruc-

number of positions specified by the shift count. Va- tion performs as a no-op (no-operation).
cated bit positions are set to 0. Bits leaving the low- Note that bit positions 8 and 9 of the instruction must
order (bit 15) position of A are lost. both be 0.

The source of the shift count is specified by the tag
bits as shown above. The shift count is loaded into the
shift control counter and then decremented as each THE CARRY AND OVERFLOW INDICATORS are not
shift occurs. The source of the shift count remains changed by this instruction,

m EXAMPLES sesense

Assembler Language Coding Equivalent Machine Language Instruction
Label Operation| |F\T See | Hexadecimal Description Format
21 25| (27 30| [3233] [35 40 Note Value

I | SIBI_AI . D| I xS |P| 1111 m 18*X Contents of A shift right the number of shift counts in DISP
L SiA, | N DU U W A B | 1900 Contents of A shift right the number of shift countsin XR1 Short
[ SRA, 2 [ N S | 1A00 Contents of A shift right the number of shift counts in XR2 | Instruction
R | s lR lAl 3 Lo Ll L 1B0O Contents of A shift right the number of shift counts in XR3
I T L1 § I T U O DU T |

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




SHIFT RIGHT A AND Q (SRT)

wsz FORMAT

o OP FT Disp 5
Ololollll 0 1 ]lol 1 1.1 1
i 8-B 8-8 X

wesvenes DESCRIPTION =

The bits in the accumulator (A) and its extension (Q)
are shifted right, as a 32-bit double-precision register,
the number of positions specified by the shift count.
The low-order (bit 15) position of A is shifted into the
high-order (bit 0) position of Q. Vacated bit positions
are filled with the value of the sign (bit position O of A).
Bits leaving the low-order (bit 15) position of Q are lost.
The source of the shift count is specified by the tag
bits as shown above, The shift count is loaded into the
shift control counter and then decreased by 1 as each

w EXAMPLES =

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
i Low=Order 6 Bits of XR3

shift occurs. The source of this shift count remains un-
changed. If a shift count of O is specified, this instruction
performs as a no-op (no-operation).

Note that bit positions 8 and 9 of the instruction must ;
be 1 and 0, respectively.

THE CARRY AND OVERFLOW INDICATORS are not
changed by this instruction,

Assembler Language Coding Equivalent Machine Language Instruction
Label Operation| |F|T See | Hexadecimal Description Format
21 25| |27 30{ {3233 B5 40 Note Value
T SIRITI D, II SPPy oy vy E] 18*X Contents of A and O shift right the number of shift counts
[ 1t 1 | T N T T O B | in DISP
1 11} S IRI T| ‘ [ N T O O B | 1980 Contents of A and Q shift right the number of shift counts Short
- or
[ 111 T N A ) in XR1 Instruction
Lo ISR, AN 1A80 Contents of A and Q shift right the number of shift counts
L1t Lt [ A | in XR2
L1 L L L ISIRT, 3 1B80 Contents of A and Q shift right the number of shift counts
£ L4 [ TS S B N B B | in XR3

L E] The third from the high-order hex. digit can be 8,9, A, or B, depending
on the value of the shift count."
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ROTATE RIGHT A AND Q (RTE)

Disp

|

The bits in the accumulator (A) and its extension (Q)
are rotated to the right, as a 32-bit double-precision
register, the number of positions specified by the shift
count. Bits leaving the low-order (bit 15) position of A
are shifted into the high-order (bit 0) position of Q. Bits
leaving the low-order (bit 15) position of Q are shifted
into the high-order (bit 0) position of A, thus forming

The source of the shift count is specified by the tag
bits as shown above. The shift count is loaded into the

= shift control counter and then decreased by 1 as each

Ololollll 0 ; '|l'|l L1 00 Low-OrderéBl.tsofDnsp
. ) 01 Low-Order 6 Bits of XR1
Y 8-B C-F X 10 Low=Order 6 Bits of XR2
11 Low-Order 6 Bits of XR3
@

mesesasssessent DESCR IPTION e

a continuous shift loop. No bits are lost in this operation.

Shift Count Determined By:

shift occurs. The source of the shift count remains un-
changed. If a shift count of 0 is specified, this instruction
performs as a no-op (no-operation).

Note that bit positions 8 and 9 of the instruction must
both be on.

THE CARRY AND OVERFLOW INDICATORS are not
changed by this instruction,

Assembler Language Coding Equivalent Machine Language Instruction
Label Operation| |F|T See | Hexadecimal Description Format
25| (27 3 3233 135 40 Note Value
e
L1 RIT i EI DJLS JPI | | B 18*X Contents of A and Q rotate right the number of counts
[ T 1 1 | | T N S U I I | in DISP — lshort
1 4.1 1 RlTlEl I | I U N N O O | 19C0 Contents of A and Q rotate right the number of counts in XR1 | Instruction
L1 R,T 1E 1 2 [ I O S A O 1ACO Contents of A and Q rotate right the number of counts in XR2
R R TlEl 3 IS T T W S N A B | _1BCO Contents of A and Q rotate right the ber of counts in XR3
[ 11 WO WY B S A |

on the value of the shift count.

O A S S R R R R R R R
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BRANCH OR SKIP ON CONDITION (BSC OR

BOSC) skip Function
FORMAT

The short format BSC or BOSC instruction provides a
skip depending on conditions tested by the instruction.
Six conditions, associated with the accumulator (A), can
be tested using this short instruction. Conditions to be
tested are specified by one bits in the associated bit posi-
tions of the displacement field as follows:

Bit Position Condition Tested

15 Overflow indicator off

14 Carry indicator off

13 Accumulator even

12 Accumulator plus (greater than zero)
11 Accumulator minus (less than zero)
10 Accumulator Zero

If one or more of the specified conditions is true,
the next core-storage word (one word) in the instruction
stream is skipped and not executed. Therefore, this in-
struction must be followed by a one word (short) in-
struction. If none of the specified conditions is true,
the skip does not occur and the next instruction in se-
quence is executed. If no conditions are specified in the
instruction, a skip never occurs.

When bit position 9 of the instruction is 1, the
instruction is called a BOSC instruction. A short
format (skip function) BOSC performs the same skip
functions as described in the preceding paragraphs,
and also resets the highest priority interrupt level
that is on if a skip occurs. This allows lower priority

: DESCRIPTION s

" EXAMPLES s

e

level interrupts to again be accepted by the P-C.
(See “Interrupt Operating Characteristics.”)

Some skip condition examples as compared to branch
condition examples are shown in the table. The BSC or
BOSC branch function is described on the next page.

Bit positions: Skip | Branch
ACC conditions:  Zero Minus Plus Even (F=0) (F=1)
1 1 1 0 Always Never
0 o 0 0 Never Always
0 0 1 0 Plus Not plus
1 1 0 0 Not plus | Plus
0 1 0 0 Minus Not minus
Tes; 1 0 1 ] Not Minus | Minus
Conditions 1 0 0 0 Zero Not zero
0 1 1 0 Not zero |Zero
o] 0 o] 1 Even QOdd
0 0 1 1 Even or Odd and
Plus minus
0 1 0 1 Evenor [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.

THE CARRY INDICATOR is not reset by this instruc-
tion.

THE OVERFLOW INDICATOR is reset when tested by
this instruction,

Assembler Language Coding Equivalent Machine Language Instruction
Label Operationi |F|T See | Hexadecimal Description Format
21 25| |27 30{ 3233 B35 40 Note Value
[ | B|SIC| C|0|N|D| 1 11 ] E] 48*X ki
L1 11 [ S | true Short )
| | B|olslc clolN |D L1 11 48*X Skip the next one-word instruction if any condition is | Instruction
L 11| T U S Y R | true

m The third from the high-order hex. digit can be 0, 1, 2, or 3, depending
g on which conditions are tested. .

The third from high-order hex. digit can be 4, 5, 6, or 7, depending on
which conditions are tested. This BOSC instruction resets the highest pri-
ority interrupt level on if a skip occurs.
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BRANCH OR SKIP ON CONDITION (BSC OR BOSC) Branch Function

F T [ABO Cond

8 FORMAT s

This long format instruction performs in a manner sim-
ilar to the short format (skip function) BSC or BOSC
instruction in that the same six conditions associated
with the accumulator (A) can be tested. Conditions to
be tested are specified in the same manner as the short
BSC or BOSC instruction described on the preceding
page.

If one or more of the specified conditions are true,
the next instruction in sequence is executed. If none of
the specified conditions is true, a branch is made to
the core-storage location specified by the effective ad-
dress (EA) of the instruction. If no conditions are spec-
ified in this instruction, a branch to the EA always
occurs. Note that this is reverse logic from the short
format (skip function) BSC or BOSC instruction.

If bit position 9 of the instruction is 1, the instruc-
tion is called a branch out of interrupt (BOSC) instruc-
tion. A long format (branch function) BOSC performs
the same branch functions as described in the preceding

SRt sEen e

SR

e e B e e

il DESCRIPTION sessmammasse

o) oP 15 0 Address 5
[Olllolonlll |1L llllllLllLllllLl
— N
4 C-F X X X X X X
17191 B

paragraphs, and also resets the highest priority interrupt
level that is on if a branch occurs.

The long format (branch function) BSC or BOSC in-
struction can be used to return to a mainline program
from a subroutine (bit position 9 should be 0) or in-
terrupt routine (bit position 9 should be 1). This is
accomplished by making the EA of the BSC or BOSC
instruction identical to the EA of a previously executed
BSI instruction.

Some branch condition examples as compared to skip
condition examples are shown in the table on the preced-

ing page.

THE CARRY INDICATOR is not reset when tested by
this instruction.

THE OVERFLOW INDICATOR is reset when tested
by this instruction.
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BSC/BOSC

Assembler Language Coding Equivalent Machine Language Instruction
Operation| |F|T See | Hexadecimal Description Format
25| 127 30 (3233 [35 40 Note Value
B |S |C| L A, ) L J |R] N lc ION 1 ) 113 4C*XXXXX Branch to CSL at EA (Addr) on no condition true Long
B |S 1C L L Aj D,D |R; N ,C ,01 ) Djj1]3 4D*XXxxx]| Branch to CSL at EA (Addr+XR1) on no condition true Instruction
8,5.C, L2l ADDR,..C.ONDI1I3 4E*Xx¥Xx| Branch to CSL at FA (Addr+XR3) on no condition true Direct
L I T
BJ S[CL L3 A.D DR, IC IOLNLD 113 4F*XXXXX| Branch to CSL at EA (Addr+XR2) on no condition true Addressing
8,S,C, | |I ADD R, ., C.ONDJ2[3][ 4c*xXXXX| Branch to CSL at EA (V in CSL at Addr) on no condition true
B,S.C, I11{ ADDR,,,C,ONDJi2]3]] ap*xxxxx| Branch to CSL at EA (V in CSL at “Addr+XR1") on no L
0!
L1t Ll 1L L1 condition true lnsrt‘fuction
B,S.C, | [I[2[ JADDR,,.CONDI2[3}[ se*xxxxx| Branch to CSL at EA (V in CSL at “Addr+XR2") on no Indirect
11 T U I N S B .| __condition true Addressing
B,S.C, T13] A,D.DR,, ,COND|[2[3]] 4rsxxxxx]| Branch to CSL at EA (V in CSL ai “Addr+XR3") on no
L4y T T RO N N N B | condition true
The third from high-order hex. digit canbe 0, 1, 2, or 3, (BSC) or 4, 5, 6, The third from high-order hex. digit canbe 8,9, A, or B, (BSC) o1 C, D, E,
or 7, (BOSC) depending on which conditions are tested. or F, (BOSC) depending on which cofiditions are tested.
E ‘The highest priority interrupt levei on is reset if instruction is BOSC and a
branch occurs.




BRANCH AND STORE INSTRUCTION REGISTER (BSl)
- ” i : FORMATS

This instruction stores the contents of the instruction
(I) register in the core storage location specified by the
effective address (EA) of the instruction and then causes
a branch to core storage location EA + 1. Program exe-
cution proceeds from that location (EA + 1). The stored
address is that of the next instruction in the normal
sequence.

As shown in the illustration, for example, a BSI
located at core-storage location 0500, with an EA of
0550, would store the address 0501 at location 0550
and branch to location 0551. A long format BSC with
+ indirect addressing would be used to return to the main-
line program.

1

Program

\/ T BT T = 0550 (0501 stored

0500- BSI [ ;l> oss1 ere)
0501 ________ P I_]

Subroutine

BSC, Indirect (with address of 550)

SRR R e

|

o OP F T Disp T3 0 oP F T lABO Cond 15 0 Address 15
ol]loLololollllllllll ol]lololol]llllllllllllIlllLIlllLllll
N N NN N N D N N,
4 0-3 X X 4 4-7 X X X X X X
DESCRIPTION

When the BSI is a short format instruction (F bit is

0), the branch described in the preceding paragraph
is unconditional.

When the BSI is a long format instruction (F bit is
1), the branch is conditional depending on the six test
conditions associated with the accumulator. The test
conditions and method of specifying the conditions to
be tested are defined in the preceding BSC or BOSC in-
structions. If one or more of the specified conditions is
true, the branch does not occur and the next instruction
in sequence is executed. If none of the specified condi-
tions are true, the branch occurs as previously described.

Internal, CE, and external level interrupts are not
polled during execution of a BSI instruction. Therefore,
no interrupt (other than trace) can occur immediately
following a BSI instruction. (See “Interrupt’ section.)

THE CARRY INDICATOR is not reset by a short or long
format BSI instruction.

THE OVERFLOW INDICATOR is not reset by a short
format BSI instruction, but is reset if tested with a long
format BSI instruction.
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EXAMPLES

Assembler Language Coding Equivalent Machine Language Instruction
Label Operation| |F|T See | Hexadecimal Description Format
-[21 25| |27 30| (3233 I35 40 Note Value
L1 1.1 B |S i II DII 1 S IPl 1t 14 40XX Store next sequential address in CSL at EA (1 + DISP)
11 {11 I N T I N S and branch to EA + 1
| | B ISI II l DII I S 1PL [ I 41XX Store next sequential address in CSL at EA (XR1+DISP) Short
T I | P11 SN O N N N B B and branch to EA + 1 Instruction
Lo | BiSIT 2l DISP , .\, 42XX Store next sequential address in CSL at EA (XR2+DISP)
L1t L1 T U T S W I | and branch to EA + 1
Lo | BST 3 IDISPL o0 43XX Store next sequential address in CSL at EA (XR3+DISP)
[ | 11 3 TN N B B B | and branchto EA + 1
RN BI SlI 1 L A|D |D|R1 N lc lOINID 44*XXXXX If no condition is true. store next sequential address in CSL at
1111 L1 N T T A S T EA (Addr) and branch to EA + 1
Ll B | S | II LIt AI D | D IRI N lCl()lN ID [ﬂ 45*XXXXX If no condition is true, store next sequential address in CSL at | Long
L1 1 11 AN S S I EA (Addr+XR1) and branch to EA + 1 Instruction
L1 B |S |I 1 L 2 AlDlD |R| N 1C 1 OlN LD l_T_] 46*XXXXX If no condition is true, store next sequential address in CSL at Direct
Addressi
L L1 Ll EA (Addr¢XR2) and branch to EA + 1 ressing
L1t B L Sl I L L 3 A,D ID lRl N IC lOINLD E] 47*XXXXX If no condition is true. store next sequential address in CSL at
) I I L1 | I S T S O B | EA (Addr+XR3) and branch to EA + 1
L1t B |S|I | I A ID ,D |Rl N |C 10|N |D 44*XXXXX If no condition is true, store next sequential address in CSL at
I I | 11| | N O S O O | EA (V in CSL at Addr) and branch to EA + 1
[ | B 1311 1 I l A |D.D|R| . |C lolNlD 45*XXXXX If no condition is true. store next sequential address in CSL at Long
Lt ! Ll 11 EA (V.in CSL at “Addr+XR1") and branch to EA + | Instruction
L1 B,SI, I{2{ ADDR,COND 46*XXXXX | If no condition is true. store next sequential address in CSL at Indirect
Addressin,
[ 11 T T Y U R N B EA (V. in CSL at “‘Addr+XR2”) and branch to EA + 1 ¢
L1311 B lS 11 1 I 3 A 1 Dl D|R| N |C |0|N1D 47*XXXXX If no condition is true, store next sequential address in CSL at
L1 [ TS VRO T Y T N P | EA (V.in CSL at “‘Addr+XR3") and branch to EA + 1
M 1
!_| The third from high-order hex. digit can be 0, 1. 2, or 3, depending on which |_% | The third from high-order hex. digit can be 8, 9. A, or B, depending on which

conditions are tested. conditions are tested.
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MODIFY INDEX AND SKIP (MDX)

FORMATS

1.8

o OP FT Disp 18 o OP F T AO Cond 15 0 Address 15
loﬂﬂlllololllll..... Iﬂnlﬂﬂlolllllllnl|11]111||||11111|1
7 0-3 X } 7 4-~7 X X X X X X

This instruction provides a method of modifying the
contents of the instruction (I) register, an index register
(XR), or a core storage location. A skip function is also
provided when modifying an XR or a core storage loca-
tion. If the modified XR or core storage location changes
sign during the operation or is zero after the operation
is complete, the next core storage word in the instruc-
tion stream is skipped. Programmers should be aware
that core storage address above 32,767 (/7FFF) are
considered to have negative signs. Therefore, an un-
wanted skip may occur if care is not exercised when
programming across this negative boundary with an
MDX instruction.

I-REGISTER MODIFICATION is accomplished using a
short format (F bit is 0) MDX instruction with the tag
bits both 0 (no index register specified). The dis-
placement portion of the instruction (bits 8 through
15) is expanded to a 16-bit value by propagating the
value of bit 8 (sign bit) to the left 8 positions. This
expanded displacement is then added to the contents
of the I-register and the result is placed in the I-register
thus, causing a branch. No skip can occur with this
instruction.

A short MDX instruction of /70FF can be used as a
dynamic wait instruction. This instruction modifies the
I-register by minus 1. Therefore, once the instruction
is encountered, it is repeated continuously, allowing in-
terrupts to be serviced. Unless an interrupt subroutine
alters the stored return address, the program returns to
the MDX instruction at the end of the interrupt sub-
routine.

INDEX REGISTER MODIFICATION is accomplished
using either a short format (F bit is 0) or long format
(F bit is 1) MDX instruction. The tag bits must specify
the XR to be modified.

DESCRIPTION

17196 A

A short format MDX instruction causes the displace-
ment portion of the instruction (bits 8 through 15) to
be expanded to a 16-bit value by propagating the value
of bit 8 (sign bit) to the left 8 positions. This expanded
displacement is then added to the XR specified by the
tag bits.

A long format MDX instruction without indirect
addressing (IA bit is 0) causes the contents of the
address word of the instruction to be added to the XR
specified by the tag bits. A long format MDX instruc-
tion with indirect addressing (IA bit is 1) causes the
contents of the core storage location specified by the
address word of the instruction to be added to the XR
specified by the tag bits.

In any case, when modifying an XR, the next core-
storage word in the instruction stream is skipped if the
XR changes sign during the operation or is 0 after
the operation is complete. Therefore, this instruction
should be followed by a short format instruction.

CORE STORAGE MODIFICATION is accomplished
using a long format (F bit is one) MDX instruction. The
tag bits must both be 0 to modify core storage. The dis-
placement portion of the instruction (bits 8 through
15) is expanded to a 16-bit value by propagating the
value of bit 8 (sign bit) to the left 8 positions. This ex-
panded displacement is then added to the contents of
the core storage location specified by the address word
of the instruction. If the core storage word changes
sign during the operation or is zero after the operation
is complete, the next core storage word in the instruc-
tion stream is skipped. Therefore, this instruction
should be followed by a short format instruction.

THE CARRY AND OVERFLOW INDICATORS are not
changed by this instruction.
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w EXAMPLES ¢ R i *
£ :
g
£
g
Assembler Language Coding Equivalent Machine Language Instruction
Label Operation| |F|T See | Hexadecimal Description Format
21 25| (27 30( 3233 [B5 40 Note Value

L1 M| ) le )| I ISJPL [ | 70XX Add expanded DISP to 1 (no skip can occur)

Lo | IMDIX 1D ISP w0y 71XX Add expanded DISP to XR1 Short

[ lMI DX, 2 DII lSJPL [N 72XX Add expanded DISP to XR2 Instruction

L | IMD X 3l DISP ., 73XX Add expanded DISP to XR3

L1 MlDIX| L A,D IDJR| ..D.ISP E 74*XXXXX Add cxpanded positive or negative DISP to CSL at Addr (add Long

Lot L1 TR N S N to core storage) Instruction

L1 MD X, LI JADDR 1 7500XXXX | Add Addr to XR1 Direct

L1t M.D X, Li2] JADDR 4 1, 7600XXXX | Add Addr to XR2 Addressing

Lo LMD L3 JADDRY Ly 7700XXXX | _Add Addr to XR3

L1 1 M|D |X I I AID |D 1R| 3 ID i LS, P T4* XX XXX This instruction should not be used to modify storage. Long

[ | [ [ N U T I | Use MDX L Instruction
Lo L MDX | T ADDR, 7580XXXX | _Add V in CSL at Addr to XR1 Indirect
| j— MD X, { {112 ADDR 4 4 7680XXXX | Add V in CSL at Addr to XR2 Addressing
Sl [ mDX, | ITI3[ ADDR 7780XXXX_|  Add V in CSL at Addr to XR3

R ] L1 | N VO N T |

[I] The third from high-order hex. digit can be 0 through 7. The third from high-order hex. digit can be 8 through F.

&

B

e
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WAIT (WAIT)
s ; FORMAT

o) oP F T Disp 13
0,0,1,1,0{0[0,0{0,0,0,0,0,0,0,0

3 0 0 0

DESCRIPTION 1

This short format instruction places the P-C in a wait wait instruction is executed provided the branch out of
condition. Data channel and/or interval timer operations interrupt (BOSC) instruction is the normal indirect sub-
continue during a wait condition. The P-C can be re- routine linkage.

started by pressing START on the console or by detection

of an interrupt. Following completion of an interrupt THE CARRY AND OVERFLOW INDICATORS are not
subroutine; the instruction immediately following the changed by this instruction.

EXAMPLE

Assembler Language Coding Equivalent Machine Language Instruction
Label Operation| |F|T See | Hexadecimal Description Format
21 25|-[27 30| 3233 P85 40 Note | Value |
4
. #
AR ATLT [ I A | 3000 Wait until manual start or an interrupt occurs Short :
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COMPARE (CMP)

o o F T W% conda 1o Address 5
lTlol]l‘lolll ) I lololololololo R L_I
B 4-7 Oor8 0 X X X X

!l7173 B

DESCRIPTION

The contents of the accumulator (A) are compared If A is less positive than contents of EA, then I=I+1 and
algebraically against the contents of the core-storage one core-storage word is skipped.

location specified by the effective address (EA) of the
instruction. The contents of A and core storage remain
unchanged. The instruction (I) register, which contains

S

S

If A is equal to contents of EA, then 1=I+2, and two
core storage words are skipped.

the next sequential instruction address, is modified THE CARRY INDICATOR may be altered by this

according to the results of the comparison as follows: instruction, but has no significance.

If A is more positive than contents of EA, then I=I and THE OVERFLOW INDICATOR is not changed by this
no skip occurs. instruction.

EXAMPLES ==

Assembler Language Coding Equivalent Machine Language Instruction
Label Operation| |FI|T See | Hexadecimal Description Format
121 25 |27 30 3233 I35 40 Note Value

L1 C IMlpx D 1118 |P| 11 BOXX Compare A with contents of CSL at EA (I + DISP)

[ CIM_LPI ' D lI |S IPl 111 B1XX Compare A with contents of CSL at EA (XR1+DISP) ___| Short

L Lt C MP, 2 D,ISP 1 1 B2XX Compare A with contents of CSL at EA (XR2+DISP) Instruction

L L ICMP, 3l IDISP B3XX Compare A with contents of CSL at EA (XR3+DISP)

L L0 CMP, L ADDR, |, , B400XXXX | Compare A ontents of CSL at EA (Addr) Long

L i g L ICMP, LI JADDR, oy BSOOXXXX | _Compare A with contents of CSL at EA (AddrtXR1) Instruction
11 | ICMP, Li2{ [ADDR, |, | 1} B60OXXXX | Compare A with contents of CSL at EA (Addr+XR2) Direct

L C.MP, L3 ADDR, ;, | i, B700XXXX | Compare A with contents of CSL at EA (Addr+XR3) Addressing

L1t C MP, I A 1D DRy B480XXXX Compare A with contents of CSL at EA (V in CSL, at Addr) Long

L a1 | ICMP, I{t{ ADDR, | | | B580XXXX | Compare A with contents of CSL at EA (V in CSL at Instruction

Loi1 1 1o4d [ B O B “Addr+XR1”) Indirect

L il lcmp, L ITl2] (ADDR, | 4 B680XXXX | Compare A with contents of CSL at EA (V in CSL at Addressing

11 3 11t ) I I S GO T S | “Addr+XR2™)

Lol L ICMP, | ITI3] ADDR, oy B780XXXX | _Compare A with contents of CSL at EA (V in CSL a

| Lt TN S A U N B “Addr+XR3”)

B IS B R,




DOUBLE COMPARE (DCM)

FORMATS

o OP FT Disp 15 o OP FT IABO Cond 15 0 Address 15

1,041 1, 1{O] Ll L L1 []lol]l]lllll 1 I lol010101010|0 [E I O O O O O O O O O B 11

e — e —_— e — e — N —
B 8-B X X B C-F Oor8 0 X X X X

]

DESCRIPTION

The contents of the accumulator (A) and its extension If A and Q is less positive than the contents of EA and %
(Q) form a 32-bit double-precision word which is com- EA + 1, then I=I+1 and one core-storage word is Q
pared algebraically against the contents of the core skipped. Zj
storage location specified by the effective address (EA) If A and Q is equal to the contents of EA and EA +1, f
of the instruction and the next higher core-storage lo- then I=I+2 and two core storage words are skipped. i

-

cation (EA +1). The contents of A. Q. EA, and EA +1 "The EA must be even for correct operation. If the

remain unchanged. The instruction (I) register, which EA is odd, A and Q are both compared against the con-
contains the next sequential instruction address, is tents of EA.

modified according to the results of the comparison as

follows: THE CARRY INDICATOR may be altered by this in-

struction, but has no significance.

If A and Q is more positive than the contents of EA THE OVERFLOW INDICATOR is not changed by
and EA + 1, then I=I and no skip occurs. this instruction,

“ EXAMPLES =

Assembler Language Coding Equivalent Machine Language Instruction
Label Operation FIT See | Hexadecimal Description Format
21 25| (27 30, (3233 RS 40 Note Value

L1 | IDCM, DISP | 1 BEXX | Compare A and Q with contents of CSL at EA (I + DISP)
L1 L1 S T T T I N B | and EA+1
N ch |ML I DI,SP 1 BIXX Compare A and Q with contents of CSL at EA (XR1+DISP) Short
111 111 ETSE U B A S B A and EA + 1 Instruction
L., | |OCM 2l D ISP 0 BAXX Compare A and Q with contents of CSL at EA (XR2+DISP)
| I - 1t | O T T SN N S B and EA + 1
L1 | IDCM, 3] DISP BBXX Compare A and Q with contents of CSL at EA (XR3+DISP)
L1 11 L1 § O O N I | and EA + 1
I | D :c IMI L A| D 1D 1R| 111 BCOOXXX Compare A and Q with contents of CSL at EA (Addr) and
L1 i1 Lt R B N 1 EA+1 Long
L i1, | IDCM | JLiI] IADDR, , 1 BDOOXXXX| Compare A and Q with contents of CSL at EA (Addr+XR1) | Instruction
| 11 [ SN B and EA + 1 Direct
111 1 ch |M| L 2 A| D 1 D|R| L 111 BEQOXXXX Compare A and Q with contents of CSL at EA (Addr+XR2) Addressing
S W JE | ! § OO N I O SO | and EA+1

|| DICIM L 3 Al DID IRl [ BFOOXXXX Compare A and Q with contents of CSL at EA (Addr+XR3)
[ | 111 T S T | and FA +1

14 1 ch IMI I A| D |D lRl [ BC8OXXXX Compare A and Q with contents of CSL at EA (V in CSL at
L1l L1l N A | Addr) and EA + 1 Long
R DCM Il A] D|D R | _BDSOXXXX | with contents of EA (Vin CSL at Instruction
111 L1 1 | S S N T I DA S | “Addr+XR1™Mand EA + 1 lndi:ect'
L. | |0CM 1)2] ADDR, , , ,, BESOXXXX | _Compare A and Q with contents of CSL at EA (VinCSLat | “4"*™
141 1 1 1 1 TR T N S A W I | “Addr+XR2™M and EA + 1
L1 11 chJMJ I 3 A|D |D IR' I - BF8OXXXX Compare A and O with contents of CSL at EA(VinCSLat |

[ | L1 T S N B B B | “Addr+XR3") and EA + 1

S =
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EXECUTE 1/0 (XIO)

i R SR R T FO RMATS AN R e S s g

[ 8

5 o oP F T AO Cond 15 0 Address 15

OOOOIII ]IOIOOOOOOI llllLllIlllllll

\ I\ S e e — e N e e N N
0 C-F Oor8 0 X X X X

17199 B

s R RO T L e ol

T R s o AL S G S R

The XI0 instruction is used for all input/output opera-
tions. The effective address (EA) of the instruction
specifies the core-storage location of an input/output

The EA of the XIO instruction must be an even
address. Thus, IOCC’s must also be located on even
address boundaries.

control command (IOCC). The I0CC specifies the
device to be selected, the function to be completed on
that device, and if necessary, the core storage location
associated with information sent to or received from the
selected device. IOCC’s are described in detail in the
“Input/Output Control” section of this manual. IOCC’s
for each specific device are included within the section
for that device.

