
467Information Technology and Control 2022/3/51

Browser Selection for Android 
Smartphones Using Novel Fuzzy 
Hybrid Multi Criteria Decision 
Making Technique

ITC 3/51
Information Technology  
and Control
Vol. 51 / No. 3 / 2022
pp. 467-484
DOI 10.5755/j01.itc.51.3.30525

Browser Selection for Android Smartphones Using Novel Fuzzy  
Hybrid Multi Criteria Decision Making Technique

Received 2022/01/18 Accepted after revision 2022/07/06

    http://dx.doi.org/10.5755/j01.itc.51.3.30525 

HOW TO CITE: Arunagiri, R., Pandian, P., Krishnasamy, V., Sivaprakasam, R. (2022). Browser Selection for Android Smartphones 
Using Novel Fuzzy Hybrid Multi Criteria Decision Making Technique. Information Technology and Control, 51(3), 467-484. http://dx.doi.
org/10.5755/j01.itc.51.3.30525

Corresponding author: thilla2012@gmail.com

Ramathilagam Arunagiri, Pitchipoo Pandian, Valarmathi Krishnasamy
P.S.R Engineering College, Sivakasi – 626140, Tamil Nadu, India; 
e-mails: thilla2012@gmail.com; drpitchipoo@gmail.com, valarmathi@psr.edu.in

Rajakarunakaran Sivaprakasam
Ramco Institute of Technology, Rajapalayam – 626117, Tamil Nadu, India;  
e-mail: srajakarunakaran@yahoo.com

IT and Telecommunication sector has grown massively over the past few decades. Mobile phones that were 
initially developed for making calls and now become an essential item and are just not restricted to calling. 
They have dominated most of the gadgets like computers, cameras, etc. Regularly people come across an exten-
sive number of enhanced and better-quality features being built-in with them. A variety of mobile phones with 
different shapes and sizes are manufactured within a wide range of budgets. This is the key motivation behind 
an exponential growth in the number of users and the arrival of new manufacturers in the field. Along with this 
growth, there is a fast growth of mobile application software providers also. Apart from calling, many consum-
ers use smartphones for browsing the internet. This puts users into a dilemma to select a better browser for 
their smartphone to fulfill their requirements. With this aim, an attempt is made in this paper for the evaluation 
and selection of a better browser. To achieve this, a hybrid Multi Criteria Decision Making (MCDM) approach 
is proposed by combining Analytical Hierarchy Process (AHP), COPRAS (Complex Proportional Assessment 
of alternatives) technique and Fuzzy Analytical Hierarchy Process (FAHP).
KEYWORDS: Browser Selection, Multi Criteria Decision Making, AHP, COPRAS, FAHP.
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1. Introduction
There are speedy and noteworthy developments in 
communication and information technologies in the 
recent 20 years. In parallel with these developments, 
the usage of mobile phones has increased exponen-
tially in a short span. In earlier days, mobile phones 
were used only for making calls as an alternative to 
telephones and telegram. After the launch of smart-
phones, nowadays they can be used as a replacement 
for many gadgets like digital cameras, computers, and 
used for many applications using mobile application 
software. Thus, the importance of smartphones has 
been increased [2]. Smartphones are enhancing the 
experience of mobile internet users to access the in-
ternet from anywhere.  The software providers have 
introduced continuously a number of new mobile ap-
plications with many features. People who are using 
smartphones have difficulties in selecting the better 
mobile browser application among the numerous 
browsers available. Therefore, mobile browser ap-
plication selection has become a complex multi-cri-
terion decision-making (MCDM) problem. Several 
criteria such as the number of downloads, the num-
ber of reviews given by the users, user rating, latest 
upgradation available, memory requirement to load 
no page and five pages, date/year of launch, disc space 
needed, time to open a new tap, and the URL loading 
time are influencing the selection of browser [12, 18].  
Actually, the decision making on software evaluation 
and selection is a very complex, expensive and time 
consuming issue in an organization [10]. 
Several techniques were used by several research-
ers.  Grey Relational Analysis (GRA) is an effective 
tool to deal with limited data in quantitative form 
only [24]. Even though AHP is able to handle prob-
lems with qualitative and quantitative criteria in the 
same decision framework, it is not suitable to address 
the problem with uncertainty [11]. PROMETHEE 
(Preference Ranking Organization Method for En-
richment Evaluation) method [1], MAIRCA (Multi 
Attributive Ideal-Real Comparative Analysis) meth-
odology [6], VIKOR (VIekriterijumsko KOmpromis-
no Rangiranje) approach [26], EDAS (Evaluation 
Based on Distance from Average Solution) technique 
[27], ELECTRE (Elimination ET Choix Traduisant 
La Realite) method [36], MARCOS (Measurement of 
Alternatives and Ranking According to the Compro-

