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Abstract

The multicriteria decision-making methodology is utilized to assess different portable hard disk drive alternatives,
according to the purchaser/retailer/wholesaler liking with respect to various attributes. The hard disk drive comes under
various types and has a number of attributes connected with it such as storage capacity, size, data transfer speed and
physical dimensions. The modern market caters to a wide variety of customer needs. Therefore, it becomes the need of
the hour to present a simple technique to select the best alternative for purchaser/retailer/wholesaler to satisfy their
combined needs. Among the multicriteria decision-making methods, the more simple and widely used technique
weighted aggregated sum product assessment is utilized in this work. The data of different hard disk drives were col-
lected that were available in the Indian market and 24 different models of five brands were considered in decision-mak-
ing. The equal weights method and objective weights method, that is standard deviation method, are utilized to allocate
weights of significance to the criteria. The ranks obtained with simple additive weighting, weighted product method and
weighted aggregated sum product assessment are presented, and final ranks are considered with weighted aggregated
sum product assessment method because it is an amalgamation of the simple additive weighting and weighted product
method. The result reveals that Western Digital comes out to be the first choice as a brand because the top three mod-
els belong to them with both equal and objective weights. While utilizing these techniques, a consumer can purchase the
best hard disk drive and it is also very advantageous for merchants and sellers to aid users in procuring their gadgets
while manufacture of hard disk drive can produce their product with unique technological features aimed at particular
users. Furthermore, the subjective weights can be considered to select the best alternative.
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Introduction

Hard disk drive (HDD) is an electro-mechanical gadget

utilized to store data and is launched by the IDepar‘tment of Mechanical Engineering, Guru Nanak Dev Engineering

College, Ludhiana, India

International Business Machines Corporation of
America in 1956. Since then HDD has become the pre-
vailing storage apparatus for all, types of computers
that started near the beginning 1960s. Since then a num-
ber of companies are manufacturing and supplying,
HDDs due to non-volatile memory, Holst' reported
that the sales of HDDs are highest in the year 2010
which is more than 600 million and the sales are increas-
ing, day by day, around 83 million HDDs shipped
worldwide in the third quarter of 2019. The projected
revenue of external storage in Japan will be around
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US$3 billion by 2023.> The market to store any type of
data is anticipated to reach roughly US$78.1 billion by
2021.% The CMR India* reported external HDD market
growth by 24% in terms of unit shipments and external
HDD 2.5in takes 99% market share and it is due to
online platforms. The external HDD of capacity 1 TB
contributed 52% market share after 2TB (34%) and it
turns into the most well-liked among customers. The
CMR India* also reported the 27% growth of external
HDDs in the third quarter of 2019, the 1 TB and 2TB
shipments collectively contributed 86% market share.
At the same time as per IDC,’ India’s external storage
market stood at US$91.8 million and growing 8% year
over year because manufacturing, government, bank-
ing, professional services and telecommunication indus-
tries contributed 83.2% of the overall external storage
market.

External HDD is one of the devices which people
need now a day’s very often to store useful records or
data in terms of any backups or copy of data for a long
time. There are many vendors available around the
world who manufacturers these devices, but some of
the foremost are western digital (WD), Seagate,
SanDisk, Toshiba, Transcend, Lenovo and many oth-
ers. The HDDs have a variety of attributes associated
with it, for example, price of HDD, data transfer speed,
storage capacity, weight and its size and hence become
a problem of multicriteria decision-making (MCDM)
for a purchaser/retailer/trader even for a manufacturer
or for developer of expert systems or developer of web
making sites doing a comparison of equipment/
gadgets.

The MCDM refers to identifying the suitable option
where mutual evaluation is involved for many different
sets of circumstances criteria.® There are a number of
MCDM methods which are frequently used for deci-
sion-making; Savitha and Chandrasekar’ applied sim-
ple additive weighting (SAW) and weighted product
method (WPM) for wireless network selection, Melia®
to share sector investment selection and Khandelwal
and Jain® to the cluster head selection. The optimiza-
tion of machining variables completed with Vlse
Kriterijumska Optimizacija Kompromisno Resenje
(VIKOR) and technique for order of preference by
similarity to ideal solution (TOPSIS) techniques.'®!!
Kumar et al.'? applied TOPSIS scheme for optimiza-
tion of output responses with equal, subjective weights
(analytic hierarchy process (AHP)) and objective
weights (entropy method). The standard deviation
method (SDM) was utilized to allot objective weights
to responses by Xu and Cai;'®> Xu and Da'* to uncer-
tain linguistic environment; Achebo and Odinikuku'?
to welding operation output parameters; Mohamed
and Ahmed'® to project selection problem; Majumder
and Majumder!” applied to optimization of manufac-
turing process parameters. Srivastav and Agrawal'® uti-
lized TOPSIS technique to select best non-dominated
solutions achieved with multiobjective particle swarm
optimization. Roy and Majumder' applied MCDM

approach to select an optimum design configuration
for a heat exchanger and achieved 22% enhanced
exchange efficiency of the selected model. Rathi et al.?
applied VIKOR, TOPSIS and fuzzy approach to rank
diverse states of India having prospective of wind
energy. Kumar and Singh®' selected the best vacuum
cleaner with TOPSIS method. Luo et al.®* applied
entropy method to boost variable predictive model-
based class discrimination performance.

The weighted aggregated sum product assessment
(WASPAS) method has come under recently developed
MCDM methods and developed by Zavadskas et al.>
which achieved 1.3 times more accuracy than WPM
and 1.6 times more than weighted sum model (WSM)
and till date, it was applied in diverse industrial appli-
cations. Zavadskas et al>* tested the reliability of
WASPAS technique and compared the results with
multiobjective optimization on the basis of ratio analy-
sis (MOORA) technique while ranking of buildings
and the results of both the methods are closely related.
Chakraborty et al.*> also proved the applicability and
effectiveness of the WASPAS method while considering
five diverse manufacturing problems of other research-
ers such as selection of an industrial robot,?® an auto-
mated inspection system,”’ a flexible manufacturing
system,”® a machine picking,”” and an automated
guided vehicle®® subsequently Chakraborty et al.®
observed that for all the five problems, the rankings as
accomplished by WASPAS technique strongly match
with those attained by the past researchers. Mathew
et al.’! utilized different normalization techniques in
WASPAS technique and reported that the linear nor-
malization (Max—Min) technique furnishes better
results. Hybrid WASPAS was utilized by Zavadskas
et al.’? to select waste plant; Zavadskas et al.*>* to pick
circuit design and Nie et al.** selected the position of
the solar plant. Some of the significant studies of
WASPAS method are briefly presented in Table 1 and
it shows the year’s wise research conducted to make the
decisions.

