∗

‖

∗ p pr oj q

p

1 In tro duction

Abstract

Keywords:

Pro jection in T emp oral Logic Programming

This research was partiall y supp orted by the SERC Grant 491105.

Zhenhua Duan, Maciej Koutny and Chris Holt

Department of Computing Science

University of Newcastle up on Tyne

Newcastle up on Tyne NE1 7RU, U.K.

Octob er 19, 1995

W e define a pro jection op erator in the framework of the temp oral logic

programming. Its syntax and semantics are presente d and illustrated with ex-

amples. W e also discuss the implementation details of the pro jection construct.

T emp oral logic, programming, pro jection.

T emp oral Logic Programming [6, 7, 9] is a paradigm for the sp ecification and verifi-

cation of sequential and concurrent programs. Within a temp oral logic programming

language, such as T empura [6], the next, always and chop are useful op erators for

sequential programs, while conjunction and parallel comp osition are basic op era-

tors for concurrent programming. An adv antage of the conjunction construct is

its simplic ity

. However, it seems appropriate for dealing with fine-grained paral-

lel op erations that pro ceed in lo ck-step. The parallel comp osition op erator ( , see

Section 2), on the other hand, p ermits the combined pro cesses to sp ecify their own

interv als. Thus it is b etter suited to the coarse-grained concurrency of a typical

multipro cessor, where each pro cess pro ceeds at its own sp eed. Moreover, pro cesses

combined through the parallel comp osition op erator share all the states and may

interfere with one another. Therefore, it is interesting and desirable to investigate

other ways of handling parallel computations which would combine some features of

b oth conjunction and parallel comp osition op erators.

Pro jection, , was originally employed for the purp ose of mo delling hardware

assuming different granularities of time [6] (see Section 3). It requires that pro cess

b e rep eatedly executed over a sequence of successive subinterv als. This can b e

1

0 i i x f i π P

i f

2.1 Syn tax m

m

m

m

m

i i i i

i i

1

1

1

1

1

1

0 1 2

1 2

1 1

2 Logic F ramew ork

| ◯ | ◯ | | | |

| | | | | ¬ | ∧ | ∃ | ◯ | ◯ | pr op ositions

variables terms p q

p , , p pr j q

q p p

p , , p

p , , p , q

p , , p q

V

e f

e x e e f f e f e, e

p π e e P e P e, e p p p x p p p p p

f e , , e P e , , e

f P

is a v ariabl e, is a function of arity , is a prop ositi on and is an atomic predicate

(different from equali ty) of arity . In particular, is a constant term.

inconvenient b ecause it is not always desirable to execute the same pro cess several

times. Moreover, it requires b oth pro cesses and to terminate at the same time.

In general, it is not the case that pro cesses are executed so regularly .

In this pap er we intro duce a new pro jection op erator, ( . . . ) , which can

b e thought of as a combination of the parallel and pro jection op erators. Intuitively ,

it means that is executed in parallel with ; . . . ; over an interv al obtained

by taking the endp oints (randezvous p oints) of the interv als over which . . .

are executed. The pro jection construct p ermits the pro cesses . . . to b e

autonomous, each pro cess having the right to sp ecify the interv al over which it is

executed. In particular, the sequence of pro cesses . . . and pro cess may

terminate at different time p oints. Although the communication b etween pro cesses

is still based on shared v ariables, the communication and synchronization only take

place at the rendezvous p oints (global states), otherwise they are executed indep en -

dently

. The pro jection op erator also enables the sp ecification of program execution

using different time scales.

The pap er is organised as follows: The next section intro duces the syntax and

semantics of the temp oral logic we use. In Section 3, the new pro jection op erator is

defined and some of its basic prop erties are shown. In Section 4, the implementation

details of the new op erator are discussed. Section 5 contains examples.

Our underlying logic is the first order temp oral logic [3, 5] with chop [1, 8], and is

an extension of ITL [6].

