Andrea Omicini

Abstract.

Keywords:

A General F ramew ork for Multi-Theory Logic Languages

mailto:aomicini@deis.unibo.it

http://www-lia.deis.unibo.it/Staff/AndreaOmicini/

LIA - DEIS - Universit` a di Bolo gna

Viale Risor gimento, 2 – 40136, Bolo gna (Italy)

sc op e languages

Multi-The ory L o gic L anguages, Obje ct-Oriente d L o gic Pr o gr am-

ming, Mo dules

Multi-theory logic languages are a wide class of programming lan-

guages which extend the standard logic programming paradigm by partitioning

the logic program into a multiplicity of logic theories. Such an extension is

generally meant to address typical software engineering issues, such as mo du-

larity

, comp onent reuse, incremental software design and development. Despite

of the many syntactic and semantic differences, what multi-theory logic lan-

guages share is the partitioning of the program according to the abstractions

of the domain of discourse, by asso ciating different collections of axioms to dif-

ferent domain elements. The aim of this work is then to intro duce a general

framework for multi-theory logic languages, providing a uniform approach for

their definition and description. An extended notion of logic formula is intro-

duced, which makes the relationship b etween formulae and domain abstractions

explicit. A class of extended logic languages is consequently defined, which is

general enough that any multi-theory logic language can b e mapp ed onto it

through suitable translation functions. Such languages, called ,

can then b e used as a mean to express the semantics of any multi-theory logic

language, and as a to ol for the comparison of different languages of that kind.

Con ten ts

DEIS T e chnic al R ep ort no. DEIS-LIA-96-009 LIA Series no. 16

1 Intro duction 3

2 Multi-Theory Logic Languages 3

3 Logic Programming with Scop es 5

4 Some Examples 11

5 Conclusions 15

3.1 The Syntax . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

3.2 The Mapping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

3.3 The Op erational Semantics . . . . . . . . . . . . . . . . . . . . . . . 10

4.1 Logic Programming with Mo dules . . . . . . . . . . . . . . . . . . . 11

4.2 Contextual Logic Programming . . . . . . . . . . . . . . . . . . . . . 12

4.3 Logic Ob jects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

1

1 world

1 Intro duction

1 In tro duction

2 Multi-Theory Logic Languages

So, we will not consider here the approaches based on algebraic meta-op erators, inspi red by the

work of O’ Keefe [13 ]. See [6] for a comprehensive survey on the sub ject, where b oth approaches

are extensivel y discussed.

3

Mo dularity is an essential feature for any programming language to b e effectively

used as a to ol for buildi ng real software systems. Many extensions to standard logic

programming towards mo dularity have b een designed and implemented [4, 5, 2, 10,

7, 8, 3, 17], allowing a multiplici ty of logic theories (as separate collections of definite

clauses) to b e defined and used together in the same program. Many mechanisms for

theory comp osition have b een intro duced, allowing more refined p olici es for software

design and development. In this work, we will fo cus on those logic languages based

on the extension of Horn clause logic, where theory comp osition op erators can b e

emb edded directly in clauses b o dies, following [9].

What all these language share is the abandonment of any assumption of universal

v alidi ty for the axioms. A logic clause do es no longer define a truth ab out the whole

world, but is intended as stating a true prop erty of an abstraction of the application

domain. Corresp ondingly

, the truth v alue of any formula dep ends on the particular

domain abstraction which it is referred to.

These languages differ, instead (apart from the syntactic sugar) in how they

represent the different elements of the domain of discourse: basically

, how these are

identified, and how axioms are asso ciated with identifiers. By prop erly characterising

these two p eculi aritie s through appropriate structures and functions, a general logic

language can b e defined, which captures the b ehaviour of many known multi-theory

languages in a uniform framework.

The aim of this work is then to define such a language, showing how some

meaningful examples of multi-theory logic language can b e simply mapp ed onto it.

As a result, a uniform op erational characterisation for multi-theory logic languages

can b e obtained, making it p ossible to put into evidence b oth common asp ects and

p eculi arities.

Mo dular logic languages organise programs (as well as computations) as collections

of separate logic theories. The structure of the programs of any multi-theory logic

language can b e seen as reflecting the programmer’s own mo del of the application

domain, where different collections of definite clauses are used to describ e and rep-

resent different elements of the domain of discourse.

Multi-theory logic languages actually abandon the idea of the logic program as a

monolithic entity

, expressing universal truthes ab out the (the application do-

main) taken as a whole. Instead, the partition of a logic program into a multipli city

•

•

•

•

•

• p artial inc omplete

2 Multi-Theory Logic Languages 4

of logic theories b etter captures the idea of representing a collection of different ab-

stractions of the domain of discourse through , knowledge chunks.

Each knowledge chunk is then in principl e a collection of axioms of some kind,

representing what is true with resp ect to a given element of the domain.

Corresp ondingly

, the truth v alue of a formula is no longer an absolute notion. In

fact, as well as a prop erty may hold for one ob ject while not holding for another, each

formula may b e either true or false with resp ect to different collections of axioms

representing different elements of the application domain.