The rest of this paper is organized as follows: section
“Selection of the benchmark” provides a brief overview
of the selection of the benchmark, that is, portable
HDD and its associated attributes and data collection,
section “WASPAS method” describes the implementa-
tion steps used in WASPAS method, section “Selection
of portable HDD: decision-making with WASPAS”
describes the application of WASPAS method to select
the best alternative of HDD, section “Sensitivity analy-
sis”  provides sensitivity analysis and section
“Conclusion” contains the concluding remarks.

Selection of the benchmark

Long-time back people use floppy disks some days ear-
lier they used compact disk (CD) or digital versatile disk
(DVD); all of these are not much used these days
because of inadequate memory, but the external HDD
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Table I. Significant literature of WWASPAS method.

Sr. no. Author(s) MCDM method(s) used Application area(s)

| Déjus and Antuchevigiene®® WASPAS and entropy Safety and health solution

2 Madi¢ et al.3 WASPAS Analysis of machining operations
3 Zavadskas et al.*’ Extended WASPAS Uncertain decision-making environment
4 Turskis et al.®® Fuzzy AHP and WASPAS Selection of construction location
5 Zavadskas et al.*’ WASPAS-G Contractor selection

6 Karabasevi¢ et al.*° SWARA and WASPAS Picking of person

7 Ghorabaee et al.*' Extended WASPAS Selection of green suppliers

8 Urosevic et al.¥ SWARA and WASPAS Picking of person in tourism

9 Stoji¢ et al.¥ Rough WASPAS and AHP Supplier selection

10 Emovon and Mgbemena** WASPAS, ARAS and ARM Scheduled replacement time

1 Mishra et al.* Fuzzy WASPAS Green supplier selection

12 Bausys et al.* Neutrosophic WASPAS Algorithm Selection

WASPAS: weighted aggregated sum product assessment; MCDM: multicriteria decision-making; ARAS: additive ratio assessment; ARM: age
replacement model; AHP: analytic hierarchy process; SWARNA: step-wise weight assessment ratio analysis.

can store data up to terabytes. The external HDD works
on a similar principle as internal HDD, which have
moving mechanical parts and an optical head, which
read/write the data on magnetic disk. It retrieves data by
rapidly rotating platters (disk profile) which have mag-
netic coating and it rests in a cover having air sealing.
The within one side of the cover is known as disk con-
troller and a motor attached to the board rotates the
platters around at 3600 or 7200r/min.*” The HDDs
have features which decide its performance as a manu-
factured/assembled product/gadget or predominantly
associated with the mechanical character of the revol-
ving disk and head such as average access time, that is,
the time needed to travel the head on a track. The seek
time refers to the time taken by the head to move on the
disk with data. The data transfer speed is a function of
platter revolving speed, soundtrack density and position
on the track, but heat as well as vibration reduces the
speed.*® The USB 2.0 interface is usually utilized for
external HDD, but it has a slower data transfer rate and
other interfaces such as USB 3.0 also coming. Generally,
the 2.5-in variant of hard disk refers to portable external
drive and 3.5-in variant to desktop external drive.

The external hard disk has much utility in indus-
tries/service-sector to store old records and is also very
useful in daily life of the people since it is used to store
multimedia/document files and so on. The portable
HDD comes under various types and with many differ-
ent attributes/criteria such as storage, size, data transfer
speed and physical dimensions for better ergonomic
value. In decision-making, usually beneficial criteria
refer to higher value, for example, storage of hard disk
and non-beneficial criteria refers to lower value, for
example, price of hard disk. In this case study, to select
best HDD out of existing options, eight significant fea-
tures are contemplated such as:

1. Cost of HDD (HDD-Co) in Indian rupees
(INR);

2. Weight of HDD (HDD-W) in g;

3. Dimensions of HDD; taken in terms of volume
of the HDD (HDD-Vol) in cm?;

4. Storage capacity of HDD (HDD-Cap) in TB;

5. USB connectivity of HDD (HDD-Con), for
example, 3.0, 3.1 and so on;

6. Warranty of HDD (HDD-War) in years;

7. Data transfer speed of the HDD (HDD-DTYS) in
Gbps;

8. Color variation of HDD (HDD-CV) in number,
for example, 1, 2, 3 and so on.

The HDD-Co, HDD-W and HDD-Vol are non-
beneficial and the HDD-Cap, HDD-Con, HDD-War,
HDD-DTS and HDD-CV are beneficial criteria.
Subsequently, the WASPAS technique is utilized to
pick the superlative option from 24 accessible portable
HDD alternatives in Indian market. The data collected
from the Indian market were limited to HDD-Co from
INR 3000 to 7000, HDD-Cap from 1TB to 2TB as it
has around 86% market share, form factor and wired
USB 3.0 to USB 3.1 connectivity.

WASPAS method

It was initially offered in 2012 and observed as a valu-
able expansion of the SAW and a WSM by Zavadskas
et al.>* The steps utilized in this technique are given as
follows.

Step 1: Alternatives or options are worked out with
suitable evaluation criteria allied with it.

Step 2: The decision template is given away in equa-
tion (1). Every row of decision template or matrix is
allotted to one option (HDD), and all columns are
allotted to one criterion (price, storage, data transfer
speed, weight, volume and so on). Accordingly, the e; of
the decision template “DT” (e;; i=1, 2,..., a no. of
alternatives (n), j =1, 2,..., no. of attributes (m)) are
contributions
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Step 3: The linear normalization technique is utilized to
make the collected data of “DT” dimensionless.
Equation (2) for beneficial criteria, for example, profit
and in equation (3) for nonbeneficial criteria, for exam-
ple, price.