No interrupts are polled during execution of an XIO
instruction. Therefore, no interrupt can occur immedi-
ately following an XIO instruction. (See “‘Interrupt”
section.)

THE CARRY AND OVERFLOW INDICATORS are
not changed by this instruction.

Assembler Language Coding Equivalent Machine Language Instruction
Operation| (F|T See | Hexadecimal Description Format
27 30 [32133 [35 a0 Note Value
X,1,0, D, ISP 4 iy 08XX ute 10CC in CSL at EA (1 + DI EA+
XI.0 I DISP 4 1, 09XX Execute I0CC in CSL at EA (XR1+DISP) and EA + 1 Short
X.1,0, 2| DISP 0AXX Execute I0CC in CSL at EA (XR2+DISP) and EA + 1 Instruction
XlI 101 3 DII 13 LFI L1 11 0BXX Execute IOCC in CSL at (XR3+DISP) and EA + 1
X,I,0, L ADDR, ., , ., neonewwy | Execute I0CC in CSL at EA (Addr) and EA + 1 Long
X 1,0, [ L]l ADDR, , , QDOOXXXX | Execute I0CC in CSL at EA (Addr + XR1) and EA + 1 Instruction
X,1,0, L2| |ADDR, | | OEQOXXXX |  Execute JOCC in CSL at EA (Addr+XR2) and EA + 1 Direct
X.1,0, Li3| JADDR 4 4 1y QF00XXXX | Execute IOGC in CSL at EA (Addr+XR3) and EA + 1 Addressing
x ! I 101 Al D L DIRL 141 11 QCBOXXXX Execute I0CC in CSL at EA (V in CSL at Addr) and EA + 1
XII lol I I ALD 1 D|R1 [ 0DBOXXXX Execute IOCC in CSL at EA (V in CSL at “Addr+XR1”)

111 O T T S O T and EA + 1 Long
X1.0, I2] ADDR, |, , | OEBOXXXX | Execute IOCC in CSL at EA (V in CSL at “Addr+XR2”) Instruction
L1 [ S ] and EA +1 Indirect
X.1,0, 13 ADDR , , | OF80XXXX | _Execute I0CC in CSL at EA (V in CSL at “Addr+XR3") Addressing

S| a1 and EA+]1




AVERAGE INSTRUCTION EXECUTION TIMES

The average time required to perform a given in-
struction is shown in Figure 8.

DATA ADDITION

The arithmetic section of the P-C performs addi-
tions in successive machine cycles that are 1/4 us
(2 or 2.25 us core storage) or 1/2 us (4 us core
storage) in duration. The number of machine cycles
required to complete the addition depends on the
numbers being added and the resulting carries. As
shown in Figure 9, the augend (A-register) and
addend (D-register) are exclusive ORed and ANDed
each machine cycle. The results of the exclusive
OR function are placed in the A-register. The re-
sults of the AND function are ignored except for any
carries that may occur. The carries are shifted one
position to the left and placed in the D-register.
(These bits represent carries that would result from
a normal binary add operation.) Each time a carry
occurs, another machine cycle is initiated in which
the A- and D-registers are exclusive ORed and
ANDed again. This process continues until there
are no further carries, at which time the correct
sum exists in the A-register.

The length of each carry chain depends on the
numbers involved and varies from 0 to 15, In
Figure 9, a carry chain of four (bit positions 2
through 5) caused five machine cycles. The first
four of these cycles were included in the core stor-
age cycle that read the addend from core storage.
Only carry chain lengths of four and greater cause
extra 1/4 or 1/2 us machine cycles.

Total Execution Time

Two core storage cycles are required in the
execution of an add instruction: one for instruc-
tion readout and effective address computation,
and one for data readout and data addition. Fig-
ure 10 is a sequence chart for the "average' add
operation in which the ‘F-bit is 0, the tag bits
are not both 0, and the carry chain length does
not exceed four. The sequence chart is for a

2 pus core storage system.

Instruction Execution Times

The times in the table below pertain to the 2 us core storage.

® Add 2 ps to execution times when indirect addressing is specified.
® Add 12.5% for 2.25 ps core storage or 100% for 4 ps core storage .

. F=0 F=1
Instruction
T=0 T#0 1=0 T#0
LD 4-1/4 4-1/4 6 6-1/4
STO 4-1/4 4-1/4 6 6-1/4
LDD 6-1/4 6-1/4 8 8-1/4
STD 6-1/4 6-1/4 8 8-1/4
A 4-1/2 4-1/2 6-1/4 61/2
S 4-1/2 4-1/2 6-1/4 6-1/2
AD 6-3/4 6-3/4 8-1/2 8-3/4
@ s 6-3/4 6-3/4 8-1/2 | 8-3/4
M 15-1/4 15-1/4 17 17-1/4
D 42-3/4 42-3/4 44 44-1/2
AND | 4-1/4 4-1/4 6 6-1/4
OR 4-1/4 4-1/4 6 6-1/4
EOR 4-1/4 4-1/4 6 6-1/4
e{asn 2 to 4-1/4 2 to 4-1/4 2to6 2to 6-1/4
BSC 2 2 2t04 | 210 4-1/4
o SLA 2+ N/4 2+ N/4 - -
SLT 2+ N/4 2+ N/4 - -
o SLCA | 2+ N/4 2-1/2+N/4 | - -
SLCAQ| 2+ N/4 2-1/2+N/4 | - -
© sra 2+ N/4 2+ N/4 - -
SRT 2 +N/4 2+ N/4 - -
O riE 2+ N/4 2+ N/4 - -
wAIT | 2 2 2 2
0O xio 6-1/4108-1/4] 6-1/4108-1/4] 81010 | 8-1/4t010-1/4
LDX 2-1/4 2-1/4 4-1/4 4-1/4
STX 4-1/4 4-1/4 6 6
MDX | 2-1/2 2-1/2 10-1/4 4-3/4
LDS 2 2 - -
STS 4-1/4 4-1/4 6 6-1/4
) {CMP 4-1/2 4-1/2 6-1/4 61/2
DCM | 6-3/4 6-3/4 8-1/2 8-3/4

o Execution times include an average add time of 2-1/4 ps,

9 If a skip or branch is not executed, the instruction performs as a
NOP with an execution time of 2.0 ps. If the skip or branch is
executed, the second execution time is applicable.

e N =P-4, where P is the number of positions shifted, and N must
be positive or zero.

o If T # 0 and more than four (4) shifts occur, then 1/2 ps is added
to the execution time as shown to restore the specified index
register from the shift counter.

e A shift of 1, 2, 3, or 4 positions requires 2 ps, with 1/4 ps added
for each additional shift position up to 15. Therefore, a shift of
5 positions takes 2,25 ps, a shift of é positions takes 2.5 ps,
etc., up to 15 positions which takes 4,75 ps.

A shift of 16, 17, 18, or 19 positions requires 2.25 ps, with

1/4 ps added for each additional shift position up to 31.
Therefore, a shift of 21 positions takes 2.5 ps, a shift of 22
positions takes 2.75 ps, etc., up to 31 positions which takes 5 ps.

e The longer times apply to read and write functions, the shorter
times to all other functions.

Figure 8. Instruction Execution Times, Average
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Data Addition

Mecbing ALIGEND (A-reg) and ADDEND (D-reg) Contents
Cycles 0123456789 10111213 1415
AO ol1l10111000 1 1.1V 0 1 O
D0 1111001100 0 1 1 1V 0 1
*First Ay 1001110100 1 0 0 1 1 1
D] 1100010000 1 1 0 0 O O
*Second | Ay 0101100100 0 1 0 1 1V 1
D2 000010000t O 0 0O O 0O
*Third Az 0101000101 0 1 0 1V 1 1
D3 0001000000 0 0 0 OO0 O
*Fourth A4 0100000101 0O 1 O 11
D4 0010000000 0 0 0 0 0O
**Fifth 'A5 0110000101 0 1 0 1 11
DS 0000000000 0 0 O 0 OO0
* Occurs during the 2, 2.25, or 4 s core storage cycle
required to read the addend from core storage.
** Extra 1/4 or 1/2 ps machine cycle.
Figure 9. Data Addition Example
First 2 ps Core 2 s .
Storage Cycle ! ‘
| 1
Instruction Readout : 1 us i
and Interpretation ’F__‘ |
| 3
Effective Address ! !
1-1/4
Computation : ._/-P-S—q
1
|
Second 2 ps Core " ! 2 s
Storage Cycle i !
| ! |
: ! 1 us :
| ]
Data Readout | .;_( .
|
| |
|
|
|
|
I

Total Time

b 4-1/2 s ———————————

*Cycle steals can occur here without stopping effective
address computation or data addition.

Figure 10. Add Instruction Sequence Chart
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Carry Chain Probability Cumulative Time
Length (%) (%) (ps)
0 1.3363 1.3363 2.00
] 9.8892 11.2255 2.00
2 27.0115 38.2370 2.00
3 27.7178 65.9548 2.00
4 17.3702 83.3250 2.25
5 8.9237 92.2487 2.50
6 4.2404 96.4891 2.75
7 1.9485 98.4376 3.00
8 0.8789 99.3165 3.25
9 0.3906 99.7071 3.50
10 0.1709 99.8780 3.75
n 0.0732 99.9512 4.00
12 0.0305 99.9817 4.25
13 0.0122 99.9939 4.50
14 0.0046 99.9985 4.75
15 0.0015 100.0000 5.00

17445A

Figure 11. Mathematical Analysis of Addition of all
Possible Number Pairs

Time Probabilities for Data Addition

Figure 11 shows a mathematical analysis of all
possible number pairs that can be added with the
A- and D- registers.

THE CARRY CHAIN LENGTH column lists all pos-
sible carry chain lengths up to the maximum of 15.

THE PROBABILITY column contains percentage
figures which are related to the carry chain length.
For example, a carry chain length of four occurs
during 17.37% of all add operations.

THE CUMULATIVE column is merely a progressive
summation of the probability percentages. For ex-
ample, 83.32% of all add operations involve carry
chain lengths of four or less. Incidentally, this
relationship is the basis for the average execution
time given in this section for add instructions.

THE TIME column shows the time required for
data readout and data addition (see Figure 10) with

a 2 ug pcore storace cvetam

The avaraocs data
a & US Core Siorage Sysiem.

440 avllagl Gaca

readout and data addition time for adding all possible
numbers at random is 2.16 us.




Input/output (I/0) operations transfer information
between core storage and I/O devices. Input/output
devices include card read punches, magnetic tape
units, disk storage devices, printer-keyboard de-
vices, printers, plotters, communications devices,
and process control equipment. The 1800 also has
features that are internal to the processor-controller
(P-C) but are considered 1/0 devices by the pro-
gram. These features include the P-C console, the
interval timers, the operations monitor, and the
interrupt mask register.

1/0 device operations are controlled by adapt-
ers. Each I/0 device has its own adapter. This
adapter may be separate from the I1/0 device or
included as an integral part of the 1/O device. For
example, the 1443 Printer has a separate adapter;
the 1810 Disk Storage contains its own adapter. In
any case, the adapter provides the logical and buf-
fering capabilities needed to operate its specific
1/0 device. From a programming point of view,
most adapter functions merge with 1/0 device func-
tions.

With the exception of internal 1/0O devices, each
1/0 device adapter has standard signal connections
to the P-C and responds to a standard set of signals
from the P-C. This "I/O unit to P-C' connection is
called the 1/0 interface. It enables the P-C to con-
trol all 1/O operations with a common set of instruc-
tions.

INPUT/OUTPUT CONTROL COMMANDS

The 1800 system uses the execute I1/0 (XIO) instruc-
tion to control all I/O operations. The effective
address (EA) of the XIO specifies the core storage
location of a two-word input/output control command
(IOCC). The IOCC specifies the device to be selec-
ted, the function to be performed with the selected
device, and if necessary, the core storage location
associated with information sent to or received from
the selected device.

Execution of the XIO instruction causes the
IOCC to be read from core storage and the function
specified is performed on the selected device. The
basic format of an IOCC is shown in the following
illustration,

Input/Output Control

0 15 0 4 8 15

]

————— o ——— [_/ —~— —— e ———
Address ‘ Area  Function Modifier
Even Location } QOdd Location
(EA) (EA+Y)
Area

The five-bit area field specifies the device to be
used in the I/0 operation. In some cases, the area
code may represent a group of devices, such as
magnetic tape units or printer-keyboards. In these
cases, the modifier field specifies the particular
device within the group.

Area codes are preassigned to each type of 1/0
device that can be ordered for the 1800 system. A
list of these devices and their respective area codes
is shown in Figure 12.

Function

The three-bit function field specifies the primary
function or operation to be performed. Eight pri-
mary I/0 function codes are provided; these are
explained next.

000 -- CUSTOMER ENGINEERING (CE) MODE: This
function code is used to remove an 1/0 device from
on-line status and place it in CE mode, or vice
versa.

001 -- WRITE: This function code causes a single
word to be transferred from core storage to an 1/0
device. The core storage location of the single word
is specified by the IOCC address word. The current
contents of the accumulator are destroyed by execu-
tion of a write function. It is the programmer's re-
sponsibility to save the accumulator contents, if
necessary.

010 -- READ: This function code causes a single
word to be transferred from an 1/0 device to
core storage. The core storage location is
specified by the IOCC address word. The cur-
rent contents of the accumulator are destroyed

by execution of a read function. It is the
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Area Coae
1/O Device

Decimatl | Binary
Console Operations 0 (00000)
1816/1053 Printers (first 4) 1 (00001)
1442 Card Read Punch (first) 2 (00010)
1054/1055 Paper Tape Units 3 (00011)
1810 Disk Storage (first drive) 4 (00100)
1627 Plotter 5 (co101)
1443 Printer 6 (00110)
2790 Adopter (first) 7 (00111)
1810 Disk Storage (second drive) 8 (01000)
1810 Disk Storage (third drive) 9 (01001)
Analog Input 10 (01010)
Digital Input (Digital and Pulse Count) 1 (01011)

Digital and Analog Output
(DO, ECO, RO, AOQ) 12 (01100)
System/360 Adapter 13 (01101)
2401,/2402 Magnetic Tape Units 14 (01110)
1816/1053 Printers (second 4) 15 (01111)
Analog Input Expander 16 (10000)
1442 Card Read Punch (second) 17 (10001)
Selector Channel 18 (10010)
2790 Adapter (second) 19 (10011)
Comm Adapter (fourth) 20 (10100)
Comm Adapter (first) 21 (10101)
Comm Adapter (second) 22 (10110)
Comm Adapter (third) 23 (101171)

Figure 12. Area Codes

programmer's responsibility to save the accumula-
tor contents, if necessary.

011 -~ SENSE INTERRUPT: This function code
causes the interrupt level status word (ILSW) of the
highest priority interrupt level requesting service
at the time the IOCC is issued to be loaded into the

accumulator. It is the programmer's responsibility

to save the current contents of the accumulator, if
necessary. Sense interrupt function is common to
all 1/0 devices; therefore, no area code need be

specified.

100 -=- CONTROL: This function code causes the
selected device to interpret the modifier and Jor
address field as a specific control action.

101 -- INITIALIZE WRITE: This function code
initiates a write operation with a device that will

ubsequently transfer data from core storage via a

a L0 COIT SLlIay
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data channel. The IOCC address word specifies the
starting core storage address of a table that contains
data words and control information.

110 —- INITIALIZE READ: This function code initi-
ates a read operation with a device that will sub-
sequently transfer data to core storage via a data
channel. The IOCC address word specifies the
starting core storage address of a table that contains
control information and reserved locations for the
data words read.

111 -- SENSE DEVICE: This function code causes
the device status word (DSW) of the selected device
to be loaded into the accumulator. It is the program-
mer's responsibility to save the current contents of
the accumulator, if necessary. If IOCC modifier bit
15 is on, all program resettable indicators in the DSW
sensed are reset.

Not all I/0 devices respond to all eight function
codes. The function codes to which a particular
device responds are described in the section for
that device. Appendix B contains a consolidated
listing of area, function, and modifier combinations
for all devices.

Modifier

The eight-bit modifier field provides further defini-
tion, if necessary, for either the function code or
area code. For example, if the area code specifies
a 1443 Printer, and if the function is initialize write,
then a particular modifier code specifies the sup-
press-space operation. In this case, the modifier
field extends the function.

However, if the area code specifies a group of
1/0 devices (such as 1053 Printers), and if the func-
tion is write, then the specific printer within the
group is indicated by the modifier field. In this case,
the modifier field extends the area code.

Address

The 16-bit address word has various uses, as deter-
mined by the IOCC function code. For example:

1. With a function of initialize write or initialize
read, the address word specifies the starting
address of a table in core storage.

2. With a function of control, the address word
may further define the function code or may
be ignored, depending on the particular de-

vice.



3. With a function of write or read, the address
word specifies the core storage address of the
data word.

4. With a function of sense interrupt, sense device,
or CE mode, the address word is ignored.

DIRECT PROGRAM CONTROL

Direct program control (DPC) is one of two basic
methods used to control data transfer between core
storage and I/0 devices, the second method being
data channel control. Under direct program control,
individual characters or data words are transferred
at a rate controlled by the program and the maxi-
mum speed of the I/O device. Each character or
data word is transferred to or from core storage
by means of a separate XIO instruction. Data
transfer is continued on a character-by-character
or word-by-word basis by the program in response
to interrupt requests from the 1/0 devices. The
following steps are performed by the program for
each interrupt:

1. Branches to an 1/O routine where an XIO is
executed to transfer the next data word.

2. Turns off the interrupt request.

3. Branches back to the mainline program.

Devices operating under direct program con~
trol are relatively low-speed devices and include:

1053 Printer.

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

1816 Printer-Keyboard.

Some devices operate under direct program control
or data channel control, depending on the system
configuration. These devices include:

Analog input.
Analog output.
Digital input.

Digital output.

Direct Program Control Operation
Figure 13 illustrates direct program control opera-

tion. The numbered steps that follow correlate with
the circled numbers in Figure 13.

1. AnXIO instruction is read from core storage
for execution.

2. The effective address (EA) of the XIO is devel-~
oped in the A-register and transferred to the
storage address register (SAR). The EA is
the address of the IOCC.

3. SAR bit position 15 is forced on to select loca-
tion EA+1, which contains the IOCC area code,
function code, and modifiers.

4. Area code, function code, and modifiers are
transferred to the device specified by the area
code via the out bus.

5. SAR bit position 15 is turned off to select loca-
tion EA, which contains the IOCC address word.

6. The IOCC address word is transferred to the
B-register. If the function is control, the
address word is sent to the device via the out
bus. If the function is read or write, the ad-
dress word is sent to the SAR.

7. If the function is read or write, SAR addresses
the core storage location to or from which data
is transferred.

Immediately following the one-word transfer to
or from core storage, the XIO is terminated and the
next sequential instruction is executed. Normally,
several data words must be transferred to complete
message transfer. This is accomplished by recogni-
tion of a device interrupt each time the device is
ready to send or receive a data word. P-C recogni-
tion of the interrupt causes a branch to a program
subroutine associated with the device interrupt. The
interrupt subroutine includes the XIO to read or write
the next data word. This subroutine must also
modify the address portion of the IOCC for the next
data word, perform a table look-up for translation of
the device character if required, and maintain a pro-
gram word count to indicate the end of message if
necessary.

The exit from the interrupt subroutine must be
accomplished with a branch-out-of-interrupt (BOSC)
instruction. This operation restores the interrupt
circuitry so that future interrupt requests at the
same or lower priority levels can be acknowledged.

Device Busy

It is possible for the program to issue an XIO to a
device that is busy responding to a previous XIO.
Each device that could be placed in this situation
provides a busy indicator in its device status word
(DSW). This indicator signals that the device cannot
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Figure 13. Direct Program Control Operation

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 indication is given to
signal incorrect use of the device.

DATA CHANNEL CONTROL

Data channels provide a method of controlling data
transfer between core storage and 1/0 devices
without requiring execution of an XIO instruction to
effect transfer of each data word. A data channel is
initialized for a data transfer operation with a
single XIO instruction. The XIO specifies the
location of a data table in core storage and, if

56

L SAR I I I B-Register J
In Bus
To Input
2 _$  Devices
[ orww ]
D-Register
4 Out Bus To Output
S Devices
@ v
I A-Register —J

necessary, the number of words associated with the
data transfer operation. The data channel then
takes control of the data transfer operation while
program execution resumes.

The data channel has priority over program ex-
ecution to the extent that when an 1/O device is ready
to send or receive a data word, the data channel has
the ability to suspend instruction execution, if nec-
essary, while the data word is transferred to or
from core storage. This transfer normally takes
one core storage cycle (2, 2.25, or 4 us) and is
referred to as a cycle steal. As soon as transfer of
the data word is completed, instruction execution
resumes if it was suspended for the data transfer.

A data channel transfer operation may occur at
the end of any core storage cycle and does not require



that an instruction in progress be completed. P-C
data or logical conditions are not disturbed during
data transfer via a data channel except for the core
storage locations receiving data from an input de-
vice.

Three data channels are standard features of
the 1800 system; 12 more are available on an indivi-
dual basis. Thus, it is possible to have more than
one data channel attempting data transfer at the same
time. When this occurs, the data channels are
serviced according to their assigned priority. This
data channel priority is not related in any way to the
interrupt feature.

The maximum time before the highest priority
data channel is serviced is 2.25, 2.50, or 4.50 us,
depending on core storage cycle time. If more than
one data channel requests data transfer, instruction
execution is suspended until all requesting data
channels have been serviced.

Devices operating under data channel control
are relatively high-speed devices and include:

1442 Card Read Punch.

1443 Printer.

1810 Disk Storage.

2401/2402 Magnetic Tape Unit.
2790 Adapter.
Communications adapter.
Selector channel.

System /360 adapter.

Some devices operate under direct program control
or data channel control, depending on the system
configuration. These devices include:

Analog input.
Analog output,
Digital input.
Digital output.

Data channel devices are initialized with a sin-
gle XIO initialize read or XIO initialize write.
After a data channel device is initialized, the pro-
gram is released for other processing.

Data Channel Functional Components

CHANNEL ADDRESS REGISTER (CAR): CAR is a
16-bit register used to store the core-storage ad-
dress of the next word that will be addressed during
an operation with its associated data channel. Each
data channel has its own CAR and is assigned to an
1/0 device. A data chamnel and its associated CAR

are selected when the assigned I/O device is ad-
dressed by the IOCC area code and modifiers.

CHANNEL ADDRESS BUFFER (CAB): CAB is a 16-
bit register that is used by all CAR's to address

core storage. When a data channel operation occurs,
the CAR for the requesting data channel is trans—
ferred to CAB to address core storage. While CAB
is addressing core storage, CAR is usually increased
by 1 in preparation for the next data transfer.

Channel Address Register Checking

A CAR check 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 is per-
formed in one of two ways, depending on whether the
1/0 device is capable of chaining data tables.

Non-chaining devices are:

1442 Card Read Punch.
1443 Printer.

1810 Disk Storage.
2790 adapter.

Selector channel*

Chaining devices are:

2401/2402 Magnetic Tape Unit.
Analog input.

Analog output.
Communications adapter.
Digital input.

Digital output.

System /360 adapter.

A CAR check is made for all devices after the
IOCC address word is transferred to the selected
CAR. A bit-by-bit comparison 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 occurs. This error ter-
minates subsequent data channel operations for the
assigned 1/O device and initiates an internal inter-
rupt. The I/O device cannot request a data channel
operation until the interrupt level status word for
the internal interrupt level is sensed and the 1/0
device is reinitialized by another XIO.

Another CAR check is made for chaining devices
each time the 1/0 device chains to a different data
table. The CAR check at the beginning of the second
data table and in all subsequent data tables in the

*Data chaining with the selector channel is accomplished through
use of channel command words as described in the “Selector
Channel” section,
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chain is accomplished as fellows: The first word of
the data table (second data table, third data table,
and so on) must contain its own address. After the
first word of the data table is addressed, a bit-by-
bit comparison is made between the contents of the
selected CAR and the B-register. If any of the
corresponding bits are not equal, a CAR check error
occurs. Subsequent data channel operations are
terminated, and a bit is set in the device status word
for the device.

1/O Device Functional Components

WORD COUNT REGISTER: A word count register is
provided in each of the following I /O devices as-
signed to a data channel:

1810 Disk Storage.

2401/2402 Magnetic Tape Unit.
Analog input.

Analog output.

Digital input.

Digital output.

System /360 adapter.

The word count register is loaded with the contents
of the word count portion (bit positions 2 through 15)
of the data table and is decreased by 1 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. For 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.

BYTE COUNT REGISTER: A byte count register is
provided in each of the following devices assigned to
a data channel:

Communications adapter (each line adapter).
Selector channel.

The byte count register for each line adapter is

the count represents the number of character loca-
tions 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 speci-
fied in the channel command word and usually de-
creased by 1 each time a byte is transferred from or
to core storage. (See ''Selector Channel" for de-
tails.)
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The following table gives the word or byte count
capacities for all data channel devices requiring
word or byte count control:

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 Adaopter 14 2-15 16,383

23409C

SCAN CONTROL REGISTER: A scan control regis-
ter is provided in each device that has chaining
capabilities. Scan control bits must be stored in the
first word (bit positions 0 and 1) of the first data
table and in the second word (bit position 0 and 1) of
the second and all subsequent data tables in a chain.
The following is a list of the devices that have a scan
control register:

2401/2402 Magnetic Tape Unit.

Analog input.

Analog output.

Communications adapter (each line adapter).
Digital input.

Digital output.

System/360 adapter.

The scan control register controls 1/0 device
and data channel operation at the end of the data
table as follows:

Bit 0 Bit1l

0 0 Perform single scan of data
table and stop with an interrupt.

0 1 Perform scan of data table and
stop (no interrupt).

1 0 Perform continuous scan of this
data table or subsequent data
table; cause an interrupt at the
end of this table.

1 1 Perform continuous scan of this

data table or subsequent data

table; cause no interrupt.




Data Chaining

When a continuous scan is indicated by the scan con-
trol register in a device having chaining ability, the
device automatically requests three data channel
cycles after the word count has been decreased to

0. The first data channel cycle is used to trans-
fer the word following the data table to the selected
CAR. The address in this word is the address of
the next data table. The second cycle addresses

the first word of the new data table and performs a
CAR check using the contents of this word. There-
fore, the first word of the second data table must
contain its own address. The third cycle addresses
the second word of the data table and transfers it to
the device. This word contains the scan control bits
and word count for the data table. The I/0 device is
then ready for independent data channel operation.

In this manner, the data channel can be used to
implement a scatter read /write mode; that is, data
from various core storage locations can be trans-
ferred with one continued operation. This method
of using the data channel 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 using the highest
priority data channel. It may be greater than this
for devices using lower priority data channels, de-
pending on whether they must wait for higher prior-
ity data channel operations to be completed.

Data Channel Operation

Figure 14 illustrates the basic concept of data chan-
nel operation. All devices assigned to data channels
use this basic concept, except for the selector chan-
nel and 2790 adapter. Concepts for these devices
are presented in their respective sections of this
manual.

The numbers that follow correlate with the
circled numbers in Figure 14.

1. AnXIO is read from core storage for execution.

2. The effective address (EA) of the XIO is devel-
oped in the A-register and transferred to the
SAR. The EA is the address of the IOCC.

3. SAR bit position 15 is forced on to select loca~
tion EA+1, which contains the IOCC area code,
function code, and modifiers.

4. Area code, function code, and modifiers are
transferred to the device specified by the area
code via the out bus.

5. SAR bit position 15 is turned off to select loca~-
tion EA, which contains the IOCC address word.

6. The address word is transferred to the CAR for
the selected data channel and device. The pro-
gram is now released for other processing.

7. A CAR check is made between the selected CAR
and the B-register.

8. The device requests a data channel operation
that causes CAR to transfer to CAB. CAB ad-
dresses core storage while CAR is increased
by 1.

9. The first word of the data table is transferred to
the I/0O device. This word contains the scan
control bits (bit positions 0 and 1) and word count
(bit positions 2 through 15). This completes the
first data channel operation.

