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Abstract. In this article, a new Takagi-Sugeno-Kang (TSK) model was developed for neutrosophic environ-
ments based on existing the fuzzy TSK models. The developed model establishes inference relations based on
past experiences or data and offers a new solution with IF-THEN rules for future events. In this direction, the
neutrosophic TSK model was created using non-linear systems and made more effective by using ¢ and s norms
in its solutions. In addition, this model is defined for n—input systems and finally an example application is
given in non-linear systems with relationship between energy consumption and heating time to demonstrate the

applicability of the two-input model.
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1. Introduction

After Zadeh’s introduction of fuzzy set theory [1], there has been substantial development
in fuzzy sets [2H10] and decision-making [11-20]. Decision-making processes involve the de-
velopment of an inference system based on past experiences and existing data, then utilize to
predict future occurrences. One of these inference methods, the concept of Mamdani Fuzzy
Inference System, was first introduced by Mamdani [21] in 1974. The Mandani method, based
on the max-min technique and the Zadeh method, which follows the f(a,b) = min{l,1—a-+b}
approach, are among the most commonly employed methods for deriving inference relations
in fuzzy sets [22]. Given in [22] fuzzy inference systems generally consists of four main com-
ponents. These are the fuzzification process, fuzzy rules based on IF-THEN statements, the

inference mechanism and the defuzzification process. Among other fuzzy inference methods,
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the Larsen method [23], which utilizes mathematical functions the Adaptive neuro-fuzzy in-
ference system [24] that enhances learning capabilities by integrating fuzzy logic with artificial
neural networks, and fuzzy cognitive maps |25, which is particularly effective in modeling and
simulating dynamic systems. Studies in this field have applied including solving traffic prob-
lems [26], predicting diseases [27], |28], measuring groundwater quality [29], forecasting wave
parameters [30], predicting bridge degradation rates [31], controlling greenhouse climate [32],
architectural space selection [33], disaster scenario prediction [34], [35], supplier selection [36]
and forecasting tennis match outcomes [37]. This diversity highlights the flexibility and accu-
racy of fuzzy inference systems in providing solutions to problems involving uncertainty and
complexity across various disciplines. Among the various types of fuzzy models, The TSK
model [38] [39], fuzzy model has been shown to be an efficient and powerful approach for
addressing analysis and synthesis problems in complex non-linear systems. The TSK method
has been effectively applied in various areas such as hydrogen fuel usage [40], highway travel
time prediction [41] and ozone concentration modeling [42]. Additionally, significant research
has been conducted in fields such as healthcare and medical applications [43], data mining [44]
and control systems [45] using the TSK method. Among the recent contributions to the field of
neutrosophic inference systems, [46-48| stand out as representative examples. Recently, several
studies such as [49-51] have focused on the Takagi-Sugeno-Kang (TSK) model, contributing

to the growing body of literature in this area.

1.1. Motivation and Research Gap

In the above-mentioned studies, TSK fuzzy models are generally considered within the
framework of fuzzy set theory and intuitionistic fuzzy set theory [52], and these models are
generalized to express different types of uncertainties. However, in order to further improve
the performance of TSK models, it is necessary to consider not only the degree of membership
or non-membership but also the degree of indeterminacy. At this point, the neutrosophic
set theory developed by Smarandache [53] offers an important alternative. Neutrosophic set
theory can operate in the non-standard interval |~0,17[ in addition to the standard interval
[0,1] through functions that independently define the degrees of truth, indeterminacy and
falsity [62]. This flexible structure allows for more effective modeling of multidimensional and

complex uncertainties that cannot be adequately represented in fuzzy systems.

1.2. Contributions and Nowvelty

The most commonly used fuzzy inference systems [54-59] face significant limitations when
working with data containing uncertainty. These systems operate only with membership de-

grees of fuzzy set theory and degree of membership and non-membership of intuitionistic fuzzy
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set theory and do not take into account the value of indeterminacy. However, this approach
may not fully reflect the differences in indeterminacies in real-life conditions. This limita-
tion highlights the need for more flexible neutrosophic inference systems approaches that can
effectively handle the complexity of indeterminacy and at the same time be suitable for sit-
uations of lack of confidence or hesitation in the information field. Thus, the reliability of
decision-making processes can be increased.

