
  JScholar Publishers                  

Selection of Continuous Integration Tools for Agile Methodology: An Analytic 
Hierarchy Process (AHP) Approach
Fatma K1*, Tokdemir G2

1Department Software Architectural Design, Tubitak (The Scientific and Technological Research Council of Turkey), Ankara, Turkey

2Department Computer Engineering, Cankaya University, Ankara, Turkey. 

Journal of
Computer Science and Software Development

Citation: Fatma K, Tokdemir G (2022) Selection of Continuous Integration Tools for Agile Methodology: An Analytic Hierar-
chy Process (AHP) Approach. J Comput Sci Software Dev 2: 1-11

Received Date:  March 11, 2022  Accepted Date:  May 16, 2022  Published Date: May 18, 2022

*Corresponding author: Fatma K, Department Software Architectural Design, Tubitak (The Scientific and Technological Re-
search Council of Turkey), Ankara, Turkey, Tel: +905077931397, Email: fatmakel6@gmail.com

©2022 The Authors. Published by the JScholar under the terms of the Crea-
tive Commons Attribution License http://creativecommons.org/licenses/
by/3.0/, which permits unrestricted use, provided the original author and 
source are credited.

 
J Comput Sci Software Dev  2022 | Vol 2: 103

Open AccessResearch Article 

Abstract

In the software world, it is known that continuous integration technology, importance of which is growing rapidly, enhances the 
efficiency of projects and saves significant time to the user. Institutions that adopt agile software methodology want to include 
the continuous integration, which is part of agile software, into their business lives. Continuous integration provides automa-
tion of various workloads such as version control of the projects, build issues, problems after build, running and reporting of 
tests. In this way, time to be spent on these tasks and unnecessary workload loss is reduced. Thus, by ensuring more effective 
use of employees, the efficiency of projects is significantly improved. This technology, which is very popular, brings along a lot 
of competition in the market. There are a number of continuous integration tools on the market and all of them have different 
characteristics they offer to get ahead of each other. Choosing the right tool among the alternatives is a challenging task for the 
companies. Especially for an institution with a closed network such as TÜBİTAK SAGE, it is difficult to choose and make the 
right choice for a continuous integration tool. The closed network brings the obligation to keep the repositories of the tools to be 
used in the local network. Therefore, if a tool does not meet the expected requirements and cannot be used, it will cause material 
and moral damage rather than a benefit. If the wrong tool is selected, then the repositories created for a new tool need to be re-
installed from the beginning. When the continuous integration tool is chosen wrongly, switching to a new technology will cause 
loss of time and demotivation of the employees. Hence, the expectation of increase in productivity by the usage of such tools will 
diminish and will bring inefficiency instead. There is no study in which the AHP method is used for continuous integration tools 
in literature. The difference of the AHP process applied in this study is also a part of the originality of the study. In line with all 
these, in this study, it is aimed that a continuous integration tool that is suitable for TÜBİTAK SAGE culture and working style 
is selected. This selection is performed using Analytic Hierarchy Process, which is a multi-criteria decision making method. A 
systematic process was applied with the consortium of the study group and the expert group. As a result, criteria set consisting of 
compatibility, flexibility and expandability, functionality and reliability were determined to be used when selecting continuous 
integration tools. As a result, the priority levels of these criteria were functionality with the highest value with 0.33427, while 
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Introduction

 In today's world where everything is racing with time, 
time and speed factors have an important place in the software 
Industry. Henry Ford emphasized the Importance of time with 
the following words: "It has been my observation that most 
people get ahead during the time that others waste"[1]. For this 
reason, companies in the software sector compete with time 
and want the products to come out quickly. The Impatience 
of customers and the prolongation of the schedule of projects 
put serious pressure on software developers and managers. One 
of the external qualities that stakeholders expect from software 
developers Is speed [2,3].