Compute the normalized decision matrix, NDM; by the
linear normalization technique as shown in equation (2)
for beneficial criteria, that is, the superior value is
wanted, for example, profit and in equation (3) for non-
beneficial criteria, that is, an inferior value is wanted,
for example, cost

NDM;; = M:)jceg,- (beneficial) (2)
Mine,—,- .
NDM;; = = (non-beneficial) (3)

eij

Step 4: There are different techniques to allocate
weights of importance to the responses, that is, equal,
objective and subjective preferences, but the equal
weights method (EWM) and standard deviation
method (SDM) are utilized in this study; the total sum
of all weights ought to be unity.

EWM
The equal weights are obtained by equation (4)

1
W= @

where m i1s a number of attributes.

SDM

The SDM weights of the criteria assessed without tak-
ing care of subjective liking of the decision-maker by
equation (5)

gj

ST ©)

where o; is the standard deviation of dimensionless
criteria.

To accomplish the weighted, normalized matrix
(WZ;), equation (6) is utilized

wj =

WZ; = [wpX NDM] (6)

Step 5: A dual criteria of optimality is applied based
upon SAW is shown in equation (7) and the WPM is
shown in equation (8)

The dual comparative significance of the alternative,
that is, performance index (Q;) based upon SAW and
WPM techniques, is calculated as shown in equation (9)

2P+ (1= 1™ ©)

where A =0,0.1,0.2,..., 1.
Equation (10) is used to locate the optimal assess-
ment of X for a specified decision-making problem?

0.2 (Q,‘WPM)

2 (QF7) + a(Q ™)

QWASPAS

%=

(10)

Step 6: The performance index Q[V45745 of alternatives
is conferred for final ranking, the highest value of

WASPAS belongs to top rank and lowest value of
QWASP 45 belongs to bottom rank.

Selection of portable HDD:
decision-making with WASPAS

The accessible portable HDD from HDD-A1 to HDD-
A24 is shown in Table 2. The information obtained on
the HDD with the eight attributes such as HDD-Co,
HDD-W, HDD-Vol, HDD-Cap, HDD-Con, HDD-War,
HDD-DTS and HDD-CV of five brands with 24 models
is presented in Table 3. Table 3 belongs to step 1 and step
2 and is also known as decision template or matrix for
picking the most excellent HDD as per equation (1).

The attribute/criteria taken in picking the suitable
HDD are having unlike entities and aspects (dimen-
sions), so equation (2) is utilized for normalization of
beneficial criteria and by equation (3) for non-beneficial
criteria and the attained results (only four decimal
places) are given away in Table 4. The HDD-Co,
HDD-W and HDD-Vol are non-beneficial and the
HDD-Cap, HDD-Con, HDD-War, HDD-DTS and
HDD-CYV are beneficial criteria. Equations (4) and (5)
are utilized to calculate equal weights and objective
weights of the attributes, respectively, in accordance
with step 4: EWM and SDM techniques. The calculated
weights with both the methods are shown in Table 5.
Then, equation (6) is applied to attain matrix which is
the multiplication of normalized matrix and corre-
sponding weights and is presented in Table 6 for EWM
and in Table 7 for objective weights (SDM).

Equation (7) is used to calculate performance value
as per SAW method and equation (8) is as per WPM
method, the dual optimal solution is obtained with
equation (9) as per WASPAS, the optimal value of A is
obtained for every alternative with equation (10) and
the attained results are given away in Table 8 for EWM
and in Table 9 for objective weights SDM. The rank of
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Table 2. List of 24 portable hard disk drive alternatives.

S. no. Alternative model

| WDBU6Y0015BBK-WESN 1.5 TB Wired External Hard Disk Drive (WEHDD) HDD-AI
2 Canvio Ready Toshiba 2 TB (WEHDD) HDD-A2
3 Expansion Hard Drive Seagate 1.5 TB (WEHDD) HDD-A3
4 HDTB310AK3AA Toshiba Canvio Basic | TB (WEHDD) HDD-A4
5 HDTB320AK3CA Toshiba Canvio Basic 2 TB (WEHDD) HDD-A5
6 HDTB410AK3AA Toshiba Canvio Basics | TB (WEHDD) HDD-A6
7 HDTD310AK3DA Toshiba Canvio Slim | TB (WEHDD) HDD-A7
8 Lenovo F309 | TB (WEHDD) (Gray) HDD-A8
9 Lenovo Hard Disk F309 | TB (WEHDD) (Black) HDD-A9
10 Lenovo Hard Disk F309 2 TB (WEHDD) (Black) HDD-AI0
I STEA1500400 Seagate Expansion Portable HDD—USB 3.0 for PC Laptop and Mac 1.5 TB (WEHDD) HDD-AI I
12 STHH2000300 Seagate Ultra Touch 2 TB (WEHDD) HDD-AI12
13 STHN1000400 Seagate Backup Plus Slim | TB (WEHDD) HDD-AI3
14 Storejet 25H3 Transcend 2 TB Portable 2 TB (WEHDD) HDD-A14
15 StorejJet 25M3 Transcend Storejet 25M3 2.5-in | TB (WEHDD) HDD-AI15
16 Storjet 25M3(TSITS)J25M3S) Transcend | TB (WEHDD) HDD-Al6
17 Toshiba Canvio Basics 2 TB (WEHDD) HDD-AI7
18 TS2TSJ25H3P Transcend H3P 2 TB (WEHDD) HDD-AI8
19 Ultra Slim Plus Seagate | TB (WEHDD) (Platinum, Mobile Backup Enabled) HDD-AI9
20 WD My Passport | TB (WEHDD) HDD-A20
21 WDBHDWO0020BBK-EESN WD Elements 2 TB (WEHDD) HDD-A21
22 WDBHHGO0010BBK-EESN WD Elements | TB (WEHDD) HDD-A22
23 WDBS4B0020BBK-WESN My Passport 2 TB (WEHDD) HDD-A23
24 WDBYVG0020BBK-WESN WD My Passport 2 TB (WEHDD) HDD-A24

HDD: hard disk drive.

Table 3. Decision matrix for 24 portable hard disk drive.

