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ABSTRACT

Internet routers forward an incoming packet to an output port toward its final destination through IP address
lookup. Since each incoming packet should be forwarded in wire-speed, it is essential to provide the high-speed
search performance. In this paper, IP address lookup algorithms using binary search are studied. Most of the
binary search algorithms do not provide a balanced search, and hence the required number of memory access is
excessive so that the search performance is poor. On the other hand, binary-search-on-range algorithm provides
high-speed search performance, but it requires a large amount of memory. This paper shows an optimized
binary-search-on-range structure which reduces the memory requirement by deleting unnecessary entries and an
entry field. By this optimization, it is shown that the binary-search-on-range can be performed in a routing table
with a similar or lesser number of entries than the number of prefixes. Using real backbone routing data, the
optimized structure is compared with the original binary-search-on-range algorithm in terms of search

performance. The performance comparison with various binary search algorithms is also provided.
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E 2. 4R o3l A dalEe] AR 24

E 4. d9E ol A4 uelze ey vl
Value BMP BMP
dEeish e A% | A=slue 2 A%
000000 PO PO
001111 PO -
010000 P1 P1
010111 P1 -
100000 P2 P2
110100 P3 P5
110101 P4 P5
110111 P5 -
111000 P6 P6
111110 P7 P7
111111 P7 -

Prefix Name| Prefix |Length| Start/End |Routing Entry
0 000000
PO 00* 2

1 001111
P1 010% 3 0 010000
1 010111
P 1% 1 0 100000
1 111111
P3 110100*%| 6 - 110100
P4 110101*| 6 - 110101
0 110100

*
P5 1101 4 1 110111
0 111000

*
P6 i 3 1 111111
0 111110

P7 11111*
5 1 111111

E 3. o AYd F 3o x|zt AAE HelE

Prefix Name Start/End Routing Entry

PO 0 000000

PO 1 001111

Pl 0 010000

Pl 1 010111

P2 0 100000

P3, P5 0 110100
P4 - 110101

P5 1 110111

P6 0 111000

P7 0 111110

P2, P6, P7 1 111111
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i LE = i | h=han bl
Value BMP dlEg|wr} A 22 7%
000000 PO
010000 Pl
011000 -
100000 P2
110100 P3
110101 P4
110110 P5
111000 P6
111110 P7
111111 -

Ze]g dlEgjelng P3o| x9Y ARt A
L o] Fell 15 B3 A= A=yt gAdEefof
sk, olvl i3k <=7 EAjstRE A2 e
27} bR ek 110101 AEE]Q] A
Aol zejHx dEelnz, AR E]Q]
110110 AAdste] Zej7) pse] Z9)e) Aug A
gstsick &, 2R HlolEe] vk Qe = A4
el slol 7hg & Ao] 2 Zojng, x99 Ax
+ “qlE2|Er} F7d A A7t opd, “alEs
oF 22 A5l sfgshs Aurt A
A3 FrellM e A2 dnbdel o)Al A
g Whﬂr E%I%M A3 ol Lol Biste] 1Y
27b A QlEe] 9] gt 2 Agell= vle] Al
*&EM AgEl 2E W E 71ske 29 ElolE
o] olfFor A4S A& ARt 9 T2t
Al QlER]e] grrd 22 Aol 7)o Are
W7 glo] 2 Elelwe] S5 o= S A% A
geiel. 1y Favh A" Q=] g G
ol ol AR et §e
dl, A QlEe]e] et 2

B [ ] S J%J
& e} Slol RS TR wedls A7 7
¥ rEHE F¥sla 4 FeIch A
Aol &t pseudo-codes TH¥} 22Tk

Search(input)
{

low = 0: //low =4 2t2E
high = M—1;
/IME 2t g dER|S| =2 A
// highs 2t € AE2|2l OHXIY FAE default 2 JHE
While (low <= high) {
mid = (low+high)/2;
if (input < mid.value) { /LSS FAIt S dERS AZU S B
high = mid-1;
}
else if (input > mid.value) { //AHE FAI 2 AEC|S G20t 2 32
low = mid+1;
BMP_portnum = mid.portnum;

