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Abstract: 
In software engineering, reuse of artifacts is considered as silver-bullet for project development specially  in component 

based development technic.The benefits of reuse are neither linear nor exact they are estimated with the help of metrics and 

models. To measure  benefits  of software reuse is a challenging task since they are multi dimensional mainly earlier time-to-

market ,better quality, increased productivity etc.  and of two dimensional characteristics- quantitative and qualitative . Reuse 

is highly potential in correlated domains due to similar requirements. 
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1.Introduction  
―Actually it is hard to see how much time or budget u have save during the project developing. it is also quite impossible to 

set up the goal and timetable about the reuse work in the beginning of the project‖ [14 ].Cost savings is the most promoted 

benefit for reuse, but benefits also exist in risk, schedule, and performance [ 9]. Estimation of benefits   is not easy since they 

depend up on management, technology and organizational factors[ 38] . Generally the largest payoffs of software process 

assessment and improvement are in human terms - pride in work, increased job satisfaction, improved ability to attract and 

retain software experts and not in dollars [3][4]. Benefits include total life cycle costs saved as well as additional profits 

resulting from earlier completion of the product[7].  
 

1.1 Software Reuse Benefits 

Benefits in software engineering [48][49][50][51][26][28][8] due to reuse of artifacts are mainly  as shown in 

figure1.  

 
Both the producer  and the user enjoy benefits of reuse artifacts in a reuse program.                             

 User Benefits 

 User enjoys benefits of reusing well tested, more reliable,  higher standards artifacts by reducing development and 

maintenance costs[1][49]with  better quality , improved productivity that results additional revenue, improved sales and 

increased market share due to earlier market delivery of product. 

 Producer Benefits 

Producer takes benefits of selling product with high price, fees and royalties, [1] that results increased market share. 

When producer does not explicitly charge for its components or service, reuse  may be economically feasible for the user but 

not for the producer [7]. 

 A producer assumes a higher cost to design and implement a reusable asset than a custom developed asset, but the consumer 

saves time and money by not having to develop the component [35]. If a software developer have  to play both user and 

producer roles then  for organization‘s benefits,  creation cost  should be less than consuming cost.                                       
 

2. Related Work  
Various studies [20 ][6][21][10][29][18] [19][26][24] have estimated  only direct(quantitative) benefits of reuse generally 

measured costs avoidance that is a major factor of  reuse benefits but a very few measured[28][15][13] some limited  

indirect(qualitative) benefits of reuse. in a  In this research, a model is proposed for a reuse oriented organization which can 
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estimate direct as well as indirect reuse benefits by considering almost all factors that contribute in benefits of reuse by 

extending and filling the gap left by other studies. We reviewed some measurement tools-metrics and models to estimate   

benefits  of software reuse and also have suggested  some benefits increasing factors.  

3. Proposed Work  
3.1 Reuse Benefits Estimation Metrics and Models 

To estimate benefits of reuse  suitable   measurement  technique  should be applied. Various metrics and models are proposed 

by researcher to measure reuse benefits , some of them are reviewed here. In software engineering reuse has been claimed as 

an important source of saving costs [2]. 

 Cost Saving: 

Costsaved = Costscratch – cost with reuse So, as the number of element increases the savings increases also[46]. 

Costsaving= Costscratch- Costreuse- Costdelivered  [42] 

  Where  Costscratch =  cost of developing software from scratch, Costreuse = slide cost associated with reuse and Cd = cost of 

software delivered   

According[13],  Saving =∑((cost of artifacts * reuse rate of artifacts) – cost (avg. integration effort of artifacts*   reuses of 

artifacts))  

According [20][21] , Total savings due to reuse= [(Savings due to avoided cost -Relative cost of reuse)*No of uses]-[Cost to 

add the compnent to the library+Cost to maintain the component in the library] 

% Savings = [0.92 - 1.5*j/i]*100  , where  j = number of reusable software components that have been built,  i = number of 

attempted instances of reuse[34]. 

Benefits = activity cost without reuse- activity cost with reuse [5 ]. 

