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Pythagorean fuzzy TOPSIS based on novel score function and
cumulative prospect theory

LI Mei—juan*, LU Jin-cheng
(School of Economics & Management, Fuzhou University, Fuzhou 350108, China)

Abstract: Due to the deficiencies of the existing score function in Pythagorean fuzzy sets, a novel score function is
proposed, and the relevant theorems are proved to analyze the properties of the novel score function. Then, the novel
score function is introduced to Pythagorean fuzzy multi-attribute decision making methods to help decision makers (DM)
process the fuzzy decision information. Additionally, most Pythagorean fuzzy decision methods are based on the expected
utility theory, which assumes that the DM has perfect knowledge about the decision environment associated with perfectly
rational when making decisions, and the subjective value perception of the DM is ignored when facing losses and gains.
Therefore, the cumulative prospect theory is introduced to reflect the subjective value perception of the DM and the
prospect values are used to replace the distance measure between alternatives and ideal solution for avoiding the effects
of correlation between different attributes, then the Pythagorean fuzzy TOPSIS method based on the novel score function
and the cumulative prospect theory is proposed, where the attribute weights are known and attribute values are in the form
of Pythagorean fuzzy number (PFN), and the weights of attributes are determined by the contributing degree of the grey
target theory. Finally, an example is given to illustrate the validity of the proposed score function, and then several sets of
simulation data are used to verify the effectiveness and feasibility of the proposed method.
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SPeng and Ma(fl) =0.175 5, SPeng and Ma(fg) =0.2145 fl <f2
Sproposed(fl) =0.278 2, Sproposcd(fZ) =0.2549 fl > f2
8Zhang(f1):0.34,Szhang(fg):(],f}z; fi=fo
hpeng(f1) =0.94, hpeng (f2) =0.64 A
12 f1=F(0.8,v0.3), f2=F(0.7,1/0.15) sna(f1) =0.583 1, snra(f2) =0.583 1 P
haa(f1)=0.969 5, hyga(f2)=0.8 > fo
Sproposed (f1) =0.660 8, Sproposed (f2) =0.59 f1>fo
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EH 2 1 48] 2 W] %0, AH B 715 93 BR 2K sznang (f) W
sma(f), FTEE 15 70 BB R A SR 1 X 43 B8 /). M B
T At A3 5 R AT B IR B R AT X 2 I DL
Frde 455 AL RE S B8 X 7 T AN 75 3R AT IR AR,
KRIAR T PR 5 3 16 40, [R5 30 e A R 03R4 T
TR S R — 8 DI T AT AR 2 BR B
B .

3 — PR BRI BRI TOPSIS %

AT 18 FH BT HE 45 7 bR ECKS PRIN 36 40 RG24,
N T B4 M 3 AT e sk K 22 B B IR EF R B 2 )8
PERFE TR LT AR R B B Bt 2
56 4% BRAE Y, (H 2 AE SEBR o SR O R R R 3R AE T
03 2R AIAC 2 s LA AN [B] (14 20 2 A 4, DA T XS e 356 &5
R A AT AR 52, R A SO BT S
I B Bk R O 2 8 M e SR v L fe T
FE T 1553 bR EORD S AR AT 3R 1 BRI B 7 BT AR
TOPSIS V2. 1% 7 IEAMN [ 1) AN B 1K 32,
1T HL 0% e M A FH K ERPE 2 220 g% i e ) A S 1k 1 1)
A8 AR

B s — AN HE s BB ORI PR 5E R ) 2 )8 1 ik
M AFEm AN RIETT BRI n AN RIEEME. 2 A =
{A1, Aoy ALY NTTRE,C={C1,Co,...,Cu} N
Eﬁ%ﬁ%ﬁ%ﬂ%@%w:ww%“q%ﬂi

AL HE R w; € [0,1],) wi=LHRA>=1,2,...,
1

) TR (= 1,2, ., m) I HE T TR By
fij = Fpij,vij), fi RnERE G M TR A KT
JE I O IVFAL AR, s Pl vy 53 0 RTT 58 A KT @
C; B JE AR @ B e 445 B B ik B b7 Bk
Z BRI
F(pi1,v11) ...
P = (fij)mxn = : ) :
F(tm1,Vm1) -« Fltmn, Vinn)
BTS20 B O R AR AT 5 38 1 S A AR
SO TOPSIS VA6 3R U
step 1: B Je R 45 pr o th 15 73 i % (X (6)), 4 PFN
e FORS BF E AE TR S, DTS 212 1570 R B3 1
RHE S = (Sproposed (fij)) s
step 2: i € 1E 3R XH AN AR A X, o )
N

