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Abstract: An improved congestion aware routing algorithm is proposed to solve the problem that the network is about to
enter the congested state when a large number of instant concurrent data stream flow emerge in network. The algorithm
can select the path according to the path length and congestion condition of the node and the neighbor node to the
destination node in real time, use the ASON (Automatically Switched Optical Network) network packet congestion index
as the link value, and calculate the link of each node according to the actual packet transmission status of network. It is an
adaptive adjustment routing algorithm which can dynamically sense network congestion state. Simulation results show
that compared with the shortest path routing algorithm, the proposed algorithm can effectively improve the transmission
efficiency of transmission network and optimize the utilization rate of network resources.
This work is supported by Youth Science Foundation (No. 51707135).
Key words: ASON; congestion aware; routing algorithm; power transmission system

Vol.46 No.21
Nov. 1, 2018

0 3l

HL A WA A H ) RS SR M &, ARFE R
O St e [ Pt DAy B I 22 4 AR Ae AT B L R AR RIS
AR ARt T (U, A 3 I H T S R R 1T
T, ARG M 4P 7 (Automatically Switched
Optical Network, ASON)ZZ #e£7 R B2 T ik .
ASON ] SEIMY 55 IR B A T B NI BRI 1) B 25 73
B, A B AR . % e BORAE N IE

EeWH: F4A%4458 (51707135)

RS, X 2h AR E RS DUk B T B
EH . AE4E0) 1P W45 22 5% F T T80 i s A 2
(Open Shortest Path First, OSPF) i3, 7 SZHL% H 1)
BASKI (H3E, 25T ASON 1% 1) i AR 3G PE K,
FET HH 22 W UbR 7 AZ #(Generalized Multiprotocol
Label Switching, GMPLS)P}iX4" J&¥] OSPF-TE i
PSS T ASON 3. Hirh, ASON 4% Brik
P JF A AE - RIE R AR A S, AT
OSPF-TE i i il sh AL it i Suto A i
BN ENEESH . —. AR
S, LRSS i AR, P ASON Y5 R H %,



B 5%

FTHNIEKSNH ASON %t vk -97 -

PR INDR L IR, B e I 55 oo e X 4 2 4

L AR ORI, R e A B A PR
PO, S AR S L T S 7 55 S
i, MBS SR ek . R IX )8, %)
e SIS BRI ZE 1 i o SV A TR A b 3E
Ty, AN H R N 2% 1 i v AR AT T
T, T T ASON M 28 5B A M 14070,
R I 4% SR (10475 BV AL AATR D, 0 4571 e i 0t
ATIIATEE, DLER i ASON I Zh A % 11 4 3L,
Ak I 4% 95 JER FH 350

1 ASON M4&EE AR 24T

1.1 ASON F&HHBYThRELR 14

54645 1P 4 LU, ASON B 42— i s
B % R, TR RS, T 1P Mg
MR AN TS 2o by B LT Mg 2 ASON I Hh A& R 11
JedEsk, HbRAFEES T —H ASON B HEAR 7
5, OTIEASE T B AR G E.
et BSOS B S T e AL ED . o, 4 Rl
B S AL R S R WA 1 TR

PREET T

A

Y
it a2

A

\ 4

IR T B 2

A 4

¢ R S e R

B 1 ASON BEEHINEEB M TEE
Fig. 1 ASON routing functional components diagram

1.2 ASON PBH1ER

ASON MZEEF N ZRh Tk, T 3 Fhigk prAl
X, 0T . 2 BRI Bk
e O ORI ST ) AN TR R, A AR TR K
FEAE . HARWIR .

1) 5% % AR

A H A 43 A1 AR R e A R
WAL, T4 s E R T el A B
i, Nk, EBGERET, AN E T LT
FEIEI % FR B PR, [RINFERE R — B B3 N 75 2
DLRAE, EERNE H I 5.

