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Abstract

For integrated transit networks operated with diverse transit modes, it is difficult to find related literatures on the provision of
multiple travel time routes information. This study proposes a methodology on how to select K number of least time transit routes
in the integrated transit network

with two modes, bus and subway. In the proposed method, three constraints usually (will be) encountered for decision by users-
(1) service time constraints of travel modes, (2) maximum payment fare constraints under the integrated distance based fare system,
and (3) maximum number of transfer

constraints - are taken into consideration in the searched routes. The experimental studies shows that the proposed method
properly provides K number of least time routes. In addition, it somehow proves that by combinatorially considering three
constraints the proposed method can be evaluated as to enlarge the quality as well as the diversity of route information demanded
by users.

Key Words : Intergtrated Transit network, k number of least time, Service time, Constraints, Max number of transfer, Constraints
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2 21 21 1,000 16 0 7-(83)-5-(83)-3-(83)-1
3 25 20 1,000 20 1 7-(83)-5-(S1)-3-(S1)-1
4 27 27 1,100 20 0 7-(S1)-6-(S1)-5-(S1)-3-(S1)-1
5 29 16 900 24 1 7-(83)-5-(83)-3-(B)-2-(B)-1
6 29 19 1,000 24 1 7-(83)-5-(83)-3-(S1)-1
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<Table 3> K Routes with Service Time, 1,000 Fare,

and No Transfer Constaints

AzeA | BYANL | BEAY | 8F | A4 | #5388 AR BEHA< £G <-EEA
1 21 21 1,000 16 0 7-(83)-5-(83)-3-(S3)- 1
<E 4> MHAAIZE 230008 535 159 KEZEM

<Table 4> K Routes with Service Time, 900 Fare, and One Transfer Constaints

264 | BANZ | 5949 | a7 | 2047 | e84 A2 SHA<TT <EUA
1 21 14 900 17 1 7-(52)-5-(82)-4-(B)-3-(B)-2-(B)-1
2 29 16 900 24 1 7-(83)-5-(83)-3-(B)-2-(B)-1
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<I 5> 2413, 22 900¥, Mu|AA|ZtM etz 5te KE 2 &AM - (K=2)
<Table 5> Searching K(K=2) Routes with Service Time, 900 Fare, and One Transfer Constaints