So, each formula in a multi-theory logic language is to b e asso ciated with a

sp ecific abstraction of the application domain in order to b e meaningful. A multi-

theory language is then characterised by the following issues:

how elements of the domain are denoted

how elements of the domain are represented

how formulae are asso ciated with elements of the domain

how the truth v alue of a formula with resp ect to a given element is determined

This work is based on the idea that a general abstract logic language can b e de-

fined, such that most multi-theory logic languages can b e mapp ed onto it, whose

op erational semantics can b e given in terms of a few, simple inferential rules. Such

a language should b e abstract enough to prop erly encapsulate any p eculi arity of

the mapp ed languages, by stressing instead their fundamental asp ects such as the

denotation and representation of the domain abstractions.

In order to b e expressive enough for our purp oses, such a general language should

b e parametrised with resp ect to the symb ols b elonging to each multi-theory lan-

guage. In particular, each language is characterised by

a first-order logic alphab et

a set of theory identifiers

so that the syntax of the corresp onding abstract language will b e based on these

two syntactic structures.

A suitable translation function is then to b e defined for each language, provid-

ing the mapping b etween the abstract general language and the constructs of each

multi-theory language, so that programs and formulae in the concrete language can

b e reformulated as programs and formulae in the prop er syntax for the abstract

language.

σ

σ

σ

σ

σ

σ

σ

σ σ

3.1 The Syn tax

Definition 3.1.

,

τ ,

σ , p n

t n τ , p t

, s

p t

s

3 Logic Programming with Scop es

• I

• A

S ⟨I A ⟩

I

A

A

V A I

V V

I

I A

S ⟨I A ⟩

V ∈ A

S ⟨I A ⟩ ∈ I

| | p er se

sc op e

sc op e language

sc op e identifiers

atomic -formula

5

This Section intro duces the concepts and definitions needed to build a general ab-

stract language able to capture the b ehaviour of a multi-theory logic language. The

main idea is that any logic formula has not a truth v alue , but only with

resp ect to a given element of the application domain. W e call the represen-

tation of any domain abstraction in a multi-theory program, since it constitutes

the scop e where the v alidity of a formula can b e determined. Consequently

, we

will call the general language for the definition and description of

multi-theory languages.

This Section is organised as follows: first, Subsection 3.1 defines the basic notions

and the syntax for the scop e language, then Subsection 3.2 intro duces functions and

structures making it p ossible to map a multi-theory logic language onto the scop e

language itself. Finally

, Subsection 3.3 defines the op erational b ehaviour of the scop e

language, in terms of a simple inferential engine which subsumes and generalises the

Standard LP engine.

F rom a syntactic viewp oint, the scop e language is characterised by

the set of the

the set of all the atomic logic formulae

A scop e language will b e then denoted in the following as . So, this notation

actually denotes a class of languages, parametrised according to the two sets

and . Each multi-theory language, then, has its corresp onding scop e language

according to its syntactic structure and to the choice of the scop e identifiers.

As usual for first-order logic languages, is on its turn based on a set of predicate

symb ols Π , a set of function and constant symb ols Σ , and a set of first-order v ariables

, from which atomic formulae of are built. No restrictions apply on , which

may b e represented (as we will see in some example) by a set of extra-logic symb ols

[3], or even by the set (Σ ) of the terms built from Σ and . F or instance, mo dule-

based languages like SICStus Prolog [18] allow constants to b e used as mo dule names.

There, then, a scop e corresp onds to a Prolog mo dule, that is a collection of Prolog

clauses, and is represented by the set of the Prolog constant.

The basic elements of the syntax of a scop e language, based on and , can

now b e defined.

( ) Given a scop e language , let b e an -

ary predicate symb ol of Π , and

~

b e a -ple of terms of (Σ ), so that (

~

)

is an atomic formula of . If denotes a scop e, then

(

~

)

2

2

2

2

1

1

1

1

1

1

1

1

1

1

1

1

1

1

3 Logic Programming with Scop es

σ

n

n

σ

σ

n

n

n

n

n

n

n

n

σ σ

n

n

σ σ

σ σ σ

σ σ

σ

n

n σ

Definition 3.2.

Definition 3.3.

Definition 3.4.

Definition 3.5.

S ⟨I A ⟩

| | | | | | ≥

S ⟨I A ⟩

S ⟨I A ⟩

| | ← | | | |

| |

| | | |

≡ | | ←

| | | |

| | | | ≥

S ⟨I A ⟩ S ⟨I A ⟩

← | | | |

S ⟨I A ⟩ S ⟨I A ⟩

P S ⟨I A ⟩ ∈ I

P S ⟨I A ⟩

∈ I

{| | ← | | | | ∈ P } σ , s

p

σ

σ σ

σ σ

σ h

s

, b

s

, . . . , b

s

, n σ

, σ

σ ,

h

s b

s

, . . . , b

s

h

s σ s

σ b

s

, . . . , b

s σ

h p t p σ h

s

b

s

, . . . , b

s

σ b

s

, . . . , b

s

, n σ

, σ ,

b

s

, . . . , b

s

σ

σ σ , σ ,

σ σ

, s

σ s

σ

σ ,

s σ s σ s

σ s h

s b

s

, . . . , b

s atomic -formula

atomic -formula

definite -clause -go al

-clause

definite -clause

-clause

he ad

b o dy

-go al

-go al

-the ory -the ory

pr o gr am

-set

set -set of

set

6

denotes an of whose scop e is and whose predicate

symb ol is .

