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Abstract: Existing studies on fuzzy zero-sum games fail
to account for variations in environmental complexity and
overlook the specific process of construction payoff
matrices. To address these limitations, a multi-objective
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programming model for solving 7T-spherical fuzzy zero-
sum game based on hybrid variable experts integration
weights is proposed in this paper, which is able to help
players choose the optimal competition strategy when the
total amount of resources remains relatively constant and
all parties in the game pursue the maximization of their
own interests. First, a novel dynamic expert integration
weight calculation model, considering objective individual
and subjective evaluation information simultaneously, is
devised. The expert weights obtained by the above model
can vary with subjective evaluation information provided
by experts, which are closer to the actual practices.
Then, in virtue of the weighted average method, a multi-
objective programming framework for T-spherical fuzzy
zero-sum game is formulated to determine the optimal
mixed strategies for players, which can present the
specific feasibility and divergence degree of each
competitive strategy and be less impacted by the number
of strategies. Finally, an illustrative example and several
comparative analyses validate the reasonability and
The
demonstrate that the proposed model offer higher

effectiveness of the proposed model. results

decision-making  efficiency, lower  computational
complexity, and reduced sensitivity to the number of
alternatives. Additionally, the hybrid solution, expressed
as probabilities, can effectively reflect the differences
between alternatives. When the optimal strategy fails,
alternative suggestions can be provided, helping to avoid
redundant decision-making and minimizing resource

wastage.
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ok fre OB B b T 3 003 491 2 e P T ()
BeGE) 45 () RN T2t () o N T HER L AT
(A R SRBG= 2SR A i S &
%eweaéﬂﬁi MV 0o, Hob e ok A R
BEE AN LR, e NEFRIRSIHIN LR s N
AL AR N B A BT ) 45, ey ML
A E AR T BT EE, e A EEHE
WAEIR CEO., B R MLEH B &K 9780 7]
BAS B R AS AT X B R BN AT R v A R 2R
X Ry [R] B ARG 58 S DR S8 A T 28 A PRA L 45 1l
07 AR A . B R IRAERY A w] A B T-SF IR
O R, W E 1. BT max{(s,,)2 + () +
(dyV} = 0.5 4+ 0.75% + 0.5 = 1.0625 = 1
B max{(s,) (£, +(d, ) }=0.52+0.75"+
0.5°=0.6719<C1, ik, ¥ T-SFSs #1948 1 ¢
B4 3,

F1 ARQFMT-SFUYLZEIER
Tab.1 T-SF payoff matrix of Company A

AS=
- AT B AR
Al 2 VB
Uil (0.65,0.50,0.40 (0. 80,0.20,0.35) (0. 45,0.50,0.60)
e M2 (0. 40, 0. 50, 0. 60 (0. 60,0.50,0.30) (0.35,0.30,0.65)
73 (0. 85,0. 20,0.05 (0.95,0.05,0.10) (0. 60,0.50,0.45)
Uit (0. 70, 0. 30, 0. 30 (0. 60,0.30,0.70) (0. 60,0.20,0.80)
ey 72 (0. 60, 0.50,0.40 (0.60,0.65,0.50) (0.50,0.65,0.60)
73 (0.90,0.10,0. 30 (0. 60,0.30,0.70) (0.50,0.75,0.50)
7 (0. 80, 0. 20,0. 30 (0.70,0.30,0.40) (0. 70,0.30,0.40)
e 72 (0. 60,0.50,0. 50 (0. 80,0.20,0.20) (0. 70,0.30,0.50)
73 (0.50,0.75,0.50 (0. 70,0.35,0.50) (0. 80,0.15,0.30)
mn (0.81,0.15,0. 29 (0.59,0.50,0.45) (0.61,0.50,0.32)
ey 72 (0.82,0.15,0. 23 (0. 60,0.55,0.43) (0.71,0.30,0.29)
73 (0. 81,0. 20,0. 30 (0.79,0.20,0.25) (0.76,0.35,0.48)
Uil (0. 60, 0. 60, 0. 50 (0. 40, 0. 35,0.70) (0. 60,0.55,0.40)
es 72 (0.60,0.55,0.40 (0. 60,0.60,0.50) (0.70,0.30,0.30)
73 (0. 30, 0. 30,0. 70 (0. 30,0.30,0.70) (0.50,0.75,0.50)
3.2 RRIESIHEER 0.2177,0.2016,0.1774,0. 1855), E. & i1 & 45 R
3.2.1 IMAESNELRENPE WMFE 2R, WA, L FZATHY AT A5 BE 48 Ky HE 7

