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! Association rule extraction is an exploratory 
technique that can be applied to any data 
type

! A transaction can be any set of items
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! Given a set of transactions T, association rule 
mining is the extraction of the rules satisfying the 
constraints

! *033+/&.H.;'-*03. &:/$*:+12

! %+-4'2$-%$.H.;'-%+-4. &:/$*:+12

! The result is 
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! May add other more complex constraints
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(1) Extraction of frequent itemsets
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! !"#$%&'(")%*+,,"(+)-
! each itemset in the lattice is a candidate

frequent itemset
! scan the database to count the support of each 

candidate
! ;,&%:.$,%:.&/,-*,%&'+-.,5,'-*&.$($/G.%,-2'2,&$

! Complexity ~ O(|T| 2!" w) 
! L9L.'*.-0;"$/.+4.&/,-*,%&'+-*
! 2.'*.-0;"$/.+4.'&$;*

! M.'*.&/,-*,%&'+-.1$-5&:
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! Reduce the number of candidates
! N/0-$.&:$.*$,/%:.*3,%$

! '"43#&%&)2&%)"/)'.(*$*.%&2)$2)7!

! Reduce the number of transactions
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! Reduce the number of comparisons
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! Level-based approach

! ,&.$,%:.'&$/,&'+-.$>&/,%&*.'&$;*$&*.+4.,.5'($-.1$-5&:.@

! Two main steps for each level
! IRJ.8,-2'2,&$.5$-$/,&'+-

! \"$()N%&3
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! 3,1(&)'.(*$*.%&2)5&#"G)4$(213
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! b-.43#&F)<$I&()_%@V.5'>).5*>).'*>).'&>)5'* W

! N'&ALJ=/@

! ,68&**#-(3* ,68 ,%&*,6&

! ,8&" #-(3* ,8& ,%&*,8"

! Q,5@')HI)#%%&I/@C):%,/=,/)%,/@?/%&'

! ,8&" .2*-"3(O"&*6"8,$2"* ,&")*8&" ,-"*%(/*.%*P!

! =" 'B ,68&E



!"! "
# $

!8*%#*%)!,/#*%'>.6)=7&.8,-

!"# "$%&'
( )*+,-
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3 )*+,+/-
4 )*+,+/+#-
5 ),+/-
6 )*+,+/-
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;-(-*&'-)$&(A%A&'-)B C%'-."-'"

!"# "$%&'
( )*+,-
. ),+/+#-
0 )*+/+#+1-
2 )*+#+1-
3 )*+,+/-
4 )*+,+/+#-
5 ),+/-
6 )*+,+/-
7 )*+,+#-
(8 ),+/+1-
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=>,;31$.C7
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?*+(-)%(1*-4+-(')$&(A%A&'-")%()@!

!"# "$%&'
( )*+,-
. ),+/+#-
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4 )*+,+/+#-
5 ),+/-
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! All itemsets in set C# are frequent 
according to minsup>1
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;-(-*&'-)$&(A%A&'-")1*#.) D!

8Q
!"#$%#"%

()3+*
()3,*
()3-*
()3.*
(+3,*
(+3-*
(+3.*
(,3-*
(,3.*
(-3.*

UN

!"#$%#"%%&'
()*
(+*
(,*
(-*
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/
0
/
1
2
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@#+(')"+88#*')1#*)$&(A%A&'-")%()@"

8Q
!"#$%#"%

()3+* 1
%&'

()3,* 4
()3-* 4
()3.* 5
(+3,* 6
(+3-* 2
(+3.* 7
(,3-* 2
(,3.* 5
(-3.* 5

8Q
!"#$%#"%

()3+*
()3,*
()3-*
()3.*
(+3,*
(+3-*
(+3.*
(,3-*
(,3.*
(-3.*

UN

!"#$%#"%%&'
()*
(+*
(,*
(-*
(.*

/
0
/
1
2

! !"

"#
$%&'
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?*+(-)%(1*-4+-(')$&(A%A&'-")%()@"

8Q
!"#$%#"%

()3+* 1
%&'

()3,* 4
()3-* 4
()3.* 5
(+3,* 6
(+3-* 2
(+3.* 7
(,3-* 2
(,3.* 5
(-3.* 5

8Q
!"#$%#"%

()3+*
()3,*
()3-*
()3.*
(+3,*
(+3-*
(+3.*
(,3-*
(,3.*
(-3.*

UN

!"#$%#"%%&'
()*
(+*
(,*
(-*
(.*

/
0
/
1
2

UQ

!"#$%#"%
()3+* 1

%&'

()3,* 4
()3-* 4
()3.* 5
(+3,* 6
(+3-* 2
(,3-* 2
(,3.* 5
(-3.* 5

! !"

"#
$%&'
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;-(-*&'-)$&(A%A&'-")1*#.) D"
8H

!"#$%#"%
()3+3,*
()3+3-*
()3+3.*
()3,3-*
()3,3.*
()3-3.*
(+3,3-*
(,3-3.*

UQ

!"#$%#"%
()3+* 1

%&'

()3,* 4
()3-* 4
()3.* 5
(+3,* 6
(+3-* 2
(,3-* 2
(,3.* 5
(-3.* 5
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!88,5)!8*%#*%)8*%($%8,-)#()@#
8H

!"#$%#"%
()3+3,*
()3+3-*
()3+3.*
()3,3-*
()3,3.*
()3-3.*
(+3,3-*
(,3-3.*

! Prune {A,B,E} 
! Its subset {B,E} is infrequent ({B,E} is not in L$) 

UQ

!"#$%#"%
()3+* 1

%&'

()3,* 4
()3-* 4
()3.* 5
(+3,* 6
(+3-* 2
(,3-* 2
(,3.* 5
(-3.* 5
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@#+(')"+88#*')1#*)$&(A%A&'-")%()@#
UQ

!"#$%#"%
()3+* 1

%&'

()3,* 4
()3-* 4
()3.* 5
(+3,* 6
(+3-* 2
(,3-* 2
(,3.* 5
(-3.* 5

8H

!"#$%#"%
()3+3,* 2

%&'

()3+3-* 5
()3,3-* 5
()3,3.* 7
()3-3.* 5
(+3,3-* 5
(,3-3.* 7

( #"

"#
$%&'

8H

!"#$%#"%
()3+3,*
()3+3-*
()3+3.*
()3,3-*
()3,3.*
()3-3.*
(+3,3-*
(,3-3.*
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?*+(-)%(1*-4+-(')$&(A%A&'-")%()@#
UQ

!"#$%#"%
()3+* 1

%&'

()3,* 4
()3-* 4
()3.* 5
(+3,* 6
(+3-* 2
(,3-* 2
(,3.* 5
(-3.* 5

8H

!"#$%#"%
()3+3,* 2

%&'