Alternative  HDD-Co (INR) HDD-W  HDD-Vol HDD-Cap (TB) HDD-Con HDD-War HDD-DTS HDD-CV

(2 (cm®) (300r3.1) (year) (Gbps) (no.)
HDD-AI 4079 222 135915 1.5 3.0 | 5 |
HDD-A2 5799 233 204680 2 3.0 3 5 2
HDD-A3 5799 170 138.528 1.5 3.0 | 5 [
HDD-A4 3980 230 141.015 | 3.0 3 5 |
HDD-A5 6199 230 192.721 2 3.0 3 5 |
HDD-A6 3699 149 119.028 | 3.0 3 5 [
HDD-A7 3799 15 72225 | 3.0 3 5 |
HDD-A8 3419 280 116.116 | 3.0 3 5 |
HDD-A9 3699 299 116.116 | 3.0 | 5 [
HDD-AI0O 4999 280 160.776 2 3.0 3 5 |
HDD-AIl 3999 170 138.528 1.5 3.0 3 1.2 |
HDD-AI2 5599 151 104766 2 3.0 3 1.2 2
HDD-AI3 3899 126 104.766 | 3.0 3 1.2 6
HDD-Al4 6799 298 173.586 2 3.1 3 5 |
HDD-AI5 4699 216 217.684 [ 3.0 3 5 |
HDD-Al6 5240 185 202.540 | 3.1 3 5 |
HDD-AI7 5099 149 119.028 2 3.0 3 5 |
HDD-AI8 6500 240 217.684 2 3.0 3 5 [
HDD-AI9 5110 135 82.810 | 3.0 3 5 |
HDD-A20 4300 170 27.198 | 3.0 3 5 6
HDD-A21 5399 234 190.281 2 3.0 3 5 [
HDD-A22 3819 134 135915 | 3.0 3 5 |
HDD-A23 5399 170 123.717 2 3.0 3 5 3
HDD-A24 5599 120 89.646 2 3.0 3 5 3

HDD: hard disk drive; DTS: data transfer speed; CV: color variation.

each alternative (HDD-A1 to HDD-A24) is also shown 0.6407 (refer Table 8). The HDD-A20 has also been the
in Tables 8 and 9. The HDD-A20 (WD My Passport top preference with objective weights (SDM) of perfor-
1 TB (WEHDD) is the top preference with EWM of mance index 0.8475 at optimal % value of 0.6016 (refer
performance index of 0.8594 at optimal A value of Table9).
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Table 4. Normalized decision matrix.

Alternative HDD-Co HDD-W HDD-Vol HDD-Cap HDD-Con HDD-War HDD-DTS HDD-CV
HDD-AI 0.8382 0.5180 0.2001 0.7500 0.9677 0.3333 1.0000 0.1667
HDD-A2 0.5896 0.4936 0.1329 1.0000 0.9677 1.0000 1.0000 0.3333
HDD-A3 0.5896 0.6765 0.1963 0.7500 0.9677 0.3333 1.0000 0.1667
HDD-A4 0.8590 0.5000 0.1929 0.5000 0.9677 1.0000 1.0000 0.1667
HDD-A5 0.5515 0.5000 0.1411 1.0000 0.9677 1.0000 1.0000 0.1667
HDD-A6 0.9243 0.7718 0.2285 0.5000 0.9677 1.0000 1.0000 0.1667
HDD-A7 0.9000 1.0000 0.3766 0.5000 0.9677 1.0000 1.0000 0.1667
HDD-A8 1.0000 0.4107 0.2342 0.5000 0.9677 1.0000 1.0000 0.1667
HDD-A9 0.9243 0.3846 0.2342 0.5000 0.9677 0.3333 1.0000 0.1667
HDD-AIO 0.6839 0.4107 0.1692 1.0000 0.9677 1.0000 1.0000 0.1667
HDD-AI | 0.8550 0.6765 0.1963 0.7500 0.9677 1.0000 0.2400 0.1667
HDD-AI2 0.6106 0.7616 0.2596 1.0000 0.9677 1.0000 0.2400 0.3333
HDD-AI3 0.8769 09127 0.2596 0.5000 0.9677 1.0000 0.2400 1.0000
HDD-AI4 0.5029 0.3859 0.1567 1.0000 1.0000 1.0000 1.0000 0.1667
HDD-AI5 0.7276 0.5324 0.1249 0.5000 0.9677 1.0000 1.0000 0.1667
HDD-Al6 0.6525 0.6216 0.1343 0.5000 1.0000 1.0000 1.0000 0.1667
HDD-AI7 0.6705 0.7718 0.2285 1.0000 0.9677 1.0000 1.0000 0.1667
HDD-AI8 0.5260 0.4792 0.1249 1.0000 0.9677 1.0000 1.0000 0.1667
HDD-AI9 0.6691 0.8519 0.3284 0.5000 0.9677 1.0000 1.0000 0.1667
HDD-A20 0.7951 0.6765 1.0000 0.5000 0.9677 1.0000 1.0000 1.0000
HDD-A21 0.6333 0.4915 0.1429 1.0000 0.9677 1.0000 1.0000 0.1667
HDD-A22 0.8953 0.8582 0.2001 0.5000 0.9677 1.0000 1.0000 0.1667
HDD-A23 0.6333 0.6765 0.2198 1.0000 0.9677 1.0000 1.0000 0.5000
HDD-A24 0.6106 0.9583 0.3034 1.0000 0.9677 1.0000 1.0000 0.5000
HDD: hard disk drive; DTS: data transfer speed.

Table 5. Weights of importance.

Method HDD-Co HDD-W HDD-Vol HDD-Cap HDD-Con HDD-War HDD-DTS HDD-CV
EWM (%) 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50
SDM (%) 9.94 12.74 11.74 16.07 0.61 15.17 17.29 16.44

HDD: hard disk drive; EWM: equal weights method; SDM: standard deviation method; DTS: data transfer speed; CV: color variation.

Similarly, rank 2 goes to HDD-A24 with perfor-
mance index Q4545 is equal to 0.7717 at optimal A
0.6327 with EWM and rank 2 also goes to HDD-A24
with objective weights (SDM) with performance index
QIVASPAS ().7683 at optimal A 0.5907. Similarly, rank 3
goes to HDD-A2 is also same with equal and objective
weights. The alternative HDD-A24 belongs to the
WDBYVG0020BBK-WESN WD My Passport 2TB
(WEHDD) and HDD-A2 belongs to Canvio Ready
Toshiba 2TB (WEHDD) refer Table 2. The other
ranks of alternatives are different from rank 4 onward,
which can also be seen in Figure 1. The last rank, that
is, 24, goes to HDD-A9 with both EWM and SDM.
The results also indicate that the first rank goes to WD
as the top three models rank 1 to rank 2 belongs to it
with WASPAS method.

