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ABSTRACT

The aim of this paper is to propose the use of the Fuzzy Simple Hierarchy Analysis (FSHA)
using linguistic weight to deal with an ambiguous or vague multi-criteria datasets environment in
the selection process. It focuses on vague multiple datasets evaluated based on fuzzy linguistic
approaches. Linguistic hedges were used to cope with this issue during the evaluation process.
The applicability and practicality of this proposed method was adopted to the selection of midsize
luxury Sport Utility Vehicles (SUVs). Based on the analysis, it was found that this method is
highly beneficial for the buyers in the sense that it can distinguish every single judgment made
during the selection process clearly. It also offers a unique advantage and has successfully dealt
with diversified and ill-defined parameters in terms of input data criterion. Thus, this method can
assist potential buyers to make their decision in a simple and systematic manner.
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ABSTRAK

Penyelidikan ini mencadangkan Fuzzy Mudah Hierarki Analisis (FSHA) dengan menggunakan
pemberat linguistik untuk menangani kekaburan atau persekitaran dataset yang samar-samar dari
pelbagai kriteria dalam proses pemilihan. la memberi tumpuan kepada penilaian pelbagai dataset
kabur berdasarkan pendekatan linguistik kabur. Kaedah ini telah dilengkapi dengan lindung nilai
linguistik untuk menangani isu ini semasa proses penilaian. Pemilihan kenderaan bersaiz
sederhana (SUV) mewah telah digunapakai untuk menunjukkan kesesuaian kaedah yang
dicadangkan. Hasil eksperimen telah membuktikan keberkesanan kaedah ini dalam membezakan
dengan jelas bagi setiap pertimbangan tunggal vang dibuat semasa proses pemilihan. la juga
menawarkan kelebihan yang unik dan berjaya berurusan dengan pelbagai parameter yang rumit -
ditakrifkan dari segi kriteria data input. Kaedah ini dapat memberi manfaat dan berguna kepada
pembeli-pembeli dalam proses pemilihan pembelian kereta mewah bersaiz sederhana.

Kata kunci: Fuzzv Mudah Hierarki Analisis (FSHA): linguistik hedges: pemilihan kereta mewah SUV

1. Introduction

Over the years, we have seen a tremendous increase in the number of vehicles on the road
especially in Malaysia. Vehicles have become a need; or shall we put it this way, a vehicle is a
must-have item and every household must have at least one. Because of this, a potential vehicle
purchaser, who is also the decision-maker (DM), considers not only the initial cost of owning a
vehicle, but also other parameters such as comfort, performance, running cost and styling,
among others. With the increase in the cost of living, customers are aggressively seeking ways to
purchase so-called vehicles of high quality which also fall into the appropriate price range.
Today's potential buyers also have complicated preferences and expectations of vehicles
especially when the vehicles are from the luxury vehicle category (Apak et al., 2012). Since
today’s manufactured vehicles come with diverse and multifaceted features, this has made
decision-making complicated for potential buyers during the vehicle selection process.
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Selection is defined as the action or fact of carefully choosing someone or something as
being the best or most suitable. According to Markowitz, 1952, the selection process consists of
two main stages, namely observation and experiences, and ends with belief on the future
performance of the choice. It is crucial for decision-makers (DMs) to make the correct judgment
in the selection process. To select something requires consideration from multiple parameters
(Ma et al., 2000). Selection is difficult mainly due to vast and ambiguous multi-criteria inputs
(Zhang et al., 2005). Many DMs feel the pressure when selecting a vehicle, acknowledging that
accurate critical selection involves important attributes such as price, performance delivery,
quality, time frame and others (Talluri, 2002). The process is even trickier when there are a
number of parameters which is conflicting qualitatively, and are uncertain and inexplicit (Raut et
al., 2011). Various methods are applied in order to expedite and ease the process of selection
(Humphreys et al., 2003; Raut et al., 2011).

