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1 INTRODUCTION

1.1 Purpose

The purpose of this paper is to
describe an approach to developing
on-line technical documentation of
Ada-language systems using hypertext
technology. The use of hypertext
enables the creation of documen-
tation which is easily accessible by
analysts, designers, and program-
mers. Since hypertext supports
multiple access paths or user views,
a single integrated set of documen-
tation can serve a variety of pur-
poses and audiences. It can support
system enhancement and maintenance,
training of technical support staff,
and reuse of system components.

1.2 Contents

This paper describes the experience
of Planning Analysis Corporation
(PAC) in developing hypertext-based
documentation for Ada-language sys-
tems. The paper addresses the fol-
lowing:

o Background discussion on doc-
umentation needs and chal-
lenges, and hypertext and its
applicability.
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o PAC's experience in develop-
ing a hypertext~-based documen-
tation Workbench for an Ada-
language system and other
software systems.

o Future directions in hyper-
text~-based documentation for
Ada-language systems.

2 BACKGROUND

2.1 Documentation Needs and Chal-
lenges

As developers of Ada-language sys-
tems prepare for the 21st century,
they face several related chal-
lenges, all associated with effec-
tive documentation of increasingly
complex systems. Technical documen-
tation is required to support devel-
opment of new systems, maintenance
and enhancement of existing systems,
and reuse of code.

Quality technical documentation is a
vehicle for communication among sys-
tem users, developers, and maintain-
ers. It also aids communication
among people working on separate
projects, and thus can facilitate
reuse of software components. As
software systems become larger, more
complex, and increasingly integrat-
ed, the need for effective docu-
mentation increases. Comprehensive
documentation enables organizations
to obtain maximum value from their
information systems. It extends the
life span of systems, and provides a
basis for more effective maintenance
and enhancement. Just as one would
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not attempt to use or maintain a
complex item of machinery, such as a
car, without effective technical
documentation, so too our complex
information systems require quality
technical documentation.

Maintenance activities typically
consume over half, and as much as
80%, of the software budgets of or-
ganizations. One of the objectives
of Ada has been to reduce total life
cycle costs by reducing the costs
associated with system maintenance
and enhancement. Research has shown
that more time is spent trying to
understand the software than any
other maintenance task. Effective,
easily accessible documentation is
intended to reduce the effort and
cost associated with understanding
the software.

Effective documentation reduces to-
tal life cycle costs by improving
the maintenance and enhancement
processes. Much like up-front anal-
ysis and design, documentation ef-
forts require up-front investments
in order to yield efficiencies later
in the life cycle.

In many organizations, technical
documentation of computer software
is inadequate. Organizations com-
mitted to Ada are no exception in
this area. Experience has demon-
strated numerous obstacles to pro-
ducing high quality technical
documentation, including:

© The additional cost and time
to produce

0 The large volumes of paper
required to document modern
large-scale systems

o The difficulty accessing com-
plex documentation and locat-
ing key specifications

o The difficulty maintaining
documentation as the software
evolves

As a result, many organizations are
no more than minimally committed to
trying to produce and maintain doc-
umentation.

Accurate, accessible, and up-to-date
technical documentation is critical
for Ada-language systems, to support
full life cycle maintenance and
software reuse, a key potential
benefit of Ada.

2.2 Hypertext and Documentation

As described in the next section,
Planning Analysis Corporation (PAC)
has used hypertext technology to in-
crease the effectiveness of documen-
tation. Hypertext-based documenta-
tion can overcome, in whole or in
part, the obstacles to successful
documentation listed above.

Hypertext is a technology that en-
ables us to link textual and graph-
ical material to improve access to
complex information sets. A hyper-
text system of documentation con-
sists of items of information,
called nodes, linked together with
preprogrammed links. The nodes may
consist of any type of information
which can be represented as standard
ASCII files. They can be specifi-
cations for computer programs, dia-
grams used to document software,
data dictionary entries, screen and
report layouts, and computer code
itself. The links are key words,
phrases, or ideas which tie the
nodes together.

Using a single keystroke, a user can
invoke a link and jump from one item
of information to a related item.
The user need not know anything
about the organization of the mate-
rial to access it easily and quick-
ly. No complex search processes are
required. Each user can follow his
or her own access path through the
material.

Hypertext is especially effective at
supporting nonlinear access to in-
formation. Paper documentation, by
contrast, is best suited to sequen-
tial access, although limited inde-
xing or random access is available.
When using a hypertext system, a
user may read seguentially, but also
may follow logical branches or jumps
to related items of interest. The
system keeps track of the branches
taken, thus allowing the user to re-
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trace his or her steps and not get
lost.