mise Solution) Method [40] and MABAC (Multi-At-
tributive Border Approximation Area Comparison) 
technique [43] are able to use the criteria in their own 
units and can be easily programmable. However, they 
are not suitable to evaluate vague and uncertain data. 
To overcome the drawbacks of these models, in this 
research work FAHP integrated COPRAS methodol-
ogy is proposed. The Best-Worst Method (BWM) [23] 
considerably increases the overall consistency, this 
technique has few disadvantages such as more com-
putational time and not suitable to solve the vague-
ness in human opinions and uncertainty in the infor-
mation related to the criteria. In the Full Consistency 
Method (FUCOM) model [28], there is a subjective 
influence of the decision maker on the final values of 
the weight of the criteria. This particularly refers to 
the personal preferences of the decision makers. FU-
COM has shown significantly fewer variations in the 
obtained values of the weight coefficients. It leads to 
confusion. Level-Based Weight Assessment (LBWA) 
model [46] allows for the calculation of weight coeffi-
cients with a minimum number of criteria in pairwise 
comparison only. Hence FAHP was chosen to deter-
mine the criteria weights. 

2. Related Works
Sen et al. [37] presented a thorough review of literature 
on software selection focused on ERP (Enterprise Re-
source Planning) application and the classification of 
ERP software selection methodologies during the pe-
riod 1982–2007. Additionally, the classification of the 
selected approaches based on functional perspective 
is also presented. The review results are summarized 
and were intended as a source for software selection 
problems. Tsai et al. [41] have surveyed the selection 
of ERP software packages and its supplier in Taiwan 
industries. The survey was performed in 5,000 largest 
corporations between 2003 and 2006. The dominating 
criteria for the selection of ERP software were iden-
tified and listed. In addition, the selection criteria for 
the ERP supplier were also discussed. Shee et al. [38] 
have developed a decision model to appraise the infor-
mation service providers located in Taiwan using AHP 
and fuzzy integral approaches. Accounting software 



469Information Technology and Control 2022/3/51

selection based on the perceptions of 43 accounting 
software dealers and 57 accounting software custom-
ers was presented by Ivancevich et al. [20]. The stra-
tegic areas of agreement and disagreement between 
those groups were also identified. The evaluation of 
the software was done based on the agreement factors 
and disagreement factors using different weightage. 
The key areas where dealers and customers contrast 
in their insights were addressed to bridge the gap be-
tween their requirements. 
Neutrosophic AHP, an improved AHP was used to 
prioritize the factors influencing third party logis-
tics (3PL) service providers [21]. A typical case study 
was also demonstrated by using the proposed model. 
Farshidi et al. [15] have developed a decision support 
system for selecting the best appropriate database 
technology. It was proved that the insight of selection 
process has been increased through case studies and 
the experts confirmed the same. The selection pro-
cess was modelled as an MCDM problem with the fol-
lowing stages such as identification of the objective, 
selection of the factors and alternatives, choosing the 
weighing method, solution through MCDM method 
and final decision making. The solution is obtained by 
the total cost of ownership (TCO) method. Hanafiza-
deh and Ravasan [19] have proposed a model for se-
lecting an IT outsourcing strategy for e-banking chan-
nels. 23 factors were identified and analyzed. Finally, 
17 were chosen as influencing factors for outsourcing 
decisions in e-banking using Fuzzy integrated TOP-
SIS (Technique for Order of Preference by Similarity 
to Ideal Solution) method. 
Çalişkan et al. [10] have presented a decision mod-
el for a chemical industry. The model was utilized to 
evaluate the software used to detect the explosion, 
fire and toxic emission of hazardous chemicals. Ini-
tially, through a well-defined questionnaire, the views 
of Environmental Health and Safety (EHS) experts 
were collected based on the Likert scale. Then AHP 
was introduced to analyze the collected data and the 
weights of the criteria were determined. The final 
ranks of the software were obtained by using PRO-
METHEE method. Cricelli et al. [13] introduced a 
four-step technique to help the decision makers to 
select the CRM software package. To address the con-
flicting objective AHP with its fuzzy adaptation was 
recommended. The outcome of the article was vali-
dated in a small scale industry in Italy. 

