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ABSTRACT
Software reuse has been a buzz word in small and large

companies equally with its potential for achieving good
quality systems in short span by reusing the currently
available modules. In software engineering there is need
for developing and using prototypes that will be helpful
in decreasing software development efforts, which results
into increase software quality and shorten time-to-
markets. Reduced effort and increased quality will
decrease the overall cost of software and also decrease
the time-to-market of the software. In this paper a new
components based on development model is proposed.
The architecture used in the scheme is component based
and the components in the pool are either built in-house
or taken from the market place. The main characteristic
of this model is building the system from pre-existing
components. The result has been analyzed and shows
that the reusability provides better solutions in most of
the cases. Software metrics have been used to identify
potential of the system used.

Keywords - Component Based Model, Reuse Metrics,
Component Based Development.

1. INTRODUCTION
The study in this article highlights that software
manufacturing depends upon a component based
software development model proves to be a
practical solution to reduce the software
development effort, increase the  software product
quality and decrease the development cost,
especially if it is applied in a organized way in the
software development life cycle, including reuse of
requirements, specifications, domain engineering,
frame working, designing, implementation,
integration, testing deployment and maintenance
plans. Today’s practice of software reuse can not
conceptualize, define and develop necessary details
to support a component based software
development model. In this work a component
based software development model and the impact
of this model on software development effort,

quality, and time-to-market is empirically studied.
Many existing reuse examples have been analysed,
increase in productivity due to a reuse rate is about
60% from Raytheon’s [5], saving of $1.5 Million
from a reuse factor of 14% from GTE’s [10], claim
of annual productivity increases of 20% by
implementing a software reuse program to the
Japanese software factories [7]. There are studies on
the various reuse related parameters such as
software size, complexity, requirement volatility,
requirements changes, or software development
practices discussed widely in [1, 2,3,6,8 and 9].

2. PROPOSED SCHEME
For many years, various solutions to "software
problems" are proposed till the Component-Based
Development (CBD) came in the existence. The
architecture used in the proposed scheme is
component-based, and components in the pool are
either built in-house or taken from the market place.
The planned phases of this model are shown in
Figure-1. These are Domain Engineering, Frame
working, System analysis, System design
implementation, (Component Selection, adaptation,
testing), Integration, System testing, Deployment
(Component Archiving) and Maintenance. The
major characteristic of the proposed model is the
building a system from pre-existing components. It
focuses on the identification of reusable entities.
According to this model, the appropriate
components are selected and integrated in the
system. The problems associated with selection of
components are:

 It is not the case that there is always a
component to be selected.

 It may the select the component that fulfills
only the few requirements.

So, a process is desired to choose a pertinent
component from a component pool. It includes
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some parameters for selecting the components and
then a process these components for the component
evaluation and it results into the component
adoption and testing. These steps are needed before
integrating a component into the system. There
must also be the process of component development
which is independent of the system development
process. Each system is decomposed into
subsystems, blocks, units, and modules. A
subsystem presents the highest level of
encapsulation and has well defined interfaces in
IDL (Interface Definition Language). It can be
viewed as a collection of blocks,

Fig 1: A New Component -Based Software
Development Model.

Component based model, and reuse guarantee many
advantages to users. Some are: It supports more
standard and reusable architectures, with a potential

for learning. Reduces complexity of software
development. Curtails total development cost and
development time, since systems are not developed
from scratch. Improves  reliability by already used
components. Allows fast access to new technology.

The proposed scheme compares the exact
requirements of the new software product to be
developed and that of a reusable component as
contestants for reuse. After this comparison the
most appropriate component is selected, adopted to
the standards and then tested. The proposed scheme
has restriction that specifications must be written
using the same formal notation so that reasoning is
made simpler.

By following the component based development
model, an object for designing and printing ID cards
of students was developed. Three modification steps
used in reuse are specification matching, program
replacement, and program adaptation. Some
assumptions are:

 It is implicit that specifications for software are
error-free and consistent. The validity of the
specifications is not checked here.

 It is assumed that specifications are reliable.

 The course registration system contains a set of
courses and a set of students.

The System ensures that

(i) All courses have unique course numbers, (ii) All
students have unique ID numbers, and (iii)
Information regarding courses and students with
respect to this system is consistent [4].The selection
of courses by each student is also designed as part
of the student information.  The only limitation is
that a student cannot attend two different courses
simultaneously.