Normally, a hypertext document is
based on a hierarchical structure,
with the material organized into
major sections, much like the chap-
ters of a book. Each section may be
further subdivided as required. The
lowest level subdivisions become the
nodes of the hypertext network.
Nodes are linked with other nodes to
form a logical network within the
overall hierarchy. The hierarchy
provides a high level menu structure
for user access, while the links
provide users with the power to
navigate throughout the material,
following their own perspectives and
pursuing their specific information
needs.

The hypertext software used in PAC's
projects operates on standard IBM-
compatible microcomputers under the
DOS operating system. The software
can access any standard ASCII files
and selected types of graphics. The
software provides powerful tools for
creating and organizing large num-
bers of links, thus allowing devel-
opment of large hypertext networks.

Hypertext is well-suited to software
documentation, offering the follow-
ing benefits:

© It enables a user to move rap-
idly among the various items
of documentation, e.qg., from
the data element dictionary to
module or report specifica-
tions, following links based
on a specific data element.

o It enables a maintenance pro-
grammer or analyst to quickly
determine the components of a
system potentially affected by
a planned change.

© It allows linking of the doc-
umentation to the code itself,
thus facilitating integrated
maintenance of both code and
documentation.

3 A CASE STUDY: A HYPERTEXT-BASED
DOCUMENTATION WORKBENCH
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3.1 Overview

Planning Analysis Corporation has
developed a Hypertext-based Documen-
tation Workbench to facilitate the
creation and use of effective tech-
nical documentation. The Workbench
has been applied to an Ada-language
management information system as
well as several other computer
software systems. The product can

be easily tailored to an organiza-
tion's technical environment and
specific needs for documentation.

It accommodates virtually any types
of documentation, including automat-
ically produced documentation. It
also conforms to any documentation
and systems development life cycle
and standards.

The Hypertext-based Workbench ad-
dresses several of the challenges
associated with producing and using
technical documentation listed
above. By integrating the documen-
tation and the computer code into a
single on-line system, it eases ac-
cess to the documentation. By pro-
viding all technical documentation
in automated form, it eliminates the
need for bulky, voluminous paper
documentation. Through use of hy-
pertext technology, the Workbench
allows a user to follow links among
specifications of all system compo-
nents, along with the Ada source
code. The Workbench accommodates
Ada constructs, providing special
documentation of software components
in packages, and specifying the com-
pilation order.

PAC's initial experience with hyper-
text documentation involved docu-
menting a system for the U.S. Marine
Corps. The project involved the
Unit Diary System, a new system de~
veloped in Ada for IBM-compatible
microcomputers, Zenith 2248s under
DOS. The Ada system was developed
largely by converting an older sys-
tem written for IBM Series 1 comput-
ers. PAC was engaged to reverse en-
gineer the system to produce effec-
tive technical documentation to sup-
port long-term maintenance. The
system contains over 650 Ada modules
and 40,000 lines of Ada source code.
The bulk of the material in this pa-
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per refers to the creation of hyper-
text documentation for this system.

3.2 Organization and Contents of
the Hypertext Documentation

Figure 1 is a schematic representa-
tion of the organization and con-
tents of the Documentation Workbench
from the perspective of the user in-
terface. As indicated, the Work-
bench integrates complete technical
documentation in a single hypertext-
based network. In addition, the
system documentation is linked di-
rectly to the source code. Thus, a
designer or programmer can peruse
the specifications and then browse
through the source code itself. By
linking the Workbench with a stand-
ard PC-based text editor, the facil-
ity can provide a complete configu-
ration management (CM) system that
supports maintenance of software and
documentation in a single system.

The user interfaces with the system
through a hypertext browser, called
PC-Hypertext. The browser is part
of the complete set of software used
to develop the hypertext network.
Other elements of the hypertext
software include a high level hyper-
text outliner, called Houdini, which
is used to create and keep track of

the links; and a series of utilities
that link the material together and
perform various other functions.

The software, produced by MaxThink,
Inc., is relatively inexpensive and
is needed only by the developer of
the documentation. The user needs
access only to the browser which can
be distributed freely.

Figure 2 is a view of the high level
menu structure of the documentation
workbench. Each of the eight choices
shown on the right side of the menu
represent the highest level topics
or chapters of the documentation.
Following from this high level toplc
menu, a user may explore system in-
structions, module descriptions,
record definitions, screen defini-
tions, disk file specifications, the
data dictionary, packages, and the
compilation order. 1In addition, the
Find command shown at the bottom of
the menu screen provides a compre-
hensive alphabetic index to all
files or nodes in the systen.

The high level menu shown in Figure
2 is intended to look like a book,
with the title page on the left and
the table of contents on the right.
This high level topic menu may be
further divided into additional high
level menus. Figure 3 shows a menu

PC-HYPERTEXT
(Browser)

1
MENUS REFERENCE !
FILE(index) TEXT

T ] ] EDITOR

1 1 x

| | I | | i Ada 3

Compi- Package File Screen Record Data Module SOURCE Any ASCII

lation List Defns Defns Defns Dict Specs CODE File in

Order ionary the
L——————J L—————J Network

Figure 1.

