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Abstract. New approaches regarding data streaming, data storage and data
analysis have been developed facing the huge volume and velocity of generated
data. Enterprises are convinced that one of their key success factor is to consider
available data searching for patterns and predicting the future in order to gain
more insights about their business, to optimize processes and to save costs.
Hence, predictive analytics has never been considered more important than it is
now. Hadoop as a popular open-source framework was introduced to store and
process extremely large data sets. The paper shows various ways of carrying out
predictive analytics based on a Hadoop ecosystem. We investigated different
solutions of both commercial vendors and open-source communities interop-
erating with Hadoop. Each scenario is described by its technical implementation,
features and restrictions. A comparison sums up the most important issues to get
a deeper insight in order to optimize Predictive Analytics Solutions based on
Hadoop.

Keywords: Hadoop - Predictive analytics solutions + Big data - Spark - IBM
SPSS Modeler + RapidMiner - Radoop

1 Introduction

The amount of data being collected and analyzed has been increased rapidly in the past
few years. This fact caused an enormous interest in large-scale data storage and data
processing. One of the initial successful approach to meet these challenges is
MapReduce which was introduced in 2004 by Google [1]. MapReduce is a framework
for processing parallelizable problems across huge datasets using a large number of
computers (nodes), collectively referred to as a cluster. Each fragment may be executed
on any node in a distributed cluster and finally the results are aggregated.

The idea of MapReduce was implemented in Hadoop [2] as an open-source
framework with its underlying structure HDFS (Hadoop Distributed File System)
which has become the standard for data processing of large-scale data [3, 4]. HDFS is
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highly fault-tolerant and is designed to be deployed on low-cost hardware. Hadoop can
be considered as a trigger that led to lot of developments in the big data community
which kicked off an ecosystem of parallel data analysis tool for large clusters [5, 6].
MapReduce and its variants have been successfully applied in large-scale
data-intensive applications on commodity clusters. However, these techniques were
not suitable for all popular applications due to the fact that they are optimized for
one-pass batch processing which make them slow for interactive data exploration.
Furthermore, it was impossible for more complex, multi-pass algorithms, such as the
algorithms that are common in machine learning [7]. Therefore, Apache Spark
framework was proposed in 2012 by researchers at the University of Berkley [8] which
overcomes these problems while allowing programmers to perform in-memory com-
putation on large clusters. Spark as a fast and open-source engine for large-scale data
processing can be considered as the next generation data processing alternative to
MapReduce in the big data community [6, 9]. Furthermore Spark can outperform
Hadoop up to 40 x faster than MapReduce applications, which translates directly into
faster applications [10].

Based on highly successful introduced frameworks for storage of large-scale data sets,
exploring and analyzing of the data is becoming more important. Thus, predictive ana-
lytics algorithms gain more and more attention in order to get insights from the large-scale
data sets. Initially open-source solutions like Apache Spark were also used for analytics
purposes in Hadoop by its machine learning library MLIib [11, 12]. The machine learning
library of Spark as an open-source solution can be applied directly on data sets which are
stored in a distributed file system like HDFS. However, it has the characteristic that it is
based on scripting and coding. Hence, it is difficult to use for people with a
non-programming background. Hand-coded implementation analytics can be laborious,
time consuming and error-prone. Further enterprise solutions based on graphical interface
can be considered as further suitable approaches which are successfully established in the
analytics world. Among these, the IBM SPSS application “Modeler” and the RapidMiner
application “Radoop” as leaders are investigated. Both software applications provide the
possibility to build analytic models in a non-programming environment based on the data
sets stored inside a Hadoop cluster [12, 13].

The paper is structured as follows: In Sect. 2, all three solutions considered in this
work are described by their architecture and the process of applying analytics on
Hadoop. In Sect. 3, the results based on our practical experiences with real-world data
sets are summarized.

