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Flex-route buses scheduling based on priority
topological sorting

QI Man and PANG Mingbao

School of Civil and Transportation, Hebei University of Technology, Tianjin 300401, P. R. China

Abstract: In order to improve the service level of flex-route buses, a scheduling method based on station priority
topology sequencing is proposed. According to the travel needs, the directed acyclic graph (DAG) is determined, and
the station priority is calibrated based on the convenience of arrival, node degree, demand for boarding, and alighting,
etc. The only topological order of station demand processing is obtained finally. A scheduling model aiming at
minimizing travel costs of buses and generalized travel costs of passengers is established, which is optimized by
genetic algorithm based on topological sorting. Using No. 385 bus in Tianjin city as an example, the results show that
compared with the traditional scheduling method and the method with topological sequencing of demand but without
considering priority. The travel cost of buses per passenger of our scheduling method is reduced by 11. 87% and
6. 85% respectively, and the generalized travel cost per passenger is reduced by 9. 06% and 3. 28% respectively
when the travel demand level is higher than expected. This method can effectively improve the service quality and
profitability of flex-route buses, and has lower per capita driving cost and per capita generalized travel cost, as well as
lower reservation rejection rate.
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Fig. 1 Diagram of flex-route transit service. Squares, black dots

and circles represent fixed stops, temporary demand points that
can be served, and temporary demand points that can not be
served, respectively. Dashed line and solid line respectively

represent the base route and the planned route.

TR 55 DX A R e 2 5 Bl 125 R B 4
I o 5 R A (R i 2. (B R G A NI

%?;‘ﬁ)ﬁ’ ;H\:%%%%i_\‘yg[{:{l{n Kyy °°°y KN}’ %l
ﬁllﬁﬁrj‘%*/'ﬁ}%‘ré’(i:[sn Ci» (q;s di]’ ;H\:EF‘, Siﬂ‘j

PG AEGENE s o MUl RN R s g ML d, 25 R ol
RN F R

SRR AR R R T RO R A, BIA
DAG Frn 1R i L Z BB T5 R SE 2, Al
2. Al B AT R R A0 1 D5 R] kA fEAT 2
Wi, Bk 02w B ELARADE Y S, 21« — K,
DAG TH AT Y AN PE— S B DAG Fh 1T 51 25 51 1 B AL
P, I ] AR 2 g 3o SR AL ) e DA
AE. A, TSPty il AR L a0 52 ol KA
FAMIET, f DAGHES R BT 51—

DAG H Y TR i e Al AR i 0N AL T 2R Bl



a4

O, thﬂ )
©
B2 Rl A 1 JCER A
Fig.2 Directed acyclic graph of demand points.
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Table 1  Site priority assignment value

Ky Ky K3 Ky Ks Ke K7

e 4.29 3.17 3.99 5.64 5.15 6.41 3.34
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Fig. 3  Priority-based topological sort scheme. (a) to (g) are

respectively the selected order of points k5. K. K;. K\ Ky

K, and Kg.
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Fig. 4 Final topology sorting of temporary sites based on
priority.
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Fig. 5 Route of No. 385 bus of Tianjin. Black dots and circles
represent fixed stops and temporary demand points,

respectively. Solid line is for base route.
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Jita BRK

Jrlal BRI

3.3 Xttbo#r

AW I U K ACE R 1..00. R {ExT HEACR:
FERR I, H385 A 38 e T IRUA 1 SR AT AR
R T SROKAE BT AT R SR R O T K Y
1.354%, F5oRAKVC K 1.35; [RIRE LUK 35 sk /K
SRR AT, 100,75, A RIE AT R R
T ST RAR TG, X He Al Ar 2k p st A 28 7 3
SR T RS SR, a8k O E5RTT
AN ARG @ WM R AR E R
TR R G O AR TR e M EF 1Y
VRS, W AT AITHRNA , AT AR A
B SCAT A . AT eI T RN T 23 SR f 4 %
SRR S S MR S5 PEREREA TR L . 25 SR WLEE 3, T I

1) HERETRAKET, RN N7 H
BAR Ay 4,38 J6, A H At 9 AR R BE O 2840 T B
11.87% 1 6. 85%; NPT~ L H AT WA 43 51 F Bk
9. 06% F13. 28%; NYJFFEZRf [ AHX Bk . AE
WITRACE TR, AR A S AIIF TR A 3



a4

Fri, A FETUSCHIN MR 1] AR L A S 441

K% 7.58% F14.39%; N34 SCHAT AR 430 F B
3.40% F10. 82%. TEARTTRIKET, ARFFRAIASL
NS A > 5 R 7. 55% F17. 21%; N¥T X
HATHA Y B R 1. 79% F10. 90%. AL, R
WF5E 7 ] fE— e B LR ] AR 2R i A 22 1N
WIS AR TSR Z T AT AR, B AL REN
BAIRE T RIIRSS K-, PR AR B T SR A T
BHA

2) BIRATE P A AT AN, A
LA T AR AR s . X RE R TA
MR IR AT E LR BB IR Z T N, KL e
R sl AT T RE S RAR = LS ), (AR — 2y
FEIE B /Nl s A B s Je, e 28 PR s PRI s [ B
b s, Wik, s AR KPS .