GEE] 29
. Eqa | 9az | 8¢ | 12ew | #28F | 2223 | 39 | 5949
SR Ly laga| 2a | A0 | A0 | 85 | FAD) | FAD | $AE | LFHD) | Km)
%]i a1 0 JE.
122 | B | 4% | 09 |00 60 00 ©0) ©0) (1)
0 1->3 S1 5.X) ©,) 0,0 8.0 0,0) 0,0) 8,0) 3,
1->3 S3 1.X) ©,) 0,0 B0 ©,0 0,0 3,0 79
1->3 Sl (5,X) ©,-) 0,0) 8,0) 0,0 0,0 (8,0) )
1 |1>2] B 1->3 S3 7,X) ©,) 0,0 8,0) 0,0 0,0 8,0) )
2->3 B 2.X) (1,5 0,0) 0,0) (0,0) 0,0 6,0 2,7
1->3 St (5.X) ©,) 0,0 8,0) 0,0 ((X0)] 8,0 5,)
1->3 S3 7.X) ©,) 0,0 8.0 (1X0)] ©,0) 8,0 79
2 12>3] B 3->4 B 5.X) 2,9 0,0) 0,0 0,0 0,0 6,0 5,
3->5 S1 (20,X) 10,5y | (1,0 0,0) 2,0 0,0 8,0) (12,5
3->5 S3 (24,X) (15, | (Lo 00 2.0 (U4)] (8,0) (11,)
>3 | 83| 0% | ©0) |00 6O 00 ©0) (8.0 (7.)
3 153 | s1 3->4 B (5,15) 2,12) | O,1 0,0 0,0 00 6,3 5,8)
3->5 S1 (15,20 65,100 | O,D 0,0 0,2) (1,0) 9,8 (15,12)
3->5 S3 (24,24) | 5,15) | (LD 0,0) 2,0 o, 3,9 (11,14)
t->3 S3 7.X) ©,9) 00 8,0) 0,0 (V)] 8,0 7,7
4 |3l g | 23] S| 032001 (1O ©on) ©0o ©2) {(1,0) 9,8 (15,12)
3->5 S3 (24,24) | (15,15) | (L,D) 0,0 2,00 ©,1) 8,9 (11,14)
4->5 S2 (17,X) 12,0y | (1,0 (0,0) 2,0) 0,0) 8,0) (10,-)
3->5 S1 (15,20 5,100 | O,h 0,0) ©,2) (1,0) 9,8 (15,12)
S 1 1>3}) 83| 4->5 S2 (17,X) (12, 1 (LD 00 2.0) 2,0) 80 (10,9
3->5 S3 (16,24) 7,15 | O, 0,0) 0,2) 0,2) (CAY] (16,11)
4->5 S2 (7,Xx) 12 | (1L,O) 0,0 20 0,00 3.0 (10,-)
6 |3>5] Sl 3->5 S3 (16,24) @,15) | O, (V)] 0,2) (1,0) 9,8 (16,11)
5->6 S1 25,X) (20,) | (1,0 0,0) 0,0) (1,0) 9,0 (17,9
4->5 S2 (17,%x) (12, | (L0 0,0 2.0 0,0 (8,0) (10,,0)
7 13>51 83 5->6 St 25,X) 20,5 | (1,0 0.0 0,0) (1,0 9,0 (17,)
5->7 S3 29.X) 24, | (1,0 0,0 0,0) (L,O) 9,0 (16,0
5->6 St 25.X) (20, | (1L,® 0.0 0,0) (1,0 9,0) (17,)
8 [4>51 82 | 57 S3 29.X) (24,5 | (LOY 0,0 0,0) (L,0) 9,0 (16,0)
5->7 S2 2L,X) (17,-) (1,0) 0,0) 0,0 (1,0) 9,0 (14,0)
o lsor| g | 576 | 8L @5X% | @) |00 ©O ©00) (L0) 00 | a7, )
5->7 S3 (29,X) 24,) | (LO) 00 0,0 (LO) 9,0 (16,0)
10 | 5->6{ SI 5->7 S3 29,X) 24, | (LY 0,0 0,0 (1L, 9,0) (16,0
11 15>7) 83

X: B30 B8
o wergs Emingd I oola) gas gaga .

10 RUJTSAR| =27 4P, T12(2005\3 43)
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<Table 6> K Minimum Link Time Path Tree from the Origin

W AFD) AL A2 T AIZHK) FRLFED 3l F 87 2l(Km)
I >2(B) (=) (1, X) (600, —) ©, -) , -)
b >3SD (=) G, X) (800, —) ©. -) G )
L >3(83) (=) . X (800, —) ©, ) 7 =)
2 >3B) (1—>2(B),—) Q2. X (600, —) ©, ) @ -
3 >4(B) 2—>3(B), 2—>3(S1)) G, 19) (600, 800) ©, 1 G, 8)
3 >5(SD) (1—>3(81), 2—>3(B)) (15, 20) (900, 800) ©, 1 (15, 12)
3 >5(S3) (1—>3(83), 2—>3(B)) (16, 24) (900, 800) ©, (16, 11)
4 >5(82) (B3—>4B), ) (7, X) (800, —) {1, -) (10, -)
5 >6(S1) (B—>5(S1), —-) (25, X) (900, —) a1, -) (17, =)
5 >7(82) 4—>5(S2), ) 21, X) (900, —) {1, -) (14, =)
5 >7(83) (3—>5(83), —) (29, X) (900, —) a1, -) (16, -)
6 >7(SD) (= ) X, X (= =) (= ) (= )

N >M(S) : K=19s Az=A
N >MS) : K2 B34

Vol.4 No.1(2005. 4)

