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the problem with
distributed programming

let t = recvClient () 
sendServer (isValid t)

Auth

let b = recvAuth() 
if b then  
    sendClient result 
else 
    sendClient null

Server

recvServer ()

Client

sendAuth token

deadlock! deadlock!
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the problem with
distributed programming

let t = recvClient () 
sendServer (isValid t)

Auth
let b = recvAuth() 
if b then  
    sendClient result 
else 
    sendClient null

Server

recvServer ()

Client

sendAuth token
?????? 
?????? 
?????? 
??????

🧐

that sounds like… 
…multitier? 
…program partitioning? 
…macroprogramming?

“choreography”

“projection”



baby’s first
choreographic program

1. start local

let t = getToken() 
let b = isValid t 
let r = 
    if b then 
       newResult() 
    else 
       null 
printLine r



choreographic program

let t = getToken(Client) 
let b = isValid@Auth t 
let r = 
    if b then 
       newResult(Server) 
    else 
       null@Server 
printLine@Client r

1. start local 

2. add locations

def myChoreo(Client, Auth, Server) =

baby’s first



⚠
can’t apply isValid at Auth  

to token at Client

let t = getToken(Client) 
let b = isValid@Auth t 
let r = 
    if b then 
       newResult(Server) 
    else 
       null@Server 
printLine@Client r

1. start local 

2. add locations

Token@Client

Bool@Auth

def myChoreo(Client, Auth, Server) =

choreographic program
baby’s first



1. start local 

2. add locations 

3. add communications

let t = comClient,Auth getToken(Client) 
let b = comAuth,Server (isValid@Auth t) 
let r = 
    if b then 
       newResult(Server) 
    else 
       null@Server 
printLine@Client (comServer,Client r)

def myChoreo(Client, Auth, Server) =

choreographic program
baby’s first

Token@Auth Token@Client



let t = comClient,Auth getToken(Client) 
let b = comAuth,Server (isValid@Auth t) 
let r = 
    if b then 
       newResult(Server) 
    else 
       null@Server 
printLine@Client (comServer,Client r)

grow your own
choreographic programming language



let t = comClient,Auth getToken(Client) 
let b = comAuth,Server (isValid@Auth t) 
let r = 
    if b then 
       newResult(Server) 
    else 
       null@Server 
printLine@Client (comServer,Client r)

grow your own
choreographic programming language

sendAuth getToken() 
printLine (recvServer())

Client



grow your own
choreographic programming language

let t = comClient,Auth getToken(Client) 
let b = comAuth,Server (isValid@Auth t) 
let r = 
    if b then 
       newResult(Server) 
    else 
       null@Server 
printLine@Client (comServer,Client r)
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grow your own
choreographic programming language

let t = comClient,Auth getToken(Client) 
let b = comAuth,Server (isValid@Auth t) 
let r = 
    if b then 
       newResult(Server) 
    else 
       null@Server 
printLine@Client (comServer,Client r)

sendAuth getToken() 
printLine (recvServer())

Client

let t = recvClient() 
sendServer (isValid t)

Auth

let b = recvAuth() 
let r = 
    if b then newResult() 
    else null 
sendClient r

Server

✅ deadlock-free 
✅ type-safe



we don’t agree on the semantics!
(in higher-order models)



Choral (Java impl.):

Chorλ (ICTAC 2022):

Pirouette (POPL 2022):

✅ print “hello”

✅ print “hello”

⛔ no effects

✅ print “hello”

⛔ no effects

⛔ no effects



Pirouette
Choral

ChorLambda

who cares? 
🦺 type safety 
🚧 refactoring 
🏎 optimization



choreographic semantics

local semantics

projection function

✅ CBV

⚠ global sync

Pirouette:

projection 
theorem

✅ (concurrent) CBV



choreographic semantics

local semantics

projection function

⚠ looks weird: 
evaluation under lambda 

ad-hoc commuting conversions

Chorλ:

projection 
theorem

✅ CBV

✅ no global sync



how it looks to CP fans

choreographies 
(first-order)

λ-calculus 
(higher-order)

how it looks to FP fans

choreographies

λ



choreographic semantics

local semantics

projection function

our paper:

projection 
theorem

✅ CBV

✅ no global sync✅ semilenient!



