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Abstract. In the past years, researchers and analysts worldwide determine big
data as a revolution in scientiﬁc research and one of the most promising trends
that has given impetus to the intensive development of methods and technologies for their investigation and has resulted in the emergence of a new paradigm
for scientiﬁc research Data-Intensive Scientiﬁc Discovery (DISD). The paper
presents a platform for adaptive knowledge discovery and decision making
tailored to the target of scientiﬁc research. The major advantage is the automatic
generation of hypotheses and options for decisions, as well as veriﬁcation and
validation utilizing standard data sets and expertise of scientists. The platform is
implemented on the basis of scalable framework and scientiﬁc portal to access
the knowledge base and the software tools, as well as opportunities to share
knowledge and technology transfer.
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1 Introduction
During the last years leading scientists, researchers and analysts determine big data as
revolution in scientiﬁc studies and one of the most challenging trends in technological
innovations. As a result of the computer simulations a huge amount of data was
generated during the in silico experiments [1]. One of the fundamental scientiﬁc areas,
strongly dependent on big data technologies, is molecular and computational biology
[2]. The technological progress, as well as next generation sequencing yielded exponential growth of experimental genomic data, and as a result the well-known methods
and technologies became not applicable to the new challenges of big data. This has
stimulated the development of methods and technologies for processing of large
amount of data and radical changes in the scientiﬁc research paradigms.
In the biological sciences there are very well established practices of collecting data
in the public and generally accessible data bases, which are used by scientists all over
the world, in building up solutions for speciﬁc problems. The advance in bioinformatics stimulates innovative methods for processing and analyzing the collected data.
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With the advances in bioinformatics, the volume of collected biological data and the
number of databases in which they are stored have been steadily growing. They are
supported by various organizations and institutions dealing with human genome
research, virus research and their mutations, protein research, drug synthesis, and so on.
A major problem for the biological data integration is the data structure and format.
They are not always standardized and data access is not centralized, making it extremely difﬁcult and time-consuming to search throughout all databases.
Biological knowledge is distributed in specialized databases data sources. Each
database has its own complex data structures reflecting the scientiﬁc concept of the
model [3]. Many data sources have overlapping data elements with conflicting deﬁnitions. Data integration from heterogeneous sources is very important for the effective
use of biological information. It is important to interpret the different data formats,
download data from different sources and convert them to integrated information.
Biological data sources are characterized by an extremely high degree of heterogeneity
with regard to the type of data model and the relevant data pattern, as well as the
incompatible formats and nomenclatures of values [4].
Biological databases are highly decentralized, with high levels of terminology,
record speciﬁcity, data representation, and request formats [5]. This in turn is associated with problems with manually executing queries from multiple databases. Therefore, there is a need to automate the integration of biological databases, with much
more than simply extracting and modifying the data [6, 7]. Integration requires the use
of binding formats in different databases, but large scale and redundancies make such
integration impossible.
The next generation of methods for data analysis has to manage huge amounts of
data from various types of sources with differentiated characteristics, levels of trust, and
frequency of updates. Data analyses have to acquire knowledge in effective and sustainable way. To achieve this, it is necessary to build up complicated predictive models
and methods for heterogeneous and big data analytics. On the other hand, these models
and methods have to be implemented in real time for big data streams. This is a great
challenge, because big data, besides its huge volume, are strongly heterogeneous and
dynamic, requiring high performance and scalability.
The vast amount of accumulated data contains valuable hidden knowledge that can
be useful to facilitate and improve the decision making process. That is why there is an
objective need to create automated methods for extracting knowledge from data. The
extracted knowledge have to meet the following requirements: be accurate, understandable and useful. In addition, knowledge should have the potential to predict. Data
acquisition tasks include classiﬁcation, dependency modeling, clustering, function
retrieval, and associative rules detection.
Knowledge discovery and data mining is an area focused on methodologies for
extracting useful knowledge from data. The ever increasing growth of data and the
pervasive use of databases have demanded challenges for innovative knowledge data
discovery methodologies. Data acquisition skills are based on research in statistics,
databases, modeling, machine learning, data visualization, optimization, and high
performance computing to deliver automated sophisticated and intelligent solutions.
The work presented in this paper is a part of a project that offers a scientiﬁc
platform for adaptive in silico knowledge data discovery based on big genomic data
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analytics. The focus is on advanced information technologies and the fourth scientiﬁc
research paradigm Data Intensive Scientiﬁc Discovery (DISD) in support of precision
medicine, speciﬁcally, for the case study of ﬁghting breast cancer.
An intelligent method for adaptive in silico knowledge discovery based on big
genomic data analytics which is adaptable to important biological, medical and computational aspects has been suggested in [8]. The method is built upon the parallel
phase paradigm comprising two overlapping and correlated phases – machine learning
phase and operational phase.
The goal of this paper is to suggest platform for adaptive knowledge discovery and
decision making based on big genomic data analytics based on the designed method for
knowledge discovery stated above. The platform integrates scalable framework and
scientiﬁc portal to access the knowledge base and the software tools, as well as
opportunities to share knowledge and technology transfer.
The paper is structured as follows: Knowledge discovery from data pipeline is
discussed in Sect. 2. Scalable adaptive method for knowledge discovery and decision
making based on big data analytics is presented in Sect. 3. Conceptual architecture of
data retrieval and integration system is presented in Sect. 4. Section 5 is focused on the
scientiﬁc application speciﬁc platform.