For this study the code has been written in C++. In
the finished product, there has been an
approximation of over 3600 lines of code. Of this
code, 55% have been inherited from the standard
libraries available. Of the remaining 45% of the
code, 62% code has been written by hand, 19% was
abstracted into reusable classes which were used
more than once within the application. This gives a
total reuse factor of approx 64% for the whole
project. These results were calculated by identifying
which of the standard library classes were called by
the source code and total number of lines of code in
those classes; then calculating the number of lines
of code generated by the application and classes in
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C++; then measuring the number of lines of code in
the classes that were abstracted out into the reuse
repository. For comparative study the same code
has been written in FORTRAN, Pascal, and Java.
As is obvious results vary largely and are dependent
on language used. The general trend indicates that
best results have been with C++ and Java.

3.   REUSE METRICS
The evaluation has been done using different
metrics available. The process is on to design some
new metrics for the purpose. This paper uses some
of the available metrics discussed below [4].

Input process is based on the following
parameters

 New or Changed Source Instructions (CSI):
It is the number of total source instructions written
from scratch or modified by the developer to be
used only in the application in-hand. It does not
include Source Instructions written for reuse by
others. For this measurement unit is taken as lines
of code (LOC).

 Reused Source Instructions (RSI): RSI is
the number of instructions taken from others (in-
house or from market) but not developed or
maintained developer.

 Source Instructions Written for Reuse by
Others (WRO): It is he number of instructions
written to get reused in number of applications. This
WRO requires extra time and additional
development cost to write. For WRO measurement
unit is taken as lines of code (LOC).

 New Development Cost (Cost/LOC): It is
the cost of developing the new lines of code by the
developer. For this Rs.10/LOC is taken as default
value and Rupees (Rs.) as measurement unit.

 Relative Cost of Reuse (RCR): RCR is the
development effort that is to reuse a component
without modification versus writing it new. The
RCR depends on various factors and range from
about .03 up to about 0.4. Here the default value is
taken as RCR = 0.2, i.e. it takes about 20% of the
effort to reuse existing lines of code as compare to
write new lines of code.

 Relative Cost of Writing for Reuse
(RCWR): RCWR can be defined as the part of the
effort that is taken to develop only one time usable
code versus a reusable code. The RCWR depends

on various factors and range from about 1.0 up to
about 2.2. Here the default value is taken as RCWR
= 1.5, i.e. it takes about 50% additional effort to
write reusable software as compare to only one time
usable software.

 Error Rate: Error rate is the errors found per
thousand lines of code. For his 0.5 errors/k LOC is
taken as a default value and errors per thousand
lines of code (errors/k LOC) is taken as
measurement unit.

 Cost per Error: It is the additional cost to
fix errors after releasing new software to the
customer. For this Rs.1000/error is taken as a
default value and Rupees as measurement unit.

Output process is based on the following
parameters

 Total Source Instructions: Total Source
Instructions is the sum of New Source instructions,
Reused Source Instructions (RSI), and Source
Instructions Written for Reuse by Others. For this
lines of code (LOC) is taken as measurement unit.

 Reuse Percent: It specifies that from the
total product/ effort how much is contributed from
reuse. Reuse Percent is an important metric because
it is simple to calculate and it is easy to understand.

Reuse Percent = RSI / (RSI+SSI) × 100%

 Development Cost Avoidance (DCA):
DCA is the amount of development cost avoided by
reusing the existing software. DCA combines with
SCA gives the total Reuse Cost Avoidance (RCA).
DCA is calculated by multiplying the RSI with the
New Code Cost and adjusting based on the RCR
whose default value is taken as 0.2 Development
Cost Avoidance= RSI x (1 - 0.2) x (New Code
Cost)

 Service Cost Avoidance (SCA): SCA is he
maintenance benefit resulted from the Reuse. This
benefit may be enumerated as the cost avoidance of
not fixing errors in newly developed Code. SA is
calculated by multiplying RSI with error rate and
the corresponding cost per error. Service Cost
Avoidance= RSI × (Error Rate) × (Cost per Error)

 Reuse Cost Avoidance (RCA): RCA is the
total financial benefit obtained from the reuse of
available software (in-house or from marketplace).
It includes both the benefits attained i.e. during
development (as the code was already written) and
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during maintenance (as the code was already
tested). Reuse Cost Avoidance= Development Cost
Avoidance+ Service Cost Avoidance

 Additional Development Cost (ADC): ADC
is he Cost caused by writing reusable software for
use by others. ADC is calculated by multiplying the
cost of developing new code by the amount of code
written for reuse and adjusting based on RCWR.
For example, with an RCWR =1.5, then the
additional cost can be represented 50% extra cost
over new development.

