&

ERRER

Y DR Ak RS |

%

BERRTEME
4 — LB 5H2
B NEFNT—L

Y& AT

2 \FEWFEFFT — L

« Example :
e LAY —ITREBD2A N={A, B}
o ZFTLAV—(F, HMIICED DEEERE _
(GEtHA) Si=1i1 Sio}» (i=A,B)
s TLAY—ORBORME—REFREHL
(3F:ﬁ§$u) fi: Sy X Sp— R, (i=A,B)
& fﬁm%ﬁﬁ%@ﬁliﬁﬂﬂ fAGanSp) =2 * f3(55,85)=3 #0

fo (Sap Sp) =1 *+ f5(Say,S50)=-2 #0

fr (a2 Sp) =2 * f5(Spp, 85) =-1 #0

A, BOFIF fy (S Sp) =1 * fy(Spnsp)=1 #0
ANB/| Sg Spo

Sa1 | 2,3) | (12

Sap | (2-D] LD

o 2ANEBAIEFNT —L
o BE:T—LDIL—IL, W75
o Bl AANDILUT, BRY—L, BEAEDODLUT, ...
o EGE, Nashtaf =

o Nashts = SR H2 48 4@ 14 578 (LOP)

o B — LD - FFMEA~ DI

2 \IERNEFRT — L

o MITH|F— L HNF (—F) ELSEHEAL GEFH)
o FGEAK
vi, j, fA(sA,sBI):aﬁ, fB(sA,sBj)zbij
o FFTH
A:[aij]a B:[bij]
TL A —BOEEE (nE) DR (B )

(@,,b,) (a,.b,) (@,,b,,)
TLAv—A a,;,b a,,,b a,,,0,,
U)Eﬁ%(mﬂﬁl) ( 21 21) ( 22 22) ( 2 2 ) = (A, B)
DFNE (A

(amnbml) (am27bm2) (amnibmn)
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Y o DR 0 RS |

QAR HFEBHY — L (R geow
e 1. EANZEDT L7 hattle of sexes
o HEA—HOAYTILNT—rELEWERSTINVS
o BB RENEFEL, THEXREEE AL
o BAMIFELLDERDBLY—BICWBIEDANAE

&

B%| H% | BE
ik 20D | ¢1-D maxming; =—1
BE | (1) | (12) '
maxminby; = -1
i

BUMIXEEBIE G

SSIVIRRBIHSE, EWNNIEELDERTERLN?
(FEEREBOTIIRANKELGEIHEESR! ?)

EBlEDOOLUT, ...

2 \IFEFRNFEFFT — L

o Definition &:# it 2 & 5 IS 25 % s
o EEhGZ hestresponse
« TLAY—ADEEE S, €S, A, TLAVY—BDERE S; € Sy (%t
TERBEHETHIEIL, UTHRYIDE
fa(5a,S5) = max fa(Sp,S) < MERBROBE

E.(P,0)=maxE,(p,q) < EBABEOBE
p

2ANFEFT—LTIE,
SRV RREF
REISERECIRE

o TE G EXtG hest response correspondence
- BOEK s, S, [CHTIAORKBISENES

A _ R

Ra(Ss) = {SA € SA‘ INC S ISn:‘SX fa(Sa SB)} T 0Ba

Ru(@) = {PEL(P.0) =max E(P.0)} < grigir v

% TLAV—ADRBELERBELY,

D,= (SAsSB)‘SA € RL(S5),5; €Sy
% LAV —ADRBEGEESELS

2017/11/14

- g 9
2A;FT§JngF;1§*D/7-_A B % | B | BE |
Pef Bz | @D |(L-D
o 51 :ZBAZEDTL T hattle of sexes Po| me@E | (-1-1)| (1,2)
o BT —LOFEEILCAZT, BEHBETHES E95E...

