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Abstra
t

There have been several previous proposals for the integration of Obje
t Oriented Pro-

gramming features into Logi
 Programming, resulting in mu
h support theory and several

language proposals. However, none of these proposals seem to have made it into the main-

stream. Perhaps one of the reasons for these is that the resulting languages depart too mu
h

from the standard logi
 programming languages to enti
e the average Prolog programmer.

Another reason may be that most of what 
an be done with obje
t-oriented programming 
an

already be done in Prolog through the meta- and higher-order programming fa
ilities that the

language in
ludes, albeit sometimes in a more 
umbersome way. In light of this, in this paper

we propose an alternative solution whi
h is driven by two main obje
tives. The �rst one is

to in
lude only those 
hara
teristi
s of obje
t-oriented programming whi
h are 
umbersome

to implement in standard Prolog systems. The se
ond one is to do this in su
h a way that

there is minimum impa
t on the syntax and 
omplexity of the language, i.e., to introdu
e the

minimum number of new 
onstru
ts, de
larations, and 
on
epts to be learned. Finally, we

would like the implementation to be as straightforward as possible, ideally based on simple

sour
e to sour
e expansions.

1 Introdu
tion

Sin
e the �rst steps on obje
t oriented programming, many attempts has been made in order

to join both logi
 and obje
t oriented programming styles into a single language. Most of those

proposals depart from the standard Prolog language, perhaps due to the starting point of view

used to design them. In this paper, we will try another approximation taking an existing Prolog

platform as starting point. First, we will try to lo
ate those 
on
epts present on the Prolog

language whi
h are very similar to those involved on obje
t oriented languages. Then we will

dis
uss how those 
on
epts may be modi�ed to rea
h obje
t oriented behavior.

Traditionally, four main 
on
epts are involved in Obje
t Oriented Programming:

� State en
apsulation.

� Instantiation.

� Inheritan
e relationships.

� Polymorphism.

State ena
apsulation is already provided by Prolog in the form of modules. In this way, the


on
ept of module is something very similar to the 
on
ept of 
lass. Following this reasoning, we

may say that the 
on
ept of attribute (also known as property) is something very similar to the


on
ept of dynami
 predi
ate. And the 
on
ept of publi
 method is something very similar to the


on
ept of exported predi
ate.

Polymorphism is also provided by a Prolog system. This is done in two ways:
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� Sin
e Prolog is not a typed language, polymorphi
 de
larations inside the same en
apsulation

have no sense.

For example, the following C++ polymorphi
 de
larations :

void my
lass::method(int)

void my
lass::method(float)

are written in Prolog as follows :

method(Arg) :-

integer(Arg),

!,

...

method(Arg) :-

float(Arg),

!,

...

� Support for polymorphi
 method 
alling is already present in the form of higher-order (or

meta-programational) stru
tures. For example, suppose that method/0 is both exported by

modules m1 and m2:

:- use_module(m1).

:- use_module(m2).

main :-

aux(m1),

aux(m2).

aux(I) :-

I:method.

Noti
e that the module quali�
ator for method/0 predi
ate is just a variable.

As a result, we must 
enter our e�orts in providing instantiation and inheritan
e to our

Prolog system. In the following se
tions, we will �rst des
ribe our obje
t-oriented programming

model,then we will dis
uss some implementation issues.

2 The obje
t-oriented programming model

Classes are de
lared the same way as modules, where original sour
e 
ode will su�er a sour
e-to-

sour
e expansion whi
h is 
alled the 
lass expansion. Sin
e O'CIAO is based on the CIAO Prolog

system, we will des
ribe here the needed syntax for this Prolog system:

:- 
lass(ClassName).

or (SICStus-like module de
laration):

:- module(ClassName,[℄,[
lass℄).

The following example de
lares a 
lass whi
h implements an \imperative-style" sta
k of ele-

ments:

:- 
lass(sta
k).

:- dynami
 storage/1.

:- export([push/1,pop/1,top/1℄).
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push(Item) :-

nonvar(Item),

asserta(storage(Item)).

pop(Item) :-

var(Item),

retra
t(storage(Item)).

top(Top) :-

storage(Top),

!.

