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ABSTRACT

Efficient hardware implementation of address lookup is one of the most important design issues of internet
routers. Address lookup significantly impacts router performance since routers need to process tens-to-hundred
millions of packets per second in real time. In this paper, we propose a practical TP address lookup structure
based on the binary tree of prefixes of different lengths. The proposed structure produces multiple balanced trees,
and hence it solves the issues due to the unbalanced binary prefix tree of the existing scheme. The proposed
structure is implemented using pipelined binary search combined with a small size TCAM. Performance evaluation
results show that the proposed architecture requires a 2000-entry TCAM and total 245 kbyte SRAMs to store
about 30,000 prefix samples from MAE-WEST router, and an address lookup is achieved by a single memory
access. The proposed scheme scales very well with both of large databases and longer addresses as in IPv6.
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1. Introduction

JIEYl 2H-EelA AAZroR F8F|ojof =
F8 7)ee dgE WAL HF BHAE sty
A (forward) dh= zlo|th ol& fl3le] ®EE
SEE A9 EHolE (forwarding table)& 2o
o] HAg HelER¥E HIA o=
(destination address)el| w2 %3 ¥ES g
F F2E0 i3 ARES dojdlink #jzle] U
HE geEe gEE uzle] =32 o=dle
YESZ BEE key2 AHE3sle] Ad HolEg 3
Z3le d& Fdse U, ol& ol=u 3Hole}
il sla ojuw) ARREE VIEY A JEE prefix@hal
gk

Hej =& = o=g4 H-)(Classful
Addressing Scheme)ollX= IP o]=u|29] prefix
£ 8 bit, 16 bit, T2 24 bito2 1Y A|H FiL
ARSsl9it). o] Wale F 7kx] EAAEE 2,
A WAE prefix7t 2AEe ez [P ol=d
27 QH|Ee Zleola, EAe vESAY FH7}
71l wet ele-ee] AL HolE A7|7}t 7|3}
HrA R It Aotk

olelgt EAIHE MAsly] flste] Fe2E A
2= oxz=#4 W4 (CIDR: Classless
Interdomain Routing)e] Y2/ == o] 4]
ol M= prefixe] Zeolg& nPAA ¥4 Reo IP
ol=dgXe] JHE g 5 Jrk =E=F o=@
aggregation& 7FsslA| o] 2heElelA HE H
ol&e] A7} wEA Frlee e A"
2l CIDR 4]l ©h3e 2}EjolA longest
prefix matching & Faslojof gl zlolr) o]
= g AL 2] HF UESA] prefix
ZHolo| oigt HuE EFSI A ¥oHR HE
glo]Eo)] 1}e} 9= prefixs FolA U= wzle]
ol=g| 2ol 71 AA X dEE Folo}
&= otk oA Wl %F<t exact matching
£ 98 AlEE o FHA ol=d2 AN AEE
longest prefix matching 412 $8lA= AFEE
T Al EHAch

IEfYl 2o dZEY U linkd] &=
10Gbps o3¢l &=744] 718 ZAes AYsw,
prefix®] FHE sl AA Wi eeEHe dAd
Hold dEze] £+ 100KolAez F71E Zo
2 meolck o]#F oA longest prefix
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matchingol] 2]& oj=g2 7ML 9%ue] gl
B9 4%S 443 52 bottleneck &.& 243}
A Hol HE&AQ IP o=l AN dneEy ¢
ol izt d5t7F BsiA A= gl

B o=fol M= (1104 #1¢kEl prefixE2] binary
tree TEE [P o=d 2 HAE 9% ol¢ B&H
¢l dloJe} F3olvt F43% tree?} unbalanced &
AN 2+ o EAlde USE WAsty,
balanced tree® TAE + 3 7AME dlolet +
Z9} ol& T d=slo] FE2E AIQHICH

£ =19 74 tSd 2o WA 10 AdMe
71&0] ATEAZ A=A FAT R Hdle] A
ggcl, M FolAe [1]eA4 A9kl Binary
Tree dlolel T2& f.oste] Awgic). IV Ael|A
€ (11614 Ake elolet 729 Wg 7lHsh=
EnBiT (Enhanced Binary Tree) T-Z&& #|9Hg
F V Aol Agtsks doje +x2& ¥k
st=dlo] F2E HAEth VI RFelME MAE
-WEST #-§-Ele] 44 dleleks AHgate] At}
v T2 4%& Hrslgen, B T2 4%
= vasel VI oA e A8 g Yk