3) TEIERIEL I, MARGENTREZHT,
LY AT RAF L S IO T k. IO R Dk [
il 1 T Al 25 MR 5 1 2 DRI S TR A B, 0 3l
PAAMGTT RIS 220, Jevk 8 B 42 A it st
TR XTHER BN, FEARTRACE T A5
A A B 5 R R 4 235 5K, BV 75 R 4%
Z R IR T AT A A R

#3  MRSHERRS I

Table 3  Comparison of service effects

Az # KT
. o He AT o
(5 .35  1.00 0.75
NIGATRE AR/ T 4.90 539  6.41
217 B /km 27.30  26.22 25.65

1 N SCif AT 8.31 0 7.60 6.80
M43 4 7] /min 17.52  15.55 13.33

TR R4 R % 19.98 6.70  1.53
NI AT 4.68 523  6.39
47 B AR /km 28.11 26.77 25.89

2 AN SO AT E 7.87 7,41 6.74
AT 4-Hi} ] /min 16.30 15.03 13.18

TRIAL /% 11.13  3.57 1.09
AN T AT 4.38 5.0l 5.96
247 A /km 28.77 27.08 26.14

3 AN AT AT 7,62 7.35 6.68
N3 42 ] /min 15.68 14.87 13.00
R IELE %% 7.68  2.28  0.80

% iE

AT 2 Tl A e MR (1 ] AR 2k
A S SERAS, S5 G BN fESEME o ST A

JE | A TORAVE R AR BEA T AR R i i S
PRAE , TEDAG FEAf L 7 e — Y o i T SR AR B
FEAhNTF . S AN AT A R AT
A I R /N FAR AT A, ds IR T4 b
HEF (9 GACRAR , SRASE MR 5. Sflniras
BB, HTulh e M R A
HARI A S ANIIATRORAS 7 SO AT A B i )
PRS2 3R, A RAR R A S A5 B A A K

HEDH: HEARPARLL BT H (50478088 ) ; KTz
R & T RIEE B0 H (2023-49) 5 LA W SRR
Bl2EH ARG 52 B0 H (2D2021028 )
EBRAN: 72 (1999—), b Tolk KFm-HiFge A . WF9E 7 1a) .
BREASIMIZ M A SE . E-mail: qm6191339@163.com
3] s e, DR LTSRN Y AT AR LR A 38
VAREL]. TROIR 230 T, 2023, 40(4): 435-442.

Xt

S 230k / References:

[ 1 ] QUADRIFOGLIO L, DESSOUKY M M, ORDONEZ F.
Mobility allowance shuttle transit (MAST) services: MIP
formulation and strengthening with logic constraints [J].
FEuropean Journal of Operational Research, 2008, 185(2):
481-494.

[ 2 ] ZHAO J, DESSOUKY M. Service capacity design prob-
lems for mobility allowance shuttle transit systems [J].
Transportation Research Part B, 2008, 42(2): 135-146.

[ 3]1QIUF,LIW, HAGHANI A. A methodology for choosing
between fixed-route and flex-route policies for transit ser-
vices [J]. Journal of Advanced Transportation, 2015, 49
(3): 496-09.

[ 4 ] QIU Feng, LI Wenquan, ZHANG Jian. A dynamic station
strategy to improve the performance of flex-route transit
services [J]. Transportation Research Part C, 2014, 48:
229-240.

[5 ] WIS, 5KT, BRfbk. ZET 100 A MAST 2>

AT BN R LT ] . e Tl R 24l 2018,

47(6): 94-99.

PANG Mingbao, ZHANG Ning, CHEN Maolin. Study on

evaluation of MAST bus stop layout based on node impor-

tance [J]. Journal of Hebei University of Technology,

2018, 47(6): 94-99. (in Chinese)

CRAINIC T G, ERRICO F, MALUCELLI F, et al.

Designing the master schedule for demand-adaptive

[6

[

transit systems [J]. Annals of Operations Research, 2012,
194(1): 151-166.

[ 7] YANG H, CHERRY C R, ZARETZKI R, et al. A GIS-
based method to identify cost-effective routes for rural

deviated fixed route transit [J]. Journal of Advanced

Transportation, 2016, 50(8): 1770-1784.



442 RYINRK 4R PR T RR

5540

[ 8] FiEmk, BHRT, ffHl. Z 4R MAST Wi B Ak S

KSR P[], SCERE S TR, 2018, 34(2):
85-90.
WANG Zhengwu, ZHAO Zhenyu, HE Xu. Scheduling
optimization and key parameter analysis of multi-class
vehicle mobility allowance shuttle transit [J]. Journal of
Transportation Science and Engineering, 2018, 34(2): 85-
90. (in Chinese)

[ 9 ] MOURAD A, PUCHINGER J, CHU C. A survey of
models and algorithms for optimizing shared mobility [J].
Transportation Research Part B, 2019, 123(5): 323-346.

