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Abstract

Performing Bioinformatic’s experiments involve an intensive access to distributed services
and information resources through Internet. Although existing tools facilitate the
implementation of workflow-oriented applications, they lack of capabilities to integrate
services beyond low-scale applications, particularly integrating services with heterogeneous
interaction patterns and in a larger scale. This is particularly required to enable a large-scale
distributed processing of biological data generated by massive sequencing technologies. On
the other hand, such integration mechanisms are provided by middleware products like
Enterprise Service Buses (ESB), which enable to integrate distributed systems following a
Service Oriented Architecture. This paper proposes an integration platform, based on
enterprise middleware, to integrate Bioinformatics services. It presents a multi-level reference
architecture and focuses on ESB-based mechanisms to provide asynchronous
communications, event-based interactions and data transformation capabilities. The paper
presents a formal specification of the platform using the Event-B model.
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1 Introduction

Bioinformatics is a multidisciplinary area involving Biology and Computer science, whose purpose is to get a
more clear vision of the organisms’ biology through 1T-based tools. The ordered and combined application of these
constitutes the so-called in-silico bioinformatic experiments.

An in-silico experiment corresponds to a procedure accessing information repositories and applying local and
remote analytical tools to show certain hypotheses, derive results, and search patterns [1]. In turn, Bioinformatics
repositories may consist of biological databases like EBML [2] or Swiss-Prot [3], while analytical tools may consist
of the implementation of complex algorithms like BLAST [4] and ClustalW [5].

In-silico experiments are nowadays implemented using Workflow Management System (WMS) tools specially
adapted to the biological context. In the last years, scientific workflows have revolutionized the way researchers
perform their experiments by enabling them to use powerful computational tools without needing a strong IT
background. For instance, these tools allows scientists to access external services using Web Services, perform data
format transformations, execute queries on large databases and even request the execution of experiments in the
cloud. Among others, Taverna [6] is one of the most popular scientific workflow tools. Developed in the context of
the myGrid Project, Taverna provides capabilities to model experiments as dataflows, perform implicit
communications, collect provenance information and integrate with third parties (e.g. BioMart).

Although the generalized use of WMS tools is a clear success indicator [7], in particular Taverna, it presents
important limitations. In particular, the polling approach followed by most biological service providers and the use
of different data formats in services makes the logic implemented by workflows to be more complex. Furthermore,
it doesn’t provide asynchronous message-oriented mechanisms and quality of services management [8] [9]. In these
scenarios, workflow development remains highly complex.

Furthermore, such functionalities are required to respond with more powerful distributed and collaborative
systems to the increasing scale of data volumes to be processed, which are generated by “High Throughput” and
Next Generation Sequencing (NGS) technologies for massive sequencing [10].

On the other side, enterprise middleware technologies, which have been evolving during the last years, provide
abstractions and solutions to increasingly complex integration functionalities (e.g. asynchronous interactions and
interoperable interactions over the internet) related to the construction and integration of distributed applications.
Particularly, Enterprise Service Buses (ESB) and cloud-based Internet Service Buses (ISB) are sophisticated
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middleware technology progressively being leveraged to integrate highly distributed and heterogeneous services.
ESBs provide mediation capabilities (e.g. message transformation and intermediate routing) which can be used to
address mismatches between applications and services regarding communication protocols, message formats,
interaction styles and quality of service (QoS), among others [11] [12].

These elements lead to the goals of improving the collaboration in bioinformatics community by enhancing
service-based integration capabilities as well as reducing the complexity in the involved development by using tools
with more advanced mechanisms than the ones provided by local Workflows (i.e. enterprise middleware
technologies). Such enhanced platforms should enable to combine bioinformatics Web-based services (e.g. NCBI
Web Services), experiment-oriented workflow tools (e.g. Taverna) with general purpose mediation features (e.g.
asynchronous interactions, rules, events, data transformation) and other value-added capabilities (e.g. service policy
compliance). The ultimate goal would be to put into practice a Platform as a Service (PaaS) approach in the
bioinformatics area enabling an active participation not only of laboratories and researchers, but also middleware
platforms and cloud computing services suppliers and developers.

This paper addresses these issues and proposes a reference integration platform for the bioinformatics domain
which, mediating between WMSs (e.g. Taverna, Kepler, Galaxy, etc.) and bioinformatics services, provides
mechanisms that facilitate the development of distributed scientific workflows and solve common challenges that
arise when performing these tasks. The proposed integration platform leverages mediation features of enterprise
middleware, particularly ESBs, addresses identified integration requirements by improving asynchronous
interactions, event notification and message transformation capabilities, and provides the means to implement other
value-added services such as service policy compliance.

This proposal aims at combining Bioinformatic Web Services (e.g. NCBI), tools to develop scientific
workflows (e.g. Taverna) and mechanisms to integrated distributed applications through an integration platform
based on advanced enterprise middleware. The goal is to enable the integration of scientists, laboratories and
bioinformatics service providers to develop sophisticated bioinformatics experiments.

The proposed Integration Platform is based on different type of middleware technologies (Web Services,
Message Queues, ESB) and enables to connect workflow tools (e.g. Taverna) and Bioinformatic services (e.g.
NCBI) in order to solve the requirements related to implement in-silico experiments. This Integration Platform takes
advantage of mediation functions provided by enterprise middleware tools (particularly ESB). This paper also
includes a formal specification of the platform using the Event-B model. This Integration Platform, which is specific
to the Bioinformatic domain, is characterized by three dimensions: (i) functionalities required to solve the
requirements related to in-silico experiments, (ii) the application scenario given by the type of Bioinformatic
Laboratory, and (iii) the type of middleware technology to be used.

This paper is based on the Master Thesis [13]. A more detailed description of the topics may be found in the
thesis document.

The rest of the paper is organized as follow. Section 2 presents background on Bioinformatic tools and ESB
middleware as well as a description of Related Work. Section 3 describes the proposed Integration Platform
identifying requirements as well as application scenarios, and presenting a high-level architecture. Section 4 presents
a use case example of the platform. Section 5 presents a formal specification using Event-B model. Section 6
describes an ESB-based implementation of the Platform. Section 7 presents conclusions and future work.

2 Existing Knowledge and Related Work
2.1 Bioinformatic Concepts and Project myGrid

Bioinformatics is a multidisciplinary area involving Biology and Computer Science, which performs the so-
called in-silico experiments through a combined application of IT tools and by accessing to local and distributed
data. For instance, an experiment researching on the evolutions of relationships between proteins may start acquiring
an amino acid sequence from the Swiss-Prot repository and afterwards applying to it the ClustalW algorithm to align
sequences and to identify patterns among these last [1] [2] [3] [4] [5] [14].

At the beginning, performing in-silico experiments was based on “copy & paste” of data in Web-forms,
afterwards evolving to Perl and Python scripts with screen-scrapping techniques. Later on, the advent of Web
Services technologies enabled a programmatic-based access to services provided by “third parties”. This approach
was strengthen with tools like Biological WMS (Workflow Management Systems), which enabled biologists to
model their experiments as workflows composed by multiple Bioinformatic Web Services [14].

These tools provide biologists with required abstractions to implement in-silico experiments accessing to
databases, using technologies such as Web Services and Cloud-based tools [6] without needing a high expertise on
IT.

