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Abstract: 
Software changes are inevitable in any software project. Software project manager is required to make an effective decision when 

dealing with the software changes. One type of information that helps to make the decision is the estimation of the change effort 

produced by the changes. Reliable information of estimation on the change effort is significant to decide whether to accept or  

reject the changes. From software development perspective, the estimation has to take into account the inconsistent states of 

software artifacts across project lifecycle i.e., fully developed and partially developed. This research introduces a new change 
effort estimation tool (Web Based Change Request Tracking System) that is able to take into account the inconsistent states of 

software artifacts in its estimation process. This project is aimed at developing a tool for tracking the change request for any 

project. This tool will be an Intranet based application used by various people to track the change requests. This will have 

additional features like cost, mail notification; Reports per CR etc must be included in this system. Say for example the project 

has been estimated and being executed with 15% buffer already than if the CR are exceeding the 15% buffer than the notification 

of re-negotiation must be send.  
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1. INTRODUCTION 

According to annual report of VNG corporation, about 1/3 
of its software projects failed during 2009 to 2011 (these 

projects cannot be finished on time). There are many 

reasons for this failure, but according to their managers, the 

most reason is from frequent changing requests of 

customers during the software development process 

(average 5-10 changing requests/ project/ month). This 

reason also increased the total cost of software development 

project about 20% compared with original budget and it 

delayed the time to introduce new products to end-users.  

Similar to other software companies in Vietnam, software 

engineering process at VNG is not clearly applied and there 
is a lack of standardized method for software project 

management. Therefore, it is necessary for Vietnamese 

software companies to have a clearly stated and 

standardized method for software development to overcome 

above difficulties. Recently, Agile method, a flexible 

software development process, is more and more considered 

a suitable method for developing software in a short time 

and it is flexible enough to allow frequent changing requests 

during project time. Agile method attracted many 

researchers and businessmen in discussing and sharing their 

experience in applying this method. Currently, agile 

community in Vietnam has more than 300 members. From 
above reasons, this research tries to apply agile method for 

improving efficiency of software development project at 

VNG Company and to evaluate the Agile solution in 

practice. This research aims at (1) Identify problems of 

software project management at VNG company, (2) Suggest 

a plan for applying Agile method in VNG, and (3) Conduct 

testing project for evaluation. 

 

Objectives: 

 To track the change requests from client 

automatically. 

 To enable the clients to track change request status 

and its approval level. 

  To provide automatic mail notification support to 

PM (Project Manager) if estimated CR exceeds % 

of buffer. 

 

2 LITERATURE REVIEW 

2.1 Agile Software Development Method (Agile)  

Agile is a group of methodologies for software development 

based on iterative and incremental rule. In this method, 

requirements and solutions evolved through cooperation 

between self-managed and inter-functional groups. Besides, 

Agile is also considered a philosophy or an approach for 
software development projects. Typical software 

development methods based on Agile include Extreme 

Programming (XP) or Scrum. In this research, latest version 

of agile method based on Agile-manifesto is considered to 

be applied and tested. According to Agile manifesto , main 

characteristics of Agile method can be summarized as 

follows: ─ Iterative ─ Evolutionary ─ Adaptive ─ Group 

architecture ─ Empirical Process Control ─ Direct 

interaction ─ Value-based development Agile focuses on 

quick responsibility to requirement changes, interaction of 

multi parties, short time-frame, evolutionary and continuous 

development. Agile suggests a collection of rules, standards 
and practices, such as: source code management, coding 

standards, or prototype presentation to customers. 

According to Agile method, each project (product) will be 

divided into small functional parts. Each part is executed as 

a complete product in a short time (2-4 weeks). Each 

finished part will be transferred to customer to use, test and 

feedback. As the same time, other parts will be developed 

and tested. This process continues until all parts are 

completed.  
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2.2 Comparison of Software Development Methods  
Based on theory of software development, previous 

researches ,and interviews with experts in IT field, 

advantages and disadvantages of popular software 

development methods (such as: Waterfall, V-shape, 

Prototype, Evolution, RUP, CMMI and Agile model) are 

summarized and showed in following table 1.   

