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A Hybrid Prefix Cashing Scheme for Efficient I[P Address Lookup

Jinsoo Kim*, Junghwan Kim **

Abstract

We propose a hybrid prefix caching scheme to enable high speed IP address lookup. All prefixes

loaded in a prefix cache should not be overlapped in address range for correct IP lookup. So, every

non-leaf prefix needs to be expanded not so as to be overlapped. The shorter expanded prefix is

more preferable because it can cover wider address range just as an single entry in a prefix cache.

We exploits advantages of two dynamic prefix expansion techniques, bounded prefix expansion

technique and bitmap-based prefix expansion technique. The proposed scheme uses dual bound

values whereas just one bound value is used in bounded prefix expansion. Our elaborated technique

make the dual bound values be associated with several subtries flexibly using bitmap information,

rather than with fixed subtries. We evaluate the performance of the proposed scheme in terms of the

average length of the expanded prefixes and cache miss ratio. The experiment results show the

proposed scheme has lower cache miss ratio than other previous schemes including both bounded

prefix expansion and bitmap-based expansion irrespective of the cache size.
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[. Introduction

P 4 AL g8 A V5o, o 7l 54
Al P F49 WA 5= prefixs 2H-9 ElolEolA AM}aL

1 ol
H
i
b
rl
L
o,
Auf

I
& o= thi F(next hop)¥ =¥
] & 7P Zol9] prefix® 34317] Wil
LA R Fao WX EE prefixs o7 7 & 5 L, oE
= 7% 4dA wiXEHE prefix®l LMP(Longest Matching
Prefix)& & A&ty 3k 98 HolE2 F4AT /9
I 7 AEH e Bojua 97
woll, IP 4 AAe] a842 2989 Aol Adgt &S
BR=o

[P 4 AMe] 45& IAN717] 918, SRAMI TCAM
(Ternary Content Addressable Memory)& AH&3l= %

prefix® 7FA]aL Q1o

Mo = %
okl ox 1T %
L~ @ i,

1 m J—g.,
ol\

£ X

fols
=
>

N
¥
pas
rir
__‘TL‘
=
N
[
o
1=
2,
X
>
s
)
N

12
oX
i)

18 19
Jm
oX,
~
>
o 0
o
o
=2
% o
i)
i
rir
(o3

e
i)
NS
2

N

12 N =

N
e
oy, &
o
i i
o,

RS

L
2y
¥ > b

30,

oo
off [m of

oo i
2 8 ot

=2
=5
18
ox >
LA

N
oX,
dlo
o
lo
E [a—
o
H
o
_|>i
fo
(e}

2
udt
o
o
=)
)
N
o
b1
U
)

o} IP 4 7ol A 9] caching 7
F4 caching[6]3} prefx caching®2 &3k 4= gt} P
caching 32H|E IP F4E cacheoll A3t A]7+4
vhS 283 4= QIA|Nh prefix caching> WEHA F
prefixZ cachedl] A5t A|7HY |94 Wolg} 37+
A E &8 F 9l
yESa ool 1P

A
prefix caching®] IP §4 caching®l H]3| cache FFE°] ¥

B S T R o, - w
Lo, _1% f>
oL

Fat Fa2 ¥iea gonw

* First Author: Jinsoo Kim, Corresponding Author: Junghwan Kim
*Jinsoo Kim(jinsoo@kku.ac.kr), Dept. of Computer Engineering, Konkuk University
**Junghwan Kim (jhkim@kku.ac.kr), Dept. of Computer Engineering, Konkuk University
* Received: 2015. 11. 30, Revised: 2015. 12. 10, Accepted: 2015. 12. 22.
* This paper was written as part of Konkuk University's research support program for its faculty on sabbatical

leave in 2014.



46  Journal of The Korea Society of Computer and Information

om A%o] $galty. 18y prefix caching®lA] non-leaf
prefixZ caching® 749 Z5d ANAINE JbEske A7
217] w2, non-leaf prefix® 1t)Z cachingdtd ¢t #th.
Non-leaf prefix TAIE |2t F|H 2l Wote 9] &
prefix’} YLE% 3T prefix Zol& da}l= prefix &4 7]
ol 7-12].

