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Association Rules in a Nutshell

Association Rules are a
popular data mining
technique, e.g. for warehouse
basket analysis: ,Which items
are frequently bought
together?”

Toy Example:

Which activities can be
frequently performed together
in National Parks in California?

{Swimming} — {Hiking}
conf =100 %, supp = 10/19

0 w
S =
National Parks 5,; 2 ~| &
in California S E I MMSE
Ol ol gl 55|23
gl< (8515|558
2T (| |v @ | W |
Cabrillo Natl. Mon. ® | =
Channel Islands Natl. Park ® ® ®
Death Valley Natl. Mon. el (I I #
Devils Postpile Natl. Mon. el (I I #
Fort Point Natl. Historic Site ® X
(Golden Gate Natl. Recreation Area =l = 1= = ® | =
John Muir Natl. Historic Site x
Joshua Tree Natl. Mon. x|l % [
Kings Canyon Natl. Park I * *
Lassen Volcanic Natl. Park *f o= =] = x| = ®
Lava Beds Natl. Mon. = =
Muir Woods Natl. Mon. ®
Pinnacles MNatl. Mon. ®
Point Reyes Natl. Seashore ol I B ® | ®
Redwood Natl. Park =l = 1= = ®
Santa Monica Mts. Natl. Recr. Area *f o= =] = x| =
Sequoia Natl. Park e (I # #
Whiskeytown-Shasta-Trinity Natl. Recr. Area || x| = [{x]| x| % | %
A | A N A 4 A 4

‘\Yosemite Natl. Park

#(swimming+hiking parks) /
#(swimming parks)

#(swimming+hiking parks) /
#(all parks)
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Observation:

AIFB D)

The rules

{ Boating } — { Hiking, NPS Guided Tours, Fishing }
{ Boating, Swimming } — { Hiking, NPS Guided Tours, Fishing }

have the same support and the same confidence, HRE E
3 N
because the two sets NN
M N
. . . . ‘E g ‘B g & A
{ Boating } and { Boating, Swimming } 2|28 |8|d[a ]S
Cabrille Natl. Mon. ® |
. Channel Islands Matl. Park x ¥
describe exactly the same set of parks. Death Valley Natl. Mon. < x| x x
Devils Postpile Natl. Mon. * -l (I3 *
Fort Point Natl. Historic Site P *
Golden Gate Natl. Recreation Area x| x| =] = ® | %
. John Muir Natl. Historic Site X
COHC|USIOH Joshua Tree Matl. Mon. ®| x|
Kings Canyon Natl. Park x| x| % *
. . - Lassen Volcanic Natl. Park || x| x| b
It is sufficient to look at one of those sets! Erve Bede ot Mo m——
Muir Woods Natl. Mon. ®
Pinnacles Matl. Men. *
Point Reyes Natl. Seashore R EA B ® | %
— faster computation (R L FRRLE CIEH T ER
| Santa Monica Mts. Natl. Recr. Area MBI IR
Sequoia Natl. Park ® | x| X x b
— NO redundant I’U|€S We:iskeytown—Shasta—Trinity Natl. Recr. Area || x| = [ x| »= | x| |x
Yosemite Natl. Park e I B [ ¥ | x
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Another Toy

Classes of itemsets describing the same sets of objects

Example:

 |slalo]o]
1< |X
2| |X| |X
3| XXX

Unique represen- bce
tatives of each class:

the closed itemsets -
=]

(or concept intents).

(6 instead of 16) :

The space of (potentially
frequent) itemsets:
the powersetof { a, b, c, e }
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Bases of Association Rules

Classical Data Mining Task:

Find, for given minsupp, minconf e
[0,1], all rules with support and
confidence above these thresholds.

Two-Step Approach:

1. Compute all frequent itemsets
(e.qg., Apriori).

2. For each frequent itemset X
and all its subsets Y:
check X > Y.

© Gerd Stumme 2002 Invited Talk at DEXA ‘2

Our task:

Find a basis of rules, i.e., a
minimal set of rules out of which all
other rules can be derived.

Two-Step Approach:

1.

Compute all frequent closed
itemsets.

For each frequent closed itemset X
and all its closed subsets Y:
check X —-Y.

