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What | want
An elegant logical framework
to reason about concurrent programs and
to design concurrent programming languages
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Example: choreographic programming

Idea behind choreographic programming: specify the system globally. . .

, t:C | tel «
C,Cc= 0 | [px—>ayl;C | plLoq.l :k{f:sj ML,\L} | (vx)C
end communication choice restriction
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Example: choreographic programming

Idea behind choreographic programming: specify the system globally. . .

C.Cr= 0 | [px—aqyliC | p.L—)q.L':k{ igj iit\L} | (vx)C*
end communication choice restriction
...and then compile local programs
EPP(C) =EPP,, (C) | --- | EPP,, (C)

Main benefit: deadlock-free by design
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Example: choreographic programming

Idea behind choreographic programming: specify the system globally. . .

C.Co= 0 | [px—>qyliC | p.L—)q.L':k{ igj ii,\L } | (vx)CX
end communication choice restriction
...and then compile local programs
EPP(C) =EPP,, (C) | --- | EPP,, (C)

Main benefit: deadlock-free by design

Question: are choreographies complete wrt deadlock-freedom?
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@ Context

© The n-Calculus

© Processes as Formulas

@ Proofs in PiL as computation trees
© Proof nets

@ Conclusion and Future work

. 5720



Context
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Off-the-shelf Solutions
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Dynamic logics
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Dynamic logics

Programs in PDL = regular languages (elements of a Kleene Algebra)
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Dynamic logics
Programs in PDL = regular languages (elements of a Kleene Algebra)

however

. Kozen '96 . .-
Kleene Algebra + commutations = undecidability whether a = 8
—_—

interleaving
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Dynamic logics
Programs in PDL = regular languages (elements of a Kleene Algebra)

however

. Kozen '96 . .-
Kleene Algebra + commutations —  undecidability whether a = 8
~—_————

interleaving
Thus

in any “concurrent-PDL" + [a] T & [B] T is undecidable!

LA possible solution is to separate the trace reasoning from the operational semantics
(A. et al 24 "On Propositional Dynamic Logic and Concurrency")
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Session types
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Session types
Typing disciplines for the m-calculus.
Binary session types: strong restriction or syntactically complex

Multiparty session types: bad compositionality properties

. 5720



Session types
Typing disciplines for the m-calculus.
Binary session types: strong restriction or syntactically complex

Multiparty session types: bad compositionality properties

Why?

Struggling to model interleaving.
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Computatation-as-deduction

. &2



Computatation-as-deduction

Program
Current state of a program
Execution

Inference system
Sequent
Proof search

6/20



Computatation-as-deduction

Program = Inference system
Current state of a program = Sequent
Execution = Proof search

Non-determinism

don't care VS don’t know
——— N— e

interleaving “conflict”
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Good news everyone!

We have syntaxes capturing the “don't care” non-determinism!

ax ax
sax -~ ax b, b c,ct
a,a b+, b ® ax
® ax ax b, b®c,ct dt,d
a,at®bt, b c,ct d+, d
bt b®c,ctedt,d
a®(at®bt), b c,ctedt,d - ax
= aat (b®c)®d,ct®dt

a® (atebt),b®c,d, ct®@d*+
a® (atebt),(b®c)®d, ct®d*

a,at®bt, (b®c) ¥ d,ctodt
a%(at®bt), (b®c) ¥ d,ct@d*

. 2



Good news everyone!

We have syntaxes capturing the “don't care” non-determinism!

Qiax ﬂl@rax
a,a b+, b
ax ax

a,at®bt, b ® c,ct d+, d
a®(at®bt), b ¢, ctedt,d

a® (atebt),b®c,d, ct®@d*+
a® (atebt),(b®c)®d, ct®d*

ﬂlgrax @Iax
b, b c,C
 ax

Q
b, b®c,ct dt,d
bt,b®c,ctedt,d
—— gX
a,at (b®c)®d,ct®dt
a,at®bt, (b®c) ¥ d,ctodt

a%(at®bt), (b®c) ¥ d,ct@d*
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Good news everyone!