USER INTERFACE TO Ada DOCUMENTATION WORKBENCH
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Documentation Workbench ~ developed by PAC, 1988

Documentation Workbench

supporting the
USMC UNIT DIARY SYSTEM

Hypertext System Documentation
to allow rapid access for
reference or updating online
documentation.

Developed by Planning Analysis
Corporation, 1988

1 Instructions for Use

Press Enter to learn how to
use this system. Or use the up
and down cursor arrows to
select a topic below. <HOWTO>
Module Descriptions

Record Definitions <FILE003>
Screen Definitions <FILE0O04>
Harddisk Files <FILE00S>
Data Dictionary

Package List <PACLIST>
Compilation Order <COMPORD>

OIS WN

MAIN: Current Goto Help Marked
Option Quit Find Version
Press Enter to select cursor topic
Figure 2.

High Level Menu Structure

at the next level. As shown, the
higher level topic is presented on
the left, with the breakdown into
subtopics shown on the right. This
gives readers a perspective on where
they are in the hierarchy. Continu-
ing to choose options on the menus,

simply using the arrow keys, quickly
provides access to specific files or
nodes of the hypertext network. Each
module specification, screen defini-
tion, record definition, etc., is a
node.

Module Descriptions

1 Overview of Module Format
<file001>

2 Access to list of Main Modules
T704... and T540...
<file002>

3 Main System Module T7040P00
<FIB206>

Figure 3.

Next Level Menu Structure
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For the Marine Corps Unit Diary Sys-
tem, the technical documentation is
structured around detailed module
specifications. The system includes
over 650 distinct modules of Ada
code. A critical task in creating
and assembling the module specifica-
tions involved organizing the module
specifications in an orderly fash-
ion. PAC used several automated
tools, including an Ada code parser,
to devise and maintain a logical
"call tree", which tracks the struc-
ture of which modules invoke other
modules. The module specifications
are organized in the hypertext net-
work following the logical call
structure of the system. Thus, the
system shows an analyst or program-
mer the modules that call or are
called by each other module. Given
the high level of modularity and re-
use of Ada modules within the sys-
tem, the ability to discern the call
structure is critical to effective
maintenance.

The Workbench provides several di-
verse access paths to the technical
specifications, including:

o Direct access through the menu
to all items except the source
code

© Access to the source code
through the module specifica-
tions

© Access to screen specifica-
tions from module specifica-
tions

0 Access to record definitions
and module specifications
through the data dictionary

© Access to all files through an
alphabetic index

o Access to lower level modules
through the call tree struc-
ture of module specifications

3.3 Design Considerations for
Hypertext Documentation

In creating hypertext documentation
for Ada-~-language or other systems,
several factors must be considered.

First, the audience and purpose for
the documentation must be analyzed.
For the Marine Corps system dis-
cussed above, the primary audience
was maintenance programmers who
would enhance and maintain the pro-
grams. Accordingly, the hypertext
documentation was structured around
the module specifications. 1In
another project we are beginning for
the Environmental Protection Agency,
the audience is systems analysts who
will tailor the system to specific
users through manipulation of data
base parameters. In this applica-
tion, the hypertext documentation
will focus on the data base as the
highest level organizing element.

Second, the level of detail for the

documentation must be determined.
To some extent, the appropriate

level of detail is a function of the
purpose of the documentation. To
support program maintenance, de-
tailed program specifications are
normally required. To support anal-
ysis only, the documentation need
not be so detailed. The required
level of detail is also affected by
other considerations, such as the
extent to which the programs are
self-documented through comments,
logical structure, and naming con-
ventions. The module specifications
need not be so detailed if the
source code communicates well.

Third, the documentation must be de-
signed to support ongoing mainte-
nance. As discussed in Section 4,
an important consideration for the
future is how to enable easy and
cost-effective maintenance of tech-
nical documentation as software
systems evolve. Some features of
the Documentation Workbench aid in
documentation maintenance. For ex-
ample, the system can be linked on-
line to an editor, so that with a
single command, a user can invoke an
editor and modify any elements in
the system. Of course, this raises
important issues about configuration
control. The hypertext network also
helps identify components of docu-
mentation which must be changed to
reflect software changes.

Fourth, the documentation team must
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determine the extent to which auto-
mated tools will be used and/or de-
veloped to support the documentation
process. For the USMC Unit Diary
System, PAC developed several auto-
mated tools to examine the Ada code
and develop the structure of the
call tree and also to generate
shells of module specifications. We
also used several utilities to keep
track of files and data linkages.
These tools supplemented the power-
ful hypertext tools used for the
overall Workbench system. For other

documentation projects, we have re-
lied on automated documentation

tools which were used by the soft-
ware developers. Automated documen-
tation was extracted and restruc-
tured to fit into the hypertext
structure.

