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a static game of incomplete
information
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Static (or simultaneous-move) games
of complete information

Z5N&E (2D NMZ5 )00

5125 NHERIE/ATBhEE

N2 H NRBH G, B2 5 AR R
520G w2 Payoffs recelved by each player
for the combinations of the strategies, or for each

player, preferences over the combinations of the
strategies

A XERMENER, HNENZ5 N AL/

A (common knowledge ) .
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Static (or simultaneous-move) games
of INCOMPLETE information

WA EeEr (NERFER) , RERE
SEATLAL 5 ) 70 A AT S R R

AREEERBEWE
Z/EH NS5 NABREERPIEE NS48
e (nHEAZ5 ARZEE, type )

U e X PSR N AN R TIRY- o U =S

( static Bayesian games )
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Prisoners’ dilemma of
complete information

P40 TR SR Nk A I 32 Bl 1%, AT A AR 425 . (B2
7T R,
42 A0 AR S AN AL BUR:
R NEAEE, ROV EEZILAE, ANR—H.
RBTT AR E, AR BN A.
IR — NN A — ANEAEE, AN —T78 5 E35R,
17 27— N AT A.

Prisoner 2

Mum Confess

Prisoner Mum -1, -1 -9, Q
1 Confess 0O, -9 -6, -6

Game Theory-Chapter 3




Prisoners’ dilemma of
incomplete information

Prisoner 152 ¥R CHAI, selfish ) .

Prisoner 27] GE 2 ¥ M) CHFIR)D W A] e A2 F At )
(altruistic ) , XHUA T2 A 52% Chappy) .
nRA 2R A, A ERL T mum, AN “confess” 55T
AL “ANFRUUASH 7 .

Prisoner 14NBERA Y] 018 prisoner 248 FRH: fR 34 2 At i, {8 2

flb W (believes ) prisoner 2 14 FIHEZ N 0.8, FlAth BIHEZ Ny

0.2.
Payoffs if prisoner 2 is Prisoner 2
altruistic Mum Coriee
Mum -1 ’ i _9 ’ -4
Prisoner 1
Confess o, =9 -6 , -10
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Prisoners’ dilemma of
incomplete information (continued)

25 5E prisoner 1< T-prisoner 24T ( belief ) |
prison 1 NIzt #FA A HKHE?

in¥prisoner 2 &AM, AN 1Z 59 HIE AT A

TG
Payoffs if prisoner 2 is Prisoner 2
rational Mum Confess
Mum -1, -1 -9 , o]
Prisoner 1
Confess o, -9 -6 =6
Payoffs if prisoner 2 is Prisoner 2
altruistic Mum Confess
Mum _1 14 __1 _9 14 _4
Prisoner 1

Confess 0, =9 -6 , -10
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Prisoners’ dilemma of
incomplete information (continued)

i
Prisoner 1i£$% confess, 25 i fili X prisoner 2 FHERT
Prisoner 2Un R 2 ¥, 164 confess; M5 &FIM T,
N3 mum

XA PLE Rk

(Confess, (Confess if rational, Mum if altruistic))

Confess & prisoner 1%}prisoner 2% (Confess if
rational, Mum if altruistic) ) & S .

(Confess if rational, Mum if altruistic) /& prisoner 2%}
prisoner 1i%#Confess &L MV

XL AN AT S A R O DU R g 2 1

(Bayesian Nash equilibrium )
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Cournot duopoly model of
complete information

PrifE R IA:
Z 5 N4 { Firm 1, Firm 2}
FMGEE: 31=10, +0), §,=[0, +0)
A 2 PR

ui(q1, 92)=9:1(a-(q1tq>)-c),
uy(q1, 42)=9(a-(q1tq2)-c)

AT IR 2215 B e AL R AR
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Cournot duopoly model of
incomplete information

— PP ] 5 A 7 i AR P SR Ak BT AR firm

1 Fifirm 2. 7= = Hq, Mg,3R7s.
EATEN BT &

3 ¥ P(Q)=a-0, 1X 5. a &% %3+ H.
0=4,1q;.

Firm 10 A R 80 Cy(q)=cq;.

UL B35 093 R RnR

Game Theory-Chapter 3
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Cournot duopoly model of
incomplete information (continued)

Firm 217122 55 BAS A 2% A R ﬁbaaﬂ B PR Z=
(ARFARIKF). & I bR R A 7] B

Brm (HIGH) : gl ph 2 Cz(q2)=ch2.

B (LOW) @ AR Cy(gy)=c1q,-
764 P2, firm 268 05 W5 2IX A2 I H R AnE ©
El‘JJ‘ﬂI%BZ?WL?HZﬁ—

{AL 2, firm 1A REAERANIE firm 200 AR, a2 3, R
REHf 7€ firm 2EI’JLI&

Firm 1487 firm ZH‘JWZK@%K
P ORI BEZR N C(q2)=cuq;
PL1— 012N Cy(q,)=c .4,

A B33 93 [ TR
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Cournot duopoly model of
incomplete information (continued)

A5E4(Z B Cournot XN Sk Z& K A5 70 1) fif
Firm 2 8 U] i) 5038 E B Br sl /2 e 211K

o BB MLBREAK R, BIC,(q,) =cyq, A% EFER g,
‘B

Max  q,la—(q,+q,)—cy]
s.t. q, =20

1
¢ FOC: a—q,-2q, ¢y =0 = %(CH):_(G_%_CH)
o q,(cy) 7 firm 2 X5 g, e It S B, A 5R e Y32 B AN
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Cournot duopoly model of
incomplete information (continued)

Firm 2 #Y)  E11E © B34 bR A 2 = 2 1.

