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Efficiently Mining Closed Induced Ordered Subtrees
Based on the Restricted Rightmost Expansion

ToMONOBU OzAKIt and TAKENAO OHKAWA Tt

In this paper, we focus on the problems of mining closed induced ordered subtrees. By com-
bining the restricted rightmost expansion and the pruning based on the blanket, we propose
two new closed ordered subtree miners based on the breadth-first and depth-first/breadth-
first enumeration strategy, respectively. Through the experiments with synthesized and real
world datasets, we discuss the effects of the difference of the search strategies in mining closed
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induced ordered subtrees.
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Table 1 Comparison between existing and proposed algorithms.
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Fig.1 Example of ordered trees.
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Fig.2 An example of OMp(t,t').
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Fig.3 Blanket of a subtree: A tree obtained by adding a
vertex labeled as X to t is in OM3 (t).
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Algorithm ClootDF (F2, D, o)

1: for each t € F»

2:  ClootDF-Enum(t, D, o)

3: end for

Subroutine ClootDF-Enum(t, D, o)

1: if OME(t) # 0 then return

2: if TMp(t) = @ then output t

3:if OME(t) = 0 then m :=1

4: else m := maz{d(rml(t)) | ' € OME(t)}
5: for each d(m < d < d(rml(¢)) + 1)
6

7

8

for each l € L

s:=t-(d,l)

if supp(s) > o then
9: ClootDF-Enum(t, D, o)
10: end for
11: end for

04 0D00O0OO0OO0ODOODOOO ClootDF
Fig.4 Pseudo code of ClootDF.
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Algorithm AMIOT(F», D, o)

1: BF-Enum(F2, D, o)
Subroutine BF-Enum(F, D, o)
: for eacht € F

1
2: output t

3: end for

4:C =10

5: for each t,s € F s.t. right(t) = left(s)
6: C:=CU{t-rml(s)}

7: end for

8: for each t € F' s.t. t is serial

9: C:=CU{t-(d(lrml(t))+1,1) |l e L}
10: end for

11: F' :={ce C | supp(c) > o}

12: if F’ # () then BF-Enum(F’, D, o)

05 000000000DO0OO0OO AMIOT
Fig.5 Pseudo code of AMIOT.

000000 s0000000000000000 s
000000000000000000000000
000000000000000000000000
00000000 500F 000000 AMIOT O
0000000000000000050700000
00000801000000000000000
4.2 ClootBFOOODOOODOOOOOODOD
oo

AMIOTOOOO0O00000000000000O0
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000 100 30
00 t,0t,06 000000000000 D= {t}
000000t e OMA(t3) 00000000000
000 ¢ 00000 0t 0000000000t
000000000000000000000000
ooo
OMp(t)d|t| >200 3000000 30 ClootBF
00MO0000000000000000000
oooooooo

OM}(t) = {t' € OME(t) |right(t) = t}

OMp(t) = OME(t) \ OMp(t)

OMp(t)={t eOME(t)|¥DOOOODOO }
Casel OMH(t) #900000000 1000¢0
0000000000000000000000000

oooooooooobooooooooooobooo 121

06 DO0O0ODOODOOOOODO
Fig.6 Subtrees for right-blanket pruning.
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Algorithm ClootBF (F2, D, o)

Algorithm FreqTDB(F3, D, o)

1: ClootBF-Enum(F2, D, o)
Subroutine ClootBF-Enum(F, D, o)
cF=F\{te F|OM}(t) # 0}
: for each t € F’
if TMp(t) = 0 then output ¢

1

2

3

4: end for

5:C:=10

6: for each ¢,s € F' s.t. right(¢t) = left(s)

7. if OMp(t) =0 thenm := 1

8: else m := maz{d(rml(t"))|t' € OMp(t)}
9: if OMbL(t) =0 then n := 1

10:  else n := maz{d(Iml(t)) |t' € OML(t)}
11: if m < d(rml(s)) An < d(lml(t)) then

