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ABSTRACT

In Taiwan, extraordinary high travel demand always occurs in intercity travel
market during long-weekend holidays, which continuously bothers both
transportation operators and their customers. Developing a better strategy
for train dispatching to deal with such a special need has long been an
important subject for both research study and real world operation.

In real word operation, railroad train dispatching plan must consider the
requirements in three different aspects including customer preference, train
stopping scheduling and train dispatching. The study would like to define a
strategy to better utilize the Taiwan Railway Administration (TRA) existing
resources, which can provide long-distance customers a higher service
priority in long-weekend holidays. It is trying to gain the best benefit for the
society according to the concept of transportation demand management. It
means if no matter how many efforts were devoted the service quality is
hardly to improve simply because of excessive demand, then the service
providers needs to define their main service subject from the railroad’ s
passenger market. Based on the concept of different traveling time,
different departure time, and the availability of seat which are used to
develop the decision function for travellers in each category, the during
long-weekend holidays was divided into three different categories according
to the distance of travel.

According to this idea, the study has proposed a railroad train-dispatching
model, which has considered railroad travellers’ preference in long-weekend
holidays. Under this modelling approach, long distance customers and
higher class of trains are given a higher priority in dispatching arrangement.
This model can be used to develop a whole day schedule including train
dispatching departure times and stopping pattern for each train. A heuristic
algorithm has been applied to develop this analytical model. Maximum the
combination of operation income and customers’ travelling time saving has
been the objective of the model. Under this given objective, the model can



obtain the best plan of train dispatching for a long-weekend holiday. A
ticket selling data provided by the TRA in long-weekend holidays during
1997 has been used to verify the model. Results indicate that the model
does provide a better service than traditional ways. Customer time saving
is the most obvious benefit provided by the model.

It is recommended that under a special condition, such as long-weekend
holidays, to better utilize the operation resources, each mode of
transportation needs to identify its service market according to their special
capability in transportation. Generally most transportation professionals
believe that railroad must input more resources in long distance customer
market, and bus companies should pay more attention on the short distance
customer market. Ideally, this kind of arrangement is better off for the
society in many aspects.

Key Words: Holiday peak demand; Railroad train-dispatching model;
Travellers' Preference Models; Priority allocation;
Heuristic algorithm
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5.5
0.961 3 7 0.258 3y 3y 1.571 3, 3,
(2.66)* (0.627) (2.56)*
7 0.101 3 7 0.336 7 7 1.024 7
(0.246) (1.193) (2.07)*
3, 3, -0.514 3, 3, -0.839 3, 3, 0.591
(-1.175) (-2.53)* (1.304)

0.045 | 0.023 | 0011 | 0.025 | 0.015 | 0.015 | 0.004 | 0011 | 0.013
(6.11)* | (4.46)* | (2.75)* | (4.29)* | (2.86)* | (4.13)* | (0.89) | (1.55) | (1.547)

(Tas) 0.008 | 0.002 | -0.005 | -0.001 | 0.002 | 0.010 | 0.004 | 0.007 | -0.005
d1/ |(1.167) [ (0.275) |(-0.808) | (-0.199) | (0.331) | (1.73)* | (0.473) | (0.807) | (-0.571)

(T2) 0.002 | 0.004 | 0.007 | 0.006 | 0.005 | 0.003 | -0.004 | 0.009 | 0.008
42/ 1(0.239) | (0.60) | (1.087) | (1.058) | (0.854) | (0.385) | (-0.055) | (1.241) | (0.96)

147 | 0559 | 0213 | 0873 | 0.956 | 0.959 | 1554 | 2.233 | 2.321
(5.04)* | (2.39)* | (0.812) | (3.49)* | (4.39)* | (3.82)* | (3.63)* | (5.21)* | (5.24)*

222 Ya Ya 224 Ya Ya 132 Ya Ya

Ya 222 Ya Ya 224 Ya Ya 132 Ya

Y Ya 222 Ya Ya 224 Ya Ya 132
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PCP-PS

