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1. Introduction

With the Internet success, a new trend has come up: on-
line distributed services. Business companies (acting as
client systems of these services) that are able to integrate
such services effectively within their internal workflow will
become leaders in their business markets. This however
introduces the situation where multiple independent client
systems are simultaneously accessing the same on-line
service instance. This introduces a new research challenge
concerning client-specific customization of an on-line
service: different client systems may have different —
possibly conflicting - customization needs with respect to
the functional and non-functional features of the on-line
service. The problem with thisisthat al the different client-
specific views must be simultaneously imposed on the same
distributed service instance; thus after the distributed
service has become operational.

We propose a dynamic customization model, Lasagne,
that supports such client-specific combination of features at
the instance level. In Lasagne a distributed service is
structured as consisting of a minimal functional core —
implemented as a component-based system, and an
unbound set of potential extensions that can be selectively
integrated within this core functionality. An extension to
this core may be a new service, due to new requirements of
end users. Another important category of extensions we
consider, are non-functional services such as authentication,
which typically introduce interaction refinements at the
application level. Each extension is implemented as a layer
of mixin-like wrappers. Wrappers are utterly useful for
customizing on-line distributed services, since wrappers
operate a the instance level, enabling runtime
customization. The novelty of this work is that the
composition logic, responsible for integrating extensions
into the core system, is completely separated from the code
of the core system, extensions and clients as well. Clients
can customize this composition logic dynamically on a per
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client request basis by attaching extension identifiers to
their interactions with the core system, enabling easy-
client-specific customization.

2. An Example

-
1 interface Agenda{

: Info inspect(Period p);

| Info inspectAnother(String anotherAgenda, Period p );
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Figure 1: Minimal core of dating system

Suppose a distributed dating system, which manages a
set of electronic agendas on behalf of a set of persons. The
system implementation consists of two components as
indicated in Figure 1. We call a component interaction
between a client and the core system a client request. A



client request initiates a collaboration between the

component instances of the core system. A collaboration

within the system can then be represented by a directed
graph, of which the nodes are component instances and the

edges (represented by the curly arrows in Figure 1)

represent the message flow of subsequent component

interactions. The root of the graph is the client request,
uniquely identifying the entire collaboration within the core
system.

A component instance in the core system participates in
one or more collaborations with other components. For
example the curly arows in Figure 1 show the
collaboration for the client request “inspect another
agenda’. A second collaboration “make appointment”
consists of the dating system component instance, which
coordinates the creation of an appointment between two
agenda instances, by searching for a point of time that is
marked as free areain both agenda’s.

Suppose one or more specific clients want to use the
services of the operational dating system, but require
several additional functional and non-functional extensions
for the dating system:

e A service for making group appointments between
more then two agendas in an atomic fashion must be
available. As a consequence, agendas must be extended
with atomic commit behavior.

« Different rules apply for making an appointment,
whether it is meant for business or leisure. Therefore
the dating system should simultaneously support two
different appointment  strategies for making
appointments.

» Authentication: Clients must be authenticated, but a
client should only be authenticated if he/she connects
remotely to the dating system from a distinct subnet.

» Authorization: Different clients have different access
rights for the agenda of another client. Authorization
should only be applied for client requests inspecting
another agenda.

Of course, the above extensions should exclusively be
applied on behalf of the specific clients who have need of
these customizations. The extensions must not be applied
for requests from the other clients.

3. Overview of Lasagne

Lasagne defines a platform-independent architecture for
client-specific customization of component-based systems
using wrappers. It can be implemented on top of alanguage
or middleware platform with an open implementation. We
implemented Lasagne on top of the concurrent object-
oriented language Correlate [14] (using Correlate’s Meta-
Object Protocol) and on top of Java (using load-time
reflection [Renaud Pawlak; personal communication, 4]).

We distinguish between three different phases in the
Lasagne customization process: the phase of implementing
an extension using a wrapper-programming model,
deployment/weaving of one or more extensions into the
core system, and selective combination of extensions per
client request.