Noti
e the similarity with a traditional Prolog module. In fa
t, this kind of 
lass may be 
alled

an instantiable module, just be
ause there is no usage of obje
t oriented spe
i�
 de
larations (i.e.

inheritan
e relationships). The 
on
ept of instantiable module is a previous step to the 
on
ept of


lass. There is only one point of di�eren
e between a module and an instantiable module: \
opies"

of the instatiable module may be (both dynami
ally and stati
ally) generated:

:- use_
lass(sta
k).

:- sta
k1 instan
e_of sta
k.

:- sta
k2 instan
e_of sta
k.

main :-

Sta
k3 new sta
k,

sta
k1:push(a),

sta
k2:push(b),

Sta
k3:push(
).

In the example above, sta
k1 and sta
k2 are de
lared to be instan
es of the sta
k module.

Those instan
es are used as they were loaded modules. Additionaly, instan
es may be also 
reated

at run-time (this is the 
ase of Sta
k3) by the usage of the new/2 operator.

From this point, the idea of instantiable modules is enri
hed in order to be
ome an obje
t

oriented programming model based on the Prolog module system. Basi
ally, this is rea
hed by

both adding a few new de
larations and 
hanging the meaning of some existing ones: dynami
/1

de
larations 
hange their semanti
s to attribute de
larations. export/1 de
larations also 
hange

their meaning to publi
 predi
ate de
larations.

2.1 Inheritan
e relationships

We have based most of the O'CIAO inheritan
e model on that provided by the Java program-

ming language. This language makes use of two di�erent kinds of inheritan
e relationships: 
ode

inheritan
e and interfa
e inheritan
e.

Code inheritan
e is very similar to usage relationships already provided by Prolog

1

, di�eren
es

are relative to these points:

� Predi
ates are re-exported by default (known as publi
 inheritan
e).

� As a 
onsequen
e of previous point, there is transitivity on the inheritan
e relationship:

whether \a" inherits from \b" and \b" from \
", there is an impli
it inheritan
e relationship

between \a" and \
".

� Ambiguous predi
ate 
allings are solved in a di�erent way.

� Visibility of predi
ates 
an not be restri
ted: an inherited private predi
ate may be exported,

but an inherited publi
 predi
ate will not be
ome a private one. This ensures an uniform

publi
 interfa
e along the inheritan
e line.

1

use module/1 de
laration.
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Code inheritan
e works towards sour
e 
ode maintenan
e and reusability. Sin
e it was the

�rst kind of inheritan
e to be developed, it is usually known simply as \inheritan
e". We have

implemented single 
ode inheritan
e by adding a new de
laration

2

:

:- inherit_
lass(Sour
e).

Another de
laration is needed in order to distinguish between private predi
ates and those

that may be inherited by des
endant 
lasses

3

. Predi
ates are private by default, so inheritable

predi
ates must be expli
itly marked

4

:

:- inheritable(F/A).

The following example illustrates the usage of those mentioned de
larations. The \item" 
lass

de
lares set value/1, get value/1 and datum/1 to be inherited by des
endant 
lasses, in parti
ular,

they are inherited by the \tagged item" 
lass:

:- 
lass(item).

:- export([set_value/1,get_value/1℄).

:- inheritable(datum/1).

:- dynami
 datum/1.

set_value(X) :-

retra
tall(datum(_)),

assert(datum(X)).

get_value(X) :-

datum(X).

:- 
lass(tagged_item).

:- inherit_
lass(item).

:- export([set_tag/1,get_tag/1℄).

:- dynami
 tag/1.

set_tag(X) :-

atom(X),

retra
tall(tag(_)),

assert(tag(X)).

get_tag(X) :-

tag(X).

Interfa
e inheritan
e works towards external world (and 
on
ept) modeling and uniform usage

of di�erent pie
es of 
ode. Unfortunately, there is no similar 
on
ept present on Prolog systems.

However, there is no mu
h diÆ
ult on implementing it: the 
ompiler must ensure that a parti
ular

sour
e will export the same set of predi
ates as another one. Interfa
e inheritan
e has been

implemented by adding the following de
laration:

:- implements(Sour
e).

