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A Self-Adaptive Projection Method with the BB-Step Sizes for

Solving Generalized Nash Equilibrium Problems

Bi Peipei, Xu Lingling,Han Deren
(Jiangsu Key Laboratory for NSLSCS, School of Mathematical Sciences, Nanjing Normal University , Nanjing 210023 , China)

Abstract: The generalized Nash equilibrium problem( GNEP)is a noncooperative game in which the strategy set of each
player,as well as his payoff function, depend on the rival players’ strategies. It can be widely used in economics,
management sciences and traffic assignment,but how to effective solve the generalized Nash equilibrium problem is still a
subject of concern. In this paper, we present a self-adaptive projection method with the BB-step sizes for solving
generalized Nash equilibrium problems: First, we give the reformulation of a generalized Nash equilibrium. Then, we
extend the BB-step sizes to the QVI formulation of the GNEP, we adopt them in projection methods,and prove that under
the condition that the underlying function is co-coercive,the sequence generated by the method converges to a solution of
the quasi-variational inequality problem globally. Some preliminary computational results are reported, which illustrate
that the new method is efficient.
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o RN, 78 ZQX B SR E y=1,1=0.5,0=0.3,p=1.99; 76 HAN'" Bkt c=1,1=
0.5,.=0.9,p=1.99 ; A CAEH:F a,=0.95,1=0.95,p=1.99. FHMTE P RATHE B RIERECH 1
000 WX, fEHLUEN] & =107, “Tter” fRFHEIERUEL, FF5 =" Tl T oK IR IEL.
511 Stackelberg-Cournot-Nash Ty £ 1) i) 5 RPN NG, Fod Bk A AR e B — AT 0
10 ZEIEC «, I e TECF /b F g 25 F 15, HARREL K B U
u'(x',2%)= (& )2+%9clxz—34x1 ,
u(x'xt)= (x2)2+%x1x2—24. 25x7,
K'(x*)=10<x'<10,x' <15-4"1,
K(x')={0<x"<10,2"<15-x'}.
x1 Gl1HEER

Table 1 Numerical result of Example 1

L Tter CPUS T LA
BIREAR
ZQXAl HAN PBB-1 ZQXA1 HAN PBB-I ZQXAl HAN PBB-1
(0,007 201 73 50 0.010 0.007 0.004 (5;9)7 (597 (5:9)"
(10;0)" - - - - - - (10;5)"  (10;5)"  (10;5)"
(10;10)T 206 63 48 0.011 0.006 0.004 (5;9)" (597 (5;9)"
(0;10)" 177 60 50 0. 009 0.006 0. 005 (5;97 (5;9)" (5:9)7
(5;5)7 235 62 51 0.011 0.006 0.004 (5;9)7 (597 (5:9)"
rand(2;1) 210 71 56 0.009 0.007 0.004 (5;9)7 (5;9)" (5;9)"
- 4
) — BPP
— BPP ; —+— ZHANG
_ ZHANG 0 HAN
= HAN = -2
3 3
3 s —4r
S S
3 5 -6
2 ? 3
-10
-12
-14 ‘ ‘ : ‘ -14 ! ‘
0 50 100 150 200 250 0 50 100 150 200
Iteration No. Iteration No.
B1 fi1,¥%540,10)" B2 #l1,4%=HK(5,5"
Fig.1 Initial point of Example 1:(0,10)" Fig.2 Initial point of Example 1:(5,5)7
B2 A
K (x")= {2<x*<10}
R 1 Y
K (x')=10<x"<10,x*<15-x'].
x2 Bl2HELER
Table 2 Numerical result of Example 2
o Iter. CPUS T ABLfi7E
WA AR
ZQXAl HAN PBB-I ZQXA1 HAN PBB-I ZQXAl HAN PBB-1
(0,007 244 72 39 0.0190 0.007 0.004 (5;9)7 (5;9)" (5:9)7
(10;0)" 247 68 49 0.018 0.007 0.004 (10;5)" (10;5)"  (10;5)"
(10;10)T 184 56 50 0.014 0.006 0.005 (5;9)7 (5;9)" (5;9"
(0;10)" 177 60 54 0.014 0.006 0.005 (5;9)" (5;9)" (5;9)"
(5;5)" 235 62 39 0.017 0.006 0.004 (5;9" (5;9)" (5:9)7
rand(2;1) 251 67 48 0.018 0.007 0.005 (5;9)" (5;9)" (5;9"

