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Abstract: The train timetable and rolling stock circulation plan are crucial aspects of urban rail transit operation plan-
ning which serve as the foundation for operating companies to reduce costs,improve efficiency,and enhance quality.
This paper systematically reviews and summarizes the latest research advancements in the field of train timetabling
and rolling stock planning problems. The review is organized from three perspectives: studied problems, modeling
methods,and solution algorithms. In terms of studied problems, existing literature focused on train timetabling opti-
mization, the joint optimization of the train timetable and rolling stock circulation plan,and train timetabling optimi-
zation with variable train compositions. Regarding modeling methods, conventional integer programming and discrete
space-time network approaches have emerged as the two mainstream approaches for modeling train timetabling and
rolling stock circulation planning problems. In terms of solution algorithms, heuristic methods are widely applied due
to their simplicity, flexibility,and efficiency in solving train timetabling and rolling stock circulation planning prob-
lems. Exact solution algorithms, which offer global search and solution quality assessment mechanisms.are currently
mainstream. Additionally, reinforcement learning methods have also been preliminary applied to solving the afore-

mentioned problems. Future research needs to focus on the innovation of train operation modes brought about by
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technological changes in communication, control,and other areas,as well as the new problems derived from them. It

is necessary to explore the integration of urban rail transit with other transportation modes,and design high-perform-

ance solving algorithms to address the computational challenges of large-scale urban rail transit operation manage-

ment issues.

Key words: urban rail transit; train timetable; rolling stock circulation plan; modeling method; algorithm; literature

review

VE R BARIR 17 28 3 58 30 R 46 1) 3 22 41 4
3T T A LR AR L I R R R
THE AR R (0 P O B R A B T R R U L B
IR TIT A8 SRR G il S T RN U D PR S Y A
[0) e N R AU (2 R 82 S IE AT TN N
FOTT S At s I ALZY AR OB N S T LA
S E R T as iy 2 A R T HAE PR
PRI T & 8 v 1 SC B . 3 A R L 3R [ T i
LT BB LR, BE 2023 F£K.CF 59
JESR TR E TR e B B RN 17 km,
Har, b iz g BRECE 900 km, H ¥ IF1751
i 10 000 B3R, H ¥ % iz 588 900 7 AR, 78
N e R 132 8 RS 5 o Ak ) AT R SRR an
B2 CE R AL U9 A A B AT 1O 3R g
115 R BETE M 55 & 5 32 8 R0 I S, 3% )
AN 32 78 7 1 5 BRI R R R R T ) R,
HEE MBIz HATIRE 5% 4, B EEHH

WHRGEWE T L5 5 W5 5 B
ZAFRE . XEFREMEAKGF BT, B
2 Bl A PE AN P AE YRR A BT —
MR ERE RSG5, TR R T MHLZEE W
ToREE— T AL BRI T 55, BB RS FRAZ
[ (N A= N 7 S IV Bk B= o W N (1 4
HAT R S W B AR . AR5 iR R A Rk
ZAH LRI B BES B 1 TR W R B R
FE 3 AR v, 8 2 B 22 3 g ) AN 2R IS 33 TR G
JEPA IR BT BT T8 A A 1 B K
Z 05 B TR FIR A s . W E R
RERKWLATIHRE 5188 WA B 7V, 2ok
EWH SRR E RN, Wk, fEREs
H B ZE 0 20 % 5 A R R AU R TR K
JR 55 7K SF- 38 5 TH 37 36 e F7 1 0 BE 22 %6, B R A S
IR B AR BT R R 1 AR BT LE

Wiz %5 2 BE o B B ZE B %0 3R 5 R s AT
S 0 2 1 5 Y4 )8 F 4L A U0 Ak 0 T G L SR R A 1 22 T

FME (nondeterministic polynomial-time hard, NP-

Hard) [) 85, SR fif i #2422 EMERE ™. T B
IR )R 52 2 P R HL A 2 78 v B T 2 X P 2 1]
AR DR AR R 2 AR 5 7 O M i . IR
R 32 3 AR OGRS T T IR AR R I UG
T BT RCR . SR . BE A P 2% 1 5 2k 4
JR LA 2 3 0 Xt AT il Tt K1) AN W 32 T 31 4 e 1
IR A0 A 4 1) LA K 22 RS 3 1 e A58 B T W 2 H
fi A B2 MR . 5 E 5 44 A 3hiafT .
JE 2L 20 4L 458 T I BR 1 L A L L 1 B D B AR
LR Ik iz B AR S, X SR X BOR R
PE— IR T b3 1) R Y A 2k T SR R ks o T
I8 B 7 IR R A . D G . AR G A MR 2 B B 5
AR« IR 225 DA 00 590 o DA A B A T B AR TR
ARSI T o ) A 0 B 4 BB e 28 L T Fp 8 Y kB
18 F 7 G HORR R AR A R BE SO

2

o 25 L)
N

2 T
ill ) 1k 221 2 2 i) ill
' s vl 2 i) II AR JZ T
e 55 11Kl 24 )
AT Z W

1 WHEENRXLRE

Fig. 1 Urban rail transit operations planning process
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