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Abstract: Every day we experience unprecedented data growth from numerous sources, which
contribute to big data in terms of volume, velocity, and variability. These datasets again impose
great challenges to analytics framework and computational resources, making the overall analysis
difficult for extracting meaningful information in a timely manner. Thus, to harness these kinds
of challenges, developing an efficient big data analytics framework is an important research topic.
Consequently, to address these challenges by exploiting non-linear relationships from very large and
high-dimensional datasets, machine learning (ML) and deep learning (DL) algorithms are being used
in analytics frameworks. Apache Spark has been in use as the fastest big data processing arsenal,
which helps to solve iterative ML tasks, using distributed ML library called Spark MLIib. Considering
real-world research problems, DL architectures such as Long Short-Term Memory (LSTM) is an
effective approach to overcoming practical issues such as reduced accuracy, long-term sequence
dependency, and vanishing and exploding gradient in conventional deep architectures. In this
paper, we propose an efficient analytics framework, which is technically a progressive machine
learning technique merged with Spark-based linear models, Multilayer Perceptron (MLP) and LSTM,
using a two-stage cascade structure in order to enhance the predictive accuracy. Our proposed
architecture enables us to organize big data analytics in a scalable and efficient way. To show
the effectiveness of our framework, we applied the cascading structure to two different real-life
datasets to solve a multiclass and a binary classification problem, respectively. Experimental results
show that our analytical framework outperforms state-of-the-art approaches with a high-level of
classification accuracy.

Keywords: big data; big data analytics; machine learning; deep learning; spark MLIlib; multilayer
perceptron; long short-term memory

1. Introduction

Every day we experience unprecedented data growth from numerous sources, which contribute to
big data in terms of volume, velocity, and variability. Thus, developing research-oriented frameworks
and tools capable of controlling data size and extracting meaningful information is important research.
Analyzing big data and collecting values from them is an important research topic for business
intelligence. Thus, the research is not only limited to academia, but is also widely used in other fields,
such as science, technology, and commerce.

Big data are generated from numerous and heterogeneous sources, including online transactions,
emails, audio recordings, video recordings, social networking sites, and so on. Every corporation or
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organization that produces these data needs to manage and analyze it [1]. Big data can be defined
as massive data collections (real-time, non-structured, streaming) that make it complicated to utilize
conventional data management and analysis methods to manage, analyze, store, and obtain meaningful
information [2].

To evaluate big data, it is essential to employ suitable analysis tools. This pressing need to
control the increasingly huge amount of data has led to a major interest in designing suitable big
data frameworks. Significant research has investigated various big data domains, e.g., infrastructure,
management, data searching, mining, security, etc. Big data infrastructure has been developed to
identify analytics to utilize quick, reliable, and versatile computational design, providing efficient
quality attributes including flexibility, accessibility, and resource pooling with on-demand and
ease-of-use [3,4].

This steadily developing requirement plays a vital role in improving massive industry data
analytics frameworks. The demand for a suitable big data analysis framework becomes clear when
executing any algorithm on huge data collections. Local systems usually employ a single Central
processing unit (CPU), whereas as dataset and data collection sizes grow, multiple core Graphics
processing units (GPUs) have become increasingly utilized to enhance performance. Parallel processing
can be executed relatively easily due to the underlying distributed architecture, but GPUs are not
always economically feasible or available; hence, the requirement remains for tools that utilize
accessible CPUs in a distributed way within local systems.

Numerous open source technologies harness huge data volumes by distributing data storage
and computation over a cluster of computers. One of the most suitable tools to accomplish this is
Apache Hadoop (highly availability distributed object-oriented platform), an open source java-oriented
programming tool. Hadoop’s primary purpose is to assist processing massive datasets in a distributed
computing environment, sponsored by the Apache software foundation as part of the Apache project.
It consists of various small projects, e.g., Hadoop distributed filesystem (HDFS), MapReduce, HBase,
Pig, Hive, etc.

This article analyzes a more proficient and massive data processing framework, Apache Spark, a
new big data processing tool for distributed computing, well-suited to iterative machine learning (ML)
tasks [5-7]. Spark is a general distributed computing tool based on Hadoop MapReduce Algorithms
that efficiently handles large volume datasets. Using the incorporated libraries separately, current
systems have utilized Spark to study huge datasets.

Thus, there is an opportunity for analyzing new models that can produce outcomes with higher
accuracy while retaining the Spark framework as the computational tool. Some essential points include:

e How to obtain meaningful information from previous data features to provide the
highest accuracy;

e  How to identify a class imbalance that commonly occurs in huge datasets;

e Howto integrate recent progress completed artificial intelligence (Al) areas while retaining Spark
frame work computing power.

In this paper, we propose a framework that incorporates a two-stage learning process that can be
helpful in solving the issues discussed above. The first step uses primary ML, and then apache Spark
is merged with a deep multilayer perceptron (MLP) for the framework second learning stage through
cascading. Information obtained from the first stage is fed into inherent attributes of the data set being
evaluated and the improved knowledge gained is then added to the second-deep learning (DL) stage.

