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Behaviors versus Types

c: P
a.a.b
adb aAnb
a+b aVvhb
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Processes

P = ed | aP | PP | P+P
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Systems

P ( channel = O Q

P|Q
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Systems

P ( channel = O Q

P|@Q

System evolution

adc|lb — 3a|b internal choice

aPlaQ+b — P|Q communication
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Well-formed Systems & Subtyping

def

wf(P|Q) <~

PIQ— -+ — P'|Q — implies P = Q' = end
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Examples
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(Semantic) Subtyping

[Pl ={Q| wf(P| Q)} P<Q £ [Pl CQ]
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Interpretation of choices

Internal choice = intersection

[Po@l=[PINIQI
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Syntax

T = ed | aT | TAT | TVT
P anb Q
P aVvb Q
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Syntax

T = ed | aT | TAT | TVT
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(Tentative) type semantics

[7]
( channel = O T
[end] = {end}
[a.T] = {a.P|Pe][T]}
[TAS] = [T]IN[S]
[TvS] = [TJUl[S]
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Orthogonal set

Q ( channel = O T P

[P
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Closure = bi-orthogonal

Proposition ((-)** is a closure)
o X g XJ_J_
® X C Y implies X+ C y++
9 XLLLL — XLL

{a}7+ = {3} = {a,a+b,...}
{a,p}*t = {a+batb+c,...} = {3®b,ab}

Session Types = Intersection Types + Union Types (Luca Padovani) ITRS 2010 13 / 20



Type semantics

[end] = {end}

[«.T] = {a.P|Pc[T]}
[TAS] = [TIN[S]
[Tvs] = [TTU[S]
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Type semantics

[end]
[o. T]
[TAS]
[TVvS]

def
<

{end}++
{apP|Pc[TP"
(AT sh—
(Irpush—

[TT < [5]
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Behaviors versus types: subtyping

aP+a.Q ~ a(P®Q) a.TVvaS ~ a(TVS)

=< is not a pre-congruence =< is a pre-congruence
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On combining incompatible behaviors

[anB] = (N[ = 0+ ~ Pt o=
[adb] =

=2 =
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On combining incompatible behaviors

[205] = (alnED™ = 0+ _opt o=y
[a®b] = 0
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On combining incompatible behaviors

[anB] = ([aln[eD)* = o+ - Pt o= 9

[a®b] = 0

[avB] = ([aJU[BD)** = {ab,...}*"*" = 0+ = P
T == 0 | 1 |

® 0 can be implemented, cannot be consumed
® 1 cannot be implemented, can be consumed
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Theory validation

Proposition (correctness)
For every T # 0,1 there exists P such that [T] = [P]

Proposition (completeness)
For every P there exists T such that [P] = [T]

a.P+a.Q a.(TAS)
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The lattice of session types

® intersection types and .// \\‘
union types for L * "
branching // \\ // \\ // \\ // \

® advantages over VY
behavioral TVS
interpretation / \ /

® the bounds are T S
“misbehaving / N
processes’ ' > /\? ‘
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Future work

® infinite behaviors
rec x. T

® refined actions
lint A lbool

ITAIS~ (T VS) ITVIS~I(TAS)
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