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RSP-DS: Real Time Sequential Patterns Analysis in Data Streams
Jae-Jyn Shin*, Ho-Seok Kimﬂ, Kyoung-Bae Kim'", Hae-Young Bae™"

ABSTRACT

Existed pattern analysis algorithms in data streams environment have researched performance
improvement and effective memory usage. But when new data streams come, existed pattern analysis
algorithms have to analyze patterns again and have to generate pattern tree again. This approach needs
many calculations in real situation that needs real time pattern analysis. This paper proposes a method
that continuously analyzes patterns of incoming data streams in real time. This method analyzes patterns
fast, and thereafter obtains real time patterns by updating previously analyzed patterns. The incoming
data streams are divided into several sequences based on time based window. Informations of the
sequences are inputted into a hash table. When the number of the sequences are over predefined bound,
patterns are analyzed from the hash table. The patterns form a pattern tree, and later created new patterns
update the pattern tree. In this way, real time patterns are always maintained in the pattern tree. During
pattern analysis, suffixes of both new pattern and existed pattern in the tree can be same. Then a pointer
is created from the new pattern to the existed pattern. This method reduce calculation time during
duplicated pattern analysis. And old patterns in the tree are deleted easily by FIFO method. The advantage
of our algorithm is proved by performance comparison with existed method, MILE, in a condition that
pattern is changed continuously. And we look around performance variation by changing several variable
in the algorithm.

Key words: Data Stream(#©]B] 2~E @), Sequential Pattern(=A 31 &), Pattern Analysis(3i8 £4),
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% A A A Corresponding Author) : iS4, F4 1 AP (E- mail hskim@dblab inha.ac.kr)

Al F S8F 253 Aetstw HFE T e diolEu o] ", AgER ARHRSH

2 A4 slolH| 2B 10088 (402-751), A3} : 032)860-8712, (E mail : gbkim@seowon.ac.kr)

FAX : 032)862-9845, E-mail : jacjiyn@dblab.inha.ac kr "Morstoista AFEAR T

Haed 120060 59 8Y, &uY 20063 78 26Y (E-mail : hybae@inha.ac kr)

fQsgistn BEE YR T #* B APE FEREANY 2 ARFAIATFAZAY 9
(E-mail : jaejyn@dblab.inha.ac.kr) ITATAE S XIAEY 43292 359

aEEEEEIEEEE FEUE



1.M &

HZo| FEL w1 e AR B, F3tE 4
9 H% =3, VENE H 2UEHY uE Y =3
A 28 2EY EAEY $EEL HojH 2E

= 2 (o]

Yoletm st Mze Feie) dlolEE thex gk
7129 dolE o] ool HlojEE ARt B8
o BAYe] Wzt AY R FHo] Uk 1Y
Hols 2EFL &9 YolHERE el 1 9
go] FYglol ool
d3t 48 27k vk & gloh =3 Al e
FFAozre Holgst Bysted gy 5
Qe 5A2 Az i3]
zgo N2g B4e 2 dolH 2EYY

7129 Holg rlo]de Holg 2EYe]
o} *ﬂ%ﬂl Aeolslolol gt oy 2EUL B
o Y71 AEA BAAAL BE el
dohe He Brbssioh mepA vlolde @ u
£ HlolE7} oka} Hzol HolE 2z plo]y

o,
1049

1 =

g2 Af ol

02‘-

U BT <N o B VR < A
Gl

2g sastoior 9w Hojy 2EYY 1
ol AN wd 5 917 Mol & W wlold
A Gk A o} ThAl el g e Faystel

o ot ARt WE £EE JYs e gFy b
H 2Eg9] HEg miy oA BYst=dd g
W=l el Al vl §-o] AR HTH10].
ol wpolde] 3k okl &3l Al EHolgt
HolHEo] A o2 BAFAS AL, 183 bl
OBl & Atoldf] ojmt WHE-E = ¢AE Folle W
HoltH1ll =2+ A £49 dFHd F 714 Wy
© 23 GSP (Generalized Sequential Patterns)®
PrefixSpan ¥ o] tH14]. GSP ¥ e ojwl &l
o] ¥l slA WAEIH 1 djele] dRE T WINEA
S ARLS JIWte R £31 Y-S et o
Hu GSP= 44 w8 TH dido] 2 ¥l Yo
7F Aibsle gAle AA7T 8-S e HolH
2Ego g Hgstrlde B-& Azte] Adde v
Zo] At} PrefixSpanS FRAE S W A51A) g5t
TcAES] dYHE FEHNE $P o2 GSPRUE
w2 &3 Y E4o] stEste] dely ~ERS
HE B4 A Lo] bt

