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Pretace

This book provides introductory information on an IBM program product
which can add a versatile, easily-used pictorial display capability to
existing IBM data-processing systems. The material is intended for
executive and data-processing management, and application programmers.
Chapter 1 discusses the advantages of graphical data display, provides a
sunpnary of product capabilities and typical applications, and
illustrates some sample displays. The operating environment (operating
systems and subsystems, programming languages, etc.) is described in
Chapter 2, and the last chapter provides the application programmer with
information on product use.
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Chapter 1. Introduction

The use of numbers to convey information pervades modern life. This
mode of communication is well suited to machines, but is often found
wanting by people. Few of us can easily extract and fully comprehend
the information content of purely numerical data. The task becomes much
more difficult when we try to deal with large masses of numbers, or seek
meaningful relationships among several sets of data.

expression, can provide an effective alternative. Unlike words and
numbers, pictures are a universal language, and perhaps the most natural
way for people to communicate. They can convey information directly, by
stimulating the brain®s unique abilities to distinguish shapes,
patterns, colors, and shadings. Coanverting information to pictures can
therefore assist the human use of machine-processed data.

Some of the inherent advantages of pictorial data presentation are
shown in Figures 1-1 through 1-4. In the first example (Figures 1-1 and
1-2) , note how the use of shading, color, and bar length creates visual
patterns which clearly show the relationships in the data. PFigures 1-3
and 1-4 illustrate the use of pictorial display to present the results
of data analysis in an easily—assimilated form.

WEEK DEPT A DEPT B DEPT C TOTAL
1 17,103 6,227 2,696 26,026
2 2,889 3,210 3,851 9,950
3 963 8,282 4,815 14,060
4 13,996 14,124 3,916 32,036
5 17,912 14,065 1,990 33,967
6 12,904 1,284 899 15,087
7 14,894 14,058 4,045 32,997
8 14,766 8,346 2,054 25,166
9 19,902 8,089 3,978 31,969
10 17,912 5,265 3,786 26,963
1 4,622 15,410 5,008 25,040

12 6,805 8,282 2,119 17,206
13 7,832 4,173 2,055 1,060
W 10,914 2,311 4,879 18,104
15 11,877 15,023 3,916 30,816
16 16,820 2,440 3,788 23,048
17 8,988 8,217 3,981 21,186
18 16,949 6,099 1,027 24,075
19 5,842 4,943 4,045 14,830

20 9,052 14,188 4,815 28,055

21 10,850 8,206 2,086 21,142

22 9,951 7,190 3,082 20,223

23 5,906 15,248 3,820 24,974

23 3,853 3,017 1,284 8,154

25 3,916 12,391 1,862 18,169

26 11,745 12,242 1,926 25,913

Figure 1-1. Data for Figures 1-2, 1-6 and 1-8

Chapter 1. Introduction 1
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Figure 1-2. Composite Bar Chart

45 75 107 105 110 116 120
120 129 124 130 143 145 134
44 147 139 158 153 150 168
165 161 151 171 177 183 2
189 193 223 209 225 200 197
190 184 178 172 153 162 165
167 150 153 158 149 147 LY
134 141 139 148 131 124 122
113 121 116 111 109 108 95
73 56 67 71 79 85 87
83 95 109 91 112 119 126
118 122 113 131 1u8 139 11
134 1y 140 138 157 152 156
164 167 163 154 173 179 180
185 199 191 204 208 186 180
174 155 163 167 164 159 140
152 156 144 134 1u8 139 149
132 122 113 125 116 112 88
97 102 96 114 119 129 119
125 113 132 U5 139 48 134
w7 140 155 152 169 164 167
163 165 175 181 187 188 182
176 163 167 164 169 151 154
uo 147 144 148 142 145 132
115 125 125 128 120 115 94
98 91 93 100 92 109 115
120 129 125 126 103 94 115
133 15 142 mus 144 17 140
91 103 94 96

Figure 1-3. Data for Figure 1-4
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Figure 1-4. Statistical Analysis Chart

This manual describes the program product named Graphical Data
Display Manager (GDDM) and the optional Presentation Graphics Feature
(PGF) . They are designed to offer a versatile, easily-used pictorial
display capability to a wide range of users. By exploiting certain
characteristics of display terminals and printers, information can be

simultaneously.