3
B
bed

{EA(p,q) =2p,, - P,0, - PG, + P,
EB(p,q) = P4, — P,a, — P4, +2p2q2

— {EA(P,(LO)):3PI -1 {EB((lao)aq)Zqu -1
EA(p.(0.1) ==2p, +1 |Eg((0,1),0) =-3q, +2
N 23 32 a1 a1
—> (p,Q)—[(g>§),(g,g)} EA(p,Q)—g> Ea(p,Q)—g
LoD . A s
EA(p5Q):p]_g EB(psq):_q1+g

BAS § Z&57%0A1F P

TlEAEL1,0)I2F 2 HH TIEEL(O0,)IZF B HH

HEFFEINEES ! HEFFIBNELHES !
wELHEeNy —

XENT—LOHEE, TADFF=BDEX 1IN0, SI=IvIRREBICLDBIREN EF
Uofet, T —LTIR BVDQFFISBIEAGN 8, CHTREFINAEL

ApS PELEZAESBIE(

2 \IERNEFRT — L

o B G B & Bl & T I
« TLAY—A BAREARBEINEELDER, TOHRDNERIF
D:=D, "D, < EVCREBELGLEETS
A} (D =275 %)
o {5l FUA T —BO B TO) BB
ANB| Sp | S, | SBy Sy— MaK{185}=8 R (s,)=(s, |

Sy, — Ma{06.7}=1 R, (s, )=1{s,}
Sy | D | ©8) | G s:: —>maKk{812}=5 Ry(s,)={s;}
8,0) | 6,6) | 2.7

DB = {(SA2 H sB3 )s (SAl ’ SB2 )9 (SAJ s SB, )

4,5) | (3.,1) | (6,2)

TLAV—AD FEHETO) REHE
Sy, — MaK18A}=8  R,(s,)- s, | D=0 &), |a
Sp,— MaK{063}=6 R (s, )-(s,}  PHEBOAZTL
$g, — MaK5.26}=6 R,(s,)={s,} BELGL

Dy =1{(5s,:55): (55,55, )+(S0.+55.)
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Nashi5# = (&, ST —
LOHER(BEREET
—REE R

2 NI NIEFMYT —

« Definition Nasht3) # 5= Nash equilibrium point
GE&) BEE D (p*,0%) NROEHEFH=TEE, (pg%)

’é“aShi’]@I,ﬁ“&J:
EA(pP* )> E A(P.g*) Vp BAUEEHALAEN AR,
E, (p* q )2 E, s(P*.0) Vq AT EE BB AR
« Theorem1

GEES)ERROME (0.0 AEWVIREGETHLHILELIE
Nashi’J@,“tWJ FEERLYILD. B, Nashtafm D&
BEELTDE, E=D,ND,

« Theorem 2

o (GES)BIEOM(p*.q%) HNashy = TH 1=
HDVBE+ZEHRIL
A(p*s *)2 EA(SA sq*) Vi:ls ,M
EB(p*aq*)ZEB(p*’SBJ) ijla an

Theorem 2
(p,q)h Nashts iz
EA(p,q) = E,((1,0),9)
EA(p,q) 2 E,((0,1),q)
E (P q)= Ea(p,(LO))
,4) 2 E5(p, (0,0))

2NFEBNIEFHYT —

o 2AEB NSNS —LoNashi g s ©
o TLAY—ADKEIGE p [£Theorem2 kY
{EA(P: q) = Ex(1,q)

Ex(p,q) = Eo(0,9)
{T+7)q —PIp + 7t 8y, = {(F+A)g-F}1 + 7 + ay,
{F+A)—FIp + Tt ay, = {(F+F)G—F}0 + 7q + ay
o {{(r+f")q—7‘"}(1—p) <0
{F+P)g=Fp= 0

o B2, BOEEE g (23X 2 ADREIGE p (X

-+ > 0enpg st {10501
(F+P)q — = 0&7% q [THLTIE { p’;;:f > piEE
F+f)g —F < 0&7EH g ITxLTIE {1 ;Z% 0, p=0

2 N\JERIEFIRYT —

® ZASFT:’:':’;jJéF%*D’T“—iLxO)HaSIIi’:]@Té
q -q

0<p<l,
p |:(allab1]) (alz,blz):|:[A B] {OSSSI
1-p (@y,by) (ay,by) '
TLAY—RABHEEEIELST2LEDTNThDOHFHIE
Ex(p, q) = a,,pq + a,,(1-p)g + a;,p(1—q) + a,(1-p)(1-q)
= {(a;78,) (@012} PG —(827812)P + (8y73)q T @y,
= (r+7)pq —7p + 7#q + a,, F—a —a
— (0 P+ 70+ - {f “are
7=ay~ay

