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LU Peng-li, JIA Chun-xu, SHEN Wan-li

(School of Computer and Communication, Lanzhou University of Technology, Lanzhou 730050, China)

[ Abstract] Some of the modeling methods are not very suitable to establish the model of public transport network of Lanzhou for the reason that
the real parameters of the network cannot be got or the method is with high self-complexity. A model based on bipartite graph is proposed, in which,
the bus number as the “top set”, the station as the “bottom set”, public transport network model of Lanzhou is built. A lot of data are computed and
analyzed, which indicates that this network fits with small-world and scale-free network, and analyzes the performance and connectivity with the
maximum value of connected subgraph and Laplacian spectrum. Result proves that the use of bipartite graph to express, analyze and calculate the

complex network not only guarantees the calculation result when the storage space drops relatively, but also seems direct-viewing and simple when

optimizing the complex network on the bipartite graph.

[Key words] complex network; bipartite graph; public transport network; scale-free network; small-world; network fault

DOI: 10.3969/j.issn.1000-3428.2012.03.087

1 e

TR SRS MBITAZHMR R, BTN L
W4 W) 5 AR AE A AR SF 0 Y A, JRAE L BERY bR A S A
MR FESCRRIIR T/ 48, DURSCI21R T8
b MG MFEIETEZ G, MINAFEBAE SR, @i
T BT RER 4 30 A A

SCHR[31IA R B A B 2 2% W 4 0 v) AR ) — B0 I kAT 3%
TRy A SCAESCHRI3TRRIFE At b X 22 00 15 A 34 238 W 4% 3817
B, sk P 3 2 I X A 4 a0 T B A
2 K%

AT 25 7 24 344630 6 R, 39— 2 BRI 407

59 W 4% i) S Al B A 5 V2 Bolloba 2 H 9 ER FEALIE ,
B4 & Poisson 4307, XBEWH T, KA MR
PEFBAIAL, T X AE SRR ) 45 R AR ERRR BB

B DL b 25 58 JEE 43 A R A WL PR A 200 (P B A 20 B MR
By, (R, FEX MG A BB T, BB %Y
oo AREHM, RRERGOREREIT 0 T XM
BEATAEYREE GRESHMRERY.

{2, Hesi K Sehi % BEA s ML, BAg
SEAHN M . Dorogovstev I Mendes(DM)J5 y3:1°1wy DA 7= 4 —
M FEMMAE R RS (R J7 1 R B
DA WX Z R B AR

SeAh, A — S H A R T, QA SCRR 6158 i Y
Space L(SL)#il Space P(SP)Jj i, SL M@y 4155 —
AN R ET MBS, WK ERR BREREERA;
i SP Jj {4 2] W 2 JU st , HE R R .

3 MRGH2H
31 FHBEEKE

W 2 AR Z IR B ) 8 SCAERIX 2 A4
R MBI LR MR KE L & N E
B2 AN R B B 20, B

L= 1 ! (1)

EN(N - I)Zi,je(}.z:_/ d[j

Ho, N ORISR MY ERK WA M4
W AE #4423 JBE (characteristic path length)["),
32 BRARY

— e, MY E H AL BRI
WRME, X KAV RBIHRAY R R TX &4
Z [ S BRAFAE ML E: RS M T RE L k. (k- 1)/2 Z ek
EXATRIMBRRHC, B:

C, =2E, [(k,(k,-1)) 2)

BAMEHRERBRBMA T MBRRENFHHE,
R R W 4 i B A AL R
33 EEEAHE

W0 45 H BT T 1 PR K B BB O 4% I (R 1) F- 38
BE, R <k>. SERHLIN ML B4 A Delta 431 T84

HEETH : HiitE BARHEEEE Y B H (0809RIZA017); 2 M BLT
KEAL S W BT H (0914ZX136)

BRI SEW0973-), &, @R L, ERm: Bk
WEGNT, Eig, Z2RMN%; SEN. WrE, st

WA H#E: 2011-08-19

E-mail: jiachunxu.leo@gmail.com



266 12 - N 5] PR D -

201242 A5 H

WAL W0 4% 19 J5 43 A 30K Poisson 43 o IXEEIRE Y kKT
<k>Bf, FER kWA R bR ERAREEM

EJUVERMRBIREY, ¥ % 55 M % 05 51 H B
¥ Poisson 437. R0, ¢ 2 W4 R0 43 A w) DA R R
R IR, TN Tohr M%)

4 BIRIESS
41 “HREEREER

WEEE®, —AoBETRRR: =16, Hi,
LRI 2 AR A E=Lx T UM A

Bl —AZ8E G =T E) , BT ARA SR 5 5 K
RRLIE, BERRM “FEBSE”  (L-projection), 2 G'=({,E)
HZHWE G HTFEESE, HuvETE, HHMNSTE G b
u,v #55 [ — A5 AHE(E 1)

