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• PhD student, TU/e



Research Goals/Questions
Research goals:
• [AFM3-1]: Development of compositional methods, tools, and 

formal techniques for:
• dynamic composition and reconfiguration of components
• compositional construction of coordinating component connectors
• validation of their composition
• validation of components themselves

• [AFM3-2]: Modeling of TCP in process algebra

Research questions:
• [AFM3-1]: What logical foundation is needed to compositionally

reason about components and their connectors?
• [AFM3-1]: What tools can be developed to allow:

• (semi-)automatic reasoning about coordinating connectors?
• verification of the properties of these connectors?

• [AFM3-2]: An equational theory to support the TCP model 
• functionality versus probability
• quantitative analysis



Coordinated Composition

• Compose writers W1 and W2 with reader R such 
that:
• R alternately reads items produced by W1 and W2.
• The system consists of the three component instances plus 

some coordinating glue code.
• The glue code exogenously coordinates the component 

instances: component instances are not aware of their 
cooperation, and their code is not altered to accommodate it.
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Approach
• Reo is an exogenous coordination language based on a 

calculus of channel composition.
• Reo offers a suitable language for compositional 

construction of component connectors.
• Both components and connectors in Reo are distributed

and mobile.
• Reo connectors are dynamically reconfigurable.
• Both components and connectors are uniformly 

represented as Abstract Behavior Types (ABT).
• An ABT is a mathematical relation on timed-data-streams.
• A component is any general ABT.
• A connector is any ABT that can be compositionally constructed out 

of a user-defined set of primitive connectors (channels).
• ABT composition is a form of relational composition.

• [IWIM/Manifold, Dynamic Kahn networks, mobile channels, Broy’s timed dataflow]



Channels 

• Atomic connectors in Reo are called 
channels.

• A channel is an ABT defined as a binary 
relationship between two timed-data 
streams.

• Channel in Reo is a generalization of its 
common notion:
• Always has two ends
• Two types of channel ends

• Source: data enters into the channel
• Sink: data leaves the channel

• A channel can have two sources or two sinks



A Sample of Channels

• Synchronous channel
• write/take

• Synchronous drain: two sources
• write/write

• Synchronous spout: two sinks
• take/take

• Lossy synchronous channel

• Asynchronous FIFO1 channel
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• Flow through
• Merge + replication combo

• Non-deterministic merge

• Replication

Join
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Regulated Reads (TC)

• With a synchronous channel on b, takes 
from c produce successive values of a.

• Values pass through the junction only 
whenever something is taken from b.

• A take from b, then, is the cue for the 
completion of a write-take pair on a and c.

• We express this as c = (b:a)*.

• Symmetrically, we have b = (c:a)*.
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Regulated Reads (WC)

• With a synchronous drain, takes from c 
produce successive values of a.

• Values pass through the junction only 
whenever something is written to b.

• A write on b, then, is the cue for the 
completion of a write-take pair on a and c.

• We express this as c = (b/a)*.
a c

b



Flow Synchronization

• If all channels are synchronous, takes 
from c and d are synchronized: barrier 
synchronization.

• If only the drain is asynchronous, no 
simultaneous takes are possible on c 
and d.
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Order a And b

• Subsequent takes from c retrieve the 
elements of the stream (ab)*

• Both a and b must be present before a 
pair can go through.
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a b c d

Sequencer 

• Writes to a, b, c, and d will succeed 
cyclically and in that order.
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Expressiveness

• What range of behavior can be 
produced by composition of a given 
set of channels?
• With a small set of 5 channel types, the 

equivalent of regular expressions can be 
constructed.

• Turing equivalence is possible with the 
above set of channel types, plus 
unbounded FIFO.



Research Challenges

• Reo circuits resemble electronic circuits:
• Compositional
• Model and implementation are the same
• Solid mathematical foundation

• Reo circuits exhibit far more complex behavior 
than electronic circuits:
• Combination of synchrony and asynchrony.
• Relational as well as functional (input/output) 

interdependencies.

• Formalisms for reasoning with and verification of
Reo circuits is more complex than the case of 
electronic circuits.



Expected Results

• [AFM3-1]: New techniques for the incremental and 
compositional construction of large (software) 
networks out of a number of small components.

• [AFM3-1]: Tool support for the visual programming 
of component connector circuits.

• [AFM3-1]: Tool support for the automation of formal 
reasoning about Reo circuits.

• [AFM3-2]: Up-scaling existing techniques for 
modeling of Internet protocols:
• abstraction and decomposition
• proof principles from other fields
• combining various tools



Applications

• Coordinated component composition in 
distributed mobile environments

• Coordinated composition of web services
• Cybernetic Incident Management
• Business process modeling, e.g., in e-commerce
• Coordination in systems biology
• Deployment and compositional QoS models
• Modeling of internet protocols (in cooperation 

with AFM3-2)
• Speculative: asynchronous digital circuits