AIFB D)
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Association Rules and Formal Concept Analysis

Based on Formal Concept Analysis
(FCA).

This relationship was discovered
independently in 1998/9 at

 Clermont-Ferrand (Lakhal)
» Darmstadt (Stumme)
* New York (Zaki)

with Clermont being the fastest group
developing algorithms (Close).

%

Two-Step Approach:

1. Compute all frequent closed
itemsets.

2. For each frequent closed itemset X
and all its closed subsets Y:
check X - Y.

AIFB D)
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Association Rules and Formal Concept Analysis

Formal Concept Analysis
(FCA).

Structure
of the Talk:

* Introduction to FCA
e Conceptual Clustering with FCA
» Mining Association Rules with FCA—

o Other Applications of FCA

Two-Step Approach:

1.

Compute all frequent closed
itemsets.

For each frequent closed itemset X
and all its closed subsets Y:
check X —-Y.

AIFB D)
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Association Rules and Formal Concept Analysis
I

AIFB D)

Based on Formal Concept Analysis
(FCA).

ur task:
_ _ _ _ Find.a basis of rules, i.e., a
This relationship wag discovered minimakset of rules out of which all

independently in 1998/9 at other rules ean be derived.

e Clermont-Ferrand (Lakhal)
* Darmstadt (Stumme

» New York (Zaki) Two-Step Approach:
1. Compute all frequent closed

with Clermont being the fastest group itemsets

developing algorithms

2. For each frequent closed itemset X

\ and all its closed subsets Y:
Structure check X — Y.
of the Talk:

e |Introduction to FCA

This is joint work with

o o _ L. Lakhal, Y. Bastide,
e Mining Association Rules with FCA— N. Pasquier, R. Taouil.

e Conceptual Clustering with FCA

« Other Applications of FCA
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1. Motivation: Structuring the
Frequent Itemset Space

2. Formal Concept Analysis

3. Conceptual Clustering
with Iceberg Concept Lattices

4. FCA-Based Mining
of Association Rules

5. Other Application(s) of FCA
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Formal Concept Analysis

arose around 1980 in Darmstadt as a
mathematical theory, which formalizes the
concept of ,concept'.

Since then, FCA has found many uses in
Informatics, e.g. for

» Data Analysis,
* Information Retrieval,
» Knowledge Discovery,

» Software Engineering.

Based on datasets, FCA derives concept
hierarchies.

FCA allows to generate and visualize
concept hierarchies.

© Gerd Stumme 2002 Invited Talk at DEXA ‘2
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sufficient handlin I LS i :
sufficient technical quali sufficient security|
high technical quality <200 DM

<150 DM sufficient coffee quali
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Severin KA 5723

<= 125 DM very high technical quality
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deficient coffee qualt < 100 DM
Rowenta FT 774 Krups 205 A Bosch TKA 2830
_—
Otto Hanzseatic| Quelle Pri\.fileg\ Braun KF 170

- Maulinex AR 4]
Tachibo Aroma arantl

deficient handli \ermnet KM 582 Melitta 40001-89 deficient security
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Ismet KM 582 starlight 84,- 47-114- |+ + ++ |0 gut
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FCA models concepts as units of thought, consisting of two parts:
» The extension consists of all objects belonging to the concept.

* The intension consists of all attributes common to all those objects.

Some typical applications:
 database marketing
« email management system
 developing qualitative theories in music estethics

 analysis of flight movements at Frankfurt airport
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Formal Concept
Analysis

Def.. A formal context
is a triple (G,M,l), where

» G is a set of objects,
* M is a set of attributes

e and | is a relation
between G and M.

* (g,m)el isread as
,object g has attribute m*.