o MR ENIUIREAEALBIC,(g,)=c,q,, A% EILEEg,,
B

Max  g,la—(q,+q,)—c,]
s.t. q, =0

1
e FOC: a—¢,—2¢9,—¢;, =0 = qz(cL)zi(a—ql—cL)

® q,(c;) & firm 2 X]qu E/Jﬁiﬁﬁfi}-h IR e B bR A B

Game Theory-Chapter 3 14



Cournot duopoly model of
incomplete information (continued)

o Firm 1 WA FIIE & B AR EL C, (q,) = cq;.-
o Firm 1 ANBEHIDIH F1IE firm 2 B4 BR A & i 1K

o {Hiz W firm 2 YA K ELLOIMENC,(9,) = cyq,,

LI1-0 KIEFENC,(q,) =14,
o WHLEVL, ERIE firm 2 7= N g, (c; )HIMEEZ G, r=&E A
q,(c Y HKIMEFEZ1-0. FrLLefiE
Max Oxqla—(q,+q,(cy))—c]
+(1-0)xqla—(q,+q,(c;))—¢]
st. q =0

Game Theory-Chapter 3
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Cournot duopoly model of
incomplete information (continued)

o Firm 1 [ o] &:
Max Oxqla—(q,+q,(cy))—c]
+(1-0)xq,[a—(q, +q,(c;))—]
st. ¢, 20
e FOC:
Ola—2q,—q,(cy)—cl+(1-0)a-2¢q,—q,(c;)—c]=0

Fibl, ¢ = 9[0_92(%1)_0]4‘(;_9)[51_92(%)_0]
o g, & firm 1 5%F LR AEBT RIS LR DL firm 2 DISER O #
q,(cy), AR -01%Fq,(c;)

Game Theory-Chapter 3 16




Cournot duopoly model of
incomplete information (continued)

o« MAERMNTA
QZ(CH)_;(CZ q1—Cy)
0(e) = (a-q,-c,)
_Ola—q,(cy)—cl+(1-0)[a—q,(c,)—c]
qi 5

o RAMB=ATTENM=1REE. \TTH

Game Theory-Chapter 3
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Cournot duopoly model of
incomplete information (continued)

* 1 1-6
Q2(CH):3(a_ZCH +C)+6(CH —cr)

] 1 0
$(¢)=7(a=2¢,+c)=—(c, =¢)

. a-2c+6c, +(1-0)c,

q, 3
o Firm 1 %#% ¢,
o Firm 2 t AR AR BN %EE g, (c;) ) , 1R FRRA BTN 1%
FEq,(cp).

o XATUE (g, (¢5(cr ) qr(cp)))
o —ANLEIFEE R F—A e B B R B
o —ANGUHHIBHARFR A TLH R ga i 345 .

Game Theory-Chapter 3 18



Cournot duopoly model of incomplete
information (version one) (continued)

% 1 1-6
g,(cy) :3(41_201{ +C)+6(CH —c)

" | 0
q,(c;) :g(a_ch +C)_E(CH —c;)

+ a—2c+0cy+(1-0)c,
q1 = 3

. i‘zﬂufﬁ'ﬁﬁ(qf, (qz(CH),q;(CL)))

o Firm 1 %k$8q , TR firm 21 (g5 (cy,).qy (¢, ) ) B i% BAEE M) I
LB,

o U5 firm 2 WIABR AR (HIGH) , 4 firm 2 %8 q, (c)y) » TN
firm 1 8, FIR AR .

o W firm 2 MIAFREAEAE (LOW) , HB4 firm 2 %48 q, (c,), ERN
firm 1 8, B AL R

® ﬁ&%ﬁw@ﬁ%%ﬁ”f%ﬁﬁmﬁ@ﬁ-y-cmpw3 19



Cournot duopoly model of incomplete

information (version two)

— o ) S5 7 v AN A

1 Fifirm 2. P25 5

P ZE AV AT A2 77 firm

lq1 Mg R,

EATEREE IR .

0=4,1q,.

PL B33 3R] R

Tt #s: P(Q)=a-0, X8 a RHEIFH

Game Theory-Chapter 3
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Cournot duopoly model of incomplete
information (version two) (continued)

Firm 25321 b sAS (O T3 A8 B CRE R K &
(AFARIK). B 132 B B ] BE A2

Bim (HIGH) : AR E: Cyg,)=cug,.

AL (LOW) A RE: Cy(qy)=c1q,-
FEAE T, firm 2880 W8 2X AN R 3= 0 HLAEW AniE e
132 B e A &b T 72 = 211K
B, firm 1R REME &S firm 200K, gt 23 B
RETfE firm 21525 .
Firm 1R firm 2¢) 504 bR %k

PL ORI ZR A Gy (92)=cuq,

LL1- IR N Cy(92)=c19>.

Game Theory-Chapter 3 21




Cournot duopoly model of incomplete
information (version two) (continued)

Firm 18932 Fr seAS WA T4 RAE H CRIE M
37 (independent ) [KIZ."E B bR A 7] BE A&

B (HIGH) A= C(q)=cyyq;.

AR (LOW) : A=K 3 Ci(q)=crq;-
&%F%ﬁm1%%%%ﬁﬁ4*%ﬁﬂ@%ﬂﬁ%
HBUIIN YN = S (i
(H2, firm 2 BEAERRS0IE firm 1 RRAS . 230 S A
Remfi g firm 1S .

Firm 23T firm 109472 58 5k

PA O IREZR N Cy(q))=cpa,

LA - EZE N C (q)=c.4;.