We have syntaxes capturing the “don't care” non-determinism!

gax an
aa

ax
a atebt, b

J_ aXx
(et @ bh), b&/ ¢ c ®/d
\7?(3 ® bt), b@cdyékql 5

N

a® (atebt), (b®c)®d, ctodt

ﬂlgax gax
b*, b c,ct

®
bt.bec,ct\ "~ did
bt bac, cted”, d
- ax /d/ %
a,at (b® c)7?ﬂ/cx® dl
\a,al®'bi,(b®c)7§’ H,c ®\(

ax

2

a%(atebt), (b®c)®d, ctodt

7/20



Good news everyone!

We have syntaxes capturing the “don't care” non-determinism!

)

)
\ \®/ [ [ ® P
VR RS
®\ \ \® v
v %

R (ateb'), (bec)Nd, ctedt
a?%(a ). (b&c) ¢ a®(atebl), (b®c)®d, cted*

. 2



The m-Calculus
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Syntax and semantics of the m-calculus

P,Q,R:= Nil terminated prog.
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Syntax and semantics of the m-calculus

P,Q,R:= Nil terminated prog.
| PlIQ parallel Par : PIQoP|Q ifP—P
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Syntax and semantics of the m-calculus

P,Q,R:= Nil terminated prog.
| PlQ parallel Par : PIQ-oP|Q ifP— P
| (vx)P restriction (or nu) Res : (v)P - (vx)P"  ifP—> P
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Syntax and semantics of the m-calculus

Nil
Pl1Q
(vx)P
xKy).P
x?(y).P

terminated prog.
parallel

restriction (or nu)
send (y on x)
receive (y on x)

Par :
Res :

PlQ-P|Q ifP— P
(vx)P — (vx)P’ if P— P’

x!1(a).P | x?(b).Q — P | Q[a/b]

8/20



Syntax

P.Q.R =

and semantics of the m-calculus

Nil terminated prog.

PlQ parallel Par :
(vx)P restriction (or nu) Res :
xWy).P send (y on x)

x?(y).P receive (y on x) Com :
P+Q Choice Plus :

PIQ—P|Q ifP— P’
(vx)P = (vx)P’ if P> P
xI{a).P | x?(b).Q — P | Q[a/b]
(P+Q|R—-P|R ifPIR—>P|R
8/20



Syntax and semantics of the m-calculus

Nil

PlQ

(vx)P
xKy).P
x?(y).P
x<{l: Peloer
x> {0 Peloer

terminated prog.
parallel

restriction (or nu)
send (y on x)
receive (y on x)
label-send (on x)
label-receive (on x)

Par :
Res :

Com :
Choice :
Sel :

PIQ—-P|@Q
(vx)P — (vx)P’

xNa).P | x7(b).Q = P | Q[a/b]
x<{C: PrYper — x< {[k : P[k}
x<{tc: Py} | x> {€: Qetper = Pr | Qo

ifP— P
ifP— P

if el
if el

8/20



Syntax and semantics of the m-calculus

P,Q,R:= Nil terminated prog.
| PlQ parallel Par : PIQ—-P|@Q ifP— P
| (vx)P restriction (or nu) Res : (vx)P = (vx)P’ ifP— P
| xKy).P send (y on x)
| x?2(y).P receive (y on x) Com : xWa).P | x7(b).Q — P | Q[a/b]
| x<{C:P¢}yc; label-send (on x) Choice : X <{l:Pplpcp > x< {[k : P[k} if te el
| x»>{C:Pr},e; label-receive (on x) Sel: x<{ti: Py} | x> {l: Qe}rer = Py | Quy if (e e L
PIQ & QIP (PIQIR & PI(QIR
(vx)(vy)P & (vy)(vx)P P|Nil = P
x<{t:(vy)Pclrer © (vy) (x<{l:Peyrer) x> {C:(vy)Pileer © (vy) (x> {C: Pe}per)
(vx)S = S (vx)P|S = (vx)(P|S)
with x ¢ free(S)
Struc: P>Q P=P -Q =Q
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Syntax and semantics of the m-calculus

