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Disclaimer:
I'm not a logician!



Choreographies®

Choreographic (or global) programming is a paradigm for
programming distributed systems.
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A global program (or choreography) for the system above,
would be the following description of its execution flow:
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T(tea); x(tr); tr(p)  z(tea); z(tr); tr(p); b(m) b(m)
\ ~ _ N -~ 4 N’
Pclient Pserver Pbank

A global program (or choreography) for the system above,
would be the following description of its execution flow:

1. client — server : x(tea);
2. server — client : x(tr);
3. client — server : tr(p);
4. server — bank : b(m)
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T(tea); x(tr); tr(p)  x(tea); T(tr); tr(p); b(m)  b(m)

& ~ _ o ~~ 4 N— e’

. Pclient Pserver Pbank
Implementation

A global program (or choreography) for the system above,
would be the following description of its execution flow:

1. client — server : z(tea);
2. server — client : x(tr); Global Specification
3. client — server : tr(p);

4. server — bank : b(m)
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Different, but equivalent representations of a
distributed system

1. client — server : x(tea);

| _ | 2. server — client : z(tr);

z(tea); z(tr); tr(p) | altea); T(tr); tr(p); b(m) | b(m) 5" iant  server : tr(p):

4. server — bank : b(m)

QUESTION:

Is there a semantic relationship between these representations?

client — server : z(tea); server — client : x(ir); (ﬁ(p) | tr(p); b(m) | b(m))

Mixed language of choreographies and processes:
Compositional Choreographies



Different, but equivalent representations of a
distributed system

1. client — server : x(tea);
_ 2. server — client : z(tr);
| | 3. client — server : tr(p);

z(tea); z(tr); tr(p) z(tea); z(tr); tr(p); b(m) b(m)

4. server — bank : b(m)

QUESTION:
Is there a semantic relationship between these representations?
clien
1) Choreography —> Processes: Endpoint Projection (YES)
e 2) Processes —> Choreography: Choreography Extraction (?7?)

Mixed language of choreographies and processes:
Compositional Choreographies



In this work...

e The proof theory of Linear Compositional
Choreographies (LCC) whose proofs are
correspond to choreography and process
language terms;

* Logically-Derived Semantics for Compositional
Choreographies

* Projection&Extraction derived from our proof theory



In this work...

e The proot theorv of [ inear Compositiona

¥ A Curry-Howard Approach. ..
CC

£l Programs as Proofs

e | G

C Types as Propositions/Formulas

Normalisation (Reductions) as Cut

Elimination (Cut Reductions)



L CC Proof Theory



Our starting point...

L. Caires, F. Pfenning. Session Types as Intuitionistic Linear Propositions. [Concur 2010]

...a Curry-Howard correspondence between ILL and a
fragment of the pi-calculus...



Sessions-based communication and Session Types

T(tea); z(tr); tr(p) | =(tea); T(tr); tr(p); b(m) | b(m)
client — server : z(tea): (:B(tr); tr(p) | @r): tr(p); b(m) | b(m))

* Channels represent a binary session
 Channels are linearly used (no races)

* Each channel is typed with a session type describing how it
will be used at run-time (client’s side here):
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* Channels represent a binary session
 Channels are linearly used (no races)
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Linear Logic Judgements

Dual intuitionistic linear logic judgements [Caires and Ptenning "10]:
P yi:A1,....ym : A, Fx: B

which reads: “If composed with other processes
communicating on channels Yi,...,Ym

with types Ai,..., A, then P caninteracton &
with type B.



Linear Logic Judgements

There is a problem with parallel composition...

PoAikFx:A Qb As,x:AFy:B
(I/LU) (P | Q) I>A1,A2 |_yB

Cut




Linear Logic Judgements

There is a problem with parallel composition...

PoAikFx:A Qb As,x:AFy:B
(I/LU) (P | Q) I>A1,A2 |_yB

Cut

* Ok for endpoint programs: we just write two programs
using the shared channel and then compose

e Bad for choreographies. A choreography describes
both sides of a session simultaneously.



Linear Logic Judgements

client — server : z(tea); (z(tr); P | T(tr);Q )



Linear Logic Judgements

client — server : z(tea); (z(tr); P | T(tr);Q )

r(tr); P > AiFx: A z(tr);Q > Aq,x: A y: B

(w2) (2(tr); P | () Q ) > Ay, Mgk y: B “ut

77




Linear Logic Judgements

client — server : z(tea); (z(tr); P | T(tr);Q )

r(tr); P > AiFx: A z(tr);Q > Aq,x: A y: B

(vz) (x(tr); P | z(tr);Q ) A, Ay : B
77

Cut

We need to find a way to retain information about cuts
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PI>A1|E331:A1 | ‘ Anlﬁibn:An
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Parallel Composition and Restriction

Our composition&restriction (Cut) is split into two rules:

PDW1|A1|—$:A QDEPQlAQ,x:Al—T

Conn
Ple > Yy | Uy | All_ZB:OA | AQ,ZU:OAl_T
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Parallel Composition and Restriction

Our composition&restriction (Cut) is split into two rules:

PDW1|A1|—$:A QDWQlAQ,xtAl—T

Conn
Ple > Yy | Uy | A1|_£13:OA | AQ,ZU:OAl_T

P>V | Aibx:0A | As,x:0AFET

Scope
(ve) P > ¥ | A1,A2 T

Note. We wish to keep a tree-like structure for hyperseqguents



P,Q, R

Language Syntax (excerpt)

= T(y); (P | Q)  (send) z(y); P (recv)
close|z] (close) wait|z|; P (wait)
P| P (par) (vx) P (res)
[ p—q:xz(y); P (global com) p — q : close(x); P (global close) j

A

Choreography



Processes

Adaptation of [Caires and Pfenning’10], for processes:

1R
close|lz] > -F x:1

P> Vv | ART

1L
waitjz]; P > ¥ | A,x: 1+ T




Processes

PDEpllAle:A QDEPQlAQl—CU:B

®R
f(y),(P'Q) > vy |Ep2 | A1, A Fx:AQ B

P> Y|Ay:Ajx:BET

QL
x(y); P > V| Az AQBFT




Choreographies

Po VY | AijFy:eA | Ask-xz:eB | Az,y:eA, x:eBF T

KC
p—>q:x(y); P > ¥ | Aj,As-x:0AQRQB | As,z:eAQ BFT



Choreographies

Po VY | AijFy:eA | Ask-xz:eB | Az,y:eA, x:eBF T

KC
p—>q:x(y); P > ¥ | Aj,As-x:0AQRQB | As,z:eAQ BFT

P> [AkFy:A Q> ¥ | Ak a:B Po>W|Ay:AzBFT
®R ®L
f(y),(PlQ) > Y |':p2| A1, Ao Fx:AQ B LB(y);P > S_DlA,ZBA@BI_T




Choreographies

Po VY | AijFy:eA | Ask-xz:eB | Az,y:eA, x:eBF T

KC
p—>q:x(y); P > ¥ | Aj,As-x:0AQRQB | As,z:eAQ BFT

CibA kB o ABFED C,-B ABFD
C,CoFA®B 3 A@BI—D® — CO{1F A Cy, AF D Cut
C1,Co D C1,Co D

Cut Cut




Choreographies

P> Vv | ART

1C
p—q:close(x); P > ¥ | -Fx:el | A,x:e1 T




| CC, Processes

Ppoyi|AiFy:A Qp¥s|Ayk-x:B . PrU|A,y:A,x:B+FT ]
& ®
z(y); (P|Q) bW |W2|A1, A -2: AR B x(y); PoVY|Ajz: AQ BET
PovU|lAjy:A+-x:B Poui|AtFy:A QpWYs|As,z:BFT
— R —o L
CIJ(y),P DL.DlA'—CUA—OB f(y),(PlQ)DlpllﬁpglAl,AQ,mA—OBl—T
PoUY|Ajx:AFT Q>Y| A xz:BFT
1R &Lq &L
close[z] > - F x:1 z.inl; P>V |A z: A&ABFT z.inr; Q DYV|A, x: A&ABFT
PoU|AFT ) PoU|AFz:A i Qu>U|AFz:B
1 D
wait[z]; P > W|A,2:1 T aink PoU|AFz:A®B — zin;QbU|AFz:A® B
PoU|A+-z:A QpbVY|AFax:B PpoU|lAjx: AT QoY |Ax:BFT
&R DL

x.case(P, Q) bV|AF x: A&B x.case(P,Q) bV |A,z: A B+T

DR2




LCC, Choreographies

PoU|A1 Fy:eA|As Fz:eB|As,y:0A, z:eBFT c PrU|AL - y:eA|As,y:0A - z:0B|As,x:eBF T c
X —o0
— —
r(y); P> W|A, Ay k- x:0AR® B|As,x:0ARQ B+ T z(y); P >¥|As - x:0A — B|Ay, Az, z:0A — BET
P>Y|AFT
1C
——

close[z]; P> V|- Fx:01l|A, z:01 T

PD![/|W/|A1I—:B:0A|A2,:E:OAI—T QDW’lAll_CBZB PDSplwllAll—CE:.AlAQ,CCIOAFT QD@"AQ,JZIB"T
— &Cq — ®Cy
zl(P,Q) bWV |AL - 2:0A&B|As, z:0A&B + T zI(P,Q) > ¥|¥V'|A1 - 2:0AD B|Az,z:eADBFT
. / . .
PrU|AiFaxz:A QvY|V'|AFz:eB|Ay,z:eB+T Po¥|Az,z:AFT QpY|¥|AFa:eB|Ay,z:eBFT C
&Cso

—
21 (P,Q) > W|W'|As - z:0A&B| Az, z:0A&B - T z.r(P,Q) >W|V'|AL - z:0A® B|Az,z:0AG BT




e [ CC is also a conservative extension of intuitionistic
inear logic

Theorem. If A+ Ain linear logic then AF A in LCL
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Semantics = Scope Reductions

For processes:

(vz) (@(y); (P | Q) |, z(y); R) — (va) (vy) (Ql,(P|,R))