Where Sour
e may be a 
lass-expanded sour
e or an interfa
e-expanded sour
e. interfa
e-

expanded sour
es are similar to the interfa
e de
larations provided by the Java language. Only

export/1 and data/1 de
larations are allowed. For example:

:- interfa
e(must_be_implemented).

:- export([a/1,b/1℄).

And this 
ode illustrates how interfa
es are used:

2

Multiple 
ode inheritan
e is not supported.

3

Usually known as prote
ted predi
ates.

4

Ex
ept for exported predi
ates, whi
h are inheritable by default.
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:- 
lass(itf_example).

:- implements(must_be_implemented).

:- implements(item).

a(_).

b(_).

set_value(_).

get_value(_).

The following example has the same e�e
t as the previous one, and will introdu
e the meaning

of interfa
e inheritan
e:

:- 
lass(itf_example).

:- export([a/1,b/1℄).

:- export([set_value/1,get_value/1℄).

a(_).

b(_).

set_value(_).

get_value(_).

2.2 Obje
t Initialization

Classes may be improved by the usage of 
onstru
tors and destru
tors. Constru
tors are impli
itly

de
lared by writing 
lauses of a predi
ate whose fun
tor mat
hes the 
lass name (any and all arity

is allowed). Destru
tors are also impli
itly de
lared by writing 
lauses for a destru
tor/0 predi
ate.

Those are mainly used to allo
ate/release system resour
es at the proper time. For example:

:- 
lass(file_reader).

:- export(get_
har/1).

:- dynami
 handler/1.

file_reader(FileName) :-

open(FileName,read,Handler),

assert(handler(Handler)).

destru
tor :-

handler(H),


lose(H).

get_
har(C) :-

handler(H),


urrent_input(OldIN),

set_input(H),

get_
ode(I),

set_input(OldIN),

I =\= -1.

Constru
tors are usefull to perform some initialization just after obje
t 
reation takes pla
e.

State initialization is a parti
ular 
ase whi
h is also provided in the traditional Prolog way:

:- 
lass(has_initial_state).

:- dynami
 state/1.

state(a
tive).

2.3 Virtual method 
alling

Virtual method 
alling allows des
endant 
lasses to provide di�erent implementations for a pred-

i
ate. This is a popular programming te
hnique known as 
ode spe
ialization. The an
estor will

allways 
all that version de�ned deeper in the inheritan
e line. O'CIAO provides the virtual/1

de
laration in order to do so:
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:- 
lass(generi
_item).

:- export([set_value/1,get_value/1℄).

:- inheritable(datum/1).

:- dynami
 datum/1.

set_value(X) :-

validate_item(X),

retra
tall(datum(_)),

assert(datum(X)).

get_value(X) :-

datum(X).

:- virtual validate_item/1.

validate_item(I) :-

nonvar(I).

:- 
lass(integer_item).

validate_item(I) :-

integer(I).

In the previous example, any obje
t derived from \integer item" 
lass will a

ept (only) an inte-

ger as argument to set/1, regardless of the validate item/1 
he
k implemented in the \generi
 item"


lass.

2.4 Predi
ate overriding

Overriden predi
ates are also known as rede�ned predi
ates. A predi
ate is said to be overriden

when it has been inherited from any as
endant 
lass, but the same predi
ate has been de�ned at


urrent sour
e. In order to distinguish between both de�nitions there is an inherited/1 predi
ate

quali�
ator. By default, the lo
al predi
ate is used, if the inherited predi
ate de�nition needs to

be 
alled, it must be quali�ed using the inherited/1 operator:

:- inherit_
lass(defines_predi
ate_foo).

foo(9). % predi
ate overriding

example :-

foo(X), % lo
al definition is 
alled.

inherited foo(X). % inherited definition is 
alled.

2.5 Retrieving self instan
e identi�er

Sometimes, an obje
t needs to know what its name is: the self instan
e identi�er. There is a self/1

predi
ate in order to do so. Usually this feature is used to tell another obje
t who is making a


all, this enables the 
alled obje
t to invoke the �rst one again. Example:

:- 
lass(
lonation).

