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A New Integrating SAW-TOPSIS Based on
Interval Type-2 Fuzzy Sets for Decision
Making

Lazim ABDULLAH' and CW Rabiatul Adawiysh CW KAMAL
School of Informatics and Applied Mathematics, Universint Malaysia Terenggonm,
Mataysia

Abatract, Mos of &e methods of ralti-tinby decivion makng
(MADM) wsad mype-| nmy Sets 10 represent prconainties. Recers thaoey bas
sugpested that mterval type-2 fuzey sobs (IT2 FS) oould  be wand % voimcoe
represernation of unceraienes m decusion makmg peoblems. Differersiy from the
typloal integrated MADM methods which directly used type-1 fuzzy sets, this
et propesass an mlogreg simple sdditive weghting - technigue fie onder
preferenco similar 10 1deal soluticn [SAW-TUPSIS) dased o IT2 I'S o enbance

The SAW with IT2 FS is wsad 3o &cennine the weight for cnh
critermn, while TOPSIS mathod with IT2 FS is wasd 10 obitain the fisal sankisg fn
the attnbines. A nemenical example » used 10 1lhsstrate the proposed method. The
tamerical rnﬁs show that the progosed Imcmung method is feesible in solving
MADM 5 rder i fuezy In wamoe. e
nnqmm: SAWTOPSIS 15 equipped with IT2 S in contrast o rypes] fomy sets
for solving MADM probless. The peeposad mefiod would make o grear impact
and siprificance for Gw practical imploneniation. Finally, fhes peper providis
somie recoammendanions for futioe research deections.

Keywerds. laterval type-d fuzzy set, Sisple additive weightng, Multi-critera
decisiom making . TOPSIS, prefonnce onler

Intraduction

Decision making based on multi-criteria evnluamn has bun used vmh great success
for many applications. Most of these appli d by high levels of
uncertainties and vague information. Fuzzy set lheury has provided a wseful way to
deal with vagueness and uncertainties in solving multi-criterin  decision mnhnu
(MCDM) problem. Dunng the last two decades, MCDM methods that integrated with
fuzzy sets have been ane of the fastest growing research areas. Abdullab [1] presents a
brief review of category m the integration of fmy sels and MCDM. In general,

MC’DM can he o ized into multi-atirib g (MADM) and mukti-
i 2 (MODM). N y. MADM problen: i related to multipl
ulnbula The attributes of MADM 7 the ditlerent di was from which lbe
alternatives can be viewed by decision makers. There are many fuzzy MADM methods
that have boen discussed in the Ineniture,  and fuzey techaigue for order peefe
! Comuspendiog Auther Laxm ABDULLAM, Schoal of md Apphed

Unevenati Malsys@ Tererggama: B-mail: bzim_mésumi odw my.
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similar o ideal selugion (FTOPSIS) is ooe of dhe MADR methods.  Preference or
decision derived fram FTOPSIS is made by observing the degree of clescoess io ideal
solutbon. Add v thds method, fusey simple addidve wedghting (FSAW) is anather tvpe
of fuzey MADM methods. It is an extension of the SAW method, where it employs
trpezondal fizzy numbers 1o reprosenl imprecision in judgements.

Lately, the misgration of MADM methed hos recesved considernble aitention in
Iieramure. lmegrated method 5 simply definal as o or more metheds that are
eoncurrently employed 1o splve decision making problems.  For example, the TOPSIS
is inteprared with Ffuzzy analytic hierarchy process (FAHP) model o propose a new
imegraied model for selectmg plastic recyveling method 2], Rezase et al., [3] present an
irdegrating moded based on FAHP and VIEOR method for cvnluating cement firms,
Wang et al, [4] develop an micgrating OWA— ey TOPSLS o mokle Tueey MADM
problems. Khomt e al, [5] opplisd an ingegraded Gueey AHP TOPEIS t0 municipal
solil waste lamdfill site schection problem. Pamudar and Cirovié [6] applied the new
inegraled fiwey DEMATEL-MABAC methodd in making invesimens decisions,
Tavana ¢ al, [T] proposed am ifcprated fuzzy ANP-COPRAS-Grey methed o
determine the selection of social media platform,

Maost of these integrating methods employed type-1 fuzzy sets o represen
unceriainties in decision making. However, the type-1 Tuzey sets bave some extent of
limitation in dlealimg with uncertninties, Recer theories supgess (hal interval type-2
Ty setsd T2 FSa) are more Besable than the sterval rype-1 fusey scls i representing
uncerainties, Therefare, in contrast to these methods, this paper introduces linguaistic
terms based on 1T2 FS for propesing o new integrating MADM method. The IT2 FS is
ircarporated  within the framework of FSAW and FTOPSIS to develop a mew
irtegrating furzy MADM method, Specifically, Interval Type-2 Fuzzy Simple
Additve Weighting {112 FSAW) method {3 inegrated with Interval Type-2 Tochalgue
for Order Preference Similar to lisal Solution (T2 FTOPSIS) method for solving
MADM probloms. In the proposed methad, the judgoments made by decissn makers
awer the relative importance of alernatives are determined using IT2 FSAW procedure
and the final preference s obtained osing 1T2 FTOPSIS, The ranking metbed of 1T2
FTOPSIS approach preserves the charactenstics of furey numbers whene the linguisic
ferms can easily be convented 1o fiezy numbers,

