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Integrated optimization of the train timetable and freight allocation on
shared freight and passenger high-speed railway system

MI Lei, LU Ya-han, YANG Li-xing', QI Jian-guo
(School of Systems Science, Beijing Jiaotong University, Beijing 100044, China)

Abstract: The novel mixed passengers and freights transportation mode has brought both opportunities and challenges
to the operation and management of high-speed railway in China. This paper proposes an integer linear programming
model for the collaborative optimization problem of train schedules and freight allocation on a shared freight and
passenger high-speed railway system to minimize the train dwell time, the number of detained freight, and operating
costs, where the arrival and departure times of trains, the formation of trains, and the freight allocation are the decision
variables. Then, extensive numerical experiments based on the operational data of the Beijing-Shanghai high-speed
railway line are conducted to verify the effectiveness of the model, and the CPLEX optimization solver is used to solve
the problem. The results show that the proposed method can improve the train capacity by flexibly deciding the train
schedule and increasing the train composition while minimizing the impact on the quality of passenger service.
Compared to the optimization method with fixed train timetables, the integrated optimization method can significantly
improve the freight transportation capacity while only a slight increase in stopping time, providing theoretical support
for the relevant operational departments to make mixed transportation plans.

Keywords: railway transportation; mixed passenger and freight mode; train formation; express delivery with

high-speed railway; train timetable
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El4 1RE P, KBRS ETHEEN

Py : min A - (B + B2) + A2 - B3;

st ZH (1) ~ (12)- (14) ~ (22)~ (27)F1(28).
(29)
LIS R SR B 5 3.2 71— A CPLEX K fi
B Py, 223 8.63 s 1H 8., ik [5] H ARAE 9 56 539, Gap {H
N 0.66 % FfiE, 45 RN 4 s, B4 T LLE 7
HI) 2. 4 4L R0 B2 W BC B AH G 20 R — BRI L R, K
[ 5E 71 2 I Z R AL T R SR E R L
Bl R i3z iy (an P 4 RO I R 25 23 i), AR AR IR
DRl 371 42 2R ) 8] JE vk 5 T ) 21 K 1 [B) T B 1R 2 2
g MR RSO P [F AR AL Py BB S A
FILE 151 25t R e L PN 2R V5 TR R 51 22 46 O e (] B A
Sl B[], A R T B BIA 5 5 B 46 2 T4 2. A,
RI%1EHE R SR AT w4, AT it — B3R FHIE 1,
Tk G B sk i R I AR
RAGH T WA RS (Fui ), %
JrHCE B HAREXS B, AT BAR IR, R Py AN AE RSN
JRAEFIZE 1.53 min 45 5k I 18] () 475 00, B AT &R Ak 52
959 11 PRIG A IS HiAT 55, A I 1 AR AL IR 2Kk

x4 BB P P IHEERNEE

B BSfE/A (ubi) / (min/%e) HbME B4R
4983 9.62 17181
1
(1 23.8%) (1 18.7%) (1 66.6%)
P, 4024 8.09 51368 0

3.2.2 AEFEERIXS

Nt — R AR AL PR e R R, X
AN [ RIS 1) B0 3k AT X6 L 4y AT R O RO, LA
“115(86,29)-5000" JyfFil%t 545 G 5 AT B Y. Herpe
1SRFEFNEHE, 86K mly E4E, 291K
I 51 42 30 &, 5000 4R L iz A # . i & CPLEX
T KSR AR 1] A 1 800 s, Gap 1B 4/ 3.00 %.

THE SRR S R, B e i R A B2 Py
(1 RER I FEe vt 124N, BT 11 AN S48 35 e Dok
R 2 Gap /N T 3 % I3 SRR, T ET % 3 12 AN 54
H ZE RIS FE R B 2 1) R o 37 55, ERCOA ) R A
BOR, IFEFERT K, i Ag @ 179531 s THE R F
Gap N 2.75 % WLl AL .

