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R 7E : The cake is divisible: it can be cut at any point without destroying its value.

T—FEHR<

» You Cut, I Choose ! (One divides, the other chooses.)
s BoblZ#r—FZUIHHE, Caroll2r—F & EIEES

=20, SNIFCOEBEDIMR | TIEAELT7ILTYX L] !
(Bobl2EDKSITHIS BB DIFEIFZLY. BoblEES DEETHIS)
(CarollZEDKSITHEIF B DM DIFETAELY. CarollE B DE B TES)

AR

* 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)
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* groportiona]itg (An allocation is proportional.)
* Each thinks he or she received a portion that has size or
value of at least 1/n.
* envy-freeness (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 player.

[ FLAN—D2ADEE EE D2 DB (%S } v\

T—FEMHRS (BAW=E7?)
H. Steinhaus, 1948

The Steinhaus’ lone-divider procedure (3 players)
1. Bob M7 —F &30 B9 5L bwuszancrscazs
2-1. Carol HY acceptable cake EZITHELEDZEIEHE
2-2. Ted & Carol ERIBRD ZEZEATS.

(CaroldTedd, DEKEB1DIE acceptable THHZEITEE)

3. casel: Carol (or Ted) H32{E LA _Eacceptable cake H&HDHE
Ted—Carol—Bob (or Carol>Ted—Bob) DIBEIZ7r—FZE5
case2: Carol, Ted&d acceptable cake B\ R EDIHE

Carol, Ted&# acceptable THEULVT—F% Bob [ZHITT, HYD
F—F 12DV T2 A Cdivide-and-choose| & 1T 3.

def)) call a piece acceptable to a player / \
if he or she thinks the piece is at least 1/3 of the cake.

T—FEHRC (BAW=L7?)

The Steinhaus’ loan-divider procedure (3 playes)

* proportional division Z{REET HETL 1V —DEEE
* Bobl&b&5E1/3(EBobHRS) piece IZH]5
* Carol, Ted [& acceptable cake ZHR%

+ envy-free TIXERLY

o cascl: Bob, Ted IEHEBIRFELLLAY, Carol [E Ted ZHRT ATREMED S
5. (Tedh®, AN EZ B acceptable cake D KEFLVAZIRDATHEME
H&HZDT)

o case2: Carol, Ted [XHEEIRFEALVAY, Bob (& Carol A Ted DLNTH
MERTATREEN S, (Carol & Ted D [divide-and-choose] D #&
85 Bob MBRT 50-50 IZBALLMEE, 2ADLFTh D3
£ (EBobHES) cake E1FHDT)

T—FzHR< (nAWEL?)

[ H.W. Kuhn, 1967 ]
N . . . /
Kuhn HY The Steinhaus’ loan-divider procedure (3 playes) & n A
FRIZ¥55R
* Frobenius & Konig (D combinatorial theotem [ZEDKFILTYR L)
o 4NBRIF Steinhaus HER IV TLMZHLLY

S. Banach-B. Knaster, mid-1940

The Banach-Knaster last-diminisher précedure
* Steinhaus A% 1948522 N (35, KR—5RA) DT A T 7 ERIXDI 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 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 onup 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’ descripticy{48 p-102])

T—FEH RS

» The last-dimisher procedure

* proportional division ZREFT HETL 1Y —DEEE
* PBTLANY—D5&L5E1/0&E R Bpiece [TH]HIE

o envy-free CldERLY
« BH:FIZIE F—LEERITRITFETLAVY—AD, HIBRETY)
BNz —F M1 /akYREV(EADES) EETEHEENEMEILET
L. FBREL T /nkYREWT—F MM (HIZIEB) 217<
(EADES) DT, AIEBEIRT.