71.45%|64.43%|72.66% | 66.23% | 57.41% | 66.54% | 70.91% | 67.58% | 67.98%
PCP-UW 77.03%|73.87%| 82.43% | 76.79% | 69.64% | 76.34% | 78.79% | 75.76% | 77.27%
LL(O) -153.88(-153.88|-153.88 | -155.26 | -155.26 | -155.26 | -91.50 | -91.50 | -91.50
LL(b) -96.41 |-118.37| -97.39 | -114.88 | -138.15 | -112.65 | -58.66 | -64.61 | -64.51
LL(MS) -137.58|-134.23|-101.62 | -131.16 | -153.75 | -134.01 | -68.21 | -87.58 | -90.95
r2 0.374 1 0.231 | 0.367 | 0.26 0.11 | 0.275 | 0.359 | 0.294 | 0.295
1.() t
2.% o =5%(+ 1.96)
3% o =10%(z 1.64)
5.5.2
5.6 5-6
5-8
1. 5.12 5.14
1)
U%,, 1= 0.586+0.931S,
Uy 1= 0.03T+0.004T,; -0.007T4,+0.931S,
(5.12)
(2
U,y »= -0.119+0.995S,
Uty o= 0.027T, -0.001T4;+0.004T4,+0.995S,
(5.13)
(3)
U%,y 5= -0.927+1.338S,
Uy 5= 0.026T+0.007Tg4; -0.007T4,+1.338S;
(5.14)
2. 5.15 5.17
(1)
U%,, 1= 0.978+0.582S,
U, 1= 0.008T+0.003T4;+0.01T4,+0.582S,
(5.15)
(2)

U%y »= 0.422+0.425S,
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U',m 2= 0.038T, -0.004T4;,+0.009T4,+0.425S,
(5.16)

)
U% 3= -0.427+0.361S,
U',m 5= -0.036T+0.016Tg; -0.005T,+0.361S;
(5.17)

5.18 5.20

1)
U%m 1= 1.581+0.902S,
U3 1= 0.01T, -0.009T4;+0.036T4,+0.902S,
(5.18)
2)
U%m o= 0.931+0.484S,
U3 2= 0.008T+0.016T4;+0.012T4,+0.484S,
(5.19)
3)
U%m 3= 0.982+1.052S,
U3 3=0.018T; -0.005T4;+0.029T4,+1.052S;

5%

(Set)

60% 80%

(5.20)

5.6
0586 | % % | 0978 | % Y% | 1581 | % Y
(1.79)* (2.70)* (4.0)*
% | -0119 | % % | 0422 | % % | 0931 | %
(-0.302) (1.379) (2.36)
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Y4

Y4

-0.927
(-1.9)*

Y4

Y4

-0.427
(-1.218)

Y4

Y4

0.982
(3.26)

Ty

0.03
(3.42)*

0.027
(2.86)*

0.026
(3.45)*

0.008
(0.95)

0.038
(4.96)*

-0.036
(4.29)*

0.01
(2.63)*

0.008
(0.808)

0.018
(2.17)*

(Ta)

0.004
(0.456)

-0.001
(-0.135)

0.007
(0.664)

0.003
(0.387)

-0.004
(-0.527)

0.016
(2.0

-0.009
(-1.0)

0.016
(1.530)

-0.005
(-0.585)

(Ta2)

-0.007
(-0.758)

0.004
(0.440)

-0.007
(-0.611)

0.010
(1.231)

0.009
(1.133)

-0.005
(-0.524)

0.036
(3.688)

0.012
(1.479)

0.029
(3.487)

0.931
(3.84)*

0.995
(4.03)*

1.338
(4.24)*

0.582
(2.71)*

0.425
(1.542)

0.361
(1.69)*

0.902
(3.50)*

0.484
(2.12)*

1.052
(4.67)*

202

Ya

Ya

250

Ya

Ya

228

Ya

Ya

Ya

202

Ya

Ya

250

Ya

Ya

228

Ya

Ya

Ya

202

Ya

Ya

250

Ya

Ya

228

PCP-PS

61.63%

62.57%

73.85%

63.51%

57.61%

62.87%

65.19%

64.79%

60.44%

PCP-UW

70.79%

71.78%

81.19%

73.20%

68.00%

71.20%

74.12%

74.12%

71.05%

LL(0)

