AIFB D

Efficient Data Mining
Based on
Formal
Concept
Analysis

Ergédnzung zu Kap. 4 der KDD-
Vorlesung SS 2005

Gerd Stumme
Institute for Applied Informatics (AIFB)

University of Karlsruhe, Germany

Slide 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
Slide 2

Association Rules in a Nutshell
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Cabrillo Natl. Mon. x| %
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The rules -
{ Boating } — { Hiking, NPS Guided Tours, Fishing }
{ Boating, Swimming } — { Hiking, NPS Guided Tours, Fishing }
have the same support and the same confidence, g |z 3
=
= % E
because the two sets i il =13
HE HHERE
. . . . =55 2| g
{Boating } and { Boating, Swimming } g)2[8)3a)3 ¢ S
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A John Muir Natl, Historic Site s
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Kings Canyon Natl Park x _«
It is sufficient to look at one of those sets! | [Rasees Voo Rl P 0B D
Muir Woeds Natl. Men. F
Pinnacles Natl. Mon. «
I Paint Reyes Natl Seashons AR E FE
— faster computation Redwood Hatl_Park alacladu] I
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Another Toy

Classes of itemsets describing the same sets of objects ‘

Example:

[LEe RSN}

X

X X
XXX

WIN|—~

Unique represen- pce
tatives of each class:

the closed itemsets =

(or concept intents).

(6 instead of 16) e

The space of (potentially
frequent) itemsets:
the powerset of {a, b, c, e }

ce
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Bases of Association Rules

Classical Data Mining Task:
Find, for given minsupp, minconf
[0,1], all rules with support and

confidence above these thresholds.

AIFB D

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 itemsets
(e.g., Apriori).

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

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.
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Association Rules and Formal Concept Analysis

* Introduction to FCA
» Conceptual Clustering with FCA

» Other Applications of FCA

* Mining Association Rules with FCA

J

E—— O
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Based on Formal Concept Analysis E
(FCA). <
This relationship was discovered
independently in 1998/9 at
* Clermont-Ferrand (Lakhal)
* Darmstadt (Stumme)
- New York (Zaki) Two-Step Approach:
with Clermont being the fastest group 1 pompute all frequent closed
. . itemsets.
developing algorithms (Close).
2. For each frequent closed itemset X
and all its closed subsets Y:
check X— Y.
© Gerd Stumme 2002__ Invited Talk at DEXA 2 Slide 7
Association Rules and Formal Concept Analysis
B O
[==]
Formal Concept Analysis L._."‘
(FCA). =<
Two-Step Approach:
1. Compute all frequent closed
itemsets.
2.  For each frequent closed itemset X
Stract and all its closed subsets Y:
ructure
heck X— Y.
of the Talk: check A=
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Association Rules and Formal Concept Analysis

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.

This is joint work with
L. Lakhal, Y. Bastide,
N. Pasquier, R. Taouil.

Motivation: Structuring the
Frequent ltemset Space

Formal Concept Analysis

Conceptual Clustering

with Iceberg Concept Lattices

FCA-Based Mining
of Association Rules

Other Application(s) of FCA

AIFB D
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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, . e
9 i STIFTUNG WARENTEST <4
« Software Engineering. test KOMPASS
Based on datasets, FCA derives concept — e [ Senms
hierarchies. Neckemann Bea -ba BETB9 =[50 | et e e et e 4 412057 | mwriedanst.
oo Pl o M N
FCA allows to generate and visualize Bein- :-':-»’-'-u.nmgm iy
concept hierarchies. ety o g 1P bl gl O] 08
© Gerd Stumme 2002__ Invited Talk at DEXA 2 Slide 11
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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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H R 3 ) . . g g
Analysis National Parks 5| |2 ~|§ is a pair (A,B) where National Parks 2 |8 N
< | bg T3 s . . e = |5
in California HMEIE MM _ _ in California 3 (S| E|S
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Def.: A formal context ol R DGR ES R (the extent of the concept), R HEREE
is a triple (G,M, 1), where (LTI, AL il . SEEsRRERE
eh Channel Islands Natl. Park bt b b . Bis a set of attributes Cabrillo Natl. Mon. ERES
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e and / is a relation John Muir Natl. Historic Site X Golden Gate Natl. Recreation Area i HEIEAE I
Joshua Tree Natl. Mon. X | % | % John Muir Natl. Historic Site %
between G and M. Kings Canyon Natl. Park XX [x X x Joshua Tree Natl. Mon. ” %[ x| x
Lassen Volcanic Natl. Park BB X Kings Canyon Natl. Park o 3 x
Lava Beds Natl. Mon. X | % N Lassen Volcanic Natl. Park A A IR b
. (g m)el is read as Muir Woods Natl. Mon. ® = closed itemset Lava Beds Natl. Mon. % | %
. . " Pinnacles Natl. Mon. % Muir Woods Natl. Mon. x
~,object g has attribute m". Paint Reyes Natl. Seashore NEIEAE x| << Pinnacles Natl. Mon. x
Redwood Natl. Park X [ ®]x X - Pcint Reyes Natl. Seashore x| =] =[x S ES
Santa Monica Mts. Natl. Recr. Area BRI EEES c Redwood Matl. Park = | = | = | x
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For A c G, we define UL:-? s$E|S|E ¥ "é since its extent is & |S
o= |3|5(3(F |58 i i Cabrillo Natl. M %
- . ST |G|R|E (8|S contained in the el
A= {mEMl VgeA (g,I‘H)E/ } Ty T il Channel Islands Natl. Park X X X
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Muir Woods Natl. Mon. b Paint Reyes Natl. Seashore AR A | X
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The concept lattice of Bicyele Trail
the National Parks in
California Fishing