 Agile methods have started to be adopted in the name 
of speed and dynamism in Software Engineering. One of the 12 
principles of agile software methodology Is “Our Highest Pri-
ority Is to satisfy the Customer through Early and Con-tenuous 
Delivery of Valuable Software” [4]. Agile software development 
methodology requires fastness. This methodology determines 
the points to be considered while being fast and shortens your 
project time. In this way, it enables the tests to be carried out 
while providing faster and easier communication. [5,6]. In Insti-
tutions that have adopted the agile software methodology, there 
are cases of teamwork, weekly maybe daily code additions to the 
project, and the control of the added codes due to the continu-
ous development. It Is an Important element that these situations 
do not affect the working system.

 In projects that are developed by software developer 
teams, many team members make changes on the code; write 
separate modules, which are integrated to the project. These 
changes and additions affect the whole system. The smooth run-
ning of the system despite all the additions and changes is an 
important factor. Even the slightest mistake that occurs because 
of changes and additions causes the project process to be pro-
longed. Project team members spend most of their time looking 
for the module that the error originated from rather than devel-
oping the project and making the project work. Detecting the 

problematic parts of the code is of great Importance in terms of 
speed in large project. With all these in mind, automating the 
software process of the project will ensure that the problem Is 
solved In an efficient, safe and functional manner [7].

 Software companies are in a fierce race to Improve and 
make their development processes more efficient. Companies 
have to constantly adapt to new developments to gain a compet-
itive advantage. This need for rapid development and adaptation 
has led to the DevOps culture and philosophy, which Is a more 
holistic approach with continuous Integration (CI), continuous 
delivery (CD) [8]. DevOps emerged to eliminate the bottleneck 
preventing development teams from delivering to operations 
faster and more frequently. DevOps approach requires a strong 
and continuous connection between development and opera-
tions teams [9]. Continuous Integration is at the heart of the en-
tire DevOps lifecycle.

 Continuous Integration Is defined as “software devel-
opment practice where members of a team Integrate their work 
frequently, usually each person Integrates at least daily - leading 
to multiple Integrations per day. Each Integration Is verified by 
an automated build (Including test) to detect Integration errors as 
quickly as possible” [10].

 Continuous Integration Is one of today’s technologies 
that ensure both quality work and minimization of time loss In 
large software projects [11]. In this way, the risk of generating 
errors in large projects, where team members develop various 
software modules, can be minimized. When an error occurs, the 
module in which the error occurs Is communicated to the autho-
rized person, eliminating the search for the origin of the error 
and providing the developer more time and speed gain, and thus 
more focus on writing quality code [12].

 Continuous Integration is the name given to the auto-
matic processing of the written code and the developed module 
while being Included in the project. Continuous Integration is 
a system that checks that the entire system is operational after 
every change made to the code. It is also the method used to de-

compatibility with the lowest value with 0.19172. Finally, four different continuous integration tools selected according to the 
corporate culture and requirements were evaluated with the AHP method. As a result, among the alternative, alternative 1(Jen-
kins) was chosen first with rate of 37,14%, followed by Alternative 2(TeamCity) with rate of 28,86%.
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termine if the change caused breaks in some parts of the system. 
All actions such as downloading dependencies from repos, in-
cluding them in the project, passing the developed code snippet 
through tests (unit, Integration, etc. ...), Informing the developer 
or the responsible person according to possible situations (push 
notification, sms, mail, etc.), packaging the work, usually takes 
place in our lives as part of this concept [13,14].

 Continuous Integration Is the method used to deter-
mine if the entire system is operational after each change in the 
code, and that the change does not cause breaks in some parts of 
the system. Unit tests are needed to detect breakages [11]. These 
tests are run automatically after a new build is prepared because 
of the change. Since the change is a part of the new structure, er-
rors in the tests mean that the change made broke the system. All 
programmers are informed about this situation and It Is ensured 
that the error is eliminated as soon as possible and the tests al-
ways give positive results. With continuous Integration, because 
of the work done on the code by the programmers, working ver-
sion is created always.

 In this context, there are many CI tools with diverse fea-
tures. In order to avoid problems in the future project Integration 
and process, Institutions should determine the criteria that they 
expect from continuous Integration. They should try to choose 
the right tool that meets these criteria in the most optimal way.

