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ABSTRACT

One of the important design issues for IP routers responsible for packet forwarding in computer networks is
the route-lookup mechanism. For each incoming packet, IP routing requires that a router performs a
longest-prefix-match address lookup in order to determine the next hop that the incoming packet should be
forwarded to. In this paper, we present a new scheme which applies the hashing function for IP address lookup.
In the proposed scheme, the forwarding table is composed of multiple SRAMs, and each SRAM represents an
address lookup table in each prefix. Hashing function is applied in order to find out the matching entries from
the address lookup tables in parallel, and the entry with the longest prefix match among them is selected.
Simulation using the MAE-WEST router example shows that a large routing table with 37000 entries can be
compacted to a forwarding table of 300 Kbytes in the proposed scheme. It is also shown that the proposed

scheme achieves one route lookup every 1.93 memory accesses in average.
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Longest Entry
B

19pEL3  Aond

I3 4 AR o) A BF oo} 8

Adshs 25 TR & ohes} Rk
Function Search_Prefix j| J&% oj=#~ De}
Qx|5)i= prefix search
Do parallel (L = 8 ~ 32)
Extracts the first L bits of D into D ’;
Table_pointer = Hash( D ");
/| Hash( D " )2 Exclusive-OR 438}
// - AZ-E table pointers. o]
Compare D "and an entry value pointed
by Table_pointer;
I FER
Use pointer to the Sub_table and
# of entries to be searched;
Perform Binary search for the entries;

if ( not same ) begin

end
Send Search_result and ACK
to the Prioity Encoder;
End Do parallel
Select the entry with longest prefix;

a8 26Me & oE oY Zeiga oyl 24
vlE, gejan AR slal @tel 14 vES] i &
ot 9} A4 F dHlold, Hx HolEe| 2
HojZel ()] AgAle F dlo]Eolr Aol Frf
B A$oltth o] Afdls e A o F
Aol =¥ E(output interface) A K7} priority e
ncoder® Ruizlch v} &ll4] gtel 7leldle A
Holl 44" ohy F Arel zelgavt qlHd 1P
ojEae] Zejga glo] opd Tl olEdno]



=2/994 748 SRAM#% 4 o] 8% HE IP oj=d2 HAd 3 A+

zZ|Haehd, ole FEAAe] WA AH2)EA
2 e AR AR F 2x HolEE 7)Y
& EZEg o] dEE B e 3F L 2
Al dE ARE AN olgsllof k. & =¥
dxe EEPPl JlRlE BE HelER $74]
ZIE7} 7R AReRN Y FE @4l a9
= E2|Eel th3le] binary S &g} 2}
opf= WS A}k

< Main table >

Hashing
Harowa'e —

< subtable >

15520233

z
I

nnnnnnnn

- @
e | o G [ Joone] —

) FH0IE HHA 2T
2) F BloiE LA

eXen ge e

I3 6 ZF SRAM H ®HlolE A4 Fx
. Z2|Hx 249 A

o] RE YL ZejHx Zolo] uplE SRAMY
2 HWddoeg 435} Prority EncoderdllAle ¢
219} & Ip oj=d#zel el ZE slo]EelAe] A
Ao 7| & 7o), Zelgar) dAse o
Eg| FollM 74 71 Zejga AR Mol <E

S AddEpd, 1 dEe)e g § ozHs &
3 Qe Holx Aust AR Ao o4t =3
& = EelA ARKRE BRAlE 7p zelgas Wa 7]
thE SRAMe| o=@ A eo]E-g A5l
w gl dhte] Himeld] ozl MY o8-S
FAsE WAl vlsl A2 qEelE F) A
gk HlolE 7gAle] fo)sic)

0. AlZolM 2t ¥ M5 Hiw

B =l Ak Fxeld 7EHE vwa]
2l z=7) ¥ Ho A" YT e 5o AeS
7¥s17] $1si4] MAE-WEST 219 o615 7}
A5 AlEHe|d S Fasileh 4 slesdlze
Exclusive-OR +=2|[7]5 AMSsloict 13 3o4=
20029 39 159°] MAE-WEST|A] vehle= =
2lgx Zol W 2l9E $of ti3t X E RojEr)

