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Subtrees by Using Extended Occurrence Matching

TomoNoBU OzAKIT! and TAKENAO OHKAWA 2

Frequent pattern miners for structured data often discover huge number of
patterns. To alleviate this problem, two major approaches, (1) condensed repre-
sentation mining and (2) constraint-based mining, have been proposed. In this
paper, as a technique for integrating these two approaches in ordered subtree
mining, we focus on mining ‘noise-tolerant minimal patterns under constraints’
and discuss the problems of mining (1) d-free constrained ordered subtrees and
(2) A-tolerance constrained ordered subtrees. To achieve this objective, we
propose three kinds of algorithms having pruning capability based on extended
occurrence-matching. The results of experiments with synthetic and real world
datasets show that, compared with a naive algorithm, the proposed algorithms
succeed in reducing the number of extracted patterns and execution time.
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Algorithm FreqT (Fi, D, o)
1: for each t € F;
2:  FreqT-Enum(t, D, o)
3: end for
Function FreqT -Enum(t, D, o)
1: output ¢
2: for each d (1 < d <d(rl(¢)) + 1)
3: foreachle L
4 s:=t-(d1)
5 if sup(D, s) > o then
6: FreqT -Enum(s, D, o)
7
8

end for

: end for

04 000000D0DDODODOO FreqT
Fig.4 Pseudo code of FreqT.
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Algorithm dFCost®" (Fi, D, o, §, Car, Ca)

1: for each t € F;

2: if Ca(t) then

3:  dFCostPF-Enum(t, D, o, §, Cas, Ca)
4

: end for

Function dFCost?"-Enum(t, D, o, §, Car, Ca)
1: if —path(t) A OM%CM (px(t),t) then return
2: if Ipc(t) s.t. OM%CM (pc(t),t) then return
3: if Car(t) A AM%C(t)=0 then output ¢

4: if —path(t) A OM};’CM (pi(t),t) then

5: m = d(rl(t)) else m : =
6
7
8
9

1
: for each d (m <d <d(rl(¢)) + 1)
for each | € L

s:i=t-(d1)

if sup(D,s) > o A Ca(s) then
10: dFCost®F-Enum(s, D, o, §, Cpr, Ca)
11: end for
12: end for

06 6-FCost 0000ODOO dFCost®F
Fig.6 Pseudo code of dFCostP¥.
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0000000000000000%Y000000 10000t 0 pi(ts) = pi(ts) 00
000000000000D000000¢ 0 t04:; 00000000000000000
000000000000000000000+¢+0000000000000000000
0000 s000000000000000000000000100000000000
00000000 3(b)00AMIOTOD00D t+000000000000

(© 2008 Information Processing Society of Japan



27 OJOO0OO0O0OO0O0OOOOOOOOOOOO0OOOOOOOOOOOOOCOOO0

Algorithm AMIOT (Fi, D, o)

1: AMIOT -Enum(F:, D, o)
Function AMIOT -Enum(F, D, o)
: for each t €

output ¢

: end for

C:=0

: for each ¢, s € F' s.t. p:(t) = pi(s)
C:=CU{t rl(s)}

: end for

: for each t € F s.t. path(t)
C:=CU{t - (d(tl(¢))+1,0) |l e L}
: end for

: F':={ceC | sup(D,c) > o}

:if F' # () then AMIOT -Enum(F’, D, o)

07 0000000000000 AMIOT
Fig.7 Pseudo code of AMIOT.
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000 1000¢ 0 6-FCost 0ODDODO 0

000 ¢t000000000000000000000000000000000000
-00000000000t000000¢# >0 §-FCost0O0D0D0DODO +* > t00D0
000000000000000¢+000000000000000000000
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Fig.8 Pruning in dFCostBF.
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00 500000000000000000000000 200000000000
006000000 O¢t000MEM(pi(t),t) 00 —path(t) 00000000 80 (i)
t =t -v0d(v) <d(rl(t)) 000000000¢+0000000000000 000000
00000 #00000000006-FCost 000000000000