olelgt 7IE] &at HY EAS EUiE ~EH
A9 e &2 d" Mo B3 Ao} o] FojH %

_n_‘ r°“

__4__4-\-|-4

i, Azke] mehA BolE el

RSP-DS: CICIE AERGIMS AAIZE =X IIE 24 1119

th E2dE5H< wolE 2E oA oWl E At EA
g Fol AlZF Tl ol E By} st RIAE
7 gk A7} o] Fo] HH7l. olF
A AL ik Y &5 7
FRE oME JF x7t Lot
WE A3yt s &
A Y FF0 915}[8]. v A Eg A7 HA
ste] &3 HE e FE5e AL vlojE e F/IL
Fglo] vid 4 ‘Rl"é o8] 2EJdAMe 4E&F
ol Btk 2Ef A 3 HHS Bk W
0.2 StreamPath®t DSM-TKP (Data Stream
Mining for Top-k Path Traversal Patterns) 7} A<t
HAcHBl A o] W ES B 7 dHE A}
ol 3FHE &AL HHS T gAslof = GH S
7EA 2L th MILE W& PrefixSpan € #3319
e 2EGMY Y B4 gnEeit2l.
MILES =8 #7A9 FEE LA dutgozy
Ay #A $=8& ]
el A A2 violH 2EF 5H& BY
1 uld 4 Qloh mheha] Z1Ee W ET go] F
o) Y Eavie g puAE Ela, AESA
e Y-S EAsfobgt gtk e 99 daE
2 3k 7o) AiE B4 disiMT d7E 3
. mhEhd AR RE7E Al S A /“*lﬂoi 244 A
27 A Heoly 2Ege] 484 wrd
A e S élﬁgﬁﬁ"]? 3t @A o] SUth
=M E A& Wl dojE 2EHY
Azt 2 FAste WS Aokgat At
gHES JHEE dolH 2EZE Azt 7
2 o] o e XEE BeE 9
A2 HelHE 12 e A HolEg
H, A7 Mg &x7 dEE A )
o] Eoll Al ST FA0] o] iRt} EAd
4%t} 223 o] Fof Al
H EgZ gge] g,
oA AtA) sl Wo 2 FA)

H

oo oo (R g
1 o

B e
o)

rlz

BT N o [ 11
L) o K owx

My

-

mlm

i)
[y
o=
i
o .

i
rlo

g

ro M &£

IR N O " A - A O o T <Y
o 2 g
o @ wp M
[ P
L o8 o5
= oo

o

»

i, |
.-E o rlo

i

2N ME Atste EaElEe 7Rl HE
PrefixSpan®} MILE®] i3t AmEot a0 3%
Ax= shte] 2D Mo AT HE BAL
gl Ajlete €nE|F Y MILEY 45¢ ula 24

FE 4NN ZES $F Ao tshe] AP,

[o]

Olfﬂ

o



1120 ZEDICINEE =2X HM9A Ki9z(2006. 9)

2.

