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Abstract Most researches about next generation router focus on the extensible architecture is basing on software. But
more and more implements use ASIC and network processor as their data plane solution. The way that separates router
‘s system to USER and KERNEL cannot handle all the problems may occur in distributed environment. This paper pro-
poses an architecture that is platform independent to serve the requirements of distributed communication and extensi-
bility. This architecture called LOARD uses virtual path and virtual interface to provide a transparent platform for both
control plane and data plane. It is suitable for next generation routers, which are distributed, paralleling, wire speed,

open and extensible.
Keywords Distributed, Router, Architecture, LOARD

L1

HEEABNERSHRSE T A BrmaSt T st
BT E LREH . ZARBTHREN IS RE
AR PR AT I B . U H A B Y, B AR E
FIFE A E SR F 4728 A EP S A SR
Ay . xR #RE MRS B R R AT
RBBEW, EHEAANURTRHERNEHERET
—AC B A% AL 2 VB B AMR

BRI AR AN AENREFAERE R, )74
BATHERBEES ZEIM QS 6/, M BIEEN T B
BB 3T b 2 B AT — A # A, Click™ %, Router Plu-
gin'®, Scoutt VN EHEE TRBER ZENRE . T BN
¥ (B 2B, YRS AT E T HEEZ NS M
B, TRGEY RtE  FF R e B fE B So i L B K B
FEEE. REEASNERAEREENERENIEEIIH
BRHRSE ML, MBEENE RN RS HE
H(ASIO) , B BE FHM 4L A8 (NP) F A9 SEl, &
AL R TFHHARIE T B b 862, AR H 2 e
BRBED, FRIES T T — U i 884 1 40 B 9 SR 44
e, B T 4R850 24 R P B i 28T & mis
it 48 — LOARD (Layered Open Architecture for Router

Distributed) . LOARD B—E#MFR %, B—EFF K APL L
BE—MahhFEREN.

2 HEFERSH

2.1 BBEN

B BT HE E— 89 I #H 2 (control plane) Fl #iE
Z(data plane) I ZMH. MERSERABHELRMTEYN
BHEGEERNZ SRS, M7 5% )2 (manage plane) L3k
Bk ERTER. . EH . EAHNSEN=EREH.

T-REBESARABHBETEFEQO@EH DO SR &
W B R A M R A 1a BR B 347 B4t
HAAREH. BEERXARSH O BESHRS M ED
Bk b B2 A EER P S MEEIIREG
EEEHES E, EiE O SR SC A, 043 i
ER BN AE AERFIEE, 5 IP RU TR B ERE
A SEE, 40 ARPVICMP %, AT, 18 D ESE G & H
A, ATk BIEHI R £ R IR QoS ST . Kk
HIEEHGS, ULEHAE, WTRAERBASENEE.
HE Ee AT RFERGS, EEHI I b i 880 A
ST, G0 i i (OSPF, RIP, BGP %)  #Ric & 7 th
(LDP), IR % R B # 4] (CR-LDP, RSVP-TE %) . & 3 /i
(SNMP %) 1P B i Fi M (TCP/IP, BOOTP, DHCP %)0,

*YER“B63" RIS WA E (2002AA001009), & & WAk, TERFTHRINEEH SHAGEH, BAE 2T LESW, TEH

HITAT RS BERG I ERAR. ML,
. 30


http://www.cqvip.com

AR FEATHIE S 4 i O R BE R R 2 5 A %EH
BREHE IS RO TR e SRR B
B e g R4 AR B b e B R R u&?ﬁmﬁiﬁ&

( Inter-Connections }
RN JEUPRSI B N SO
1 L_ Platform_T” [ Platform orm_ ﬂ
i "Hardware J
l } _Abstraction ’

Packet f ™ Packet

Process& . Process& ||
; Control Agent Control Agent H i
\ Network Interface r “Network Inferface w'

etk
Protocols,

{ Management

,} Applications

E Control Processor

D000 http://www.cqvip.com|

(] ¢ R AR T . D AR B ey SR RILF LIS B
PR T XA

e

Inter-Connections
I

I AR R

17
i {Piattorm ||| [_Platform ;![_Platform }
{;’“”’LQARD ; " LOARD | U LOARD |

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
i T Router ;