The motivation and contributions of the study are considered as:

(1) This paper develop a new model by generalized fuzzy inference systems to Neutrosophic
inference systems based on TSK method under Mehran [61].

(2) This model enables indeterminacy to be modeled more precisely and effectively by eval-
uating the degrees of accuracy, uncertainty and inaccuracy together, thus significantly
improving the accuracy of the outputs.

(3) An example for application is presented to demonstrate the effectiveness and advantage

of the proposed model.

This paper summarizes as follows: In section 2, we gave Mandani and Zadeh methods,
which are inference methods on fuzzy sets thanks to IF-THEN rules, are given with the help
of algorithms. In section 3, we introduced a new Takagi-Sugeno-Kang (TSK) model has
been introduced for neutrosophic environments, building upon existing TSK models. The
neutrosophic TSK model is formulated with non-linear systems and enhanced by incorporating
t and s norms, improving its solution capabilities. In Section 4, the model defined for n-input
systems is developed and its practical applicability is demonstrated through a model with two
inputs, energy consumption and heating time, to reduce carbon emissions, which are directly

related to energy efficiency. In section 5, we proposed a conclusion.

2. Preliminary

In this section, we gave some basic definitions of fuzzy set and neutrosophic sets and then
Mandani and Zadeh methods, which are inference methods on fuzzy sets based on IF-THEN

rules, are given with the help of algorithms.

Definition 2.1. [1] Let X be a non-empty set, and for each v € X, Tx(x) € [0,1] such that
the function Ty : X — [0,1] defines a fuzzy set

A={(z,Ta(x)):xz € X}. (1)

Definition 2.2. [60] Consider a function t from [0,1] x [0,1] to [0,1]. If t satisfies the
following properties with a,b,c,d € [0,1], then t is defined as t-norm.

(1) t(0,a) =t(a,0) =0 and t(a,1) =t(1,a) = a

(1) If a < c and b < d, then t(a,b) < t(c,d)
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Definition 2.3. [60/ Consider a function s from [0,1] x [0,1] to [0,1]. If s satisfies the
following properties with a,b,c,d € [0,1], then s is defined as s-norm.
(i) s(0,a) = s(a,0) =a and s(a,1) =s(l,a) =1
(i) If a < c and b < d, then s(a,b) < s(c,d)
(i11) s(a,b) = 5(b, )
(iv) s(a,s(b,c)) = s(s(a,b),c)

Definition 2.4. [69] Let E be a universe of discourse. A neutrosophic set N in E is char-
acterized by a truth-membership function Tyy, a indeterminacy-membership function Iy and a

falsity-membership function Fy. Tx (), Iy () and Fyr(x) are real standard elements of [0, 1].

It can be written
N ={<z,(Ty(x), Iy(2), Fy(2) >: 2 € B, Ty(x), Ly(z), Fy(x) € [0,1]} (2)

Definition 2.5. [62] Let E be a universe of discourse, A = {< x,Tz(z),15(z), Fz(x) >: 2 €
X} and B = {< z,Tz(x),I5(x), Fg(z) >: x € X} be the neutrosophic sets. Then for A and

B set operations:

(1) AU B {<= max{TA(l,),TB( x)},max{l;(z), Iz(z)}, min{Fs(x), Fg(x)} >z € X}
(2) ANB = {< z,min{T4(z), Tg(x)},min{I5(x), [5(z)}, max{Fz(x), Fg(z)} > x € X}
(3) A¢ = {< z, Fx(z),1— IA(:,;),TA(@ >z € X}
(4) ATB = {< 2, Tx(x) + Tp(x) — Ta(x) - Tp(x), I1(x) - I5(x), Fx(x) - Fla) >ix € X}
(5) 4B = {< x,Tx() - Tp(w), Li(w) + Ip(x) — Lx(2) - Ip(), Fa(x) + Fy() — Fa(a) - F(a)
x € X}

(6) AN ={<2,Ta(2),1 - (1= L1(2))* 1~ (1 = Fa(2))* >: 2z € X}
(M XN A={<z,1 -1 —-Tz) L5 (2), FAA( )>:zxe X}
(8) ACB & {< u,Tx(z) < Tp(x),I5(x) < I(w), Fx(x) > Fp(z) >: o € X}
(9) A=B < {ACB,BCA}

