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Abstract: Reuse reduces total cost of product but it has its value. As per reuse principle, it is not for free, a
reuse program requires a lot of set-up investment as well as additional costs for development and operational
activities but benefits are neither linear nor immediate. The aim of this paper is to evaluate the current state of
art and practice on cost estimation for a software reuse oriented program by extending the pioneering
contribution of other researchers in this direction. A simplified software reuse cost estimation model which
presents where, who, how capital investment is done for a reuse program is suggested with various cost
effecting factors.
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I.  Introduction
It is accepted that to develop a reusable asset is more costly than equivalent custom tailored [1]. Reuse requires
extra cost due to generalization, documentation, additional testing, library support , maintenance , architecture,
design and implementation [2][3]. Software reuse have the same cost and risk features as any financial
investment [4].
1.1 Prerequisites for cost
An organization have to analyze following factors related to cost before implementing a reuse program.
Cost to implement a reuse program.
e Investment approach
e Cost to sustain the reuse program.
[ ]
[ ]

Time to take to break even reuse investment.
Expected benefits

1.2 Investment approaches
There are three investment approaches for software reuse process:
e  Proactive Investment
This approach tends to require a large initial investment and is preferred in stable domain [5]. Returns on
investment can only be seen when products are developed and maintained .
e Reactive Investment
This is an incremental approach to build reusable components generally used in reengineering and is preferred
in unstable domain [5] .
e  Extractive Investment
Combination of Proactive and Reactive approach .

1.3 Cost Factors for Reuse
=  Management
This cost is spent to manage a reuse program. Reuse is as much of a technical issue as it is an organizational
one [6].
» Development and implementation
This cost is spent to develop and implement a reusable program.
=  Operation
This cost is spent to reuse a component.
» Investment for Support
This cost is spent to support a reuse program such as training and tool acquisition.
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Il.  Related Work

Various authors have estimated cost of a reusable component by using cost of component without reuse,
calculated with the help of any approach to estimate cost of software such as algorithmic or function point
analysis[7][8][9][4]. Mostly researcher [9][3][8] have estimated cost of a reusable component on the basis of
size of component (salaries(costs) are according size). In the proposed scheme, a cost estimation model is
suggested for a reuse oriented organization that develops reusable components where costs of reusable
components are double in comparison of costs of similar components for single use and salaries(costs) depend
on time(year) not on size of component. Studies[10][11][7]1[2][3][12] calculated relative cost writing for reuse
and[2][8][10][11][12] calculated relative cost for reuse, but not estimated the effect of size, strategy,
complexity, standardization, integration, modification, scale and availability on cost, [12] only shows effect of
complexity and modification. Study [1] have mentioned the effect of complexity, modification, scale on cost.
[13] estimated the effect of standardization and [14] estimated the effect of strategy. [15] estimated the effect of
size and [16] also estimated the effect of size including integration, on cost. But none of above estimated the
effect of availability and integration of components on cost. In this research, the effect of availability and
integration of components on cost is estimated as well as almost all above mentioned cost effecting factors are
reviewed by extending and filling the gap left by other studies. We have also reviewed some measurement tools-
metrics and models to estimate costs of a software reuse program.

I1l.  Proposed Work

3.1 Measures for cost estimate of a reuse program.

Generally following metrics and models are used to estimate cost of a reuse program.

e Reusable assets cost=) cost of submitted assets [17]

e  Cost of development for reuse= The Relative Cost of Writing Reusable Software(RCWR) * (Cost of
development for one-time use) [18 ] [12]

RCWR depends upon - size, strategy, complexity etc. After various studies[10][11][12][2][3][12] we found that

Favro[14 ] suggests maximum range of RCWR=1.0 - 2.2

Poulin[ 2] recommended RCWR==1.5

e  Operational cost of a reuse component = Relative Cost of Reuse(RCR) *(Cost of component developed
from scratch) [18 ][12].

RCR depends upon many factors and is proportional to complexity and modification of the reused
component[1]. After various studies[2][8][10][11][12] we found that Gaffhey and Durek [8 ] suggests
minimum value of RCR=.03 and maximum value of RCR=.4 is suggested by Favaro[ 11] .Poulin[12]
recommended RCR =.2

° Cost application —system — (COSt new- code* size new- code) + (COSt modify- reused* size modified- code) +

costs reuse —library [19]
In the SPC model [3],
o Cost sofiware -product = COSt to develop new + cost of reusing existing software.

3.2 Costs for software reuse.
Both Producer and Consumer have to pay for reuse [1][12][20][13][2][21][22][23][24] as shown in Tablel.