These Bioinformatics techniques and tools have enabled biologists to carry out experiments in an alternative
way to the traditional in-vitro one, facilitating the reuse of results obtained worldwide by reusing through data reuse
in in-silico experiments.



By 2005 emerged the Next Generation Sequencing (NGS) technologies, which will generate a revolution in
sequencing techniques. Among others, NGS-based projects include de novo genome sequencing, transcriptome
analysis, and variability analysis. Equipment performing such sequencing, 454 Roche and Illumina among others,
generate much larger data volumes, in shorter times and with lower costs than the preceding High-Throughput
technologies. For example, the Illumina HiSeq 2000 may produce two hundred millions of “paired-end reads” (200
Gb) in each execution [10].

In this context of very large data volumes, the traditional bioinformatics scenarios based on downloading data
and processing it locally are no longer viable given the limited scalability. For instance, executing a BLAST or
analysis or even a BWA analysis (high-speed mapping algorithm) [15] would take several days, which is completely
unsuitable for scientists. In addition, transferring these data constitutes a challenge by itself and it’s more susceptible
to errors, specially due to weaknesses in existing protocols to transfer very large data volumes [16].

As a consequence, this new technology brought notable improvements but also involved new challenges,
completely different to the ones identified in the former generation of experiments [17].

In this new context, applying Cloud Computing approaches appears to be promising due to elasticity
capabilities to store and process very large data volumes. However, these features are not sufficient to address these
issues, and other problems remain open, such as security, data transfer [18], in addition to defining the necessary
abstractions enabling an appropriate use of Cloud-based capabilities, as well as to simplify the development of the
in-silico experiments [19].

2.1.1 myGrid Project

myGrid [20] is an e-Sciences project started in 2001 aiming to provide workflow-oriented tools using basic
middleware mechanisms (i.e. Web Services) that can simplify the development of biological and bioinformatics
experiments. Some of the tools developed by this project are:

e Taverna: a tool that allows scientists to model their experiments as composition biological services and
build scientific workflows

e myExperiment: provides a collaborative environment to scientists, enabling the publication, “curation” and
search of experiment workflows.

e BioCatalogue: an open biological Web Service registry to enable the publication, classification and search
of Web Services for the scientific community.

All these components were developed following a SOA paradigm and using Web Services, Workflows, Web
2.0 and Semantic Web technologies. The components follow an open-source approach and may be extended by
third-parties. Therefore they provide appropriate means to build the local platform to be connected to distributed and
virtual research environments, the so-called e-Labs [21].

The main contribution of Taverna is that allowed scientists with limited IT expertise, be capable to develop
their experiments using advanced technologies such as SOAP Web Services, BioMart, SoapLab, R or SADI
services.

2.2 Enterprise Middleware and the Enterprise Service Buses

Generally speaking, middleware technologies are general purpose infrastructure services positioned between
applications and/or platforms, which allow their interactions systematically using high productivity tools. These
technologies have had an impressive evolution in the last years, emerging different types of products that enable to
achieve multi-platform system integration at different scales. The most remarkable are the Web Services [22],
Message Queues and Enterprise Service Bus (ESB) [23], which will be used in this work.

The most advanced technologies, especially ESBs, possess mediation capacities (e.g. message routing and
transformation), which may be defined as a “layer of intelligent middleware services that enable to connect
applications and data” by solving a number of issues related to such integration (e.g. data transformation and
synthesis) [24]. In addition, ESB enable to solve, in a unique tool, both synchronic and asynchronous application
integration through robust and scalable mechanisms.

An ESB is an environment belonging to the platform middleware systems category, which provides
sophisticated interconnectivity between services and enables to overcome issues related with reliability, scalability
and communication. Service interaction using an ESB is based on a combination of the patterns: Asynchronous
Queuing, Event-Driven Messaging, Intermediate Routing, Policy Centralization, Reliable Messaging, Rules
Centralization and Transformation. Additionally, there exists a set of interactions styles, which defines the way each
actor may behave using an ESB [25].

In this section we will briefly review some of the most useful patterns and styles for this paper.



2.2.1 ESB Design Patterns

Application interactions in ESB may be conceptualized through certain design patterns [25]: Asynchronous
Queuing, Event-Driven Messaging, Intermediate Routing, Policy Centralization, Reliable Messaging, Rules
Centralization and Transformation. This work mainly applies the following ones:

e Intermediate routing patterns dynamically determine the message path according to different factors. More
concretely, a content-based router defines the message path based on its content and a recipient list routes the
message to a list of dynamically specified recipients. Other basic routing patterns include context-based router,
load balancing router, aggregator, message filter, static router, dynamic router, splitter, resequencer and
discovery.

e Transformation patterns deal with the runtime transformation of messages. In [25] the authors identify three
types of transformations: data model transformations, data format transformations and protocol bridging.
Additionally, in [26] various transformation patterns are identified including envelop wrapper, content
enrichment, content filter, claim check, normalize and canonical data model.

e The Asynchronous Queuing pattern deals with the interactions of client and services where synchronous
communication can inhibit performance and compromise reliability.

e Event driven messaging determines an event driven based exchange of messages between systems where the
receiver receives messages according to the events it is subscribed to.

2.2.2 Interaction Styles

In addition, the “interaction style” patterns define the way actors behave and interact in terms of
synchronous/asynchronous interfaces, level of assurance of delivery, handling of timeouts, late responses, and error
handling in an ESB-like middleware [27].

In this work, we will focus on two interactions styles: 1) Synchronous update request with acknowledgement
using callback operations, and 2) One-way with status poll for completion.

A one-way request with status poll for completion consists of an initial synchronous response-less request
followed by periodic synchronous requests from the requester to know the status and result of the operation. In turn,
a synchronous update request with acknowledgement using callback operation enables the requester to be sure that
the request was received and is being processed without being blocked. The response is received through another
synchronous communication from the invoked service (the callback).

2.3 Domain Specific Middleware Platforms

Domain-specific middleware platforms provide implementation building blocks and services adapted for the
requirements of a specific domain; they provide applications with reusable abstractions of recurring patterns and
algorithms [28]. Therefore they constitute a relevant knowledge background in the present work, particularly the
ones on two domains: Health and geographic-based services in e-Government.

The Open eHealth Integration Platform (IPF) [29] is a platform middleware for the e-health domain. It has the
goal of providing the required integration mechanisms (e.g. HL7 message processing, support for the IHE profiles)
to enable the integration of applications in that domain.

In [30] the authors propose an ESB-based integration platform in the context of enterprise geographic
information systems. The authors propose a series of mediation mechanisms (e.g. SOAP WMS-Wrapper, WMS
Enricher) to facilitate the integration of geographic Web Services and enterprise applications.

To the best of our knowledge there are not proposal of a domain-specific integration platforms in the
bioinformatics domain.

2.4 Event-B

Event-B, the evolution of B method, is a formal method including a language and a tool to support the
verification of properties on the specifications [31]. In Event-B, systems are formally specified as Abstracts Virtual
Machines (AVM o MACHINE), which have a structure based on the VARIABLES constructor and a dynamic
behavior based on events (EVENT constructor). In addition, conditions and event execution and values of variables
may be specified through the INVARIANTS constructor.

Among a large number of applications, Event-B has been used to formalize distributed transactions
management systems [32] as well as middleware software [33].



2.4 Related Work

This section presents related work of Bioinformatic applications aiming at providing different integration
mechanisms for in-silico experiments.