10. When another data channel operation is requested,
CAR (increased in step 8) transfers the next
higher address to CAB. CAB addresses core
storage while CAR is increased by 1.

11. The first data word is transferred to or from the
1/0 device via the out bus. The word count
register in the I/0 device is decreased by 1, thus
completing the second data channel operation.

Steps 10 and 11 are repeated each time the device
requests another data channe! operation. Between
data channel operations, the P-C continues program
execution. With each data transfer, CAR is in-
creased by 1 and the word count is decreased by 1.
This sequence continues until the last word of the
data table is transferred. The last word is sensed
by the word count reaching 0 or through some
indicator in the device. If the device does not have
chaining ability, no more demands for data transfer
are made until the device is reinitialized with another
XIO.

If the device has chaining ability and the scan
control bits indicate a continuous scan, the device
automatically requests three data channel operations
to implement chaining to the next data table. The
following numbered steps describe the chaining
sequence and correspond to the circled numbers in
Figure 14.

12. During the first data channel operation, the word
following the last data word in the first table is
transferred to the selected CAR. This word
must contain the next table address.

13. When the next data channel operation is re-
quested, CAR transfers its contents to CAB to
address core storage.

14. The first word of the next data table is trans-
ferred to the B-register. This word must con-
tain its own address.
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15. A CAR check is made between the contents of
the selected CAR and of the B-register. CAR
is increased by 1.

16. When another data channel operation is request-
ed, CAR transfers the next higher address to
CAB. CAB addresses core storage while CAR
is increased by 1.
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17. The scan control bits and word count are trans-
ferred to the 1/0O device. This completes the
- chaining operation.

The data channel and device are now ready for con-
tinued data transfer operations via the data channel.
Each time a data word is transferred, CAR is



increased by 1 and the word count is decreased by 1.
This sequence continues until the word count reaches
0. When the word count reaches zero, operation
continues in the manner indicated by the scan con-
trol bits for the current data table.

Data Overrun

A device operating asynchronously to the program
could request data transfer but not receive service
in the time alotted by the device because of other,
higher priority devices. This condition, data over-
run, can occur with both input and output devices.
Devices with the potential for data overrun provide
an indicator in their device status words to enable
the program to detect this condition.

Data Channel Assignment

Data channels are assigned specific priorities in
order to establish a sequence for servicing them
when more than one data channel is attempting data
transfer. Data channel 1 has the highest priority,
and the order of the priority follows the numeric
sequence of the data channel numbers, with data
channel 15 having the lowest priority.

When a system is ordered, the various devices
and features desired are automatically assigned to
data channels according to the intrinsic data rates
and operational characteristics of those devices and
features. The following is a listing of the devices
and features in the sequence that they are assigned
to data channels. The first system-included device
encountered in the list is assigned to data channel 1.
Each subsequent device in the system configuration
is normally assigned to the next sequential data
channel.

Selector channel.
2401 model 3.
2401 model 2.
1810 - drive 1.
1810 - drive 2.
1810 - drive 3.
2401 model 1.
1442 (first).
1442 (second).
2790 adapter 1.
2790 adapter 2.
Analog input basic data channel adapter 2
(1801/2) .

Analog input basic data channel adapter 1
(1801/2) .

Analog input expander data channel adapter 2
(1826).

Analog input expander data channel adapter 1
(1826).

1443.

CA line adapter 1.

CA line adapter 2.

CA line adapter 3.

CA line adapter 4.

CA line adapter 5.

CA line adapter 6.

CA line adapter 7.

CA line adapter 8.

System/360 adapter.

Digital - analog output.

Digital input.

A different set of data channel assignments can be
obtained upon request if unique requirements dictate
different priorities. When changing data channel
assignments from the normal priorities, the follow-
ing considerations are important:

1. Assigning high intrinsic data rate devices such
as the selector channel, 2401/2402, and 1810
to data channels with lower priorities than those
specified in the preceding list may affect optimum
performance in overlapped operations and re-
sult in random overrun conditions.

2. If two data channels are assigned to an analog-
to-digital converter (random or comparator),
analog input data channel adapter 2 must have a
higher priority than analog input data channel
adapter 1.

3. If the priority of the data channel assigned to a
device is lower than the priority of a data chan-
nel assigned to digital input or digital output,
then the device may become locked out during
data channel operations with large data tables.
This problem can be partially alleviated by using
smaller data tables.

Two or more devices can share a data channel if
desired, but concurrent operation of two devices
sharing a data channel is not possible. When sharing
data channels programming considerations and phys-
ical wiring limitations should be considered. IBM
systems programs assume that no devices share data
channels. The physical wiring limitations are pre-~
sented in the 1800 Data Acquisition and Control Sys-
tem Configurator, Order No. GA26-5919.
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Input /output operations using devices under direct
program control are terminated when the device
completes the single function requested by the pro-
gram.

Data channel 1/0 operations are terminated when
the end of the last core storage data table is reached
and chaining is not specified.

INPUT/OUTPUT INTERRUPTS

Interrupts from 1/0 devices may occur because of
completion of an I/0 operation, certain error con-
ditions, or operator intervention at the 1/0 device.
These interrupts allow the P-C to provide the proper
programmed response to conditions that occur in
1/0 devices.

Conditions responsible for 1/0 interrupt re-
quests are preserved in the device status word for
each 1/0 device until they are reset by an XIO sense
device with reset (modifier bit 15 on) from the pro-
gram. Interrupt philosophy and device status word
are explained in detail under "Interrupt".

ONLINE DIAGNOSTIC CONSIDERATIONS

The 1800 system provides a means for limited
online diagnosis of problems occuring in most
data processing and communications 1/0 features
without interrupting customer operations. Such
online diagnosis is limited to causes in which it
will not affect user operations. In any case,
the user will be notified when any online diag-
nosis is performed.

The feature that makes this service approach
possible is CE core storage. CE storage pro-
vides the customer engineer (CE) with storage
for the necessary programs and data for online
diagnosis. CE storage design precludes altera-
tions of main core storage during service or
diagnostic operations. CE storage programs
cannot read or write in main core storage. How-
ever main core storage programs can read or
write in CE storage. Addresses for CE storage
locations are shown in the following illustration.
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System Storage n 8k Increments

Tst | 2nd | 3ed | 4th | 5th | 6th | 7th | 8th

0000 | 2000 {4000 | 6000|8000 | AOOO|CO00 | EQOO

e LA

Z‘;:Jge OOFF | 20FF | 40FF | 6OFF [8OFF | AOFF |COFF | EOFF
ress
in 1100 | 3100[5100 | 71009100 | 8100 [D100 | F100

Hex

VIFF | 31FF |51FF | 71FF |91FF | BIFF |DIFF | FIFF

CE storage is accumulative with each 8k increment.
For example, a system with three 8k increments contains
CE storage shown by shaded area.

To assist CE's in maintaining complex 1/0 de-
vices such as the communications adapters (CA's),
2790 adapters, and selector channel, the Multipro-
gramming Executive (MPX) Operating System ac-
cumulates the following error information:

1. Error logs for CA's, 2790 adapters, and selec-
tor channel.

2. Tables of error statistics for each CA line adapt-
er.

3. A CA trace buffer.

These error logs and statistics are invaluable aids in
online diagnosis and substantially reduce the time
required to service these devices. If a 2790 system
is used with the 1800 system without the associated
MPX error logging support, the customer must be
prepared to relinquish the 1800 system for offline
diagnosis and maintenance of the 2790 system. In
addition, provisions for error logging as a diagnostic
aid should be included in the customer programs.
MPX maintains the error logs and statistics
tables in CE storage on a real-time basis. Seven
modified instructions are used by MPX to maintain
the error information in CE storage. The instruc-
tions are described in the following paragraphs.

Load Accumulator (LD)

o OP «F T =AEO Cond 150 Address 15
[Tlljolololll i I]llolololololol | W D U S S N | 1 1 11 1 1 I—‘
C 4-7 40 C 0 X X X X

0 EA 15
eamustbe |, 000, ]|
X Oorl X X



DESCRIPTION: The contents of the CE storage lo-
cation 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 stor-
age addresses.)

INDICATORS: The carry and overflow indicators

are not changed by this instruction.

Load Double (LDD)

1,8

o OP 4 F T AO Cond 150 Address 15
’1|1|o_011|1| . I lllO‘OAOIOIOIO] oy ‘J
C C-F 4orC 0 X X X X

0 EA 15
EAmstbe | 000
X Oorl X 0-E

DESCRIPTION: The contents of the CE storage lo-
cation specified by the effective address (EA) of the
instruction and the next higher CE storage location
(EA+1) are loaded into the accumulator (A) and its
extension (Q), respectively. 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 A and Q. The contents of CE stor-
age are unchanged. Indexing and indirect addressing
are performed in the same manner as with normal
instructions. (Indirect addressing uses main stor-
age addresses.) '

INDICATORS: The carry and overflow indicators
are not changed by this instruction.

Store Accumulator (STO)

o OF +F T 'AB0 cCond 1o Address 15
haoaol] | hlooooool . L., ,]
D 47 4aC O X X X X

0 EA 1]
EAmustbe | 000 j
X  Oorl X X

DESCRIPTION: The contents of the accumulator (A)
replace the contents of the CE storage location speci-
fied by the effective address (EA) of the instruction.
The contents of A are unchanged. Indexing and in-
direct 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 Double (STD)

o Op 4 F 1 'A0 cond 1o Address L
R 8 1 X
D C-F  4orC 0 X X X X

o EA 15
EA must be l. L, 000 1°J
X  Oorl X 0-f

DESCRIPTION: The contents of the accumulator (A)
and its extension (Q) are stored at the CE storage
location specified by the effective address (EA) of
the instruction and the next higher CE storage loca-
tion (EA+1), respectively. The EA of the instruction
must be an even address. If the EA is odd, the con-
tents of A are stored at the EA, and the contents of
Q will not appear in CE storage. The contents of A
and Q remain unchanged. Indexing and indirect ad-
dressing 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 OF «F T 'A%0 Cond o Address s
|1|111|001| |l1|oooooo |
1 1 1 1 1 1 1 WO WD SR S N W U T N W S SN SN N |
E 47 4xC 0 X X X X
0 EA 15
EA must be l 000 I
F S T T Y T . 1 i L L 1 1 1 i1
X Oorl X X
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DESCRIPTION: The contents of the CE storage lo-
cation specified by the effective address (EA) of the
instruction are ANDed bit by bit with the contents of
the accumulator (A). The result replaces the con-
tents of A, and the CE storage location remains un-
changed. Indexing and indirect addressing are per-
formed in the same manner as with normal instruc-
tions. (Indirect addressing uses main storage
addresses.)

INDICATORS: The carry and overflow indicators
are not changed by this instruction.

Logical OR (OR)

0 OP 4F T 'A°O  Cond 150 Address )
hovorfi[ [[Jeeoooo |
E C-F 4o C 0 X X X X

0 EA 15
EA must be lilI . .O.OAO. 4 .]
X Oor 1 X X

DESCRIPTION: The contents of the CE storage lo-
cation specified by the effective address (EA) of the
instruction are ORed bit by bit with the contents of
the accumulator (A). The result replaces the con~
tents of A, and CE storage remains unchanged.
Indexing and indirect addressing are performed in
the same manner as with normal instructions. (In-
direct addressing uses main storage addresses.)

INDICATORS: The carry and overflow indicators
are not changed by this instruction.

Logical Exclusive OR (EOR)

1,B

0o OP 4F T A0 Cond 150 Address 15
[‘.‘,".‘.OM N ] I]|O.0.0.0.0.0! a4 LJ
F 4-7 4oC 0 X X X X

° EA 15
EA must be [ . iOiOAO ......... I
X Oorl X X

DESCRIPTION: The contents of the CE storage lo-
cation specified by the effective address (EA) of the
instruction are exclusive ORed bit by bit with the

contents of the accumulator (A). The result replaces
the contents of A, and CE storage remains unchanged.
Indexing and indirect addressing are performed in

the same manner as with normal instructions. (In-
direct addressing uses main storage addresses.)

INDICATORS: The carry and overflow indicators are
not changed by this instruction.

Customer Engineering Mode

A CE diagnostic program can enable or disable CE
mode in an I/0 device by executing an XIO instruc-
tion. The IOCC referenced by the XIO must contain
the area code of the device to be placed in CE mode
and a function of 000. CE mode is enabled if IOCC
modifier bit 15 is on and disabled if modifier bit 15
is off.

When a device is in CE mode, its device status
word (DSW) is altered to make the device appear not
ready and not busy, which is offline status. The true
status of ready and busy is located elsewhere in the
DSW and is used for diagnosis.

Interrupts from a device operating in CE mode
occur on the CE interrupt level and not on the nor-
mal assigned interrupt level of the device. Because
CE interrupt level is the lowest priority level,
service programs are executed only when main
storage programs are not operating on interrupt
routines.

Once a CE interrupt is recognized, all subse-
quent interrupts (except internal) are effectively
masked until a branch out of CE interrupt (BOSC) is
executed by the CE program. However, if an in-
ternal interrupt occurs while a CE interrupt is
being serviced, the CE interrupt is reset and the
program branches to the main storage program in-
ternal interrupt routine. Upon completion of the
routine, instead of returning to CE storage, the
program branches to the corresponding main storage
address. Thus, a branch out of the internal inter-
rupt routine returns to an address undefined by the
program if the internal interrupt routine is entered
by interrupting a CE program. However, most pro-
gramming systems provide a restart procedure for
internal interrupts.

The programmer should realize that a CE ser-
vice program can possibly cause an interrupt from
a wait instruction in main storage. When this occurs,
the branch out of the CE interrupt program will be
to the instruction following the wait instruction.



CE interrupt utilizes core storage locations
/0001, /0002, and /000A. A CE interrupt stores
the contents of the instruction (I) register at loca-
tion /000A in main storage (even if this location is
storage protected) and branches to location /0001

in main storage or location /0001 in CE storage,

depending on the position of the aux/main switch on
the CE panel. A branch out of CE interrupt returns
indirectly to the main storage program via location

/000A .

Input /Output Control
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Interrupt

To allow for coordination of overlapped 1/0O operation
and provide for a smooth flow of productive proc-
essing, a method of switching from one program
routine to another is necessary. For this purpose,
the 1800 includes an interrupt feature.

The interrupt feature provides an automatic
branch from the normal program sequence. The
branch is caused by an external or internal condition.
Examples of conditions which would normally be used
to cause interrupts are:

e An external process condition that requires an
immediate change in program execution has
been detected.

e A device, such as the printer-keyboard, has
completed the transfer of a character and now
requests the next character.

o A magnetic tape unit initialized and selected on
a data channel has completed the required data
transfer and signals the processor-controller
with a scan complete.

® An interval timer has concluded the recording
of a preset time interval.

e An undefined operation code has been detected
during instruction readout and therefore cannot
be executed.

INTERRUPT PHILOSOPHY

Because of the large number and widely varying
types of interrupt requests, it is often not practical
to cause a branch to a unique address for each re-
quest. For the same reason, it is frequently not
desirable to use only one branch address for all in-
terrupt requests and to require the program to

determine the individual request(s) requiring service.

=AY Ny N e SLE o i =8 LY os 1B reguiniy

Therefore, it is expedient to group individual re-
quests into a lesser number of priority levels. This
accomplishes two functions. First, it allows all in-
terrupt requests common to a specific interrupt level
to have the privilege of interrupting immediately if
the only other requests present are of a lower prior-
ity level. Conversely, it permits interrupt requests
connected to a higher priority level to temporarily
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terminate servicing on a lower level and immediately
interrupt to the higher priority level. Service is re-
turned to the initial request only after all higher level
requests have been serviced. Second, because a
unique branch can be defined for each interrupt prior-
ity level, many interrupt requests can be assigned to
a common priority level and be serviced by a common
interrupt subroutine.

OPERATING CHARACTERISTICS

The important operating characteristics of the 1800
interrupt system are as follows:

1. When an interrupt request is recognized, the
P-C inhibits normal access to core storage,
generates a branch and store instruction regis-
ter (BSI) instruction with indirect addressing,
and places the instruction in the B-register.
The format of this forced BSI is shown in the
following illustration. The content of the address
portion of the BSI is unique for each interrupt
level and denotes the core storage location con-
taining the indirect address (interrupt vector)
for that level.

0 4 8 15 0 15

[o,1,000]1oo]1Jo,00 00 00] " Unique For EachLevel |
B F TIA Address

2. The first request recognized on a given priority
level prevents future requests on that or lower
priority levels from interrupting until the service
completion of the first interrupt is signaled by a
branch out operation. However, interrupts that
occur on the same level for which an interrupt is
being serviced can be recognized and serviced
by the program if the interrupt ievel status word

ITTSW) is interrogated acain hefore the branch

AWy ARC I IO agalil DelOlC Ae DIl

out is executed. If an interrupt request is
detected for a higher priority level than that in
progress, the program is immeidately interrupted
again. This is called nesting of interrupts.

When more than one request is connected

to any one priority level, the program must
identify the individual request(s) causing the
priority level to be active.

w



4. After service completion of any level interrupt,
the priority circuits must be signaled to reset
the priority status of the highest priority level
that is active. This reset permits lower prior-
ity requests, that may have been temporarily
constrained, to be accepted by the P-C. The
reset is accomplished by issuing a branch out
of interrupt (BOSC) instruction. This instruc-
tion should not be confused with a branch or
skip on condition (BSC) instruction used in nor-
mal subroutine linkage back to a mainline pro-
gram. The difference is that bit 9 (BO) is on
for a BOSC and off for a BSC.

INTERRUPT LEVELS

As shown in Figure 15, a maximum of 27 interrupt
levels are available for grouping interrupt requests.
Internal, trace, CE, and 12 external interrupt
levels are standard features. Twelve additional ex-
ternal interrupt levels (two groupings of six each)
are available as special features. Note in Figure 15
that the priority level of each interrupt, as well as
its unique core storage address associated with the
forced BSI, are listed in decimal form. Note also
that all but the trace and CE interrupt levels have
an interrupt level status word (ILSW). The ILSW is
used to identify the specific interrupt request(s)
causing the interrupt level to request service.

Internal Interrupt

The internal interrupt is a processor-controller
interrupt that occurs when any one of the following
four error conditions occurs:

1. An invalid Op code is detected.

2. A parity error (even number of bits on) is de-
tected 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
location.

4. A channel address register (CAR) check error
occurs either as a CAR check or as the result
of a parity error having caused a command
reject.

Each of these four internal error conditions is
assigned to a specific bit position in the internal
interrupt ILSW (bit positions 0 through 3). If your
system has the data channel expander feature, an

Interrupt t;i:;}fy 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
1 13 22 16 Yes
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 18 Yes Group 1
17 19 28 1C Yes
18 20 29 1D Yes )
19 21 30 1E Yes Special
20 22 31 1F Yes L Feature
21 23 32 20 Yes Group 2
22 24 33 21 Yes
23 25 34 22 Yes

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

** A CE interrupt stores the return link in core storage location
/000A and starts execution at core storage location /0001 .
Interrupts are prevented in the same manner as for the
standard forced BSI.

17424¢ |

Figure 15. Interrupt Levels

1803 Core Storage Unit, a selector channel, a
communications adapter, or a 2790 adapter, an
additional indicator is provided in the internal
interrupt ILSW (bit position 4). This indicator
is the CE (auxiliary) storage error indicator and
is turned on if the condition causing the internal
interrupt occurs while CE storage is being ac-
cessed. The condition causing the internal in-
terrupt will also be indicated in the ILSW (bit
positions 0 through 3).

All internal interrupt ILSW indicators are reset
when the ILSW is sensed to determine the interrupt-
ing condition. Internal interrupt conditions are
assigned to the ILSW as shown in the following illus-
tration.
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Internal Interrupt ILSW 5

Ll,!q' 1
[ e S P |

L e {auxiliary) Storage Error
CAR Check Error
Storage Protect Violation

B-Register Parity Error
t———————— invaiid Op Code

The internal interrupt level cannot be masked
(prevented from causing an interrupt). However,
an XIO or BSI prevents an internal interrupt for one
instruction.

Trace Interrupt

A trace interrupt occurs after every instruction if
the processor-controller is in program operation
with the console mode switch in the trace position.
Trace interrupt cannot be masked and does not have
an ILSW. However, an XIO prevents a trace inter-
rupt for one instruction.

CE Interrupt

The CE (customer engineer) interrupt can be initi-
ated from the CE panel or from a device operating
in CE mode. CE interrupt cannot be masked and
does not have an ILSW. However, an XIO or BSI
prevents a CE interrupt for one instruction.

CE interrupt is the lowest level interrupt on the
system. However, all higher priority interrupt
levels (except internal interrupt) are effectively
masked once CE interrupt is recognized by the
processor-controller.

External Interrupts

External interrupts can be initiated by any of the
devices on the system. A maximum of 16 interrupt
requests from devices on the system can be grouped
to one external interrupt level. The interrupt re-
quests are assigned to external interrupt levels by
the user. Each external interrupt level can be
masked or unmasked by the program. An XIO or
BSI also prevents external interrupts for one instruc-
tion. An ILSW is provided for each external inter-
rupt level to enable identification of the specific
interrupt request(s) causing the interrupt level to
request service.
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Interrupt Level Masking

A mask register is provided for masking and un-
masking of external interrupt levels. An interrupt
level that is masked cannot initiate a request for
service until it has been unmasked. Therefore, an
interrupt request on a level that is masked does not
cause a request for service, and no record of the
interrupt request is made in the processor-control-
ler. However, the interrupt request is retained by
the device adapter for recognition when the inter-
rupt level is unmasked.

All external interrupt levels are automatically
masked when the reset or immediate stop switch is
pressed, or when electrical power is first applied to
the processor-controller. They remain masked
until unmasked by the program.

For program operation, XIO control is used to
control the mask register. Two XIO controls are
required to mask /unmask all 24 external interrupt
levels. Depending on modifier bit 15 of the input/
output control command (IOCC), external levels 0
through 13 or 14 through 23 can be simultaneously
masked /unmasked. If modifier bit 15 is on, the
status of bits 0 through 13 of the IOCC address word
determines whether external interrupt levels 0
through 13 are masked or unmasked. If modifier bit
15 is off, the status of bits 0 through 9 of the IOCC
address word determines whether external interrupt
levels 14 through 23 are masked or unmasked. In
either case, an address bit being on masks the cor-
responding external interrupt level, while an address
bit being off unmasks the corresponding external
interrupt level. The format of the IOCC for the XIO
control is shown in the following illustration. The
execution of this instruction does not affect the con-
tents of the accumulator.

0 9 13 0 4 8 10 15
YYYYYYYYYYYYYy[ oo oo0ofi 0ofi oo ||
AL 1 1 1 1 1 1 1 1 1 i 1.l i 1 1 1 1 i 1 i i i Lol
L J
| z=1 L
1 O-Levels 0-13
T 1-Levels 14-23
Z=0
Y =1 masks corresponding interruot level .

Y = 0 unmasks corresponding interrupt level.

Note that the area code is 00000 and that modifier
bits 8 through 10 must be 100. (17420

Note: Interrupt level status words, device
status words, and process interrupt status
words are not affected by the mask opera-
tion.



Programmed Interrupts

External interrupt levels can be activated by the pro-
gram. An XIO control is used to turn on individual

external interrupt levels so they will request service.

This type of interrupt is known as a programmed in-
terrupt. The external interrupt levels are divided
into two groups (0 through 13, and 14 through 23)

as in interrupt level masking. Therefore, two in-
structions must be executed to turn on external in-
terrupt levels in both groups.

If the IOCC modifier bit 15 is on, the status of
bits 0 through 13 of the IOCC address word deter-
mines which external interrupt levels (0 through 13)
are turned on. If the IOCC modifier bit 15 is off,
the status of bits 0 through 9 of the IOCC address
word determines which external interrupt levels (14
through 23) are turned on. In either case, an ad-
dress bit being on turns on the corresponding ex-
ternal interrupt level, while an address bit being off
has no effect on the corresponding external interrupt
level. The IOCC format for programmed interrupts
is shown in the following illustration.

0 9 13 0 4 8 10 15
YYYYYYYYYYYYVYY Ioo ooo|100|101| ]z]
L 1 1 1 l' 1 1 i 1 : 1 1 1 i 1 1 1 A i 1 1 L i 1 i
Z=1
T O-Level 0-13
Z=0 1-Levels 14-23
Y =1 turns on corresponding interrupt level.

Y =0 has no effect on corresponding interrupt level.

Note that the area code is 00000 and that modifier
bits 8 through 10 must be 101.

Programmed interrupts will not occur if the
corresponding interrupt level is masked before
execution of the XIO control. Also, if a programmed
interrupt is turned on but an XIO control to mask the
same interrupt level is executed before the forced
BSI occurs, the programmed interrupt is turned off.
Another XIO control to turn on the programmed in-
terrupt is needed to reinitiate the interrupt after the
specified level is unmasked.

It should be noted that execution of an XIO con-
trol to turn on a programmed interrupt does not
affect the interrupt level status words, device status
words, or process interrupt status words.

Programmed Interrupt Programming Note

A BOSC following an XIO control which turns on an
external interrupt level as high or higher than the

level currently being serviced resets the program-
med interrupt just turned on. For example, while

in a routine servicing interrupt level 4, an XIO con-
trol to program interrupt on level 2 followed by a
BOSC would reset programmed interrupt level 2 and
not reset level 4. To prevent this condition the
following technique can be used for programmed
interrupts.

))2:8 mz‘;; ] Prevent all interrupts

BOSC +-Z Clear current interrupt level
NOP

i:g degi; } Restore interrupt mask register
XIO PROGI Set program interrupt

BSC 1 EXIT Exit current level

Interrupt Poliing

Interrupt requests from the I /O features and devices
are assigned to interrupt levels according to cus-
tomer requirements. The statuses of the interrupt
requests are sent to the processor-controller via
the in-bus. Since interrupt requests can occur at
any time relative to program events, there must be
some method of ensuring that interrupt requests are
sent to the processor-controller only when the in-bus
is not being used for data transfer. The method
used in the 1800 is called interrupt polling.

Two polling cycles are required to sample the
interrupt requests for all 27 interrupt levels. In-
terrupt requests for internal interrupt level and
external interrupt levels 0 through 13 are polled as
a group. Interrupt requests for external interrupt
levels 14 through 23 as well as trace and CE inter-
rupt levels are polled as another group. The group
that is polled on any given cycle is not readily pre-
dictable because the first group polled after an in-
terrupt is the group that was being polled when the
interrupt occurred.

Both groups are polled during any core-storage
cycle other than the first core-storage cycle of an
instruction. During the first core-storage cycle of
an instruction, only one group is polled; this group
can be either 0 through 13, or 14 through 23. There-
fore, unmasking an interrupt level for an instruction
that takes only one core-storage cycle (MDX, LDX,
1LDS, for example) does not ensure that the interrupt
requests for that level will be polled.

Interrupt polling is inhibited during:

1. XIO and BSI.

2. Load, display, or initial program load (IPL)
modes.
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3. Clear storage operations.

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 informs the
operating program of the status of an operation or
the condition of a device.

Status indicators are also contained in the proc-
ess being monitored or controlled by the 1800 system.
Both system- and process-oriented indicators pro-
ject their individual conditions to the processor-
controller via the in~bus for program interrogation.

Some of the status indicators may reflect a
condition in the device or process that requires a
program response. These indicators are assigned
to interrupt levels and initiate interrupt requests
when they are turned on.

The status words used in the 1800 are:

¢ Device status words (DSW). The status word
for the selector channel is known as the chan-
nel status word (CSW); it is functionally the
same as a DSW.

® Process interrupt status words (PISW).

e Interrupt level status words (ILSW).

Device Status Word Indicators

DSW indicators usually fall into three general cate-
gories:

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

These indicators are always read into the accumula-
tor (A) by means of an XIO sense device. They can
then be interrogated under program control.

A unigue DSW exists for each device. Some
devices have more indicators than can be contained
in one word. Therefore, more than one status
word may be associated with a particular device.
The area and modifier bits of the input/output con-
trol command (IOCC) specify the device whose DSW
is to be sensed and, if the device has more than one
status word, the particular word desired.
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Some of the indicators in a DSW can be reset
under program control. Modifier bit 15 being on in
an XIO sense device specifies reset of all program-
resettable indicators in the DSW sensed. Indicators
in a DSW that cannot be reset by the program are
turned off when the respective conditions in the
device are reset. A table of DSW's is provided in
Appendix C. The functions of each indicator in a
DSW are explained in the respective section for each
device.

Since the P-C is much faster than the 1/0 devices,
they must operate asynchronously. It is therefore
possible to sense the status of a device during the
short period of time that the status is being changed.
When using the status of a DSW indicator to branch
in a short program loop, the following technique
should be used to ensure that the final status of the
device is sensed.

1. With the resetting modifier bit off, sense the
DSW.

2. When the status of the selected indicator changes,
sense the DSW again with the resetting modifier
bit on. The data from the last sense reflects
the valid machine condition.

