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Preface

Related Publications

This publication contains reference information for users of the IBM 3250
Graphics Display System. The information is primarily intended to assist the user
who is writing programs for execution in the 3250 Graphics Display System, but is
also of interest to data processing personnel, operators, and engineers who require
an understanding of the functions provided by the 3250 system.

The publication provides an introduction to the functional components of the
3250 Graphics Display System, which comprise:

« IBM 3258 Channel Control Unit

« IBM 3255 Display Control Unit Model 1 or Model 2

« IBM 3251 Display Station Model 1.

It also describes the principles of operation of the system, and communication
with the host system. The buffer orders recognized by the 3250 are defined, and
examples show how these orders can be used in a buffer program. Operator
controls at the 3258 Channel Control Unit, the 3255 Display Control Unit, and
the 3251 Display Station are described.

This publication contains the following chapters and appendixes:

o Chapter 1 introduces the machine types and functional components.

« Chapter 2 describes the facilities available to the programmer.

« Chapter 3 defines the buffer orders that are used in the buffer program.

« Chapter 4 defines the channel commands that control the transfer of data
between the 3250 system and the host system.

« Chapter 5 contains an example of a buffer program and describes how the
operator is able to interact with the programming. This chapter also contains
(1) descriptions of some programming techniques, and (2) the figures needed
to calculate the total execution time of a buffer program.

o Chapter 6 describes the controls used by the operator.

« Appendixes A and B contain hexadecimal values for, respectively, absolute
and incremental coordinates.

o Appendix C contains EBCDIC charts for the supported character sets.

« Appendixes D and E summarize, respectively, the channel commands and
buffer orders recognized by the 3250 system.

o Appendix F summarizes the meaning of various combinations of status and
sense bits presented to the host system.

The IBM publications related to the IBM 3250 Graphics Display System are listed
in the bibliography.
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Chapter 1. Introduction

The IBM 3250 Graphics Display System provides interactive graphics capabilities
for its host system, the IBM System/370 or the IBM 303X, 308X, 4331, and
4341 Processors. Graphic and alphanumeric information is displayed on a
cathode-ray tube. Two types of keyboard and a light pen may be installed to
allow the operator to interact with the displayed image and the host system, and
to update stored data.

Units of the 3250 Graphics Display System are:

o IBM 3251 Display Station Model 1: A terminal that gives a directed-beam,
buffer-refreshed display and may be provided with an alphanumeric
keyboard, a program function keyboard, and a light pen; the keyboards and
light pen are special features. A fully-configured 3250 system, based on a
single 3258 Channel Control Unit, may contain up to sixteen 3251 Display
Stations Model 1.

o« IBM 3255 Display Control Unit Model 1 or Model 2: The 3255 Display
Control Unit controls one or more 3251 Model 1 Display Stations and
contains the logic and storage needed to:

— Store and execute a buffer program for each attached 3251.

~ Generate beam deflection and intensity signals to produce the required
image on the screen of each attached 3251 Model 1.

— Provide keyboard and light pen interfaces for each attached 3251
Model 1.

— Provide an interface between the buffer programs and, through the IBM
3258 Channel Control Unit, the host system.

e IBM 3258 Channel Conirol Unit: A channel-attached control unit that
provides an interface between the connected 3255 Display Control Units and
the input/output (I/0) channel of the host system. A 3258 has four serial
link outlets for the attachment of 3255s. Up to four 3255s may be attached to
each serial link; thus a configuration of sixteen 3251 Model 1s may have a
separate 3255 for each 3251.

Figure 1-1 illustrates the configuration of units in the 3250 system. Further
introductory information and the details of attachment to a host system are
contained in An Introduction to the IBM 3250 Graphics Display System,
GA33-3035.
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Serial

Link IBM 3258
Channel Control Unit

Serial Link Extension

IBM 3255 Display Control Unit Model 2
(Maximum of four per serial link)

IBM 3251
Display Station Model 1
(Maximum of two per
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sixteen per 3258)

Alphanumeric Keyboard

Light Pen

Program Function Keyboard

Figure 1-1. Simplified Configuration of a 3250 System
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Graphic Display

The image displayed at a 3251 Display Station may contain a mixture of points,
lines (vectors), and alphanumeric characters (Figure 1-2). Curves are displayed
by plotting a series of points or short interconnected vectors.

The image is presented on the screen in a 305-millimeter (12-inch) square image
area containing 1024 x 1024 (that is, 1 048 576) addressable points. Each of
these points may be displayed as a point or addressed as a line end-point or a
character-center point.

A moving electron beam in the cathode-ray tube produces the displayed image;
the buffer program controls this movement and varies the intensity of the beam to
produce visible points, lines, and alphanumeric characters. Each execution of the
buffer program produces one transient image. By repeated execution of the
buffer program, the image is regenerated to maintain it on the screen.

