st E8EX] M23A HM3%, 20054 69 35

—W % X W

A =M dA EXM(BTRNDP)S| 1

Reviews of Bus Transit Route Network Design Problem

& & & ol = X
(QARLRATY BEFEFATH ATHL) CESEELSIEL LIRS

g o= 4% ¥
(QALAATY DFLRITL A7) (QHLAATY BEEFATE A7AY)

g X
[.ME 2. BTRNDPS 2314
0. Hx dsns AdHy IV. BTRNDPdl| 285 FHujEY
1. B2 dFguge] &3 3 o8 54 1. s&AEdES e 4
2. = dEaFAAL A8 2. BTRNDPE 9% S3ELd
. BTRNDPO| A+HHE £/ M 2% ¢ 35 d743
1. A8 =23 Fued

N

Key Words : W2 =A% A4 24 (BTRNDP), 232 48HEA], 24 A Ay, FH M3 Meta-heuristic
duelE, USHER Py

(o]
=
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Transit Route Network Design Problem)® $-8319139 7tz A4 249 g2 Hawel 79t W& wiig 44
A RERRE AP AR SR we) v B AR, AR, AaEdRy Felagny glolHas
Ry, Z9r1vuy, AEHoHREY, welAH3ny 5 3A 8 £FE 4 vt BTRNDPE of&A|-&2} 2] &9
2N FH|RS Abgele ZATTE Y537 A 2Ry AR Adrdsel WA WABSLE Agste 24
olt}, BTRNDPE ZTHAEAZ Aty FelHAEA R rHss] 348 Fsle Aol o7 Wi 28 slsdz 74
H 2 sFe e HHHE gsokshe NP-Hardehe A& 7klcl. BTRNDPS] 223 o4 edxade
2% 2 GERTE(Multi-Objetive Function)E ©)43lH 8% 13495 o|gdlio} e 7Tl E wag
WY o] AFE L gl dYgnEFoR AR W wAYE FAEA 2 BE 15T AN E(Candidate Route Set)S
AQsln =A%) FH2FE Fe WEtFelAE (Meta-heuristic) 2] &S o]l AGHE =N e o] §
S5 Qlok FA a4l waEeE Ael] g dEaE SHWMERY ] Baghd BTRNDPY H45% E3u
2y a2 EYgujErge] 2 24EH%Itt W9 BTRNDPE 13 43t 9 Axbdege BTRNDPAA 713
8% nEAEe ARsE HAEEY 71 J1EEEYF 7F, v AW HARY 2 93 uE SRRy A g
HLuelge M 5o FF AT gl x3E 5= ok

This paper is to review a literature concerning Bus Transit Route Network Design(BTRNDP), to describe a future
study direction for a systematic application for the BTRNDP. Since a bus transit uses a fixed route, schedule, stop,
therefore an approach methodology is different from that of auto network design problem. An approach methodology
for BTRNDP is classified by 8 categories : manual & guideline, market analysis, system analytic model, heuristic
model, hybrid model, experienced-based model, simulation-based model, mathematical optimization model. In most
previous BTRNDP, objective function is to minimize user and operator costs, and constraints on the total operator
cost, fleet size and service frequency are common to several previous approach. Transit trip assignment mostly use
multi-path trip assignment. Since the search for optimal solution from a large search space of BTRNDP made up
by all possible solutions, the mixed combinatorial problem are usually NP-hard. Therefore, previous researches for
the BTRNDP use a sequential design process, which is composed of several design steps as follows: the generation
of a candidate route set, the route analysis and evaluation process, the selection process of a optimal route set

Future study will focus on a development of detailed OD trip table based on bus stop, systematic transit route
network evaluation model, updated transit trip assignment technique and advanced solution search algorithm for
BTRNDP
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standard travel demand and trip assignment
models), WE% I AFRAG gt Zu] & o] &
gk AR (Market analysis using manual trip
assignment for corridors or small areas), &}

a#HE o83 AA F4(System analysis with
interactive graphics), Fe&8 W (Heuristic
procedures), <el&23} #(Mathematical optimization)
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(b)Equality

Constraints:

glx, T =0, i=1,2,...,1,
(¢)Other Inequlity constraints.

pix, T <0,

(d) Topology constraints:

