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Figure 1 (Color online) Public database complex network with 3rd-order punishers
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PR G BAAAMER. BRIHE NS — DRSS &, A AIESE # R a1 it gt
FSHHR AT R LR S AR S BB SN SE R S5 3004, T REAR T R 3R, 1% Bayes HREEHIX
B PR, Xk LSO AR 4w b o AR A ORISR

EVSI =7'(7) — r(m,07) = min E’l(©,a)] — %réig EPE®9(1(0,a))],

Horp, HRE SR S N E s AT AT RS AR © i i =(0), A NERELE
FiAM G IR TR TRER I AT B 5 SRR, BURBREON 1(0, o), BAREIRBNESLEAR N 2, n(0]x) A
WELENJRE AT, A N HREAHIRG T LEE G K RARNEE, 6™ 9 Bayes HFM, r(m, 67)
N Bayes K. 2PREZRE 0 HUEE X (HFEFREFIZERN—KWEME) A EMILHELT,
EVSI > 0.

RGO, G R B iR At r) S EHE A RE4A 79 0 i ok ELIR RS AL (O XU ), 1Mo HX
6 S AN A BR SR B AT ATRERL, A1 H T & X L s Bl i B AS B EOAE. H
K&, NIRRT RA 2 ZWE L STH B AR FIME K A FEEE ), B0 Ul 2 IEEE 2 b 0 s ot B 2
AUHMER. #52Z, ~ BRI A RW AI i, JF HA BRI A A3 w5t (B, K<
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PRBEAGIN B B0 B S MR AT A R A SRR, 1 R A SRR A 3L ). IR B
N, WA SRR AT, MRS R 2 A4 A

R, TER ST, BATE 2 AR BBE S<P<R<T.

FE—MNRFANFEAD B XK, BUE ABIRIIE S 5% BURIRIE) EHm 214 T 508 &
A, B AE R IR A8 nT AR XS A (R B A S AR B s (1 8 AT 1 g, AT s), RE %
PR LRI R RE R, RVEH A AR TSR 2 58 AR SIRG 1), (HRERTEENZ 5E UG
RERPISIREN. Uk, WHS7E R EVEE A K A IEHE RN S 58 TR G 2 & .

BER — ZH AR IR S (G1EH) G186 XA EHR IR B LGN p, SROMEEHE
sl E (FHE) LB 0, WHZJR 28 /2R A AR 38 A B i as 73l

Uc=Rp+ S0, Up=Tp+ P6. (2)

B HIE) Sy 1 S B 1 SR A T2 vh A R 2 AT SR R S AL A A

{ CC%) = p(Uc — w), )

de

T =0(Up — w).

Hp+0=1 1 w=pUc + 0Up, 1ES/&1Z%H A XN A ILEIEEFE a5 gt (P Iicas. o+

w = pUc + 0Up FRAR (3) AIfi#A5
dp
dt

H S<P<R<THH, p=0 RME—KFES, B2 o> 08, ¥ <o, IEEHKLEILR TR,

Yo BITE A JLER R AR A H T () . DRI, 7B A SEBEE 2R B iR XA, B B 2R

Nash S (D, D) 2 2 I AL 2R A e e Sems . At i, /22 BB IIXIEN, #25

B SIR A, WG R B R S 2R A A XN S 5 3 AR AT .

AR RS 55 (BARIREEE) VI T AR AR AR, BITER — B ZE, A
i WP AR 24T — KR, RPN wi = Y e, m(si, s5), TERNZAMERIENEE, H
7(C,C) = R,7(C,D) = S,n(D,C) = T,n(D,D) = P, Q; AT i WAET SIES. EXFFELT,
FE > FLEGHE 2R S A R R I BB 1 2R 2 R wy > uy MR —FrBAME 0 5 5 i
AOIITEZR Hh 4k SR 41T 1SS BINTE N —BrBre 5K 5 g, B DS P(s; « s;) R
HHTBBAME 5 SN s;, Mo

p(1 = pI(R—=T)p+ (L - p)(S - P)]. (4)

Uj — Ug

max (ke k(T = 5)° 5)

