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Bob & Carol [T —F G )EE->TET-.
2AIZHZEIZEZ-UL\OFER, 2AIXBSDOH N
HFLYNSNERFESLY, (TADIZHS.

7\

ﬂi}E I'The cake is divisible: it can be cut at any point without destroying its value.

T—FEMHRS

One divides,
the other chooses.
You Cut, I Choose ! =

o BoblZH—FZYISHE, CarollZr—FX % EIEES

=1L, ChIFCORREDMEITIEALTZILT YR L] !

ARl

* Bob divides the cake into two pieces, between which
he is indifferent; and Carol chooses what she
considers to be the larger piece.  (from *Fair Division”, p.9)

7\
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BOFEI2DODME

° proportionality (An allocation is proportional.)
* Each thinks he or she received a portion that has size or
value of at least 1/n.
° Cl'l\"\'*ffCCI'lCSS (An allocation is envy-free.)

* Every player thinks he or she receives a portion that is at
least tied for largest, or tied for most valuable and, hence,
does not envy any other playet.

TLAY—DZ ADEEFE v \

T—FEhR<

2 N DEEE
« Bob: 9% (ZH 5 T R FICH 5
¢ Carol: TREWFZSEZESINPSWVNFSEES]
BHOFIBRK

PA=]
PINOEESE S B DRI AH 7
. BobDF|BE | FLav—ioA || FoRX ) || GFhAR)

Bob\\Catol | Kcake&d | /Ncake&d
BWEIZY5 Y2 cake Y5 cake
AYE(ZY) B | smaller cake larger cake

+ CarolDF|FFFE
Bob\\Carol Kcakekd Icake& B
HEICY)B Y2 cake 2 cake 4/ \

FHEICYS larger cake smaller cake

2A 5 RHY—4

R
BAFESI,

T—FEHmR<

SRV RRE

* BobMDF|18F (=Carol DB LK)

Bob\ Carol| 1/2LL E[1/2LLF]  Min Max
THE | D N N 1/2
¥%E 1/2 1/2 1/2
Max 1/2 X
Min 1/2

Bob :¥HIIVEEL: J|RA (Max) &/MRIEFIE (Min)
Carol: 3= AEEE : /N (Min) RARIREEEE (Max)

F—FzMR< (BAWV=57?)

H. Steinhaus, 1948

The Steinhaus’ lone-divider procedure (3 players)
. Bob A7 —F%1/3(EBobABSREY) 2] S
2. Carol B acceptable cake EZFITHLBLDEIETE
(7K EB1DIE acceptable cake DD ELVSFEHT)
3. Ted % Carol ERIRDIEEFTS.
4. Casel: Carol(or Ted)H 2{ Ll Lacceptable cake A8 %
Ted — Carol — Bob MBI —F %5
5. Case2: Carol, Ted&® acceptable cake HV5 &2 1{H

Carol, Ted&# acceptable TRV —F% Bob IZHIFT, HEYD
7—F 2DV T2 A Tldivide-and-choose| &4T5.
7\

call a piece acceptable to a player
if he or she thinks the piece is at least 1/3 of the cake.
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The Steinhaus’ loan-divider procedure (3 playes)

* proportional division Z{REET H& T L1 V¥ —DEAE
* BoblEB&£5E1/3(EBobMRS) picce 2] D
* Carol, Ted [& acceptable cake =05

e envy-free TIXZELY

* casel: Bob, Ted IEEBIRFEALIAY, Carol [ Ted IR ATHEMEN B
5. (TedhY, LM EZ S acceptable cake D KELVAZEEBDATRENME
NHHDT)

* case2:Carol, Ted [FEEEIRFELLAY, Bob X Carol H Ted DULVFH
MNERD ATREMED B S. (Carol & Ted D [divide-and-choose] D#E
R4S Bob MBRT 50-50 IZBAALMER, 2ADLT hAhI1ELL
£ (EBobHES) cake 155D T)

T—FEHERS (nAWV=57?)

