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Preface

This volume contains the papers presented at CIIT 2015: the 12th International
Conference on Informatics and Information Technologies held on April 22-25,
2015 in Bitola, Macedonia. The conference was organized by the Faculty of
Computer Science and Engineering (FCSE), within the Ss. Cyril and Method-
ius University in Skopje, Republic of Macedonia, and the Computer Society of
Macedonia.

The CIIT conference has grown and continues to evolve. In the twelfth edi-
tion, the key conference mission remained to provide an opportunity for MSc and
PhD students to present their work to a wider research community, to discuss
their progress and methodology with fellow PhD colleagues – mature researchers,
as well as to gain external feedback to their work. Building on the success of the
past eleven conferences, this year conference attracted a large number of sub-
missions resulting in presentations of 79 short and full papers. The program also
included the following 4 satellite events: International Olympiad of Informatics
(IOI) workshop on Creating an International Informatics Curriculum for Pri-
mary and High School Education, MARnet Campus Best Practice Workshop,
Workshop on FCSE Cisco Academy – 10 Years of Active Participation, and
High-school student conference, in collaboration with the IOI initiative, MAR-
net, FCSE CISCO academy and the Macedonian academy of art and science,
respectively.

Five distinguished key note lecturers gave plenary sessions covering the dif-
ferent areas of the conference. Prof. Veljko Milutinovic from the University of
Belgrade gave a talk on Data Flow Super Computing, Dr. Danko Ilik from INRIA
gave a lecture about the advances in Proof Theory, Prof. Dr. Petraq Papajorgji
from the Canadian Institute of Technology presented a talk on modeling complex
information systems. Dr. Ali Hurson and Dr. Sahra Sedigh Sarvestani, both from
Missouri University of Science and Technology, gave talks on ”Energy-Efficient
Algorithms for Data Retrieval from Indexed Parallel Broadcast Channels” and
”Towards quantitative modeling of reliability for sustainable critical infrastruc-
ture: challenges and advances”, respectively.

This year, the audience of the conference expanded beyond the boundaries
of South East Europe, confirming the need for doctoral students and young
researchers to come together and share their ideas. For the first time since the
very beginning of CIIT, we had participants from all over Europe, as well as
from the USA, Brazil, and Iran..

Traditionally, the conference also included the work of the best undergraduate
students, selected on the basis of their submitted projects, prepared during the
previous year. The IT company SEAVUS gave a generous support for the student
session by providing the transport and accommodation for the students. IEEE
Computer Chapter Macedonian Section supported the student session, with the
organization of a best paper competition, providing awards to the first 3 selected
papers.

All in all, this year the CIIT conference has outgrown the role of being an
excellent opportunity for students to present innovative ideas and practice their
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presentation and communication skills in front of a broad audience, to a more
premier role, i.e. to bring researchers together for establishing collaborative links
between disciplines, for testing the ground for innovative ideas and for engaging
the wider academic community.

November 2, 2015
Skopje

Mile Jovanov
Biljana Risteska Stojkoska

Alexandru I. Nicolin
Marcin Paprzycki
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Fig. 4 The density profile of a cigar-shaped Bose-Einstein condensate after the 
onset of a density wave. (Reproduced after Ref. [14].) 
 

IV. CONCLUSIONS 

 
We have reviewed a series of results on the effective equations 
typically used to describe the 0 K dynamics of Bose-Einstein 
condensates to separate between the properties of the two 
classes of equations: those with polynomial nonlinearities and 
those with non-polynomial nonlinearities. Most of the existing 
investigations have relied on NPSEs but the simplicity of the 
polynomial equations suggests that they will become quite 
popular in the future.  
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Abstract— Differential equations are fundamental concepts in 

physics and as such they are central subjects in optimizing and 

parallelizing high-performance scientific simulations. With the 

rapid changing of hardware and software environments it is 
challenging to keep the performance and hardware utilization of 

simulations at maximum without investing disproportional work 

in developing the necessary simulation codes. We are 

investigating the possibility of generating differential equation 
solver codes right from the mathematical definitions of the 

equations. Such generated codes can take advantage of the 

massive parallelism of GPUs with minimal input from the user 

while retaining as much performance as possible w.r.t 
handcrafted and optimized codes. We report initial results on the 

implementation of our proposed differential equation system 

solver based on the expression of code generation and higher 

order abstraction via Embedded Domain Specific Languages. 

Keywords— differential equation solvers, strong field pair 

production, GPUs, EDSLs, dynamic code generation 

I.  INTRODUCTION 

One of the main challenges of programmers in the XXI 
century is to properly utilize the ever widening spectrum of 
computing hardware while keeping the development time at 
minimum. Available hardware based on traditional CPUs 
ranges from supercomputers through grids and clusters down to 
PCs. However an increasing proportion of high-performance 
computing is done via graphical processors (GPUs) because of 
their relative cheapness and advantage in certain use cases. The 
newest change on the market is the proliferation of embedded, 
portable ARM based devices that are usually cheap but provide 
surprising computing capacity. While these devices are not 
expected to drive out CPUs and GPUs from traditional 
scientific simulations but they are expected to infiltrate into 
experimental devices and data acquisition systems and may 
finally manifest to the developers when the prediction and 
measurement codes should be interfaced together.  

 

To access the power of GPUs, or parallelism in general, one 
has to choose an Application Programming Interface (API, 
such as CUDA or OpenCL) or a library built upon these APIs. 
The various constraints and compromises of these tools 
drastically contribute to the already high development time and 
cost of parallel and efficient simulations. High-Performance 
Computing (HPC) experts and programming language theorists 
already aware of these issues and propose to use code-
generation [1] to give high-level access, for example in the 
form of Domain Specific Languages (DSLs) to end-users while 
maintaining performance. An active area of research is what 
parts of the simulation problem should be formulated at a 
higher-level via DSLs and what parts of the codes should be 
generated in which target language. We bring some recent 
directions from the literature. DSLs are used in [2] to specify 
stencils of operations that appear in the discretization of Partial 
Differential Equations (PDEs) and image processing and use 
code generation to target GPUs from C++ / OpenCL. Python is 
used to generate C code from text templates or syntax trees at 
run-time to target CUDA and OpenCL in [3]. Expressing codes 
or parts of it in DSLs is still not user-friendly enough. 
Researchers would like to give mathematical models of 
computations or simulations as an input. Such a formulation is 
investigated in [4] for PDEs arising in physics. There, 
equations are expressed in a separate text based language and 
then code-generation is used to target GPUs via C++ and 
CUDA. Very similar is the direction of the FENICS project 
that uses the Unified Form Language to formulate PDEs and 
Finite Element Method (FEM) solvers [5]. A similar but even 
greater project is Cactus/Kranc that uses Mathematica to 
generate C/Fortran or intermediate cactus files that combined 
with the Cactus framework’s mathematical DSL can utilize 
GPU parallelism and use code generation for FEM solution of 
PDEs [6, 7]. Code-generation and automatic tuning is 
investigated in [8] in the Haskell language. 

Ordinary Differential Equations are massively encountered 
in biophysics and neuroscience. Grouping and parallel solution 
of ODEs is investigated in [9] via code-generation in CUDA. 

This work was supported by the Hungarian OTKA 

grants No.: 106119 and No.: 104260 
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Declarative / markup specification of explicit solvers is utilized 
in [10] for the same purpose. Finally the Brian project 
generates parallel codes based from equational models 
embedded in Python [11]. 

It is easy to see the advantages of mathematical formulation 
for end-users. Separate languages for mathematical 
formulations have the disadvantage that a complete (possibly 
new) compiler is necessary for processing and it is harder to 
programmatically modify them. Formulating them in a plain 
text as in [4] is error prone and using an untyped language like 
Python is only marginally better [11]. 

The solvers used in the literature are usually pre-
implemented [9] and hand tuned for specific cases or 
parametrized and automatically generated for a chosen 
numerical scheme [6, 7, 10]. Modifying certain parts of the 
solvers to meet specific use cases without losing the 
advantages provided by the automation is difficult. Also, when 
a new API / language becomes available these specialized 
solutions has to be ported to the new platform. 

To avoid mixing unnecessarily many languages, and providing 
a type checked environment for formulation, manipulation and 
programming we propose a code-generation scheme via two 
embedded domain specific languages (EDSLs) in C++, one for 
the mathematical formulation and one for the solver program 
formulation, that makes higher-order / functional abstractions 
available in form independent of the target language.  We 
argue that using such a strongly typed language as a host the 
type system and the compiler can be utilized to catch errors 
early, reject invalid constructs and decrease debugging times 
while making code reuse and generic (meta-)programming 
possible. The language independent formulation makes porting 
to new targets easier. 

In this paper we describe the outline of our framework 
under development and discuss some of its internal details. The 
second section shows some typical use cases that we aim to 
solve. The third section discusses our internal representation 
via abstract syntax trees and shows how to build a complete 
pipeline from the mathematical representation and solver 
templates to the final source codes. The fourth section 
discusses some current results, further developments and 
applications. 

II. USE CASES AND DESIGN CONSIDERATIONS 

The authors’ physics research is motivated by strong field 
physics where the quantum process of pair production is 
investigated in different physical theories. In the simplest case 
one can imagine extremely strong counter propagating laser 
fields which, when collide, create electron-positron pairs from 
vacuum as predicted by the theory of Quantum 
ElectroDynamics (QED). One mathematical formulation of the 
physical process is known as the Dirac-Heisenberg-Wigner 
(DHW) formalism that leads to a complicated partial 
differential equation system in 7 dimensions (time+3 spatial+3 
momentum) and 16 variables [12-13]. Furthermore there is an 
analogue process in the strong interaction modelled by 
Quantum Chromodynamics (QCD) where quark-antiquark 
pairs are produced after energetic heavy-ion collisions (for 
example at the Large Hadron Collider at CERN). The same 

DHW construction leads to a similar, but even more 
complicated equation system in QCD [14-16]. The common 
point of these simulations is that one may want to investigate a 
wide range of different field configurations (models of the laser 
field, or the details of colliding nuclei) which require only a 
small, but functional/vectorial change in the program codes. 
One needs different derivatives of the input field function and, 
based on its vectorial direction, some components of the 
equations may become trivially zero matrices. Making these 
modifications and simplifications by hand each time is 
cumbersome and error prone. 

Discussions with physicists in high energy physics, general 
relativity, solid state physics, environmental sciences, chaotic 
dynamics etc., lead to the insight that many other physically 
relevant problems lead to a similar situation where a simulation 
should be parametrized over functional dependencies or 
vector/algebraic quantities whose change affects the program 
code in far reaching but potentially automatable ways. Thus 
together with the Wigner GPU Lab we started to investigate the 
generic way to solve these problems with the additional design 
goal of making use of parallelism provided by GPUs. 

By making use of the many use cases brought together by 
researchers in different areas the following key points were 
noticed: 

1. The fundamental equations should be used as the input 
from the user, as this information has far reaching 
consequences on the numerical schemes but is hard to 
reconstruct from any other derived representation, 

2. The equations should be expressed in a type checked 
language to avoid malformed inputs at the very first 
stage, but should be comprehensible to the end user, 

3. The numerical solvers should be developed separately 
in a fully generic way so that they can be efficiently 
coded, and they can be specialized when all the 
necessary information becomes available, 

4. To minimize errors as much information should be 
extracted from the equations as possible and must be 
used to decide with minimal user input which parts 
should be calculated on the CPU and on GPU. 

Points 1 and 2 need some kind of language support. As we 
do not want to develop yet another language we chose to build 
an embedded domain specific language for mathematical 
expressions. 

For points 3 and 4 there are two possible solutions: 

A. Target an existing language that supports enough 
generic programming features such that the solver 
templates can be efficiently expressed and at the same 
time can be interfaced with existing parallel APIs, or 

B. Create a language independent, fully controllable 
intermediate representation of the numeric solvers that 
can be exported to a less expressive target language. 

Both methods have advantages and disadvantages. The first 
method requires less effort as the language’s compiler can take 
over large amount of work from the programmer both in 
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coding and design time (the language features are already well 
designed and available). However the programmer is tied to a 
certain language and is limited by expressiveness and the 
internal constraints of the compiler. The second method 
requires more effort to create, but the implementer is 
completely free to add new expression constructs and 
manipulations and is in complete control of the 
implementation. Also the (programming) language 
independence makes it easier to port to many different target 
languages. 

In this paper we outline the method B and discuss some 
details of the implementation of a language independent 
program representation and manipulation in C++, with the 
GPU part written in OpenCL. We chose C++ because it has a 
good low-level performance and API support, while at the 
same time (especially since the C++11 and C++14 updates) it 
has a sufficiently expressive and high-level type system. With 
this choice we can cover all points in one language. Other 
languages lack some desirable properties (C/Fortran is not 
expressive enough, rust is in beta stage and is less covered by 
APIs, Haskell is too unusual to end users) while a mixture of a 
high- and a low-level language (e.g.: C/C++ and Haskell) 
would raise interfacing issues. The choice of OpenCL is based 
on its portability and its independent run-time compilation so it 
can be better integrated into our workflow, as will be seen later. 

III. ABSTRACT SYNTAX TREES 

As the mathematical representation of the equations and the 
specialization of the numerical solver program codes have to 
share information it is desirable to bring them as close as 
possible. The observation that both mathematical expressions 
and programming constructs can be represented by trees is 
widely known in the programming language theory and 
compiler designer communities. Compilers generate so-called 
syntax trees from the parsed source code that is a natural 
representation of the language, hence the name abstract syntax 
trees (AST). Since we don’t want to write parsers and force the 
users to learn a new syntax we chose to embed the 
mathematical expression as a domain specific language with 
expression templates. The so-called Curiously Recurring 
Template pattern [17] is a very similar method that is used to 
build template trees to represent expressions. This would be the 
way if we chose to implement all the AST building and 
manipulation at template level, but, as discussed in section II, it 
would bring too much constraint into the model. The other way 
is that we build an expression tree in the memory (i.e. at run-
time) and we use the template level only to ensure the syntactic 
validity of the expressions combined from the built in 
primitives. These primitives are the following: identifiers, 
declarations, definitions, lambda expressions, structs, statement 
blocks, and expressions combinators. This way the building 
blocks are simple, but they stop compilation if the user tries to 
call simple variables, mix declarations and statements etc. This 
is the basic syntactic check of the EDSL. 

When the expressions are evaluated at runtime, we have a 
tree of all the mathematical expressions that the user gave as an 
input. At this point we can make algebraic manipulations, 
symbolic differentiation, series expansions etc. We especially 
focus on pseudo spectral collocation methods [18] in the form: 

 f(x)≈∑ aiix     

Using symbolic derivation rules we can express all the 
derivatives of the functions as derivatives of the basis functions 

i and discretize over the proper collocation set {xj} to arrive 
at dense matrix constructs. It is also possible to generate the 
finite difference stencils for a given order from the symbolic 
expressions. After these steps the equations are ready to be 
merged with the solver templates. 

As mentioned earlier, the solver templates are coded 
separately in an intermediate representation (see II./B), but they 
use the same AST based representation to ease expression 
manipulation and merging with the equations. At this point the 
solver codes are represented in a C-like EDSL. But to provide 
the generic formulation discussed in section II. there are two 
notable extensions: higher order functions and parallel 
functions. 

Higher order functions are functions that return or take as 
an argument other functions. They are native citizens in more 
advanced functional programming languages as they make 
abstraction and generic programming extremely easy and 
comprehensible. Unfortunately in C like languages functions 
are not first class citizens and their manipulation and passing 
around is much more intricate. If one wants to functionally 
parametrize another function in the most efficient way, in C the 
best result is by passing function pointers, in C++ one can play 
with templates and lambda functions (or use std::function 
which is even slower). Furthermore when one considers GPU 
programming these techniques are not available, since there is 
no portable language that supports function pointers, and 
lambda like abstractions are very limited, so at the end only 
traditionally declared functions can be used. To work around 
this problem while providing higher order abstractions to the 
solver language, the ASTs are processed such that functional 
arguments are inlined (defunctionalisation) and new function 
declarations and definitions are generated automatically. This 
is transparent to the solver developer. 

Parallel functions provide the basic, potentially parallel 
evaluable building block as known from libraries and APIs in 
GPU programming and other libraries. These functions depend 
on a special argument that describes the layout (extents) of the 
threads that can be executed theoretically in parallel. In our 
representation these functions have a special declaration and 
they need a special first argument: a domain object that at this 
point represents a 1D integral range. This domain object can be 
used as an index in the function body. When the parallel 
function is processed in the AST, the body is meant to be an 
OpenCL kernel, and all the appearances of the domain object 
in the body are replaced by the actual index variable of the 
thread, so in OpenCL these domain variables will translate to 
get_global_id function calls. 

Of course the main point is that parallel functions can be 
higher order functions. Good examples are the parallel 
numerical integrators, where the function or r.h.s. of a 
differential equation is a functional input that comes from the 
user. 
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Fig. 1. Listing of a complete C++ function from our first project to express 

the Fokker-Planck equation and parametrize the numerical scheme. The 

syntax is expected to be even simpler in further revisions. The output is shown 

on Fig 2. 

When the mathematical AST is merged with the solver 
templates the final code tree emerges and the above detailed 
defunctionalisation and parallelisation transformations are 
applied. Finally the AST is traversed and the target source code 
is emitted. In our case this means the host side C++ and the 
client side OpenCL kernel code. 

IV. CURRENT STATUS AND PRELIMINARY RESULTS 

The framework detailed above is still in development and 
as a proof-of-concept investigated in two pilot projects: 

The first project focuses on the mathematic / symbolic part, 
and the resulting expression trees are used to feed hand coded 
numerical solvers. Within this project simple ordinary and 
partial differential equations were tested successfully up to 3 
components and 1 and 1+1 dimensions, respectively. The 
tested equations include: simple harmonic oscillator, Fokker-
Planck equation, wave equation and different quantum Vlasov 
equations. These equations can be formulated symbolically in 
the mathematical EDSL in 30-40 lines including symbolic 
initial conditions and sampling of the result function to a text 
file. A complete user program showing the solution of the 
Fokker-Planck equation is shown on Fig. 1. and the output is 
shown on Fig. 2. 

