S E Q U E N T I A L A N D P A R A L L E L C O M P U T A T I O N

S T R A T E G I E S O N C O H E R E N C E S P A C E S

1

Ruben Gerardo Schneider Sellanes 2

Instituto de Informática - UFRGS gerardo@inf.ufrgs.br

Antônio Carlos da Rocha Costa 2

Instituto de Informática - UFRGS rocha@inf.ufrgs.br

Abstract

Curien defined the sequential algorithms as mathematical objects. For all Distributive

Concrete Data Structure ( dcds) M, M´, he defines a dcds M

Þ M´, the states of which

are the sequential algorithms from M to M´. For all cds´s M and M´ that are, in

particular, webs of coherence spaces, we define the linear algorithm as a state of a

cds denoted by !M ¾

$ M´. Given a stable function f: M ® M´, we can obtain a linear algorithm that contains all the strategies of computation for computing f. In fact, this linear algorithm can be considered as a ^meta-algorithm~. We define a strategy of computation so as one can use such notion to give compositional operational semantics to programs segments.

1 I n t r o d u c t i o n

Girard ([GIR 89]) showed that, given a stable function f : M ® M´ , we can obtain a linear function lin ( f ):

!M ® M´ , where ^ ! ~ is the ^of course~ operator of Linear Logic. This gives us the idea that fromthe

1 Submited and published in: XXII Latinamerican Conference of Informatics CLEIPanel 96, Bogotá,

Colombia, v.1, p.276-287, june 1996.

2 Author´s address: Instituto de Informática -UFRGS, Caixa Postal 15064. CEP: 91501-970, Porto Alegre,

RS. Brasil. F: (+55-51) 336-8399, Fax: (+55-51) 336-5576 definition of sequential algorithms (that are obtained fromthe sequential functions, which are stable functions) we can obtain a similar concept: the linear algorithms 3 .

In [ZHA 89] Zhang shows that a coherence space can be considered as a particular case of dI-domains and of event structures. On the other hand, in [SCH 95] the author studies the relationships among coherence spaces, event domain and concrete domain, and among their ^concrete~ counterparts: webs of coherence spaces, event structures and concrete data structures (cds). Fromthose results, we know that a cds M = ( C, V, E,

$ M´ . We consider cds that are, in particular, webs of coherence spaces, but we claimthat this notion can be extended to any cds. We obtain, constructively, a linear algorithm A (a state of the cds !M ¾ $ M´ ) fromany given stable function f : M ® M´ . This linear algorithm^contains~ all the sequential and parallel strategies of computation that compute f . We define a strategy of computation so that one can use it to give the semantics of segments of programs, and this gives a sort of compositional operational semantics.

2 C o n c r e t e D a t a S t r u c t u r e s

In this section we define the concrete data structure (cds) and their states, following [CUR 86].

2 . 1 D e f i n i t i o n

A concrete data structure or cds ( C, V, E, ¼ ) is given by three sets C, V, E of cells , of values and of events such that

E Í C ´ V and " c Î C , $ v Î V s.t. ( c, v ) Î E (^any cell may be filled~),

3 The name is due to the fact that the algorithms thus obtained compute linear functions.

and a relation ¼ , called accessibility relation between finite parts of E and elements of C . We say that

{ e

1

,..., e n

} is an enabling of c if { e

1

,..., e n

} ¼ c . A cell c such that ¼ c is called initial . C and V are supposed countable.

A state is a subset x of E such that

1. ( c, v

1

), ( c, v

2

) Î x Þ v

1

= v

2

2. if ( c, v ) Î x , then there exists a sequence of events e

0

,..., e n

= ( c, v ) such that e i

= ( c i

, v i

) Î x and { e i

| j

< i } contains an enabling of c i

for all i £ n .

The conditions 1. and 2. are called consistence and safety respectively. A sequence as described in condition 2. is a deduction .

The sets of states of a cds M , ordered by inclusion, is a partial order denoted by ( D ( M ), £ ) (or ( D ( M ), Í )).

If D is isomorphic to D ( M ), we say that M generates or represents D .

�

The following definitions contain useful notation.

2 . 2 D e f i n i t i o n

Let x be a set of events of a cds. A cell c is

· filled (with v ) in x iff ( c, v ) Î x

· enabled in x iff x contains an enabling of c

· accessible from x iff it is enabled, but not filled in x .

We denote by F ( x ), E ( x ) and A ( x ) the sets of cells filled, enabled and accessible in or from x . �

2 . 3 D e f i n i t i o n

Let x and y be states of a cds M . Then we say that a y covers x , we write x

% y , if x < y and ( " z , x < z £ y Þ

z = y ).

We write x <

c y ( x %

c y ) iff c Î A ( x ), c Î F ( y ) and x < y ( x % y ). �

3 L i n e a r A l g o r i t h m s

Following in an analogous way Curien´s definition of sequential algorithms, we define here the linear

algorithms, which are more general than the sequential ones. The ^of course~ operator ( ^! ~) has a

fundamental role here. If we want to have parallel strategies, we must allow, on the algorithms, the

possibility of doing as many operations as necessary. This implies that the ^valof~ and the ^output~

commands should be modified, as well as the notion of state: if M is a cds (in particular a web of a

coherence space) whose set of states is a concrete domain (coherence space) D ( M ), then !D ( M ) is a

domain (coherence space) such that its obj ects are sets of sets of states. So, the actual state in !D ( M ) is

not a single state but a set of states whose maximal states can be seen as a states of different concurrent

processors.