-140.02

-140.02

-140.02

-173.29

-173.29

-173.29

-158.04

-158.04

-158.04

LL(b)

-114.92

-112.26

-83.72

-136.29

-152.87

-138.24

-118.86

-121.19

-132.48

-129.03

-125.36

-100.52

-142.21

-167.84

-150.98

-144.42

-130.36

-15451

LL(MS)
r 2

0.179

0.198

0.402

0.214

0.118

0.202

0.248

0.233

0.162

5.5
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0 7560 -4 -30-15 0 15 30 46 60 /5 D

VaWaVal
U

75 60 45 -30 -15 0 15 30 45 60 75

5-7 5-8
5.5.3
5.7
5-11
1 521 523
1)

U%. 1= 1.476 +0.497S,

U'ie 1= -0.001T+0.005T4,+0.035T4,+0.497S;,
(2

U%. = 1.183+0.274S,

U'ie 2= 0.052T+0.007T4;+0.031T,+0.274S,
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(5.21)




(5.22)

(3)
U%. 5= 0.468-0.084S,
Ul 3= 0.04T, -0.017T4,+0.002T, -0.084S,
(5.23)

2. 5.24 5.26

(1)
W%, ;= 1.095+0.298S,
Ul 1= 0.033T,+0.017T4;+0.037T4,+0.298S,
(5.24)
(2)
W%, »= 0.481+0.743S,
Ule .= 0.05T+0.026T4;,+0.02T4,+0.743S;
(3)
U%. 5= 0.379+0.728S,
Ul 3= 0.051T,+0.021T4;+0.036T,4,+0.728S;
(5.26)

3. 5.27 5.29

(1)
U%. ;= 0.461+0.238S,
Uz ;=0.048T+0.02T,4,+0.008T,4,+0.238S,
(5.27)

(2)
U%, »= 0.645+0.121S,
Uz o= 0.062T+0.018T4;,+0.029T4,+0.121S,
(5.28)

(3)
U%, 3= 0.927+0.226S,
Uz 3= 0.058T+0.022T4;,+0.051T4,+0.226S,
(5.29)
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6. r?
7.
8. 5.27 5.29
53.98% 785% r? 0.16 0.30
5.7
1476 | " 1005 | " 0461 | "
(4.47)* (3.23) (1.052)
%" 1183 | %" 0481 | %" 0645 |
(3.29)* (1.81)** (1.537)
" S | 0468 | " 0379 | " 0.927
(1.397) (1.322) (2.93)
(T) .0.001 | 0.052 | 0.040 | 0.033 | 0.050 | 0.051 | 0.048 | 0.062 | 0.058
Y | (-0.038) | (2.83)* | (3.56)* | (1.85)* | (2.61)* | (3.14)* | (2.98)* | (2.69)* | (2.40)*
(Tar) 0.005 | 0.007 | -0.017 | 0.017 | 0.026 | 0.021 | 0.020 | 0.018 | 0.022
d1/ 1 (2.26)* [(0.432)| (-1.01) | (0.845) | (1.69)** | (1.383) | (0.727) | (0.844) | (1.181)
(Ta) 0.035 | 0.031 | 0.002 | 0.037 | 0.020 | 0.036 | 0.008 | 0.029 | 0.051
421 (2.03)* [(1.94)*| (0.123) | (2.70)* | (1.69)** | (2.43)* | (0.415) | (1.583) | (2.92)*
S 0.497 | 0.274 | -0.084 | 0.298 | 0.743 | 0.728 | 0.238 | 0.121 | 0.226
h (2.14)* |(1.365) | (-0.428) | (1.393) | (3.84)* | (3.35)* | (0.939) | (0.49) | (0.969)
226 Y, Y 276 Y Y 200 Y Y
Y, 226 Y, Y, 276 Y, Y, 200 Y,
Y, Y, 226 Y, Y, 270 Y, Y, 200
PCP-PS 64.73% |55.48% | 53.98% | 66.61% | 58.14% | 60.22% | 68.61% | 66.45% | 61.41%
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PCP-UW 76.55% |61.50%| 66.37% | 76.09% | 65.94% | 69.26% | 78.50% | 76.50% | 67.50%
LL(O) -156.65 |-156.65| -156.65 | -191.31 | -191.31 | -187.15 | -138.63 | -138.63 | -138.63
LL(b) -120.56 |-143.54|-147.35 | -140.80 | -167.05 | -157.16 | -97.18 |-100.85 | -113.34