The need for asynchronous interactions in the context of scientific workflows is not new and there are different
proposals which use WS-Addressing in order to provide solutions for this requirement.

The work in [34] proposes a middleware for asynchronous interactions based on WS-Addressing, which is
integrated to Taverna by means of a new processor called “Generic Web Service Processor”. In turn, our proposal
does not depend on this feature.

The proposal in [35] follows a similar approach by proposing extensions to WS-BPEL for allowing the use of
WS-Addressing. Both works have the limitation of assuming that biological Web Services has support for WS-
Addressing which, in practice, is not that frequent. Indeed, the main providers (e.g. EBI, EMBL, DDBJ, GenBank)
do not yet provide Web Services with WS-Addressing support and adopt the one-way request with status poll for
completion approach for asynchronous interactions. On the contrary, our approach does not require that services
have WS-Addressing support: it leverages existing services and adapts them so they can be invoked using WS-
Addressing (e.g. by solutions like [34] and [35]).

The use of notification mechanisms and events has also been addressed in the bioinformatics domain. In [35]
Apache ODE, a WS-BPEL engine, is extended to send notifications according to events of interest in an e-science
context. Compared to our approach, this solution has the limitation to be coupled to the WS-BPEL engine, not
allowing it to be used in wider scenarios (e.g. the advanced types of laboratories of Section 3.3).

In [36] the authors propose a Web Service based message broker, called WS-Messenger, with the goal of
sending notifications of events (logging, monitoring, etc.) among applications, platforms and heterogeneous grid
environments. Similar to our proposal, WS-Messenger is based on standards (e.g. WS-Eventing and WS-
Notification) and provides some mediation capabilities at the transport level. The main difference with our
notification mechanism is the scale of the solution: while WS-Messenger is a lightweight middleware suitable to be
integrated in other platforms, our mechanism is built on top of an ESB infrastructure. Also, our mechanism is part of
a wider integration platform for the bioinformatics domain which facilitates its integration with the rest of the
services and infrastructure deployed in the platform for this domain.

In [37] a WS-Eventing middleware with the goal of improving the interoperability between workflows tools is
presented. The solution, called PS-SWIF, provides the same notification functionality that our notification
mechanism. However, PS-SWIF only allows synchronous subscriptions while our mechanism also support
asynchronous subscriptions.

In [38] the authors propose the use of a notification bus to which all components are connected as well as
subscribed to one or more topics. The main difference with our notification mechanism is that ours is based on a
service oriented design and it leverages an ESB infrastructure, facilitating in this way the interoperability among
distributed and heterogeneous services.

Format transformation has also been addressed in the literature. In [39] the concept of shim service is
introduced and the problem of excessive use of shim services is presented and addressed. In particular, the authors
propose the use of ontologies to describe Web Services and, in this way, automatically identify which shim services
(from an existing library) are required, so that they can be included in the workflow. On the contrary, our work
propose reducing, as much as possible, the use of shim services by encapsulating existing services through services
which use a predefined data model.

In [40] the concept of Virtual Data Assembly Lines (VDAL) is presented as a way of hiding the use of shim
services to scientists. The authors propose encapsulating existing domain services in VDAL, which include the
required configuration to solve syntactic and semantic mismatches. Although our proposal is similar, VDALS are
locally defined in workflows by the workbench, while our proposal encapsulates services in new services which are
global to all the organization.

A set of good practices based on semantic technologies and Web Services to reduce format transformation
issues are proposed in [41]. While these practices take advantage of the potential use of RDF, they are still limited as
very few Bioinformatic services include RDF descriptions.

Concerning the application of “policies of use” for services, EntrezAjax [42] is one of the few systems that
enable to consume Bioinformatic services applying NCBI’s policies, but doesn’t include similar mechanisms for
other providers (e.g. EBI, DDBJ).

Additionally, all the previous described work addresses specific problems when developing scientific
workflows. In contrast, our approach has the goal of providing a comprehensive domain-specific integration
platform for bioinformatics services, which can be adapted or extended (using middleware of different scale)
according to the particular requirements and capabilities of the specific laboratories.



3 A Middleware-based Platform for the Integration of Bioinformatics Services
3.1 General Description

An environment for in-silico bioinformatics experiments includes, on one side, local software tools (i.e.
Taverna) that enable researchers to develop their experiments through the composition of remote bioinformatics
resources. On the other side, there are bioinformatics resources distributed all over the Internet by Bioinformatics
Web Services providers (i.e. NCBI, EBI, DDBJ) that can be accessed through SOAP or REST Web Services APIs.

Although bioinformatics tools like Taverna provide very powerful user oriented development features, their
lack on mediation mechanisms (e.g. asynchronous interactions, event management, declarative data transformations,
etc.) and platform management capabilities (e.g. quality of services, service policy, etc.) limits their integration
capabilities and delegate advanced computing tasks to the scientists.

The proposed bioinformatics Integration Platform presented in Fig. 1, allows developing in-silico experiments
through traditional synchronous service composition, and also provides new features to cope with advanced
requirements that involve asynchronous interactions based on request-response patterns and data transformation.

Local bioinformatics tools may send messages to the Platform, which will be routed using content-based
routing components and specific adapters to forward messages to remote bioinformatics services developed with
heterogeneous technologies (i.e. SOAP, R, etc.). Response messages will be sent back using callbacks invocations
or notifications mechanisms. In this way, the platform hides implementation and physical distribution aspects of the
bioinformatics services, enabling scientists to focus on business aspects of applications and not in infrastructure or
technical details.
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Figure 1: Integration Platform for bioinformatics services

The specification of the integration platform consists of several refinement levels, shown in Fig. 2. The highest
level of specification, is independent of technical approaches or laboratory application contexts and specifies the
integration platform in an abstract way, integrating local bioinformatics tools (i.e. Taverna or Kepler) with remote
bioinformatics services. The second level of specification refines the latter one, introducing refinement dimensions
to define more specific Platforms, taking into account middleware technologies, integration requirements (features)
and usage contexts scenarios. Finally, the third level of refinement introduces middleware specific products and
development details to complete the specification and allow the definition of a concrete instance of the Platform.
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> Application Middleware Features
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Figure 2: Specification of the Platform in levels of refinements and dimensions for each level



To sum up, refining the top-level specification through refinement dimensions enables the specification of a
concrete Platform instance that includes specific technical characteristics. For example, an instantiation of the
Platform could cover all functional requirements using Web Services, while another instance may cover the same
functionalities but using another type middleware, for example an ESB.

The following subsections will first focus on the new features to solve advanced integration requirements and
secondly, it will describe the usage contexts scenarios. Finally, the refinement process is explained in detail using
the dimensions explained. A formal specification using Event-B is later on described in section 5.

To illustrate the use of local bioinformatics tools, we use Taverna Workbench as an example, but the Platform
is independent of the selected workflow tool and it can be replaced by any other with similar features, like Kepler,
Triana or Pegasus.

3.2 Integration Requirements

After analyzing the features required by an environment for bioinformatics in-silico experiments and the actual
support of this features by bioinformatics workflows tools [8] [13], we conclude that Taverna does not provide
adequate support for a set of relevant features in advanced integration scenarios, namely: asynchronous interactions,
event notification, message transformation, service composition and service policy compliance.

