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Abstract

In this paper, the uncertainty in evolutionary game is characterized by fuzzy numbers, and a hybrid
updated stochastic evolutionary game dynamic system with fuzzy payoffs is established. Firstly, the
process of hybrid update evolutionary game under fuzzy payoffs is analyzed by fuzzy number oper-
ation, and the fuzzy fixed probability based on hybrid update rule is derived. Secondly, the existence
condition of the fuzzy evolutionarily stable strategy is analyzed, and the fuzzy fixed probability is
obtained when the game payoffs are represented by trapezoidal fuzzy number and normal fuzzy
number under weak selection. Finally, the game problem of miners’ behavior selection strategy is
studied by using hybrid updated evolutionary game model with fuzzy payoffs, and the influence of
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parameters on fuzzy fixed probability is analyzed by numerical simulation, and the theoretical re-
sults are verified.

Keywords
Fuzzy Numbers, Evolutionary Game, Fuzzy Fixed Probability, Hybrid Update Rule

Copyright © 2024 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. 51§

FESEPR R T2 BB A e . N RIBYE A OB SRR R e, 1282 55 (SRS DU
Z 55 P e A Remf e B R BEREBUL 1T IR, 18252 538 BRI s A Be - — AR 1 2
ERER, THREH— MM PRE R . RS 5N AEY R BT SRAS 10 SO AR RE rR AN 2 1 0 1R 4K
B, TR, WIRRIXAE RSSO BORIEZE (2], AEZR R, RUREME A2 E D RANKE
AEIATRE I, BRI B E 1.

HAT, KEB 7 % T HORI 2R AT 78 22 Bk vb 10 FH BRI 20 B8 23 B ORI R AT 2R 3] 15OM S 1 1
ZE (4] B F0 TG BR AP PR BRI AL 2R 3 A8 (5], TR FH AR 280 0 A R e BT LT A 1 2 8 25 (R T 2 0
A% o AL, BT DRI AR K B AE DGR 0 A PR I AL I 2R 303 o FRitE Moran AL i R 2 ik
R Fh R 3 S AR PR B A T FOSEET A » Taylor 5 A\ [6]81 Nowak 5 N[ 7] A#i#E Moran id F21E4T T
W5t. £ Moran IHEH, SE5FILBHIE G LGIIERE, B, MBS 5 #H GG R
o BT R 1 Szabo F1 Toke [8]7I AW, EBTREY, 537 AR, PAGES S
KA AATT R A ROZAE] 53— A S 5E NS W AT 8 SR RN, AT A AT BE D) 1)) SRR o

Liu 25 [9]7E 0 H A B IX PRI A2 5 I RIR &1 F2 . Zhang SE[ 10K FHEE NSRS, WL T 4H
AR R AN BT I AR I [A] RBEAS RIS (R £ 204 . Wang S5 1176 Moran IS FE AT I FE 4 Ak, &
SOFT ISR, SRAEEAUBE R AR 8] o Gu S5 [ 12)7ERRI PR A 7025 T Moran I A2 I BEAL 5 AL 18
IRENES . TEARBFFH, AL T E0E IS 455 Moran I FRAEG A2, EARM. RE RIGHHFAH
FEAL T BAT A GVE)H B (5B MR S0 (KR & BN LA 4R35 %, o AR TR 7 (0 <y <1)
HIBL I FEFINEZE 91—y 1) Moran it 7% 5B 5B

ARICEMWITR: 28279, A T EUIE A CES DU R B B HE U . B8 3 N, AL TR
TR AT T PR G A IR A ——Moran FIBGERT, F00r 7 BUIAEE N B IR 5IEHEE
MR 2 B OC FR e 55 4 797, SRR 5905 S AN IR BRI B RSO [ e %, I 90 By RSR[5
PYEARIEFEYERT . B8 5 70, B TR ST T BIR G A ZR B AL R A B A =l R ™ T A= AT N
HBE IR R b B S RARTCIE .