The Journal of Korean Institute of Transport Systems 11



Hofzzig 1aish SAUEZTNE YL of ot 2B
of ZA% KALFINN Az S & 97-106, 1993.
|48 ddisidon, ASxAS HoE HEE [6] LY. Yen, "Finding the K shortest Loopless Paths
TFHEte] A&7 AR U3 Ao Z& §H) in a Network”, Management Science, vol. 17,
Hog AHE WAL ATHTh o|F AGEA pRTLITIS, 1971,
o gokaA Ueld 4 9o B A= Az g [71 M. Lee, Transportation Network Models and
ZREQAMNAL] AAE VzE 2o FAE Algorithms Considering Directional Delay and
ol Blx¢l Aatdo] ZAs= EFUZaEYL Prohibition for Intersection Movement, Ph. D.
zXoz A7tA ALXzZA - 1) HWELE 99 Thesis, University of Wisconsin-Madison, 2004.
M2 7Sk, 2) B3 A AR L FA L 3) [8] olwl<d, W4, ¥, 29, "AefHlEA
B3 wAleF g mE sk Wetg Atelalc 2AA WE KRIBRYA, HIwE
AETE Sata] Aotd qmEEe ok )54, A234, 1%, pp. 103-114, 2005.
Az Wk ARmnt olual tere] zAd] B [9] J. Desrosiers and F. Soumis, “A Generalized
g7 9= Az dudog A 8 & Qo= Permanent Labeling Algorithm for the Shortest
A]’@‘% Q?_]B‘}‘ﬁq Path Problem with Time WiIIdOWS”, INFOR,
vol. 26, pp. 191-211, 1988.
- _ 10] M. M. Sol , "Algorithms for the Vehicl
73_ 3 ‘i"f'.‘ “‘,“]_ [10] olomon. gorl or the Vehicle

[1] R. D. Shier, “On Algorithms from Finding the k
Shortest Paths in a Network”, Networks, vol.
9, pp.195-214, 1979.

[2] M. Pollack, “The Kth Best Route Through A
Network”, Operations Research, vol. 9, pp 578-
580, 1961.

{31 R Bellman and R. Kalaba,”"On Kth Best Policies”,
J. SIAM, vol. 8, pp.582-588, 1968.

[4] EQ.V. Martins, “An Algorithm for Ranking Paths
that May Contain Cycles”, European Operational
Research, vol. 18, pp.123-130, 1984.

[5]1 J. A. Azevedo, M. E. O. S. Costa, J. LERS.
Madeira, and E.Q.V. Martins, “An Algorithm
from the Ranking of Shortest Paths”, European
Journal of Operational Research, vol. 69, pp

(1]

(12]

(13]

[14]

Routing and Scheduling Problems with Time
Window Constraints”, Operations Research,
vol. 35, pp. 254-265, 1987.

J. Desaulniers and D. Villeneuve, “The Shortest
Path Problem with Time Windows and Linear
Waiting Costs”, Transportation  Science, pp. 312319,
2000.

Y. L. Chen and K. Tang, “Shortest Paths in
Time-Schedule Networks”, Operations and Quan
titative Management, vol. 3, pp. 157-173, 1997.
Y. L. Chen and K. Tang, “Minimum Time Paths
in A Network with Mixed Time Co nstraints”,
Computer Ops Res., vol. 25, no. 10, pp. 793-
805, 1998.

R.B. Potts and R.M. Oliver, "Flows in Trans-
portation Networks”, Academic Press, 1972.

12 QISR =ETY

Mi4d, M12(20054 48)



(M XEATH )

o] m 4 (Mee Young Lee)

1988 @ ZAhsta A g Sat

19931 @ ZAdhgtal =A1A 88t ekt

2004 : w5 Y AFAFYH ) E5i(Madison) EEEE A w53 A}
2004 6Y~EA : A ALY ATFY ADAFTAAATAEH HAdATF

W A (Chul Nam, Baek)

19931 @ Aot A Geta} A4}

2002 : MEUiEgn B FEAL

~&87 : A=AV EIATE AEREAAATAY Add7L

Vol.4 No.1(2005. 4) The Journal of Korean Institute of Transport Systems 13