GDDM forms the foundation for graphics, by providing the functions
needed to create pictorial displays compatible with the eguipment
available to the user. These functions are implemented either by a
user—supplied application program or by PGF.

PGF can significantly reduce the programming effort needed to
generate commonly-used graphs and charts. It can be used in two ways:

® In conjunction with a simple user application program

® Interactively, by the terminal user, with no need for an
application program

While the interactive mode does not provide all of the features and
flexibility of GDDM and PGF, it is especially useful because it requires
only simple keyboard entries and can be used by non-technical personnel.
This enables a user to begin basic graphics operations immediately upon
installation of GDDM and PGF, without waiting for the development of
application programs.

GDDM and PGF are compatible with a number of host operating systenms

and subsystems and several programming languages. Specific information
on these is provided in Chapter 2.

Chapter 1. 1Introduction 3



Summary of Product Capabilities

GDDM and PGF contain many functions used for graphical display. These
will be summarized in this section and discussed in more detail in
Chapter 3.

The functions of both can be grouped into two general classes:
° Otilities, which can be used independently of application programs

] Basic functions, which are used only by an application program or a
utility

UTILITIES

The Interactive Symbol Editor Utility is supplied with GDDM. Two others

Vector Symbol Utility.

Interactive_ Symbol Editor Utility (GDDM)

The Interactive Symbol Editor Utility enables the terminal operator to
create and edit Image_ Symbol Sets (ISS). These can be used by GDDM as
alphanumeric characters, graphical marker symbols, or shading patterns.
Symbols may be monochrome or multicolored.

The utility can generate any symbol which can be depicted by a dot
matrix of maximum dimensions 255 by 255 dots; a typical character matrix
size is 9 by 16. All symbols in a set must have the same matrix
dimensions. Symbol sets whose matrix size matches that of the display
device using them may be loaded directly into the device by GDDM. Such
symbols are called Programmed Symbols (PS). Larger symbols cannot be
used as PS, but can be loaded into GDDM storage by the application
program.

BEach ISS created with the utility can contain up to 190 symbols.
Sets are assigned names by the user and stored on files for later use.
GDDM has functions for reading a set from the file and loading it into
the display device or GDDM storage, as applicable.

Some examples of user—defined symbols are:

L] Language symbols (Cyrillic, Farsi, Gothic, Greek, Kanji, etc.)

o Mathematical or other special symbols (exponents, summation or
integral signs, chemical symbols, etc.)

. Footnote or reference marks, subscripts, superscripts, etc.
. Company logos
GDDM contains the following image symbol sets:
. One set of marker symbols
L One set of geometric shading patterns

These sets cannot be modified by the user.

4 GDDM/PGF General Information
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In addition, the following symbol sets are provided with GDDM:
° A PS character set of standard keyboard symbols in three sizes,
suitable for the IBM 3278 and 3279 Display Stations and the IBM
3287 Printer.
. An italic version of the above, in the same sizes.
| e A set of 64 geometric shading patterns.

. A set of 64 color shading patterns

These can be edited by the user if desired, in the same way as sets
created by using the utility.

e e o e et e i o e e e e < s e

The Interactive Chart Utility simplifies the production of certain
commonly—-used graphs and charts. It can be used independently, or by a
call from an external program, which provides an easy way to add
graphics functions to existing programs. In either case, it enables the
user to create the following chart types:

o Line graph

. Surface chart

. Bar chart

o Histogranm

. Pie chart

° Venn diagram

| The presentation of a chart on the display screen involves three
types of operations:

1. Chart format definition
This specifies the type of chart, titles, labels, layout, and
various chart attributes such as line type, color, shading, etc.,
which govern the appearance of the chart. Possible actions are:
- Specify a new definition
- Retrieve a definition from a file
- Modify a definition (change titles, labels, attributes, etc.)
— Save a definition on a file