7\

F—LIEREEEIN 2

7—LBIKIR  game situations

c BHOBRREER(TLAVY—)MWHFEL, R2BNE
o, TORBZEHRLTHEICKELH>TLSRKER

H— LB game theory

s FLHRKREBEETIILERAVTERLL, TLA
Y—ROFEDRILEGHESTT DR

J. von Neumann & O. Morgenstern
M7 — LERERRFITE (1944)

John von Neuman/(1903\1957)
2004411 A9H (K) S D1ER

F—LIEREFFID 2

, L4 — player N={1,2, ..., n}
o BRREL, T8I SR QA 3A, .., A, ..., ®©)
. BlEA, EHOEANSHRDBE, BE BR, ...
TLAv—i DBRES
» BRE® strategy S={SiiSos o Smp (IEN)

o TLAY—HEYSH1TE. (R, ER)
TLA¥—i DFEEHK

11§ EF & avoff f:5,XS,...xS, >R (iEN)
s BILAV—DEIERER, ¥—AIFK L, BERI/ED. FBEIC
HTBETL AV —DASNDFHENE. FI5 payoff, ZHA udlity.
S—LDESE
_G = (Na{si}ieN ,{ fi}ieN )|
£TLAv—lECOFEBEALEREL P\
GIEETOTLAN—DEEN#EET D
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o REARS extensive form
S

(3’73>
14
2-6)

21

o BEBERS strategic form, 2EERZ normal form

F—LIEREFEID 2

» EBNT—LEBNT — L
- BTV —DBBREIH T BETR

1. TLAv—HRIZlE, FTL AN —MNEDREERRIZDLY
T, BBHEADH MY RO EFELLLY.

MR EBARILAEL FHHT—L4

2. BETOTLAVY—RIZ, LARNEHERITOLVTOEE
DRYLE, ThICE DV THERET 5.

MR EBEA I BAT7r—L

7\

ANB | Sy | S,
Sy, | 4 6 7\
= LRGN ?
HE T3 —12014(v53,010)p.9 JEDFEH

B BREER A— L ER AR D2 IEA BADH EFIR T

- ZHIBEDIBEHIZYEREFRARAAZEIL A=600A, B=300A

o MIEEMNA L DHIBIZHIET DL, RIAABRELTERTED

o MEHARCHIBICHIET 5E, RARMNFEA—ILO2MEDEEES
o EEICEBLA IS IC T HIE (A GO H E e [EALY)

Bl F3—ILIXEBLICHIETREN? F=EhIZAHH,?

AHNARA | AHhiE | Bihis
AHBEL | (200,400) | (600,300)
a5 Bihig | (300,600) | (100,200)

o YXIIVEEGEBMERRATEERE) — AMBEIAHIEE &
. IELTUHREE (EBMERRERE) _ AMEABEEL
. STSREHE(EHE) L AN &
. B LBRIZEHEE o BbEAHERE \

| NADEBRREILAROBBREERORENEATHDY —LITERARED ! |

2AFEBANFNT —L

7\
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Examplel :
s 2ADTLAN—ABEBSAN (VB ES—L1  N={1,2}
ELTWS
¢ TUAN—BRBILAIV ORI REREES Si={sii, s}, (IEN)
¢ 2ADTLAY—DOREEANRLELAZDBSL, g _ =, g = =
B35 L5BEA DS B SRR
o REHULTH T-oHEFMS2MEL, BEFHLT fi:S,xS,—»R, (i€EN)
Bor-SHEFNSIAES
o) 52 f (&, %)=2 + 1, (R, %):_2 =0
iR B)=-1+H,(KB)=1 =0
fi(E R)=-2+f,(FERK)=2 =0
fFE&EB=1+LE B=-1=0

2ANEBAFNT —L

Example2:

© ABEBEANT—LELTWVS. TRENIDT OOEBELHY, ABDFIEF
RIFUTDRBYTHS. 2AE, EREALBEBHELDNEN?

