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1968 4, Hardin $2i1 7 23R (tragedy of the commons, fff} TOC) Ml 17 FEA AL
PREARZH, ARSI T A S R BUTX LTI, R T RS SR B M TR a]
M AHRRPRAS . SRR, BN GE R SRR B0 i e MR SR RIS AR IR A1,
EEE LMY ¢ PR b > o, FHCE RS E 2 Toommt. ditt, RIEA SAa MR Aca R,
HRA AT MR T 1 AR IS Rl 2, S ECRGE A 2] 2 B Rk as . 28mmT, |
{EAE LRt O Py INGERSE (157 2 FoUR AT LA RURBESAEA TR T, B0 44 B A
PROOERE. EREIE. MEEE. ML BGER, SRS MEREL Al SZ4ERmpliing e

HIRRGHR B — P51,

VT 20 AR, BRI RIS ARSI R B SR A A Has R A RERAEZ B N A R A 58 40
BAYEE A2 — U018, 2016 4, TR A HIAER] (Oscillatory tragedy of the commons, fAj#k o-TOC)
MBI — 251K T A R TE U7 HAEE % 18 T /ARSI AL 5 BRI R 0 R s, BB 18
SIREE, WHCE VRIS . SR, PRERRAVE N FAs 5 FOR PRIE A i 15 A i A B TR A R S
MR ERIRES, Wt SE B RGN I HZR AL Il E TS 18 S ERE RS 3N
ISR S S, RIS S BRIR A — 4EAH =S [ A ASE R EIE - SR SRR TR 22 N T A&
WAL Z RG2S THEE. SREREE . PREE A AT LS ma R 2 0520 ksl 1A G IS R S
fifto

2020 FAIMRSCEE P X BRI RS A TR RO A SR B S AT T R G EE i BRI A A 4%
REMS HL RGN 5 | 454 SRS EYEARFAE . T2 KR A i S R S I AR AT o BT
e, ARSCNEZR RGN TP A R, IR R e A AR A B2 U R T RS AU 5B 1ml i
P AT IR -SRI R G T S I NS 78 e S B A M S 0 B RHE . BETT I8 2S [ S5 4 5 et B
VER AT RG2S A T FERE— B G B A S B E S M B A B AL R & VRS AL
oMo AEMCERR b, ARSOR RIS SR S50 K I S PR a T R BT ER & R BRI RS A 5 |
AT ESEERAGH TN EZ M BUATT S, ASCEMEMNATHTEICHER &, JEIE BRIR SR P [m] 5
PRI FEPERL] AR BRIZEE A 2 SRR A0 ) e o, DA R SR T BRI S e R 1R L EiE 2% .
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BAEES (3) HRMIEERS (4) WRESHEI IR . B (o) R T HFRIRESHAS TSRS 1 5%
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Fig. 1. Environment-feedback game schematic. Blue (red) individuals are cooperators (defectors).
Bidirectional arrows between individuals indicate interaction links. A green (brown) background or link
denotes an abundant (barren) environment. Panels illustrate respectively, (a) games among well-mixed

individuals in a homogeneous environment, (b) games on a structured population in a homogeneous
environment, and (¢) games on a structured population in a heterogeneous environment. Panel (d)
presents oscillatory tragedy of the commons (0-TOC) dynamics, where the system cycles among four
states: defection in a barren environment, cooperation in a barren environment, cooperation in an
abundant environment, and defection in an abundant environment. Panel (e) illustrates the relationship
between game states and individual strategies: a link attains the high-payoff state (abundant

environment) only when both vertices are cooperators.
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K2 SO TAEZ R ARG S A s s L VRIS RIS W75 S0k [18]. 11 : #4H Tilman 4%,

Evolutionary games with environmental feedbacks, Nature Communications, 2020, DOT: 10.1038/s41467-

020-14531-6. f&#fs CC BY 4.0 #FFrf{di [ (http://creativecommons.org/licenses/by/4.0/) o

Fig. 2. Schematic illustration of the effects of parameters on phase-space periodic oscillatory dynamics;
see Ref. [18] for details. Reproduced from Tilman et al., Evolutionary games with environmental

feedbacks, Nature Communications, 2020, DOI: 10.1038/s41467-020-14531-6. Licensed under CC BY 4.0

