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1. Introduction

check for Since the concept of ordered weighted averaging (OWA) operators was initiated by

updates Yager in 1988 [1], it has received wide application in various domains, including decision
Citation: Shi, Y, Gong, Z. Recursive  expert systems, market surveys, neural networks, analysis, fuzzy logic control, etc. [2—4].
Aggregation and Its Fusion Process Ty 2005, Yager further put forward the recursive forms of OWA operators [5]. Its fundamen-
for Intuitionistic Fuzzy Numbers tal basic idea is to directly derive the aggregated result of n data by using the aggregated
result of n — 1 data while keeping the orness level unchanged. However, the attribute
indexes are mostly related with each other in the process of deriving aggregation results
of n data using the existing aggregation results of # — 1 data. The main reason lies in
Academic Editor: Gragaliz Pereira the fact that the existing recursive forms of OWA operators are established on the base
Dimuro of the classical probability measure and Lebesgue integral integration operator [6]. That
is to say, the weight vector is not able to be measured independently, and it may also
not meet the countable additivity of the classical probability measure. Fortunately, fuzzy
measure, defined by Sugeno in 1974, can be utilized to depict the correlations of attribute
indexes [7-10]. Meanwhile, aggregation functions and aggregation operators are investi-
gated by many researchers recently [11-14]. Because of the fuzziness and uncertainty of
actual decision issues, the evaluation values involved in the decision process are not always
expressed as crisp numbers. However, Intuitionistic fuzzy number (IFN) is a critical tool
for settling imprecise information [15,16] and could offer the membership degree and the
nonmembership degree simultaneously. Thus, IFN performs more flexibly and efficiently
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than a traditional fuzzy set in addressing uncertainty. In this work, recursive aggregation
of OWA operators for IFN based on a non-additive measure (NAM) with ¢ — A rules is put
forward and researched.

This article is an open access article The rest of this work is organized as follows. In Section 2, we review the non-additive
distributed under the terms and ~ Measure (NAM) with o — A rules and IFN and propose an OWA operator for IFN based on
conditions of the Creative Commons @ NAM with ¢ — A rules. In Section 3, we derive the recursive forms of OWA operators
Attribution (CC BY) license (https://  for IFN according to NAM with o — A rules while keeping the orness grade unchanged.
creativecommons.org/ licenses /by / In Section 4, the procedure for integrator design in recursive aggregation is designed, and
40/). the process of calculation is demonstrated by an example.

Copyright: © 2022 by the authors.
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2. Preliminaries
Definition 1 ([7-10]). Let X be a nonempty set and </ a c— algebra on the X. A set function
u: A — [0,+o0] is called a fuzzy measure if

(1) u(@) =0;

2QuX)=1

(3) For each A and B € < such that A C B, u(A) < u(B).

A fuzzy measure y is called a Sugeno measure if y satisfies © — A rules, briefly denoted as g .
The fuzzy measure shown in this paper is a Sugeno measure.

Definition 2 ([7-10]). g, is called a fuzzy measure based on o — A rules if

. i{ﬁmwmn] —1}, A0,
gA(U Ai> =\ . =
i=1

Zg/\(Ai)/ A=0,

where A € (—su}ﬂy,oo) U{0}, {Ai} C o, AinAj = Qforalli,j=1,2,--- andi # j.

Particularly, if A = 0, then g, is a classic probability measure.
In Definition 2, if n = 2, then

u(A) +u(B) + Au(A)u(B), A #0,

(AUB) =
' { W(A) + u(B), A=0,

If X is a finite set, for any subset A of X, then

i{HuugA({x})]—l}, A #0,
xeA

gA(A) =
Yo a{x}), A=0.

xeA

If X is a finite set, then the parameter A of a regular Sugeno measure based on ¢ — A
rules is determined by the equation

1+ A =TT+ Aga(x)).
i=1

Definition 3 ([15,16]). (IFN;) Suppose X be a universe of discourse. An INF in A over X is
expressed by:

A= {{x,pa(x),va(x))|x € X},

where

Ha — [0/ 1]/VA - [0/ 1]/
with the condition 0 < u(x) +v(x) < 1,Vx € X. p(x), v(x) and m(x) = 1 — p(x) —v(x)
denote the membership function, the non-membership function, and hesitation functions of the
element x to the set A, respectively. The class € represents the set of all INFs in A.

