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Context and Definition

@ Dynamic evolution of software systems
@ Component based development

Key concepts

@ Component
e Black box view = Provisions and requirements

e White box view = Implementation
@ Architecture

e Component classes, connections
e Functional and non-functional requirements

@ Component assembly
e Architecture instantiation

@ Validity = Correctness (syntactic/semantic) and
completeness (connections satisfying requirements)
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Example of component assembly £L)
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Urtado,
Vaulttier,
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Context and
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Flexible
Component
Substitution
Conclusion
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Work
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Context and Motivation e

Desnos,
Huchard,
Urtado,
Vaulttier,

@ Obsolescence, failure, unavailability, etc. Tremblay

Why replace components ?

Context and

In which environments ? Motivation

@ Distributed and ubiquitous computing
@ Mobile computing

Issue

@ How can a component be replaced in a safe and
unanticipated way ?
e Safe... with respect to functional requirements
= Functional objectives must still be reached

A\
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Existing Solutions

@ Input = A valid component assembly that conforms to

its architecture [Wright]
@ Problem = How to replace a component in safe way ?

Typical solution

@ Component to component substitution

@ The new component
@ can provide more services
@ can require less services

@ What should be done when no single component is

available to replace the target component ?
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Flexible Component Substitution Using an o0
Automatic Building Process ™

Desnos,
Huchard,
Urtado,
Vaulttier,
Tremblay

@ Replace a target component

Two possible cases
@ There is a unique substitutable component = RILIG

Component

Substitute component by the candidate component SIS

@ There are no candidates = Substitute component by
an assembly while preserving validity

V.

Key elements of our approach

@ Primitive and composite port model
@ Rebuilding process

A\
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ECOLEDFSMINESDALES|
Lo

Primitive Port

@ Combines a set of interfaces [a la UML 2.0] Desnos,
i . Huchard,
@ Peer-to-peer and atomic connection Urtado,
@ Limit : Cannot express multi-peer connection eI
Flexible
i Client :Client :Bank i Client Component
Dislogue  Maney Dislogue  Money Gontral Transaction Dislogue  Money Substitution
L0 B 23] ED
T F / i

Toney Dislogue.

? 1)y 1

1ATM ATM 1ATM
Correct _ Incorrec_t Limits
cohnection connection
.
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Composite Port

ECOLEDFSMINESDALES,
Lo

Desnos,
@ Combines a set of ports—primitive or composite "o,
) . X Vaulttier,
@ Multi-peer non-atomic connection Ay
Context and

Motivation

Composite port Efr)::glc()enent

Client Bank Substitution

Dizlogue Mo Control  Transaction COHC‘US\OH

Monsy_Wi and Future

E.\ara,,nmgua } [ n=y_Transaction ]4,’) @) O Work
(P T aTa tr Maoney_Transsction

i T T T
Dislogue Monsy Control

CBSE 2007 9/24



@ A composite port

Completeness (1/2)

@ A component is coherent if all its composite ports are

is coherent if all its primitive ports
are either connected or disconnected

Control  Transaction

e

\anage_Wihdraw

Stock  Order

Gontrol Transaction

ATM
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Completeness (2/2)

@ An architecture is complete if all its components are
coherent and if each primitive port which represents a

functional objective is connected

:_Member Bank :Local Data Base
B sBank  LDin LBOut LDOut LDin  UpdateOut Updsteln
T T T T T T I T "
nsacio } [ Request_Da } [ Locsl_Dste Local_Dets } { Update }
4 Mansge_Withd '[‘ Msnzsge_Dsta
i Money_Withdraw ,L ‘LCemrs‘_ Withdraw_Wanagameant Cantral_Dsis_Mansgement
[M:vmy_Ds::vgue] [Mnne‘,!ﬁsn;scﬁun} [Pmus,om { Detsw Data } [ Updsi ]
| I I I 1 I | I | | | |
1 i i i
Control Transaction Statstics TrensBank  OWOut  DWin Ditfin  DWOut Up ut Updatein
I :Central Bank
ER
ETL
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Component Replacement process

© Remove the target component
@ Remove the resulting dead components

© Re-build a complete assembly using bottom-up process
(previous work)

@ Check the correctness of suggested assembly
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Step 1 : Remove the target component

: Member Bank

Control  Transaction

Statistics

TransBank LDin  LDOut

LDOut LDin  Updst=Out Updatein

:Local Data Base

O] [P

LRI

| [[,.ggj,m

1 Manage_Wihdraw T

J

4t[

Mansge_Dsts

[

\l' H:m .\ wmm L

| Cantrsiters

w_Managsmant

Detal

afg

Pmn Dsm

P

Canire|_Daia_Nenagemant
DataWV ] [ Updsi= ]
I I | I

Statistic Dwout

Bank

DWin

DWin  DWOut UpdsteOut Updstsin

Data Warehouse

ETL Login Resut

~ O O
T

@ Select the target component =
Member Bank component is selected
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Step 1 : Remove the target component