(D& B A5 B oM i 20t E 0 IR & R A AR
HF S RZ AR ANE S RN (7) Rt
(8) R AF ¥ I L& XA E W & K w~(0.217 7,

QE&O
(2) VAR ) L AR A
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x2 ETAEEFEERBHVRERERNE
Tab. 2 Initial expert integrated weights obtained

based on credibility information

A REFR AR e ey es ey es
HFEHRA,) 8 10 8 8 8
ﬁ”ﬂ%@;zﬂ)ﬁi T 10 8 8 8
PR A (1,) 10 6 10 6 6

7 R (1,) 10 10 8 8 8
FAEAK-(I5) 8 10 8 8 8
LK (1) 8 8 8 6 8
G, 54 54 50 44 46

wy, 0.2177 0.2177 0.2016 0.1774 0.1855

B4, i H T-SF-Hausdorff 15 55 11445 /5 sk 5
LR AR, AR (1) R L FAGE @, =
(0.1549,0.2117,0.2204,0.2283,0. 184 7)(3£3).

EPBR (1) RAF PG T RZAEAR L, &0 L R 20t
PR S5 Y S PEM AL E B G A A T 5 HA L K 22 =
FE AT AR . BARCK TR |, 25 R B ER 45 P4
S5 SRR 1 OB PR 3R AR, T 5 ey Fll e X AR S
1] ()P 5 3 5 HoAth L R 45 R IEIN AR B 22 R R
K,V & 5K e Fil e, AL BTN (5 B T BEAFAE IR K
w5 , BRI TABAT TP AL A P RAAIR. AHS, BT
5 HAD R R A PEMN 22 7 BEARRT N, B9 e Fl ey 1Y
TN ERIFHIE . BIRET K e IR (B IS %
AR AR MR . WRITF St 35 1 & ZAL
HIRTF N w, = ws = w, > ws > w,y, EIUE T A
IR A S L AE A E B I T 2 WA
NG B B BENE AR VA5 BB X £ R
NI EEA AR A R R

%3 ETT-SF-HausdorffEEE KRBT ERERNNE
Tab.3 Dynamic expert ensemble weights derived based on T-SF Hassdorff distance

t
e ey e ey es Z da (A% AY) Wy
=1
e 0 0.7655 0.902 0 0.7572 0.9852 3.409 8 0.1549
ey 0.7655 0 0.9137 0.8382 0.6759 3.193 3 0.2117
e 0.902 0 0.9137 0 0.5509 0.7267 3.093 2 0.2204
ey 0.7572 0.8382 0.5509 0 0.786 0 2.9323 0.228 3
es5 0.9852 0.6759 0.726 7 0.786 0 0 3.1727 0.184 7

3.2.2 SREUZFAULESFERE
T 507 L FIRAL AN F WS 5 B A

PRI S L 5, M (12) RE/E AL
RIZEE W, iR 4 .

Fz4 ALNTEEWEER
Tab. 4 Comprehensive payoff matrix of Company A
B/AHEIREAE
AR
m 72 73

Al (0.7383,0.2881,0.342 1) (0.649 3,0.3257,0.502 5) (0.6135,0.3745,0.4687)
72 (0.6624,0.3866,0.394 3) (0.664 8,0.456 5,0.364 7) (0.6414,0.3534,0.4349)
73 (0.7765,0.2491,0.297 5) (0.7688,0.2144,0.380 1) (0.5241,0.4151,0.4355)

3.2.3 ETEFHZES I IR E R R TR mE
A 2=0.4,0=0. 3, H=X(21) Fn(22) @#1 T
FINHH RS ASA SR A A 2N )R B 2\ w) A TR & 3R i 4
VSR 25 i (2R {1
min {L}

(0.406 1)7+(0.4958)7(0.355 8 ) << L
(0.5112)7+(0.5082)"+(0.369 9 <L
5.0 9(0.5342)7+(0.5044)+(0.562 5)" <L

T ta,tas=1
21,22, 23=0

F

max {T}

(0.406 17+(0.5122)(0.534 2" =T

(0.4958 y1+(0.508 2 )7+(0.504 4 ) =T
(0.3558)7+(0.369 9 ):+(0.5625 ) =T
yitys+yi=1

Vi, Y2,y =0

& B B Al 3 R SR AT A A Rl B
IRASNE 2" =(0,0.9241,0.0759), B A Al 4k
TRA Sy vy =(0,0. 1828, 0. 817 2), T-SF i1k
ZE(E N E(x",y')=(0.6425,0.3701,0.3340), 1
IR AR R O AN FEIA 0. 924 1 IR F SR mE

S.T.