3
5
— 7
1 4
1 2 3 4 5 6 7 2 6

B1 —HERK “THRER”

HE—ANTHER “TEREE” b, 8- EENREHR
X TR, BarE—-aeTEt.
4.2 AL A P4 R B

A BB EM T A LB, AAE—FK
Lk LR PTA BB 3, BTRLKE RN T
Wm” , DELE AR A 'L, KRR msh
“EHEART, ~ANRBR SR A C BB R M
PR 22N i A28 B BT i A B, SR AT A3 A 491 AN
11031 4300 SRR

WRRE RS AR ER, WAL ERAE 397 A
FEFN 4466 o0t CTAEBE . 5EERE, BARYEH
HTWKE, HamEEHRE LA, ZHEET ZHE AR
VA5 Bk R IEE A M4 o

TR A A AR E bR A A M 4, LA
“THEE” FHBLED, BamEEBEM 4L, D2
WAL RH: 1 BES 16 BEMEKIMET “k
VG 5 “RER”, MAKERSRELE 2.

! 16 KIS pE="
— O——0 —
s s
K s

B2 ASELHEEIR

5 M4
S0 /A 3R PG /N 5 e i

ANHES I 2 R 1R BE R AR P R K, RA
B MIRR RO M Lo 30 0 22 01 T 2 32 0 T 4%
HEE, THEICFRERKE L~2.400, RERH C~0.797,
1RSI RGUM B, b b ST B S W
% FA /MRS

E1 BB PFIBRBRENRERLILR

Wi RM%RAN MKELE  CPHABBREL  RRRUC
Jt 6 235 431 864 2.928 0.736
B 1 404 59 163 2.651 0.720
2 397 4 466 2.400 0.797

M LA DL, =33 A2 K AE 2.40~2.93 2 ]
WELRE T34 2 IR B AT LASIE H i =H Rk

FRBEAE 0.7 PLE, XL 4 e R, SRR
BEREE, P RAKE AR A/ iR o
52 PRSI Tokm BERE

Pl 2% v o4 A BE A 34 1 DL AT 204 R B0 P SRASE o P(k)
Fm B R — A BE ML 2 BT R IR AR K BHER. BE 3 R
ZMT ARG “TREE” HESTE .

10°

o
o] o
10" F o
o
o
o
2 =
10 [e]e) o
o o
oo
10° !
10° 10' 102
k
B3 #RESNH

FA— AR R B P(k) oc k" FRom BEo A 5 38 ik i 2 401
WP RRARE r R 2.34£0.204 4, D AT A5 H 2 i
B2 4845 15 BE o A AT B R A
53 MHR A

TEMRZ LR S, — A B BUUA w8l & A i
ot 22 T 3 4 A 2 ) RS B R R BRI A R AR, XA
a7 AEBURNE, RAFEM Y — 8 R EEEA W%

P 38R o

) A 5 338 T MR MCROISRe 373 W 46 i B B8, 53X
H MCR & H:

M=NYN 3)

Forr, N AR bt 45 R e T 4% 0 i O - 1 L A Y
RANB BB 6 A2 9 2% vh 5 — W AU BLEL B 3 %,
SR S A 4 A 2 AR, AT 5 8 9 4 9 Bk 7 4 I FEL 40 A o
1E W % % E1 Bk )5 , T RAFI T Laplacian 3% 5 23 9 4% i34 8
T vt

BMGNE G=V.E), VERMBHTRES; ERR
ERMES, HEEEMBERERES LA DG A(G).
W& G #y Laplacian i[5 XN L(G) = D(G)-A(G) . BL0=
< u, /2Bl G iy Laplacian $§iE{f, i, 0 g4
BB G REB AR K2 BRT & BB AL
ol 8 9 2% B R IR PG (PR AR, 3 IR 3 Bt B 91 -

2 BRI AR L X 4 AT

"y <

Rl B AL it
BBt 08y 08y
WA F Rz M Laplacian Sk M Laplacian
1 3.734 1.000 1 2.400 1 1
5 4.403 0.972 6 2.406 1 1
10 4.513 0.897 15 2.407 1 1

W 2 WEARXT AT AE R, WRRI RN R
BEALIE A, 0 4% AR L PR AR AL (M~ 1); SR, 40
BB LR R i KT 2, MCR 2 KK T W
W BB B %, 4 0 G Laplacian 3% ANSCH 78 AR i
W%, BN IREAIER o BT DA s B W 45 %3
BEALAO MR IR W R SR, MABEBREHEA R ENRG
59 o (FH55 269 M)



B3 HIM P

EA s FETROMIZR A H.264 47U 453 F 269

B, WD T IBSE T . SR S R 2 FiE 3

(@B h % (b)HE ML

(OF S'®;§75 ()STHRI315 3
B2 Claire FFIRRER

(b)HE L%

(VAL Ti ¥; ()TRRI31T5 ¥
B 3 tennis FFILBAR
ME 2 ATRE W, AT R H R IE 2 GO XT3
BRISIA T ik e B SE /I, HINBR T — LB PRI 3 R IX 5