Definition 2.6. [05] A single walued trapezoidal mneutrosophic number a =<

(@', V,c,d);wa,ug,ya > is a special neutrosophic set on the real number set R, whose
truth—membership, indeterminacy—membership, and a falsity—membership are given as fol-

lows:

(x —ad)wg /(b —d'), o <xz<V

T.(2) Wa, V<<
a\r) =
(d —x)wg/(d - ), d<z<d
0, otherwise
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(W -zt uz(z—d)/(V —d), d <z<V
Ug, V<z<d
Ia(z)_ / ! ! / / ! (3)
x—cd 4ug(d —x)/(d—-), d<z<d
L L otherwise
V—z+ys(x—ad)/(b —d), o <z<¥V
Ya; V<z<d
Fa(w) = : : f_ : (4)
r—c +ys(d —z)/(d =), <z<d
1, otherwise

where wg, ug, ya € [0, 1].

Definition 2.7. [65] The expectation score function of neutrosophic values is the application
S*: L* — [0,1] defined by the expression:

_ 24 Ty(x) — I4(x) — Fa(x)

5*(z) 3 (5)

for allz =< x;T5(x); 1 5(x); Fi(x) >€ L*.

Definition 2.8. [64] The Mandani method for two-input single—output inference relations is
based on the mazx—min approach. The number of rules can be increased or decreased as desired.
The algorithm for two rules is as follows:

For the classical sets X = {x1,22,...,2:},Y = {y1,y2,...,y;} and Z = {z1,20,..., 21},
let neutrosophic sets A;,As C X,B1,By CY and C,Cy C Z be defined. Throughout this
paper, we will use the notation T instead of the notation < x;Tz(x);15(x); F5(x) > for the
neutrosophic element on x € X.

Algorithm

Step 1 The following rules will be defined with a specific number of variables. (The number
of rules can be increased or decreased.)

Rule 1 : [FZ € A, AND j€ B, THEN z € C}
Rule 2 : [FZ € Ay AND §j € By THEN % € (5

Step 2 V(zi,yj,2r) € X XY X Z, calculate the result rules.
Final Rule 1 :

<T}:E1 <Hfi, Yij, zk)u IR1 (miv Yis zk)u FR1 (:Bia Yj, Zk)>
= Tz, (x:) NTg, (y5) NTe, (z), La, (20) V g, (y5) V 1o, (21), Fa, (2:) V Fpg, (y5) V Fe, (2k))

calculate the relation R;.

Final Rule 2 :

<TPZ2 (ﬂfi, Yj, Zk)u IRQ(xiv Yj, Zk)a FRQ (xiu Yj, Zk‘)>
= (T, (zi) NTg,(y5) AT, (2n)s Laga (i) V g, (y5) V L, (21), Fa, (m3) V F, (y5) V Fe, (21))
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calculate the relation Rs.

Step 3V(zi,yj,21) € X XY X Z, combine the results of each result rule in Step 2 as follows:
<TR(:Z:17 Yj,s Zk)? IR(LL'@, Yj,s Zk‘)? FR(:I:H Yj,s Zk)>

= <TR1 (xia Yj, Zk) \ TRZ (Jii, Yj,s Zk), IRZ (xi7 Yj,s Zk) A IR2 (.’Iii, Yj, Zk)7 FR1 (xia Yj, zk‘) A FRZ (Jii, Yj,s zk)>

to obtain the relation R inference.

Step 4 Given a situation represented by the neutrosophic matriz A and B derive the result
in the form C = A5(BoR)

Step 5 According to the central definitions of neutrosophic sets by Hanafy et al. [66] and
Deli and Oztiirk [67] defuzzification make decision.