The second project investigates the solver template 
representation and code-generation part. The higher order and  

Fig. 2. Output of the program shown on Fig. 1. 

parallel functionalities are already operational and have been 
used to implement numerical integrators (quadratures) and 
finite differential time steppers for ordinary differential 
equations. The EDSL used to express these solvers results 
approximately in the same line-of-code amount as a native 
version and the syntax is constantly being improved to provide 
an easy to comprehend meta-code. In the current 
implementation once the code in EDSL is expressed it is 
forwarded for AST manipulation, code-generation and 
compilation. The result is a dynamic library that is loaded back 
into the program, and an interface is given back to the user in 
the form of a functor object. This object can be called with 
buffers given by the user and these are bound to the very same 
symbolic variables that were used in expressing the EDSL 
code. In the current state of the project there is an 8th order 
adaptive Runge-Kutta solver [19] implemented that can be 
rapidly specialized to evolve ordinary differential equations 
simultaneously from a large set of initial values and thus can be 
used to perform GPU accelerated parameter scans. At this 
moment we can achieve a 30x speedup w.r.t the one thread 
CPU solution. Such scans are especially useful in pair 
production studies where numerical integration over the phase 
space initial values is necessary besides the time evolved 
solution for each parameter to obtain the total number of pairs, 
but also exploring fractal shapes, drawn out by an ensemble of 
trajectories, in the study of chaotic dynamical systems [20] can 
be accelerated easily. In fact our framework is already being 
utilized in a collaboration with Gábor Drótos (Eötvös 
University) to study chaotic saddles emerging in the restricted 
three body problem. 

The main directions of development at this point are the 
following: 

1. Improve the type checking features of the EDSLs in 
the mathematical part as well as the solver template 
part, while keeping the syntactic noise low, 

2. Improve the AST transformations to include cost 
estimation, automatic decision of parallelisation and 
reordering based on data dependencies, 

int main(){ 

  MathExpr t(L"t", 1, 1); 

  MathExpr x(L"x", 1, 1); 

  MathExpr f(L"f", 1, 1); 

  MathExpr D(L"D", 1, 1); 

  MathExpr v(L"v", 1, 1); 

  MathExpr t0(L"t0", 1, 1); 

  MathExpr pi(L"pi", 1, 1); 

 

  SymbolicDE DE; 

  DE.DimensionsSymbols() << t << x; 

  DE.UnknownSymbols() << f; 

  DE.Equations() <<  

  diff(t, f) – D*diff(x, diff(x, f)) + v*diff(x, f); 
  DE.Constants() <<  

  (t0, 0.0) << equate(D, 0.75) << equate(v, 1.2); 

 

  DE.BoundaryConditions() <<  

  f(t0, x) – exp(-sq(x+2.)/(4*D*t0))/sqrt(4*pi*D*t0); 
 

  DE.SpectralBases() << 

  SpectralExpansion(L"Chebyshev", 42, 1.0, 5.0) << 

  SpectralExpansion(L"RationalChebyshev",  

                  42, 0.0., 1.5); 

 

  DE.ProcessAsFullSpectral(); 

 

  arr<double> sample; sample << 4.0 << 0.0; 

  DE.SampleSolutionToFile2(L"result.txt", 

  1.0, 5.0, 0.25, 0, -12.0, 12.0, 0.3, 1, sample); 

} 
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3. Merge the two projects so that the full featured 
mathematical representation can be fed into the solver 
templates with minimal user intervention. 

V. SUMMARY 

In this article we reported on the development of a unified 
framework that makes the programming of high-performance 
parallel simulations easier for non-computing expert scientists 
to achieve. The primary goal is to bridge the gap between the 
fundamental mathematical models and the programming 
implementation. Tools like this framework are extremely 
needed to bring the most out of researchers in their respective 
fields without having them to delve into the complicated 
programming of parallel hardware. Our implementation 
targeted C++ because of its relatively generic type system and 
high-performance and OpenCL due to its portability. We 
discussed the implementation of two Embedded Domain 
Specific Languages to express the mathematical equations and 
relations of the scientific models and to represent numerical 
solvers in a natural way. While the development is not finished 
yet, preliminary applications of the framework show that the 
ideas can be applied in real life use cases and even at this stage 
it can significantly decrease development time for scientific 
end-users.  

While the ongoing developments in computing APIs make 
easier to program the parallel devices in more higher level 
languages, the gap between mathematics and implementation is 
still going to be a bottleneck of scientific development, which 
keeps our addressed goals relevant. 
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Abstract— Training of neural networks for large data sets is a 

computationally intensive and time consuming task. Different 

approaches are suggested in the literature to reduce the effort, 

whereby most of them use some kind of parallelization 

techniques. Nowadays, the computer systems are hybrid, which 

means that besides the multicore processor which is designed to 

run general programming tasks very well, they also contain 

graphical processing unit (GPU) which is becoming more 

powerful and more generalized. This allows, both - the multicore 

processor and the GPU to be applied to general purpose parallel 

computing tasks with great efficiency. The purpose of this paper 

is to explore the possibilities of achieving optimal performance of 

this hybrid system through workload balancing, when using 

Matlab. A case study of electricity load forecasting neural 

networks is used. As a result, in this paper, we present how 

certain parameters that the neural network training depends on, 

affect the optimal allocation of work, minimizing the execution 

time. Based on our findings, we propose further guidelines for 

efficient parallelization of the neural network training using 

Matlab on multicore processor and GPU architectures. 

Keywords—parallel processing, Matlab, neural networks, GPU, 

multicore processor. 

I.  INTRODUCTION  

Today, most computer systems are hybrid, which means 
that they are equipped with both multicore processors and 
GPUs that have high computational power. By using the 
hybrid computing approach the processing units are 
collaboratively combined in order to perform a particular task, 
while maximizing the utilization of the computational power. 
CPU cores and GPUs are quite different in terms of their 
architecture, level of parallelism and clock rates. Typically, 
there are fewer CPU cores with higher clock rates. GPU cores 
are usually slower and require data transfer between main 
memory and the video memory, but their number is higher.  

Proper allocation of work is very important if we want to 
achieve maximum utilization of the available processing units. 
For this purpose, given a certain task it is important to 
investigate whether and in what cases (different workload 
distribution) the different processing elements of a computer 
system will be used in the most efficient manner.  

The problem of speeding up  neural network (NN) 
simulations via parallelization is an important research topic 
that is being investigated. In [1] and [2] parallel 

implementation of a feed forward neural network using GPU 
is considered. The method for obtaining speedup using 
parallelization during the learning phase of a neural network is 
presented in [3]. Parallel implementation of a NN for financial 
forecasting applications is given in [4]. In [5] acceleration the 
NN processing for short term demand forecasting using GPU 
is presented. The hybrid approach with CPU and GPU 
computing is also reviewed in the literature. For example in 
[6] it is applied to topographic reconstruction, while in [7] 
irregular wavefront propagation algorithm is presented. 

In this paper, we aim to explore how the neural network 
training can be parallelized using workload distribution on a 
hybrid system. As a widely spread engineering software, we 
have used the possibilities for parallel processing offered by 
Matlab. Particularly, we have investigated the opportunities 
for taking full advantage of the processing power available on 
a computer system by using Matlab, without making major 
changes in the program code and without low-level 
programming. A neural network for hourly electricity load 
forecasting is analyzed as a case study. When analyzing neural 
networks, the question whether the GPU or the distribution of 
workload between the processing units can give better results 
than the multicore processor is complex and depends on many 
parameters. Therefore, our goal is to provide guidelines on 
how these parameters affect the optimal workload balance 
when using Matlab. 

The paper is organized as follows. The second section 
gives description of a neural networks as well as their 
possibilities for parallelization. In the third section the neural 
network parallelization on a hybrid system using MATLAB is 
described. In the last section the results and proper discussion 
is presented. 

II. NEURAL NETWORKS 

Artificial neural networks are widely used for load 
forecasting because they employ a process of learning, by 
which the relationship between the input and the output 
variables is defined. [8]. They are able to focus on the 
variables that have high influence on the output and to ignore 
the information that has little significance to the output [9].  
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A. Description of the Neural Network 

As an example case study for our investigation we use 
artificial neural networks as a tool for short-term (hour ahead) 
electricity load forecasting. The model is applied to the data 
for the Macedonian hourly electricity consumption [10-11]. 

The neural network used in this paper has multi-layer feed-
forward perceptron (MLP) structure, where the network is 
represented as a directed acyclic graph, whose structure has 
three layers - an input layer, one hidden layer and an output 
layer. The input layer gathers the model’s inputs 
vector x while the output layer yields the model’s output 
vector y [12]. The neurons in the hidden layer are activated by 
the tangent hyperbolic function. 

The non-linear mapping between the input x and the output 
y is given with the following equation:  
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where d represents the input variables, h represents the hidden 
layer neurons and the variable y is a single linear output. The 
parameters wj and wji represent the weights and biases that 
connect the layers [12]. 

The structure of the neural networks is presented on Fig. 1. 
As it is presented, there are eight input variables: hour of day, 
day of week, holiday flag, previous day's average load, load 
for the same hour of the previous day and the load for the 
same hour-day combination of the previous week, air 
temperature and cheap tariff variable. There is only one output 
variable representing the forecasted load in the given hour.  

 

Fig. 1. Multilayer neural network for load forecasting 

The main advantage of the artificial neural networks is the 
ability to learn. For the purpose of forecasting and prediction 
the supervised learning is used, where the cost function is a 
function of the difference between the forecasted and the 
actual data. During the training (learning) phase the goal is to 
adjust the weights in order to minimize the cost. The cost used 
is the mean-squared error, given as: 
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where yi is the actual data and ti is the forecasted data. 

In order to minimize the error, the weight and bias values 
are updated according to the conjugate gradient 

backpropagation with Powell-Beale restarts [13]. The weights 
are updated until a criteria is satisfied, i.e. the performance 
goal, maximum train time, maximum validation failures, or 
maximum number of epochs is reached. In order to have a 
comparable execution time, we have intentionally set the first 
three parameters such that the training phase is always 
completed when the maximum number of epochs is reached. 
Thus the neural network will always be trained with the given 
number of epochs. 

For the generalization (testing) phase [12] we used the 
most common metric in the electricity load forecasting: 
MAPE (mean absolute percent error) and MAE (mean 
absolute error).  

B. Possibilities for Neural Netwoks parallelization 

There are many parameters that influence the neural 
network training time. One example is the number of training 
samples. Training samples can be used as a good source for 
parallelism, since disjoint subset of training samples can be 
allocated to each parallel process.  

Another parameter that is very important while analyzing 
the parallelization of a neural network is the number of 
neurons. In our case study we have eight neurons in the input 
layer and one in the output layer. As there is no general rule 
that can be applied for the number of neurons in the hidden 
layer with which the best results will be achieved, this value is 
commonly variable and it depends on the certain problem that 
is being solved.  

The number of epochs is also a variable that plays an 
important role when exploring the speed up possibilities for 
the training phase because it defines the number of times data 
will be processed. However, the epochs are a limiting factor in 
parallelization, because each epoch depends on the previous 
one. Basically, at the end of each epoch the weights are 
calculated and used at the beginning of the next epoch.    

III. NEURAL NETWORK PARALLELIZATION ON A HYBRID 

SYSTEM USING MATLAB 

At the lowest system level the instruction set of a modern 
microprocessor contains fused instructions for multiplication 
and addition. This means that multiplication and addition in 
one neuron can be done at the same time [14]. There is also 
instruction level parallelism. On upper level, the processing 
effort may be distributed among different cores of a processor 
with multicore architecture. Multicore processors are 
characterized by a small number of complex cores. On the 
other hand, GPUs are composed of a vast number of simple 
cores. As part of the training phase, inputs of the neuron are 
multiplied by the appropriate weights and then summarized. 
This operation can be efficiently performed by GPUs because 
it is often used in graphical applications by the multiply-and-
add instruction [14].   

This means that both types of processing units (CPU cores 
and GPUs) offer a good opportunity for parallelization, so in 
this paper we investigate the optimal distribution of the 
workload among them.  
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A. Parallelization in MATLAB 

The problem which is being solved is implemented in 
MATLAB using the Parallel Computing Toolbox [15]. By 
using the Parallel Computing Toolbox applications can easily 
be parallelized at high-level because it provides several 
constructs like parallel for-loop, spmd (single program, 
multiple data) command for parallel data processing, message-
passing functions and special array types for GPU computing. 
Thus, it is straightforward to take advantage of computer 
systems with multicore processors and GPUs, with only few 
modifications of the code, without low-level programming or 
knowledge of the hardware architecture. 

Using the spmd command, the defined statements are 
executed on each MATLAB worker simultaneously. 
Therefore, we create a pool of workers (threads) that run 
concurrently at the CPU level, using the matlabpool 
command. We have set the number of workers to be equal to 
the number of physical cores of the processor. Individual 
MATLAB session or worker is dedicated to the GPU [16] 
such that a specific thread is created for each GPU (in our case 
there is only one GPU). The workload is balanced among the 
threads so that disjoint sets of training samples are assigned to 
each of them. This is illustrated on Fig. 2.  

 

Fig. 2. Multicore processor and GPU approach for load forecasting neural 

network 

In order to be able to distribute the training samples among 
the CPU cores and the GPU, it is necessary to define the input 
and the output matrices as Composite. The use of GPU in 
MATLAB is very straightforward. The only thing that is 
needed is to define the variables as gpuArray. This transfers 
the variables from the main memory to the GPU and all the 
subsequent functions are automatically executed on the GPU.  

Using high-level constructs of the Parallel Computing 
Toolbox, we can control the number of workers used, the 
number of CPU cores, whether or not to use GPU, simple 
communication or data transfer between workers and how 
many training samples will be processed by each of the 
workers. In order to have greater control of the code 
execution, such as managing complex computations and data 
between workers and management of the computing 
resources, low-level MPI or CUDA programming (which can 
also be incorporated in Matlab) is needed. 

IV. RESULTS 

The simulation results presented in this section were 
obtained on a computer system with Intel(R) Core i7-2630QM 
CPU at 2.00 GHz and NVIDIA GeForce GT 555M. 

Three characteristic cases are analyzed. In the first case the 
number of training sample is varied. In the second and the 
third case the number of epochs and the number of neurons in 
the hidden layer is varied, respectively. 

In the first case six simulations sets were executed, starting 
from 47472 data samples (which correspond to Macedonian 
hourly electricity consumption data for the period from 
January 2008 to May 2013) and ending with 32x47472 
training samples, as it is shown on Fig. 3. The number of 
epochs in this case is equal to 1000 and the number of neurons 
in the hidden layer is equal to 20. Fig. 3 also shows how the 
optimal workload balancing between the multicore CPU and 
GPU is affected by the number of training samples. Because 
the training samples are independent, a part of the samples is 
assigned to each of the workers. 

As it can be seen when there are fewer training samples it 
is more worthwhile to execute them only on multicore 
processor. However, by increasing the number of samples the 
optimal workload is moved to the middle, or half of the 
samples should be executed on multicore CPU, and the other 
half on the GPU. In this way maximum exploitation of the 
available hardware of the computer system is achieved, so that 
the optimization for serial execution of the multicore 
processor and the parallelization advantages of the GPU are 
used. So, by increasing the number of samples the execution 
time on GPU is reduced. It must be noted that the last 
simulation has 32x47472 training samples, which in the case 
of hourly electricity consumption forecasting corresponds to 
about 170 years of data, is not very realistic in our case. Of 
course, this example would be reasonable in the case of at 
least minute based ahead forecasting, when it would 
correspond to approximately 3 years. 

On Fig. 4 the execution times when the NN is trained only 
on multicore processor, only on GPU and 50% on multicore 
processor and 50% on GPU is presented. The results show that 
the workload balance between the multicore processor and the 
GPU is worthwhile if the number of samples is higher than 
90000, or if we analyze data for more than 10 years. In this 
case, if we have data for less than 10 years, the NN should be 
trained only on multicore processor.   
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Fig. 3. NN training time with different number of data samples, depending 

on the workload balancing between the multicore CPU and GPU  
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Fig. 4. Totally multicore CPU, totally GPU and 50% multicore CPU and 

50% GPU time of NN training, depending on the number of trainig samples 

In the second case, the number of epochs is varied, while 
the number of training samples and the number of neurons in 
the hidden layer is constant and is equal to 47472 and 20, 
respectively. Since epochs are dependent from each other, 
their execution must be serial. Fig. 5 clearly shows that if we 
have a smaller number of epochs, the execution time on GPU 
is less than the time on the multicore processor. By increasing 
the number of epochs, the advantage of multicore processor 
for efficient serial performance is highlighted. It is important 
to note that for electricity load forecasting, satisfactory results 
are obtained with 1000 epochs. By increasing the number of 
epochs, the forecasting precision is not increased significantly. 
Fig. 6 shows that in this case, if we have more than 500 
training epochs the NN should be trained only on multicore 
processor. 

In the third case, the number of neurons in the hidden layer 
is varied in the range from 20 to 100. The number of training 
samples is 47472, and the number of epochs is 1000. The 
precision of the results for load forecasting is pretty much the 
same in all cases of the number of neurons in the hidden layer. 
In Fig. 7, it is clear that by increasing the number of neurons 
in the hidden layer the parallelization capabilities of the GPUs 
are becoming more noticeable. It can be seen that GPUs can 
use the natural parallelization of the NN which arises from 
their architecture. This is because the calculation of the 
activation of a single neuron is independent and can be 
executed in parallel. Therefore, as shown in Fig. 8, if we have 
more than 40 neurons in the hidden layer, the time of training 
the NN is much shorter on GPU than on multicore processor. 
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Fig. 5. NN training time with different number of epochs, depending on the 

workload balancing between the multicore CPU and GPU 
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Fig. 6. Totally multicore processor and GPU execution time of the training of 

NN, depending on the number of epochs 
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Fig. 7. NN training time with different number of hidden layer neurons, 

depending on the workload balancing between the multicore CPU and GPU 
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Fig. 8. Totally multicore CPU and GPU time of NN training, depending on 

the number of neurons in the hidden layer 

CONCLUSION 

In this paper, parallelization of neural network training 
using workload distribution on a hybrid system offered by 
Matlab is analyzed. It can be noticed that by using Matlab, it is 
straightforward to take advantage of computer systems with 
multicore processors and GPUs, with only few modifications 
of the code. A neural network for hourly electricity load 
forecasting is analyzed as a case study. When analyzing neural 
networks, the question whether the GPU or the distribution of 
workload between the processing units can give better results 
than the multicore processor is complex and depends on many 
parameters. Therefore, three parameters that influence the 
neural network training time are varied in this paper: number 
of training samples, number of neurons in the hidden layer and 
number of epochs. The results show that by increasing the 
number of training samples and the number of neurons in the 
hidden layer, workload balance between the multicore 
processor and the GPU and only GPU execution is becoming 
more worthwhile. On the other hand, by increasing the number 
of epochs, the advantages of multicore processor for efficient 
serial performance are highlighted. 
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Abstract — In this paper we discuss some of the challenges in 

computational physics on the Magurele Physics Platform. Our 

presentation focuses on Boltzmann-Vlasov simulation for the 

description of collective modes in nuclear matter and the so-

called particle-in-cell (PIC) simulations used in the description of 

the laser-plasma interaction with emphasis on the ELI-NP 

computing requirements.   
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I.  INTRODUCTION 

Scientific computing has become one of the three main pillars 

of scientific investigations, alongside with theoretical and 

experimental analyses. The importance of numerical 

simulations is now unanimously acknowledged and it is quite 

significant that the Press Release of the 2013 Nobel Prize in 

Chemistry spoke of “The computer – your Virgil in the world 

of atoms” [1]. In fact, all large-scale experimental facilities 

now have substantial computing resources that are used both 

for data analysis and detailed numerical simulations. The latter 

are used both to deepen the understanding of the experimental 

results, by uncovering phenomena that were not transparent 

from the raw data, as well as to actually guide the 

experimental investigations by computationally scrutinizing 

the space of experimental parameters and also identifying the 

parameter regions that are relevant for a given physical 

process. 

