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Abstract

Dependable software systems are difficult to
develop because developers must understand and
address several interdependent and pervasive
dependability concerns. Features that address
pervasive dependability concerns such as error
detection and recovery tend to crosscut application
architecture and thus understanding and changing
their descriptions can be difficult. Separating these
features at the architectural level allows one to better
understand and reuse them and thus can lead to better
analysis and evolution of the features during design. In
this paper we illustrate how an Aspect Oriented
Modeling (AOM) technique can be used to model
dependability aspects of component architectures
separately from other aspects. The AOM architectural
model used to illustrate the approach in this paper
consists of a component primary view describing the
base architecture and a component template aspect
model describing a fault tolerance feature that
provides error detection and recovery services.

1. Introduction

Developers of critical component-based software
systems often must address pervasive fault toleranc
concerns in their designs. A concern [1] is a pobl
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reduce late and costly architectural changes. One
approach to separation of concerns is Aspect Qiiknt
Modeling (AOM) [1] [6] [17]. We have not
encountered any previous work on the aspect odente
modeling of component architectures. In this paper
major contribution is to extend the AOM approach to
support separation of crosscutting features in
component architectures. A component architecture
consists of software components, their structural
relationships and their behavioral dependencie$. [16
We focus only on modeling structural aspects of
component architecture. Each component is assdciate
with one or more provided or required interfaces. A
provided interface contains the operations supddrte
the component, a required interface contains the
operations required by the component.

An aspect-oriented component architecture model
produced by AOM consists of a base component
architecture model called the primary view which
reflects the design decisions that determine the co
component structure; and a set of aspect viewsh Eac
aspect view describes a feature that crosscuts the
primary view. An integrated view of the component
architecture is obtained by composing the primany a
aspect views.

In this paper we show how the AOM approach can be
used to model and integrate crosscutting featutes a
component architecture level. To Iillustrate the
approach we model and integrate a fault tolerant

and a set of properties determining aCce|Dt""b|("feature. A recovery block fault tolerance featuse i

solutions.
tolerance concerns may not be
encapsulated in a component.

single place.

Support for the separation of fault tolerance
concerns early in the design cycle [3] [2] [4]caaiph

Features that address pervasive fault

modeled as an aspect and integrated with a primary

conveniently view describing the component structure of a health

These crosscuttinq,n o : . :
S onitoring system. The remainder of this paper is
features can be difficult to understand, analyzd an g sy bap

change because their descriptions are not localized

organized as follows. Section 2 presents an overgfe

the AOM approach as applied to component
architectures. Section 3 describes the componesgtieba
recovery block feature and presents the aspect
describing the feature. In Section 4, we describe h



the models are composed. Section 5 discussesdelatedomain namespace. Aspect and primary views are
work, and Section 6 concludes with our plans temrctt  composed to obtain an integrated design view.

the approach. The AOM approach in this paper uses a signature
based approach applied to component architecture. A
2. Background signature is a set of syntactic properties of a ehod

element. Model elements with the same signature are
Aspect Oriented Modeling (AOM) [1] is an Merged to form a single model element. The follgvin
approach to separating crosscutting features friviaro ~ fules are used to compose component model elements:

features in order to ease understanding, analygis a . )
evolution of the features. In this paper a feature =~ 1. For components the signatures consist only of

addresses a single concern. A feature whose désarip their names and thus components with the
is tangled with the description of other featurad & same name are merged to form a single
distributed across a model is said to crosscutrtheel. component in the composed model.
An aspect-oriented model in the AOM approach
consists of [1]: 2. Provided interfaces on matching components
must have the same name to match. The
1. Aprimary view: The primary view describes the merged interface contains the union of the
features that determine the dominant design streictu operations in the source interfaces and
syntactically equivalent operations are
2. A set ofpatterns called aspect models: The included only once in the merged interface.
crosscutting features that can be isolated in @spec
models are those with distributed elements thaehav 3. Required interface must have the same name,
common characteristics. This allows one to descaibe and the same operations to match.

crosscutting feature as a pattern. ) . ) .
4. If matching operations (opi) and (opj) are

3. A set ofbindings: A binding associates an associated with specifications (S1) and (S2),
application-specific element to a pattern element. then the result of composing the operations is
Applying the bindings to an aspect model produges a an operation associated with a specification
aspect view that describes how the feature is to be that is the conjunction of (S1) and (S2). A
realized in the primary view. To incorporate the composition directive can be used to vary how
features described by aspect models into a primary the specifications are logically connected.
view, the aspect views produced from the aspect
models are composed with the primary view. 5. Unmatched components or operations i.e.,

components or operations that only occur in

4. A set ofcomposition directives: Composition either the aspect model or the primary view
directives are used to tailor the composition qfeas are included in the composed component
and primary views [6]. diagram.

