EFAEIA 2014 4F 524 4 4511 11.1140 ~ 1146

doi;10.3772/j. issn. 1002-0470. 2014. 11. 007

ETHERMOBEREERFR"

B AR FRARET

SEENON

("B RIE Tk R HALR S 5 SR F I
(" BRI EIR L% B ARSI O

W /R 150001)
43 100029)

i B HHNEEEENTHMAERGNERECERAF A LR EEHE N
PR, BT R T AR kst , MR TR W E, A RE T —HAETBRER
#(CPRA) o Z S kBt B Bt U A ) & ok X i R & (BOR) sk ) 4 36 2 5 0 & 4 4
ZEW Y, L] BOR k2| — = BE B, WA B H A K £ R i A SR RAE R 30 i 4 4
A G4 BOR A B T S A F B, 4% B BOR 3£ 3| — s BB B R &R B 8 R SR
o EF B E NS Loyt KA RL W, A3 T JF 0k 48 B 42 16 8 (OSPF) & % ,CPRA
e D E R WA A A P v R 4R 24 50% , 3 B35 F R ZER D 0.3s,

Xgtinl HhHE, WET R, BERS, £0%d

0 3 =

P R PN 285 1) R A A5 i v P 0% R A i 7 0 LA B
Iof AT ) 286 P14 A i ST S 7T 1O 286 ) AT 12 A2 1 ol Do 4%
PERE TR =25 R, B ke R oy ) 24 1) 4% e
50— AR, Fir AR5 — b A 280 e I 265 3]
FEMINERAERMNE L, TFREN, MR T
FrF DAt R S SR FH ) % e PSR 25 52 il I 245 1) 47 2
FRRE 2 SCHRE3,4 T MR 45 (4 33 F 45 44 07 18T 43 B
T 3E S LA R FE R DB B T — o e 4 i s A
BRI RURNEE B OR SR ZEM T ik o TR EAE R A
P FE IS PIAE W 268 41 F Nt AL, 78 LS ) 2% v St 1Y) FT
ATPEIEAS T T LA, A LG T 028 I 28 3 F 1, ek A
(B eh B B RSB S T B e AR AR
(open shortest path first, OSPF) & "% B fifi 3L F
IS AR (SPF) B30 1Y A 7 0 5C B el B3, &
1 I B RS I R AR AT 2 PR NI S BR H, Hh
T HEAT TOER I S PR AT A AT A R 45 v
I A FA RGE S ML, (B, TR
SR FH )3 B B3 R T IR R 3 H By s
PepgAR” , PR S B BRI o 2 I g AR

PEATHG I o R PPN R A5 A R I A B
3R I, A P RE A 45 L B B B b £ A i
SR O R, 2RI P BUR AR 45 P A8 . B LA SCE
FLFFE A0l et OSPF LLZE fift vl it i BR B4 3 2E )
i

T8 o AR B A DA IR 2% ) 2 ) R T
SCHRL6 4R Y T — e T IO b BE W0 45 14 42 J) 3l 5
B I LA S AR AN T B i A
SCHRLT TR T — P T 5 B 15 B A4 O BE I 246 %
H BT MR R A M B DR S e S i s S
BRL8-10 1R T A2 s i AL , % b R TR AE Ak 2 1>
FIIRHE— H A 0 3 00, 5 9 2% H A JE I B e
e F b 0 45 A0 (5] 04 i 23 2 AN R AG  TF — 3k
B et 25 AT 2t e mT LT BB R A BE % b 25,
DL AT LAZR M I 28 B 2 . RSk BURARREE— &
RERE [ G fiff 9 265 1 2 042 w85 100 288 1 PR B, (R AT T
AR AN IS 1T 2% B i S R AR B 3 2
FHIE , TEVEBS INABEDRAIE 2 R iRt . X T 242K i,
DR R 2 r A /N 93 1 e B AR AT 2, 228001 A
% BRI 0 2 A4 BRI R 3 T AR
GRURATR 2%, i L AT L% FE AT e A 41 2E 1 50
HEZNM O UDHORE . 22875 I8N R, A3

O EFEH TR (2012BAHASBOL ) , [H 5 1 Sk RE 34 (61100189,61370215,61370211) |, [E 515 B 96 4> 242 11K (2014A085 ) Fillli 548

H T AR R Al 4 (BS2011DX001 ) BBt H .

