
retrieval performance.

Finally, we wish to consider the best w ay to na vigate the
proposed document hierarchy.  This hierarchy could also be
used to fine-tune responses to user queries.  While we may
not want to prohibit user access to certain levels of detail, it
could prove useful to allow a user to limit the areas browsed
and the scope of query responses to e xclude levels which
are too general or too detailed for their purposes.

Future Work

In the future we plan to use this system to conduct user stud-
ies.  W e hope to determine its usefulness to documenters
and to what de gree this system can impro ve the quality of
information located by users.  We also hope to more fully
integrate the selection of h ypertext terms into the system.
The current method is effective, but could become cumber-
some.  We also plan to investigate the system’s usefulness as
a method to track documents produced during dif ferent
phases of the software life cycle.  This methodology could
be applied to or ganize and improve access to those docu-
ments.  As mentioned earlier , we are also considering an
index to be used with the hardcopy version of the documen-
tation.  A custom filter similar to those pro vided for hyper-
text links and cross-references should be pro vided to
facilitate the comprehensive indexing of chosen terms.

Conclusion

We believe that software documentation can be improved by
providing guidelines for document construction and an
environment to facilitate this process.  We have produced a
prototype system to explore the features which we belie ve
should be included in a documentation system.  Our system
consists of an authoring and viewing environment and pro-
vides both a mechanism to link a collection of documents
using typed hypertext links and the facility to perform key-
word searches on the te xt of the documentation.  Much of
this mechanism has been automated to enhance consistency
and ease the load on the documenter.

We believe that these techniques can improve the usefulness
of software documentation by addressing the needs of a
wide variety of users and by pro viding these users with a
number of ways to uncover the answers to their questions.
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Hardcopy Version of the Documentation

Much of the navigational capability of the on-line version of
the documentation is maintained in the hardcop y version.
Each typed hypertext link has an associated cross-reference
which tells the destination page of the link.  The typing is
visible to the hardcop y user through cross reference type
and color if the user has a color copy of the documents.  The
cross reference type is denoted by the numbering scheme
employed.  Cross references to appendices ha ve the page
number format ‘A#’.  Figure references ha ve the format
‘F#’.  This numbering convention  is useful for differentiat-
ing link types if the user has a black and white cop y of the
hardcopy version, a monochrome monitor or if the user is
color-blind.

Obviously, the search engine cannot be used in the hardcopy
version - we are considering adding an inde x to co ver as
much of this functionality as possible.  In our discussion of
previous work, we mentioned the problems with predefined
keyword searching found in some other systems.  This index
approach would have man y of the same problems:  the
author would have to attempt to anticipate the needs of the
users and desired terms may not be included in the inde x.
This scheme would not be suf ficient for all purposes, b ut
would be useful if a user were forced to work only with the
hardcopy version of the documentation.

Current Issues

There are a number of problems that remain to be solv ed.
We need to consider the best w ay to inte grate and search
source code and other formalisms.  We would like to be able
to perform more specific searches and searches which are
directly applicable to source code, such as locating the point
where a variable was declared.  There are also CASE tools
which can provide data about the source code.   The infor-
mation produced by these tools should also be considered
for inclusion.

We also plan to investigate the best way in which to return
query responses.  Instead of simply returning pointers to
documents containing query terms, we are considering
using the sentences or paragraphs which contain the search
term(s) to produce a composite answer document.  Ideally ,
this document itself would answer the user’s question.  If
not, links w ould be pro vided back to the complete docu-
ments from which the fragments were extracted.   The infor-
mation included in the fragments should allo w the user to
determine which returned documents w ould prove most
useful, saving the user from the necessity of e xploring all
returned documents.  It is still unkno wn which of these
choices would prove most useful to the users.

We have the benefit of kno wing that we are dealing with
software documentation and have the option of specifying
document organization and structure.  We must determine if
these f actors can be e xploited to impro ve information

 Fig. 5  Search interface as seen by the user.



at the same time, allo wing the user to look up a definition
and view a referenced figure while examining the document
of interest.  In this w ay, the user can ha ve a set of rele vant
documents arranged on the screen to explore a subject area
in detail.

In addition to the set of documents, users also ha ve at their
disposal an integrated WAIS search engine through which
they can enter boolean k eyword searches.  The search
engine w as incorporated into the system using the
FrameMaker Developer’s Toolkit.  This pro vides an intui-
tive and stable interface to the search engine.  See Fig. 5 for
an example search session.  If desired 1, the WAIS search
engine could be replaced without changing the user inter-
face.