:- dynami
 some_data/1.


lone(Obje
t) :-

retra
tall(some_data(_)),

Obje
t:some_data(X),

assert(some_data(X)),

fail.


lone(_).


opy_to(Destination) :-

self(Me),

Destination:
lone(Me).
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2.6 Obje
t 
reation and manipulation

First step in order to handle obje
t oriented 
ode is to load the obje
ts CIAO pa
kage:

:- use_pa
kage(obje
ts).

whi
h is something very similar to an in
lude/1 de
laration.

This pro
edure will load a run-time support library, de
lare some operators, and enable the

use 
lass/1 de
laration: su
h de
laration establishes an usage relationship between the 
urrent


ode and the given 
lass. This behavior is analogous to those provided by the use module/1

de
laration. For example :

:- use_pa
kage(obje
ts).

:- use_
lass(library(file_reader)).

main([FileName℄) :-

File new file_reader(FileName),

e
ho(File).

e
ho(File) :-

File:get_
har(I),

put_
ode(I),

fail.

e
ho(_).

Obje
t 
reation will take e�e
t by the ways of the new/2 operator. This operator will take a

free variable as �rst argument (whi
h will be binded to an unique instan
e identi�er), and a 
lass


onstru
tor as se
ond argument. For example:

?- X new xmessage('Hello there !!!').

X = '193847705' ?

yes

?-

Whether no 
lass 
onstru
tors were de�ned, a default 
onstru
tor (with zero-arity) may be

used. Instan
e 
reation will fail whenever the given 
onstru
tor fails.

On
e the obje
t has been 
reated, any exported (publi
) predi
ate may be 
alled as a traditional

module-quali�ed goal:

X new my
lass , X:mymethod(Z) .

This pa
kage also provides the instan
e of/1 operator whi
h 
he
ks whether an instan
e was

derived from a 
lass, or any of its des
endants:

foo(Obj) :-

Obj instan
e_of my
lass,

Obj:method.

3 Implementation issues

Intuitively, our main implementation 
hallenge is derived from providing instantiation. There is

a very simple solution whi
h has been used before for some beginner Prolog programmers: the

\extra" argument. This solution adds a new argument to every dynami
 predi
ate whi
h identi�es

the instan
e (obje
t) owner. Su
h a solution must be avoided sin
e Prolog indexing is broken

5

. It

brings up important performan
e slowdown when the number of dynami
 
lauses grow up. This

5

Noti
e that Prolog indexing is not broken at stati
 predi
ates whether the \extra" argument is the last argument.
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fa
t led us to a new implementation restri
tion: performan
e slowdown must be avoided as long

as possible. As a result, any sour
e-to-sour
e expansion must also work in this way.

Another diÆ
ult on implementation is derived from the interdependen
y between inheritan
e

and instantiation solutions. new/2 implementation and performan
e is fully dependant from that


ode auto-generated by the 
lass expansor. Unfortunately, the 
lass expansion robustness and

eÆ
ien
y is dependant from the underlining Prolog 
ompiler 
apabilities. In general lines, the

most information is known by the 
lass expansion, the better performan
e is rea
hed.

CIAO Prolog 
ompiler allows 
ode expansion in two stages. At the �rst stage, de
larations

are pro
essed in order to generate any needed interfa
e information. At the se
ond stage, module

dependen
es has been solved by the 
ompiler. This seems that 
ode may be generated taking

a

ount of other module (and 
lass) de
larations in relation with the 
urrent 
ode being expanded.

This interesting feature allows O'CIAO 
lass expansor to suppress many run-time 
he
ks, generate

many stati
 
ode, and perform exhaustive semanti
 analysis on 
lass 
ode.

3.1 The 
lass expansion

The 
lass expansor performs several tasks:

� Semanti
 analysis.

� Enable instan
e distin
tion.

� Help on instan
e 
reation.

Semanti
 analysis on obje
t oriented de
larations will be easy to implement whenever module

dependen
es are known by the 
ode-expander. It will report any semanti
 error or warning due to

in
orre
t usage of de
larations. Currently, O'CIAO performs over 35 di�erent 
he
ks over 
lass-

expanded 
ode. To illustrate whi
h kind of semanti
 errors 
ould be found, we enumerate some of

those 
he
kings:

� Multiple inheritan
e de
larations.

