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Abstract. Bioinformatics has moved from command-line standalone
programs to web-service based environments. Such trend has resulted
in an enormous amount of online resources which can be hard to find
and identify, let alone execute and exploit. Furthermore, these resources
are aimed -in general- to solve specific tasks. Usually, this tasks need to
be combined in order to achieve the desired results. In this line, finding
the appropriate set of tools to build up a workflow to solve a problem
with the services available in a repository is itself a complex exercise. Is-
sues such as services discovering, composition and representation appear.
On the technological side, mobile devices have experienced an incredible
growth in the number of users and technical capabilities. Starting from
this reality, in the present paper, we propose a solution for service discov-
ering and workflow generation while distinct approaches of representing
workflows in a mobile environment are reviewed and discussed. As a
proof of concept, a specific use case has been developed: we have embed-
ded an expanded version of our Magallanes search engine into mORCA,
our mobile client for bioinformatics. Such composition delivers a power-
ful and ubiquitous solution that provides the user with a handy tool for
not only generate and represent workflows, but also services, data types,
operations and service types discovery.
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1 Introduction

In the recent years, a vast amount of Life Science tools have been made ac-
cessible through the Internet [1]. Without the need of profound computational
knowledge, genome browsers, sequence comparison software, public databases,
among others, can now be used by both graphic user interfaces and web-services.
Nowadays, a large deal of online resources are available to researchers. Nonethe-
less, they can face the difficulty to find, identify and execute them. Furthermore,
and in order to enhance the usability of these tools, the prevailing trend is the
combination of them into scientifically repeatable workflows; In this sense, a
complete experiment can usually be seen as a work-flow [2] in which different
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operations are linked together based on their input and output files, providing a
procedure that can be reused by other researchers, thus avoiding a tedious and
repetitive task, that is also prone to human error.

For the past decades, repositories have been a common framework regarding
Bioinformatics (as exemplified by the existence and growth of EBI[3], NCBI[4]
and INB[5]). This type of service metadata storage has become highly relevant
in this field as one of the main actors of Internet resources used to find valuable
Bioinformatics software [6]. In this line, MAPI [7] was born as a modular soft-
ware framework for their standardization and use through different clients by a
common access layer. On the other hand, Magallanes [8] was developed as an
intelligent search engine built for its use with MAPI, using different reposito-
ries in order to discover service types, operations, data types and services, along
with automatic workflow composition (given two data types, workflows source
and target).

Regarding workflow management, several tools have been developed over the
years. Galaxy [9], for instance, allows the user to compose workflows by a friendly
interface using drag and drop functionality, while Kepler [10] allows to design,
execute, reuse, evolve, archive, and share scientific workflows. Moreover, Taverna
[11] provides a workflow tool suite in which the user can use both Web Services
and local tools. Another distinct project regarding workflows management is
myExperiment [12], a sort of social network where users can submit and share
their procedures in different formats (Taverna, RapidMiner, Galaxy, KNIME,
Kepler, ...).

Recently, the community is starting to be aware of the significant evolution
in the use of mobile devices, and the possibilities they provide by reason of their
ubiquity and usability. This can be seen with the great amount of tools that
are being developed in Bioinformatics, in order to take advantage of the capa-
bilities of this relatively new environment. In this line, different apps have been
developed. Galaxy Portal App [13] was born as an interface to the Galaxy sys-
tem [9] for its use through tablets and smartphones, whereas mORCA [14] was
developed to ease the integration of Web-Services using metadata available in
different catalogues and repositories such as the INB repository [5].

The proposed work stands out from the previously mentioned workflows man-
agement systems by proposing a way of automatically generating workflows from
a mobile device. Workflow generation is a difficult task that has been addressed
through several different approaches but less commonly in mobile devices. There-
fore, the main contribution of this work is to join the concepts discussed previ-
ously (web services, repositories, workflow management and mobile environment)
by extending mORCA, combining it with Magallanes search engine and work-
flow generation. This provides the latter with a new interface, and the former
with two new features. Besides this, those web-services currently available in
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mORCA are linked with the coincident search results obtained from the Mag-
allanes search. Thus, mORCAs functionalities are increased, facilitating finding
relevant information, and hence providing biologists an easy-to-use mobile so-
lution for discovering a wide range of resources manually and automatically,
taking into account the intrinsic limitations of mobile devices, but empowering
its strengths.

Finally, as this work brings together two elements such as mobile environment
and workflow representation, the way of representing such pieces of information
in this new environment is discussed. To do so, several ways of representing
workflows have been analyzed in order to determine which one would be more
preferable.

