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Abstract. Adaptation of deployment is required for maintaining the
Quality of Service (QoS) in Service Oriented Architectures (SOA). Dy-
namic reconfiguration of SOA is proposed here to to cope with adapta-
tion in reaction to or in prediction of QoS degradation. Handling such
an issue needs to detect and to identify the deficiency source, and to
reconfigure the architecture implementing service composition. System
reconfiguration constitutes a complex activity acting on distributed soft-
ware entities, and requires to be implemented by correct model-based
approaches. We show in this paper how graph grammars can be used to
design policy-driven reconfiguration mechanisms of architectures and to
rule running applications using reconfiguration laws. We describe how
coordinated architectural actions and reconfiguration policies are used
to maintain QoS at runtime.

1 Introduction

Building distributed applications by dynamically selecting and connecting web
services constitutes a powerful adaptation and reconfiguration mechanism. The
high dynamics of the web requires new management infrastructures appropriate
for web services. This implies the necessity of supervising architectural config-
urations of dynamically evolving applications in order to model formally re-
configurable architectures and assist reconfiguration actions for an adaptation
purpose.

Software architectures [1] provide a way to reason about software systems at
a level of abstraction higher than simple modules, services or lines-of-code. To
model systems at this level, architects must have an expressive modeling repre-
sentation and tools to check models at both design time and runtime [2]. Graphs
and graph grammars represent suitable formalisms to specify architectures and
to handle the reconfiguration process [3].

Providing generic and scalable solutions for automated reconfiguration can
be driven by rule-based architectural reconfiguration policies. This is the ap-
proach we adopt and we propose in this paper. We elaborate a dynamic graph-
based modeling approach and structural models that may represent the different



interaction-related dependencies: communication flows between services, and the
service composition. The provided architecture has to reconfigure communication
links proactively or reactively and autonomously in reaction to, or in prediction
of the changes in the constraints at communication and processing resources
deployment nodes. Reconfiguration may also be necessary to adapt the service
composition to the evolution of the requirements of the application level. On the
one hand, the provided solution has to react to detected problems. On the other
hand, another way to deal with reconfiguration is to predict and to anticipate
future QoS degradation like bandwidth overloads or services unavailability.

This can be particularly useful in situation where a given enterprise process
executes multiple components and services available for different mashup compo-
sitions. In such a situation composing manually components from ad hoc analysis
of the context could be a tedious and time-consuming task. Our model-based
solution enables automating this task and providing automated reconfiguration
of a given composition.

Our solution is based on graph grammars. We handle architectural reconfigu-
ration by defining architectures as graphs where vertices correspond to software
services and their operations. We use graph transformation to specify rules for
deployment architecture changes (evolutions) while being in accordance with
the architectural style. Dealing with dynamically evolving architectures requires
characterising the set of consistent architecture instances. This is mandatory to
validate the management models and to verify architectural properties preser-
vation.

This paper is organized as follows: related work is presented in Section 2.
Section 3 presents the architecture model for composing and adapting appli-
cations to QoS degradation. Section 4 details graph grammar productions for
architectural reconfiguration following different substitution policies. Section 5
presents the reconfiguration framework associated with our substitution algo-
rithms. Section 6 presents a case study that illustrates our approach The last
section concludes the paper.

2 Related Work

In this section, we present related work in a structured way. In the first part,
we detail works dealing with system architecture description and adaptation.
In the second part, we focus on autonomic system and we explain how the
reconfiguration issue is addressed in autonomic computing. Finally, we present
works that present a new approach: “model@runtime”. These approaches focus
on managing reconfiguration complexity in a runtime environment.