Game Theory-Chapter 3 22




Cournot duopoly model of incomplete
information (version two) (continued)

o Firm 1 1EA: = Hif v A IE) 008 & 10 1 bR i AS & 1 2 1K
e Firm 1 ANEEMETANIAIE firm 2 (30 bR A 2 5 2 I
o (HRZEHEWT firm 2 1 A R

> LIMER O NC,(q,) =cpg, (XREEFqg,(cy)).
>R 1-0NC,(q,)=c;q9, (TR EBEFq,(c;)).

o WIZEFRAIZE E firm 1 %7 firm 2 FIHE W ME firm 1 B o) &3,

Game Theory-Chapter 3 23



Cournot duopoly model of incomplete
information (version two) (continued)

Firm 1 R 5 R0E B A 2 H R 1.

o MR BCHIAFRERAE R (HIGH) , BIC,(q,) =cyq,, B4, HEEXF
firm 2 FIHERT, EXHE
Max Oxqla—(q,+q,(cy))—cy 1+ (1 -O)xqla—(q, +q2(c))—cy]
st. ¢ =20

e FOC:

Ola—2q,—q,(cy)—cyl+(1-0)a-2q,—q,(c;)—cy1=0

M, qi(chy) = 9[61—9'2(CH)_CH]+(21—9)[CZ—%(CL)_CH]

o IR firm 1 KGR RABF, q)(cy)R firm 1 5%F AT HERTRISILR
M: firm 2 DAREZR O & q, (¢, ), AR - 01%FEq, (¢;).

Game Theory-Chapter 3 24



Cournot duopoly model of incomplete
information (version two) (continued)

Firm 1 #E5 K 5013E & B2 B oA 2 i =2 1.

o MR HIAFRRAEAL (LOW) LB C\(¢q)=c,q,, A, BEEXF
firm 2 Hy#ERT, B R #
Max Oxqla—(q,+q,(cy))—c 1+ (=0)xqi[a—(q, +q,(c))—c;]
st. g =20

e FOC:

Ola—2q,—q,(cy)—c ]+ (0=0)a—-2¢q,—q,(c;)—¢c,]=0
M, ql(CL):9[“‘42(CH)_CL]+(21—9)[“‘@2(01,)_%]
— o IR firm 1 DB RAEBIR, q,(c; )R firm 155 PLT #EWT B R0 S B -

firm 2 AER 0% # g, (¢, ), MR- 01EFq,(c;).

Game Theory-Chapter 3 25



Cournot duopoly model of incomplete
information (version two) (continued)

o Firm 2 A= 7= HivERA B 018 © B30 Br Al A 2 i 2 11K,
o Firm 2 ANREVERA I ZNIE firm 1 (130 bR A /& = 21
o (HZEHEWT firm 1 1 BRAS R 2

> U OAC (q1) = cpyqr (B qi(cy)).
> UMER1-0NC (q) =cr g (EiEFEqi(cy)).

o IIAEZS %€ firm 2 Xt firm 1 BYHEWT, FRATKAR firm 2 B r) 7.

Game Theory-Chapter 3 26



Cournot duopoly model of incomplete

information (version two) (continued)

Firm 2 75 B 2158 & B bR Bl 2 & =K.

o MREMURRHRAR S, BIC,(q,)=cyq,, A, 5 EEX firm 1 FI3#
W, &R R
Max Oxqyla—(q,(cy)+qy)—cyl+ (- xgqyla—(g,(c ) +q5) —cy]
st.  gq,=20

e FOC:

Ola—q,(cy)—2q, —cy]+(A-0)[a—q(c,)—2q, —cy ]=0
T, ¢ (crp)= 9[61—C]l(CH)_CH]JF(zl—9)[“‘%(%)_01{]
o MR firm 2 WFRRABH, g, (cy ) & firm 2 X BT T R s R B -

firm 1 DA O i&Fq,(cy), ABER1—0&EFEq,(c;).
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Cournot duopoly model of incomplete

information (version two) (continued)

Firm 2 #5118 © B4 bR a2 = 2 1K.
o MRBHIAFRHARR, B C,(9,)=c1q,, B4, BT firm 1 )3
Wr, B HR
Max Oxqya—(q(cy)+qy)—c 1+ (=) xgyla—(gq,(cp)+q,)—¢; ]
st. q,=0
e FOC:

Ola—q(cy)—2q, —c 1+(0=-0)[a—q(cy)—2q, —¢,]=0
M, qz(CL):9[0—91(CH)_CL]+(21—9)[61—6]1(%)_%]
o MR firm 2 KJIARRRABAK, 9, (c ) & firm 2 X AT H#ERTHI R IL R
MN: firm 1 IR O1EREq,(cy), AMEZER] - 0% FEq,(c;).

Game Theory-Chapter 3 28



Cournot duopoly model of incomplete
information (version two) (continued)

TERNTR
) = Fo=02(C)=en e (=Ola=gy(c,) =y
OARLESL G A CEL AR
aofery) = A=) = 1+ (U= Ola=qey)=cy]
ey = Aol )+ (=Ola=(ey)=c,]

i :‘IX)%—‘/I\XXI‘%&@{ mu qi1(cy)=q,(cy) s qi(cp)=qy(cp)- XEEFNYATT
—_— &, WAREE, BXUATGTETR.
1 1-6

CJT(CH) = q;(CH) = g(a _CH)+T(CH —cp)
q,(c;)=9g,(c,) :nge(%e;y_ghép)e; 6 (cy —cp) -



Cournot duopoly model of incomplete
information (version two) (continued)

o XATUBRR((q1 (cir)» 4 (c))s (gr(ch)s g5(cy)))

o MR firm 1 Wil RAB R, WACERE (cy) » ERXT firm 2 ]
(g5(ci)s 5 (c;)) (RETER)HIBAR R L.

o MR firm 1 KIABRRABIK, WABERE (), BEREX firm 2 ]
(45(ci)s 45(c,)) (BRERER) BN R L.

o B firm 2 KABRRAR R, BABEREL(c,) » BEX firm 1K
(4 i)y qr (cp)) (B EAEZR) KB R B

o WIR firm 2 WA AEAR, HBABIEFEe () » BREX firm 1§
(4 i)y qr (cp)) (BEMER) KB R B

o XA IHGRERR N I H-Hr AT 3594 .

