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the problem with I ]
distributed programming OpenID

Auth deadlock! Server deadlock! Client

let t = recvciient () 0 let b = recvatn() 0 reCVserver ()
sendscner (isValid t) if b then sendayih token

else



the problem with I ]
distributed programming OpenID

Auth Server Client

» 0 senda+ token ::
FreCVserver ()

let b = recvatn()
if b then
sendcjient result

let t = recvciient ()
sendsc.r (isValid t)

else



the problem with

distributed programming that sounds like...

...multitier?
...program partitioning?

...macroprogramming¥¢

“choreography”
o as Server .
2722727272 “projection” Auth Client
""" let b = recvaun()
7 7 7 7 7 7 let t = reCvV jient () £ b then sendAuth token
PP0°??7? sendsener (isValid 1) sendcjient result recVsener ()
P77 else

sendc“ent null



baby’s first I )
choreographic program Opel’ﬂD

let t = getToken()
let b = isValid t
1. start local let r —
if b then

newResult()
else

null

printlLine r



baby’s first
choreographic program

def myChoreo(Client, Auth, Server) =

let t =|get Token(Client)
let b = isValidOAuth|t

1. start local let r —
2. add locations if b then
newResult(Server)
else

null@Server
printLine@Client| r



baby’s first
choreographic program

def myChoreo(Client, Auth, Server) =

Token@Client ) let t = getToken(Client)

' can’t apply isValid at Auth

Bool@Auth let b = isValidOAuth t . to token at Client
1. start local let r —
2. add locations if b then
newResult(Server)
else

null@Server

printLine@Client r



baby’s first
choreographic program

def myChoreo(Client, Auth, Server) =

Token@Auth  let t = comcjient auth get Token(Client) < Token@Client

let b = comayih server (isValid@Auth t)
1. start local let r =

2. add locations if b then

o newResult(Server
3. add communications I ( )
else

null@Server

printLine@Client (comse ver Client 1)



grow your own
choreographic programming language

»



grow your own
choreographic programming language

let t = comgjient auth g€t Token(Client)

let b = comayth Server (isValid@Auth t) Client
let r =
if b then senda,in getToken()
newResult(Server) printLine (recvserer())
else

null@Server

printLine@Client (comMserver, Client /)



grow your own
choreographic programming language

let t = comcjient auth get Token(Client)

let b = comayih server (isValid@Auth t) Client Avuth
let r =
if b then senda, get Token() let t = recvciient()
newResult(Server) printLine (recvsener()) sendserer (isValid t)
else

null@Server

printLine@Client (comserer Client 1)



grow your own
choreographic programming language

let t = comcjient auth get Token(Client)

:et b = COMAth Server (/5Va//d@Auth t) Clienl' AU'l'h Server
et r =
if b then senda.h get Token() let t = recvciient() let b = recvaum()
newResult(Server) printLine (recvserer()) sendsee (isValid t) let r =
else if b then newResult()
null@Server - else null
printLine@Client (cOMserver,Client 1) deac"oc k-free sendciient 1

type-safe




we don’t agree on the semantics!

(in higher-order models)




void main() {
void main() { if (helper()) {
println@A(helper()); println@A("hello"@A);
} }

}
String@A helper() {

loop(0@C); bool@A helper() {
return "hello"@A; Loop(0@C);

} return @A;
}

Choral (Java impl.): print “hello” print “hello”
ChorA (ICTAC 2022): print “hello” @ no effects

Pirouette (POPL 2022): @ no effects @ no effects



Chorlamhila

who cares?
& type safety

Pil‘ﬂue@ = ## refactorin
Choral °

: e opi‘ImIZCﬂ'IOn




Pirouette: CBV

local semantics

projection
theorem

choreographic semantics =P projection function

(concurrent) CBY 1. global sync



CBV

local semantics

projection
theorem

choreographic semantics =P projection function

¢,P
M —p M’

. looks weird: [INABS]
. Ao T.M 2P p Ag : T.M no global sync
evaluation under lambda

ad-hoc commuting conversions 5= r7) a3l mon(N) = &
M’ (Az : T.M) N) w (Az : T.(M" M)) N)

[R-ABSL]



» A-calculus

choreographfes
*' (higher-order)

(first-order)
graphies

1
=
i

how it looks to CP fans how it looks to FP fans



our paper: CBY

local semantics

projection
theorem

choreographic semantics =P projection function

semilenient! no global sync



operational semantics

notion of reduction: redexes

evaluation strategy: evaluation contexts



notion of reduction: redexes

if true@A then My else M2 —— M
if false@A then My else M, —— M»
coma g const@QA —> const@B
letx=VinM — M[x:=V]
Ax MJN — letx=NinM