Another conclusion of this analysis is that the introduction of middleware technologies allows implementing
these features in a relatively straightforward manner.

In this section, we present a resume of the results and a brief description of how these features are provided by
the Integration Platform.

3.2.1 Asynchronous Interactions

One of the objectives of this work is to improve asynchronous interactions between bioinformatics services.
Nowadays, asynchronous interactions are based primarily on a polling model where “callers” invoke services to
submit jobs and later on, “callers” periodically invoke the service for the results (Fig. 3). Besides this model is
effective to provide asynchronous interactions, is not the most efficient, as it consumes unnecessary resources for
both, processing and communication.

To improve this behavior we propose two solutions: 1) a model based on Web Services using callback
invocations or 2) the usage of message queues subscription (topics) to receive the responses of the "invoked"
services when they are available. Both solutions are more efficient regarding processing and communication without
sacrificing the effectiveness of the interaction (Fig. 4).
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Figure 3: Asynchronous interactions based on a
polling to receive responses.

The proposed solution, when instantiating the Platform with an ESB middleware (Fig. 5), consists on applying
the following design patterns: Asynchronous Queuing (ESB message queues), Intermediate Routing (Content Based
Router component of the ESB) and Protocol Bridging (ESB Endpoints and Connectors) [25].
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Figure 5: Asynchronous interactions in the ESB

This solution includes two message queues in the ESB: one used to receive messages from Taverna
(TavernaQueueln) and another one, used to send response messages from the ESB to Taverna (TavernaQueueOut).
The unique subscriber of TavernaQueueln queue is a content based router (CBR), which routes messages to its
destination according to the message content. For this being done, all messages must specify a target service, which
must be registered with in the Platform’s Service Registry. The communication between the ESB and the
bioinformatics service is done using ESB Connectors.

After processing the message, the service sends the reply message to the TavernaQueueOut queue, whose sole
subscriptor (an ESB connector) will re-sent the message to Taverna. Since there may be multiple instances of
Taverna waiting for response messages, a replyTo attribute must be defined in the request messages to specify the
destination of the response queue.

3.2.2 Events Notification

In a bioinformatics in-silico experiments environment, several important events may occur and must be
detected and used by other bioinformatics systems. An experiment that finishes, messages received from external
services, business timeout events (not communication timeouts) and the update notifications of biological databases
are some examples.

The proposed ESB-based Integration Platform provides new features to the bioinformatics environment to
enable event notifications from Taverna to external services and vice versa. The middleware allows the definition of
event topics where services can publish event messages they want to notify.

On the other side, interested services may subscribe to event topics to start receiving event messages published
on the topic. These services are called Subscriptors and may choose between two subscription types: synchronous
subscription and asynchronous subscription. On asynchronous subscription, the middleware will resend event
messages to the subscriber immediately they are published on the topic, while on synchronous subscriptions, event
messages are stored by the Platform until the subscriptor queries the topic for pending messages.

Fig. 6 shows graphically the proposed approach and Fig. 7 shows a UML sequence diagram to describe the
interaction between participants.
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The proposed solution based on an ESB Platform (Fig. 8) is designed using two design patterns: Event Driven
Messaging and Protocol Bridging [25]. For each event of interest, there must be a topic configured in the ESB
identified using a topicld. Each topic may have N Publisher and M Subscriptors, where each suscriptor may choose
between two subscription models: asynchronous or synchronous subscription.

To publish an event on the Platform, the Publisher must create an event message with “business event data” and
a topicld, and send it to the ESB Topic Endpoint. This component places the message into the topic according to the
topicld and confirms its reception to the Publisher. After that, each subscribed service to this topic will receive a
copy of the message according to its subscription type.
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3.2.3 Message Transformation

Scientific workflows are usually composed of different third-party services, where each service provider uses
its own data format to model biological data. As a result, data format transformation must be solved repeatedly on
each workflow. In [43] a survey of 415 workflows registered in myExperiment, found that 30% of the tasks involved
in the experiment were due to format transformations, while just 22% were due to tasks involved in the invocation
of Web Services. Therefore, the automation of these transformations generates significant productivity
improvements in the development of bioinformatics experiments. The application of the Canonical Data Model
pattern [25] is the preferred solution, but in cases where its usage is not possible, the middleware can perform
message transformations to adapt the client’s requests to the service data format, and the service’s responses to the
client’s expected data format. Fig. 9 shows graphically the proposed solution.

When instantiating the Platform with an ESB middleware (Fig. 10) the following design patterns are applied:
Content-Based Routing, Canonical Data Model and Protocol Bridging [25]. The Plaform will automatically
determine the format of the request messages and transform them to the expected data format. To reduce the amount
of required processing, the Canonical Data Model design pattern may be applied to transform the incoming
messages to a canonical data model and then from the canonical data model to the service data format. The Content
Based Routing pattern is used to route incoming messages to the correct destinations. Native connectors are used to
communicate the ESB with the biological services.
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Figure 9: Middleware for message data format transformation
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Figure 10: Message data format transformation on the ESB

3.2.4 Service Composition

The low granularity of biological Web Services as well as the scarcity of coarse-grained Web Services adds
complexity to the development of medium to big-size scientific workflows, as manual compositions must be
developed each time the composed services are used. This scenario envisions the need to provide greater granularity
of Web Services that allow an easier and fast development of biological experiments.

As in previous requirements, the use of middleware technologies is proposed to compose shim and biological
services to develop more granular services, promoting Web Services composition reuse.

3.2.5 Service Policy Compliance

Nowadays, the leading biological web service providers (NCBI, EBI) provide their services without charge or
fees to the whole scientific community, as long as they comply with their service policies. Failures to comply with
these policies may result on severe penalties to consumers as show in Fig. 11 and 12.

In order not to overload the E-utility servers, NCBI recommends that users post no more than three URL requests
per second and limit large jobs to either weekends or between 9:00 PM and 5:00 AM Eastern time during weekdays.
Failure to comply with this policy may result in an IP address being blocked from accessing NCBI. If NCBI blocks
an IP address, service will not be restored unless the developers of the software accessing the E-utilities register
values of the tool and email parameters with NCBI.

Figure 11: NCBI service policy®

We kindly ask users to submit NO MORE THAN 30 JOBS AT THE TIME AND NOT TO SUBMIT MORE JOBS
UNTIL YOU HAVE OBTAINED RESULTS FOR THE LAST 30. There are many people using these services and a
fair share policy has been implemented that allows us to block users that submit jobs in a manner that prevents
others from using the service. This block may affect access to the EMBL-EBI Web Services for an entire
organisation or a class B or C subnet. Also make sure you USE A REAL EMAIL ADDRESS in your submissions.
Using a fake email means we cannot contact you and will very likely result in your jobs being killed and your IP,
Organisation or entire domain being black-listed. We do apologise for any inconvenience this may cause.

Figure 12: EBI service policy®

Despite this service’s policies, Taverna provides little support for their compliance and enforcement. In this
scenarios, scientists must develop custom tasks with advanced know how in informatics to comply with these
policies. To overcome this issue, the Integration Platform provides new features to cope with this requirement to

! http://www.ncbi.nlm.nih.gov/books/NBK25497/
2 http://www.ebi.ac.uk/Tools/webservices/help/interproscan




free the scientist of developing these low-level technical tasks and leverage policy compliance to the Platform as
much as possible. Fig. 13 presents this proposal graphically.
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Figure 13: Middleware for service policy compliance

3.3 Context Usage

The Integration Platform can be applied in different bioinformatics laboratory contexts, which differ on their
size and how their systems interact among each other, either consuming or providing services. Although every type
of laboratory may have an Integration Platform providing the same functionalities, they may differ on the scope as
well as on the supporting mechanisms. For example, asynchronous interactions features will be more limited in
small-sized laboratories than in larger sized ones.

