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Abstract

A data streams environment which generates enormous data endlessly has been
appeared, so a sequential patterns analysis that obtains frequent patterns from many
sequences has been researched again according to the data streams environment. Such
researches are focused on real-time patterns analysis of current incoming data streams,
but patterns analysis of historical data streams have to be processed to analysis trends
of the patterns.

A data mining which sequential pattern analysis belongs to in data streams
environment have to be real-time operation, low memory consumption and mining
historical data streams. In such data streams. environment, PrefixSpan that do not
produces candidate patterns, MILE that have no repeated pattern analysis, SMDS for
real-time sequential patterns analysis and FP-stream that support historical patterns
analysis from desired point to present time have been proposed. But these algorithms
are hard to analysis historical patterns.

In this thesis, sequential patterns analysis methods in a range of random time using
hierarchical patterns tree are proposed. The proposed method analyzes sequential
patterns in a way that conneets current constructing patterns to previous analyzed
patterns when previous analyzed patterns are appeared during patterns analysis.
Constructed pattern trees from the patterns analysis are collected and make seconds-—
unit pattern trees. The seconds—unit pattern trees make minutes—unit pattern trees, and
minutes—unit pattern trees make hour-unit pattern trees. Like this, pattern trees are
constructed hierarchically, and stored in a disk. If pattern analysis request in a random
time range is entered, the time range is divided into each time unit, and pattern trees of
the time unit are read from disk. A result pattern tree is constructed after merging the
obtained pattern trees and refining the merged the pattern tree.

Advantages such as pattern analysis time, pattern searching time and low memory
usage of proposed method are proved in a comparison with pattern analysis methods

implemented from previous analysis methods.
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Algorithm FindNewPattern ( seq_list )

Input
seq_list : dE e FAsEo FY2E

Variables
event_list : e gaS X8 & oHE grE
e : ol E

Begin

01: add_seqgs( seq_list );
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02: event_list := get_event_list();

03: while is_empty( event_list ) = FALSE

04: e = get_freq_and_min_suffix_event( event_list );
05: if exist_in_tree( e ) = TRUE then

06: continue;

07: end if

08: add_pattern( e );

09: FindPatternFrom( e );

10: end while

End

[Fie)% 3-21% 9EE oMES Aoz at AYg i Fudzold WA =
01 A P oE e B A%oR sl ol BB /M et), /M eE o MEE ¢ 7}

SAskE oAbl Al e 9 Suffix Eolth Rk [ 3=1]9 =al&S d= E0S W, e 7t dpy,
T2, 13 O F 01 oA ZHAQE Suffix o|MESS AHBY, &X Seql e o
OMEL d 9 o]&d S&5A 2ekal Seq? ANAlE= a, b, g, 18] Seq3 oA E a, c, e,
f7F dok. WA arg 1a, bro, cre, €ra, s, g2 7F = 01 oA dojxith oleigh oHIE
g 2EoA oJHEE F 034 gk /X 7hAeF 04 oA HIEekA] AASEE dpy o 13 B

%L&IJ—B]’J_’— 9}\% ll:—%‘, dTl, T2, T3 Q Suffix O]HﬂE CT3 = ?j]gﬂ'% T'}:"]' XJXﬂoﬂ}\iw_ w1 L?l’
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Algorithm FindPatternFrom ( e )

Input
e : e EAs A & olWlE

Variables
event_list e H olHEQ SuffixEe TAE
suf_e AHH o|Hl EQ Suffix o|HE
pattern grolxl sie

Begin

01: event_list := get_suf_event_list (e );

02: while is_empty( event.list ) = FALSE

03: suf_e = get_event( event_list );

04: if is_frequent( suf_e ) = FALSE then

05: continue;

06: end if

07: if already_exist_pattern(‘suf_e ) = TRUE then

08: make_index( e, suf_e );

09: continue;

10: end if

11: pattern := concate_event( e, suf_e );

12: add_pattern_list( pattern );

13: FindPatternFrom( suf_e );

14: end while

End
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Algorithm MergePatternTree ( pattern_tree_list )

