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Abstract. Service-based systems (SBS) increasingly need adaptation capabilities 
to agilely respond to unexpected changes (e.g. regarding quality of service). The 
Enterprise Service Bus (ESB), a recognized infrastructure to support the  
development of SBS, provides native mediation capabilities (e.g. message trans-
formation) which can be used to perform adaptation actions. However, the confi-
guration of these capabilities cannot usually be performed at runtime. To deal 
with this limitation, Adaptive ESB Infrastructures have been proposed which le-
verage their mediation capabilities to deal with adaptation requirements in SBSs 
in an automatic and dynamic way at runtime. This paper presents a JBossESB-
based implementation of an Adaptive ESB Infrastructure and demonstrates its 
operation by describing their main functionalities. The paper also presents an 
evaluation of the implemented solution. 
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1 Introduction 

As service-based systems (SBS) operate in an increasingly dynamic world, they need 
adaptation capabilities to behave correctly despite unexpected changes. This becomes 
especially relevant in internet-scale systems and virtual service-oriented enterprises 
[1], where their massively distribution leads to several challenges regarding perfor-
mance, availability and security, among others [2]. 

A widely recognized approach to deal with highly distributed services is based on 
Enterprise Service Buses (ESB) [3], which are a mainstream middleware to support 
the implementation of SBS. Within an ESB-based infrastructure, services communi-
cate by sending messages through the ESB. This way, messages may be processed by 
mediation flows, implementing integration and communication logic, which apply 
different mediation operations to them (e.g. transformations). Furthermore, proposi-
tions like the Integration as a Service paradigm [4], and more concretely the Internet 
Service Bus (ISB) [5], aim to apply these integration technologies in the context of 
cloud-based and internet-scale SBS. ESB products usually support a wide range of 
mediation capabilities including message transformation and intelligent routing [3].  
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However, while mediation flows can be used to react to unexpected changes (e.g. a 
transformation can be set up to handle a change in a service contract), they usually 
have to be configured at design time, in a per-service basis and in a slightly static 
way. This restricts the rapid responsiveness of the system and the generality of the 
solutions. Furthermore, in large-scale internet SBS (e.g. Internet of Things, Internet of 
Services) is unreasonable to assume that every time a service changes (regarding its 
contract or quality of service), all its clients will rapidly adapt. This motivates imple-
menting server-side mechanisms that reduce the risks of client incompatibility. 

In order to address these limitations we proposed an Adaptive ESB Infrastructure 
[2,6,7], which deals with adaptation requirements in SBSs by leveraging its mediation 
capabilities and allowing them to be configured and applied dynamically and auto-
matically at runtime. The adaptive infrastructure is based on messaging and integra-
tion patterns commonly supported by most ESBs, so it provides a generic solution 
which is likely to be implemented in most of these products. Although in our previous 
work we developed some prototypes to validate the technical feasibility of the con-
ceptual solution, we had neither implemented the complete adaptive infrastructure nor 
evaluated it regarding, for example, performance issues.  

This paper describes a complete JBossESB-based implementation of the proposed 
adaptive infrastructure and demonstrates its operation by describing their main func-
tionalities including the configuration of the adaptive behavior of services and the 
runtime adaptation capabilities according to different situations (e.g. response time 
degradation). The paper also presents an evaluation of the implemented solution in 
terms of the overhead it introduces and the resources it uses. 

The rest of the paper is organized as follows. Section 2 presents the Adaptive ESB 
Infrastructure and its main components. Section 3 describes details on how this infra-
structure was implemented on top of the JBossESB product and demonstrates its main 
functionalities. Section 4 presents an evaluation of the implemented solution. Section 
5 presents related work. Finally, Section 6 presents conclusions and future work. 

2 The Adaptive ESB Infrastructure 

This section describes the Adaptive ESB Infrastructure [2,6,7] which, leveraging the 
mediation capabilities provided by ESBs, has the ability to address adaptation  
requirements in SBS in an automatic and dynamic way at runtime. 

2.1 Overall Approach 

In order to address adaptation requirements within the infrastructure, services are 
invoked through Virtual Services deployed in the ESB, following Service Virtualiza-
tion patterns [8]. Also, for each supported mediation capability the infrastructure hosts 
an Adaptation Service which performs a specific mediation operation (e.g. a trans-
formation). Adaptation Services are generic given that their behavior is not fully spe-
cified at design time, but it depends on run time information (e.g a Transformation 
Service executes a different transformation logic for each incoming message).  
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The general idea to achieve adaptation at runtime is to intercept all ESB messages 
and, if an adaptation is required for the invoked Virtual Service, drive them through 
Adaptation Flows. These flows, composed by Virtual and Adaptation Services,  
include all the required mediations steps (e.g. transformations, routing) to carry out a 
specific Adaptation Strategy (e.g. invoke an equivalent service).  

