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Abstract With the development of complex networks, more and more attentions are paid to the phase transition. The phase
transition is a process of transition from a stable state to a congested state. In this process, three kinds of variations of loads on the
network are involved, which are the total loads on the network, the loads removed from the network and the loads waiting for passing
through some node. Firstly, based on the traffic routing model, an order parameter is introduced to characterize the phase transition.
With the increase of R (the number of loads which enter into the network per unit time), this parameter experiences a transition from
zero to non—zero. That is to say, there will be a critical value of R. that characterizes the traffic phase transition from a stable state to
a congested state. Secondly through the simulation, the variations of different kinds of loads on a scale—free network are identified.
The node with the maximum betweenness is easily to be congested, which results in an unbalance between the loads that enter into
the network and the loads that are removed from the network, and eventually results in the network congestion; When R<R., the
number of loads that are removed from the network increases synchronously with R. When R>R., the ratio of the number of the loads
removed from the network and R decreases gradually, which means that it is more and more difficult for the loads to reach their
destination. Understanding the variations of the key indicators in the phase—transition process is beneficial for the effective prevention
and intervention against the network.

Keywords complex network; traffic routing model; phase transition; simulation

SRR FIWT T S 28 R FNES AN T ORI 5E | R TFE B0 BRI AT 2 AR R 2% A FR 4l A
FEPNE, 1998 4F Watts 55" H B9/ S RO 25K (1999 4 | BEE DIPTSR iz s SRR M 45 b 2l J)-#id
Barabasi 454 H (9 JCAREE M 28 00, 5 % T AR L 2% | Bl BOGTE,

WCAS B 40:2014-05-23 ;452 B 41:2014-07-02

AT B BRI K FTAFRHAFLR B (12531577) ; BAITAF K 2 HHF K37 B (20120501)

EHHA TN G AR AR f1 A TAF I, B T34 : cumtb_sunlei@163.com; 2238 GBAZVEH ), #H 07 , AP F @1 h AL A W% Lo sh A 5, 43
#A :1rlr1212@sina.com

FURMK NG, %, REE. LT HE AR 0 M T 42)]. A F4R, 2014, 32(24): 56-59.

B 56



—t

B SR 2014,32(24)

www.kjdb.org

A o A 9 I 0 DA TR A 1 IR S R 2 2 e R
TS i AR OB, B 00 7 T 4 7R 4R RE A1 3
Zhao S5 VEF Sk LR 1 4% , 3 o KU T 7 ok A5 R 3 Bl
1 5 SEEAE MR B b7 Z = lim (AN, ) /(AR X 0 fi 4 0
[ 25 Sk FHRARERAE S Ro FLUCIN T T4 5 PO 26 7R 4
TS o T SO L3 e A 67 74 O 7 SR Wi ok
785 D0 24 R F7 5 XI5 L ELAT 51 24 s e
B 5 Zhang S5 S A< 40 N 5 W S T 5 A
T4 5 DU 1R RE F1 . P T Lok Z A b LT 2% S B
7B B 1 25 A 3 , DR MR i 1 BB T
IR24 1 F) 2 747 KIS0 5 Mukcherjee 25500 A7 3 85 s 1249
P4 SR SR BEEAT T DFST 5 Tadic 5 XA S 1 B A
JF Y U 245 0 PP 00 67 26 3T 4343 45106470
5% 5 Barankai 257 FH 29 00 61 B A 4S5 00 0 5 17 00 4 245
FIRHATAS AR . S T S STl IR AN AS 2 1 R
I R 4 L S BT KOO, 8 7 T SRR ST
TR SR . 535 3 e A e T e G
(RHE BN S0 78 (LR A5 BT T M0 R S o 1
SV B T B | SRR A LU 1 5 B 1
[ 245 L4 B 2 5 AT TR AP o AR SC il 7 2K, 43
T RO Ao R oA 190 45 B S B 2 S
S HEB ST B AR BR S (LR