II. Previous Work

ol=gA HML HE: PAd wel A B 7A
2 FRsle 8 4 dEd, 2 3 AAT) trieE AL
831= WAolt). Triex treed] 71%§ dlojg} +
Z2M, prefixE el BAIE 47 944 EH S 7}
A thEHQ dlojgl =k & = Qlck o] F=o|
M EE prefixt triec] 48] dhe] wEo 1%
3laL root®4HE EWSHs path® Aejdcl 19 |
s B 9 prefixeg TR 7 tries
o B FO} [2]. Trie F+2E E&FORE WE
gloll Agshs o] 74 W3 oo mE: i
g IP ol=elx HA wAgo] dAjEe] i
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Trieel 712§ W& prefixel] sEE= e
internal =552 AASI=HA o= vxee @
vel WE trie®] elgt 3 w O(W) He| wjxg]
HAAE FEEloof sh= EAIHE 2k

T @2 ZHolg ZE prefix 789 sl
4 (Hashing)& Algsk= wh2olc) )42 exact
matching 4|8 AMESE= Layer 2 F4 #H4&
sl de] AgEo] & WAelrk

[81,[9]¢14+= binary search®} hashings A%
sfe] ARS-3h= WA Algksia gtk ey o] W
29| 79, 5% binary search7} Z&5#] o=
FAHe ok 9k o}A] @6l hashingoll 28l
AME entry?} prefix® ¥Fsln gl vl
IP F49] longest prefix match®] 54 ujitol
H % prefix7} &4 & & Jorz o 7 prefix
7} EAFE delFr] A8 markerE #3alo]ok
k= Aotk olu] L markerE V2] Aikekir
Aasl= Al overhead?} WECE E3 o] 2
= 54 prefix distributiono] oigte] whE A3E
el perfect hashing & & F U2 74
atar 17 wlEe] d8FHolga & 4 gloh

[10)e M= prefix ZHo] W& oj=g A H
ol E-& WHEIL prefix Zolol wil Wxel &4
T8 AMREle] BRE prefix Zolel dfste]l WE 3
A Fgels WS Agksta 9lv) Prefix o)
W Wrel 4 HolE2RE matchHe] U2
prefix & 7V 27 match¥ prefix® 3= 94
oltl, o] =2 perfect hashing & 7P4¢
glo], EXORE 8% hashing 48 AH&sin
hashing®l 4] ¥ojil= FEHYS sub-tables 7
o] sdgt TREA H8H FRela & 4 qdrh
a2 F HolEdA FEEde] WA A9 B
Z Ho]E8oNA binary FAME TR Ao A
Bl J2 3 2 939 Aok

[11]914+= hashing®l42] & ¥4 (collision)
2 2387 #8ld, o2 709 hashing HolE&
AHEsle] @z S5 357t He Fe] entryell A
28 prefixg AFshs FAE Agskn 9ok 2
gL} ol#d dlolg} & FHsh=s o] F
Zo @iz dvE Hit /o U4 dEE
hashinge AHgE RE o|=gs A FxEL
hashing7-%2] EA#l A9 wirz] #H 3+
7} 7hA Aol Hleo] = dEel] g wmz] g
vl dldshA] 23 S Aok

Az, ) HA 2924 geEe] TR

Be] AMEHOAZ glE  7IEEA4 TCAM
(Ternary Content Addressable Memory)S A}
3= Aol [12]. o] We ¢gE F49
TCAMe®| #A3E BE prefix5S FAld 2#H v
wate] vl w2 oj=gla HMo] rhssith 1
Y TCAM 3™ 7]&2 #9eEHdA AMgshe
prefix 2| F7ibE w2 Lddsia gl# s}
ol oA WElE e F7 3715 AAER: RAM
o Hlsle] TCAMe| AFdE = 3= prefixe] 2
FE 1$ H ke v B ohE, WY AR
v$- AX 5 w9 prefixE A%FsHs TCAMS
ol=gl2 HAE 337 fla] A" F el
W4slr] ofeld EAlde Ado