2) 43 J2 5 AR

ASON M2 HAT 73 )2 B AR R a5 . 25T g
W AR B B T2 N, T RE AT sh&E
B, HRICEIRUILA 2 B & 2R E A

—ANE P A B TR BERR SOE BRI
DLSIZEAS T W % FHOE BRI DD BE, RIS 25 2 7 I )l
ok A SR e

3) 32 Bk i A 2

A P A LA R i AT IR . 2R
B TP W2 b 145 AR 5 3, AN ) F-I5 ph e i
R BBRIERE Bt Ao H AR 2~ — Bk
58, WD T &1 A R R A
1.3 ASON FEHE %

1) F e s A % b Sy

ASON W28 H, [ Hh S S SOAE Y 1 A Il it
SO AR IIE, IR BE . 1T B AR
P VR TR B — 4R 25 1 R D 248 v LA 1 A
(V) 4 fo /N )38 38

X LA P Rl R AR T, R A
¢ 7 (Dijkstra) 5 92: R B v AR (Floyd) 5321
Dijkstra 57 /& —Ff S 80 [ By B i A2 50 ROk
T AN R 2K P 48 R A s W R R AR . %
Fb LR ST, BRI RERREH M
A IR, AN AVFIIAUE R SAE o SRR T
HE RR 2 R Ay ok =, R AR T s IR
PR SRR A MERR R . BRI .

LR 1 IRk, R Mg SAES VoA
AT, SRR s FI TORFRIR T AR H IR
Hrpr=r-5.

IR 20 AR AR RTT A IR D@,
DOEEFRES THEEE s S 25 d, I35
s B AL d R KE D(d). i D)
FORUET AR ¢ R, [ K%
EARAEEE T op HA R AR AR R

IR 3 BEHWAES SV T, S=Suld},
T=Tu{d}. HIWES T RENFE. &, WER
T WEERDDER 2,

Floyd S92 FH R AR W 9 A [R) 5 ot % A2 () —
P S, ZEIRIRUE AT DA B, SR [P EAE
SRR L. ZESEAREA s 6N
A 0 N, A nxn TR, Ferhoet 260
FH 0, A CE SRR R m i AR

R 1 Wtk T BEF, AT AR AL
G R DL 5 ) B R R A2

AYR 20 XM Ry, Ry, P AR,
ML AUE Ay Bk 442, 50, A2 B B K AH

ACBR 3 JEUEE AR R N ()Y e, W
JE PR R AR AR AR, W RN T, WILIZAE A
BRGSO,



- 98- @A &R B R

F R B A B o IR T I 2% R IR B A B 2
TEEES H AR RO ERC Nk Ae s, 2P
AL, WSt FLE i i b 2 e -
PSR MATE G 28 h Bl AR SIRAS BT =
o R TR KRR R S UL R SR T
B, DA TRk e Pl U B, 5
LR A AR B AT SR AL L 1 28 Bl B B
.38 NI k2 AP (A ON NI 2 S S il e ]
T, RN SRR T R 2 1 K . L,
ML AR I, 75 b A Ab P AT RN
UL T s IR R AR S AR T S T s N
W28 L RER AR . AR RIZIS R R, X g
SN SN ZE (¥ s th SR AT AT S AR AT 0 2

2) ZIRRAE i Bk

A SERIN g AP - P L BURC PSS
P, SEUES BN S5 1, I8 25 P 2% B
S SAAERE I I H . AE AR TR — AN E
LA IL, ARFARE T E D TRIEE. W55
WETRE S5 B AR R A . Ho:

DR TE AR BERR AR (U DL RE
K

&Sl wrevd i S e Ok i
AIEEPE, BHEER,

AMIRESE BT A 98

CAESIHTar 0, % i 52 31 22 P A A AR
BB, i AL LA AR, R ARG A
(FIORHE ) o 32 LTSRS AT i ey ST 1 5 i
3K, PR RGEAE I K PTR

(1) A PEAf:, ASISE. A 5E PR IEEE
M BEPRRIY S5

Q) JF R, KR AT SR 2 A%
FAt.

R 2 2R s SR R, T 2 22 B it
AT TS SCHERISTITSE T A AL I 20 At h 5
%, OB SIS AR, PR T AR A
WS, AR LU e P R B i S R 4%
BRSO, A Sh A BERSBCE TH # 5 I 01 28
PMTH H o SCRR[1614R T — FhBE T f N R Bk
A ST, 2RSS AR A B L
St T Phahd ks th sk, A TRk
s IREEE . T A ISR T LR
DL, PR AUEIE. BTRRAEREE =Rl

