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Weighted Binary Prefix Tree for IP Address Lookup
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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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Efm Edge] wi$ wi2A] Fvsta Qo =2k
Elo|Ae] z& A7l Mzl A Ael Ao #
Zo] Hx gl

eheElollA] 23 A 2|7} oje olf~= Ml
Ef|Z tiefstel| diet 29 HlelEe =7l F
%3] F7Islelen, @2 HaseRe] dEE 3l
o] mikgo] FA FUIRE AlA, Bl EE
H71 & Ao R Aelstedof 317 wjfolct.

Qlejyl LZEZ (Internet protocol - IP) T4+
UE$ T I}E(network part)2} FAE  IE(host
part)®] AF FXF Z<=dl, A9 FH2E 4=
A=Al (classful addressing) WAollA+= TP T4
o] VEH= stE, F =zl (prefix) HolE 8,
16, 242 1A AIAH AHE3}o] exact matchingel] 2]
g+ F4 71 (address lookup)e] 7}s3tsich et
AR A P Favt dHlEls el o o]
£ dZ3] sl FHE ZA de A=A
(classless inter-domain routing - CIDR) H}]o]| 5
Aslgich CIDRE YEH= stEr} qleje] Zols
7 4 qleng UEYF B I2EQ g
off mE cekgt =71 vEZ S 7FssHl
s, =3 B sRe] v EIE Fol shite] Aok
2 vEY =2 FyFo= ME 2}9E|(backbone
router)ell4] 2h¢-8 Elo]&e] 7t Fleshe &
A& 4= 9l Aol slch z=iv} CIDR 7B
slollAe] FHZle VEH =] AF Fxd e} o
2 7ie] =Zelgrel AdXF 5 gloervz s A
¢ UENZE 2] f8, odF zle] 552 74
o} 7B ZA wfixshs dEEE FHolof 3 olF
longest prefix matching (LPM) °l2} g}, LPM
S AHER T2 AL A9 <3hg vlashe o
2R AN, <3k, Hol>E wlashs 22K A
o2 Ag H Aol L ofzRe] sk & Aok

IP 4 S 35k LPMS $13 o8] 7HA|
dae|E3) Fx7) AjkEe] skedl, =g 7]
High wkAlzl s Eeio] rukgE WA]oR
T Sl F=dle]ol 7ukeE WAl wlE 2eE 5
I zo] e & Ayl o] He el
F2 AHHY, g7 ZHAYE A AL =]
£ ASICoE T3l AMg3h= wpAjolct AZE
ofol] 7uigE WPALE Agtr A 2hpE el
F2 AgEE ez A7l ZY daEES
sxegelg =g aisled, CPUYt A EHDES
FFEE sh= whAlelch A 29 AW
IP A=ds A 715 F7isle] dAl~ 29
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£ dHzlzzl ke xHER x|z e,
olF Aol 2 rHAeE ] $jskd o
%2 =gz} opd, Az EY S} XesleE A
A=l

IP F4 AN Tz A 37t 718 5 W &
83 AL F 9] 2F Ay £ Hxrl He
W 22] *Xmemory access) 3o|ch AZESo]
off 7lukgE diRe] 7]Ee] WS ZeES )
7} ohd, Ze|gxe] Zolo| wle} wlme]
37t AR == wrlolch 28 "ol 8-S A s}
7] 98 48 = sh= vixEe 2= F8d 84
olx, M2 UESHZ ARE FRPIAY} 24| o
= VESZ AR AMA|Y] folA, 2eH qlE=] A
49| Ao IPv6Re] A /5T 2 oS
o2 F93 Axr) Hch

B =TolA] Atshe WAl AT Ego]o] 7k
g wale g wixe] AT 35l Qo] FHa A
(lower bound)el] 72 233 A5S Holw, v
A AL oo vixelE a2 k= Wjolh ¥
3 o]zl =g Ezje} mRPIRE A A
(pre-processing) S R Z 1A 7| wEol,
xe]gre] F7} ARR|7E golsich

