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ABSTRACT

Modeling and linguistic representation in the form Interval Type-2 Fuzzy
have better accuracy than Type-1 Fuzzy. The type-2 fuzzy set involves more
uncertainty than the type-1 fuzzy set. The degree of fuzzy membership is
used to explain uncertainty and ambiguity in the real world. This study
presents the type-2 Fuzzy Analytic Network Process (ANP) method to
determine the weight of each attribute based on the level of interest and

the extension method of type-2 Fuzzy TOPSIS to handle problems based
Keywords on the value of the fuzzy type-2 attribute. Decision-making is based on the
FANP assessment of several experts called Multi-Criteria Group Decision Making
FTOPSIS (MCGDM), using type-2 Fuzzy geometric mean aggregation function. The
membership function in this research is type-2 fuzzy based on the trapezoid.
The contribution is a hybrid method Type-2 Fuzzy TOPSIS with Fuzzy
Type-2 ANP group-based with new metric intervals on fuzzy type-2 for
decision making. The results are a hybrid type-2 FANP and FTOPSIS
decision-making model to support the best decision-making. Based on a
comparison of the accuracy of trapezoid model 1, model 2, and model 3,
the best accuracy result is model 3, which is 84%. The research benefits by
presenting a hybrid Type-2 Fuzzy TOPSIS and ANP method that improves
decision-making accuracy and better handling uncertainty and ambiguity
than Type-1 Fuzzy systems.

Type-2 fuzzy
Batik SMEs
Multi-criteria group decision making

T

T This is an open access article under the CC-BY-SA license.
U

1. Introduction

The purpose of a group-based decision support system or called multi-attribute group decision
making (MAGDM) is to determine the best decision or alternative from several alternatives given based
on several experts or assessors. Determination of alternatives by selecting and evaluating the best
alternatives based on many specified attributes or criteria. Several previous studies have determined the
selected alternative based on many criteria using the fuzzy type-1 method [1]-[5]. The use of fuzzy type-
1 method to determine membership function in determining a selection of new student registrations.
The fuzzy method is also a hybrid with AHP and COPRAS [6]. The fuzzy method is used to assess
preparation in e-government from a CiRM perspective [7]. Group-based decision support to determine
the best e-learning content using the AHP fuzzy function [8].

Research on fuzzy and Analytic Hierarchy Process (AHP) for IoT evaluation [9]. Fuzzy to determine
membership function supplier by integrating with TOPSIS. The fuzzy method integrated with AHP is
used to measure the quality of system management for blended learning using FAHP [10]. TOPSIS
fuzzy method is used to improve network selection in a multi-access wireless environment [11]. Fuzzy
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Analytic Network Process (FANP) is a combination of two methods, namely Fuzzy and Analytic
Network Process (ANP) [12]. These two methods are combined because the fuzzy method can cover
uncertain data and help unclear decision makers. While the Analytic Network Process (ANP) method
can determine the existence of dependencies between criteria and between sub-criteria. The Fuzzy
Analytic Network Process (FANP) considers the dependency relationship between criteria and sub-
criteria. The FANP method is used to find the priority weights of all the criteria and sub-criteria that

have been determined and as a ranking process for the weight of the criteria for each alternative data
[12], [13].

TOPSIS has simple computation, ANP, and TOPSIS methods used in decision-making for
evaluating and selecting software quality [14]. Group decisions on FMCGDM can be made by generating
decision-making preferences for each given preference. In group decisions, there is a better level of
consensus, but linguistic preferences will overlap. Overlapping on group decisions can use type-2 Fuzzy.
Type-2 Fuzzy is the development of type-1 Fuzzy [15]. Modeling generated at Interval Type-2 Fuzzy is
more accurate, and the rating performance is better. The results of the linguistic representation on the
type-2 interval are more effective and flexible than ordinary fuzzy [16]—[18]. Type-2 Fuzzy Interval has
clearer linguistic modeling, so it can increase accuracy [18]-[20].

Fuzzy type-2 interval can be used to improve accuracy by optimizing the number and position of the
fuzzy set [21], [22]. Therefore, in this study, the fuzzy type-2 trapezoidal fuzzy number method is used
for the decision-making model of the selection group or the selection of SMEs. Based on this approach,
this research was developed by doing a hybrid Interval type-2 Fuzzy Analytic Network Process (IT2-
FANP) with interval type-2 Fuzzy Technique for Order Preference of Similarity Ideal Solution (IT2
FTOPSIS) with modification of interval points on the function fuzzy trapezium for decision making.
This research produces a decision-making model and a new algorithm based on Fuzzy Interval type-2
with linguistic preferences that are more flexible and have a high level of accuracy.