� Trying to establish an inheritan
e relationship with no 
lass-expanded 
ode.

� Trying to de
lare 
onstru
tors/destru
tors as dynami
 or multi�le predi
ates.

� Exporting (publishing) predi
ates not related to obje
t oriented programming.

� Trying to export (or mark as inheritable) a predi
ate not de�ned nor inherited at 
urrent


lass.

3.1.1 Enabling 
lass 
ode to distinguish between di�erent instan
es

Ea
h time a method predi
ate is 
alled, the involved 
ode must noti
e whi
h is the 
urrent instan
e

being exe
uting. This is needed for the assert/retra
t predi
ates to operate over the proper state

en
apsulation.

This situation implies that the previously mentioned \extra" argument 
an not be avoided, but

must be hidden from the user. In fa
t, this extra argument is also known as the hidden argument

in other obje
t oriented languages. These approa
h is also adopted by O'CIAO whi
h will add a

hidden argument to every stati
 
lause

6

present at the user 
ode. The following approximation

illustrates the idea

7

:

method(V) :-

assert(attr(V)).

6

And only to every stati
 
lause, in order to preserve Prolog indexing. Dynami
 predi
ates must be treated in

a di�erent way.

7

Instan
e identi�ers are assumed to be simple atoms.
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will be expanded to something like:

method(V,Instan
e) :-

assert(Instan
e:attr(V)).

3.1.2 Providing state en
apsulation

As mentioned before, state en
apsulation is also provided by Prolog in the form of modules. This

seems that an instan
e (obje
t) will be some kind of run-time generated Prolog module, whi
h will

be (basi
ally) build of dynami
 predi
ates. However, there are two implementation alternatives

when inheritan
e is present:

One run-time generated module in representation of ea
h 
lass: For ea
h 
lass along the

inheritan
e line, a module is generated in representation of that 
lass state. Then, a simple

relationship is internally allo
ated between those modules. Ea
h time an inherited 
all is

performed, the needed module must be �rst determined (at run-time).

Advantages:

� Attribute overriding is trivial. There is no possible 
onfusion between two attributes

with the same fun
tor and arity de�ned at di�erent 
lasses.

Drawba
ks:

� Attribute inheritan
e is not trivial. When a given attribute is not known to be de-

�ned at 
urrent 
lass, we must determine whi
h 
lass (along the inheritan
e line) has

the proper de�nition

8

. Then, the module in representation of su
h a 
lass must be

determined at run-time.

� Virtual method 
alling will be diÆ
ult to implement. Some kind of virtual method table

will be needed in order to perform su
h a kind of 
alling. That table must be run-time

generated for ea
h instan
e.

Those drawba
ks will have a dire
t impa
t on new/2 performan
e, and method 
alling slow-

down.

One run-time generated module in representation of all 
lasses: Only one run-time gen-

erated module will hold all attributes de�ned in all 
lasses along the inheritan
e line.

Advantages:

� Attribute inheritan
e is trivial, sin
e all attributes are allo
ated into the same en
ap-

sulation.

� Virtual method 
alling is trivial. This behavior will be dis
ussed later.

� There is no method 
alling slowdown

9

.

Drawba
ks: attribute overriding is not trivial. Two identi
al attribute de�nitions on di�erent


lasses 
an not be distinguished due to the use of a unique state en
apsulation. Obviously,

this problem 
an be solved by ensuring unique attribute names a
ross the inheritan
e line.

This 
an be easily rea
hed by using some kind of name 
onvention. For example:

:- 
lass(my
lass).

:- dynami
 attr/1.

method(Value) :-

assert(attr(Value)).

8

Most times, this 
an be done at 
ompile time.

9

Ex
ept for that derived from the presen
e of an extra argument, whi
h 
an not be avoided.
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will be expanded to something like:

:- module(my
lass).

method(Value,Instan
e) :-

assert(Instan
e:'my
lass::attr'(Value)).

Unfortunately, su
h a solution led us to another problem: attributes 
an not be trivially

exported (published) be
ause of that name translation. For example:

main :-

X new some
lass,

assert(X:attr(V)).

needs to be expanded

10

to:

main :-

X new some
lass,

assert(X:'some
lass::attr'(V)).