£ =% 7S o 2ok 1 AelAe 1P
FAa S f3l] 718 AljEE WAl oz
Zbds] Ay, M Aelde Akshs WAls
Wkl IV AollM= AA 2ReEE B8 dlolE
£ AHEsl] AlEHelA 3 s BTy e
Al Eke] Asg v|agich v e g v Aol
AE2S derh

w2

. 71ZL IP F& A WA

sl=gofol] 7]%3 WAl FZ ternary content
addressable memory (TCAM)Y, 3ll<d(hashing)S-
AR e BdS S7 AS <Rle F3E
o] 7 TS sl 53] AzkE <ol WA
k= whlof M o] A9 m&e] sz E¢ o)
7Vsdht dae|Ee] 3, Bsto] ok o]
itk AZEee]] 7|23 WAL 2hE Hol 82
Hme]o] AAsty, A= F¢ daess T2
a#jeg Fsle] CPUY} F33les she Whle
2A, 7o) feolsla, 43, Hsle] HJ whd,
a4 2REle] Aol dFle] AATE A7) o
ek e slch
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1. TCAMO]| 7|=8t 24

Ha) A3l 2REoutent HEHI A
(network layer) 2$]x|ol|A 7 o] ARSE= W
Ao 24, TCAM®|2h= 583] A2k wzelE A}
4310, 298 HeolEE AARIh oz FHA
< == 7o) BAR] F4ael, TCAMe| HA=
2E clEe ze|gagoe] FAld vlasEe], U
s ZE|ga Fex] B A dAEes dE
9] Fav} Ads]= wAelth o] Faos XY
22E ZlE7led ARSEe], EHY HlEe2YE
£ ¥E Huel g F (hop) T4 FUE @
Al "ok o] zHHEly, wi¢ wE TS Hol
2|8k TCAM-S 98} SRAMo]| B3] 2}z|sh= A
Zo] 6¥l] AX F3, 7HAE v]g Pk ol A
Hawrt wi$ A HR 299S Hal A= A
otoll A=A e o] Qlrk =3t & =hed
glo|HolL} IPveRe] Aol A3shA] e A7}
1=

2. sliigol| 7|=5 WAl

| “d(hashing)o]3+ wl22] AME- HE&-S ¥o17] 9
sloy 21 Zold] Ip Ze]HAE 2 Holo 2EFH
o2 vg3 F g2 Hole] xEsde] rlEj7l= w
ze)e] qEg]d] ZejHPAg Al 2ZHeE Ho)
58 Ak WAelth A2 oE Zeg2ut 3t
L 2o wgse FF A 5 oled,
o] ZFE(collision)°lz} 3p=, FE& FA&8Ho=Z
#2lsle] = 7lo] FAolc). Exact matchingS A}
43= 3= AlE (link layer) T2 4L 93] 2
o] olg=o] gkowm, LPME o|43h= WEHZ A
F T2 AL M 7 Zejgx Hopdz
9] #49S FgsiA D el 7)xF whA
o7 s ZolHz WHEe 4 HolEs W
£33, 5709 s|4d(multiple hashing)S 83}
FE2 9 %5, 298 elo) B 4l 2F
(group) 2.2 o] HES] wme]d] AAjE F =
2o ZoHz 7] Zejgaz e £ 4
< $83h= 2§ sl<(group hashing) WM So)
A k=] ck

3. Trieol| 7=t g4

Triex <Zol>o daixe Ay Y& =43t
grlo g RE ZIAE trieolr] shie] =
o $1x5HA =, Hol7}i ql Zelgae Eg]9 |
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HA ol Ex)31A =t Trew rootZ4E] F4
slod, me|gso] § H|EA ZAlsted o] 0olH
AF, 10]d LEFH0F olF3h= WAelth =4
2 AL QlEg ozyAE 3 v|EH FAlsivt
WA, dx|shs Z2]YAE ghd wwic iz AR
£ ddlo|E3l, trie?] leaf x=oll4] Eagc)?
E 12 zga A wAlE Adsp] $J5d, &
oA AR 2302 AR Zelga A3t
oflolct. 23 12 X 19] =] Al dis}e]
©|Zl (binary) tries AT S Jepdck 13 1
A4 FY e d red Yeply, A ke
£ =zgart Easke k=5 Jepith & 19
za|gae Ho =Zejgae] Zolr} 70]7] e,
FHd) 749 A} B3k o)Al wiert 7709
W(level) 2 AR}

olAl triee 7P A#|HA FRol, Zelg2v}
FEAshs =it ope) Zejgart ExfEA] o
= ¥ x=F AAsol shedlA 2 HlxEe] 3]
7} Zz= 3, Alxe] A4 4= OW) (We X
o] 2o He))o| vl el sk