Eg(p,q) = bypg + by (1-p)q + byp(1-q) + byy(1-p)(1-)
= {(by;= by )+ (0= by2)}pg —(byy= 0P + (by = Dyy)a + by |
= (C+0)pq —¢ép +¢éq + by,

= (Eropa e 5
~{EHOp el e b f:f:"l«{g = by~ by,
¢ =Dy~ by,
. Theorem2
2 \EHRNIESINYT — (o b Hashis 8588

EL(p,q) = EL((1,0),9)
E.(p.a) 2 E,((0.)),q)

o 2 A\IERHIEFIYT —LONasht) & = Q'E“ES’EKE#E’E})’%
o TLAY—BOEERSE q (XTheorem2) A
{Es(p, q) = Ez(p, 1)

Eg(p,q) = Eg(p,0)

{(c+6)p +eYa—Ept by, = {(¢+E)p +EH—Ept by,
@+ +23q-Ep+ by, = {(E+E)p +E}0-Ep+ by,
. [eFopaa-g <o

{C+O)p+c3g=0

o B2, ADERE p T3t 9 5 BOREIGE q &

(c+ép+é > 0&%5p ITRHLTIE { —q=0

>0 —)q:l

(c+ép+é = 0&%5p ITRLTIE { qt&giﬁ - EE
>0
(C+e)p+é < 0&EHp ITHLTIE { quO -q=0
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2N NIEZIYT — L
e 2\ IERHIEFFNYT —LONasht & =

L {EIJ: q 1_q F=a,-a,=6-3=3
ANB| s S f=a,-a,=6-2=4
Bl | By F=a,—a,=3-6=-3
P sy | 69| @D | B> [c=b,-b,=5-4=1
¢=b,-b,=1-7=—6
1p [ sp, | G4 | 6D € =b, by, =4-1=3
JL1v—B
(F+f)g—F = 7q — 4 q DEBISE || Nashis
q>47—>p:=1 1 /
— ja=Y > p:tEi | TLAr—A
a<4] 5 p=o 4,,7_/ ORI E
(c+é)p+é=-5p+3
p<35—)q=1
- p:%aq:&%‘\ 0 35 1
p>35—>q=0

2 \IFEFRNFEFFT — L

« Theorem 3
¢ CEEBMETIEAT DL, ) MITHNT —LAICIE, DiakE
HIoNash & R A EET S

« Theorem 4 (cf. Theorem 2)
o GES)HIROM (p*.g)pNashiy & 5 ThHA-ODNHE
TREHE, (prg¥) DER R(DXR(P) DFBRTH

Z& BB,
8 ! P*xq* e R, (q%)x Ry (P*)

T

RN E S THD=HDLE+ 1 (Theorem 2,475 E)
DFEERIE, TBrouwerO AR EE ITARDFR B A EE 1GREMD

2017/11/14

2\ 3EH
7

EAP.Q) gg —

En(p.(4/7,3/7))=30/7

Eq((3/5,2/5), 9)=23/5

B HIEFMT —L

ANB SB] sB2

sy |69 ] @D

s, | G4 6D

EE 1
o ROMITH7—LONaShH B SZE KO &
A\B SB] SB2
SAl ('23 1) (4’ 6)
SA2 (69'8) (_292)
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@ John F.Nash (1928-)
o BAYALDER

A A A

« A Beautiful Mind
A

WFHhH2008EMAIE (X)) BIGOTER

2 \IFEFRNFEFFT — L

e f5l2: A ADT L~ prisoners dilemma
e 2 AOXELAFBEIIRYFAREZIT TS
o R CILEIF+ 9 TROETULNERTELRLVES, 2
AEBIE

o FNAFBZEEREIZEFEMNTon, ISCEARIE, BLA
WA, F=FZL, 2AELDIELIEE T2 A EH85F

— R EAVNEL
ANB | EKFn BH FOEELLY !