Definition 4 ([16]). (IFN; Score Function) Suppose & = (y,v) be an IFN, a score function S(&)
of an INF can be represented below

& — Vi

sa) ="t %, S(@) € [-1,1],
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to evaluate the degree of the score of the intuitionistic fuzzy number &, where S(&) € [—1,1].
(IFNs Accuracy Function). Suppose & = (., v) be an intuitionistic fuzzy number, an accuracy
function H(&) of an IFN can be defined below
_ Matvg

H(&) = > ,H(&) € [-1,1],

to evaluate the degree of accuracy of the IFN &, where H(&) € [—1,1].

In the light of the two mentioned functions in Definition 4, Xu and Yager proposed the
order relation below [16]:
1) If S(lfl) < S(lfz), then oy < dp;
(2) 1IfS(a1) = S(dz), then

1 If H(Ecl) = H(&z), then &1 = @y;

(i) If H(&) < H(&), then &1 < &p;

(iii) If H(&) > H(&,), then & > a.

Definition 5 ([16]). Let &1 = (pa,, Va,) and & = (Ua,, Va,) be two IFNs, then
(1) &1 & &y = (i, + Hay — My Hays Vay Vi )
(2) 8 ® & = (Ma, Hays Vay, + Vi, — Vay Vay);
A= (1—(1—pux)"v}),A>0;
@& = (up,1— (1—va)t), A > 0.

3. The OWA Operator for Intuitionistic Fuzzy Numbers (IFNs) on a Non-Additive
Measure (NAM) with o — A Rules

In the following discussion, we will always default to g1(Ag) = 0 unless other-
wise specified.

Definition 6. Let ¢ be a fuzzy measure satisfying o — A rules, A; = {x1,x,---,%;}, i =
1,2,---,n. An OWA operator of dimension n for INFs based on a NAM with o — A rules is a
mapping F, : €1 x & x - -+ x &, — € defined as

Fo(@, 8, -+, 80) = EP(ga (A1) — ga(Ai1)) - Bis 1)
i=1

where /;,- is the i-th largest value out of & = (&, &, - -+ ,&y) (i.e.,ﬁl > /;2 > > Bn)
By Definitions 5 and 6, we can easily obtain the result below.

Theorem 1. Let g, be fuzzy measure satisfying o — A rules, denote A; = {x1,x2,---,x;},
i=1,2,---,n FE(&,&, &) bean OWA operator of dimension n for IFNs based on a NAM
with o — A rules. Then,

Fu(n, dp, -+, fn) (2
= é(l — (1 — ‘uﬁi>3/\(Ai)*gA(Ai71)’Vg}(Ai)ng(Ai—l))
i=1 i

=(1— 01— gy (A=A T 8a(Ai)=gr(Ai1)
(=TT - 1) 1T )
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That is to say,

n

M, :1_H(1_Vﬁ,)g\( =8 (A1), ©)

i=1
HVgA(A) sr(A )/
where B; = (‘uBi,vBi) is the i-th largest value out of & = (&q, &y, -+ ,&y) (i.e., By > B2 > -+ > Bn).
Proof. By Definitions 5 and 6, we easily obtain the result below. As

B1®Ba = (pp, +1p, — Mp Mpy Vv, = (1= (1 =g )1 —ng,),vgv5,)

and
Propreps=(1—1—pz)1—pg)(1—pg) vz vsvs,),
we have
ﬁ (5‘115‘2/' o /&n)
_@ (1—( 1*”;5,)&( i)=8r(Ai-1) V;A( J=an(Ai1)y
i=1
n
=(1 _H(l —H, )gA —gr (A1) HVSA )—8r(Ai- 1))
i=1 :
It follows that
n
pp, =1- 1_!(1 _ ‘uﬁi)gA(Ai)*gA(Ai—l)/
1
VF HV g\(Al 1)
O

Theorem 2. When A = 0, and B; is an IFN, then the OWA operator for a series of INFs based on
a NAM with o — A rules would degenerate to the classic OWA operator form for a series of IFNs.
In fact, based on countable additivity, we have

n

Fo(@y, 82, -+, 8n) = @ (81 (A1) — ga(Ai—1)) - Bi (4)

i=

1
= 8151 EBngz @ ce EBgn,gn
= W151 Dwpo P @“’nﬁn

and
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Corollary 1. When A = 0, and ﬁi is a special IFN, namely, real number, i = 1,2,3, - - - then the
OWA operator for a series of IFN based on a NAM with o — A rules degenerates to the classic OWA
operator in Reference [2].