2 Distributed Analytics with Hadoop

Hadoop, as generally known, is the most suitable open-source software framework for
storing and running applications on clusters of commodity hardware used by companies
such as Google, Yahoo and Facebook. It provides as a massive storage for any kind of
data, an enormous processing power and the ability to handle virtually concurrent jobs.
Nevertheless, in order to explore the data sets on Hadoop and get accurate insights from
them, there are various tools available which can be either connected to or integrated in
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the Hadoop ecosystem. Among others Apache Spark (with extensions to Python),
IBM SPSS Modeler and RapidMiner Radoop are considered and evaluated in this paper,
which are described in more details below.

2.1 Analytics on Hadoop Using Apache Spark

Apache Spark is the most applied open-source engine for large-scale data processing
and analyzing from Apache Hadoop project. Spark provides a simple and expressive
programming model that supports a wide range of applications, including ETL, machine
learning, stream processing, and graph computation [10]. The idea distinguishing Spark
is its in-memory computation, allowing data to be cached in memory across iterations.
Spark overcomes MapReduce by providing a new storage called Resilient Distributed
Datasets (RDD) [7]. RDDs let users store data in memory across queries and provides
seamless support by two types of applications: iterative algorithms which are common
in machine learning (e.g. kernel support vector machines [13]), and interactive data
mining tools that are hard to express using acyclic data flow model pioneered by
MapReduce. RDDs are collections of elements partitioned across several nodes in a
cluster [14—17]. Initially, it lacked a suite of robust and scalable learning algorithms until
the creation of MLIib. Development of MLIlib as part of the MLbase project [11] was
introduced as an open-source program in 2013. Spark MLIib provides a wide range of
data preprocessing, data modeling and evaluation steps on distributed data.

Architecture

The Spark engine can be integrated within the Hadoop ecosystem and consists of
following four components (Fig. 1): Spark SQL as a package for working with
structured data, Spark Streaming component that enables processing of live streams of
data, GraphX as a library for manipulating graphs, and last but not least the Spark
MLIib for machine learning approaches which is considered in this paper in more
details [15]. In order to be able to manage all tasks in the Hadoop ecosystem and be
efficient while maximizing the flexibility, Hadoop YARN as cluster manager is
introduced.

Data Access

Apache Spark is written in Scala Programming language [18] and it runs either directly
on Hadoop ecosystem or in a standalone mode. Furthermore it can read flat files and
access to diverse data sources including following databases [15]:

— Distributed file systems such as HDFS, Cassandra and S3 (Amazon Simple Storage
System)

— NoSQL database such as HBase

— Relational database management system such as MySQL

Additional API

The Spark machine learning library MLIib is scalable and interoperates with further
programming languages. It provides a high level API to Scala, Java, Python and R.
Hence, it eases the use for users which are familiar with other languages to write Spark
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Fig. 1. Higher level architecture of Hadoop ecosystem including Spark (own source)

operations in other languages. It also offers the opportunity to access to further well-used
machine learning libraries such as Numpy, Scikit-learn from Python or from R. It should
be noted that in case of interoperating of Spark with further programming languages, a
distributed execution is not possible.

Deployment

Due to the fact that Spark is integrated in Hadoop ecosystem, it enables to save all data
preparation and predictive analytics steps in a Spark format which is able to be
streamed and applied real time to Hadoop data sets. Furthermore, the MLIib supports
partially model exports to the Predictive Model Markup Language (PMML), which is
an XML-based interchange format to exchange models between different platform and
tools [19].

Summarizing

Apache Spark is an open-source and widely-used programming model. It is integrated
within the Hadoop ecosystem and it enables streaming Spark jobs in order to perform a
real time execution. Furthermore, the Apache Spark community makes possible to
remain constantly up-to-date regarding the analytics algorithms. Spark can also enable a
distributed execution regardless of Hadoop by installing on another distributed system.

2.2 Analytics on Hadoop Using IBM SPSS Modeler and Analytic Server

IBM SPSS Modeler is a strong predictive analytics platform and one of two leaders in
predictive analytics space according to a recent report from Gartner [20]. It provides a
range of predictive algorithms based on a user-friendly graphical interface to support all
major phases of the predictive analytics process. It has a large user base that continues
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Fig. 2. Interoperating IBM SPSS and Hadoop — high level architecture (own source)

to keep up with innovation required by the market for example, integrating open-source
R, Python and now Spark, to maintain high flexibility while making coding optional.