(http://creativecommons.org/licenses /by /4.0/).
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(H, BRI 51 O, X5 T PO EZEad B NERIE#ZE (prisoner’s dilemma game) . &
HERZE (snowdrift game) . FFFEFEZE (stag-hunt game). FIIFHZE (harmony game)

WaRIE A (NAER ) B EARRIERY 2, RG22 AR 3t i #g% (public
goods game) [P82524 FEAREON G AR AP T ALY SRR T A S AE MR H— 3 E
e (FEL) M, N8 R RSS2 SAN A ME (BEERE): TEREMF 4
WA, RS Rz ARERT R/ANT G EBASER SOV A Sk iy, gt
IRZN 2T

PRI (well-mixed £545) PEATIA] BUERSE SO AR 2 B NI 1(a) R, AR 4 E A
Bz, REPETA MRS S S — B PSRESHF B TR IS 1770 4E 2016 4F Weitz SERIHTST
i DT TR T SO ERIEIRAS n = 0 SR IRERIRAS n = 1 BRI T IR AERE 43 3ok To &5 1
Hrpn € [0,1] HH—HIRFRIRSAL R, T n fBE PR AR -

T(n) = (1 — )Ty + nll,. (3)
PRIFOIRAS m BB ) A 35 A0 52 31 R G0 IR SR 531 F 52 P«

n=en(l —n)[fzx— (1—z)], (4)

Forr e FERIPABAS T RIS AL . 0 BEHRIAAEH BRI T H B BRI . 45535
TR () e (3) SERISI IR (1), MW 1SS 1 YR 3h
iz, WERE _EART T SRR SRR IR - RN R - PR R B I B BO S TR IR 5170 (A&l L(d)
FR) s Bt TR A HARR BB )20 SIS S AR IR AT

2020 4, Tilman ) TAF U9 JE—2b2 5T RGN A 30, A T A W )AL 3 0 2% B e e
B MR Weitz S5R9TAE U7 RABATHIHESE T —FhRE L, FFE—2B 08 T TRETR AL A X A
AR RIS A SIS R T RGRETERY SR BN e — RIS IR S5 R G R AFAE . 14
ST HAE AL T I A AR R A T B I PR AR R, T 2 iR 2024 4, Tto SR LAE PO kg
e TS PURIARR 2 x 2 MRS SE RS e i 2 TR B2 REOR A1 B ( RITJR AR s B8 R A P A =
Al RUAL) IR RSB DA ROASE TEAFAE, FENRGE BT IR M 45 Y T IR 30 022 B S5 F

gk, X RIN AR 1P RHEZER AR SR O [ A OB 2 i iz Ae . BT 1 i
AERIHRB 2 B S RAGREE DS, NIEEESI NSRS E RHIBOE 1 HIeE:
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B RIS R, FRRED. A S AMBIATAL R B A RGN H W AIE % . Bairagya 5 )
FEIRSE SR rh e = 5 N IR R R B0 SR BRI &, IEW] A BUR SR 25 S IR
Al —ZH0F KRG AT HAMERE 7320 2 B & A AR APIRES . HHEXT TOC SAES R
S0 R REAE T JCRR A I & A i o Tao 55 P71 25 8T (0 T IR AR BFRILEL, 198 T FhEE 2015 T
RV PRI R G AGERF S VEFT 464 Du 55 PRI - S8 Bl 2 S BRI S U5t A A4 i i A
B R T RN T RIRG A WA S OB E T s Bl Hopf 5325 4% 1R H 2 A JA 440
BB, Jiang 55 P44 R M BRIZ U 5 5 SR OB JR BRI R & 5 18, RGHa 7
A AR T3 B RT3 AR S o e B - IR AP T B & RO R PR R, T2 s i — 20 4
SEACRAR B Z IR VR A N FRASE A L, AT 25 Ml sl 5 A 2E Bt ] o e T AL 3

HESR.

