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Using the e-Science paradigm, computers play a key role in supporting scientific areas
such as those using nonlinear time series analysis to understand seemingly
unpredictable behavior. This work presents a web framework supporting researchers
in this class of analysis in a cloud environment where they can access, parameterize,
initialize and monitor their applications for complex systems analysis. Moreover, new
applications, taking into account intensive data analysis from big data files, can be
added and managed by researchers on the portal easily. As a case study, techniques
such as detrended fluctuation analysis (DFA) and gradient pattern analysis (GPA) will
be added and used for intensive time series analysis in the Brazilian Space Weather
Program.
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Abstract

Introduction

The web has been causing a growing impact on scientific research, technological
development and society as a whole with its growth over the past few years and has
brought a different style of computing mainly into the big data paradigm [1, 2].

This paper presents an e-Science environment named Sentinel to support scientists in
their research in a cloud environment using any enabled device to access the web. As
a case study, techniques such as detrended fluctuation analysis (DFA) and gradient
pattern analysis (GPA) will be added and used for intensive time series analysis in the
Brazilian Space Weather Program (EMBRACE) [3] (see Figure 1).

e-Science

The term e-Science is commonly used to describe the development of software
services infrastructure [4]. This enables access to remote facilities, distributed
computing resources, information storage in dedicated databases, dissemination and
sharing of data, results and knowledge.

Research in e-Science requires joint efforts and multidisciplinary and can be described
by the following characteristics [5]: (1) involves collaboration of researchers
computing with researchers from other fields of knowledge, and (2) requires the
creation of sophisticated computational methods to handle large volumes of data (Big
Data) and/or to perform simulations and programs that require advanced
computational solutions for complex systems analysis.

Case Study

As a case study, using the Application Registry tool, techniques such as DFA [6] and
GPA [7] will be incorporated into the Sentinel portal and used for analysis of time
series obtained the Brazilian Space Weather Program, named "EMBRACE".

The EMBRACE program was chosen as a case study for the knowledge and prediction
of different phenomena that directly affect human activities, such as solar activity,
magnetic storms and ionospheric storms, they have great importance for the well
being of society.

Conclusion

This work introduces a technical conception for an innovative web framework named
Sentinel dedicated and suitable for managing e-Science applications.

It is expected that this work will contribute to a more environmentally friendly and
safe for e-Science users, where they can gather all the applications used in the
development of their research.

The framework prototype has been applied for time series analysis using two
techniques, DFA and GPA. Future work will incorporate more challenging experiments
and algorithms.
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Figure 2: Use Case diagram showing the functions provided to the researchers by the Sentinel Portal.

Figure 1: An example of a typical solar flare observed in multiple frequences (H-alpha (Hα), Soft X-
ray and Radio(3 GHz)) due to a nonlinear plasma process in the solar atmosphere. The evolution of
this complex dynamics can be characterized by means of the scaling exponents from DFA analysis.

Sentinel

The environment proposed in this paper is named Sentinel and it is an e-Science
environment that aims to provide high performance computing resources to scientists
to develop their research. Scientists affiliated to the portal can register their
applications and manage them, more specifically, they can access, parameterize,
initialize, monitor, analyze and share the results obtained through any device that
allows access to the web.

There are two ways to access the portal, as a researcher or guest. The main features
for a researcher are shown in Figure 2. Guests can only access the portal to view the
results of the experiment and download it when shared by the researcher owner.

The researcher has the option to check your input data before starting an
experiment through a data quality analysis tool and each application can have
its own configuration for analysis.

Through the Dashboard Interface (Figure 3), researchers will have access a set of
informations about each experiment, which are: (1) PID - experiment identifier, (2)
Application - chosen application, (3) ComputingElement - which node is running, (4)
CreationDate - creation date of the experiment, (5) SubmissionDate - request date for
execution, (6) StartExectution - initial date of execution, (7) EndExecution - end of the
execution date, (8) JobStatus - current situation of the experiment and (9) Actions -
actions to manage it.

Figure 3: Sentinel’s Dashboard interface highlighting the Actions column where the researcher can
Setup, Start, Stop, View, Accept, Reject, Share, Download and Delete an experiment and its results.

Sentinel portal has too a tool named “Application Registry” that allows the inclusion
of new applications, this way new techniques and algorithms may be incorporated
into the environment by researchers to complement their studies as well as new
visualization tools. To register a new application the researcher should provide some
information about it, which enable the portal to create the mechanisms to allow the
researcher to manage new experiments.
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