ABDFIER BEADFI1E
ANB| X | E2 ||A\B| & | &
E 2 | 1 = 2 1 v\
= 2 1 = 2 | A
ANB | sy, Sp, Sps
2NEB BT —L I
Say 4 3 0

S=yVARE  minimax principle
* Example2CTTLAVY—ADEBE BRETLAY
© Bigs, EMo-LEORBDEEL

min(-2, 4, -1) = 2 (FL AV —BAEMs, WD)
© Bils, ZIMo-LEDRBDEERD

min2,2,1) =1 (FLAV—BAEHs, Z]D)
© BiliEs, EHMoLEORBOERERL

min(4,-3,0) = -3 (FLAY—BA EilEs; ZED)

| BB, £WB (RETHRSIARIESND)
7\

[ HoEBUFIBEEHILATEBDM 2 }

AN\B Sp, Sp, S,
SAy -2 4 -1
SA, 2 2
Sas 4 -3 0
7\
AN\B Sp, Sp, Sy

D NFEHNERS — L N

Say 4 -3 0

-

SZYYVAIRE  minimax principle

* Example2 CTLANY—ADBDILIETEE

© BAVEMEs, EHof=EE, ATHAHBE D (THMEs, ZID
max(-2,2,4) = 4

© BAVEMEs, £Hof=EE, ATHDHBENTHMs, ZID
max(4, 2,-3) =4

© BAVEMEs, £Hof=EE, ATHDHBEN THMs, ZHD
max(-1,1,0) = 1

T EiMs, W5 (BETHAKITHD)

ARBEES | EMBEE, RIS, r \
RS OBBEIBLRIBAULTIA 5,
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E — 7 ‘y 7 z Jﬁ IE REEK#EE security level

e Example2: |

ANB Sy | Sy nﬁn max ;:n;::lﬁ
20 4] 1] 2 y
G| 2 [ 2 [T 1
sy, | 4] 3]0 3
REKE L max | 4 4 1

security level

1 ]

X IIURE
maximin principle
(BRI Y —DTBERE)

min

7
SZTVYRI(E -
minimax value =YY RRE _
v, = m_in max aij minimax principle Vl — V2 N

j i (HMETL A Y —DITEBRE]

V, = max min g;
1

o ANB | sy, )

ZAQFTﬁjJ g*ub-_-l-\ Spy -2 4 -1

2 2 1

i’f‘]ﬁi,‘f—itb‘:—L\O)ﬂE Sa, 4 3 0

c 2ADTLAN—EBITZS =T VI RRBICEDNTIT
B9 5L EBDBDMN?

- - P PLE Ldv=
2)&;%1_}1#’3@&@&3%?&\ ! 7 s
A DB TOHEIZEE 4
-
min max a; = maxmina; =1 ~
i P

2AEMT— LW
[BRFEITRESND strictly determined |
(BB ICHEENTHD]

( Sa, ™, Spy *) 7 — LD A equilibrium point

7\

o

TLAN—ADFEBERNUTORTEZONDT—LEEZS.
TLANY—A, BRANFNFNIZTvIREBICEDUVTERL R
EETBE F—LDREIEESREZMN? (1), 2)FhEFhD
HF—LIZDOWWTEZ &

(1) (2)
ANB| sp, | sp, | Sp, ANB| sy, | s, | Sp,
Say 3 1 -1 Sy 5
s | 1] 0|2 sy, | 1
SA, 5 2 3 Sas 7

2AEBAFNT — L
PR BB &R & B
e Example3:

© ABEBEANT—LELTVS. ThENI DT DOOEEMHY, ABD
FEREILUTOBEYTHD. 2AIE, BREALEIELLIREN?

AN\B Sp, Sp, Sps
sy | 4 2 0
SA, 4 3
Sa, 1 -3 2

7\
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¢ Example3:
ANB | s | sp, @ min | max
Say -4 2 0 -4
Ga| 41311 ]
w [ t[3]2]3
max | 4 2 1=V, = maxmin a;
i i
min . *
2=V, = minmax a;

SRtz 1N
7\

STV RBEANEELEWN ! ?

2ANIEBAFRNT —L
R E R &R SRR
*| Propositionl
*'H?E'fﬁﬁlJA:[aij]bfﬁi%htﬁ, LUTFARYIID

max min a; < min max a;
1 ] ] I

T—LFEICEBITRESND LRS!