RN 2 o) — R AR T R T B U s A RO HU s A T8 SR & 3h 221
WE 2R ARG Yan 5 PO G50 T HpA 2R -h A VR0 TR E I REIR . 878 T 4R I 5 TR
IEHI RERGENE TR RN IBE . Cheng 45 B XI5 B HOE IR A RSE S BB ES T T RERIRUE N
SO0, f T P RRRE XA S 4 2 AR R A RIE R Roy &5 P21 BE— 254628 s (i S AR S AL )

AR G 5 5 N R 2T FEEUEE W IR Al AT 5 Hopf 232 fild & R R AeL

AT BRI AT BB 2 UM R T A P B R R 3R, Patra 55 P9 BRI RO ZRAE ) 2R 58
EREEWE, e T @R (F R MR ESIAEUIRES, IR 75 B AR B AR (sl g2 ) i Ay

ARG A RN PRI L, B RGN A IR

£ Tilman 5 H AT AMERZ 5, W0 LB SR IR 2 SRR & B i/ NATER AN S TN
S SE R GEHIALA], AR S RETE S @ R IR o PR RS FR U 5 — N E 2]
AU e R B4 A 2 RN SABRRT i PR ANyl S A AR RIRY 30 ) R FIA. Chen 5
LA B AR SHE AU 5 R SR (L IR RESE . T 1A R A MR B S b8 T i B R S R 4
SHASHIRRE R, FHa7s FATH AT LS RGN AP RHAE T RO R A RERUE 4 B S &, I
G N HRRI R A o AENLHIBOT STRER SIS A /T 1) L, Sarkar 55 P9 44 B 4 R BIEA L RS S
AR A BN AR SRS A SO A IR T B & . s E e Rl R G 2 3B, FFHaiia
BRSCRAS HRSR AR v B AU

Paarporn 55 01 22 7 AU 5 B AL T B B i s b IR SO BB R A S e sm ek . F
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a7~ R E A R R P IR B AR, e SRR RS R A AEREIR . Gao 55 BT 4275
FMEEPLHTRE & BIPME R B, e 2D 7 A5 B BE U PR A AL FUAILARDS T A AT A Wi | 9 52
Mo Tu 5 B8 FEGRIRA RSl o iR T AR ARG Allee RN, 2R A5 IR I IG SR AR RN T
gy, KRG N R OIESZEALR E R rI 58 5 A SRS S N FHRE , Rt — el 5]
ANFEACT“ IR R (knowledge feedback) I W4 i R MIME S AT RSt . Liu 55 P g\l T
IR RURRTIRER IR T SRR R AR B E M . LA E AR BRI ORI S e T BRI R
Z AT B AL, SRS R ARG RO T EIRHE S

KT . L3R P8 122 TARRY A OB S R S S B 2 IR Rt it T — B AR5 e
HUENEHEZY, BAABEHEEIBISL RS T EH R RS R STERE, o825 N 25 A2 SR
K TAESRME T RG2S

3 =B BRIFE R A

2 A S5 K75 BN T IR s 12 A BB R, 45 = R A A 50 T 2 Mg b S E 2
800 DUR E R 2R R g Y FHR, I H ARG ARG MR S5 O T 1L 3 )
A RERN 12200 PRI AR LS BRI Y 28 FURFAE S [N S SEASCUOLAE T2t
AR g fil, AT 25 [ A EAE AT B RGEI IS | 1251 SR BE S . A4
PIRZI DR BRI L(b) 5 (c) Ao, 20082 6] erss 2 e AMASS B R 28 454, LUK
BEPHIERIUL, BRI B S A A R U R AL -

Wakano &7 PO S RU7EZR AIFESR R I8 T AR A MM 1128, 5INT MEE N s by, A
RTIE T 2T 3R B SR RSN, LA AR AR B PRt S0 A L s 2 T R O R o 3% TAE AL
R IE TS [ B ARSI PN T SRR, O B A4 sy WS 2 FEE S48 1 18 B A 2L
FIPLTIAERE . AR BLSLAEASE 2 RGBT S A ROEW] 1 25 8] B A0 0 T R G ARE M S BITE R 2
i 217901 M S HE AR b 2 SRR Y 10 2 IRV A N BRI s 1 o 2 7 R EE M DA R S

£ 2019 4F Lin FHRF50 10 th, T4 Weits 55 U7 42 H A BRIG S AR M PR3 T 2 23 [ AH B
VERMEIE . SIANSRSSHPRI I E S THRY 8. R E T R2RFRPIRG AR Z =N R
BRI SR PR B ARG, IR TIRG A A B S BURE. Chen 5 PO L0 T 5
SRR SRR 32, SR RS X T O 52 Wi S RS X i -5 B ) S S B B S R s ]
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gtk A B AR (myopic rule) 25 i1 BRI bp Al R R AR RIS D5k o Syt s st 5|
NEFEBE T SHOAERAE, RGO A S RBP4 2 o i 348, I B AR IR U pEBEE 25 R
FOR T Sl BERER SRR H AL % . Hsh A fe et T R R-F-4r