P(Si — Sj) =

okt s; R sy SBURAME 0 F1 002480 HISE, K AT ey A TLRAME ¢ A1 HOPEA

T VAR SR AR T A BB IR (015 5 % 2 16 7T AEAZ 6 (0 A1, TRA 13— 24
P2 BB R SON A SR AR e e OO IR BA EARREIZ (1fE 2),

MR 2 5 # 0 2 % BTN OH A (I KSR R SRR 0427, B gt
RSB T R SRR o A1y, SATEBEER:. HoAb /N RO 5 (BT 1, [ 2 bRy SN, B8
— S AR, I 2 PRRTE Partners ) BEHLHLS X 2 ANHn A AR i — N T e
SR PR RS BT, WOAART B2 = NA TRy AR, 76O S IABE T, 4 o HADJE
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Partners @

2 BEATLERERIRELMLE

Figure 2 Scale-free networks of public data game with mono-layer and dual-center

Ay &R JE & 5 —2F, 1 B o MABJEHE N E1EE (B 2 thskk ) My RSB IEER N (B 2 thd ).
FERE— AN B, B RS B AR B AT — IRINAGE R ST 2%, Wi i dh AT BN, fE SR b I
Farb, BN B — N80 AT R LU W AR R AR S = T E 2 iEs, e L —E
R A7 AT 5 FR AR SR, T SR A rh AL 50 v )R F) SREME S B B AT 2 20 T IR i B
PRAS RO BB S8 B 2 R I VR SR 20 S, BT AR5 sl i BRI s T/ BT Ui &, /b
FET R 5 EAE B 0TS RUAT . BT A B L 5 40 Fa 3k AT S LA, BARWIAG M BL A 1R
HOLTT A 2 USGERIR T B b0 ALy IS, (Hs T4 R 280N R i as, FTUL o= BEEAE—EX
I [] P R A R Sl BEE I TR)VEE AL, S AE 1 AL o BN EEAR R T80 « BIGA1EAT N, BTl o &
B A AR & B LU B i, SO SRR o WS BEI (R AL i . 52, BT y J
&R S i 1) AT H O R BRAT 9, BT RL y BSOS BE N TR ek, B T E SRR S @ Y ER.
TEH—INZ, y 287 « WAT AR NGRS, WG ¢ BABJE R0 hO5 JUAT . IR, SRR
WS AEM 2 th T BUT R, AT e —BUEFE/EHRNE. XERE MK R iy, to Ty
FAETOARJEE A 28 it ] TR B VR S, RS20 A B 48 )

BEAh, AT LGERE 4 BRAT ONAE BA W26 B H SO BRI IR Hho0 7 R RE IS AT AR PTHE HRE AR
FOLEE. (R HIARIS 2 R — DN ORJET R o NHERE, R S#H NG . RE S B o
R R EEAT NN R Y. ATRURIE, 1T o ZER N S VEAR S 3R B s U s, FrbLE
(/N FE QL i 2 5] HAT N, eid — B AR A 5 R4 80% MIAREHA AT HRE. E « FEEG
PESBIE LB 1%, HGEE 8T o MR SRR E IR, 2 o VRIS R SRIS G & T
AT N, BB RNEEE. o IR E1ER 25 e 8 BR 28048 fE th B a5 & VR 5. g Bl
Yoo, FRWILE BA Jobp B A LR PEM 25 b, O™ sURERE A BERPTE T AR, JF By i
Z W BA B MG ERFRE. BFRER, fERA 1000 1 AU BA TobrEEM 2% 1, W46 8 ZI S 7E
S BB A 1 i RS A 40 A, — Bl Y SEERAR N 21 22 R B B B T e IRA, BA
B B2 PR 28 iy b0 5 R A N SRR, B R AR /N R B SRR M 4 AR
AT EA AR G . R, 50T 48 i) ol T s A PRI A B 56,

MRS M Z R B A H L K, 7T BLE— 4 A T Rae IS B b 70 8 3 38 Ih#
RFFAAE (FIR) WIS BIMAEFAGAEE (i1 H3) (pure cooperators/defectors), AWl 48 H
CUIRBE AR NGRS (luctuating individuals). 7F BA JohnEE ML Fhuy ™1 55 PAAi & 1E 38 A7
18, X EealiG VR M H R — A EEE AR, AT DL BERPTE e M BGE. B SRR &, BA Tohs
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JE R B AT o B H 248 B, RIS AR s R 2K, g I S 1 VMR AERE K. R vy < ws,
W B b 180 A e AR, AL SRRSO 2 S 5 R AR e s,

