λ

∗

∗

§ §

§

λ

π

λ

π

λ

Abstract

1 In tro duction

name agent name

Carlos Herrero Ja vier Oliv er

Ob jects in P arallel Lab el-Selec ti ve -calculus

(LCEPOO)

DSIC, UPV, Camino de V era s/n, Ap do. 22012, 46071 V alencia, Spain.

T eĺ efono: 96 387 7350. F ax: 96 387 7359.

E-mail: cherrero,fjoliver@dsic.upv.es.

This work was partially supp orted by CICYT, TIC 95-0433-C03-03.

LCEP is a c alculus for mo del ling c oncurr ent systems. The efforts to use it to

r epr esent obje ct oriente d fe atur es have b e en suc c essful ly tr e ate d in this p ap er. We

pr esent an op er ational semantics for a p ar al lel obje ct-oriente d pr o gr amming language

by me ans of a phr ase-by-phr ase tr anslation fr om the language into an extension of

LCEP in which only a few changes fr om the original LCEP ar e made.

W e can find many studies in computation to pro duce an elegant semantics which correctly

defines languages with concurrent features. The role played by the -calculus in compu-

tation theory is well-known but while it was adopted by D.S. Scott and C. Strachey as

a semantic basis for programming languages, it cannot b e successfully used with concur-

rence features. In 1980, R. Milner prop osed CCS, [7], which is a calculus for mo delling

concurrent systems. His contribution was to view computational entities as agents whose

interaction is the basic b ehavioural unit. This calculus was the basis for the -calculus

[8] which emerged as a refinement of CCS with two primitive notions as foundations: the

and the . A is used to provide access to agents. Sp ecifically

, two agents

that share a name can interact by using it. In addition, an agent can send a name in an

interaction, and therefore one agent can transfer its ability to interact with other agents

to the other. On the other hand, with the lab el-selective -calculus of H. A ¨ ıt-Kaci [1]

the distinction b etween terms and channels app ears. A term plays the role of an agent

of the -calculus and a channel (numeric or symb olic lab els) represents the way through

which terms can send information. With the extension of this calculus to LCEP [6] (Par-

allel Lab el-Selective -calculus) we have a complete calculus for mo delling concurrency

by using numeric and/or symb olic lab els and parallel op erators, and also by representing

p olyadic functions.

Among the prop osed approaches to parallel programming, the disciplines which are

characteristic of parallel ob ject-oriented programming have many desirable features. How-

ever, providing adequate semantics for these languages is very complex. The family of λ

P P

^

^

^

E P

P

P

P P

M | | | | | ‖ | ∘ | |

| a x λ x.M M M M M M M M M

P

{ } { }

L ∪ S

S { } ∩ S ∅

M

M

∘ ‖

∘ ∘

::= 0 ( + ) !

::= numb er symb ol

2 The P arallel Lab el-Selectiv e -calculus

λ

λ λ

V x, y , z , . . . C a, b, c, . . .

P m, n, . . .

p, q , . . .

λ

, , , λ x.

M λ x.M M

M N M N N

POOL languages is outstanding among the works in this field. This is the starting p oint

for this work. In particular, the op erational semantics of a mem b er of this family of lan-

guages app eared in [2] and was later expanded by the denotacional semantics [3] based

on metric spaces. Moreover, there are other semantics av ailable which are asso ciated to

the family of POOL languages using pro cess algebras [10]. The nature of the language

suggests that correct mo dels are complicated. More precisely

, attempts to discern a clear

vision of the central concept (i.e. the ob ject) is very complex, although already imp ortant

adv ances have b een made in this direction. In this article, we show a semantics in LCEP

of a slightly mo dified version of POOL, via a phrase-by-phrase translation. Each syntactic

entity is represented as a parameterized agent. The representation of comp osite entities

is constructed by using the op erators of the calculus. In particular, we are interested

in mo delling the comm unication, the invo cation of metho ds, and the transfer of results

b etween ob jects. An ob ject is represented as a comp osed term which is able to interact

with others by asking for the execution of a certain metho d.

The remainder of the work is organized as follows. In Section 2, LCEP is briefly

defined. In Section 3, the POOL language is describ ed. In Section 4, we show the

translation function of the different instructions from POOL into LCEP

. In Section 5,

we present an example of a POOL program translation. Finally

, Section 6 presents some

concluding remarks.