Fig. 1 presents a general overview of the proposed solution where a client applica-
tion invokes a virtual service (SRV), which virtualizes an external Web Service. 

 

Fig. 1. Adaptive ESB Infrastructure [6] 

First, the client sends a message through the ESB (1) to invoke the service SRV. 
The message is intercepted by an Adaptation Gateway following the Gateway pattern 
[8], which applies a common set of mediations to all incoming ESB messages. Given 
that there is an adaptation directive for SRV, the gateway attaches an Adaptation 
Flow to the message and routes it to the first step in the flow (2). This is supported by 
the itinerary-based routing pattern [3], which determines the message destination 
based on an itinerary included in the message itself. In this case, the itinerary (i.e. 
Adaptation Flow) consists of an Adaptation Service, which performs a transformation 
(TRN), and a Virtual Service (SRV). Thus, the message is routed to the TRN service 
which after performing the required transformation (specified in the message), routes 
the message (3) to the next step in the flow (SRV). Finally, the service SRV invokes 
the external Web Service (4) and, eventually, a response is returned to the client. 

The infrastructure handles the conceptual elements of the S-Cube Adaptation and 
Monitoring Framework [9], which generalizes and broadens the state of the art in 
SOA adaptation. In particular, Monitoring Mechanisms refer to any mechanism to 
check if the actual situation corresponds to the expected one. They are used to detect 
Monitored Events (e.g. response time degradation), which represent the fact that there 
is a difference with respect to the expected system state, functionality or environment. 
Monitored Events trigger Adaptation Requirements (e.g. reduce response time) which 
represent the need of changing the underlying system, in order to remove the differ-
ences between the actual situation and the expected one. Finally, Adaptation Strate-
gies define the possible ways to achieve these requirements (e.g. invoke an equivalent 
services) and they are realized by Adaptation Mechanisms (e.g. routing a request). 
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2.2 Logical Architecture 

Fig. 2 presents the logical architecture of the solution which consists of internal ESB 
components and an Adaptation and Monitoring (AM) Engine. 

 

Fig. 2. Logical Architecture of the Adaptive ESB Infrastructure [6] 

At runtime, the Monitoring Manager sends monitored information (e.g. the average 
response time of services) to the AM Engine, which is obtained by interacting with 
the built-in ESB Monitoring Mechanisms. When the AM Engine receives this infor-
mation, it decides (based on services requirements and metadata) if an adaptation 
directive (implementing an Adaptation Strategy) should be created for a given ser-
vice. If so, the directive (i.e. an Adaptation Flow) is sent to the Adaptation Manager 
which stores it, so it can be attached to all the incoming messages for the service.  

2.3 Implementing Specific Adaptation Strategies 

ESB products natively include different mediation capabilities (e.g. transformations) 
which are available as part of its execution environment. They can be configured 
based on specific requirements and can be combined to create mediation flows. 

In the context of this solution, these mediation capabilities constitute the Adapta-
tion Mechanisms supported by the infrastructure: transformations, routing, recipient 
list, aggregator, cache and delayer [6]. In particular, the transformation mechanism 
receives one message and returns another one, transformed according to a given trans-
formation logic (e.g. data model transformation), and the routing mechanism dynami-
cally determines the next service in the message path according to different factors. 

In the proposed infrastructure, Adaptation Mechanisms are combined into Adapta-
tion Flows to implement Adaptation Strategies. The infrastructure supports strategies 
to deal with Quality of Services (QoS) issues [6] and changes in service contracts [7] 
(e.g. Defer Requests, Distribute Request to Equivalent Services). 

Adaptation Strategies are specified using YAWL [10]. Fig. 3 presents the load  
balancing strategy which was implemented using the routing and transformation me-
chanisms. In this case, messages are first processed by a routing mechanism which, 
according to a load-balancing strategy, routes the message to the invoked service 
(SRV-1) or to an equivalent service (SRV-2 or SRV-3). Given that services can use 
different data models, transformations to and from a canonical data model may be 
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needed. This strategy can be used, for example, to overcome a service saturation  
situation. 

Note that although the general structure of strategies is specified at design time, 
their configuration is performed at runtime according to the involved service/s.  