3% 32 2%E] MAE-WEST 2H9E]d] 502+ IP
AR =ZejEs Aozt 848 3274431 AehE
Ze A% & 5 ok F o] EelAe] oj=Ha
A BE do]Bele oj=da YL AP
o2 eYHEE F HolEd HE HojE2 sht
o] SRAMel 74" 4 Qlck aRjmE 7 =2y
2 o] W oj=ala H4E 913 24789] SRAME
ARG Aol e SaEksict

MAE-WEST, 03/15/2002

¥ 8 Z|gx Zolo] wpE BlpES BE

£ el 438 A3l MAB-WEST ¥
Xof vehts 7b ze|ga Zo] ¥ algEL] S
w2} wlZele] Z7|§ 24, old ule}l gl
AHEE BB e E AKBIGICH

4 slesols =R wE £E 49
ARE JerE Ashs vIE & g FolA] Ex
clusive-ORE 33l HhAS ARgslgic) miel =
2o o7} &4 A u|E 2 FolxA]
€ A% elARE Azt v EuE Fa e v
Ex A7 vlEe B3 vlE $3F 9Jole] nlE
2 AE F Exclusive-ORE F33l¢ich & v|E
E A o= FelMqrE 10109 WAog A
A Wtk AE Bo] =E|ga 89 g, &l
A2 2 vEE AMEEE S4348) = [7:6]"[5:
417[3:21'[1:01%} WA Z A4ke dla, =Zejga |
42} 7% 49 A2 6 v|ES} wlEA7E Y
stz o] uf si4izk14) = [13:8]°[7:2]*{[1:0], O,1,
0,1} 3} Ze walog $3gic)

= Hlo]E2] dlEz]ol= viwe] AMgEE Zeld
e ¥ 74 SHEE Bx HelER ke X
B, 283 o] a4 AE sl FF ¢
S 2 HEE ¥gshd, Bz HelBe Zaly
o & 4, el FHEE Youg 3§

o

©

ol

>

141



ot ig Al el sl -4 '03-2 Vol28 NoZB

vl 2t dE mrle FHIEY g § FaE
3 28 w|EZ dvtelel 8], ¥ He|EL vl
% B2 2s) 13 v]E, 22 o]t 3
= 93l 4 v|EE gsiodc) &4 ZAw v
= e O ddgt v} o] wme|e] =Zv]9t

ATE Zch Aldel ARE A Ho]
= =] 4= 3700097 7Holck

2 loﬂﬁ—: 2 A galEse] 97EE vR
g =Z7)9} Wine] AT 34l glejAe] 45 H
stk

f
o
~1m1 i

a2 Mo
2
2
‘ r°

0

q Lo
o

ozl A el AZ 3| Al HelEe
Y (FHyH) =7)

[2]

SFT 2/9 150KB ~ 160KB

Fast Routing

-lookup Schemem

12 > 1/3 33MB -> 9MB
( DIR-24-8 ->
DIR-21-3-8 )
Noble IP-Routing
18] 1/3 450KB ~ 470KB
Lookup Scheme
Aok 3 15 300KB

£ 192 A TEsfe) 4 Wi

B FEod Q7= vEeY] 2)e & 16
B upe} 7ol SFT21E Alsslres 7H 2 =
719 vleelE Sgke) B FxE 24709 SRAM
S AElp R old ulE gverheade EiEo]of
sy, 7t Zejga o] W Hx o a4 3l=se]
£ ARgsledol b= whAe] 9lev) Exclusive-OR
=2 AR g slegioiRe] 7 ol
Aok & 5= glok w3 A5 F Jo vlze] g2
e 19302, WeeElg wol AMEE & F
ool 712 WAl vl e THAE
& & F rh

13’ 4& vme] AT FEZ Vepia gk
Fell4] Mool 18% ol E]"T“E]]’ e
ne] YoR, 95% oo eh-Ev} Al We H
2] Ated FAe] 7lsdt A& o ? gict

E 1ol 2 B o=Rela] AljkE Fxe
2o wlze] HT 357t s 71—% 249
ol F Holto] Alid oz zlo} FE o
o] WhAgt A2, F dHol&E $sie] HlE

