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Analysis and Comparison of the Macro-topology between Large-scale Software and AS-level Internet

LIHu ZHAOHai AlJun LIBo
(College of Information Science and Engineering, Northeastern University, Shenyang 110004, China)

Abstract The research of the macro-topology between large-scale software and AS-level Internet has important signifi-
cances in the further comprehension and application for their structures. According to the complex network characteris-
tic which is reflected by the macro-topology between large-scale software and AS-level Internet, their structures were
converted to network topology,analyzed and compared from connectivity, degree distribution characteristic, small-world
characteristic and hierarchy, using the methods of complex network metric and analysis, then some macro-topology simi-

larities and differences between large-scale software and AS-level Internet were discovered. Additionally, the reasons of
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them were discussed.

Keywords Complex networks,Connectivity, Free-scale, Small-world, Coreness

rEARFMAR TS REARRENGEHMEER
AR 8 R4 AR 2 Bk 48 SR B T — R 48 4L
ARG, ERMEUERHEEHRAREM MERRSE
M LEME LA R JE VUM SRR EHSFE#T T X
BAHED , RREELNENE RN EASE - %R
By, AT DL — Sk 0 vk e B o LR AR F AT
HAFERMER T2 EHR, BN T R FEB IR .0
.

1999 LUK, A2 #T R I Internet BA & 7= M L& TH
LR . RIEREBRARBARLREMN 2001 F gt
47 Internet ISV E 2 MBS, 2005 £E 2 A B Internet
20 R BET T 89 E br-& YEVLE CAIDA (Cooperative Asso-
ciation for Internet Data Analysis) 1— 5, B8 T S HED
FRMR.

HERMAAREIR, KRR GHNEWE2RLES5E
B . A B 25 2 5 2 R GEAREL ) PO SR (LSS AR AE , FFEA B 1E
F—FhE MR HTHFF. 2003 4E Myers — B8 SC 8
LEBERTRUGRAEHMEEZNERXRESH AR
810, — AR ONRRIAEMT T E RS ERE

BIF% H38.2009-01-20 &4 HH:2009-04-17

K RGP HER

H 8T, AT RSB F Internet MEEHE 28T X
BAEER BT, AR EEWEEX LR,
3 xH R B A 5 AS 4 Internet 5519, RIS M
BV, WILAFE AT MR, B TREE
B INEH EHET RRAS.

1 KRB ELHRS AS 4 Internet P& BT

— BRI R RINT AR — At AR A
BB, ASCHARERGSANS AS K Internet iR N
B, Bk, HRAEMPmaREFHR ED.4
Wk BRA RS BERAEUBR R P KT KR8
AR 2L EBS X RBEEE A RSP E
HEBRBRFPHSHESENEERTRT LB ENZME
BXBAXRBERS NS . 7E Internet IRINEH B, B HA
AS(Autonomous Systems) B VEE Py =, BB 12 BT
HRRMEMERXRB BT,

A 3CR A CAIDA A 4UR4EAY 2008 4 11 A MEIBIER
AS % Internet 454, 35 BX Eclipse 3. 0. 1 &2, MySQL 6. 0. 6

FAEEFERAAH TREXT BT SWH (708026) 98h .

F  R(1983—), B, 42k, T BB A XK E WIA TN BT » E-mail : 1ih2002@126. com; & #§(1959—), 5, 1§ +4: S8, TBEHR Y
PR M4 ABBME 0 TRE: X 901981—), 8,814, FERRF AR EMIBIMNENIT E  MA1980—), B, 814, F

BB FR A TR

* 146 -



FRAF Firefox 2. 0. 0. 11 Ji 4~ 3 15 AS 4 Internet 75 2531
BB G RS, B AR S AR bk 1 5.
HH, Bif 3 MR R B2 W IIEITF R RL, 55 H
Java,C,C++RBRFHIHE S RS, RO ARH1 45 R B P
W F R & BEE. RS, ELRNREREREE M
PORL NN

£1 BWEMS ASH Internet LN L

xR N M
Eclipse 3. 0.1 12583 2322¢
MySQL 6. 0. 6 3793 5368

Firefox 2, 0. 0. 11 10595 18739
AS £ Internet 9704 27492

2 HHELEH5 AS 4 Internet FEiFE 15 LE B

2.1 PREMESINR

EMBRINE S, B R FRM IR WS RIS &
EEH.EMEXLIT .