Game Theory-Chapter 3 30



battle of the sexes

S TAE T, Chris flPat 220 e sE e b 2 3R 2 %
EFi.
Chris 1 Pat #&01E LA 5 &

PN NER R B A — i B X R

{H /& Chris 5 = XK ).

Patll] 5 = W .
Pat
Opera Prize Fight
Opera
Chris g 2, 1 0., 0

Prize Fight o, O 1, 2

Game Theory-Chapter 3



Battle of the sexes with incomplete
information (version one)

PLAE Pat i) 43 HH T4t 2 75 5% Chappy ) .
InSRAE P, A RIS 98 251

MRAEAE DS, a7 B L E Ak, M
{4 DL T 2R A%

ChrisANF11E Pat & 75 /52%. {H 2 ChrisHfEErPat A
0.5HIMEZR =%, LLO.SHIMEZRR AN 5 %

Payoffs if Pat is Pat
unhappy Opera Prize Fight
Opera 2 , 0 o, 2
Chris
Prize Fight o, 1 i, O

Game Theory-Chapter 3 32



Battle of the sexes with incomplete
information (version one) (continued)

ASYE )iy

Payoffs if Pat is happy

with probability 0.5

Chris

Opera
Prize Fight

Payoffs if Pat is unhappy
with probability 0.5

Chris

Game Theory-Chapter 3

Pat
Opera Prize Fight
2, 1 o, O
o, O 1, 2
Opera Prize Fight
Opera 2, 0 o, 2
Prize Fight 1 1, O

33



Battle of the sexes with incomplete
information (version one) (continued)

B AL N
ﬁD%Chrisiﬁ% opera JB-4Pati it N: opera (AnSAt =
M) | prize fight CanSEAhAS = %)
1&uPatm LI BE opera, A 4Btk FEprize fight. ChrisH
B AL N xsﬁL/A’?

% FEChrisit £ operallI1&/E: W R kR Pats %, N|Chris
Pl Es N2 5 WS PatAmE%, MIChrisiiias v0. M
Chrisf 2 i 2% (expected payoff ) #&£2x0.5+ 0x0.5=1

% B Chrisit# prize fight 1B : ki PatE >4, N
ChrisHJW a5 N0, 00 5R Pat A E2%, MIChris Y & A1
Chris [ 221 25 J:0x0.5+ 1x0.5=0.5

HF 1>0.5, Chris )5 it < i /& opera
—AN IR gl A+ 3475: (opera, (opera if happy and prize fight
if unhappy))

Game Theory-Chapter 3 34



Battle of the sexes with incomplete
information (version one) (continued)

w3 D0 .
NS Chrisii$% prize fight -4 Patf &tk x N prize
fight (A=) |, opera (HIRAMAE DS
i Pat sy % i 178 % 7Erize fight, A= 2%E it Hopera.
Chrisf) st e gt 472
% [8Chrisiti ¥ operalfJ 15 /B: WKL Pati %, N/ Chris
HIWCaR N0 5 2R PatA %, N Chris B am A2, A
Chris A EE i 75 /2 0x0.5+ 2x0.5=1
2% FEChrisiZ £ prize fightfI[F/E: R IR Pats 2%, N
Chrisfiiczas 1 , 412k PatAE2%, MIChrisfdiz 0. A
1 Chris B i & 1x0.5+ 0x0.5=0.5
1+ 1>0.5, Chris#J &L M. /& opera
(Prize fight, (prize fight if happy and opera if unhappy))
ANTe =~ DU S gh A 216

Bkl
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Cournot duop

oly model of incomplete

information (version three) (continued)

\

Firm 2] A

AT R R A E H CRIIERIE

= (BRI, Wi A BT R

75 (HIGH
AL (LOW

) AR Cy(qr)=cnq,.
) AR Cy(g2)=c1q,-

Firm 189 B BAR T A HA R A e 5 D
T8 AR ST B A ST T (mdependent or

dependent)[x

. EHIRAT] B

e (HIGH) @ AR RE: Ci(g)=cyq,.

AL (LOW

) L AR Ci(g)=crq:.
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Cournot duopoly model of incomplete
information (version three) (continued)

mFirm 1 K~ ERR T ERRAE. Bk
> g1 (cy) MRERREB H
> qi(cp) WRERIRABAR

BFirm 2 FF=EWER T ERRA. BikEE

> q, (e ) R E R RAB
> g, (cp ) IRE HIRA B

Game Theory-Chapter 3 37



Cournot duopoly model of incomplete

information (version three) (continued)

WA, firm A R RNIE S B A2 R eI

B{E 2 firm 1 AREVER T ENIE firm 2 BEAS. B, S ANEERAE firm 2 Uk

I WA
Z

WFirm 1 #EW 228 2 79 £ em, B4 firm 2 B AR U2
> Cy(q2) =cyqy MFRZ pi(cy=cyley=cy),
> Cy(qy) =crqr BEHIE pi(cy =cplep=cy).