The Parallel Lab el-Selective -calculus (LCEP) [9] is the calculus that we use for mo delling

the LCEPOO language, which originated from a previous prop osal by H. A ¨ ıt-Kaci (the

lab el-selective -calculus). This calculus is an extension of the -calculus in which function

arguments are selected by lab els. Symb olic and numeric lab els can b e used to name the

comm unication channels. This has not b een p ossible in other prop osals and it allows for

the use of currying and the lab eled sp ecification of parameters. It makes the ordering

of the actual parameters in a function call indep endent of the presentation order of the

formal parameters in the definition.

Let = b e a set of v ariables, and = b e a set of constants.

represents a channel name from a set of lab els = I

N , where denote

numerical lab els taken from I

N. = is a set of symb olic lab els. I

N = . 0

represents the null pro cess.

The language of the formal system is . It is defined as follows:

Usually

, the terms of this signature are called -terms.

In concurrent programming, the terms of represent pro cesses. Op eration symb ols

+ ! are considered as pro cess constructors. The comm unication (abstraction or

input) and (parameter passing or output) are also considered as pro cess constructors,

whose effect over a pro cess is to define pro cesses ( y , resp ectively) which are

involved in functional applications under certain given conditions. Constants, v ariables

and the null pro cess form the atomic symb ols of the language.

The interpretation of the pro cess constructors is as follows: sequential comp osition

( ): it defines a pro cess from the pro cesses y . The pro cess is executed

1

1

^

^

^

^

‖ ‖

∘ ‖

∈ L

∈ L

⪯

P P

P

P P

P

P

P

P

L

n

n b ound

fr e e

fr e e

close d

obje cts

new(B)

self

3 P arallel Ob ject-Orien ted Language (POOL)

M M N M

N M N

M N

M M

M

> > > λ x. > >

x M λ x.M

P x x

M x M F V M

M

λ x. M N

P λ x.

P λ x.M

x M

M N P

λ

B

E M E , . . . , E

E , E , . . . , E E after ; parallel comp osition ( ): it defines a new pro cess from the pro cesses

and . Both pro cesses are executed simultaneously; non-deterministic choice (+): +

shows the capability of or (either one or the other) to take part in a comm unication.

A comm unication can b e made by one of them and the other disapp ears; replicator (!):

! defines a pro cess which pro duces the multiple generation of . It acts as a warehouse,

where it is p ossible to take an infinite numb er of the pro cess .

Op erators have the subsequent priority order: ! + .

An o ccurrence of the v ariable is in a pro cess iff it is in a term

(for all ). In any other case, the o ccurrence of is . If has, at least one free

o ccurrence in , we say that is a v ariable of . W e call ( ) the set of free

v ariables of . A pro cess is if it do es not have free v ariables.

The relations b etween the pro cesses are describ ed in terms of comm unications. The

constructors and provide the pro cesses and with the p ossibility of comm u-

nicating through a channel lab elled with as follows: constructor of input ( ):

through channel pro cess can receiv e a pro cess which replaces the free o ccur-

rences of in by the incoming pro cess through this channel; constructor of output ( ):

pro cess can send a pro cess through channel . It then b ecomes inactive.

In addition, a partial order relation is defined in the set of lab els which we denote

as . It is required as a condition for the relation that the numerical lab el 0 b e the

minim um of the ordered set. W e use the partial order relation in the set of lab els (among

others) to represent the application order of the real parameters to the formal parameters

of a function, which is analogous to how it is done in the -calculus in order to treat the

problem of parameterization in function calls.

F or more complete information ab out the calculus, see [9].

When we work with the ob ject-oriented programming style, we always describ e a com-

putational system as a collection of self-contained entities p ossessing data and metho ds.

These entities are called . Ob jects interact by sending messages. There are two

kinds of messages: a request by the sender for the receiver to execute one of its metho ds

with its parameters (client to server), and a reply (server to client) in resp onse to such a

metho d invo cation. The parameters and the reply are ob ject references. The system evo-

lution dep ends on the comm unications, and the creation/destruction of ob jects is made

in computing time. In the v ariant of POOL considered [2], a program is a sequence of

class declarations together with an indicator of which class constitutes the ob ject ro ot.

The declaration of a class consists of a sequence of v ariable and metho d declarations

together with a sentence, the b o dy of the class. Each ob ject is an instance of a class

and its creation executes a copy of the b o dy of the class in parallel with all the other

existing ob jects using its own copies of the v ariables and class metho ds. The sentences

are built by means of the sequential, conditional and iterative op erators of the expres-

sions, instructions of assignment and the answer instruction, which means that an ob ject

accepts a request of execution of one of its metho ds. Among the expressions, we can find

