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PREFACE

This manual presents the detailed theory of opera-
tion of the IBM 2260 Display Station Models 1 and 2,
and IBM 2848 Display Control Unit, Models 1, 2,
and 3. However, the description of the 2848 Dis-
play Control pertains only to those units whose
serial numbers are 60,000 or above,

The following publications can be used to sup-

plement the information provided in this manual;

IBM 2260 Display Station, IBM 2848 Display
Control Maintenance Manual (Form
Y27-2047-2)

IBM 2260 Display Station, IBM 2848 Display
Control FE Diagram Manual (Form
Y27-2048-2)

1052 Printer Keyboard and 1053 Printer Main—
tenance Manual (Form 225-3179-2)

Medium Power Standard Power Supplies (Form
223-2799-0)

IBM 1052, 1053 CEMI (Form 225-3179)

IBM System/360 1/0 Interface - Channel to
Control Unit - Original Equipment Manu-
facturers Information (Form A22-6843-3)

ABBREVIATIONS LIST

The abbreviations used in this manual, together with

their definitions, are as follows:

Abbreviation Definition

ACK Acknowledge

ASCII American Standard Code for
Information Interchange

CAN Cancel

CRT Cathode-Ray Tube

DAU Data Adapter Unit

DC Display Control

DS Display Station

EBCDIC Expanded Binary Coded Deci-
mal Interchange Code

EOM End of Message

EOT End of Transmission

This is a reprint of Y27-2046-2 incorporating
changes released in the following F. E. Supple-

ments:
Form Number Pages Affected Date
Y27-2165-0 4-10, 4-11 and Sept. 11, 1967
4-18
Y27-2171-0 v through vii, Dec. 1, 1967
1-3 through 1-6,
1-21, 1-22, 2-97,
2-98, 2-123,
2-124, 2-125,
2-126, 6-1 through
6-4, B-1 through
B-3, X-1 through
X-8 add pages
2-124A and 2-124B
Abbreviation Definition
EPO Emergency Power Off
ETX End of Text
FC Feature Code
LF Line Feed
LRC Longitudinal Redundancy Check
MI Manual Input
NAK Not Acknowledge
NDC Nondestructive Cursor
NL New Line
OLSA Off Line Selectric Analyzer
SMS Standard Modular System
SOH Start of Heading
STX Start of Text
VRC Vertical Redundancy Check
XA Transmit Adapter

This manual has been prepared by the IBM Systems Development Division

Product Publications, Dept. 520, CPO Box 120, Kingston, N.Y., 12401.

Address comments concerning the manual to this address.

©Intemationa1 Business Machines Corporation 1967
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SCOPE OF MANUAL

This manual describes the capabilities and the
theory of operation of the IBM 2260 Display Station
and the IBM 2848 Display Control (see Frontispiece).

The manual is divided into six chapters and
three appendices:

1. Chapter 1, Introduction, provides a func-
tional description of the equipment, including
the major data flow and control signal paths.
It also includes a description of the interface
of the 2848 with System/360, a description of
the feature structures of the 2848 and 2260,
and reference data (code sets, command
structure, etc.) required for an overall con-
cept of equipment operation.

2, Chapter 2, Functional Units, gives a detailed
description of the operation of the logic areas
of both the 2260 and 2848, with simplified
logic diagrams and timing charts.

3. Chapter 3, Principles of Operation, presents
the theory of operation for the IBM 2848 Dis-
play Control through the use of a compre-
hensive set of flow charts.

4. Chapter 4, Features, presents the theory of
operation of the remote interface adapter
used in remote applications.

5. Chapter 5, Power Supplies and Control, ex-
plains the operation of the IBM 2848 Display
Control power supply, control, and distri-
bution network. (Because of its integral
relation with other display station circuitry,
the IBM 2260 power network is discussed in
Chapter 2.)

6. Chapter 6, Console and Maintenance Features,
describes the function of the controls and in-
dicators located on the operator and CE panels
of the IBM 2848 Display Control.

Appendix A, Machine Characteristics, sum-
marizes equipment capabilities and charac-
teristics.

8. Appendix B, Special Circuits, describes the
special circuits found in the 2848 Display
Control.

9. Appendix C, Language Features, describes
the language features available with the 2260
Digplay Station.

There are three models of the IBM 2848 Display
Control: Models 1, 2, and 3. This manual describes
the operation of Model 3, which is the largest (in
terms of the number of characters displayed) and -
the most complex. Once Model 3 operation is un-

-3
.

CHAPTER 1. INTRODUCTION

derstood, the operation of Models 1 and 2 will be
apparent. When the manual is used as reference
material by those interested in Model 1 or 2 only,
information unique to the Model 3 can be disre-
garded.

Similarly, the IBM 2260 Display Station can be
used as an output-only device when it does not
include either of the two input keyboards (numeric
and alphanumeric) that are available as special
features. Throughout this manual it is assumed
that the 2260 includes an input keyboard, so that the
2260's full I/O capabilities can be described. When
the manual is used as reference for output-only
display stations (no keyboard), all data pertaining
to keyboard input operations can be disregarded.
The output capability (video display) is functionally
separate from keyboard input operation.

Other features such as the printer adapter,
channel adapter, and destructive and nondestructive
cursor have been incorporated within the frame-
work of the Functional Units chapter to permit a
thorough analysis of the more comprehensive Model
3 tied to an IBM System/360 via the channel adapter.
Although some of the features could have been
placed in Chapter 4, certain advantages do accrue
with the method selected. The interrelationships
between the features and the adapters become more
apparent when viewed and discussed on an overall
systems basis rather than separated individually.
As other features or optional equipment become
available, they will appear in Chapter 4, Features.

IBM 2848 DISPLAY CONTROL, GENERAL
DESCRIPTION

The IBM 2848 Display Control contains the storage
and control logic required to interface the 2848
with either a System/360 selector or multiplexor
channel or a communications data set. (The latter
configuration permits remote operation of the dis-
play group.) The IBM 2848 Display Control can
also control up to 24 IBM 2260 Display Stations.

The 2848 Display Control-is available in three
basic models; each can be supplemented by certain
features to expand its basic display capabilities and
to provide the display control with special functional
abilities. The 2848 Display Control is described in
the following paragraphs by first considering the
capabilities of the three basic models and the feature
combinations that can be selected to supplement each
model, Then each feature is described in respect ‘
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to the display capability expansion or special func-
tion that it provides when added to the basic 2848
Display Control.

All three 2848 models offer a choice of operating
voltages (primary input of 208vac or 230vac) and
exterior cabinet colors (red, yellow, blue, or gray,
to permit aesthetic compatibility with the host
System/360). These options are not discussed in
respect to each model, however.

IBM 2848 Display Control, Model 1

The basic IBM 2848 Model 1 is capable of operating
two 3355 Display Adapters; each 3355 can service
two IBM Model 2 2260 Display Stations. The Model 1
can generate a display that consists of sixrows, each
containing 40 characters (240 characters total), onthe
CRT of all 2260 Display Stations associated with the
display control. The basic Model 1 also includes

a choice of the 9011 Channel Adapter, the 9012-Data

Set Adapter (1200 bps), or the 9013 Data Set Adapt-

er (2400 bps) for interfacing with the host System/

360.

Through incorporation of additional optional
features, 2848 Model 1 capabilities can be extended
to include the following:

1, The ability to drive six additional 3355 Dis-
play Adapters (via 3857 Expansion Panel),
four additional 3355's (via 3858 Expansion
Panel, or ten additional 3355's (via 3857
and 3858). A maximum of 24 IBM 2260 Dis-
play Stations (Model 2), each displaying a
240-character (maximum) message, can thus
be accommodated.

2. The ability to drive the 7927 Printer Adapter,
which controls an IBM 1053 Model 4 Printer,
to provide a permanent record of display
group data under either program or operator
control,

A nondestructive cursor (character-entry

and display-position indicator and locator)

that can be moved within the display area
without disturbing or destroying the data
displayed on the CRT of the 2260 Display

Station,

4. A line-addressing feature which enables the
processor, during write operations, to select
any one of the six lines within the 2260 Dis-
play Station CRT display under program con-
trol.

5. A Foreign Language feature that equips the
2848 Display Control with the character set
and operator control designations in the
languages of France, Germany, and United
Kingdom.

w
.
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IBM 2848 Display Control, Model 2

The basic IBM 2848 Model 2 can drive one 3356
Display Adapter which services two IBM Model 2
2260 Display Stations. The Model 2 can generate a
display consisting of 12 rows, each containing 40
characters (480 characters total), on the CRT of
all 2260 Display Stations associated with the dis-
play control,

The basic Model 2 also includes a choice of the
9011 Channel Adapter, the 9012 Data Set Adapter
(1200 bps), or the 9013 Data Set Adapter (2400 bps)
for interfacing with the host System/360.

