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ﬂi K - The cake 1s divisible: it can be cut at any point without destroying its value.
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You Cut, I Choose ! (One divides, the other chooses.)
* BoblZH—FZVot, Caroll2—FZEIEHED

=L, ChiZZOBRBEDIME | TIEELTAas —O v (FfES) |
(BobIZED ESIZHEENDIEFEITELY. BoblZBE T DEETHS)
(CarollZED EIITLEIXEADDIEEILALY. CarollF B DEETES)

fEld. ..

* Bob divides the cake into two pieces, between which
he 1s indifferent; and Carol chooses what she

considers to be the larger piece. (from “Fair Division”, p.9)

7\
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(2 | A > TIZLLV DS

°* pr oportionality (An allocation is proportional.)

* Each thinks he or she received a portion that has size or
value of at least 1/n.

e envy-fr €E€NESS (An allocation 1s 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 player.

[ TJLAN—I2 ADSEIFZZD2 D DB S (L2 J / \
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2 N\ D Bk A&
« Bob: ¥ ZFICYIL I ABEFIZY)S]
e Carol: [ REWZDZEESIT/INEWDIESDTES

MME@%—AJ

A= BAhlFETIZ,
ZAOD*IJ 1;]:%—% B4 D F| B H3HE BoOHSERX
. BobDE|BS | TLAv—IH2A || FOBEE(EM (3E13 7189)

Bob\\Carol | Kcake&d | /Ncaked %)v
HWFIZY)5 V> cake V> cake
AJZFIZY) S | smaller cake | larger cake
e CarolDF|iF3K
Bob \\Carol KNcakeEd Ncake& D
BE(IZY) 5 Y, cake Y, cake / \
FHFEICYS larger cake smaller cake
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@nbaus, 1948 ]

The Steinhaus’ lone-divider procedure (3 players)
1. Bob W7 —F 2308 D KIS wussamcnscszs
2-1. Carol HY acceptable cake EZFDITEWLNEDZIEHE
2-2. Ted ¥ Carol ERIBRDZEZITY.

(Carol®Tedd, D7E<EH1DIE acceptable THHZEITFTE)
3. casel: Carol(or Ted) H2{# LA _Eacceptable cake W& DimE
Ted—Carol—Bob (or Carol—Ted—Bob) DIEIZ7r—FZFEN5H

case2: Carol, Ted&$ acceptable cake MEH X 1{EDIHE

Carol, Ted&¥ acceptable TIELNVT—F% Bob IZHITT, BYD
7—F 2D T2 A Tldivide-and-choose] & 1T 2.

det.) 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 ZREET 2 E T LAV —DEHEE
e Bobldb&DE1/3(EBobAIED) piece IZH] %
e Carol, Ted [& acceptable cake ZHX%

o -free TIF7ELD
o casel: Bob, Ted IXEEEMRFELLULNDY, Carol (& Ted ZRT AIBEMEDL B

5. (TedhS, EMEZ D acceptable cake D RKREWVVAZESHAIEEE
MHHNDT)

e case2:Carol, Ted [FEEELIRFELLLVAY, Bob & Carol H Ted DLVT 1L
MR AIREMED S, (Carol & Ted D [divide-and-choose] D&
B A% Bob MR T 50-50 IZBALEWMEE, 2ADWLT I ADI1Y3LL
L (EBobME D) cake Z1FHD T)
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H.W. Kuhn, 1967 ]

Kuhn A The Steinhaus’ loan-divider procedure (3 playes) Z n A
i | <3k

* Frobenius & Konig 0) combinatorial theorem [ZEDITILTYX L)
e 4 ANRRIE Steinhaus HERDULITULV=5LLY

S. Banach-B. Knaster, mid-1940 ]
The Banach-Knaster last-diminisher procedure

e Steinhaus AY 19484F 22N (24, R—5 RN DT AT 7 EHm XD TH

7/ \
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[ S. Banach-B. Knaster, mid-1940 ]

The Banach-Knaster last-diminisher procedure
* 'The partners being ranged A,B,C,...,N.

* A cuts from the cake an arbitrary part.

* B has now the right, but 1s not obliged, to diminish the slice cut oft.

