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Abstract  Recently much research for developing forwarding table that support fast router
without employing hoth special hardware and new protocols. This article introduces a new
forwarding data structure based on the software to enable forwarding lockup to be performed at
giga-bit speed. The forwarding table is known as a bottleneck of the routers performance due to
its high complexity proporticnal to the forwarding table size. The recent research that based on the
scftware uses a Patricia trie and its variants, and also uses a hash function with prefix length key
and cthers. The proposed forwarding table structure construct a forwarding table by the bit stream
array in which it constructs trie from routing table prefix entries and it represents each pointer
pointing the child node and the associated forwarding table entry with one bit. The trie structure
and routing prefix pointer need a large memory when representing these by linked-list or array,
but in the preposed data structure, the needed memory size is small enough since it represents
information with one bit. Additionally, by use a lookup method that start searching at desired
middle level we can shorten the search path. The introduced data structure, called bit-map trie
shows that we can implement a fast forwarding engine on the conventional Pentiurmn processor by
reducing the backbone routing table fits into Level 2 cache of Pentium II processor and shortens
the searching path. Our experiments to evaluate the performance of proposed method show that
this bit-map trie accomplishes 5.7 million lookups per second.
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Child bidenap Arrxy
&: Doty 41000 SO0 0 A0
1: Dopilh. 59009 a008 (0We 1000

2 D E 2 LOBS PO08 11008 008

3: Duplt 2 LOGE SO08 000 300

#: Do J5:0008 SOUS TO09 (XXM

1: Duy4:360 008 4803 2000
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Child bit-eap Array

tc ¢l c2c? bit-map
Depthd: 0 1 0 0 F0OQ 0000 DOOC 0000
Depth8: 1 0 0 1 0000 0GOD 1000 1000
Depth12:3 1 0 0 1000 0000 000G HODO
Depthi2: 4 1 0 0 1000 0000 0000 DGO
Depthl&: 5 0 0 0 0000 0000 0000 D000
Depthl6: 5 ¢ 0 0 0000 0000 0000 0000
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Prefix bit-map Array

tp pl p2 p3 bit-map
Depthd: 0 O 0 ¢ 0D0O QOO0 DOBO DOOC
Depth8: ¢ ¢ 0 1 0000 0000 1000 1000
Depthi2:1 0 0 0 0000 0000 0000 DOOO
DepthlZ:1 0 ¢ 0 GO0D 0000 G000 0000
Depthit: 1 1 0 0 0100 0000 0OGO 0000
Depthi6: 2 1 2 0 0100 0101 0000 OO0
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11 Let Bit-Map table BA{ and an index bm_{dx:=0, and
20 routing entry pointer peri=default routing entry

3 for (addr=IP_Address[m*8:m*8+7], m=0,1,23) {

4 get BAM_Node =0M{bm_idx);

5: get byte_idx!=addr / &

6: get bit_tdx:=addr mod 8

7. if (BM_node.childBit(byte_idx)<<bit_idx & 0x80) {
8 set bm_idx:=number of all child bit 1; and

9 H

10:  else

11: set pir-=number of all prefix bit 1;

12: )

13 return pointers(ptr]:

a¢ 9 HIE-9 Elo] &g o &% HH $ug

i

BE addr WE uzsjolel e HME g 18] A5l
o, & 8 HE ez A" vlE-q] HolZe 9
2 grolth &, 2% 8ol oife] F4E 47Ee o
w2 Zhejok 219l 7, 13914 BM_Node.childBit= #}
A HE-§ =2F oujgch 2l 11¢Me o oy
A ANx=E7 gAY PFRe] Y HAm=3) §
HE gatA o] @ Fed ghed =Es A
pir& Algd
A40l AR 25 ppE #B9E HolE NED 9]
gl 27} god aey gde]dl Eele] M wEef v
E-9 gloide) BlE g 19 AFE S$EH Holke
ded] sl gomz A ddi prE 2
ZFeE HelES 9 FE vk RE-Y HelE9
HE zb 19 side #3E Ede] ) qdielng
8257 #e Efle] ¢ldiz APAFE dx9
olE(pointer) & AHE3Fc) pointer Ho|E AlE2Z X
g Ao gag viue] ¢7] 50 13 FolE n
A EFA pointer Ele)E2) Z71e 50,0007) AEHE
71z 298 ElolBelld of 100K Hlo]lEE oEE] ¢
7] W4 A 22)s B Aeldt