Other optional features can be selected to extend
the capabilities of the basic Model 2. These ex-
tended capabilities include:

1. The ability to drive three additional 3356
Display Adapters (via 3858 Expansion Panel),
four additional 3356 Display Adapters (via
3857 Expansion Panel), or a maximum of
seven additional 3356 Display Adapters (via
3357 and 3858 Expansion Panels), Since each
additional 3356 Display Adapter enables the
2848 Display Control Model 2 to service two
Model 2 2260 Display Stations, the display
station complement associated with the Model
2 can vary from 1 to a maximum of 16, with
each associated display station capable of dis-
playing a 480-character message.

2, The 1053 Printer control, nondestructive
cursor, line-addressing capabilities, and
language features already described in con-
junction with the 2848 Display Control Model
1.

IBM 2848 Display Control, Model 3

The basic IBM 2848 Model 3 can operate one 3357
Display Adapter which services two IBM Model 1
2260 Display Stations. The Model 3 can generate

a display consisting of 12 rows, each containing

80 characters (960 characters total), on the CRT of
all 2260 Display Stations associated with the dis-
play control,

The basic Model 3 also includes a choice of the
9011 Channel Adapter, the 9012 Data Set Adapter
(1200 bps), or the 9013 Data Set Adapter (2400 bps)
for interfacing with the host System/360.

Other optional features can be selected to extend
the capabilities of the basic Model 3. These ex-
tended capabilities include:

1. The ability to drive up to three additional
3357 Display Adapters and, consequently, a
maximum of eight Model 1 2260 Display
Stations, with each display station displaying
a 960-character (maximum) message,



IBM 2848 Model Summary

Figure 1-1 summarizes the three 2848 models
with respect to the standard customer options, the
applicable feature adapters, the models and num-
ber of 2260 Display Stations that can be serviced,
and the maximum displayable message length.

Special 2848 Features

Each of the customer-selection and special features
that can be chosen to complement the three basic
2848 models is described in Figure 1-2, The in-
formation provided on each feature consists of the
feature code, the feature function, the 2848 models
to which the feature can be attached, and any pre-
requisite features. Language features are described
separately in Appendix C.

The Isolation-Feature defined at the end of Figure
1-2 provides improved equipment performance by
eliminating undesired logic signals that occur while
power is removed from the unit. This feature enables
the CE to perform maintenance tests on an "isolated"
unit without affecting overall system operations. The
feature is implemented by providing DSBL REQUEST/
INTF DSBLD switch (and indicator) on the 2848 op-
erator's panel and a special selection circuit modi-
fication (explained in Chapter 2 under '"Hold Select
Circuits').

Operator Controls and Indicators

The 2848 controls and indicators available to the
operator are limited to the control of unit power.

The controls (or indicator) and their functions are
as follows:

1. Power On switch: provides ac power to dc
power supplies,

2. Power Off switch: removes ac power from
dc supplies.

3. Power On-Off indicator: lights when unit ac
and dc power is on,

4. DSBL REQUEST/INTF DSBLD pushbutton/
indicator: permits a unit equipped with the
Isolation Feature to be logically disconnected
from the system.

5. REMOTE-LOCAL: in LOCAL, permits op-
erator to control unit power; in REMOTE,
transfers power control to system.

CE Panel

The 2848 Display Control is provided with a CE
(maintenance) panel to permit local operation of the
unit during checks and/or maintenance,

IBM 2260 DISPLAY STATION, GENERAL
DESCRIPTION

The basic IBM 2260 Display Station contains the
CRT display used to present data transferred from
the associated System/360 and processed in the
2848 Display Control. There are two models of the
IBM 2260 Display Station: Model 1, which is used
with the Model 3 2848 Display Control only, and

Maximum
Associated
2260 Display
Model Optional Feature Stations Maximum Display
Number Customer Options Adapters Available Possible Length
1 9011 Channel Adapter, or 3355 Display Adapter . 24 Six rows of 40 char-
9012 Data Set Adapter 7929 Printer Adapter. (Model 2) acters each (240
(1200 bps), or 3857 Expansion Panel . characters total).
9013 Data Set Adapter 3858 Expansion Panel .
(2400 bps). 4787 Line Addressing .
5340 Nondestructive
Exterior colors of red, Cursor.
yellow, blue, or gray. 5341 Nondestructive
Cursor Adapter.
Operates on primary
power of 208vac or
230vac.
Language Features
2 Same as Model 1. Same as for Model 1 16 Twelve rows of 40
except that 3356 Dis- (Model 2) characters each (480
play Adapter replaces characters total ).
3355 used with Model 1.
3 Same as Model 1. 3357 Display Adapter. 8 Twelve rows of 80
3857 Expansion Panel. | (Model 1) characters (960
4787 Line Addressing. characters total).
5340 Nondestructive
Cursor .
5341 Nondestructive
Cursor Adapter .
7928 Printer Adapter.

Figure 1-1. Summary of IBM 2848 Display Control Models
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Feature Code

Feature Description

2848 Models to
Which Feature
Can Be Attached

Prerequisite
2848 Features

3355 Display Adapter

3356 Display Adapter

3357 Display Adapter

9011 Channel Adapter
(Selective Feature)

9012 Data Set Adapter
(Selective Feature)

9013 Data Set Adapter
(Selective Feature)

3857 Expansion Panel

Contains storage and control logic
to service two IBM 2260 Display
Stations, Model 2.

Contains storage and control logic
to service two IBM 2260 Display
Stations, Model 2.

Contains storage and control logic
to service two IBM 2260 Display
Stations, Model 1.

Contains the circuitry required
to interface the 2848 with a
System /360 selector or multi-
plexor channel; operates in
single-byte (8 bits) mode at a
rate of up to 2560 characters
per second.

Interfaces the 2848 Display Control
with a 1200-bps (120 characters
per second) communications data
set equivalent to the Western
Electric 202D Data Set. The data
set interface meets the require-
ments of the EIA 232A standard
interface specification.

Interfaces the 2848 Display Control
with a 2400-bps (240 characters

per second) communications data set
equivalent to the Western Electric
201B Data Set. The data set inter-
face meets the requirements of the
EIA 232A standard interface speci-
fication.

Permits the attachment of o ther
special features, as follows:

For 2848 Model 1: Six 3355
adapters .

For 2848 Model 2: Four 3356
adapters .

For 2848 Model 3: Three 3357
adapters .

1 only

2 only

3 only
1, 2,

and 3

1, 2,
and 3

1, 2,
and 3

1, 2,
and 3

None for up to two 3355
adapters .. A 3857 for up
to six additional 3355
adapters. A 3858 for up
to four additional 3355
adapters. A 3857 and a
3858 for maximum of 10
additional 3355 adapters.

None for one 3356 adap-
ter. A 3857 for up to four
additional 3356 adapters.
A 3858 for up to three
additional 3356 adapters.
A 3857 and a 3858 for the
maximum of seven addi-
tional 3356 adapters.

None for one 3357. A
3857 for up to three addi-
tional 3357 adapters.

None

Host System/360 must be
equipped with an |BM
4656 Terminal Adapter,
Type 111 (1200 bps).

Host System/360 must be
equipped with an IBM
4657 Terminal Adapter,
Type 111 (2400 bps).

None

Figure 1-2.
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Feature Code

Feature Description

2848 Models to
Which Feature
Can Be Attached

Prerequisite
2848 Features

3858 Expansion Panel

4787 Line Addressing

5340 Nondestructive
Cursor

5341 Nondestructive
Cursor Adapter

7927 Printer Adapter

7928 Printer Adapter

I1BM 4656 Terminal
Adapter, Type Il

IBM 4657 Terminal
Adapter, Type |l

Language Features

4700 Isolation Feature

Permits the attachment of other

special features, as follows:
For 2848 Model 1: Four 3355
adapters, one 7927 adapter.
For 2848 Model 2: Three
3356 adapters, one 7927
adapter .

Permits the processor of the host
system to select the first display-
able position of any line within the
CRT display of the 2260 Display
Station as the starting location for
the display of output data. The
number of unique starting (or line)
locations is:

2848 Model 1: 6.

2848 Model 2: 12.

2848 Model 3: 12.

Provides control logic for the non-
destructive cursor feature repre-
sented by the 5341 attached to the
various display adapters. Allows
the operator to move the cursor
vertically and horizontally within
the 2260 display .