2. Chart data specification
- Keyboard entry from the terminal (prompted by a menu)
— Retrieve data from a file _
- Modify data (change, insert, delete)

- Save data on a file

Chapter 1. Introduction 5



3. Chart presentation
— Display on the terminal
— Redisplay after modification

- Print

The utility communicates with the terminal user by displaying a
sequence of menus, which contain prompting information and entry fields.
Where applicable, default values are shown on the menus. The user
responds by:

° Entering or changing the information in the entry fields

. Using keyboard program function (PF) keys to initiate actions. The
actions related to these keys are displayed at the bottom of the
menu, as applicable.

The menus are largely self-—explanatory, so the user does not need
detailed knowledge of the PGF functions used by the utility.
Additional advisory information can be displayed on the terminal, if
needed.

The simplest use of the utility involves only a basic chart format
definition (type, titles, and labels) and data entry. This will produce
a chart using the default values for chart attributes. If the chart
uses more than one set of data values, the appropriate attributes (line
type, color, shading, etc.) are changed automatically to distinguish the
data on the chart.

Alternatively, the user can expand the format definition by
specifying attribute values instead of accepting the defaults. Thus the
chart appearance can be tailored as desired.

After the chart has been defined and the data entered, the resulting
chart can be displayed on the terminal:. The user can then use the
modification options to change the chart appearance (or even select a
different type), or modify the data, then redisplay the revised chart.
This interactive process can continue until the user is satisfied with
the result.

The save and retrieve functions can be used to minimize user input.
For example, several chart formats can be predesigned and saved on
external files. Subsequently, an application program can invoke the
utility and pass data by a call statement, and the terminal user can
retrieve a specific chart format. The data and/or format can be
examined, and desired revisions can be made either before or after the
chart is drawn. At the user®s option, the revised data can be passed
back to the application, or the revised data and/or format can be saved
for later retrieval.

The Chart Utility has a few restrictions:

. The number of options available and the length of specific entry
fields are limited.

° The terminal operator does not have direct control over the
graphics display area.

U Only one chart with one set of axes may be displayed at a time.

In many cases, these restrictions will be unimportant, and user
requirements will be fully satisfied by the Chart UOtility.

6 GDDM/PGF General Information



Interactive Vector Symbol Utility (PGF)

The Interactive Vector Symbol Utility complements the Symbol Editor
Utility by providing the capability to create and edit Vector Symbol
Sets_(VSS). Vector symbols differ from image symbols in the following
ways:

. Vector symbols are defined by straight lines drawn from point to
point in a rectangular space.

. Vector symbols can be used only by calls to GDDM from an
application program or from PGF. They cannot be loaded directly
into the display device as PS.

. The size and angular position of vector symbols can be controlled
when used, by GDDM calls. PFigure 3-1 shows some examples of such
use of vector symbols.

Vector symbol sets generated by the utility can be assigned names by the

user and stored on files for later use by GDDM or PGF. A standard
vector symbol set is supplied with PGF.

BASIC FUNCTIONS

Both GDDM and PGF contain functions which are used to construct a
picture. They are accessible by calls from application programs or
invoked by the utilities as needed. These functions are described in
some detail in Chapter 3.

GDDM

The basic functions of GDDM may be summarized as follows:
o Screen format control
. Alphanumeric input and display

. Graphics construction and display (lines, arcs, text, shaded areas,
etc.)

. Control of attributes (color, line type, line width, marker
symbols, shading patterns, etc.)

. Removal of parts of a picture lying outside a specified boundary
® Printing control
These functions allow the application programmer considerable

flexibility in creating pictorial displays. For example, they can be
used to design specialized charts, diagrams, maps, forms, etc.

Chapter 1. Introduction 7



EGF

The mbasicw functions of PGF are actually a higher-level means of
accessing GDDM in order to construct specific types of data charts.
They are named Presentation Graphics Routines and are accessible by
calls from an application program, which can be much less complex than
one employing GDDM functions directly.