Each displayed point, line, or character is the result of the buffer program
processing data under the control of a graphic-mode or character-mode order.
The buffer program may be written to regard groups of points, lines, or characters
as entities. Each entity may be assigned different attributes by the programmer.
(The attributes are: blinking or steady, type of line, and intensity level relative to
other components of the image.) Similarly, the programmer may set different
light-pen modes for entities to enable or inhibit use of the light pen on an entity,
and to determine the response of the program when the operator uses the light
pen to select an entity. ‘

The directed-beam display of the 3250 system allows components of the image tc
overlap. Thus, a character string may be superimposed on a graphic entity
without any interaction between the corresponding data in the buffer program.

Eight programmable intensity levels are provided, from blank (intensity level 0) to
maximum (intensity level 7); these levels allow the programmer to define the
relative intensity level of components of the displayed image. A brightness
control on the 3251 allows the operator to adjust the brightness of the whole
displayed image.
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MOVE 7 TURN / SIZE 7 RESET / SET / GRID / OVRLY /77 17273/

Figure 1-2. Example of a Graphic Display

Buffer Program

A buffer program is executed in the 3255 to generate the image displayed at a
3251 and to allow the operator of that 3251 to use the special keyboards and light
pen. Where two or more 3251s are supported by one 3255, each 3251 has a
buffer program.

The 3255 Display Control Unit Model 2 has two display buffers that operate as

separate entities. A buffer program contained in one buffer cannot branch to, or
access data in, the second buffer. The allocation of buffers to particular 3251s is
determined by the number of attached 3251s and their device addresses:

One 3251 Model 1. Only one buffer is used.

Two 3251 Model 1s. The 3251 with the low address uses one buffer, and the
3251 with the high address uses the other buffer. Alternatively, if it is
envisaged that an additional 3251 is to be added at a future date, the two
original 3251s can share the same buffer leaving the other buffer unused.

Three 3251 Model 1s. The 3251s with the low and medium addresses share
one buffer, and the 3251 with the high address has exclusive use of the other
buffer.
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Buffer programs consist of orders interleaved with data. An application program
in the host system generates the buffer program. Using the I/O channel, the
application program loads the buffer program into the 3255 display buffer and
starts program execution.

The buffer orders supported by the 3250 system form four groups:

e Orders to display points and vectors

« Orders to display characters

« Orders to determine how the light pen interacts with the displayed image
o Orders to control the execution of the buffer program.

A detailed description of the buffer and its operation is given in Chapter 3.
Alphanumeric Keyboard

The alphanumeric keyboard of the 3251 Model 1 is a typewriter-like keyboard
that can be used to compose or modify messages and annotations on the displayed
image.

A cursor on the screen shows where an entered character will be displayed; when
a character key is pressed, the character code replaces a data field in buffer
storage and the entered character is displayed.

The alphanumeric keyboard provides keys for all characters of the supported
character set. Other keys include:

o END and CANCEL Keys: When pressed, these raise an I/O interruption in
the host system.

Note: On a 3251 attached to a 3255 Model 2, the CANCEL key usage is
changed to avoid accidental use of the key. The CANCEL key operates only
when the CONTINUOUS key is first pressed and held down.

e Cursor Control Keys: The ADVANCE key advances the cursor one character
space, the BACKSPACE key backspaces the cursor one character space, and
the JUMP key jumps the cursor to the start of the next available alphanumeric
field.

3255 Model 2 only. An 87-key alphanumeric keyboard with an integral numeric
keypad and engineering symbols is available on the 3251 Model 1 attached to a
3255 Model 2 Display Control Unit. This keyboard is fully compatible with the
standard 75-key keyboard with engineering symbols. The 3251 must be fitted
with the Extended Keyboard Support specify feature.

For details of both types of alphanumeric keyboard, refer to Chapter 6.
Program Function Keyboard

The program function keyboard of the 3251 Model 1 provides direct
communication between the operator and the application program in the host
system. Pressing any one of the 32 keys causes an I/O interruption to be raised
to the host system and supplies a code identifying the pressed key to the system.
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Light Pen

I/0 Channel Attachment

The function allotted to particular keys depend upon the application program; for
example, keys may be used to request other applications, where the choice of key
indicates one of a group of applications.

Keys are not marked with a key number or function. The design of the program

function keyboard allows the user to make an overlay that shows the function of
individual keys. Because these functions are defined by the application program,
each program may require a different overlay.

Each key is back-lit by a lamp. The application program can light or extinguish
individual keys. This may be done to show which keys are valid for selection, to
denote which key was the last one pressed, or to indicate the status of the
program.

The light pen allows the operator to communicate with both the buffer program
and the application program. The pen contains a switch (tip-switch) and a
light-sensor; these can be used separately or together.

Pressing the tip of the pen against a hard surface, such as the display screen,
closes the tip-switch; removing the light pen opens the switch. Pointing the light
pen at a component of the displayed image allows the component to excite the
light-sensor. To aid in the selection of a component of the display, the signal from
the light-sensor may be fed back to increase the intensity of the image at the point
viewed by the light pen. In the case of a 3255 Model 2, the first element seen by
the light pen may be brightened if the single element intensification function is
enabled.