Process Interrupt Status Word Indicators

Process interrupt status word (PISW) indicators are
physically located in the 1800 system. They are
turned on by the closing of a contact or the shifting
of a voltage in a remote customer process.

PISW's are read into the processor-controller
(P-C) with an XIO sense device or XIO read. The
difference between the function of the two instruc-
tions is where the PISW is stored. An XIO read
stores the PISW at the core storage location speci-
fied by the address word of the IOCC. The XIO
sense device stores the PISW in the accumulator.
When a PISW is read using either of these two in-
structions, all indicators in the PISW are uncondi-
tionally reset.

Assigniment of PISW Bit Positions

Process interrupt points are terminated on 16-posi-
tion terminal blocks within the 1800 system. The
terminal block positions are assigned to PISW's as
specified by the customer on a PISW assignment
form. The following paragraph defines assignment
restrictions.



Twenty-four 16-point groups of process inter-
rupt termination points are available. Each of these
16-point groups is divided into four sets of four
points each for PISW assignment. The sets in each
16-point group are 0 through 3, 4 through 7, 8
through 11, and 12 through 15. Each set of four can
be assigned to the same PISW or to different PISW's.
Each PISW can have 16 points assigned (four sets of
four points each); these points correspond to the
positions of the PISW. As shown in Figure 16, for
example, terminal block positions 0 through 3 may
be assigned to bit positions 0 through 3 of one PISW;
terminal block positions 4 through 7 may be assigned
to bit positions 4 through 7 of a second PISW; and so
on. In like manner, terminal block positions 0
through 7 could be assigned to bit positions 0 through
7 of one PISW, and terminal block positions 8
through 15 could be assigned to bit positions 8
through 15 of a second PISW. However, no cross
assignment such as position 0 of the terminal block
to bit position 1 of a PISW is permitted. Position 0
must be assigned to bit position 0, 1to 1, ... and
15 to 15.

Process Interrupts

LU
L

Block

Terminal Io
0

PISW

PISW lo 47
PISW Lo 8 1l

Al
PISW lo 12 15|

Figure 16. PISW Bit Position Assignment (Typical)

Process Interrupt Status Word Address Assignment

PISW's are considered to be digital inputs, but each
PISW has its own unique address. Twenty-four
PISW's are available and are numbered 1 through 24.
The PISW's are assigned addresses 2 through 25,
respectively. PISW's are addressed by modifier bits
of an XIO sense device or XIO read.

Interrupt Level Status Words

The interrupt facility includes one 16-position inter-
rupt level status word (ILSW) for each interrupt
level. (Trace and CE interrupt levels are excep-
tions, as they are unique interrupts and require no
ILSW for interrupt request identification.)

As shown in Figure 17, each ILSW bit is as-
signed to a PISW or a specific device. PISW indi-
cators are ORed into the assigned ILSW bit position.
Similarly, all DSW interrupt indicators from the
assigned device are ORed into the single ILSW bit
position assigned to the device. Whenever any one of
the ORed interrupt indicators from a PISW or DSW
is active, the respective ILSW bit is turned on,
causing the interrupt level to request service.

An ILSW is read into the accumulator by an
XIO sense interrupt level. The programmer does
not specify the particular ILSW in the XIO sense
interrupt level used to read an ILSW. This specifi-
cation is fixed; that is, each ILSW is assigned to its
interrupt level by means of circuitry. The XIO
sense interrupt operation places the ILSW of the
highest priority level requesting service into the
accumulator.

15 0 15

el alea el

o{1]2|3 15
ILSW

Figure 17. Relationship of Status Words
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After a request for service has been recognized
and the ILSW of the requesting interrupt level has
been read into the accumulator by an XIO sense in-
terrupt level, the program 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 program to determine which
indicator in the DSW or PISW caused the interrupt.

It should be noted that except for internal inter-
rupts, none of the DSW /PISW interrupt indicators
ORed into ILSW bit positions is reset when the ILSW
is read into the accumulator. The indicators in a
DSW are not reset until they are read into the accu-
mulator with an XIO sense device with reset (IOCC
modifier bit 15 on). Indicators in a PISW are un-
conditionally reset when read by an XIO sense device
or XIO read.

Interrupt Level Status Word Assignment

Each external interrupt level has its own 16-position
interrupt level status word (ILSW) to reflect the
status of interrupt requests connected tothe inter-
rupt level. Each device or PISW is assigned to a
specific ILSW, and a particular bit position in that
ILSW, by the customer. Because each interrupt
level has a fixed priority, the customer essentially
assigns interrupt priority when he assigns a device
or PISW to an ILSW bit position.

Devices and PISW's are assigned to ILSW bit
positions on the interrupt level status word assign-
ment form. Assignment of devices or PISW's to
ILSW's should begin with the leftmost bit position
(bit 0) and progress to the next higher bit position
for each device or PISW assigned to the ILSW. The
following paragraphs describe restrictions on ILSW
assignment.

A device (DSW) or PISW must be assigned to one
and only one ILSW bit position. For example, each
device in the first group of four 1816/1053's must
be assigned to a different ILSW bit position for the
same interrupt level. Similarly, each device in the
second group of four 1816/1053's must be assigned
to a different ILSW bit position for the same inter-
rupt level. (It can be the same interrupt level as
the first group.)

If the process interrupt routine in the Time
Sharing Executive System or Multiprogramming
Executive Operating System is used, each PISW
must be assigned to its corresponding ILSW. For
example, PISW 1 must be assigned to ILSW 0, PISW
2 must be assigned to ILSW 1,... and PISW 24 must
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be assigned to ILSW 23. Three PISW's are provided
with each process interrupt adapter. The PISW's
for any one process interrupt adapter must be as-
signed within either 0 through 11 or 12 through 23 in-
terrupt level groupings. In addition, only one area
code may be represented by any one ILSW bit.

The following interrupt requests must be as-
signed to an ILSW for all systems:

TI Timer interrupt (combined interrupt
from all three interval timers)

Typ-1 First 1053 or 1816 (circuitry basic
in processor-controller)

2401/2 1802 processor-controller only

CI Console interrupt (can be assigned to
any unused bit position on any avail-
able interrupt level)

The following interrupt requests must be as-

signed to an ILSW only if the feature is ordered for
the system:

Typ-2
Typ-3 1053's

Typ-4

Typ-5 1053 or 1816

Typ-6

Typ-7} 1053's

Typ-8

1054 /5 1054 /1055

1442-1 First 1442 adapter
1442-2 Second 1442 adapter
1443 1443 controls

1627 1627 controls
1810-1 1810 (first drive) model A1, A2,

A3, B1, B2, or B3

1810-2 1810 (second drive) model A2, A3,
B2, or B3

1810-3 1810 (third drive) model A3 or B3

2790-1 First 2790 adapter

2790-2 Second 2790 adapter

360/CA System /360 adapter

AIB Analog input basic (any ADC in
1801/2)

AIBC Analog input basic with comparator
(in 1801/2)

AIE Analog input expander (in 1826)

AIEC Analog input expander with com-
parator (in 1826)

CA/LA1  First CA (line adapter 0)

CA/LA2  First CA (line adapter 1)

CA/LA3  Second CA (line adapter 0)

CA/LA4  Second CA (line adapter 1)



CA/LA5  Third CA (line adapter 0)

CA/LA6  Third CA (line adapter 1)
CA/LA7  Fourth CA (line adapter 0)
CA/LA 8 Fourth CA (line adapter 1)
DAO Digital-analog output

DI Digital input (DI, PC, or PISW)
SC Selector channel

PROGRAMMED OPERATION

The 1800 system may be programmed to service
interrupt requests in several alternate manners,
depending on the interrupt configuration. For ex-
ample:

e A PISW and other interrupt requests are inter-
mixed on the same interrupt level. If a process
interrupt request occurs, the ILSW is interro-
gated first and the PISW is interrogated sub-
sequently .

e PISW's and other interrupt requests are inter-
mixed on the same interrupt level, but the
PISW's are given priority on that level. In this
case, the PISW's (typically one) are interrogated
directly, before the ILSW,

e An interrupt level is completely reserved for
PISW's. In this case, the ILSW is interrogated
to determine which PISW contains the actual
interrupt request.

o An interrupt level is completely reserved for
only one PISW. In this case, the program can
go directly to the PISW containing the interrupt
request.

Main Line

Program @ EA

Interrupt @
—

BSI

Figure 18. Program Identification of Interrupts

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 are as follows:

o The instruction being executed when the interrupt
request occurs is an XIO, an interrupt-forced
branch and store instruction register (BSI), or a
normal BSI. These instructions effectively mask
all interrupts during their execution and the
execution of the next instruction.

e The interrupt request level is masked. The
request will be retained by the device adapter for
recognition when the interrupt level is unmasked.
Programmed interrupts are not retained if
masked prior to the execution of the forced BSI
for that interrupt.

e The interrupt request is on the same or lower
priority level than an interrupt being serviced.

Programming Details

When an interrupt request is recognized, a forced BSI
with indirect addressing is generated and executed.
The address portion of the forced BSI is unique for
each interrupt level, as shown in Figure 15. Pro-
gram operation from this point is shown in Figure 18
and described in the following paragraphs. The
circled numbers in Figure 18 correspond to the num-
bered descriptions.

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

Branch Table
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2. The forced BSI with indirect addressing stores
the contents of the I-register at the effective
address (EA) and causes a branch to the inter-
rupt subroutine at EA + 1. The EA is the ad-
dress that the user stores at the interrupt vec-
tor.

3. The interrupt subroutine stores all data and/or
index registers that it will use. Then, before
ending, the subroutine restores the same data
and/or index registers.

4. The last instruction of the interrupt subroutine
is a branch or skip on condition (BOSC, bit 9=1)
that returns the program to the address pre-
viously stored at the EA of the forced BSI (step
2). This address is the location of the next se-
quential instruction in the mainline program.
The BOSC also resets the interrupt level so that
other lower priority levels can be recognized.

If a wait is operative when the interrupt request
occurs, the wait is considered complete when the
interrupt request is recognized. Following com-
pletion of the interrupt subroutine, the instruction
immediately following the wait is executed.

Interrupt Request Identification

Because a number of interrupt requests can be as-
signed to any one priority level, it may be neces-
sary for the program to analyze the ILSW of the
requesting interrupt level to determine the source of
the interrupt request signal. This analysis is ac-
complished within the interrupt subroutine as de-
scribed in the following paragraphs. The numbered
descriptions relate to the circled numbers in Figure
18.

5. A load index register (LDX) is used to load an
index register with the number of interrupt re-
quest signals assigned to the ILSW.

6. An XIO sense interrupt level causes the ILSW of
the interrupt level being serviced (highest
priority level on) to be read into the accumula~
tor. Only the function field of the input/output
controi command (I0CC) need be specified. The
other fields of the IOCC are not used. The
status of the indicators in the devices or PISW's
assigned to the ILSW are not affected.

7. A shift left and count A (SLCA) is executed, with
the index register loaded in step 5 specifying
the number of shift counts. The resulting count
in the index register corresponds to the first
non-0 ILSW bit in the accumulator.
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8. A branch or skip on condition (BSC) with indirect
addressing and indexing is executed. The index
register used contains the count corresponding
to the first non-0 bit in the accumulator. The
address portion of the BSC contains the address
of the first word of a branch table.

The branch table (Figure 19) consists of a table
of addresses. Each address is related to an inter-
rupt request position in the ILSW and specifies the
location of a subroutine for that particular interrupt
request. For example, if ILSW bit position 0 is on,
the last word of the branch table is used and the BSC
branch is to the address stored in the last word of
the table. If ILSW bit position 1 is on, the BSC
branch is to the address stored in the next to the last
word of the branch table, and so on.

The preceding sequence of instructions locates
the specific subroutine for the ILSW bit that initiated
the interrupt. It should be noted that each time the
accumulator is shifted (step 7), the shift count is
decreased by 1. As the shift count is decreased, the
indexed address for the BSC is decreased. Effec-
tively, the branch address of the BSC begins with
the address located in the last word of the branch
table and progresses toward the first word of the
branch table each time the accumulator is shifted.
The following is an example of interrupt request
identification:

1. Load Index Register: Index register 1 (XR1)
is loaded with the maximum number of inter-
rupt request signals connected to the level

ILSW

<SLc{o|o!o| 1|o|o|o]o|o|o|o|olo|o!o]g|

Branch Table

Yy —

Figure 19, ILSW Branch Table



which caused the interrupt. (In this example,
assume 16 request lines are connected to the
interrupting level.) XR1 appears as shown in
the following illustration.

15

0
XR1 Ioo 00000000010000

N T U T N SO Y N NN SN TN N WA BN 1

Execute 1/0: The XIO references a sense inter-
rupt IOCC. The sense interrupt IOCC causes
the TLSW of the interrupting priority level to be
loaded into the accumulator. The accumulator
(for this example) appears as follows:

0 15

...........

Shift Left and Count: This instruction normal-
izes the accumulator and leaves a remainder
count in the index register. Note in the follow-
ing illustration that four shifts have reduced the
value in XR1 from 16 to 12. Also note that bit
position 8 and 9 in the index register are set to
0's regardless of their previous status, and that
bit positions 0 through 7 remain unchanged.

15

0
AUoooooooomooooo
0

S T T W AU T SN TN SO NN VRS S NN SN

15

xm[ooooooooooom 100]
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17436A

Branch or Skip on Condition: This instruction,
with both indexing and indirect addressing, pro-
vides a branch to a subroutine. The location of
the subroutine is specified by the EA of the in-
struction. In this example, EA equals the value
in the branch table word located at XR1 (12),
plus the address portion of the instruction.

Device Indicator Identification

If the device or PISW requesting service has more
than one possible interrupt condition, the program
must determine which indicator in the DSW or PISW
is responsible for the interrupt request. This
identification can be made in almost the same man-
ner as previously described in steps 5 through 8,
with the following differences:

1. The LDX (step 5) loads the index register with
the maximum number of indicators assigned to
the DSW or PISW instead of the number of in-
terrupt request signals assigned to the ILSW.

2. An XIO sense device instead of an XIO sense
interrupt level is executed in step 6. The area
and /or modifier codes must specify the device
or the status word.

3. SLCA and BSC (steps 7 and 8) should be pro-
grammed so that all possible interrupting con-
ditions are checked; that is, even if one condi-
tion is on, the other conditions are not assumed
to be off.

If a device is responsible for an interrupt, the
interrupt indicators for that device must be reset
after service is complete, but before the branch out
of interrupt is performed. This reset is accom-
plished by issuing an XIO sense device with reset.
If a PISW is responsible for an interrupt, the PISW
indicators are automatically reset when the PISW is
read or sensed for device indicator indentification.

Interrupt Programming Notes

If an interrupt subroutine can be entered from more
than one interrupt level, return addresses and
intermediate subroutine results can be lost unless
care in programming is exercised.

It should also be noted that if only one device or
PISW (one interrupt request signal) is assigned to an
interrupt level, the program can be written so that
only the DSW or PISW is read into the accumulator
and interrogated. Because only one interrupt re-
quest is assigned to the interrupt level, the ILSW
need not be interrogated.
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Storage Protection

Storage protection is the ability to protect the con-
tents of core storage locations from change caused
by erroneous storing of information during the exe-
cution of a program. In the 1800 system, this pro-
tection is achieved by providing each core storage
location with a storage protect bit. The status of
each core storage location is identified as either
"read only' or "read/write" by the condition of the
storage protect bit.

Read only status is indicated by the storage
protect bit being on. A core storage location with
read only (protected) status can be accessed, its
contents read into the B-register, and its contents
regenerated into the same core storage location.
However, new information cannot be written into a
protected core storage location.

Read /write status is indicated by the storage
protect bit being off. A core storage location with
read /write (nonprotected) status can be accessed,
its contents read into the B-register, and its con-
tents regenerated into the same core storage loca-
tion. New information can also be written into a
nonprotected core storage location.

The storage protection feature is not extended
to include CE storage with systems that include any
of the following: the data channel expander feature,
an 1803 Core Storage Unit, a selector channel, a
communications adapter, or a 2790 adapter. There-
fore, storage protection in CE storage is not pos-
sible with these systems.

In systems without the features mentioned in the
preceding paragraph, the storage protection feature
is extended to include CE storage. Storage pro-
tection in CE storage is possible with these systems.

Writing or Clearing Storage Protect Bits

Since each core storage location has its own storage
protect bit, any location may be given read only or

raad fornit +atn Thi ad
read /write status. This is accomplished under pro-

gram control using the store status (STS) instruction
with bit 9 (BO) on. The execution of this instruction
is under control of the write storage protect bits
switch on the processor-controller console. When
this switch is in the yes position, STS can change
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the storage protect bits according to condition bit 15
of the instruction. When the write storage protect
bits switch is in the no position, an STS with bit 9
(BO) on performs as a no-operation.

The format of the STS is shown in the following
illustration. A detailed explanation of the instruction
can be found under "Store Status (STS)'" in the instruc-
tion set section of this manual.

8

oP F T A O Cond 15 0 Address
[0 0] O]I ] I l Iooololol S T T T N O W I | l L1 I_l
2 C F 4 or C Oorl X X X
* 0 = Storage protect bit cleared
1 = Storage protect bit written

Storage Protect Violation

Any attempt by the program to write information into
a read only protected core storage location results
in a storage protect violation. If a storage protect
violation occurs at any time other than during data
transfer from an I1/0 device to core storage, an in-
ternal interrupt (highest priority interrupt) occurs.
Bit 2 of the interrupt level status word for internal
interrupt is turned on. The contents of the protected
core storage location are not changed. Note that if
the console disable interrupt switch is on, internal
interrupts are prevented.

If a storage protect violation occurs during data
transfer from any I/0 device (except interval
timers) to core storage, the protected data remains
intact and the storage protect violation indicator is
turned on in the device status word associated with
the 1/0 device. In this case, no internal interrupt
occurs.

When any storage protect violation is detected
and the console check stop switch is on, the
processor-controller stops at the end of the core
storage cycle in which the storage protect vioia-

tion is detected.

If the console check stop switch
is off when a storage protect violation is detected,
an internal interrupt is initiated or the storage
protect violation indicator in the appropriate device
status word is set as described in the preceding

paragraphs.



Any attempt by the program to read a word having
incorrect parity (even number of bits on) from a
core storage location results in a parity error.
This includes data transfer to an I/0 device and
initialization cycles (and loading of the channel
address register) during an XIO.

If a parity error occurs when reading a word
from core storage at any time other than during
data transfer to an 1/0 device, the parity error
causes an internal interrupt. Bit 1 of the interrupt
level status word for internal interrupt is turned on.
Bit 4 of the interrupt level status for internal inter-
rupt is also turned on if CE storage is being ac-
cessed at the time the error occurs. Bit 4 is pro-
vided only with systems that have the data channel
expander feature, an 1803 Core Storage Unit, a
selector channel, a communications adapter, or a
2790 adapter. If the disable interrupt toggle switch
is on, internal interrupts are prevented.

If a parity error occurs when reading a word
from core storage during data transfer to an I/0
device, the parity error indicator is turned on in
the device status word for thatdevice. In this case,
no internal interrupt occurs. It is the responsibility
of the program operating that device to initiate re-
tries or other error recovery procedures. The
core storage word with incorrect parity can be
found by using a routine that loads data from core
storage into the accumulator and detects the parity
error word at the time an internal interrupt occurs.
For example:

) .
. .
[ ] [ ]
LDX L1 INTRP Setup interrupt branch address
STX L1 8
LDX Ll +32,767 XR1=Core storage size
LOOP LD 1 0
MDX 1 -1
MDX LOOP
L ] [ ]
[ ] L]
L] [ ]
INTRP DC 0 Internal interrupt branch
[ ]
: . XRI1=Address of error word
P L]
BOSC | INTRP Check next word

Reading from core storage takes place as an in-
struction is read out to be executed, as an address is
read out, and as data is read out. If a parity error
occurs during instruction readout, instruction execu-
tion is not prevented. Therefore, programmed re-
covery may not be possible. Also, if a parity error
causes an 1/0 device to reject an XIO initialize read
or write during an XIO control cycle, a channel ad-
dress register (CAR) check will also occur.

A parity error also occurs if an attempt is made
to store a word having incorrect parity during data
transfer from an 1/0 device to core storage. In this
case, the parity error indicator is turned on in the
device status word for that device and no internal in-
terrupt occurs. It is the responsiblity of the program
to initiate retries or other error recovery procedures.

It should be noted that any time a word is written
into core storage (except during data transfer from
an I/0 device to core storage), correct parity is
automatically generated and stored with the word.
Therefore, no parity error can occur when writing
into core storage except on data transfer from an
1/0 device.

When any parity error occurs and the check
stop switch is on, the processor-controller stops
at the end of the core-storage cycle in which the
parity error is detected. If the check stop switch
is off, a parity error causes an internal interrupt
or sets the parity error indicator in the appropri-
ate device status word, as described in the pre-
ceding paragraphs.
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Three interval timers are provided to supply real-
time information to the program. Each timer has a
permanent time base, which can be selected by the
customer (Figure 20). Each timer can be assigned
a different time base.

The timers can be started or stopped individual-
ly under program control. Once started, the timers
are automatically increased one count at a time
through the cycle steal facilities of the processor-
controller. The counts of the timers are maintained
in core-storage locations /0004 (timer A), /0005
(timer B), and /0006 (timer C). A count is added to
a timer each time the assigned time base period for
that timer is completed. This count is automatic
and does not require a program.

The count of the timers proceeds in a positive
direction. When the count reaches the largest posi-
tive value (2 15—1), the count continues to the most
negative value and then through the negative numbers
(2'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 and are assigned to an interrupt
level by the user.) The timer continues to count
after the zero count has been reached.

Once a timer is operating, it continues to
record time correctly when the processor-con-
troller is in run, trace, or single instruction
with cycle steal mode. A wait may also be exe-
cuted without affecting the ability of a timer to
record time correctly. Further, a timer con-
tinues to advance correctly even if it is protected
with a storage protect bit. However, any other
attempt by the processor-controller or an 1/0
device to alter the count in a protected timer
will cause a storage protect violation.

INTERVAL TIMER PROGRAMMING

The interval timers are controlled by means of the
execute 1/0 (XI0) instruction. To address the
timers, the input/output control command (IOCC)
referenced by the XIO must have an area code of
00000, and modifier bits 8 through 10 must be 001.
1I0CC's used to control the timers are described in
the following paragraphs.

Control

01 2 15 0 8 910 15

4
f“_’ o |°.°.°.°.°|‘.°.°]°.°.'I s l

1 = Turn timer C on
0 = Turn timer C off
»| 1 = Turn timer B on
0 = Turn timer B off
o | = Turn timer A on
0 = Turn timer A off 17201A

This command turns the timers on or off according to
the status of address word bit positions 0 through 2.

Sense Device

0 15 0 4 8 910 15

L i)oooo|111|001| ||
i i L i i i 1 4 L i 1 X i i £ 1 1 1 1 | L 1 i L L

0 = No indicator reset

1 = Indicator reset

This command causes the interval timer device status
word (DSW) to be loaded into the accumulator. The
timer DSW and bit significance are shown in Figure 21.

0 1 2 15

l..]i,....‘...,uj

Core Storage ) o . - 2 Timer C
Cycle Times Available Time Bases {in milliseconds) 1 Timer B
0 Timer A

20r2.25ps |0.1250.25| 0.5 | 1 2 4 8 |16 | 32 | 64

4ps 02505 | 1 | 2|4 | 8|16 | 32|64 |128

Figure 20. Interval Timer Time Bases
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Each indicator causes an interrupt
All indicators reset by an XIO sense device with reset

Figure 21. Interval Timer Device Status Word



The operations monitor is a basic feature of the 1800
system. It can be used to check program operation
by detecting whether the processor-controller starts
to execute a predetermined sequence of instructions
within a preselected time interval. The operations
monitor consists of an interval timer, an on/off
switch on the processor-controller console, a time
interval selection switch on the CE panel, and a set
of contacts that close when the operations monitor
times out. Any one of six time intervals (5, 10, 15,
20, 25, or 30 seconds) may be selected for the
operations monitor. (The selection switch is located
on the CE panel below the console.)

Once the operations monitor is activated by
turning the operations monitor on/off switch to the on
position, a reset monitor timer command must be
executed by the program at intervals frequent enough
to prevent the timer from timing out. If a reset
timer command is not given during the selected time
interval, the timer runs out and an alarm circuit is
activated by closure of a set of contacts. The alarm
may be audible and /or visible. (An alarm indicator
light is located on the console.) Both the alarming
device and power required to operate it must be
supplied by the customer. (Power is limited to 30
volts and 1 ampere.)

Once the operations monitor alarm is on, it can-
not be reset by the program; reset can only be ac-
complished by manually turning the operations moni-
tor on/off switch to the off position. The cause of
the timeout should be identified before the switch is

Operations Monitor

turned back to the on position. Timeout can be
caused by power failure, computer hang-up, com-
puter looping, or any departure from the predicted
instruction sequence in the program.

OPERATIONS MONITOR PROGRAMMING

The operations monitor is reset by means of the exe-
cute 1/0 (XIO) instruction. The input/output control
command (IOCC) referenced by the XIO must have an
area code of 00000 and modifier bits 8 through 10
must be 111 to address the operations monitor. The
control IOCC, shown in the following illustration, is
used to control the operations monitor.

Control

0 15 0 4 8 910 15
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0 = Timer not reset

1 = Timer reset to time-out
period specified by
switch

The operations monitor on/off switch must be in the
on position to enable monitor operation. The time
interval is specified by the time interval selection
switch on the CE panel.
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Processor-Controller Conscle

The processor-controller (P-C) console (Figure 22)
provides the means for manual control of the P-C
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 stor-
age cycle, single instruction, or single step
modes.

6. Interrupt the program manually.

7. Trace each instruction.

8. Reset all control circuitry and storage.

9. Turn power on and off.

10. Indicate basic machine conditions and status.
11. Display storage words and register data.

12. Write or clear storage protect bits.

13. Clear core storage.
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PUSHBUTTON SWITCHES AND LIGHTS

There are two rows of pushbutton switches and
lights. One row is at the top of the console (Figure
23); another is at the bottom (Figure 24). The fol-
lowing paragraphs describe the functions of these
switches and lights.

Clear Storage

This switch (CLEAR STOR) has four functions, de-
scribed in Figure 25. As the figure indicates, the
desired function is selected by setting the mode
switch and the write storage protect bits (WSPB)
switch to the appropriate positions. The function
thus selected can then be executed by holding down
CLEAR STOR while pressing START.

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

The program load switch (PROG LOAD) is used to
load the first 1442 card or 1054 tape record into core
storage. This first card or tape record must con-
tain instructions that initiate the loading of the re-
maining cards or tape records. (The P-C must be in
run mode for program operation.) It should be noted
that a program load operation does not alter the
status of the interrupt mask register.

The first card or tape record is read into core
storage, beginning at the location specified by the I-
register. Normally, RESET is pressed before
pressing PROG LOAD. This resets the I-register to
/0000. After RESET is pressed, the I-register may
be manually altered to some address other than
/0000. This allows the first card or tape record to
be placed at any location in core storage.

In any case, upon completion of the transfer of
the first card or tape record to core storage, the
P-C automatically branches to location /0000 to
begin instruction execution. Therefore, location
/0000 should contain a valid instruction.

Only one input device can be used for initial
program load (IPL). The first 1442 on the system is
used for IPL. The 1054 is used for IPL when there
is no 1442 on the system.

When the 1442 is used for IPL, it operates in
packed mode. The first card is read into 40 ascend-
ing core storage addresses beginning with the ad-
dress specified by the I-register. The binary data
from two card columns is stored in each core storage
location. For example, binary data from card
column 1 (rows 12 through 5) is read into core stor-
age location /0000 (bit positions 8 through 15), and
binary data from card column 2 (rows 12 through 5)
is read into the same core storage location (bit
positions 0 through 7). Card rows 6 through 9
are not read into core storage. The remainder
of the first card is read in the same manner,
entering all odd numbered card columns in bit
positions 8 through 15 of their respective core
storage locations, and even numbered card col-
umns in bit positions 0 through 7 or their respec-
tive core storage locations.
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Figure 22. Processor-Controller Console
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CLEAR PROG [ 1| rowke POVIER POWER | LAMP ] ]
5TOR LOAD READY ON OFF ON TEST WAIT RUN ALARM
Figure 23. Console Pushbutton Switches and Lights, Top Row
CONSOLE LOAD IMMED
INTR I RESET STOP START STOP

Figure 24. Console Pushbutton Switches and Lights, Bottom Row

Mode WSPB

Function Switch | Switch

1. Store contents of data entry switches in all
core storage locations. Sforcge—profect
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 Yes

2. Store contents of data entry switches in
each core storage location that is
unprotected. Locations having protect

bits are unchanged.

Run No

3. Clear storage protect bits. All other data
remains unchanged. Parity is
automatically corrected in each word
in storage.