, whose ev aluation creates a new ob ject of the class and returns the reference

to this ob ject; , whose ev aluation returns a reference to the ob ject in which it hap-

p ens; and ! ( ), whose ev aluation implies the left to right ev aluation of the

, expressions, the sending to the ob ject for which the v alue of is a request

^

1

1

1 n n

n n

p p

q

r

1 1

1 1

1 2

1 1

1

1

p

r

n

E P

P p

E P

E P

| | | | | | |

| | | | |

4 The T ranslation

M

C Y , . . . , Y E

A C dec , . . . , C dec

E M E , . . . , E

E C C M

λ

π

P

N N λ x.M

x M N λ

λ

::= ( ) ! ( ) ( ) in ;

::= : :

::= := 1; 2 if then else while do

::= metho d ( : : ) is

::=

::=

::=

E b new B sel f X E M E , . . . , E M E , . . . , E V decs E S E

V decs v ar X A , . . . , X A

S X E answ er E S S E S S E S

M dec M Y C , . . . , Y C C E

M decs M dec , . . . , M dec

C dec cl ass A is V decs, M decs w ith body S

U dec unit U is C dec , . . . , C dec w ith r oot A expr essions de clar ation of variables sentenc es

assignment answer expr ession se-

quential c omp osition choic e iter ation

metho ds Mde c se quenc es of metho d de clar ations Mde cs de cla-

r ations of a class Cde c units Ude c

answer

answer + sele ct

inte ger

output to execute metho d with these parameters. The v alue of the expression is the reference

which has b een returned by the ob ject owner of the invoked metho d. The activity of the

transmitter is interrupted until this v alue is receiv ed.

Therefore, the in POOL, the , and the

are:

These sentences are , (an ob ject accepts the request), ,

, , and , resp ectively

. Note that an expression is con-

sidered as a sentence.

The declaration of ( ), ( ),

( ), and ( ) are given by:

where is the resulting metho d class, are the formal parameters, and is the

b o dy .

The language is strongly typ ed, and several conditions are imp osed. F or example, in

a unit declaration, must b e the name of one of the classes declared in

and if an expression ! ( ) app ears in one of the class definitions and the typ e

of is , then it must have a class and a called metho d of the appropriate typ e.

The classes are only considered if they fulfill all the imp osed conditions. See [2] for further

details.

The language differs from POOL in some small syntactic details. The significant

differences are that there is a general sentence (any metho d can b e invoked) and

not a conditional one ( ), which allows the exclusion of certain metho ds, and

that the standard class do es not app ear. These differences simplify the prop osal

language and it can b e easily translated to LCEP .

F or further details ab out the op erational semantics of POOL and of the current version

of POOL see [2] and [11], resp ectively .

It is obvious that each syntactic entity is represented as a -term and comp osite entities

are represented by their comp onents. LCEP cannot use multiple parameters as channels.

However, we can comm unicate through numeric channels (using currying we can mo del

p olyadic functions) or by sending some pro cesses in parallel. This problem has an easy

treatment in -calculus, b ecause we can send names of channels through the channels.

In LCEP we have a numeric or symb olic lab el , which represents a channel through

which we send a pro cess from an output into an input , where the o ccurrences

of in are replaced by the pro cess , i.e. every v alid -term (v ariables, constants,

pro cesses, etc. but not channels). The idea of conversion is to use the name of the channel

to substitute the name of the agent. This channel is then used to send the parameters and

a -term, which works as of the result instead of the name of the metho d and

0

1

0

1 1

′

′′ ′

′

′

′ ′′

′

′

′

′ ′′

′

′ ′ ′

′

1 1

1 1

0 1 0 1

1 1 1 l l l

l l l

c

m

l l

l l

Y

^

^

^

^ ^

^ ^ ^ ^

^ ^

^

^ ^ ^ ^ ^

^ ^ ^

≡

≡

≡

≡ ∘

≡

≡

≡ ∘ ∘

≡

≡ ‖ ∘ ‖ ∘

≡ ‖ ∘

≡ ‖ ‖

≡ ‖ ‖

≡ ∘ ∘ ∘

≡

≡ ‖ ‖

≡ ∘ ∘ ‖ l

l

l

l l

k r et l

y r y y u y

y r y u y

k r et i i

i

i i

c m m m r et r et l

g

m y u y m g input

output

output

V alue(l,v ) Nul l(l)

output Wait( , )

R eturn( , , )

Channel

answer

Wait( , )

answer

Wait( , )

( )

( ) 0

( ) ( )

( ) ( )

[ ( )]( ) ( )

[ ]( ) ( )

[ ]( ) ( 0) ( ) + ( ) ( )

[ ]( ) ( )

( ) ( ( ( )) ( ( )))

[ ]( ) ! (( ) ( ))

( ) ([ ] [ ]( ~ y ~ v) [ ]( ~ m ))