1. x2jgx A3k o

EPEAL L g | EEE D g9,
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
W 01 19 1011010
8 10 20 1011
9 110 21 00010
10 1110 22 010010
11 111101 23 010011
12 1111110
LT
o o MR, J i
y o . o w u;) N
A e B e )

ol2idt oAl ied] WS MEshr] 3 oI
7HA] wAlEe] AljkEIdlEd, wme] dAx i
Zol7] &, F A oY sNE 2= &
multi-bit trie”, shte] 7}AE ZHe HlolYE k=

A=)

-2 ¢l9l Patricia trie -2 path-compressed trie'”),
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o] F 7HA W& =5 AR level compressed
trie'"” o] 9lch Lulea WAL tieZ A=
gl gle] AL <kl wimelE AMgab] S Ak
Ao g wRlgag ZHe ko] RE FAFh=
v]ES} k= HYRE whe Fopsle] Fasiou,
A AHglE wo] 873l =g 371 AMA7}
SolsA] 2 el Sk

4. O|Zl Z{Alof| 7|X5t 24|

Longest prefix match(LPM)E &33h= IP T4
Al ozl e HEs] AT A=ZE Nde
Ed(tree)7} EYHAF' M Yazdani'E= Holr}
o2 =z prefix)S 7k =7] WIRE 7Fs3HA
e 2 7R AYE Wged, o 2ok
7 o] 1 H]3(comparison): T Z2]FAe] Zol7} 7+
om £z} Fte] wlxgch «l) A=1001, B=11003]
7%, A<B. F Zg|gxo] Zo|rl o A% &S
Zol7kAw vt o)) A=1001, B=1100002] 7
%, A<B. &2 HolZHAY] Fhel & AH ohe
B Epit)7} 10]d 21 Ze|gart 33, ofd
=Za]g 7} @k d) A=1001, B=1001102 74-$,
A<B. ©ll) A=1001, B=1001002! 7%, A>B.
o] 2 wix] (match): 3te] ZezjLjv) ofE Ze
3 ~9] substringe|® F Z|gxes wjx3cl e
A=1001, B=1001008] 7%, A%} BE wix|3lch.
Ao 3 fAZSE (disjoint): T 2|27} wi=]s}
2] ¢kow= disjoint 3t} ) A=1001, B=11131 7
£ A%} BE disjoint 3}tk
o) 4 ¥2 =]~ (enclosure prefix): E2]F2
AE Zgaz Zh= o E =gl shisie &
A AE EZ =ZE|gzolch  dof)  A=1001,
B=1001002! 7%, A+ B g Zz]grolch

23 204 919 AHE AHEsl] & 19 =z
2~ A3l tisle] o]zl 7 M(binary search)e] 7}
S8le2 AR o]zl =Ze|gA Eg|(binary prefix
tree - BPT)S HoiFch 13 20x] 7 rui=
X2 2] ~(enclosure prefix)S Jepdck Zeolr}
e =ZjgaE 7ke] v|RE sheskA ke vl
(A2 el 2J5te] o)Al triee} "] oWzl
= gJolel e 2l 4 e Aol i, H
rer) &8R4 Ae] slck

a3 264 B Eg|e] mofo] 3 FHoF %7
E-F3(unbalance) EZE FAE AL & 5 e
o), o37]ellE F 719 o) itk A= LPM
o] EAA g ze|gae IS ZeYsg 3
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£ o 71 Zejgano A9 fxstedo} k= Al
ok wlfolw, EXRlE oAl ErlE: FAI=
o4 vREH o2 AMElElE root =3 HAHIH| Al
elsix] £307] wlEolch BPT ¥Hlo=m FAS=
278 =g zZE|gad] £¥ EAd ot vm
2] A 347} Hd w7zl 7ks d3e] sich