BUBTE A L ARG BUE AR B, X
G LR AR ANEIEAT IR, AL RS R BRGA
B B A ARSI ERAR, SOl 0k
FEANE Rz 7 SCE e v S A S 2 A

NS EE SNEEE 7N

&

LA AR, R 2 PR AR A AR R R
P

2 —FhIAERMMEEHEE

HL BRI ARG HL ) RGP . &EE
R AN B 2 Rl g sk, TS
MMAE BN RGN EaiREiziT. Fr, FRMH
(R ESC e A i B % o o LA O ol TE , B A
Hh % R SR LR I £ R M A AR SCR,,
BEMEEm N 1 AR . H R GE Bk,
24 1 PR 2K B AP 25 TR IR SEE SR Bt v, RS AL
P R T E NN T 10ms!, DUERLE
XGRS B A E R T R S sk . SRR 2
1) 3% FH A Y [ e v h S B R it 5 e, DRI,
ER—AN R RE A B B P A [ e i, iR
) 8% H Il E) YR B B ) O A st s IS I 45
SHENINZERZS  h T PR 4 o 5 i e £
R TR 1 B T I L R . SR TA%
G YR, s EYE, — BRE e,
HAE LRzt IR P A RSB IT . 1 —AN
1) 3% FH SIS . 122 RE 0% B A B M 8 Bk, o]
HIEN IR IR ik, ASCHESE T —Fh ki
PHZERGN Bt v, vl S AR B A RN AR i Y s 3
H T s R AT BE SN ZEIR LIPS AE o
2.1 PEBMEEZ S

RS K— MRS HEr A ¢ 15k
TEAZ N S AT A DS INES R H, , %
S KR AE B LI L AR i 1 i AR A,
Hatsorkm=)hs.

E,
H=f=—"—+(1- 0<p<1
; ﬁzjeg(i)EjH B) B

(1)

A () MRS PTA R E Y RS, L™
mBI R RRRLRAR K E =c /k, IR
PGB AT R AR TR], ¢, D79 A IR A S
KRE, ke, AT Rl B I 8] AR IR RERS A 1A cdfs
WK pASAE; j AR IARE Y R
TR RAEIZERS, o HRRR, FELE A
SN X SEBRRAE R T, EE A R AT,
SRR e s (AR BEAE T o N s PRI T A
TR R E LR TR, Xk (AT IR -
SCHR[18-19TH Y R BEAER/NRAEY s L, S
KA R fEBOK e HISCHR19T AT &0, 1Y s S
AMLE W RBEAEAT R, B2 RAARY ST
REE M, DA, AT S ICER19], 0 R

Li
D jegllL,



B 5%

FTHNIEKSNH ASON %t vk - 99 -

B AT T A E Y, MY A R VAN
B &, BEATIRAE
T SO A B kA B X () R .
1 8.,D, kY -+ & D Kk)

In""n
8, D, I{k)’ 1 - 6,,D, [{k)?

H . =

5,D, [(ky  5,,D, Kky* - 1
(2)
Kte n WIS G () D 2 P 1
(i 45715 R, (REEAEh D, 5 WY v, o 5
D,/ (k) TR E AR 5, A4 4
PR R TCER, 2y, Ay, HEGERNE R 1, &
W% 05 XF A2k FIEUE 1, Fos15 s B 5 1 H 2
JE TR LI (-
R A DR P 2 SR UL 5
28 ISR P AT AR U R PR G, R S e 45
AT S R M TIROCR . BRI, H ()
ARALT R AT R IR GTRR LB o H 7T DU
UBSREPSEERNS L TS PN BN €Y
8, > 3,D, (k) i+ j
o, ~>1 i=j
KT R B AT AR BT AR, A
B2 WA RAGE ST, S TRl p ACR I,
()5 =L@ .
e L
L= 2 @

ni=tizp pi
A n AREE RN G d, R p P R
AEE A . Y R AT U, T, R R
BAILARAT R G FEE, 2 A p E B AR
DURRMEL ) AL, (BRI U AR
Tho DAY, 15 RRLERAE ) LA — o B S YT AU
HEFEE,

AT T A DL R R S R B A
PR RE H, » For s sSRCR AR RAE T A B R
Y 55 R DTRR AR B H L R AEAH AR Y 2T TR
RSV A H, o L K(5).

€)

4 S,L,D, (KK - 8,1,D, /(k)

52111D1 /<k>2 12 52r1]n X /<k>2
H, =" ‘ ‘
o,1,D, Ik)? 0,1,D, Kk - I

)

A, Hy, F8 Hy PEEICER, Hyy R75 7155 j 8
W EEETUIE . AR H,, € T7E, € X
R R O, in(6) .