H.W. Kuhn, 1967

Kuhn A¥ The Steinhaus’ loan-divider procedure (3
playes) & n NRRIZHETR
(Frobenius & Konig @ combinatorial theorem [Z£D<F )L
TYRL)
(4 ANRRIF Steinhaus R ILVTLV=HLLY)

S. Banach-B. Knaster, mid-1940

The Banach-Knaster last-diminisher procedure

(Steinhaus Y 19485122 N (HEDZ4E, R—FVRFNDTAT
TERIXDTTER)
v\

T—FEHmR<

S. Banach-B. Knaster, mid-1940

The Banach-Knaster last-diminisher procedure (n players)

* The partners being ranged A,B,C,...,N. A cuts from the cake
an arbitrary part. B has now the right, but is not obliged, to
diminish the slice cut off. Whatever he does, C has the right
(without obligation) to diminish still the already diminished
(or not diminished) slice, and so on up to N. The rule obliges
the ““last-diminisher” to take as his part the slice he was the
last to touch. This partner thus disposed of , the remaining n-
1 persons start the same game with the remainder of the cake.
After the number of participants has been reduced to two,
they apply the classical [divide-and-choose] rule for halving
the remainder.  (from *Fair Division”, p.35 [Steinhaus’ description @( p.102])

T—FEMHRS

The last-dimisher procedure

* proportional division ZREET HET LAV —DEEE
c PIBTL AN —DE&5E1/0EE Z Dpiece [THIDHIE

e envy-free CIEARLY
« BE:GIZE F—LEEITRITLAVY—AD, HERETY
SNFr—F M /nkYREN(EANRS) EETHLETNEMBLET
R BREL T/ nkYREWT—FHEHED (B) [TFT(EAD
B3) DT, AILBEIRT.

7\
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7— LB game situations
c BROBBREEHR(TLIv—)FEL, < BHE
b, TOXRBRZBELTHEICKEFLH - TLSIKER

7— L5 game theory

o F—LBRREBEETLERAVTEREEL, TLA
Y—EOHNEORILEG NED T 2ER

J. von Neumann & O. Morgenstern
N7 — LR EREFITEL (1944)

‘ John von Neumann/(1903\1957)

2004F1A 9B L) BIGDFEER

7—LIEERE I A ?

TLAv— player
o BERREL, T8I BEE. QA 3A, ..., 0\, ..., ®)
o BlEAN EHROBANISKIMEHE BE, BR, ...

éj?.lﬂ% strategy
o TLANY—HEYS51TE). (FIR, &R)

FIFEFIREAEL payoff
o BILAV—DEIKRER, 7 —LIKRTL, HENHED. HRIC
T BETLAY—DALMDEFHEE. FI1§ payoff, I udlity.

A DA RESE
- BILAY—(EEEIE SO CTE.
B — b AITRza s — AT, AED ETHEE AR
- FBNT— LB BORILHIRICEY, MEEERE.

T—LEIREIE A ?
H—LOERBRRR

o BRI extensive form
S

(3-3)
(1.4)
(2,-6)
(2.1

ANB | Sy | Sy
Sa, |3 1
S, | 4 | 6 7\

F—LEFmEIEA N ?
T—LDEE (BEBIMaAT—L)
G= (Na {Si}ieN7 {fi}ieN)

N={,2,---,n} TLAY—D%RE
S, = A81580, s S} TN —i DBIEES
Jii8 xS, 5> R . Fuav— oFEE%

EIL1v—ITEEOF/HZRKAILZBIEL,
GIFETOI LI Y—DEEMBELET 5.
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F—LIEBimE (M ?
EB AT —LEG T — L
s BILAV—DEBEREICEITHATIR
S, =1481>825" 58t ((€N)
1. FLAV—HRIZIE, HETLAVY—NEZRZEERIZDULY
T, BHEI I DH LY RDIEFEELEL.
HERMAEEIRIILAL AT —L
2 RTOTLAN—IS, EHAZBIIT DN TOEE
RREYIE, ZNIZEDNTEERET 5.