Components with a programmed intensity level of less than 5 cannot be selected
with the light pen. If the brightness control on the front of the 3251 is set too
low, the electron beam may not be able to excite the light-sensor, even though the
programmed intensity may be equal to or greater than 5.

If the light pen is enabled for detection when the buffer program generates a
component of the image, then selecting that component with the light pen causes
a light-pen detection to occur. The action initiated by a light-pen detection
depends upon whether the light pen is currently enabled for an immediate
interrupt or for a deferred response to a detection. Thus, selecting one
component of the displayed image may cause a transfer of control in the buffer
program, whereas selecting another component of the same image may raise an
1/0 interruption to the host system.

Using light-pen-mode orders in conjunction with control-mode orders provides
considerable flexibility to the buffer program. Techniques such as light-pen
dragging (that is, allowing a component of the image to follow the light pen across
the screen) may be programmed in the 3255. This type of technique may be
achieved without any interaction with the host system.

Communications between the 3250 system and the application program in the
host system is by way of an I/O channel. Channel operations are summarized in
Chapter 4; for a full description of channel operations, refer to IBM System/370
Principles of Operation, GA22-7000.
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The 3250 system can be attached to any of the following types of I/O channel:

+ Byte-multiplexer channel of the IBM System/370 Models 115 and 125,
operating in burst mode.

« Block-multiplexer channel (see note). Block multiplexing can occur between
3251s attached to different 3258s on the same channel, but not between
3251s attached to the same 3258.

¢ Selector channel.

Note: When attached to a block-multiplexer channel, shared UCWs should be

used if the channel implementation allows block-multiplex operation with shared
UCWs.
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Chapter 2. Principles of Operation

The generation of an image and the use of the keyboards and light pen depend
upon the execution of a buffer program in the 3255 Display Control Unit. This
chapter describes the facilities available to the programmer, the principles of the
programmable modes, and the 1/O operations on the channel.

The execution of a buffer program produces a displayed image containing points,
lines, and alphanumeric characters; each component of the image is an entity
with, perhaps, its own attributes and light pen mode. In response to operator
actions, the buffer program is able to modify itself, and thus change the image,
and the application program in the host system is able to replace or modify the
buffer program. The application program can also save the buffer program, or
parts of it, in order to maintain a master file.

Facilities available to the programmer include:

« Display Buffer: A buffer storage of 32 768 bytes, in the 3255 Display Control
Unit, loaded with buffer programs generated by application programs in the
host system.

Note: The 3255 Display Control Unit Model 2 has two separate buffers, each
of 32 768 bytes, for program location.

e Display: An image area comprising 1024 x 1024 addressable points on the
screen of the 3251 Display Station.

o Graphic Mode: A mode of operation whereby data fields in the buffer
program direct the movement of the electron beam in the cathode-ray tube.
Point plotting moves the beam to an addressed point, or series of points, with
the option of displaying each point. Vector plotting generates a line to the
addressed point, and between points in a series, with the option of displaying
each line.

A vector generator, operating under the control of graphic-mode (vector)
orders, is capable of generating any one of four types of line between two
addressed points in the image area, and in any one of eight programmable
levels of intensity.

« Character Mode: A mode of operation whereby data fields in the buffer
program generate alphanumeric characters in the displayed image.

A character generator, operating under the control of character-mode orders,
is capable of generating the supported character set (see Appendix C), in four
sizes and two orientations.

» Light-Pen Modes: Modes, set by light-pen-mode orders, that control the

sensitivity of the displayed data to selection by the light pen, and define the
action taken in response to a light-pen detection.
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Display Buffer

« Control Modes: A group of orders capable of (1) transferring control in the
buffer program, (2) loading and storing the attribute register (this is described
under "Buffer Program' later in this chapter), (3) storing the X,Y '
coordinates of the current beam position, and (4) moving addresses and data
from one field in the display buffer to another.

Display Buffer in 3255 Model 1

The display buffer in the 3255 consists of 32 768 bytes (16 384 words) of
storage. This storage contains a buffer program for each attached 3251. The
buffer programs are loaded by application programs in the host system.

Each even-odd pair of display buffer bytes forms a word. Buffer orders and data
fields are aligned on word boundaries and occupy an integral number of words;
orders occupy 1, 2, or 3 words, and data fields occupy 1 or 2 words. Words are
addressed by the even-byte address of an even-odd pair, from O (bytes 0 and 1)
through 32 766 (bytes 32 766 and 32 767).

The 3255 forces addressing on a word boundary by ignoring the least significant
bit in the buffer address register. This bit, however, is not forced to zero; if an
odd address is set into the register, bit 15 (that is, bit 7 of the second byte of the
address) will remain active until either the buffer program or the application
program sets an even address.

Because bit O of the first byte of the address word is not needed for addresses
from O through 32766, this bit is also ignored.