314 [l o K 2 2 MCH 9K BE 2% O

%53 %

7.5 B A RIS B AR IR L R SR E T L A
0.075 9 WIHE S F SR W& . 5 B A Al s e PR L 52
HER AT 08 © BAFIAT 0. 182 S AR R
W 7. 5 AN FSE SR RE IR SR E T A
A 0. 817 2 BREF M 7, 5 A A R SEF T Re AL
EHERETT A
3.3 Xtkoir
3.3.1 HMIEFXIL

R T 5 T-SFSs 15 . ME Ak [ B 42 2= [n) it 1 (1)
PRg, ok B IL 5B 4E v RO 4E e ah
PrHTRBIIEE"  q B IE S BOMI " OB AR | &
BRI AR BRI AR A OUR, PG AR B 4545 2
PERPERIAE S TXF LG, A Hr an T - O BOMI AR UK
SR R R BOR A A n) , S BCH AT R Ak
KEZM;Q HwBIAE  HE Ik BT BIIAE (g B IE
SRR AR 2 1T SR JE AR SR JE B L (0 200 T Hr T
JEE AT DAORFR 3R L () TR © AU A
FRgrhar B, HO IR U AR A AR R W R 2
7@ BEMEBRIE BROE BRI U B S B 42
[l 25 5 TSR p S AR B B, — @ R
PRAN TR A B (H =5 TE pa (20) 04 (),
v (&) ZRECE I ZFR T 1B 2k K30, A
FHJRIBRME . B 4B Al UL A R BRI 7 iz X,
T-STSs AMUAT LA fz e 5§ Jag i v sr B AR SR 8
JE R REAS i Bh AR Sh S ok S PRI 52 26 i R TR 4

il

3.3.2 MUMIE AR AR LY

B T AR SO S A AT X5 s, BRARL g v
FAT JE AT 2 R AR 2 R 2 9 28 8y
o MR Yang 5Pl AT B UE T IR
BAE g WY IE B NI SR SRS N L3 B g F
ARSI IE Y T-SFSs M3 g B IE S B0 18 75 %5 40
FET LRGBS BN T RO ISR IR R 1Y
B FE R AUE B AR SO 6 i v FH A A Rt
WAELI o X HLAH FH X 3 B 5 R A AR 2 4], X b
SERANFE 5 TS, W] LA R AR ST SR FH 9 A 14
2l IR B A IR T TG v fR) A% il 5 fH
T AP A vE . AR 5, BRAR I A2
DAL B) 52 4% 5 A SO B 1) 52 2% B 1) LB R
FRET 2(DIASCR LRI ) 5 2= () , 2
BRI HER T-SF ZFI1H2E 22 H bR L0 SR A i 2 A7
PR TR AT R IL R R, A,
ARSI T AN o B A T S 25 SR AR T
DX ), {H 5 B R A A A S B A SR TR A SR
CERAMEZES . HESEAHNSERER AR
Al 71, 13% PIRER R IBGKE RS 7, 5 B /ARl e 4+ 8 e
VRS2 SR T A, 45\ A B T-SF Ik g
T AT X — 4538 AR RS B, A LR A A R
IR WS 7, A 5 T 5 0 B ER A EE A P A 3R
WAL, AF 2R A A R A2 5 K, R, A A RIS
SORBURNE 7, 5 BARSER T MH. XA T4
SCHTHR R IS 34 325 BVl 28 T-SFT's & 20k
THMEZEEREE T TR R T A Rk

x5 RHEMEIERBEETIX LR

Tab.5 Comparison of fuzzy zero-sum game solving models

ik RERE A A RefJERerit
Fp A AR i HAE = ¥ E(x'y")
ARICH X 1 (0,0.9241,0.0759) (0,0.8280,0.817 2) (0.6425,0.3701,0.3340)
FHAE S5 % NG =2 (0.711 3,0. 288 7,0) (0,0.2113,0.7887) (0.6321,0.537 3,0.443 5)
R Vv =2 (0,1,0) (0,0,1) (0.6414,0.3534,0.4349)

B PIRNGS FEaR A 1A SO A A 5K figg 52
AN R SR [ R A DB | AN i e SRS 1) B 22
b BB s A A A 3t EDULAOE A XA A
PLRA RIS HE 45 R

4 Z5ig
AR T —Fp T-SF 355 T 92 58 4 1 2%

L FRRHLRIR 7Y . B2, 5B T-STFs 2] mi 1
JREREE A A M , T T 4 M e 5 WA

HE, H B S80w g8 T Tk E s kM A
M. AR5, 8 e L—FPE i T-SF-Hausdor T 7
B TR G L5 S MO AR 3%
WEPEHE B AN A B SK A rh DA RAS T s 3
) ELSEAN ., HLRE B & R PR BB sl AR 1R, ff
UE T BRI SR MR 2 v e . 32 M T T-SF
TR AR LM 2 B LR e sk i il JF it 17—
FhELeMEZ B AR LRI R R bl . S E0A ik
AHLE AR SCRBEAY BRI W SR B EE 1) B A28 1k, SRS EK
AR/ TR R BRI A5 B TR 5 RN i v
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