There are different relevant contributions addressing system architecture
adaptation. Such approaches use model-based strategies to apply the required
transformations on the system architectures in order to adapt it to environment
and requirement changes. These strategies define or reuse models describing the
system software architectures. We distinguish between three general categories:
formal techniques like graph grammars [4] and Petri nets [5], semantic ADLs



using ontologies [6] and ADLs (Architecture Description Languages) using XML
deployment languages in [7]. ADLs can be proprietary or implementing the for-
mal and the semantic architecture description models. These ADLs are used
to guarantee the architecture evolving and correctness during the different pre-
dictable and unpredictable changes in the systems environment. The necessary
actions to achieve such adaptations are specified in rules according to the ap-
plication run-time context. In the work presented in [8] is an example of these
approaches defining a complete model based architecture adaptation at the ser-
vice, content and user interface levels. Authors in [9] present another model
based method using graph grammars to adapt cooperative information systems
to situation changes at the communication level.

Other works address software architecture modelling in order to build adapta-
tion systems able to preserve QoS and manage reconfiguration. Rainbow [10] is a
framework for self-adaptive systems. It composed of two layers. First, the system
layer which collects information about the system and executes repair plan. Sec-
ond, the architecture layer, which reflects the current architecture model, checks
constraint violations while differentiating the real architecture with the conceived
architecture, and determines necessary adaptation. The architecture and system
layers interact through a translation infrastructure. However, experimental work
[11] has shown that this approach for self-adaptation causes a significant slow-
down of the system behavior. In [12], the authors propose an architecture-based
approach to self-adaptative software. The approach has not been implemented
and has not been applied to a specific domain or application. It insists on system
integrity which requires the assurance of consistency, correctness and coordina-
tion of changes. In [7], Taylor and Dashofy refine the architecture proposed in
[12]. They exhibit a style-based approach for self-adaptative systems. It focuses
on the infrastructure to support the creation, validation and execution of repair
strategies.

The autonomic concept and systems suggested in the literature are defined
in various ways. Several works focus on the need of autonomic computing and
the first concepts. They focus and detail the autonomic control loop. In [13],
Autonomic Computing Systems are defined as systems that automatically man-
age themselves by carrying out tasks that have been traditionally performed by
computer specialists.

Other works consider the network point of view of autonomic computing.
The work in [14] explains Autonomic Network definition in more detail, links it
to the foundational principles of architecture for Autonomic Network Manage-
ment and provides guidance on how to develop specifications and best practices
for the building of Autonomic Communication Systems. Authors of [15] give
an overview of the different architectures that support the design, implementa-
tion and deployment of autonomic systems. They present issues related to the
design, implementation and deployment of autonomic networks-it focus on the
autonomic-management approaches. Also, they give the motivation behind the
emergence of autonomic, self-managed systems and the required features of such
architectures. The applications that focus on group interactions consider usually



mobile or highly mobile entities. The actors of the collaboration may be human
or non-human. For the human case, it is about cooperative activities where the
awareness is crucial [16]. For the non-human case, the agents are used to support
the collaboration [17]. Both of these works consider a Multi-Agent approach for
autonomic systems. They consider an agent level on top of a middleware level.
The used formalism is graphs with hyper-graph extensions for [17].

Other works address problems related to the management of huge information
associated with runtime situations in self-adaptive software. A new approach to
manage complexity in runtime environments is referred as “models@Qruntime”. A
“model@runtime is a causally connected self-representation of the associated sys-
tem that emphasizes the structure, behavior, or goals of the system from a prob-
lem space perspective.” as defined in [18]. Authors in [19], present an approach for
specifying and executing dynamically adaptive software systems. This approach
combines model-driven and aspect-oriented techniques. This work, which is a
part of the EU-ICT DiVA project (Dynamic Variability in complex, Adaptive
systems), addresses tow drawbacks related to adaptation management and evolu-
tion management by using software models at runtime as well as at design time.
The authors intend to tram the explosion in the number of artefacts considered.
Authors in [20] present model-based traces as runtime models and traces analysis
methods. The focus is on the scenario-based trace as a runtime model and on the
metrics and operators to analyze it. Authors illustrate their proposed methods
using different application scenarios. The syntax and semantics of various types
of the model-based traces in this work are not formally defined. Authors in [21]
provide operations control center through an adaptive vision in which human
users can understand and manage software systems at runtime. Their approach,
entitled “architectural runtime configuration managemen”, creates a model that
captures an adaptive system’s configurations and corresponding behaviors and
organizes them in a historical graph of configurations.

