Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

BEBEENSI T ALY S R B A HE T4

Mk RAE X ARk

Phase transition properties for the spatial public goods game with self-questioning mechanism
Yang Bo Fan Min Liu Wen-Qi Chen Xiao-Song

5| 1% & Citation: Acta Physica Sinica, 66, 196401 (2017) DOI: 10.7498/aps.66.196401

TEZ 7132 View online:  http://dx.doi.org/10.7498/aps.66.196401
A 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2017/V66/119

AT RE RSB E A L&
Articles you may be interested in

FAT 5N X AEEAE T HE L FE AL
Evolution of zero-determinant strategy in iterated snowdrift game
PP 22 H%.2017, 66(18): 180203  http://dx.doi.org/10.7498/aps.66.180203

FET MG T 2R AR ) N 4 B 11 5 AT B A
Crossing behavior of pedestrians and vehicles at unsignalized intersection based on dirty faces game
YE A 4.2015, 64(12): 120201  http://dx.doi.org/10.7498/aps.64.120201

FL T AT IR K TR A ) AT RIS
Dynamical patterns of epidemic outbreaks on scale-free networks with traffic flow
YE&24.2012, 61(20): 200209  http://dx.doi.org/10.7498/aps.61.200209

FeTAS @I KR R S AT
Epidemic spreading on scale-free networks with traffic flow
YE4.2012, 61(15): 150201  http://dx.doi.org/10.7498/aps.61.150201

TG e A TR A DX 296 A T NI AR TR B I B eI A

Study on a model of topology evolution of wireless sensor networks among cluster heads and its immu-
nization

YE=4.2012, 61(9): 090202  http://dx.doi.org/10.7498/aps.61.090202


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.66.196401
http://dx.doi.org/10.7498/aps.66.196401
http://wulixb.iphy.ac.cn/CN/Y2017/V66/I19
http://wulixb.iphy.ac.cn/CN/abstract/abstract70772.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract70772.shtml
http://dx.doi.org/10.7498/aps.66.180203
http://wulixb.iphy.ac.cn/CN/abstract/abstract64455.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64455.shtml
http://dx.doi.org/10.7498/aps.64.120201
http://wulixb.iphy.ac.cn/CN/abstract/abstract50741.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract50741.shtml
http://dx.doi.org/10.7498/aps.61.200209
http://wulixb.iphy.ac.cn/CN/abstract/abstract49064.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract49064.shtml
http://dx.doi.org/10.7498/aps.61.150201
http://wulixb.iphy.ac.cn/CN/abstract/abstract48215.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract48215.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract48215.shtml
http://dx.doi.org/10.7498/aps.61.090202

3 % R Acta Phys. Sin. Vol. 66, No. 19 (2017) 196401

BRI T A SR I S R R A
WEDT EEDY xXHEVD a9

1) (R TR HER R W s oL, BB 650500)
2) (B T R%FHSM, BY  650500)
3) (M E R B AW IR T, FOAYE AR E S sIe %, b 100190)
4) (T ERER R IIER AR, LR 100049)

(201745 A 27 HUEHI; 2017 4 7 A 4 HURBIME R )

NIt SRR OO TLAE P A 22 SR 0 TR B AL SR TR] 5 1 PR BT R 1. A SCNEE
W AT AR R BRI AT W JE 7 4B IR # 1 b AR ST AL T B8 3T SR U A Y A
W) i TSR R (A AR . B A T3 T, R SR B TS SRR R AL AL O — AN AN AS I F KBk Tsing FEAY.
A AR AR AEEETI, MARIFAR G SR N E, R A MR AR T, AR 5 i
AR UG AR AN S = AR EAE I HAMAA N % SRR P BAUTT T, B JeI0iE 7 B i Em i, R jaxs
NI TR G 10— A A AN AR AT T A BRREZARE . WU BL: 1) SR PR E 45
R5 K Ising B85 e W& 2) MHE 4 Ising B, ALY 2R — AR IR SR EOR A T 284K

3) AR TR — PR S Yk Tsing AEAUAH ).