WFirm 1 HEWr 278 £ 19/ K EAT, A4 firm 2 1) RAS B 2502
> Cy(qy) =cpqy MR pi(cy=cyley=cyp),
> Cy(qy) =crqs BEFE pi(cy =cplep=cp).

m pi(cy =cyley=cy)=pi(c;=cyleg=c;)=0

pi(ey=cpleg=cy)=p(c;=cp|ci=c)=1-0 AR R T AR —.

Game Theory-Chapter 3
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Cournot duopoly model of incomplete
information (version three) (continued)

W AT, firm 2 AR B RNTE BB A A2 = 2.
m{HE, firm 2 NREMYIHI&NE firm 1 BORAS. B, B ARERfE firm 1 /Y
g 2.
W Firm 2 #EWr 278 £ 19/ A EcEs, A4 firm 1 )RS iR 202
> C(q) =cyqy MR =2 py(ey=cyley =cp),
> C(q)) =crqy BFE pyey =cp ey =cy).
W Firm 2 #EWr 278 2 17/ A AT A4 firm 1 B RS iR 202
> C(q)) =cyqy R =2 py(cy=cyley =cp),
> C(q)) =crqy BHIE py(ey=cpley =cyp).

WG py(ci=cylea=cy)=pr(ci=cylcy=c;)=0

prley=cplea=cy)=py(ey=cpley=c;)=1-0 BA | RA.

Game Theory-Chapter 3 39



Cournot duopoly model of incomplete
information (version three) (continued)

Firm 1 knows exactly its cost is high or low.
e If its costis HIGH, i.e. C,(q,) =c,q,, then, given its belief on firm

2, it will solve

— ui(q1, g2(cn); )

Max pi(c; =cy ey =cy)xX|q1la—(q; +q,(cy)) —cy ]

"‘\]91(5':% ¢ :CE)XQI[a_(QI+Q2(CL))_CH] v\

st. ¢ =20 ui(q1, g2(cL); cn)
e FOC:
piley=cylep=cy)la—2q,—q,(cy)—cyl
+pi(ey=cpleg=cy)la—2q,—q,(c;)—cy]=0
Hence,
_a—cy—p(cy=cyleg=cy)g(cy)—pi(c; =cp g =cy)gy(cy)
q\(cy)=

2
* g,(cy) is firm 1's best response to its belief (probability) on firm
2's (q,(cy), q,(c;)) if firm 1's cost is HIGH.

Game Theory-Chapter 3 40



Cournot duopoly model of incomplete
information (version three) (continued)

Firm 1 knows exactly its cost is high or low.

o If its cost is LOW, i.e. C,(¢,) =, 4,, then, given its belief on firm 2

it will solve

Max pi(cy=cy|cy=cp)Xqila—(q +q,(cy))—c; ]

— ui(q1, q2(cn); cr)

+pi(cy=cplep=cp)Xqla— (g, +q,(cy))—c; ]

N

u1(q1, q2(cr); cr)

st. q =20
e FOC:
pi(cy =cy ey =cp)la—2q,—q,(cy)—c;]
+pi(cy=cpleg=cp)la-2q,—q,(c)—c,]=0
Hence,
gi(cy)="""L —pi(e=cyla=c)q(cyg)=pilea=cplea=c)ga(cr)

2

e g,(c;) is firm 1's best response to its belief (probability) on firm

2's (q,(cy), q,(c;y)) if firm 1's cost is LOW.

Game Theory-Chapter 3
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Cournot duopoly model of incomplete
information (version three) (continued)

Firm 2 knows exactly its cost is high or low.

o If its cost is HIGH, i.e. C,(¢,) =cyq,, then, given its belief on firm
1, it will solve

Max p,(cy=cy|cy; =cp)X

S.t.

e FOC:

Hence,

qxla—(q,(cy)+q2)—cy]

+py(ey=cp ey =cy)x
9 20

—| w(qi(cp), 425 cn)

gr[a—(q1(cp)+q2)—cy ]

pr(cy=cy|cy=cy)la—q,(cy)—2q, —cy]

+po(cp=cp|cy=cy)la—q(c;)—2q, —cy]1=0

N

ux(qi(cr), g2; cr)

a—cy —py(cy=cylcy=cy)q(cy)—pr(cy=cp|cy =cy)g(cy)

qr(cp) =

2

® g,(cy) is firm 2's best response to its belief (probability) on firm
1's (¢,(cy),q,(c;)) if firm 2's cost is HIGH.

Game Theory-Chapter 3
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Cournot duopoly model of incomplete
information (version three) (continued)

Firm 2 knows exactly its cost is high or low.
o If its cost is LOW, i.e. C,(¢,) =, q,, then, given its belief on firm 1

it will solve

Max py(ci=cylcy=cp)xgla—(q(cy)+qy)—c;]

—| w(qi(cn), q2; 1)

+ pr(cp=cy ey =cp)x
st. ¢q,=20
e FOC:

grla—(q(cp)+q2)—cp ]

po(cy=cyl|cy=cp)la—q(cy)—2q, —c; ]
+py(cp=cp|cy=cp)la—q(c;)—2g, —c;]=0

Hence,

™~

ux(qi1(cr), g2; cr)

_a—cp—py(cy=cy|cy=cp)q(cy)—pr(cy=cp ey =cp)g(cp)
q,(cp) =

2

® g,(c;) is firm 2's best response to its belief (probability) on firm
1's (¢,(cy),q,(c,)) if firm 2's cost is LOW.
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Cournot duopoly model of incomplete

information (version three) (continued)