Czekster et al. [14] have selected ERP software using 
AHP. The evaluation criteria such as procurement and 
maintenance costs, ERP reputation and positions, 
level of after sales support, deployment involvement, 
ERP’s feature set, usability, efficiency, consisten-
cy, and maintainability were considered. Fumagalli 
et al. [17] have developed an MCDM model to select 
suitable simulation software for small and mid-size 
enterprises (SMEs). AHP was proposed since many 
criteria influenced the decision. Cai et al. [8] derived 
a model to forecast the software defects using hybrid 
cuckoo search and support vector machine (SVM) 
technique. The results are compared with eight pre-
diction models available in the literature. The evalu-
ation was done based on several influencing factors 
such as development interfaces, graphics interfaces, 
multi-media data support, data file support, cost ef-
fectiveness and vendor support. Pandey and Litori-
ya [30] have provided a process selection structure 
for the selection of software that is compatible with 
mobile, web and /or desktop. This problem was mod-
elled as MCDM problem and solved using AHP. This 
proposed model was validated through 20 software 
projects. Khan et al. [22] classified the challenging 
factors used in the software selection process faced 
by vendors. These classifications were made on the 
data collected through an organized literature survey 
and the use of AHP. 18 factors were identified through 
the literature survey and categorized into five classes 
namely capability, delivery, reliability, management, 
and distinction. Puzovic et al. [34] presented a hy-
brid multi-criteria decision-making (MCDM) model 
for the selection of Product Lifecycle Management 
(PLM) software. This hybrid MCDM was developed 
by integrating FAHP and PROMETHEE. The FAHP 
was applied to address the problem of the ambiguity 
of decision-makers’ decisions and the PROMETHEE 
method was applied to evaluate the software. Inte-
grated FAHP and Grey Relational Analysis was rec-
ommended to solve multi attribute decision problem 
[42]. Bakır and Atalık [7] evaluated e-service quality 
in the airline industry using integrated FAHP and 
Fuzzy MARCOS approach. FAHP was used to prior-
itize the e-service quality criteria. The case study was 
conducted using Turkey airline passengers. DEMA-
TEL (Decision making trial and evaluation laborato-
ry) method and FAHP were jointly used by Çakır and 
Pekkaya [9] to select a better laptop using a case study. 
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AHP was used to develop the emergency medical ser-
vice (EMS) system [4], assess the risk [16], select 
Simulation software [17], ERP Software [25], mul-
timedia authorizing systems (MAS) [30], advanced 
planning and scheduling (APS) software [31] and pre-
paid mobile Internet plans [39]. Zavadskas et al. [45] 
introduced the COPRAS technique to solve MCDM 
problem with conflict objectives. Blind spots in heavy 
transport vehicles were optimized using COPRAS 
method [32-33]. 
From the literature review, it is concluded that no re-
searchers addressed the selection of mobile browser 
for android smartphones. To address this problem, in 
this work a hybrid decision model is developed for the 
selection of mobile browser for smartphones.

3. Research Methodology
The objective of this paper is to propose a hybrid 
MCDM methodology for the selection of a better mo-
bile internet browser for the smartphone. This objec-
tive is attained in three sub-objectives as follows:
 _ To identify the influencing criteria.
 _ To determine the weightage of the criteria.
 _ To find the rank of the browser.

To accomplish the objective of this research, a hy-
brid MCDM model was proposed by integrating 
COPRAS and FAHP. In this research twelve mobile 
browser application software such as Mozilla Fire-
fox (80.1.3), Google Chrome Beta (86.0.4240.30), Op-
era (59.1.2926.54067), Edge (45.07.4.5059), Dolphin 
(12.2.3), Naked (1.0.135), Mercury (7.25.0), Flynx 
(2.1.2), Puffin (8.3.1.41624), Ghostery (69.0.1), Brave 
Browser (1.12.113) and Samsung browser (12.1.2.5) 
that are compatible with Android OS are considered 
for evaluation. Due to commercial ethics, the brows-
ers are named as B1, B2, …. & B12. For the evaluation 
of these alternatives, 14 criteria are considered after 
the consultation with the domain experts. Some of 
them are quantitative (number of downloads, number 
of reviews given by the users, user rating, memory re-
quirement to load no page and five pages, disc space 
needed, time to open new tap, the URL loading time, 
net worth of the organization and years of experience 
in the field) and others (latest upgradation available, 
date/year of launch, reputation of the provider and 