P,Q,R = Nil terminated prog.
| P|lQ parallel Par : PIQ—-P|Q ifP— P
| (vx)P restriction (or nu) Res : (vx)P — (vx)P’ ifP— P
| xKy).P send (y on x)
| x?(y).P receive (y on x) Com : xl{a).P | x?(b).Q — P | Q[a/b]
| x<{€:P¢}se; label-send (on x) Choice : x<{l: Py = x<{li: Py} fliel
| x> {C:Pr}se label-receive (on x) Sel: x« {fk : ng} [ x>{l: Qryrer = Pe | Qe if el
PIQ & QIP (PIQIR & PIQIR
(vx)(vy)P & (vy)(vx)P P|Nil = P
x<{t:(vy)Pclrer © (vy) (x<{l:Peclrer) x> {:(vy)Peleer © (vy) (x> {C: Perer)
(v)S = S (vx)P|S = (x)(P|S)
with x ¢ free(S)
Struc®: P— Q {if,P =P =Plsio P[S’]': Q
with P # P’andS — S’ not via Struc™
8/20



Example

(vx)(vy)(y!(a) | y2(a) |x>{fl - x2(b), b - x!<c>} |x<{51 - xUbY, b - x?(c)})
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Example

(vx)(vy)(y!(a) | y2(a) |x>{fl - x2(b), b - x!<c>} |x<{51 - xUbY, b - x?(c)})

Com Com

(0 (x2(B) | xKB))] (20 (x2(e) | xKe)))

SLI SLI
Bra Bra

Com

(00 (K@) 1y7(2) | Q)

with

_ €1 : x?(b) _ €1 : x\(b)
Q _X<{[g:c!(x>} R _Xb{fz:x?(c)}

Q=x<{f:x2(b)}  Q=xs{f:xI(c)}
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Example

(vx)(vy)(y!(a) | y2(a) |x>{fl - x2(b), b - x!<c>} |x<{51 - xUbY, b - x?(c)})

W

Com Com
(»)(x2(b) | xI(b))
STe\ Com
(7)(Q) (009 (@) |y?T<a> [ x1(0) | x2(0)))
Com SIeI
0 0@ 1Y1@1Q)] (MK y2(a) | @)
Br: ra

(()0m 1@ 1y?(a) | Q)

with

e €1 : x?(b) . €1 : x\(b)
Q =x {[QZC!<X>} R =x {fz:x?(c)}

Q=x<{f:x2(b)}  Q=xs{f:xI(c)}

. o720



Example

W W
Com Com CTm Cm
() 628) [x1B) () (2(e) | x1(c)) [(vx)(x?(l;) | x(b)))
Sel Sel Sel ch
(»)(Q) 0@ L (>0 0y (K@) ly?r(a) | xc) | x7(c)))
Bra Bra CTm Srl
(0@ 1y Q) (00K 1y | @)
Com r ra
(006N [y 1 Q) (009K 1y | Q)

. o720



Processes as Formulas
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What do we need:

@ a "linear” approach to resources;
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What do we need:
@ a "linear” approach to resources;

@ parallel operator (commutative, associative);

[Nil]=o

[P1RI=[PIZ Q]
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What do we need:
@ a "linear” approach to resources;
@ parallel operator (commutative, associative);

@ choice operators (one with priority over the other).

[Nil]=0

[P1RI=[PIZ Q]

[x<{t: P(’}(EL]]:()géL(ﬂPf]]) [x>{¢: Pf}feL]]=§9L([[Pf]])
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What do we need:
@ a "linear” approach to resources;
@ parallel operator (commutative, associative);
@ choice operators (one with priority over the other).