1c)

B o
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. AR A A7 E LW 7 HolE g9
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min_sup B9 2AY & IWd JEL 3 b, ¢ d,

f, g7t A9 Aot
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AN AZE APHEE Aok ok 28y @A)
A E-2 Hoj9) 7] Wl ol 2 dlojE] xpE)rt Ay
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8 TR JPAlo] HFaAEd FrrE
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2 389 # Jon HF EE52 1Y 194 Z2oh

PrefixSpan %4 $H dH-& WA3A Fevhes
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2.2 MILE (Mining from multiple strEams)

PrefixSpan W& ojn] AHJEA ojd s& o]
Al 3 W AQEE @l Utk A E Eo 1¥

22 1 (PrefixSpan)

Output: #Z 9 &
I A HEh=<>, HF A"l Af=<

20 nlel & A min_sup ol E A3 W
3. if 9 E lolEl7t EA31A) ¢ then

4 BE FE

5 end if

6: foreach Wo|E D € H¥E dolH do

7 2%y Y = 13 ALY + Dy

8 HZ 4" JF 1Y HHg FH

9 Z ARA M e SuffixEL B4,

11: end for

. Input: min_sup, n78 9 &3, 21 AL, HF HE JIY

WE delEE g,

10:  call PrefixSpan( min_sup, &°}3 SuffixE,
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3. RSP-DS (Real. time Sequential
Patterns analysis in Data Streams)
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g 1 0 [s1-1
Hash Index Data Information Order information
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¢ 18)% 2 (FindNewPattern)

d9: A Ed PT, dlA] Hol& HT, A2 YHE £ s_new

&9: 7348 344 HelE HT

I: old_segs WE 2UWE ¢AE OITIA AAsa DITE A4
2:
3: foreach Hl°]&] D := s_new, nSuffix7} 22 D £AHZ do
4:  if D9 nFreq >= min_sup then
5 D& PTol F7}
6: end if
7. foreach Ho|¥] pre D = s_newolA D9 SuffixE % nSuffix 7} € £=AUE do
8 if pre_D®] nFreq >= min_sup then
9 D¢} pre D& @& PTol| F7}
10: D2 nNext := pre_D
11: if pre_D9} pNext '= null then
12
gystA] o3
13: end if
14: end if
150 end for
16: end for

s_newd] HIoJ]HE FAURE A HolEd A3 HA OITY DITE 74l ©] W pNexte EF nullZ ¥

PTSHY} € <D, pre_ D> A RE pre_D9 pNextZ AlZtsle dgdog ¥EQIEE A, oA pNexts

nFreq®} nSuffix7} 7 Ec}t. 283 Seq3dl U=
HolHE Fd nSuffix’t &2 SAUE £4& 3
gt <c> 9 <e>7b 2-€ nSuffix @S 7HA L Qe
U 2 F Holl 53T <c>F WA BH%Y <c>e
nFreg7}t 20|22 H¥o] Pt 281 <c>9f Suffix
7} oy #4g T3

2 <e>F FAE <e>9 nFreqsE 20|22
Hee] "l 285 7} &Abl A <e>9] SuffixEg

nFreq nSuffix Seqy Seq, Seqs
a | —+ 1 3 - EREN
b -t 2 4 ETe ]| EZTe]) -1
c — 3 2 I OGN I S O
d P 3 T 01
e ey 1 0 [ I
Hash Index Data [;\;ob::ation OMer;r;f;;matim
nOrder pNext

28 5. FindNewPattern22 ¢l +=3

=)

B

ASITE, 2 Seq2ell A <>8} Seq3el A <b,c>oll A
£ Seq3dl 533 dHolH 9 nSuffix7t & 718
o2 ARG 28U <b>, <c> EF ¢ Y 5%
e deHog dAHA Bt A <e>7t
Hog 4=y Fegch

&2 nSuffix7} 58 <b>F FARTL <b>9
nFregt 3°|2E dEHo g QAH 2z} Fx}dA
<b>9] Suffixs Aghoh Seqld) <c,d>, Seq29]

[e]
=X

nFreq nSuffix Seq. Seq; Seq;
a | — 22 sl T
b ~ 2] | BT | O E=3
c — | 10 EI | E1
d - AT O1-]
o |~ Z1)

Data Information Order Information

Hash Index Table Table
#Order pNext

& Al BlolE



<ce>, Seq3d <c>E Seqldl U oE Hloly g
nSuffix7t & 71Ee2 A <c>v A ¥ T3
stoz sige] doh wEtA <b>3tn dE o]
<bc>7F HE o R FAHY 1283 <b>9 pNext
= <c>Z ZAd Seq3olA ¢ o] H el
glomz Fgdch