Our proposed framework can detect a class imbalance, which commonly occurs in big data
collections, and data classification can quickly become very complex, due to the size and unbalanced
nature [8]. For any real-world dataset, the goal is to suggest a structure that offers extremely precise
and proficient predication models. Applications for the framework presented in this paper cover
diverse domains. Healthcare data is appropriate for big data processing and analytics due to velocity,
veracity, and data volume [9-15].
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On the other hand, high-quality learning methods will enhance healthcare prediction and
recommendation and our paper considers one such dataset explicitly as an example. The framework
can also apply to educational performance evolution for student teachers and other staff and could be
utilized industrially for data recording of multinational corporations. The framework incorporates
Al ML cascading, deep MLP, and long short-term memory (LSTM), and would therefore would have
many applications in the information technology industry.

The rest of the paper is structured as follows. Section 2 presents some background concepts
regarding big data analytics and discusses some related works concerning Spark, DL using MLP,
recurrent LSTM networks, and cascade learning (CL). Section 3 provides the architectural detail
and logic behind the proposed framework. Section 4 analyzes the implementation and simulation
outcomes of the proposed framework. Section 5 illustrates and discusses experimental results with
implications. Finally, Section 6 summarizes and concludes the paper by providing some possible
future research directions.

2. Background and Related Work

In this section, we provide an overall perspective by evaluating several significant concepts and
previous work in the big data, Spark, ML, DL and CL domains. We review this published work with
the aim of evaluating the previous work in these fields and recognizing their shortcomings, in order to
come up with a system for overcoming these drawbacks. The literature review related to this article is
discussed in four categories, i.e., related work to Spark, Machine, DL with MLPs, LSTM and CL.

Apache Spark is a popular general-purpose clustering computing framework, constructed to be
very reliable, fast, high level, fault lenient, and consistent with Hadoop. Spark provides a framework
for distributed computation and analysis of very large data collections [16-18]. It was developed
at AMPLAB, UC Berkeley in 2010 [19] and offers application programming interfaces in various
programming languages, including Java, Python and Scala [20].

Figure 1a shows the fundamental components in Spark: Spark Core, Spark Cluster and Spark
Stack. It includes Resilient Distributed Datasets (RDD) and supports in-memory computing, enabling
faster data processing than Hadoop, which is a disk-based engine and general execution model [21].
Palo Alto [22] first proposed the Spark architecture and Apache Spark contains four main libraries:
Structured Query Language (SQL), Streaming, Spark MLIib and GraphX [23].
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Figure 1. (a) Apache Spark ecosystem and (b) Apache Spark MLIlib development [21].

Spark streaming is the core scheduling unit and achieves real-time stream computation. Relational
queries can be implemented via Apache Spark SQL to extract different database systems and present
new data abstraction models, known as Data Frames [5,18]. The graphical computation library lays on
top of Spark and provides distributed processing models to manage the graph.

Spark MLIib is the most proficient high dimensional data analytical library currently available,
implementing more than 55 expandable ML methods that gain from both data and process
parallelization [21]. It is appropriate for iterative ML tasks and approximately 10-fold faster than
Hadoop for iterative tasks. MLIib is the Spark ML library and its development began in 2012 as part of
the ML Base project; in September 2013, it became open source. Apache Spark MLIib library contains
various machine-learning approaches such as classification, clustering, regression, collaborative
filtering, and dimension reduction that are essential to the advancement of epic ML applications.
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Apache Spark MLIib components have been developed by many researchers to benefit big data
analytics worldwide. Spark ML algorithm out-performs MapReduce by 100-fold. Figure 1b shows that
the number of unique contributors per release has been steadily increasing for many years, and MLIib
Spark contributors now number over 1000 [24].

Nair et al. [25] evaluated the Spark primary architecture running ML algorithms and reported
extensive results that emphasized Spark’s advantages. Other groups [26,27] have employed Apache
Spark for Twitter data sentiment analysis, and there have been many important contributions to large
data collection analysis (interested readers are referred to [28-31] for further details).

Class imbalance problems have gained significant attention in the ML community recently [32,33].
Kotsiantis et al. [34] used different tools and techniques to handle class imbalance and Sonak et al. [35]
analyzed several different methods of class imbalance problems. Classification becomes more
cumbersome as data size increases, due to unbounded and unbalanced data quality. Class imbalance
mostly occurs in data mining due to unequal data sample distribution, where one class contains
significantly more samples (majority class) than the other (minority class). Primary algorithms target
majority sample classification while neglecting or misclassifying minority samples.

Minority samples occur relatively infrequently, but they remain very significant. Algorithmic,
data preprocessing and feature selection are the main approaches for classifying unbalanced datasets
or data collections, where each approach has pros and cons [8]. A dominant part of analysis specified
here includes manipulation as well as extracting relevant attributes from the datasets. Feature selection
(also called attribute selection), chooses relevant features that play a vital role(s) in model construction.
Several techniques have been employed for feature selection. Popescu et al. [36] explain the feature
selection and extraction of ML in computer vision image classification.

Deep learning architecture, such as MLP and recurrent LSTM, have become popular in academia
and industry and tend to show performance improvement by incorporating deeper architecture and
bulk networks when dealing with high dimensional data. DL applications in various computationally
severe problems are receiving significantly more attention and adoption and can be implemented in
various domains, including computer vision, image processing (image classification and segmentation),
and ML classification.

