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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

f=f2L, SNIZCOEBOIR | TIEALT7ILTYX L] !
(BoblZEDKSITENHEBADIRE XL, BoblEHADERETHIS)
(Caroll2ED KSITEIEEEDDIBEILZLY. CarollE B DERTESR)

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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* pro portionality (An allocation is proportional.)

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

* env y—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.

[ TLAX—2ADBE X D20 DR IFZ } v N\

r—%EHEC (BALED?)

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 pr6cedure
* 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’ descripticyg48 p-402])

T—FEHR<

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

L1 — player N={1,2, ..., n}
o BEREL, TH}THER QA 3A, .., 0\, .., ©)
o BlEAN, EHOBANSEIHAHE, BR, BR, ...
TLAY—i DHIRES

BEHER strategy S T N S (1)
o TLAY—HEYSH1TE. (B, ER)

o . : 7°L/4'\"—/0)$IJ?%F£I§SZ
FIEEFNEREE pavoff f:5,XS,...xS, >R (iEN)

o BEILAV—DERRRER, 7T—LIKETL, #HREAHD. HRIC
HTBETL AV —DASNDFHENE. FI5 payoff, ZHA udlity.

Y—LOEE
G =(N.{S s L ihion)

BTLAY—FEEOFERALEREL, N

GlEETOILAVY—DHEELH#ETS
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5 —LORBRRH

o BRI extensive form

(3-3)
14
2-6)
20

1/\ B

o BREEMZ stratecic form, f2#EH2 normal form

ANB | Sy | Sy,
3,3 | (1,4
2-6) | (2,1) 7\

7—LEFREIEA A ?

EBAT—LEFG AT —L
« BILAV—DBIREICE T SRR

1L TLAVY—RIZE, BRTLAV—HEDHNEHERIZDLY
T, RHADHLHEYRDFFELEL.

R EBEARILEL FHHT—L4

2. BTOTUAY—MI, EHREBIIOVTORE
RBYIE, ZHIZESNCHERES 5.

MR EBEA I BAT7r—L

7\

F—LERERFEH?

BB ES2— }btxﬁ‘hb\zﬂi@ﬁAB’\O)HﬂF"&@nﬂﬂ
o BN IBHIZYEREREFARAAZEIX A=600A, B=300A

o WMESHMNALDOMEICHET DL, RIAAFTELTERBSTES

s MESHNRCHEICHIET D&, RARNTI—ILD2AMEDEEES
BEFCED DM g (C a3 HIE (M5 H S S H S Fuk (FAELy)

F'El FR—)VIEEELITHIET REN? FrZhIXAEEI, ?
SHNRS | AHhis | Bibig
AHBIE | (200,400) | (600,300)
- Bi#tigf | (300,600) | (100,200)

o RFVIVEE(EBRMBERREESE) — AMUEAHEE X
¢ RXVTVIREE(ERBMBRREEE) > AEAHEEER

. STSREM (THE) o AMEAHE Y &
. B LERIZHRE - Bmﬁ«wru{t \

NADEBREILEROBRRELTARDEEERATHLT —LITIIENELD !

2N NFMT —

7/ N\
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Examplel:
c 2ADTLAN—ABEBSANOAUHHES—L]  N={1,2}
LTW%
o TLAV—ERBZaIVDRNMEEZREES S={si, Sp), (IEN)
« PADTLAY—DREEENRLELABOBE, § = 31 5 % =
EHBLLBEADES =% B SR

© REHLTHoI0MFAL2MEL, BEHLT f:5,XS,>R, (IEN)
Bo-oHEFNSIAES f, (& |)=2 + f,(&k F)=-2 =0

2ANEBAFNT —L

Example2:

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

R B)=-1 +,(R.T)=1 =0
& R)=2+LE K)=2 =0
fFEEB)=1+,(&EF)=-1=0
ABDFER BEADFEER 2NDFFER
ANB| & | E ||AN\B| & | E ||A\B| & | &
= | 2|1 x| 2] 1 = 22|
=z | 2|1 =z | 2|1 £ (22|01
AN\B Sp, Sp, Sp,
== = Say -2 4 -1
DNERNBRMS—L [
sy, | 4 3 0
S YV ARHE  minimax principle
BAIETLAY—