Q@ B ,1990 4FA: A 9T T 1) : M4 515 B 224 ; E-mail . pymongo@ gmail. com

@  EIRMEE , E-mail; yje@ hitwh. edu. cn
(WK A 197:2014-05-08 )

— 1140 —



BN A5 - H T 0 ZE UM 4 3 ol Sk 05

P —Foh ) ZE I5UR1 % H 5575 (congestion percep-
tion routing algorithm, CPRA) , J:-45H T —Fh#r i 5k
PERACHTREY , XL LE G IR T MR B SRR
BASFE AR U B AT 2 R AR R, 24
25 4 PR ZE I TE Ry A g e T AT 1 FE T A T
A HE T[] S5 O 28 i i, % ik I 28 R R ZE R . A
BFFEAE NS3 L5 BELLEE " ExF CPRA AT T 2,
IR0 BA5 R 5 I i e B A2 5 (OSPF) Bk 1
GiRIEAT XTI,

1 BA (A& A

Barabasi 25 A B HF 58 22 W1, LA 4190 S 14 3 14
IS A5 PO 20 ELAT /INH: 5 B TAR BE (scale-free ) ()
PSRRI BIYY S 51 A 2 T £ 3 4 43 A AT
FEUCE HE KR AN 5 R RO S, BT A
(hub 35 £0) WA K i BB, b T AR % —HE,
AR SCRIFHEE 44 1) ( Barabasi-Albert, BA) #5170 it —
AT 26 0o B AT IR 3 R 1
s my RIHRSGS 8, B2 — I B KA A —
AN % AR m (m < my) 5305 5 B
B TR , Ve R B S R R S A, B
A1 W B MR TE LTI A B R, B T
SEAN GG A s, B A R 4% o 3 B RGO AE
B2 S AR A p, T

d.
Pzznil (1)

>4

j=1

2 WMEREWAER

A 0 BN 75 1% B PIRSCTE I 4% A A8 A s 3 o
12 % H 9 B S PR A 30 4 ok 52 IR %% el 1 SR, TR
FOBT TR K F 0 3 R v O LAY 98 I E D S kAL
ERRIE AR B IIRTE . i T80h % 185k
P U B FERR R, B0 O R FE Y B
TNRAE [ H 0 5% 22 7 3 e A 2 A O R 3] B B A
FE T ELEAT BRI, LREA R0 1 i A P
FERY KA, WM TEARAS E 4 s G M sios
2.1 HEES

i B FE AR B W O vk — R N PR S h X
JH# (buffer occupation rate, BOR) Fl1{= i 71 2% ( chan-
nel loading, CL) "™ o M Z& i IX i FH S A 5 Rt i
P ZEAR %) AR 7 B - o SO ARG I 422 11 % 5 199 A 37

P D R R G2 v DN 3R A B S e e 1Y
BRAEL, WA i 5 A R A= ZE R AT M. T
GEPIX i AR R S — B 200 5 = IR AN R AR
R A S BT LL, S T 5N A
RO B 0 FE L B, A SOl T 22 i DX o 38 R
RRPATIZE T &

TE X 1:#EFH 3 (accumulation rate, AR) 51 45
A B TR R0 A U T AR PR TSR
BRI T B35 T 1, 150 W] i SCH Ik Y 7 RE R T 5 4%
TR A, 22 b X2 T IR HE AR, AR (R,

TN 2: 1 ZE FE ( congestion degree, CD) b5 I
RAPHFERT e RN EE i, Ha Al

CD; (1) =uxBOR, (1) +yx (1 —e i)

(2)
Horb w,y RIS S, 4000 R 92 i X R
(BOR) FHMERL A (AR) 7E 370 ZE B2 (CD) I fr o
W, o+ = BOR,  Fm 4 i, ] 28 LI
WYX S AR, 0 < BOR, | < 1, HAH MU/ GEH
RGBT A R D S e Y AT R
el A HEH FE AT BE TR BB /N AR RORIZHE DY
HERRAR, AR RT 1 82/NT 1, Bl T 847 & &
AOBG sEaFA, ZE bl P ZEE R IR/ S T R DY
F5 11 Bl % e A= P ZE R T REME BGE [, JF HL CD e [0,
1],

R 171 2% oy DX 0 4 ZE A B B A T B e b
LRI AR S 4 AR B, 1 i A AR B Y
A, BB — P ZEFR R B CF (congestion flag) |
3 X8 L4 B BT AR 1 4 AP

1E A& % ( normal translation, NT) [y B : AR 415 %
P 2 R B 5

P FE R ( congestion avoid , CA) BB ARYE S /i
P R, A B

I (load balance, LB) [ B : 24 3t 5% % i
AR BN BMEZ 5, Ja 8 s, e 1 % e
ALy 22 B4 1 24 3 a5

Z A1 (packet dropping, PD) [ BZ : 374t .