[ ]( ~ m) [ ]( ) [ ]( )

[ ! ( )]( ) ( ( ) ) ( )

[ ]( ) ! ( )

( ) ( ) [ ]( ) [ ]( )

( ) ( ) 0 ( 0)

V al ue l , v v

N ul l l

W ait l , l λ v .V al ue l , v

Retur n l , l , l λ v . v N ul l l

new B l , k λ x. x

sel f l , v V al ue l , v

Y l , y λ v .V al ue l , v v λ v .V al ue l , v

V ar Y y , v V ar y , v

V ar y , v λ x . x λ x. v V ar y , v λ v . v V ar y , v

C dec k λ x. x c N ew obj ect c

N ew obj ect c S V decs , M decs

M decs M dec m . . . M dec m

β M β l , c , m β λ x. x λ x. x W ait l , l

M dec m M method m

M method m M handl e m V ar Y y , v λ x. E m

M handl e m λ x. x λ x. λ x. x the asso ciated parameters. Therefore, the sender pro cess is like an which is waiting

for the reply through the same channel. When we need to send a name or channel,

we actually send an pro cess through this channel. Consider an expression as a

v ariable v alue or an pro cess which comm unicates or starts the expression from the

represented channel. In this pap er, the pro cess p ersp ective is presented. Therefore, the

definition of classes comes from the definition of the ob jects’b ehaviour. T o simplify the

notation, construction blo cks are used:

represents the ev aluation of an expression or v ariable. is translated as

an through the channel of the null term. is an abstraction (a waiting)

and a later ev aluation. is its complem ent.

Simple POOL expressions are translated into LCEP as follows:

The creation of a new ob ject is mo delled as a call to the class and the later reception

of the new ob ject identifier ( ). This is the only exception in which we can see a

lab el as a v ariable. Using a v ariable is equiv alent to up dating it or to consulting it. In

any case, the declaration of a v ariable is the parallel comp osition of two answers.

POOL classes’declaration in LCEP is:

In addition, we are going to make the request for the execution of a remote metho d into

LCEP

. First, let us see the translation of an ob ject which requests the execution of a

remote metho d with only one ev aluated parameter.

In this case, a term is sent to the ob ject (received by an into the ob ject b o dy),

and then the ob ject waits using . The term which has b een sent will execute

three actions: (1) send the parameter to the metho d; (2) send a term which pro duces the

answer of the metho d; (3) make a term which stays in the and which really sends

the result to the .

The declaration of a one-parameter metho d is:

As you can see, the receipt of a parameter is translated by up dating the v ariable ,

joined to the parallel comp osition with the answer sender term and with another that

synchronizes with the ev aluation of the metho d b o dy .

−

′

′

′

′

≡

≡ ‖ ‖

1

1 1 1

Wait( , ) i i

E P

E P

v v v n

i i

n

i

n

i

i n

i n

0

1 1

0 +1

+1

+1

+1

′

− −

′

− −

′ ′

′ ′ ′′

′ ′ ′

0 1 0 1

1 1 1

0 1 1 0 1 1

1 +1 +1

1 1

1 1

1 1 1 1

+1 +1

1 1

E E

λ

l l

λ

V decs v ar

V ar , V ar Y y , v . . . V ar Y y , v

^ ^ ^ ^ ^ ^

^ ^ ^ ^ ^ ^

^ ^ ^ ^ ^

^ ^ ^ ^

^ ^ ^

^ ^ ^ ^

^ ^ ^

^ ^ ^ ^

^ ^

≡ ∘ ∘ ∘ ∘ ∘

≡

≡ ‖ ‖ ‖ ‖

≡ ∘ ∘ ∘ ∘ ‖

≡ ∘ ∘ ∘ ∘ ∘ ∘

∘ ∘ ∘ ‖

‖ ‖ ‖ ‖

‖ ∘

≡ ∘

≡ ∘ ∘ ∘

≡ ∘ ∘ ∘ ∘

∘ ∘ ∘ ∘ ‖

‖ ‖ ‖ ‖

≡ ‖

≡

⇒ ≡ ‖

≡ ‖

≡ ‖ ‖

≡

≡ ‖ ∘

≡ ∘ n c m m n m m r et r et l

n n n g

m y u y m u y m g

i i n c m m i l i m i g

l n m n m m r et r et l

i g i i

g n n

m m m l

n m m n m m l

i i n m m i l i m i

g l n m n m m l

i i g i i g n n

n n

l y u y

a

[ ! ( )]( ) ( ( )) ( ) ( )

[ ]( ) ! ( )