" 3
3 2 =
- N A= >
National Parks | |E = | &
. . . = R = |3
in California Sl w|S|E|2|e|e|S
SEIRHEEREE
= | L | L | |m|Ww ;)|
Cabrillo Natl. Mon. ® | %
Channel Islands Matl. Park X * *
Death Walley Natl. Mon. W ® | m | o
Devils Postpile Natl. Mon. o I I *
Fort Point Natl. Historic Site ® *
Golden Gate Natl. Recreation Area IR ERE: ® | %
John Muir Natl. Historic Site x
Joshua Tree Natl. Mon. ol I
Kings Canyon Natl. Park W M| = * =
Lassen Volcanic MNatl. Park o B R A O I »
Lava Beds Natl. Mon. ® |
Muir Woods Natl. Mon. by
Pinnacles Natl. Mon. X
Point Reyes Natl. Seashore X | x| x| x x | %
Redwood Natl. Park | ® | | o *
Santa Monica Mts. Natl. Recr. Area ool B I O I I
Sequoia Natl. Park ® | x| ® * *
Whiskeytown-Shasta-Trinity Natl. Recr. Area || x | x | x| = | x| x
Yosemite Natl. Park ol I I O I I I I
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4 A
Nati g 20 IE
ational Parks 8 - B
in California OIS B |3
= £ 3
For A c G, we define S|lw|S|E|P »|e|Y
A= {meM | VgeA: (g,m)el }. pall Bl ettt i Bl i B
Cabrillo Natl. Mon. x| x
Channel Islands Natl. Park * *® *
Death Valley Natl. Mon. ®| x| | X X
Devils Postpile Natl. Mon. ol I O *
Fort Point Natl. Historic Site * X
For B - M, we define dua”y Golden Gate Natl. Recreation Area ol IO I 4 | om
, John Muir Natl. Historic Site ®
B = { gEG | vVmeB: (g,m)el } Joshua Tree MNatl. Mon. w | x| ®
Kings Canyon Natl. Park x| % | x b *
Lassen Volcanic Natl. Park o I O O I *
Lava Beds MNatl. Mon. ® |
Muir Woods Natl. Mon. *
Pinnacles Matl. Mon. *
Point Reyes Natl. Seashore O R I ® | %
Redwood MNatl. Park ol IO I *
Santa Monica Mts. Natl. Recr. Area o I O O I
Sequoia Natl. Park | % | X X X
A Whiskeytown-5Shasta- Trinity Natl. Recr. Area S -
Yosemite Natl. Park O I O I I U O
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BN O
Intent B aa)
A -
4 h =
Def.. Aformal concept _ <
. . . 0 - 5
is a pair (A,B) where National Parks S| |5 "%
in California A el B3
« Ais a set of objects Sl || E|e|w|e|S
(the extent of the concept), oS85 |5|5|5|8
= | L |LT (v |m |WL (o[
. . Cabrillo Natl. Mon. x| x
‘B IS_ a set of attributes Channel Islands Natl. Park * * *
(the intent of the concept), Death Valley Natl. Mon. x| % | % | % X
Devils Postpile Natl. Mon. Xl x| = | ®
o ‘ - Fort Point Natl. Historic Site * *
A BandB A Golden Gate Natl. Recreation Area X | x| x| x o
John Muir Natl. Historic Site X
Joshua Tree Natl. Mon. x| % | %
Kings Canyon Natl. Park X | o . x
] Lassen Volcanic Natl. Park S IO O O B (- x
= closed itemset Lava Beds Natl. Mon. x| %
Muir Woods Natl. Mon. *
< Pinnacles Natl. Mon. P
+— Point Reyes Natl. Seashore o O I * | %
% < Redwood Natl. Park % | % | % | x X
">—<‘ Santa Monica Mts. Natl. Recr. Area ool A I I I
L Sequoia Natl. Park x| % | % X *
Whiskeytown-Shasta-Trinity Natl. Recr. Area || = | % | % | x | x | %
K Yosemite Natl. Park Xl ® | ® x| x| ®|x|=x
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The blue concept is
a subconcept of
the yellow one,
since its extent is
contained in the
yellow one.

( < the yellow intent
Is contained in the
blue one.)