The Interactive Chart Utility also uses these routines. The primary
advantage in using the Presentation Graphics Routines directly via an
application program is the ability to create more sophisticated or more
complex displays. For example, one could display several charts at
different locations on the screen, or overlay two or more charts on the
same set of axes.

The following chart types can be produced by the Presentation
Graphics Routines:

. Line graph (with or without data point markers)

. ®Scatter®" plot (data markers only, no lines)

. Surface chart

. Histogram

. Bar chart (composite, multiple or floating)

. Pie chart (percentage or absolute values)

. Venn diagram

Each chart or graph may contain several sets of data (components) and

these can be distinguished in various ways appropriate to the chart
type. Functions are available for specifying:

. Position and size of the chart on the screen

. Chart title and its position

o Axes (linear or logarithmic, ranges, intercepts, scale marks, .
labels, titles) ‘

. Datum lines (parallel to either axis, or to both)
. Grid lines
. Key symbols to identify chart components

. Attributes (line types, marker symbols, color, shading patterns,
character set, etc.)

8 GDDM/PGF General Information



Typical Applications

Because pictorial display can so effectively enhance human perception,
its range of application is almost limitless. Many requirements can be
satisfied by the standard types of charts such as those produced by the
Interactive Chart Utility. Others may require more complex displays
designed by the user with GDDM. Some typical applications are listed
below.

Planning/Analysis/Tracking
Time trend analysis
Data comparison
Forecasting
Sales analysis
Modeling/simulation
Critical path analysis.
Status reporting

Scheduling
Transportation/distribution logistics
Personnel/equipment schedules

Porms Creation/Completion
Orders
Payrolls
Billing
Reports

Industrial Process Monitoring/Control
Network/pipeline maps
On-line display of variables

Medical
Cardiograms, scans, etc.
Analysis of test/experimental data

Graphic Arts/Publishing
Illustrations, diagrams
Page layout and composition

Data Processing Installations
Flow charts and diagrams
Program documentation

Education
Visual aids, programmed instruction

Illustrations

The following figures have been chosen to illustrate displays which
might be relevant to some of the applications listed above. All
illustrations were generated by the products described and printed from
photographs of the display.

Chapter 1. Introduction
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STANDARD PRESENTATION GRAPHICS CHARTS

(See also Figure 1-2)
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Figure 1-5.

Surface Chart

Figure 1-6.
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NON—STANDARD CHARTS
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Chapter 2. The Operating Environment

This chapter describes system hardware and software which will support
GDDM and PGF. It also discusses coexistence and compatibility, storage
requirements, performance, and security.

Processing Units
GDDM and PGF will run on any IBM System/370 or 4300 series processing
unit with sufficient storage to meet the combined requirements of:

. The host operating system

[ Access method

° DB/DC or interactive subsysten

. GDDM and PGF

] The user application program

Both GDDM and PGF require the floating point feature.

Operating Systems and Subsystems

The following table summarizes the IBM operating systems, subsystenms,
and access methods which will support GDDM and PGF:

DOS/VSE R36 0S/VS1 R6.7 0S/Vs2 R3.7 M/370
Access Methods
ACF/VTAME CICS/VS V1 R5.0 - - -
ACF/VTAM V1 R2 CICS/VS V1 R5.0 CICS/VsS V1 R5.0 CICS/VS V1 R5.0 —

TSO/VTAM
ACF/TCAM V2 R1¥* — CICS,VS V1 R5.0 CICS/VS V1 R5.0 ~—
V2 R2 TSO/TCAM**

BTAM - CICS/VS V1 R5.0 CICS/VS V1 R5.0 —
BTAM-ES CICS/Vs V1 R5.0 - - -
VM/CHS - - - VM/CMS

*Display support only
**TSO/TCAM requires 0S/VS2 R3.8

The levels of software listed in the table are required to allow GDDM
to transmit the necessary extended data streams to local and remote
terminals and printers.