[i Agghcanons ;

i

} CFS process&
| ,Ctrl/Mng Agem

CFS process&
Ctri/Mng Agent

_________

Qphcatlons 3

|__Controt Processor_ |

’ Network Interface Network In!elface

a) Generic Architecture

b) Router Distribution with LOARD

B oA SE S S LOARD 454y

A ek ) LOARD 454, 12 18 T — £ 55 B 05 #
&, XHMIRABEBREBNTENTFTEERNT BE TR
AN TRE., EESN BRI MERNEYG R
FhREm T —EHSREE 1b), M ES AT
£, BEFENH I EERE EREERGEHE
HCHB G B 28 AT LIESE — M5 ¥4 LOARD +
BT LOARD O MMM RGN R A A SREY
TR B

2.2 LOARD ZZEALEH

BABRRESTREEONSERE A EREN
TE R, B LIRS AW ASIC A 2 A& 0@ Ak
B NP, AL HBE T 0 F BN B AR SO K Bl 4 HE
BNRESAE. BaBHERsEmEH KhthilEs
2 DERE GERAY CPU Hiz17, 5L b X se .0 3848
R Rtk h @A CPU MR R 4R, A
B, FE 2> A6 AIF BT IS H R CER ) 55 S e (O A FAE
BOEMAZEWFEE R RG LM, TR BT A
AR NP F T SCALHS | 40, B B E R T — 18 A
TSR, BRI R Th AR, AAEB AR BAERSE
B, HSFBEBER BRI EREE., I
HEBEESTRE LY BRI, SRR T
BT ERN N EREHEHZHITEEHE, SUR 2ty
F-EEENTEEHA.

VERATME M T —4 52 232 A0 DB h 25554, XA
AR ERMAD R ER GG, BFELLF
ZEHMEEEE, WAL S0 S A4S ETH X,
—ASERE R b SR B, BT K o R AL A A B IR SO A B (B%
HOME EHENHSMEHEENHE. WRER. BT
BRTREBTHEIN  AFTEITH AL ME MRS 4
BIBaSTEwmE. flm. EHRE045 AT RIR
R % ph 2R 0 B R BB IR 4 O o B8 oA , R AT
U RSB AS LS MERRELT TR R
SKHIMHEN, R REES AN SR LS.

#HTF FR%E i, LOARD e 8k Rl )2 RS, L2
FREMEHEE N RRM S, LRSS IUHE R et
LOARD HJNTR A 12, AR MM E SRR S EEEBH D
ZAMHE, R RIAEHEER.

LOARD # ¥ g1 884k R 4r S B 2b Bt /8 (9 D9 32 16 - 37
AR BEREZE HELEE G REEHEE,

o B A2 (RAL) B Ur il 818 A SR 4 L Bl il £
BEBMNTREMMAE.
RSB ORASD . st 23 )2, 00 B E R 4t

S el AR IR LA BGE (5 L 38 O AL 9 B R A SR AL
— IR % APL
RV EELAP) . BRI RGOF G5 AR
VERGE RIS RSk 8] B9 By B 4R O R iR IR A
FERRFRAEMBAELE.
« AR S HE(DPE) @35 RAK AR 1 R 40 PR
i L ey NTE:2 JuE it N ﬁﬁﬁ:ﬁf#%iﬁﬂﬁ%ﬁﬁﬁ%

b) LOARD Architecture

a) VERA Aschitecture

B2 VERA%#HS LOARD 5%

3 LOARD # U E ¢

31 HABHKERERE—LSI

BEBMAKE P EROEHERANHARKG, 0
B OmP R RS TSR R. ik
BB THREENABS IHECERDESZRI, HE M
BRI TS BESR, MHiX S 0 R BEARE T — R4
FEBRERE . BRRERSE LR ERABAETOH
TR, B RRERG BT REHITHME. B 454 5t i
PR TEHE RS R G EREREHM, B—4FF
AR B RET U REE.

