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Abstract- There are many technical barriers and impediment to software quality, reuse, cost and time in Software 
development process. A model is proposed, modified which emphasis is on common architecture design, formal reuse 
culture with systematic quality assurance process involving continuous monitoring, evaluation, improvement followed by 
certification activities. A simulation tool Arena is used to implement the proposed model. Arena tool is used in software 
engineering domain which is challenging and every efforts is made to implement it for quality assurance and reuse process. 
Our aim in this paper is simulation and optimization of software quality assurance using reuse. 
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I. INTRODUCTION 
 
Software quality assurance, reuse, time and cost are 
very important aspects in development of software. 
SQA is the process of verifying or confirming that 
whether products and services meet the customer 
expectation or not. It is preventive approach of 
inserting defects during software development 
process.   Software Quality Assurance involves both 
process and product assurance. Process oriented 
approaches deals with the establishment of rules, 
principles, standards, guidelines, manuals, process 
definitions, the evaluation and improvement of 
software quality processes[2]. The high quality 
development processes result in a high quality 
product. The process oriented models are  ISO 9001, 
CMMI, SPICE, and ISO 12207. Product oriented 
models are Boehm's, McCall's, FURPS, Dromey's, 
ISO IEC 9126 Model. Software reuse is the process 
of creating software system from existing software 
rather than building from scratch. There is lot of 
benefits from Software reuse like it saves time, cost 
and improves quality. Simulation is the imitation of 
the operation of a real-world process or system over 
time. The act of simulating something first requires 
that a model be developed; this model represents the 
key behaviors/ functions or characteristics of the 
selected physical or abstract system or process. The 
model represents the system itself, whereas the 
simulation represents the operation of the system over 
time.  
 
A model was proposed earlier was in preliminary  
stage is based on quality assurance and reuse process 
through building a repository for developing product 
lines, domain engineering product and 
components[5]. The scheme of the paper is as follows 
section II deals with SQA and simulation 
background, section III deals with model, use of  

 
simulation tool and  challenges faced while using this 
tool and  section IV deals with conclusion and future 
work.  
 
II. SQA & SIMULATION BACKGROUND 
 
Simulation models have been used to derive 
implications about the behavior of an organization 
through integration of multiple functions of software 
development process and to quantitatively evaluate 
the performance of alternative software processes and 
process changes[7]. Manufacturing represents one of 
the most important applications of Simulation and 
Optimization. This technique represents a valuable 
tool used by engineers when evaluating the effect of 
capital investment in equipments and physical 
facilities like factory plants, warehouses, and 
distribution centers. Simulation can be used to predict 
the performance of an existing or planned system and 
to compare alternative solutions for a particular 
design problem.  The future needs of building 
simulation tools are primarily driven by the need  to 
better inform design decisions and issue better quality 
control over the performance assessment process[6]. 
O. Korkmaz has used simulation for software quality 
assurance[1]. K.Yasuda and S.Yamada proposed 
establishing a framework for a Japanese software 
quality management system[3]. D.C. Kirk and S.G. 
MacDonnell developed a specific strategy called 
SIQinU (Strategy for understanding and Improving 
Quality in Use), which allows recognizing problems 
of quality in use through evaluation and proposes 
product improvements by understanding and making 
changes on product attributes[4]. J.Eckroth suggested 
a method for determining how functional 
requirements affect software quality.  By this method 
the designer can identify which requirements, when 
implemented, will most affect software quality[10]. 
Software metrics  is summarized based on quality 
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assurance and reuse. Metrics are used by the software 
industry for analyzing, designing & development, 
implementation and maintenance of software[8]. 
Ejaz, Nazmeen & Zafar proposed a Quality 
Assurance model for Analysis phase[11]. If defect is 
not detected  it increases the cost of the product. Our 
fifty percent development efforts get reduced based 
on quality produced at analysis phase. Hence the 
author proposed a model for systematic verification 
and assessment of the analysis phase. The model 
provides a roadmap to the quality assurance people to 
conduct their activities in a systematic manner during 
the requirement analysis phase. The main elements of 
evaluation in this phase are the people (capable team 
to generate checklist), the process (standard and 
should be in manner) and the product documents 
(SRS, IRS i.e. software requirement specifications 
and interface requirement specification). 
Phongaibul & Boehm  showed in  "Improving Quality 
through Software Process Models in Thailand"[12]  
that Thailand people have different culture values and 
hence found it difficult to implement the Software 
Process Models. Models given by SEI and USA (e.g. 
CMM, CMMI) are more tailored to western cultures.  
The models of culture differences from Edward 
T.Hall and Greet Hofstede are used as culture 
dimensions to explain the difference in cultures 
towards software process models and improvements. 
The result revealed that main culture dimension are 
power distance (is degree of inequality in prestige, 
wealth and power  i.e between boss and subordinate), 
uncertainty avoidance ( is degree to which people in 
societies tolerate uncertain situations), 
masculinity/feminity, Monochronic/Polychronic time 
and high /low context languages (refers to amount of 
information conveyed during communication 
including voice, gestures and facial expression).The 
paper focused by showing that Thailand culture is 
polychromic, high context languages, high power 
distance, highly uncertainty avoidance, more 
collective (based decisions), feminine countries, long 
term oriented country        (long term expectation). 
 