¢ Whatever he does, C has the right (without obligation) to diminish still
the already diminished (or not diminished) slice,

e 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 4948 p\.%)Z])
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The last-dimisher procedure

* proportional division ZREET HETL 1V —DEES
« YIBTLANV—DBELIE1/néE X Dpicce ITHDHTE

* envy-free TIE7ZE0Y

- B BIZIE, T—LEERITHRITETLAVY—HIZIEA) D, #Hi<
T—LOHHRETHoN=7r—F M1 /nkY RSO (EAHR
2)ESTHENZHILETERL. FEREL T /nKYRENVT—F
AEED (BIZIEB) ITITK(EAD D) DT, AIFBZIRT.

7\
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7 — LK eame situations

- BHOERRE

TEHEOLAVY—)AFEL, < EWMZ

b, TOXRBZHELTHAEIZKEFELH>TLDRER

‘7 —LIEEH came theory

« F—LHIRREHEBEETILZANTERIEL, LA
Y—REDREDR I LB HENTT EER

J. von Neumann & O. Morgenstern
7 — LR ERF TR (1944)

‘ John von Neuman'/(190}-1957)

2004511/ 98 (X)) S0 1FEHR
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TJLAv—n&E
ZLAX— player N={1,2, ..., n}
- BERREL, T8I HEMR. QA 3A, ... nA, ..., ©)
- 5l EA EHOBEANSHLERE, BE BR, ..
TJLAY—i DEIRES
iﬁﬂ% Strategy S={Si15 Sizs +vs Sim } (IEN)
o TLAY—DWYS51TE. (AR, HER)

2

TLAY—; DFFREEK
F1EEFSEASK payoff £:8,XS,...XS, >R (iEN)
« 2TLAV—DHIRRER, T —LITKTL, HBRILHDL. HRIC
T AETLAY—DRoMDFHIEME. FI%F payoff, A udility.
F—LDESE
[G — (N’{Si}iezva{fi}ieN)J

ETLAv—ILECORERAEEREL N
GIEFE2TOTLAN—DELEHFEET S
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T—LDRIEH

Ap

S SQE;/
 Sp—
- SE

A B

e
lmz

« BBIRZ extensive form _

(3,-3)
(-1,4)
(2,-0)
(-2,1)

REE 2 strategic form, 222 normal form

ANB | Sy, | Sg,
SA1 (33_3) (_1 >4>
SAZ (23—6> <—2>1>

7\
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EMOT—LEBNT—L

sl = S 1) e

« HETLAV—DEREREICE TSR

1. TLAVY—MEIZIE, ETLAN—NEBRRZEER(ZDUN
T, BHEIDDOHALARMYERDHIETFELAELY.

HRMAEEDBILLAEN

FHFNT —L

2. ETDTLAV—FEIZ, LEHRNZHEBIZDODNTOEE
MRYILE, ZNIZE DV THERIRET S.

HIR S E DAL

AT —L

7\
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Examplel :

c QANDTLAN—ABEBESANOAMUHHEY — L]
=L TL\5

o« TLAVY—IZRBEICO/VDRMEZREES
c 2NDTLAN—DRE-EIAEILELAEDED, S, ={&K, &), S,={k, =)

HIGHEHLBSADEBL

« RZHLTHo=0MEFAI2HELN, EFHLT
Bot-ofHFEMOIHED

N={1, 2}

S={s;1> 55}, EEN)

f:8,%XS,— R,

(IEN)

&R =2 + (&R R)=-2
fz(%»%)='1 +f2(§§,%)=1
HER=2+LHET)=2
HiE 2)=1 * (& F)=-1

AZDFEFR BSADF|FFR 2ANDF|1FF
ANB| & | Z ||AN\B| & | E ||AN\B| & | E
x 2 | -1 x 2|1 £ 221D
= 2 11 = 2 | -1 E (220D
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Example2:

o ABEBSANT—LELTWS. TNEN3DT DOEEENHY, AZDFIE
RIZLLTDEYTHAD. 2AIE, BREALGEIBELEZREN?

AX\B SB,4 Sp,, SB.,
S -2 4 -1
SA, 2 2
v | 4 3 0

7\
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“XYIAIRE minimax principle
ExampleZ—C“job’r Y—ADHE
+ Bils, FHOLETOREBEOEE
min(-2, 4, -1) = -2 (TLA V¥ —BH\EilEs, ZHR5)
 Bili%s, FEOLETOREBEODEE
min2,2,1) =1 (FLAY—BOEilgs, ZHD)
* Hilis, FEO-LEOREBEDBE
min(4, -3, 0) = -3 (TL AV —BH\Eilgs, ZH5)

mAIETLAYv—

) Hilks, £05 (BRETHHBINRISND)

