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Correlation measures of Pythagorean hesitant fuzzy set

LIU Wei-feng', HE Xia, CHANG Juan
(College of Science, Zhengzhou University of Aeronautics, Zhengzhou 450015, China)

Abstract: Pythagorean hesitant fuzzy set, which can not only describe the fuzzy phenomenon that the sum of membership
degree and nonmembership degree may be bigger than 1 but their square sum is equal to or less than 1, but also express
hesitations in membership degree and nonmembership degree, can be considered as a powerful tool for expressing
uncertain information in the process of decision making. Considering that correlation measures play important role in
statistics and management science, in this paper, correlation measures of the Pythagorean hesitant fuzzy set is studied. On
the basis of the definition of the informational energy of the Pythagorean hesitant fuzzy set, the correlation coefficients
between Pythagorean hesitant fuzzy sets are defined, and their natures are discussed. Then, the weights of attributes
are often taken into account, and the concept of the weighted correlation coefficient between Pythagorean hesitant fuzzy
sets is also introduced, and the natures are studied. Finally, through the weighted correlation coefficients between each
alternative and the positive ideal alternative, the ranking order of all alternatives can be determined and the best alternative
can be identified. An example is given to illustrate the feasibility and applicability of the proposed method.
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EX2 BXHNBE KA = {(z,pa(2),
va(z))|lzr € X} AX BB —A BB, Hh
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B = {(zs, I'p(x:), ¥p(x;), Hp(x:))|z: € X} AR lzll = s
X = {122, ,x,) EHHERE RO O SE. llzyﬁw( ) +hiz’wja( (@),
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C1 C2

c3 Cq

Ay ({0.3,0.8}, {0.4})

Ay ({0.7,0.8}, {0.3,0.4}) ({0.3,0.4,0.5}, {0.7})
As ({0.4,0.5}, {0.6}) ({0.4,0.5,0.6}, {0.5})
Ay ({0.5,0.6}, {0.2,0.3}) ({0.7},{0.4,0.5})

({0.6,0.8},{0.4,0.5})

({0.7,0.8}, {0.4,0.5})
({0.3,0.4}, {0.7,0.8})
({0.7,0.8},{0.4,0.5})
({0.5,0.6,0.7}, {0.6})

({0.5,0.7,0.8}, {0.4})
({0.6,0.7}, {0.3,0.4})

({0.8,0.9}, {0.3})
({0.7,0.8},{0.2,0.3})

Step 2: THE MUK R p,, (A%, A).
LA IERTT R Ay, Ay, As, Ay T RESR B E 4R
& WTREAESR B A LA ROR R A R B AR
N
A* =
{({1,1},{0,0},{0,0,0,0}), {{1,1,
1},{0,0},{0,0,0,0}), ({1,1,1},{0,0}, {0,0,0,0}),
({1,1,1},{0,0},{0,0,0,0})}.
B pu (A, Ar), H
A =
{({0.3,0.8},{0.4}), ({0.6,0.8}, {0.4,0.5}),
({0.7,0.8},{0.4,0.5}), ({0.5,0.7,0.8}, {0.4}) }.
KB EE S, AT LG H]
A =
{({0.3,0.8},{0.4},{0.4472,0.866 0}),
({0.6,0.8},{0.4,0.5},{0.3317,0.4472,0.624 5,
0.6928}), ({0.7,0.8},{0.4,0.5}, {0.331 7,0.447 2,
0.5099,0.5916}), ({0.5,0.7,0.8}, {0.4}, {0.447 2,
0.5916,0.768 1})}.
&R TT R Ay, Az, Ay NPT RESR B AR L AT REIAESR
JBEEA MM EES, B 7 RN TR, 5
k|
A =
{({0.3,0.8},{0.4,0.4}, {0.447 2,0.447 2,0.447 2,
0.8660}), ({0.6,0.6,0.8},{0.4,0.5},{0.3317,0.447 2,
0.6245,0.6928}), ({0.7,0.7,0.8},{0.4,0.5}, {0.331 7,
0.4472,0.5099,0.5916}), ({0.5,0.7,0.8}, {0.4, 0.4},
{0.4472,0.4472,0.5916,0.768 1}) }.
AEH B, (A) = 0.3978,C,(A*, A)) = 0.4748, )\
M52 p, (A%, Ay) = m =0.7528.
AU, AT LA
puw(A* Ay) = 0.4390, p,(A*, A3) = 0.7622,
pw(A*, Ay) = 0.6809.
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> puw(A*, Ay) = pu(A%, Ag) WTE1LTT RPN As -
Ay = Ay = Ao BITJT R As 2 S ILHY.