III. OVERVIEW OF MODEL 
 
The model as shown in Fig 1 was proposed, modified 
and summarized here to understand and link it with 
simulation & optimization in this paper. The model is 
about commercial development of any type of 
software involving various division and centre of 
software companies[5]. Every division is associated 
with particular type of specific activity. Model 
depends on factors like human (people), management 
skills, environment, formal reuse process, 
organization type, product monitoring division, 
evaluation division, improvement, certification 
processed. The model emphasis on common 
methodology, architecture framework design, reuse 
culture with systematic discipline quality assurance 
process involving continuous monitoring, evaluation, 

improvement and certification activities. The various 
division involved are explained in this model is 
summarized in short here –  

A. Problem solver, Estimation & Forecasting 
Division   

B. Quality Assurance Planning & Reuse Centre  
C. Standard and Rules Enforcing Division   
D. Manufacturing Processing Division  

The other division are explained after this paragraph. 
There are different approaches to software 
development. The main approaches[2] are structured 
development, object oriented development, and 
component based development and web-based 
development. In structured development the phases 
involved are analysis, design, implementation and 
maintenance. In Rational unified process the phases 
involved in development are inception, elaboration, 
construction and transition. The website development 
process include analysis and requirement gathering, 
specification building, design and development, 
content writing, coding and testing, promotion, 
maintenance and  up gradation. The component 
development process involves taking requirements 
for component, modification of requirements, 
designing with reuse, development and integration, 
system building and validation.   The requirement are 
understood and mapped to functionality after getting 
approved.  
E.    Monitoring & Reviewing the Manufacturing     
Division 
F.    Reusable Repository 
G.   Evaluation, Improvement & Certification 
Division 
H.   Reusable Artifacts, Finished Product & User 
Satisfaction 
I.     Services & Repository 
Model emphasis on developing a repository, certified  
reusable assets which can be used for building  
domain engineering (DE), special product lines 
(SPL), component software engineering (CSSE). 

 
Fig.1A  Software Quality Assurance Reuse model (SQARM) 
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The advantage of this model is that a) reuse is made a 
formal process here and if implemented in companies 
it will eradicate challenges, encourage reuse and 
repository in Software Engineering domain. b) The 
process and components developed will go through 
certification process and hence will indirectly 
standardized quality of process and product. c) Model 
indirectly emphasis on auditing every aspect. d) The 
model on implementing will encourage development 
of new areas like domain engineering (DE), special 
product lines (SPL), component software engineering 
(CSSE). (e) Model  emphases on development of 
specialized quality assurance and reuse division. 
 