LL(MS) -126.54 |-151.52| -154.91 | -150.65 | -184.73 | -186.96 | -104.10 | -110.20 | -126.84

r2 0.23 | 0.09 | 0.07 | 0.264 | 0.127 | 0.16 | 0.299 | 0.27 | 0.182
55
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5-9
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6.1
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6-1



Exchange Improvement

e

/L

6-1
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6.2

Initial process

M " z
6-2
6.2.1
1.
t
U

2.

(1) U]

U]
(2) U]
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6-2
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6.2.2

1.
2.
3 ( )
1
2
(4.1)
1 2
1. S(0)
2.
(1) 1
SK) 23,.. -1
2 3K r.K)
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(3) n (Lkl)’ (2,k )1 (3’k3)""1 (n,kn)

6.2.3
3.
n
n* n*
(O,n)
6.2.3
9 30
8 00 11 00
1.
My,
e
ql -
Pr%(q,) o™ 1 o (6.1)
G = Ou
G = 07)
Mg = Ox
Mg = 02

(6.1)
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1)
(@)

3)
(4)

1)
(@)

6.1

a,] F 1]
Dijq2 (oP}
[)”qZ [)”qZ
() o
D,* " Prt(q,)
Fij " (q,) =———= ) -

(Knapsack Problem) NP-Hard

-72-

piquzé. D"  Pr%(q,)

(6.2)

a2
Dij

02

(6.3)



3) i (2)

(4)

(6.3)
Ao

6.3
Branching Rules
MATLAB
MATLAB MATrix LABoratory
6.3.1
6-2
1
trip matrix
time matrix price matrix distance matrix
2 departure time setting

6.2.1
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6.2.2

6-3

|
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(remove)

Y

6-4

-75-
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6-5

GM =

GM
GM

GM

GM

1
N
A




6.3.2

6.1
AB,C
7:00 A
4
10 30 60 90
2 60 7 00 A
90 7 30
4 160 8 40 A
8:40
6.1

C A |B A
1 2

06:10 1| C 10 |1 | 2 10

06:30 30 |12 3 30

07:00 2| A 60 (1|23 60

07:30 O (1|2]|3]|4 90
08:00 3| B|120|2 (34|65 120
08:20 140 (2|1 3|4 |5 140
08:40 | 4| A|160 (3|4 |5 160
08:50 170 |3 4| 5 170
09:00 5|1 C |18 [3|4|5 180
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120

90

10

160

160

200

160

<,
<
Mot

X

7
o
o
o
s
S
! i
NS
- /
Ry ¥
AL
ol
Kt
Yy
- b7
Sy
-7a

g
)
S

6-6
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6-6

90

90

6-7

N — D—( S — (o —( 9
NN /AN NG A A AN

1

6-7

6-8
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\V/

6-8
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7.1

86

(4

-81-

7.1

5 15
14

7.1

12:00



7.1 86

05:15| B 10 - - - - - = - =
06:00 | C 10 - - - - - - - =
07:00| B 10 - - = = = = = —
07:17| C 10 — = = = = = = =
07:55| A 9 I —
08:10| C 10 — = = = = = = =
08:40| A 5 —
09:00| A 10 - - - - - = - =
09:16 | C 10 - - - - = = = —
09:35| B 10 - - - - - - - =
09:55| A 9 I —
10:30| B 10 - - - - - - - =
11:26 | C 10 - - - - - = - =
12:00| B 10 - - - - = = = —
A B C
7.2
1.
1)
50 500
()
500
1000 2.0
2.0
2.6
(3)

-82-
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7.1

14
7.1 10
7.1
7.1
14
time slot
86
value of travel time, VOT 7.7
86
2.27 1.75
1.46
7.2
4 6 2.27
5 8 1.75 2.0 500 23 7.7
5 10 1.46
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7.3

