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ABSTRACT

N-most interesting closed itemsets mining was proposed to avoid a generation of
redundant itemsets and a specification of an appropriate minimum support threshold. A too big
threshold could give no answer whereas a too small one probably yields a large number of
redundant itemsets. In addition, the determination of the optimal threshold is hard for users having
no knowledge of mining queries and task-specific data. This paper adopts index array for mining
N-most interesting closed itemsets and improve an efficient algorithm, called IndexNClosed. The
index array is presented, which is used to discover those items that always appear together. Due to
index array, items coinciding and sharing the same support are merged together and preserved as
initial generators. Then generators are used in the first N-most Interesting Closed Itemsets mining
process. The algorithm uses a Best-First Search strategy to mine closed itemsets in descending
order of their supports. This leads to an efficient pruning of unnecessary itemsets. In addition, the
experiments are conducted from large database to compare the performance of algorithm
IndexNClosed with NCLOSED. The experimental results indicate that the proposed algorithm

IndexNClosed outperforms. It uses search space less than the other.
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¢'C'T)=¢"(T) (2.8)
Lel ¢ M) ce' (M) (2.9)
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1-itemset ﬁﬂ E:4
2-itemset 0® ED:3
3-itemset A® BCF:4 uay ADE:2
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3.2.3 TuABUITMS IndexNClosed

¥ v E "
Turdotiszuaasvunounivualun1sniaIuuod  IndexNClosed AININN

. L ¥
3.1 — 3.5 s¥Haniion (psudocode) INBUAAITUADUNITINNUYDITUADUITNS IndexNClosed

A9 3.1

—

S W R B N

Algorithm: IndexNCLOSED (D, N, k)
Input : A database D, the upper bound of the length k__and the desired number of k-itemsets V.
Output : N-most interesting closed itemsets NCI.

Method:

scan database D and find set of transaction ids in each item

Call IndexClosed subroutine find index array to construct initial generator
sort distinct items in descending order of their supports

insert the distinct items in queue g

S[1]=S[2]=...=S[k,]=0

ci}=C[2]=...=Clk_]=0

N-mine(g)

= v a & ax
MNN 3.1 FTUANVUNVUADUIFNT IndexNClosed

' o o e & ; = v a a d o
gwdeya p growaswsnluiui Tuduaouin 1 wGendugiuduandlnad

¥ " Ed v
(IndexClosed Subroutine) #301WH 3.2 oM 1BUIANT 1T IS0VBAAZ FUTOYA (UTIVIAT 30)

L L ] .
nnTuFudeyanuandrsvzgnissuiududuiuineudeInssadrainiuy (Bitmap)

ar 5 o qy i @ e 3 a = o
(w3svian 32) ddudoyai 14GvedudusronisnldounasSeuioonds madrduand
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d o = o w e a4 a n’ ° - W
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(U33%1A 33-36)
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YUADUN 1

Subroutine: IndexClosed // "B"Ugﬁuﬁ'lam‘ﬂ‘ﬂ‘lfﬂﬁl‘ié
Method:

30. for each element index/j] of index array do

31 index[j].item = a;

32. Represent the database D with bitmap

33.  for each element index/[j] of index array do

34, index(j].subsume=&J

35, Candidate = mt = g(index[j]item) d

36.  Store the item corresponding to i;‘h position in candidate to index/[j].subsume

(excluding index/[j].subsume) ,if the value of the irh bit in candidate is set
k

37. for each item i in index/[j].subsume do
38. if supp(index/[j].item)y==supp(i) then
39. Delete index[k] with index[k].item==1i ;

MNN 3.2 gﬁudﬂﬂ IndexClosed

" ' n‘: g H [ - 1 " ¢ a 1 =1
s utuaeulutuaoui 1 fan i 3.2 ud2 Wdsruasmesisudumny 13
= s n’l P o 3 n’.: o éa = 4 -
Tudalddesdunausi 2 danmd 3.3 9miu szihusnusmesisuduninaanadrunuilu

¥ " v
Jumoun 1 ndudunguioyauvudamirauls ¥ dwousn

Tudruvestuaoui 2 Fanmii 3.3 wasanaouiaduiluArimieli S1inlinga
dufu (ussiadi 8)  uad lid 1ﬁ’ﬁon'sjm’fauaaanms%ﬂﬁﬁmsfr%’qu'm’fagnf‘r
61 (Duplicate) 3011 Taoi3un T u3#u Generator_check(X) #anmii 3.4 iiloasteoudon
udn nﬁé’eﬁ'lﬁ"lﬁintjm’fmga% 'nzﬁmfjm’fﬂagﬁﬁ'qnaﬁ3511]11%’1«‘1%?{1%85’ Taoison 1)l
#ugiu Closure_calculate(X) 30w 3.5 v‘i11fumuﬁvwnszv‘i’q'lﬁ’mjm‘faqauuuﬂﬁﬁmauh