A | (33 | 401
BE | (L10) | (8.8

KELREG HENBDDRERHEIROYIZFEELTHE5S

BT —LDBEIE
> Bl I B B
FIZTVYRERE
WFhOEZATHY
EREROOND &

MR 2AERNFNT —L

o 2 AR NFFS —LDONashig i =

o Bl TLLAY—ADFER (F+F)a, ~F =100, -6
[of1 94

F=a,-a,=3-(-)=4 qw>35ﬁD,2:1

,'i:azz_alz:4_(_2):6 —> q‘:%%p,:ﬂ,ﬁr

ANB SB] SB7 F=a,-a,=(-1)-4=-5 q‘<%ﬁ =0
P 3 5 B [C=b,—by=(-3)-1=—4 @©+E)p,+T=-10p,+5
! SAI . E=b22’b12=(4)’ =-6 p<)fa=1
C=b,-b,=1-(4)=5 —> {p =V, >aq it

P, SA7 -1 4 pl>g~)ql::0

3¢ JLAv—B
E(p,q)=10p,q,—6p, —50, +4 qy DERBEGE Nasht5# =
{ E(p.(LO)=4p,~1 [E((1,0).q)=5g,~2 1 v

E(p.(0,1) =—6p, + 4 |E((0,1).q) =—=5p, +4
(P.(01)=-6p, + {(( ).a)=-5p, + A [rurva
DR Z

£ ) —

0 12 1 B

2 \IERNEFRT — L

o 5]2: A@ﬁbyglnrisoncﬁr’s dilemma

PN SEE EANELY
ANB | =i | BHH S ABLLY 1

pu| BE | (G330 | (101 e TEY T
2y et Ly
Pl BB | (1L10) [T parowmacri !

BEILAv—Lb, TEHINKERHER ! #&RELT,
(B8, Ba)»'Nashiy iR THY, ¥ —LIFXECAIH#

BECEREIROTERTH. ., o
D, ={((0).9P<q<1} "

D, ={(p.0)J0< p=1}
—> D:=D, "D, ={((0.),(0,))}
RHEGERBICH>TELHISHELTSH. .

(fr+f)q,—f=00,-2<0 =0
{(E+é)pll+€:0bl—2<0 —>{§,:o '
0

TE W THE
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2 \FE RTINS — L

o Nash5 % S SR E R A 2
o NFMT—L
¢ STYVIREBAREEE | <« TEBOEHESZ TS
o 2ANEFNT—L
 Nashi¥# S A RBEEIRE 5 X 01T TIFAL !
o F—LDENBLEIEROHERIFEET IEEHNHD !
- Nashiyfr (3, 9 LEParetosiE Cld7aLy !
— RELERBES L. ?
(L LISE L DA HEH ?)

Nashiy 8 =S D FEBIE
EHHT—L4 BAT —LADERHR
BONDBODIRAEEZTRTET, AILHA DY EEIEE o @
LBEREILEHZD ;
SERENERBH DI EETRT IET, BRERE I
PR#THH LB D

R AL — L
oEE
o BRI, HANIHRRIZENT, BADDLUTERLK

MELOTVBERDLNAHE1OHIT, BREEOMTRER
T&

CEE)  DELY)

CCBaR) ¢, ) C ., )
DE;Y) C , ) C ., )

2 \IFEFRNFEFFT — L

e I3 HE7—L4
o BN TLVD2ANERRIDENHD
o SEHGEMIIEVNITHM>TEY, KLIT, HEN
ELHDEFONDERMNHERS. (BRTRIZEFALY)

A-B 1< 2
17< | (-6,-6) | (6,10)
(=) (10,6) (0,0)

3
>0—>p =1 _

(F+F)q, —F=-220,+6{=0—>p,[0,]] O
S0P =0 e

o >0->q,=1 " (01,00),

(€+C)p, +C=-22p,+69=0—>0, €[0]] (@8, 3Mmsmn), S
<0->0,=0 | (am,@01) AR

EA(p,(3/11,8/11))=30/11
Eq((3/11,8/11), q)=30/11

2017/11/14
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2 \FE RTINS — L

@ 5|4 : 534 — L chicken game
e 2AD AN 2E8DEEZFNEFNEERT S
e 2N, BEWNIAMN>TEEZELES

¢ 2BELEDFFEYVRITINE, OB TRONYEHT=H,
ERTCHEELTKL.

o LWL, HFIYEICLT-(EREER) TLAV—IE
[FE2 1 EBoh, BREDOLYTILELNS

&

AB | E(T5 | B
®T5 | (2,2) 0,9
EHEL | (9,0) | (-5.-5)

2 \IFEFRNFEFFT — L

e 1. EANZEDT L7 hattle of sexes

B k& | B | BE a,
ik | (2,1) | (-1,-1) !