Input
pattern_tree_list

Output
merged_tree

Variables
pattern_tree

long_pattern

Begin
01:
02:
03:
04:
05:
06:
07:
08:
End

end while

end while

nt
of,
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ok
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e

) I

I

while is_empty( pattern.tree_list) = FALSE

while is_empty( long_pattern ) = FALSE

pattern_tree := get_tree( pattern_tree-list );

long_pattern := get_long_pat( pattern_tree );

add_pattern( long_pattern, merged_tree );

HEEDE 71 A& g AE

ko)
=
e = sjdEee] F7F g e

long_pattern := get_next_long_pat( merging_pattern, pattern_tree );
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Algorithm MakeSecondPatternTree ( base_pattern_tree, sec_pattern_tree )

Input
base_pattern_tree ) ZHY ] FAA 7E W HHE
sec_pattern_tree > ¥4 JdHE
Output
result : =E: 0 )
Begin
01: sec_pattern_tree := MergePatternTree( base_pattern_tree, sec_pattern_tree );
02: if over_second( sec_pattern_tree ) = TRUE then
03: WriteSecondTree ( sec_pattern_tree );
04: result := TRUE;
05: else
06: result := FALSE;
07: end if
08: return result;
End

o

= 9o dEEd 7]E He dEE dEed ¥ 1 27F Add = w9 dEEL]:
ehgo] Ho] tlazoe] 2o [€aelF 3-5]% tadd = He dEEE tadd

PEsts darglFolth. 0104 A JHEDE 99 Jds dojea & 0204 =
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ol wj = 04 oA AHdE = HEY FHHEZY /57 60 o wiged, & 05 oA
60 7o = WY HEEDS 7HA A & 06 oA & W9 FEEYS vhE v&eA &

09 oA & 137kA= 2 ¥ A= W7 60 o wjQlA FQlstal, 60 o wijg=olw

o

Al RS R EZ S skl = 14 oAM= A B9 SR ES Tl 24 9 wjaEelA
gQlste], 24 o vl A W R EE AT o WY EELI A A A

Sodol QR AL BUA =5 Z 18 oA AR FAS Qe AR = W9

(&gl 3-5] = H9 ddEZ 98 dag+

Algorithm WriteSecondTree( sec_pattern_tree )

Input
sec_pattern_tree j > H9 JdHEZ

Output
result : t) 430 2XeqF =R o

Variables
cur_file : A ARFH T = FY
cur_sec_num : dA AAE Jex HY deEDY g
cur_sec_tree_list : HZ 60709 = Mo HHERD gE
new_min_tree : AR ALE & 9 HaEY
cur_min_num : AA A = = 19 HEHEYY i
cur_min_tree_list : HZ 60709 WY AHER
new_hour_tree : AR LR Al 19 HEY
cur_hour_num : A AAAEA A= A e A"HED Y T
cur_hour_tree_list gdoll = 24709 Al W9 AHEY 2E
new_day_tree : ANz AAdE A He JEHE

Begin

01: cur_file := get_cur_file();

02: insert_sec_tree( cur_file, sec_pattern_tree );

03: cur_sec_num := get_cur_sec_num( cur_file );

04: if cur_sec_num%60 =0 then
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05: cur_sec_tree_list := get_cur_sec_list( cur_file );

06: new_min_tree := MergePatternTree( cur_sec_tree_list );

07: insert_min_tree( cur_file, new_min_tree );

08: cur_min_num := get_cur_min_num( cur_file );

09: if cur_min_num%60 = 0 then

10: cur_min_tree_list := get_min_sec_list( cur_file );

11: new_hour_tree := MergePatternTree( cur_min_tree_list );
12: insert_hour_tree( cur_file, new_hour_tree );

13: cur_hour_num := get_cur_hour_num( cur_file );

14: if cur_hour_num%24 = 0 then

15: cur_hour_tree_list := get_hour_sec_list( cur_file );

16: new_day_tree = MergePatternTree( cur_hour_tree_list );
17: insert_day_tree( cur_file, new_day_tree );

18: create_new_file();

19: end if /¥ W JEED] B F&

20: end if /4] W9 AREL Y F5

21: end if /= W9 FEE Y T5

22: result := TRUE;

23: return result;