Display Buffers in 3255 Model 2

Sharing a Display Buffer

The same considerations addressed in the preceding paragraphs for a 3255
Model 1 with a single buffer, also apply to the 3255 Model 2 with two buffers.

If two 3251 Model 1s are attached to a 3255 and both 3251s are working, the
display buffer holds two buffer programs. These programs are executed
alternately by the 3255; decoding a Start Regeneration Timer (GSRT) order in
the active program disconnects that program, and the 3255 executes the other
program. Executing a GSRT order in the now active program returns the 3255 to
the first program.

Note: If the executing buffer program does not contain a GSRT order, the 3255
is unable to switch to the buffer program for the other 3251. Thus, the other 3251
is locked out.

The 3255 keeps an address word for each attached 3251 for linking the 3251 to
its own buffer program. This address word saves the address at which the 3251’s
buffer program stopped. When a GSRT order is decoded, the 3255 saves the
current address, switches to the other 3251, and restarts execution at its saved
address. The address word is not part of the display buffer.
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3255 Model 2. A 3255 Display Control Unit Model 2 has the following
characteristics:

« The two display buffers are separate entities, each being addressed from byte
0 through 32 767. Bit O of the first byte of the address word is reserved, and
should be set to zero. That is, the address range in hexadecimal is ‘0000’
through “7FFF’. A buffer program contained in one buffer cannot branch to,
or access data in, the second buffer.

« The allocation of buffers to individual 3251s is determined by the number of
3251s that are attached to the 3255 Display Control Unit, and the device
addresses of the 3251s:

One 3251: Only one buffer is used.

Two 3251s: The 3251 with the low address uses one buffer, and the 3251
with the high address uses the other buffer. Alternatively, if it is
envisaged that an additional 3251 is to be added at a future date, the two
3251s can share the same buffer leaving the other buffer unused.

Three 3251s: The 3251s with the low and medium addresses share one
buffer. The 3251 with the high address has exclusive use of the other
buffer.

Linking a 3251 to the Display Buffer

Buffer Program

Initially, a Set Buffer Address Register and Start command is issued by the host
system to establish a link between the selected 3251 and a buffer program in the
display buffer. The 3251 is selected by the channel, the buffer address register is
set to the value supplied by the channel, and execution of the buffer program
starts. If any sequence of channel commands to a selected 3251 terminates
execution of the buffer program, the sequence must be followed by a Set Buffer
Address Register and Start command; this command restores the link between a
selected 3251 and the display buffer.

Allocation of buffer storage is at the discretion of the host system application
programmer; the 3255 does not place any constraints on the allocation of the
display buffer. Although the two 325 1s share the same display buffer, the host
system addresses each 3251 as a unique device. Certain channel commands are
only valid for execution if the buffer program for the addressed 3251 is stopped
when the command is received. However, addressing one 3251 does not need the
buffer program for the other 3251 to be stopped.

The buffer programs consist of buffer orders, graphic data, and alphanumeric
data. Inits execution, a buffer program controls:

o Generation of the displayed image
o The sensitivity of the displayed image to a light-pen operation
« Data entry from the alphanumeric keyboard.

The buffer program also synchronizes the raising of I/O interruptions to the host
system by the alphanumeric and program function keyboards.
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Each execution of a buffer program produces one transient image. To be retained
this image must be regenerated by repeated execution of the buffer program. The
3255 regeneration timer is set to produce an optimum rate of regeneration; the
rate chosen is a compromise between the amount of data that can be displayed
and the need to maintain the image. A GSRT order in the buffer program
initiates automatic regeneration (see ""Regeneration Timer' below for details).

After being loaded and started by the application program, a buffer program
containing a GSRT order is repeatedly executed under the control of the
regeneration timer.

Associated with the buffer program, and controlling its execution, are the
following items:

« Buffer Address Register: This controls the addressing of the display buffer.
During execution of the buffer program, the buffer address register is
incremented to address sequentially each word in the buffer, wrapping from
address 32 766 to address 0. However, the contents of the buffer address
register may also be changed by:

— A Set Buffer Address Register and Stop command issued by the host
system

— A Set Buffer Address Register and Start command issued by the host
system

— Execution of a read or write command issued by the host system
— Buffer orders that transfer control within the buffer program.

o Regeneration Timer: This controls the frequency of regeneration of the
displayed image to give a steady intensity level. A GSRT order initiates the
time-out and starts execution of the buffer program. When the next GSRT
order is encountered, the end of the previously initiated time-out allows it to
be executed; this initiates the timer again, and executes the buffer program.

If the execution time of the buffer program exceeds the set time-out

(21.7 milliseconds), the rate of regeneration is controlled by the execution
time. In this case, adding data to or removing data from the display may
affect the quality of the image.

Note: If two or more buffer programs are executing in the display buffer, the
total execution time should be less than or equal to the regeneration time-out
to maintain the optimum regeneration rate.