ASCH BOR B E T BER o «,, 7 AR
WHE T — M B, i VR BOR 5 AR 1Y
fH#fE CF A, AW T

M 1. >4 BOR < o, W], SE#EAL T NT B, 4
FEFRAR CF &2 R0,

e 2. 24 BOR > «,, BOR < a, 1 AR < B ¥,
HERRAL T CA BB, %R CF o 1,

— 1141 —



PRI 2014 4F 11 A 5524 %% 25 11 1Y)

3 24 BOR > a,, BOR < a, fil AR > B I},
BEdAb T LB BB bR CF B 2,

B 4. 4 BOR > a,, HEBALT PD BrBE, #5%E
br& CF #R 3,

2.2 HERMRMIER

TES IR RL v B B IR A B A AR , BT
TR I 22 e A BB I R R AR R . AT
FCHE 42 Dt 5 (OSPF) SR 181, 24 ph 22 i) 2 01
I T 2 i 7 5 R ph R
TTHEBOIR 2538 45, 15— UG 45 T 10 1 2 B (met-
ric) BHZ R B AL, HFLLE X -

w, (1) = ¢ ; + CF, (1) x K" (3)
ot w, (1) FoREERs i XERIHE L BERE, o, F6
BEBS i IARIME, CF, (1) 327% ¢ I ZUBERE i X 7
(1) CF B, K, F75715 85, j %L, €D, (1) %o o i
ZIHERK i AR SERE . (ERERS I E IS I R CF 1A
20 0, T L BE IR 24 R B 1 10 A0 (6, 214 B
FERAHNINT B BERE A, LB 2540 S 7 1 14 B I
HACAS AT T LA P ST 1 o T R 2
Bed . LT S H T S B R F R R P(s —
d) = xg,xy 0, BB K

n-1
T, (1) = zwi,m(t)
i=0

n-1 n-1
CD; (D)
= 2 Ciin t Z CFi,i+1 (t) x Ki e
=0 i=0

(4)
TEFTA s 5 d Z I IERAR T PR e 7, e/l
MRARVE N e AR b AT it b o s (4) A,
TEBE B 178 B 15 B0 B 22 FCAYEE 008 0, il 1 %
L5 OSPE AHIA], 2447 41 2t DU 28 5058 i 2
LRG 75 IR L 125 T2 0, AR I 2% SRS
CEREBAR” BT LZARE T BER DR IIA IR A e B SR
AL

3 R d R

R4 R A AR S ZE Y, O T PR UE R 4L 55
AR, B L% I RO 2 Iy LA S 4T E I
P R [T PR R T A AL, T i R A
Fr, 2578 2 AT % 10 AR 3H JE I, BT Ve — A% L
B T A B, AT RE T I P ZE A B 1T . BRI
FEARAS TR IR B AR, (1L L Ak 252 5 A 3 2 11 B 11
2. FEIChR M Es i, BERCECR I T 5l (hub 5
) TEAETE P28 B HX AL, T A S 5 A A 2,

— 1142 —

JIr LA 25927 A 0 58 2% R AL o IR R LA I 6 23
R

1 2R M2 5 SR B Hh F A A i Sk AU
TR . HEERKAL T CA BBy, B EE R ig £7
PHZERY T, R S B SRE Y S ST AT
B LA HEE R i LA . SCH — BRI A
R R B (L), R T RPE AR — Bk

[a) ( b
i
— [' =

(e) d /

& )

\rg\

E 1 hub 75 = FARFAHME

A KN Lh p FonBdlite, PH(p) 27n B4
£ p By E— BT 5, DST (p) Fm Bdla AL H AY s
Bk, NH(i,DST(p) ) ™5 i @ B3k H 3 DST(p)
T Bk L N (D) FoR @ AR SRS T
KB S, j) FRUE
SG,j) = (ke iye (5)

ZI AR

j e N(i)

j # PH(p)