LOARD W4y 245 3 S S B2 B TR R 4
LI B REE LSL G B R R — P B3t
Z—WREFED., HXFEENTRUSBEEHEE
LAP, ABURZ M5 A VR A M hEHERA
HERSFRAEMNETEEMEEIHR. T LAPH
FEHMBEMIMBEIGEETEHNEYNH. LSINEH
W 2b R, FEEFENEEONIOEHEBEO AR L
VA (CFO il O (88 HC APL A BB .

NIC £ # DR & O MR ERE O, iR E 1P
HE B ORES %, CFS#EH#E D M H#E )2 h 42
(Classifier) ¥ & (Forwarder) | J8  (Scheduler) % + & 4 {4
FEHED . WEFREEE A FTRS, BibssHx% API
MR GEE B R4 BT Z N R E Y BEEHEN
ANEEENIAAE O, 83 Radix Tree Link List, Hash Ta-

« 3]


http://www.cqvip.com

ble 24k, VTY s CLUEHF I % . 2 ALX Fh g 5| 694 & 7T
LA (P AR ] B9 2 B8R, J Click 8%, Router Plugin 4%,
AT L3R FIAR (8] 69 B £ B SUER A4 AR L 40 ZebOS, FutureSoft,
Zebra % .

ERES R S, & AR -4
Sk, —RMIEREE ERHBHUR M - B BN AR,
T 1E 45 5 B A P P B HF (Cache) 5 & Rh B Y — 043
LOARD v 43 15 %03 PERM R (930 2 o0 T e el A B2 R (4t
BV AEIEEN DI EHED, W AR RCR RBRS
EER AL R R R L R R B ER SE
BERERGFEL EFEhfl. KRR LRER SR EE,
B4 P ETER) T E 44, LR BOL B 88 R IF R EH
SURA M B, B A 5 B AT B BOSCR B FER . B
F TEEE (042 B A A ARG, DL R B R B R AL T Y
KA EERP ORGSR AR, DRSSP RFHIT
ol

3.2 FHFEHR—LAP

MRS EE 4 FEIOIED IR
BRE X KEGRERUAE. EFRBMFOIES, LH
RAHAMERT BT RKROKEGOESTE. IR
FE—NFENRGEE G MEDONE, &S HENAR
T RRREE (P BT AT E R S SR RS Y R
T, AR FAENFTEFBREEMRE URBERSY
B, REBF G IR, # T EMTEHMRELME, X
BEAH 18 R GO RS T & X038 A R B BE 1 3R 35

e A e 28, BUE A E R B T REAL TE A F
MBEGSHGF S . LAP 5] LLR B 32 RF X B RV IR SR 1
G#E, A 3 R, TEAERERGT R MEEOMmER,
HARSIEME, W ELEMRESHERE.

l Router Applincations l
3 T 3
{ LOARD Service Interface I

t

Forwarding Engine I

NIC Abstract (CFS) Abstract

Extend OS
APls Inter Connection Abstract (Path Abstract)

LOARD Distributed Communication
LOARD Abstract Platform

t

! OS & Drivers i
i

M3 #RVE LAPSH

HENHATET , TR EENEHERE HAALHE—-
MR RER, TR~ ESANES. EEXH
RMEZEONE RS EHFETFF L MEBRHERRENEO
HAEETEFR L. LAPBR T EEEMEHE R RERR
WEEH EFMFF EMEEMRUBA XS, LOARD ¥
RSN AR NEHEREESES HEUR
GFamhE., MEEE DS (NIC Abstract) # H i 2% b i
ARREEOE SRS, FEEFERMENE OB
S EHEALS BRI LE4E N5 VNID(Virtual Network Inter-
face Driver) , IX #8438 B BB T X — 76 8 1) B U BE R
B E T 2 0 SR B0 2 5 R B T T
JB. ¥ A58 Mm% (Forwarding Engine Abstract) 38—