1 WEFHER
1.1 SRR

R T AU M 4, 5] A is R, R TR B X 4% 1
FIEER 1075 R R 2% L B fariz 2y, 3 AL (R

1) B I g 2050 A P46 () SR B8CA R, 3 6 171 i 1) S 6
LS BHHLAE 25 b ™= Az | 0 fi e BR SR i AR A 7 3 (R AR
L5 2 (AAFAE 22 55 B R IR AR BEAILBE B — 2% ), [R) s A ) s
ZI A B ey 23k H A -, HAE T —BFZI M IRZE s 2k .

2) 1E 2 AR T SR AT — o AR A e A RE T € X L
B A T A A AL PREE 7 AR AT . 2 e B A 1 e
BB HANHRE Sy (47 55 AR PRBE 1 2R 19 55 RE SR IRl i S Ao
HY AT B I, 237 A R iR s, il s 2 2 30N 4% i
T R SR 233 K A 205k H A HERE

3)TE M A~ B far A T B H AR, R B 7R s 81
PGS T , AR A & A9 Tk 2k, HOR e i 4
W SRS I ] o L A B A 3 e A Y S B BT
SRS TR SE RS
1.2 BAZLWREMBEERN %

BA JCHRHE R 28 A 3 Ky

K N— B mo 9 SRR AR 28 T 06, BRI A

PRAEE A BT s S AR i MR AR LT 577 55
§ I B 1T R B B 2 TR R O R

SCIENCE & TECHNOLOGY REVIEW

k,
=5 (1)
ZL:)‘L@HX me=5, m=2, ftﬁESIZﬂJTE<K>=4,N=IOO EI(J BA %

PRI
13 RAHRGAH
i PRITBS 595 19I5, 5 A B A
TS A R TTIERE. WAAR A RI
R TR, R XA
B @

o, g AR G 5o Z 8] I B B AR, 20, () Y R
h 557 R Z ) 2 N R R R AR, (V= DIV =2)/2 Sy
RATBERTT R HL

2 Mk LiAGRAHEERMHIELME

X AR IR, 1SS SR TE B P 2 AT N HE B SER A
BRIV 265 (R B RE S RIS R AR 5 R SR 1, R 45 7R 3
RE A TR G RO RUET S TT I Ay BT i
21 WERFENHETE

R T R AL BERE ) C=3 (R [R]) , e KA ik T
Wb TR E, e oy 1 BB , O ELY 2 1L A2 7 2]
AR BT RIMEE, TS R EEE T,

Sy 1 IR o S R AR A T E , — A W A A ST S e R A

O 3 L ORGSR B S8, A58 ARF A5 RA- G
P TR 2 S A T 105 T80
Q.=RDB,,./ B, (3)

K, DR G T B A%, Lo FERRA BT 405 o
55— TR TR R A BT S5 A RRE 1N
Q..=C,,. (4)
MR R HEA B RS AT AL B RE T
Z SR B A . R
Q.=0, (5)

RDB, | B=C,. (6)

b, ROHMZRERE IR BT Cru =3 X A2 Y
TOhRIE M2 BEA T RAE T 15 2 P38 SR A D=2.941 , fie K

ﬁﬁﬁmawﬁ&¢§}f&wnmm%ﬁwﬁ£ﬁi%

S0 HFEIME ) ARASER(6)2R1E R, =6.3, BUEEL R, =7,
2.2 MK LR BATEEERMTHME
221 RIgidiz

FIH Matlab 7.11.0(R2010b) #4434 705 5 . 25T
TR

1) ARETCHR BE W28 (A 18 5 1, S B mo=5, m=2, = 1,
N=100, -2 <K>=4 ) BA TohR P4 .