IMAEBRMNEBE N FIE, T RIEL.
() = a—cy—p(cy,=cy e, =cy)gy(cy)—pi(cs=c; | e, =cy)g,(c;)
" 2
a(c)) = a—c; —p(c, =cy | ¢ =CL)q2(2C’H)—p1(cz =c¢, |¢,=¢,)q,(c,)

g, (Cy) = a—cy—prle=cylcy=cy)qi(cy)—pr(eg=cp |y =cy)g(cy)
2(Cx )

g,(c;) = a—c,—py(cy=cy |y =c)qi(cy)—pr(eg=c¢, e, =¢)q
PACH) 5

o X PUAN TR LIABE T T8 £ 0 307 4 -1
g7 ). a1 (c)))
(@r (e, a3(c)))
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Cournot duopoly model of incomplete
information (version three) (continued)

o NUM-Hr it 3545 : ((QT(CH)! QT(CL)), (q;(CH)a QZ(CL)))

o JNER firm 1 KIARRRARB T, BLAEERE (), ERX firm 2
(g5(ciy)y ar(c,)) (REHEER) BB R R

o IR firm 1 WABRRAEAK, MACERE (), EREX firm 2 ]
(g5 (ci)s qa(e) B EHEZR) B AR R .

o TN firm 2 WA E, HMABERE (), BN firm1 [
(47 (ci)s g1 ()N B EAER) I B AR S L.

o JZR firm 2 KIAFPRRABAR, HAEERE(c,) » ERER firm 1 [
(41 (c)s @1 ()N R ERER) K BAR R
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Normal-form representation of static
Bayesian games

B MATEEE n NS EZR AR R A 3
> —PMERZ5AEE{1,2, ..., n},
Z5 NBIATE 4, 4, 4, ... 4, LK
AT TR B2 6] (type spaces) T;,--+, T,
f AT T HE R 21seeos 2,
fAr i s R E Uy, e e, U,
HG =14, 4,50, T 5Dy Pty U, §
RIN
B Vit — 5 ARG R BAMEREET n M= 5 AT
5y, T HHR T i g 2R A
B 7, /& player i FI2EAY4E (type set) .
B BT ={cy, ¢}, T ={cy, ¢}

V VYV V V
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Normal-form representation of static
Bayesian games: payoffs

B Player i fJI a5 BEEER B -
u,(ay,a,,....a,t) fora, € 4,a, € A4,,...,a,€A4,,t €T.

m i u(q1,92:¢cg)=qila—(q+q,)—cyl
u(q1, 925 ¢c)=qila—(q1 +q2)—cr ]

B NS ST 1 KT AR, R b O RS
L

B NS5 AH TR AT B 55 ARORT. S0, 1 A
B H A 2 5 A IS B .
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Normal-form representation of static
Bayesian games: beliefs (probabilities)

B Player j %] HAth =5 NGRR3R, LR

Dttty st |t) Tort €T, t, €T,,...t, €T, . OF

p;(t_;|t,) wheret . =(¢,t,,....t |, t;\5nt,), €L, €T, ..t €T,

W Player j [FIHEBT & S 2

m
pi(ey=cyle=cy)
P =cyle=cp)
pi(cy=cp e =cp)
pe;=cp | =cp)
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Nl

Bz [EeF5 i (the Harsanyi
transformation) ( p.116 )

BT IBH SRR IR BT
(BINEUR ER AR, SRRTERES
FHEEIRIR (1, ..., Ho BT AI{TEET,
QBPEINE SNECRRL, , (BRERR
s 5 AR
BY55 AR , G—B S AT
e A iR,

(4)BRERI , ERE R BEIWRua,, ....a,; 1,)
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RKFHERT p. 1) (p.117 )

S ARIBFRHIER D (O FHZE I AR
SRENS 5 A HIEY T | AT URIB I
HRZNT S EM S5 AKENRGHER |, 81
HERT ., |1

pi(t_i |ti) —

L UH

p(t,t) _ plt,t)
pt) D, pt,.t)

XjTl'::'EI/‘JE__/I\tZ , &BR[ITE W p.¢ )
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Strategy

B In a static Bayesian game, a strategy for player iis a

function s,(¢,) foreacht, eT.
s;(t,):Vt. eT, = 4

B 5. (¢,) specifies what player i does for her each type ¢, €T

B Example: (¢,(cy),q,(c,)) is a strategy for firm 1 in the
Cournot model of incomplete information (version three).
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Bayesian Nash equilibrium: 2-player

L Y:E 2 j\%a%/j‘LEmn‘l_‘;H\:ﬁT@ﬁ{Alp Azp Ti) T29 p]a pz;ulauz} I:Ija %EH%
57 (@), 51 () LM VU SR AF-E 6,
> Xt player 1 {5 —MR €T, 5, (1) Wi

Max > u(ay, S; (5,):8)p (5, | 1))

a€dy el
> X player 2 & —Fh74t, e T, s,(t,) Wi/

Max Z”z(sr(tl)» ay,t,)pr (8 | 1)

aredy el
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Bayesian Nash equilibrium: 2-player

B In a static Bayesian 2-player game {4,, 4,;7,,T,; p,, p;u;, U, }, the

strategies s, (¢), 5, () are pure strategy Bayesian Nash equilibrium
if for each i and j, (assume 7, ={t,;,t5,....}, T, ={t51,tr,....})

* )\ In the sense of expectation .
o ) based on her belief @(51)
t
. (,112) player 2’s best response & (, 2)
| if her type is #,; e
: 2(t2j)
‘ 51 (41;) <
R R 55 (t5,)
o "\ player 1’'s best response 2
s (t1,) if her type is ¢,;
' In the sense of expectation
J based on her belief \_
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battle of the sexes

e TAE S P, Chris FlPat W 2414 e M E 2B Rk 2 2
L.

Chris A1 Pat #&11E L B B
PN N AR IR AR — i B e X S T e
{H /& Chris 5 = K .