In this paper primary and aspect views are UML  Composition directives override a subset of the
descriptions of component architectures. Here, aComposition rules used by the composition mechanism

component describes a deployable unit of o
implementation [16]. The directives are needed when use of the rules

implemented by the composition mechanism is not
enough to produce well formed models that have

Figure 1 gives an overview of model composition in desired properties.

the AOM approach. Before an aspect model can be

composed with a primary design model, the pattern N general, a composition directive can:

described by an aspect model must be instantiated i

the context of the application domain. An aspeetwi 1. Determine the order in which multiple aspect
is obtained by binding elements in the aspect muel models are composed with a primary view.
elements in the application domain. Application

specific element names are drawn from an applicatio



2. Define precedence or override relationships
between matching aspect and primary view
components with conflicting properties or
definitions.

Determine the elements that are renamed (e.qg.,
to resolve conflicts), added, replace or deleted
during composition, these directives are called
refactoring directives. Adding new
components or interfaces or deleting existing
components or interfaces may be necessary to
correctly compose aspect and primary views.

Contexi-specific
aspects

Aspect model’

.7
_-=="" Values used in bindings

™\, Values used in bindings

Contexi-specific

Aspect model 2 aspects

=

Composed models

Figure1l: An AOM overview of Composition in the
AOM Approach [1]

3. A fault tolerance ar chitectur al aspect

In this section a component-based aspect modedh for
recovery block fault tolerance feature is presented

3.1. Modeling recovery block architectural
aspect

At the code level, a recovery block [8] consists of
1. A block of application code or program called

the primary block that contains the program
primary version.

2. Several alternate blocks that contain program
alternate versions executing the same
functionality as the primary version.

3. An acceptance test that is the same for the

primary and alternate versions.

If the primary block fails, as detected by the gtaace
test, the alternates are tried sequentially. Téghrique
uses backward error recovery to return to the state
the start of the execution before executing thet nex
alternate.

We call this state the current component statehi
paper the recovery block technique is adapted to
components. Recovery blocks are associated with
operations which developers deem as susceptible to
failures called the critical operations. Operati@amsl
corresponding components to be recovered are
structured in a recovery block.

The recovery block aspect consists of five compbnen
templates described below and interface templaes (
Figure 2):

1. A recovery block manager component
template which provides several services:
execution of the component primary version,
saving of the current component state,
execution of acceptance tests, performing roll
back and alerts on system total failures.

A client component template that calls for
execution of the critical operation via the
recovery block manager.

A Service provider manager template that
provides the component primary version and
alternate versions.

An acceptance test manager template which
evaluates the critical operation execution
results for the primary and alternate
component versions.

The Component_i template used to instantiate
the structure of components to which the

component primary service provider and its

alternates are connected to in the component
architecture.



The client component via its (Clientint) interfacalls

the recovery block manager to execute a critical
operation (opi). The recovery block manager then
saves the current component state which consigteof
operation (opi) arguments values, and executetheia
(Servicelnt) interface, the operation (opi). At el of
(opi) execution, the operation result is recordgdhe
recovery block manager which then executes the
acceptance test on that result via its (Acceptanel
interface.

If the acceptance test result is acceptable then th
operation ends successfully and the recovery block
sends the operation result to the client comporiént.
the acceptance test result is not acceptable, itbe f
service alternate version provided is executed and
operation (opiAlt) is executed with the recordedrent
component state.

If all service alternate versions failed when exedu
then the system fails and the recovery block manage
sends an alert of system failure.

Figure 2 shows the component diagram template of the
recovery block aspect.
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The services provided at the interfaces of the vego
block aspect components are described below, (see
Figure3):

1. The Servicelnt interface template contains
operation (opi) that invokes the service
primary version. This interface template can
be instantiated one to (n) times to invoke the
service alternate versions with the operation
opialtj. The operations (opialtj) and (opi) can
have respectively one to (n) arguments.

2. The clientint interface template contains
operation (opi) that is called through the
recovery block manager. This interface
template can be instantiated one to (n) times
and the operation (opi) can have one to (n)
arguments.

3. The Acceptancelnt interface contains an
operation (testopiopialt) that executes the
acceptance test the result of operation (opi) or
operation (opialtj).