End
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AR EYE o] Fi A= £AE59] Jgolna o] ol AREA7E Aogh Min_sup @t w3
v 2 WSl E T s ofHMEE sfdEA AYEn. [1" 3-4]9 e
JEEgA FE =9 54 31571 7 o]al Min_sup 7} 0.5 olgbd, gl EgjoA =3
B 357 @A % <a, b>9F <b,a>= WHsA Yria seto] Ho] kA7t ®o)
[¢18F 3-6]= AVEE AAste dungsolth 98 #2 AT =g o]rh
= 01 oA AA o 7]= #kel yardstick 2 7ZFA=t}. yardstick & IHHEDZ FE =9
IRkl S=o] min_sup & #olo] Algbe]l "o} = 02 oA FE =EF 7193 & 04 oA
FE =29 prefix =55 7FA9A AAZ Attt & 06 94 7HA 2 oHlE =9
WSS FA5to] yardstick Xk Zow sfdo] ofyeii dste & 07 oA
HE wtof BE A4 LE5s AAelth. 283 & 08 oA AhAld
OJHE wro] Br T X 7}E]7]+= base_node 9 T2 prefix =E=5 7} kA g-Alg)
09 oA whef oWl E w=xo] NIEkg =7} yardstick B E 49, & 11 oA @A oiE
=9 o prefix =55 JHA A BAS g, woF g prefix =E=7F 1S

7390+ searching_node 7} null o] i o]d HLol+= = 05 oA searching_node 7}

[daE]F 3-6] AHED AA dugF

Algorithm RefinePatternTree ( pattern_tree )

Input

pattern_tree : AAE e EZ
Output

refined_pattern_tree : AAE HEEZ
Variables
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Min_sup : nidkelx] o 5 AASIE 7|FE % 3L Ay W4
yardstick : EgjoA] 2rAE gy 7]FE #k

root_node : FE =

base_node : A2 AA g oWlE w==9] suffix =5

searching_node

o
=
ul
b
[

Begin
01: yardstick := get_yardstick( pattern_tree, Min_sup );
02: root_node := get_root( pattern_tree );
03: base_node := root_node;
04: searching_node := get_next_prefix( base_node );
05: while is_empty( searching_node ) = FALSE
06: if is_frequent( searching_node, yardstick ) = FALSE then
07: delete_pattern( searching_node );
08: searching_node :=get_next_prefix( base_node );
09: else
10: base_node := searching_node;
11: searching_node ‘= get_next_prefix( base.node );
12: end if
13: end while
End
[dg]F 3-7]12 499 WS /A= SAE 24 dagFolth [¢ags 3-
215 d8E s=AEA HHERE YAt AH o)A, [Eags 3-7]1 o] A=

ofg] AlZk Wi

Az

F 17014 F 22744, ARE R

JREZSZFY ot A7 W9 dRELHES st HAolo

=< [29 3-6]o4 Yot A} o] 5719 Al HRE vpyoja] o] Ht,
Holo] kB = = (oA & 1071, dFRE Be = 1194 = 167}A,

%= 299 A

olx = 347FA oA Zhzb vl W ow HeHEn, WA T A HAE d=gd AT
HHoA 7t e sl A WYl &3 JHEZE txFoA ojoM d@H T
merged_tree_list ¢HE ETE F7MA 71t merge_tree_list= QA A|ZF Ho| &35
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oflg] A W9l FHHEZE AT F = 3604 HFiadeE EfEs F
380 Al FA| F AR&AbA] A EPE wkgkeit
[¢aE]F 3-7] A AIF AH9lol digh &A9d 24 dags
Algorithm ReadPatternTree ( time_range )
Input
time_range Yot HEEZ 9 A7F W9
Output
result_pattern_tree Az dole FHEHET
Variables
file_list dHE Az Wl &5t 9 gaE
file gl w}ol
searching_time gk R o] e Aek AjZE 1 9
sec_range SALT 2 WOl AT 9
min_range S A 1Y AIRE 1S
hour_range = B S L R I R
temp_tree_list T Ao A ¢lol EF YAES @S B2E
merged_tree adHH A3 E JHEZ
merged_tree_list FHE JEEZESS 72 Z£E

