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I—Srr—calculus

I—Introcluction

is a synchronous m-calculus,

no non-deterministic choice operator +,

n
n

m a dereferenciation operator !s,
m inputs depend on the instant,
[

outputs are persistent within the instant.
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I—Introduction

Examples

pause.K = vs(s(x).0, K)

A=vs s s"(5<1>|5<2> | §/(x).8"<1>,0 | pause.s”<!s>)

|

A=vs s s"(0]0]0]|s"<[2;1]>)
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I—Semantics

Within the instant

(out) e (insoe)
out s in,
s<e> =2, s<e> 0 (=) Pk S [v/x]P

(in) —p=m, (P|s<v>)
P, Vs <v> P{ P; s7_v) Pé
(synch) {t} N fn(P) =10
Pi| Py 5 vt(Pl | PS)

P P bn(p) N fn(Py) =0
PP PP,

(comp)

match(v, p) =0
[V > p]P1,P2 N 0P,

match(v, p) =1
[v>p]P1,P2 T P>

_ind) (:énd)
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I—Semantics

At the end of the instant

ellv veV(s)

0) —@ov reset
© o (reset) oces AT g
s ¢ dom(V) Pl pr =12
(cont) 0, (par) : E1V;32,V ,7 ,
s(x).P,K — V(K) (P1| P) — (P] | P3)

p<wvspP P ELpr v|-E

(next)
P usp
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I—Srr—cal::ulus

I—Determinism

P is deterministic if for every sequence of actions s :

Definition (Bisimulation Standard)

A symmetric relation R on programs is a labelled bisimulation if
bn(a) N fn(Q) = 0 and :

P R Q
Y
P’ R Q'

We denote with & the largest labelled bisimulation.
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2 - Typing system 1

o
N
=N
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I—Typing system 1

I—Problems

m At least two different values are emitted on the same signal,
at the same instant :

s<v> | s<v'> | 5(x).P,K

m At the end of the instant, at least two different values are
available :
s<v> | 5<v'> | pause.A(!s)
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I—Typing system 1

Usages

n
m
p

s 5ig< >w(0)

=]

max of outputs
ou : m max of inputs
p max of inputs at the end of the instant

nmpel={0<1< oo}

Lifting operation : T (u.v¥) = v¥
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I—Typing system 1

L Examples

Synchronous Data Flow

Vs2, 83,84, S5 (A(517527S37S4) | B(527S3755756) ‘ C(S47S5))

A(s1, 52,53, 54) s1(x).(52<£(x)> | ss(y)-(S2<g(y)> | pause.A(s1, %2, 53,%)),0),0
B(s2,83,55,5) = sa2(x).(S3<i(x)> | s5(y)-(Se<1(y)> | pause.B(s2, s3,55,5)),0),0
C(sa,85) sa(x).(Ss<h(x)> | pause.C(ss,s5)),0
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I—Typing system 1
L Examples

Cell

Cell(q,s,1)
Send(q, s,1,1')

Send(q, s,1,1)

[L > cons(s’,1")]
(s’<g> | Send(q, s,1,1")),
pause.Cell(next(q,!s), s, 1)
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I—Typing system 1

L Types

1| List(o) | Set(o) | Sigu(c)
ue{e’, o}

o | Sigu(o)
ue{e’, oY, of,01.08,00.08}

11/27
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I—'I'ypes

Addition

0 & x = x
1 &1 =
oo P x = oo
o S o = o
Sigu(o') @ Sigu’(a) = SiguEBu’(U)
p @ o = T

o is neutral & Vp,c® p=p

12 /27
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I—Typing system 1
I—'I'yping rules

... for expressions

[ neutral

(var) Mx:pkEx:p

I neutral u = (00,0,00)"

(Yset) I,s: Sigu(o) F!s : Set(o)

Fr:0; i=1,...,n [’ neutral
(k) k:(o1,...,0n)—0c k=fork=c
rerlrtk(rn,...,m):0o

(110) I neutral u = (0,00,00)"
Vist I,s:Sigu(o) Fls : List(o)

13/27
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I—Typing system 1
I—'I'yping rules

... for programs

I neutral ve{eY,o.08} lkFe:o
© —ro (out) F,5: Siga(0) F 5<e>

u € {e’, o0} u€{of,00.00} Ttk s:Sigu(o)
(v) Is:Sigu(o) - P (in) Nx:oFP T(NEK

It vs: Sigu(o) P Mes(x).P,K
(par) —it P =12 (rec) r-ki‘-:-(p-l";”—’in) n
par F1®F2|—P1\P2 re i it Pi = L.

r1@~~~@rnFA(r1,.

-y In)

rep i=1,2 c:(o1,...,00)— 0o Mbu:ic T®I=T
(ms) W[s'—s]pﬁr (me) F,x1:01,...,xn:0nFP1 THPy
1 = 521, 2 r'—[ulZc(xh

- ,Xn)]l:’17 Py

14 /27
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I—Typing system 1

Formal properties of the typing system

Proposition (Subject Reduction)

Suppose I' = P. Then :

WD) EPE P Ms<v>and T @I |, then TS - P
(2) If P 2, plthen Tt pk P

(3)If P L P/ then T - P'.

() 1f P 5 P then 1 () F P

Theorem (Typing implies determinacy)

If the program P is typable in a context I, then P is determinate.

