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Introduction / context

Context: Trusted Component-Based Software Development

Specifier Architect
@ Commercial off-the-shelf concept
create
@ Trusted components and assemblies e Application
@ Various aspects (structure, behaviour, Component used
. . Stored |~ (o] (2]
interaction...) e N M.
<< Design -for reuse == == Design by reuse >>

Goals:
@ Models and techniques to specify and verify component-based systems
e Early in development phases, prior to implementation and deployment

Focus:
@ Making explicit contracts at different level in component model for building trusted
components and assemblies
@ Using assembly contracts to guarantee interoperability
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Using Multi-level Contracts in Component Model

What are contracts?

@ In every day life:

o Agreement between two or more parties
o Establishing obligations or benefit of each of these parties

@ A part of component definition

Definition (Component)

an unit of composition with contractually specified interfaces and explicit context
dependencies only [Szyperski, 2002].

@ Why are contracts useful?
@ Precision in specification & design
e Making responsibilities explicit
@ Checking/Testing

@ correct reuse
@ correct composition (services, components)
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Multi-level Contracts in Component Model

Using Multi-levels Contract in Component Model

Contract classification [Beugnard et al., 1999]

Dynamically
negotiable

@ Syntactic contracts

Level 4: Quality-of-service level

@ Behavioural contracts
© Synchronisation contracts

Level 3: Synchronization level
service object synchronization, path expression,

© Quality of services contracts ynchronization cournters

Level 2: Behavioral level

COM SOFA FRACTAL Wright cam JAESSINA oSt oncition,
Eiffel, Blue, Sather,

UMLIOCL, iContract for Java

Level 1
Level 2 X X X X Level 1: Syntactic level
interface definition language,
Level 3 X X X usual programming languages
Level 4 X X X X
Nonnegotiable

¢ Using CCL-J in ConFract extention

No one covers more than two levels ]
inz@ W
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Contract classification [Beugnard et al., 1999]

@ Syntactic contracts

@ Behavioural contracts
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@ Synchronisation contracts
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Level 3: Synchr
service object syr
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negotiable
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Using Multi-levels Contract in Component Model

Crossing contexts and contracts = Multilevel Contracts

Contract Component model level
level Service Component [ Assembly Composite
Syntactic type checking interface, type | signature promotion, ob-
checking matching, servability
service depen-
dencies
Behaviour functional invariant pre/post com- | pre/post com-
correctness preservation pliance pliance
Synchronisation deadlock free- | protocol behavioural
dom compatibility
QoS - - - -

lllustration with Kmelia component model
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Model levels in Kmelia

Service component "functionality”
@ Interface = sub-services
@ Assertions = pre-/postconditions
@ Dynamic behaviour = eLTS
Component abstract and non executable

@ State space with an /nvariant
@ Interface = required + provided
services

Assembly Links between provided/required
services

Composition encapsulation and promotion

[André et al., 2009]

Multi-level Contracts in Kmelia

Provided service1 ()
Interface <Interface descr>

Pre <Predicate>
Post <Predicate>
Behaviour

init q 0

final q_f

{.
q_i--label-->q_j,

!
end
Required service2 () ...
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Model levels in Kmelia

Provided service1 ()
Interface <Interface descr>
Pre <Predicate>
Service component "functionality” Post <Predicate>
@ Interface = sub-services Behaviour
@ Assertions = pre-/postconditions ;::tal q—]?
@ Dynamic behaviour = eLTS i 4
Component abstract and non executable q_i--label-->q_j,
o State space with an Invariant e}
@ Interface = required + provided end
services Required service2 () ...