BRE | (-1-1) | (1,2)
>0—>p =1 2/5
(r+f)g,—f=59,-29=0— p, €[0,1]
<0—->p =0
>0->q =1 0 w1 B
C+6)p,+C=5p,-3=0—>0q, €[0,1]
<0—>q,=0
Nashg & = 2,1)

((10),(10)),

EA(p.(5/12,7/12))=1/5
(@3/9.2/9),@215319)), > E4((5/12,7/12), q)=1/5

(@n,00) (12

2 \FEREFFYT — L

e {5l4 : 55 4°— L\ chickengame
AB | E(+5 | #HL
TS| (2,2) | 0,9
BHEL| (9,0) | (-5,-5)

fr -

9/12—
>0—p =1
(r+f)g,—f=-12g,+5s=0—> p, €[0,1]
<0—>p =0 0 5112
>0—>q =1
(E+6)p, +€=-12p, +51=07, <[0,]]
<0—>¢q,=0
Nashi5 s 9,0

(01,10), EA(p,(5/12,7/12))=10/12
((8/12112),(3NM2112)), —> Ex((5/12,7/12), q)=10/12

(10),01) T (0,9)

2 \IERNEFRT — L

EA( p,q) = 8p,0, +8p,0, +4p,a, +4p,0, =80, +40,

o 515 : 7451 {Ea(p,q)=8plql+4pzq.+8plqz+4pzqz=8pl+4pz
1E2OHFHBEE S OB TROLNANILIZEL
(0+0)q, -0=0— p, €[0,1]
(0+0)p,+0=0—q, €[0,1]

A-B S, Sp,

Sy (8,8) (4,8)
Sp, 8.4) 4.4)

2 TOMFERE DA Nashg & 5 !

£TOEEHKOMEANasht = !

Nashi4 & m D FE B

RIEL—IL: BHPORELNRECHED,
HEFEDORBHIARERIHBEES
EHRLEIL—IL: B OFEARLED,
HEDORBHINESEDEREER S

AN RIS &BAEM S B IL—ILIZHES

(83, 85,) DRI 18

(83,55,) D1 A

(Sy,58y)

AR Dt & BRIV —)LISHES — (S),8;)
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e 6 £ HHMDER @mAOCLL T ONAMLELR)

o BEOBERNEFOREMZMELTD. BRERNEESEST
HEREL, BROMNBRRFEIMNDRY, FOHEEOLEITIE,
ﬁ?'CL‘éG)lii‘%ﬁi’i‘,@mrtb\')#@'C&')ZD

o BEIZETILTOER

- BRERIL4E (=1,2,3,4)

- BERIDBKT 54DH g

- BFMEBREEETHEBATE, BAMERZLZTELR
- BERIOREZEEL, =0;{16—(0;+ 0+ 9 T 9} —2;

iNothers | 0 | 1|2 |3 | 4 1|8

9
0 0/ 0] 0| O] O O] O| O
13|12 11|10 9| 8

F={EABIRT B
EIRIEASHD !

0
1 5

% 1> 2 [24]22]20/18|16]14{12)10] 8

%

sk (3) [33]30(27]24|21]18|15]12] 9

AANEC

Nasht3 1y s2 &R 72 48 48 4 SR8

o Nashi & R &R 5
(p*,0%) v, = EL(p*,0%) 2 EA(SA ,q%) Vi.: I, ,m
Nashifii 2 B2 |V, = Ey(p.0%) = E,(p%.5y) Vi=L .n

<:> v, >Z,1 a;q; vi=1, ,m
lebllpJ ijl, oN

@{vlzzj@q] Vi=1,
v, 2> bp) V=1,
Q{lzZ?lajqj vi=1,
122215ijﬁi vi=1,
{u, =1-3 8,0 (=1 .m)
w=1-37" BP0 (j=1, .n)

Nasht4 % | SR F2 AE 4 14 R R

« Definition BRI R S 14
o —LGONaShYE S NG DEFNTHY, M OZDFHRK
N BHEE, ODOF —LIFBERMNICEZETHEELS

« Theorem 5
o 22DBATH 7 —LGRIZENT, FEDERICOLT,

a,a; +
Elal >0 a, >O Elﬁl’ﬂzﬁ {b! 7(12 I:+§;

