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Introdution on Data Struture EstimationBinary Matrix Representation ProposalInremental Repository BuildingRepository × Funtional Dependeny SystemComplex Attribute SupportConlusion MotivationImportane of Relationships?Naïve AlgorithmModel SkeletonIntrodutionMotto: The web pages ontain a lot of "human oriented"information.Is there any possibility to searh any part of the web not for the listof the pages ontaining the query relevant information, but diretlythe relevant information?1 Semanti Web Ideas (RDF, OWL, reasoners,...)2 Data Extration from web pages and querying...Produt atalogsCan be this proess automati in pratie?If so, the Data Struture has to be knownMartin �imná£ Data Struture Estimation Tutorial
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Introdution on Data Struture EstimationBinary Matrix Representation ProposalInremental Repository BuildingRepository × Funtional Dependeny SystemComplex Attribute SupportConlusion MotivationImportane of Relationships?Naïve AlgorithmModel SkeletonNaïve AlgorithmInput: a set of tuplesOutput: a set of funtional dependenies driven by the input(on the extensional level related to the input tuple set)M ′′ = ∅for ∀A ∈ A (R) (1)for ∀X ∈ P(A (R) − A) (2)if ∃I : Dα(X ) → Dα(A) then (3)M ′′ := M ′′ ∪ {X → A}Drawbaks:NP omplexityThe model M is not minimalMartin �imná£ Data Struture Estimation Tutorial



Introdution on Data Struture EstimationBinary Matrix Representation ProposalInremental Repository BuildingRepository × Funtional Dependeny SystemComplex Attribute SupportConlusion MotivationImportane of Relationships?Naïve AlgorithmModel SkeletonModel SkeletonDef: Minimal subset implying all valid funtional dependeniesNo trivial funtional dependeniesDue to transitivity - searhing for the losure of the set.Ambiguous solutionsThe model expressiveness an be maximalised:M = arg minM′∼M′′

{
∑

∀f∈M′

σ(f )} (4)where:
σ(Ai → Aj ) = |Dα(Ai )| − |Dα(Aj )| (5)Inremental model skeleton buildingInremental step: Polynomial omplex issueMartin �imná£ Data Struture Estimation Tutorial



Introdution on Data Struture EstimationBinary Matrix Representation ProposalInremental Repository BuildingRepository × Funtional Dependeny SystemComplex Attribute SupportConlusion Representation ProposalTransitivity - MinimalisationRepresentation ProposalAs simple as possible (only simple funtional dependenies)To handle the fat fi implies fj :The value of the attribute Ai implies the value of the attributeAj (Ai → Aj ∈ M)The element ei (attribute - value pair) implies the element ej(ei  ej )The proposal is:to use binary matrix H de�ned as: hij =

{ 1 if fi  fj ,0 otherwiseGeneralisationWhih fats are implied by ones represented by the vetor x :y = H · xSpeialisationFrom whih fats an be x impliedz = H−1
· x = HT

· xMartin �imná£ Data Struture Estimation Tutorial



Introdution on Data Struture EstimationBinary Matrix Representation ProposalInremental Repository BuildingRepository × Funtional Dependeny SystemComplex Attribute SupportConlusion Representation ProposalTransitivity - MinimalisationTransitivity - Minimalisation1 Due to transitivity:One generalisation step: y1 = H · xThe seond step: y2 = H · y1 = H · H · xGeneral: yn = Hn · xn ≤ size(H) (omplexity estimation)2 Matrix Form:Full (Hn): redundant items / reahable in one stepMinimal (H): no redundant items / reahable in n steps3 The Minimalisation Issue:to �nd G and n : H = G nG is as minimal as possible if ∄n′ > n : G n 6= G n′ambiguous solutiona minimalising/maximalising riteria an be usedMartin �imná£ Data Struture Estimation Tutorial



Introdution on Data Struture EstimationBinary Matrix Representation ProposalInremental Repository BuildingRepository × Funtional Dependeny SystemComplex Attribute SupportConlusion NotionInitialisationRepository MergingTesting to the Funtional Dependeny CorruptionFinal ResultNotionLet be:Indees:IA the attribute index ( A → N )IT the term (value) index ( ⋃