2. Method
2.1. Membership Function type-2 Trapezoid

Zadeh introduced fuzzy logic, which is used to make decisions based on unclear, incomplete, and
approximate information. The trapezoidal fuzzy number can be defined as.

AY = (SY, 57", S, Si, ), Sit < ST < ST < SY M

This function approach uses a trapezoidal curve or type-2, as shown in Fig. 1.

Fig. 1.Interval type-2 Trapezoid Fuzzy Number [21]

According to Fig. 1, the membership function is defined as follows [23].
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Arithmetic operations for Interval type-2 Trapezoid Fuzzy Number numbers can be seen from the

following equation [24]:
P = [P, PY] = [(p1, 2", 3", pA), (P, 3™, PF™, D))
S =[S, 8] = [(S1, S5, S5, 5D, (S, S, ST, S}]
With pi* < p7™ < pf™ < pi, S{t < ST < ST < S

The arithmetic operations of two type-2 Trapezoid Fuzzy Numbers are:

e The operation of adding two type-2 Trapezoid Fuzzy Number P, S

P+S = [(p1,pz", p3", pa), (p1', 3™, P, PIO] + [(S1, 7, ST, 53, (51, 7, 55, 53]

= (4 + S5, + ST, I + ST pk + S1)), (P + SE, pI™ + SP Y + ST, pi + S1))]
e The operation of adding two Interval type-2 Trapezoid Fuzzy Number P, S

P =S = [(p1,p3", p5*, p1), (o1 p5™, p5™, pI] — [(S1, 3, S5, S0, (S¥, S5, S5, S1)]

= (o4 — sk ppt = SP,p — S7ph = S1)), (i =S¥, — SY, I — ST, pi — S
e Multiplication operation of two Interval type-2 Trapezoid Fuzzy Number P, S

S = [(pt, p5", P, pi), (P, 3™, 3™, D)) [(S1, ST, ST, 1), (St S5, S5, S1)]

= [(1.S1,p5". 7, i . Sa), (P S, 3™ - ST, p3™, Pl - ST

e The operation of dividing two Interval type-2 Trapezoid Fuzzy Number P, S

p _ (Lo ol ) (ot pE P pi))

s (shstsysh) (st s s s

_[(ph o3 o ph) oY PP oI pY
- Sltsml’sml’ Su’Sé‘nu'Smu'Sit

e Multiplication operation type-2 Trapezoid Fuzzy Number P and constant number

AP = A.[(p1, p3, o3 0, (0¥, p3™, pT™, pi)]

(4)

)

(6)

(N

®)
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[(A.pL A p3, A p3, A pi, (4. pY, A.p3™, A. p3™, . p™ ©)

2.2. Hybrid type-2 FANP and Extension TOPSIS methods

The research method is shown in Fig. 2. Hybrid type-2 Fuzzy ANP and TOPSIS. This method is
divided into 2 stages; the first stage is type-2 Fuzzy ANP. This method begins with determining criteria
and sub-criteria indicators first. Then determine trapezoid-based fuzzy type-2 with scale, pairwise
comparison, geometric mean, calculate the smallest CR value, calculate synthetic extent value, and get
criterion weight in the form of a type-2 fuzzy number. This interval weight will be included in the next
method. If you want to get weights in non-fuzzy or crisp form, then proceed to the next step. After that

was completed, the process continued with trapezoid-based FTOPSIS [15], [25].

Fuzzy Type-2 FANP

Fuzzy Type-2 TOPSIS

Determining
Alternative Data

Determining Criteria
and Sub Criteria

-

v

Determining the
Linguistic Scale in
type-2 Fuzzy

Determining Trapezoidal
Linguistic Scale

v

Entry Alternative Respondent /
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Pairwise comparison matrix
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Assessment and Calculate
Geometric means Aggregation

Calculate CR Value

Ya

v
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criteria and Sub Criteria

I

Calculate Weight of

Conversion into fuzzy
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v

Normalization of Decision
Matrix fuzzy type-2
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v