0320

D000 http://www.cqvip.com|

SR (T R e R B 1 F el 014, s B O BER B
Pl {QE) 48 4 — AN LB (it B 09 56k 51 BB % VFED
(Virtual Forward Engine Driver) , 41 ¥ £ 1T I H B 44
W g — S R B AR LG, NEREERMR
(Inter Connection Abstract) ${it— 4Nzl a9 N B E R R &
VICD( Virtual Inter Connection Driver) , B 47 3 f4-8 Ht ¥ 7f
BL. LAP 4040 2 PR 50 4 0 By AT ok, 46 i oh 25 P BR A B4
B4 A8 8 oA (WML 4336 HEBA LR BE S0 S 7 — D g UL EY
e R HBTET. REETFERFIENRFOEYHE,
£ANRGRESRIFHFBIEMY R,

3.3 SHRNBENSH

B L B i B R R A RS 5 R B E VLR T
B, ERHERTEE SR MEORBUEGE G K RMERE
JEE S TR, TR S S b R EOR 2K B el B DUR 3
IHAMR AN MRS 2 (A B R B R BEE IR, ATLAE
SR AR RGO B A6 A 15 19 DMQU @ AE L, X
BE— 7 AN BESE BB FORE (IR B AR R RIF W
FERE M A B 5 — I TIREREME etk B E
AR ; et ZORE RN R DR a2
BAEMTER, EBRESMO ZARBEHRNE P, FEHA
I R 5 B B A R 09AR R ek AL . SeEEME MR
VLB N iZREEN N EE S AR RN EREETR A
NE ) E T R R LR R HEE RS

SHERABE BT EPN =R TERBEFT KL FDP
(Fast Data Path). SDP (Slow Data Path) #1 MCP ( Manage
Control Path), i 2 B i 28 9 SM 938 15 | oK, R Bt 32 R
Y& T XM, LOARD H i) LAP #F X0 43 75 A i 28303
T RGBSR B EEME N — R B H Path(Gl
), — AR BRI =R E R R RUEEE R
T IE A IE , R O R B 8 1 FDP A8 s 303 @ 18
SDP 54 & #5818 MCP, FOP I FE &M RE R &8
L, E& R O BREME BIR . BOEEERFRR.E
M. G %, LBIRT AT LR A cross bar, switch fabric %,
SDP i FHIXHEE 5 AT AR 1 Bl S UM E R
HOETHE IR SO TE A A A S W A O R (a1 4R
X ERBELER, MCPHATEEER, HBREHERE
BB BN E Y, RS BAEENETEE, £
EHEHESR S A X EEREME#E R, FBp SDP Ff
LA P& P 4 38 7 #2140 PCL B BT LA A FDP s g 57 (19 %
. MCPHYFTRAMSIK”, BEETRKER, Mk AM
ALEYE %S, I PCL &Y Ethernet 5,

I Virtual Inter Connection Driver ]
Inter Connection Abstract

Virtual Path Interface
Fast Data ’ ‘ SlowData | | Mng/Crrl
Path Path | Path{slow)

LOARD Distributed Communication

Inter-Connection Drivers

e o

Inter-Connections
(Shared Memory,Switch Fabric, PCI/CPCI, FE/GE)

B4 sr7iEfE LDC 454


http://www.cqvip.com

LOARD A @ EHLE (LDO # A g5 I B 4 FF
R, B LOARD gy BRI, BB M m R EN &
Ri. BrofsiRs O LSIFEA A EHETEEER L Y
W k%E., LAPERBEATEILANAEZE MR HEX
SR %. MAKE LEEEARNUEEEENATE
#IToAREEMER. dTREGEIH T EEEmRUE
BHA LEER, REYHE RIS ELNE
HEZIRES VICD, LAP #5EFREy Switch Fabric,PCI,.FE %
VM, fh 4 2 FDP,SDP #it MCP X = #h i 508 18, i 1
ENIRER,  FERGR MR AEEED VPI(Virtual
Path Interface) /&4 ThEE , M R & MW s M T 3+
A F R, BB %4, LOARD hi e 4b
MEAZT G XL AN AR EERETE 2. ER
ENY RAERIF BUE,

4 FRBRS

HF LINUX #E REMFRERL o, U EHRK
IR L FEE S, HRTEER B 88 R P E Mok i T
LINUX, it #h ¢y LINUX F & Fi TS B8 BT 2 R
AR R, R A1 LINUX & L TR A
SR FISE B, 18 LAP {ERI R RBM R, £F &t
B Er R LINUX R A K 2.4. 18,

FAIET Linux FEELUKM ESEEL T4t = fulE m
FRIZG 5 kBt FDP 9 VICD i3 Fl s s i 858 3E
BEHIM4E DO VNID @} SDP ) VICD stk ¥ il 8 B s 4
it MCP 9 VICD ¥ s B S 5K .