Display Yes

4. Search for parity errors. The P-C cycles
through storage until stopped by the
sfop key or a parity error. The check
stop switch must be on for a parity error to
cause a stop.

Display No

Figure 25. Clear Storage Functions
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When the 1054 is used for IPL, tape data is
loaded into core storage beginning with the address
specified by the I-register. The binary data from
four tape characters is stored in each core storage
location. For example, binary data from the first
tape character (channels 1 through 4) is stored in
core storage location /0000 (bit positions 0 through
3), ..., binary data from the fourth tape character
(channels 1 through 4) is stored in core storage loca-
tion /0000 (bit positions 12 through 15). Channels
5 through 8 are not loaded into core storage during
IPL. This operation continues (loading four tape
characters per word) until any channel 5 punch, ex-
cept within a delete character, is sensed. The chan-
nel 5 punch is the end-of-record character and is not
read into core storage. Delete characters (punches
in channels 1 through 7) are not read into corc
storage in IPL mode.

Interrupt requests from the 1054 are suppressed
while in IPL mode.

Ready

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




Power On

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

Power Off

This switch is used to turn off 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 switch is pressed to apply lamp voltage to all
console lamps. Its purpose is to verify operation of
all console lamps.

Wait

This light is used to indicate that the P-C is in load
or display mode, has been halted by a wait instruc-
tion, or has been halted by the operator pushing
STOP or IMMED STOP.

Run

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

Alarm

This light is used to indicate that the operations
monitor has timed out. The customer may install
an audible alarm to operate in conjunction with the
alarm light. See ""Operations Monitor" section.

Emergency Pull Switch

This pull switch is for emergency use only. If it is
pulled out, all electrical power within the 1801/1802
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 a customer engineer.

Console Interrupt

This switch (CONSOLE INTR) 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 console
interrupt to specify the console interrupt routine.
However, this relationship between the program
switches and console interrupt exists only by virtue
of the program. There is no internal relationship
between the two.

Load |

This switch is used with the mode switch in the load
position to transfer the contents of the data entry
toggle switches to the I-register. The P-C is in the
stopped condition when it terminates the load I
operation.

Reset

This switch is used to reset all basic timing, con-
trols, registers (except index registers and address
registers), and I/O devices. The interrupt mask
register is reset with all bits on. The digital input
and digital-analog output registers are not reset.
The reset switch is effective only when the P-C is
not in a run state, as indicated by the run light being
off.

Immediate Stop

This switch (IMMED STOP) stops the P-C at the end
of the core storage cycle in operation when the switch
contacts close.

All basic timing, controls, registers (except
index registers and address registers), and I1/0 de-
vices are reset. IMMED STOP can also be used to
stop data channel (cycle stealing) operations that
are no longer under program control.

Start

If the ready light is on, this switch initiates P-C
operations, as specified by the mode switch.
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Stop

This switch stops the P-C at the end of the instruc-
tion in operation when the stop switch contacts
close. The P-C registers and 1/0 devices are not
reset. Data channel operations can be stopped only
by pressing the immediate stop switch.

If an interrupt that can force a BSI (by being
on an unmasked level higher than any in progress)
occurs at the same time STOP is pressed, STOP
must be pressed again to be effective. Pressing
START causes the program to resume operation.

MODE SWITCH

This eight-position rotary switch (Figure 26) is
used in conjunction with START to extend operator
control of the P-C. The effects of the eight settings
of this switch are described next.

SINGLE INSTRUCTION WITH CYCLE STEAL (SI
W /CS): Pressing START 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): Pressing START with
the mode switch on SI causes the execution of one
instruction. Data channel operations are prevented.

SINGLE STORAGE CYCLE (SSC): Pressing START
with the mode switch on SSC causes one storage
cycle. Single storage cycle operations (usually
called single cycle operations) can be used in con-
junction with the console cycle lights to step through
instructions and analyze P-C operation.

SINGLE STEP (SS): Pressing START with the mode
switch on SS causes one basic P-C clock cycle. The
advance of the P-C clock is shown by the cycle
lights.

MODE SW

RUN —\ /—7 SIwW/CS

TRACE SI
LOAD ssc
DISPLAY — T—— ss
=0

Figure 26. Console Mode Switch
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RUN. TFressing START with the mode switch on RUN
initiates normal program operation of the P-C.

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 initi-
ated, it is delayed by the occurrence of any other in-
terrupt. 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 /0000. (See
"Interrupt' section.)

LOAD: Pressing START 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 opera-
tion caused by pressing START.

Pressing LOAD I 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: Pressing START 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. Suc-
cessive words are displayed with successive depres-
sions of START.

TOGGLE SWITCHES

Console toggle switches are shown in Figure 27 and
described in the following paragraphs.

SENSE -‘ PROGRAM OPERATIONS DISABLE  CHECK  WRITE STOR
MONITOR  INTERRUPT ~ STOP  PROT BITS,
Q 1 2 3 !A 5 4 7 ON ON ON YES
| H H
!
L g g g g g g o
g g g g 1
| OFF OFF OFF NO
! DATA ENTRY SWITCHES
s 12 3“4 s s 7Ne o 0wl m oazos
! I
Cozead

Figure 27. Console Toggle Switches



Sense and Program

The contents of these eight switches may be stored
in bit positions 0 through 7 of the accumulator or a
core storage location. An XIO with a function of
read stores the contents of the sense and program
switches at the core storage address specified by
the IOCC. A function of sense device stores the
switch data in the accumulator.

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. It is especially useful during pro-
gram 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

This switch, when on, causes the P-C to stop when
an invalid operation code is detected, a parity error
occurs, or a storage protect violation occurs.
(These errors cause an internal interrupt if the
check stop switch is off.) 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.

It should be noted that although a channel ad-
dress register check causes an internal interrupt,
the interrupt does not stop the P-C, regardless of
the position of the check stop switch.

Write Storage Protect Bits

This switch enables the writing or clearing of stor-
age protect bits. (See "Store Status' instruction and
"Clear Storage Functions," Figure 25.) 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 "Console
Programming" for program control. The descrip-

tion of the load position under '"Mode Switch" de~
cribes manual control.

STATUS LIGHTS

These lights (Figure 28) show the status of various
P-C functions and operations.

Arithmetic Control

This light (ARITH CTL) is on during arithmetic
operations.

Shift Control

This light (SHIFT CTL) is on during shift operations.

Add

This light is on during add operations.

ARITH SHIFT ADD ARITH ZERO BRANCH  STOR PROT PTY BIT

Cit CTL SIGN REM BIT

C) C © C) C) C) C) C)

INTR Ccs AUX OP CODE  STOR PROT PTY CHECK

SERV SERV STOR CHECK CHECK

© © C) @ C) ® C) C)
CLOCK CYCLE TIMERS

0 1 2 3 4 5 6 7 n 12 IA E El A B C

© © 0000000000 060 0©

INTERRUPT  LEVELS

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
CRCNCRCORONCRCRCNONC CRCNONC)
16 17 8 19 20 21 22 23 CHECK TRACE CE
©e0000eeOe © © © e

OP CODE F TAG IA 8O CAR OFLO
0 ! 2 3 4 5 6 7 8 9 10 1 12 13 14 15
©©0cel0oe 000 eCeo e e

176754

Figure 28. Console Status Indicators
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Arithmetic Sign

This light (ARITH SIGN) is on when bit position 0
of the accumulator does not initially equal bit posi-
tion 0 of the B-register.

Zero Remainder

This light (ZERO REM) is on when the accumulator
contains a zero balance during a divide instruction.

Branch

This light is on during branch instructions.

Storage Protect Bit

This light (STOR PROT BIT) is on when the storage
protect bit is on in a word transferred between the
B-register and core storage.

Parity Bit

This light (PTY BIT) is on when the parity bit is on
in a word transferred between the B-register and
core storage.

Interrupt Service

This light (INTR SERV) is turned an when an inter-
rupt-forced BSI instruction is being executed for the
highest priority interrupt level that is on and not
masked.

Cycle Steal Service

This light (SC SERV) is on during cycle steal opera-
tions for the highest priority data channel requiring
service.

Auxiliary Storage

This light (AUX STOR) is on when CE storage (used

for customer engineer programs and error logs) is
being accessed.
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Operation Code Check

This light is on when an invalid operation Op code
is placed in the Op register. The Op code check light
is turned off and the check light is turned on (inter-
nal interrupt) at the end of the cycle in which the
error is detected. This allows the Op code check
light to indicate any subsequent error.

Note that an Op code check causes an internal
interrupt if the disable interrupt and check stop
switches are off, or a check stop if the check stop
switch is on.

Storage Protect Check

This light (STOR PROT CHECK) is turned on when
an attempt is made to write in a read-only core
storage location. The storage protect check light is
turned off and the check light is turned on (internal
interrupt) at the end of the cycle in which the error
is detected. This allows the storage protect check
light to indicate any subsequent error.

Note that a storage protect check causes an
internal interrupt if the disable interrupt and check
stop switches are off, or a check stop if the check
stop switch is on.

Parity Check

This light (PTY CHECK) is turned on when a parity
error (even number of bits on) is detected in the
18-bit word transfer between the B-register and
core storage. The parity check light is turned off
and the check light turned on (internal interrupt) at
the end of the cycle in which the error is detected.
This allows the parity check light to indicate any
subsequent error.

Clock
3 . s, Iy 12~Lkd s /N 4l aamas o] ~
These eight lights (0 through 7) show the advance

of the basic P-C clock each time START is
pressed and the mode switch is on SS (single
stop). Normally, pressing START eight times
with the mode switch on SS is equivalent to
pressing START once with the mode switch on
SSC (single storage cycle).



Cycle

These five indicators (I1, 12, IA, E, and E1) show
the progress of an instruction that is being executed
in single steps or single storage cycles; that is
advanced by repeatedly pressing START with the
mode switch on SSC or SS.

11 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.

12 shows that the second word of a double

word instruction is being set up for exe-

cution.

shows that the instruction being set up is

a double word instruction that has an in-

direct address. The light is on while the

indirectly addressed word is being read
out of storage.

shows that the instruction set up during

I-time has been defined by the Op code

and is now being executed.

E1 is turned on with the E light. Its on con-
dition shows that instruction execution
control circuitry has progressed to the
E1 cycle point. E1 is turned off at the
next clock 0 time. Instruction can then
progress through E2 and E3 time. (There
are no E2 and E3 console lights.)

I

| =1

Timers

These three lights (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 light is on for each interrupt level
requesting service or being serviced. Once on, an
interrupt level light can be reset by either of two
instructions:

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

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

The last three interrupt level lights--customer
engineer, 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 lights (0 through 4) display the Op code

of each instruction.

Format (F)

This light is on when a two-word instruction is speci-
fied.

Tag

These two lights identify the index register or in-
struction register used in modification of the instruc-

tion address. The on condition of the indicators is
shown by a 1.

Indicators A

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

! 0 XR-2

| 1 XR-3

Indirect Addressing

This light (IA) is on when the instruction contains
this bit (bit 8), which usually indicates indirect ad-
dressing.

Branch Out

This light (BO) 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 lights are turned on individually when

their respective conditions occur in the accumula-
tor (A-register).
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DATA FLOW DISPLAYS

Six rows of lights and two rotary switches (Figure
29) facilitate the display of data flow in the P-C.
Address Register

These 16 lights display the data in the storage ad-
dress register (SAR) or the selected channel address
register (CAR), depending on the position of the
display address register switch. The selected reg-
ister 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: |, B, D, and A

The contents of these four registers are always dis-
played.

Data Register

These 16 lights display the contents of the Q-regis-
ter, which is the A-register extension, the index

register (XR1, XR2, or XR3), or the shift counter
(SC), depending on the position of the display data
register 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 five-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 P-C in stop condition, position mode switch
to SI (single instruction).

2. Press START successively to get program to
desired point for data display.

3. Record address in I-register. (Because I-reg-
ister is used in display mode, this recorded
address is needed to return P-C to next instruc-
tion.)

4. Set address of core storage word to be displayed
into data entry switches.

5. Position mode switch to LOAD.

6. Press LOAD I.

DISPLAY
ADDRESS REGISTER

CAR O

SAR CAR |
CAR 2

CAR 14 —___ ; CAR 3
CAR 13 CAR 4
CAR 12 — T~ CAR 5
CAR [1 —// \¥ CAR 6
CAR 10 [\ CAR 7
CAR 9 CAR 8

M

10 1 2 13 14 i5

DATA REGISTER

4 5

4] | 2 3 4 5 7 8 9
el X X R XXX NN XNXXX
[a] | 2 3 a4 5 6 7 8 9 10 H 2 I3 14 15
DISPLAY
 easen ©0666666 66666666 ou e
XR2 ——— ——— XR3
0 1 2 3 4 5 6 7 8 9 10 1h 12 13 4 15
esores ©$606606666 666600666606 | - .
[ i 2 3 4 5 6 7 8 9 0 t 12 13 14 15 Q
0 eass ©060666666 666606666
[ 1 2 3 4 5 6 7 8 9 10 [ 2 13 i4 i5
e ©$6066666660 66666666
0 | 2 3 6 7 8 9 1o 1) 2 13 14 15

—_—
q 17429B]

Figure 29. Console Data Flow Displays

88



7. DPosition mode switch to DISPLAY.

8. Press START. Selected word is now displayed
in B-register indicators.

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

10. To continue program:
a. Set data entry switches to address recorded

in step 3.

Position mode switch to LOAD.

Press LOAD 1.

Position mode switch to RUN.

Press START.

e o0

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

1. With the P-C in a stop condition, position mode
switch to SSC (single storage cycle).

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

3. Perform steps 3 through 10 of preceding single
instruction execution procedure.

CONSOLE PROGRAMMING

Various features considered to be internal to the
P-C can be programmed using the execute 1/0 (XIO)
instruction. The input/output control command
(I0CC) referenced by the XIO must have an area
code of 00000, and modifier bits 8 through 10 must
specify the particular feature as shown in the fol-
lowing illustration.

Feature/Register Bits 8-10
Interval Timers 001
Console Data Entry Switches 010
Console Sense, Program
Select, and CE Switches on
Interrupt Mask Register 100
Programmed Interrupt 101
Console Interrupt 110
Operations Monitor 11

These addresses are fixed for all 1800 systems.
Programming for the interval timers and
operations monitor is described in their respective
sections of this manual. Programming for the in-
terrupt mask register and programmed interrupts
is described in the "Interrupt' section of this man-
ual. Programming for the remaining features is

described in the following paragraphs.

Console I0CC’s
Read -- Data Entry Switches

0 15 0 4 8 9 10 15

L, . Core jlorage Address l°&°.°.°l°.‘.°|°.‘.°l o]

This command causes the status of the data entry
switches to be read into the core storage location
specified by the address word.

Sense Device -- Data Entry Switches

0 15 0 4 8 9 10 15

{ “""l‘__IgBIOIOKOII‘IIIIOIIIOI“H_,

This command causes the status of the data entry
switches to be read into the accumulator.

Read -- CE, Sense, and Program Switches

0 15 0 4 8 9 10 15
| Core Storage Address |0 000 o]o 1 0|o 1 1[" ]
1 1 1 1 L 1 1 1 1 i 1 1 A i L 1 1 1 4 i 1 1

-17403C

This command causes the status of the CE switches
to be read into bit positions 0 through 7 and the status
of the sense and program switches to be read into

bit positions 8 through 15 of the core storage loca-
tion specified by the address word.

Sense Device -- CE, Sense, and Program Switches
0 15 0 4 8 9 10 15

E:_i P XK EI X ]

This command causes the status of the CE switches
to read into bit positions 0 through 7 and the status
of the sense and program switches to be read into
bit positions 8 through 15 of the accumulator (A-
register).

Sense Device -- Console Interrupt
0 15 0 4 8 9 10 15

]00000|111|110li“||

Y

0 = No Indicator reset

! = Indicators reset

17406 B
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This command causes the console interrupt device

status word (DSW) to be loaded into the accumulator.

The DSW is shown in the following illustration.

[ 15

I

0 Console Interrupt 29063
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Program Failure -- Restart

Program restart points should be written into
programs to allow recovery or complete restart
of the system. The programmer writing this
recovery procedure must consider the nature

of the process and the operational philosophy of
the customer.



Industry, science, research, government -- all are
faced with the need for collecting increasing amounts
of data within decreasing time scales. Physical
measurements must be monitored and quantified with
greater speed and accuracy than ever before. The
collection of analog data and its conversion for pre-
sentation to the digital processor-controller (P-C)
are the functions of the analog input features.

A physical phenomenon is first sensed and
converted to an analog electrical signal by sensors
or transducers, such as thermocouples or strain
gages. Electrical signals from sensors or trans-
ducers may be in the millivolt, volt, or milliampere
range. Low voltage signals (less than 1 volt) are
amplified to a level acceptable for conversion to
digital form. All customer lines from transducers
are terminated at the control system on screw-down
terminals. The signals are also conditioned at the
terminals, including the filtering of extraneous
signals, known as noise.

Conversion of analog signals from a voltage
level to digital information is accomplished by an
analog-to-digital converter (ADC). Such converters
are complex enough to permit analog signals from
multiple sources to be converted by sharing one
ADC. The necessary switching is accomplished by
a multiplexer.

The data path from sensor or transducer to
the P-C is shown in Figure 30.

Sensor

Analog Input

ANALOG INPUT UNITS AND FEATURES

The analog input units and features provide modular
packaged equipment used to convert voltage or cur-
rent signals to digital values. The modules used to
accomplish the conversions include analog-to-digital
converters, multiplexers, amplifiers, and other
signal conditioning equipment.

The units and features that accomplish the ana-
log input function are briefly introduced below, fol-
lowed by more detailed descriptions. A description
of the operation of analog input and its relation to the
P-C is given later in the '"Programmed Control
Modes'" section.

As shown in Figure 31, input signals are routed
through termination, signal conditioning elements,
multiplexer switches, an amplifier (low level sig-
nals only), and into the ADC. The output of the ADC
is presented to the P-C via data channel or direct
program control operations.

1851 MULTIPLEXER TERMINAL, MODEL 1: This

is a modular chassis that is mounted in an 1828 En-
closure. It provides up to 64 analog input multiplexer
points (two-wire), with signal conditioning elements
for each point. The chassis houses either solid state
multiplexers or relay multiplexers. When relay
multiplexers are installed, up to two differential
amplifiers can be mounted in each terminal.

BOOD

Termination Signal Multiplexer
Conditioning

Elements

Figure 30. Analog Input Data Path

Digital
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High -Level High -Level Low-Level Low=Level
Single - Ended Differential Non=Thermocouple Differential
Inputs Inputs Differential Inputs Inputs
1828-1 or 2 l
1851-1 1851-1 li851-2 2]
4' \ Y Y |
Standard Standard Thermocouple
Terminal* Terminal* Terminal *

Y Y * l Y
Signal Signal Signal
Conditioning Conditioning Conditioning
Elements Elements Elements

Y Y ‘l +

Solid-State

N‘\ju‘tiplexer Relay Multiplexer (Max. 1024 Points)

(Max.256

Points) I l
Differential Differential
Amplifier Amplifier
Solid-State Solid - State Solid-State Solid - State
Block Switch Switch Switch Switch

* With Current __
Element
as Required

1826-1

Al Expander

(Al Features Repeated)

Figure 31. Analog Input Configuration
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1851 MULTIPLEXER TERMINAL, MODEL 2: This
terminal is similar to the model 1. However, a
maximum of 62 multiplexer points is allowed, and
a cold junction is provided for direct connection of
thermocouples. A cold-junction temperature indi-
cator device (resistance bulb thermometer) is in-
cluded in the terminal.

MULTIPLEXER (RELAY): This multiplexer (Mpx/
R) provides switching for both high-level differential
inputs and low-level differential inputs, allowing all
Mpx /R inputs to use a common ADC.

MULTIPLEXER (SOLID STATE): This multiplexer
(Mpx/S) is a solid state, high-level single-ended
multiplexer. Mps/S provides high-speed switching
of analog input signals to allow use of a common
ADC.

MULTIPLEXER OVERLAP: This feature allows
overlap of solid state and relay multiplexing.

MPX /R CONTROL AND MPX/R CONTROL ADDI-
TIONAL: These features provide the control cir-
cuitry necessary to operate the Mpx /R points. Each
feature can control up to 256 points.

MPX /S CONTROL: Control circuitry to operate the
Mpx /S points is provided by this feature.

DIFFERENTIAL AMPLIFIER: This is a time-shared
amplifier which raises each low level signal to the

15 volt level of the ADC. Up to 256 Mpx /R points
can use the same amplifier. The differential ampli-
fier may be assigned one of the following ranges:

+10 mV, +20 mV, 50 mV, +100 mV, +200 mV, or
+500 mV.

ADC MOD 1: This ADC converts analog signals (+5
volt range) to digital values (8, 11, or 14 bits plus

sign).

ADC MOD 2: This ADC is similar to ADC Mod 1
but includes a sample-and-hold amplifier for in-
creased conversion rates.

Al DATA CHANNEL ADAPTER 1: This adapter
allows sequential reading of input points by means
of data channel (cycle steal) operations with one
XIO initialize read.

AIDATA CHANNEL ADAPTER 2: This adapter, in
conjunction with adapter 1, allows random reading
of input points via data channel (cycle steal) opera-
tions with one XIO initialize read and one XIO initi-
alize write.

COMPARATOR: The comparator performs range
checking on digital values developed by the ADC.
The high and low limits are selectively obtained
from the processor-controller for checking. When
these values are determined to be out of limit, an
interrupt informs the P-C. Only one P-C cycle is
required for each value to be limit checked.

ANALOG INPUT EXPANDER: Allows a complete
analog input system to be configured around the
1826 Data Adapter Unit. Thus, a second ADC or
simply a remotely located ADC may be added to any
1800 system.

MULTIPLEXER /R AND MULTIPLEXER/S MAXI-
MUMS AND RANGES: Althrough the maximum num-
ber of Mpx /R points and Mpx /S points is 1,024 and
256, respectively, both maximums cannot be in-
stalled within the same system. The simultaneous
maximums for each system are dependent upon the
number of analog input ranges as shown in Figure 32.

IBM 1851 MULTIPLEXER TERMINAL

The 1851 Multiplexer Terminal is a modular chassis
in which multiplexing and signal conditioning features
can be mounted. The 1851 terminals are mounted in
an 1828 Enclosure. Up to 19 terminals can be in-
cluded for any one ADC in a system. Mpx/R and
Mpx /S cannot be installed in the same 1851 terminal
unit.

Two models of the multiplexer terminal are
available. The model 1 provides facilities for up to
64 multiplexer points in groups of 16 points. Custo-
mer wires are terminated on screw-down terminals.
The signal matching elements are available for each
multiplexer terminal. Up to two differential ampli-
fiers can also be mounted in each terminal.

The model 2 is modified to allow for thermo-
couple termination, cold junction thermal stabili-
zation, and a resistance bulb thermometer (RBT)
circuit. These elements are used to determine cold-
junction temperature. Thus, thermocouple wires
can be connected directly to the terminals, and the
cold-junction temperature can be computed by the
P-C.

The first two multiplexer addresses installed in
a model 2 are used for the cold-junction signal meas-
urement: 00 is RBT reference; 01 is RBT bridge
output. These two signals should be read at inter-
vals which are small compared with significant
ambient temperature change intervals. Separate
readings are required for each model 2.

Since the first two addresses are used for the
cold junction, a maximum of 62 input points are
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Number of Mpx/R Number of | Number of Low
Mpx/S Points Differential | Level Ranges
Groups (Maximum) Amplifiers | (Maximum)
* * (Maximum)
0 256 HL +768 LL 15 6
No HL +1024 LL 16 6
1 256 HL +768 LL 14 6
No HL +1024 LL 15 6
2 256 HL +768 LL 13 6
No HL +1024 LL 14 6
3 256 HL + 768 LL 12 6
No HL +1024 LL 13 6
4 256 HL +768 LL 11 6
No HL +1024 LL 12 6
5 256 HL <768 LL 10 6
No HL +1024 LL 11 6
6 256 HL +768 LL 9 6
No HL +1024 LL 10 6
7 256 HL +768 LL 8 6
No HL +1024 LL 9 6
8 256 HL +768 LL 7 6
No HL +1024 LL 8 6
9 256 HL +768 LL 6 6
No HL +1024 LL 7 6
10 256 HL 4768 LL 5 5
No HL 11024 LL 6 6
1 256 HL +768 LL 4 4
No HL +1024 LL 5 5
12 256 HL +768 LL 3 3
No HL +1024 LL 4 4
13 256 HL +512 LL 2 2
No HL +768 LL 3 3
14 256 HL +256 LL i 1
No HL +512 LL 2 2
15 256 HL +No LL 0 0
No HL +256 LL 1 i
16 No HL +No LL 0 0
*  Multiplexer/R input ranges are £ 10, + 20, + 50, + 100,
£ 200, and * 500 millivolts for input to a differential
amplifier, and -0.5 to +5.0 volts for direct input to the
ADC. The only Multiplexer/S input range is = 5.0 volts
for direct input to the ADC. 72258

Figure 32. Multiplexer Maximum Points and Ranges

available in a model 2 for external source signals.
The first Mpx/R group has only 14 input points
available for external source signals. The range
for this group must be +10, £20, or +50 millivolts.
All other functions of the model 2 are the same
as those of model 1. Thus, nonthermocouple signals
may be terminated in the model 2 if required by the

system configuration.
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MULTIPLEXER/R

The multiplexer/R (Mpx/R) feature provides for
relay multiplexing of high or low level analog inputs
at a maximum rate of 100 points per second. Input
points are provided in groups of 16 each. Up to 16
groups can be combined to form the input to one dif-
ferential amplifier, thus providing as many as 256
input points per amplifier.

Each amplifier has a fixed range. The full
scale input range for any group of Mpx /R points
depends on the range of the amplifier to which it is
connected. Ranges available are: +10 mV, +20 mV,
+50 mV, +100 mV, £200 mV, and +500 mV. High
level inputs (0.5 to +5.0 volts) do not require an
amplifier.

The Mpx /R can operate with a maximum of 200
volts common mode (dc or peak-to-peak ac).

MULTIPLEXER/S

The multiplexer/S (Mpx/S) feature provides for
solid-state multiplexing of high-level, single-ended
(HLSE) analog inputs. Mpx/S is capable of multi-
plexing at rates higher than those attained with Mpx/
R. The actual multiplexing rate is dependent upon
the source amplifier, ADC, programming methods,
etc. used in any particular system. Mpx/S points
are mounted in the 1851 Multiplexer Terminal,
Model 1, in groups of 16 points each and cannot be
intermixed with Mpx/R points within a terminal.
Mpx/S input voltage range is +5 volts full scale.

Multiplexer Overlap

Several methods of overlapping Mpx /R and Mpx /S
operations are possible.

Overlap Without Special Feature

Without the overlap special feature, overlapping can
be accomplished by two methods:

j—t

Using direct program control mode of operation,
the selection of a point in the relay multiplexer
may be started. Then while the relay point is
being selected, a series of solid state point con-
versions may be performed.

When relay multiplexing is complete, it
obtains use of the ADC for conversion of the
relay point. When conversion of the signal at
the point is complete and the resultant data in
the ADC register is available, an interrupt is



activated. Solid state and relay point interrupts
are differentiated by programmed interrogation
of the analog input device status word (DSW).

An interrupt resulting from completion of
an input point conversion (either relay or solid
state point) suspends selection of another point
until the converted value has been read into
core storage.

2. If adiscrete conversion of a relay point is
started under direct program control, a se-
quence of conversions of solid state points can
be started using data channels. When relay
multiplexing is complete, the multiplexer ob-
tains use of the ADC for conversion of the relay
point. When the resultant converted data is
available in the ADC register, an interrupt is
activated. This is the "direct program control
conversion complete' interrupt utilized for
discrete conversions under direct program
control. If solid state conversions have not
been completed when the relay multiplexer
control captures the ADC, solid state conver-
sions are continued as soon as the ADC register
has been cleared. No further discrete conver-
sions may be started until the solid state con-
versions are complete.

Overlap With Special Feature

With the multiplexer overlap special feature, another
means of overlapping operations is possible. Under
two-data~-channel operation, relay addresses can be
interleaved with solid state multiplexer addresses in
the same address table. Both relay and solid state
addresses are transferred to their respective con-
trols by means of data channel operations. How-
ever, data from Mpx /R points is transferred to core
storage under direct program control, whereas data
from Mpx /S points is transferred by data channel
operations.

When a relay address is received, it is latched
by the Mpx/R control; then another data channel
cycle is requested to obtain the next solid state
multiplexer address from core storage. Random
conversions of solid state multiplexer points proceed
asynchronously by means of data channel operations
until the relay multiplexer point is ready for conver-
sion. When this occurs, the relay multiplexer takes
control. The next point converted by the ADC is the
relay point; an interrupt allows the P-C to transter
this value to core storage by means of an XIO read.
The X10 read specifies the location at which the
converted relay point data is stored. After the ADC
has been read, conversions are continued under data
channel control.