Permits movement of the cursor
within the CRT display of the 2260
without disturbing or destroying
the daka displayed on the CRT.

Contains a buffer storage with a
capacity of 960 characters and the
logic required to control an IBM
1053 Printer.

Provides a means of obtaining a
permanent printed record of dis~
play group data under either
program or operator control .

Same as 7927.

Enables System/360 to communicate
with the 2848 Display Control via
a communications data set link
formed by Western Electric 202D
Data Sets or their equivalent.

Data transfer rate is 1200 bps

(120 characters per second).

Same as 4656 except that the data
set link must be formed by Western
Electric 201B Data Sets or their
equivalent. Data transfer rate is
2400 bps (240 characters per
second).

See Appendix C.
Permits application and removal

of power without affecting pro-
gram operation .

1 and 2

1, 2,
and 3

1,2,
and 3

Display Adapters:
3355 (Model 1)
3356 (Model 2)
3357 (Model 3)

1 and 2

3

Attaches to 2701
Data Adapter
Units that include
2701 feature No.
3815 (one 4656
or 4657 can be
attached) or 2701
feature No. 3855
(two 4656 or 4657
adapters can be
attached).

Same as 4656 .

1,2, and 3

All Models using
the channel
adapter feature.

None

None

None

Note: If the 5340 Non-
destructive Cursor feature
is attached to a 2848
Display Control, all dis-
play adapters used with
the 2848 must be provided
with the 5341 Nonde-
structive Cursor Adapter.

One 5340 per 2848.

3858 Expansion Panel

None

2848 Display Control at-
tached to the same trans-
mission line require the
9012 Data Set Adapter
feature.

2848 Display Controls at-
tached to the same trans-
mission line require the
9013 Data Set Adapter
feature .

None

Figure 1-2. IBM 2848 Display Control Features (Sheet 2 of 2)
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Model 2, which is used with either the Model 1 or
Model 2 2848, Each model contains the type of CRT
and related circuitry that matches the data capacity
and character regeneration rate of the associated
2848 display control. Thus, a flicker-free display
is assured whether the 2848 data capacity per dis-
play station is 960 characters (as in the Model 3
2848) or 240 or 480 characters (as in Models 1

and 2, respectively),

Optional features provide for the addition of an
alphanumeric or numeric-only keyboard to the
basic 2260 Display Station. This extends its capa-
bilities to include man-to-machine communication,
thus providing a complete visual I/O concept.

When an optional keyboard is included in the
2260 Display Station, input messages generated at
the keyboard are displayed on the CRT as they are
composed. This permits the operator to verify a
message before it is transferred from the display
group.

A total of 64 different characters can be dis-
played on the 2260 Display Station CRT:

26 alphabetical characters

10 numerical characters

25 special symbols (includes space and new-
line symbol)

3 control symbols (cursor, check, and

start-manual-input symbols)

Special Features

Two special features, 4766 and 4767, are available
to supplement the basic 2260 Display Station. Each
feature provides the display station with an input
keyboard as described below, The alphanumeric
and numeric keyboards are also available with the
key designations, special characters, and key-
board arrangements required to complement the
2848 DC Language Features. (See Appendix C for
a description of the language features.)

Feature 4766 Alphanumeric Keyboard

When optional feature 4766 is selected, the basic
2260 is fitted with the alphanumeric keyboard il-
lustrated in Figure 1-3. The keyboard contains the
26 letters of the English alphabet, Arabic numerals
0-9, special symbol keys, and the control keys re-
quired to format and enter the input message.

Feature 4767 Numeric Keyboard

Optional feature 4767 equips the 2260 Display Station
with the numeric keyboard illustrated in Figure

1-4. The keyboard contains Arabic numerals 0-9
and the same set of control keys provided in the
4766 alphanumeric keyboard.
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Control Key Functions

The action that occurs when the various keyboard
control keys are depressed is discussed in Chapter
6 for both the standard destructive cursor and the
optional nondestructive cursor.

FUNCTIONAL DESCRIPTION

This operational description of the IBM 2260 Display
Station and IBM 2848 Display Control display com-
plex is at the block diagram level; it provides only
enough detail to familiarize the reader with the
broad concepts of equipment operation, A detailed
discussion of display complex logic operation is
provided in Chapter 2,

In the paragraphs that follow, the IBM 2260-IBM
2848 display complex is first discussed at a level
wherein the 2260 and 2848 are represented as blocks
to show the functional make-up of the 2848 and to
illustrate the relationship of the System/360 Chan-
nel, the 2848, and the 2260, Next, an expanded
block diagram illustrates the major logic areas
within the 2848, and the function of each logic area
shown is summarized. A similar block diagram
analysis is provided for the IBM 2260. Finally, the
data flow for a typical operation involving a maxi-
mum of display complex logic areas is described.

IBM 2848-2260 Display Complex

A typical IBM 2848-IBM 2260 display complex is
illustrated in Figure 1-5. Note that the 2848 is
configured to include the channel adapter, the 1053
Printer Adapter, and two display adapters., Either
the channel adapter or the data set adapter must be
selected as part of the 2848, The channel adapter
is shown in Figure 1-5. Similarly, at least one
display adapter must be included in the 2848; two
are shown in the figure to permit a more compre-
hensive description of complex operation. The 1053
Printer Adapter has also been included although this
adapter is optional. The IBM 2260's shown all in-
clude a manual input keyboard, which is optional.

All interchange between the System/360 channel
and the 2848 is accomplished through the channel
adapter, The channel adapter is capable of capturing
common control under direction of the channel when
the channel wishes to operate with a 2260 or with
the 1053 Printer. The channel adapter also initiates
communications with the System/360 under direc-
tion of a 2260 Keyboard.

The common control portion of the 2848 generates
basic machine timing, governs the selection and
gating of inputs from the keyboards of the associ-
ated display stations, and performs the control
functions required for an orderly acceptance of



P
ERINT enTer |

ERASE i
DISPLAY : : - ’ START

up

SPACE / ERASE
ADVANCE

Figure 1-3. Optional Alphanumeric Keyboard for 2260 DS

SPACE / ERASE
ADVANCE

Figure 1-4. Optional Numeric Keyboard for 2260 DS
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T/R Codes | 1053

Channel Printer

1BM 2848
Display
Control

Channel
Adapter

1053 Printer
Adapter

Common Control

displayed. Imputs to display control from the 2260
are present only when the 2260 is provided with a
manual input keyboard. Then, these inputs consist of
seven-bit bytes transferred as a result of a key de-
pression at the keyboard. The seven-bit bytes con-
tain either keyboard commands or data.

The 1053 Printer adapter contains the storage
and controls required to permit control of a 1053
Printer by the channel or to print a hard copy of the
contents of any display station's display.

IBM 2848 Display Control

Display Display
Adapter Adapter
[
Sync and Video Kybd Inputs
Kybd Inputs Sync and Video
Kybd Inputs
Sync Sync and
and Vid
Video °e°
Kybd
4 y Inputs
IBM 2260 IBM 2260 1BM 2260 IBM 2260
Display Display Display Display
Station Station Station Station
Kybd Kybd Kybd Kybd

Figure 1-5. IBM 2848 - IBM 2260 Display Complex, Block Diagram

commands from the channel (via the channel adapter)
and from the keyboards. Common control also
generates the sync used to control all displays as-
sociated with the display control. The display
stations are controlled in two groups, even displays
and odd displays. In Figure 1-5, note that each
display adapter services two display stations, one
an even display and the other an odd. The even and
odd designations normally agree with the device ad-
dress assignment of the display station; i.e., Dis-
play Station 03 is odd, 04 is even, 05 is odd, etc.
Common control first services all even displays as
a group. This servicing includes only the alternate
gating of video, first to one group and then to the
other, Sync is supplied continuously to all display
stations to maintain the desired sweeps (position-
ing) within the display. The even-odd concept is
used throughout display control operations as a
means of selecting and updating on a particular
display.

The display adapter contains the delay lines and
controls required to service two 2260 Display Sta-
tions. The controls portion includes the logic cir-
cuits required to write and read data in the delay
lines and parts of the keyboard selection and gating
logic.