 

2.3 Success of Software Project Management  

According to James S. and Shane W. [10], traditional way 

of thinking about success of a software project is based on 3 

constraints: on time, within budget and satisfy users’ 
requirements. In fact, many projects satisfied all constraints 

above, but they cannot be considered successful projects 

because final system is not suitable with organization’s 

purpose and it is not used by end-users in practice. James S. 

and Shane W. [10] also showed 3 kinds of the success of a 

software project, which are: individual success, 

technological success, and organizational success. Through 

their analysis, agile method is considered a suitable method 

for software project and it can help software project 

managers to get all kinds of success above.      In this 

research, efficiency of software project management is 
measured based on ability to get 3 kinds of above success: 

Individual success, Technological success and 

Organizational success.  In the next section, problems of 

software project management at VNG Company will be 

analyzed to understand the current situation of project 

management at VNG and to explore ability to solve these 

problems using Agile method. Based on this analysis, a plan 

for applying Agile method for improving efficiency of 

software project management will be suggested.   

 

3. Existing System 
In existing system CR’s (Change Requests) from client are 

done manually through either phone call or by sending an 

email to the project manager 

Disadvantages of Existing system: 

 CR’s are maintained through word document or 

excel sheets  

 PM need to manually go through CR’S 

document to know whether CR’s exceed the 

estimated % of buffer or not for re- negotiation 

 

4. Proposed System 
An application need to be developed where CR’s are 

maintained automatically. Project manager should be able to 

track the number of changes request raised by client if 

estimated change request exceed the % of buffer he/she 

should get a notification mail so that he can update the 

status to clients for re- negotiation for CR’S. 

Advantages: 

 CR’s from clients are tracked automatically. 

 Clients can able to track CR’s status through this 

application. 

 Automatic notification mail support to PM if 
estimated CR reaches % of buffer. 

Scope: In this web based change request tracker 

system, change request from client are maintained 

automatically ,project manager can track the number of 

change requests raised by the client and client can view 

the status of change requests and its approval level. 

 

 

4.1 Software Requirements and     Specifications 

Functional Requirements 

A project comprises of a set of items that needs to be 
delivered on time with the expected set of quality. If during 

the course of execution of the project there is change 

required by the client it must be registered in the system as a 

change request, so that each such change request can be 

tracked and taken to closure and the cost analysis can be 

done for each of them. In an organization, the hierarchy 

could be SE/Analyst/Module leader/Project 

Manager/Account Manager/Delivery Manager etc.  Each 

project has a given set of employees and one single project 

manager. Only PM’s and above must have access to this 

system. 

1. A person should be able to  

 login to the system through the first page of the 

application  

 change the password after logging into the system 

 see his/her eligibility details (like how many projects 

are under him)  

 Query the Threshold cost left for the particular 

project to re-negotiate. 

 PM must be able to add new projects and the cost 

associated with it. 

 PM must track each and every change request against 

each project. 

 Once the cost of the change request has reached 85 

% of the buffer cost of the project than the e-mail 

notification to be sent to the PM for re-negotiating 

with the client. 
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 Cancel project and its corresponding change request 
etc for the project of which he is a project manager. 

 Updating of the cost incurred for each change 

request. 

 Get help about the change request system on how to 

use the different features of the system. 

2. As soon as a change request is entered new in the system 

/cancellation request /withdrawal /approval /rejection 

/password-change is made by the person, an automatic email 

should be sent to the person and his superior giving details 

about the action 

3. The Delivery Manager must be able to login to the system 
and get the report (Simple HTML) for each project and the 

% Buffer cost and the individual change request cost / 

project. Number of records displayed in the page must not 

be more than 10.  

.  

4.2 Change Request Tracking 

Traditional effort estimation model has five main steps 

which are:  

(1) Developing class interactions prediction (CIP) model; 

(2) Acquiring change request attributes;  

(3) Performing static change impact analysis;  
(4) Performing dynamic change impact analysis and 

(5) Estimating required change effort using change impact 

analysis results. 