Benefits = ∑(Development without reusable products - Cost of adptation)- Total cost of all resources[6 ]. 

Benefits = graphs of the reuse cost ratio (cost with reuse/cost without reuse) versus the breakeven point. [29]. 

In the GTE-Contel model[11] 

Net benefits  =∑ (net cost no reuse - net cost with reuse reuse) –total reuse investment 

Benefits (system S) = [Cost of developing S without reuse - Cost of developing S with reuse]/ Cost of S with out reuse.  [18]   

These benefits  are sensitive to  implementations, reuse strategy and reused components cost. 

As reuse leverage increases, benefits also increases [ 7]. 

Reuse Cost Avoidance (RCA)= Development Cost Avoidance (DCA) +Service Cost Avoidance(SCA) [19]. 

Benefit investment = (cost of project without reuse - actual cost of project with reuse)/ cost of producing reusable 

components[26] 

 Quality : 

 It is very hard to quantify quality benefit due to its intangible nature. It is generally measured either in savings in 

maintenance or in finding   and removing errors. 

According[17] , Defect removal efficiency =DREi = Ei / (Ei + Ei+1),  where  Ei = the number of errors found in the i
th

 

component and  E i+1 =the number of errors found after integrating (i+1)
th

  component with the i
h
 component.  

Quality  is savings in maintenance[28].  

Quality  is finding   and removing errors[15].  

High level of reuse correlates with a low defect [52].  

Reuse rate, development time and decreases in number of errors are highly correlated [53]. 

Adequacy (library contents) = number of artifacts reused + number of not available but required artifacts   + number of 

artifacts  in  library  and Goodness (artifacts repository)= Defect density of reused  artifacts + Avg. reusability score   [13] . 

Quality of an instrument (Q) = B/R Where Q <B(producer activities) and R(consumer activities).[31] 

 Productivity: 

According [18] , Productivity =  size of the system /cost spent to develop system  i,e 

 Productivity =  a(1+ Reuse benefit )b    , a, b are Coefficients estimated with standard least squares regression 

Productivity= (Reuse KNCSS +Modified KNCSS)/ Product Total KNCSS]*100  [10]. 

Productivity =1/cost [16]. 
 

3.2  Benefits estimation for a reuse program  

We are estimating benefits 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 Table1, that are used in applications 
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internallyasshown in Table2, and are also sold externally to corporation for a period of 4 years. 

 
The following assumptions are taken with respect to this program :  

 Cost of the reused components is double as compared to similar components made for single use.  

 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.  

 Cost of purchased component(yi ) that are used in applications is 25% extra of cost of internally developed 

component(yi).  

 Sell price of internally developed components and applications is 25% extra of their respective costs. 

 Set-up cost of corporation for reuse program is $3,000 and of application- engineering cycle is $1,000 .  
Table 2: Applications Details 

Year Application Component   used internally 

developed   
Component used 

externally developed  
Additional-Code 

2008 App(1)              X1                O1        2K 

2009 App(2)           X1,X2              O1,O2        4K 

2010 App(3)       X1, X2,X3            O1,O2,O3        6K 

Table 3: Salary  of Employees 

Personnel Initial Salary ($) Increment/y (%) 

component developer for reuse 1000 15 

manager for reuse 800 10 

librarian for reuse 700 10 

Domain Analyst 800 10 

 

 

3.2.1 Benefits Structure:  
In above said organization , a component developer roles as creator  (producer) in Domain Engg. cycle  and  component user 

as consumer in Application- Engg. cycle ,so all benefits are of Corporate. It is not possible to quantify all benefits of  reuse 

specially qualitative benefits but it is tried to measure them. Benefits  of  reuse program for above said corporation are 

structured as shown in Fig.2. Time value of money is not considered here. 
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                                                                               Fig 2. Benefits Structure  

Corporate Engineering Cycle Benefits= Domain Engineering Cycle Benefits from selling components internal and external to 

the corporation  +  Application  Engineering Cycle Benefits from selling applications  external to the corporation.  