Some studies have considered DL as a deep neural network, i.e., an artificial neural network
(ANN) with several hidden layer units between the input and output layers. Silva et al. [37] proposed
the MLP that has become a popular feed-forward ANN for data classification and Zanaty et al. [38]
compared MLP and support vector machine (SVM) for data classification and they showed that MLP
with a fuzzy integral based sigmoid activation function outperformed conventional MLP. A few other
studies have constructed a framework [39] to analyze and address high dimensionality data using
MLP. MLP uses an elementary back propagation method to learn the model, whereas MLP, fuzzy
sets, and classification use a primary back propagation method that describes how learning occurs in
multi-layer networks.

This paper proposes a two-stage learning model. In particular, we align Spark, with efficient
ML libraries, with MLP and LSTM. CL is commonly employed when there is some class imbalance
and appropriate interpretation cannot be extracted from the dataset. The CL approach has been
applied previously in various domains, including computer vision, image processing, natural language
processing, etc., and has been shown to be quite effective. Sarwar et al. [40] proposed a time productive
two-stage cascade classifier for buying session expectation as well as purchasing the item in that
session. Simonovsky et al. [41] proposed a feature sharing deep classifier cascade known as onion
Net, where consequent stages may add both new players and feature channels to preceding stages.
Long et al. [42] proposed semantic segmentation by cascading fully convolved ANNS.

Traditionally, Recurrent neural network (RNN) recurrent hidden state, hy, and output, y,, relies
on the preceding hidden state, h;_1, and current input, x,

he = g(Why_1 + Uxy) 1)
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and
ye = f(Vhy) )

where W, U, and V are weight matrices for the current hidden state, h;, preceding hidden state, h;_1,
and the current input and output, respectively [43]; and g(.) and f(.) are element wise activation
functions, e.g., sigmoid and hyperbolic functions, respectively. Conventional RNN can only use the
pervious context information, but current output relies on not only past information but also on future
context information. Bidirectional RNN was proposed to overcome this problem but suffers from
vanishing and exploding gradient problems during training when processing long term dependencies.
This stops Bidirectional RNN from being used for long term dependency problems and is the main
problem for recurrent network performance [44].

An improved RNN structure was proposed to overcome this problem, commonly known as LSTM,
that can control gradient exploding and vanishing problems efficiently. All traditional RNN hidden
layers are replaced with memory blocks that contain a memory cell designed to store information
along with three gates (input, output and forget) to update the information, as shown in Figure 2.
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Figure 2. A typical long short-term memory cell [43].

The LSTM data input sequence is X = xy,Xp, ... xt, where T is the prediction period; memory
block hidden stateish = h; ,hy,...hr; and output sequenceisy =y, ,y,,...y. The L5TM can be
useful for calculating the modified hidden state [43],

it = 0(Wx; + Uih;_1 + Vicy 1) (3)
fe = o(Wexe + Uthy 4+ Ve 1) 4)
O = 0(Wpx; + Uohy_1 + Voci_1) (5)
Ot = 0(Woxi + Uoh_1 + Vocr_1) (6)
= tanh(Wcxt + Uchy_1) (7)
Ci=fiOc 1 +ir@ct ®8)

hy = tanh(ct) )



Symmetry 2018, 10, 485 6 of 20

where c; is the memory cell; i is the input information to be added to the memory; f is how much
memory is to be forgotten; O is the current amount of memory content; o(.) and tanh (.) are the sigmoid
and hyperbolic tangent activation functions, respectively, © denotes element-wise multiplication;
and gating vector entries are always within [0,1]. Thus, LSTM is useful for solving long-term
dependency problems.

3. Proposed Framework Architecture

Figure 3 shows the proposed framework structure. It contains two learning stages, outlined
as follows.

Stage 1

(i) Phase 1: big data analysis using Spark MLIib
(ii) Phase 2: Cascading

Stage 2

(i) Retrain the model using MLP and LSTM
(if) Output

The proposed approach combines advantages from the efficient Spark MLIib with DL, using MLP
and LSTM on high dimensional data. The following subsections explain each step in detail.

Phase 1. Spark MLlib

Stage 1 l,

[Phase 2. Modify Dataset using
cascading

Stage 2 *L

Figure 3. A macro view of the stages in our proposed big data analytics framework.
3.1. Overview of the Architecture

The proposed architecture focuses on determining real-life high dimensional big data problems,
utilizing a massive data analysis framework (Spark, Hadoop) and AI (ML, DL). Harnessing such
problems is not easy, due to time and space constraints. Big data currently has very large, and growing,
volumes but still requires high powered computing equipment to support learning architectures that
can manage the data efficiently, utilizing specific resources.

The proposed framework used endeavors to conquer these challenges by cascading the Spark
MLIib data analytics framework with MLP and LSTM. The core architecture framework presented
here forms the root of the experiment, where the key concept is to utilize cascading between Spark
MLIib and DL using MLP and LSTM networks.
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3.2. Phase 1. Big Data Processing Using Spark MLIib

Several ML methods were considered in relation to the massive data volumes. We chose the
efficient Spark MLIib to implement a support vector machine (SVM), decision tree (DT), random forest
(RF) and logistic regression (LR) classifiers. Preprocessed data was passed through these classifiers to
generate regression models that introduce the possibility of every data position relating to the binary
class. This is the binary learning step.

