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Abstract The high scalability of next generation Internet supports deploying Internet services
dynamically. With the deployment of more and more delay- and jitter- sensitive applications such
as IPTV and VoIP, more route processing power is required to improve the performance of BGP
route selection. Routers adopt distributed control planes and implement parallel BGP route pro-
cessing, which is a potential approach to overcome the bottleneck of centralized control planes and
improve the performance of route computation. However, current BGP parallel route computing
schemes cannot keep load balance well, which degrades the performance of parallel route compu-
ting. In this paper, a load balance model for parallel BGP route computing is proposed based on
hashing. Through accumulating prefix updates online and reallocating them among all processing
nodes adaptively, the authors propose P-AP (Prediction-based Adaptive Partition) algorithm for
parallel BGP route computation, design and implement the prototype of load balancing for parallel
BGP route computation. Route Views BGP Update dataset is used to verify the performance of P-

AP algorithm. Experimental results show that P-AP algorithm can balance load well among all

W B :2010-04-19; R B BURE H 31:2010-08-05. AREBIER“N-EL="H G EMPIRK R B B &4 (2009CB320502)
BRERNAZ"HEARATR R BT RTE 4 (2009AA012251) PA R B F“+— F"BHE X #31R1 (2008BAH37B03) ¥t Bh. ST % &, B, 1975
EE,BETRAE WM, TEMRFEANEHEBEHBSEREW. 0GR b 5 B . Email: jxz@ csnetl. cs. tsinghua. edu. cn.
BAMH, B, 1971 4 8L AR B LA, EEFRTENTENRNEEREH . BEE OB R REHMERMEE.



1592 17 )

)

= # 2010 4

processing nodes, minimize load adjusting, and have the maximum speedup of route computation,

It can effectively improve the performance of parallel BGP route computing.

Keywords

m}

1 5]

T —ARE B R K SE B R R, r R R A
THEVLRE KR, B — L o] 5 & & K
By F A, BRI T SR IRS &R
EXt A EN IR ERE THEIRR. T-RE
BX ) A0 A5E e 33 1% K B B BGP (Border Gateway
Protocol)™ i iy BT K1 ZUBIH 1. Huston 25 A
W3 E W] - 2008 48, BGP 4 XK K411 i 1700000 K
B Fh B 7, 900000 7 IR B% U s Ui BN 2010 4F
Ji§ , BGP XK 34 m 2800000 & % By B 387, 1600000 ¥X
PEEHOE. T — TR W PO K B ¥ 53 BGP B&
TR A8 5 B e 45 B% B AL BB ) Z (B i OF JE B R 5
. HATNEZERESHEREEEHITERS
BOT M R B, BREBBRE—EBRE
AT A V- T ) B b AL BB ) L {H2 BGP B
TR KX B TR R AT R R T
ZEE AR TR . B R R 2445 ) B0 40 70 X
BB o A AR ST T O A AR 5 M S B e A 2
PERE T 3 R R R 33 A [R) RE AR R iR A

RATRAFASAREHPEROECEER, T
BRI AU R A 4y B B R DA SE I Bt
BB ERE S E A RS AR 2 B 38 N
REFHRWERA E R MR, A M IH17 BGP
BHITATRECHBRABRSHARSR T E A
RENFE—EBE LB T BGP BlitE R H
BH T BGP BB EHAFRRHE , RAHSR
MRS 51 AR AL B R BN . R B
FIHAT BGP A E HENABRIHEE LR
Mg EREERX.

AXFENBREHGEHLETHEHEM L, &
T 347 BGP Bt it BB N R BRI AL, B it
THEZE WK B & N 7R 3 Y (Prediction-Based
Adaptive Partition, P-AP) B k. s A HEKH
EHEAEY SRS, LA TREARNEY
. &5 RITMEI T 347 BGP B it i B4
B R 4, 3 F FH Route Views!™ U £ iy BGP
Updates B4R IIE T P-AP B ¥ 8E.

distributed control plane; BGP; parallel route computation; load balancing

23058 2 WA A AT BGP B it B A E Y
AR BE ST AR 58 3 WAL 4T BGP By it &
FBRIERERIFITM B4R 58 4 IR RBRYEE
W% 5 W BEM M BHEE LS 6 iRt
LR ARG RIF P-AP B L 7 ¥
gt B FREFRBBRIF: B LS
£ 3.

2 WBRRGH

2.1 317 BGP B HitH
2.1.1 AP/ ER 1T EAR A

Xul % AFEF o m RN BH FEEs 7THRSEE
SRR AR 34T BGP B i EAE R, 7E %A
Rk SEBERE B 25 RO BTG AL 38 YT AL R — AR
ALY REP S5 HERN BGP BB SEHFR
B fER. HEWRIBEERBE, B A LT
BEHAmBEh REE B EHm kXS A8
T RIS AL IR M F AR B B AW AR, ZEAR
FTHITBE R EAMEN 2R RME A, Zhang %
A EREHRNE ORI E AR
BHEU B FARSBEHEER 5XEM,
Nguyen™ " % ABETFEHERBBEHBHLEFRA KR
HREN BREBREFET ML SEHEN
BGP 4 J& &% , &% H A AT B B AT 42 s AR %
B, SRR A B B e R % A BT, R
BN ERRRENRRBEREH P EFL2RE
RBE .

