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ODbjectives

* Direct translation of asynchronous pi-
calculus to intuitionistic linear logic formulas

 Committed Forward chaining in linear logic
to simulate pi-calculus reductions

e Combine with focusing to obtain atomicity In
synchronization
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Direct translation

e Connectives of pi-calculus map to
connectives of linear logic
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First attempt at translation

(No focusing, unsound!)



Translation

"xy ! — out = vy
"z(y).P' = Vy.out x y—o" P
PPy = r1’317 QP

"vx. P Jx.' P
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Pi-calculus, Linear Logic

* Asynchronous pi-calculus (without
replication):

P

zy | (y).P | Pi|Py | va.P

* Intuitionistic linear logic fragment:

LF o= P | P—oF |Va.F | F{ ®F> | dz.F
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Pi-calculus: semantics

e Modifled CHAM semantics

Solutions S = -|S§,P
Names > = | X,z
Configurations C ::= >:S8

>: S, vy, x(2).P — X;S8,[y/z]P
Z;S,P1|P2 — 2.8, P, P
>:S,vx.P — > x;S,P (x fresh)

Focusing in Proof-search and Concurrent Synchronization 7



Linear Logic: Forward Chaining

e Judgment: > A =

i

Term variables Formulas (Linear)
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Linear Logic: Forward Chaining

> AN F =G
> A PP—oF=0G

>t XA [t/x]F = G
2 A V. F = G

AN, Fo = G 2.0, A F =G

>
2 A1 Q F =G ZAﬂxF:>G
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Forward Chaining as Rewriting

> AN\ F =G
> A PP—oF=0G

SAPP-oF — S A F
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Forward Chaining as Rewriting
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Forward Chaining as Rewriting

2 AP ®Fy — XA F, Fy

2 A, de.FF — 2 2, A F

2 AP P—oF — 2,AF

2t
>, A V. F — X, A, |t/x]F
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Translation

Ty ! — out = vy
"z(y).P' = Yy.out x y —o"P'
PPy = '_Pl_l QP
"ve. P! = Jx. P

S Py, P, =3:TP 0. TP,
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Simulation example

,vy.vz.(zyle(uw).uz)

3 oy, 2wy, x(u).uz

—

L

T,Y, 2, Yz

r; Jy.dz.(out z y) ® Vu.out £ u — out u 2
r,y,z,out x y,Yu.)out * u —o out u z

a:,y,z;—o out vy =z

r,y,z,out y z
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Unsound!

* Another possible reduction sequence:

x; Jy.dz.(out = y) ® YVu.out x u —o out u 2

w,y,,@ vVuu J/@ vVuu w@ Y vyuuv L K

74 STUCK

~
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Unsoundness analysis

* Forward chaining may get stuck incorrectly

« Universal quantifier and implication In
Inputs must be eliminated simultaneously

e Can be done using focusing
— Each communication is exactly one focusing
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Focusing In Forward Chaining



Synchronous and Asynchronous

* Divide formulas into (right) synchronous S
and (right) asynchronous A

e Coerce S to A viaa monad (CLF,
LolliMon)
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Focused Forward Chaining

e Judgments

 Different from CLF focusing
— Decomposition of , on leftis not in focus

— No right rules
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Focused Forward Chaining as
Rewriting

 We read rules bottom up, ignore synchronous
goals and get a conditional rewrite system.

e Judgments:

Unchanged
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Complete Rewrite System
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Translation of the pi-calculus
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Simulation example
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Simulation example
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Correctness of translation
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A Strange External Choice...

 \What does A&B correspond to in the pi-
calculus?

* It corresponds to external choice between
Input/output actions
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Extension to the logic

e Extension of asynchronous formulas

 New focusing rules
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Translation of choice

Correctness results remain the same
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Expressiveness

 How expressive Is this extension of the
asynchronous pi-calculus?

 Conjecture: It Is as expressive as the
synchronous pi-calculus (with choice,
without replication)

- Translation follows from Boudol’s
encoding
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3-way synchronization

e Can encode receivers with 2 simultaneous
Inputs
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Encoding 3-way synchronization

 Works because both implications must be
eliminated in one focusing step

 Generalizes to n-way Inputs
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Other connectives
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Summary

 Dynamic semantics of the asynchronous
pi-calculus can be simulated using
focusing and forward chaining

e Focusing — atomicity in synchronization

e Correspondence between connectives of
the pi-calculus and intuitionistic linear logic
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Related Work

e Translation idea Is nhot new

— Miller92 — pi-calculus as a theory In linear
logic

— Cervesato03 — similar idea, no focusing

 Abramsky93 — classical logic and
concurrency

e Concurrent Logic Programming
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