F(,u'lrm Vln)

Xt :{Sproposed(ffr)a ceey Sproposed(.f:)} =
(. Sproposcal )13 = 1,2, m):

X7 ={sproposealf1 ), - - s Spraposea (£, )} =

{11<I}i<nm Sproposed(fi;”j = 17 2; CER 7n}- (7)

step 3: AR5 1570 bR ORI A2 J PERCEE. Hh AR S A
P BT S5 B S R R SR 1) S BRI AZ, SR AL
R 2 A LR A L, N2 A5 Y 2 S AL
1%, CALSEELMAS [ s BEX ok SR A5 23R4T AL BE, M T 75
BB 0 A BRI 45 2R AR SOR R 8 R I o3 B B e
DN BUR L/ Wiy L i P e = (= VA
T b 0S VA 5 R B R RE, AT A 52 8 435 s A AL
. DR R, U O TR R, TR S R A
HA RN, BARTH S R. 5 5N R bR B 5T R B
N

1 m
g(xj %) = —> g ®)
i=1
i g, o) BEATIT— b, 1358 MBI S
. et
oy = 9@ ) ©

Zg($j7m+)
j=1
Horp

min  min Af(s) +p max max Af(s)
o= 1<i<m 1<j<n Y 1<i<m 1<i<n Y
" Af(s) 4+ p max max A7 (s)
1<i<m 1<j<n -

A% () = |sproposed (f]) = Sproposed (fij ),

THHH p=0.5.

step 4: FHF (1) TS AR XS T 1E 67 BRAR 3 A 1 Sl
a B o AT FAR KA o, I H ST RS BIET
FEOREF+ IE 7 2 AR, e 1) AT 5% 40 2 48 AX F TOPSIS ¥t
& 07 &5 1 S BRAR A 2 ) BE B R

step 5: H 4K step 3 T 15 (AL FHAH T FACE bR £
I (w;) BT = (w;), 530N

)

w?
T (wj) = ————,
wi + (1 —wj)~
5
w?
I ()= — 39 10

Horw; MEMRE, B w; = 1. HERHKR, E

—1
155 1.2 45 oot BT i B 0 50 B, L o 15
(10) T Mk J 5 15 e kL2 2 LR S5 1
BT % (R S N B S 3
step 6: HRLAR T 34 I e 56 1 T Il o
B 0 2 P

ViE =Y ot (),
j=1
Vo= v Il (w;). (1)

Jj=1
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step 7: F& T 1% 45 TOPSIS ¥ 1) JBAR, BTt % 4%
16 77 S B AH T T 30 B AN B PR IE SR A T R AE B R
1F B AR A A [ B S B AR AR B e, T I AR 4 Hadi-
Vencheh 2B R 5E, 45 HAE BE Ak By i BOMI PR 55 T
FET A5 50 eR O SR S 38R 1) e A X U T R

o v |

RC,; =

max;|vj | a min, |v; |’
HARC; <0, HAABAR R J7 5 A, B IE 3 A8 i
(1) [F] B P 55 7 AR AR
4 RENFH SR

AT Heis F— 20 S B s S e T R R AR 20 B
HO A R AH G E BRI IR 1t DA S P 4 tH 7V
AR SR BT ER H U7 N T 22 AL O R

I H5 o 771945 H 1R 25 SR EAT 68 B 43 AT, DABGAIE T
PEH TR A AV A BT LE.
4.1 LBl

SRt 25 St 0] 3T 0K Bl R e, R X EURF L
RN AT A A AT AR 2 b [X 28 5 Je, L 22
WA — RYIR & DIH T EPSL BRI A 6
AMR&EDIH Ai(i = 1,2,...,6) ik %, % E 1 E
PEFEFR A 6 T, C: HiAR, Co: 2 7 AL, Cs: I ML
¥, Cy: T3, Cs: W 5IRIL, Co: B . 5T FE b B Rk
ﬁﬂ%ﬁﬁ,*ﬁ&ﬁ@%ﬁﬂ;ﬁw = (w1, ws,...,we)T K

B w; € 0,0 w; = 1IF LR F L

j=1
R E A N S 7 REVENE B, i B H AL
R&DIH, BAREANE B LR 2.

