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Two-stage distributionally robust optimization for integrated train stop
planning and timetabling
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Abstract: The integrated optimization of train stop planning and train timetabling problems can improve the quality of
obtained solution, compared with separately optimizing these two issues, which can help to obtain the operation scheme
with passenger satisfaction and enterprise expectation. With the probability distribution of passenger demands in
multiple scenarios being known, a two-stage stochastic programming model for the integrated optimization of train stop
plan and timetable is first developed to minimize the sum of the total travel time of trains, the number of unsatisfied
passenger demands and the number of redundant services in all scenarios. On this basis, for the situation that the
probability distribution information of each scenario of passenger demands is partially known, a two-stage
distributionally robust optimization model is developed. And for computational convenience, a L..-norm-based
ambiguity set is adopted to transform the model into a mixed integer linear programming model. Finally, a series of
numerical experiments are carried out on the Wuhan-Guangzhou high-speed railway corridor to verify the effectiveness
of the developed models, where the Visual C++ software with the GUROBI solver is applied to obtain the optimized
train stop plan and timetable. The results show that compared with the stochastic programming model, the
distributionally robust optimization model can resist the uncertainty of probability distribution with only few cost and
improve the solution in the worst case, and has certain reference value for generating more robust train stop plan and
timetable.
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B=0,v=0. (34)

25 b 1E Loo VOBARRS AR N, 7T LA1S 2R (29)
SFirsErgrE 0O

A1 XTHTR PR B DRO AT 5 4% 4t 1
W B SPAR RS AT L, an SR 4 Lo, YU AR RS i 4E I S 40
W = 0, 1] LAS 2 5% S5 BB B SP A AL o [ R 1 R 1
MEZR 5347, I DRO A7 (30) 18 1t A% 45 3 B B SP A%
R(28). AL, i H (1 i Bt DRO AR AT | 2
B B SPAS Y R HET™, BB B SP B Ay T B B DRO 45
R R AT 100
2 BN
2.1 ERiEE

N ERHIE T R 3 43 A B E A A AR () A 2, DA
TR O SO BUE SL . T AT SEE B 7E CPU Y
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i5-8265U. W 170 8 G 1 HL I i, {8 A Visual C++ 1
F GUROBI AL B A 4 A2 54T SR A, i 0 & 3 1
H GUROBI ! “Method” “Presolve” 1 “CutPasses”
AR S UG B, NPT SR A

7% 1 360 min [ &I B 35, 6 HUEL 55 16 B 2 i
AS AN IX BRI s 2k g (4 K3k 1069 km) 7E K
W R, X BOEAT A ¢ = 17,8,17,14, 15,9,
16,7,9,17,27,15,10,6,9 (min), i = 1,2,...,15
(X B AR F B T b, X B2 AR ik 7 k-7 L,
WRIREHE). £E PRI E T, — M R A BOR B S5
7 AT Re b 1% A A ZE 006 e B B i, AR S
BRI YD B AR e Ak, 1 N R A o 28 Bk, Ak
Hh, 2% £E 25 71 51 42, Horb 15 9 90 2 RO AR N
(4 RIS R] B [1,90] min)« 10 5131 42 K90 pg FFAE T
JHEE (R ISR 5 [40,120] min).

T HIRF 22 Ais 8, AR 51 51 42 ] e /N 2
1K (h3) RE (hd)s -k (hde) (Al BG I 8] BA K F1) 427
H ] Sl 5z /N5 3k B[R] 357 8¢ BN 3 min, B K45 i I [A]
W E 920 min, 5 5E BT A 51 £ 3% e /73524 800. BT
P I A B ORI, i 2% e SRR B S 0H e AR, AR

SCET I B RIS AT VR, AR YR DS Al ik L 2
it 2 14D JER D) A B T OD IR 2% 75 K. 7 BTk 9 1) 4k
5 TR, 2 P8 R )M T T R iR e, B AE A% 120
ZH OD X}, H 55 1 2H OD X6 & o i - T AL i fir
A% 75 2K, 56 2 44 OD X 2 1 R T Ab- 7R BE AL 1) i
AR, IR HE.

N TH AP AS T T TR SR 1) X S B AT
RABE 53 BT, LA BT AS [R) BT SR 7 7 SRR, 2)
VB AN [F 1 B AT R AR A B 2 M SR 58, DU OR
DRO Y [ & B 1L BE. 72 I A H0E S50 v, BRARe il 1
W A1, 048 5 oK A 4 48 Bl gap /N T 1% HI R B8 TF
S [RE B 5 400 s BB 2& L
22 ZRAH
22.1 SERIRBESH

N T SRR AT SR, 15 30U AN [ 7 5 S 4L
A = {0.1,1,10,100} X Fr 3 45 R H 20, HAK M, %
J& S AN [ 1R iR 7% 7 R 3 55, JL B AL AR 780217 668 44
iR TR, B Epo = (0.2,0.2,0.2,0.2,0.2)7. 7 _Fik
ZHRE T, BAEKRIEL R WNER 2 PR,

