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Abstract— A fundamental task when employing software reuse
is evaluating its impacts by measuring the relation of reused and
developed software, the cost for obtaining reuse and the cost
avoided by reusing software during development and
maintenance. Different reuse related metrics exist in the
literature, varying from strictly code-based metrics, aiming to
measure the amount of code reused in a product, to more
elaborate cost-based metrics and models, aiming to measure the
costs involved in reuse programs and to evaluate the impacts of
reuse in software development. The goal of this work is to
evaluate the current state of the art on the reuse metrics area,
with a special emphasis on reuse cost metrics and propose an
estimation model for development cost by surveying hundred
software companies.

Index Terms—Software Reuse, Reuse Survey, Reuse metrics,
Reuse cost.

I. INTRODUCTION

Software metrics play a very important role in software
development and management [1]. Software reuse programs
rely on reuse metrics, along with other software, quality and
effort metrics, to evaluate their effectiveness and the relations
between the different employed metrics in organizations [2]
[4] [5]. The systematic collection of various metrics during the
whole software development lifecycle helps determining
which practices should be enforced and which ones should be
avoided for productivity and quality improvements in
software development process [17]. Component-based reuse is
widely accepted as an important reuse strategy and
component-based reuse programs heavily depend on software
reuse repositories for achieving success [14] [15] [16],
however the main focus on the reuse repository area is on
classification and retrieval problems.

Despite the fundamental importance of reuse metrics, few
reports of their systematic adoption in the software industry
exist. This work aims to evaluate the current state of the art of
the reuse metrics area, with special emphasis on metrics to
estimate cost.
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A. Software Reuse

Software reuse is the use of existing assets in some form
within the software product development process. More than
just code, assets are products and by-products of the software
development life cycle and include software components, test
suites, designs and documentation. Leverage is modifying
existing assets as needed to meet specific system
requirements. Because reuse implies the creation of a
separately maintained version of the assets, it is preferred over
leverage.

Reuse can be achieved through different modes.
Compositional reuse involves constructing new software
products by assembling existing reusable assets, while
generative reuse involves the use of application generators to
build new applications from high level descriptions [4].

Leveraging involves the modification of previously
developed software for a new product. When managed
correctly, leveraging can be advantageous over creating
software from scratch in that it requires less time and effort.
On the other hand, because it is difficult to correctly predict
the impact of modifications, leveraging may result in lower
quality software. It can also lead to multiple versions of a
software component and consequently, an increased
maintenance burden. In this situation, metrics can play an
important role in decision-making.

B. Software Metrics

Software metrics are an integral part of the state-of the-
practice in software engineering. Companies are using metrics
to better understand, track, control and predict software
projects, processes and products.

According to Goodman, software metrics as, "The
continuous application of measurement-based techniques to
the software development process and its products to supply
meaningful and timely management information, together
with the use of those techniques to improve that process and
its products" [13].
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Figl: What are Software Metrics?

Fig 1 illustrates that metrics can provide the information
needed by engineers for technical decisions as well as
information required by management.

C. Related Work

Economic considerations are at the center of any discussion
of software reuse. Further, different technical approaches to
reuse have different investment and return on investment
profiles [1][2]. Economic models and software metrics are
needed that quantify the costs and benefits of reuse. Only
recently the researchers started to tackle this problem
[3][11][12]. But even such studies couldn’t help to convince
the management to understand the advantage of reuse. Most
existing software engineering economic models need to be
customized to each specific reuse business. Several authors
have modified the cost models that are today used to estimate
time and effort and for the development both of components
and of applications using components [7][8][9]. Because high
levels of reuse can reduce the overall cost and time to deliver
applications, the extra funding and time can be directed to
several alternative projects. In this paper, we discuss the
implications of various approaches for software reuse in the
organizations and propose an economic model for cost
analysis.

Il. IMPLEMENTATION

A. Measuring Software Reuse Cost

Models for software reuse economics try to help us answer
the question, “ when is it worthwhile to incorporate reusable
components into a development and when is custom
development without reuse preferable?”[19]. Generally
metrics can be categorized into two namely product metrics,
which determine the characteristics of components and
process metrics, which measure time, cost etc.

B. Input Material And Data Collection

As a first step, metrics that are weak or irrelevant to reuse
are eliminated by comparing and contrasting software reuse
lessons learned from literature search and utilizing the results
of previous software reuse empirical studies and extracted the
dominant themes apparent about reuse and identified a
number of reuse practice metrics for inclusion in the survey
instrument [4].
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C. Population And Sample

Software reuse is still an immature function. There is no
census bureau representing a population of software
development organizations who practice software reuse.
Software intensive organizations are considered as target
population for this study. This population includes companies
of different sizes (in terms of No. of engineers / programmers
/ testers), experiences and nature. A total of 100 software
organizations were responded to the survey, which includes
product and service oriented companies. Table 1 shows the
characteristics of the survey sample.

