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Preface

This reference publication contains the hardware operation
and programming requirements of the IBM 3704 and the
IBM 3705 Communications Controllers. The information
applies to the IBM 3704, IBM 3705-I and 3705-1I except
where specifically noted.

The publication is intended for any user of a communi-
cations controller who is attempting to write or modify a
3704/3705 control program. The reader should have an
understanding of basic data communication and a thorough
knowledge of IBM System/360 and System/370 channel
operations. The Introduction to the IBM 3704 and 3705
Communications Controllers (GA27-3051) is a prerequisite
publication. Related publications are the IBM 3705
Communications Controller Assembler Language manual
(GC30-3003), the Synchronous Data Link Control General
Information manual (GA27-3093), the Guide to Using the
IBM 3704 Communications Controller Control Panel
(GA27-3086), and the Guide to Using the IBM 3705
Communications Controller Control Panel (GA27-3087).

Other IBM publications concerning the communications
controllers are identified and described in the IBM System/
370 Bibliography , GC20-0001.

This manual is divided into eleven chapters and three
appendixes.

Chapter 1: Introduction

Provides a general description of the 3704/3705 and
their functional units.

Sixth Edition (May 1979)

Chapter 2: System Structure
Describes the registers, interrupt scheme, and levels of
the control program.

Chapter 3: Storage and Line Addressing
Describes the basic storage addressing procedure
and the format for addressing the individual com-
munication lines.

Chapter 4: Instruction Set
Describes each of the 3704/3705 machine instructions
with their format and condition codes.

Chapters 5 through 10:
Describe the operation and programming requirements
of the Central Control Unit, the Types 1, 2, and 3
Communication Scanners, and the Types 1,2, 3, and 4
Channel Adapters.

Chapter 11: Remote Communications Controller
Describes the hardware and programming required to
support a communications controller at a remote
location.

The appendixes contain (A) External register functions,
(B) Input/Output instruction bit definitions, and (C) Input/
Output instruction summary.

This is a major revision of and makes obsolete GC30-30044, and TNL GN30-3081.
The Summary of Changes section describes the changes made in this edition.

Changes are periodically made to the information herein; before using this publica-
tion in connection with the operation of IBM systems, consult the latest /JBM
System/370 Bibliography (GC20-0001) and associated Technical Newsletters for the

editions that are applicable and current.

Publications are not stocked at the address given below; requests for copies of IBM
publications should be made to your IBM representative or to the IBM branch office

serving your locality.

This manual has been prepared by the IBM System Communications Division,
Publications Development, Department E02, P.O. Box 12195, Research Triangle
Park, North Carolina 27709. A form for reader’s comments is provided at the back
of this publication. If the form has been removed, comments may be sent to the
above address. IBM may use or distribute any of the information you supply in any
way it believes appropriate without incurring any obligation whatever. You may, of

course, continue to use the information you supply.

©Copyright International Business Machines Corporation 1972, 1973, 1974, 1976, 1979
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LOR
LR
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NR
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RS
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halt I/O

instruction address register
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interface control word
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input/output
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line control identifier

load character with offset

register instruction

load character register instruction
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load halfword with offset

register instruction

load halfword register instruction

line interface base

load with offset register instruction
load register instruction

load register immediate instruction
AND character register instruction
AND halfword register instruction
AND register instruction

AND register immediate instruction
native subchannel

OR character register instruction

OR halfword register instruction

OR register instruction

OR register immediate instruction
output instruction

out-bound control word address register
primary control field

program controlled interrupt

parallel data field

present next digit

register and immediate address operation
register and external register operation
register and immediate operand operation
read-only-storage

register to register operation

register and storage operation

register and storage with count operation
branch operation

request to send

storage address register

secondary control field

subtract character register instruction
serial data field

synchronous data link control

| Abbreviations



SDR
SHR
S10
SM
SR
SRI
ST
STC
STCT
STH
SvC

viii

storage data register

subtract halfword register instruction
start I/0O

status modifier

subtract register instruction

subtract register immediate instruction
store instruction

store character instruction

store character and count instruction
store halfword instruction

supervisor call

TAR
TIC
TIO
TRM
ucC
UE
XCR
XHR
XR
XRI

temporary address register
transfer in channel

‘test 1I/O

test register under mask instruction

unit check

unit exception

exclusive OR character register instruction
exclusive OR halfword register instruction
exclusive OR register instruction

exclusive OR register immediate instruction




Summary of Changes— Sixth Edition

The sixth edition contains the following changes:

Models J, K, and L have been added to the IBM 3705-I1
product line, and descriptions of each model are

* included in Chapter 1. The 3705-II Models J—L include

as standard features (1) a cycle utilization counter
register (CUCR), (2) a cycle time of 900 nanoseconds,
and (3) a maximum storage capacity of 512K bytes.
Appendixes B and C are updated to include the new
Input and Output instructions and bit definitions for the
cycle utilization counter register, and to show changes
resulting from the introduction of 3705-I Models J—L.
TNL GN30-3081 is incorporated into this. That TNL
contained information on multiple Type 4 channel
adapters and on the remote program loader.

Other minor clarifications and corrections appear in this
edition. Technical changes are denoted by a vertical line
at the left of the revised text or illustration.

Summary of Changes—Fifth Edition

The fifth edition contained the following changes:

The publication applied to the 3705-1I as well as the
IBM 3704 and 3705-1. Distinctions between the three
machines appeared as appropriate.

Chapter 8—describing the Type 3 Communication
Scanner was added. Former Chapters 8,9, and 10
were renumbered to Chapters 9, 10, and 11,
respectively.

Chapter 9 (formerly Chapter 8) applied to the Type

4 Channel Adapter as well as the Type 1 Channel
Adapter. Distinctions between the two types appeared
as appropriate.

Appendixes B and C were updated to reflect the new
Input and Output instructions and bit definitions for
the Type 3 Communication Scanner and the Type 4
Channel Adapter.

In addition to the foregoing, several minor corrections
and clarifications appear in the publication. Technical
changes were denoted by a vertical line at the left of the
revised text or illustration.
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The IBM 3704 and 3705 Communications Controllers
are transmission control units with processing capabili-
ties that offer advantages not available in other IBM
transmission control units. A control program residing
in the controller storage performs many of the functions
previously performed by the central processing unit.

The assumption of these functions by the controller
increases the availability of the processor unit to process
other programs and to perform more involved message-
processing functions for the data communication system.

The controller is priority-interrupt driven. This allows
the control program to handle service requests at five
different priority levels.

The communications controller performs, under
program control, the normal transmission control unit
functions such as line-control, control character recogni-
tion, line time-out, character assembly and disassembly,
and redundancy checking. The control program can also
(1) handle all polling and addressing of communications
lines to determine if a line is ready to send or receive data,
(2) take over data link control, (3) add framing characters
to the beginning and end of blocks of data and (4) translate
from line code into code recognizable to a message-
processing program, and vice versa. Most error recovery
procedures can be handled by the communications
controller, thus relieving the processor unit of a time-
consuming and storage-consuming data communication
function. The control program can also provide dynamic
buffering for incoming data and basic message-processing
functions.

Host System Interface

The communications controllers may be attached, via the
proper channel adapter (discussed later in this chapter) to a
System/360 Model 30, 40, 50, 65, 67 (in 65 mode), 75, or
195, or System/370 Models 125 through 3031. A 3705
with a Type 2, Type 3, or Type 4 Channel Adapter requires
only one subchannel address, and the adapter may be con-
nected to a byte multiplexer, block multiplexer, or selector
channel. (Operation of a Type 4 Channel Adapter in
emulation mode requires that the adapter be on a byte
multiplexer channel.) The Type 3 Channel Adapter enables
the 3705 to be attached to tightly-coupled multiprocessor
systems as a shared symmetrical 1/O unit, and to a uni-
processor as an I/O unit with an alternate path capability.
The Type 1 Channel Adapter in a 3704 or 3705 operates
only on a byte multiplexer channel. The channel may
require more than one subchannel address, depending on
the mode of operation (2701, 2702, or 2703 emulation
requires a range of subchannel addresses).

.Chapter 1: Introduction

Note: A remote communications controller that does
not interface with the host system has no channel adapter.

System Support Programs

Licensed and nonlicensed control programs are available
from IBM for scheduling and controlling 3704 and 3705
Communications Controller system resources. Also
available are system support programs. These are host
processor programs used primarily to generate or assemble
a user’s control program and to provide IPL and dump
facilities for the controller. The support programs operate
under control of the host supervisor.

3704 Description

The 3704 is a low-entry control unit that is upward and
downward compatible with a 3705 without Extended
Addressing. It is available in four models that are defined
by the amount of storage installed. Figure 1-1 lists the
models of the 3704 and the storage capacity of each model.

Maximum Number of Storage
Model Lines Attachable Size (K)
1BM 3704
A1 32 16
A2 32 32
A3 32 48
A4 32 64

Figure 1-1. Line Attachment Capacity and Storage
Size by Model

The 3704 consists of a single module that can contain a
Central Control Unit, a control panel, 16K bytes of storage,
a channel adpater, and a communication scanner. Either a
Type 1 or a Type 2 Scanner can be installed, but the chan-
nel adapter is limited to a Type 1 Channel Adapter. The
maximum number of communication lines is 32 when the
Type 1 Scanner is installed and 10 (26 with additional
capability) when the Type 2 Scanner is installed. Figure 1-2
shows the maximum configuration of the 3704 hardware.

3705 Description

The 3705-I and 3705-II are available in 20 and 44 models,
respectively. The different models provide varying combin-
ations of storage size and maximum line attachment capac-
ity. All models of the 3705-I and 3705-II, with their
respective line attachment capacities and storage sizes, are
shown in Figures 1-3 and 1-4. The actual number of lines
the controllers can support depends on such factors as the
line speeds (data rates) used and the throughput capacity
of the control program.

Chapter 1: Introduction 1-1
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Figure 1-2. Maximum Hardware Configuration of the 3704 Communications Controller

The ‘A’ and ‘E’ models of the 3705 consist of a 3705
basic frame containing a central control unit (CCU), a con-
trol panel, at least 16K bytes (3705-I) or 32K bytes
(3705-1I) of storage, and provisions for line interface bases
(LIB) and line sets to accommodate up to 64 half-duplex
lines. Each LIB can have up to eight line sets (depending
on line set type), each capable of accommodating one or
two half-duplex lines. The ‘A’ and ‘E’ models also contain
adapters for attaching the controller to communication
lines and to the host system. Each higher letter designation
(B,C,D,F,G,H,J K,L) indicates that the controller consists
of a basic 3705 frame and one or more attached expansion
frames that provide additional storage and line attachment
capacity. (Storage increments in a 3705-1 may extend into
the first, second, or third expansion frame, depending on
amount; storage increments in a 3705-11, depending on the
model, may extend into the first expansion frame only.)
All ‘B¢, ‘F’, and ‘J’ models consist of a basic 3705 frame

and one expansion frame;all ‘C’, ‘G’ and ‘K’ models con-
sist of a basic 3705 frame and two expansion frames; and
all ‘D’, ‘H’ and ‘L’ models consist of a basic 3705 frame

}and three expansion frames.

Note: The second and third expansion frames of a 3705-11
provide additional line attachment capability only.

The basic frame of a 3705-I contains 16K or 48K bytes
of storage and a Type 1 or Type 2 Communication Scanner
capable of supporting up to four line interface bases (LIB).

Each expansion frame of a 3705-I can contain 0, 32K,
or 64K bytes of addtional storage and (1) a Type 2 Com-
munication Scanner capable of supporting up to six LIBs,
or (2) a Type 3 Communication Scanner and up to four
LIBs. The first expansion frame can also contain a Type 2,

3, or 4 Channel Adapter and a two-channel switch.
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3705 Frame

First
Expansion Frame

Second
Expansion Frame

Third
Expansion Frame

Line Interface Bases
Communication Scanner
Attachment Base
Channel adapter
Remote Program Loader
Control Panel

Line Interface Bases
Communication Scanner
Attachment Base
Channel adapter

Line Interface Bases
Communication Scanner

(additive)

32K 32K

Line Interface Bases
Communication Scanner

(additive)

32K 32K

Core Storage (additive) (additive)
16K 32K 32K 32K
Model A
Model B
Model C
Model D

Accumulated
Storage
Capacity

16K 48K

80K 112K

144K 176K

208K 240K

Maximum number of half-duplex

lines per model

Model A = 64
Model B = 160
Model C = 256

Model D = 352

Figure 1-3. IBM 3705-1 Line Attachment and Storage Capacity by Model

Storage

The communications controllers, like most central process-
ing units, contain their own internal storage array. This
storage provides a residence for the control program and a
temporary storage area for data as it is being assembled or
disassembled in preparation for transfer to the host proc-
essor or a terminal.