If another relay address is recognized before the
first relay point has been converted, an interrupt
occurs. This interrupt informs the P-C that a relay
point was mislocated in the address table. The mis-
located relay point will not be converted. A relay
point cannot be the last word in a data table when the
overlap special feature is installed.

Efficient use of overlapping relay and solid state
multiplexing depends upon correct placement of
addresses in the multiplexer address data table.
Enough solid state multiplexer addresses must be
included between relay addresses to ensure that suf-
ficient time is allowed for conversion of the first
relay point. While one Mpx /R point is being selected,
approximately 100 Mpx/S points can be converted
with ADC mod 1, and 200 Mpx /S points with ADC
mod 2.

SIGNAL CONDITIONING ELEMENTS

Signal conditioning elements listed below provide
passive signal conditioning at the terminal for each
analog input signal. For specifications and charac-
teristics of each element, see 1800 Installation
Manual -- Physical Planning, Order No. GA26-5922,

CURRENT ELEMENT: This element allows 4-20
ma current input signals to be converted into either
the 0.1 to 0.5 volt range or the 1 to 5 volt range.
Current elements can be installed with Mpx/S or
Mpx/R. A current element cannot be used with a
voltage element.

FILTER ELEMENT (MPX/R ONLY): This element is
a low-pass passive filter to reject normal mode ac
noise. Filter elements cannot be installed for use
with Mpx/S.

VOLTAGE ELEMENT (MPX/S): This element pro-
vides 2:1 voltage attenuation. This element allows
intermixing of 10 volt and 5 volt signals within the
same Mpx/S group.

VOLTAGE ELEMENT (MPX/R): This element pro-
vides 2:1 voltage attenuation. For example, this
allows intermixing of 100 millivolt signals and 50
millivolt signals in the same Mpx/R group. Voltage
elements for Mpx/R provide the filtering function
described for the filter element. A filter element
cannot be installed on points with a voltage element.

CONNECTOR ELEMENT: This element is wired

for straight-through connection with no signal
conditioning.
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CUSTOM ELEMENT: This element is available for
customer mounting of special conditioning circuits
to meet a particular requirement.

DIFFERENTIAL AMPLIFIER

This is a time-shared amplifier used in conjunction
with the Mpx /R to raise analog signals to the ADC
input level of +5 volts.

Gains available are 500, 250, 100, 50, 25, and
10. These allow input voltage ranges of Mpx /R
points to be specified for £10, +20, +50, +100, +200
and £500 millivolts.

A single amplifier can service up to 256 input
points (16 blocks of 16 multiplexer relays). Up to
two amplifiers can be mounted in one multiplexer
terminal. Thus, multiple amplifiers can be used
for voltage range changing in place of passive volt-
age elements.

ANALOG-TO-DIGITAL CONVERTER (ADC)

The ADC provides the ability to convert bipolar ana-
log signals (+5 volt signal range) to digital values.
Two models are available: mod 1 and mod 2. Both
models have program selectable resolutions of 8,
11, and 14 bits. The actual time required from
start to completion of a conversion by either ADC
depends on the number of output bits that are to be
developed as follows: 8-bit resolution, 29 us; 11-
bit resolution, 36 us; 14-bit resolution, 44 us.

The ADC mod 1 and mod 2 differ in that the
mod 1 includes a buffer amplifier and the mod 2
includes a sample-and-hold amplifier. When opera~
ting with a mod 1, the multiplexer holds the selected
input point until conversion is completed. If Mpx/S
is used with a mod 1, a 50 us end delay is encoun-
tered after the conversion is completed before an-
other point can be selected. Therefore, an addi-
tional 50 us is required for each conversion with
this configuration.

The sample-and-hold amplifier in the mod 2

allows the multiplexer to be reieased when the
amnlifiar goes to hold mode at the start of the con-
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version cycle. If Mpx/S is used with a mod 2, no
end delay is encountered after a conversion is com-
pleted before another point can be selected. This
fact permits increased multiplexing and conversion
rates. It should be noted that the sample-and-hold
amplifier reverses the polarity of the input points.
The programmer must consider this in his program.
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In operation, conversion rates may vary up to
11,000 per second with an ADC mod 1, or up to
24,000 per second with an ADC mod 2, depending on
the system configuration and programming methods
used. These rates should not be considered as sus-
tained system conversion rates. They are attainable
only with the following system configuration and con-
ditions after an operation has been initialized using
a data table.

Configuration:

T 2 pus core storage.
Data channel adapter 1 if operating in
sequential mode.
Data channel adapters 1 and 2 if operating
in random mode.
Multiplexer/S.

Conditions:
Eight-bit resolution is used.
External sync is not used.
Comparator is not used.
No other data channel operations are in
progress.
Processor-controller is in wait state during
the data table operations.
Data table chaining does not occur.

Any deviation from the preceding conditions results
in reduced conversion rates.

Analog Input Calibration

The analog input calibration facility is housed in the
1828 Enclosure that is abutted to the 1801, 1802,
or 1826 containing the analog basic.

Power is supplied to the calibration facility
through the power switch on the front left side of the
1828.

The calibration facility provides the following
dc reference voltages for calibration of analog input
features.

<7

+5 volts. 100 mV.
-5 volts, 50 mV,
500 mV. 20 mV.
200 mV. 10 mV.

Exact voltages are measured at the factory and are re-

corded (to five significant digits) onthe reference unit.
A special high-level input point is selected by

multiplexer address/13E8 (which is outside the



normal range of Mpx/S addresses) for ADC calibra-
tion only. The multiplexed calibration point can be
addressed at any time by the program for an opera-
tional check of the ADC. The reference voltage to
be addressed is selected by changing connections on
a terminal strip. A customer engineer makes these
changes.

Data Word

The data word developed in the ADC register is
compatible with 1800 word format as shown in Fig-
ure 33. The data word allows for a sign plus 14-bit
resolution. Program conversion of the value pre-
sented by the ADC should assume a position for the
binary point. This position does not change when
the format (14, 11, or 8 bit) is changed; only the
number of significant bits in the ADC converted
value changes. Negative numbers are in 2's com-
plement form.

Figure 34 shows examples of maximum and
overload positive values and maximum and overload
negative values for all three word formats.

Buffer Amplifier

The buffer amplifier is a single~ended operational
amplifier that is an integral part of the ADC mod 1.

0 1 23 4 5 6 7 8 910111213 1415
T 1T 17111 1 1T 171771
14-Bit Format |S X X X X X X X X X X X X X X OY

11-Bit Format |S X X X X X X X X X X X 1 0 0 Oy

8BitFormat [S X X X X X X X X 1 0 0 0 0 0 OUY

NOTES:

1. S is the sign of the data: a O-bit is positive; a 1-bit is
negative.

2. The X's indicate that a 1- or O=bit may appear to represent
the converted value. In 8- and 11-bit formats, the 0's indicate
that only a O will appear in these positions.

3. OL is overload indicator. If on, an overload condition is
indicated; that is, the signal was outside the +5 volt range.
In this case, the other bits in the word should be ignored.

4. The 1-bit in bit position 9 of the 8-bit format and bit

position 12 of the 11=bit format are provided for half-adjust of
the quantizing error. Half-adjust of 14-bit format
quantizing error is accomplished by ADC circuitry.

Figure 33. ADC Word Format

Bit Weight (Powers of 2) Decimal
Positive siafi2fhidss]7[e[5]4[3]2]1 Jofoy] Favivalent
14-Bit Maximum [0 1 1 T[1 11 11 11 1[1 100/ +16382
14-8it Overload [0 1 1 11 1 1 111 1 1[1 11 1] +16383
T1-Bif Maximum [0 1 1 111 1 1 T[T 1 1 0[1 00 0] +16372
11-8it Overload [0 1 1 1]1 1 1 11 1 1 1|1 00 1| +6380
8Bif Maximum [0 1 1 1]1 1 1 101 0 0]0 0 0 0| +16288
8-Bit Overload [0 1 1 11 1 1 111 00000 1| +6352

o[1]2[s]4]s]e]7[8]s]ioh|r2)i3[i4i5

Word Bit Position

Bit Weight (Powers of 2) Decimal
Negative shaidifido]s]7[6]5]4]3]2]1 JoJor] Eauivalent
14-Bit Maximum [1 0 0 0{0 0 0 0{0 0 0 0[0 0 1 0| -16383
14-8it Overload [1 0 0 0{0 0 0 0/0 0 00[0 00 1| -16384
T7-8it Maximum [T 0 0 0{0 0 0 0[0 0 0 T[1 0 0 0] -16372
11-Bit Overload [1 0 0 0/0 0 00/0 000/1 001 -1638
8Bif Maximom [T 0 0 0]0 0 0 0[1 1 0 0[]0 0 0 0| -16288
8-Bit Overload |1 0 0 0[0 0 0 0[0 1 00[000 1| -16352

o[1]2[3]4]s]e]7[8]s]1o]12h3[14]is
Word Bit Position

Figure 34. ADC Maximum and Overload Values

The amplifier provides high-input-impedance buf-
fering of the ADC on a time-shared basis for ap-
plications not requiring a time-shared sample-and-
hold input characteristic.

Sample-and-Hold Amplifier

The sample-and-hold amplifier is a single-ended
amplifier capable of providing a short aperture
time for sampling high level analog signals and a
high accuracy hold function. The sample-and-hold
amplifier is an-integral part of the ADC mod 2.

If 14-bit resolution is used with an ADC mod 2
which is located within the P-C, the P-C clock is
stopped during the last portion of the sample period
provided by the sample-and-hold amplifier. This
reduces the possibility of noise being induced on the
sample by the P-C. The period of time the P-C
clock is stopped depends on core storage cycle time
as follows:

Core Storage Cycle Clock Stop Period

2 us 1-3 us
2.25 us 0.75-3.00 us
4 us 1-5 us
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The clock stop period does not directly affect
the ADC conversion rate. However, when consider-
ing overall system throughput, one should realize
that each ADC conversion stops the P-C clock for
the periods given.

The sample and hold amplifier reverses the
polarity of the input points. This fact must be con-
sidered in writing the program.

External Sync

The operation of the ADC can be controlled by an
external timing (sync) pulse.

When using Mpx/R, a ready signal is sent to the
external device after the Mpx /R point has been ad-
dressed and the relay has settled. This ready signal
indicates that the input point has been sampled and
is being held for conversion until the external device
signals with a sync pulse. When a sync pulse is
received, conversion of the sample begins. The
maximum time to hold a sample (ready signal sent
to sync pulse received) and still maintain less than
0.01% error is 330 ms.

When using Mpx /S, a ready signal is sent to the
external device after an Mpx/S address has been
received, but before the point is actually selected
and the input sampled. This ready signal indicates
that the Mpx/S control is ready to sample the input.
When a sync pulse is received, the Mpx/S input point
is sampled and conversion begins. The actual con-
version is started 10 us after the sync pulse is re-
ceived.

Input /output control command (I0CC) modifier
bit 8 is used for external sync mode control in an
XIO write or XIO initialize read. Modifier bit 8
being on enables external sync mode; modifier bit
8 being off terminates external sync mode.

It should be noted that external sync cannot be
used while overlapping operations by means of the
multiplexer overlap special feature.

COMPARATOR

The comparator performs selective checking on
digital values converted by the ADC. A range-type
check is made to confirm that converted values
are within specified limits. The limits are obtained
from the multiplexer address table in core storage
whenever a check is required. (One core storage
cycle delay allows both limits to be acquired.) An
out~of-limits condition is signaled by an interrupt.
Two analog input data channel adapter features are
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a prerequisite to this feature. The comparator is
used only in data channel random mode as described
under "Programmed Control Modes"'.

Operational Description

In converting many analog input source signals, it
may be necessary to monitor each signal to ensure
that the signal remains within specified bounds.
Normally, a number of these signals are redundant
and other signals need only be checked occasionally.
To allow for flexibility of checking input signals,
separate control is provided in the multiplexer ad-
dress word to indicate when checking is to be per-
formed by the comparator.

In order to perform a range comparison, both
a high limit and low limit must be set. These limits
are obtained from limit word in the multiplexer ad-
dress table. It should be noted that limit words need
not remain static. For example, when a particular
high limit is exceeded, a single change will permit
recognition of the return of the signal within the
former limits. This is accomplished by substituting
the high limit for the low limit and setting a new maxi-
mum high limit. In this case, the time interval in
which the signal was out of limit is known if the in-
terval timer is read after each limit is exceeded.

Limit Words

The high and low limit values are expressed in eight
bits each (seven bits plus sign), enabling both the
high and low limits to be stored in one 16-bit word.
Negative numbers are expressed in 2's complement
form. The format of the limit word is:

Comparator Limit Word

0 78 15
N 1213212.2 nl210129 .28 127 S l213312.2 11210129‘23 ‘27 I
N— 7\ o

High limit

Low fimit

Limit words are interieaved in the muitipiexer ad-
dresstable sothat alimit word follows each address
entry that is tobe checked, as shown in Figure 35.

Comparator Control

Two bit positions (1 and 2) of the multiplexer address
word are used to control comparator functions. When



0 123456789100 12131415
LK Multiplexer Address

[10ff | Jaddessn

First Mpx point

Limit Word Limits not used
[] ll' ISdelresls .B L1 Second Mpx point
Limit Word

Comparison is performed
Third Mpx point
Fourth Mpx point

. ! Address C
11 Loa 1 | 1 1 1

Address D

I N N U Y T N T |

Too
1

Limit Word Comparison is performed
1 0 lss Address E ' Fifth Mex point
1 L L 1 1 1 L Il
! Etc. |
! '
I
: L =1, Limit word follows
i K =1, Perform comparison
=1,

SS Solid state Mpx address

Figure 35. Multiplexer Address Table with Comparator Limit Words

bit position 1 (designated as L) is on, it indicates
that the next word in the table is a limit word. When
bit position 2 (designated as K) is on it indicates
that a comparison is to be performed using the fol-
lowing limit word.

Figure 35 shows a sample multiplexer address
table. The word count and scan control bits are
obtained from the data table that receives the con-
verted values. The chain address from the receive
table is used to provide unique chaining. It should
be noted that if the multiplexer overlap special
feature is installed, a limit word cannot follow an
Mpx /R address.

Comparison Cycle (L=1, K=1)

When the ADC register is filled with the value to be
limit checked (seven high-order bits plus sign auring
conversion), the limit word is acquired from stor-
age and the limit comparison is performed.

Out-of-Limits Conditions

When the comparator determines that an out-of-
limits condition exists, the multiplexer point ad-
dress and the type of condition involved are saved
in the comparator. An interrupt unique to the com~
parator is activated to alert the P-C, and further
comparisons are suppressed. The effect of this
suppression is identical to that caused by the recog-
nition of a 0 K-bit in the multiplexer address.

Comparison in step with multiplexing is auto-
matically restarted when the comparator device
status word (DSW) has been sensed and the interrupt
indicator reset by an XIO sense device with reset.
The out-of-limit conditions are:

e High out-of-limit, which occurs if the ADC value
is equal to or greater than the high limit.

o Low out-of-limit, which occurs if the ADC value
is less than the low limit.

ANALOG INPUT EXPANDER

This feature provides two principal advantages:

1. It doubles the capacity of the analog input fea-
tures.

2. It allows the analog input features to be structured
separate from the processor-controller.

The analog input expander is an 1826 Data Adapter
Unit feature that provides the basic capability for
attaching an ADC, comparator, multiplexer ter-
minals, and so on. This second analog input system
attaches to 1/0 control and data channels in 2 manner
similar to that of the first analog input system. Thus
the system conversion rates can be doubled, neglect-
ing 1/0 interaction.

ANALOG INPUT ADDRESS ASSIGNMENT

There are 1,024 multiplexer addresses available for
use with analog input. The first 256 addresses
(0-255) are used by both Mpx/S and Mpx/R. Because
these 256 addresses have a dual use, bit 3 of each
multiplexer address word is used to specify which
multiplexer is being addressed (Mpx/S or Mpx/R).
When bit 3 is off, Mpx/R is addressed. When bit
3 is on, Mpx/S is addressed.

All Mpx /S groups are installed in the lowest
numbered 1851's (1 through 4). Mpx/S is followed
by Mpx/R in this sequence:

High level.

+10 mV range.
+20 mV range.
+50 mV range.
+100 mV range.
+200 mV range.
+500 mV range.

N OO AW N

Addresses for each point within an 1851 are
shown in Figure 36 for Mpx/S, Figure 37 for
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Figure 36. Muitipiexer/S Addresses
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Numbering 1851's with
within 1851 Multiplexer/S

Group Point Ist 2nd 3rd 4th
Number Number 1851 1851 1851 1851
00 00 64 128 192

01 01 65 19 193

02 02 66 130 194

03 03 67 131 195

04 04 68 132 196

05 05 & 133 197

06 06 70 134 198

0 07 07 71 135 199
08 08 72 136 200

09 09 73 137 201

10 10 74 138 202

n 1 75 139 203

12 12 76 140 204

13 13 77 141 205

14 14 78 142 206

15 15 79 143 207

16 16 80 144 208

17 17 81 145 209

18 18 82 146 210

19 19 83 147 2n

20 20 84 148 212

21 21 85 149 213

22 22 86 150 214

1 23 23 87 151 215
24 24 88 152 216

25 25 89 153 217

26 26 90 154 218

27 27 N 155 219

28 28 92 156 220

2 29 93 157 221

30 30 94 158 222
31 31 95 159 223

32 32 96 160 224

33 33 97 161 225

34 34 98 162 226

35 35 99 163 227

36 36 100 164 228

37 37 101 165 229

38 38 102 166 230

2 39 39 103 167 231
40 40 104 168 232

41 41 105 169 233

42 42 106 170 234

43 43 107 71 235

44 44 108 172 236

45 45 109 173 237

46 46 110 174 238

47 47 m 175 239

48 48 112 176 240

49 49 13 177 241

50 50 114 178 242

51 51 115 179 243

52 52 116 180 244

53 53 nz 181 245

54 5 11 182 246

3 §5 55 119 183 247
56 56 120 184 248

57 57 121 185 249

58 58 122 186 250

59 59 123 187 251

& &0 124 188 252

61 61 125 189 253

62 62 126 190 254

63 63 127 19 255

Mpx/R. Each 1851 ordered is assigned the 64 ad-
dresses shown in these two illustrations.

Mpx /S groups are installed in an 1851 in the
following sequence: group 0, group 1, group 2, and
group 3. For example, if two groups of Mpx/S are
ordered, they are installed in group 0 and group 1.
Addresses are assigned to each 1851, so that in the
preceding example, 32 addresses are assigned to
group 0 and 1, and 32 addresses are reserved for
groups 2 and 3.

Addresses for 1851's containing Mpx/R (Mpx/S
and Mpx /R are not installed in the same 1851) are
assigned as shown in Figure 37. Mpx/R groups are
installed in an 1851 in one of the following sequences,
depending on system configuration:

1. 1851's containing all high-level inputs or all the
same low-level range are installed in the fol-
lowing sequence: group 0, group 1, group 2,
and group 3.

2. 1851's containing high-level inputs and one low-
level input range (maximum two ranges per 1851)
are installed in the following sequence: high-
level starting with group 0 and ascending, low-
level starting with group 3 and descending.

For example, if one group of high-level and
three groups of £10 mV range are ordered for
the same 1851, the one group of high level is
installed in group 0 and the three groups of £10
mV range are installed in groups 3, 2, and 1.
An exception to this sequence occurs when the
groups of high-level inputs are installed in an
1851 model 2. In this type of installation, points
00 and 01 are reserved for reference voltage
and RBT, respectively. Therefore, high-level
groups are installed starting with group 3 and
descending, and the thermocouple inputs are
installed starting with group 0 and ascending
(opposite of the preceding example). An 1851
model 2 must have the £+10 mV, +20 mV, or
+50 mV range specified for group 0.

3. 1851's containing two ranges of low-level inputs
have the first range installed in ascending order
starting with group 0. The second range is installed
indescending order starting withgroup 3. For ex-
ample, iftwo groups of +10 mV range and two groups
of £20 mV range are ordered, the two groups of the
+10 mV range are installed in groups 0 and 1, and the
two groups of +20 mV range are installed ingroups
3 and 2.

PROGRAMMED CONTROL MODES

This section describes the control modes for selec-
tion of analog input points, conversion of the



Figure 37. Multiplexer/R Addresses

v'\vl::mkr)‘oe?ggl 1851's with Multiplexer/R
Group Point Ist | 2nd | 3rd {4th | 5th | 6th | 7th | 8th | 9th [ 10th | 11th | 12th | 13th | 14th | 15th | 16th
Number | Number | 1851 [1851 |1851 {1851 |1851 [1851 1851 |1851 | 1851|1851 [1851 | 18511851]1851]1851 | 1851
00 00 | 64 |128 {192 | 256 |320 |384 [448 | 512 | 576 1640 | 704 [ 768 | 832 | 896 | 960
o1 01 | 65 (129 [193 |257 |321 | 385 |449 | 513 | 577 |641 | 705 | 769 | 833 | 897 | 961
02 02 | 66 |130 |194 {258 [322 | 386 {450 | 514 {578 |642 | 706 {770 | 834 | 898 | 962
03 03 | 67 |131 |195 [ 259 {323 {387 |451 | 515|579 {643 | 707 | 771 | 835 | 899 | 963
04 04 | 68 |132 |196 {260 [324 |388 {452 | 516 | 580 [644 | 708 | 772 | 836 | 900 | 964
05 05 | 69 |133 197 {261 |325 [389 {453 | 517 | 581 |645 | 709 { 773 | 837 | 901 | 965
06 06 | 70 134 198 | 262 326 {390 |454 | 518 | 582 |646 | 710 | 774 | 838 | 902 | 966
0 07 07 | 7y 1135 |199 | 263 |327 [ 391 |455 | 519 1583 647 | 711 | 775 | 839 | 903 | 967
08 08 | 72 [136 |200 | 264 |328 {392 [456 | 520 | 584 |648 712 | 776 | 840 | 904 968
09 09 | 73 1137 1201 | 265 |329 | 393 {457 | 521 | 585 |649 | 713 {777 | 841 [ 905 | 969
10 10 | 74 [138 |202 | 266 |330 | 394 |458 | 522 | 586 {650 | 714 | 778 | 842 | 906 | 970
n 1| 75 [139 {203 {267 |331 {395 |459 | 523 [ 587 | 651 | 715 | 779 | 843 | 907 | 971
12 12 1 76 140 |204 {268 {332 | 396 |460 | 524 | 588 {652 | 716 | 780 | 844 | 908 | 972
13 13 | 77 [141 205 | 269 |333 | 397 |461 | 525 {589 653 | 717 | 781 | 845 | 909 | 973
14 14 | 78 {142 {206 |270 | 334 | 398 [462 | 526 | 590 | 654 718 | 782 | 846 | 910 974
15 15 | 79 {143 [207 271 {335 |399 |463 | 527 | 591 |655 | 719 | 783 | 847 | 911 | 975
16 16 | 80 [144 {208 {272 |336 | 400 464 | 528 | 592 | 656 | 720 | 784 | 848 | 912 | 976
17 17 | 81 1145 1209 | 273 1337 |401 465 | 529 | 593 |657 | 721 | 785 | 849 | 913 | 977
18 18 | 82 [146 |210 | 274 {338 | 402 |466 | 530 | 594 | 458 | 722 | 786 | 850 | 914 | 978
19 19 | 83 147 {211 | 275 1339 | 403 |467 | 531 | 595 | 659 723 | 787 | 851 | 915 979
20 20 | 84 |148 212 | 276 | 340 [ 404 [468 | 532 | 596 |660 | 724 | 788 | 852 | 916 | 980
21 21 | 85 |149 {213 | 277 | 341 | 405 469 | 533 | 597 |61 | 725 | 789 | 853 | 917 | 981
22 22 | 86 |150 | 214 | 278 {342 | 406 |470 | 534 | 598 | 662 | 726 | 790 | 854 | 918 | 982
23 23 | 87 |151 {215 | 279 |343 | 407 |471 | 535 [ 599 {663 | 727 {791 | 855 | 919 | 983
1 24 24 | 88 |152 [ 216 | 280 {344 | 408 |472 | 536 | 600 | 664 | 728 | 792 | 856 | 920 | 984
25 25 | 89 |153 [217 | 281 {345 {409 |473 | 537 | 601 |665 | 729 [ 793 | 857 | 921 | 985
26 26 § 90 |154 | 218 {282 |346 | 410 474 | 538 | 602 | 666 730 | 794 | 858 | 922 986
27 27 1 91 |155 | 219 {283 | 347 {411 [475 | 539 | 603 |667 | 731 | 795 | 859 | 923 | 987
28 28 | 92 |156 220 | 284 [348 [ 412 |476 | 540 | 604 {668 | 732 | 796 | 860 | 924 | 988
29 29 | 93 |157 1221 | 285 1349 | 413 [477 | 541 | 605 |669 | 733 | 797 | 861 | 925 | 989
30 30 | 94 |158 |222 |286 |350 | 414 [478 | 542 | 606 {670 | 734 | 798 | 862 | 926 | 990
31 31 95 |159 [ 223 |287 {351 {415 [479 | 543 | 607 | 671 735 | 799 | 863 | 927 991
32 321 96 |160 | 224 | 288 {352 |416 |480 | 544 | 608 |672 | 736 | 800 | 864 | 928 | 992
33 33| 97 |161 [225 | 289 |353 | 417 481 | 545 | 609 | 673 | 737 | 801 | 865 | 929 | 993
34 34 | 98 {162 226 | 290 [ 354 | 418 |482 | 546 | 610 | 674 738 | 802 | 866 | 930 994
35 35 | 99 1163 |227 291 [355 [419 [483 | 547 | 611 | 675 | 739 | 803 | 867 | 931 | 995
36 36 1100 |164 | 228 | 292 | 356 | 420 {484 | 548 | 612 | 676 | 740 | 804 | 868 | 932 | 996
37 37 1101 {165 |229 | 293 |357 421 [485 | 549 | 613 {677 | 741 | 805 | 869 | 933 | 997
38 38 1102 |166 1230 | 294 (358 | 422 [486 | 550 | 614 | 678 | 742 | 806 | 870 | 934 | 998
39 39 |103 1167 | 231 | 295 | 359 | 423 |487 | 551 | 615 |679 | 743 | 807 | 871 | 935 | 999
2 40 40 |104 168 | 232 {296 | 360 | 424 |488 | 552 | 616 }680 | 744 | 808 | 872 | 936 | 1000
4] 41 105 169 1233 | 297 {361 | 425 |489 | 553 | 617 |81 | 745 | 809 | 873 | 937 | 1001
42 42 1106 1170 |234 1298 {362 [426 |490 | 554 | 618 | 682 746 | 810 | 874 | 938 | 1002
43 43 1107 [171 235 | 299 | 363 | 427 |491 | 555 | 619 | 683 | 747 | 811 | 875 | 939 | 1003
44 44 |108 172 | 236 | 300 | 364 | 428 |492 | 556 | 620 | 684 | 748 | 812 | 876 | 940 | 1004
45 45 [109 (173 | 237 {301 | 365 | 429 |493 | 557 | 621 |85 | 749 | 813 | 877 | 941 |1005
46 46 1110 [174 | 238 302 | 366 | 430 |494 | 558 | 622 {686 | 750 | 814 | 878 | 942 | 1006
47 47 |111 |175 | 239 [ 303 {367 | 431 |495 | 559 | 623 | 487 | 751 | 815 | 879 | 943 | 1007
48 48 1112 [176 | 240 {304 | 368 | 432 {496 | 560 | 624 | 688 | 752 | 816 | 880 | 944 | 1008
49 49 1113 1177 | 241 | 305 [369 | 433 |497 | 561 | 625 | 689 | 753 | 817 | 881 | 945 | 1009
50 50 | 114 {178 | 242 | 306 [370 | 434 [498 | 562 | 626 | 690 | 754 | 818 | 882 | 946 | 1010
51 51 [115 {179 {243 | 307 | 371 [ 435 |499 | 563 | 627 | 691 | 755 | 819 | 883 | 947 | 1011
52 52 |116 {180 | 244 | 308 | 372 | 436 {500 | 564 | 628 | 92 | 756 {820 | 884 | 948 | 1012
53 53 {117 |181 | 245 | 309 | 373 | 437 |501 | 565 | 629 | 93 | 757 | 821 | 885 | 949 | 1013
54 54 1118 |182 |246 | 310 | 374 | 438 |502 | 566 | 630 | 694 | 758 | 822 | 886 | 950 | 1014
55 55 1119 {183 | 247 | 311 | 375 | 439 [503 | 567 | 631 | ¢95 | 759 | 823 | 887 | 951 (1015
3 56 56 | 120 | 184 | 248 | 312 | 376 [ 440 [504 | 568 | 632 | 696 | 760 | 824 | 888 | 952 | 1016
57 57 {121 |185 | 249 | 313 [377 | 441 {505 | 569 | 633 | 97 | 761 | 825 | 889 | 953 | 1017
58 58 1122 186 | 250 [ 314 | 378 | 442 [506 | 570 | 634 | 498 | 762 | 826 | 890 | 954 {1018
59 59 {123 |187 | 251 | 315 [ 379 | 443 |507 | 571 | 635 | 699 | 763 | 827 | 891 | 955 | 1019
60 60 | 124 |188 |252 | 316 | 380 | 444 |508 | 572 | 636 | 700 | 764 | 828 | 892 | 956 | 1020
61 61 {125 |189 | 253 | 317 [381 {445 |509 | 573 | 637 | 701 | 765 | 829 | 893 | 957 | 1021
62 62 1126 [190 | 254 | 318 | 382 | 446 | 510 | 574 | 638 | 702 | 766 | 830 | 894 | 958 | 1022
63 63 1127 1191 [ 255 | 319 | 383 | 447 511 | 575 | 639 | 703 | 767 | 831 | 895 | 959 [1023
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selected analog signal to a digital value, and trans-
fer of the digital value to the P-C.

