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Bakground
• Projet:

• asynhronously ommuniating omponents in openenvironments, using Creol
• behavioral interfae desription language
• automated validation tehniques
• testing

• Challenges:
• asynhroniity
• non-determinism

• Approah:
• �divide-and-onquer�
• blak-box behavior given by interations at the interfae.



General settingGoal: Test omponents under spei� shedulings.Tool: Spei�ation language over ommuniation labels.
• Input interations: environment assumptions.
• Output interations: ommitments of the omponent.

⇒ : expeted observable output behavior under theassumption of a ertain sheduling of input.Method: Spei�ation simulates environment behavior.
• exeute omponent and spei�ation in parallel
• generate inoming ommuniation from spei�ation.
• test atual outgoing ommuniation from the omponent.



Main ontributions (outline)
1 Theoretial basis:

• Formalization of the interfae behavior of Creol.
• The behavioral interfae spei�ation language.2 framework for sheduling and asynhronous testing ofCreol objets.3 Implementation of a spei�ation-driven Creol interpreter.



Creol
Creol (www.uio.no/~reol): high-level, objet-orientedlanguage for distributed systems
• strongly typed, formal operational semantis in rewritinglogi
• features ative objets.
• ommuniation by asynhronous method alls.
• Creol objet: ats as a monitor.
• non-deterministi seletion of waiting alls.

www.uio.no/~creol


Abstrat Creol syntax
C ::= 0 | C ‖ C | ν(n:T ).C | n[(O)] | n[n, F, L] | n〈t〉 component

O ::= F, M object
M ::= l = m, . . . , l = m method suite
F ::= l = f, . . . , l = f fields
m ::= ς(n:T ).λ(x:T, . . . , x:T ).t method
f ::= ς(n:T ).λ().v | ς(n:T ).λ().⊥

n
′ field

t ::= v | stop | let x:T = e in t thread
e ::= t | if v = v then e else e | if undef (v.l()) then e else e expr.

| v@l(~v) | v.l() | v.l := ς(s:n).λ().v
| new n | claim@(n, n) | get@n | suspend(n) | grab(n) | release(n)

v ::= x | n | () values
L ::= ⊥ | ⊤ lock status

• omponent: lasses, objets, and (named) threads.
• ative, exeuting entities: named threads n〈t〉
• hiding and dynami soping: ν -operator



Operational semantisTwo stages:
• internal semantis
• external steps ourring at the interfae.
• Component/environment: exhange information via all-and return-labels:

γ ::= n〈all n.l(~v)〉 | n〈return(n)〉 | ν(n:T ).γ basi labelsa ::= γ? | γ! input and output labels
• External steps

Ξ ⊢ C a
−→ Ξ ⊢ Ć

• Ξ = � ontext � of C (assumptions + ommitments)
• ontains identities + typing of objets and threadsknown so far
• heked in inoming ommuniation steps
• updated when performing a step
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External steps: outgoing all
a = ν(Ξ′). n〈all o.l(~v)〉! ∆ ⊢ o

Ξ́ = Ξ+ a Ξ′ = fn(⌊a⌋)∩Ξ1 Ξ́1 = Ξ1 \Ξ′

Ξ ⊢ ν(Ξ1).(C ‖ n〈letx :T = o.l(~v) in t〉) a
−→

Ξ́ ⊢ ν(Ξ́1).(C ‖ n′〈letx : T = n in t〉)
• label = outgoing all (∆ = assumption ontext)
• update the ontexts
• sope extrusion
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External stepslabelled steps at the interfaea = ν(Ξ′). n〈all o.l(~v)〉? Ξ ⊢ a : T Ξ́ = Ξ+ a CallI
Ξ ⊢ C ‖ o[,F ,⊥]

a
−→ Ξ́ ⊢ C ‖ o[,F ,⊤] ‖ n〈letx :T = M.l(o)(~v) in release(o);x〉a = ν(Ξ′). n〈all o.l(~v)〉! Ξ′ = fn(⌊a⌋)∩Ξ1 Ξ́1 = Ξ1 \Ξ′ ∆ ⊢ o Ξ́ = Ξ+ a CallO