7\
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SOV ORAIE minimax principle
. ExampleZ—Cj LANY—ADBDIIIETHA

h\ﬁkmﬂsm’&ﬂyot&% ATHDHBE 7 [T HlEs, ZHD
max(-2, 2, 4) =

h\ﬁkmﬂsBzz—Hyof—&% ATHLSBER S BHEs, MWD
max(4, 2, -3) =

o B75§$,’€H%SB3’£H¥0T:&%, ATHSBER [SHlEs, ZHD
max(-1, 1, 0) = 1

) EilMgs, £5 (BETHEKITHD)

AIZEAEES \ ZEBAHLEE, BIRIER/LM, \
LS OBIEERSERBA1LITISHS.
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=YY RIRE

fREEJKZE security level

* BExample2: ‘
V N
- IEXIUE
min | max
A\B SB1 SB 2 @ 4 / maximin value
s 20 4| 1| 2 .
Aq nd v, = max mina,
l J
Gapl 2 [ 2 |CD[ 1 |1
sv. | 4| 3| 0 | -3
1%5117&1& — max 4 4 1 TEXUIVEE
security leve . maximin principle
min 1 (BRI TLAY—DITEHEIE)

minimax value

v, =minmaxa,

l

S=IYIRI(E /

SRV ORRE
minimax principle
(H/MET LAY —DITEIRIE)

V1=V2 N\

)R () =(Sa,, Sss)




ZAQFTJ?JjJ%*DbS_A sy, | 2 4 e

i’ﬂ&i:‘#\tlf_lx@ﬁﬁ SA; 4 -3 0
° 2A®70|/’r’v—75§&%(:E:'\%yQZJﬁEg(:&_ij\-t,?i.
B9 AL, EEHDM?

— B — — A=A ‘bet,"& LA
Zkéﬂel_‘,nﬁ@&liﬁﬂ)ﬁ'?&“! | ZHELN.. \ I AN I
Ao DERTODHEZE]E )

-
min max ¢, = maxmina; =1 -~
J I i J

2AFNT — LN
[ERZR | ZIRTE SN D strictly determined |
B [CHEERITH S

(sp, * Sp, *) 7 —LDIE R equilibrium point

7\
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TLANV—ADFIBTERDPLUTORTEZAONBDT —LEEZS.

TLAY—A, BRAENENZIZT VI RRE

EI“

DUV THEER IR

FTaxd dE, T—LDREITESIGZLHZMN? (1), ()FhEND

F—LIZDOWTEZE
(1) (2)

ANB| sg, | sp, | Sp, ANB| sg, | sp, | Sp,
S 3 1 -1 SA{ 5 6 4
N IERERE sy, | 1] 8| 2
S A 5 2 3 S A 7 2
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R e R &R A B R
* Example3:

« ABEBIADT —LFLTLNS. TNEN3IDT DDERERLAHY, AZD
FIBRIFUTORBYTHS. 2AE, EREALGEBIBELBAREM?

AX\B SB,4 Sp,, SB.,
S -4 2 0
SA, 4 3
S A 1 -3 2

7\
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* Example3:
ANB | sy | sp, |(sp, | min | max
S -4 2 0 -4
Csa)| 4 | 311 |1
S, | L | 3| 2] -3 THUIVEH
max | 4 3 2 1=v, =maxmina,
min 2 , X -
2=v, =minmaxa

Wil J
STy RESEE

STV AERmNFELGZN ! ?

7\
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*| Propositionl

MEFTIA=[a, | EZ otk LLTHRRYILD

max min ¢,; < min max a,
{ J J i

T—LIEBIZEREBICRESNDSEIEIRSEL !

v

L\ BIESCHE SN TEFEL,
T—LNEEBIZHEERITHAN?

7\
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MFERER SR SR el

~
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~
S
-

\\
\\ 1
~

?!rh "5“ saddle DOiﬂt minimax player

4= — s o = DIEA

< <

aijo - aiojo — aioj
MY DEE, Gy, ), ECDTIIDEALEN, o, F8
REENS. a, <a, .
all e o o aljo e o o aln
A - [alj] - aiol o aiojo o aion aiojo = aioj
_aml P amjo PR amn_
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 Theoreml
s (1T —LHWRBIZHEEN THA-ODWE+ 7S
Hi, ZDORNFITHAIZDELELI DDA NFET S
& FIDEE, N E A

=

« BBEELER optimal strategy
« ) (i jF) IXER BTN T, TUANV—ADEER i+
VB, TLAV—BIALWILEEEZEZE->THDLELED
VA) Z1/AHEMNTE, F£1=, BHEER j* ZEAEY, AlX
BIRZEZ CHRFZTIEMSE L EIL TS, Y

— BERE 1% ASA 0D TE R AR
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e Theorem?2

c BRBICHETEMLENY —LIZEWT, WEANERH
Hi5E, EERDEIXFLL. £=, (%, %), >, j) D
W REsIE, (%)), G, )EBEERTHS.

o) fET R (3 HE A BE

W ©

@)
Y /
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* Example3: | |

AN\B svBl SEZ sl;
T Saq -4 2 0
—p Sa, 4 3 1
—b Sa, 1 -3 2

2T RIEA A6 !

