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Formal Concept Analysis [Wille 1982] VI11.5.2 Basics of Formal Concept Analysis
+ FCA models concepts as units of thought, consisting of two parts: * In its basic version, FCA handles object-attribute pairs.
» The extension consists of all objects belonging to the concept. + Object-attribute-value triples can also be handled, but this is not

» The intension consists of all attributes common to all those topic of this course.

objects.
« FCA is used for data analysis, information retrieval, and knowledge » Def.: A (formal) context is a triple (G,M,/) where G and M are
discovery. sets and | is a binary relation between G and M.
» FCA can be understood as conceptual clustering method, which *The elements of G are called objects, and the elements of M
clusters simultanously objects and their descriptions. are called attributes.
» FCA can be used for efficiently computing association rules. * (g,m)el is read ,object g has attribute m*“.

’ Entspricht Items/Transaktionen bei Assoziationsregeln
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VIL.5.3 Formal Concept Analysis as Conceptual Clustering Method

+» Conceptual Clustering methods are clustering methods which generate
simultaneously descriptions of the clusters.

*Advantages of conceptual clustering against clustering as in Sect. VII.1:

* A cluster is not only a set of objects, but there also exists an intensional
description.

» For FCA: The results do not depend on the order of the input

* Disadvantages:

* The language used to describe the clusters restricts the type of clusters
which can be built.

» The computation has usually higher complexity.

» Other methods: Michalski & Stepp 1983; Lebowitz 1987; Fisher 1987; Gennari et
al 1989
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Iceberg concept lattices only allow conjunctions of attributes as
descriptions.

* In the notion of Formal Concept Analysis, the support of an itemset
X < M can be written as \X’

supp(X) ="
Gl

* Def.: The iceberg concept lattice of a formal context (G,M,/) for a
given minimal support minsupp is the set

{(A,B) € B(G,M,I) | supp(B) > minsupp}

* It can be computed with the algorithm TiTANIC. [Stumme et al 2001]

Vorlesung: Knowledge Discovery 16




VIL.5 Formale Begriffsanalyse

Example: W

gill attachmen: fras

Iceberg Concept Lattices of the

Mushrooms Database [ o one_ g e
(http:\\kdd.ics.uci.edu). =% EET)

minsupp = 70%

VIL.5 Formale Begriffsanalyse

velltype: partal gillatachment fiee
ting number: one

gillszs:broad N veicobr while
(] D) \ . -
89,67 %] 9230% Jar43%_|9762% 9"““____8 close
A\ TR rog
@, Q (] { X
.05 ers9% 734 %
ad @]

178.80%)

67.30 % 8992 % '.\ stak color above ring: white
hel 0
. 7852 %l
O -
59,80 9| stak color balow ring: white
[e] \ e
55130 74525
stalk. shape: tapering
stak surice above ring: smooth stk suiface beiow ring: smocth)
CRE BE T CEEA
@,
5794 % 55.00 %
O O
60.88% ™ Buises) 5803 %
59.89 %,
O
558
0, @)
55,70 %) [s7.22 o4 s751e
i = 0
minsupp = 55% O
Err

Vorlesu

VII.5 Formale Begriffsanalyse

VIl.5.4 Computation of (Iceberg) Concept Lattices

* There exist a number of algorithms for computing concept lattices
* Next-Closure [Ganter 1984]
« Titanic [Stumme et al 2001]
« and some incremental algorithms
* The following method is also suitable for manual computation. [wile 1982]

* It provides the best worst-case time complexity. Nourine, Raynoud 1999]

% Example ,Faces* on the Blackboard
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How to compute/draw a concept lattice:

* From left to right, consider all intersections of each column extent with every
column extent to the left of it. If the resulting extent is not already a column,
add it as column at the right end of the context. Repeat this until the last
(added) column is reached.

+ Add a full column, unless there is already one. (Now each column stands for
one concept.)

*Draw a circle for the full column.

*Draw for each column, starting for the ones with a maximal number of
crosses, a circle, and link it with a line to the circles where the column
comprises the current column.

*Attach every attribute label to the circle of the corresponding column.

*Attach every object label to the circle laying exactly below the circles of the
attributes in its intent.

Vorlesung: Knowledge Discovery 20
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How to check the drawing of a concept lattice:

¢ Is it really a lattice? (This test is usually skipped.)

« Is every concept with exactly one upper neighbor labeled by at least one

attribute?

« Is every concept with exactly one lower neighbor labeled by at least one

object?

«ls, forallg € Gand allm e M, the label of object g below the label of

attribute m iff (g,m)el ?