IV. OVERVIEW OF SIMULATION TOOLS 
 
A.     List of Simulation Tools   
It started with idea of using Simulation technique and  
searching simulation on browser Crome:Google by 
typing open source simulation software. Open source 
software were searched many times but found 
innumerable simulation games.  Software was 
searched based on books reading and references list at 
end of   simulation books. Many times the link was 
not opening and it turned out to be faulty and sour 
grapes. Many times link led us to trial version. The 
dealers and distributor were contacted for simulation 
tool. Those were commercial software which cost 
lakhs of rupees.  Out of 15-20 tools searched two 
version were finalised. One was student version – 
ARENA, which was downloaded and other was 
PROMODEL which was an evaluation version 
received on request from distributor. Conferences 
research paper were searched  to get the names of list 
of tools. Later on the name were searched on internet 
to reach the home page of company to download that 
software. Sometimes tool was downloaded  and found 
that it was not useful to meet our requirement. Often  
Wikipedia was visited to get the names of tools and 
download  it from Google: Crome. To study the 
working of those tool videos were downloaded and 
studied.  ARENA videos were easily available from 
YouTube but  they were in other language and so 
could not be understood. These involved studying 
them from some other sources to go to the depth of 
those tools. Downloading of tool and videos required 
a powerful speed of internet. Studying of tools also 
required the sources like searching books in market. 
But they were not available. So user manual were 
read  and tried to study them by ourselves by taking 
our printouts. Some tools are also available through 
books CD but  could not get them. Trial versions are 
with limited time and have to studied to see if they 
match our requirement of process modeling. Very 
difficult part of all these efforts was to study the tool 
and try to implement our model through that software 
and found that they are not useful to us. Only 
downloaded tools cannot help us. Only after studying 
tool in depth one can understand if that tool will be 
useful to us or not.  All these meant waste of time, 

efforts and resources. Some of the tool which were 
explored, studied are  listed  as  shown in  Table 1. 
 
TABLE I: OPEN SOURCE AND COMMERCIAL 

TOOLS 

 
 
B     Use of Simulation Tool ARENA  
ARENA tool was studied and tried to implement it in 
software development process (SDLC). The 
structured software development process has phases 
like analysis, design, maintenance and 
implementation. There are some tools which are 
integrated with Arena like QUINTE[9] as Quinte do 
not have animation for simulation. With this new 
QUINTE environment, the user can create and 
animate the processes, use ARENA Statistical 
analyzer and use other user-friendly Arena functions. 
The following paragraphs contain brief information 
about ARENA built-in tools: Input Analyzer, Output 
Analyzer and Process Analyzer[1].  
The Input Analyzer is a standard tool that is designed 
specifically to fit distributions to data observed 
provides estimates of their parameters and to measure 
how well they fit the data. It helps the user fit 
probability distributions to data observed on 
quantities subject to variation.  
The Output Analyzer is a separate application to do 
sophisticated statistical analyses. It is useful for doing 
comparison of two alternative versions of model, 
called scenarios. It has two different tests: Paired-t 
Test and Two-Sample-t Test. The Output Analyzer 
gives the user 90%, 95% or 99% confidence intervals 
on the expected difference to see whether two 
scenarios have statistical differences.  
The Process Analyzer is a separate application to run 
several scenarios and select the best or measure the 
effects of inputs on outputs. It has the capability to 
display the confidence intervals graphically. So 
model changes can be analysed with different 
parameter using different scenarios. It useful in 
evaluating the results statistically, valid or invalid, 
which is better than the other or best. 
  