KAPEXENI TR A TENLH A4
PRHSERERR M SBERMELEF AR,
G v AL BB Y SRR A BA N E, BIRT RAEW AT
HERE.
2.1.2 $EATRART 8 LI R4 it AR

5885 415 R 48 %R R, HidellD™ 28 A AR 42
HIEAT 8 ALXT B Y 1 i ) B B (FE B & 0~ 255) X
SrBE I EAL 4. a0 /4R 212. 96. 38. 18/24 FH|
% 213. 88.52. 3/16 §ij 8 fir X i 4 + i3 1 2 $ 4 Bl
K212 F1 213, FFE 212.x.xx ETR LS 1 5
HIATE, BT A 213.x.x.x BIRT B 2 SR



9 VLA % o0 A ¥ F 1 . 9F1T BGP B i+ B S N f BRI Bk 1593

JC, LA HE. B FAEZ PR 48 o, — A AS iR E
W —BOE ST E M AT AT, X AT i K
SEIET 8 ALAHTE], PR M 4% AT S8 W BT 8 (R 4> AR A
G RBENER LT AR R R, &R S E R
4.

2.2 SEHHE

AEE LTS ERL YT S Z M5
RHFEE. AERNEESABRIETRFEF M}
1T AL FR R AR B 1 A R IR U S R BB 1 Z 1R
B ¥ JE.

Lukas Kencl™ 4 AR T B8 A& &
FI12E[R] 19 5 38 N f1 BRI AR AL B R R, R
B HRW (Highest Random Weight) 2 319 5
SBUERTEMRNENESRBRZRHTEER
5148 1 A B 45, Shi'" %5 A i Hashing £ R
Xt i & AT RS, B F S AR R B R KR
SEALRMARERMAE Y A LI AR E.
Shaikh AneesM %8 AR FZh A B e F R K BIH,
RABSEEB RGN, &3S HEX R
BEHERNKBRBSEBRSEENHMEERN. &£
4 B 2 18] 45 % & . Dittmann Gero'™ 2 A R H
Hashing $ 7R K i 5 B 55 240 I B9 % K BT, 10 3%
HAEMFES 5 8k B3k 3 50w a6 2, f o %
B B B /N A B M R R BB B R BT SR
Sk Rk T
2.3 HiEMEH5HITBGP BHitH

ETFU Ear, XA RYERERT BGP H17
BHITEHEBNAERERE NN ER, H1T
BGP B it Bl 43 MM L F WK P F. BGP 1y
BABHEHHELER TR BIMEHEFHER
FESMMENERWETURE R 52ZH
XF AL, % MBI SER S ABRE M IRCREE,
BB ERHE AR, <88 & B B
FHEBAMAXN ML EY S HTENNEE
1 [A] — 2% I 2% 9 1% 3% B el 43 A TR A ) Y 92 ) B
7C, Rtk E R RT R B RIS . &R
BIMAT 8 R AR —FhE T WA HE. B L
MR AR R - KRN EREERERXA
Hashing £ AR B 5 2 [/ — 75 S 408, 8407 S 68
ST RN AT R BRI, BT ERAEM
PR BRI AL, X FHDRLE 4 B R BT RE
B

MNRAEFRE, RRYEFED BN REM
BENFAE B#SAEREESENERBHREME,

R JH (B R B 0 R 2y Bl U7 3%, T BE R B B BL A
. A W IHAT BGP B E AR AHSRE S
FC,{H BGP Bt EH A A R &M, BSR4 BGP fit
BEL FHABAYME. BENFERELHET S
(BRI B O B LAy BE B, A E I R PERE.
B, BEFE 34T BGP B i+ 8 B 3E B S 8R4 BE Xt 42 &
MEHERAREENE L.

3 347 BGP BEIiHH RS
T HE A5

AN ERTFEAB N TETFX 08404
B R, ATH B B4 0 EHEH BT
NI BT, R BROT R R B 54 BGP 48
S, YRR BI M BEFEEN AR ESAHE
JNE B BN F5 ) B8 T G R A R i B T 2 1) Y £ R A
BE T, Hai R A EHEEES R . WEH
B4 3 BE R (Task Table, TT), H R # 94F
FAMITRABAR. BT HETHR, RGN,
¥ il 5 TR S M BT
3.1 SGHHEER

BGP B& i1 it 8 B X 8 — &K B i K £ BE 3 WD
%, \FT & BGP &8 J&i# & ik B vh i & — & &
H BB, B — &R E A BB T BT M. RR
WERTH R 43 A, B TRT R E T K FHEH BT
M E, A MR R THFELE - TE. H
TR EWNR BN EES, FEELW
2 S5 oT R A B L R

EX 1 RIZKID. ¥—&W%SFAHARHH
WSt EB H () :5—~{0,1,2,3,,N},EXH
XZET4 0 ID. ID MHFMATSE TR — g 4.
N RRRTBAMEE.

B, B ARMBME 9.13.17 f1 18 A A /Y
ST RBT R ID, M B AR BB RIS 4 ID
KB B=4, A AT 54 R (2° =16) A RT & 4A. W
BT48(112. 147. 48. 0/24) B RT B4 ID £ 8(1000) ;
(148.24. 86.0/22) AT 4 ID &2 5(0101). 45 ¢
ZRATE Prefizn WATH ID F THRIKA 5 1 1D, 1Y
BRI Prefizia B FRTHRYU 7, BAN Prefizy € 5.
WO AT 4 ID o] X 7445 il BT BN AT 4.