Let Π b e a countable set of , and b e a countable set of typ ed static

and dynamic . The of the logic and formulas are given by the

following grammar:

::= - ( ) ( ) . . .

::= = ( ) ( ) . . . : - ;

In ( . . . ) and ( . . . ) it is assumed that the typ es of the terms are

compatible with those of the arguments of and .

′ ′

2

( ) i > j σ

i..j

◇ □ ◇

□

◇

⨀

⨀

2.2 Seman tics

0 1

( )

+1

2

0 1

( )

1

1 i..j

i i j

i..j

k

k

m m h

When , is the empty string.

∨ → ↔

¬ ◯ ¬

¬ ¬

¬ ◯ ¬

‖ ∧ ∨ ∧

◯ −

◯ ◯

‖

∈

∈

∈ { }

⟨ ⟩

| |

≤ ≤ | |

⟨ ⟩

·

I ⟨ ⟩

≤ ≤ ≤ | |

I I

I

I

I I I pr evious next chop always

sometimes we ak next p ar al lel

state

interval

interpr etation tr ue f al se

empty tr ue mor e empty

p tr ue p p p

p p sk ip l en

p q p q tr ue q p tr ue l en n empty n

l en n n >

s v V s v

π s π s v nil

s π tr ue, f al se

σ s , s ,

σ σ ω σ

σ i, j σ σ

s , s , , s

σ σ

σ σ σ

σ, i, k , j σ s , s , i

k j ω i k j σ

σ, i, k , j σ

s

e e e

v s v

f e , , e f e , , e e nil h

nil

The derived connectives, , and , as well as the logic constants, and ,

are defined as usual. W e also use the following derived formulas:

= =

= ; =

= = (1)

= ( ; ) ( ; ) ( ) =

= 0

( 1) 1

The temp oral op erators are called ( - ), ( ), (;), ( ),

( ), ( ) and ( ).

A is an assignment which for each v ariable defines [ ], and for

each prop osition Π defines [ ]. [ ] is a v alue of the appropriate typ e or

(undefined), whereas [ ] .

An is a non-empty (p ossibly infini te) sequence of states, = . . . .

The length of , denoted by , is defined as if is infinite; otherwise it is the

numb er of states in minus 1. F or 0 we will use to denote the

subinterv al . . . . It is assumed that each static v ariable is assigned the

same v alue in all the states in . The concatenation of a finite with another

interv al (or empty string) is denoted by .

An is a tuple = ( ), where = . . . is an interv al,

and are integers, and is an integer or , such that . W e use

( ) to mean that a formula or term is interpreted over a subinterv al with

the current state b eing .

F or every term , the ev aluation of relative to interpretation , [ ], is defined in

the following way:

[ ] = [ ]

[ ( . . . )] =

( [ ] . . . [ ]) if [ ] = for all

otherwise

I

3

( ) i..j

′ ′

′ ′

′

1 1

( )

3

( )

σ σ, i, k , j σ

i j k

m h m

i..j

k ..j

satisfiable valid

I ◯

I ◯

−

|

I |

I |̸

I |

I | I ̸I I

I | I I

I | ¬ I |̸

I | ∧ I | I |

I | ◯ |

I | ◯ − |

I | ≤ ≤ |

|

I | ∃ |

I | − − |

I |

− | I I |

I | I | ⊢

|

| | | | |

That is the relev ant part of in = ( ) is . In particular , the v aluations of v ariable s

and predicates outside the b ounds given by and do not matter.

e σ, i, k , j e k < j

nil

e σ, i, k , j e i < k

nil

tr ue

f al se

π s π tr ue

P e , , e h e nil P e , , e tr ue

e e e e

p p

p q p q

p k < j σ, i, k , j p

p i < k σ, i, k , j p

p q h k h j σ, i, k, h p

σ, h, h, j q

x p σ σ σ , i, k , j

p σ σ

x

p σ , , k i, j i p

p p

σ , , , j k p p p

p p p

σ σ p

σ, , , σ p p σ p σ

[ ] =

( + 1 )[ ] if

otherwise

[ - ] =

( 1 )[ ] if

otherwise

The satisfaction relation for formulas, =, is defined as the least relation satisfying

the following:

=

=

= if [ ] = .