3.1. Theextension programming model

We implement an extension as a coherent module of
mixin-like wrappers. We program a wrapper more or less as
a “component-oriented” decorator[6] that attaches
additional state and refined (interaction) behavior to a
dynamically bound inner component instance. Another
interesting wrapper-based design pattern is the Role Object
[2] that attaches new service interfaces to a component
instance. An extension may consist of several wrapper
definitions, each one to be wrapped around a different point
in the core system (see deployment of extensions). Below is
given the implementation of the extension for the group
appointment service. It consists of two wrapper definitions,
which cooperate to implement the service with atomic
commit behavior.

package examples.agenda.extensions.group;
/Ihybrid between role and decorator
public class AtomicAgenda implements Negotiation, Atomic {

public boolean canCommit(Time time) {
if (! isLocked(time)) {
lock(time); return true;
} else return false;

public void abort(Time time) {
releaseLock(time);

public void acceptAppointment(Time time, Appoinment app, Context context) {
inner.acceptAppointment(time, app);
releaselLock(time);

}

public FreeArea getFreeAreas(Context context) {
return inner.getFreeAreas();

}

protected void releaseLock(Time time) {...} //internal
protected boolean isLocked(Time time) {...} //internal

}

package examples.agenda.extensions.group;
/Inybrid between role and decorator
public class GroupAppointmentService implements GroupService {

public void makeGroupAppointment(Negotiation[] a, Appointment app) {
FreeAreas[] frees = fetchFreeAreas(a);
Time time = match(frees);
for (i=0; i < a.length, i++) {
If (!((Atomic)(a[i].getRole(" group”)).canCommit(time)))

/labort by calling abort(time) on all agenda’s
}
if (allCommitted) {

for (i=0;i < a.length, i++)
a[i].acceptAppointment(time, app);

}
}



3.2. Deployment of extensions

At deployment time we specify for each extension
around which core components each of its wrapper
definitions must be wrapped. To avoid semantic conflicts,
we may specify partial order constraints between extensions
in the way their wrappers must be chained together.
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Figure 2: Implementing and deploying extensions

3.3. A mode of client-specific combination

Finally at run-time, after the core system becomes
operational, extensions are selectively integrated into the
core system on a per client-request basis.
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Figure 3 Multiple, simultaneous client views

An extension involves multiple wrappers, each to be
decorated around different (distributed) component
instances. As a consequence, since a client request initiates
a collaboration between the component instances of the
core system, we need a mechanism that guarantees a
systemwide and consistent adjustment of the
collaboration’s message flow, such that the wrappers part of
that extension are all applied to any relevant collaboration.

The Lasagne model copes with this, without loosing the
ability to manage multiple, simultaneous client-specific
views. The Lasagne model is founded on four conceptual
cornerstones:

First, we augment the object-oriented programming
model with the notion of component identity that unites and
hides the separate object identities of the component
instance and its decorating wrapper instances. When a
wrapper instance is decorated around a core component
instance, the wrapper instance takes on the component
identity. The object identity of the wrapper instance
(defined by the hosting programming language platform) is
only apparent within the boundaries of the component. As
such, we are able to wrap a component instance without
losing the component instance’s identity[8].

Second, we observe that composition is ideally specified
in terms of extensions instead of wrappers, which represent
too fine-grained entities. It is redly the extension as a
whole that clients want to select or unselect for their
collaborations with the core system. Therefore, we
introduce the notion of an extension identifier, which is an
interpretable, high-level name uniquely identifying the
extension. For example for the dating system example we
introduce the dummy extension identifiers “group”,
“leisure’, “business’, “authent” and “authoriz” (see Figure
5). Wrapper definitions are then specified to be member of
an extension by declarative binding to the unique extension
identifier.

Third, we make the wrapper composition logic external
from the code of the core system, extensions and clients by
encapsulating it in a composition policy. A composition
policy specifies the subset of extension identifiers that must
be applied for a specific collaboration between client and
core system. A composition policy travels together with the
message flow of its collaboration: it is automatically
propagated through the system as the execution of its
collaboration advances. As such, the wrapper composition
logic travels (in the form of a composition policy) together
with the collaboration’s message flow, rather then being
locked up and scattered across the code of subsequent
component interactions.

Fourth, a composition policy is incrementally defined at
run-time by some interceptors. An interceptor intercepts
incoming or outgoing messages of a specific component
instance and may update their associated composition
policy by attaching/discarding extension identifiers.



Interceptors typically implement a client-specific strategy
that determines which extension identifiers are attached to
which collaborations.

The underlying code example illustrates a simple
implementation of an interceptor that selects the “leisure”
extension when the client makes an appointment.

package client.customization;

/** [(make*Appointment)] =>["leisure”] **/
public class AppointmentStrategySelector implements Interceptor {

public void manipulate(Interaction interaction) {
[**identification of the collaboration**/
String methodDef = getMethodDef(interaction);
if (methodDef.endsWith("Appointment”))

/**Updating the composition policy of the collaboration based on
contextual properties (cfr. section 2.1) **/
CompositionPolicy policy = interaction.getPolicy();
policy.addExtensionldentifier("leisure");

