Teorie pojmu

1. Trochu historie

a) Pojem ztotožňován s výrazem (pojem velryby se změnil, pojem lokomotivy neexistoval)
Výrazy jsou nejčastěji užívány tak, že jejich význam, tj. pojem je užíván (ne zmiňován)
b) Pojem je „obecnina“.
Příklady: TYGR USURIJSKÝ, VELRYBA, KUŇ, LOKOMOTIVA, …
Klasifikace. (Tygr usurijský vymírá, Tygr usurijský je vzácný, Tygr usurijský je podtřídou čeledi tygrovitých, …)
c) Rozsah a obsah pojmu: 
Obsah = souhrn znaků, jimiž se vyznačují prvky, které „spadají pod pojem“.
Rozsah = souhrn objektů, které „spadají pod pojem“

d) Zákon inverse rozsahu a obsahu: Zvětšíme-li rozsah, zmenší se obsah, a naopak.

Příklady: SAVEC vs. OKŘÍDLENY SAVEC, STUDENT vs. BOHATY STUDENT,

STUDENT UK vs. STUDENT UK a VŠB, atd.

Otázky:

a) Co je to pojem?

b) Co je to rozsah a obsah pojmu (kruhová definice)

c) Co to znamená „spadat pod pojem“?

d) Rozsah se mění v čase a závisí na okolnostech (pojem STUDENT se změní s každým odpromovaným či nově přijatým studentem?)

e) Platí zákon inverse vždy?

f) Proč jen „obecniny“? 
Hlavní město Polska, nejvyšší hora – Alonzo Church: „Individual concepts“
Pojem Pytagorovy věty (znáš?), pojem čísla Pí ((), …

Bolzano: Protipříklady ad e)
 
„Znalec všech světových jazyků“ vs „Znalec všech živých světových jazyků“
 
„Student UK“ vs. „Student UK nebo VŠB“
 
„Obce a města v Čechách“ vs. „Obce a města v Čechách nebo na Moravě“ vs. 
 
„Obce a města v ČR“

Church: Pojem je význam (jakéhokoli smysluplného) výrazu! Fregeho „Sinn – Sense“
2. „Modernější teorie“ (Impluls z informatiky, logika zanedbává)

Ganter, Wille: Formal Concept Analysis (FCA): V podstatě formální teorie, která zachycuje výše zmíněné

The ‘Formal Concept Analysis’ (FCA) project originated around 1980 in Darmstadt, Germany. Research group led by R. Wille began to systematically develop a framework for knowledge representation using lattice theory applications. The first publication by R. Wille was presented in 1982 [Wille 1982] and later on a textbook on the mathematical foundations of FCA was published [Ganter, Wille 1996]. The method has been originally proposed as a mathematical model of data analysis. Much of the mathematics required for the application has been borrowed from lattice theory. However, it achieved results that are of much a broader interest than the original motivations, and the method is in particular used as a tool for structured knowledge representation.

Formal concept analysis starts with the primitive notion of a (formal) context.

Definition:

A formal context  is a triple (G, M, I), where G and M are non-empty sets and I is a binary relation called incidence relation between G and M, I ( G ( M. The elements of G are called  objects and the elements of  M are attributes of the context. 

We write gIm or (g,m) ( I and say "the object g has an attribute m". (
Fundamental operators defined at the formal context characterise particular associations (connections) between objects and attributes given by the incidence relation. They are defined as follows:

Definition:

Given a formal context (G, M, I) and a subset A ( G of objects, we define

A( = {m ( M | gIm for all g(A} and similarly for a subset B ( M of attributes we define B( = {g ( G | gIm for all m(B}. (
Operators (, ( form the so-called Galois connection between power sets of G and M, P(G) and P(M), respectively, characterized by conditions indicating a natural “duality” between objects and attributes
.  We can see that A( is the set of all the attributes common to objects of A, and B(  is the set of all the objects possessing attributes from B. Hence two operators were defined:

( : P(G)  ( P(M)

(“from objects up to their attributes”)

( : P(M) ( P(G)

(“from attributes down to the objects”)

Definition:

A formal concept of the context  (G,M,I) is a pair (A,B) such that A ( G, B ( M, and 

A( = B, B( = A. We say that A is the extent and B is the content of the concept (A,B). The set of all concepts is denoted by ((G,M,I). (
Note: R. Wille uses the terms ‘extent’ and ‘intent’ of a concept, traditionally ‘extension’ and ‘intension’ of a concept have been used as well. We will use the terms as defined above, not to cause confusion with possible-world semantics terminology (a PWS-intension, PWS-extension).

Traditionally, it is taken for granted that the law of inverse proportion between the content and extent holds: increasing the content causes decreasing the extent and vice versa; (extending the ‘demands’ decreases the number of objects meeting them – the more attributes the less objects falling under them, and vice versa). This intuition makes it possible to define a partial ordering on the set of formal concepts following the “information content” of a concept:

Definition:

Let (A1, B1), (A2, B2) be formal concepts of ((G,M,I). We say that the (A1, B1) is a subconcept of  the concept (A2, B2) iff A1 ( A2  (which is equivalent to B2 ( B1 ), and we write (A1, B1) ( (A2, B2). The concept (A2, B2) is a superconcept of (A1, B1). (
Relation ( is obviously reflexive, antisymmetric and transitive, it is a partial ordering on the set ((G,M,I) of all concepts of the given context.  Due to the fixed context it is easy to show that each two-elements subset of ((G,M,I) has a supremum and infimum. Hence the structure (((G,M,I), ( ( is a lattice where meet and join are defined as follows:

(A1, B1) ( (A2, B2) = (A1 ( A2, (B1 ( B2)(( ),

(A1, B1) ( (A2, B2) = ((A1 ( A2)(( , B1 ( B2).

