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A Railway Network Design Problem Considering Passengers' Route Choice

USE  YEA - GmY - oF H

Yongtaek Lim - JunSeok Jang - Jinkyung Park - Jun Lee

Abstract This paper presents a railway network design problem (RNDP), which can be formulated as a bi-level pro-
gram. In bi-level program upper level program is to minimize total travel cost including the construction cost of the
railway facilities, whilst lower one describes the railway route choice behavior of passengers. We also propose a heu-
ristic method for solving the program because it is a kind of NP-hard problem. From two numerical railway examples,
we confirm that the RNDP and its algorithm produce a reasonable solution and that it is applicable to real world.

Keywords : Railway Network Design Problem(RNDP), Bi-level program, Upper level program, Lower level program,
Transit assignment
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Fig. 1. Numerical example network 1
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b AdeelA &ojeke] wsle] mE FFPATE Hjo]
E H|2 2] A% dA BEgolch S5Hsle] uE

Qb A VEEEE 150kmhE ARSI FUHE
2 Table 19} 70] 200km/h, 350km/h, 400km/h 2} Tiok
o7 W3kE FHA, TEUAY AolE Al A
TS A, B, 221 €Y 3/4F0E TS0 glon, 7
HeT7re] 4k Table 20 Ve 9l Az 842 O/
DEog 7Aoo it

Table 1. 4-type alternatives of speed and capacity
31 82 33 34
150km/h | 200km/h | 350kmv/h | 400km/h

-
Siis

).
ﬁ%

Table 2. Network specifications of railway

AF s Fet | g3l (km/h) 3
1 2 150 i
1 4 150 1
2 3 150 1
2 5 150 1
3 6 150 1
3 9 150 1
4 5 150 1
4 7 150 1
4 8 150 l
5 6 150 1
5 8 150 1
6 9 150 1
7 8 150 1
8 9 150 1
Table 3. Travel demand for each OD pair
A2 AT e
1 6 7000
1 8 7000
1 9 7000
2 9 7000
3 9 7000
4 8 7000
4 9 7000
5 9 7000
412 £473}
Emme/2 2} LINGOEiZLaug AREER] BEE &5 o
3 28 909 UM B A7) Table 4o

Yok 9l Fol AN % BIGE 7 P2 wE
3} B Fo) Fgol] $AESlY) Tieke el 2



Ak A% A 400km/h°1 &% ok A % 7]

BET(150km/h) A2 FF3AZRRT 1210102.18 7 HlwslE
LRI EED 55%, 3 A 8.1% BRI Aok
H3lew, BHY) A4 400kmh9 &% oijkg A=E o 2
W HAE 6.4%, 99 HA = 7.9%9 F3HATF o]
LERT) wREe R €& H9% AZold BEI vk}
A2 400kmh e &5 vioks Al ) 1339 Y3t 3.0%,
149 = 11.6%9) E3r710) THhsk= Aoz vekdth

Table 4. Numerical results for example 1

N P e S
@aM%) | U | @EPERAN | pak
718 1?01177; 1210102.18 i
L | 1) | 400kmh | 114336647 | 55%
AT oy | Wokmm | L72L6s | 81%
L |2 (08 | 400kmn | 0330252 | 64%
B oy | 00k | 11429460 | 7.9%
L |13 (7~8)| 400kmh | 117357664 | 30%
O M4 500 | 400kmh | 1069957.03 | 11.6%
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02 TAEY F 149 s OHOW AT}, ©]
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on A eibAlerg melst Bt FoakAekS
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tiete] b F Akl e/l7 AelE v,
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Table 3. The second railway network design problem

;é_ 2t g 2]
1 400km/h 350
) 2 350kmv/h 300
AR 3 200km/hZ 7]EA A 200
4 350km/hE 7)EM 7 250
1 400km/h 300
2 350km/hz 7)EA e 280
BZ 3 200km/h 7|24 i 200
4 400km/h 300
5 350km/h 280
1 400km/h 300
& 2 350km/hE 7}EA Tl 270
3 400km/h 290

B NEHEY MO0 8

XA EE
ARTT (AN
& owmo.

Fig. 2. Railway network of the second example

s} Modpi hsr(mtalBugeH |le) 7IE}[¥1

j Litl ngh cpeed reil network design:

gers
1inks:const, time, open;
enduets
datad
const=350, 300, 200, 250,300,260, 200, 300, 250, 300, 270, 290;
tims=10,12, 15,10,11,11,15,10,14,11,13, 10}

enddata
win=fsum{links:const*open+t ime"apen) :
Bzor [{links:Psum(links:const *open) <=1500) ;

Bfor (links:Bsum(links:open)>=§)

Ofor (links:Pbin(open)};

Fig. 3. LINGO code for the second example
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Table 6. Numerical result under total budget constraint

= - - -
1 400km 0 350 0 10 0 0
- 2 350km 0 300 0 12 0 0
AS 3 712200km 1 200 200 15 15 215
4 7)&350km 1 250 250 10 10 260
1 400km 0 300 0 1 0 0
2 7)350km 1 280 280 11 11 291
BZ 3 712200km 1 200 200 15 15 215
4 400km 0 300 0 10 0 0
5 350km 1 280 280 14 14 294
1 400km 0 300 0 ) 0 0
(= 2 7]1&350km 1 270 270 13 13 283
3 400km 0 290 0 10 0 0
sum 6 - 1480 - - 1558
it Ak 1500 - . .
@ GAME dibAk
Table 7. Numerical result under 3-step budget constraints
w5 Ava| T | e | Aol | aueas) D et RO I
197 287 36t i3
1 400km 0 350 0 0 10 0
. 2 350km 0 300 0 0 12 0
A 3 7)12200km 1 200 100 50 50 15 215
4 71&350km 1 250 100 75 75 10 260
1 400km 0 300 0 0 0 11 0
2 712350km 1 280 100 100 80 11 291
BZ 3 712200km 1 200 100 50 50 15 215
4 400km 0 300 0 0 0 10
5 350km 0 280 0 0 0 14 0
1 400km 0 300 0 0 0 11 0
C% 2 712350km 1 270 100 100 70 13 283
3 400km 0 290 0 0 0 10 0
sum 5 - 500 375 325 - 1264
At Aok 700 400 400 - .
5. E8E R ¥¥ 97 AAEAE e AHR Qs 50 wMui

PejZ FAgoe efsigion o) Fagos 580
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Az ] A5 wXMeAEE 1A Eithe A A4988-S HASAT e A OI%ZH%
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