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{R3E : The cake is divisible: it can be cut at any point without destroying its value.
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One divides,
the other chooses.
You Cut, I Choose ! o

o BoblZH—FZYISE, Caroll2r—%%E (EE S

=120, CNECOBEOMRITIEET 7L TYX L] !

BRI

* 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\

T—FzhR<

BoE o2 o0ME

M proportionality (An allocation is proportional.)

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

° CIl\'}'*fl‘CCllCSS (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.

I
Lj’w«v—fﬁ:)\a)t%au;%@

v\

T—FzhR<

ST, ATHRIEHHLTLIDIZAS?
* BobM &
% (EBobMBSEY) 1ZH] B
* RHF (EBobMBSERY) 2H15.
o Carol D EEH&
« 1/2 Lk (ECarolBNBSIH) Dr—F % S.
« 1/2 LT (ECarol BB H) D —F 2.
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* BobDFB K (=CarolDIELR)

TREMBC g | e
‘Eﬁwﬂ%ix‘
_ GrEnm)
2ADR/IR ‘"/aﬁa)wsfm“
« BobDFIFE [(Frar—iwz) | | zons@m )
E g
Bob\\ Carol 172U EBS | 1720 TES
THE Nr—% | Ry—=%
HE 1/27—% 1/27—%
e CarolDF|FER
Bob\ Carol 1/2LL LA | 1/2LLTEWS
TH% Xr—% | hr—%
HE 1/25—% 1/2’77#\
T—F%%=HE<

Bob\ Carol| 1/2LL E|1/2LLF|  Min Max
ESSE 2 I N T A
H%E 1/2 1/2 1/2
Max 1/2 X
Min 1/2

Bob :wHIIVERE: &K (Max) &x/IMREEFIE (Min)
Carol : 3=y REEE : &/N(Min) SKAREEE XK (Max)

T—FzMR< BAWV=L?)

[ H. Steinhaus, 19437]
- Steinhaus, 1945

The Steinhaus’ lone-divider procedure (3 players)

Bob V7 —*%1/3(E£BobHESEY) 28] %
Carol A acceptable cake EZITHEWEDEIEHE
(D 7a<EH1DIF acceptable cake HEHDEVIFHT)
Ted % Carol ERIRDZEEITS.
Casel: Carol(or Ted)HS2{E LA _Eacceptable cake H38%
Ted — Carol = Bob DIBIZ7—F%E5
Case2: Carol, Ted&H acceptable cake AE < 1E

Carol, Ted&% acceptable THEULVT—F% Bob [2HIFT, HYD
r—x12oL \—CZA'C*[dividc—andfcho()sc] #175.

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

7\
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The Steinhaus’ loan-divider procedure (3 playes)

* proportional division #RIE T HETL 1V —DERE
* BobldbB&5E1/3(EBobMES) piece 1281%
* Carol, Ted [ acceptable cake #ER%

o envy-free TIEARLY

« casel: Bob, Ted [EHEHIRFELUAY, Carol (& Ted ZERT BTHEME N
5. (Tedh', HEMNEZ D acceptable cake D KEFLNHFEED AT HEME
NHHDT)

« case2: Carol, Ted [XEEBLIRFELLAY, Bob [& Carol A Ted DLVTH
MEIRTRIREMEMN S S. (Carol & Ted M [divide-and-choose] o)ﬁ
843 Bob MNBRT 50-50 [LBRGLMEE, 2ADNT W AHDI3ILL
L (EBobHEBS) cake 155D T)

T—FEHR (nAWV=7?)

[7 H.W. Kuhn, 1967 :J

Kuhn HY The Steinhaus’ loan-divider pfézédure 3
playes) 16- nA Hﬁ Iz HE gE
(Frobenius & Konig 0) combinatorial theorem IZ'E K7L
aJYRX L)
(4 NBRIE Steinhaus HRDLNTULVZSLLY)

[7 S. Banach-B. Knaster, mid-1940 J

The Banach-Knaster last-diminisher procedure

(Steinhaus A% 19485 (22 N (D4, R—FUFN) DT AT
TERIXDFTHERK) ,
v\

T—FzhR<

[77 ; Banach-B. Knaster, mid»l‘)46n']
5 Panach-B. 0
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 1%,10510
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The last-dimisher procedure

* proportional division #RIE T HETL 1V —DERE
. ﬂ]éjb’f’v_ﬁ§%JiaEl/n&%iépiecc 28562 &

o envy-free TIEZELY
< B FIZE, S—LEEITRFETILAY—AD, HHERETY
SNF—F D1 /nkYREN (EAHES) EETHLTNEMILET
ERL. FEREL T/ nkYREWT—FHUEED (B) ITIT(EAD
B30T, AIKBEIRT.