Begin

01: file_list := get_file_list( time_range );

02: while is_empty( file_list ) = FALSE

03: file := get_file( file_list );

04: searching_time := get_file_time_range( file, time_range );
[INZE 9] R = Wglo] dHER ©A

05: sec_range := get_front_seconds( searching_time );

06: if is_empty( sec_range ) != FALSE then

07: temp_tree_list := read_sec_tree( file, sec_range );

08: merged_tree := MergePatternTree( temp_tree_list );

09: add_item( merged_tree_list, merged_tree );

10: end if
PR A B I T o ol B I I 5 R i

11: min_range := get_front_minutes( searching_time );

12: if is_empty( min_range ) != FALSE then
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13:
14:
15:
16:

17:
18:
19:
20:
21:
22:

23:
24:
25!
26:
27:
28:

29:
30:
31:
32:
33:
34:
35!
36:
37:
38:
End

temp_tree_list := read_min_tree( file, min_range );
merged_tree := MergePatternTree( temp_tree_list );
add_item( merged_tree_list, merged_tree );
end if
/N ZE e e AZE Rio] s Ee]
hour_range := get_hours( searching_time );
if is_empty( hour_range ) != FALSE then
temp_tree_list := read_hour_tree( file, hour_range );
merged_tree := MergePatternTree( temp_tree_list );
add_item( merged_tree_list, merged_tree );
end if
/AR 9] SR e dHED g
min_range := get_end_minutes( searching_time );
if is_empty( min_range ) != FALSE then
temp_tree_list := read_min_tree( file, min_range );
merged_tree := MergePatternTree( temp_tree_list );
add_item( merged_tree_list, merged_tree.);
end if
[N Bee AR 2 Yo ddEe] gl
sec_range = get_end_seconds( searching_time );
if is_empty( sec_range ) != FALSE then
temp_tree_list := read.sec_tree( file, sec_range );
merged_tree := MergePatternTree( temp_tree_list );
add_item( merged_tree_list, merged_tree );
end if
end while
result_pattern_tree := MergePatternTree( merged_tree_list );
result_pattern_tree := RefinePatternTree( result_pattern_tree );

return result_pattern_tree;

ofe shale] AANE JQ FAo] b5tk o]Ae AW B Welsh aFel FekE s
Zo] ohleh ole dol AAA WAHE EAUE PAE stk oot

31



4. 537}

B Aol A= Ak A Y= e EAbelEl B4 AIREE WAl WUF @ 4.1 AellA =

ot
N
ol

Ir
>
[>
et}
lo
oX,
o
A=)
2
r O
oZ
L
=)
=
=
]
o
L
I
o
k1
o

gdu= sakse] T4

diste] Hwe F, 4.2 dolA AARE A

4.1 7184

E Ho|aA Aokst AA "L C++ =2 s on A]~EL Intel Pentium 4
3.00GHz CPU, 3.24GB ¢ #S 7FA 1 QL3 Microsoft Windows XP 7} OS & A X% o]

o]
AT

71E9] dHoly AEA wid 24 e Rs oo APRE A= A7 =xE

NonMerge WHolgtil gt} 7]&Eo] dlolg] ~E- Ao #=xdid 4 WHES Edg
o] glorm g HEEF NonMerge WHol <3t} vB|d NonMerge WHE& MILE <

A ellA AT ALED ] e wol7

rlo

Zivbo.z T E ot o owA Wy

Ho
ol
£
oZ
oX,
i
rlr
kd
il
N
rie
>
&
o
fo
1o

HHAELYS vz AFgch

7 Ashe

RO
il
filo
9

AIZE HE 7 A YA A AZE W9l sdEle ]E W9 ddHE
W5 wHog FEo] #Huy. o] ®WMHS NonHierarchy WwWHolgla gt} 7] E

NonHierarchy ¥ MILE & o]&3lo] Fdo] HX|v ofg oy ¥4 duzg&s

32



NonHierarchy,
FP-stream

=
18] Al

5t

I5]

A+

NH-SDMS,

s o8
ol =

=

SDMS
G 5 ¢

]

hYE

NH-MILE,
7}A] a1

o] &gt

g
IBM synthetic market—basket data generator

MILE

)