B E=EA Akle FERe IF Z]Yd
z3E =zZEjgxd S zEsled, Yazdanid
BPTS| wHdql B43 Ez]e AdE /K¢ 7=
24 7B o]zl =E|Hx~ E|(weighted binary
prefix tree - WBPT)2} 533}

oo11111

1111110

1010 1011010

a7 2. ol Zejgx =2 BPD)
. Meksh= 1S OfZ ZalmA Hh

B =EolAe Yazdanizh AR Aol 7154
(weight) N3-S =8137] S8t o3 22 A=
+ % 7Y AYE ARt
Aol 5 o4 Z2]F A (enclosed prefix): Z2]H
A7} Z2|g~ B ¥ zlgaehd Z2j¥s B
£ Zga A9 A% =ZE|gaz Aol o)
A=1001°]3L B=100100%! 7%, B A9 A& =
EIRIE =
9] 6 W (bag): Bag> ET TE|giel I Eg
Hro| o zZejPgaE2 PR gk
A2l 7 =3 (independent): oW Z&|Hx7} g~
Elist)ell gl 2E o z2jgse} tjaxglE
s o Telgas 59 Zejgseld
Lemma: o® T vt 3 Zgrt ohx,
<& | an opeid, I Zjgas 5§ =
g]gxolch
Ao 8 WFE =2|ZA (representative prefix): EZ
zalgs o 55 Zglgas o X|glo|r
o< Ze|gres R Ze|g2r) ohd
el 9 7}1EA] (weight): HE Ze]Hxo] 7=
N ze|gad ke ZjPase] AR A
At & dE =Zegoo) 28 (e 4)0]
9 7EA e o zE|gad] slgel 2zl
22 7#ste] 1S tld Fpolckh ek dix =Y
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BRIP4 AAE A% 7HE ol4l zel¥s Eg)

27t 59 Zejg2AL 7)ol A 12 A
F}.

zejgx E|9 Hd #Hd 5 Zol(depth)zt
shedl, od Ze|ga Efje] zZolE Lolgtxn ¥
o, 2 Egd EIHe k= Ho ASs
204284 . 42 =21 oltp Ee A
2 ze|gse] sieE Nelgt b ohg e
A7} ARk

2"—1= N

o k=2 h=R=4

L > log, (N+1) €))

Lyng& Z2|g E2] Zol9 HA glolehx 3t
L& A% gololol stz 4] )2 3o of
3} 7] ¥ % alck

Lmin = rlOgZ (N =+ 1 )-l (2)

Q71 [ o= ceil QAFOZA] o B} =9, o] F
7 2R e FE uidi % 19 =g
e N 230]22 4] ()9l 93l L, =544,
a3 20| Yepd BPTE o] L2 7]t}
od =ejyx Eg|9] Zolr} =g sl
o3l AA=EE 4 @ 2o, & L= L,,°)
W 2 =Zejgs Ers F3(balance) E]Z A9
o} zejgx Eg] Zol= 87 He FH vw
2] A X(memory access) 3} ZAHA e FHels
zZked], ohe Aol AgolA] B]lule}l o] Yazdani
o] BPT= 784 54 w2l L, 2ot 49 &
Zeo] L& Zr=tt
£ =24 Askshe WBPTE 24 Zolo) o)
+ A= E=|E FA31ed, Yazdani®| BPTS}
Hlasle] vl HE o] FHd wme] AMAE 9
TRch 2 o] Zejesd digk Ee|e] Zolr}
Zozlchd, Egle A3 o] Bdde] €& v
ot of7]elA Ezje] #3H AHEE AHHo=E ¥
H3l7] $3le] #3 X (balance degree) D, S ths
3} Zro] A3}
W—L

Db - W— Lmin (3)

do H
&~

A7l Wi Zejgxe] Hef Zels vehd
22
Al 3)ellM #FI= D= 03} 140)9) e =

ot Egjl ¥ =Hdd, & L= L, °l=H o]
A d¥E= 4 3)e=EXE D,=1¢|1, D, 3
o] F= Ezl7l & #3¥ ¥ A& v} o9}
w2 D, gtel 2obd 0dll 7S Er) B
o = A& vk

