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VB B O PR R A BOm U L SO ALl 1. Lin 55 B )kl f S 2 ok s AL AL
HESREE LA K 408 vt O B R R E , AATIHE SRt B T 9T AAE B X 2% R oA R X 70 E rh LA )
Al . W 55 00 38 i 8] F) i LB AR R B /NP B8 R AR R il B B K SRIR R W, 1207 1A
FEr O PR E AR, IF A Brh O I IE S RN ZE. Zhao &5 10 S th i) J7 SRaE i Al A B 04k
B AR TR PR AR AL R R POV SR PG L Bkt A B EERRRE, JERTE R i T
B O PESRAR B, A DB B OV AR 25 S R T O

VERN— IR G, — Al A SUE S P2 R 2, AU M RN AR TR E , 3815 3k iR
FHIEG R, Bilhn, Xia 55 MU K 2 R0 s O PESR AR A H P X 2 AR S, &, Beit 1 ol st B M P Bk

OV LEE TR R BRI Hp o0 1 B BB I A Fh 5 A T il o5 B8 L (1) 52 0. D 55 11 e R R IINTE TA4E
H R 2 H ) H S5 i A e IR 4, SR J5 566 2 Meb O VEFR bR Al 2kt pd B, SRIR SR
B, 530 o3 A RS B T3 v OGSl A )Rl e

ZE EFTIR, T AT SC B R R 7 RO R T I £ AR A A B A R IR RS o A T
J R VR AT R B B e A A (12380 RS S Bk T L-Space 141 7 V20 290 18 5 18 0 2% 14 41
SERIHh R 9T AR 2, R Y RS AR R B IR AR AR FLUR, B B A A X 4 H S R
FEFZR — BR A OHEFEAR (topology-flow centrality, TFC) SRR HIIE 2238 2R 4t 1 S B vk
RLOEIRbR AR JE G BE RO . AR O PR B O SR B R A IR I 8 A S R Xl A
BRI, T 45 Gl R K R i B AR T, R 21 2 R R RN R AR
e TFC AR HIPERE. BEAh, A SCIETE LT R e bn it — 0 AL PRIk fd s T JE V5 TR 8 AT 1Y
e NAL.

2 HE5RFE

2.1 MERIERE

o 2 L 530 0 45 R A 2 0l 3 PR RO B, S SO B S 300 9 46 4 1
SRR 1 I A5 2 A SRR A SN (node load network, NLN). ¢ B %Iff] NLN ] Ja 4Ly
BA N AR ME G, = (V. E H), Rt 8 8EE V = {v]i € [1, N]} MIUEE E = {e;|i # j}
3 100 T LT 30 0 24 3 A D B f 2 IR, H = {ha(0)li € [1,N]} A ¢ 0B 55 5 g
B, P LLZI 3 5 v, BRI AR, L-Space 14 b T4 0 R B9 T 3 2 IR MO FRASE 1, 02
FH T 5038 R I 26 A For e R o, 6 P 4% 15 A S0 R G0 M3l A, A 2 A M 2 7 8 A
AB LT R —Agil Lk LR, 5 E, NLN B9 BRI 26, 1%, KA L-Space 730441
5 08 X 4l S RAF AR 06 4 2 TR BB 4689 NLN S R0 00k, R £y (1) A ¢ I %IL)
Ao 9 HURHBIE LIS A oy 9 B RO HOR, SETT R v 78 ¢ ZIMERATRRN h(t) =
i Fig () + 250 fa(t) FE SO fig(8) ASTI fa(t) YBIRIRTE ¢ I RIBAS RT o; AR
FRH R0, N Rl A P 1 JRBLT NLN SSG R B1 5 s,

2.2 $Afh - Bt tER

FEAZ B4 ey, J TR B SRyl p R 15 2 S B AT R BRI, R, Xu 48 191, Yang 45 17) #1 Du
S5 ) PR PR USZ I 00 226 1 S BT I S {5 X 25 S8 MR R A P Bl il M L R L. 5 2, Sl M 2% 1
KRBT KA IZ R REXT P48 S5 R AT DI REXE I RN . B e, M2 PESR g 2 T

1491



[T e S ) PR ST I R B R S RS i R Al

B 1 (MERFE) (a) TRAHEME (NLN) SEHEE. NLN BHEZBMEHERE, EMNEEEDHMEHAING
HORE, TRABRERELITHIENSGIT . (b) TRABRTUREE, KRESFRNNFEL