Cheng % P9 LIS A T IR A RIFIN RS S 2 025 KRG TR a5, R
THNFREE S T IR TR EE SR AR SN, Ding % P71 L% ]
ISR SRR R, e TR GBI N ST N ZERALH S PR, 1878 T RO E RS,
R B ERRRBEREIMIRTHNE , BRI & VR ] RERMBHAG & AFEHE

Tt MR RG2S ISR R IR T 5 28 ()l A e, AR A R S S i
THE RGN BAR . Betz 5 P8 g8 T —0E X MGG 4L, oF WAk X R LRI BB N T = b
PEOIRES, AEIX— R A1 1 XA S R PR S st g o L, FRIE At X S EL 5
REF WS I1%F7 0. Wang 5 Li 5 P91 Le ] EE5# b 43 U6 T ARSI 5 R R
NIRRT Eh 15, I RGO IR SR G S P 5o dr . WS T EE R AR ARy
ik

Zi kb, BRSSP T IR R IR R ISR RE ST SRAh TP R B S R G ]
FTEZIERIA L, B2 T BV AR ESRERA R DR ML . H—, SR 1 2 [ ZRER REAS A R R
JE B SR ARG S RIS E RE ST, TR SP MR TR R IRE AR ., FIEIR
A b ) SRR S 5 2 St SR R i P Ao SRR AR e AT ST Ak ) SR B S A PSR AR AL SR AR LR

. TBIEE RN 25, DUNATREAERER B2 . HASRIR RGN FEA RN B4

Pas
=
FERILAE BE. RS ERLTRE.

[

{ERFRIERE, SSRPNER BRI S L 7 A — N EEAYIA R LA ERFFE i [ E R R
FHERNTA T R B IR G A I (R PR 5 M AL 2535 S 2 R G s A7 AE PR B A T~ B e
FEMUROM . Chen 55 1 @I AANE FR 259 pU I = A R 102, g A 2 R RN IR RS
MG A RS [ R 17 B BRI S 5 AR o BRI St 5 AR R & 5 SR B SE TR, 3
BELRISC L A TR PRI A% R T 25 RSN A o AT HB 7R T AEME A S (SARMERR) 975 T H BN A 47
TR S S PAES, WIRT MR E A T2 4 06 e tH IR T IR SR R R R IR . L4
TEN U A BRAE AR BT AR AR IR RO ORI E T S BB 2 IZE MR A RS . R RSE
MAESHBE, EEFESHRERNESERPRA 7T (EATERT) E25% (loner) AYFT
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EEIIZEIE ] P20 Bl RSN N 25 R BRI SRR 3l 1%, BB TR R S R
SR AP S A RS R I SR, LA R R R A B2 A

B3 T B TR A TR AR B X T R S5 sh S S IR o, AT — T/ 2R 2 B R SR 5 I
PR A% R R A AR A B R, R R RARSERLH B 98 B A ] A B Y SRR o
FFHE, PR S RO RO A IR, AR R B B A s S B ¥y, URHEXTT
EAELERS . B AHIRRIFITER, SR AR AR T I

4 MERSHEB®

PR A (game state transitions) W LUIAMMEED GBEAD IAMKIINES & 2 B HORERA
L, TR G SR A TR 000 il ZERRIRZE (L3158 —ED shiE—F
WA ERETEER by, (FETT BN SEERIEIE N by < by IONLEL, ML) PR, ATERHIAHT
TRANIEE ¢, FERT/MIRASHO IR 7P 2 RS R 25 AN, R TR A5 Ao - T LAY 00
LR, (T R RS BV T IR KA A R A2 1 7E . R 21
F4 16455) S — LT A R GBS R 2 HH B o BR85S L) (6970761,
FEBEIEI R 4 1 TORUI 17 2 SN2 Bl iige RGP R & TR LR 0465900,

