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ABSTRACT

According to rapidly increasing of network traffics, necessity of high-speed router also increased. For various
purposes, like traffic statistic and security, traffic measurement function should performed by router. However,
because of the nature of high-speed router, memory resource of router was limited. RCC proposed a way to
measure traffics with high speed and accuracy. Additional quadratic probing hashing table used for accumulating
elephant flows in RCC. However, in our experiment, quadratic probing performed many overheads when allocated
small memory space or load factor was high. Especially, quadratic requested many calculations in update and
lookup. To face this kind of problem, we use a cuckoo hashing which performed a good performance in update
and loop for enhancing the RCC. As results, RCC with cuckoo hashing performed high accuracy and speed even
when load factor of memory was high.

o] = 20149 % ARSI e o Yo ST Z2ATAR] AE wel eEl 719 (NRF-2014R1A1A2
059852)

¢ First Author : Inha University Computer Science Engineering, ziyoo521@naver.com, SH33]<1

°  Corresponding Author : The University of Suwon Electrical Engineering, khlee @suwon.ac.kr, %3]l

*  Inha University Computer Science Engineering, jeptk677 @gmail.com, ¥:1%]¢1

** Tnha University Computer Science Engineering, kimky @isrl.kr, SH%]<1

**% Inha University Computer Science Engineering, nyang@inha.ac.kr
=3 D KICS2016-04-072, Received April 29, 2016; Revised Nay 19, 2016; Accepted June 2, 2016

663

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’16-06 Vol.41 No.06

I.M E

UEHZ A7 R A Rs) Als]7) =W
UES = Egjgdele vid F)ska 9lem, Ciscos
2017+ de] = A AAelA 7 & F<k WHAE= 1P
Edg ofo] FF& Aolgkw Argstar gl ole)
e} v 2heE e} 22 =] e] et T Ao
ohu A7, 1% ShEOE B uek 5
2] 5o v EdES A= 7)5e] 83tk 53
Hol} _i_r‘xjoﬂ/q_‘: Eaﬂiﬂ_Q_ /\1/\]7}._04; vw%&}gi/(%
H7+= Dos(Denial-of-service) 27 = ~3-S- oy}t
3 ode Z) glok s BeEE *‘*é/‘(} W
So wgabr] Sl SRAMSH & we ula
olwelE AT miebd 1 kel o
A 7S B7FEE us vRe]e] ARgske] 71
2%k 94 Foll shr} =k
VES1z Eehel e 2gas b bk e A
Z2)(Sampling)th. Cisco?] Netflow™¢} InMon<]
Sflow™'7} tEAQ ool e} AZE sHS
Flow 2 EgS AstelA] SH 1] Kb, 53]
#k-2- Flowol thel Agtsix] ol FlowH 2 =
= A% Al viRy FHE E0l7] $Eiie
Bloom Filters,
Martin(FM) Sketches 12]3Z Randomized Counter
59| tiekgt ol vl Hni*’l D. H.
Pz} cSEM 7ubo = &t
RCC(Recyclable Counter with Confinement)& 47}
el RCCE Counter A9} BE FAJE|e] glow,
Counter A°l|4]%= Small-but-recyclable CounterE- ©]
S3lo] 2xJ9] Hstwnt oha} wmele] dekia)
= ddek =3 viwe] E55 1 9= Wl A
(Confinement)3F2. 24, g Wl wjme] AA|l~2 4F
$(Insertion)¥} Z3](Lookup)7} 7Fs3H, °l& 53l
4 S55 FAZICh Counter AdlM= 2R &35
< AR83P| wlitell E3F el g WhAEh=),
RCCoA = )AL s3] lalA 2345 B39 3}
<+ Counter Bel| *FA3ta £5-5 &gk W&
AR-gkc). Counter B Quadratic Probing S ©]-83h=
A "Hlo|Bolm, 4ka, £3], 7ale] mF ZhE AxlEk
LS F o] Fo]R]7] “ﬂ‘r"ﬂ 73] B 2307} 2l A
S A4S mas Hlo|Eo] ARERko] W ASelA]
= AeE HodE < gioh wElA] o] w=ellA = Z3Al
rE F3o] glolr] F2 ASTE HoSE Cuckoo
Hashing!"?'&- ]88 Counter BS 7A3}3, A<
£3l Cuckoo HashingS ©|-83F RCC7} w|xe] AR&-