4. The Structurelnt_i interface contains the
operation (opstructi) that is invoked between
the component_i of the components structure
and the component primary service version
and its alternates. This interface template can
be instantiated one to (n) times and the
operation (opstructi) can have one to (n)
arguments.

Each operation has a corresponding acceptance
test operation. This is expressed in the aspect
model as a constraint (ConstraintA in Figure 2).
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Figure 2: Recovery Block Aspect M odel

Figure 3 : Recovery Block Aspect Interfaces Class
Diagram

The recovery block aspect is applied to a component
called the recovery target component and to opeTsti
called target or critical operations. The recovelgck
aspect can be used in a centralized way or a luliséal



way. In the centralized way, the different recovery  The client component via its interface (clientint)
target components share the same recovery blockecalls the recovery block manager for the executiba
manager. In the distributed way, each recoveryetarg critical operation (opi).

component has its own recovery block manager. The Then the recovery block manager executes the
use of one of these variations (centralized, distad) operation via its interface (PrimaryServicelnt) the

is a design decision. In section 4 we give an exammp target recovery component primary version savirg fi

how the aspect model can be instantiated. the current component state which are here the
operation set of argument values called here (Jnput

3.2. The recovery block aspect sequence At the end of (opi) execution, the operation result

diagram recorded by the recovery block manager which

executes the acceptance test operation (testogippiA
on that result.

The recovery block execution sequence is shown )
Figure4: Two cases are possible:

1. |If the result is acceptable then it is returnedhi®

client.
. Clientint B|;5:i:::;zer :Primall'ztService :AccTr;:ttance :Alternal:iService
Interface 2. |If the result is not acceptable then an error has
Res:=opi(input) occurred.
Res:=opi(input)
2.1. The system rolls back to the initial state of
<] savetinpu the current executing component using the
Resac:tesjopiopiAltRes) saved data called (input).
A Acceptance test not in/failure() ==true| . .
2.2. An alternate component version is executed.
Resac==true
Roturn(Res) <Opermpon resultis goret>) If all Alternate versions fail, the acceptance testy be
Eise _ in failure or all the system fails.
« Op result is wrong »)

Rollback(input)

ResAlt:=opiAlt(input)

4. Composition with fault tolerance
architectural aspect views and primary
view

ResacAlt:=testopiopiAlt(ResAlt)

ResacAlt==true;

[
@

ndMessage(« Operation result is good »)

Return(ResAlt)

Else In this section we describe a health watcher corapbn
SentiMessage(« System fails ») architecture that is a primary view (Séigure 5) and
‘ | with the recovery block pattern or aspect model
component template (seEigure 2) we instantiate
Else ) aspect views ( sebBigure 7 and Figure 8) defining
SendMessage(« System fails|» . . . .
bindings and generating corresponding composed
model (sed-igure 9 andFigure 10).

The AOM composition is very flexible we can use the

: ) , same pattern or aspect model and the same primary
Figure 4: Recovery Block Aspect Sequence Diagram view for different recovery block mechanisms

Using One Alternate (distributed, centralized or mixed) by applying
different merging rules, what is detailed below.



4.1. The health watcher system primary view

The health watcher system is a web based system fo
collecting and managing public health related
complaints and notifications. The system also retif
people by mail and news on web pages about importan
information regarding the health system. The system
users are citizens or health department employ€hs.
system must be highly available for users 24 haurs
day and 7 days a week.

The primary component architecture (the AOM
primary view) is shown irFigure 5 consists of six
components that interact via interfaces, Gegire 6).
The components are: the user citizen manager,sthe u

employee manager, the complaint manager, the reques

manager, the login manager, the notification manage

The user citizen manager component interacts \wih t

The interfaces of the health watcher primary view a
detailedFigure 6:

r

«interface »
LogEmployeelnt

CreateEmployee()
L

D: Integer,a

ChangeLogil
A i D: Integer, p:

« interface »
NotifyComplaintint

itizenID: C

« interface »
NotifyInt

itizenID:

« interface »
Requestint

« interface »
LogCitizenInt

RegisterCitizen()
UpdateCitizen(CitizenlD: Integer)

" L e N EnterRequest()
AuthenticateCitizen(CitizenID: Integer, password:String):Boolean

login manager to be authenticated, with the complai

« interface »
NotifyRequestint

« interface »
Complainint

manager component in order to enter new complaints
also it interacts with the citizen request manatger
send queries to the system and receives notifitatio
from the notification manager component about
requests and complaints or general health infoomati

The user employee manager component interacts

with the complaint manager component to handle the
complaint, with the request manager component to
handle requests, with the login manager comporeent t
authenticate employees and to change login.