The SVM classifier is a supervised ML algorithm to classify linear and nonlinear data using
hyper-planes [45—-47] and is appropriate for classification or regression. The concept is to draw the
optimal hyperplane that dynamically separates two classes. The separator should be selected such
that it provides the maximum margin among vectors of the two classes; hence SVM is also known as
the maximal margin classifier. Vectors close to the active hyper-plane are identified as support vectors,
as shown in Figure 4 [45,48].

7 I

Small Margin Support Vector Large Margin

Figure 4. Support vectors and margins [45].

The SVM assumes that a larger margin on the hyperplane will provide superior generalization for
data classification. Consider the training vector that represents the binary classes as (x;, y;), I=1... 1,
xj €R", yi€{+1,—1} where R" is the input space, x; is the feature vectors, and y; is the class label of
Xj [45]. The linear separating function can be expressed as:

f(x)=wix +b (10)

where w and b are weight and bias, respectively. The optimal hyper plane margin can be defined as

H V\%” ; and the optimization issue can be handled by optimizing the hyper plane,

minl
=|lw|+C. (11)
w,b,€ 2
Subject to
yi(wixi) +b>1- €,€>0 (12)
Or its dual issue
17 T
mm(xioc Qy—e « (13)

Subject to
0<o<Ci=1...1ya=0 (14)
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where e represents a vector of all ones. The penalty parameter, C > 0, is also known as the penalty error.
The decision problem can be classified after obtaining o and b by solving Equations (11)-(14) [49],

f(x) = Zilzlociyi < xiXj >+ b (15)

The hyperplane divides the dataset into two classes when it is available in a linearly separable
format. It is somewhat difficult to map non-linear separable data into high dimensional space, so
SVM utilizes the kernel function to overcome this problem. Kernel functions can be separated into
two main categories. Local kernel functions assume data points are near each other, whereas global
kernel functions assume data points are distant. These features impact on kernel points. Table 1 shows
various commonly employed kernel functions.

Table 1. Common support vector machine kernels [49].

Kernel Function Expression
Linear K(xi, xj) =1+ xiij
Polynomial K(xi, xj) = (1+ xiij)ID
Radial Basis K(xi, xj) = exp(—v|| x; — X 1%)
Exponential radial basis K(x;, %) = exp(w)
T
Gaussian radial basis K(xi, xj) = exp(— ”X‘zfx’”)
Sigmoid K(xi, xj) = tanh(kxiTx]- —9)

The radial basis function (RBF) provides better performance compared with linear and polynomial
kernel functions. SVM classification is popular for high dimensional data spaces. In contrast to ANNs,
SVM has no local optima and uses a different kernel function for decision. One of the largest SVM
challenges is to choose the most suitable kernel function.

Bermen [50,51] proposed RF in 1999, which is suitable for classification and regression. It is
a non-linear classifier that employs DT ensembles to avoid overfitting and has been employed for
various classification problems [52,53].

RF contains a group of tree-structured classifiers (T (X, (®m), m =1 ..., where uniformly
independent distributed random vectors are represented by (Bm), and every tree casts a single vote
for the dominant public class at input x. RF is the most prominent data mining ML technique. Every
tree in RF is generated by choosing a bootstrap sample.

A few variables are selected at random at each individual internal tree node and used to search
for the best partition. Trees are generated on the new dataset to their highest depth without pruning.
This procedure is repeated to design new trees in the forest and finally, voting is used to find class
labels. The Gini index [54] is commonly employed when searching for the best partition,

Gini =np ) g1, Kpkr (1= PKL) +0R ) 11, Kpa (1 — pkR) (16)

where PKL and PKR are the proportion of the class K in the left node and in the right node respectively.

Decision tree is a well-known data mining and ML tool, that produces a tree-like structure
containing intermediate test and leaf nodes. Every test node represents boundary of data space and
every leaf node represents a class. DT is helpful for data classification and regression (CART) [53,55],
where DT boundaries partition the original space into a set of disjoint regions. DT structure recursively
divides the data space to build disjoint groups of points to maximize intragroup and minimize
intergroup homogeneity. Homogeneity measures differ between the algorithms. CART algorithms [53]
mostly uses the GINI impurity, ID3 and C4.5 use information gain [56], and variance reduction is
mostly used for regression.

To select optimal splitting points between current splitting points, we need to know the
information gain of the splitting points, which is most essential for finding splitting points. Information
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gain plays a significant role, as more information can be gained from the splitting point as the
information gain increases and vice versa [57]. Information gain is derived from impurity differences
among parent nodes and a weighted sum of the left and right child nodes. Gini impurity is most
commonly employed for classification scenarios:

Y i1 —1£) (17)

where f; ith label frequency at a specific node and C is the number of distinct labels. Entropy was
recently proposed for node impurity [57],

Y 5 —filog(fi) (18)
The most popular method used for regression tree impurity is variance,

1
N

1

(v, — ) (19)

1z

Il
_

where y; and N are the instances and their count, respectively; and p is the mean. After computing
parent node impurity and the weighted sum of the left and right child nodes, information gain can be
expressed as,

Nright

IG(D,S) = impurity(D) — Nﬁﬂ impurity(Djeg) —

impurity (Dyight)- (20)