Therefore, prior to introducing the detailed specification of the Integration Platform, it’s necessary to define
different types of laboratories, which characterize different application contexts. This typology is not intended to be
neither a formal nor a complete classification, but as an intuitive categorization of usage contexts introduced in this
work as any other prior categorization wasn’t found in the state of the art.

e Laboratories type 1 (L1) use Taverna in a standalone mode, using only its native connectors to
communicate with external biological services (Web Services, R connector, Biomart, etc.). These labs
develop their experiments composing local and third-party services with Taverna as their main tool, and do
not integrate with other services whose technology is not supported by Taverna.

o Laboratories type 2 (L2) develop their experiments using local and third-party services compatible or not
with Taverna’s native connectors. To cope with these incompatibilities they use middleware technologies
to integrate with the external services. The middleware used by these labs is characterized to be peer-to-
peer, solving each time specific technical integration issues where Message Queues and Web Services are
the preferred choice. In this scenario the number of unsupported integrations is limited and small, and most
of the integrations are done with Taverna’s native connectors.

e Laboratories type 3 (L3) are characterized by large number of invocations to services not compliant with
Taverna’s native connectors. The use of peer to peer middleware is no longer the most adequate solution
and they require more sophisticated middleware Platforms to avoid its limitations and to improve the
overall management and maintenance. An example of a middleware platform type is the Enterprise Service
Bus (ESB).

e Laboratories type 4 (L4) are service providers for laboratories of type 1, 2 or 3. One of the main
requirements of these laboratories is to provide services with high levels of interoperability and
accessibility. The type of middleware used by these laboratories will strongly depend on the quantity of
services they provide. Laboratories with a small supply of services are characterized to use peer-to-peer
middleware, while laboratories of large size with a great number of services, will use platform type
middleware to avoid the limitations of point to point middleware.

e Laboratories type 5 (L5) provide Platforms as a Service (PaaS). This type of lab does not provide nor
consumes bioinformatics services. The provided services may be used by smaller sized laboratories with
limited capacity to develop experiments based on the use of advanced infrastructure or large size
middleware platforms. Amazon SWF is an example of such platforms.

As explained in Section 3.1 and Figure 2, in addition to the provided functionalities and the used middleware
technologies, the context of usage constitutes a third dimension to characterize specific Integration Platforms.



3.4 Refining Process of the Specification

The process of refining the specification follows a top down approach starting with a first abstract level which
is refined based on the three dimensions: usage contexts, functional requirements and middleware technologies. The
combination of these dimensions enables to define a specific Integration Platform for a given usage context,
satisfying a set of requirements and using certain middleware technologies.

It is possible to refine the model according to any of the three defined dimensions obtaining a first sublevel of
refinement. For example, within the context of use dimension, it is possible to refine the model according to any of
the five application scenarios: L1, L2, L3, L4 or L5. This dimension determines what usage the laboratory will give
to the Platform. While type 2 (L2) labs will use the Platform to resolve the inconsistencies in the use of services,
type 5 (L5) labs will use it to provide Platforms as a Service (PaaS). It is possible to further refine the model using
one of the other two dimensions. For example, the middleware technologies dimension (Message Queues, Web
Services and ESB). Using Web Services or Message Queues will provide point to point integrations following a
given communication model, while using an ESB, introduces a bus-based integration of heterogeneous services and
communication mechanisms.

However, there are restrictions on how the middleware dimension can be combined with the context of use
dimension. For example, the combination (L2, ESB) is not acceptable, since it is impractical to use an ESB when the
number of integrations is low. The same applies to the combination (L5, Web Services). It makes little sense to offer
Web Services as a service, since its use is applied within an organization and not outside of it.

Finally, the model may be instantiated using the functional requirements dimension. Following with the
previous example, the allowed values to refine the Platform are: asynchronous interactions, event notification, etc.
This latter dimension provides a more detailed design of the Platform than the one provided by the middleware
dimension, showing its behavior in a lower level design. Again, there are restrictions on the combination of
dimensions, given that not in every case it is possible to combine the values of this dimension with the values of the
middleware dimension. For example, message data format transformations are not directly supported by Web
Service middleware.

4 Case example

After describing the Integration Platform and its features, this section presents a case example of the Integration
Platform using a workflow-based experiment. The goal is to show the capabilities of the Platform through a realistic
case taken from the myExperiment site.

4.1 Workflow-based experiment sample
The workflow-based experiment builds a phylogenetic tree from a protein sequence input data®. Fig. 14 shows a
graphical view of the experiment and the workflow description provided by myExperiment site is the following:

This workflow accepts a protein sequence as input. This sequence is compared to others in the Uniprot
database, using the NCBI BLAST Web Service from the EBI (WSDL), and the top 10 hits are returned
(Nested workflow:EBI_NCBI_BLast). For each extracted hit, the Uniprot REST service returns the protein
sequence in FASTA format. The workflow concatenates the 10 protein sequences and submits them as input
to the EBI CLustalw service (Nested workflow EMBL_EBI_clustalw2_SOAP). These sequences are aligned
and returned as results. Finally, the alignment is submitted to the EBI Clustalw_phylogeny service (Nested
Workflow: clustalw_phylogeny), and a phylogenetic tree in phylip format is retuned. The workflow
returned a list of protein sequences in FASTA format, a Clustalw alignment, and a phylogenetic tree.

Implementing this experiment in Taverna requires using nested workflows in order to apply the submitJob-
getStatus-getResult pattern (described in section 3.2.1). As NCBI’s Web Services lack of asynchronous callback
capabilities the experiment workflow has to perform a continuous checking of the job status before querying for the
result. Scientists using Taverna have to implement this pattern each time they need to use this kind of service.

The workflow experiment case was adapted to better show the features of the Integration Platform. Instead of
using a remote NCBI BLAST Web Service the experiment uses a local version of Blast Service, which can be
downloaded and updated from the NCBI’s site. A laboratory may have a local version in order to avoid penalties
due to overloading the public service and because some specific data quality processes are performed periodically.
Fig. 15 shows the information flow between organizations and systems. In this case, this would be a Laboratory L3,
as it has local services and is a mass service remote consumer.

8 http://www.myexperiment.org/workflows/3369.html
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Figure 15: Workflow interactions and organizational boundaries

Finally, an extra requirement was introduced: every time the local BLAST database is updated (i. e. after data
quality process or new NCBI data) it’s required to rerun the experiment in order to search for new results that can
arise after the analysis of the new data. Nowadays, this must be done manually with Taverna.