00 00 10000MS°M(#/r(t),#) 000000000000+ 000000 50
oooooo 0
007000000 Ot000M3™ (p.(t),t)00 —path(t) 00000000 80 (iii) (1
t =vetOd(v) <d(l(t)) 00000000 +0000000000000 v0000D0
00000 #00000000006-FCost 000000000000

00 00 10000ME°(¢//1(t),t)000000000000+# 000000 50
oooooo 0
0000000000AMIOTOOO 100000 5700000000000000
00000 6-FCost 000D UDOD dFCost®? 00 9000000 OdFCost® 0000
0000000 FOOOOOdFCostP?™-Enum D 1000000 FOOOO t00000
Cu(t) D dM3°(#)=000000000 §-FCost 0000000024000 0000
000000000007 00@00O000080000000000000000000
000000000t -rl(s)=1(t)es00000 COOOO0O00900MM

dFCost®f DODDUDUODOODOODO

002 0001000000000 /0000000 DOODOOOOD 0000
00 ¢00000 Cy 00000000 C4,000000000dFCost®f 000D O0O
5-FCost 00D0ODOOOOODO
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Algorithm dFCost®" (i, D, o, §, Car, Ca)

1. F:={teFi|Cat)}

2: dFCost®F-Enum(F, D, o, §)

Function dFCostBF—Enum(F, D, 0,6, Cum, Ca)
(F = F\{t e F | 3pc(t) s.t. OMBM (p.(t), 1)}

1

2: for each t € F

3: if Car(t) AdM%C (£)=0 then output ¢

4: end for

5:C:=10

6: for each t,s € F s.t. p:(t) = pi(s)

7 if ~(—path(t) A OM};)’CM (p1(2),t) A d(rl(s)) < d(r1(2)))
8: A —(—path(s) A OM}SD’CM (pr(s),8) A d(11(2)) < d(11(s)))
9 then C:=CU{t -rl(s)}

10: end for

11: for each t € F' s.t. path(t)

122 C:=CU{t-(d(lt))+1,0)|le L}

13: end for

14: F' :={ce C | sup(D,c) > o, Ca(c)}

15: if F/ # () then

16: dFCostPF-Enum(F’, D, o, 8, Car, Ca)

09 6-FCost 0000DDOD dFCost®F
Fig.9 Pseudo code of dFCostBF .

00 AMIOTOOOUOOUOOOOUDOOOOODOOOODOOO 1000 s=700000O0 O
4.3 0000000000000 6-FCost OO
gbobooboooboooooooobooboOoboOoboboobOooDOobo FreqTDBH)
0000000000 100000000 FreqgTDBOOOOFreqTDBOODO ¢tO0000O
OT={s|p(s)=p(t)} 000000000000
C=C1UC,
Ci={t-(d(el(t))+1,0) |l e L}
Cy = {t-1l(s)|s € T,d(rl(s)) < d(rl(t))}
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Algorithm FreqTDB (F1, D, o)
1: FreqTDB-Enum(Fi, D, o)
Function FreqTDB-Enum(F, D, o)

1: for each t € F

2: output t

3 C:=10

4: for each s € F s.t. d(rl(s)) < d(z1(t))

5. C:=CU{t-rl(s)}

6: end for

7. C:=CU{t-(d(l(t))+1,0) |l e L}

8 F :={ceC|sup(D,c) >0}

9: if F’ # () then FreqTDB-Enum(F’, D, o)
10: end for

010 0000000000000 FreqTDB
Fig.10 Pseudo Code of FreqTDB.

0000000000()000000000000000 ¢;000000FreqTDB-Enum
070000000000(R)00000000000000000000000 C,00
000046000000000000000000 100000+ 0t0000000
0000000 00 ¢, 000000000000000FreqITDBOOOOOOONO
0000000000000000000000000000000000O00'MO
0000000000¢-rl(s)=pi(s)-1l(t)-1l(s) 0000000000 0000000
0000D0000¢+0000000000000000s000020000000000
0000000000000000000 3(c)00FreqTDBOODOOD t000000
00000000000000¢t000000000000¢t0000000000000
200000000000000000000000000000000
000000000000000000 6-FCost 100000000000 D000 OFreq-
TDBOOOOOOD 300000000000 11 00