* Example2 CTLA VY —ADEE
© 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\

[ HoLBUFIBEESHILATEDDM 2 }

2018/10/23

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

2ANEB AT —L S R

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

) 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 [ 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 )
-
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
sa, | 4| 2 0 -4

Ga| 4131 |1 ]
[ 11502]3
max | 4 2 1=V, = maxmin a;

; % b

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\

2ANFEBAFNT —L
TR RS &R & B

« #2183 saddle point mmmpi;?
4= — ~ = H = - o mn
s ITHIA=[a]I2BLT, EED |, jIZXL,
a; <|a;[<a;
0 olo loJ

MBYIIDEE, (i, jo ) ECDITFIDEALINY, o Tk
LS

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

2018/10/23
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e | Theorem2

« BREICEENLGINS —LIZENT, BEANEHD
BIHE, EHEROEXELL. £, (% %), (g, jo) D
W RESIE, (%), (i, ) PHERTHS.

I P
(V) -

/ \

ZAQFT%;’JJ;%%D’T“—L\
R A B

. 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 | \

AR AFRT —L
TR EL R &R & ERER q;20.(j=123)

* Example3: q+0G,+0; =1
1

ANB
\

P, > 0,(i=12.3) ii :: %
p,+p,+p;=1
Ps o)\

ol

1 \% Fs
EGHEE A B

mixed strategy pure strategy

7\

4 4 O

ZAQFTﬁJﬁg*D&_L\ ANB il s.lsz Si
P —1> Say -4 2 0
B RR &R S ELRE Pyt s, | 4 3 1
* Example3: P31 Sa ! 3 ] 2

* player AMOEIFESA (player A = BIFHFARKIETL A — = maximin player)
E/(P,Sg)=—4p, +4p,+p; < playerB A EREs, DEDOHFFRIA
E,(p.Sg.)= 2p,+3p,—3p, <« player B H3EkMEs, DR ORI A
E/(p.Sg) = P, +2p, < player B AV EiEs, DEDHFFLIA

* player BOHIEFE L (player B = BB LB /IMETL A4V — = 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 ZREEEE (0.poby), (quipd) PDEE
E,(p,0) = E(P,55)0, + E(P, g, )04 E(R,55. )0
E,(p,a) =E(s,,0) P, +E(S,,,0) P, + E(S,,0)P;

E(p.a)=E (p.9)=E,(p,q)

2018/10/23
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B} BE D X B2 domination of strategies
TLA¥—i D& b,k ISV,
BBE h AVERER K ZRECT BT,

2ANFEHBAFNT —L

ﬁﬁﬂ]ﬁd)iﬁﬂ FEMD S, €S, ITALT,
* Example3: fi(s. > fi(s.,K)

ANB| sp, | sp, | Sp,
HEHEE s, -4

LA

N QQD *®T3 =7

xmlm sy, | 4 | 3 | 1 E T BRE
2

R (&, 155 AR (&
SA, 1 -3

ﬁfmﬁ%:a_

BRELGL— £EHBOER

WX REBIBIREDRE J

| @I [XEENHEEE AL

AN\B S*B1 s%z Sp, ANB| sp, | sp,
Sa, 4 »3 1 = Sa, 3 1
Sas 1 »-3 ] 2 Say, | 3| 2

R R EHEREDOREC LM AN FE
— H—LIXIZBEE# dominance solvable

. 92 U3

AR AFRT — L ANB T, 55,
" P2l s, 3 1

IR & HEE SENEE

e Example3:
* player A = BAFSI AR KIETL 4 ¥ — = maximin player
{E( p,(1,0))=6p,—3 < player B H\EiREs, DEFDHIFFA
E(P.(0)==P,+2  « player B H8iBs, DEFDHAFHA
* player B = $ifFB KK /IMETL A — = minimax player
{E((I,O),q) =2q,+1 < plyer A HVEiBEs, DEFDEAFHER
E((0,1),0) =—50, +2  « player A AVEiBEs, DEFDHAFFHER