This implementation will require some kind of global analysis te
hnique in order to

determine whi
h 
lass derived the instan
e denoted by the involved variable. As an example,


onsider the following 
ode:

aux(X) :-

assert(X:attr(V)).

Note that (using traditional 
ompiling te
hniques) there is no 
han
e to know whether attr/1

is a valid attribute and how it must be expanded.

There are other 
han
es to solve this problem:

� Not to allow attribute exportation. This is not a hard restri
tion sin
e good program-

mers will usually provide a set of methods in order to 
ontrol state a

ess.

� To de�ne predi
ate aliases for exported state. This feature must be supported by the

underlining Prolog engine. Predi
ate aliases are symbol table entries whi
h points to

the same set of 
lauses as the aliased predi
ate

11

.

� To allow attribute exportation only for goal 
alling porpouses. This solution is easy to

implement using \
haining 
lauses" for attributes (this te
hnique is dis
ussed later in

se
tion 3.2).

O'CIAO is 
urrently implemented using only one run-time generated module. Attributes are

exported only for goal 
alling porpouses (assert/retra
t predi
ates are not allowed to operate over

exported attributes).

3.1.3 Helping on instan
e 
reation

As user-
ode is being expanded, some usefull information may be re
orded in relation to instan
e


reation. So, some new 
lauses (not present at the user 
ode) should be generated using that

information. The easiest way to store that information, whi
h will be used at run-time, is by the

usage of multi�le predi
ates. That set of multi�le 
lauses will build a 
lass template in order to

help instan
e 
reation.

That 
lass template will hold the following information:

10

Su
h an expansion should be performed by the obje
ts pa
kage.

11

Predi
ate aliases also solves some other problems present at traditional Prolog module system.
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� The 
lass name.

� The 
lass an
estor (if present).

� A relation of publi
 predi
ates: usefull whether run-time 
he
ks are needed.

� A relation of attributes and how to 
reate them.

� A relation of methods and whi
h 
lasses de�ned them. The usage of this information will

be dis
ussed on se
tion 3.2.

� State initialization information.

This is an example of those multi�le 
lauses generated for the \generi
 item" and \integer item"


lasses:


lass(generi
_item).

publi
(generi
_item,set,1).

publi
(generi
_item,get,1).

attribute_template(generi
_item,datum,1,'generi
_item::datum').

method_template(generi
_item,set(X),generi
_item:set(X,_)).

method_template(generi
_item,get(X),generi
_item:get(X,_)).

method_template(generi
_item,validate_item(X),generi
_item:validate_item(X,_)).


lass(integer_item).

super(integer_item,generi
_item).

publi
(integer_item,set,1).

publi
(integer_item,get,1).

attribute_template(integer_item,datum,1,'generi
_item::datum').

method_template(integer_item,set(X),generi
_item:set(X,_)).

method_template(integer_item,get(X),generi
_item:get(X,_)).

method_template(integer_item,validate_item(X),integer_item:validate_item(X,_)).

3.2 Providing instantiation

Obje
t 
reation takes pla
e by the usage of the new/2 operator. Most of its implementation is

based on the underlining Prolog engine primitives, su
h as dynami
 predi
ate 
reation. Those are

the needed tasks for new/2 to perform:

� Generating an unique instan
e identi�er.

� State en
apsulation 
reation.

� Method interfa
e 
reation (dis
ussed below).

� Enabling Virtual method invokation.

� Calling the needed 
onstru
tor.

State en
apsulation is easily performed from the proper auto-generated template

12

:

state_
reation(ID,Class) :-

attribute_template(Class,Fun
tor,Arity,RealFun
tor),

module_
on
at(ID,RealFun
tor,NewFun
tor),

'$define_predi
ate'(NewFun
tor/Arity,interpreted),

fail.

12

All those implementation examples has been simpli�ed.
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Publi
 methods needs to be 
alled in the same way as attributes: i.e. Obj:method(Arg), but the

implemented goal must be 
alled as proper 
lass:method(Arg,Obj). Method interfa
e 
reation

allows this situation using 
haining 
lauses:

method_
reation(ID,Class) :-

method_template(Class,Goal,Class_or_an
estor:RealGoal),

fun
tor(RealGoal,_,LastArg),

arg(LastArg,RealGoal,ID),

assert( (ID:Goal :- Class_or_an
estor:RealGoal) ),

fail.