Sensitivity analysis

Sensitivity analysis is usually an approach utilized to
check stability of results (ranks). In this study, it is
achieved by varying the coefficient A from 0 to 1 and

ranks are also verified with SAW and WPM methods with
equal and objective weights. The value of A is varied from
0 to 1 and the attained results are given away in Table 10
for EWM and in Table 11 for objective weights SDM.

The results in Table 10 with equal weights clearly
indicate that the change in A does not affect the HDD
ranks, the first four ranks go to HDD-A20, HDD-A24,
HDD-A23 and HDD-A?7, respectively, and these ranks
do not change with variation in A from 0.1 to 0.9. The
rank slightly alters after fifth rank onward, but these
changes are minor. Table 10 also indicates that with
increases in A value, the performance index values also
increase from 20.2 to 0.9.

The results in Table 11 with objective weights also
clearly indicate that the change in A does not affect the
HDD ranks, the first four ranks go to HDD-A20,
HDD-A24, HDD-A23 and HDD-A7, respectively, and
these ranks do not change with variation in A from 0.1
to 0.9. The rank slightly alters after fifth rank onward,
but these changes are minor. Table 11 also indicates
that with increases in A value, the performance index
values also increase from 4.0.1 to 0.9.
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Table 6. Weighted, normalized matrix (EWM).

Alternative HDD-Co HDD-W HDD-Vol HDD-Cap HDD-Con HDD-War HDD-DTS HDD-CV

HDD-AI 0.1048 0.0648 0.0250 0.0938
HDD-A2 0.0737 0.0617 0.0166 0.1250
HDD-A3 0.0737 0.0846 0.0245 0.0938
HDD-A4 0.1074 0.0625 0.0241 0.0625
HDD-A5 0.0689 0.0625 0.0176 0.1250
HDD-A6 0.1155 0.0965 0.0286 0.0625
HDD-A7 0.1125 0.1250 0.0471 0.0625
HDD-A8 0.1250 0.0513 0.0293 0.0625
HDD-A9 0.1155 0.0481 0.0293 0.0625
HDD-AIO0 0.0855 0.0513 0.0211 0.1250
HDD-AI | 0.1069 0.0846 0.0245 0.0938
HDD-AI2 0.0763 0.0952 0.0325 0.1250
HDD-AI13 0.1096 0.1141 0.0325 0.0625
HDD-Al4 0.0629 0.0482 0.0196 0.1250
HDD-AI5 0.0910 0.0666 0.0156 0.0625
HDD-Al6 0.0816 0.0777 0.0168 0.0625
HDD-AI17 0.0838 0.0965 0.0286 0.1250
HDD-AI8 0.0658 0.0599 0.0156 0.1250
HDD-A19 0.0836 0.1065 0.0411 0.0625
HDD-A20 0.0994 0.0846 0.1250 0.0625
HDD-A21 0.0792 0.0614 0.0179 0.1250
HDD-A22 0.1119 0.1073 0.0250 0.0625
HDD-A23 0.0792 0.0846 0.0275 0.1250
HDD-A24 0.0763 0.1198 0.0379 0.1250

0.1210 0.0417 0.1250 0.0208
0.1210 0.1250 0.1250 0.0417
0.1210 0.0417 0.1250 0.0208
0.1210 0.1250 0.1250 0.0208
0.1210 0.1250 0.1250 0.0208
0.1210 0.1250 0.1250 0.0208
0.1210 0.1250 0.1250 0.0208
0.1210 0.1250 0.1250 0.0208
0.1210 0.0417 0.1250 0.0208
0.1210 0.1250 0.1250 0.0208
0.1210 0.1250 0.0300 0.0208
0.1210 0.1250 0.0300 0.0417
0.1210 0.1250 0.0300 0.1250
0.1250 0.1250 0.1250 0.0208
0.1210 0.1250 0.1250 0.0208
0.1250 0.1250 0.1250 0.0208
0.1210 0.1250 0.1250 0.0208
0.1210 0.1250 0.1250 0.0208
0.1210 0.1250 0.1250 0.0208
0.1210 0.1250 0.1250 0.1250
0.1210 0.1250 0.1250 0.0208
0.1210 0.1250 0.1250 0.0208
0.1210 0.1250 0.1250 0.0625
0.1210 0.1250 0.1250 0.0625

HDD: hard disk drive; EWM: equal weights method; DTS: data transfer speed; CV: color variation.

Table 7. Weighted, normalized matrix (SDM).

Alternative HDD-Co HDD-W HDD-Vol HDD-Cap HDD-Con HDD-War HDD-DTS HDD-CV

HDD-AI 0.0833 0.0660 0.0235 0.1205
HDD-A2 0.0586 0.0629 0.0156 0.1607
HDD-A3 0.0586 0.0862 0.0231 0.1205
HDD-A4 0.0854 0.0637 0.0226 0.0804
HDD-A5 0.0548 0.0637 0.0166 0.1607
HDD-A6 0.0919 0.0983 0.0268 0.0804
HDD-A7 0.0895 0.1274 0.0442 0.0804
HDD-A8 0.0994 0.0523 0.0275 0.0804
HDD-A9 0.0919 0.0490 0.0275 0.0804
HDD-AIO 0.0680 0.0523 0.0199 0.1607
HDD-AI I 0.0850 0.0862 0.0231 0.1205
HDD-AI2 0.0607 0.0970 0.0305 0.1607
HDD-AI3 0.0872 0.1163 0.0305 0.0804
HDD-Al4 0.0500 0.0492 0.0184 0.1607
HDD-AI5 0.0724 0.0678 0.0147 0.0804
HDD-A16 0.0649 0.0792 0.0158 0.0804
HDD-AI7 0.0667 0.0983 0.0268 0.1607
HDD-AI8 0.0523 0.0610 0.0147 0.1607
HDD-AI19 0.0665 0.1085 0.0386 0.0804
HDD-A20 0.0791 0.0862 0.1174 0.0804
HDD-A21 0.0630 0.0626 0.0168 0.1607
HDD-A22 0.0890 0.1093 0.0235 0.0804
HDD-A23 0.0630 0.0862 0.0258 0.1607
HDD-A24 0.0607 0.1221 0.0356 0.1607

