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ABSTRACT

IP address lookup is one of the essential functions on internet routers, and it determines overall router
performance. The most important evaluation factor for software-based IP address lookup is the number of the
worst case memory accesses. Binary prefix tree (BPT) scheme gives small number of worst case memory
accesses among previous software-based schemes. However the tree structure of BPT is normally unbalanced. In
this paper, we propose weighted binary prefix tree (WBP) scheme which generates nearly balanced tree, through
combining the concept of weight to the BPT generation process. The proposed WBPT gives very small number
of worst case memory accesses compared to the previous software-based schemes. Moreover the WBPT requires
comparably small size of memory which can be fit within L2 cache for about 30,000 prefixes, and it is rather
simple for prefix addition and deletion. Hence the proposed WBPT can be used for software-based IP address

lookup in practical routers.
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eyl ZZEZF (Internet protocol - IP) T+
WEY = }E(network part)?} FAE IE(host
part)®] A F2F Zed, FA FUAE Fe
A=#HAl (classful addressing) HFAellAE IP F4
o] MEY= ste, 5 Z|HX (prefix) ZHolE 8,
16, 242 wAAA AFE3le] exact matchingel]l 2
T F4& 73 (address lookup)e] b3l vt
AR 28I 1P FAvL s DFe] Qo] ol
£ Az 98 S94E 4A ge o=
(classless inter-domain routing - CIDR) o] &
Assdcl. CIDRS WESZ FE7} ¢Jefe] Aolg
7H 5 glemz VEHIH g 32EL] Jie
o @& oot =18 HEa AL 7HsEHAl
3, w3t B sl UEQ=ZE Fe skt A
g vEYaz FPFoZHN WE 2}9E](backbone
router) |4 298 HlolES =77t Folsle A%
WAE 4 gl AAe] olck et CIDR i
slollAe] AR UEHZSY A T2 vt o
2 e zejgse} XY 4 glovg s} A
g VEH=ZE 2] S8, Y AR BAR] F4
o} 7Vt ZA wjxshe AER]E Aolol Fy o]F
longest prefix matching (LPM) o)g} #c}?. LPM
S AR 4 RS HAY <3S vladke o
A A AA, <3l Hol>& washe 22K HY
22 Ag g Aol 1 oeige] slvka & Aolch

IP F4 e 33 LPMS #18 o8] 714
duelEy} F27h AljtEe] gk, sheddedd] 7]
uigh whalal Az e IRt HRAle®
<+ gleh sl=dlelol] ZHIRE vRAle Wi El9E T
3} o] Hzle] 3% Ayt Fe] He el
F2 AMEE, 7] IS A% AL =]
£ ASICoE T3} ARk WAoo} AXE
Hofell 7kl WAlE AR A2 2hpE oA
F2 AMEE wAlE, A3l 299 daElEE
AxEdelz 2 gsle], CPUZL AR ENEE
GIEIEE sl HwRAolch X7ke] 29A Al
1P ol=sa Y J15g Fvlsled dAx 2heE
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£ a2t sk xHER A gled,
old] Atz I 7o TR $5td 1
£e] st=sgfolr) opd, AT ESV} MlaieE A
A=},

IP & AN 72 A5 e 5 F
23 AL 7 u 2F AY £59 AT} He
oi22] HX(memory access) HFolth AT EY]
off 7k iR rjEe| vEL #e-EL A
F7F oid, Zajgx9] Zole| wle} sime] M
347} A== w2leolct. 2heE Hol &S AAs}
71 918 82 = vzl =E F83 84
olz, Mz vEH=Z FRE 7P 24] o
= VEHZ AR A folA, 2heE dlEe] A
o] Aol Pvezel ¥4 sFedE 1 ok
22 8% Az} "ot

£ =2olA Akl WAl Az Eg el 74t
g e v I A 9o Hi
(lower bound)ell A9l A3 As& Hold, v
A AL ofe] vwels HeZ 3= uhae|th T
T oAl el E9} slyixE A A
(pre-processing) IA-E& F8FE 3R] 7] wlid,
zZejEse] ot AR golslch

