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ABSTRACT

Internet routers perform packet forwarding which determines a next hop for each incoming packet using the packet’s
destination IP address. IP address lookup becomes one of the major challenges because it should be performed in
wire-speed for every incoming packet under the circumstance of the advancement in link technologies and the growth
of the number of the Internet users. Many binary search algorithms have been proposed for fast IP address lookup.
However, tree-based binary search algorithms are usually unbalanced, and they do not provide very good search
performance. Even for binary search algorithms providing balanced search, they have drawbacks requiring prefix
duplication. In this paper, a new binary search algorithm which provides the balanced binary search and the number
of its entries is much less than the number of original prefixes. This is possible because of composing the binary
search tree only with disjoint prefixes of the prefix set. Each node has a prefix vector that has the prefix nesting
information. The number of memory accesses of the proposed algorithm becomes much less than that of prior binary

search algorithms, and hence its performance for IP address lookup is considerably improved.
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E 1. ZF2 Alset) oA
Table 1. Example: Prefix Set

#Prefix Prefix Len Out_ptr
PO | 00* 2 0
P1 | 010* 3 1
P2 | 1% 1 2
P3 | 110100* 6 3
P4 | 110101* 6 4
P5 | 1101% 4 5
P6 | 111* 3 6
P7 | 11111% 5 7
/.::l

e, Y G
/ . P‘Z\
-, -
-4 o /G i,
/ v
oh0- e i1
g N Pi
\. 1o [
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_\‘_/
- ELACLE
/} <\ P7
.'l‘i“m" h RRL L
P3 Pd

3 1. oAl Ezpole] <A
Fig. 1. Example: Binary Trie

2lo](sub-trie) = 002 A|zlsl=s nE ZE|gAs-s,
1-Z]IE7} 7F27)e A8 Effels 12 A8
e P AEs 2 v, Ze|gsd] oo
Eo] dfallr] 22 S wHEgheh o] [E 1)
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ol [ 119 Zejgx Moz AR oal Ezfo]
ol TaRlellx] Bl o] FRe ZelYsE s
E

Mo

o]

o2 oy FxEe] A-EYk 1 F =, 8
Hell gk v ER Axlsx] o of2] v|EE Hlws}
o Wxe] HT 35E Fole HER|E Ezlo]
(multibit trie)7}F et (28 21= [E 119 ==
Hx AS olga] T3F "eM|E Ezlo] Fxo|
tl o] FEE Efl ZolE Fol= Whi, =g
o Bl gl Zejgs 7 Sofve WA

zZhe=r) o2 ube g s 2] xuE 7k

P1
010* 010*

110100* P4 P5 P5 pg P& PT PT
110101* 1101*  444* 41141

33 2. HER|E Egjog] o4
Fig. 2. Example: Multibit Trie

vlefgls W x=F AASN] Wl xuE Folw
PC Ez}o|(path-compressed trie) T7-%"17} ik =
g o] F 7P WS =T 483 LC Erfe]
(level-compressed trie)”7} glck 22t} olelgh
ZE52 %3] ¥l k=Fo] EAghek

ollgh Wl :=Bd k3| AAR wee T2} AL
%|9Jck BST(binary search tree)”$} WBST(weighted
binary search tree)'S 1 & & 4= gl o|&
dae]Felxe ZHol7h AR v T s o
slofoke 22 Aol AR
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2] 1) ¥]a(Compare)
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vlwgke} qief Fxe]e a0 A H ~EF(sub-string)
o] 22 A, 71 Z|gx] m+l WA Bv|EZ} 1
o|w A>B, ollw A<Bo|tl

o) A=100, B=101: B>A

o) A=11011, B=110: A<B

o) A=11011, B=101: A>B

2] 2) wjx|(Match)

T Ze|goot 2o g Zejgs A
e 739, wiAEel a¥A] ko 7 Zejae
o] x]5}#] od=c).

o) A=11011, B=110: A%} B vlx|3kt}

o) A=11011, B=101: A%} BE wx|3}x] &=t

A9l 3) t]xFl E(Disjoint)