_40

oy le

Coding  Techniques, Flajolet-

Sharing

664

o] =8<= Quadratic Probing Rt} ©] % ¢3xke
2 Edpg 593 & ke A nolZth

II. 2Exy

C. Estan'”! 5-& 4¥] ZE|E A3 2 Flows =
Aok WS A, [14-16]04= ofok wIssjE
S ARSEl). o2’ A W2 2 Flowell digh
27 wle]r 22 Flowell dlsid= S45H] xach

SBF(Spectral Bloom Filter)!'”'¢} MRSCBF(Multi-
resolution-space-code Bloom Filter)”'*= Bloom Filter
= °|-83] Flow = EdgS SAsk= s A4
ok e 7 7S AR v Re] Ik ARSShe
735, EdES A%k et =4 wsiel 539
MRSCBF -2 74-9-elli= %2 Decoding %d4te] 34
Zieo] s wH7]= gl

PMC(Probabilistic Multiplicity Counting)= 3] 2.

= 25 7HkeR 3lo], & Flowell Wsixl= FM
Sketch"2- o] &3] 23135} 2-S Flow-> HitCounter"!
2 olasl sk Mol o AnE PMCE
MRSCBFHT} £& =1 Ao = 104204;}
By} cSEY w}
glo g RCCE AvH3cl'™. RCC= o1 Linear
Counter& ©]-8-3] Ez<]-8- Flow ®E ZA3c}. T2
o ovxy] FZHE AHeFslr] $1314  Randomized
Counter Sharing 7]*-3- AH8-81.2m Counter”} %3}5]
W& vl Z Flows F7H43l dlo]&el 4 3hezA
Counter”} AHg3h= £5-5 A&h&sl= WS 2R3l
t}. RCCE CSE9} PMCXEE} 2 4 szhi Egs
T 3J& ¥t o2} CounterE 1 H= el
ZrEo 2] 3k Flowell taljA] wixe] HA~E g
rk s WRleR wkE 34 S5 Mot

RCCeol|#]+= Quadratic Probing 7|HF] €]o]8-& ¢]
43l 2 Flows 748k} Quadratlc Probing-> ™%
2] AM-Eo] Yg w2 A5g BoTAL vlm
2] AREE] 5 vl AR, B4l 23] we)] w2
Axkdat vlme] o] sy wlstell, AA A5
A A7) dele] & 4 ik

Edlg Z2AoA]= WA i AATE 237} A5

=2]3k

‘f
O

HEAE= EAJo] o) ufeba] o] =A== Al =
= &3]0 £ 4%& HolFE= Cuckoo Hashing!™
o olgs] RCCYF o] 2 wime] 27} wi vjne

Agpo] o Apsel|A] EEA R Faksl= Ao 7|
it}

Cuckoo Hashings ©]83}e] AR} d4ke- & ufjof|

_&

www.dbpia.co.kr



=3/ Cuckoo Hashing2- ©]4-8F RCCell did Al 534

+ Quadratic Probing Bt} gdxteko] ol 734l =
Z3)3 woll= O(1) ol 2k=d &= glek [12]]] w2
Cuckoo Hashing®]| 5 7119] ®l|o] &5} sjA3HE ARE-
& v Load Factor:= 0.5 &3} 3t} sx|qt o] =
wollAE HelE siXge] AieE kel
Cuckoo Hashing®] Load Factor7} 3= 712 A8
o7 ZFwsle]x g} webA Cuckoo HashingS- ©]
43k RCC7]- HE -ﬂﬂ ZA was AAZE 236l 3}
o £2 A%S BolFe AL 7t

II. Cuckoo Hashing2 0|28t RCC

dubd o2 Edjy =3 y|de] AHILE Frlsl=
A= 7 77 Qe she “1]4-?4 5o x3}
(Saturation) %%o]x YA] shl= g Flows A%
=] ARgsl= v x2e] E—E(Memory Block)2] =7]
olt}, ¢7]49] wme] BE2& FlowH & 23] 3]
& 7+ FlowH 2 &3} vz I7ke 3o} A5k
ol wWxz] F7tollA W FlowsS =43k $aiA]
+ 7} Flow”} t}2 Flowe} w225 sk vhiS-
14&& T oo, o] wf mixe] F7kE WA 3
3= B2-8 7P vl E- (Virtual Matrix) 2 714}
Hi‘,E{(Vu’tual Vector)2}aL gl

o

3.1 Recyclable Counter with Confinement

RCC"= 2 2hpe]9} 212 A olr] 22 vl
g F7HE olgsl vEY=a EdHE Flowdz =4
3= 7HeE 7ol ol CSE™ 7]HbelA Small-
but-recyclable Counter®} W|%e] 555 1 9= Qb