2 Knowledge Discovery Based on Data Analytics
The objectives of knowledge discovery based on data analytics are predictive and
descriptive as follows.
• The predictive includes the use of some variables or ﬁelds in a database to predict
unknown or future values of other variables of interest.
• The description focuses on ﬁnding interpretative models describing the data.
Predictive and description objectives are achieved by using the following data
retrieval tasks:
• Classiﬁcation is a function that classiﬁes a data element in one of several predeﬁned
classes.
• Regression is a function that classiﬁes a data element of a predictive variable with a
real value.
• Clustering is a general descriptive task that identiﬁes a limited set of categories or
clusters to describe the data.
• Grouping includes methods for ﬁnding a compact description for a subset of data.
• Modeling the relationship is ﬁnding a model that describes signiﬁcant dependencies
between variables.
• The change and detection of deviation is focused on detecting the most signiﬁcant
changes in data from previous measured or normative values.
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Fig. 1. The knowledge discovery based on data analytics process

Knowledge discovery and data mining process (Fig. 1) consists of six main stages:
1. Understanding the problem area - this is the initial stage that focuses on deﬁning
research goals and relevant requirements from the user’s point of view. Once this
stage has been completed, this knowledge has to be translated into deﬁnitions of
data retrieval tasks and a preliminary plan for how these goals can be achieved.
2. Understanding the data - begins with initial data collection and continues with
activities aimed at deepening the knowledge in respect to the data nature. At this
stage, it is necessary to identify problems related to the data quality, to get an initial
opinion on the data nature, to ﬁnd the relevant subsets of data in order to form initial
hypotheses about the hidden knowledge.
3. Data preparation - covers all the activities of creating raw data out of the ﬁnal set of
raw data. The stage of data preparation often has to be repeated many times at
different stages of the computational pipeline. The tasks of data preparation include
data selection, determining of attributes, exploring individual records, as well as
data transformation and clearing data.
4. Modeling - this stage consists of selecting and applying various modeling techniques to derive data dependencies. The model parameters are adjusted to their
optimal values. Since some models have their own speciﬁc data format requirements, it is often necessary to return to the data preparation stage.
5. Model evaluation - consists of carefully reviewing all the steps implemented in
building up this model to ensure that they achieve the speciﬁc goals. At the end of
this stage, a decision is made to use the results obtained during the drilling process.
6. Exploitation of the model - related to the monitoring and exploitation strategy
applied. At this stage it should be determined whether and when to resume the
procedure of data mining and under what conditions.
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Machine learning is artiﬁcial intelligence technique for data analytics and its
algorithms allow software applications to become more accurate in predicting outcomes without being explicitly programmed. The basic premise of machine learning is
to design algorithms that can process input data and use statistical analysis to predict an
output while updating outputs as new data becomes available.
Classiﬁcation is the most intensively studied task. Data subjected to analysis are
divided in two groups: training set and validation set. The algorithm for knowledge
extraction should build up rules, applying the training set. After completing the process
of learning and establishing the classiﬁcation set of rules, the effectiveness of the rules
is evaluated on the basis of the validation set. The task of dependency modeling can be
regarded as generalization of the classiﬁcation task. In this case the goal is to predict the
values of several attributes.
The conceptual model of knowledge discovery and decision making based on big
data analytics is shown in Fig. 2.
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Fig. 2. Conceptual model for knowledge discovery and decision making based on big data
analytics