EXIE —APE NWEERSHAESZENEMT S
BEHE T A

ERERI P, FTEEEIKPERZIANT SEMEH
WEERE. AWLE, - T WENERR, EREX T
FAERAN R L TR Ry ek,

EX 2(FEFHED MR IH T SN T HHERR
FPLE T R, 1R (R .

TR R T RN By E R, X ME
K, RAMERIMOT R EEERBT. AR 2 PBIETLL
E i, AS 4 Internet P HBRFEEW B R TRALH 8%
R ; [BIR, LR BEE AT 126 FORT 0. 520 M1 Al 3y {E
AS % Internet 1 BA K T8k 4454 , 758 Internet By %@
BTG

£2 VAVPHEERERE

HEx <k> Top 1% Top 0.5%
Eclipse 3.0. 1 3.69 91. 08 121. 26
MySQL 6. 0. 6 3.54 47,91 61.25

Firefox 2. 0. 0. 11 2.83 85, 60 145, 24
AS % Internet 6. 42 266. 67 439. 94

HBLX RIS A RN, £ 2 Internet 53K B4 3T %
EHWERAF., HELZ T, Internet  FREHIR LR TL
MRV AZEEERE YRR ITRERE, LEER
k. YREHERE PR, ERBHEEANASRH S
LY EMB S A 2 AMBEEE. WRELSHPHEA
5 R AR R B R A X B B, QR — AN R BN
FEARE e SEERN, UMATFER Internet FHILATH
TUAE . Pk, Internet 35 S B S50 B9 s B ELA A X
TR B BE A8 5 AR D 3tb s Internet WMERAA BRI P EREL,

2.2 BANRRIBIFIESH

BX (EAASHAEEE EPFLENTSREAELR
BRI, X SR CE TR, X AR TR
ZEMEEE, R EARER”, EAERSTEENY oG/
N ARZET AMLRHIASR, ERR RN TR » N ER
KM R MEPRFEEMAEL 5% r M RZIE A fEfF4E
B BN rG— 1 /2 A .

B NAR S B0 M R i R B Y ) A )

BT 2 3 Gt T AS % Internet 55 I3h 3 MRIFR G
HIBIRT 126 FIRT 0. 5260 B A7 Z 181 i B8 AR @ 1, A
7 3 WG H BB T LUE T, AS 9 Internet Z5H3 ) B AR SR EB
R TR

3 EARRERRE R

A Top 1% Top 0.5%
Eclipse 3. 0.1 0. 0246 0. 0387
MySQL 6.0. 6 0. 0847 0. 1062

Firefox 2.0.0. 11 0. 0402 0. 0492
AS % Internet 0. 2461 0, 4823

S AS % Internet Z5HIKPL. B 0. SU“E T A" Z AN E
MNEREEBE XA B TR 120 “E W A7 E MySQL
6. 0. 6ARAFN Firefox 2. 0, 0. 11 B, B 0. SUH“EHH "2
[ 8 AR FBEREARX T 1B R HTHBM
P ERGEHEE, BT R 22— 5 String SFEERIES,
BTz RS — B AR ERZE TN, HEBK R IR In-
ternet F“E T A" BIEE.

Sob-—~ LR P IR 45 435 F0 SR 156 » 224 1 4% 8 32 T K Wi 4 S AR
A FHnt, %58 FENERTTRIE RN RISt —
MERER, BB — A BT Bk, T4
B U EERHNERE ARPEFARHF LT ENS
HEul A £ 4B HEE., hernet B ERERFGTEE
HRMIURE, RIS L T SRR NRESS &
Bk R EGBEATHRE, BT L AS 4% Internet (S #E M BB T4k 4
3 L5 AS £ Internet L5175 S B S ST

8513
31 ESHLN

EX AEN) BEomBHREMERS SNEN R
&L, B PRk, Pk BIEHPLEE —HH
BGIREAS k= BIBEE.