Hilbe Z7£ T4 MiZ8. BIHLIZRG: A MIER Fidie T MERRAEEIO T4 ERLKEN, 55T
FEIRE. 2S3EM R HE A B M B LB R TR0 R0 B 1, S 4 gk A 0
U — 5 NBIR% E B, Wil T SR 4EH E A (EA R ), 76 FG R
A AR R G, W BRBRIRAS I AT TT DU R0 R SR 9507, B M
U8 LA (0 (B R o Huang S50k — 3514 2 B A (E TR MOA R BIAR A B RE R AT 80 2 /R
AR RS, H5 N BRI IR S TR 7752 0B RS TR MR A e i 380, AT
SIS ST R AT (R SRR I SRS 23 [ T 00 AR ). Chen SRS — 1R IR A BIN W%
BT A, RIS AL (R A VIO . (IR0 R BRSO T 5 (4R
R A 7,

INRAFIE, WARIRAS T R T ERBS LR — R ORI, . (LR ot AN T T 53R BET
I M R AR A VRO PR, 6 FLIX— T 3 5 O A O B LA G o
BB T R A M5 LS RATHI T . (B ERBE R B R PR 2 5 F R B A
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Blo ARAGBEFEA] LABE— SR TS B HOY S PRI S S i A M DO, AR B B I 2 S AL
] DX TR B A 22 A A R AR T e PIARRHAS RS EERIR S AL (BORESE R 5 5 o kAL
TG BN 7 AR ALRFAE LA RO RS BRINR . FF7% JEAH R B SE R A PABEIR A S AAHAIE . LA AR R
RN L2 VNP wat e R E AT I DA 8 T N -8 | B ]| R O UR SN I DA 7T R I N L SRR
EENIOR| 224 edd i SN Ep e S TS Sl e O] P TR

5 MASEZE

FERMAYI NI iR Ry, N3 RS RO R R 45 & e W 9 AR A D BRI B Bt
TEFER SR T B RERTRE. Monaco 55 ) ZEUE MY IR R IE T & 1EF T RAE BRI RS BsEAL
BN AR B N I A KA S S RSt Rl O T ARG IRA IR (GE BT well-mixed Z5#4)
TR A I I RS e Luo 5 B BRAUR B I k2 A AR I BORAR M 23 S it Y BB B
M HE R BRI NR T ], R SRS AR 2 [ S5 PRI A HIR IR & R S5 ST B 5
ATte SUAN, Lindsay & B9 G et i £F SEOGiE T RIS AR B2 P RN IR R, A4 A
RS, HAURIH AR AR A 25 R B B 2 o e S B e BN, i R A Sk 2 B EGT
FERBBCEBIEAR, AR A AR AR T AR B S N5 LAgERF . IR T HISC
Frid RSO T R DHI R At 7 RGME A S, BEERIIE 1R SRR MRS N 25 1) B AL s st
BAFEI B A SR ERVE T, DA BN A AR a5 T O iRl ad 250 5 S PRI U E R R D21 . B
. A EIEHEZR (5B = 0 BAR R G018 E BT RIMRRERE T o B3SO0 MR B, PRI BI04
PSR O A EAFE B LA EE A

PSR A 5 AR A R G AR A T SO P BRI T 50— R ARGHRE : ARk Sk
Bt EEE R B R, AR AL T N2 T AREL R SRS Al U7 1) SR GEE RS . IS IR 9 IR S
WL . Lee 55 PO BF5Y T 520l REJ5_ERYF M, ARG B RPIRAS 5 R IR R i b i
WO, SEEL T B T M S A R0 H . Dannenberg 2 BT 4OV B ETR SRR KD, K
PRGBS RIS K2 B SRS B WIAT S e IR MRS RS R E R 4 T R E A R
Wiy, TR SRR S L I R A A RIIEYE, DOBE B IR R A B B RO 5 o X8 SR
Grt— B R M T IR K S 2 RS R S U LUK o TR BN I R IR A B o - HLIA B SR 3 i 5
A, RIS EPARE I BRI FIRERE, ARBIFEN 475 85 | NI SEH 2 2047
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A RAAILH o