3 Architectural model representation approach

In web service-based applications, a set of distributed services collaborate in
order to respond to user’s requirements. Such a composition is built while de-
scribing the whole process required by the end user, and querying a repository
about available web services (The WS Discovery Service).

We consider here a generic template of virtual architecture where a Vir-
tual Intermediate Connector (VIC) is used to bind service requesters. The VIC
can route the requests to effective service implementations depending on the
operation being requested and being provided and depending on the global or
operation-specific performances of the requested service.

The VIC asks the WS Discovery Service for required web services
in order to achieve building the composed application. The research pro-
cess is based on functionalities and qualities of the desired web ser-
vice. The architecture graph to which our approach applies may be
characterized by any successive compositions of the elementary patterns:



N;(ServiceRequester) —  N;(VICType, Interface)) and N;(VIC) —
Ny (ServiceProvider, per formance Attribute), where N;, N;, N denote the
graph nodes associated, respectively, with the “Service Requester”, the “Vir-
tual Intermediate Connector” and the “Service Provider”.

Once the composition process is achieved, the application is ready to be
deployed and used. During runtime, quality of service (QoS) offered by each
service may be degraded and hence, we need to substitute it by rerouting the
requests for one or more operations to different Service providers. A substitution
is considered as the elementary architectural reconfiguration action after a QoS
degradation detection or prediction on the currently bound service. Searching
for an equivalent service using the WS Discovery Service is then required to find
partially or totally equivalent services.

Our representation approach of architectural configurations relies on graphs
and graph grammars. Graph grammar theories represent an appropriate for-
malism to handle the reconfiguration process. Moreover, graph grammars are
a tractable and powerful way of handling complex transformations and char-
acterising the set of configurations without its explicit enumeration. Following
the common representation, a node refers a web service and a directed edge
designates an invocation link.

4 The Graph Grammar-based rule-oriented
reconfiguration

We elaborate here, graph grammars that implement reconfiguration policies and
that minimize unnecessary reconfigurations. In the proposed policies, minimize
the number of removed edges.

Generative grammars [22] are defined, in general, as a classical grammar
system system < AX; NT;T; P >, where AX is the axiom, NT is the set of the
non-terminal nodes, T the set of terminal nodes, and P the set of transformation
rules, also called grammar productions.

Our approach based on [3] that combines the structure of a Double PushOut
(DPO) production structure and an extension of the Neighbourhood Controlled
Embedding mechanism (edNCE) connection instructions mechanisms.

An instance belonging to the graph grammar is a graph containing only
terminal nodes obtained starting from axiom AX by applying a sequence of
productions in P. P specifies the set of grammar productions that are of the
form (L, K, R) where L, R and K are subgraphs. Such productions are considered
applicable to a given graph G if a graph homomorphism from L to G exists. If
a production is applicable, its application leads to the removal of the subgraph
occurrence (L\ K), the insertion of an isomorphous copy of the subgraph (R\ K).

We use the following notations in the sequel: graph nodes are represented
by N;(atty,---att,) where “” allows a node to be identified in the graph and
where atty, - - - att, are attributes of the node. Attributes may represent prop-
erties of the software entity associated with a given graph node such as: the
role : (Requester, Provider), the status : (Deficient, Non_De ficient), etc.



4.1 Monolithic service substitution policy

Table 1 shows the graph grammar for substituting of a single WS by another
equivalent. Applying the production pl leads to the unbounding of the deficient
WS described by the sub-graph containing the node Ny and the edge N1 — Na,
and the bounding the substitute WS described by the sub-graph containing the
node N3 and the edge N1 — Ns.