The user begins a query by choosing the ‘Search’ pull-down
window.  The user can be gin a new search or continue the
previous one.  The search terms are entered into a pop-up
window and then the search is performed.  The response
currently consists of a list of hypertext links which point to
the documents and paragraphs in which the search terms are
located.  This list is returned in a generated FrameMak er

1. WAIS has been used to e xplore the usefulness of a
search engine in general.  However, WAIS is not appro-
priate for all applications, specifically those involving
non-networked computers.  A number of search engines
with a v ariety of features are a vailable.  One of those
could be substituted for WAIS without drastically chang-
ing the way in which queries are posed.

document which is opened automatically for the user.

The Search Engine

We are using a variant of WAIS that allows simple boolean
keyword searching in which the boolean operators “and”,
“not” and “or” are applied to the terms delimited by the
operators.  The search engine returns documents in a ranked
list with scoring based upon the number of times a term
occurs in a document, the location of the w ords, the fre-
quency of those w ords in the collection of documents and
the size of the document.  To improve search granularity, we
treat each paragraph as a document.

The Source Code

The system and library source code has been partially inte-
grated into our document system.  Users can access the
source code from links to the directory-structured hypertext
indices.  Descriptive documents are pro vided for some
classes and functions; header and source files are a vailable
for all.  When users select a filename, the y are presented
with a scroll-box which offers the choice of source, header
or descriptive files.  When users choose to view a header or
source file, it is imported into a new FrameMaker document
and automatically displayed.  Thus the users view the same
source code that the compiler is in voked upon.  While this
causes a slight increase in loading time, it helps to assure
that users are viewing a current version of the source code
rather than an out-of-date copy.

 Fig. 4  Example browsing session.



destination points of these links.  The system currently has
types defined to denote links to glossary entries, appendices,
other sections, source code and figures.  The filters pro vide
convenient access to and utilize the standard FrameMak er
hypertext and cross-reference utilities.  They use the typing
information specified in the document templates pro vided
with the documentation system.  For each specified term in
any document, the filters will convert that term to the appro-
priate hypertext link or cross-reference.  The filters use the
information provided by the documenter in the filter config-
uration files to construct the specified links.  Aside from the
convenience of creating multiple instances of a link at one
time, this process also assures that the links are consistent
and exhaustive.

If new hypertext or cross-reference terms are desired, ne w
filters can be generated for the documenter and run on the
modified document collection to add the new links.  If other
changes are desired - if the documenter wishes to remo ve
links, or change the destination of a set of links - the filter
configuration files should simply be updated and the filters
regenerated.  The modified filters are then run on the origi-
nal set of documents.

The standard editing environment provides the f acility to
insert hypertext links and cross references; the author is free
to use this for instances where multiple links are not desired.
The filters produce document transformations of the form
shown in Fig. 2.  In the se gment that has been modified,
underlined terms designate hypertext links with the typeface
denoting link type.  In instances where color is a vailable,
link types are denoted using different colors instead of type-
face.  The page numbers are cross references inserted to
facilitate the use of the documents in hard copy form.

We are currently using the documents describing the MSS
software to test our system.  These documents are di vided

into chapters which discuss major system components,
appendices which discuss subtopics, collections of figures
and tables, sets of documents describing code libraries and
classes, and a glossary.  The current implementation pro-
vides a set of hypertext link types to indicate links to each of
these document types.

In the example shown in Fig. 2, italics represent links to the
glossary page.  No page numbers are necessary for this type
of link.  Block letters and the cross-reference format ‘page
F#’ denote links to figures.  Helvetica font and the cross-ref-
erence format ‘page A#’ denote links to appendices.  The
appendices contain supporting information which is impor-
tant but not inte gral to understanding the system at lar ge.
Finally, boldface type and the cross-reference format ‘page
#’ denote links to other main topic areas.

SLEUTH as Seen by Users

SLEUTH as seen by users (see Fig. 3) consists of the modi-
fied set of documents, the directory-structured source code
index and the search engine, all inte grated using a
FrameMaker viewing environment which has been aug-
mented to include an interface to the search engine.  Users
can navigate the documentation using tables of contents and
the typed hypertext links, or they can use the search engine
to investigate phrases of interest.  Users can also use the
source code index to navigate the source code.

The Viewing Interface

The on-line interface presented to users is the standard
FrameMaker viewing environment that has been enhanced
using the FrameMaker Developer’s Toolkit [5, 6].  This ver-
sion can be navigated using the typed hypertext links in the
traditional point and click f ashion.  An e xample viewing
session is shown in Fig. 4.  Multiple windows can be viewed
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Links to
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 Fig. 3  SLEUTH as seen by users.



