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Formal Concept Analysis, A framework for knowledge

structuring and exploration. Applications to service directories and product lines.

• lattice theory, Galois connections (Birkhoff, 1940;Barbut & Monjardet, 1970) • concept lattices (Wille, 1982, Ganter & Wille, 1999) Formal concepts are "a natural feature of information representation which is as fundamental to hierarchies and object/attribute structures as set theory or relational algebra are for relational databases".

Uta Priss. 40th anniv. vol. of Annual Review of Inf. Sc. and Tech., 2006

Introduction

Knowledge structuring and exploration

• data analysis, data mining, hierarchical multi-clustering

• knowledge representation (e.g. ontology construction)

• classification, indexation (information retrieval)

• unsupervised learning (based on examples description)

• supervised learning (adding classes in description)

Credit to U. Priss, G. Greene, K. Bertet, A. Napoli, M. Alam, T. Tilley, ... et al. FCA for various data types 
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× × × × agriDF1 × × × × rescueDF2 × × × × × rescueDF3 × × × × × audiovisualDF4 × × × ×
Drone fleet (AOC-poset) Understanding scaling quantifiers rescueDF2 and rescueDF3 do not share concrete drone types, but they share the fact that all their drones with GLONASS, GPS, FT ≥ 20, etc.

Relational attribute: ∃∀contains(Concept_Drone_1)

Drone fleet extended by relations to their drones 

∃∀ ≥60% contains(Concept_Drone_8) agriDF0 × × × × × × agriDF1 × × × × × rescueDF2 × × × × × × × × × × rescueDF3 × × × × × × × × × × audiovisualDF4 × × × × × ×
Drone fleets extended by relations to their drones (AOC-posets)

Rescue fleets have a majority of drones with GLONASS, Avoidance system and Flight Time ≥ 20mn

RCA in the general case

An iterative process

• Complex model with paths and cycles of any length

• Objects groups (concepts) are propagated along the paths and the cycles, step after step 

Hypotheses

Context

• Service is one functionality

• complex WS can be considered as several services

• Semantic Web services: service input and output are described by concepts of an ontology

• OWL-S, SAWSDL, WSMO, ...

• QoS: quality of service attributes are known

• availability, response time, reputation, ...

Instantiating an abstract task workflow

Abstract task workflow (credit Z. Azmeh) 

IP_to_CN_11 × × × × × × IP_to_CN_12 × × × × × × IP_to_CN_13 × × × × × × × × × × × IP_to_CN_14 × × × × × × × × × × × × IP_to_CN_15 × × × × × × × × × × × × × query_IPCN × × × × × × × ×
CN_to_AC_21 × × × × × × × × × CN_to_AC_22 × × × × × × × CN_to_AC_23 × × × × × × × × × × × CN_to_AC_24 × × × × × × × × × × CN_to_AC_25 × × × × × × × × × × × × CN_to_AC_26 × × × × × × × × × × × × query_CNAC × × × × × × × × × ×
× × × × × × × × × × AC_to_PF_32 × × × × × × × × × × × AC_to_PF_33 × × × × × × × × × × × × AC_to_PF_34 × × × × × × × × × × × AC_to_PF_35 × × × × × × × × × × × × × query_ACPF × × × × × × × × ×

Using the classification for workflow instantiation

Abstract task workflow (credit Z. Azmeh)

Relational Data Model (scaling quantifier ∃)

Relational contexts: connects to (reverse relation is not shown)

IPCN_CNAC CN_to_AC_21 CN_to_AC_22 CN_to_AC_23 CN_to_AC_24 CN_to_AC_25 CN_to_AC_26 query_ACPF IP_to_CN_11 × × IP_to_CN_12 × IP_to_CN_13 × × × IP_to_CN_14 × IP_to_CN_15 × query_IPCN ×
Relational contexts: connects to (reverse relation is not shown) 

CNAC_ACPF AC_to_PF_31 AC_to_PF_32 AC_to_PF_33 AC_to_PF_34 AC_to_PF_35 query_ACPF CN_to_AC_21 CN_to_AC_22 CN_to_AC_23 × CN_to_AC_24 × CN_to_AC_25 × × × CN_to_AC_26 × × × query_CNAC × WS 13,

Candidate concrete workflows

Specialization (replacement and improvement) on services Specialization (replacement and improvement) between candidate concrete workflows (excerpt)

Conclusion

The approach provides web services that:

• satisfy QoS properties ; can connect properly Besides, several opportunities are:

• highlighted; classified along QoS properties and functionalities 

  Knowledge engineering: Implication rules extraction K. Bertet, C. Demko, J.-F. Viaud, C. Guérin. Lattices, closures systems and implication bases: A survey of structural aspects and algorithms. Theor. Comput. Sci. 743. (2018) Index construction A. Gutierrez, M. Chein, M. Huchard, P. Pompidor. An Application of AOC-Posets: Indexing Large Corpuses for Text Generation Under Constraints. ISMIS 2017. Decision tree S. Guillas, K. Bertet, M. Visani, J-M. Ogier, and N. Girard. Some Links Between Decision Tree and Dichotomic Lattice. Concept Lattices and Applications. 2008 Ontology engineering F. Baader, B. Sertkaya. Applying Formal Concept Analysis to Description Logics. ICFCA 2004. LNAI 2961.
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  The process stops when no new concept appears Variability extraction with FCA and RCA Theoretical variability vs. realized variability
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