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1. INTRODUCTION
OFTWARE EFFORT ESTIMATION is crucial to derive the effort involved in the successful completion of any project. Effort estimation techniques facilitate financial estimates, delivery timelines, help in beneficial resource allocation and scheduling, monitoring progress and also help in risk management. According to a recent survey conducted by McKinsey for NASSCOM [1] the IT and allied industries are expected to bring in revenues of about $225 Billion by 2020 in India alone and the current revenues are about $76 Billion. It is evident from these figures the growth rate of the software industry is impressive. The recent years have observed that software contracts are awarded to organizations having prior experience in handling similar project types.
Prior experience in the related project is the key for business growth. Organization benefiting from the software contracts would have multiple reusable modules for their future work. More over organizations develop codes so that they could be reused with some modifications for future use. This conservative approach adopted by the industry is to ensure timely deliveries, quality, reliability and financial assurance of their investments.
COCOMO [3] and COCOMO 2.0 [4], DELPHI [5], Function Point [6], Planning Poker [7], Use Case Point [8], Expert judgment [9], IBM -FSD [10] are the world known based estimation techniques, which are commonly used for Software Effort Estimation. These models exhibited a gross error of effort estimation. COCOMO with effort adjustment factor [11] provides about 30% improvement in effort variance, whereas when it is used with fuzzy logic, trapezoidal function and Gaussian functions showed improved performance [12]. Multiple software effort estimation techniques were integrated together to get the better result as compare to the regularly used estimation techniques, which was the big failure in terms of consistency when tested against several cases.
It was found that to achieve the good accuracy, Support Vector regression was combined with clustering approach.
The estimation algorithm was vastly improved by the Mantel's correlation randomization test named Analogy-X [15]. This made the researchers to work even harder on the after effects of Schedule and Budget pressure on Effort Estimation and the development cycle time. Researchers have to be very careful while Chronological Splits are assigned for the testing and training purpose. Even Global Software Developments gets an inaccurate estimation technique being executed in different location of all over the world.
It has become very difficult to decide which model like COCOMO is best suitable for the development of the estimation model because of the different efforts to achieve estimation technique available in the market and the same outputs. The best solution for the estimation technique can be the judgment and the formal based model. In spite of all these available models and approaches, research shows the failure of projects due to various reasons [13]. Project Failures due to improper estimation techniques is also studied [14]. Based on this study it is evident that appropriate effort estimation techniques are critical for project success. The current existing techniques provide no proper estimation and are not applicable for varied project types.
To estimate effort for heterogeneous project types this paper discusses REBEE in the further sections of the paper. The remaining paper is organized as follows. The next section discusses the importance of reusability and its adoption in the industry today. The third section discusses the REBEE model proposed. Section 3 also presents the Fuzzy rules to derive the reusability matrix and its use with dynamic neural networks to estimate effort. The penultimate section presents the experimental evaluation conducted using REBEE. The conclusion of the research presented here is discussed in the last section.








Figure 1. 
[image: Estimation technique abbreviated as REBEE [2] consists of 4 phases as shown in Fig 1.]

Figure 2. Figure
[image: Figure 1 : REBEE Model]

Figure 3. 
[image: Estimation using Dynamic Neural Networks To estimate the effort involved REBEE uses neural networks. Neural networks of static type are not considered to develop this effort estimation technique as they possess adaptive and learning capabilities for only static in-out relationships. To effective adapt and learn the dynamic input output of the non linear matrices REBEE uses dynamic neural networks. The dynamic Neural Network Adopted in this model is as shown in Fig 2.]
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The software industry today has witnessed various changes in its formulation, maintenance and management strategies to adapt to the dynamic changes it has experienced and for greater profitability. Experience held with organization in relevant or similar projects provides them with an business advantage as discussed earlier. These organizations possess modules which could be altered or used in total for their upcoming projects. The work described in this paper utilizes this knowledge of these reusable components to predict the effort required for the remaining work at hand. Incorporation and importance of reusability is currently been actively considered by major corporations now. Reusability is being considered for appraisals of employees of an organization [16] to reduce costs and maximizing profits [17]. Through these studies it is evident the adoption and importance of reusable components in the industry today and effort estimation using based on reusability could answer the anomalies that exist in the current estimation techniques adopted.