Assembly Links between provided/required
services

Composition encapsulation and promotion

[André et al., 2009]
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Component compo_name
Interface <Interface descr.>
Types < Type Defs >
Variables <Var list>
Invariant <Predicate>
Initialisation

// var. assignments
Services

end
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Components
<Compos>
Links
< Links>

context mapping
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@ Design and Verification Process using Multi-level Contracts
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Multi-levels Contracts Design and Verification Process

Making explicit contracts in component-based development process
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Multi-levels Contracts Design and Verification Process

Making explicit contracts in component-based development process

@ Service contract

e Service dependency
[*]
]

@ Component contract

e Service accessibility
o
o

@ Assembly contract

o Static interoperability
]
"]
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Multi-levels Contracts Design and Verification Process

Making explicit contracts in component-based development process

@ Service contract

e Service dependency
e Functional correctness

@ Component contract
@ Service accessibility

@ Assembly contract
o Static interoperability
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Multi-levels Contracts Design and Verification Process

Making explicit contracts in component-based development process

@ Service contract
e Service dependency
e Functional correctness
@ Behavioural consistency
@ Component contract
@ Service accessibility
]
o
@ Assembly contract

o Static interoperability
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Multi-levels Contracts Design and Verification Process

Making explicit contracts in component-based development process

@ Service contract

e Service dependency
e Functional correctness
@ Behavioural consistency
@ Component contract
@ Service accessibility
e Component consistency
o
@ Assembly contract
o Static interoperability
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Multi-levels Contracts Design and Verification Process

Making explicit contracts in component-based development process

@ Service contract

e Service dependency

e Functional correctness

e Behavioural consistency
@ Component contract

@ Service accessibility

e Component consistency

e Protocol correctness
@ Assembly contract

o Static interoperability

(]

("]

Pascal André (AeLoS / LINA)

DeSign Services

Component

Assembly/Composite

) ‘ISer\uce

L——JCOmPUnen(
1

1
I

1t

System
Design

2 :
orrectness” noffok Checking Assembly/Promotion Y '

| ,

! |

L Trusted Components & Assemblies

Specification
I

activity

Verification
(@

activity

—> Workflow

Multi-level Contracts in Kmelia

e

WCsI10

IIVERSITE DE NANTES

11/18


http://www.lina.univ-nantes.fr
http://www.cnrs.fr
http://www.univ-nantes.fr

Design and Verification Process using Multi-level Contracts

Multi-levels Contracts Design and Verification Process

Making explicit contracts in component-based development process

@ Service contract

e Service dependency

e Functional correctness

@ Behavioural consistency
@ Component contract

@ Service accessibility

e Component consistency

e Protocol correctness
© Assembly contract

o Static interoperability

e Service assertions

compliance on an
assembly link.
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Multi-levels Contracts Design and Verification Process

Making explicit contracts in component-based development process

o Service Contl’aCt DeSign Services Component Assembly/Composite
. o [service ’__,J(:om onent t System
° Servpe dependency -| F Ex F
e Functional correctness { l
e Behavioural consistency (< Static Analysis >
Formal ok ‘Behavioural
@ Component contract analysis e AW N ;
o Service accessibility s B
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o Static interoperability ;

o Service assertions
compliance on an
assembly link.

o Behavioural compatibility
between the linked
services in an assembly.
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erimentations with Kmelia/COST

COSTO Tool Overview

COSTO / Kmelia : a Platform to Specify and Verify Component and Service Software 0 m

AelLoS Team LINA - UMR 6241 CNRS - Université de Nantes — EMN - France
SPECIFICATION VERIFICATION

Model checking Behaviour checking
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Conclusion and Future Work
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Conclusion

@ Making explicit contract at different levels in component model
(service, component, assembly, composite)
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Conclusion

@ Making explicit contract at different levels in component model
(service, component, assembly, composite)

@ A process development based on contract checking

@ A mechanisation of this process based on integrating existing tools such as
theorem-provers or model-checkers
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Perspectives

Short term (actually ongoing work)
@ Fill the missing (action behaviour) (Key, Test...)
@ Enable the feedback to the specification step from the results of external tools
@ Using contracts for testing component models and codes
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Perspectives

Short term (actually ongoing work)
@ Fill the missing (action behaviour) (Key, Test...)
@ Enable the feedback to the specification step from the results of external tools
@ Using contracts for testing component models and codes

Medium term
@ Apply to real-size systems.
@ Extend to multi-services

Long term
@ Implement the whole process

@ Apply these ideas and techniques to heterogeneous component and service
models
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Conclusion and Future Work

Focus sur le test de composants!
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Conclusion and Future Work
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