Call-by-Value:

evaluation strategy: evaluation contexts

E :i= o ‘ EM ‘ VE ‘ if E then M else M let x=Ein M
let x =
let x =|print@A “hello” @A E= lety = print@B “foo” @B
let y = print@B “foo” @B print@A “world” @A

print@A “world” @A
A = print@QA “hello”@A



evaluation strategy: evaluation contexts

Call-by-Value:

E :i= o ‘ EM ‘ VE ‘ if Ethen M else M let x=Ein M
| o determinism:
let x = print@A “hello”" @A at most one decomposition M = E[A]

let y = print@B “foo” @B
print@A “world” @A prints “hello” “foo” “world”



Call-by-Value:

evaluation strategy: evaluation contexts

E ::= o ‘ EM ‘ V E ‘ if Ethen M else M let x=Ein M

let x = print@A “hello” @A
let y = print@B “foo” @B what’s the projection?

print@A “world” @A



Call-by-Value:

evaluation strategy: evaluation contexts

E ::= o ‘ EM ‘ V E ‘ if Ethen M else M let x=Ein M

process A

let x = print@A “hello” @A

let x = print “hello”

»

print “world”

print@A “world” @A



Call-by-Value:

evaluation strategy: evaluation contexts

E ::= o ‘ EM ‘ V E ‘ if Ethen M else M let x=Ein M

process A process B

. let x = nt “hello” N, 1"
let y = print@B “foo” @B » X = printhetllo print “foo

print “world”




Call-by-Value:

evaluation strategy: evaluation contexts

E ::= o ‘ EM ‘ V E ‘ if Ethen M else M let x=Ein M

1. “hello” “foo” “world”

1. rewrites are nondeterministic 2. "hello” “world” “foo”

process A process B

let x = print@A “hello” @A
let y = print@B “foo” @B
print@A “world” @A

let x = print “hello” print “foo”

print “world”

2. rewrites can evaluate under “let” 3. “foo” “hello” “world”




t 1. rewrites are nondeterministic
Lenient:

2. rewrites can evaluate under “let”

E = « | EM ‘ VE ‘ if Ethen M else M let x=Ein M ‘
let x =
let x =|print@A “hello” @A E = lety=print@B “foo” @B
let y = print@B “foo” @B print@A “world” @A

print@A “world” @A
A = print@A “hello” @A



t 1. rewrites are nondeterministic
Lenient:

2. rewrites can evaluate under “let”

let x = print@A “hello” @A
let x = print@A “hello” @A E= lety="-¢
let y = print@A “world” @A
print@A “world” @A
A = print@B “foo”@B



t 1. rewrites are nondeterministic
Lenient:

2. rewrites can evaluate under “let”

let x = print@A “hello” @A
let x = print@A “hello” @A E = lety=print@B “foo” @B
let y = print@B “foo” @B °

print@A “world” @A

A = print@A “world”@A



s 1. rewrites are nondeterministic
Lenient:

2. rewrites can evaluate under “let”

1. “hello” “foo” “world”
2. “hello” “world” “foo”
3. “too” "hello” “world”

let x = print@A “hello” @A
let y = print@B “foo” @B
print@A “world” @A




1. rewrites are nondeterministic

semll.enlen'l': 2. rewrites can evaluate under “let”

3. rewrites are deterministic per process

ifthen M else M | let x =in M| let x=Min

explains evaluation under lambdal




what does that buy us?



CBV

local semantics

projection
theorem

choreographic semantics =P projection function

semilenient

no global sync
r ¢ fv(M') spn(M')npn(N) =

[R-ABSL]

M (Az : T.M) N) v~ (Az : T.(M' M)) N)

. commuting conversions?



motivation:
commuting conversions

( let x = loop(A) allol @B

print@B



motivation:
commuting conversions

process A

loop(A) ool
oop

»



motivation:
commuting conversions

process A process B

»

) “hello!”@B IOOP() prinf “hello”

( print@B



motivation:
commuting conversions

process A process B
let x = loop(A) ollol” @B
print@B M loop() print “hello”
. choreography never local code prints “hello”

prints

ok... add a rule:

(letx=MinN)M —> letx=MinNM’



motivation:
commuting conversions

process A process B

let x = loop(A)

int@B
Prin “hellol” @B

loop() print “hello”

local semantics

projection
theorem

ok... add a rule: e

V(iletx=MinN) —— letx=MinVM (.
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Semilenient:

if Er then M else M

Er M ‘ V Ep

Compiling without Continuations

Luke Maurer Paul Downen
Zena M. Ariola

University of Oregon, USA
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Simon Peyton Jones

Microsoft Research, UK
simonpj@microsoft.com

let x=EpIn M

let x =M in Er if pg M



F

Semilenient:

if Er then M else M

= Ep M ‘VEP

let x=MinEp ifpg M

FIEr] | AIEpF]

Compiling without Continuations

Luke Maurer Paul Downen
Zena M. Ariola

University of Oregon, USA
{maurerl,pdownen,ariola}@cs.uoregon.edu

Simon Peyton Jones

Microsoft Research, UK
simonpj@microsoft.com

let x=Epin M



Compiling without Continuations
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F::= M (Ve | if ethenMelse M Ietx=-inM
let x=Min * it pe M answering contexts produce values