The IBM 2260 Display Station receives a com-
posite sync and video signal from the display control.
This signal both controls the sweeps (display) on the
CRT of the 2260 and transfers video that is to be
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The IBM 2848 is shown in block diagram form in
Figure 1-6, with each major logical element repre-
sented as a block. The function of each block is
discussed. Note that the 2848, as illustrated, in-
cludes the channel adapter, the 1053 Printer adapt-
er, and two display adapters. The 2848 control and
timing circuits are illustrated in Figure 1-7 and are
discussed separately.

Channel Adapter

® Provides the required interface between

System/360 channel and the IBM 2848 Dis-

play Control.
® All communication with the channel is ac-

complished through the channel adapter.

When the 2848 Display Control is to operate in a
local configuration with a System/360, the channel
adapter is included to provide the required interface
between the System/360 channel and the display con-
trol. The channel adapter then forms the connecting
link through which all data and control exchanges
between the channel and display control are made.
The interface established is essentially the same as
the standard IBM System/360 Interface Channel to
Control Unit, which is used for interfacing other
1/0 equipments to the system.

The major logic elements of the channel adapter
are illustrated in block diagram form in Figure 1-6.
The functions of the logic areas are as follows:

1. Bus Out: The channel adapter receives com-
mands, addresses, and data from the system
channel via Bus Out, which consists of nine
lines (bit positions 0-7 and a parity bit).

2. Character Register: This eight-position latch
register can be loaded from Bus Out (8 bits) or
from the common buffer register of common
control (6 bits). The character register also
converts the eight-bit code received from the
channel to the six-bit code used within the 2848
and performs a reverse conversion when in-
formation is transferred from the 2848 to the
channel; i.e., six-bit to eight-bit conversion.

3. Command Decoder and Register: Decodes
commands sent from channel via Bus Out and
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Figure 1-7. Timing and Clock Circuits, Simplified Block Diagram

sets command register latch associated with
the command.

4, Bus Out Parity Check: Checks for odd parity
of each byte sent to channel adapter via Bus
Out,

5. Address Check: Detects unit address on Bus
Out and enables address register and encoder
circuits when unit address is decoded.

6. Address Register: Converts eight-bit address
byte from channel into five-bit device address;
sets address into address register for trans-
fer to address decoder of 2848 common con-
trol.

7. Address Compare: Compares the address
on Bus Out with contents of address register
if a busy condition exists when the address is
issued; if the addresses compare, a Device
Busy latch is set, and a special sequence is
entered. If an address compare is not made,
the channel is presented with Control Unit
Busy in the status byte.

8. Status Register: Records unit status for trans-
fer to channel via Bus In.

9. Sense Register: Records information that
amplifies unit status conditions indicated by
the contents of the status register.

10. Parity Assign: Assigns odd parity to all eight-
bit bytes transferred to the channel via Bus In.

11. Bus In: A nine-line path (bits 0-7 and a parity
bit) over which all data transfers from the
channel adapter to the System/360 channel are
accomplished.

IBM 2848 Common

® Command and data inputs are received as
six-bit bytes via the character register of
the optional channel adapter.
® Address information is received as a five-
bit byte from the channel adapter address
register,
® Data and control information is transferred
to the channel via the character register
of the channel adapter.
® The address register of the channel adapter
can be set with a five-bit address originating
from the display control address register to
identify the originating keyboard during
Enter commands.
® Display common provides a seven-bit tilt-
rotate code as an output to the 1053 Printer
adapter.
® Accommodates up to 24 2260 Display Sta-
tions (2848 Model 1) and one 1053 Printer
adapter,
The display common contains the control circuitry
that is shared by the interface, printer adapter, and
display stations (keyboards) to effect the various
display operations. The major logical elements of
display control are illustrated in block diagram form
in Figure 1-6. Note that all communication with
the System/360 channel is accomplished through the
character register and address registers of the
optional channel adapter. System/360, using the
channel adapter as the connecting link, can configure
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the common display control circuits to permit chan-
nel operation with any 2260 Display Station associated
with the display control or with the 1053 Printer (via
the optional 1053 Printer adapter),

3 3 it 1s6 b -
The display common circuitls can alsc be con-

trolled by any associated display station provided
with a keyboard. Then, display control permits data
entry into, or modification of, the display data stored
in the display station adapter. Display control also
causes input messages to be sent to the System/360
channel via the channel adapter when this action is
initiated at a display station keyboard (Enter com-
mand).

The functions of the major logic areas of display

control are as follows:

1. Common Buffer: This seven-bit latch register
serves as the hub for all data and control word
transfers.

2. Data Decode: Senses contents of common buf-
fer register for SOM, NL, and EOM codes
except during Read Buffer commands.

3. Set EOM: Provides a means of setting the
six-bit EOM code in the common buffer reg-
ister when required by the operation being
performed.

4. Character Generator and Code Translator:
Converts the six-bit character code set in the
common buffer register from either the chan-
nel (via channel adapter) or the keyboards into
five 7-bit bytes, which are stored in the delay
lines and used to generate video for character
display; also performs code translations, e.g.,
six-bit character code to 1053 tilt-rotate code.

5. Serializer: Converts the contents of the common
buffer register into serial data that canbe writ-
ten in the delay lines of the selected adapter.

6. Parity Assign: Assigns even parity to groups
of data (slots) stored in the delay lines.

7. Parity Check: Checks for even parity as BCD
data is read from the delay lines of the selected
adapter for ultimate transfer to another location.

8. Address Encoder: Encodes a five-bit address
used to select a display and to identify the
active keyboard.

9. Address Register: This five-bit latch regis-
ter is set from either the address encoder
(keyboard operation) of the address register
or the channel adapter (channel operation);
also used to set address of originating key-
board in the channel adapter address register
during keyboard Enter commands.

10. Address Decoder: Decodes the five-bit ad-
dress to select a particular display station
or the 1053 Printer.

11. Keyboard Priority: Determines which key-
board is to be serviced when more than one
keyboard requests control of display control
common,
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12, Keyboard Gating: Accepts inputs from all

associated keyboards on common bus; how-
ever, only the selected keyboard's outputs
are gated through to keyboard command

nasiatas
LCHEIDLOL,

13. Keyboard Command: Decodes keyboard com-

mand bytes and sets the command latch as-
sociated with the command.
The functions of the logic areas within the adapt-

ers illustrated in Figure 1-6 are as follows:

1. Delay Lines: Provide a storage medium for
display data; provide video outputs to associ-
ated display station; provide six-bit BCD
character codes during read operations,

2. Read Control: Controls the extraction of
data from the delay lines.

3. Write Control: Controls the entry of data
into the delay lines.

1053 Printer Adapter

Permits the use of a 1053 Printer as a sys-
tem output device under control of the
channel.

Provides hard copy of any 2260 Display
Station's display upon direction either by the
channel or from the display station key-
board (Print commands).

The functions of the 1053 Printer adapter logic
elements, as illustrated in Figure 1-6, are as fol-
lows:

1. Print In Buffers 1 and 2: Used to buffer
character inputs from display control to the
printer adapter. The two buffers enable the
printer adapter to accept inputs at a speed
adequate for operation under control of the
System/360 channel.

When the character is in Print In Buffer 2,

a check is made to determine whether a case-
change (upper case to lower case, or lower
case to upper case) is necessary. If a case-
change must be made, a case-change charac-
ter is inserted in the delay line before the
character code is stored.

2. Parity Assign: Assigns odd parity to all
characters written in the delay line; parity
is stored with the character.

3. Delay Line: Provides a storage medium that
permits proper message assembly and sub-
sequent readout to the printout buffer.

4, Write-Read Control: Controls the storage
of data in the delay lines (write) and subse-
quent extraction (read) of the data.

5. Printout Buffer: Provides a place for reas-
sembling serial data (stored in the delay line)
into the parallel character code required to
print the character or cause the desired
printer function,
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Parity Check: Checks for odd parity in all
bytes read from the delay lines to the print-
out buffer.

7. Character Decode: Detects the presence of
nonfunction codes in the printout buffer and
causes transfer of the code to the printer
magnets.

8. Function Decode: Detects the presence of
printer function codes in the printout buffer
and causes the desired function to be per-
formed.

9. Printer Controls: Controls the loading of

print-in and printout buffers and the insertion

of special characters (shift, carrier return,
etc.) where required; includes a nine-bit ring
counter which provides basic timing for printer
adapter operations.

