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Global protocols 
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● High-level message sequence charts [Mauw and Reniers 97]
● Session types [Honda et al. 08] 
● Choreographic programs [Carbone and Montesi 13] 
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all participants' behavior specified jointly
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sending and 
receiving 
specified 

atomically 



Global protocols 
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Top-down verification 
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correct-by-construction
synthesis 



Top-down verification 

18

?
realizability/

implementability
[Alur et al. 00]

no message channels, omniscient coordinator etc.
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(half,s)
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󰣼
deadlock…
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35

?
realizability/

implementability
under a given network?



Network-parametric goal 

A single implementability characterization 
and proof of preciseness 

for all asynchronous networks 
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"On the diversity of asynchronous communication" 
[Chevrou et al. 16]

[Chevrou et al. 19]
[Di Giusto et al. 23]



Communicating Labeled Transition System (CLTS) = per participant LTS + channels

Asynchronous communication

Mailbox (FIFO n-1): 
● Actor model: Elixir, Erlang 
● Synchronizability and realizability 

[Etienne and Lozes 17, Muscholl and 
Delpy 24] 



Communicating Labeled Transition System (CLTS) = per participant LTS + channels

Asynchronous communication

Senderbox (FIFO 1-n): 
● Work-stealing in parallel programming 



Communicating Labeled Transition System (CLTS) = per participant LTS + channels

Asynchronous communication

Monobag (async): 
● Consensus protocols 

(y,b2)
(y,s)



Communicating Labeled Transition System (CLTS) = per participant LTS + network architecture A 

Asynchronous communication

Peer-to-peer FIFO (FIFO 1-1):  
● Communicating state machines 

[Brand and Zafiropulo 83] 
● Ubiquitous in theory and verification
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A

communication topology buffer data structure ✕
A network architecture A is:  

(mapping sender and receiver pairs to buffers)  (empty, insert, remove)
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Communicating Labeled Transition System (CLTS) = local implementations + network architecture A
(controllable)                (non-controllable) 

communication topology buffer data structure ✕
A network architecture A is:  

(mapping sender and receiver pairs to buffers)  (empty, insert, remove)
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A

Communicating Labeled Transition System (CLTS) = local implementations + network architecture A
(controllable)                (non-controllable) 

communication topology buffer data structure ✕
A network architecture A is:  

(mapping sender and receiver pairs to buffers)  (empty, insert, remove)

𝝨*

𝝨* 𝝨*

A network is the set of finite and infinite words executable by the 
universal CLTS under network architecture A. 



Network-parametric goal 

A single implementability characterization 
and proof of preciseness 

for all asynchronous networks 
(L(A))



Coherence Conditions under p2p FIFO [Li et al. 25]  
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From two locally indistinguishable global states, a participant can either: 

- Send a message permissible from both states (Send Coherence)
- Receive a message that distinguishes the two states (Receive Coherence) 

but cannot choose between sending or receiving a message (No Mixed Choice)

Theorem. A concrete protocol is implementable if and only if it satisfies the 
Coherence Conditions. 

Indistinguishable to 
participant r

From two locally indistinguishable global states, a participant can either: 

- Send a message permissible from both states (Send Coherence)
- Receive a message that distinguishes the two states (Receive Coherence) 

but cannot choose between sending or receiving a message (No Mixed Choice)



Generalized Coherence Conditions under A
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Indistinguishable to 
participant r

From two locally indistinguishable global states, a participant can either: 

- Send a message permissible from both states (Send Coherence)
- Receive a message under A that distinguishes the two states 

(Generalized Receive Coherence) 

but cannot choose between sending or receiving a message (No Mixed Choice)

Moreover, the protocol must not contain runs that deadlock under A despite 
perfect information (Prefix Extensibility) 

Theorem. A protocol is implementable if and only if it satisfies the Coherence 
Conditions. 



Violation of Generalized Receive Coherence (all)
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Violation of Prefix Extensibility (mailbox, monobox)
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(half,s)
(half,w1)

󰣼
deadlock…



Network-parametric goal 

A single implementability characterization 
and proof of preciseness 

for all asynchronous networks* 

(Generalized Coherence Conditions under A)

(L(A))



Channel compliance (≈ L(A)) facts 

Theorem. Let A satisfy F1-F6. Then, G is implementable under A iff G satisfies 
Generalized Coherence Conditions under A. 



Theorem. Let A satisfy F1-F6. Then, G is implementable under A iff G satisfies 
Generalized Coherence Conditions under A. 

Network-parametric goal 

A single implementability characterization 
and proof of preciseness 

for all asynchronous networks* 

(Generalized Coherence Conditions under A)

(network architectures A satisfying F1-F6)
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Using the framework 

(y,b2)
(y,s)

L(mailbox) != L(senderbox)L(mailbox) ≠ L(senderbox)

5000 lin
es 
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bounded channels 
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bounded channels 

priority queues, stacks
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FIFO queues, multisets

bounded channels 

priority queues, stacks



Using the framework, take two 
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SPROUT(A) [Li et al. CAV'25] 
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Generalized Symbolic Coherence Conditions 

MuVal [Unno et al. 23] 

A ∈ {p2pbox, senderbox, mailbox, monobox, bag}+

sound and complete μCLP reduction
(first order fixpoint logic)

calls solver



Efficiency [Li et al. CAV'25]

…



Implementability relationships  
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