322 912 #Y gaE

HE-9 ge]ES o)A M(Binary search)dhs W
& 29 109 ¢S gk B =24 ola 34
o 2uje EfeE H4s ==0E FA8R gal F
7F =XE e FHolch 21Fe] HIE-Y lET
2o A 7)agutet ol Y o) 329 Estele o)
8¢l wjguitt B £lol7} P4 D, 2t & Edto]e v
E-7] golde x==2 AFdr] ojg42 Hge
F EgjololA FHE AlFEtA] @1, o] 8% 169l
A PAE 3 Egeldlq g AFozN TAH
HAAZE @5F 4 Slvh o|FH 4L [Pv6e] 128 H)

E 745 Edjolz BERE W WS e Edl
| BAE 2T £ e BERL ANSAR Bk

1: Let Bit-Map table BM and an index bmi_idx:=0, and
2 strt_posi=0 and

3 routing eniry pointer pfri=default routing entry

4: pet b_bvte_idv=IP_Address[0:15] / &

5. get b_bit_idx:=IP_Address[(:15] mod 8

6 if (pnel6_child[b_bvte_idx] <<b_bit_idx & (x80) {

7 bm_idx’=number of all child bit 1; and

8  set strt_pos:i=2. and '

9}

10 else {

11 set ptri=number of all prefix bit 1.

12:  return pointersiptr];

13}

14! for (gddr=1P_Address[m=8:m=8+7], m=strt_pos 3} 1
150 same to #4 = #11 lines of Algorithm 1

16: }

17: return pointers(pirl;
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A of "2 s FA gen Fu2 4xnEFe
9] o)FHH & Ete] o) 328 IjEtd HA At
£537} e Edte] Ho| 16diwt o)AHYL HEFH
Agolw, 169 9rie Eddo] o] 16& guli}

2l 62 pntl6[JAX b_byte_idx/b_bit_idx $]A |
A Adrse] 2 & HAEA, AxE HE gh ool
R Hole g9 7oA A= A9E b ideE

3) o] F4 F Egte]e] FE o= 8ol
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F¢@ch 29l 108 RAe] 169 A==t e B ¢
£ 9AY Zelgi =S HEeRRE HE 19
ATE ARst porgbd Folz, ¥99 242 g
ot Zod Ao FREE ot AXmES} o oli
gl ezl oo gelglons 59 mExdge] 2d
8317 gjfFolc}, vk &l 63 12e0M prrislioE
ol ARE 9 Fiichd T2 dolrt 16 By}
e vbed meE|gag Pastdel vk 1y 99 &
nEEe AArt 484 Ao, AHx=rr A&
LPMel 2j3f 2 o] vz BIE ghef AT 2
7 99] Yma|Ee] HEHD

4. 8523

HE-9 glo]58 o83 Ty 43S ¥ 17 gol
= wWEnte] A4 28 mo|Z[25]L o|&dly] 4
Aletdon, dgdds B =g A HE-9 H
olg® FHE THY dHolBo] dubze HE T4
AeA ZI7HIEF 2HeE AEE FEE UEAd 5
UB-2 HoFul

HE-9 X9 Bo|ES o] 83 T HdHd
AHEE #g9A49) CPUE gl 719 22.x94 400
M #E]ET0 ZR2A A1 cache 32KByte, 1.2 cache
512KByte)g ol&stsirh. Aol AbgE 2H¢H Hlol
=9 A7)= 4984 A olite] NEF THREEEH 4
A A9 AEZE 79 7|Y(Enterprise)d HE7HA]
chefstAl AR ok HIE-f 29 Ho| B =)
£ U1K BRo|EXE 234K Blo|E7R] 03kt @272
A=At o] A7 YA #HElY CPUY 12 A
3 27 23] AN F U= Z7E B =20f 9
A Adel RRES ¢ g QUth B HeolEREH
249 Heolgo] FA(Buld)7tA L8.8 A7HE dRgl
ol = ZHs EflolZRE HIE-w] HeolEE T4
g A2 g2 oF 90msHE 280ms7t £8FH U [26)
ol o]3lH WEF FgHe TG Ho|Eo] 23 13
Az A VEE S ke o FEE Fe A
Tolgtn & 4 o

FHY AML Wl 72 48 AdEles F8 A
gk A WA Ave e Flel 2 HeolB S oy
o2 #APRandom) TS B3 Y4E PFLE AHE
st FAEL Hrjeld®, T oA AdEes #Hl9 &
T8 Heolgg ez B 7)o geE woA &
Ad A [PFEAS Adsi=2 stk A WA Alda
Le B 713y 24N $E3F 258 HolES o
oz HE-9 HolB& pAstn dAdErE 55 4