GG1 = (AX,NT, T, P) with:
NT ={}, T ={N:1(Id1, Type,inter face), Na(Id2, SW, State)}, P = {pl}

pl = (L = {N1(Id1, Type, inter face), No(Id2, W S, De ficient), Ny — Na});
K = {N:1(Idy, Type,inter face)};
R = {N:(Id1, Type,inter face), N3(Ids, W S, not(Deficient)), N1 — N3})

Table 1. GG1: the monolithic substitution of a WS

Figure 1 shows a visual representation of this production that unbounds the
deficient service N7 and substitutes it by a Non_Deficient service Nj.

L -
Applying production p1 R=L <GGl,pl>

of Graph Grammar GG1

e R D e

Fig. 1. Graphical representation of GG1 production pl

4.2 Cost-aware composite service substitution policy

The graph grammar described in Table 2 describes a composite substitution
policy where requests related to a given operation Op; of the interface of a WS are
routed to a different WS implementing the same operation. This may be useful
is different situations where a new service is discovered and which implements
more efficiently or less costly the given operation. This can also be applied when
a particular operation is over-requested and a load balancing is necessary. This
can also apply to a situation where an operation is implemented in a way that
do not free resources and its repeated invocation leads to an increasing response
time. All these situations will be summarized as an “availability” property of a
service with respect to a given operation.



GG2 = (AX,NT,T, P) with:
T = {Ni1(Id1, Type,inter face), No(Id2, WS, State)}, NT = { } and P = {pl, p2}

pl(Opi) = (L = {N1(Id1, Type,inter face), No(Idz, WS, De ficient), N1 10p1,:,Opn}, Na}s
K = {N:1(Id1, Type,inter face), Nao(Id2, WS, Deficient)};

R = {N; 9P0Ora\OPi N Ny (Idy, Client), Ns(Ids, WS, not(De ficient)),
N1 2% Ny}

p2(0p;) = (L = {N1(Id1, Type,inter face), No(Idz, WS, De ficient), N1 ALZIN — Na};
K = {N:1(Idy, Type,inter face))};

R = {N:1(Idi, Client), N3(Ids, W S,not(Deficient)), N1 —> 9P N ;)

Table 2. GG2: Service composite substitution policy

Figure 2 and figure 3 show a visual representation of the productions p1(Op;)
and p2(Op;) of GG2.

Applying production p1 R=L <GGap1>

(Op,-Op,) of Graph Grammar GG2 (0p;.-0p,NOp,]
G
{0p,}

Fig. 2. Graphical representation of GG2 production pl

R=L
Applying pmduamn p2of <GG2,p2>

Fig. 3. Graphical representation of GG2 production p2

Applying the production pl leads to the removal of the the edge

N1 M» Ny , and the addition of the substitute WS as described by



{Op1,...,0p» }\Op;

the sub-graph containing the node N3 and the edges Ny No
Op;
and Nl I N3.

Applying the production p2 leads to the removal of the deficient WS as

described by the sub-graph containing the node Ny and the edge N; 9, Ny
, and the addition of the substitute WS described by the sub-graph containing

the node N3 and the edge Ny Op:, Ns.

5 Implementation of the reconfiguration management
process

This section presents the foundations of the QoS-Oriented Self-Healing middle-
ware (MARQ) which implements monitoring and reconfiguration functionalities.

5.1 Architectural Framework

The middleware MARQ includes four main components [23]:

-The Monitoring component: It includes observing and storing relevant QoS
parameter values entities using requester-side and provider-side monitors.

-Logging Manager which manages storing the QoS monitored data.

-The Analysis component: It inspects the service behavior and detects QoS
degradation.

-The Diagnosis component: It reasons about the degradation by exploiting
the stored QoS values and identifies the deficiency source. Then, it sends the
diagnostic to the Reconfiguration component for repair.

-The Reconfiguration component: It requests for an equivalent service
from the Substitutable Services WSDLs and switches requesters to substitutable
providers using a dynamic binding connector implementing the VIC.

5.2 Architectural Reconfiguration

The architectural reconfiguration acts by substituting the deficient service by
another equivalent from the selected Substitutable Services WSDLs or by a com-
position of several services. We present the algorithms (Algorithm 1 and Algo-
rithm 2) that implements, respectively, the graph grammars specified in Tables 1
and 2.

