Sequential Pattern Mining Algorithms

Yoon Sang Cho
DMQA Seminar
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% L2[Z(confidence)
> T2l If A, then B
> &= A7t ZeE A2 S0 &= A, BE SAI0| Z2g6t= He2liY =&
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> Apriorirule: If A, then B
> A|A[=(0~1): SAA 72|d(statistical significance)
> MZ|E=(0~1): At 21| A& (rule strength)
> FEE( > 1) 120 2 T S2%t &
> A2} BO|| 0|0 T} =0 CHSHAM = EFAK
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> |ibrary(arules)
> data(Adult)
> rules = apriori(Adult,
+ parameter=1list(support = 0.1, confidence = 0.6),
+ appearance = list(rhs=c('income=small', 'income=large'),
+ default="1hs'),
+ control=1list(verbose=F))
> rules.sorted = sort(rules, by="1ift")
> inspect(head(rules.sorted))
Ths rhs support confidence 1ift count
[1] {age=Young,
workclass=Private,

capital-Toss=None} => {income=small} 0.1005282 0.6633342 1.310622 4910
[2] {age=Young,
workclass=Private} => {income=small} 0.1025961 0.6630938 1.310147 5011

[3] {age=Young,

marital-status=Never-married,

capital-gain=None,

capital-loss=None} => {income=small} 0.1060563 0.6616426 1.307279 5180
[4] {age=Young,

marital-status=Never-married,

capital-gain=None} => {income=small} 0.1084517 0.6609683 1.305947 5297
[5] {relationship=0wn-child,
capital-loss=None} => {income=small} 0.1000983 0.6604972 1.305016 4889

[6] {relationship=0wn-child} => {income=small} 0.1023914 0.6596755 1.303393 5001
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% Sequential Pattern Mining
> 2 HA AO|O &=A171 U AlE A HIO[E] H|O|AOA =AF 112{5t0] BISHA|
LtEfL= I (pattern)& Z0tFE 71&

> A|X|Z(support) 7|& EAH

23} TS 24
(sequential pattern mining)

v v
0| A ALY
(discrete data) (continuous data)
L{H] /M EhA 70| M EfAY
(Breadth-First Style) (Depth-First Style)
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% A|#H2A H|0|E(categorical sequences)
> BTt &AM 20| 4= H0[E

> Z=2z| ddEl: event, item, element
> O/ IjE(0] BItierE 1 TjElS) Qe B E G/

Sequential pattern: < A = (ABC) = (AC) > D =>(CF) >

— [(ABC) > (CF)>|e <A > (ABC) > (AC) > D > (CF)>

Subsequence Supersequence
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. GSP: Generalized Sequential Pattern

< GSP algorithm: Apriori 7|gt

Jl8te g2 Z0o|7t 7t
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> F: Z0|7} k@l 8IS INE (frequent pattern)
> Cy: 40|17} k@l =2 I|& (candidate pattern)
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. GSP: Generalized Sequential Pattern

% GSP algorithm: Apriori 7|8t
> AR 2b A|EHA0| SliE 2F=0] U=A| gleA] OF

> Z|AZ 100% = AlEA 75 SY
> C;: H|O|E| L 2& O}O|&

2|4 2| = 100%(4)

kg 0 7|Z(sequence) C, 2|2 =
1 KE@F EE) > @F, 230) > (12)> %z z
230f 4
2 CH2) 2 (2E0]) > (&F) > (W) > M2, §3) > N 4
3 (@R 42) > (o) > (20, ) > (D) = 2
a2z >
4 C(H=F, 280) > Mg, &F) > Uz, 280)> of= 7

te KOREA

%/ UNIVERSITY




. GSP: Generalized Sequential Pattern

< GSP algorithm: Apriori 7|8t
> Ck+1% FREE_E-I é';g'
> F 288 d=9 2= 2

> CI=2 Al (Temporal join)
5t

» ot A|d(Non-temporal join)
G,
F WE | 29 | A2 Ch2 A 3 A1 A
7 TES * * OH= > OH= (W= 220)
Yo [« - * WE > ool | (@E A2
2% ae | - : x BUF S AL | (QH0| M)
=280 220 > 220f
S : * S0 > A2
S 0f REENE
e A2 > 2200f
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. GSP: Generalized Sequential Pattern

< GSP algorithm: Apriori 7|8t
> Ck+1% FREE_E-I @g
> F 288 d=9 2= 2

> CI=2 Al (Temporal join)
A

> St A& (Non-temporal join)
C, C, 2= E,
CHE AIA 3t AlA ”#j— > W= 1 W= > Al
9% >0z | o= oun S22 2 =
= = Ao WE > ME 4 230 > A2
W= > 2204 W= A o= §2I
= S Al 20| A2 d0] > 20 2
;?l_l_ |_|7TI o PR L Eajélo_l 9 D—Il'ljz— O l
22‘1?10112.3:’201 220] > 42 4 o
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NEENEET A2 >z 2
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. GSP: Generalized Sequential Pattern

< GSP algorithm: Apriori 7|gt
> (= HO|Y TS = gla

i =
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Ak F52 148 () It THEd (F,)
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B PrefixSpan

S SHINEHS USR] Fo A B IIE S 2= S
> MM OR GSPECHHE2 C0|E{0
> PrefixSpan TreeE RHS0{7tH BIEHSH THE] EFAH

N
gy

> Prefix, Suffix(projected DB)
> Prefixg A o Oj&S = 7|8 XX =

Prefix and Suffix?