Control and Timing

The illustration of the common control area of the
IBM 2848 in Figure 1-6 does not include the deriva-
tion of basic machine timing, which affects all areas
and is significant enough to warrant separate illus-
tration and discussion. Figure 1-7 illustrates the
timing scheme. Figure 1-8 shows the odd and even
displays and illustrates much of the timing discussed
in the paragraphs that follow. The functions of the
timing blocks in the figure are as follows:

1. Oscillator: Provides basic timing pulses at
a frequency of 4.0 mc.

2. A-B Delay Circuits: Provide 2.0-mc A Delay
and B Delay timing pulses 180 degrees out of
phase.

3. Bit Ring Counter: This seven-bit ring counter
is stepped at a rate of 4 mc; it is stepped al-
ternately from 1 to 7 during even display read-
outs and from 1 to 7 during odd display read-
outs. The seven outputs of the bit ring counter
are used throughout the machine as timing
pulses and are used in bursts of 7 to write and
read the delay lines of the display adapters.

4, Even-0dd Display Trigger: This trigger is
complemented each time the bit ring counter
reaches a count of 7. The outputs of the
trigger are used to establish time intervals
for operating with either the even or the odd
display serviced by a display adapter.

5. Row Counter: Essentially, this counter keeps
track of the horizontal rows of characters dis-
played on the CRT. Note that the row counter
is stepped each time that the Even-Odd trigger
is at Odd. This represents the indexing of (for
example) row 1 on the even display, row 1 on
the odd, and next (since the row counter is
stepped upon odd display), row 2 of of the
even display, row 2 of the odd, etc.

6. Segment Counter: The display is divided into
three areas: upper, lower, and retrace.
These designations represent the position of
the vertical sweep: 'upper' refers to the
upper half of the display area, '""lower' re-
fers to the lower half of the display, and
"retrace" refers to vertical retrace time
during which the CRT beam must move from
the bottom of the display area to the top. The
segment counter is étepped each time the row
counter has counted all the rows in a segment.
(There are six rows in upper and six in lower,
and the row counter continues to count during
retrace time,)

7. Character Display Column Ring Counter: As
shown in Figure 1-8, each character is com-
posed of six lines within the display. These
lines are designated as BCD, V1, V2, V3,
V4, and V5. The character display column
ring counter keeps track of which type of line
(BCD or V1 (video 1), V2, V3, V4, or V5) is
being displayed. The counter is stepped at
the end of lower segment time since this rep-
resents the point at which the sweep of one
particular line is ended.

8. Line Counter: This nine-bit line counter keeps
track of a horizontal position within the dis-
play by counting vertical lines (or sweeps).
The line counter is stepped at the end of lower
segment time, which represents the end of a
vertical sweep.

IBM 2260 Display Station

The IBM 2260 Display Station is illustrated in block
diagram form in Figure 1-9. Note that its only
interconnection with the 2848 Display Control is a
composite signal which contains both video and the
sync signals necessary to generate the vertical and

horizontal sweeps for the CRT plus a character
spacing signal, The composite signal is amplified
and applied to the cathode of the CRT to effect the
video presentation. Sync signals within the composite
signal are extracted through the integrator and dif-
ferentiator circuits shown as blocks in Figure 1-9.
The horizontal and vertical deflection voltages
(sweeps) are then developed and applied to the de-
flection coils of the CRT. The vertical sweep is very
fast in relation to the horizontal sweep because, as
can be seen in Figure 1-8, many vertical excursions
of the beam are required for each horizontal pass
across the tube.

The 12-kv high-voltage supply provides the high
dc anode voltage required for CRT operation.
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SYSTEM/360 - CHANNEL ADAPTER INTERFACE

® The I/0 interface signal lines connect the
channel adapter of the IBM 2848 Display
Control to other control units and to the
System/360 channel.

® The lines are functionally divided into five
groups:
1. Bus Out
2. Bus In
3. Tags
4. Selection Controls
5. Metering Controls

o All transfers of data and control information
between the 2848 and the System/360 pro-
cessor channel are made through these lines.

Understanding basic interface operation is essential
to understanding the 2848 and, particularly, this
section of the manual. This information is avail-
able in the Original Equipment Manual (OEM), IBM
System/360 Channel Interface, Form A22-6843.
Although an understanding of the basic interface is
assumed, this information is reviewed in the fol-
lowing paragraph.

General

The I/0 interface is a set of signal lines connecting
an I/0 control unit to the host System/360. The ex-
ternal cables physically connect all control units in
a chain, with the first control unit being connected
to a System/360 channel.

The signal lines of the I/0 interface consist of
an output and an input bus for passing information
from channel to control units, tag lines for inter-
locking and for controlling the information on the
buses, selection control lines for scanning or
selecting the I/0 device, and metering controls for
conditioning the usage meters.

The following signal lines are used (the terms
Out and In are in reference to the channel):

Line Name Abbreviation

Bus Out Position P Bus Out P

Bus Out Position 0 Bus Out O

Bus Out Position 1 Bus Out 1

Bus Out Position 2 Bus Out 2 >  Bus Out
Bus Out Position 3 Bus Out 3

Bus Out Position 4 Bus Out 4

Bus Out Position 5 Bus Out 5

Bus Out Position 6 Bus Out 6

Bus Out Position 7 Bus Out 7
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Line Name Abbreviation

Bus In Position P Bus In P 1

Bus In Position O Bus In O

Bus In Position 1 Bus In 1

Bus In Position 2 Bus In 2

Bus In Position 3 Bus In 3 L Bus In
Bus In Position 4 Bus In 4

Bus In Position 5 Bus In 5

Bus In Position 6 Bus In 6

Bus In Position 7 Bus In 7 )

Address Out ADR-OUT

Address In ADR-IN

Command Out CMD-OUT } Tags
Status In STA-IN

Service Out SRV-OUT

Service In SRV -IN

Operational Out OPL-OUT

Operational In OPL-IN

Hold Out HLD-OUT > Selection Controls
Select Out SEL-OUT

Select In SEL-IN

Suppress Out SUP-OUT

Request In REQ-IN

Metering Out MTR-OUT

Metering In MTR-IN Metering Controls
Clock Out CLK-OUT

Line Description

The I/0 interface signals are described in the fol-
lowing paragraphs and, for the sake of clarity, are
defined as they appear at the input to the line termi-
nators (LT's) of the 2848 Display Control. Regard-
less of their actual polarity, the lines are defined in
positive terms: the '"up' level represents a logical
1 or the presence of a condition; a '""down' level
represents a logical 0 or the absence of a condition.

Bus Out

Bus Out is a set of nine lines from the channel to all
attached control units: eight information lines and
one odd-parity line. This set of lines is used to
transmit addresses, commands, and data to the con-
trol units.

The type of information transmitted over Bus Out
is indicated by the outbound tag lines, When Address
Out is up during the channel-initiated selection se-
quence, Bus Out specifies the address of the device
for which the channel is attempting to initiate an
operation. When Command Out is up during the
channel-initiated selection sequence, Bus Out speci-
fies a command., When Service Out is up in response
to Service In during execution of a write or control
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Figure 1-9. 2260 Display Station, Block Diagram

operation, the information on Bus Out depends on the

type of operation., For example, during a write op-
eration, it may contain data to be recorded by the

device; during a control operation, it may specify
a command code or a second-level address within
the control unit or device.

The period during which information on Bus Out
is valid is controlled by the tag lines, During trans-
mission of the device address, information on the
bus is valid from the rise of Address Out until the
rise of Operational In or Select In or, when in a
control-unit-busy selection sequence, until Status
In drops. When the channel is transmitting any
other type of information, the information on the
bus is valid from the rise of the signal on the as-
sociated outbound tag line until the fall of the sig-
nal on the corresponding inbound tag line.

Bus In

Bus In is a set of nine lines from all attached control
units to the channel: eight information lines and one
odd-parity line. This set of lines is used to transmit
addresses, status, and data to the channel. A con-
trol unit can place and maintain information on Bus
In only when its Operational In line is up, except
during the control-unit-busy selection sequence.

The type of information transmitted over Bus In
is indicated by the inbound tag lines. When Address
In is up, Bus In specifies the address of the currently

12kv
High-Voltage

Power
Supply

selected device. When Status In is up, Bus In con-
tains a byte of information describing the status of
the device. When Service In is up during execution of
a read or sense operation, the information on Bus

In depends on the type of operation, During a read
operation, it contains a byte of data from the remote
device; during a sense operation, the bus contains a
set of bits describing the detailed status of the device
and the conditions under which the last operation was
terminated.