*2 EAFRIETRMIR R

Fg U 1 Co Ca Cs Ce
1 Ay F(0.80,0.32) F(0.85,0.20) F(0.90, 0.40) F(0.20,0.80) F(0.30,0.90) F(0.24,0.88)
2 Ay F(0.30, 0.90) F(0.30, 0.80) F(0.20, 0.60) F(0.64,0.42) F(0.74,0.48) F(0.69,0.51)
3 As F(0.50, 0.60) F(0.70, 0.30) F(0.56, 0.50) F(0.50, 0.80) F(0.70,0.70) F(0.85,0.30)
4 Ay F(0.46,0.70) F(0.68,0.48) F(0.74,0.60) F(0.46, 0.55) F(0.76,0.53) F(0.72,0.43)
5 As F(0.60,0.50) F(0.80,0.30) F(0.65,0.43) F(0.58,0.53) F(0.68,0.20) F(0.75,0.28)
6 Ag F(0.84,0.50) F(0.92,0.35) F(0.80,0.30) F(0.14,0.86) F(0.10,0.92) F(0.40,0.60)
7 PIS; F(0.80, 0.32) F(0.92,0.35) F(0.90, 0.40) F(0.64,0.42) F(0.68,0.20) F(0.85,0.30)
8 NIS; F(0.30, 0.90) F(0.30, 0.80) F(0.20, 0.60) F(0.14, 0.86) F(0.10,0.92) F(0.24,0.88)
9 PIS, F(0.80,0.32) F(0.85,0.20) F(0.80, 0.30) F(0.64,0.42) F(0.68,0.20) F(0.85,0.30)
10 NIS, F(0.30,0.90) F(0.30,0.80) F(0.20, 0.60) F(0.14,0.86) F(0.10,0.92) F(0.24,0.88)
11 PIS; F(0.80,0.32) F(0.92,0.35) F(0.90, 0.40) F(0.64,0.42) F(0.68,0.20) F(0.85,0.30)
12 NISs F(0.30, 0.90) F(0.30, 0.80) F(0.20, 0.60) F(0.14, 0.86) F(0.10,0.92) F(0.24,0.88)

T2 T~ 12475 BN H szhang(f) s hpeng ()
5Peng and Ma () A1 Sproposea (f) TH 5 HT 15 ) 11 4t 4 48
fift.

R 3 (7) 4 ek BF B 0 AR B3 ke P s 1 4,
BRI 3 B /s, 3R 3 1] 1, K PPN % 46 4 R 1 4
S, R SR AN 7 AR 4 36 3 b 1) W SR A B B AT 40
AT BRI AT, KR BRAR T W S 2. RN P 3 2 60, AR 44
Sproposed (f) FIT 73 () 1E B AE 2 (PIS) A 47 BEAE fiRt (NIS)
5385 SCHR (10, 31145 43 2R B0k 55453 21 (1) PIS ATNIS
SEA— 8L X — R LR T AT S
BR E 1) R, (B 5 SR [331 43 4 B BB
f¥) PIS A1 NIS F71E 22 5. Bl 11, 383 Speng and ma(f) T
HE M Oy 1 O3 N B IE BRAE AR 435 Ay A Ag, 15
5zhang (f)~ Ppeng () A Sproposed (f) V15L& 1 Co A1 Cq
TR IE B AR 2 0 9 Ag Ay R Cy T Ay
I Ag 11 BE 1k B RSB 050 A Fa, (0.85,0.2) F
F,(0.92,0.35), By, =0.49, 7, =0.18. BRAEHJR
FEAN, To it ISR 8 FE IR 2 74 B 1T 5, Ag B E AL T

Ay, I HAEH sznang (f) 1 hpeng (f) PA K Sproposed (f)
153t 1 25 A A2 A LT Ay, BRI IR N B Sk 72 B
WIS, Ag #hatt T A (). RIEL /& Cs ~, Ayt
BT Ae, 55 2.2 AR/ — B BRI T
Firde A5 7 R B A S AR A BT AE, [t R T
8 Speng and Ma (f) FTREZTH HI AT 1R O 45

