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—a— Outside arrival passenger demand
—o— Transfer passenger demand
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s.t. Q(d, &(w))—ep<t, VoW
=0
25 (2)~(23) (27)
R, fESbRis s A LRI BE L R
MR INAT RS . 5T 0k, A SCE SR A B4 A0

Mt T, b D4R TRl [ 3 i LT A2 0 AL 5
TN 2R A E B AT 1%, DAYIAS 21 5 SERR
LB G P 3 78 T SRS
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3.2.1. B
BEHL 5 A MR 125 B30 43 R 1 A B R A A )
R
ming, - 7+, sup {-2-E,[04. &)+

/-CVaR,,,[0(d. &(@)]|
s.t. 9 (2)~(26) (28)
WIEL R (25 FMAHE 26), AR (28) T HFIRK
BT A N LA R A

min ¢, - Ty + - {Sup min {(1 - A)-E, [0, {(w)]+

A- (¢+ liaEp[t])}] (29)

HTLAR (29) NARZIEREL NE TR, RIEE
xF A 1 A2 supiniﬂg{-} IRIE P A R PSR A

(30)’ E[]:

sup min {(1 B, [0@.&@)i- ¢+ 11&1@.,[ﬂ)} -

min sup {(1 VB, (0@ S ¢+ 1, [t])} :

%g /p+(1~7) -max B, [O(d, @)+ 1%—0{ max E, [t] (30)
il HATEBRRABERIZHR (28) 1IN KA
mind, - T+ - hmkn Ap+(1—-2)- max E,

(O N+ 12 max B, 1]

s.t. 2 (2)~(23) (31)
e b3 o oAmoE R B R G
max E, [0, ()] M E, [t B8 T AER . H, &

R NEOH R ER EE (/P max 2, [0(d, <(@)D AU
gl

max E, [0(d, {(@))]= maxp"- Q. &) (32)
JES, 2950 (28) i HY CvaR - CHI max CVaR,,
[0@.S(o)D Al P
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P={p=p,+¢le’'s=0, |g] <¥} (34)
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HARR IR cFRWEAIE: W [0, 14k EA.

3.2.3. #iE EAN AR
T biboo- SRR B, A BRI IEAL (28)
A AR SR AT S A
IR B A A PJB Too- T BRI AR, S &
BEARAL IR (28) FTEMUIT
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min - T,+(,-
17 40T62 lﬁa (p§t+‘I’TI]'+‘I’TY')
st eu—m+y=Q(d,&w))
eu'-n'+y'=t
Q(d, §(w))—eg<t
t>0

n=>0,y>0,1>0,y>0
259 (2) ~(23)
(35)

K, v .y e RxR”Ix R"Ix Rx R"!x R™! & 4 Bl
TE, v=eV.

MERR: fEoo-VUBARKEHIEE T, LR (32) AU T4
ME:

max p'Q(d, &(@))=pyQ(d, (@) +

max, {5'Q(d.S()ls’e=0, [¢| <¥}  (36)
Ko o], = max]e, |

MR SR AN, 295 (32) FIZIR (33) KX EE
A IVSE

min pyQ(d, &(@)+¥m+¥'y

s.t. eu—n+7=Q(d, &(w))
n>0,y>0 (37)
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min ¢+ - (pit+¥ '+ ¥'y)
st. eu'—n'+y'=t
Q(d, {(w))—ep<t
t>0
1'>0,y'>0 (38)
L, Eeo-VEBUARKSHE T, A& IR
T SF BN -

min ;- 7o+ [Ag+(1=1)- (piQW &)+ ¥ +¥'y) +
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eu'—n'+y'=t
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BRL (35) A& = RREAE.: FIERMZIFRMKE
B BRI HIM A BB AS & % A HA R
WT G, FIE, SR B s, WR2R.

W2 AT EHE I PSR A = e A R I

Variables or constraints

Total number

Decision variables #7,, ¢, 2-(1]-[S])
Decision variables d, , (¢) [1]-]S]-|T]
Decision variables P (), P2 (c) 2-(1[-|S|- 7]
Decision variables , ' 2

Decision variables 7(w), y(w), (), 7' (w) 4. |w|

Train timetable Eq. (2) [1]-(S]-1D
Train timetable Eq. (3) [1]-]S]

Train timetable Eqs. (4)—(6) 3-(1]-D-[S]
Train timetable Eq. (7) [1]-18]-(T[-1)
Train timetable Eq. (8) 1

Train timetable Eq. (9) [1]-|S]-|T]
Robust passenger flow control Eq. (11) [S]- W]

Robust passenger flow control Egs. (12)-(23) 12+ [/]-|S|-|W|
Remaining constraints in the model Eq. (35) 8- |W|

4 FBRRR

R EIRACKR, it T — R4l & =) i 2R
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(LS) FICPLEX ) & Bk 10000 40 i S HR AL AR
RIS RRAPIAT A (EL 4.1, FERHEAS 1A 845 51
i LS 50988 CPLEX #HAT R i (PEWL4.275) .