 

Fig. 3. Specification of the Load Balancing strategy using YAWL [6] 

Fig. 4 presents all the elements, within the S-Cube Adaptation and Monitoring 
Framework, supported by the infrastructure which can be extended as needed. 

 

Fig. 4. Supported Adaptation and Monitoring Elements [2] 

3 A JBossESB-Based Implementation 

The infrastructure presented in Section 2 provides a generic solution to enhance gen-
eral purpose ESB products with adaptation capabilities, by extending them with the 
components described in Fig. 2. This section presents a JBossESB-based implementa-
tion1 [11] of the Adaptive ESB Infrastructure. 

3.1 Internal ESB Components 

This section describes the implementation of the Internal ESB Components. 

Virtual Services. The implementation of Virtual Services requires a way to consume 
external Web Services and to expose them as Web Services through the ESB. Their 
implementation in JBossESB was based on the SOAP-Proxy component, natively 
provided by the product, which offers a direct way of implementing Virtual Services 
by exposing an external Web Service through the ESB.  
                                                           
1 https://code.google.com/p/esb-adaptativo/ 
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Adaptation Services. The implementation of Adaptation Services requires the adap-
tation mechanisms and a way to build ESB services based on these mechanisms.  

Regarding adaptation mechanisms, JBossESB natively supports transformations, 
routing, recipient list and aggregator. However, given that they only support design 
time configuration (e.g. to use the transformation mechanism, the transformation logic 
has to be specified at design time in a configuration file), we enhance them to be able 
to obtain configuration values (e.g. the transformation logic) from the incoming mes-
sages. On the other side, the cache [12] and delayer mechanisms are not natively pro-
vided in JBossESB, but they were successfully implemented with the extensibility 
mechanisms provided by this product. 

In order to create Adaptation Services based on the previous mechanisms, we used 
the native feature of JBossESB where each service is specified as an actions pipeline, 
in which each action performs a mediation operation (e.g. a transformation). 

Itinerary-Based Routing Support. JBossESB does not natively support this pattern, 
so the product has to be enhanced with this capability. Our implementation uses a 
graph representation of an itinerary which can be included in the messages passing 
through the ESB. Also, Adaptation Services were built using a pipeline with two  
actions: the first one executes the mediation operation over the message, and the 
second one routes the message to the next step in the itinerary.  

Adaptation Gateway. The Adaptation Gateway has to intercept all messages sent to 
the ESB. This component was implemented as an ESB Service leveraging the native 
HTTP-Gateway provided by JBossESB. In particular, an URL pattern was configured 
so that this service is the only entry point to the infrastructure. Fig. 5 presents the 
XML representation of the implementation of this component using this approach.  

The Java class “GatewayAction” implements the specific logic of this component. 
In particular, it has to interact with the Adaptation Manager to check if there is an 
adaptation directive for the invoked service and, if so, it has to attach an Adaptation 
Flow (i.e. an itinerary) to the message. In order to specify the service to be invoked, 
clients has to use the wsa:To property of the WS-Addresing standard. 

 

Fig. 5. Adaptation Gateway [11] 

Adaptation Manager. The Adaptation Manager deals with the Adaptation Flows, 
received from the AM Engine, and it provides this information to the Adaptation  
Gateway when requested. The implementation of this component is based on an  
in-memory HashMap. So, given the identification of a Virtual Service, the corres-
ponding Adaptation Flow (if any) can be obtained. As an additional feature, this com-
ponent stores the history of the applied Adaptation Flows for each Virtual Service. 
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Monitoring Mechanisms and Manager. Monitoring mechanisms are used by the 
platform to check if the actual situation corresponds to the expected one.  

First, we developed mechanisms which monitor Virtual Service invocations by  
leveraging the built-in monitoring features provided by JBossESB. In particular, 
JBossESB exposed monitored information as Java MBeans which can be accessed by 
clients with JMX support. This way, we implemented three Monitoring Mechanisms 
by interacting with the “MessageCounter” MBean and obtaining the values for the 
following attributes: messages successfully processed count, messages failed count 
and overall service time processed. 

Also we developed mechanisms to monitor the contracts of the virtualized Web 
Services. They were implemented following the ideas of a tool2 which compares two 
versions of a WSDL document and identifies the changes it suffered (e.g. a new oper-
ation). Also, we used the EasyWSDL3 library which allows manipulating WSDL 
documents. When this mechanism is executed, it compares stored versions of WSDL 
documents with the current ones. This way, the infrastructure can detect which 
changes WSDL documents have suffered.  