Interceptors can also inspect contextual propertieg4] to
determine whether an extension identifier must be attached
or not. A contextual property is visible as a <name, value>
pair that has been previously attached to the collaboration
by another interceptor of the calling context. Contextual
properties also travel with their collaboration. The
underlying code example illustrates a simple
implementation of an interceptor that determines whether
an authentication check should be applied or not. For this
example, the on-line service administrator has decided that
only client requests for making an appointment, which
originate from a remote subnet, should be authenticated.

package servicefrontend.customization;

/** [(make*Appointment) and (client from remote subnet)] => “authent” **/
public class AuthenticationSelector implements Interceptor {

public void manipulate(Interaction interaction) {
[**identification of the collaboration**/
String methodDef = getMethodDef(interaction);
if (methodDef.endsWith("Appointment”))

/*Updating the composition policy of the collaboration based on
contextual properties (cfr. section 2.1) **/
CompositionPolicy policy = interaction.getPolicy();
Context context = interaction.getContext();
if ( distinctSubnet(context.getProperty(“clientHost")))
policy.addExtensionldentifier("authent");

}
}
}

Underlying these four concepts, the run-time model of
component must support a dynamic construction of the
wrapper chain by adjusting message flow. This releases
client objects from the complex task of selecting between
digunctive wrapper chains. The intuitive difference in
chaining is shown in Figure 4: it is the currently ongoing
collaboration itself that searches its way through the
appropriate wrapper instances based on inspection of its

composition policy. To redize this dynamic chain
construction a generic dispatch mechanism, called variation
point, is introduced between the component identity, and
the aggregate of core and wrapper instances. The variation
point of a component instance interprets the composition
policy of each incoming message and will only redirect this
message through those wrapper instances whose extension
identifier is listed in the composition policy. The reader is
deferred to [18] for implementation details of the variation
point construct. If you want to implement the variation
point on top of an existing programming language or
middleware platform, it must be possible to redesign their
internal message dispatch mechanism.

[ |

A

P9 g %/ =

quundl ve wrapping model:
multiple views presented to

Dynamlc wrapping model:
One view presented to outside-

outside-objects objects
static congtruction of »  dynamic construction of wrapper
wrapper chain chain

f object reference ’9) message flow {E1,E3} composition policy

Figure 4 Disjunctive vs. Dynamic Wrapping

Figure 5 presents a message sequence diagram illustrating
the process of selective combination with some of the
sample extensions. We have defined a separate interceptor
for each one of the extensions. Interceptor A dynamically
selects an appropriate strategy (“leisure’” or “business’)
when making an appointment. Interceptor B attaches the
“group” extension identifier for incoming service calls on
the GroupService interface. Interceptors can also inspect
contextual properties of the collaboration. For example
interceptor C will only select “authent” for incoming client
requests originating from a remote subnet location. As
shown in Figure 5, the composition policy (indicated by
{...}) determines the way message flow is adjusted within
the system. A composition policy may aso maintain
dynamic state about the applicability of extensions. For
example in Figure 5 once a client request is authenticated, it
is not necessary anymore to perform the same
authentication check later again, thus the composition
policy will discard the extension identifier “ authent”.




interceptors
W—[«Group%rvice» ]=>“group”
Ale [make*Appointment()]=> [“leisure”|"business”]
DCe Co [client on remote subnet] => “authent”
O DATING SIMPLE
)C% SYSTEM AGENDA

LeisureStrategy

I
i

i

! BusinessStrategy

1

| e

1

1

tus
2,
R

.
CIientﬁAulthentiHandIer

: getRole(“group”)

AtomicAgenda)-
1

Authent_Wrap)

=

1

i

i

N}

d

m akeGroupAppointment '

|
|
|
i :
1 1
1 1
1 1
1 ‘(]l :
! r - 1 1
RS ) |
| )
! B i i ) i ! ii%inner_:
! | \getRole(“group”) ' | |
H , i canCommit() :1__n\: i i
! :  {leisure, group} ! ’i : :
1
E ! abceptAppointment() l..n>[} :inne |
! '{leisure, group} 1 —nney
D E move to : : { group} H i \inne
I remote ' ! i i i i
. subnet ! ! \ ! ! ! ]
{authent} 1 ! ! i H i i :
N R A R
u " 1
v getRole(“group”) i | ' : : : !
H makeGroupAppointmen i ! 1 : : '
o { business} | freéAreas() 1d h i i !
v B C ({businss, group, authent}” H i i !
' E | : .|nne§:mi : E
i )
v i i E : : ilnneE !
! ' \ , freeAreas() 12..n0 1 1 '
T 1, 5 1. 1 1
i E ! :{ business, group} i iinneg, : :
1 ' ! | ! ! 1

1

Figure 5: Message Sequence Diagram

Figure 5 aso illustrates that due to the propagating
nature of composition policies a change in an interceptor
has a system-wide effect on the composition of wrappersin
al the parts of the system that are invoked within the
message flow after the interceptor is applied. As such,
interceptors encapsulate a context-specific customization of
the whole core system, with the guarantee of consistency.

