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Improving Attribute Exploration for the Detection and Correction
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Attribute Exploration (AE)

▶ an interactive knowledge acquisition method of Formal Concept Analysis [1]
aimed at finding dependencies between attributes [2].

▶ accepts data tables describing binary relationships between objects and a fixed
set of attributes.

Table 1: An example of formal context on the characteristics of five animals. 

Attributes 
RB: red-bill 
Mg: migratory 
WtH: water-habitat
SH: sea-habitat
Fly: flies 
WdH: wood-habitat O
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 WdH Fly SH WtH Mg RB

silver-gull  X X X  X
little-tern  X X X X  

woodpecker X X     

giant-otter   X X   

arctic-tern  X X X X X X indicates  
incorrect information

   6    5    4    3    2    1   : Attribute numbering

▶ relies on the computation of the Duquenne-Guigues basis [3], a minimal set of
implication rules from which all implications can be inferred.

▶ implemented by tools like ConExp [4] as follows:

For each rule, ask the specialist:

 Is the implication valid?

yes

no 

Move to the next rule 

Ask for a counterexample

Compute new rules  

Computed implications 
for Table 1 

 
I1: RB ==> Fly, SH, WtH; 
I2: Mg ==> Fly, SH, WtH; 
I3: WtH ==> SH; 
I4: SH ==> WtH; 
I5: WdH ==> Fly; 
I6: WdH, Fly, SH, WtH ==> Mg, RB; 

 

Habitat specialist

Specialist's feedback
 

I1: "Not my area of expertise"
I2: "Not my area of expertise"
I3:  "WtH does NOT imply SH"  
Counterexample:  
The golden trout lives in freshwater.  
It lives in water, but not seawater.
 

Implication base is recalculated 

The problem with the rule display order

▶ ConExp’s AE displays rules consecutively in the lectic order of attribute sets.
Accordingly, set A is presented before set B if:

min((A ∪ B) \ (A ∩ B)) ∈ B

In the premise of I5, {WdH} is represented as A = {6}.
In the premise of I6, {WdH , Fly , SH ,WtH} is represented as B = {3, 4, 5, 6}.
I5 is presented before I6, because the smallest differing element 3 ∈ B .

▶ The lectic order is not meaningful to specialists because it does not regard
their interests, e.g. habitat. Consequently, specialists may have to endure
questions outside their areas of expertise, e.g. I1, I2. With large numbers of
attributes, the AE process becomes unproductive and time-consuming.

A solution to the current problem

▶ To display the rules in an order that considers the nature of the data, we
propose rearranging attributes in conformity with the definition of the lectic
order and the numbering of attributes.

▶ Shifting attributes to the right in Table 1 gives them display priority during
ConExp’s AE. This allows us to present the computed implication rules in a
new descending order of relevance for each specialist.

Sorting the data & Rearranging the attributes

To present all the implication rules within the specialist’s area of expertise first,
attributes are grouped into categories, e.g. habitat, and reordered by their
relevance to the specialist.

Table 2: The same formal context post data manipulation. 

Grouped attributes  
about the habitat

Shifted to
 the right

 

 Fly Mg RB WdH SH WtH

silver-gull X  X  X X
little-tern X X   X X

woodpecker X   X   

giant-otter     X X
arctic-tern X X X  X X

   6    5    4    3    2    1   

Computed implications 
for Table 2 

 
I1: WtH ==> SH; 
I2: SH ==> WtH; 
I3: WdH ==> Fly; 
I4: RB ==> Fly, SH, WtH; 
I5: Mg ==> Fly, SH, WtH; 
I6: Fly, WdH, SH, WtH ==> Mg, RB; 

 

Habitat specialist

Specialist's feedback
 
 

I1: "WtH does NOT imply SH"  
Counterexample:  
The golden trout lives in freshwater.  
It lives in water, but not seawater.
 

Implication base is recalculated
 

By accommodating AE to the interest of the specialist, the anomaly detection
and correction process becomes more efficient.

Applying AE to Knomana

Knomana [5]

– an agroecological knowledge base
– a relational data model

Pesticidal plant

Incorrect value type

Missing information

Incorrect spelling

Protected organism

Pest

Latin name 
(plant)

Botanic
family

Used part 
of the plant

 Salvia officinalis  Lamiacaee  leaf, flower

 Laurus nobilis  ID 45444  leaf

 Myrtus communis  Myrtaceae  leaf

 Citrus aurantium  Rutaceae

Table 3: An example of three types of anomalies found in Knomana. 

– over 45,000 descriptions on plant use

– thousands of computed implication rules

AE to detect and correct anomalies

Pesticidal plant

Incorrect value type

Missing information

Incorrect spelling

Protected organism

Pest

Latin name 
(plant)

Botanic
family

Used part 
of the plant

 Salvia officinalis  Lamiacaee  leaf, flower

 Laurus nobilis  ID 45444  leaf

 Myrtus communis  Myrtaceae  leaf

 Citrus aurantium  Rutaceae

Table 3: An example of three types of anomalies found in Knomana. 

The detection and correction of anomalies can be done by:

1. Rejecting an incorrect implication rule during AE.

2. Identifying the culprit among the objects with all the attributes of the rule.

3. Providing a correction for this object.

Requirements: an extension of improved AE for Relational Concept Analysis
[6] to handle Knomana’s ternary relationships. RCA is an extension of FCA
intended for entity-relationship data models.
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