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Abstract. Software component-based reuse is difficult for software de-
velopers to adopt because first they must know what components exist
in a reuse repository and then they must know how to retrieve them
easily. This paper describes the concept and implementation of active
reuse repository systems that address the above two issues. Active reuse
repository systems employ active information delivery mechanisms to
deliver potentially reusable components that are relevant to the current
development task. They can help software developers reuse components
they did not even know existed. They can also greatly reduce the cost of
component location because software developers need neither to specify
reuse queries explicitly, nor to switch working contexts back and forth
between development environments and reuse repository systems.

1 Introduction

Component-based software reuse is an approach to build new software systems
from existing reusable software components. Software reuse is promising because
complex systems evolve faster if they are built upon stable subsystems [34].
Empirical studies have also concluded that software reuse can improve both the
quality and productivity of software development [1, 23]. However, successful
deployment of software reuse has to address managerial issues, enabling technical
issues and cognitive issues faced by software developers. This paper is focused on
the technical and cognitive issues involved in component-based software reuse.
A reuse process generally consists of location, comprehension, and modifica-
tion of needed components [13]. As a precondition to the success of reuse, a reuse
repository system is indispensable. A reuse repository system has three connota-
tions: a collection of reusable components, an indexing and retrieval mechanism,
and an operating interface. Reuse repository systems suffer from an inherent
dilemma: the more components they include, the more potentially useful they
are, but also the more difficult they become for reusers to locate the needed
components. Nevertheless, for reuse to pay off, a reuse repository with a large
number of components is necessary. The success of reuse thus relies crucially on
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the retrieval mechanism and the interface of reuse repository systems to facilitate
the easy location of components.

Existence of reusable components does not guarantee their being reused.
Reusable components help software developers think at higher levels of abstrac-
tion. Like the introduction of a new word into English that increases our power
in thinking and communication, reusable components expand the expressive-
ness of software developers and contribute to the reduction of the complexity of
software development. However, software developers must learn the syntax and
semantics of components if they are able to develop with them. Components
learning constitutes no small part of the cognitive barrier to reuse [4].

Another truism in reuse is that for software developers to reuse, they must
be able to locate reusable components easier than developing from scratch [20].
It is important to put reuse into the whole context of software development.
For software developers, reuse is not their goal; reuse is only means for them to
accomplish their tasks. Cognitive scientists have revealed that human beings are
utility-maximizers [30], therefore only when software developers perceive that
the reuse approach has more value than its cost, will reuse be readily embraced.

In order to diminish the above-mentioned two barriers to reuse faced by
software developers, a developer-centered approach to the design of reuse repos-
itory systems is proposed in this paper. This approach stresses the importance
of integrating reuse repository systems into the development environment and
views reuse as an integral part of the development process. Drawing on empir-
ical studies and cognitive theory, we first analyze the difficulties of reuse from
the perspective of software developers in Sect. 2. We argue in Sect. 3 that ac-
tive reuse repository systems—systems equipped with active information deliv-
ery mechanisms—are a solution because they increase developers’ awareness of
reusable components, and reduce the cost of component location. A prototype
of an active reuse repository system, CodeBroker, is described in Sect. 4.

2 Developer-Centered View of Reuse

2.1 Three Modes of Reuse

From the perspective of software developers, there are three reuse modes based
upon their knowledge about a reuse repository: reuse-by-memory, reuse-by-recall
and reuse-by-anticipation.

In the reuse-by-memory mode, while developing a new system, software devel-
opers may notice similarities between the new system and reusable components
they have learned in the past and know very well. Therefore, they can reuse them
easily during the development, even without the support of a reuse repository
system because their memory assumes the role of the repository system.

In the reuse-by-recall mode, while developing a new system, software devel-
opers vaguely recall that the repository contains some reusable components with
similar functionality, but they do not remember exactly which components they
are. They need to search the repository to find what they need. In this mode,



developers are often determined to find the needed components. An effective
retrieval mechanism is the main concern for reuse repository systems supporting
this mode.