00 800000000DD D0ODOD C,OODODODOD DOODOOOOOS00O00
—path(t) 000 t 0 OM% ™ (p.(), )0 pe(t) = t/o00 11 0 ()OO0 O Ipi(t) = t/v
s.t. OMS™M (pi(t),H)00 110 () 00000000¢t00000000006-FCost 00
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Fig.11 Pruning in dFCostPB,
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00 =path(t)0 OM%M (p,(t), )0 p:(t) = /v 00000000 FreqTDB OO0 O O
000000 2000000000000000000000000000000000
000v0¢t0000000m(t)=¢/r1() 00000000 2000000000000¢
0000000 ¢+ 0000 ¢ = ¢00000000000¢000000¢ = t000
+000000000000000000 OM% (p.(t),t) 000 1000¢* 0 6-FCost
00000O0OMS™ (pi(t),t) 00 pi(t) =t/v 00000000000 0
00 1000 800000+¢00000000000200000000000000
000000 46-00000000000¢+0000000000000000000000
ooooo

000 ¢0000020000000000000000 60000000000000
00000000000000000000000000000000000000 80
oooooooooon

0090000000000 OME™(pL(t),t) 0000 pi(t) =¢t/v 000000 ¢t0
0000 110 (i)@0D00000 ¢000¢ =¢t-200000000000006-FCost
Oooo0oOoOoOoOoOoOoO0

00 ¢ =¢2z000pi(t) =pi(t)- 200000000000 100 OMET™ (pi(t), ')
000000¢ 000000 80000000 0

00 100000000000 OME™™ (pL(t),)0000 pi(t) =t/v 000000 ¢0
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Algorithm dFCostP®(Fy, D, o)
L. F:={teF | Ca(t)}
2: dFCostPB-Enum(F, D, o, Car, Ca)
Function dFCostPB-Enum(F, D, o, Car, Ca)
. F:= F\ {t € F | (-path(t) AOM%™ (p,(t),t)) V Ipi(t) s.t. OME™M (pi(t), 1)}

1
2: for each t € F

3: if IpL(t) s.t. OM%CM (pL(t),t) then continue

4:if Car(t) A dAM%C (£)=0 then output ¢

5: C:=10

6: for each s € F s.t. d(rl(s)) < d(rl(t))

7 if ( 3pL(s) s.t. OM'SD’CM (pe(s),8) A d(rl(t)) < d(rl(pi(s))) ) then
8 continue

9: C:=CU{t-rl(s)}

10: end for

11: C:=CuU{t- (A1) +1,0)|le L}

12: F':={ce C|sup(D,c) > 0c,Calc) }

13: if F' # () then

14:  dFCostPB-Enum(F’, D, o, Cas, Ca)

15: end for

0 12 6-FCost 00000000 dFCostPE
Fig.12 Pseudo Code of dFCostPB.

0000110 (v IMOO000 2000¢ =pi(t)-z-rl()0d(z) < d(rl(pi(t))) D000
0000 t0200000000000000000 20000000 0000000
000000000000 00006FCost 10000 OO0DO0ODO

00 001000000¢000000MS™ (pi(#),t)00000 pi(t') = pi(pk(t)) -
z-rl(t) 00000000 Y 000000 800000OO O

O000000000FeqTDBOOD 1000 8-100000000000000000
00000000 6-FCost 00D O000DODO dFCostPP00 12000 00 OO dFCostPE
00000D000000000 dFCostP2-Enum 0 1000000000000 3000
000000000 7000000000000000
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dFCost®® 00 D00DOO0DODOOODO

003 0001000000000 /0000000 DOODOOODOD 60000
00 ¢00D000 Cx 00000000 C4a000D000DO00dFCost’® 000000
5-FCost 00D DOODOODDO