7\
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T—LIEERE I A ?

7— LRI game situations
c BROBBREERTLAVY—)HEEL, &£RENE
¥, TOEREERLTHEIKRELH>TLHIKE

F— LB game theory

o F—LHRREHEETLERAVTEREL, TLAa
Y—HEOMEORILEGhEINT HEHR
— /\\

J. von Neumann & O. Morgenstern o
17— LIERREARFITE (1944)

John von Neumam/(190}ﬁl957)
‘ 2004411 A9 (X) WG D1EHR

T—LIEERE I A ?

TLAv— player
- BRREL T8TH5EME. QA 3A, ... nA, ..., )
o fFEAN BEHROBANSERSMEE KR, BR, ...

BRRR strategy
« TLAY—HEYS5217E. (IR &R

B LFIFEE payoff
- BTLAV—OBERER F—LERTL BEAHD BRI
R BETLAT— DD ADFFEIE. FIS payors, B utility,

mADEEEME

« BILAY—IZBHICHCOHIE TTE. \
c BAS—L:+HITaZ2 = —La U ATEET, eﬁwrrﬁw&éﬁ%.
o FEHNT— L EEOMITHMICKY, BIEERTE.
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F—LORERK
o BB extensive form
S 33
14
@:6)
21
A B
o BRBEAS strategic form, $Z2EERS normal form
ANB | Sy | Sy
SAl 3 1 }
Sy, | 4 6 7\
7—LEEREIEAIM ?
T—LDERE (BRI ANT —L)
G= (N !{Si}ieN ’{fi}ieN)
N={2,---,n} LAY —DESE
S, ={Sit,Sizr ) Sim ) TLAY—i DEBEES
f S < xS = R . JL1v—i oFEES
BILAv—IFEHC DM BRKRLEBEL,
GIFETHTLAY—DEFMHELT S. ‘
v\
7—LEEFREIEAIM ?
ERAT —LEB AT —L
o BEILANV—DEIKREIZH T HR2
Si ={8i1:Si2" "+ Sint (i€ N)
1. TLAY—RIZIE, ETLAv—MNEBREHRRIZDUY
T, BHADHIMYRDIFFELEL.
HERMEENRILLALY R HT—L
2. BTOTLAY—FRIZ, LEREHEICODNTHEE
MNRYILE, ZRICE DV THRRRET 5.
HRMEEMNRIL WhT—L
/s
6



ERRERE 2006/10/28-

2AFEBAFNT —L

F—LD)L—IL N ={1,2}

- TLAY—DEIFA
o BILANY—IEL, MILICEIRERE GEHN)
s TLAV—DRFBOMIE, BIZE(EM)

\v(sl,sz) €S, xS,,
f1(51v 52) + fz (S1v 52) =0

o F—LFIERY
o BILAV—FEBERERIC, DTL AV —HEDE
BRE LD MMEIENSALY
« BEILAY—DORIYSDHBEITHR
N

{sl={sn,su,~~,sm} 7\

2 ={S2:52," " San}

2ANEHBAFNT —L

FIF1TH payoff matrix

o BT —L, BB, V(s,s,) €S, xS,, fi(s,8,)+ f,(5,8,) =0
DT, a=fi(s.s)=-1(s.5))
EBCE MYSHBHEFBOERETIATRES

a, a, - .
A= [aij ] — ay a'zz ay, F184551
a, a, - 4,
N\

2ANEHBAFNT —L

Examplel :

o ABEBESAMNINSU T THELS —LELTWS. MALLTH2DH—F
ERFOTHY, IEETIBOA—REHL, hA—FOBEDEZRF/ELLTHELR
2LV —LTHD. T, ABIETRAR—K O4TN\—bD710D2#8, BSA
T3 D21 T F A D101D28DH— hé;#o'ct\é:tﬁﬁw:/\b\o'c