3.2 EMREXTHEREERTNE ERAREEENEE

LR AIEARE M 2, [ RRNEIES 5% (FERLBIRRME) MEESHR—E
KRR, PR BRI L. AEREE PN, AIEHRE RS 538 R LR — SO Skm. i, 8 Bt &
HH IR AR 1Bk 5 1R B 38 e R B I BdlE S K. IR AR K B S AR S TR R SR i 2 R
J8, PR R L it Aol 7 B A K TR B 1) B0 i 2 A A B T D BR BB (A= b = B Ul & 4k
F). PRI 2 R ASHRs P 190 2% F P72 D 4 R B AN [RDRE P R AR SR, T2 S i) BA W28 96 A BT
FARAE. N 1 W TOAE A IEHE 9 2% i m] BEAFAE B SR 1 Ak Bl Ak 1 T e A sz, 3
IR AT AT BEAR SCAE R TE bR B R 4 B 10 24 3L Kl R SR A AT 0. D, A3z F AL B 53k
(XS 53%) P AERA AR AL 2. BEPLEESEDT:

(1) BRI FE I WA 25 B 2534, e AT 4 DA . (2) A H A3 E g i &%

HE EREFETE 2R, AT CMRFFEE P SR IE BT, (2% A2 75 RIS, o BT 4 4% f) [7) Fic 4%
BONIE. 2T BA TAREEMLE, PIRRAE XS SLIEI T E% ) AR R EL r, AT [-0.3,0.3] Z 18] 7L )46
I, AN DU R b £ 5 VR B8 B ORISR G, A IEUE R R M 46 LRI ZRIR IR 20 (5) 1)
RN SN AT SR, et B2 BAT AR A R I TEAR 28 B SER [, ARl
VR /268 RIS MR AR p/6. N ERARAF[RIBCIN, — 7T, mxs Al ] A, RS2 F E2
MEIERET AT, HA IR EAR T AR 2 S A 55— 51, 2% rh & VR KA B 1
B 7y, FOG 0TI, [RIRC K25 b ) S E A i 7). it T DU Hh, 78 A JLH P i o i 4%
AR AR, SR 250 HE R SR O 22 ) AT BSR4 M DU sleAg &, B IR VR (R sl i i)
1A

4 RHYERERWEERRRMITA

Apicella 25 FSZUE I 7 iERF L T A 372 125 (public goods game, PGG) 1, /E AN 35 1 25
M2 Ny R 72 AL S il ZE 5] N RHLH T LA™ A 58 = 3 1 24T . AR N — AN R I 2
iE, Apicella Z58F 55 T Tanzania Jb3# Hadza #5V& AT M AEVEIT N Pl Hadza 3N 2 AATSRFEA LA
FERENAE, R NZEE TR, AT 12 2 ANTE— TS 4~6 8, SR )5 S8 R
TEAKEE. WEFEN V5 T 17 ANE L 205 44 KAE Hadza A (B4 103 A, &t 102 N), FEEAE
AR A I AR 4 MR, AT DU RS s s Be A e, S
BNAIL = A5 HAd B AL A AR TRSEHGR A D TT 0, IF BARA NEB A0 & &0, Al i)
BEHAER H — 0 A 3577 0, BERE S BOMEN 3 AR SRR A . G 2 55 #EH
WG, R AL e e A N AL g, 3Bk AL S # &
(S &t XTI < R SN AN = 0 AN /N S O S W =1 R (2 AN TITRE I W
SR, Hadza N-FRISER—F R E M. XU Hadza NZ [AFEAESAERIIAT . 2 AL, iEk
I Hadza N Z[A]I#E2 00 5 N 28 R 4 80 B — Lo 5 I AT 23 WX 28 S5 M AR B R AIE, v SRR BE | [R5
PERTH BPESE, IX SR AL 2 I 28 (1) — Le S5 MR AR LS S PRI AT e AE AR R C & T k. 5K,

1579



RS Bk R ) S HoHR AL 2R 5 M i A

Nowak 55520 AL IR P R AESE ) DLt — D3R A 1 SR S 380 A Stt 2 bl Ak ] L& R
AT A.