KR Ising B A7 BR AR L HAE, SERF R P, B 3J5UsE 5T

PACS: 64.60.De, 87.55.K—, 02.50.Le, 87.23.Ge

15 =

AL 25 398 (evolutionary game theory)
TG IR 0T “BEE N A <52 {5 B IR
], e R YA PR B ) SR A R R
RHE B & ER I RHE R, @i BN ) g R
A RE R R skes 12l fE A SR E R AT, A
BAEZ A EAE R = AN IR, 153
T LA W EMAT 7T B 2 A sk R i
(HZ MR E A2 EETE ) K
FE N2 [0 65 K6 R AL 2 I 4% 1) ) 55 AR A7 M A R 1
GAERREL, R IF B T AL R TR
= [1,2,5,6]

A3 ZE (public goods game) & —
B2 A e Y, R R iy, N

DOI: 10.7498 /aps.66.196401

N2 5 WAL PE ) A ik T R (S E) BiA
B (AEAE), WILEH 7 S 808 1 1 28 R BUBCK
r(l <r < N)f&&E, PSS EANTAME, T
wHIEHR RS &. B, KA EE R ] LA
FoRABAT AT RO T RGBS, % L&
TEE B AL i R A B T MANEE
B G, A& ZK N, W EIEHKAR
o, AN E AT H ST B AR EE, (H T ] 5
()5 ST A B A R KoK — L ). RS I A
HG AR, BEL AT DUSEELR) 55 5 KAk, SR — A
H AL A I AMAT &, Bl 2 i £ 1 . A
T AE A4 S A SR W 5 20 S A SRS 2 (AT B T 4
2N, BIFTIE A 3L i 36 R (the tragedy of the
commons) 790 SR, IS AR 5 A X B AR R 9 R
LA T fEREE AR T IZ AR R 5 AR B B AL
A JE, VF2HLHEIA 4k 3R ) . I35

« EUE K5 AA RIS 33 4T H (S KKSY201607047) FE S G ARRAE 4 (HES: 61573173) HHIAIRME.

T #E/E#H. BE-mail: yangbo@kmust.edu.cn

© 2017 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

196401-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.196401
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 19 (2017) 196401

FENLE] MAALE] L &AL BILE 2
ZREHENL . SR, EIRE 2 5P TN
il VR R LA B 3G R PR AR B s 4 AL AN
Z A s D011 2 RS IR ip A8 ST AL 0
7t 12181 SR A — L A B AE S LR A R i
ALY Y AT BT

22 V) Y TR 2 1 7 S A0 9 L A A RS B B
) A0 X % ity 2 i) s g 1) o 4% i b T 2 ) S s B 3
RO AT LRI 2 w2 5 ST (BT A B -5
SENLE CHAED . 2 TN 3 B2 ) ) 45 rb i) el
A 5], ALHE 5 o 40 s s K Pl BL— 2 1)
M 2R 2% 5 AR el 2 b e AN AT 0200 AT 2
EFERIT A —A, B a2, DUBCR IR
RIS A L A P28 | B B
WA b P27 e R I R MR e T
YT HE PSS A, ARG R B & RS T —
OB AL ZE, It R LS U as, T8 EE B A i
FER R R R R 2D, REH D N — A
TR H SR mE . 1 5 SEAL I S SeTH ) B2 b Ising
BEAY ) B e 2 S R B T Vo 25 M.
Tk, AT 7T E 5 5E SN 1) A 3L
ZRRE L Ising AR ) SN SC R 281 2, Ak
FEARE AL AR SCRIE 78 2 BEARGE T FUU T V%, AL
$2 12K Tsing 77 10 1 SR R A 7 4 fit 2R A0
fill (A — 22, &5 Fdh ) 2R B R
S N354T (quantal response equilibrium, QRE) 5
H RSN+ 210, & B AR AL GE
AR, K A0 S BT E e B — A R AT Ak
F [29-31]

ARSCHE A IR TP T 4 B 3R 5URENL
A R > T S IR R MDA = A7 T T
WHIE. B BT 7T, K305 120 A T SR AR A S A
(1) Ising 1584 318 FHAH SCHLR AT 0 A TN SR 45
AL I THT, B B R 73 AT R 45 s AH AR R T T,
ik —HIE TS5, BE TR ZA R vh R 0 AH AR 3
R, o HTAEAR AR, W E A ORI R R