()3+3-* 5
()3,3-* 5
()3,3.* 7
()3-3.* 5
(+3,3-* 5
(,3-3.* 7

UH

!"#$%#"%
()3+3,* 2

%&'

()3+3-* 5
()3,3-* 5
()3-3.* 5
(+3,3-* 5

( #"

"#
$%&'

8H

!"#$%#"%
()3+3,*
()3+3-*
()3+3.*
()3,3-*
()3,3.*
()3-3.*
(+3,3-*
(,3-3.*

! {A,C,E} and {C,D,E} are actually infrequent 
! They are discarded from C%
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;-(-*&'-)$&(A%A&'-")1*#.) D#

UH

!"#$%#"%
()3+3,* 2

%&'

()3+3-* 5
()3,3-* 5
()3-3.* 5
(+3,3-* 5

8L

!"#$%#"%
()3+3,3-*
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!88,5)!8*%#*%)8*%($%8,-)#()@$

UH

!"#$%#"%
()3+3,* 2

%&'

()3+3-* 5
()3,3-* 5
()3-3.* 5
(+3,3-* 5

8L

!"#$%#"%
()3+3,3-*

! Check if {A,C,D} and {B,C,D} belong to L%

! L%contains all 3-itemset subsets of {A,B,C,D} 
! {A,B,C,D} is potentially frequent



00! "
# $

@#+(')"+88#*')1#*)$&(A%A&'-")%()@$

) $%"#
$%&'

UH

!"#$%#"%
()3+3,* 2

%&'

()3+3-* 5
()3,3-* 5
()3-3.* 5
(+3,3-* 5

8L

!"#$%#"%
()3+3,3-*

8L

!"#$%#"%

()3+3,3-* 7

%&'



04! "
# $

?*+(-)%(1*-4+-(')$&(A%A&'-")%()@$

) $%"#
$%&'

UH

!"#$%#"%
()3+3,* 2

%&'

()3+3-* 5
()3,3-* 5
()3-3.* 5
(+3,3-* 5

8L

!"#$%#"%
()3+3,3-*

8L

!"#$%#"%

()3+3,3-* 7

%&'
UL*W.X

! {A,B,C,D} is actually infrequent 
! {A,B,C,D} is discarded from C&



05! "
# $

9%(&,)"-')#1)1*-4+-(')%'-."-'"

!"# "$%&'
( )*+,-
. ),+/+#-
0 )*+/+#+1-
2 )*+#+1-
3 )*+,+/-
4 )*+,+/+#-
5 ),+/-
6 )*+,+/-
7 )*+,+#-
(8 ),+/+1-

;'-*03TR

=>,;31$.C7 UN

!"#$%#"%%&'
()*
(+*
(,*
(-*
(.*

/
0
/
1
2

!"#$%#"%
()3+* 1

%&'

()3,* 4
()3-* 4
()3.* 5
(+3,* 6
(+3-* 2
(,3-* 2
(,3.* 5
(-3.* 5

UQ

UH

!"#$%#"%
()3+3,* 2

%&'

()3+3-* 5
()3,3-* 5
()3-3.* 5
(+3,3-* 5



07! "
# $

@#+('%(/)E+88#*')#1)@&(A%A&'-"
! Scan transaction database to count support of 

each itemset
! &+&,1.-0;"$/.+4.%,-2'2,&$*.;,G."$.1,/5$

! +-$.&/,-*,%&'+-.;,G.%+-&,'-.;,-G.%,-2'2,&$*

! Approach [Agr94]
! %,-2'2,&$.'&$;*$&*.,/$.*&+/$2.'-.,. :,*: <&/$$

! #&./ ("*&)"/)9.29 P%,&&)'"(%.$(2).)#$2%)"/)$%&42&%2).(*)'"1(%2

! $(%&,$",)("*&)'"(%.$(2).)9.29)%.5#&

! *0"*$&.40-%&'+-.4'-2*.,11.%,-2'2,&$*.%+-&,'-$2.'-.,.
&/,-*,%&'+-

! 4.%'9)%,.(2.'%$"()2152&%2)%")'.(*$*.%&2)$()9.29)%,&&



08! "
# $

?-*1#*.&($-):""+-")%()!8*%#*%

! >+0<1<+$%*?%0%"+$1(0
! Candidate sets may be huge

! P<'&$;*$&.%,-2'2,&$.5$-$/,&'+-.'*.&:$.;+*&.%/'&'%,1.
*&$3

! $>&/,%&'-5.1+-5.4/$F0$-&.'-&$;*$&*./$F0'/$*.
5$-$/,&'-5.,11.4/$F0$-&.*0"*$&*

! @#6$1,6%*<+$+7+3%*3)+03
! -. YR. *%,-*.M:$-.1+-5$*&.4/$F0$-&.3,&&$/-.1$-5&:.

'*. -



09! "
# $

9&$'#*")!11-$'%(/)?-*1#*.&($-
! ?'-';0;.*033+/&.&:/$*:+12

! #"G&,)2133",%)%9,&29"#*)$(',&.2&2)(145&,)"/)/,&01&(%)$%&42&%2
! &#,C',)@5$H',)=A)?#@B/B#>'0)
! &#,C',)6$#"7)&'@C>D)=A)A,'K5'@>)/>'$0'>0

! C';$-*'+-,1'&G.I-0;"$/.+4.'&$;*J.+4.&:$.2,&,.*$&
! 4",&)23.'&)$2)(&&*&*)%")2%",&)2133",%)'"1(%)"/)&.'9)$%&4
! $/)(145&,)"/)/,&01&(%)$%&42).#2")$(',&.2&2>)5"%9)'"431%.%$"().(*)

Ocd)'"2%2)4.A).#2")$(',&.2&
! A'O$.+4.2,&,",*$

! 2$('&)=3,$",$)4.6&2)41#%$3#&)3.22&2>),1()%$4&)"/).#<",$%94)4.A)
$(',&.2&)G$%9)(145&,)"/)%,.(2.'%$"(2

! )($/,5$.&/,-*,%&'+-.M'2&:
! %,.(2.'%$"()G$*%9)$(',&.2&2)$()*&(2&)*.%.)2&%2
! 4.A)$(',&.2&)4.-)#&(<%9)"/)/,&01&(%)$%&42&%2).(*)%,.I&,2.#2)"/)

9.29)%,&&)
! @5$H',)=A)05H0'>0)/@)#)>,#@0#?>/=@)/@?,'#0'0)O/>D)/>0)O/B>D



0:! "
# $

:.8*#<%(/)!8*%#*%)=11%$%-($5

! Z,*: <",*$2.'&$;*$&.%+0-&'-5.[\0]^_

! =)6P$%&42&%)G9"2&)'",,&23"(*$(<)9.29$(<)51'6&%)'"1(%)$2)

5&#"G)%9&)%9,&29"#*)'.(("%)5&)/,&01&(%

! 9/,-*,%&'+-./$20%&'+-.[\0]^_

! =)%,.(2.'%$"()%9.%)*"&2)("%)'"(%.$().(A)/,&01&(%)6P$%&42&%)$2)

12&#&22)$()2152&01&(%)2'.(2

! N,/&'&'+-'-5.[A,(]`_

! =(A)$%&42&%)%9.%)$2)3"%&(%$.##A)/,&01&(%)$()D?)412%)5&)/,&01&(%)

$().%)#&.2%)"(&)"/)%9&)3.,%$%$"(2)"/)D?