« Attribute Register: This contains the current value of the Blink, Line Type,
and Intensity attributes. Attributes may be changed during execution of the
buffer program to assign different attributes to components of the image.

Default values for the attributes are: nonblinking, solid line, and normal
intensity (level 5). These default values are set when a Set Buffer Address
Register and Start command is received from the host system or when a
GSRT order is executed.
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Image Area

Notes:

1. The Intensity attribute is independent of the setting of the brightness
control on the 3251.

2. With a 3255 Model 2, four intensity levels can also be set by specific
graphic mode orders. See chapter 3, "Four-Level Intensity' (3255
Model 2 only).

e  Cursor Location Registers: The 3255 maintains, for each attached 3251,
registers that contain the buffer address of the character-mode data field to
which the cursor is assigned. Entering an alphanumeric character puts the
character code into the addressed data field and, normally, moves the cursor
to the next field in the data list.

The contents of the cursor location register for a particular 3251 are also
updated by the host system issuing an Insert Cursor command or Remove
Cursor command.

+ X,Y Position Registers: The 3255 maintains, for each attached 3251,
registers that show the coordinates of the currently addressed point in the
image area (the current beam position).

The content of the X,Y position registers for a particular 3251 may be
interrogated by the host system issuing a Read X,Y Position Registers
command. This interrogation may be done, for example, to identify the
coordinates of a point selected by the light pen.

The image area is a square with 1024 addressable points on the X axis and 1024
addressable points on the Y axis (see Figure 2-1). Points are addressed by their

X,Y coordinates. The distance between adjacent points on the same axis (either
horizontal or vertical) is termed a raster unit; a raster unit is about 0.3 millimeter
(0.012 inch).

X,Y coordinates of 0,0 address the bottom left-hand corner of the image area;
incrementing X to 1023 moves the electron beam horizontally across the image
area to the right-hand side; incrementing Y to 1023 moves the beam up the image
area to the top edge.
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Figure 2-1. Image Area Coordinates

Addressing Point Coordinates

Any point in the image area may be addressed by graphic-mode orders in the
buffer program. Graphic-mode orders are followed by data lists containing pairs
of coordinates, and the beam is moved sequentially from point to point. For
details, see ""Graphic Modes" later in this chapter.

The coordinates contained in a graphic-mode data list may be either absolute or
incremental, depending upon the buffer order that precedes the list:

» Absolute Coordinates: When a buffer order specifies absolute coordinates,
data from the data list replaces the current value in the X,Y position registers.
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Graphic Modes

Thus, if the electron beam is located at coordinates X=65, Y=137 (65, 137)
and an absolute order with 2163 in its data field is executed, the beam is
moved to the coordinates X=21, Y=63.

+ Incremental Coordinates: When a buffer order specifies incremental
coordinates, data from the data list is added to the current value in the X,Y
position registers. Thus if the electron beam is located at coordinates 65, 137
and an incremental order with 2163 in its data field is executed, the beam is
moved to the coordinates X=86, Y=200.

Incremental coordinates are limited to increments ranging from -64 to +63
units. Negative increments are specified in twos complement form. For a
definition and example of twos complement, see the glossary at the back of
this manual.

Character-mode orders do not address point coordinates. Data lists following
character-mode orders contain character codes. The first character is written at
the current beam position, and the character generator advances the beam to the
next character position.

Graphic-mode orders move the electron beam to an addressed point or series of
points. The two types of graphic mode are:

+ Point Plotting: This moves the beam from the current position to the
addressed point, suppressing display of the beam between points.

+ Vector Plotting: This uses the vector generator to generate straight iines
between the current position and the addressed point.

Orders are provided to set the mode and define either absolute or incremental
coordinates:

Data lists for the graphic-mode orders may contain more than one field, where
each field contains the X,Y coordinates, or X,Y increments of a point. If more

than one field is supplied, point orders move the beam from point to point through

the list and vector orders draw lines between the points.

Graphic-mode orders take effect from the current beam position. The attributes
and light pen mode that are current when the character-mode order is executed
remain in force while the data list is being processed.

Offscreen Beam Tracing - Graphic Mode

Offscreen coordinates cannot be specified as absolute coordinates. Incremental
coordinates could, however, produce requests to position the beam outside the
image area. The display of points and lines is inhibited when either the current
beam position or the addressed point or line-end point is outside the image area.

The 3255 maintains logically correct X,Y values, within the limits -1023 and
+2047, even if several consecutive movements remain outside the image area.
Attempts to increment either coordinate beyond these limits cause an undefined
current beam position.
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The X and Y coordinate values returned to the host system by the Read X,Y
Position Registers command, or stored in the display buffer by the Store X,Y
Position Registers (GSXY) order, are modulo 1024. It is not possible to
determine, from the contents of the X,Y registers, whether the current beam
position is offscreen.