#*3 BJBPENHBHEH

WS C, Cy Cs Cy Cs Cs
Aq 0.97 1.23 1.28 —1.06 —1.38 —1.33
Ao —1.38 —0.98 —0.52 0.40 0.58 0.39
As —0.19 0.68 0.11 —0.74 0.00 1.17
Ay —0.49 0.41 0.36 —0.15 0.56 0.59
As 0.19 0.98 0.41 0.10 0.71 0.84
Ag 0.89 1.43 0.98 —1.30 —1.57 —0.34

PIS 0.97 1.43 1.28 0.40 0.71 1.17
NIS —-138 —-098 —-052 —130 —157 —1.33

FH 28 3 W 0, S i A8 4 pR BT SR o B
TEXTE] [—2,2] W, 560 1 e BE2 I IR YE. Bk 2mr
W1, JEYECs F1Cs N 7% As FTPEN 735118
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fiane, = F(0.74,0.48),
fiane, = F(0.69,0.51),

M 15 0y > Mo anrcy BV, <Vhan, - B
iR 1453 73 BT 5L RIS, Sproposed (fa,) o, = 0.58 >
Sproposed (f4, )y = 0.39, RN 7EJE M O, M1 Cy FITE
Ay IPEN 22 5UA fiayye, = F(0.8,0.32) M fia,)0, =
F(0.85,0.2), W gy < My, Bvrae, >
Viiaye, - ABILPTHE A 5 e K SR, Ay R 1 O
HCy T BIAF73 BB A Sproposed (fa, ), = 0.97 <
Sproposed (fa, ), = 1.23, 30 00F T & B 3 1y IEff . itk
Sh, IR 2 AN WL TEJBPE Co F fa, = F(0.3,0.8) Fl fa,
= F(0.8,0.3) NEANR R, i B 4570 s ot 5
Ay M1 A5 FEJEE Cy T IR 2 W A3, sproposed (fa, )0y =
—Sproposed (A5 0, O T2 3 H1 55 3 51 A 55 3 47 A1
5647, W AE 7w E A4 M IEH M. S2BR 1, 2R 2k HoAh
2R B 149 RT 98 0E A G 5 B IE A 1, BRI A, A
— 2

iz F B T LR S HEAT 15, IR 2
SCHR 10, 38] J7 32068 [7]— S Bl AT 1 S DLEEAT B 7y
BT, TR PP 45 R AR 4 .

x4 SHME—LGIAREEREEREAF

HILTTR BT 5 SCHK10] SCHK[36]
Ay —1.3504(5) 0.5088 (4) —1.2435(4)
Ay —1.8670(6) 0.3842 (6) —1.9011(6)
As —0.9047 (3) 0.5483 (3) —1.1522(3)
Ay —0.8081(2) 0.6058 (2) —0.7916/(2)
As 0.0000 (1) 0.7522(1) 0.0000 (1)
Ag —1.2372(4) 0.4885 (5) —1.4556(5)

H2% 4 0] DL (PPN S 45 5 W B BUE N HE B,
3MTTIEFTAS I B AR T B3N A5 WP RAIE T B
JNERA R B AR E Y b EEER, X E
SR T SCHR (10, 38] H R R T7 v AL T R 2
564 BV AR, AR AE SEPR P S AR v, TR T
H 5 FRFIRS 77 (%) BR a1, 72 A7 R 31 1, 455 0l =2 7 T
15437 2R A s B 2 52 1) 3 A I8 52 1R s e, a5 222
W 13X — s T 2 6 s 24 (1) PPN 25 S0 sz . Lk 4h,
FHECT R AP AR 72, B e O A F A se AR
%07 55 I AR AR g R P B R N E R A T AN
IF1) e M 1] P A S 0o e o 4 SRt J ) 2, ] LA 2]
B IR A H R TR R 4
4.2 XttEarh

R T BB BT B A 5 VR B O, AT
SRt TR N T 2 A0 HEGE T, OF 5 HAh g7 kEAT

Xif EL A #T .