TEATHARFEM 2 b, AR A ERUOAT R BAEE? SE RIS & T 0] LU A 34
IR AR 8 SRS ? Apicella 55 1) TAE R2SCUERT 7L, AR X B M4 b1 INGE N I 1 3R k1S
[ — it [FIARE, 78 SEEE e 51 NS L I 8UR r Ar A AR B B, S TR AL
A R T AT o S AR AR S, AT B AR R E R EEEE RG BiEE
X B A T A LA AR IE 10 R G 0 A BRI ZR AT 7 WL EEFI SEUE 40 . 7E 2008~2012 4E (1) 5 4F
SEAN, ¥ X fEEX . FALX . gFEX, 270 2od, SHENE RENHLSWRSIE
TRIE S FEAGEAR ST BEEAE NS R, FADA 13 8 M o A DU, R R A s — X — 8 DLH B
WX 528522 e A5 B FE I 22 . &% X B4 R ) SR bR v 23 AT R B B v 2R 47 A 2N LA ARSI 1)
FH T R A B R S, AR [ PR S R 3R AR e (2 7T/ 9%) 1#EAT R ah, FEMOLSS T B &
(LIt 4, o mlE LB N 1.5 J6/%% 1.0 J6/%k~ 0.5 J0/%%~ 0 J0/4%, — DR G KB N2 &80
— IR, SR RIR, VI B2 4 v 0 AL 2 LA AR E 1 B ot &2 BH s T 2 AR 4. 228t i
S, JEUR I G v i L AE BRI 4 Jm B o v R IR S A B, T 4 T v O AL O B Rt I
FeTt. UL RTDUE B, BARBLIAT e A JLEORE 2R a7 JUIAX SR M L2 A B B AR 1, H 2 BE
FHHAR IR A WEAT, 2G5 G 1E SRS AR e E I FE 3. iR i, a0 A LHHR IR &1
ALTE R IE 5, e 88 56 1FEH LI sIEA G, TRk, WK RiF, ARESER L6 RIE EA
LR PR EHE o7 AR E BRI, B B AR 1 2 A U R a2 B S8 B N T k. OC T2 JRhAT xSt
K o B 5 M PR SEUE R A Rt — DR

5 AHEBERCEZFNENITA

EAHE RS AR BAL I — Pl A7 R, IR IZ w78 10, M2 5 AN £ FE
K, WESTEE T AR e SO FE VA IR BV R P, A R A S T A — e AR, 1
B G ORI, IR AN #E ] (costly punishment).

5.1 AHBIREZMFET

FJEAE A AR IR, 06— AN B BE SR A 1 DN AE N SR B 2R A b, 38 128 2 ANFr
B, X Berh AR T DL E RGBS S A T e, REE O H— MR+, b R s b .
TEEE 2 M BUEgR A FESAT R A T MR TRIRA T 3BT A, R A AN & 1] (peer punishment),
AMETETTE LA Peer. METETIAT NI ERK (1) HIBEIHFEA N

S\

¢

i

C D
C (R, R) (S=7T-p) (6)
D (T-5,8-7) (P, P)
B —ANEY ) B E, HRES T R/IMNEFK|E S<P<R<THNS-—~y<P<T-B<R, \iifH
[N 4 PR 55 i 2R AR AP R 3% (coordination game), fH3EFI&1E (C, C) BN —A> Nash 3.

FENFE S R AT s b, P A5 5T A0 B i, AT AT R e P A 311 3, i ELX
T A8 5 0 Bl RE AR S VR /K P 3 vy O3 1 X — R G ) T A AR 2%, Toiexs TR 2a i
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B ([FIAT) [ g 3 A2 BR 58 BT 2 A B0 or. FR iRt (FAT) A2k &1 B B R a] DA AN
P8 HE (weak reciprocity), PN SR A KA S AEFRAROY B F BRI AT . 55 58
MR T AR R SR8 22 B A8 FLIRE, R [AIAT R 01 LU/ AT R M AL R AT A9, T HL AT Z (A1 45 &
TE BRI TC 1R