Whether '123' were the instan
e identi�er, and foo/3 a publi
 method, the following 
lause

should be asserted:

'123':foo(A,B,C) :- proper_
lass:foo(A,B,C,'123').

Knowing this, virtual methods are easily enabled. Whether a virtual method 
all is present,

for example:

:- virtual validate_item(X).

set(X) :-

validate_item(X),

retra
tall(datum(_)),

assert(datum(X)).


ode must be expanded in this way:

set(X,Instan
e) :-

Instan
e:validate_item(X),

retra
tall(Instan
e:'generi
_item::datum'(_)),

assert(Instan
e:'generi
::datum'(X)).

3.3 Enabling 
ode to manipulate obje
ts

As mentioned before, usage relationships are needed for some 
ode to 
reate obje
ts or manipulate

them. The obje
ts pa
kage is in 
harge of su
h a task. Usage relationships may be also implemented

by the usage of a single multi�le predi
ate: used 
lass(Class,Module), whi
h denotates \Class is

used by Module"

13

. This information is used in 
onju
tion with the publi
/3 template in the

following way:

The underlining Prolog engine will use some kind of dynami
 predi
ate whi
h holds information

about module importation/exportation. That information is used to determine whether a module

is allowed to 
all a given predi
ate from a given module. If not, an ex
eption is usually raised.

CIAO Prolog uses the predi
ate imports(Module,From module,F,A), whi
h stands for: \Module

imports F/A from From module". So, obje
t's publi
 interfa
e a

esibility may be 
ontroled using

this tri
k

14

:

obje
t_interfa
e_
reation(Obje
t,Class) :-

assert( (imports(Module,Obje
t,F,A) :-

used_
lass(Class,Module),

publi
(Class,F,A) )),

super(Class,Super),

!,

obje
t_interfa
e_
reation(Obj,Super).

obje
t_interfa
e_
reation(_,_).

13

Where Module may be another 
lass, a Prolog module, or a main program.

14

Note: Obje
t and Class variables will be binded to atoms at 
all time.

12



3.4 Obje
t destru
tion

Obje
t 
reation makes use of some amount of memory and system resour
es that must be released

when no longer needed, this is 
alled instan
e destru
tion or obje
t destru
tion.

Two implementation alternatives are known to solve this problem: expli
it and impli
it de-

stru
tion.

Expli
it destru
tion makes use of some kind of operator in order to do so. This operator must

be manually 
alled by the programmer, who must ensure that no more referen
es to the obje
t

are left in memory. Some popular languages uses expli
it instan
e destru
tion, su
h as C++ and

Obje
t Pas
al.

Impli
it destru
tion works transparently to the programmer. This implementation �rst ensures

that no referen
es to a parti
ular obje
t are left in memory, then it destroys the given obje
t.

Impli
it destru
tion needs a garbage 
olle
tor to perform su
h a task. Java language has

implemented this approa
h with su

essfull results. Prolog engine also works using a garbage


olle
tor, so there is a 
han
e to implement impli
it destru
tion.

At 
urrent stage of O'CIAO development, instan
e destru
tion is expli
itly invoked by a de-

stroy/1 operator.

4 Performan
e tests

Three di�erent ben
hmarks were used to 
ompare O'CIAO performan
e against CIAO normal

module system. At �rst sight, we may predi
t runtime slowdown due to instan
e 
reation (new/2

operator) and instan
e distin
tion issues. This last behavior has a dire
t impa
t on method

exe
ution performan
e. So, the main target of this test is to determine whether lost on performan
e

is justi�able by the gaining on obje
t oriented enhan
ement, or not.

4.1 Instan
e 
reation and destru
tion overhead

Instan
e 
reation as well as instan
e destru
tion may be 
onsidered as \wasted time" sin
e it does

not exe
ute user 
ode (ex
ept for 
onstru
tors and destru
tors), but it 
an not be avoided whether

obje
t oriented programming is needed.