EX 2. FHIUAER BauEXAE KR
(FE T RLDERE TR HEL

RITEFAXHR, TEHEBHEXNEREE XL,
k1 PR,



1594 12 - &4 # 2010 4¢
®1 HETEBREN ngﬁ,j:LwaM )
M EBR O Rig—Riy<T, 0<G<M, 0<G<M (3
T T 4 6 o B BT 22 U . iep
B WA D WRE BOOL(i,j):z{ ’ ’ 1
s MR ER S= (1,2, ,28); ) 0, i&P
VS ky LR BT LS R CL 7 TP o .
P; UP. =S 112,38, e M1 B[,.].—;Boouz,;), i€S (5)
P_idry ID My i BT SR 4E B 8% el SE BRI B B[i]:MyB[fJ€Z+-, JES (6)
Bra 1D % i B A8 AL B T B TR 2
L ID % MBS - Rigi=2Leg: k=1,2,,M %)
t B BTN S8R s Lo += P_idis i€k, 3 N
BOOLGi,j) HIBH i BFEMAT, FONBES P, RO~DHER . I ERBTFEOATHA
EEIAIE kLT 409 B A R NREA 0 T4 FFA ) 28 ST A 6809 B L
R sa= q(R=1,2,, . "~ .
“ Rugr= 2 Lea(h=1:2,m0,M) F 36 54 S 00 2. T 5 8 8 0 o 5

i€P,

R BRI A BGP B it RAHE My, B
#J64T BGP B it Bk ol R B S BRI A4, X
P ) B T B SR B . A AR R R S OT R A LR
AR R P o B T A R A 45 4% BRI % e BT IR
B0, ¥ I LRI 48 53 B0 2 A R 9 45 1R AT, B TTR
FAAESC B ) ST S oy B, R B R AR
BT 5 5 8 B/ i 1 B T B SR B E R
/i BRI T R 7 45 ] B e T £ 40 BB W R A (D
R

Min(Max(Rpy) —Min(R[{])), kyi=1,,M (1)

FERMBIBR DML B, iSRS BT
1R FR) 4 B 0 TT A% 7 A 2500 2 5K (2D ~ (T 43R
A

£ Updates

*
(L Cmene

HRBEEABLBME T. SR  FHEER
HHT; b, BOOLG, ) =1; BG4 i 7o 6l #
To LR RN E AP TUAR R Broy. WL
HIEN ARG, FEMBLANTRFRERY R
M. WRA  pEEBEREITK b, BEH BT K ¥
MERBHN Lo EH AT K HRABERoETER

B ALT BTGOSO D L.

EMANERH R TABRNES RRYERN
M5+ A NI4T BGP b B RS {( Py, Py, Pyy oy Pyl
B, 4 P (1<i:<MDZS B, 53 Bo i 51 8 AT LAISE B4k
BENMIXEHPEECHBAZEHNR Q =1,
2, M) . 34T BGP BB M B R R B HR A
B 1 R,

&’%ﬁi’ﬁﬂi(TT)

CE ID | Wi&411D

1,2, 6

3,4,7

5.9,11

W wio]~—

8.10,12

MANBHEK &?ﬂﬁﬁ?tﬁ
— @] [[J——{ %~ ]
ol [ ——{ Ar |
o[ T[]

B 1 317 BGP it B i

3.2 347 BGP BH U E L H W& TR i8R

BT BGP BB H AN REREEFATH, M
Shit” % Al Chen Yi-Jiao™” 4§ A 2 Hi 49 1 BE 77
TR A& &I 31T BGP B it B r i aE. AT
SCERL17, 20 b i 0 BRI B TR $6 AR AT T B LI
PR, EERHMEABRSEE HHEHHE AR
P45 BE L 0 R R R B e R B L S A

EN 3. B EE (Load Balancing Degree,

LBD). % p; () FREE ¢t ], & P.(i=1,2, -,
MLHEHIMEEFFTROBEEEREL, |2 @ |
FnmE] : NLAME T R P.GG=1,2, , M) AbEEH
BT 45 55 B 1Y B e SE T I B | Pre: (0 | RN )
Bt AT E P.(i=1,2, -, MGBEHHET

By 8E B p0=Upi (0, Pre() = U Pre, (),
MAF | Pre.(0 | B I 2 -



9 H LR A X P 1 647 BGP BT 9 A BRI A B % 1595

E(|Pre;(0)|*)—(E(| Pre; () |))*

Cov[ Pre;(z)]= (E(|Pre;(£)]))?

€))
HX B BF—B[0,1 XA, BRARHE AR
i ¥ (Prefix Load Balancing Degree) PLBD(¢)

Cov[ | Pre;(#) ]
Cov[ | Pre;(t) | J+1

_(E(|Pre() )’
E(|Prei(t)|2)

B F | Pre, () | K| Pre, () |* BB 5B HE
11Ce— Ae, o) B (A R BB %

PLBD() =

=1

€))

E(|Pre;(®) )= | Pre.() |,

Z lPrei(t)lz
E(|Pre, (2)|%) ==

M ’
H, RO HELH
(Zm) | Pre;(0) | )’

PLBD(t)=1——-= 10

Mzm: | Pre; () |®
PLBD() ARTS M BBNLGE i T AR B 15
B, B AR PLBD (¢)—0. Xt FX (10), A
[ p: (O IR | Pre, () | ¥ R 17 38 38 45 B 45 B b o o]
BABRHEHRHEARYEE ULBD@)

(ijlpi(wl)z

ULBD(t)=1——""F— an
MY} p @)
i=1

% B3 BE T IA B T 4 B LA B e SE T OE B kL
BHESRNERABRYEE. EUBBERHAE
HELEW I TR, R ERE R AR
BE AT LAFRTS 57 1O AL B PR BE.