= ( . . . ) if, for all , [ ] = and ( [ ] . . . [ ]) = .

= = if [ ] = [ ].

= if = .

= if = and = .

= if and ( + 1 ) = .

= - if and ( 1 ) = .

= ; if there is an integer , , such that ( ) = and

( ) = .

= : if for some interv al which has the same length as , ( ) =

and the only difference b etween and can b e in the v alues

assigned to v ariable .

One can show that = if and only if ( 0 ) = . Moreover, if

is a formula which do es not use the previous op erator then = if and only if

( 0 0 ) = . If there is an interpretation such that = then is

. If = , for all interpretations , then is , denoted by .

W e also define the satisfaction relation for interv als. Given an interv al , = if

( 0 0 ) = . Moreover, = if = , for all interv als .

− − l

h

l h

1 2

4

1 1 t , , t r , , r pr oje ction

two

3.1 Syn tax and Seman tics

3 New Pro jection Op erator

m

m

m

l

h

k h

k t t t

l h

m

m h

h

l l l l

h h h h m

h r ..j

m

m

m

1

1

1

0 1 1

1 2 1

1

1 1

4

0 1 2 3 4 0 2 3

1

1 1 2

1 2

1 1

1 1

1 +1

1 ( +1 )

1

1

1

1 1

≥

⟨ ⟩ ≥

≤ ≤ ≤ ≤ ≤ | |

↓ ⟨ ⟩

⟨ ⟩ ↓ ⟨ ⟩

I

I |

↓ | I | ≤ ≤

≤ ≤ ≤ ≤ ≤

• |

• ≤ |

• ↓ | |

• ↓ · |

. . . is the maximal strictly increasi ng subsequence of . . . .

p , , p pr j q

p , , p q m

p , , p q

q

p

σ s , s , r , , r h

r r r σ σ r , , r

σ r , , r s , s , , s

t , , t r , , r

s , s , s , s , s , , , , , s , s , s .

σ, i, k, j

p , , p pr j q

σ k q p p r , r , , r h m

k r r r j

σ, i, k, r p

< l h σ, r , r , r p

h < m σ k , r , , r q σ, r , r , j p p

h m σ k , r , , r σ q

p , , p pr j q

p , , p

q q

p , , p

q p p

The new pro jection construct is defined as

( . . . )

where . . . and are formulas ( 1). T o ensure smo oth synchronization

b etween . . . and , in the implementation of the pro jection describ ed in the

next section, the previous op erator is not allowed within . However, it can b e used

in the ’s. T o define the semantics of the pro jection op erator we need an auxiliary

op erator for interv als.

Let = . . . b e an interv al and . . . b e integers ( 1) such that

0 . . . . The of onto . . . is the interv al

( . . . ) = . . .

where . . . is obtained from . . . by deleting all duplicates. F or example,

(0 0 2 2 2 3) =

The semantics of the pro jection op erator is defined, as b efore, relative to an inter-

pretation = ( ). F ormally ,

= ( . . . )

if ( ) = and = ; . . . ; , or if there are integers . . . (1 )

such that . . . and the following hold:

( ) = .

F or 1 , ( ) = .

If then ( . . . ) = and ( ) = ; . . . ; .

If = then ( . . . ) = .

In programming language terms, the interpretation of ( . . . ) is somewhat

sophisticated as we need sequences of clo cks (states) running on different time

scales: one is a lo cal state sequence, over which . . . are executed, the other is

a global state sequence over which is executed. Pro cess is executed in a parallel

manner with the sequence of pro cesses . . . . The execution pro ceeds as follows

(see Figure 1): First, and start at the first global state and is executed over a m

h h m

m

2

2

1 1

+1 +1

1 q p

p

q

p p , , p q

q p p , , p

p , , p q q sequence of lo cal states until its termination. Then (the remaining part of ) and

are executed at the second global state. Subsequently

, is continuously executed

over a sequence of lo cal states until its termination, and so on. Although and

start at the same time, . . . and may terminate at different time p oints.