WAVE BB HEANFEL,
o — L EEITTEE R THHH 2
7\

2 NFEHNBRS — L |
MFHERSEEEE ekl

. iﬁaﬁ saddle Qoint mi;limax p*l)%y;r
4L= — ~ =r = H - 0) mn
« fT5IA=[a]ISBLT FED|, jITL,
3, <a,[<a;
0 oJo loJ

MRYIIDEE, (i, jo ) ECDITHDEBEL, a T8
AR

loJo

a; alj” ©a,
A=[g;]= a, - |a 2, [ %ok = s
_aml oo arnjo oo amn_

2AERBNFIT —L
TP ER RS &R & B

¢ Theoreml
s (FTHN T — LD BEICEENTHI-ODBE+THE
H1E, ZORBATHAIZDELELIDDOBENLTFET S
& FIDEE, BANHES.

o ExEEEAR optimal strategy
- BE A (i, %) [XEEBDT, TLAY—ALEE i~ ZH
WaE, LAY —BRLHEDE R E LS TEDLEES
V(A) 185 EMTE, £, BHEE j* ZHARY, Al
ﬁiﬁ%’&ﬁif%ﬂ?%’éighﬂéﬁéltliféﬁb\./ \

— BB % ASAC BEEE

2014/11/14
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. Example3:
ANB]| sp, | s, | S,
Psy | 4 2 0
— Say 4 3
—P S, 1 302

54 E L RALE ! R
SR T SRIERSHL | g

> [mmmma | \

BERRERZE
2NIERBANTJRT — L
TR B RE &R & B
*| ' Theorem?2
o BEICHEEMLESIS —LICEWT, WEAIERDH
BIHE, EHEROEXELL. £, (% %), (g, jo) D
W RESIE, (%), (i, ) PHERTHS.
PR (332
©
=
2AERATIT —
I E R &R & BRR q,20,(j=123)
° Example3: q|+qz+q3:1
SN
P1-—> - 0
P20.i=123) |, [ @\ \ /3 .
P+ p,+p;s=1
ol 1]/ A

Confidential
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EEHE TR ER

mixed strategy pure strategy

4 4 O

ZA;FTﬁJj]%*D&_L\ ANB il s.lsz Si
P1—> sy, -4 2 0

B RR &R S ELRE Pyt s, | 4 3 1
* Example3: P35 ! 3 ] 2

* player ADEAEA (player A = BIFH AR/ ARIETL AV — = maximin player)
E/(P,Sg ) =—4p, +4p,+p, < player B A EEEs, OEOLENA
E,(p.Sg.)= 2p,+3p,—3p, <« player B H3EkMEs, DR ORI A
E/(p.Sg) = P, +2p, < player B AV EiEs, DEDHFFLIA

* player BOEATHEK (player B = HIfFBEAR/IMETL 1Y — = minimax player)
Ez(sAi ,q) = —4q, + 240, «— player A HVEREs, DEFDHAFFRE
E,(Sp,.0)= 40,+3Q,+0, < playerA ﬁfﬁj‘zm%s&a)ﬂ%a)%ﬁn%#ﬁﬁ
E,(5,,0)= 0, —30,+20, < player A AUHBEs, DB OMIEFAX

R A, BHE R EBEE(popy), (40 DEE
E.(P.0) = E(P,S5)0, + E(P.55, )04 E(R,S5, )0,
E, (P, ) =E(s,,9) P, + E(Sy,, Q) P, + E(Sy,, ) P;

E(p,a):=E,(p,a)=E,(p.q)

2014/11/14



Confidential

BRRE D X B domination of strategies
TLA¥—i DEEE b,k ITDT,

2NEBAFNT —L

. HEBS b DR | £ XS BEIE,
ERBE 0D AL EEDS, €S, [THLT,
" Exampled: s> fi(s,.k)