additional features provided) are qualitative. Out of 
these 14, few criteria which are having least influence 
have been neglected after conducting selection of in-
fluencing criteria using AHP, and the study is carried 
out by the remaining 10 criteria. These qualitative 
criteria are quantified using integer ranking based on 
the optimal requirement (i.e. For latest upgradation 
available – recent date / year is given higher prefer-
ence ranking and for date/year of launch – earlier date 
/ year is given higher preference ranking). 
The research outline of the proposed model is shown in 
Figure 1. All the needed data for this work were collected 
and the solution is obtained in three modules as follows: 
 _ Identification of influencing criteria using AHP.
 _ Determination of the weights of the criteria using 

FAHP.
 _ Determination of the better browser using COPRAS.

3.1. AHP
AHP is one of the most successful methods for deci-
sion making through the ranking of criteria and selec-
tion of alternatives based on expert’s judgement [35]. 
In this study, AHP is used to select the influencing cri-
teria from the available data. First, the criteria used in 
this study are collected through several sources such 
as vendor, play store and online database. These cri-
teria were ranked by using AHP and the bottom most 
criteria are eliminated from the study since they have 
least importance on the final decision.
The first step of the AHP is the construction of cri-
teria matrix / pair wise comparison matrix / original 
matrix using nine-point scale [35] which is presented 
in Table 1. Equation (1) is used to create the criteria 
matrix.

Xatt = [aij]; 1 ≤ i, j ≤ m, (1)

where, ‘aij’ is the relative importance when comparing 
ith and jth criteria and ‘m’ is the number of criteria.
Next the preprocessing / normalizing of the criteria 
matrix is done by using Equation (2).
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Figure 1
Research Methodology
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The criteria weights are determined by the row aver-
age of the respective criteria. Since the criteria matrix 
is created based on the expert’s judgment, the consis-
tency of the developed criteria matrix should be vali-
dated. Equation (3) is used to validate the consistency 
of the model through the Consistency Ratio (CR).
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where ‘CI’ is Consistency Index which is determined 
using Equation (8) and ‘RI’ is random indices for cri-
teria size ‘m’ which is selected from Table 2.
If the CR is < 0.10, then the criteria matrix can be 
accepted otherwise the criteria matrix should be re-
structured.
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where λ is the Eigen value.

Table 1
Nine-point scale and equivalent Triangular Fuzzy  
Number (TFN)

Table 2
Random Indices

Verbal judgment or  
preference between criteria Scale [35] TFN [3]

Extreme 9 9,9,9

Very strong to extreme 8 7,8,9

Very strong 7 6,7,8

Strong to very strong 6 5,6,7

Strong 5 4,5,6

Moderate to strong 4 3,4,5

Moderate 3 2,3,4

Equal to moderate 2 1,2,3

Equal 1 1,1,1

m 1 2 3 4 5 6 7 8 9 10 11 12 13 14

RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 1.51 1.53 1.56 1.57

3.2. FAHP
FAHP is an integrated technique where the AHP is in-
tegrated with the concept of fuzzy concept [44]. Fuzzy 
is used in a situation where the data is available in 
vague form.  In the real world, many data are available 
in vague form only and those data available are both 
in qualitative (immeasurable) and quantitative (mea-
surable) form. To overcome this problem, the fuzzy is 
integrated with AHP to determine the weights of the 
criteria. 
The evaluation criteria obtained through AHP are 
compared based on the judgement of the decision 
maker, and the fuzzy criteria matrix was formed using 
equivalent TFN which is shown in Table 1.  The fuzzy 
number is denoted by Equation (5).

F = { x, μF(x), x ∊ R}, (5)