NGRS IR R B 2R e SR B D SR B SL N, AR R TR s E 2 RS R R
GEHIB 12T N o BN S H AR 25 R 5 AR H BTRY 2SS S & R T 1M 2 — . FF HAS IR R 5¢
ISACIRING 3 A7 7 W p I VA= : NP A1 (e e i URG s NI s e S U oS N IR E S EER e 1 Rt REZ ST iR i N
ABBRTFUCER AR RS0, ] DL s S A e i REad i Se B B — IR PP & o MRER T 1L
S Sl — BRI O S AR, T BRSSO T SR T — S HAR I & S A R HE DR,
AN G R EET M2 — o JTHRAAARMBAMEZ T, MR Z AR T PSR sh
TCIFEAC T e i T B TC IR AR (LS B, IR A0 5 K 2t B 2% FEO T ERE B RS A VR B Y
BLEAIURAE . B2 AR 217 R Y BB A

6 ik

ARG T ERE Ss TR AE P4 S 23 (R S A HE S T R AC TR IR, R I RS S A o
HUREENE RS B E AR LA 18 . BUARTFERI, SIS G A A S35 AT B SR L S AL
IR | T S RRENENE DT, (ARG A A FIR Y BARAS MR 2 S AR 2 1 30 112247
N IR 2 MR R T - S B AL 1 B R HE 2

MBS B, PR o PR S — PR fe/ N PR AL I T BT EALL - 1T 25 R S5 S b AR 3l
ARG IR T RIS EAE A B AP AR R S AE TP S o TRZRIRS et — 2
. RIMEAEGA B MR SR T T . PR et 2 S ) nl RE i o Aol s S i s SV Risife o 4
M7, LA EBESRIG 5 S BB ES FH 2 [ G HEZR A FHRARIT 5T o

AR S5t AL TR IR Y A BB T IR T ISR A A2 (2 R 25 45
s AP BHRSI 5 SIARIRAGERE) . TREIME S50 BIAE AR A A7 SRR AR ST 2 T A AR AL
Hil, DAR A ) SE bR RGBS 577 e JFEL, BT EEA A ST HE 28t 2 A R ST E Y B AR Y
JrIE), JCHRR T HIeHANE LUE R SIS E R R S BEE RIS SRt gt — P4 G, R

P s A BAE AR B S AR A AL SR A ARG AR S S SR EL Ry T A 4% B e
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Abstract

This paper systematically reviews recent advances in evolutionary game dynamics with environmental
feedback, a theoretical framework characterizing the continuous coevolution of individual strategies and
environmental states. First, under the mean-field approximation, we detail models that couple replicator
dynamics with environmental variables, especially frameworks in which payoff structures are coupled to
environmental states. We summarize the research on rigorous conditions for the “oscillatory tragedy of

the commons” (0-TOC) and explain how physical and ecological factors—such as finite carrying capacity,
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mutation, fluctuation, and time delays—can induce bifurcations (e.g., Hopf bifurcations), multistability,
and oscillations, thereby reshaping the phase portrait and the conditions under which “tragedy of the
commons” (TOC) outcomes emerge or can be averted. Furthermore, we outline how integrating explicit
common-resource governance mechanisms, such as state-dependent inspection and punishment, compen-
sation, and other incentive mechanisms, can steer the nonlinear system away from resource depletion.
Second, we introduce the effects of spatial structures and network topologies. The transition from well-
mixed populations to localized interactions and resource diffusion can break global synchronization, leading
to the formation of self-organized spatiotemporal patterns and strategy-resource clusters. We highlight
two coupled mechanisms: cooperator clustering can enhance local payoffs and environmental recovery,
while localized feedback reshapes cluster-boundary stability, thereby reshaping invasion and coexistence
dynamics and transition pathways. Third, we discuss game state transitions as a discrete environmen-
tal feedback framework, where collective actions trigger payoff changes, highlighting how asymmetric
returns across discrete states facilitate cooperation. Finally, we bridge frontier empirical findings with
theoretical studies, explicitly discussing microbial public-goods experiments (where public goods reshape
competitor metabolism) and real-world resource governance. We conclude by outlining future research
directions, particularly the necessity of incorporating multiscale heterogeneous resources, complex mecha-
nisms of real-world social and ecological systems, collective decision-making mechanisms, finite-population
stochasticity, and the direct coupling of environmental feedback to demographic processes such as sur-
vival and reproduction. Overall, this review clarifies the major frontiers and developmental trajectory of
evolutionary games with environmental feedback, and offers a reference for understanding the emergence
of cooperation and the regulation of TOC phenomena.

Keywords: Complex systems, evolutionary games, environmental feedback, evolution of
cooperation
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