FERESYBEWNE Sa iR, REH =4 PCER,
BB HES 1. 7G+H128M+RTL8139 £ KM £, BIERG Y
Redhat Linux, N AK 2. 4. 18, RN £ HAEKH 5L
WIBE E &, EEFRHYL L. NIC PC BAMEHmM T —
PCI M fAEANMEED, p R EEISHENRAANL., T
B RAEAN - REWMURNEON BhE", nE
5b AR

o l
ot b
[
Distri
NIC PO )
[Lf‘r ! Router [E:!?
R PS B S
i i
1’”\
i -
Termiral !, L Terminal 2

b) logical deployment

a) physical deployment

A5 FRRSHYRESHEZEEH

FARR U ESHMNE 6 BT7R, 3 T VPL B850 BN 3%
I, B T VICD B IR O, X B B — R
EHTMAMARNFE SR, LINUX REFEAMEL
BRER ARG E B A RS, X~ FEEY LOARD %4
TRAME S TR YRR, 55— J5 T 3R I VT LA SE Sk A B
B click AT RAFE A AEER, LUK T B el B84 SR AL BT
By R,

D000 http://www.cqvip.com|

‘“‘kApr“z"o:sw 1

I
TCP/1P ]
eth0®
(virtual) (vxrtual) (vxrtual)_[
L vxcn ]
T
[ v ]
[ e @139t00 ]
| 10/100M Ethemet
[T ey ®LOto0) | 557(’81'{‘3«\
1
[ dev T dev
(8139100) (8139ta0)
ethl eth® ° eth0
| _(real) {virtual) {virtual) (vxrtual) (v xrtual) (re[al)
[ Forvarder P/ 1P [ oI ] ]
Appixcations Applicatior ns
K6 iREH

AFREFER L, ¥ K TCP/IP thil #13% th thiX 1y
A linux, AAREMFEE FEEMSRME., ERGET
HHHITEIE & BB M NIC PC1 ) ethl 3 A, A NIC
PC2 9 ethO . 64byte MIBIRIRCH A RN 17. 4%, 585
PCH RBTH) 18. 6 ML, MEREBAR A AT T R, (H R T LI R
BRSSP FEAE S EB B4, FIRT, R LOARD #
BEMAETRBNT B EE, LA RSN
HERFRELELHLEN.

HRIE HTHOSN L. HEKG LSRG
TR A HZOBAR , A R B R IR T T B bR M1k
R AL FE 2R NP, X B i fE Switch Fabric, £ 0O Line
Interface BB B AR # A MM MR HEIL B R VIR B
PR TAE, R EE A EmmBEh AR S . M
ZT BB GNERAS S, B i BRERS EYT
BR EHEMNESELRE RN AT, oA HEHE
AR X, Kt EABESARN— M EERE . RETE
B RAL BRSPS A R0 SRR kB i
HERAE RN —EHEIRE.

A TR EEH SN EREAR, NEREHM
SHEREEHFERE THMNSZER, EAHR TG
ARG FENSEH BE THAESBESENRERMT
EMAMFHRIEEM. R LINUX RS LEOMEE
BT —EFRAL X505 M h 8- BT & W o R4 &
gEW, UK ES G RAETHEEEMEHERERMG
FFTER. BT LOARD RHFAMER. FAEERMEHE
R, AUAE T click.router plugin Z 8014 B e 8 Fr
RAEVHERBEY R, MR THAMRXAAE T 2T IHN
AR,