ZFshs s ©]83)] Flow 34 Agwe} &%
= it

RCCellA= 7 Flowell tisf g 714 wel 5 et
3 Linear Counting °|-8-3l &43}x glem, #l3lst
248 SJo) e 271 7 el A, el
3 7P wEe] x31E WRE] fisiA ARSEFe]
70%7} =& o, 4% Flow?| <l 3k& Alxkech
2 eRgel AP M) B el
Z A|A3k3, Quadratic Probing 4] Elo] &l Alxlgk
AN B FATeRA 7 HEE A E-E(Recycle)
t}.

a9 122 7P el 28} 3 7P wEr) 23}
Q S wf AL S BT ik WA 7

} o] F7] s& 8-bitgk 7HA3ka, o3-S 13
12] Counter Al 8702 7Hal-a8)& 2|vlglc} o]

8-bit 7} #WlE]e] $X|(Bit Position)*= Flow2] -3t

1_¢"|£

r:i'

Number of flow1(est1)

Counter B

Virtual vector for flow1 in Counter A

gefore [o[i[o 1 o[o[o[i]o[[oilo] .. JoRe[1[oJo[o[o[ofi[o[ofo[[o[]

al a2 a3 a4 a5 a6 a7 a8

After |0]1/0|1|0|0|0|0|0[1|0|1]0| ... |0]|0[0|1|0|0|0|0|0]0[0|0]O[1|O|1
& &

5]

Virtual vector recycle

37 1. P wEsE 23 dAE o e A
Fig. 1. Process of virtual vector recycling when saturation
occurs

(Unique) HHE o]-&3l ?SH*](Hash) Ao 7 AXRF
T ek AR Fizle] E01%kS w| Randomized
Hashing & ©]-8-3l 721912 87} z‘oﬂ sRlElE 12

HhEEL olelgt 2aS whash s WEle] Abg-Bol
70% o]ite] =2 w7} 9)+=¢l, Linear Counting®] 54
Ab vlme] g7ke] Alg-Ee] 70% 7} Hom A S
Aol B7Vsslr] wtel”, wlma]o] ARS-E-S Yo
of gttt RCColM = AH-E] 70% o144l 71 HE
o 5A4% Flowe] ol s 74]"‘}3}04 Counter
B(Quadratic Probing 4] €le] &)l FHA|ZIc). &l
e Axkls dlelli= K. Y. Whangsol AAg
Linear Countingol|4] wl®2] F71e] 02] 7] wE
AA ] el 3t A)E AR (9] *= A F

).

I (1)

714 U, & wZede] 02 s 2visi jtﬂ
A bitrk 094 FE P(4)) = (1-1/m)" 2 el
k. me wxe EL7],1_ nol U;L7H.,] 0°] _-_z]] 3}
wjo] 1] oA} oFo|th RCCellAM v A3 A4S
98| 4= CSENA] AFR-3l= 2AF 7kl me "me A AF
S5l edan, A)EAE weeake] 09 vig v, &

EU )
D LV B @
m m
2 3L o o 2R
. 1
ln(I/;n)=n- In(1—-—) 3)
m

& g % gleh webd vlwelge] 09) Wl e
Ae) A ket ol gE 4 ok

A

665

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’16-06 Vol.41 No.06

“ In( Vm) 4

"I =1/m) @

aelez Z3hE b ele] 02] M-S Vo o)
alsta, 7H wEle] =712 ol TiglsbE b e
o A 2] Wyl Vi e A 4 2ok
RCColA= 7P e} So] vlwe] S T3k glo
DR polA k:17} HhAl gl A4 v e]e] Fa o]

= n® F33 5 g wol=Z ALt
3 o= m°] Counter A2] 1A wlme] F7to]x vV,
& A vlzejake] 02] vlgelch wEbA Counter B

o] F4slloke Flow2] =7l 74+=
est=E(k)= ky =k )

olck 714 MELS] 02 wlgo] 02) B3 7} 0o] Hi
A5k Qe oleld Al TE 43 A
(Coupon Collector’s Problem)& ARE-3}e] k, & A4k
gt & k,=sln(s)+v e+ s+05°]ck  o7)A
= 0.5772156649°]c}.

