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Higher-order languages

Variables may be instantiated with terms of the language itself
(e.g. terms can be copied)

m functions (A-calculus)
(Ax.M)N — M{N)x}
m higher-order communication (Higher-Order m-calculus)
a(x).M | a(N).R — M{N/x} | R
m action on locations (kells), as with passivation
[M], | pass,(x).N — N{M)x} M is a running term

[Schmitt,Stefani GC'04, Lenglet et al. Inf.Comp.'11,
Piérard,Sumii FOSSACS'12, Koutavas,Hennessy CONCUR'13]
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The discriminating power of a language

A testing language L, a set of tested terms P, Q...
P~ Q@ £ C[P]and C[Q] ‘equally successful’,V contexts C of £

Otherwise: P, @ are discriminated by £

Two classes of first-order (CCS-like) processes as tested terms P, Q:

m nondeterministic
m reactive probabilistic

Comparison of testing languages £ with different constructs:

sequential higher-order (A-calculus)

higher-order communication (HO7)

ordinary first-order concurrency (CCS)

locations and passivation no probabilities in £
refusal
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Tested first-order processes
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[Larsen,Skou POPL'89, van Breugel et al. Theor.Comp.Sci.'05]
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A-calculus with store (A®)

M is evaluated wrt a store containing P (P; My — (P"; M')

B processes are stored values
m read and write values in the store, sequentialization...

m action test a? for stored processes

(P; a?y — (P, true) if P2 P!
(P; a?) — (P; false) if P

Variants: - call by name (A°y) and call by value (ASy)

- refusal free (A°N(_rer)s A°V(—rer))
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Concurrent languages

Interactions between context and process:

m action synchronization (CCS)
P|aM — P |M if P2 P
m higher-order communication (HO7)
a(x).M | a(P).N — M{P/x} | N
m refusal on kells (CCSyef, HOmyef)
Pl laM — [PI M if P
m passivation of kells (HO7pass, HOMpags ref)

[P]: | pass,(x).M — M{P/x}
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‘Success' on nondeterministic processes

£ C[P] and C[Q] ‘equally successful’,V contexts C of £ J

P~ Q =
/C[P\ P is an LTS, C[P] I
[ ] [ ]
/ \ \ Success states e are:
M = in CCS,HOm
[ ] [ [ ]
l (s; true) in A®
[
Success is |} ( = a success state e is reachable) [may success] J
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Example: discriminating LTSs

FaY I
VAV VAN

m test actions
m test refusal of actions
m perform tests in sequence

completed trace/simulation equivalent but not failure equivalent processes
[see van Glabbeek '90 spectrum]
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Example: discriminating LTSs
P Q
7N N
P1 P>

@ @ @3
b) |e ol N0 e
P3 Py Q Qs Qe @

m conjunction of tests
= copying processes (during the execution)

failure trace equivalent but not ready trace equivalent processes
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Copying

m higher-order languages can make copies of P before interaction

m only A® call by value and HO7 with passivation can make copies of
(and run tests on) P after interaction

(P; if a? then (Ax.M)read else false)
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The Spectrum on LTSs

ready simulation equivalence
Ny = HOT"ref,pass

simulation equivalence / \ failure trace equivalence
AsV(—ref) = HOWpass NN = HOmpor = CCS,er

N°N(=rety = HOT = CCS
trace equivalence

m CBV = passivation in HOw
m sequential = concurrent

m first-order communication = higher-order communication
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‘Success' on reactive probabilistic processes

P~ Q £ C[P]and C[Q] ‘equally successful’,V contexts C of £ J

C[P]
l P is an RPLTS, C[P] U%
1 A
2.7 g4
o . "o Success states e are:
l M = in CCS,HOx
. 0 (N; true) in A®
° . o °
Success is |}p, where p = sum of probabilities of all success paths J

The Discriminating Power of Higher-Order Languages

Valeria Vignudelli



The Spectrum on RPLTSs

prob. bisimilarity A*v(_ref) = A°v = HOTpass = HOTref pass

l ?
HO et
,{ N
N e
CCS

l

prob. failure trace equivalence Ay

!

prob. trace equivalence A°N(_ref)

HO= CCSref

m CBV = passivation in HO7 +ref
® sequential # concurrent
m first-order communication # higher-order communication
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Testing LTSs: refusal and conjunction
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C=(-; Seq Ta(And(Seq Tp Tc)(Seq Tp T-c)))
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Testing RPLTSs: refusal and conjunction
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Testing RPLTSs: refusal and conjunction

P
|
15 C‘I
b
el .PZ 1 ©
Ps Py Q@ Qs
d J
Ps Qs
clP1 4 clal ¥,

C=(-; Seq T,(And(Seq Tp Tc)(Seq Tp T¢)))
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Conclusion

m characterization of the testing equivalences in terms of known
behavioural equivalences on processes

m spectrum of the discriminating powers of different languages on both
nondeterministic and reactive probabilistic processes
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Conclusion

m characterization of the testing equivalences in terms of known
behavioural equivalences on processes

m spectrum of the discriminating powers of different languages on both
nondeterministic and reactive probabilistic processes

Thank you!
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