Alternative Ranking

End

Fig. 2. Hybrid type-2 FANP and TOPSIS based on Trapezoid fuzzy number

3. Results and Discussion

3.1. Hybrid type-2 FANP and FTOPSIS Model with Trapezoid function

The steps for the hybrid method of interval type-2 Fuzzy ANP and interval type-2 FTOPSIS are
Constructing a multi-criteria decision-making model using the type-2 FANP method on the Trapezoid

Fuzzy Number function with different points according to Fig. 3. Steps at this stage are as follows
[26],[27]:

e Step 1. The comparison matrix construction between criteria is denoted by matrix D.
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ok ky ky,
kl 1 d12 dln

D=|k, dy, 1 - dyn (10
kn dnl an 1

With n = Number of criteria, k = Criteria, d= matrix element D

e Step 2. The conversion of the pairwise comparison D matrix into a type-2 trapezoidal fuzzy number
interval is shown in Fig. 1.

A
U
U Hy
Hy L
. Hy
Hy
Cu L mu  ml ml mu L c"
16 ¢l ot oMoy 6

Fig. 3.Interval type-2 Trapezoid fuzzy number

Based on Fig. 3., matrix C can be expressed as follows:

1 Ci2 C12 t Cin
€y 1 Caz  Cop

C=|cgy ¢35 1 + c3p|withi,j=1,2,..n (11)
Cn1 Cnz Cnz 1

(-t .m m 1l uwu _mu mu ,u . ,L ,U) -1
Gij = (Clijlczij' C3ij» Caijr C1ijr C2ij » C3ij » Caij 5 .UA'.“A)'Cij

11 1 1 1 1 1 1 L U
- (Cu 1 ’omu ml}cmut ml'cu vl ;.u'A 1.“’A); (12)
4ij Caij C3ij C3ij 215 C2ij C1ij C1ij

C = Pairwise matrix, #j = Membership Lower limit, uf = Membership upper limit, ¢;;

Criteria, ¢ = Reciprocal row

ij
e Step 3. Calculate the fuzzy synthesis value for the i-th object, which is defined as follows U =

{uy,uy, ..., up} set of objects and U = {uy, uy,...,u,} goal set. Each object is taken, and an
expansion analysis is carried out for each purposeg;. Therefore, the value of the analysis of the

expansion of m for each object is obtained Kflgi, Kéi, ) KE}: i=1,2,..,n with K];gi(j =12,..,m)

1

S, = YT K, ® [S, S K] (13)

To obtain M éi , operations perform additional fuzzy m operations with a certain matrix

ST K = (X7l X vl Xy 3 X 8 X pay X D5 X gy X 1l | (14)
To obtain [Z}Ll hOy ngi] a fuzzy operation from the value K;i(/' = 1,2,3...m) as below:

L XT = 1K) =
Qv X i=1pl’22i =1 0™ X5 i=1pml’zgi i:lpml' 2i =P Xie 1iPl’Z?=1 1) (15)
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The inverse of the vector determinant :

[2?12’" K’]l ( 11“ 11’ 1 1 1 1 1 ’ 1 u) (16)

n n n mu’ yn ml’yn ml’yn mu’ yn 1 n m
Lic1Pyi Zim1Pai Zi=1P3i Zi=1P3i Zi=1Pzi Zi=1P2i Li=1P1i Xi=1P1i

e Step 4. Calculate Possible Degrees of M

K2(pi, it gt p3t o3 o o pi)? = K (032 pi 03, o3 o pi e pi2 0k?) (1)
Defined as follows:
V(K; = K;) = sup [min (pg (%), g1 (v)] (18)
It can be expressed equivalently as follows:
1, if my =2m,
if L, >
V(K; = K;) = hgt(K; N K;) = pp2(d) = 0. . if l 2wy (19)
l1—Uy .
,Otherwise

(mz—uz)—(mq-1z)

e Step 5. Calculating probability degree for convex of fuzzy numbers greater than k in convex of fuzzy
defined as:

K;=(=1,2,..,k) then the vector value can be defined as follows:

V(K = Ky, Ky o, Ki)

=VIK = KDand (K = K,) ...and(K = K,)]

=minV(K 2 K),i =12, ..,k (20)
It is assumed that

d'(A) = minV(S; = Sk = 1,2, .., m; k # i Q1)
Vector weight using W' = (d'(44),d'(4), ..., d" (A,))T

With 4; = 1,2, ..., n is the sum of n decision elements

e Step 6. Normalization of weights: W = (d(4;), d(47), ..., d(A,))" where W is the weight of a

non-fuzzy number.

e Step 7. Construct an MCDM model with type-2 FTOPSIS on a Trapezoid function with different
midpoints and the same degree of membership according to Fig. 4. The steps at this stage are as
follows:

- Constructing the alternative decision matrix against the criteria according to Fig. 4. The
decision matrix for each alternative against the criteria is matrix V as follows [28].