The selection process may apply to any field, for example in the context of maintaining
customer-supplier management (Aydin & Kahraman, 2010; Kethley et al., 2002), in raw
material selection for construction (Talluri, 2002), in medical or tourism fields (Ngai & Wat,
2003; Song & Li, 2008), in the field of education when selecting students for a programme
(Crespo et al., 2005; Zamali et al., 2013), in manufacturing when identifying faulty newly
manufactured parts (Catelani & Fort, 2002; Lo et al., 2007), in fault detection based on pattern
selection (Dasgupta et al., 2004) and others.

Similarly, in the selection process during vehicle purchasing, potential buyers place multiple
parameters as input to assist them in making a decision. Some may want to ponder on the safety
features (Hellinga et al., 2007; Zhan & Vrkljan, 2011), price (Whitehead et al., 2014), fuel
economy (Bhat & Sen, 2006; Caulfield et al., 2010), quality and reliability (Binder et al.,, 2014)
and others. Research has provided simple definitions for the customer preference criterion for
luxury cars. Even though these are defined, these preference criteria are very subjective and
vague, depending on one’s point of view (Belgiawan et al. 2013), which contributes to the
complexity in making a decision before a purchase is made.

The goal of this research is to implement the Fuzzy Simple Hierarchy Analysis (FSHA) using
linguistic weight in the selection process and to focus on the linguistic hedges for DMs to make
their verdict for weighting purposes. We believe that this method is a suitable approach to assist
the DMs in the selection process using both qualitative and quantitative criteria (Ahmed et al.,
2002; Aydin & Kahraman, 2010) and that it is flexible in dealing with ill-structured and complex
problems. The approach used in this paper engaged the haziness multi-criteria datasets
environment during the selection process. It was applied to the selection of midsize luxury Sport
Utility Vehicle (SUV). A numerical example is presented in this paper by adopting from the
equation [see section 4 below] to show the applicability and practicality of the proposed method.
Thus, this method aims to assist potential customers in their vehicle selection by evaluating
vague multiple datasets. The result of this work indicates that the approach manages to identify
the best midsize luxury SUV for the potential buyers (i.e.,DMs). The proposed method has
proven to be helpful because it reduces the time spent in the selection process and skips the
tricky evaluation process.

The remainder of this paper is presented as follows: Problem identification is presented in
Section 2 while Section 3 depicts the theoretical concept of the fuzzy set theory and the
proposed methodology. Section 4 describes the implementation of the proposed method with a
numerical example, portraying the application before the conclusion made in Section 5.
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2. Problem Identification

Based on literature, decision-making during the selection process is not favoured by anyone and
can be risky when it is not done correctly. Though there are plenty of methods designed to assist
in the selection process, there is no distinct method available yet on assisting buyers in decision-
making during the selection process when it comes to purchasing a midsize luxury SUV.
Similar to the purchasing process in other situations, midsize luxury SUV buyers cannot skip the
decision-making part and have to consider multiple vague datasets (i.e., comfort, fuel, styling,
handling) which also makes the process a tedious and complicated one. In this research, the
researchers are proposing a FSHA-based linguistic hedges concept, which is able to minimise
ambiguous elements during the selection process. This method is able to assist potential buyers
in making a better and more accurate purchase.

3. The Theoretical Concept and Proposed Methodology

3.1. Preliminaries

In this sub-section, the basic definitions and the theoretical concept are briefly elaborated for
reference purposes.

Definition 1 A fuzzy set 4 in a universe of discourse X is characterised by a membership
function g, (x) that takes the values in the interval of [0,1]. It can be denoted as follows:

A= {(pa(x)/x); x € X} (1

Definition 2 A fuzzy number 4 is a fuzzy subset in the universe of a real number R that is both
convex and normal.

Definition 3 A linguistic hedge or a modifier is an operation that modifies the meaning of a term

more generally, of a fuzzy set. If ;4 is a fuzzy set then the modifier k generates the (composite)
term l} = k(.;IJ -

The modifier is defined as:
TR (a)=[u~ (a)]
con(A) A
Concentration , where o> 1 2)
174
b ] )
dil(A) A
Dilation , where o > 1 3)