NP5 Guided Tours

Hiking  ypuir Woods
- Pinnacles

Horseback Riding
/

Joshuas Tree

Cabrillo

Channel
Islands

National Parks
in California
3

Cross Country

Death Vall
Ski Trail e

Devils Postpile

Kings Canyon _
Redwood

Sequoia
Golden Gate
Point Rayes
Lassen Volcanic
Santa Monica Mountains
Y osemnite Whiskeytown-Shasta-Trinity
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Implications
Bicycle Trail i
NPS Guided Tours
Fishing Hiking i Woods
. Pinnacles
Def.: An implication Horseback Riding
. . -
X — Y holds in a context, if it Swimming
every object having all
attributes in X also has all Cabrilln
attributes in Y.
o . Cross Country
(= Association rule with 100% s Death Valley
confidence) Kings Canyon ___ Devils Postpile
Sequoia Redwood
Golden Gate
Point Rayes
* Examples: Lassen Voleanic
X i o Santa Monica Mountains
{ Swimming } — {Hiking} Y osemite Whiskeytown-Shasta-Trinity
{Boating} — { Swimming, Hiking, NPS Guided Tours, Fishing }
{ Bicycle Trail, NPS Guided Tours } — { Swimming, Hiking }
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Independency

Bicyele Trail

Fishi Hiking  iuir Woods

Attributes are - Pinnacles

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

Horseback Riding
=

nations occur).

Cabri
Example:
Crfjss C"oumry Death Valley
 Fishing Ski Trail
. . g Devils Postpile

« Bicycle Trail Kings Canyon B

-y - Scquoia Redwood
* Swimming

oint Rayes

. Lassen Voleanic
are independent Santa Monica Mountains
attributes. Y osernite ‘Whiskeytown-Shasta-Trinity
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veil type: partial gill atachment: free
A

ing numb=r: ana

gill size: broad N N !  Iveilokr whie
. (.2 . \ -
veil type: parial = G743 % |97 62% q‘"{"“;'._’,'f' clsa
0 (] ( o\,

Iceberg Concept Lattices
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81,08 %,

62.17 %) 6759 %) wu.cz%' i
“ T
O oAy,
67.30 %) EEELAR
0. L
7852 %

O .
|50.80 5] |Stak color below ring: white,
stak surk o i th = Eh?gﬂ.@mi"g tak surface below ri oth
With decreasing 63,17 %] 51 %] 3%
minimum support the o
minsupp = 85% information gets richer. [s7.84%] [s5.00%
' no bruisas ‘..
For minsupp = 85% the seven most general J59.59%|
of the 32.086 concepts of the Mushrooms 55%-
database http:\\kdd.ics.uci.edu are shown. 55 | ] ‘5751 =
minsupp = 55% O
Slide 21 Slide 23
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. e ) Iceberg Concept Lattices and Frequent Itemsets e
L] L]
Iceberg Concept Lattices o <
et Iceberg concept lattices are a condensed representation of frequent itemsets:
97.34 % «
supp(X) = supp(X")
fing number: ons
\ minsupp = 85%
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 = TITANIC =
1. How can the closure of an itemset be determined based on supports only?
computes the iceberg concept lattice using the support: X“=X U {xe M\X | supp(X) = supp(X U x) }
Lemma 4. Let X,Y C M.
1. X CY = supp(X) > supp(Y) Example: {b,c }*={b, c, e}, since
2. X" =Y" = supp(X) = supp(Y")
3. X CY Asupp(X) = supp(Y) = X" =Y" supp({b,c})=1/3
T|Qlolo
and 1[x[ X
supp({a,b,c})=0/3 2, [X] X
({ 3] 3T