Nawuusn awisidmualilu ¥ fisideans
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Subroutine: N-mine (NCI, ¢) // Fugiudmiumsdudungudoyainiaule

Input: set of N-most interesting closed itemsets NCI,queue g
Output: set of N-most interesting closed itemsets NCI.
Method:

7.  while(1)

8. if queue is empty then break

9. X = de-queue()

10. if Generator_check(X)

11. Y = Closure_calculate(X)

12. if supp(¥) = S[Y.len] then

13. NCI=NCIUY

14. C[Y.len] =C[Y.len}+1

15. if C[Y.len] ==N then

16. S[¥.len] = supp(Y)

17. if Y.len <k, then

18. P ={YJi, YUi,.., Wi} ;i€ pre-items(Y) /[Extend Y
19. while(j<n)

20. en-queue(\Ji)

MW 3.3 3111600 N-mine

Subroutine: Generator_check(X) /A3 90BULNUDILS mefidornie i
Input: An itemset X'

Output: If X is a non-duplicate generator, 1 is returned. Otherwise, 0 is returned.
Method:

21. while(supp(X)=supp(l)) ; I, € post-items(X)

2. ifig) S gll)

23. return 0

24, return 1

i = (] ar o
AN 3.4 3RUdooATINAOUAIANT I 1BIIADS

24
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Subroutine: Closure_calculate(X) / ﬁm’:mhﬂﬁﬁfﬂg
Input: A itemset X

Output: A Closure of X, ¥

Method:

25. Y=X

26. while(supp(X) = supp(j)) ; j, € pre-items(X)

21, iflg®) S gG))

28. Y=rUj

29. return ¥

i35 giudessinnalnamyes

3.3 IAZHIUADUID NM3IndexNClosed

¥ v . v
gan1anaudrluriate 3.2 Tuaouisn1s IndexNClosed Aiviuauaiidsznoudy
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2 YUADUNAN AD 1) MSAFDUANTDI5150 uag 2) YUABUIBNS IndexNClosed FIMTUMS
[ ) _- o o a9 4’ " ] a 4 w 9
dudungudoyauvyllaiitauls ¥ Srdvusn luiadeiieznantimsiinsgianududou

v ¥ t 4
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v v o oy N Y
3.3.1 ANNTUTOUMUINIVDIVHABUNITAF 19D UIANY 15158

A. = 9 - o o d ar 0 g
densamsadndwande1sisolugluuyvesnsv nsmasnazilsznounie
A a g o ° =
N Tnua uazlumsdszuanameadeduangeiisd seimualddszuranaGoaniu

o ay 9 oy " o = . b o e‘.r
NUIUFUVDYANUANAINY (Distinct item) Tugmdoya AuMda

For each element index[j] of index array do index[j].item = a,
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for each element index/j] of index array do
34, index[j].subsume=J

35. Candidate = M t e glin dex[j].i tem) t;

36.  Store the item corresponding to i;ch position in candidate to index/j].subsume

(excluding index/[j].subsume) ,if the value of the i;ch bit in candidate is set

: a"&' 9/ q’ - ' ar 3 ] =2 o a o o
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yadeyaH U (Dense Dataset)
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An IndexNClosed Algorithm for Mining N-most Interesting Closed Itemsets
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Abstract N-most interesting closed itemsets mining was proposed to avoid a generation of redundant
itemsets and a specification of an appropriate minimum support threshold. A too big threshold could give
no answer whereas a too small one probably yields a large number of redundant itemsets. In addition, the
determination of the optimal threshold is hard for users having no knowledge of mining queries and task-
specific data. This paper adopts index array for mining N-most interesting closed itemsets and improve an
efficient algorithm, called IndexNClosed. The index array is presented, which is used to discover those
items that always appear together. Due to index array, items coinciding and sharing the same support are
merged together and preserved as initial generators. Then generators are used in the first N-most
Interesting Closed [temsets mining process. The algorithm uses a Best-First Search strategy to mine closed
itemsets in descending order of their supports. This leads to an efficient pruning of unnecessary itemsets.
In addition, the experiments are conducted from large database to compare the performance of algorithm
IndexNClosed with NCLOSED. The experimental results indicate that the proposed algorithm
IndexNClosed outperforms. It uses search space less than the other.

Keywords : closed itemset, N-most interesting itemset, index array
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Sunouds Ttemset-Loop U@z BOMO $unBUTs NCLOSED (5]
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TavldimaiiamsfumiA1ne AT qa (Best-First Search Strategy)
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annsas @i 14 neuszgmindignszuaumsdudungy
deunuvuilaiiaule N Sy

n?'aw1’hnmmwmhanmﬁuﬂ'wiuq Fail doud 2
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aivess Taolt h<n fowilsddu fuaz g il
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Hafdu Winquioyaii Inajfiqaiog131u Tuas i ¢ Whan
s w i & .
vosdwureminldoumnlaadussynguioya x

fiowitn dnald ngudoya X dungudoyanuuila
(closed itemset) Fun g(X) N Tnamwes (closure) ¥89 X uas
Fon & 7 Operator
81 g(X) = f(g(X) = fog(X) = X