Operational Out

Operational Out is a line from the channel to all
attached control units and is used for interlocking.
Except for the Suppress Out line, all lines from

the channel are significant only when Operational

Out is up. Whenever Operational Out is down, all

In lines from the control unit must drop, and any
operation currently working over the interface must
be reset. Operational Out remains down until
Operational In drops. The down state of both the
Suppress Out and the Operational Out signals is used
to reset all control units and attached devices. Un-
less the device is in Off Line mode, any down state
of both these signals of sufficient duration to cause
a response from the circuitry of the device provides
the reset. To ensure a proper reset, the Operational
Out and Suppress Out lines must both be down con-
currently for at least 6 us.
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Request In

Request In is a line from all attached I/0 control
units to the channel; it is used to signal the channel
when any control unit has data or status to be ser-
viced. Request In can be signaled by more than one
control unit at a time.

Request In is signaled from a control unit only if
the control unit is ready to capture the interface and
to present the status or data to be serviced. The

Request In signal is removed by the control unit after

it gains selection and has no further data or service
requirements. Request In may not be up while
Suppress Out is up if the request is due to an inter-
rupt-type status., Suppress Out must degate Request
In under these conditions.,

Address Out

Address Out is a line from the channel to all at-
tached control units; it serves two functions:

1. It is used to initiate selection of a device:
The Address Out line signals the control unit
to decode the address on Bus Out., The con-
trol unit, recognizing the address, must
respond by raising its Operational In line
when its incoming Select Out rises, except
during Control Unit Busy. Address Out pre-
cedes the rise of Select Out by a minimum of
250 ns. Address Out can rise only when Select
Out, Select In (except for item 2), and Opera-
tional In are down at the channel. Ultimate
use of the address on Bus Out at the control
unit is timed by the next rise of Select Out at
the addressed control unit. The Address Out
line must rise after the address is placed on
Bus Out. Address Out must stay up until
either Select In, Status In, or Operational In
rises. Address Out cannot be up concurrently
with any other outbound tag line.

It is used to disconnect operations from the
interface: The Address Out line, with the
down level of the Select Out or Hold Out line,
signals the presently connected device to drop
its Operational In line, thus disconnecting
from the interface. Address Out remains up
until Operational In drops. Operational In
must drop within 6 us after receiving the
interface-disconnect indication. Status is
generated and presented to the channel when
appropriate,

If the channel is to perform Halt I/O, the channel
must not execute the Interface Disconnect unless the
operation is working; i. €., the Interface Disconnect
must be executed only after the operation is initiated
and before the end status is accepted.

D
.
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A device may be so designed that it disconnects
in response to the dropping of the Select Out line.
In this case, the channel must execute a stop the
next time an attempt is made to service the data.
If Address Out is up 250 ns before Select Out drops;
however, the control unit must recognize the Halt
1/0.

Select Out

The control unit provides the option of connecting
its selection logic in series on either the Select
Out or Select In line. Descending-order priority
from the channel can be established on the Select
Out line, and the remaining control units can main-
tain an ascending-order priority from the channel
on the Select In line, It is assumed that the selec-
tion logic is connected to the Select Out line., Also,
Select Out is not considered active at the control
unit unless Hold Out is up. If Hold Out falls while
Select Out is active, Select Out will fall also.

Select Out is a line from the channel to the con-
trol unit having highest priority and from any con-
trol unit to the control unit next in priority. With
the Select In line, Select Out provides a loop for
scanning the attached control units, A control unit
can raise its Operational In line only at the rise of
its incoming Select Out signal. If a control unit
does not require selection, it must immediately
propagate the signal to the next control unit. Once
a control unit propagates Select Out, it cannot raise
its Operational In line until the next rise of the in-
coming Select Out line,

When an operation is being initiated by the chan-
nel, the rise of Address Out must precede the rise
of Select Out by a minimum of 250 ns.

When the channel is scanning the attached control
units, the Select Out line emanating from the channel
is normally up. The channel must keep the Select
Out line up until either Select In or any in-tag rises.
When Select In rises, Select Out must drop and may
not rise again until after Select In falls, When a
control unit is selected, it raises its Operational In
line. Select Out must drop so that Operational In
may drop. After Select Out drops, however, the
control unit must keep Operational In up until the
current signal sequence is completed. A rise of the
incoming Select Out in a control unit signals that the
control unit can become selected to the channel by
raising the Operational In line. If a control unit
raises its Operational In line, it must suppress the
propagation of Select Out to the next control unit.

Hold Out

Hold Out is a line from the channel to all attached
1/0 control units and is used to enable the Select



Out signal. Only when Hold Out is up can Select Out
be considered active. Hold Out must gate the Select
Out signal in the control units., Hold Out can be up
only if Operational Out is up. Once Hold Out drops,
it must not rise for at least 1.5 us.

Select In

The control unit provides the option of connecting its
selection logic in series on either the Select Out or
Select In line, Ascending-order priority from the
channel can be established on the Select Out line,
and the remaining control units can maintain a
descending-order priority from the channel on the
Select In line. For clarity, it is assumed here that
the selection logic is connected to the Select Out line.
Select In is a line from the lowest-priority control
unit to the channel. It is the outgoing Select Out line
of that control unit and provides for the Select Out
signal a return path to the channel, The definition
of the Select In line is the same as that of a Select
Out line emanating from any control unit.

Operational In

Operational In is a line from all attached control
units to the channel; it is used to signal the channel
that a device has been selected. It must stay up for
the duration of the selection. The selected device is
identified by the address byte transmitted over Bus
In.

Rise of Operational In indicates that a control
unit is selected and is communicating with the chan-
nel, This communication can consist of one or a
combination of three signal sequences: response to
address on Bus Out, request for data on Bus Out,
offer of data and/or status on Bus In.

Operational In can rise only when the incoming
Select Out to the control unit is up and the outgoing
Select Out is down; i, e., the control unit must raise
Operational In in response to the rise of Select Out
and must block Select Out from passing to the next
control unit, Operational In can drop only after
Select Out drops.

When Operational In is raised for a particular
signal sequence, it must stay up until all required
information is transmitted between the channel and
the device. Operational In must drop at that time
or after the rise of the outbound tag associated with
the transfer of the last byte of information, if Select
Out is down.,

Signals on Bus In and on the inbound tag lines are
significant only when Operational In is up, except
during the control-unit-busy selection sequence.
When Operational In is down, the channel must dis-
regard any signals on these lines. On the other
hand, each control unit must provide interlocks to

ensure that it does not place any signals on Bus In
and the incoming tag lines unless its Operational In
line is up.

Address In

Address In is a line from all attached control units
to the channel; it is used to signal the channel when
the address of the currently selected device has
been placed on Bus In. The channel responds to
Address In by means of Command Out,

The rise of Address In indicates that the address
of the currently selected device is available on Bus
In. Address In must stay up until the rise of Com-
mand Out. Address In must fall in order that Com-
mand Out may fall. Address In cannot be up con-
currently with any other inbound tag line,

Command Out

Command Out is a line from the channel to all at-
tached control units; it is used to signal the selected
device in response to a signal on the Address In,
Status In, or Service In lines. A signal on the Com-
mand Out line indicates to the selected device that
the channel has placed a command byte on Bus Out.
The command byte has a fixed format.

The rise of Command Out indicates that the in-
formation on Bus In is no longer required to be
valid and indicates that a command byte is available
on Bus Out. Command Out must stay up until the
fall of the associated Address In, Status In, or
Service In signal. It cannot be up concurrently with
any other outbound tag line.

When Command Out responds to Address In during
a channel-initiated selection sequence, the command
byte contains the operational command to be per-
formed. At any other time, a Command Out response
to Address In means '"proceed''. A Command Out
response to Service In always means "stop". A
Command Out response to Status In means '"stack",
indicating that the control unit is to hold its status
conditions, The control unit selects the interface
to present the stack status only if Suppress Out and
Address Out are down when Select Out rises at the
control unit,

Status In

Status In is a line from all attached control units to
the channel; it is used to signal the channel when the
selected device has placed status information on Bus
In. The status byte has a fixed format and contains
bits describing the current status at the control unit.
The channel responds with either Service Out or
Command Out, depending on whether it accepted the
status.
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The rise of Status In indicates that a byte of
status information is available on Bus In. Status In
cannot be up concurrently with any other inbound
tag line, Status In must stay up until the rise of an
out tag or; during the control-unit-busy selection
sequence, until Select Out falls, It must fall in
order that the responding out tag may fall. During
the control-unit-busy selection sequence, status on
Bus In must be valid until Select Out falls,

Service Out

Service Out is a line from the channel to all attached
control units; it is used to signal the selected device
in recognition of a signal on the Service In or Status
In line. A signal on the Service Out line indicates to
the selected device that the channel has accepted the
information on Bus In or has provided on Bus Out the
data requested by Service In.