3705-I storage ranges from 16K to 240K bytes, in
increments of 32K bytes. The read/write storage cycle
time is 1.2 microseconds.

3705-11 storage ranges from 32K to 256K bytes, in
increments of 32K bytes for Models E—H; for Models J—L,
3705-II storage ranges from 320K to 512K bytes in
increments of 64K bytes. The read/write storage cycle
time is 1.0 microsecond for Models E—H, and 900 nano-
seconds: for Models J—L.

3704 storage ranges from 16K to 64K bytes in incre-
ments of 16K bytes. The read/write storage cycle time is
600 nanoseconds.

Bytes of storage are handled separately or grouped
together in fields. A halfword is a group of two consecu-
tive bytes and is the basic building block of instructions.

14

A word is a group of four consecutive bytes. The location
of any field or group of bytes is specified by the address
of its leftmost byte.

Central Control Unit

The Central Control Unit (CCU) contains the circuits and
data flow paths to execute the instruction set, and to
control storage, the communication scanners, and the
channel adapters. The CCU operates under control of the.
programs residing in storage.

Adapters
Two different adapters are required within the communica-
tions controller to connect the Central Control Unit with
the host channel and the communication lines. These are
the communication scanner (connection between CCU and
communication line), and the channel adapter (connection
between CCU and host channel). The abbreviation CA is
used in this manual to represent channel adapter.

The communication scanners for the communications
controllers come in three versions, and the channel adapters
come in four versions. Type 1 Scanners, Type 1 CAs, or

\\\M#/’,
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Figure 1-4. IBM 3705-II Line Attachment and Storage Capacity by Model

Type 4 CAs used in Type 1 CA mode or extended buffer
mode have low functional hardware capabilities and require
more program control than the Type 2 and Type 3
Scanners, Type 2 and Type 3 CAs, or Type 4 CAs used in
cycle steal mode. The latter have more functional hardware
capabilities and therefore require less program control while
providing increased performance as compared to the Type

1 Scanner and Types 1 and 4 Channel Adapters.

I Figures 1-5 through 1-8 show all possible combinations
of communications scanners and channel adapters, in-
cluding the maximum number that can be installed for each
model of the 3705 controller. The channel adapter in a
3704 is always a Type 1 CA; the scanner may be Type 1 or
Type 2.

Channel Adapters

Four types of channel adapters (CAs) are available. The
Type 1 and Type 4 CA provide for local attachment to a
System/360 or System/370 byte multiplexer channel.
These adapters contain the hardware circuits necessary to

assist the program in emulating an IBM 2701, 2702, or
2703 as well as to allow operation of the controller in
native mode. To operate in emulation mode, the controller
requires multiple subchannel addresses: one for each line
address and one for native mode IPL.

The Type 1 CA transmits data to and from the byte-
multiplexer channel in bursts of up to four bytes. The
Type 4 CA transmits data in bursts of up to 32 bytes, if
operating in extended buffer mode. When not in this
mode, the Type 4 CA transmits to and from the channel
in bursts of up to four bytes.

The Type 2 and Type 3 CAs, which are available for the
3705 only, provide for local attachment to a System/370
byte multiplexer, block multiplexer, or selector channel.
With the Type 2 or Type 3 CA, the 3705 appears as a single
control unit on the host processor channel and uses a
single subchannel address. The Type 2 and Type 3 CAs

" operate in the native (one host subchannel address) mode

only.

Chapter 1: Introduction 1-5



Channel Adapter Locations on a 3705-1

1st 2nd Frame Location

CA CA 1st 2nd

Type Type CA CA

1 - Frame 1 —

1 2 Frame 1 Frame 2

1 3 Frame 1 Frame 2

2 - Frame 1 —

2 2 Frame 1 Frame 2

2 3 Frame 1 Frame 2

3 — Frame 1 -

3 2 Frame 1 Frame 2

3 3 Frame 1 Frame 2

4 — Frame 1 -

4 2 Frame 1 Frame 2

4 3 Frame 1 Frame 2

4 4 . Frame 1 Frame 2
Limitations

1. The first frame of a 3705-1 can contain one Type 1, 2, 3, or 4
Channel Adapter.

2. The second frame of a 3705-1 can contain one Type 2, 3, or 4
Channel Adapter.

Figure 1-5. Channel Adapter Locations on a 3750-1

All data transfer between 3705 storage and the Type 2
and Type 3 Channel Adapters is by cycle steal operation.
That is, when the CA has data to put in storage, it pre-
empts (under hardware control) the necessary machine
cycles to transfer the data. Data transfers from storage
to the channel adapter also use the cycle steal technique.
A cycle steal operation by a Type 2 or 3 Channel Adapter
is accomplished by hardware circuits and does not affect
the logical operation of the program. With a Type 4 CA,
cycle steal operations can be accomplished by hardware
circuits only, or under program control.

A 3705 can contain up to two (for 3705-I) or up to four
(for 3705-IT) channel adapters in various combinations of
CA types. The 3705 basic frame and the first expansion
frame can each contain one or two CAs. The 3705 basic
frame can alternatively contain a remote program loader
(RPL) (see “Remote Communications Controller” in
this chapter) or both a channel adapter and a RPL.
Figures 1-5 through 1-8 show the possible combinations.

Two-Channel Switch Feature

A two-channel switch can be installed for the Type 1,
Type 2 and Type 4 Channel Adapters. With this feature,
the communications controller can be attached to two

1-6

3. No channel adapters are allowed in the third or fourth frame
of a 3705-1.

4. No channel adapters are allowed in a 3705-1 with a Remote
Program Load Feature.

host processor channels through a single channel adapter.
(Both channels can be on the same host processor, or
they can be on two different host processors.) However,
only one of the channels can be enabled for operation at
a time. The enabled channel is selected by means of a
manual switch on the control panel.

If two channel adapters are installed, both can have a
two-channel switch. This allows the controller to be
attached to four host processor channels. The two-channel
switch can be installed in a 3705-II having two channel
adapters only if the adapters are located in separate
frames. The switch is not available if two CAs are installed
in the same frame.

Communication Scanners
The communication scanners provide the connection
between the communication-line attachment hardware
(line interface bases and line sets) and the Central Control
Unit via the appropriate attachment base. The primary
function of the scanner is to periodically scan the hardware
associated with each communication line for service
requests.

Three types of communication scanner are available.

~om



Channel Adapter Locations on a 3705-11

1st 2nd 3rd 4th Frame Location
CA CA CA CA 1st 2nd 3rd 4th
Type Type Type Type CA CA CA CA
1 — — - Frame 1 - - -
1 2 — - Frame 1 Frame 2 — -
1 3 — - Frame 1 Frame 2 - —
2 - — - Frame 1 — — —
2 2 — — Frame 1 Frame 2 - —
2 3 - - Frame 1 Frame 2 - —
3 - - - Frame 1 - - -
3 2 - - Frame 1 Frame 2 - -_
3 3 — — Frame 1 Frame 2 — -
4 — — — Frame 1 - — -
4 2 - — Frame 1 Frame 1 — -
4 2 - - Frame 1 Frame 2 — -
4 3 - — Frame 1 Frame 2 — —
4 4 — - Frame 1 Frame 1 — -
4 4 - - Frame 1 Frame 2 - -
4 4 4 - Frame 1 Frame1 Frame 2 —
4 4 4 - Frame 1 Frame 2 Frame 2 —
4 4 4 4 Frame 1 Frame 1 Frame 2 Frame 2
Limitatjons:

~ 1. For the 3705-11, if two channel adapters are in the same frame,
then no two-channel switch feature is allowed.

2. |If two channel adapters are in the first frame of 3705-11
at least one of the adapters must be a Type 4 CA.

3. For the 3705-11, the Remote Program Load feature can
co-exist with a channel adapter in frame 1.

Figure 1-6. Channel Adapter Locations on a 3705-11

Type 1 Scanner: When installed in a 3705, the Type 1
Scanner supports four line interfaces (LIB) with a
maximum capability of 64 half-duplex lines and can
transfer only one bit at a time to the CCU. The LIBs
within this scanner are specified as LIB-1, LIB-2, LIB-3,
and LIB-4. Only one Type 1 Scanner can be installed in
a 3705, which also prohibits installation of a Type 2
Scanner. This limits the communications controller to a
maximum of 64 lines. LIBs are described below under
Line Interface Bases and Line Sets.

When installed in a 3704, the Type 1 Scanner is capable
of supporting only two LIBs (LIB position 1 and LIB
position 2). This limits the controller to a maximum of
32 lines.

Type 2 Scanner: The Type 2 Scanner in a 3705 supports
either four or six LIBs with a maximum capability of 64
or 96 half-duplex lines, respectively. This scanner transfers
a full byte to or from the CCU. Depending on the model

4. No channel adapters are allowed in the third or fourth frame
of a 3705-11.

5. For the 3705-11, only Models E—H can contain a Type 1
Channel Adapter.

of 3705, from one to four Type 2 Scanners can be installed.
These scanners are specified as Scanner-1, Scanner-2,
Scanner-3, and Scanner-4. Scanner-1 is located in the base
module and can support up to four LIBs with 64 lines.
Scanners-2, -3, and -4 are located in the expansion modules,
and each can support up to six LIBs with 96 lines. The
LIBs are specified as LIB-1, LIB-2, LIB-3, LIB-4, LIB-5,
and LIB-6 in each scanner, with the exception of Scanner-I,
which has only four LIBs.

When installed in a 3704, the Type 2 Scanner is
capable of supporting one LIB Type Al, which limits the
controller to a maximum of ten lines. Additional capability
is available that enables the scanner to support two LIBs
in any combination with the exception of two Type 1 LIBs.
With this additional capability, the maximum number of
lines supported is increased to 26.
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Type 3 Scanner: The Type 3 Scanner in a 3705 supports
either three or four LIBs with a maximum capacity of 48 or
64 half-duplex lines, respectively. Depending upon
program buffering options used, the Type 3 Scanner trans-
fers up to 255 bytes of data to or from the Central Control
Unit (CCU) before interrupting the control program for
more data or buffers.

Up to four Type 3 Scanners can be installed in a 3705-I1.
These are specified as Scanner-1, Scanner-2, Scanner-3, and
Scanner-4; the base module contains Scanner-1 and the
third expansion module contains Scanner-4.

Channel Communication
Adapter Type | Scanner Type 3705-1
and Quantity | and Quantity Mode! #
1 2 3 4 12 3 A B CD
1 1 * X X X
1 1 ¥ X X X
2 * x x
3 * X
4 *
1 1 ¥ x o ox X
2 *oxox
3 *ox
4 *
2 1 * X x
2 * X X
3 * X
4 *
1 11 *x X
1 2 * X
1 3 *
2 1 * X (Note 6)
2 2 *
3 1 d
2 11 * x o x
1 2 *ox
1 3 *
2 1 * X (Note 6)
2 2 *
3 1 *
1 1 * X x X
2 * x x
3 * X
4 *
2 1 * x x
2 * x ox
3 * X
4 *

Up to three Type 3 Scanners can be installed in a 3705-1.
These are specified as Scanner-2, Scanner-3, and Scanner-4;
installation of Type 3 Scanners in these positions requires
that the Scanner-1 position (base module) contain a Type 2
Scanner.

Scanner-1 can support up to three LIBs and 48 lines; each
of the remaining scanners can support up to four LIBs and
64 lines. The LIBs within each scanner are designated
LIB-1, LIB-2, LIB-3, and LIB-4 (the latter is not available
in a Type 3 Scanner in the Scanner-1 position).