R G ED L Why—L
7\

2AEB AT — L

,72_.L\0))l/_)|/ N= {1’2}

s TLav—n#Hif2A

o BT AN—IE, FILITEREERTE GERR )

o TLAY—OFBOMIE, BIZH (BN
TNY(s,.5,) €5, %S,

B LT 1ERY Si(5158)+ f,(5,,5,) =0

o BTLANV—(IERRTERIC, thDTLAv—HE DE

sy & 1 YA A

BEILAVY—DEYS K (EHR

Sy =811 81257 5 Sy} / \
{Sz ={521,800,", 85,

2ANEBHAFNT —L

FIB1TH] payoff matrix

o BT —L, BIB, V(s,,s,)€8,%8S,, £,(s,,8,) + £5(5,,5,) =0
BOT, a;=h(s,5)==1,(s.5))
EBKE, MYSLBEEEFIBOBEREITIATERES

ay ap 4y,
4 a a MFTHI
21 2 2n
A=[a]=| 1 ;
aml amZ e amn

2NEHAFNT —L

Examplel :

o ABEBSANNSUTTREBELRS —LELTWS. WAELEFH2HRON—F
EFoTHY, 1IEEFIROA—FEEL, h—FOBDOEZFFBELTELR
BEVNST—LTHS. ST, ABIFTAR—F O4TN—tD71D24%, BSA
T9Z7 D2 TFAXDIID2MDA—FEFHF > TS ENE WA AT

L\é@a—pﬁ@)

ABDHBEXR BEADFIBER
ANGB | 93902 @ ANGB | 43902 @
AR—F D4 2 -6 AR—F D4 2 6
5 3 5 /@)

B—LOfE: I\—kD7, LY D10) F—LDfE
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Example2:
o ABEBIANT—LELTVS. TRNENIDTODEELHY, ABDFIE
RIFUTDBEYTHD. 2AIE, BRREALGERELDZREN?

ANB S, Sp, Sp;
2ANFEBHBIHT — L o N RN
Sas 4 -3 0

S=YYYRARE  minimax principle
BXIETLAv—

* Example2 CTLA VY —ADBE
© Hilgs, ZMOLEORBDEER
min(-2, 4,-1) = -2 (FL AV —BLEEBEs, £EB)
© Hilgs, ZMoLEORBDEER
min(2,2,1) =1 (FLAv—BLEERs,, £ B)
- Bils, FRo-EEORBOEREE
min(4, -3, 0) = -3 (FL AV —BLEERs,, £EB)

T s, 2R3 (BETHLHSINMRIESND)
7\

[ b BLFIEE BB EATEEDM ? ]

AN\B Sp, Sp, SBs
Sa, 2 4 -1
Sa, 2
S, 3 0
7\

ANB | s Sp, Sp;
2AEBHBIHT — L ST
Sas 4 3 0

S=YYHORAE minimax principle
* Example2 CTL AV —ADBDIIETRE

© BOEB sy #MoTobE, ATHDBES (FHMs, ZHD
max(-2,2,4) = 4

© BHVEBs, oo E, ATHDENTHMs, E]D
max(4,2,-3) = 4

« BOVBBE s EEIOT=LE, ATHDHBERSTHMEs, Z]D
max(-1,1,0) =1

T BB, 0% (BETHRAKITHD)

AISBBES o EIBLE, AIFIEFON, ( \
ZHLNOBRZERDEFIFAILUTIES.

2AFBAFHT —L

=YY RRE
* Example2:

ANB SB; | SBy rriin max ,::nﬁ :E
SAg -2 4 1 2 #| v, =max min a,

Gl 22O 1 |1 v
sy, | 4] 3] 0] 3

REKE L max 4 4 1

security level

REEKEE security level

IFXIVRE
maximin principle
(BRI —DITERE)

min

S=IYIRE -
minimax value STV IRRE

Vv, =min max a.. minimax principle
C (BMETLAY—OFHFE)

Vi=V, N
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5 - ANB | sp, 5B, @
2ANFEHBAFNT —L SN N
ﬁ]@iua\\ tbg_iko)ﬂ_ﬁ SA3 4 -3 0

c 2ADTLAN—DELCZT I RRBIZEDNTIT
g bL, EHBDM?