operational semantics

notion of reduction: redexes

evaluation strategy: evaluation contexts



notion of reduction: redexes
evaluation strategy: evaluation contexts

if false@A then M1 else M2 M2

if true@A then M1 else M2 M1

comA, B  const@A const@B

let x = V in M M[x := V]

(λ x. M) N let x = N in M



notion of reduction: redexes
evaluation strategy: evaluation contextsCall-by-Value:

E     ::=   V E if E then M else M let x = E in M• E M

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

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

E =

Δ = print@A “hello”@A



notion of reduction: redexes
evaluation strategy: evaluation contextsCall-by-Value:

E     ::=   V E if E then M else M let x = E in M• E M

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

determinism:  
at most one decomposition M = E[Δ]

prints “hello” “foo” “world”



notion of reduction: redexes
evaluation strategy: evaluation contextsCall-by-Value:

E     ::=   V E if E then M else M let x = E in M• E M

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

what’s the projection?



Call-by-Value:

E     ::=   V E if E then M else M let x = E in M• E M

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

let x = print “hello” 
print “world”

process A

notion of reduction: redexes
evaluation strategy: evaluation contexts



Call-by-Value:

E     ::=   V E if E then M else M let x = E in M• E M

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

let x = print “hello” 
print “world”

print “foo”

process A process B

notion of reduction: redexes
evaluation strategy: evaluation contexts



Call-by-Value:

E     ::=   V E if E then M else M let x = E in M• E M

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

let x = print “hello” 
print “world”

print “foo”

process A process B

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

1. rewrites are nondeterministic 
2. rewrites can evaluate under “let”

notion of reduction: redexes
evaluation strategy: evaluation contexts



Lenient:

E   ::=   V E if E then M else M let x = E in M• E M

1. rewrites are nondeterministic 
2. rewrites can evaluate under “let”

let x = M in E

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

let x =• 
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print@A “world”@A

E =
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Lenient:

E   ::=   V E if E then M else M let x = E in M• E M

1. rewrites are nondeterministic 
2. rewrites can evaluate under “let”

let x = M in E

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

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

E =

Δ = print@A “world”@A



Lenient:

E   ::=   V E if E then M else M let x = E in M• E M

1. rewrites are nondeterministic 
2. rewrites can evaluate under “let”

let x = M in E

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

1. “hello” “foo” “world” 
2. “hello” “world” “foo” 
3. “foo” “hello” “world”
4. ⛔“world” “hello” “foo”

3. rewrites are deterministic per process



SemiLenient:

EP  ::=   V EP if EP then M else M let x = EP in M• EP M let x = M in EP

1. rewrites are nondeterministic 
2. rewrites can evaluate under “let” 
3. rewrites are deterministic per process

if p∉ M

explains evaluation under lambda!



what does that buy us?



choreographic semantics

local semantics

projection function

projection 
theorem

✅ CBV

✅ no global sync✅ semilenient

⚠ commuting conversions?



commuting conversions
motivation:

let x = loop(A) 
print@B

“hello!”@B( )
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motivation:
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print@B
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commuting conversions
motivation:

let x = loop(A) 
print@B

“hello!”@B( ) loop() print “hello”

process A process B

(let x = M in N) M’ let x = M in N M’

ok… add a rule:

✅ local code prints “hello”⚠ choreography never 
prints



commuting conversions
motivation:

let x = loop(A) 
“hello!”@B

print@B ( ) loop() print “hello”

process A process B

V (let x = M in N) let x = M in V M’

ok… add a rule:

🫤



SemiLenient:

EP  ::=   V EP if EP then M else M let x = EP in M• EP M let x = M in EP if p∉ M



SemiLenient:

EP  ::=   

V EP if EP then M else M let x = EP in M

•

EP M

let x = M in EP if p∉ M

F  ::=   

A  ::=   

A[EP]F[EP]



SemiLenient:

EP  ::=   

V • if • then M else M let x = • in M

•

• M

let x = M in • if p∉ M

F  ::=   

A  ::=   

A[EP]F[EP]

frames consume values

answering contexts produce values

F[ A[ M ] ] A[ F[ M ] ]









✅ simplified rules!



✅ found bugs in the old model!
✅ simplified rules!



wrapping up

the semantics isn’t arbitrary—it’s semilenient!

there’s a recipe and laws for making choreographic languages

does it generalize?

can we automate it?

can we extract a projection function?



learn more:

*on the job market

support our podcast:

dplyukhin.github.io store.typetheoryforall.com

http://dplyukhin.github.io