Seq39] wtA| ¢t HoJE{Q] <a>& FAIRITh <a>9)
nFreqe 20122 digo] Erl. 183 ZF &Abel A
<a>9 SuffixE& AHEL Seqlad e <bc,d>,
Seq2ol = <>, Seq3dl A= <eb,c>E Seq3dl F
A= HlolH <eb,c>9 nSuffix’} & 71Fo 2 %
ALE @t <b>E F 9 TRSEE <a>dti 92
Hol <ab>rt ddez g oA <b>9
pNext7} nulle] oli <c>2 Hlth wakA
<abc>7F HE SR QAdL} a1 <c>9 @4
& olRAA FET <e>E § W SAsn= I
Ho] ot}

o8 dlolE ©AL nSuffix’t &L £AUE,
A go)lH 9 Suffix §4-2 nSuffix?7t & &4
N2 gA4e 3. Fe MYz gases olfe
Zol7} @2 deleE vA g43ly thE HEe)
BEAFE WA 7] Yo} =3 nSuffix7}
£ &MY 2 2493 AL A4 93k e A
9 v 7 BE A JEe 27 gsiMel.

3.3 TR AtH|

dej7tA] Hhe FrLE Avugid. 2y A
A HEHS FI18h71T dobd W g2 529 gg
o] Y Eje] EAsHA Hol AFL YHHE ZE
AL Ao 2 AN e Fote] 4] Yol F
. wat R e Fr19 BAld Z e
A e He o A Basct (DM Hg 2
Ao B3 g FRE AW QAMHE 2 ¢
&S Ay

1) AR F&

e A e W wA A (Buffer
Replacement Policy) [12]91A4 888 & 4 Ut o
¥ mA A Y A & e, Wy aH
A Ao M AHE 59 Buffers] o] A A X
HAT A" A= dHe At dASA FA2
dax vk &, 32 59 dEe] AF e oy

RSP-DS: GIOIE! 2E80IMS! HAIZE =X TE B4 1125

A Asde HEe 57 A, B 59 o
Ho| =& 3= 4FE B F9 o]
Egd EA5l= o) rMesith gaA A28 -
9] A7 H XS 7HERE sl AT o] R
e ggo] gl HeE At W] 7t
3ttt

A2 R WA vz oA YA LRU (Least-
Recently Used) o]t} o]R& 71 Aol 29€E &
24 ALE WO E RSP-DSS] LAFEQ 9o
G HEE A= AR fAR 28y LRUEE
< BHzt F 38 u GugFo] APHARL,
RSP-DS¥& " AlZbwlth A& Alzte] ¢ WH g
2 got 3= o)zt Utk urald LRUE 2.8i€ =
H A A o]&3hE mil ZE meS gXd= g2
v go] AR ED & Wy uH FFYQ FIFOE 7t
Z o8 Ao B0l BEL A$E Holr} AT
o] WL AYHA AT 1y T B, AF J2HE
A48 18R stk oA gy A o] &%
A A JEHAG o Ao Q1Ae] =Yg HH
o] AYAA drhe ol YA + vk E o
W wx] FYozN AA WY (Clock Algorithm)
o] i} o] ¥HY EF L AFA HZol ¢ H 2P
E5 3 AE Afe Wyolth vt g HRle] o}
Yet 943 717te] A ZE HE S-S A opgt =
RSP-DSOl: H-£3 717} oldr}.

o] FM & 9 HEE &4A A ¥ F
JE FIFOE t9sHA 338t HE Ao o] &
AT d9A dH" e A7 EE FIFOS 4
Atk 2 2 dge] dge oA dEEHY

29 62 % WY WY E79} FIFO 728
Yerde,

Patter Tree f:/ H \/C?
/A . w_:‘
FIFO — s '—’(*__)—_t~ ~

ag 6. T AHEE 98l FIFOE 71X mig =3



1126 ZEIDICIoEE =2X M9A A9=(2006. 9)

CaEH Ay A daejFoid.