AT g 7hg F o] wEEold Wajow 7
o]7} th& prefix &7t binary search& # 88}
Ao} [1)113),114). Binary search W2 3l 3
43} vR7FA & exact matching A48 AHESh=
Layer 2 o|=dl= ZAS 9i5le] ARgHL) 2L}
Zo|7} t}E prefixExte] vlEE S8 toior d=
Layer 3 IP o=#2 ZAAS M ALEHA
Fateisith [116Me A2 4ozt d& F9
prefixE7te] 2718 Aok, shte] prefix?} ot
g o7 7le) prefixEe Tt AL A9
enclosure® #elsle] IP ol=dl2 AME 9%
binary search& 71537 35t eolgjd w4 o
2 treed TS AT EE kEo prefixs
gdstog  dRee] gH|7h flo] #&Hom
prefixES AR + v FHE Ao, a2y
N7le] #F-EE ZH= prefixS2] binary search:s
O(logzN) ] 2z HAS daz s EAHS
Adet. [13]914+= [1]o04] Al dlejg} +x&
T8l o= HMS Fashe dtEglo] 1E
& Ao, ol Agk dHolgl Fx7} ze=
EAE g FEEA 280 Rigm @
4= Stk

2 =it (11604 2788 binary tree dlo|E}
T2 prefixE710] #AE FHow FA}
tree?} balanced o] f1#| gl F&o] ojgj ¢ H|
A ARbEgicy B =FdAE [1]19] binary tree
TRE /A8t AA] tree?t balance Hi TRE
A|ekslo] unbalanced treecllr o RE 84|
& At E=F zlgkshe doler F2E 44
gl wle- E&H s=99] pipeline T2E ¢k
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M. Binary Prefix Tree Structure
B oERoAMe [1lelA #tEl dlojel EE
Binary Prefix Tree(BPT) 7Zg} #-27]& %ok
BPT Tx% prefixEe F7]d wZ AH2REH
95}, Zo)7) vl prefixS o] binary 4
& 93y BPT+: t&3} 22 A& ALl

Aol 1 (27] vlae] #3 ge)): F74e] prefix
A = amas...an % B = bbb 71 ® o,
kel n=mo|W, A%} B2 numerical @te] H]ilE]
o] 7t}
1. %F nl=m (n<m< 7tA) o|¥, substring
a1az..an. & hiba...ba o] HaEEHS] © . 2
numerical#-& 74 prefix7l ©] £ zloz 4o
sty o2 Eo| A=1001, B=110000%! 7% B+
Axrt} At)
2. ek $742] substringe] & 29, (n+l)
# bite] 10]¥ B>A, ofJ¥ B<A ojt} &
o] A=1001, B=100110¢! 74 B AXY =
A=1001, B=100100°|"1 A7} BXr} =Lt

Aol 2 (matchol &8 Ae)): F0e] prefix A
= aaz...an ¥ B = bbs..bn2 7}4 & o,
n=mo]a ¥ £Ege] ALY n<m¥ AT
ai@z......an 9¢ B substring biba.....b,o] 2o
match %t} 2192 2o Ael BiE matchdlA|
ok=tl ol& Eol A=1001, B=100100%! #AS$- A
9} B mjx|gic

A9l 3 (disjoint ° ¥+ AHel): F7H9] prefix
A%} B7} o] ®E&E Ul& %2 prefix?} oy A
¢} Bi= disjoint stk ellE &9 A=1001, B=111
o] 29 A%} B disjointe]th

A9 4 (enclosureo]| g Z2): prefix AF
prefix® z= O& prefix7} shuele EA46H A
= enclosure®|th dlE Ho] A=1001, B=100100
9l 49 AE B2 enclosure®]t},

Rl omn

BPTE FAgE 94L thed 22 d9AE A
Ack A4 A 1§ AMBle] RE prefixEE 2
7] ¥R Jdg g2ed whEd Od 24 o]
AL Fyste dugEE HEY WA RE
prefix 5& A& d|asle], ojd prefix?} o}
prefix @ enclosure(#e] 4)%1 7% enclosure®]
bag Zol prefix® Wi HAE Fadd o8 &
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9, #19 A 494 Rol ¢ %S B A9
bagell Eoj71A Hr) o] L& FaEL YH A
2 disjoint (2] 33 prefixEY GA =i, o
prefixE& A7|EE L= "’Pﬂ-.% FEF
3 29 2852 worst cased] ONY)2] 4%5S
7Lh[;}_