7.3

7.3

0.961

Y

Y

0.258

Y

Y

1571

Y

Y

Y

0.101

Y

Y

0.336

Y

Y

1.024

Y

Y

Y

-0.514

Y

Y

-0.839

Y

Y

0.591

0.045

0.023

0.011

0.025

0.015

0.015

0.004

0.011

0.013

0.008

0.002

-0.005

-0.001

0.002

0.01

0.004

0.007

-0.005

0.002

0.004

0.007

0.006

0.005

0.003

-0.004

0.009

0.008

0.586

S

S

0.978

S

S

1.581

S

S

S

-0.119

S

S

0.422

S

S

0.931

S

S

S

-0.927

¥

e

-0.427

e

e

0.982

0.03

0.027

0.026

0.008

0.038

-0.036

0.01

0.008

0.018

0.004

-0.001

0.007

0.003

-0.004

0.016

-0.009

0.016

-0.005

-0.007

0.004

-0.007

0.01

0.009

-0.005

0.036

0.012

0.029

1.476

Y

Y

1.095

Y

Y

0.461

¥

¥

S

1.183

S

S

0.481

S

S

0.645

S

Y

Y

0.468

Y

Y

0.379

Y

Y

0.927

-0.001

0.052

0.04

0.033

0.05

0.051

0.048

0.062

0.058

0.005

0.007

-0.017

0.017

0.026

0.021

0.02

0.018

0.022

0.035

0.031

0.002

0.037

0.020

0.036

0.008

0.029

0.051
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7.4

7.4.1
7.4

1.

7.4
2.

6 00 5 15
5 45 7 35
3.
8 40 1000 566
451

7.5 7.8

4.

7.9
7-1
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7.4

05:45 | C 10 - -- - -- - - - -
06:00 | B 6 -- -- - -
06:30 | B 8 -- -- - - -
07:17 | C 9 -- e - -- - - -
07:35 | A 5 O —— -
08:10 | C 10 - - = = = - - - -
08:40 | A 3
09:00 | A 6 -- - -
09:16 | C 10 - -- - -- - - — - -
09:35 | B 6 -
09:55 | A 4 - -
10:30 | B 5 - -
11:00 | C 10 -- -- - - - - - - -
12:00 | B 6 -- -- -
A B C
7.5 7 35
0 404 310 0 0 211 74
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0
7 0 0] 242 157
0 O0f 160] 157
0 0 0
0 0
436
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40

7.6

O 434

0l 451

0

0

566

00

7.7

67
180

104

111
257

152

42

79

162

271

42

288

222

55

7.8

178

198
566

384

241

0 438

0
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7 7% 810 840 900 916 9% 9% 1030  11.00 120 1300 1400 1500 1600
e 0 © o 0© 06 0 e

ANANR N\ N
SOOI NN

\\g\\ AN AN\ VN
B : N\

NN NN

) 10261027 1104 11561157 12521254 1326 13581401 1413 1452 1542 162

0 0 3] . .
7-1

7.9

()

05:45| 06:00| 06:30| 07:17| 07:35| 08:10| 08:40| 09:00| 09:16| 09:35| 09:55| 10:30| 11:00| 12:00
06:10, 06:25| 06:55 07:42| * |08:35 * [09:2509:41 * * * [ 11:25] 12:25
06:14] 06:29| 06:59 07:46|08:00| 08:39|09:05] 09:29| 09:45/10:00| 10:20/ 10:55| 11:29| 12:29
06:4707:02| 07:32/08:19] * |09:12] * * 110:1810:33 * * [12:02] *

06:51| 07:06| 07:36| 08:23|08:33| 09:16|09:38|10:02| 10:22| 10:37| 10:53| 11:28| 12:06| 13:02
oral * * * * 109:36] * « 1042 * * « [12:26] *

( ) 07:15/07:26|07:56{08:43|08:53| 09:40/09:58|10:22| 10:46|10:57| 11:13| 11:48| 12:30| 13:22
07:59 * |08:4009:27|09:37| 10:24| 10:42| * |11:30/11:41] * |12:3213:14] *