Figure 1 (Color online) (a) The evolution process of NLN. NLN is an abstraction of a subway network, whose structure
depends on the topology of the subway network. The load of nodes comes from the statistical analysis of passenger travel
data. (b) The schematic diagram of changes in the load of nodes, representing the time-varying changes of passenger flows
in stations

P BT AR AR ST 16171 N, FE RO (degree centrality, DC) (18] 2% 45 44 J=5 35045 J2 A P 1R 9%
BT A, B O (betweenness centrality, BC) M1 FI'E % B HHO 4 (closeness centrality, CC) 1200 15
IR 2 S5 K 4 SR A5 5 P A 8 20 1 5 s B . S T X SR AR A B B — WL A, M DA A T 4B s Y 2% 4 4
SEHIER, ARCLRE 2 P O YEFR AR R VAl I 26 Fh 1 25 A 72 G BT a1 I AR gy s e R,
TR G BA BT IR0 W 25 25 ¥ B s )k i 1)) 9 HLBR KR Il i 7E — 58 A PR T Ak () 4 Bk
RACKE GBI 2k SR AR R U DR, B AR ARRAE (1 IS SR R DG A S — R R itk
FEVR A TE SE 8 Bl AU, A SC S G D 2 A G AT SRS B TFC $8hrok iRl il s fE A
A I AR FURFAIE (R BUTE DX 28w ) B, B SUN

TFC; = T(i)F (hi(1)), (1)

Ferb, T (@) A0 F(h(t)) 735 RS SRR s B0 o v; ISR EEVERE I, R 4E 2.2.1 A1 2.2.2 /)
TR

2.2.1 BB INEHIRINT

9k G va N B — 25 AR A, A S AS L E I B AR T V5 (technique for order preference by similarity
to ideal solution, TOPSIS) [22) filt & 2 P fr.Co PR R AR oK T 55 00 258 1 5 AL o sy i A B2 VR (1) 520 g fei
REEH, HEEOE 23 #E & HoO bR rOBUE, IR FAEXTE 24 527+ TOPSIS HIMERE 291 X T
BIBAZEM 2%, ASCERL DC, BC LA CC fEN TOPSIS RGN 4. 456 3 MO MEFaFsm T3) it
B,

G, MRS D = {2} vy FEH, 2 RN R v B2 5 AP OPESRFRE, N &8 NLN
T RS, M FRRE S IO MERbREL B TASCE G T L A B R R
3 B PR, # 0 = 3. W USEIERERREAL S D' = {riy} o).

R, FIHBAOE T E SO rBUE. 28 5 Frh O MESRFRNE RN En; =
e SN I, Hep ol = s By = 0B, & = 00 F, 5 G ROk
FREJRLEN ¢; = 1-En;

Sl (1-Eng)”

RIG, 8 vij = c¢j x rij, FHIRBUMBERFFERE W = {vi}nxm. TG, E X vj:max{vij\lé 1<
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N} Moy = min{v;|1 <i < N}, FFERBUEBEARM AT = {of, ... ol } MOEAERE A~ = {o,..., 05}
BEA, S THIR S0 5 v, 5 A% BB RY = Y2 (o7 log S+ (1—v] ) log 1=} LUK A~
e R = Z]MZI{U; log % + (1 —v;)log i:ZJ: 1.
HRIGHE T(i):

. R;
"= wy

2.2.2 DIEHEREM

ASCRUR (b (1)) Z00H 55 SRS A5 vy (09T SEPE . ph T 5 s 200 58 B 6 A5
B 41 275 S5 EH AT 1, T DA 2 R 4 2 Wl 5 B s Y B, 9, 7%
O T 1 A M S BRI e, RN 1 T30 2 MU AT B 8, T e 0 5
SEAIE F1, B AR (21, BRI, e e AR LRI T A T R, S R S
TR 0 9 B 2. Zhao %5 26 1 Chen 2 (27 4 SO0 5 0 B2 H S0 AT AR AL 0
Wik, FIRE R, X

F(R(t) = 6", (3)