2 BERFSEFAN T Q& E
Frh
2.1 FEER5IA

RN MES 51 ALY R, &
AR AR AT PR S R Ik, BB BAN B

B R IG R BN L. BB BUR K r )5 (AT
INRRBEEERR), PG HANTA2E
T ZR B AN, T A B AR A SN R
7t, Hrhr A9 ¥ (enhancement factor), il /&
1 <r<N. BREBFHNE N, NE1ES, WK
BWHE MW N ge = rNy/N — 1, AR EET
WaiNgp = rNy/N. AR, A EEH I K
TR T B U s, B B, AR AT AR 4%
PR B FEAL bR T, A 3P i
IR 2, P NN B O 1 R B A
MMETEATS A S AEAT D97 A2, A SO — b i 0 Y
A TIHLE], RIS 5T A9 A 8 C (cost), 7 7 51
H AT A N F(fine). UGB, #8%# U A
gc =rNy/N —1—C(N — Ny), REHEHHFEI
#gp =rNy /N — FN,.

R — A [ T B4 19X 5% 2k 20 A 4k 22 1) ) 1 2%
KA AL M B RE TE 2 J5, FRE T AN & 4
25T L RENMR AR 2D TS IR A R RS
PEERE NGRS, N MAS B CRIBEAHR—
MR AT AL A R g, Rk —
A0, SRIE IR B FTBENL ] P g i 1 R
A SREmG. BIEE MA i Ja, AN SR 1T SR 5
B 48 = 19 2R 3R 15 2 BT U RE G, K H 24 B SRS 10
SR 5 ] [ 41 5 HEAT — OB SR, 345 R A s
G} MR8 RS T e A e, PA— 2
R TR E A 75 AU 2 ISR, MR I 4R

Wi:min{l,exp<Afi)}, (1)
Holt AG; = G — G, T T LR A B 5 s
PR, PRPERR R, MR E L. BN R
RGBS Gt B 38 R 25 52 43 AT 2R ARk, TRt A
QRE 53 4 Logit B B 0 5 5786 Bl 01

2.2 AHYRBEFRES Ising 1REY B 1945
(D

FEZ A Mgt vh ARRAME D, AU R H Rk
BARIESE, 3B 5 P AR AT AR, BIAMA Y
Z 5L H SR LT BT IR AR, M HS S
PLAT & bt 19 st ORI I 2%, BRIE R ks 41
WIEZE, Hdh kb, AT, UMEi B 50A
ST RIRAR IR, 2 51284 A S
Ak + 1, B2 585 j 0T R R 2R
ZEHNEAE; + LE L BoR T 408 5 Bk
Z 5 ILIR ALY TR, RO TR ER R

196401-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 19 (2017) 196401

HRRR) PR A, R AR RS LT R BRI AR
R, R T ZRAE R MR T i B AR A ik
1, Atk TR R

_L

Bl (MTPER) 4+ BAERAME G4 ZE T
Z 5 PUANAAT U O I TR A S g g

Fig. 1. (color online) The public goods games which
involve player i on two-dimension square lattice each

round.
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Fig. 2. (color online) The number of interaction be-

tween player ¢ and it’s neighbours.
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Fig. 3. (color online) Frequency of cooperators vs. r

for various T'.
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Fig. 4. (color online) Frequency of cooperators vs. r

at 7' = 0.1 for various punishment.
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Fig. 5. (color online) Magnetization m plotted vs tem-

perature T at h = 0 for various L.
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Abstract

The spatial public goods game is one of the most popular models for studying the emergence and maintenance
of cooperation among selfish individuals. A public goods game with costly punishment and self-questioning updating
mechanism is studied in this paper. The theoretical analysis and Monte Carlo simulation are involved to analyze this
model. This game model can be transformed into Ising model with an external field by theoretical analysis. When
the costly punishment exists, the effective Hamiltonian includes the nearest-, the next-nearest- and the third-nearest-
neighbor interactions and non-zero external field. The interactions are only determined by costly punishment. The
sign of the interaction is always greater than zero, so it has the properties of ferromagnetic Ising. The external field is
determined by the factor r of the public goods game, the fine F' on each defector within the group, and the relevant
punishment cost C. The Monte Carlo simulation results are consistent with the theoretical analysis results. In addition,
the phase transitions and critical behaviors of the public goods game are also studied using the finite size scaling theory.
The results show that the discontinuous phase transition has the same finite size effects as the two-dimensional Ising

model, but the continuous phase transitions is inconsistent with Ising model.

Keywords: ising model, finite size scaling theory, Monte Carlo simulations, self-questioning update rules
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