Logistic regression is a well-known binary classification algorithm with categorical dependent
features and has been applied to many applications in biomedical informatics, medical decision
support, risk estimation, disease categorization, computer vision, marketing, etc. [58]. LR evaluates
data statistically and contains one or more independent variables with vital roles to reflect an outcome.
Output is calculated through a variable, and input data is coded as 0 or 1 [59]. LR usually estimates
the probability of event occurrence by fitting data to the logit function, which can be solved easily by
calculating the 3 parameters,

:{ L BO+BI(x)+ €> 0 -
0, otherwise

where € is the standard logistic distributed error and 30 and (31 coefficients are generated by calculating
the odds ratios among the various groups or categories. The main reason for LR popularity and
convenience is that it always provides output between 0 and 1 for any real input t [60].The logistic
function g(z) is described as below,

et 1
et+1 14et

g(z) = (22)
Thus, to implement LR on the multi-class cardiac arrhythmia dataset we first assign the instances
between to class 1 or NOT-1, where class 1 included all the instances labeled as “class 01 label” and
NOT-1 included all other instances. The main reason for this data classification is that almost 50% of
the data belonged to class 1 [61].
We then proceeded as follows:

e  The key Spark abstraction was due to RDD so input preprocessed data in the form of RDD.
e  Convert the resilient distributed dataset into a data frame.

e Read labels and features from the data frame.

e  Non-numeric features having one hot encoding.

e Each encoded feature having string indexing.

o  Create vector assembly non-numeric features and one hot encoded feature.
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e  Alter the assembly vector in the pipeline.
e  Modify the pipeline to an appropriate format for Spark.
e  Train the model on the training data using the Spark MLIib.

Binary prediction can be obtained by testing whole data.

3.3. Phase 2. Cascading

Cascading is pivotal in the proposed framework to link the prediction data to the primary dataset.
We used the modified dataset from stage 2 (knowledge = prediction + original dataset) to train the
MLP and LSTM.

3.4. Stage 2. Deep Learning

e  Thisis the second and final framework learning stage before output. We train the MLP and LSTM
using the modified dataset from cascading.

e  MLP and LSTM can be formed by either reusing steps 2-8 in stage 1, substituting ML for MLP
using the Spark library, or MLP could be formed from the ANN initially.

e  MLP can be trained using a high-quality training back-propagation algorithm to minimize the
errors in prediction.

Various parts of this structure have been used previously in different big data and ML areas, e.g.,
classification structure and recommendation tools.

3.5. Framework Underlying Logic

The framework architecture described above resolves conventional ML issues, considering all ML
conditions, while enhancing accuracy as well as system speed to address big data problems. The main
logic underlying the framework is discussed below.

3.5.1. Computation Time

The proposed framework reduces computation time efficiently. Running the two-layer method
using two DL models would be lengthy and tedious, and somewhat difficult to ensure outcome quality.

To address computation time problems, we employed fast and efficient big data analysis
frameworks, Hadoop or Spark, rather than two DL simultaneous models. Spark includes MLlIib,
which is particularly appropriate for iterative ML tasks, significantly reducing computation time, as
compared with conventional ML approaches.

3.5.2. Feature Set Enhancement

Using the cascade modified dataset as input for the subsequent stages improves framework
accuracy. Hence, applying the DL model to the modified data set enhances the feature set.

3.5.3. Continuous Learning Improvement

The proposed framework second stage DL combines MLP and LSTM, training the model via
back-propagation. Hence, the model continuously learns new features unsupervised. This allows
for the framework to quickly develop as a more accurate and reliable model. The back propagation
learning process retains the train prototype, enhance prediction accuracy.

4. Proposed Framework Implementation

This section discusses implementing the proposed framework described in Section 3 as a proof of
concept. We first describe the dataset employed and then show the two-step implementation.

The general goal of this experiment was to qualitatively and quantitatively study big data analysis
execution, using the proposed structure. Experimental outcomes are described in Section 5.
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4.1. Description of the Dataset

We used two different datasets to simulate the implementation and experimental results:
(i) Cardiac Arrhythmia Database; (ii) Uniform Resource Locator (URL) Reputation Dataset from
University of California Irvine Machine Learning (UCI ML) Repository [62,63].

The Cardiac Arrhythmia Database contains 452 instances or rows, where each row is the medical
record for a distinct patient. There are 279 patient attributes, including age, weight, height, patient
electrocardiogram (ECG) data, etc. The goal was to classify the data for the presence or absence of
cardiac arrhythmia into 16 classes. Class 01 denoted a normal ECG absent of arrhythmia; classes 02 to
15 denoted different arrhythmia types and class 16 denoted unlabeled patients.

The majority of the dataset was biased towards no arrhythmia, with 245 instances corresponding
to class 01, 185 instances split between the 14 arrhythmia classes, and the remaining 22 instances being
unclassified. About 3 classes did not appear in the dataset referred to the degree of AV block. Dataset
labels were supplied by professional cardiologists and they are considered to be the gold model.

The key issue in processing the dataset was the inadequate number of training examples related
to a number of features, heavily biased toward no arrhythmia, disappear feature values about (0.333%)
and feature values corresponds to both continuous and categorical categories. In short, it is a multiclass
classification problem.

However, while this dataset is high dimensional, it does not fulfill the big data requirements.
Thus, the URL Reputation Dataset is used, which is an Anonymized 120-day subset of the international
conference on Machine learning (ICML-09) URL data containing 2.4 million (i.e., 2,396,130) samples
and 3.2 million (i.e., 3,231,961) features.