Patll] 5 = X7
Pat
Opera Prize Fight
Opera
Chris g s 9 L g G

Prize Fight o, O 1, 2

Game Theory-Chapter 3



Battle of the sexes with incomplete
information (version two)

Pati) s 4 W T4 2 15 = 24 an R AR = 2%, A4
A 215 98 A2 25 1

INRAEA P, At T R _EH SAAL.

ChrisANE11E Pat ;&2 A& = 2%, {HZ ChristfErPat
PLOSHIME R =%, PLOSHIME R AN = %

Chris [ ff # AR T b e 75 v % A R A = 0%, 3R
e AT 428 AR,

R A S, AT B B H S AL,

Pat A~ &1 Chriss& A2 5 2%, {H 2 Pat #EWrChris
DL 2/3HIMER 2%, PLABHIRE R A E .
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Battle of the sexes with incomplete
information (version two) (continued)

Chris is happy Pat Chris is happy Pat
Pat is happy Opera  Fight Patis unhappy  Opera Fight
O 2, 1 0,0 Opera | 2,0 | 0, 2
Chris e Chris p
Fight 0,0 1, 2 Fight 0,11]11,0
Chris is unhappy Pat Chris is unhappy Pat
Pat is happy Opera Fight Patis unhappy  Opera Fight
_ Opera 0, 1 2,0 _ Opera 0,0 ]| 2, 2
Chris _ Chris ,
Fight 1,0 1| 0, 2 Fight 1,110,0

fi & ((Opera if happy, Opera if unhappy), (Opera if
happy, Fight if unhappy)) &2 —1-Bayesian NE
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Battle of the sexes with incomplete
information (version two) (continued)

B {75 ((Opera if happy, Opera if unhappy), (Opera if happy,
Fight if unhappy)) 2% & —4> JUH-Hr g5 4.
> HE Chris X, #4 Chris Xt Pat f](Opera if happy,

Fight is unhappy)f B it & M

o MR Chris #£# Opera , 4 Pat HX(HEXR) 0.5)F
Chris FJEi R 2, T Pat AEX(BEZR A 0.5)FF Chris Filk
e 0. 2 Y HAEE Wir 25 =2%0.5+0x0.5=1

o WIS Chris % $% Fight, #B4 Pat & X (%A 0.5)Ff Chris
a2 0, T Pat A& 2(HEZN 0.5)8F Chris Bl 2
1. i K HAE K 28 =0%0.5+1x0.5=0.5

o M, W15 Chris F>%, &L KN AZ Opera.
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Battle of the sexes with incomplete
information (version two) (continued)

B K7 ((Opera if happy, Opera if unhappy), (Opera if happy,
Fight is unhappy)) &% & —/ JUH-Br gt 294

> W0 Chris ANEY, FAubxt Pat f] (Opera if happy,
Fight is unhappy)# B4k & &

e R Chris #%# Opera, 4 Pat BN (BEER A 0.5)F
Chris FJWZE & 0,11 Pat A& (M2 N 0.5)8) Chris HJUX
A 2. A RIE 28 =0%0.5+2x0.5=1

o WIH Chris %#% Fight , 4 Pat FX(EZFE N 0.5)8
Chris BJW25 & 1, T Pat A2~ 0.5)8f Chris KK
A 0. M HAE I 28=1x0.5+0x0.5=0.5

o Mo, J02R Chris AEX%, HathpImILR M~ Opera.
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Battle of the sexes with incomplete
information (version two) (continued)

B [ ((Opera if happy, Opera if unhappy), (Opera if happy,
Fight if unhappy)) 2% & —A> I Hr g8 354
> R Pat 5%, #4 Pat*F Chris {J(Opera if happy,

Opera if unhappy) &L M

o MR Pat % Opera , FF4 Chris EX(MEZR N 2/3)5 Pat
fiicai2 1, T Chris NEX(EEZY 1/3)8) Pat KR a2 1
Al B A B 28 =1x (2/3)+1x (1/3)=1

o WIH Pat %% Fight, A4 Chris & X(IEHR A 2/3)k Pat ]
K 0, T Chris X (HERA 1/3)i} Pat KU 0.
Al BB EE I 25 =0x% (2/3)+0x(1/3)=0

o MITi, W2R Pat /X%, MAMMKIFRIRIAZ Opera .
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Battle of the sexes with incomplete
information (version two) (continued)

B {75 ((Opera if happy, Opera if unhappy), (Opera if happy, Fight
if unhappy)) 2% & —4 LH-Hr g5 1.
> R Pat REX, I4 Pat Xt Chris fj(Opera if happy,
Opera if unhappy)HI1&Lx M
o IS Pat %FE Opera , FF4 Chris FX(MEZER N 2/3)i Pat [
ez 0, T Chris A% (BEZR Y 1/3)it Pat HjWza R 0. 4k i)
BB Y 25=0x(2/3)+0x(1/3)=0
o TN Pat %$ Fight , #FA Chris B X (L% N 2/3)i Pat UL
s 2, T Chris NEM(MEZA 1/3)8) Pat izt 2 2. Ak
B 2x(2/3)+2x(1/3)=2
o I, 2R Pat A%, Al R MR Fight.

mAT LA, ((Opera if happy, Opera if unhappy), (Opera if happy, Fight
is unhappy)) & —4 W 1308 0o 0



Battle of the sexes with incomplete
information (version two) (continued)

Chris#Elr PatPL0.5HHE SR & 2%, LLO.SHIRE AN 15 %

Chris is Pat (0.5, 0.5) Chris is Pat (0.5, 0.5)
happy  (0,0) (O,F) (FO) (FF) uUnhappy (00) (0F) (FO) (FF)
O| 2 1 1 0 . 0| O 1 1 2
Chris Chris
Fl o [ 12]12] 1 Fl 1 | 12|12