Prefix €742 v 298 Holg AAollA &t A4
7, 913 caching® w Hsl= F7 g[8, 10, 11,
12102 788 4 vk A4 &2 3 prefixh 25 o
-9 "Heolgel mg AgEo] glojof R 2k’ Heol &9
AEE 7} wlg- Eolut [P T4 AN AAY oS Al
71 aRlo] drh Wk 54 &2 prefix &S 3 2
49 ol prefixs HEe® F7lsHA &7] witel U &&

o,

Ao

Z110]<F bitmap 714ke] - prefix
10]1]:] ?'5]— z%i_a. o]&g}oq

Bounded prefix &3
caching[12]& 534 33 H

= O O]-
st} B =7 A= non-leaf prefix
9] &< prefix7} B2 749 #2138 bound WA A& HS-
213k bitmap 7]WF prefix caching® AHS FH3 33
prefix caching WS A¢ksit}. 7] bitmap Aol 71
prefix 33o] Q3 9o [P 4 AAE cachingdloF 3
= AdHEs ga&xo= fAs] A, F 719 bound #&
AHE-3Ee] prefixE Sg3ct. AQFsl= WA= bitmap A
HE gk 835t F 719 bound #t& FAstL a3y
B ARgS
e WA 488 ok
o g 7|E A=Y ]
cacheE ©o]&3k P F4 A Lz
prefix &S o] &3+ ]Z/] preflx caching 7| 2.% bound
WAl 3} bitmap” |8t prefix cachingol] thall vl A3}, 44
ol <= bound 412l 343} bitmap 718k prefixe] 4dE &
gk o] e = prefix cachingdll Wisf 7]=dch 5 stolB
2= prefix &7 W} sto]HE| = caching T3 dis] A
Wit} 18] 58 Ao prefix cachingd] AeS 7]
&9 prefix T4 WHEF vl Ak vpx o R 64 o)A
AES Perh

AEAHOE prefixs
isl

-
5
=]

2t} 240l A prefix caching
s Aty 3"oA =
of oial aslskar, 54

tlo

[I. Related Works

Prefixe= o8] 719 IP FAES ¥dsl= YE cqi = 20)
22 prefix caching< IP 4 cachingol W& &&% 0|t}
3}A)9h prefix caching< non-leaf prefix& cacheoﬂ agE
AN 5 gl7] vl o] 5 maH o7 sjAsfopt dit) o]E
918 NPE(no prefix expansion)[7]2} #¢], non-leaf prefix
Al P F4E cachedl FA3HE Wgo] glout o= F7h
A A4S gdgst= As A = g2 o a

1=

(ordering) 44 =g} oA % 4

sfe] gtk

Prefix 32 non-leaf prefix?] Zol& sle] T
prefix’} Q=8 wEY. &, 349 prefixs leaf prefixet 2
o] & F org AH ANANE &R geth 7]%-4

ox
22
o

o] 314 W EHo] 84 who] g

A e 29" ol 54 non-leaf prefixE } ol
Fote WHoeE A4S S o9w HelkE W EE
prefix7} leaf prefix’} ¥|== =+ Aot} Liu= non-leaf
g8zl a8, CPTE(completely prefix tree
expansion), PPTE(partially prefix tree expansion), NPEZ
AeHATH7]. CPTEE non-leaf prefix®] 2E F& =m0 2}
F7F 0ol 27} HEE s gt whdd, PPTE:
non-leaf prefix®] 9% L= QEZ APt & vt 1S
g AAeETt e Fo
CPTE+= cache A58 &4
gol £ prefix /NFE 4T3 S7HA71H, HolEe 784l
FETE 224 FAE AYAL itk Prefix /M9 $7k=
AA TP 4 A ARRS F7HAA 258 AsrAite A
S ot} Kasnavi 5+ prefix &80 F-HS& Fo]7] 913
e o9 preﬁx‘”} 848l SPE(short prefix expansion)
& AR¥SSATHO]. =g SPE Jids T3 Zol7t - prefix
+ prefix QZJO ALE3kaL, 71 prefixol WsiA= [P F4
cachings AH&-3F= MPC(multi-zone pipelined cache)& 7}
wakginh. 28 EHolgodAM e WHe

prefixe] 7|47} Z71aa Hlol A old s AY 9

prefix 32

o flo

.