 

The Magurele Physics Platform emerged in early 1950s and 

has played a paramount role in consolidating the international 

stature of the Romanian physics community through 

continuous forefront scientific research. To give just two 

examples, this is where the first Romanian computer was 

design and put into function in 1955 and (one year after 

Theodore Maiman invented the first working laser in 1960) Ion 

Agarbiceanu created the first gas laser in Romania. The 

Magurele Physics Platform now hosts the Faculty of Physics of 

University of Bucharest, the Horia Hulubei National Institute 

of Physics and Nuclear Engineering (IFIN-HH), the National 

Institute for Laser, Plasma and Radiation Physics, the National 

Institute of Material Physics, the National Institute for Earth 

Physics, the National Research and Development Institute for 

Optoelectronics and, finally, the Institute of Space Sciences. In 

line with the tradition of the Magurele Physics Platform, the 

ELI-NP experimental facility, which is currently under 

construction in Magurele within the premises of IFIN-HH, will 

provide magnificent new opportunities to study the 

fundamental processes unfolded during light-matter 

interaction” using the most intense lasers world-wide and will 

foster an unprecedented interdisciplinary research plan which 

addresses “frontier fundamental physics, new nuclear physics 

and astrophysics as well as applications in nuclear materials, 

radioactive waste management, material science and life 

sciences” (see [2] for a detailed discussion). 

On the computing side, ELI-NP raises a series of significant 

data and computing requirements that cover high-performance 

and high-throughput computing, as well as storage of 

experimental data in the petabyte regime. The envisaged 

computing activities go from the transfer of legacy codes to 

new languages and new hardware infrastructures and the 

optimization and parallelization of current codes, to the 

development of new codes which address the specific 

experiments described in the ELI-NP White Book [3]. 

 

The rest of the manuscript is structured as follows: in Section 

II we present some elements concerning the wide set of 

Boltzmann-Vlasov simulations, while in Section III we 

overview the computing challenges associated with Particle-

in-Cell (PIC) simulations. Both sections emphasize the ELI-

NP computing requirements on these computing directions. 

Finally, in Section IV we present our concluding remarks.  

II. BOLTZMANN-VLASOV SIMULATIONS 

The Boltzmann-Vlasov partial differential equations discussed 

in this section represent one of the most advanced semi-

classical numerical tools used for the description of nuclear [4-

5] and other mesoscopic quantum systems which accounts 

both for mean-field effects as well as two body collisions in 

the presence of Pauli blocking. The codes which are most 

relevant for the investigation of collective modes in nuclear 

matter are based on a widely used sequential numerical 
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treatment of the aforementioned equations. In their most 

classical form the equation take the form 

                     (1)                             

        (x) 

 

where f are the distribution functions for protons and neutrons, 

indicated by the p and n subscripts, while the U potentials for 

protons and neutrons are depend on the level of approximation 

that is used. 

 

A detailed discussion on the parameters of the Boltzmann-

Vlasov equation is outside the goal of our paper, but we show 

the equation in their full form to convey information about 

their general structure. The numerical solution of the equations 

requires quantities that depend quadratically on the number of 

test particles (pseudoparticles) associated with every physical 

particle (i.e., nucleon) in the system. As a good spanning of 

the phase space of the system (i.e., nucleus or nuclei) requires 

a large number of test particles, the accuracy of the numerical 

results is strongly limited by the available hardware 

infrastructure. Grid implementations of the codes take 

advantage of the internal structure of the numerical scheme 

which is ideally suited for distributed computing. To put it 

simple, instead of spanning the whole phase-space of the 

system with a single CPU core, we assign one phase-space cell 

to one CPU core. As the test particles that were previously 

assigned to the complete system now describe only a few 

physical particles, the number of test particles per physical 

particle can be substantially higher, and one can therefore 

simultaneously achieve a significant boost in accuracy and a 

reduced computation time. The main advantage of the grid 

implementation is that at a given moment the computation in 

one phase-space cell is independent from the computations in 

the other cells which means that, unlike parallel computing, 

the CPU to which the a given cell is assigned does not need to 

have a joint shared memory. Moreover, we can further 

improve the efficiency of the codes by eliminating the slow-

downs generated by the loop iterations in each phase-space 

cell by assigning one CPU per cell and spreading the 

computing load among several CPU cores, using libraries such 

as OpenMP or MPI. 

 

The Scientific Case of ELI Nuclear Physic Pillar at the end of 

the ELI-NP White Book [3] emphasizes that “while the 

presence of the giant dipole resonance is a well established 

fact in all nuclei the precise knowledge of the dipole strength 

on the low energy tail of the giant dipole resonance, especially 

the properties of the dipole strength at varying number of 

proton and neutrons, is an open problems in nuclear physics.” 

Similarly, “pygmy dipole resonances (PDRs) in nuclei are 

frequently interpreted as a collective phenomenon 

representing an oscillation of the neutrons in excess (to 

protons) with respect to the N=Z core” and its properties are 

still under intensive scrutiny. As numerical investigations are 

severely limited by the exclusively sequential or parallel 

nature of the codes, we expect that the grid implementation of 

the codes developed within the Pygmy and giant dipolar 

resonances path-finding mini-project will be at least an order 

of magnitude faster than the existing top-level codes. To give 

just one example, in recent studies of pygmy dipole 

resonances in 
132

Sn nuclei [6] 1500 test particles per nucleon 

have been used, and this is already one order of magnitude 

higher than the existing results which currently use 40 to 200 

test particles per nucleon. However, to simulate numerically 

some of the physical phenomena that are relevant for ELI-NP, 

we would need at least 4000-6000 test particles per nucleon to 

reduce the numerical noise and this level of numerical 

accuracy can only be achieved using a hybrid distributed and 

parallelized versions of the codes. This increase in the quality 

of the numerical results comes, however, with a substantial 

computational cost, as the run for 6000 test  particles took 

roughly one year, while that for 1500 took around one month 

using a standard workstation. Finally, we add that the 

numerical efficiency of the hybrid distributed and parallelized 

codes will allow us to investigate the dipolar responses 

considering more complex, momentum dependent, effective 

interactions, which have not yet been used for high-precision 

numerical computations of this type. 

 
Fig. 1 The dipole strength function for: (a) 

116
Sn, (b) 

124
Sn, (c) 

132
Sn, and (d) 

140
Sn respectively. 

 

In Figure 1 we show the dipole strength function for various 

Tin species. These results are obtained through the numerical 

solution of the Boltzmann-Vlasov equations. 

 

According to a recent report by the National Research Council 

of the National Academy of Science (USA), the origin of the 

heaviest elements remains one of the 11 greatest unanswered 

questions of modern physics. It is therefore obvious that rapid 

and accurate results will help us to understand the dynamics of 

nuclei synthesis at the mean-filed level. The proposed hybrid 

implementations are ideally suited to study the fusion cross-

section as a function of energy and the competition between 

fusion and fast fission phenomena. The physics addressed by 

the numerical codes pertains not only to the Scientific Case of 

ELI-NP but also to the experiments at SPIRAL 2 and SPES 

experimental facilities located in France and Italy. The 
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experience gained with Boltzmann-Vlasov transport codes 

will help with the numerical investigations of other physical 

systems also relevant for ELI-NP as for example the 

interaction of intense laser fields with metallic clusters and 

fullerenes, and the dynamics of plasmas in intense fields, 

thereby allowing us to address in the future the relativistic 

transport of quarks and gluons which is needed to simulate 

numerically quark-gluon plasma at CERN conditions. 

 

For the parallel versions of the existing Boltzmann-Vlasov 

codes it is ideal to use the PCAM (Partitioning, 

Communication, Agglomeration and Mapping) methodology 

to obtain high quality parallel programs. As the name states, 

this approach addresses all the relevant aspects of 

parallelization. First, we will identify all the basic tasks, by 

decomposing each computation into small (elementary) tasks 

and focusing on finding opportunities for parallel execution. 

Next, the communication required to coordinate task 

execution is determined, identifying not only the number of 

messages, but also the volumes of data to be exchanged 

between nodes. The complexity of the code is then evaluated, 

paying special attention to computational and communication 

complexities. Thus, tasks may be combined to reduce data 

transfers and to group similar activities. In the end, tasks are 

assigned to CPU cores either in a statistical manner or using 

load-balancing techniques. As the concurrency and scalability 

issues are addressed by the first two PCAM phases of this 

process, the final two phases deal with performance related 

issues. Moreover, given that numerical codes will also be used 

for very accurate numerical investigations for ELI-NP, formal 

specification tools and techniques based on LOTOS 

(Language Of Temporal Ordering Specification, ISO Standard 

IS8807) will be used to formally prove all the required 

characteristics of our new parallel and distributed programs, 

thus avoiding possible bottlenecks. Thus, not only that we 

prove the correctness of our codes but we will also prove that 

our parallel and distributed codes are free of deadlocks and 

livelocks and that computing times do not diverge. 

 

III. PARTICLE-IN-CELL SIMULATIONS 

One of the main computational challenges at ELI-NP is the 

laser wakefield acceleration, which is a major research field 

world-wide [7]. The main appeal of this research direction 

comes from the possibility to accelerate electrons using 

relatively small-scale laser-based experimental facilities. The 

main idea is that one can use the huge electric fields generated 

during laser-plasma interaction to accelerate electrons in a 

fashion similar to the way a surfer uses the water waves to 

increase his velocity. In simple words, the mechanism behind 

the acceleration is the following: as the laser propagates in the 

neutral gas it dislocates electrons from the neutral atoms 

(through the ponderomotive force) which then acquire an 

oscillatory motion around the resulting static ions. The 

resulting waves propagate with a velocity close to that of the 

speed of light behind the laser pulse that generated them and 

can be used to accelerate electrons over short distances using 

the longitudinal electric fields of the waves. It should be noted 

that these fields are thousands of times greater than the 

accelerating fields in conventional accelerators, as they are no 

limited by the upper bound set in conventional accelerator by 

the electrical breakdown limit which is around 100 MV/m. 

This increase of the accelerating gradient is the key ingredient 

in reducing the size, and therefore the costs, of particle 

accelerators. 

 

While there are already notable successes for the acceleration 

of electron beams in the GeV regime [7], it is still necessary to 

demonstrate beam quality and, moreover, the pulses need to be 

reproducible in energy. To this end, the experimental study 

can be efficiently complemented by computational studies that 

rely on the so-called particle-in-cell (PIC) methods [7]. 

Particle-in-cell (PIC) methods have a long-honored history 

that goes back to the mid 1950s, before the first Fortran 

compilers were available, and have received recurrent interest 

from the physics community. These methods are basically a 

set of numerical solvers for determining the Lorentz forces 

which describe the individual particles in the system and the 

Maxwell equation which determine the electric and magnetic 

fields. As most systems are usually too large for elementary 

particles to be treated individually, the so-called super-

particles are commonly used. These are finite-sized large 

particles which consist of many real particles which act as one 

in terms of their dynamical properties, thanks to the Debye 

shielding which make the real particles invisible to one-

another with respect to the Coulomb force at distances larger 

than the Debye length. While most PIC solvers follow the 

above general structure, there are numerous differences in 

their numerical implementations. These differences impact 

directly the physical regime described by the codes (density of 

plasmas, properties of the electron beams, etc.) and the 

deployment infrastructure. For the latter, the most important 

information concerns the maximal size of the HPC cluster up 

to which the code is known to scale efficiently. 

A survey of the parameter space will then show the impact on 

the properties of the electron beams of distinct physical 

parameters such as: the type and density of gaseous target, the 

duration and energy of the laser pulse, the acceleration length, 

the plasma density, etc. One point of special interest concerns 

the competition between the laser wakefield acceleration and 

the direct laser acceleration, as well as the impact of the latter 

mechanism on the energy spectrum of the electron bunch. 

Another topic of particular interest is the sensitivity of the 

final results with respect to the spatial and temporal non-

uniformities of the laser pulse. The resulting parametric charts 

will be of immediate interest to the ELI-NP experimental 

groups, while at a more general level the experience gained 

with these codes will help streamline a research direction 

dedicated to particle-in-cell simulations. The numerical 

investigations will also be focused on the impact of the 

dimensionality of the codes, the resolution of the numerical 

grids, the number of super-particles, etc., on the final results. 
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Two-dimensional codes are particularly appealing when 

performing parametric scans due to their lower computational 

load, but they have to be tested for relevance through detailed 

comparisons will with fully three-dimensional ones. 

IV. CONCLUSIONS 

In this manuscript we have focused on some of the 

computing challenges of interest on the Magurele Physics 

Platform, with particular emphasis on some of the computing 

requirements of ELI-NP, and have briefly outlined a series of 

future directions of interest. The main message of the previous 

sections is that substantial software optimization is needed for 

the current codes to be used efficiently to uncover the 

mechanism behind the physics processes summarized in the 

ELI-NP White Book. To this end, one has to bridge the purely 

computing aspects of numerical modeling with frontier nuclear 

physics problem such that the in silico experiments can 

actually guide the experimental investigations foreseen at ELI-

NP.  

ACKNOWLEDGMENT 

For this work the authors were supported by the Romanian 

Authority for Scientific Research and Innovation, CNCS-

UEFISCDI, Project No. PN-II-PCE-2011-3-0972. AIN was 

also supported by PN 09370108/2015. 

REFERENCES 

[1] See the full Press Release at:   

http://www.nobelprize.org/nobel_prizes/chemistry/laureates/2013/press.

html   

[2] D. Habs, T. Tajima, and N. V. Zamfir, “Extreme Light Infrastructure – 

Nuclear Physics (ELI-NP): New Horizons for Photon Physics in 

Europe,” Nuclear Physics News, vol. 21, pp. 23-29, 2011. 

[3] The ELI-NP White Book is available at http://www.eli-

np.ro/documents/ELI-NP-WhiteBook.pdf 

[4] See V. Baran et al. Phys. Rev. C 85, 051601(R) 2012. 

[5] See Th. Fennel et al. Review of Modern Physics 82, 1793 (2010). 

[6] See V. Baran et al. Phys. Rev. C 88, 044608 (2013).  

[7] For a review of the main results see V. Malka, Phys. Plasmas 19, 055501 

(2012). 

 

 

4848

The 12th International Conference for Informatics and Information Technology (CIIT 2015) 



Performance comparison by running job in Hadoop 
by defining the number of Maps and Reduces 

 

Zirije Hasani 

Faculty of Computer Science 
Public University of Prizren 

Prizren, Kosovo 
zh12796@seeu.edu.mk 

 
 

Abstract—Analyzing Big Data is a considerable challenge for 

every company and institution that deals with large amount of 

data.  On one hand it is faced with problem to store a large 

amount of data, and on another, to process it in reasonable or 

even real time. At the present time the best known system for 

analyzing a Big Data is Hadoop. Hadoop implements MapReduce 

System whose role is to orchestrate the processes on distributed 

nodes (servers), to run the various tasks in parallel, to manage all 

communications and data transfers between the various parts of 

the system and to provide needed redundancy and fault tolerance 

features. 

In this paper we investigate the ways for tuning the system, 

by setting the number of Maps and Reduces in order to compare 

and optimize performances of the same job execution. 

Experiments are done on the job that counts the word 

frequencies in the 1218 Mb Wikipedia text, with automatically 

assigned Map/ Reduce numbers by Hadoop and our values 

defined through the SSH or by means of the own java code.  

Keywords—Big Data Analytic, Hadoop, MapReduce  

 

I.  INTRODUCTION  

Analyzing Big Data is a considerable challenge for every 
company and institution that deals with large amount of data. 
On one hand it is faced with problem to store a large amount 
of data, and on another to process it in reasonable or even real 
time. At the present time the best known system for analyzing 
a Big Data is Hadoop. For purpose of testing its performances, 
and possibilities of tuning, it was installed at Faculty working 
environment. We have analyzed Wikipedia text data. Simple 
job that was processed count how many times one word 
appears in the document.  

Hadoop system implements MapReduce programming 
model composed of Maps tasks (like filtering, sorting) 
executed in parallel, and then Reduce tasks (e.g. summary 
operations) in order to get the result desired. Hadoop 
MapReduce System orchestrates the processing on distributed 
nodes (servers), running the various tasks in parallel, manages 
all communications and data transfers between the various 
parts of the system, and provides needed redundancy and fault 
tolerance features. 

Hadoop system offer automatically defined number of 
Maps and Reduces.  

In this work we explore additional possibilities that we 
have to set the number of Maps and Reduces and investigate 
which values to choose, in order to compare and optimize 
performances of the same job execution. We would like to 
know if by experiments we can find the optimal numbers of 
Maps and Reduces depending on the job which is executed, 
the numbers that can outperform the automatic ones. 
Experiments are done on the 1218 Mb text file with 
automatically assigned values by Hadoop, and our values 
defined through the SSH, or values defined by the own java 
code.  

In the section 2 we explained what Hadoop is how it 
works, the configuration components of Hadoop under which 
we have executed the experiments. Also the Hadoop pros and 
cons are discussed. In the section 3 we present related work-
general discussions given in literature on the Map and Reduce 
numbers influencing the Hadoop performance and ways these 
numbers to be defined. Result of our job execution where 
number of Maps and Reduces was automatically defined by 
Hadoop is presented in section 4. In the section 5 we present 
two methods for manually definition of the number of Maps 
and Reduces. In the section 6 comparison of the performance 
of the executed job is given. The last section is a conclusion of 
this experiment. 