NH(j,DST(p)) # i
Foofr, o TS, b W BORER, €D, A%
W G RIBER AR AX(5) R, o KT
TP SR R R B R 48 8 49 s — Bk A
o /NT RIS P B N &R s 1 VR T — ik
W o AETOhREE R4 b BEBOR 11 s 2R 2 1Y
PO 26837 £, JIT LA 24 Je P4 23 I 8 456 B B8O /N B9 1
e R B B RE RS RE T ZE 0O B B . PRHCT 2 min (f
(i, J)) B B2 HIF — BT fie 2470 U
AT W B LB I, 25 T — Bk s g AT — Bk
o, MR BER ic 34 ig JFAT AT

4 P EF HEdh H %L (CPRA)
AT CPRA B se il e, Bk s

JE T 28 AR RHE (NS AG ) RS 24 AIE (A S
PUIERERE) , M IS 2 1 4 A 6 B A Qo A 2R 55



BN A5 - H T 0 ZE UM 4 3 ol Sk 05

SR, P ZERN AN 3 WA A i — W RUR R AR ) F A R AR P e A
b e i T AR R W, (R R T ZE N RE S P T BRI (UDP) Bdls AR o 1 St i, O HLAE 60s i I

T g B, CPRA BEpEHTF Fileth 22, A S LUIEE 100 15 5 D % 1%
UDP % #a41 ,

B TS EE nodes FUH u.y o, v, v, B 3 Fon A M R B G R AR <k, N T

BEGIN PG, LA 1 P A7 4 S

(TN AT R R FE TR, TTLF L, Y% %

Jor B in nodes SRIBE I B o M 70 R SR B 5

for i Ak AL do S I I AR % 3% 350 B ) i F

C(3) TR O Y
FURRL G RE i AR LA 47 L, BB 5 B O R

a2 T, FLE I HALKEK ) 1 BRI OSPF 573k
T dijhstra B3R 140 R B ph 32 HLE, CPRA 141 ZE I BE % S INF 73U | 2 figk 90 2% 471
while X BAFIEZS do FE T A R34 5 129 50%

HBA— 83 0, Packet

FR 4 % tH R A1) Packer 1T —Bkil 1 d 2500

switch (CF) «—d Xt N 65 % 0 P 2E bR B &, —=— OSPF

—o— CPRA

WL 2 2000 |
case 0. )\ d 5 K Packet
case 1: A (5) P55 A

case 2 P Bt 511 1 d W56 Packer 2 1280
end while ¥
END % 1000

R R R AT R CF B, o |
DS 2 o 55 A B oy B, L5 LB 0
SRR T BB RO IE R

0 L L L 1 I 2 L L L
0 100 200 300 400 500 600 700 800 900 1000
REHE (1/s)

7 OA o
5 Fhfk B3 EREME SAEEL G
AR B B T — e 2
e ey L s e S T AR AN B0
AT ] S SRR, L 1/8.25 Jafal, AC S OSPF ik

e BERSIRA R M 1, CPRA B4 B 1040 h 8. 25,
52 Gt T B AN 500 B, UL A A A 5

N
WAL D R R AR AT AL B, R A
$i, L 10190/14454 5], AR F OSPF B3 1k
%~ 10190, {6 ] CPRA BRI 5k 14454
x1 EHBEKRNSEITE
BRI (s)  #E#% AB Hifik ACEB  #Efit AGHIB
0 1/1 3/3 4/4
D 30 1/8.25 3/6.12 4/4
B2 MRS 60 1/8.05 3/6.20 4/4
90 1/1 3/3 4/4

TE 28 FR BEALIE £ — X 1 5 CIECT A5 S A1 H Y
WD) BEAT AR S I 7R R 4 Rt 2 A
— 1143 —



PRI 2014 4F 11 A 5524 %% 25 11 1Y)

R2 BNRARITHWEHESRITR
f1E] (s) TRA TRl B Tl C TR E TR G
10 14907/14907 10190/14454 0/3845 0/3830 0/0
20 29907/29907 20326/29455 0/8162 0/8147 0/0
30 44907,/44907 30462/44455 0712456 0/12441 0/0
40 59907/59907 40598/59460 0/16783 0/16775 0/0
50 74907/74907 50734/74444 021073 0/21058 0/0
60 89907/89907 60870,/89455 0/25403 0/25388 0/0
70 90924/90924 61801/90472 0/25403 0/25388 0/934
80 91924/91924 62801,/91470 0/25403 0/25388 0/1934
90 92924/92924 63801,/92470 0/25403 0/25388 0/2934
90.1 93000,/93000 64801,/93000 0/25403 0/25388 073000

fifi H OSPF Fik i, 5 #% AB (4R F A%, v LA
Bdn M L B % ABFD (&1 4 (a) ) iff AT . A
R C M E B ECR IR A 0, UL
B 1 B AR ABFD #4755 % o [R1Bs 5 s ke
AL YT AL A Y 90000 AN FEF Y &L B Y 60881
A, U B K B A R 0 T B 2 A T CPRA
if, 45— Bt i %42 ACEBFD (&1 4(b) ) it

