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Leogic Study of Epistemic and Rational Conditions of Some Game-theoretic Solutions

JIANG Jun-li TANG Xiao-jia
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Abstract In the process of seeking for game-theoretic solutions, players are supposed to be rational which means that
they all tend to maximize their expected payoffs. However, there is no a definitely definition of rationality in the game
theory and the usual assumption of mutual knowledge of individual rationality to be common knowledge is coarse and
maybe too strong, especially when the game is finite,in fact, the nested degree of interactive knowledge of individual ra-
tionality has a maximal value that we will show. In this paper we formalized the special rationality conditions for each
solution algorithm that we modified for the sake of program. One the other hand, we proposed an algorithm-solution in
correspondence with strong rationality. Moreover, we showed that iterated announcement of the rationality we defined

could arrive exactly at the algorithm-solution, correspondingly.
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MEMBEX LR EERRMTES 58S RIERE
BREARE. BERIEMS — 3 R YRR, fln, Kk
Z¢ (strategic games) %3 ¥ B 5 I % 7248 45 S 85 B 1% (IDSDS)
FY R 1EZE (extensive games) H Y [a] J5 13 49 8 3 (Backward
Induction) , FWAUVKAEMREE BRI T, AR ELER, L
BUZABREER, S TNSERBEZT RAILAHE
HEE. SERENEREXEEARSSEENRRES
ERRA.

KA SCERLOIM Mk R BB R BRRS 5E AE
FHFAHM R, X B R A BRI £, R
X, B RS IEFEmYE. AR AN
R AER I RA A BB RMHEHR? XkREEY
N . B, ERISERYZ A IDSDSE K &
R . ETEBRRITE NS 5EH FHMYE weak rationality
(RR%ERT MR BN E TR IrE, a4
FRISCERTO st S B ASRE M E O . S5 HE LTI
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HEEREE, L E—-TREKNEREFPHABERR
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AREHAREE G HRETERENRER (Zien S —
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BB HEMRES I AREER.

SCERLS 1B ot X 35 FRAE T U8 L HE S TR BE W &
Mo AT, FEHFEEE PR B M — X R R BT
Yoo SCHRE A H M X B & fR (relatively dominated, & #R
RD)RREME S R BTN T ERER T - EITHE,
X—ERPICR AR BERE TR 2RI HRE R
L ERICHR TR B M T — S E R F AR, BT
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HEE AR L [RURE T LASR BB 3 X MRS SR A B 1 A 7 ity
RL2, XEFERANRFEINXFRENABE
TR (FRESD RRREEEGN S 5EH LM NE”
PR RELRERERRN. RIVTEUMNEESSE
RHAT B Z A, 7EH R SR B )7 AR AR . ARA
Rt A GRIE T X R A O 32 U R B B IE R
We? i id ORISR R B ARA B A R S BRI R
PP HIA BT R AR
BB, A SCE X A R B R4 T B K SO
B T HERBEEAAFESHAFERNRERR ., A
B2 WRBAFESEBANE T ME X, HHEAMMEL
HETHHEBRF S RN EFARMBRE; 8 3 Wah AN
R EA MBI RAE B 4 WA B AFRENEAE X
H B RBEENER THEME; 8RR — S5SNI

H &2 %8 (Public Announcement Logic) WERIEF
AR AREANZHIESTEMN—MEESESE TP
(AHEE PZE AR ¢ BEDBEN., ENARGLUTE
SHEEBE .

pri=pl—3ls N ol Kip |Ccp|[P1]g

SN AKX B RMBEE —&. K¢ TEBR £k
il ¢7.Cop WBER" ¢ BEERG BAIMIR”, HER,“B
& GBI HRARNAE ¢ . BTRARHNEGN R A HE
o MLAETST”, MRA K¢ BAR“BE GHEMEAR
47, Kre=K. K7 '¢ FR"“Bk GBI RATNE
Kr'g”, 384 Cop=K.p N AKPgp Ao ()¢ TR Kid
MM EEF. ZAX B TURIXHFE—LGE, I K,
[P1]g: 4k i RUEREHEE P 25,4 ML,

KRFZ A S5 EE M, Kb FEANMTRXRE
Wi B RAERENTAEN KR M, )RR YRR w
BYBELRS, B MIE BT .

