2TV

n rt Studi

BRI BIRETILOFEMA
R TXKFE
f@ H K

fukuda@plan.cv.titech.ac.jp



%"E&J;’#R%-r)w&ﬂé
II D EFFRIGEE

- HEEE T ETEE T (XA

AR EES

— BREER2030FELLI-1EET (R 18
— 82, BETILRAZIME, oW,

REFDAT/A2RER DM A ERRE
—~EEFRMES (e - miEkE-EH HEVRTL)

19

o HIRHETHE

s25) VK 1E

ek & (B Rt 5 BE )

- SMICKAREYMETO—TREZTE

— YT —IOWG

(FRA - - Pl )G St £ - 1B HE

EHEEED

ZLF)



o /| 5 M- g
T ZEHDEREE Al
AN B8FE Tk 18 T A
1972 1985 2000 2015
R E1SE BERETS EBERE18E RE
NIPWASE:Y] BE-EE BEN-BFE-FAE- BEN-BE-FAE X7
EHFDAR D IREFIRNIZLSL=
ARHOHETREERL
F R = 65F K- LA EIZR &
LTRSS EH
T BEZE IR ER S UL _E T,
FYHIMNLERTE
48 £itnovk FEEEHDTUYE EEFHODYE FEEEHOTYE
EERIEIR AR KRB EEEHDOT YR BEi7aoEyk BEi7oEyk
BRBRBIRER FERBOHS LH FREmR, &8, LH FRERERE, EA, ;ggffﬁ%aﬁ;ﬁ'gfégﬁﬁ
RIBEH R LR, B BR, REKEREBER,
AE FREESRI, B MIEAE e DI, AR
AE EiEP FEl,
ﬁﬁﬁﬁ% AT HyperpathB AIZ K5 21T
LOS BHEERREOMEL
TETIERX TET I AR ER- REREREEMIEIZDE A
BEREER BEERETILEA

M EET MRS AR



YE R

W HRZER T — 2D IR 2K EE

INEE #96000& ZHE5E) INE $92000& ZXE5E)

T—EEW I YF Y

EERT —

RYTIVF T

O R H#ED <y FJ FER M

OEHHFA—H—T—EEEINT | OFEDEEZEEDALLN 5—
B LTHEESRT DR #HKEE

HE - RERT—IDIWNEFE

QME < DEEATICHAERH 2KE
TO—JHEERERE

HaREUR T - 5N $92805 R E)

RYTIVF Y

O#MHTRERD VYT aR M

L Sl

. T R 2 T M SV
— 1 BEET 207y Fo R LR i‘L f

— R0y F R L
1053 M T — 5Dy F> 5 152 el ﬁ[ .

NSy -
S A AN
SIS 4
)] ’. Ly A‘ C F5% 7 T !‘ ' y

SR I T Py
iy = v VY 1 A

Y

- EESTHEERERE AT — WG



EEERETILOBERESR

- BERRTESE (IR1TE)
— ~)w 7 BB (e iE)
—BEHRDAFHE B R or EH]
s BERRTEIL—I
- /NEREE or U LB or TDth
— BRFAAZ T FE R or FHHi
o« EIRAX
— FIRE B DT A or EHATR
— B "Link-Additive” or “Non Link-Additive”

5

T




EIRFRESIZEBLT-
R EERIIZD Two Camps”

c E1Xxv T
— RERP/IERRBHTOHN, BRIIEIRESZ
BRMIZEOHS 7 IO—F

* F2¥x v
- Dial (1971) #EX LS 5, BIRKILZED

PIEE (REERKES) ZREELGND
F77a—F



FT1xyvJ

o RTEMIIRIRESTERK
— K& B =R ERIER Eppstein (1998)
— SR 5% Ben-Akiva et al. (1984)
— 2 PRE % Hoogendoorn-Lanser (2005)

« ERMMIBRESER
— Implicit Availability Perception: Cascetta and
Papola (2001)
— EBIREY TS  Freginger et al. (2009)
— R X777 0O—F:Flotterod and Bierlaire (2013)



EREY T D

Freginger et al. (2009)
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Flotterod and Bierlaire (2013)
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Fig. 1. “Rubber band”-like variation of a path.
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Metropolis-Hastings7ZJL3 ) X L (Hastings, 1970):

AREM Sickake | CORERERMITLATIMEE (b))
BEDEE, UTOTILIY X Ls:

1. #WHAME i &R, k=0 &&HL

2. ROME i DIRFEERENE (Y, D SRESHE,
b(j) q(j,i")

b(i*) g(i®, )’ CEET D
3. 0.1 EDO—RELE u Z2RESE, RAICEDEFHFHI S :

a(i®, j) = min{

i(k+1)

F0HD) J if u<a@®, )
if u>a@®,j)

4 AT 7T kZ k+1 &UT, 2. ICR%

ZBNT, —ERTYTRBLTLUBRD OEMRIIE KROTZWLDUEED)
HERDMDODEREBEAGTT ENTES.