FrHe s, ] CPRA e B % A A= 1 JE I 22 AR =) 3
I Y SRS 3 T 8 B B ) U o, [ I A A P L
FRAFZHRR ., 15 60s ZJ5, AR HTHE AGHIB
PEATRE K, O B 8% AGHIB Ay A S A, Fir LA Bl F
Jr B AN AR B BEAR DR UL 16 3% 1) 42 SRy B

B S ARERAR S AL AR (rate ) 47 50 2% vh X %
AL KO BE I E] A2 A B 2k T U H 243 15 0

(a) OSPF
& 4
1000
900 |
- | —— OSPF | |
2 800 i
~ 700 |
g
ﬁ 600 |
g 500 | -
B 400 .
= 300 | e
i
200 |
100 | 4
0 1 1 1 1 1
0 10 20 30 40 50 60
A iE(s)
(a)
5

— 1144 —

1000

(b) CPRA
3% FJ OSPF(a)#1 CPRA (b) R EIR K BKEZ

900 -
800 -

€ 700 |
I 1
§ 600
5 0¢
400 |
x|

£ 300 |
&

200
100
0

—— OSPF | |
—o— CPRA

0

10

20

30
Fif T8 (s)

BIE5E A 350(a) #1500 (b) HEHXEFEEHETH

60



BN A5 - H T 0 ZE UM 4 3 ol Sk 05

SR B 0 28 K AE A FE R, 25K AL SE I A
A 2 wfr D AR BB TR , SR FH A SC R0 40 ZE T30
BAGIABE A L) K Jmy FS i vy 5 s T R 0 % I b 53-S9 24
T, AR ARG ol DX o R B A R AR — A A AR
7K o

F 3 Giit TR CPRA DISIR 350 &AL, I8
T A R B A B AN Y s SR OB B A L
i, AER T, AT R RIS B B A TR
SRR B LB IE A S TR I ZE ph X 5
R H T mi AR A S AT EL

®3 FETRRTLZES5ENTRBITHREHESITR

WA (s) BRI RO HAY R R
10 11808 11784
20 23944 23920
30 36080 36056
40 48216 48192
50 60352 60328
60 72488 72464
61 73987 73677
62 73987 73987

P 6 A3 iy 31 i P 22 [ 3 £ o R AR AL T 4R
Hi T CPRA 75 R0 2% Jay il i AR S FE R FH 22 2k B AR e
K W T HEBN 7 HE B IRERE , iy AR R AR 1 S 391 S
IR 3E

0.5

045 -

0.4 -

o
L
G

SEIREE (s)
f=1
w

025

0.2

0.15

0.1 L L L L L L

100 200 300 400 500 600 700
REHE (1/5)
B 6 unEimAEREEE R T 2
6 % it

SN BB ASE Rty 54w Dy i EA T IS 0
T T 1265 04 i 28 R A 5 3l 25 R P O 288 1 R 1) 52

Wi, 3% DO 286 T A TR AL, 2 1 1 — b 1) 2 A e 5
5 CPRA 0005 2R R4 28 11 BA S ABE Y i S0
SN BA ) B S ZE AR L, DR 45 R S 05 20 B R S R
6% PR R AR Bl 5 A 371) 2 e X ) 4 E 1 O, R FH 42
Jey it e 2 5 SR I i e A A B B RS R AT I R
3O WG T OSPY 533k 4 B AR SR, 7E
B E SRR A N I T2 5 B8 T 25 I 4h R LU A
FERRPEFINER, PRI T e Bt 9 2 R iRl (1 EL4G
KW AEBIAG O T A2 4E iy OSPE kA L, R
CPRA {fifif [ 245 R 42 085 124 50% |, i 31) 3 °F- 1
IFHER/D T 0. 35, AR SCHR H A0 91 28 TR o oh 390 0%
Sl T — Pl FE T T A4 SR [R] A Sy S ST 508 B4
R PRBEE 1A