This dataset fulfills the big data criteria in terms of high dimensionality, volume, and veracity,
which makes it suitable for analytics using our Spark based framework. To be more specific, using
this dataset, we intend to construct a real-time system that uses machine learning techniques to detect
malicious URLs (spam, phishing, exploits, and so on).

To this end, we have explored techniques that involve classifying URLs based on their lexical and
host-based features, as well as online learning to process large numbers of examples and adapt quickly
to evolving URLs over time.

The task was to identify whether a given sample corresponds to a malicious URL and/or to a
benign URL. In short, it is a binary classification problem.

4.2. Cardiac Arrhythmia Classification

To show the proposed approach effectiveness, first, we classified cardiac arrhythmia using linear,
tree ensemble, and deep architecture progressively using cascading. Specifically, we first employed
LR to assess prediction accuracy and then used DT to classify the data. We then applied RF, as
described in Section 3.2 followed by MLP and then LSTM deep architectures, which modeled the
dataset more accurately.

Using Spark MLIib-based LR, DT, RF and MLP classifiers, the following steps were performed to
prepare training and test sets.

e All 279 cardiac arrhythmia attributes were organized as numerical values using the
numerical columns.

e  The vector assembler was utilized to join all 279 attributes within individual vectors for all Spark
MLIib based algorithms. This vector feature located below features in the data frame.

e Asdiscussed above, the dataset included 16 arrhythmia classes, with the presence or absence
represented as 1 and 0, respectively.

Once the dataset was prepared, we randomly split 80% for the training and 20% for the test
datasets. We trained LR, DT and RF classifiers using the training set and evaluated prediction accuracy
using the test set, applying 10-fold cross-validation to identify the best hyperparameters.
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Assuming the training data consisted of p arrhythmia types for each group x;, we have a set Y(x;)
of actual arrhythmia type and a set G(x;) of predicted arrhythmia type generated by the classifier.
Therefore, if the set arrhythmia type labels or classes is L = {lp 13, ..., Iy—1}, then the true output
vector y will have N elements such that yg, y1, ..., yn—1 € L.

We then trained the LR, DT and RF classifiers, which take a single sample and generate a
prediction vector by minimizing cross-entropy of the true versus predicted distributions, Y = (y'0, y'1,

., ¥'N — 1 € L. When training the classifiers, keeping the test and validation sets separate enables
us to learn the model hyper-parameters [43]. Thus, we can calculate the confusion matrix elements for
the multiclass classification problem as,

Cj =Y =0 8y —1)-8(Yi — 1)) (23)
where
N 1 ifx=0,
0(x) = . 24
09 {O otherwise @)

Then Ci]- can be used to compute performance metrics, such as weighted precision, PPVy,,
weighted recall, TPRy,, and weighted F1 value, Fw (), for the predicted against true population labels,

1
PPVy = 2= ) 1l PPV(6)- ) 15518 (y (25)
1
TPRy = NZIGLTPR )- YN (y (26)
and
ZleLF B.0)-Y No'd(y (27)

Respectively, we also calculated the network root mean square error,

Zﬁ? (Yi - 5’1)2

RMSE =
N

(28)
Finally, when the training was completed, the trained model was used to score against the test set
to measure predicted groups versus variants producing a confusion matrix for the performance in a
multiclass setting using Equation (23).
In stage 2, we further classified the dataset using MLP and LSTM incrementally. First; we train
MLP with the following subsequent attributes:

e inputlayer contained 281 units,
e two hidden layers with 64 units each and a sigmoid activation function,
e output layer with Softmax activation function having 2 units.

The back-propagation accompanied by the logistic loss function had a vital role in training the
complete network. Training was performed using different epoch sizes.

However, we could not perform cross-validation with MLP since the current implementation
did not provide this functionality. The confusion matrix, precision, recall, F1-score, and RMSE were
calculated as described for LR, DT and RF models above.

Stage 2 prediction using LSTM was the last predictive model. Before we started training the LSTM
network, we converted the Spark data frame into sequence format, so it could be fed into the LSTM
network. We then randomly split the sequence data into train, test, and validation sets 60%, 20% and
20%, respectively.

Figure 5 shows the LSTM network for distinguishing cardiac arrhythmia presence and absence
into the 16 groups. The network consisted of an input layer, 4 LSTM layers, 3 dense layers, and an
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output layer. The input consisted of ECG signal sequences and took an input sequence x; at time step t
and computed the hidden state, h;.

Predict Cardiac

Arrhythmia of heart
. _[O0Q0 T
1 : OOOO O0,0 Arrhythmia 1
’ —.: s s IR ) ’O}OO .-—> Arrhythmia 2
: :OOOO O‘"EO*‘:‘O [ ——
" —Y OO OO Arrhythmia 15
Input layer Recurrent layer Dense layer Oulpellaer

Figure 5. Recurrent Long Short-Term Memory (LSTM) model.

We then trained the LSTM network, which takes a single sequence at each time step, generating a

prediction vector by minimizing cross-entropy of the true versus predicted distributions y* = "y0, “y1,

.,"'yN — 1 € L. When training the network, keeping the test and validation set separate enables us
to learn hyper-parameters for the model [43].