"5
- ey
National Parks N
) ) ) 5
in California & |5
=13
g
3|8
Cabrille Natl. Mon. ® |
Channel Islands Natl. Park » »
Death Valley Natl. Mon. ® | % >
| Devils Postpile Natl. Mon. [ | = | x| B
| Fort Point Natl. Historic Site =1 | | X
| Golden Gate Natl. Recreation Area || x | * | | E »
John Muir Natl. Historic Site %
Joshua Tree Natl. Mon. w | ®
Kings Canyon Natl. Park x| x b X
A
Lava Beds Natl. Mon. w | x
Muir Woods Natl. Mon. »
Pinnacles Natl. Mon. » -
Point Reyes Natl. Seashore | x % | %
Redwood Natl. Park x| % X
Sequoia Natl. Park ® | % X X
S e

AIFB D)
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The concept lattice of
the National Parks in
California

Bicvele Trail
‘ NPS Guided Tours

Hiking Muir Woods

Fishing

National Parks
in California

” Cross Country Trail ‘

Cabrillo Natl. Mon.
Channel Islands Natl. Park I
Death Vallev Natl. Mon. |
Devils Postpile Natl. Mon. |
|_Fort Point Natl. Historic Site il
[
|
[

Golden Gate Natl. Recreation Area
| dehn Muir Natl. Historic Site |
| Joshua Tree Natl. Mon. |

x
x
%
x
x
Kmi Lanin Natl. Park X | X% x
x
x
%
x
x

[

| Lava Beds Natl. Mon Il
| Muir Woods Natl. Mon. I
["Pinnacles Natl_Mon 1l
Point Reyes Natl. Seashore |
Redwood Natl. Park

Sequoia Natl_Park

LT

" Pinnacles

Harseback Riding
_'_'_,_,.,-"""

Fort Point Swimming

Joshuas Tree

Cabrillo

Channel
Islands

Cross Country

Death Vall
Ski Trail sl

Devils Postpile

Kings Canyon _
Redwood

Sequoia

Golden Gate

Point Rayes
Lassen Volcanic

Santa Monica Mountains
Y osernite Whiskeytown-Shasta-Trinity
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. O
Implications

Bicycle Trail
} T NFS I:G'm'ded Tours

~1H king  Muir Woods
gy Pinnacles
; Horseback Riding

Lava Beds ™. _—
= . Swimming

Fishing

Def.. Animplication

X = Y holds in a context, if

every object having all
- - o

attributes in X also has all Cabrillo

attributes in Y.

-

Fort Point
Joshuzs Tree

Channel

1slands
At : Cross Country )
(= Association rule with 100% s 1rai -~ | Death Valley
Confldence) Kings Canyon e < Devils Postpile
Sequoia Boaring . ' Redwood
A -~ Golden Gate
L’ﬂ; Point Rayes
* Exam pleS: Lassen Volcanic TN
. . - ' \ Santa Monica Mountains
{ SWlmmlng } —> { Hlklng } Y osemite Whiskeytown-Shasta-Trinity

{ Boating } — { Swimming, Hiking, NPS Guided Tours, Fishing }
{ Bicycle Trail, NPS Guided Tours } — { Swimming, Hiking }

9 gﬁm ﬁi”mmﬁ agga |m “iﬁq Iﬁ"i ﬁi DE‘% cz Slide 18



N D
Independency

Bicwele Trail
) T Gutided Tours

_ Fishi @ Muir Woods
Attributes are ' " Pinnacles

Horseback Riding

o

independent if they
span a hyper-cube
(i.e., if all 2" combi-
nations occur).

Cabri

Example:

o %ﬁ;ﬁftm#}' ’ =ath Valley
« Fishing

_ _ Kings Canyon > _ Devils Postpile
* Bicycle Trail Sequoia 6 Redwood
e Swimming .~ “~@olden Gare

pd Point Rayes
_ Lassen Volcanic T

are independent . \ Santa Monica Mountains
attributes. Y osemite Whiskeytown-Shasta-Trinity
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EE
Iceberg Concept Lattices

AIFB D)

|'|.'E'i| type: p.arli.all

gill attachmeri; free-l

|vei|cnbr: whit=

|ring rumber: nnel

minsupp = 85%

For minsupp = 85% the seven most general
of the 32.086 concepts of the Mushrooms
database http:\\kdd.ics.uci.edu are shown.
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lceberg Concept Lattices S, e

minsupp = 85%

gillspacing: closs

minsupp = 70%
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B D

veil :parﬁal_ gill attachmeant: free

ring number: one

gill size: broad \x ~N g .____\rail colr: white
69.87 % |pz.30%  £a743%,  |9762% QJEP_;E_'E'; closs
l{ . 8108 %

