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An Algorithm for Enumerating All Frequent Term Tree Patterns Having Multi-ports Variables
without Duplication using Succinct Data Structures
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For analyzing tree-structured data such as web documents, it is necessary to develop a memory-efficient graph
mining method that extracts characteristic tree structures. In order to express tree structured features of tree-
structured data, we introduce a term tree pattern with multi-ports variables as an ordered tree pattern which has
richer expressive. First we propose a succinct data structure for a term tree pattern with multi-ports variables by
modifying a depth-first unary degree sequence (DFUDS), which is one of the succinct data structures for an ordered
tree. Next we present a pattern matching algorithm, that uses the DFUDS succinct data structure, for determining
whether or not a given tree-structured data has tree-structured features described by a given term tree pattern.
Finally we give an algorithm for enumerating all frequent term tree patterns which represent tree-structured features

common to given tree-structured data.
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Algorithm 1 M PTTP_Matching

Algorithm 2 Enui-OTT

Require: J00000000CDO ¢0 DFUDSOO P[O:m—
10000 TO DFUDS OO T[0:n —1]

Ensure: t0 700000000 truedO0O00OD0ODODODO false

1: 1:=0;75:=0

2: whilei <mAj <ndo

if P[i] # T[j] then

«

4: if (P[i] € A) A (T[j] € A) then

5: return false

6: end if

7: P =P4d(i) 000000000 DFUDSOO
8: T'=T4d(j) 000000000 DFUDSOO
9: if (P[i] € A) A (T[j] == “(”) then

10: if MPTTP_Matching(P',T") = false then
11: return false

12: else

13: 1 := Pnext(i); j := T.next(j)

14: end if

15: else

16: if Variable_Matching(P',T") =false then
17: return false

18: else

19: i := Pnext(i); j := T.next(j)

20: end if

21: end if

22:  end if

23 i+ +35++

24: end while

25: if (m —i>0)V (n—j > 0) then
26: return false

27: end if

28: return true
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Require: 00000 S, 000000 o(0<o<1)
Ensure: SO000 o 00000000 OO0OOCODODOOO F
1: 1000000000000000 pOQOO

2: F« {p},E+ 0

3: while FOOOOOO do

4: C+0,D+0

5 for allt € F' do

6: C + RightmostExpansion(t)

7 for all f € C do

8 if fO SO0OOO oc0O0O then
9 E+ EU{f},D+< DU{f}
10: end if

11: end for

12:  end for

13: F <+ D

14: end while

15: A= F

16: while A # () do
17: forte€ A do

18: C«+~t02000000000000000000
gooo

19: AD={teC|t0o00 }

20: FO=FUA

21: end for
22: end while
23: return F

goooooooooooi1oggo1oooooooooo
oooooooooooobooooobooboooooooooo
gboooooooboocoboobooooob sOOOOOOOOO
OO0 FOeOOOOOOOOOOOOOOO0OOO0O0O0O
gboodbooobooodoooobouo ebobOODOOO
goboooboooooooooobboooon

4. 0000

0000000000 ¢00000000000000000
L()0000000000000 S0000SC L(s) G L)
0000000000000 s000000000¢0 SO
000000000000000000 POOOOOO000
000000000000000000000D 00000
0000000000000000000000000000
oooo

gooo

[Munro 05] D. Benoit, E. D. Demaine, J. I. Munro, R. Ra-
man: Representing Trees of Higher Degree. Algorith-
mica, 43(4):275-292, 2005.

[[tokawa 14] Y. Itokawa, M. Sano and T. Uchida: An Al-
gorithm for Enumerating All Maximal Tree Patterns
Without Duplication Using Succinct Data Structure.

IMECS 2014, pp.156-161, 2014.
[[tokawa 11] Y. Itokawa, M. Wada, T. Ishii and T. Uchida:

Pattern Matching Algorithm Using a Succinct Data
Structure for Tree-Structured Patterns. LNEE 110.
Springer, pp.349-361, 2011.