Our new change effort estimation tool (which we called as 

Web Based Change Request Tracking System) has five 

main steps which are: 

Step 1: Registration of Client Project 

Step 2: Acquiring Change Request (CR) 

Step 3: Performing Impact Analysis 

Step 4: Estimating Change Effort 

Step 5: Analyze Results. 

 
Figure 1 shows the Main form of the tool that reflects to the 

five main steps of the model. We will describe in details 

each steps in the subsequent sections. 

 

Step 1: Registration of Client Project 

 
Fig .1 Registration of Client Project  

 

Step 2: Acquiring Change Request (CR) 

Next, this step will get change request details from the user. 

We have designed a specific form based on the important 

change request attributes. The tool will automatically assign 

a unique identification number for each change request.  

Figure 2 shows the change request form the results.

 
Step 3: Performing Impact Analysis 

There are three sub-steps to perform impact analysis:  

(1) Perform static change impact analysis;  

(2) Filter static impact analysis results using class 

dependency filtration and  

(3) Perform dynamic change impact analysis. 

 

 In performing static change impact analysis, we employ 
two levels of search. First, an optimized breadth-first search 

(BFS) algorithm [2] to be performed on the directed graph 

created from the CIP model without any vertical interactions 

to find the directly impacted classes. Next, a complete BFS 

search will be performed on the overall CIP model to find 

all the indirectly impacted classes. 

The next sub-process is filtering the static change impact 

analysis results using class dependency filtration (CDF). In 

CDF, each indirectly impacted class that has been identified 

by the static change impact analysis will be suspected. In 

this suspicion, a BFS search will be performed to dependent 

class artifacts tree. The goal of this search is to find a path 
from the indirectly identified impacted classes to the 

directly impacted 

Classes; if such a path do not exist, this indirectly impacted 

class is considered as a false detection and it will be 

removed or filtered in the CDF results. Figure 4 explains the 

CDF concept. 

 
Fig. 3 Dependent Directed Graph  

 

Step 4: Estimating Change Effort 

 

The final step of our model is to estimate the required 
change effort based on the change impact analysis results. 

To estimate the change effort, we use Web Based Change 

Request Tracking System effort estimation model as a basic 

reference. In our calculation, we propose a mathematical 

equation to calculate change effort (CPM) according to the 

original estimated effort (PM) and updated effort estimation 

(PM′). CPM is the total effort need to implement the 

change; it is equal to priority multiplier multiplied by the 

deviation of estimated effort with new software size (PM′) 

and original estimated effort (PM) plus the extra effort 

needed for change the developed code as in Eq. (1). 

 

 



International Journal of Engineering Science and Computing, May 2016           5496                                                                    http://ijesc.org/ 

Where, 
• DSF is the development status factor based on Eq. (8), 

• PM is the original estimated effort using Web Based 

Change Request Tracking System in man per month, 

• PM′ is the updated estimated effort after change using new 

software size in man per month and it is calculated using 

Eq. (2), 

 

• PR is the priority multiplier which is determined by the 

effect of the change request priority and how much it will 

affect the change effort; this value should be selected 

according to the development methodology of the 
development group. 

Equations (2)–(4) show how PM′ is calculated. This 

equation will be justified with the assumption that the cost 

factors and the scale factors will not change with the change 

request. Accordingly, the mathematical justification for 

producing this equation is as follow: 

 
Where, 

• PM is the original estimated effort using Based Change 
Request Tracking System in man per month, 

• PM′ is the updated estimated effort with new software size 

in man per month, 

• E is the exponent derived from the five Scale Drivers 

using Eq. (5), 

• Size is the original estimation of code size, 

• CSize is the estimated code size after implementing the 

change. 

 
B is constant variable; 

• SFi stands for scale factor, which will be derived from the 

five scale factors. 