R ChrisiE 2, HPatik £ (Opera if
happy, Fight if unhappy), iChrisi%#
Fightist Chris ) #1220k
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Battle of the sexes with incomplete
information (Version two) (Continued)

Pat is happy Pat Pat is unhappy Pat
O F O F
(0,0)| 1 0 (0,0)| © 2
Chris  (OF) | 203 | 23 Chris  (O,F) | 1/3 | 4/3
(2/13,1/3) (FO) | 1/3 | 4/3 (2/3,1/3) (FO) | 2/3 | 2/3
(FF) | © 2 (FF) L. 1 0

nRPat AE»%, XChris £ (Fight if
happy, Fight if unhappy) , TPat'si%#
Operaltf Patf {1 I 35
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Battle of the sexes with incomplete
information (version two) (continued)

& ((Fight if happy, Opera if unhappy),
(Fight if happy, Fight is unhappy)) &% & —4

DU S gl A 2515 (Y)

fa2x ((Opera if happy, Opera if unhappy),
(Opera if happy, Fight is unhappy))& &< —

AN DL g A 354 . (Y)

& ((Opera if happy, Fight if unhappy),
(Fight if happy, Opera is unhappy-2 & & —4

DTS A1 2 15 .(N)
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3.2 Applications

3.2.A Mixed Strategies Revisited
---pp119-120.
3.2.B An Auction
-—---pp121-124
Appendix 3.2. B----pp124-125
3.2.C A Double Auction
----- pp125-129.
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First-price sealed-bid auction (3.2.B of

Gibbons)

B —A AR,
B FHANEARA (bidders) , 1 1 2, FB# IR T.

B ) X% bidder 1 KR MHE (bid) , b, {83 bidder 2 FIEFFMNHE

WA R IR NSRS i I ST I H A
B ARSI ANA SRR BT/ AT
B EMFRET, EIRAER T — R T

B Bidder i XA — MWy, €[0, 1]. v, F v, FE L.

H Bidder 1 1 2 Fjc & /2
(v —b i b >b,

] if b =b, (b, by:vy) =
0 if b, <b,

u(b,by;v)) =+

Game Theory-Chapter 3

(vy—b, ifb,>b

v, —b,

if b, = b,

0 if b, < b,
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First-price sealed-bid auction (3.2.B of
Gibbons) (continued)

m AR RIE:
> PABRA, 1 2

> ATHIEBIRMIEESR): 4 €[0, ©), 4, €[0, )
> RELE (BMES): T <0, 1], T, €[0, 1]
>

W -

Bidder 1 #¥rv, 70, 1
1 RIS 7377

Bidder 2 ¥y, 7E[0, 1
v, flv, EAEPHAL.

1 BRI 534

> Bidder 1 f1 2 KWk %k

(v, —b, if b, > b,
v,—=b .

L1 if b, =b,
0 if b, < b,

u (by,by5vp) =4

Uy (by,by5v5) =+

Game Theory-Chapter 3

(v,—b, ifb,>b

v, —b,

if by =b,

2
0 if b, < b,
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First-price sealed-bid auction (3.2.B of
Gibbons) (continued)

B bidder 1 KIS —AEHb (v), v €[0,1].
B bidder 2 F5RBE R — N ERED, (v,), v, €[0,1].

B 455 bidder 1 %} bidder 2 Fj#EWT, XT84 v, €[0,1], bidder 1 7% &

]L{agc (vi —b))Prob{d, > b,(v,)} + ; (vi —b))Probi{b, = b,(v,)}

B 255 bidder 2 X} bidder 1 Fj#Egr, XT84y, €[0,1], bidder 2 % &
Max (v, —b,)Prob{b, > b, (v,)} +;(V2 —b,)Prob{b, =b,(v,)}

br>0
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First-price sealed-bid auction (3.2.B of
Gibbons) (continued)

m R (bf (=", B5(v) = "2j R R —A IS4

B %45 bidder 1 X} bidder 2 Fj3ElT, XT84y, €[0,1], bidder 1 X+F
b, (v,) IR I R 2
1

Max (v ~b)Prob{b; > b, (v2)} + (v =by)Prob{; = by (v,)}

Vv 1 V
]gggc (v, —b,)Prob{b, > 22} + 5 (v, —b,)Prob{b, = 22}

]gagc (v; =b)Prob{v, <2b} + ; (v, =b))Prob{v, =2b,}
Max (v, —b,)2b,
b >0

FOC: 20, —4b =0 = bl(vl)z‘;l
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First-price sealed-bid auction (3.2.B of
Gibbons) (continued)

m fiol, s Faeqv €10,1] by (Vl)— 2 bidder 1 X}
bidder 2 /2 (v,) =‘§B@§zﬁti§)ﬁ.

m SRR, SFFEAY, €[0,1] b, (VZ)_ > % bidder 2
5t bidder 1 & () = ‘;B@%ﬁt}i&.

— = D, (b ()= b W—j R TUHH B394
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First-price sealed-bid auction (3.2.B of
Gibbons) (continued)

BRSO N AR TH I 2 A A (Trade-off) :

PPMTAR R, FHARE AT BEPERROR, AR I, — BopAs
B/ SENLIEAvIN PN
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3.3 The Revelation Principle

EH R R AT 0] DU By (28 4 An] DL
W A 35 i #0 0T DAZR IR N — AU A 25 1 B2
HL# Cincentive-compatible direct
mechanism ) .

----- pp129-132.
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