194

% 54 B AFFEAMAEERS -

Jdodoooododoooooot
Jotbooboogbotdbotoboboodgbdn

D0 oo looooo?

0000000000000 00000000000000000000000 152-8552000000 2-12-1-M1-110
E-mail: n.kaneko@plan.cv titech.ac.jp
D000000000000000000000000000000000 152-8552000000 2-12-1-M1-110
E-mail: fukuda@plan.cv.titech.ac.jp

goooooooobooooboobooboobooboooboooooooooboobDOoobboobObobbOobDDbDo
oobooooooooooOoooboooobooooocoobooooooobobooboboobboooboooboOooooonn
uoboooobooooboooboobooobOOoOobOboUobOoUobboUOobOOobboOobObOOobobOobobOoboboOoDn
0000000000000 00000000000Recursive Logit: RLO O 0 OO Fosgerau et al. (2013) O
oooooOO0O0O0ORLOOOOO0OO0OO0O0O0O0O0O0O0O0OOODOOOOOOODODODODODDOOOOOOOOO0O
obooooboooobooboooboooobooboooboooobooboobooobooobboOoboboobobooboboooboOoooOooDn
gooooOoOopooOoOOOOOOOO00O0OO0OO0ORLOOOOO0OODOOOOOODOOOOOODDOOOOOO

AR

ooboooobooooboooooooooo

Key Words: recurcive logit (RL) model, link-based route choice model, probe data, sparse-matrix inversion

1. 0000

gooboobooooobobooooooooooooo
gbobOobOoooooobooboboboooooo
obobobooooooobobobobooboooo
oooooboobooboobooobooooooooo
gboboboooooobobobobooboooo
O000O000O0000000C0O0O00ETC20000O
goboooooobooooobooboooobooogo
028040 ~O00000DO0O0O00O0O0OODDOODOO
gboboboooboooboobobobobooooo
oboboboboooooboobobooboooooo
oboboboobooooobobobooogoooo
boboboboboooooboobobooboooo
gbooobOobooooobooog

0000000000000 OoOoOoOoOoOoDoOD
00000O0OD0OO0OO0O0OD0OO0ODODOOO0O0000000
0000000 O0OO0O0OO0OO0OO0OD0D0ODODOOO0OO0O000O0
000000000 0O0D0D0DO0O0O00000000
0000000000000 O0O0000000000
0000000000000 DOO0O@)00oDoo
0000000000 000000 Frejinger et al. VO
00@)0D00000000000000000O000
000000000 D0OD0O0OD0OD0ODODOO00000000
0000000000002 00000000000
ooooooooodoooo0oooYo0000000

00000000 0O0O0O0O0D0D0D0D0O0O00000o
0o0®0000000000000000D000
00000000 O0OO0OOOO0ODDODODOOO0OO0O0O0O0O
0000000000000 ®00000ooooono
00”7000000000000%00000000
00000000OO0OO0O0OD0ODDDODOO0OOO0O0000o
00000000 O0OO0OO0OOD0OD0OO0OD0ODODODOO0O0O0O0
00000000D0000000000 Feasible OO
0000000000 0O0O0OD0D0DDDO0O0O00o0o
00O0O0O00OD0O0O0O0OD0OD0ODODDOO0OO0OO0OO000000
0000000000 O0OO0OO0OD0DD0ODOOO0OO0O0o0o0o
00000000000 O0OO0O0OO0O0D0O0O00000O0
0o0o00D0000DoOoDoOoo