LogEmployeelnt

LogCitizenInt
FS] C Login £] )_ £]
Manager
HandleComplaintint
Complaintint
c Complaint &]
Manager +—
. NotifyComplaintint
Notifylnt —
User Citizen Notification® ]
Manager Manager User Employee
L Manager
NotifyRequestint
: Requestgj :
| Manager I
Requestint HandleRequestint

Figure5: TheHealth Watcher System Primary
View Component Diagram

EnterComplaint()

itizenID:|

« interface »
HandleRequestint

«interface »
HandleComplaintint

HandleC i i )

HandleRequest(RequestID: Integer)

Figure 6: Health Watcher Primary View Interfaces
Classdiagram

4.2. The Recovery Block Aspect Views

The recovery block context specific aspect model or
aspect view is an instantiation of the recoverycklo
aspect model used in the centralized and/or dig&t
way in the context of the health watcher appligatio

In the health watcher primary view we have decitted
apply the recovery block aspect model to the
notification manager component, the complaint
manager component and the request manager
component which becomes the target recovery
components. A given target recovery component has
only one alternate component version in a recovery
block. The target operations are the ones that send
complaint and request notification to citizens:



1. opl= SendNotification( CitizenID: Integer, 4.2.1.1. Notification aspect view
NotificationID: Integer ) : Boolean.

The notification aspect view is the instantiation o
the notification manager component recovery block
aspect model in the context of the health watcher
primary view.

2. op2= SendNotification( CitizenID: Integer,
ComplaintID: Integer ) : Boolean.

3. op3= SendNotification( CitizenID: Integer,

RequestID: Integer ) : Boolean. For the notification manager component:

. - L . 1. The target operation is opl= SendNotification(
Aspect views describing distributed and centralized itz eniD: Integer, NotificationID: Integer ) : Bégan.

recovery block features are described below.

L 2. The alternate operation is oplAlt=
4.2.1. The distributed recovery blocks aspect SendNotificationAlt( CitizenID: Integer,

view NotificationID: Integer ) : Boolean.

In the distributed recovery block aspect view each 3. The acceptance test operation is testdpilap
target recovery component has its own instantiadion

the aspect model in the context of the health veatch 4.2 1 2 Complaint Aspect View
primary view as shown in

Figure 7. The complaint aspect view is the instantiation lof t

complaint manager component recovery block aspect
model in the context of the health watcher primary
view.

" NotifyInt

]
« Service Provider .
Manager » For the complaint manager component:

Notification

Altornato Manager 1. The target operation is op2= SendNotification(
CitizenID: Integer, ComplaintID: Integer ) : Boolea

« Acceptancea
Test Manager »

Complaint
Acceptance Test « Service
Manager Provider
Manager »

AcceptanceServicelnt2 Notification

Manager AlternateServicelntt

ol . R 2. The alternate operation is op2Alt=
« Service PrimaryServicelnt2 N . Y . " .

Provider i PrimaryServicelntt SendNoatificationAlt( CitizenID: Integer, Complaibti
Manager » « Recovery Block &]

complaint Manager » 8 Integer ) : Boolean.

« Recovery

Complaint NotifyComplaintint | Block Manager »

Manager
— Recovery Block

HandieSomplaintint—— 1" A 3‘ | Rovovery Bck 3. The acceptance test operation is testop2op2Alt.
cceptanceServiceln Manager
Complaintint - .
A TRt N 4.2.1.3. Request aspect view
Ac:;‘::tf;i?;o'lr"est AcceptanceServicelnt3
Complaintalint R Moo [ = The request aspect view is an instantiation of the
ook < Recovery & rchoceptance request manager component recovery block aspect
landleComplaintAltint ock Manager » est Manager » i !
Block anag model in the context of the health watcher primar
Request Request .
«Client » & « Semﬁ::::ider g Reczlvgry Block Acc;”;::;z: est View.
" lanager
U;Iearr?;::?n Compnlz;r:'tagletremate anarySsrvwcelnlS .
/ © AlternateServicelnt3 For the I’equest manager Component.
Y Requestit oo «Service £ 1. The target operation is op3= SendNotification(
. Manager> Manager » CitizenID: Integer, RequestID: Integer ) : Boolean.
« component_i » R:g:e:: Request
User Employee HandleRequestint - ﬂi??;éf i i
Manager L eneeer ] 2. The alternate operation is o0op3Alt=
HandleRequestAlnt SendNotificationAlt( CitizenlID: Integer, RequestID:
RequestAltint
! Integer ) : Boolean.
Figure 7. Aspect View for Distributed Recovery 3. The acceptance test operation is testop3op3Alt.