00 FreqTDBOODOOOODOODO 1000 810000000 O
4.4 DO00ODODOODOOD

00000000 30000000000000000000000000000000
0000000000 0000000000000000000000000000000
O000000000000000000000FeqTO000O0O 1)06)0000
O0O0O0D0O0ODAMIOTO FreqTDBOOOOOOOOODOODOOOOOOOOOOOOO
00YooO00O0O0000D000 FreqT 000000000 OODOOD
0000000000 000000D00 +00000000000000000000
OO0dFCostP" 000000000 DO0D x100DOO0D0d(rl(t) x |£000000o0
00000000000000000000000000000000000000000
00 dFCost® 0000 t0000¢-11(s) s.t. pe(t) =pi(s) 0000000000 t00
0000000000000 00D00000000000000000000000000
000000000000 D00D000000000000000000000000000
000000000000 000000000dFCest?® 000000000000000
O0¢t-rl(s) s.t. pmt) =pi(s) 00000000000 00000000000000O
0000000000000 0000000000000000000000000000
000000000000 000D0dFCestP?? 0D0OO0DO0O dFCost® DO ODDOODO
oDoooDo
000000000000000000dFCostBY O dFCost®?Y 00000000000
0000000000000 0000000 dFCest® 000000000000 O00O0
00000000D00D000000000000 dFCest?® 000000000000 00
000000000000 00000000D000000000000000000000
0000000 4600000000 dM3°@#)0rMy°(#) 0000000000000
O0000dFCost® D000 t0D0000D000000D00DO000 ¢ <¢000
000000000000000000000000000 dFCostP? O dFCostPE 00D
000000000000000D0 P(H)O0DO0DO0DO0O0000OO0DO0000000O00
t'=t-0o0000PH#)0000 s 00s =s-00s€eP(t) 000000000 &' 00¢0
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o0 sOdb0or0ooobooooooboooooboooooboobooboooboDbo
Oo0ooOoo0¢tooUoUOoU0LD P LDOOOOUOOt-00000 P(t-v)000O0OO0O
o0oo0oUoO0ooUoOooo+0000Do0oooUOoOoUOOUO seP@OUOOO
ooobooO0oooooooboobooOotoboo+w1o0o0bo0oooo“+1r0o0oooa
goboodooboooooooooo

5. 0 0004

000000000000 0000Javal 000000000000 O0OPCOCPU:
Intel(R) Core2Quad 24GHz0 D OO OO0 4GBI0O00OO0OOOODOOODOOOO
000000000000 00000000000000000000000000000
000000000000 00000001000000000Y 00000000

00000 Tree Generator 'Y 000000000 20000000 10KO50K 000
00000 mondial0WebOOOOO0O0OOOOeslogs® 0 200000000000
000000000001 000000000000000000

000000000000000000 20000000 (1)000 (2)0000000
000 2000000000000 §-FCostOOO A-TCost 000000000 ODOONO
00000000000000000000000000000000
001 0000000000000 000000000000000000000000

0J/DO000000000 ADDODOOOODOOOO0OO00 2000040000
002 0000000000000 00000000000006000 AODODOO
00000000 3000050060000

040600000DFOBFODBOOOODNO dFCost® 0 dFCost® 0 dFCost®E O

O0000 Naive J0O0O000000O0D0D0O0000O0000000000O00O0O

01 00O0oo0Oo0oooooooboooooo
Table 1 Overview of datasets used in experiments.

|D| IZ] S H F

10K 10,000 100 15.0/143 6.0/10 1.5/7
50K | 50,000 100 10.7/143 4.8/10 1.5/7
mondial 955 | 14,346 | 122.8/4,859 2.9/5 1.8/197

cslogs | 59,601 | 13,355 12.9/428 | 3.4/85 | 2.5/403
|Dl0000D0000000|£0000000S000000000)/
0O00HOOOOOOOO/000F0000000/00
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02 00 10000000000000O0
Table 2 Result of experiments 1: number of extracted patterns.

§-FCost A-TCost
o 5 A

10K 0 3 5 1.1 1.2 1.3
50 9,148 5,868 5,005 4,012 2,960 2,454
25 | 22,387 12,677 10,417 | 11,093 7,821 6,244
10 | 70,665 30,985 22,547 | 41,111 28,612 21,866

50K 0 5 10 1.1 1.2 1.3
250 3,046 1,872 1,535 1,003 832 729
100 9,386 5,008 4,061 3,287 2,598 2,224
50 | 21,254 10,511 8,321 8,396 6,455 5,435

mondial 0 5 10 1.1 1.2 1.3
200 46 25 25 25 25 25
180 109 36 33 32 32 29
160 242 53 47 44 37 34

cslogs 0 5 10 1.1 1.2 1.3
125 2,540 2,412 2,295 2,188 1,953 1,779
100 4,439 3,884 3,534 3,412 2,950 2,681
75 9,925 7,105 6,011 6,136 5,003 4,383

03 00 2000000000000D0O
Table 3 Result of experiments 2: number of extracted patterns.