In addition to the basis provided by FrameMaker, the major
components of the SLEUTH system are:
• a search engine which allows full text searching on the

documents in the collection.  The search engine allows
a user to locate information on a specific topic if it is
included in the set of documents.

• the interface to that search engine.
• configurable hypertext and cross-reference filter gener-

ators,
• and the facility to produce a directory-structured index

for the system and library source code.

The SLEUTH system can be viewed from two angles, from
the perspective of the documenter and from that of the docu-
mentation user.

SLEUTH as Seen by the Documenter

SLEUTH as seen by the documenter (see Fig. 1) consists of
the FrameMaker editing en vironment, configurable filter
generators, a search engine and the f acility to produce a
directory-structured index for the source code.  When the
initial set of documents has been completed and the config-
uration files have been updated, the custom h ypertext and
cross-reference filters are generated for the user.  The initial
set of documents is then passed through these filters to pro-
duce the modified set of documents.  The te xt contained in
the initial set of documents is also inde xed for use by the
search engine.  The inde xing process does not modify the
documents.  Finally, a directory-structured index is pro-
duced for the source code.  This inde x provides links into
the source code, but the indexing process does not modify
the source code.  The modified set of documents, directory

index and source code will be visible to the users.

The Authoring Interface

The interface presented to the documenter is the standard
FrameMaker WYSIWYG editing environment.  The docu-
menter uses FrameMaker to compose the initial set of docu-
ments and any associated figures and tables.  The SLEUTH
system provides a document template which defines para-
graph types, the formats to differentiate the typed hypertext
links and other document formatting information.

The Search Engine

The SLEUTH system currently utilizes a WAIS (Wide Area
Information Server) [10] search engine.  WAIS is intended
for distributed information retrieval and based on a client-
server model of computation.

The indexer is the only portion of the search engine which
concerns the author.  The indexer creates a table of the doc-
ument and paragraph locations of terms in the documenta-
tion text.  T erms such as “a”, “an”, “the”, etc.  are not
indexed.  The documentation should be re-inde xed when-
ever changes are released to the users.

The Filters

While composing these documents, the author uses a te xt
editor to configure the filter generators for the hypertext and
cross reference filters.  The author pro vides a list of terms
that will become hypertext links and a list that will become
cross-references.  The author must also record the types and

System Organization

The software system of the MSS currently consists of four separate programs as shown in Fig. 1. The pro-
grams communicate via a network using a socket-based communications package written for this system.
The central program in the MSS software system is the control program. It is responsible for control of the
application devices, management of the information that is sent to the displays and calculation of critical
values for control of devices and location of the seed. The balance of this section will look at the interac-
tions between the control program and each of the display programs and will also describe some of the
design decisions related to information hiding and division of responsibility.

System Organization

The software system of the MSS currently consists of four separate programs as sho wn in Fig. 1
. The programs communicate via a network using a socket (page A1)-based communications pack-

age  written for this system.
The central program in the MSS software system is the control program (page 7). It is responsible for
control of the application devices, management of the information that is sent to the displays and calcula-
tion of critical values for control of devices and location of the seed. The balance of this section will look
at the interactions between the control program (page 7) and each of the display programs and will also
describe some of the design decisions related to information hiding and division of responsibility.

 Fig. 2  Document fragment before and after modification by hypertext and cross-reference filters



Basic Features

We propose that an ef fective documentation system should
contain a number of basic features:
1. The system should provide both an effective authoring

environment to facilitate the construction of the docu-
ment collection and an integrated viewing environment.
The viewing environment should be integrated so that
the author can be assured that structure and format
choices will be consistently conveyed to the user.

2. Given that these documents are useless if the y cannot
be effectively accessed, the system should pro vide the
user with ef fective tools for e xtracting information
from the document collection.

3. The documents should be structured and or ganized to
enhance the performance of the information retrie val
component of the system.  T ypically, information
retrieval systems must be prepared to deal with a v ari-
ety of document types.  We have the option to specify
document structure and or ganization to impro ve
retrieval performance.  The authoring en vironment
should facilitate document organization.

4. The system should pro vide typed h ypertext links to
enhance access to the information contained in the doc-
uments.  These links will pro vide visual cues for the
type of information provided in addition to being used
for navigation.  As much as possible, the links should
be generated synthetically so that all instances of a link
are present, accurate and easily updatable.