o]zl m|g~ EE FAshs FHM, HH
FA(sort step)E& A HHH BlreEx g =7
A~AHe 453 59 ZEFHINE & dE
ZgAe] g2 FARE AFH elaEdy
A g =Z2gas ¥g =Z2jgsd £ 9l
=9 zZejgad £ gtk idlA dE Zejgrg
BAARY 9F wiE JehlZ|2 el wkef i
A HE =Zegeot 2 zgsebd, wE bag
(B9 6)2 Aol wef A dE ze|gxr)
=9 ze|gsehd, wie 1otk

glaert AdEy v 74 A Zejggl]
7EERE & 4 ol7] diEel, 2 g zelgio)
A= P AR zelga 99 Pt 2 =g
A2 495 7 5 ook 94 dE Zegad
s Zejga F 7R AR Zejgad] &9
£ q, 7P & Z|g29] £9F b2t 34, a9
b= thedt 2o & & Sick

a; = bzfl +1

4
bi=b,_+w 5

A7]ellA 7] 3HE 913t b = 0o Aok

i i Zelgart 2 Z2gagl A=
Al @9 w7t bagd] A (A 92 Ao,
od7]el| A& me|HaEe] 9= [a, b)) o EA
g} wkek WA dlE zlgar) 53 zejgagl
Aol wy=1012%, g=b=10b_,+1 ¢ ¥
t}. ole} o] F3A [q,, b€ iHA WE Za|g
2o #gE= Te|YaEe] 9] WSl (range) S 1}
ehdfict.

2Bl AHA 7 dR g A E
o] oz Ao # glor wE JYehr|= jh
AA 7V we o o] 7 4 9l

w; = Ew; (&)
i=1

AR ez gree] A EAe eree] zojy
2 Agst ek &, w, = Nolck
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AA 7 we F3b 3 (median number)=
Moz Jeh7|2 &b, MS thea} o] 73 &
slek

M= round(—g}'—) 6)

w, = Nol=g, MHUA +99 =Z2j¥x:= AHA N
Mo =Zgs F Ft w909 =Z|gag ouid
=1

gE zgxe] s noZ JepZ|Z 3k
g Zelgdx pd AA =ZFx A4S Yehie
N xc} zel dg =Zejgx F ¥g Zejgavl
e 98 Afelrt, & RE HF et =
g =Zalgad 7$olvt no] N3} zelxich A
g|2~E9 71 Qe ~(median index)E moZ e}
W2 g} o] 7t Qldae o3l Zegx Eg
£ FAske IRl sleA, 1 o AHde] FEo
37 dEel o¢ 83 ovlE ek &
o] BPT WA xs, 7 b AE sl o
¥ ze|g2e] $ ng wkoE i ez Ao
qct Aoz I,

) Q)

m = round (

NI

o9} zro] Al mHA WE Zej¥rrt 1 vy
o] root k=r} HEZ Ey} BEFdHe] H:
7ot}

olell ujaled, zlgksh= 71 oAl =g~ Eg
(WBPT) HHAollME 571 qldlx me i =]y
252 7EEA(AY 8)F xEsk] Akl AE
Aeksict F7F Qldlzo dF=Ee dE Ze|gsrt
AA zZe|gs #9019 F7F gk Mol ddshes =2
25 FFeIEE ik Aotk oA W, F
7b Qldlx mo] | AHHE iEdde] tig =
YAEe] 71EA]9 3o Fiko] HEE dAMEE
HEg 22Ed disle] 4] (6)& HHEAHOE AR
gl TR AER 2aEd s A" F3¢
AddA m3}t 1 AES] dE Z|PAEe] 715H
o] o] F7kel Map= ke 2 AT AR
=8

a, <M<, (8)

Al @®)lld miA dE Ze|Frt E3 xelg

sep, WAz w918 37 gk Mol g
£ zejao) olle] ERE % mems ol

916
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ZAgcs A4S ovigke) weF miA dE ==
Hrrp 55 =zelgxepd, zhdsiA o] Ze|g2rt
Z7F 3t Mol sigElE ZElgaeks S v
o} oo} 2 ubye) o3le], dE Ze|H~E9
7BAE 2ed 2 dda me 7Rk