II. HADOOP 

In our research we have examining different platforms [8] 
and architectures [9], [10] for analyzing Big Data in real time. 
Part of our examination was Hadoop which is an open source 
platform still in the phase of development, where continuously 
new components are added or improved. Up to now, Hadoop 
was platform only dedicated for the batch processing, not 
suitable for real time analytics applications. But now (2015 
year), new platform of Hadoop, called esHadoop1 was 
introduced. It is integrated with Elasticsearch [7], [10] and can 
handle Big Data real time analytics. Our future investigation 
will be this two way connector, that allows to index data in 
Elasticsearch [10] and query them in real time. 

                                                           
1 https://www.elastic.co/products/hadoop 
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Hadoop is a framework for processing, storing and 
analyzing massive amounts of distributed data. It was 
designed to handle petabytes and exabytes of data distributed 
over multiple nodes in parallel.  Hadoop handle the big data 
by breaking them in many parts, where each part is processed 
in parallel, meaning each part can be processed and analyzed 
at the same time.  

Hadoop enables a computing solution that is [6]: 

 Scalable– we can add new nodes without interrupting 
the continuous work of other nodes 

 Cost effective– Hadoop brings massively parallel 
computing to commodity servers. The result is a 
sizeable decrease in the cost per terabyte of storage, 
which in turn makes it affordable to model all your 
data. 

 Flexible– cope with various types of data (structured, 
non-structured) can admit data from multiple sources, 
data can be joined and aggregated in arbitrary ways 
enabling deeper analyses than any one system can 
provide. 

 Fault tolerant- if cluster loses a node, the system 
redirects work to another location of the data and 
continues processing without missing a beat. 

A. How Hadoop Works 

The sources from where unstructured data came are many: 
log files, social media feeds, internal data stores and others. 
Hadoop breaks the data up into "parts," which are then loaded 
into a file system made up of multiple nodes running on 
commodity hardware. The data are stored in Hadoop 
Distributed File System (HDFS). File systems such as HDFS 
are adept at storing large volumes of unstructured and semi-
structured data as they do not require data to be organized into 
relational rows and columns.  

The benefit of HDFS is that each "part" of data is 
replicated multiple times and loaded into the file system so 
that if a node fails, another node has a copy of the data 
contained on the failed node. A Name Node acts as facilitator, 
communicating back to the client information such as which 
nodes are available, where in the cluster certain data resides, 
and which nodes have failed.  

Once the data is loaded into the cluster, it is ready to be 
analyzed via the MapReduce framework. The client submits a 
"Map" job to one of the nodes in the cluster known as the Job 
Tracker. The Job Tracker refers to the Name Node to 
determine which data it needs to access to complete the job 
and where in the cluster that data is located. Once determined, 
the Job Tracker submits the query to the relevant nodes. 
Rather than bringing all the data back into a central location 
for processing, processing then occurs at each node 
simultaneously, or in parallel. This is an essential 
characteristic of Hadoop.  

When the each node has finished processing its given job, 
it stores the results. The client initiates a "Reduce" job through 

the Job Tracker in which results of the Map phase stored 
locally on individual nodes are aggregated to determine the 
“answer” to the original query, then loaded on to another node 
in the cluster. The client accesses these results, which can then 
be loaded into one of number of analytic environments for 
analysis. After the MapReduce job is completed now the data 
are available for further analysis. We can use this data to 
transfer into some database platform or to save in data 
warehouses for further analysis based on the need of the 
researchers of organization.  

B. Hadoop Technical Components 

 Hadopp configuration consists of many interrelated 
components. Functionality of these components are:  

 Hadoop Distributed File System (HDFS): The default 
storage layer in any given Hadoop cluster;  

 Name Node: The node in a Hadoop cluster that 
provides the client information on where in the cluster 
particular data is stored and if any nodes fail;  

 Secondary Node: A backup to the Name Node, it 
periodically replicates and stores data from the Name 
Node should it fail;  

 Job Tracker: The node in a Hadoop cluster that initiates 
and coordinates MapReduce jobs, or the processing of 
the data.  

 Slave Nodes: The grunts of any Hadoop cluster, slave 
nodes store data and take direction to process it from 
the Job Tracker.  

The above mentioned components are the main 
components of Hadoop but the Hadoop ecosystem is made up 
of a number of complimentary sub-projects. NoSQL data 
stores like Cassandra and HBase are also used to store the 
results of MapReduce jobs in Hadoop. Open source language  
Pig helps to the developers to write Hadoop function even if 
they are not the Java programmers. Hive is an open source 
data warehouse originally developed by Facebook that allows 
for analytic modeling within Hadoop.  

C. Hadoop: The Pros and Cons  

Like every other system and Hadoop have its pros and 
cons.The main benefit of Hadoop is that it allows enterprises 
to process and analyze large volumes of unstructured and 
semi-structured data, previously inaccessible to them, in a 
cost- and time-effective manner. Because Hadoop clusters can 
scale to petabytes and even exabytes of data, enterprises no 
longer must rely on sample data sets but can process and 
analyze all relevant data. Data Scientists can apply an iterative 
approach to analysis, continually refining and testing queries 
to uncover previously unknown insights. It is also inexpensive 
to get started with Hadoop. Developers can download the 
Apache Hadoop distribution for free and begin experimenting 
with Hadoop in less than a day.  

The downside to Hadoop and its components is that they 
are immature and still developing. As with any young, raw 
technology, implementing and managing Hadoop clusters and 
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performing advanced analytics on large volumes of 
unstructured data requires significant expertise, skill and 
training. Unfortunately, there is currently a deficiency of 
Hadoop developers and Data Scientists available, making it 
impracticable for many enterprises to maintain and take 
advantage of complex Hadoop clusters. Further, as Hadoop’s 
many components are improved upon by the community and 
new components are created, there is, as with any immature 
open source technology/approach, a risk of forking.  

The good news is that some of the brightest minds in IT 
are contributing to the Apache Hadoop project, and a new 
generation of Hadoop developers and Data Scientists are 
coming of age. As a result, the technology is advancing 
rapidly, becoming both more powerful and easier to 
implement and manage. An ecosystems of vendors, both 
Hadoop-focused start-ups like Cloudera and Hortonworks and 
well-worn IT stalwarts like IBM and Microsoft, are working 
to offer commercial, enterprise-ready Hadoop distributions, 
tools and services to make deploying and managing the 
technology a practical reality for the traditional enterprise. 
Other bleeding-edge start-ups are working to perfect NoSQL 
(Not Just SQL) data stores capable of delivering near real-time 
insights in conjunction with Hadoop.  

Hadoop configuration at FINKI 

HDFS 

NameNode  Hadoop-ambari-master-1.finki.ukim.mk 

SecondaryNameNode  Hadoop-ambari-master-2.finki.ukim.mk 

DataNodes 6 DataNodes  
Hadoop-ambari-slave-2.finki.ukim.mk  
Hadoop-ambari-slave-2.finki.ukim.mk  
Hadoop-ambari-slave-2.finki.ukim.mk  
Hadoop-ambari-slave-2.finki.ukim.mk  
Hadoop-ambari-slave-2.finki.ukim.mk  
Hadoop-ambari-slave-2.finki.ukim.mk  
 

HDFS Disk Capacity 393.7 GB 

 

MapReduce 

JobTracker  Hadoop-ambari-master-2.finki.ukim.mk 

TaskTrackers 6 TaskTrackers  
Hadoop-ambari-slave-1.finki.ukim.mk  
Hadoop-ambari-slave-2.finki.ukim.mk  
Hadoop-ambari-slave-3.finki.ukim.mk  
Hadoop-ambari-slave-4.finki.ukim.mk  
Hadoop-ambari-slave-5.finki.ukim.mk  
Hadoop-ambari-slave-6.finki.ukim.mk 

III. PARTITIONING JOB INTO MAPS AND REDUCES 

Selection of the appropriate size for the tasks for execution of 
a job can radically change the performance of Hadoop. 
Increasing the number of tasks increases the framework 
overhead, but increases load balancing and lower the cost of 
failures. At one extreme is the 1 Map/1 Reduces case where 
nothing is distributed. The other extreme is to have 1,000,000 
Maps/ 1,000,000 Reduce where the framework runs out of 
resources for the overhead. So one of the performance 
optimization parameters depends on proper choice of the 
numbers of Maps and Reduces. Different authors propose 

different methods to define the number of Maps and Reduce in 
Hadoop. 

A. Number of Maps 

The number of Maps Hadoop assigns automatically is 
usually driven by the number of DFS (distributed file system) 
blocks in the input files. This causes users to adjust their DFS 
block size to adjust the number of Maps. The right level of 
parallelism for Maps is usually set to be around 10-100 
Maps/node although can increases with cpu-light Map tasks. 

It is suitable to control the number of Maps. The hint to the 
InputFormat for the number of Maps is Mapred.Map.tasks 
parameter. The default InputFormat behavior is to split the 
total number of bytes into the right number of fragments. 
However, in the default case the DFS block size of the input 
files is treated as an upper bound for input splits. A lower 
bound on the split size can be set via Mapred.min.split.size. 
Thus, for the 10TB of input data file with 128MB DFS blocks 
is expected to have 82k Maps, unless the Mapred.Map.tasks is 
even larger. Ultimately the InputFormat determines the 
number of Maps [5].  

The number of Map tasks can also be increased manually 
using the JobConf's conf.setNumMapTasks (int num). This 
can be used to increase the number of Map tasks, but will not 
set the number below that which Hadoop determines via 
splitting the input data [5].  

The number of Map task can be set manually by 
Mapred.Map.tasks=(number of Maps). 

B. Number of Reduces 

If we have small number of data that need to be processed 
the right number of Reduces proposed by [5] is 0.95 or 1.75 * 
(nodes_number * Mapred.tasktracker.tasks.maximum). At 
0.95 all of the Reduces can launch immediately and start 
transferring Map outputs as the Maps finish. At 1.75 the faster 
nodes will finish their first round of Reduces and launch a 
second round of Reduces doing a much better job of load 
balancing [5].  

Currently the number of Reduces is limited to roughly 
1000 by the buffer size for the output files (io.buffer.size * 2 * 
numReduces << heapSize). This will be fixed at some point, 
but until then, it provides a pretty firm upper bound 

The number of Reduces also controls the number of output 
files in the output directory, but usually that is not important 
because the next Map/Reduce step will split them into even 
smaller splits for the Maps [5].  

The number of Reduce tasks can also be increased in the 
same way, as the Map tasks, with command 
Mapred.Reduce.tasks=(number of Reduces)    

IV. RESULTS OF EXECUTED JOB WITH HADOOP AUTOMATICALLY 

ASSIGNED NUMBER OF MAPS AND REDUCES 

Following is the result file of the Hadoop job execution 
that analyzes 1218 Mb Wikipedia text file with automatically 
assigned number of Maps and Reduces. The job was executed 
in 9.17 minutes: 
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From the results in figure 1 we can see that Hadoop has 
launched automatically 7 Map tasks and 1 Reduce task. There 
is 0 ms of the time spent by all Reduces and Maps waiting 
after reserving slots. The numbers of HDFS (Hadoop 
distributed file system) bytes that are read are 879072470, and 
the numbers of HDFS bytes that are written are 611391. 

s 

 

Fig. 1. Hadoop Default Execution Output 

V. DEFINING THE NUMBER OF MAPS AND REDUCE MANUALLY 

Following are two methods for determination of the 
number of Maps and Reduces for a job execution in Hadoop. 
The first method is to define the number throw SSH (Secure 
Shell), and second by writing the suitable commands in the 
java code. 

A. Definition of number of Map and Reducers by the SSH 

Following lines of code submitted through the SSH, define 
number of Maps and Reduces.  

 Hadoop jar al3oh.jar al3oh –D Mapred.Map.tasks=4 –D 
Mapred.Reduce.tasks=2  bufferr.txt out_buffer_7                  
(1) 

In order to analyze the data from the file buffer.txt, we first 
need to save this file into HDFS with the following command: 
Hadoop dfs -copyFromLocal buffer.txt 

bufferr.txt (which means copy the file buffer.txt from 
local directory and put into HDFS and name it as bufferr.txt).  

The first part of this code locate the java code al3oh.jar. It 
is pre-written java code that count how many times a word 
appears in a document. It will be executed then with -D 
Mapred.Map.tasks=4 -DMapred.Reduce.tasks=2 by which we 
define the number of Maps and Reduces. Next we specify 
which file to read in order to execute the job (buffer.txt) and at 
last we define the file name where to save the result from 
finished job (out_buffer_7). 

B. Numbers of Maps defined by java code 

The following commands in java code Fig.2. define the 
number of Maps tasks which in this case is 10. 

 

Fig. 2. Java code for defining the number of Map 

Command (line 11) conf.setNumMapTasks(10) define the 
number of Map tasks and also in the same way the number of 
Reduce tasks are defined. 

VI. COMPARISON OF THE PERFORMANCES OF THE EXECUTED JOB  

In our experimental work we have analyzed performance 
of the execution of job that counts the word frequencies in the 
1218 MB Wikipedia text file. We manually defined Maps and 
Reduces numbers through the SSH commands (1) given in 
section 5.1 The results from this experiment are shown in 
table 2 below. It is important to mention that this analytic is 
done just on one file with of 1218 Mb data in one execution 
perh defined Maps/Reduces values. The aim of the experiment 
was to find out how number of Maps and Reduces influence 
the time execution of the same job and is it possible to find 
solution that outperform one proposed automatically by 
Hadoop. Simple experiment starts with Hadoop default values 
(7 Maps and 1 Reduces), first by decreasing the number of 
Maps and keeping default value of Reduces, and than by 
increasing the number of Reduces and keeping the default 
number of Maps. 

From the results shown in the table 2 below we can 
conclude that for this kind of job processing, better solution 
exist than proposed automatically by Hadoop. But, there is no 
proportional decrease or increase of time in correlation with 
increasing decreasing the number of Maps/ Reduces task. It is 
worth mentioning that almost all of the executed times were 
better than proposed by Hadoop. Reasons can be different but 
one we have in mind can be that Hadoop needs some time to 
calculate the best values not needed by manual definition. So 
experiments we made thus far unfortunately indicate only that 
we should experiment further in order to take into account 
other parameters that influence the time execution, as also to 
find out how different processes, e.g size and number of files 
influence the performance. 

In the table below the measured time to finish the job of 
one job execution per given choice of Map/ Reduce number of 
tasks is given.  
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TABLE I.  RESULTS FROM EXECUTED JOB WITH DEFINED MAPS AND 

REDUCES 

 Number of Maps and Reduces 

 Number of Maps Number of Reduces Time to finish job 

1 8 1 10 min 

2 7 (default) 1 (default) 9.17 min 

3 6 1 4.13 min 

4 5 1 3.26 min 

5 4 1 4.34 min 

6 3 1 4.23 min 

7 2 1 3.35 min 

8 1 1 5.14 min 

9 7 2 5.31 min 

10 7 3 4.33 min 

11 7 4 8.01 min 

12 7 5 4.08 min 

 

Fig. 3. Chart for results in table 2 (time in min) 

VII. CONCLUSION 

Analyzing big data in a real time needs careful choice 
among available technologies, and even more cautious tuning 
and settings of parameters that will influence and optimise its 
performance. Our recent research is oriented to investigation 
of available open source systems suitable for specific real time 
big data analytics.. In this paper we show some experiments 

that we have done with Hadoop. To increase Hadoop 
performances it is possible to define number of nodes in 
cluster used, to tune several its parameters, memory allocation  
and other. In this paper we experiment only with two 
parameters: number of Maps and number of Reduces tasks. 
Hadoop assigns automatically these numbers, but it is also 
possible to define them manually. Our experiment showed that 
better values can be found than offered automatically by 
Hadoop. Further investigation should be done to determine 
optimisation model to achieve these optimal values. Even 
more, other factors (number of nodes, size and number of 
files, memory allocation, and similar) should be investigated 
in order to propose related optimization model. In the next 
research phase we are going to analyze the performance of job 
execution taking into account also these other factors. From 
the simple experiments done we can conclude that Hadoop use 
some methodology to define default parameters, but it does 
not give optimal performances. 
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Abstract— Nowadays the need of describing the data and 

knowing the relationship between them is very important.  This is 

one of the reasons why the World Wide Web brings the new era 

of web, known as semantic web. Semantic web is a collection of 

standard technologies that realize a web of data and tends to 

transfer the web of data to web of knowledge. The most valuable 

aspect of semantic web is its assistance to people in their 

everyday life in order to make it easier, by offering opportunities 

to find the things they need in faster and better way. According 

to the W3C, "The Semantic Web provides a common framework 

that allows data to be shared and reused across application, 

enterprise, and community boundaries". We are exploring the 

system known as Virtuoso Universal System that can store and 

process semantic data. We use Virtuoso to store data in columns, 

where web data we make bigrams to compare two or three words 

to find the semantic and then to store they in Virtuoso. 

Keywords— Virtuoso, Semantic web, World Wide Web. 

I.  INTRODUCTION  

Nowadays describing the data and relationship between 
them in a way that computers can understand is very important 
[4]. This is one of the reasons why the World Wide Web 
brings the new era of web, known as semantic web. Semantic 
web is a collection of standard technologies that realize a web 
of data and tends to transfer the web of data to web of 
knowledge. The most valuable and interesting aspects of 
semantic web is to support people in their everyday life, by 
assisting them to find the things they need in a faster and 
better way. For example someone may like to search for 
places where to pass the vocation, but has limited time to 
explore places, hotels, restaurants at some specific location. 
The solution for this is web of data. According to the W3C, 
"The Semantic Web provides a common framework that 
allows data to be shared and reused across application, 
enterprise, and community boundaries". A common model has 
to be provided for machines to understand the “labels” and 
draw some conclusions from that information. The 
“classification” of the terms can become very complex for 
specific knowledge areas: this is where ontology, thesauri, 
vocabularies, etc. take their role. W3C has developed a set of 
standards and technologies for this: 

 RDF – the Resource Description Framework 

 OWL – the Web Ontology Language (based on RDF) 

 SPARQL – a Query language for the Semantic Web 

RDF is a data model for objects (resources) and relations 
between them that provides the foundation for publishing and 
linking data. It provides a simple semantics that can be 
represented in the XML syntax. OWL is a richer vocabulary 
description language that can depict the classes and their 
properties, such as relation between classes (ex. disjointness), 
cardinality (ex. "exactly one"), equality, types and, 
characteristic of properties and enumerated classes, eexample, 
Joan is a professor and is part of category staff, also Ana is a 
professor and is part of category staff. With OWL we describe 
that Joan and Ana fall in the same category which is staff. 
With logic we know that in staff category are both Joan and 
Ana.  SPARQL is a semantic query language for databases, 
able to retrieve and manipulate data stored in RDF format. 