15/27
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I—Typing system 1

I—'I'l'y on examples

Synchronous Data Flow

Vso, 83,84, S5 (A(Sl) S2, 83, S4) | B(SQ) S3, Ss, SG) | C(S4) S5))

I = Sigoy (Data) O = Sigow (Data)
A:(1,0,1,0) B:(1,0,1,0) C:(I,0)

sy se: O

16 /27
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I—'I'l'y on examples

Cell

based communication

Cell(q, s, 1) Send(q, s,1,1)

Send(q,s,1,1’) = [ > cons(s’,1")]
(s’<q> | Send(q, s,1,1")),
pause.Cell(next(q, !s), s, 1)

5 = Sigew (0’) L = LiSt(Sl)
Cell : (State, 51, L1) Send : (State, 51, L1, L)

next : (State, Set(State)) — State)

17 /27
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I—Typing system 1
I—'I'l'y on examples

Client-Server

Server(s) = pause.Handle(s,!s)
Handle(s, /) = [I> cons(req(s’,x),!")]
(s'<f(x)> | Handle(s, ")),
Server(s)
Client(x,s,t) = ws'(
s<req(s’,x)>

| pause.s’(x).t<x>,0

)

18 /27
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I—Typing system 1
I—'I'l'y on examples

Client-Server

Server(s) = pause.Handle(s,!s)

Handle(s, /) = [I> cons(req(s’,x),!")]
(s'<f(x)> | Handle(s, ")),
Server(s)

Client(x,s,t) = wvs/(

s<req(s’,x)>
| pause.s’(x).t<x>,0

)

2 more usages!

18 /27
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3 - Extended system

18/27
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L Extended system

Signals’ classes

19/27
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L Extended system

Classification

7
|
|
linear

| \

i linear |

preserving

non-linear = neutral

20/27
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L Extended system

L Types

1| Listoo(k) | Setso(k) | Sigu(k)
u is neutral

Listi(o) | Seti(o) | Sigu(r) | Sigy(X)
u is uniform and linear

K| A
v is uniform and linear preserving

o | Sigu(r) | Sig,(\)

u is neutral and v is linear

21/27
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L Extended system

I—'I'ypes

Addition
0 & x = x
1 1 = 7
o0 P o x = &

u® i is defined & [u,u’ € Class(n) A u® u' € Class(n)]

K D kK = K
Opoo(Ki1y---ykn) @ Opoo(K1y---ykn) = Opso(Ki,---,Kn)
Sigu(a) & Sigv(a) = Sigu@v(o')

p © o =1

22/27
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L Extended system
I—'I'yping rules

. for expressions

(var) I neutral
Mx:pkEx:p
I neutral i = m3(ul0])
(!Set,') U'(

3)
Ms: SIgu( )Hs Seti(o)

Fitr:op i=1,...,n Tg neutral
(k) k:(o1,...,0n) =0 k=fork=c
e @ el kFk(n,....,m):o
I neutral i = m3(ul0])
("List;) uec Uf(2,4)

I, s: Sigu(c) F's : Listj(o)

23 /27
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L Extended system
I—'I'yping rules

... for programs

[ neutral
© —ro -

Is:Sigu(c) - P

) TFus P

P i=1,2

FlEBFQFPl\Pg

rep i=1,2

() o =1 P,

u€ Uoyt T1ts:Sigu(o)
hHe:o

[ BT Fs<e>

(out)

ve U, Tits:Siguo)
(in) o, x:0F P
n T(Man)FK
el - S(X).P7 K

A5(P17-~~,Pn)
(rec) Fibrip; i=1,...,n
rl@"‘@rnl_A(r17~~~7rn)

c:(o1y...,0n) =0 [MNFu:o
(me) Mx1:01,....,xn:0n Py TP
Frer’ Fu>c(xi,...,%0)]P1, P2

24 /27
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L Extended system
I—'I'yping rules

Client-Server

Server(s)
Handle(s, /)

Client(x,s,t)

s: Sig o «(Req)

pause.Handle(s,!s)
[/ > cons(req(s’, x),I")]
(s'<£(x)> | Handle(s, I')),

Server(s)

vs'(

s<req(s’,x)>
| pause.s’(x).t<x>,0

)

I : Set1(Req)

s’ : Sig 1 «(Req)
1
0

25 /27
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L Extended system
I—'I'yping rules

Client-Server

Server(s) = pause.Handle(s,!s)

Handle(s, /) = [I> cons(req(s’,x),!")]
(s'<£(x)> | Handle(s, I')),
Server(s)

Client(x,s,t) = wvs/(

s<req(s’,x)>
| pause.s’(x).t<x>,0

)

2 It's not typable!

25 /27
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L Extended system
I—'I'yping rules

Client-Server

Server(s) = pause.Handle(s,!s)

Handle(s, /) = [I> cons(req(s’,x),!")]
(s'<£(x)> | Handle(s, I')),
Server(s)

Client(x,s,t) = wvs/(

s<req(s’,x)>
| pause.s’(x).t<x>,0

)

Solution 7 separate !s from the rest.

25 /27
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L Future work

Client-Server example,

subject reduction lemma.

26 /27
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L Future work

Thank you ...

27 /27
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