Definition 7. Let g5 be fuzzy measure meeting 5 — A rules. Denote A; = {x1,x2,- -+ ,x;},
i=1,2,---,n, Ay = D. The measure of orness involved with an OWA operator E, of dimension n
for IFNs based on a NAM with o — A rules can be defined by

n—i n n
(@ (4) - 81 (A1),

(ny _y
orness(g,"”) =)
i=1
The measure of andness associated with the OWA operator F, of dimension n for IFNs based
on a NAM with o — A rules can be further defined by

no o
andness(g&")) =1- orness(g;")) =) =1
i=1

(e (A) — gV (Ai1)).

n—1

Theorem 3. Let g, be the fuzzy measure meeting 6 — A rules. Denote A; = {x1,x2,- -+ ,x;},
i=1,2,--,n Ay=@. E, isan OWA operator for IFNs based on a NAM with o — A rules, then

(1) The measure of orness associated with an OWA operator Ey of dimension n for IFNs based
on a NAM with o — A rules is defined as

1 n—1

Y g, 5)

i=1

orness(g/(\”)) =3

(2) The measure of andness associated with the OWA operator F,, of dimension n for IFN based
on a NAM with o — A rules is defined as

n—1
andness(gg\")) =1- orness(g(;)) =1- . i 7 ) gg\")(Al-). (6)
i=1

Proof.

(1) orness(g&n)) = i n:i (g(An)(Ai) - g&n)(Ai—l))

——[(n = 1)(g}" (41) = &1 (40)) + (1 = 2) (g} (42) — g1 (A1)
o (8 (A1) — g1 (An2))]

1 n n n
= —— (g (A) +80(A2) + -+ (Ay-1))

n J—
n—1 (n)
ZSA (Aj),
i=1

1
n—1
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n - 1 n n
(2) andness(g}”) = Y~ ~— (23" (A1) — g (Ai-1))
i=1
1
= 181" (42) — g (A1) +2(5}" (43) — 8" (42))
o (=18 (An) = 8" (An-))]
1
= —= (=g (A1) =g\ (A2) =+ =gV (A1) + (n=1))

- 1 A Ai _1))

n—1

:1—

1 n—1
L&)+
1 n—1 (n)
T g 8 (A;).
The proof is complete. [

Remark 1. When A = 0, the measure of orness associated with an OWA operator F, of dimension
n for IFNs based on a NAM with o — A rules degenerates to the classic case [5].

Remark 2. When A = 0, and the weighting vector is (1,0, ---,0), then orness(ggn)) =1

Remark 3. When A = 0, and the weighting vector is (0,0, - - -, 1), then orness( g&n)) =0.

1

Remark 4. When A = 0, and the weighting vector is (1,1 ... 1) ‘then orness(gf\n)) =1

4. Recursive Aggregation of the OWA Operator for Intuitionistic Fuzzy Numbers
(INFs) Based on a Non-Additive Measure (NAM) with o — A Rules

In this part, we will derive recursive aggregation of the OWA operator for INFs based
on a NAM with ¢ — A rules under the condition that the orness grade remains unchanged.

Lemma 1. Suppose &1 = (pa,, Va, ) and & = (}a,, Va,) be two IFNs, and A1, Ay > 0, then
(DA @ Aol = (A + A2)&;
(2)A1(A2i) = (MA2)&.

Theorem 4. Let g, be the fuzzy measure meeting 6 — A rules. Denote A; = {x1,x2,---, x;},
i=12--,n (gg\”) (A;) — g/(\n) (A;_1)) is the i-th element for the weighting vector of dimension

n. Pé") denotes the correlation coefficient. The Left Recursive Form (LRF) of the OWA operator for
IFNs based on a NAM with o — A rules can be expressed as:

n—1
B =P - (@ (VM (A) - ¢ (A) B B (An) — g (An1) B @)
i=1

=P£n) F 16— g;n)(Anfl)) - B,

where
P =1 (1 g\ (A1) = ¢ (Au), ®
g (A) =g (A =P (g A - g (Ai),
n—1



7 of 13

Axioms 2022, 11, 257

For a fixed level of orness a, we have

Pén) _ (n—1)a
n—2 (7171)
1+ ,;1 g (A)
gt (A = g{" V(A - P,

g\ (An) = g4, 0) - P,

g\ (A, 1) =P,
,&y) (e, Br > B>+ > Ba).