PHY R A B 2 el 02

B o Z0Fe) D Sl o1 29k me

A ze] 2] 09] 7} A vz Flo
HWElol|2] 002 Ajte = 19 A2+ E‘”_Euq's]'ﬂ] A
Elch
Wzey 555 1 9= ghell ZEsk= A2 Counter
2 1 A=A e thgell & FlowE A& 7143
HlE] 2] Bit Positiong 1 Y= glolA] Sdsl= ulio]
t1d 2). FlowE old Y= 55 39 A=
Flow®] 3| 3t o]-83ld ZAAg) A= & F
Flow7} 28 1 $J=5 &7 & 4 9J#|4t Bit Position
o] t}27] Wil A= HEEE FR3leElE A(5)
o} 72 wolz AA wWoR rig HEle] A=

2

A

_1& [ecan

Hash(f1) Hash(f2)

’ wl { w2 { ws ‘ wn | Counter A

wa

S ool [oRollo el oo oo o

1 word

2R 2. AP el e ol A
Fig. 2. Description of virtual vector confinement

666

Flow2] <A} 32 Axke 4= el =3 she] 7}
A HEE Y= s Algksld g We| wlme] d
o2 rE ) wlE]Q] Bit Positiond $1 2 4= 9)

om ZAe] L waA 3 4= glch

3.2 Quadratic Probing

RCCol4= Counter AZll E3he 714} #E]E A
2 Flow?] #% 7152 Qudratic Probing 34| o]
E{(Counter B)ol| A3}l &8It Quadratic
ProbingZ lo|E F5g& WAshs 4o e A}
BB P )\1’4- 21} Quadratic Probing®] 2 7
Qof] 22 A5L WIFE= Ao] ot} Quadratic
kel ke palew g3 S gk

jgo

H(k,i) = (h(k)+ci+cyi®) mod(m) (6)

4] Quadratic ProbingollA] m<] Al€le] 714} &
S3k} & 280 Z AR ANshd gl ¢, o0
Aol DRl (ki) oA il SI5F 3PH(Distinct) 8]
£ 0,(m—1)/2]2 =}zl webA Load Factor7}
20} 2 Wl Aklel ATES 1A 5 sk
Seln A% A delel Alle 3 el %
(Collisionyo] Ak & 1) 7] 26 ol o
O3] 9112 Holol Gk, mebd FEo] BT u)
vhek Al(6) A4k, wlxe] Al T2]an 7] wlaedate]
gk 4 JAEHA Elok RCC+= 5444 Counter Aol
=k ke PE S AHRS] HEe] Counter B
ol ok o] A5 24 3t el gl wiek o}
Flow?} Ntle] Q148 Bal 2&- 91700 Agsledeia,
=1 Flowel] 91k 4] 5-& 2317} 24 & w wheh N
He] A6) Ak, vz AAlA T2]ar 7] vlaedihe
afof gk} 224 Counter B #H2 vl wa] g2kollA
22 vLe] ARg-Eo] =2 gl FEo] A H
Al B ik i vwe] A7) D esic) uje}
/] Quadratic Probingo] ZE Al3tellx] Tg= o7 =
LEA] = e

3.3 Quadratic Probing

o] =-ollA& RCCollA Counter B2 745 3 o]
Quadratic Probing T4l Cuckoo HashingS ©]8-3}q
Counter B2 A3 3A7]8]a &t} Cuckoo
Hashing£ HH-]1,17] 9] é_ﬂi]. _ﬂ_}\}fs]- %:]EHE o]ﬁ:&]- Eﬂ
o3 2E 1) Hleleh, MFYIE Tk ERe] A
o k& o] A ol ] ke Qe ol
o} AR |2 Cuckoo HashingollA= 717} 4k