62.17 % 67.59 % 90.02 %
! “t
O / o\
67.30% 8992% VY
> stak color bakw ring: white| l
50.50 9% cor rnng: W
@]
55.13 % T452 %
stalk shape: tapering

stak surface above ring: smooth 5_”,«*’2 |stak surface below ring: smaooth
With decreasmg 63.17 % 57.78 % 8031 %
minimum support the S
information gets richer. 5794 %) [55.00 %

() . )
60 .88 % il 5803 %
Q-
50.80 %
. '
55.65 %
O !l @)
55.70 %) |57.22 %)/ 57.51 %,
minsupp = 55% o
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Iceberg Concept Lattices and Frequent ltemsets

AIFB D)

Iceberg concept lattices are a condensed representation of frequent itemsets:

supp(X) = supp(X*)

minsupp ||# frequent closed itemsets|# frequent itemsets
85 % 7 16
70% 12 32

55 % 32 116

0% 32.086 2%

Difference between frequent concepts and frequent itemsets in
the mushrooms database.
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TITANIC

computes the iceberg concept lattice using the support:

Lemma 4. Let X,Y C M.

1. X CY = supp(X) > supp(Y)
2. X" =Y" = supp(X) = supp(Y)
3. X CY Asupp(X) =supp(Y) = X" =Y"

~ © Gerd Stumme 2002 Invited Talk atDEXA2 ~ Slide2s
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TITANIC

tries to optimize the following three questions:

1. How can the closure of an itemset be determined based on supports only?

2. How can the closure system be computed with determining as few closures as
possible?

3. How can as many supports as possible be derived from already known supports?

@ ﬁﬁm ﬁi”mmﬁ anga |Hi iliﬁﬂ Ia”i ﬁi DE‘% ca Slide 26
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TITANIC

1. How can the closure of an itemset be determined based on supports only?

X' =Xu {xe M\ X|supp(X) =supp(Xu x) }

Example: {b,c }*={Db, c, e}, since

supp({b,c})=1/3

and A
supp({a,b,c})=0/3 X] X

supp({b,c,e} )=1/3,

Slide 27
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TITANIC

1. How can the closure of an itemset be determined based on supports only?

X' =Xu {xe M\ X|supp(X) =supp(Xu x) }

[~ (oo
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TITANIC

2. How can the closure system
be computed with determining
as few closures as possible?

We determine only the closures of
the minimal generators.

* If a set is not minimal generator,
then none of its supersets is either.

— Apriori like approach
minimal

Iﬂ !

- generator

Classe
d’équivalence

In the example, TITANIC needs two runs (and Apriori four).

Slide 29
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TITANIC

1. How can the closure of an itemset be determined based on supports only?
X*=Xu xe M\ X|supp(X)=supp(Xu x)

2. How can the closure system be computed with determining as few closures as

possible?

Approach a la Apriori

3. How can as many supports as possible be derived from already known
supports?

~ © Gerd Stumme 2002 Invited Talk atDEXA2 . Slide30
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| slelo|o]

3. How can as many supports as possible
be derived from already known supports?

BN
X
XX
X1 IX
XX

Theorem: If X is no minimal generator, then

supp(X) = min { supp(K) | K is minimal
generator, K X }.

Example: supp({a, b,c})

= min { supp({a, b }), supp({ b, ¢ }), supp(a),
supp(b), supp(c) }

=min { 0/3, 1/3, 1/3, 2/3, 2/3} =0,

Motif clé

Classe
d’équivalence

Slide 31
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TITANIC

1. How can the closure of an itemset be determined based on supports only?
X“=Xu {xe M\ X | supp(X) =supp(Xu x)}

2. How can the closure system be computed with determining as few closures
as possible?

Approach a la Apriori

3. How can as many supports as possible be derived from already known
supports?

If X is no minimal generator, then

supp(X) = min { supp(K) | K is minimal generator, K= X }.

ﬁ iiii ii”iii iﬂﬂi lm i“ii ii”i ii iiia ci Slide 32
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| « 1
TITANIC :
¢; < singletons
compared l Count only if
. d ount only i
with Apriori » Determine support for all C e ¢, necessary.

l

Determine closures forallC € ¢, _,

l If the support is too
low or equal to the
support of a lower
l cover, the
candidate is pruned.