IV
™

Furthermore, B; is the i-th largest value out of & = (&1, &,

Proof. The simplest aggregation is for two elements, as
(2) A)) - B, = (2) A-)-B 1—
(42) = g2 (A)) - Bo = 87 (A1) - B D(1 - 87 (41)) - o,

B = (37 (4) - g7 (40) - B1 D7 (A
orness(g/(\z)) = g/(\z)(fh) =u, andness(g/(\z)) =1- g/(\z)(Al) =1-—u.
Let us now consider the aggregation F;. In this case

2
omess(gf')) -1 Z)g§3)(Ai) =a.

This leads to the system of independent equations

3 (A) +17(A) = 24,
<g§ J(Ay) - > +(g%(A2) — ¢V (a) + (8P (43) — gP(A) =1,
g (A) = ¢ (ay)-PY, 2 3
(g% (A2) — g&>< 1)) = (1-¢P(41)) - PP
The solution is
3) 2n
P =
1+3/\ (A1)
a0 (A1) = g7 () - Y
8 (42) = .

More generally, in the case of n arguments, we obtain the system of n 4 1 indepen-

dent equations
n—1 (71) A _ B 1

% g (4) = (- e,

n

L (81 (A1) — 8" (i) =

“(ay) B,

i=1

8& ') =gl

_ ,n-1) (Anfl) . Pé”),
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whose solution is

The proof is complete. [

Theorem 5. Let g, be the fuzzy measure meeting o — A rules, and let A; = {x1,x2,---,x;},
i=1,2,---,n FE(&,&, - &) bean OWA operator of dimension n for IFNs based on a NAM
with o — A rules. PI(J”) denotes the correlation coefficient. F,, = (Mg, vE, ), Bn = (u /5}'1//371)' Then,

. () L P 1-gMa,
By= (1= (1= p, )P (1= ug )10 (o) gt s (), ©)

That is to say,

(1) RO
e, = 1= (U—pp, )0 (1= pp )80 ), (10)

n

(n) (n)

P 1 A,

Vg = vl v 8 (An 1),
n Fo1 Bn

where

P =1 (1-g" (A, 1) = g (A1),
g (A — (A =P gV V(A — gV (AL)),

n—1
YY) - g A = 1.
i=1

For a fixed level of orness a, we have
(n—1)a

n—2 -
1+ Tg (A

P —

g (A) =g V(AP

g\ (A ) = g4, 2) - P,

Furthermore, B; = (ylgi’v/gi) is the i-th largest value out of & = (&1, &, - - ,&y) (i.e., By >

Ba> o > Ba).

Remark 5. Similar to Theorems 4 and 5, the Reft Recursive Form (RRF) and the General Recursive
Form (GRF) of the OWA operator for IFNs based on a NAM with o — A rules can be discussed

easily. However, the Recursive Aggregation (RA) refers to Reft Recursive Form (RRF) if it is
not emphasized.
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Remark 6. However, in practice, it is more suitable to settle some problems with a fixed level of
orness «. Thus, it is interesting to notice that Pén) depends on n and w, as
—1a
p" = p __(n=De 11
5. Calculation of NAM and Fusion Process Design Based on Recursive Aggregation

Theorem 6. Let &; = (pg;, va,)(i = 1,2) be two intuitionistic fuzzy numbers. The distance
measure of IFNs &1 and &y, referring to [17], is defined by

D?(&, &) = = ((pa, — pa,)* + (v, — v&,)* + (7, — 7a,)?).

An OWA operator for IFNs based on a NAM with ¢ — A rules is a multiple input and
single output model. By solving the model, we can obtain necessary data.

Let X = {x1,x2, -+, Xk, X1, -+, Xn}, 1 > 2 be asetof attributes,and A = {aq,ap,- - -,
am} be a set of objects. Y is the given target. Table 1 shows the evaluation information,
where &;; = (pa;, va,) is a value for i-th object with respect to attribute x;, and E =

(ug., Mg, ) is an evaluation value.
1 1

Table 1. Information evaluation table.

X1 X2 Xk Yy
aq f 12 2y E
a & & Ao Ep
Xm &1 i) Rk Ewm

Below, we present a procedure for the calculation of the fuzzy measure and integrator

design in recursive aggregation:

Step 1: According to the information evaluation table, we utilize the genetic algorithm
to gain A and g, ({x;}).