www.dbpia.co.kr



=3/ Cuckoo Hashing2- ©]4-8F RCCell did Al 534

=W o)A e slddw 7= AlEellA] de] vz e
e 7le tE zAEE EepA " ageR
Cuckoo Hashing-> 7+ 7]l djsl] & 7l o]Ake] x}g]
(Index) & 7B 2 At
(hy(key),hy(key), ..., b, (key)). =P key, = Hl
o] Lol 4l wl "] Greedy 2| EoR Hlo|3l=
ZlRlE Zeprhar, wtef vle] ole Arh gl
h, (key, ) hy (key,), ..., b, (key,) ol & 21219 key,
= oyl (Kickout) T #e]E Foizirh Wele
key,= key, J+ A2 S AA ARlE 2tk
& 2N o, 7 o
9] #lo]E53} T 712] S| A g<E(One Hash per Table)
AHgshe wdlg Awlsle] 3, Load Factor+ 0.5¢] &
Fsjria FARY L o] el AP Ealo
71& 2dllellA dlo] &3} siAIgE 3 N Frtsted
Load Factor’} 0.971#] €2l7k= 718 93t} 18]
S "o B3t siAIgE Al A o] AREERA] o= ol
= Cuckoo Hashingoll4] Z3]7} whAel uf Z[<}o
73-Fell= "ol Antg vl dA~E 3] wst
o, B 237} iAshe AR Bl SA37 A
= Hol& JigE AR ARShe Alo] 2 S
7IE 5= glenw Eﬂ"] =2 S shsick
$-2]i= o5 RCCe A A
Cuckoo Hashingll4] AFa] ed4k-8- T'TEL o], F-5o] W
AP 2w e ok 2 2] E 2ol flE)] 7)ol o
gt 3| A] ¢dA4kS- P Sflo} g} Quadratic Probingell
A1 2l0)2] B3] 7 W, Al 3 W3 vlagls uf B
2 ditoletar & 4= glek. 23 ok F 7HelA =
2 s drbEre] Zrtal 714 73: u, 455
3= Alo] = gt & 4 9lom, o] viRe
HA 2 Sletar B 5 gl
Quadratic Probingoll4] Jﬂil T 3 ks &
we] #ete] 79 O(n)e]™, Cuckoo Hashing2 o]
£ e sAREe e o(n))REnt s ik
RCCellA =717} 242 71 HEl & ARSSh= 413}
wele] ARgeo] W A5 Eshd  Cuckoo
Hashing-> Quadratic Probing ¥t} & 455 2%
4 otk

O

it

v. A

na
HI

.l
>

o] A4 RCCeIA  Quadratic Probing3}
Cuckoo Hashing& A3+ wje] A5xlo]el] tisle] u]
o g #AS gko}. 5=8F Cuckoo HashingellA] Al 719

dol&3} Al Ao dAFE A 9] Load
Factorg A¥S 53l deluea gl Agex=
CAIDA dloJe] AMS ARg3c) o] dloly Al
2013 11%¥ 219 13:10-13:114}]e]l  Equinix
Chicago Data Centerol|4] 7155 Ez]lgo|n] 264K
2] Flows Y ik

4.1 M3 2 o uy
o] Aglelxl= wllolel A sAizle] 7153 A=

A ¢joA] W] F4x(Source IP)9] SA] FEE o]
43l Counter AcllA] 3% Flow<] 714 ®E] &5 Zko}
A8k}t 18]35 Counter A2] 7M} #El7} E3}h=w
Counter Bel| 743} 2]+ Counter A7} E3}=]3)
< | Counter Bell “FA == it disle] A58
2HA7I8 AL Ehs Aol F40]7] wiitell, Counter A2
Ao o] wmeld e dderh aEa
Quadratic Probing=- ©|-4-5}= Counter B2} Cuckoo
HashingS- ¢]-8-5]<= Counter BE 72 A3 2710014
ksl ¢18l o] 2 3] Counter A9} HHZ &
#ehes T} webA Counter A4 23} 7}
24 WEZE 9l& o SAlell 7 Counter Bel] 2=
*F Counter Bel] A% Flows<2] AX= A& )
viAge 2 miE EAe] Ed ohg dlole] Ao e
Flowell t3)] g4 (FE- o) =3]ghc([11]14] IV.B
%), Quadratic Probing®} Cuckoo Hashing:= %57
NETeIH #|gsh= SHA2565 A3 1).

kA 3Abol|A] A|AgF A3 Quadratic Probing T
= Cuckoo Hashing-2 Z-&o] A o] wic} od4le]
WAYEE] wiel], dlo] el FEo] Whsle 3l
Aes A5t B = olck uebA o] Adelx=

I Counter BE Z2HAMY, 7441, Z3))sk= A ollA]

WS vlme] 3 ‘T—g‘ 7—}7—1( 7 ]iﬁ}oﬂ Quadratic
Probing¥] o] Ms W EAE)

#Har g} =3k dlo]e] e _‘1% FlowE Z3|3}o]
=A% 3} AA Flowe] k& B]alsle] Counter A

I 1. RCC o;_}'lal% %‘ZH xol;z]g,] /\}ook
Table 1. Specification of station for RCC algorithm