Channel Communications
Adapter Type | Scanner Type 3705-1
and Quantity | and Quantity Model #
12 3 4 1 2 3 A BCD
1 11 * x o ox
1 2 *
1 3 * (Note 6)
21 * X
2 2 *
31 *
2 11 * X X
1 2 *ox
1 3 *
2 1 * X (Note 6)
2 2 *
31 *
1 1 * X X
2 *xox
3 * X
4 *
2 1 * x X
2 * X X
3 * X
4 *
1 11 * x X
1 2 *ox
1 3 *
2 1 * X (Note 6)
2 2 *
3 1 *
2 11 * x X
1 2 * x
1 3 * (Notes 3
2 1 * X and 6)
2 2 *
31 *

Figure 1-7. Channel Adapter and Communication Scanner Combinations for the 3705-1 (Part 1 of 2)
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#A 3705-1 can contain a remote program loader (PRL) if it does not contain any channel adapters. See Note 5.

*Indicates, for a 3705-1, the smallest model of 3705 required to accommodate the number of channel adapters and communication
scanners shown at left.

xIndicates other models of 3705-1 that can accommodate the number of channel adapters and communication scanners shown
at left; the larger model so indicated may be required if the storage size required exceeds the capacity of the model indicated
by *.

Note 1: Communication over both CAs can occur only when the control program is performing emulation subchannel
operations over the Type 1 or 4 CA and native subchannel operations over the other CA.

Note 2: A 3705-I cannot contain only Type 3 Scanners; it can contain Type 3 Scanners in each expansion frame if the
basic frame contains a Type 2 Scanner.

Note 3: Communication over both Type 4 CAs can occur when the control program performs (1) native subchannel
operations over both CAs or (2) native subchannel operations over one CA and Emulation subchannel operations over
both CAs,

Note 4: The Type 4 CA must be installed in the basic frame when the controller contains a Type 4 and a Type 2 CA or a
Type 4 and a Type 3 CA.

Note 5: The RPL in a 3705-1 can co-reside with any combination of Type 1 or Type 2 communication scanners but
not with a Type 3 scanner or any channel adapter.

Note 6: The Type 2 Scanner must be in frame 1.

Figure 1-7. Channel Adapter and Communication Scanner Combinations for the 3705-1 (Part 2 of 2)

Chapter 1: Introduction

Channel Communication Channel Communication
Adapter Type | Scanner Type 3705-1 Adapter Type | Scanner Type 3705-1
and Quantity | and Quantity Model # and Quantity | and Quantity Model #
1.2 3 4 12 3 A BCD 12 3 4 1.2 3 A BCD
11 1 * X x 1 1 1 * x o x
2 * x o x
11 1 * X x 3 * x (Note 4)
2 * x ox 4 *
3 . x (Note 1)
4 * 1 1 11 *x o ox
1 2 * X
1 1 1 * x o ox (Note 1) 1 3 * (Notes 1,
2 1 * X 4, and 6)
1 1 1 * x X 2 2 *
2 * x o x 3 1 *
3 * X
4 * 11 1 * xox
2 * x X (Notes 1
11 1 * x ox 3 * X and 4)
2 *ox X 4 *
3 * x
4 * 11 11 * x X
1 2 *
11 11 * x o x 1 3 * (Notes 1,
1 2 * ox 2 1 * X 4, and 6)
13 ) (Note 6) 22 i
2 1 * X 3 1 *
2 2 *
3 1 *

19
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Figure 1-8. Channel Adapter and Communication Scanner Combinations for the 3705-11 (Part 1 of 2)
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Channel Communication Channel Communication
| Adapter Type | Scanner Type 3705-11 Adapter Type | Scanner Type 3705-11
:} and Quantity and Quantity Model # and Quantity and Quantity Model #
J1 2 3 4 2 3 12 3 4 2 3
4 1 FandJ 11 1 FandJ
2 FandJ
2 Lo (Note 4) 3 Gk
4 Hand L 4 Hand L
1 11 FandJ 11 11 Fand J
1 2 G and K 1 2 G and K
1 3 Hand L 1 3 Hand L
2 1 G and K 21 G and K
2 2 Hand L 2 2 Hand L
3 1 Hand L 3 1 Hand L
1 1 1 Eand J
2 11 Fand J 2 E and J
12 Gand K 3 G and K (Note 3)
1 3 Hand L (Note 2) 4 Hand L
2 1 G and K
2 2 Hand L 1 1 1 EandJ
3 1 Hand L 2 FandJ (Notes 1
3 G and K and 3)
! 3 1 1 FandJ 4 Hand L
1 2 G and K
1 3 Hand L 1 1 11 FandJ
2 1 G and K 1 2 G and K
2 2 Hand L 1 3 Hand L (Notes 1
3 1 Hand L 2 1 G and K and 3)
2 2 Hand L
4 11 FandJ 3 1 Hand L
1 2 G and K
13 Hand L 11 1 FandJ
2 1 G and K 2 FandJ (Notes 1
2 2 Hand L 3 G and K and 3)
3 1 Hand L 4 H-L
11 1 FandJ 11 1 FandJ
2 F and J (Notes 1 2 FandJ (Notes 1
3 G and 5) 3 G and K and 3)
4 H 4 Hand L
1 1 1 F 11 11 FandJ
F 1 2 G and K
; G (Note 5) 13 Hand L (Notes 1
4 H 21 G and K and 3)
2 2 Hand L
T 1 F 31 Hand L
2 F
3 G and K
4 Hand L

#Any model of 3705-11 may contain a remote program loader (RPL) in addition to channel adapters. (The RPL is always located in the
first frame of the 3705-11.)

'Note 1: Communication over both CAs can occur only when the control program is performing emulation subchannel operations over

the Type 1 or 4 CA and native subchannel operations over the other CA.

Note 2: Communication over both Type 4 CAs can occur when the control program performs (1) native subchannel operations over both
CAs or (2) native subchannel operations over one CA and emulation subchannel operations over both CAs.

Note 3: The Type 4 CA must be installed in the base module when the controller contains a Type 4 and a Type 2 CA or a Type 4 and
a Type 3 CA.

Note 4: Remote program loader (RPL) for this configuration (four channel adapters) not available.

Note 5: For the 3705-11, only Models E—H can contain a Type 1 Channel Adapter.

Figure 1-8. Channel Adapter and Communication Scanner Combinations for the 3705-1I (Part 2 of 2)
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Type 1 and Type 2 scanners support both synchronous
and asynchronous communication lines. Type 3 scanners
support only synchronous lines (SDLC and BSC). All types
support lines of different data rates (line speeds). The line
type (SDLC, BSC, start-stop), character length, bit clocking
mechanism (business machine or modem), installed business
machine clock speed, and interrupt priority are selected by
the program for each line interface.

Attachment Bases

An attachment base is a required feature for support of the
3705 adpaters. Two types of attachment bases are available:
the Type 1 Attachment Base and the Type 2 Attachment
Base. The 3704 does not require an attachment base. A
3705-1II requires an attachment base only if it includes

a Type 1 CA.

The Type 1 Attachment Base provides common controls
to the Central Control Unit for the Type 1 Scanner and the
Type 1 Channel Adapter. The Type 2 Attachment Base
provides common controls to the Central Control Unit and
line addressing controls for the Type 2 and Type 3
Scanners.

One or both of the attachment bases are required,
depending on the type of scanner and channel adapter
installed in the 3705. The requirements are as follows:

Hardware Installed Attachment Base Required

Type 1 Scanner/Type 1 CA Type 1 Attachment Base

Type 2 Scanner/Type 1 CA Type 1 & Type 2 Attach-
ment Base

Type 2 or 3 Scanner/Type Type 2 Attachment Base

2,3,0or4CA

Line Interface Bases and Line Sets
Communication lines to and from the teleprocessing stations
are attached to the communications controller through a
line interface base (LIB). The primary functions of the LIB
are to drive and terminate all signals between the communi-
cation scanners and the line sets and to provide bit clocking.

The line interface base is transparent to the data trans-
ferred and has no effect on the control program except for
bit clock control.

Several different LIB types are available to meet the
needs of a wide variety of line and terminal types. Each LIB
type operates identically and is controlled by the communi-
cation scanner to which it is attached. However, the design
of the various LIB types differs in order to support the many
line sets and line configurations that can be attached to
them. Refer to Introduction to the 3704 and 3705 Com-
munications Controllers (GA27-3051) for a description of
the individual LIB =nd line set types.

The line set is the hardware connection between the LIB
and the communication line. A given line set type may sup-
port attachment of many different terminals and devices; RN
therefore, different data sets or modems may be required.

A single line set provides the interface for one or two half-
duplex communication lines, depending on the type of inter-
face.

Remote Communications Controller

A controller may be attached directly to a host pro-
cessor channel via a channel adapter, or it may be
located many miles distant from the host processor. In
the latter case, the controller (called a remote commu-
nications controller) requires a remote program loader
instead of a channel adapter. The remote controller is
connected by a local/remote communication link to
another controller that is attached to a host processor
channel. The same controller (3705-II only) may be
equipped with both a remote program loader and one or
more channel adapters, allowing it to function either as a
local or a remote controller.

Remote Program Loader

The remote program loader consists of a read-only-storage
bootstrap program, and an IBM disk storage drivg and disk
controller that provides the remote controller with an IPL
capability. Chapter 11 describes the remote program ,
loader and its capabilities. , R

SDLC

Synchronous data link control (SDLC) is the line discipline
required for the local/remote communication link. The
Type 2 and Type 3 Communication Scanners are capable of
handling SDLC communications channels. The Type 1 Scan-
ner, with proper program support, can emulate the Type 2
Scanner’s SDLC capability. More information on SDLC can
be obtained from Chapter 7 of this manual and from the
Synchronous Data Link Control General Information
manual.

General Programming Concepts

The control program that resides in 3704/3705 stor-
age controls the transfer of data as it passes through
the controller between the stations in the teleprocess-
ing network and the host processor.

The primary functions of the control program are
related to transmitting and receiving data. But it can
also edit and process the data as it passes through the
controller.

S
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System Data Flow
In performing its functions, the control program interacts
with the communication scanners and the channel adapters
to control the flow of data through the data communica-
tion system.

Data entered at a terminal is received by the line set
and line interface base. The communication scanner
recognizes that service is required and receives data from

the LIB. The program places the data in storage, where it
is then available to the channel adpater to be sent to the
host processor channel.

When data is to be transmitted from the host processor
to a terminal, the process is reversed. The host channel
sends the data to the controller’s channel adapter which,
under hardware or program control depending on the type
of adapter, places the data in storage. An interrupt request
to send the data to the LIB and finally to the terminal is
then signaled to the control program.

Some processing of the data may be accomplished while
the data is in storage. Interaction between the controller
adapters is through interrupts and input/output instruc-
tions. Figure 1-9 illustrates the data flow to and from the
terminal and the host processor through the various parts
of the controller.

Input/Output Instructions

The 3704 and 3705 use input and output instructions
as the primary link between the hardware and the con-
trol program.

All control information and data as it enters or exits
the controller passes through the CCU and adapter external
registers. These external registers are not directly accessible
by the control program; therefore, input and output
instructions are used to obtain or change the external
register contents. When the control program executes an
input instruction, the contents of the specified external
register are loaded into a general register. The program
then has direct access to that information and can act
accordingly.

In the same manner, the control program can load a
general register with control information or data for a
particular adapter. When that general register is used
with the specified external register and an output instruc-
tion is executed, the contents of the general register are
transferred into the external register. The subject adapter
can then take the action specified by the settings of the
register bits.

Any data-transfer and adapter-control operations that
the control program can perform within the controller
are accomplished through input and output instructions.

~ Communications Controller

R —

STATION

Host Processor to Station

Program as data arrives.

Control Program processes data,
prepares it for station.
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Figure 1-9.

Control Program activates
Communication Scanner when

data is ready to be sent to station.

Data is transmitted across
communication line to station.

System Data Flow

Control Program activates
Channel Adapter when data is
ready to be sent to host processor.

Channel transfers data to host
processor.
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hardware
communication
in the controller
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This chapter describes the registers, interrupt scheme,
and program levels used in the 3704 and the 3705.
The user needs a thorough understanding of these
facilities in order to program the controller efficiently.