olAtollx] Adw3F WBPT 4x2]E-$ Sort ¥}
BuildTree H#°2 7o <A} F= (pseudo
code)Z2 FFF 4 ik =¥ 33 ¥ 4= A4
Sort %3} BuildTree ##2| 9A} =& ehd
t}. Sort ¥ AA Z|Hx B|iEofX TF =
YA 49} 1 Ze|g2e ol& x|
9] 5)& Fala, HE Ze|gxHe] g)Eel wHajA
vl P 1) 283l At a2elx 4
i Zejgxe] 7" 9F Tk A @S
o] g3l 7zt dE Zejgro| P =9 MY
[a;, b] & 7’ ok, A (5= (6)°l 2J3t] =2
2 99 7 3t M 3l A 8)F B3k
7B E7F oldl~ (weighted median index) m=
T3k} BuildTree ¥-8-2 Sort F-¥ol|lA 13t 715
7 92 mE rootZ A3 rootE AlLldH v
A Z2|YAEL leftList®} rightListol] 73 th,
leftList9} rightListS th #¥ellA 727t recursive
&7 BuildTree & F33ch ol9p 22
recursive IS E3le] RE Z2]Y2T) leaf k=
7t 2 g7 sk dEEe] k=58 TIla 7
o]zl Zej¥~ Eg] (WBPT)S AA3rt

a9 5t ol e whes % 19 =g
Aol dste] AL 7 oAl =2l =g
(WBPT)S jehdich. o] 799 Eg] Zo] L& 52
A E2le] FHA ZHol L.l 59 Zrh ulehA] o]
A4 #3 Egjold, #3% D, 10]th

V. AlZ3o/M 2 & 45 Hlw

£ =l Aljkshs 25 CAdoE ol83ted]
A EHe1dE Sl AlEHAS Sd AR
g dolele AAl 2H9EE AX 7 AFEL] AR
2 ol g3y, ® 2% Algkshe 71F oA =g
]2 E|(weighted binary prefix tree - WBPT)
WAsh 71e] olql Zelwls Eei(binary prefix
tree - BPT) WA]"?e] Zlo] L3} #3x D, & vl
g 7ol Algksh= WBPT #HA) 4 Zo| L,
o vl$- ZAs= A-S Helw, BPT whA vt
ol glo] AX e 4 5 Uk
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Sort(List) {
* First find enclosure prefixes */
For all i in List do
compare i with all j in List where 7 =1
if i matches j then
if 1 18 shorter than j. then

put jin i's bag
delete j from List
else
putiinj's bag
delete 1 from List
end compare

end for |

“* Sort representative prefixes*/
for all i in List do
compare i with all j in List where
if j < i, then
exchange i with j
end compare
end for I

* Find the weight and range of each representative prefix */
for all i in List do
number <~ 0 /* number of elements in List */
if i is an enclosure, then
Wi is the number of prefixes in the bag
else
w1,

a; <4 +1

b b +w

number «— number +w,
=nd for I
w, «— number

™ Find the median index including weight in List */

for all i in List do
if(a, <M <b, )
break:
end for !
M « roundiw, /21 /* weighted median index */
return m !
end Sort '

32 3. WBPT xel& 3 Sort ¥4 oA} 2=

Build Tree(List)
if List is empty, retumn;
m<-Sort(List).
TOOr<- m
let leftList and rightList contain all elements in the Left and right of m
if m is an enclosure, then
distribute elements in m's bag into leftList and rightList
leftChild{rooty<-Build Tree(leftList);
rightChild(root)<- Bu\ldTn,r.(nghlLNt)
return the address of root
end BuildTree

T8l 4. WBPT %t322]% 5 BuildTree -2 oJA} 7=

X 3= o 3l Axe =ZgHgrE =
MAE-WEST-3 2}9-8 go|Eo] dsle] 7|&e]] A)
HE ATESA 7k F HREe] ASS

BlEgt Asfole), xedole] SHbE £ P F4
Fa% vize] 3

G e

oot mi0 QI0010 010111

a8 5. 7k °]Al Zejg Ee] (WBPT)
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mumnﬁuﬂ