where F = fuzzy set; x = fuzzy number; R = –∞ ≤ x ≤ ∞ 
and μF(x) = continuous mapping from R in the inter-
val [0, 1]. 
A TFN articulates the comparative strength of every 
pair of elements in the similar order and designated 
as TFN (M). 
TFN (M) = (l, m, u), where l ≤ m ≤ u in which ‘l’, ‘m’ and 
‘u’ are the lowest, mean and  largest feasible values in 
a fuzzy event. The triangular membership function of 
‘M’ fuzzy number is defined as shown in Equation (6).
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Similar to AHP, Equation (1) is used to generate the 
fuzzy criteria matrix also. Next the preprocessing / 
normalizing of fuzzy criteria matrix is done by using 
Equation (4). The weights (Wi)were determined by 
defuzzification procedure in which fuzzy numbers are 
transformed to crisp (single-valued quantity) values 
[Equation (7)]. For the defuzzification, several meth-
ods are found in the literature. In this work, the cen-
ter of gravity (COG) based defuzzification method has 
been chosen based on its simplicity and efficiency [5].
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where k = rule number, Oi = the class created by rule i  
(0, 1, …. L–1); L = the number of classes.
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where mli = membership grade of feature l in the fuzzy 
regions that inhabits the ith rule and n = number of  
inputs;
The consistency of the fuzzy model is checked similar 
to AHP through the Consistency Ratio (CR). If the CR 
is not less than 0.10 then the criteria matrix is  refor-
mulated as mentioned in Figure 1. 

3.3. COPRAS Method 
COPRAS (Complex Proportional Assessment of al-
ternatives) is a simple and effective MCDM tech-
nique used to solve problems with conflict objectives 
[45]. The procedure comprises of the following steps: 
 _ Decision matrix (Alternatives vs attributes) (X). 

The COPRAS procedure starts with the identifica-
tion of criteria and the available alternatives. The 
criteria are identified by AHP method. They are se-
lected from various sources and documented in the 
form of a matrix (Alternatives vs criteria) which is 
called decision matrix (X) as shown in Equation (9).
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where n = number of alternatives; m = number of criteria

 _ Normalized matrix (X–). The raw data collected 
are not in uniform scale / range. To bring them into 
uniform scale the raw data are normalized. In this 
paper, the normalization is done by using Equation 
(10) to generate a normalized matrix.
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where 
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; i = 1, 2, ...n; and j = 1, 2, … m.

 _ Weight of the criteria (Wj). The major part of 
the final decision in MCDM problems is the de-
termination of weights of criteria. In general, the 
criteria are not having the same weights. Several 
methods are used by the researchers to determine 
the weights of the criteria. In this method, FAHP is 
used to determine the weights. 

 _ Weighted normalized matrix(X̂). The weights of 
the criteria which were computed through FAHP 
are multiplied with the respective criteria of all al-
ternatives as shown in Equation (11) to formulate 
the weighted normalized matrix.
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 _ Maximizing index (Pj) and minimizing index 
(Rj). The maximizing index (Pj) and minimizing 
index (Rj) are determined based on the qualitative 
nature of the expected outcome of the criteria. That 
means, maximizing index (Pj) is calculated for the 
criteria with the maximum value as optimal val-
ue and minimizing index (Rj) is computed for the 
criteria with the minimum value as optimal value 
using Equations (12)-(13), respectively.
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where k = number of criteria where the maximum val-
ue is the expected outcome. 
 _ Relative weights (Qj) and ranking of each alter-

native. Finally, the relative weights of all the alter-
natives will be determined by using Equation (14) 
and the ranking is done based on the descending 
order of Qj. The alternative with the highest rela-
tive weights (ie. Ranked as 1) is selected as the best 
alternative.
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4. Discussion on Selection of 
Mobile Browser
4.1. Identification of Influencing Criteria 
Using AHP 
In this study 12 Android OS-based mobile browser 
application software such as B1, B2, …. & B12 are eval-
uated in three stages. For the evaluation of these alter-
natives, 14 criteria such as reputation of the provider 
(C1), the net worth of the organization (C2), number 
of downloads (C3), number of reviews given by the 
users (C4), user rating (C5), latest upgradation avail-
able (C6), memory requirement to load no page (C7), 
time to open new tap (C8), the URL loading time (C9),  
years of experience in the field (C10), additional fea-
tures provided (C11), memory requirement to load five 
pages (C12), date/year of launch (C13) and disc space 
needed (C14) are chosen. Among these 14 criteria, 10 
highly influencing criteria are selected using AHP. 