If terminates b efore some , then, subsequently

, . . . are executed

sequentially

. If . . . are finished b efore , then the execution of is continued

until its termination.

Pro jection can b e thought of as a sp ecial parallel computation which is executed on t0 t2 t4 t6

|---------|---------|---------|

|<------------q-------------->|

t0 t1 t2 t3 t4 t5 t6 t7 t8

|----|----|----|----|----|----|----|----|

|<---p1-->|<---p2-->|<---p3-->|<---p4-->|

(a): q terminates before p4

t0 t2 t4 t6 t8 t9 t10

|---------|---------|---------|---------|----|----|

|<------------------q---------------------------->|

t0 t1 t2 t3 t4 t5 t6 t7 t8

|----|----|----|----|----|----|----|----|

|<---p1-->|<---p2-->|<---p3-->|<---p4-->|

(b): p4 terminates before q

t0 t2 t4 t6 t8

|---------|---------|---------|---------|

|<------------------q------------------>|

t0 t1 t2 t3 t4 t5 t6 t7 t8

|----|----|----|----|----|----|----|----|

|<---p1-->|<---p2-->|<---p3-->|<---p4-->|

(c): q and p4 terminate at the same point

Figure 1: Possible executions of (p1,p2,p3,p4) prj q

□

□

□

□

1

2

3

1 2 3

1

non-lo c al def

def

def

def

m

∧ → ◯

∧ → ◯

∧ → ◯

∧ ∧ ∧ → ◯

| | | ≥

3.2 Prop erties of Pro jection Op erator p l en mor e i i

p l en mor e i i

p l en mor e i i

q l en i j mor e j j i .

p , p , p pr j q

p pr oj q

p

q

q p

p pr oj q p q

p pr oj q p , , p pr j q

p

σ σ p σ

                                                                                t0 t2 t6 t12 t13

                                                                                |-------|---------------|-----------------------|---|

                                                                                |-----------------------q-------------------------->|

                                                                                t0 t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 t11 t12

                                                                                |---|---|---|---|---|---|---|---|---|---|---|---|

                                                                                |<--p1->|<-----p2------>|<--------- p3--------->|

i=2 4 6 9 12 15 18 22 26 30 34 38 42

j=0 2 8 26 68

                                                                                Figure 2: Projection computation different time scales. Consider the following formulas:

= (2) ( ( = + 2))

= (4) ( ( = + 3))

= (6) ( ( = + 4))

= (4) ( = 2) ( = 0) ( ( = + ))

Then executing ( ) yields the following result:

The original pro jection op erator defined in [6], , and the new pro jection

op erator defined ab ove are not directly comparable. In the former, the formula is

executed rep eatedly over a series of consecutive subinterv als whose endp oints form

the interv al over which is executed. This may result in rep eating the same global

state in the execution of several times if some of the copies of are executed

over subinterv als of zero length (in contrast, our definition in Section 3 rules this

out). Moreover, in , the series of ’s and the always terminate at the

same state. W e feel that although and ( . . . ) do share some

imp ortant prop erties, they still p ossess sufficiently distinct features to b e treated

indep end ently as complementary constructs useful in the programming environment

in which different time scales need to b e considered.

Pro jection enjoys a numb er of interesting prop erties. The theorem b elow is intended

to formalize some of them. In what follows, a formula is called if for all

, = implies 1.

h

′

′

| |

| |

− − −

| |

Theorem 3.1

(1)

(2)

(3)

1

1 1

1

1 1

1

1 1

( +1 )

1

( +1 )

1

1 1

1 1

1

1 1 1

1

1 ( +1 ) m

m m

i

i m

i m

i m

m

m m

r .. σ

r .. σ

m

m m

h h

l l l l

h h h

h m

h r .. σ

L et b e formulas.