4.2. ldentified issues
This use case example poses three main issues for using Taverna as a standalone tool in large scale scenarios:

o Workflow complexity: In order to achieve asynchronous interactions, NCBI developed their web
services following the one-way request with status poll for completion interaction style (see Section
2.2.2). This adds a development complexity on every workflow that must use this type of services and
promotes a misuse of computational resources.

e Missing event based notifications: Re-running a workflow when new data is available must be a
manual task, as Taverna does not have support for event based notifications that could react to.

e No global service policy enforcement: To avoid penalties using NCBI Web Services (according to its
terms of use), specific local development must be done in each workflow. In addition, a special
coordination must be carried out by the scientific team as unexpected misuse can arise when using the
same web service due to no central policy enforcer is available.

4.3. Integration Platform usage
In this use case example, the Integration Platform will provide callback asynchronous interactions, event based
notifications, service composition and a global service policy enforcement support.

4.3.1 Asynchronous interactions

Fig. 16 shows the interactions between Taverna, the Integration Platform and the NCBI’s Web Services.
Original asynchronous polling interactions where changed for asynchronous callbacks interactions. Every time
Taverna must invoke Blast, ClustalW or the Pyhilogenetic web service, it must send a message to the Platform and
wait for the callback response. The Platform is responsible for submitting the job, checking for the job status and
querying for the results. This is done through a web service composition as it will be described later on in section
43.2.



For synchronous invocations like Uniprot web service, a web service proxy is defined in the Platform in order
to resend request and responses synchronously.

Taverna Workbench

Integration Platform (ESB)

Local NCBI Remote Remote Remote
Blast Uniprot Search ClustalwW Phylogentic
Legend
<——— Synchronous call L Asynchronous call

Figure 16: Asynchronous interactions between Taverna, the Integration Platform and the Web Services

When the Platform receives a message, internally it is sent to a request message queue (Taverna Queue In) for
further processing and an acknowledge response is sent to Taverna. A service composition is subscribed to the
queue which takes care of all the interactions with the NCBI service. Responses generated by the service
composition are sent to a response message queue (Taverna Queue Out) and later on sent to Taverna. Fig. 17 shows
this behaviour.

Service NCBI
Composition | Service

Taverna Queue In

Taverna Queue Out

ESB
Conector

Integration Platform (ESB)

OneWay OneWay
v

TAVERNA

Figure 17: Integration Platform internal mechanisms

4.3.2 Service composition

In order to achieve callback asynchronous interactions, services compositions are needed to take care of the
interactions between the Platform and the NCBI web services. Fig. 18 shows the service composition example usage
for the NCBI services.
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Figure 18: Service composition example usage

4.3.3 Event based notifications

To achieve event based notifications, it is necessary to define a new topic (Blast update topic) on the Integration
Platform and add Taverna Runner to one of its subscribers. Every time an update is done to the local BLAST
database, an updated notification is sent to the topic. When the Taverna Runner receives the notification it re runs
the experiment defined in Taverna. Fig 19 shows this behaviour.
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Figure 19: Event based notifications example

4.3.4 Service policy enforcement

In order to cope with this requirement, we restrict the number of subscribers of the Taverna Queue In message
queue of the solution described in section 4.3.1. As every call to the NCBI service (even from different scientific
teams) will be sent to the Integration Platform, restricting the number of subscribers allows to guarantee that no
more than N jobs are submitted concurrently to NCBI. Besides further work must be done to accomplish full policy
enforcement configuration, this is a step forward example to achieve this goal. Fig. 20 shows graphically this
solution.
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Figure 20: Service policy compliance

4.4 Evaluation

The presented a case example, a phylogentic tree analysis borrowed from the myExperiment site, enabled to
show the Integration Platform capabilities in four areas: asynchronous interactions, service composition, event based
notifications and service policy compliance.

We can conclude, firstly, that asynchronous interactions and the service composition capabilities provided by
the Integration Platform reduced the development effort to develop bioinformatics experiments using NCBI’s
services. This results in smaller tasks to accomplish the same experiment. In addition, event based notifications
provide new ways of automation, looking forward to production chain experiments that could not be performed by
Taverna standalone. Finally, service policy compliance capabilities provided better support to comply with NCBI’s
terms of usage. Taverna’s capabilities are local by each experiment and require special coordination with team
members in order to not misuse the services when running more than one experiment at the same time.

5 Formal Specification

The Integration Platform is formally specified using Event-B models [31] [32] [33]. Event-B allows the formal
definition of the components of a system, the relations between them and the specification of their behaviour. The
main objectives of using Event-B in this work are:

e Provide precision to the system description: Event-B allows specifying precisely and unambiguously
the behavior of the Platform.

e  The concept of virtual machine as system specification: Event-B allows the specification of a complete
system, defining components, relationships and behavior.

e Platform’s functionalities are event-based: The event-based nature of the Platform functionalities
(notifications, asynchronism, etc.) motivates the use of this language as it is specific to model this type
of systems.

e Model refinements: Natively, Event-B provides the refinement concept, to model systems with
different levels of abstraction, which is naturally applied to our needs on this work.

Therefore, the formal specification of the Platform will follow a hierarchical refinement defined by its levels of
abstraction. In this paper, we model the first two levels of refinement of the specification. The UML-B tool was used
to aid the specification development [44].

5.1 First Level of Refinement
At the highest level, a "virtual machine" is specified for the first level of abstraction (Fig. 21). The components
of the system are represented by variables (BioPlatform, Taverna, Service, etc.) as well as the relationships between
them (consume, uses, etc.). Restrictions on components and relationships are presented in Fig. 22. The complete
specification of this level can be found in [13].
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5.2 Second Level of Refinement
In a second level of refinement (Fig. 23), the dimensions of middleware and functionalities are introduced,
instantiated with an Enterprise Service Bus middleware and the "asynchronous interactions” functionality (section
3.2.1). The Machine defined in this level refines the Machine presented in Fig. 21, ensuring the solution is backward
compatible and inherits its variables, invariants and events. The new variables introduced in this new second-level
are variables related to subscriptions to the Platform (for receiving responses) and the necessary elements to specify
its behavior. The BioPlatform element is used to model the ESB and its behavior.
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Figure 23: Second level refinement introducing an ESB middleware and the asynchronous interactions functionality



The restrictions defined in this level of refinement are: 1) "all received messages must specify a destination
which must be one of the services registered on the Platform" and 2) "all request messages must provide a response
address where to send the related responses”. In Fig. 24 these restrictions are modeled using Event-B.
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Figure 24: New invariants defined in the second level refinement

Fig. 25 and Fig. 26 provide a partial specification on Event-B of two events that reflect the behavior of the
Platform when receiving a request and response message. In particular, the content-based router component of the
Platform is modeled.

Every time a request message arrives to the Platform the processRequestMsg event is fired and the Platform
will forward the message to the service specified in the to attribute. The event’s precondition is that the received
message has specified its destination in the to message attribute and the service is registered in the Platform’s
service registry (exists a “consumes” relationship between the Platform and the service). The pendingRequestMsgs
relationship used by the event, models the received but not yet processed messages and the serviceRequests
relationship, models the service’s received messages. Both relationships were specified in the first level of
refinement and no further refinement was necessary. The processRequestMsg event refines the original event
specified in the first level, as a new behavior is expected by this ESB-based platform instance.
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Figure 25: processResquestMsg event modeled using Event-B.

Every time a response message arrives to the Platform the processResponseMsg event is fired and will forward
the message to an instance of Taverna assuming the following preconditions are met:
1. A Taverna instance is subscribed to the Platform using the asynchronous mode.
2. The Platform received a request message related to this response message and the relationship replyTo
related to the request message has the Taverna instance as its value.