Assuming that the initial effort estimation was done before 

the change request, the only unknown variable in Eq. (4) is 

CSize. Exponent E, PM, and Size are the known variables 

which can be easily obtained from the initial effort 

estimation. CSize is equal to the original estimated size plus 

additional size from impacted classes. The size of fully 

developed impacted classes can be calculated in dynamic 
change impact analysis process, but the size of other 

impacted classes should be provided according to the initial 

effort estimation. CSize is calculated by the following Eq. 

(6) 

 

 
Where, 

• Size is equal to initial estimation of software size, 

• IC stands for impacted class, 

• Size IC is the size of the impacted class IC, 

• ISFIC is the impact size factor for the impacted class IC 

which is calculated using 

Eq. (7) 

 
Where, 

• ISFIC: Impact size factor for impacted class (IC), 

• r: Relation from requirement to the impacted class, 

• NR: Number of requirement artifacts that have relation to 

the impacted class, 

• PAT: A constant value for probability of change for affect 

type (AT) – where AT could be direct or indirect affection 

type), 

• CTFr: Change type factor based on the affected 

requirement change type which leads to the relation r. Due 

to space limitation, please refer our previous works in [11]. 

DSF in Eq. (1) is the development status factor. This value 
indicates how much extra effort is needed to change the 

impacted developed classes. This value will specify that, if 

the impacted class is a fully developed class, it will need 

more effort to change it than a partly developed class, and 

moreover changing a partly developed class needs more 

effort than a not developed class. By using DSF in our 

calculation we are generalizing the fact that the change 

effort will intensively increase as more classes are being 

fully developed, and implement changes in early stages of 

development is less costly. DSF will be calculated using the 

following Eq. (8): 
 

 
 

Where, 

• DSF stands for development status factor (DSF ≥ 0), 

• ND is equal to affect multiplier for not developed classes  

• NND is the number of not developed impacted classes, 

• PD is equal to affect multiplier for partly developed 

classes  
• NPD is the number of partly developed impacted classes, 

• FD is equal to affect multiplier for fully developed classes. 

• NFD is the number of fully developed impacted classes, 

• NIC is the total number of impacted classes. 

The multipliers ND, PD and FD multipliers should be 

selected according to the phase distribution of the software 

development methodology used for the project. They can 

have different values for each project or development team. 

Moreover, there has been a research on the phase 

distribution of the development effort which could be used 

to estimate multiplier values. Here is a sample of phase 

distribution weight of schedule and effort for a typical 
project using Rational Unified Process (RUP). 

The last process of the model is to prepare its change effort 

estimation results, which will be used to analyze the costs 

and impacts of change on the software. The results of the 

model are a set of prioritized impacted classes by their 

impact size, and the total effort required to implement the 

change. 

 

Step 5: Analyze Results 

 

The final step of Web Based Change Request Tracking 
System tool is to automatically analyze the results of change 

impact analysis and change effort estimation. This analysis 

results will be used to evaluate the Web Based Change 

Request Tracking System model. The metrics used for 
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analyzing change impact analysis results are Completeness, 
Correctness, and Kappa Value. Moreover, the metrics used 

for analyzing change effort estimation results are Relative 

Error (RE), Magnitude of Relative Error (MRE), and Mean 

Magnitude of Relative Error (MMRE).MMRE shows the 

overall accuracy of the Based Change Request Tracking 

System model for T number of Change requests as tests. 

Figure 4 shows the implemented graphical user interface for 

analyzing with sample data. Also it is possible to print or 

save a report from this analysis results which could be used 

in evaluation. 

 
 

Fig. 4 Sample of change effort estimation analysis results 

 

Conclusion: 

The Web Based Change Request Tracking System tool 

automates both change impact analysis and change effort 

estimation processes that exist in the model. The results of 
this paper are part of an ongoing research to overcome the 

challenges of change acceptance decisions for the requested 

changes in the software development phase. For future 

works, we aim to conduct an intensive test to this tool by 

considering 

More change based on different software projects and 

environments. We will also extend this tool for change cost 

estimation as well. 
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