1. .

2. .

3. .

4. , if is non-lo c al.

5. , if is non-lo c al.

6. , if or is non-lo c al.

7.

.

8.

.

9.

.

Pr o of:

| ↔

| ↔

| ↔

| ↔

| ↔

| ↔

| ⊢ ‖

↔ ∧ ∨ ∧

| ⊢ ∨

↔ ∨

| ⊢ ∨

↔ ∨

| ↓ | | | |

| ≤ ≤ | | |

↓ · | |

| |

| ↓ | |

≤ ≤ | | |

↓ · | | | |

| ↓ | |

| ↓ |

| |

≤ ≤ ≤ ≤ ≤ ≤ | |

• |

• ≤ |

• ↓ | | | |

• ↓ · | p, q , p , , p

empty pr j q q

q pr j empty q

empty , p , , p pr j empty p p

sk ip pr j q q q

q pr j sk ip q q

p, q pr j sk ip p q p q

p q

p empty , q , tr ue pr j empty q empty , p, tr ue pr j empty

p , , p p , , p pr j q

p , , p , , p pr j q p , , p , , p pr j q

p , , p pr j p q

p , p pr j p p , , p pr j q

σ empty pr j q σ q σ empty σ

σ q r r σ σ, , , r empty

σ , r σ q r σ q

σ q r σ

empty pr j q

σ q pr j empty σ empty σ q

r r σ σ, , , r q

σ , r σ empty r σ σ q

σ q σ empty σ q pr j empty

σ empty , p , , p pr j empty σ empty

σ empty p p σ p p

r , , r h m r r σ

σ, , , r empty

< l h σ, r , r , r p

h < m σ , r , , r empty σ, r , r , σ

p p

h m σ , r , , r σ empty

. . .

= ( )

= ( )

= (( . . . ) ) ( ; . . . ; )

= ( )

= ( )

= (( ) ) ( ; )

=

(( ) ) (( ) )

( . . . ( ) . . . )

( . . . . . . ) ( . . . . . . )

( . . . ) ( )

( . . . ) ( . . . )

Supp ose = . If (0) = and = then = 0 and

hence = . Otherwise, there is , 0 , such that ( 0 0 ) =

and (0 ) = . The former yields = 0. Hence = .

Conversely

, if = then, by taking = 0, one can show that =

.

Supp ose = . If (0) = and = then we

are done. Otherwise, there is , 0 , such that ( 0 0 ) = and

(0 ) = . The latter means that = = 0. Hence = .

Conversely

, if = then, since (0) = , = .

Supp ose = ( . . . ) . If (0) = and

= ; ; . . . ; then clearly = ; . . . ; . Otherwise, there are

integers . . . (1 + 1) such that 0 . . . and the

following hold:

( 0 0 ) =

F or 1 , ( ) =

If + 1 then (0 . . . ) = and ( ) =

; . . . ; .

If = + 1 then (0 . . . ) = .

2

2

(4)

(5)

(6)

| |

| |

| |

| |

′ ′ h

m h

m

m

m

r .. σ

r .. σ

r .. σ

r .. σ

j

j s j s

j s

1 1

1 1

1

1 1

1

( +1 )

1

( +1 )

1 1

1 1

1 2 1 2 1

1 1 2 1 2 ( +1 )