EMX 4. MBHIPFEMME (Load Adjusting Fre-
quency, LAF). #& N() ERE [ ¢ HABEMRTHE
A, L | RRFERE ¢ AR REEERE. 7
BRABARERNA

LAF =

|L(t) |
N@

EX S, FiHE M #E  (Route Computing
Speedup,RCS). #&ht[E] ¢ PV, B 22 B W B pre(2)
HEEHER,H ToRRAY [ BITAIE pre () 5K
HEFHWNE, T,RA3M MBS A P G=1,
2,00 MDHATANH pre(e) 553 i B3 09 B 8], B /B
THEmMELRR A

(12>

RCS= =+ (13

4 FAEFHEREE

M T Update HEFEEM B RBNSE
&, Bk, #% Update 1 8 R 43 5 8 70 15 4 3% it SC B
REHE. BRXBMO2IIPERTHAFZ EBEN AR
PR B X B HOE R S R RS B T E
B FIIF 4 K LA B F 3L BR. Guo™” B AREY B
B HRW H i B 7 845 R g 42 HH B R R IR &5
B R B E YL 28 U R RN F 317 BGP ¥
HitHE.

WRIEETR 1D, 55— K074 HY B oy 5557 7T o 4
BN ER AT . REREBE M ERAT
HRBRDSIEHEN RS ERBTHRARR,
BERIERR N

x,q(s,j)=k€r(r}'ipmx,,r](s,p) a4
Ho s RETE A 1D, ;5 R XA B8 4 w5t w4
B ID. (x),25, vam) BARGSER B ITHE LD
RIAEE R . FH ] BT 48 BT A N 45 1 B T B9 1
BRESHANESELEE T, Y#IHE T, B3t
RAR, ARSI ERH A THNERE, BH IR
.
4.1 B/ 5 B (Least-Load First

Round-Robin, LLF-RR)

R F R 0 43 B ALY 5 32 4 ) BT AR AR M1 R 2R
TR EK T RAR A ACH A KM AER BT, K
B AR R B I ER IT 4, IR T A L O
AR BT - ERAFIERENEBHR
BAD. BEABBELBE T, FEHBTREDSH
SEAIIKE RS N ER R THRABNE, HRR
NG R S B JE ) A /N B K 4R i) A b 4 TS BA B L
BIBRA MBI 5T, BRE S5
Aik.

4.2 BERFNE /G FA S B (Offline- Prediction

Least-Load First, OP-LF)

BHAK A Hashing £ R 4 g 53 41 ) 43 AL 2%
R EESEAFHE NEREM S AEBEHE
WAL, R R 2 BT B B AR R AR
B,

F A Hashing 37 AR #5 & 5% 5357 6 48 B 44 4 6
% ID, R 45— B J7 52 i [B] ) BGP Updates %45 7J 5§
£ B8 T4 AR 4R 00 B o TE BT IR B, AT R B AT



1596 it -

#l

¥ # 2010 4E

RFEMBEHFEHRZA. REFWERE M54
SECE M AR AT, WEEF IR, LHEH
BT AR E. FEMRTRBAERES TN
BHATHABRRBER YABRELRE T, EE
WAL NER AT RBHETH EFARE
MEBHEANERE HRABMADB XK
BN BT, BRES K.

4.3 & T IR 5k 4> B (Offline-Prediction

Weight First, OP-WF)

5 OP-LF AR EM A BRELRE T, FEH
BT AN YT BRRE AR ER BT LR BT A
B, W5, FRE BT B H BT B 5 B BET HE
B oA BN EES BT S RNERY,
KRBBERKWEHATHNERRR IE/ME. &
FRABRBRKWANEH R I TELEAARA
IDHBAREWNERBSEETAHNES R
Jo.EEES SR
4.4 ELMNWBENHARSE

BT BGP B AARRM, IFHFRERNHE

_Ack

Rl BARABM LG REB TR B h B R A
G R R EPE e SRR R R R R
BB R AW RBRA I, RIS R KB HATHERE.

IR BB FE LR G 118 B 431 AT 4R 4L ) B el BB BT K
B, BT 0 SR R e oy 3B T2 46 M e S R A BRI SE B
RBIE.

5 P-AP HERGI#HSEEE

TE3+47 BGP Bt B A BAE R AT, RIT#E
H7ER W B8 B I Bk P-AP S & #
BOLlE B, A 3 iR, B h RE A BN,
R BRI R ERETES DER S MR
REAM. ABRABRNBRFERRD LEAMBESES
HER. AREFRRRBEFFERERB DA
FADLAL BT E A BAT. BB A RERK 48 &
B EH AR ID. EREITERE T BRI
B BRI K. B 5 o Bl R R HGE R T
wEALHENARA ID.