FEEAEILN, FEAILEIEHZE AT A (B AMEREE s ) (R 28 TG B8 =J7 H g (3
PG E . LA B A 23 AR F) I, A I R SUR M, A G T S, Rk, R
HESHE S A ER 9 BB (strong reciprocity) FRRHIE H T AILEIEIHZE. X B AFE M HBEE
AT TR TG RA AR IR B =07 K IA N a2 0 B TR A B s A R 24k, DUR IS A
b, TR FRPIETR 1 1B R T U B A RN S A T (ST S R B ) S ). R R
AR H B E SRR R R IR, A R A R T B AN TR T ORIE 1715 B A g
B S AR R, B AR B R e v B AN DGR PR R A b, 75501 38t m] DASZ RIS AR
KB AR B e o, T ELANTR 5 20 P At Rl 03 )R 2. 285 2 3 i e 1R (14T DR S8 2% 5 E U A0
Bl (positive incentive and negative incentive), RN JGAIE T, XA VR R AN [F] 52 ma 18], 75 A3t
AR, TR G AL R — N 20 & I 1) R 2. T R s (R AN 4R A ST 2 2
T 3 A A 0 3 U7 s s AR S e, DRI AR AR S 7, L 2238 1y R B S AR S AN 2 DABR AN
TA& AR . (HIR e — R R )RR, SRR AT R, B8 T KRR A B, 3 i R s i 12
FE 00l FEA LR R, R ST APE N A TR IR B T — oA S R RE, (R BT AR G AP
A RAT A7 N T A EAA T YR A LR, TR TR EAT AN B, T RS SRR A AR
HAEHE (BRAEE SR ) #52a, (AR E R &N &M, RAENETNRNME (C) XY T4
1EHAEST AR (P) BAM S TSN R a5, XA HET N C ki « (4
#7 (second-order free riders). MR HARESE, I H PR C FTEUX, AR5 C RAKHEE IR
D HUR. A7, BT A LR A ER N 2 R B FA R T R A LT ME B ATFA T, GEEH
IR MM SR AT N, FEOE e DR AEE I R Ntk

RN ZE R, C2A REMEIL TI/EMNE AR, B0 T 0 &0 4R & B
TR N, BB B AR (tit for tat) SEMG 07 EDXERA/EMIAN H OB S
5 (a4 H B ZE (indirect reciprocity game) ", X F- AR EE 75 BEANUT 1 N FE 425 T #5 By 18],

FERIHAR R, Oy 7 AE TSR AL rp 4R AR 3T IO A7 A, IR RIS AT <540 MERR AT N
WERE IS4 i RO s, (Rl SCRERRAR I N IR . X EEAT A B AEOR B 7 5 511 38 B0 R 2 1) ) P L ko
JTICEARA, 12 AR IEFE I AT A RA LY. B T EEIL = R A, B BN RO AR S R
B st Ko, 1 HR T R BRAIRAR. BRI C AT AR LR/, JAHE TR A Ot
RABEETTIHIAR RN TAA D7 AT AN T BRI AT (altruistic punishment). A £ 1]
FESRAC I RE FPAFAE J LR AR S /N, R A& 3T s A iR B & P AN U T

BRI T ANAR R, PO BRGNS 1 e 4L AR, 540 2 =
AT A AT DY A St 485, DA™ B BAER B O Wi AR SR SR8 FE Pk

O R IR T LR TP R EFRE . X AN ER IR IR, W CE BIARTEIEANR; B
AR GRAL L — A BRGSO, BT A1 S 1630 Z (s A 5], 0 2 Jd g rp R A 1 £ il
FER B, I S SR HRE NI, IR R B 28500 2 AN DA 8 i, AT A A R A
b, WL TR ESE BLAR.
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5.2 AHBIREEZHHFEIET