0 I “05¢ o © Fclipse 301]
o ASHiinternet ° y= 1
057 e -1 o b
e <,
-1 o -15 <
o
s : . %
o foy
? S 25 %
", " A
3 =,
i
a5 %? o
® §
35 o wwo o
4 ey -4 cmommDeD
45 atiovion pud 45—
5 1 15 2 25 3 o 05 T 15 2 25 3
(a) ®)
o Wl G
S
N [ = i
= -5
°
-1 1 @
°
-15 ° -15 ®
o %
-2 © -2 °
° o
&
25 L -25 g&
5
& %
3 3 3 Somo
owman wo®
~35 3 i G R L] —— O ool
05 1 15 2 i 05 15 2 25 3 35 4
© [C))

BRI RERME RN EE SR Z .
EESHE S, B MR RRER y #R T TREMEE SR
MR . AR y MK, B X AR R R
b, SRR y Hyooltd, BT A 1 S A BEERE ] — N HfE L, B
H—NERS S REI R Y. X RBARER R y BR, B E S
AR Y5Y” . A RERE Y /D BEAT T M X (R R B

+ 147 -



B EFRE v H 0, BPETA ) BEER A A R BER A0 4 A B, B
KESR/NERIEHK, XIRETEEE v 8/, MEBES
BRI,

BIEE 1 & AS 4 Internet B 470 B #4454 N 45 40
INESMEE LR, A2 RS, BERE
SfifetE. BE,N\E 4 FEAMRYGTHALE S, WERE
REE 516 A 7E 8 B X 5, A G5 W R A b EE A3 A R
FE 143 22Z0E, M AS % Internet BIESHRARE v —M#E 2
B 3220, ) AS ZEBMBRIREIA R R TFHRESHMNE
TR BB R 5 P 4B 3R TN B A3 A E AR5, T s Al 3R
R¥4E.,

F4 EABRBEREE

AE Y
Eclipse 3. 0.1 1.82
MySQL 6. 0. 6 1.87

Firefox 2.0, 0. 11 1. 41
AS £ Internet 2.17

SR EEHETRERFEM L, AS 4 Internet £5#4 L3
Bk, BES KK S TEES /D SAE AR, K
RGP ESTRECH 1.8 4. R AKBEENER—FfF
EEY S NSE, RSP XA RERWE XS
Xt Internet EEZ—8, XHKEFENT AERTESEL
B AT UME N B B, W RH TEE N TR,
XEH AN IEERLEE S, RN X RER E i
SHRAR AR K, X R T S 9 B Ze R 55 1
3.2 HAESHSH

AP — TR EM N HEMAR., s E
EHNZH EHEREMAT SWAEE, TEHAZERIEMN
HALH S MY KB E .

LS 454, AS 4% Internet R LUEIER T B4
¥, 4 Internet MEIEXBTBTES T EARELLZEIHE, X
FEEWEE., mMREE BT, - BRREENTAE -1
HEFNTENHE, SRE—-TYWEMAE., EBHTFX
Tl S0 A B SRR, AS 2% Internet B L4 B 3 1] B B 13 5K
fBifkFER. 5 AS Y Intemet NEME  REBEMAE S HE
REEXBERIXTFRYE, B 2 £ Eclipse3. 0, 1 #l Firefox2. 0. 0. 11
KIS ABEAHE.

B2 HAELFE

ME 2 TR R SRR M AE ST P BEUT
PABA

DBEAAEEHBRKFREXLE. WaAFERHA
B BT S AR B R, XA R RO TRk
HHCAERKBE, TR <8 BB, W —J7
EHAXAN T RBNEE, THRNERE, 55— HEX MR
RS W BN A, EFEA S RS RAOBERBBEKR,
BrEL, M— AR ARG A T R 2, — R BB 7 ik
RN L LA/ N R R e S IR SE A SR A9 T R X

o 148 »

SRR SRR .