C   Novel way of modeling Quality Assurance with 
ARENA 
(i) Conceptual Model 
Conceptual  model is developed as  shown in fig 1 
which is the representation of problem. The model is 
on Quality assurance  emphasizing reuse in every 
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phase of  software quality development. This model 
is based on the  history and theories  of software 
engineering related to software quality assurance with 
reuse aspects.  
(ii) Simulation Model  
This conceptual model is converted into simulation 
model using Arena  downloaded (trial version) from 
www.Arenasimulation.com. In Arena requirements 
are considered as entity, they are created and are 
moving through various phases of  development i.e 
analysis, design, maintenance and implementation as 
shown  in figure 2. The model is simulated and result 
is obtained in terms of reports. Arena is used for 
estimating time, cost, quality. Software quality 
assurance process depends on many factors like time, 
cost, process, schedule, pressures, culture, 
requirements, testing, defects, decisions, defects, 
team, skill, human resources, reuse etc. We consider 
some factors like process, entity, cost, time as all 
factors cannot be modeled using Arena  tool due to 
constraint as listed in paragraph V(E).  In Simulation 
model the templates of Arena  represents the 
following: 
a)CREATE:   Requirements of Components. 
b)PROCESS: Approval of requirements, SQA reuse 
approving unit, Quality component development, 
debugging. 
c) ASSIGN: for incrementing and decrementing 
d) DECISION: defect removing from component. 
e) DISPOSE: It suggest end of the process. 
 
Fig.2 Basic templates are CREATE, DECISION, 
PROCESS AND DISPOSE.    
 

 
Fig.2 Arena Software is used to model software development 

            

 
Fig. 3 Arena Report showing Entity 

Following template are inbuilt into Arena  
Create module: Entities are created using a schedule 
or based on a time between arrivals. Entities are 
starting point. They  leave the module to begin 
processing through the system. 
 
Dispose module: This module is the endpoint for 
entities in a simulation model. Entity statistics may be 
recorded before the entity is disposed. 
 
Process module: This module is intended as the main 
processing method in the simulation. The process 
time is allocated to the entity and may be considered 
to be value added, non-value added, transfer, wait, or 
other. 
 
Decide module: This module allows for decision-
making processes in the system. 
 

 
Fig.4  Arena  Report showing Resources associated with SQA 

 
In Arena  there are reports on ( i) Processes i.e 
Process Throughput, Process costs, Process times (ii) 
Resources i.e resources cost, number busy utilization 
(iii) Entities i.e entity throughput, average cost, 
average time. 
 
(iii)Validation of Model:  
The model is validated by using various ways like a) 
Metric evaluation b) validation techniques. 
 
a) Metric Evaluation (of performance of 
Components)- i.e Time, cost, Quality, Throughput. 
The factors influencing the performance of software 
components are component implementation, required 
services, deployment platform, usage profile, 
resource contention [13]. The performance of 
component is evaluated by proposing a metric 
framework to evaluate the components. 
 
b) Validation Techniques like animation, running the 
trials to get average result and find internal validity, 
sensitivity analysis, comparing the other models, 
testing model behavior by giving input, event of 
simulation model compared with real time etc[14]. 
 
Animation: The operational behavior is displayed 
graphically as the model moves through time. The 



International Journal of Advanced Computational Engineering and Networking, ISSN: 2320-2106,        Volume-3, Issue-12, Dec.-2015 

Simulation And Optimisation Of Software Quality Assurance With Reuse 
 

21 

moments in the model is similar to the movement of 
software quality assurance process during real 
software development. The decision taken during the 
process animate using decide template as shown in 
fig 2. The data generated during simulation comes in 
form of report of cost, time, quality as shown in fig 3, 
fig 4. 
 
Running the Trials: Model is developed in various 
ways and run to get the result as shown in fig 3, fig 4. 
 
Sensitivity Analysis: The model is developed 
iteratively & in various ways and run several time to 
determine the effect or output. Sensitive parameters 
cause significant changes in the model's behavior or 
output.  
 
Case Study of website: Website developed using 
reusable component  is used  as a  case study.  A 
login form is a small  reusable component. The 
website is based on client server architecture. Client 
and Server architecture is designed using number of 
reusable components. These reusable components can 
be reused if they are certified and stored in repository 
as shown in fig 1.  It is assumed that the components 
are certified before using them.  
 