1 2 1

1 2 ( +1 ) 2

1

1 2

1 1 1

· · ·

| | | · · ·

|

|

|

| ↓ | |

≤ ≤ | |

| ↓ · |

|

| | | ≥ |

| ↓ | |

≤ ≤ | | |

↓ · | ≥

| | |

| | | |

↓ | ≥

| ↓ |

|

• ≤ ≤ | | | ↓ |

| | | |

• ≤ ≤ ≤ | | |

| ↓ · |

≥ ≥

↓ · | | | |

| ≤ ≤ | |

| | | |

≥ | |

|

| |

| ⊢ ∨ ↔ ∨ r h < m r r

σ p p h m σ r r

σ p p

σ p p h r

σ empty , p p pr j empty

σ sk ip pr j q σ q σ sk ip

q r r σ

σ, , , r sk ip σ , r σ q r

σ q

σ q q σ σ sk ip pr j q

r

σ q pr j sk ip σ sk ip σ q

r r σ σ, , , r q

σ , r σ sk ip r q

r σ σ q

σ q r σ σ, , , r q

σ , r sk ip r q

σ p, q pr j sk ip σ sk ip

σ p q

r r σ σ, , , r p σ , r sk ip

σ, r, r , σ q σ p q

r , r r r σ σ, , , r p

σ, r , r , r q σ , r , r σ sk ip

p q r r r

σ , r , r σ sk ip σ r σ p q

σ p q l l σ

σ, , , l p σ, l , l , σ q p q

l σ > l h

r l σ p, q pr j sk ip

h r r σ

q q q q q q q q q q .

W e first observe that = 0. Moreover, if + 1 then = = = 0

and hence = ; . . . ; . If = + 1 then = = = = 0,

yielding = ; . . . ; .

Conversely

, if = ; . . . ; then, by taking = 1 and = 0, one can show

that = ( ; . . . ; ) .

Supp ose = . W e first observe that (0) = and =

is imp ossible since is non-lo cal. Hence there is , 0 , such that

( 0 0 ) = and (0 ) = . The former implies = 1 and

hence = .

Supp ose = . Then, since is non-lo cal, 1. Hence =

can b e shown by taking = 1.

Supp ose = . W e first observe that (0) = and =

is imp ossible . Hence there is , 0 , such that ( 0 0 ) = and

(0 ) = . The former implies 1 (since is non-lo cal).

This and the latter means that = . Hence = .

Conversely

, if = then, by taking = we obtain ( 0 0 ) = and

(0 ) = . Note that the latter follows from 1 ( is non-lo cal).

Supp ose = ( ) . W e first observe that (0) = and

= ; is imp ossible. Thus one of the following must hold:

There is , 0 , such that ( 0 0 ) = , (0 ) = and

( ) = . Hence = ; .

There are integers such that 0 , ( 0 0 ) = ,

( ) = and (0 ) = . Since at least one

of and is non-lo cal, we must have 1 or + 1. Thus, from

(0 ) = it follows that = . Hence = ; .

Conversely

, supp ose = ; . Then there is , 0 such that

( 0 0 ) = and ( ) = . Since at least one of and is non-

lo cal, either 1 or 0 = . If the former holds then, by taking = 1

and = , one can show that = ( ) . If the latter holds then

one can come to the same conclusion by taking = 2, = 0 and = .

Finally

, (7) follows from (3), and (8,9) follow directly from the definition of

the semantics of the pro jection op erator and

; . . . ; ( ); . . . ; ( ; . . . ; ; . . . ; ) ( ; . . . ; ; . . . ; )

⋀

⋀ ⨀

⋀

| | | |

=1

=1

=1 m

i i

n

i i

n

i i

i

i r e duc e d form

next w

4 Implem en tation of Pro jection Op erator

4.1 Implem en tation strategy

4.2 Done flag mor e empty

P r esent

Remains

tr ue f al se mor e empty mor e

empty Remains

N ext

P r esent pr esent

Remains w

N ext w

w

pr esent x a displ ay a tr ue mor e empty .

done

done nil

tr ue f al se mor e

The programming language we used is a subset of the underlyin g logic. It is an

extension of the T empura [6] augmented with framing, parallel, pro jection, and await

op erators [2]. In addition, the v ariables within a program are allowed to refer to

their previous v alues. The negation of temp oral formulas, b eing fundamentally non-

deterministic, is not a primitive op erator of the language. Instead, the conditional,

and , all defined in terms of negation, are taken as primitives. Programs

can use several kinds of expressions, employing equality

, conditional, assignment and

iterative op erators.

