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Development of the Flexible Seat Class Assignment Method Based on Demand Estimation

Munenori  SHIBATA

Most of intercity express trains in Japan provide different seat classes in their economy class cars: (1) Reserved

seat, where to seat is fixed and passengers are completely guaranteed to have seating with an additional fare. (2)

Non-reserved seat, where to seat is not fixed and passengers can sit anywhere as far as available. The assignment

of these classes is usually predetermined. The study tries to develop a flexible seat class assignment method based

on demand estimation, which has possibility of increasing the convenience of passengers by decreasing the num-

ber of rejection for reservation requests and also increasing revenue of railway companies.

2

Origin Destination

OD

OD

OD

1

2007 12 2008 1

web

OD

2

5 +1 +5

2007 12 29 2008

1 6



12 RTRI  REPORT  Vol. 24,  No. 10, Oct. 2010

1,176

878 298

lat

2

3

1

0.2

t 1.96

510

2007 12 2008 1

2008 1 2

web

2

3

2

2

3,039

( )

1 3 5

MIMIC

1

(1)

lat

+ ΘΛ +( )ΛΨΨΛΨΛΛ= + y BsΛΘBs ( )lat ′ ′ −
−

Ψ Λ Λ
1^        ^ ^ ^ ^ ^      ^ ^ ̂ (1)

MIMIC

0.858
(5.96)

1.000

0.682
(6.04)

1.000

( )

(1 6 )
( )

(0 )
( )

0.188
(5.85)

0.046
(1.26)

0.061
(2.09)

0.307
(1.58)

0.442
(3.85)

-0.326
(-3.75)

0.355
(1.71)

-0.321
(-1.84)

0.188
(1.55)

0.253
(1.55)

0.353
(1.68)

0.335
(1.65)

-0.208
(-2.78)

-0.122
(-1.65)

-

GFI : 0.99   AGFI : 0.96   RMSEA : 0.040
N=1,176

0.858
(5.96)

1.000

0.188
(5.85)

0.046
(1.26)

0.061
(2.09)

0.307
(1.58)

0.442
(3.85)

0.326
(-3.75)

0.682
(6.04)

1.000

0.355
(1.71)

-0.321
(-1.84)

0.188
(1.55)

0.253
(1.55)

0.353
(1.68)

0.335
(1.65)

-0.208
(-2.78)

(-1.65)
-0.122

s
y
lat
i S
j
ß,λ
ζ MVNMVN 0,0,ψ ψ
ν MVNMVN 0,0,Θ Θ

W=BS+ζ Y=ΛW+ν

y1

yj

y2

ß11
ß21

ß12

ß22

ßi2

λ11

λ21

λ22

λj2

lat1

s1

s2

si

…
…

lat2

…
…

Y



13RTRI  REPORT  Vol. 24,  No. 10, Oct. 2010

2

4. 1

2

3 2

ODi  j 1: 2:

Pij (2) (5)

OD

 ODi Pij

ODij (6)

U t time lati i i i1 1 1 2 3 1= × + × + ×α α αcos (2)

U t lati i i2 1 2 4 2= × + ×α αcos (3)

P
U

U U U Ui
i

i i i i
1

1

1 2 2 1

1

1

1

1 1

= ( )
( ) + ( )

=
+ −( )

= + − ×

exp

exp exp exp

exp α ΔΔcos t etci i+( )(                                            )
(4)

P Pi i2 11= − (5)

OD P ODij ij i= × (6)

costij  ODi  j
timei  ODi
lat1i  ODi
lat2i  ODi
Δcosti = costi1 − costi2  ODi
etci = −α2 timei − α3 lat1i + α4 lat2i

 ODi j SODij

βi ODi1

 ODi SODi1

(7) βi

 ODi
0~1

βi = 1 

βi  < 1 

1 − βi 100

OD

SODi2 OD ODi SODi1

(8) SODij k
j SDSECkj (9)

SOD ODi i i1 1= ×β (7)

SOD OD SODi i i2 1= − (8)

SDSEC SODkj ik ij
i

= ×∑δ (9)

δik ODi  k =1,

=0

k
SUPk

CAP

1

SUPk <_ CAP−1

mrLF
(10)

max
i ,β

δ β

Δ cos ,t SUP
k

k
k k

k

ik i

i k

mrLF rLF K SDSEC SUP K

O

= = ( )

=

× ×

∑ ∑ 1

DD
t etc

SUP

K

i

i ii
k

k 1 1+ − × +( )
⎛

⎝
⎜⎜

⎞

⎠
⎟⎟

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟∑∑ exp cosα Δ

•@

α1 -2.89 (-1.46) -10.9 (-4.23)

α2

α3

0.727 (7.98)

***

0.438 (4.22)

1.04 (11.9)

α4 *** 0.894 (10.3)