Galois W30 Closure Operator
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M3ai | Areinugutoya

Tid Items

| ABCDEF
2 ADE

3 BCEF

4 BCDEF
5 BCF
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fisznoudio 2 Sumoundndo 1) @de Index Array U182 2)
Foufty Index-Amay 11 79 (Queue) iito 1illungudoyaduduly
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subsume index

TR 10 subsumeGirem) Wy ngudeya & ddusions
(Tid)

4 4
alasnlaavesj e j € subsumelitem)
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M08 3 110A1S10 | WY subsume index 1#5\1"11 subsume index
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Cfio BF , subsume index Y03 D Ao E L subsume index V04 E flo
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Algorithm: IndexNCLOSED (D, N, kno:)
Input: A database D, the upper bound of the length k., and the
desired number of k-itemsets N.

Output: N-most interesting closed itemsets NCI.
Method:

1. scan database D and find set of transaction ids in each
item

2. Call IndexClosed subroutine
construct initial generator

find index array to

3.  sort distinct items in descending order of their supports
4. insert the distinct items in queue q

5. S[1)=5[2] =.. = S[kma) = O

6. C[1]=C[2)=...=Clkmal =0

7. N-mine({q)

. L
it 1 sHaiouiunel IndexNClosed
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v
ywdoya p gnewaimsnluiui uazGondugivdu
#n¥1Aad (IndexClosed Subroutine) M 1BuANTO s duAnz
: : i x - g g ol
Fudoya (u3riad 30) nimivdudoyagndoadududviiniven
- & o o .- = =

Aulas i reiinun] (Bitmap) (us3AAR 32) MiFudeyaiigniios
v - < . T B
fudunionudouas udninndAwenduangeriisalag
~ o - A - 4 ¥ .
fnsennndduswnsalaonnlasiitavesiudoya udnill
- a3 ' oy & & a
fnsanluudasFuiavua hiid s wnndasunlalaiia

- v v a - - od v o a o -
mioufufusudeyaiiu Sudndfezdudududuanduesiu
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» » 13
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Wdmngudoyasuduiiu P uf Wdwunenis 2 (nmii 3)
ideyaisuduninifiafaiu 1 uduaoui 1 unihmsfudu
nqudayauuulla N didunsn asvreud vindudaimia’li &
ahingadudu (uisiad &) uadhidn daingudeyasenn
waniiniadrmgndeyaiid (Duplicate) w3l TavSounli
- o a A T
Fughu  Generator_check(¥) (Aanwi 4) ior¥audLilaingy
Yoyafidr veringuioyaldadrslaamani Tavsonhidugin
. v

Closure_calculate(X) (Aamnii 5) Mivuaauauldngudoyanuy
fla N dwuusnamiis iimua 3 lu N fisidesns

»

JuAauIds |

Subroutine: IndexClosed

Method:

30. for each element index[j] of index array do

31. index(jl.item = g,

32. Represent the database D with bitmap

33. for each element index[j] of index array do

3a. index[j].subsume=&J

35. Candidate = Myegjindexilitem)ti

36. Store the item corresponding to t, " position in
candidate to index[j].subsume (excluding index(j].subsume})
Jif the value of the t,"™ bit in candidate is set

37. for each item i in index[j].subsume do

38. if supplindex(j].item)==supp(i) then

39. Delete index[k] with index[k].item==i ;
40. End for

MW 2 IndexClosed Subroutine

o aa
YUADUIE 2

Subroutine: N-mine (NCI, g)

Input: set of N-most interesting closed itemsets NCl,queue q
Output: set of N-most interesting closed itemsets NCI.
Method:

7.  while(1)

8. if queue is empty then break

9. X = de-queue()

10. if Generator_check(X)

11. Y = Closure_calculate(X)

12. if supplY) 2 S[Y.len] then

13 NCI=NCIvY

14. C[Y.len] =C[Y.len]+1

15. if C[Y.len] ==N then

16. S{Y.len) = supp(Y)

17. if Y.len < k. then

18. P = {YUiy, YUiy,..., YUin} ; i€ pre-items(Y)
//Extend Y

19. while(j<n)

20. en-queue(Yii)

N 3 N-mine subroutine

Subroutine: Generator_check(X)
Input: An itemset X

Output: If X is a non-duplicate generator, 1 is returned.
Otherwise, 0 is returned.

Method:

21. while(supp(X)=supp(l})) ;! post-items(X)
22, if{g(X) c gll))

23. return 0

24, returnl

DM 4 Generator checking subroutine

Subroutine: Closure_calculate(X)

Input: A itemset X

Output: A Closure of X, Y

Method:

25, Y=X

26. while(supp(X) = supp(j)) ; j; € pre-items(X)
27. if(a(X) < g(jy))

28, Y = Yujj

29 return ¥

NI 5 Closure calculation subroutine
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