In the reuse-by-anticipation mode, software developers anticipate the exis-
tence of certain reusable components. Although they don’t know of relevant
components for certain, their knowledge of the domain, the development en-
vironment, and the repository is enough to motivate them to search in hopes
of finding what they want from the reuse repository system. In this mode, if
developers cannot find what they want quickly enough, they will soon give up
reuse [26].

Software developers have little resistance to the first two modes of reuse. As is
reported by Isoda [19], software developers reuse those components repeatedly
once they have reused them once. This also explains why individual ad hoc
reuse has been taking place while organization-wide systematic reuse has not
received the same success: software developers have individual reuse repositories
in their memories so they can reuse-by-memory or reuse-by-recall [26]. For those
components that have not yet been internalized into their memories, software
developers have to resort to the mode of reuse-by-anticipation. The activation
of the reuse-by-anticipation mode relies on two enabling factors:

— Software developers anticipate the existence of reusable components.
— They perceive that the cost of the reuse process is cheaper than that of
developing from scratch.

2.2 Information Islands

Unfortunately, software developers’ anticipation of available reusable compo-
nents does not always match real repository systems. Empirical studies on the
use of high-functionality computing systems (reuse repository systems being typ-
ical examples of them) have found there are four levels of users’ knowledge about
a computing system (Fig. 1) [12]. Because users of reuse repository systems are
software developers, we will substitute “software developers” for “users” in the
following analysis.

In Fig. 1, ovals represent levels of a software developer’s knowledge of a
reuse repository system, and the rectangle represents the actual repository, la-
beled L4. L1 represents those components that are well known, easily employed,
and regularly reused by a developer. L1 corresponds to the reuse-by-memory
mode. L2 contains components known vaguely and reused only occasionally by
a developer; they often require further confirmation when they are reused. L2
corresponds to the reuse-by-recall mode. L3 represents what developers believe,
based on their experience, exists in the repository system. L3 corresponds to the
reuse-by-anticipation mode.

Many components fall in the area of (L4 - L3), which means their existence is
not known to the software developer. Consequently, there is little possibility for
the developer to reuse them because people generally cannot ask for what they
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Fig. 1. Different levels of users’ knowledge about a system

do not know [15]. Components in (L4 - L3) thus become information islands [8],
inaccessible to software developers without appropriate tools.

Many reports about reuse experience in industrial software companies illus-
trate this inhibiting factor of reuse. Devanbu et al. [6] report that developers,
unaware of reusable components, repeatedly re-implement the same function—
in one case, this occurred ten times. This kind of behavior is also observed as
typical among the four companies investigated by Fichman and Kemerer [10].
From the experience of promoting reuse in their organization, Rosenbaum and
DuCastel conclude that making components known to developers is a key factor
for successful reuse [33].

Reuse repository systems, most of which employ information access mecha-
nisms only and operate in the style of “if you ask, I tell you,” provide little help
for software developers to explore those information islands.

2.3 Reuse Utility

Human beings try to be utility-maximizers in the decision-making process [30];
software developers are no exception. Reuse utility is the ratio of reuse value to
reuse cost. Although there is considerable cost involved in setting up the reuse
repository, from the perspective of software developers, their perception of reuse
cost consists of the part associated with the reuse process—cost of the location,
comprehension, and modification of reusable components.

Reduction of location cost leads to the increase of reuse utility, which in turn
leads to the selection of reuse approach. Location cost can be further broken
down into the following items:

(1) The effort needed to learn about the components, or at least the existence
of them so that developers will initiate the reuse process.

(2) The cost associated with switching back and forth between development
environments and reuse repository systems. This switching causes the loss
of working memory and the disruption of workflow [27].



(3) The cost of specifying a reuse query based on the current task. Developers
must be able to specify their needs in the way that is understood by a reuse
repository system [13].

(4) The cost of executing the retrieval process to find what is needed.