M,wk Ki¢ iff 3 v iR w~v, 4 M, vk ¢

M,wk Cog iff A v, MR w B EZEAFRI B~
FHMUEEN i €OTE v, B4 M,vE ¢

M,wk [P\]g iff I M,wk P3R4 Mlp,wk ¢
He Ml FRERMEP AEMNIER EORM. AFF
LT U RREARE BN ABEMLT 5 4% AR
1k

[PY]qe P—gq for atomic q

[P1]—¢=>P—>—[P!]g

[P1IgAg—[PIIgA[P! ]y

[P!]K:¢ < P—=K[P!]l¢

[P1] Ge($s) «Ce(PALPI1g,[P ]

B — AR TR AR ESBEENMESE
HIT R HEBRFEH R AT EF AR, Fm, — b
AAXRBIERBEELZEE R, EXEK LANZERE

O SCRFAXIR6 14 7.

B IR EWEKFHIBE 5% M EEER: "R,
L ERABRBLRETERENE. FHPRRAGEXRE
TR RFNEE”, IE BRI ERIERAFES P PD. A
PEBEMESZEX R . £ BAFES P ZHLA Ik
R

e—O
Hp  BaREBPHEANMALHA, ARRE-P HEMIH
R EERAMERABEAR A MINRITRRER ~a, B
FARWENRIAMAT X489, Ak P F—P A
BE,BTLAXT T A RULENREM X R, BEALHESET P2
J& A RTARIBERIZE Yy .

o
WEEB, AFEE PZE AP HEWHFANERT.
ARG, R T RS EEER, X225, BX P i
TFEMXKHESHASIEA NIEBKNRT. —Fith. A
WFEL,

EX 1(HE®M # (¢, M), announcement limit)  XH{F
BEHEE MAAX 6, EERMB# G MEEEEE S IR
FE-NEE s RESRGIAES R 1 FHEEA,

KEE-AFEHETHELAR ¢ EEE MPEET
Ho BAMBEHEBRFET ¢ YEMBLHR. ERX—RE
HEHEBRD, FE RV R RERER/ MY TER, H
FHRABALL. EEENNEPEEIRRX —IAHE
RUAWTE BT R R0

3 AHERINIE R &% (epistemic game models and
procedures)

AN, T R AT R B R — R B L SE
HEBEHEPENREERNITIE £, KESIARK A BT
FORBL BT R ARERIRBIER . Z BT LB
Srp B g XA A AR Y A BER AR, U R RIE T X 2K
BB EWEE R, THE RS —EEERERL
B — B \

BN 20 —AERRBEERAITH G=N,{S}en,
Os{=i}iens2) ’ﬁq:’

N={1,2,:,n} &2 5% (a set of players);

S BRES5EGeE NDKAREIEEE (a finite set of strate-
gies of player i€ N);

O B4 R H7E FRE (a finite set of outcomes) ;

= BB 5# i MERWRE® (player i’s preference of
outcomes) ;

B 2:5~0 (K S=8 X XSOBBNEBHE s=
(51 X X5 ) I/~ NEER (9 €0,

TS 3O o5 IR SR BS A X o AR S , SD&RD)
BE—HE G=(N,{Si}ien 0, {=ibien-2) MIEBE s €S,
BAVE s RS E5E  EEF G W B & R B (strictly
dominated, i} SD) , R AL — K& ¢ € S, HFX T
BB s-® €S-, SRAKE s FIRNERML,. 25%

CgRE, = RO LR RRBFBELXRENEEME. WT 0, 0€0, W oo WBERRE . NTES5E L GR o ELAGRo—#
U, FREFRARS MEXER . X oo WRER, SER oM. 258 ( TRREFTER .
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i PRI RBRE  PERNGR. SRR, MR E L
S, MR s—  €S_ir2(tir5-)>i2(si5-0). BT s (s, €
SORZ5H i €185 G AR B S K (relatively
dominated, i & RD) , i3 FEAA K s—. € S— , FlE—A
KB 1. €S A 1. 75, SRAKE s FTHRNERHEL, S
5& i ARG TOREE ¢ ARG R, WEVRIR, RN
B s— ES_ FELES FHH t:55 ,2(t y5- ) >z (50 55-1) o

A B AT LR ), R — SR R T B o SR
e —ERMX B SRR, RZNAR.

EX 4 OIDRDSH B &5 MBR AR B & 4R 5K #E (the
iterated deletion of relatively dominated strategies) B & i 4
BT AE M G=(N,{Si}ien 0:{Zi hien2) % G=
GGy, Gy, GTL R G H— S FIEFE (R, T=
Dien|S =M@ HBIFE LT .