2. EHEE
ERSE AR %

RESL 1 [13ERHEEL X FIOFER— T % x € X, A0 P [0,1] FR— 3 a, (x) < [0.1] 52 A%t
N, Bl A= {(x,yA (x)):x eX,u, (x) S [0,1]} s A H—/ERIEE, H g, (x)%\'j\jA HIsRE R
EX 2 [21# A BB TR FERE u,

DOI: 10.12677/ecl.2024.1341325 1707 N e


https://doi.org/10.12677/ecl.2024.1341325
http://creativecommons.org/licenses/by/4.0/

B, AR

Hy

WA ST, 00E A= (0,050, )
RN 3 (2035 4 B R AT 20 5 B 8

Hy

a, —a,

0, FHAth

Ha,ay,ay,a, € Ry WA R—ABIEERE, 101E A=(a,a,,05,a,) -
WAL A = (a,,a,,a5,a,) B B=(b,b,,by,b, ), WA THIEHLL[2]:
(1) A+B=(a,+b,a,+b,,a,+b,,a,+b,);
(2) A-B=(a,—b,,a,—by,a;,—b,,a,~b,):
(3) AxB= (albl,azbz,a3b3,a4b4) ;
4) /1A=(/1a1,/1a2,/1a3,la4),1>0;

ﬂA:(ﬂa4,/1a3,/la2,/1al),/l<0;

1 1 1 11
—=—,—,—,— |,a,a,,a;,a, #0 -
4 \a, a; a, q

SES 4 [12145 A BAT B 200 3-8 o 8

2
e (x):exp{—(x_za) },xe X,aeR,c, >0,

a

Ha,o, e R, WA A RSB, 109 4=(a,02).
W LB A= (0,07 ) M1 B =(b,07), WA FALEHMRI[12]
(1) A+B=(atbh,0+0;),
@) Ad=(Aa,A’c}),

03-(:3)
@) A®B=["A4(x)dx| B(y)dy=vzo, 70, =70,0,, Hfa=0Mo, £0.
K5, 4 A=BW, HA04=|4] =10 .
3. AEENMIAINRERILIEFEIHE
=R
AL 85— i1 VR BLAFAA LIS ORIy N RBEAR, JF % SR PR s, FRATRRg 4 Hems (4 1F)

Moran F#R{5EFE

DOI: 10.12677/ecl.2024.1341325 1708 1T 5508


https://doi.org/10.12677/ecl.2024.1341325

Hiah, AR

AN B HWECH HR). [ZR IRt AT BLS BT T AAE RS -

A (1)
B
Hrh 524 4,B,C 1 D #52 Bowi 5.
TRA RN UV T AMA Z 3T A8, P4 P s, fEREHLECRT T, HER A A2 EAEH,
A B EI&S 5 AR N

[ ISR
O o

A(i-1)+B(N i)
N-1
iC+D(N—-i-1)
N-1

Ty =

ﬂ'B:

Horbi RIURRS 4 MERE
MBAE AR, ANMEBEE R IR T 5 AR N 2R ST, o) Nk fE a)(a) = [0,1]) [14].
PEFEHENE A R B IANMASERIFE £, R £, 78 SIS S Ak 4 50k %
J;A =e”™
J;B =e
Horb, Bl (0<o<1), TZRESCAIRIE R RIFEIAN K, W 9550 £8[ 1515 L -
HH AR AR AN B 5 RIS 2, FRATTAS BB B0 A A A0 5 B — S R U R SR A AT ) S
T A2 A8 IS SEHTRRIU[11] (Moran I FEANRRAT AR ) KB B Bemg, a0l 1 fras. 9 7 5 R, AR
HEHEA IR AR T B+ AR -1 EREERIC N p oy R P REPRES i AR
P =1=Da =P

O . /1}5. Moran i
(] ® :7 /i" Process i
@ ‘,,/’]_
“T~<._ || Imitation | i

O PR i

i Updating | !

. Cooperator O Defector

Figure 1. Hybrid update rule
E 1. EEEFHAM

PR 7, 5, LR IR
(B-D)N-(A-D)-i(C~D-1+5)
N -1

T~y = =ui+v,

- Dy:@‘ﬁij‘Ao&mﬂuﬁﬁ@ﬁﬁﬁﬁ%mﬁw@ﬁmﬁm%%mz=

Forpy ~ A=B-
N

DOI: 10.12677/ecl.2024.1341325 1709 1T 5508


https://doi.org/10.12677/ecl.2024.1341325

B, AR

N-—i ie N N—-ii 1
P =(1-7) N @l (D) Gt (N=iT) tr N Nlie @’
ie N 4 (N=i)e N
ok (N=i-1)
i N-ije V! N-ii 1
Piia = (1_7)ﬁ i) by (Vi) Gk (N=i-1) s N ﬁl_i_em(uiw) ’ 2
ie N (N=i)e M