OHELTRBEUB KT ARSI RN, HEAE
G5, T R AR IR PO AR HH BUAER MR 608 08 , K BEY AR
BB, — RS HBABIRARAEEN TR, B,
BEME R R B RARR T BEE BN AUB B W BAR A B3
ENHABERABKTARESHRE.

PRt X KRB R, B KRR RIS
R, 3 ELA BB Sl R G M S 2R IR , T DA R B 1 R 4L iy
B HER

4 LIS AS 4 Internet 254/t SRS ELBE

EXSEERB TEANBERBCHTSHFAEHSE
A Z EEENN A E SRR E B A, 4%
MIMNIBERBUNFE Y SR RERENLE, #ARME
£,

BN 6CEHRRKE) MEPFHIFTEZEHNERE
SORFEEXWA T S RERE LR FMEnTYREE
KE d B8 CHERH MR ZAEEKNFEE.

BERRRBT MERIMNTEZENARBELRE
WAkB R, X AHBY N BN, BREREIZER
FONY,RAMEREAGRESH . W% 5 FREE
¥E, Tt R AS 4 Internet if BIGF 45, KB ERBEIE
KFHEBABE H, K445 H 5 AS K Internet 515
HEFAEAEBERESE. Rt K44 W5S AS 4 Internet
S5 R B B AR K B 4 HAE T T 5 B S BRI AR,
FOHKMAEM S AS & Internet L5 F B A /MR M &4
HUT, MEFFERNBELR, TEEREN AHERSRE
TREENREERTSB, EEY S m S8 EY sE
&, MREH A AR EE LR EE, L MEBA - RE
AV EHFEHEHENSE,

#5 BEAARBSVHRZBKEEREE

HK c d
Eclipse 3. 0. 1 0.0279 5. 67
MySQL 6. 0. 6 0. 0620 7.23

Firefox 2.0, 0. 11 0. 0167 6.08
AS % Internet 0, 4031 3.47

B, 3T R 5 PR AS 4 Internet ZHKRE
REMFHBBERENEE, NTUEEREREEHRBNAR
Fl,Internet LR ESHEAETNEERZRRAEEN T
BARKE, MERISEEMHRE .

B EARBREMNFEE, A4 ERR Internet 5844
MM BARME W ARR., IR, KBEARESR
RATEER M, R B 3 Internet IR IPE PR BEET
FRZ B AR{BER Ak, T H B R 9 5 2 A R Bk BUR T R,
FEA -FHTAEERFTEERMNESERS, H R
FABRAEMER. TRGESHASHERIT LHEHRETBR
PAREE R ER A B R, SR MBI — AR
U, EREFBESEEEIMEXRRNIL NN S BEERENT, R
XL S EREEIMEXZNY & INEM X T R M4H
NS EZ RN SRR,

B—H M, CE[14]35 i , Internet -39 B 42 & BE B I 8]
ERHZE TR, T R—iRFS T 2R
FEEHED R, RAEWNFYBRAKENE L ZHE A
F#ag, B M5 Internet BARMK .

XA FREHLR Internet S AR SR E




RIAREERE ., £ ASZE Internet WAL R, B AT
RZEMBRASEMER FERMEEATINT BHHE
ERRENRESEN ST ANEED B2 EEW L
REMNMEEEEYE. RERGHIIERY RESAMEFT TR
BEHMA X B H T SR FRR K E R, R 53 5 HAE
DETEXRNY S HEKR, A Internet FILEIHHHTT
SEMEEENER, FR LS ARINE B P EER
BB EEE,

AS % Internet FY R R WM T LM AEXT R4
HRABEROITIRE , BIKEH AS R Internet FHEHER
FRHERS.

R RGO B, ERRMAE AR SR, ROEHE
HABLRANER Y, E A EAAE T % AR
FR, BT LA T IR R R M, AT LUR B4
SHREELUERE R,

5 WULEMS AS 4 Internet L5449 R R MERFE LB

51 BESHARAESERMNHEXES T

BN 7)) BMEEREERYPREESHEEE/NT
ETrHMTEAESREENAATHFE, rEHBK.E
REZBAERPNEE L.