  C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14

C1 1.000 2.000 0.250 0.250 0.333 0.333 0.200 0.143 0.167 0.333 1.000 0.167 0.500 0.111

C2 0.500 1.000 0.200 0.200 0.250 0.250 0.200 0.200 0.333 0.500 0.500 0.200 0.200 0.111

C3 4.000 5.000 1.000 1.000 2.000 3.000 1.000 0.333 0.333 4.000 4.000 0.500 1.000 0.250

C4 4.000 5.000 1.000 1.000 1.000 1.000 0.500 0.333 0.333 4.000 3.000 0.500 1.000 0.250

C5 3.003 4.000 0.500 1.000 1.000 1.000 0.333 0.250 0.333 3.000 2.000 0.333 1.000 0.111

C6 3.003 4.000 0.333 1.000 1.000 1.000 0.333 0.250 0.250 2.000 1.000 0.333 1.000 0.111

C7 5.000 5.000 1.000 2.000 3.003 3.003 1.000 0.333 0.333 3.000 2.000 0.500 2.000 0.333

C8 6.993 5.000 3.003 3.003 4.000 4.000 3.003 1.000 1.000 6.000 4.000 2.000 2.000 0.500

C9 5.988 3.003 3.003 3.003 3.003 4.000 3.003 1.000 1.000 5.000 6.000 2.000 2.000 0.333

C10 3.003 2.000 0.250 0.250 0.333 0.500 0.333 0.167 0.200 1.000 4.000 0.200 0.200 0.111

C11 1.000 2.000 0.250 0.333 0.500 1.000 0.500 0.250 0.167 0.250 1.000 0.250 0.500 2.000

C12 5.988 5.000 2.000 2.000 3.003 3.003 2.000 0.500 0.500 5.000 4.000 1.000 3.000 0.333

C13 2.000 5.000 1.000 1.000 1.000 1.000 0.500 0.500 0.500 5.000 2.000 0.333 1.000 5.000

C14 9.009 9.009 4.000 4.000 9.009 9.009 3.003 2.000 3.003 9.009 0.500 3.003 0.200 1.000

Table 3
Criteria Matrix
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Table 4
Normalized Matrix

  C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 Weights Rank

C1 0.018 0.035 0.014 0.012 0.011 0.010 0.013 0.020 0.020 0.007 0.029 0.015 0.032 0.011 0.018 13

C2 0.009 0.018 0.011 0.010 0.008 0.008 0.013 0.028 0.039 0.010 0.014 0.018 0.013 0.011 0.015 14

C3 0.073 0.088 0.056 0.050 0.068 0.093 0.063 0.046 0.039 0.083 0.114 0.044 0.064 0.024 0.065 7

C4 0.073 0.088 0.056 0.050 0.034 0.031 0.031 0.046 0.039 0.083 0.086 0.044 0.064 0.024 0.054 8

C5 0.055 0.070 0.028 0.050 0.034 0.031 0.021 0.034 0.039 0.062 0.057 0.029 0.064 0.011 0.042 9

C6 0.055 0.070 0.019 0.050 0.034 0.031 0.021 0.034 0.030 0.042 0.029 0.029 0.064 0.011 0.040 10

C7 0.092 0.088 0.056 0.100 0.102 0.094 0.063 0.046 0.039 0.062 0.057 0.044 0.128 0.032 0.072 6

C8 0.128 0.088 0.169 0.150 0.136 0.125 0.189 0.138 0.118 0.125 0.114 0.177 0.128 0.047 0.131 2

C9 0.110 0.053 0.169 0.150 0.102 0.125 0.189 0.138 0.118 0.104 0.171 0.177 0.128 0.032 0.126 3

C10 0.055 0.035 0.014 0.012 0.011 0.016 0.021 0.023 0.024 0.021 0.114 0.018 0.013 0.011 0.028 12

C11 0.018 0.035 0.014 0.017 0.017 0.031 0.031 0.034 0.020 0.005 0.029 0.022 0.032 0.190 0.035 11

C12 0.110 0.088 0.112 0.100 0.102 0.094 0.126 0.069 0.059 0.104 0.114 0.088 0.192 0.032 0.099 4

C13 0.037 0.088 0.056 0.050 0.034 0.031 0.031 0.069 0.059 0.104 0.057 0.029 0.064 0.474 0.085 5

C14 0.165 0.158 0.225 0.200 0.306 0.281 0.189 0.276 0.355 0.187 0.014 0.265 0.013 0.095 0.195 1

  

 

 

Figure 2
Selection of Influencing Criteria
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Table 5
Fuzzy Criteria Matrix
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Table 6
Fuzzy Normalized Matrix
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Tables 3-4 reveal the identification of influencing cri-
teria from the available.
The consistency of the criteria matrix is found by us-
ing Equation (3) and in this paper, the CR is found as 
0.0974 which is less than 0.1. Hence this is acceptable. 
The weight of each criterion is computed by the row 
average in the normalized matrix (Table 4). The least 
four criteria are eliminated from the study and finally, 
C3, C4, C5, C6, C7, C8, C9, C12, C13 & C14 are selected 
to continue the study further. 