z)\;t;:u#o@umw%mu @@ Linte
RIEMDERTOHEIZEE p
-
min max @; = max min a, =1 ~
J i 1 J ;
2AFHT =LA
[ERZR ITIRFE SN D strictly determined |
[HEIHENTHD)

( SAp *, SB *)  F—LOBE R equilibrium point

7\

EE 1
TLAN—ADFEBERNUTDRTEZONDS —LEEZS.
TLAY—A, BRAFNFNIZ T RREZE DO THELR
EETIHE, H—LDORIIESITDZMN? (1), Q)FhEFIhD
F—LIZDWTEZE
(1) (2)

ANB| sp, | Sp, | Sp, ANB| sp | s, | g,
Sy 3 1 -1 SAy 5
Sa, -1 0 2 Sa, 1 8 2
Sas 5 2 3 Sas 7
7\

2AEBAFENT — L
R ERRR &R & B
e Example3:

« ABEBEADY—LELTVD. ThETNI DT OOEEHAHY, ARD
FEREIUTDRYTHD. 2, BREALGEBIRRELHNEMN?

ANB Sp, Sp, Sps
Sx, 4 2 0
Sa, 4 3
SA -3 2

2ANFEBAFNT —L
R LR A B

e Example3:

ANB | sy | sp, |(sp, | min | max
sy | 4] 2 0 -4

Gl 4|3 1] 1|1
g A
max | 4 2 1=v, =max mn a,

x 0
min 2 .
2=v, =min max a;

B2
7\

STRYIRBEENFEELLRLN! ?
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T ERER &R & B

*| Propositionl
FIFITHIA= [a,j]b\'a_-iB*LT’E'ff UTHARYID

maxmma < min max a,;
i J J i

T—LEEICERBITRESNSEIFRSEN !

\

WAEBIESICHERAFEL,
T—LOWBEICHEEHNTHE ?

2ANEHAFNT —L

RS &R S HREE
o ¥% 1 saddle point
s ITHA=[a, ]I2EWVNT, EED i, jIZHL,

. <la. .
a5, <la,| <4, |

BEYIIDERE, (i), ) ECDIFIDEEEN, a,,, £

AL
a, - ay | @,
A=[a;]= a . <a, .
Y igl aiojo T aion foJo ioJ
| Dm Ajy | 7 Dy |

2ANFEBAFNT —L
FOAREEE &R A BB

e Theoreml
s (TN — LD BEICHEEMTH SO DBE+E

1, ZORBTIAIZDLELEL I DDEEADFET D
& FIDEE, RN L.

« EXIMERR optimal strategy
o WEE G N IEERALBDOT, TLAVY—ANEE i+ %
WaE, TLAVY—BRLNEDEREEE>THDELED
WA) Z1BBHIENTE, Ti=, BAEE > #EBRY, AlX
ERRA X CTHRBEEMS BRI EIETEAL. v\

— BES i ASAD BEES

2ANFEBAFNT —L
R ER A B

¢ Theorem?2

. BRBRIZHEERNLGEIENT —LIZBWT, AEASEHH
3154, SHEADMERXZLLY. T, (% %), (0 jo) B
W& RLESIE, (* ), (o, /) BB A THS.

ol P I
© :

2009/11/14
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. Example3 :

ANB/| s, | sp, | sp,
—+ sy 420

—p SAZ 4 3

—bsy | 1] 3] 2

TEFRIETARE ! iﬁiﬁ'ﬁ;ﬂ%,
R TSI 1 an

> [mommma | \

2NIEHHAFNT —

RS LR A R
* Example3: q; q; q3 .
¥ v v P 20,(i=123)
ANB | s, SB, | SB3 p+p+ps =1
pi—tssy, | 4| 2 0 4;20,(j= 1,21,3)
+q,+q; =
pZ N SI\Z 4 l ql qZ q3
pdosay | 1] 3] 2

