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Choreographic programming

p sends ¢; q sends p; p sends g;

p

@ One centralized program
@ Centralized program is compiled via endpoint projection

@ Deadlock freedom



Choreographic programming

@ Choreographies are the definition of what we want to happen

@ Process programs as definitions of how the processes are
going to collectively make it happen

Next : A small choreographic language
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Syntax

C:=I,C|0
I:=pe—qx|pxr:=e
ex=vl|z| f()

@ ranges over sequences of expressions €1, €a, ..., ep



Stores and transition labels

@ . : choreographic store, maps a process name to the
process's local store. E.g. ¥(q) is ¢'s local store

@ p.v — ¢: p sends value v to ¢

@ 7Qp : internal step is performed at p



Process names

pn(I;C) = pn(I) U pn(C)
pn(p-e = q.x) £ {p,q}
pn(p.x :=e) 2 {p}

pn(pv = q) = {p,q}
pn(t@p) £ {p}



Semantics

(oo sy

E(p)elv [Local]
(p.z:=€;C,%) —p><C,E[p.x»—>v]>

S(p)Felv Com]
(p.e—q.z;C,%) AN (C,Z[g.x—])

(2= (C, E’> pr(DH)Npn(u)=0 [Delay]
(I;C E) (L;C,%7)




Ex
ample (choreography)

C—p
N
1 1 ;
ap'v2 2y.
> 7 z > T9. p./U > 1 z
) 3 3'

(p.v1 = r1.x ;5 pvg — — m
; PV — T2.Y
2.y 3 p.ug — 3.2, %) [Com]

<p'v2 - lp.m—m
7 ; PU3 = T3.2, E[Tl T Com
(p.vs r3.2, 2 ¢p'r—>v2 ) | o |
— yX[r1.e = vy, Ty Com
3P V3—T3 v2]> [ ’ ]

<9 2[7 Z
b 1'
U1,72.Y V2,713 }
xr — r —> ,T3. ’U3>



Process programs

@ Implementing the choreography requires translating it to
appropriate process programs (via end-point-projection)



Syntax for processes

P:=ILP|0
I:=ple|plx|z:=e

ex=vl|azl|f()



End-point-projection

ge; [Cl, ifr=p
[p.e = q.x;C], £ {pla; IC].ifr=q
[C] otherwise

x:=e[C],ifr=p
[C], otherwise

[p.x:=e;C], = {

N = pi[P]|p2[P2]| - . | pulP]



Example

Cc 4
p.v1 — T1.2;
yPU2 — T2.Y; PV
yp.U3 — 3.2

N—p7 7 7 TP 1 z p
[ l!vl' Q‘U
’ . ) !
2, 3'1}3] | 1[ .’If] ’ S[p ] ‘T [
. 2 'y]



Semantics of processes

(N2 (N7 57

E%);ew [Local]
(plz:=e;P|,Z) —— (p[P],Z[p.z—])

E(Pv)ieiv Com]
(pla'e; P)lqlp?;Q],E) —— (p| P)|q[Q], Slg.z])

(N,%)

LX) [Par]
(NIM.5)

(N'|M,X")

N
N



Example (processes)

(plrilvy; ralug; ralus] | ri[p?a] | r3lp?z] | re[p?y], X) [Com]

i,p.vl—w"l
(plratve;ralus] [ 71[0] | r3[p?2] | r2[p?y], %) [Com]
\l,p.vz—w”g
(plrslvs] | 7“1&9] | r3[p?2] | m2[6],%")  [Com]
(pl6] | r1[6] | 7":5[9] | 72[6], %) = (6,5")

p[o]=0 p[P]je=p[P] 6J6=0|




Synchronous communication

@ So far our choreographic language is synchronous

@ A sending action blocks the sender until it can interact with a
compatible receiving action at the intended receiver



Asynchronous communication

@ Allow a sending action to be executed without waiting for the
receiver to be ready



Message state and queue

mifp:q

) wherem:ml,mg...
K (p) otherwise

K[q— mi)(p) & {
e Each message m; is of form (p,v)

@ The message from the sender can be immediately stored in a
message queue of the receiver

@ The intended receiver can later retrieve the message



Syntax

C:=1C
I:=pe—qx|pr:=e|p~qx

ex=vl|az|f()



Transition labels

@ prv—=ry—psendsvatvev-toq
@ 7@Qp : internal step is performed at p
@ p.v — ¢!: denotes p has sent value v to ¢

@ p.v — ¢7: denotes q received value v from p



Process names
pn(I;C) = pn(I) U pn(C)
pn(p.e = q.z) = {p,q}
pn(p.x :=e) = {p}
pn(p ~ q.x) = {q}

PP =g =7, qf
pn(pv — ¢') = {p}
pn(pv — q?) £ {q}
pn(T@p) £ {p}



Semantics

(C2,K)=(C' ¥ K')