4.2. Determination of the Weights of the 
Criteria Using FAHP

Next FAHP is employed to compute the weights of the 
10 criteria which are considered in this study. Simi-
lar to AHP, first the ten criteria are compared with 
each other based on their relative importance crite-

ria matrix is formulated using Equation (1). These 
crisp values are converted into TFN using Table 1 to 
formulate fuzzy criteria matrix (Table 5). The fuzzy 
normalized matrix is formulated by using Equation 
(2) and the criteria weights are computed using Equa-
tion (7) which is also presented in Table 6 and shown 
in Figure 3. To validate the pair wise comparison, the 
consistency ratio is calculated using Equation (3) 
and found as 0.0851. Since the value of CR is < 0.1, the 
solution is validated.

4.3. Determination of the Better Browser 
Using COPRAS

The collected data (Alternatives and Criteria) are 
presented in Table 7 (decision matrix). Using Equa-
tion (10), the normalized matrix (Table 8) is deter-
mined. Equation (11) is used to generate the weight-
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Figure 3
Weights of Influencing Criteria

ed normalized decision matrix (Table 9). Then the 
maximizing index (Pj) and minimizing index (Rj) 
are determined using Equation (12) and Equation 
(13). Finally, by using Equation (14) the relative 
weights of the criteria (Qj) for all the alternatives are  
calculated. 

From the relative weights of the criteria, the COPRAS 
grades are determined by dividing the corresponding 
Qj by max Qj and presented in Table 10 and Figure 4. 
The alternative with the highest COPRAS grade is 
concluded as the best alternative. From Table 10, B2 
is selected as the best browser.
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Table 7
Data Matrix

C3 C4 C5 C6 C7 C8 C9 C12 C13 C14

B1 100000000 3576335 3.9 8 88 20 0.7 360 3 63.76

B2 100000000 307595 4.3 1 63 7 0.4 135 5 34.39

B3 100000000 377828 4.5 7 99 10 1.2 139 2 42.12

B4 10000000 224123 4.5 1 64 7 0.6 186 12 77.7

B5 50000000 2532588 4.1 5 45 12 1.1 294 1 23.03

B6 100000 8936 4.3 2 59 11 1.6 324 10 0.1

B7 10000 67 2.4 5 91 8 1.2 382 11 31.31

B8 500000 46270 4.2 3 90 12 0.8 658 6 2.93

B9 50000000 755890 3.7 6 94 12 1.1 446 4 22.19

B10 1000000 16080 3.6 4 63 11 0.7 293 7 58.07

B11 10000000 204474 4.3 8 59 10 0.7 248 9 49.99

B12 1000000000 2322943 4.5 1 57 13 1 324 8 46.78

C3 C4 C5 C6 C7 C8 C9 C12 C13 C14

B1 0.070 0.345 0.081 0.157 0.101 0.150 0.063 0.095 0.038 0.141

B2 0.070 0.030 0.089 0.020 0.072 0.053 0.036 0.036 0.064 0.076

B3 0.070 0.036 0.093 0.137 0.114 0.075 0.108 0.037 0.026 0.093

B4 0.007 0.022 0.093 0.020 0.073 0.053 0.054 0.049 0.154 0.172

B5 0.035 0.244 0.085 0.098 0.052 0.090 0.099 0.078 0.013 0.051

B6 0.000 0.001 0.089 0.039 0.068 0.083 0.144 0.086 0.128 0.000

B7 0.000 0.000 0.050 0.098 0.104 0.060 0.108 0.101 0.141 0.069

B8 0.000 0.004 0.087 0.059 0.103 0.090 0.072 0.174 0.077 0.006

B9 0.035 0.073 0.077 0.118 0.108 0.090 0.099 0.118 0.051 0.049

B10 0.001 0.002 0.075 0.078 0.072 0.083 0.063 0.077 0.090 0.128

B11 0.007 0.020 0.089 0.157 0.068 0.075 0.063 0.065 0.115 0.111

B12 0.703 0.224 0.093 0.020 0.065 0.098 0.090 0.086 0.103 0.103

Table 8
Normalized Data Matrix
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  C3 C4 C5 C6 C7 C8 C9 C12 C13 C14