ANB| sp,

S5, bfﬁiﬁé\é\:t.
wERs s, | 4| 2
3

=12ER%

0

A =MD

1 QD iﬁiﬁ FETBXER)
2

SB3

xEHE sy, | 4

W) ERSL, W REB

s 1 _3 BRELGL- £EBOER
A3 BXEBREREORE
@ [ZERESN DR E AL
T
ANB| sy, | sp, | S, ANB]| sp, | g,
S, 4 >3 1 =>| Sa, 3 1
Sas 1 »-3 2 Say | 3 2

R BREHRREDREICR DN ERNEFE 7N

— H—AlXZE A dominance solvable

92 U3

2ANFEBAFMT — L ANB [, [,

Po| spy |3 |1

IR & BB A REE

* Example3:
* player A = BIFMARKRILTL MY — = maximin player
{E( P,(1,0) = 6p, —3 <« player B ANEiBEs, DEFDHIHA
E(p.(OD))=—P,+2  « player B I ERREs, DF DA A
* player B = 18X R/IMETL A ¥ — = minimax player
{E((I,O),q) =2q,+1 < player A AV EiREs, DEFDHAFFER
E((0,D),q)=-50,+2 player A bﬁﬁﬁmﬁsM@ﬁ@%qﬁ’iég&
B

= &

A T B EEE Vi=V, :7 BOBEEE
p=(0.5/7, 2 oS0 }Kw"" g*=(0, 177,87

OV 5/7 1P 0[1/7 ‘1 2 / \
(0*q") R |\

E(p,a) = E(p.Ss )0, + E(P, S5 )0
=(3p, =3p,)0, + (P, +2p,)0,
=(3p, —3(1-p,))d, +(p, +2(1- p,))(1-qy),

2ANFEHAFNT —L

REE S B
e Example3:

&

player A 1

[:(Pz l—pz{f} ;)(1?;2]:—E2(p,q)}

2NFEBAFMT — L e Lo T

iy 3 wep 3 2
RO R & B Pol

e Example3:

player B
. 0
minimax 17 0.5
player A player player B

maximin player

2
i v N\

0 0.25 0.5 0.75 06035

player A /7 player B

2014/11/14
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92 Q3
2NIERBANTJRT — L NS
B A HBROERK Ps[ s | 5] 2

o pEg* DHEEDLLEDLDT, SINVTLWITRMNITRT S
HEM, B EEBNERERELZOMN?

ADREEME p*=(0, 5/7, 2/7) BO R q*=( 0, 1/7, 6/7)
* player A [£S, 785 3, S, 785 2 AAEELLAY,
P0s + P30, =32/49 DRERTEELLLRWERIZAS.

@ LFEof!

¢« CO&IERRELLTEREICANT- LT, EEEEAGR
EStiz !

LML, ChidFE&m

EHE2:

TLANV—ADRERNUTDORTERALND T —LEEZD.

TLAVY—A BAZTNENHAFHAREICE DV THIRIRE
3L TLDRIFESIGEHEN?

7\
2AFBAFNT — L
STRVIRAEE
« TLAY—A, BOHRZERK
Sp=1{s, li=1---,m},S, = {Sg, | j=L---,n}
« TLAY—ADQFFTHI BOEKITH)
FISRAR

' E(p.a)=p Ag=> Y a pg,

& By A,

a a e a
A=[a;]= 2! 2 n
i=l j=1

An Ay vt Ay

« TLAY—A BOREEHE
P=(Pp > Pr) —> S, =(0,---,1,---,0)
P+t Py =1
{pl’...’ mZO,

q:(qp""qn)
Q +o-t0, =1
ql"”’qn >0

_— sBj =(()’...,1’...,()) / \

AN Sp, | Sp, (2) TANB Sp, | Sp,
sy | 4| 2 YERE
Sa, | -3 3 sh, | -1 5
(3) (4)
ANB| sp, | Sp, | Sp, | Ss, ANB| sp, | g, | Sp,
sy | 3] 1 ]3] 4 sy | 3] 2] 4
sy, | 2|3 S | 21 ]2
2ANEBAEMT —L
STRVIARAERE
- ERIELT SIN
¢ FUAX—ADRIKHE R -

min E(p,q) —— v, =maxminE(p,q)
q Pog

s TLAVY—BORIEKE

maxE(p,q) —> =mqinmglx E(p,a)
P

q EEMELTHIR R R &/

*| Proposition2
max min E(p,q) < minmax E(p,q)
P q a p

7\

2014/11/14
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STIYYIREE

J. von Neumann, 1928
*| Theorem3

max min E(p,q) = minmax E(p,q)
p q q P

Ff-, ChERLEE ZEBOM (p*, ¢) FOERELL,
KM RIS BB V(A) £ —LOTEELS.