Blocks



422 Centralized Complaint_Request,
Distributed Notification Recovery Blocks
Aspect View

In this scenario, the target complaint and request

2. Required interfaces match if they have the same
name and the same operations.

3. Provided interfaces match if they have the same
name.

recovery components share the same recovery block

manager instantiation with the name
Complaint_Request Recovery Block Manager (see
Figure8).

Requestint

ComplaintAltint
RequestAltint

|
«Client »

k)
« Component_i » HandleComplaintAltint
User Citizen
J— Manager User Employee
Manager Fal
>\ « Service Provider
HandleRequestAltint Manager »
HandleReqUestint
Complaint alternate
HandleComplaintint « Service£] Manager
Provider « Service Provider
Complaintint Manager » Manager » AlternateServiceInt2
«Service & Request Request Alternate
Provider Manager Manager
Manager »
AlternateServicelnt3
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Manager PrimaryServicelnt3 ?
« Recovery Block Manager » a6
PrimaryServicelnt2 \n_|  complaint_Request Recovery Block Manager
’{ AcceptanceServicelnt3 NotifyComplaintint
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£] £] o
« Acceptance « Acceptance Test o
Test Manager » Manager »
) 9 « Recovery Block
Complaint Request Manager »
Test
Manager M. Test Notification
anager Recovery Block
Notifylnt Manager
O
AcceptanceServicelnt1
PrimaryServicelnt1 o
icelnt1
! - « Acceptance ™)
« Sehrnvme Providé! «Service Providef Test Ma',"age, »
lanager » Manager »
Notification S Notification
Manager Notification Acceptance Test
g Alternate Manager Manager
Complaint_Request, Distributed Notification

Recovery Blocks

4.3. The Recovery Block Composed M odel

The composed model is the composition of the
recovery block aspect view and the health watcher
primary view.

4. If the matching components have operations with
operation specifications, the operation speciftrati
in the composed model is the conjunction of the
operation specifications associated with the
matching operations. A composition directive can be
used to vary how the specifications are logically
connected.

5. Unmatched components i.e., component that only
occur in either the aspect model or the primarywie
are included in the composed component diagram.

6. Composition directives can be used to add, éelet
replace and rename components and interfaces.

Two composed model have been generated: The
distributed recovery block composed model and the
centralized Complaint_Request distributed notifaat
recovery block composed model. In our models the
required and provided interfaces have the same name
and same operations.

431. The Distributed Recovery Blocks
Composed Model

In the distributed recovery block composed model
shown inFigure 9:

The unmatched components added are: “Login
Manager”, “Notification Recovery Block Manager”,

“Complaint Recovery Block Manager”, “Request
Recovery Block Manager”, “Notification Acceptance
Test Manager” “Complaint Acceptance Test Manager”
“Request Acceptance Test Manager”, “Notification
Alternate Manager”, “Complaint Alternate Manager”
and “Request Alternate Manager” components.

The interfaces are the same as described in thectasp
view and in the primary view but composition
directives are used to delete interfaces:

The set of rules and directives used to compose the 1. Interface Notifylnt between Notification Manager

views are given below:

1. Components match if they have the same name.

Component and User Citizen Manager Component.

2. Interface NotifyComplaintint between Complaint
Manager Component and Notification Manager
Component.



3. Interface NotifyRequestint between Request 1. Interface Notifylnt between Notification Manager

Manager Component and Notification Manager Component and User Citizen Manager Component.
Component.
2. Interface NotifyComplaintint between Complaint
T Manager component and Notification Manager
Component.
« Acceptancet] « Service Provider
Test Manager » Manager »
o 0 O Notification 3. Interface NotifyRequestint between Request
Manager provider || Atemate anager Manager component and Notification Manager
2 | Notifcat ] component.
Manager lter 1

Eal
« Service
Provider
Manager »
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PrimaryServicelnt1
« Recovery Block £] G ComplaintAltint

S Requestint
Complaint « Recovery
ry i intl Block Manager
Recovery Block NotifyComplaintint ger »

