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ABSTRACT

Experience on the development, implementation,
and deployment of reuse library technology is report-
ed in this paper. The focus is on organizing software
collections for reuse using faceted classification.
Briefly described are the successful GTE Data Servic-
es’ Asset Management Program and the steps taken
at Contel for furthering reuse technology. The tech-
nology developed for reuse libraries is presented
first, followed by a description of how it was trans-
ferred. The conclusions of the experience are: reuse
library technology is available, it is transferable, and
it definitely has a positive financial impact on the or-
ganization implementing it.

1. THE TECHNOLOGY

The central component of the technology reported in
this paper is a software reuse library organized
around a faceted classification scheme. The system
supports search and retrieval of reusable compo-
nents, and librarian functions such as cataloging
and classification. To be effective, the system must
operate within the context of an organizational infra-
structure aimed at promoting reusability.

1.1 Library Concepts

A fundamental problem in software reuse is organiz-
ing collections of reusable components for effective
search and retrieval. The concept of faceted classifi-
cation introduced in [2, 3] presents a partial solution
to this problem. Faceted classification offers certain
features that not only improve search and retrieval,
but also supports the potential reuser’s selection pro-
cess and contributes to the development of a standard
vocabulary for software attributes.

In faceted classification the librarian creates a class
to match the attributes of the item. It is called

0270-5257/90/0000/0300/$01.00 © 1990 IEEE

300

"synthetic" because component descriptors are as-
sembled by selecting predefined keywords from facet-
ed lists and it provides higher accuracy and flexibili-
ty in classification. In contrast, typical classification
schemes such as Library of Congress and Dewey Dec-
imal are enumerative. In an enumerative scheme
all possible classes are predefined. The librarian se-
lects the class that best fit the attributes of the new
item by traversing the classification hierarchy.

In the Dewey Decimal system [8], for example, the ti-
tle Structured Systems Programming could be classi-
fied in any of the following classes: systems analysis
(001.61), software (001.642 5), systems (003), systems
analysis (from the technology branch, 620.72) or sys-
tems construction (620.73). To compensate for such
ambiguity cross references are established, but cross
referencing is a cumbersome and error-prone pro-
cess. The faceted approach, in contrast, synthesizes
a new class, tailored to the particular title or compo-
nent. In a faceted scheme developed for Unix compo-
nents, for example, the class

locate/line-number/file/line-editor

was synthesized using terms from four facets and
may only be applicable to one component.

1.2 Why Faceted classification?

Current approaches to information retrieval are of-
ten classified along a scale whose end points are free
text analysis and controlled vocabulary. Free text
analysis, also referred to as uncontrolled vocabulary,
consists in analyzing word frequencies in natural
text [5]. Relevant keywords are derived automatical-
ly by their statistical and positional properties, thus
resulting in what is called automatic "indexing,"
which is the assignment of preferred terms to repre-
sent or define an item. A fundamental assumption
in this approach is the existence of a large "corpus"
of text to justify the statistical analysis. This tech-
nique has proven relatively effective for text intensive
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documents such as books and journal articles. Re-
cent reports, however, question the effectiveness of
these "purely syntactic" approaches [6].

Controlled vocabulary approaches, on the other
hand, rely on a predefined set of keywords used as in-
dexing terms. These keywords are derived and de-
fined by experts and are designed to best describe or
represent concepts relevant to the domain of dis-
course. Software products have certain characteris-
tics that make controlled vocabulary a more attrac-
tive approach over free text analysis: 1) source code is
very low on free text, 2) keyword meanings are usual-
ly assigned by convention or by programmer prefer-
ence, 3) it is not obvious what components do and
how they do it, and 4) human intervention is typical
in extracting meaningful index terms.

In a controlled vocabulary, keyword-represented con-
cepts are organized as a classification scheme. A
classification scheme provides a network of pre-
defined relationships thus introducing some seman-
tic information absent in free text analysis.

A classification scheme for collections of reusable
software components should meet the following crite-
ria: 1) It must accommodate continually expanding
collections, a characteristic of most software organi-
zations, 2) It must support finding components that
are similar, not just exact matches, 3) It must sup-
port finding functionally equivalent components
across domains (both 2 and 3 are requirements for ef-
fective reuse), 4) It must be very precise and have
high descriptive power (both are necessary condi-
tions for classifying and cataloging software), 5) It
must be easy to maintain, that is, add, delete, and up-
date class structure and vocabulary without need to
reclassify, 6) It must be easily usable by both the li-
brarian and end user, and 7) It must be amenable to
automation.