We used the ADADELTA adaptive learning rate algorithm to automatically combine the gain of
learning rate annealing and momentum training to prevent slow LSTM network convergence. The
ReLU activation function was employed in the LSTM layers for better regularization, and drop out
probability was set to 0.9 to avoid overfitting.

Softmax activation function was used in the output layer to provide the probability distribution
over the classes. The confusion matrix, precision; recall, F1-score, and root-mean-square error (RMSE)
were calculated as for LR, DT and RF. Finally, the model total score and accuracy was achieved.

4.3. Identifying Malicious URLs

To show the effectiveness of the proposed approach on a larger dataset, further, we carried out
another experiment for identifying malicious URLs for online using linear, tree ensemble, and deep
architecture progressively using cascading. Specifically, we first employed LR to assess prediction
accuracy and then used DT to classify the data. We then applied RF followed by MLP and then LSTM
deep architectures, which modeled the dataset more accurately.

Using Spark MLIib based LR, DT, RF and MLP classifiers, the following steps were performed to
prepare training and test sets.

o All 3,231,961 lexical and host-based features were organized as numerical values using the
numerical columns.

e  The vector assembler was utilized to join all 3,231,961 attributes within individual vectors for all
Spark MLIib based algorithms. This vector feature was located below features in the data frame.

e Asdiscussed above, the dataset included 2classes, with either as malicious URL or as a benign
URL represented as 1 and 0, respectively.

Once the dataset was prepared, we randomly split 80% for the training and 20% for the test
datasets. We trained LR, DT and RF classifiers (i.e., such as arrhythmia, but as a binary classification
setting) using the training set, and evaluated prediction accuracy using the test set, applying 10-fold
cross-validation to identify the best hyperparameters.

Finally, when the training was completed, the trained model was used to score against the test set
to measure predicted groups versus variants, producing a confusion matrix for the performance in a
multiclass setting using Equation (23).
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In stage 2, we further classified the dataset using MLP and LSTM incrementally. First; we train
MLP with the following subsequent attributes:

e inputlayer contained 3,231,960 units,
e three hidden layers with 128, 256 and 512 units each and a sigmoid activation function,
e output layer with Softmax activation function having 2 units.

The back-propagation accompanied by the logistic loss function had a vital role in training the
complete network. Training was performed using different epoch sizes.

Stage 2 prediction using LSTM was the last predictive model, where the input set is randomly
split the sequence data into the train, test, and validation sets 60%, 20% and 20%, respectively.

Similar to the cardiac arrhythmia dataset, we again used the ADADELTA adaptive learning rate
algorithm to automatically combine the gain of learning rate annealing and momentum training to
prevent slow LSTM network convergence. The ReLU activation function was employed in the LSTM
layers for better regularization and drop out probability was set to 0.7 to avoid overfitting. Softmax
activation function was used in the output layer to provide the probability distribution over the classes.

Since the second experiment is about solving a binary classification problem, the Matthews
correlation coefficient (MCC) [64], Area under the receiver operating characteristic (ROC) curve and
area under the precision-recall curve were used as the measure of the quality of binary classifications.
The MCC takes into account true and false positives and negatives and is generally regarded as a
balanced measure which can be used even if the classes are of very different sizes.

The MCC is, in essence, a correlation coefficient between the observed and predicted binary
classifications; it returns a value between —1 and +1. A coefficient of +1 represents a perfect
prediction, 0 no better than random prediction and —1 indicates total disagreement between prediction
and observation.

While there is no perfect way of describing the confusion matrix of true and false positives and
negatives by a single number, the Matthews correlation coefficient is generally regarded as being one
of the best of such measures. The MCC can be calculated directly from the confusion matrix using
the formula:

TP * TN — FP * FN

MCC = (29)
/(TP +FP)(TP + FN)(TN + FP)(TP + FN)

Finally, the total score and accuracy of the model were achieved in terms of MCC, Area under the
receiver operating characteristic (ROC) curve and area under the precision-recall curve.

5. Experimental Results

In this section, we illustrate experimental results based on the experimental settings described in
Section 4.

5.1. Experimental Setup

To show the effectiveness of our proposed approach on both datasets, we implemented the first
stage in Scala using Spark MLIib as the ML platform. The LSTM networks, on the other hand, were
implemented in Java using the Deeplearning4j DL framework in both cases.

Experiments were performed on a computing cluster with 32 cores running 64-bit Ubuntu 14.04
OS. The software stack consisted of Apache Spark v2.3.0, Java (JDK) 1.8, Scala 2.11.8 and Deeplearning4;
1.0.0. alpha. The LSTM network was trained on a Nvidia TitanX GPU with CUDA and cuDNN enabled
to improve overall pipeline speed.

5.2. Stage 1 Classification Analysis

As discussed in Section 4, we implemented the proposed framework in two steps. Step 1 classified
cardiac arrhythmia and URL Reputation Dataset using LR, DT and RF, with outcomes as shown in
Tables 2 and 3 respectively.
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Table 2. Classifier outcomes at stage 1 for Cardiac arrhythmia Dataset.

Classifier ~Accuracy Precision Recall Fl-score

LR 83.0% 83.0% 82.3% 83.0%
DT 85.4% 86.2% 87.5% 86.5%
RF 87.5% 86.0% 87.0% 87.0%

Table 3. Classifier outcomes at stage 1 for URL Reputation Dataset.