XHEFHE (€N,

1.4 8= S, H4RD!CS! B2 5% EEFEG =G
BB SRR RS

2 SHFAE N m(Q<m<T(T=2en 1S |— INI ), %
Sr=S'\RDr' HA4 G EGCHTHERERER
{Srhien;® RDIESTREZ 5% i AHE G” hiyEX g G
HESARES .

4 S =NnSTO<m<(ZienS: | — INIDHA GORG
ﬂg%t@ﬁi’ﬁﬁ%%%{sﬂ}iem’ /7\ S =57 X X857,

B b, MRIEE X 35 RD BRHIA SD Bk, i
B TEEMBR S REEE. THSHX—FEETEN
P HATHLT R HR .

& 1° &2 IDRDS B ¥:pMiTia .

1 a|b|c

A 12312011 alb b

B |0,0[4,2]1,0 ,=A_£{> B [0,0]42 .2\l B [42] [T b |

C [3,1[1,2]3,1 c [31]12] "¢ 2] “[B]42]
Gc° G G’ G

1 IDRDSBFEEHRTIRREA

S$={A,B,C},S$$={a,b,c},RIR={A},RD}={c}
St={B,C},Si={a,b} ,RDi=0, RD}={a}
St={B,C},Sr =S;={6} ,RD{={C},RD;=0Q

5" =8t ={B}

EHig S©={(B,b)}. KEAQ (B, ERERIHEE
R, 258 1 MS5F 2BRMNIMNL5IR 4 F1 2.

HEE X 2 Fi X 3, 7F LUl g IDRDS B R R %
—LRZE A, 3 R SR RIS A IDSDS B RA BN, XF
B 1183 G IDSDS Bk 4id 4 Kz B ERBIN T
FIRAMEGCE T, At AXHIBFEERAH THEE
RARME? FXE, XREIXARHBEBETHHAR

SEEMAEREN, M- ASBE—EEENE. BT
BEHRRAERE TS 5ERBUHNEFTARE M H4

L2 —E .
& 2 B3t IDSDS B iR,
alblc alb N
A [2311,2]1,1 A 123]1,2 alb a
B Tial5i a0 B [ 3] A (2312 A [23 "
C | 1,210,3]3,1 C |1,2]0.3 B |1,3]3,1 B |13 A 23
G G G’ G G

2 IDSDS BFHEHATHEREE

AU —BENE-SERS 5EANMREANER
Fd R R A LR IR A 2 .

WOMAEFEGCHHFHEREG S5 W BEMER, B W
MR o5

(OMNBEG IRTFEF G .S58 MREERMIE
M HE WK o, K M AE W BB, B M BB
C;

ONEEG BRTHEEG . 258 W HEM BRIk
C,HA W i M BRI HMEM AE W REEN, &
WK b5

WM G BEFHEFEG . 558 MAE W ERER
b, Ml W AiE M 2EA3F HAE M AiE W BHE
PR, B MAERIER B,

LA BT LAE ) TE— BB R R ZE b, 3 384
FIARBEHAFTERIRAA LA RBAREEHE
E? ., EXMIFHSEHEL TR EEMNARRTFER
B4R, BERBEHEXLTHRUTHEENMABERR AL
FARR M THEEF BN REERENITHEESE
M, HEL A EANEREEH  REFEREARK.
TR, A LA AL .

Bl E—TAREBEGH. S EEXTHRMEME
HIANABEREFTERESen!S| —INDK.

HRaE 1 PHRTIHHE B2 PHEEGCE-TMHA
3, HhEir255E 3 1R, 2 TR EERIARE
EREEEHEGHI —2=0K, 0 4 k. XMEANIXE
2 M —3. WRIEE 2 P GRRBHEE (C oX R
BB R EUE (3, DB (0,1), B5F X TR AL
WREBEHRE 3 W (DED AR, FTLL W BB H HErg
o> M ESERE C; O/ MANES M ATES N AREHE
L, W 503 M &M C, BTl W MRS 65 (D FIMAH
HEMASESMARBEERN, BT M SRR B, X
AGIE 1 i, R IDSDS Bk, REE 3 A5
BRRRNEER. TURITEX TEAERIEGE, & 1H
BERAL .

OH S ERBRTESEH ZITES5ENEREAS  BMRBM,S—i =81 X+ X5i—1 X841 X=X S, , HoFMH(sis 5-:) (where ;€ S, 5—, €

S-DRFKBAR s€ S,

OT=Xen|Si|—IN| , BRI, T WEE—IEME, EHHAEROREZAPES 5ENHERE. AINIRTES NHER.
OHTFH% G RHRMEBAREK, T —EEE— BN ARE, I - B ENEDTFREZET Sien| S — INDFIIN G =G =G+t

fEE LEN.