V(A):= p*T Ag*= apd; | weimcsTs
Z‘,Zn: SR [ "R

*| ' Theorem4
HRR D (p*, q*) ME R THA=ODDLE+DEHIL,
(p*, g*) KBS E(p, ) DEFETHAHE. HIS,

vp,q, E(p.g*) < E(p*,0%) < E(p*,q)
DRI T BT E. [ stiaom, A =T 208HEEA

ADP* DB, BlEg* ST HDHEER/N

2ANEBAFNT —L

STRYIRERE
* Theorem5
V(A) BT —LODIE, (p*, q*) HBHERTHLI=ODWHE
T+
Vi, j, E(54,9%) S E(P*,0%) < E(p*,sg)
PRI HIE. I

Vi=1--,m, Y a,q; <E(p*,q%)
j=1

Vj=1,--,n, E(p*,q*)ﬁiaij P
i=1 / \

2ANFEHAFNT —L

STRVIRAER

* Example4 B

B G 93 Oy Gs \
ANB| sp, | Sg, | Sy | S8y | SBs

AT EIEEY :
c 4| 120 v —
T TN
-7

p,+5 L 0

>/\/

(O]
[\
A

p2 SA2

o

L
g
'

A4
—_

SA%

E(pasB,)=_2p1+5p2 =

E(ns Y——_n +t2n —=_3n
AN SN P T =2 S

42

2
E(pasBl):2p1+4p2 =-2p, +4
E(pasB4)=3p1_ p, =4p,—1

E(fnc Y=2n
UM 9B, ) = M

2NFEBAFMT — L

SV IREHE
* Example5: —f& D2 X 27— L

aQ 9
ANGB BERANFEEITNEZALHER.
SBl SBZ |::> Bng, BEEHEREER DN,
pl s a a CDEE, T E(psg,) & E(p.sg,) K
1 50 1 12 U E(spp,0) & E(Sp,0) FRAERD.

P sy, | 8y | 8

E(p.Sg)=2a,p, +a,P,

B
a —a a —a E(p,SBZ)=a,zpl+a22pz
(plvpz):( 2 , = j E(SA,q):allq1+a12q2
8 =@ tay =8, ;=8 +a, -3, E(S q)fa g, +a,q
AU = Gt 2242
P a,, — 4, a,—a
(QUQz):( 22 ~ % , 11 21 ]
-y tay—ay a4, —a,tay—ay / \