@ prefix operator (non-commutative, non-associative);

[Nil]=0

[P1RI=[PIZ Q]

[x<{¢: P(’}(EL]]:()géL(ﬂPf]]) [x>{¢: Pf}feL]]=§9L([[Pf]])
[xty) if P = Nil [(x2y) if P = Nil
[[X!<y>'P]]_{<x!y> <«[P] ifP#Nil |[X?(Y)'P]]_{(x?y) <[P] if P#Nil
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What do we need:
@ a "linear” approach to resources;
@ parallel operator (commutative, associative);
@ choice operators (one with priority over the other).

@ prefix operator (non-commutative, non-associative);

[Nil]=0

[P1RI=[PIZ Q]

[x<{t: P(’}IEL]]:()&éL«X!n <[Pc]) [x>{¢: Pf}zeL]]=§5L((X7f) <[Pc])
[(xly) if P = Nil [y if P = Nil
[[X!<y>'P]]_{<x!y> <«[P] ifP#Nil |[X?(Y)'P]]_{(x?y) <[P] if P#Nil
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What do we need:
@ a “linear” approach to resources;
parallel operator (commutative, associative);
choice operators (one with priority over the other).
prefix operator (non-commutative, non-associative);

variable binding for input (existential quantifier);

[[Ni|]]:o
[PIQI=[PIZ[R] [(vx)(P)]=Mx. [ P]
[x<{t: Pf}teL]]:;g(}_“X!f) <[Pe]) [x={¢: PZ}KGL]]:?BL((X?K) <[Pe])
ity if P =Nil ) 3y((x7y)) if P =Nil
[[X!<y>‘P]]‘{<x!y> <«[P] ifP#Nil [[X?(Y)‘P]]‘{ay.((x?y) <[P]) if P #Nil
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What do we need:
@ a “linear” approach to resources;
parallel operator (commutative, associative);
choice operators (one with priority over the other).

°
°
e prefix operator (non-commutative, non-associative);
e variable binding for input (existential quantifier);

°

restriction operator (nominal quantifier);

[[Ni|]]:o
[PIQI=[PIZ[R] [(vx)(P)]=Mx. [ P]
[x<{t: Pf}teL]]:;g(}_“X!f) <[Pe]) [x={¢: PZ}KGL]]:{GBL((X?K) <[Pe])
ity if P =Nil ) 3y((x7y)) if P =Nil
[[X!<y>‘P]]‘{<x!y> <«[P] ifP#Nil [[X?(Y)‘P]]‘{ay.((x?y) <[P]) if P #Nil
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S+T,AB

S1+T,A S+ B,A

u

S;FT,A Sok AL A
it

TSy ()
Formulas

R
S+ILAZB

®
81,8+ T,A® B, A

S1,8: kLA

A B =
| (xly) atom
| (x?y) atom
| AB par

| A B tensor
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S+TL,AB

S1+TLA Sk BA

S1FTLA Sy AL A
ut

ax R
S+ {xly), (x?y) S+ILAZB

®
S1,8FTLA®BA

c

S1,S2+TLA

Formulas
AB=o unit (atom)
| (xly) atom
| (x?y) atom

| A®B par
| A® B tensor

CS1rl SokA
mix ——————————

Sko S1.8:+ LA
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S+ILAB S1+T,A Sy+B,A S1FT,A Sor AL A
» ® &
aXS}_()dy)’(x?y) S+T,AX B 5. S, rT.AGB.A cul 5.8, rTA
Formulas
AB:=o unit (atom)
| (dy)  atom S+TA; S+T,A S+I,B
| (x?y) atom ®— .
| ARB par St A@B; SFI,A&B
| A® B tensor
| AoE opls ST Sera
| A& B with Sto 51,8, F LA
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S+TL,AB

Si1+TLA Sk BA

S1FTLA Sy AL A
it

ax »
S+ {xly), (x?y) S+T,A®B

Formulas

®
S1,8FLA®BA

u

S1.82+TLA

AB:=o
| (xly)

unit (atom)
atom
atom

S+TLA; S+T,A

S+I,B S+ Aly/x]
3

S+ Aly/x]
v

I (x?y)