1v] Eglof] 459 ddo] =AY
2 djo] Egolg. vl 4 e 2N
% £ =EE& FIFO9 oA 48L& 33

a9 3 HEg AAE & vepdth <acbh>7t
B EERA] rha siA <ac>7h WREhA] e AL
oluch £ L PrefixE a#T Y= A
<ace>’F ¥l & % ok ety <acb>7F A
A 2o <ac>e AHAEY g 28y <ace>vt
HHslR] gFow <acd>9 <ace>% WMWsIA @&
th wEkA] <ac>vt A g e 9] BY Suffix®
22 g sFojof it

24 =Hob & #& o] o2 HY Y SuffixZ
¥ 7499 Prefix® 2+ ALE 13 + Ut
<aec>oll A Suffix® & <ce>7t A4 2 A% E
oA <ce>F ZotA 2tA & g <ec>E FE
33 Jd <a>& FolrbA 1 IAHE AANFH
Ak, E3 Prefix® € <ae>Z 44 & ASde
olmt sjeo] QYA & A 2 HHE T3
£ ZE ddo] BitelA] o g sy EgdA
<ae>9 1 EE 3¢ dE £& 4HAstd Eoh 1

S 5h9 HE SOl o2 HEHs sl e X
AE7E A A, 7HEIAAS Ade = 08 94d
o Suffix® FEHE + At weA EAH
HIAAE HEe A¢A ded

I8 9= A2E &7 8ol %S B 29 29
M A" By EgE YER Aol 2R 5
¥ 32 2AHA g Hde EQoA Euiz
Ao} Fov, HFEA F2 Egd F7} 35
Aot <<>>¢he] HHEL o] A EgolA YA
%3 MEA F7HE HEol.

rlo

i
H
re
flo

4. M5 I}

B =&oAM RSP-DSE T&3l7] 915e] AR d
A2d #3e t3d 2} el C++ dofrt
A5 ier, Al2~He Intel Pentium 4 3.00Ghz,
RAM 1GB, HDD 150GB¢} st=<o] &7l Red hat
Linux 90 O/SE& 7HA 3 Qo AA st ¢aEF e
ATe AA Vi Wl & iste 4 i o
L 2 HSEF 14 digk Aol

——

A

* min_sup: A5 T43 dlolEE Adse 7
Z. min_sup’t U5 ¥ F 5A31= dolg

9 Mt EolE0] AN HEo] FolEr 29

A4 Z 3 (AddPattern)
d9: e B PT, A2 Y'Y &% s_new, FIFO
29: g1e

1: if s_new € PT then
3. else

end if

2. FIFOYA s_newE #olA, s_newS FIFO2 Wl Zo 2 o]FAH

4 s_newE PTY F7lsta. 49 € A7tz E7) FIFOo 4¥
5:

Patter Tree

FIFO

13 7. AddPattern22 9I5to] X E & Ez2|2t FIFO



RSP-DS: HIOIEI AERI0IAM &AIZH &R B 24 1127

2318 % 4 (DeletePattern)
A9 FIFO, pattern tree PT, Time Threshold t
9 g5
W e pat_set = FIFO l& 7} @+ 48A-E 742 A€

£

il

1
2. foreach pat := pat_set?] 3 9€ do

3 if PTe) pat9) &% sldEo] AL then
4 PTlA pats} pate] 319 HHES A& o] off 84 el EJAEY} A 2% EUEHE 2t A+Ae

B
o else
6: PToA patE A&
70 end if
8 end for
<za>. <a
Patter Tree <D™ 4 ><i>\<e> N Patter Tree @ v $_<i>\ <>
\\\ ”/E,: /}:/v [: > \\ 3 T LY

By “ )’ p
Fro sl : B T = S Ve S

18 8. DeletePattern2& Q50 £=HEl =& &9 FIFO

Root
<gs <ds <T> <> 2h>
<<g>> <a>/<b>>d> <a>/<bm;>> < <C \<d> <>
<<g>n <Bj e <sxé/ L&w et L
1% 9. RSP-DSe| Znz =2 1jE Eg|