2 =8 S o5 Aok 1 AelAE P
F4 AL sk 718 Ak S e
7] AE 3 1 Aolxe Ak s A
G3kc} IV Al AA B5EE 5] dlelE
£ AMEt Al Bl 3 ARE 2eFm o
Al Eake] A vlagkh rRTeR Vv AelA
AEs derd
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EE/IP F4 AL 93 75 o)Al Zelga =

1. TCAMO|| 7|Z=5} B4

A A3 2F9El(outenyt WEY= AS
(network layer) 28134 71 go] A== vt
A o2A, TCAMelH: 53] A3 w=elE A}
g3led, 98 Holde ARHh o=ds 4
£ JHE 3 BAx| Fis), TCAMe| A"
B2E QEgle] Ze|Hage] FAl wlase], o]
she Ze|a Pl 7B ZAA dAske AEE
o] Favt A== welrt. o] Fav X9 A
22)E rlej7letl AR, ZHY dixne]2iE
Y EE AR} o F (hop) T8 ARE
A "ok o] sy, wie- wlE Jeg Mo
A%, TCAM-Z ddF SRAMe| B3} XpA|sk= 9
Aol 6] A= 33, 7HHE HE it opel, A
Hawot wig- AA AR 299E A3 A= 3
tell WAEA] e Dol slrh =% Z 2o
glo] Lo, IPve2e] el A¥shA] o2 EA7L
=P,

2. sligloll 7|51 wha

34 (hashing)o 13t Wme] AMHS- F5& Fol7] ¢
sled 21 Aeje] Ip ZejHAE L Aol 2EF
22 WG F 7 Hold 2EFe] slE)F)= vl
2ele] A= Ze|Hag AAste 298 Heol
B8 FAsle wilelck ME & za|garl 7
< 2E8o digss AUt #AE 5 sle,
o]F FE(collision)o)et 3pd, FEEL HFEHoZ
Agjsle] F= Aol #Aelrk Exact matchingS A}
S3= 33 A= (link layer) 54 7A4L 98] o
o] o]&5e] gtom, LPME o]43l= vlENA A
3 T4 S H8Me 7 Zejgs Aoz o
o] 4L FsiA HoPl el saT W
22 ZeEjga ZoPdE W 4 Holdg 1t
3, B4 #]d(multiple hashing) & 245}
5S4 w99, 298 wolBe ale) oF
(group) 22 o] Mxo] wimele] AAjE F =
s ez 7 ez Ne] ¢ApHQl &4
& 33l 25 #4(group hashing) A" Zo)
A= e

3. Trieol 7IZ=8t whay

Trier <Zol>o il A3 ANe L3
Wae 2, RE Zgdit riedld] o] k=
ol Y1A3HA =, o7t i A Ze|Pae E9] |

WA el EA)slA "ol Triet root24e &
slef, Zelgxo] ¥ mlEH Akl Frel ool
AZ, 1o]H 2EZ o7 olFsl= el ojx
2 8L JEE o= HAE § ulEH k)
dA, dxjshe ZejPas whd vk ix] AN
£ qulolEs}, trie?] leaf x=oll4] FrHC,
E 18 =zelga 744 g dgsly] fsie, &
EEA AR 23702 FAE Ziga A
oflelct o7 12 E 19 Tejga gl e
o)Al (binary) tried AT A& viehdick a9 1
i Y re=t= H x e vehla, Hed e
£ o) EAEle xeF Jehith ¥ 19
=zl Ho Z¥ae] Zelzl 7o17] wiiel,
o 7] Al Besin o)Al tiert 7719 @)
W(level) 2 TAIXIth

o)zl trie 7F¥ AWAHQ] FRol, =agrs}
FEARs peiwt ohje} Zejgasl EAlER o
ol x=E Aol shedlA 2 vEe )
7} Ze=a, vze G4 Z4E oW) (We e
29 Hof| Zo)o| w]gshe o] stk