122 C:=CU{t -rml(s)}

13: end for

14: for each ¢ € F' s.t. t is serial

15: C:=CU{t-(dlml(¢))+1,1) |l e L}

16: end for

17: F" :={ce C | supp(c) > o}

18:if F” # () then ClootBF-Enum(F”, D, o)

07 00000000OO0OO0OOO ClootBF
Fig.7 Pseudo code of ClootBF.
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: while F»> #£ 0

select one tree t from Fo

Fi={seF | plt) = p(s)}

DFBF-Enum(F, D, o)

Fo:i=F2\ F

: end while

Subroutine DFBF-Enum(F, D, o)
: for each t € F

S G w e

1

2: output t

3 C:=10

4: for each s € F s.t. d(rml(s)) < d(rml(¢))
5. C:=CU{t -rml(s)}

6: end for

7. C:=CU{t-(dml@®))+1,0) |1l € L}

8 F':={ceC|supp(c)>oc}

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

08 0O0O0OOOOOODOOOO FreqTDB
Fig.8 Pseudo code of FreqTDB.
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Fig.9 Subtrees for restricted left-blanket pruning.

t0pt)- v, 000000000000 20000
0000000003000 p)Opp(t))-rmi(t')0
p(p(¥))-v1 000000 t00000000000
0000000000000t 00000 ¢ -v1-v,
00000000000000000000 ad
Case2 OMp(t) # 00t € OME(t) = p(t) -u-v O
00000000¢ 000000p(t) w0 p(t)-v=t
0000000000¢t0000000000000
0000000000000000¢+0000000
0000000000000000000 5000t
000000000000000000000000
O000000OME() =000ME(#) #0000 ¢
000000000000000000000000
0000000000000000000

005 OME(t)#00s=t-wO0000000 s
000000000000000000000000
oooo

00 + 00000000000 900t €
OME#) D000 s=t-w=pt)-v- w0008
=t w=pt)-v-u-weOML(s) DODDOODODO
O0s 000000s00000000 O
Case3 OMp(t) # 00t € OME(t) =t-w 0000
006000000000000000000000O0
t? =t-v0d(u) >d)00000008 =t-u-v 0
000000000000000000000000
#0+¢0+#000000000000000000
00000000 000000

O000000000FeqTDBOOOOOOODN
00000000000 0000000000000
000000000000000000000000
0000 CloothBOOOOOO00 1000 ClootDB O
OO0O0MYE(t) # 0 0000 ClootDB-Enum 0 1000
O0OME(t)#00000300000000000
000000000000000000000000
0000ClotDBOOO000000OOOOOOO
00000000 +000000000000000
000000000 CleotDF 0000000000
O000O0OME(t) = 00 OME(s) # 00 p(t) = p(s) O
0200000 t0s 0000 ClootDF 00O t-rml(s)
000000 OMA(t-ml(s)) #0 0000000



124 gooooooooooooooo

Algorithm ClootDB(F2, D, o)
: while 7> # 0

1
2: select one tree t from F»

3 F:={seF|pt)=p(s)}
4:  ClootDB-Enum(F, D, o)

5 .7:2 = .7:2 \F

6

: end while

Subroutine ClootDB-Enum(F, D, o)
1: F' .= F\ {te FIOME(t) # 0}
2: for each t € F’

3: if OME (t) # 0 then continue
4: if TMp(t) =0 then output ¢
5 C:=10
6
7
8
9

for each s € F' s.t. d(rml(s)) < d(rml(¢))
C:=CU{t -rml(s)}
end for
: C:=CU{t-(dml(®))+1,0) |l e L}
10: F":={ce C | supp(c) > o}
11: if F” # () then ClootDB-Enum(F", D, o)
12: end for

010 0000D0OO0O0O0OooDoooOgnO ClootDB
Fig. 10 Pseudo code of ClootDB.
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Table 2 Overview of datasets used in experiments.

|D| Size Depth |L|
Dy 50,000 3.22/70 1.00/8 10
Dy 50,000 |11.13 /106 |5.50/10 10
Glycan |10,951 | 6.52/54 |3.71/25 | 875
CSLOGS |59,691 |12.93 /428 |3.43/85 |13,355
Treebank |52,851 |43.73 /398 |9.52/34 218
|D| Number of trees in the database
Size Average / Maximal number of nodes per tree
Depth  Average / Maximal height per tree

|L| Number of labels
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Table 3 Experimental results: execution time, memory usage and number of candidate subtrees.