TLAV—BORREBEL2LED, TLAVY—AD DA
E1(1’!Sﬁ, )=—4p, +4p, + p;
E\(p,ss,)= 2p,+3p,—3p;
El(p’SBJ) = Pr+2p;
£T, BABBEE (. DEETEOE20, AOHHEHA  / \
E(p,q)=E, (P:SB, )q, +E| (P:SEZ )q, +E, (1”515'3 )q;

91 9> 93
F == ~
ZAgFTﬂD jj g*ub-_'A ANB Sp. SBy S
AAENIEN BRI
HER RS SR S EES Pl [ /5 [
* Example3: p/\o/ i 5] 2
TLAY—ANREBELSTLED, TLAVY—BOHREHHA YTy
E,(s4.q9)=—4q, +2q, /
| pure Strareg)
EZ(SAZ$q): 49, +3q, + g, SEAHER
E2 (SA3 9q) = 4 _3q2 + an mixed strategy

ADBEBEE (p,,po,py) DHEERTESTLED, BOEAFSA
E,(pg)= EZ(SA, »p + Ez(SA2 P, + E2(SA3 ) Ps

FehDE, TLAY—A, BBAENTNHEEppopo), (41909) CEHEBELf2LE,
BEILAV—OHFEDRAFUTOLS14S.

E(p.q) = E(paSBl ), +E(P5532 )9, +E(p,s33 )4

{Ez (P @) =E(s,.q)p, +E(s,.9)p, +E(s,.9)p,
o, COEEBDMIZ, UTFARYID. 7w«v—mm%mm%f¢t !
E(p,q)=E\(p,q9) = E,(p,q) FLA Y —BIEHERR/ME !

2AEBATIT —L | R e o

won B h AERER kK X ET DL,
X ECEERE EBD s, €S, ITHLT,
* Example: G511 > £iG51oK)

ﬁf}ﬂiﬁ%‘:b

0 =1ETRE%
; QD x®Ts |
2

ANB| s | sp,
wEmE s, | 4| 2
3

e 12ETBXEL
dominate

HEE o >S 4
XECHEE 1>SA, WR) WAL, BBEERMEE

BRELGN - HEHRDER

Saq | 1] -3 HEXERRREORE
@ [ RERESNBEIRIL ALV

T
ANB| sy | sp, | Sp, ANB]| s, | sp,
Sa, 4 » 3 1 = sa, 3 1
s | 1 P32 sy | 3| 2

\
AR X EHRBREDREICLIHE RN TFE

45— L\ [E XA A 2 dominance solvable

2009/11/14
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2ANFEBNEMT —L AN o, [,

P2 sy, 3 1
= 5@:5 A“&Hﬁ P3| sy -3 2
HREETE
* Example3:
E(p,q) = E(pysp)a, + E(Py55)4;

=@p,=3p)a, +(p,+2ps)g;
=@Bp, —3(1=p,))q, +(p, +2(1- p))(1—g,)

B 3 3 1 o)
_(pz 1-p, -3 2 l_qzj_ Ez(l’;Q)}
{E(p,(l,O)) =6p,-3 E,
E(p,(0,1))=—p,+2

ADREEIE p*=(0, 5/7,2/7)

i
E((10),4)=2g, +1 0
E(0.)4) = =54, +2 V

BORBEEME ¢*=( 0, 1/7,6/7)

(p*.q*): YRR

2ANEHAFNT —L s e

R & BB

* Example3:

E(p.q) .
=(3p2 _3(1_pz))qz A
+(p, +2(1- p,))(1-q,) player A al

2AEB AT — L sl T

[ e il s 3 2
REE S EES L

e Example3:

player B

0.25 0.75
player A 177 9-5

plaver B

0.25 &7 0.75 0155

ol L player

92 943

»

2AFBAFHT —L 5N

By | SBs

P2l sa, 3 1

ESHEOEK Plow | 217

o prgt DERDLLEDLT, SIVTVThAITRT S
FEN, BERBMNTRESEZLOMN?

ADREEIE p*=(0, 5/7,2/7) BORBEEME ¢*=( 0, 1/7,6/7)
* player A & 8,85 3, S, 155 2 HAEELLVAY,
Pags + P34; =32/49 DRERTEELLLGVERIZA .