513 2% & Stackelberg-Cournot-Nash ZZJE )5 [a) @1, >k H [ 2 ] ag 6 2, HECARRI nl f R anF . 2%
JE— BRI T, A m DA RTEAEGVERIE AT 3 AL R — AN BT 877 5, 2 printR, —intR, /3 B4 T
37 —
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W
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s, o

m
X={xl« e X, x4+ 2 x} SN
jeL A

1E3(23) BN FIHESZ A T E A C 8" b 2RO 8™ i 2R R B R B /ME 2R RS, 3
TR DS AL AR (Y QVIL AERX AN, AT T m=5. % SCREL F oA

. 1 1 .
i & \A (5000) 7 x" o
e A ). s
5

Hreb Q=Y & FrAARESEERM TR N 1 _EFN 150,00,

i=1

X.= {2 11<x'<150}, i=1,---,5.
PR E R BN S B ER 3. 3o 4 FIFR S HIBIEG R ER n=1. 1 fln=1.3,N=700 B} 1. 5HAMF LA
L, FRATTAG L R kA B B B TR) A5 T [RDRS B2 i A, RIS FRATTHL 45 Hh T s 22 pR AR [E4S, AEIR
AR W B FRAT v A R

6 10 -
4 BPP R BPP
PRARY *» ZHANG 5 4 *+ ZHANG
= oph * HAN = . + HAN
ST S Y S oopy %
SNE S A S 5
E + E +
= -6 + = -5r +
g & %
- -8r - f:
-10 -10 3;
-12r -
_14 1 | _15 1 1 1 1 1 |
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Iteration No. Iteration No.
B3 fI3H, 38 n=1.1 R¥BEEA B4 4135, 388 9=1.3 R¥ESA
1+ ones(5,1) IEELER 1:ones(5,1) EHEER
Fig.3 Numerical result of Example 3 when Fig.4 Numerical result of Example 3 when
7=1.1 and initial point is 1 * ones(5,1) n=1.3 and initial point is 1 * ones(5,1)
x3 MERBHSEH
Table 3 Parameters of cost function
Firm 1 Firm 2 Firm 3 Firm 4 Firm 5
Ci 10 8 6 4 2
7; 5 5 5 5 5
B; 1.2 1.1 1.0 0.9 0.8
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x4 B3 FSHn=1.1 HER
Table 4 Result when n=1.1 of Example 3

AR A lter. CPUS
ZQXA1 HAN PBB-1 ZOQXAl HAN PBB-I
50 * ones(5;1) 86 19 16 0.043 0.012 0.016
10 * ones(5;1) 99 21 18 0.046 0.016 0.015-
5 # ones(5;1) 102 25 20 0.048 0.016 0.015
1 # ones(5;1) 109 33 23 0.053 0.023 0.016
1 *rand(5;1) 110 36 23 0.053 0.023 0.016
10 # rand(5;1) 101 25 20 0.047 0.017 0.015
x5 I3 PSH =13 HWER
Table 5 Result when =1.3 of Example 3
X . Tter. CPUS
REESE ZQXAl HAN PBB-1 ZQXAl HAN PBB-1
50 * ones(5;1) 89 20 18 0.043 0.012 0.016
10 * ones(5;1) 95 20 17 0.046 0.016 0.015
5 # ones(5;1) 98 24 19 0.048 0.016 0.016
1 * ones(5;1) 104 30 19 0.053 0.017 0.015
1 #rand(5;1) 105 33 24 0.053 0.017 0.015
10 * rand(5;1) 98 23 17 0.047 0.016 0.015
*z6 BI3HmSHn=1.1Fn=1.3 WER
Table 6 Result when n=1.1 and n=1.3 of Example 3
Firm 1 Firm 2 Firm 3 Firm 4 Firm 5
n=1.1 36.9325 41.818 1 43.706 6 42.659 2 39.179 010
n=1.3 21.2179 28.081 4 32.344 8 33.790 2 32.663 9
5 ik
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