We define now the notion of accessibility in !D ( M ) and the precedence ( cover ) relation .

3 . 1 D e f i n i t i o n

Let M be a cds. If X Î !D ( M ), then we say that a cell c is accessible from X iff exists a state x Î

maximal( X ) such that c is accessible from x in M . �

3 . 2 D e f i n i t i o n

Let M be a cds. If X, Y Î !D ( M ), then we say that X precedes ( cover ) Y excepts c

1

, ..., c

n

, we write Y <

c 1,..., cn

( Y %

c 1,..., cn

X ), iff for all cell c

i

, with 1 £ i £ n , exists x Î maximal( X ) and y Î maximal( Y ) such that c

i

Î

A ( x ), c

i

Î F ( y ) and X < Y ( X % Y ) in M . �

Now we have the elements to define the cds !M ¾ $ M´ and the linear algorithms.

3 . 3 D e f i n i t i o n

If M, M´ are two cds, the cds !M ¾ $ M´ is defined by:

1. if x is finite state of M , c

1

´,..., c

k

´ are cells of M´ , then the cells of !M ¾ $ M´ are of type X { c

1

´,..., c

k

´},

where X Î Ã ( x ) (or equivalently, X Í !x );

2. the values and the events are of two types:

a) type ^valof~: if c

1

,..., c

n are cells of M ; m

1

, ..., m

n

Î P 4 ; X

1

, ..., X

n

Í maximal( X ) are sets of states,

then valof { c c

X m

n X m

n n

1

1

1 , ,

� } is a value of !M ¾ $ M´ , and ( X { c

1

´,..., c k

´}, valof { c c

X

m n X

m n

n

1

1

1 , , � }) is an event of !M ¾ $ M´ iff c

1

,..., c n

are accessible from X

1

, ..., X n

respectively;

b) type ^output~: if v

1

´,..., v k

´ are values of M´ , then output { v

1

´,..., v k

´} is a value of !M ¾ $ M´ , and

( X { c

1

´,..., c k

´}, output { v

1

´,..., v k

´}) is an event of !M ¾ $ M´ iff ( c

1

´, v

1

´ ), ..., ( c k

´, v k

´ ) are events of

M´ ;

3. the enabling relations are of two types:

a) ( Y { c

1

´,..., c k

´}, valof { c c

X

m n X

m n

n

1

1

1 , , � }) ¼ X { c

1

´,..., c k

´} iff Y % c 1,..., cn

X and X is finite (type ^valof~);

b) ( X 1 { c

1

´ 1 ,..., c k

´ 1 }, output { v

1

´ 1 ,..., v k

´ 1 }),..., ( X h { c

1

´ h ,..., c k

´ h }, output { v

1

´ h ,..., v k

´ h }) ¼ X { c

1

´,..., c k

´} iff X = È { X i | i £ h }, X is finite and ( c

1

´ 1 , v

1

´ 1 ),..., ( c k

´ 1 , v k

´ 1 ), ( c

1

´ n , v

1

´ n ),..., ( c k

´ n , v k

´ n ) ¼ c i

´, or Æ ¼ c i

´, with 1 £ i £ k (type ^output~). �

3 . 4 D e f i n i t i o n

A state of the cds !M ¾ $ M´ is called linear algorithm . �

Having the notion of algorithm, we need the definition of application of the algorithm :

3 . 5 D e f i n i t i o n

If A is a state of !M ¾ $ M´ and X is an object of !D ( M ), then

A . X = {( c´ , v´ ) | $ y Î D ( M ), { y } Í X , such that c´ Î { c

1

´,..., c k

´} Ù v´ Î { v

1

´,..., v k

´} Ù ({ y }{ c

1

´,..., c k

´}, output { v

1

´,..., v k

´}) Î A } is the application of A to X . The function X

� A . X is called the input-output function computed by A . �

4 P is an arbitrary enumerable set of processors .

The operations fork and merge of concurrent languages can be simulated by the ^valof~ command as

we´ll see in the following definitions.

3 . 6 D e f i n i t i o n

Let !M ¾ $ M´ be a cds, X an obj ect of !D ( M ) and x

1

, ..., x

n

Î maximal( X ), then merge { x

1

, ..., x

n

}=

valof { c c

Y m

l Y m

l l

1

1

1 , , � }, with Y

1

, ..., Y

l

Í { x

1

, ..., x

n

}, is a value of !M ¾ $ M´ and ( X { c

1

´,..., c

k

´}, merge { x

1

, ...,

x

n

}) is an event of !M ¾ $ M´ , iff

1. not exists the supremum of X in X ( n >1),

2. x

1

, ..., x

n are consistent,

3. m

1

= ... = m

l

,

4. c

i

Î x y

j

y Y j n

i

-

Î =