4.1. FLIFAELE

NIRRT R A, AR T — R T R R
CPLEX #HZ5 & 10 )a R vk, SFEELnE 6 k. B
PAHlL, 5] R PR A R S ) A 2 ) 2 )
B L AMP), X RS — B B s 7 o) R B R
FREHEI A GEoNSSP), XN S B AL, @
IR R BRI AT R, K AT RIS R 2R
fE YT I/, FERFH CPLEX Xt ) 3R AT SR A, Bk
fif st FR e I, B IERIEAR, DS BRI E
ZisEHA TR

Initialization
Y
MP: train

scheduling
problem

Solved |
Y

Local search
algorithm

Train schedule I
SSP: passenger

flow control
problem

Objective value
A suitable

Train schedule DR Eeliy

Valid inequality (41)

SCP: robust
» passenger flow
control problem

Solved

" Good . Yes _|
B e
“.enough?

A suitable

MILP solver End

El 6. HAHERA .

UeAh, kBB SSPAL ALK, RILAN RIS R 2 1H]
16 M AU A Tl R B VRO MEZ R, X LRI A CPLEX R
HORME[11]. 6Tk, # SSPAM RN — RAIM H T, 3
T A S BT IR SCP,  HKs % SCP H /I H AR E & 15
F SSP 1, HAESSP HR A MAERX 4D, PL4i/
SSP [~ H], MEEFH IR, H.

PSS ¢ min { P (@, ), P (@, ), ...
Pl (@)} (40)
P ()2 P VielLkeS,woeW  (41)

A, PSSP % SCP H iR/ HARE -

4.2. R R AL
JA R AR MRS S AR R, A
Yt WIGAMAI ARG ARIEE MY . &b AU 5y .

4.2.1. Gt S HTUE AR 0 AR A%

25 1 B T SRSy oy [ o] i = = P 7 e
REEEHER, BRI RSB TIERNZIR. ST, &
WA T MR TR E R gD, ARl H=
hiohy s hyysshyy b Feb b NI i SRR i+ 14E
G R 3 0 2 ) B

UbAh, WG AR X LABENL T SRAE K, R IEEE 1k
I ATAT M . B ZWILRIR A AT, WK AR TG i
o, EELEEE, HEAR AP

Algorithm 1. The checking procedure for solution feasibility.

Input: A solution that needs to be checked

Output: The feasibility of the solution

Step 1: According to Egs. (2)—(5) and the input solution, calculate the arriv-
al and departure times for all in-service trains at each station, then go to
Step 2;

Step 2: If t“i‘_m e T, go to Step 3; otherwise, the solution is infeasible, stop;

Step 3: The solution is feasible, stop.

4.2.2. SRIR4EH

AT H R IR  A FARAR DIRAR, W BE A R
AR TG R 10 S ATERIREC T, 5 n %R
AN NX ), RIEENNX)={X" XX,
xrmy, Hrp xR ARG, o REERRS . Bk
My, JEIEAE X R AN R R A DA AR
fEfR, BPXme=Xx"""+ A", o A" B EUE 2 BENLAE R .
UeAh, R EE VR IR AT, EOAVATE,
FZATATRE NSRS s B0, EE DL EEE, HERAEK
AT o

4.2.3. &b R EIRRE

KRBT OF 4ATEARRE L T
PERTBE M RIE AR S, ML QA0 /T i 1)
PR AR S BIR By, T I IR TE S 8 MIRIEAR
HESR SR, M2l IR AT R I I R R A )AL
. gib, BEEMRENEE2FR, H, idEn
UGEARI AL HFRE 17, 3 n UGEA T B i 1 il X
AT N XT, Aar i HASME S



Algorithm 2. The procedure of the LS + MILP solver algorithm.

Step 1: Initialize the iteration index n = land generate a feasible initial solu-
tion X°. Calculate the objective value f° of the initial solution; let X"~ '=
X°.f"=£°and sety=0, then go to Step 2;

Step 2: Generate neighborhood N(X"~") by the method used in neighbor-
hood generation, then go to Step 3;

Step 3: For each candidate solution X", calculate the decision variables as-
sociated with train scheduling problem MP, i.e., ¢, and t%; input the train
schedule to subproblems SSP of the different scenarios, respectively, which
can be solved by a suitable MILP solver; then the passenger flow control
strategy P *" (w)for each scenario w € I¥, can be obtained, so go to Step 4;
Step 4: Let Pl « min {P " (w,), Pl (w,), ..., P;_“,é”"“‘(a)‘w‘)},
Vie Lk € S; input the train schedule and Eq. (41) to the subproblem SP; solve
it via a suitable MILP solver. Then go to Step 5;

Step 5: Get the current best solution X" and its corresponding objective
value f";

Step 6: Update the best solution. If f"<f", let f"=f", X =X", then set
y=0; otherwise, set y=y+ 1, and go to Step 7,

Step 7: Check the termination condition. If n<n_, and y <M, then set n=

max

n+1, and go to Step 2; otherwise, output the best solution X~ and the best

objective value 7, then stop.
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SR EHARE RO T 2 HBME S . kT Windows
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