= 35l diside g, 4, Fd ge 7o)
aslgiEd, ol ZeEe] A £2F BA
(guarantee)d] F+= 2Jv]E Z+E= FHtl(worst case)
vee] AT 37} AAHeZ 7Pt F83F ofn)
£ ZEth Lulea WM 714 Alo]=ol 2= 2t
< Apo]zo] wirelE ARSI o]F 9] A
A 2](pre-processing) o] L83t o vz
AL 397 @& el slok 2F #l<(group
hashing) W79 73 ul 7He] slmelel o ¥
3 Z4E F3¢ A A HA 35 24w
B =EolA Aljbsle WAAFE shie] elme]d)
AR A Y AHAe] Erls sl Ho 104
o] wxe] AHIe] 8= AAHe|x] Fald,
1500Kbyte®] vi-¢- 2 Alo]= wine]s 83 &
& & glck BPT WA'2e] A4S HF wze] H2
AT 1642 ARISH= WA 1549 & AolE
Hol|x] ek BPT| 43 Aoz FHu wx
gl A 3471 3124 Algksks WBPT HH9)
179 H]3le] AR 2 A& & 5 QUck vz 4}
o]Zzof gleiA] Algkshe FEE 343Kbyte?] =
Alo]= vee]E Q2 3y o]= L2 cache?| 3
o Alo]=gl 512Kbyte®rt} = Alo]=E L2
cacheol] HA}o] 7}Fsict 12]3 Lulea vMA3} &
2] Az HAo] YT A Yo}, 2F st
BPT W3t o2 Zejgxe] J) AkAzt
Eadb=d

# 2. BPT W43} #jekshi= WBPT H}4le] Eg] 7o) 4

T ¥l

2] | FHa BPT WBPT

2 7R | Zel | o] |TEE| o) | HHE

N Lmin /i Dh L D’I
MAE-

14553 | 14 | 23 | 05 | 16 | 0.89
WEST-1
MAE-

14937 | 14 | 22 | 056 | 16 | 0.89
WEST-2
AADS | 20204 | 15 | 22 | 059 | 16 | 094
PAC

20519 | 15 | 22 | 059 | 16 | 094
BELL
MAE-

29584 | 15 | 31 | 006 | 17 | 0.88
WEST-3
MAE-

37993 | 16 | 25 | 044 | 17 | 094
EAST-1
MAE-

39464 | 16 | 26 | 038 | 17 | 094
EAST-2
FUNET | 40905 | 16 | 31 | 006 | 17 | 0.94
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B 3. AxEse] /R 71Ee] gaEste) A ula

vz 2 35 | Wlze ]
- - e
3t F 4 | #d | (Kbyte)
Not
Lulea"" 5 | 40 | 160 23
— Available €a4
Group 4834
25.6 8 | 104 | 1500
hashing!” oke
" 2R ol
BPT' 16.4 14 | 31 | 343 ow} |
B
A
WBPT 15.4 12 | 17 | 343 %M: !
B

28 62 Ao dlz2] HT 3ol oA, 71E
9] axedeld 7K IP T4 AY WY F 7}
2} £ A8 Hol:= BPT uulllzl_,,}, B =Fo4
Alksh= WBPT Aol 2 siwe] HZ 355
H|gh el zelct. A|ksh= WBPT W42 7|E9
BPT ®HAel| ulsf o viwe] A< 357 =24
o€ e £ 7 Uck web B =FelA At
ghe A oE ZEgeld] 7R 7]Ee] W
A visle, 71 F8% As F7t 718 Hd
dze] AT 3ol oA v FL A5E Bl
= AL & F ek

f

V.28

rdME IP T4 HAE A% 2498 Ho]
TR e, A F¥ Egl A= A
S Hele 7FE oAl =ej¥x E|(WBPT) W4
S Al’kslsich WBPT= 23 Ze|xe] 74, o
& zHad NeE 23T 71 A(weigh) & -

shaled, 71%2] BPT Wjoll wlsle] melels el

or}g:

=]

¢
o

[o of

7} weh FHE 4AE RS AR wjele) =

g Eele F¥=E HF A &xo W]

B WePT mBPT

k]
k4
-]
2
15
10

5

0

MAE- MAE AADS PACBEL MAE MAE MAE-
WESTL  WesT2 WEST3  EASTL

Worst Case Memory Acces

a2l 6. #|gksl= WBPT -39} 7]&2] BPT +x{12]9]
FHdf wlxe] A+ 35 v
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ANE A% 2xEde] S )RS Fa 74
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