Automating the execution of the retrieval process only is not enough; re-
ducing the costs of items (1), (2) and (3) should be given equal, if not more,
consideration.

3 Active Information Delivery

In contrast to the conventional information access mechanism, in which users
explicitly specify their information needs to computer systems, which in turn
return retrieval results, the active delivery mechanism operates in the style that
information is presented to users without being given explicit specifications of
information needs. Active delivery systems that just throw a piece of decontex-
tualized information at users, for example, Microsoft Office’s Tip of the Day,
are of little use because they ignore the working context. To improve the use-
fulness of delivered information so it can be utilized by users in accomplishing
their tasks, relevance of the information to the task at hand or to the current
working context must be taken into consideration. This context-sensitive deliv-
ery requires that active delivery systems have a certain understanding of what
users are doing.

3.1 Active Information Delivery in Reuse Repository Systems

Equipping reuse repository systems with active information delivery not only
makes it possible for software developers to reuse formerly unknown components,
but also supports the seamless transition from development activities to reuse
activities to reduce the cost of reuse.

A Bridge to Information Islands. Not knowing the existence of reusable
components residing on information islands prohibits reuse from taking place. In
contrast with passive reuse repository systems—systems employing query-based
information access only, active reuse repository systems are able to compare
the current development task with reusable components and proactively present
those that are relevant to developers to increase the opportunity of reuse.

Well-Informed Decision Making. Studies on the human decision-making
process have shown that the presence of problem-solving alternatives affects the
final decision dramatically [30]. The presence of actively delivered reusable com-
ponents reminds software developers of the alternative development approach—
reuse—other than their current approach of developing from scratch. It prompts
software developers to make well-informed decisions after giving due considera-
tion to reuse.



Reduction of Reuse Cost. Active reuse repository systems reduce the cost
of reuse by streamlining the transition from developing activities to component-
locating activities. Software developers can access reusable components without
switching their working contexts. This is less disruptive to their workflow com-
pared to the use of passive repository systems because the latter involves more
working memory lost. As software developers switch from development to reuse,
their working memory (whose capacity is very limited and holds about 7 slots)
of the development activities decays with a half-life of 15 seconds [27]. Therefore,
the longer they spend on component-locating, the more working memory gets
lost. With the support of active reuse repository systems, software developers
do not need to specify their reuse queries explicitly and do not need to execute
the searching process. All of these factors contribute to the reduction of reuse
cost and the increase of reuse utility so that reuse can be put in a more favored
situation.

3.2 Capturing the Task of Software Developers

For an active reuse repository system to deliver components relevant to the task
in which a software developer is currently engaged, it must be able to capture
to a certain extent what the task is.

Software development is a process of progressive transformation of require-
ments into a program. Inasmuch as software developers use computers, it is
possible for reuse systems, if integrated with the development environment, to
capture the task of software developers from their partially constructed pro-
grams, even though the reuse systems may not necessarily fully understand the
task.

A program has three aspects: concept, code, and constraint. The concept
of a program is its functional purpose or goal; the code is the embodiment of
the concept; and the constraint regulates the environment in which the program
runs. This characterization is similar to the 3C model of Tracz [36], who uses
concept, content, and context to describe a reusable component.

A program includes not only its code part. Software development is essentially
a cooperative process among many developers; therefore, programs must include
both formal information for their executability and informal information for
their readability by peer developers [35]. Informal information includes structural
indentation, comments, and identifier names. Comments and identifier names
are important beacons for the understanding of programs because they reveal
the concepts of programs [2]. The use of comments and/or meaningful identifier
names to index and retrieve software components has been explored [7, 9].

Modern programming languages such as Java enforce this self-explaining
feature of programs further by introducing the concept of doc comments. A doc
comment begins with /** and continues until */. It immediately precedes the
declaration of a module that is either a class or a method. The contents of doc
comments describe the functionality of the following module. Doc comments
are utilized by the javadoc program to create online documentation from Java



source codes. Most Java programmers therefore do not need to write separate,
extra documents for their programs.