The Monitoring Manager interacts with the Monitoring Mechanisms to calculate 
Monitored Properties for each service. Our implementation supports four properties: 
number of invocations per time unit, ratio of successful responses, average response 
time and changes in service contracts. After calculating the values of the Monitored 
Properties, the Monitoring Manager sends them to the AM Engine.  

Other Internal Components. Our implementation includes other internal compo-
nents: Service Registry and Service Requirements Manager. The Service Registry 
allows registering services, specifying metadata for the services (e.g. XSLT transfor-
mations to and from the canonical data model of the platform) and specifying equiva-
lent services. The Service Requirement Manager allows specifying requirements for 
the services which, along with the monitored information, allow detecting situations 
that need to be handled. Service requirements can be specified, for example, based on 
the monitored properties (e.g. average response time < 1000 ms). 

3.2 AM Engine and Administrative Console 

This section describes the implementation of the Adaptation and Monitoring Engine 
and the Administrative Console. 

Adaptation and Monitoring Engine. The AM Engine receives monitored data from 
the Monitoring Manager, sends adaptation directives to the Adaptation Manager and 
takes the different adaptation and monitored decisions required by the infrastructure. 
This component also manages the Adaptation Events, Requirements and Strategies 
supported by the platform. 

Every time the Monitoring Manager sends new values for the Monitored Properties 
for a given service, the AM Engine processes this information to generate, if needed, 
                                                           
2 http://www.membrane-soa.org/soa-model-doc/1.2/ 
 compare-wsdl-java-api.htm 
3 http://easywsdl.ow2.org/ 
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new adaptation directives for that service. This is done based on the monitored infor-
mation, service metadata and service requirements. The AM Engine also knows 
which Adaptation Strategies can be used to deal with each Adaptation Requirement. 

The engine also implements the required logic to select an Adaptation Strategy 
(currently in a random way) in case more than one is applicable to deal with a given 
Adaptation Requirement. As an additional feature, if more than one Adaptation Strat-
egy has to be applied (e.g. a service has more than one Adaptation Requirement) the 
AM Engine combines various Adaptation Flows in a single one. 

Administrative Console. The Administrative Console provides functionalities which 
facilitate the configuration of the adaptive infrastructure through a graphical interface. 
It also allows controlling and analyzing the adaptation processes generated for each 
service. The implementation of the Administrative Console was based in JSF 2.1 and 
in a set of components provided by the framework Primefaces 1.5. It is completely 
decoupled from the ESB and from the AM Engine: it interacts with them via JMX. 

3.3 Demonstration of the Main Functionalities 

This section presents the main features of the Adaptive ESB Infrastructure by means 
of the JBossESB-based implementation.  

Fig. 6 presents the Administrative Console of the infrastructure which provides 
functionalities grouped in three main categories: Virtual Services management, Adap-
tive Server (ESB) configuration and AM Engine configuration. On the right side of 
the figure, three Virtual Services, virtualizing external Web Services, are listed.  

 

Fig. 6. Administrative Console: Virtual Services Management 

The Administrative Console allows configuring basic information of Virtual Ser-
vices (e.g. name, category), the transformations to and from the canonical data model 
of the platform and it allows associating equivalent services. It also allows configur-
ing the adaptive behavior of services (e.g. the maximum number of invocations a 
service can support in a given period of time). 

The adaptive infrastructure identifies and responds to different situations. For  
example, if a service is saturated by sending it more requests that the number it can 
handle, the solution detects this situation and applies a suitable Adaptation Strategy to 
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handle it. Also, the current Adaptation Flows implementing the selected strategies for 
each Virtual Service are graphically visualized through the administrative console. 

Fig. 7 shows the first two levels of the current Adaptation Flow for the service 
DNICWS, which implements a Load Balancing strategy and expires in 283 seconds. 

 

Fig. 7. Current Adaptation Flow for the Service DNICWS 

Finally, the history of the applied Adaptation Flows for a given service can also be 
visualized through the administrative console. 

4 Evaluation of the JBoss-ESB Based Implementation 

This section presents an evaluation of the implemented solution. The SoapUI tool 
v4.5.1 was used to simulate service invocations and the VisualVM tool v1.3.5 was 
used to monitor resource usage. The platform was run on a desktop PC with 4GB of 
RAM and a dual-core processor of 3.2Ghz. 

4.1 Overhead Introduced by the Infrastructure 

We performed some tests in order to quantify the overhead in the invocations intro-
duced by the infrastructure. Table 1 presents the results of the tests which were  
obtained based on 1200 invocations to a Web Service.  