U uR e 4o gE g s =] dke ot new_seqs®] 2717} AW W& & wlolErt
275 44 28 4 i FHE 714 sf¥ E4o] Ao, HE 2y
dif_items: 2E R Y= vlolHY £/ 4 9] 7|7} AojAA dot HE BAe F7E 7
HEE dolHy SRy wow o OF g A 871 fdtd new_seqs?] MFE € =
WolEt Qe e v of W AT, W A% WS HERAL AL ¥
tolel 2Ef #Ad e} 2t ALgx7t < 7 A7 F Yok
z3¢ 4+ gk * old_segs: #A] Hiol B e FA £AEY A

new_seqs: 32| HolBel)] dEE M2E £4

o

2 . new_seqs®} H 3t HEH-g A3 @ 317
MNe 5L 59 32 HH-S £4517] 93 #2529 7ol old_seqs’t new_seqsE.Th
new_seqs7He] &7t 4 HE wjul} siA) go %ol 29 new_seqshE A @{I0] oW wE
oA Ad 22d new_seqgs/N Y £ A2 o] A5 FAskE vlolElE 44 7 ¥ 5 o

—_ =



1128 ZEIOICIoEE =2X RI9A K95(2006. 9)

o B 59} new_seqs’} 3, old_seqs7} 7, min_sup
o] 6ol 8kx}. 28 new_segs+old_seqsoll
A 574 o]4del bl A dHelHZt AHF
sAste volHz A& Er) o] 1 n<3?), nie]
dlo]el D7} sjAl Hlo]Bol Ex grha s, A
2§ &3 37 ZFd D7b EA% HAE
n+3<60] Ho} A5 SFsIE HoJHZ A9 A
z3it}. v o)n| sjA] HlolEd n>=53] H
olg] D'} EA & A9, AZE &kl FA RO
A% R8s dolHZ A=A gk
data_rate: A7t &2H9] 9 vl Eoltt. 71%
2992 7} A38HT, data_rateE 1002 &H9H

o 10719 €371 B0tk Kolt} o] ¥
time_stampe @ ¥ 7} 1/1013}% 2 3 E%??Pq-
data_rate7} AU A Fod AW EMst= &
=7t 4EEEE @3}7}11 Zit}, wrebA da-
ta_rate’t & v AE 249 FU1E = F
o] sjel BAo] YU 2F dojuhx] YEF ok
gho}.

o }-)ln o

2% 108 AR AESE rold & Hojy &
E

EZ9] A8 Eajo} 289 MILE# RSP-DS9]

2

ta_

2
H

L.

LY

£

T3Z AZEE HwE Aotk VIEEFE 2T da-
rate® UM AlE22e & £avt gEE gy
e B Ao] o]Fo] A uj7A] Al7te] HTS el
ZAolv}. dif_item2 10, min_sup< 10, new_seqs
10, old_seas= 102.2 el 4% & APt
1€ data_ratec] @& W@ Ego A FAE

Uerd Zelth. MILES 4% 1019 471 452
ol E2E Q2 FEe ok ok E3 data rate

7+

Eol AR A 7717} HobAM HE A4 SE7t

dolEel 98 28 gertA R Bk webd
A HolZdl dFS trlekA B Eatel A%t
golAmz 3 #4 ¥ A7 AL FA8 gk

=

=

71&

o
=

z12v} RSP-DSE) A-%ole A& §oe= &3t
A Hlol Bl AP ojA At Blaste
o HY &S 7Asy) B we A Az
By

500 | I T I
m
T | ME —e— 1
g RSP.DS —@—
S a0 -
0
- 200 _
£
N d
g 1o .__.*4/‘/. N
‘; 0 | 1 l | | {
a 10 15 20 . 25 30 35
(8]

data rate (per seconds)
3 10. RSP-DSet MILES] Bl

a9 118 v}k min_supgtol @& RSP-DSH
A% 23S Jehd Aotk 7t2& 0 A2%e 1
103 Y3 &9 o)t} dif item< 10, new_seqst
10, old_seqst 1022 3t} min_sup@te W3
oz BZ3}7] 918 new sequI Hg2 Aty
t}h. min_sup7t PSS H2 49 dHolHI AF
s34t HoJHE Ado] Hlug ALt v go] Fof
o] A¥o|l Toldd. ¥y yWF HE& 9
min_sup$ Agsd 2F 4= AL N
T 2 EA Hol @ AFrt YA ¥S FE
Atk