4;! "
# $

:.8*#<%(/)!8*%#*%)=11%$%-($5

! A,;31'-5.[9+']`_

! 4$($(<)"().)2152&%)"/)<$I&()*.%.>)#"G&,)2133",%)%9,&29"#*)]).)

4&%9"*)%")*&%&,4$(&)%9&)'"43#&%&(&22

! CG-,;'%.K&$;*$&.8+0-&'-5.[?+&M]a_

! .**)(&G)'.(*$*.%&)$%&42&%2)"(#A)G9&().##)"/)%9&$,)2152&%2).,&)

&2%$4.%&*)%")5&)/,&01&(%



4"! "
# $

9?C/*#F'>)!,/#*%'>.)GH&(IIJ
! Exploits a main memory compressed representation 

of the database, the FP-tree
! :'5:.%+;3/$**'+-.4+/.2$-*$.2,&,.2'*&/'"0&'+-*

! #&22)2")/",)23.,2&)*.%.)*$2%,$51%$"(2

! %+;31$&$./$3/$*$-&,&'+-.4+/.4/$F0$-&.3,&&$/-.;'-'-5
! &(/",'&2)2133",%)'"(2%,.$(%

! Frequent pattern mining by means of FP-growth
! /$%0/*'($.('*'&.+4.SN<&/$$
! ,331'$*.2'('2$ <,-2 <%+-F0$/.,33/+,%:

! *&'"43"2&2)4$($(<)%.26)$(%")24.##&,)215%.262

! Only two database scans
! %+0-&.'&$;.*033+/&*.Y."0'12.SN<&/$$



4!! "
# $

9?C'*--)$#("'*+$'%#(

!"# "$%&'
( )*+,-
. ),+/+#-
0 )*+/+#+1-
2 )*+#+1-
3 )*+,+/-
4 )*+,+/+#-
5 ),+/-
6 )*+,+/-
7 )*+,+#-
(8 ),+/+1-

! IRJ.8+0-&.'&$;.*033+/&.,-2.3/0-$.
'&$;*."$1+M.;'-*03.&:/$*:+12

! IPJ.70'12.Z$,2$/.9,"1$."G.*+/&'-5.
'&$;*.'-.2$%/$,*'-5.*033+/&.+/2$/

;'-*03TR

=>,;31$.C7

Z$,2$/.9,"1$
8"#$ %&'
(+*
()*
(,*
(-*
(.*

0
/
/
1
2



40! "
# $

9?C'*--)$#("'*+$'%#(

!"# "$%&'
( )*+,-
. ),+/+#-
0 )*+/+#+1-
2 )*+#+1-
3 )*+,+/-
4 )*+,+/+#-
5 ),+/-
6 )*+,+/-
7 )*+,+#-
(8 ),+/+1-

! IRJ.8+0-&.'&$;.*033+/&.,-2.3/0-$.
'&$;*."$1+M.;'-*03.&:/$*:+12

! IPJ.70'12.Z$,2$/.9,"1$."G.*+/&'-5.
'&$;*.'-.2$%/$,*'-5.*033+/&.+/2$/

! IbJ.8/$,&$.SN<&/$$
S+/.$,%:.&/,-*,%&'+-.&'-.C7
! ",*&,)%,.(2.'%$"() %$%&42)$()

*&',&.2$(<)2133",%)",*&,)
! 0#$')=,B',)#0)R'#B',)<#H&'

! $(2&,%)%,.(2.'%$"()%$()R!P%,&&
! 50')'"/0>/@C)%#>D)A=,)?=$$=@)%,'A/"
! ?,'#>')@'O)H,#@?D)OD'@)%#>D)
H'?=$'0)B/AA','@>

;'-*03TR

=>,;31$.C7



44! "
# $

9?C'*--)$#("'*+$'%#(

#*+

,*+

9/,-*,%&'+-
98- 8"#$%
7 -,.#/

98- 8"#$%
7 -#.,/

A+/&$2.&/,-*,%&'+-

Z$,2$/.9,"1$
8"#$ %&'
(+*
()*
(,*
(-*
(.*

0
/
/
1
2

SN<&/$$-0/



45! "
# $

9?C'*--)$#("'*+$'%#(

#*+

,*+

-0/

1*+

"*+

9/,-*,%&'+-
98- 8"#$%
5 -#.1."/

#*!

98- 8"#$%
5 -#.1."/

A+/&$2.&/,-*,%&'+-

Z$,2$/.9,"1$
8"#$ %&'
(+*
()*
(,*
(-*
(.*

0
/
/
1
2

SN<&/$$



47! "
# $

,*+

9?C'*--)$#("'*+$'%#(

#*!

,*+ 1*+

"*+

2*+

1*+

"*+

9/,-*,%&'+-
98- 8"#$%
2 -,.1.".2/

98- 8"#$%
2 -,.1.".2/

A+/&$2.&/,-*,%&'+-

Z$,2$/.9,"1$
8"#$ %&'
(+*
()*
(,*
(-*
(.*

0
/
/
1
2

-0/ SN<&/$$



48! "
# $

9?C'*--)$#("'*+$'%#(
9/,-*,%&'+-
98- 8"#$%
4 -,.".2/

#*!

,*+

-0/

,*+

1*+

"*+

2*+

1*+

"*+

"*+

2*+

98- 8"#$%
4 -,.".2/

A+/&$2.&/,-*,%&'+-

,*!

Z$,2$/.9,"1$
8"#$ %&'
(+*
()*
(,*
(-*
(.*

0
/
/
1
2

SN<&/$$



49! "
# $

9?C'*--)$#("'*+$'%#(
9/,-*,%&'+-
98- 8"#$%
1 -,.#.1/

#*!

,*+

-0/

,*!

1*+

"*+

2*+

1*+

"*+

"*+

2*+1*+

98- 8"#$%
1 -#.,.1/

A+/&$2.&/,-*,%&'+-

#*(

,*!