The complete process of extracting and interpreting data models involves reimplementing the following steps:
• Determine the purpose of the knowledge discovery process - deﬁne the task and the
relevant advance knowledge and its application aspects.
• Deﬁne application domain, relevant knowledge and end-user’s goals.
• Create target data set: selecting a data set or focusing on a subset of variables or data
samples.
• Filter and pre-process: remove noise or negative values; collect the necessary
information for modeling or noise reporting; establish strategies for processing the
missing data ﬁelds.
• Simplify the dataset by removing undesirable variables: ﬁnd useful functions for
presenting data in respect to the goal of to the task; apply dimensional or transformation methods to reduce the effective number of variables under consideration
or to ﬁnd invariant data representations.
• Combine the objectives of the data discovery process with data mining methods determine whether the objective of the knowledge-based process is classiﬁcation,
regression, cauterization, etc.
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• Select data mining algorithm. This process involves making decision which models
and parameters may be appropriate for the overall process: select the method(s) to
be used to search for model in data; determine which models and parameters may be
appropriate; conformity of a particular data mining method with the common criteria of the knowledge discovery process.
• Data extraction - searching for models of interest in a speciﬁc presentation form or a
set of such representations such as classiﬁcation rules or trees, regression, clustering, etc.
• Interpret basic knowledge of extracted models.
• Utilize knowledge and its inclusion in another system for further action.

3 Scalable Adaptive Approach for Knowledge Discovery
and Decision Making Based on Big Data Analytics
The aim is to suggest an integrated approach for supporting the knowledge discovery
and decision making processes based on big data analytics, adaptive machine learning
and adaptive procedures for generating rules according to the speciﬁc goal of the
scientiﬁc research. The main advantage is the automated generation of hypotheses and
solutions for the speciﬁc case under study. The interest of the knowledge discovered is
estimated by the expertise of scientists in the relevant ﬁeld. The adaptability of the
approach is achieved by means of a synthesized collection of modules based on
techniques such as data analysis, machine learning, and metaheuristics. Depending on
the speciﬁc purpose of the study, the relevant modules are applied for pre-processing of
data flows, for knowledge extraction and post-processing. Regarding the knowledge
extraction, a hybrid approach of machine learning methods and procedures for rules
generation is applied.
A scalable framework for adaptive knowledge discovery is based on big data
streams analytics, providing a set of software tools for applying the method in research
and experimental activities for wide spectrum of scientiﬁc areas. Streaming technology
eliminates the need for signiﬁcant resources of disc memory as raw data derived from
databases are subjected directly to online processing. The scalability of the working
framework reduces computational time by involving additional resources and parallel
processing.
The advantage of the proposed framework is the automatic generation of the
hypothesis and options for decisions making on the basis of the learning data set
analysis, while the veriﬁcation and validation is conducted via benchmark testing set
and the expertise of the researchers of the relevant area. The interest of the discovered
knowledge is estimated by hybrid approach – a combination of objective criteria and
the expertise of scientists.
The research techniques follow the processing pipeline for discovering knowledge
of interest out of a collection of data and imply the following:
• data preparation, cleansing and selection;
• knowledge discovery and decision making, and
• results visualization and interpretation.
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Pre-processing of data in knowledge discovery covers: integration of data from
different sources, data clearing in terms of accuracy, sampling, and selection of functions in terms of relevance. The selection of functions is done by applying algorithms
for searching and optimization, and the feature set is optimized by iterative execution of
machine learning algorithm. The combination of machine learning, data mining,
knowledge discovery and decision making methods is applied to achieve high accuracy
and precision of the extracted knowledge. Post-processing involves veriﬁcation, validation, visualization and evaluation of the discovered knowledge.
The basic functional units for knowledge data discover are scientiﬁc analytics
workflows being exceedingly useful for facilitating e-science. Actually, a workflow
represents the computational pipeline for KDD based on speciﬁc analytics method
(model and/or rules). The workflow provides a solution, supporting the design and
conducting experiments using the available data and tools and high-level deﬁnition of
the objectives of the experiment, modeled by workflow of scientiﬁc tasks. Different
types of tasks can be performed within a workflow, especially when outputs from one
task are used as input for the next task. The workflow process for knowledge discovery
from big genomics data is shown in Fig. 3.
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Data Analysis

