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Motivation

• Connector colouring is not optimal for 
distributed systems.

• All-or-nothing – all channels are needed 
to decide where data goes.

• Need to identify local flows that are not 
composed with the full connector.

• Model context dependency



Problems
• 2 colours (or constraint automata):

‣ assume primitives can make a no-flow step

• 3 colours:

‣ cannot assume primitives have a no-flow 
colour – which direction would it be?

‣ Idea?: add another no-flow colour, without 
direction, and assume all primitives have it...
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Partial connector 
colouring

• Colouring:

  End ⇀ {Flow, GiveReason,GetReason}

• Composition = matching colours:



In practice
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Shall I search now 
for a colouring?



Outline
1.Visual semantics for Reo

‣ Connector colouring (CC)1

2.Locality (concurrency)

‣ partial connector colouring (PCC)2

3.Constraints

‣ SAT solving with data for Reo3
1 Dave Clarke, David Costa, and Farhad Arbab. Connector colouring I: Synchronisation and context dependency
2 Dave Clarke and José Proença. Partial connector colouring
3 Dave Clarke, José Proença, Alexander Lazovik, and Farhad Arbab, Channel-based coordination via constraint satisfaction
  José Proença, Dave Clarke, Interactive interaction constraints

https://lirias.kuleuven.be/bitstream/123456789/288820/1/2nd-revision-Channel-based+Coordination+via+Constraint+Satisfaction.pdf
http://people.cs.kuleuven.be/~jose.proenca/papers/interactivechannels.pdf


Reo as (Interactive) Constraints

x

y

z

9:35pm Display
DST evening

x ! bx := 9:35pm x $ y y ! by := DST(bx)
(y ^ evening(by)) $ z z ! bz := by



Coordination as 
constraint satisfaction

Formulas

Solution

solveupdate

a b
a $ b

b ! bb := ba

a b
b ! a

b ! bb := ba

a b
P b ! bb := ba

(a ^ P(ba)) $ b

a b
f a $ b

b ! bb := f(ba)



Exercise: write 
constraints

Rd

Wr(d)

a
b

a $ b

b !
bb := ba

a
b

b ! a

b ! bb := ba

a
bP

b ! bb := ba

(a ^ P(ba)) $
b

a
b

f

a $ b

b ! bb := f(ba)

a
b

a $ b

b !
bb := ba

a
b

b ! a

b ! bb := ba

a
bP

b ! bb := ba

(a ^ P(ba)) $
b

a
b

f

a $ b

b ! bb := f(ba)



Building up constraints

• Connector colouring as constraints

• Data constraints

• Interactive constraints



Context
(need for extra interaction)



• Interaction with hotel repositories

• Interaction with users

• Interaction with hotels (availability & payment)

Hotel booking
SrchHotel1

SrchHotel2

SrchHotel3

Approve
Book

[Cancel]
Request Confirmed



Problem of Interaction



Coordination as 
constraint satisfaction

Constraint

Solution

solveupdate
[interaction]

dataflow
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Asynchronous 
transactions
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Synchronous 
transactions
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Problem

Interaction or Synchrony

but not both



Solution
Interactive Interaction Constraints



Coordination as 
constraint satisfaction

Constraint

Solution

solveupdate
[interaction]

dataflow



Coordination as interactive 
constraint satisfaction

Constraint

Solution

solve
[interaction]

update
[interaction]

dataflow



Synchronous 
transactions
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Synchronous 
transactions
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Interactive Interaction 
Constraints

DB CA User

Wr

Wr

Rd



Scala / Java 
implementation

val f = Function(“f”) { 
  case s: String => /* do something */ 
} 

val finv = Function(“f^-1”) { 
  case s: String => /* do something */ 
} 

val ok = Predicate(“ok”) { 
  case s: String => /* do something */ 
} 

val connector = 
  writer(“in”,List(“a”,”b”)) ++ 
  transf(“in”,“x”,f,finv)    ++ 
  filter(“x”,“out”,ok)       ++ 
  sdrain(“x”,“out”)          ++ 
  reader(“out”,2) 

connector.run() 

class Filter(a: String, b: String, 
 p: Predicate)  

             extends ... {  

  def getConstraint = Constraint( 
    b --> a, 
    b --> (b := a), 
    b --> (a :< p), 
    (a /\ (a :< p)) --> b 
  ) 

  /* override def update(s: 
Option[Solution]) = ... */ 

} 

Bi

in

out

Fi[F�1
i ]

oki



More about constraints



CC2 as constraints
• [ Colouring:   End → {Flow, NoFlow} ]

• Formula:  Boolean over End

• Composition = conjunction 

a b
a b

a b

(¬a � ¬b) ⇥
(a � b) ⇥
(a � ¬b)

b ! a



CC3 as constraints
• [ Colouring:   End → {Flow, GiveReason, GetReason} ]

• Formula:  Boolean over End, Endsrc, Endsnk

• a = flow on a ;  asrc = give reason ;  ¬bsnk = get reason

a b
a b

a b
a b

b � a ⇥
(a ⇥ ¬b) � (a ⇥ ¬bsnk) ⇥
¬a � (¬b ⇥ ¬asrc ⇥ bsnk)