T o implement the pro jection op erator, we have develop ed a new interpreter using

the SICSTUS Prolog.

The implementation is based on the tableau metho ds, i.e. to execute a formula is

to transform it to a logically equiv alent conjunction of two formulas, and

, where the former consists of immediate assignments to program v ariables,

output of program v ariables, , , and . The role of and

is to indicate whether or not the interv al is terminated. The is what

is executed in the subsequent state (if any). It is in a if it only consists

of conjuncts with a leading weak next op erator. When preparing the execution of

the next state, the pro cedure is used to remove these weak next op erators

from the conjuncts and what is actually executed at the next state is the resulting

formula, . F ormally ,

=

=

=

where each is a T empura formula and

::= = ( )

The interpreter employs several flags to manage the reductions. One of the imp or-

tant ones, flag, indicates whether or not an interv al is terminated. At the

b eginnin g of the execution of each state, flag is set to , and then the in-

terpreter sets its v alue to either or , dep ending on whether the or

∧

m

m

1

2 1

1

′

′ ′ ′

′ ′

′ ′

′

′

4.3 Program structure

4.4 Reduction of pro jection empty

done

nil

P r esent Remains P r esent

done

Remains

p , , p pr j q

done nil done

q

I C

I C pr oj ect p , , p , p , q , done nil m >

pr oj ect empty , p , q , done nil m

pr oj ect R, P , Q, done D

O LD

done D Q Q

D done O LD

P

P P Q pr oj ect

pr oj ect R, P , Q , done D

P Q

D next w P

E next w Q

choose R , R R choose R

choose R R conjunct has b een encountered. If the program fails to sp ecify prop erly the

interv al for the program, the interpreter cannot set the flag; it remains equal

to . Thus an error is detected and indicated.

The execution of a T empura program pro ceeds through a numb er of states. The

execution at a state is comp osed of reductions in several passes. After the last pass,

the executed formula is reduced to the form. In fact,

is dissolved during the reduction. Its effect is reflected in up dating and displaying

the v alues of v ariables, setting the flag, etc. What remains after the last pass

of the reduction is which is executed at the next state if the interv al over

which the formula is executed is not yet finished.

The pro jection construct ( . . . ) is implemented as follows: It is pro cessed

by first allo cating a flag initiali zed to to serve as a flag for pro jected

interv al on which the statement is executed and transforming the statement to the

internal construct ,

=

(( . . . ) ( )) if 1

( ( )) if = 1

which is immediately re-reduced. The construct ( ( 1)) is ex-

ecuted by first saving the current doneflag to and setting the doneflag to

( 1). The statement is then reduced in the context to a new statement .

Afterwards, the current doneflag is saved to 2 and the old doneflag, ( ),

is restored, and the statement is then reduced in the context to a new statement

. If or is not fully reduced, the overall statement is rewritten as

( ( 2)). This is returned as the result of the reduction. On the

other hand, if and are b oth fully reduced then, with the notation

= ( )

= ( )

( 1 ( 2)) = ( 1; (( 2)))

( 1) = 1

′

□

□ def

def

5 Examples

◯

◯

◯

◯

◯

◯

≥

∧ ◯ → ◯

∧ ∧ → ◯ − pr oj ect

done D done tr ue

R R , R

D choose R , R

R R

D R

R empty

D

done D done f al se

R R , R

D pr oj ect R , R , E , done nil

R R

D pr oj ect empty , R , E , done nil

R empty

D pr oj ect , empty , empty , E , done nil

done D

Q next w P

R , R choose

done D done f al se Q

D

x

hol d i i

i x

hol d i l en i mor e x x .

sw itch j x

sw itch j x l en j mor e x x .

the overall statement is transformed as follows:

if ( 2) = ( )

then

if = ( 1 ( 2))

then ( ; ( 1 ( 2)))

else

if = 1

then ( ; 1)

else

if =

then

else

if ( 2) = ( )

then

if = ( 1 ( 2))

then ( ; (( 2) 1 ( )))

else

if = 1

then ( ; ( 1 ( )))

else

if =

then ( ; ( ( )))

This tests the done flag indexed by ( 2). If it is true, the interv al in which

was reduced is finished and therefore the ( ) is executed followed by

remaining formulas ( 1 ( 2)), chosen by the pro cedure , if they were not

empty

. On the other hand, if ( 2) = ( ) the interv al in which was

executed is not yet finished. Therefore, the formula is executed followed by the

resumption of the pro jection statement.