 Many criteria should be taken into consideration in the 
selection of CI devices. We can list these criteria as follows; func-
tionality, compatibility, reliability, long life availability, flexibility, 
extensibility, be open source or commercial. The abundance of 
criteria and alternatives led us to mute-scale selection methods 
[15]. In this study, it was decided to use Analytical Hierarchy 
Process, one of the multiscale selection methods. AHP Is one 
of the Multi Criteria Decision Making methods put forward by 
Thomas L. Saaty that helps the decision maker [16]. AHP has 
been used in many areas and in the software field in the deci-
sion-making process in multi-criteria situations, and it has been 
effective in making an optimal decision for the user.

Background and Related Works

 Nowadays, software companies understand the value 
of continuous integration, and because continuous integration 
increases the software speed, hence the quality and reduces the 
cost, companies have turned to this area. The high demand has 
led to the proliferation of continuous integration tools and in-

creased competition. The fact that there are many tools and the 
competition between them made the tools differ in many criteria 
such as their features, price, functionality, flexibility, expand-
ability, compatibility, usability, safety and longevity. Some of the 
tools are open source and some are paid. Just because the prod-
uct is expensive does not mean it is better than a low cost or open 
source tool. Generally, all of these tools try to automate the soft-
ware creation process. Despite this fact, Continuous Integration 
tools have their own strengths and weaknesses, so choosing the 
right tool for a job is really important.

 Wrong choice can reduce overall flexibility; it can in-
crease the time required to perform ordinary actions or cause 
some problems in the Continuous Integration process. A deci-
sion that is not made right from the beginning will increase the 
whole adjustment process, employees’ adaptation to the tool and 
the integration process of projects.

 In line with the increasing demand, there has been 
competition in the market in this area and a lot of continuous 
integration tools have emerged. Each strives to stay in the mar-
ket with extra features to compete with others. At this stage, it is 
of great importance for the institutions to choose the right tools 
[15].

 In this direction, features that should be evaluated in 
continuous integration tools are faster builds, integration, quick 
and easy setup, container support, testing with multiple run-
times, versions, and environments, integrated code coverage and 
test results visualization can be listed as flexible infrastructure 
options [17]. In addition to these, it will be very difficult to choose 
a tool that meets many criteria, such as functionality, compati-
bility, reliability, long-term availability, flexibility, extensibility, 
availability, open source or commercial, and can accommodate 
them among all options [15,18,19]. On the other hand, a wrong 
decision will be slow and weary. It is important that the CI tool is 
compatible with the build automation tool used in the projects, 
an add- on to the test automation tool and is flexible and exten-
sible for future features [20,18,21]. In the event of a malfunction 
in these features, the tool used to accelerate the software process 
will have the opposite effect, causing the process to slow down, 
delay, or make no progress, and will not serve its real purpose. 
If there is a problem with at least one of these, the tool selection 
process will start over and this will be weary. For the user, getting 
used to something new, breaking the order is a challenge in itself, 
and the problems that come on top of it can cause the breaking 
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of the resistance. This problem will be even more cumbersome 
if a closed network is used as in the institution where this study 
will be conducted. The reason for this is that since the intranet 
is used, you have to download the plugins that the tool will use 
and set up your own repo, and this is not an easy process. On top 
of that, preparing everything from scratch in case of a problem, 
establishing a new repo will be financially and morally wearing. 
Although not all CI devices have open source code, it will be a 
wasted investment in the direction of wrong selection. Consider-
ing all these, it is thought that choosing the right tool will provide 
financial and moral benefits for the institution and the user in ad-
dition to its contribution to the projects. Polkhovskiy, compared 
CI tools in his study and underlined the importance of correct 
selection [15].

 In this study, Analytical Hierarchy Process (AHP) 
which is, one of the multiscale selection methods, is chosen for 
the selection of right CI tool for quality of software process, cor-
rect management of time and increasing efficiency in projects.