Even though very simple, the notion of is actually the very funda-

mental notion up on which this approach is based. In fact, it extends the standard

notion of atomic formula by formalising the idea of the asso ciation b etween a logic

formula and its scop e, which is the main p oint of any multi-theory logic language.

The general notion of -formula follows intuitively

, by combining atomic -

formulae with connectives, quantifiers, punctuation, so it will b e not expressed here

formally

, but will b e taken as understo o d. Instead, since they will b e exploited

throughout all this pap er, the particular notions of and of

are intro duced b elow.

( ) Let 0, b e atomic -formulae

of the scop e language . Then, a (henceforth, simply

) of is a formula of the form

where is the of the -clause, whose scop e is , while the conjunc-

tion of atomic -formulae constitutes the of the -clause.

If (

~

), we say that is the predicate symb ol of the -clause

.

( ) Let 0, b e atomic -formulae of the

scop e language . Then, a of is a formula of the form

The notion of -theory follows accordingly .

( ) A of is a set of -clauses of .

A for a scop e language is then a -theory. Any -clause of a program refers

to a particular scop e, by describing a prop erty of the corresp onding abstraction of the

application domain. In particular, given a program of , a scop e

is represented by all the -clauses whose scop e is , according to Definition 3.2.

More precisely

, we define scop e representation in terms of -sets as follows.

( ) Given a program of a scop e language , and a

scop e identifier , we define - ( ) as the , such that

- ( ) ::=

{ }

2

2

0

0

0

1

1

0

0

0 0 0 0

0

L

L

L

L

P

L

L

P

L P

L

Example 3.1.

3.2 The Mapping p

p n

n σ

σ

σ

p

σ

σ

σ

σ

σ

3 Logic Programming with Scop es

| | ← | | | | ∈ P

⊆ P

P ⊆

L

I A L

S ⟨I A ⟩

I

L

L

I

I { }

L A ≡ S ⟨{ } ⟩

L

L

L σ s σ s p

σ s p t

s b

s

, . . . , b

s

σ s σ

s σ s σ s

p

,

I

I

A A I , A

σ

σ

σ σ

σ set -set of with r esp e ct to pr e dic ate

set

set

set set

Standar d LP ( )

-function

go al formulae

extension go als mo dule-pr efixe d

7

Moreover, we define - ( ) as the , such

that

- ( ) ::= (

~

)

It is easy to see that - ( ) is the -theory constituting the representation

of scop e in the program , while - ( ) - ( ) represents the pro jection

of such a program subset with resp ect to predicate .

In order to map a multi-theory logic language onto a scop e language, first we have

to cho ose the set of the scop e identifiers. Since dep ends on , this choice

automatically defines the corresp onding scop e language .

As a simple example, consider a Standard Logic

Programming language, which we will henceforth denote as . Actually

, we

may re-interpret as a trivial case of a multi-theory language where the only

logic theory constituting the program captures the domain of discourse as a

whole, such as a sort of global “world” abstraction.

Since the theory constituting the program represents the only “scop e” that any

formula can b e asso ciated with, only one symb ol (say ) is needed for so

that

::= (1)

Thus, if is the set of all the atomic formulae of , , and

is the scop e language for .

Moreover, in any multi-theory language formulae are to b e transp osed in terms of -

formulae of the corresp onding scop e language. Then, a suitable translation function

has to b e given, so that any formula of can b e mapp ed onto a suitably defined

-formula of the corresp onding scop e language.

T o this end, for each multi-theory language , we define the which

is in charge of the semantics of the op erators and constructs of the language, and

gives meaning to any atomic formula, by asso ciating to it the prop er scop e.

In particular, any multi-theory language presumably defines (meta-)op erators

making it p ossible to determine the truth v alue of a formula o ccurring in the b o dy

of a clause of a given theory with resp ect to another theory

. In other terms, any

multi-theory language presumably defines op erators allowing the prop erties of a

given abstraction of the application domain dep end on another abstraction. Then,

the syntax of such languages provides for new kinds of (formulae in

clause b o dies), such as [9, 10], goals [18], context

switch goals [17]. So, the -function is in charge of expressing the semantics of such

2

2

⟨ ⟩

0

0

0

0

0

0

1 1

1

0

0

0

0

0

0 σ

σ

n n

n σ

σ σ σ

σ

σ

Example 3.2.

Example 3.3.

L

L

L

L

L L L

L

P

P

P

L

L P

P

L

L L

L

P

L

L

L P

P

3 Logic Programming with Scop es

L

S ⟨I A ⟩

L

L

S ⟨I A ⟩

L

∈ I

L

L

L

| |

| |

L

S ⟨I A ⟩ ∅ ∅

L

L

∅

L S I A

L

Standar d LP ( -function)

default sc op e

Standar d LP (Default sc op e) σ ,

σ

σ

σ

,

σ σ

σ s, a , . . . , a σ s, a , . . . , σ s, a σ

a , . . . , a s

σ

I

p t I σ

p t

I

σ σ

a

σ I , a a

I σ

σ

G

, σ , G

I

G ,

σ I , G

I

8

op erators, by defining how any goal formula of a multi-theory language should b e

translated into the corresp onding -formula of the scop e language .

