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Bob & Carol [Z—F (4 1@ ) EBE>TET-.
2ANITHZHIZEZ 0O ED, 2AIZBES OSSN
HFLYNSNERHBEEL, (TANITED.
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R TE : The cake is divisible: it can be cut at any point without destroying its value.

T—F = R<

» You Cut, I Choose ! (One divides, the other chooses.)
* BoblT7r—FZL)5H, CarollTr—FEEETED

=120, SNIZCORREDI R TIEALTFILT YR L] !
(BobIZE D KSITHIHE BN DIEEILLLY. BobldBH DERTHS)
(CarollIZE D KSITEIEE DD DIEEIFAL. CarollEEHH DERTESR)

(...

* 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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M I TIELL2DDOME
® proportionality (An allocation is proportional.)

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

. enyy-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.

%{zkd)iﬁﬁli:wzomﬂ&ﬁ@%ﬁﬁ J / \

T—FzhR< (BAW=57)

The Steinhaus’ lone-divider procedure (3 players)
1. Bob W7 —F %3589 &3 Y) 5 wunascas-cozm
2-1. Carol H¥ acceptable cake EZITHEWLELDEIEHE
2-2.Ted & Carol ERIFRD ZEF1TD.

(CarolTedd, 21<ER 1D acceptable THHZEITER)
3. casel: Carol(or Ted) H32{E .uJ:acceptable cake NHBDEHE
"Ted—Carol—Bob (or Carol—»Ted—Bob) DIEIZ —FFH5
case2: Carol, Ted&d acceptable cake HVE 2 1EDIGE

Carol, Ted&# acceptable TV —F% Bob [ZHIFT, HYD
7—FIZ DUV T2 A Tldivide-and-choose] 1T .

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

T—Fz RS (BAW=57)

The Steinhaus’ loan-divider procedure (3 playes)

e proportional division Z{REF T 5K TL A v —DEEE
* Bobl&B&5E1/3(EBobA ES) piece IZH]5
* Carol, Ted [& acceptable cake ZER%

o envy-free TIEXELLY

+ casel: Bob, Ted IEHEBIRFELLLAY, Carol [ Ted T ATREMEDLH
5. (Tedh, HZHE Z B acceptable cake D KEWVHEE S ATHETE
RHBHDT)

o case2: Carol, Ted [FEEBIRFERLIAY, Bob [E Carol A Ted DULVTH
WERT A REMED S D. (Carol & Ted D [divide-and-choose] DFE
S Bob A5 R T 50-50 [LBAMMES, 2ADLT h B3 1/3LL
£ (EBobHES) cake E1FHD T)

T—FEHRS (nAW=57?)

Kuhn HY The Steinhaus’ loan-divider procedure (3 playes) Z n A
hR (245 5R

* Frobenius & Konig @) combinatorial theorem [ZED<FILTY X L)
o 4ANRRIF Steinhaus LR ILVTLMV=SLL

S. Banach-B. Knaster, mid-1940
The Banach-Knaster last-diminisher pré6cedure

* Steinhaus A% 19485 22N (324, K—SURAN) DT AT 7 EH XD TH

7\
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S. Banach-B. Knaster, mid-1940

The Banach-Knaster last-diminisher procedure
e 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.

e 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’ descript.ioy&tfi p.\QZ])

T—FzhR<

» The last-dimisher procedure

* proportional division ZREE T & TL A ¥ —DEEE
c Y12TL AV -5 &5E1/0b%E R Bpicce IZH1HTE

* envy-free CILELY
- Bl BIZIE S—LEEITRITETILAY—AD, HIBRETY
SN —FD1/nkYKEVN(EANES) EETHENEMEILET
L. FEREL T/ nkY KEWT—X A (FIZIEB) 217K
(EADSES) DT, AIEBEWRD.