Architecture

As depicted in Fig. 2, in order to interact with data sets stored in Hadoop following
three IBM components are required: IBM SPSS Modeler Client, IBM SPSS Modeler
Server and IBM Analytic Server which should be initially installed as a part of the
Hadoop platform and enables analysts to apply predictive analytics operations in SPSS
Modeler to data stored in Hadoop. The process of performing predictive analytics jobs
on Hadoop from the IBM SPSS Modeler is as follow (IBM):

1. The user develops a predictive analytics routine (called stream) on IBM SPSS
Modeler Client which will be transferred into IBM SPSS Modeler Server.

2. The IBM SPSS Modeler Server receives the generated stream and translates the
Stream into an IBM specific script language called Analytic Server Language
(ASL) and sends it to the IBM Analytic Server which is installed on Hadoop
ecosystem.

3. The IBM Analytic Server determines if the analysis should be distributed with Spark
over the cluster or if it should run on the local Analytic Server JVM (Java Virtual
Machine). This depends on the amount of data used for the analysis. Default settings
are 128 Megabyte. Everything greater is translated into Spark Jobs and distributed
over the Cluster. If spark is not available the analytic Server translates the Job into
MapReduce Programs, which gets as well distributed over the cluster [21].
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Data Access
Due to the fact that the IBM Analytic Server is installed directly on Hadoop, it enables
to access to the same data sources like Spark:

— Distributed file systems such as HDFS, Cassandra and S3 (Amazon Simple Storage
System)

— NoSQL database such as HBase

— Relational database management system such as MySQL

Additional API

IBM SPSS Modeler Client provides the option to expand the functionalities by adding
algorithms which are user-written based on further programming languages. It is
possible to use libraries and packages from Python and R. Furthermore, regarding to
additional Hadoop services it can interoperate with Spark and use the full potential of
Spark based on Analytic Server.

Deployment

All generated predictive analytics models can be stored either on the local machine or
be exported with the PMML schema to other analytic tools. Furthermore, all generated
predictive analytics operations in SPSS Modeler can be applied to data stored in
Hadoop. Hence, IBM Analytic Server supports in-Hadoop execution of the majority of
data preparation and modeling operations.

Summarizing

Providing a wide range of operations to support all major steps of predictive analytics
process is an important strength of the architecture based on IBM SPSS. It can be
applied on data stored in Hadoop without deep knowledge of Hadoop or Spark pro-
gramming due to the graphical interface of IBM SPSS Modeler. It can access to various
data bases and the major of generated operations can be applied in-Hadoop. A special
feature of this architecture is that all RapidMiner operations are translated into Spark
jobs first and are built on top of the MLIib in Spark. IBM SPSS Modeler is not free to
use and in order to run this scenario it requires a further server for installing the
IBM SPSS Server. During our practical analysis we noticed that some algorithms
which are implemented are not fully distributed over the cluster, they partially run local
on the Analytic Server, this may cause by the optimization engine of the Analytic
Server itself.

2.3 Analytics on Hadoop Using RapidMiner Radoop

RapidMiner Radoop is a code-free analytics solution for Hadoop which has no separate
service on Hadoop. RapidMiner Radoop is a fully graphical tool supporting the whole
range of data analytics from ETL and ad-hoc reporting to predictive analytics [22].

Architecture

As it is depicted, RapidMiner Radoop does not require any installation on Hadoop. It
offers two possibilities for analyzing and visualizing large-scale data sets stored in
Hadoop:
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1. RapidMiner client with Radoop as a client application that simplifies creating,
maintaining and running analytics jobs over Hadoop directly.

2. RapidMiner server with Radoop as collaboration, scheduling, web reporting and
web service integration to make it easier deploying big data analytics processes into
an existing enterprise environment. It is a great choice for companies with a large
Hadoop cluster and many users who wish to analyze and visualize big data.