"If HTML and the Web made all the online documents 
look like one huge book, RDF, schema, and inference 
languages will make all the data in the world look like one 
huge database". (Tim Berners-Lee, Weaving the Web, 1999).  

The Semantic Web is a Web of actionable information—
information derived from data through a semantic theory for 
interpreting the symbols. The semantic theory provides an 
account of “meaning” in which the logical connection of terms 
establishes interoperability between systems. A Web of data 
and information would look very different from the Web we 
experience today. It would routinely let us recruit the right 
data to a particular use context—for example, opening a 
calendar and seeing business meetings, travel arrangements, 
photographs, and financial transactions appropriately placed 
on a time line, [5]. 

We can find good example in [3] illustrated in figure 1. 
Software Agents will be greatly facilitated by semantic 
content on the Web. In the depicted scenario, Lucy’s agent 
tracks down a physical therapy clinic for her mother that 
meets a combination of criteria and has open appointment 
times that mesh with her and her brother Pete’s schedules. 
Ontologies that define the meaning of semantic data play a 
key role in enabling the agent to understand what is on the 
Semantic Web, interact with sites and employ other automated 
services. 
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Fig. 1. Software agent, [3]. 

Properties are a special kind of resources; they describe 
relations between resources, for example “written by”, “age”, 
“title”, and so on. Statements assert the properties of 
resources. A statement is an object-attribute-value triple, 
consisting of a resource, a property, and a value, [1]. 

We explore the system known as Virtuoso Universal 
System. It is a revolutionary, next generation, high-
performance virtual database engine for the Distributed 
Computing Age that can store, process and manipulate 
semantic data in an optimal manner.  

 

II. SYSTEM FOR SAVING SEMANTIC DATA: VIRTUOSO 

 
Virtuoso is a revolutionary, next generation, high-

performance “universal server” for the Distributed Computing 
Age that enables a single multithreaded server process that 
implements multiple protocols. Virtuoso Universal Server is a 
middleware and database engine hybrid that combines the 
functionality of a traditional RDBMS, ORDBMS, virtual 
database, RDF, XML, free-text, web application server and 
file server functionality in a single system. The open source 
edition of Virtuoso Universal Server is known as OpenLink 
Virtuoso. It is cross platform Universal Server that implements 
Web, File, and Database server functionality alongside RDF 
storage, Native XML Storage, and Universal Data Access 
Middleware, as a single server solution. It includes support for 
key Internet, Web, and Data Access standards such as: XML, 
XPATH, XSLT, SOAP, WSDL, UDDI, WebDAV, SMTP, 
SQL-92, ODBC, JDBC, and OLE-DB. Virtuoso currently 
supports several Operating systems - Windows 
95/98/NT/2000, Linux (Intel, Alpha, Mips, PPC), Solaris, 
AIX, HP-UX, Unixware, IRIX, Digital UNIX, DYNIX/PTX, 
FreeBSD, SCO, MacOS X, [2]. Virtuoso provides transparent 

access to existing data sources, which are typically databases 
from different database vendors. Through a single connection, 
Virtuoso simultaneously connect ODBC, JDBC, UDBC, OLE-
DB client applications and services to data within Oracle, 
Microsoft SQL Server, DB/2, Informix, Progress, CA-Ingres 
and other ODBC compliant database engines. All databases 
are treated as single logical unit [2]. Virtuoso exposes all of its 
functionality to Web Services. This means that existing 
infrastructure can be used to support Web Services directly 
[2]. 

III. VIRTUOSO SQL OPTIMIZATION 

Virtuoso provides a cost based SQL optimizer which 
performs the following types of query transformation: 

 

 Join Order 

 Loop Invariants 

 Opening derived tables 

 Migrating enclosing predicates into derived tables or 
unions 

 Dropping unreferenced columns or results 

 Detection of identically false predicates 

 Index selection 

 Grouping of co-located remote tables into single 
remote statements 

 Selection of join algorithm 

Virtuoso evaluates various permutations of joined tables 
against its cost model and determines the best fit, from which 
it generates a query graph. This query graph can be returned as 
a result set by the explain() SQL function. The cost model is 
based on table row counts, defined indices and uniqueness 
constraints, and column cardinalities, i.e. counts of distinct 
values in columns. Additionally, histograms can be made for 
value distribution of individual columns. 

Virtuoso automatically maintains statistics about tables in 
the local database. When tables are attached from known types 
of remote DBMS's, Virtuoso also attempts to retrieve statistics 
information if available. The sys_stat_analyze or sys_db_stat 
stored procedures can be used to force an update of statistics, 
also recompiling all SQL statements or procedures depending 
on these statistics. Once this is done, this overrides the 
automatic statistics. The values of automatic statistics can be 
seen in the SYS_COL_AUTO_STAT table. 

The stored procedure: DB.DBA.SYS_STAT_ANALYZE 
(in full_table_name varchar, in prec integer); constructs the 
basic table statistics and feeds it into the 
DB.DBA.SYS_COL_STAT system table. The 
DB.DBA.SYS_DB_STAT stored procedure performs this 
operation on the entire database. 

The stored procedure: 
DB.DBA.SYS_STAT_HISTOGRAM (in full_table_name 
varchar, in full_column_name varchar, in n_buckets integer, 
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in prec integer); constructs table column histogram and feeds 
it into the DB.DBA.SYS_COL_HIST system table. The 
default value of prec, in both cases, is 5, which implies that a 
five percent sample of the table will be used. A percentage of 
0 means that the whole table will be read. 

 

A. Demonstration of the STAT_ANALYSE & 

STAT_HISTOGRAM procedures 

The following script is intended for use with the ISQL 
program as the user dba, in the DB qualifier. The foreach 
statement is a special feature of the ISQL utility. 

 
That yields: 

 

IV. USING VIRTUOSO 

Part of Virtuoso is interactive SQL command from where 
if we type the command tables; all tables in database will be 
shown. The result is shown in figure 2. 

 

Fig. 2. Result from command tables 

Through its menu bar (Database/Create table) Virtuoso has 
option for the table creation. Textbox opened enable inserting 
the SQL code for table creation (figure 3). 

The SQL command is: 

CREATE TABLE DB.DBA.AI ( 

AI INTEGER IDENTITY, 

XX VARCHAR, 

PRIMARY KEY (AI) 
) 

Example creating new table and then select this table in 
Virtuoso. 

CREATE TABLE demo_table ( 

id INTEGER PRIMARY KEY, 

txtdata VARCHAR(20) 

) 

Written in textbox   

 
Fig. 3. Option for creating new tables in Virtuoso  

Select the demo_tabel 

 

Following example illustrate creation of the table in 
Virtuoso and insert data to it. 
CREATE TABLE test_check ( 
  name VARCHAR, 
  age INTEGER 
  CHECK (age > 18), 
  email VARCHAR 
  CHECK (regexp_like(email, '^([a-zA-Z0-9_.-])+@(([a-zA-Z0-9-  
  ])+.)+([a-zA-Z0-9]{2,4})+\$')) 
 ) 

INSERT INTO test_check (name, age, email) VALUES 

('Jack', 18, 'jack@foo.bar'); 

Select the table demo_table in shown below: 

 

Following command create procedures in Virtuoso: 

create procedure xmla (in q varchar) { 

declare st any; 

st := string_output (); 

xml_auto (q, vector (), st); 

result_names (q); 
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result (string_output_string (st)); }; 

Result is: 

 

Select all data from table user: 

 

Result is shown below: 

 

Virtuoso supports SPARQL (a language that enable search 
of semantic web data). SQL is used to query relational data, 
XQuery is used to query XML data, and however SPARQL is 
used to query RDF data. At its most basic, a SPARQL query is 
an RDF graph with variables. For example, consider the 
following RDF graph: 

ex:juan foaf:name "Juan Sequeda".  
ex:juan foaf:based_near ex:Austin.  
 

A version of the previous RDF graph that has variables 
instead of values is given by: 

?x foaf:name ?y.  
?x foaf:based_near ?z.  
 

Note that variables in SPARQL queries start with a 
question mark (?). 

Example of SPARQL query for the RDF data above is: 

PREFIX foaf: <http://xmlns.com/foaf/0.1/> 
SELECT ?name 
FROM <http://example.com/dataset.rdf> 
WHERE { 
  ?x foaf:name ?name . 
} 
ORDER BY ?name 
 

Command PREFIX describes appropriate declarations for 
abbreviating URI. Command SELECT returns data matching 
some conditions and command FROM defines the RDF 
dataset which is being queried. Command WHERE specifies 
the query graph pattern to be matched. And command 
ORDER BY is used to rearrange the query results. In this 
example we show how we can write a query to search for 
semantic data. 

V. CONCLUSION 

Semantic web is changing the way we live and think. The 
new era of web enable faster web response to our search for 
needed information. This opportunity is offered with new 
standards of describing, storing, interconnecting, processing 
and querying semantic data (RDF – the Resource Description 
Framework, OWL – the Web Ontology Language, SPARQL – 
a Query language for the Semantic Web). Technological 
solution that supports these standards is Virtuoso. OpenLink 
Virtuoso is cross platform Universal Server that implements 
Web, File, and Database server functionality alongside RDF 
storage, Native XML Storage, and Universal Data Access 
Middleware, as a single server solution. It includes support for 
key Internet, Web, and Data Access standards such as: XML, 
XPATH, XSLT, SOAP, WSDL, UDDI, WebDAV, SMTP, 
SQL-92, ODBC, JDBC, and OLE-DB. It currently supports 
several operating systems and provides transparent access to 
existing data sources, which are typically nowadays databases 
of different database vendors. After installation of Virtuoso we 
examine its basic functionality and conclude that with this 
system it is easy to manage.  
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Abstract—The elaborate networks of systems and solutions 

that drive organizations are becoming increasingly complex and 

difficult to implement integrate and manage. Workflow 

automation plays a big role in unifying these systems and 

streamlining the data flow throughout the business. Automated 

data transfer solutions give businesses the power to achieve 

unprecedented levels of automation, freeing the IT staff from 

repetitive time intensive manual processes, thus increasing 

productivity and reducing costs.  

To make the process more scalable, auditable and 

maintainable, there will be an additional server created on top of 

the current architecture which will act as a gateway between both 

systems. The server will be accessible by the client and the 

operations can be performed immediately upon request without 

including any manual work. The architecture behind the process 

will make auditing more clear and visible for both parties. The 

results of the daily data import will be placed in a table and will 

be accessible to the client at all times.  

The main functionality of the new server will be to automate 

as much manual work as possible and to provide the end user 

with more flexible methods of processing the data at any time.  It 

is important to provide the end user with a visibility of their daily 

data requests in order to be sorted quickly. The result will be a 

significant increase in data processing efficiency, which in turn 

would yield more productivity and savings in the corporate 

environment. 

Keywords— Automated Data Transfer, Linked Servers, Import, 

Re-import, Data 

I.  INTRODUCTION  

Automation of processes plays a big role in providing 
more effective and efficient way of how the organizations 
work. The structure of the most important processes in a 
business organization can significantly affect the relationship 
between the business and its clients. Organizations strive to 
provide their clients the best support they can by using less of 
their resources to achieve that and performing no manual work 
at all. The transformation of IT has been fueled by the 
promises and deployment of automation across all business 
functions. The rollout of ERP systems, the adoption of Internet 
and/or cloud-based software and infrastructure, the adoption 
of policy-based IT management (e.g. ITIL) are all done with 
the aim of providing automation, i.e., greater operational 
efficiency, to the business or agency. The automation can be 
applied to business functions native to the business’s core 

competency (like data transfer), or to ancillary and support 
functions (like HR and IT). One of the most used solutions is 
the automation of the repetitive processes and freeing IT staff 
from manual work [1]. At its most core level, automation is 
the elimination of  repetitive, manual tasks, rendering high 
operational value, especially if those tasks have high mission 
criticality and/or a propensity toward human error. 

This paper is based on a research performed in a business 
organization where the main stream that drives all the 
processes is data. This organization is in charge of the 
affiliation marketing systems of online gaming companies 
worldwide. The Business is providing a reporting system 
based on data figures. Every day the current system is 
processing a large amount of data through the backend system 
to the production environment. Each process is scheduled and 
customized based on the client’s requirements.  

 
Fig. 1. Linked Servers Workflow [2] 

 

It was stated that 20% of all the manual work done by the IT 
team is data transfer related. The team is performing repetitive 
work on a daily basis to ensure the smooth running of the 
reporting system. This is usually not convenient for either the 
company or the clients. The client will have to wait for the IT 
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team to respond to their data related queries, which most of the 
time is due to the exception failures of the current data process, 
such as data was sent late (not picked up by the scheduler), data 
was incorrectly sent and not processed by the system etc.. Based 
on the aforementioned, the company has come up with a solution 
to ensure that no data manual work would be done in future. To 
allow the clients to push the data into the system at any time 
without using scheduled jobs, the company will introduce 
another server on top of the current architecture which will be 
accessible by the client.   

The aim of this paper is to present an automated transfer of 
data by using a complex architecture. To achieve this, 
Microsoft SQL Server 2012 will be used as the main platform 
of database technology.  

II. THE PROCESS OF SENDING DATA 

A process links actions and tasks together to achieve a 
desired end. In general, the more actions involved in the 
process, the higher the complexity. Additionally, there may be 
conditional processing of actions, dependency based 
processing or even complex logic (if, then, else, loops, 
nesting, etc.) directing the flow of processing. A process can 
be a human process, or a human-machine interaction. With 
automation, the process can be carried out completely by a 
machine, following a human’s design of the process flow and 
its logic. The higher the complexity of the logic, combined 
with the frequency of execution and value of the results, the 
greater the incentive becomes to automate the process. 

The main drive of the solution is the request table. Without 
having a request record pushed to the Mid-Tier along with the 
data to be imported, the data process will not start. Once the 
client transfers the data into the transfer tables, they will also 
need to insert 3 rows for each Data Type (Player Registration, 
Player Activity, and Exchange Rate) in the above table which 
will include the request and the status set to ‘Received’.  
When the daily import starts, the status is updated to 
‘Executing’.  If the data import process fails, the status is 
updated to ‘Failed’.  On the other hand, if the data import 
process is successful, the status is updated to ‘Success’. A 
specific column, previously agreed upon will be used when 
the client requests re-imports of data. When the client requests 
a re-import, the scripts will delete all players’ activity data 
from the system by using the parameter given and will import 
the new data accordingly. The Date Requested column will be 
set automatically by the system when a request record has 
been added. To have clear visibility of the entire data transfer 
process, a new table will be introduced in the database. In this 
table, the system will store audit records for all requests made 
by the client and the status of every request. Once a request is 
performed by the system, an audit record will be inserted in 
this table. 

The client will be pushing the data in three tables 
containing the same fields as the columns in the current daily 
files. Schedules will be created so that every 3 hours it will be 
checked if the client sent the data. A process will be put in 
place that will check if the data has been received before 
starting the data import job.  If there are no data in the transfer 

tables, a notification email will be sent and the job will be 
stopped. Once the data gets inserted successfully, the tables 
are cleared for the next day import.   

In this solution three types of automated data import will 
be covered: 

 Daily Transfer 

 Exceptions Transfer 

 Data Re-import\ 

A. Daily Transfer 

The Daily Transfer type of import is the most basic. It 
caters for the usual daily import where the system receives the 
new figures for each day and stores them into the reporting 
system. These figures represent the activity of the players and 
the players itself for the previous day. 

Once the Daily Import starts, a figures reconciliation table 
will be populated with the received figures grouped by activity 
date and product. This will allow both parties a clearer and a 
more visible process of reconciling the figures sent per month. 
The Daily import scripts will process the data into the 
production system and will return back the customer 
exceptions to the MID-Tier Server. 

B. Exceptions Transfer 

This type of data transfer is closely related to the ‘Daily 
Transfer’. Once the system processes the data from the Daily 
Transfer, the system generates exception records as an output. 
These exceptions are records that were not successfully 
imported into the system due to various factors. The system is 
created to handle exceptions and provide feedback. 

The output of exceptions is sent back on the Mid-Tier 
Server where the client will have full access to the records that 
did not manage to be imported successfully into the system 
with a description accordingly. Then the client will resolve the 
failed records, by providing the correct information, which 
will be sent as a request for Exception Import to the Mid-Tier 
Server. This process will be explained in details further in this 
paper. 

The system starts the Exception import process, which 
processes the data. Once the exception transfer process is 
completed, the system will resolve any successfully processed 
customer exceptions. If a customer exception is resolved after 
the exception transfer process, the record will be removed. If 
there are still exception customers after the exception transfer 
process, the system will populate the appropriate table with 
the new exceptions. 

C. Re-import Process 

This process is the most complex of all due to the steps 
involved in reaching to the end. First, the system removes the 
old data based on the parameter given from the client, and 
then it imports the new figures and refreshes the system.  

In order for the Re-import process to begin, the client must 
specifically request for one on the Middle Tier Server. Based 
on the request the procedures on the backend will follow the 
scripts to perform the re-import.  Once the re-import process is 
completed, the appropriate table will be updated with the new 
imported and received figures. 
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To ensure a positive customer experience, a process must 
trigger an automated action, and automation must then manage 
the experience across multiple channels, personalize the 
customer’s interaction, and predict the best next actions. It is 
highly important for both parties to create a solution which 
will not include any manual work. Therefore, to make this 
process more intelligent, every record sent from the client will 
be stamped with a unique constraint. The constraint will be 
unique for each request as well.  

III. AUTOMATED EXCEPTION HANDLING 

After the data has been imported in the system, three files 
are created with the customer and activity exceptions. Once 
the middle layer is set up, another table will be created to store 
the customer registration exceptions.  The Exceptions tables 
will store all records received which failed to be imported into 
the system. The exception history will store the exceptions for 
the last 7 days. 

IV. AUTOMATED DAILY RECONCILIATION 

A process of shifting through the corrected exceptions is 
included on both ends. This will provide a more accurate 
reconciliation report. The reconciliation numbers will be 
stored in an appropriate table, which will be populated on a 
daily basis after performing a request from the client, in order 
to keep track of the figures more accurately. There will be a 
script performing checks on the accuracy and to make sure 
that the table is updated with the latest figures. After importing 
the exceptions, the reconciliation table will be refreshed so 
that the latest data becomes available. On a daily basis, a 
procedure will check that the number of rows received match 
the number of rows inserts plus the number of rows in 
exceptions.  If there is a mismatch in the figures, an Alert will 
be sent to both parties. 