®
| ABB SrILA B

par
tensor

S+T,A&B

S+I,3x.A

S+ILVX.A

| A B

Skl SokA
mix ——————————

S1.8:+ LA

| Ae B
| A& B
| Vx.A
| 3x.A

oplus
with

for all
exists
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S+ILAB S1+rTLA Sk BA SirTLA Sor AL A
it

ax Rl ® cus
S (xly), (x7y) SFT,A%B S51.8,+T,A®B,A S1.8,+ LA
Formulas
AB=o unit (atom)
}X?é:zg L SETA LSrDA SKDB  StTAl/x  SETAl/X
‘Agé par S+, A@B; S+T,A&B SrIaxA SrI,VxA
| A® B tensor
| A« B prec . .
| A@B oplus . mixslr—r SokA 4\slr—l",A,C So+AB,D <ﬂSl»—l",A SH>+HAB
| A& B with Sko SLSFT,A  S1.S»rTLALA<«B,C<«D  S.S:rT,AA«B
| Vx.A  forall
| 3x.A  exists

11 /20



SFT,AB SirTLA Sk B,A S1FTLA Sy+ AL A
Rl ® t
TSy, (x7y) SIT,A®B 5.5, F T, A®B, A TTSLS A
Formulas
AB=o unit (atom)
}X?é:zg L SeDA StDA SkTB StTA/xX  SrT.Aly/A
‘Agé par SrT.A10B, SFT,ALB S+, 3xA S+T,Vx.A
| A® B tensor
| A« B prec . .
| Ao B oplus CS1rD Sor A S1kTLAC S>2+-ABD S1+TLA S>2+-AB
) mix -« <
| A& B with Sto S1.SF A S, S rTLAA<«B,C<D  S.S:rT,AA«B
| Vx.A  forall
| 3x. A exists S+ Aly/X] " ST A " S+ T, Aly/x]
| Mx.A new SETLUxA | ST XA | TSy E T, x.A
| dx.A ya
SrLAly/x] | a S.)("I}»l",AL S+ A[y/x]
SELAxA ST AxA | S,y Tk T XA
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SFT,AB SirTLA Sk B,A S1FTLA Sy+ AL A
Rl ® t
TSy, (x7y) SIT,A®B 5.5, F T, A®B, A TTSLS A
Formulas
AB=o unit (atom)
}X?é:zg L SeDA StDA SkTB StTA/xX  SrT.Aly/A
‘Agé par SrT.A10B, SFT,ALB S+, 3xA S+T,Vx.A
| A® B tensor
| A« B prec . .
| Ao B oplus CS1rD Sor A S1kTLAC S>2+-ABD S1+TLA S>2+-AB
) mix -« <
| A& B with Sto S1.SF A S, S rTLAA<«B,C<D  S.S:rT,AA«B
| Vx.A  forall
| 3x. A exists S+ Aly/X] " ST A " S+ T, Aly/x]
| Mx.A new SETLUxA | ST XA | TSy E T, x.A
| dx.A ya
SrLAly/x] | a S.)("I}»l",AL S+ A[y/x]
SELAxA ST AxA | S,y Tk T XA

A-B=A'3B

PiL = all above rules except cut

11 /20



Theorem

Let F be a formula. Then FpiLufcut} F & FpiL F.

Theorem
If+pijt A — B and +pjL B —o C, then tp;. A — C.

Theorem
The following logical equivalences and implications are derivable in PilL.
(A4 B) - (A®B) (A% 0) oo (A 40) oo (c€4A) oo (ARo) oo A

((AeB)©o C) oo (A0 (B0 ()) (AOB) oo (BOA) foralloe{R,®,0,&}

(A& C)B(B&C(C) - (A&B)® C Nx.(A% B) - (Ux.A) % B if x ¢ free(B)

] 12/20



Proofs in PiL as computation trees
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Theorem
o IfP= Q, then [Q] — [P]
e If P — Q via Com or Sel, then [ Q] — [P]
o If“"P — {Q¢}eeL” via Bra, then (&, [Qe]) — [PI;

Theorem
If P is race-free, then P is deadlock-free iff +p;. [ P].