( ) 08:03/08:10| 08:44| 09:31| 09:41| 10:28] 10:46| 11:06| 11:34] 11:45| 11:57| 12:36] 13:18| 14:06
08:16] * * 109:44|09:54 10:42] * [11:19 11:47] * * * [13:31] 14:19
08:20,08:23|08:57| 09:48| 09:58| 10:45|10:59] 11:23] 11:51| 11:58|12:10| 12:49] 13:35 14:23
0850 * [09:27/10:18] * |11:15 * x [ 12:21]12:28) = * [14:08] *

08:54]08:53| 09:31 10:22| 10:28| 11:19) 11:29| 11:53| 12:25| 12:32| 12:40| 13:19] 14:09| 14:53
09:14/09:13/ 09:51 10:42| * |11:39 * [12:13 12:45] * | 13:00 13:39) 14:29 15:13
09:18 09:17] 09:55| 10:46|10:48| 11:43 11:49] 12:17| 12:4912:52 13:04| 13:43| 14:33| 15:17
09:54 09:53] 10:31] 11:22] 11:24| 12:19, * | 12:53 13:25|13:28| 13:40| 14:19 15:09] 15:53
09:58| 09:57 10:35| 11:26| 11:28| 12:23/12:25] 12:57| 13:29 13:32| 13:44] 14:23| 15:13 15:57

10:27| 10:26| 11:04] 11:55| 11:57| 12:52| 12:54| 13:26| 13:58| 14:01| 14:13| 14:52| 15:42| 16:26
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71.4.2

680

7.10

2.0

15

7.10

500

191 1.32
711

1.85

2.0

1.98

1.88

141

7-2

0.71

2.10

2.58 | 2.59 | 2.55

2.25

2.06

1.99

1.46

1.02

2.04

251|206 | 247

2.17

1.83

1.89

1.08

1.35

1.13

1.46 | 1.53 | 1.43

1.46

1.27

1.07

0.59

0.91

1.76

2.18 ] 2.06 | 2.15

1.96

1.72

1.65

1.04

1.09

2.00

2.00| 2.00 | 2.00

2.00

1.92

1.92

1.90

1.64

1.62

1941196 | 1.96

1.88

1.81

1.68

1.42

0.88

0.92

155|162 | 1.53

1.46

1.20

0.98

0.62

0.32

1.51

1.83]1.86 | 1.83

1.78

1.64

1.53

131

0.95
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711

-90-

VI Vv Vv | v | v V| v, v | v
1 20| 20| 20| 20| 20| 20| 20| 2.0 | 1.65| 1.96
2 20| 20| 20| 20| 20 |1.77 177|177 | 157 | 1.88
3 20| 20| 20| 20| 20 (187|187|180|1.44| 1.88
4 201 20| 20| 20| 20| 20| 20| 20 | 1.88| 1.98
1 138| 20| 20| 20 | 20 | 20 | 20 | 1.83|1.21 | 1.83
2 07211721190 |19 |176|176| 1.70| 1.00 | 0.50 | 1.44
3 20 | 20 | 196 | 196|166 | 166 | 1.09| 1.09 | 0.48 | 1.54
4 201 20| 20| 20| 20| 20| 20 |184|131| 191
5 20 | 196|196 |19 |19 |161|161| 136|091 | 1.71
1 084 163|189 |192|1.77|141| 1.14| 0.83 | 0.46| 1.32
2 066|143 148|148 |150|1.18 | 090 | 0.52 | 0.23 | 1.04
3 1.02 154 |153|133|105|099 | 0.87| 0.68 | 0.35| 1.04
4 043 117|122 094|097 |0.70| 048 | 0.33] 0.18| 0.71
5 164 20 | 20 | 20 | 20 | 1.73 | 1.50| 0.73 | 0.36 | 1.55
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/ 158.07 163.14 5.07
0 0 0 2 0 0 2 - -
3 0 0 2 5 1 -1 5 1
1 5 5 0 0 4 -1 -5 -1
O) 28 0 0 84 76 4 56 76 4
32540 | 0 0 | 80280 71,684 | 2960 | 47,740 | 71,684 | 2,960
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