1. Proposed Meihod

This paper integrates the 1T2 FEAW wuth IT2 FTOPSIS 1o eslablish 2 new MADM
medhad, In this propased method, the IT2 FSAW s used to find weights of the criteria,
whenzas 1T2 FTOPELS s used (o establish preference of allermatives. The delinitions
af IT2 F5 [R], upper ard kwer memberships of IT2 FS [9], and ranking values of the
trapszoidal IT2 FS [10] are usad inthe proposed method. The detailed procedure of the
proposed methed 1= described as follows.

Step 12 Construct ihe decision nininix K of the p-th decision maker and constract the
average decision matrix ¥, respectively.



L bt ang’ C WA LW Raml A4 New (aregmnug AW s ar

A 3 "5
r.F,T o R
== 5B S
s gn el
R - m
i “.Fu'ai-’a---w?]
L
where L . fifuvoen S represent b crilerla and

My Bzae ey moiresents aligmatives.

Step I: Consiruet the agerepated fuzey weight 7, from the weighting maisix W ot
the atrilvites provided by p-th decision maker.

Lt I"i;fl:‘“'l""l""l""J- b T2 e e linguistic weight given e the subjective

crilesin "-_l -'-2'"“‘-_5 and phjective cﬁleﬁncﬁullch-ll-”-fn by decision minker Oy |
T ST A
Wy = 6f Do =[98 L]

- 2
W= {5 T, (3
G-Redew o
where k ' s an interval type-2 fuzey sel.
To defigrzify weights of fuzzy attribute, the signed distance is employed [11].
Defuzzification of ¥ is represented as:
AT = R T L2 "
Tha erisp value for crilera i s iven by
A
Bz =2 n
AT,
f=l 5

oo B s eonstrocied.

o

i ba_r =1 A
where J=1 . Theretore, the weight vecior =M,
Sitep 3 Create the weighted decision marrix LA
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Step 4 Caleulate the ranking value Ramk ['ia'] of the IT? F3 Er- using i (7). Create
the ranking for weighted decision matrix £ -

= (Rant{5,)] .

== (ramf, )] |
Step 5 Calculate the positive-ideal solwion = '“-:“"'v:" and the negative-
iddeal solution * =(s 2 "'-]" where

Jﬁmmk{ﬁ}}, i fe

" min e (5, e

(&)
and
. R * ; " - F
. _JII:JI:": il {vu}| if o= F
" | max Rank (7, ), i e R
tepse ()

wheena 5 denoted il st ol beneli siiributes, and 7 desotes the set of cost aitribnles.
Step 6 Find the disiance d txﬂ' between each alicmative * and the positive ideal

solulon 7, usang the Eg (10}

a*(x,)= |3 (Rant (3, }-v; .

= {10}

where 1= 7 =0 Similarly, find the distance d(x,) berween each altemative 7 and

bz negative-ideal selution © . using the fllowing egquation.

d".x}}=

(i}

Step T Caleubste the depgree of closenass C‘l{x_.':l of ) wilh respect 1o the posiive
ideal solution ©7 . wsing the following cgquation.
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d ‘("1)
C(x,)- a*(x ]+d‘(r i'
B 4 (12)
where 15 7Sm
Step 8: Armange the values of C("') in a descending order, and the larger value of
(%) indicates the higher preference of the alicrmative %77

2. Numerical Example

For the purpose of illustration and to show the feasibality of the proposed method, an
exampke is presented. This example is retrieved from Chou et al. [5].

Researchers intend to identify the facility location altematives to build a new plant
The team has identified three alternatives which are alternative | (4, ), altemative 2
(A;), and alternative 3 (4,). To determine the best altermative site, a committee of
four decision makers is created; decision maker 1 (0)), decision maker 2 (D),
decision maker 3 (/) and decision maker 4 () . Three sclection criterin ore
delib d P i ilability (C}) , availability of skilled workers (C,) and
climatic conditions (C,).  Table | shows the linguistic terms used to rate criterin with
respect to alternatives and also the weights for criteria,

Table 1. Linguistc tenss sl 1T2 FS

lsguisde Yerms  Interval Type2 Furiy Sets

Very Poor (VI (O0.001:1,1140,0,0,0,05,0.9.0.9))

F'oar () GO.0,0.0.0.1,0.31,1040.05,0.1,0.1.0.2:0.9,0.9))
Medim Poor (MP) (0.1,0,3,0.3,0.41,10.400,2,0.3,0,3.0:0.9.0.9))

