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2005 2010 2015 2020

Formal methods

Component-based 
systems

Concurrency theory

Coordination models

Distributed algorithms

Using SAT solvers

Compositional semantics
Automata based
Constraint based
Calculus based

ABS programming 
language

Variability models

Domain specific 
languages

Category theory

Type systems

Wireless sensor 
networks

Verification
(Model checking,
Dynamic Logic)

Reactive programming

Real-time systems

Hybrid systems

Critical systems

Ready-to-use formal tools



Nowadays…
Real-time systems + 
industrial partners

- Modelling of 
“coordinators” in 
real-time OS

- Model checking 
many variations 
made easier

Team Automata

- (Multi) 
synchronisation of 
automata

- Communication 
properties

- Different setting: 
dynamic logic, 
variability, 
realisability, …

- FM, ICTAC

Choreographies

- Multi-party 
session types

- “Formal” message 
sequence charts

- Pomsets

- ECOOP, ISOLA

Hybrid programs

- Lince tool
- ICTAC

// Cruise control

p:=0; v:=2;

while true do {

  if v<=10

  then p'=v,v'=5  for 1

  else p'=v,v'=-2 for 1

}



This talk: pomsets

Choreographies (Branching) pomsets Realisability



Joint work with

Sung-Shik Jongmans Luc Edixhoven



Outline
Choreographies

- What is a system 
of communicating 
agents

Pomsets

- What is a pomset

- Semantics as a set of pomsets

- Semantics as a branching pomset

Realisability via pomsets

- Local view of the behaviour

- Realisable: 
composed local beh. = global beh.

- Goal: Infer realisability from sufficient 
conditions over the global view



Choreographies

(a→b:int ; b→c:bool)  ||  a→c:int

Alice communicates an integer to Bob,
after which Bob communicates a boolean to Carol. 
Simultaneously, Alice communicates an integer to Carol.



Choreographies
(a→b:int ; b→c:bool)  ||  a→c:int



Mostly standard semantics

c ::=  1 

|  a→b:x  

|  ab?x

|  c ; c

|  c + c

|  c || c 

|  c*



(Mostly) Standard Semantics

c ::=  1 

|  a→b:x  

|  ab?x

|  c ; c

|  c + c

|  c || c 

|  c* 1  

https://lmf.di.uminho.pt/b-pomset/?(a-%3Eb:int%20;%20b-%3Ec:bool)%20%7C%7C%20a-%3Ec:int


Weak sequential composition



Weak sequential composition

https://lmf.di.uminho.pt/b-pomset/?a-%3Eb:int;b-%3Ec:bool;a-%3Ec:int


Partial termination
(Rensink and Wehrheim 2001)

https://lmf.di.uminho.pt/b-pomset/?a-%3Eb:int;b-%3Ec:bool;a-%3Ec:int


Partial termination: allowing actions

https://lmf.di.uminho.pt/b-pomset/?a-%3Eb:int;b-%3Ec:bool;a-%3Ec:int
https://lmf.di.uminho.pt/b-pomset/?a-%3Eb:int;b-%3Ec:bool;a-%3Ec:int


How big is the state-space?

https://lmf.di.uminho.pt/b-pomset/?a-%3Eb:int;b-%3Ec:bool;a-%3Ec:int
https://lmf.di.uminho.pt/b-pomset/?a-%3Eb:int;b-%3Ec:bool;a-%3Ec:int


How big is the state-space?

https://lmf.di.uminho.pt/b-pomset/?a-%3Eb:int;b-%3Ec:bool;a-%3Ec:int
https://lmf.di.uminho.pt/b-pomset/?a-%3Eb:int;b-%3Ec:bool;a-%3Ec:int


Pomsets: more compact?

https://lmf.di.uminho.pt/b-pomset/?a-%3Eb:int;b-%3Ec:bool;a-%3Ec:int
https://lmf.di.uminho.pt/b-pomset/?a-%3Eb:int;b-%3Ec:bool;a-%3Ec:int
https://lmf.di.uminho.pt/b-pomset/?a-%3Eb:int;b-%3Ec:bool;a-%3Ec:int


Partially ordered multiset (Pratt 1986)

https://lmf.di.uminho.pt/b-pomset/?a-%3Eb:int;b-%3Ec:bool;a-%3Ec:int


Semantics

All traces that follow the 
causal dependencies 

between events

https://lmf.di.uminho.pt/b-pomset/?a-%3Eb:int;b-%3Ec:bool;a-%3Ec:int


Another example

https://lmf.di.uminho.pt/b-pomset/?a-%3Eb:int;b-%3Ec:bool;a-%3Ec:int


Choices – the dark side

https://lmf.di.uminho.pt/b-pomset/?a-%3Eb:int;b-%3Ec:bool;a-%3Ec:int


Choices – the dark side

https://lmf.di.uminho.pt/b-pomset/?a-%3Eb:int;b-%3Ec:bool;a-%3Ec:int


Branching 
pomsets

(to the rescue)





Refining: resolving choices



Refining: resolving choices



Refining: resolving choices



Enabling: maximal refinement wrt “e”



Enabling: maximal refinement wrt “e”



From choreographies to B-Pomsets



From choreographies to B-Pomsets



From choreographies to B-Pomsets



From choreographies to B-Pomsets



Tool support
https://lmf.di.uminho.pt/b-pomset



B-Pomsets are not choreographies



B-Pomsets are similar to
Event Structures

https://lmf.di.uminho.pt/b-pomset/?a-%3Eb:int;b-%3Ec:bool;a-%3Ec:int


Realisability

Global B-Pomset

Alice

Carol

https://lmf.di.uminho.pt/b-pomset/?a-%3Eb:int;b-%3Ec:bool;a-%3Ec:int
https://lmf.di.uminho.pt/b-pomset/?a-%3Eb:int;b-%3Ec:bool;a-%3Ec:int


Checking realisability of B-Pomsets

Well-Branched

- Every choice has 
a “leader”

Well-Channeled

- “Sends” and 
“receives” of the 
same agents 
must be in the 
same order

Tree-like

- “Arrows” cannot 
“leave” choices

Choreographic

- It represents 
“some” 
choreography

Realisable

inspired by multiparty 
session types



Examples



Examples
ill-branched

ill-channelled Not tree-like

OK



Wrap up
Choreographies

- What is a system 
of communicating 
agents 
(asynchronous)

Pomsets

- What is a pomset

- Semantics as a set of pomsets

- Semantics as a branching pomset

Event Structures & Realisability

- Realisable: 
composed local beh. = global beh.

- Sufficient conditions for realisability