12



NAXT7TA—F

M-H Algorithm for Path Sampling (Flotterod and Bierlaire, (2013):

1. Set iteration counter k = 0.
2. Select arbitrary initial state i=(TI", a, b, c). For instance,
(a) let I'* be the shortest path;
(b) draw (a, b, ¢)* uniformly with 1 < a®<b* < c* < |I'¥.
3. Repeat beyond stationarity:
(a) If I'* is spliceable, do with probability Ppiice:
(i) Draw candidate state j with a SPLICE operation

Otherwise (I'* is not spliceable or event with probability Ppiice did not occur)
(i) draw candidate state j with a SHUFFLE operation

b) Compute transition probabilities q(i¥, j) and q(j, i¥)

c) Compute acceptance probability o(i¥,j) = min (%, 1).
d) With probability a(i%, j), let i**! = j; else, let i**! = i¥,

e) Increase k by one.

(
(
(
(
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T BBOSAIL, | REBEERT S/ —FOH,

a, b, chEl/—FDEE—> 1<a<b<cg |l

- FXOHRIL, a, b, ¢ HEUSZEASHEHITHEY (L58E)

o DFMNE—FYrHIAMIHEY. SOTIE, BRI o(I")
MNARELEBISENTIEBENISER T HERE T

2. RENf g DEXE
 labeled SPLICE and SHUFFLE (B&) &LVS, —Z DD EEIZCLYETE
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r=r > a=dandc=c > b=b»b

N N N

The nodes have changed, The nodes have not changed but The chance of b was possible Nothing has changed.

which can only have happened a or ¢ have, so a SHUFFLE must through either a SHUFFLE or a

through a SPLICE. have occurred. SPLICE.

Y Y
I" is spliceable I is spliceable
Y Y
Y Y Y Y
. N _p o
Q(iv i/) = Psplice : Pinsert(V) q(l, ! ) » q(i, i/) = Pshuffle (a/, b/, c | i) q(L ! ) N Pspllce Pmsert(v) + self—loop

(1_Psplice) - Pshuine (@, b, ¢’ | 1)

(1_Psplice> «Phume (@', b, " | 1)

A SHUFFLE was possible, hence
the SPLICE occurred with
probability Pgpjice. The inser-
tion node v = (I'")~1(b)
was selected with probability
Pinsert (V).

A SPLICE was possible, hence
the SHUFFLE occurred with
probability 1 — Pgpjjce-

No SPLICE was possible, hence
the SHUFFLE occurred with
probability one.

Both a SPLICE and a SHUF-
FLE were possible, a SPLICE
with probability Pgpjice, and a
SHUFFLE otherwise. Given a
SPLICE, the insertion node v =
(My~1(p’) was selected with
probability Pipsert (V).

The proposal probability does
not need to be defined because
it cancels out in (5).
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GEV-NetworkM &L
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GEV-NetworkM gL
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Choice Network
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Spiess & Florian (1988) 7JL31) X Lk E&

1. Optimal StrategyDIEZE
» B/ —FDBFE/—FICANM TR/ IZER
(DijkstraiEZIZEL=FIE)

. B/ *’CO)ﬁB R AN ERARARA MK Y EKRELZEDHETY
/7’E7< = '»ij[l

2. Network Loading

» Fonr=Optimal hyperpathlZF| AR 047 D & #k
[ZLEBIL TR ZBEC 7

I

Dial 7 LT X LIFTEANSIEZI NS IELSRREITE DL
T, Efficient Po’rhs’EImPhClﬂ ZHER. —7A, Spiess &
Florian7 L3 1) X Lld, TOptimal S’rrc’regyd)#ﬂi 2E
O%Hyperpo’rh(%"Ft%ﬁ)’élmphcm A R
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HyperpathB i EIRET )L

Florian and Constantin (2012)

t=25 wv=50

Line Headway
Lire1 =msm 12 min

Line 2 12 min
t=7 v=50 Line3 == 30 min
" t=6 v=50 Line4 mmmm 6 min

t=4 v=0 t=4 v=8.33

- Optimal Strategy [2&5ODME D EAFF R/ MRITEM 1£27.75 7

t=25 v=0

Line Headway
Line1 =ssm 12 min

t=15 v=100

Line 2 12 min

Line3 = 30 min

=7 v=0 \ Line4 memm 6 min
t=4 t=4 v=0 Line 5 10 min

« TS U+Line 51D EAFHRIRITIEREX6+15+10/2=26%
DFY, [COEMEERZ(TZF AT 5150 0ptimal StrategylZ? ?
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HyperpathZ #F iR E iR €
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wab1”%

Florian and Constantin (2012)

Z D L5% “extremal property” A%, Spiess & FlorionEF )L

IZIEAEL, REOREFITEIEDTEEEZL=LLES.