7\

i — LB E AN 2

77— LHIRR  game situations

c BHOEBREEAR(TLAVY—)AFEEL, < BHE
b, TORBREBELTHEITKRELH>TLHIRIR

7— LI game theory

s F—LHKREBEETIVERVTEREEL, TLAa
Y—ROFREOMILEBGNES T HER

J. von Neumann & O. Morgenstern
17— LR EREFTEN ) (1944)

John von Neuman/(1903\1957)
200451 H 98 (K) IEDIFR

77— LIEERE I ?
I —O%kS

L4 — player N={1,2, ...,n}
« BRREL, TEITHEMR. 2N, 3A, ..., nA, ..., ©)
o AN, EHOBEANSESERE, BE BR, ...
TLAY—i DEEES

Ei@é strategy S={8i15 125 -5 Sim} (i€N)

o TLAY—HEYS51TE). (HIR, £R)
TLAv—; DFESE
|5 EFI15 ayoff fi:81%8,... XS, > R (iEN)

o BILAV—DBBRRER, T—LIFRTL, HENHS. HBRIC
HTBETL AV —DASNDFHENE. FI1F payoff, A udlity.

) H—LORE

LG = (N’ {Si}ieN’ {f;'}ieN)
BTLAY—FEEOREERILEBIEL, V \

CIIERETRDTLAV—DHEHHLETS
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T—LIEBREIAH? F—LIBimE (I ?
F—LDRERH EBAT =LA —L

o BEARS extensive form . o BITLAV—DERREIZHITAHIR
(14 1. FLAY—RIZE, KFTLAN—DEBREHRRIZDU

T, BHlADHHIYRDITIFEELLL.
‘#ﬂ:ﬁ BEHRILAEN }ﬁ EBHE— L

2. BETOTLAN—FEIZ, EBRREHIRICODLVTDEE

ANB | Sg, Sg, BRYMLS, ZhIZESVTHERET 5.
Sa, | 373 | (14) 2 | mEmaEARE | BAY—LA .
S | @6 [ 2D 7 A

bS_AEEEﬁt‘j:1ﬂ7b\ ? HER: M e3r— p9 EIDPE

W])ﬂxfﬂ"’ﬂ'ﬁ }L&Z@‘kﬁ\ziﬂﬂABf\d)&F’é*ﬁnﬂﬂ
D 1B H-YREREFARAAEL, A=600A, B=300A

o WSR2 OHIBKICHIETHE, RAABTEZLTERTED

o MEHMNEICHIEBICHET 5L, RAFRNE2—ILD2UEDETLES
RIEFICED DM CWa 3 H G (75 H i Ol fE b (F4EL)

B K B LA EBBICHIET REM? Eh TR ? NIEHAZEFTT —L
FHANARS | Al | Bihi
Atthis | (200,400) | (600,300)
Bihiz | (300,600) | (100,200)

wRat
CORERUIVEE(ERMERRELE) o ABBAHECS
© REUTUVARE (RBWERRERE) o AbHAHECE / \
- STFREE (FI9IE) — A HE
- LB S RRE BN

NADEBREILEUOEEREIHROREEATHIY —LITHEIRES | |

o DR Mk DY | A
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Examplel :
e 2ADTLAN—ABEBSANaMVHHES —L)  N={1,2}
LTS
o TLANV—RRB O/ ORI EEREES S={s1, S}, GEN)
C 2ADTLAN—DREFENRALESABONSE, 5 (% &), 5, (% &
BHIELBEADEL TEREL STRE
o REHLTH 0B FN2AEL, BEHLT fi:8,XS,—> R, (iEN)
oo MFMSIAES

2ANIEB DTS — L

Example2:

o ABLBSANT—LELTNS. TAZNIDT OOHENHY, AZDFE

RIEUTDBYTHD. 2N, BRREAGEBELDREN?

fi (& B)=-1+ L& B)=1 =0
L (E &) =2+ /@& K -2 =0
f(EE)=1 + f(EE)=-1=0
AEDFIBR BEA DGR 2ADFIER
ANB| & | Z ||AN\B| & | Z ||[AN\B| X | E
= | 2|1 ® | 2|1 £ 22|,
= 2 1 = 2 1 2 22301
AN\B Sp, 5B, Sps
== » Sag 2 4 1
2 NI H BRI — L 2 R
o 4 3 0
=YY RARE minimax principle
BAIETLAY—