£ % X

1 Baker F, Ed. Requirements for I[P Version 4 Routers. RFC 1812,
Internet Engineering Task Force, June 1995. ftp://ftp. ietf. org/
rie/rfcl812. txt

2 Newman P, Minshall G, l.yon T, et al. IP Switching and Gigabit
Routers, IEEE Communications Magazine, 1997, 35,64 ~69

3 Aweya J. IP Router Architectures: An Qverview. Journal of Sys-
tem Architecture,2000,46 :483~551

4 Morris R,Kohler E,Jannotti J, et al. The Click Modular Router.
In: Proc. of the 17th ACM Symposium on Operating Systems
Principles, December 1999. 217~231

(F$# 8 13 7D

+ 33 -


http://www.cqvip.com

[fj’

5 MT $% th 500 VR BT, SR 16 76 3 28 v (X 28 77 1
BRI TR & VS, W8 T LA 95 NS A AL MT

SR LE AT TR ZE VS SR A B A, BN IR R R
ROKBIEERSS, WA TAHLH R, RAE MT Ml VS &
A EFEA R, R TR (MT 3 VS HIFL (VS
RSO MAE UG LDITRS . B4 En,.EP
4T READY SRA® MT B30 M, i MT & 711
Wérh e Hy ,MT W80 0 R REEVLY, JER R
BN A, VSHEENG PRy H,, HIEWM AN BT

I,

Fi BW \BW, 435|374 SCHR H HESR R GE T 4 1) D2k

AL TN
BWi=M=x (1—¢*)« H, x B (D
BW.=BWIl+Mx (1—¢ )« (1—H) * H;x B ()

MR (DT UE H,MT ZEHBEN T EBRE, 67

hR H B, TERERME XKW LR L H B/
SEF MT U5 R0 0 Jo sl JL (R K, 19 A RO R 3
L.

4.2 #HPHE—E

D000 http://www.cqvip.com|

PR R A —

.

BE 1D, TS #5454 AF A FREALE 14 Bit

BRI NIRALFR A PR RS, I Web iR B 5

HR MRS BHEEAR—HRATFRMAAEER AT
BB A MBI, R HERETTR GPRS K2 fED
BN 3G W% B TESBARIERS S VS RRES
HEGHELE, T RORAL T AL sh P AT 308 FE R R
M REMARE RN S, FHFHFAMRELRITRTEHR
— AR A RE L T 2 SHP ST —BER T S B
MT st ER,. SR TET RBREEWHFARS, HE
FOVS AEE MTEEHFEBEEBEHHEEIN; (HVS R
I B AR (ELR) B MT 53545 8 () BUHA BB
FAAL 05 BB (O R R 15 1) B8R 0 Ja B T 1 2 9
Ap#tfr Bus oy kR CREEHHRE, BA KR
TR,

