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A Genetic Algorithm for Route Guidance System in Intermodal
Transportation Networks with Time-Schedule Constraints

In-Seong Chang
Department of Industrial / Information Systems Engineering, Soongsil University, Seoul, 156-743

The paper discusses the problem of finding the Origin-Destination(O-D) shortest paths in intermodal
transportation networks with time-schedule constraints. The shortest path problem on the intermodal
transportation network is concemed with finding a path with minimum distance, time, or cost from an origin to a
destination using all possible transportation modalities. The time-schedule constraint requires that the departure
time to travel from a transfer station to another node takes place only at one of pre-specified departure times.
The scheduled departure times at the transfer station are the times when the passengers are allowed to leave the
station to another node using the relative transportation modality. Therefore, the total time of a path in an
intermodal transportation network subject to time-schedule constraints includes traveling time and transfer
waiting time. In this paper, a genetic algorithm (GA) approach is developed to deal with this problem. The
effectiveness of the GA approach is evaluated using several test problems.

Keywords : Genetic Algorithm, Shortest Path Problem, Intermodal Transportation Network, Time-Schedule
Constraint, Route Guidance System
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[Procedure : GA]

(Step 1] WiANEFES] pop_size, x, b P max_gen] T
AR MY 1 2028 27315t

[Step 2] BRTHe] 2713} Mol ot pop_size 7] ] B
A2 -PAE R P(H)E AR

[Step 3] AL HrlAzlo o8l 2HE p(H)E FAS =
7o 1Eﬂﬂﬂ4
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7l BAA 7} 7441E
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Z 8}al [Step 3] 0. & Ao &)

Borland C++ 5.0
CPU, 64MB RAME
7+ A8l AHEE i
dAE WEHARM 25 FHsh=
o HJEU ?43011 9] H E%lffL

(&) alk(l, 7 k)

T 12 A}o]

AR <2

L=

Ll

B7vak7] Hel M=

o] AAA 7} 78 B P () E AT

o &3l A BT Pu(r)'S] NX
B39 PN()"E A3}
Sk =141

H7171%0] )
nel 5 wmsfore . 1
o 17440l 017

}%3}01 T8 5]9) 9 0 Pentium 200 MHz
25k IBM-PCo| A =3 =] Sith. 455
TE Bgusrhe 4189 <1y 6>

o 285

FUEEe

<% 1>J,]_ 71-0]3_1 7]:@*
ehdct

R=Ae)

o= 71As. §J—* =
A En L

98 02 4

ETH WA
A7bo) AlgET, A3 1

=6

*

*

*

(3]

W | W W

walk (i, r, k)
=8 | =10
3 *
* *
* *
4 *
* *
* 2
* *
* *
* *
* *
* 6
* *




2d

148

O

B se 040 43 £ashn, A8 293¢ 44 s
9T 12, 2E 49} =& |5 Alo] & ofulak SE 7hA o 4
3] tt. wbA] 5 == 109 A9 A3k 19 Myl
17 AFHe =& 13830 2 (31, 36, 41, 46)0] T =T 89] 1}
gko 2 (8, 13,18, 23)oth
<19 69 MEAZOE BB wt FREA 2E 2
ZIA F 40709 A2 EAE o] HRZES EF €4
gto] Hugo 2N fA ADHZ p'=0-0-0-0-0-B-B
(3 2246 22 7 A0k 9 2419 ool GAE
£3}719 LM pop_size=10, x =10 %, max_gen =302.
2 IAST po 0.15EH 1L.074A] 0199 E, p.2 0.055-E
L0744 0.052 9 2 ¥glA]7|HA 53] uhEste] gae| 59
3495 FT AP AH p.& pY BF AL

~
ot

>~

55 A9 o
&t 0.05~049 A vig2latglon 53] p, =02Y o 7}3
e AE HAFYh <a1¥ 8L 5,=02% o 3040
oA p.o] W3l & HLT HIEA(F 28ATHE BT
1 9l on uhE =85 o) 7 53 9] Ht A& vehdoh

<a¥ 89 AAGT HAge 24 304t A 7 4
3 A 9} 7Hg F59 FAA 9 A% HrhAE Vel
Aom po] BE Fholl st 53] BF HAgtoz A HAg
Q1 360] BT}k HAge ZYe A HIAE Ut
A} <328 > 5o Mo B2 gzl S FHAAEE Y
EhlH 53)9] HR|olth p.=030 M= HHFH O 164t)

...... -, F| A
—a— &t
—— Hogl

Fitness

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
pe

238, p.0o Wl wE rhx| o] B E(p,=0.2, Ath=30).