The -function of a language , then, represents the bridge b etween a multi-

theory language and the syntax of the corresp onding scop e language. takes a

goal formula of and a scop e identifier as its arguments, and returns the -formula

of corresp onding to the given formula when taken in the given scop e. F or

instance, the following definition for a conjunction of formulae trivially holds for the

-function of any multi-theory language :

( ( )) ::= ( ) ( ) ( 1)

where is a conjunction of atomic formulae, and is a scop e identifier.

T ake again the case of a Standard LP

language . Here (see Example 3.1), represents the only scop e identifier,

denoting then the only scop e that any formula of is implici tly asso ciated

with.

T rivially

, no explicit scop e denotation is needed in , nor is any connective

necessary to asso ciate scop es to formulae in the concrete syntax. Instead, any

atomic formula (

~

) in the b o dy of a clause is to b e interpreted as the -

formula (

~

) .

This can b e trivially expressed by the following definition of the -function

for an atomic formula .

( ) ::= ( 2)

In addition, one should define the scop e with which the formulae o ccurring in the

starting goal have to b e asso ciated by default, so that the initial goal for the multi-

theory language can b e translated in suitable -formulae. Thus, given an initial

goal for a multi-theory language , the corresp onding goal for the scop e language

is given by ( ), where is the symb ol denoting the

of the language .

In the case of the Standard LP language

, the only scop e is obviously also the default scop e, that is

::= (2)

As a result, given an initial goal of , the corresp onding goal for

is represented by ( ). Conceptually

, this corresp onds to saying that the

truth v alue of any formula of has to b e set with resp ect to the program

denoted by .

σ

L

2

0

0

0

0

0

1 1

1

1 1

⋃

{ |

|

|

}

Example 3.4.

σ

σ

σ

σ σ

σ

s σ

σ

σ

σ

n n

n

n n

σ

σ

L

L

L

L

L

∈I

L

P

L

L

L

P

P P P

P P P P

L P

P

P

L

3 Logic Programming with Scop es

L

∈ I P L

P

P L

S ⟨I A ⟩ P

P P

P

L ∈ I

P | | ← | | | | ← ∈ P

← P

| | ← | | | | | | ←

P

P

L

• I

-r epr esentation function

set

Standar d LP ( -r epr esentation function)

set σ

σ σ

σ ρ

s σ s

ρ , s σ s

,

σ

ρ , s

σ

I

ρ

ρ , I h

I b

I

, . . . , b

I h b , . . . , b ρ

h b , . . . , b

h

I b

I

, . . . , b

I h

I σ I , b , . . . , b

σ

σ σ

σ

σ

I

σ I

9

Finally

, programs of a multi-theory language have to b e mapp ed onto programs

of the corresp onding scop e language, by prop erly mapping clauses onto -clauses.

What is needed, then, is way to compute the representation of any scop e in terms

of -clauses (its -set) given a program of a multi-theory language and a scop e

identifier.

Thus, for each language we define a , which takes

a scop e identifier and a program of and returning the -set of . As a

result,

( ) = - ( ) (3)

holds by definition.

Then, given a program of a multi-theory logic language , the corresp onding

program, which we denote as with an abuse of notation, can b e given

as the union of all the -set of the scop es of the program. In other terms,

::= ( ) (4)

Let b e a program of the

Standard LP language , denoted by the symb ol . Then, we define

such that

( ) ::= ( 1)

It is worth noting that, for any clause of , it holds that

= ( ) (5)

showing the first example of the strong relationship b etween the -function and

the -representation function of a multi-theory language. In particular, the -

function is used by the -representation definition in order to map goal formulae

(that is, formulae which can o ccur in a clause b o dy) onto the corresp onding -

formulae, thus making explici t the scop e with resp ect to which the truth v alue of

any formula in a clause b o dy has to b e determined. More remark able examples

of this relationship can b e found in Section 4.

Moreover, given that program has the only scop e , it obviously holds that

= - ( ) (6)

In conclusion, a multi-theory language can b e easily mapp ed onto a scop e language

by sp ecifyin g

the set of the scop e identifiers

( )

L

L

L

−

−

−

− ε

θ ϑ

θ ϑ

ϑ

θ ϑ

1

1

1

1

+1

+1

1

1

1

1

+1

+1

1

3.3 The Op erational Seman tics

se quents Infer enc e Rules

true

set

set σ

σ

σ

σ σ

i

i

σ

σ

σ

i

i σ

i

i i

i n

n

σ

i

i i

i i

i n

n

σ

p

σ

σ p

n

σ

•

• ∅

•

S ⟨I A ⟩

| |

P S ⟨I A ⟩ | | ∀ ≤ ≤

∈ I

•

P ⊢ | |

•

P ⊢ | | P ⊢ | | | | | | | |

P ⊢ | | | | | | | | | |

S ⟨I A ⟩

| |

| |

•

P ⊢

P ⊢ | |

| | ← ∈ ∧

S ⟨I A ⟩ σ σ

σ ρ

,

σ σ σ

σ a

s

, g

s σ i, i n

s θ ϑ ε

s i

g

s g

s

, . . . , g

s

, g

s

, . . . , g

s

g

s

, . . . , g

s

, g

s

, g

s

, . . . , g

s i

, σ

σ p t

s

σ σ s

σ p t

σ σ

σ

p t

s

B θ

p t

s h

s

B σ s θ h p t i

B b , . . . , b σ h p t

p t

h

,

σ

10

the -function

the default scop e

the -representation function

The op erational b ehaviour of a scop e language can b e given in terms

of an inferential engine dealing with -formulae, -clauses, -theories and scop e

identifiers. In the following, we will exploit the typical op erational characterisation

used for LP languages, based on and [9].