supp({b,c,e} )=1/3,
] wori <t

Classe
W équivalence
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TITANIC = TITANIC =
1. How can the closure of an itemset be determined based on supports only?
tries to optimize the following three questions:
X =XuU {xe M\ X|supp(X)=supp(Xu x) }

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?

] maif cié
Classe

O W équivalence

Slide 28
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TITANIC = . S[a[o[o =
3. How can as many supports as possible
- 11X X
be derived from already known supports? 2 <X
Theorem: If X is no minimal generator, then 3 XXX

2. How can the closure system
be computed with determining

as few closures as possible? supp(X) = min { supp(K) | K is minimal

generator, Kc X} .

We determine only the closures of
the minimal generators.

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,

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

— Apriori like approach

l minimal

generator
Classe
d’équivalence

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

[ Mot cie

Classe
A &quivalence

Slide 31
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TITANIC = TITANIC =
1. How can the closure of an itemset be determined based on supports only?
1. How can the closure of an itemset be determined based on supports only?
X*=XuU {xe M\ X|supp(X)=supp(XuU x)}
X*=XuU xe M\ X|supp(X)=supp(Xu x) i L
2. How can the closure system be computed with determining as few closures
as possible?
2. How can the closure system be computed with determining as few closures as . L
possible? Approach a la Apriori
Approach a la Apriori . .
3. How can as many supports as possible be derived from already known
supports?
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 ﬁ"i ii iii iﬂii III "'i i. K ii iii' xi Slide 30 ﬁ ii'i ii -I iﬁii II Ili'i i'“ ii iiii xi Slide 32



TITANIC

compared
with Apriori

i «1
¢; < singletons

}

Aﬂ Determine support for all C € ¢; ‘

AIFB D

Count only if
necessary.

}

’ Determine closures forall C € ¢;_, ‘

}

’ Prune non-minimal generators from ¢; ‘

}

i—i+1

¢; < Generate_Candidates(¢;_,)

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

We only generate
candidates for
minimal generators.

N 0
[<u]
PascallTitanic compared with Apriori =
— 500 - i :
2500 Pascal — Pascal
Apriori = 800 Apriori —=—
2000 Close = E 700 Close -
Max-Miner+ — - Max-Miner+
__ 600
w 1500 Z 500
o 2 a
€ 1000 E 400 ;
3 300
500 /_,--” 200 o
100 —
0 Dl e g g e
1 0.75 0.5 20 15 10 5
Minimum Support (%) Minimum Support (%)
T25120D100K C20D10K

Weakly correlated data:
similar performance of

Pascal, Apriori and Max-Miner

9 ﬁiiﬁ i‘ Wmﬁ anna Im“ﬁi ;i K i‘ DE“ xa Slide 34

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

Motivation: Structuring the
Frequent Itemset Space

Formal Concept Analysis

Conceptual Clustering
with Iceberg Concept Lattices

FCA-Based Mining
of Association Rules

Other Application(s) of FCA

Advantage of the use of iceberg concept lattices
(compared to frequent itemsets)

O (

N

eloge patal
‘Q 0
o7,

32 frequent itemsets are
represented by 12
frequent concept intents

gill spacing : close
~—

— more efficient computation (e.g. TITANIC)

— fewer rules (without information loss!)