Fellow researchers have incorporated reusable weights into the existing COSYMO for cost estimation [18].Incorporation of the reusable parameters with the taguchi model [19], COCOMO2 [20],COCOMO [11] and COCOMO81 [20] have been closely observed and these models exhibit considerable improvements but the error of estimation still exist. The error in estimation is basically due to the fact that the deficiencies of reusability's were not considered [21] which was considered to develop REBEE.  The effort estimation technique proposed consists of a pre processing phase where in the project data considered is analyzed to basically derive the reusability matrix. A project is assumed to be split into a number of modules and the reusability of each module is analyzed to derive the reusability matrix using fuzzy rules.
Estimation of the effort involved to achieve the project goals have been achieved using dynamic neural networks. Prior to estimation the dynamic neural networks are trained using the back propagation algorithm. The trained neural network could be used for estimation the effort involved. The results obtained could be analyzed for resource utilization, financial analysis, delivery time line assertion and many more critical analyses.
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A project is said to be composed of ?? modules. Modules could be either reusable or could be considered as new modules (?? ?? ). Each reusable module is analyzed using a judgment model to arrive at the reusable component present. The modules are analyzed at an implementation level and for characterization a threshold ?? is defined which is arrived based on the judgment model. On characterization the modules are further classified into 3 categories as
? Completely reusable.A module is considered to be completely reusable if it could be utilized without any changes or changes to be incorporated are less than the threshold ?? and is represented as ?? ð�??"ð�??"?? ? Reusable with prominent adaptation
If the changes to be incorporated are greater than the threshold ?? then the module is considered as a reusable module with prominent adaption represented by ?? ???? .
Let Î?" represent the changes to be incorporated into a module ?? for it to be compatible with the project for which estimation is to be achieved. Applying the fuzzy rules the modules could be characterized as follows
? ?? = ?? ???? ??ð�??"ð�??" ?????? ???????? ??ð�??"ð�??" Î?" = 0 ?? = ?? ð�??"ð�??"?? ??ð�??"ð�??" ?????? ???????? ??ð�??"ð�??" Î?" < ?? ?? = ?? ð�??"ð�??"?? ??ð�??"ð�??" ?????? ???????? ??ð�??"ð�??" Î?" ? ?? ?Consider ?? to represent the reusable matrix. The effort involved to develop the modules earlier is represented as ? . Let us consider that there exist ??, ?? ?????? ?? number of ?? ???? , ?? ð�??"ð�??"?? ?????? ?? ???? modules and their development efforts considered be defined as ? ???? , ? ð�??"ð�??"?? ?????? ? ???? . Then the reusability matrix obtained based on fuzzy logic could be represented as  Dynamic neural networks have been considered as they could be utilized to observe effort related dynamics of the input pattern matrices. The use of dynamic neural networks is not only related to obtaining effort related dynamics but also could be utilized to obtain non effort related dynamics observed for effort related input matrices.
?? = ? ?? ????1 ? ????1 ?? ð�??"ð�??"?? 1 ? ? ? ?? ?????? ? ?????? ?? ð�??"ð�??"???? ? ð�??"ð�??"?? 1 ?? ???? 1 ? ???? 1 ? ? ? ? ð�??"ð�??"???? ?? ?????? ? ?????? ? c)The reusable matrix obtained from the pre processing phase is considered for training of the dynamic neural networks. The training is achieved using the back propagation algorithm. The output of the dynamic neural network ??(??) with respect to the input ??(??) is given by
??(?? + 1) = ?(?? ? 1)??(??) + ??????(??) + ?? ??(??) = ?????(??)?Where ?? represents the sigmoid activation function and (?? ? 1) is the feedback where ?? is the learning rate constant.
The error of estimation ??(??) is defined as
??(??) = 1 2 ??? ?? (??) ? ??(??)? 2 + 1 2 ? [?? ?? (??) ? ??(??)] 2 ???1 ??=0 = 1 2 ?? 2 (??) + 1 2 ? ?? 2 ???1 ??=0 (??)The weight update function ?????(??) propagated through the dynamic neural network is given as
?????(??) = ??? ???? ?????? = ?? ? ??(?? + 1)ð�??"ð�??" ???? (??(??), ????) ???1 ??=0The updated weights propagated to the next neuron based on the previous neuron is given as
????(?? + 1) = {????(??) ? ?? ???? ? ??(?? + 1) ???1 ??+0 ð�??"ð�??" ???? (??(??), ????)}The trained neural network is queried with the project data provided which provides the effort estimated on the remaining modules using the following equation where ? represents the effort. 