EX S(HARB/EEED VTEBEERRECTZEYA
RO, MEETREEN L NXTEAFEET &
O TIAEE T G+D B, BT S XE iz
B 1C1E kcoremn .

P EEBHR R RERIMPMRE, Kam B2 NRE
MBI —ANEEERD ., a3 AsE REFINE
BRI E, TR ENEMERES ., B
3Rl AS 2% Internet 5 MySQL 6. 0. 6 JRA MBS/
K., MNESTLLIFF, AS & Internet 534254 BB B4 1
S5EAS AL, R IFERES . IF LTS S BE
BN A PBHT S EEB K.

05 o AS#Internet 0 - MySQL606
_og \\ — y=21704 o8 . — y=21704
<
g 1 e, P °
£ b e 3 \e
E . % g5 \c
-3 qu\ - L\
-as o N
o o .

/

-25
0 02 04 06 08 1 12 14
togygk loggk

& 3 AS4%R Internet 5 MySQL 6. 0. 6 R #Z¥ 4% &

E4#RT AS 4 Internet 5 Eclipse 3. 0. 1 fR A<,
MySQL 6. 0. 6 fRAFl Firefox 2. 0. 0. 11 RRA B3 BOHEE
. M 4 FTRLES, 7 Internet SRAFLEH P, B EUE
AL AR E N, 7E AS 4 Interne IR Y S
BEHEAEZRABRRMNIEHECHE, BREENT SEEERN
X, ZHEAAEEEEN. EEEATRIEETTREEN,
BELBLEEFETHER BHAELRE"TABAER
BRI, U8 B LU SO St R 4 B W 48 B IR B 2 AR 45
W EESBEFEERNER.

5.2 BEMEREXLSH

2% 6 Jy AS% Internet 5 3 MNMRAHKBEBEERE. M
% 6 T LUBH,AS 4 Internet FRIMEW BB LR 21 ~23,
HAEBTREEHOBEE. AS% Internet M EH KT
—MAEMNERERMER, XS5HERNABRENSRU S

RV RERA .

Togy k- corelk)

3 SRB2RBEEEE,. SPERRGREER.

loggk-core(k)
5 oBREB.EE &

Jogyok-core(l

R I T s S T R |
logyok logygk

& 5 ¢z 25§ 35

B4 ZBUEHAELEE

X ELER SR 158 O I 46 1R (AR R 45 B 2 L 4 OO R 5 4R AL
(SP),—4 ISP ZE &2 Al LI sl — 8L AS. T H
HiRE ISP HiEE 1 AS B4 BGP il k% ISP #4h
%% ARIR, B il o7 LA R ISP #1 AS H B7EARFIERE Tt
Bl —SLR M REIBRIE, XEE I RAIER 4> ASHHRE T E
FLENGEERMEAFERERENEEHENBRBEEMNER,
FERE BN B8 R AT RE RN ZEXHER . — /DR £2
HRIEMAETENEDR, TASR>UEERSE ISP KX
% ISP R Aih 1SP, F—4 ISP K5 | —4% ISP &%, 5 —%
ISP #£ F—& ISP IE /.

RSB AS 2% Internet BB ECE /ML, I3
EA~TZRL,EMENRE. BB, YA — 4R
HGHERE R ERN. REZRNOHIFIES Inter-
net fHHUARE R B SHEEIRTIE THREEWESR
BIRKAFE, BT ME BB AW E R/ MIBEEER.
BB AXM T SEREREPHERAMRBEE, BBEKKN
A AR MM EREA DB R B K RGO
&,

x6 BRERYE
HE k-coremax
Eclipse 3.0. 1 6
MySQL 6. 0. 6 7
Firefox 2.0.0. 11 6
AS % Internet 19

BWIE FOHKHERMGEHES AS & Internet Z5H
BAEE ME G5, A E RMEN ST F B, R .
B A HRE M FASRE B R M 4 MR RE ST T
LB, BRI EUTETRREZAL:

(1>AS % Internet 53T S E M B AL RIS
BTSSR G 44, H I Internet MK EEHER TR
440,

(2) KM 5 AS 4 Internet M EN TR
B TR EA W ER KA SWA TR ESHESHT AS
% Internet, KIGFEHWHBAE 3 2RI FHME, ASEK In-
ternet Z5M B RETETE SR .