Doimy 2iTe(zi) = iy zile(zi) + )i ziFe(zi)
Yic1 To(zi) = 20 Lo (=) + 201 Fe()

Definition 2.9. [68] Consider data set X = {x1,z9,...,Xn}, where N is the number of
data inputs, and for each input vector xp = {x1(k),z2(k),...,z,(k)}, n is the dimension of

xx. Typically, the ith rule of the TSK fuzzy model can be expressed as:
Rule i: IF x1(k) is A} AND xo(k) is A5 AND ... AND z,(k) is A’

THEN y'(k) = afy + a\x1(k) + abxo(k) ... +alan(k), i=1,2,...,¢c ©
where 1 is the ith fuzzy rule, c is the number of fuzzy rules, Aé 1s the fuzzy set, q =1,2,...,n,
z4(k) is the input variable, y'(k) is the output of the ith fuzzy rule, and af] is the consequent
parameter of the ith output. The full representation of the fuzzy model can be given as:

Y wy )
j(k) = S (k) ;Azy (k) (7)

where y(k) is the output of the fuzzy system,

wi(k) = [T A (rq(k)) (8)
q=1

s the weight,
A = wilk) g zcjx ~ 1. (9)
> iy wik)y* (k) =

3. Neutrosophic TSK Inference System

Lets N1, Na, ..., N, be neutrosophic sets in X.
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1= filz1,22,...,2n)
— —, — —, — —, ilzz f?(x17x27"‘7xn)
Z1 € N7 AND zo € Ny AND ... AND z,, € N,, THEN
jfn fn(l'lal?w“vxn)-
where z; = ((T'(z;),(z;), F(x;)) and fi(z1,22,...,2,) is non-linear function for i =

1,2,...,n.

3.1. Two Inputs Neutrosophic TSK Method

Consider the following system:
i1 =f1(z1,2)
(10)
Ty = fa(w1, 22)

In order to simplify, we assume that z1 € (a’,b') and x2 € (¢/,d’). We can represent equation

10 as
- B
T2 as1 a22 T2 d

For the nonlinear terms z1 = a11, 22 = a12, 23 = a2 and z4 = ags. We obtain the following;

[1131] _ lzl Z2] BES! n b 12)
To 23 24 T9 d
We define the membership functions for linguistic values as “A;”, “Ay”, ...and “By”,
“By,...”. As a result, the non-linear system is described by the following neutrosophic
model for ¢ € {1,2,...} and m,n € {1,2,...};
Rule i IF 7, is “A,” and 7 is “B,” THEN |"'| — [k1 kQ] : [“] = M; - [””]
To ks ky To T2
where B
MaXy, ¢(a/ b),woe(e,d) 21, Am is “HIGH” neutrosophic linguistic value
kv = midy, ea p),mae(e,d) 215 A,, is “MIDDLE” neutrosophic linguistic value
MmN, (o b)), zae(c d') #15 A,, is “LOW?” neutrosophic linguistic value
MAaXy, e(a b)),z (c!\d') 725 B, is “HIGH” neutrosophic linguistic value
ko = midy, (o b)), 006 (e’ d') 22 B,, is “MIDDLE” neutrosophic linguistic value |,
MiNg, ¢ (a b)), z0e(cd') 225 B, is “LOW” neutrosophic linguistic value
MAXz) e(a! b)) w2 (c!,d') 735 A,, is “HIGH” neutrosophic linguistic value
k3 = q midy e(a v)z0e(e,d) %35 A, is “MIDDLE” neutrosophic linguistic value
MmN, (o b)) zae(c d') #35 A,, is “LOW?” neutrosophic linguistic value
and
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MaXy, ¢(a b),e0c(c,d') #4s  Bn 18 “HIGH” neutrosophic linguistic value
n 1

B
ke = midy, e(ar p),mae(c,d) %45 B,, is “MIDDLE” neutrosophic linguistic value
B

MiNg, ¢(a’ b),zae(c d') 74> n is “LOW?” neutrosophic linguistic value
and where

maxxle(a/ﬁ/%me(c/,d/) 2k + minxle(a/7b/)7x26(cl’d/) Zk
2

midmE(a/’b/)7m2€(c/7d/)zk = for k= 1, 2, 3,4

According to above Rule i € {1,2...,p} and m,n € {1,2,...}, we can construct Model Rule
1 as;
= . w % . 11 = k1w + koo,
Model Rule i:1F z1 is 7 A,,” and Ty is ”B,,” THEN
Tg = k3w + kywo,
Then for final outputs we need to calculate #1 and #3. For i = 1,2 and each interval like
x1 € (d/,b) and x4 € (¢, d’) calculate as following:

1 <2 -+ hl(x) — hg(a}) — h3<1‘)
3

2 + h4(1‘) — h5(l') — h6(x)
3

$i:4.p

-M1[$1,$2]T—|— -Mg[xl,xQ]T—i—...
(13)
where
ha(2) = UTs, (@1),Tp, (@2)) ha(a) = s(Lx, (21), 15, (@2) ha(e) = s(Fa,_(21), Fp, (22))
ha(a) = 1T, (01), T, (v2)) hs(a) = s(Ly,, (2), I, (22)) ho(@) = s(Fs,, (21), Fp, (22))

and where (m1, ma,...), (n1,n2,...) € {1,2,...}

Thus the output values for #7 and &9 are obtained.

—— ()
(R

Neutrosophic
SK

Neutrosophic

Fuzzification

[nference System

L (Fen)—
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e A certain number of rules are defined for two variables and two
equations are defined for each rule.

» According to the rules, the M; matrix is created by calculating the
maximum minimum and middle values in the given intervals.

¢ Operations are applied according to t norms and s norms.

* Final outputs are obtained by performing the defuzzification.

€<<E<

FIGURE 1. Flowchart of Proposed Inference System

4. Application of Neutrosophic TSK Method

The proposed neutrosophic TSK inference model for optimizing energy and heat consump-
tion aims to increase efficiency and improve decision processes in the current conditions of
industrial and commercial systems. The ability of neutrosophic logic to handle truth, in-
determinacy and falsity simultaneously makes it possible to model complex systems more
realistically. For ease of implementation and interpretability, instead of an n input, the model
focuses on 2 input variables: x; = heating time (hours) and x2 = energy consumption (kWh).
In response to these inputs, the outputs of the system are energy efficiency and the amount
of carbon emissions. These two output variables provide the opportunity to evaluate both the
performance and environmental impacts of the system in a holistic approach. The main pur-
pose of the developed model is to represent the non-linear systems with relationship between
energy consumption and heating time with the flexible structure offered by neutrosophic logic;
and to reveal system configurations that will achieve maximum efficiency with minimum en-
ergy. At the same time, it is aimed to contribute to environmental sustainability by analyzing
energy usage habits that have a direct impact on carbon emissions.

Let us examine the non-linear system defined as follows:

3:51 _ 279 + 22179 + 279 (14)
€9 a;la?% + 2217%1,‘2 + 28x9
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To simplify, we assume that z; € [0,6] and x2 € [0,20]. Clearly, any range for x; and xs can

be assumed to build a neutrosophic model. Equation [14] can be written as

Tr1x9 + 229 2 X,
acg’ + 2x120 28

where X = [21  2])7 and 21294215 and T3+ 2179 are non-linear terms. Define the non-linear

terms as follows z1 = x129 + 229 and 29 = :L‘% + 2x1x2. Then, we have

. Z1 2
T = X.
[ZQ 28]

Now, we must determine the maximum, minimum and middle values of z; and z for z; € [0, 6],

x9 € [0,20]. The results are obtained as follows:
max z1 = 160, min z; = 0, midz; = 80
Z1,T2 Z1,T2
mid zo = 4120

T1,T2
max zo = 8240, min zo = 0,
x1,2T2 x1,2T2

T1,T2
The membership functions are labeled as “A; =high,” “Ay =low,” “By =high,” “By =low”
and “Bs =middle”. The non-linear system [14|is consequently represented by the neutrosophic

model outlined below:
: IF Z7 is “low” AND Z5 is “high” THEN # = M1 X.

Model Rule 1::
“low” AND Z9 is “middle” THEN = = My X.

Model Rule 2:: IF 7 is
Model Rule 3:: IF z1 is “high” AND Z, is “low” THEN & = M3X.
Model Rule j:: IF xy is “high” AND Z is “middle” THEN & = M4X.
Here,
0 2 160 2 160 2
28 8240 28

0 2
M, =
0 28 4120 28
Based on the above rules in the Neutrosophic TSK model, the output of each rule is de-

termined by a non-linear function. In this model, the output of each rule can be defined as