L\%) l;&o‘—h’éﬂﬁ"\ @

AZDFBFR BSADHEER

ANB | #5702 ANB | #5702

AR—FD4 2 -6 AR—RD4 -2
5 3 5

F—LOfE: (IN—rD7, T4 D10) H—L0OE

LY || &N
g
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Example2:

o ABEBEANT—LELTVS. ThTII DT ODHEAHY, ABDFIE
RIFUTDBEYTHD. 2AlE, BREAGHBELLREMN?

AN\B Sp, S, SB;
Say -2 4 -1
Say 2 2
SAs 4 -3 0
v\
AN\B Spy S, Spsy
2N HENT—L SRR
5y 4 3 0

STy RRHE  minimax principle
s Example2 CTILAVY—ADRE BAETL A=
© Hiigs, EWOT-LENRBOFEL
min(-2, 4, -1) = -2 (FL AV —BH Bils, ZHD)
© B, ZWOEEORBOBERD
min(2,2,1) =1 (FLAV—BH ¥ilEs, D)
© Hiigs, ZHOTLENRBOFEL
min(4, -3,0) = -3 (FLAV—BHBils, ZHD)

T BB, 2R (REBETHRBINMEISN )

7\
HoLBLFIBERBILATEZON ?

ANB | sy Sy SB3
2N A B —L P
Su 4 3 0

STy RRHE  minimax principle
* Example2 CTLA VY —ADBDILIE TR

* BAVEIMEs, EMoT=&E, ATHHBS ILBMEs, £]D
max(-2,2,4) =4

© BOVEBsy B Of-EE, ATHHED LB, THD
max(4,2,-3) = 4

* BOVEiBsy EEOf-EE, ATHDHED ILHEs, TP
max(-1,1,0) = 1

T EBSs, FBS (BREBETHBXITHD)

AHEES, ETBEE, FIBIEBRLN,
RS OREERS LRI LRI,
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527‘yoxﬁig FREEIKZEE security level
* Example2: |

ANB Sy | SBy n‘ﬁn max ;::n:f ::E
Say -2 4 -1 -2 A
G 2 [2 [ 1] 1
4 -3 0 -3
REEKE L max 4 4 1

security level

v, =maxmina;
i i

RF¥VIVRE

maximin principle

min 7 (BT AV —OFHERE)
S=YIR(E -
minimax value STV IRRE _
minimax principle Vl — V2

V, =minmaxa;
ER— axa, (BMET LAY — DT BFE)

2006/10/28-

N ANB Sy Spy Sy
2ANEHBAFNT —L NERREE
. 2 2 1

Ml mET —LDIE I N

c 2ADT AN —RELICZT TRV HIRREBIZEDNTIT
B9 bHL, ESHLIZDOM?

2AHITHOTEEH Y@L !
A5 MDBLRTOHEIZEE p
-
minmaxa; = maxmina; =1 ~
i i i i

2ABS—LN
IEEZETIRFEENS strictly determined |
Mk (CFEERITH D)

(85, %, 8ps *) 17— LD R cquilibtium point

EE1:
TLAVY—ADFIBRIPUTDRTEZIAONDS —LEEZD.
TLAY—A, BRAEFENEFNI =TI RRIBICE DU THERR
EETHE, T—LORIEESKEZMN? (1), 2)FAETID
HF—LIZDWTEZ L

(M (2)
ANB| sy, | sp, | Spy ANB| sp, | sp, | Sp,
Sag 3 -1 SA4 5
Sa, | -1 0 2 Sa, 1
Sas 5 Sas 7
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* Example3:

« ABEBEADY —LELTNS. ThENIDT ODEEHHY, AZD
FIBRIFLUTDEYTHS. 2AlE, BEREAGEBEELDIREN?