B ¥ Updates B

ik
B L

EHHRETD
CE ID[SI B A ID)
1,2,6 |
3,4,7
5.9,11
8.10,12

1

2
3
4

B 2 47 BGP B it 3 5 R 45 9 BEAE 1A

FHH ATEER—1 Update 1§ 8 ¥ H 3%
B Load 1 B & 3% 45 BT A M 8T, Load 1 B #%
KA 3 fin. BN EH BLTRE Load A H
FETRELHMBIS T E X LA HNEH, HF LT
FELHENMBHNEHEFRE. ERH AL

BREEGMEETANABRRBER.
EXREY #>8 | kpE
k] ﬂ?ﬂlq@i&ﬁiﬂ
il I
BGP Updatei§ & fEAA
Loadiff & Ackif B

B3 E MNEHeTEEHEES

247 A 12 ] B T WA B e SE BT R 0 O B
T, bR A B AR, 34 i 50T X M ) 55T 9 ;1
BHTHE EHRES LB KN ERY.

BEENRRBEERL TS ATSA Y B
HE K B A AT R R 40 BC 48 IR B 5T, 33T
BAESEE. P-AP BB T.
P-AP 3%,
Input:
1. the number of CEs: M; //AEHETHE
2. the total updates of every prefix group (ID):
P_idi;) (j=1,2,-+,2%); //B04 418ty T HF
3. Rj<&, P« //HEITERBTHITRA
RLBIT . HBRHT
begin:;
while (3% 350 8 $9 B B BH>T) do
{
1. Sort P_id;;1(i=1,2,3,++,28) in decreasing or-
der, and record the result as {Spj, Spzys >
St2By}s



9 L2 % oA N4 P 1 - 5F4T BGP B 315 B 38 N BRI Rk 1597

. for: from 1 to 2% do

w N

. forj from 1 to M do
4.  Sort R;7(;=1,2,3,--,M) in increasing or-
der, and record as {Sd17,Sdz1,%* s Sdag }
/I EEH BT BT R HES BT B
B BT E R (21,20, 2m)
5. endfor
6. select minimum Rg;p;
// BB E BB/ B R BT
7. Riy=Sdy+ S //HHBHMI B RBRANE
AT 7,38 A BAE
8. P;y=PiUPpys //#4BC BT B4 A 2 4 4
Jbj LW RARE
9. endfor
}

end while

end
Output: {P., i=1,2,3--M}; //mtﬂﬁ4\j§ﬁ$‘j‘ﬁ%
FA BRI A ID

6 fLEEEH

T ESHiIFH P-AP B MR R ER LM
PERE, B 55, RATER — & 1000Mbps Z#HAHLFI 5 &
H7F 1000Mbps B+~ PC #L, E F linux W, &
THAMEB T H17 BGP B it E BE N i BB 5
RFR G H K, i i3 B Route Views E 5L i) BGP
Updates %{ ## & iF LLF-RR. OP-LF. OP-WF #l
P-AP 4 A BHHE LR BE . EXEMNH
B FELESRET 10 REOBIE#HITEE.

6.1 BRBRZGIT

HTBGP BT AERENABRYERERS

B 5 A S AR A 4 BR.

i

Ack
HE
H

=]

b 4
o

BT

Route Views
BGP Updates

B 4 317 BGP Bt B M BHEHRHURE

— AT RAENEEHRAT, HEAIMPERY
Ml o, B E SRS E EEH BT,
(1) A Route Views BGP Update J§ & , ##l#E1k
BEEEH; (2 HEEA Update [ E FEEH T E K
HHSE, ¥ B4 Update 1 B HE HAFEFK
Load B , RREAB N MEH HIT; (3) HEMNEH
BUAHRBRHAEL, BENARARLSE,. EEA
SR NEHRET. (D BRFEERMBETREN
4~ Load {8 ; (2) R~ Load {8 L HHIHT
BA IDHEXMATHR B (3D EREITEER
B RE R ERIRE (4 W EERBRITERE Ack 1§
BERBHEHMABGEEMEBLANEANBEEEHK
BRARGERERLRSEME 2 PR,

®2 FRERGEAHERXRBREH

SR HESHR
E4 CPU W 7E
FEH AT Intel(R)Core(TM) 2. 66GHz 8GB
e MR AT Intel(R)Dual Core 2. 50GHz 3GB
B OER 1000Mbps
HRBABBRET 500
LTRS Bif (] ] % ¢ 5min
HRE EHATHE F 1), R4
MEREHK 0. 4,0. 3,0. 2,0. 1

3R 2, SRR B (E B R) JB) BB R AN B R 3K
ARELFEFEHFTRE. ARARHEHATHE
fAER A% B 6] A] R AT T B4k — BR B 18] 9 9 Update
BEAMBOAEFKE NERFETERATFRSE81
EHATHRBERD, BRARAER, RITIEE 4
AR BT R B KN, B REENERE N
0.4,0.3,0.2,0. . REMELREREERNEHE
R 23T 288 (24h X 60/5min=288) Ik S2 18 i) F
¥E.
6.2 AEEMBEMNE

R AEN ARG, N EH RICZRR
F A ERE E U 1T 8.
6.2.1 FHHIHET

48 W B Update 1§ 8, E#H BT A B
Update J# 8, RARTEEF 2 ECER, ZEHEIRH Update
THELERR AN M R BB EL BN ID,
HEM Load B AR RR B NEH BT, FBEK
BHEBTTREN Ack HE. FEHBATRERBRE
BHEESHABAE. GRARARE BERES S
E,FEEMFAAEHATRENE 11 Load
HBRPRFERIZ"FBRENFE, EREMN
EHBATEFRFRE TSI RANBHEHK