Si1 S12 v Sim
S = 5:21 5;22 . ‘S;ZTL (22)
Sm1 Snz Snn

. gmu gu u
With vl} (5111 112' 113' 114' )(Sljl' 112' 113' ijar ij]

V = Comparison matrix between alternatives with criteria
v, = Matrix elements V with i-th alternative and j-th criteria
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Fig. 4. Type-2 Trapezoidal fuzzy Number model 1

Fig. 4. is a form of decision-making model Interval type-2 Trapezoid Fuzzy Number with

different middle points (v3}; # v, viit # v and (uh < pY).

- Constructing a normalized decision matrix based on the V matrix, which is denoted by S, can
be expressed as follows:

511 512 513 Sln
521 522 523 SZn

S=|[S S3 Sz o Sa (17)
Smi Sz Sz " Sum

u mu . mu _u l ml . ml l
_|Y1ij Y2ij V3ij Vaij Viij VY2ij V3ij Vaij| . _
Sij_ ct? et et et et et e et ]—1,2,...,7’1.07"
j j j j j j j J

S. = 4 4 4 4 4G @ 4G 4G . 12 n
g = l,u 2, mu? mu’ u .l 2 ml? ml’ | ] = L4 ..,
Vaij V3ij V2i Vig Vaij V3ij V2ij Viij

With

Cj = maX(Uij,Uzj, ...,Unj),

aj = min(vij, V2, ...,vnj),j =123, ..,n,
u l mu ml mu ml l u
Vi < Vqgj < iy < Vi < V35 < V5 < V345 < Vg5

- Constructing a weight normalized denoted by B can be expressed as follows:

by biz -+ bin

B = b?l b.zz b.Zn (20)
buy bpa - buy

bij = w;. Sy

— u mu mu u l ml ml l
= (Slij Wi, 2ij - W 'SSij -Wj 'S4ij -Wj ’Slij - Wj 'SZij - Wj 'SSij - W 'S4ij W])

withi = 1,2,3,...,n;andj = 1,2,3,...,n

- The positive ideal is kJTF which is kj+ = max (byj, byj, ..., by withisj = 1,2,3,...,n. The
negative ideal is vy which k]T =min (blj, byj, .., bnj), withj = 1,2,3,...,n.

The distance is denoted d;f which is stated as follows:
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df, = py 1\/ [(blu - k+)2 + (baij — k+)2 + (bsij — k+)2 + (byij — k]-+)2] 21
A = Ty 2 (bl — 702 + B3 — )+ () = k2 + (Bl — k7] (2)

The distance of each alternative from the negative ideal solution is denoted by d; which
is stated as follows:

dz = J (b, — k)% + (bI — k)2 + (DI — k)2 + (bl — k)?] (23)

dp =X} 1\/ [(bn; ki )2+(b2u k; )2+(b3u k; )2+(b4u -)2] (24)

with n = Trapezoid interval point
- Calculates relative proximity can be denoted by which is stated as follows:

dg; dg;
—— and RC;; = 21—
diptdy diptdg;

RCi RCil =

RCi1+RCj,

RCi = 2

(25)

Alternate ranking, Alternative by value RC;

3.2. Type-2 Fuzzy Trapezoid number with new metric

Type-2 Fuzzy on Trapezoid function with different midpoints, different degrees of membership,
and new metric. The steps Hybrid type-2 FANP and FTOPSIS are the same in sub-chapter 3.1.; only
the size of the linguistic scale is different. The construction of the decision-making model with the new
metric is shown in Fig. 5. and Fig. 6:

A
:LIZZ - luy -
A
)7y — /
L |
/JAZ B i 3

L
Han

»
|

mu__ml ml __mu L

XX X xg xS Xy X
Fig. 5. Trapezoid function with different midpoints and different degrees of membership model-2

Fig. 6. is a form of decision-making model using a Fuzzy Trapezoid with different middle points
(le] * leu) (x3l] # x3;;) and different degrees of membership (Ul < p¥ulg < pho,uly < p¥,

Fig. 6. is a form Trapezoid Fuzzy Number model with different points (xy% i X301), (et i X31))
and different degrees of membership (1§ < uY, ub, < uhi, ul, = pd;.