1. =292 334 o

N T R Rl S P

number number
1 000001 13 010111
2 00001 14 0110010
3 0001 15 011011
4 001100 16 011010
5 0010111 17 0100
6 0011111 18 1011001
7 01 19 1011010
8 10 20 1011
9 110 21 00010
10 1110 22 010010
11 111101 23 010011
12 1111110

a8 1. oA trie

ol2igl o)Al tried] WAHL As] s
7R WAl Eo] AlgkElgied)], wwa] dAA 348
ol i, F A o) g Am% @
multi-bit trie™, 3h}e) 7R E e wlolglE k=

= o

5% 9198 Patricia trie 2~ path-compressed trie'”,
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o) T 71X uAE- BE ZAZ] level compressed
trie”"” o] gtk Lulea ¥H"E tried AAsh=
gl sl A& <k simelE AMSEP] Hs) Ak
Aoz ZElPsad e ko YAE FAlFe
H|Eel r= AHRE uf§ Fopsled ;RSO
A Aelg Lo Q73] Zelgro) St ARt
Ho]3lA] L el )k

4. O|Zl ZMoll 7|X5t 24

Longest prefix match(LPM)E 3sl= IP T4
ZAAe oAl S H43p] HI A2 /g
Eg(tree)’t ERFHGH M Yazdani?e o7}
o2 =g prefix) S 7H] Z7] ¥|ZE 7FsEHA
e 2 7R AAE Wigled, ot 2
9] 1 vlicomparison): F Z&]P29] Zol7} 7
o 3} zto] wlaElch o) A=1001, B=110031
7%, A<B. F Zj¥xd] Zor} 1 A 7S
Zo)7iAt ulmEe} o)) A=1001, B=1100003! 7
4, A<B. & ZollA|Y 3lol 2L A, b
¥ Epi7}F 1o]d 71 Zejgzv) 3w, opd a2
zajgrr}) =k o)) A=1001, B=10011030 7%,
A<B. <) A=1001, B=1001008} 7%, A>B.
A9 2 vix| (match): sh}e] ZejH vl o}E =g
29] substringe]d F ZE|Hs wjx|3ek o)
A=1001, B=100100%] 7%, A%} Bx= #ix]gich
o] 3 t)AZRQE (disjoint): T Z2|GA7} wl=]s}
2 ke disjoint 3}tk o) A=1001, B=111¢] 7
%, A%} B+ disjoint 3t}
el 4 ¥3 =Z2|HA (enclosure prefix): T
AE ZE|g2g Zhe o Zelgvl shiegle &
Asd A ER ZjHlolrt o) A=1001,
B=1001003 7%, A¥ B9 ¥g Zz]yrolc)

a3 29le $19 FYE AHEsle] 19 =29
ZHx Al Asle] o]l 7 (binary search)e] 7+
SHES AR o)A =2l Ee|(binary prefix
tree - BPT)S HolFEr)k I8 204 H24 k==
¥ =g X(enclosure prefix)E Yieldc}h Aolr}
o ZejgaE 71 niRE JheA sk wim
(B 1ol 3l olA tiest ] ofH Ty
= qoje] #Hle] &A% 4 e 5Ae] slx, |l
ko) EA5A] fe Aol ok

a3 204 BH Ez]e] wok) 3 Hog £
E7¥(unbalance) EE FAL AL & F =
dl, 7ldl= F 7FR9] ol#7t Atk AAE LPM
o] Bygat xai malgae AMAE zeElgdsaz 3]
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o 2 Zganc A9l $X)3ledo} = Al
o wEelw, Al oAl Erlg e A
ol HhEH o2 AWEE root k=5 HAsHA A
elslA] £3)7] wFolck BPT wWHlem FASI:
278 Efe Zelgxd] ¥ 54 u) Az
2 A4 357t 2d wirzkA Je el sidk