Z$,2$/.9,"1$
8"#$ %&'
(+*
()*
(,*
(-*
(.*

0
/
/
1
2

SN<&/$$



4:! "
# $

9?C'*--)$#("'*+$'%#(
9/,-*,%&'+-
98- 8"#$%
6 -,.#.1."/

#*(

,*!

-0/

,*!

1*+

"*+

2*+

1*+

"*+

"*+

2*+

98- 8"#$%
6 -#.,.1."/

A+/&$2.&/,-*,%&'+-

"*+

#*)

,*(

1*+1*!

Z$,2$/.9,"1$
8"#$ %&'
(+*
()*
(,*
(-*
(.*

0
/
/
1
2

SN<&/$$



5;! "
# $

9?C'*--)$#("'*+$'%#(
9/,-*,%&'+-
98- 8"#$%
/ -#.1/

#*)

,*(

-0/

,*!

1*+

"*+

2*+

1*+

"*+

"*+

2*+

98- 8"#$%
/ -#.1/

A+/&$2.&/,-*,%&'+-

#*3

1*!

"*+

1*!

Z$,2$/.9,"1$
8"#$ %&'
(+*
()*
(,*
(-*
(.*

0
/
/
1
2

SN<&/$$



5"! "
# $

9?C'*--)$#("'*+$'%#(
9/,-*,%&'+-
98- 8"#$%
0 -,.#.1/

#*3

,*(

-0/

,*!

1*+

"*+

2*+

1*!

"*+

"*+

2*+

98- 8"#$%
0 -#.,.1/

A+/&$2.&/,-*,%&'+-

#*4

,*)

"*+

1*!1*(

Z$,2$/.9,"1$
8"#$ %&'
(+*
()*
(,*
(-*
(.*

0
/
/
1
2

SN<&/$$



5!! "
# $

9?C'*--)$#("'*+$'%#(
9/,-*,%&'+-
98- 8"#$%
: -,.#."/

#*4

,*)

-0/

,*!

1*+

"*+

2*+

1*!

"*+

"*+

2*+1*(

98- 8"#$%
: -#.,."/

A+/&$2.&/,-*,%&'+-

"*+

#*5

,*3

"*+

Z$,2$/.9,"1$
8"#$ %&'
(+*
()*
(,*
(-*
(.*

0
/
/
1
2

SN<&/$$



50! "
# $

9?C'*--)$#("'*+$'%#(
9/,-*,%&'+-
98- 8"#$%
7; -#.1.2/

#*5

,*3

-0/

,*!

1*+

"*+

2*+

1*!

"*+

"*+

2*+1*(

98- 8"#$%
7; -#.1.2/

A+/&$2.&/,-*,%&'+-

"*+

#*6

"*+

1*(

2*+

Z$,2$/.9,"1$
8"#$ %&'
(+*
()*
(,*
(-*
(.*

0
/
/
1
2

SN<&/$$



54! "
# $

9%(&,)9?C'*--

#*6

,*3

-0/

,*!

1*+

"*+

2*+

1*(

"*+

"*+

2*+1*(

"*+

"*+ 2*+

Z$,2$/.9,"1$
8"#$ %&'
(+*
()*
(,*
(-*
(.*

0
/
/
1
2

SN<&/$$

5($)&01"%($-*&.-$&6*$'&(1&.**"*(&
7-$86$%(&"($)*$(&9$%$-.("1%



55! "
# $

012(#%3)*&!'(%#$)*+
! Scan Header Table from lowest support item up
! For each item i in Header Table extract frequent 

itemsets including item i and items preceding it in 
Header Table

! IRJ."0'12.8+-2'&'+-,1.N,&&$/-.7,*$.4+/.'&$;.'.I' <8N7J.
! N&#&'%)3,&/$-P3.%92)"/)$%&4)$)/,"4)R!P%,&&

! IPJ./$%0/*'($.'-(+%,&'+-.+4.SN<5/+M&:.+-.' <8N7



57! "
# $

456+"'7
! !"#$%&'()%*'+),)-#&)'.*(-/*)0('12'#*)%*'+$'*$)%#/32&%#4

! "0&'70$899:;<=70%:>?@'&<@:'$0:A0@<=>$0,.0#.01

,*3

-0/

,*!

1*+

"*+

2*+

1*(

"*+

"*+

2*+1*(

"*+

"*+ 2*+

Z$,2$/.9,"1$
8"#$ %&'
(+*
()*
(,*
(-*
(.*

0
/
/
1
2

#*6

SN<&/$$

VDW [VDW [



58! "
# $

@#(A%'%#(&,)?&''-*()K&"-)#1)2
! 567)82%3&),9!:8

! B=C=%<09;=A@DE9&<F$0:A0@<=>0"0A;:>0GHE<;==

,*3

-0/

,*!

1*+

"*+

2*+

1*(

"*+

"*+

2*+1*(

"*+

"*+ 2*+

Z$,2$/.9,"1$
8"#$ %&'
(+*
()*
(,*
(-*
(.*

0
/
/
1
2

#*6

SN<&/$$

VDW [VDW [

G;=I8='<0
@<=>$=<*0

".0$89J"K0L03



59! "
# $

@#(A%'%#(&,)?&''-*()K&"-)#1)2

,*3

-0/

,*!

1*+

"*+

2*+

1*(

"*+

"*+

2*+1*(

"*+

"*+ 2*+

Z$,2$/.9,"1$
8"#$ %&'
(+*
()*
(,*
(-*
(.*

0
/
/
1
2

#*6

SN<&/$$

DPB!?
O%&42213

V?>=>BW E

VDW [

V?>=>BW E



5:! "
# $

@#(A%'%#(&,)?&''-*()K&"-)#1)2
-0/

,*!

1*+

"*+

2*+

1*(

"*+

"*+

2*+1*(

"*+

"*+ 2*+

Z$,2$/.9,"1$
8"#$ %&'
(+*
()*
(,*
(-*
(.*

0
/
/
1
2

#*6

SN<&/$$

DPB!?
O%&42213

V?>=>BW E

VDW [

V?>=W E

,*3



7;! "
# $

@#(A%'%#(&,)?&''-*()K&"-)#1)2
-0/

,*!

1*+

"*+

2*+

1*(

"*+

"*+

2*+1*(

"*+

"*+ 2*+

Z$,2$/.9,"1$
8"#$ %&'
(+*
()*
(,*
(-*
(.*

0
/
/
1
2

#*6

SN<&/$$

DPB!?
O%&42213

V?>=>BW E

VDW [

V?>=W E

,*3

V?>BW E



7"! "
# $

@#(A%'%#(&,)?&''-*()K&"-)#1)2
-0/

,*!