ANB Sp, Sp, Sp,
Saq -4 2 0
Sa, 4 3 1
SAs -3 2

2006/10/28-

2AERATINT — L
HHAR B &R S RS
* Example3:

AN\B g, | S, @ min | max
S -4 2

Al

0
1
s [ 11302 ]
max | 4 3 2 1=v, =maxmina;

x
2=V, =minmaxa;

ESIZZL IR

STRYIRHERLFELLRLN ?

min

2AFRBNFINT —L
TR LR & B
* Propositionl: F1F1TFIA=[q;] NEZONT-H,
max min a; < minmax a;
i j j i
T—LRFEICEBICRESNDEZRSMN !

g

WAVE SIS &S R FEL,
T—LMNBEICHEEHTHEIMN?

Confidential

10



2ANEBAFNT —L
HF R LR A B

* #% /A saddle point

s ITHIA=[a,]IZBLT, FED |, jITHL,

MRYILDEE, (ig, jo)ESDITFIDEREVLY, o T8
RIEELS.

o oo

Ay | Ay

. <a -
'oln_alol

A:[aij]: ’aiol

o Jo ion

Ay mig mn

2006/10/28-

2ANIEBNBIT — L
PO ERRS &R S B

¢ Theoreml:
s (FTIDF— LD EEICHEENTHI-ODLE+THEH
&, ZORBTHIAIZDLGLERIDDE A MNFETSHL.
FIDLE, BANYES.

o ExIEELEK optimal strategy
o WA (i, %) [FEREE DT, TLAVY—ANERE i* £/H
WBE, TLAY—BRLHEDEREE Lo THDIED
V(A) 135 EMNTE, £z, BHAEEL j* #B5RY, Al
ﬁﬁﬁ%’é&“if%*‘]?%’&i%?]ﬂéﬁé:&li’é%tt\./ ¢

— BB i* A ADBEHEE

2ANIEBNBIT — L
TR ERS &R S B

¢ Theorem?2:

. BECREMEES —AICBWNT, HEASESHS
BE, BB ADETZELL. Ffo, (* %), (o, jo) HEE
RESIE, (%, ]o). (i, ) BHERTHS.

PIEERRR (LTI AT A
©

@)
G

Confidential
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* Example3: | | |

v v v

ANB| s | sp, | Sp,
b | 4] 2] 0
—p SAZ 4 3 1

—bsy | 1| 3] 2

TEFRIETATHE ! TR,
C REGEORHEER

REFIE T SRIEESAL !

= [ menmmz | \

2006/10/28-

2AFEBAFT — L
ST R A B

* Example3: 1 2 s .
—— p,20,(i=123)
ANB | sy | sy, | sg, PP+ Py =1
P —> Sa -4 0 q; >0,(j :11?3)
+Q. =
P, —> s, 4 1 %740
Ps—> Sa. 1 -3 2

TLAY—BIEEREELSIEED, TLAY—ADHHHA
El(p'SBl) =—4p, +4p, + Py
E/(p,ss,)= 2p,+3p,-3p,
El(p1553)= P, +2p;
ET, BAEHERE (1., q) DEETLSILED, ADMEHA
E (p.9)= E1(pvssl)q1 +E( vaBZ)qz +E( prssa)qs

9 G G
33 4 T N
ZAQFTZUJjj%*Db-_A ANB (G | s | e
P /s 4 / 2 0
SRR &R A R N
* Example3: p/Ne/ M1 [T 5 [ 2
TLAN—ADEEIEELSI=LZD, TLAVY—BOEEMNA m
E,(5,.,0) =45, + 20, o ey
E,(5,,0) = 40, +30, + 3, Bawm
EZ (SA3 ’ q) = q _3q2 + 2q3 mixed strategy

ADSEEBEZ (p,,p,,py) DR TESFLED, BOFA
E,(p.a)= EQ(SAJ )P+ Ez(SA2 )P, + Ez(sAS ) Ps
FEDHDE, TUAV—A BRENETNHEE®p, p,py), (49,9, TEEIEELOT-LE,
BEILAV—DYPFDRELUTOLSI12%%.
E (p,d)=E(p,Sg )0 + E(P,Sg, )0, + E(P, S, )0y
{Ez(p,q):E(S,_\,q)pl-#E(SAZ,q)p2+E(SAa,q)p3 \
Fiz, COEEHLMIT, UTFARYID. 7’1/4—\"—1—\(;,3,5?%?«9])5?!%7{1!: ,\
E(p.a) =E(p.a)=E,(p.Q) | FLAv—BafsmMe !