V. ALERTS 

The following Alerts will be created to make sure that any 
issues are picked up promptly. 

 
Current System: 
1. Missing data in the transfer tables; 
2. If there are mismatches in the row count; 
The exact time when the aforementioned alerts will be 
sent out must be agreed beforehand. 
3. Send alert if there is any server problems (CPU, SQL 

service); 
4. Alerts when exporting reports.  As soon as the export 

reports are populated an email is sent to the client. 

Client: 
 

1. Alert if the client have problems connecting to their 
servers.   

A. Alerts upon Failure 

The Alerts which will inform of any system failures will be 
part of a stored procedure in SQL. 

Step 1 – Alerts due to system failure 

 

A Step in the data transfer job will be created to inform 
both parties when the data transfer fails due to the following 
reasons: 

1. System Failure during the Data Transfer Process; 
2. Incorrect data request in the request table. 

The step will have detailed explanation of why the data 
transfer failed. 

Step 2 - Alerts due to missing data 

The procedure will check if the respective data is imported 
into the transfer tables: 

 
a) table_playertransfer 
b) table_playeractivitytransfer 
c) table_exchangeratetransfer 

 
Apart from pushing the data into the tables above, the 

client will also need to import a request type. 
Request Types are the following: 

a) Daily Transfer 
b) Re-import 
c) Exception 

B. Daily Transfer 

An alert will be sent to the client if any of the above tables 
are empty and the data transfer process will be stopped. The 
tables will be checked again on the next scheduled job. If the 
player’s table is the only one containing data, the procedure 
will continue with the import but will inform the client that the 
other two tables are missing. This is the only case when the 
customer’s table has data. 

C. Reimport 

An alert will be sent to the client if any of the above tables 
are empty and the data re-import will not continue based on 
the transfer type specified in the request table: 

 
a) Player Registration 
b) Player Activity 
c) Exchange Rate 

 
The procedure will process this request if the above 

parameters provided are correct. 

D. Exceptions 

It is important that the client specify the request type of the 
Exceptions. The procedures will check the transfer tables 
based on the request parameters passed in the request table 
and will inform the client if the Exceptions Transfer fails. 

 
 
 
 
 

606060126060

The 12th International Conference for Informatics and Information Technology (CIIT 2015) 



VI. MAINTENANCE PLAN  

Backup Policy: 
 
1. 1 full backup daily locally on the same server; 
2. Transaction log backup every 15 minutes. 

 
Backup retention period:  1 week 
 
The average size of each full backup will be approximately 

20 % of the database size. This backup plan may be fine-tuned 
when the project evolves. Both a base agent and an SQL 
Server Backup Agent will be used to generate and manage the 
backup schedules. If a problem is experienced with the 
database and it is found that the database had been corrupted 
and the tables are inaccessible, a backup will be restored in 
line with the SLA agreements. 

VII. SERVER SPECIFICATIONS 

Server Virtual Server 

Operating System MS Windows 2012 R2 

Database Management 
System 

MS SQL 2012 Standard 
Edition 

Processor vCPU 4 (4 virtual processors 
running on a physical hex 

core) 

Memory 8 GB RAM 

Storage 500GB 
The remit of the server is to 
store ‘data in transit’ and not 
to be a permanent storage of 
historic data so the amounts 
of data storage required will 

not be big. 

Network 1000 Mbps 

Access Client’s staff will be granted 
an access to the SQL Server 

instance on the server. 

Server Management The side creating the solution 
will have the responsibility 

to maintain the server’s 
uptime and its smooth 

running. 
 

 

VIII. RESULTS 

 
This solution will help both businesses optimize their 

current data processes. The Mid-Tier Server is a customized 
solution created to answer all clients’ requirements. As 
previously mentioned, with the current data transfer process 
the client is not able to perform re-imports of data. Re-import 
is usually performed when the data are not complete or some 
figures are not correct. This process was done manually in the 
past by the IT team, by removing the old data from the system 

and importing the new figures sent from the client. It is a 
repetitive work that needs to be automated. 

Both the client and the provider of the solution agreed that 
the queuing mechanism will significantly help both IT teams 
in delivering the data more accurately and having visibility of 
all the records pushed to the system. 

 
Fig. 2. Data Queuing Mechanism [3] 

 
True process of automation should be deployable to line 

functions or staff/support functions. Inefficiencies in either 
area impact the bottom line negatively. Automation can live 
and deliver benefits in the IT organization or to the business 
units. Below there is a paragraph where it presents value of 
automation based on two parameters Frequency of Execution 
and Complexity of Process. 
 

 
 

Fig. 3. Increased Value of Automation [4] 
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IX. CONCLUSION 

An essential part of a business is to have its processes in 
place, to use least of their most crucial resources and provide 
excellent support for their clients. Businesses are exponentially 
growing when their clients are satisfied with the support that 
they receive on a daily basis. It is important to give clients a 
stable structure and stable processes to follow.  

The end users want to order applications in a self-service 
manner and take delivery within minutes. IT needs to deliver 
application workloads on-demand in an automated and 
repeatable manner, eliminating manual provisioning or de- 
provisioning of resources. 

The data transfer automation will increase the speed and 
agility of the business. The data center is a critical part of a 
business strategy. The faster it produces results, the more 
competitive the business can be in a world that values speed. 
To reach the speed a business need, the data center must be 
agile – it must be automated. The solution presented in this 
paper will significantly reduce the manual work of the IT team 
and will enable full access from client’s side. The Middle 
Layer Server will play a big role in any future modifications of 
the data center because it is scalable and efficient. The process 
explained is complex and requires a customized logic in order 
to please client’s requirements. However, it is scalable and 
other future requested functionalities can be added easily.  
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Abstract The cloud application for water resources based on 

open source software is deployed on a hybrid model of public  

private cloud, running on two separate virtual machines (VMs). 

The first one (VM1) is operating on Amazon web services (AWS) 

and the second one (VM2) is working on a Xen cloud platform. 

The cloud application is developed using several programming 

languages (PHP, Ajax, Java, JavaScript), libraries (OpenLayers, 

JQuery) and open-source software components (GeoServer, 

PostgreSQL, PostGIS) and OGC standards (WMS, WFS, WFT-

T). The cloud application has four web services for 1) data 

infrastructure (DI), 2) support for water resources modelling 

(WRM), 3) user management and 4) water resources 

optimization (WRO). The cloud application is: available all the 

time, accessible from everywhere, it is scalable, works in a 

distributed computer environment, it creates a real-time 

multiuser collaboration platform, the programming languages 

code and components are interoperable, and it is flexible in 

including additional components. This research shows the 

capability to scale and distribute the cloud application between 

several VMs. The cloud application was successfully tested in the 

Zletovica case study in a distributed computer environment with 

concurred multiple access.  

Keywords  Cloud computing; open source; application 

development component; 

I.  INTRODUCTION 

Presently, most of the existing software for water resources 
is desktop-based, designed to work on a single computer. Often 
scientists are complaining about running model time, that can 
take days, even weeks, making research quite difficult. Another 
limitation is a multiple user support. The classical desktop 
application do not support multiple users to work together, 
sharing data, models, and results. Data and model portability is 
an issue, and depending on the software type or version, 
sometimes even the same software on another computer can 
make problems with data and model portability. The software 
availability and accessibility are often restricted by licenses 
that must be used inside the organization building, or the user 
must be physically there to use the desktop software. These are 
all major limitations of any desktop software. Which brings us 
the main research question of this article: Is it possible to 
develop water resources application that alleviates most of the 
issues mentioned before that provides seamlessly endless 
storage and computing power, is available everywhere and  

 

 

 

 

 

 

anytime, provides multi-user platform, diminish data 
portability issue, and it is flexible for upgrading the existing 
and connecting/adding other software components.  

The only feasible solution lies in the web and cloud. There 
are various examples of web applications [1-4], cloud web 
services [5, 6] and mobile applications [7] in the water domain. 
Previously mentioned systems often need only a web 
browser  to be used, hiding all implementation details from the 
end-users. These advantages can significantly increase the 
number and the diversity of users.  

The cloud application for water resources is continuation of 
previous research [4] that presents the development of a web 
application for water resources based on open source software. 
The web application for water resources has three web 
services. The cloud application has an additional web service 
and in total has four web services for 1) data infrastructure 
(DI), 2) support for water resources modelling (WRM), 3) user 
management, and 4) water resources optimization (WRO). The 
cloud application enhancement are the following: 

• The web application is distributed / deployed on two 
VMs. The VM1 is running as a micro instance of Amazon 
web services (AWS) public cloud, and the VM2 is 
running on a Xen cloud platform at the University Goce 
Delcev in the Republic of Macedonia.  

• The web service for support of WRM that runs on VM1, 
and the DI web service that runs on VM2, are 
communicating with WFS-T (web feature transactional 
protocol), XML messages over the internet, 
demonstrating distributed computer environment.  

• Additional optimization algorithms nested stochastic 
dynamic programming (nSDP) and nested reinforcement 
learning (nRL) are included into the web service WRO, 
improving its capabilities.  

• Clear demonstration of hybrid cloud is presented, where 
VM1 is part of the AWS public cloud, and VM2 is running 
in the private cloud. The advantage of this distributed 
computer environment is that the data security and 
protection can reside in the private cloud (VM2), while 
the web services can work in the public cloud (VM1).  
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The cloud computing application was tested using data 
from the Zletovica river basin located in the north-eastern part 
of the Republic of Macedonia. The test is a proof of concept 
that this application can be a foundation for a modern cloud 
based solution. The application url www.delipetrov.com/his/ 
provides video presentation and explanation of the system 
components, guides how to use the services etc.   

II. DESIGN AND IMPLEMENTATION 

The cloud application has four web services:  

• DI. 

• Support of WRM. 

• User management. 

• WRO 

 

Fig. 1. shows the web services and the data communication 
links represented by arrows. The communication between the 
web service for support of WRM and the DI web service is 
asynchronous, or on demand. 

A. DI web service 

The DI web service is composed of two components 1) 
HMak database created in PostgreSQL and PostGIS and 2) 
GeoServer application. The HMak database is the central 
database in this cloud application storing all data. The DI web 
service is running on VM2 that resides in the private cloud 
created by the Xen cloud platform. The HMak stores geospatial 
data, including topographic, hydro-geological, rivers, roads, 
municipal, etc. The GeoServer shares the HMak geospatial data 
on the internet. The HMak stores six geospatial vector layers: 

rivers, canals, reservoirs, users, inflows, and agriculture land, 
and their attribute tables, that are used by the web service for 
support of WRM. Additionally, the HMak stores around 40 
time series data tables used by the WRO web service. 

GeoServer is an open source server for sharing geospatial 
data. It is interoperable and can publish data from any major 
geospatial data sources using open standards. More 
importantly, GeoServer is as a middle tier application that 
connects the HMak database on one side and provides OGC 
web services (WFS-T) on the other side. 

B. Web service for support of WRM 

 The web service for support of WRM interface provides 
tools to work with the geospatial objects from the six layers 
described before, that represent water resources components 
and its infrastructure, shown in Fig. 2. The main difference 
between the web service for support of WRM and desktop 

interfaces is that the web service for WRM is accessible by 
multiple users simultaneously over the internet using a web 
browser. Generally, the web service for support of WRM is a 
customized web GIS service designed for water resources.   

 The web service for support of WRM is developed using 
PHP, Ajax, JavaScript and the most importantly OpenLayer 
library. The OpenLayer library support OGC standards: Web 
Map Services (WMS) and Web Feature Services - 
Transactional (WFS-T). The web service for support WRM 
using WMS connects to two different basic map providers: 1) 
Google Maps and 2) OpenLayers WMS. This allows users to 
select the background map from the menu as shown in Fig. 2, 
where OpenLayers WMS is used. Important is that other users 
can select different background maps e.g. Google Maps 
without interfering between each other. 

 
Fig. 1. Design of the cloud computing application for water resources 
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The OpenLayer library creates WFS-T communication 
between the web service for support of WRM user interface 
running on VM1, and the geospatial data stored in HMak 
where the GeoServer acts like a middle tier running on VM2. 
The WFS-T communication provides a framework to create, 
update, and delete geospatial data over the internet and the two 
VMs.  

C. Web service for water resources optimization 

The WRO web service implements three algorithms for the 
optimal reservoir operation named 1) nested dynamic 
programming (nDP) 2) nested stochastic dynamic 
programming (nSDP) and 3) nested reinforcement learning 
(nRL). Further discussion about the algorithms is not 
explained, because it goes beyond the scope of this article. The 
three algorithms are coded in Java and, developed as prototype  
applications. 

The WRO web service has several components: PHP web 
form for data input and upload into the HMak database running 
in VM1, the three prototype Java applications for each 
algorithm residing in VM2, and a separate page for results 
presentations again in VM1. The web application directory on 
VM2 stores the three algorithms executable JAR files. The 
Optimization  tab provides user interface for the WRO web 

service. The JavaScript library highcharts.js  presents the 
results. 

D. Web service for user management 

The web service for users  management is simple with a 
main purpose to control the cloud computing application 
access. The user profiles stores the cloud application usage 
time. Further development of this service will include users  
computer power and storage usage. Using these information s, 
the administrator can effectively manage the cloud application 
users. 

III.  PRELIMINARY RESULTS AND TESTS  

Important milestone is the deployment of the cloud 
application between the two VMs running on separate physical 
servers. Thet VM1 is a micro instance on the AWS, and the 
second VM2 is running on the Xen cloud platform. The VM1 
has 8 GB HDD, 1 GB RAM and Ubuntu 13 as an operating 
system. The VM2 has 30 GB HDD, 1 GB RAM and Fedora 16 
as an operating system. The VM2 is running on a physical 
server IBM x3400 M3 with four-core Intel Xeon E5620 2.40 
GHz with 12 MB of cache per processor. The AWS 
management console, and the Citrix XenCenter, respectively 
manage the VM1 and VM2. Both management consoles provide 
tools to control the cloud application and server environment 
i.e. control the CPU usage, the memory, the disks and the 
network connections on all of the virtual machines.   

Fig. 2 shows the hydro system Zletovica model created by 
the web service for WRM. The hydro system contains the 
reservoir Knezevo, river network, canal network, towns as 
users and agricultural areas. The WRO web service was tested 
using data from an existing study of the Zletovica river basin. 
Three nDP, nSDP and nRL datasets were uploaded as CSV 
files into the HMak using the WRO web service interface. Fig. 
3 presents the optimal reservoir storage results of the three 
algorithms.   

The test general conclusion is that the cloud application is 
stable and functional, supporting multiple users with increased 
workload. The system performance measures, the workload 
and other characteristics were not performed, although both 
AWS management console and Citrix Xen control provides 
that information. The main test was to demonstrate that the 
cloud computing application works as designed. 

 

Fig. 2. Cloud application for water resources interface  

Fig. 3. Optimal reservoir operation using WRO web service 
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IV. DISCUSSION AND CONCLUSIONS  

The cloud computing paradigm Only a web browser is 
needed to use the application  is accomplished. Furthermore, 
the presented cloud application is deployed on two VMs 
working in a distributed computer environment. The presented 
application demonstrates all cloud advantages, such as 
diminishing concerns about working platform, software 
versions, data portability, and other implementation details. 

Further, the NIST definition [8] of cloud computing is 
considered to evaluate the presented cloud application. The 
first two essential characteristics of the cloud application are 
on-demand self- service  and broad network access.  The 

cloud application is available and accessible all the time and 
from anywhere and it only requires a web browser. Moreover, 
our interaction with the application is on-demand and driven by 
user needs. The web application is available on any device that 
has a web browser (e.g. mobile phones, laptops, etc.).  

The third and fourth essential cloud application 
characteristics are the capability for resources pooling  and 
rapid elasticity.  The basic adjustment concerning the 

workload can be performed by increasing the current VMs 
computational power. The VMs workload can be monitored 
over AWS console and XenCenter and adjust appropriately. 
The cloud application components, standards and programming 
languages are interoperable and can be deployed on an 
unlimited number of servers and connect appropriately. The 
issues concerning scalability and resource pooling can be 
resolved by creating many data repositories similar to the 
HMak deployed on a number of VMs, storing large quantities 
of geospatial and other types of data. Furthermore, several 
GeoServer instances can connect to multiple data repositories, 
creating a giant DI system. The web service for support of 
WRM can connect to the multiple GeoServer instances, and 
finally the web services can be replicated on several VMs. 
Depending on the number of users, the workload, the storage 
capacities, the processing power, the number of servers 
available, etc., the optimal cloud application environment can 
be adapted.  

The last essential characteristic of cloud computing is 
measured service  which is rudimentary supported by 

measuring the time of each user s usage of the system. This 
satisfies cloud computing criteria, but needs to be vastly 
improved (e.g. with measuring processing power consumption, 
storage capacity utilization, etc.). 

Concerning service models, the presented cloud computing 
application belong to software as a service (SaaS). Users with a 
web browser access the cloud application and do not care about 
underlying cloud infrastructure. The current deployment model 
is hybrid of public - private cloud because the VM1 is running 
in public cloud AWS, and VM2 is on private Xen cloud 
platform.  

The most valuable feature of the cloud application is its real 
time collaboration platform capabilities. Multiple users using 
only a web browser can work jointly with the web services and 
collaborate in the same working environment in real time. An 
example is the web service for supporting WRM is when a user 
saves the current work. After that moment all other distributed 

users with just refreshing the web browser window can see the 
change (new/modified rivers, users etc.). All of the data and 
models are stored in HMak and users do not have to be 
concerned about hardware and software support infrastructure.  

Another important concern about implementing cloud 
solutions is the data protection and safety. Often many 
companies and organization dismiss implementation of cloud 
computing solutions just because their data will be stored 
somewhere on the internet raising major concerns about its 
safety and protection. This prototype cloud application makes 
an elegant solution where services are residing in the public 
cloud, while the data is stored in the private cloud. If for 
instance an attack happens on the cloud application, to protect 
the data the private cloud VM2 can be disconnected from the 
public cloud AWS VM1. Another key point is that data resides 
inside the institution, and only the web services are 
outsourced.  This concept can be applied in many 

organizations where the data needs to be stored internally.  

This research demonstrates that there are available open 
source software and technologies to create complex and robust 
cloud application for water resources. The application is a SaaS 
hybrid cloud solution running on two virtual machines VMs, 
from which VM1 runs on AWS and VM2 on Xen cloud 
platform. The cloud application was tested in the Zletovica 
case study and with real-time multiple users that collaborated 
and jointly modelled and optimized water resources.  