* Example2CTILAVY—ADEE
© Hilgs, EMOLLEOREBOFER
min(-2, 4,-1) = -2 (FL AV —BA EilEs ZED)
© Hilgs ) FHMOLEOREBDOEER
min(2,2,1) =1  (FLAV—BA EilEs; ZH5)
© Blgs  EMo-LEDREBDEREL
min(4, -3,0) = -3 (FLAV—BA EilEs; ZED)

T EMs, #R5 (RETLHBINRIESND)
7\

{ bl BLFIBEBSILATESDM 2 ]

SAy -2 4 -1
SA, 2 2
Sas 4 -3 0
7\
ANB | sy Sp, Spy
+ == W~ Say -2 4 1
ZAQFTﬂHﬁ%*Db-_'L\ Say 2 2 1
Sas 4 3 0
ST YV ARE minimax principle
. ExampleZ'C‘jD’r"(’—Ab“BO)ﬁi%'GE%
* BOVEiBEsy EHROT=EE, ATHD B [LHAEs FHD

max(-2, 2, 4) = 4

- BAEEs, KROTEE, ATHAEES LM, 205
max(4, 2, -3) = 4

- BB, EEotEE, ATHEES HHEES
max(-1,1,0) = 1

T | Hils, EB5 (RETLEKITHD)

(2]

Ap

Ali%ﬂ%SAZ’EHXéJ:%, FT/1ERLN,
ZNUSNDERRZERSEFFSUATICNS.

r\
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SRV RRE [REEKHE sccurity level
* Example2: |
V. IEVIUE
ANB | sp, | sp, Min | MAX ) ximin value
2 -1 -2 i
SAl 4 pd v, = maxmina;

v | 4] 3] 0| 3
ﬁéfukli% [ max 4 4 1 TXIIVEE
security leve N maximin principle
min 1 (BAIET LA v —DFBIFRIE)
S=IVIRIE =
minimax value SV IRRE —
minimax principle vl - V2 N

Vv, =minmaxa..
2 I axda,; (B/METL AT —DITBIRIER)

2019/10/29

> ANB | sy, S8y SB3
2NEBATINT — L 2 ST T
LS — L DTS EEERK

C 2ADTLANY—HMEBITTZI VI RREB(ICEDNTIT
B9 oL ELH0DH?

g — 1B PLE Lhviz
ZA#El_H#’D@HiELM?QL\ ! 7 o
IS DEKRTOHEIZE)E p

L d
min max a, =max min a; = 1 ~

J i i J
AT —LD

[ TRE SN D strictly determined |
MEE(CHEENTHD]

7\

( SA, *, SB; *) F—LDEYE R equilibrium point

EE 1
TLANY—ADFBRNUTORTEZONES —LEEZS.
TLAY—A, BRAENEFNI =TI RRB(CE DO TERER
EETHE, H—LDREIIESIEZN? (1), (2)FhFhD
F—LIZDWTEAZL

(1) (2)
ANB| sy, | sp, | Sp, ANB| sp, | sp, | g,
Sy | 3 | 1| - Sy | 5| 6
SA, -1 0 2 SA, 1
Sas 5 2 3 Sas 7 2

2ANERBNFNT — L
TR ERAR &R & RS
* Bxample3:

o ABLEBEADT —LELTNS. TAETNIDT DOHEENHY, AZD
FIRRIILUTOREYTHS. 2AlE, BRREALGEREELIREN?