 

3.2.1.1 Domain Engg. Cycle Benefits 

BenefitsDomain- Engg  =  Benefitscomp-Engg -   SalaryDomain-Analyst  

Benefitscomp-Engg =∑ Benefitscomp
 

Where 

BenefitsDomain- Engg  = Benefits of Domain  Engg. Cycle 

Benefitscomp-Engg = Benefits of Component Engg. Cycle 

 Benefitscomp =  Benefits from selling a component internal and external to the corporation  

∑Benefitscomp = ∑Direct Benefitscomp +  ∑Indirect Benefitscomp   

It is assumed that all components (X1, X2, X3) made before 2010  are sold   internal and external to the corporation  and fees 

and royalties are 1% of sell price for externally sold components. Component X4 made in 2010  is not included in cost-

benefit analysis since it will be used internally in next plan(App4,App5,App6) and sold externally in next coming year(2011)  

according proposed scheme. 

 ∑Direct Benefitscomp = [ Saving due to sell - Additional cost due to make reusable] 

[(Total sell price -Total cost to make reusable components) + fees and royalties ] - [Total cost to make reusable components -

Total cost to make for no reuse] 

=[{(Sell price of components internal to the corporation+ Sell price of components external to the corporation)- Total cost to 

make reusable components } +fees and royalties]- [Total cost to make reusable components -Total cost to make for no reuse ] 

[{(9281.25+11601.56)- 9281.25}+116.0156]  - [ 9281.25 -4640.625] 

=11717.58-4640.625 = $7076.953 

 ∑Indirect Benefitscomp  =  increased market share +Improved quality Increased market share- due to revenue from 

selling components external to the corporation + Improved quality  and productivity in terms of  increased 

experience of staff (more trained staff) in same environment. 

BenefitsDomain- Engg   = (7076.953-2648) + ∑Indirect Benefitscomp   

  BenefitsDomain- Engg   = $4428.953 + ∑Indirect Benefitscomp   

 

3.2.1.2 Application -Engg. Cycle Benefits  

Benefits App-Engg = ∑ BenefitsApp 

Where  

BenefitsApp-Engg = Benefits of Application Engg. Cycle  

BenefitsApp = Benefits of  a  application  

∑BenefitsApp =  ∑Direct BenefitsApp + ∑Indirect  BenefitsApp  
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∑Direct BenefitsApp = [ Saving due to sell- Saving due to reuse] 

= [Total sell price-Total cost with reuse ]  

= [Total  sell price of applications external to the corporation – (Total cost of applications with reuse +Set-up cost  -Total cost 

of repeated components) ]    

 = [(Total  sell price of applications external to the corporation – Total cost of applications with reuse) - Set-up cost + 

repeated cost of components ]    

= (.25* Total cost of applications with reuse) -1000 + cost (2X1+X2) 

= (.25* 45285.19 +2*2750+ 3080)-1000 

= 11321.3+ 5500 + 3080-1000 

=19901.3-1000 = $18901.3 

 ∑Indirect  BenefitsApp =  additional revenue due to earlier market delivery of product + increased sales  (increased 

productivity due to reusing components +Improved quality ) +increased market share  
 

3.2.1.3 Corporate Engg. Cycle Benefits 

BenefitsCor-Engg  = BenefitsDomain- Engg  +  BenefitsApp-Engg –Set-up cost , Where  

 BenefitsCor-Engg  = Corporate Engg. Cycle benefits 

 

i, e   BenefitsCor-Engg  =  [(Direct Benefits) Domain- Engg + (Direct Benefits)App - Engg] + [(Indirect  Benefits)Domain- Engg  + (Indirect  

Benefits)App - Engg ] -3000 

 =[4428.953 +18901.3]-3000 + [(Indirect  Benefits)Domain- Engg  + (Indirect  Benefits)App - Engg ]  

= $20330.25 + [(Indirect  Benefits)Domain- Engg  + (Indirect  Benefits)App - Engg ] = $20330.25 + Increased market share- due to 

additional revenue due to earlier market delivery of product and selling components external to the corporation+ Increased 

sales (Improved quality +increased productivity due to reusing components)  +Improved quality  and productivity in terms 

of  increased experience of staff (more trained staff) in same environment . 