RequestAltint
Complaint
Manager

Manager O Notification «Client £1 a
I i « Component_i »
HandleComplaintint AcceptanceServicelntt | Recovery Block u ponent_. HandleComplaintAltint
Manager ser User Empl
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« Client » €1 «Service Provider €] Recovery Block
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Manager » Manager g Manager »
User Citizen ) i PrimaryServicelnt3
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Manager | Manager | « Acceptance
T « Acceptance Test £]
est Manager » "
HandleRequestAltint anager » « Recovery Block
Complaint Manager »
RequestAltint Acceptance Test Request
Manager Acceptance Test Notification
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y Blocl
. . . Notifylnt Manager
Figure 9: Composed Model for Distributed S

Recovery Blocks

PrimaryServicelnt1

/ AcceptanceServicelnt1
icelnt1

. . . . - - « Acceptance®
432. The Centralized Complaint_Request, «Servie Providéy «Seruon Provical] Test Managor »
Distributed Notification Recovery blocks Composed Notifcation iicati Notifcation
M 0 d el Manager Alternate Manager Manager

In the Centralized Complaint_Request, Distributed

Notification Recovery blocks Composed Model shown Figure 10: Composed Model for Centralized
in Figure 10 Complaint_Request,  Distributed  Notification

Recovery Blocks

The unmatched components added are: “Login
Manager”, “Notification Recovery Block Manager”,
“Complaint_Request Recovery Block Manager”, and
“Notification Acceptance Test Manager” “Complaint We are not aware of any other work that specifjcall
Acceptance Test Manager” Request Acceptance Testddresses the component oriented modeling of
Manager, “Notification Alternate Manager”, recovery block fault tolerant feature and its imé&mn
“Complaint Alternate Manager” and “Request with a given application using the AOM approach.
Alternate Manager” components.

5. Related wor k

However there is considerable research on recovery
The interfaces are the same as described in tlestasp block modeling  [7][8][9][13][14] and AOM
view and in the primary view but composition application to features like security [10], perfemce
directives are used to delete interfaces: [12][10], access control [11].



The recovery block modeling basic approach is [4] Garlan, D., Software Architecture: a Roadmap. In

procedure oriented [8][7][9] but some object oresht A. Finkelstein, editor, The Future of Software
solutions [14] also exist. None of the work we Engineering, International Conference on Software
encountered deal with use of recovery blocks at the Engineering (ICSE’2000), pp 93-101, Limerick,
component level design. A description of an “idzedi Ireland, June 2000. IEEE Computer Society Press /
component” is given in [13] [15]but it is not dd&a in ACM Press.
term of operations. [5] http://www.omg.org/uml

[6] Straw, G., Georg, G., Ghosh, S., France, R., Model
6. Conclusion composition Directives. In Proceedings of the

International Conference on the UML, October
Current AOM research addresses the problem of 2004, pp 84-97. Springer, 2004.
Crosscutting concerns by providing support for [7] Rande", B., SyStem Structur.e for Software Fault
separating the concerns, composing aspect and ryrima Tolerance, IEEE Transactions on Software

views, analyzing composed models to identify and Engineering, vol SE-1, no.2, pp 220-232, June

resolve conflicts that may arise as result of 1975.

composition. [8] Randell, B, Xu, J., The Evolution of the Recovery
Block Concept, In Sofware Fault Tolerance book

In this paper our major contribution is to extehd t edited by Lyu, M.R.,, Wiley, 1995.

AOM approach to component architectures. [9] Randell, B., Horning, J.J., Lauer, H.C., Melliar-

To illustrate the approach we use aspects to deseri Smith, P.M., A Program Structure for Error

fault tolerance recovery block feature at the Detection and Recovery.In Proceedings

architectural level, we developed a component based ~ Conference Operating Systems: Theoretical and
recovery block aspect model and we have showed how  Practical Aspects, pp 23-25, IRIA, April 1974.
it can be integrated with component architecturd an [10]Petriu, DC., Woodside, C.M., Petriu, D.B., Xu, J.,

we apply our approach to a health monitoring system Geri, G., France, R., Bieman, J.M., Houmb, S.H.,

Performance Analysis of Security Aspects in UML
Composing models by hand can be tedioustars t Models.

we plan to build a tool to automate the proceserdh [11]Ray, I., France, R., Li, N., Geri, G., An Aspect-

is a tool for class diagram composition [18] thaih de Based Approach to Modeling Access Control

extended to take into account component diagranis. Th Concerns, Information and Software Technology,

work may be extended also to support composition of ~ 40(9), pp 557-633, 2004.

behavioral models. [12]Shen, H., Petriu, D.C., Performance Analysis of
UML Models Using Aspect-Oriented Modeling
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