1598 it B #l 5 54 2010 4
B EN“FERIDZBREN R LLFRR # OPLF & #:.
6.2.2 MEEHFIT MBS EFH B ELK,OPLF BEE®R

B A~ N BT RAE R4 T % AT 4R 0 BT
A m A rhitELeREMREH BT
SLEAEN R, NIRRT E R BT
REMFTA Load HE BB IEE. W F Load 1§
BE  EREFLIRCFEB, WRRAFEL”, B
AUBWEHEFHEEZT . EFRITEIHA
BB E R MR AR, BB Load H
BHETHCOCHWITRMWED, I BT X iR m e
HEFKN. ZBABTHCABENEBERN. B8
B —A Load T4 B, NI H BT H] 4 H BT R
% Ack 188 RS AT IO TR/,

6.3 FXWHER
6.3.1 MBHHRE

B B AR T — B ] Y & B il BT
MARKMEEN  RIMELSTRAHIELT RER
MBARYEENBEOAENHEABRYEE. LR
ZHRWE 5 Fin.

0.14
0.12 /__,__.\/\\/‘
i

®” 0.10

& 008 X LLFRR
{ 0.06 + OPLF

Aol v OPWF

&, O PAP

x LLFRR
+ OPLF
v OPWF
0 PAP

e
=

4 o T SR
8.5 & 8
O5L ?

0 e
N S

S & &
> 33\ AN

Q
W
(b) Bt S04 S O L
B 5

BWo(a) WL REEREW, AATH B E L,
PAPBEMMARBHEER THE 3 MEE, A
2% /6 WA B8 TG (B] A9 43 B L 3K 986, T LLFRR &
B R 0 0 3R B £ 3R, D4R ) B ST ] Y HD 4R
B E 2. OPWF BE A ARE R NE
WATH R BRFET AR KT RS HEREBRLT

> @ @
e & 8
SRS

S
F @ 8
$ @

T SC 3 Update 14 8 76 M\ 3 ) 28 T /| 4 39 59 &
fic , i PAP Bk th AR BT A B B B HT I B 97
E.HFEN Update HRAFEEHWITBRERE
4k, OPWF Bk fl LLFRR B M B EH MR
B .
6.3.2 SRFABIE

RRABFREE, EHREN AR AL RE
BE ABBKSHBBE/PERRTRANARER
MR T MRS %, 38 8 5 R AE, R
RBEKSRABEE/NER B ITE KR BRI E, R
KR EATHRERT. M TN REN A BIEHRE,
RIMWET NS ANARAERE. LRERD
& 6 fis.

LU REY PAP BN ARFAETEN, R
g5 LA B R % M 8. OPLF B 3 th 5 47
LT NERBITZ HN /B &, A HARAE
WRE—EHE NN, 5 PAPEEMEL. EHT
HATHEE. T OPWF SR AR BB KM
BEHAT EHARABIHEYAEH AT L, X
R ARAERRME TARBRKSHBRNY
SRR AR E, R R ABRY L. LLFRR B
BRIt L B, BRI RE 2.

5

x LLFRR
+ OPLF
v OPWF

B6 MBMBEHMELE

6.3.3 BT MELL

B ety o B hE R B T R Y B el I A
BE. B E TSN PR, R AR Y R I R
TR, RGERIEAT M B 4T B A0 EE MRS, B
ALFEAT S E ) B A R R, RERIETHE
BB . BRI ROIE LR SC R A R A 7 TR,

EWLERRY, PAP B8k 1 3 oy 3150 05
K, RERIATHREBIF. XRY PAP BILEHR
57 3 AR R A5 1 80 5T ) A BRI 4 , IR R AR IAT
BHiEERE. B OPWF B AEAEHR



9 YL % . A R4S P 1 - 3647 BGP B i it B AE MBI E Ik 1599

e

g 3.6
B 3.0

x LLFRR
% 3.2 + OPLF
H v OPWF
2 3.0 0 PAP

i E———

2.6 L s X L
> $H &) ) & o & H &) &
Q! Q Q Q Q Q Q' Q Q Q
Q\'\ Q‘b\ Q{b\ Qb‘\ Q(‘D\ Qb\ Q(\\ ch\ Qq\ \Q\
B 18]

7 BemitEmMER
B, {H OPWF B ikt B B4 i 547 ¥ 8. 8 A
ST AR R E 2 B T RERR KRN ER BT S AR
B/ A S B 5 22 T R SR 38 B 3R 2% R o ALY 5 T
F G AR SUE SR LB A, X R A AT AT

0.14

0.12
v
& 0.10r
g 0.08}
18 0.06}

B 18] /s
(a) LLFRR

0.14

#iHE/Mbps

&g 0.04}

e e s ol vt o i ecas .
% 50 100 150 200 250 300
B/l /s
(c) OPWF

A LE 5(2) OPWF B MR R HEE B3 I
iE. B OPWF B ¥k ity 3% i T 50 hn 2 4 BB bL B2 47
HRES PAPBRME , HABEXMWNEHBETS
TRB/DMMNEH R TEARANE, BET REN
FA7HERE. T LLFRR B 54T AR AH X80 2.
6.3.4 PITERIE (S I B 0% a0 3T B

SAARERFEOEY SEYBEERERBT
RN AT RRETL. ROFFIWET &
75 R #5541 F & 5% Fl LLFRR, OPLF.OPWF #1 PAP
BoaushEh B cErEFERE ERITER
B BGP Update U, X MWW EREDH T
36 ABGPE. MNEH A TR EBHANERFRRE
A 8 s,