AHER|Q AlF FAEZ default 2 JHE

else if (input == mid.value) { //YAE FAII SA AEL|Q UL 22 B
BMP_portnum = mid.portnum;
break:

}
return BMP_portnum;
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BRI Tk AAE S8 AARE 2 oA T

FX

F 6. 7|29 o4l A4 Faxe} & el HHs 7l
wlze] A 3l ula
FEEEY wlze] g2 54
B-trie[2] omw)
Multi-bit trie OWk), ki stride] =27]
P-trie ow)
BST[5] O(logN)
WBSTI[6] O(logN)
Waldvogel BSL[10] O(logW)
Leaf-push BSL[11] O(logW)
BSR[7] O(logN)
OBSR O(logN)
6 G398 ozl A duElgd s} 729 dEF
4 Al
# of Entry
Prefix Set # of Prefix
BSR[7] OBSR
MAE-WEST-1 14553 29095 25706
Aads 20204 40389 34680
MAE-WEST-2 29584 57793 45816
MAE-EAST 39464 78872 65391
PORTS80 112310 165520 115859
Grouptlcom 170601 248318 164799
Telstra 227223 322476 235499

o)Al 74wl wlmsigen, ekt 7))
12 24 ekwelzgs) wlaslsld 2o A4S
= Wt ae W, sl
“evel 245 7xel el

4 ofar

are| St 1215} T3]
25 o] Hw=Ee] 877 Oog)] w=e]
4 ¥y 3 2 glon) AlA Aue A
E3E7] ofel FRo|mE AA e oA
ARS3RE HolelE AMEEle] e Ssiol) wim
g AT 1P T4 AR 5 AR 7P gel &
Ssh= 2jjomA, vine] HT 394 Adenae]
HER ARgEe] gfomg W mtef| X 7h oare]

E 8. ##3}5l BSR T2 ASAE 4wt

Zo] vlwe] A H5E AHgel] AL el
o 2195 dlolElE AFgall ARelole @ Az
7] ol ad o)1l JABSR) YlE) 243
-Z(optimized binary-search-on-range, OBSR) X

MRE A A 2ol Hlsle o], e ol

P

=9 58 vlatit 4k 3 79 sl

790 st % 4 iEel, Hds i
= 7H31 A b A s, ~asels)
e 7geol] Al gl el Aole] mejuaql
5% ARE Amebl AHAE 2o T 9
o] Y} T e Axpie] A% A9 B

F(end point)= AAFEZHA, AEZ] Fof glo] 7]
o] QAL ol AMBSR) Bt Hd 34% 7
aghths s o 5 olem, e HolEe &
7V 28, 1 33t Holds o sk
Grouptlcom®] 73-%-, = =98 dHolEe| =Z=z]g
28] FHOE AL o QlE
o] E-2] ?‘401 7]’3—%‘% s
83 RS wol ¥
Zog A7zt 4 glrk

vlme] AHIs|ped w2 4 A
| m2] /‘]*&ak"ﬂ °‘°1 FAshel <
S . E 8ollx] HeF
—LE]—L]/‘«] 7HT7]‘ 220,0000] H+=
2o uﬂo]aoﬂ thste] o 189, i 17499
Wwe AR wfg- wE PFA HAe] 7l
= o 7 gler, 2hed delele] vt AXE
I Aeo] A hiAA] &= s B 5 Utk &
TE= RS ok 9 °V4L Ze|H ) 5 byte
oA 9 byte] A W= [eb, 53] 2
g dlelele] =77} 74“‘#“1 RA R R
v mele] ofo] Mol Aol Wi s B
F olvk 3 99k ¥l 4efx o]zl A A(binary
search)S ©|-83h= o}E daeE|Ey} b wEE
- 3l (Tavg)ell ol vlasisich

