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Ll n ear LOg |C Linear Logic and Process Algebras

Our target logic will be (mostly) multiplicative linear lag with
exponentials and first-order quantification.
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P rOCeSS AI g e b raS Linear Logic and Process Algebras

P:= 0 | PIP | aP | a

alaQIl’ — OQIT
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Process Algebras

Linear Logic and Process Algebras

P:= 0 | PIP | aP | a

alaQIl’ — OQIT

A few extensions :

Value passing: a(v)|a(x).QII' — Q[v/X]|T
Synchronization : a(v).P|a(x).Q|I’ — P|Q[v/X]|T

Choice: P+Q — P
P+Q — Q
Replication : P =IP|P

Fresh names : v(X)(P)|Q = v(X)(P| Q)

If Xis not free inQ
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EnCOdlng Of flnlte asynChronOUS CCS Linear Logic and Process Algebras

0] = 1
[PIQ] = [P]®[Q]
[a] = a
[aP] = a ®[P]

Theorem 1 (Reduction & Deduction).

- [QI
VP.VQ. Po>*Q = +[P] (1)

L {BQ.FT=[Q]T
—

. 2
P - LF] VOQ.IT=[Q]"=P—->*Q @)
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aCCS enCOdlng - COrreCtneSS Linear Logic and Process Algebras

To the reduction
clabla|b.P|cO0 —*P

we associate the following 1-open derivation :

- P
Fb,b- P L

FC,ct FbbteP,L

rat,a +rCbb"ePc-® L
Fc,ar®b,abtePcte L

F c®at @ b¥a¥bt  P¥ct® L
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aCCS enCOdlng — COmpleteneSS Linear Logic and Process Algebras

Every 1-open derivation can be turned into a “reductionvaéion” :

Fat,a
Fat,a, L rDbtDb
Fat,abt®l,b P
FareP,abte L,b
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aCCS enCOdlng - COmpleteneSS Linear Logic and Process Algebras

Every 1-open derivation can be turned into a “reductionvaéon” :

Fat, a
Fat,a, L +FDbtb
Fat,abtel,b FP
FateP,abt®L,b

U
P
Fa,a FP L
Fbt,b rat®P,a L
Fat®Pabt® L,b
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J O | n = Cal C U I U S Linear Logic and Process Algebras

The Join-calculus is an asynchronous calculus in whichptemes are
localized :

P = 0 | PIP | aX | letdefDinP
D = JoP | DAD
J = aXx | J|J
FPIQ - FRQ
FO — F
FletdefDINP — Dogy + Pog, for freshrange(ogy)
DiADyr — Dy,Dot
JPrJdoy — +I>PFPoy
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J O | n = Cal C U I U S Linear Logic and Process Algebras

- let def R(a) | R(b) > a(b) | b(a) in
R(a) |R(b) | R(c) | R(d)
R(X) |R(Y) > x(¥) [Y(¥) + R@IR(b)IR(c)/R(d)
R(X) [R(Y) > x(¥) I[Y(¥) + R(a),R(b),R(c), R(d)
R(X) [R(Y) > x(y) [y(x) + c(@)a(c), R(b), R(d)
R(X) [R(Y) > x(y) [Y(X) F c(a),a(c), R(b), R(d)
R(X) |R(Y) > x(¥) [Y(X) + c(a),a(c), b(d)(d(b)
R(X) |R(Y) > x(¥) I[¥(X) + c(a),a(c), b(d),d(b)
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JO' n'CaICU I US enCOd | ng Linear Logic and Process Algebras

We encode as follows Join-calculus processes into lingge formulas :

0] = 1
[PIQ] = [PI%®[Q]
[a®] = aX)
[letdefDinP] = vdvy(D), [D]¥ [P]
[D1ADz] = [D1] ®[D2]
[J>P] = 2@rvQ), [J]**[P])
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JO' n'CaICU I US enCOd | ng Linear Logic and Process Algebras

- (R(@) ® R(b))%, R@),R(b)  +7D, a(b) ® b(a), R(c), R(d)
2D, D[a, b], R(a), R(b), R(c), R(d)
2D, D, R(a), R(b), R(c), R(d)
2D, 7D, R(a), R(b), R(c), R(d)
2D % R(a) % R(b) % R(c) % R(d)

VX Y20 = 3x dy . (RO B RY))™ @ () B (X)),
R(a), R(b), R(c), R(d)
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JO' n'CaICU I US enCOd | ng Linear Logic and Process Algebras

- (R(@) ® R(b))%, R@),R(b)  +7D, a(b) ® b(a), R(c), R(d)
2D, D[a, b], R(a), R(b), R(c), R(d)
2D, D, R(a), R(b), R(c), R(d)
2D, 7D, R(a), R(b), R(c), R(d)
2D % R(a) % R(b) % R(c) % R(d)

VX Y20 = 3x dy . (RO B RY))™ @ () B (X)),
R(a), R(b), R(c), R(d)

Theorem 2. Thisencoding is correct and complete. modulo abusively
erased or instantiated definitions.
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Syn C h rO n | Z atl O n Linear Logic and Process Algebras

It seems that only synchronous languages can be treatésleketnd the
logic :

FILP,Q
FI,eP, OQ

Or, by duplicating the non-canonical connective :

FILP,Q
FI,aPaQ

Theorem 3. Theinitial rule can be reduced to the atomic case.
Theorem 4. Thecut ruleis admissible.
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Syn C h rO n | Z atl O n Linear Logic and Process Algebras

It is now easy to encode finite synchronous CCS .

0] = 1
[PIQl = [PI®[Q]
[aP] = a[P]

It is worth noting that everything works the same with thedaing rule :

FILAB FARPQ
FI,A, AP, B.Q
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Te Stl n g Se m antl CS Linear Logic and Process Algebras

We define thdehaviour of a process :

[P1={|+T,P} [P] +[Q] & [P] c QI

We get nice properties, but thisnsore discriminating than the usual testing
semantics in concurrency.

For example, this proves mutual simulations :

ar®P = Vb.(@a"®b®b-®P)
[ab.P] = [b.aP]

But the? has a new meaning :

[a.a.a.0|a.0] ¥ [a.a.0]|a.a.0]
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CO n CI U S | O n Linear Logic and Process Algebras

The correspondance is elementary and looks promising It i§/et)
much understood nor applied.

— A clear limitation tomay properties at the logic level.

— A unifying framework for reasonning on processes at thearwtel.
— Extend the correspondancy, interpret full logic.
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