2017 #IEREHF
S & %1 @
HAF R, xFEIREIRE

RS
iJIIlI HJI::II%Z

ERTERS BETER A5
shioura.a.aa@m.titech.ac.jp

http://www.soc.titech.ac.jp/~shioura/teaching



_DFHEZEDHBY

X B EFIZFS
(BEFOHEETILEZEY, BRI 57 E)
ORBRF-RBREIFICHEIIDOEIEZZES

ENUR=17N: 1] ul = SR

* it BN S B R - R E R T K O S REZE T
 RFETIE, EfAEIMTZ1F TS, BERRRIGEI O !

IREDEIEFEE, 7ILTVX LzERHA

RFF-RELFEOENYZREN




SHOFE

° H%%E%Fnﬁ%ﬁ

c BERERTYFUSRE 7H 7_E! (E)HT=YIZ
c BREATYFUS S o el E B

= ] B‘Lﬁ#’&

° Bill\éiﬁ*ﬁﬁwﬁ *&)é

- BIRAL S [EIRE

¢ H%j(/ﬁlanﬁ%ﬁ

- ix/NE& AT EE

« Ty THy R EE Mﬁ#’i’
e MEIt—I)IL AT RRE

8H EA]IC
« Bf DX RE R HR R s B

s BREIYFUUHEE K&HD
BEVF T REDLE




SEDEDT

c BEIDFREDFTIN
AIEREDLR—FDEHRDEE D

s LIR—MIIREPICEHEBTERRAR, 1B

s LIR—MRHFEH TGS, £5.
cAREDHBENTTETETLRILIDT, GTHARGRHT H2L

/7€_|‘F|:ﬁEL0)'CjEE

HLTEHWET

IZEERIFOCWIZEZET (OCW-iTIEALY)
cBRILI=WMEEIE, 212, A—)L(BBEGERM)
F-THEE (EITRHEICEETARIEE)IZT



D% ={OES i apr

- hfE50m + AR50 M + LAR—FDIZH KR 20~30=
= 100 R TTHHY

c EARTIRUTIEIAER
c PRGBS IUVHRABRDODE XN ELTELEE
s FNFENS0RE R
26 LI LB
25 UITIXRBIFEE




EORELVE

KO D

- *H?;If.lAI:Jl;' i SHRE N - o
"%R 75\ ) R AZA. @uEhiErR 4w i B D
i HEGLS N an W %
A3 V4 > O BF :
/-E_, é = i—c:o) /,[:_’ slr 2 - =HET1
o i ox ==l
AR E TE e
LT .‘IJ: E
K= o ity
- 3 % =t .
» — el 715
PUIT7EEOT ox = 2
: s W ?.
_ . L
t7T }l/“:' L %%
I
AT T o @
dr—ILHUE I ol oo
il 8
X @Le. 8 &
— == BT 11\ B x
HTER DR R (o 7757 8 =y
- o '3 e Tg e T
(FZEEE) 2525 23 .
o e B s
B t=ht D%HS\ 2 =, .-‘:.-
AR %ﬂﬂz ﬁmg ; ﬂym?ﬁh . ﬁjfuﬁ.: E Ve ““_ i | EE % -%“ﬁ
L E=S| T BABE—T 3 =@ v (il S8
smars | O T fiseil— - B o xmﬂ’L?ﬁl?\m |l =



757

xEBRETHFRICRIRIT H-OITFED

T 7 77=TH1ZMEFITHALIH]
cTER=T31, &=T#]

520 H

+ RAER®D

» BREERER

y

¥|,

1 R

. HEE, KR

X

5
“H
jn

BRI Z7: #IC
1757 KD

AEDFLN=T57

AEDFNTLNENT 57

|




727
BT MR S RIS B 1001

s EE:VI77=THIZIRITHALTR]
cTER=T31, &=T#]

XEFMIZIE, 3576 = (V,E)IX
CIEADESVEEHRDERE DR ELTERIA
ZR(u,v) eEIXIERD (EF) EL TR
FERDIUSITDIGE,
TARTHDIERDESRV ={s,a,b,c,d}
TRTOREDESRE ={(s,a),(a,b),(b,a),(bd),..}




i & BT IS

* 1% (A5) (path, /N A) =BREDRN1DIZDEA =1 D

B \ﬁ Y HOMESRSTHED

C CHIFETHLY
E ® @\é@

BMELEER: BROI (uy, v1), (Uy, v3), ..., (Ug, Vi)
=1L vy = Uy, Uy = Uz, o, Vpq = Uy