AN\B Sp, Sp, Sp,
sy, | 4 2 0
SA, 4 3
Sas -3 2
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¢ Example3:
ANB | s | s, @ min | max
o, | 4] 2] 0] 4
G| 4 |31 [ 1]1
s | 1] 3] 2] 3 =
max | 4 2 1=y, =max mjin a,
min x

2=v, =minmaxa,
—

STRVIRBEANEELAWN! 2

2ANIERNF/FRT —L
IR ERRR &R & R
* Propositionl
*'J1%??5']A=[ai/]75§52.'5h7‘:5#, LITFA YLD

max min g, < minmaxa,
i I ij I ; ij

T—LFEICEBITRESNSEFRSAL !

e

VWAVEBIBEICHEANFEL,
7 — L B SR T B 2
7\

2ANEBAFHNT —L
TR EER &R & B

: \
b ¥§"§ saddle point minimax player

P R - DR
* 1751A=[a,]IZELY 2D jlTxfL,
Ay, S| S Wi

MEYIDEE, (i), ECOIFIOBAEN, a,, FE
AlEENS.

loJo

all “ee alju e aln
A=[a;]= a . <a. .
i aiol aiojo aion lojo — Tl
_aml amjo o amn -

2AEHFAFMT —L
HOFER R A B

e Theoreml
s (ITAN) 7 —LHOEEZICHEENTHL-ODBE+THE
HI1X, ZOREBRTIAICOELLELIDDEBANFET S
& FE-IDEE, Bah It a.

o BEKEE optimal strategy
o WS (%, %) [TEEBDT, TLAV—ADEIE i+ %
W&, TLANV—BRLNEDEIREE->THDKESD
V(A) E1FHEMNTE, £, BHEER j*ZEAEY, Al
HRRZEZ THRFEEMISE S LETEGL

o\
—> BEEE [+ ASAD B E RS

2019/10/29
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¢ Theorem?2
s BEICHEEWLGFENS—LIZBLT, BEANEHH
156, FNEROMEIEFLL. Ffz, (%)%, (. B
BB RESE, (%)), G /M) BHERTHD.

PR (A HA T e
@ RKHLA[E

@) @, @,
9 Y

2N NFNT — L
FOR R R A

* Example3: | | |

v A\ A\

ANB| sp, | s, | sp,
b5y | 4] 2|0

—P SAZ 4 3

—bsy, | 1] 3] 2

2T RIEFTL ! E—
RUFIE FSREEEHL ! ar

> [ | \

2ASEHATFNT — L
SURERE R A R 0,20,/ =123)

* Example3: q,+q,+q,=1
] ]

ANB [ Gg)
4
4
1

b e
L

p,20,=123) |, |

pi+p,+ps=1

- 2

A4

EEHE PR ER RS

mixed strategy pure strategy

BN
-2

P3—>/5a4

q; 9 q;

» I [ [
ZAQFTﬁjJ:I_E*Db-_A AN\B szl 5:2 s;
sl N wn Pr—> s 4 2 0

SR BB &R R RN
* Example3: P25 1 3 2

* player AOEAEZNA (player A = B AT KIETL 1V — = maximin player)
El(p, Sg, )= —4p,+4p, + p, < playerB ﬁfﬁﬁmﬁsm@ﬂ#@,ﬁﬂﬁﬁﬁﬁ
E(p,s; )= 2p,+3p,—3p, < player B h¥ils, DB D EE A
E1 (p, SB;) = p,t+ 2p3 « player B ﬁﬁﬁﬁmﬁsB3o) BOHFMA

* player BOEAFHER (player B = AKX R/IMETL AV — = minimax player)
E,(s,.q) =—4q, +2q, «— player A b‘:ﬁﬁmﬁsﬂ\io)ﬂ%oxﬁﬁﬁ#ﬁ%
E, (Sflz ,q)= 4q,+3q,+q, < playerA ﬁ‘ﬁimﬁsAzd) BEDHAFEL
EZ(SAJ’q) = q, —3q2 +2q3 <« player A biﬁklﬂ%sxaa)ﬂ#a)?ﬁﬁﬁi

R A, BAE RREAEI o), (09) PEE
E((p.4) = E(po5y)a,+ E(P.55, )44 E(Po5y, )45
E,(p.q)=E(s,.@)p, +E(s,,,q)p, + E(s 4, .9)P;

E(p,q) =E (p,q) =E,(p,q)