The reconfiguration execution is performed thanks to the Dynamic Binding
Connector which unbinds the current connection, and reroutes requests to the
new selected services in a seamless way for remote requesters. The Dynamic
Binding Connector is automatically generated and deployed using runtime com-
pilation and reflective programming.

The substitution of a deficient web service may be done through one or many
other services according to a given policy. We consider here two possible policies
for monolithic and composite substitutions respectively.



Algorithm 1 The monolithic substitution algorithm (algorithm 1)

/*Considered WSDL interface of the deficient WS to substitute*/;
W SDL_Inter face(Sqeficient) = {Op1, ..., Opn'}
/*Browse the available services*/;
Analyze_Available_WS_Interfaces();
/*Considered web services for the substitution*/;
S — {S51,....,5m}
(1)Single_Substitution « 3S; such that:
WSDL_Interface(St) 2 WSDL_Inter face(Sdesicient)
if (Single_Substitution) then

for each (Op;)-request do

Reroute_request_to S

end for

end if

Algorithm 2 The composite substitution algorithm (algorithm 2)

/*Considered WSDL interface of the deficient WS to substitute*/;
WSDL-ITLt@TfaC@(Sdeficient) = {Op17 ) OpN}
/*Browse the available services*/;
Analyze_Available_.WS_Interfaces(); Composite_Substitution <« 3Sy,.., Sk such
that: (U?:h WSDL_Inter face(S;)) 2 WSDL_Interface(Sdeficient)) A
(30p; € W SDL_Inter face(Saeficient), 3(z,y) such that:
Op; € (WSDL_Inter face(Sz) N WSDL_Inter face(Sy)))
if (Composite_Substitution) then
/* Consider service availability*/;
if (Service_Availability_Policy) then
for each (Op;)-request such that: Op; € WSDL_Interface(Sj1) N --- N
W SDL_Inter face(S;a) do
Reroute_request_to Sji, such that:
Sjw has the Highest Availability among all Sj1, ..., Sja wrt Op;
end for

else
/*trivial load balancing*/;
for each (Op;)-request such that: Op; € WSDL_Interface(Sj1) N -+ N
WSDL_Interface(Sja) do
Reroute_request_to Sj
Sjk — nextElementO f{S;j1, ..., Sja }
end for
end if
end if

The first policy, implemented by algorithm 1, handles the monolithic substi-
tution. All requests are routed to a new web service S, which offers the same
operations as the deficient WS Sgcficient - In such a case, Sqcficient is entirely
replaced by S;.



The second policy, implemented by algorithm 2, considers the composite
substitution by two or more services that implement the interface offered by the
currently bound service.

6 The FoodShop Case study: a web application

The FoodShop application depicted in Figure 4, has been studied in the frame-
work of the WS-DIAMOND project.

6.1 Description of the case study

The FoodShop application is concerned with a web service-based application
representing a company that sells and delivers food. The company has online
Shops and several warehouses (warehousey, ..., warehouse,) located in different
areas that are responsible for stocking imperishable and perishable goods and
delivering items to customers.

. warehousel
client1 shop1 MARQ _

) L4

warehouse2

Iy

)
1o

client2

warehoused)

Fig. 4. Details of global distributed self-healing architecture applied to the FoodShop
case study

The MAR@ middleware is deployed within the FoodShop application be-
tween each pair of provider/requester as shown in Figure 4. The Diagnosis mod-
ules exchange information, in order to coordinate the healing actions. For in-
stance, for the two linked services shop; and warehouse;, the QoS degradation
of warehouse; may propagate to shop; from the client point of view. This triggers
a healing process within the twoMAR@Q middleware instances. If not in coordi-
nation, each MARQ@ middeware substitutes its provider. However, the global
reasoning about the degradation deduces that the shop; QoS degradation is due
to the propagation and only warehouse; has to be substituted. The deployment
of the FoodShop within the middleware MAR(Q enables the monitoring at the
HTTP level. It extracts parameters like IP address, the deployment host, the
communicating WS names, the invoked operations, the execution time and the
communication type (synchronous or asynchronous). These information allow
the dynamic discovery of involved parties in the application and the automatic
building of the application profile.