. 13/20



Lemma

For each computation tree T of P there is a derivation D with conclusion
[P] in PiL.
Idea:
_F L) (vy) (P QIa/bl | R
(X009 (P QLabl | R)) PPl LeLa/bH LR
N _r(xa). (<7a) FIPT.TQLa/b1] . LRI
1 F{xla) «[[P], (x?a) « [Q[a/b]], ILR]I
[(009) (xa).P | x2(6).Q | R)) b (xla) < [P].3b.((x?b) < [Q]).T
THIL0 () (x1a).P | x2(6).Q | Rl
_F L0007 (Py, | Qg | R)]]
F Pl L Qe ]S LR
)09 (P, | Qs | R) N UPall. L2 l], UL
d _ s (M), (x7Ck) FIPe D [Qe ], LLRY
Fx) < [P ], (x?6) < [ Qe ]l LR
(009 (x={te: P} 1210 Quleer |R)) *F (Xl < [Po 1. @ (70 < [Qc]). LRI
_ fel
FILOx0Y) (x <t Pod Ix>{€: Qekeer | R)]]
|

v

] 14/20



1

Com Com
(v)(x?(b) | /(b)) (vy)(al{y) | a%(y))
Sel Com
i
(0@ [v2@) [ xK() [ x7(<))
1 i
Com Sel
(0@ 1@ T) (0K 1y2@) | @)
\Br va/
) (vy)(y{a) [ y?(a) | Q)
*(x7b)(x!b) X0y, (x70)
ax 3 ax——————— I —
(x161), (x?6y)  3b.(x7b), (xIb) (x162), (x?0) (X1}, Be.(x7c)
XI5y < 3b.(x7b), (x701) « (xIb) . T XI6) < (x10), (x76) < 3e.(x70)
L0l 072 (x7(1) < (x1b) L a7 ° (x7() < (x1b)
(y1a),3a.(y7a)  (xIt1) « 3b.(x7b), ® (yla),3a.(y72)  (xI6a) = (xlc), ®
(x?62) < 3c.(x70) (x?) < 3c.(x7c)
. (x701) < (x1b) " (x701) < (xb)
(yla),3a.(y?a), (x!{1) « 3b.(x?b), ® (y'a),3a.(y?a), (x!l2) « (xlc),
(x?0,) 4 3c.(x7c) (x?() € 3c.(x7c)

&

®

(x!1) « 3b.(x?b) (x?01) < (xIb)
(yla),Ja.(y?a), & )
(x762) < 3c.(x2¢)

(xIt) 4 (xIc)
ey

(x16) < 3b.(x?b) (x701) < (x1b)
I/Ix.l/ly,((y‘a) 3 Ja.(y7a) ?s'( & )’9( ® ))

(x162) < (xIc) (x762) < Fc.(x7¢)

. 15/20



Completeness of Choreographic Programming
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Theorem
Let P be deadlock-free, then there is a choreography C such that
P = EPP(C).

Proof sketch
@ P be deadlock-free = exists a successful comptuation tree 7~
@ 7 successful computation tree = exists Dq- derivation in PiL of [ P]]

@ using permutations = there is a derivation D of [ P]| made of blocks
as the following [also other shapes]:

P — Tor
x— Tor F (K1) (K20)g + ([SeD)os ([S)
LF KD, (K2)g F TSI, ([T 1x/yDg - (<sz> - |[s§]> (("k?j"j "E,ﬁ'ﬂ)“
F T, (k) <[], (k7)< ([S"] [x/y])g & o Dy (70
F T (kD) < [SDy Gy-((k2) < [S'])g F F.(& (kiey « S I])) ( ((k20) < [57]) )
Llel le

a JeeL




Theorem

Let P be deadlock-free, then there is a choreography C such that

P = EPP(C).