321 WHAE 7RIS B U R A A Y
(A e O 226 5 o 4 12 AN S0, T T o — 48
AT Py AR LG Py 72 FARAS RIS PR R I, B
ST, bR T HA51“85(64, 21)-1 000" F1“ 115(86, 29)-
1000” BT Be W) 5 SR B>, LA H1) 26 I 2 2 BT 32
SERTA B A, o B AR o AR A R Py 3 REAE
A BT S [R)5E Bl A 7820 R FH 2 R Bt RS i R % 1Y
W, i3k — AR B B 1 B RIS 2R (1 AP
323 REBESH

S EE— 25 0T Ay AT Ng X i £ SR 48 L (R S,
T A 3.1 7 R R 48] Sy i v R R 0 (B
1T RAEUE /s 56, 45 sk 6 firos. B 5 Ay HUE 1Y
K, Ao BUEIRVN, 18 H B 2 150 1 0, e 1 ek
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=5 TRBEHRITELERIIEE
A Py B P,
Higws
B/ HERE/s BMInERE Gap/% =/ iHEER/s #INERE Gap/%
1 25(19,6)-1 000 839 0.36 2 291 715 0.17 1 0.00
2 25(19,6)-3 000 1399 0.57 10 0.37 958 0.23 4 2.71
3 25(19,6)-5 000 1914 0.67 10 1.95 1068 0.31 3 0.06
4 55(41,14)-1 000 1000 1.14 0 0.35 978 0.28 0 0.00
5 55(41,14)-3 000 2662 497 10 2.58 1844 0.88 0 0.20
6 55(41,14)-5 000 4314 20.99 10 0.96 2629 1.06 3 0.24
7 85(64,21)-1 000 1000 277 0 1.68 1000 0.34 0 0.00
8 85(64,21)-3 000 2993 8.41 3 2.99 2586 1.13 0 0.46
9 85(64,21)-5 000 4506 24.49 10 2.78 3394 1.89 2 2.94
10 115(86,29)-1000 1000 5.88 0 2.83 1000 1.39 0 0.00
11 115(86,29)-3 000 3000 40.50 0 1.70 2689 2.13 0 0.00
12 115(86,29)-5000 4983 1795.31 7 2.75 4024 8.63 0 0.66

25 SRR T . A e, BB A BUE G R, A B
(BN, 185 LR E D D, 1) A A5 I () 4 4,
T R HEAE R A TR RS, 2T, e
AR B R B 2 A AU AU 18 8 A R iR 72 R 55
.

x6 R¥ O, L BERGESH

A1 Ao BiE RIZFE/AE  SfsuhE SEInERE Gap/%

0.1 09 71920 4031 899 0 0.72

0.3 0.7 63705 4673 1050 0 2.98

0.5 0.5 47980 4952 1098 7 2.99

0.7 0.3 33281 4981 1104 7 2.99

09 0.1 17181 4983 1107 7 2.75
4 & @
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ZN2R 5 B R TT S 0 R OC A AT, S f S 56 4
R, e A R et £ S (R IR 208 KT IR RT3
FLRESEICAIE A R, AN, B B R
ERCRSEH I, ATl A 5 is 4 i g 2 LAEAT
SIS AE ), N R PIZ IR 5512 B R PR A R AT A4
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1) SR FH T 52 1 31 2 20 36 5 B e 2 s R 1
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iz fa N 5000 7 B o 1% 1 T, 18 i R R A
TR IS 2 RGN B3 76 I 2 41, RES 32 %3 99.66 % 1)
T K. BeAh, 55 ] E 51 25 I 2 R AT Py 3R 47 0
B, B[R] D0 A A R A R 0o i 5 38 i Al 55 77 AR AR B
M) {1 0 (39 00 25 1.53 miin f9 452 336 BF [R]), 7 56
A A 959 PR 12 S 1) 12 i 75 3K (1 U A A Py 3271

23.8 %), AT /b B B, B2 v 1 Ak Iz E IR
2) SEUAT K 2 MR SCHRAS [, i A2 Py [
I 5 S AN AL P S5 5 R IR s AT 7 R K AT 5 O,
e e 1R A — ABEIE P (B ) 4 e R A AR [,
FER Py 3 ARIE ). B Ah, iR 3 DA SE PR I2 5 it N
S B SR 435 R 0 i, H1 2R (s AT 77 AR AT W] A
5O R AR 45 5, RS 45 ) DAAE 5 st Lk 0T [R)

HFHAZ I 18] 58 BT P02 1, ARk D 51 25 AN i 45wl 3
BRI R.

AR SR BRI 05 2 g 2 1) 07 KGN 21 4 s
73,75 & 58 2 RN i il K. R 0 B — 2D 0
$ % 35 1 5 BB R D0 ) REUREAT BT 7, BT X B
REHOR R FTIE. BeAh, S AT 2 B2 76 RS AT T
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