In order to access the data on Hadoop, all operations developed on RapidMiner are
translated into Spark or Hive jobs and transmitted to the Hadoop ecosystem. Hive is
structuring the data for further analysis. It uses concepts like tables or columns to
present the data. It translates SQL familiar Queries into MapReduce and HDFS tasks
[23] (Fig. 3).
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Fig. 3. Interoperating RadipMiner and Hadoop — high level architecture (own source)

Data Access

As RapidMiner Radoop runs all data preprocessing steps in Hive, data must be con-
verted in Hive to use it with RapidMiner Radoop. It is possible to convert CSV-Files
directly into Hive Tables and to access different Data sources which are listed below:

— Distributed file systems such as HDFS, Cassandra and Amazon Simple Storage (S3)
— Relational database management system such as MySQL



164 R. Norousi et al.

Additional API
It is possible to expand the RapidMiner functionalities by adding user-written opera-
tions based on further programming languages like Python or R.

Regarding to additional Hadoop services, it can interoperate with Spark and use the
full potential of Spark based on Analytic Server. It can also interact with Hive and Pig.

Deployment

Predictive analytics operations which are built with a Spark script can be saved within
spark itself. Furthermore, it is possible to use the generated models either outside of
Hadoop with RapidMiner itself on local machine or on other analytic tools based on
PMML-export. It supports in-Hadoop execution the essential of data preparation and
modeling operations.

Summarizing

The architecture based on RapidMiner has also the advantage that it provides a wide
range of operations to support all steps of a predictive analytics process. It can be
applied on data stored in Hadoop without deep knowledge of Hadoop or Spark pro-
gramming due to the graphical interface of RapidMiner. Furthermore, it can access
various data bases and the major of general data analysis operations can be applied
in-Hadoop.

A special feature of this architecture is the fact that all RapidMiner operations are
translated into Spark jobs first and are built on top of the MLIib in Spark. It can
interoperate additionally with further Hadoop services like Hive and Pig. The native
RapidMiner is a free of use software. The version including Radoop in order to connect
a Predictive Analytic application with Hadoop is covered by licence fees. Furthermore,
this scenario can run without an additional server component for RapidMiner Server.

3 Results of Applying Analytics on Hadoop

Following approaches were considered based on a large real-world data set:

— Spark as an open-source cluster computing framework from Apache. It performs
in-memory computation on large data sets comprising MLIib (Machine Learning
library).

— IBM as a leader vendor with a high visibility in the advanced analytics space
providing its strong product IBM SPSS Modeler with a graphical user interface and
a wide range of analytics functionalities.

— RapidMiner as a further leader of analytics vendor. It provides a basic and com-
munity editions which is free and open-source and a commercial professional
edition Radoop that has the ability to work with Hadoop.

According to our practical implementation and test based on three mentioned scenarios,
findings are summarized in this section. The table below shows different aspects of the
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Table 1. Solutions for data analytics on Hadoop

Criterion Spark IBM SPSS Modeler RapidMiner Radoop
& Analytic Server
Data Access Structured (CSV) Structured (CSV) Structured (CSV)
Unstructured Unstructured RDBMS
NoSQL NoSQL Hive
RDBMS RDBMS
Hive Hive
Additional Hadoop | Hive Spark written in Spark written in
services interaction Python Python or R
Hive
Pig
Deployment In-Hadoop In-Hadoop In-Hadoop
execution, export execution, export execution, export
with PMML with PMML with PMML
Open-source Yes No No
Independent of Yes No No
Hadoop
Community Yes No No
support
Hand Coded/GUI Hand Coded GUI/Hand Coded GUI/Hand Coded
Data export PMML Data Export PMML Data Export PMML Data Export
to local or HDFS to local or HDFS to local or HDFS

solutions compared to each other. The main parts are highlighted. It should help to gain
more knowledge about the different solutions for data analytics on Hadoop (Table 1).

Furthermore, available predictive analytics algorithms in each scenario can be
evaluated (Table 2).

Each predictive analytics solution interoperating with Hadoop has its strengths and
weaknesses. The choice of the appropriate solution depends on each specific appli-
cation. It should be determined on how many data sources should be read, how
complex the data preparation steps are, which predictive analytics algorithms should be
applied and finally the generated models be deployed and integrated in-Hadoop or on
other databases.