E 1 Z99 HelE 44 Heolet

No. of Bit-Map| Build

Site Date | Routing | Leaves | Table time
entries size(KB)| (ms)

MaeEast || 99.12 | 48290 | 52,858 284 290
MaeWest | 99.12 | 29588 | 32462 247 210
PacBell 9012 | 25,279 26,807 226 1%
AADS 99.12 | 16,864 | 18,093 100 140
Paix 99,12 | 98618 10,434 141 80

AE IPFAE AMESIAC PIRIT AdEle s 2 o7
o] 28 Heolgm Hal £ PFALF AEIIt
B 7|ge ghed HolBe % A9 BGP[27] ZHeHA
A 7] g2 dRel & H ged HelgE 4ISH
3, FAH 3EE BEHE F4% P H3YRE ¢
otk FrE Fele] ol& MY JelMe dAY o
Aol 24 B4 dolgl 54 L2 A 4
M 7 Sle 5dgF o] glonE, Sejo 49 7
T x dete] L2 A vleald EAFE 9
© Jefe] A7 groz suwch

A A Alteled og 4¥ds #2240 FHlstA
o AME-E g CHRER FH7E RF F 2407 A
o jFE e, F FHAE e AFR
ol Hzl AAAZHE dESETh UeA AdE L
Mz F BN B3l AR Jre ez &
87 AbEskan ZAY A4 22733 234 A
AE F 7hA 24 daeSEE dgstdct 94 22
Aol #FE 7 2aEEe] oF wzld 49 H44
e 2 HeolEe £F5YUE 17hnsHE 240058 H
Floll A 715k 2329 o] A dnaHd =49
HAMAZHE 130058 17908 HYE EE HA o
el vis] Hy 27%69 4% wdE 48 & <ok 9
Zly @ He| 512 HlelEeA 5 Ghps #FHPH £E2F
Z357] el szl ddo] 800ns ool 4=8iElo]
ofghg Zerg W e BE-W] 249G Fx= FHr

¥ 2 IPMA DB i 1P Fxel 2@ 48454

Mae-East |Mae-West| PacBell | AADS | Paix
No. of Packet | 2,000,00G | 2,000,000 |2,000,000(2,000,000] 2000000
Resolved ratio || 226% 15.1% 103% | 83% 5.3%
Seek Timedns) 240 225 200 1% 1D
?‘l;‘ir("nssfek 175 17 145 | 140 | 1




o4& BeE g VE EHNY 248 98 HE-g B T2 273

31 GbhpsAA AQE ¢ e nH THY FE2 Hrl
T+ Ut

= wR A2 Ae E 34A4 B 4 3k 4
ol ALEH [PFAE B 7)d6A sFEet £FE A
A FAE AFPen ¥ 29 AFeh:s d2A Ay 4
Ego) A9 100%0] o]t e HAAE o 273
AT o a8 & e £ Aok F, & 29
& oad of @gdE 249 PFLer HA PF
A9 zolrl FA AHFER AAATC AT HFE
mAn Yrke AE 44 #A9E + UG

¥ 3 IPMA DBS} A4 IP F4¢ 98 Adzdy

Mac-East | Mae-West{ PacBell | AADS Paix

No. of Packet || 6,198,066 | 6,199,066 | 6,192,065 6,193,006 6,199,065

Resolved ratiof 100% P26 | B2 | 92% | KBI%

Seek Timel(ns}| 674 670 672 670 501

Binary Seek

Timetns) ¥ ¥ 3 6 8

A WA Ak e oF AdYdne= BaAdAM B 5
Atk 299 HolBe F FFE 117 R27b AREET,
ztzh 3814 S48 HolBo| A AHEHUTE B4
A A Autele Axtst ¥lsd d9E 2 & ded,
AfFez o He 4FE AR o 22 HA4dTS
Bolm &L HAY 5 Sk

¥ 4 £ d771% DB} 9F [P Fe] o3 @A

Ri_1 [R12|RI.3|R2.1 | R22|R23
2000:000{ 24000001 2000000 | 2,000,000 { 2,000,000 | 2000000

No. of Packet

Resclved ratio | 2.8% | 28% | 27% | 28% | 28% | 27%

Seek Timedns) | 160 165 165 160 165 165

Binary Seek

Timedns) 20 | w0 | 120 ] 120 | | 1

tixjgte 2 o] WA AuEled] 23 d4¥FITRE B
5 AElHEdTh E 5ellM B 4 Qe A¥dde ®2Z
4] Ao} BL EEAAN EY HE RoiF itk ®
A 29 Adswr Bolad =HAE #$Ay ¢
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