4. Reated work

4.1. Advanced Separation of Concerns

Advanced separation of concerns (ASOC) techniques
such as Aspect-oriented Programming [9], Hyperspaces
[17], Mixin Layers [16], and Adaptive Plug and Play
Components [12] alow extension of a core application with
a new aspect/subject/layer/collaboration, by simultaneously
refining state and behavior at multiple points in the
application in a non-invasive manner. These approaches
however mainly operate at the class-level, while we
compose extensions at the instance-level, enabling run-time
customization. Lasagne also supports customization with
multiple, independent client-specific views on the core

system. This is useful for customizing distributed systems,
since a distributed service may have, during its lifetime,
several remote clients, each with different customization
needs. This feature is not really well supported in the above
class-based composition techniques. However, Lasagne
suffers from a run-time performance overhead. Therefore
we think that Lasagne is better suited for client-specific
integration of extensions a the more coarse-grained
architectural level of a (distributed) system (thus
macroscopic customization), while the above class-based
techniques are better suited for providing separation of
concerns a the component implementation level (thus
microscopic customization). In addition to this, the
wrapper-based approach by itself has a number of known
limitations, which cause most problems at the microscopic
level: It cannot achieve cdl-site composition non-
invasively, wrappers can only access members that are
visible in the public interface of a component; some of the
existing ASOC tools don't have these limitations. A
particular interesting problem with wrappers is the object
schizophrenia problem: calls by a core component on
self/this cannot be wrapped non-invasively. This is because
there is no support for delegation in class-based
programming languages [10]. Delegation means that the
self parameter is bound to the wrapper chain through which
the service call, in process by the core instance, was
received. Lasagne can simulate delegation quiet elegantly
though by rebinding the self parameter to the component
identity and the variation point will automatically redirect
every self call through the appropriate wrapper chain
conforming the current composition policy.

Composition Filters [1] composes non-functional
aspects on a per object interaction basis. Composition
Filters however does not have any support for consistent
and system-wide refinement; the composition logic
enforcing the integration of a system-wide extension is
scattered across multiple object interactions, thus difficult
to update consistently in one atomic action. In Lasagne, the
composition logic is completely encapsulated within the
composition policy of the currently ongoing collaboration.

Aspect Components [13] is an aspect-oriented reflective
middleware for distributed programming. It provides
components that integrate system-wide properties such as
distribution and authentication within a core application in
a non-invasive manner. Aspect Components are also
implemented as a layer of mixin-like wrappers. Its goal is
thus very similar to ours. Aspect Components has however
no explicit support for selective combination on a per
collaboration basis. This could of course be added, as we
proved recently by implementing Lasagne on top of the
Javaimplementation of Aspect Components (JAC).

4.2. Dynamic behavior composition

Linda Seiter et a. [15] proposed a context relation to



dynamically modify a group of base classes. A context
class contains several method updates for severa base
classes. A context object may be dynamically attached to a
base object, or it may be attached to a collaboration, in
which caseit is implicitly attached to the set of base objects
involved in that collaboration. This makes the underlying
mechanism behind context relations very similar to the
traveling composition policies of Lasagne (solving the
consistency management problem). However, context
relations have overriding semantics and do no allow
selective combination of extensions.

MiraMezini [11] presented the object model Rondo that
does well support dynamic composition of object behavior
without name collisions. However, there is no support
mentioned for specifying behavior composition on a per
collaboration basis. Research is however ongoing to make
her work about composing collaborations [12] more
dynamic[7].

5. Concluding remarks

In this paper we have presented the customization model
Lasagne. Lasagne defines an architecture for dynamic
customization of component-based systems using wrappers.
Lasagne supports a client-specific, non-invasive and
consistent integration of system-wide extensions on a per
collaboration basis. We have implemented Lasagne on top
of the languages Correlate and Java.

Future work involves real-world evaluation of the
usability and scalability of the Lasagne model. Some
tooling should be provided to semi-automate the Lasagne
customization process. Furthermore we are investigating
how the Lasagne model can be implemented on top of
component technologies such as EJB and dynamic service
architectures such as Jini. Here we will aso look into the
possibility of load-time combination of extensions at client-
side stubs, which is flexible enough at client-side but more
cost-efficient than run-time combination.
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