Chapter 2. The Operating Envirénment 15
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Terminals, Printers. and Controllers

GDDM and PGF will provide graphics and alphanumerics on the following
display terminals and printers:

. IBM 3278 Display — Models 2, 3 and 4 (monochrome)

. IBM 3279 Display — Models 2b and 3b (color)

° IBM 3287 Printer — Models 1 and 2 (monochrome)

— Models 1c and 2c (color)
These devices must be fitted with the Programmed Symbol (PS) feature

and the Extended Character Set Adapter (ECSA). The IBM 3287 Printer
also requires the Graphic Print feature.

The terminals and printers listed above must be attached to an IBM
3274 Controller which has the capability to support PS and color.

GDDM also supports full-screen alphanumeric operation on all models
of the IBM 3270 series of display terminals. However, extended
highlighting, color, and PS usage are not available on all of these
devices.

The GDDM and PGP functions are also available to users of the above

terminals (and the IBM 8775 Display) in conjunction with an IBM 8100
Processing Unit, via the 3270 Data Stream compatibility of DPPX or DPCX.

Programming Languages and Compilers

GDDM and PGP will support application programs using the following
languages and compilers:

. System/370 Assembler Language

o PL/I (DOS and O0S Optimizing Compilers and Libraries)

. CoBOL (DOS/VS, 0S/VS, ANS V2, V3, V4 Compilers and Libraries)
. FORTRAN (G and H Compilers)

CICS/VS cannot accept application programs written in FORTRAN.

Installation

Because GDDM and PGF run as subroutines to application programs and the
utilities are stand-alone applications using the subroutines, no special
system generation is required.

Installation is quite simple. A few data sets must be allocated and
initialized:

] A data set containing PL/I Include members for subroutine
declaration (PL/I only)

o A data set containing subroutine object code. This library is used
during application link—edit.

16 GDDM/PGF General Information
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. A data set containing GDDM and PGF load modules. This library
contains shareable code loaded during application execution.

[ Partitioned data set (TSO), set of sequential files (CMS), or VSAM
key—sequenced data set (CICS), containing supplied symbol sets.

On CICS/VS, members of the load library must be added to the Progran
Processing Table, the PS data sets must be added to the File Control
Table, and the Interactive Utilities (Symbol Editor, Vector Symbol and
Chart) must be given transaction codes.

Coexistence/Compatibility

GDDM contains a function for restoring the previously-displayed picture
to the screen. This allows GDDM to coexist with other full-screen
pProcessors:

CICS/VS BMS
After GDDM has formatted the screen and displayed data, the
picture can be replaced by a BMS—generated display. The
terminal user then enters data using BMS; when the BMS
operations are completed, the original GDDM display can be
recalled or replaced by another.

TSO Line Output
Line-by-line output generated by the application with TSO
clears the screen and output appears from the top down. The
GDDM picture can be restored or replaced by a new one.

CMS Line Output
Line-by~line output on CMS clears the screen and output appears
from the top down. The previous GDDM display may be restored
by operator intervention or by an application call statement.

PRPQ P0O9013
GDDM and PGF may be used in conjunction with most of the
Application Support routines from the IBM 3277 Graphics
Attachment Support program (Program Number 5799-AXX PRPQ
PO9013) . In particular, the subroutines for analytic geometry,
three—dimensional transformations, polygonal clipping, and
curve fitting may be used. All functions are usable except
those specifically concerned with the Dual Screen Manager and
the PRPQ device support. The migration of applications written
for the PRPQ to GDDM may require structural changes to the
application code.

Storage Requirements

] The main storage requirements for GDDM and PGF depend strongly on the
| complexity of the data being displayed, and the functions being used.
] The code is reentrant, so a single copy may be shared by a number of
| concurrent applications.

) The following estimates of main virtual storage requirements, in

| bytes, are provided for general guidance. Note that modules are loaded
| only when required for execution.

