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Synchronous Composition

 Important semantic model for concurrent composition

 Here: composition of actors

 Foundation of Statecharts, Simulink, 

synchronous programming languages

 Esterel

 Lustre 

 Scade

 Idealistic view of concurrency, not adequate for 

distributed systems (Implicit assumption: presence of 

global clock and instant communication;

requires broadcast mechanism)

Lee/Seshia 

Section 6.2
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Synchronous composition

Synchronous composition: the machines react 

simultaneously and instantaneously, despite the apparent 

causal relationship!
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Synchronous composition:

Reactions are simultaneous and instantaneous
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Synchronous composition:

Reactions are simultaneous and instantaneous

unreachable
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Feedback composition
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Continuous feedback composition

Angular velocity 

appears on both 

sides. The semantics 

(meaning) of the 

model is the solution 

to this equation.



- 8 -BF - ES

Observation: Any Composition is a 

feedback composition

s  S N

The behavior of the system 

is a “fixed point.”

If every actor is a function 

then the semantics of the 

overall system is a 
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Fixed point semantics

s  S N

Consider an 

interconnection of actors

Abstract actors
Abstract signals

Reorganize

We seek an s  S N 

that satisfies F(s) = s. 

Such an s is called a 

fixed point.

We would like the 

fixed point to exist 

and be unique. And 

we would like a 

constructive 

procedure to find it.
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Data types

x y

s
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Firing functions

x y

s
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Well-formed feedback

x y

s
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Well-formed example
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Composite machine



- 15 -BF - ES

Ill-Formed Example 1 (Existence)
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Ill-Formed Example 2 (Uniqueness)
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Constructive Semantics: Single Signal
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Non-Constructive Well-Formed State Machine
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Must / May Analysis
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Constructive Semantics: Multiple Signals
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Constructive Semantics: Multiple Actors

 Procedure is the same.