RETIE T SRIEESEL ! ::>

U

£ GRHITEHE,
BETHE OREE

HAfFh AR 2
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FH AR ERRR &R SRR g,20,(j=123)
* BExample3: @ 1 q3 CI1+C]2+C]3 =

A . 0
p+tp,+p;=1 A
Siv-\REAE

A= A RS
mixed strategy pure strategy

7\
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ERER ) X B2 domination of strategies
TJLAX— i DEBE h k [ZTDUNT,
ERAS h MNERES K 2 X EET B &,

Bl D 32 B EEDs €S ISHLT
. Exanlplcﬁ: fi(Gs_.,h)> f,(s_,k)
WXEME s, | -4 | 2 | 0 e ms
LEHEE S 2 3A 1 ) LTS 12 TR
7 Ao OMINALE | o B3, B
S 1 _3 2 BRELGWN— HEHOIEE
7 BRI E D RE
@ [ X ER SN BEBE (L ALV
—T
ANB/| sg, | Sp, | Sg, ANB]| s, | sp,
SA, 4 » 3 1 =>| Sa, 3 1
S A 1 » -3 2 Sas | D | 2,
7 N\

AR OB REDFREBICKOIEHE A NFE
— S —LIIZE A dominance solvable
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FIFLER R &R & EL RS
* BExample3:

Cllz 9> ql3

Y \Z v

ANB | sp, Sp,) S,

P —1> s, -4 2 0
p2 —pP> SAZ 4 3 1
p3 _9 SA3 1 3 2

o player AMEATFNIA (player A = EAFFHN A= K4 7L 4 — = maximin player)

.

\El (p) 5B, )=

(E,(p,s,)=—4p,+4p,+ p, < player B H8ils, DESOHEEHA
E (p, Sp, )= 2p, +3p,—3p, < player B WA EkREs, DEFD TN
p,+ 2p3 < player B 75‘\%?,5%8330) FF DEAFFRI A

e player BOEAFFIE R (player B = HAfFiB LR /IMET L 14— = minimax player)

Ez(SAlaq):_4Q1+ZQ2
VE (s, .q)= 4q,+3q, +q,
Ey(s,,9) = q,—3q,+2q,

<« player A 75§$£E§SA10) FrDHAFIE KL
<« player A 75§$£E§SA20) FrDHAFIEL
<« player A 75§$£E§SA30) FrDHAFIEKL

HE A BNE RESEEE (0,pps), (1,959 PES

E ()x Sp, )45

E,(p.q)=E(s,.@)p, +E(s, @) p, +E(s,,.q) ;s
E(p,q) = E (p,q)=E,(p,q)

{E1<p,q> = E(p,55)4,+ E(P, 55 )q, ¥
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N [ RSV N H AR
FIFREL R &R S R Py —
* BExample3: P37 - 2
» player AQEAFFRNA (player A = BAFNARZRKIET L A4 ¥— = maximin player)
§
{E1(p,Sg,) = 3p; — 3p3 = 3p, —3(1 —pz) = 6p, — 3
kEl(p:SB3) = P2 +2p3 =p; +2(1 —py) = —py + 2

e player BOEAFFIE R (player B = HAfFiB LR /IMET L 14— = minimax player)
g

E;(Sa,,9) = 32+ q3=3q2+ (1 —q) = 2q, +1
\EZ(Squ) = —3q; +2q3 = —3q, + 2(1 — q3) = —5q, + 2

A

{ p +p3=1-p3=1-p,

g2 tq3=1-q3=1—q; / \



2ANFEHANFNT —L ANB [sy, [ 5,

TLIJ:I:I:IEJZIH& P3| sa, | 3| 2

* BExample3:
e player A = B AT KIETL A — = maximin player
{ E(p,(1,0))=6p, -3  « player B A\ EER&s, DR DEARINA
E(p,(01)) ==p,+2  — player B A BiBEs, DEF D HAFF3N
* player B = #ifFI8R&/IMET L 14— = minimax player
{ E((1,0),q)=2g,+1 < player A HVEREKs, DEFDEAFHER
E(OD,q)=-5¢,+2 « player A HVEiE&s, DEEDHAFFEE