S, KF 1T 0 5 TRC HbF B R, 0 RUK, 4 BRI 5 5B 1, A SCH 0 = 2.
B0 X TFC HFFPEREIIIIIIAE 3.6 M WEHE. h (1) 2 t A o) MR AL, 5E
e hi(t) — h
Hi(r) = oo,
S, B W1 i S BB I 2R 5 S0 BOARUBL 1 51,
B 2 REILT TEC Hbnf s & s i i AT s SR — R FE RIS BIEPE RO AL, 2%,
il 2(b) MR 2(a) FR KA MRS 000 3 5o LHESRBRIE. %072, DO, BC Al CC
BERERIREIE N AR AN vs, vg A o, JOK, P 2(c) SRFIRBLIE I 578 o o PSRRI LR, JUETE 1
P 2(d) HRIBSR (2) VI R 15 TV RO A . T, v WU R TN A, Y,
P (1) HRARE 2(c) SEbH O3 A2 TARIUTS £ SR, T E1 1 2(s) AR (3) B BURS 15 0 22
PR, 36, w5 B0y V50K £ = 0 1 ¢ = 5 IESESRIECRRG Y 2. R, B 200) AR (1) 4
41 5 RIS 2 OB B0 S S5 5E] s B p M5B 120 1 1.99 BIBOKAEARN ¢ = 0
Al ¢ = 5 IPIORCEIET AL 4% E, TRC JHRB LN Gk W4 3 45 HORITT £ 502, T BABESRIE 2218
(N85, FFREH R AR B B A

2.3 HHFEERE

ARSL AT w5 i ) S 0 05 LR PP DS Bl . R T Y0 BBl 5 NS AR R 7 T, HLARDBROK,
R p R B BORR D JUBCR Y (AR & B Gk TR 81 GO R R 291 ARk R A
7Ry (307 Ay y ASE 0L g R 19X % v 00 Rt 2, 3 2 A ok e R 52 0 Y (L by 90U 52 30 I 2% b 2 4 0
ARty S P Aty AR IR B ISR R O BE 0, X5 S A B AR RY 1B A R b OR B T
BB DRE AP FARFT, T LAA SCR 0 8 - e 20 20 ) 0 5 B A 4 v (1 e A iR I R

FEG R R B op 30 ey MIBUE by FoRIBHILEFRAE B, £t =00, by =1, &
W bij € (0,1). [N, 1958 o RAPIFEYE (118, B&), HAE ¢ NZIR0E Li(t) MBI R
i B2 WS, RAEESCH € = aLi(0),i=1,2,...,N. 2 a>1. 33727 ¢ B ZIF

(4)
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7 DC BC CC_ | DC BC CC 7

\ : : | > | c=[o13 o085 002] |
2\/4< ‘ 038 032 057/ % | ;———6——1—4 2/4<
038 033 053] v
. g — | D= ; N N }1—81.29
0.50 0.26 0.53| v, L T T
¥ o¢ S i L I DR RV Nl
(@) (b) (@ 0
. 7
| h@).=0[116 7182015 4 117] N | FOap, =0 [ 135...1.14] ' 1%
I | : 2
posorsisso] || mslos] |6l
©) ® =3

&, HERBBCAHE (c) FOMERFANE, #MAR (2) HE (d) MEHRIMEHTESEESERNENE. FEr, R
EIERIRE (e) FHMERERMIAK (f) TRfid, #HMEX 3) HHE (g) TRABMNESEEZMMFM. &/E, H
R (1) FAMERINERNT R AHHE (h) MR EEM. ZHI5RA TFC BARREIRA XL R oS T LEE
Figure 2 (Color online) The evaluation of the critical node based on the TFC criterion. First, based on the network
topology in (a), we obtain three values of centrality criteria for nodes in (b). And then the entropy weighting method is used
to determine the weight of each centrality criterion in (c). The effect of the network topology on each node is calculated
by (2), displayed in (d). Simultaneously, based on the passenger flows of stations in the empirical data as shown in (e),
the load of nodes in (f) is initialized, and its influence on each node can be calculated by (3) in (g). Finally, the critical
node is determined by (1) combining the network topology and the load of nodes in (h). This example shows that the TFC
criterion has the capacity of identifying dynamic changes of the influential station