SCHR [28] 48 FH B 1A BF Fr WAL AR A T 3 5
T TT AT AR K, IR AR RO T RIS G R
MAEHATH T SR RHF N A - A = Ay -
Ao SR, U AR B T7 AP 5 TR 28] R4 —
B AEAA rh B H X P AR TR S TR AR B 0T R A
JF 0 56 4 — PRI AE A2, 5 BRak S I FRBOR AL
SIS A b, BRak B R T TR SR SR (A Ok R R
BRI ok, A BN WY
s¢, R R R0 B R 00 BRSO B 4 1) &, DU AH O
RBERUT 7] 2R A AR 5% HR, B8 T 7 R
s, BUAH OC R B2 7 REE— AN B R 1), JFd
7 R 5 IEE AR T S (R AH G FE BEAR I & 5 2 1)
.
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— A SR B L (RIS, 5 3 Bk B R 0 B
AR B BAT I 55, K 2k S 7 Bk B T B ARk
ERAEZ MUK L B o 158 2 5 S s A e
IR,

2 3 Hk (References)

[1] Zadeh L A. Fuzzy sets[J]. Information and control, 1965,
8(3): 338-353.

[2] Atanassov K. Intuitionistic fuzzy sets[J]. Fuzzy Sets and
Systems, 1986, 20(1): 87-96.



1024 7 # 5 & X F34%
[3] Atannasov K. Intuitionistic fuzzy sets: Theory and [19] X THE, HIWEs, #iE. Bk B b i 28 X m 4k

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

applications[M]. New York: Physica-Verlag, 1999: 1-
138.

Xu Z S. Intuitionistic fuzzy aggregation operators[J].
IEEE Trans on Fuzzy Systems, 2007, 15(6): 1179-1187.
XuZS, Yager RR. Some geometric aggregation operators
based on intuitionistic fuzzy sets[J]. Int J of General
Systems, 2006, 35(4): 417-433.

Gerstenkorn T, Manko J. Correlation of intuitionistic
fuzzy sets[J]. Fuzzy Sets and Systems, 1991, 44(1): 39-
43.

Zeng W Y, Li H X. Correlation coefficient of intuitionistic
fuzzy sets[J]. Int J of Industrial Engineering, 2007, 3(5):
33-40.

Xu Z S, Chen J, Wu J. Clustering algorithm for
intuitionistic fuzzy sets[J]. Information Sciences, 2008,
178(19): 3775-3790.

Xu Z S. Choquet integrals of weighted intuitionistic fuzzy
information[J]. Information Sciences, 2010, 180(5):
726-736.

Zadeh L A. The concept of a linguistic variable and its
application to approximate reasoning-I[J]. Information
and Control, 1975, 8(3): 199-249.

Yager R R. Abbasov A M. Pythagorean membership
grades, complex numbers and decision making[J]. Int J
of Intelligent Systems, 2013, 28(5): 436-452.

Yager R R. Pythagorean membership grades in
multicriteria decision making[J]. IEEE Trans on Fuzzy
Systems, 2014, 22(4): 958-965.

Zhang X L, Xu Z S. Extension of TOPSIS to multiple
criteria decision making with Pythagorean fuzzy sets[J].
Int J of Intelligent Systems, 2014, 29(12): 1061-1078.
DR, M B, RIAME, 5. Bk SR OR s 1
JSLFH [3]. THELHLTRE, 2015, 41(7): 224-229.