When Service Out is sent in response to Service
In during read or sense operations or to Status In,
the Service Out signal must rise after the channel
accepts the information on Bus In.

In these cases, the rise of Service Out indicates
that the information is no longer required to be valid
on Bus In and is not associated with any information
on Bus Out. When Service Out is sent in response to
Service In during a write or control operation, the
rise of Service Out indicates that the channel has
provided the requested information on Bus Out. In
this case, the signal must rise after the information
is placed on the bus. The information on Bus Out is
always of the type requested by Service In and is used
in the process of executing the current operation.
Service Out must stay up until the fall of the associ-
ated Service In or Status In signal. Service Out can-
not be up concurrently with any other out tag.

A Service Out response to Status In while Suppress
Out is up indicates to the control unit that the opera-
tion is being chained. See '"'Suppress Out''for further
details. The status is accepted by the channel.

Service In

Service In is a line from all attached control units
to the channel; it is used to signal the channel when
the selected device wants to transmit or receive a
byte of information. The nature of the information
associated with Service In depends on the operation
and the device. The channel must respond to Service
In by Service Out, by Command Out, or, during an
interface disconnect, by Address Out.

During Read and sense operations, Service In
rises when information is available on Bus In. During
write and control operations, Service In rises when
information is required on Bus Out. Service In
cannot be up concurrently with any other inbound
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tag line, Service In must stay up until the rise of
Service Out, Command Out, or Address Out, which-
ever occurs first; it can only fall after the rise of
one of these signals,

As with cyclic devices, when the channel does
not respond in time to the preceding Service In, an
overrun condition occurs. This condition must be
recognized by the (cyclic) device. In any case,
Service In must not drop if an out-tag has not risen,
nor may it rise if Service Out has not dropped.

Suppress Out

Suppress Out is a line from the channel to all at-
tached control units; it is used both alone and in
conjunction with the Out Tag lines to provide the
following special functions:

1. Suppress Status: Interruption-type status is
suppressed, and selection of the interface to
present the status cannot be attempted as long
as Suppress Out is up when Select Out rises
at the control unit. Suppress Out must be up
when Select Out rises at the control unit to
ensure suppression of status., If Suppress Out
rises after a status cycle is started, the Status
Cycle signal sequence proceeds normally.
Suppress Out also causes Request In to drop
if Request In is up for interruption-status
condition, /

2. Chained Command Control: If Suppress Out
is up when Service Out responds to Status In,

a chained command is indicated. If Suppress
Out is up for a Device End status, chaining is
indicated only until the Suppress Out line falls
or reselection is made (Operational In rises).
Depending on the particular device, on the
operation, and on the configuration, the chained-
command indication requires certain functional
control at the control-unit level. If chaining

is indicated when Channel End status is pre-
sented (Device End not yet generated) from a
multidevice control unit, the device presenting
Channel End must be the next one to present
Device End status, unless the control unit is
addressed in the meantime on the same inter-
face. If chaining is indicated on a device shared
by more than one control unit or channel, the
device must remain available until the chaining
operation is initiated or chaining is no longer
indicated.

Clock Out

Clock Out is a line from the channel to all attached
control units; it is used to indicate when the CPU is
not stopped and not waiting. Thus, the assignable
unit may not change from the enabled state to the



disabled state, or vice versa. The Clock Out line is
used only by units that have the interface isolation
feature installed. Otherwise Clock Out is jumpered
to the next control unit.

Metering In

Metering In is a line from all attached control units
to the channel. This signal is passed through to the
CPU cluster and, when present, causes the CPU
cluster meter to accumulate time even though the
CPU may be stopped or waiting. Metering In is
used to indicate when the assignable unit is busy or
an operation is in progress. An assignable unit
meter's running does not necessarily activate the
Metering In line, as may be the case in an off-line
customer operation.

Metering Out

Metering Out is a line from the channel to all at-
tached control units; it is used to condition all con-
trol unit and device meters to run. The signal is
present whenever the CPU customer meter is run-
ning. The Metering Out line is not used by the 2848
but is jumpered out to the next control unit.

ADDRESSING

The 2848-2260 display complex in a local environ-
ment uses standard System/360 addressing and
selection sequences. The 2848 Display Control and
attached devices (2260 Display Stations and the
optional 1053 Model 4 Printer) are addressed by
eight-bit address bytes of preassigned configura-
tions. The 2848 and each of its attached devices are
adapted at time of installation to accept and respond
to only an assigned address.

The 2848 is addressed by one or two (two if more
than 16 devices are attached to the 2848) distinct
configurations of the four high-order bits of the ad-
dress byte. The attached 2260's and the 1053 Printer
are assigned sequential configurations of the four
low-order bits starting at 0000. If more than 16
devices, including the 1053 Printer, are attached to
a 2848, a second configuration of the four high-order
bits is assigned to the 2848, and the additional de-
vices are assigned sequential configurations of the
four low-order bits, again starting with 0000. Thus,
a 2848 Display Control with more than 16 devices
appears to the channel as two display groups. An
example of address assignments for a 2848 Display
Control Model 1 with the maximum number (24) of
2260 Display Stations and a 1053 Printer attached
is shown in Figure 1-10.

Address Byte (EBCDIC) Device
(High-Order) (Low-Order) 2260 Display Station
2848 Address Device Address or 1053 Model 4 Printer*

0000 0000 1
0000 0001 2
0000 0010 3

Continued

Sequentially

Through
0000 1 16
0010 0000 17
0010 0001 18
0010 0010 19
0010 001N 20
0010 0100 21
0010 0101 22
0010 o 23
0010 1000 24
0010 1001 25

*The 1053 Model 4 Printer must be assigned highest-order address.

Figure 1-10. Typical Address Assignments, Model 1 2848 DC

COMMANDS AND COMMAND OPERATION

This section discusses the basic commands that
can be executed by the 2848-2260 display complex.
The commands and their code structure are listed
in Figure 1-11,

The operation to be performed by the display
complex is determined by an eight-bit command
byte issued by the channel to the 2848, The low-
order bits of a command byte define the basic oper-
ation. The high-order bits are used to expand
(modify) an operation.

Each command received by the 2848 is tested for
correct parity and command validity. The following
summarizes the action taken when an invalid com-
mand or a command byte of incorrect parity is de-
tected by the 2848:

1. Invalid Command or Command Modifier - The

operation is not performed., Unit Check is
set in the Status byte. Command Reject is set
in the Sense byte.

2. Command Parity Error - The operation is not
performed. Unit Check is set in the Status
byte. Bus Out Check is set in the Sense byte.

If a command other than Test I/0 is presented to
the 2848 while the 2848 interface is in Busy status,
the command is not accepted nor checked for validity
or parity. The Busy bit and current status are pre-
sented to the channel, The Test I/0 command, how-
ever, is accepted when presented to the busy device.
The Test I/O command is checked for parity and
validity, and it causes the 2848 Status byte to be
transferred to the channel.
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Command EBCDIC Code Structure Feature Required
Bits:{O [ 1 [ 2 |3 |14 |5]|6]|7

Test 1/O ofojojofoflojofo

Write DS Buffer Storage 00 j0|0|OjO]|O]1

Write 1053 Buffer Storage 0/0]|]O|O|[O]O]O]| 1 |Printer Feature

Sense 0ojojojo0ofoj1jojo

Write DS Line Address 00 [0 |0 |O0O]|T1T]0] 1 |Line~Address Feature

Read DS MI 0[O0 [0 |0 ]0[O0 |1 |0 |Keyboard Feature*

Short Read DS MI 000 [0 |1 101 |0 |Keyboard Feature*

Read Full DS Buffer ojo0ojojfojof1ft1r}]o

No Op ojojojojofo|1]1

Erase DS Buffer Storage 0Oj0 |0 (OO TY |1 |1

*To transfer data using the Read DS MI or Short Read DS MI command, the keyboard ENTER key

of the selected 2260 DS must be depressed.

Figure 1-11. Commands and Their Code Structure

Write DS Buffer Storage Command

The Write DS Buffer Storage command is used to
transfer data from the channel to the 2848-2260 dis-
play complex for presentation on the screen of the
selected 2260 Display Station. This command causes
the transfer of data from the channel to the 2848 Dis-
play Control under channel byte count control. Data
bytes are parity-checked by the 2848 as they are re-
ceived. The data bytes are converted to video data
and placed in the buffer storage of the selected 2260
Display Station at the location in storage indicated
by the cursor. Character data is displayed on the
2260 screen upon its entry into buffer storage.