WS B2 Ja, R TR A B B SR A 24 5K

. Cy : ) )
bij(t+1) = { bij (0) gy, if Li(t) > Ci 5
bij(0), if Li(t) < C;
FHH RS IABUE, FR AR T R RIS s 1T 05 R EE 2K, &SRR R

i BRI, A I HOE T R % 2%, T e H LA TSR YRR IR PR B AE W 2% . DR Dkt
PR A BRI 55, W5 ) 2 BB A% 47 8 1o 53 5 T s R R BB R S B, T AR 8 R g1
m. FEJREESEIR T, SRR AN R Bl R PP TR AR E 51 R PR R R R R, Ry R R
WRAERRARE Ja , PR PP TR AR B A A St s f) B B

N LR A SRR T R AR PR RE, AL UL 2 A A R 4P 2 2 BRI R 3 A 4 127
PENVEA TEAR, EATE T AL W28 P A S5 R PR RER VP A b 19 sl R Bk, AR, A Gt — 20 W%
T AR 45 AL A b ] DR B S Bl . A ORHR R LI F

(1) WIEE- P83 b T3 B R RIONT X 238 FRORBEIR (321 5 o 2% o 2571 0t 2 1) B KA
R AE. AR, RIS, X B (T a6 Sy b B 2. Rk 508

1
e § o )
Forh, N OIS S e TN o B vy ZIAIATA B AR H TR AN AR I B KA B2, B AR AR,
)H\IJ €ij = 0.
(2) B NIEE R AL AXFBAREE T 028 UV X 288 W 1, A2 WA e T i ) 8% e K 3 1 P 7 B AL
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* 1 EEtESEREB R EENBIEES

Table 1 Data samples stored in the intelligent transportation card of Shanghai subway

Record User 1D Date In_Time In_Station ID Out_Time Out_Station ID
1 100018830 2015-4-13 8:19 v112 8:52 v123
2 100021809 2015-4-14 17:24 V45 17:57 V36
3 100026571 2015-4-15 13:02 252 13:56 240

AR, RUI RGP, X6 L (BT 40 s 5 b e 22 LRIk 50N
S= (7)

Forb, N 8T iU B, N7 SR 707 s R A W S e R T R T R

(3) PR EHFEHr (the lost passenger flow, LPF). %38 Fr F T &4k B T3k ri e e 1 il 7 e Al sth 2k
s NEL. AL b, FEAREIRAE FeZIRBIE e;; HATHIMERZIE R, 330 B LU SR 2 T8 e Al b 2k,
fEAFus R SRR by () D8P (RIS, B0 i 5] R I IR R RS TAA T PR B 22, ki oxf 7 B 2 AL I
TR T PR DRI, B TR bn e % B A S e, BRI Aa R Y B . T
TR v 7E ¢ WZIGURRIRR ARG, 512K 0071 R B A 2 9 AR g (¢) AR S B
R, PITR 2R AR bR & SN

LPF — Iy +BZh offy —effy (8)

Horp, eff; A eft; 73BN PR RO ARG 575 /L vy MELKIBUEZA. 8 € (0,1) ZFTHSE, R
& 3.6 NS EOIT, AW B =0.3.

3 SLIEAHT

3.1 BURESHIESW
3.1.1 #IEE

NUEBH T TFC F8 bR RE IR B DS H s pOH-R 70l w5 (1) B8 BRSO AN, A SC DL gk 2015 4F 4
H 13 HE 19 HEE tg (6:00~6:59) & to3 (23:00~23:59) MR it NEEAE, 454 HiEh N8 &
BBkl S N Hoh UM O S B 14 0B AER Ly (i e [1,13]) A1 Lig LU 289 ik
Mo (i€ [1,289)). TR TR F IR 01 B KIRAZ S AN fe sl -REURY, H
HEZ) 1100 5B NEBML 1.23 (CREATIC . QIFTALIE)E, X 1 5 7 Z80E 0 EdE
4.

3.1.2 ERGITOH

Kl 3(a) ZIH T — & AATEE K BB Pearson HI9¢ R BY. Hrb TAFH WA KA X &R
BRT 0.96, REH WM RHE REON 0.74. R, TAEH AR E H M 2880/, B, BH—
FIRE ZSHIA R R BN 0.23. B 3(b) $IR T &k S 7E 2015 55 4 A 14 HRRWREN. BER &, K