0.0059 0.0506 0.1729 0.0274
0.0059 0.1517 0.1729 0.0548
0.0059 0.0506 0.1729 0.0274
0.0059 0.1517 0.1729 0.0274
0.0059 0.1517 0.1729 0.0274
0.0059 0.1517 0.1729 0.0274
0.0059 0.1517 0.1729 0.0274
0.0059 0.1517 0.1729 0.0274
0.0059 0.0506 0.1729 0.0274
0.0059 0.1517 0.1729 0.0274
0.0059 0.1517 0.0415 0.0274
0.0059 0.1517 0.0415 0.0548
0.0059 0.1517 0.0415 0.1644
0.0061 0.1517 0.1729 0.0274
0.0059 0.1517 0.1729 0.0274
0.0061 0.1517 0.1729 0.0274
0.0059 0.1517 0.1729 0.0274
0.0059 0.1517 0.1729 0.0274
0.0059 0.1517 0.1729 0.0274
0.0059 0.1517 0.1729 0.1644
0.0059 0.1517 0.1729 0.0274
0.0059 0.1517 0.1729 0.0274
0.0059 0.1517 0.1729 0.0822
0.0059 0.1517 0.1729 0.0822

HDD: hard disk drive; SDM: standard deviation method; DTS: data transfer speed; CV: color variation.

The ranks are also verified with SAW and WPM
methods with equal EWM and objective weights SDM.
When value assigned to A is equal to zero, then equa-
tion (9) becomes equivalent to equation (8), that is, per-
formance index as per WPM method and when the

value assigned to X is equal to one, then equation (9)
becomes equivalent to equation (7), that is, perfor-
mance index as per SAW method. The ranks attained
by SAW and WPM methods with equal EWM and
objective weights SDM are shown graphically in



Kumar et al. 1225
Table 8. Optimal A and rank with EWM.

Alternative (M) a2 QM) Optimal A QVASPAS Rank
HDD-AI 0.0046 0.0075 0.6210 0.5575 22
HDD-A2 0.0043 0.0073 0.6269 0.6480 10
HDD-A3 0.0047 0.0076 0.6182 0.5475 23
HDD-A4 0.0044 0.0073 0.6269 0.6059 16
HDD-A5 0.0043 0.0074 0.6289 0.6157 14
HDD-A6 0.0043 0.0073 0.6266 0.6527 8
HDD-A7 0.0045 0.0075 0.6248 0.7009 4
HDD-A8 0.0043 0.0073 0.6273 0.6170 13
HDD-A9 0.0048 0.0077 0.6143 0.5263 24
HDD-AI10 0.0043 0.0073 0.6280 0.6261 I
HDD-AI | 0.0045 0.0076 0.6248 0.5626 21
HDD-AI12 0.0044 0.0073 0.6253 0.6133 15
HDD-AI3 0.0044 0.0074 0.6274 0.6854 5
HDD-Al14 0.0044 0.0074 0.6294 0.6015 18
HDD-AI5 0.0044 0.0075 0.6281 0.5800 20
HDD-Al6 0.0044 0.0074 0.6279 0.5879 19
HDD-AI17 0.0044 0.0074 0.6241 0.6820 6
HDD-A18 0.0043 0.0074 0.6300 0.6058 17
HDD-A19 0.0043 0.0073 0.6276 0.6507 9
HDD-A20 0.0058 0.0103 0.6407 0.8594 I
HDD-A21 0.0043 0.0073 0.6283 0.6248 12
HDD-A22 0.0044 0.0073 0.6262 0.6533 7
HDD-A23 0.0045 0.0078 0.6309 0.7238 3
HDD-A24 0.0049 0.0084 0.6327 0.7717 2
HDD: hard disk drive; EWM: equal weights method.

Table 9. Optimal A and rank with SDM.

Alternative a QM) a? QM) Optimal A QVASPAS Rank
HDD-AI 0.0065 0.0085 0.5678 0.5475 19
HDD-A2 0.0061 0.0085 0.5818 0.6363 7
HDD-A3 0.0065 0.0088 0.5763 0.5044 22
HDD-A4 0.0061 0.0086 0.5831 0.5622 18
HDD-A5 0.0061 0.0085 0.5839 0.5942 13
HDD-A6 0.0061 0.0085 0.5828 0.6063 10
HDD-A7 0.0062 0.0086 0.5810 0.6526 5
HDD-A8 0.0061 0.0086 0.5832 0.5692 16
HDD-A9 0.0069 0.0091 0.5694 0.4678 24
HDD-AI10 0.0061 0.0085 0.5832 0.6008 12
HDD-AI | 0.0065 0.0090 0.5793 0.4944 23
HDD-AI12 0.0062 0.0085 0.5806 0.5647 17
HDD-AI3 0.0061 0.0086 0.5832 0.6378 6
HDD-Al4 0.0061 0.0086 0.5851 0.5780 15
HDD-AI5 0.0062 0.0087 0.5846 0.5406 21
HDD-Al6 0.0062 0.0087 0.5841 0.5470 20
HDD-AI17 0.0062 0.0086 0.5785 0.6564 4
HDD-AI18 0.0061 0.0086 0.5851 0.5851 14
HDD-AI19 0.0061 0.0085 0.5829 0.6095 8
HDD-A20 0.0078 0.0118 0.6016 0.8475 I
HDD-A21 0.0061 0.0085 0.5833 0.6011 I
HDD-A22 0.0061 0.0085 0.5827 0.6079 9
HDD-A23 0.0065 0.0092 0.5877 0.7197 3
HDD-A24 0.0069 0.0100 0.5907 0.7683 2

HDD: hard disk drive; SDM: standard deviation method.

Figure 2. The ranking results are almost similar as
obtained by the WASPAS method with optimal A val-
ues for each HDD alternative.

As a result, the applied methodology based upon the
WASPAS method can be used to pick the best

alternative of HDD even when the first choice is not
available other next best alternatives can be picked.
The choice of weights of importance can also be sup-
portive to settle on the final decision. This methodol-
ogy to pick the most excellent option of the HDD is
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Table 10. QYS"S with EWM in descending order with variation of A and the rank of alternative.