( ) ( ) [ ]( ) [ ]( ) [ ]( )

( ) ( ) 0 ( ) 0 ( 0)

[ ! ( )]( ) ( 0

( ))

[ ]( ) [ ]( )

[ ]( ) ( )

[ ( )]( ) ( )

[ ( )]( ) ( )

[ ( )]( ) (

0 ( )

[ ]( ) [ ]( ) [ ]( ))

[ ]( ~ y ~ v) [ ]( ) [

~

Y]( ~ y ~ v)

[ ( )]( ) ( )

[ ]( ) [ ]( ) ( )

[ ]( ) [ ]( ) [ ]( ~ y ~ v)

[ ]( ~ y ~ v) ( ) ( )

[ ]( ) ( )

[ := ]( ) [ ]( ) ( ( ) ( ))

[ ]( ) ( ) β M β , . . . , β l , c , m β . . . β λ x. x λ x. x W ait l , l

M dec m M method m

M method m M handl e m V ar Y y , v . . . V ar Y y , v λ x E m

M handl e m λ x. x λ x. λ x. x x. x x

β M β , . . . , β , E , . . . , E l , c , m β . . . β λ β . β . . .

λ β . β λ x. x λ x. x

E l λ x. E l . . .

λ x. E l W ait l , l

M β m, l β λ x. x

M β , . . . , β m, l β . . . β λ x. x

M β , . . . , β , E , . . . , E m, l β . . . β λ β . β

. . . λ β . β λ x. x

E l λ x. E l . . . λ x. E l

V decs in E l , . . . , , E l , . . . V ar ,

W ait β l , l W ait l , l

E β l , . . . E l , . . . Retur n l , l , l

E , ρ l , . . . E l , . . . ρ ,

ρ , V ar y , v . . . V ar y , v

nil l N ul l l

Y E l , . . . , y E l , . . . λ v . v λ v .N ul l l

answ er a, l λ x.x N ul l l

Now let us see a similar pro cess, but using multiple parameters:

The metho d declaration into the server ob ject is:

If, instead of the ev aluated parameters, we have expressions (knowing that a POOL ex-

pression must b e left-to-right ev aluated), we require that the ev aluation of an expression

not start, since the ev aluation of the expresion has finished. This effect is suc-

cessfully represented by:

It is easy to see that the treatment of this expression may b e similar to the treatment of

a lo cal call to execution of a metho d. Actually

, it only differs in one feature. In a remote

call, we need to generate a -term that really executes the sending of the parameters,

and makes the answer to the original ob ject that is waiting in a instruction.

In a lo cal call, we do not have an answer b ecause the purp ose of a lo cal invo cation is

execution, and not reply

. This is the reason why the -term, which results after the

ev aluation, is the sending of the expression. Therefore, the translation of a lo cal call of

one ev aluated parameter metho d is:

A multiple ev aluated arguments metho d is as follows:

If we have not ev aluated parameters and what we really have are expressions (as in the

remote call), then the translation into LCEP is:

F or a lo cal declaration of v ariables with

~

Y into an expression, we can

mo del into LCEP as:

where [

~

Y]( ~ y ~ v) [ ]( ) [ ]( ).

Now, let us see the translation into LCEP of the auxiliary expressions whose definitions

were p ostp oned:

′

k

k

k

′

′ ′

∘ ∘ ∘

∘

∘

′ ′

′

′

′ ′

′

′

′ ′

′

′ ′

′

′

′

0 1

1

1 2

1

2

1

2 1 2

E P

n

E P m m n

m m r et r et l

E P

1 2 1

3 1

1

2 1

3 1

1 2 1 2 1 2

1 2

1 2 1 2

1

1

1

1

1

2 1 1 1 2

2 2 2

3 1 1 1

3

3 3 1

1 1

3 3

3

3 3 3

1 2

1 1 1

1 2

^ ^

^ ^ ^

^ ^ ^

^ ^ ^

^ ^ ^ ^

^ ^

^ ^ ^

^ ^ ^ ^

^ ^ ^ ^

^ ^ ^ ^

^ ^ ^ ^

^ ^ ^ ^

^ ^

≡ ∘

≡ ∘

≡ ‖

≡ ‖ ‖ ‖ ‖

≡ ‖ ‖ ‖

‖

≡

≡ ‖ ‖

≡ ∘ ∘

∘ ‖ ‖

≡ ∘ ∘ ‖ ∘

∘ ‖ ‖

‖ ‖

≡ ‖ ‖ ‖

≡ ∘ ∘

∘ ‖ ‖

≡ ‖

≡ ‖ λ

l

Y

E M E , . . . , E

l

λ β . . . β

n λ x. x λ x. x

λ

S S

S

v S

S v

S S l , . . . S l , . . . l N ul l answer

wait nul l

answer

r et

Wait(l,l’)