Note: Except for Extended Addressing, the text of this
chapter applies to the 3704, 3705-1, and 3705-II controllers.
The Extended Addressing feature is not available in the
3704.

Registers
The controller has two types of registers—general and exter-
nal. These registers vary in size and location according to

| how they are used. They can range from one bit to twenty
bits. The following paragraphs briefly describe the types,
size, and usage of the registers.

General Registers

Thirty-two general registers are available in the con-
troller for program use. These registers are located in
a local storage array so as not to occupy usable storage
locations. The basic size of each register is one half-
word (16 bits). The bits are designated from left to
right as byte 0, bits 0-7 and byte 1, bits 0-7. In a 3705
with Extended Addressing (see Chapter 3), each register
contains up to four addtional information bits. The
information bits are designated from left to right as byte
X, bits 4-7; byte 0, bits 0-7; and byte 1, bits 0-7. Without
Extended Addressing, byte X is not present, and any
reference to it is ignored.

As shown in Figure 2-1, the 32 general registers are
divided into four groups of eight registers each. Each
group is assigned to a specific program level, except
for group 0, which is shared by program levels 1 and 2.
(See Program Levels in this chapter.) This allows the
control program at one level to be interrupted by an-
other level without the need to save registers. The
general registers are numbered 0-7 within each group.
Only one group of general registers is active at a
time—the group associated with the active program
level. The registers within the currently active group
are directly addressable with program instructions.
The control program can gain access to the general
registers in a nonactive group by specifying them as
external registers in input and output instructions.

Instruction Address Register

General register 0 in each group is the instruction ad-
dress register (IAR). This register is an implied base
register and contains the address of the next instruc-

tion to be executed for the associated program level.

Chapter 2: System Structure

‘Byte X W
(See Byte 0 Byte 1
note)
456 7/{0 123456 7||01234567
Reg O
1 * *
Group O :2;
(Program A b b
Levels 5 -
1and 2) 6 2
7 * *
Reg O
1 * *
Group 1 2
(Program 3 * *
4
Level 3) 5 " <
6
7 * *
Reg O
1 * *
Group 2 2
(Program 3 * *
Level 4) 4
5 * *
6
7 * *
Reg O
1 * *
Group 3 2
(Program 3 * *
Level 5) 4
5 * *
6
7 * *

*Indicates selectable bytes of general registers

Note: This byte present only in a 3705 with 18 or 20-bit
Extended Addressing

Figure 2-1. General Register Groups

Register 0 of the active group is always incremented to
point to the next sequential instruction before the
current instruction is executed. In most cases, the next
halfword is the next instruction to be executed. Some-
times, however, the contents of the instruction address
register are changed as the result of the instruction
being executed. Execution of a branch instruction, for
example, can cause the IAR to be loaded with a stor-
age address other than the one immediately following
the current instruction. Refer to the individual in-
struction definitions in Chapter 4 for the precautions
and results of the use of register 0.
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External Registers

Each functional unit of the communications controller
(Central Control Unit, communication scanner, chan-
nel adapter) has a number of hardware registers that
are used to store information required for communica-
tion between the control program and hardware cir-
cuits. These registers are called external registers.

Many of the external registers contain information
pertinent to the operation of the hardware and/or the
program. By using an input instruction, the control
program can load the contents of an external register
into a general register where it can operate on the
data. Output instructions load an external register
with the contents of the general register specified in
the instruction.

The external registers that the control program can
use are described in the Central Control Unit chapter
and in each of the communication scanner and channel
adapter chapters in this publication. Appendix A con-
tains a summary of the external register addresses and
functions and/or operations associated with each reg-
ister.

Program Levels
The controller hardware has five operational program
levels. Each program level operates similarly to a
subroutine and is responsible for particular phases of
the system operation. Figure 2-2 shows (1) the pro-
gram levels in order of priority, (2) the interrupt re-
quests causing entry, and (3) the general register
group associated with each level. Program level 1 has
the highest priority, and program level 5 has the low-
est. Program levels 1, 2, 3, and 4 (referred to as inter-
rupt program levels) provide the program interface
between the hardware functional units and program
level 5 (referred to as the background program level).
The following is a brief description of each of the
five program levels.

« Background Program Level 5: This level is the low-
est priority level and is normally active when none
of the other four levels requires program cycles.
Functions performed by this level should normally
include (1) line management (host command inter-
pretation, control of polling and addressing), (2)
data and message handling, and (3) control com-
mand decoding and execution. This level cannot
interrupt another program level.

o Interrupt Program Level 4: The functions per-
formed by this level should normally include (1)
overall management of the system resources, (2)
buffer management, (3) queue manipulation, and
(4) the dispatching of program level 5 tasks. Cer-
tain program-controlled interrupt requests and the
supervisor call request (generated when the Exit
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instruction is executed at level 5) are assigned to
this program level.

Interrupt Program Level 3: Level 3 should be used
for most of the host processor/channel adapter
interaction. This level handles interrupt requests
from the channel adapter(s), the interval timer, the
control panel Interrupt push button, and the com-
munication processing that can be deferred from
level 2. In addition to hardware interrupts, level 3
can be called by program controlled interrupts
(PCI) for initiating I/O and for any other services
desired by the user. Level 3 interrupts are less crit-
ically time-dependent than those assigned to pro-
gram level 2.

Interrupt Program Level 2: Because of its high priority,
this level services only interrupts from the communica-
tion lines for buffer, character or bit service. The control
program can request a level 2 interrupt, but for the most
part, it is entirely hardware interrupt driven. Normal
operational interrupt requests from the communication
scanner include (1) Type 1 Scanner bit service interrupts,
(2) Type 1 Scanner character service interrupts, (3) Type
2 Scanner character service interrupts and (4) Type 3
Scanner buffer service interrupts. Only critically time-
dependent processing should be done at this level.
Interrupt Program Level 1: This is the highest-priority
program level. It can be masked for channel adapter and
scanner checks only when the Central Control Unit is in
the test mode. A level 1 interrupt is invoked mainly to
service “trouble” indications and is hardware-interrupt
driven. Conditions that cause a level 1 request include
all critical check conditions, such as (1) program checks,
(2) addressing exceptions, (3) Central Control Unit (CCU)
checks, and (4) scanner and channel adapter checks.
Initial program load (IPL) procedures and address com-
pare interrupts are also handled in this level.

Because the same group of general registers is used for
both level 1 and level 2, the level 1 program should take
precautions to save the group O registers. A Store instruc-
tion with register O specified in the R field must be the
first instruction executed in program level 1. For this
special case, the Store instruction is modified (by hard-
ware) to allow the contents of register O to be stored at
the second operand location.

Interrupts

The communications controller operates in response to
requests from either the control program or the hard-
ware. Since these requests may have varying degrees
of urgency, a priority system is used. Each program,
CCU, and adapter request is assigned a particular pri-
ority level. A request for use of the controller by the
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control program or hardware functions is called an
interrupt request.

Each interrupt request is assigned to a program
level. These program levels are numbered from one to
five and determine the priority structure. Program
level 1 has the highest priority, and the priority level
decreases as the program number increases.

The machine priority controls determine when an
interrupt can occur. If the interrupt request is to be
allowed, the change from the active program level to
the interrupting program level takes place immediately
after completion of the current instruction. If several
interrupt requests having different priorities are pre-
sent at the same time, the one with the highest priority
obtains use of the controller. When an interrupt re-
quest is granted use of the controller, it can be inter-
rupted in that use by another request having a higher
priority.

When an interrupt occurs, instruction execution at
the lower-priority program level is suspended until
instruction execution is completed at the higher-
priority level. An interrupt to a specific program level
prevents future interrupt requests assigned to either
that level or to lower-priority program levels from
causing another interrupt until the servicing of the first
interrupt is complete.

The controller does not allow a particular interrupt if
any of the following conditions exist.

¢ A higher-priority interrupt request is present.

e The program level to be interrupted is already entered
(‘interrupt entered’ latch is on).

o The interrupt request or the program level to be inter-
rupted is masked.

o A cycle-steal request exists for a Type 2, 3, or 4 Channel
Adapter or a Type 3 Communication Scanner.

At the time an interrupt is honored, the ‘interrupt
entered’ latch for that program level is turned on. The
‘interrupt entered’ latch is a hardware latch that signals
the controller that the associated program level has
been entered. As long as this latch is on, no other
interrupt requests to that level are honored. This pro-
hibits interrupts that could destroy necessary informa-
tion. The ‘interrupt entered’ latch is not turned off
when its associated program level is interrupted by a
higher priority level. It is turned off only by an Exit
instruction or by a reset condition to the controller.

For an example of the interrupt facility, refer to
Figure 2-3. The program at level 4 is being executed,
and a level 2 interrupt request occurs (1). The con-
troller hardware forces a branch to the starting address
of program level 2 (2), and the program at that level
begins servicing the interrupt. A level 3 interrupt re-
quest occurs (3), but it is not honored because pro-
gram level 2 has a higher priority. When the level 2

24

interrupt has been serviced, the program executes an
Exit instruction (4). The controller now allows the
next highest-priority interrupt to be serviced. In this
example, control is passed to program level 3 at its
starting address (5). If, before the level 3 interrupt
has been completely serviced another level 3 interrupt
request occurs (6), no action is taken because the level
3 ‘interrupt entered’ latch is on. However, as soon as
program level 3 executes an Exit instruction (7), sig-
naling the completion of processing and turning off its
‘interrupt entered’ latch, the controller can honor the
second level 3 interrupt request and return control to
the starting address of program level 3 (8). When
servicing of the latest interrupt is complete and the
Exit instruction is executed (9), control is again passed
to the highest-priority level that is able to execute. In
this case program level 4 is the highest-priority level
requiring service (10), so control is returned to it at
the instruction following the point of interruption.

At times it may be desirable not to interrupt a par-
ticular operation by a higher-priority request. For
such cases, a mask can be set to prevent interrupts to a
particular program level. See Masking Program
Level Priorities in Chapter 5.

When an interrupt occurs, instruction execution at
that level begins with the instruction located at the
starting address of that level. The starting address of
each interrupt level is a permanently assigned storage
location. The instruction(s) beginning at these fixed
locations must direct the control program to the cor-
rect routine(s) to handle the particular interrupt. The
remainder of the instructions for a particular program
level need not be located in any specific storage area.
In addition, some routines may be used by more than
one program level. However, in this case, the execu-
tion of that routine will be at the priority level of the
currently active program level.

The starting addresses for the four program levels
that can cause an interrupt are:

Level Starting Address (Hex)
Program Level 1 X‘00010’
Program Level 2 X‘00080’
Program Level 3 X‘00100°
Program Level 4 X‘00180°

When a program level has completed its interrupt servic-
ing, it must execute an Exit instruction. The Exit instruc-
tion causes the ‘interrupt entered’ latch for that level to be
reset and allows control to be passed to the next higher-
priority program level requiring service.

When the Exit instruction is executed at program level 5,
a supervisor call interrupt request for level 4 (SVC L4) is set.
This is the only manner in which program level 5 can gen-
erate an interrupt request.

a
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This chapter describes the storage addressing scheme
and the format for addressing the individual communi-
cation lines.

Storage Addressing

Byte locations in storage are consecutively numbered
starting with 0; each number is considered the address
of the corresponding byte. A group of bytes in storage
is addressed by the high-order byte of the group. The
number of bytes in the group is either implied or ex-
plicitly defined by the operation.

The basic addressing scheme uses a 16-bit binary
address to accommodate a maximum byte address of
65,535. The two bytes of the halfword used for ad-
dressing are specified from left to right as byte 0 and
byte 1. The bits within these two bytes are numbered
left to right from O to 7. All general registers and the
CCU external registers involved in addressing storage
are two bytes in length and the bit positions corre-
spond to the basic addressing scheme.

Figure 3-1 shows the storage address bit positions
as they are used in the basic addressing scheme.