Prune non-minimal generators from ¢

l<—1+1

¢, < Generate_Candidates(¢;_,)

no We only generate
candidates for
minimal generators.
lyes
End

© Gerd Stumme 2002 Invited Talk at DEXA ‘2 Slide 33



Pascal/TitaniC  compared with Apriori

2500 . 900 - . :
Pascal Pascal
Apriori e SOl Apriori —— 7§
2000 | Close ~x ] 700 | Close = /
Max-Miner+ — - Max-Miner+ =/
600 |
% 1500 | T o |
o ) y
£ 1000 £ 400
" 300 |
100} e
0 = 0
1 0.75 0.5
Minimum Support (%) Minimum Support (%)
T25120D100K C20D10K

Weakly correlated data:
similar performance of
Pascal, Apriori and Max-Miner

Strongly correlated data:
Pascal (and Close) are very efficient

© Gerd Stumme 2002 Invited Talk at DEXA ‘2 Slide 34
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Advantage of the use of iceberg concept lattices
(compared to frequent itemsets)

veil type: partial

|gi|| attachment: free|

| ring number: 0ne|

vell color: white

— more efficient computation (e.g. TITANIC)

32 frequent itemsets are
represented by 12

frequent concept intents — fewer rules (without information loss!)

AIFB D)

minsupp = 70%
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« From supp(B) =supp (B”") follows:

Theorem: X—Y and X~ — Y~ have the same support and the same
confidence.

Hence for computing association rules, it is sufficient to compute the supports of all
frequent sets with B = B (i.e., the intents of the iceberg concept lattice).

Association rules can be visualized
in the iceberg concept lattice:

4_ —/ conf =100 %
» exact rules

« approximate rules <+ conf < 100 %

9 gﬁm ﬁi”mmﬁ agga |m “Iﬁq Iﬁ"i m Rﬁée ca Slide 37



Exact association rules

veil type: partial

Igill attachment: free|

ring number: 0ne|

vell color: white

Association rules can be visualized
In the iceberg concept lattice:

gill spacing: clc:se|

conf =100 %

. exact rules —

e approximate rules <+—

conf < 100 %

AIFB D)
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Exact association rules
e

AIFB D)

veil type: partial

gill attachment: free

| ring number: 0ne|

100 %
veil color: white
8230 %| |97.43% 97.62 % gill spacing: close
B81.08 %
90,02 % G7.34 %
76.81 %
BO.92 %
supp =89.92 %

{ring number: one, veil color: white} — {qgill attachment: free}
supp = 89.92 % conf = 100 %.
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Luxenburger Basis for approximate association rules
EE

gill attachment: free

AIFB D)

veil type: partial

97.6 %

07.4% veil color; white

ring number: one gill spacing: close

« approximate rules <+ conf < 100 %
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Luxenburger Basis for approximate association rules
E

AIFB D)

gill attachment: free

veil type: partial

07.6%

07.4% veil color; white

ring number: one gill spacing: close

supp =89.92 %

{ring number: one} — {veil color: white}
supp = 89.92 % conf= 97.5% % 99.9 % ~ 97.4 %.
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Name Number of objects|Average size of objects|Number of items o
N TIOMDI00K| 100,000 0 1,000
MUsSHROOMS 8,416 23 127 m
C20D10K 10,000 20 386 =
C73D10K 10,000 73 2,177
Some experimental results =
Dataset Exact D.-G. Approximate Luxenburger
(Minsupp) rules  basis || Minconf | rules basis
90% 16,269 3.511
T10I4D100K 0 0 T0% 20,419 4,004
(0.5%) 50% 21,686 4,191
30% 22,952 4,519
90% 12,911 563
MUSHROOMS 7.476 69 T0% 37.671 068
(30%) 50% 56,703 1,169
30% 71,412 1.260
90% 36,012 1,379
C20D10K 2,277 11 T0% 89.601 1,948
(50%) 50% 116,791 1,948
30% 116,791 1,948
95% 1,606,726 4,052
CT3DIOK 52,035 15] 90% 2,053,896 4,089
(90%) 85% 2,053,936 4,089
80% 2.053.936 4.089
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AIFB D)