D) Optimization model for SQA with reuse  
Optimization is a process that searches for the 
optimal solution to a model. An optimization model 
in OptQuest for Arena has three major elements: 
controls, constraints and an objective.  
 
Controls: Are variables or resources that can be 
meaningfully manipulated to affect the performance 
of a simulated system. e.g.  Staff  like tester, 
developer 
Constraints: They are conditions. They are 
relationships among controls and/or responses. For 
example, a constraint might ensure that the total 
amount of money allocated among various 
investments cannot exceed a specified amount, or at 
most one machine from a certain group can be 
selected.         e.g Budget Constraint.  
Responses: They are output from Arena model. The 
objective function and constraints may depend on 
outputs of the simulation, and therefore, they are 
based on responses. These responses includes tallies, 
outputs, Cstats, Dstats, counters, and variables 
defined in the Arena simulation model. 
 
Objective: It is goal of optimization. Is a response or 
an expression used to represent the model's objective, 
such as minimizing queues or maximizing profits.  
 
Steps in using OptQuest: 

i) Create a simulation model with Arena. 
ii)   Prepare your Arena model for optimization. 

       iii)   Start OptQuest and open an OptQuest (.opt) 
file. 

       iv)   Set up the optimization: 
             a) Select the controls to optimize and set their   
bounds. 
             b) Specify any constraints 
             c) Specify the objective of the optimization. 
             d) Select the optimization options. 
       v)    Run the optimization. 
       vi)   Interpret the results. 
 vii)  Refine the solutions. 
 
Steps (i), (ii) is performed in Arena, (iii) to (vii) in 
OptQuest, and (vi) in both. Here SQA optimization 
means it is optimizing quality, reusability by reducing 
cost, time, resources.  
 

 
Fig.5 ARENA- Showing Optimization of SQA, Reuse 

 
E) Challenges Faced while using Arena Tool 
Arena is an Industrial Engineering tool. We have 
used Education version which has limited 
functionality. While building the model we realized 
that a) it is difficult to use Arena for   software 
engineering environment. It is generally meant for 
manufacturing process and all its parameter cannot be 
implemented. b) It involves use of advance entity for 
modeling whole process and hence in depth study and 
training of simulation and tool Arena is required 
which we presently do not have. c) Student version or 
academic version does not have all functionality as 
we have in full version. d) Template is not developed 
as per software engineering domain. e) There are 
lacks of Visio like tools which are integrated with 
Arena software. f) Our knowledge needs to be 
upgraded in terms of Arena and Simulation g) Result 
are very difficult to interpret in terms of quality 
assurance and reuse h) It can be time consuming, 
expensive and challenging  in terms of quality 
assurance and reuse. i) Arena tool is used to check 
performance (cycle time, processing time, cost, wait 
time, yield, and quantity process per time period) but 
other information is difficult to get. The advantages 
of using Arena is its wonderful animation and drag 
and drop template functionality. Simulation software 
Arena is used in integration with other tools. Quinte 
is one such example which has disadvantage i.e does 
not have animation so it is integrated with Arena. 
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Visio is also integrated as seen in process model 
simulation software 
 
V. RESULT   & CONCLUSION 
 
In Arena reports are in terms of cost, time, and 
resources utilization. A model is developed on SQA 
with reuse, simulated  it and optimized it in relation 
to quality assurance, reuse, time, cost and resources. 
Report shown are on (i) SQA Processes i.e Process 
Throughput, Process costs, Process times (ii) 
Resources i.e resources cost, number busy utilization 
(iii) Entities i.e entity throughput, average cost, 
average time. The values from the report are 
compared with the standard values. The values shows 
optimization of SQA process, max utilization of 
resources by min cost and time utilization..  
 
VI. FUTURE ENHANCEMENT 
 
In future we like to break the complete model into 
small models and enhance it in different way to 
remove its drawbacks. 
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