Z T, MNLEZE(CXY R EEE DB TO B AESN L ERTE

35, 9HE —BHDOEESOERMERT:

exp(—0 x 27.75)/(exp(—0 x 26) + exp(—0 x 27.75)) = 0.458.
=1L,

1=25 v=2282

: 6 min walk t=15 v=54.36

t=7 /
v=22.82 t=6 v=22.82 t=10 v=19.01
t=4 v=0 t=4 v=3.81

Line 1
Line 2
Line 3
Line 4

Line 5

Line Headway

12 min

12 min

—_— 30 min

6 min

10 min

o COEE, HATFRITERE26.80&73Y, 267 KYHBEEL TIFERELVAY,

HE(EWA—N\I—2UNELNTLNS

0=0.1
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Florian meets McFadden ?

 Nguyen et al. (1998):
DialE M Sequential logitE®T ILEHyperpathET L

| — S A\ .
\Fﬂ /= .

» Florian and Constantin (2012):
SV OEEZELI-EElogitETILEEALT:
HyperpathB AR BERE S ETIL

 Ma & Fukuda (Works in progress) :
IAIZ® g B1=8, Strategy ChoicelZNetwork-
GEV#E&EZE A L=Hyperpath®! (1) X & [a]E# 14 M %
BI5)BEERETIV

— Bell (2009), Bell et al. (2012)I=& % "Hyperstar ' @RIz, &
BB ICH T A (a8 B $F R EFE A~ L E A A AE
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Road Map from Previous Studies
“O This STU dy Optimal strategy hyperpath

proportional to fregency

( M q & F U |<U d q ) (Spiess and Florian, 1989)
, y
Efficient paths Optimal strategy hyperpath
segential logit > segential logit
(Dial, 1971) (Nguyen et al. 1998)
Eﬁ'?fgtErﬁthS Optimal strategy hyperpath
(Hara and Akamatsu, 2012; - N-GEV
(this paper)

Papola and Marzano, 2013)




HP-Based N-GEV Model

Ma & Fukuda (Works in progress)

1. Generalized link utility :

2. A possible definition of node utility:

ey

GEVI&

Independent
decisions at decision
nodes

“Uncertain utility 2 p y
(AR E)" a fi.
— K H,
- | H]|

3. Find the opfimal strateqgy:

pessimists (risk-
averse travelers)

Expected total
travel time by

al A I

‘| i . ,

i ioe 1 Ii=s Node choice

0 o) ! P robability is

| - = = P Y

i a Pall a Pa|z : +1 it i=r shared by its

i A al 4 i 0 othewise | connected links
S.L 1

i

.I. 11 o 1 25

TP, =P, *p il Tand" al

| Orlgln and destination

| P; =1 il {r, S}% are certainly used




HP-Based N-GEV Model

+ G #EINGHFYRT—IDLAL N IZBIFBY 070, DCEHET .

« ZEE IDRIDLRILTD) a0, DEZLNT-FDa, DEIREES
RDEIIRETS:

qa 1 T
P « @)%, al H
an|an_1 ) a, i
R —JL(RRR) 785 A—4

T a4y —32 I\ A—4

- CEA#OBRMEICKY, RXHAKYILD

ay qan qan+l qan

Gan B a an ’an+1 >(Gan+1)

a | H'
g, 1q,
a G
— — an 1,an a
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HP-Ba

sed N-GEV Model

BHAHZ, BEERERZEN T 5L, FEMNIN-GEVETILIZHS:

Po, =P F By B, Pe= 1L E
0 /6
04 .G 9 Ap-1
an_l,an a

an Eérs a . G Bkn /ekn—l
k, .k, k

« —MRIENILTUAREXZALV=StrategyDETE L AT RE

0 ifi=s

max(V, +V) ifigrl"
aeA;r

max[V+Z PV +V, )] ifiel”

keH'

{BL, 7Oy — /zu/\w( B, RT—LINTGA=RD@EYLERTE A EN
HWNEMNRDOHMSELY. | .
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