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Abstract
The approximate solution of Nash equilibrium is a basic and important topic in game theory, in
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which the method based on the eigenvector provides a new perspective, so it is worth looking
forward to the discussion of the non-square matrix of the game. Taking a two-person zero-sum
game as an example, this paper discusses the relationship between Nash equilibrium solution
system and the singular direction of the non-square payment matrix. Two theorems about Nash
equilibrium calculation show that when the payoff matrix has a non-negative singular value, and
its corresponding left singular vector and right singular vector elements are all non-negative, then
the singular vectors correspond to the Nash equilibrium solutions of both players in the game. Tak-
ing the cases where the number of strategy choices of the players in the game is 3 and 2 respec-
tively, the applicability of the theorem is verified, and a new direction is provided for the approx-
imate solution of Nash equilibrium for large-scale non-square matrix games.
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Bl 2: 7fE0 <R, (3V(R,,)>0: AfFEO RO >0, H1Fv(R

UEH

(Aﬂ,))<0 0

V(Rag )2 XTRipgYo = X (AATA-0A)Y, = XTAATAY, —OXTAY, (11)

A R, RN RIORT AT . BN LA PR B, B XA O T, 1% 0k
TN, V(R | ETEIK, WAEEOR, B V(R,, )>0.

V(Rong)) € XIRponY = XJ (AATA=0'A)Y = XJAATAY —0'X ] AY (12)

B, META 2 AR, 0 BT ES K, (R, )BTRS, WAL

DOI: 10.12677/aam.2022.1111866 8187 I3RS


https://doi.org/10.12677/aam.2022.1111866

SRR, RE

0'cR0'>0, HFHV(R,, )<0.

T L V(R ) KT OMESRE, BAFEG,, V(R )=0.

b T AR A BE GH L 7E SCHR [9] 6 v(GHOH) % T 0 I 4k M B A EE BT, BT L
V(R ) = V(AATA-OA) i T 0 ISR L

I LRI 2 AR, MRS AR A SRR, (R, ) ) BESSET ESUESS, HviE
AR R R, W B RTEAE G, €[0,0'] ﬁ;f%'av( ):0 o T2 A AJNAESUGERERY, 5 /GRS 74

TERE BT OUAR, AR R R A8 Bt S AP AE
BB 2. HAEAE A WA RME o, HIN A wr R m & X MUA & R Ye su R AR, T

V(R ) =00 H X0 Yo ROBA LA 2 EISCITER R, FHRRILIN, WA
i
W BT A A WA T o L of JE AAT A ATA B, FLRURIE A
LR X Yo AR AT A ATA K FRHIER of RORFAEIEL. TN 4 S
(X)) AAT =62 (X, )" ATAY, = o?Y,

(X)) (AAT=071,,.,,) = O;(ATA=071,,,, )Yy =0 (13)
(X)) Ripe) =(X.) (AAT =61, ) A=0
R(A’GZ)YR =A(ATA-0%1,,, )Y, =0 (14)
XHH
V(R(A’Uz)j max rr;m(x )T R(AG )Y = m|n n;(ax(x )T R(A,GZ)YR (15)

%umu%ﬁ%qwa}o,a%&ﬁﬁm%%amm%@ﬁﬂﬁm%m%%,w%ﬁw%%o

1 -1
Bl EWANEMEIE S, RN LRSAER A= -2 2 |, WREHA 2 KSR N-A,
2 -2

RPN 1 2 KRG SIS 009 (%, %, %) ~ (Yo Y, ), FIISERSHMSEE LT, A AR,
Yo +(-1)y, =2y, +2y, =2y, +(-2) Y,
=X+ 2X, — 2% = X — 2%, + 2%, (16)
gy, =y, = 1 X = 2% — 2%, BRI 1 BV G SR AN 21T (y,, yz)ﬁ( j 111 4 Z. %=

Em#ﬁﬁ,%E%%&=Mf2&mm%ﬁﬁ$kzM@éﬁ%%Hﬁ&o
HRAR R 2, MR SAIEME N A I, fR7EAT S8 o =0, JORMIRIZE 28 R X, = (uuy.u,) Jordt
Uy =20, —2uy R U AEREL ST U, =1, SRR R R 1 IR A AN B IR

%,%%ﬁmﬂﬁﬂ%ﬁ%ﬁﬁin=m%f=@;j,wﬁﬁ¢AZME AR

DOI: 10.12677/aam.2022.1111866 8188 I3RS


https://doi.org/10.12677/aam.2022.1111866

FEHK, REW

5. g5

KRR ISR PR Y, LAk g 2 ol LRI AT 28 SR S 05E3RAS T HR & SRS 40
28 H R R BB R AR S SRR o B TS REAN, A SO SRR RIRFIE T &, IR 9T
TR SRR S RO R . A R GURE T B b 10 B — 3, HAHOG A 3 SR e 5 %
LR RFACFAE A OCR DA RN . TR PN SR VF 2 SIS E B8 A A IS 0L, A5 IEE
JiTERAE R A ST A, AP N RSN, 2R 7T A S R AR R 5 AR5 SRR 1 A 57 05
[ Z IR ISR AR, W SR 2 SO M REAT AE AR S AT A, LR ) 2 3 5 1) A A 7 57 () B R A AR
GRE, A3 5 18] B 73 0T LT 2R XU AR A 24 e

ARG 29 A 28 B SR AR — B F TE R AT, R R B0 S et 45 5 e 2 P 2 A i A b =7
2 SERE BN S R PR T A S BR AR 00 AR B RS vy 1SRG . AR SO S A R 5707 [ Y
Wig, AMONER EX R g 20 R EEAT TR P I, AR AR IR R
i, SRR IEAR T R SR R A 7oA

E&InE
BT R RGERN FMIIE A B A S296 5 (Y202105); B ARHE KA BCEIF 75 H (2022X002)

BE K

[1] #HRT. SEFRZNe[M]. 5 4 B B 2 EOR2EH AR, 2018: 32-35.