52 BPTE w=E #Aelr). 2§ 2¢] 4xn
EI'E"“‘“ o8] wEolA BAEE recursivedtA wh
o2 WrolA binary treeZt AAEC. o71M &
7H] feldler & ARk wiel yrolAlE A
prefix7t A9 4949 enclosure?! A,
enclosure?] bag#el E3e BE HoEES 9]
enclosure® root® 3H= sub-treeol ¥FFA|AHok
gk zlelu}, o] prefix@ &1be] pointE 7}
71 Aol ol 1 prefix@ Al#8h= range®
BE ¥#shs 21084, binary searchi 4% @
o] WA ZHAME7] wiel enclosured 4] el
o Fo] WA As7] flgteltt 2§ 39 BPTE
nes guglse R4k ad 39 gudE
O(Nlog:N) 9] 4%5-& 2zt

Oy o= ® 194 B3 prefix §¢ BPT T
28 dE wnged, 2y 4004 150 enclosure
prefix 10#% root® 3h= sub-treedli= 10%E
prefix® zH= RE prefix So] ¥EFse] des
o 4 Qk 23 4oA AF-e] Hel gl x==v
enclosure prefix®]-2 Uehla, j3le] o] 9l
2= =t disjoint prefixdS vERALE a7 4

Sort Procedure
/*List contains all initial and sorted prefixes. */
Sort(List)
/*First find enclosures */
for all i in List do;
compare i with all j in List where j!=i;
if i matches j then
if i is shorter than j, then /*i is enclosure of j*/
put j in i's bag.
delete j from List.
else
putiin j's bag.
delete i from List.
end compare;
end for;
/*Now sort them */
for all i in List do;
compare i with all j in List where j!=i;
if j<i, then
exchange i with j.
end compare;
end for;
end Sort;
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Building Tree Procedure
BuildTree(List)
if List 1s empty, return.
Sort(List)
let m be the median of List
oot «—m;

let leftList and rightList contain all elements in the left and right of m.

if m is an enclosure, then,
distribute elements in m's bag into leftList and rightList.
leftChild(root)+ BuildTree(lefiList);
rightChild(root}— BuildTree(rightList);
return address of root,
end BuildTree;

a3 3 vloluy ZaMa EuE FASHE dudE

o/l B 4 95o] 34 719 prefixE2] binary
tree7} 1071¢] el¥l-& ZH= unbalanced treeZ
A=)k

olel BAE& A el BPTHA S ojEw=
AN gaglge 19 5 HAE dudEE AL
gt a9 5o HeE HY daelEedAe
search procedure® recursivedtdl FEO&EA,
a9l @MelA match7t fle Beolwt 441 @4
o 4] match®&= prefix® oo 319 &4l
#] match® prefix7} longest prefix® A€k
ol F=dolR A F wells A9 wlEdA
match® prefix® 319 #we)A match® prefix
2 fiHsle Waow AAst) ol A W ut
9} 2o] enclosured 4 #lwel Far ahgl @
o] 4] matching :=%=7} 4171 ¢]+ enclosure®.t}
] 7 prefixe] =& enclosure® thA|go =M IP
ol=#29] longest prefix matching® F+@3}7|
Sigtelct, b Awd upe} Ze], BPTAA 9] o=
g2 AAL OlogaN)e] 452 etk

BPTolM9] updatet F A2 vro] 4E&
4 otk F71Ee prefixzt o] 304 RAE
disjoint ¥ prefixehd, tree?] leafel] 574 4= §l
ooz ok At oj=gA AR AL 4