250

200 -

pooo

150 —

100

50

0 | | | | 1 |
0 10 15 20 25 30 35

data rate (per seconds)

cpu time(milliseconds)

18 11, ciekst min_supoll w2 ds W3l

T 1. CleHEt data ratedl] M2 MH E2]|2] ZMUFT)
Data_rate 10 15 20 25 30 35
A7 (%) 1 2/3 1/2 2/5 1/3 2/7




RSP-DS: GIOIE AEEMIMS MAIZE &Xt TE 8M 1129

a9 128 th%d new_seqse WHalol w&

91 Axtolty 72 &H A2%L 1Y 114 F

a, dif_item-2 10, min_sup< 10, old_segsi 10 FHZ toly 2EH|gT e NZE e b

A¥L 519}t ¥ 28 new_seqs?] #lo] mE 7Y o]El7} FE& Wz it} Hlole ~EY HEe
9]

5 5 AR W g% AT

A
Qs
O 2

2 7718 dehd Aotk new_seqs®) A5 Be.  @aglel WP 4 sk 2eh} s1Ee) HY B @
W gukE AN 277 Tojdth wakA data_rate AYZSEL & T e ENNS u83t4r). o]
7b Bl %S At wEE do7A St A wyo g Wate HYg Addsem AL
e anE =gA side) EAgge RS on| G Ze ALHE LYol TAS AL

@t new_seqs® E°l™ AW 4= SAA A g Aokshs RSP-DS W WHE AP o)
F7h o150 MY &4 Azho] go} Aot A B EgE 2233 234 Wsls JHSES 048}
data_rate7} UF w0 R Hd £49 F717F Y& o Y8 EE AR ANSE ANZo T A8
#obAlth. mepA wojeiel U SmE MV X o n sy gue ALsg RSP-DSES Hlo]

3 28le] HY &4 Algkel §43] ol Ae B 2EY 98 4 gmeiEe MILES 7|E2o =
At so] FY QT e AFe Edle AL 9
};‘__}3:'452] 7&'—‘7’]’%‘% 5’5}'3‘1 RSP"DS u&"g% O]—g—- 6}-11_:' b T;;j,% o‘_“}_\_‘%ﬁ}__\‘:_. ‘—)q_ % ILILP_E} &E‘% }\g%
et g3l wet Wate HHE MEA Lot ¢ & Helohs AL EWstgrnt ol AE MILES A&
AthE AMEE dolliflth 53] #38 2439 R 2 e
& &3k 49 RFEEe
vEHZ 43 BUHY, 28T 54 £A7F 48 dvic oy g oAl B3}
3 o] N&FHOE DU HE sHHA HEHY of

:j f ff IoPRE SIS SN BHASE 2 et minsw Y BAGEd ol gt &
A9} Aol whe gnEe) 45l 288 4 Atk
£ AL wrsh e of F use) A% A

290 doz 4o HAsE olfol ¥ & Atk

RSP-DS+ #Ele] 9A3 A7 72 5438k}
AL ARSI §l7] 2o &5 dee F717t
€ HolE 2EgoA 9 el Eo] A7l 5
o] Z o} &}, wE+ FEle] WElsl A SR G
£ 7oA RSP-DS9 2ol A%stel Al B4

50 . e whEe B9 adk dake gt aela do
o B 2Eg9 sjde] Waln X waA gold
o 10 15 20 25 30 35 v ¢ndE9 AT o]Fojxel & Holth

cpu time(milliseconds)
3
i

data rate (per seconds)

2| 12, CiSt new_seqsolf M2 M wis)

¥ 2. data_rate®} new seqs® Hsfol M2 DE E2|9| WAl FJ|(X)

data_rate 10 15 20 25 30 35
new_seqs=3 3/10 1/5 3/20 3/25 1/10 3/35
new_seqs=5 1/2 1/3 1/4 1/5 1/6 1/7

new_seqs=10 1 2/3 1/2 2/5 1/3 2/7
new_seqs=20 2 4/3 1 4/5 2/3 4/7




1130 ZEIOIDIOES =2X XH9A M9=(2006. 9)

|

[1] J. Pei, J. Han, B. Mortazavi-Asl, J. Wang, H.
Pinto, Q. Chen, U. Dayal, and M.C. Hsu,
“Mining seqguential patterns by pattern-growth:
The prefixspan approach,” IEEE Trans. Knowl.
Data Eng., Vol. 16, No. 11, pp. 1424-1440, 2004.