Faceted classification meets most of these demands.
Expansion and maintenance is easily accomplished
by adding and updating the faceted lists. Precision
and descriptive power is a consequence of the synthet-
ic approach to classification. A consistent list of
terms for each facet provides for a standard vocabu-
lary that is common to both the librarian and the us-
er, and its tabular format makes it easy to imple-
ment as a relational data base. Therefore, a simpli-
fied faceted approach was selected for reusable
software, over the classical enumerative schemes. A
conceptual graph structure was superimposed on
each set of facet terms to measure class similarity
and a thesaurus was added to each facet. Thesauri
enhance query formulation and classification, sup-
port concept clarification and simplify maintenance.
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Figure 1 below shows a simplified faceted scheme (4
facets) developed for a sample of Unix components.

DOMAIN -> UNIX tools
{by action}  {by object} {by data structure} {by system}
get file-names buffer line-editor
put identifiers tree text-formater
update line-number  table
append character file
check number archive
detect expression
locate entry
search declaration
evaluate line
compare pattern
make
build
start

Figure 1. A Simplified Faceted Scheme for Unix Components

A prototype library system was developed to demon-
strate all of these concepts. It was part of a research
program at University of California, Irvine [3].

1.3 Search and retrieval support system

The first experimental prototype had three major
functional components: query formulation, retrieval,
and ranking. During query formulation, the reuser
creates descriptors of desired components by select-
ing terms from each facet of the classification
scheme. The thesauri are used for context clarifica-
tion and as a quick and indirect way to define facet
terms. A query consisting of valid terms can be used
for retrieval, and then modified, making it more gen-
eral or more specific by adding or deleting descriptor
terms. A major feature is query expansion. If the giv-
en query returns no hits, the system creates, under
reuser request, new descriptors of similar compo-
nents. The reuser may then select from components
that perform similar functions.

The ranking subsystem is based on reuse related
metrics. It estimates, for each retrieved candidate,
the relative effort it would take to reuse it (i.e., adapt
and integrate) in the new system. Objective and sub-
jective absolute metrics are normalized using fuzzy
set concepts. These absolute metrics are then made
relative to the skill level of the reuser, power of the en-
vironment, and several other factors that influence
the perception of reuse effort. A reuse effort index is
computed and used to rank the list of candidates for
reuse.

The system was tested and evaluated for retrieval,



classification, and reuse-effort estimation [3]. Re-
trieval effectiveness was tested by comparing recall
and precision values of the prototype system to those
of a retrieval system not organized by a classification
scheme. The experiments showed a four-fold im-
provement on precision/recall ratio. The classifica-
tion scheme was tested for ease of use, accuracy, and
consistency. Results were very positive in all three.
The ranking subsystem was compared to human
ranking for a fixed set of candidates with almost
100% correlation. These encouraging results prompt-
ed the development of a second prototype to be de-
ployed in a production environment.

1.4 Librarian support

Several lessons were learned in the first prototype.
One was the need to support cataloging and classifi-
cation of new items and some means of updating the
thesauri tables and the classification scheme. A sec-
ond prototype, developed at GTE Laboratories, in-
cluded these librarian support functions. A much
better interface was also added, as well as several mi-
nor features such as a spelling checker, a system us-
age logging capability, and system usage report gen-
eration. These last two features were considered es-
sential to learn how reusers approach the system,
what information they look for, and ultimately, what
the role of a library system is in the reuse process.
This second prototype was tested and used as a mod-
el for developing a production system for a real soft-
ware development environment [1].

1.5 Organizational support

Reusability will not happen by itself, however, by sim-
ply building a reusable component library. There
must be a strong organizational commitment to reus-
ability and an effective management structure to op-
erate a reusability program with the resources and
authority it needs to provide the overall culture to fos-
ter reuse. Therefore, an organizational infrastruc-
ture is needed for a reuse system to succeed.