57



—t

www.kjdb.org

RS 2014,32(24)

SCIENCE & TECHNOLOGY REVIEW

2) FE—HFZIETORRE 45 E 7= Az RAN AT, FFH randint
PRIELTE[L, 100] P4 AL AR BRGED o R i, S AR Z S5O fiEAH
[F], 22 B dijkstra PRECVERE e AR Ta0E o

3) B AT —E AL BERE S ORI 4 €=3) , 27 1 i)
ZNFE R AT HEAT A B RATECH QCRT €)W e+ 1 BF 21745
HBEARIF CAM i i (B B e Bk Je il o JE) ) , #8436
OVAE 1+ 1 I ZN ARS8 o+2 K LUR I 2R UG 1,k se 4%
P 00T A P A ¢ AR ST ) ] BR R ceil (Q/0)F2R o

4) ¥ TR 3EIA, L E1=2000,

5) 43 EE e D1 F] 2000 B[] 25 X6 N7 B4 9 26 1 1 67 A
B A B T E 9. 3 Z= lim(AN, ) /(AR) 4547
(Z B LA R SO B B 4 5007 81 B s 1] 9 AR TR ) |, BRIk
2% b R B BE R | PRI A A7 T B AR A LR A T
ZAEFRIAEAE A . Z=0 B, I8 A T RRIRAS s Z>0 Bif, R 4%
SbFHERAS
222 {HEZR

WM Z FEBRbE R AL R 5 45 Rk R RE 1 1
SCHE, S EUETH SRR . TR O 1R SRR R
TR SR A R0 51 A 22 100 B 1] 25 9 50 X6 67 fr B0 10
RIPEHERACEE Z 46475 HEHL R N 225463 90, XF 13 1) Z
T b o T I 50 Uk (B AR B 50 4N AN 0 To b BE 9 4 ik £ 7
i%)ﬁ?ﬁi@ﬁxﬁ%ﬁﬂ 5 R ANE 1 FR

0.8 -
0.6 -
N 03

0.4 -

02 F

02468]}?1214161320
1 1 1

0 10 20 30 40 50 60 70 80 90 100
R

E1 TEZ5RMXHR
Fig. 1 Relationship between Zand R

ATRLVE 2 RN 7B T 7 By e, 45 1
SRR S Z W5 T 0 R T 0, 2=0 Ron B
R[] SIS ) 28 | (18 5 B A BRI E T— 38, 1T 2>0 ROR &
I [ A2 0 2% 1 F) JE B 1 BB  Z | 1 238 AP R R A i
FUPHEEIRAS s R, 4% b 07 far 50000 348 5 7 B, []—
ZIM 4 BT EER 2 | 28 I AR R R ™ 8, B Z e
BT T 1o U7 B SCE E AU TR AR E — B0, R R>7
i o0 28 MRS S IR i i IR

3 TRHA G R ELNE

5 Y A HE B s A AR AL R, A B T BRAE R
BRI e P IR E Y A S B, SR SR B R RR Y L K
T IR S 2% BTSSR BAT RS

Bl 58

34 A5 AHERA S BT 5

H T R A I A S o A
B, 2 AN R BA S R S i A R
B, 0 A ABIRIRAS . 1 R —E 94 PE R, 43 B EC A
1001~2000 FiF ] 2 57 5 17 5 H1E BA 17 185 55, 12 103285 A4 P HEBA
SR A1
32 WAHEBA ST RIS AR

51 A P=lim(AN,) [(AR) k7 (WL N, Sk ¢ i 20 10 % I
SEAAS S AHE N ORER) , SR BR 2% 5 A HE A £ KO
BB ] AL AR . 5 Z HEbRIetbl, ml LUARE P AR AL
(AT IR PR o MRS AN RO/, S d
AR A BN A0 PHEBRBA R 975 flota 3y, ELpR ] 2 7
IR 3% HLEEEUR M 2 254k 5] 20, B4 R 4R ) P A8 AR & i
5 50 ARG {H