 

3.4. Benefits increasing factors in software reuse scenario 

Following efforts can help to increase benefits  in context of above said corporation: 

 Rich Component repository  
Organization ‗s  own repository should be rich  of components since in house built components are lesser cost than  

components purchased from market. Library should be updated according needs and new components should be regularly 

introduced [39].  

 Maximize black-box reuse 

Black-Box Reuse(CBD form )  is costly due to inefficiency   in search techniques and components price [40] but in house 

built black-box components are designed according  internal reuse needs and forward looking reuse as well as this reduce 

the understanding time since a reusable asset require more understanding time than any other part of reuse process [22].So 

search cost and component price  are very reasonable in house built black-box component. 

 Minimize Complexity  

In our model , as Complexity of  component increases ,cost increases also .So try to Minimize it.  

 Effective Size  
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Cost increases according size , so it should be effective  and can be calculated as 

Effective size = (existing size × (0.4 × redesign% + 0.25 × reimplementation% + 0.35 × retest %)) [32]. 

 Avoid Reuse Failure  

 Failures of reuse increases programmer's time, decreases motivation,  accountability  and incentives so it should be avoided 

[33]. 

 Start with small scale and grow-up 

At initial level organizations   should start from low level of reuse with small size  of components since they are  easy to 

adapt[38 ] and make and then grow-up with increasing size  of components.  

 

 Include reuse as integral part 

Reuse  should be as an integral part of  software life cycle process[28] by providing  central support for reuse activities . 

 Improve Quality 

Quality benefits can be achieved by error reduction and standization . Reuse rate of component should be increased since 

defect  are fixed each time that results –improved quality[10]. Try to remove defects in earlier phases as soon as possible 

since cost of prevention and debugging can be amortized number of uses [27] and the longer it takes to identify an error, the 

costlier it is to fix[35][36 ] .Initiatives should be provided to establish methods to avoid post release errors[37].  

 Minimize product delivery time   

Try to avoid missing a market window  since in reused oriented environment ,sometimes  earlier time-to-market can be more 

profitable  and competitive advantage than direct cost reduction[41][44][45][47].  

 Use common technical standards [12]. 

 Increase Scale of Reuse  

In our model , Components are used  across projects. For example  , as component X1 is used  in App1,App2 and App3 then 

benefits  increase also according scale as shown in Graph1. 

                                     

                                                                   Graph1.   Scale Vs. Benefits                    

 Share knowledge and experiences 

 Organization can introduce reuse groups and forums where people can discuss problems so that experiences should be 

shared by other organizations [23] . 

 Make components according market needs 

Design and functionality of  components  market should be according needs. 
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Organization should establish refresher courses, training for staff up gradation to compete  market trends and recognition, 

royalty , lottery award and  preferential funding policy  for reuse achievements[25] . Set targets and use competitions to drive  

reuse [30] to increase and promote the reuse level. 

 Improve Continuously  

Perform walkthroughs, reviews , feedback from users and monitor  reuse efforts throughout development life cycles.  

 
4. Conclusion 
Both producer as well as user enjoy benefits in a software reuse scenario specially user. Benefits  may be operational or 

strategic ,direct or hidden, quantitative or qualitative. Some measures(metrics and models) to estimate the benefits of a reuse 

program are reviewed.  In this research, a simplified and enhanced benefit estimation model  is suggested for all cycles of 

software reuse development .The Proposed  study also suggests that rich repository,  black-box strategy, failure avoidance 

development according market requirements, better quality , standardization of components as well as continuously 

improvement  with incremental business strategy by keeping staff up graded, happy and sharing  knowledge ,experiences 

with others ,the corporate(organization) can increase its benefits. 

5. Future Work 

Economic worth of proposed scheme for above said organization  will be estimated. 
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