(Peng X D, Yang Y, Song J P, et al. Pythagorean fuzzy soft
set and its application[J]. Computer Engineering, 2015,
41(7): 224-229.)

Molodtsov D. Soft set results[J].
Computers and Mathematics with Applications, 1999,
37(4/5): 19-31.

Gou X J, Xu Z S, Ren P J. The properties of continuous

theory — First

Pythagorean fuzzy information[J]. Int J of Intelligent
Systems, 2016, 31(5): 401-424.
Peng X, Yang Y. Fundamental properties of

interval-valued  Pythagorean  fuzzy  aggregation
operators[J]. Int J of Intelligent Systems, 2016, 31(5):
444-487.

R, R, (TEE. | CERIE AR R TR B i T
FCHSRBIHT 9], 415 1R 3R, 2016, 31(12): 2280-2286.
(Liu W F, Chang J, He X. Generalized Pythagorean
fuzzy aggregation operators and applications in decision
making[J]. Control and Decision, 2016, 31(12): 2280-

2286.)

(20]

[21]

(22]

(23]

[24]

[25]

[26]

(27]

(28]

(29]

JSE T B L PSRN T [9]. 42 ) 5 TSR, 2017, 32(6):
1033-1040.

(Liu W F, Du Y X, Chang J. Pythagorean fuzzy
interaction aggregation operators and applications in
decision making[J]. Control and Decision, 2017, 32(6):
1033-1040.)

Garg H. A new generalized Pythagorean fuzzy
information aggregation using Einstein operations and
its application to decision making[J]. Int J of Intelligent
Systems, 2016, 31(9): 886-920.

Garg H. Generalized Pythagorean fuzzy geometric
aggregation operators using Einstein ¢-norm and
t-conorm for multicriteria decision-making process[J].
Int J of Intelligent Systems, 2017, 32(6): 597-630.

Wu S J, Wei G W. Pythagorean fuzzy Hamacher
aggregation operators and their application to multiple
attribute decision making[J]. Knowledge-Based Systems,
2016, 97(3): 24-39.

g, AL, X P A B0k A SR T g 5
T 111 B R G5 50, 2016, 30(6): 116-124.

(He X, Du Y X, Liu W F. Pythagorean fuzzy power
average operators[J]. Fuzzy Systems and Mathematics,
2016, 30(6): 116-124.)

Peng X, Yang Y. Pythagorean fuzzy Choquet integral
based MABAC method for multiple attribute group
decision making[J]. Int J of Intelligent Systems, 2016,
31(10): 989-1020.

BIETE, GO, T, o) OB 4R ¥ BE B0 R
FEZ BRI R (3], #5515, 2017, 32(10):
1817-1823.

Li D Q, Zeng W Y, Yin Q. Distance measures
of Pythagorean fuzzy sets and their applications in
multiattribute decision making[J]. Control and Decision,
2017, 32(10): 1817-1823.)

Garg H. A novel correlation coefficients between
pythagorean fuzzy sets and its applications to
decision-making processes[J]. Int J of Intelligent
Systems, 2016, 31(12): 1234-1252.

G, B . ) IR R RS 4R S L AE 2 R Ik vk
SRR (9], /N R R T SEHL R 4, 2016, 37(7):
1531-1535.

(Zhang C, Li D Y. Pythagorean fuzzy rough sets and its
applications in multi-attribute decision making[J]. J of
Chinese Computer Systems, 2016, 37(7): 1531-1535.)

X T, TEE. BRI R T BRI S (1] B R 4t 5
H2#, 2016, 30(4): 107-115.

(Liu W F, He X. Pythagorean hesitant fuzzy set[J]. Fuzzy
Systems and Mathematics, 2016, 30(4): 107-115.)

Torra V. Hesitant fuzzy sets[J]. Int J of Intelligent
Systems, 2010, 25(6): 529-539.

(FrtEmit: )