(3)AS 2 Internet 5 5 KR A EHBEEREN
B4 REMBENEHBRERE , 2H/MERSFIE; ASE In-
ternet Z5FIHE H K BB AR (G 54, /M RAFIE BB , 3P H R
AHERMELS .

(4)AS % Internet 5 RKMABR A SN BT S A2
TR ESRFHE R EE Y S 5% EHE ER KA M ; Inter-
net LM HEMAEERHNEH . EREEHE.

e 149 -



AR RMTE T RESWRRZ AL RE, B
A, XL AS 4 Internet 54y, KA SEWAE H— 5
FBHZE ., A TAEX Internet FIEK {445 3 —
BEIRAPERAE —E B,

2 % X

(1] /MR8, BROeSR. B4R RIe R AT M. dbi . i 4
KRR, 2006:1-14

(2] Faloutsos M, Faloutsos P, Faloutsos C. On power-law relation-
ships of the Internet topology[J]. ACM SIGCOMM Computer
Communication Review,1999,29(4):251-262

[3] Myers C R. Software systems as complex networks: Structure,
function,and evolvability of software collaboration graphs[]].
Physics Review E, 2003,68:1-15

[4] Ma Yu-tao, He Ke-ging, Du Dehui .
measuring the structural complexity of software systems based
on complex networks[ A] // 12th Asia-Pacific Software Engi-
neering Conference{ C]. Taiwan, 2005:257-263

{5] Lee Young, Yang Jeong, Chang K H. Metrics and evolution in
open source software[ A7 / 7th International Conference on
Quality Software[C]. 2007:191-197

A qualitative method for

[6] Albert R, Barabdsi A L. Statisticalmechanics of complex net -
works[J]. Rev Mod Phys, 2002,74 (1) :47-97

[7] Newman M E J. The structure and function of complex net-
works[J]. SIAM Rev,2003,45 (2):167-256

(8] ZE&,F¥ ZHME. %5 KETHEARMBNKER 08 EDR
[J]. T2 ,2006,34(12A) . 2371-2374

[9] *poets, s KFE, FRME, % FERKGHELNES T EER
). BRRGSE #HR%#,2007,4(3):1-9

[10] Zhou Shi, Mondragon R J. The rich-club phenomenon in the In-
ternet topology[ J]. IEEE Communication Letters, 2004,8(3);
180-182

[11] % E3%, % EH. Internet ML WL BEHBIR[I]. K% R,
2006,17(3) :490-497

[12] Watts D J, Strogatz S H. Collective dynamics of ¢ smallworld’
networks[ J]. Nature, 1998,393(4) : 440-442

{13] R&&R, KEHE, £8, F. Internet FHBBKEMNEBIIE
0. AT, 2008,34(2) : 157-162 .

[14] 307, X%, THIE, 2%, AS 2 Internet I LT ). B,
2008,29(7).50-61

[15] Zhang Guoqing, Zhang Guogiang, Yang Qingfeng, et al, Evolu-
tion of the Internet and its cores[]]. New Journal of Physics,
2008,10(12):123027

(L#F 141 7

2 1000X 700 BRA 53 MHERZ X ABEER .23 ™ =X
B OB EM AT 10k~50k MBI REEEN. MG
B, 2R R FE B B L BRI 7 B, 48 AT LA RE RS s A RIS T B
M, FEBES - ESREF K. XREENRTIE
LTS AR LA R A B S R BB A W E 0 MR
KRR E W EE AUC £515 TPR & TB #
AT T .