Ppwvy | A kFy: A QD>VYy | Ao Fx: B Rp>V¥yg | Ag,y: A,x: BFT
®R L
f(y);(PlQ)D‘Pl|EP2|A1,A2|—w:A®B z(y); R [>‘P3|A3,$:A®B}—T
Conn®
z(y); (P|Q) |ac x(y); R>ov¥y | Yo | Vg | A1, Ao -z :0ARXR B | A,z : eAQBFT
Scope®
(vz) (z(y); (P|Q) |z z(y); R) >¥y | ¥o | ¥3 | Ay, Az, A3 T
T
—
Q|>E[/2|A2|—£U:B RDEpglAS,y:A,ZB:Bl—T
Conn®
PDlpllAll—y:A leRDEPQ|1P3|A2|—$:OB|A3,y:A,CB:OB|—T
Conn¥
Ply (le R)l>‘_p1|‘_p2|‘_p3|A1|—y:OA|A2|—:B:OB|A3,y:QA,:E:OB|—T
Scope®

(vz) (P |, (Qly R) DYy | ¥ | ¥3 | A Fy:e0A | Ay, Az, y:eA T
y

ScopeY
(vy) (vx) (P |y (Q |p R) bWy | Up | W3 | Ay, Ay, Az - T




Semantics = Scope Reductions

And for choreographies:

Bec]  (wz)p — q:z(y); P — (vy) (vz) P

Ppv¥ | AjFx:eB | Ag-y:0A | Az, y: A, x:eB T

®C*
p—>q:w(y);P [>Ep|Al,AQFw:OA(X)B'AS,w:OA@Bl—T

Scope®
(vz)p > q:z(y); P>¥ | Ay, Ay, A3 = T
o
—
PpVUY|lA{-xz:eB | AgF-y:eA | Ag,y: A, x:eB - T
Scope®

(ve) PDVY|AogFy:e0A | Aq,A3,y: eA =T

Scope¥
(vy) (wve) P> ¥ | Ay, Ag, Az =T




Scope Elimination

Theorem 3 (Deadlock-freedom). P W implies there exist () restriction-free

N t
and t such that P —» ) and Q > V.

I.e., any instance of scope can be eliminated.
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Projection and Extraction

Processes and choreographies are interconnected:

PI>L.D1|A1|_yZA QDEPQlAQl_a?IB PDW'A,y:A,x:BFT

®R ®L
z(y);(P| Q) > W1 | Y2 | A,A2F2x2:A® B r(y); P > ¥ |Az:AQBFT

Po VY | AijFy:eA | Ask-xz:eB | Az,y:eA, x:eBF T

RC
p—=q:xz(y;P >V | Al,As-z:6ARQB | As,z:6AQ BFT




Projection and Extraction

We can actually formally relate the two...

Pp>vyi|lA Fy:A QD> Yo|Ag - x: B R D> VYg|Ag,y:A,z: B+ T
®R ®L
z(y); (P|Q) DY |¥o|Aq, A - x: AR B x(y); R>Ag,c: AQ BFT

Conn
E(y),(PlQ) |w :U(y),R I>‘P1|‘P2|EP3|A1,A2 - :U:OA(X) B|A3,$:OA® BT

QDEpzlAzl—CBZB RDlpglAg,y:A,w:BFT
X

Conn
PpvYi|lAq FHy:A Q| R>Yg|¥3|Ag - xz:0B|A3,y:A,xz:eB + T

Conn¥
P |y (Q |CC R) [>Ep1 |Sp2 | !p3 | Al Hy:eA | AQ H x:eB | AS,y:.A,w:OBI—T

®C*
p—)q:a:(y);(P |y (Q |m R)) [>‘.p1|‘p2llp3|A1,A2|—£U:0A®B | Ag,w:QA(@Bl—T




Projection and Extraction

PpoU|AFT

1R 1L
close[z] > - F x:1 waitjz]; P b ¥ |A,x:1 +— T

Conn

close[x]| |, waitflz]; P D Y|-F x:01|A, x:01l - T

XL

Poo|lART

1C
p—q: close(x); P >V|-Fx:01|A, x:01 - T




Main Results

Theorem 4 (Extraction and Projection). Let P >W. Then:

(choreography extraction) P ~5s Q) for some T and @) such that Q) >¥ and @)

does not contain subterms of the form R | R
(endpoint projection) P » @ for some T and @) such that Q) >¥ and () does
not contain choreography terms.

Theorem 5 (Correspondence). P > ¥ implies:

(CE) P s P’ with P’ restriction-free, implies P --+» Q such that Q ey -7

T

(EPP) P B P’ , with P’ restriction-free, implies P » ) such that @) P



Proof |dea...

* |t is necessary to transform proofs so that reductions and
EPP/CE can be applied

* Scope and Conn can always be commuted towards one
another

 Scope and C-rules can always be commuted towards one
another

* Applications of Scope can always be eliminated

 C-rules can always be eliminated
* Conn-rules can always be eliminated




Conclusions and Future
Work

Logical Characterisation of Choreographies
Choreography Extraction
Future Work: Exponentials and Iterative Behaviour

Future Work: Multiparty Session Types and
Choreographies?

Future Work: More advanced constructs?