5. Documents should be written and organized in a hierar-
chical fashion.  Documents on progressively lower lev-
els should elaborate on information presented in the
next highest le vel.  The range of information could
extend from general system overview to source code.

6. Different users will likely find different levels of detail

most useful.  Therefore, a facility should be provided to
navigate this hierarchy in both a vertical and horizontal
fashion.  Navigating up and down the hierarchy would
provide more or less detailed information on a topic as
desired by the user.  Navigating left to right would pro-
vide more information about other topic areas at the
current level of detail.

7. Both on-line and hardcopy versions of material should
be available.  The hardcopy version should be a first-
class component of the system and maintain as much of
the functionality of the on-line version as possible.

We have endeavored to incorporate these features and to
build documents and a document access system that provide
truly useful information to the user.

The SLEUTH System

SLEUTH utilizes FrameMaker as the basis for both the
authoring and viewing environments.  FrameMaker pro-
vides a WYSIWYG editing environment and supports both
hypertext and cross referencing.  It also provides basic navi-
gational features and provides a toolkit for customization.
Because it was designed to be a document preparation sys-
tem, FrameMaker provides an ef fective starting point for
our prototype.  Man y of the basic features necessary for
document creation and editing are provided, allowing effort
to be concentrated on more specialized features.
FrameMaker can be used to produce effective hardcopy ver-
sions of the documents because it is a document preparation
system.  Using FrameMaker to support authoring, viewing
and printing eliminates any potential inconsistencies that
might have occurred if we had chosen to utilize dif ferent
representations for these three purposes.
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 Fig. 1  SLEUTH as seen by the documenter.



tions of the new component with the existing ones.
• A project manager preparing a status report.  This user

needs general information on the areas of the project
covered by the status report.

• A regulator who must determine if a requirement has
been implemented.  The re gulator may need informa-
tion at varying degrees of detail to complete this task.

An ef fective documentation system should address the
needs of all of these users.  Standards and document pub-
lishing systems alone are not an adequate solution to the
problem.  Documents produced using current documenta-
tion practices may not contain the information needed by
users or the information may exist but be difficult to access.
Both an effective supporting environment and guidelines for
document construction are needed.

Existing Approaches

Document Publishing Systems

There are a number of commercial document publishing
systems on the market which facilitate writing, viewing, and
editing large documents and sets of documents.  Some
examples include FrameMaker, Interleaf, etc.  These sys-
tems allow documents to be collected into sets and automate
the creation of indices and tables of contents.  Most provide
a WYSIWYG editing en vironment and tools for creating
diagrams and mathematical formulae.  They provide useful
tools but do not offer guidance on what should be written.

Other approaches to managing softw are documentation
have been considered.

DIF

The Document Integration Facility is an en vironment to
develop, maintain and browse the documentation associated
with a lar ge-scale software system.  It w as introduced by
Garg and Scacchi in [7].  The documents produced in DIF
are the documents associated with each phase in the soft-
ware life cycle.  Each segment of a document is vie wed as
an object and h ypertext links between documents are rela-
tionships between objects.  These relationships are stored in
a relational database.  Searching is allo wed only on pre-
defined keywords.

SODOS

SODOS is the Softw are Documentation Support Environ-
ment proposed by Horo witz and W illiamson [8,9].  This
environment integrates the ideas of an object-based model-
ing of the software life cycle with a database management
system.  The information gathered at each stage of the soft-
ware life cycle is put into structured documents.  The data-
base consists of all documents associated with a project.
SODOS provides a document interface which allows users
to modify and query documents.  Possible query terms are
defined by the author.

HyperCASE

HyperCASE was proposed by Cybulski and Reed in [2].  It

integrates the two concepts of h ypertext and CASE tools.
HyperCASE uses hypertext to link related information in
documents associated with the software life cycle.  Hyper-
CASE provides an application for creating, editing and pre-
senting documents, a repository and a data dictionary .
HyperCASE provides a number of browsing capabilities.
Both DIF and SODOS integrate database management sys-
tems with the softw are documentation associated with the
software life cycle.  Queries are allowed on predefined key-
words.  This can be moderately helpful to the user; however,
it places an additional b urden on the documenter.  When
predefining keywords, the documenter is forced to antici-
pate the needs of the end user.  If the documentation is used
in a w ay that the documenter did not anticipate, desired
terms might not be a vailable for searching.  This is similar
to the problem often encountered with book indices.  An
individual may be certain that a key piece of information is
included in the book, ha ving read it once before, b ut be
unable to locate the topic again because it was not included
in the index.