Description
CPU Intel Core i5-4460
RAM 16GB
(O Windows System

Program Language | C# in Visual Studio

SHA256(System.Security.Crypto

Hash function
graphy)

667

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’16-06 Vol.41 No.06

= F Counter Be| & A3 =E 3kqlgic)

RCC2] 7&-& [11]914 #|Agk Encodeﬂr Decode
dare|E 7R CH o]83to] Fslsich o714
RCCE 73317] $lailM= F7144 geluezr) H
2 7] wltell Caol opd e <ol & ARgSlo =
ko] o2 qirh =g WimeE] HT 3eR
Quadratic Probing| 5=
sledar sl Zlol7] wiitell c#e] Aol AF AT
g8k A %¥Erh Quadratic ProbingS- ©]-8-%F
Counter BellA+= A(6)olA ¢, =0, ¢, =1 2 A3}
o] "lo]& &S 125 stk Cuckoo Hashing
4 ©]83F Counter BE= A 72 Hlo]&E-2 vl ¢l
7] ulgell 7+ "lo]E-2 Counter BY =g 33+
1/30] FFHrh o] "‘fﬂ“'ﬂﬁ ’\}—&?‘SHE Cuckoo
Hashing-& [12]°l4] A|A1&F &
=3 A A2 she 5 } EéEHE TElEo]
9Jon 7]& ndy}l 7o HiAlo g %XLE]-E]_(HV 3).
Al N2l A3~ SHA256 5] -2 256bit 3h3-
o] g-allA] o= 32bitdlA] Fhe TS 5 9)7] wiEol
oy X grE AR A S 2 S 4
AUtk o] Aol vhi 771 SHA2565 AH-31A]
"t Counter Bol|A] ARS-3h= siAIgH = t] 712 3
Al ARl e Foh

¥ 2. RCC ¥ Counter Bell gt sl2in|e] AA
Table 2. Parameters of RCC and Counter B

Quadratic Cuckoo
probing hashing
Memory size 3.5 Mb
Vi
Counter 1rtua.1 vector 32 bit
A size
Conlfi t
o) 1.nernen 32 bit
size
Memory size 24 Mb - 44 Mb
Bucket size 55 bit
Key size 32 bit
Count
01]13n er Value size 22 bit
Num. of table 1 3
Hash func. per
1 1
table

o f2l8b7] ujEo|tk Counter BollxE Hlo]B-2]
Bucket Size7} 55bito]v] 1 Foll 77} 32bitE A}-8-3}
3 A SR oK(Value)& 22bitell AL
Quadratic Probing<- ®lo] &} A5 3 7|4 A}
$4-5l= ¥ Cuckoo Hashing=- Al 7l9] glo] &} A
7R¢] A5 AFSgH} Counter B4 =7]+= Load
Factor2] Zkoll wle} 2.4MbY-E] 4.4Mb7Hx] Seggic),
2.4MbE- & 38 ] Counter B Load Factor7} <F
0.97}=]" Quadratic Probing¥} Cuckoo Hashing®] |

28] ARE-Ee] =& o] Adu-s BT 4 9lrh o]
Ao Foixl dlole] Al wia] Counter B2
Load Factor”} 0.5%€] 0.97}] ¥ =% vxe] 7k
gdsie] vlal 4 FAgh

4.2 AlEe| njztolE

o] A& ellx2] Counter Ax= RCC!'!ellA 7|43
32-bit 7P el S AN wf o] defvelE AMSkaL
UTHGE 2). 8-bit 7MF WEE AMSIA| W= ol
7 wlel7) 252 Z FlowZ Counter Bell ¥l&-
FAshe Sl47t Z71sl7] Wl Cuckoo Hashing®]

1000 50000
/
~ A
o ® 800— % d
2 o 800 5 40000 o
X~ X X P
2 : :
g 8 600 g o~
= = < 30000 7
k<] iel 400 9 /
— - — -
®© © ©
E £ E oo 7
4 & 200 o /
L 0 —— — 10000 R |
10° 10" 10° 10° 10° 10° 10° 107 0 200 400 600 800 1000 10000 20000 30000 40000 50000

Actual flow(packets) Actual flow(packets) Actual flow(packets)

12 3. Quadratic probingS- ©]-8-3F RCC-J =4 A3KCounter B 2.4Mb). 13 ko] & A& & Flowel| gk S4Ax=E ov]s}
v x22 Flowe] A3t sizle) ofolx y=o 2% Flowe] ool meh A y=x¢ SVhess Z4o] A3baic)
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