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On the Stability of Equilibrium Solution of Asymmetric
Hawk-Dove Game and Its Application

LIU Yuxi, GONG Rizhao, LIU Xiangling
(School of Business, Hunan University of Science and Technology, Xiangtan 411201, China)

Abstract; The Hawk-Dove model is a classic model that portrays behavioral decisions such as competition and
conflict in the animal world or human society. Considering the influence of the strength gap between the two sides
of the game on the equilibrium solution, a new payoff matrix is constructed. Based on the evolutionary game
theory, the study finds that the existence and stability of the Nash equilibrium solution of the game are
determined by the interdependence between the player’s strength gap, the cost-return rate, and the initial state of
the game. These reveal the natural phenomenon of the fact that “people die for wealth, while birds die for food”
in the face of competitive conflicts in human society, and the behavioral characteristics of rational people in
human society such as “ operating within their capabilities” and “acting at opportunities”, and gives the
suggestions of how to “measure the capabilities” and “identify the opportunities” .
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0 < p < 1IN A = [b(p) 1 * ~ da(p) e(p) = 0, AT /7 EEA
= b(p) =/ (b(p))* - 4a(p) c(p) ‘
2a(p)
TCAF5 BRE sgn(x) , W » = 0 N sgn(x) = 1; W2 » < 0N sgn(x) =0, MIFFH|— 4k

B B B\ —b(p) + v/ [b(p) ] ' = 4a(p) c(p)
q, =q,(p) = sgn(p e )

q=q(p) =

. 2a(p)
By \ b(p) +/(b(p))’ = 4a(p) c(p) 0
Sg“(B, P) 2a(p) ‘ )

A DAHEWT, RS A T 4RI 4

Hit4 WK e (0,1) Ha e [0,(1-6) /(1 +6)) , WEHIRIRSG KM {p,q} B mfeth
2 q, = q,(p) BRI RGN {p,q} KEALRNIIMAE {1,037, BI A9, 8 | Ol ESS; M40 ia 1R & K
{p,q} PR SAEMZR ¢, = ¢, (p) W EJTEE IRGREE {p,q} WA LE] {01}, BI{ &, 45} Jy ESS.
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MBI F0 HE VIR TR 2 M g} ZEE ) {(pag) +(pog) & 0,11 X [0,11 } EIRMIIAIS
5 UFRATAT ASHHFAS SIAE AR 0 e (0.1) IME R HFAEMZ g, =q,(p) FHri0 s =Ign
A SEAR AR IR A0S {p g} 10 (1,0} SALAOMER X —ME T LB 0 F AU e, B

Pr{{p’.q"} ={1.0}} = [ 0,(p) dp.

X, AR v=5,c=10, Bl 6 =0.5, Hl « =0,0.100,0.200,0.300, 0.333 , /45 (9) nf LIFSH] 5 4%
{2 1A B (NP S % ) DB RB R 9509 2% o 4E 10,1 = 2/(1 +6) ) PSR U 48 5 |
ESS (1) AR/ A7 4B B A LU s (9) MRS p e (0,1) HE dgy/da, HEW]
dg,/dar < 0. 4L PR BRI, HE o 45 .
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BS RAEHETWEq = q(p) #EARHE

XS5 e s 1 LT T TS R BRI AR I AR AR PSR A TR R, R BT A
i B BT , BT AR AR R SR, S840 1 i O T [l S i 0 J7 0 AL A R R D S A 2, TR A ) 2 47
Sy Al PR R TEZE BRI AEIR DL , AT T o AT AL S ST AR W IR S 22 b A 02 52 T ik A TR D7 AN 25
FUREEXTYUEIE , BEIBER AN, 10 HL 25 IERER A Dy e A7 0 MRS 2 A R, i RARZ 52 158
BVEFE T A" RS (W IRTR A SR {p, gt FTXERLAY A AERIZR g, =q,(p) BYRIT) , IR RELEHE - AY 7 Hems i
FRACTERE. H AT UL, AR T HORS Tl — i B 1™ S s

4 SLAR) AT

TR AT 5 AR 7 FIAE D B, FE R 2805 Joe R i 1 B 0 e R ) 75 T YR O IR Y e 3
A S 2 R R T i ) R R 0, A SC ARV BRI e 2 S 01, A AN [) A Wi 4 R8T, 20 B I 5K
A 5EZK B BTSRRI L.

41 HAWEERO e [1,o) B THIEIERBIEE

S IR A B E v = 110, EK A 5EZK B Bk g7 JEng i) o€ DA ¢ =90, B
AUEEH 0 = 1179 > 1; [FBMBEESF TR FEZX A BAEmINSE ), 5EK B i) 2
0o, NIV [ A TREEE SO AR AN 2 .

A2 EBRAHAT RSP AR

B
A4(D) J& (H)
#(D) 55q + 55, - 55 + 55 0,110
A
JE(H) 110,0 100a + 10, — 100 + 10

R 2, R ERK A SEE B IR ZH o e [0.1,1], MFEZRRERE TREZK A KIK
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SR T EISE B ORI RS SN s W IR E A SE ) Z BN R o e [0,0.1) , MJEZ A ARIRA ] TR EL
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AU EEFE 6 =9/11 < 15 fF— D EEEFFHTIE EER A BA RS, S EZK B M 280 <
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A3 EBFEANTRESEEG HES
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(D) Ji (H)
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& (H) 90,0 100 = 10, = 100 = 10
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