Definition 4 The linguistic hedges and their approximate meanings are specifically classified as
shown in Table 1.
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Table 1: The hedge values of the specific concentration
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Expremely Pery Fairiv Somewiiar Less Benveer:
Linguistic Duportant Tmportan: imporrant mportant mportant linguistic
hedges (ED (h (FD (S Ll hedges
Intensify a Contrast - Contrast Dilate a Intensify
Meaning fuzzyv intensification difussion fuzzv contrast
region region dilate
Between
Hedge [z OF {1z COF [z o) | =) two
values (@) hedges
value
range

3.2. Simple Hierarchy Analysis-Based Linguistic Hedges

The idea of introducing the Simple Hierarchy Analysis, which is a simplification method, is
based on the Analytic Hierarchy Process (AHP) introduced by Saaty in 1980. In this study, the
mean of fuzzy numbers was utilised for the hierarchical process stage to represent the crisp
values. In addition, we equipped the linguistic hedge to derive the importance of the relative
weights for each criterion in the selection process. Obviously, words such as ‘extremely
comfortable’, “very comfortable’, “slightly comfortable’, etc. have been used for rating purposes
after the potential buyers had test driven a latest AUDI Sport Utility Vehicle (SUV) Q3 model.
Thus, words such as ‘extremely’, “very’, ‘slightly’ are called linguistic hedges.

Table 2: The mean of fuzzy numbers

Linguistic variables

Mean of fuzzy numbers

Very poor (VP)
Poor (P)

Medium poor (MP)
Fair (F)

Medium good (MG)
Good (G)

Iery good (V'G)

0
0.17
0.33
0.50
0.67
0.84

1

3.3. The proposed methodology

In order to clarify our proposed method, we present the step-by-step procedures as follows:
Step 1: Decompose the actual problem in the hierarchy structure for criteria and its definition.
Step 2: Assign each criteria based on the DMs’ evaluation with regard to each alternative using

mean of fuzzy numbers in Table 2. The performance scores (PS; 1) can be obtained as

(PS:\LL) =

where, C, (i=1.23.,....,

C] Cz C3
aljlp a2 an
a1 a2 a2n

dml  am2 dmn |

n) is the number of the criterion, and

M, (i=1,2.3, ..., n) is the number of an alternative (i.e., SUV)

C))
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Step 3: Assign the power of dilation and/or concentration for each criterion based on potential
buyers’ (i.e., DMs) opinion and aggregate it as

@) (@) 1 (@) )

~ a a)| | (a
FD, = H2(a) | | paa(a) Hon(a)

where, o, (i=1,2,3,.... n)

Step 4: Identify the best alternative by maximising the minimum membership value for overall
criteria in descending order given by the following operator,

. o
M - (aj)=max| minp’
FD i ]

o

; (6)
4. Implementation

For illustration, a case study from Apak et al. (2012) was adopted. The evaluation was carried
out based on 7 criteria; C,= price, C, = technology, C5; = quality, C; = performance, Cs =
reliability, Cs = brand image, and C; = flexibility. For calculation purposes, say that four
potential buyers (i.e., DMs) have considered buying one of three equivalent midsize luxury SUV
model; M, = model Q3 Audi, M, ~ model GLA 200 Mercedes Benz, and M; ~ model X1 BMW.
Next, all four DMs evaluate the seven criteria based on his/her opinion (see Table 4) as a raw
input dataset using mean of fuzzy numbers in Table 2.

Table 4: The raw input dataset of seven criteria

Model M, M, M,
&, G G MG
G G VG G
G I'G VG 1G
& G G G
Cs MG MG G
a2 & 1'G G
Cy MG G MG

Thus, the information depicted in Table 5 is a summary of the identified 7 criteria and their
definitions.

Table 5: The criteria and its definition

Criteria Definition

Price (C)) The price appropriateness of that brand when compared with those of
other alternative brand models from the same market segment

Technology (C>) The technology. comfort and environmental (social) responsibility level
offered by that brand

Quality (C5) After-sales service quality such as parts and maintenance support

Performance (C,) The quality and reliability of the required (brand) model delivery time

Reliability (Cs) The reliability of the products produced by that brand

Brand image (Cy) Brand perception of the car

Flexibility (C5) Customisation varieties of the required brand model and its delivery
time or order accessibility.

Source: Apak et al.. 2012
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Here. from the previous section we provide the step-by-step procedure as follows:
Step 1: Decompose the actual problem in the hierarchy structure as defined in Table 5.