FIEr] | AIEpF]
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if (let x =M in My) then M3 else My +— let x = My in (if My then M3 else My) (if-let)
let y = (let x =My in My) in M3 +— let x =M;j in (let y = My in M3) (let-let)
Vletx=MiinMy) > letx=M;inV M (app-let)
(let x =My in My) M3 +—  let x = My in My Ms (let-app)
V (selectpq I M) +  selectpq ! (V M) (app-sel)
F[ A[ M ] ] — A[ F[ M ] ] (selectpq I M1) My +—  selectyq l (My My) (sel-app)
if (selectyq [ M;) then My else M3 +—  selectp q [ (if My then M else M) (if-sel)
let x = selectp q [ My in My +  selectpq [ (let x =M in M) (let-sel)



A Call-By-Need Lambda Calculus
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University of Oregon Rice University
Eugene, Oregon Houston, Texas
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if (let x =Mj in My) then M3 else My + let x = M; in (if My then Mj else My) (if-let)
let y = (let x =M; in My) in M3 +— let x =M in (let y = My in M3) (let-let)
Vletx=M;yinMy) +— letx=M;inV M (app-let)
(let x = M; in My) M3 +— let x = My in My M3 (let-app)
V (selectyq I M) +  selectpq [ (V M) (app-sel)
(selectpq I M1) My +—  selectpq | (M M2) (sel-app)
if (selectpq ! M) then M else M3 +—  selecty q [ (if My then M; else Ms3) (if-sel)
let x = selectp o [ M1 in My +—  selectyq [ (let x = My in Mp) (let-sel)




if (let x = Mj in M) then M3 else My
let y = (let x = My in M) in M3

V (let x = M7 in M)

(let x = My in My) M3

V (selectp q [ M)

(selectp q [ My) M

if (selectpq [ My) then M; else M3

let x = selectp q [ My in M

L

et x = My in (if My then M3 else My)
et x = M in (let y = My in M3)
etx=M; nV M

et x = M1 In My M;j

selectp q [ (V M)

selecty q [ (M1 My)

selectp q [ (if My then M else Ms3)
selectp q [ (let x = My in Mp)

(if-let)
(let-let)
(app-let)
(let-app)
(app-sel)
(sel-app)
(if-sel)
(let-sel)

A Semantical and Operational Account
of Call-by-Value Solvability

Alberto Carraro®? and Giulio Guerrieri?

! DAIS, Universita Ca’ Foscari Venezia
alberto.carraro@unive.it
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if (let x = Mj in M) then M3 else My
let y = (let x = My in M) in M3

V (let x = My in M>)

(let x = My in My) M3

V (selectp q [ M)

(selectp q [ My) M

if (selectp q [ My) then M; else M3

et x = My in (if My then M3 else My) (if-let)
et x = M in (let y = My in M3) (let-let)
et x =M inV M (app-let)

Modular Compilation for Higher-Order Functional

et x = M1 N M2 M3 (let-app) Choreographies
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let x = selectp q [ My in My




simplified rules!

if (let x =Mjpin My) then M3 else My +— let x = Mp in (if My then M3 else My) (if-let)

let y=(let x=M;inMy) inM3z +— letx=M;jin (let y=27M2in M -J¢
O i) ) -5
(let x =My in M) My +—  let x = My in My M3 et-app
V (select,q M) +—  selectpq [ (V M) (app-sel)
(selectyq [ M1) My +—  selecty q [ (M1 Ma) (sel-app)
if (selectyq ! M) then M else M3 +—  selecty q [ (if My then My else M3) (if-sel)
let x = selectpq [ My in My +—  selectp q [ (let x = My in M) (let-sel)




simplified rules!
found bugs in the old model!

if (let x =M in My) then M3 else My +— let x = My in (if My then M3 else M) (if-let)

let y = (let x =M; in My) in M3 +— let x =M in (let y = My in M3) (let-let)
Vlktx=MinMy) + letx=M;inV M (app-let)
(let x =My in My) M3 +— et x = My in My M3 (let-app)
V (select,q M) +—  selectpq [ (V M) (app-sel)
(selectyq [ M1) My +—  selecty q [ (M1 My) (sel-app)
if (selectpq [ M) then M; else M3+  selecty o [ (if My then M; else M3) (if-sel)
let x = selectp q [ My in My +—  selecty q [ (let x = My in M) (let-sel)



wrapping up

the semantics isn’t arbitrary—it’s semilenient!
there’s a recipe and laws for making choreographic languages
can we extract a projection function?

does it generalize?

can we automate it



learn more: support our podcast:

[=]

g .

dplyukhin.github.io store.typetheoryforall.com

*on the job market



http://dplyukhin.github.io