Byte 0 Byte 1

Bitpos|0 123 4567/01234567

Figure 3-1. Storage Address Bit Positions
(Without Extended Addressing)

Storage addressing wraps at the maximum byte
address of 65,535. This means that if, in the forma-
tion of a storage address, the binary representation of
the address is greater than 16 bits in length, the actual
address used will be only the address formed in the
low-order 16 bits. For example, if the formation of a
storage address uses a base address of X‘A080’ and a
displacement of X‘6010’, the combined address does
not include the carry of the high-order bit and there-
fore generates an effective address of X‘0090°.

An addressing exception is recognized if the storage
address is greater than the number of installed storage loca-
tions but less than the point of storage wrap. For example,
in the 3705-I controller, any attempt to address storage
between 16,384 (or 49,152, whichever model is installed)
and 65,535 results in an addressing exception. See Program
Checks in Chapter 5. :

Instructions and halfword operands must be located
on integral halfword boundaries in storage. A
boundary is called integral for a unit of information
when its storage address is a multiple of the length of
the unit in bytes. For example, a word (four bytes)

Chapter 3: Storage and Line Addressing

must be located in storage so that its address is a mul-
tiple of the number 4. A halfword (two bytes) must
have an address that is a multiple of the number 2.
Storage addresses are expressed in binary form. In
binary, integral boundaries for halfwords and words
can be specified only by an address in which one or
two low-order bits, respectively, are zero. For exam-
ple, the integral boundary for a word is a binary ad-
dress in which the two low-order positions are zero.

Extended Addressing

When a controller contains more than 64K bytes of storage,
the basic 16-bit address structure is not sufficient. To
address the storage positions above 64K, additional address
bits are required. Two bits, designated as byte X, bits 6 and
7, allow address generation up to the maximum of 245,760
bytes, for a 3705-1, or 262,144 bytes, for 3705-11,

Models E—H. In addition (for 3705-I1, Models J—L only) ,
byte X, bit 5 allows address generation up to the maximum
of 524,288 bytes. The use of byte X is referred to as
‘Extended Addressing. Figure 3-2 illustrates the storage
address bit positions used by the affected registers with
Extended Addressing.

Byte X Byte 0 Byte 1
|Bitpos 4567/01234561701234567

Figure 3-2. Storage Address Bit Positions
(With Extended Addressing)

With Extended Addressing, the Central Control Unit
data flow registers and all general registers are expanded to
18 bits (20 bits for 3705-11, Models J—L). The additional
bits (byte X, bits 4-7) must be handled as an integral part
of the register regardless of the address being operated on.
The only exceptions are: (1) byte X is ignored for output
instructions not involved in addressing storage and can be
set to either 1 or 0, and (2) byte X is set to zeros for input
instructions not involved in addressing storage.

Storage wrap and addressing exception also apply to

| Extended Addressing. However, with 18-bit Extended
Addressing, the point of storage wrap is 262,144, and a
carry from the value wraps back to zero. The range of
addresses that cause an addressing exception is from the
maximum of storage locations installed to the point of
storage wrap. For example, if the storage installed in a
3705-1 is 180,224 bytes, then any address generated
between 180,224 and 262,144 causes an addressing
exception. Addressing exceptions also apply to the 3705-11.

Chapter 3: Storage and Line Addressing  3-1



Note: This manual is based primarily on the basic
16-bit addressing scheme. However, any exceptions
in operation due to Extended Addressing are point-
ed out and explained by programming notes. The
3704 does not have the Extended Addressing
capability.

Interface Addressing

The lines attached to a communication scanner are assigned
interface addresses when the machine is installed. The inter-
face address assigned to a given line is determined by the
physical location of the line interface hardware and by the
type of scanner (Type 1, Type 2, or Type 3) installed in the
controller.

Sixteen interface addresses are assigned to each Line
Interface Base position, permitting a total of 352 lines on
the 3705 with the maximum configuration. To uniquely
address each of these lines requires nine address bits.
Figures 3-3 and 3-4 show the address bits and their interpre-
tation. The S field specifies which scanner the interface is
attached to and is used when one or more Type 2 or Type 3
Scanners are installed. The S field is not used with a Type 1
Scanner, since only one Type 1 Scanner can be installed in
a controller. The L field specifies the Line Interface Base
number within the specified scanner. Only two bits of the
L field (bits 3 and 4) are used with a Type 1 Scanner since
four is the maximum number of LIBs that can be installed
in a Type 1 Scanner. The I field is the position of the inter-
face attachment in the specified LIB.

Whether all 16 interface addresses assigned to a given LIB
position are usable depends on the type of LIB installed in
that LIB position, and the type and number of line sets
installed in that LIB.

With a Type 1 Scanner: When an interface address is passed
to the program by an Input X‘41’ instruction, the interface
address bits 3-8 are placed in byte 0, bits 6-7, and byte 1,
bits 0-3, of the general register specified in the instruction.
Byte 0, bit 4 is set to 1, and the remaining bits are set to 0.
This alignment associates a specific 2-byte storage address
with each interface address. These storage addresses point
to consecutive 16-byte blocks in storage. This area of stor-
age can be directly addressed and contains a control block
for control information and data handling routine addresses
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required for servicing an interface. Figure 3-5 shows the
specific storage address associated with each interface
position.

For consistency, when the program provides an interface
address to the Type 1 Scanner via an Output X‘47’ instruc-
tion, the same alignment must be maintained.

With a Type 2 or 3 Scanner: When an interface address is
passed to the program by an Input X‘40’ instruction, the
interface address bits 0-8 are placed in byte 0, bits 6-7, and
byte 1, bits 0-6, of the specified general register. Byte 0,
bit 4 is set to 1 and the remaining bits of the register are set
to 0.

This alignment associates a specific 2-byte storage address
with each interface address. These storage addresses are
aligned on halfword boundaries and are arranged so that
this area in storage can be used as a vector table to direct
the control program to a routine that is designed to service
the particular interface type. Figure 3-5 shows the storage
address for each specific interface position.

For consistency, when the program provides an interface
address to the Type 2 or 3 Scanner via an Output X‘40’°
instruction, the same alignment must be maintained.

Note: Interface addressing in the 3704 with a Type 2 Scan-
ner follows the same addressing scheme as a 3705 Type 2
Scanner-1, LIB position 1. Interface address bits 5, 6, 7,
and 8 specify lines 0-F in LIB Type Al. However,
addresses 0 and 2 are reserved for high-speed line sets only,
and addresses 1, 3, C, D, E, and F are not used.

LIB and Line Addressing

Each line or autocall interface must be addressable for the
following:

1. Scan addressing
2. Program addressing

Scan addressing and program addressing are performed
differently for the Type 1, Type 2, and Type 3 Communica-
tion Scanners. These functions are described in detail in the
communication scanner chapters.

-



External
Register X'41’

(

Bit Positions 0 0 0 0 1 0 X X X X X X

*Invalid for Type 3 Scanner-1
**Invalid for any Type 3 Scanner

Figure 3-4. Types 2 and 3 Scanner Interface Address Bits

101=LIB pos 4*
110=LIB pos 5**
111=LIB pos 6**
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[ ! |
T
Address Bits 0 1 2 | 3 4 5 6 7 8
Il
00=LIB pos 1 Interface
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Not Used 10=LIB pos 3
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Figure 3-3. Type 1 Scanner Interface Address Bits
Byte O Byte 1
External
Register X'40’ 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Bit Positions 0 0 0 0 1 0 X X X X X X X X X 0
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" INTERFACE ADDRESS ASSIGNMENTS (HEX)
(st) I—- 0 l 1 l 2 | 3 I 4 l 5 | 6 | 7 [ 8 I 9 I A | 8 l C | D | 3 | F
STORAGE ADDRESSES (HEX) *

S”":e’r LIB position 1 00 _ | 80 | 810 | 820 | 830 | 840 850 | 860 | 870 | 880 | 890 | 8A0 880 8C0O | 8D0 | 8EO 8F0
con 2 or  — | 900 | 910 | 920 | 930 | 940 950 | 960 | 970 | 980 | 990 | 9A0 980 9CO | 900 | 9EO 9F0
3 02 — | A00 | Al0 | A20 | A30 | Ad0 | A50 | A60 | A70 | ABO | A90 | AAD | ABO | ACO | ADO | AEO AFO
4 03 — | Boo | 810 | B20 | B30 | B0 Bso 1860 | 870 | Beo | Boo | BAO B8O sco | 8Do | BEO BFO

Type 2 3705 BASIC FRAME STORAGE ADDRESSES (HEX)
T °'e 3 | uBposition 1 02 _ | 840 | 842 | 844 | 846 | 848 | B4A | 84C | B4E | 850 | 852 | 854 85 | 858 | 85A | 85C 85€
s P . 2 03 _ | 860 | 82 | 864 | 866 | 868 86A | 86C | 8E | 870 | 872 | 874 876 878 | 87A | 87C 87E
canner= 3 04 _ | 880 882 884 886 | 888 88A | 88C | 88E | 890 892 894 896 898 89A 89C 89€
4% 05 _ | 8ao | 8a2 | 8a4 | 8as | 8as | 8aa | 8ac | sae | sso | 82 | 8B4 886 g8 | 8sA | 88C 8BE

FIRST EXPANSION FRAME STORAGE ADDRESSES (HEX)

Type 2

or LIB position 1 0A | 940 | 942 | 944 | 946 | 948 94A | 94C | 94E | 950 | 952 | 954 956 958 | 95A | 95C 95€
Type 3 2 08 _ | 960 | 962 | 964 | 966 | 968 96A | 96C | 96E | 970 | 972 | 974 976 978 | 97A | 97C 97E
Scanner-2 3 oc _ | 980 | 982 | 984 | 986 | 988 98A | 98C | 986 | 990 | 992 | 994 996 998 | 99A | 99C 99E
4 oD _ | 9A0 | 9A2 | 9A4 | 9As | 9A8 | 9AA | 9AC | 9AE | 98O | 9B2 | 9B4 986 988 | 9BA | 98C 9BE
5** OE | 9C0o | 9C2 | 9c4 | 9ce | 98 | 9CA | 9cC | 9CE | 9p0 | 9D2 | 904 906 | 908 | 9DA | 9DC | 9DE
6 oF _ | 90 | 92 | 9e4 | 9es | 98 9eA | 9eC | 9ee | 9F0 | 9r2 | 9F4 9F6 9F8 | 9FA | 9FC 9FE

SECOND EXPANSION FRAME STORAGE ADDRESSES (HEX)

Type 2

’o’ie LIB position 1 12 | A4D | A42 | A44 | Ad6 | A48 | A4A | A4C | A4E | AS0 | A52 | A54 A56 | A58 | ASA | ASC | ASE
Tove 3 2 13 | Ao | Ae2 | As4 | Acs | AeB | AeA | AeC | AsE | A70 | A72 | A74 A76 | A78 | ATA | A7C | AZE
s ypee 3 3 14 _ | ABO | A82 | As4 | ABs | A8 | ABA | ASC | A8E | A90 | A92 | A94 A% | A98 | A9A | A9C | A9E
anner 4 15— | AAD | AA2 | AA4 | AA6 | AAB | AAA | AAC | AAE | ABO | AB2 | AB4 AB6 | AB8 | ABA | ABC ABE
5x* 16 _ | ACo | Ac2 | AC4 | AC6 | ACB | ACA | ACC | ACE | ADO | AD2 | AD4 | AD6 | ADB | ADA | ADC | ADE
6** 17 _ | A0 | A2 | Aes | A6 | Aes | Aea | aec | Aee | Aro | AF2 | AF4 are | ars | Afa | AFC | AFE

THIRD EXPANSION FRAME STORAGE ADDRESSES (HEX)
Type 2 LIB position 1 TA | B40 | B42 | B44 | B46 | B48 B4A | BAC | B4E | B50 | B52 | Bs4 B56 B58 | BSA | BSC BSE
T°’ 3 2 1B | B0 | Bs2 | B | Bes | Bes B6A | B6C | B6E | B70 | B72 | B74 B76 878 | B7A | B7C B7E
s ype 4 3 1C _— | B8O | B82 | B84 | B8S | 888 BBA | B8C | B8E | B9O | B2 B94 896 898 | B9A | BSC B9E
canner= 4 1D _ | BAO | BA2 | BA4 | BA6 | BA8 | BAA | BAC | BAE | 88O | BB2 | BB4 BB6 BB8 | BBA | BBC BBE
Fidd 1€ _ | 8Co | BC2 | BC4 | BC6 | BCB | BCA | BCC | BCE | BDO | BD2 | BD4 BD6 | BD8 | BDA | BDC | BDE
o 1F _ | Beo | Be2 | Be4a | BEs | BEs Bea | Bec | Bee | Bro | BF2 | BF4 BF6 grs | BFa | BFC BFE

* Storage address X'6F0' is used for character service

**Type 2 Scanner only

Figure 3-5. Storage Address Assignments
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The communications controller contains 51 executable
instructions that can be used to tailor a control program

| to meet the specific needs of the data communication
system. The instruction set provides the greatest pos-
sible program flexibility within a minimum amount of
storage.