Three basic control modes exist for input of
analog data: (1) direct program control, (2) data
channel sequential, and (3) data channel random.
Essentially, direct program control mode requires
execution of at least one execute 1/0 (XIO) instruc-
tion for each value that is read into the P-C. Data
channel sequential mode uses one data channel and
allows any number of groups ot sequentially ad-
dressed values to be read into the P-C with execu-
tion of one XIO. Data channel random mode uses
two data channels and allows each point to be ad-
dressed uniquely. Any number of groups of points
may be addressed, converted, and read into the P-C
with execution of two XIO's.

Direct Program Control

In the direct program control mode of operation,
two XIO's are used. The first, an XIO write, ad-
dresses the multiplexer and selects the analog input
point which is to be converted. Upon completion of
multiplexing, an internal signal is sent to the ADC
to start the point conversion. When the ADC has
completed the conversion, an interrupt signal is
sent from the ADC to the P-C. The P-C initiates a
subroutine to determine the cause of the interrupt,
if necessary, and provides the second XIO, an XIO
read, to transter the data to storage. This mode of
converting data from analog signals to digital values
in core storage is a discrete addressing method;
that is, two XIO's result in the acquisition of data
from one input point.

DIRECT PROGRAM CONTROL SEQUENTIAL: A
special mode of direct program control can be used
if analog points are to be converted in sequence.
This mode requires only one write followed by a
series of reads -- one for each point. Modifier bit
8 being on in the XIO read causes the multiplexer to
add 1 to the address previously converted and then
to perform the next cycle. (A cycle consists of
selecting the analog input point, converting the
selected analog signal, and initiating an interrupt
to inform the P-C that the converted value is ready
to be read into core storage.) Modifier bit 8 being
off in an XIO read terminates the operation.

Data Channel Sequential

In this mode, which uses a single data channel, a
sequence of analog input points is scanned,
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converted, and stored in core storage -- with only
one XIO initialize read initiating the action.

The address field of the input/output control
command (IOCC) contains the core storage address
of a data table. The first word of the data table
contains the word count and scan control bits for the
data table. The word count is 1 greater than the
number of input signals to be converted in the se-
quence. The scan control bits determine whether an
interrupt is given and whether chaining or termina-
tion of the operation occurs when the word count
reaches 0.

The initial multiplexer address is contained in
the word following the word count and scan control
bits in the data table. The data channel "writes"
this multiplexer address word into the analog multi-
plexer address register (AMAR), thus initiating tne
selection of analog points and subsequent conversion
to digital values. At the completion of each conver-
sion, the converted data is read into sequential
storage locations. After each transfer of data, the
word count is decreased by 1, and the previous ad-
dress is increased by 1. The new address causes the
next sequential point to be selected. This operation
continues until the word count reaches 0.

Figure 38 illustrates two data tables which are
in core storage and could be used for chained se-
quential operation. The IOCC that initiates this

Location
(Decimal) o 2 3 6 15
2999 ¥ Word Count = 12
A 4 i il Ll 1 ' 1 1 1 1 1
30000 fssl | Mpx Address
3001 Data Word 1
. M S S S A T S S R
L : =
P M S W U W - .l 1 I 1 1 i i1 1
3011 Data Word 11
Next Table Address = 3015
Location
(Decimal)
3015 CAR Check Word = 3015
3016 Soc‘%j Word Count = 25
o7y B e gt
3018 Data Word 12
. S S A A S N S
* - . =
'Y 1 i 1 1 1 J;‘J -l 1 1 1 1 1 1
3041 L DF'O Word 35
3042 Starting Table Address = 2999
LN PRV locc
3043 Al-Initialize Read

Figure 38. Analog Input Data Tables, Chained Sequential Mode



analog input operation is located in storage locations
3042 and 3043. The IOCC initializes the multiplexer
and ADC and then places the address of the word count
(the first word in the table) into the channel address
register (CAR) of the data channel. In this example,
the word count is located in storage location 2999.

The ADC now requests a data channel cycle to
place the word count into the word count register.

In this example, the word count is 12. CAR is in-
creased by 1 so that now CAR contains the address
3000. On the next data channel cycle, the initial
multiplexer address is transferred from location
3000 to the AMAR. When multiplexing is complete,
a signal is sent to the ADC to start conversion. At
the completion of conversion, the ADC register con-
tains a digital value and a data channel cycle is re-
quested. CAR (now containing address 3001) ad-
dresses core storage, and the digital value 1n the
ADC output register is transferred to location 3001.

The preceding procedure is repeated and con-
tinues until the word count reaches 0. At this time,
the scan control bits are monitored and it is dis-
covered that they indicate continued scanning (11).
When continuous scan is indicated, the data channel
takes four cycles to initialize the 1/0 device for the
next data table. The first cycle transfers the word
following the first data table to CAR. (This word
contains the core-storage location of the next table.)
The second cycle addresses core storage and trans-
fers the contents of the first word of the next data
table to the B-register. A CAR check is then made.
The third cycle transfers the word count and scan
control bits from the second word of this data table
to their respective registers in the 1/0 device. The
fourth cycle transfers the multiplexer address from
the third word of the data table to the AMAR. Data
transfers then resume by means of data channel
operations.

When the word count again reaches 0, the scan
control bits indicate that the operation is to be ter-
minated and an interrupt generated. The operation
is now terminated. A new XIO is required to initi-
ate further operations.

Data Channel Random

In this mode of operation, the multiplexer addresses
are transferred on one data channel, and the ADC
data is transferred on a second data channel. The
operation is initiated with two XIO's. The first, an
XIO initialize read, performs two functions: (1) sets
up the controls for transferring converted data from
the ADC to storage on one channel, and (2) loads the

scan control register and word count register for the
operation. (The word count is equal to the number of
converted values to be stored.) The second, an XIO
initialize write, initiates the transfer of multiplexer
addresses from core storage to the analog multiplexer
address register on the other data channel.

When the first analog input point has been selec-
ted, the ADC is started. At the completion of the
first conversion, a data channel cycle transfers the
converted data to the data table in core storage.
Alternate data channel cycle requests bring in the
multiplexer addresses on one channel and transfer
the converted data to storage on the other channel.
This operation continues until the word count is
decremented to 0. When this occurs, the scan con-
trol bits are interrogated to determine whether an
interrupt is to be given and whether the operation is
to continue or terminate.

Figures 39 and 40 illustrate multiplexer address
and ADC storage tables that are to perform a random
addressing operation. An XIO initialize read refer-
encing location 3524 initiates ADC action. An XIO
initialize write referencing location 3122 initiates
multiplexing.

In this example (Figures 39 and 40), 119 points
are being read and converted in a random sequence.
The two ADC tables are chained together, while the
multiplexer table is chained to itself. The scan
control bits cause an interrupt at the end of each
ADC table. The number of multiplexing addresses
set up in the multiplexer address table must equal
the word count set up in the ADC table. Comparator
limit words, if used, are not included in the word
count.

Systems with two data channels may convert val-
ues while operating in random mode. Modifier bit 12

Location
(Decimal) 4 5
3000 CAR Check Word = 3000
3001 o 8S| Mpx Address (47)
Lok ; AL
3002 N Mpx Address (82)
L] ¥ o kS A I S T | el

(Not Used) L
3122 Starting Table Address = 3001
DAL A i N 1occ
3123 Al-Initialize Write
T R S N S A T S

Figure 39. Multiplexer Address Table, Random Mode
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Locotion
(Decimal) ¢ 15
3201 .~ CAR Fheqk Word = .32.01. -
3202 %] | Word Count - 119
1 1 L 11 i i1 1 1 1 ] A d
3203 Data Word (47)
1 11 L 11 i 11 A 1 i L 1 1
3204 Data Word (82)
L ] I < i
L] L d
L R S
.
3321 Data Word (14)
- 1 1 11 L 1 1 1 i 1 11 1
Location
(Decimal) ¢ 5
3402 %Y Word Count = 119
3403 Data Word (47)
3404 Data Word (82)
o e
P R
. p
3521 Data Word (14)‘ , L
3522 Next Table Address = 3201
(Not Used)
3524 Starting Table Address = 3402
* 10CC
3525 Al-lnitialize Read

Figure 40. ADC Table, Chained Random Mode

being on in the X1O initialize read specifies random
mode; modifier bit 12 being off specifies sequential
mode.

If overlap special feature is used, the ADC word
count is equal to the number of solid state points.
Because relay points are read by direct program
control, they are not stored in the ADC storage
table.

ANALOG INPUT PROGRAMMING

Analog input operates under direct program control
or data channel control for data transfer and utilizes
the execute 1/0 (XI0) instruction.

The input /output control command (IOCC) refer-
enced by an XIO must have an area code of 01010
to address analog input basic or 10000 to address
analog input expander. The following IOCC's pro-
vide operation and control of analog input features.
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Anaiog input iOCC’s
Write

0 5 0 4 ] 12 15

Core Storage Address

=TI I OO I N

\—_Y—/

Specifies analog input I

basic or expander

1 = External sync

00 = 11-bit resolution
01 = 14-bit resolution
10 = 8-bit resolution

This command causes the multiplexer address located
at the core storage location specified by the IOCC
address field to be sent to the analog multiplex ad-
dress register. After the multiplex point is selected
and converted, a DPC (direct program control) con-
version complete interrupt is given. This interrupt
indicates that the converted value is ready to be read
into core storage.

The functions of modifier bits that further define
the command are shown in the preceding illustration.

Read

Core Storage Address |

T TR S S T W W W S

Specifies analog input

basic or expander

1 = Direct program
sequential mode

This command causes the converted data in the ADC
to be read into the core storage location specified by
the IOCC address field. If modifier bit 8 is off, the
operation is considered complete after the data is
read. If modifier bit 8 is on, the analog multiplex
address register is increased by 1 and the next se-
quential multiplex point is selected and converted.
After this multiplex point is converted, a DPC
(direct program control) conversion complete inter-
rupt is given. This interrupt indicates that the



converted value is ready to be read into core storage
by another XIO read. This sequential operation con-
tinues until an XIO read with modifier bit 8 off is
given,

Control

o 150 4

15
I I [0] ]
G NI 0550 NS (L LK OO W OO O % O SO A A | L1l 1 L1 I T T O I W 1

Specifies analog input
basic or expander

This command (blast reset) can be used to imme-
diately halt analog input operation. All ADC basic
controls and registers, the multiplexer, and the
comparator are reset by execution of this command.
If an I/0 operation is in progress, it is terminated
and the analog input is released. Analog input is
thus made available for another XIO.

Initialize Read

0 15 0 8 9 10 11 1213 14 15

4
[ paetobleaddess | Tiaof ] | |
]

Specifies analog input
basic or expander

|l = External sync ||=

0 = Data channe! sequential mode
1 = Two-data channel random mode

00 = 11-bit resolution
01 = 14-bit resolution
10 = 8-bit resolution

This command initializes the analog input and data
channel in preparation for transferring converted
data from the ADC to core storage. The ana-
log input may be initialized to one of two modes:
data channel sequential or data channel random.
Analog input operations for these two modes

are described under 'Data Channel Sequential'

and 'Data Channel Random'.

Initialize Write

0 15 0 4 8 (1]
Mpx Address Table Address | ]] 01 l
. y— Ll It 1 1 1 1 i S RRNE SIS WS SO N O

I S R S W NI S N |

.
Specifies analog input 172168

basic or expander

This command initiates the transfer of multiplexer
addresses from the address table specified by the
address field to the analog multiplexer address reg-
ister. This command is used only in two data chan-
nel random mode. Operation with this mode is
described under '"Data Channel Random".

Sense Device

0 15 0 4 8 15

B N TN 1 Eaew

Specifies analog input ]

basic or expander

0 = Analog input DSW
1 = Comparator DSW

0 = No indicator reset
1 = Indicator reset

This command causes the device status word (DSW)
specified by modifier bit 8 to be read into the ac-
cumulator (A). If modifier bit 8 is off, the analog
input DSW (Figure 41) is read. If modifier bit 8 is
on, the comparator DSW (Figure 42) is read.

0 I 2345678910 14 15

I

L 15 Any Error (turned on by any one of
bit positions 3, 4, 5, 6,0r 7)

Indicator Name

9 DPC Relay Multiplexer Busy

L————————— 8 Data Channel, SS Multiplexer, or
AMAR Busy

L 7 Overlap Conflict * #
6 ADC Overload * #
5 Parity Data Error * #

4 Parity Control Error * #

* #

3 Storage Protect Violation

2 DPC Relay Multiplexer Point
Conversion Complete * #

1 DPC Solid State (SS) Multiplexer
Point Conversion Complete * #

0 End of Table (word count equals

zero) * #
* Interrupt

# Indicator reset by an XIO sense device with reset
(Other indicators are reset by their status turnoff)

Figure 41. Analog Input Device Status Word
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0 1 234 56 7 8 9101112131415

IAII[!IIAIILII']

[ e’

Indicator Nome

15 Multiplexer

6 Point Address

3 Solid State Multiplexer
1 Low Out-of-Limit * #
0 High Out-of-Limit * #

* Interrupt

# Indicator reset by an XIO sense device with reset
(Other indicators are reset by their status turn off)

Figure 42. Comparator Device Status Word

Modifier bit 15 controls the reset of the pro-
gram resettable indicators in the DSW read. If
modifier bit 15 is on, the indicators are reset. If
modifier bit 15 is off, the indicators are not reset.

Analog Input DSW Interrupt Indicators

All analog input basic interrupts are combined into
one interrupt signal. This signal is assigned to an
interrupt level and an interrupt level status word
(ILSW) bit position.

All analog input expander interrupts are com-
bined into one interrupt signal. This signal is as-
signed to the same interrupt level as analog input
basic, but to a different ILSW bit position. Analog
input and comparator interrupts may be assigned to
the same interrupt level if desired.

Figure 41 shows the format of the analog input
DSW and defines the indicators that cause interrupts.
Program resettable indicators are also defined.

END OF TABLE: This indicator turns on, causing
an interrupt, when the word count is decreased to 0
during data channel operations in which the scan
control bits have specified an end-of-table interrupt.

DPC S5 CONVERSION COMPLETE: During direct
program control (DPC) operation, this indicator
turns on when a solid state (SS) multiplex point con-
version is complete. The indicator turning on
causes an interrupt to notify the program that the
converted data is ready to be transferred to core
storage.

DPC RELAY CONVERSION COMPLETE: During

direct program control (DPC) operation, this indica-
tor turns on when a relay multiplex point conversion
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is complete. The indicator turning on causes an
interrupt to notify the program that the converted
data is ready to be transferred to core storage.

STORAGE PROTECT VIOLATION: This indicator
turns on, causing an interrupt, if an attempt is
made to store converted ADC data in a protected
core storage location. If this occurs, all analog
input operations are halted.

PARITY CONTROL ERROR: This indicator turns
on, causing an interrupt, when a transmission parity
error is detected during a control cycle. It is also
turned on when a transmission or P-C parity error
is detected during loading of the word counter, load-
ing of the AMAR, or loading and checking of the CAR
while chaining to another table. Analog input opera-
tions are halted.

PARITY DATA ERROR: This indicator turns on,
causing an interrupt, if a parity error is detected
when a multiplexer address or converted data is
transferred between the P-C and analog input inter-
face.

ADC OVERLOAD: This indicator turns on, causing
an interrupt, if the input to the ADC exceeds the
range of the ADC.

OVERLAP CONFLICT: During two data channel
overlap operation, this indicator turns on if a sec-
ond relay point is addressed before the first relay
point has been converted. Overlap conflict turning on
causes an interrupt.

Analog Input DSW Noninterrupt Indicators

Figure 41 shows the format of the analog input DSW
and defines the noninterrupt indicators. Program
resettable indicators are also defined.

DATA CHANNEL, SS MULTIPLEXER, OR AMAR
BUSY: This indicator reflects the combined status
of these three busy conditions:

1. Data channel busy turns on at the beginning of a
data channel operation (relay or solid state) and
remains on until the word count for the last data
table is decreased to 0 (no chaining specified).

2. SS (solid state) multiplexer busy turns on when
the solid state multiplexer is addressed. The
indicator remains on until reset by an XIO
read with modifier bit 8 off (read sequential
not specified).




3. AMAR (analog multiplexer address register)
busy is on while the AMAR is being used. This
interval begins when an address is loaded into
AMAR ( or increased during sequential opera-
tion) and ends when the address is transferred
to the multiplexer to select the input point.

A new XIO initialize read or XIO write cannot be
initiated while the data channel, SS multiplexer, or
AMAR busy indicator is on. Both of these instruc-
tions are ignored, and no indication is given to the
program.

DPC RELAY BUSY: This indicator turns on when
a relay multiplexer is addressed by an XIO write,
or when a relay multiplexer is sequenced by an
XIO read specifying sequential addressing. The in-
dicator is turned off 800 us after the relay conver-
sion is completed unless another relay conversion
is initiated before the end of the 800 us period. A
new relay point can be initiated after the DPC relay
conversion complete interrupt has been serviced.
The SS multiplexer can be used in overlap mode
while this indicator is on.

Comparator DSW Interrupt Indicators

All comparator interrupts in analog input basic are
combined into one interrupt signal. This signal is
assigned to an interrupt level and an interrupt level
status word (ILSW) bit position.

All comparator interrupts in analog input ex-
pander are combined into one interrupt signal. This
signal is assigned to the same interrupt level as the
comparator in analog input basic, but to a different
ILSW bit position. Analog input and comparator
interrupts may be assigned to the same interrupt
level if desired.

Figure 42 shows the format of the comparator
DSW and defines the indicators that cause interrupts.
Program resettable indicators are also defined.

HIGH OUT-OF-LIMIT: This indicator turns on,
causing an interrupt, when the comparator detects
an ADC reading equal to or above the high limit
specified.

LOW OUT-OF-LIMIT: This indicator turns on,
causing an interrupt, when the comparator detects
an ADC reading below the low limit specified.

Comparator DSW Noninterrupt Indicators

Figure 42 shows the comparator DSW format and
defines the noninterrupt indicators. Program reset-
table indicators are also defined.

SOLID STATE MULTIPLEXER: This indicator is on
when the multiplexer point address in DSW bits 6
through 15 is a solid state multiplexer point address.

MULTIPLEXER POINT ADDRESS: These bits
identify the multiplexer point that caused an out-of-
limit condition.

ANALOG INPUT EXECUTION TIMES

The following are typical times required for reading
a series of analog input points. Note that the times
are shown for the three core storage cycle times.
In these examples, ADC conversion time is for 14~
bit resolution. Eleven or 8-bit resolution is 8 or 15
us per point faster, respectively. The following
items should be considered when using these ex-
amples in determining system conversion rates:

e Time is not included for program instruction
execution other than the instructions required
to initiate and perform the analog input opera-
tions. It is assumed that the P-C is in a wait
state at all other times. If instruction execution
continues while conversions are being made,
one core storage cycle should be added to each
point converted.

e If the comparator is used, one core storage
cycle must be added for each point in which a
comparison is performed.

o If external sync is used, the elapsed time be-
tween 'ready' and the sync signal must be added
to each point using external sync.

e Time is not included for any data channel (cycle
steal) delay that may be encountered if other
data channel operations are in progress during
conversions. The exact delay depends on: (1)
the priority of the data channel(s) assigned to
analog input, and (2) the number of other data
channel operations being performed.
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Direct Program Control Qperations

Muitiplexer/R -- ADC Mod 1

Per Point 2 us 2.25 us 4 us
X1I0 write 0.010 ms 0.011 ms 0.020 ms
Mpx relay 9.947 9.947 9.947
| ADC conv.  0.044 0.044 0.044
Interrupt 0.110 0.124 0.220
X10 read 0.010 0.011 0.020
| 10.121ms 10.137 ms  10.241 ms
Multiplexer/S -- ADC Mod 1
Per Point 2 us 2.25 us 4 us
XIO write 10.0 us 11.3 us 20.0us
Mpx /S and
buffer amp. 10.0 10.0 10.0
| ADC conv. 44.0 44.0 44.0
Interrupt 110.0 123.8 220.0
XIO read 10.0 11.3 20.0
‘ 184.0 us 200.4 pus 314.0 us
Muttiplexer/S -- ADC Mod 2
Per Point 2 us 2.25 us 4 us
XI10 write 10.0 us 11.3 us 20.0 us
Mpx /S and
S & H amp. 10.0 10.0 10.0
| ADC conv. 44.0 44.0 44.0
Interrupt 110.0 123.8 220.0
X10 read 10.0 11.3 20.0
| 184.0 us 200.4 us 314.0 us
Data Channel Operations
One Data Channel -- Mpx/S -- ADC Mod 1
Initialize 2 us 2.25 us 4 us
XIO initialize read 8.0 us 9.0 us 16.0us
Cycle steal (CS)
word count 4.0 4.5 8.0
| CS initial Mpx
addr. 2.0 2.3 4.0
| 14.0 us 15.8 us  28.0 us
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Per Point 2 us 2.25 us 4 us
Mpx /S and
buffer amp. 10.0 10.0 10.0
| ADC conv. 44.0 44.0 44.0
ADC end delay 50.0 50.0 50.0
CS read data 2.5 3.1 5.0
106.5 us 107.1 s  109.0us
Chaining 2 us 2.25 us 4 us
CS new addr. 4.0 us 4.5 us 8.0 us
CS CAR check 4.0 4.5 8.0
CS word count 4.0 4.5 8.0
CS Mpx addr. 4.0 4.5 8.0
16.0 us 18.0 us 32.0 us
One Data Channel -- Mpx /S -- ADC Mod 2

Initialize and chaining times are the same as those
for the preceding "One Data Channel -- Mpx/S -~

ADC Mod 1".
Per Point 2 us 2.25 us 4 us
Mpx /S and
S & H amp. 10.0 us 10.0 us 10.0 us
ADC conv. 44.0 44.0 44.0
CS read data 2.5 3.1 5.0
56.5 us 57.1us 59.0 us
Two Data Channel -- Mpx/S -- ADC Mod 1
Initialize 2 us 2.25 us 4 us
XIO initialize
read 8.0 us 9.0 us 16.0 us
XIO initialize
write 8.0 9.0 16.0
CS word count 4.0 4.5 8.0
CS Mpx addr. 2.0 2.3 4.0
22.0 us 24.8 us 44.0 us
J
Per Point 2 us 2.25 us 4 us
Mpx/S and S&Hamp. 10.0pus 10.0ps 10.0us
| ADC conv. 44.0 44.0 44.0
ADC end delay 50.0 50.0 50.0
CS read data 2.5 3.1 5.0
106.5 us 107.1us 109.0 pus



Chaining 2 us

CS new addr. 2.0
CS CAR check 4.0
CS new addr. 4.0
CS CAR check 4.0
CS word count 4.0
CS Mpx addr. 4.0

0

Q0 0 00 0 H~

Two Data Channels - - Mpx/S - - ADC Mod 2

Initialize and chaining times are the same as those
for the preceding "Two Data Channels -- Mpx /S —-
ADC Mod 1".

Per Point 2 us 2.25 us 4 us
Mpx /S and
S & H amp. 10.0 us 10.0 us 10.0 us
ADC conv. 44.0 44.0 44.0
CS read data 2.5 3.1 5.0
56.5 us 57.1us 59.0 us

THERMOCOUPLE OPERATION

A thermocouple is a device used for measuring
temperatures. It produces a voltage that is direct-
ly and almost linearly proportional to the difference
in temperature between the measuring junction (hot
junction) and the reference junction (cold junction).

Several thermocouple types, employing different
combinations of metal, are available. With an
appropriate choice of thermocouple, temperatures
as high as 9,000°F or as low as -450°F can be
measured.

Converting Thermocouple Signals

The conversion of a thermocouple signal to a mean-
ingful and accurate temperature value is performed
as a part of the 1800 program. The following factors
are used by the 1800 program to accomplish thermo-
couple signal conversion.

e Thermocouple calibration data.

e Resistance bulb thermometer (RBT) bridge
output.

e RBT reference voltage output.

o RBT operating characteristics.
e Thermocouple signal.

Because of the interrelationship of these factors,
care must be taken in correlating the measured sig-
nal to the actual temperature it represents.

Each process thermocouple is connected to the
1800 via an 1851 Multiplexer Terminal, Model 2.
The thermocouple measuring (hot) junction is located
in the process area (tank, furnace, and so on) where
temperature sensing is desired, and the thermocouple
reference (cold) junction is located in the 1851 Multi-
plexer Terminal, Model 2. The resistance bulb
thermometer (RBT) and the reference voltage are
also located in the 1851 model 2. Thus, the 1851
model 2 provides thermal stability for the reference
junctions, a means of determining the temperature
of the reference junction, and terminations for ther-
mocouple signals.

The reference junction terminations are extended
to signal conditioning elements in the 1851. From
this point, the multiplexer selectively connects
these signals to the ADC to be converted to a digital
value.

Thermocouple Calibration Data

Figure 43 illustrates the operating curve of an iron-
constantan (type J) thermocouple. A manufacturer's
thermocouple calibration graph normally shows only
one curve at a stated reference (cold junction) tem-
perature. However, Figure 43 includes two curves
(0°C and 25°C) to show the influence of the cold junc-
tion temperature. It also includes a straight line as
an aid to judging linearity.

For complete and more accurate data about a
specific thermocouple, refer to the calibration data
available from the thermocouple manufacturer, or
refer to calibration data available from a testing
laboratory.

Resistance Bulb Thermometer

Essentially, an RBT is a wire-wound resistor whose
electrical resistance varies with temperature. The
RBT supplied with the 1851 model 2 provides a means
of determining the reference junction temperature
within the 1851 model 2.

The RBT resistor is electrically connected to
a precision reference voltage and a Wheatstone
bridge (balanced circuit). A temperature variation
causes a change in resistance and a consequent
imbalance of the bridge circuit. The voltage
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Figure 43. Iron-Constantan Thermocouple Chart

produced by this imbalance is called the RBT bridge
output. This output and the reference voltage are
made available to the 1800 program, which then
interprets the two values. Thus, thermocouple
signals are compensated for reference junction
temperature changes.

The RBT circuit outputs are made available at
the first and second address terminals within the
1851 model 2. (See Figure 37 for the Mpx /R ad-
dress that will select points 00 and 01 within the
1851 model 2 being used). When point 01 (within
an 1851 model 2) is selected by the multiplexer,
the RBT bridge output is converted by the ADC to
a digital value. When point 00 (within an 1851
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verted by the ADC to a digital value.
RBT Operating Characteristics

The RBT circuit supplied with the 1851 model 2 has
the following characteristics.

Range Reference Output RBT Bridge Qutput
65°C 25°C 5°C 65°C 25°C 5°C
10 MV | Maximum | 4.90mVv| 4.63mV| 4,58 mv] 10.00mv} 3.37 mV 0.12mv
Minimom | 3.78mv| 3.70mv| 3.64mV] 7.91mV| 2.48mV[-0.10mV

20 mV | Maximum | 9.58mv| 9.10mv] 9.0t mv] 20,00mV| 6.63mV| 0.24mV
Minimom | 7.47av] 7.33aV1 7.21 V] 16,05V 4,90mV1=0,19 V!

50 mV | Maximum |24.03mv{23.16mV|23.02mVE 50,01 mV|16.87mM| 0,61 mV
Minimum [18.94mV| 18,71 mV|18.79 mV| 39.58 mV 12.52mM-0.50 mV

The preceding millivolt values are converted to a
digital value by the ADC, and they are converted to
the corresponding temperature by one of the follow-
ing formulas.

v
Ty, OF) =51.876 2t +41.0
r

< X<

ocy = bt
Trb'(C) 28.82 V:.. +5.0

Where:
Tipt = RBT Temperature

Vybt = ADC reading (Q value) for the RBT bridge output

V; == ADC reading (Q value) for the reference output

The values 51.876 and 41.0 (Fahrenheit) and 28.82 and 5.0
(Celsius) are constants for the RBT supplied with the thermocouple
block. Tipt can be computed in degrees Celsius and converted to
degrees Fahrenheit with the following formula.