#=2 AESH )T SPHDROBERIFLERITEL

A it EE7Ni HIZEATREI ] ESL TR (EE TSI /s gap/%
SP 5214.06 4382 30486 11117 114 5400 1.60
A=01 ¥ =0.20 5287.56 4406 31880 10284 116 5400 2.07
Sp 12720.6 4400 30486 11117 118 2347 0.96
A=t ¥ =0.20 13220.4 4406 31513 10633 116 2581 0.97
SP 83088 4882 30486 11117 157 1320 0.72
A=10 ¥ =0.20 92694 4550 31502 10644 160 858 0.32
Sp 836894 4834 30486 11117 199 3159 0.07
A =100 ¥ =0.20 886107 4667 31774 10372 174 3597 0.05

H1 2 2 A 0, b S 6 24 7 W] 2 2 I [ A 4R 2
gap /T 2.1 % KRR, LE A, BEE 5 R 2 0k e A 5 1Y

DROER (LW = 0.20) T #5351 220 %1 3% (K12 F1 1 3)
AR ZAEFZE E 1) 50 B A O (] 4 AT 5).

T8 5T 000N T 80, 57 2 3 AT B 1 DA 157 3t B A
BT — TR RE RN, (5L BT A S0 P R e R s |
R UL R TUAR B R B AR 3 2 R T A T l
JE N T RS 4 % B T R R AR — 52 ) UM o |
Z R Ek JLA ST T 5 4 AT 4 BT AT DU B il
24 NI A 1, 75 0 (B 2 R AT I L L e s |
o 8 DL TR 6D A AR Ao 0, R i e T )
P NN 1. FE SRR, IR S A 7 R i
PRI K HRATIN ] (A = 10), W07 388k 59 422 N7
Sk A0 DL T A7 87 e 7 7 SR T B M. 9 T SR 0 50 100 150 200 250 300

t/min

2 SRAESPIEBIFISHIRTRIZR

W R TSR R AL N = 1, SPREAL
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E HT B 2 FTEE] 3 7] 0, R A8 DRO BT o 7 55 B 3¢
ij : SR 4 T, FL R A% DRO B 45 %12
KVZE B SP LAY BT A9 45 R AL AW &, B A
. ’”“';“[:: B T IR AE 5 B ELIR A1) 2. | e o] L, 72 37 et 3
& msr e LSR5 00 R, R DRO B A 75 B4 — 52 1)
s ARy (0 58 22 5 5 ZE 0l . 5 K AR A7 B TR, 1ELATS
| SR T DS B AL R, R T 18 BRI A B 51 51 4 1
s o3 E 1R O, B 4 RS 53 53l 45t SP 2 Fl DRO #% AY

s L (¥ = 0.20) Fr {5k 2 43 B A 1O
t/min A3 M 4 RN 5 AT, SPASE AL 45 45 S b Bk )
B3 sk#DROEE! (0=0.20)FF{5HIATZIFE Z913.21.22.23 F124, DRO A5 R fr 15 45 5B v LA %1

%97.19.20.21 LA R 22, {EfHERE I, LR EIAS
TR 38 5 1R 250 A V9 A 5 R 2 ik 22 ) )i % 75 SR 4 T,
Kadtrid (X,Y, Z) = (13,15,800) 1R FE 5 4 1312
% OD X 4 5 N 15 [k %5 800 44 (B 2235 3), b 2
15/~ OD X AR 3R i I (s & i) 21 JH A (2% B3k
ik %5 B S R dRid (X, Y, Z) = (22, 75,800) 183 51
722 1851 OD Xt 4 5 N 75 B %% 800 44 (B 223 %),
H A28 754 OD X AR K Vb F (OS8R ZE 0k 21 M
P (& B3 (R 2. R — 3 Bk 8 42 0] DAAE ARAIE
4 RIBSPHREFERELESIIFIZNSEIER F AR 0 T, 380 3 2 e m )l 5% 5 7 A B ] 452
SRk K IR B ik 5 B it o o IS A IR 5

BbAh, 3R 238 TT LAE H, 2250\ M R B, X B
SP 7RI DRO MY, iy T DRO A5 7Y 37 55 ME 2 43 A
GRS O, TS R EAMEE .
2.2.2 DROMEEHREHHT

N WS Hw KB % DRO LAY i 545 B
B, ARTEN = 10,4 = 0.02,0.04,0.06,0.08,
0.10,0.12,0.14, 0.16,0.18, 0.20 #:4T — £ 51| BE S5,
SEEG 4 2R 3 s,

5 SKAEDROMREFFISREAETIIIIENNEHR

#=3 AESHY T SPFDROFERIFILE R

A PR HAnE S ZEATREI W] K2 JURE FEiE ENE/s 0 gap/%

N 12720.6 4400 30486 11117 118 2347 0.96
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v =0.14 13074.2 4388 31197 10738 116 5400 1.05
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*
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H A DRO* A1 SP* 4373l DRO #5571 Fl SP 4% A Fr 15 £
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