Based on Fig. 5 and Fig. 6, matrix X can be expressed as follows:

X11 X122 X133 t Xin
Xy1 X X23 Tt Xon

X=|x31 x3 X33 " X3 (26)
Xp1 Xnz *n3 7 Xam
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With
— l ml ,.ml .1 l l u mu ,.mu ,u u u
xip = [l x5, XI5, X jas thn iz ), (i, XT3 X178 Xty 1, 1) 27)
j = 1,2,3,...,n
A
U
/‘lAZ ------------ U
v \ﬂ\
,u,zl B 3
My |7
Lo
M

u L mu__ml ml mu L
XX Xy X, X5 X3 X, X

»
»
u

4

Fig. 6. Trapezoid function with different midpoints and degree of membership model-3

3.3. Example calculation for Implementation of hybrid method

The steps for implementation of Hybrid Model for selection of Madura batik SMEs with interval
type-2 FANP and TOPSIS with Trapezoid fuzzy number.

e Determine the number of criteria and alternatives for ranking. The criteria for SMEs are Batik

Motif Variations (C1), Shop Ownership (C2), and marketplace (C3).

e Determining the scale of type-2 fuzzy using a trapezoid can be seen in Table 1.

Table 1. Definition Linguistic Scales Criteria of interval Type-2 Fuzzy

[(1,1,1,1) (1,1,1,1)] The Same Criteria
1 [(0.1, 0.5,1.3, 1.7;1,1) (0.3,0.7,1,1.5;0.9,0.9)] Equally Important
3 [(1.5,2,2.7,3.2;1,1) (1.7,2.2, 2.5, 3;0.9,0.9)] A Little More Important
5 [(3, 3.5, 4.2,4.7;1,1) (3.2, 3.7, 4, 4.5;0.9,0.9)] More important
7 [(4.5,5, 6, 6.5;1,1) (4.7, 5.2, 5.6, 6.3;0.9,0.9)] Very More Important
9 [(6.3, 6.7, 7.5, 8;1,1) (6.5,7,7.3,7.7;0.9,0.9)] The most important

e Conducted questionnaires to 3 experts, namely SME service, researchers and practitioners. The
results of the expert assessment can be seen in Table 2, Table 3, and Table 4.

Table 2. Expert 1

g 1 1 1 1 1 1 1 « 031 037 05 067 033
€ 45 2 27 32 17 22 25 3 w031 037 05 067 033
G 5 2 27 32 17 22 25 3 1 1 1 1 1

Table 3. Expert 2

Cl 1 1 1 1 1 1 1 1 “ 031 037 05 06 033
C 5 2 27 32 17 22 25 3 -~ 031 037 05 06 033
G s 2 27 32 17 22 25 3 1 1 1 1 1
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Table 4. Geometric means aggregation trapezoid

Cl 1 1 1 1 1 1 1 1 “ 031 037 05 06 03
€ 123 142 166 181 131 149 159 175 -~ 031 037 05 06 03
G 123 142 166 181 131 149 159 175 - 1 1 1 1 1

Calculate Geometric Means based on trapezoid, which is shown in Table 4, and calculate synthetic
extent criteria as in Table 5, proceed with calculating weighted normalization as in Table 6.

Table 5. Results of synthetic Extend Criteria

C1 1.63 1.75 2.01 2.34 1.67 1.81 1.92 2.18
C2 2.81 3.36 4.18 4.83 3.03 3.59 3.94 4.56
C3 3.99 4.97 6.35 7.33 4.38 5.37 5.95 6.93
Total 8.43 10.08 12.53 14.50 9.08 10.76 11.81 13.68
YY1y ey e 1y e vk 1y e 1) e 1) vk
012 010 0.08 007 011 009 008 007

Table 6. Weight of interval type-2 Trapezoid

C1 0.12 0.15 0.19 0.26 0.12 0.14 0.19 0.26
C2 0.21 0.28 0.39 0.53 0.21 0.29 0.39 0.54
C3 0.29 0.42 0.59 0.81 0.30 0.43 0.59 0.82

e The next step is to determine the ranking of batik SMEs data. At this step weight input is based
on Table 6. Using the Interval type-2 FANP method. Before input weight criteria, first determine
Rule of criteria SMEs Batik, which is contained in Table 7.