B 0D B 1 B B

1 L q*=(0,1/7, 6/7)
0 5E7 iz >p; OSJ?‘/] > 4,
E T \ / \
! ) SR |

A Bx 1 B B
p*=(0, 5/7, 2/7)




E(p,q)=E(p,s5)q, + E(P, 55, )4;
=(3p,=3p3)q, + (P, +2p;)q;
=@p, =30=p,))g, +(p, +2(1-p,))1-q,)

2 NIEH AF (s, 1_p2)(_33 ;j(ljb j:—Ez(p,q)}

o BEE S g

* HExampl
AL

e3
M

0.5
A .75
player A | 1 0 pRgeS -




4> 43
> n ] == Ay
2NIEMAZEFNT —L S
A2
. . wols -3 2
B R A B Pal
* BExample3:
2
i A
) 0 B
/. lﬁ;\ er A
player B . — ‘?52
minimax 0.25 0.5 0.75 1
play er 1/7 player B

maximin player

0.25 o5 o5 0§15
player A 5/7 player B

7\
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P2| sy, 3 1
EEHEOEK Pl 1= 1

o p*.g* @EEK’:@( U DT, 5ILVTWLVTNAIZRT B
HiED, GEEEMNTREREZLGZDOMN?

AD BB p*=(0, 5/7, 2/7) BD & @EEES ¢*=( 0, 1/7, 6/7)

* player A [X S, 175 3, S, 55 2 NEFLLAY,
P2ds + Piqs =32/49 DHEETLEELLLUERITHS.

LE-ol:!
LAWL, ChIFERM @

¢« CHIILTIKREETEEICANT-L T, REEEEHA R
Eny-! J




NS B

) J

JEd 2 :
TLAXY—ADFIE

TLAY—A, BRENENEARF
9 bHE, T—LDRERIZESITEZMN?

(1) ANB]| sg. | sp,
S 4 -2
Sa, | 9 3
8 ANB/| sg, | sg, | S, | Sg, @)
sy | 31 ]3] 4
sy | 4| 4] 2] 3
S A 2 3 1

(2)

FRDLUTDRTEZONGT —LEEZD.

IRIEBIZE DV TERSRTE
ANB| sg, | s,
S 3 1
e -1 5
ANB/| sg, | sp, | Sg,
S 3 2 4
SA, -1 ;}/ \O
S A 2 1 2




2N NFMT —

SRV IATEHE
« TLAY—A, BOFIFER
Sa={s, [i=L---,m}, Sy ={s; [j=L---,n}

o 7b4’V—A0)*|J ﬁﬁu (BDOEXITAI)

Ay Uy azz
A:[al.j]z :
: 7°l/'f’V—A,B0)¢|:|:|$JiH£

p:(pla'”apm)

(v =

pl,...,pmzo,

Rp— ADEAFFF (BOHFFIEXR)
q=(4"4,)

454,20 i=1 j=1

{Q1+"'+Qn:1 E(p,Q):P Aq —ZZ%P qJ
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STIVIRAEHE
« TLAN—ADREEKHEE

min E(p,q) —> v, =maxmin E(p,q)
q p q

p ER{ELT PN

« JLANV—BNDRIEKEE

max E(p,q) —> Vo =munmax E(p.q)
p

q =REFLTHFE L&D

*| Proposition2

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

7\
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STIVIORTEE

@umann, 1928 J
* Theorem3

maxmin E(p,q) =minmax E(p,q)
P q q p

1Ll

£1-, CNEMIEH BHBEOM (p*, ¢*) FHE AL
1 RIZE BRIE v(A) 27— LDTEENS.

v(A)=p* Ag*=>"> a,p/q; | wEmmIzsTS
oo | R A R
e Theorem4

ER AR DA (p*, ¢*) NIE R THA=ODLE+HEHL,
(p*, q*) DEEEK E(p, q) DL R THAHZE. BB,
Vp.q, E(p.q*)< E(p*,q*)< E(p*.,q)

ML T B, | gD, Alp =T 2OMFIERK AN
ADp* DB, Bldg* 2T DD HELKz/
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SoVVIRAEHE
e Theoremb
v(A) DX —LDIE, (p*, ¢*) A AE AT - i
Moo q BRTHA=HDODLE
Vi, j, E(s,.q") < E(p*.q*)< E(p*,s; )
MR BHIE. I A "

\V/izl,“‘,m, Zaijq>; SE(p*’q*)

=1

\ 4
Vji=1,---,n, E(p* q*)< Zaijpf
i=1 / \
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STIVIORTEE

1Ll

* Example5: —BED2 X 24— L

P

BRNFEITNIEENIHER.
BN, BEEHERESZ O,
CDEE, T Ep.sp,) £ Ep.sy,) B
O E(sy,.q) & E(sy,q) 1FXREHRFD.