@ LE-oF!

« COEIHKRRLETEREIZANS LT, REEEEAR
EShiz ! v

LML, ChiZHEHRM

2009/11/14
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e
EE2:
TLAV—ADFIRRAUTDRTEZLNES —LEERD.
TLANY—A, BT ZNEFDARECE SO THRERRE
9 hE, TLORIFESIGEN?
1) ANB| sp, | sp, (2) ANB| sp, | sp,
Sag 4 -2 SAq 3 1
Sa, -3 3 Sa, -1 5
(3) (4)
ANB | sp, | Sp, | Spy | Sny ANB ]| sp, | Sp, | Sp,
Saq 3 SAq 3121 4
sa, | 4 2 Sa, Lol | 3 \NO
sa, | 2 3]0 Spy | 2 AWRINNNED

AR DB —L
STIYYVIARATEE
o TLAY—A, BOME L
Sy=1s, li=L--,m},S, :{53, |j=1,-,n}
o TLAY—ADFIFITHI (BOEKXRITHI)

G e FlEEH
A=la]=| @ 2 O w
R E(p,q)=P’Aq=ZZa,/Pﬂ.f

i=1 j=1

Ay by 00 4,

- TLAY—A BOREHE

p=(p D)) —> s, =(0,---,1,-+-,0)
pit+o+p, =1
P Py 20,

q=(q"**»q,) —> S, =(0,:-+,1,-++,0)

q1+...+qn=1 / \
549,20

2NIEBATIFYT — L
STIVIARATERE - -
. 701/’(’(’—A0)1%§E7}<;E pERIELT 52X
min E(p,q) —> v =max min E(p,g)
o TLAVY—BDRIEKE '
max E(p,q) ——> V= mn max E(p.q)

q ERFLTHFELRRN

* | Proposition2

max min E(p,q)<min max E(p,q)
P q q P

7\

2AFBAFHT —L

-

STIVIRAEE

¢ Theorem3

@Neumann, 1928
max mn E(p,q)=mn max E(p,q)
P q q P

Ff, CHERIESE BB (¥, ¢ EHEAELL,
S RIS DRI () Z7— LOTEELS.

W(A)=p* Aq* =Y a,pq;
i=1l j=1
¢ Theorem4 '

HERIZHITD
BRER AV B BRI
ERR D (p*, ¢*) MBS THE=ODBE+ S EET,
(p*, ¢*) DEE E(p, q) DERTHAHZ L. BB,

vp.q, E(p.q*)< E(p*.q*)< E(p*.q)
AR T AL, Wﬂ:mmwu%ﬁx

ADp*DEF, Bldg* ST BDHBES/N

2009/11/14
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2ANEHBAFNT —L

STYYIARATERE
* Theoremb
v(Ad) BT —LDE, (p* ¢*) B RTHIHOLE
K
Vi,j, E(s,.q*)< E(p*.q*) < E(p*,s; )
MRKIIT 5L, I

Vi=1m, Y a,q; < E(p*.q%)
=1
Vj=1-,n, E(p*.q)<> a;p,

h 7\

2ANEHAFNT —L

STIVIRTEE

E
e Example4 7
xampre 9 49 93 94 95 7x
ANB| sp, | Sp, | Sy | Spy | Sbs 1 \
pil sy |2 1k2] 343 \)(
P2l sy | 5|24 | 130 | o7 N
sy, | 4] 1 ]3] 2]
E(p,sB]):—2p1+5p2:—7p1+5 ;_1,—.0_
E(ns Y=—p 129 —_3pn 19 2
LEAP5Sp, ) =—Prm<P SPrT=
E(p,sp)=2p +4p,=—2p +4 4 3
E(p,sz,)=3p,—p,=4p, -1 p=(.2.0)
F(n ¢ Y=3n

SN ) = 2P

2AEBAFNT —L

STRYIREE
* Example5: —fEM2x 24— L
9 49
ANB BRANFETNEThL B R,
SB; | SB, :> RirhiE, BEHBEEZLH,
CDEE, BT E(psy) EEP.sy) &
W E(sq) & E(s.q) I3RRERD.