Generation
o
T
b}

<
T

5 F 2 'l"' . ,.-m
- -‘~...~ . [ s
O T 1 1 1 1 ‘4-" 1 1 1 ]
0.t 0.2 0.3 0.4 05 06 0.7 0.8 0.9 1
pe

Y9 o8] WS IE FHPE(p, =02).

e

oA HAFZ7F GAE AR 1 vke] Aol HUARE £
7] g8t st Ago| itk WEtA 5,=02, p. =
0.3°] ARG S &+ Ut

HHEAE O 53| ol A pRA} Ao RS 2ARRE E
B HAA 23 p'=0-0-@-8-@-@-B Y= ph=0-@-®
-B-0-B-B(F 28417 398), po=0-0-D-D-0-B-BG(F
AQATH44E) Fo] BAE AT 53] BE pY F A2
e HDAHE p o F ARAIT| 7 #hglo] 2|51
1& o] &sle ZA2ot). vhde] HGAZ p' & W29} A|3hd
3o] o] GHTh FFols F7HHgo] AT Bk ofu)2} of
Ay olHut & o]& B E(moving sidewalk)9} 22 3 1 9]
Al o] nlu| g 7 ol = o] B-x}of| Al B o] zE ). we}A
£ daggd sl A7 EAAHQ] H2EL J3Rpr) o] &
a3 QoA 5& A A A 7P A3 A =2
98 5 Qe AR EAM A FH A o)

A GuElEo A5S 40709 =9 130749 » =, 12
e} g =i, 9] nESH(H 2, AFHE 1, A3 2)0.
2 A" TR E9uE Pl ste Hrisiych 24 ga
of FHAHE) T FHASS A3 REAQARKE)S 13
10 Afe] o] A48 Yo = Pt HAsI S, Wiy SE 7
Ao g 33, A&k 13 Aahd 2 108 7HH 0.2 33] 939
o]foiA e LR MU|2AIZEE AFEY T pop_size =
100, max_gen=>500, p,, =02, p.=030.F HA s}l $3)5}
ATE Ao EE JER A <29 1003 20

<2E 109 o= Ao 7P S5 daAe] 48
H7HA 2 LHeER B 0~ 208712 o] A8 = H7ER] = 5058
ojtt. o] ghe- AB|ZAIRE A|ghof o3 Fhgo] Brled k2
7S 54 A28 Jepdt). mebA o] A2E w5 9o
EAQSHA A2 Ffo] E7Ee 2otk E AgoM=
oj9f #& AR Y3l F5o] Brted =g EYT 5 9)
EAIZMS 500802 HAFto 2 M A HrlEER gt
2094 el A HAR B 73t AR(HSE HIEH] 148%)
7t Ao 2 st R o 2574 ) o) Fol e Bt o) $-4=3
AR 7F R AR o). el Eo AL 582 1)

P

600 r

500

400

300 |

Fitness

200 | Runtime(sec)=58

100

0 1 1 A 1 Il L 1 I 1 3

0 50 100 150 200 250 300 350 400 450 500
Generations

9 10. Ao W5k




A B 22X 7 A o] = S

S W A7 o] HUARo} AEEE A % 5 Qov y
£A9) BERAY 2R AT
Agshe BT F2HQ HUAZS Ao A2
% 9l 71gole 2wk