Chapter 2. The Operating Environment 17
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Systemn/370 + per + per + per

object code environment(11) application terminal (9)
GDDM 203K (1) 20K (8) 4K 10-4 3K
PGF 116K (2) - 4K 8K (2)
Symbol Editor 79K (2,4) - - 15-24K
Vector Symbol Editor 79K (2,5) - - 129K
Chart Utility 80K (2,3,6) - - 72K
Print Utility 47K (7) 20K (8) - 84K (10)

Notes: (1) Base services 110K. Alphanumerics 19K. Graphics 74K.

(2) Plus GDDM.

(3) Plus PGF.

(4) Plus 38K (shareable) for help panel, if required.

(5) Plus 114K (shareable) for help panel, if required.
(6) Plus 122K (shareable) for help panel, if required.
(7) Plus 160K (shareable) of GDDM services.~

(8) 26K for TSO.

(9) Depending on the complexity of the process being performed.

Minimum and typical values have been quoted.

(10) On TS0, this is per printer.
(11) CICS/VS, VM/CMS, or TSO.

"Shareable" applies to multiple users of the relevant help facility.
AUXILIARY STORAGE

Auxiliary (DASD) storage requirements for GDDM and PGF object code are
904K bytes for a single operating environment (maximum 1029K for all
environments), plus up to 12K bytes per symbol set.

Performance

From the viewpoint of the terminal user, the significant performance
criterion is the time required after data entry to begin and complete a
picture on the screen. This is dependent on many factors, for example:

. Type of host processing unit

[ Type and number of terminals in use

. Line speeds and utilization

° Channel utilization

. System activity and priority allocations

. Graphics picture complexity

° Application program design

Because of these dependencies, specific response times cannot be

stated here. Several charts of different complexity have been selected
as representative benchmarks. The lengths of the corresponding
comnpressed data streams needed to construct them have been estimated,
and are in the range of approximately 3000 to 7000 bytes. GDDM
constructs these data streams so that the picture appears as successive
horizontal sections on the display terminal. Figure 1-6 is an example

of a chart at the upper end of this range, and Figure 1-8 represents the
lower end.
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Security/Auditability

GDDM and PGF do not provide any security features beyond those available
in the subsystem being used.

Tables generated by the products are normally held in pageable main
storage, obtained on behalf of the application by the subsystem. They
will therefore be protected from accidental or deliberate interference
by other users to the extent provided by the subsystenm.

The application program can specify a user routine to receive control
following each call to a GDDM function. The routine receives the
function code of the GDDM function called. Return from the user routine
transfers control to the program statement following the one which
called the GDDM function. This could be used by the application to
provide a trace of GDDM/PGF operations.

Reliability, Availability, Serviceability (RAS)

The RAS characteristics of GDDM/PGF are heavily dependent on those of
the supporting system or subsystem. RAS features provided by the host
environment can be used.

The application programmer will have access to system—provided
application services such as:

L Journaling

. Tracing

. Abnormal condition interception

GDDM contains the following features to augment RAS characteristics:

1. The detection of error conditions in GDDM/PGF or user-written code,
and the recognition of error conditions returned by the system or
subsystem services. In either case, if corrective action is not
possible, an appropriate error message common to all operating
environments is sent to the terminal. The application program can
specify an error exit to a user routine, which receives the error
record.

2. A trace function to permit the application to initiate internal
tracing. The function argument specifies the tracing level to be
used.

The application programmer has responsibility for using these
features as required by the application. For example, the error exit
function can be used for application tracing, and the trace function for
diagnosis of possible GDDM/PGF internal errors.
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Chapter 3. Application Programming

For the application programmer, case of use is an important feature of
both GDDM and PGF. The functions needed to produce alphanumerics and/or
graphics displays are available by simple call statements from
application programs. The three interactive utilities can be used in
stand-alone mode, and the Interactive Chart Utility in PGF can also be
invoked by an application program.

Using GDDM

GDDM is the lowest level of interface to the display screen or printer
which is available to the application by call statements. It operates
the terminal (see Chapter 2) in full-screen mode, so the application has
complete control of the display. Provision is made, however, for the
interruption of this control by line-by-line or full-screen output from
other sources. Following such interruptio