OFEm | PAMABEY 1SR ABRTF. EHEUTHR ()20 iff 2(02:2() (EBMARAR, - THERRE—I25FN

A EZAMBRAE S 5EQSAD . 2 wRSLE,
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XBRRFAEL 3 F m HBRMEN (Zien|Si|—
INDBEEHE, && 1 ERE X 3 FEFFEERAER.

HEWa AR AEE B AEEL 3 H,m By
BABRKERN Ziex|SiT—IND.

BATAT LA UEB A0 T - R #ZE G =7 A IDRDS
BHEREBBERN, BEFEE G PHEBREEXMNFES
58 M BT SR T & 4 VR — RS RD. 1B MER—
NREMBHEET , 00 Zien | SRRV LB BT 1R B8 2R
B, {H2H B RD ME X, E 08 — M RIEH S A SMER,
TE—P R HS B NI R — > Rwg, Wil Z0F
INISRBEA B B, BT ASRAT BB B LN (Zien 1S | —
IND.

X5 (2R 1 G LA (the full model o-
ver G) £ & EH-S5 WAL M(G) = (W, {Rihien>
{Ehien)  Fotp W BIES ATREHE R 4R B W EREH X
. RAB5F i WABTUERRZ~ KR E WS, 5
HABR—TSE5E | WK, E(w) FREHR » LHRE
HE, HEBWHR w,vEW,E (w)=E (v) % H{XY
wRiv,

HEAEENR, U LTE X WEARRNEFTAESS5E
TR OEHRENZ, EXHEE TS 5EmERi1a8
BRBUBBA RN, A RIE AL S 5 E e RIS, 4
XH, RERS 58 R R AFN, A5 IRIR A 5K

1 B PG ER,

Aar = 1-4Ab)=-1-~(Ag)
2 12

Ba)— 1 --BE)—-1 .~ Bo)
12 [2 :2
€)= 1-+Ch)=-1 =(C)

HIAMEEEEEAT LI, 2 5% 1 AR XR
~ RIEFAHETAEI T NN, HA25% 1 AEMAC
BIREE , BTLATE H C MR Z M B AR AR EXR R . H
8,258 2 BARI R R R~ BIEFII7 @ WA BT 16
H.BA25% 2 ANES5E 1 HERROREARHERE,
T7E A ORI Z RIRA NN RFEXR.

TEZER A T USSR 2SR R RO B/
BAL RSB AR FEEN — R IFFFH R (general

game model) ,

4 BN E S E & (Rationality and itera-
ted announcement of rationality)

FET BB, B EEEANBREIRRRS 5F W
i, E—-MAFEE M, H E(w) RARTERR w hERH
BRIEHE . H EG/s) RRERBAS EFEE5E K
KW E (w) FIRRE s BRENRBAS. X2, ARTHE
B, ®m& 5% i RBIITEI® REAR N, WRER, WE 5
#iME. 8 BHREEEHMS 5 H KRR FAEHN
BT .2 5% WA ET 87 mSE 8 2 IR
BEERR.

M,wk B ALY WMFHAEWNs; €S Hsi #E (w),z
(E(w)) =z (B(w/s:))

AT — > W 4 5 B 24 f+ #3945 NE (Nash Equilibri-

O R 7 RGPS AR RA R, BT LA A SCR IIX S s R E AT
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um) , XN S EEME W FEHF w PMII1% B FrRREEK
mEERR A O RERM. BWHER,

M,wk NE 4 B{U4ME—2 5% €N, M,wk B;

B2 B 29iEEE GRIARER BRI N H A5

&l
(Aay —M-~Ab)—-M-—(As)
Iw W
(Bl’a)- - M--(Bb)--M - (Bs) BuBw .
wow e s
(Ca)-— M- ~(Cb)~-M - (Cc) - Bw -

EXPAEER G, TR ERSNAGE, WIrRA
R A(W)Bw A (M) By » AR R B A Rl M FTEAT 3
ARER RN, X—AXMNAE 4+ MR ENE, BIEHEH
TTHBIFISRBE B 4 MR . FLUIAR (W)Y By A (M)
By XA FRAMM,

XE BRI M, B BN R R a8 B FR A 1Y
FE L.