prefixE

-
TEHL

},

FHow st Wi #9-H HolEoA S 1A
%31 non-leaf prefixZ cacheol| AA|}7] 2 Aol 43ic)
upeba] 29 Hlo]EollA prefix F7t Ws FUkeRA &

t}. RRC-ME(reverse routing cache-minimal expansion)[8]
£ non-leaf prefix® thE 2A9]9] prefix 7te] Z=Z Ao &
A9 prefix7t EA8HA 3= Zo|71A non-leaf
prefix® 27434 cacheell AAIght}. o] W22 prefix T4&
et 83k A7) ¢l7] wtoll, prefix B2 93l non-leaf
prefixe} 4 prefix 7Fe] AgwhE F714 90 o2 Aol
desites e AYx ok ¥hHo) bounded prefix &4
W23} bitmap 719+ prefix caching AFH ARE 7]Hto

2 3te] a&A 0% prefix S & vk

Bounded prefix 2 #24[10] non-leaf prefix?] 7}%
71 AA 4= prefix (longest immediate descendant prefix)
o] Z0]Ql bound #2 °]&3}e], prefixE 19| bound #7HAl
ok 7has] sk Aol o] WAl FA <& prefix?] 7l

F7h @A oo dolh vi%a A ol 7%

A=

UH‘?‘ EE l



Hybrid Prefix Cashing Scheme for Efficient IP Address Lookup 47

Al prefix® &8 4= 9t} Controlled bounded prefix 2%
FA11]M4E AEE AEE o83t bound #9 $HAIE
Heksk= 7S Aljbetar o, bound #48 & AT o] &%
o224  adst  AdHolty.  Bitmap 7]WFe]  prefix
caching[12]% non-leaf prefix®] 3}9] #o) aFsl= 22
S5 719 HE 3kE 7|22 1 non-leaf prefixZ 431t}
3 HIEZ} 109 32 HIE IP F4AE el 3 HIEZ} O
ol T #EwEY 7} gggict. webs o] bitmap 718k
9] prefix cachinge non-leaf prefix®] $< prefix7} =& 74

ol agoltt.

[Il. Previous Prefix Caching Schemes
based on Dynamic Prefix Expansion

1. Prefix caching scheme

S8 "HolEe AAl AR 9 prefixE 7FA L 917] o
woll 7PHAY] 4 WA HEehe P T4 A2 e &
L FEofol g} oy} gg-Hol EoleE [P FAET)
ey go] 2RI cacheE o] &3] [P T4 AL 2143
A47g 5 Aoy a9 194 EXA P FaAE 1xFe=R
cacheol X #A 1L, cache mlss7]- A A9 71E P T4

A4 BEA AAE Fad.

|—> IP Lookup

IP address » Cache Module
cache | (routing table)
miSS

/P address or Prefix

Fig. 1. IP lookup Architecture with Cache

71E 1P 4 A4 BEd v B399 HeolEy 742 A
A prefix F4& AHEEH=A] ol F4 prefix S A
sh=x]o) wel @bt A4 prefix S AFRER=E ES
298 golE& ojn #FE prefixBR AL olE
prefixgo] A AS wf v}2 cacheZ AAHAY &= H 5
of wteh 32 HIER gEo] ARt 54 prefix 23o] 7
¥, o989 HolEe A prefix ZoiE FAE Prefix7} 2t

g HolEolAM HAMEAS ul, T4 o] ggo] dojut
84 prefix7} cachedl AA €},
AR prefix & 7|HE 295 yo|E

_EL—[O

of &4% prefix7}

AR A AFHE prefix A57E A S #A
g obm gk, olsh e B9 Holk 7)ol Tk 29y
Hlol2 24 $E2 A5zl agle] ek

2. Bounded prefix expansion

54 prefix &3 7'HoZ A% bound ¥4 7} prefix
vith g4 Aol & Abdel Alakste] A7gata Qe o]H g &
Ad o] k& boundekal H-2m, cachedl A2 prefixe
bound gto] Wepli= Aolwkg 7w A frt. oJwf bound %
2 71 71 AA 4= prefix(longest immediate descendant
prefix)?] o]z Aol¥it}

18 2014 prefix p (= 0110%)= Aol 4¢1d)], 7 11 A
A T prefixs ¢0) B, p2] bound FHE ¢ Zol¢l 97} ¥
o} oA T 2 A ougith of| [P FA47) poll v
AHRXE W], 7L [P F42E5 do] 97 i} prefixs HEA(F,

p=E o] 97 &3lH), o] prefixdl] wix|EE ojwl [P F4%
pol FE9 g o sollE WX A Fethe Aol BAET 1
#2004 32-HIE F4 ip;, ipaz 242 prefix poll mix] 5 =4,
pE Aol 97A FAF e, eZ= po 89 ¢ 1 s F o=
ot SHEA Geth webA 53 G prefix esolut

e2Z cached AAetE AL g r, H;‘ggl‘: N
o ol e vlAA| i
prefix Iengj
=4 p=0110"¢@ —

bound value

:9(=4+05) dynamic prefix
expansion

(5 bits expansion)

IP address
length
(32 bits)

v

v .