B =2elA Ajksls FEE EE ZHid|
3 =Ze|gse] JiS4E 3eisled, Yazdanid)
BPTS] 23l 73 Egle] AAg /g 7=
24 7B o]zl zZe]gx E|(weighted binary
prefix tree - WBPT)2} @il

ol

27 2. ol Zej¥x = BPT)
. Hetsh= 713 OfFl Z2jmA Ui4

£ E=FoAME Yazdaniz} AlRIRE Aol 71|
(weight) 71d& E43p7] $ist ohgat 22 A=
+ 2 /A9 AHeE AR
A2 5 dl& =g~ (enclosed prefix): Z#¥HA
A7} Z2|g~ B ¢ gy, Z|HPXs B
£ Ty A9 o& zE|gag ARk d)
A=1001°]3 B=100100%! 7%, B A9 & =
2] 2o},
el 6 2 (bag): Bage Eg Tggiel o g
Hro| o zPaER FAH gtk
e 7 5% (independent): ¥ x2]P2r} BlX
Elisnel e 2E O ZZjgad tazglE
sicbd o Zelgas 57 Zalgsoloh
Lemma: ol 2|2}l ¥d ZjPat oy,
dl& zelgax ohepd, o XElgas 59 T
2] 20},
el 8 ¥ =2|Z X (representative prefix): EH
ZYs 2L 5] sl o Tej¥lolrl
o4 sjPres dlE L) ohcl
2] 9 7R (weight): HE Ze|gxe] 7HEAE
d® zZelgre] ¥3HE Zejagl sieR A9
"o} & A =gt 23 xejga3de] 4)0]
| e A4 Zelgae] gl xE =z
25 xejEle] 1§ o¥ Feloh = dE =iy



TE/P F4 4L A% HE oAl ZeYx ER

27t 59 =g neld /A 12 A9
gk

zejgx E2]9] HY #Hd $E Fol(depth)=}
shedl, oW Ze|¥s Ez]9] ZolE Lolsn ¥
o, 1 Ezd EI=e x==9 Hd Age
204214 . 420 =2k 1 olrk Ege] A

e z2lga9] J4E Nolzt 3l ey e
DA AP,

2'—1=N
o k=2 =R
L = log (N+1) 1)

L& Zelga Ez] Zolo] H4 elela o
W, Lo AT @elolol st2z A (2 7¢ o
| & 4 Stk

Lyin= [log (N+1)] )

A7IA [ o] ceil AAkoZA o M} =9, o] F
A A A4 e Sulank E 19 z2jEa
har N2 230122 4 ()l 3l Ly, =5,
23 20l vehd BPTE o] L2 7¢]ck

ojf YA E|e] o7} Zejgx sl
st} AAHE A4 B Ao, § L= L0l
W 2 =elga Eels F(balance) EZ A9
g} Zelga Egle] Zole 87 He Y ww
2] oA A(memory access) 39} A A g
Zed, o Aol Ao Bt} 2] Yazdani
2] BPTE #7434 54 Wl Ly, 20k 8% &
Re] L& etk

E =2ddA Aksle WBPTE #H4 Zold o
+ A= EdE FAASk, Yazdanid] BPT&}
vl@ale] vfg- 2L o o wize] AN~ 8
Tk 2 o zeHze] g =ae) zzom
QolAlthd, Eel: Y o 2FYe] e ol
o} o7lefix] Eje] F3E HEE HPHOE §£
Hal7] sted FHE (balance degree) DyS b
3} 7o) Aol

W—1L

P=weTn @

Zejgze Hd Holg e

oArlel We
k.
Al 3yl FHE D= 0 1xl9) ke e

ok E=7l #8 HH, F L= L, 0l= ol
AS d¥=E A 3)eE2FE D,=1¢lx, D, %
o] 4= =gyl & #¥ I AL owigt) o)9}
W2 D, 3tel ztebA] 0 7% E|7} ¥
¥ = AL ougl

olal =elHa =g Al Ao, Y
HA(sort step)d AH HLEH BrEE TP Xg
I2~FH9] 5} 59 zHAAHYNE, § U
ZejgxAe] BHER A" AR rEdA
s dx zelgae ¥g zgad % gla
=9 =zejgad 2 ok v dE Zejgse
7EEA(ES 9% wE Jehir|E ok wef i
A g Tgsrl ¥g Zgreld, we bag
(A9 6)2] 71Exlolm, et A WE Zelgs)
3] zejgeebg, wiE o)k

g2E7} HYPHm i 7 g z]gaEl
TEEAE & 5 7] W, 4 dE Zelgid)
AF=Els 7P 2R zElgx 8)e AP & =