D= 1- Diivi — Pij-1s
Hory =2 —h—¢ +d, V= (b =d,)N+d; ~a, k=1,2,3,4,
N -1 N-1
TETAE R OUR, AT S A F B MR VR & Pl B e 05 314 4 804 B (FPIRAS, AT A] LA
THEROI ST AT N 454 Moran AR 1 FE Hh S 1 ] 52 HEK
B 1: LAZE 1 RO N AE R I 25 NI Z5 = 0.5« = 0.8 B VR4 S BT AL G AR 7R vh SR 4 36 FS
W p, B p, o PRI N =100, IEFESE ©=0.005, ABAHWT:

Table 1. Game payoff matrix under trapezoidal fuzzy number
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Figure 2. The relationship between p,,.,, p,,.;, and y and i, respectively

B2 p, p,SyMiZEHXR

4. IRHIEEH R

5E X 4 (FFP) [2] [16]7EMUABN N 1A FRFPEEF, MRS ZR RIS HRE (1) . SRS A AR [ 2 A
#(FFP) R VIE AR A — MR FH 50 4, b5 2 FTE MR R F SR A %, idh p,, SRHE
B IAIASEH [ 2 M 10 py o

TEA BRI, RASCRIG 4 PN R WOIRAS | FFRSE LUIRAS N 2RISR, X HEERATH ¢, Frix
MR HTZRGA MRS, i TG DR 0 ERIER AN 1— @, « SCHR[1TRIRF TS e SON

1+§ﬁM

j=t m=1 Py mi1
@:QN:—’””‘*O

N-1
1 + z ]j pm,m—l

Jj=1 m=1 pm,m+1

T R BANERE A RIS AMRIERE AT, Haz AR BN AR 2R 10 D [ e M2 g, -
b= ©)

ﬁﬁ)ﬁﬁp/; :¢1 ' Pp :1_¢N71 °
4.1. PIEEF

PR @ = 0 SRR TAERORAS i 4 7, =, HORSRAL, R L AR E SR EVE R . th G
Q)7 XTSRRI Pt (RO R My

pUH:iUV—ﬁ(l_Zj

N? 2

i(N-i) yj
= 1— ,
Pria Nz( 2

D = 1- Piiv1 — Piia

DOI: 10.12677/ecl.2024.1341325 1711 1T 5508


https://doi.org/10.12677/ecl.2024.1341325

B, AR

LS =0, H p = pry e HARZA TG T LA B b P T S0 A HORORI I 2 M g, ﬁ , L

B N B AR UE
4.2. §HikEF
EFEFELAMT T M 0 - 0F), BEBMRZ MR DEITY EE o H—HM15:
N (N —i)e™™ N—ii 1
pi,i—l _ (1 7/)N ie(wu +(N_i)ew”B T N N 1+e(0(”/47”3) zl—w(ui+V)
pi,i+1 (]_ )N_i ie{MA +7/N_i ! 1 '

N ie”™ +(N —i)e”™ N N 1te “mam)
BIRFIR IR A TS R 1) IX S e A MR AN R T Moran DRI I F2, (HEAIE LS (0 < 1) T,
A v l-o(ui+v) . B, TRE0E N Z MR S R B E RS E y K. W TR o,

pi,H—l
TR TR A R [ E

]

4 zL+wN—1(N+1)u+3v.
N N 6

SEBE 1 FERUN N B PR, MACREUHNS A F1 B, AN FEZE IR FERE (1), W55k T
HFROR ST A AROVE A5 SE BT R ATLIEE A SRR TR o S A PR [ 52 R Dy

é z%(“%(aNtB)J,

Hg=A4-B-C+D+3B-3D, B=A-B-C+4D-34.
4.3. EEHMERNBRIEEMR

SRRSO ST A R VR ST AL AL R ——Moran AR 539 vk 33 R T SRR ] 7 1) 4 1 %
SRS T A RS SRS 1 2

SEX 6 (FESS)[17] O EKH A NE B, B £, < f,: @ Hfdkb] 4 BB, Bl g, <N . [
AROMOFAL, TIFRFEE B BRI A2 2 KIS (FESS).

TEEL 2 WA FRFREE ORI S AT T VRS BE B LI A T 2R B A ——Moran AL FE 1) 56ME, a0k
PLF AN Ao, W 5ENE B /& FESS:

O B(N-1)<C+D(N-2),
(:)(ZI—B—C'+[)+3Z§—3D)N<—ZI+E’+C~‘—4D+3ZI .