Table 1: Producer and Consumer Costs:
Cost Producer Cost

Consumer Costs

Development Cost Domain analysis
Modelling /design for reusability

Implementation for reusability

Domain Analysis
Procuring components
Assessing components

Overhead Costs Testing of parts Integration
Creation of repository ( library) Maintenance
Maintenance of parts Adaption

Management of parts Search -Query, Retrieval

Publication(marketing) of parts
Training of personnel for reusability

Testing Modified components
Fees and royalties

Other Costs

Performing cost-benefit analysis
Documenting reusable parts
Making components generic
Cataloguing reusable parts
standardize reusable parts[13]

Performing cost-benefit analysis
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3.3 costs estimation for a reuse program .

We are estimating cost of a reuse program in a hypothetical scenario of a corporation that starts its
reuse initiative with domain engineering in 2007 developing reusable components as shown in Table2, that are
used in applications internally as shown in Table4, and are also sold externally to corporation for a period of 4
years. The following assumptions are made with respect to this program :

v Cost of the reused components is double as compared to similar components made for single use.
v Salary of employees is fixed, not depending upon size and quantity of components .Overhead cost to make
reusable components is 10 % of salary of employees and all other details are as shown in Table3.
v Cost of purchased component(y;) that are used in applications is 25% extra of cost of internally developed
component(y;).
v Set-up cost of corporation for reuse program is $3,000 and of application- engineering cycle is $1,000
Table2: Components Details

Year Component Size
2007 X1 5k

2008 X2 10k

2009 X3 15k

2010 X4 20k

Table 3: Salary of Employees

Personnel Initial Salary ($) Increment/y (%)
component 1000 15
developer for
reuse

manager for reuse 800 10
librarian for reuse 700 10
Domain Analyst 800 10

Table 4: Applications Details

Year Application | Component used Component used Additional-Code
internally developed externally developed
2008 App(1) X1 0O, 2K
2009 App(2) X1,X2 0,0, 4K
2010 App(3) X1, X2,X3 0,,0,04 6K
3.3.1Cost Structure:

Software reuse require investment at different levels from top to bottom with a cyclic cost
approach[9 ] .We are suggesting a cost structure for above said corporation.

Assets external to

tha rarnara #inn

Costcor

Fig 1. Cost Structure
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3.3.1.1 Component Engg. Cycle Cost :
Costeomp-engg = 2. Costeomp , Where
Costeomp-engg = Component Engg. Cycle Cost
Costeomp = Cost for a single component
Cost for a single component:
C()Stcomp(yi) = COStdev (yi) + Cost Overhead(yi) , Where
Cost Overhead — COStmgt + Cost Maintenance + Cost Training + CC’StLibrary'|' COStPub + COStStd + Cost others
COStcomp = (COStdev + COStmgt+ C()StLibrary) + (COSt Maintenance + Cost Training+ COStPub + COStStd + Cost others )
i,e  Component cost(yi)= Personnel Salary(yi) + 10% (Personnel Salary(yi))
COStcomp—Engg = Z COStcomp
=$13150.36 , Where
Costgey =Development cost of Component
Cost overheas = Overhead cost of Component
Coststg = Costs of standardizing a Component

3.3.1.2 Domain Engg. Cycle cost :

COStDomain—Engg = SalaryDom-Analyst + COStcomp-Engg
COStDomain—Engg = $16863.16

Where Costpomain-engg = Domain Engg. Cycle cost
Salarypom-analyst = Salary of domain analyst
3.3.1.3 Application Engg. Cycle cost:
COStApp -Engg = COStSet.up + ZCOStApp
Where
Costagp -engg = Cost of Application- Engg. Cycle
Costap, = cost of a application
Costseryp = costs of training and tool acquisition for reusing components in aplications
COStSet-up = (COSt Training + COSttool-acq)
Cost training = Cost of training of personnel for reusing components in Applications
Costigol-acg = COSt Of tool acquition for reusing components
in Applications
COStApp = Costagg-code + Costeomp-int > COStcomp-ext)"' Cost overhead
All internally developed Components are used as Black- Box reuse and externally developed Components are
used as White- Box reuse . Then
For Black- Box reuse
Cost Overhead — COStintegration +Cost Maintenance T (1'p)*COStsearch + COStacq + Cost others
For White- Box reuse
Cost Overhead — COStintegration + Cost Maintenance + Cost adap + COStfr +Cost others
Take CoStoverhead  =20% of Cost s¢raicn fOr each ( Black- Box and White- Box reuse) i, e RCR = .2,
Cost sratch =-5*1315.036 =6575.18 (since cost of reused component is double) i,e RCWR =2,
Salary of developer for additonal-code = 50% developer for reuse
COStApp(i) = [COStcomp-int 0] + COStcomp-int (I-1) + (i'l)*COStcomp-int (i-2) + C051:comp-int (0) + COStcomp-int (0-1) +
(0'1)*C05tcomp-int (0-2) ] + [ COStAdd-Code + Cost Overhead ]