 Organizational ROI: ROI is the total
financial benefit obtained by the reuse of existing
software. Organizational ROI is calculated by
subtracting Additional Development Cost (ADC)
from the Reuse Cost Avoidance (RCA).

The results are varied in terms of different
parameters. In terms of languages the reusability is
high in JAVA and C++, as these languages supports
OOPS concept for reusability.  The reuse cost
avoidance is another factor supporting JAVA and
C++. The results in terms of languages used have
been shown in Table 1.

Table -1: Reusability parameters

Metric Java
C

++ Pascal
Fortra
n

New/ Changed Source
Instructions 500 1000 2500 4500

Reused source instructions 2000 2000 1800 1300

Source Instructions written for
reuse by others 300 300 700 700

New development cost(per
Loc) 10 10 10 10

relative cost of reuse 0.2 0.2 0.2 0.2

relative cost writing reuse 1.5 1.5 1.5 1.5

Error rate 0.5 0.5 0.5 0.5

Cost/Error 1000 1000 1000 1000

total source instructions 2800 3600 5000 6500

Reuse % 71.42% 63% 36% 20%

Development cost
avoidance(DCA) 16 18. 14.40 10.40

Service cost avoidance(SCA) 1k 1.1 .90k .65k

Reuse cost avoidance(RCA) 17k 19k 15.3k 11.5k

additional development
cost(ADC) 1.50k 1.5 3.50k 3.50k

Organizational ROI 15.50 18. 11.8k 7.55k

To evaluate the performance of purposed model two
separate cases has been considered

1. Using same code for different languages and
checking reusability Factor.

2. Using different reusability factor and applying
component based model.

Figure 2: Reuse % with respect to language used

The representation in Figure2 shows that whichever
language is used, in all cases proposed scheme
gives better results of reuse %age. In the present
scene the table below shows the LOC that have
reused in languages chosen. An effort has been
made to keep the size same to take better view of
the Implementation.

The screen elements and some more I/O statements
have been added for OOPS languages to make the
LOC same. Different languages show different
reusability factor. As is obvious OOPS supporting
languages have better reused code than their
procedural languages counterparts. Table 2 gives a
view of the second case. The results are varied in
terms of different parameters. In terms of language,
the reusability is maximum in JAVA and C++, thus
supporting OOPS concept for reusability.

Language Reused code

JAVA 70%

C++ 61.8 %

Pascal 32.5 %

FORTRAN 21%

Table 2: Reuse in languages

The reuse cost avoidance is another factor
supporting JAVA and C++. Apart from these results
with language concerns, there has been seen a major
improvement in using component based model. The
model not only reduces development efforts but
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also allows flexibility to the organization for using
constraints and other parameters.

4. CONCLUSION
When reused and non-reused components were
analyzed separately, factors such as type of
functionality or programming language are the few
reasons to site. The study also showed that reused
components are less modified (more stable) than
non-reused ones, although they should meet
evolving requirements from several products.
Stability is important in systems that are developed
incrementally over several stages. Results can also
be used as a baseline for comparison in future
studies on software reuse. The proposed scheme’s
major benefits can be sited as: Decreased level of
development effort (or increased productivity),
increased level of product quality, Decreased level
of development time and Decreased level of
additional development cost.

The points that can change the results significantly
are missing, inconsistent, or wrong data as a threat
to internal validity, but mostly missing data, reused
and non-reused components show different
functionality and constraints. Efforts are on to
produce more stability to the scheme using more
metrics and allowing more architecture to support
the model.

5. FUTURE SCOPE
The component based model suggested in this paper
has performed fairly well in context of all realistic
situations it was exposed for performance
evaluation. In spite of all the efforts there is still
scope for some additions that will make the model
more robust and efficient even in worse cases.
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