-

o 2 e Py

1r o
Jo

=

>

[.=A

_EL—‘(‘
bl

142

o

Mermory Access

23 10 Wxe] L 2

Z o] sl vl Ao dmeg AT TE
24 & 4 glr) =3 sleslo] solzelql 7S
o]l g3l o=@~ A throughputd A 4
ek dlE Eo] F dHolEst} Hx Hlo|ES Wl
SRAME AHg3}e] AR, 5 elo]Eolxe] of
zHlx A Bx dHolEelAe] o=l Z o)
SO Z Bolok RS i HPHewn £
P 4 gl7] el

v.2E

B =FoAe 24709 SRAMel =g Zo
W2 o] se] of=dls A4 HolES e,
goliof a4 g HL3ld FAlel o=d
AL 3% T, 7 o] EollA AAH e
A A Zelgart dxsle S 32 W
S Algksla, MAE-WEST zh¢E2] 4l[6]E ]
of AlEeo|ldg w3t F AU WA A
Hrlslgdel AekE 3= ok 300Kbyted] *|#
7 AHgRE A%, vlRE] S e B 1934,
# 1W, FHd) sHle 738l =
| 2e)E Algsle], AAARoR zhe x—]xl 7k
S7ERME | AL S vlre] AIS 53t
015141*2 AT £ ol ISR AdAIsE
o] $t P2k & Aoleh

J}L_

Eo{MT

°b°
o

(e3

off

N 9t rlo

=
Fs

11

[1] MA. Ruiz-Sanchez, EW. Biersack, W.
Dabbous, “Survey and Taxonomy of IP
Address Lookup Algorithms”, IEEE Net
work, Vol. 15 No. 2, pp. 8-23, 2001

[2]1 M. Degermark, A. Brodnik, S. Carls



i/ o] SRAMA dl4& o83 H#H P oj=d A AAd fF A7

son, S. Pink, “Small Forwarding Ta
bles for Fast Routing Lookups”, Pro
c. ACM SIGCOMM, pp. 3-14. 1997

[31 P. Gupta, S. Lin, N. McKeown, “R
outing Lookups in Hardware at Me
mory Access Speeds”, Proc. IEEE 1
NFOCOM, pp. 1240-1247, 1998

[4] M. Waldvogel, G. Varghese, J. Tur
ner, B. Plattner, “Scalable High S
peed IP Routing Lookups”, Proc. AC
M SIGCOMM, pp. 25-36, 1997

[5] B. Lampson, V. Srinivasan, G. Var
ghese, “IP Lookups Using Multiwa
y and Multicolumn Search”, IEEE/A
CM Transactions on Networking, vo
. 7 No.3, pp. 324-334, 1999

[6] Merit Networks, Inc. http//www.m
erit.edu

[71 R. Jain, “A Comparison of Hashing
Schemes for Address Lookup in Com
puter Networks : Technical report”, D
igital Equipment Corporation, 1989

[8] N. Huang, S. Ming, “A Noble IP-
Routing Lookup Scheme and Hardw
are Architecture for Multigigabit Sw
itching Routers”, IEEE Journal on s
elected areas in communications, vo
1. 17, pp. 1093-1104, 1999

4] A #(Ji-Hyun Seo)

ever?7 @ewha.ac.kr
20014 2 o]z}t A
HEAET et

20019 3%~ dxfo) oAby
g Fshrietishd AJREEA
33 A

314

M

4 & <(Hye-Sook Lim) A3
hlim @ewha.ac kr

19861 249 AMSdigm Al
Alg-g3tat A}

198611 84-~1989d 24 AM
4 A= 374 '
19891 3¥4~1991d 29 A&
glw AeASFET AL

AzAe AF

199213 19¥~1996*1 129 The University of Texas
at Austin, Electrical and Computer Engineering WFA}
19963 114~2000d 74¥ Lucent Technologies Me
mber of Technical Staff

20004 74~2002%] 29 Cisco Systemrs Hardware Engineer
200211 3g~&A) olsjedAppstar A v FAIEH s

<A Fol AFE UEYAE A 292)=kE
Ao AA, Tcpap A= sl=so] A, MPLS

# o] A(Yeo-Jin Jung) gAY
whitehole99 @hotmail.com
1999 3%~ dxljo]sjoiahdt

RS} AsE

<P Fol AFE WEYYS A% =4A=HH
el A, TCPiP #A sl=4e] XA, MPLS &

o] 4 F{(Seung-Jun Lee) 33|14
slee@ewha.ac.kr

198611 A-&oista Ayt
o} oA}

1989%3 University of Californi
a, Berkeley AxF3-83} AJA}
1993* University of Californi
a, Berkeley A3t} upa}
1992 19 ~ 1998\ 10 "ehAdA} AIARIC A7a
1999 38 ~ ) oltoixtoNetar MRS Fits

<A Fop 414 wbeA AA, CA

143