QZLEZ%DAKHZ (6)

HHE R e SOn AN, O BRIy 5709 i AHIE
AT AE B DT ERAE A S N R R . 1% XL
D7 1L RENE SR FRAE T r 19 4 Jmy B L R Sy 5 i L
B, BN S PR 00, A 4 R
PEATREEE o
2.2 BiEmiE

Wk L E A, 2h H R T SR I % SR
e R N TV I | I T

WIR 1. VI 240,

AIR2: ESEV N A EEE O, fHEIInAL
1) kA8, BEMUHRMZE R S FRES A H, -

UR3: P S EUE H, H i MEZ AL A,
Mg, BEALIE R AN ds IMEDO N Y R A
Tk H P A BN EBERSAUE H, D EMY
YER T —Bk R,

IR 4 AW Rk e SR e E—
AN T AL, SR TR BT IR Nk T A
T, NS,

AHR 5 HIT 2 AT T R S AR O R,
i, NP2, i, FoRPTA T AE LR E
Bk AT, AR .

XTI IR AT v AR, 4 B=0 1), 1%
VLR B R AR AL, WL B, LRI E, TIAL
FAEHSAHNAR L, TR i SRR E S0 Y
Bk,

3 {FEXH

TIPS AR LR ¢ 20 4 6 42 4
BN, R B SR 0, A AR 5
IrEIA )R

1Y
<D—N;@ @)

b T8 AEA 5 AR R A7 IR TSR,
AR IR TR) A g N R) PR LG NV AR R
IREVEITRENSE /@
N, o ¢ 2P 238 BT AR B H T s 1AL
NS
ARAEAAT Prid itk i th S0, Sl s s Ak 2t
TR 2 Pros.



-100 - ® LRGP B R

LS AT

‘ mmmmmmm&m&mw>‘

A

PR A% e

t=t+1, Step=t, P )
VST A BURE KT R AT AT R
e ph B AR ek

|

l€
<

1 AR 5
M, R0 ) K
AN PR BT A
ST H AT A2

Kol e e ik
SE PR AR 4 A

1A 3 20 PR B A 2

VST T A 1 e A A

N, WSEAREAE i)
A 1) T

VST A
I ) <T>

E 2 HiEEAERREE
Fig. 2 Data packet processing flow chart

Shy ot LU W B i b BV R R, AR S 2 SR
[13-14], B FEER SEH 0 n=1000 [FTCAR A
B, HARERRGER . YIRS S BN S,
FERIN—ASB G BT, Hm=3 PN CAAAET A
M, EPMERL B =k /Y k , Horh k, FoRT 0

i%ﬁﬁ,Zh%%W%W%ﬁ%ﬁﬁﬁﬁ%%

hn A,

T 56 PEWTSUAN ) 2% B SR R N, 1784k, HR
AFF AN )38 3 i FH SRR B CL AR SRR IR 5
5 B B AN $ NV = 500,1000,1500,2 000 ,
FHRASALL ) 28 AN ZE B ZE (IS 7R . &1 3 HEkH
BN S5ZHpZHB KR, KXLEE
£=02,04,0.6, =0 RN HKADM H A,

MNP 3 R RAR IR, Bt 99 % v B8 A e 2 1
I, AHECAS ST SR b A ZE B S ik el 5%, e
BEEIR(B=0)T, ML IR ELTERE N Ml
Wi K 3(b)2N K 3(d) I Hh 2 mT LA A A

SRR, EPN g B L, R
PR P TR B ™ o, A SCRE LA o [FII,
BT DU, N, RS MBS B AE R
PRI R, JEFEE 1) B A W] LA R4 a s S M
YR AR . DL 4 AN, B =0.2 1,
5 B R ZE (PRI E R e . ) A ZE i B 1)
FEW 3(a) i AR AR BUAMG Al 3 ST
M7, X728 Rk 13 (a) h s A0 450 500, A4
W 2 PR B A B AT N A D, ARHEE AP ZEIRAS,
DRI, IS Do 28 FROAS [R] () B pR v, HLMERE R 2=
FEA K

500

=
450 —s— fi=0.2
400 b —e— fi=0.4
b =000
350
300 +
= 250+t
200
150
100 |
50 W
1]
0 12 14
1 500

1200}

900

900 |
800 |

700 |
600 +

400
300
200 F
100 ¢




BIRL, 6

FT-INIEKSNH ASON B4t vk

- 101 -

2000 = - T
o —a— =0
1 8OO ) —— =02
| 600 —— fi=0.4
* f=l6
1 400
1200
= 1000
Bt
600
400
200 _
*Bhee
0 e tenanae
0 30 35 40

3 tHAKITEENK N, SEESHLZERIXR
Fig. 3 Relationship between the number of data packets
N, of t time and the routing parameter 3

Nt TS p O S PERE R, A
WP ] (T) 5250 B IR OC R,
Kl 4 Pros. wOE 240 g BUETERI[0, 0.9], [EIFE 0.1,
WOE BdE L N=500, 1 000, 1 500, 2 000.