This chapter gives the general instruction formats,

and describes each individual instruction.

Note: Except for the functions provided by the
Extended Addressing feature, the instruction and
operand descriptions in this chapter apply to both
the 3704 and the 3705.

Figure 4-1 shows the op code bit structures, operand
fields, and instruction execution times (in number of storage
cycles). A storage cycle for the 3704 (read or write) is 600
nanoseconds, for the 3705-1 (read and write) is 1.2 micro-
seconds. The 3705-II storage cycle time (read and write) is
1.0 microsecond or 900 nanoseconds. The asterisks in the
C, Z column designate the instructions that can alter the
C and Z condition latches.

Figure 4-2 shows the basic mnemonic designations
and assembler operand field designations for the vari-
ous instructions.

Any attempt at program levels 2, 3, 4, or 5 to exe-
cute an operation code other than one of the 51 speci-
fied instructions results in a level 1 interrupt with the
invalid op check bit set on in the CCU interrupt re-
quest group 1 register. An attempt to execute an in-
valid op code in program level 1 sets the program
check in L1 bit in the CCU check register along with
the invalid op check bit and is handled as a CCU
check. In all cases, instruction execution is sup-
pressed. See CCU Checks in Chapter 5.

Instruction Format

The instruction length can be either one or two half-
words. All instructions must be located in storage on
integral halfword boundaries.

The eight basic instruction formats are denoted by
the format codes RR, RS, RT, RA, RSA, RE, RI and
EXIT. The format codes express, in general terms, the
operation to be performed. RR denotes a register-to-
register operation; RS, a register-storage operation;
RSA, a register-to-storage with addition operation;
RT, a branch operation; RA, a register-to-immediate
address operation; RE, a register-to-external register
operation; RlI, a register-to-immediate operand opera-
tion; and EXIT, a program level exit operation.
~ To help describe the execution of instructions, op-
erands are designated as either first or second ope-
rands. For RR format instructions, the first and sec-
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ond operands are denoted by the number following the
name of the field (for example R1, R2).

Instruction Operand Fields
Instruction operands are in four classes: (1) immediate
operands in the instructions themselves, (2) operands
in external registers, (3) operands in the active group
of general registers, and (4) explicitly addressed ope-
rands in storage.

The following fields represent the operands in the
instruction format.

Immediate Operands

I Field: The I field in RI format instructions contains
an 8-bit immediate data field.

A Field: With Extended Addressing, the A field in RA
format instructions contains an 18-bit (20-bit for 3705-11,
Models J—L) immediate data field. Without Extended
Addressing, the A field is treated as a 16-bit immediate data
field, and bits 12, 13, 14, and 15 of the instruction are
ignored. ‘

>

External Register Operands

E Field: The E field in RE format instructions specifies
the hexadecimal address of an external register ope-
rand. This field is used only for input and output in-
structions. Throughout this text, many references are
made to input and output instructions. These refer-
ences specify the value of the E field in the form X‘nn’,
where nn is the hexadecimal address of the external
register. Appendix A shows the external register ad-
dresses and functions.

General Register Operands

R Field: The R field in RI, RS, RE, RR, RA, RSA and some
RT format instructions specifies the general register in the
active group that contains the first operand. For byte oper-
ations, the register specified by this field must be an odd-
numbered register. For all other operations, any one of the
eight general registers in the active group may be specified.

For STH and ST instructions, if the R field is zero, a con-
stant of all zeros is selected as the operand, rather than the
contents of register 0.

Notes:

1. Use 18-bit operands when addressing storage locations
above 64K bytes up to and including 256K bytes.

2. Use 20-bit operands when addressing storage locations
above 256K byte up to and including, 512K bytes.
(3705-1I Models J—L only.)
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* = Instructions that can alter condition latches.

0=+

# = 3 Cycles with Extended Addressing

Figure 4-1. Instruction Bit Structure
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FORMAT
3704 3705
Name Instruction Cc,z Cycles Cycles 01 23 Il 56 7|8 9 100 N ] 12 13 14 15
T
8 Branch 2 ! 1o 01 |
8CL Branch on C Latth 2 1 10011 T : +
"
BZL Branch on Z Latch 2 1 1000 1 !
L\l
BCT Branch on Count 3 1 1o \ |
:
88 Branch on Bit 3 ) MM M [
1
(] Load Register Immediate * 3 1 1 0000
ARI Add Register Immediate . 1 1001 0
SRi Subtract Register . 3 1 10100
Immediate
cri Compare Register . 3 | 1o oflR N
immediote
XRI Exclusive Or . 3 ] 11000
Register immediate
ORI Or Register Immediate . 3 ) 11010
NRI And Register Immediate * 3 1 11100
TRM Test Register under Mask * 3 1 1111 0
LR Load Character Register - 3 1 0 0 00 10 0 o
ACR Add Character Register . 3 1 0 0 00 1 0 o o
Subtract Character
SCR Register . 3 i 0 0 [} 0 0 0
Compare Character . 3 V
caR Reghrer ofr2 Ny olR INjjo o 1 0 0 o
XCR Exclusive Or Character B 3 1 0 0 01 I o 0 o
Register
o OR Character Register . 3 1 0 0 0 1 1 0 0 0
NCR And Character Register M 3 1 0 0 [ 1. 0 0 o0
Load Character with .
LCOR | Gtier Register * 3 1 0 0 [ 1 0 o0 o0
insert Character and
icr Count 5 2 0 0 00 0 0 0 o©
stcr | Store Character and 5 2 0 of & [nfo o 0 0o o o
Count
Ic Insert Character . 4 2 0 1 0
STC Store Character 4 2 o8 1 1
H Load Halfword . 4 2 0 0 0 1
STH Store Halfword 4 2 0 0 1 1
R
L Load . 5 2! 0 0 0 1o
ST Store 5 2 0 0 ) 10
LHR Load Halfword Register . 3 ! 0 0 1o o 0 0 o0
AHR Add Halfword Register . 3 1 0 0 1o o 0 0 o0
Subtract Halfword
SHR Register ‘ ! 0 o 10 0o 0 0o o
CHR Compare Holfword . 3 ) [ 0 1o o 0o o0 o
Register
x| Exclusive Or Holfword . 3 1 0 0 1 0 0 o o
Register
OHR OR Halfword Register - 3 1 0 1 0 0 0 O
NHR And Halfword Register . 3 V 0 0 [ o 0 o0 o
. R2 R
LHOR | Lood Halfword with . )
Offset Register 3 ° 0 ro 00 0 0
R Load Register . 3 1 0 0 10 1 0o 0o o
. AR Add Register . 3 1 0 0 1o 1 0 0 o0
SR Subtract Register . 3 1 0 0 10 0 0 o
CR Compare Register . 3 1 0 0 o 1 0 0 o0
XR Exclusive Or Register . 3 1 0 0 [N 1 0 0o o0
OR OR Register . 3 1 [ 0 [ 1 0 o0 o0
NR And Register 3 1 0 0 [ 10 0 o
LOR Lood with Offset Register|  * 3 ! 0 [ 1 1 0 0 o0
BALR | Bronch & Link Register 4 2 0 [ 0 1 c 0 0o o
IN Input 2 1 0 0 - LI R T }
E R E
our Output 2 ! 0 [ o 1 o0 o
16 \ 31
BAL Branch & Link 3 2 [ R | [ ]
A Lood Address 3 2 oo 00
¥
EXIT Exit 2 ) 10111 0000 o 0 0 o

N
NS
///A A
‘\\i 7




Instruction Format Code Mnemonic Operand Field Format
Add Character Register RR ACR R1(N1),R2(N2)
Add Halfword Register RR AHR R1,R2

Add Register RR AR R1,R2

Add Register Immediate R1 ARI R(N),I

AND Character Register RR NCR R1(N1),R2(N2)
AND Halfword Register RR NHR R1,R2

AND Register RR NR R1,R2

AND Register Immediate RI NRI R(N),I

Branch RT B T

Branch and Link RA BAL R,A

Branch and Link Register RR BALR R1,R2

Branch on Bit RT BB R(N,M),T
Branch on Count RT BCT R(N), T

Branch on C Latch RT BCL T

Branch on Z Latch RT BZL T

Compare Character Register RR CCR RI1(N1),R2(N2)
Compare Halfword Register RR CHR R1,R2
Compare Register RR CR R1,R2
Compare Register Immediate RI CRI R(N),I
Exclusive OR Character Register RR XCR R1(N1),R2(N2)
Exclusive OR Halfword Register RR XHR R1,R2
Exclusive OR Register RR XR R1,R2
Exclusive OR Register Immediate RI XRI R(N),I

Exit EXIT EXIT —_—

Input RE IN R,E

Insert Character RS IC R(N),D(B)
Insert Character and Count RSA ICT R(N),B

Load RS L R,D(B)

Load Address RA LA R,A

Load Character Register RR LCR R1(N1),R2(N2)
Load Character with Offset Reg. RR LCOR R1(N1),R2(N2)
Load Halfword RS LH R,D(B)

Load Halfword Register RR LHR R1,R2

Load Halfword with Offset Reg. RR LHOR R1,R2

Load Register RR LR R1,R2

Load Register Immediate RI LRI R(N),I

Load with Offset Register RR LOR R1,R2

OR Character Register RR OCR R1(N1),R2(N2)
OR Halfword Register RR OHR R1,R2

OR Register RR OR R1,R2

OR Register Immediate RI ORI R(N),I

Output RE ouT R,E

Store RS ST R,D(B)

Store Character RS STC R(N),D(B)
Store Character and Count RSA STCT R(N),B

Store Halfword RS STH R,D(B)
Subtract Character Register RR SCR R1(N1),R2(N2)
Subtract Halfword Register RR SHR R1,R2

Subtract Register RR SR R1,R2

Subtract Register Immediate RI SRI R(N),I

Test Register Under Mask R1 TRM R(N),I

Figure 4-2. Instruction Format
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R1 Field: The R1 field in RR format instructions speci-
fies the general register containing the first operand.
For byte operations, the register specified by this field
must be an odd-numbered register. For all other oper-
ations, any one of the eight general registers in the
active group may be specified.

R2 Field: The R2 field in the RR format instructions
specifies the general register containing the second
operand. For byte operations, the register specified by
this field must be an odd-numbered register. For all
other operations, any one of the eight general registers
in the active group may be specified.

N Field: Except for ARI, SRI, and BCT instructions,
the N field in RS, RI, and RT format instructions spec-
ifies whether byte 0 (N=0) or byte 1 (N=1) of the
register specified in the R field is to be treated as the
eight-bit first operand. For ARI, SRI and BCT in-
structions, the N field specifies whether byte 0 (N=0),
or both byte 0 and byte 1 (N=1) are to be treated as
the operand.

Programming Note
With Extended Addressing, byte X is also part of the
first operand in an ARI or SRI instruction.

N1 Field: Except for ACR and SCR instructions, the
N1 field in RR format instructions specifies whether
byte 0 (N1=0) or byte 1 (N1=1) of the register speci-
fied in the R1 field is to be treated as the eight-bit
operand. For ACR and SCR instructions, the N1 field
specifies whether byte 0 (N1=0), or both byte 0 and
byte 1 (N1=1) are to be treated as the operand.

Programming Note
With Extended Addressing, byte X is also part of the
first operand in an ACR or SCR instruction.