2019/10/29
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BB X AL domination of strategies
TLAY—i DB b, kITDT,
ERR h AVERRK K 2XEET DL,

E % D X AL FED s, €5, ITRLT,
* Example3: Fi(s_ ) > fi(s k)
ANB]| s5, | sg, | Sps HRIPRE
WxEEEs s, | 4| 2 | 0 <D CRem
A A—A ﬁ %ET5 eyt
X FRER AR ‘_)SAQ 4 3 1 dominate ﬁﬁ)g‘gigﬁigggﬁ;wt
S 1 3 2 BELGL— *EHROER
A BEXEBRBREORE
| @l X B SN BEREERALVELY
ANB sﬁh s§2 Sp, ANB| sp, | sp,
SA2 4 > 3 1 |::> SA2 3 1
Sas 1 > -3 2 Sa, | -3 2
7 N\

AR BRI E D REICL 5 R MNEE

— 4 —LAIEZE TR dominance solvable

9> 93

2 NIEGHBRS— L TR

P> SAp 3 1

SRS B NS EE

e Example3:
* player A = HIfFF AT AIETL A — = maximin player
{ E(p,(1,0)=6p, -3 < player B AV EiEs, DB DHAFFLIA
E(p,(0)=-p,+2 player B ﬁfﬁﬁmﬁ%@ﬁ@ﬁ%@]m
* player B = Bi#$18 KK /IMETL AV — = minimax player
{ E((1,0),q)=2q,+1 < player A hi8BEs, DEFDEARFER
E(0,1),q)=-5¢,+2 player A ﬁiﬁﬁmﬁswmﬁmgﬂﬁ’#ﬁi

£, — £
ADBEEE Y=Vl | | BoSEEE
p*=(0,5/7,2/7) G----M 2 | e v, 67)

0 ;7 ] P2 0”137 I1 42 / \
Vl (p*.q*) Yt fE J

E(pq) = E(pysp )9, +E(P,55)45
=Bpy=3p)ay +(py+2p5)q,
=3p, =3(1=p,))q, +(p, +2(1= p))1 - q,)

: :’Ez(l’"l)}
—49

2AEBAFNT — L A o [,

12 Say 3 1

5 3 Lp A=Y ps| s | 3 2
* Example3:

player B 0
minimax 1 /'75

player A player player B
maximin player

T 1

0 0.25 0.5 0.75 06138

player A 5/7 player B

2019/10/29
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2ANEBNFNT—L e
BEEHEROEK Pyl s | 5] 2

* p*.q* ®EE$O)<C€’D<0’C, FILVTWVTNAITRT S
HEMN, BEEEBNGREREZOMN?
ADREERE p*=(0, 5/7, 2/7) BOREEME ¢*=( 0, 1/7, 6/7)
e player A IE SAzfd:‘B 3, SAsfd:‘B 2MEFELLA,
Pads + P3qs =32/49 DIHERTEELILLMERICAS.

EShtz ! s

LHL, ChiTEEMY

EE2:

TLAV—ADRBRVBUTDRTEZONS T —LEERD.

TLAY—A, BTN TN HFNAREBICE SO THIRE
EIHE T—LDREEIGTEM?

2ANFEBNFMT — L

SZYYIREE
© TLAY—A BOFFER

Sy=Asy li=Lem}, Sy ={sy [j=1,n}
s TLAVY—ADFIFTH (BOEEITHI)

ap, a, -4, *IJ?%E&

Ay Gy oy,
A=la)=| 7 T 5

E(p.q)=p"Aq= Z;Z:,a,-/p,-q/

i

a,, a,, - a,,
« TLAY—A, BDREHE
=D 0,) —> s, =(0,-+-,1,---,0)
pi++p, =1
Pis D, 20,
q=(q,"">q,) — 5 =(0,-+-,1,---,0) / \