The first condition is modeled using two new relationships defined in this second level of refinement:
tavernaHasSubscription and subscripionType. The first relationship represents the subscriptions Taverna has
registered on the Platform, while the second one models the type of subscription it has (synchronous or
asynchronous). The pendingResponseMsgs relationship models the response messages received by the Platform but
not processed yet, while the tavernaReceives relationship models the response messages received by Taverna. Both
relationships were specified in the first level of refinement and unchanged in this second level. The
processResponseMsg event refines the original event specified in the first level, as a new behavior is expected by
this ESB-based platform instance.
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Figure 26: processResponseMsg modeled using Event-B

Fig. 27 presents the tavernaSubscribe event which models the process of registering a subscription for Taverna
on the Platform to start receiving response messages. The subscription mode (synchronous or asynchronous) is
defined by the subscription type (Subscription).
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Figure 27: tavernaSubscribe event modeled using Event-B.

5.3 Specification Example

Let’s consider a simple example of the Platform’s behavior specified in the previous sections. This Platform is
instanced using an ESB middleware, the “asynchronous interactions” functionality and a laboratory of type 3. In this
use case, Taverna is owned by a laboratory of type 1, consumes biological services registered on the Integration
Platform and has an asynchronous subscription to receive response messages.

Fig. 28 presents a sequence of events specified in Event-B representing the use case example. This is an
illustrative representation and does not intend to be a formal specification of the events of the whole use case.

The first events that occur on the Platform are the registration of the biological services and the subscription of
Taverna to receive response messages, which are modeled by the addService and tavernaSubscribe events. The
process that models Taverna creating a request message and sending it to the Platform is modeled with the
tavernaCreateMsgs and tavernaSendsMsgs events. The first event creates a message with the business data and the
routing information to allow the Platform route the message to its final destination, and the second one, represents



the act of sending the message to the Platform. Every request message is built with the to attribute having the
destination service’s name and the replyTo attribute, to identify to which instance of Taverna the response must be
sent to.

When the request message arrives to the Platform the event processRequestMsg is fired if the preconditions are
met and the message is routed to the target service according to the message contents. After the service receives and
processes the message (events serviceProcessMsg and serviceSendResponseMsg), it sends a response to the Platorm.
The processResponseMsgs event is fired and the integration Platform will search for a related request message, read
it’s replyTo attribute and identify the Taverna instance the message must be routed to. Before routing the message,
the Platform will check this instance has a registered asynchronous subscription and only in that case, it will forward
the response message to Taverna.

Dezcription of instances
t = Taverna
s = Bervice
bp = BioPlatform
sub = Jubscription
request = RequestWessaze
regponze © ResponseMessaze

Eegigter a service on the IntegrationFlatform
addService(hp, &)

Subscribe Taverna to the Platform to receive responze nessazes
tavernadubgeribe(t, sub,bp)

Create and =end a message to the Platform
tavernaCreatafzg(t,request, )
tavernadendsiiez (t, b, request)

The Platform process the request message
processRequestisz(bp, request.s)

The 3ervice process the request message and returns a responge nessage to the
Flatform
zerviceProcessizz(z, request, responze)
zervicedendResporzelizz (2, response.bp)

The Platform process the responze mesgaze and zends it to the subzoribed Taverna
ingtance
procezaResponzeMze (hp, responze.t, request)

Fié]ure 28: A specification example described using events modelled with Event-B.

6 Implementation

This article focuses on the ESB-based platform, which enables to implement the largest set of functionalities as
well as to support the needs of the most complex application contexts (Laboratories type L3, L4, and L5). A
description of implementations using the other middleware technologies (e.g. Web Services and Message Queues)
can be found in [12].

6.1 ESB-based Implementation

The ESB-based Integration Platform was implemented entirely using the JBoss ESB product (version 4.10),
Java 6 Update 20 and Web Services from the NCBI (Blast* and Clustalw®), DDBJ (Blast® and ClustalW’) and
BCCS (Blast®).

Fig. 29 shows the main components of the platform, identifying the ESB services with white rectangles. Each
ESB service is composed of: 1) one or more providers to receive and respond message, represented as blue

4 https://www.biocatalogue.org/services/1930
® https://www.biocatalogue.org/services/3117
® https://www.biocatalogue.org/services/8

" https://www.biocatalogue.org/services/7

® https://www.biocatalogue.org/services/49
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rectangles; 2) actions that perform the service implementation, represented as green (ESB native actions) and orange
(custom actions) rectangles.

Most of the development was based on native ESB actions and a few specific custom actions where developed
for those unsupported features by the ESB. The specification of the routing rules was necessary for each of the
content-based routers and it was necessary to develop XSL transformations for those ESB services that required so.

( Enterprise Service Bus
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Figure 29: ESB-based Integration Platform components

6.1.1 Asynchronous Interactions

Asynchronous interactions based on message queues were implemented using native and custom actions of the
ESB (Fig. 30). The native actions used were the Content Based Router and SOAPProxy, while a Jms-Provider was
configured as the service provider (Fig. 31). It was necessary to develop a custom action for the management of
specific http headers to integrate with SOAP Web Services, due to the SOAPProxy did not provide this feature.

<service category="blast" description="NCBI Proxy" name="NCBIBlastService">

<actions>
<action class="custom.soapActions.NCBISoapActionSetter" name="NCBISOAPAction"/>
<action class="org.jboss.soa.esb.actions.soap.proxy.SOAPProxy" name="NCBIWSProxy">
<property name="wsdI" value="http://www.ebi.ac.uk/Tools/services/soap/nchiblast?wsdl"/>
<property name="file" value="/META-INF/http-config.properties"/>
</action>
<action class="org.jboss.soa.esb.actions.routing.JMSRouter" name="router ToRespQueue">
<property name="jndiName" value="queue/tavernaResponseQueue "/>
<property name="connection-factory" value="ConnectionFactory"/>
</action>
<[actions>

<[service>

Figure 30: ESB Service for asynchronous interactions

This prototype did not include the components in Taverna to send and receive messages from ESB queues using
the asynchronous and synchronous subscription modes. In turn, a Java client was developed to simulate Taverna’s
behaviour.




<providers>
<jms-bus busid="taverna-request-queue">
<jms-message-filter dest-name="queue/tavernaRequestQueue" dest-type="QUEUE"/>
</jms-bus>
<jms-bus busid="taverna-response-queue">
<jms-message-filter dest-name="queue/tavernaResponseQueue" dest-type="QUEUE"/>
</jms-bus>

</jms-provider>
</providers>

Figure 31: ESB JMS-Providers for asynchronous interactions

6.1.2 Events Notification
The events notification feature is fully implemented using ESB native components, particularly using the Jms-
provider provider, which implements required features in the topic (Fig 32 and Fig 33).