 The Analytical Hierarchy Process (AHP) is a powerful 
and flexible multi-criteria decision- making method introduced 
by Thomas L. Saaty that is applied to solve unstructured prob-
lems in a variety of decision-making situations, such as complex 
intensive decisions, including simple personal decisions [22]. 
One of the biggest advantages of this method is that it enables an-
alytical evaluation of criteria without numerical values by means 
of comparison methods. AHP’s application areas are quite wide. 
AHP is used for various situations such as location establishment 
location applications, supplier selection, recruitment, selection 
of continuous improvement projects, hardware and software se-
lection, Investment decision, determination of the most appro-
priate strategy, performance evaluation, and selection of product 
alternatives for consumers. The study of Thomas L. Saaty shows 
that it has been observed that the best decisions are made with 
AHP, which is used in many fields of health, military, education 
and many other sectors [23]. Yılmaz et al mentioned the use and 
importance of AHP in the field of health where vital decisions 
are taken [24]. In the field of software, Laplante emphasized 
the selection process of the software project management tool 
with AHP in her studies [22]. Li et al. proposed a framework for 
selecting software reliability criteria based on AHP theory and 
expert opinion, aiming to solve the problem of how to scientif-
ically select appropriate software reliability criteria for software 
reliability engineering at each development stage [25]. In addi-
tion, in the software field, we can see that the study of Tekin uses 
the AHP method in the selection of measurement metrics in the 

software development process [26]. It can be seen in Ming-Chyu-
an Lin et al. study that AHP is also used in the customer-oriented 
product design process [27].

Methodology

 First of all, the problem of choosing the appropriate 
continuous integration tool was determined. After that, a ques-
tionnaire was applied to the study group. Then, AHP method was 
applied by the contribution of expert group. The priorities of the 
criteria and alternatives were evaluated. Finally, the alternative 
with the highest priority was chosen as the final decision. Figure 
1 shows all the steps of the case study process. Considering all of 
these, the research question of this study includes: Which is the 
continuous integration tool that meets the criteria and features 
suitable for our institution?

Analytic Hierarchy Process (AHP)

 The Analytical Hierarchy Process (AHP) was first intro-
duced by the Myers and Alpert duo in 1968, and in 1977, it was 
developed as a model by Saaty and made usable in the solution 
of decision making problems. AHP is a decision-making meth-

Figure 1: Step of the Case Study
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od used in the solution of complex problems involving multiple 
criteria. The most important feature of AHP is that it can include 
both objective and subjective thoughts of the decision maker in 
the decision process [28].

 A decision-making problem solved with AHP has to go 
through some stages. These stages are explained below with their 
formulas.

Step 1: Definition of Decision Making Problem

 In the first step, the decision-making problem should 
be defined clearly. The suitability for analysis with AHP should 
be investigated. Defining the decision-making problem consists 
of two stages. In the first stage, decision points are determined. 
In the second stage, criteria affecting decision points are deter-
mined.

Step 2: Creating the hierarchy

 This step is the process of decomposing a decision prob-
lem into sub-problems in a hierarchical order that will make it 
easier to grasp and evaluate of problem. The hierarchy structure 
of AHP is shown in Figure 2.

Step 3: Creating a Comparison Matrix between Criteria

 The comparison matrix between criteria is an nxn 
square matrix. The matrix components on the diagonal of this 
matrix take the value 1. The comparison matrix is shown below.

 Components on the diagonal of the comparison matrix, 
i.e. in the case of i = j, take the value 1. Because in this case, the 
relevant factor is compared with itself. Comparisons of criteria 
are made one-to-one and mutually in line with their relative im-
portance values. Score scale should be used which is proposed at 
Table 1 by Saaty when these matrices are forming [29].