Step 2: Evaluation function:

Eval(V mm{ ZD i(Ri1, &g, - -+, &), Ei) }
s.t
k
. — T1(1 — pa, )8/\(’4) ga(4j-1)
ki j=1
k
V~:HU§( )8/\(,1)
i ].=1 i

(Txea; (1 + A8 ({x3) - 1).

oQ
"=
—
o
\_/
>—‘\’—‘

Step 3: Employ gf\k) (4)) = (erA (1+ )\g}\ ({x})) — 1) to derive g/(\k) (4))-

Step 4: Utilize RA for IFNs based on a NAM with ¢ — A rules proposed in this work

to obtain gE\ H )( Aj) with the condition of increasing the attribute index xj 1.

Step 5: When a new object i gives values to the k 4- 1 attributes, we can utilize the
presented OWA operator to obtain ﬁk(i). Then, utilize RF for IFNs based on a NAM with
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o — A rules to directly obtain aggregation results F, +1(i) of k+ 1 attributes from aggregation
results Fy ;) of k attributes.

Step 6: Similarly, when adding, in turn, the attribute index to evaluation, we can
always utilize the old aggregation results F,_;(;) of n — 1 attributes to directly derive the
final aggregation results F, ;) of n attributes.

Example 1. Online shopping is prevalent in e-commercial area. Thus, making a relatively accurate
and reasonable evaluation for online shopping is very useful. An online shop’s management
randomly chooses five customers for a satisfaction evaluation of online shop. The evaluation value is
denoted as aij, and ajj is an IFN. The attributes are xy: logistics, xy: service attitude, x3: price, x4:
product quality in satisfaction evaluation, and the results are shown in Table 2. When customers
further consider “after-sale service” or “payment security”, the online shop management want to
obtain a new evaluation result.

Step 1: Collecting the evaluation values of the customers for a good in Table 2.
The IFNs in Table 2 shows that the evaluation values of the customers for the attributes of
the good. That is to say, the satisfaction evaluation and dissatisfaction evaluation of the
customer for the attribute of a good.

Step 2: According to Table 3, we utilize the genetic algorithm to gain A and

g A4) ({xj})(j = 1,2,3,4). The genetic algorithm is shown in Algorithm 1.

Algorithm 1: The genetic algorithm to gain A and ggfl) {xH)(=1234).

Step 1: Build an evaluation function file in Matlab software, save it as fit.m file and
store it in the appropriate directory.

Step 2: Genetic algorithm toolbox is executed in the command window of Matlab
R2014a to enter the GUI interface of the genetic algorithm and set relevant
parameters in the corresponding column. Fitness function is @fit, variables
numbers are five. The parameters of the genetic algorithm used in this paper are
shown in Table 4. Stopping Generation is 149, and we use the default values for
others. The GUI running interface of the genetic algorithm toolbox is shown in
Figure 1.

Step 3: After setting the parameters, click “Start” in the GUI running interface of

the genetic algorithm toolbox. A and g&4) ({x;j})(j = 1,2,3,4) are shown in
Table 5, and the operation result diagram is shown in Figure 2.

Step 3: Utilizing ggfl) (4)) = (erA (1+ )\g ({x}) 1) to derive g/(\4) (A)).
() =g (fa)) = 03740 £7(A) = 310+ A8, (1)) (148 ({x2h) 1] = 06335
g\ )(As) = 1A+ 28 (1) 1+ A8 ({21) 1+ A8 ({x3})) — 1) = 0.7477.
Step 4: Utilizing LRF for IFNs based on a NAM with ¢ — A rules proposed in this
) a

paper to obtain g, (A;) with the attribute index “after-sale service” increasing, we have

a= orness(g(4 )=1 Z g)L J(A j) = 0.5850; P( ) = (n(S)lm)il = st = 0.8494;

(A = PP g§>< Ar) =03177; g (A) = P - g\ (A2) = 05881,
g (As) = PO gW(A35) = 0.6351; g\ (Ay) = P£ ) = 0.8494.
Step 5: When a new customer (6) gives values to logistics, service attitude, price,

product quality, as listed in Table 2. We can utilize the OWA operator proposed in this
paper to obtain 154(6). Then, utilize LRF to directly derive aggregation results 155(6) of

5 attributes from aggregation results ﬁ4(6) of 4 attributes.
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) (49)

)
(6)_P()®F4(6 @ (

Eye) = (81 (A1)) © (0.90,0.60) & (g(A>( ) g\ (A1) @ (0.60,0.20) &

(g§4)

® (0 20 0.70) = (0.6975,0),
— 87 (A4)) @ (0.40,0.50) =

(43) — g1 (42)) ®

(0.6646,0).