Confidential
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X ECHRE
* Example3:

EBRODZER domination of strategies
TLA— i DEBE b, k IZDUVT,
BEBE h HVERER K EXERT HEIT
HEB®D S, €S, [THLT,

fi(s ) > £(s,.K)

|

2006/10/28-

3

{E(p,(lyo)):6pr3 By
E(p.(0))=—p, +2

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

ANB| sp, | S, | Sp, BRITRIE.
wewmm s, | 4| 2 | e
XIS rermmm
XEHE 157, 4 3 1 dominate | o s, b
g 1 3 2 BELGL— RAEBOER
A BXERBREORE
| @l [XERENDBIRIEAL VLY
AN\B §B1 s%z Sps ANB]| sp, | s,
Say 4 » 3 1 |:’> Sa, 3 1
Sas -3 | 2 Say |3 | 2,
N\
R X EEEREDREICL2HE RN FE
— H—LIIZE AR dominance solvable
9 G
4] e ~ £ B s,
2 NEHRABENT — L [
5ay
g s o Pyl sy, | 3] 2
BOER & W )
* Example3:

E(p.q) = E(prssz)qz + E(pxssa)%
= (3P, —3P3)d, + (P, +2p;)

3)9;
=3 P, -3(1- pz))qz +( P, + 2(1- pz))(l_qz)
j = 7E2( pvq)

= 1-
(p, mL32142

1Y q

BO&REHBE q*=(0, 1/7, 6/7)

E((L0),q) =2q, +1 0 5T/7 1 P, 0 1T/7 1 a,
EE39=250 y % N\
‘ 7 N

(p*,q%): ¥t fE

iR & S
* Example3:

E(p,q) plajer A
= (3p2 _3(1_ pz))q

+(p, +20-p))1-q,)  playerA

— T
e i
i B i
i v o a5

4 7777
B s iy A
i i

Confidential
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9 U3
2AEBANFNT — L s
T pAE 1 Po o [ 3] 2
I il )
0 B
S~ ‘ _2A
player B o — >
v\
. G2 O3
O NI A BRI — L ST
Sap
REHBRBROE A INEP

o p*,g* DIERDLEDDT, SILVTVVTAMNICTRT S
HED, HEEENTREREEDOMN?
ADEREEEE p*=(0, 5/7, 2/7) BOFEEEE q*=(0, 117, 6/7)
¢ player A (X S, %85 3, S, %E5 2 MEFELLA,
P,0s + P30, = 32/49 DRERTLELZVERICLS.

LEo !
LhL, ThidHEkm @

« COEHERRHLLTERICANI- LT, REBEAR

EShiz ! ,
7\
EE2:
TLAVY—ADRBRDBUTORTEZOND T —LEERD.
TLAY—A, BTN ENEFEHAREICE SO THERIRE
EYBE T—LDRFE BN ?
(D [aNB Sp, | SB, @) [ANB Sp, | Sw,
Say 4 -2 Say 3 1
Sa, | -3 3 sa, | -1 5
(3) 4
ANB| sp, | Sp, | Spy | Sny ANB| sp, | sp, | Spy
SA4 1 4 say | 312 ] 4
s, L4423 sy, bl ho
sy, | 2] 3 i | 211 |2
Confidential

14



2006/10/28-

2AFRBNFNT — L

STRVIARERE

o TLAv—A, BOFFERS
SA ={s/.\ || :1|"',m},SB :{SBI | J =]_’-..’n}

o TLAXY—ADFIRITEI

a, a, - a FIfERA%
QG A, Ay LR
A<lyl=| T T T E(p.9)=p Ag=2 > a;pg;
=
Ay Qpp Ay

o FLAV—A BOERHIK
P=(Ps Py) *)SAZ(O"'W]-’”':O)

{pizo,(i:l,---,m)