Fifth, the extent to which the soft-
ware developers are to be involved
in the documentation process must be
determined. There is great value in
involving the designers and program-
mers in the documentation process.
They become committed to creating
and using effective documentation.
In addition, they know the system
best, and can most efficiently de-
velop documentation. However, it is
a challenge to divert their time
from the development effort to sup-
port documentation.

We have been able to form teams con-
sisting of documentation analysts
working with system developers.
Through the use of hypertext, we
have been able to provide easy mech-
anisms for developers to participate
in reviewing and testing documenta-
tion as they continue the develop-
ment effort. By constructing hyper-
text shells for documentation, we
provide easy structures for program-
mers to create simple documentation
which can then be edited by the doc-
umentation team. The designers and
programmers do not have to worry
about document structure or detailed
editing; they simply develop techni-
cal notes which are then refined and
linked into the entire system.

Sixth, the documentation must be de-
signed to conform to applicable
standards, e.g., under DoD-
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STD-2167A. 1In general, the Work-
bench can accommodate any standards,
since any textual documentation can
be represented in a file format
accessible by the hypertext software
used.

3.4 Applicability to Ada

Although PAC's Documentation Work-
bench is applicable to software
written in any language, it is par-
ticularly useful for Ada, because of
two inherent characteristics of Ada
software engineering. The first is
that Ada strongly encourages modu-
larity. Typical Ada systems are
created using numerous small modules
packaged in a coherent structure.
The 40,000 line system we documented
using the Workbench contained over
650 modules. The hypertext-based
documentation process allows us to
effectively link together large num-
bers of small modules, typically or-
ganized around a logical call tree.

The second characteristic of Ada
systems is the emphasis on reuse.
The hypertext~based documentation
facilitates identification of mod-
ules which are candidates for reuse.
Such documentation tools will become
an increasingly important element of
reuse libraries. In addition, the
hypertext documentation can easily
be distributed in automated form,
thus providing a vehicle for auto-
mated, easy-to-use catalogs of re-
usable software.

Although the Workbench can be used
for existing or new systems, it is
most effectively implemented in con-
junction with the development of a
new system. Procedures are then es-
tablished so that documentation is
created as the software is designed
and developed. The documentation is
automatically loaded into the Work-
bench as the software development
proceeds. In fact, the Workbench is
designed to draw as much as possible
on any documentation automatically
generated by today's software sys-
tems. For example, we have used the
Workbench to capture automatically
generated documentation produced by
Documentor and IBM's CSP software
products. In the future, the Work-
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bench will be integrated with other
facilities for automatic generation
of documentation.

Through the use of hypertext tech-
nology, the Workbench provides easy
access to technical documentation.
Tailored access paths are provided
for systems analysts, designers, and
coders. Additional access paths are
provided for helping identify mod-
ules for reuse.

4 FUTURE CONSIDERATIONS AND CHAL-
LENGES

Perhaps the greatest challenge as-
sociated with high quality technical
documentation involves maintenance
and control of the documentation as
the system evolves. Our Documenta-
tion Workbench aids in documentation
maintenance to some extent, but more
work is required in this area.
Closely related is the integration
of documentation and the Workbench
into an effective configuration con-
trol process. PAC is exploring
mechanisms for incorporating config-
uration control procedures and sys-
tems to track software and documen-
tation changes. Mechanisms for
version control are also important.

A second important consideration for
the future is reducing the extensive
manual effort associated with creat-
ing effective documentation. Our
initial experiences in producing
technical documentation were highly
labor-intensive. In subsequent
projects, the documentation effort
has been reduced somewhat by inte-
grating the documentation and devel-
opment processes, relying on auto-
mated tools and documentors, and
enforcing design and programming
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standards. However, it remains a
labor-intensive process, and re-
quires an organizational commitment
beyond that of many development or-
ganizations.

Plans to expand and enhance the
Documentation Workbench include:

o Increased integration with

CASE tools and Ada-language
software engineering en-

vironments.

© Application of the Workbench
to software reuse libraries.

o Development of standard proce-
dures for cost-effective inte-
gration of software documenta-
tion and development proc-
esses.

o Development of automated tools
for cost-effective maintenance
of technical documentation as
software is modified.

© Use of the Workbench to cap-
ture metrics on how the docu-
mentation is used to support
specific tasks, such as pro-
gram maintenance.

PAC is currently experimenting with
application of the Workbench to a
COBOL-based system containing ap-
proximately 400,000 lines of code.
This will demonstrate the viability
of this concept for large-scale ap-
plication software systems.

Our expectation is that the documen-
tation tools and procedures we are
now developing and perfecting will
be increasingly valuable for Ada-
language systems of the 21lst cen-

tury.
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