2 498 72 4 sich A dE Zejged
gEle Zegs F s Z—}i Zejgre] &9
£ a, 7P 2 =g 905 bl 89, a9}
b= o} 7o) 73 4 ik

a; = bi—l + ].

4
b;=b,,+ w @

A71ellA] 27] 3k $18k b = 022 Aojjic)

A Qg Z2|fart 24 Ze]Yagl ABels
A @9 wrt bagd FEAAEY 92 A,
7N & Z]HAEE] 9% [a,, b] ol A
gk ek it R Zeluao)l 59 selwacl
Btele wi=108%, o= b= b, +1 ¢ &
t} ole} o] L&Al [, b] & iMA B el
2ol sigEls Ze|ase] 9 WHel(ange) s
ehdr.

gaE A A YR =Zelgs SIS
o goz A ¢ glon wE Jehir|2 et
AA 715 we gy o] & 4 glon

= gwi )

AAAe g glAES AAVEXE gAue] Zay
2 Ngel 2} &, w, = Neolo}
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AA 71 w2 b 3k (median number) S
M2z Jehr|2 s, M ohgd o] 7% &
ek

M = round (%) ©

w, = No|BZ2, MHA 9]¢ Zejfxs AA N
A =ZEHx F 2 £ ZegaE udt
21

g Z2jgse] eE noZ Jehir|2 gl
% =Ze|ga p A z)gs LS Yehle
N ¥c} 2ok o =Zejgs F I3 Ze{yov)
shix & A, & 2E dE Zegar) 5
g z2Yadd HSolut nol N3} zolxlch ML=
2)2Ee] 7} aldA(median index)S moE vie}
U712 gl o] 7t aldae o]zl el Eg
£ sk FA¢ Qleld, 1 ohg dPde] REd)
dF=]7] gl w9 F83 oulE ek JE
9] BPT WHAMolME, 37 Qdag deshA o
¥ zE|gxo 4 nd WO R UiF 3oE A}
ek Alez wHsh,

m= 'round(g) @)

o9} Zo] Tl mHA diE Zejgxr)l 1 g
#le] root k=r} Huz E|y} EFe] He
7]},

ololl wlsle, Alksh= 715 oAl xelHxs Eg
(WBPT) ¥l E 7k Qlda mE O =Za)y
259 71EXAY 8)F zEzl Akl A&
Agksicl 7 Qdeze] = dE Zejg2o)
RAA =elga £999 27 3 Mo AlEsle =g
Hrg IFPFES Fohes Aol oA HId, F
7k Qlelx me] A HEY 2B dE =
g gage] 759 9 FXo] HES dAMER
APY 2jxEd 3l A ()& HHEAHLE AN
gk iz LR sjaed d& A" F2t
QdlA m3 7 g)AEe] UF =Z|HAEe] sEEH
9] g9 7kl M= o 22 AP ARE
o}

an = M<b, ®

Al ®)NH miA dF ZEgsart x2 2y
2, AA =Z2lga =909 F7F 3k Mol| sl
E zElgar) o7)d ZIE o zaElga F
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ZARths AL ouidicl =lef miA dE =e
Yoot 57 zejgaepd, 7haslA] o] Zalgas)
Z7F 3t Mol dgsEE zZalgsehe AL uidt
o} ole} - P of3le, tHE ZejgsEe
71 E 2R 32 QA mE 7R