Bo ol

Bo ole an

Bo ol Bo olEval k b t r et l l

k b f r et l l

k k k

k b t r et tr ue f r et f alse

k

b

m m m m m

m m m m m

m tr ue m f alse f alse m tr ue

m m m m m m tr ue m m

m m m m tr ue m tr ue

f alse m f alse f alse m m f alse

l l

l b m m m r et

r et tr ue l f alse l

l

l

[ ]( ) ( ( ) ( ))

[ ]( ) ( ( ) ( ))

[ ]( ) ( ( ) ( ))

( ) ! ( ( ( 0) ( 0)))

( ) (! ( ) ! ( ) ! ( )

! ( ))

( )

( ) ( ( ( )))

( ) ( ( ))

( 0 0)

( ) ( ( )) ( ( (

( )) ( ( 0)

( 0)) ( 0))

[ ]( ) ( ) [ ]( ) [ ]( ) [ ]( )

( ) ( ( ( )))

( 0 0)

[ ; ]( ) [ ]( ) [ ]( )

[ ]( ) ( ) ! ( ) tr ue l , b λ x. x λ x.V al ue l , x

f al se l , b λ x. x λ x.V al ue l , x

B ool ean b B ool C l ass b B ool b, b

B ool C l ass b λ x. x λ x. x λ x. x

B ool b, b B ool B ody b B ool V al m B ool N ot m , m

B ool And m , m

B ool B ody b λ x.x

B ool V al m λ x. x λ y . λ z . y z

B ool N ot m , m λ x. x λ x. x

λ x. x λ y . λ y .

B ool And m , m λ x. x λ x. x λ x. x λ y . λ x. x

λ x. x λ x. x λ y .

λ y . λ y . λ z .

if E then S el se S l B ool E v al l , l , l E l λ x. S l λ x. S l

B ool E v al l , l , l λ x. x λ x. x

λ x.x λ x. λ x.

S S l , . . . S l , . . . λ v . S l , . . .

w hil e E do S l , . . . Loop l , l , . . . λ v .Loop l , l , . . .

W e express the assignment as the parallel comp osition of two -terms: one which

ev aluates the expression and sends the result through the auxiliary channel , and the

other which receives the result of the expression from this channel and up dates the v ariable

by assigning the v alue of the expression.

With regard to the which replies to the request of remote invo cation of meth-

o ds, [ ! ( )], we can see that it accepts any request of any ready metho d,

allowing to the replicator of the metho d to execute a copy of itself. It returns the result

(to activ ate the client pro cess which is in a instruction) and later returns a

through its own channel to finish. Although only the last channel is really defined in

the , all the others are sent from the client, as a -term like

( ) if there is no unev aluated expression.

The fundamental part of the -term are the last two terms of the sequence. The

second to the last term is a sender through the channel of the reply in a metho d

execution. The last one takes that answer and re-sends it to the in the other

pro cess and it then b ecomes inactive.

The basic expression of the standard class is as follows:

And the standard class is:

T o mo del the conditional instruction we have:

With regard to the sequence of sentences, if we have the sentence [ ; ], and we supp ose

that the sentence is an expression, then:

where is a v ariable which app ears in and is a b ound v ariable.

On the contrary

, if the sentence is not an expression, therefore, is not b ound

in , and the b ehaviour of the pro cess is like [ ]( ) [ ]( ), with : .

Knowing this and using the dual b ehaviour of expressions and non-expression sentences

in the translation to LCEP of iterative instructions, we can find a new example of the use

of the standard class by .

^

^

′ ′

1 2

1 2

S c

S v S

1 2

1 2

1 1

′ ′′ ′′ ′

′ ′′ ′′ ′

′ philosopher chop

units

5 Example of translation

≡ ‖ ‖ ‖

≡ ‖ ‖ ‖

≡ ‖ ∘

≡ ‖ ‖

‖

≡ ‖ ∘ ‖

‖ ∘ l l

l l

phils r et i i

i i

b eat r eat b b

u eat b b

( ) ( ( ) [ ]( ) [ ]( ) ( ))

( ) ( ( ) [ ]( ) [ ]( ) ( ))

[ ] ! (( ) ( ))

( ) ( ( )) [ ]( )

[ ]( ))

( ) ( ( ( ))

( ( )))