E, —3 E

A BB i =% ]

p*=(0, 5/7, 2/7) RSN ) A

B i# H K
q*=(0, 1/7, 6/7)

0 5y7 1P _Elﬁ‘»’/‘il 2 / \
V () i |\

o

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

2ANEHBAFNT —L

BRSO
e Example3:

-3 2

player A 1

[:(pZ l—pz{3 1](1?;2]:*52(&(1)}

G2 O3
2NERHEJERT —L Ny
15 3 N A=Y Ps| s | 3] 2

Example3:

player B o
minimax
player

player A
maximin player

i 2 v\

plaer A 57 plaer B

2018/10/23
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EH
TN IBN Y,

Y o R M0 RS |

+F

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.

¢« CO&IERRELLTEREICANT- LT, EEEEAGR
EStiz ! Y\

LML, ChidFE&m

EHE2:

TLANV—ADRERNUTDORTERALND T —LEEZD.

TLAVY—A BAZTNENHAFHAREICE DV THIRIRE
3L TLDRIFESIGEHEN?

2ANFEBAFNT —L

Nimis SVPY -
o TLAY—A, BOFEEEL

Sa=18y li=L--,mp,Sg =55 | j=1--,n}
o TLAY—ADF|FTH (BOELKITH)

& By A,
3y 8y Ay,

FISEH
X E(p.a)=p"Ag=>Y > a;pd;

m2 """ Ymn i=1 j=1
« LAY —A BOREHR
P=(Pp > Pr) —> S, =(0,---,1,---,0)

P, +-+ Py =1

{pl’...’ mZO,

q:(qp""qn)
Q +o-t0, =1
ql"”’qn >0

A:[aij]:

a,

ml

a,

_— sBj =(()’...,1’...,()) / \

AN Sp, | Sp, (2) TANB Sp, | Sp,
sy | 4 | 2 YERE
Sa, | -3 3 sh, | -1 5
(3) (4)
ANB| s, | Sp, | Sp, | Sn, ANB| sp, | g, | Sp,
sy | 3] 1 ]3] 4 sy | 3] 2] 4
Sa, LA |41 2|3 sa, Lol | 3 NO
Sa, | 213 T e
2ANEBAEMT —L
SRV AER
- ERIELT SIN
« FUAY—ADREIKE 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\
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STIVIREHE

J. von Neumann, 1928
* Theorem3

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

Flz, INERGLSE B OM (p*, ) M R Ly,

W RICETEFIE VA) E7—LDIEENS.
V(A)=p* AgF=>"> a;pa; [ mmsicsts

= =1 B A RE

*| ' Theorem4
HRE DR (p*, g*) N OB R THS-ODDE+ D EHIL,
(p*, q*) HEABE(p, q) DE R THAHIE. HIL,

vp.q, E(p.g*) < E(p*,0%) < E(p*,q)
MEILFT DL, [ s5eoss, A sy s0n78EX

ADP*DB, BIEg* ST B0 HEER /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 / \

2ANEHBAFNT —L

STIVIREHE

* Example4 =

O G 93 Oy Gs \
ANB/| sp, | Sp, | S, | Sp, | Sbs

P sy, | 2| -1%2 1
Vi s U ) g N P
3 1 1
-7

>/\/

(O]
[\
A

p2 SAZ

L
g
'

»
-
=
NG
—

P +5 4 0

E(pasB,)=_2p1+5p2=
E(ns Y=—n 1+2n =_-33n 192
=98,/ T T e ORI TZ
E(pasBl):2p1+4p2:_2pl+4
E(pasB4)=3p1_p2=4pl_1