ELSERNHDHEE, GERFBIEMICEFTHD

o 515 np Sg, | S w ¥l S, | S

B U=
S, |GD] 02) |[<EEY | s, | 6D [ (1Y) '

5w 12960 B [s [509]09)
o = 2>ﬂ1 = _laaz :3aﬁ2 =2

Nasht 1 s &R 2 A8 4 14 S RE

« Proposition 148414 comnlementaritv {”‘ -l Z; 1
le.. 0(j=L .m o, '
> wd 0(|_1 |y DR

FEDBE... Q-3 Ea, -1 )

Nashi9 % & <:> w; =1 Z,lbup. (i=1, ,n)

TS Z,l P =
ZJ LW, =0
u,p; = 0(|_—1 ,m)
WJ,qJZO (J:17 7n)
s - ui5pi(i:13 ’m)
Ty w,d,(j=1, ,n)
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Nashis = SR AR TR S B

@ LCP, Linear Complementarity Prohlem
u=1-" &a, (=1, ,m)

W; :zl_ZZla'pi (j:l’ ’n) s 7 ui’pi(izlr ,m)
Zjlim:luipi =0 J Eimt-d {Wi’qi(j =1 .m

Z?:]Wiqi =0 { .

U, p; =0 (i=1, ,m) Pi=n/ % pi_ A Nashts i s

w.q; 20 (j=1, .,n) 6;:=9;/2,9

@ . B=-ArlP & BRIS—L
y=Mx+z, f‘tL"pl u, 1 &
y'x=0, z
X,y)=0 | P | yoe| Un
(%.y) xe=| GrLy=| |

Lemke;% (M=0)
A% (M:PSDP,,...) Gn w,

EER T — LD I FR
e [LABI:H—IL/—EhTHE B>

e . L A+C +C,
%7i if0<qg <25 PP
. a—C BEREOFH
0 if <q; (-2 2
« « (a-2c+c
q ﬁl(qlaql):#
2 376 870 (is124) B A 2
2b b =) « « (a+c —-2c,)
ﬁz(qlaql)zT
a-c
b G—IL/—Fvatyis
. . a—-2c,+c, a+c —2c
a-¢ (ql,qz)=( Sl; 2, ;b 2)
2b
NL—rRBETIEAL
il c,=c, DB, q,=0,=(a-c)/4b
\ | ELTZAN, EbonhEd &
0 a-¢ a-¢, G YZLORENEONS

2b b

H R — LD mesrs—Lmmmeses)

o [GAFI . H—IL/ —8E a5
o 2 ¥ (i=12) " EELMEEEL, R—HHITHALTOS
o BEIOHBEq(=0) — BFOE#E p=max{a—b(q; + g,), 0}, (a,b>0)
o REIOEMABHK C(9)=Ccq, (0<c<a)
o ERIOFFBSm 00 ©)PA— % [ Eawaiinikien
—IL/—-F v a1 Cournot-Nash equilibrium
(0. 0;) = max (g, ;)

7(0/,0;) = max 7,(, 0

(91,0,):C.Neq. <

o ©Fi(=1,2) DRE](#) IT7 T DB E X G n>0
(a—c;—b(g, +0,))q; if 0<q; <a/b-q;

7;(G;,0,) = -¢q ifa/l:)fqj <q
a-c 0; . a—¢ p=0
* zibl_?J 1f0§qi£ I or, o'm; .
=q = Ca-c [ Yo <0 (|=1,2)}
0 if L <

EEEH T — LD A

o [LCABI2:FHES—LA
o HEHET, DHFEDLSH, FANNIZHERFERED
o EANILFELEEEF (FE:0~ 1000 T100M B 4L)
o BEOHRR, FMREDMEEEAZENEZD
e EAi(=1,...,n) DR (FHE) : x;, (0=x=1000)
o EAI(=1,...0) OFIEBEE:  ux. .X)=2D % -X
k=1

[BH+3ADTLA¥—=8) DiHE]

B ELEE
FHEHS?

L

B\ 0x3 100x3 - 900x3 10003
0 00 600, 500 --- 5400,4500 6000, 5000
100 100, 200 700,700 --- 5500,4700 6100,5200
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o BIETHIEADEEs O=s=n)&T 5L, REAHEBEL
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C=
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