To sum up, based on five selected criteria a recommendation can be made
according to the three solutions as shown in Table 3. The selected criteria can be
considered as main steps of a data mining process. Based on a real data set, we tested
the performance and number of available operations of all three analytics solutions
according to these criteria. All three scenarios are assessed based on defined facts to
make recommendations from our tests.
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Table 2. Predictive analytics algorithms in each scenario

Methods Algorithms Spark | SPSS RapidMiner
Analytic Radoop
Server

Classification | Decision Tree based on X X X
Gini-Impurity
Decision Tree based on Entropy | X X X
Decision Tree based on X
Chi-square independence
SVM (Linear) X X X
Naive Bayes X X
KNN
Neural Network X X

Regression Linear Regression X X X
Logistic Regression X X X

Clustering K-Means X X
TwoStep X

Association FP-Gwoth X

Rules Association Rules X X
Apriori

Others PCA X X
Time Series Analysis X

Ensemble Random Forest X X X

Table 3. Recommendation based on five selected criteria

Criterion Recommendation Facts

Data Access | Spark, IBM SPSS Accessing to five different data sources

Data RapidMiner, IBM Number of available operations

Preparation SPSS

Modeling All three solution Number of available algorithms

Evaluation IBM SPSS Modeler, Number of available statistics for error
RapidMiner measurements

Deployment | Spark Additionally to in-Hadoop execution, it provides

streaming of generated models

4 Conclusion

The number of unexpended data is growing at a breathtaking pace year by year.
Scientists as well as managers have to deal with an exponential growing number of data
in the next years [24]. In order to provide a remedy, there are different solutions in the
market place both commercial and open-source. This paper compared three different
and widely used Predictive Analytics Solutions on Hadoop based on a large real-world
data set: Spark, IBM and RapidMiner. First, we investigated each solution by itself
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describing its technical implementation, features and restrictions. Afterwards, we
considered Predictive Analytics Algorithms in different scenarios and compared all
three solutions with each other in terms of data access, data preparation, modeling,
evaluation and deployment. As a result, the choice of an appropriate Predictive Ana-
lytics Solution mainly depends on its specific application, the volume of data that
should be read and the complexity of the data preparation. For firms with less complex
data structures, classical data management concepts (i.e. on-premises data warehouse
solutions) within the company might be sufficient.

The results contribute to the current research. Using Predictive Analytics Algo-
rithms helps to understand how these solutions work within different scenarios.
A comparison shows the strengths and weaknesses of each Predictive Analytics
solution to reveal potential opportunities and risks when operating with Big Data [24].

Beyond, there are also managerial implications regarding Predictive Analytics
Solutions. Managers can use our study as a recommendation when and which Pre-
dictive Analytics Solution is to use. An appropriate usage with the most convenient
Predictive Analytics Solution might help to better understand the mass of data. Thus,
analyzed data about customers might be useful to get essential insights about customer
needs which in consequence lead to higher customer satisfactions and higher profits.

There are also some limitations regarding our examination. First, there are different
aspects that were not taken into consideration like company size, different usage in
different industries as well as different technical know-how within a company and/or
possible missing IT infrastructures. Especially the last aspect is an important issue for
managing Big Data in “the age of cloud computing” [5, 6], which is connected with the
choice between Cloud- or On-Premises-Hadoop-Technologies. Second, we only con-
sidered three different Predictive Analytics Solutions. In fact, there are many more
services available to analyze Big Data. Some of these services are based on new
concepts. So called Data Lakes are integrating classical Data Warehouses and
Hadoop-Clusters. Examples are HDInsight, a Microsoft Hadoop-Platform, based on
Hortonworks Data Platform (HDP) or Analytics Platform System (APS).

Hence, future research should focus on investigation of various Predictive Ana-
Iytics Solutions within firms depending on different industries, levels of know-how and
IT infrastructures to gain deeper knowledge about an optimized use of data analytics.
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