E(fnc Y=2n
=AM 9B, I

2ANEBAFNT —L

STIVIRERE
* Example5: —f& D2 X 27— L
4 %

ANGB BERAVNFEEITNEZALHER.
SB1 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, | @xn | 3

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 / \

2018/10/23
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ESE A . 2ANERAFRT —L
HE 3!
. . . - FfH5— A A AT
LAY —ADHBENUTORTE RSN —LEERD. 2ARH T —LERBEBIE
TLAY—A, BT ZThEHDARBICE DO TEHIRRE * TLAY—ADFIBITICESH p
%?6&, ’7‘\—A0)ﬁ§li557§%ﬁ3\° P, ian fa]z v alnv
p2 gaZI ;éazz e aZn; 35&&36&...
. o : max.u
S ANB| sg Sp (2) ANB]| sp Sp Pola, a, - a, st. a,p,+---+a, p, U
41 22 31 12 o f a12 p] +,,,+am2 pm >u
- S o o
Ay - E(passl)::aﬂ’pl+3721p2:""'+am1pm a .b'+...+a >Uu
Sag -3 3 Sap -1 5 .E(paSBz):alzan‘-Fazz Pyt 850, Py n 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\
== b e == -
2ANEBAFTMT — L 2AEBRAFMT — L
DANBHY — LR HE 2AENT — LERRETELA
o TLAY—BDIEKITH(ADRBITH) LESHEE g FLAY—ADREILE FLA Y —BORELIE
A n T h (LPO) X PSE: ) (LPO I PIFE: D)
12 In
FEHBE.. max U min. W
min. W st. a,p, +---+a,p,=U st. a,0,+---+a,,0,<wW
st. a,,0, +---+a,,q, <W a,p+--+an,p, 2u a0+ +a,,0, <W
; a0+ 43,0, <W ap a >u aq ra_q <w
vV 4.4 > 4. <
E(S],q):avq +v‘a‘q +...+anqn n M1 mn _m mll mn_n
E(s:z,q) = al;qll,-ﬁé al;qzz +-~~+$2nqn A Gy + oo am"f‘”f W b ...+ P >_(1) 2 +... ¥ qn>_()1
L ql ++qn>—0 p|9 s pm = 7 qu 5 qn = 7
E(Sy, @) =80, +8p,0, +++ 8o, > o> O = 74 ) (P) (D) £ BB (p=(1.0.....0), 4=(1.0.....0)) A HD TEITAI4E
SPREERLY, RBEBHFEL, RBEZ—HTD
min max {E(Sy, ), E(5,.0). - E(S,.0)] y \ Theoremé
(P), (D) DEBEAED (p*, u*), (g*, w*) DEE, (p*, g*) BT — LD
BEETHY, vi=u=w*BYT—LDETHS

Y o R M0 RS |
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Y o R M0 RS |

2ANFEBAFNT —L

QAEMT —LEBRETEE
. Exampleé:C’@AJ('J'/U
AN\B ?@p &= @'@ min | max

&
& 0 2 -7 -7

D200 4| 2|2

S| 7| 40| 4] |z

max 7 2 4
%

min 2
2=V, = minmax a;
L\
MILAY—Eb, XEEBEITFELLL.
MBI TIEI= Ty I RYE R ITFELLL.

—2=V, =max min;
1

g, 0> O3
ZAQFTﬁﬂg*Db-_A AN\B %}’ :‘mA%
pl—f@;p 02|-7
ZAE*Db'_L\tﬁQﬁZE‘I'Elf Pol = |20 4
¢ Example6: Lo AITA P3| BR| 7|40
max.u min.w
st. -2p,+7p,=U 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 T E
self-dual LP

(P*, Pa, P*)=(0:538462, 0153846, 0.307692), U*=0 ,
@,*, 0,%, 95%)=(0.538462, 0.153846, 0.307692), wr=

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 | s, | sg, | Spy | Sp, | SBs

sy, | 1| 5] 2| 4]3

s | 4|1 3] 2]
Sy | 4 6 | 2| 2
W E 4] 3 | 3
s | 3 6] 4 1| N\
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