EX (M WR,) - MEEMYB, 255 il
Fw HIRFEEMN, BEY FEANTEGEENERERE,. S
5 AR MR R 2 R — T, B/,

MywE WR; iff Miwk A, e558.0, B0 1) (z(E(w)) =
2 (E(w/s)))

FE—NFNR— BRI R b, D E B e SO 55 28 1%
WR: fEX S 5% ¢ & MR ™ # & R 178081 L
Ao, 6 2 BRI, W FSH5E W, KKK c BHKRE o
PR SR TS 5E W SN WR, EBRE % LA
L.

EX 7TGREME SR #HE—-MHRE MG, 25% il
Fw ERBEMEN, HANES5E AAIN TFEAATHE
PSR RE M L AT A MR ZA B — My, B,

M,wk SR; iff M,wk (i) N e5p8.0,7#Ewn (z(BE(w)) =iz
(ECw/s)))

BB EPAMERE AN TE R B X HE i
IR AW R IRV A, AR 4 Mt 36 2 S IRPE R R A4,
BZMARR, AL — P AR R w BREEN Y B
2 fth A gt 2T B SRR R At ) B A SN SR . R A
— g tEgE L b E CRTRMEN: SR, X B S E WA Wik
AR B AL N SRS AT ERS AR RS .

B3 Bl 1 FHEFE G NIRRT R ARRE

HHHHE .
(Aa)— 1-HAb)—-1-=(Ac)
12 12
Ba)-— 1-4Bb)—-1.—(Be) T ——
§2 12 b 2 BB, -
! 1 | 152
(Ca)-—-1-~Ch)—-1 —(C) Bi B B

7EG) 3 R KBS A RS 5 | MBS
B, KBE c RSB 5E 2 MMX B S KRE. HEmir25%
SREEMEM G IRTESS LATAISE 3 90 EARRSE . N AR MR A
2 5HBEAENG A B AR LTI R 4R, IR
AR LVEBX — i B IE 47 #1 IDRDS B 5k R B —H.
X—Z5e X 55 B IDSDS Bkt ar, AR U, IR 55
FRPEA U SL ORI 3 72 1F 4 F IDSDS B8k 1938 47 3
B,



EAFEEZREPEETERE BT RPN E
FEHEERIIMERR., AHE &SR RPN AL
SRR, XA AN EHR NS B EFAE—EEH
BRI R B, XBBELSWH 1 kBRI, H
$1,R= SR, ASR;.

(Aa)y— 1-«(Ab)—-1-—(Ac)

12 . 12 )
Ba)-— 1 --BY)—-1.- (B Bayr— | --Bb) Bp)
12 12 R Ry 12 }|=R',> 2 & @b

©a)= 1--Chy=-1 ~(C) €8 ~-1-~Cb) (@b

EEEE RIKRZE N RMEMBREEHMALFIA
MTPERIGk SR, W ARSI — AR e
BAE 1 BROIERE K,

HFRiE AXFEITRRBEFE. XKL, BETE
BB EES AR . SCERIJEER
AT —EEEAFEMNEERE, Bt
FrE R X BRI — SR .

KFHEMY, WP RIREE, — N ARSREBENIRA M
—EEFEME, R AW . XA OJMIRER—BH.
AEMBEEFEALATAAMBEAEMRFERENRR. Xk
(BB ERMBRIFH SRR EED E LT Hib—FEH
(R, FEAffIFT BRI, ZEL) SR MM R ] K15 1]
FEAIR RIS, H RS E L R ABEEERER
FRE; R2Z IR, RS X FLL WR yEHATR T REH
FEFHAR g, L] SR Bk LL R AEHRTRMS ARG K2
AL

XHEEGE 1. E—MERERE G, 255X THIKL
MEEHANBEREZTEBRE (XS | —INDK. XF
BHALHMIERGEH, RS HIERERE RS, A
EEAHEIEHN. XPHEI4E 1 EREEX 3 PEEKMIA
mEM., RLAEEL3IFInBEXTERENS —MEH
A THEXNEEGF I BVLEITIR T FEMEF (dead loop) #
RE. TUAEEX 3H . BmBET —ITBRKEC en|S|—
IND.

FAT0T LB B B “while do” SEBABAEBRLH
IDRDS BFBEETEIFHMGT. WREH#H-SEER
G R 2R RIRE , 34wl DA i — B B 7, PRI F (test)
“?” R ST WRDF MLENBETHEE —BR, UME

Wb SR RICR BT E B AT AT X B/t I R 22 6 B
B, EUERBRFRITTES, RITSPERBERER I
w5,
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