<providers>

<jms-provider connection-factory="ConnectionFactory" name="JMS">
<jms-bus busid="topic-sample">
<jms-message-filter dest-name="topic/notifyNCBIUpdate" dest-type="TOPIC"/>
</jms-bus>

</jms-provider>

</providers>

Figure 32: JMS Provider to implement events notification on the ESB

<service category="topic" name="Taverna-NCBIUpdate-Subscriptor">
<listeners>
<jms-listener busidref="topic-sample" is-gateway="true" name="JMS-Gateway"/>
</listeners>
<actions mep="0OneWay">
<action class="org.jboss.soa.esb.actions.SystemPrintIn" name="LogMessage">
<property name="message" value="[NCBIUpdate] Receive subscription"/>
</action>
</actions>

<[service>

Figure 33: ESB-service simulating the real biological subscriptor

This prototype did not include the necessary components in Taverna to send and receive event messages from
and to the ESB and neither real bioinformatics services subscribed to the event topics were used. These services
were simulated using ESB-services subscribed using asynchronous subscriptions. Event messages where published
on the Platform using a Java Client simulating the use of Taverna. The subscription process is done manually
configuring the ESB services. APIs to perform this task programmatically were not implemented yet.

6.1.3 Message Transformation

This functionality was implemented with native and custom components of the ESB. Native components were
the SOAPProxy and XsltAction actions and the http-provider. As in section 5.1.1, the development of a custom
action was needed to manage specific http headers during the integration with biological Web Services because the
SOAPProxy did not provide this feature.

To implement this prototype sample XSL transformations were developed as a proof of concept and validation
of the proposed solution design, staying out of scope a complete implementation of the canonical data model.
Transformations were only applied on the request messages, leaving response messages transformations to future
work. Although this point is missing, the technical aspects to validate the solution were covered as the application of




data transformation of the responses is similar as data transformation of the requests. Finally, transformations were
applied to transform the message, but no changes were done on the published WSDL registered on the ESB to
reflect the new format accepted by the service. The ESB service has the original WSDL published by the biological
service but only accepts transformed messages. Changes to the ESB service WSDL is part of the future work.

6.2 Summary and Implementation Conclusions

The implementation allowed, first, to demonstrate the technical feasibility of the proposal, and secondly, to
know in detail the technical issues involved while refining the Integration Platform on its third level of specification.

It also enabled to confirm that the selection of middleware technology to implement the Platform is strongly
related to the type of laboratory. It is not reasonable to use ESB-based Platforms for laboratories of type 1 and 2 (L1
and L2 of section 3.3), nor the usage of Web Services for laboratories of type 3 (L3).

The cost/result varies according to the different choices. Experience after this work showed that using ESB
middleware requires a high initial cost, both in learning and implementation for the initial configuration of the
platform, which becomes marginal for each new service added to it. In turn, Web Services and message queues have
short-term results given the shorter learning curve and implementation. In this type of middleware, the development
cost is linear and constant for each service that you want to integrate to the platform. It’s also relevant to point out
that laboratories which are not decided to use ESB as a first option may start with an implementation based on Web
Services or Queues and to migrate afterwards to an ESB-based Platform, which does not constitute a complex task
(using for example SOAPProxy or JMSRouter actions).

Some concrete development costs for integrating a service into the Platform using different middleware
technologies are shown in Fig. 34 and Fig. 35. These figures were obtained from an engineering-degree project that
involved the development of prototypes using Web Services and Messages Queues on one side, and an ESB on the
other side. The results show the convenience of using Web Services and Message Queues-based Platforms for small
size services environments, and ESB middleware type for medium to large size environments.

WS/Queues: development ESB: development cos
cost per service per service

150 250
- 200 \
100 150 \
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/ 50 "
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Figure 35: Platform development cost per service

Figure 34: Platform development cost per service : .
using ESB as middleware.

using Web Services or Message Queues as
middleware.

Furthermore, the implementation allowed us to know the state of the art on the products used, finding some
gaps in some of them, particularly in the JBoss ESB. Specifically, it was necessary to develop custom actions to
complement the use of native actions, due to shortcomings in some operations. For example, the SOAP Proxy did
not specify the needed http header SoapAction to connect to a Web Service. Also, the lack of powerful development
tools adds one step of complexity to development. The existing development tools were very poor (Eclipse plug-ins
for JBoss Tools had few support for JBossESB features and some bugs where found) to the point that it was not
used most of the functionality they provide. In contrast to this, Web services and message queues were found to be
very mature technologies, with the expected behavior and supported enough by the development tools.

Finally, it was not possible in all cases to have a native integration between Taverna and the Middleware-based
Platforms due to the lack of specific connectors for it. For example, Taverna lacks integration support with JMS
Message Queues. However, implementation of such connectors would not be a problem because of extensible
design Taverna provides for this purpose.



7 Conclusions and Future Work

This work addresses the issues of improving Bioinformatics laboratory collaboration and proposes a reference
domain specific integration platform, which provides enhanced capabilities to implement distributed and service-
based systems. This proposal aims at strengthening integration capabilities as well as reducing the complexity of
application development by providing meaningful built-in mechanisms in the platform.

The implementation approach, based on enterprise middleware technologies (WS, ESB, etc.), shown to be
capable of addressing the main requirements of providing advanced integration features and adequately connecting
Taverna and other bioinformatics services. Nevertheless, functionalities like processing very large data sets require
further work.

Although the proposed solution focuses on asynchronous interactions, event notifications and message
transformation capabilities, it would also enable to improve process composition as well as the specification of
service policy compliance.

The main contributions of this work consist of: (i) the context analysis and identification of relevant features to
be provided in an advanced Bioinformatics integration platform, (ii) the proposed solution that can be applied to
different laboratory contexts, (iii) the formal specification using Event-B which enables to perform a rigorous
treatment of the platform features on its different refinement levels, and (iv) the implementation of prototypes that
enabled to validate technologies and implementation approach.

The results obtained, based on an on-going research, enable to show the advantages and challenges of using
middleware-based integration platforms to improve quality and scalability of in-silico bioinformatic experiments
especially medium and large-scale ones. In any case, they show the feasibility of implementing a refinement-based
approach, which would enable laboratories to incrementally adopt these solutions.

In addition, the work constitutes a step forward on carrying out a Platform as a Service (PaaS) approach for
Bioinformatics. While the three-dimension framework (functionalities, scenarios, implementation platform)
provides an extensible model, the design and implementation of specific mechanisms shows the feasibility of
implementing such platforms and provides a highly useful practical experience.

Furthermore, the formal specification using Event-B, although it had a limited scope in this work, enables not
only to provide a rigorous specification of this platform but also to incrementally build a specifications’ library for
integration platform, and sets up the foundations for a formal treatment of this kind of systems.

This work opens several lines of future work, not only related to bioinformatics and the proposed platform, but
also to the application in other domains. A first line consists of further implementation of in-silico experiments
using the Integration Platform as well as to extend the provided functionalities and services, notably with service
composition and service policy compliance management, and covering the transmission and processing of large data
volumes and including connectors to languages often used in the Bioinformatic area (e.g. language R). A second line
consists of developing a Platform as a Service (PaaS) approach for the proposed Platform, taking advantage of
Cloud computing features to address Big Data scenarios related with the Next Generation Sequencing technologies.
Third, future work would also extend the Event-B formal specification covering more features and including
demonstrations of properties. This would enable to further conceptualize the integration platform and to provide a
solid ground to extend functionalities.

Finally, conceptualizing Domain Specific integration platforms, beyond the Bioinformatics context, appears to
be highly promising, as could enable to benefit from the conceptualization done in this work as well as parts of the
technology platform to solve other integration requirements. The dimensions-based model may be replicated in
different areas, parts of the Event-B specification could be reused and many of the ESB-based pattern
implementation may be reused in other similar integration scenarios.
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