Approach

Our main goal has been to apply information retrieval tech-
niques to softw are documentation in order to pro vide a
mechanism that allows a variety of users to find the answers
to questions about software documentation quickly and con-
sistently.  Specifically, given a collection of software docu-
ments, a user should be able to find the answer to a specific
question or a broad array of information on a general topic
with equal ease.

In our treatment of this problem, we ha ve considered three
fundamental points:
1. The organization of on-line software documents.
2. The presentation of these documents when browsing.
3. Searching the document collection.

We ha ve chosen to attack this problem by focusing on
authoring, document structure and retrieval.  W e w ant to
author and or ganize the documentation with retrie val in
mind, understanding that documentation should be written
so that it will be most useful for users.  At the same time,
documents should be kept current and the cost to the docu-
menter of maintaining the documents should be as lo w as
possible.

Different User Needs

We realize that different users of this system will ha ve dif-
ferent needs.  While a newcomer to the project would bene-
fit from a general system overview, this is unnecessary for a
longtime team member interested in a specific implementa-
tion detail.  We hope to be able to effectively serve the needs
of both of these users as well as those of managers, inspec-
tors and other users whose needs cannot be anticipated.  An
effective system will provide both overviews of topic areas
and answers to specific questions for these users.
We first studied current methods and the state of the art, list-
ing features and shortcomings of existing systems.  We then
developed several prototype systems to determine the use-
fulness and feasibility of a subset of the features being con-
sidered.
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Abstract. Current softw are documentation is dif ficult to
write and seldom meets the varying needs of its users.   We
propose that by considering dif ferent users and applying
information retrieval techniques to the information included
in software documentation, we can provide effective access
to that information.  We submit a set of features for inclu-
sion in documentation database systems and describe a pro-
totype designed to determine the usefulness of these
features.

Introduction

As software engineering projects grow in size, softw are
documentation becomes increasingly important.  It is essen-
tial that knowledge about the project be recorded frequently
and consistently.  However, while software engineers spend
great time and ef fort preparing software documents, they
often work without concrete guidelines.  The y have little
assurance that the usefulness of these documents to them-
selves, other software engineers, or other readers is com-
mensurate with the time spent.  The result is inadequate or
inappropriate documentation, frustrated software engineers,
and complaints from users.

It is not enough to simply write software documentation.  It
must be maintained re gularly and be accessible to users.
Current documentation is often hard to use and internal doc-
umentation can be inconsistent between project re visions.
This limits the usefulness of softw are systems in general.
System documentation is often seen as such a daunting task
that it is not done at all.  There are man y software systems
for which the only a vailable documentation is the source
code.

We propose that softw are documentation is a source of
information and should be treated as such.  Our k ey area of
concentration has been the application of information
retrieval techniques to provide effective access to the infor-
mation included in software documents.    Another key con-

sideration has been meeting the different needs of different
documentation users.  Different users will naturally find dif-
ferent subsets of the information most useful, depending on
the purpose for which they use the documentation.
We have considered both the documentation authors and the
end users in producing a prototype system to f acilitate the
construction of more ef fective softw are documentation.
Although our application area is safety-critical systems,
these techniques are more widely applicable.

We believe that these techniques can improve the usefulness
of software documentation by providing users with a num-
ber of ways to uncover the answers to their questions.  W e
have produced a system which consists of both an authoring
and a viewing environment.  In the SLEUTH (Software Lit-
eracy Enhancing Usefulness To Humans) system, we pro-
vide a mechanism to link a collection of documents using
typed hypertext links.  We also provide the facility to per-
form keyword searches on the te xt of the documentation.
We have endeavored to b uild documents and a document
access system that pro vide relevant information.  In our
experiments, we are focusing our attention on tw o large
safety-critical systems:  the Magnetic Stereotaxis System
and the University of Virginia Nuclear Reactor.

Problem

In general, software documentation is not designed to pro-
vide high-quality responses to questions from a v ariety of
areas.  While there are numerous standards which prescribe
documents to be produced and their formats, they often pro-
vide no justification for the inclusion of particular docu-
ments.  Such standards include DOD-STD-2167 [15], DO-
I78A [13], OO-55 [1]and others.  There are also systems
which automatically generate documents given a collection
of source code.  While there are some useful features in both
of these approaches, the documents produced often contain
little useful information.

Typical documentation is static and therefore does not
address the different needs of various documentation users.
Typical users might include:
• A maintenance programmer charged with installing a

patch.  This user needs detailed information on a spe-
cific system area, along with interactions with other
components.

• A software engineer who must design a ne w system
component.  The software engineer will need detailed
information on all components to determine the interac-
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