E(]:)@:ew [Local]
(p.x:=¢;C, 2, K)——>(C,X[p.x—v],K)

Z(plrelv K(q)=m [Send-Val]
(p.e—q.z;C,%) L%) (pwq.x;C,Z,K[q.me,(p,v)])

Iiff?:?(p’y)’m [Recv-Val]
(pwq.x;C,5,K) i LN (C,Z[g.x—] ,K[q»—)ﬁ})

(C.BK)ZHCSK) prD)pn()=0 g1
(I;C.2,K) = (I,C! 5/ K)




Example(choreography)

(p.v1 — 1.5 pUg — T2y PV —> T3.2, 2, K)
¢P~U1—>7‘1! [Send—VaI]

(p ~ r1.2;5pve = ro.y; pvs — 13.2, 5, K[ry — (p,v1)])
ip.vg—)rg! [Send—VaI]

(p ~= 1.5~ roys pvg = 13.2, 5, K[ = (p,v1), 72 = (p,v2)])
\l,p.’UQ‘)’I“z? [Recv—VaI]

(p ~ ri.a;pvs — r3.2, X[re.y — va], K[r1 — (p,v1)])
\Lp.’U3*>T’3! [Send—VaI]

(D~ 1.5 p ~ 3.2, B[ro.y = va), Kry = (p,v1),73 = (p, v3)])
Ipvs—rs? [Recv-Val]

(p ~ r1.2, B[ro.y = v, r3.2 = 3], K[ry — (p,v1)])
Ipvi—r? [Recv-Val]

(0,X[r2.y — va,13.2 — v3,r1.2 — V1], K)



Syntax for processes

P:=I;P|0
I:=ple|plx|z:=e

ex=vl|z| f(¥)

N 2 pi[P1]|p2[Pa]| - . | pa[Pu]



End-point-projection

qgle;[Clrifr=p
[p-e = q.2;C]. 2  p?; [C, if r = ¢
[C] otherwise

[p.x :=¢€;C],

s Jz=e[C] ifr=p
~ 1 [C]» otherwise

lI>

{p?x; [CT ifr=q

z; C,
lp~ q.;C] [C] otherwise



Semantics of processes

(N2,K) (N5 K')

ES’;):EM [Local]
(plr:=e;P|,5,K) ——(p[P],E[p.x—v],K)

Z(P)"eiilf K(q)=m [Send-Val]
(plgle; P).E,K) == (p P),E, K [q—7, (p,)])

f_()@#ﬁw)ﬁ [Recv-Val
pood )

(alp?2;Q), %, K) ———(¢[Q],X[q-2—v], K [¢—

lad 1SV gt
<N,E7K>/—L>§N XK [Par]

(N|M,S,K)=(N'|M,% K"




Example

Cc 4
p.v1 — T1.2;
yPU2 — T2.Y; PV
yp.U3 — 3.2

N—p7 7 7 TP 1 z p
[ l!vl' Q‘U
’ . ) !
2, 3'1}3] | 1[ .’If] ’ S[p ] ‘T [
. 2 'y]



Example (processes)

(plritvy;ralug; ralus] | ri[p?a] | r3lp?z] | ro[p?y], ¥, K)

i,p.vl—wl! [Send-Val]
(plralvg;rslus] | m[p?a] [ r3[p?z] [ ra[p?yl, 3, K(ry = (p,v1)])
\Lp.vz—w”g! [Send-Val]
(plralvs] [ ri[p?a] | r3[p?2] | r2[p?y], ¥, Klri = (p,v1), 72 = (P, v2)])
J,p.v2—>r2? [Recv-Val]
(plralvs] [ ri[p?a] | r3[p?2] | 72[0], Elre.y = vo], K[r1 — (p, v1)])
Ipws—rs! [Send-Val]

(pl0] | r1[p?x] | r3[p?2], X[ro.y = wva], K[r1 = (p,v1),73 = (p,v3)])



Receiving order is maintained

(p.v1 — .5 pvg — 1.y, B, K)

J,p.v1—>r1!
ip.vgﬁrll
<p ~r T p v Ty, ZvK/>

&p.v2—>r1?

’pn(p ~ r.x) Npn(pvg — m7?) # @‘




Receiving order is maintained

(p1.v1 — r1.x23p2.v2 — 11y, B, K)

xl/pl.vl—w’l!
¢p2.vz*>7“1!
(p1 ~ ri.x;po ~ 1.y, 2, K')

§pove—sr1?

’Pn(pl ~ r1.2) N pn(pe.ve — 117) # Q)‘




Deadlock freedom

Consider the choreography p ~~ g.z, and let's assume the
messaging state does not have a message from p for ¢ — hence ¢
will get stuck

This can never happen as p ~» q.z is generated via [Send-Val] rule
from some term p.v — q.x