1*+

"*+

2*+

1*(

"*+

"*+

2*+1*(

"*+

"*+ 2*+

Z$,2$/.9,"1$
8"#$ %&'
(+*
()*
(,*
(-*
(.*

0
/
/
1
2

#*6

SN<&/$$

VDW [
,*3

O%&42213
V?>=>BW E
V?>=W E
V?>BW E
V=>BW E

DPB!?



7!! "
# $

@#(A%'%#(&,)?&''-*()K&"-)#1)2
-0/

,*!

1*+

"*+

2*+

1*(

"*+

"*+

2*+1*(

"*+

"*+ 2*+

Z$,2$/.9,"1$
8"#$ %&'
(+*
()*
(,*
(-*
(.*

0
/
/
1
2

#*6

SN<&/$$

VDW [
,*3

O%&42213
V?>=>BW E
V?>=W E
V?>BW E
V=>BW E

DPB!?

V=W E



70! "
# $

@#(A%'%#(&,)?&''-*()K&"-)#1)2

DPB!?

O%&42213
V?>=>BW
V?>=W
V?>BW
V=>BW
V=W

E

E
E

E
E

DP'"(*$%$"(.#)
e&.*&,)+.5#&

O%&4213
V=W
V?W
VBW

f

:
:

! 567)82%3&),9!:8
! B=C=%<09;=A@DE9&<F$0:A0@<=>0"0A;:>0GHE<;==

! 5;7)<'/2($%=')%#="/-*%"#)"0)>:94("?*@)"#), 9!:8

=Ff

V)W

BFEBFE

BFE

?FE

?F7

DP'"(*$%$"(.#)
R!P%,&&



74! "
# $

@#(A%'%#(&,)?&''-*()K&"-)#1)2@
! 567)82%3&),!9!:8

! B=C=%<09;=A@DE9&<F$0:A0@<=>010A;:>0"E%:'7@<@:'&C0GHE<;==

R,&01&(%)$%&42&%F)
DB>)213HDBJ)@):

DBPB!?

O%&42213
V=>?W
V=W
V?W

E

E
E

BFE

DPB!?

O%&42213
V?>=>BW
V?>=W
V?>BW
V=>BW
V=W

E

E
E

E
E

DP'"(*$%$"(.#)
e&.*&,)+.5#&

O%&4213
V=W
V?W
VBW

f

:
:

=Ff

V)W

BFEBFE

?FE

?F7

DP'"(*$%$"(.#)
R!P%,&&

VBW :



75! "
# $

@#(A%'%#(&,)?&''-*()K&"-)#1)2@

DBPB!?

O%&42213
V=>?W
V=W
V?W

E

E
E

=F7

V)W

?FE

?FE

DBP'"(*$%$"(.#)
R!P%,&&

DBP'"(*$%$"(.#)
e&.*&,)+.5#&

O%&4213
V=W
V?W

7

7

! 567)82%3&),!9!:8
! B=C=%<09;=A@DE9&<F$0:A0@<=>010A;:>0"E%:'7@<@:'&C0GHE<;==

! 5;7)<'/2($%=')%#="/-*%"#)"0)>:94("?*@)"#),! 9!:8



77! "
# $

@#(A%'%#(&,)?&''-*()K&"-)#1)2@K

R,&01&(%)$%&42&%F)
DB?>)213HDB?J)@)7

! 567)82%3&),!89!:8
! B=C=%<09;=A@DE9&<F$0:A0@<=>0#0A;:>0"1E%:'7@<@:'&C0GHE<;==

DB?PB!?

O%&42213
V=W E

DBPB!?

O%&42213
V=>?W
V=W
V?W

E

E
E

=F7

V)W

?FE

?FE

DBP'"(*$%$"(.#)
R!P%,&&

DBP'"(*$%$"(.#)
e&.*&,)+.5#&

O%&4213
V=W
V?W

7

7VBWV?W 7



78! "
# $

! 567)82%3&),!89!:8
! B=C=%<09;=A@DE9&<F$0:A0@<=>0#0A;:>0"1E%:'7@<@:'&C0GHE<;==

DB?PB!?

O%&42213
V=W E

! A*'+)B)%$)%#0('12'#*)%#),!89!:8
! ,0@$0;=>:M=70A;:>0"1#E1H#

! "1# E1H#0@$0=>9<N

@#(A%'%#(&,)?&''-*()K&"-)#1)2@K

! 5;7)C@')$'-(/@)D-/E*(-/E$)*"),! 9!:8



79! "
# $

@#(A%'%#(&,)?&''-*()K&"-)#1)2@!

R,&01&(%)$%&42&%F)
DB=>)213HDB=J)@)7

! 567)82%3&),!B9!:8
! B=C=%<09;=A@DE9&<F$0:A0@<=>0,0A;:>0"1E%:'7@<@:'&C0GHE<;==

DB=PB!?)$2)&43%A)
H(")%,.(2.'%$"(2J

! 5;7)C@')$'-(/@)D-/E*(-/E$)*"), 9!8:

DBPB!?

O%&42213
V=>?W
V=W
V?W

E

E
E

=F7

V)W

?FE

?FE

DBP'"(*$%$"(.#)
R!P%,&&

DBP'"(*$%$"(.#)
e&.*&,)+.5#&

O%&4213
V=W
V?W

7

7

VBWV=W 7



7:! "
# $

@#(A%'%#(&,)?&''-*()K&"-)#1)2K
! 567)82%3&),89!:8

! B=C=%<09;=A@DE9&<F$0:A0@<=>0#0A;:>0"E%:'7@<@:'&C0GHE<;==

R,&01&(%)$%&42&%F)
D?>)213HD?J)@):

V=W 7V=W 7

D?PB!?

O%&42213

DP'"(*$%$"(.#)
R!P%,&&

BFE

DPB!?

O%&42213
V?>=>BW
V?>=W
V?>BW
V=>BW
V=W

E

E
E

E
E

DP'"(*$%$"(.#)
e&.*&,)+.5#&

O%&4213
V=W
V?W
VBW

f

:
:

=Ff

V)W

BFEBFE

?FE

?F7VBWV?W :



8;! "
# $

@#(A%'%#(&,)?&''-*()K&"-)#1)2K
! 567)82%3&),89!:8

! B=C=%<09;=A@DE9&<F$0:A0@<=>0#0A;:>0"E%:'7@<@:'&C0GHE<;==

! 5;7)<'/2($%=')%#="/-*%"#)"0)>:94("?*@)"#),8 9!:8

V=W 7V=W 7

D?PB!?

O%&42213

=F7

V)W
D?P'"(*$%$"(.#)

R!P%,&&

D?P'"(*$%$"(.#)
e&.*&,)+.5#&

V=W 7V=W 7
O%&42213



8"! "
# $

@#(A%'%#(&,)?&''-*()K&"-)#1)2K!