The cloud application can be further improved by 
connecting to new data repositories. Additional modelling, 
optimization and other decision support services have already 
been envisioned and can be added to the existing platform, so 
that it can evolve into a fully cloud based water resources 
modelling system. 
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Abstract - Until about a decade ago, a lot of companies run 
their software on computers in the buildings (on premises), 
rather than at a third party. Recently, the new paradigm – cloud 
computing has emerged. The cloud removes the need for the user 
to install any software on premises. Running software remotely 
can be more cost effective because of the reduced man hours and 
days for maintenance and administration, power consumption, 
etc. In order to provide these cost savings, the cloud providers 
charge their customers on a subscription basis. As a result, 
companies can spread their budget more efficiently and focus on 
growing the business. In this paper we conduct a financial 
analysis whose aim is to compare the capital expense (CAPEX) 
and operating expense (OPEX) of an e-Ordering system as on-
premise solution on the one hand and Software as a Service 
(SaaS) on the other hand. 

Keywords - eOrders; Business Analysis; Business Model; Cloud 

Computing;  

I. INTRODUCTION 

Today, the cloud services are becoming more and more 
attractive to small and start-up companies that are seeking to 
reduce licensing costs and IT staff and focus on growing the 
business [1]. This is the case with the e-Ordering system; a 
system that allows client companies to order some services 
from the sellers. Cloud computing is an attractive proposition 
for companies that are seeking to make the most of the today’s 
technology at lower costs and lower risk. They don’t need to 
invest in software or hardware, and they only pay for what 
they use. In general, the services in the cloud are organized in 
three categories [2]: Infrastructure as a Service (IaaS), 
Platform as a Service (PaaS) and Software as a Service (SaaS). 
Each layer of the cloud architecture uses the services of the 
layers below. The IaaS layer is the lowest layer in the cloud 
stack, while the SaaS layer is the highest. Going from IaaS to 
SaaS, the customers have less work and responsibility as the 
layers go up. Customers subscribed to the IaaS service have 
improved IT agility and can migrate their applications and 
data on virtualized servers without the need for network and 
equipment administration. Virtualization as a method is 
widely used at the IaaS layer. Unlike IaaS, the PaaS layer is a 
development platform that allows customers to develop and 
deploy cloud services and applications on the cloud, without 
having concerns about maintenance and security. The SaaS 
layer gets all the benefits that IaaS and PaaS offer as cloud 

service layers. Customers do not have to deploy their own 
software nor employ IT staff for administration. They can 
subscribe to any SaaS service. Most common services sold as 
SaaS are email applications, CRMs, ERPs, TMSs, etc. Unlike 
the consumers, the service providers are constantly managing 
their resources. Most common IaaS providers are: Amazon 
AWS, Google Compute Engine, Microsoft Windows Azure, 
Rackspace Open Cloud, etc. The PaaS providers have their 
own resources, while some of them rent resources from other 
IaaS providers. Most common PaaS providers are: Amazon 
AWS, Engine Yard, Google App Engine, Heroku, Red Hat 
OpenShift, etc. The SaaS providers also have their own 
resources and when necessary they rent resources from other 
IaaS or PaaS providers. Today, the SaaS providers are 
specialized in almost every field, from productivity and 
project management, to security, monitoring, customer 
service, help desk and more. A typical deployment of a SaaS 
application does not require any hardware, because the vendor 
provides the entire infrastructure. The SaaS model is designed 
to deliver applications anywhere and anytime. To do this 
continuously, globally and securely, the vendors need to have 
reserve capacity in order to handle any spikes in usage, 
outages or network mishaps, and they also need to employ 
support teams that are available to customers on short notice. 

There are three key cost drivers for any software 
implementation; the cost of the software application, the 
hardware required to run the application; and the people 
required to design, develop, deploy and maintain the 
application. The pricing of traditional software is limited to 
the cost of the software application and it is up to the customer 
to determine the cost of the hardware and cost of the people 
services. While these applications are based on a model with 
large upfront licensing costs and annual costs for upgrades and 
support, the hosted applications are based on recurring 
subscription fees. A traditional on-premise solution requires 
backup, networking, hardware and server deployments in 
order to accommodate the number of users on and off campus. 
An increased number of users may raise the customer’s costs 
due to the need for additional hardware deployments and 
servers. These types of software applications tend to be highly 
customizable and they come at a price. The customer is 
responsible for providing maintenance, management and 
security to the application, as well as support and training for 
the end-users. On the other hand, hosted applications are based 
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on a recurring subscription fees and usually are based on a 
monthly or annual fee for using the service. The service fee 
usually includes maintenance, support, training and upgrades 
and is inclusive of all hardware, networking, storage, database, 
administration and other costs. The cost may increase as the 
usage of the application increases and vice versa. This 
depends on the number of users, number of transactions, etc. 
As a result, a hosted application is much friendlier to the 
company’s growth model when compared to on-premise 
solution. 

II. CASE STUDY 

Almost every SaaS provider rents virtual machines (VMs) 
from other IaaS providers [3], usually on hourly basis. The 
cost for a VM is calculated by the hours the rented VM(s) has 
been activated. The revenue of the SaaS application, in our 
case the e-Ordering system, depends on the number of users 
and transactions made. Most of the services provided by the 
sellers of the e-Ordering system allow client companies to 
make orders only at the end of the week, with exceptions of 
some sellers. So the system has increase in the number of 
orders (users and transactions), every Thursday and Friday, as 
presented in Fig. 1. Since both, renting the VMs and selling 
the e-Ordering service to the client companies, are happening 
at the exact time of the week, the company must create a 
business model in order to maximize the profit and grow its 
business. This will save the company’s capital and operating 
expenses, and also resources needed for administration and 
management [4]. This study will contain a detailed analysis of 
the current pricing models for renting and selling resources on 
both markets, for cloud and on-premise as well. After a 
successful analysis, we expect to choose the most cost 
effective model for the solution. 

Further, we plan to divide the e-Ordering system on two 
subsystems, i.e. static and dynamic. The first one will be 
active during a normal or a reduced system usage, while the 
other will be active at higher peaks of usage [5]. As mentioned 
above, when the system has increase in the number of orders, 
every Thursday and Friday, the dynamic subsystem will be 
active in order to scale the resources in the cloud, either to 
utilize more smaller VMs (with less resources, or scale 
horizontaly) or less but greater VMs (with more resources, or 
scale vertically) [6]. 

 

Fig. 1. Expected weekly distribution of number of orders. 

A number of challenges of how to become a profitable 
provider by using the resources are discussed by Schwanengel 
and Hohenstein [7]. Few papers reported that the price for 
scaling the resoursces in a VM is linear [8, 9], i.e. using one 
VM with two cores is two times more expensive than one with 
one core, and so on. Later in this study, we conduct a business 
analysis where we examine the feasibility of the proposed 
architecture. 

III. PACKING ALGORITHM 

The e-Ordering system is designed to handle a large 
number of small and start-up companies [17]. The number of 
employees those companies have is usually up to 50, but there 
are exceptions. Some companies can even have up to hundred 
of registered employees. We need to group as more companies 
as we can and put them on a single server or instance. We are 
assuming that a compute optimized server can handle a 
hundred of users. Most cloud providers (CPs) offer servers 
with 1, 2, 4 and 8 cores. If one CPU can handle a total of 20 
users, then a server with 8 cores can handle 8 times more users 
than a server with one core, thus handling a total of 160 users. 
In order to open the e-Ordering service to the consumer 
companies (every Thursday and Friday), we need to deploy N 
number of servers that are optimized to fit and serve all 
companies. To solve this packing problem, we suggest a 
greedy algorithm. 

First fit is a greedy algorithm that processes items in 
arbitrary order. For each item or company, the algorithm is 
going through all the bins, in our case instances, until it finds a 
space that is large enough to place the iterated item. It puts the 
item in the first instance that can accommodate that item. It 
doesn’t matter if the space is a bit larger than the company’s 
size. We just want to allocate the first space that the item can 
fit. If no bin can accommodate the item, then a new one is 
opened and the item is placed within the newly created 
instance. The following paragraphs present an example. 

Here is a list of 20 items waiting to be packed by the first 
fit algorithm: 12, 20, 43, 7, 10, 38, 55, 60, 5, 10, 25, 40, 57, 
53, 50, 8, 15, 23, 20 and 16.  

Each item represents a size of a given company or a 
number of users that are allowed by that company to use the e-
Ordering service on Thursdays and Fridays. Using (1) we can 
find out the number of instances needed to be deployed. 

 
∑ ��

�
���

�
  (1) 

First, we need to sum the sizes of all the companies (a1, a2, 
…, a20) and then divide the total by the size of the servers V. 
Previously, we mentioned that we want a greedy algorithm, 
that is, to place as more companies as we can on a single 
server. Therefore, knowing that a single server with 8 virtual 
cores can handle hundred of users, we let V to be 160. The 
outcome of (1) rounds up to 4 (3.54), thus giving us the exact 
number of instances needed to be deployed in order to 
accommodate all the consumer companies from the list. In 
order to prove the outcome result, we need to run the 
previously suggested greedy algorithm - first fit. The visual 
placement of all items and bins is given in Fig. 2. 
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Fig. 2. Packing companies with the first fit algorithm. 

The previous outcome result is confirmed, i.e. the 
algorithm opened as much bins as it was calculated by (1). 
After defining the consolidation algorithm, the next section 
explains the costs for renting VM instances from the top three 
CPs Amazon [10], Google [11] and Microsoft [12].  

IV. CLOUD HOSTING 

The CPs offer different types of VM instances to the 
consumers. That is, VM instances can be optimized for 
computing, memory, storage or GPU processing. Each CP 
offers different configurations for its VMs in terms of CPU, 
RAM, storage, operating system and hosted region. 

Table I presents the current prices for renting VM 
instances from three most common CPs, indicated in USD per 
hour. The prices are strictly for the EU region, and for both 
Linux and Windows platforms. Also, we present only two 
types of VM instances: VMs that are optimized for computing 
and VMs that are used for general purpose. Since we need a 
computing power to serve all the companies that are packed in 
a single VM, we are not presenting the pricing models of GPU 
processing, memory and storage optimized machines. The 
presented machines have up to 8 virtual cores, 30GB of RAM 
and 400GB of storage. 

Working with the price lists for renting VMs is 
surprisingly complex. We cannot simply choose the cheapest 
VM instance and feel reliable about it. In the following 
subsections we discuss all VMs that are presented in Table I. 

A. Microsoft Azure 

Microsoft Azure offers few series of VMs, but we have 
taken only those from the A and the D series. We present 4 
VMs from the basic tier of the economical A-series and 4 
VMs from the D-series. The A-series VMs range in sizes from 
extra small (A0) to extra large (A4), while the more powerful 
D-series has VMs that range from small (D1) to extra large 
(D4). The A-series VMs are not meant for memory-intense 
applications. They feature hard disk drives (HDD), while the 
D-series machines feature solid state drives (SSD). The D-
series VMs have double RAM memory and 60% faster 
processors than the A-series and they are ideal for applications 
that demand faster processors or higher memories. The 
amount of computing power and RAM memory in all Azure 
VMs doubles at each stepping size. 

 

TABLE I.  PRICES FOR VMS 

 
Virtual 

Machine 
Virtual 
Cores 

RAM 
(GB) 

Storage 
(GB) 

Price per Hour 
Linux Windows 

A
m

az
o
n

 E
C

2
 

m3.medium 1 3.75 4 $0.083 $0.146 

m3.large 2 7.5 32 $0.166 $0.292 

m3.xlarge 4 15 80 $0.332 $0.584 

m3.2xlarge 8 30 160 $0.665 $1.169 

c3.large 2 3.75 32 $0.129 $0.212 

c3.xlarge 4 7.5 80 $0.258 $0.424 

c3.2xlarge 8 15 160 $0.516 $0.848 

G
o

o
g

le
 C

o
m

p
u

te
 

n1-standard-1 1 3.75 / 
$0.053 
+ $0.11 

$0.053 
+ $0.04 

n1-standard-2 2 7.5 / 
$0.106 
+ $0.11 

$0.106 
+ $0.08 

n1-standard-4 4 15 / 
$0.211 
+ $0.11 

$0.211 
+ $0.16 

n1-standard-8 8 30 / 
$0.421 
+ $0.11 

$0.421 
+ $0.32 

n1-highcpu-2 2 1.8 / 
$0.066 
+ $0.11 

$0.066 
+ $0.08 

n1-highcpu-4 4 3.6 / 
$0.132 
+ $0.11 

$0.132 
+ $0.16 

n1-highcpu-8 8 7.2 / 
$0.263 
+ $0.11 

$0.263 
+ $0.32 

M
ic

ro
so

ft
 A

zu
re

 

A1 1 1.75 40 $0.047 $0.075 

A2 2 3.5 60 $0.094 $0.15 

A3 4 7 120 $0.188 $0.30 

A4 8 14 240 $0.376 $0.60 

D1 1 3.5 50 $0.094 $0.159 

D2 2 7 100 $0.188 $0.318 

D3 4 14 200 $0.376 $0.636 

D4 8 28 400 $0.752 $1.272 

 

In Table I, we excluded Microsoft’s smallest A-series VM 
(A0) with 0.75GB of RAM. The A1 VM has 1 vCPU, 1.75GB 
of RAM and costs $0.047 per hour for Linux and $0.075 per 
hour for Windows. The biggest A-series VM (A4) has 8 
vCPUs, 14GB of RAM and costs $0.376 per hour for Linux 
and $0.60 per hour for Windows. One of the interesting facts 
is that Microsoft charges almost a double for a Windows VM. 
Apart from the A-series, we present four more powerful VMs 
from the D-series. The smallest D-series VM (D1) has 1 
vCPU, 3.5GB of RAM and costs $0.094 per hour for Linux 
and $0.159 per hour for Windows. The biggest D-series VM 
(D4) has 8 vCPUs, 28GB of RAM and costs $0.752 per hour 
for Linux and $1.272 per hour for Windows, making it the 
most expensive VM in our selection. 

B. Google Compute 

Google follows the same mechanism for doubling the price 
while doubling the size of the VM. Via its Compute Engine 
service, Google offers standard VMs, as well as VMs with 
higher and lower amounts of RAM and CPU cores. We 
present 4 standard and 3 highcpu VMs from Google’s 
Compute Engine service. The number of cores these VMs 
have varies from 1 to 8. The smallest standard VM (n1-
standard-1) has 1 vCPU, 3.75GB of RAM and costs $0.053, 
while the biggest (n1-standard-8) has 8 vCPUs, 30GB of 
RAM and costs $0.421. Unlike the standard VMs, the highcpu 
VMs have more powerful processors and lower amounts of 
RAM. The smallest (n1-highcpu-2) has 2 vCPUs, 1.8GB of 
RAM and costs $0.066, while the biggest (n1-highcpu-8) has 8 
vCPUs, 7.2GB or RAM and costs $0.263. 
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Google has special pricing policy and charges additional 
$0.11 per hour for Linux based VMs that are running a SUSE 
operating system. For example, the total price of using an “n1-
highcpu-8” instance on Linux would be the sum of VM’s cost 
and SUSE’s cost $0.373 per hour. On the other hand, 
Windows VMs are charged based on the number of virtual 
cores, i.e. Google charges additional $0.04 per core/hour. For 
example, the total price of using the same “n1-highcpu-8” 
instance on Windows platform would be $0.583 per hour. 

If a VM is used for a significant portion of a month, the 
consumer can get a monthly discount for every hour used for 
that instance. For example, a discount is applied when an 
instance is used for more than 25% of a month. In our case, 
the VM instances will be used for almost 30% of a month or 
2/7 of a week, i.e. every Thursday and Friday. Table I already 
has these discount prices for Google’s Compute Engine 
service. The discount increases with usage of the instance. The 
consumer can get up to a 30% discount for instances that are 
used a 100% of the month. 

As Table I shows, all Google’s VMs do not have storage. 
Google offers several types of disk for its VMs and charges its 
consumers for the amount of provisioned space per disk. I/O 
operations are included in the charges for provisioned space. 
The drives are available as both standard hard-disk drives 
(HDD) and solid-state drives (SSD). They can be attached and 
detached to any VM instance in the same zone. The cost for 
HDD is $0.04 per GB/month, while the cost for SSD is $0.17 
per GB/month. Therefore, 40GB HDD would cost $1.6 for the 
whole month, while 40GB SSD would cost $6.8 for the whole 
month. If the consumer provisioned 40GB for half a month, 
then the disk would cost half the price, i.e. 40GB HDD would 
cost $0.8 and 40GB SSD would cost $3.4 for half a month. 

C. Amazon EC2 

The most interesting options come from Amazon’s EC2 
service. Amazon offers various number of VMs and pricing 
options. Same as the previous two providers, Amazon charges 
double for twice as much capacity. Amazon via its EC2 
service offers on-demand and reserved instances. The latter 
can be pre-purchased for 1 or 3 years with a significant 
discount compared to on-demand pricing. A reserved instance 
can be purchased either by paying an upfront payment (All 
Upfront or Partial Upfront) or not paying at all (No Upfront). 
The All Upfront option provides the largest discount for a 
reserved instance, while the other two provide a discounted 
hourly rate for the duration of the reserved term. By 
purchasing a reserved instance, a consumer has the freedom to 
turn the VM ON and OFF according to its needs. This model 
has sense if the VM needs to be active the entire time for a 
period of 1 or 3 years, thus helping consumers to save more 
money. 

As mentioned earlier, Amazon offers on-demand 
instances, as well. There are various types of VM instances 
(T2, M3, C4, C3, R3, I2), but our research needs only M3 and 
C3. The M3 instances are general purpose VMs, while the C3 
instances are compute optimized VMs. Both types have solid-
state drives. In Table I, we present four M3 VMs and three C3 
VMs. The M3 VMs range in sizes from medium to extra extra 
large (2xlarge). The M3 medium has 1 vCPU, 3.75GB of 

RAM, 4GB SSD and costs $0.083 per hour for Linux and 
$0.146 per hour for Windows. The M3 2xlarge has 8 vCPUs, 
30GB of RAM, 160GB SSD and costs $0.665 per hour for 
Linux and $1.169 per hour for Windows. Amazon, same as 
Microsoft, charges almost a double for a VM that is running a 
Windows operating system. The C3 VMs are less expensive 
and have lower amounts of RAM memory. They start with the 
large model. The C3 large has 2 vCPUs, 3.75GB of RAM, 
32GB SSD and costs $0.129 per hour for Linux and $0.212 
per hour for Windows. The C3 2xlarge has 8 vCPUs, 15GB of 
RAM, 160GB SSD and costs $0.516 per hour for Linux and 
$0.848 per hour for Windows. 