The constraint of a program is manifested by its signature. A signature is the
type expression of a module that defines its syntactical interface. A signature of
a function or a method specifies what types of inputs it takes and what types
of outputs it produces. The signature of a class includes its data definition part
and the collection of signatures of its methods. For a reusable component to be
integrated, its signature should be compatible with the program to be developed.

Combining the concepts revealed through comments, as well as constraints
revealed through signatures, it is highly possible to find components that can be
reused in the current development task, if they show high relevance in concepts
and high compatibility in constraints. Fortunately, in current development prac-
tices and environments, comments and signature definitions come sequentially
before the code. This gives active repository systems a chance to deliver reusable
components before the implementation of codes, after the systems have captured
the comments and signatures and used them to locate relevant components au-
tomatically.

4 Implementation of an Active Reuse Repository System

A prototype of an active reuse repository system, CodeBroker, has been imple-
mented. It supports Java programmers in reusing components during program-
ming.

4.1 System Architecture

The architecture of CodeBroker is shown in Fig. 2. It consists of three soft-
ware agents: Listener, Fetcher, and Presenter. A software agent is a software
entity that functions autonomously in response to the changes in its running
environment without requiring human guidance or intervention [3]. In CodeBro-
ker, the Listener agent extracts and formulates reuse queries by monitoring the
software developer’s interaction with the program editor—Emacs. Those queries
are then passed to Fetcher, which retrieves the matching components from the
reuse repository. Reusable components retrieved by Fetcher are passed to Pre-
senter, which uses user profiles to filter out unwanted components and delivers
the filtered result in the Reusable Components Info-display (RCI-display).

The reuse repository in CodeBroker is created by its indexing program,
CodelIndexer, which extracts and indexes functional descriptions and signatures
from the online documentation generated by running javadoc over Java source
code.

4.2 Retrieval Mechanism

An effective retrieval mechanism is essential in any reuse repository system.
CodeBroker uses the combination of latent semantic analysis (LSA) and signa-
ture matching (SM) as the retrieval mechanism. LSA is used to compute the
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Fig. 2. The system architecture of CodeBroker

concept similarity existing between the concepts of the program under develop-
ment and the textual documents of reusable components in the repository. SM
is used to determine the constraint compatibility existing between the signature
of the program under development and those of components in the repository.

Latent Semantic Analysis. LSA is a technology based on free-text indexing.
Free-text indexing suffers from the concept-based retrieval problem; that is, if
developers use terms different from those used in the descriptions of components,
they cannot find what they want because free-text indexing does not take the
semantics into consideration. By constructing a large semantic space of terms
to capture the overall pattern of their associative relationship, LSA facilitates
concept-based retrieval. The indexing process of LSA starts with creating a se-
mantic space with a large corpus of training documents in a specific domain—we
use the Java language specification, Java API documents, and Linuz manuals
as training documents to acquire a level of knowledge similar to what a Java
programmer most likely has. It first creates a large term-by-document matrix
in which entries are normalized scores of the term frequency in a given doc-
ument (high-frequency words are removed). The term-by-document matrix is
then decomposed, by means of singular value decomposition, into the product
of three matrices: a left singular vector, a diagonal matrix of singular values,
and a right singular vector. These matrices are then reduced to k dimensions
by eliminating small singular values; the value of k often ranges from 40 to 400,
but the best value of k still remains an open question. A new matrix, viewed as
the semantic space of the domain, is constructed through the production of the
three reduced matrices. In this new matrix, each row represents the position of
each term in the semantic space. Terms are re-represented in the newly created
semantic space. The reduction of singular values is important because it cap-
tures only the major, overall pattern of associative relationship among terms by



ignoring the noises accompanying most automatic thesaurus construction based
simply on the co-occurrence statistics of terms. After the semantic space is cre-
ated, each reusable component is represented as a vector in the semantic space
based on terms contained, and so is a query. The similarity of a query and a
reusable component is thus determined by the Euclidean distance of the two
vectors. A reusable component matches a query if their similarity value is above
a certain threshold. Compared to traditional free-text indexing techniques, LSA
can improve retrieval effectiveness by 30% in some cases [5].