Hul 4 2 At gl o

o FEe] dol=

3

=

10000 7fo]lx

NonMerge ¢} NonHierarchy ¢ A%<

T

°
yal

=

T AFEEE 0.75 o|t},

597

[

-

4.2 A

X
4

L3 A=H2

A

HAAAZE, wEE] ARS-RFolt

%

ﬂmo
Ar

]

33



L >
c
O o
I 8 O
022
- Lll_mw
> 56
K ZZ
O 0o o o o o o o o
L O b O b O b O W
< - O o N NN~
(T)izly R

10000 20000 30000

+ NonHierarchy

o)
5

31#]

gl TEE AR

1=

A%

Hol+= AL NonHierarchy W&

el

el
N

T

ox

il

b

)

Win_size W&ol &2k oIy 2EYo] Qi = vt 7] W fdEE 44

F71 ol v

/%J /‘3 )

=
=

W E

W e

NonMerge

& oy

Wi

B v

NonHierarchy

I

<

o))
s

=0

H

B3t} NonMerge

~

el

2ol A

S ol A

w
<

1=

| dlelE

A~ 5
A

R
.

gl

o

3

9]l

wobdw A4

wolthrh ol

N
No

34



] o] E]

B

18]35 NonHierarchy

, NonMerge,

W ol Aol HA &o

gt

Z]

wj

WslE vagk A3, NonMerge W3 2ol

S H g o

)

]
F
Gito

51|

I9]

H

=
=

7}

=
T

o

hvA

190 210 230
o]t}. NonMerge

170
s

ol

]

7] ool e

71t

150
12¥

o)

o

A
4

4

I9]

she] dlole]
110 130
A A
AN
Zh

5

T3d%¥ NonHierarchy

Lxg
90
74 ]

=

2d-2]

o]
50 70
[

ol A 212
v o 2

30
=
it

—e— X ot 2
[¢)

AR

—a— NH-MILE
—— NH-SDMS
—x— NH-FP

o}

10
14

R
.

OF
=

3ol

5171

o

A e

[ 4-2]

eroket dialel

A7
2

oF
!

o
N

ol

)

N

d& &° 20

EA5

35



olojz 20

kol A]

T

ol

s

]

24

=9

€

NonMerge 9 4<% 7}

A=

=y

mjy

o

i
&)

5

fEd duie ]2 e

I &l o]

2]

Win_size 7

NonHierarchy ¥ -&

Fo Yol A%

/%J /\3 5

ol)
~

ol
i

)
il

i
B

flof Hez [T9 4-2]9] Aol o] AIzE WY 7t

9]

9% 2o gue

1=

=y

oF
"R

)

—_
o

ol

|=]
ERY

1=

5|

el I

BT, 2y 200-%

=
=

o\ 57k

o
N

)

B

il
)
L4

o

Az W97 AL

B

of AIZF M 7F AA

=
-

5171 1l

3l =2

=
=

:rL

=
=

e Eg

AT o

7] wjFEolt}, 18a 120 %, 180 %,

o]

AZE S e HAAIREo] tha SrolA = Kge Rt

240

170, 2 7 == 3 7

JEEL7F HhEA]

2]