∀A∈A
{Dα(A)} → N )IE the element index ( IA × IT → N )Matries:

Ω the valid single funtional dependeny matrix
℧ the orrupted funtional dependeny matrix
∆ the attribute ative domain matrix

δIE (e),IA(A) =

{ 1 if e = (A, v), v ∈ Dα(A)0 otherwise (6)
Φ the repository matrixMartin �imná£ Data Struture Estimation Tutorial



Introdution on Data Struture EstimationBinary Matrix Representation ProposalInremental Repository BuildingRepository × Funtional Dependeny SystemComplex Attribute SupportConlusion NotionInitialisationRepository MergingTesting to the Funtional Dependeny CorruptionFinal ResultExampleLet the set T represent tuples:K A B Ck1 0 0 0k2 0 1 1k3 1 0 1 (7)
∆ =

Kk1 A0 B0 C0 Kk2 A1 C1 Kk3 B1K 1 0 0 0 1 0 0 1 0A 0 1 0 0 0 1 0 0 0B 0 0 1 0 0 0 0 0 1C 0 0 0 1 0 0 1 0 0 (8)
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Introdution on Data Struture EstimationBinary Matrix Representation ProposalInremental Repository BuildingRepository × Funtional Dependeny SystemComplex Attribute SupportConlusion NotionInitialisationRepository MergingTesting to the Funtional Dependeny CorruptionFinal ResultInitialisationFor the tuple {K = k1,A = 0,B = 0,C = 0}, the matries will be :
Ω1 =

K A B CK 1 1 1 1A 1 1 1 1B 1 1 1 1C 1 1 1 1
Φ1 =

Kk1 A0 B0 C0 Kk2 A1 C1 Kk3 B1K |k1 1 1 1 1 0 0 0 0 0A|0 1 1 1 1 0 0 0 0 0B|0 1 1 1 1 0 0 0 0 0C |0 1 1 1 1 0 0 0 0 0K |k2 0 0 0 0 0 0 0 0 0A|1 0 0 0 0 0 0 0 0 0C |1 0 0 0 0 0 0 0 0 0K |k3 0 0 0 0 0 0 0 0 0B|1 0 0 0 0 0 0 0 0 0Martin �imná£ Data Struture Estimation Tutorial



Introdution on Data Struture EstimationBinary Matrix Representation ProposalInremental Repository BuildingRepository × Funtional Dependeny SystemComplex Attribute SupportConlusion NotionInitialisationRepository MergingTesting to the Funtional Dependeny CorruptionFinal ResultInitialisationFor the tuple {K = k2,A = 1,B = 0,C = 1}, the matries will be :
Ω2 =

K A B CK 1 1 1 1A 1 1 1 1B 1 1 1 1C 1 1 1 1
Φ2 =

Kk1 A0 B0 C0 Kk2 A1 C1 Kk3 B1K |k1 0 0 0 0 0 0 0 0 0A|0 0 0 0 0 0 0 0 0 0B|0 0 0 1 0 1 1 1 0 0C |0 0 0 0 0 0 0 0 0 0K |k2 0 0 1 0 1 1 1 0 0A|1 0 0 1 0 1 1 1 0 0C |1 0 0 1 0 1 1 1 0 0K |k3 0 0 0 0 0 0 0 0 0B|1 0 0 0 0 0 0 0 0 0Martin �imná£ Data Struture Estimation Tutorial



Introdution on Data Struture EstimationBinary Matrix Representation ProposalInremental Repository BuildingRepository × Funtional Dependeny SystemComplex Attribute SupportConlusion NotionInitialisationRepository MergingTesting to the Funtional Dependeny CorruptionFinal ResultRepository MergingThe repository an be merged as: Φ12 = Φ1 + Φ2The repository merge result will be:
Φ12 =

Kk1 A0 B0 C0 Kk2 A1 C1 Kk3 B1K |k1 1 1 1 1 0 0 0 0 0A|0 1 1 1 1 0 0 0 0 0B|0 1 1 1 1 1 1 1 0 0C |0 1 1 1 1 0 0 0 0 0K |k2 0 0 1 0 1 1 1 0 0A|1 0 0 1 0 1 1 1 0 0C |1 0 0 1 0 1 1 1 0 0K |k3 0 0 0 0 0 0 0 0 0B|1 0 0 0 0 0 0 0 0 0Martin �imná£ Data Struture Estimation Tutorial



