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Abstract

Based on the Pythagorean fuzzy set and Hamacher triangular norm, a class of aggregation opera-
tors with papameters and symmetric is studied. Firstly, the operational rules of Pythagorean fuzzy
numbers is provided; secondly, the symmetric Pythagorean fuzzy aggregation operator based on
the Hamacher triangular norm is defined, and some properties of it are investigated in detail; af-
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terwards, an approach to Pythagorean fuzzy multi-attribute decision making is presented based
on the proposed operators. Finally, a practical example is given to illustrate the effectiveness of
the proposed approach.

Keywords

Hamacher T-Norm, Symmetric Pythagorean Fuzzy Aggregation Operator, Multi-Attribute Decision
Making

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

B T2 WS 0 S s VAN e 1%, AR 22 S B 1] RS R L — 28 BORSERI M, Zadeh d%[ 11T 1965 4
FIANE S HIL R MG S, KA ORFBEM S . 25, Atanassov ZHX[2]5I N T [RINFRE T 5
JEEE AERE AR TR R R BRI, HEDORSE B AR B 2 AN TS T 1. P2 DU
Ffil0T B O AR AT A0 o O, A X TR BRI AR (3], BRI AIER[4], B ANERE S 55 [5].
SRIMAESEPR SRR, ARSI E ERIEREE 2 AR T 1 EN, A RSk Tiid.
PIX— A, Yager HIZ[6]E X T BT R ABIER, ML E B, EEAHEEHE ST
GRS E R A T LR ENE, Bl T E At O . T 4R 710 AL T Rk B
R A IR R AT S . SR/NER (81 QUALIFLEX 58 FH T~ B3k BF vy S O 35 EA S R i 2 @ itk
TRV 0. B2BT R [O14 HE B B h TR R4 I 2 A B, R A AR . SRR TS
JE RS T R HE AR, DRV 22 53 R BRI FF R RO ER B T R B U T AT T ST . Yager Hid%[6]
PEH T B A B T AR US55 T o B IR B [10]45 H Bk B O R LR RS AR S 35 B o R4 1]
P T A B TR Bonferroni “FIE T, Garg [12]42 3T rp 3738 5 Be ik SRR B LT T 5
To REBRE[3FEH T BBk S H B Muirhead “F¥H T 82 T 4055141821 T Bk 5F 5 Hi0H Frank
P A EEES15)5RE T ek AR R B0l Hamacher 2455 7. Abdullah Z5[ 1642 ) T Sk aH i
B# Hamacher Choquet #1735 o X CA TR/ BT BATRK I, A 1 518 BRI E AR AN LA
B SRR LA R S A28 5 R e ST TUART P 24 551 R 65 A ST 1 X Ao Bk s o 0TASER 25 b 1) 53 8 B Rl
REEGEL, ARUEFRMATHESHE MM —SE T BRASE SRR AR R 3 I mir, (HA
RERE A PO R EE S BH R A R SR B AR R B IEE . Bk, 454 FIRmRE IR A, I
— i B R A I S i e SRR 2 0 AR HE I R AR A 1 SR R R AN A SR R S R R T —
PRAEE A = U TAE,

AR SCAE IR SR TAR SR b, B 53 T 2301 Hamacher = AR E X1 HEIA BFH 300 B8 $i 2 1] 6t
FRAGES, TS0 Fr Bk B o) Hamacher S8/ 5T 7, JFIER] TR Se5 70 RS vE. il
P BRMESE. HR, BRI IE T R T A SR BRI (S B R 2 B R R . B,
IR BAIE T TR TR R

2. FEHIH
AATIAT T AR ST B T A IR, bk B M ORI 451 Hamacher = 1 H5%%

DOI: 10.12677/aam.2023.124178 1714 IR Esid


https://doi.org/10.12677/aam.2023.124178
http://creativecommons.org/licenses/by/4.0/

ZFEY &%

2.1. EEAEFRIRTERE

Yager #RAE SCHR[6]52 i 1 AFFRHE ) B A B ——FR 0k BFhr B AoR 4 -

BN 2.1: [6]% X AR, WX ER RS SRR TR 4 € R

A={x, 1, (x),v,(x)|xe X},

Hobu, (x),v,(x)e [0 1] /J\7'Jx7]‘HX]Lﬂ:A Eﬁiﬁﬁ*ﬂﬂlﬁ%%}?& Hil AW ok 1¢(ﬂA(x))2+(VA (x))2£1o

FESCHRISTHY, ) (x \/1 iy (x ) B x BORTGIE . XHEE5E x e X o BRI (1w, (x),v, (x))
LSVSSENR YL b IEﬂlEjja 7 a), /\EPya,v e[0,1], 2 +v: <1. TR H TR EOET
EeAE, Bk R RO 2 o 78 AN A5 BR K s MITEETH R E e

Vlui_vzi’ Hy Z Vs
s(a)=
Ve~ Has My SV
h(a)=A +v. )
R, s(a)e[-L1], h(a)e[01], 135 s(a) K, Rl aFH oM o BROK. 275 5 AR R B,
HERME 7 (o) K o K.