O00oooooooooooooooooéb ADODDOOOOOOUOOOOOOOOODOD

ooooooooooooooooooooooooo~oooooooogoooooo
Oo0ooooooooooooo 3popooosgded Cu-Cha0000OO0OOOOOO
Oo00oSsOoOoOO00LO000o0ooHOO0OOoOoOogooooo 200000oooooooog
O00oooO0oo«s2-15” 00000000 200 15000000000000000

ooobooboboOo“L3-100000000 300 1000000000000 0oooooDn

“H4-10 000000 400 1o0000000O0000O0O0O0O000O00O0O0ODOOOOO

OOmondial OO0 O00OO0O0ODOOOODOOOOOOOODOOOOOOOOOOOOOCOOD

gbobooooboobodoooooooboboodoboooboooboobooooobOoOooooo
gboooboobooboboooboooobooooooobboobooooobobooDo
O000010KOe =25100 320050K00¢ = 1000 0 12 O 0 mondiald o = 1801
0 1300cslogsDo =100000 10460 000000000000000000000O

0000000000 =00 ¢-FCostUUDOUODOU 10KOO 7.7%050K0 0 7.8%0

mondiald 0 0.1%0cslogs0 0 0.05%000000000000000000000O0O0OO
goboooooooooo

000000000 0OooOooo Vol.l No.3 20-35 (Dec. 2008)

§-FCost A-TCost

Cm-Ca & A

mondial

o = 180 0 5 10 1.1 1.2 1.3
S2-15 104 33 30 29 29 29
S3-15 199 147 147 147 147 147
S4-15 686 648 648 648 648 648
L2-10 208 142 142 142 142 139
L3-10 786 606 606 606 606 605
L4-10 2,508 1,826 1,826 | 1,826 1,826 1,826
cslogs

o = 100 0 5 10 1.1 1.2 1.3
S3-30 2,364 1,904 1,631 1,579 1,303 1,169
S4-30 1,794 1,422 1,246 1,212 1,018 986
S5-30 1,309 1,133 1,031 1,023 1,014 1,013
H2-10 869 699 632 615 555 514
H3-10 206 171 162 156 147 142
H4-10 108 84 81 80 79 78
L2-10 2,546 1,754 1,445 | 1,375 1,044 8,82
L3-10 4,009 1,670 1,379 | 1,303 1,005 8,77
L4-10 | 11,204 30,56 2,756 | 2,689 2,492 2,278

00000000 6-FCost OO A-TCost OODOOOOOOOOOO 2000030
0060 ADDDOCDOOOOODODODODO 6-FCostODODO A-TCostOOOODOOOOO
oboodoooboooooooobooboooobooobooboobobooboouobboOobobbooobooo
gdobooooooooooooooooooboobobooooooobOoooooon
gboooboooboooobooooooobOooooooOooOo0boboboOoOooOoDo
gdoooooobooodooooooobooboooooboobooboooooooboogoooon
gobooooboooobooood

0000000000 mondial 000000000 cslogs00O0O00O0000O0O0OO
gooobooooooooboooooboboobobooboOoooooobocOooooooboon
0000000000000 0000000000000000 4-FCost 0 A-TCost 0 O
gbobooboooodoboooobooooobooooboooboooobooboooobooboobo
000000 6-FCost O A-TCost 00D DUOOOODODODODOOOOODDODOOOODODOO
goooboooooooooooobooooooboooooooooooobooooooon
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04 00 100000000CO0000DOOOOODOOOOOOOOOO
Table 4 Result of experiments 1: execution time and number of candidate patterns.