[2] G. Chen, X. Wu, and X. Zhu, “Sequential

Pattern Mining in Multiple Streams,” ICDM, .

pp. 585-588, 2005.

[ 3] B. Babcock, S. Babu, M. Datar, R. Motwani,
and J. Widom, “Models and Issues in Data
Stream Systems,” PODS, pp. 1-16, 2002.

[4] R. Srikant and R. Agrawal, “Mining sequen-
tial patterns: Generalizations and performance
improvements,” EDBT, pp. 3-17, 1996.

[5] HF. Li, S.Y. Lee, and M.K Shan, “On Mining
Webclick Streams for Path Traversal
Patterns,” WWW, pp. 404-405, 2004.

[6] HF. Li, SYY. Lee, and MXK. Shan,
“DSM-TKP: Mining Top-K Path Traversal
Patterns over Web Click-Streams,” Web
Intelligence, pp. 326-329, 2005.

{7] G. Das, K1 Lin, H. Mannila, G. Renganathan,
and P. Smyth, “Rule Discovery from Time
Series,” KDD, pp. 16-22, 1998.

(8] T. Oates and P.R. Cohen, “Searching for
Structure in Multiple Streams of Data,”
ICML, pp. 346-354, 1996.

[9] HF. Li, S.Y. Lee, and M.K. Shan, “On Mining
WebClick Streams for Path Traversal
Patterns,” WWW, pp. 404-405, 2004.

[10] M\M. Gaber, S. Krishnaswamy, and A.
Zaslavsky, “Ubiquitous Data Stream Mining,”
PAKDD, 2004.

[11] Q. Zhao, and S.S. Bhowmick, “Sequential
Pattern Mining: A Survey,” Technical Report
Centre for Advanced Information Systems,
School of Computer Engineering, Nanyang
Technological University, Singapore. 2003.

[12] H. Garcia-Moling, J.D. Ullman, and J. Widom,
Database System Implementation, Prentice
Hall International, Inc., New Jersey, 2000.

o x

2005 Qs st e FE
(F82h
20059 ~ @A) Q1sthsta HH
ARZ R (A1)
FAEok . DSMS, Data Stream,
F ool e wjol 2

4z A
2001 <Isteishm A FE Ty
(F8hAD)
20039 Aot HEH TR
(FE44h

20032 ~&A Qs et
HAFE AR F I (LA}
#+3)
FABol : FHdolE M o] 2, LBS, SHIHE A HFE,
RFID 9] &4 o

N

d & ej

et ARA A2
2

ghap)

11992

~ %

ol

igtm gisky Az}
T8 (T
20000d tiew ojsky Az}
Adgety (Feakal)
2000 ~20043 = AAFANA
79 Adard
20043 ~€A} AMeustn AFEH ST 2uy
A Bof 1 o]F AT ol o)X, 2ER]R] A|2H],
GIS, VOD &

i

ol

9]
o
199443 Q1
Al
N

i gk e g

ol
02

o ol
19743 Q&tiste S8E0 e
(FstAh
1978 A Ee gy AA
A AVE T (Z 84 AL
1989 sty distd A
A syt (F kAl
19854 Univ. of Houston -1~
19921 ~ 19943 A3disti AzA LA A%
19823 ~ &8 A Aslistn PFEHITERE Ly
19999 ~ &4 A5 HGISATAE A8
20009~ A S 22 -ANgw gy oy
20043 ~2006\d <lsldistm FRFAUEY 93
20063 ~ A sl w o 4%
TA ol B4t HolE M o], F3F tlo]EH o)A, X7
AR Aag, dEgo] woEju|o]x F