(0.30,0.60) & (1 —

Step 6: When a new customer (7) gives values to the attributes, as listed in Table 2,

F6(7) = P£6) ® F5(7) @1 - gf\é) (As)) ® (0.50,0.45) = (0.6476,0.2989).
Table 2. The satisfaction evaluation.
Customer Logistics Service Price Product After-Sale
8 Attitude Quality Service
1 (0.00,0.90) (0.10,0.80) (0.30,0.50) (1.00,0.00)
2 (0.30,0.60) (0.80,0.15) (0.50,0.30) (0.60,0.30)
3 (0.70,0.20) (0.90,0.05) (1.00,0.00) (0.70,0.2)
4 (0.10,0.85) (0.00,0.90) (0.40,0.50) (0.30,0.50)
5 (0.50,0.35) (0.40,0.40) (0.50,0.50) (0.60,0.20)
6 (0.30,0.60) (0.90,0.00) (0.60,0.20) (0.20,0.70) (0.40,0.50)
7 (0.30,0.70) (0.90,0.10) (0.60,0.20) (0.20,0.70) (0.40,0.60)
Customer Payme.!nt Evaluation
Security
1 (0.20,0.65)
2 (0.50,0.45)
3 (0.80,0.10)
4 (0.10,0.85)
5 (0.40,0.50)
6 ?
7 (0.50,0.45) ?
Table 3. The triangular fuzzy number changed into the interval number.
- Service . Product .
Customer Logistics Attitude Price Quality Evaluation
1 (0.00,0.90) (0.10,0.80) (0.30,0.50) (1.00,0.00) (0.20,0.65)
2 (0.30,0.60) (0.80,0.15) (0.50,0.30) (0.60,0.30) (0.50,0.45)
3 (0.70,0.20) (0.90,0.05) (1.00,0.00) (0.70,0.20) (0.80,0.10)
4 (0.10,0.85) (0.00,0.90) (0.40,0.50) (0.30,0.50) (0.10,0.85)
5 (0.50,0.35) (0.40,0.40) (0.50,0.50) (0.60,0.20) (0.40,0.50)
Table 4. The parameters of the genetic algorithm.
. . ire . Crossover
Parameter Population Size Initial Rang Elite Count Probability
80 [0;1] 2 0.75
Table 5. Results of Step 2.
Point Set A -9 Error H;i;g;t::y
{x1} 0.0160 0.3740 0.0040 149
{x2} 0.2580
{x3} 0.1130
{x4} 0.0020
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4 op
Problem Setup and Results Options. »>
. E & Population ~
Solver: | ga - Genetic Algorithm v
Population type: | Double vector v
Problem
Hiness firtciioe: oft Population size: O Use default: 50 for five or fewer variables, otherwise 200
Number of variables: 5 @ Specify: 80
7 Creation function: | Constraint dependent v
Constraints:
Linear inequalities: A b:
Linear equalities: Aeg: beq: Initial population: @ Use default: []
Bounds: Lower: Upper: O Specify:
Nonlinear constraint function: Initial scores: @ Use default: [
Integer variable indices: O Specify:
Run solver and view results Initial range: O Use default: [-10;10]
Use random states from previous run @® Specify: [0;1]
Start Pause Stor £ Fitness scaling
Current iteration: Clear Results Scaling function: |Rank v
& Selection
Selection function: | Stochastic uniform v
av
Final point:
£ Reproduction
Elite count: O Use default: 0.05*PopulationSize
@ Specify: 2
Crossover fraction: O Use default: 0.3
< >
@® Specify: [0.75 1 v

Figure 1. The GUI running interface of the genetic algorithm toolbox.

Average Distance Between Individuals
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@
=
-
=4
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Generation
Fitness Scaling
10

Expectation
[2,]

nl:l 20 40 60 80 100 120
Raw scores

Figure 2. The operation result diagram of Step 2.

6. Conclusions

In this paper, we propose an OWA operator for IFN based on a NAM with ¢ — A rules
and derive the Recursive Forms of OWA operators for IFN according to NAM with ¢ — A
rules while keeping the orness grade unchanged. Furthermore, the procedure for integrator
design in recursive aggregation is designed and the process of calculation is demonstrated
by an example.
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