CC3 as constraints 
Composition

• a = flow on a ;  asrc = give reason ;  ¬bsnk = get reason

• one-to-one composition: source to sink ends

�x · xsnk ⇥ xsrc



CC3 as constraints 
example

a
b

c

� = b � a ⇥ ¬c
(a ⇥ ¬b) � (a ⇥ ¬bsnk) ⇥
¬a � (¬b ⇥ ¬asrc ⇥ bsnk) ⇥
(¬b � ¬bsrc) ⇥ csnk⇥
bsrc ⇤ bsnk

{a � b � ¬c � csnk} |= �

{¬a � ¬b � ¬c � ¬asrc � bsnk � ¬bsrc � csnk} |= �



Data constraints

x

y

z

9:35pm Display
DST evening

x ! bx := 9:35pm x $ y y ! by := DST(bx)
(y ^ evening(by)) $ z z ! bz := by

How to solve this?



x ! bxev.dst :=[evening(DST(9:35pm))] x $ y

y ! byev := bxev.dst (y ^ byev) $ z

x ! bx := 9:35pm x $ y y ! by := DST(bx)
(y ^ evening(by)) $ z z ! bz := by

Predicate abstraction

x

y

z

9:35pm Display
DST evening

original

boolean



Interaction via Choco

x

y

z

9:35pm Display
DST evening

x ! bxev.dst :=[evening(DST(9:35pm))] x $ y

y ! byev := bxev.dst (y ^ byev) $ z

x ! XPred(ev.dst, x, 9:35pm) x $ y

y ! byev := bxev.dst (y ^ byev) $ z

interactive

boolean



Interaction via Choco

x

y

z

9:35pm Display
DST evening

x ! bxev.dst :=[evening(DST(9:35pm))] x $ y

y ! byev := bxev.dst (y ^ byev) $ z

x ! XPred(ev.dst, x, 9:35pm) x $ y

y ! byev := bxev.dst (y ^ byev) $ z

interactive

boolean

• instance of a Choco constraint
• reacts when    or          is instantiated
•                     can be anything
•
¬x � bxev.dst

x ) bxev.dst = ev(dst(9:35pm))

x bxev.dst



Wrapping up

• Interactive 
constraint solving

• Expose the atomicity 
of Reo to 
components
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•
Rd

• Reo and connector 
colouring



Ongoing experiments

• Avoiding pre-processing (SMT instead of 
SAT)

• Compiling steps:

• Heuristics for identifying potential partial 
colourings

• Combining local and interactive constraints 
(probably to a journal)

�a, â · �



In the Hotel Reservation system, this strategy can avoid the booking, invoic-
ing, and payment of hotels that are not approved. The choice of which function
and predicate is evaluated first is non-deterministic: it depends on the order of
concatenation of traversals during the linearisation process. In this case, a pos-
sible linearisation is: req � h1 � h1out � hs � ap � bk � inv � paid �
h3 � h3out � h2 � h2out . Thus the constraint solver will first select and
branch the variable h2out, then the variable h2, and so on. The data variables
are selected only after the synchronous variables. The ports hi and hiout are
the two ports of the filter SrchHoteli, and the ports ap, bk , inv , paid succeed the
channels Approve, Book, Invoice, and Paid, respectively.

5.3 Scala Implementation

We have developed a set of libraries for the Scala language4 to easily specify
interactive constraints. Scala is fully interoperable with Java, hence our libraries
can also be used to define and run connectors using Java.

object HotelReservation extends App {

case class Req(val content:String)

def srchHotel(i:Int) =
Function("SearchHotel-"+i){

case r:Req ) i match {
case 1 ) List("F1","Ibis","Mercury")
case 2 ) List("B&B","YHostel")
case _ ) List("HotelA","HotelB")

}
}
val approve = Predicate("approve"){
case l:List[String] )

println ("approve: "+l.mkString(",
")+". [y,n]")

readChar() == ’y’
}
val book = Function("book"){
case l : List[String] )

println ("Options: "+l.mkString(", ")+
". Which one? (1.."+l.length+")")

val res = readInt()
l(res-1)

}
val cancelB = Function("cancelB"){
case x ) println ("canceling "+x+".")

}
val invoice = Function("invoice"){
case x ) println ("invoice for "+x+".")

}

val pay = Predicate("paid"){
case x ) if (x == "Ibis") {

println ("paid for Ibis")
true

}
else {

println ("not paid for "+x)
false

}
}

// Connector definition
val connector =
writer("req",List(Req("req1"),

Req("req2"))) ++
nexrouter("req",List("h1","h2","h3")) ++
transf("h1","h1o",srchHotel(1)) ++
transf("h2","h2o",srchHotel(2)) ++
transf("h3","h3o",srchHotel(3)) ++
nmerger(List("h1o","h2o","h3o"),"hs") ++
filter("hs","ap",approve) ++
sdrain("hs","ap") ++
transf("ap","bk",book,cancelB) ++
monitor("bk","inv",invoice) ++
filter("inv","paid",paid) ++
reader("paid",5)

connector.run()
}

Listing 1: Scala code for the Hotel Reservation system.

4 http://www.scala-lang.org