Step 2: Assign each criteria based on DMs’ evaluation with regard to each model using Table 2.
Here, we obtain the overall performance scores from (3) as,

~[084 084 10 084 067 084 067
PSoLL=[084 1.0 1.0 084 067 10 084
067 084 1.0 084 084 084 067

Table 6: The hedges (dilation and concentration) from all DMs with respect to seven criteria

DMs G G G G G C G
DM, El vI VI Kl FI V1 FI
DM, El EI VvI VI FI FI VI
DM, Vi EI VI FlI VI “FI Fl
DM, vi vi VI VI FI EI VI

Step 3: Assign the power of concentration and/or dilation for each criterion ( FD, ) and
aggregate the DMs’ evaluated values.

Assuming that all DMs have different judgment/opinion for each criterion as given in Table 6
and the average aggregated power of concentration and dilation for each criterion were
obtained. Hence, from (5) we have

7/4

08a) % (0872 10V (om}? (06rY™ fos)* (067)"
,=||0st| [10| [10] [ost] o7 10 084

0.67 0.84 10) 1084 0.84 0.84 0.67

[0.6467 0.6467 1.0 0.7699 0.6062 0.7370 0.5484
=[0.6467 1.0 1.0 0.7699 0.6062 1.0 0.7699
10.3674 0.6467 1.0 0.7699 0.8042 0.7370 0.5484

Step 4: We can easily identify the best midsize luxury SUV and rank them in descending order.
By using (6) the M, = 0.6062 has the maximum membership values, followed by M; = 0.5484,
and the last is M3 = 0.3674. Apparently we can write as M, > M, > Mj;, where M, is the best in
terms of its overall performance scores compared to other similar models. The symbol “>’ means
“is superior or preferred to’.

5. Conclusions

By using FSHA based on linguistic hedges, the best midsize luxury SUV can be identified easily
by potential buyers. The method is quite simple and equips the power of dilation and
concentration for each criterion in the evaluation process. It is clearly seen that the proposed
method is highly beneficial to avoid the complexity of the evaluation process and at the same
time, can reduce the time consumed during the analysis stage. Although the numerical results
may be relevant only for this case study, we can expect similar outcomes for other real cases.
Next, the proposed method has unique advantages in the sense that it can distinguish clearly for
every single judgment made from potential buyers’ perspective. The method also provides a

52




Fuzzy simple hierarchy analysis-based linguistic hedges in the selection of midsize luxury sport utility vehicles

systematic procedure and successfully deals with ill-defined input criterion. Thus, it can help
potential buyers to make their decision in a simple and systematic manner. Our next effort is to
equip the method with sensitivity analysis (SA) to ensure the results obtained are robust enough
for DMs to make their decision with regard to any small disturbance in terms of input
parameters. This initiative is left to our future research work.

Acknowledgements

The authors would like to acknowledge the contribution of the reviewers in giving constructive
comments and suggestions which have helped to improve the content of this work.

References

Ahmed. M. N.. Yamany. S. M., Mohamed. N.. Farag. A. A.. & Moriarty. T. (2002). A modified fuzzy c-means
algorithm for bias field estimation and segmentation of MRI data. Medical Imaging, IEEE Transactions, 21(3).
193-199.

Apak. S.. Gogiis. G. G.. & Karakadilar. 1. S. (2012). An analytic hierarchy process approach with a novel framework
for luxury car selection. Procedia. Social and Behavioral Sciences, 58, 1301-1308.

Aydin. S.. & Kahraman, C. (2010). Multiattribute supplier selection using fuzzy analytic hierarchy process.
International Journal of Computational Intelligence Systems, 3(5). 553-565.

Belgiawan. P. F.. Schmocker. J. D.. & Fujii. S. (2013). Effects of peer influence. satisfaction and regret on Car
Purchase Desire. Procedia Environmental Sciences, 17, 485-493.

Bhat. C. R.. & Sen. S. (2006). Household vehicle type holdings and usage: an application of the multiple discrete-
continuous extreme value (MDCEV) model. Transportation Research Part B: Methodological, 40(1). 35-53.