warehousel

ReserveProductl
ReserveNonePerishableProduct
ReservePerishableProduct

ReseyfePerishableProduct

warehouse?2

ReserveProduct] ReserveProductl
ReserveProduct2 ReserveNonePerishableProduct
ReservePerishableProduct

OrderProduti] OrderProduct.
OrderProductl

OrderProduct.
YepePerishableProduct

OrderProduct2

OrderProduct] ReserveProductl
ReserveNonePerishableProduct
ReservePerishableProduct

Table 3. Initial Architectural configuration

We have developed a monitoring graphical interface with the middleware
MARQ, in addition to the self-healing features. The collected monitoring data
enable us to draw up dynamically a visualization window of WS hosts and in-
voked operations.

6.2 Application of our approach

To illustrate our approach, we propose the following scenario. Figure 3
shows the initial configuration C°. We consider two clients, two shops
and three warehouses. Each shop implements two operations: Op; and
Ops. These operations are OrderProductl and OrderProduct2. Each ware-
house implements four operations: Op;, Ops, Ops and Ops. These opera-
tions are ReserveProductl,ReserveProduct2, ReservePerishable Product and
ReserveNonePerishable Product.

Clienty invokes the operation shopi/OrderProductl  that in-

vokes the operation warehouse; | Reserve Product]1. Clients in-
vokes the operation shopy /Order Product2 that invokes the
operation warehouses /| Reserve Perishable Product. Clients in-

vokes shopa /Order Product2 that invokes the operation
warehousey | ReserveN onePerishable Product.

To illustrate the reconfiguration policies, three events are con-
sidered. The events are “shopi/OrderProductl degradation”, and
“warehouses / Reserve Product] degradation”.

In the following, we show the reconfiguration of the architecture when the first
policy is used. The architecture is reconfigured according to the reconfiguration
algorithm that implements in this case the graph grammar GGI1.

Monolithic service substitution policy When the shop;/OrderProductl
performance is considered as degraded, the WS shop; is disconnected and WS
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C = C<GGI,p1> Deficiency source = operation OrderProductl of shopl

warehousel

ReserveProductl
ReserveNonePerishableProduct
ReservePerishableProduct

ResepfePerishableProduct

OrderProduct®
OrderProductl

XE’WP’”dW‘/ 1 ReserveProduct]
ReserveProduct2 ReserveNonePerishableProduct

OrderProdu¢t!

OrderProduct: ReservePerishableProduct

QuePerishableProduct

OrderProduct2

OrderProductl ReserveProduct]
ReserveNonePerishableProduct

ReservePerishableProduct

Deficiency source = operation ReserveProduct of warehouse2
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C= C<GG],pI>

ReserveProdiict2 ReserveProductl
Foduct] ReserveNonePerishableProduct
ReservePerishableProduct

ReseyfePerishableProduct

warehouse2

ReserveProductl
ReserveNonePerishableProduct
ReservePerishableProduct

OrderProduct2
OrderProductl

OrderProdw(]
OrderProduct2

QuePerishableProduct

warehouse3

OrderProduct2
ReserveProductl

OrderProductl
ReserveNonePerishableProduct
ReservePerishableProduct

Deficiency source = operation ReserveProduct of warehouse2

ReserveProductl
ReserveNonePerishableProduct
ReservePerishableProduct

OrderProduct2
OrderProduct]

ResefePerishableProduct

warehouse2

ReserveProduct]
ReserveNonePerishableProduct
ReservePerishableProduct

OrderProduct2

OrderProduct2

OrderProduct] ReserveProduct]
ReserveNonePerishableProduct
ReservePerishableProduct

Table 4. Monolithic service substitution

shops is bound to requester , in order to provide the service requested by the

client as shown in C! = CgGGl,p1> (see Figure 4).
When the warehouses/ReserveProduct] performance is considered as de-
graded, the WS warehouses is disconnected and WS warehouse; provides the

service requested by the shopy as shown in O = Ol o (see figure 4).