11110110

oan1anl
11101101

00100101

0001
01001100 pya11001 0110010

GO010 00011101 1o

100110100
1011000 1011010

-
161011011 Vi

10110011 101101110

a2l 4 % | °| Zajuase] uofulz] Zejus Ed

B =ZYxEY o

Py 410 Pig 1101110010
P |01 Pig  |10001101
P; (110 Px [11101101
Raa) 1011 Py 01010110
5 |0001 P» 00100101
Ps  [01011 Px (100110100
P; 00010 Pa (101011011
Ps 1001100 P (11101110
Po 11011001 Pos 10110111
Py (1011010 Px 011010
Pu 0100110 Px (011011
P2 (01001100 P» (011101
Pz |10110011 Px  |0110010
Pis (10110001 Paui (101101000
Pis (01011001 Py (101101110
Pis (001011 Py [00011101
Pz 100111010 Py (011110110

zh=t}, e wkek F71EE prefix?l BPTe| o]
n] Ea8h= t}2 prefix® enclosure$l A%, 71
Eloj#|= enclosure= 7]E& prefixE tiAtodof
32, M2 3719 enclosured root2 sh=
sub-tree® T FAStoF sk EA|3e] Stk
BPTelA 2] Elo]E update ¥3elE 13 69
Bl

IV. EnBiT (Enhanced Binary Tree)

IV A= [1]1e1A4 =k BPT +x& 3%
of FAHE ANAF F vlojel F2E Az A
QFel= +%E EnBiT(Enhanced Binary Tree)o]
g REz2 3. MEex 498 BPT: 5§
prefix® enclosure® &= OE prefix5S 2
enclosure® root® 3h= sub-treeo] ¥3§ Al#Hof
gh-e Q31 o]+ longest prefix matchE 4
gslojof 3= IP oj=dl~ HAel 544 sigd
3z [P oj=#27} o|d enclosure prefixs}
match&$tt siH2ke o Z 7 matchdl= prefix
& zlolof a17] wliZo|tt, ol F Ao wjEel <ol
% 404 KH9%o] unbalanced ¥ tree7} A4
%™, o]2]§t unbalanced ¥ treei= S=golz
A= 7)o oj#&& Adrh

EnBiT< tree®] T4 8249 prefixEe] A=
disjoint3 #AE 2=t} balanced tree® T4
3 &+ k= oA ARYEle BPTY
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Search Procedure
/*tree points to the root and addr is an IP address. */
Search(tree,addr)
if tree=NIL,return NULL;
if (addr<tree(root)),
prefix«=Secarch(leftChild(tree),addr);
else
prefix«<=Search(rightChild(tree),addr).
if addr matches tree(root) and prefix is NULL,
prefixe—tree(Node).
return prefix;
end Search;

28 5 vlelve] Zej9l2 Eele] o|=uls FY huelE

unbalanced A&-& 7M7) 918 A=A o
+ enclosure£2] sub-tree’} main treeol| 4 2|
gle] E9E tree2A] EAEW Jled AoEA
EnBiTol A= enclosure®®] sub-trees main
tree9} H#&e] E7E sub-tree® wHETL F
main treet= disjoint prefix® $HeE A ¥ AL
HE enclosureEe #H1& enclosure® sk
prefixE2] sub-tree2 7= ¥QIHE 7[AH, R
£ gub-tree?] prefixs %3 A= disjointd ¥
AE =

% 79 EnBiTS $18) 4% Sort ate|s
S RYr}k Main tree®} REE  enclosure?]
sub-tree S-S recursivedt| sorting dH= Late)
Lolt}, Sorting ZA¥ main tree T2ES}
enclosure set ol 2% oj# 7] sub-list7} A4
). EnBiTelA tree® wHE7] $18 $4€ &2

Fe o7 8d Btk 1§ 89 dunEEE

Insertion Procedure
/*tree points to the root and prefix is an IP prefix. */
Insertion(tree,prefix)
if tree=NIL,then,
node «<AllocateNode();
node eprefix;
make tree parent of node;
return;
if prefix is enclosure of tree(root) then;
replace tree(root) with prefix;
Insertion(tree,tree(root);
if prefix < tree(root), then;
Move(leftChild(tree),prefix);
else
Move(rightChild(tree),prefix);
return;
if prefix < tree(root), then;
Insertion(leftChild(tree),prefix).
else
Insertion(rightChild(tree),prefix).
end Insertion;

38 6 welE] Ze|mis Ed]e] qjulolE dneE
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Sort Procedure
/*List contains all initial and sorted prefixes. */
Sort(List)
/*First find enclosures */
for all i in List do;
compare i with all j in List where j!=i;
if i matches j then
if i is shorter than j, then /*i is enclosure of j*/
putjini's bag.
delete j from List.
else
putiinj's bag.
delete i from List.
end compare;
end for;