R,&01&(%)$%&42&%F)
D?=>)213HD?=J)@)7

! 567)82%3&),8B9!:8
! B=C=%<09;=A@DE9&<F$0:A0@<=>0,0A;:>0"#E%:'7@<@:'&C0GHE<;==

D?=PB!?)$2)&43%A)
H(")%,.(2.'%$"(2J

! 5;7)C@')$'-(/@)D-/E*(-/E$)*"), 9!8:

=F7

V)W
D?P'"(*$%$"(.#)

R!P%,&&

D?P'"(*$%$"(.#)
e&.*&,)+.5#&

V=W 7V=W 7

D?PB!?

O%&42213

V=W 7V=W 7
O%&42213

VBWV=W 7



8!! "
# $

@#(A%'%#(&,)?&''-*()K&"-)#1)2!
! 567)82%3&),B9!:8

! B=C=%<09;=A@DE9&<F$0:A0@<=>0,0A;:>0"E%:'7@<@:'&C0GHE<;==

R,&01&(%)$%&42&%F)
D=>)213HD=J)@)f

+9&)2&.,'9)&(*2

D=PB!?)$2)&43%A)
H(")%,.(2.'%$"(2J

DP'"(*$%$"(.#)
R!P%,&&

BFE

DPB!?

O%&42213
V?>=>BW
V?>=W
V?>BW
V=>BW
V=W

E

E
E

E
E

DP'"(*$%$"(.#)
e&.*&,)+.5#&

O%&4213
V=W
V?W
VBW

f

:
:

=Ff

V)W

BFEBFE

?FE

?F7
VBWV=W f



80! "
# $

9*-4+-(')%'-."-'")F%'>)8*-1%7)2
! Frequent itemsets including D and supported 

combinations of items B,A,C

!"# "$%&'
( )*+,-
. ),+/+#-
0 )*+/+#+1-
2 )*+#+1-
3 )*+,+/-
4 )*+,+/+#-
5 ),+/-
6 )*+,+/-
7 )*+,+#-
(8 ),+/+1-

;'-*03TR

=>,;31$.C7

!"#$%#"%
(-* 1

%&'

()3-* 4
(+3-* 2
(,3-* 2

()3+3-* 5
()3,3-* 5
(+3,3-* 5



84! "
# $

L'>-*)&88*#&$>-"
! ?,-G.+&:$/.,33/+,%:$*.&+.4/$F0$-&.'&$;*$&.$>&/,%&'+-
! ?,G.$>31+'&.,.2'44$/$-&.2,&,",*$./$3/$*$-&,&'+-

! ,&3,&2&(%)%9&)%$*2&%)"/)&.'9)$%&4)gh.6;;i

!"# "$%&'
( )*+*,
- +*.*#
/ .*,
0 )*.*#
1 )*+*.*#
2 )*,
3 )*+
4 )*+*.
5 )*.*#

(6 +

! " #$%" &'( )
* ( '( +, ( - " . '

) + . # ,
( ( - - (
0 - / 0 /
1 1 0 1 2
2 3 4 5
3 4 5
4 (6
5

/ 0#'$1( )+* ( '( +, ( - " . '

C*+$,(-#./01'2.3#45/(67$#*/(8.1*+97412+.(1+(:#1#(;2.2.</(;4=*#>(?2&&(@AAB



85! "
# $

@#.8&$')3-8*-"-('&'%#("
! Some itemsets are redundant because they have 

identical support as their supersets

! Number of frequent itemsets

! A compact representation is needed

!"# $% $& $' $( $) $* $+ $, $- $%. /% /& /' /( /) /* /+ /, /- /%. 0% 0& 0' 0( 0) 0* 0+ 0, 0- 0%.
! % % % % % % % % % % " " " " " " " " " " " " " " " " " " " "
# % % % % % % % % % % " " " " " " " " " " " " " " " " " " " "
$ % % % % % % % % % % " " " " " " " " " " " " " " " " " " " "
% % % % % % % % % % % " " " " " " " " " " " " " " " " " " " "
& % % % % % % % % % % " " " " " " " " " " " " " " " " " " " "
' " " " " " " " " " " % % % % % % % % % % " " " " " " " " " "
( " " " " " " " " " " % % % % % % % % % % " " " " " " " " " "
) " " " " " " " " " " % % % % % % % % % % " " " " " " " " " "
* " " " " " " " " " " % % % % % % % % % % " " " " " " " " " "
!" " " " " " " " " " " % % % % % % % % % % " " " " " " " " " "
!! " " " " " " " " " " " " " " " " " " " " % % % % % % % % % %
!# " " " " " " " " " " " " " " " " " " " " % % % % % % % % % %
!$ " " " " " " " " " " " " " " " " " " " " % % % % % % % % % %
!% " " " " " " " " " " " " " " " " " " " " % % % % % % % % % %
!& " " " " " " " " " " " " " " " " " " " " % % % % % % % % % %

!
=

"
#

$
%
&

'
(=

!"

!

!"
#

! !

C*+$,(-#./01'2.3#45/(67$#*/(8.1*+97412+.(1+(:#1#(;2.2.</(;4=*#>(?2&&(@AAB



87! "
# $

M&7%.&,)9*-4+-('):'-."-'

! " ##

$% $& $' $( %& %' %( &' &( ' (

$ % & ' (

$%& $%' $%( $&' $&( $ ' ( %&' %&( %' ( &' (

$%&' $%&( $%' ( $&' ( %&' (

$%&'
(

!"#$%#

&'(#%)*%'+,
&+%-.%+.

/012-03,
&+%-.%+.

:%&"($)*$(&"*&7-$86$%(&).;").3&"7&%1%$&17&"(*&"))$'".($&*60$-*$(*&
"*&7-$86$%(

C*+$,(-#./01'2.3#45/(67$#*/(8.1*+97412+.(1+(:#1#(;2.2.</(;4=*#>(?2&&(@AAB



88! "
# $

@,#"-A):'-."-'

! An itemset is closed if none of its immediate 
supersets has the same support as the itemset

!"# "$%&'
( )*+,-
. ),+/+#-
0 )*+,+/+#-
1 )*+,+#-
2 )*+,+/+#-

!"#$%#" %&'
()*+*,- .
!"#$#%& '
()*,*/- .
!$#(#%& '

!"#$#(#%& )

C*+$,(-#./01'2.3#45/(67$#*/(8.1*+97412+.(1+(:#1#(;2.2.</(;4=*#>(?2&&(@AAB

!"#$%#"
()* 4

%&'

!"# $
(,* 2
(-* 4

!%&"# '
()3,* 5
()3-* 2
(+3,* 2
!"&(# '
(,3-* 2



89! "
# $

M&7%.&,)<")@,#"-A):'-."-'"
!"# "$%&'

( )*+

, )*+#

- *+.