ol

ol
™

Fe] 7] wjEolvh AlZE W7 A

e
sl

36



Welsh wolubw ol Aol = W9l dEEw g ®owel duEes gaw shEo

Solup7] wl#olt),

2EYS vZgol] Ha vy @Al 'l A4S b7 wiel v

Bolil, NonHierarchy 9} #o] ASHoz EfE FAsHA gowl axd HAA

o
M
rlo
o

23
>
L
o

WAL Holda® AyHow PANgel IR AL ¢ & Avh aet A

oo 100 —o— F| Of gt
< g | —o— NH-MILE
o —— NH-SDMS
H 60T —x— NH-FP
= 40 |

20 1

10 30 50 70 90 110 130 150 170 190 210 230

2 AIZH i 9I(F)

[ 4-3] vixe] ARE-=Fe] wja

37



NonMerge W< gk 800KB o4 10000KB 7}A) 9] W me] & Alg-str), upepa] 72 1}

rlo

A 2 Ay v Re] AR Qlsle] X EFE XA 51 tE NonMerge

B dole Aol @rwd] AUENE YA webA] A Wt ARES

&2

rlo

el w3t dole] 2ERS Wl B glojob Hu vwel ALgFe FHECh

S7he vEhdith

Ao wme] ARgRFel wshs AR BBt Hsd BES Rolth ozl
AAE o] Hxads sEHE dHEe] ¢ Wetd uet vine] ALgRE W)
mEolth dlE 5ol 120 = WS AA mE HEA E Y ARE 1 AS ¢l
A57F @At 180 =9 A AdlE & W dHEED-2 AE, 240 = AN A=

wrE

e MR EY 3VIS do2 . webs ol A Sl w2 R AMSEs

ShiA

wolc}

E7 3 e ARSEHA @714 AT Y Ed 7TxE ARSSHA @i NonMerge 9t

38



el

WG

_(H

! g% AT
Q1 olo] A

ol A

6. 2

ol

o
=

_"

w2}

E
N

2l

Ak 917k
el

L

gk ofueh 3o

Job o}, wep

]_

5

AZF 919

o]

R

&

Lot Al

A 37

1

R

5t

I9]

o
=95
==

3

T

SRR

oA 7]
A7k 0.003 ®je] Wl EE

) Al
AN

z

=
9 EEoh A= A

ol

=

Aok kA

e o

-
)
el

bl A-gA7}

RS

]

A7 9l

°

Bk

R
o] 4
T A

il

g)e] 9]

bl Wk o

o] £}
=z} d]o] ¥

AF dely ~EY

ol

1 dEx= ¢4 dHolg ~Edo] t7]

A}

ERE
o =T} 2000

R
.

O
]_
QML) 201 o A=l AT,

O —

=

Lofof

e A

Ak HolE AEFA oHlE )

H
wwe} Holg

=
-

7} A 2

[e))]
[e)

L

Ry

Al

BRI

=t} 7]
498
=R

2E £ dolEl 2EYS /13 Qolof Fhk Weky] wek ALgAh

Algk = Az welel s

AAH

T

i,
%
A}
]

o
o
w

39



Fu £3

[1] A. Arasu, B. Babcock, S. Babu, J McAlister and J. Widom, “Characterizing Memory
Requirements for Queries over Continuous Data Streams,” Symposium on Principles
of Database Systems, pp. 221-232, 2002.

[2] B. Babcock, S. Babu, M. Datar, R. Motwani and J. Widom, “Models and Issues in
Data Stream Systems,” the Symposium on Principles of Database Systems, pp. 1-
16, 2002.

[3] A. Arasu, S. Babu, and J. Widom, The CQL continuous query language: semantic
foundations and query execution, Technical Report, Stanford University. 2003

[4] A. Arasu and J. Widom, Resource Sharing-in.Continuous Sliding—=Window Aggregates,
Technical Report, Stanford University, 2004.

[6] D. Carney, U. Cetintemel, M. Cherniack, C. Convey, S. Lee, G. Seidman, M.
Stonebraker, N. Tatbul, and S. Zdonik, "Monitoring Streams — A New Class of Data
Management Applications," International Conference on Very Large Database,
pp.215-226, 2002.

[6] J. H. Chang and W. S. Lee, “Finding Recent Frequent Itemsets Adaptively over
Online Data Streams,” Special Interest Group on Data Mining and Knowledge
Discovery, pp. 487-192, 2003.

[7] G. Chen, X. Wu, and X. Zhu, "Sequential Pattern Mining in Multiple Streams,"
International Conference on Data Mining, pp. 585-588, 2005.

[8] G. Das, K.I. Lin, H. Mannila, G. Renganathan, and P. Smyth, "Rule Discovery from
Time Series," Knowledge Discovery and Data Mining, pp. 16-22, 1998.

[9] M.M. Gaber, S. Krishnaswamy, and A. Zaslavsky, "Ubiquitous Data Stream Mining,"
Pacific—Asia Conference on Knowledge Discovery and Data Mining, 2004.