ASSCAR Y BB B 52 A L ORI it &
% JEBIRCR IR R, 4 J B R B0k B RO 3R AT 43 BT O
ik T3Ah AU R T 25T T I, T
TER SR RL PR RE 22 BIAR 2 R AY 1 24,
IR AR BB o Sk BEAT DN R 2 R — 22t
FERIE KL

SE 3k

[ 1] XiaY, Tse C K, Lau F C M, et al. Traffic congestion a-
nalysis in complex networks. In: Proceedings of IEEE In-
ternational Symposium on Circuits and Systems, Kos,
Greece, 2006. 2625-2628

[ 2] Zhuo Y, Peng Y, Liu C, et al. Traffic dynamics on lay-
ered complex networks. Physica A: Statistical Mechanics
and its Applications, 2011, 390(12) ; 2401-2407

[ 3] Huang W, Chow T W S. An efficient strategy for enhan-
cing traffic capacity by removing links in scale-free net-
works. Journal of Statistical Mechanics: Theory and Ex-
periment, 2010, 2010(01) ; P01016

[ 4] Huang W, Chow T W S. Effective strategy of adding
nodes and links for maximizing the traffic capacity of
scale-free network. Chaos: An Interdisciplinary Journal of
Nonlinear Science, 2010, 20(3) . 033123

[ 5] XU, TR, BRmas. PRSIl DT e 2R A
{58, 2003, 19(10) ; 28-32

[ 6] Ling X, Hu M B, Jiang R, et al. Global dynamic routing
for scale-free networks. Physical Review E, 2010, 81
(1): 016113

[ 7] YinCY, Wang B H, Wang W X, et al. Efficient routing
on scale-free networks based on local information. Physics
letters A, 2006, 351(4) : 220-224

[ 8] Cevher S, Ulutas M, Hokelek 1. Performance evaluation

of multiple routing configurations. In: Proceedings of the

— 1145 —



PRI 2014 4F 11 A 5524 %% 25 11 1Y)

[ 9]

[10]

21st Signal Processing and Communications Applications
Conference (SIU), North Cyprus, Turkey, 2013. 14
Chen L, Ji H, Li Y, et al. Multi-path routing based on
load-balance for cognitive packet networks. The Journal
of China Universities of Posts and Telecommunications,
2011, 18(5): 71-75

Chen K C, Lin S Y, Hung H S, et al. Traffic-balanced
topology-aware multiple routing adjustment for throttled

3D NoC systems. In: Proceedings of IEEE Workshop on

Signal Processing Systems, Que’ bec City, Canada,

2012. 120-124

[11]

(12]

[13]

[14]

TREAR, RO, B AR NS-3 BF9Y. AL
HARS %R, 2009, 19(1): 1

Barabdsi A L, Albert R. Emergence of scaling in random
networks. Science, 1999, 286(5439) . 509-512

Cui L Y, Kumara S, Albert R. Complex networks: an
engineering view. Circuits and Systems Magazine, IEEE ,
2010, 10(3): 10-25

U, BERE, AREEARAE. AL 2% rh— R 2E
e, K G2 A SR . THEPLE S 5 R R, 2007,
44(8) :1348-1356

Research on a congestion perception routing algorithm

Duan Xiaolong* , Guo Chengqging™ , Yan Jianen™ , Chi Lejun”

( " School of Computer Science and Technology, Harbin Institute of Technology, Harbin 150001 )

( ™ The National Computer Network Emergency Response Technical

Team Coordination Center of China, Beijing 100029 )

Abstract

Aiming at the problem that the network congestion caused by the increasing network information now becomes

the main factor restricting the performance of networks, the improvement of existing routing algorithms was conduc-

ted to reduce the possible congestion, and a congestion perception routing algorithm ( CPRA) was presented. This

algorithm performed the periodic testing of queue buffer occupancy rate (BOR) to predict whether the link is going

to be congested or not. When the queue buffer occupancy rate reached a certain threshold, the link was considered

more likely to be congested. A fast calculation of alternate routing was performed according to the local topology and

link state, and the alternate routing was used to forward packets when the queue buffer occupancy rate reached a

certain threshold. The results of the extensive simulation on the simulator NS3 showed that, compared with open

shortest path first (OSPF) algorithm, The CPRA greatly improved the network performance: raising the network

throughput by about 50% and decreasing the average end-to-end delay by about 0. 3s.

Key words: routing algorithm, congestion perception, link state, alternate routes
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