000000000 Fosgerauetal.”? 0000000
0oooYoooooOoO0O0000O0O0000000
gooodoooooooooooboobbobobbbbo
Oo0O000000000000000Recursive Logit:
RLOOOOOOOOOOOOOOOOOORLOOOO
0000dooooooooogoooooooooo
gooooooooooooobobbbobbbbo
oooooooooooooOoooooooooon
000000000 (unrestricted) 000000000
gooooooooooooobobbbobbbbo
goooooooooooooooboobbbbn
ooooooooo

obooooooooooobooboboboooon

1399



000000000 0O000D0D0D0D0D0000000
0000000000000 DO0OO0O0000000O0
OETC2000000000000000000O0DO0O0
O0OD00OORLODOOODOOOOODOOODOOO
00000000 00000D0D0000000000
000000000000 000D000000000O
0000000000000 0000D000DO0O0DO
00000000000000000000D000D00
0000000000 0O0ORLOOOOOOOOOO
000000000000 D000D00D0000O00DO
000O0O0O0D0OO0OO0OO0OD0OO0OO0ODODODODOOOO0OO000O0
O0ODORLOOOODOOOOOOOODOOOOOO
0000000 xODODO00O0OO0ODO0OO000ooDoo
000000000000 0000D000D0000DO
000000 0OO0OD0O0O0OD0ODODDOO0OO0OO0000000
000000000 000000000000000
000000000 00OD0DDD0OO0O0OO000000O0
goooooooooo o

oooooboooooobooooboogooRrRLOO
gboboboooooobobobobooboooo
gbobOobooboooooboobooboboooooo
goboooboboodabobooobbooboboaon
gbooobooboobgooboboon

2. RLOOOODOO

0000 0Fosgerauetal.”? 000 OOORLOOO
0oO0o0000000o000oO0oooooo

O-1RLOOOOCOOOOO0OO0OO0O0O0O0O

1 Fosgerauetal.? 00 Maietal.') 000000 ODO0O0O0O0O
000000000000000000000 745900000
307700000 RLOOOOO Nested-RLOOOODOOOOO
00000000000000000000000000000
0O0Matlab0 0000000000 000000000000O
00000000000000PCO000O0OOOOOOO
0000000000000000000000000000
00000000000000000000000000

% 54 B AFEAMAREKRS - BRE

(1) OO0oooog
00000000000 00-1000000000
000000 G=(A,v)00000

v:000000
A:000000 kaeA
A(k):kD00D0D0OO0ODO

00000000000 i(i<1)0000 kiyp € A(k;)
00000000000000000 (ko ki, ... k1) O
000000000000000000000000
00 v,(alk)0000000 (ke)DOOO0O00O0O0O
0000000000000000000 80000
0000000 x,,00000000m 00000
0000000000 (1)0000000000000

on(alk) = v(xpyq0: ) <0 @)

0000000000000 00000DoDOooo
000000000000000000000000
0000000000000 0000000000O0
0000000000000kOO0OO«DO kOOOO
gooooooooooo

O0RLOOOOOO4OO0D0O000O0OOODOO
000000000000 0000DO00ooDoDoo
000-100000000000000000000
kODODOODOO0OO0OO0O0 o(dk) =0000000
0000000000000 00000D000O0Oo
0oooooo A=AUdoOoO

000 k0000000000000000 A(k)O
000000 «00000000000000000
000000000000000000000000
000000o0o0oo0oo0o0o00oooooooo

uy(alk) = vn(alk) + pen(a) )

O00e,(a)0 IDO0ODOODOOOOODOOOOO0O0O
00 pw0D00000D00000D0000000000
oooooooooooo@P¥gooooooooo
O0000000000kOOOD0OOO00000 &,(a)0
acAk)DD0D0D0O0DO0DOODDOODO0
00000000 0000000000D000000 a
0000000000000 00000DooooOo
0000000000000 0000DDooooo
00000000 «000000000000000
0oOo0OD0DD0DO00OoOooooY¥oooooooooo

Vit (k) = E[ max (vu(alk) + Vi (a) + pen(a))]  (3)

acA(k)
Vke A

00000000 kODOOOOUOO«O0O0OOOOOO
oooooooobooooooboooooobooooon

1400



gooooooooobbbbbooooooooood
exp( v (alk) + Vi (a ))
Eweaexp (Loa(@]k) + Vi(a) )

Pi(alk) = (4)

2 oDoooooo

gbobobooooooboobooboobobabd
gobooobobooobbooobooobooon
gooooobooog.