1 ipy Wz
N 2

(s

Fig. 2. Dynamic Prefix Expansion using Bound

Cachedll HAE = prefixs o7l #2445 o LS o
S YR Z ¢ =& cache hit&S Ho|A ¥t} bound
212 non-leaf prefixell tjgt &4 ZolE& 32 H|EZ} of
bound #oZ AT ZM cache hit&S 9 & Aok

a2y, bound & BH4E prefix7} cached] AAE 4= 9l
&8 BASFE dold ¥, ojut}t ¥ & Hol9 prefix7t
cachedl AA1E & §le A& ofurh b, 1% 2004 jpst
eh-Elol Eolsts W, p=iE 4 2dE e2= 0110 0101
0+ Bt} 22 0110 010%Z cacheol| HA3k= Ao] 7Fs3lt)
prefix 0110 010#= o] 23] prefix s¢} Gqo] HAA| k=

o= _IR

3. Bitmap based dynamic prefix expansion

Bitmap 7]¥ke] %2 prefix 48 8-H|E bitmap HH.l



48 Journal of The Korea Society of Computer and Information

719kste] prefix 4olE 3 HIEY g3t} #H9-§
9l= 7} prefixs= 8-H]E bitmap ARE Zral 9}
a7 3ollA prefix pQ bitmape  bobibsbsbibsbsb; =
01010000 o2 F=oA it} 2 HEE dlg X9 $Eo=
prefix7} EAH=AE vekdth. 74, b7h Hehdl= 914 of
2= FE prefixZt LOEE by = 00]W, h,0] 7B FE2
2 g ro] erBR p; = 19] "Hrh
¥ 3914 32-HIE IP F4& po] Foltka s, ip
]2 5= prefix p] bitmap< bobibobsbibs bgb/ 01010000
o} 2t} ol 2 bol YEhE A offell L, by = 1¢]
B 3& prefix’} EAFS YERdth kA pE 3 HIE &
ZOHE prefix(b; 912+ cacheell AAE 4 it} o] 4§
HEZ 83k & p; A& cacheol A A 1?]_‘3}
€ A9 ip7t FoIHE 749, bitmapolA aFsh= HIE
by = 0°] "}, o] A5-= pE 3 HIE 43t 25 cacheol
AT 4= At

Flr “n tﬁr

iflb;=0
3 bit lexpansion

if b=
32 bit expansion

el=ip, \‘l i,
& .

Fig. 3. Dynamic Prefix Expansion in Bitmap

54 prefix &%l bitmape °]&3l= 7|HL b

- & dolrt 3o E35) dlF-E bound WA R} £
= 1o] ¥ 32 H|ER 34 34 Ho] prefix caching?]
HE doHE Al Hrt.

o

0
A

d\-N
rEL ro

S

’

o3t

IV. Proposed Hybrid Prefix Caching

1. Hybrid prefix expansion technique
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3. Determination of prefix expansion length
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Hybrid_Pfx_Expansion(prefix length A, [P_addr,
bitmap bobi-++ b7, fBound, rBound)
1. x(=x0x1X29) < Intne 1rnez,
where [P_addr = 1ol Ip-1lplp+1""" 131
2. V< XoX1X7 5 7 < XoX/X2 W < Xoxi/x7
3. if (by = 0) // if the related bit in bitmap is O
4, if (by =1) leng < 3
5. else if (b,V by = 1) leng < 2
6. else /eng < 1
7. expansion_leng < h + leng
8. else // if the related bit in bitmap is 1 (b=1)
9. n < the number of 1 in bitmap bobi by
10. if (by is one of the front [ 721 1's)
11. expansion_leng < [Bound
12. else expansion_leng < rBound
13. return expansion_leng

Fig. 6. Algorithm for the Prefix Expansion
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V. Simulation Results
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