[21 Zuint, METLER, DAL ORI = NS R R). 4058, 2015, 32(3): 36-40

[8] Xz ZEREM IR S F0E L TRt D] (W22 A0 3], BRib: 1522 RHRAE, 2020: 1-3.

[4] Sadana, U., Reddy, P.V. and Georges, Z. (2021) Nash Equilibria in Nonzero-Sum Differential Games with Impulse
Control. European Journal of Operational Research, 295, 792-805. https://doi.org/10.1016/j.ejor.2021.03.025

[5] Ganzfried, S. (2021) Algorithm for Computing Approximate Nash Equilibrium in Continuous Games with Application
to Continuous Blotto. Games, 12, Article No. 47. https://doi.org/10.3390/912020047

[6] &SN, ZEgHA, SCIT. —2RGNH 2 i) B R AR SVA[IOL]. 8B F 54k 1-8.
http://kns.cnki.net/kcms/detail/31.1732.01.20220505.1043.018.html, 2022-10-09.

[7]1 =MEdk, DR, FEERGR, 5. BRI IRy i Mg 5t 5 S SR AR L 9], THENLRFEE, 2022
49(8): 191-204.

[8] Liu, L. and Jia, W. (2021) The Value Function with Regret Minimization Algorithm for Solving the Nash Equilibrium
of Multi-Agent Stochastic Game. International Journal of Computational Intelligence Systems, 14, 1633-1641.
https://doi.org/10.2991/ijcis.d.210520.001

[9] Weil Jr., R.L. (1968) Game Theory and Eigensystems. SIAM Review, 10, 360-367. https://doi.org/10.1137/1010061

[10] Thompson, G.L. and Weil Jr., R.L. (1969) Further Relations between Game Theory and Eigensystems. SIAM Review,
11, 597-602. https://doi.org/10.1137/1011091

[11] Wernick, R.J. (1970) Parametrized Games and the Eigenproblem. Linear Algebra and Its Applications, 3, 311-346.
https://doi.org/10.1016/0024-3795(70)90003-0

[12] Liu, H. (2020) The Relation between Eigenvalue/Eigenvector and Matrix Game. ArXiv: 2012.012609.
[13] EHIR. —Fr 5 =Pl s F R 2R A 945 1 SR [D]: (L 226018 3C]. DU PYSIMIE R %, 2019: 2-4.

[14] Gemp, 1., McWilliams, B., Vernade, C. and Graepel, T. (2020) Eigengame: PCA as a Nash Equilibrium. ArXiv:
2010.00554.

[15] Szabd, G. and Kiraly, B. (2021) General Features of Nash Equilibria in Combinations of Elementary Interactions in
Symmetric Two-Person Games. The European Physical Journal B, 94, Article No. 102.
https://doi.org/10.1140/epjb/s10051-021-00112-z

[16] XIZK, EEH, BRiE, K& T 0 REARNTAN A E R 7] oS5, 2022, 29(2): 1-6
[17] Fudenberg, D. and Tirole, J. (1991) Game Theory. The MIT Press, Cambridge, 80-98.

DOI: 10.12677/aam.2022.1111866 8189 I3RS


https://doi.org/10.12677/aam.2022.1111866
https://doi.org/10.1016/j.ejor.2021.03.025
https://doi.org/10.3390/g12020047
http://kns.cnki.net/kcms/detail/31.1732.O1.20220505.1043.018.html
https://doi.org/10.2991/ijcis.d.210520.001
https://doi.org/10.1137/1010061
https://doi.org/10.1137/1011091
https://doi.org/10.1016/0024-3795(70)90003-0
https://doi.org/10.1140/epjb/s10051-021-00112-z

(18]

[19]
[20]

[21]

Nash Jr., J.F. (1950) Equilibrium Points in n-Person Games. Proceedings of the National Academy of Sciences of the
United States of America, 36, 48-49. https://doi.org/10.1073/pnas.36.1.48
TYEAE. B 54U IML. dbat @A ik, 2007: 31-50.

Thompson, G.L. and Weil, R.L. (1971) Von Neumann Model Solutions Are Generalized Eigensystems. In: Bruckmann,
G., Ed., Contributions to the Von Neumann Growth Model, Springer, Berlin, 139-154.
https://doi.org/10.1007/978-3-7091-8269-7_14

Giorgi, G. (2016) Eigenvalues and Eigenvectors in Von Neumann and Related Growth Models: An Overview and
Some Remarks. Journal of Mathematics Research, 8, 24-37. https://doi.org/10.5539/jmr.v8n1p24

DOI: 10.12677/aam.2022.1111866 8190 I3RS


https://doi.org/10.12677/aam.2022.1111866
https://doi.org/10.1073/pnas.36.1.48
https://doi.org/10.1007/978-3-7091-8269-7_14
https://doi.org/10.5539/jmr.v8n1p24

	奇异方向上两人零和博弈的近似纳什均衡求解
	摘  要
	关键词
	Approximate Nash Equilibrium Solution of Two Person Zero Sum Game in Singular Direction
	Abstract
	Keywords
	1. 引言
	2. 博弈中的纳什均衡
	3. 矩阵博弈中的基础定义
	4. 零和矩阵博弈
	5. 小结
	基金项目
	参考文献