N2 Field: The N2 field in RR format instructions spec-
ifies whether byte 0 (N2=0) or byte 1 (N2=1) of the

register specified in the R2 field is to be treated as the

eight-bit operand.

M Field: The binary value of the three-bit M field in
the Branch on Bit instruction (BB) specifies the bit
(bit 0-7) to be tested in the byte operand selected by
the R and N fields of the instruction.

Explicitly Addressed Operands in Storage
B Field: The B field in RS and RSA format instructions
specifies a general register in the active group that

contains a base address. The base address is used to
address second operand locations in storage. For RS

44

format instructions, the storage address is formed by

the addition of the base address (contained in the reg-
ister specified by the B field) and a positive displace- ‘
ment specified in the D field of the instruction. N

For ICT and STCT (RSA format) instructions, the
base address contained in the register specified by the
B field is used without modification for the storage
address.

For RS format instructions, if the 3-bit B field is
zero, a fixed address constant is used for the base ad-
dress instead of the contents of register 0. This per-
mits direct access to system parameters at preassigned
storage locations. The address constants for the vari-
ous instructions are:

Instruction | Address Constant
IC and STC X‘0680°
LH and STH| X‘0700°
L and ST X‘0780’

D Field: The D field in RS format instructions contains

the displacement that is added to the base address to

form the storage address of the second operand. The

D field is treated as a positive binary number that rep-

resents a byte displacement for IC and STC instruc- P
tions, a halfword displacement for LH and STH in-

structions, and a fullword displacement for L and ST ha
instructions. The displacement ranges that can be

specified are:

Instruction Displacement

IC and STC 0 to 127 bytes

LH and STH | O to 126 bytes in multiples of two
L and ST 0 to 124 bytes in multiples of four

T Field: The T field in the RT format instructions is
treated as a signed binary number. The number repre-
sents a halfword displacement from the address in
register O of the active group of registers. Before the
RT format instructions are executed, register 0 is in-
cremented to point to the next sequential instruction
(as is done for all instructions). This means that the
displacement is with respect to the address of the next
sequential instruction after the branch instruction.
The low-order bit of the T field (instruction bit 15) is
used as the sign bit. When this bit is zero, the dis-
placement is positive. If the bit is a one, the displace-
ment is negative. Thus, the following displacement {“,v’ ™~




ranges are allowed in the formation of the branch ad-
dress:

Displacement
from Branch
instruction

in halfwords

T Field range

Instruction in halfwords

BCL,BZL,B | +1023 to —1023 |+1024 to —1022

BB, BCT +63 to —63 +64 to —62

Condition Latches

A condition latch is a hardware latch that may be set
or reset by instruction execution. Each of the five
program levels has its own set of two condition latch-
es. These condition latches are designated C and Z.
The results of many instructions set the C and Z latch-
es of the active group to 1 or 0. The states of these
latches are described in the following instruction de-
scription sections. These condition latches can be
inspected for decision making by Branch on C Latch
(BCL) and Branch on Z Latch (BZL) instructions. A
branch instruction never alters a condition latch. How-
ever, the program level 5 condition latches can be
altered by executing an OQutput X‘79’ instruction. The
state of these latches may be used as input via an Input
X*“79’ instruction.

Programming Note

Since there is a separate set of C and Z condition
latches for each of the five program levels, the state of
the condition latches used by an interrupted program is
not affected by other interrupting programs.

General Register Usage

Any register in the active group may be specified as
containing an operand. However, in a byte operation,
only the odd-numbered registers (that is, 1, 3, 5 and 7)
in the active group may be specified as containing the
byte operand. This is because only a two-bit field is
allocated within the machine bit structure of the in-
struction to specify the register. Therefore, when the
hardware decodes an instruction that contains a byte
operation, a low-order one bit is added to access an
odd-numbered register.

When a general register is specified for a halfword
operation, byte 0 and byte 1 of the register are treated
as a contiguous 16-bit binary operand. With Extended
Addressing, byte X of the register is not used in a half-
word operation and does not affect the setting of the
condition latches.

When a general register is specified for an Extended
Addressing operation, byte X, byte 0, and byte 1 of the

register are treated as a contiguous 18 or 20-bit binary
operand.

When a general register is specified for a single byte
operand, either byte 0 or byte 1 of the register may be
specified as the operand. The other bytes in the regis-
ter do not affect the setting of the condition latches.
For ARI, SRI, ACR, SCR, and BCT instructions, byte
0 or both byte 0 and byte 1 can be specified as the
first operand in the general register to contain the
result of the arithmetic operation. For example, for
the Add Character Register (ACR) instruction, the
operand in R2 is added to the operand in R1, and the
result is placed in R1. Since R1 is to contain the re-
sult, byte O or both bytes 0 and 1 of R1 could be speci-
fied as an operand, whereas only a single byte (0 or 1)
of R2 can be specified as an operand.

Programming Note

With Extended Addressing, byte X is included with the
selected byte of the first operand in an ACR, ARI,
SCR, or SRI instruction but does not affect the setting
of the condition latches.

Instruction Descriptions
The following is a description of each of the
3704/3705 instructions.

BRANCH

B T [RT]
10 1 0 1 T st
0 4 5 15

This instruction causes an unconditional branch to the.
branch address. The branch address is formed by
adding the displacement value in the T field to the
address of the next sequential instruction. Therefore,
the branch address is always calculated relative to the
next sequential instruction. The T field allows a dis-
placement of +1023 to —1023 halfwords.

The low-order bit position (bit 15) of this instruc-
tion indicates whether the displacement is positive or
negative. A 0 in bit 15 indicates that the displacement
is in a positive direction, and a 1 indicates a negative
direction.

Resulting Condition Latches: Unchanged

BRANCH ON C LATCH

BRANCH ON Z LATCH

BCL T [RT]
10 0 1 1 T X
0 4 5 15
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BZL T [RT]

1 0 0 0 1 T +

These instructions test the state of the C and Z condi-
tion latches associated with the active group of regis-
ters. If the tested latch is not set (0), the next sequen-
tial instruction is executed. If the tested latch is set
(1), the next instruction to be executed is at the
branch address. The branch address is formed by
adding the displacement value in the T field to the
address of next sequential instruction. Therefore, the
branch address is always calculated relative to the next
sequential instruction. The T field allows a displace-
ment of +1023 to —1023 halfwords.

The low-order bit position (bit 15) of this instruc-
tion indicates whether the displacement is positive or
negative. A O in bit 15 indicates that the displacement
is in a positive direction, and a 1 indicates a negative
direction.

Resulting Condition Latches: Unchanged

BRANCH ON BIT
BB R(NM),T [RT]

|+

1 1T M M 1| R |[N[M T

0 4 5 6 7 8 9 15

This instruction tests the state of a specified bit in a
general register. If the bit tested is a zero, the next
sequential instruction is executed. If the bit tested is a
one, then the next instruction to be executed is at the
branch address. The branch address is formed by
adding the displacement value in the T field to the
address of the next sequential instruction. Therefore,
the branch address is always calculated relative to the
next sequential instruction. The T field allows a dis-
placement of —63 to +63 halfwords. The M field
specifies which one of the eight bits of byte 0 (if N=0)
or byte 1 (if N=1) of R is to be tested. The register
specified by R must be an odd-numbered register.

The low-order bit position (bit 15) of this instruc-
tion indicates whether the displacement is positive or
negative. A O in bit 15 indicates that the displacement

_isin a positive direction, and a 1 indicates a negative
direction.

4-6

Resulting Condition Latches: Unchanged

BRANCH ON COUNT
BCT R(N),T [RT]

o 1 1 1] R |N|1 T x
0 45 6 7 8 9 15

The count value in the register specified by R is decre-
mented by one and then tested for zero. If the result is
zero, the next sequential instruction is executed. If the
result is nonzero, the next instruction to be executed is
at the branch address. The count is contained in byte
0 (if N=0) or in both bytes 0 and 1 (if N=1) of the
register. The branch address is formed by adding the
displacement value in the T field to the address of the
next sequential instruction. Therefore, the branch
address is always calculated relative to the next se-
quential instruction. The T field allows for a displace-
ment of —63 to +63 halfwords. The register specified
by R must be an odd-numbered register.

The low-order bit position (bit 15) of this instruc-
tion indicates whether the displacement is positive or
negative. A O in bit 15 indicates that the displacement
is in a positive direction, and a 1 indicates a negative
direction.

Resulting Condition Latches: Unchanged

Programming Note

If, before execution of this instruction, the count value
(byte O or bytes 0 and 1) in the register is zero, the
effective count value is 256 or 65,536, respectively.

BRANCH AND LINK
BAL R,A [RA]

-
L1 0 1 1 1| R Io 0 0 o| Al
0 4 5 7 8 11 12 3

This instruction is a 32-bit instruction that causes an
unconditional branch. The address of the next se-
quential instruction is stored as link information in the
register specified by R. Subsequently, the instruction
address in register 0 is replaced by the branch address
(address contained in the A field), and the branch is
executed.

Resulting Condition Latches: Unchanged




Programming Notes

1. Since register O is the IAR, no linkage is provided if
it is specified in the R field.

2. Bits 12, 13, 14, and 15 in the A field are used only
with Extended Addressing.

BRANCH AND LINK REGISTER

BALR RL,R2 [RR]
0 R2 0l Rq 0O 1 00 0 0 O O
0 1 3 4 5 7 8 15

The address of the next sequential instruction is stored
as link information in the register specified by R1.
Subsequently, the instruction address in register O is
replaced by the branch address (address in the register
specified by R2), and the branch is executed. The
branch address is obtained from R2 before the link
information is stored in R1.
Resulting Condition Latches: Unchanged

Programming Note

Since register 0 is the IAR, no linkage is provided if it
is specified in the R1 field, and no branch occurs if it is
specified in the R2 field.

ADD REGISTER
AR R1,R2 [RR]
0 R2 Y ] R1 X908’
0o 1 3 4 5 7 8 15

The second operand (R2) is added to the first operand
(R1), and the sum is placed in the first operand loca-
tion. Addition of all bits in the register operands is
performed logically without regard to a sign, and the
appropriate condition latches are set.

Resulting Condition Latches:

C An overflow occurred from R1
Z TheresultinR1 =0

Programming Notes

1. If register O is specified by R1, a branch to the ad-
dress formed in register O results, and the condition
latches remain unchanged.

2. With Extended Addressing, this instruction operates
on all 18 or 20 bit positions (bytes X, 0, and 1) of the
registers. Without Extended Addressing, operation
is the same as for the Add Halfword Register in-
struction.

ADD HALFWORD REGISTER
AHR R1,R2 [RR]
Ro 0 R1 X'90'
0 1 3 4 5 7 8 15

The second operand (R2, bytes 0 and 1) is added to
the first operand (R1, bytes 0 and 1), and the sum is
placed in the first operand location. Addition of the
register operands is performed logically without regard
to a sign, and the appropriate condition latches are set.

Resulting Condition Latches:

C An overflow occurred from byte 0 of R1
Z The result in bytes 0 and 1 of R1 = 0

Programming Note

If register O is specified as R1, a branch results to the
address formed in register 0, and the condition latches
remain unchanged.

ADD CHARACTER REGISTER
ACR  RI(N1),R2(N2) [RR]

X118’ J

o] mz [uzfo] a1 fui
012 3456 7 8

The second operand (R2, byte 0 if N2=0 or byte 1 if
N2=1) is added to the first operand (R1, byte O if
N1=0 or bytes 0 and 1.if N1=1). The sum is placed
in the first operand location. If N1 = 0, byte 1 of R1
remains unchanged. The registers specified by R1 and
R2 must be odd-numbered registers.

Resulting Condition Latches:
NI = 0

C An overflow occurred from byte 0 of R1
Z The result in byte 0 of R1 =0

NI = 1
C An overflow occurred from bytes 0
and 1 of R1

Z The result in bytes 0 and 1 of R1 =0

Programming Note

With Extended Addressing, the first operand includes
byte X of the register specified by R1. However, byte
X does not affect the setting of the condition latches.
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ADD REGISTER IMMEDIATE
ARI R(N),I [RI]

1t 0 0 1 0] R |N |

0 4 56 6 7 8 15

The second operand (I field) is added to the first ope-
rand (byte O if N=0 or bytes 0 and 1 if N=1 of the
register specified by R). The sum is then placed in the
first operand location. The register specified by R
must be an odd-numbered register. If N=0, byte 1 of
R remains unchanged.