.Tl = 2(132

follows:
Rule 1: TF heating time is “LOW” AND energy consumption is “HIGH”, THEN energy
Gy = 9281y,

efficiency dependent carbon emission =

Irfan Deli, Vakkas Ulucay and Zeynep Basger, Neutrosophic Inference Systems Using
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Rule 2: TF heating time is “LOW” AND energy consumption is “MIDDLE”, THEN
iil = 2{[}2

energy efficiency dependent carbon emission = .
To = 4120x1 + 28z,

Rule 3: IF heating time is “HIGH” AND energy consumption is “LOW”, THEN energy

. o 1 = 16021 + 229
efficiency dependent carbon emission =
1:2 = 28.%‘2,

Rule 4: IF heating time is “HIGH” AND energy consumption is “MIDDLE”, THEN
.%"1 = 160%‘1 + 21‘2

energy efficiency dependent carbon emission = .
.fg = 4120.1’1 + 28%2,

Let neutrosophic linguistic values Ay =<
(0,1,5,6);0.1,0.5,0.9 >, A3 =< (0,1,5,6);0.9,0.5,0.1 > , B; =< (0,5,10,20);0.1,0.5,0.9 >,
By =< (0,5,10,20);0.5,0.5,0.5 > and B3 =< (0, 5,10, 20);0.9,0.5,0.1 > be “HIGH”, “LOW”,
“HIGH”, “MIDDLE” and “LOW?” respectively. Given these values assume that x; € [1,5] and
z9 € (10,20). Then final output for these intervals calculate using Definition [2.6/and Definition
as for algebraic product and algebraic sum:

i :1 9 + (01 . (20*1‘%02)0.9) _ (05 + (x2710+(i.65(207m2)) _ (05 X ($2710+()1.65(207x2))))
4 3
—(0.9 22—10+0.1(20—22) — (0.9 - 22—10+0.1(20—x2)
( +( 10 )3 ( ( 10 ))) . (2.%.2)
) + (01 i (20*1$02)0.5) . (05 + (%2710+2.§(207$2)) . (05 . (1’2710+(i.05(2071'2))))
3
_ 09 x2—10+0.5(20—x2) _ 09 . x2—10+0.5(20—x2)
( +( 10 )3 ( ( 10 ))) . (2%2)
2 + (09 . (20—1162)0‘1) . (05 + (1‘2—10—‘,—2.{?(20—&72)) . (05 . (12—10+(i~()5(20—z2))))
3
—(0.1+ 22—10+0.9(20—22) —(0.1- 22—10+0.9(20—x2)
0.1+ 10 )3 (0.1 10 D) (1602, + 25)
2+ (09 . (20—1162)0.5) . (05 + (.1’2—10+01.§(20—1‘2)) . (05 . (332—10“!‘(;-5)(20—-32))))
3
—(0.1+ 22—10+0.5(20—22) —(0.1- 22—10+0.5(20—22)
005 (U 01 ) )
= —7.176x129 — 0.2357.%'% + 40.8x1 + 1.27665x2
and
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3[8]
2y 172+ (0.1- W) —(0.5+ (m—10+01.§(20—m)) — (0.5 ($2—10+01.§(20—x2))))
4 3
(0.9 4 (2221040.1(20-23)y _ (g (22=10+0.1(20—3)
0.9+ ( 10 )3 ( ( 10 ) - (824021 + 285)
N 2+ (0.1- %) — 0.5+ (x2—10+01.§(20—x2)) —(05- (x2—10+(i.05(20—;t2))))
3
—(0.9 x3—1040.5(20—x2)\ 0.9 - 29—1040.5(20—x2)
0.9+ ( 10 )3 ( ( 10 ) - (41201 + 2825)
N 2+ (0.9 %) — 0.5+ (3&2—10+2-§(20—w2)) —(05- ($2—10+(i.§(20—x2))))
3
(01 4 (OGO (0.1 - (RO
3 - (28a2)
N 2+ (0.9 %) — 0.5+ (m—10+01.§(20—x2)) — (05 (x2—10+(1.g(20—m2))))
3
—(0.1 22—1040.5(20—x2)\ 0.1- 29—1040.5(20—x2)
(0.1 +( 10 )3 ( ( 10 ) - (412021 + 28x2))