Loop l , l , . . . B ool E v al l , l , l E l λ x. S l , . . . λ x.V al ue l , v

Loop l , l , . . . B ool E v al l , l , l E l λ x. S l , . . . λ x.N ul l l

C phil s λ x. x phil N ew obj ect phil

N ew obj ect phil B O D Y phil phil V decs eat, sig , chopl , chopr

M decs toeat, tothink

V ar eat, v λ x . x λ x. v V ar eat, v

λ v . λ v V ar eat, v

CLASS PHILOSOPHERS

V AR

eat : b o olean

sig : b o olean

chopl : CHOPS

chopr : CHOPS

METHOD T oEat( ) : PHILOSOPHERS

BEGIN

WHILE not Eat DO

sig := true;

WHILE sig DO

sig := chopl!T akechop( )

OD;

sig := chopr!T akechop();

IF sig

THEN eat := false;

chopl!Leavechop( )

ELSE eat := true

FI

OD

RESUL

T SELF

END;

METHOD T othink( ) : PHILOSOPHERS

BEGIN

chopl!Leavechop( );

chopr!Leavechop( );

eat := false;

RESUL

T SELF

END;

BODY

eat := false;

WHILE true DO

T o eat( )

T othink( )

OD

YDOB

CLASS CHOPS

V AR

freechop : b o olean

METHOD T akechop ( ) : b o olean

BEGIN

IF freechop

THEN

freechop := false;

RETURN false

ELSE RETURN true;

FI

END;

METHOD Leavechop ( ) : CHOP

BEGIN

freechop := true;

RESUL

T nil

END;

BODY

freechop := true;

WHILE true DO

answer

OD

YDOB

Figure 1: The POOL philosophers problem.

If is an expression then is a b ound v ariable and therefore:

If is not an expression, then is a free v ariable in and then:

T o reflect the translation of a POOL program into LCEP

, we use an easy v ariant of the

well-known philosophers problem [5], in which we pay attention to the comm unication

b etween the different ob jects. T o mo del that b ehaviour in POOL, we consider two ob ject

classes: the class and the class.

W e are basically interested in comm unication and metho d invo cation. Therefore, we

center our attention on the implementation of the classes, and we do not show

or sp ecifications in our solution. W e are not lo oking for an efficient solution to the

concurrence problem. Therefore, we do not pay attention to asp ects such as the non-

deterministic choice b etween left and right chop (we necessarily take the left one b efore

the right one). W e can see the POOL example in Fig. 1.

F rom lack of space, we only show some parts of the translation following a similar

scheme as in Section 4.

The translation of the philosophers’class declaration to LCEP is as follows:

An example of v ariable declaration is:

3

1 2

1 2

′

′

′

′

′

′

′

1 2 1 2

1 2

0 3 0 0

0 1 2 3

3

′

′

′

′ ′

′ ′

′ ′′ ′′ ′

′ ′

′

S

v tothink tothink , l

^ ^ ^ ^

^ ^ ^ ^

^

^ ^

^

^ ^

^ ^

^ ^

IF

THEN

ELSE

FI

WHILE

DO

OD

≡ ∘ ∘

≡ ∘ ∘

≡

≡ ‖

≡ ‖

≡

≡

≡ ‖

≡ ‖

≡ ‖ ∘ ‖

‖ ‖

≡ ≡ ‖

≡ ‖ ‖ ‖

≡ ‖

≡

≡ take chop chop philosopher

take chop( )

to e at( )

to e at( )

to e at( )

chop

philosopher

T o e at() T othink() chopl tchop tchop r et r et l

chopr tchop tchop r et r et l

g

tchop g

toeat toeat l

g

toeat g

sig r sig

l l

l

k l l

l

toeat toeat l

tothink tothink l

[ ! ( )]( ) ( ( ) ) ( )

[ ! ( )]( ) ( ( ) ) ( )

[ ]( ) ! ( )

( ) ( ) [ ]( )

( ) ( 0)

[ ()]( ) ( )

[ ]( ) ! ( )

( ) ( ) [ ]( )

( ) ( 0)

sig

eat := false;

chopl ! Leavechop()

eat := true

[ ]( ) ( ( ) ( ( 0) ( ))

[ ]( ) [ ]( )

true

T o eat( )

T othink( )

( ) [ ]( ) ( ) ! ( )

( ) ( ( ) [ ]( ) [ ]( ) ( ))

[ ]( ) [ ( )]( ) [ ( )]( )

[ ( )]( ) )

[ ( )]( ) )

The invo cation of the metho d of an ob ject from a is mo delled

in LCEP as:

F urthermore, the definition of the metho d is:

An example of a lo cal call app ears at the metho d in a philosopher b o dy:

And the declaration of metho d is:

Our example contains a conditional instruction into the b o dy of metho d in the

class :