As one may exp ect, the resolvent of such an inferential engine simply consists of

-formulae of the form instead of standard logic formulae. Thus, the following

Inference Rules are (substantially) unchanged with resp ect to standard LP

. There,

denotes a program of , is an atomic -formula 1 ,

denotes a scop e, and denote sets of equalities, while denotes the empty

equality set.

( 1)

( 2)

What has to b e generalised in order to define the op erational b ehaviour of a scop e

language is the Inference Rule describing how an atomic -formula is

handled when it is selected for resolution. Roughly

, the intended b ehaviour can b e

describ ed as follows: when a -formula (

~

) is selected, it is b ound to one (if any)

of the -clauses of - ( ), and new equalities are added to the computation state

as the result of the unification of the atom of the -clause head with (

~

). Finally ,

as intuitive, the -formulae contained in the b o dy of the chosen -clause have to b e

added to the resolvent.

Corresp ondingly

, the Inference Rule for the resolution of an atomic -formula

(

~

) can b e expressed as follows, where all the symb ols have the obvious exp ected

meaning.

(

~

)

( - ( )) = ( = (

~

)) ( 3)

where is a conjunction of atomic -formulae, while = (

~

) denotes

the set of all the equalities resulting from the unification of the atomic formula (

~

)

with the head of the matching clause.

The op erational semantics for a scop e language can now b e given by

formalising the notions of pro of and deriv abili ty of a -formula.

2

2

1

1 ϑ

ϑ

ϑ

1

1 1 1

1

1

1 1

L

L L L

L

L

L L σ σ σ

σ

σ

σ σ σ

σ

σ

σ

4 Some Examples

Definition 3.6.

Definition 3.7.

, s

G σ ϑ G

G

i i

i

, s

G σ ϑ G

ϑ

G

c m

m c

m c

n m n c

4.1 Logic Programming with Mo dules pr o of

pr o of

derivability

derivable

P S ⟨I A ⟩ ∈ I

P ⊢

• P ⊢

•

•

P S ⟨I A ⟩ ∈ I

P

P ⊢

L

P

∈ P

∈ P

L

C C ⊆

V

I V ∪ C

11

( ) Given a program of , let b e a scop e

identifier, a -formula, and a set of equalities. Then, a for is

a tree whose no des are lab ell ed by sequents, and arcs are lab ell ed by Inference

Rules. In particular,

the ro ot is lab ell ed by

each internal no de is derived from its parent according to one of the Infer-

ence Rules 1- 3.

all the leaves are lab ell ed by the empty sequent (that is, derived from the

parent no de using the Inference Rule ( 1)).

( ) Given a program of , let b e a

scop e identifier, a -formula, and a set of equalities. Then, the formula

is from with computed answer if and only if there exists a pro of

for .

This Section presents some examples of how a multi-theory logic language can b e

describ ed in terms of the corresp onding scop e language. Three cases will b e dis-

cussed, taken from the literature: a logic language with mo dules and clause imp ort

mechanisms, Contextual Logic Programming [10], and an ob ject-oriented logic lan-

guage called Logic Ob jects [3]. Obviously

, there will b e no space here neither for a

full explanation of the languages, nor for some enlightenin g examples, which would

b e quite useful for a go o d understanding. The original pap ers where the case stud-

ies have b een taken from offer obviously the b est intro duction to the languages

presented here, then there is no pretence to give a full account of them in this work.

Let denote a standard logic language extended with a mo dule construct enabling

to define a clause as b elonging to mo dule in the program , and let us de-

note such a relation with the notation :: . Moreover, supp ose that some

mechanisms for imp ort/exp ort of clauses are provided, as in widely used commercial

systems like SICStus Prolog [18], so that a mo dule can imp ort a clause from

another mo dule ( imp orts :: ).

Like in such commercial systems, allows constants of Σ (which we denote

with , with Σ ) to b e used as mo dule names, which, however, can b e

explici tly referred to in goal formulae also through v ariables of . As a result,

::= (7)

⟨ ⟩

⟨ ⟩

⋃ σ

σ

σ

σ

σ

σ

σ

1

1

1

1

1

1

2

4 Some Examples

user

user

user

set

L

L

L

L L

L

L

L

L

L

L

L

L

L

L

L

1

1

1

1 1

1

1

1

1

1

1

1

1

1

1

1

4.2 Con textual Logic Programming

S I A

L

L

| |

∈ A L ∈ I

L

∅

S I A

P L

P

{ | | ← | ← ∈ P }

P

{ | | ← | ← ∈ P }

P L ∈ I

L

,

σ

σ m, a a

m σ

σ m, n g σ n, g σ

a g m, n

G ,

σ , G

σ m

m σ ρ , m

c

n m c

m n

σ

h

m σ m, B m h B

ρ , m

h

m σ n, B m n h B ρ

m

12

is the scop e identifier set for the scop e language .