AIFB D
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&3
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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: conf= 100 %
* exact rules
+ approximate rules «——— | conf <100 %
Slide 37
Exact association rules
B O
[==]
&3
L]
-

gill attachment: free

wveil color: white

gill spacing: close
——r
()

O
1
O‘Q ®
;’sm%,

conf =100 %

conf <100 %

» exact rules
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Exact association rules

[==]
=
[ atachment ]| =
‘_vei\ color wh\le.
<
o
{ring number: one, veil color: white} — {gill attachment: free}
supp = 89.92 % conf= 100 %.
Slide 39
Luxenburger Basis for approximate association rules
B O
[==]
=
gill attachment: free -

veil type: partial
97.6%

97.4% veil color: white

ring number: one gill spacing: close

» approximate rules conf <100 %
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Luxenburger Basis for approximate association rules

I O O
==} ==}

2 2

R L L

veil type: partial gill attachment: free < 1. Motivation: Structuring the <

s Frequent Itemset Space
97.4% veil color: white
ring number: one gill spacing: close
07.2% 2. Formal Concept Analysis
97.5% ’
3. Conceptual Clustering
—— with Iceberg Concept Lattices
4. FCA-Based Mining
of Association Rules
{ring number: one} — {veil color: white}
supp = 89.92 % conf= 97.5 % x 99.9 % ~ 97.4 %. 5. Other Application(s) of FCA
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N TR Tt () | Conceptual Email Manager O
MUusHROOMS 8,416 23 127 m i R RS m

Crapwok | 1000 n s | EXLLIT e—— B

. : : i | @ &8 kowoess| | =

Some experimental results - - — w5 melgan. oo Diagram [view €t | -

8 Kvo 1150
B KVO Projects "IE;
1 B TOSCANA a5
Dataset Exact D.-G. Approximate Luxenburger " GamionToscana |58 /
basis || Minconf | rules basis ko g >

(Minsupp) rules Warps

90% 16,269 3,511 Vo a7
T1014D100K 0 0 70% 20,419 4,004 S Efombemicis |02 /
(0.5%) 50% 21,686 4,191 FomBmcon | o
v | mwz 4o el
90% 12,911 563 P & Foem e . ;_E: /
MUSHROOMS 7.476 69 70% 37,671 968 S FRROIC: e
(30%) 50% 56,703 1,169 el
30% 71,412 1,260 o
90% 36,012 1,379 '
C20D10K 2,217 11 70% 89,601 1,948 .
(50%) 50% 116,791 1,948
30% 116,791 1,948 72 AN
95% 1,606,726 4,052 .
CT3DI0K  |[52,035 15 90% 2,053,896 4,089 N
(90%) 85% 2,053,936 4,089 ’
80% 2,053,936 4,089 |
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Motivation: Structuring the
Frequent Itemset Space

AIFB D

Formal Concept Analysis

Conceptual Clustering
with Iceberg Concept Lattices

FCA-Based Mining
of Association Rules

Other Application(s) of FCA
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IT-Security Management

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

52.54 Procuremant/selection of suitable answering machinas

54 .38 Daactivation for periods of absancs

|52 57 Reqular playback and deletion of recorded mess: nsl

|52.11 Provisions goveming the usaofsecuntycodes‘

53.18 Briefin rsonnel on the operation of answering machines|

T4.1 Disruption of r supply|
‘S1.29Adequate siting of an IT systpml

52 4 Mai ‘tepair requ lations
T5.27 Determ ining secutity codas|
TA4.18 Information loss due to full storage medium
52.56 Avoidance of confidential information
'l se ot securkyicods 52,58 Limitation of message time|

SB6.40 Reqular batte ry checks/replacements
51.23 Locked doors

|'IE.E unauthorized access to room s requiring pmactcﬂ
|

5438 D. ion of un Iy service 1ealuras|

[T2.5 Lack o, or i
IS or fatiguad = rsupph] [75.36 Dalibermta ing of answering

T2.1 Lack of, or insufficient, rules|

|'I’.3 15 Incorrect oparation of answerin machinas|

|T5 38 Misuse of remote inquiry features |

9 ﬁiiﬂ i‘ Wmﬁ anga Hi“ﬁi ;i K i‘ DE“ xa Slide 46

N
Database Marketing at Jelmoli AG, Ziirich
* Analysis of the user behavior of customers using the Shopping Bonus Card

AIFB D

> Supporting of Cross-Selling via Direct Mailing

maCed Slunme 2002 nviied JalilatDEX0.2 Shded?
Analysis of flight movements at Frankfurt Airport E
J—
» . . . ¢
Allowing for ad-hoc queries in the database
* Visualization of dependencies
012 Ort der benotigten Staubahn [SBE]
G12a Positionen (grobe Struktur) [POS]
- . - - m -,-emeAnabe
— :. e
— r
AV g
8551 Bais] 48]
124
[Halle A | Halle B [Rale C] [Haue itte | [Terminal 2 \_[Vorfeld vs\
T35
Theal (N 2 s 'L l‘:‘.
[150] 915 1037
‘ Slide 48
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