Resulting Condition Latches:

N =20
C An overflow occurred from byte 0 of R
Z The result in byte 0 of R = 0

N =1
C An overflow occurred from bytes 0 and 1 of R
Z The resultin bytesOand 1 of R =0

Programming Note

With Extended Addressing, the first operand includes
byte X of the register specified by R. However, byte
X does not affect the setting of the condition latches.

SUBTRACT REGISTER
SR RLR2 [RR]
R2 °>| R1 J XA’
0 1 3 4 5 7 8 15

The second operand (R2) is subtracted from the first
operand (R1), and the result is placed in the first op-
erand location.

Subtraction is performed by adding the two’s com-
plement of the second operand to the first operand and
setting the appropriate condition latch. If the differ-
ence is less than zero, the result is in the two’s comple-
ment form.

Resulting Condition Latches:

C Theresultin R1 < 0
Z TheresultinR1 =0

Programming Notes

1. If register O is specified by R1, a branch results to
the address formed in register 0, and the condition
latches remain unchanged.

2. With Extended Addressing, this instruction operates
on all 18 or 20 bit positions (bytes X, 0, and 1) of the
registers. Without Extended Addressing, the opera-

tion is the same as for the Subtract Halfword Regis-
ter instruction.

SUBTRACT HALFWORD REGISTER
SHR R1,R2 [RR]

l X'AQ"

[T o[ =
S0 1

3 4 5 7 8 15

The second operand (R2, bytes 0 and 1) is subtracted
from the first operand (R1, bytes 0 and 1), and the

‘result is placed in the first operand location.

Subtraction is performed by adding the two’s com-
plement of the second operand to the first operand and
setting the appropriate condition latch. If the differ-
ence is less than zero, the result is in the two’s comple-
ment form.

Resulting Condition Latches:

C The result in bytes 0 and 1 of R1 < 0
Z The result in bytes 0 and 1 of R1 =0

Programming Note

If register O is specified by R1, a branch results to the
address formed in register 0, and the condition latches
remain unchanged. '

SUBTRACT CHARACTER REGISTER
SCR R1(N1),R2(N2) [RR]

0| Ry [NafO]| Ry |N1| X'28'
01 2 3 4656 7 8 15

The second operand (R2, byte 0 if N2=0 or byte 1 if
N2=1) is subtracted from the first operand (R1, byte
0 if N1=0 or bytes 0 and 1 if N1=1). The result is
placed into the first operand location. The registers
specified by R1 and R2 must be odd-numbered regis-
ters.

Before the subtraction is performed, the second
operand is expanded with high-order zeros to equal the
size of the first operand. Subtraction is performed by
adding the two’s complement of the second operand to
the first operand and setting the appropriate condition
latch. If the difference is less than zero, the result is in
the two’s complement form.

Resulting Condition Latches:
NI =0

C The result in byte 0 of R1 < 0
Z The result in byte 0 of R1 = 0




N1 =1
C The result in bytes 0 and 1 of R1 < 0
Z The resultin bytes 0 and 1 of R1 = 0

Programming Note

With Extended Addressing, the first operand includes
byte X of the register specified by R1. However, byte
X does not affect the setting of the condition latches.

SUBTRACT REGISTER IMMEDIATE

SRI R(N),I [RI]
[1 01 0 0 l R |n l | J
0 4 5 6 7 8 15

The second operand (I field) is subtracted from the
first operand (byte 0 if N=0 or bytes 0 and 1 if N=1
of the register specified by R). The result is placed in
the first operand location. The register specified by R
must be an odd-numbered register.

Before the subtraction is performed, the second
operand is expanded with high-order zeros to equal the
size of the first operand. Subtraction is performed by
adding the two’s complement of the second operand to
the first operand and setting the appropriate condition
latch. If the difference is less than zero, the result is in
the two’s complement form.

Resulting Condition Latches:
N=20

C The result in byte 0 of R < 0
Z Theresultin byte 0 of R = 0

N =1
C The result in bytesOand 1 of R < 0
Z The resultin bytesOand 1 of R =0

Programming Note

With Extended Addressing, the first operand includes
byte X of the register specified by R. However, byte
X does not affect the setting of the condition latches.

second operand is formed by adding the displacement
value in the D field to the contents of the base register
specified by the B field. The D field allows for a dis-
placement of 0 to +127 bytes. The register specified
by R must be an odd-numbered register..

Resulting Condition Latches:

C The selected byte of R contains an even
number of 1 bitsor R=0
Z The selected byte of R=0

Programming Note

If the B field is 0, address X‘0680’ is used as the base
address instead of the contents of register 0. This
permits direct addressing of the 128 bytes starting at
address X‘0680’ without having to load a base register.

INSERT CHARACTER and COUNT

ICT R(N),B  [RSA]
0| B ]0 [ R NI X'10’ ]
01 34 5 67 8 15

The eight-bit character at the second operand address

is placed into byte O (if N=0) or byte 1 (if N=1) of

the register specified by R. After the storage address

has been obtained from the base register (B), the con-

tents of the base register are incremented by 1.There-

fore, after the execution of this instruction, the register

specified by the B field normally contains an address

one byte greater than before execution. (See note 2

below.) The register specified by R must be an odd-

numbered register.

Resulting Condition Latches: Unchanged

Programming Notes

1. Register O should not normally be specified in the B field,
because it contains the instruction address.

2. If R and B specify the same (odd) register, its contents
are incremented by one before the character is inserted
into the selected byte of the register.

INSERT CHARACTER

IC RON),D(B) [RS] LOAD
L RDB)  [RS]

ol 8 |hl|®r In|oO D

0 1 3456 7 89 15 oIB[o]R[O] D l1o]
0 1 345 7809 13 14 15

The eight-bit character at the second operand address
is placed into byte 0 (if N=0) or byte 1 (if N=1) of
the register specified by R. The remaining bits of the
register are unchanged. The storage address of the
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This instruction loads the data (second operand) from
a four-byte field in storage into the first operand
(register specified by R). The four-byte field contain-
ing the second operand must be on a halfword bound-
ary. Since the general registers are not a fullword (32
bits) in length, only the low-order bits of that storage
location are used. (See note 4 below.) The storage
address is formed by adding the displacement value in
the D field to the contents of the base register speci-
fied by B. The D field allows for a displacement of O
to 124 bytes in multiples of 4 (31 fullwords).

Resulting Condition Latches:

C TheresultinR # 0
Z TheresultinR =0

Programming Notes

1. The low-order bit of the storage address is ignored
since storage is addressed on halfword boundaries
with this instruction.

2. If register 0 (IAR) is specified in the R field, this
instruction results in an unconditional branch to the
address loaded in register 0, and the condition
latches remain unchanged.

3. If the B field is 0, address X‘0780’ is used as the
base address instead of the contents of register 0.
This permits direct addressing of the 32 fullwords
starting at address X‘0780’ without having to load a
base register.

4. With Extended Addressing, this instruction loads the
18 or 20 low-order bits from the four-byte field ad-
dressed by the second operand into bytes X, 0, and 1
of R. The 12 or 14 high-order bits in storage are ig-
nored. Without Extended Addressing, the low-
order 16 bits of the addressed four-byte field are
loaded into bytes 0 and 1 of R, and the 16 high-
order bits in storage are ignored.

LOAD HALFWORD
LH R,D(B) [RS]
2 ) I O N [
0 1 34 5 7 8 9 14 15

This instruction loads a halfword from storage into
bytes 0 and 1 of the register specified by R. The stor-
age address is formed by adding the displacement val-
ue in the D field to the contents of the base register
(B). The D field allows for a displacement of 0 to 126
bytes in multiples of 2 (63 halfwords).
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Resulting Condition Latches:

C The result in bytesOand 1 of R # 0
Z The result in bytesOand 1 of R = 0

Programming Notes

1. For all Load Halfword instructions, the halfword
obtained from storage is loaded into both the speci-
fied general register and the old-CRC register. See
Cyclic Redundancy Check in Chapter 5. For nor-
mal operations (non-CRC), the loading of data into
the old-CRC register serves no function.

2. The low-order bit of the storage address is ignored
since storage is addressed on halfword boundaries
with this instruction.

3. If register 0 (IAR) is specified in the R field, this
instruction results in an unconditional branch to the
address formed in register 0, and the condition
latches remain unchanged.

4. If the B field is 0, address X‘0700’ is used as the
base address instead of the contents of register 0.
This permits direct addressing of the 64 halfwords
starting at address X‘0700” without having to load a
base register.

5. With Extended Addressing, byte X of the register
specified by R is set to zero during the load opera-
tion.

LOAD REGISTER

LR R1,R2 [RR]

o o o] & ] _— ]

3 4 5 7 8 15

The second operand (R2) is loaded into the first op-
erand (R1). All bits of the register specified by R2
are moved into the register specified by R1 and are not
changed. Condition latches are set according to the
result in the first operand.

Resulting Condition Latches:

C TheresultinR1 # 0
Z The resultinR1 =0

Programming Notes

1. If register O is specified by R1, a branch results to
the address formed in register 0, and the condition
latches remain unchanged.

2. With Extended Addressing, this instruction operates
on all 18 or 20 bit positions (bytes X, 0, and 1) of the
registers. Without Extended Addressing, operation




is the same as for the Load Halfword Register in-
struction.

LOAD HALFWORD REGISTER

LHR R1,R2 [RR]
Ry |O Rq X80’
1 3 4 5 7 8 15

The second operand (R2, bytes 0 and 1) is loaded into
the first operand (R1, bytes 0 and 1). The second
operand is not changed, and the condition latches are
set according to the result of the first operand.

Resulting Condition Latches:

C The result in bytes O and 1 of R1 # 0
Z The result in bytesOand 1 of R1 =0

Programming Note

If register O is specified by R1, a branch results to the
address formed in register 0, and the condition latches
remain unchanged.

LOAD CHARACTER REGISTER

LCR R1(N1),R2(N2) [RR]
Ry |No|O R1 N1 X'08’
01 2 3 45 6 7 8 15

The second operand (R2, byte 0 if N2=0 or byte 1 if
N2=1) is loaded into the first operand (R1, byte O if
N1=0 or byte 1 if N1=1). The registers specified by
R1 and R2 must be odd-numbered registers.

Resulting Condition Latches:
C The selected byte of R1 contains an even
number of 1 bitsor R1 =0
Z The selected byte of R1 = 0

LOAD REGISTER IMMEDIATE
LRI R(N),I  [RI]

|10000IR | J

v
4 5 6 7 8 15

The second operand (I field) is loaded into the first
operand (byte 0 if N=0 or byte 1 if N=1 of the regis-
ter specified by R). The non-selected byte(s) of the
register remain unchanged. The register specified by
R must be an odd-numbered register.
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Resulting Condition Latches:

C The result in the selected byte of R # 0
Z The result in the selected byte of R = 0

LOAD ADDRESS
LA R,A [RA]

L
[1 0o 1 1 1| R lo 0o 1 ol A 7;'
0 7 5 7 8 12 75

This instruction is a 32-bit instruction. The second
operand (A field) is treated as an immediate operand
and is loaded into the first operand (R).

Resulting Condition Latches: Unchanged

Programming Notes

1. With Extended Addressing instruction bits 12,13, 14,
and 15 in the A field are loaded into byte X of R. With-
out Extended Addressing, these bits are ignored.

2. If register O is specified by R, a branch results to the
address contained in the A field.

LOAD with OFFSET REGISTER
LOR R1,R2 [RR]

Ro Y R1 X'F8'
0 1 3 4 5 7 8 15

The second operand (R2) is shifted right one bit posi-
tion, and the result is loaded into the first operand
(R1). A zero bit is inserted in the high-order bit posi-
tion of R1.

Resulting Condition Latches:

C A 1 bit shifted out of byte 1, bit 7
Z TheresultinR1 =0

Programming Notes

1. If register O is specified by R1, a branch results to
the address formed in register 