B1 0.004 0.014 0.002 0.003 0.008 0.031 0.009 0.010 0.001 0.041

B2 0.004 0.001 0.003 0.000 0.006 0.011 0.005 0.004 0.001 0.022

B3 0.004 0.001 0.003 0.003 0.009 0.015 0.016 0.004 0.000 0.027

B4 0.000 0.001 0.003 0.000 0.006 0.011 0.008 0.005 0.002 0.051

B5 0.002 0.010 0.002 0.002 0.004 0.019 0.015 0.008 0.000 0.015

B6 0.000 0.000 0.003 0.001 0.005 0.017 0.022 0.009 0.002 0.000

B7 0.000 0.000 0.001 0.002 0.008 0.012 0.016 0.011 0.002 0.020

B8 0.000 0.000 0.003 0.001 0.008 0.019 0.011 0.019 0.001 0.002

B9 0.002 0.003 0.002 0.002 0.009 0.019 0.015 0.013 0.001 0.014

B10 0.000 0.000 0.002 0.002 0.006 0.017 0.009 0.008 0.001 0.038

B11 0.000 0.001 0.003 0.003 0.005 0.015 0.009 0.007 0.002 0.032

B12 0.040 0.009 0.003 0.000 0.005 0.020 0.014 0.009 0.002 0.030

Table 9
Weighted Normalized Matrix

Table 10
COPRAS Grade

Pj Rj 1/Rj Qj COPRAS Grade Rank

B1 0.024 0.101 9.943 0.050 0.497 12

B2 0.008 0.049 20.347 0.100 1.000 1

B3 0.011 0.072 13.812 0.068 0.681 8

B4 0.004 0.083 12.051 0.059 0.590 11

B5 0.017 0.061 16.401 0.081 0.814 4

B6 0.003 0.055 18.096 0.088 0.884 2

B7 0.004 0.070 14.234 0.070 0.696 6

B8 0.004 0.059 16.886 0.083 0.826 3

B9 0.010 0.070 14.330 0.070 0.705 5

B10 0.004 0.080 12.556 0.061 0.614 10

B11 0.007 0.072 13.962 0.068 0.685 7

B12 0.052 0.080 12.503 0.065 0.646 9
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Figure 4
COPRAS Grade

Figure 5
Sensitivity of COPRAS Model
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4.4. Sensitivity Analysis 

In the case of MCDM problems, the sensitivity anal-
ysis has to be performed in order to confirm the con-
sistency of the model. The consistency of AHP and 
FAHP models was checked by Equation (3) and found 
that is less than 0.1. To check the consistency of CO-
PRAS model, this paper examines sensitivity analysis 

by the changes in weight of criteria and its influence 
on the stability of solution [29].  Results of COPRAS 
model depend on the weight of the criteria. The ob-
jective of sensitivity analysis is to determine how the 
changes of criteria weights lead to changes in alterna-
tive rakings. The sensitivity of the COPRAS model is 
presented in Figure 5. Figure 5 proves that the model 
is consistent and the B2 is the optimal browser. 
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5. Conclusion
In this study, the selection of browser for the smart-
phone was modelled as MCDM problem and to solve 
a hybrid MCDM model was presented with a case 
study. The novelty of this paper is the integration of 
AHP, Fuzzy and COPRAS to assist the decision mak-
er (consumer) to select the browser for their smart-
phones. The decision was made in three modules such 
as selection of influencing criteria using AHP, deter-
mination of weights of influencing criteria by FAHP 
and selection of better browser by COPRAS. The out-
comes of this study indicated that few of the criteria 
namely the reputation of the provider, the net worth of 
the organization, years of experience in the field and 
additional features provided were not having a rea-
sonable impact on the decision making. At the same 
time, the criteria like disc space needed, time to open 

a new tap, the URL loading time, memory requirement 
to load five pages and date/year of launch have more 
influence on the final decision.  The remaining crite-
ria (number of downloads, number of reviews given 
by the users, user rating, latest upgradation available 
and memory requirement to load no page) have mod-
erate influence on the final decision. A case study was 
also presented to prove the effectiveness of the de-
veloped model. By using the developed hybrid model, 
browser B2 is ranked as 1 followed by browser B6. The 
developed model is capable of handling both qualita-
tive and quantitative criteria with conflict objectives. 
This MCDM model can be easily integrated with the 
knowledge base of a decision support system. In the 
future, a decision support system can be developed for 
the same kind of decision making problems. 
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