13 T :
1t - 8- N5 |
\ —©— N=1000
\ =
11Fy N=1500 |]
\ — % — N=2000
10 |, \\ 1
\
91
\ — e — — ———
e
4 gl Y e
v -k
T&
LY
6-\\ - - o-——F§
A & —- g——=0"
S[-l L s Uil
-G-GO --4
4_\\\ Ja—"‘}——a——{'— =3 g
S
3

o 01 02 03 04 05 06 07 08 09
B

4 FHEREESKASHLZEHNXER
Fig. 4 Relationship between the average transmission

time and the routing parameter £

4TIt SPRIE I T (T) B 540
FORII, etk RHLE T WS TRk, MR
— NS G R P PR AR B T,
P I A, LB AT A S A S
B E S AT OB . A HT IR T A, AR
RS BB B th S T B KB R, (H
S R IHE o T TSI L R L T4
SRR TR, B0 S AP 1 PR A )
W o M2 BT ER A N R 4 T4
fEAI I Lk, LRI, SO 5
MRS L N T (T) L B s B B = 0) %

Ny R TR BRI M 2, LR
INLSE, G RN ) 20 B AR — 2

4 it

RIS 2H T ASON 2% 5 FREEA ) — 2L 5k
ARG, A5 ASON i i ThRe4Ll it dAes &
HHSEE o, B SEETR > TN A R R AR
H1 SRR 22 29 A A 1 it ehy S50 P A AR B3R AT 70
Bre ZJm, LL ASON &t t i &4 br 0 HERR AU
fEL, SR TR e AR s d T Sk 1%
TIERR A P 2% SRR HOAE DAL PR, 6 &1 ni i
FEUEAT B, LA R ASON W 5)) 41k % 1) 5
P, DUA I ER BRI AR . (TSR IR R W], AHEE
IRRLEARER A, AP EARE A R it
o P B A T R, LA % SR URA T %
Sk
(1] WG BE, SROCAL, ST, &5 JLT i msgmg X7 )

AR P OGS FORAN]. I RGE RS 58], 2016,

44(2): 102-108.

ZENG Ying, ZHU Wenhong, DENG Boren, et al. Crucial

node decision algorithm based on power network impact

factor in electric power communication network[J]. Power

System Protection and Control, 2016, 44(2): 102-108.

(2] =M, TR, $0R7E, &5 2aeie b gk i oriras 4epy
WRECRBEFT SN A [T]. B R GRS 546, 2017,
45(19): 123-129.

LI Peng, WEI Xing, GUO Lijun, et al. Study and

application of relay protection maintenance anti-

misoperation technology in smart substation[J]. Power

System Protection and Control, 2017, 45(19): 123-129.
[3] BO Z Q, LIN X N, WANG Q P, et al. Developments of

power system protection and control[J]. Protection and

Control of Modern Power Systems, 2016, 1(1): 1-8. DOL:

10.1186/s41601-016-0012-2.

(4]  #NERH, BT, ZRIE. BT 55 10 v a4 1 2%
W39t PPN TE ] R RS 55, 2017,
45(24): 138-145.

SUN lJingyue, CUI Limin, LI Shanjun. Vulnerability

evaluation method of electric power communication

network based on business[J]. Power System Protection

and Control, 2017, 45(24): 138-145.

(6] T, MK, AN, S5 BRI S Th AT R
i R TE YK S BLHIT]. T5 R AER (A R BHER),
2009, 49(10): 1632-1634.

CAO Yining, YE Yabin, ZHENG Xiaoping, et al.

Collision avoidance mechanism for path restoration in

auto switched optical works[J]. Journal of Tsinghua



-102 -

® LRGP B R

University (Science and Technology), 2009, 49(10):
1632-1634.

(6] J%EHh, SAul, EHE, &% Rl ASON %4
JEEEENL I I]. S6TFIR, 2009, 38(8): 2071-2076.
ZHOU Xianwei, WU Qiwu, WANG Jianping, et al. An
efficient secure lightpath establishment protocol in
ASONI[J]. Acta Photonica Sinica, 2009, 38(8): 2071-2076.