Exe
ution time on new/2 for a given 
lass depends on those fa
tors:

� The whole number of attributes: all attributes de�ned in all 
lasses along the inheritan
e

line.

� The whole number of methods.

� Constru
tor 
ode (if present).

� State initializations (if present).

� The a
tual size of the Prolog database, internal index tables, and so on. This is due to the

usage of dynami
 predi
ates and atoms as instan
e identi�ers.

Constru
tor and state initialization exe
ution time was not 
onsidered on ben
hmarking sin
e

it involves useful user a
tions whi
h 
an not be avoided. Figure 1 shows exe
ution time ratios on

both 
reating and destroying an instan
e, the involved 
lasses had the following 
hara
teristi
s:

� Di�erent number of attribute de
larations.

� No inheritan
e nor method de
larations.

� No state initialization nor 
onstru
tor/destru
tor de�nitions.

Figure 2 shows exe
ution time ratios when involved 
lasses de
lare methods instead of at-

tributes.

Average exe
ution time is 0.07 ms per attribute and 0.22 ms per method. So, �rst important

result is that 
reating a method is three times slower than 
reating an attribute.
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Figure 1: Involved exe
ution time in 
reating and destroying an instan
e versus number of at-

tributes.

4.2 Predi
ate 
alling overhead

The porpouse of this ben
hmark was to measure goal 
alling slowdown due to instan
e distin
tion

issues. The test 
ompared exe
ution times for Obje
t:goal versus test module:goal on
e Obje
t

new test 
lass was exe
uted. Code for \test 
lass" was just the same as \test module" ex
ept

for the ne
essary 
lass expansion. Both dynami
 predi
ate and stati
 predi
ate 
alling was tested.

Ben
hmarking result was:

� 9.5 % slower on stati
 predi
ate 
alling.

� 16.7 % slower on dynami
 predi
ate 
alling.

4.3 assert/retra
t overhead

This test was designed to evaluate assert/retra
t slowdown due to the usage of run-time generated

state en
apsulations. assert(data(1)),retra
t(data( ))was 
ompared against assert(Obje
t:data(1)),retra
t(Obje
t:data( ))

whi
h is the same 
ode but 
lass-expanded.Su
h 
lass-expanded 
ode resulted to be 23.3 % slower.

5 Previous related work and �nal 
on
lusions

First steps on Logi
 and Obje
t Oriented Programming are found in relation to Parallel and

Con
urrent Programming in the eighties. As signaled by [8℄, Obje
t Oriented behavior may be

used as a modeling tool for pro
esses and their inter
ommuni
ation. This tentative is based on

the KL1 language, whi
h is not a traditional Prolog system.

Then, many e�orts has been fo
used on the formal semanti
s of obje
ts and their logi
al

meaning in First Order Logi
 ([5℄) and High Order Logi
 ([4℄,[2℄). Following this line, there have

been also many advan
es in the area of Linear Logi
 ([1℄,[6℄).

Another 
riti
al point of dis
ussion is inheritan
e behavior ([3℄,[7℄).

Most of those proposal has derived on a number of new languages whi
h have not spread so

mu
h over the programming 
ommunity, perhaps, due to the resulting 
omplexity on language

syntax.
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Figure 2: Involved exe
ution time in 
reating and destroying an instan
e versus number of meth-

ods.

O'CIAO was designed keeping in mind that an experien
ed Prolog programmer will be reti
ent

about learning a lot of new de
larations and syntax extensions. On the other side, O'CIAO provides

a good tool for the imperative-style programmer to learn about de
larative languages. Most of

the involved 
on
epts (inheritan
e, state en
apsulation, et
) are very similar to those related to

imperative obje
t oriented languages. Another point of di�eren
e between O'CIAO and previous

proposals is that it has been implemented over a �rst order logi
 based language su
h as Prolog

whi
h, in addition, is be
oming a very popular language day by day.

Other authors has fo
used their e�orts on the de
larative semanti
s of Obje
t Oriented Pro-

gramming. We prefer not to worry so mu
h about this stu� basing our development on the

well-known semanti
s of the Prolog module system, and fo
using our e�orts on implementation

and performan
e of the system.
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