=2 f
Tept (°F) =5 (Typyin °C) +32

Thermocouple signals of up to 50 mV can be ter-
minated in the first Mpx/R group of an 1851 model
2. However, when the multiplexer (under control of
the 1800 program) connects a thermocouple signal to
the ADC, the millivoit signal is converted to a digi-
tal value between 00000 and +16383. The 1800 pro-
gram must compute a temperature that corresponds
to the ADC value.

Thermocouple Conversion Accuracy

Accuracy of thermocouple signal conversion depends

N ner fandn .
on many factors. Some of these factors are:



1. Accuracy of measurement of the reference
(cold) junction temperature.

The resistance bulb thermometer (RBT)
circuit supplied with an 1851 model 2 provides
two outputs (RBT reference and RBT bridge
output). These two outputs, when converted by
the ADC to a digital value and used in the proper
formula, indicate the temperature of the refer-
ence (cold) junction within +2°F.

2. Accuracy of thermocouples may vary from
+1-1/2°F to +10°F, depending on the type of
thermocouple used. For more specific infor-
mation, refer to the manufacturer's specifica-
tions for the thermocouple being used.

3. Thermocouple measurement accuracy is largely
dependent on the proper installation of the
thermocouple.

4. Heat distribution within the medium being meas-
ured is another factor that affects the accuracy
of the temperature measurement.

Thermocouple Conversion Example

The remainder of this section shows an example of
thermocouple conversion. Three points should be
stressed about the conversion procedure which
follows:

1. It is recognized that there are other means,
such as curve fitting, to convert thermocouple
signals.

2. The following example is valid only when the
RBT supplied with the 1851 model 2 is used.

3. Each thermocouple type must be separately
correlated because their curves and operating
ranges are different.

The following assumptions are made for the thermo-
couple conversion example.

e The thermocouple signal range is plus or minus
50 mV (amplifier gain of 100).

e The thermocouple is installed (hot junction) in a

process area with a temperature region of 800°C.

o RBT temperature is 24.6°C (room temperature).

o Thermocouple calibration data is based on a
0°C reference curve (0°C curve in Figure 43).

® ADC value when reading the thermocouple
signal is 15132.

e ADC value when reading RBT bridge output is
5182.

e ADC value when reading reference output is
7620.

o All numeric values in the example are base 10.

e The sample problem is presented immediately
after each formula.

Converting Thermocouple Characteristics

For a computer conversion procedure, the thermo-
couple operating curve is considered as being formed
of a series of short straight line segments. This
segmentation is necessary because the millivolt out-
put is not completely linear in relation to measured
temperatures. This nonlinear relationship is most
pronounced at the upper end of the thermocouple tem-
perature range. Smaller segments provide closer
approximation within each segment.

Study the manufacturer’'s calibration data (curve
or table) to determine the number of segments or
divisions that must be made to obtain the desired de-
gree of accuracy. For example, the iron-constantan
(type J) thermocouple curve shown in Figure 43
covers a temperature range of -50°C to +850°C. This
range may be divided into nine segments as follows:

-50°C to +50°C
+50°C to +150°C
+150°C to +250°C
+250°C to +350°C
+350°C to +450°C
+450°C to +550°C
+550°C to +650°C
+650°C to +750°C
+750°C to +850°C

In order to correlate this operational curve to
an actual temperature by a computer program, sev-
eral intermediate values must be determined. De-
termination of these intermediate values (steps 1
through 5 of the following procedure) must be done
once for each thermocouple type in the system.

1. The size of signal (in millivolts) required to
produce an ADC digital value of one bit.

Kade = 0.3051758 mV
Where:

Kade = Value of one ADC register bit
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Determine the ADC reading (Q valuc) that will
be developed in the ADC register for each point
used in the segmentation of the manufacturer's
calibration curve. (See the 0°C reference

curve in Figure 43.)

Q- Vth
Kade

Where:

Q = ADC digital value

V; = Voltage in the thermocouple circuit (each point used
is calculated separately)

G = Gain of the differential amplifier

Kade = Determined previously

For example:
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-2.42 x 100

Q(-50°C) = 53051758 -~ /73

Q (500 Q) = FI - aus

Q (75000 = 228~ 13,867

Q (+850°C) = 43:T31000. = 15,968

Determine the slope (A) of each segment of the
calibration curve.

A= £ degrees
AQ

Where:

Both Adegrees and A Q are the difference in the
extremes of each segment,

Q values were obtained in a previous step.

A has a dimension of degrees per digit.

For example:

A (-50° C to +50° C Segment) = %((3)8 =0.0610
10

A (7500 C to +850° C Segment) :W%T =0.0476

Determine the temperature axis (Y-axis) inter-
cept point (B) for each segment. This is the
point where a line extended from the segment
at the same slope would cross the Y-axis.

T=AxQ+8
or
B=T-AxQ

Where:

A and Q values were obtained previously

B has a dimension of degrees

T is temperature in degrees corresponding to the same
end point of the segment as the lower of the Q values

For example:

I

B (-50° C to +50° C Segment) -50 -(0.0610 x -793)
-50 -(-48.37)

-1.63

B (+750° C to +850° C Segment) = 750 ~(0.0476 x 13,867)
=750 ~(660)
=90

5. Determine constants C and D for the segment
that includes 25°C (the segment that includes
the approximate RBT temperature).

_ L
C ==

D = -

>

Where:

Constants C and D define this segment (-50° to +50°C)
relative to the signal axis (x = axis)

C has a dimension of digits per degree
D has a dimension of digits

For example:

N
C=30s0 ~ 164

___~1.63
b= 0.0610 ~ 26.7 -_29170A

The A, B, C, D, and Q values can now be stored
in the 1800 core storage to be used by the program
when the thermocouple signal is read. The preced-
ing steps provide a '"program image" of the thermo-
couple curve. Each thermocouple type used in a
system must be similarly defined and correlated.



Determining Cold Junction Temperature

The cold-junction temperature must be determined
as often as indicated by (1) 1851 model 2 ambient
air temperature changes, and (2) the accuracy of
the measurement desired. The following steps (6
through 8) are required to determine the RBT tem-
perature and adjust it for the effects of the calibra-
tion curve at the RBT temperature.

6. The 1800 program must read the RBT bridge
output and the reference output as described in
the section for resistance bulb thermometer.

7. Using the ADC readings for the RBT bridge out-
put and reference voltage, compute the tem-
perature indicated by the RBT.

\%
o = rbt
Ty (0 =28.82 <L 450

r

Where:

Trbt = RBT temperature

Vrbt =ADC reading for RBT bridge output
Vi =ADC reading for reference voltage
28.82 and 5.0 are constants

For example:
= 5182
Trbf (OC) =28.82 (767) +5.0
=28.82(0.68) +5.0
=24.6°C

8. Adjust the RBT temperature for the effects of
the calibration curve slope at the RBT tempera-
ture.

Rebt = C (Trpy ) +D
Where:
Rebt = Adjusted Q value of Ty

C and D were obtained previously
Trbt was obtained previously

For example:

Rebt = 16.4 (24.6) +26.7

=403.4 +26.7
=430

Determining Thermocouple Temperature

The following steps are performed for each thermo-
couple signal selected by the multiplexer.

9. The multiplexer, under control of the 1800 pro-
gram, connects the thermocouple signal to the
ADC for conversion to a digital value (Q value).
To adjust the Q value for the effects of the cold-
junction temperature, use the following formula.

Ric = Vic * Reps
Where:

Rtc = Adjusted Q value for the thermocouple signal
Vtc = ADC reading (Q value) for the thermocouple signal
Rrbt  was obtained previously

For example:

Rye =15,132 +430
J15ser

10. The previous step establishes the correct seg-
ment of the calibration curve to be used in the
determination of thermocouple temperature.
The 1800 program must use the adjusted Q
value for the thermocouple signal to determine
which of the A and B values (previously
stored in core storage) are to be used in the
final step to determine actual thermocouple
measuring junction temperature. Use the fol-
lowing formula to complete the computation of
thermocouple temperature.

Tie ARy ) B
Where:

Tic = Thermocouple measuring (hot) junction temperature
A and B = The values corresponding to the segment
(750° to 850°) that includes the Q value from the
previous step.

Ry was obtained previously
For example:

Tie =0.0476 x 15,562 490
=830.7°C
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Digital Input

Digital input features enable the processor-con-
troller (P-C) to accept real-time digital information
in a digital format. The modular design of the
features permit individual system tailoring tor
specific types and quantities of digital input data,
such as:

Contact sense.
Voltage level sense.
Contact interrupt.
Voltage level interrupt.
Digital voltmeters.
Special analog-to-
digital converters.
Turbine flowmeters.
Shaft encoders.
Electronic registers,
including telemetry.

Mechanical counters.
Electronic counters.
Rotary switches from
operator panels.
Sense switches from
operator panels.
Pulse tachometers.
Frequency meters.
Watt-hour meters.
Vibration detectors.
Weighing devices.

Digital input is brought into the systerri in 16-
bit groups. The format may be in any form. For
example:

Unrelated bits from contact or voltage levels.
Binary numbers.

Binary-coded-decimal digits.

Decimal digits.

Gray code digits.

Any mixture of digital formats can be handled.
Conversion from one base to another can be easily
and quickly implemented by the program. Data in-
put is under direct program control or data channel
control. In direct program control, one instruction
is used to bring 16 bits of data into core storage.
With a data channel, one instruction initiates an
operation that brings many 16-bit groups of data

into core storage (one group per core storage cycle).

The number of groups read (sequentially, randomly,
or single address) and synchronization of the P-C to
the input data are handled automatically.

Interrupt conditions from the process are a type
of digital input. These process interrupts are
brought into the P-C in 16-bit groups, with up to
four priority levels of interrupt and four interrupt
conditions per level for each 16-bit group.
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High-speed 8-bit or 16-bit binary electronic
pulse counters are available as special features.
Counters are read into core storage as digital input
groups, 16 bits at a time (two 8-bit counters or one
16-bit counter).

As shown in Figure 44, the combined capacity of
the digital input and pulse counter features is 1,024
bits, as follows:

Digital Input
8 adapter x 8 digital input groups
X 16 bits per group = 1,024.

Pulse Counter
8 adapter x 128 pulse counter bits
per adapter (pulse counters can be
8-bit or 16-bit counters) = 1,024.

Any combination of these adapters, digital input
groups, and pulse counters may be used within the
capacity of 1,024 bits.

The capacity of the process interrupt feature is
24 priority levels or 384 bits, as follows:

8 adapter x 3 process interrupt groups
(24 levels)
X 16 bits per group = 384

Control for digital input features is provided by
digital input basic, which is supplied with the basic
P-C. Digital input basic provides timing control,
checking control, and an interface to the P-C for all
digital input features.

The 1826 Data Adapter Unit provides housing for
digital input points. The following units and features
may be added to the system to provide digital input
functions. For specifications, see 1800 Installation
Manual - Physical Planning, Order No. GA26-5922.

This feature adapts digital input basic to a data
channel and provides the controls necessary to
enable digital input via data channel (cycle steal)
operations. A word counter and scan control
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Figure 44, Digital Input Configuration

circuits are provided for counting the number of
data transfers and specifying the action to be taken
after the last word has been transferred to a data
table in core storage.

The data channel adapter also provides controls
which permit each data transfer to core storage
from digital input to be controlled by an external
timing (sync) pulse. Therefore, digital input opera-
tions can be performed with or without external sync.

Operation With External Sync

External sync operation is initiated by an XIO initial-
ize read with modifier bit 8 on. After digital input
basic has received a digital input group address
from core storage through data channel operation,

a ready signal is sent to the external timing device.
The ready signal indicates that the addressed digital
input group is ready to be read. When the external
device receives the ready signal and has data to be
read, it transfers the data to the addressed digital

input group and sends a sync pulse to the data channel
adapter. The sync pulse initiates a data channel
(cycle steal) operation, which causes the data to be
read and transferred to a data table in core storage.

The ready and sync exchange will continue and
the digital input feature will be interlocked until the
word count is decreased to 0; however, the P-C
program can continue to run while the digital input
feature is interlocked.

Operation Without External Sync

Digital input operation without external sync is initi-
ated by an XIO initialize read with modifier bit 8 off.
Digital input group addresses are transferred to digi-
tal input basic, and input data read are transferred
to core storage by data channel (cycle steal) opera-
tions. The speed of this digital input read operation
is at the maximum rate of the data channel (core
storage cycle) unless a higher priority data channel
request is honored. Once started, a digital input
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read operation withont external syne continues to
completion by means of continuous data channel
operations. Therefore, the P-C is essentially
locked out from program execution until the digital
input read operation is completed.

DIGITAL INPUT ADAPTER

The digital input adapter is a prerequisite for con-
tact type digital input or voltage type digital input
and provides control facilities for up to eight 16-
bit digital input groups.

Ag many as eight digital input adapters may be
ordered for a system, thus providing facilities for
a maximum of 64 digital input groups. Any logical
grouping of 16 bits may be used to form a digital
input group. For example:

Sixteen bits of status information.

Four 4-bit BCD digits.

One 10-bit coded decimal digit and 6 bits
of status.

One 16-bit binary number.

Sixteen screw-down terminals (0 through 15)
are provided for termination of each input group
signal wires; two wires are used for each bit. Ter-
minal positions 0 through 15 correspond to P-C word
bit positions 0 through 15 respectively when the input
group is read.

A digital input channel can be created for proc-
ess operator consoles or other low speed devices by
using the electronic "contact" operate digital output
feature to select various devices for input via a
single 16-bit digital input group. Process operator
console input devices and cabling are available on a
Request for Price Quotation (RPQ) basis.

Digital Input Points

Two types of digital input points can be ordered in
modular groups of 16. One type operates in con-
junction with a customer supplied process contact

and is called digital input (contact). The other type

senses the level of voltage supplied from customer
devices and is called digital input (voltage). In
conjunction with the second (voltage) type of input,
a high-speed digital input feature is available. In
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anv case; all 14 input points of a digital input groun
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must be of the same type.

DIGITAL INPUT (CONTACT): Contact input enables
the P-C to read the status of process contacts.

When a contact input group is read, each closed
contact causes a 1-bit to be placed in the correspond-
ing P-C word bit position, and each open contact
causes a 0-bit to be placed in the corresponding P-C
word bit poisition. Read speeds of up to 500,000
words per second are possible on a 2 us system when
using a data channel and no external sync. However,
repetitive reading of the same group cannot be per-
formed at this rate and still reliably sense a change
in the input status. This restriction is caused by re-
covery delay of the input noise filter located at each
digital input point. See IBM 1800 Installation Manual
-- Physical Planning, Order No. GA26-5922 for
specifications.

DIGITAL INPUT (VOLTAGE): Voltage input enables
the P-C to read voltage levels from external devices.
When a voltage input group is read, each positive
input causes a 1-bit to be placed in the corresponding
P-C word bit position, and each negative input causes
a 0-bit to be placed in the corresponding P-C word
bit position. Read speeds up to 500,000 words per
second are possible on a 2 us system when using a
data channel and no external sync. However, repeti-
tive reading of the same group cannot be performed
at this rate and still reliably sense a change in the
input status. This restriction is caused by recovery
delay of the input noise filter located at each digital
input point. See IBM 1800 Installation Manual -~
Physical Planning, Order No. GA26-5922 for speci-
fications.

HIGH-SPEED DIGITAL INPUT (VOLTAGE): High-
speed input enables high repetitive reading speeds
(up to 100,000 words per second) for input from
digital registers. For example, telemetry registers
may be coupled to one or more high-speed input
groups. (The number of input groups depends on the
register size and number coding.) Conversion of the
various number bases is accomplished through pro-
gramming.

Hich_anoed telametry
mnign-speea teiemelry

]
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read without a data channel by using an external in-
terrupt for synchronization. They may also be read
using data channel operations synchronized by an
external sync signal.



PULSE COUNTER ADAPTER

The pulse counter adapter provides control facilities
for up to sixteen 8-bit pulse counters or eight 16-
bit pulse counters. As many as eight pulse counter
adapters may be ordered for a system, thus pro-
viding facilities for a maximum of 64 sixteen-bit or
128 eight-bit pulse counters.

Pulse Counter

The pulse counter accepts discrete pulses as input
information and advances one count for each pulse
received. Pulses can be accumulated at rates up to
5,000 per second.

The input pulse signal is connected via two-wire
screw-down terminals at the individual counter ter-
minal.

The pulse counter may be an 8 or 16-bit counter.

The counters are read into the P-C in the format
shown in the following illustration.

0 78 15
[ P-C | Word
1

I N N S W ] | U W U S S 1 1

\ 7\ -~ v
Odd numbered  Even numbered
8-bit counter 8-bit counter

J/

16-bit counter

Two 8-bit counters (or one 16-bit counter) are read
from one address. The counters are reset to zero
when read.

PROCESS INTERRUPT ADAPTER

The process interrupt adapter is a prerequisite for
contact type process interrupt or voltage type proc-
ess interrupt and provides control facilities for up
to 48 interrupt points. As many as 8 process inter-
rupt adapters may be ordered for a system, thus
providing facilities for a maximum of 384 process
interrupt points.

Process Interrupt Points

Two types of process interrupt points can be ordered
in modular groups of 16. The first type operates

in conjunction with a customer supplied contact and
is called process interrupt (contact). The second
type senses the level of voltage supplied from a
customer device and is called process interrupt
(voltage).

An interrupt condition is generated by an off-to-
on transition of an input signal and is stored in an
indicator until serviced. The signal causing an in-
terrupt cannot interrupt again until it has been ser-
viced and the signal has completed another off-on
cycle.

PROCESS INTERRUPT (CONTACT): Contact inter-
rupt permits an interrupt to be generated by the
changing status of an external contact. Sensing
voltage for the contact is supplied by the 1800.
Closing of the external contact causes an interrupt
to be generated.

PROCESS INTERRUPT (VOLTAGE): Voltage inter-
rupt permits an interrupt to be generated by a chang-
ing voltage level supplied by a customer device. An
interrupt is generated when the input voltage changes
from negative to positive (0 to 1).

DIGITAL INPUT ADDRESS ASSIGNMENT

Each 16-bit group of digital input, each 16 bits of
pulse counter input, and each 16-bit group of process
interrupt is assigned a specific address so that it
can be selected by the program.

Digital and Pulse Counter Input Addresses

Digital input devices and pulse counters are assigned
addresses from 64 through 127. This group of 64
addresses is shared by both digital input devices and
pulse counters. Because each digital input adapter
and pulse counter adapter uses eight addresses, the
total number of digital input and pulse counter adapt-
ers cannot exceed eight, in any combination. For
example, if 4 digital input adapters (32 addresses)
are ordered, a maximum of 4 pulse counter adapters
(32 addresses) can be ordered.

If digital input is ordered, address 64 is assigned
to the first digital input group of the first digital
input adapter. Address 65 is assigned to the second
digital input group of the first digital input adapter.
This sequence of assignment continues through ad-
dress 127, which is assigned to the last digital input
group of the eighth digital input adapter (Figure 45).

If pulse counters are ordered, address 127 is
assigned to counters 0 and 1 (8-bit counters) or to
counter 0 (16~bit counter) in the first pulse counter
adapter. (There are two 8-bit counters or one 16-
bit counter per address.) Address 126 is assigned
to counters 2 and 3 (8-bit counters) or to counter 2
(16-bit counter) in the first pulse counter adapter.
This sequence of assignment continues through
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Uecimal- Address

Digital Inputs ‘ Puise Counters
Adapter Group No. Counter No. Ad
P (16pts. ea. ) (2/Addr.) * opter
0 64 15-14
1 65 13-12
2 66 11-10
. 3 67 9-8
First 4 68 7-6 Eighth
5 69 5-4
6 70 3-2
7 71 1-0
0 72 15-14
1 73 13-12
2 74 11-10
3 75 9-8
Second 4 76 7-6 Seventh
5 77 5-4
6 78 3-2
7 79 1-0
0 80 T5-14
] 81 13-12
2 82 11-10
. I I X R
5 85 5-4
6 86 3-2
7 87 1-0
0 88 15-14
1 89 13-12
2 90 11-10
3 1l 9-8
Fourth 4 92 7-6 Fifth
5 93 5-4
6 94 3-2
7 95 1-0
0 96 15-14
1 97 13-12
2 98 11-10
. 3 99 9-8
Fifth 3 100 7-6 Fourth
5 101 5-4
<] 102 3-2
7 103 1-0
0 104 15-14
1 105 13-12
2 106 11-10
. 3 107 9-8 .
Sixth 4 108 7-6 Third
5 109 5-4
6 110 3-2
7 m 1-0
0 12 15-14
1 13 13-12
2 114 11-10
3 115 9-8
Seventh 4 16 7.6 Second
5 17 5-4
6 118 3-2
7 119 1-0
0 120 15-14
1 121 13-12
2 122 11-10
. 3 123 9-8 .
Eighth 4 124 7-6 First
5 125 5-4
] 126 3-2
7 127 1-0
*Sixteen=bit counters use even numbers
(one counter number per address). )

Figure 45. Digital and Pulse Counter Input Addresses
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addrecs 84 which is agsigned to counters 14 and 15
(8~bit counters) or to counter 14 (16-bit counter) in
the eighth pulse counter adapter. (See Figure 45.)

Each digital input and pulse counter adapter
ordered is assigned eight addresses in the manner
given in the preceding paragraphs. If an adapter is
ordered but is not completely populated (for example,
only four groups of points are ordered for an adapt-
er), the remainder of the eight addresses for that
adapter are not available to be used in another
adapter.

Process Interrupt Addresses

Input from process interrupt points is accepted via
process interrupt status words (PISW's). Each
PISW consists of 16 bit positions to which 16 process
interrupt points may be assigned. (Assignment of
process interrupt points to PISW's is described in the
"Interrupt" section.)

Each PISW has its own unique address. Twenty-
four PISW's (1 through 24) are available and are
assigned addresses 2 through 25, respectively.

PROGRAMMED CONTROL MODES

This section describes the control modes that are
available for selection and transfer of digital input
data to the P-C.

Four basic modes for input of digital data are
available: (1) direct program control, (2) data
channel sequential, (3) data channel single address,
and (4) data channel random.

Direct Program Control

Using direct program control mode of operation, one
execute 1/0 (XI0) is used to read one input group and
transfer the data to the P-C. The address of the
input group is specified in the modifier field of the
input /output control command (IOCC) referenced by
the XIO.

An input group may b
or core storage. An XIO sense device reads the
addressed input group into the accumulator while an
X10 read transfers data to the core storage location

specified by the IOCC address word.

s be read into the accumulator
s

Data Channel Sequential

Using data channel sequential mode of operation, a
sequence of input groups can be read into core



storage with one XIO initialize read to initiate the
action. The input/output control command (I0CC)
address word contains the core storage address of a
data table. The first word of the table contains the
scan control bits and word count for the operation.
The word count is 1 more than the number of input
groups to be read. The scan control bits determine
whether an interrupt is given and whether chaining
or termination of the operation occurs when the word
count reaches 0.

The word following the word count and scan con-
trol bits in the data table contains the initial input
group address for this data table. The data channel
""writes" this address into digital input basic, which
then initiates reading of the input group. After the
input group is read, the data is transferred by the
data channel to the next sequential core storage word
in the data table. Upon completion of each data
transfer, the word count is decreased by 1 and the
input group address is increased by 1. The new ad-
dress causes the next sequential input group to be
read.

This operation continues until the word count
reaches 0. At this time, the scan control bits are
monitored. If continuous scanning is indicated, the
data channel takes four cycles to initialize for the
next data table. The first cycle transfers the word
following the first data table to the channel address
register (CAR). This word contains the address of
the next data table. The second cycle reads the
first word of the next data table to the B-register.

A CAR check is then made. The third cycle trans-
fers the word count and scan control bits to digital
input basic. The fourth cycle transfers the initial
input group address for this data table to digital in-
put basic. Data transfers then resume by means of
data channel operations.

Figure 46 shows two data tables which could be
used for chained sequential operation. In this ex-
ample, the IOCC initiating the operation is at loca-
tions 3042 and 3043.

Data channel sequential mode may be used with
or without external sync.

Data Channel Single Address

Data channel single address mode of operation is
identical to data channel sequential mode of opera-
tion except that the initial input group address is not
increased after each data transfer. Therefore, the
same input group is read repeatedly. The data is
placed in sequential words of the data table until the
word count reaches 0.

Location
(Decimal) o 8 15
2999 [Sean Word Count = 12
3000 Input Group Address
L 1 i i i 1 1 1 1 1 1 1 1 1
3001 Data Word 1
I St B R 5
ST e T
L ]
3011 ., DgraWordll
3012 Next Table Address = 3015
Location
(Decimal) o 8 15
3015 CAR Check Word = 3015
3016 Sct):an Word Count = 25
1 1 1 L 1 1 1 1 1 1 1 1 1
3017 input Group Address
i i 1 1 1 i 1. 1 1 1 1 i i 1
3018 Data Word 12
D P i R A
[ ] —~ L ]
° i 1 1 1 i 1 |.I 1 i L 1 1 1 1 B
3041 Data Word 35
A 1 i 1 1 1 1 L 1 1 1 1 1 1 1
3042 Starting Table Address = 2999
B G 10CC
3043 Dl-Initialize Read

Figure 46. Digital Input Data Tables, Chained Sequential Mode

Data channel single address mode may be used
with or without external sync.

Data Channel Random

Using data channel random mode of operation, input
groups can be read at random into core storage with
one XIO initialize read to initiate the action. The
input /output control command (IOCC) address word -
contains the core storage address of the data table.
The first word of the table contains the scan control
bits and word count for the operation. The word
count is twice the number of input groups to be read.
The word following the word count and scan
control bits in the data table is an input group
address. The data channel "writes" this address
into digital input basic, wnich then initiates
reading of the input group. After the input
group is read, the data is transferred by the data
channel to the next sequential core storage word
in the data table. The data channel then "writes"
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the next input group address (contained in the word
following the data stored) into digital input basic,
which then initiates reading of the input group.

This operation continues until the word count
(which is decreased by 1 for each address written
and for each data word stored) reaches 0. At this
time the scan control bits are monitored. If con-
tinuous scanning is indicated, the data channel takes
four cycles to initialize for the next data table as
described under '"Data Channel Sequential''.

Figure 47 shows two data tables which could be

used for chained random operation. In this example,

the I0CC initiating the operation is at locations
3114 and 3115.

Data channel random mode may be used with
or without external sync.

Location
(Decimal) © 8 15
3000 feen Word Count = 24
3001 |npuf Group Addr 1
3002 Da'rc Word I
3003 |npuf Group Addr 3
3004 Data Word 2
[ ] i I 1 I S + i PN DU TR B | —
L] “: ° —_—
— 1 1 1 I 1 l. 1 1 1 1 1 1 1
[ ]
3023 nput Group Addr 12
3024 . Data Word 12
3025 Next Table Address = 3100
Location
(Decimal) o 8 15
3100 CAR Check Word 3100
301 [Fan Word Count =12
0 IO i 1ol i 1 L 1 11 1 1
3102 Input Group Addr 13
3103 Data Word 13
Nl I Il L 1 1 1 1 1 1 1 1 1 1
3104 ... |lnputGroupAddr 14
3105 Data Word 14
Y " 1 i i 1 1 1 J.l 1 i i 1 i L L 5
o . . —_
™1 1 1 L 1 A, 1 I. i 1 1 1 1 1 1
-
3112 Input GroupAddr 18
3113 Dofc Word 18 . .
3114 Sfclr'nng Table Address = 3000
1 1 1 1 1 i 1 1 1 1 1 11 1 1 IOCC
3115 Dl-Initialize Read
172248

Figure 47, Digital Input Data Tables, Chained Random Mode
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Overlap of Operations

Some digital input operations can be overlapped.
This overlap is accomplished by using direct pro-
gram control to read or sense the device status
word or process interrupt status words during data
channel operations with digital input groups. How-
ever, this overlap can occur only during data chan-
nel operations with external sync. Otherwise, the
digital input operation is completed by means of
the data channel before any P-C instructions can
be executed. The following points should be con-
sidered when programming such an overlap.

e An XIO initialize read terminates the data chan-
nel operation in progress and sets command
reject.

e An XIO read specifying a digital input group
address (64 through 127) sets command reject
and is not executed.

® An XIO read specifying a process interrupt
status word address (2 through 25) sets com-
mand reject, but is executed correctly.

® A parity error causing an internal interrupt as
an XIO is being executed terminates the data
channel operation in progress.

DIGITAL INPUT PROGRAMMING

Digital input features operate under direct program
control or data channel control for data transfer and
utilize the execute 1/0 (XIO) instruction.

The input/output control command (IOCC) refer-
enced by an XIO must have an area code of 01011 to
address digital input features. The following IOCC's
provide operation and control of digital input features.

Digital Input IOCC’S

Read

=3

150 4 8 15
Core Sforuge Address [0 1011 IO 1 0|0 J
1 1 i i A i 1 i i 1 i L4 1 4 1 1

/40-/7F = Digital input group (64-127)
/02-/19 = Process interrupt status word (2~25) G55