(k%8 266 1)
2T 0 25 B 23 A b B, B R ol X A P % R
PR . BT, (R E , X IR E AT T —
seffifl: fETHRIEM TR RS54 HUB 1 M H#%
MIFERY “ BAR™ AT (RS —FB B, 58 24 #9799 50 HUB
V), |REG “EE” WREEMERN RN TR A
R BTG N =) o £E “ EET SRIET I R
FEAF A BT R SR RN . DA AR B R O A
W7 & R R R, MCR {EAERAE 0.83 24, H 0 M
Laplacian $AEARTE 2 M2EA, (HPHHERKEMR i,
LR AR DAT 2 j458: (D22 o8 HBK
B A, AR RS I 4 B R TR B2 B R (2) 22 M
XA A N D, AR A A AR AN

6 BRE

ASCE X AT Ak, A8 R4 R EE AR A T
— A W, (ELR P 8 AR K A S B R 4 v 47 AR P R
B, AT RE A I % A 32 B — 8 R B IR A B
BIRRARIE, RN ORIIE 9 45 Bl A RE , R4 )5 B R ST
WJT 2 —o BEA, A WL A RRARYE Wi st 4 Hh L8 4%
RAMIR, Brb i — S ssk, I mirdsd =K E
T e S 134 A4 I P BB S — AN 1

Bl 3 AT, ACSCTG i T DA A M 4 ) T A e K,
MiSCHRBIR 43 B T FR o Bk, A3005 3 7] AR AT M 43 1
HIBBIXR

5 W&

AR — P EET H.264 [E 45 0402 2h 0 4 i 43 &1 5
%, WESBR ERRIEH R EY, ZidE¥H xR &
K B REHRMR, e PR B C-I9MH R R
AT, WRMRIGHB N R, LR ERR %I %
PASE L i 43 B OB DR 5, R B S I R TS
Bk PR E AR, LR EUAYIZ 3 X 5 A7 12 50 B A K 5
ARZAL, HEET TPt

e PN

[1] Zeng Wei, Du Jun, Gao Wen, et al. Robust Moving Object
Segmentation on H.264/AVC Compressed Video Using the
Block-based MRF Model[J]. Real-time Imaging, 2005, 11(4): 290-
299.

[2] Liu Zhi, Lu Yu, Zhang Zhaoyang. Real-time Spatiotemporal
Segmentation of Video Objects in the H.264 Compressed
Domain[J]. Journal of Visual Communication and Image Represen-
tation, 2007, 18(3): 275-290.

[3] Venkatesh B R, Ramakrishnan K R, Srinivasan S H. Video Object
Segmentation: A Compressed Domain Approach[J]. IEEE
Transactions on Circuits Systems for Video Technology, 2004,
14(4): 462-474.

[4] SREF, BRWSE, EEAR, F AT HENEN C-IERHEE
RBERAEILD]. WHEAHLIR, 2009, 35(6): 60-62, 65.

[5] Wu Kuolung, Yu Jian, Yang Minshen. A Novel Fuzzy Clustering
Algorithm Based on a Fuzzy Scatter Matrix with Optimality
Tests[J]. Pattern Recognition Letters, 2005, 26(5): 639- 652.

[6] BKHTHE. Wil BeBM] C-HMERAEFIED] BEERAEZER,
2005, 10(2): 117-121.

GifE IRIEN

e 230

[1] Duncan J, Steven H. Collective Dynamics of Small-world Net-
works[J]. Nature, 1998, 393(6684): 440-442.

[2] Barabasi A, Albert R. Emergency of Scaling in Random Net-
works[J]. Science, 1999, 286(5439): 509-511.

[3] Guillaume J L, Latapy M. Bipartite Graphs as Models of Complex
Networks[J]. Physica A , 2006, 371(2): 795-813.

[4] Molloy M, Reed B. The Size of the Giant Component of a Random
Graph with a Given Degree Sequence[J]. Combinatorics,
Probability and Computing, 1998, 7(3): 295-305.

[5] Dorogovtsev S N, Mendes J F F. Evolution of Networks[J].
Advances in Physics, 2002, 51(4): 1079-1187.

[6] Sienkiewicz J, Janusz A. Statistical Analysis of 22 Public Transport
Networks in Poland[J]. Physical Review E, 2005, 72(4): 46-50.

(71 JEAWL, 25 A, BRER. S5 MR RN HM] Jbat:
TR AR ik, 2006.

[8] Yang Xuhua, Wang Bo, Wang Wanliang. Research on Some Bus
Transport Networks with Random Overlapping Clique Structure[J].
Communications in Theoretical Physics, 2008, 50(5): 1249-1254.

(91 WA HE, RER. LR L b 55 1% 7%
W5EI]. HEHLTAR, 2010, 36(23): 130-132

Gt fEHX