0251 e BRABH A
—e— YR
0.20
A, 015
0.10
0.05

0 2 4 6 8 10 12 14 16 18 20

R
B2 AETEHPIEIRS RHXER
Fig. 2 Relationships between P and R for different nodes

AR 2 RN T 7R T 7 ML R R, ek
BT m A HEBA 7R R 1 B PSS T 0 R R T 0,
P=0 7 B I 18] SE 25 5 KA 1Y 5 A HEB S fer BB T
—E, M7 P>0 7 Fiti 5 I (] S8 25 5 R A R s AR BA B e 2K
FRRAE 2 | e KA BT 2024 R>T i LIRS, 5 2%
BULPHEE e S RAR TR, W BAT [R5 5 [R13E R>11 I UK
IR ST IR BT | S5 KA B s A B I PRI TR
RA BT KA S 5 385 S8, AT A AR T i ik B
S P E, X A A

4 MHEGRHE AT LRE

IS4 9 675 P A G097 KRN0 96 S0 0T A2 B
15 R IAB BRI L R L BT, 905045 1 1 R
RS 8 T 1004 1 BATEE AR S | S BUHHT B3 F 1 MR of
FRIX(E  ELTES 2 67 50 R A {2l AR A B9
4.1 MLIH K AETHR EF IR

1) 5 BRI R 1 385 2 4087 K 9 S i 2
IR 6 H i 2 1 £ A 45 6 rh 3 38 3 e A 1001 3] 2000
T2 %I 4930 24 A TS G 5 S50 9

2) FF 9 i s VG . 51 A X = Lim(AN,) J(AR) 4 45



—t

B SR 2014,32(24)

www.kjdb.org

CILERE IV, (0) g o B 220 W 45 = f9 5 2k 67 250 Al 528 9 2% A B0
HIBERE] AR L ARER 2 X>0, FF 8 A TRl ;4 X=0, JF51)
SRR . X HEAEECR M 2 A8 FL 3 35, AEAS R XN B X F5 AR
HA AR 50 PO, AR AR 1 X Bl R 1 AR AL LI 3

1.0

> 0.5

0 5 10 15 20 25 30 35
R

3 TEXS5RMXR
Fig.3 Relationship between X and R

ME3HTLIE 1, X FEPR 2GR RIS T 0, A T 2R
A Gl GEA SR <TI0
4.2 MEHKAETERE R E

FERFFFE IR 28 - 09 2R A7 1o 450 R 19 AR AL AR, i T
B 1) 3 810 SRR, BBUZE R[] 3 91) ) S 25 (A A — U
7 PRI R G ORGS0 YR FFEICE Y A5 24 R
Xof o7 B4 T 2 07 A 45 CFH Xs 287 ) o FH X/ R 37 % 7 1R 2k £
T B L3 BRI 28 1) R A B fap BGA 2 B I L3 T 2K B
Far 8 3 X/ R Fifi R PR AE R AN (5] 4 BT 7R o

10 [ — 10
" 09
.I
08 F " Eo.s
S 06 F
4
0 2 4 6 81012 14 16 18 2
0.4
02

B4 HRAEHEEEX/RERHXE
Fig. 4 Relationship between X/R and R

FTLAE H 225 R/ T P28 I FHE R (R=T) B, T 2R ST 4L
FEA XJRIRZAT T 1, 4 L 30 R 5 A SR8 R [F) AP0 1<, 3=
71N — I 220 1A D00 28 1) 57 1 BSORITIF 2K 67 S DR P16, 1 45
LB Bl T8 2 R P R T K B A
RO AR XIRFFEETT B, 270 T4k — I 2 R A 268 ) 97 i 45
R, FUR — 873 G i BE 2 1K A M T M I 28 Hh 3 %, HL R
R, B FEARB/ N $700r B 2 1 AR B R H PRT 3fE