Data VisualizaƟon
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PredicƟon using ML
Agorithms

Fig. 3. Workflow process for knowledge discovery from big genomics data

The purpose of the machine learning phase is to build up repositories of synthesized
collection of models and rules that will be used as components to build up an integrated
KDD workflow. Machine learning (ML) phase is based on parallel workflows (computational pipelines), utilizing diverse ML models, including classifying and clustering
methods. ML phase performs on the training and validation sets and the basic computational units are bundles of differentiated workflows, each differentiated workflow
performing speciﬁc type of analytics. Differentiated analytics workflows are executed
in parallel in order to accelerate the KDD process. Each analytics workflow builds up a
model that is stored in models repository or a set of rules stored in rules repository.
Once feature extraction and dimension reduction have been done, analytics model is
generated utilizing the training set by conﬁguring the respective differentiated workflow. Afterwards, the outcome of the differentiated workflow is subjected to validation
by utilizing the validation data set.
The components of the big data analytics system architecture are shown in Fig. 4.
The conceptual architecture of the scalable framework for adaptive knowledge
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Fig. 4. Big data analytics system architecture

discovery comprises hardware and software resource reconﬁguration. Software is
developed utilizing streaming and parallel processing technologies (multithreading and
clustering). The architecture consists of separate, independent components:
• access to progressively increasing amounts of data in multiple formats, extraction,
interoperability, real time integration of various types of data and information;
• pre-processing of large data streams, including selection of attributes, ﬁltering,
discretization;
• knowledge discovery out of big data streams by applying methods for generating
rules and machine learning and
• post-processing of data - knowledge interpretation and results visualization.

4 Data Integration
The requirements for scalable data integration systems for modern biology are indisputable due to the existence of very large, heterogeneous and complex datasets in the
public database. Managing and merging these big data with local databases is a great
challenge as it is the basis of computational analyzes and models that are then
experimentally generated and validated through portal access to distributed modern
high-performance infrastructure and software tools for big genomics data processing
and visualization.
A conceptual architecture for an integrated and effective access to the exponentially
growing volume of data in multiple formats is proposed (Fig. 5). The architecture
allows the rapid management of large volumes of diverse data sets represented in
different formats - relational, NoSQL, flat ﬁles. The integration system consists of
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services for transforming the common request into a speciﬁc language request for each
local database, depending on its type. Additionally, the possibility of making a permanent access to the state of research in order to compare the results with the available
information (access to a constantly updated representation of all the accumulated
knowledge in the relevant ﬁeld) is further explored.
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Output: results

Middleware

Services
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Integration services

Service
security
Service
discovery

Service

Service

Service

NoSQL
database

SQL
database

Flat files

Fig. 5. Conceptual architecture of data retrieval and integration system

5 Scientiﬁc Speciﬁc Application Platform
The objective of an academic scientiﬁc portal gateway is to allow a large number of
users to have transparent access to available distributed advanced computing infrastructure, software tools, visualization tools and resources.
The high-performance platform offers services for carrying out remote simulations
and consists of HPC resources, resource database, knowledge discovery resources as
services, software tools and web portal is presented in Fig. 6.
The portal provides user-centric view of all available services and distributed
resources. The web-based environment is organized to provide a common user interfaces and services that securely access available heterogeneous computing resources,
data and applications. It also allows many academic and scientiﬁc users to interact with
these resources.
The experimental infrastructure is achieved through a customized application
speciﬁc gateway, based on the platform and can be summarized as follows:
• identifying and clarifying the requirements of speciﬁc user communities, user
scenarios and needs of the target groups of scientists;
• deﬁning the speciﬁc user communities views in accordance with their requirements
and develop custom scripts for speciﬁc applications;
• identiﬁcation of methods and tools for user communities and their testing;
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Fig. 6. High performance infrastructure