no. of prefix no. of entry T v Mem(MB) Mem/prefix (byte)
MAE-WEST-1 14553 25706 15 14.39 0.12 8.83
Aads 20204 34680 16 14.78 0.17 8.58
MAE-WEST-2 29584 45816 16 15.24 0.22 7.74
MAE-EAST 39464 65391 16 15.66 0.31 8.28
PORTS80 112310 115859 17 16.53 0.55 5.16
Grouptlcom 170601 164799 18 17.08 0.79 4.83
Telstra 227223 235499 18 17.44 1.12 5.18
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9. 719 oA AN g it viRey A 3 E 10, 7|1 o3l A dwejEIe] ze|dar wne]
Sl 2% W3 (byte)
no. of B- BST | BSR no. of B - BST| BSR
prefix | Triep2 | 151 | m | OBSR prefix | Trel2] | 51| 1 | OBSR
MAE-WEST-1 14553 229 14.1 14.21 14.39 MAE-WEST-1 14553 31 10 12.00 8.83
MAE-WEST-2 29584 23.1 15.6 | 15.20 15.24 MAE-WEST-2 29584 22 10 11.72 7.74
PORTS80 112310 222 26.0 | 16.75 16.53 PORTS80 112310 12 10 8.84 5.16
Grouptlcom 170601 223 270 | 17.28 17.08 Grouptlcom 170601 11 10 8.73 4.83
Telstta | 227223 | 246 | 308 | 17.64 | 1744 Telstra 23| 12 | 10 852 | si8
35
30f
> N @ B-Trie.
201

oD BRBY

MAE-WEST-1 MAE-WEST-2 PORT80 Grouptlcom Telstra

O 4. 3 vlxe] A 4 vl

Au o1l A4 duElEe 12 T ol
[e]
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o o2

5 S5 B AN 45
wolsl, HAshE PEE GARF o A4 ok
Ol BT AN e 27 o Y A7 RS
B 5 gleh B3] QR o4l A4 gl
U A5 o) e ek dleliel 2t

AAE 2 Adeel A A denw, S
of wi-%- Hofd TS & & ek HHEH 4
AR ozl AA dueElEst o] i ol

AEe] A7k dele] e
2 Agurt Aglw wyelw, HHs Tl 3

T A4 Aol Uelel JR olxl R4 el
Zo) AAenct 27 e e 2 5 gtk ol
i 7122 olal 74 ehwelgeld 54 dl=ele}
Batspll dAse] e S FRAd S gl
AEEe| dise] st wpHow A=w] s
Zge ul, el AAsks At AFEA 2
Sk A4S 7K Adelelo} sk A9t wAl

3] wliel Ao ghekElc

F 109} 729 seld zejgs ) wlwe] e
£ g} 7x9) vlawste] Bokrh JF 83 o)z A4
ofae|Ee] #HAs Fx= 2w delee] =7t
AP B agk qEeg]S AHsla «dlEe|wr}
= 4 2=

T

S
m
i
o
m
rlo
ol
o
ik
[
il
3
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15} mBSR
10 O0BSR

MAE-WEST-1 MAE-WEST-2  PORT80 Groupticom Telstra

08 5. =Zalgx o vze] 7 v)id(byte)

e apeeld vhs HeHel
2} 5 ol ek 7] Qe ol Tt
Al dlme] 87eke wolt ol 4 Ee] T
= ur} HAskn Fxo) vime] a7 WA
Ao Rl Q7 A P dodud

% we ageel B e o)
45 RN AL ® 5 Sleh

V.4 E

FAzlo] == &we} 2 EE(link-speed) 2
FARE S sk Zlo] 2heEle] TSA]l Ao
o, o]Z $JeiiE %] 1P FAa AL Eslo
gEEE RS dBle] BARAR sk 2ER
Fe)dslodol gk GARad olxl AN dwE]EL
IP 4 S glste] adsle]d olxl AM odaw
21 F frda d3eldl AAS AlFshe 4
gjEo ] A Al slolAd, 87E= vlwme]
o] <k zela Al glel v Feld ol
ol sk BEagh qlEr) ehedE HolE] &
Asted da o] wimelrt g7EIchs o]
et w2 E=gellxle d9Ed oal A4
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