&7 ;%}AEJ,??Iﬁﬁ%‘ﬁzﬁﬁ%ﬁﬁﬂ@iﬁﬂﬂﬁﬁgli
BT R AL OB R e B TPR ®H#1 AUC R5I#E4T
. BT ZERA T ARMBE NI %, TPR ®RA
BRI, AUC R H#92 CA #y4 THHUH Bl 7 i
T B A SCFE R A2 L O R A T B0 % &R R 52 » SE
BOR X R RSB ShPIE , BAR TR A BT, BN 7
AEH, AUCRTIEH AN ELZ/HT TPRH#. HEE
A RS, NEEERE O KA R AR e L%
TPR #H1 AUC R HATH LB BT AUCRFIFHERT
XX HRETE, B S EE O P aE TR S, RE
B EF X OHTEN, X EEEATON
K, AUC REIFTFEHRA 1/Os Bk & ¥, NBA a7
HL,BEE S O A, AUC RS ERFTR A 1/0s KAR
e TPRW® 2/3 £ 4.

. —— AUCRH -
-~--TPRA "
f.‘

9000 .
8000) ——AUCKY r°

7000} --~-TPR# 80
6000 ,’
g .
i 3000 Pad
"2000 P 40
1000 :_—.—-———-—-n
% 30 0 %0 Po 10 % 3 40 % 6
B3 R ¥R (K) ENENW DA,
B 7 TPR&MAUCHKS|H#r B8 TPR#HM AUCEIIZEH
BY R 1/0s i MELHUEEZ N OMR
R

B9 10 REHEAIRPABIMNRNBRSHE
PRI R FR T EX AUC 5[5 TPR #F1 TB #4353
FTRYLEEE. BTN, BEE BB X R B A%, AUC K5I TR
HIREAE 1/Os MEZ/MT TPRHA TBH,

» 150 -

80 [ mcacnn
3 :::l:lgﬂ - 70 —-l—;lBJgﬂﬂ “--“‘
50 - Wt 60 “,.—
§ © é 50 -
w30 i £ aX
®* 5 : 2 -
10 10
i 20 %0 40 50 60 %9 10 2 0 4 o &
B2 K HEK) By KB EGK)
9 TPRHW5 AUC £3|&i 10 TBH#5 AUC &SIE&EH
RSB R BB % BESHRBBHIXR
R Lt
HRi® AORERATZZENAZERETBHXNREN

BRI R T —MEA R X O MITHE 8 shP R
PRI S B, FFE ML EERE b8 T 2 T T I B P
AUCRZIZH . AL LUS 53 B R o 1 88 3 Xt R B9
£ BRI PUERN . B KB RN, AUC RIIM
EHMEFEBEARELT TPR M TBA,

$ X W

[1] Chen Ji-dong, Meng Xiao-feng. Indexing Future Trajectories of
Moving Objects in a Constrained Network[J]. Journal of Com-
puter Science and Technology,2007,22(2),245-251

(2] BEAER,HER, &8 %5 —BETRITGENENHBIHTR
SRERFIUL SHEYPIFRS & &, 2007,44(6):1008-1014

[3] Nagel K, Scheckenberg M. A cellular Automation Model for
Freeway Traffic[J]. J. Phys. L. France, 1992(2):2221-2229

[4] Biham, et al. Self - oranization and a Dynamical Transition in
Flow Models[J]. Pys Rev A. ,1992,46.6124-6127

[5] Schadschneider A,Chowdhury D, et al. A New Cellular Automa-
tion Model for City Traffic[ C]// Germany. Traffic and Granular
Flow’99. 2000

[6] Dupuis A,Chopard B. Parallel traffic simulation on Geneva using
cellular automatal J]. Parallel and Distributed Computing Prac-
tices(PDCP),1998,1(3) :79-92

{7] Pei Soo-chang, Horng Ji-hwei, Fitting Digital Curve Using Cir-
cular Arcs[J]. Pattern Recognition, 1995,28(1):107-116

(8] %3 #&<rit, ME. ETB/IHHFEZHNRENWHBHRES
Jrik(J]. HA AL A, 2001, 21