Table 1: Characteristics of population sample

Nature of work Size of Drganization Years of
Service | Froduct | No. of Ratio of experience
Oriented Engineers Developers’ (fears]
Testerss Testers
Programmers
a0 % 20% 13 430000 | 12:5t0 5:1 Jto 36

D. Software Reuse Cost Estimation Models

We can categorize the type of reuse in the context of cost
estimation as follows [11]:

i) Component Reuse without Modification

ii) Component Reuse with modification

In the case of component reuse without modification, the
average cost of developing using reusable components can be
formulated as follows:

Cost searcht (1'p)*D9V9|Opment no-reuse (1)

Where Cost gacn IS the cost of performing a search
operation, Development e IS the cost of developing
without reuse (i.e., the cost of developing the component from
scratch) and p is the probability that the component is found in
the component library. It is observed that the reuse option
would be preferable only if:

Cost search+(l'p)*Devempment no-reuse
< Development o reuse

In the case of component reuse with modification, the
average cost of developing using reusable components can be
formulated as follows:

Cost searchT Cost adapt+(1'p)*Development no-reuse

)

Where Cost gqren iS the cost of performing a search
operation (the cost depends on the whether the search is a
manual search or search using a search tool), Cost aqap IS the
cost required to adapt the component, Development o reuse and
p means the same as in the case of equation (1). It is observed
that the reuse option would be preferable only if:

Cost search Cost adapt+(1'p)*Development no-reuse
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< Development o reuse

In both the cases,

The cost saving due to reuse can be formulated using a
simple equation:

CoSt savea=COSt no-reuse — COSt reuse 3)

In addition to the above costs, we should also consider
some overhead costs associated with reuse include:

e Domain analysis [6][10]

¢ Increased documentation to facilitate reuse

e Maintenance and enhancement of reuse artifacts
(documents and components)

e Royalties and licenses for externally acquired
components

e Creation (or acquisition) and operation of a reuse
repository (If the decision is to build a reusable
component, then the cost of initial development
and also the expected usage frequency of the
component also should be considered [12]).

e Training of personnel in design for reuses and
designs with reuse.

To maximize reuse profits, by analyzing process,
organizational and technical aspects with reduced asset
development cost and management cost, We have to consider
the following points

i) When and Where Capital investment is to be
made

Two approaches were observed namely, proactive and
reactive. 80% of identified population supported proactive
approach and 20% supported reactive approach. If the domain
is stable, where the product features can be predicted,
organizations can go for upfront investment to develop
reusable assets (proactive approach). If the domain is unstable,
reusable assets can be developed as when required (reactive
approach). This approach may result in reengineering and
retrofitting existing products with reusable assets, if there is
no common architectural basis.

ii) Whether to go for a dedicated team for
development/distribute/maintain assets or not and associated
costs involved.

Again the Cost no-reuse and cost reuse  depends on the %
size of parts (components) reused and % of parts
(components) not reused.
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Fig 2: Cumulative costs of software systems without reuse vs.
with reuse
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Fig 2 illustrates that for a reuse oriented software
development, there will be an initial cost increase. Then
gradually cost will decrease due to reusing the same
component again and again across similar products.
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Fig 3: Percentage of reduced cost of software products due to reuse

Fig 3 illustrates the percentage of reduced cost in the
surveyed software companies. There are 20 companies, their
% of cost reduction due to reuse is between 0% and 25% and
there are 70 companies, their % of cost reduction due to reuse
is between 26% and 50% and there are 30 companies, their %
of cost reduction due to reuse is between 51% and 75%. Also
there are no companies they are completely saved their
development cost due to reuse.

I1l. CONCLUSION

Software reuse is only relevant when it has positive
economical impacts in organizations and reuse metrics and
models are fundamental in assessing these impacts. The study,
which proposes a cost estimation model in the reuse context,
suggests the cost associated with different stages of software
development. The study shows that there is an up-front
investment and proportional costs (cost per reuse). Also it is
found that reuse density (the ratio of number parts reused to
the size of the system) play an important role in estimating
cost savings due to reuse. An extensive work relating more
elaborate software structure reuse metrics and economical
factors, with a wide variety of representative set of industrial
organizations (i.e., software organizations only involved in
development, only involved in maintenance and involved both
in development and maintenance) is still necessary to
standardize the reuse cost metrics field.
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