1) http://data.sh.gov.cn/.
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6F F0.8
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2F F0.2
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3 (MEMFE) (a) —FAAEERERE Pearson HHXFEK. #MMPMRREE. G, 1 KREH—. Hie
ZE THEXRRNE, HEeMR, REEXARREX. AETH, THEEKREANEERXRIEEMEM, BITERRM
KEABEEER. (b) SHREAEMEMASEER. SRETA, ASHHSNBRBE s K 15 BBHZKAE, F
BR—METAESSNERFEER. XIFRREREGR =R

Figure 3 (Color online) (a) Pearson correlation coefficients for any two days in a week. The horizontal and vertical axes
indicate time (i.e., 1 stands for Monday). The color depicts the value of the correlation coefficient. The darker the color, the
greater the correlation coefficient. There is a conclusion that any two workdays or two days on the weekend are very similar.
However, one workday and one day on the weekend own a dramatic difference. (b) The passenger flows of stations at different

time. The results show that most stations will reach the maximum passenger flow at tg or t;8. Moreover, the passenger
flows differ at the same time in different stations. Therefore, the passenger flows have spatiotemporal characteristics

LR I IRAE ts B tys WRERNAE, (BAE t1o B tie WA 222U BEERD>. filhn, o
By (GEHE) MBIRAE ts A t1g 435N 28770 AFT 21662 N, MTE tio B t16 WA HIFIIMESCA 9836
N TR, ANFL S m A A — B B R RAEIEZE 5. B0, 3 05 vy (B RLZARER) T ts UM 24335 A,
T3 A vago (GEEFIN) 78 ts MIRRACH 3230 N. b, B EA BN 2L B, 48317
BN TE AE 38 SRR e B, BE A R R A REAE (R R, BB AN, BT s, tio A1 41 A mBEIATL L
TV BR R IRARFIE R 3 AN B, BT LATE J5 22 5250 ol DL Se B BN A A

3.2 RRIKEEUL S

NEHEATHE TFC F8FR1R I S8 uG S aE ), B R p ot (semi-local centrality, SLC) (351 |
IBGE & HEFR (weighted mixed index, WMI) [l DL R AH X ek i) TOPSIS (TOPSIS with relative
entropy, TRE) 291 Jysti LU A%, IX e FR AR K FH 22 W0 AR 29 BT 9 268 40 T 25 R 1 s e g 5. o
SLC & ORI R, WML fia T B oM S ootk TRE #E—0 456 7 B%E ok, el
Bt — O RR bR (BErO i A Eoh ot B R L) AR 72035

FH T S 9N 245 [ SRR ATV A A A BT IO 285 425 W) R 3 i 3 B B KB IR TR 1, T DAAR [ S
TR BT VRIS B A R] EH E S G T B 2 SRR SR R R, B A, i E MR R AT AL B, SR A
TR S E R AR A A S ARYEHET 45 IR p LU HE A SERT 5 s AR R AIAE KT
RLOHIR, R A B A 2 R 46 R A i 5] R R AR IR R B, B VP TR AR (W4T
IR B WKEB R S UL ERTaFr LPF) %I ¥13H 25 300k A E v, Horp, W% T8
BN WO IE I8 R BOBR /N B e R IR TR B OK, R AR R Al AU E B ARE 3.1.2 /NI,
TAEH tg, t1o LLK t1g T REPRE L HE I8 A2 38 W25 () B SAFE, BT AAS /NS SZI6 34076 I R T

MRS AR SR BE TRC FEbRTERE, IEFEME- IR0 (B) MR E R REL (S) 1ERVE
fhFEbR I L2004 3R B 2% B BEFRFRGT B (1) W 286 1 350 38 3 AR K% 38 R EUBIB p (1) b %
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0.8 0.8
., 061 L 06]
0.4 0.4
0.2 021
0.04@ 0.0 1
0.00 002 0.04 006 008 0.10 0.00 002 0.04 006 008 0.10 000 0.02 0.04 006 008 0.10
P P p
4 (MERFE) SEEMIERETRREL (ts, ti2, t1s) WRAMEFLHNE (B) MRKEERH (S). p TR
IR R Gl Z5RKRA TFC BFAEEEN TS, AIFRURAXR S, XiFET TFC BiRENER