Vorlesung: Knowledge Discovery
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+ Some typical applications of FCA:
« analysis of children suffering from diabetes
* IT security management system
+» database marketing in a Suiss department store
» Conceptual Email Management system
« developing qualitative theories in music estethics

+ analysis of flight movements at Frankfurt airport
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* In concept lattices, exact association rules can be directly read
from the diagram:

* Lemma: An implication X — Y holds iff the largest concept which
is below all concepts generated by the attributes in X is below all
concepts generated by attributes in Y.

* Examples:
* {Swimming} — {Hiking}
(supp=10/19 = 52.6%, conf = 100%)

Vorlesung: Knowledge Discovery
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* In concept lattices, exact association rules can be directly read
from the diagram:

* Lemma: An implication X — Y holds iff the largest concept which
is below all concepts generated by the attributes in X is below all
concepts generated by attributes in Y.

* Examples:
* {Swimming} — {Hiking}
(supp=10/19 = 52.6%, conf = 100%)

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

(supp=4/19 = 21.0%, conf = 100%)

Vorlesung: Knowledge Discovery
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Hiking  puir Woods
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fohn~
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Channel
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Cross Country " Death Valley
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* In concept lattices, exact association rules can be directly read
from the diagram:

* Lemma: An implication X — Y holds iff the largest concept which
is below all concepts generated by the attributes in X is below all
concepts generated by attributes in Y.

* Examples:
* {Swimming} — {Hiking}
(supp=10/19 = 52.6%, conf = 100%)

* {Boating} — {Swimming, Hiking, NPS Guided Tours, Fishing}
(supp=4/19 =~ 21.0%, conf = 100%)

+ {Bicycle Trail, NPS Guided Tours} — {Swimming, Hiking}
(supp=4/19 ~ 21.0%, conf = 100%)
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VFPS Guided Tours

Hiking Muir Woods
" Pinnacles

.Welche Merkmale
folgen noch aus
,Bicycle Trail' und
,NPS Guided Tours"?*

o
Cabrillo ~

»~Swimming, Hiking,

Horseback Riding* Cross Country Valley
Ski Trail
Kings Canyon _ Devils Postpile
Sequoia ) Redwood
Golden Gare
- Py Point Rayes
Lassen Volcanic "\\
s * Santa Monica Mountains
Y osernite Whiskeytown-Shasta-Trinity
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* Lemma: For A ¢ G and B ¢ M, the following holds:

* A1gA2 = Alng'1 * B1g B:= B'2g B
R AgA” R BgB”
c A=A « B =B

e AcB & BcA" < AxBcl

From B"=B"""follows  supp(B) = @ = M =supp(B”)

6l ld
Hence for computing association rules, it is sufficient to compute the

supports of all frequent sets with B = B"’ (i.e., the intents [Inhalte] of
the iceberg concept lattice).
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gill attachment: free

veil type: partial

97.6%

97.4% veil color: white

gill spacing: close

" ‘ 97.2%
99,090

99, 7% 99.6%
97.0%

Association Rules can be visualized in the line diagram:
* exact rules as described before
» approximate rules as above ® Luxenburger basis

ring number: one

97.5%
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Def.: The Luxenburger basis consists of all valid association
rules X — Y such that there are concepts (A1, B1) and (A2, Bz) where
(A1, B1) is a direct upper neighbor of (A2, B2), X=B1, and XU Y = Ba.

veil type: partial _

97.4%

ring number: one

gill attachment: free
97.6%
wveil color: white

gill spacing: dose

supp = 78.52 %

Each arrow indicates a rule of the basis, e.g. the rightmost arrow stands for

{veil type: partial, gill spacing: close,

(conf =99.6 %, supp = 78.52 %)

Vorlesung: Knowledge Discovery
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_—gill attachment: free

veil type: partial _—
A - OT 6% ) )
< ——veil color: white

97.4% -

ring number: one gill spacing: close

supp = 89.92 %

All other rules can be derived:

For instance {ring number: one} — {veil color: white}

has support 89.92 % (the support of the largest concept having both
attributes in its intent) and confidence 97.5 % % 99.9 % ~ 97.4 %.

Vorlesung: Knowledge Discovery
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Some experimental results

Name Number of objects|A verage size of objects|Number of items

[T1014D 100K 100,000 10 1,000
MUSHROOMS 8,416 23 127
C20D10K 10,000 20 386
CT3D10K 10,000 73 2,177

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% 37,671 968

(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

C73D10K 52,035 15 90% 2,053,896 4,089

(90%) 85% 2,053,936 4,089

80% 2,053,936 4,089

Vorlesung: Knowledge Discovery
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