HIn Lge a 0(alk) exp (Loa(alk) + Vil (a))

Vke ADOO
vi=g ) (5)
0
(k=d00O0O)
000 éak)00ac A(k)DODOD 10000000

coo0oooOoooOooOoOooooboOooo
gboboboobooooooobooboobooboan

oboooboooooooboooooboooooobooo M

oo M, 00DOO00ooooboooboooooooon

5(alk) exp (%vn(oﬂk)) (a€A)

0 (otherwise )

M, = (6)
O0O0MOOOOOOOOOOOOOOOOOoO0oOoa
O0oo0ooooooooon

z=Mz+bs (I-M)z=0» (7)

000 L(|A|x |A))DODODOOOM: (JA|x |A])DD
00000000000000000: (JA|x 1)00
Dzw:ap@V&DDDDDDDDDDhﬂmx1)
000 by = 0(if k # d),by = 000000000
000000 I-MOO0000000000000
Hawkins-Simon 000 0000000V(k)ODOODO
00000000000000

3 000000

000000000000000000000000
D00000000 000000000 oy = {k'},
D0000000000K 000000 K =d00
0000000000000000000

I,—1

HPhHW> ®)

gooooooog
:Iﬁlexpl(

i=0 14

1 I"—1
= exp (—V (ko) ) H exp ( 1+1|k;‘1)>
)

(ki ki) + V(ki) = VI(K))

% 54 B AFEAMAREKRS - BRE

000 v(e") = X, vkl k) 0D000000
(9)0000000000000000000

exp ( (‘Tn))

Z(Un )GQGXP (v(an))
ooooDQUoUOo0ooUOooooooooOooDoooDooon
0d00000o00ooooooooooooooooo
000000oo0oOo0OoORLOOODODOODOOOO
do0doooooUooooboOooDooooooooo
JoodooDodooooooDoooooooo

P(c") = (10)

@ 0000000000000
00n=1,..,NOOOOOou(n=1,..,N)00O0O
000000000000000000000000
0000000000

LL 1 Nl P
mEX n(B) = anl n P(cy; B)
1 N I"—1
= ;{ ;) vk [K7) V(kg>}
(11)

0O()ooooooooooooooooooooo
oooboooooobooooobboooobooooo
gboboooboooooboobobobooooooon
gobooooooobooooboooooooooon
obbDOxooboooooobooooboooobooo
ooooMOobooooooI-MOOooooooo
gbooooooooooobobobooooooon
obooooboobobooboobobooooooobaon
gogoboboobooooobobobooboooooo
gboobooboooobobooooobooog

3. uggooogd

(1) oDooooo
oooooosSoo0ooooooooooooDo
00020140 100 ~11000000000000O0
oboooooooboobooboboooooooon
ORLOOODOOOOOOOOODOOOODOOO
gboboooboooooboobobobooooooon
gbooooobooboobooboooocoooobon
gboooobooobooooobbooobooooo
goooooboobobobooobooboooooboo
gbooboooooboobobobooooooboon
gboooooooooobooboboooooooon
goooooooboobobobooooooooon
gboboobooboooooooboobooooooao
ooooooo0oooboooooooosS000D00o0d
oooobD 47000 100000000000000

1401



ocoooooooooooo ooo1booooodg
ooooooooooboo 200000005000
gboboboooooobobobobooboooo
gbooooOooooooboooooon

gboboooboobooooobobobobobon
00533944 00000000000-2000000
00000 10km 0000000 RLOOOOOOO
OO0000o0oooooDoOoOobDbO-3000 54360
OOoO000ooDooOoOo0o0oOoooooDoO 23240000
oooooooDoRLOOODOOO0OO0ODODOOOOO
0 2324 x 2324 =~ 54000000 000000000000
000o00oooo (ke)DDODDODODDODODODOOOOOO
gbobobooboooooboboobobooboooo
OmMODODOOOODOoOODOOOODOOOO

gboooooboo=30000000b0oo0oan
O311gooooooooooooooooooooo
ooboooobooooo3soooooooogn 2879
bobobobooboooooboobobooboooo
good