Moreover, it is a complete lattice, according to the Fundamental theorem of  FCA: 

[image: image1.wmf])

(

,

)

(

)

,

(

B

A

B

A

t

T

t

t

T

t

t

t

T

t

I

U

Î

­¯

Î

Î

=

Ú

[image: image2.wmf])

(

)

(

,

)

,

(

¯­

Î

Î

Î

=

Ù

B

A

B

A

t

T

t

t

T

t

t

t

T

t

U

I

Let (G, M, I) be a context. Then Then <B(G,M,I), ( > is a complete lattice, called the concept lattice of (G,M,I), for which infimum and supremum of any subset can be described as follows:

The  proof and  further details can be found in [Ganter, Wille 1999].

A formal context can be considered as an elementary model of formal representation of knowledge yielding even a more structural representation of conceptual knowledge by its concept lattice. Contexts are usually described by a cross-table (or incidence matrix) while concept lattices are effectively visualized by labelled line diagrams (Hasse diagrams).

Simple as this theory is, it has many useful applications in the area of conceptual modelling, when building ontologies of (“conceptualising”) the area of interest. It is used not only in a narrow sense, modelling objects and their database-like attributes, but also in a broader sense, modelling (‘de dicto’) associations of higher-order objects like properties, individual concepts, etc. In the area of information retrieval FCA has been applied to reduce the ‘dimension of the problem’ of the search in huge amount of data spread in web files. An incidence matrix can thus model not only the relation of ‘having an attribute’, but also the relation (between higher-order objects) of being a requisite or being a typical property
. Or, it can be the relation of ‘occurring in’ between particular documents and words. The latter is in particular interesting, leading to surprising results in building an ‘intelligent thesaurus’. We can also use ‘finer-grained’ methods of representing dependencies between attributes of a conceptually scaled many-valued context, or even a fuzzy context, where a degree of affiliation is examined. Besides, efficient algorithms of concept lattice derivation from a given context have been proposed.


 The procedure of building up a concept lattice usually consists of the following steps:

· Collecting data on the objects of interest.

· Selecting relevant data organised in a coincidence matrix that serves as an input for the algorithm of the concept lattice derivation.

· Based on the partial ordering of formal concepts defined by the coincidence matrix a concept lattice is derived.

· Graphic representation of the lattice using Hasse diagram serves to interpret the result.

Before presenting our case study on the ‘business personnel policy management’, we first explicate the Formal Concept Analysis from the logical point of view, using Transparent Intensional Logic, in order to deeper understand the problem and possibly to propose an extension of the theory.

Příklady: Konceptuální svazy.

K1: Individua vs. atributy 
(Student, zaměstnanec, student informatiky, manažér)

K2: Vztahy mezi vlastnostmi
(rekvizity a typické vlastnosti)

K3: Dokumenty a slova v nich se vyskytující (Vašek – jaký pojem jsem zde dostal?)

Průsek = sjednocení atributů (nebo průnik objektů)

Spojení = průnik atributů (nebo sjednocení objektů)

O co zde jde z hlediska PL1?

Jazyk: G = množina individuových konstant


      M = množina individuových konstant 
 

  (případně monadických predikátových symbolů (arita = 1) )


      I = množina binárních predikátových symbolů

Formální kontext = fixní (obor) interpretace

Pojem = (O(, A((,  O ( G, A ( M


O( = {atr ( A | (x [(x ( O) ( I(atr, x)]} – obsah


A( = {obj ( O| (y [(y ( A) ( I(y, obj)]} –  rozsah

Neboli: Nechť A = {A1, A2, …, An} jsou monadické predikáty. Pak


O( = {A1, A2, …, An} – obsah


A( = O = {obj | A1(obj) ( A2(obj) ( … ( An(obj)} –  rozsah

Jde o konjunktivní spojení  a v tom případě platí (triviálně) zákon inverse:

 
“Uberu požadavků Ai”, zvětší se počet obj, které budou splňovat formuli a naopak, neboť platí: A ( B |= A, tedy množina modelů A ( B ( množiny modelů formule A.

Rozsah pojmu určuje pojem, stejně jako obsah !

Sofistikovanější přístup: Rauli Kauppi: Různé obory interpretace, pojem je teorie.

Nedostatky a omezení: Výše zmíněné +

· Extensionalita: Nerozliší analytické vs. empirické 
(neboli co platí analyticky nutně a co náhodně)

· 1. řád: Částečně obejde „trikem“ – vlastnosti jako konstanty (Prolog!)

· Prázdné pojmy (parcialita, existenční presuposice, …)
· Pouze konjunktivní spojení: Ne všechny pojmy lze takto vyjádřit – pojem „předka“ („následníka“) – kusovník, transitivní uzávěr
· Pojmy nelze zmiňovat v rámci dané teorie (domněnkové věty, postoje, znalosti různých agentů)

Procedurální teorie pojmu – TIL – strukturované významy

� EMBED Equation.3  ���





� EMBED Equation.3  ���








� See [Birkhoff 1948]


� See [Duzi 2003]
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