2 Methods

In order to provide mORCA with Magallanes functionalities, a Web-Service
implementation of the latter has been employed, using its Web Services Descrip-
tion Language (WSDL) interface [15]. Although mORCAs architecture specifi-
cations are thoroughly explained in its paper, it is necessary to briefly remark
its functioning, in order to gain a better grasp of the current work implemen-
tation. mORCA was developed by using a multi-layer architecture, in which
components related to the actual tools, services and repositories are provided
by MAPI, whereas a second layer works as a middleware for different elements,
such as user authentication, repository browsing, service discovery, service pa-
rameter composition, service invocation, file management and service execution
monitoring.

The present work takes advantage of the first mentioned layer by making use
of Magallanes web-service version, whose functionality is based on the client-
server model, and that is developed with an established technology such as Java,
running in a Java Servlet Containter (Tomcat Server).

The Magallanes search engine integration in mORCA has been carried out
using the main components of mORCA (developed using web technologies as
jQuery and jQuery mobile). mORCA is a modular system, which facilitates the
inclusion of new features (repositories, tools, types of visualizations). The main
goal was to include Magallanes functionalities while maintaining the original
idea of using Ajax requests transparently to the user. More information about
this works methods, along with a sequence diagram can be found in the supple-
mentary material that is provided.

The automatic workflows generation uses the algorithm described in Mag-
allanes [8]. This algorithm proceeds by finding the shortest sequence of non-
redundant services that matches the outputs with the inputs, linking the source
and target data types. In summary, it identifies all the services and operations
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that produce a certain output (target). All those input data types are then used
as targets in the next step.

Regarding the search engine interface, the Magallanes original interface has
been carefully tailored in order to fit mORCA applications environment and to
maintain its responsive characteristics, while preserving all the functionalities
available in the web version of Magallanes search engine. As can be seen in
Figure 1 (A), the user selects the repository in which to search resources. The
search terms are entered by the user in a search-box, and different query options
can be set in three different sets of checkboxes:

– In the first one, a certain policy can be selected regarding the treatment of
the terms entered (i.e.: or, and, or the use of regular expressions).

– Regarding the second set, the user can be select the type/s of resources
he/she wants to discover.

– Finally, in the third one, two search options are added: follow links and case
sensitive.

Results, composed by Datatypes, Services, ServiceTypes and Operations are
displayed in a dynamic list that distinguish them by their type. Each result is
presented in a box, whose components are:

– Result type (Data type, Service, Service type or Operation)

– Name

– A short description

– Links (Optional)

– Execution link (Optional, in case it is an available Service in mORCA)

– Set as workflow source/target buttons (Figure 1 (C))

For reasons of simplicity, and in order to avoid an overwhelming amount of
outcomes they are displayed using lazy loading methods. Thus, firstly only 10
search results are displayed, and the list can be enlarged by tapping the More
results button (Figure 1 (B)).

One characteristic added to this version of Magallanes is the direct linking of
those services in the search results that are available in mORCA. Thus, the user
can access to the mORCA services by searching them instead of searching for
it in the mORCAs service list for the current repository. Another functionality
available at Magallanes that has also been included in its integration in mORCA
is the did you mean module, which suggests alternative search terms if it detects
a likely typo, so the user can click on the suggested search instead of correcting
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the current one. [8].

For the workflow visualization, the source and target data types are displayed.
Right below the source data type, a select drop-down menu appears, containing
all the operations that receive the source data type as input. When one of them
is selected, the corresponding output data type appears below, together with
another select drop-down menu with the following available operations, until
the target data type is reached. An example of this workflow displaying can be
seen in Figure 1 (D).

3 Results

In this section, two use cases of Magallanes in mORCA are demonstrated.
Firstly, an example of searching and invoking a service by using the search engine
will be described. Secondly, a use case of a workflow generation will be depicted.
In order to avoid redundancy, the term clicking will be used in reference to
clicking or tapping from this on.

Fig. 1: Screenshots from Magallanes in mORCA. (A) The Magallanes main screen
with the search-box and the different options. (B) An example of the search
results, and the More results button for the lazy loading characteristic. (C)
Search results of data types containing aminoacid. The first data type shown is
set as the workflow source. (D) Workflow generated (represented in one of the
formats that will be analyzed in the discussion). The data types are shown in
orange, and the select-boxes contain the available operations from the data type
above.

3.1 Searching and invoking a service

The first action required from the end-user is to (1) go to Magallanes index
page by clicking the button in mORCAs main page. Then, (2) the search options
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can be set. The user can select a repository to discover resources from, a way
of treating the different search terms entered (And/Or/Regular expression), re-
strict the type of resources to be discovered (service types, operations, services
or data types), and set two auxiliary options (case sensitivity and include links
in the results). Once the search is done, the user can (3) navigate through the re-
sults obtained. Specifically, just ten results are displayed at a first moment, and
the user can enlarge this list by clicking in the More results button available at
the bottom of the page. Finally, (4) having located the desired service, the user
can invoke it right from the results page by clicking the Open resource button,
and make use of it in the same way as described in the mORCA documentation
[14].