Fasr (F) (10.2,0.50.50.7:1,1040.4,0.5,0,5.0.6:0.9.0.9))

Mediam Good (MG) (10.5,0.7,0.70.9;1,1140.6,0.7,0.7,0.8,0.9.0.9))

Guod (G) (10.7,0909,1;1,1140.8,0.9.0.9,0.95.0.9,0.9))

Very Good (VG) (09.1.1,1:1,1140.95.1,1.1:0.9.0.9)

Based on the ratngs given by dec kers | the ple 15 solved using the

proposed method. The final degree of closeness and preference are shown in Table 2.
Table 2. Degree of closeness and peeference

Degree of claseniss Preference arder
C(A,) 04112 1
C(4,) 046055 2
C(4) 047178 1

It can be seen that the preference order of the alternatives is A3 = A2 = Al The
proposed method therefore decided that the best altermative is A3, This preference is
slightly inconsistent with the result obtained using the FSAW where the preference is
A2 A3 - Al
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1. Conclusions

This paper proposed a novel method, which integ IT2 FEAW and 1T2 FTOPSIS 1o
solve MADM problems. Decizion makers used interval type-2 linguistic variables 1o
assess the importance of the criterion, The ranking weighted decision matrix obiained
from IT2 FSAW was then used as an input 1o the [T2 FTOPSIS where ideal solutions
could be computed. Finally, preference of altiernatives was obtained as a result of the
implementation  using the integration method. To illustrte the feasibility of the
propogsed method, a numerical example, that formerly solved wing the FSAW method
was considered, The results showed that A3 is the most preferred altermative, Detailed
comparative analysis between the results obfained using the inegrated method and
wther decision making methods is left for future research. Future rescarch may alsa
include sensitivity analysis where the uncemainty of the final preforence of  the
integrating model can be investigated.

Acknowledgments

This work i pari of the research gramt project FRGS 59389, We acknowledged the
financial support provided by Maloysian Minisry of Education and Universiti
Malaysia Terengganu.

References

[1] L Abdullah, Fuzey Muhi Criteria Decisson Making and its Application: A Brief Review of Calegory.
Procedie-Socind o Bebonivrn! Setences, 97 (20035, 131-134,

[Z] 8 Vimets. M. Prwanna, N. Hari Prakash, Inlegrated fuzey AHP-TOPSIS Tor sclocting the bast plastic
rocysling method: A cusg study. Appliod Motbemarical MocNg, X9 (1004) 46624671

[3] K. Begmic. 5. 5. Ramiyvani. 5 Momn-Shifkoshs, A, Badizsdeh, Evuluating performance of Irasian
cament flms wing on integrated fumry AHP-VIEOR method dgplicd Methemartea! Modellieg, 38
(20147, S350,

[4] T. Wang, § L, ). La, O Misi, As ey rateng OWA-TOPSIS fraiiewoil i inusioniste leeey scilings
for muligpls stinbute decision making, ‘:-"“M"‘ o Tnghwatriad Enpinpertg, $R2016H), TR5194,

5] M. G Khm.ﬂ 5 ). Kamble, K. [ Raut, 5. § Kamble, 5 M. Dhumo. Modelmg bindfill site schoction
using an inkcgrated forry MUDM approach . Emvk Srsremes angd Bavironmens, 2i2006), 35,

[&] D. leut.:r, G, Clr\o‘mf The selection of transpor and handling resources is logistics centers using
Multi-Antribetive Border Approximation aren Comparisen (MABAC), Egeery Sistoms  with
Appiicurions, 42(201 5), 316-3008

[7] M. Tavems, E, Momsni, N, Bemsaniva, 5, M, Michedayatizs, H, Bemsciniya, & novel hybod social mola
platform scloction model using fusey ANP and COPRAS-G, Expert Svetems uith  dppifcations,
A 200 B Sead-5702,

[#] ¥. C. Chamg, 5 M. Chen, A mew fizzy imterpadative sorsonieg sethod based on sanerval mpe-2 flzzy
sers. IEEE International Conferencee on Systems, Mas and Cybematics, (3008) 32.87,

9] L M. Menddd, BoL, John, F. Lie, Inlervel Tepe-2 Fuery Legic Systeme Made Simple, JEEE
Tramsapions of Fuzsy Syetens, 14 (20063, 80§-H21

[10] L. Lee, S Chen 8, Fuezy Multiple Aributes Greup Decicion-Mking Sosed O The Exiearion £
Tapsts Mewbod Amd nterve! Tipe-2 Fuzzy Sers. Proceedings of the Seventh Intersational Conference on
Mlochene Leansing and Cyhernetics, (ZIHIR, 3260-3 2035,

[B1] 1. 5.¥ w0, K. Wi, Ranking fuzzy mumber based on decomposition princise and signed distance, Fuzzy
Kers o Svarems, 116{ 204N, 2T5.284,