Non-standard formulae in such a language are limited to mo dule-prefixed atomic

formulae. A prop er meta-op erator (:) can b e used in the b o dy of a clause of a mo dule,

making the truth of an atomic formula of dep end on the clauses of another

mo dule. Instead, any formula which is not mo dule-prefixed, should b e intended as

referred by default to the mo dule where the formula o ccurs.

Corresp ondingly

, the definition of the -function for can b e given as follows

for atomic formulae

( ) ::= ( 3)

and for mo dule-prefixed formulae

( : ) ::= ( ) ( 4)

where is an atomic formula and a goal formula of , and are

mo dule names.

Goals have to b e proven with resp ect to a given mo dule. A default mo dule can

b e provided, where all formulae which are not explici tly asso ciated with a mo dule

are to b e proved. F ollowing SICStus Prolog, calls this mo dule, which plays

therefore the role of the default scop e of the language:

::= (8)

Thus, given an initial goal , the corresp onding goal is given by

( ).

Given a program of , the representation - ( ) of the scop e corresp onding

to mo dule is given by the -representation function as ( ). The definition

of such a function takes into account the scop e rules for the clauses of a mo dule,

as well as the rules for imp orted clauses. In particular, imp orting a clause from a

mo dule to a mo dule means that formulae matching the head of can b e proved

in dep endin g on the truth v alue of the b o dy goals in . This is formally expressed

through the following definition of the -representation function:

( ) ::

( ) ::=

( ) imp orts ::

( 2)

where is an program, and is a mo dule name.

The language discussed b elow is based on the Contextual Logic Programming

paradigm (henceforth, CtxLP) prop osed by [10], from which op erators and concepts

2 2

2

{ |

|

}

2

2

2 2

2

2 2

2

2

2

2 2

4 Some Examples

L

L

L L

L

L L

L

L

L

′

′

L L

′ ′ σ

σ σ

σ

σ

σ

ctx ctx

ctx σ σ

ctx

ctx ctx

P

U

∈ U ∈ A

L L

∅

I ∪ ∈ U ∈ I

| |

∈ A L ∈ U

∈ I

P P

≺ ≺

≺ I × I →

≺

≺ ≺ ad ho c

units

c ontexts extension formulae

empty c ontext

sub c ontext

b o ole an u > > a u a

u > > a c a u.c

. u

c

λ

λ

.

λ u.c u c

σ

σ c, a a

c σ

σ c, u > > g σ u.c, g σ

a g u

c

σ ρ

σ

c c

c c

c u.c

c u.c c c

13

are taken. The underlying idea of CtxLP is that the knowledge to b e used for the

pro of of a formula can b e extended with a new set of clauses.

A contextual program is comp osed of , collections of definite clauses

denoted by a unique identifier b elonging to the set of the unit names. However,

units are not used directly as scop es for formula demonstration. Instead, units are

comp osed into , which are sequences of units, through

of the form , where and . The pro of of an extension formula

in the context corresp onds to the pro of of the formula in the context

(where the op erator denotes unit comp osition), obtained by comp osing unit with

context . Thus, contexts represent scop es in . As a result, while the language

deals with units and unit identifiers, the corresp onding scop e language uses contexts

as scop es, and context identifiers for scop e denotation.

The default scop e is represented by the , containing no clauses,

denoted as , following [10].

::= (9)

while the set of the scop e identifiers is represented by the name of the empty context

and by all the context names which can b e obtained by comp osing unit names

through the op erator:

::= and (10)

The definition of the -function deals again with atomic formulae

( ) ::= ( 5)

and extension formulae

( ) ::= ( ) ( 6)

where is an atomic formula and a goal formula of , is a unit

name, and is a context name.

Given a program , its translation in terms of the corresp onding scop e

language can b e obtained as the union of all the context representations through

the -representation function , according to Definition 4 on page 9. In order

to give a formal definition of the -representation function, we need an additional

concept, that is the notion of of a given context. Such a notion is defined

recursively as a relation over the set of the context identifiers, where

is to b e read as “ is a sub context of ”, or, equiv alently

, as a b o olean function

:

The sub context relation can b e defined recursively as follows:

(11)

if (12)

3

3

2

2

2

2

2

2

2

2

2

{ |

|

|

}

{ |

|

|

}

4.3 Logic Ob jects

′

L

′

L

′ ′

L

L

′ ′

L

′

L

L

L

′

L

′

′ σ

ctx σ

ctx

ctx ctx

σ σ

ctx

σ

σ σ

ctx

∈ U ∈ I

⪯ ∀ ∈ I

⪯

⪯ ≺

P | | ← ∈ I ⪯ ← ∈ P

∈ I

P | | ← ∈ I ⪯ ← ∈ P

L

L e arly static inheritanc e

late

obje cts

self

self u c, c

c, c

c c

c c c c

σ

ρ , c h

c σ u.c , B c , u.c c, u h B ρ

c

σ

ρ , c h

c σ c, B c , u.c c, u h B ρ

σ

σ

σ

o o

o f

f o

f

14

where , and .