olatoll4] A9g WBPT &12l&S Sort H-83}
BuildTree H#%22 vlre] oAl FT (pseudo
code)® F¥E = Qlok 29 33 39 4= AF
Sort %3 BuildTree ¥-#9] 94} =& Jehd
o} Sort ¥EL A zHx glrEdr FF =
YA 49 1 zE|gao] o g
2] 5% e, dE =ejgae] 8yl disiA
v whEAY] 1)S A48t AFhdch a2l 7
dx Ze|Hxe] /FAEY 9E Tk, A 9F
o] 43y 7t ¥ xE|Hio) sPshe w9 HY
[a;, b] & 78 o5 A 99} ©)9 23k =iy
2 £999 2 % ME 78R 4] @2 W5
7B %7 92X (weighted median index) m<
T3t} BuildTree ¥-5-2 Sort ¥-#olld 13t 715
Z7F AdA mE rootZ A rootE AllE v
A ZHAEE leftlist9} rightListol] ¥73F o,
leftList®} rightListE v oA 22t recursive
&7 BuildTree & F33Ich ofsh 22
recursive FAE Esle] »E Z|HAT) leaf T
7} 2 7R sl ddlEe] xoEg Tl JE
o]zl Ze]9l~ E] (WBPT)E 4%t

I3 5% ol¢t e whier ¥ 19| zEgx
Aol sl AR 71 oAl zelga Ee]
(WBPT)E viehdich o] 799 Eg| Zo] L2 5%
Al Ele) Ha Zo] L,,ql 59 Atk mEhA o]
A= 78 Efold, #IE Dy 10lth

V. AIE30IM 23 U 45 Him

£ =EdA Akl FE2E CAYE o83l
AlgHolAdS sk AlEHeAS $8 A
g dlofele AA BHeEE AA T AREY AR
£ olgslgled, ® 2& Alklsle 7HF o)Al =
2~ Ez)(weighted binary prefix tree - WBPT)
ksl 7jEe] o)xl |~ Ew|(binary prefix
tree - BPT) W29 o] L3} #¥= D, & vl
g Zelck Aljksh= WBPT WAL 4 ol L,
o) vi¢ A= Aeg Beolw, BPT WHAlucrt &
ol gl "R 3 & 5 Utk




TP F2 A4S A% 74 oAl Ze s Ee

Bort{List)
* First find enclosure prefixes ¥/ I
for afl i in List do ;
compare i with all i in List where j =1
if' i marches § then
if i is shorter than j, then
put jini's bag
delete j from List
cise
put iin j's bag
delete i from List
end compare
end for {

% Sort representative prefixes®/ '
for all § in List do i
compare | with all j in List where
if j < i, then
exchange i with §
end compare
end for ‘

* Find the weight and range of each representative prefix #/
for all i in List do !
number < 0 /% number of clements in List 5/
if i is an enclosure, then
¥ is the number of prefixes in the bag
else
w1
a4 +1
by b +w
number « number +w;
end for i
w, « number

™ Pind the median index including weight in List */ '

for all i in List do
if(a, SMSb, )
broak;
end for i
M «—roundiw, f21  /* weighted median index %/
return m i
end Sort '

12l 3. WBPT &xaZ = Sort #8 94} 3=

BuildTree{List)
if List is ernpry, return;
m<-Sort(List):
o0t m
let leftList and rightList contain all elements in the Left and right of m
if m s an enclosure. then
distribure clements in m's bag into leftList and rightlist
teftChildirooty<-Build Tree(leftList);
rightChild(rooty<-Build Tree(rightList):
return the address of root
end BuildTree

38 4. WBPT <¥2]Z& = BuildTree §-3 9Ja} 2=

X 3v & 3wl Axe =gxaE =
MAE-WEST-3 2}¢-8 dlo| 8o tlsle] 7]l A
e AT EJO]e] sMbE £ HAETY A5
v|wgk Asjole}y. AT EYod Juke F IP T4
A4 wAle] 7t J1E F P $8% vz A

oo o010 Qoo ;o
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