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Votivation
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Basic connector calculus
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c1 ® co parallel composition

id; identity connectors T 3 tensovr (wmowoid)
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Trr(c) traces o —— S\jW\W\etY\eS
p € P primitive connectors T tvaces

connectors:

=1®J tensor morpnisms

| O empty interface

A port type interfaces:

objects

Based on connector algebra from Bruni et. 3l (TcS'06)
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Reo example
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Visualisation of connectors

vecall: id; I,J::=1&J tensor
NI.J | 0 empty interface
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) x> =

D3t3 goes 3lways frowm left to vight
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Typing connectors

sdrain Y1®1,1

11 11l
— 0 — 1®1®1
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conn : [ — ]
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Constraint-based type rules

(sequence)

¢|—61211%J1 ¢|‘CQI]2%J2
¢,J1:[2|_61;CQZ[1—>J2

(trace)

b c:J— I
b, J1=X®I, Jo=YRIF Tri(c): X - Y
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Parameterised M x:ing - ¢
connector calculus ——

§i50°7 | weans: §ifo®@ - @Fifo  (“exp” times)

( A IX)X — ex?y W\eQV\S: A IO@ ° o ® A Iex?—l

$150 @ dvain

S —

weans: 1§ (exp) then (§i50)
else (dvain)

cu=... connectors I:o=... interfaces
crTe n-ary parallel replication | I n-ary parallel replication
c1 ®® c2  conditional choice | T®®J  conditional choice
Ax:P-c parameterised connector
c() bool-instantiation a, B integer expressions
c(a) int-instantiation O, P boolean expressions
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Example: seqg-fifo

seq-fifo =

An: N -

Trn_l
(’Yn—l,l : fIfOn)

seq-§ifo : Vwnint -1 —1
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Example - zip

[ —> w> —>

AN:nt - <

2tp = An:N - Try,2_o,(
’72n2—2n,2n; (Idn—w & 7%,1@) |dn—ac)

2P @ Vwnint - (I — (1"

x(—n)
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Example - sequencer

>Q

: 938 i () Qlaw: 7’3
C?lzzp )
-/ ;unzzp( )i:Q "D

sequencey : ‘v'vx.\vw; R 2

° >33
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Connector Families

(restriction)

lore I'lgybFe:T - Ajniing - T (-1 3 §50") | nes
I'okEcly:Tly |

S ——

(fam-sequence)

F|gb|_Clt\V/£C1:T1°]1—>J1|¢1 F|qb|_CQZ\V/ZC2:T2°]2—>J2|¢2 T1Nxo =
F|¢,J1:[2|—Cl ; CQ:V331:T1,5132:T2°[1—>J2’¢1,¢2

(Ax:wt - cl) 5 (AY:nt - c2) @ Vxint yint - [; — ]
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Solving Type Constraints
A ‘ ¢ = c: |¢

C is well-typed if:
given an emypty context F

+he tyre m\es ‘j‘e\d T gﬁ , -

such thatgp /\ w ha\/e sow\e so\ut\ovx
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Solving Type Constraints

vat\’?ec\ POVES:
ntev§aces as '\V\tege\(s
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Solving Type COnstramtS

' scala> fifo
' resl: paramConnectors.Prim =
fifo
: 1 ->1

- scala> lam(n, fifo | n > 5)
3re52 paramConnectors.IAbs =
\n.(fifo | (n > 5))
w :vn:I .1 ->1 ]| n>S5

«

15ca1a> val sequencer = ...

isequencer: paramConnectors.IAbs
\n.(...)

p : vn:I . n ->n

|

- scala> lam(b, b? fifo + drain) &

| lam(c, c? fifo + id*fifo)
res3: paramConnectors.Seq = ...

: vb B,cC: B .1->1 ]| c&b
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Example

seq-§ifo = )wx:lvxt : ’I-\(V\-‘(Xv\—l,l i §15%0") | wes

A 4

gl1on—-1)=1" , M—-1)®1=X®kMNn-1) , I"=Y®(MN—-1)
- seg-fifo : Vn:N-X =Y |,<5

Solution exists: well-typed.
Emough?
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Example

seq-§ifo = )wx:lvxt : TVM-.(XV\-«,n i §15%0") | wes

A 4

gl1on—-1)=1" , M—-1)®1=X®kMNn-1) , I"=Y®(MN—-1)
- seg-fifo : Vn:N-X =Y |,<5

seq-§if0 : Vwninmt - 1 — 1 | s
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3-Phase Solver

. StwmPplify avithwetic vewvites

2, unity woSt genevad|l unification (partial)

—— | —

3 constrant ofS-the-shel§ constvaint solver
so\\/’m3 + check uniqueness

| — | ——
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3-Phase Solver

scala> debug(seqfifo)
'"\n.Tr_(n - 1){sym(n - 1,1) ; (fifo”n)}

| :vn:I .1 ->1

type-rules: wvn:I . x1 -> x2 | ((x1 + (n - 1)) == ...

[ unification: [x1:I -> 1, x2:I -> 1] ] ‘)
[ missing: true ]

substituted: wvn:I .1 ->1 ]| ((1 + (n - 1)) == ...
simplified: vn:I . 1 ->1

[ solution: Some([]) 1

post-solver: vn:I . 1 ->1

instantiation: 1 -> 1
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Wrapping up

N e _ e TR o N
N R N

(\n:nt-Sensor”) @ ()b:Bool-(iclock @° sclock)) ;5 worker

parameterised restriction solver for type
calculus + composition constraints
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