TR o SR EHE AR R A ST AT O I e, BT R AT SR T M T AL T R, i
MR AT B AR AR A N B AS: (1) T SRR B R R ) ] R AR E AN T ST X R A
R =B B2, T =R R A e U 4 0, LR TR, (2) Ra1ER1E
T AR R A EE TE D P, XREETTH A T Re el i MR A A FE G T B M A & R
bl 5 AR 5 —FAE S AT AR “FE A& (pool punishment) B354 “GEH &I (centralized
punishment) 1), 7EASLEIRAE R 2 140, Jei AT RHE T B S AT sk I B, SR 5 3T 0 A B0 k47 o7
BRIBT B, IETIE S E A AT — R BRI IR T AR, 2 282 1 00 3 R = 1Y)
WA T 5K T 0 B G B B TR (R ) SEMA AT, R T DM B e i 2 . B SC PRI A L
PEAE B A SLET] R BB N (0 2 7 st A5 FH 2% 1) 777 Qe A 10 BAS, I sAS 1G58 4 T R 9 3k
[FAR T 54, Blan, 72, BLSS 0 T T EER AR B W BB RGN, B RS B O R Al
AN N WS 2 4 FH 9 BRI AR 9 3L R A6 T 2R 4, B I IX A 2 B 58 =07 (Wt T2z 41
TR A SRR, ROATESE — 52 BoNIETT & O A 55, PR &R 1 % B0 G B sl i 4 5 18
A AT DA R 2 75 X0 B A B SR (RS DOk 7 1 2 e ) N AT 7R 0. A RO 2 o 1 3 ) A 1
S B AT DOGHR 2 NREAT 1650, SRS AN P 32 200 36 A s o B R i e . (H 8l 4
P s R B R D T B AEAER, JLFETETTH (pool punisher, Pool) {178R ELAT H [RIFE (48T, Rtk
FL A AR 3 R AR T MR 3

TENIEEAR IR R, O 7 BIE W A L AR ST ROR, AR 2 S 53 IR e — B R XK
. FRAMECE BHR SR B # EEWIAR I AL T2 50R GRAS, I BT R S e e L R S e A
BB LT o

(1) Gn RIS ) ) FERN R, AN 2 DA 2 FEH 1R 2 o A e o ik 22 SO SR, DUJAE | 9 Xk
DA [ 48 9 2 4 SR RN

(2) N FE St 3 R G o 88K, W] LA I X R 1 HT I SR A AT 3

C D
D (T'-5,5) (PP)

Il S < P <T —a < R, E3EFRELE (C, C) BN BU#ZER) Nash 2. XN T30 (4),

& 1= PR =T+a)p+ (1 p)(S ~ P)]. (s)
Btk A E# B KA — MRS pr = (P - S)/(R—S-T+a+P). %0<p<p i, ¥ <o,
B A 1 25 R 0 5 5 IS, A SRR M b & MR 8 LB S 2, o < p < 1
W, 42 5 0, /SRR M LB A N, AT, A S R A0, T ELE T F
RE RS, IR I A S0 (C, ©) MR SR ft. o b B0 1 A L 1 28T & S
(21— p) S R 1, U 2 S A 50 0 PRS2 0.
BT T (02, (0 S BRAG A SRR P 200 BG4 59 0 7 B SR, JERIAE S5 T
R e Y, R 3 B .
(1) RUEHE ST I S0, (SRR ST O A . 7E92BRAG A S BaR Zeed, SERE T ( Al
) A R A 05 M0 5 ek 2 T LR 0 T A6 50 77 LU o S 7, 7
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23 (4) BN
%:up(l*p)[(R*S*T+a+P)p+(S*P)]+(1*M)p(l*p)[(R*S*T+P)p+(S*P)}

=p(L=p)[(R—S =T+ pa+P)p+(S—P). (9)
E U] D0, S AN 5 4 1A e ) 288 510 1) 8 SR 2 ) A 2 T B BRI 2R B E5Ch

C D
C (RR (ST-puw) (10)
D (T — u«,S) (P, P)

Bk, & p B8N, RELFEENE S < P < T — o < R, BXAILEIRMHIEN S 55 KU, A4 T
FREZE AL S < P < R<T — pa, (C, C) A/ Nash #41. prbA, RAEAFAEILRET, (Hi2
(D, D)t B 52 2 SR T 25 A e — (RIS E S

(2) AT IR R K, B R B SR E MG A T AR SR GRS, R, B — MR SR it
F PUERAR 1T 3 AT Bt g, AR [ 5R 2 58 S B (5) Pritiid s ts. sz
H TSRS Fe R LA, B 1o #s s B ikt oh, 2 5FEAMGE I H S ]RGN RE.
PR B AMEAEIE R AR B B KA PR — 2 AT A IR RG] 38 7T REAFAE RS AR AT N BB I, — 2
AT T U St o 1) Bodim 32 B 7T R 2 R U R T B

ARSI, KB A B a1 2R, SERE ST BU 1) F B, A AREMER, 3EH
AT LU E N T RS AEF WIEL B p 3. O 1 0 B U St 38 R 25 53 PR, AR5 18 B iR
IR I 2R 2 5 H RGN . IRy o I, B St A48 301 79 50 R o 2
FEE MR . XTEZE (10), 3R1F p FIHRCKME A

p*=(P—S)/(R—S—T+pua+P).