goooooo goooooooilo,000 00
o 5 Naive A 1 Naive A

mondial 0 5 10 1.1 1.2 1.3 0 5 10 1.1 1.2 1.3
DF 0.7 0.6 0.6 37.5 0.7 0.6 0.7 1.6 1.5 1.5 42.7 1.5 1.5 1.5
BF 200 1.1 1.0 1.0 16.3 0.9 0.9 0.9 1.6 1.5 1.5 4.2 1.5 1.5 1.5
DB 0.9 0.8 0.8 26.0 0.8 0.8 0.9 1.6 1.6 1.6 8.8 1.6 1.6 1.6
DF 1.1 0.8 0.7 — 0.8 0.8 0.8 1.9 1.6 1.5 — 1.5 1.5 1.5
BF 180 2.8 2.0 1.8 - 1.7 1.5 1.3 1.7 1.6 1.6 - 1.6 1.6 1.6
DB 1.7 1.3 1.3 - 1.4 1.4 1.5 1.9 1.8 1.8 - 1.7 1.7 1.7
DF 2.0 1.0 0.9 - 1.0 0.8 0.8 2.5 1.6 1.6 - 1.6 1.5 1.5
BF 160 6.9 3.3 3.0 - 2.9 2.1 1.7 2.0 1.7 1.7 - 1.7 1.6 1.6
DB 4.1 1.8 1.7 — 1.9 1.9 1.8 2.4 1.9 1.8 - 1.8 1.8 1.8
cslogs 0 5 10 1.1 1.2 1.3 0 5 10 1.1 1.2 1.3
DF 31.4 32.2 31.7 40.3 34.0 31.8 30.4 8.6 8.4 8.1 62.9 8.1 7.7 7.5
BF 125 33.3 33.5 34.3 33.5 31.1 31.0 30.5 5.1 5.1 5.1 7.5 5.1 5.1 5.1
DB 28.7 32.0 33.7 37.7 | 30.0 32.7 29.8 5.9 5.9 5.8 16.7 5.8 5.8 5.8
DF 32.4 33.8 34.4 - 31.5 314 35.2 18.8 15.5 13.9 - 13.9 12.7 12.0
BF 100 | 32.3 32.7 34.9 - 33.6 35.5 36.4 7.1 7.0 7.0 - 7.0 7.0 6.9
DB 329 32.1 33.8 - 32.0 34.2 35.5 9.7 9.6 9.5 - 9.5 9.4 9.3
DF 39.0 39.7 49.0 - 42.1  34.0 37.3 66.2 40.1 33.0 - 36.4 30.2 25.6
BF 75 38.7 36.7 39.1 — 36.1 39.6 37.7 13.1 12.3 12.0 - 12.1 11.9 11.7
DB 35.9 39.1 48.9 - 38.9 40.9 37.2 30.0 27.5 26.7 - 27.0 26.1 25.6

goooooooboooooooooooooooboboooooboboobooooDoo
gooooooodooooobooooooboooooooobooboOoooboobOoooooDooo
gobodooobooooooooooooobooooooboooooDon
oooooooooooboooooooobo 400500 60000000000000
goooboobooodoooooooooooooooboboooooooboooboooooooo
oo0o00o0oooo0o0o0o0ooooOo000ooooO0o0o0oUoooD é-000000o
gobooooobooooooooboooooooooboooooooo
o00o0oo0oOo0oooO00o4Mmo0oo0o0o0ooo0ooosD ADDOOOO
goooboobooooooooboooooooboobooooooboboOoooooooooDooboo
000000 s00 600060 ADODODDODOODOODOOODOOODOOODODOOOODOODO
goboooooooooooooobooooooobooooobooobooooooooDooDoboo
goboooobooooooooboooooooooooooobobooboo 10b0b00DbOo
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gobooooboooo

goboboobooooooooooooobOoooobooboboo0oooobooOoOoOoOoooooon
000 dFCost® 0000000000000 0D0000000O0ONO0ODOOonoQg
goooboobooodoooooboooboooobooooboOobOooooooOobOooooobooDn
0000000000000000000000000000000000000dFCostPF
0000000000000 000D0000 dFCost”’® 000000000000 DOn
0000000000000 000000000D0D0000000oOgnd dFCost®Y
goooooooobooooobooboooooboooooobooOoOooobooooooDoDn
gbobooboooooboooooooobooooboooobobouobboOooOobobooDbo
gob3boboooboobouobooooooooooboooboobOoooOoooonn
ooboooobooooo