SID Sequence D I'EﬁX SID Suffix(Sequence)
1 A>B->C->D <(A)> 1 B>C->D
2 A>C->D 2 C->D

3 B=>A>C->D 3 C=>D

4 D>A>B~>C 4 B->C

{(A)>-projected DB
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B PrefixSpan
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> PrefixSpan-TreeS CHSO{7H0 BIio THE EFAY
> PrefixSpan-Tree: Zt =E9| projected-DBOj|A] F S EHAH
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B PrefixSpan

< STH INEHZ Ot Z| QIO A YIS IHE 2 2F= |t
> MUAHC = GSPEC EF ¢|o| ol
> PrefixSpan-TreeE QF=0{7t0{ BIEHSH THE] EFAH
I.

> PrefixSpan-Tree: 2t ==9| projected-DBU|M F S EMM

Null SELC
LEA v }
A C
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B PrefixSpan

< STH INEHZ Ot Z| QIO A YIS IHE 2 2F= |t
> MUAHC = GSPEC EF ¢|o| ol
> PrefixSpan-TreeE QF=0{7t0{ BIEHSH THE] EFAH
I.

> PrefixSpan-Tree: 2t ==9| projected-DBU|M F S EMM
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Jl PrefixSpan

> PrefixSpan-TreeE QF=0{7t0{ BIEHSH THE] EFAH
_

> PrefixSpan-Tree: 2t =E9| projected-DBA|A F,E EHAM

i

Null SELC
|
CEA ! }
A C D

Lcp |

te KOREA

%/ UNIVERSITY




Jl PrefixSpan
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Jl PrefixSpan
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Jl PrefixSpan
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B PrefixSpan

< STH INEHZ Ot Z| QIO A YIS IHE 2 2F= |t
> MjAMo=Z GSPEC) CHE% H|0|E{0f| &gt
> PrefixSpan-TreeZ E'J%OPWH HItH St HHEJ ErAM
I.

> PrefixSpan-Tree: &4

274D T0H 7| = (sequence) 3= 2R =
1 (L 83) 2 (\HF, 280) > (U2) i 4
220 4 F
2 CRIE) > (230]) > (&F) > (1) > X2, E3)> N 4 1
3 (L AE) » (240]) > (280, §3) > Wa)
4 (L 280) > (@e, &F) > (2, 2800

Z|A Z| A E:4(100%)
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B PrefixSpan

<+ SH OIEHS OtSA| ¢t WM BIfo IEH S 2= UHE
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Jl PrefixSpan
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Jl PrefixSpan

“ TEIIES US| 2B 8
> dUiHe=Z GSPEL} thET H|0[E{0]| 2E
> PrefixSpan-TreeS 2S0{7t0 Qlgiot THE A

c

> PrefixSpan-Tree: 2t =E9| projected-DBA|A F,E EHAM

i

274D T0f 7| = (sequence) 32 2R E
1 (L, G3) > (W, 280) > (L) o= 1
p) (. ER) > 20 3
il Az 4 F,
3 (L A2) 2 (2380) > (2, E3) > (L g3 3
AT 0
4 (L 280) > (L &) > (MUE, 230> op= 1

Z|A Z| A E:4(100%)

te KOREA

%/ UNIVERSITY




Jl PrefixSpan

“ TEIIES US| 2B 8
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> PrefixSpan-TreeS 2S0{7t0 Qlgiot THE A
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=075

I.

0
[

0| 7| = (sequence)

T0lf 7|= (suffix sequence)

> JUH2= GSPEL EF H|O|E0f g

> PrefixSpan-Tree&

~r

H

~r

H

Jl PrefixSpan

= KOREA
Ur\RfERSITY

Null
Null

3

1




Jl PrefixSpan

> JUH2= GSPEL EF H|O|E0f g
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A A=

NE| | ok

of et 2E = Coj|A C}

-

EFAH
=]

Al

20| 24

& CHA

Null
|
'

=
!

0

XEA

o
<

ZSI

Mg

LFEB

o
<

= KOREA
Ur\RfERSITY
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% Hidden Markov Model(HMM)
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*  CloSpan + CloseGraph: Mining Closed
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Graph Indexing

* Top-K Large Structural Patterns
in a Massive Network
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