5 4ig

STEAMHT T N=100, -39 (K) =4 1 TCAR FE 90 4% KIS 1 it
w3 Rt AR R SO

1) W% R i 40 bE R AR TR R . () EL 25 R 4L
(A ) R BRAE 12— B0 5 B R PR R I s SRR,
T BT S R6E T I 18] R AR A b 2 S5 Tt IR T

I ' bt S
% U BRI EL RS

2) & RUHRBA ST R A AR o AT R AL B R
MR HTHE T, SRS RO s e BE AR, ORI
R BICN w5 B AN A (VT 8 s S0 D 285 4 B 3 i S
(ERAR R 64, W AT [ 20, it oy 1 T ) (B3R RE
SR PR ; 25 RARSENG R, 23 B 2097wl BRI .

3) 2% LB IH R B BE R S AE ML . R<T T, R0 2%
R AR AT FIE OR AA OR AT, 205 A T AR RE RS 5 Bl
& RO PR, e R R S e BRI , 4 i )
F B A, 5 1R W B HEE . BT —IF iR R4
ST A IR IR S, B 45 A B AR e (R Z 6
BN ) s A RE— 2D RN BORGBES 51 i BUIERES
RATE G ARRFEE T, G I H A A B AR X o

%3 301 (References)

[1] Watts D J, Strogatz S H. Collective dynamics of small world networks[J].
Nature, 1998, 393: 440-442

[2] Barabasi A L, Albert R. Emergence of scaling in random networks|[J].
Science, 1999, 286: 509-512

[3] Albert R, Barabasi A L. Statistical mechanics of complex networks[J].
Rev of Modern Phys, 2002, 74: 47-97.

[4] 2R, AL, R A A S BT R RN R SCim AR  Ae RS )
SAEI). BEEAR, 2011, 60(5): 050701.

Li Shubin, Wu Jianjun, Gao Ziyou, et al. The analysis of traffic
congestion and dynamic propagation properties based on complex
network[J]. Acta Physica Sinica, 2011, 60(5): 050701.

[5] Chen S, Huang W, Cattani C, et al. Traffic dynamics on complex
networks: A survey[J]. Mathematical Problems in Engineering, 2012,
2012: 1D732698.

[6] Zhao L, Lai Y C, Park K, et al. Onset of traffic congestion in complex
networks[J]. Physical Review E, 2005, 71(2): 026125.

[7] Arenas A, Diaz— Guilera A, Guimera R. Communication in networks
with hierarchical branching[J]. Physical Review Letters, 2001, 86(14):
3196.

[8] Wang W X, Wang B H, Yin C Y, et al. Traffic dynamics based on local
routing protocol on a scale—free network[]J]. Physical Review E, 2006, 73
(2): 026111.

[9] Wang W X, Yin C Y, Yan G, et al. Integrating local static and dynamic
information for routing traffic[J]. Physical Review E, 2006, 74(1):
016101.

[10] XN, =K. T3 | ) 200 1) 52 A 90 245 3 2 [T 52 . 32
%, 2012, 61(10): 108901.

Liu Gang, Li Yongshu. Study on the congestion phenomenon in
complex network based on gravity constraintJ]. Acta Physica Sinica,
2012, 61(10): 108901.

[11] Zhang G Q, Wang D, Li G J. Enhancing the transmission efficiency by
edge deletion in scale—free networks[J]. Physical Review E, 2007, 76
(1): 017101.

[12] Mukherjee G, Manna S S. Phase transition in a directed traffic flow
network[J]. Physical Review E, 2005, 71(6): 066108.

[13] Tadi¢ B, Thurner S, Rodgers G J. Traffic on complex networks:
Towards understanding global statistical properties from microscopic
density fluctuations|]J]. Physical Review E, 2004, 69(3): 036102.

[14] Barankai N, Fekete A, Vattay G. Effect of network structure on phase
ransitions in queuing networks[J]. Physical Review E, 2012, 86(6):
066111.

(% Ribskt)

59 Il

-