Results of Dg

execution time (sec.) memory usage (MB.) # of candidates
o (%) | ClootDF ClootBF ClootDB | ClootDF | ClootBF | ClootDB ClootDF | ClootBF | ClootDB
5 0.63 0.61 0.56 35.36 37.68 34.56 101 65 65
3 1.03 0.86 0.87 44.27 44.62 45.01 307 138 154
1 2.22 2.14 1.64 54.89 57.39 53.75 2,700 785 1,105
0.5 4.39 3.28 3.10 60.32 69.58 59.93 11,301 2,602 4,452
0.1 7.82 6.33 5.00 59.70 106.91 59.33 86,090 11,921 29,032
Results of D4
execution time (sec.) memory usage (MB.) # of candidates
o (%) ClootDF ClootBF ClootDB ClootDF ClootBF ClootDB ClootDF ClootBF ClootDB
5 32.39 20.34 23.73 285.03 280.68 286.36 4,710 985 1,883
3 44.97 26.12 28.24 303.98 281.91 298.20 10,937 1,668 3,459
1 70.15 40.72 42.74 290.78 357.83 311.45 47,817 5,642 15,843
0.5 86.37 51.71 52.28 298.26 342.60 308.71 106,422 10,531 35,435
0.1 118.87 78.75 73.21 294.92 457.89 318.16 595,050 47,586 202,741
Results of ‘Glycan’
execution time (sec.) memory usage (MB.) # of candidates
o (%) | ClootDF ClootBF | ClootDB | ClootDF | ClootBF | ClootDB ClootDF | ClootBF | ClootDB
1 4.09 2.48 2.73 26.50 49.83 27.63 18,640 2,144 5,319
0.5 5.86 3.06 3.60 28.96 56.47 26.87 52,574 4,525 13,133
0.4 6.36 3.20 3.68 29.21 57.86 28.34 69,295 5,818 17,070
0.3 7.24 3.46 4.14 29.32 61.61 29.72 101,199 8,126 25,000
0.2 7.93 4.24 4.31 27.99 63.97 28.45 148,029 12,752 37,443
0.1 11.01 5.08 5.45 29.08 70.20 29.89 377,625 29,669 94,449
Results of ‘CSLOGS’
execution time (sec.) memory usage (MB.) # of candidates
o (%) ClootDF ClootBF ClootDB ClootDF ClootBF ClootDB ClootDF ClootBF ClootDB
1 0.54 0.55 0.47 132.19 133.84 132.48 826 586 612
0.5 1.99 2.11 1.63 141.34 145.68 144.44 6,878 4,984 5,043
0.4 2.87 3.06 2.24 148.46 154.36 143.77 11,810 8,440 8,561
0.3 4.29 4.76 3.25 148.05 169.75 146.84 23,571 15,339 15,537
0.2 20.97 19.91 16.59 669.31 715.77 666.86 73,217 30,066 31,981
0.1 201.20 295.29 166.02 756.79 1,017.44 712.67 803,258 144,295 167,720
Results of ‘Treebank’
execution time (sec.) memory usage (MB.) # of candidates
o (%) | ClootDF ClootBF ClootDB | ClootDF | ClootBF | ClootDB ClootDF | ClootBF | ClootDB
40 28.06 20.57 26.20 565.46 617.26 573.91 725 305 429
30 49.48 29.09 32.99 668.46 742.55 642.37 1,619 546 826
20 96.31 54.35 61.34 694.12 842.19 726.94 5,275 1,328 2,211
10 299.89 1,548.09 192.15 751.90 1,325.91 887.81 34,135 4,534 11,009
5 779.23 10,342.70 297.76 948.51 1,492.74 910.22 154,376 13,435 39,875
3 1,347.76 644.75 919.47 - 939.89 446,759 - 106,282
1 4,116.23 1,938.80 931.70 - 977.88 4,531,325 - 901,349
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