%) FH Matlab R2018a 4= i 10 ZE.077 2L 432, 15
HEEEL S 6/ &Ik Ty B S FhE M. R 516 H
T4 5. PE-TOPSIS #:1'°1 L) & PFHWD-TOPSIS
VROV AR HEAT VAR, IR LE A A SR A IR O
Hi: PE-TOPSIS 744 TOPSIS ¥ ¥ & 31| 1 eak aF 4
FOR) 31 15 v, PEHWD-TOPSIS ¥ 45 38 it %% Ja 1tk 5 3
B 22 1) ) S W) U 2 B )R e B
D FE AR ORI B, P 58 &7 R 5 1E SR AR AR 2 1]
(YR B AU 5, 7 BLBE Al b 555 SR AR T B AR
fide 2 1] PRI AFDO U 30 B2, 8 Je Rt 7 24T HE P

B2 R T 3 AN J7 VA 10 4405 1 53 h 43
WA RS, B2 AR IS 1 KR
3FRAN ] 7 2, B 2 ok it 77 15 5 PR-TOPSIS
5, R 3 RN I dg U7 7% 5 PEHWD-TOPSIS ¥, 9\
AL FR RIS AN R 7 V245 22 2475 B R A5 A TR A
LE ke 8

8 8
&/ 8f
X
I 7
Z7r
Eyitn| EiLY) HA3

B2 10EAFERIEPARGESLERRRS ZXH

FH P 2 o] 6, 3 FPOAS [R] 7 AR 10 204005 B A s oA
7 AR AT H R RE (R B A 7 %, T BT O VR i S
PF-TOPSIS % Al PEHWD-TOPSIS 2 7£ 10 44/ % 9%
TR 8 4 EiHE 15 R L T R AR e — B, —
FEPE FIGAE 1 AT 8 O VE R R, 5, pTik
H 751 M PR-TOPSIS ¥ 7F 10 4105 B th A 24
17 FAHE AT I B AR 7 A — B A2 HEA HT A1 1
J5 Tt — B, BARTE Bk B T IX A, (R 2T
SRATAE — 52 IARUE. TR BE, Brd 77 5 PFHWD-
TOPSIS 2 2[RI A AT 2 4105 B4 43 W 1 e il 7
FAF AR HE A 1T858 7 & FRE B — 52 I AE B,
P, 8T 2 2047 FAGE B A, i — P IR IR T TR
J7 V5 B M. (E 15 R A, TR 10 07 B A
B 4573 eR B A 5% 8 BRATY SR BRAL, 33— B0 IE T
FLAE B AR 35 B LE .

3P T RAERM T R HE R F A —E HE
78 BARHE 7 10T BEAF1E 22 . i i & 22 il 1) = 22
JERA: 1) B4 A5 25 ok H0R 158 2500 16 R RS 1
KO, B8 OR UE 5% 40 J5 BOUE (0 B v, S 2 B
SPeng and Ma (f) 75 e AUBOR K 1% 1) e 1%, 76 Dok 2 1
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S A ) [N, ek b 1 A P ASORY £ RT B 1)

W2 2) PR VAT T R SR A T I RIS B

IS PN I N1 A O AL TR <Y B g - AL P

35 3) PiTdE tH 7 VRS 2R G i st AR B BB, A

T 28 £ A5 FH E B 0 52 I 220 6% i 11 <2 TR AH S A (1) 5

Wi, A LG, BT B 7 VR BN & S bR e s AR

5 & &

ERIA BRI A E B H DUORAE 2 31 1 223541
M2 R0, IF H BR85S0k TR S br v 3R #2 P e
TSR RD AN 1 I R R ) R A SO ER A
B I RROR 22 8 1t SR i) R AT IR AR AT, SR T
BT W15 0 ok ORI S O 1Y) BE OA B AR
W1 TOPSIS . A SCHFJ PN 25 (1) 32 B TT kAN A1 2 4b
9 1) BERFIUAT 45375 e BN AN R 4 HORT AR 70 R
T A 1S53 B AE IR I 8, [R] IR B T 97453 20 BB
O B VR UL, HL I8 SE) 4y BT B 1R
3 bR B SORE O S B TE A 1 AL B 2) B 45 4y o
HON T BRIk BRI RO 22 8 M e S e, 5 B ok
T O b AL FRASORE JR 3) 48T I AE X T IR S AR
i (I S U LA B N2, D e IR T 2 2 S S
P TE]AH S ) e 238 AN 7] ) R . B s, J o 1)
S HTIAIE 1 T Hh A4S 23 bR E D0 R 5% 18 B IE
itk ¢ BT IR 7 T 7R 2. e ok, Al
R B 5 AR T AT LB 13— P 3R IE T
B 7 A RO A B, R T AT B
PRI . o SR At xof [X 1] B 3k B R 17 BORA 45 70 oR) 20
BEAT T I, TG A S ) ke SRS R fifp oA e 55 ) Rt
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