Ξ ⊢ ν(Ξ1).(C ‖ n〈letx :T = o.l(~v) in t〉) a
−→ Ξ́ ⊢ ν(Ξ́1).(C ‖ n′〈letx : T = n in t〉)a = ν(Ξ′). n〈return(v)〉? Ξ ⊢ a : ok Ξ́ = Ξ+ a RetI

Ξ ⊢ C a
−→ Ξ́ ⊢ C ‖ n〈v〉a = ν(Ξ′). n〈return(v)〉! Ξ′ = fn(⌊a⌋)∩Ξ1 Ξ́1 = Ξ1 \Ξ′ Ξ́ = Ξ+ a RetO

Ξ ⊢ ν(Ξ1).(C ‖ n〈v〉) a
−→ Ξ́ ⊢ ν(Ξ́1).C



Behavioral interfae spei�ation languageBlak-box behavior of a omponent desribed by a set of traesDesign goals:
• onise
• intuitive
• exeutable in rewriting logi

γ ::= x〈all x .l(~x)〉 | x〈return(x)〉 | ν(x :T ).γ | (x :T ).γ basi labelsa ::= γ? | γ! input and output labels
ϕ ::= X | ε | a.ϕ | ϕ+ϕ | re X .ϕ spei�ations
• spei�ation language: uses variables
• two kinds of var. binders
• Creol ommuniation labels: onrete names/referenes.



Behavioral interfae spei�ation language
• distinguish between input and output interations:

• Input: ontrolled by the environment.
• Output: to be provided by the omponent.

• Input interations are the ones being sheduled.
• Output interations are used for testing.

a ::= γ? | γ! input and output labels

ϕ ::= X | ǫ | a.ϕ | ϕ + ϕ | rec X.ϕ specifications

• Speially relevant for the hoie operator: either externalor internal hoie.
• Formalized as well-formedness onditions.



Well-formedness
• Restrit spei�ations to traes atually possible at theinterfae.
• three main restritions :

• typing
• soping
• ommuniation patterns

• given as derivation/type system over trae spes.
• polarity: spei�ations either well-formed input orwell-formed output.



Asynhroniity��Observational blur�
• asynhroniity: messages order not preserved inommuniation.
• The spei�ation is relaxed up-to observationalequivalene
• Testing of output only up-to observability.

Eq-Switch
ν(Ξ).γ1!.γ2!.ϕ ≡obs ν(Ξ).γ2!.γ1!.ϕ



Operational semantis of spei�ationsGiven the observational equivalene relation (≡obs), themeaning of a spei�ation is given operationally in a quitestraightforward manner:
Ξ́ = Ξ + a

R-Pref
Ξ ⊢ a.ϕ

a

−→ Ξ́ ⊢ ϕ

Ξ ⊢ ϕ1

a

−→ Ξ́ ⊢ ϕ′

1

R-Plus1

Ξ ⊢ ϕ1 + ϕ2

a

−→ Ξ́ ⊢ ϕ
′

1

ϕ ≡obs ϕ′ Ξ ⊢ ϕ′ a

−→ Ξ ⊢ ϕ′′

R-Equiv
Ξ ⊢ ϕ

a

−→ Ξ ⊢ ϕ
′′



Well-formedness
• ≡obs preserves well-formedness
• any spe is either in, out or empty
• φ is wf! i� φ an do an outgoing step (analogously for ?)
• subjet redution : Ξ ⊢ ϕ : wf and Ξ ⊢ ϕ a

−→ Ξ́ ⊢ ϕ́, then
Ξ́ ⊢ ϕ́ : wf .

• soundness Assume Ξ ⊢ C . If Ξ ⊢ C t
=⇒, then

Ξ ⊢ ϕt : wf (where ϕt is the trae t interpreted as spe.formula)



Sheduling and asynhronous testing of Creolobjets
• Combine:

• external behavior of objet
• intended behavior given by spei�ation

• interation de�ned by synhronous parallel omposition
• spei�ation ϕ and omponent must engage inorresponding steps:

• For inoming ommuniation, this shedules the order ofinterations with the omponent
• For outgoing ommuniation, the interation will takeplae only if it mathes an outgoing label in thespei�ation
• Error if the spei�ation requires input and theomponent ould do output.