—586.52x1 29 + 4085.598x1 + 17.8731x9 — 3.299813
Similarly the values of 1 and 5 are calculated for each interval;
ez €(0,1), 29 € (0,5),
i1 = — 1.3362329 — 0.0333521 23 + 74.66427 + 9.86398x1 29 4 0.268323 — 106.66421 — 2.666529
Ty =2271.2332% + 10.523123 + 881.6331z 25 — 360.570323 29 — 1.3862x1 23 — 825.2457x1 — 56.249725
o zy € [1,5], 29 € [5,10],
i1 =21.06665x1 + 0.3932752,
Ty =2190.398x1 + 12.8793x9
e 11 € (5,6), z2 € (10,20),
i1 = — 0.664222z5 — 0.0166x1 23 — 43.1522 — 9.21z 29 — 0.1236523 — 53.868x1 + 0.3266752:5

Ty = — 1378.842x% — 4.52845x3 — 208.7149z1 29 — 179.5292% x5 — 0.7678x 23 + 4420.01821 + 3.637225

e z1 €(0,1), 22 € [5,10],
o1 = — 0.2433x129 — 33.4641’% — 1.16665x5 — 6421

Ty = — 18541 + 643.605521 10 — 22.8662x5 + 2.216923 — 360.517
e x1 € [1,5], xz2 € (0,5),

&1 =7.2x129 + 0.2333523 — 3221 — 1.3333z

22 =590.602z12x2 — 3420.897x1 — 25.199322 + 3.26693:%
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e x1 € [1,5], x2 € (10,20),
&1 =7.176z 29 — 0.235723 + 40.821 + 1.2766529

Ty = — 586.52x1 15 + 4085.598z1 4 17.8731x9 — 3.299823
e 1 € (5,6), 2 € [5,10],
iy = — 0.6334x 29 — 25.33627 + 0.40002522 + 4.6687
Ty =1407.80421 — 3577.4022% + 5.6007z9 — 652.40223 — 8.8676x 129
e x1 € (0,1), x9 € (10, 20),
i1 =0.381222 x5 + 0.0130521 23 + 16.008x7 — 1.2308z 125 — 0.06665x3 — 21.3322; — 0.1466512
Ty =494.4x1 + 71.7912% 4 532.60723 — 184.9292x1 19 + 24.102x% x5 4 0.1827x 25 — 2.053 125
e 1 € (10,20), 25 € (0,1),
&1 =12.04535z122 + 0.19535x3 — 0.0357x 25 — 74.66422 — 1.816x2 29 — 234.6642, — 3.26662522
Ty = — 3433.19621 — 9828.29927 4 703.2566x1 29 — 73.542x7 19 — 45.7324x9 + 2.730423 — 0.49982 23

and the following graphs are obtained based on these functions:

2D Top View (Projection)

3D View of Functions

Z(x10%)

FIGURE 2. value of 21 based on z; € (0,6)
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FIGURE 3. value of 25 based on z9 € (0,20)
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FiGUrE 4. Neutrosophic TSK Inference System

5. Comparison and Analysis Discussion

The neutrosophic TSK model gives more precision, flexibility and compatibility compared to
the classical, fuzzy and/or intuitionistic fuzzy models. The feasibility and effectiveness of the
proposed decision-making approach are verified by a comparison analysis using intuitionistic
environments with those methods used by Mehran , as shown in Table

TABLE 1. Comparison of the different TSK model

Model Co-Domain Non-membership Indeterminacy Membership t and s norms
The model in [61] [0,1] No No Yes No
The model in [0,1] No No Yes No
The model in [0,1] No No Yes No
The model in [0,1] No No Yes No
The model in | [0, 1]? Yes No Yes Yes
Proposed Model [0,1]? Yes Yes Yes Yes

6. Conclusions

The proposed neutrosophic TSK model provides a powerful framework for handling uncer-
tainty in real-world scenarios. The model effectively builds inferential relationships using past
experiences and data and provides meaningful solutions for future events using IF-THEN rules.
The included ¢ and s norms enhance the model’s capability in nonlinear systems, making it an

invaluable tool for complex decision-making processes. The application to energy consumption
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demonstrated the validity and practical importance of the model. Moreover, its extension to
n-input systems opens up wider application opportunities in many different fields.

Further, the MCDM problems under other neutrosophic environments would also be studied
near future. In future, we plan to extend our research work to the extensions of Neutrosophic
TSK model , and so on.
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