The following are the support groups created as part
of GTE Data Services’ "Asset Management Pro-
gram" for developing a reuse culture in the organiza-
tion: 1) first and foremost is a management support
group to provide initiatives, funding, and policies for
reuse, 2) an accessible, densely populated, fully sup-
ported, and easy to use library system, 3) an identifi-
cation and qualification group responsible for the
quality of the repository that identifies potential reus-
ability areas and collects, procures, and certifies new
additions to the repository, 4) a maintenance group
that maintains and updates reusable components, 5)
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a development group that creates new reusable com-
ponents (both 4 and 5 are under the qualification
group), and 6) a reuser support group that assists
and trains reusers and run tests and evaluations of
reusable components {1].

2, TECHNOLOGY TRANSFER

Having the ingredients available, the next step was
to make such technology effective. The first technolo-
gy transfer experience was from GTE Laboratories to
GTE Data Services. A more recent effort is underway
at Contel Corporation. Both experiences demonstrate
the benefits of library supported reuse technology.

21 GTE

In 1986 GTE Data Services launched the Asset Man-
agement Program (AMP) for the purpose of creating,
maintaining, and making available, at the corporate
level, a collection of reusable assets. A reusable asset
is broadly defined as any facility that can be reused
in the process of producing software. Initial empha-
sis was on reusable software components.

An organizational infrastructure, as described in 1.5
above, was created to support the effort. The Software
Reuse Project at GTE Laboratories was given the
task of developing the technology: a library system
for reusable software.

2.1.1 Implementation Strategy

With the prototype from University of California on
hand, a strategy was drafted for an effective technolo-
gy transfer. Rather than delivering the original
proof-of-concept prototype from academia, a joint de-
velopment program was established. A second proto-
type (as described in 1.4 above) was developed in par-
allel but out-of-phase with a production system [4].
This "prototype-slightly-ahead" approach: 1) forced
the technology recipient team to learn and under-
stand the theory, 2) encouraged continuous interac-
tion between both the research and development
teams, and 3) provided enough margin to test and
verify new features and ideas.

The prototype was implemented in an IBM PC envi-
ronment, coded in C, and used ORACLE as the un-
derlying DBMS. In contrast, the production system
was implemented in an IBM mainframe environ-
ment, coded in COBOL, and used DB2 as the DBMS.
Both systems are functionally and architecturally
equivalent. This approach proved very successful
and established an effective mechanism to transfer
new ideas into the production system.



2.1.2 Classification experience

As the system was deployed in the AMP development
environment, a classification bottleneck became evi-
dent. Despite the librarian support provided by the
system, it was difficult and time consuming to classi-
fy new components into the collection. There were
two sources to this problem, the incompleteness of
the initial vocabulary and the lack of technical librar-
ianship know-how.

A system analyst was briefly introduced to faceted
classification and assigned the role of librarian. Un-
fortunately, the classification scheme and vocabu-
lary were developed by the prototyping team thus re-
quiring a long one-to-one librarian training period.
A manual for the librarian was later developed that
included not only classification guidelines for new
components but a detailed explanation for developing
domain specific faceted schemes. The manual was
very successful in freeing, at least partially, mem-
bers of the development team from training duties.

An interesting finding in this experience was that
faceted schemes are more effective for domain specif-
ic collections than for broad, heterogeneous collec-
tions. A faceted scheme for a diversified collection be-
comes too general, losing its descriptive precision.
What became apparent from this experience was the
need for tools to support the creation of domain specif-
ic faceted schemes and learning that several domain
specific libraries are more effective for reuse than a
single universal collection.

2.1.3 Usage experience

GTE Data Services’s AMP has been very successful.
During its first year, with only 38% of the assets in
the library being actively reused, a reuse factor of
14% was achieved. The reuse factor was calculated
by dividing the lines of code reused by the total lines
of code produced by the organization. An estimated
$1.5 million overall savings was realized. Figures for
1988 are not yet available, but are believed to show
close to a 20% reuse factor. A 50% reuse factor is pre-
dicted by the end of the fifth year with a savings of
well over $10 million [7].

Although the library system is only one of the compo-
nents in the AMP, its overall impact has been signifi-
cant.