-
v

:Local Data Base

LDOWt LDin  Updst=Out Updateln

Monay_Wihdraw

Cantral_Withdraw_Management
_Ds

o
i

‘Centrs|_Data_Mensgement |,

[[MES‘,_DE;\I:} [Ma%yj@n%:m}] I{ :T':de Q} {T’Dm\nq‘)

il

Diogus Mansy Control Transscton
L@, Question
[t JATM
2 9| Response
Stock  Order

Stafistios TransBank  DWOut  DWin

: Central Bank

DWin  DWOut UpdsteOut Updatain

ETL Login Resut

stock_Menagement

@ Remove target component =

Member Bank component is removed
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Step 1 : Remove the target component

Money

Money_Disloguz

:Local Data Base

LDOWt LDin  Updst=Out Updatein

| [ Updsie ]

Mansge_Dsts
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Context and
Motivation

Flexible
¥ Money_ Wihdraw Cantral Wihcraw_Maragament Tantral_t Dsls,l.‘!snsgemem‘.‘ Sonrenent
{Mnney,DlEmguE} {Mmy_m..;,mn} [p.m;_m} { Do e ] [ Traee ] Subertotion
o T )Yy 9 e Yy
S T it TamBank DWos Wi T — Conclusion
£ O and Future
. 5 :Central Bank Data Warehous Work
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@ Completeness is lost =
Some composite ports become non-coherent
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Step 2 : Remove the dead components

2§ quzson
m] Client
£ (O Rasponsa

Disbgus  Money

Money_Disloguz

¥ Money_Wihdraw Caniral Wihdraw_Maragemant Tantral_Data_Managemant |,
ey

[[”’“9 7] H%‘“l] [[ 78] (o

DataWV Q ] [Qur.d!e

Dislogue Money Control Transsction
Question
LATM
Response
Stock  Order

|stock_Mansgement

@ Completeness is lost
Some component are dead
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Step 3 : Rebuild a complete assembly

Question
:Client
Response

User_info

Didogue Moy

Money_Disiogue

Monsy_Withdraw
Woney_Disloque

User_nfa

@ Rebuild the assembly starting from the live
components
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Step 3 : Rebuild a complete assembly

Control  Transaction Query  Identiy

T

Manage_Wihdraw

AEE )

E Questien
5 :Client
5 (O Response
Diskgue  Maney
["‘“”QLD““’WE ] [[ Money_Transzction
[ v Money_Wilndraw ]
=
B

@ Run our incremental algorithm [EWSA-06]
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Step 3 : Rebuild a complete assembly

sIndependent Bank

Query  Identiy

) )

Manage_Wihdraw

E Questien
5 :Client
5 (O Response
Diskgue  Maney Control  Transaction
[ | j f
["‘“”QLD““’WE ] [ Money_Transzction
¥ Money_Withdraw
1 1 1
Disbgue Mongy Control Transaction
2 (O Quastion
o . ATH
E Response

@ Run our incremental algorithm [EWSA-06]
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Step 3 : Rebuild a complete assembly

Control  Transaction

sIndependent Bank

Query  Identiy

ERR S

Manage Wihdraw

——
EelcE

R Question
5 :Client
5 (O Response
Diskgue  Maney
[unmy,numu ]
2 (O Quastion
o
H b Response

Control Transaction

@ Run our incremental algorithm [EWSA-06]
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Step 3 : Rebuild a complete assembly

Query  ldentiy

AL

ol Transaction Query

i Question
5 :Client
EN@®. Response
Didbgue  Maney Control  Transastion
[ Moy Doma } [ Money_Transaction
T Manage Withdraw
Monsy Withdraw |,
[Moray_Dl;:ogl.e ] [Moraj_ﬂ;'sadmr J [P,W:Ejm ]
} — [
Disbgue Mone: Cont
20O
=
S )

@ The resulting component assembly is complete
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Step 4 : Check correctness

Erdled)

eney\Tranzaction
 —
Control Trpsaction

W =&

@ Correctness is checked
@ Done using existing work [SOFA project]
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Implementation and experiments L)
Implementation Huchard,
Urtado,

@ Based on Julia (Fractal component model) Yauter

e http ://fractal.objectweb.org

@ Parts already implemented
Flexible

@ Port meta-model
e Building and re-building algorithms e

@ Component assembly can be rebuilt in :

@ 80% of the cases with our approach

@ 19% of the cases with only component-to-component
substitution

@ Dead components are reused in only 20% of the cases
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Conclusion and Future Work

Contribution
@ Innovative solution to dynamic component substitution

when there are no candidate for
component-to-component substitution
@ Replace a component by a component assembly

...In an automatic way

@ Remove dead components
e Guarantee validity
@ Increase the probability to find a valid architecture

@ Implementation exists in Fractal component model

Future Work

@ Integrate this tool in a more general framework
@ Use this work in Mobile & Ubiquitous computing

@ Generate ports from protocols
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