Parallel omposition
Ξ ⊢ C

τ
−→ Ξ ⊢ Ć

Par-Int

Ξ ⊢ C ‖ ϕ −→ Ξ ⊢ Ć ‖ ϕ

Ξ ⊢ ϕ : wf ?

Par-Error

Ξ ⊢ ν(Ξ ′).(C ‖ n〈let x:T = o.l(~v) in t〉 ‖ ϕ) −→  

Ξ1 ⊢ C
a
−→ Ξ́1 ⊢ Ć Ξ1 ⊢ ϕ

b
−→ Ξ́2 ⊢ ϕ́ ⊢ a .σ b

Par

Ξ1 ⊢ C ‖ ϕ −→ Ξ́1 ⊢ Ć ‖ ϕ́σ

• Mathing of ϕ's step and omponents step (⊢ a .σ b)
• As said: spei�ation ontains:

• freshness assertions (ν(x :T ))
• standard variable delarations (x :T )



Mathing
M-Empty

⊢ () . () : ok ⊢ Ξ1 . Ξ2 : ok M-NDe
⊢ ν(n:T ),Ξ1 . ν(n:T ),Ξ2 : ok

⊢ Ξ1 . Ξ2 : ok M-De1
⊢ ν(n:T ),Ξ1 . (n:T ),Ξ2 : ok ⊢ Ξ1 . Ξ2 : ok M-De2

⊢ Ξ1 . (n:T ),Ξ2 : ok
⊢ a1 .σ a2 : ok ⊢ Ξ1 . Ξ2σ : ok M-Lab

⊢ Ξ1.a1 .σ Ξ2.a2 : ok



Implementation in rewriting logi.
• Creol interpreter exeutable in Maude
• Implementation of the spe. language in Maude, too
• Exeution of Creol omponents synhronized withspei�ations

• generate input from spei�ation
• test omponent behaviour for onformane

• No input queue, spei�ed method alls are answeredimmediately
• Reentering suspended methods may interfere.



Implementation in rewriting logi
• Creol on�guration: objets, lasses, and messages:rl Cfg => Cfg'.
• Sheduling interpreter: introdue Spe for spei�ations.rl (Spe || O) Cfg => (Spe' || O') Cfg'.
• operational semantis easily oded into Maude.
• �Observational blur�, implemented rewriting moduloequivalenes.



Summary
• Formalization of interfae behavior of Creol + abehavioral interfae spei�ation language.
• A formal desription of how to use this spei�ationlanguage for blak-box testing of asynhronouslyommuniating Creol objets.
• A rewriting logi implementation of the testingframework



Future work
• from objets to multi-objet omponents
• more features from the Creol language
• extend spei�ations with assertion statements on labels
• ombine: testing framework + model heking andabstration
• ase study



Related work
• [Johnsen et al., 2008℄

• validating omponent interfaes
• assumption/ommitment style
• FOL over traes

• [Shlatte et al., 2008℄
• sheduling ativity to restrit behavior
• intra objet sheduling
• internal state of objet



Referenes I
[Johnsen et al., 2008℄ Johnsen, E. B., Owe, O., and Torjusen, A. B. (2008).Validating behavioral omponent interfaes in rewriting logi.Fundamenta Informatiae, 82(4):341�359.[Shlatte et al., 2008℄ Shlatte, R., Aihernig, B., de Boer, F., Griesmayer, A., and Johnsen, E. B.(2008).Testing (with) appliation-spei� shedulers for onurrent objets.Aepted for ICTAC 2008, 5th International Colloquium on Theoretial Aspets of Computing.


	Introduction
	The Creol language
	Behavioral interface specification language
	2 Scheduling and asynchronous testing of Creol components
	Implementing a specification-driven Creol interpreter
	Conclusion