{‘I1+"'+qn =
Gnq, 20

D TAB Sp, | Sp, (2) TAB Sp, | S,
SAq 4 -2 SAq 3 1
SA, -3 3 Sa, -1 5
(3) (4)
ANB| sp | s, | Sp, | S, ANB| s, | s, | s,
SA 3 1 3 4 SA; 3 2 4
SA, 4 4 2 3 SA, -1 | 3 \O
v, | 2312 v, | 21 ]2
2ANEBAFNT — L
STYVIRER pERIELT BX

o TLANX—ADRIEKE

min E(p,q) —— v, =maxmin E(p,q)
q P q

o« TJLANY—BOREEKEE

max E(p,q) ——> V2 =mqinm‘a,1xE(p,q)
p

q ERELTHIRFF R AR/

max min £(p,q) < minmax E(p,q)
V4 q q V4

7\

2019/10/29
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STIVIRATEHE

J. von Neumann, 1928
* Theorem3

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

Ft=, INERISE2HEOH (p*, ) E9E R ELLY,

W RISEITBFIE v(4) 7 — LOEELNS.
W(A)=p* Ag*=3 > a,pq;

=l j=1
¢ Theorem4 ’

ERE DA (p*, ¢*) DB R THAE=ODBE+DEHF,

(p*, q*) DB E(p, q) DEFRTHAHZE. BB,

Vp.q, E(p.q*) < E(p*.q*) <E(p*q)

DRILT BT E. [ otrom sk T a0ni@ar N

ABp* DB, BIZg IS B DAE KRN

HERICEITD
ERRR AV B B

2AEHAFNMT —L

STYYIRTEE
¢ Theoremb5

v(A) NT—LDfE, (p*, ¢*) BB RTHE-ODRLE
+EHE

Viaja E(SA aq*) S E(p*aq*) S E(p*aSBj)
ALY D& I

Vi=1-m, Y aq,<E(p*q*
j=1

v] :15'”:”: E(P*:‘I*)Szayp:

- 7\

2ANFEBNFMT — L

STIVIRATEHE

e Example4 Ed
P 9, 4 93 44 45 7\
ANB | sp, | sp, | Spy | S, | Sbs 1 \
Pif sy | 2152 | 3=%3 TS
P2l syy | 5125411301 o7 \1 3
SA, 4 1 312 -1 s
E(p,sy)=-2p,+5p,=—Tp, +5 <h o0
pfncl\:_n _L’)n :_er 19 P2
EXP55p,) Pr=pP; SPTT=
E(p,sy)=2p +4p,=2p +4 43
E(p,sp,)=3p,—p,=4p, -1 rr=(z,-,0)
Dl o el 77
H\¥V>VBs) ~“F1

2N DFJIRT —L
STRYIRTEE

* Example5: —f& D2 % 27— L
9 492
ANB BANEETLIEEASEEA.
SB1 SBZ |:> BrhiE, EABEKRESEZ D,
COEE, T E(p.sy) & Ep.sy,) &
W E(s4 ) & Es,pq) 13 RERFD.

Pl sy | @n | ar

Py sy, | ay | ax

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

“ —a " “ —a E(p,sg,)=app +ayp,
(P:aP;):( B -t J E(s,q)=a,q,+apq
) =y + Ay —dy 4y —dy tay —ap 4 s, 1242

E(SAzq) =a549,tanq,

7\

. a,—a a,—a
_ 2 " T
(4-9:) = . ]
Ay = Ay +ay =y 4y~ T Ay —ay

2019/10/29
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EE3:

TLAY—A, BTN TN AREICE DO THERRE
9 HE T—LDRITESEDHMN?

(1)

ANB| sp, | s, (2) AB Sp, | SB,
SAy 4 -2 SAy 3 1
Sa, | -3 3 SA, -1 5

TLAV—ADRBRAUTDRTEZOND T —LEEZD.