Pi| sy | an | ap

Po sy, | @y | axn

E(P,Sgl): ayp,+ay, py

B R -
a—a “—a E(p, Sg, )=app +ay,p,
Ry 22— % 1% _
Pip2) a“—a2|+a22—a|2’a“—a2|+am—amj EEE‘A,Z)):ZH‘Z -:(jllzqqz
P4, — Y21 2242
% a,, —a, a,—a
(4= 2~ , 1~
Ay =+ 0y =y A=A+ 0y — 0y, / \

EE3:

TLAV—ADFIBRAUTDRTERLND T —LEEZD.
TLAY—A, BAZNZEN M ARECE DO THERRE
E9HE T—LDREESI DN ?

1) ANB| sy | sp, (2) ANB| sy, | sp,
SA1 4 -2 SA1 3 1
Sa, | 3 3 Sa, -1 5

7\

2009/11/14
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2ANEHBAFNT —L

CAENT —LERBEEE
« TLAY—ADQFIBTICREEEE p

s
E(P,Sg, ) =MD T aypy +cta, py,

alnpl +ee

Prjay 4 ay, FEbBE
Do Gy Gyt
: : . . : max.u
Pl Om i@y i vt Gy St APt d Py 2>u
iy ’ appyttapp,2u

+a,,p,2u
E(P,S ):a pLra,p,+-+a,,p, mn _m
: - 2 p o+t p, =1
| » e
E(p,s;)=a,p +a,,p, ++a,,p, DPis s Pu 20

s i 159,53, Ep, ) £
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E(SA, q) = gt + g+t a,,g,
E(SAZ q) = a4, +ang, o+ a,,4,

N IS
E(s, .q)=a,q,+a,,q,++a,,4q,

R T
1 4p 1
b £ FEHDBL. ..
) Gy it Gy, i
LA min . w
[ Ayt Qyy 0 4

amlql +- .+amnqn sw

st.oa,q,+--+a,q,<w
ayg, +-+ay,q, <w

g, ++q,=1
4> 5 4,20

min max E(s . 4). E(5 4. q). - E(s,,. )]

7\

2AEB AT — L
2AEHS — LR ER

LAV —AD R ELHERE TLAY—BOREILEE

(LPOFFATE: P)

(LPOD W xt I RE : D)
max . u min . w
st.oanp t--+a,p,2u stoa,q +--+a,q, <w
app ++a,,p, 2u ayq, + - +a5,9, <w
a,p +:-+a,,p, 2u a,q,+-+a,,q, <w
pto+p, =1 g +-t+g, =1
P> s P20 4 5 4,20

SE) (P) (D) ELIZEBER (p=(1,0,...,0),4=(1,0,...,0)) BB ZD TE
SHHEELY, ZBRAFEL, RBET—HT D

Theorem6

1THTRE.

(P), (D) DERERD (p*, u*), (g%, w) DEE, (p*, ¢*) DT —LD

HERTHY, vi= w=whT—LDETHD

2AFBAFHT —L

2AEBNYT — LB ETE R
* Example6: CoAITA

WAL A v, KRBT,
SR TIA3 = 7 ) R RIEAEL AL

AN\B %{ &= S|l min | max

j@f 0| 217 -7
2] 0 2| 2

S| 7 | 4 4 B
max | 7 2 4 *2:v|:m?xmj_n a,
min 2 X

2=y, =min max a,

J
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max . u min . w
s.t. —2p2+7p32u s.t. 2q2—7q3$w
2p, —4p,>u -2gq, +4q,<w
—7p,+4p, >u 7q, —4q, <w
p +p, +p,=1 q, +q, +q;=1

D> P D320 9> 4 4320

B 2 M xR Et B RE
self-dual LP

@, po*, p5)=(0.538462, 0.153846, 0.307692), u*=0 \
@7*, 95*, q;%)=(0.538462, 0.153846, 0.307692), w*=t(
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