(10 ] BRACRE, kR, RS, 5. RIARZRERNSC 4o iR

BBl ], sSEfF R 5% 4, 2018, 36(5):
83-89.
SHAO Zike, ZHANG Quan, WANG Shusheng, et al. Opti-
mization algorithms for scheduling of flex-route buses [J].
Journal of Transport Information and Safety, 2018, 36(5):
83-89. (in Chinese)

(11] B, 2530, e it AR g e i i B B 4

TR R RI[T ], AR REE R H AR, 2014,

44(5): 1078-1084.

QIU Feng, LI Wenquan, SHEN Jinxing. Two-stage model

for flex-route transit scheduling [J]. Journal of Southeast

University Natural Science Edition, 2014, 44(5): 1078-

1084. (in Chinese)

VEWISE, BRSEAR, KT . JET MAST iR AL

FENTEL]. s AL TREEE, 2017, 17

(1): 143-149.

PANG  Mingbao, CHEN Maolin, ZHANG Ning.

Scheduling optimization of intelligent public transport

[12

[

system based on MAST [J]. Journal of Transportation
Systems Engineering and Information Technology, 2017,
17(1): 143-149. (in Chinese)
[13] ZHENG Yue, LI Wenquan, QIU Feng. A slack arrival
strategy to promote flex-route transit services [J]. Trans-
portation Research Part C, 2018, 92: 442-455.
ZHENG Yue, LI Wenquan, QIU Feng, et al. The benefits

of introducing meeting points into flex-route transit ser-

[14

[

vices [J]. Transportation Research Part C, 2019, 106:
98-112.

(15] Sk, m Mg, ek, 5. Az pklAstiElTk

FRe AL [J] . WR/RIEE Tl K224k, 2021,
53(9): 107-115.
ZHENG Yue, GAO Liangpeng, SHEN Jinxing, et al.
Operational service capability optimization strategies for
flex-route transit service [J]. Journal of Harbin Institute of
Technology, 2021, 53(9): 107-115. (in Chinese)

(16 ] Wi, BrsCHy. JETub A it SR 13 2> 58 18 BEAF
FElI] . BRI & 2 4 B TR, 2022, 39(2) -

209-215.

HU Di, JIN Wenzhou. Flex-route demand response transit
scheduling based on station optimization [J]. Journal of
Shenzhen University Science and Engineering, 2022, 39
(2): 209-215. (in Chinese)

fRie, WML BTl L A SR AL S
[J]. FFFEHLAR, 2005(7): 16-17.

XU Bing, XIE Shiyi. Implementation of the bus exchange

—
[
~

[

multiplication algorithm based on site priority [J]. Com-
puter Era, 2005(7): 16-17. (in Chinese)

(18] M. DL AR AT T R FE AL 55 A
[D]. Pt MERUK:, 2021,

YUE Linfeng. Scheduling wireless charging tasks with
precedence constraints [D]. Nanjing: Nanjing University,
2021. (in Chinese)

[19] st 5 & WA B i 5 R e B 2SS BRI
WIrERIFRID]. Jbat: dEaisgiRy:, 2021.
WANG Yugiong. Cooperative optimization method of
demand responsive transit considering the influence of
conventional lines [D]. Beijing: Beijing Jiaotong Univer-
sity, 2021. (in Chinese)

[20] LIU Jun, XIONG Qingyu, SHI Weiren, et al. Evaluating
the importance of nodes in complex networks [J]. Physica
A: Statistical Mechanics & Its Applications, 2016, 452:
209-219.

[21] DELLOLIO L, IBEAS A, RUISANCHEZ F. Optimizing
bus-size and headway in transit networks [J]. Transporta-
tion, 2012, 39(2): 449-464.

[22] JAtglpe. £T7 SCHHAT 2 AT % iz sm S5 ok

BEFEID]. BHR: PHRIsCE R, 2020.
ZHOU Yuanyuan. Research of urban passenger transport
structure optimization based on generalized travel costs
[D]. Chengdu: Southwest Jiaotong University, 2020. (in
Chinese)

[23] WARDMAN M. Public transport values of time [J]. Trans-
port Policy, 2004, 11(4): 363-377.

(24 ] BASCRK, SHBE, NI, R gmids (L Bk b g sl
SREROTTE L] AL R, 2015, 3(32)
447-450.

HU Wenbin, HAN Pu, SUN Ming. Selection method of
control parameters in binary-coded genetic algorithm [J].

Computer Simulation, 2015, 3(32): 447-450. (in Chinese)

(=4 HE; RXEHF: KE)

*hFERE AL