U0D0000000000000 mondial 0000000000 dFCostPY 0D DOOD
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05 U0 20000mondial 000000000000 OOOOOOOOO
Table 5 Result of experiments 2: execution time and number of candidate patterns in mondial.

goooooo gopooooool,00000
Cnm-Ca 5 Naive A 4 Naive A
mondial, c=180 0 5 10 1.1 1.2 1.3 0 5 10 1.1 1.2 1.3
DF 1.0 0.7 0.7 - 0.8 0.8 0.8 18.6 15.7 15.5 - 15.4 15.3 15.1
BF S2-15 2.9 1.9 1.8 - 1.5 1.5 1.4 | 17.1 16.1 16.0 - 16.0 15.9 15.7
DB 1.8 1.4 1.3 - 1.3 1.4 1.5 19.1 17.6 17.5 - 17.5 17.5 17.4
DF 1.3 1.1 1.1 - 1.3 1.2 1.2 20.1 17.6 17.5 - 17.5 17.4 17.4
BF S3-15 2.6 1.8 1.7 - 1.6 1.6 1.5 17.1 16.1 16.0 - 16.0 15.9 15.7
DB 1.7 1.2 1.3 - 1.4 1.4 1.4 19.1 17.6 17.5 - 17.5 17.5 17.4
DF 2.6 25 2.5 - 2.8 2.9 2.9 30.8 29.2 29.2 - 29.2 29.2 29.1
BF S4-15 3.8 3.3 3.4 - 3.2 3.1 29 | 18.6 17.9 17.9 - 7.9 17.8 17.7
DB 2.8 2.5 2.5 - 2.7 2.8 2.8 23.6 22.6 22.5 — 22.5 22.4 22.4
DF 1.4 1.0 1.1 — 1.2 1.2 1.2 20.7 18.1 18.0 - 18.0 17.9 17.9
BF L2-10 2.5 1.7 1.6 - 1.6 1.6 1.4 | 17.2 16.2 16.1 - 16.0 15.9 15.8
DB 1.7 1.2 1.1 - 1.3 1.2 1.3 19.1 17.6 17.5 - 17.5 17.5 17.4
DF 2.8 2.6 2.7 - 3.0 3.0 3.0 36.9 32.9 32.9 - 32.9 32.9 32.9
BF L3-10 4.0 3.7 3.1 - 3.2 3.2 3.2 19.0 18.3 18.2 - 18.2 18.2 18.1
DB 2.6 23 24 - 2.6 2.7 2.7 25.2 24.6 24.6 - 24.5 24.5 24.5
DF 7.7 7.9 7.4 - 8.1 8.1 8.4 99.8 86.8 86.8 - 86.8 86.8 86.8
BF L4-10 9.8 9.6 9.4 — 9.5 9.6 10.2 25.0 24.6 24.6 — 24.6 24.6 24.6
DB 6.3 6.2 6.2 - 6.7 6.8 6.9 44.9 44.6 44.6 - 44.6 44.6 44.6

0000000000 0dFCest®Y 0000000000000 D00D0000DO00OnO
000000000 mondial 0D DODO00DODODODNdFCostPY O dFCost®® 0D 00O
00000D000D000000000dFCost?* 0 1000000000000 00
O0eslogs 0000000000000 0O0000000000O000O00DO00O0000
0000000000000 D00D0000000dFCest®Y 00 000000000000
000000 mondial 0 0000000000000 0DO00DO0DO0OOO0ODOO
0000000000000 0000000000000000000000000000
00000O0Omondial 00 0000000000000 0O00O00O0O0O0O0O0O0OODOO0
0000000000000 D0000D000000000000000000000000
000000 dFCostPY O dFCostP® 00 0000000000000 00000000
00000000000dFCestPY 000000000000 00000dFCostPY 000
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Table 6 Result of experiments 2: execution time and number of candidate patterns in cslogs.