Classifier ~Accuracy auPR auROC MCC

LR 85% 88% 85% 0.73
DT 92% 92% 92% 0.85
RF 93% 93.4% 93.5% 0.87

The logistic regression classifier exhibits poor performance since the feature spaces were large
(279 and 3231961 dimensions respectively. Since the Cardiac Arrhythmia dataset also had a number of
categorical features, the logistic regression classifier could not handle them very well. Nevertheless, it
depends on the transformations for non-linear features and depends on whole data.

Tree-based approaches (DT and RF) rely on intuitive decision rules and hence can deal with
non-linear features. Nevertheless, they consider variable interactions.

Both DT and RF perform better than LR in all metrics. RF is a versatile algorithm and can be
expected to outperform LR on many medium-sized tasks. It can also handle categorical and real-valued
features with ease, with little to no preprocessing required. With proper cross-validation technique,
they are readily tuned.

Thus, tree-based approaches provide an effective arsenal to analyze this high dimensional dataset.
Since RF performance was slightly superior to DT, we chose the RF outcome to propagate into the
next stage.

5.3. Stage 2 Classification Analysis

The second stage again classified both the cardiac arrhythmia and URL Reputation Datasets
but by using deep learning architectures: MLP and LSTM. The performance metrics are shown in
Tables 4 and 5 respectively. MLP did not perform well, since the feature space is very large (i.e.,
279 dimensions). The accuracy score on the training set went above 95% in the training step, but
we achieved approximately 88% accuracy for the test set. Thus, MLP had an overfitting problem in
this case.

Table 4. Performance metrics of deep learning models for the cardiac arrhythmia dataset.

Classifier ~Accuracy Precision Recall Fl-score

MLP 89.0% 88.0% 89.0% 88.3%
LSTM 94.8% 96.0% 96.7% 96.2%

Table 5. Performance metrics of deep learning models for URL Reputation Dataset.

Classifier =~ Accuracy auPR auROC MCC

MLP 95% 96% 95% 091
LSTM 96% 97% 96% 0.94

Therefore, later on, we trained LSTM to see if it could overcome the overfitting. LSTM modeled
long-short-term dependencies very well, performing better than all other classifiers in all metrics.

In summary, linear and tree-based approaches (stage 1) and LSTM (stage 2) provide an effective
arsenal to analyze this high dimensional dataset. Since LSTM performed much better than RF or MLP,
the overall outcome was generated from the LSTM to accurately predict arrhythmia probability.
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Table 6 shows that the proposed approach achieved superior classification accuracy than previous
approaches. As the table demonstrates, Fazel et al. [61] used several ML techniques and achieved
an accuracy of 72.7%; Guvenir et al. [62] developed the VF15 ML algorithm and achieved 62%
accuracy; Niazi et al. [65] used SVM and K nearest neighbors to achieve an accuracy of 68% and
73.8%, respectively.

Mustaqgeem et al. [66] selected the best features using a wrapper algorithm around various ML
classifiers and achieved 78.2% accuracy. Samad et al. [67] used different ML classifiers and achieved
66.9% accuracy; Soman et al. [68] used One R, J48, and Naive Bayes ML techniques and achieved 74.7%
highest accuracy.

Table 6. Proposed and previous models’ prediction accuracy for the cardiac arrhythmia dataset.

Method Accuracy  Reference
Supervised ML algorithms 62.0% [62]
Classifier comparison 66.9% [67]
Different ML approaches 72.7% [61]
SVM and KNN 73.8% [65]
OneR, J48, and Naive Bayes 74.7% [68]
Wrapper algorithm 78.2% [66]
Various search algorithms 81.0% [69]
Proposed Framework 94.8%

Persada et al. [69] used various search methods and achieved 81% maximum accuracy with
the Best First search. Thus, the proposed model offers significantly improved cardiac arrhythmia
classification accuracy compared with previous models.

According to the authors of [64], using MCC, a correlation of +1 indicates perfect agreement,
0 is expected for a prediction no better than random, and —1 indicates total disagreement between
prediction and observation. In all our cases for the 2nd dataset, MCC shows a very strong positive
relationship (i.e., >+0.7), which means most of the classifier managed to extract the relationships
between features (see Tables 3 and 5).

On the other hand, the higher the Area under the precision-recall curve (auPR) and Area under
the receiver operating characteristic (ROC) curve (auROC), the better the models were. Fortunately,
both of these values are significantly higher, which show that our classifier performed well. The dataset
is slightly imbalanced, so we used auPR as the performance metric along with auROC too (see Tables 3
and 5).

6. Conclusions and Outlook

In this manuscript, we proposed an efficient framework to perform big data analytics in an
accurate and scalable way. Our proposed approach combined Apache Spark and DL beneath the ML
umbrella and provided significantly superior results compared to state-of-the-art approaches.

Using the two-stage cascading architecture, our frameworks managed to solve both multiclass
and binary classification problems with an acceptable level of accuracy.

The proposed two-step big data analysis framework was capable of processing a massive
amount of data tasks over a very short computational time, with less computational complexity
and with significantly higher accuracies for both datasets, the Cardiac arrhythmia and URL Reputation
dataset, respectively.

In the future, we intend to extend the framework by considering more factors and parameters to
solve other real-life research problems with robust deep architectures.
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