Introdution on Data Struture EstimationBinary Matrix Representation ProposalInremental Repository BuildingRepository × Funtional Dependeny SystemComplex Attribute SupportConlusion NotionInitialisationRepository MergingTesting to the Funtional Dependeny CorruptionFinal ResultTesting to the Funtional Dependeny CorruptionThe repository is not onsistent: From the element B |0 an bederived more than 1 element of 1 attribute (A|0 and A|1).To detet orrupted funtional dependenies:
℧∆ = ∆((ΦT · ∆T ) ⋗ 1) (9)

Φ12 =

Kk1 A0 B0 C0 Kk2 A1 C1 Kk3 B1K |k1 1 1 1	 1 0 0 0 0 0A|0 1 1 1	 1 0 0 0 0 0B|0 1 1 1 1 1 1 1 0 0C |0 1 1 1	 1 0 0 0 0 0K |k2 0 0 1	 0 1 1 1 0 0A|1 0 0 1	 0 1 1 1 0 0C |1 0 0 1	 0 1 1 1 0 0K |k3 0 0 0 0 0 0 0 0 0B|1 0 0 0 0 0 0 0 0 0Martin �imná£ Data Struture Estimation Tutorial



Introdution on Data Struture EstimationBinary Matrix Representation ProposalInremental Repository BuildingRepository × Funtional Dependeny SystemComplex Attribute SupportConlusion NotionInitialisationRepository MergingTesting to the Funtional Dependeny CorruptionFinal ResultTesting to the Funtional Dependeny CorruptionThe funtional dependeny matries and repository areupdated aording to ℧∆:
Ω := Ω − ℧∆

℧ := ℧ + ℧∆

Φ12 =

Kk1 A0 B0 C0 Kk2 A1 C1 Kk3 B1K |k1 1 1 0	 1 0 0 0 0 0A|0 1 1 0	 1 0 0 0 0 0B|0 1 1 1 1 1 1 1 0 0C |0 1 1 0	 1 0 0 0 0 0K |k2 0 0 0	 0 1 1 1 0 0A|1 0 0 0	 0 1 1 1 0 0C |1 0 0 0	 0 1 1 1 0 0K |k3 0 0 0 0 0 0 0 0 0B|1 0 0 0 0 0 0 0 0 0Martin �imná£ Data Struture Estimation Tutorial



Introdution on Data Struture EstimationBinary Matrix Representation ProposalInremental Repository BuildingRepository × Funtional Dependeny SystemComplex Attribute SupportConlusion NotionInitialisationRepository MergingTesting to the Funtional Dependeny CorruptionFinal ResultRepository merging Φ1, Φ2, Φ3 result
Ω123 =

K A B CK 1 0 0 0A 1 1 0 0B 1 0 1 0C 1 0 0 1 ℧123 =

K A B CK 0 1 1 1A 0 0 1 1B 0 1 0 1C 0 1 1 0
Φ123 =

Kk1 A0 B0 C0 Kk2 A1 C1 Kk3 B1K |k1 1 0	 0	 0	 0 0 0 0 0A|0 1 1 0	 0	 0 0 0 1 0	B|0 1 0	 1 0	 1 0	 0	 0 0C |0 1 0	 0	 1 0 0 0 0 0K |k2 0 0 0	 0	 1 0	 0	 0 0A|1 0 0 0	 0	 1 1 0	 0 0C |1 0 0 0	 0	 1 0	 1 1 0	K |k3 0 0	 0 0	 0 0 0 1 0	B|1 0 0	 0 0	 0 0 0 1 1Martin �imná£ Data Struture Estimation Tutorial



Introdution on Data Struture EstimationBinary Matrix Representation ProposalInremental Repository BuildingRepository × Funtional Dependeny SystemComplex Attribute SupportConlusion ObservationFormulationRepository × Funtional Dependeny System - Observation
Ω123 =