2014/11/14
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ESE A . 2ANERAFRT —L
HE 3!
. - . N - EMTy— e B A IET
TLAT—ADFBEAUTORTER NG, —LEERD. 2ARH T —LERBEBIE
TLAY—A, BT ZThEHDARBICE DO TEHIRRE . 7’1/4&_7§q2$111j_17_?iut;hmﬂzﬁﬁ p
%?6&, ’7‘\—A0)ﬁ§li557§%ﬁ3\° P, %all %a]2 a, FriBE
P, 5321 ;éazz . aZn;
. o : max.u
S ANB| sg Sp (2) ANB]| sp Sp Pola, a, - a, st. a,p,+---+a, p, U
41 22 31 12 i Forne a12 p] ++am2 pm 2 u
S - S e o
2 L E(passl)::aﬂ’pl+3721p2:""'+am1pm a .b'+...+a >u
Sap -3 3 Say -1 5 .E(paSBz):alzan‘-Fazz Py 4t 8, P " pl1 Feee g Fr)nn :ml
.E(paan)zLélnpl+a2np2+"'+amnpm pl, o meO 7
v \ maxmin{E(p, S, ), E(P.s, ) E(P.5s, )} v\
j:' == W j:! == RN
2 NIERDFJBNT — L 2NIER AT — L
DABHS —LEBTEEE AT —LERRETENA
o TLAY—BDIEKITH(ADRBITH) LESHEE g TLA Y —ADRBILRE T —BORBEILE
e (LPOEFAEE: P) (LPORXEIE: D)
FLHBE. . max. U min. W
min. W st. a,p,+--+a,p, U st. a0, +---+a,d, <W
St. a,,0, +---+a,,q, <W a,p+--+an,p, 2u a0+ +a,,0, <W
; a0+ 43,0, <W a p a >4 aq a g <w
vV 4.4 > 4ot <
E(SA,sQ):algql "f_,‘ai2Q2+"'+a1nqn < n o =m mi mn:n
E(Sy,.0) = 8,0, 8,0, ++++ 8,0, Qo t amngnl— W P+ ...+ Pr 5 (1) g, +... + Qn> 01
L ql ++qn>—0 p|9 s pm = 7 qu 5 qn = 7
E(Sy, @) =80, +8p,0, +++ 8o, Q> > o = 74 ) (P) (D) I BB (p=(10.....0), q=(1.0....0)) B8 B D TEITATE
ST EELY, RERHFEL, SBEE—BTD
min max {E(Sy, ), E(5,.0). - E(S,.0)] y \ Theoremt
(P), (D) DEBEAED (p*, u*), (g*, w*) DEE, (p*, g*) BT — LD
BERTHY, vi= v =wBT—LDIETHS
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2ANFEBAFNT —L

QAEMT —LEBRETEE
. Exampleé:C’@AJ('J'/U
AN\B %f) &= é}@ min | max

Slolz2|a]=

D200 4| 2|2

S| 7| 40| 4] |[=roaem

max 7 2 4
%

min 2 )
2=V, = minmax a;

A
WILAY—&t, ZEEIRIEEELLEL.
FFEETIXS oIy I R E R T FEAELLL.

—2=V, =max min;
1

g, 0> O3
ZA;FT%;Jj]%*D#_L\ ANB [ :‘mA%
pl—?@f 0|2|-7
D NERY — LT EsA SE B
* Example6: CoAITA P3| BR | 7|40
max.u min.w
st. -2p,+7p,2u st. 29, -70, <w
2p1 —4p3ZU _qu +4q3SW
_7p1+4p2 2U 7q1_4q2 <w
p, tP, +p3:1 4 +q, +q3:1
pl’ pz» p3 20 ql’ q2’ q3 ZO

B oW R E R
self-dual LP

(Py*, Pa*, Pa*)=(0:538462, 0153846, 0307692), u*=0 |
(@,*, G,*, 05%)=(0.538462, 0.153846, 0.307692), wi=

EE4:

LPIC k& E R D KA

« 2ADTLAY—A BlF, TLAY—ADFIETHI (BOE
RITI)HSU T TERONSF —LET S FTIL Y —
DOFEREELPTRL, HERLT —LOEZRD L.

ANB | sg, | Sp, | Spy | Sp, | Sps
sy | 15 2] 43
s | 4|1 3] 2]
Sy, | -4 6 | 2| 2
W E 4 3
se. | 3] 6] 4 1|/ N\

25 30k
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RSB — LIBEHAPT | 237 H AR (1981,2003 (#rigkR) )
BAXLBIHS —LER IHEEZE (1994)

RIREN7— L1 B ZERE (1996)
AR 7 — LI AP | B AR FF R (2008)

SEETRM TR L ) BRIBGE (1987)

k- RiEgk-AAREE S — LR TRUAEZER (2000)
HEEE R — LBH A B AR EZEHELL (2001)
ERATS— LR/ —=2 5 I AEHIR (2003)
SHER-BRERsY—LEBROGAIHEEE (2005)
R7VEILAYRTDEHNADFE IZSRILT7ERE (1998)
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