Y pra=T-R, B u* = (T - R)/a i, p* =1, BIRIEWIIERES 5H &L E1EE, HUAIEEL
B LSRR, ¥E2, B GIER Lplie s, AUE (T - R)/a < u <1 (ZHEE (T — R)/a < 1, HJ
T—-R<a).

WIRAE A ILHAR 2R T A 24 B IR I XN SR S L 5 2 S 2R -A 1, HAR TS B ik
FITAS A VA S R A8 0 38 B, 4 (R 4 0 3 St £ 5] A R MR B ST SN o S8BT 386 o, DA T SIZ i %
TIHIMER u N o FIEREL. L RZE T E R RSP, A4 FTHUAE 135 1 Von Neumann-Morgenstern
B R ECH

0, a<T—-R,

p(a) = lnT—R’ T—-R<a< (T- R,

1, (T — R)e < .
R SE R AR TTAT N R
0, a<T-R,
ﬁzﬂa: alnﬁ, T—Rgag(T—R)e7
a, (T — R)e < a.
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N T SRR IE T A PO N AT REAE S VR SRIE (C,C) MONTEAL IR ZE A TE AL R e TR, JRATT 7 B0 o
(SIVEE €T

Wolt)=t—eVt o) =1+t2e >0t >1), M p(1)=1-e<0, ple) =1—e¢ >0, I
FE o) =t—e/t =0 EME—fR to = 1.7632, H 1 <ty <e 2t >1.7632 K, ot) =t —e'/t >0, H
t>el/t JREL tint > 1. At =1In 725, WA, 2 o> 1.7632(T — R) M, 8= pa = aln 725 > T — R.
MM, 2 o > 1.7632(T — R) I, (C, C) NAILEHE R T8 A SN b 3 (=] 7 377 25 S 48 371 (1 i %
Np=Ios JFH & =18 1. — o1 > 0. B, fELTFTE A E A WECE T, #mib i
o HE R DU S A T R SR BGN, BY B AR ST E A A 2 5 P el et m, X5 B SLAE R
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Public data evolution games on complex networks and data
quality control

Wengi LIU!?

1 Center for Data Science, Kunming University of Science and Technology, Kunming 650500, China;
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E-mail: liuwenq2215@sina.com

Abstract A public database is a special kind of public goods in which data quality control involves solving
some basic problems in public management science at the interface with data science. A public database network
is a complex body with some physical objects associated with each other (a visible system) and some partners of
the public data game (an invisible system); the quality of public data is reflected synthetically by the database
technology and evolution of the public data game. From the viewpoint of public goods management, the avail-
ability of data in public databases depends on the cooperation evolution of the public data game for same data
cleansing technology. The Chinese public data network is regarded as a scale-free complex network on which the
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corresponding data game is an evolutionary game. Using the models of a prisoner’s dilemma game and extended
prisoner’s dilemma game, the existence of an evolutionary stable strategy is discussed for the public data game.
With the theoretical modeling of complex network analysis, it is further regarded that the collaborators of the
public data evolution game would survive on the scale-free complex network, and that cooperative strategy even
becomes a stable strategy of the public data evolutionary game through strong punishment or by returning all
fines to the punisher. The corruption sub-game model of the public data evolutionary game is established to
analyze the influence of the punisher’s corruption. By constructing the corruption sub-game model, the rights of
the data auditor are beneficial for cooperative behavior to survive, and when the stronger rights of the auditor
would result in total corruption. Finally, we discuss the extent to which information disclosure and freedom of
media help to limit the rights of the public auditor, while helping the cooperator and loyal punisher to irrupt,
such that the cooperator’s survival increases to improve the data quality in public databases.

Keywords public databases, data quality, public data evolutionary game, evolutionary stable strategy, reward,
punishment, corruption sub-game
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