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ABSTRACT

Our work is proposing a basic system model for simulating component-based software development process. Software project managers would take advantage of this framework by implementing a simulation system which would improve their management skills and minimize risks at real time decision making. Our framework is focused in component-based software engineering approach [1] and evolutionary software development paradigm [2] which can be adopted by organizations for decreasing product development cycle time and increase software product quality. 
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1.  Introduction

Clearly explain the nature of the problem, previous work, purpose, and contribution of the paper.
Software simulation and modeling has been largely applied to a different areas of software engineering process such as team performance analysis [5], improving or training on software engineering project skills and processes[7], [9], [8], [9], [10], [11]. Specific software engineering activities such as software maintenance [12] and software development [13] had also successfully applyied simulation techniques for supporting its better understanding on specific environments. In parallel of software industry growth modern software development approaches such as component-based software engineering [1] and evolutionary development [3], [4]  has been adopted by software developers in order to stay competitive and improve software product quality. Both paradigms has changed the way software development is executed today but existing simulation models approaches a more general software engineering practices that requires to be  customized in order to comply with modern paradigms. We are proposing a software development model which can be used as a framework for adapting current or new simulation systems.

CBSE paradigm [1] suggests that every development team or individual must focus its efforts at component level only. Each software COMPONENT is an atomic and interdependent piece of software that once its first version is delivered it is considered fully functional and ready to be integrated into a software system.  System integrators are responsible for putting together a set of software components in order to build a software SYSTEM. 

Evolutionary development paradigm [2], [3], [4] suggests that a software SYSTEM or application first operational version must be delivered as fast as the system architecture is defined and a minimum set of requirements that the end user can start working with is achieved. After first release the remaining system requirements can be added on a regular basis by creating fully operational versions at every release is completed. 

Basically both COMPONENTS and SYSTEMS shared similar software development behaviour. In general software requirements and software defects at its specific level are considered INPUTS which will be designed, implemented, tested and delivered by software developers what is considered PROCESSING. OUTPUT is the result of executing PROCESING activities at every interaction of software release is an enhanced COMPONENT or SYSTEM ready to be applied by the end user.

A basic discrete event simulation model [15] may be applied to define INPUT, PROCESSING and OUTPUT. The following section will describe the proposed model including these sections and its characteristics.

2.  Simulation Model description (Body of Paper)
As mentioned in the introduction section our model will define INPUT, PROCESSING and OUTPUT for a software development based on CBSE and evolutionary development process. 
INPUT MODEL - We have identified at least two basic input data for our model. Software feature ´f´ is a new requirement that will be implemented during a specific development interaction and software defect ´d´ is an implementation error or discrepancy from an already implemented feature that normally pops up while end user operates a delivered version of the system.  < Do I need to describe or suggest some primitives of ´f´ and ´d´??? They might be future work>
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The first element of the input model is a features pool ´fp´ that consist on a set of features ´f´. Evolutionary development process such as eXtreme Programming [3] approach advice that most of these features are gathered during the initial software analysis phase prior the first software version is delivered but most of them will wait for a delivery cycle for being implemented.  It is expected that extra features can be added or dropped to ‘fp’ usually at the beginning of each development cycle occurs. Another basic element of the input model is a defects queue ´dq´ of defects ´f´ ordered by a random arrival position. The starting random arrival distribution may vary depending on the specific software project but support data for finding the correct distribution curve can be easily obtained from historical data of similar projects. Before each development cycle starts the random arrival distribution may be adjusted with new data obtained from the last development cycle for a ensuring a realistic view each time. 
< Example of the random arrival defects distribution and Monte Carlo approach for features adjustments may be placed here>
PROCESSING MODEL - Software developer ´s´ people who is capable for designing, implementing, testing and delivering software features ´f´ or resolve a software defects ´d´ at every development interaction. Software development team ´st´ is conformed by several software developers ´s´ that share development responsibilities and distribute them depending on their capabilities, experience and knowledge. For practical purposes we are considering a development iteration ´di´ as a predetermined time window that software features ´f´ or software defects ´d´ which were fully completed can be released to a production environment. 

[image: image2]
As mentioned by eXtreme programming [3] approach the first iteration goal is to deliver a first production release of a software component or software system but only few basic software features ´f´ are included and not software defects ´d´ are expected. From second development iteration ´di´ and on software defects ´d´ start coming from end users that are actually working with our released piece of software.
Software project manager must define which software developers ´s´ are subject to work on software features ´f´ based on its own experience. One or more software features ´f´ can be assigned to a software developer ´s´ at the beginning of each development iteration ´di´.  Software defects ´d´ are subject to picked up by any software developer ´s´ who has not currently executing or have still pending software features ´s´. Our model suppose that software developers ´s´ are always busy this means that software project manager must take in count safety require safety time along with required development time. 
Once a software feature ´f´ or software defect ´d´ is assigned to software developer ´s´ its execution time will depend on a random distribution based on development experience. 
<Example of proposed distribution for development based on development experience

Software development work then is considered as an ongoing process of executing development interactions ´di´ and could be considered as concluded when ´fp´ and ´dq´ are empty for at least one development cycle.
< Example of features and defects assignment and execution goes here>
OUTPUT MODEL – During each development iteration ´di´ software developers’ ´s´ completes software features ´f´ work and/or software defects are fixed and included into a specific component or system product release. 

Information about the execution of this each development artefact work is considered a development report ´r´ which includes data such as start, finish date-time for each, software developer data along with its development iteration information. A database of development reports ´dr´ includes all development reports ´r´ for every complete task execute by our development team.

< Example of development report database entries goes here >
A report generator which would take advantage of development reports ´dr´ database allowing software project managers to obtain detail reports of simulation execution, a resulted Gantt or Pert chart which would provide a visual representation of what have virtually happened. Reports or charts from previous simulation execution can be easily contrasted to find differences before taking real decisions on a real project. 

< Example of report generator artefacts goes here >
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3.  Conclusion

Our proposed model is outlining the basic definitions for enhancing current simulation systems that are not taking in count recent CBSE and evolutionary development paradigms.  New simulation systems developments can easily take advantage on our proposed model as a fast start track. 
We have described a very simple development work assignment and execution strategy such as not allowing software developers to combine software features development and software defects fixing work at the same time so future work may introduce a more dynamic way for allowing this common practice in the software industry. Our model is not really suggesting specific distribution curves for calculating random development artifacts arrivals, work assignments or execution time so further research on real projects may be applied for suggesting general accepted distributions calculations instead of leaving to the each user to define their own. 
Simulation systems adopting our proposed model may easily be used by software project managers in the formal industry for analyzing better way of work assignment to their team members. Proposed reports such as Gantt and pert charts obtained from a simulation execution can be used as a tool for understanding the effects of development staff changes such as modifying the size and experience of the team as an example with out having the need to ask to very experienced peer or have to leran it by its own experience which usually takes long time.
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Figure 1.0 – Input model specification
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Figure 2.0 – Process  model specification
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Figure 3.0 – Output  model specification