Rank A
0.1 0.2 0.3 0.4 0.5 0.6 0.7 08 0.9

| 0.9234 0.8496 08518 0.8540 0.8563 0.8585 0.8607 0.8630 0.8652
A-20 A-20 A-20 A-20 A-20 A-20 A-20 A-20 A-20

2 0.8077 0.7471 0.7528 0.7585 0.7642 0.7698 0.7755 0.7812 0.7868
A-24 A-24 A-24 A-24 A-24 A-24 A-24 A-24 A-24

3 0.7479 0.6937 0.7007 0.7077 0.7147 0.7217 0.7287 0.7357 0.7427
A-23 A-23 A-23 A-23 A-23 A-23 A-23 A-23 A-23

4 0.7052 0.6579 0.6680 0.6781 0.6883 0.6984 0.7085 0.7186 0.7287
A-7 A-7 A-7 A-7 A-7 A-7 A-7 A-7 A-7

5 0.6935 0.6462 0.6553 0.6645 0.6737 0.6829 0.6921 0.7024 0.7141
A-13 A-13 A-13 A-13 A-13 A-13 A-13 A-17 A-17

6 0.6761 0.6328 0.6444 0.6560 0.6676 0.6792 0.6908 0.7013 0.7104
A-17 A-17 A-17 A-17 A-17 A-17 A-17 A-13 A-13

7 0.6547 0.6107 0.6201 0.6294 0.6388 0.6502 0.6622 0.6743 0.6864
A-19 A-19 A-19 A-19 A-19 A-22 A-22 A-22 A-22

8 0.6456 0.6045 0.6158 0.6271 0.6384 0.6497 0.6610 0.6723 0.6836
A-6 A-6 A-6 A-6 A-6 A-6 A-6 A-6 A-6

9 0.6417 0.6018 0.6139 0.6260 0.6381 0.6481 0.6574 0.6673 0.6785
A-22 A-22 A-22 A-22 A-22 A-19 A-19 A-2 A-2

10 0.6413 0.6004 06116 0.6227 0.6339 0.6450 0.6562 0.6668 0.6761
A-2 A-2 A-2 A-2 A-2 A-2 A-2 A-19 A-19

11 0.6167 0.5754 0.5843 0.5963 0.6094 0.6224 0.6355 0.6486 0.6617
A-12 A-12 A-12 A-10 A-10 A-10 A-10 A-10 A-10

12 0.6060 0.5701 0.5832 0.5938 0.6074 0.6209 0.6345 0.6481 0.6617
A-10 A-10 A-10 A-21 A-21 A-21 A-21 A-21 A-21

13 0.6053 0.5678 0.5802 0.5932 0.6023 0.6139 0.6254 0.6388 0.6524
A-8 A-8 A-21 A-12 A-8 A-8 A-8 A-5 A-5

14 0.6016 0.5666 0.5793 0.5908 0.6021 06117 0.6253 0.6369 0.6484
A-21 A-21 A-8 A-8 A-12 A-5 A-5 A-8 A-8

15 0.5942 0.5576 0.5711 0.5847 0.5982 06110 0.6199 0.6298 0.6439
A-4 A-5 A-5 A-5 A-5 A-12 A-12 A-18 A-18

16 0.5918 0.5574 0.5688 0.5801 0.5915 0.6029 0.6157 0.6288 0.6380
A-5 A-4 A-4 A-4 A-4 A-4 A-18 A-12 A-14

17 0.5773 0.5450 0.5591 0.5732 0.5874 0.6015 0.6142 0.6256 0.6377
A-18 A-18 A-18 A-18 A-18 A-18 A-4 A-4 A-12

18 0.5765 0.5435 0.5570 0.5705 0.5840 0.5975 0.6110 0.6245 0.6369
A-14 A-14 A-14 A-14 A-14 A-14 A-14 A-14 A-4

19 0.5678 0.5345 0.5469 0.5594 0.5719 0.5844 0.5969 0.6094 0.6219
A-16 A-16 A-16 A-16 A-16 A-16 A-16 A-16 A-16

20 0.5577 0.5254 0.5382 0.5509 0.5637 0.5764 0.5892 0.6019 0.6147
A-15 A-15 A-15 A-15 A-15 A-15 A-15 A-15 A-15

21 0.5480 0.5139 0.5246 0.5363 0.5480 0.5597 0.5714 0.5831 0.5948
A-l A-l A-11 A-l1 A-l1 A-11 A-l1 A-11 A-l1

22 0.5453 0.5129 0.5243 0.5347 0.5450 0.5554 0.5657 0.5761 0.5864
A-l1 A-l1 A-| A-l A-1 A-l A-l A-1 A-l

23 0.5405 0.5065 0.5163 0.5261 0.5359 0.5458 0.5556 0.5654 0.5752
A-3 A-3 A-3 A-3 A-3 A-3 A-3 A-3 A-3

24 0.5181 0.4859 0.4956 0.5054 0.5151 0.5249 0.5346 0.5444 0.5541
A-9 A-9 A-9 A-9 A-9 A-9 A-9 A-9 A-9

EWM: equal weights method.

extremely usual and sound; it can be effortlessly
applied to select other varieties of HDDs and gadgets
or industrial purposes such as picking of industrial
robots and materials in different applications and so
on. In this work, equal and objective weights are con-
sidered; further subjective methods can be considered
to assign weights of importance to the attributes, such
as the analytical hierarchy process can be applied which
considers a pairwise comparison of attributes.
Moreover, the attributes of HDD such as number of

USB ports, universal flash storage version UFS 3.0 and
wireless HDD can be considered for an extension of
this work.

Conclusion

The aim of this case study is to recognize the most
appropriate portable HDD alternative available in
Indian market while considering diverse decision cri-
teria as well as equal and objective preferences into
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Table 1. QYA with SDM in descending order with variation of A and the rank of alternative.