/* Remove enclosure from List and Sort bag */
for all i in List do

ifi's bag is empty, return

add i to enclosure set

Sort (i's bag);

delete i from List;
end for

/*Now sort them */
forall i in List do; :
compare i with all j in List where j!=i;
if j<i, then
exchange i with j.
end compare;
end for;
end Sort;

18 7 EnBiT® Sort 4xEls

main tree?] @2E$%} enclosure el S0l
B E enclosure?] #AEESS 98] v How 4
g=lojol g}, a9 9% @49l £ prefix
sample$ ©]-&% EnBiT9 oF HolFErl 79
o|d #HeH wti enclosure seto]l 4% prefix
55 vehly, 929 prefix?} enclosured] 3k
prefix®} match@d match® enclosure prefix?}
71871 sub-tree® o]5sle] HME 3ok
A= prefix7t A4 == A3E prefix® r; F

t g2 BANE =EE olFda, e e 12

CEAE wER o]Eae] AAS Ay

EnBiT main tree®} <2 71°] sub-tree®
TAE 2R ojul treeoll4] binary searchE 713
g AANA 7)ol AAste, Mo} 22 HA F3)
el &8%9<] binary search® 7}Fs3iA gt
EnBiTel4 9] oj=dl2 AL §JEd oj=d29}
7} #A matchdh= enclosure prefix& 3= 7
ozyE Azt qdgdE o=#zrt o4
enclosure #}% match &4 @& Agels
disjointd prefix 529 4% main treeZ ©|
53519 binary search® Z3)5la, treeolr ujx|
k= dEg]E thid 1 dERS] fwd RAM X
QEE 2% F =7)o HAE FEICL ol:
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Building Tree Procedure

BuildTree(List)
if List is empty, return.
Sort(List)
let m be the median of List
root <= m;
let leftList and rightList contain all elements
in the left and right of m.
leftC hild(root) <= BuildTree(leftList);
rightChild(root) <= BuildTree(rightList);
return address of root.

end BuildTree;

13 8 EnBiTelA 9 Ex] 4 ¢ags

EnBiT® treeWl®] 2E prefixE2 A& disjoint
3 Al glemz shiel e dfx s
W o2 dEz]ehs vieA] 7] wiEo|vh. Main
tree AAE A oY A== dEZT} Qe
A9l default fwd RAM ¥QIE|E &8 3ch
3189 ol=#l~7} enclosure 5 matchdh= 7
Sl 7 #A match$  enclosure?] fwd
RAM ¥318E 7|93 ¥ 98 enclosure?
sub-treeol 4] binary searchZ o|-&3%F oj=g
A4e Agdty Sub-treedld AE match® e
prefix7} 2low 7|93t fwd RAM XERIEE M=

ooloo0t101
001011

NEDHN
11103110
E Hl(;_p)llnl

Enclosures 10001101
LU 100110100
101011011
E

0110010

Main Tree 0L ILp Ll

01010110

01610

1

o1rriotrto

ol1riol

110 1101110010

0001 00011101 | 00010

N
@ = =

1011 1ol11oool
01011 01011001
0100110 01001100
1011001 1ortoonl
1011010 ltortotooo
Toriorti 101101110

a2l 9 1% 49 9§ prefix sampled ©]&8lo] +
4% EnBiT
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match¥l fwd RAM FELIE2 oixsta #ANS F
#3} Sub-tree AAE HAS= B2k A=
match & dEE7 glokd, @A) 71938k Q=
fwd RAM EQHE &8¢ F A4S Fadt

EnBiT &% prefix update7} -£-o]&it}
EnBiT olX 54 prefix® #AAS7E Q= 4
S-olli=, 21 prefixe] fwd RAM ¥2IEj7} F&5§-2
FAGC} oldl WAoo g o= Ho]EE update
he A9 FaES dEe7E AF Fo, =g
Aol g3kg AR keth o= HA A
o FEF AED|Q prefix e HIE ¢35
AMEEY fwd RAM ER1EE 719 5H#] gketh