 Comparisons are made for all values above the diago-
nal of 1 in the comparison matrix. Naturally, it will be sufficient 
to use the formula below for the components below the diagonal

Figure 2: General Hierarcy Structure o AHP

Table 1: Scoring Scale of AHP

Intensity of Importance Definition Explanation

1 Equal Importance Requirements I and j are equal value
3 Moderate Importance Requirements I has slightly higher value than j
5 Strong Importance Requirements I has strongly higher value than j
7 Very Strong Importance Requirements I has very strongly higher value than j
9 Extreme Importance Requirements I has very an absolutely higher value than j
2,4,6,8 Intermediate Values These are Intermediate scales between two adjacent judgments
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Step 4: Determining the Importance value of the Criteria

 The comparison matrix shows the importance levels of 
the criteria relative to each other within a certain logic. Column 
vectors forming the comparison matrix are used to determine 
percentage significance distributions. B column vector with n 
grain and n components is constructed.

 The formula below is used to calculate the B column 
vectors.

 When the steps described above are repeated for all cri-
teria, B column vectors will be obtained as many as the number 
of factors. When n grain B column vectors are combined in a 
matrix format, the C matrix shown below will be created.

 Using the C matrix, the arithmetic average of the row com-
ponents forming the C matrix is obtained as shown in the formula 
and the column vector W called the Priority Vector is obtained. Per-
centage of importance level of criteria can be presented by

Step 5: Measuring Consistency in Criterion Benchmarks

 The realism of the results will depend on the consisten-
cy of the decision maker in the one-to-one comparison between 
the criteria. AHP proposes a process for measuring consistency 
in these comparisons. For the consistency index, λ must be cal-
culated. For the calculation of λ, the D column vector is obtained 
from the matrix product of the comparison matrix A and the W 
priority vector.

 After calculating a, the Consistency Indicator (CI) can 
be calculated using the formula below.

 In the last stage, CI is divided by the standard correction 
value called Random Indicator (RI) and CR is obtained with the 
following formula.

 If the calculated CR value is less than 0.10, it shows that 
the comparisons made by the decision maker are consistent. A 
CR value greater than 0.10 indicates either a calculation error in 
AHP or the inconsistency of the decision maker in comparisons

Platform

 Super Decisions software version 2.10.0 was used to im-
plement the AHP method in this study. The software provides to 
calculate weights and compare pairwise alternatives and criteria

Study Group

 The study group consists of project software developers 
in software department during the software development pro-
cess. This group, which has a corporate culture, has been chosen 
by people with a sense of responsibility and sufficient experience 
in the field of software.

Expert Group

 The expert group members consist of software develop-
ers with titles such as team leader, unit manager, coordinator and 
/ or chief scientist. Each of them has at least 5 years of working 
experience in software development. This group is responsible 
for any decision made in the field of software development pro-
cess.

Implementation of Survey

 A meeting was held in the software unit with the par-
ticipation of the study group and the expert group. At this meet-
ing, participants were informed about Continuous Integration. 
Continuous integration, what it is, its advantages, disadvantages, 
purpose of use, has been mentioned extensively. In addition, it 
was announced that in this survey, where users will be surveyed, 
information about their work experience, areas of experience, 
graduation departments and work units will be collected. In ad-
dition, it was announced that the users will be surveyed and 
information about their work experience, areas of experience, 
graduation departments and work units will be collected in this 
survey.

 The survey has been prepared on Google forms. While 
preparing the survey, the user was reminded of the general fea-
tures of the continuous integration tools in a table. In addition, 

N RI
1 0
2 0
3 0,58
4 0,90
5 1,12
6 1,24

Table 2: Random Consistency Index Table
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an explanation has been added to the options offered for selec-
tion. The analytical process format of the collected data was con-
verted into graphic formats with the help of Google Sheets and 
Microsoft Excel. In this way, the results were evaluated in detail 
by presenting them to the expert group. According to the results 
of the survey, the criteria and alternatives were reduced by the 
expert group.

Findings and Discussions

 40 people, including 25 electrical and electronics en-
gineers and 16 computer engineers, participated in the survey.

 The features that the participants expect from the tool 
are as shown in Figure 4.

 As a result of these expectations, alternative CI tools 
were determined by the Expert Group.

Figure 3: Study Gruop Graduated Department

Figure 4: Expectations from the continuous Integration tool features of Study Group
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 The criteria for these CI tools to be evaluated were cho-
sen by the expert group

 AHP hierarchical structure, which is the selection of 
Continuous Integration tool suitable for our corporate culture, is 
included. This hierarchical structure is formed between the spec-
ified criteria and alternatives.