2.2 Contel

More recently the Contel Technology Center has initi-
ated a software reuse project. One of the goals of the
reuse project is to develop and transfer reuse technol-
ogy throughout the corporation. Of particular inter-
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est are reuse libraries. The natural strategy has been
to apply the lessons learned from the previous experi-
ences.

2.2.1 Implementation Strategy

In contrast with the GTE experience, the strategy in
Contel is to deploy highly adaptable domain specific
library systems that can be customized to organiza-
tion needs.

Rather than developing a reuse library system for a
centralized repository, the strategy has been to devel-
op a generic design that can be instantiated in differ-
ent environments. This generic design is aimed at
supporting domain specific collections and be easily
integrated into an existing environment. Tools are be-
ing developed to support specialized activities such
as deriving faceted schemes, domain analysis, vocab-
ulary maintenance, classification, and component
integration. The expected end-product will be a con-
figurable reuse-centered software development envi-
ronment with the library system as the focal compo-
nent.

Domain analysis of Contel mainstream software ap-
plications is also being done in parallel. Top level ge-
neric architectures for each application domain will
be used as component integration templates. The re-
use environment is expected to support both top-
down and bottom-up development. In this approach,
a generic system architecture is first configured at a
high level to meet specific customer requirements.
The library will then be searched to find components
to fill the architectural skeleton.

The proposed strategy is expected to substantially im-
prove technology transfer. Manuals ranging from
guidelines for coding reusable software, to deriving
faceted schemes, to system operation are being writ-
ten to facilitate technology transfer. A program is be-
ing drafted to support technology transfer activities
such as training, deriving initial faceted schemes,
and consultation on required organizational support.

2.2.2 Classification experience

As a first step in the reuse project, a library system
prototype was recently implemented and deployed for
observation. A faceted scheme has been derived for
the Command and Control domain and a librarian is
being trained to expand the scheme and to derive
schemes for other domains. In contrast with our
GTE experience, the librarian has been in close col-
laboration with the development team and is fully fa-
miliar with both, the application domain and librari-
anship techniques. Close teamwork has contributed
to a draft of specific tool requirements that will sup-



port several of the librarian tasks. A second proto-
type, already in the design board, will include some
of these tools.

Our experience in deploying this prototype indicates
that the role of the librarian is critical for a success-
ful reuse program. Software collections expand con-
tinuously, even in very narrow domains, creating
the need to find proper abstractions and to avoid un-
controlled growth. Tools that help the librarian to vi-
sualize and understand the abstraction and special-
ization process during class definition and classifica-
tion are critical. It is necessary to support the
process of discovering classes of components that
have the highest reuse potential, and with activities
closely related to domain analysis where domain ex-
pertise is also necessary.

2.2.3 Usage Experience

Because of its recent delivery (March, 1989) usage ex-
perience has been limited to extensive testing and
evaluation by the developing team. Also, few soft-
ware engineers from the recipient organization have
been exposed to the library system. Extensive system
usage is expected as the current command and con-
trol application is delivered, and a new one begins de-
velopment within the next few months.

A generic library system design is being developed
for insertion in other Contel divisions. Work in this
system has revealed how important domain analysis
is for successful reuse. Component integration and
adaptation into a new system is very difficult unless
a high level structure is available where components
can be plugged in.

3. CONCLUSION

Space limitation in this paper did not allow for treat-
ment of our experience with other very important as-
pects of reuse such as reuse incentives, organization-
al infrastructure, the role of domain analysis, and
several others. Instead the focus was on classifica-
tion technology and its deployment to production envi-
ronments.

As demonstrated by the GTE experience, library
based reuse not only works but it makes a substantial
financial impact to the organization that implements
it. It also has been shown that the technology is avail-
able and transferable, providing a transfer plan is fol-
lowed. Even though our experience has been very
fruitful, it is still modest and there is much learning
ahead. Preliminary results from -current experi-
ments and development at Contel promise a much
higher financial impact to the organization and offer
the potential for packaging and marketing reuse
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technology.

Our research and development experience has also
pointed to new research directions needed to advance
reuse technology. These areas include domain analy-
sis and tools to support domain analysis activities,
tool integration for supporting a library centered en-
vironment, and most important, empirical evalua-
tion of library systems in an organizational context.

Software reuse is a new field that offers a high payoff
in a relatively short term. We should exploit it.
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