Table 1. Overhead in Invocations [11] 

Adaptation Strategy Average Time (ms)  Overhead (ms)  

Direct invocation to the Service 18  N/A  

Invocation through the Infrastructure 21  3  

Invoke Equivalent Service 94  76  

Use Previously Stored Information 6  N/A  

Distribute Request to Equivalent Services 350  332  

Load Balancing 129  111  

Defer Requests 121  3  

Modify Request / Response Messages 179  161  
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The first row in the table, correspond to a direct invocation to the Web Service. 
The second row corresponds to an invocation to the Web Service through the infra-
structure but without applying any strategy. The rest of the rows correspond to invo-
cations to the Web Service where the different Adaptation Strategies were applied. 
For a given strategy, the overhead value is calculated with respect to the time required 
for a direct invocation. 

We believe that the obtained values are acceptable, given that for most of the strat-
egies the overhead is less than 200 milliseconds. 

4.2 Resource Usage 

We also monitored the CPU and memory usage while the platform was operating and 
applying different adaptation strategies. 

As presented in Fig. 8, the first interval (1) had a normal CPU usage of around 
40%. However, in the second interval (2) the usage was increased because the “Dis-
tribute to Equivalent Services” strategy was applied, which requires performing vari-
ous messages copies and transformations. In the third interval (3), after the execution 
of this strategy was finished, the CPU usage decreased to a normal use again. 

 

Fig. 8. CPU Usage [11] 

Regarding memory usage, Fig. 9 presents similar characteristics, that is, the usage 
increased when the “Distribute to Equivalent Services” strategy was applied. It also 
allows visualizing that the solution does not present memory leaks, as the memory 
usage at the end of the test is very similar to the one at the beginning. 

 

Fig. 9. Memory Usage [11] 
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5 Related Work 

As stated in our previous work [1,6,7], dynamic adaptation in ESB has recently been 
addressed. Most authors propose solutions that allow applying or configuring ESB 
mediation capabilities in a more dynamic and automatic way. For example, a recent 
work [13] proposes an Adaptive ESB as part of an Adaptive SOA platform. The 
Adaptive ESB focuses on adapting service compositions by selecting at runtime 
(based on past invocations and QoS values) the services to be invoked. 

Related proposals, although dealing with dynamic and automatic adaptation in 
ESBs, they use limited mediation capabilities, they are not extensible, and mediation 
flows to be followed by messages are defined at design time. In turn, our solution uses 
a wider and extensible range of mediation capabilities (e.g. cache and delayer). Also, 
it enables to select concrete mediation flows for messages at run-time, which enables 
to choose different strategies when an issue is detected (e.g. regarding response time). 
Finally, our proposal aims at enhancing general purpose ESB products with adapta-
tion capabilities. To this, the proposed infrastructure is based on commonly supported 
ESB patterns and it is not restricted to the characteristics of specific ESB products. 

6 Conclusions and Future Work 

This paper presented a JBossESB-based implementation of an adaptive ESB infra-
structure, which provides adaptation capabilities for implementing large-scale SBS. 
The experimental results show the feasibility of this approach through an implementa-
tion based on a general purpose ESB product.  

The main contributions of this paper consist of the proof-of-concept implementa-
tion of the complete adaptive ESB solution, which provides experimental results con-
cerning the development and the execution. Such results are crucial to better know 
about the behavior of the followed approach as well as to identify aspects to improve. 
Regarding the development, JBossESB features and other existing tools enabled a 
direct implementation of most of the components of the solution. However, some 
elements required significant ad-hoc development. Concerning execution, the over-
head introduced by the solution, which is one of the most critical aspects, appears to 
be acceptable as preventing client execution failures. CPU and memory usage is also 
acceptable. However, applying adaptation strategies which require significant mes-
sage copies and transformations increased this usage in a considerable way.  

Beyond current results, this work aims at being a step forward for adding dynamic 
adaptation capabilities to Internet SBS, notably based on ESBs.  

This work is currently being extended by implementing different strategies as well 
as by improving the overall system. The approach is being applied to implement  
do-main-specific integration platforms for Geographic Information Systems [14] and 
Bioinformatics. In addition, a research line on applying this kind of platform to Inter-
net of Things scenarios [15] and context-aware service systems [16] is ongoing. 

Future work consists in specifying and prototyping other Adaptation Strategies, 
addressing other Adaptation Requirements, as well as implementing the adaptive 
infrastructure with other ESB products. Other topic to be addressed concerns the  
application of Complex Event Processing mechanisms for the AM Engine. 
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