If we define the relation such that, , the following relations hold

by definition

(13)

if (14)

the -representation function can b e defined as follows:

( ) ::= ( ) :: ( 3)

for any context .

This definition results in a very simple comp osition p olicy (pure extension) as

well as in the [1] binding p olicy

, exploiting .

A different binding p olicy

, binding, could b e obtained through a different

definition of the -representation function:

( ) ::= ( ) :: ( 4)

The two binding p olicies, however, could b e used together only by adopting a more

complex notion of scop e, as well as an equiv alent more sophisticated definition of

scop e identifier. Obviously

, new binding op erators would b e needed to o, to b e

handled appropriately by the -function. An example of a multi-theory language

implementin g b oth binding p olici es is presented in the following Subsection (see

[15] for another example). Moreover, instead of pure extension, more sophisticated

comp osition p olicies could b e represented by re-formulating the -representation

definition recursively (like in Subsection 4.3), in terms of union of -clauses, then by

replacing the union op erator with a more sophisticated comp osition op erator (such

as in [16]). There is no interest here, however, in further discussing these sp ecific

topics.

Language is based on the ob ject-oriented logic language presented in [3], called

Logic Ob jects. are collections of , which are logic theories denoted by

an extra-logic symb ol. Inheritance mechanisms are represented through meta-level

axioms of the form isa , defining an ob ject hierarchy

. A message passing formula

of the form : is re-interpreted as a request to prove a formula (the message

sent, ) with resp ect to the clauses representing an ob ject (the receiver, ). The

default binding p olicy is early binding, implementin g static inheritance, but dynamic

inheritance can b e achieved through the use of the op erator in message passing

formulae ( : ).

3

3

3

3

3

3

{ |

|

|

}

⋃

{ |

|

|

}

5 Conclusions

5 Conclusions

3

3

3

3 3

3 3

3

3

3

3

3 r o ot

r o ot

r o ot r o ot

r o ot

P

L

L

P

′ ′

P

′ ′

′′ ′ ′ ′′

P

L

L L

L L

P

L

P

L

L

L

L

I

L

I { ⋄ | ∈ ⪯ }

⪯ ∈

⪯

⪯

⪯ ⪯

L

L

∈ ⪯

• ⋄ | |

⋄

• ⋄ ⋄

• ⋄ ⋄

L

L

∅ ⋄

L P ∈

• P ⋄ ∅

•

| |

⋄

← | |

⋄

← ∈ P ⋄

P ⋄

| |

⋄

← ⋄ ← ∈ P σ

σ

i j i j i obj j

obj

obj

obj

obj obj

i j j obj i

i j

i j

i j

i j i i

σ

i j k

j k

σ

i

i j i k σ

i k

σ

i j

i j i j j

O

o o o , o O , o o

o o o, o O

o o

o o o o

o o o o o o

σ

a g

o, o , o O , o o

σ o o , a a

o o σ

σ o o , o g σ o o, g σ

σ o o , sel f g σ o o , g σ

O

o , o , o O

o o σ

ρ , o ρ

h

o o

B h

o o

B ρ , o o

ρ , o o

h

o o σ o o , B o h B ρ

15

If we denote with the set of the extra-logic symb ols used to denote ob jects,

a scop e identifier is a pair of ob ject identifiers, one denoting the current ob ject,

another denoting the self ob ject. As a result, we can define the set of the scop e

identifiers of as follows:

::= (15)

where the relation b etween two ob jects is defined as follows:

(16)

if isa (17)

if isa and (18)

The -function of should then take into account atomic formulae, message passing

and self references. If is an atomic formula and a goal formula of , and

, then

( ) ::= ( 7)

( : ) ::= ( ) ( 8)

( : ) ::= ( ) ( 9)

Moreover, the ro ot of any ob ject hierarchy is represented by ob ject , whose

identifier b elongs by definition to the set of any program. Then, the default

scop e is obviously represented by :

::= (19)

Finally

, given an program , and the ob ject identifiers , such that

isa , the -representation function can b e defined recursively as follows.

( ) ::= ( 5)

( )

( ) ::=

( ) ::

( 6)

This work intro duces a new approach to the semantic characterisation of multi-

theory logic languages based on the extension of Horn clauses. By adopting a trans-

formational approach, any multi-theory language can b e mapp ed through appropri-

ate structures and functions onto a more general language, whose semantics is taken σ

σ

σ

σ

σ

σ

REFERENCES

Ac kno wledgemen ts

References

16

as known. Unlike other transformational approaches [11, 12], however, such a refer-

ence language do es not rely over standard Horn clauses, since this would ultimately

b e inadequate, as shown in [6]. Instead, a new class of languages has b een defined,

emb edding the idea that formulae in a multi-theory language always refer to a sp e-

cific domain abstraction through the notion of -formula. Scop e languages, then,

can b e used as a mean to express the semantics of multi-theory logic languages, and

as a to ol for the comparison of different languages of such a class. Some meaningful

cases have b een shown here, in order to give the general idea of how to p erform the

mapping. Different examples can b e found in other pap ers [15, 14], together with

examples of computations which this pap er lacks.