/ )+#.

0 #.

!"##

$% $& $' $( %& %' %( &' &( '(

$ % & ' (

$%& $%' $%( $&' $&( $'( %&' %&( %'( &'(

$%&' $%&( $%'( $&'( %&'(

$%&'(

)*+ )*, )*,+ *+- ,+-

)* )*+ *+ + )*, * , *+ ,+ +-

)* * *+ + + * , +

* +

4#0'.05+2"',&$.

6"+,.*77"#+%$,89,
0'9,+#0'.05+2"'.

C*+$,(-#./01'2.3#45/(67$#*/(8.1*+97412+.(1+(:#1#(;2.2.</(;4=*#>(?2&&(@AAB



8:! "
# $

./0(1/-$23$4-)3#5$6'#78#+9$:9#13#93
!"##

$% $& $' $( %& %' %( &' &( '(

$ % & ' (

$%& $%' $%( $&' $&( $'( %&' %&( %'( &'(

$%&' $%&( $%'( $&'( %&'(

$%&'(

)*+ )*, )*,+ *+- ,+-

)* )*+ *+ + )*, * , *+ ,+ +-

)* * *+ + + * , +

* +

/2'2-*-,.*77"#+,:,;

<,=3".%$,:,>

<,/012-03,:,?

=3".%$,0'$,
-012-03

=3".%$,8*+,
'"+,-012-03

C*+$,(-#./01'2.3#45/(67$#*/(8.1*+97412+.(1+(:#1#(;2.2.</(;4=*#>(?2&&(@AAB



9;! "
# $

865$+6'&9:&;'%:7<&=)7+:7):

! "#$%#&'
('#) *#'*

+ ,- *#.
! "#$%#&'
('#) *#'*

/ 012) 0,
! "#$%#&'
('#) *#'*

C*+$,(-#./01'2.3#45/(67$#*/(8.1*+97412+.(1+(:#1#(;2.2.</(;4=*#>(?2&&(@AAB



9"! "
# $

=11-$')#1)E+88#*')0>*-">#,A

! A%6%)$1(0*('*$-%*+,,"(,"1+$%*2103#,
$-"%3-(6<*13*0($*(7:1(#3

! If minsup is too high
! '&$;*$&*.'-%102'-5./,/$."0&.'-&$/$*&'-5.'&$;*.;,G.

"$.1+*&
! &-.43#&F)3$&'&2)"/)j&G&##&,A)H",)"%9&,)&-3&(2$I&)

3,"*1'%2J

! If minsup is too low
! '&.;,G."$%+;$.%+;30&,&'+-,11G.($/G.$>3$-*'($.
! &:$.-0;"$/.+4.4/$F0$-&.'&$;*$&*."$%+;$*. ($/G.

1,/5$



9!! "
# $

:('-*-"'%(/(-"")M-&"+*-"

! A large number of pattern may be extracted
! /,-@.3,&&$/-*."G.&:$'/.'-&$/$*&'-5-$**

! Objective measures
! /,-@.3,&&$/-*.",*$2.+-.*&,&'*&'%*.%+;30&$2.4/+;.2,&,

! '-'&',1.4/,;$M+/@.[)5/]c_.+-1G.%+-*'2$/$2.*033+/&.,-2.
%+-4'2$-%$

! "%9&,)2%.%$2%$'.#)4&.21,&2).I.$#.5#&

! Subjective measures
! /,-@.3,&&$/-*.,%%+/2'-5.&+.0*$/.'-&$/3/$&,&'+-.[A'1"]a_

! $(%&,&2%$(<)$/)$%)'"(%,.*$'%2)%9&)&-3&'%.%$"()"/).)12&,
! $(%&,&2%$(<)$/)$%)$2).'%$"(.5#&



90! "
# $

4)+;(5#+,#$1#/38'#<$/-=/>3$'#-(/?-#@

! ^ddd.:'5:.*%:++1.*&02$-&*.,/$.5'($-
! :Z[;)&.%)'&,&.#2
! :;;;)3#.A)5.26&%
! 7;;;)&.%)'&,&.#2).(*)3#.A)5.26&%

! D01$
31,G.",*@$&.! $,&.%$/$,1*
*03.W.cde6.%+-4.W.``6fe.

'*.;'*1$,2'-5."$%,0*$.$,&.%$/$,1*.:,*.*03.f^e.IT``6feJ

!"#$%& '(&)!"#$%& &(&"*
+%,%"*# -... /01. 201.
'(&)+%,%"*# /... -1. /-1.
&(&"* 2... -... 1...

! N/+"1$;.%,0*$2."G.
:'5:.4/$F0$-%G.+4.
/01$.:$,2

! -$5,&'($.
%+//$1,&'+-



94! "
# $

8+//$1,&'+-..W
!"!"

!#"
!"#"

!#"
!"#$%&
'()*$+&

W

! A&,&'*&'%,1.'-2$3$-2$-%$
! B",,&#.%$"()@)E

! N+*'&'($.%+//$1,&'+-
! B",,&#.%$"()k)E

! g$5,&'($.%+//$1,&'+-
! B",,&#.%$"()l)E

!"#$#! %

@#**-,&'%#()#*),%1'



95! "
# $

! Association rule
play basket ! eat cereals

has corr = 0.89
! -$5,&'($.%+//$1,&'+-

! but rule
play  basket ! not (eat cereals)

has corr = 1,34

=7&.8,-



97! "
# $



98! "
# $

;%>:$<7#$>(&37$(*)
! Items may be characterized by different importance 

within a transaction
! =>,;31$h.3/+20%&.F0,-&'&G.+/.3/'%$.'-.&/,-*,%&'+-*

! Transactions may be weighted
! =>,;31$h.2'*%+0-&.+-.$-&'/$.;,/@$&.",*@$&

! Weighted dataset
! =,%:.'&$;.'*.,**'5-$2.,.M$'5:&.;$,*0/'-5.'&*./$1$(,-%$.'-.

&:$.%+//$*3+-2'-5.&/,-*,%&'+-



99! "
# $

?7$(*)7<&6::%@$6)$%>&#A'7:
! Consider item/transaction weights during 

association rule extraction
! Extend rule quality measures

! =i5i6M$'5:&$2 *033+/&6M$'5:&$2 %+-4'2$-%$

! Apply ad-hoc weight aggregation functions
! =i5i6;'-6 ;,>6 ,(5



9:! "
# $

;%>:$<7#$>(&*$7#6#@*$7:
! Generalization hierarchies

! )55/$5,&'+-.+($/.,&&/'"0&$*.'-.,.2,&,*$&

! 9G3'%,11G.0*$/.3/+('2$2

! Examples
! 9';$.:'$/,/%:G
! N/+20%&.%,&$5+/G.