Table 7. Rule of Criteria SMEs Batik

C1 Batik Variations a.  >=201 variation Very Good
b. 101-200 variation Good
c.  51-100 variation Moderate
d.  <=50 variation Bad
C2 Shop Ownership a. Privately Owned Very Good
b. Join Good
c. Rent Moderate
d. Seasonal Trader Bad
C3 Marketplace a. 3 Market Place Very Good
b. 2 Market place Good
c. 1 market place Moderate
d. No Have Market place Bad

e The next step is to determine the Linguistic Scales Alternative of Interval Type-2 Trapezoid which

is contained in Table 8.
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Table 8. Linguistic Scales Alternative of interval Type-2 Trapezoid

Bad [(0, 0.5,1,1.2;1,1) (1.4,1.6,1.8,2;0.8,0,8)]
Moderate [(1.8,2,3,3.2;1,1) (3.4,3.6,3.8,4;0.8,0,8)]
Good [(3.8,4,5,5.2;1,1) (5.3,5.6,5.8,6;0.8,0,8)]
Very Good [(5.8,6,7,7.2;1,1) (7.4,7.6,7.8,8;0.8,0,8)]

e Input of SME data by SME owners is in accordance with Table 9.

Table 9. SMEs Data

Sumber Arafat (A) Moderate Good Very Good
Annisa Batik (B) Moderate Good Good
Bunda Batik (C) Very Good Good Very Good

Tia Batik (7) Moderate Very Good Good

e Then Table 10, conversion to type-2 Fuzzy trapezoid number

Table 10. Convert to type-2 Fuzzy trapezoid number

A 58 6 7 72 74 76 7.8 8 5.8 6 7
B g3 2 3 32 34 36 38 4 3.8 4 5
Z 138 2 3 32 34 36 38 4 3.8 4 5

o After being converted into a trapezoid function, the matrix is normalized and multiplied by the
weights derived from FANP. This step is in Table 11 and Table 12.

Table 11. Matrix normalization fuzzy type-2 Trapezoid

A 074 077 090 092 0.95 0.97 1.00 1.03 073 075 0.88 0.90
B 023 026 038 041 044 046 049 0.1 0.48 050 0.63  0.65
C 049 051 0.64 067 068 072 074 0.77 073 075 0.88 0.90
Z 012 015 0.19 026 012 014 0.19 0.26 029 042 059 0.81

Table 12. Weighted Normalization Matrix of type-2 FANP

A 009 0.12 0.17 0.24 0.11 0.14 0.19 0.27 0.21 0.32 0.52
B 0.03 0.04 0.07 0.11 0.05 0.06 0.09 0.13 0.14 0.21 0.37
Z 003 0.04 0.07 0.11 0.05 0.06 0.09 0.13 0.14 0.21 0.37
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e The last is Table 13. This is the ranking result of SME Batik Madura.

Table 13. The result of Rank

SMEs Expert Rank  Tr apezoid model-1 Trapezoid model-2 Trapezoid model-3
Sumber Arafat (A) 1 4 3 1
Bunda Batik (C) 2 6 4 2
Annisa Batik (B) 3 7 5 4
Tia Batik (Z) 200 200 145 200
Accuracy 80.23 % 82% 84%

4. Conclusion

The integration of interval type-2 FANP and type-2 FTOPSIS based on trapezoid fuzzy number is a
method for selecting or ranking the best decisions based on many criteria and many alternatives. Type-
2 fuzzy trapezium defines membership function in more detail than fuzzy type-1 and type-2 fuzzy
triangular. For group-based MCDM, this study uses type-2 fuzzy trapezium geometric mean aggregation.
The nonsymmetric trapezoidal type-2 fuzzy membership function can make a significant difference in
the results if compared with the fuzzy type-1 membership function. Type-2 fuzzy trapezium can be used
optimally by changing the interval points to increase accuracy. The model of the type-2 trapezoid has
many variations, so it can be developed for other MCDM methods, such as ELECTRE, VI-KOR, and
MACBETH, using different defuzzification methods. Based on trials, the best accuracy at the Trapezoid
function with different midpoints and degrees of membership model-3 is 84%.
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