0.220

75.1

1,176

0.342

79.1

1,176

t



14 RTRI  REPORT  Vol. 24,  No. 10, Oct. 2010

, c

≤ −s t SUP CAP SDSEC SUP

t
k. . ,

os

≤
≤ ≤ ≥

1

0 1 0
1

β Δ
k                                                            k

i                                           i

(10)

rLFk k

K

4. 2 GA

4.1

ODij

Genetic Algorithm GA

3

2

βi

SUPk

βi = 1 

SUPk

mrLF
SUPk βi

< 1 

mrLF

βi = 1.0  0.5 <_ βi <_

1.0 2

ODij

mrLF

2

mrLF
mrLF

5. 1

4

300

7 4 A D

14 OD

OD

OD OD

OD

5. 2

Flexible

310 510 710

3

310 710 10

β i

β i

SUPk β iΔcos ti

ODij

mrLF

SUPk

SUPk

Δcos ti

Δcos ti

ODij

mrLF



15RTRI  REPORT  Vol. 24,  No. 10, Oct. 2010

11

14 510

710

Fix

2 150

510

5. 3

14

4

5

4

 mLF 
 k  nrLFk

 rLFk

(11) (12)

100%

 mLF 100%

100%

100%

nrLF SDSEC CAP SUPk k k= −( )2
(11)

mLF rLF nrLF Kk
k

k
k

= +⎛
⎝
⎜

⎞
⎠
⎟ ×( )∑ ∑ 2 (12)

mrLF
14

100%

14 13

1

mrLF mLF
Flexible Fix Flexible Fix Flexible Fix Flexible Fix

1 503 99.7% 92.9% 6.9% 0 108 -108 520.75 519.80 0.94 131.2% 104.4% 26.8%
2 548 100.0% 85.6% 14.4% 0 105 -105 489.27 483.92 5.34 118.3% 102.1% 16.2%
3 431 100.0% 99.8% 0.2% 0 110 -110 511.32 508.06 3.25 133.7% 111.4% 22.3%
4 461 100.0% 95.6% 4.4% 0 101 -101 491.24 489.38 1.87 121.2% 106.0% 15.2%
5 450 100.0% 89.6% 10.4% 0 106 -106 469.60 468.02 1.58 137.3% 103.7% 33.7%
6 498 100.0% 92.4% 7.6% 0 135 -135 532.64 529.24 3.40 220.7% 116.8% 103.9%
7 427 100.0% 97.6% 2.4% 0 106 -106 490.85 490.08 0.77 134.0% 108.7% 25.3%
8 333 99.8% 94.9% 4.9% 0 36 -36 382.19 382.69 -0.51 77.4% 81.8% -4.3%
9 283 100.0% 90.0% 10.0% 0 30 -30 345.35 344.69 0.66 72.8% 74.2% -1.4%

10 306 99.7% 92.0% 7.7% 0 4 -4 328.87 328.83 0.04 70.2% 68.6% 1.7%
11 290 99.8% 83.8% 16.0% 0 0 0 297.71 296.69 1.01 67.6% 61.7% 5.9%
12 390 99.1% 92.2% 6.9% 0 44 -44 389.50 388.85 0.65 82.9% 83.0% -0.1%
13 372 100.0% 74.9% 25.1% 0 53 -53 340.41 339.13 1.28 80.7% 73.2% 7.5%
14 258 100.0% 77.1% 22.9% 0 0 0 262.70 261.67 1.03 65.4% 56.2% 9.2%

Flexible Fix

SUPk Δcost1

A B B C C D A B A C A D B C B D C D

1 169 244 262 490 520 310 450 310 310
2 223 227 133 470 630 500 620 410 340
3 244 253 249 310 570 380 510 610 310
4 244 245 199 410 410 380 650 310 310
5 263 245 164 360 340 360 600 360 310
6 276 275 206 450 550 310 700 310 310
7 262 253 225 320 320 310 430 460 310
8 170 188 181 390 510 340 380 510 310
9 132 181 174 530 430 530 620 310 310

10 130 156 139 610 440 560 470 410 430
11 114 139 116 650 540 620 510 510 610
12 197 189 136 490 360 410 460 510 310
13 208 137 105 480 400 420 590 320 410
14 132 113 94 630 640 580 550 510 660

βi OD 1

14 1 21

7,783

0

mLF
100%

4

14 βi OD

1



16 RTRI  REPORT  Vol. 24,  No. 10, Oct. 2010

βi

7

5

Vol.27 CD-ROM 2003

Vol.7 No.1 pp.59-66 1993

Vol.11 No.8 pp.37-42 1997

Shibata M., Terabe S. and Uchiyama H., A Seat Class

Choice Model on Intercity Rapid Train Passengers for Flex-

ible Seat Class Assignment , Journal of the Eastern Asia

Society for Transportation Studies, Vol.8 2010. (in press)

Vol.13 No.1 pp.2-13 2010

No.470/ -20 pp.115-

124 1993

Ongprasert, S., Passenger Behavior on Revenue Manage-

ment Systems of Inter-city Transportation , Ph.D. Disserta-

tion of Kochi University of Technology, pp.47-51, 2006.