RERERESEEY, AUTAIBAMNERIMNEELLRAI N ERE S

Figure 4 (Color online) The network average efficiency (E) and the relative size of giant component (S) corresponding
to various importance criteria during different time periods (i.e., tg, t12 and t18). p represents the proportion of initial
failure nodes. The results illustrate that the TFC criterion has a significant downward trend, which can effectively identify
the influential station. The reason is that the TFC criterion can examine the station’s importance from the perspective of
passenger flows, helpful in finding important stations which are difficult to be identified by the network topology. (a) E
during tg; (b) E during t12; (¢) E during t18; (d) S during ¢s; (e) S during t12; (f) S during 18

fi%. Herh, SLC $RARI T B moh getg, JRIRFE T8 R Rt — 25K, i DATRIIR MR 28 3 41 25 4
A JRAE SR R A5 R IR A B E T AU . XL WML $B AR AT, TFC FRARTERIUE 2R 2801 ri LU
KIS (0 p > 0.02) = BEBG AL AR, IX—ILRAERE] 4(d)~(f) PRNEZE. ZE8 RN TFC
FEARAE 2L TR BUE AT 51K TOPSIS 5 MR SN 3 FrfrL Mk diads, 1 HIRT TFC $5F5
W5 AL R OB R SCHER 3R AHAL TRE $8FRIT &, B4R TFC $8FRHRIAE p < 0.06 I
BN, HAE p > 0.06 5 TRE $RARUTEL. X2 TFC HiabRid i i< B ik i SR e 2% 411 41
GERERIT R BB XUE M, (H 2 M E-F I RER (B) MRS R E (S) (XA 23R T 45 K i
A, WA LMADL TEC Fabn PRI, 25 b, 24 TFC FRARUE R I DG B hUR A T AN, i 2k X 2 44
Gy NSNS, JF Bt R RS R 2 E R B DRI, SR P ah R Al s g i AL A A
3 TFC 8 REXF 1A R TR PIUTE 52 388 19X 2% v 1) B o

NINERAA I TFC $8bPERE, B 5 Bt 0t TR ELES (LPF) B8 p RIARILIERE. &5
BRI AR ARR B0 R B AU R I ASRHIE, 1E s M tys FIMEIZ K THE tho HIME. XRY
7] — 35l A PE AN ] o BB I i %o (70 B AR S M S [, 220 G T3 AR AR & (R IR AE. A, TFC F
PRIVEEREE p G AN ATF B LS ReE B UR L. X RYIt TFC fabride & ot s R E ik
RS o 458 2 B 20 0, it DRI e SO ] 2% AT 8 AR o D B R OUE R i, 6 B 2 T 5 B R 5
SRk R, AR R B R SCE R R A

N MNEE SR IS 8] RORL S 32— 2B M TS DA IR RE, AR SCIRYE TFC $RFRTHE 1 il il 45 51 8] B (4
R, JEXTEE T HIME. B 6 KU TFC fRAREBAR LB P ARIR S L, e R AE i RIE 8 R B 5 k%
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x10° x10* x10°

B 5 (WEREE) SEEMEIRE (a) ts, (b) ti2, (c) tis XTIRKERIER (LPF) BIXELER. p AR
PETT R HIEE . FERIE, YERTE (s Tt REMPERIFMLLTE t1s EAME, AMl S EEZH R ZNTTUHHE.
Ei, TFC $etrE %A & MR NG S mEE T E thisiRE F R R

Figure 5 (Color online) The comparison of various importance criteria regarding the LPF during (a) ts, (b) ¢12 and (c)
t18. p represents the proportion of initial failure nodes. The figure indicates that the failures are more serious during tg
or t1g than t19, revealing the dynamic change characteristic of the influential station. Simultaneously, the TFC criterion
has achieved better performance than the compared criteria, because it is the combination of the network topology and the
load of nodes
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Figure 6 (Color online) The comparison results of various importance criteria in terms of (a) the average network efficiency
(E), (b) the relative size of giant component (S), and (c) the LPF from the perspective of global time. The importance of

stations in the TFC criterion is determined by the average values of the importance of each time period. The results show
that the TFC criterion still achieved better performance because it combines the network topology and the passenger flows
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Figure 7 (Color online) The Kendall’s correlation coefficient (7) between TFC criterion and E during (a) ts, (b) t12 and
(c) t1s, and the T between E and (d) SLC, (¢) WMI and (f) TRE. A point in the figure represents a station, and z-axes
and y-axes stand for the importance criterion and the network average efficiency, respectively. The results illustrate that
the TFC criterion can effectively identify the influential station owing to the consideration of passenger flows in stations,
and its correlation with the network average efficiency shows dynamic changes, which concludes that the TFC criterion can
reveal the dynamic change characteristic of the influential station
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Figure 8 (Color online) The Kendall’s correlation coefficient (1) between LPF and four kinds of importance criteria
during time periods (a)~(d) tg, (e)~(h) ti2, and (i)~(l) t18. A point in the figure means a station, and x-axes and y-axes
refer to the importance criterion and the LPF, respectively. It can be seen from the figure that the TFC criterion can