P+t Py =1

= (G-, —(0,+:-1,--,0 3
q{qf“go,u“:l...,n)_’ O D\
q1+"'+qn:1

2ANEHBAFNT —L

STRYIRER - -
- TLAN—ADRIIkE pERMEL T HIGBA
minE(p,q) —> v, =maxminE(p,q)
d Pooa

. FLAv—BORIKE
maxE(p,q) ——> V2 =Minmax E(p.a)
P

q EZRAELTHFRRRND

* Proposition2

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

v\

2ANEBAFNT —L

SRV IREH
¢ Theorem3

[ J. von Neumann, 1928 ]
—

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

Ffe, ChERIIEE2HBOM (p*, ) EHER &L,

ol 13514 BB V(A) £ — A DIEELS.
V(A)=p* AgF=) > a,pa; | mmaicsts

=1 j=1

B RE A\ Bl
¢ Theorem4 - Sanw

B O (p*, g°) B A THEEODOBE+H B,
(p*, g*) A\BEH E(p, q) DEATHDHZ L. HIS,
vp,q, E(p,g*) <E(p*,q*)< E(p*,q) v\

PERIL T B L. | sraom. Ayt s0sHERA
A OB, Bliq =T BOAEKEN

Confidential 15
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SRV IRER
¢ Theorem5
V(A) BT —LDIE, (p*, g*) BB R THEIHDRBE
+H&EEIE
Vi, j, E(s,,0%) <E(p*,q%) <E(p*.Sg)
AN AV A R I

Vi=1---m, Y a,q; <E(p*,q¥)
=1
Vj:]-,"',n, E(p*yq*)szaupi*
- v N\

2006/10/28-

2ANEHBAFNT —L

STIVIARAEE

E
* E le4 gl
xamp'e 9 % Gz 94 Qs |
ANB| sp, | S, | Spy | Sp, | Sbs i \
Pl sy | 21152 | 3= \))\(
Pol spp | D124 11201 o N
Sas 4 1 3 2| -1 4
E(vaBI):_2p1+5p2:_7p1+5 3—10—00—
FE(fnhec Y——n 1+2n —_2An 1.2 2
=\Mr¥B,/ F1 & P2 A S
E(pfsaz):2p1+4p2:_2p1+4 4 3
E(p.Ss,) =3p, —p, =4p, -1 P=(G.2.0)
Efnc Y=2n

CAPi 9, ) =91

2ANEBAFNT —L

=YV IRER
* Example5: —f.}%d)z X 247 — L\
1

9%

ANGB | s 5 BRAFETNIEZNAHER.
B1 | °Bp @ BN, BEERKEEZD,
p a a COEE, T E(psg,) EE(PS,) K
1 Sa1 | % | G U E(sp, 0) & E(5,,0) 133 AERD.

Pl sp, | @ | 8

E(p, saj) =3y, P, +3;, P,

. 71:.1§ﬁ 2o, E(p,sgz)=a12p1+azzp2
G-yt B E(s,0)a,0, 2.0
- — — — A 1% a0,
Ay 8y +ay —a, 8y —ay+tay,—a, E(S%q) =a,,0, +a,0,
@.9;) :( 2t Pt '
Q=8 8y —8y Ay~ Ty =8y / \

Confidential
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EHE 3!

TLAV—ADFBRVUTORTERLND T —LEEZS.
TLAv—A, BAZTA T EENRAREICE SO THIRIRE
E9HE T—LDREIEIGEMN?

() [aANB Sp, | Sm, ) [ANB Sp, | Spy
Say 4 -2 s
Sa, | 3 3 sa, | -1 5

2006/10/28-

2ANEHBAFNT —L
2ABMT —LERBETEE
« TLAV—ADFIBTHILREHM p
Pojay &, &,

Py|@y 8y Ay FLHBE...
R max. u
Pl @m  8nz i v 8y M )
st. Zaijpizu (i=1--n)
S (=
>u Zpizl

~ .
T p20 (i=1-m)