2. Costppy =2 ( Costagd-code + COSt overhead + 2. Costeompeint+ 2 COStcomp-ext)
> Costapp, = $ 33400.03

Costagp -engg = 1000+ 33400.03

= $34400.03
Where
Cost overheas = Overhead cost of the application
Cost seratch = COst of components without  reuse
Cost search = cost of performing a search operation
Costintegration = €Ot Of integrating components
Cost pmaintenance = COSt of maintaining components
p = probability that the component is found in repository
Costy = cost of fee and roilites of components that are acquired from externally sources
Cost adapt = cost of adapting components
Cost 4ers = any other cost for reusing components
3.3.1.4 Corporate Engg. Cycle cost :
COStCOr-Engg = COStSet—up + COStDomain-Engg + COStApp -Engg ™ > COStr:omp-int
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CoStcor.engg = 3000+16863.16+$34400.03- 13150.36
=41112.83

Where

Costeor.engg = Corporate Engg. Cycle cost

3.4 Cost effecting factors in software reuse scenario .

Cost effecting factors in context of above said corporation:

3.4.1 Availability

We are developing an application of the year 2010 (cost of all components is taken of year 2009 ) considering
that if a component is found in organization ‘s own library it is used as black box component otherwise as
white box ( externally used components). RCR depends upon value of p (probability that a component is found
in repository )- as value of p decreases, number of externally used components increases .So cost of the
application increases since externally used components more costly as well as RCR increases due to increment
in externally used components ( white box components) that require modification . RCR is proportional to
modification of the reused component and may be up to .9 [1]

. 30000

(7]

8 /

< 20000

K]

S 10000 3

a

& 0 I Cost-App
1 2 3 4
Probaility

Graphl. Availability vs. Cost
3.4.2 Strategies
Components from market with lower customization cost, may off set the higher acquisition costs of black-box
reuse (CBD form) [14].But in our model organization itself develops black-box components according its
needs so Search cost and Component price both are reasonable . So black-box reuse is economical.
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Graph 2. Strategies vs. Cost

3.4.3. Size
Cost is proportional to Size, is a very useful prediction about cost when variation is desired in size of
reused product.[15] .So size of reused product should be effective since that incorporates reusable component
engineering and integration efforts [16] and ultimately impacts project(application). Integration of components
increases size of project so effect on cost should be predicted since it play a lot in overhead costs.
In our model : CoSteomp-xa : COSteomp-xa = 1.40695 ,  Siz€comp-xa : Siz€comp-x1= 4
As Sizecomp increases 4 times but Costem, also increases but 1.40695 times i,e not directly proportional . (1)

If CoStinegration 1S 1% 0Of COSt gvermead PEr COMponent in - Application —Engg Cycle, then
As Number of components increases , COStiyegration @lS0 increases directly proportional . 2)

As Number of components increases Costaga.coge  alSo increases but not directly proportional. 3)
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From (1) (2) .(3) We can say that size effects cost of application.
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Graph 3. Size Vs. Cost
3.4.4 Scale

Scale of Reuse ranges (1.15-1.75) for Across Projects to Across Multiple product-line [1]. In our model ,
Components are used across projects and program. So cost increases as scale of reuse increases.

3.4.5 Standardization

For better understanding and optimal integration a component should be interface and functionality
standardized for which it have to pay otherwise pay for adaptation and integration[26 ]. As standardization
level of reusable components increases , cost also increases[13].

3.4.6 Failure

Reuse failure mean that either a component is not reused or the cost of reusing exceeds the cost of
developing the component from scratch. Failures in the sense of programmer's time, motivation, accountability
differently effects cost and incentives so it should be minimum.[27 ].

3.4.7 Quality
Quality characteristics demand a lot, perhaps the most costly feature of a reusable software.

3.4.8 Complexity

Complexity of component depends upon its structure that may be monolithic , polylithic , graph, menu
or mask[18].Complexity of reused component reflects both costs- development and operation. RCWR and RCR
are proportional to complexity of the component[1 ].We have taken Complexity as RCWR in component-
Engg. Cycle that reflects Complexity of development and RCR as operation Complexity in Application - Engg.
Cycle. RCWR+ RCR=total Complexity of a reused program.

As Complexity of reused components increases ,cost of component-Engg. Cycle and

ultimately Application - Engg. Cycle also increases almost proportional to Complexity of a reused program

- 40000
/
= 30000
8 /
= 20000 —
§ 10000 — COSt'App
é 0 : : : : : : s Complexity

Complexity

Graph 4. Complexity vs. Cost
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IV. Conclusion
Producer as well as user have to pay for a reuse program. Some measures(metrics and models) to
estimate the cost of a reuse program are reviewed. In this research, a simplified and enhanced cost estimation
model is suggested for all cycles of software reuse organization .The Proposed study also results that a
application (project) cost depends upon domain analysis and size , reuse rate ,quantity, availability in repository,
strategy, failure ,standardization of components. Corporate(organization) investment depends upon
infrastructure and number of applications made.

V. Future Work
For cost-benefit analysis of proposed scheme ,we will suggest a benefits-estimate model and further
estimation of economic worth of proposed scheme for organization .
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