We can also have a WS warehouses that provides the service requested by the
—ol .
shops as it is shown in C1*=C<ce1m1> instead of warehouser .
This policy represents a basic solution that is efficient in case of a limited
service number but in some cases generates unnecessary reconfiguration. This



1 .. .
C =] C<GGZ,p2> Deficiency source = operation OrderProductl of shopl

ReserveProductl
ReserveNonePerishableProduct
ReservePerishableProduct

OrderProduct.
OrderProduct]

ResepfePerishableProduct

ReserveProductl ReserveProduct]
ReserveProduct2 ReserveNonePerishableProduct
ReservePerishableProduct

QuePerishableProduct

OrderProduct2
OrderProductl ReserveProductl

ReserveNonePerishableProduct
ReservePerishableProduct

1.1 1 - .
C = C @ Deficiency source = operation ReserveProduct of warehouse2
<GG2,p2>

ReserveProductl
Product] ReserveNonePerishableProduct
ReservePerishableProduct

Reserve,

OrderProduct2
OrderProduct]

ReserveProduct2

ReserveProductl
ReserveNonePerishableProduct
OrderProduct2 ReservePerishableProduct

pePerishableProduct

warehouse3
OrderProduct2

OrderProduct] ReserveProduct]
ReserveNonePerishableProduct
ReservePerishableProduct

Table 5. Composite service substitution according to WS cost

is the case, for example, when warehouses is unbound with only one operation
(ReserveProductl) at the origin of QoS degradation. This provokes the routing
request to the equivalent operation ReserveProduct2 of warehouses that is
unnecessary (ReserveProduct2 is working).

6.3 Composite service substitution according to WS cost policy

To avoid unnecessary configuration enumeration, we propose a policy that re-
places the degraded operation based on its cost. The architecture is reconfigured
according to the reconfiguration algorithm implementing the graph grammar
GG2.

When the shop; /Order Productl performance is considered as degraded, the
OrderProductl of WS shops provides the service requested by the client as
shown in C! = CQGGMDD (see Figure 5).

When the warehouses/ReserveProduct] performance is considered as de-
graded, the ReserveProductl of WS warehouse; provides the service requested
by the shopy as shown in C*' = CL,q, o (see Figure 5). Here there is an
other alternative using ReserveProductl of warehouses but ReserveProductl
of WS warehouse; costs less. Hence, the use on this policy avoids the gener-
ation of useless reconfigurations and warehouses still providing the operation
ReserveProduct2.



7 Conclusion

In this paper, we studied the dynamic reconfiguration of Service Oriented Archi-
tectures for maintaining the Quality of Service in perturbation-prone environ-
ments. We adopted a virtualized architectural model which can cope with the
problem of adapting the requester-provider communication in different situa-
tions and at different levels of interaction. The virtual entities introduced can be
implemented at different communication levels: at the HTTP level using proxies,
at the SOAP level using interceptors and at the TCP transport protocol level
using Middleboxes. Our proofs of concepts and experiments cover theses three
levels of implementation.

Our approach uses graph grammar theories to implement rules that charac-
terize the set of the different configurations candidate to solving composite or
monolithic reconfiguration. Contrarily to enumerative approaches that define ex-
tensively the different equivalent and valid configurations, our approach is more
appropriate for handling the scalablility. It can handle Web-based applications
in an open world view such as in collaborative activities where the number of
participants may vary in a uncontrolled and unpredictable way.

Future research actions include the definition of reconfiguration rules that
consider additional QoS-related information and more context parameters (e.g.
by using context and QoS ontologies). Moreover, we aim to provide the appropri-
ate reconfigurations rules where adaptation may be constrained by the evolving
of the supported activity requirements and by the changes of the communication
resources constraints.
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