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complex connector

Locality (concurrency)



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):

p assume primitives can make a no-flow step

® 3 colours:

p cannot assume primitives have a no-flow
colour — which direction would it be?

p ldea’:add another no-flow colour, without
direction, and assume all primitives have it...
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Partial connector
colouring
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In practice

Shall | search now |
for a colouring? |
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Qutline

I .Visual semantics for Reo

p Connector colouring (CC)?

2.Loca|ity (concurrency)

p partial connector colouring (PCC)?2

3 .Constraints

p SAT solving with data for Reo3

1 Dave Clarke, David Costa, and Farhad Arbab. Connector colouring |: Synchronisation and context dependency

2 Dave Clarke and José Proenca. Partial connector colouring

3 Dave Clarke, José Proencga,Alexander Lazovik, and Farhad Arbab, Channel-based coordination via constraint satisfaction
José Proencga, 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

DST evenlng

r — T := 9:35pm T <>y Y
(y A evening(y)) <> z %

Reo as (Interactive) Constraints



Coordination as
constraint satisfaction




Exercise: write
constraints




Building up constraints

® Connector colouring as constraints
® Data constraints

® |nteractive constraints



Context
(need for extra interaction)



Hotel booking

SrchHotely
> Book

SrchHotel, \ Approve [Cancel]
N

[Request > WW—o——> />° {Confirmed]

SrchHotels

NS
L~

® |nteraction with hotel repositories
® |nteraction with users

® |nteraction with hotels (availability & payment)



Problem of Interaction



Coordination as
constraint satisfaction

update

[interaction]

dataflow




Asynchronous
transactions




Synchronous

transactions
Si Fz Okz
IN out
F-1 —0k;
stopped : < O stop




Problem

Interaction or Synchrony

but not both



Solution

Interactive Interaction Constraints



Coordination as
constraint satisfaction
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Coordination as interactive
constraint satisfaction

solve

update
/ [interaction]

[interaction]

dataflow



Synchronous

transactions
Si Fz Okz
IN out
F-1 —0k;
stopped : < O stop




Synchronous
transactions
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Interactive Interaction
Constraints
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Scala / Java
implementation

BiFy[F; ]

Ok@

In O >

val £ = 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 (\\inll ,List (\\all , Ilbll) ) ++

transf (“in” ,“"x” ,£,£finv) ++
filter (“'x”,“out”,ok) ++
sdrain (“'x”,“out”) ++

reader (Yout”, 2)

connector.run()

>o— \W\—0 out

class Filter(a: String, b: String,
p: Predicate)
extends ... {

def getConstraint = Constraint (

b --> a,

b --> (b := a),

b --> (a :< p),

(a /\ (a :<p)) -—> Db

)

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




More about constraints



CC2 as constraints

® [ Colouring: End — {Flow, NoFlow} ]
® Formula: Boolean over End

e Composition = conjunction

a ----- > b (_ICZ A\ _Ib) \Y
A =—===- > b (CL /\ b) V b — a
a ===-- > b (a A _Ib)

I — e ——E e —



CC3 as constraints

® [ Colouring: End — {Flow, GiveReason, GetReason} ]
® Formula: Boolean over End, Ends ., Endsni

® a = flow ona; asc = give reason ; —bs,c = get reason

b b — a N
QG == m e > ’3 (a A ﬁb) — (a A\ _‘bsnk) A
Q === > q:) —q —> (_Ib /N\ Wgrc A bsnk)
a -d--d > b
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CC3 as constraints

Composition

® a=flow ona; asc = give reason ; —bs, = get reason

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

\V/Ql? © Lsnk \/xsrc




CC3 as constraints

example

®» = b0—>al—c
(a A =b) = (a N —bgpr) A
—a — (7b A —agpe A bspr) A
(=b — —bgre) A Conie/\
Dsre V bsnk

{a NDAN—CAcsnpt FE @
{_'a A —b N\ —e A T gpe /N bsnk: A _'bsrc A Csnk} — ¢




Data constraints

9:35pm po—>—>¢—W—>0—>

r — T := 9:35pm

DST evening
Display
Y 2
Ty y—y:=DST(7)
S > e ﬂ

(y A\ evening(y))

How to solve this?

—_— —————



Predicate abstraction

DST evening
9:35pm >o—[>—>e—W\—>0—| Display
x Y 2
Or‘\g'\\"\a\
r — T := 9:35pm T <>y y — 1y := DST(x)
(y A evening(y)) < z 2= 2=

boO\ean
T — Tey.dst :=|evening(DST(9:35pm)) T 4>y

Yy — ?/J\ev — Zv\ev.dst (y A ?/J\ev) 7z
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Interaction via Choco

DST evening
9:35pm [»0—>—>e—W\—>0—| Display
T Y z

T — Tey.dst :=|evening(DST(9:35pm)) T 4>y

Yy — :z/\ev — ZIj\ev.dst (y A :/U\ev) 7z

'mteract’we
r — XPred(ev.dst, x,9:35pm) T >y

Yy — @\ev .= i'\ev.dst (y A ?Jev) 7z
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¢ instance of a Choco constraint ’
® reacts when = or Z., 4<t iS instantiated ]

® -r = Tev.dst CAN be anything -
® T = T .dst = ev(dst(9:35pm))

bOO\ean
T — Tey dst | I 1(9:35pm))| xz<+< vy
y— r — /x\ev.dst (y A ?/J\ev) 7z
'mteractwe ,

r — XPred(ev.dst, x,9:35pm) x>y

Yy — ?//\ev .= /m\ev.dst (y A ?jev) 7 2




Wrapping up
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® Interactive
constraint solving

® Expose the atomicity
of Reo to
components

® Reo and connector
colouring




Ongoing experiments

® Avoiding pre-processing (SMT instead of
SAT) Ja, d - 1)
® Compiling steps:

® Heuristics for identifying potential partial
colourings

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



object HotelReservation extends App {
case class Req(val content:String)

def srchHotel(i:Int) =
Function("SearchHotel-"+1i){
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 Ll:List[String] =
println ("approve: "+l.mkString(",
")+". Iy,nl")
readChar() == "y’
}
val book = Function("book"){
case L : List[String] =
println ("Options: "+Ll.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("reql"),

Req("req2"))) ++

nexrouter("req",List("h1","h2","h3")) ++
transf("hl","hlo",srchHotel (1)) ++
transf("h2","h20",srchHotel(2)) ++
transf("h3","h30",srchHotel(3)) ++
nmerger(List("hlo","h20","h30"),"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()