Signature Matching. SM is the process of determining the compatibility of
two components in terms of their signatures [37]. It is an indexing and retrieval
mechanism based on constraints. The basic form of a signature of a method is:

Signature:InTypeExp->0utTypeExp
where InTypeExp and OutTypeExp are type expressions resulted from the ap-
plication of a Cartesian product constructor to all their parameter types. For
example, for the method,

int getRandomNumber (int from, int to)
the signature is

getRandomNumber: int x int -> int
Two signatures

Sigl:InTypeExpl->0utTypeExpl

Sig2:InTypeExp2->0utTypeExp2
match if and only if InTypeExp1 is in structural conformance with InTypeExp2,
and OutTypeExp1 is in structural conformance with OutTypeExp2. Two type ex-
pressions are structurally conformant if they are formed by applying the same
type constructor to structurally conformant types.

The above definition of SM is very restrictive because it misses components
whose signatures do not exactly match but are similar enough to be reusable
after slight modification. Partial signature matching relaxes the definition of
structural conformance of types: A type is considered as conformant to its more
generalized form or its more specialized form. For procedural types, if there is a
path from type T1 to type T2 in the type lattice, T1 is a generalized form of T2,
and T2 is a specialized form of T1. For example, in most programming languages,
Integer is a specialized form of Float, and Float is a generalized form of Integer.
For object-oriented types, if T1 is a superclass of T2, T1 is a generalized form of
T2, and T2 is a specialized form of T1.

The constraint compatibility value between two signatures is the production
of the conformance value between their types. The type conformance value is
1.0 if two types are in structural conformance according to the definition of the
programming language. It drops a certain percentage (the current system uses
5% which will be adjusted as more usability experience is gained) if one type
conversion is needed, or there is an immediate inheritance relationship between
them, and so forth. The constraint compatibility value is 1.0 if two signatures
exactly match.



4.3 Listener

The Listener agent runs continuously in the background of Emacs to monitor the
input of software developers. Its goal is to capture the task software developers
have at hand and construct reuse queries on behalf of them. Reuse queries are
extracted from doc comments and signatures.

Whenever a software developer finishes the definition of a doc comment,
Listener automatically extracts the contents, and creates a concept query that
reflects the concept aspect of the program to be implemented. HTML markup
tags included in the doc comments are stripped, as well as tagged information
such as @author, @Qversion, etc.

Figure 3 shows an example. A software developer wants to generate a random
number between two integers. Before he or she implements it (i.e., writes the code
part of the program), the task is indicated in the doc comment. As soon as the
comment is written (where the cursor is placed), Listener automatically extracts
the contents: Create a random number between two limits. This is used as
a reuse query to be passed to Fetcher and Presenter, which will present, in the
RClI-display (the lower part of the editor) those components whose functional
description matches this query based on LSA.
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Fig. 3. Reusable component delivery based on comments

Concept similarity is often not enough for components to be reused because
they also need to satisfy the type compatibility. Incompatible types of reusable
components inflict much difficulty in the modification process. For instance, in



Fig. 3, although component 3, the signature of which is shown in the message
buffer (the last line of the window), could be modified to achieve the task, it
is desirable to find a component that can be immediately integrated without
modification.