Rank A
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

| 0.8344 0.8370 0.8396 0.8422 0.8448 0.8474 0.8500 0.8526 0.8553
A-20 A-20 A-20 A-20 A-20 A-20 A-20 A-20 A-20

2 0.7402 0.7459 0.7517 0.7574 0.7631 0.7689 0.7746 0.7803 0.7861
A-24 A-24 A-24 A-24 A-24 A-24 A-24 A-24 A-24

3 0.6859 0.6928 0.6998 0.7067 0.7136 0.7206 0.7275 0.7345 0.7414
A-23 A-23 A-23 A-23 A-23 A-23 A-23 A-23 A-23

4 0.5990 0.6102 0.6213 0.6335 0.6464 0.6592 0.6720 0.6848 0.6976
A-7 A-7 A-7 A-17 A-17 A-17 A-17 A-17 A-17

5 0.5951 0.6079 0.6207 0.6325 0.6436 0.6547 0.6659 0.6770 0.6882
A-17 A-17 A-17 A-7 A-7 A-7 A-7 A-7 A-7

6 0.5915 0.6011 0.6107 0.6203 0.6299 0.6394 0.6495 0.6607 0.6719
A-13 A-13 A-13 A-13 A-13 A-13 A-2 A-2 A-2

7 0.5823 0.5935 0.6047 0.6159 0.6271 0.6383 0.6490 0.6586 0.6682
A-2 A-2 A-2 A-2 A-2 A-2 A-13 A-13 A-13

8 0.5605 0.5706 0.5808 0.5909 0.6011 0.6112 0.6226 0.6351 0.6476
A-19 A-19 A-19 A-19 A-19 A-19 A-22 A-22 A-22

9 0.5496 0.5613 0.5731 0.5850 0.5975 0.6101 0.6214 0.6322 0.6466
A-6 A-6 A-6 A-22 A-22 A-22 A-19 A-2l A-21

10 0.5475 0.5600 0.5725 0.5848 0.5966 0.6083 0.6201 0.6318 0.6449
A-22 A-22 A-22 A-6 A-6 A-6 A-6 A-6 A-10

I 0.5447 0.5475 0.5614 0.5754 0.5893 0.6035 0.6179 0.6315 0.6436
A-1 A-10 A-10 A-10 A-10 A-21 A-21 A-19 A-6

12 0.5336 0.5461 0.5604 0.5748 0.5892 0.6032 06171 0.6310 0.6417
A-10 A-21 A-21 A-21 A-21 A-10 A-10 A-10 A-19

13 0.5317 0.5453 0.5536 0.5679 0.5822 0.5965 0.6108 0.6251 0.6394
A-21 A-1 A-5 A-5 A-5 A-5 A-5 A-5 A-5

14 0.5250 0.5393 0.5459 0.5576 0.5725 0.5873 0.6021 0.6170 0.6318
A-5 A-5 A-1 A-18 A-18 A-18 A-18 A-18 A-18

15 0.5210 0.5301 0.5428 0.5520 0.5660 0.5801 0.5942 0.6082 0.6223
A-12 A-12 A-18 A-14 A-14 A-14 A-14 A-14 A-14

16 0.5132 0.5280 0.5392 0.5483 0.5596 0.5712 0.5827 0.5943 0.6059
A-8 A-18 A-12 A-12 A-8 A-8 A-8 A-8 A-8

17 0.5132 0.5248 0.5379 0.5480 0.5574 0.5664 0.5756 0.5871 0.5985
A-18 A-8 A-14 A-8 A-12 A-12 A-4 A-4 A-4

18 0.5098 0.5238 0.5364 0.5465 0.5526 0.5641 0.5755 0.5846 0.5937
A-14 A-14 A-8 A-1 A-4 A-4 A-12 A-12 A-12

19 0.5067 0.5182 0.5297 0.5411 0.5471 0.5489 0.5613 0.5736 0.5859
A-4 A-4 A-4 A-4 A-1 A-16 A-16 A-16 A-16

20 0.4872 0.4996 0.5119 0.5243 0.5366 0.5477 0.5552 0.5678 0.5804
A-16 A-16 A-16 A-16 A-16 A-1 A-15 A-15 A-15

21 0.4793 04919 0.5046 05172 0.5299 0.5425 0.5483 0.5489 0.5495
A-15 A-15 A-15 A-15 A-15 A-15 A-1 A-1 A-1

22 0.4585 0.4681 0.4778 0.4874 0.4970 0.5066 05163 0.5259 0.5355
A-3 A-3 A-3 A-3 A-3 A-3 A-3 A-3 A-3

23 0.4410 0.4522 0.4633 0.4744 0.4856 0.4967 0.5079 0.5190 0.5301
A-11 A-11 A-11 A-11 A-11 A-11 A-11 A-11 A-11

24 0.4266 0.4354 0.4441 0.4529 04617 0.4705 0.4792 0.4880 0.4968
A-9 A-9 A-9 A-9 A-9 A-9 A-9 A-9 A-9

SDM: standard deviation method.

account. The data of 24 alternatives of five different
brands of HDD were collected within the constraints
and eight most significant attributes were considered.
The WASPAS method was used for decision-making
due to its mathematical ease and ability to offer more
precise outcomes as compared to other methods. The
significance of criteria in terms of weights is calculated
with equal and objective preference with EWM and
SDM, respectively, whereas avoiding subjective judg-
ment in this case. For each HDD alternative, the X is
varied and optimal A is calculated for final ranking.

The results reveal that the HDD-A20 of WD My
Passport 1 TB (WEHDD) comes out to be the first
choice both with equal and objective weights.
The HDD-A20 has 1TB of capacity, cost of INR
4300, weight 170 g, volume of 27.198 cm® with dimen-
sions of 78.2 X 37 X 9.4, connectivity of USB 3.0, data
transfer rate of 5Gbps and warranty of 3years and
available in six different colors. The HDD-A24
WDBYVGO0020BBK-WESN WD My Passport 2TB
(WEHDD) is the second preference, after by
HDD-A23 WDBS4B0020BBK-WESN My Passport
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Figure 2. Plot for performance index with SAW and WPM.

2TB (WEHDD). The sensitivity analysis also shows
that the ranks achieved with WASPAS method are
stable.

The methodology applied based upon the WASPAS
method to select the best portable HDD is very logical
and has higher computational simplicity. This approach
of MCDM is very favorable for user/vendor/merchant
or even for website designer/comparing sites those are
contrasting dissimilar products and items for sales pur-
pose and it is also capable of solving engineering prob-
lems. The manufacturers of different gadgets can take
advantage of this methodology for better productivity
as the best selected item or product has direct link with
the performance of mechanical/electrical parts

connected with it. Furthermore, a fuzzy approach
might be ascertained to take decisions when the data
are imperfect and subjective weights preference can be
considered for further analysis.
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