 FARE (cycle, A UIL) =B DEN1 DDERFIZHEST-£D

Aﬁ%fd:E% : *ﬁo)gu (ul) vl); (uZ) vZ); L) (uk) vk)

==L vy = uy, vy = Uz, v, Vpq = Ug
UV = U

B




10

($ yﬁ:ﬁé% m \)H_%_Ll.i'—%ﬁzﬁ

* AN BRI 57 G=(V, E) ﬁ%%%\i? .
ZEHDES (e) (e €E), IBR sEV S0k
cHA:sHhD ITRTODIEAR VvADTREEPV)EFDESI(V)
(s D & FE B P*
- SHBVADEDSE, KOEEOH L(PHBENDHED)
/lalffﬁ’éﬁ:)ﬂii: h
sHORIESR v ADBNEE
(FELZWMGEIE
F (s, v)"é\;ﬂéb\%gﬁ:@%&)
1r
" p
[,zn &%, FLTEA, \
SR E AT LA




FEET HRRE: V77D EMARDRE

s AS1: BRIV ST G=(V, E)
BHDES £(e) (e €E)
A USTICERBRN FETDIFLFINFELGEWNDOER
FHETHEEIE, BFREXRDS
(BFAIE = FARDOB, HORIDINEDELD)




It 8

5 mE DfEE

H(FRER, =%&l)

FEHFLNDPEZH>EHMELT, #IFHZ&(FTgEMN ?
AN %EOD:_E(JPY EUR, USD, GBP7Z &)
EmEBL—k(QUSD=120JPYZ:E)

ELC

from\to | 100JPY | EUR UusD

100JPY 1 0.76 @ 0.82
EUR | 1.3 1 1.1
usb | 1.2 0.9 1
GBP | 1.8 1.4 1.5

GBP

0.55
0.70

i 77 5.51%15@Bﬁ%ﬁbd‘ﬁ%?ﬁ;‘fliﬁﬁd‘éh\'?

100 JPY
—0.76 EUR
—->076x1.1 USD
—20.76x1.1x1.2
=100.32 JPY

0.65



FET\FH L T ﬁ%wlﬁ (%JL%)

Jo57%E->TRIA
BEXNOBEEYNDWEEB 8 (XY)

MEL—bk = XY DEH
FEEDNEILE =FARICEENOIHDEADIE
_ N
(/VJPY USD ;0)1IE>169$§E157]D
>0.76 EUR [
>076x1.1 USD ﬁiﬁb—c’i
[EADE>1€D>
YL DEIIZTH
(E>k: logab

SDTNDREICRAMBDHE T >
100 JPY HBEDEAEESIC)
—20.76x1.1x1.2 s s
@’R »GBP)  =100.32 JPY| o PHAEIL
K =Ioga+|ogb)/




FET O ETFAFAR

c AN n{EDE p, vy, ..., 0, DDED, ROEDAFFERR
pi —Pj = aij, PBi<pi<Yi
A FFEXRICENHLIFETENVDER
GHETHESL BERDHD

B (K451
p—p1 =1 p3—p1 =<1, a2 45 L
26 L)
P3s— P2 <3, ps—py <5, iy
=gt D G0 - 01




WA 7AavIOMNRro a0

cEDOMNDIEE i=1,2,.., n HhoE5T7A0 Ik (§l: HEE
D IEE 1, EZEDIEXE n
« Z1EXE | OBFMREME s;, R TER (T 5HI5

s 30)

es; =0,t, <D (FADH+DEAKRE T EREIZEET 5H159)

osz=sa (BAEZDIMEER - T 5 H4)
t >=< f; HEEDRTIZEET Z41#)

s HlfVE AT R a—ILIXFETHM?

cTFHETHELIE, BRTEMZR/INNDAT 12— )LERHT=LY



AEKDETR



RV TA—RKDT7ILTYX L ’

(R. Bellman(1958), L. Ford, Jr.(1956))
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(R. Bellman(1958), L. Ford, Jr.(1956))
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