3.2 Generating a workflow

The first steps (1, 2 and 3) are similar to the previous use-case. Regarding
the search options (step 2), it is advisable to restrict the resources type to just
data types, as they are the input and output of the workflow. Once the desired
results are found, (4), the source and target data type are selected by clicking in
the corresponding button available at the bottom of the result box. When both
ends have been selected, a button will appear at the top of the results window.
By clicking it (5) the user will have access to the generated workflow, which can
be explored by using the select drop-down menus and buttons in the workflow
page.

4 Discussion

When it comes to Bioinformatics workflow representation, the main manner
consists on different boxes for each operation or data-type, which are intercon-
nected by arrows indicating the order. This is a clear and concise way of depicting
such a procedure, but when we switch from the WIMP paradigm to the mobile
environment, whose relevance is constantly increasing, other ways have to be ex-
plored, as mobile devices have intrinsic limitations and differences with respect
to the WIMP environment (v.g.: screen size, tapping instead of clicking, etc.)
[16]. Besides the usual way of workflow representation (Figure 2 (B), two other
ideas have been analyzed).

Firstly, and trying to take advantage of the mobile devices characteristics, we
can see a workflow composed by Magallanes in Figure 1.D. The idea is to pro-
vide the user with a fully-responsive workflow that can be explored and edited to
some extent (i.e.: the workflow input and output do not change, but the different
intermediate operations can be selected) and that is adaptable to the screen size
changes (i.e.: the workflow will have the same shape in both mobile devices and
regular web-browsers). The main drawback inherent to this kind of represen-
tation lies in its limitations regarding the workflow complexity. The workflows
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provided by Magallanes web service are, to some extent, linear, and with just one
input and one output. This can be a problem when trying to represent workflows
from other sources (v.g.: Taverna, Galaxy).

Fig. 2: On the left, (1) a workflow for the identification of differential genes
generated as an image using Taverna. [17] On the right, (2) Same workflow
represented as an interactive graph using web technologies in a mobile device.

Secondly, an adaptation from the classic way of representing a workflow (i.e.:
boxes and arrows) is provided in Figure 2 (A). As can be seen, the boxes have
been replaced by smaller bubbles. The idea behind this is to try to increase its
adaptability for smaller-sized screens such as mobile devices ones, as well as to
add the possibility to zoom in and out, and show/hide the elements names when
zooming out (as the workflow complexity would increase). This interactivity al-
lows the user not only to preview the workflow but to modify and adapt it before
the execution. This way, and because the dynamically nature of mORCA’s in-
terfaces, customizable workflows for each user needs could be easily reproduced.

After considering the two ways mentioned, the first one was selected for the
integration of Magallanes in mORCA, due to the linear nature of the workflows
generated by Magallanes, as well as its adaptability to mORCAs current inter-
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face. Moreover, this is the alternative in which mobile devices characteristics can
be better exploited. Profound studies about acceptance are candidates for future
works, in order to extend this debate. What cannot be denied is mobile devices
have come to stay, and the scientific community has to reap their benefits.

5 Conclusions

Adapting services to mobile devices is a step that should be taken care-
fully due to the limitations of these tools in terms of diversity of screen sizes
(smartphones, phablets, tablets), performance (significantly lower than a PC),
and the actual change of interface paradigm (from WIMP - Windows, Icons,
Mouse, Pointer to a touch screen). In this sense, and also given the complexity
inherent to discovering not only services, but workflows and data types (among
other resources) in a repositories system, it has been implemented and adapted
an intelligent search engine that includes all the functionalities available in the
original version, and also the linking of those services available at mORCA to
the search results.

Thus, the functionalities of mORCA have been increased, including a way of
discovering several types of resources, and also providing an easy-to-use mobile
solution for workflows generation, an environment that has not been properly
explored yet, despite mobile devices are all pervasive nowadays.

Three different methods of mobile representation have been studied to iden-
tify its strengths and limitations, in order to provide an optimal solution to the
workflow representation problem.

Regarding future work, more research has to be carried out, as it has been said
previously, in order to obtain information about which is the most-accepted way
of representing workflows. Furthermore, as mobile environment is a development
area under constant evolution, we must pay attention to technological advance-
ments and improvements, in order to take advantage of them. Besides, due to
the modular characteristics of mORCA, more functionalities can be added in
the future, expanding its capabilities and providing the community with a richer
tool.
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