Graphic-Mode Data Fields

A graphic-mode order is followed by a data list, each field in that list containing
the coordinates (absolute or incremental) of a point. The size of data fields in the
list is determined by the type of addressing specified in the order. For absolute
coordinates, each field contains two words, the X coordinate in the first word and
the Y coordinate in the second word; for incremental coordinates, each field
contains one word, the X increment in the first byte and the Y increment in the
second byte. Each data field also contains an indication that determines whether
the point or line is to be displayed or blanked.

The data list is terminated when the hexadecimal value 2A is encountered at the
even-numbered byte of an addressed word. This code tells the 3255 that the
addressed word is a buffer order.

Graphic-mode data fields cannot directly accept data entered at the alphanumeric
keyboard. The program (buffer or application) may, however, contain routines
that modify the contents of the data field in response to the following operator
actions:

« Making a selection with the light pen

« Entering coordinates in an alphanumeric field defined for that purpose and
then pressing the END key

o Pressing a program function key to initiate a change to the displayed image.
Vector Generator

Operating under the control of graphic-mode orders, the vector generator
produces the beam deflection needed to draw a straight line between two points.
The type of line generated (solid, dotted, dashed, or dot-dashed) is determined by
the current value of the Line Type attribute in the attribute register.

Character Modes

Character-mode orders control the generation of characters in the image area.
These orders precede a data list that contains either a character string defined by
the programmer or fields in which characters entered at the alphanumeric
keyboard may be stored. Character-mode orders allow alphanumeric character
strings to be defined with any combination of three characteristics:

o One of four character sizes (small, basic, medium, or large)

« Orientation (horizontal or rotated 90° counterclockwise)

« FEither protected from keyboard entry of alphanumeric data, or unprotected.
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Character-mode orders do not move the beam to a start point; they take effect at
the current beam position. The attributes and light pen modes that are current
when the character-mode order is executed remain in force while the data list is
being processed. Character-mode orders do not reset the coordinate addressing
defined by the most recently executed graphic-mode order; the current type of
coordinate addressing, absolute or incremental, affects the automatic generation
of new lines when the beam is moved offscreen, as described in "'Offscreen Beam
Tracing - Character Mode" below.

In processing a field in a character-mode data list, the 3255 generates the required
character and advances the beam to the center point of the next character
position, the X coordinate being incremented by the number of units in a
character space.

Space characters in the data list advance the beam from the current character
position to the center of the next character position. Null characters in the list do
not affect the current beam position. Backspace (overstrike) characters move the
beam back to the previous character position. New-line characters move the
beam to the start of the next line; this is done by resetting the X coordinate to
zero and decrementing the Y coordinate by the number of units in a line space.

A similar effect occurs with rotated character fields, and may be deduced by
rotating the image area so that X=1023, Y=0 (1023, 0) is the bottom left-hand
corner. 1023, 1023 is then the bottom right-hand corner, 0, O is the top left-hand
corner, and 0, 1023 is the top right-hand corner.

Offscreen Beam Tracing - Character Mode

Under certain conditions, a new line is forced if an advance to the next character
position would move the beam outside the image area. Forcing a new line does
not insert a new-line character into the data list.

Data fields following character-mode orders contain alphanumeric character
codes. Advancing of the beam from one character position to the next and to a
new line is controlled by the character generator. Absolute coordinates cannot
address points outside the image area, but incremental coordinates can; the action
of the character generator depends upon the type of coordinates used in the most
recent graphic-mode order. Depending upon that graphic-mode order, the
following characteristics apply to the character generator when it is processing a
non-rotated character field.

o Absolute Coordinates:
— A new line is forced if incrementing X to the next position results in X
being greater than 1023 (that is, the center of the next character is

outside the image area).

— A new-line character in the data list resets X to 0 and decrements Y by
the number of units in a line space.

— A new line at the top of the image area is forced if decrementing Y for a

new line makes Y negative (that is, the center of the first character of a
new line is below the image area).
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¢ Incremental Coordinates:

— A new line is never forced; if advancing to the next character position
moves the beam out of the image area, the beam is blanked.

— A new-line character in the data list forces new coordinates depending
upon the current value of Y:

— If Yis less than 1024, X is reset to 0 and Y is decremented by the
number of units in a line space. (If decrementing Y makes Y negative,
Y is set to 1023 to force a new line at the top of the image area.)

— If Y is in the range of 1024 through 2047, and decrementing Y makes
it less than 1024, then Y is set to 2047 and X is reset to 0.

Character-Mode Data Fields

Cursor Location

A character-mode order is followed by a data list which must contain a whole
number of words. Each byte of this list contains an extended binary-code decimal
interchange coded (EBCDIC) character; if there is an odd number of characters,
the list must be padded out by one byte (using, for example, a null character) to
end on a word boundary. Appendix C shows the EBCDIC codes for the
supported character sets.

The data list is terminated when the hexadecimal value 2A is encountered at the
even-numbered byte of an addressed word. This hexadecimal code tells the 3255
that the addressed word is a buffer order.

