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Introduction of Channel Usage Declaration
for Concurrent Programming Languages

TAKASHI SUTO' and NAOKI KOBAYASHIt

Kobayashi et al. have proposed advanced type systems for concurrent programs, where
channel types are extended with channel usage expressions (usages, in short), expressing how
each communication channel is used for input and output. Through automatic inference of
the extended channel types, we can verify various properties of concurrent programs such as
deadlock and race-freedom. In this paper, we extend the previous type systems to allow a
programmer to explicitly declare a channel’s usage. Thanks to that extension, a programmer
can declare, for example, that a certain channel should be used as a semaphore, and it can be
statically checked through type inference that a program indeed obeys the declaration. The
main new problem caused by that extension is that type checking requires a decision algo-
rithm for the subusage relation; in other words, an algorithm for deciding whether an inferred
usage conforms to a declared usage. The subusage relation is unfortunately undecidable. We,
however, show that by restricting the class of declared usages, the subusage relation can be
reduced to the reachability of Petri nets. Thus, the subusage relation (hence, type checking
also) becomes decidable.
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Fig.2 Axioms for channel usage.
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Fig.3 Typing rules for the type system with channel usage.
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= TopEnu(T)
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Fig.5 Functions for type judging.
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ReduceSub Type(C) = (CcifCo00000oo0oooooooo
ReduceSubType(C' W {bool < bool}) = ReduceSubType(C)

ReduceSubType(C W {[7] chany <[] chany:}) = ReduceSubType(CW {7 <7 7 < 7,U <U’'})
ReduceSubType(C' W {bool < [7] chany}) = Error

ReduceSubType(C' W {[7] chany < bool}) = Error
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Fig.6 An algorithm for reducing subtype constrations.
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PlcOfUse(pa.U) = {paU}U{[pa.U/a]U, | Uy € PlcOfUse(U)}
1] fU=0
TknToPlc(U) = TknToPlc(Uy) + TknToPlc(Uz) if U =U1|Us
{U—1} otherwise
Diff(0,t) = 0
Diff(a, t) = 0
U ft="
Diff(?.U, 1) = { boare=n)
(if t =)
) (if t =7)
Diff(".U, t =
.0, ) ey
Diff(U1 | U), t) = Ul \ U2 ) | Ui € Diff(Ur,t)} U{(U1 | U3) | U € Diff(Us,t)}
D’Lﬁ(Ul & Ug,t) = Dzﬁ(Ul, ) U DZﬁ(UQ, )
Diff(na.U, t) = {[pa.U/a)U, | Ur € Diff(U,t)}
TrsOfUse(U) = {(TknToPlc(U) 4 TknToPlc(U")) | t € {1,?},U’ € Diff(U,t)}
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Fig.7 Functions which creates petrinet for usages.
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