K A B CK 1 0 0 0A 1 1 0 0B 1 0 1 0C 1 0 0 1
Φ123 =

Kk1 A0 B0 C0 Kk2 A1 C1 Kk3 B1K |k1 1 0	 0	 0	 0 0 0 0 0A|0 1 1 0	 0	 0 0 0 1 0	B|0 1 0	 1 0	 1 0	 0	 0 0C |0 1 0	 0	 1 0 0 0 0 0K |k2 0 0 0	 0	 1 0	 0	 0 0A|1 0 0 0	 0	 1 1 0	 0 0C |1 0 0 0	 0	 1 0	 1 1 0	K |k3 0 0	 0 0	 0 0 0 1 0	B|1 0 0	 0 0	 0 0 0 1 1Martin �imná£ Data Struture Estimation Tutorial



Introdution on Data Struture EstimationBinary Matrix Representation ProposalInremental Repository BuildingRepository × Funtional Dependeny SystemComplex Attribute SupportConlusion ObservationFormulationRepository × Funtional Dependeny System - FormulationInstanes in the repository Φ are instanes of the funtionaldependenies Ω. So:
Ω = ∆Φ∆T (10)The funtional dependenies Ω implies the positions i , j at Φ,whih an be φij = 1: Φ′ = Φ ⊙ ∆TΩ∆Preisely, these positions are implied by non-orruptedfuntional dependenies:

Φ′ = Φ ⊙ ∆T (1− ℧)∆ (11)The reason is Ω 6= 1− ℧ for nonhomogeni tuples (NULLvalues)(having always all attribute overed in any tuple)Martin �imná£ Data Struture Estimation Tutorial



Introdution on Data Struture EstimationBinary Matrix Representation ProposalInremental Repository BuildingRepository × Funtional Dependeny SystemComplex Attribute SupportConlusion DemonstrationFormulationComplex Attribute Support - ConditionIf all attributes (on left and right side) of the omplexdependeny depend on the one key attribute Ak , all requiredinformation for handling this dependeny is stored in the binaryrepository matrix Φ omplained with metainformation, whihattributes are on the left side γL and whih is on right side γR .
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Introdution on Data Struture EstimationBinary Matrix Representation ProposalInremental Repository BuildingRepository × Funtional Dependeny SystemComplex Attribute SupportConlusion DemonstrationFormulationComplex Attribute Support - DemonstrationThe query x is speialised (all from γL satis�ed):one key: Generalising of element orresponding to the attributein γR . (Φ is onsistent, one element to ativate) (OK)several keys. Generalisation ativatesthe same element (OK)several di�erent elements (NOT a funtional dependeny)
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Introdution on Data Struture EstimationBinary Matrix Representation ProposalInremental Repository BuildingRepository × Funtional Dependeny SystemComplex Attribute SupportConlusion DemonstrationFormulationComplex Attribute Support - FormulationThe existene of the key attribute an be quaranted by therequirement to the tuple uniquely idenfying attribute to bepresent in eah tuple.In suh a ase, the generalisation mehanism an be extendedby:y = Φ · x + Φ((ΦT · ((∆T · γL)⊙ x)) == 1)⊙ (∆T · γR) (12)
Martin �imná£ Data Struture Estimation Tutorial



Introdution on Data Struture EstimationBinary Matrix Representation ProposalInremental Repository BuildingRepository × Funtional Dependeny SystemComplex Attribute SupportConlusion AboutFuture WorkConlusionThe expressive internal representation (diretly as an RDFdoument)Easy to see the omplexity issue (at most given by the matrixmultipliation omplexity)The inremental algorithm with polynomial omplexity.Algorithm implementations:in PostGres database management system (driven by triggers)in Otave (using PostGres for indees and matrix storage)in CLIPS (rule based system)The sript interpreting and visualising the repository in RDFformat (available trought web server)Martin �imná£ Data Struture Estimation Tutorial



Introdution on Data Struture EstimationBinary Matrix Representation ProposalInremental Repository BuildingRepository × Funtional Dependeny SystemComplex Attribute SupportConlusion AboutFuture WorkFuture Work
1 Usage of spare matries (graph algorithms)2 Distributing the repository / Integration Issue3 Storing XHTML web pages to the repositorythe tree struture handling in the repositorystruture modi�ation (from formating to struture)4 ...
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