0.05
0.04
7]
o
=
= 0.03f
~
e
b .0 L
g 00
T
0.01}
0 ’ . ; 2 i Ladbde, N
0 50 100 150 200 250 300
i 8] /s
(b) OPLF
0.05
0.04}
[}
[=H
e}
S 0.03}
N~
e
% 0.02}
'
0.01

0 50 10 150 200 250 300
B 18] /s
(d) PAP

M8 WHEERE

LG RFY,RA PAP B kAL BT 5 8] i 1
FERE R/, RERF BF TR E6E. b
T OPWF FiE ik AR AR L AR E, KA
MEFWE R, FHREN 0. 01Mbps. {H5 4 7
) - T P98 1000Mbps 32 % I 45 4 BL » DA 2 )
FITE P AW E R G B S 0. 0156, AT
GrAT X R O — BB 8], % e A% BB M B JE Bl
— 52 $E i b S . X R B 40 A oK 4 R O T A
% Al 1000Mbps & #E L8 K%, RA BB HH K. 8
R OPWF i i fuh & R 8RB  HH R A B I
A7 % ey THEONEE B L X 3R B B e ST BN R T 4R P

HRXBEMRGHETER, SRAMBYETHEIRES R
S8 34T B BT B M RE.
BEFBHEHRNYFHRADR 30 79, MERK
% BB SR AE A3 A6 24 R OF T P ER AR R
0.24ys. Kevin Fall®*1 % A 8B 55 £ 8, — & BGP
FEEARA 100 MEBIE,0.5 THRME, B A A ERHN
TE B4 3GHz £b 3 3% I 1% 3% iy 3T 3 B 1] O 33ps. B
R 55 2% o 5B BT 0 A R JR) 48 £ B R A /D T % e
BT, BT AT LA BB B AR BR R EHT A IR AR S
A, Xt —2 % BGP B it B WA T B FEmK
BRAEER. Rt am N6 FEARY SEE



1600 it # ¥ R 2010 4
EMENERERSE, RENIETHB T EHEE
FEBR T b T IR A £ B A R 8 £ x W
7 Eg E '\L-'-%EL}# [1] Rekhter Y, Li T, Hares S. A border gateway protocol 4

B FIFO B9 Xof &P F2 8 H 09 B i 58 7 47
b 3 B 45 SR BE B Bt B i ) 4 S BR HOR BAEL, F A
LhRMERBERE. AENARYEFREAR
P VA 4 £ B AT BB R — R AT A B I EH A B
A ST AE. TN ENT AR
KARE, FIRERBE KT ERERANEHE
FRTHEEIAWBHEHRTRITE, RAIIKE—
2 BTG A B B BT A e e Wi ) B [ PR E AT A B AR
WENBEITERSF. RN SRS —%&
BB FESNEBERIE BB XA EEH
HEHFTHEEREFB), NS - HRER
— AT BURTE S W B EH TR PR
W B £, I S5 BT FIB, 3 K 38 A B8/ I 4 B8 ol B
% FIBHIEBH W EEH, &R H AT EHIERRK
B .

HT ARG B AL B — A
HY R B, AR X N B BT R B R L 7
FIB 3 fin— AN 5% 42 o b ] B9 38 B A AL 381 s00F
AT ES EREES, FHRETESE R ML ESH
FIB o f # d1. ZEE %7 FIB B, X 2% B3 (% B9 ) B3 47
HAL. 34 FIB H 3 6] — 4% B A 804200 3% i 09 B[]
FH B 471 B B A B[R], U)X FIB A A 5% 5% i ey
T3, MR B AT 1 B b 9 42 g B] B2 F FIB 1
X A% Bl A BRI ], U R I M ETR R AR

8 H#HXRIF

T A WIFT BGP B i BIL I S B4 1 B
%, Fouk T4 4o A 2K 0 T R A BB IR, A3
RABRR BB EEMHS S B ENRE B,
W FELR G AR AT SR I o BT IB AR EEA
AEFANABGE RIS RABAELET KA
SHEC, SRR AR GBI F MR T IAT BGP B
R AR HAENARIETHESEEHITE
AL, B E LA SE B 7 B0 R4 AR B v SE AT R B
B BB MERIRB RS, HFHELMER
WIE T P-AP Bk BRI BB, AR B
RNFEE B ITEME LK, BB E T R EBRM 3R
R T BGP B it BRI R T K.

(2]

(3]

[4]

£s]

(6]

[7]

(8]

[9o]

[10]

(113

[12]

(13]

[14]

[15]

(BGP-4). IETF RFC 4271, 2006

Huston G, Armitage G. Projecting future IPv4 router re-
quirements from trends in dynamic BGP behavior//Proceed-
ings of the Australian Telecommunication Networks and Ap-
plication Conference 2006. Melbourne, Australia, 2006
189-193

Caesar M, Caldwell D, Feamster N, Rexford J, Shaikh A,
van der Merwe J. Design and implementation of a routing
control platform//Proceedings of the NSDI’ 05,
USA, USENIX Association, 2005 15-28

Bates T, Chen E, Chandra R. BGP route reflection; An al-
ternative to full mesh internal BGP (iBGP). IETF RFC
4456, 2006