* ejeool e srexl Ash B ik
¢lEo]r}

o) A=11011, B=101: A%} B+ t|~FslEo]|t}
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72! 3. BST(Binary Search Tree)®] ¢iA]
Fig. 3. Example: Binary Search Tree(BST)
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1101 111*
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110100%  110101*

O 4. 2= FAE g o7l Erfe]d] oA
Fig. 4. Example: binary trie using leaf-pushing)

P3
110100«

T2l 5. DPT(Disjoint Prefix Tree)<] of|A]
Fig. 5. Example: Disjoint Prefix Tree(DPT)
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27} =5 zZg|gsER P2=1%2} P5=1101%
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= AR, P5E 4WA71%], P3= 6WA71A] vl
e 1101005 Z2|FA ARE zZh= e
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FHIE HEE AAsicy B =gl =
ﬂﬂ* He g AAsl= AL 7Pdste] dwsi, 2

i oft

it
ot
Lo
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Jh

I~

7k 2, s, 30] AR} webd o] mejuie sfest
= zﬁ.ﬂ/k WS 72 [j_a 6]J,]. 7t}

179 7 (79 9] o)L Eelele] el o)
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A9 ks 1 et gk R W]
FBERE] SAES ZejEs Wl AY ze

Prefix vector

o I I I
T2l 6. [E 1]°9] 110100%9] Prefix Vector *A]

Fig. 6. Example Prefix Vector for Entry Having Prefix
110100*

Prefix Len

110100* 6 2

{P2,P5,P3}

P7
{P2,P6,PT}

11111*

010*

110101

PO P4
{PO} {P2,P5,P4}

ag 7. A tree TE A
Fig. 7. Example Proposed Tree Structure

519] Fxo} Hlmsle] B AL Fo] t]AxglE
Z|YAER o|FAX| R Zo|(depth)7} =t
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re iE]—’_%z}, zg|ga 7o), e o] zag
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20 =3 ¥ E HRE A ug|gdas dEE 74
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Aelef 2gk 7] AR AEEe] AAkic) 247t
Zejgs HEls $lollx] Hek wiel o] T Q=
2]o] Ze|gro} o] el QIFRA} Hie X
g Ee] ARE wiE Aojof gtk & Y A=
28] zelgre]| wiA[shs H7HA| Z]’/\‘l—_‘ Hf‘f}
04 *LEP“ W] st zBlgel| JFEAC] &
ARE AA-L (£ 219 EHE‘ Eﬂ°l °ﬂ*1
= —;1“4«1 HelE 98l 7 Zejgse] &9 xE
HEE A9 zZejgs WHsel 27 slgich o)g)
Yo ai el o3l [% 119 Z]PAEe] disle] [

N

4bytes Ibytes 25bytes

Prefix Vector

Prefix Length

T2 8. 2 Heol&e dlEr] 7=
Fig. 8. Entry Structure of Routing Table
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E 2. 298 HolEe o4 AAsh= Zlo] o} Ze|Ha wEfo] RE =z
Table 2. Example: Routing Table 2 AU s} olelsh A w)io] o) o]
Prefix Len Prefix vector Hol oEz]e] tisle] LPMS F383s] o) <
o 2] - ol -[-1-1- 2153 4 e i mes g
010* T I N U e N o] dlolg] x| 7Ae Zejgx wE T 3
nowoor |6 | 2| - |- [s|-[3 TelElojola A sgelA] @AAlLMPI
110101* 6 | 2| - | -1]5/|-]4 7 AR 7P AA A7 ZejEae] Zo)
mrs s 2] - Je |- [7]- = Uehlls LLME Z|ofajelo} qkek 2 A 3
Aellr] A4 dlEele] A= ol AY £A1E
D0 olgel A dwelsel BheE Helte e,
AP el [ 215k 2 R4 Te (27 9jeh e AAe wEek ¥
;(-] Al o o 3“ I—‘_o‘]% b 7]9] JELX4;<] _T__/J:_E_ AE]'
3.3 17:-|U\—|'|I Search) -]_._TEOO];'—] PPy bE }\h ’:'/(—'0]] Eq'ﬂ' Tﬂ] &)
Aokl ebuelZme ob] B ChE obyg|Z=Eat al = A (binary search) < ] AT,
o)y A9 A Ee] Zefag BRta 7Rt
9e] o9 elole] dEwle] mE melgaz :
[ oellA] Heli= wls) o] AL v =
A:SOIR I3 D2mA N
B: ®Ji vIEDY E2[TA &

