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Semantics (process calculi)

Abstract machine

Abstract machines
» Ad-hoc
» Incomplete

» No systematic derivation

Small-Step




M-calculus

Syntax:
t,su=x | Ax.t | t@s

SOS semantics:

t—t s— s t—t
t@s > t'@s t@s > t@s Ax.t = Ax.t'

(Ax.t)@s — t{s/x}

Reduction semantics:

E[(Ax.t) @s] — E[t{s/x}]
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<X ’ IE)ctx — <E | X)bctx
<@5::E|t>bctxH<t@5’E>ctx E[t@S]WE[t@S]

Annotations to prevent infinite loops of focus/unfocus

(x| E)etx = (B | x)betx
(t@S|E)etx — (t|0@5:: E)eix if ctx ¢ an(t)
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Example

Subterm under focus Surrounding context

(Ax.x @ x) @(Ax.x @ x)

(t@s|E)eex — (t|E,s)p
<>\X.1.' | E,S>[5 — <E[t{S/X}] | D>ctx



NDAM for the \-calculus

(t|E)cix =

(x.t|E, s)g

(M E | ) petx —

= (E] Ax 5 E) e
= (t] @5 E)cx
= (s|t@:: E>ctx
=

(E]t)betx

= (E[t{s/x}] | O)ctx
(t|E,s)p —

(tP | E, s)pp

<>\Xt ‘ ]E>CtX

if ctx ¢ an(t)
if ctx ¢ an(t)
if ctx ¢ an(s)
if B ¢ an(t)

otherwise (3 steps)

otherwise (2 steps)

4 steps
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Deriving the NDAM

(Ax.t|E)etx = (] Ax 2 E)etx
(t@s|E)eix = (t|@5:: E)eix
(t@s|E)etx — (5|t @ E)erx
(tOs|E)etx — (t|E,s)

<t ’ IE)ctx — <E | tCtX>bctx

(Ax.t|E,s)g — (E[t{s/x}]| O)cex
<t | E, 5>[5 = <tﬁ | E, S>b|3

(A E| thpetx — (Ax.t | E)ex
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t|Ax E)eix

t|0s:E)ex
|t@:: E)eix

t|E,s)pg

©@s:E

t— S t

t@s _>ctx t

if ctx ¢ an(t)
if ctx ¢ an(t)
if ctx ¢ an(s)

if B ¢ an(t)

te:E
S 7ctx S

t@s —>ctxs

Ax.t 255 E[t{s/x}]



Equivalence results

Theorem (RS <= Z5)
t = tifft gctx t/

Theorem
The redex search in the NDAM is terminating

Theorem (ZS <= NDAM)
bt Dot iff (] Dex = (¢ | Dt
» t is a normal form iff (t| D) ctx —" (O t)petx

Generic result (independant from the ZS)



Process calculi

The n-calculus

A Theory of Mobile |
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HOcore

Channel names
Inactive process
Output

Input

Parellel composition

E[F[a(P)] || G[a(X).Q]] — E[F[0] | G[@{P/X}]]

EF,G:=0 | E|P | P|E



Zipper semantics for HOcore

[
R =cx ...

E[F[a(P)] || G[a(X).Q]] — E[F[0] | G[@{P/X}]]



Zipper semantics for HOcore

E
Rl H R2 —PCtx - - -

‘E

O
R =ctx ...

E[F[a(P)] || Gla(X). Q] — E[F[0] | G[@{P/X}]]



Zipper semantics for HOcore

D7E7R2
Ry DER, .

E
Rl H R2 —PCtx - - -

‘E

0
R =cx ...

E[F[a(P)] || Gla(X).Q]] — E[F[0] | G[@{P/X}]]



Zipper semantics for HOcore

D7E7R2
Ry DER,

E
Rl H R2 —>Ctx - - -

‘E

0
R =cx ...

E[F[a(P)] || G[a(X).Q]] — E[F[0] | G[@{P/X}]]



Zipper semantics for HOcore

0,F,E,a,P
R2 —in .-

_ F.ER
a(P) —Zout ...
‘F

D7E7R2
L N

E
Rl H R2 —PCtx - - -

‘E

0
R =cx ...

E[F[a(P)] || Gla(X).Ql] — E[F[0] | G[@{P/X}]]



Zipper semantics for HOcore

GREP, mIF0] | GIQ{P/X}]]
e

0,F,E,a,P
R2 —in - -

_ F.ER
APy —Zout ...
‘F

D7E7R2
R, DER,

E
Rl H R2 —PCtx - - -

a(Xx).Q

‘E

0
R =cx ...

E[F[a(P)] || G[a(X).Q]] — E[F[0] | G[@{P/X}]]



Conclusion

Small-Step

Zipper Semantics

NDAM Reduction Semantics

» Generic design (backtracking, annotations)
» Automatic translation from the ZS

» Sound and complete w.r.t. the ZS

» Implemented in OCaml



Future work

Small-Step

Zipper Semantics

1

NDAM Reduction Semantics

» Distributed design (process calculi)