[10] H. Garcia-Moling, J.D. Ullman, and J. Widom, Database System Implementation,

Prentice Hall International, 2000.

40



[11] C. Giannella, J. Han, J. Pei, X. Yan and P.S. Yu, “Mining Frequent Patterns in Data
Streams at Multiple Time Granularities,” Next Generation Data Mining, MIT Press,
2003.

[12] J. Han, J. Pei and Y. Yin, “Mining Frequent Patterns without Candidate Generation,”
The ACM Special Interest Group on Management of Data, pp 1-12, 2000.

[13] H.F. Li, S.Y. Lee, and M.K. Shan, "DSM-TKP: Mining Top-K Path Traversal
Patterns over Web Click—Streams," Web Intelligence, pp. 326-329, 2005.

[14] H.F. Li, S.Y. Lee, and M.K Shan, "On Mining Webclick Streams for Path Traversal
Patterns," World Wide Web Conference, pp. 404-405, 2004.

[15] A. Marascu and F. Masseglia, “Mining Sequential Patterns from Temporal
Streaming Data,” In Proceedings of-the first ECML/PKDD Workshop on Mining
Spatio—-Temporal Data, 2005.

[16] T. Oates, and P.R. Cohen, "Searching for Structure in Multiple Streams of Data,"
International Conference on Interetional Conference on Machine Learning, pp. 346—
354, 1996.

[17] J. Pei, J. Han, B. Mortazavi=Asl, J. Wang, H. Pinto, Q. Chen, U. Dayal, and M.C. Hsu,
"Mining sequential patterns by pattern—-growth: The prefixspan approach," IEEE
Transaction Knowledge Data Engineering, Vol. 16, No. 11, pp. 1424-1440, 2004.

[18] R. Srikant and R. Agrawal, “Mining sequential patterns: Generalizations and
performance improvements,” International Conference on Extending Database
Technology, pp. 3-17, 1996.

[19] 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.

[20] #Adst, FHA, 2574, wWalld, ‘e A5ZoddA Eleld dAkg FHAE

)

HAgtE At A9 Adet 71, JRaeks] =4, Vol. 33, No. 6, pp. 563-577,

[21] A1AZ, AsA], 4w, wisied, “RSP-DS: dlolg ~EfoAle] Azt =atdl

BA 7 gy g t)olsts] =82 Vol. 9, No. 9, pp. 1118-1130, 2006.

41



A 2

SE

=l

7}

A 2ol

A 2

NEREEPE

2RO

o} 02K o

A

it
o

) 31

g
|

e

=34y

il
—_
~NH

=
\_AO
hf

g

1))

o9 A A]

2

3]
14

NI

2hw A =

2

At

Al 7F

=eal

be

A

TFEAE

=
=

o] 2] 7}A] (?)

7] e}

Tal

oga =ES A=s)

w7 2

oY
el

SERRER T

=
=

A

o8

=

7o

-

!
LO*
o

i
o

I
ol

o

ARE WA Abs]el] 1&g @ o]t

&

o=
=

[
i

TEE Fol7pAv. il

al

i

A %

R
.

HlE 57

ol

42



SES

] PRAlaL

23]

3 AA. BE A

24

2 4A71E v

.
Fo

Wrope

A
=

g, ew

712

=&

A sl A

Zz o]
=

ol)
]

=
T

i ERE ZhS

]
=

&t

TRUE A Wogs

.
T

o)

<
-

A 2 a2 @74 o

Al
=

A% 3

=

e ARl urb

43



	1. 서론
	2. 관련연구
	2.1 데이터 스트림 환경에서의 데이터 마이닝
	2.2 데이터 스트림의 순차패턴 분석

	3.계층형 패턴트리를 이용한 임의 시간 범위의 순차패턴 분석 방법
	3.1 임의 시간 범위의 패턴 분석을 위한 계층형 패턴트리 구조
	3.2 기본 범위 순차패턴트리 구축 방법
	3.3 계층형 패턴트리 구축 방법
	3.4 계층형 패턴트리를 이용한 임의 시간 범위의 순차패턴 분석 방법

	4. 성능평가
	4.1 평가환경
	4.2 성능평가

	6. 결론 및 향후 연구
	참고 문헌