! U+%,&'+-.:'$/,/%:G
! B



:;! "
# $

B65%>%+C
! A taxonomy is a set of is-a hierarchies that 

aggregate data items into higher-level concepts
! Data item 

! K-*&,-%$.'-.&:$.I&/,-*,%&'+-,1J.2,&,*$&

! D$3/$*$-&*.2$&,'1$2.%+-%$3&*

! Generalized item
! )55/$5,&'+-.'-.:'5:$/ <1$($1.%+-%$3&*
! D$3/$*$-&*.,"*&/,%&'+-*.+-.'-*&,-%$*



:"! "
# $

D7>7#6'$E7<&$)7+:7):
! Sets of items at different generalization levels

! ?,G.%+-&,'-.2,&,.'&$;*.&+5$&:$/.M'&:.5$-$/,1'O$2.'&$;*.
2$4'-$2.'-.&:$.&,>+-+;G

! A0;;,/'O$.@-+M1$25$./$3/$*$-&$2."G.,.*$&.+4.1+M$/<1$($1.
2$*%$-2,-&*

! ?"%9)/,&01&(%).(*)$(/,&01&(%

! A generalized itemset covers a transaction when all
! '&*.5$-$/,1'O$2.'&$;*.,/$.,-%$*&+/*.+4.'&$;*.'-%102$2.'-.

&:$.&/,-*,%&'+-
! '&*.2,&,.'&$;*.,/$.'-%102$2.'-.&:$.&/,-*,%&'+-

! Generalized itemset support
! /,&'+."$&M$$-.-0;"$/.+4.%+($/$2.&/,-*,%&'+-*.,-2.

2,&,*$&.%,/2'-,1'&G.



:!! "
# $

;%>)75)2636#7&<6)6&6>6'C:$:
! Context data provided by different, possibly 

heterogeneous, sources 
! ?+"'1$.2$('%$*.3/+('2$.'-4+/;,&'+-.+-.

! %9&)12&,)'"(%&-%)H&X<X>)m!N)'"",*$(.%&2J

! %9&)2133#$&*)2&,I$'&2
! /"3@(-,0*.%#(-3,/.(%*
! 2"-O.8"*&"28-.@/.(%
! &$-,/.(%

! )22'&'+-,1.'-4+/;,&'+-.,(,'1,"1$
! *&4"<,.39$'2)"/)%9&)12&,),&01&2%$(<)%9&)2&,I$'&



:0! "
# $

;-(-*&,%N-A)%'-."-')-7&.8,-

! A very low support
! 9:$.'&$;*$&.;,G."$.2'*%,/2$2

/0'#1 2"-*3%.)4'1 5678%96463%0'#:),'1 ;'+.-'#%
<0%=%76778>?

! By generalizing 
! &:$.&';$.,&&/'"0&$.+-.,.&';$.3$/'+2
! &:$.0*$/.+-.,.0*$/.%,&$5+/G

/0'#1 '49@"A''3% .)4'1 5%9646%."%B%96463%0'#:),'1 ;'+.-'#%
<0%=%76C>?

! May discover interesting properties generalizing 
infrequent items 



:4! "
# $

D7>7#6'$E7<&6::%@$6)$%>&#A'7:
! Extension of “classical” association rules

!" " #

! X and Y are either generalized or not generalized 
itemsets

! =>&/,%&,**+%',&'+-* ,;+-5 2,&,. '&$;* ,& ;01&'31$.
,"*&/,%&'+- 1$($1*

! A033+/&6.%+-4'2$-%$.,-2.1'4&.,/$.2$4'-$2.,%%+/2'-51G



:5! "
# $

16)$7>)&<6)6&6>6'C:$:
! Analysis of multiple level correlations on patient 

treatment historical data
! C,&,*$&.%+11$%&$2."G.,-.K&,1',-.U+%,1.Z$,1&:.8$-&$/

! D$.5&%&2)'"43#$'.%$"(2).%)I.,$"12)2&I&,$%A)#&I&#2

! n[o),&'",*2>):X[o)3.%$&(%2

! S$,&0/$*
! !,&2',$5&*)&-.4$(.%$"(2)H7Y)&-.4$(.%$"(2>)Z)'.%&<",$&2J
! !,&2',$5&*)*,1<2)H7;;)*,1<2>)Ef)'.%&<",$&2J

! B&(212)3.%$&(%)*.%.)H<&(*&,>).<&)*$2',&%$^&*)$().<&)<,"132J

! Sparse dataset
! C'44'%01&.*$&&'-5.+4.*033+/&.&:/$*:+12

! _"GF)<&(&,.%&2)%"")4.(A),1#&2

! e$<9F)$(%&,&2%$(<)$(/",4.%$"().%)#"G&,)#&I&#2)"/).52%,.'%$"()4.A)
,&4.$()9$**&(



:7! "
# $

F$(*&'797'&#A'7:
! Only generalized itemsets

! D$3/$*$-&.5$-$/,1.@-+M1$25$
! M.A)5&)%"")9$<9)#&I&#)%")3&,/",4)%.,<&%&*).(.#A2&2

! Example
I=>,;'-,&'+-6.U'($/J. <T.I=>,;'-,&'+-6.j'2-$GJ

! S/$F0$-&1G.3/$*%/'"$2.&+5$&:$/

! ?,G."$.0*$2.4+/.$>,;'-,&'+-.*%:$201'-5



:8! "
# $

;#%::&'797'&#A'7:
! Different abstraction levels (generalized items and 

data items)
! 8+;"'-$.2$&,'1$2.,-2.5$-$/,1.'-4+/;,&'+-

! Example
I=>,;'-,&'+-6.U'($/J. <T.I=>,;'-,&'+-6.Q/'%.,%'2J

! K-*'5:&.'-&+.*3$%'4'%.@'2-$G.$>,;'-,&'+-*.%+//$1,&$2.M'&:.
1'($/.$>,;'-,&'+-*

! B"(/$*&('&F)ZfXp8



:9! "
# $

G%32'737'&#A'7:
! Only not generalized itemsets (only data items)

! k$/G.2$&,'1$2.@-+M1$25$
! B"I&,&*)5A)9$<9).(*)',"22 P#&I&#),1#&2

! U,/5$./01$.*$&
! B9.##&(<$(<)&-3#",.%$"()%.26

! C/'11.2+M-.$>31+/,&'+-.",*$2.+-.4+/;$/1G.$>&/,%&$2.:'5:.
,-2.%/+** <1$($1./01$*.