Therefore:

The following is a practical example of the translation of the lo op into the b o dy of ob ject

class :

Therefore:

is the sequential comp osition of pro cedures and , which can b e trans-

lated as:

where is a free v ariable in [ ( )]( ).

chopl tak echop l , chopl , tchop λ x. x λ x. x W ait l , l

chopr tak echop l , chopr, tchop λ x. x λ x. x W ait l , l

M tak echopdec tchop M tak echop tchop

M tak echop tchop M htak echop tchop λ x. E tak echop tchop

M htak echop tchop λ x. x

toeat toeat, l λ x. x

M toeatdec toeat M toeat toeat

M toeat toeat M htoeat toeat λ x. E toeat toeat

M htoeat toeat λ x. x

if S I G then S el se S l B ool E v al l , l , l λ v .V al ue l , v

λ x. S l λ x. S l

W hil e l w hil e tr ue do S l Loop l , l λ c.Loop l , l

Loop l , l B ool E v al l , l , l tr ue l , b λ x. S l λ x.nul l l

S l toeat toeat, l λ v . tothink tothink , l

toeat toeat, l λ x. x

tothink tothink , l λ x. x th λ

λ

π

λ

π

6 Conclusions and future w ork

References

Pr o c.

of the 13th Int. Conf. on F oundations of Softwar e T e chnolo gy and The or etic al Computer

Scienc e L e ctur e Notes in Computer Scienc e

In Pr o c. of the 13 Symp osium on Principles of Pr o gr amming

L anguages

Information and Computation

Pr o gr amming

Languages

Pr o c. of 1994 Joint Confer enc e on De clar ative Pr o gr amming

GULP-PRODE’94

LNCS 92

L o gic and Algebr a of Sp e cific ations

Extensions of the -c alculus for Mo del ling Concurr ent Pr o c esses

Applic ations of Pr o c ess Algebr a,

Tr acts in The or etic al Computer Scienc e

Information and Computation

An extension of LCEP has b een presented. Under a pro cess p ersp ective, this extension

can mo del a simple version of a parallel ob ject-oriented language, LCEPOO. The phrase-

by-phrase translation pro cess has b een made by mo delling ob ject definition, management,

comm unication, and evolution features. The ob ject activities are synchronized by sending

messages which contain references to other system ob jects. Among the characteristics of

LCEP

, we can not find the sending of comm unicating channels. The absence of this

feature has not b een an obstacle for the mo delling of the b ehaviour of the chosen POOL

v ariant. W e have incorp orated the p ossibility of sending v ariables (channels) only for the

mo delling of the ob ject generation.

As we have shown, LCEP is an effective to ol which has sucessfully b een used to mo del

parallel and concurrent pro cesses as well as to mo del ob ject-oriented language features.

A translator system from a high level language (ALEPH) into LCEP is already av ailable

[4]. By transferring the prop osal extension to that system, we can obtain an explicitly

parallel high-level language with ob ject-oriented features.

1. H. A ¨ ıt-Kaci and J. Garrigue. Lab el-Se lec tive -Calculus: Syntax and Confluence. In

, volume 761 of . Springer-V erlag, Berlin, 1993.

2. P

. America, J. de Bakker, J. Kok, and J. Rutten. Op erational Semantics of a Parallel

Ob ject-Oriented language.

, pages 194–208, 1986.

3. P

. America, J. de Bakker, J. Kok, and J. Rutten. Denotational semantics of a parallel

ob ject-oriented language. In , volume 83, pages 152–205.

1989.

4. L. Climent, M.L. Llorens, and J. Oliver. LCEP as an Abstract Machine. T echnical Rep ort

DSIC-I I/38/97, UPV, 1997.

5. E.W. Dijkstra. Co op erating Sequential Pro cesses. In F. Genus, editor,

, pages 43–112. Academic Press, London, 1968.

6. S. Lucas and J. Oliver. Parallel lab el-sele ctive -calculus (LCEP). In M. Alpuente, R. Bar-

buti, and I. Ramos, editors,

, pages 125–139, 1994.

7. R. Milner. A Calculus of Communicating Systems. , 1980. Springer V erlag.

8. R. Milner. The p olyadic -calculus: A tutorial. In F.L. Brauer, W. Bauer, and

H. Schwichtenb erg, editors, . Springer-V erlag, Berlin,

1993.

9. J. Oliver. . PhD thesis,

DSIC (UPV), 1996.

10. F. V aandrager. A pro cess algebra semantics in POOL.

, 17:173–236, 1990.

11. D. W alker. Ob jects in the -calculus. In , volume 116,

pages 253–271. 1995.