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This section of the paper described the REBEE technique proposed through this paper. The validation of this model is provided in the next section.
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This section of the paper would discuss the experimental evaluation of the discussed REBEE model. For evaluation 39 projects of NASA Goddard Space Flight Center Greenbelt, Maryland is considered [22]. The dataset consists of projects related to simulators and altitude ground support systems developed by the Flight Dynamics Division of Goddard Space Flight Center situated in Maryland USA. The simulator projects considered were categorized into dynamic simulators and telemetry simulators. The 39 projects considered were said to be developed in 3 phases. Phase 1 consist of the design Phase. The coding was considered as the second phase and the last phase was the testing phase. For evaluation purpose the effort involved in providing support towards these projects developed was not considered.
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The data set considered provided details with respect to the number of lines of source code required in developing these projects. Reusability of the code was also considered in the development of the projects in the data set. The data set defined reusability of 3 types. A completely reusable code was considered if there were no changes to be incorporated for the new project considered. If the changes to be incorporated in the code were less than 25% (i.e. threshold ?? in REBEE) then it was considered to be a reusable code that requires slight modification. If the modification exceeded the threshold ?? the code was considered to be reusable but with extensive modification. For evaluation presented here these matrices were considered to derive the reusability matrix??.
REBEE was developed using C# on a visual Microsoft Visual Studio 2010 platform. The reusability matrix derived using the fuzzy rule was provided to the dynamic neural network in the training process. The trained dynamic neural network on querying provides the effort estimated phase wise and for the entire project.
The experimental evaluation process considered is shown as a flow chart in Fig 3 .The dataset considered consists of heterogeneous project having varied development platforms and also exhibiting varying reusability levels. For evaluation projects were clustered into 4 types mentioned below
? Minor Reuse ? Standard Reuse ? High Reuse ? Maximum Reuse types.If the reusability of a project was found to be less than or equal to 20% it was considered to be of Minor Reuse Type. If the reusability percentage of a project was between twenty and fifty, it was considered as a project of Standard Reuse type. If the percentage of reusability of a project was between fifty and eighty it was considered as a project of High Reuse. Projects embodying components which were more than 80% reusable was considered as maximum reusable projects. This clustering was adopted to provide for effective and efficient training to neural network to understand the dynamics of reusability. The effort estimated versus the actual effort involved in the design phase of the 39 projects is shown in The results obtained from the evaluation of the 39 projects considered exhibited a low average error in effort estimation of about 1.25%. The average error in An Approach for Effort Estimation having Reusable Components in Software Development effort estimation for the design phase was 1.34%, 1.38% for the coding phase and 2.29% for the testing phase respectively. Based on the graphical data provided and the low average error of estimation it is evident that the reusability based effort estimation technique presented in this paper could be effectively utilized to estimate the effort involved in developing a project.  
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Accurate effort estimation techniques are critical for the successful project execution. The importance of reusability and its remarkable acceptance by the industry today is evident from the research work presented through this paper. This paper discusses a reusability based effort estimation technique named REBEE.  Training of the dynamic neural networks is achieved using the back propagation algorithm. Fuzzy rules are adopted in constructing the reusability matrix which is utilized by the neural network to understand the dynamics of the effort involved in constructing the reusable components. Based on this understanding the dynamic neural network estimates the remaining effort involved in project completion.
The REBEE model discussed is evaluated on 39 NASA projects which are of different kinds. The development languages for these projects also varied from project to project. The reusability level of the projects varied from about 0% to a high of 96%. The effort estimated using REBEE on all the 3 project phases i.e. Design, Coding and Testing and on the cumulative effort required in developing the projects showed high levels of accuracy. The average estimation error for all the 39 projects was also a low of about 1.25% which proves the efficiency of REBEE. From the evaluation results obtained it could be concluded that reusability based effort estimation technique discussed in this paper could be a possible solution for accurate effort estimation for projects of varied types which is not possible with the currently existing effort estimation techniques.
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