2AEHAFNMT —L

2AEBTNT —LERRETELE
¢ FUA P —ADHIBTI LR AEE p
Py 4y ”12 :

Pyl ay Ay

4

ni

TEHBE. ..

max.u

P Gy Gyt 7 G

E(p,sy) =anp +ayp; ++a,p,
E(p,sy )=a,p.+a +ta,,p, N
: (p B:) 12171 nP> 2P D+t D, =1
* A e
E(p’SB”):alnpl +ay,pyt-ta,,p, P> > P 20

. st.oa,p +---+a,p,2u
. al2pl+.“+am2pmzu

alnpl+”'+amnpm 2u

m‘;axmin{E(pssBl)9E(psSBz)9'"sE(psSBn )}

7\

2AEBATFNT — L
2ANEHY —LERR B

FEHBLE. ..

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

E(s,.q)= ayth + g, Tt ayg,

_ i a.q,+--+a, g <w
E(s,,.q) = a5 g+ ayg, +--+ay4, mi1 T
' ; ql t+ee +q»1 = 1
E(SA,,,"I) =a,49,ta,,4,t+a,q, 41> "> 4, 20

4

l‘l'lqil'l maX{E(SA, ’q):E(SAzaq)""aE(sAm ’q)}

7\

2AFEBATINT — L
2NEHY — LR E

TLAY—AD R L RIRE ﬁm‘ TLAY—BORELREE
(LPD X8 : P)

(LPD B>t fE7E: D)
max. u min. w
st.oa,p +-+a,p,2u st.oanq, t--+a,q,<w
012p1+'”+am2pm Zu aZlql+”'+a2nqn SW
alnpl+'”+amnpm ZU am1q1+"'+amnqn SW
P+t p, = g +-+q, =1
P> s Py 20 7 g9 5 4, 20 7

3E) (P) (D) EBICBHBAR (p=(1,0....,0), ¢=(1,0,...,0)) B’ H B D TERITAIAE.
WA EELY, HBEEHNFEL, RBEIX—HTS

Theotem6

(P), (D) DFBBH (p*, u*), (g%, w*) DEE, (p*, ¢*) BT —LD
BERATHY, vi= ut=w* BT —LDETHD
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* Example6: CoAITA

ANB Z%f & || min | max
© | 0| 2] 7] 7
@ 20 4| 2] 2
S| 7| 4|0 | 4 [=xozomm |

max | 7 2 4 —2=v =maxmina,
i J
min 2 X
2=v, =minmaxa,
2=y REEE ! ’/ \

AILAY—&d, XEMIKIZFELRL.
FNBBTEIZ Iy RERITFEELEL.

q; 4> 43
2ANIERBAFFT — L IR
il & lol2]7
DAENST —LEERETE L pl @ [2]0 4
+ Example6: CoAlTA P3| ®R | 7|40
max. u min.w

s.t. -2p,+7p,2u Ss.t. 2q,-7q, <w

2p, —4p,>u -2g, +4q, <w

—7p, +4p, >u 7q,—4q, <w

p tp, +tpy=1 q9 +q, +q;=1

P P Ps >0 9, 43, 4 20

B & B R s 51 E
self-dual LP

(%, po*, p3*)=(0.538462, 0.153846, 0.307692), u*=0 \
@,*, q,%, 5%)=(0.538462, 0.153846, 0.307692), w*ﬁf{

EE4:

LPIZ kB fE DK fiR
¢« 2ANDTLAY—A,BlL, TLAY—ADFIB1THI (BDIE
KITINDNUTTEZONDT —LETDH. £EITLAV—
DERBEZLPTEL, HEREET —LDEEZRD L.

ANB | sg, | S, | Sp; | S, | Sps
Say 1 5 12| 4] 3
s, | 4| 1|3 2|7
sy | 436|202

s, | 1] 6] 4]13]3
s | 361451 | 7N

SE X
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R4 — L35 1A R (1996)
DR 7 — LR AP B REEFHE (2008)

SHETRR T EE ) B RBHGE (1987)

gk -Riggx-AARAEEy— LB/ CREEER (2000)
HERE RN — LER AR 1 B AR EFHELL (2001)

EIRBAINF— LB —=2 7 1D AE H R (2003)

SHER -BARERIT—LBROGAISHEZE (2005)
R7VEILAYRTDEHLNADEZE ISRILT7ERE (1998)
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