1=1,2,...,1,

Subject to:
(@) Inequality constraints. afn), i=1.2,....17,
Foin = 1= L 7NN, A, TO) ¢ wzcATe] AHls 25
Suin S i <Sma ek 24as
(E 2) HAaMe MAIZH S By PN HIYH &7
P . : Network . Fixed v.s :
Optimization Design Solution ) . o Transit
Year Author Objective Variables Approaches hligizclhy Constraints \éggﬁlg assignment
1967 ngfrl;l:nfx Gen.user time ?gg&gnﬁly H&M 1-level Operating cost Fixed Multiple
1974 | Silman et al. Gen.user cost ggg&g nfy H&M 1-level Operating cost Fixed Multiple
1979 | Dubois et al. Gen.user time f?ggﬁgnfy H&M 1-level Operating cost Variable Multiple
i _ Route coverage, . .
1980 Mandi, C.E. Gen. time Route H&M 1-level directness Fixed Single
1981 | Hasselstrom, D. Cosgeizegtser ffreé);&: n?y H&M 1-level Operating cost Variable Multiple
User & operator . .
o {Feeder Route & : I-level Multi-constraints : _
1986 Kuah,G.K. cost tgt:tcicoe;s rail frequency Analytic (feeder) Fixed
1988 | Van Nes et al. | No. of direct trip f}rzggtt)znfy H&M 1-level cog,p%rggnsgize Variable Multiple
1990 | Baal, M H. | Multi-obiect f‘fgggznfzy thrid A 1evel Multi-constraints | gyeq | Multiple
1992 | Ceder & loracli| U fime & f}fe"éﬁgnfy HEM 1Hevel - Fied | Multiple
1994 Mashhrilgsﬁzani Multi-object f];{: éﬁgnfly Heuristic 1-level Multi-constraints Fixed Multiple
1996 R{g%é? User time Nggs:zl(t)?k Heuristic 1-level - Fixed Single
1998 | Pattnaik et al. Gen. time Route GA 1-level Frequency load factor|  Fixed Multiple
{user & operator) Network
1998 | Lee, Y.J | lotal operator f?gélégnfy Heuristic 1level Multi-constraints | yaiahle | Single
1998 | Carrese et al Total operator Route & Heuristic (ex r?éélse/ggin/fe - Variable Multiple
' and user cost frequency P eder) P
1998 | LeBlanc, L.J. Nettrxflvgfgntlgtal Frequency Math opt. - Fleet size Variable gﬁfﬁgﬁfﬁl
- Total operator | Route shape & E _ : .
2002 Bielli et al. and user cost headway GA 1-level Fixed
2003 Tom et al. E?}?luggfrfgsg f}r?::)(;ﬁg nfzy GA 1-level Frequency load factor|  Fixed Multiple
2003 Zhao, F. No. of transfer trip flsglgg nﬁly SATS et al 1-level Multi—(c%rz}s)traints Fixed Multiple
Total operator _ _ . Muiti-modal
2003 Gao et al. and user cost Frequency Math opt. Variable equilibrium
Total operator Route & . Multi-constraints . .
2004 Fan, W. and user cost frequency GASATS et al 1-level (HO) Variable Multiple
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22 NP-hardgks 542 73 ot
1) S5Es
BAeE 28843 23 (minimizing operating

cost), &H A3 (maximizing transfer saved),
A3}t (maximizing profit) 59 Wizl
vrg a7z we, oheksiA W =4 dAE
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&, I dirrIzE, #5314 Folth Hasselstrom
(1981)& 7Hie8 gyl Haix aHAYggE =
tefehs BATE o] 831928, Van Nes et al.

(1988)& Folx ek adgsiolA AZFa 2 (direct
trips)el & IUste ZHIYFE o 43Tt
Bagj(1990) T5He Maxdwoz 713343t &
P 2E AT AAFL(F, JFeAFs, 13
a9, 28 S8, HUESQ)EY FEYAT
I ANEPAITE, o7ARE, BeAIRE Bl BAEe]
o, Hawdng ggsted a7HE Ahars
9% Hlm B3, Ceder and Israeli(1992)=
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J—\j o:——_= xuq‘ ]‘—H-x} o T A 1_7"“L T 7]"6' <je|:‘l 3) E%gl 3"‘3“7,_"
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Aot 1070 =28 7 UESeA Ao A4e =28 AT dokzle] 32 WA wAuke gAE] 9
chast 2ol A 14 BAG5ge] MnEh wek 48 Ay vt
=AAYo] $A) Gk WS HA wHYL ek A

Vel =2 T4 =AF At Frlehe A4 Wiz =AYE £20 4 + 9l E

0Py 1059 _4c @ Tl Aso w4 gtel At 2ed At
HEl7E 2 4 9ok et o2l Agrh U Ack o
e ZFEA 2HAAAG BFLAR A
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AEE RE JFedle ot AARNFE ol x
HEE wE g3z Ao ¢ HE wao 3¢ 4+ N. BTRNDPO| HS& SRS
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zo| we} APEG ANE e wde mE s 1 SSXNSBMRB OE H
g o2 RE AA A Hz 2AYE THER Al
28 2ot 28y U 2L Aol gsly] uji 2 A A 2404 SRES =19 v}

3) wetfel 28 (Meta-Heuristics) & 4738l dE e elH A8 2AE Folr BE A7t NP-Hard2A &427]7F AR <) wa) 74 FE
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NEn S (transit network)& ¥utdo g &
Z(nodes), FZ(ink) T8 A (line)o2 FA4H
o FuE =A% FR(network structure)®E =

gy Rz Wl we} FA wiREFIHE R (frequency
-based approach)@ AAZ7]¥E3 (schedule-based
approach) &2 7% & 3tk

HEas AT 44 A Aed FgEny
AT UHE ARG Fas 24T FEx
A (overlapping routes)ell W& &9 B34 wE
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