The cursor is displayed in the image area to show where the next character
entered from the alphanumeric keyboard will be displayed. The cursor location
register addresses the byte in buffer storage that will be loaded with the character
code of the entered character.

Notes:

1. The cursor must be assigned to an unprotected character field but cannot be
assigned to a position containing a new-line character.

2. If the addressed byte contains a null or backspace (overstrike) character, the
cursor is not displayed.

Initially, the cursor location is set by the application program. The cursor
advances one character position after each character entered. When an
unprotected character field has been filled, the cursor remains at the last position
in the field. To move the cursor from the end of a field, the operator may press
either BACKSPACE or JUMP. Any character key pressed while the cursor is at
the last position of a field will overwrite any previously entered character in that
position.
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Character~-Mode Data Entry

Character Generator

When the operator presses a character key, the coded character is placed into the
buffer location addressed by the cursor location register; the code is loaded at the
next execution of a Start Regeneration Timer (GSRT) order. In the next
regeneration cycle, the entered character is displayed. The size and orientation of
the displayed character is determined by the character-mode order preceding the
data field.

Notes:

1. The END and CANCEL keys do not enter data into the display buffer.
When pressed, these keys raise an I/O interruption to the host system. The
action resulting from this interruption depends upon the application program.

2. With a 3251 attached to a 3255 Model 2, the CANCEL key will operate only
when the CONTINUOUS key is first pressed and held down.

Operating under the control of character-mode orders, the character generator
produces the train of blanked and unblanked beam deflections needed to write
defined characters in the image area. Each displayable character in the data list
following a character-mode order is generated inside a rectangle that is centered,
approximately, on the current beam position.

The rectangular character position is one character space wide and one line space
high. Character and line spaces are defined in raster units for each of the four
character sizes. For example, if the character-mode order specifies large
characters, the rectangular character position is 21 units wide and 30 units high.

Irrespective of the character size, the character generator deflects the beam within
the limits of a character grid. This grid is independent of the raster matrix, and is
scaled to fit the rectangular character position. Figure 2-2 shows the character
grid, illustrates the generation of characters within that grid, and shows the
relationship between the four character sizes. If the center point of a character
lies within the image area, that character is fully displayed, even though parts of it
lie outside the image area.

When rotated characters are being generated, the rectangular character position is
rotated 90° counterclockwise.

Note: Some Katakana characters and some special characters extend beyond the
character limits within the grid. All characters are, however, contained within the

grid.
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Character Sizes

Character Rotation

Light-Pen Modes

Each of the four character sizes has a fixed spacing between the character center
points on a horizontal line (character spacing) and between lines (line spacing).
Figure 2-3 shows the dimensions for displayed characters and their spacings.

Chara-{Approximate Character |[Character Spacing{Line Spacing

cter Area - Width x Height,

Size |Millimeters (inch? Raster {mm (inch)|Raster|mm (inch)
Units Units

Small 2.0 x 3.0 (0.08 x 0.12)| 10 |3.0 (0.12)] 15 |4.5 (0.17)

Basic [2.8 x 4.1 (0.11 x 0.16)| 14 |4.2 (0.16)| 20 |6.0 (0.23)

Medium|{3.3 x 5.1 (0.13 x 0.20)| 18 |5.4 (0.21)| 25 |7.5 (0.29)

Large [4.1 x 6.1 (0.16 x 0.24)| 21 6.3 (0.25)| 30 |9.0 (0.35)

Figure 2-3. Displayed-Character Dimensions

From Figure 2-3 it can be seen that the approximate capacity of the image area is:
e Small characters: 68 lines of 103 characters per line

o Basic characters: 52 lines of 74 characters per line

e Medium characters: 41 lines of 57 characters per line

o Large characters: 35 lines of 49 characters per line.

If the programmed character-mode order defines rotated characters, the
generated character string is rotated 900 counterclockwise.

In rotated mode, the character generator advances from center point to center
point by incrementing the Y coordinate, and creates a new line by incrementing
the X coordinate and resetting the Y coordinate to O.

The sensitivity of the displayed image to selection by the light pen is determined
by the setting of the light-pen modes. The programmer may set different
light-pen modes for individual components of the image. Light-pen-mode orders
are designed to give flexibility to the buffer program. As a result, the way in
which the light pen is used can be tailored to suit the requirements of the
application.

The light pen can only be used to select components of the image that are
displayed at intensity levels 5, 6, or 7.

Note: To allow a light-pen detection at a point where there is no displayed data,
the usual technique is to provide a buffer program that floods the whole screen
with data until an interrupt occurs; this flooding may be momentary, and can be
removed in response to the light-pen detection.
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Control Modes

Light pen modes are combinations of two independent modes: (1) the detects
mode, which determines whether or not a detection will occur if the light pen is
used to select a component of the image; and (2) the response mode, which
determines the response of the buffer program to a light-pen detection.

Detects Mode: The detection of a light-pen operation can only occur on
components of the image that are generated while detects are enabled, and
when the intensity of the component and the brightness of the image are
sufficient to excite the light- sensor. To cause a light-pen detection, the
operator points the light pen at the required component; when the electron
beam moves into the field of the light-sensor, a light-pen detection occurs.