X 2.2: [T a, B NP EEIE B AR5
1) ﬁu%s(a)<s( )’ )”JJ*/J\(Z'J‘?,B, Ry, 0!-<ﬂo
(

M

2) WA s(a)=s(B)

a) h(a)<h(f), Wika NFp, W, a<p:

b) h(a)=h(B) Eﬂ, a=p. ,1

X 23: Ba,(j=12n) K R AR Y @, = Lo, <[0.1].
1) 1 i=1

rrwa () [ 107 |

N BRI BRI IR LR P35 5T 6]
2) B

PFWA! (a)= (Zn:w].yaj ,iw/va/] ,

N ERTE B TR U AR T2 57 (6]

3) B
[1x Ve,
SPFWG,, («) = -, /-
[1(1-4) +Hy§“f}2 {ﬁ(l—v; )'+T }
o J i J i J

o BRI BF b TR J L AT 55 AT [10]
2.2. Hamacher =&
& X 2.4: [17] Hamacher = M1 E LN -

DOI: 10.12677/aam.2023.124178 1715 IR Esid


https://doi.org/10.12677/aam.2023.124178

ZFEY &%

Tn (%.7)= 1+(/1—1)(1xfx—y+xy) » 7el0)

Ax”
X (A=1)+(1+(A=1)(1-x))
B, T, AREER = AL N T,
FIFH Hamacher — BRI 39935 1T A5 Hi 40 Hamacher 2051
FEX 25: [171¥] x,,x,,+,x, €[0,1], & Hamacher £ S H 711 F:

lﬁxiwf
HOw(xl,xz,---,x ): =

n n n

(1+(2=1)(1-x))" +(2-)[Ts"

52 2.1: [17)HO H1HAFEMN, FAMHEAH .
B3 2.2: [10J%E x,ye[0,1]Hx<y, MBax<—

R, € X x), = » My > 0B, T, 24 drastic U= MABIC AT, s My =1

<YYo
x+1-y

3. &F Hamacher = AR IREIASFR T ERE T
X 3.1: Ha,p NHANERIER R, € X FiEH:

1 ® = TH(,U;’,U;) " TH(VDZt’V;) "
) a®f= TH(yi,,uz)+TH(l—,u;,l—,u§) ’ TH(vi,vé)ﬁ-TH(l—vaz,l—v;)

0.5 0.5

2y 2y
/’laTH VaTH

2) al = , , >0
S AR (% A I KA (S

EH 30 Wa, NI EHHEHIEL A a® B M a’ RIS R 4.
E: FUEY] a® B NSEIR BHA T RIAL, o Jy eIk B R BCR AL AT IE .
2 5 0.5 5 2 0.5
Ty \Vas
) 6 4, Ty (st , (1)) ~1| <[01]-
TH(yi,y;)+TH(l—yj,1—y§) TH(vi,v;)+TH(1—V§,l—vﬂ)

42 +v2 <12 +v2 <TRNT, it B8

TH(/uis/UZ‘) N TH(Vi’V,Z’)
T, (,ui,y/z,)+TH (l—lui,l—ué) T, (Vi,l/;)-i-TH (l—vj,l—vz)
TH(,U;’/”;) Ty (ijv,;z})

= + =
Ty (ﬂi’ﬂz)"'TH (Vaz,l/;.) Ty (Vi’v,fi)-i—TH (ﬂi’ﬂz)
JITEL e ® B o HEik AHA B £ .
BHRAE, FIRPIRIEEERA I
EH3.2: Way,a,,a &3 MERFHREEMEL 5.7,y €[0,0) . A
) ®a,=0,®¢;
2) o' =aj ®ap

3) (e ®a2);ﬁ =(al);ﬁ ® (e, );H .

DOI: 10.12677/aam.2023.124178 1716 IR Esid


https://doi.org/10.12677/aam.2023.124178

ZFEY &%

EX3.2: Way, - a, N n NSRBI AL, K

SHPM(al,---,an):g)la?;

99T Hamacher = A BIIATTR A BRI T, Job Yo, =La, <[01], B
SHPM (a2, ) .

HO, (44 42) " HO, (vi,+7) :
HO, (4, 47 )+ HO, (1= i} -+ 1= g7 ) | 7 HO,, (V7 v )+ HO, (1= -, 1= )

B, 228y =11, SHPM H TN SPFWG H 1. FH%H SHPM H 1) — ek i .