2 RLOOODOOOOO
00000000000000000000 200
000000000000000000 (120000
oooo

v(alk) = Btime Time, + ﬁlengthLengtha (12)
good

Time,: 000 a00000000 (O)
Length, : 000 a0 00O (m)

oDooQ
0-100000000000000000000D
000000000000000 PythonOO 200
0000000000000 000000000000
0000000 0000000 Nelder-Mead O 19 O
000000000000 000000D000000n
000O0OD0OD0OD0ODDBEGSOODOOODODOOOOOO
0D000000D000D0D000DO

0000000000000 00000D00000
0000000000000 0000000000On
0000000000000 00000D00000D
0000000000000 DO0O0O Windows 000
O0000D00CPU: 0000 CoreiZ-6500U 0 0 0 O
0D0000008GBOODODODODONDDODOOD
0000000000000 0000D0D000000n
000000000000 D000000D000000
0000000000000 O0000O0D0O0O000O

20000000000000000000000000000
ooo

% 54 B AFEAMAREKRS - BRE

U-3 0boooboooooooboocoon

0-1 000000000

oooo ooo
ooooooo (@) —9.085x 1073
ooooog (m) —5.351 x 1073
oooooon 2879
oooooo -2034
oooo (@) 0.4618

gbobooboooooboobobobooooooon
obooooboboooboobooooobooog
gbobobooobooobooboboboobooon
gbooooooobooboboooooooooobon
goobobooboboooobooboboooooooon
0000000 z000000000000000V(k)
gboboboooooboobobobooodz oo
oboooooooboobobobooooooooon

1402



obobobooooooobobobobooooo
obobobobooooooobobobooooo
gbooobooooon
gbobobooooboooboobobobooboan
coooooooboboOoOoOoOoOoOoooooooougag
obobobooooooobobooooooooo
oboboobooobooooobooboobobooooo
gboboooboooboobobooooooooo
obobooboooboooooboboboboooooo
oboboboooooooboboboobooooo
bobobooboooooboboobobooboooo
obooooobooooogon

4. JOOO0DOO

O0OD00OORLODOOODOOOOOOOOOOD
0000000000000 00D0000000ono
0000000000000 0000000D000DO
00000000000 D00D000D0O0D00OO0nO
000000000000 D0000000000000
00 10kmx10km 0000000000000 DOO0O
00O0O00O0O000OD0D0OD0D0D0O0O000000000
00000000000 D000D0O0O0D0O0O0DOODO
000000000000000000 13600x13600
000000000 00OD0DDD0OO0O0OO000000O0
00000000000 000D0D0O0O0O0DO00400
00000O00D0D0000000 1000000000
ooooooo

0000000000000 000D0000000n
0000000000 0O0O0DDDDO0O00000O0
oooDO0OO0O0on

e 000000OOOOOOODOODOOODODODD

0000000000 D000O0ORLOOODOOO0
0000000000000 000000000
000000000000 000000000O
00000000000 D0DO0O0O0Oooo

e 1000000 ONOOOOOODOOOODOODOD
00000000000 00000000000
000000000000 00000000OnO
00O0O0O0O0O0O0OD0DDOO0OO0000000000O
000000000000 0000000000
Oo0o0000000DoOooDoo

e JODRLODODDOODOODODODOODOOD
O0000MAODODOOO0ODOO00OOOOdOFos-
gerauetal.? 00 00000000000000
0000000 OMaietal.™ 0DO00DO nested
recursive logitmodel D 00000000000
00000000000 0D000000On