However, several problems have not b een faced here. First, this work is based

on the assumption of the staticity of the logic program. Otherwise, the results of

the -representation function, dep endin g on the program as well as on the scop e,

would give different answers for the same scop e in different moments of the same

computation. In [15, 14], for instance, the representation of a given scop e may not

b e known at a certain p oint of the computation, that is, given an element of the set

of the scop e identifiers, its -set is not known yet. This problem has b een faced in

[15], by intro ducing the notion of -computable formula, thus actually adding to the

-representation function a b o olean function b ounding its domain of application.

Moreover, the problem of the effect of a given selection rule (such as the Prolog

one) has not b een discussed here. In particular, it has not b een shown what happ ens,

or what should happ en, when a -formula is selected for resolution, but its scop e

is not completely defined, for instance b ecause its identifier is an unb ound v ariable.

Typical results of failure or exception raise are unsatisfactory

, since they undermine

the completeness of the language. A more refined scheme, based on constraints,

should b e used to extend the definition of the scop e machine, and has actually b een

exploited in [15, 14] for constraint-based ob ject-oriented logic languages.

First of all, I would like to thank Antonio Natali. Without its help and supp ort,

this research would have not even b egun.

Other p eople contributed to make this work much b etter than what I could have

done without their suggestions, remarks, and criticisms: the time that Enrico Denti,

Evelina Lamma, Paola Mello, and Michela Milano devoted to read and comment

early versions of this rep ort was really precious to me.

[1] A. Brogi, E. Lamma, and P

. Mello. A general framework for structuring logic

REFERENCES

New Gener ation Computing

L o gic Pr o gr amming, LNCS

ACM TOPLAS

Pr o c. Joint Int. Confer enc e and Symp osium on L o gic Pr o gr amming

Journal of L o gic Pr o gr amming

The or etic al Computer Scienc e

L o gic and Obje cts

Journal of L o gic

Pr o gr amming

Pr o c. 6th Int. Confer enc e on L o gic Pr o gr amming

Pr o c. 7th Int. Confer enc e

on L o gic Pr o gr amming

Pr o c. 8th Int. Confer enc e on L o gic Pr o gr amming

Pr o c e e dings of IEEE Symp osium on L o gic Pr o gr amming

17

programs. T echnical rep ort, 4/1, CNR Progetto Finalizzato Sistemi Informatici

e Calcolo Parallelo, 1990.

[2] A. Brogi, E. Lamma, and P

. Mello. Comp ositional Mo del-theoretic Semantics

for Logic Programs. , 11(1):1–21, 1992.

[3] A. Brogi, E. Lamma, and P

. Mello. Ob jects in a Logic Programming F ramework.

In A. V oronkov, editor, , pages 102–113. Springer-

V erlag, 1992.

[4] A. Brogi, P

. Mancarella, D. Pedreschi, and F. T urini. Mo dular Logic Program-

ming. , 16(4):1361–1398, 1994.

[5] M. Bugliesi . A declarative view of inheritance in logic programming. In K. Apt,

editor, ,

pages 113–130. The MIT Press, 1992.

[6] M. Bugliesi, E. Lamma, and P

. Mello. Mo dularity in Logic Programming.

, 19-20:443–502, 1994.

[7] L. Giordano, A. Martelli, and G.F. Rossi. Extending Horn Clause Logic with

Mo dules Constructs. , 95:43–74, 1992.

[8] F.G. McCab e. . Prentice Hall International, London, 1992.

[9] D. Miller. A logical analysis of mo dules in LogicProgramming.

, 6:79–108, 1989.

[10] L. Monteiro and A. Porto. Contextual logic programming. In G. Levi and

M. Martelli, editors, , pages

284–302. The MIT Press, 1989.

[11] L. Monteiro and A. Porto. A transformational view of inheritance in Logic Pro-

gramming. In D.H.D. W arren and P

. Szeredi, editors,

, pages 481–494. The MIT Press, 1990.

[12] Y. Moscowitz and E. Shapiro. Lexical logic programs. In K. F uruk awa, editor,

, pages 349–363. The MIT

Press, 1991.

[13] R. O’Keefe. T owards an algebra for constructing logic programs. In J. Cohen

and J. Conery

, editors, ,

pages 152–160. IEEE Computer So ciety Press, 1985.

[14] A. Omicini . Ab duction and ob ject state configuration. T echnical Rep ort DEIS-

LIA-003-95, University of Bologna (Italy), 1995. LIA Series no. 3.

REFERENCES

Pr o gr ammazione L o gic a Orientata agli Oggetti

Obje ct-Oriente d Pr o gr amming

LNCS

SICStus Pr olo g User’s

Manual

18

[15] A. Omicini. Constraining ob jects as logic theories. T echnical Rep ort DEIS-

LIA-002-95, University of Bologna (Italy), 1995. LIA Series no. 2.

[16] A. Omicini . . PhD thesis, Uni-

versit` a di Bologna, Italy , F ebruary 1995.

[17] A. Omicini and A. Natali. Ob ject-oriented computations in logic programming.

In M. T okoro and R. Pareschi, editors, , volume

821 of , pages 194–212. Springer-V erlag, 1994. 8th Europ ean Conference

on Ob ject-Oriented Programming, ECOOP’94, Bologna, Italy

, July 4–8, 1994.

[18] Swedish Institute of Computer Science, Kista, Sweden.

, 1994.