EE 33 (REMN R a, -, a,, a0 N HEEFRIEWE, G =-=a,=0,, N
SHPM(a,, -, a1, ) =ty

WER: B HO HFrmsst:, JATA

P 0.5 P 0.5
Hy Vo
SHPM (e, -+, a, ) = R =(4,,v,) o
(1 ) H,ug+l—,u§] (V§+1—v§) ] (ﬂo 0)

B 34: (AR W o, a, A IEEISE R A, R o = (min(,ul,m,,un),max(vl,u-,vn )) H
at =(max(yl,---,,un),min(vl,---,vn)) , Wa™ <SHPM(a,-,0,)<a’ .
WA HO,, (14,048 ) S1=HO,, (1= 47 -+, 1= g2 ) » FTLAEHGIH 2.2 47
)< HO,, (44,14}
- HOw (/112,"',/13)+HOW(l—lulz,"’,l—/uj)

<1-HO, (1= 4, 1- 4 ) -

HOW(/JIZ,---,IUS

o1 HO Sy HA ik, JATA

HOW(#f,---,u,f)
HO, (47,12 )+ HO, (1= g1 o1 122

min(,ulz,---,,uj)s )Smax(,uf,-'-,,uj)o

FITEL,

HO, (44,44,
HO,, (44,427 )+ HO,, (1= g1 -

0.5
rnin(tul)'”nun)S ) Smax(:ulr”'aﬂn)"
’l_lun)

Fflith, FATH
HOW(vf,---,vf)

HO, (vi, - v2)+HO, (1-v2,

0.5
,1—V5)J <max (v, --,v,) .

min(vl,m,vn)s{

FIT ASS 46 RO o

FE35: (LR oy, a0, o) SFBREE TR, W e <o, i=12n, N
SHPM (a,,-+-,a,) <SHPM (g -+, @ ) «

EBA: EHH S 3.4 L, BhAb AR
4. T SHPM BETHZRIEREKSE

T ZIRERIE R, WA= (4, Ay A)) NTEE, C=(C.C,.C,.C) MRS, w FrJR

DOI: 10.12677/aam.2023.124178 1717 IR Esid


https://doi.org/10.12677/aam.2023.124178

ZFEY &%

PEAL A B H iwi =1, €[0,1] . R L FARFTT 5 4 FEIETE C, T HIPFUMEF Heak AF R o A ko

e oy =(uyvy) s i=120ms j=120,

B SINCSSEEVIE S

SR LFHERIENE o, J0h Yo =1a,<[0.1];

a, =SHPM («

a

i1» ’ in)

HOW (ﬂ;a""/uii)

no (ay),, S R BRI RAERE. T4 T AL

[How(uﬁ,"wﬂi)+H0W(l—ﬂﬁ,-

BB 3. HRAR)HIE o, K9 BB s (o) +
BB 4 MR L 22 AR A Ao A (A HATHER, TS5 T2

5. SEBISXEE o4
5.1. 3E6i

2
il

0.5
..’1_%31)} {HOW(V e

FEBAR BT A R FEHHAT I H $58, A 4 DNkl 4= (4, 4,, 45, 4,) 4 BUHEEN: C=(C,.C,.C,.C,)
SRR RALET 1. PRI AT RE T TR R ERE . PRI EERS RS, BHERERES
w=(0.25,0.35,0.2,0.2) o APEANNFEAT IR, £ BT PSRAERECE 1):

Table 1. Pythagorean fuzzy decision matrix

= 1 R FHU TR LR R AR

¥ C, C, C, C,
4 (0.7,0.5) (0.7,0.4) (0.6,0.4) (0.7,0.4)
4, (0.6,0.4) (0.7,0.4) (0.7,0.4) (0.6,0.5)
4, (0.6,0.3) (0.5,0.5) (0.8,0.3) (0.7,0.4)
A, (0.5,0.3) (0.7,0.4) (0.6,0.4) (0.5,0.5)
S, B R w=(0.25,0.35,0.2,0.2) ;
BB 2: FIH SHPM 5L 3 HRSAEFF (a, )m B2 047 (i=1,2,3,4) BTSRRI T RNEEE T
WE, RT7ITEXELLA =1 /BT,
a,=(0.62,042), a, =(0.66,0.49),
a,=(0.50,0.38), a, =(0.59,0.39);
SB3: WAL R o (1 =1,2,3,4) 5 REE IR
s(oq)=(0.62° ~042°)" 0456, s(a,)=(0.66~049°)" =0.442 ,
s(a)=(050°~038)" 0325, s(a,)=(0.59° ~0.39°)"" =0.443
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Figure 1. Score varies with parameters y
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