Proof sketch
@ P be deadlock-free = exists a successful comptuation tree 7~
@ 7 successful computation tree = exists Dq- derivation in PiL of [ P]]

@ using permutations = there is a derivation D of [ P]| made of blocks

as the following [also other shapes]:

—— To
P CkD)p (K20)g + T ([SDp. (15T Lx/y]q

F T, (k) <[], (k7)< ([S"] [x/y])g

F L (kD) < [SD,. Gy (k2y) <[5,

&

— o
F(KO), (K20)g ISy (IS/]),
FLL (KO < [SeD), (k70 < [S7]),

Cel

FF.(&(WOHI&H))( (k0 < MSH)

[p-x = aq.yl; Cor

(:Cp,

.. tel
p.L—)q.L‘k{t,:S/, }

tel’'\L
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T

Com Com
1
((002B) | xKB))) ((20(x7(c) [ xKe))

Sel Sel

|
[(VX)(QI)] [(VX)(QZ)j

ra Bra

(m)(Q)

Com

) (vy)(yHa) | y?(a) | Q)

(vx)(x7(b) | xI(b))

i
Com
:
Sel CTm
(»)(Q)) ((»00m K8} [y7(@) [ xKe) | x2(e))
Com S‘e\
0000IE @ 1Q)  (x00mGKa) [y2(3) [ Q)

N

Bra Bra

) (vy)(yKa) 1 y?(a) | Q)

17 /20




® 9

Com Com
(=0 62b) [x14B)) () (x2(€) | x1(0))

S‘e\ Sel

(@) ((x(@)
Bra Bra
029(Q)
Com

{{x!b), (x?b)}
~ __ -

{rta), (y?a)}

W
el et
Sel CTm

(0 (K@) 1y2(@) | xKe) [ ¥2(c)
C%m Sel

\
(0@ 1Y@ 1Q) (1m0 (Ka) [y7(2) | @)

(m)(Q1)

ra Bra

) (vy)(yKa) [ y?(a) | Q)

{(xt), (Pt {{xle). (x70)} {x162), (x762)}

-~ =
/

—~
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Com Com
(02002(5) [x4B0) ((20062(0) [ x(e)))
Sf\ Srl
[(VX)(QI)] ((»’X)(Qz)]

Sl osd

(m)(Q)

Com

vx)(vy)(yHa)y [ y?(a) | Q)

i
Com Com
() (<7(b) | x1(b))
S\ Crm
()(Q) (=00 (v)a) mr(a) | xe) | x2(e))
Com Sel

(0@ Y@ 1Q) (00K [y1(a) | @)

ra Bra

) (vy)(yKa) 1 y?(a) | Q)

{{{0/!8), (y?a)}, {{x!1b), (x?b) }, {{x!l1), (x?(1)}} }
{{irta), (y?a)}, {{xle), (x7c)}, {{x!l2), (x?(2) }}
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Conclusion and Future work
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Main results:

@ PiL + cut-free sequent calculus
Computation trees of P ~» Derivations in PiL of [ P];
Deadlock-freedom P (for race-free) = provability of [ P] in PiL;
Choreographic extraction using PiL (choreographies-as-proofs);
Completeness result for choreographies wrt deadlock-freedom;

Conflict nets and slice nets for PiL;

Correspondence between computation trees (modulo) and proof nets.
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What next?

@ Recursion using fixpoints operators

[teration recursion

Replication

L SFDA?A | SETA<IA | SET P(uA)
SFT,?A SrTIA | St uAP(A)

@ Test preorders as notions of orthogonality for proof nets;
@ Asynchronous mr-calculus: use message buffers (similar to Concurrent

Constraint Programming)
Note: graphical connectives may be needed to model non-SP behaviors

b
l\g = N(a, b, ¢, d)
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Thanks



Thanks

Questions?
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