Type compatibility constraints are manifested in the signature of a module.
As the software developer proceeds to declare the signature, it is extracted by
Listener, and a constraint query is created out of it. As Fig. 4 shows, when the
developer types the left bracket { (just before the cursor), Listener is able to
determine it as the end of a module signature definition. Listener thus creates a
constraint query: int x int -> int. Figure 4 shows the result after the query
is processed. Notice that the first component in the RCI-display in Fig. 4 has
exactly the same signature—shown in the second line of the pop-up window—as
the one extracted from the editor, and therefore can be reused immediately.
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Fig. 4. Reusable component delivery based on both comments and signatures

4.4 Fetcher

The Fetcher agent performs the retrieval process. When Listener passes a con-
cept query, Fetcher computes, using LSA, the similarity value from each com-
ponent in the repository to the query, and returns those components whose
similarity value ranks in the top 20. The number 20 is the threshold value used
by Fetcher to determine what components are regarded as relevant, and can be
customized by software developers. If software developers are not satisfied with



the delivery based on comments only and proceed to declare the signature of the
module, the SM part of Fetcher is invoked to rearrange the previously delivered
components by moving those signature-compatible ones into higher ranks. The
new combined similarity value is determined using the formula

Similarity = ConceptSimilarity* wl + ConstraintCompatibility x w2
where w1l + w2 = 1, and the default values for wl and w2 are 0.5. Their values
can be adjusted by software developers to reflect their own perspectives on the
importance of concept similarity and constraint compatability accordingly.

Figures 3 and 4 show the difference when the signature is taken into consid-
eration. Component 1 in Fig. 4 was component 4 in Fig. 3, and the top three
components in Fig. 3 do not even show up in the visible part of RCI-display in
Fig. 4 because they all have incompatible signatures.

4.5 Presenter

The retrieved components are then shown to software developers by the agent
Presenter in RCI-display in decreasing order of similarity value. Each compo-
nent is accompanied with its rank of similarity, similarity value, name, and a
short description. Developers who are interested in a particular component can
launch, by a mouse click, an external HTML rendering program to go to the
corresponding place of the full Java documents.

The goal of active delivery in CodeBroker is meant to inform software devel-
opers of those components that fall into L3 (reuse-by-anticipation) and the area
of (L4 - L3) (information islands) in Fig. 1. Therefore, delivery of components
from L2 (reuse-by-recall) and L1 (reuse-by-memory), especially L1, might be of
little use, with the risk of making the unknown, really needed components less
salient. Presenter uses a user profile for each software developer to adapt the
components retrieved by Fetcher to the user’s knowledge level of the repository,
to ensure that those components already known to the user are not delivered.

A user profile is a file that lists all components known to a software developer.
Each item on the list could be a package, a class, or a method. A package or a
class indicates that all components from either of them should not be delivered;
a method indicates that the method component only should not be delivered.
The user profile can be updated by software developers through interaction with
Presenter. A right mouse click on the component delivered by Presenter brings
the Skip Components Menu, as shown in Fig. 4. A software developer can select
the A1l Sessions command, which will update his or her profile so that the
component or components from that class or that package will not be delivered
again in later sessions.

The Skip Components Menu also allows programmers to instruct the Pre-
senter to remove, in this session only, the component, or the class and package
it belongs to, by selecting the This Session Only command. This is meant to
temporarily remove those components that are apparently not relevant to the
current task in order to make the needed component easier to find.



5 Related Work

This work is closely related to research on software reuse repository systems, as
well as to active information systems that employ active information delivery
mechanisms.

5.1 Software Reuse Repository Systems

Free-text indexing-based reuse repository systems take the textual description
of components as the indexing surrogates. The descriptions may come from the
accompanying documents [24], or be extracted from the comments and names
from source code [7, 9]. Reuse queries are also written in natural language.
The greatest advantage of this approach is its low cost in both setting up the
repository and posing a query. However, this approach does not support concept-
based retrieval.

Faceted classification is proposed by Prieto-Diaz to complement the incom-
pleteness and ambiguity of natural language documents [29]. Reusable compo-
nents are described with multiple facets. For each facet, there is a set of controlled
terms. A thesaurus list accompanies each term so that reusers can use any word
from the thesaurus list to refer to the same term. Although this approach is
designed to improve the retrieval effectiveness, experiments have shown it does
not perform better than the free-text based approach [17, 25].