The detects mode can be disabled or it can be set to either switch-enabled or
no-switch-enabled. If switch-enabled is set, the light pen must be pressed
against the screen, closing the tip-switch, to allow detection to occur; only
one detection can occur for each operation of the tip-switch. If
no-switch~enabled is set, a detection occurs each time the electron beam
passes the tip of the pen.

Response Mode: The action taken in response to a light-pen detection can be
either an immediate interrupt or a deferred response. If the state is immediate,
execution of the buffer program stops when a light-pen detection occurs; the
3255 then raises an I/O interruption to the host system. If the state is
deferred, the 3255 records the occurrence of a light-pen detection as a
deferred detect; subsequent buffer orders can test for a deferred detection
and, depending upon the buffer order used, either transfer control within the
buffer program or stop execution and raise an I/O interruption to the host
system.

In addition, a 3255 Display Control Unit Model 2 can have a single element
intensification function enabled. This function identifies a vector, character,
or point detected by a light pen without intervention from the host system.
The whole of the identified element is brightened by the 3255 at the moment
of light-pen detection. However, enabling this feature will impact image
content performance; refer to "'Image Content' in Chapter 5.

Orders executed in control mode are capable of:

Controlling the regeneration timer, synchronizing input from the keyboards,
synchronizing keyboard interruptions, and setting default attributes and
light-pen modes

Branching in the buffer program

Loading and storing the contents of the attribute register

Storing the X,Y coordinates of the current beam position

Moving addresses and data from one field in the display buffer to another
buffer

Performing a ''no operation."
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Channel Operations

Channel Commands

For details of the buffer orders executed in control mode, see ''Control-Mode
Orders" in Chapter 3.

Communication between the 3250 system and the host system is across an I/0
channel. Channel operations may be initiated either by the system issuing
channel commands or by an I/O interruption from the 3250.

Channel commands may be used for the following operations. (For more detailed
information, see Chapter 4.)

¢ Write Buffer: This command transfers data from the host system to the
display buffer of the 3255.

¢ Read Buffer: This command transfers data from the display buffer to the host
system.

o Read Cursor: This command transfers data from the display buffer to the
host system; data transfer stops when the cursor is encountered. The Read
Cursor command can also be used to find the cursor without transferring data
to the application program in the host system.

« Read Manual Input: This command gives the host system information
concerning interrupts from the program function keyboard or the
alphanumeric keyboard (END and CANCEL keys).

+ Read X,Y Position Registers: This command sends the current contents of
the X,Y position registers to the host system. Normally, the command is
issued in response to an I/0 interruption caused by a light-pen detection.

« Set Audible Alarm: This command causes a short beep at the 3251.

« Set Buffer Address Register and Start: This command initiates buffer
program execution at the specified address.

o Set Buffer Address Register and Stop: This command stops buffer program
execution and sets the buffer address register. Normally, it is used before a
write or read operation to define where the operation is to commence in the
display buffer.

o Set Program Function Indicators: This command causes the back-lit keys of
the program function keyboard to be lit or extinguished. Each of the
32 lamps can be lit or extinguished in any combination.

o Insert Cursor: This command sets the cursor location register, normally
causing the cursor to be displayed on the screen.

¢« Remove Cursor: This command removes the cursor from the display.
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1/0 Interruptions

+ Sense: This command causes information concerning the status of the 3251
to be transmitted to the host system. Normally, a Sense command is issued in
response to an I/O interruption or error condition.

+ No-Operation: This command performs no operation.

To communicate changes in the status of the buffer program or the 3250 system
to the host system, I/O interruptions are raised. The Interpretation of I/O
interruptions is the responsibility of the host system. Chapter 4 defines the sense
and status bytes available to the host system when an 1/0 interruption is raised;
for a complete description of operations on an I/O channel, refer to

IBM System/370 Principles of Operation, GA22-7000.

1/0 interruptions are raised if any of the following occur:
1. A light-pen detection when the light pen is enabled for immediate response

2. Execution of a Permit Detect Interrupt (GPDI) order if there is an
outstanding deferred detect

3. Execution of an End Order Sequence (GEOS) order

4. The operator pressing any of the 32 program function keys (see the note
below)

5. The operator pressing either END or CANCEL on the alphanumeric
keyboard (see the note below).

Note: When the buffer program is executing, keyboard interruptions are
synchronized to the execution of a Start Regeneration Timer (GSRT) order.
When one of the keys mentioned in 4 and 5 is pressed, the next GSRT order
executed sets the relevant key code into the manual input register and raises an
1/0 interruption to the host system. The host system must respond with a Read
Manual Input command to clear the register; the pressing of END, CANCEL, or
any program function key does not cause any action if a key code is in the manual
input register.

Keyboard Operation - 3251 Model 1 Attached to a 3255 Model 2
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