1. Motivation: Structuring the
Frequent Itemset Space

2. Formal Concept Analysis

3. Conceptual Clustering
with Iceberg Concept Lattices

4. FCA-Based Mining
of Association Rules

5. Other Application(s) of FCA
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' Conceptual Email Manager

Concept Email Manaaer *
Eile Attributes Lattice
JJ‘% i+ @ e«d [Keywords:” H
B top 8338 «|| Line Diagram | Local Diagram | View Email
B Groups 1786
B kWO 1130
B KVO Projects 428
B TOSCANA 83
Mention TOSCANA 83
B ECA 44
‘Warp9 15
HibKB 65 1786
WebkB 277
B KWVO Members 739
B From Richard Cole 402
From Cole 402 = From Darmstadt
From Bernd Groh 240 Darmstadt
From Francois Modave G2
From Tom Tilley 0 1130 m
From Philippe Martin 35
B DSTC 448
B From DSTC 304
B From DSTC 304
Barbagallo 47
From Melfyn 257
About DSTC 233
B Darmstadt 406
From Darmstadt 406
B Scale 1 2108
B From Richard Cole 402
From Cole 402
0 EED 3
About EED 1
Mention EED 3
From EED 0
= eklund 1272 |
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1. Motivation: Structuring the
Frequent ltemset Space

AIFB D)

2. Formal Concept Analysis

3. Conceptual Clustering
with Iceberg Concept Lattices

4. FCA-Based Mining
of Association Rules

5. Other Application(s) of FCA
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IT-Security Management

AIFB D)

> Supports the analysis of security risks in IT units
> status quo test for establishing guidelines and checklists

54.29 Deactivation for periods of absenc9| / \ |5254 Procurement/selection of suitable answsring max:hinas|

|52.5" Regular playback and dslstion of recorded messages|

33,16 Brigfing personnsl on the opsaration of answering machines| | S52.11 Provisions goveming the use of security ::cdasl

Fa
|T4.1 Disruption of powsr supplyl

52.4 Maintenance/repair regu lations| * N,
1&
54,28 Deactivation of un necoessary service featu ras|
——— ]

[52.55 Lise of security mda|
\

|S1.20 Adequate siting of an IT system|

T1.8 Dust, =oiling |

| T5.37 Detemining security codes|

[ 74.19 Information loss due to full stomg & madium|
|52.56 Avoidance of confidential information|

|S2.58 Limitation of message time|
|51.23 Locked doors|

|EE.4D Reqular battery checks/replacemeants
{

|T2.5 Lack of, or inadequate, maint-sannann::c;rhr
]

|T2.E unauthorized access to ooms reguiring protection

T4.18 Discharged or fatiguad emargancy p-mlrersupplﬂ

|T5.35 Degliberate overoading of answering machines

|T2.1 Lackof, or insufficient, rules|

|T5.3.B Misuse of remote inquiry featu res |

|'IT_+.1 5 Incorrect operation of answering machines|
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Database Marketing at Jelmoli AG, Zlrich

AIFB D)

> Analysis of the user behavior of customers using the Shopping Bonus Card

> Supporting of Cross-Selling via Direct Mailing
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Analysis of flight movements at Frankfurt Airport

AIFB D)

> Allowing for ad-hoc queries in the database
> Visualization of dependencies

012 0rt der bendtigten Staubahn [SBE]
G12a Positionen (grobe Strukiur) [POS]

sonst. Angaben
| g

\Halle Mitte | |Terminal 2
|

1635
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. 20¢"

\
o [ Concept Email Manager “)a\ Ema
File Laftice Yiew (;O“C’ep

EFEIT IR V

AIFB D)