JE(P, Sp ) =y Py +ay D,

;
E(s,q)=a,q,+a,q,
kE(SAZQ) = a4, T dyg,

/\

) E(p,sy )=a,p, +ayp,

9, 49>
ANB SB; | SB, :
Say | G |
SA, | Q21 | G2
ok TS
( )y, —dy, a,,—da,
a, —ay ta, —a, a;—a, ta,—a,
( Uy —dpy a;p —dy
a, —a,t+ay—a, a;,—a,+day,—a,

| /
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2AFEMT — LERPHEBELE
¢ TLAY—ADFIETHIER S EBE p

—

Pr|y Gy

Pyl Gy Gy vt Oy,

FEDHLE..

max.u
S.t. Clllp1+'“—|—am1pm2u
_ ..... ....... & a,, p, NI a,p. > 1

E(p,sg) =GPy T Ay Pyt '.'.+ A1 P a p,t+--ta p 2u

i+t po=1
E(p,SBn):L&1Hp1+a2np2+---+amnpm Pis meO

4

m;lxmin{E(p,SBl),E(P,SBZ),“°aE(PaSBn )} / \
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AEMNT — LR axE LA
¢ TLAY—BOBETH (ADFIBITFH)) SRS M ¢

_ QI qin Q}’L —
a, dy Ay
oy Gy ot o

_,aml am2 amn Hl

E(s,.q)= a4, 4:_.@12% teta,g,
E(SAZ .q) = azﬂ__l--’q' Apg, t -t a4,

: K
\E(SAm ’q) — amIQI + am2QZ -t amnqn

min max{E(s, @), E(s, @), E(s, ,q)]

FEDHLE..

min. w
st. a,q,+---+a, q, <w
ay g, t-+a,,q,<w

iy +-+-+,,4, S W
q +-+q,=1
g, s q, >0

4

7\
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TJLAVY—ADE&FELERE JLA14VY—BDHEELEIRE

(LPD E[E78 : P)

(LPD I *TREI=E: D)

max. u
st. a,p,+--+a_ p, U
a,p,+--+a,,p, 2u

a, p,t+--ta p 2u
p,+--+p =1

pl, oo meO 7

min. w
st. a,q,+---+a, q, <w
ayg, t--+a,q,sw

an;l.él +--ta,,q,sw
q +--+q, =1
q19 ooo, qnzo 7

) (P) (D) EHIZBBAE (p=(1,0,...,0), ¢=(1,0,...,0)) BN DD TEITHHE.
S EEELY, REENEEL, HEEIX—FHTS

Theorem6

(P), (D) D@D (p*, u*), (g%, w*)DEE, (p*, ¢*) DT —LD
WESETHY, vizuw=w* NS —LDIETH S
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* Example6: LA TA

AX\B f&p & @@ min | max

o2 7|
0

B | 2 2 | -2
S| 7 | 4| 0| -4 3FL B
max | 7/ 2 4 —2=v, =maxmina,
i J
min 2 X
2=v, =minmaxa,
S RERE L \

MMV —&d, XEREBRIXTFEELLL.
MR TSI =TI R E R IXTFEELLL.
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* Example6: LA TA

max.u
s.t. —2p,+Tp,2u
2p, —4py2u
—7Tp,+4p, > U
pp +p, +py=1
pi» P, D320

A\Bf@%”@@@
pl & [ol2]7
1B P2l 2 |2]0]4
P;| R 7|40
min. w
s.t. 2q,—7q, <w

—2g, +4q, <w
1q,—4q, <w
q, +q, +q;=1
49, 4, 4320

B & Bt #R iz sx @1 R 78
self-dual LP

(0%, o, p3¥)=(0.538462, 0.153846, 0.307692), u*=0 \
(q,%, g,*, q;%)=(0.538462, 0.153846, 0.307692), w*:{
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