achieve the best results during all the three time periods. This is because the criterion takes into account the dual effects
of the network topology and the load of nodes
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the top 20 stations in each period of the subway network of Shanghai. The results show that the station’s importance will

change significantly during the periods of violent passenger flow fluctuations (e.g., ts and t1s8 on workdays). (a) Workdays;
(b) weekend
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Table 3 The top 5 stations obtained by the TFC criterion based on average passenger flows

Station Rank TFC DC BC CC

v13 (People’s Square) 1 1.780 0.021 0.157 0.105

v1e (Shanghai Railway Station) 2 1.682 0.013 0.239 0.102
vg (Xujiahui) 3 1.555 0.208 0.186 0.098

vgg (Century Avenue) 4 1.291 0.028 0.232 0.093

v39 (West Nanjing Road) 5 1.287 0.139 0.211 0.106
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Table 4 The ranking of the top 13 stations obtained by the TFC criterion when using other importance indicators

Station TFC (ts) SLC [39] wMI 7] TRE [29]
v13 (People’s Square) 1 7 5 3
vie (Shanghai Railway Station) 2 37 2 4
vg (Xujiahui) 3 1 3 2
v3g (Jing’an Temple) 4 13 17 13
vgg (Century Avenue) 5 17 1 1
v11 (South Shaanxi Road) 6 3 8 6
v3g (West Nanjing Road) 7 2 4 5
v37 (Jiangsu Road) 8 11 7 7
v40 (East Nanjing Road) 9 16 18 14
ve4 (Caoyang Road) 10 24 6 8
veo (Yishan Road) 11 5 13 15
ves (Zhenping Road) 12 43 11 10
va1 (Lujiazui) 13 72 49 40
0.6 10
(2)
0.4
g
5 0=2 T“;
0.2 S
00 MMWWNWMMMWM
0 é 1IO ll5 20

10 (MEEEE) (a) EFFESH (0) B TFC HFSMETHEE (B) 2 AALMEENEE |AL|.
(b) BETAFE  EMREATRIERS & EEHERNEX M
Figure 10 (Color online) (a) The absolute value of the increment of the correlation |AE| between the TFC criterion

based on different parameters () and the average network efficiency (F). (b) The correlation between the LPF based on
different parameters () and various importance criteria
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A novel method to identify influential stations based on dynamic
passenger flows

Chao GAO'2, Shihong JIANG?, Zhen WANG', Yue DENG?2, Yi FAN? & Xuelong LI'*

1. School of Artificial Intelligence, Optics and Electronics (iOPEN), Northwestern Polytechnical University, Xi’an
710072, China;

2. College of Computer and Information Science, Southwest University, Chongging 400715, China

* Corresponding author. E-mail: zhenwang0@gmail.com, li@nwpu.edu.cn

Abstract Quantitative evaluation of station importance in subway networks can help optimize the urban rail
transit networks and enhance the management capability for emergencies. Several existing studies have analyzed
the important stations based on the rail structure or the static distribution of passenger flows. However, the
spatiotemporal characteristics of residents in daily travel also play a crucial role when evaluating the station’s im-
portance. Therefore, this paper proposes a novel evaluation method named topology-flow centrality for identifying
the important stations by combining the topology of the subway networks and dynamic passenger flows. To begin
with, the topology of a rail transit network is abstracted as a node load network, and the load of nodes is used
to describe the time-varying characteristics of passenger flows. Then, according to cascading failure, this paper
compares the topology-flow centrality and other centrality criteria on the impact of the average network efficiency
and the lost passenger flow. Experimental results demonstrate that the proposed criterion can effectively identify
the important stations in subway networks. Moreover, the importance of stations displays dynamism with the
evolution of passenger flows, especially when the passenger flows fluctuate sharply.

Keywords traffic networks, influential station, centrality measures, dynamic passenger flows, cascading failure
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