(7] 24, & r, Bimifd, 55 B ASON i thsSLHl; &
[J]. 1F 2R, 2006, 27(6): 72-80.

LI Jian, YANG Aiping, GU Wanyi, et al. Novel ASON
routing implementation[J]. Journal on Communications,
2006, 27(6): 72-80.

(8] WAL, Alikl. ZHLIP)E ASON B HHCAR[]. dbatii
LK 22244, 2007, 30(1): 114-117.

TAN Zhi, JI Yuefeng. The routing of multi-area and

hierarchical in the ASON[J]. Journal of Beijing

University of Posts and Telecommunications, 2007, 30(1):

114-117.

[9] WU R, CHEN Z, ZHU D. A novel routing algorithm of
SRLG constraints with conditional failure probability in
mesh optical network[C] // International Conference on
Wireless Communications, Networking and Mobile
Computing, September 23-25, 2011, Wuhan, China: 1-4.

[10] E&5, FERE, B, B s A R R RS

HT[T]. )RS, 2010, 31(217): 44-47.
WANG Yong, LI Shaocong, CHEN Baoren. Application
and development analysis of electric power communication
service[J]. Telecommunications for Electric Power System,
2010, 31(217): 44-47.

[11] 5515, KT ASON BOARMH AR M 457 S vevh 55 5%
JE[D]. kst JERTHEHIREE, 2011
QI Ming. Design and practice of power communication
network solution based on ASON technology[J]. Beijing:
Beijing University of Posts and Telecommunications,
2011.

[12] WU R, ZHU D, CHEN Z. An improved resource scheduling
algorithm based on the PSO in mobile grid[C] // 2011 7th
International Conference on Wireless Communications,
Networking and Mobile Computing, September 23-25,
2011, Wuhan, China: 1-4.

[13] TAKAOKA T. Shortest path algorithms for nearly acyclic

directed graphs[J]. Theoretical Computer Science, 1998,
203: 143-150.

[14] BACKHOUSE R C, VAN DEN EIJNDE J P H W, VAN
GASTEREN A J M. Calculating path algorithms[J].
Science of Computer Programming, 1994, 22(1-2): 3-19.

[16] R\, ECH, EEM, 55 T2 54K

ASON 414k B th ST, a7 80k, 2012, 23(1):
98-105.
WU Qiwu, WANG Wenjun, WANG Jianping, et al. A
dynamic multicast routing algorithm based on multi-
constraint in ASON[J]. Journal of Optoelectronics-laser,
2012, 23(1): 98-105.

(167 6 £F 1 36 A% i 47 45 B H BOR 41 DLT 364—
2010[S].

General specification of transmitting protection information
on optical channel: DLT 364—2010[S].

[17] CHEN Z'Y, WANG X F. A congestion awareness routing
strategy for scale-free networks with tunable clustering[J].
Physica A: Statistical Mechanics and its Applications,
2006, 364: 595-602.

[18] CHEN Z, WANG X. Effects of network capacity under
variations of network structure and routing strategy[C] //
IEEE International Conference on Networking, Sensing
and Control, April 23-25, 2006, Lauderdale, USA:
150-155.

(197 Jalie, skRng, Zvouk, 4. RIS EEPPO A K 2
2R MLR ST Y], WE AR, 2012, 61(5): 1-7.
ZHOU Xuan, ZHANG Fengming, LI Kewu, et al. Finding
vital node by node importance evaluation matrix in
complex networks[J]. Acta Physica Sinica, 2012, 61(5):
1-7.

s BER: 2017-10-17;
fEE B

AR 1966—), 5, HRIAIT, ARIRART & A
W, ) % 4uid 45 BAZ 834, E-mail: 278585126@qq.com

R 19630), F, HiL, LT @A KRG EE
5§ t; E-mail: xpwang@whu.edu.cn

BF1994—), K, @RS, LML, HAF
%) 4813 512 & A %. E-mail: jianzini@whu.edu.cn

(4h# # )

{&EI HH7: 2017-12-29



	DOI: 10.7667/PSPC171539 
	基于拥塞感知的ASON路由算法 
	Research on ASON routing algorithm based on congestion aware 
	ZHOU Xuan, ZHANG Fengming, LI Kewu, et al. Finding vital node by node importance evaluation matrix in complex networks[J]. Acta Physica Sinica, 2012, 61(5): 1-7. 