2 % X W

1  Barbara D. Mobile Computing and Databasee——A Survey.
HE AP LEARITR TEHFRE—SHIFTEFREDN IEEE Transactions on Knowledge And Data Engineering, 1999,
RO FSAE G AT ZEAS MR IRAE S 45 5 MSS . VS 1(D:108~117
SRR E S BT MER T, VS 5 IR.AS 8 o i 2 V‘Vang Z‘, I?as S, Kumar M. SA(/'(,S; Sc'alable Asynchronous
- A B Cache Consistency Scheme for Mobile Environments. In: Proc,
HRIME 2 A, WA MT HEBHREESHIFIR T HP R 23rd Intl. Conf. on Distributed Computing Systems Workshops,
F—EHUEEXEN—HERE, IR ASHEBRERAET Providence, RI, USA, May 2003
ATEEERE S B T MT B s, B IR % ms b fr 3 LinY B, Lai WR, Chen ] ]J. Effects of Cache Mechanism on
_ § _ Wireless Data Access, IEEE Transactions on Wireless Communi-
;ﬁ MSS r‘%*ﬁ IEJ [y IR, AS % mg ‘reE MSS 15) E%ﬂ*ﬁ IF] 9 cations, 2003,2(6):1247~1257
HLC, VS B3I X#F MTE— 1AM BHEEFEN 4 Barbara D, Imielinski T, Sleepers and Workaholics; Caching in
PIMN i@ (WLE D, AEE S B TT4 . Mobile Distributed Environments. In:Proc. of 1994 ACM-SIG-
MOD Intl. Conf. on Management of Data, Minneapolis, MN,
42 IRAS.VS Asexfit USA, June 1994, 1~2
5 Jing J, Elmagarmid A, Helal A, et al. Bit-Sequences: An Adap-
B S IR AS VS tive Cache Invalidation method in Mobile Client/Server Environ-
MT #7253 9 B K B 1] Wxl | 8 3 ment, ACM-Baltzer Journal on Special Topics in Mobile Net-
HiTERRE 0 works and Applications, 1997,2(2):115~127
Vila) C EEEYE IR 0tol 0 0 6 Cao G H. A Scalable Low-latency Cache Invalidation Strategy
BERHERAELEXBETIEEN for Mobile Environments, IEEE Transactions on Knowledge and
D Yes | No | No Data Engineering, 2003, 15(5) ; 1251~ 1265
BB FEA RN MT 162 & 5 5% 7 Kalllol A, Khurar.la S A Stratesy to Manage Eiache Consistency in
® 1D — Yes No la lDlSZorIl)rilem-ebd Dljt;buted Er;vlrclmrlnze(n;; IGI';IgE ;frans. on Paral-
— " el an stributed Systems, 2001, ) ~700
B I B P4 Yes | No | No 8 LiY]J, Chiang C Y, Liu M T, Effective Web Caching for GPRS
MT ZRREEH B ID f9 iR X /b 7\ Networks. In:Proc. of the Intl. Conf. on Computer Networks and
S5 EIE—-BEN T S8 EZOEE 2 14 Mobile Computing, Beijing, China , Oct. 2001
MT SRR E— T EIEATENMECR 64 67 13 9  Bettstetter C, Vogel H, Eberspacher J. GSM Phase 2+ General
AIERIERE) - Packet Radio Service GPRS; Architecture, Protocols, and Air In-
e AS WS AR S E AT VS EE BRI R terface . IEEE Communications Survey,1999,2(3).2~14
(ERE 337 11 Semeria C. Internet Backbone Router and Evolving Internet De-
5 Kohler E,Morris R, Chen B J, et al. The Click Modular Router. sign. White Paper, Juniper Networks, September 1999. http; //
ACM Tran, on Computer Systems,2000,18(3):263~297 www, juniper. net
6 Decasper D, Dittia Z, Parulkar G, et al. Router plugins: A soft- 12 #1&8, RBV,VLE,. 0. AR SRR REMIA TSR
ware architecture for next-generation routers. IEEE/ACM Trans. /NI R YLR S, 2001(4)
on Networking, 2000,8(1) 13 IBM Corp. PowerNP NP4GS3 Datasheet. http; / www. ibm. com/
7 Karlin S, Peterson .. VERA: An Extensible Router Architec- chips
ture. In: Proc. of the 4th Intl. Conf. on Open Architectures and 14 Intel Corp. Intel IXP1200 Network Processor Family. http: // de-
Network Programming (OPENARCH), April 2001. 3~14 veloper. intel. com
8 Peterson L,Gottlieb Y, Hibler M, et al. An OS Interface for Ac- 15 EZchip Technologies Inc. NP-1 Network Processor Product Brief.
tive Routers, IEEE Journal on Selected Areas in Communications, http: // www. ezchip. com
2001,19(3):473~487 16 #1458, REBT, &I, 5. iRt 28824 R 4% HEROS +
9  Keshav S, Sharma R. Issues and trends in router design. IEEE BT Al A PRI, 863 F#ARLES, 2001
Communications Magazine,1998,36(5):144~151 17 Montz A B, et al. Scout: A Communication-Oriented Operation
10 Partridge C, et al. A 50Gb/s IP Router. IEEE/ACM Trans. on System. In: Proc. of the Fifth HotQS, May 1995. 58~61

Networking,1998,6(3) ;237~248

e 43 o


http://www.cqvip.com