B From Friends 183 - Blank | MNawigation | Vigw Email
G From Organisation 1878 o4
From Griffith Uni 1431 o Fraom auhject
B From KvO Members 337 - Gerd Stumme Faper
B Fram Darmstact GFDUFI J0o o Gerd Stummea Nhes cls
From Budalf Wille a - Gard Stumme Papear
= E:Em éirgeSrtEJ:nme 1235 ; ?erd. ?tlumme ﬁe: [.F?ﬂ.fd: Lllmlschlaglsgn"h
from Gerd #38 4
fram stumme@ Zgg - to: "reole@gu.eduy.au” <roole@gu.edu.auys
From g.stumme@ 12 o <stummed@mathematik tu- darmstadt de-
From Darmstad 4B - from: "Gerd Stumme" <g.slumme@gu.edu.an
B From Mallmg Llst_ 217 - Subject; Paper
CG Mailing List dr9 -
B To Hermes 2117 =
To Hermes Elec 427 -
To Hermes Chat G393 + H1i Richard,
To Hermes Joke 736 +
Text Retrieval List 171 + here’'s the Tex-File of our paper.
B Conferences 143 r 1lncs. cls, please hawve a luj-;nk at tl
B ICCS 114 " follow the links to the Springer &
B ICCs o0 s o -
ICCS Paper with Stumme | 1 s See you at the N C_EM an email can be
ICCS a9 7 .. Gerd assigned to several ,folders".
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' Conceptual Email Manager

[x]
Eile Attributes Lattice

Concept Email Manager

““&. i @=»>«8 [Keywords:”

H

= top
B Groups
B kWO
B KVO Projects
B TOSCANA
Mention TOSCAMNA
B ECA
‘Warp9
HibKB
WebkB
B KWVO Members
B From Richard Cole
From Cole
From Bernd Groh
From Francois Modave
From Tom Tilley
From Philippe Martin
B DSTC
B From BSTC
B From DSTC
Barbagallo
From Melfyn
About DSTC
B Darmstadt
From Darmstadt
B Scale 1
B From Richard Cole

21| Line Diagram | Local Diagram | Wiew Email |

This allows for multiple search

paths:

» Darmstadt/KVO/KVO_Members
» KVO/Darmstadt/KVO_Members
 KVO/KVO_Members/Darmstadt

From Darmstadt
Darmstadt

406
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Eile Attributes Lattice ‘a\ Eﬁ\
H‘% i+ @ e«d [Keywords:” H /Ce‘)\'\)
= top B \\
B Groups
B KWVO
B KVO Projects
H TOSCANA
Mention TOSCAMNA
H ECA
‘Warp9
HibKB [786)]_|
WebKB

B KWVO Members
B From Richard Cole
From Cole
From Bernd Groh
From Francois Modave
From Tom Tilley
From Fhilippe Martin

From Darmstadt
Darmstadt

406

Mails from subfolders can als be
found in the more general

folders. [KVO Mermbeps)
From Darmstadt 406 )
B Scale 1 2108
B From Richard Cole 402

This allows for multiple search
paths:

» Darmstadt/KVO/KVO_Members
» KVO/Darmstadt/KVO_Members
 KVO/KVO_Members/Darmstadt
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Nested line diagrams allow the

combination of views.

concept_spp

File Lattice

DBBAG .

B Email Direction
Email Received
Email Sent
B Conference Related
B Conferences with papers
B Conferences with papers 2000
B 1CCs 2000
ICCS Paper with Cole
ICCS Paper with Mineau
B| Conferences with Papers 97
ICCS a7
KRUSE 37
B Conference Organisation
Frogram Committee
B Email with Colaborators
B Email with Cole
ICCS Paper with Cole
B Etmail with kineau
ICCS Paper with kineau
Email with Admin Staff

2345
1153
1175
iy
145
23
23

11
12
126
]

41
115
110
411
1386
11
227
12
126

Foset | Blank | Mavigation

Conferences with Papers 97

Wiews Email

Conference Related

[Canferences with papers]

ICCS 97

il

126

: KRUSE 37

41

19

s
Conference Organisation
115
Frogram Committee
110
ad
19

© Gerd Stumme 2002 Invited Talk at DEXA ‘2



	Association Rules in a Nutshell
	Another Toy �Example:
	Bases of Association Rules
	Association Rules and Formal Concept Analysis
	Association Rules and Formal Concept Analysis
	Association Rules and Formal Concept Analysis
	Implications
	Independency
	Iceberg Concept Lattices
	Iceberg Concept Lattices
	Iceberg Concept Lattices and Frequent Itemsets
	IT-Security Management�� Supports the analysis of security risks in IT units� status quo test for establishing guidelines an