The cursor automatically advances to the next
displayable position as character data is placed in
buffer storage and displayed on the 2260 screen, If
a message length exceeds the displayable positions
between the cursor and the last displayable position
on the screen, a wraparound condition occurs. That
is, the message data that exceeds the displayable
positions replaced previously written data, beginning
at the first displayable position.

A Write DS Buffer Storage operation is termi-
nated by Channel Byte Count Control. The byte
counter is set before execution of the Write com-
mand with a byte count (number of characters con-
tained in the message). As data bytes are trans-
ferred from the channel to the 2848, the byte counter
is decremented by 1 for each data byte transfer.
When the byte counter reaches zero, Channel Byte
Count Control initiates the Stop Sequence. The Stop
Sequence halts transmission of data bytes and
causes Channel End and Device End to be set in the
2848 Status byte for presentation to the Channel.

The character data written in the 2260 buffer storage
is continuously displayed and regenerated until
erased or replaced by other data,

If, during a Write operation, a parity error is
detected, a check symbol is displayed in place of
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the character in error. The operation is not ter-
minated when a parity error is detected. However,
at the conclusion of the operation, Unit Check,
along with the Channel End and Device End, is set
in the 2848 Status byte. Bus Out Check is set in
the 2848 Sense byte. Of the 256 possible configur-
ations of the 8-bit data byte, only those defined in
Figure 1-13 should be used for transfer to the 2848~
2260 Display Complex during a Write operation.

The presence of more than one EOM symbol on
a 2260 screen can cause premature or incorrect
termination of a Read DS MI, Short Read DS MI,
or 2260-to-printer operation., Thus, the transfer
of the bit configuration for the EOM symbol during
a Write DS Buffer operation should be avoided.,

The transfer of the bit configuration for the
Start MI symbol should also be avoided if it is
likely to cause more than one Start MI symbol to
be displayed on a 2260 screen, The presence of
more than one Start MI symbol on a 2260 screen
may cause other than desired results during a
Read DS MI or Short Read DS MI operation,

Write 1053 Buffer Storage Command

The Write 1053 Buffer Storage command is used to
transfer data from the channel to the 1053 Printer
for printing. This command causes the transfer of
data from the channel to the 2848 under Channel Byte
Count Control. Data bytes are parity-checked by the
2848 as they are received, converted to the Tilt and
Rotate code, and placed in the 1053 buffer storage.
The required shift characters are automatically
inserted.

The 1053 Printer begins printing upon receipt of
the first data byte in the 1053 buffer storage. The
1053 buffer storage accepts data bytes at an average
rate of 360 characters per second up to its capacity
of 1223 bytes (including control and shift bytes).



Upon reaching buffer capacity, data is accepted at
the output print rate of the Model 4 1053 Printer
(nominally 14 characters per second).

While the 1053 is printing, the Busy bit is set in
the 2848 Status byte and will be presented to the
channel in response to a Write 1053 Buffer Storage
command.

The Write 1053 Buffer Storage operation is ter-
minated when the byte counter (Channel Byte Count
Control) is reduced to zero. When this occurs, the
Stop sequence is generated by the channel, The 2848
Display Control responds to the Stop sequence by
setting Channel End and Device End in the 2848 Status
byte.

At the completion of the print operation, the 1053
Printer automatically advances to a new line, and
the print mechanism (type head) is restored to the
first print position,

If, during a Write 1053 Buffer Storage operation,
a data byte of incorrect parity is detected by the
2848, the following occurs:

1. The 1053 Printer prints a quote (') symbol
(last character printed) to indicate an in-
complete message and discontinues printing.

2. The 1053 buffer storage is cleared.

3. Data bytes continue to be transferred from
channel to 2848 until the channel byte counter

‘decrements to zero. However, they are not
printed or placed in the buffer.

4. At the end of data transfer from channel to
2848, Channel End, Device End, and Unit
Check are set in the 2848 Status byte. Bus
Out Check is set in the 2848 Sense byte,

If a Write 1053 Buffer Storage command is pre-
sented to the 2848 when the 1053 Printer is in a
Not Ready status (out of paper, or power off), Unit
Check is set in the 2848 Status byte. Intervention
Required is set in the Sense byte. When the 1053
Printer is readied, Device End is set in the 2848
Status byte, indicating its Ready status.

The 2260 Display Station print requests are
queued when initiated during a Write 1053 Buffer
Storage operation. The print requests are accepted
when Channel End and Device End are presented to
the channel (at the completion of the Write 1053
Buffer Storage operation).

Write DS Line Address Command

To accept and execute the Write DS Line Address
command, the 2848 Display Control must be equipped
with the line-addressing feature., If the feature is
not present, Command Reject is set in the Sense
byté, and Unit Check is set in the Status.byte.

The Write DS Line Address command combines
the Write DS Buffer Storage command with 2260 line
selection capabilities, thus enabling selection of a

specific 2260 display line as the beginning line of a
message.

The Write DS Line Address command causes the
cursor to be positioned in the first displayable posi-
tion of the addressed line (line address is specified
by the first data byte following the Write DS Line
Address command). Subsequent message data is
displayed beginning at the addressed line.

With the exception of command byte format and
the positioning of the cursor (caused by the first data
byte), the Write DS Line Address command is oper-
ationally the same as the Write DS Buffer Storage
command.

The Write DS Line Address command provides for
selection of up to 12 line addresses (the maximum
number of displayable lines on 2260's attached to a
Model 2 or Model 3 2848 Display Control). However,
2260's attached to a 2848 Display Control Model 1
display only six lines; therefore, the use of line ad-
dresses above six should not be used in a display
complex controlled by a 2848 Display Control Model
1.

Listed below are the 12 possible line addresses
and the data byte format for each:

DATA BYTE FORMAT (EBCDIC)

P O 1 2 3 4 5 6 7 Selected Line

111110000 One

01111 00 01 Two
011110010 Three 2848 DC
1111100 1 1 Four Model 1
0111101 00 Five

1111101 01 Six

1111101 10 Seven

o1 11101 11 Eight 2848 DC
o111 11000 Nine Models
1t 111 1 1 0 01 Ten 2 and 3
11 1 1110 1O Eleven

0111110 11 Twelve

Read DS MI (Manual Input) Command

The Read DS MI command is used to transfer man-
ually entered messages and data from a 2260 Display
Station buffer to the channel, This command is is-
sued in response to depression of the ENTER key on
a 2260 keyboard, The command causes all character
data (except data on the same line as, and to the
right of, a New Line Code) displayed between the
start symbol and the cursor of the selected 2260

to be transferred to the channel, The Read DS MI
operation is terminated when the cursor is detected
by the 2848 Display Control. However, transmission
of data to the channel is terminated (at the risk of

an incomplete message) if the channel byte counter
is set at a value that permits the byte counter to
reach zero before the cursor is detected.
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At the completion of the operation (cursor detect
ed), Channel End and Device End are presented to
the channel, the start symbol is deleted from the
2260 CRT, and the keyboard of the selected 2260 is
restored.

If, during the operation, a 2260 buffer parity
error is detected, the operation will continue. How-
ever, at the conclusion of the operation, Unit Check
will be set in the 2848 Status byte along with Channel
End and Device End. Equipment Check will be set
in the 2848 Sense byte.

If a Read DS MI command is given and the ENTER
key is not honored or not depressed, a zero-length
word message is transferred to the processor. This
condition also exists when an Enter is honored and a
start symbol is absent on the screen of the selected
2260,

Short Read DS MI Command

The Short Read DS MI command is similar to the
Read DS MI command since it is used to transfer
manually entered data from a display station buffer
to the channel. However, the Short Read DS MI
command provides greater data input capabilities
than the Read DS MI command because it requires
less 2848 process time for execution,

The process time savings (33.0 to 49,7 ms per
operation) is gained by omitting the Start MI sym-
bol deletion function that is performed during a
Read DS MI operation. Thus, at the conclusion of
a Short Read DS MI operation, the Start MI symbol
is not automatically deleted, as in a Read DS MI
operation, but remains on the 2260 screen.

The Short Read DS MI command, when issued
in response to Attention status (keyboard Enter key
depressed), causes all data displayed between the
Start MI symbol and the cursor of the selected 2260
to be transferred to the channel, except data be-
tween an NL symbol and the right end of the display
line containing the symbol. The Short Read DS MI
operation is terminated when the EOM symbol is
detected by the 2848 Display Control,

NOTE: If the channel byte counter is set at a value
that permits it to reach zero before the curso