gooooooo oooboooooi,ooo 0o
Crp-Ca 4 Naive A o Naive A

cslogs, =100 0 5 10 1.1 1.2 1.3 0 5 10 1.1 1.2 1.3

DF 33.6 32.4 33.5 - 31.3 37.7 31.9 189.0 155.4 139.5 — 139.5 127.4 121.3
BF S3-30 31.9 32.4 33.3 - 33.9 34.8 34.5 70.7 70.2 69.9 - 69.9 69.5 69.4
DB 33.1 33.0 33.6 — 34.9 30.8 32.9 97.2 95.9 94.7 - 94.7 93.7 93.1
DF 33.6 35.9 33.5 — 36.7 36.1 36.4 191.6 160.6 148.5 - 148.5 140.0 136.8
BF S4-30 31.8 36.5 31.5 - 31.1 34.3 31.0 70.8 70.4 70.2 - 70.2 69.9 69.8
DB 33.4 30.6 32.7 - 35.0 33.8 35.4 97.3 96.2 95.3 - 95.3 94.4 94.0
DF 36.6 36.5 33.6 - 30.4 31.7 35.8 204.4 188.7 184.2 - 184.2 183.2 183.1
BF S5-30 34.6 34.7 30.8 - 32.8 32.2 32.3 71.2 71.1 71.0 - 71.0 71.0 71.0
DB 32.0 30.9 32.9 - 32.0 36.9 30.7 98.0 97.5 97.0 - 97.0 96.9 96.9
DF 33.1 32.4 33.8 51.4 36.0 33.4 31.0 198.7 176.4 168.5 1,354.7 168.5 163.9 161.8
BF H2-10 30.3 32.2 34.2 35.5 32.1 34.5 33.4 67.5 67.4 67.3 122.7 67.3 67.3 67.3
DB 31.8 34.8 35.0 45.7 35.4 31.1 33.8 83.2 82.7 82.4 250.9 82.4 82.3 82.2
DF 37.9 34.3 34.2 51.4 33.2 33.0 34.8 257.2 255.4 254.4 1,354.7 254.4 253.4 252.8
BF H3-10 33.5 36.0 31.5 35.5 30.5 31.8 31.7 67.9 67.9 67.9 122.7 67.9 67.9 67.9
DB 29.7 30.7 31.8 45.7 30.7 35.6 32.6 84.4 84.4 84.4 250.9 84.4 84.3 84.3
DF 36.7 36.1 34.8 51.4 37.8 33.5 32.8 262.7 261.3 261.0 1,354.7 261.0 261.0 260.7
BF H4-10 31.9 31.2 35.0 35.5 32.2 33.9 33.4 68.2 68.2 68.2 122.7 68.2 68.2 68.2
DB 30.3 35.9 35.5 45.7 35.1 35.8 33.3 85.2 85.2 85.2 250.9 85.2 85.2 85.2
DF 47.3 38.6 34.0 - 32.6 43.4 32.9 265.0 197.0 181.4 — 181.4 171.1 166.2
BF L2-10 31.5 34.5 35.2 - 33.9 34.6 34.2 72.9 72.4 72.1 - 72.1 71.7 71.5
DB 30.8 30.9 32.2 — 32.9 32.2 31.6 97.2 95.9 94.7 - 94.7 93.7 93.1
DF 44.2 38.2 38.9 — 37.7 52.9 60.4 701.3 468.3 460.2 - 460.2 453.9 450.2
BF L3-10 37.5 35.8 34.1 - 35.3 35.7 36.8 102.8 102.6 102.4 — 102.4 102.1 102.0
DB 36.8 36.2 38.4 - 36.3 45.1 40.2 207.1 206.2 205.5 - 205.5 204.7 204.3
DF 92.7 72.1 76.8 - 82.8 73.9 78.7 2,454.2 1,634.8 1,627.5 - 1,627.5 1,625.9 1,624.6
BF L4-10 49.0 49.6 47.5 - 50.0 52.2 54.3 204.7 204.6 204.5 - 204.5 204.5 204.5
DB 74.1 74.8 61.1 — 69.0 65.1 73.2 589.4 589.1 588.7 - 588.7 588.6 588.6
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