Hitesh B, Paul F, Cao T, Wang J. Making routers last lon-
ger with ViAggre//Proceedings of the NSDI’ 09. Boston,

USA, USENIX Association, 2009: 453-466

Boston,

Xu Ke, He Huan, BGP parallel computing model based on
the iteration tree. The Journal of China Universities of Posts
and Telecommunications, 2008, 15(18): 1-8

Zhang Xiaoc-Zhe, Zhu Pei-dong, Lu Xi-cheng. Fully-distribu-
ted and highly-parallelized implementation model of BGP4
based on clustered routers//Proceedings of the 4th Interna-
tional Conference on Networking. Reunion-Island, France,
2005, 433-441

Nguyen K, Jaumard B, Agarwal A. A distributed and scala-
ble routing table manager for the next generation of ip rout-
ers. IEEE Network, 2008, 22(2). 6-14

Nguyen K, Mahkoum H. Jaumard B, Assi C, l.anoue M.
Toward a distributed control plane architecture for next gen-
eration routers//Proceedings of the 4th European Conference
on Universal Multiservice Networks. Washington, DC,
2007 173-182

Hidell Markus. Decentralized modular router architectures
[Ph, D. dissertation]. KTH-Royal Institute of Technology,
Sweden, 2006

Yang L., Dantu R, Gopal R. Forwarding and control element
separation (ForCES) framework. IETF RFC 3746, 2004
Zhao X, Massey D, Lad M, Zhang L. ON/OFF model: A
new tool to understand bgp update burst, USC-CSD, Tech-
nical Report 04-819, 2004

Route Views project: Advanced network technology center.
University of Oregon. http://www. routeviews. org/

Athina Markopoulou et al. Characterization of failures in an
operational IP backbone. IEEE/ACM Transactions on
Networking, 2008, 16(4). 749-762

Lukas Kencl, Boudec Le Jean-Yves. Adaptive load sharing
for network processors. IEEE/ACM Transactions on Net-
working, 2008, 16(2) . 293-306



9 VL % . A A R 1 3647 BGP Bt 719 B 38 B S B 4 3 1601

[16] David G, Ravishankar C V. Using name-based mappings to
increase hit rates, IEEE/ACM Transactions on Networking,
1998, 6(1): 1-14

[17] Shi W G, MacGregor M H, Gburzynski P. Load balancing
for parallel forwarding. IEEE/ACM Transactions on Net-
working, 2005, 13(4): 790-801

[18] Shaikh Anees, Rexford Jennifer, Shin Kang G. Load-Sensi-
tive routing of long-lived IP flows., ACM SIGCOMM Com-
puter Communication Review, 1999, 29(4). 215-226

[19] Dittmann Gero, Herkersdorf Andreas. Network processor
load balancing for high-speed links//Proceedings of the Inter-
national Symposium on Performance Evaluation of Computer
and Telecommunication Systems (SPECTS’2002). San Diego,
CA, 2002, 727-735

[20] Chen Yi-Jiao, Lu Xi-Cheng, Sun Zhi-Gang. MSF: A session-

oriented adaptive load balancing algorithm//Proceedings of

JIANG Xue-Zhi, born in 1975,
Ph. D. candidate. His research interests
include high-speed router architecture

and parallel route computation,

Background

The explosive growth of the Internet and delay- and jit-
ter- sensitive applications such as VoIP and IPTV requires
real-time route calculation. However, current routers are re-
stricted by the bottleneck of a single control element (CE) on
centralized control plane. With the exponentially growth of
BGP updates and hardware limitations of current router con-
trol plane, next generation routers demand exploiting distrib-
uted control plane that consist of multiple CEs to implement
parallel BGP route processing. But the burst of BGP updates
impedes load balance. Traditional BGP parallel route pro-
cessing schemes always allocated route updates unreasonably
and load unbalanced among CEs. It seriously degraded the
performance of parallel route processing.

With the support of National Basic Research Program
(973 Program) of China under grant (No. 2009CB320502)
and the National Science & Technology Pillar Program dur-
ing the Eleventh Five-Year Plan Period under grant
(No. 2008BAH37B03), the authors have researched on the
distributed control plane architecture and parallel route table

computation.

the 2007 IFIP International Conference on Network and Par-
allel Computing Workshops. Dalian, China, 2007 657-663

[21] Shirazi B A, Hurson A R, Kavi K M. Scheduling and Load
Balancing in Parallel and Distributed Systems. Wiley: CS
Press, 1995

{22] Guo Jia-Ni, Laxmi N Bhuyan. Load balancing in a cluster-
based web server for multimedia applications. IEEE Transac-
tions on Parallel Distributed System, 2006, 17(11). 1321-
1334

[23] Cao Z, Wang Z, Zegura E. Performance of hashing-based
schemes for internet load balancing//Proceedings of the 19th
IEEE INFOCOM. Tel-Aviv, Israel, 2000: 332-341

{24] Kevin Fall, Brighten Godfrey P. Routing Tables: Is smaller
really much better?//Proceedings of the 8th ACM Workshop
on Hot Topics in Networks ( HotNets” 09). New York,
USA, 2009

XU Ming-Wei, born in 1971, Ph, D. , professor, Ph. D.
supervisor, His research interests focus on computer net-
work architecture, high-speed router architecture and Inter-

net routing.

To improve the performance of parallel BGP route com-
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ted parallel route computing based on hashing and devise an
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proves the performance of parallel BGP route computing.