Al-based repository systems use knowledge bases to simulate the human pro-
cess of locating reusable components in order to support concept-based retrieval.
Typical examples include LaSSIE [6], AIRS [28], and CodeFinder [18]. LaSSIE
and CodeFinder use frames and AIRS uses facets to represent components. A
semantic network is constructed by experts to link components based on their
semantic relationship. The bottleneck to this approach is the difficulty in con-
structing the knowledge base, especially when the repository becomes large.

Although most reuse repository systems use the conceptual information of a
component, the constraints, that is, the signatures, of components can also be
used to index and retrieve components. Rittri first proposed the use of signatures
to retrieve components in functional programming languages [32]. His work is
extended in [37], which gives a general framework for signature matching in
functional programming languages.

CodeBroker is most similar to those systems adopting free-text indexing. It is
also similar to the Al-based systems because the semantic space created by LSA
could be regarded as a simulation of human understanding of the semantic rela-
tionship among words. Whereas semantic networks used in Al-based systems are
instilled with human knowledge, semantic spaces of LSA are trained with a very
large corpus of documents. After being trained on about 2,000 pages of English
texts, LSA has scored as well as average test-takers on the synonym portion of
TOEFL [21]. CodeBroker also extends signature matching onto object-oriented
programming languages. In terms of retrieval mechanisms, CodeBroker is unique
because it combines both the concept and constraint of programs in order to im-
prove the retrieval effectiveness, whereas all other systems use only one aspect.



Finally, the most distinctive feature of CodeBroker is its active delivery mecha-
nism, which does not exist in any of above systems.

5.2 Active Information Systems

Reuse repository systems are a subset of information systems that help users
find the information needed to accomplish their work from a huge information
space [12]. Many information systems have utilized the active information deliv-
ery mechanism to facilitate such information use.

The most simple example of active information systems is Microsoft Office’s
Tip of the Day. When a user starts an application of Microsoft Office, a tip
is given on how to operate the application. More sophisticated active informa-
tion systems exploit the shared workspace between working environments and
information systems to provide context-sensitive information. Activists, which
monitors a user’s use of Emacs and suggests better commands to accomplish
the same task, is a context-sensitive and active help system [14]. LispCritic uses
program transformation rules to recognize a less ideal code segment, and delivers
a syntactical equivalent, but more efficient, solution [11].

Active delivery is also heavily utilized in the design of autonomous inter-
face agents for WWW information exploration. Letizia, based on analyzing the
current web page browsed by users and their past WWW browsing activities,
suggests new web pages that might be of interest for their next reading [22].
Remembrance Agent utilizes the active delivery mechanism to inform users of
those documents from their email archives and personal notes that are relevant
to the document they are writing in Emacs [31].

CodeBroker is similar to those systems in terms of using current work prod-
ucts as retrieval cues to information spaces, and building a bridge to information
islands with active delivery mechanisms.

6 Summary

Most existing reuse repository systems postulate that software developers know
when to initiate a reuse process, although systematic analysis of reuse failures
has indicated that no attempt to reuse is the biggest barrier to reuse [16]. When
deployment of such repository systems fail, many blame the managerial issues, or
the NIH (not invented here) syndrome, and call for education to improve the ac-
ceptance of reuse. Managerial commitment and education are indeed important
for the success of reuse, but we feel it equally important to design reuse repos-
itory systems that are oriented toward software developers and are integrated
seamlessly into their current working environments. Ready access to reusable
components from their current working environments makes reuse appealing di-
rectly to software developers. As we have witnessed from the relative success
of so-called ad hoc, individual-based reuse-by-memory, active reuse repository
systems can extend the memory of software developers by presenting relevant
reusable components right into their working environments.



Ongoing work on the development of CodeBroker aims to expand the sig-
nature matching mechanism into the class level with more relaxed matching
criteria. An evaluation of CodeBroker will also be performed to gain better un-
derstanding of the difficulties encountered by software developers when they
adopt reuse into their development activities, as well as to determine to which
extent an active reuse repository system such as CodeBroker is able to help.
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