Binder. S.. Macfarlane. G. S.. Garrow. L. A.. & Bierlaire. M. (2014). Associations among household characteristics.
vehicle characteristics and emissions failures: An application of targeted marketing data. Transportation Research
Part A: Policy and Practice, 59. 122-133.

Catelani, M.. & Fort, A. (2002). Soft fault detection and isolation in analog circuits: some results and a comparison
between a fuzzy approach and radial basis function networks. Instrumentation and Measurement, IEEE
Transactions, 51(2). 196-202.

Caulfield, B.. Farrell. S.. & McMahon. B. (2010). Examining individuals preferences for hybrid electric and
alternatively fuelled vehicles. Transport Policy, 17(6). 381-387.

Crespo. R.. Pardo. A.. Pérez. J.. & Kloos, C. (2005). An algorithm for peer review matching using student profiles
based on fuzzy classification and genetic algorithms. /nnovations in Applied Artificial Intelligence, 111-115.

Dasgupta. D.. KrishnaKumar. K.. Wong. D.. & Berry. M. (2004). Negative selection algorithm for aircraft fault
detection. Artificial immune systems,. Springer. 1-13.

Hellinga. L. A.. McCartt. A. T.. & Haire, E. R. (2007). Choice of teenagers' vehicles and views on vehicle safety:
Survey of parents of novice teenage drivers. Journal of Safety Research, 38(6). 707-713.

Humphreys. P.. Wong. Y.. & Chan. F. (2003). Integrating environmental criteria into the supplier selection process.
Journal of Materials Processing Technology, 138(1), 349-356.

Kethley. R. B.. Waller, B. D.. & Festervand. T. A. (2002). Improving customer service in the real estate industry: a
property selection model using Taguchi loss functions. Total Quality Management, 13(6). 739-748.

Lo. C.. Chan. P.. Wong. Y. K.. Rad. A. B.. & Cheung. K. (2007). Fuzzy-genetic algorithm for automatic fault
detection in HVAC systems. Applied Soft Computing, 7(2). 554-560.

Ma. Y.. Liu, B.. Wong. C. K., Yu. P. S.. & Lee. S. M. (2000). Targeting the right students using data mining.
Proceedings of the sixth ACM SIGKDD international conference on Knowledge discovery and data mining.
ACM.

Markowitz. H. (1952). Portfolio selection. The Journal of Finance, 7(1). 77-91.

Ngai. E.. & Wat. F. (2003). Design and development of a fuzzy expert system for hotel selection. Omega, 31(4). 275-
286.

Raut. R. D.. Bhasin. H. V.. Kamble. S. S.. & Banerjee. S. (2011). An integrated fuzzy-AHP-LP (FAHLP) approach
for supplier selection and purchasing decisions. International Journal of Services and Operations Management,
10(4). 400-425.

Song. H.. & Li. G. (2008). Tourism demand modelling and forecasting—A review of recent research. Tourism
Management, 29(2). 203-220.

Talluri, S. (2002). A buyer—seller game model for selection and negotiation of purchasing bids. European Journal of
Operational Research, 143(1). 171-180.

Whitehead. J.. Franklin, J. P.. & Washington. S. (2014). The impact of a congestion pricing exemption on the demand
for new energy efficient vehicles in Stockholm. Transportation Research Part A: Policy and Practice, 70, 24-40.

Zamali, T.. Naharu. N.. Saibin, T. C.. & Ung. L. L. (2013). Fuzzy algorithm for selecting students from low income
family. The Fourth International Conference on e-Learning (ICEL2013). The Society of Digital Information and
Wireless Communication.



Zamali Tarmudi & Ung L. Ling

Zhan. J.. & Vrkljan. B. (2011). Exploring factors that influence vehicle purchase decisions of older drivers: Where
does safety fit. Proceedings of the Sixth International Driving Symposium on Human Factors in Driver
Assessment. Training and Vehicle Design.

Zhang. J.. Nielsen. R.. & Yang. Z. (2005). Evaluation of an improved branch-site likelihood method for detecting
positive selection at the molecular level. Molecular Biology and Evolution, 22(12). 2472-2479.