WEBAE %, EFKH] 4 NMR B, RS 4 RIS AMAERBEOE MRS, BYi=11, f
fi <[y HIETATLIAAE]
<, o A(z—l)]\;-_Bl(N—z) § 1C+D]\511/1—1—1) ,
Yi=10f, HB(N-1)<C+D(N-2), BIFEIZMHE).
Hk, R 4 BUX B, WIHEH 113
1 1

é, <N:>N(l+%(aN+ﬁ)]<%:>%(aN+,B)<O:>aN+,B<O,

o4

e’ <e

DOI: 10.12677/ecl.2024.1341325 1712 N e


https://doi.org/10.12677/ecl.2024.1341325

i, AR
RN o F1 g W] IS
aN+,B<O:(IZI—E’—C’+D~+3I§—3D)N<—;1+1§+C~‘—4D+3;1.
SEBE 3 FERUBON N BOA BRANRE AR 2RI U 2l 1 B i T BOm s, B
{{1 E’}:{(al,%,awa“) (bl,bz,b3,b4)}
C D (c.er5050¢,) (ddy,ds.d,) |
H T BT 1 )45 SR A PO 2
= L(l+22 1 1+92 L 1+ 1 1+
PN U T N e N 6 )
/\I:':‘
z,=(a,—b,—c,+d,+2b,—3d,)N +a, - b, —c, +4d, —3a,
:(az—b —cy+d, +2b,—3d,)N +a,—b,—c,+4d, —3a
zy=(ay—b, —c, +d;+2b,-3d,)N +a,—b, —c, +4d; - 3a
24—(514—b1—cl+d4+2b4—3d1)N+a4—bl—cl+4a’4—3al
FEH 4 (ERBON N B BRAE S, AT 2R R R Ry = O A, B
{;1 B}:{(al,az,%) (bl’b25b3):|
C D| |(¢.000) (dyd,.dy)
HHE HE 1 AT SR A (DR [ e A
L4 =[i(l+Qzlj,i(l+gzzj,L[l+Qz3jj,
N 6 N 6 N 6
Hrp
z,=(a,—by—cy +d, +3b, —3d; )N +a, — b, —c; + 4d, —3a,
22=(a2—b2—62+d2+3b2—3d2)N+a2—b2—02+4d2—3a2
zy=(ay —b —c, +dy +3b,—3d, )N + a; — b — ¢, + 4d, — 3q,
S5 FERUBON N B BRARE R, AR 2R o HE R 9 IE A B s, B
1 5]_|(acl) (o))
¢ bl |(eo?) (a.3)]
HHE FR 1 AP SR A (RRDR [ e A
1 2
pAz[N(H 6(0{N+ﬂ)j N 2(N20'2 +O.ﬂ))
Hrp
a=a+2b—-c-2d,f=-2a-b—-c+4d,
o.=0.+100, +o0’ +100'§,0'12, =100’ + 0, +0, +160;.
DOI: 10.12677/ecl.2024.1341325 1713 R SRR


https://doi.org/10.12677/ecl.2024.1341325

B, AR

5. A

B T AR 285 R [ 1 8 TAN LI R T SREBAN ) A 7 AT D SR R 0 S 2, 34 52 BIVF 2 AR 2 Pk K BE LA
R . AMEATEPE BN 2 2R T TR B s i R 2 R e e REALIE 2 32 2445
B TAESE RS VRIS o B AR TS ARG 48, 0 AT AR ™ AR T3 AMERR SR ANE 52
PES WAETH IS SRR R ARG, 190 TIAT N smie st S0 = A e 1k

HRRIY TEASGCHN N, TR TGRS B ST RS, 2B HALY TAT AR
Wi, SR LA A FAT R HS R . Rk, A SCEE I8 F — I W THIAT e £ i 7,
BRI A 3 1 5 2 BT (0 BB LRI R 2 3R 1 2 > 2 WPRRSCATAERE . BB BEn™ T NN =100 . 4%
SEEN = 0.001, FIWE—ITALAS TIRAT IERRIGEIRA, S 5 5ns 1 E BRI Wk s
Lo C A5 S AR RE s FESS.

Table 2. 2 x 2 symmetrical stochastic evolutionary game model among single shift miners
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