• development of workflow templates representing different user scenarios of low
level and adapted to the speciﬁc requirements of customers;
• creating a knowledge base and data sets for training and testing.
The scientiﬁc platform will facilitate access and use of existing infrastructure in
research and will provide:
• a central access point to the status of research in order to compare the results with
the available information (access to constantly updated representation of the
accumulated knowledge in the relevant area),
• interactive cooperation via various channels
• opportunities for knowledge and technology transfer, partnership and providing
information and services.
The web-based environment is organized so as to provide a common user interfaces
and services that provide secure access to currently available heterogeneous computing
resources, data and applications.
The web portal provides also: user proﬁle management, e.g., different views for
different user; personalized access to information, software tools and processes; getting
information from local or remote data sources, e.g., from databases, transaction systems, or remote web sites; aggregated the information into composite pages to provide
information to users in a compact and easily consumable form. In addition, the portal
also includes applications, software tools, etc.
The proposed platform is veriﬁed for the case studies of multiple sequence alignment based on social behavioral model, enhancer-promoter detection and early
detection of breast cancer. An investigation for detection of enhancer-promoter interactions out of genomic big data based on machine learning is presented in [9].
A pipeline for detection of enhancer-promoter interactions using Decision Tree and
Support Vector Machine classiﬁers is proposed. The experimental framework is based
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on Apache Spark environment that allows streaming and real time analysis of big data.
The experimental results for detection of enhancer-promoter interactions have been
performed with GM12878 and K562.
An innovative parallel method MSA_BG for multiple biological sequences alignment that is highly scalable and locality aware is designed [10]. The algorithm is
iterative and is based on the concept of Artiﬁcial Bee Colony metaheuristics and the
concept of algorithmic and architectural spaces correlation. The metaphor of the ABC
metaheuristics has been constructed and the functionalities of the agents have been
deﬁned. The conceptual parallel model of computation has been designed. Parallelization and optimization of the multiple sequence alignment software MSA_BG in
order to improve the performance, for the case study of the influenza virus sequences is
proposed [11]. For this purpose a parallel MPI + OpenMP - based code optimization
has been implemented and veriﬁed. The experimental results show that the hybrid
parallel implementation provides considerably better performance.

6 Conclusion and Future Work
In this paper a platform for adaptive knowledge discovery and decision making based
on big data analytics is proposed. The major advantage is the automatic generation of
hypotheses and options for decisions, as veriﬁcation and validation are performed using
standard data sets and expertise of scientists. The tools for utilizing the platform are
scalable framework and scientiﬁc portal to access the knowledge base and the software
tools, as well as opportunities to share knowledge, and technology transfer. Web portal
provides services to access and extract knowledge out of biological data and execute
parallel software applications for big genomics data analysis.
An integrated approach to support knowledge discovery and decision making based
on big data analytics, adaptive machine learning and adaptive procedures for generating
rules according to the goal of scientiﬁc research is presented. A conceptual architecture
for an integrated and effective access to the exponentially growing volume of data in
multiple formats is proposed. The architecture allows the rapid management of large
volumes of diverse data sets represented in different formats - relational, NoSQL, flat
ﬁles. The integration system consists of services for transforming the common request
into a speciﬁc language request for each local database, depending on its type.
The future work is to make in silico experiments on the platform based on big
genomic data analytics for scientiﬁc research in the area of molecular biology. The
spectrum of case studies under investigation comprises identifying regulatory elements
in sequenced genomes, and prediction of the type and malignance of breast cancer. This
will enable fast processing of clinical observations and laboratory analyzes data and
comparison with the available data accumulated so far in support of precision medicine.
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