N
b

=
L

oI HE TSl el S Sl 8
% ohleh HHlZARE Agel ol Bty 7142
199 219 A2 YT ¢ e U

LR EESEERE R EE EOE
AQIERE ol g3 A7 HeARE o
SR o AR AR 248 s

12 2o BYRFHL ol §3hE AT oz

290} ANIAE AP ATE0] FARAAD Bu)71A
HYHOR s 1A ATE 2kl

o 8450l Fetgelale. & Aol Ay daels

Sgsh) el 5 wm 25 9AE 2]

4459 d )2 Aok 2ol wEYe v

#7149 Jedol B4 giok 27Es 7R 7}

gl thshel A%t FaelE 488 23 42

2F BE AT o) EEHOE BG4 YL

ol dFHIQor ARAZ YA ATHE B3 A 3

R AEEE S SISRI Bl T8 nefsh ol 64

AR 7 AR o B2 Hes] 98 Hre

SRR S
R 928 S0l LY AMAT 5]
£ 5l o2l 2ol 917) Wl 1Y BT REUE

o, 35 Aoz s A E elba 4

WMo A5l AAE A e 2
o 3ol 240 A UFWE o1 4E 95 F ek A

29e WA 2 TEE S77 Bas,

2
-4

M2 R o) e
i

w & oM o o st
rlo—_‘rmﬂz

.nﬁmmw°m%
&3 oﬁ

.mmb

do Rl ofy

&

[e2

e

ro ofl o o
i)
o i
_E

_1
=]

2 oo of Ok rlo B oA oh‘, Flr
re e o ‘R‘l‘

Do ook
R
ot

of

m
i
£,
o
o
R

oM ARIY N2 & 9F

A2 ¢ F 149

gzl_,

Ll

Chang, 1. S. (2000), A Hybrid Model of A" Search and Genetic
Algorithms for ATIS under Multiple Objective Environment,
Journal of the Korean Institute of Industrial Engineers, 26(4),
421-430.

Chen, Y.L. and Tang, K.(1997), Shortest Paths in Time-
Schedule Networks, Juternational Jowrnal of Operations and
Quantitative Management, 3, 157-173.

Chen, Y. L. and Tang, K. (1998), Minimum Ttme Paths in a Net-
work with Mixed Time Constraints, Computers and Opera-
tions Research, 28, 793-805.

Choi, G.S., Park, J.J. and Seo, K.S.(1997), Round Route
Search Algorithm for Commercial Vehicle using Evolution
Program, Journal of Korean Society of Transportation, 15(4),
125-141.

Choi, K. C. and Jang, W.J. (1998), A Model for Shortest Path
Calculation on Intermodal Transportation Network, Journal of
Korean Society of Transportation, 16(4), 167-186.

Desrochers, M. and Soumis, F. (1988), A Reoptimization Algorithm
for the Shortest Path Problem with Time Windows, European
Journal of Operational Research, 35, 242-254.

Dijkstra, E. W. (1959), A Note on Two Problems in Connection
with Graphs, Numerische Mathematik, 1, 269-271.

Kim, H. M., Lim, Y. T. and Lee, S. J. (1999), Development of an
Integrated Network Model for Mode Choice and Trip Assign-
ment, Journal of Korean Society of Transportation, 17(5),
87-98.

Lawler, E.L.(1972), A procedure for computing the K best
solutions to discrete optimization problems and its application
to the shortest path problem, Management Science, 18, 401-
405.

Lee, S. H., Choi, K. C. and Kim, W. G. (1996), An Integration
of Searching Area Extraction Scheme and Bi-directional Link
Searching Algorithm for the Urban ATIS Application, Journal
of Korean Society of Transportation, 14(3), 45-59.

Michalewicz, Z. (1994), Genetic Algorithm + Data Structure =
Evolution Programs, Springer-Verlag, Berlin Heidelberg.

Modesti, P. and Sciomachen, A.(1998), A Utility Measure for
Finding Multiobjective Shortest Paths in Urban Multimodal
Transportation Networks, European Journal of Operational
Research, 111, 495-508.

Spiess, H. and Florian, M. (1989), A New Assignment Model for
Transit Networks, Transportation Research, 23B, 83-102.
Thomas, R.(1991), Traffic Assignment Techniques, Avebury

Technical, England.