% 54 B AFEAMAREKRS - BRE

e NIDD0UDOODUDOODOODDOO 10km x 10km
goboboobboobooobooboboooon
oooo0oooooooooo3oooooooo
ubooooooooooooooooooon
gogboooboooboooboaobbgoann
gogboboooboooboooboobobooon
gbobooboboobooboobooooooobooon
oboooooog

oo0 oooboooooboooobbooooboon
gbooooooobooboboobooooooboobaon
gbooooooobooboboboobooooooon
oooooo0oO0oooooooO0oooDOoOoRLO
goobooooboooboobobooooooooo
gboooboooooboobobobooboooooobaon
gboooooobooooooo

goog

1) Frejinger, E., Bierlaire, M. and Ben-Akiva, M.: Sam-
pling of alternatives for route choice modeling, Trans-
portation Research Part B: Methodological, Vol. 43, No.
10, pp. 984-994, 2009.

2) Dijkstra, E. W.: A note on two problems in connexion
with graphs, Numerische Mathematik, Vol. 1, No. 1, pp.
269-271, 1959.

3) Ben-Akiva, M., Bergman, M., Daly, A. and Ra-
maswamy, R.: Modeling inter-urban route choice
behaviour, In Volmuller, J. and Hamerslag, R. eds.
Proceedings from the Ninth International Symposium on
Transportation and Traffic TheoryUtrecht, Netherlands,
VNU Science Press, pp. 299-330, 1984.

4) Prato, C. and Bekhor, S.: Applying branch-and-bound
technique to route choice set generation, Transporta-
tion Research Record: Journal of the Transportation Re-
search Board, Vol. 1985, pp. 19-28, 2006.

5) Cascetta, E. and Papola, A.: Random utility models
with implicit availability /perception of choice alter-
natives for the simulation of travel demand, Trans-
portation Research Part C: Emerging Technologies, Vol. 9,
No. 4, pp. 249 — 263, 2001.

6) Frejinger, E. and Bierlaire, M.: Capturing correlation
with subnetworks in route choice models, Transporta-
tion Research Part B: Methodological, Vol. 41, No. 3, pp.
363-378, 2007.

7) Ben-Akiva, M. and Bierlaire, M.: Discrete choice
methods and their applications to short term travel
decisions, In Hall, R. ed. Handbook of Transportation
Science, Springer, pp. 5-33, 1999.

8) Yai, T., Iwakura, S. and Morichi, S.: Multinomial pro-
bit with structured covariance for route choice behav-
ior, Transportation Research Part B: Methodological, Vol.
31, No. 3, pp. 195-207, 1997.

9) Fosgerau, M., Frejinger, E. and Karlstrom, A.: A link
based network route choice model with unrestricted
choice set, Transportation Research Part B: Methodologi-
cal, Vol. 56, pp. 70-80, 2013.

10) Aguirregabiria, V. and Mira, P.: Dynamic discrete
choice structural models: A survey, Journal of Econo-
metrics, Vol. 156, No. 1, pp. 38 — 67, 2010. Structural

1403



11)

12)

13)

14)

15)

Models of Optimization Behavior in Labor, Aging,
and Health.

Mai, T., Fosgerau, M. and Frejinger, E.: A nested re-
cursive logit model for route choice analysis, Trans-
portation Research Part B: Methodological, Vol. 75, pp.
100-112, 2015.
dodddooooooooboooooooooooa
0000000 Vol. 19650 No. 1210 pp. 28-320 19650
Akamatsu, T.: Cyclic flows, markov process and
stochastic traffic assignment, Transportation Research
Part B: Methodological, Vol. 30, No. 5, pp. 369 — 386,
1996.

Rust, J.: Optimal replacement of GMC bus engines:
An empirical model of harold zurcher, Econometrica,
Vol. 55, No. 5, pp. 999-1033, 1987.

Nelder, J. A. and Mead, R.: A simplex method for
function minimization, The Computer Journal, Vol. 7,
No. 4, pp. 308-313, 1965.

(2016.7.3100)

1404

% 54 B AFFEAMAEERS -

AR