‘ (1) LMP = NULL, LLM =0 ‘

(2)EIOI=uA 220
HEC|Z 2

{3) AZt BIt
matchdt =217

l(ila]BMF‘= (Prefix vector2l BE| 21010 HEH HE)

M=
HMEE

{@5) L= (A B2l substring 0l matchar = H N
Zol)
@ 220 glle L=D

o e

16) Prefix vector
LR Ki2i o 4 2e
#5(0)0F Y J12

(Ba) 24 HRAUA
J2H MEZ 2

L

(6a)LLM = L, LMP =
o

(Ta) A2 &

He M BE

(Tb) BME EA= 22 2

e =9 =) | |WANABED 2 Z0rE)

]

T A
1]

AEL Tt A=0?

(8b) BMP = LMP (2% £2)

38 9. ARk e 234 34
Fig. 9. Searching Process of the Proposed Scheme
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THA AEA, B2 FFe EA-A] F4 A
7} 11011081 795 o= 5o AdwslH, (1)LMP,
LLMS 27313 o} 2)uiA] Hlo]Ee] 7184 =
23l 110100*(B) S Ze|P~2 k= lEzlofx 714

= AFREL (3)~@b)Aw= B A|BA~EF 1101+9}
2|8l ® L=47} =3 (5a)~(6a)Z]H~HE]] 4
WA Aelye] Zelgs AR 455 AARIE 2
A3, 4917 22je] =i A HE LMP=5, LLM
=47 A3k} (Tb)~(8a)L the, 11111*5 Z2|g
22 3he dlEZA AAE A&7k (3)~(4b)o]
A5 At WiXEhe Zejgs AHE Aol 191 P2
W] rolr) (Sbyole 3| Ez|elA] &
AR 719" LMPEE} ZA viAshs Zejgs
AL G5 ristes =g W A8t
Al etk (Ta~@aw=tA o A4 E
Joizit) =Zz|g27) 110101+ AEZ]6lA] 74
o] =1 o] A= vPEIAR o] AA wix]s}

|~ AR} $lemE LMP, LLM—°— ogrﬂ ]
A et o] dlER]e] AHapl EreE® o}
Eg|Z ol7lef st (8b)t H} 73*—‘#2} ol
Egrt @H] fgken® et B dEfE A
Aletodetar & = glck wieba] 42 FEE L F
Z A Axpl= A= LMPr} ¥lth & BMP=52
=g 1101%0] SHEE 50|tk

HE
& ql

N
=

do |m
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Input Prefix 7A<7>| Leaf 7™ | Leaf rate (%) | Tavg Tmax Tmin Memory (KByte)
W1 14553 14288 98.2 12.9 14 1
AADS 20204 19832 98.2 13.4 15 1
w2 29584 27622 934 139 15 1
El 39464 38316 97.1 14.3 16 1 1122.5
PORT80 112310 70418 62.7 15.3 17 1 2063.0
GROUPTLCOM 170601 106959 62.7 16.0 17 1 3133.6
TELSTRA 227223 162103 71.33 16.52 18 1 4749.11
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Table 4. Comparison in the average number of memory accesses
Input Leaf Rate (%) Prop B-trie BST WBST P-trie LC-trie BSR
w1 98.18 12.87 22.87 14.13 13.89 16.7 29 14.21
w2 93.37 13.86 23.08 15.55 14.96 18.2 43 15.20
El 97.09 14.32 23.17 15.79 15.36 18.2 32 15.67
PORTS80 62.70 15.33 22.15 25.96 20.58 204 10.6 16.75
GROUPTLCOM 62.70 15.95 2231 27.02 21.69 20.8 11.0 17.28
TELSTRA 71.33 16.52 24.64 30.77 2391 22.9 11.2 17.64
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Fig. 10. Comparison in the average number of memory
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Table 5. Comparison in storage requirement per prefix (Byte)
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W1 24 31 10 10 10 440 12
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Grouptlcom 15 11 10 10 10 48 9
Telstra 17 12 10 10 10 464
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