 As a result of the decision matrix created with the 
Super Decision program, the weights of the criteria were ob-
tained. The priorities for the criteria set for the continuous inte-
gration tool selection problem is in Figure 6. According to this 
figure,  the Functionality criterion has the maximum weighty 
0.33427. The compatibility criterions followed by the 0.19172.

 All these operations and the creation of the decision 
matrix were done with the Super Decision application. As a re-
sult of the calculations, the CI tool alternative 1 have highest val-
ue with 0.371432 and CI tool alternative 4 have lowest value with 
0.1487562.

CI Tool Alternatives

Alternative 1

Alternative 2

Alternative 3

Alternative 4

Table 3: CI Alternatives

The Criteria

Functionality

FlexibiIity & Expandability

Compatibility

Reliability

Table 4: Criteria

Figure 5: The AHP hierarchy structure of the component selection

Figure 6: The mean of criteria weights
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 With the AHP method applied, it was determined 
which continuous integration tool is the most suitable for our 
institution’s culture and working style. In the selection method 
used, a result was obtained with the participation of 5 experts in 
the field. Firstly, each member of the expert group was asked in-
dependently from each other to evaluate the criteria determined 
by pairwise comparison. As a result of this evaluation, average 
criterion weight values were obtained. Technical informations, 
market reviews and a demo of all continuous integration alterna-
tives were given to the expert group for their review. In the light 
of this information, they were asked to make a pairwise compari-
son of alternatives among themselves. As a result of these evalua-
tions, the priorities values as a final result was obtained by using 
average criteria weight values.

Conclusion and Recommendations

 In this study, the appropriate continuous integration 
tool selection is made using a systematic process and multi-
scale selection method. The importance of continuous integra-
tion, one of today’s technologies in projects, has been mentioned. 
In addition, the place of continuous integration in agile software 
methodology was touched on. The importance of continuous in-
tegration has been referred about choosing the right continuous 
integration tool and the disadvantages when making the wrong 
choice. In line with all these, the most suitable continuous inte-
gration tool for the institution culture, the most suitable tool was 
selected as a result of the evaluation of the expert group with the 
requests determined with the participation of the study group.

 In this case study using AHP, the graphics of the survey 
results of the study group were evaluated by the expert group. As 
a result of this evaluation, functionality was considered by the 
expert group to be the most important criterion. Considering the 
importance of the projects, the reliability criterion has not been 
ignored. In addition, flexibility and expandability criteria were 
also preferred in line with the demand for different additions in 
the graphic results. It follows with a very close value in compli-
ance criteria which was selected considering the priorities of the 
units.

 As a result of evaluating the alternatives, the expert 
group determined Alternative 1 first with a rate of 37.14%. 
During evaluating the alternatives, it was ensured that the Ex-
perts were not affected by each other. In addition, sufficient time 
was given to appraise the Alternatives that was given detailed 
information about. The expert group evaluated the alternatives 
among themselves in the light of this information and in line with 
the wishes of the working group. Comparing the alternatives 
with each other using the pairwise comparison method prevent-
ed them from focusing on a single alternative. The fact that the 
average of the evaluations of five experts was not selected for a 
single person made the study more objective.

 This case study has proven that AHP method can be 
used efficiently in the selection of Continuous Integration tool 
in the software field. This study has been an exemplary study 
showing that AHP methodology can be used in a situation that 
requires multiple decision-making methods in software field, if 
needed in the future. With the right tool selection, productivity 
has increased and time has been saved. To sum up, this study can 
be supported with fuzzy AHP method, and hybrid method work 
can be achieved by using ANP and TOPSIS methods.
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Mean Priorities of the Alternatives Normalized By Cluster

Alternative 1 0,371432

Alternative 2 0,288618

Alternative 3 0,1911942

Alternative 4 0,1487562

Table 5: Mean Priorities of the Alternatives
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