1% 102 EnBiTolA A 2F prefixE F715H=
35l g flow chartd HeF3 itk 3 WA
= Frlelaat sl A28 prefix?} disjoint
7-olt}l. o]dli= main tree?] leaf2 AAsH ¥
o} F WA A9 AES prefix?} enclosure set
o] 2= prefix® enclosure$l Z-$o|r}. o] A%
A =g prefixE enclosure setdll F7fshd i
AW A= AMEE  prefix?t main  treett
sub-treeo] 2= prefix?] enclosure$! 7-$-olclh
o] A% #HMP prefix:= treed|A AAHIL Y=
treeE TAEA ®ol A ZE prefixt enclosure
seto] 7t A2 A% treeE 7195HAl Foh
Y wAzE P2 prefix?} treedl FAsk=
prefix® enclosure® zHs 750t} ojufi= A=
# prefix®= enclosure setd] F7FEa AN=ZE
prefix7} A3E te] EIEHE 7|Ygt N2 &
prefixi= sub—tree®| leafell A&AHACE 18] 109
flow chartelA] Yepd v} o] EnBiTel|A =
incremental update?} 7Fs%s & 4 Uch

oy MA@ wlel Zo] EnBiT + disjoint &
prefix 2% FAE A2 Fol9 4o g
balanced trees k= dlole} FEEA AR

update AelH EF §-8 4o et
V. Hardware Architectures

Binary Search #4 ¢xz]E2 o 714 94
o2 ¥4 A7} 7Fssith [13]e14+= BPTE gt
1, o=g2aE HMshs =4S Alkeqtt
[13]ell 4 #ke wae vRe] HT 348 o7
918t Cachee] 9¥& = CAMES F3itk =
2L} [13]ell M Adas o]zl ukel o] 2hg-EoAg]
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— =i - ‘.__ B = TR ‘ * b

| | o prefict= reeoiH | |
|28 profixi=rmin| | SR pefixts | | 4§ prefiva| ais-treeod 24 CHE prufixil treeoht] Ao}
| rens] leaf® 4918 | | enclomis st 71 "' b B 3l enclomue

a2l 10 EnBiTolMe] A2 prefix F71e] ol flow
chart

Cache Hit H]&2 50% olst=A] JijHole} &
+ 9k =% M-way Prefix Trees o|-&3}o
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& So] 128K 712 prefixES 8-way Prefix
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22 o 4 glv}k [13). gttt leaf =71 AA
=29 70% o]de] i1, branching factor®] &
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3 wWolx= whe] gty AERHo= [13]eAM A
okst sl=glo] 2= BPT 729 Hd 34l v
ojgle =Bt glo] A&Hor vl AYd
4 9 EAS #8sx B s5e B olEl
binary search?} 24= pipeline®] #H§3% #2#41
AEe gt FREAM 53 dedo F=e
&) oj#& Aol

X Zo| A= hinary search® A9 AAZ
o|-&3l= pipelining HWHjel] 7]Z3F dlE=So]E A
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binary search®] A&g Il o]83h= Zow
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child2 7k= ¥ERIEES 7]ojsith a4 112 2§
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TCAM®| dEw]elE AHe] sub-tree® 7= X
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VI. Simulation and Performance
Evaluation
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=E/IP ol=d 2 AME 9§ M E2$ pipelied binary A4 F&
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VIil. Conclusions
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3 ohE wEsle A% i

Address Number of i
Forwarding
Lookup Memory Accesses Table Size
Scheme (Min/Max) et
Hpes 8 1/3 450KB ~ 470KB
scheme [5]
DIR-24-8 (6] 1/2 33MB
DIR-21-3-8
1/3 9MB
[6] :
Pararell
1 189 KB
Hashing [10] 4
: 2000-entry
Afrl‘]’i[;"s_fd i 11 TCAM
A 245KB memory

glo]E updateol = w1 $54=5 AL zhon,

& faME 44 838 F e S Ad
t}. MAE-WESTE &33t A4 prefixe] #£¥&
7t i e A3, AHA pipeline ©A]7F 15 <1
Tz7F A=A, S 200099702 dEDE ZH=
TCAMT} 1571¢] pipelined stage®s $J3] #3 =2
a3 Mxge] 27 245 Kbyteo]th
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