W e now present two simple applications of the pro jection construct. The first is a

pulse generator for v ariable which can assume two v alues: 0 (low) and 1 (high). W e

first define two typ es of pro cesses: The first one is ( ) ( 1) which is executed

over an interv al of length and ensures that the v alue of remains constant in all

but final state:

( ) = ( ) ( ( = ))

The other is ( ) which ensures that the v alue of is first set to 0 and then

changed at every subsequent state:

( ) = ( = 0) ( ) ( ( = 1 ))

∧

1 1

1 2

1

1 k def

k

k

m

m

6 Conclusion

References hol d i sw itch j

x

pul se i , , i hol d i , , hol d i pr j sw itch k .

l en i , l en i , , l en i pr j q p p q

p

q

p , , p pr j q

p , , p q

Now you may c omp ose temp or al lo gic

sp e cific ations

An interpr eter for an exe cutable subset of

extende d interval temp or al lo gic with fr aming and c oncurr ent op er ators

T emp or al lo gic of pr o gr ams

The temp or al lo gic of actions t0 t2 t6 t10

|-------|---------------|---------------|

|-----------------------q-------------->|

t0 t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 t11 t12

|---|---|---|---|---|---|---|---|---|---|---|---|

|<--------------------- p---------------------->|

Figure 3: Special parallel computation

Having defined ( ) and ( ) we can define pulse generators with v arying

numb er and length of low and high interv als for ,

( . . . ) = ( ( ) . . . ( )) ( )

The second example is that of sp ecial parallel computation. Consider the formula

(( ( ) ( ) . . . ( )) ) . This allows pro cesses and to b e executed

in a sp ecial parallel manner in which is executed over a series of subinterv als, and

is executed at their endp oints:

The pro jection op erator ( . . . ) presented in this pap er is rather p owerful.

F or example, it can b e used to sp ecify computations on different time scales. W e

feel it has a p otential of b eing a useful op erator in temp oral logic programming.

Another p ossible application area is that of the real time systems. In this case, we

could treat . . . as formulas over a series of dense or real interv als and as a

formula over a pro jected discrete interv al.

[1] Barringer H., Kuip er R. and Pnueli A.:

. Pro ceedings of 16th ACM Symp osium on Theory of Computing,

51–63 (1984).

[2] Duan Z., Holt C. and Moszkowski B.:

. BCTCS

8, Newcastle up on Tyne, March (1992).

[3] Kr¨ oger F.: . Springer-V erlag (1987).

[4] Lamp ort L.: . Digital, System Design Center,

Decemb er (1991).

The temp or al lo gic of r e active and c oncurr ent systems

Exe cuting temp or al lo gic pr o gr ams

L.0: A Par al lel exe cutable temp or al lo gic language

A choppy lo gic

T owar d a unifie d lo gic b asis for pr o gr amming languages

[5] Manner Z. and Pnueli A.: .

Springer-V erlag (1992).

[6] Moszkowski B.: . Cambridge University Press

Cambridge (1986).

[7] Ness L.: . Pro ceeding of the

ACM SIGSOFT, International W orkshop on F ormal Metho ds in Software De-

velopment, Napa, California, May (1990).

[8] Rosner R. and Pnueli A.: . First Annual IEEE Symp osium on

Logic In Computer Science, LNCS, Springer V erlag, 306–314 (1986).

[9] T ang Z.: . Pro ceedings

of IFIP Congress 83, Amsterdam, Elsevier Science Publishers B.V. ( North-

Holland), 425–429 (1983).