& m
E(pxsﬁ):zlzlauﬁ
.E(p,SBz) :ZLaiz Pi

: N .
E(p.sg) = ziﬂain pi 2u

> max.u v \

2ANEBAFNT —L

2ANBM T —LERT R EE
. 7°|/4)('—B0)$l_l_1%1g§utiﬁ@ﬁﬁlﬂ% q

1 m
31'1 a, Ty,
A, e FEHBE...
YA : min.w
8w 8wz v B N ;
Wiy 4 st 230, <w (i=1-m)
E(s, Q=2 120 <w S
> —n
E(SAZ,Q) =-ijla2jqj <w qu =1
: =
ko 1 —
E(s,\“,q):zrjnzlam]q]sw quo (j=1---,n)

—> min. w v\
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2N ATBNT — L
2ANEBHY — L EfEReHE &
FLAY—ADREE (P) FLAY—BORE (D)

max.u min.w
st. zaijpizu (j=1---,n) st Zaijqj§W (i=1---,m)
i=1 =1

Zl:pi:]- Zlqj:]'
i= . =

piz0 (i=1--,m) 9,20 (j=L1--,n)
¢ Theorem6

(P), (D) DEEAEH (p*, u*), (g%, w*) DEE, (p*, q*)
NT—LOHERTHY, vi= u*=whHS —LDETHD

2006/10/28-

2ANEHBAFNT —L

2ANBNT—LERR T EE
* Example6: Lo AlTA

AN\B ?‘@f &= é)@ min | max

@ | o277
20 4| 2| -2

SR 7 4]0 4 TRLIUBR

max | 7 2 4 —2=v, =maxmina;
I ]
X
2=v, =minmaxa;
.
MILAv—&b, REHIEIEFEELAL.
HERERRE TIES = w O R M R IFFFAELALY.

min 2

Pl & |0
DNERS — L LT R B o Pl ats
* Example6: Lo ATA P BR | 7

max.u min.w

st.  —2p,+7p;2u st 20, -70; <w
2p, —4p,>u -2q, +4g,<w

—7p,+4p, >u 70, —4q, <w
P, +p, +p,=1 G +0, +Q;=1
P, Py P20 G G 0320

B2 WxtR et EERE
self-dual P

Ob‘\]‘%

(PL, P2*, P3)=(0:338462, 0153846, 0307692), U*=0
(@,*, 0,*, 05%)=(0.538462, 0.153846, 0.307692), wr=(
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HE4:

BESES—L

TLA¥Y—A,BIELI0AEEERITCR-BEOHHEERICLoTH
LATERODYS—LEEZD. MALER, HAVEEALLEMNTRZDA
DEEHEL, BIZAIZI00MAZEXILS. HI2ROBEEDH-EIESHEIEB
DL EL, AIZBIZI00MEXILS. COF—LDEKESEEMN? HEH
AREOHATERE L

WG T TS — L

2RKEBEA—D—A#LEBRIE, B ARVEZRFELTNS. TIHETYLT
ZVITLOFEZFHI>TL . BRTIE, LWIFhE2005 TRFELTULSA, &
HOBEELT, ThENMEEEEZBEUMNM0%E1ZI1LETE20DH5.

o BRELMBRBUIBEOMAED, ADGO0EM T, BA400{EM,

o APMBREE, BA0%EIEFE, AD300EMAT, BAT00EM,

o ADM0%3BIE, BAMBZBELIEE, ADMS0BAT, BASS50fEM, \

o W EL10%EIETRTET HE, ALT00EAT, BA00MEM /
NEAFEND. TNTNORBEHIR(EESLEM?

2006/10/28-

SE X

S.J. Brams & A.D. Taylor, *"Fair Division”, Cambridge Univ. Press (1996)
IR B A — LB AP 13 37 H Rk (1981,2003 (r2kR) )
AN BT —LIBH I TNEEE (1994)

BEEMT— LERIAER (1996)

SEETR ST E % | B RHB0E (1987)

B R-REEk-AAREE 7 — LB THEEEM (2000)
Rkl 7— LEmAM B AZFHFEL (2001)
ERANT— LB/ —=2 7 1D AEH AR (2003)
SHER-FMAEFs[/—LBROGAIHEEZE (2005)
R.79t)bI:l‘yFF’J%EL\ﬁo)ﬂ?JE*IL’??%E(yQS\)
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