D. Data transfer 

The price of the VM is just part of the customer’s total 
cost. Another important factor is the data transfer, which refers 
to incoming and outgoing network traffic towards customer’s 
VMs. All surveyed CPs charge only outgoing traffic.  

As presented in Table II, Google is the most expensive CP 
for network egress. Both Amazon and Microsoft offer free 
monthly usage for the first 1GB and 5GB, respectively. On the 
other hand, Google charges $0.12 per GB for the first TB. For 
monthly usage up to 10TB, Amazon charges $0.09 per GB, 
Google charges $0.11 per GB, and Microsoft charges $0.087 
per GB. 

The outgoing data transfer can have a significant impact on 
the costs in 3 years. Therefore, we must calculate how much 
outgoing traffic per month will be transferred from the CPs’ 
data centers. When N companies (buyers) are grouped on a 
single VM, it is normally to expect a minimum number of N 
sellers, because the buyers usually order services from 
multiple sellers. Thus, we set the number of sellers per VM 
(NS) to be 10. Most sellers offer multiple menu items; some 
offer more and others less. Sellers like supermarkets offer 
hundreds of items, but local fast food restaurants offer several. 
Thus, we set the number of items per seller (NI) to be 50 and 
the size of each item (S) to be 0.5MB (including text and 
images). In average, users will probably review only a quarter 
of the menu, so we let the user’s view rate (VR) to be 0.25. In 
Section 3 we concluded that a single VM can accommodate 
maximum of 160 users, so let the number of users per VM 
(NU) to be 160. The system will be active in cloud only on 
Thursdays and Fridays, i.e. 2 days in a week or 8 days in a 
month. Thus, we set the number of active days per VM in 
month (ND) to be 8. 

TABLE II.  PRICES FOR OUTGOING DATA TRANSFER 

 Monthly Usage Price per GB 

Amazon EC2 

First 1 GB $0.00 

1 GB - 10 TB $0.09 

10 - 50 TB $0.085 

50 - 150 TB $0.07 

150 - 500 TB $0.05 

Google Compute 

0-1 TB $0.12 

1-10 TB $0.11 

10+ TB $0.08 

Microsoft Azure 

First 5 GB $0.00 

5 GB - 10 TB $0.087 

10 - 50 TB $0.083 

50 - 150 TB $0.07 

150 - 500 TB $0.05 
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In order to determine the value, (2) defines the total 
monthly outgoing traffic MOG.  

MOG = NS*NI*S*VR*NU*ND   (2) 

Using (2) we obtained MOG = 78GB per month 

Therefore, a rough calculation for data transfer of 78GB 
per month for a single VM will cost around $7 per month, $84 
for 1 year and $252 for 3 years. If we multiply the total cost by 
4 (number of VMs in Fig. 2), we will get a total of $1008. 

V. CHOOSING A HOSTING SOLUTION 

In this section, we present the most optimal VM 
configuration of Table I, and offer self hosting solution for the 
dynamic part of the e-Ordering system. We conclude the 
analysis by choosing the cheapest solution for hosting the 
dynamic subsystem. 

A. Most optimal VM configuration 

From the previous sections, we concluded that we need a 
bigger VM in order to handle a larger number of users. 
Therefore, the most suitable solution for customers’ needs will 
be a VM with 8 virtual cores. Table I contains 6 VM instances 
that have 8 vCPUs, i.e. 2 VMs by each CP. 

Amazon offers two models with 8 cores: m3.2xlarge and 
c3.2xlarge. The M3 costs $0.665 per hour for Linux and 
$1.169 per hour for Windows, while the C3 costs $0.516 per 
hour for Linux and $0.848 per hour for Windows. The M3 
VM costs more because it has twice more RAM than the C3. 
But we aren’t in pursuit of a memory. Instead, we need better 
computing power and CPU performance, like the one C3 has: 
a higher frequency Intel Xeon processor E5-2680 v2 with 25M 
Cache and 2.80 GHz versus the M3’s Intel Xeon processor 
E5-2670 v2 with 25M Cache and 2.50 GHz. 

Google also offers two 8 core VMs: n1-standard-8 and n1-
highcpu-8. The former costs $0.531 per hour for Linux and 
$0.741 per hour for Windows, while the latter costs $0.373 per 
hour for Linux and $0.583 per hour for Windows. The n1-
series are equipped with all three generations of Intel Xeon E5 
processors [13], i.e. they either have a 2.6 GHz E5 processor 
(Sandy Bridge), a 2.5 GHz E5 v2 processor (Ivy Bridge) or a 
2.3 GHz E5 v3 processor (Haswell). These VMs only look 
cheaper than Amazon’s because they aren’t attached with 
storage. As we mentioned in Section 4, the storage cost is 
calculated based on the amount of stored data. Therefore, we 
omit Google as an option. 

Like the previous two providers, Microsoft has also two 
VMs with 8 cores: A4 and D4. The A4 VM costs $0.376 per 
hour for Linux and $0.60 per hour for Windows, while the D4 
costs $0.752 per hour for Linux and $1.272 per hour for 
Windows. They are both powerful and both can be analyzed. 
The A4 VM is much cheaper than the D4 VM. The differences 
between them are in the amount of memory and storage. The 
D4 VM has twice more memory and storage than A4, i.e. 
28GB of RAM and 400GB SSD versus 14GB of RAM and 
240GB HDD. Therefore, we choose A4 (Linux) as an optimal 
solution for hosting the e-Ordering system because of its 
computing power and price. 

TABLE III.  TOTAL COSTS FOR ONE AZURE’S A4 VM 

Year Server Data Transfer Other Costs Total 
Year 1 $956.54 $76.21 $0.00 $1,032.75 

Year 2 $956.54 $76.21 $0.00 $1,032.75 

Year 3 $956.54 $76.21 $0.00 $1,032.75 

   TOTAL: $3,098.25 

 

A single VM will be active 24 hours a day, and 106 days 
in a year (Thursdays and Fridays), thus costing $9.02 per day 
and $956.54 per year. In the previous section, we concluded 
that the total data transfer per VM is 78GB per month, as well 
as that Microsoft does not charge for the first 5GB. Therefore, 
73GB of data transfer cost $6.35 per month and $76.21 per 
year. Support and I/O operations are free of charge and are 
included in “Other Costs” column in Table III. The total cost 
for renting Microsoft’s A4 VM for 1 year is $1,032.75 and 
$3,098.25 for 3 years. Therefore, renting four VMs for 3 years 
will cost the e-Ordering company $12,393.00. 

B. Self hosting (on-premise) solution 

The consumer can choose between tower, rack, or blade 
server for self-hosting solution. Tower servers look more like 
desktop computers than servers, so they can be positioned on 
or underneath a desk. They offer a basic level of performance 
and cost same as desktops. Unlike tower servers, rack servers 
are designed to be positioned in data centers, stacked on top of 
each other. The benefit of having all components located in 
one place makes the system maintenance much easier. Rack 
servers are very expandable, thus they have more disks, more 
processors and large amount of RAM. Their size is measured 
in Us (units), from 1U to 8U. The latest development in the 
history of servers is the blade servers. Blade servers have great 
processing power and take up less space. Also, they share their 
hardware with other blade servers in the chassis, thus 
providing cost reduction and efficiency. 

Choosing the tower servers is the best solution only if one 
or two servers are needed. We choose the rack type of server 
because it is cheaper than the blade and meet our needs about 
massive scalability. Because all three CPs are equipped with 
Intel Xeon E5 family of processors, we propose few similar 
hosting solutions from HP [14], Dell [15] and IBM [16].  

From Table IV, we choose Dell PowerEdge R430, because 
it is the cheapest rack server with 8 cores. The lowest cost for 
the server is $2,870.00. We also need to take into account the 
costs for electric power and maintaining the equipment: 

3 years * 106 days * 24 hours * 4kW * $0.1 = $3,052.8 

The average power consumed by a rack server is about 
2kW, so the additional 2kW are for cooling. The server will be 
active 24 hours a day, and 318 days in 3 years, thus costing 
$3,052.8. By far, the R430 costs $5,922.8 and we have not 
added the expenses for maintenance yet, i.e. technical support, 
employment, etc. In addition, if a single core of a VM is equal 
to a single thread of a server, then deploying 2 VMs on a 
single rack server with 8 cores will not be a problem, because 
the R430 has 2 threads per core. Therefore, to accommodate 
all users from Fig. 2 we need 2 PowerEdge R430 servers from 
Dell, so the cost will double to $11,845.6. 
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TABLE IV.  PRICES FOR RACK SERVERS 

Server CPU RAM Price 
HP ProLiant 
DL160 Gen9 

Intel Xeon E5-2603 v3 
(6 core, 1.6 GHz, 15MB) 

8GB $1,719.00 

HP ProLiant 
DL160 Gen9 

Intel Xeon E5-2609 v3 
(6 core, 1.9 GHz, 15MB) 

16GB $2,569.00 

HP ProLiant 
DL180 Gen9 

Intel Xeon E5-2603 v3 
(6 core, 1.6 GHz, 15MB) 

8GB $1,829.00 

HP ProLiant 
DL180 Gen9 

Intel Xeon E5-2609 v3 
(6 core, 1.9 GHz, 15MB) 

8GB $2,309.00 

HP ProLiant 
DL360 Gen9 

Intel Xeon E5-2603 v3 
(6 core, 1.6 GHz, 15MB) 

8GB $2,799.00 

HP ProLiant 
DL360 Gen9 

Intel Xeon E5-2630 v3 
(8 core, 2.4 GHz, 20MB) 

16GB $4,059.00 

HP ProLiant 
DL380 Gen9 

Intel Xeon E5-2609 v3 
(6 core, 1.9 GHz, 15MB) 

8GB $2,819.00 

HP ProLiant 
DL380 Gen9 

Intel Xeon E5-2620 v3 
(6 core, 2.4 GHz, 15MB) 

16GB $3,889.00 

Dell PowerEdge 
R430 

Intel Xeon E5-2630 v3 
(8 core, 2.4GHz,20MB) 

8GB $2,870.00 

Dell PowerEdge 
R730 

Intel Xeon E5-2609 v3 
(6 core, 1.9 GHz, 15MB) 

8GB $3,420.00 

Dell PowerEdge 
R730 

Intel Xeon E5-2630 v3 
(8 core, 2.4 GHz, 20MB) 

16GB $4,760.00 

Dell PowerEdge 
R730 

Intel Xeon E5-2650 v3 
(10 core, 2.3 GHz, 25MB) 

16GB $7,900.00 

IBM System 
x3550 M5 

Intel Xeon E5-2609 v3 
(6 core, 1.9 GHz, 15MB) 

8GB $2,722.00 

IBM System 
x3550 M5 

Intel Xeon E5-2630 v3 
(8 core, 2.4 GHz, 20MB) 

16GB $3,475.00 

IBM System 
x3650 M5 

Intel Xeon E5-2630 v3 
(8 core, 2.4 GHz, 20MB) 

8GB $3,286.00 

IBM System 
x3650 M5 

Intel Xeon E5-2650 v3 
(10 core, 2.3 GHz, 25MB) 

16GB $4,191.00 

 

Finally, we can add the expenses for maintenance. The 
cost for employing a server administrator for 3 years is 
$18,000.00, assuming the average monthly salary of a server 
administrator in our country is $500. Thus, the total cost for 
on-premise solution is $29,845.6. Therefore, we can conclude 
that the self hosting solution is not very cost effective, because 
it costs twice more than the cloud hosting solution which 
turned out to be $12,393.00 in the previous subsection. 

VI. CONCLUSION AND FUTURE WORK 

Small and start-up companies are often faced to choose 
whether they should go for a hosted or an on-premise solution. 
There is really no right or wrong choice. The main idea is that 
not all solutions work best in the cloud or on-premise. The 
choice often requires a trade between costs and security to 
optimize returns. Costs are the primary concern for a 
company, but we cannot ignore the issues related to security 
and compliance. The cloud often appears to be the best choice 
for cost savings, but most security products are best 
implemented on premise and there are cases where an on-
premise solution is more beneficial in a long-term. We need to 
choose what makes business, security and sense from 
technical point of view. The cloud services are most attractive 
to those consumers that need big blocks of computing power 
for short period of time. If the VMs are truly used for short 
period, then pay as you go model can cut the company’s costs 
significantly. In our case, the workload of the e-Ordering 
system is in short bursts, so we do not need severs that just sit 
there and consume electricity. 

In this paper, we analyzed the public cloud computing 
market and determined that the most appropriate VM is the 
Azure’s A4 VM as the most optimal VM configuration from 
the CPs to host the system in cloud. Additionally, the analysis 
showed that Dell’s PowerEdge R430 is the most suitable rack 
server as an on-premise solution. Comparing the costs of both 
solutions, the evaluation showed that hosting the dynamic part 
of the e-Ordering system every Thursday and Friday for 3 
years is at least twice cheaper in cloud than on-premise. This 
conclusion leads towards designing such a scalable solution in 
the cloud and prove its scalability. 
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Abstract—Cloud security is one of the primary concerns
that cloud customers have when it comes to cloud computing.
Not only are there security risks present within every Cloud
system, but there are also numerous risks which arise with
the implementation of various components, as well as solutions
of security risks. Multiple efforts have been made to produce
standards which provide controls which promote security. In this
paper we provide an overview of the security risks within the
Cloud, as well as some of the efforts at standardization and
guidance.
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I. INTRODUCTION

With the increased usage of cloud technologies and their

infiltration in the technological advancement come many ad-

vantages which exploit the cloud as a technology, but also

numerous setbacks which have become a point of concern for

both the cloud providers as well as the customers [1].

As a technology that offers redundancy, scalability, perfor-

mance and multiple services, nowadays, cloud computing is

used by smaller-scale companies and organizations instead of

only the world IT leaders. The security risks that the users pre-

viously had to eliminate are now increased with the allowance

of multiple tenants, virtualization as well as data outsourcing

that the cloud technologies offer [2]. In order to overcome the

security challenges that cloud computing imposes, numerous

international standards have been created [3]. This paper aims

to provide a general overview of these standards and assess

whether they cover the majority of security threats that come

with cloud computing. Fig. 1 represents a general overview of

the types of standards that concern the Cloud service providers.

II. SECURITY CHALLENGES IN THE CLOUD

The numerous benefits cloud computing offers come with

a set of drawbacks that are to be assessed and resolved.

Detaching an application from its native environment and

migrating it into a new, cloud based environment most often

places the service into an environment which most often is not

ideal when observed from the aspect of security. This kind of

migration and outsourcing can lead to the increased risks and

the rise of new ones. In addition, the introduction of multiple

tenants within a single cloud brings increased vulnerability,

especially in the public cloud [4]. Below is an overview of

Cloud Service Provider

Auditing 

standards

Assessment 

standards

Cloud based 

Sec. Standards
Risks Challenges

General Sec. 

Standards

Fig. 1. Cloud application architecture.

some of the main risks that cloud computing brings, with the

single aim to identify them and attempt to offer solutions.

A. Multi-tenancy

The appearance of multi-tenancy is incredibly frequent in

cloud computing. While in most cases this is a principle

that offers many benefits, the threat of malicious insiders is

always present. More often than not, cloud service providers

do not clearly reveal how a tenants access is granted within

the physical or virtual environment, or how their behavior

is monitored. This threat additionally increases if tenants

are hosted on the same piece of hardware. This kind of

circumstances offer great opportunities for the adversary [5] .

B. Heterogeneous environment in interoperability

The migration of large and complex systems within the

cloud can often pose more threats than benefits. These systems

are most commonly made up of a large number of sub-

systems which require individual migration within the cloud

environment. Due to this situation, the number of subsequent

interactions between the subsystems increases, which in turn

adds to the overall vulnerability of the system [6]. The afore-

mentioned situation can be remedied with the usage of pre-

defined security standards which enforce adapters or wrappers,

or even the usage of various data transformations. The cloud
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service provider must meet international standards that a cloud

customer needs [7].

C. Loss of data

There are numerous ways in which loss of data can occur.

Data breaches are most often the result of a malicious and

intrusive actions. Still, often data can be lost because of human

error or hardware failure. Accidental deletion or alteration of

data, without the usage of backups may lead to permanent loss

of valuable information. In addition, the loss of cryptographic

keys used for either encryption or decryption of data may lead

to the inability to access data. This also does not exclude the

possibility of hardware failure, which can be detrimental to

a system if redundancy has not been achieved to a sufficient

extent [5] [8].

D. Loss of control

The companies which have the role of Cloud customers

must transfer a part of the control over their assets to the

Cloud service provider. Therefore, the Cloud service provider

must meet a service-level agreement (SLA), where the extent

to which each bit of allowed access and control is clearly

stated and formally defined. If a Cloud service provider does

not offer any form of a SLA or any similar proof of fidelity

and security, then the Cloud customer must be aware of all

the present risks, which in turn would allow for improved

contingency plans.

E. Data protection and privacy

Replication of data offers multiple benefits in the events

of disasters, but it also allows for a gap in the security of

the system. Not only this, data within the cloud systems is

typically stored in a shared environment alongside data that

belongs to another cloud customer. In these cases, the only

mean by which the data can be protected and visible to only

its respective customer is by encrypting it. Another relevant

point when it comes to data storage in a shared environment

is the location on which the Cloud customers data is stored.

In some cases, the data can be stored in different countries,

which in turn implies a difference in the law regarding data

storage and processing. Cloud providers must comply to the

jurisdiction and laws of the country in which they store

the Cloud customers data. Regardless of whether the Cloud

costumer is aware of where geographically his data is stored,

a cloud provider is always obliged to prepare a plan as to

what will happen to the Cloud customers assets in the event

of a disaster. The Cloud customer must be aware that any

offering that does not supply the replication of data in events

of disasters is ultimately vulnerable to complete failure [9].

F. Regulatory compliance

When a Cloud customer signs a contract with a cloud

service provider, the Cloud customer has the responsibility to

choose a provider which holds the best offer. This implies that

the Cloud customer is the one that is ultimately responsible

for the security and integrity of their own data. The Cloud

service providers are subjected to external audits and demands

of certificates regarding the security of the services they offer.

These external audits can also be performed by the Cloud

customers themselves, in order to assess the risks and take

them into account in future planning. This is a key point in

the further development of the Cloud customer; If a Cloud

customer finds the security risks are unacceptable, they should

consider a different form of hosting. Some Cloud service

providers reject this and refuse to undergo such scrutiny,

which in turn implies that they are unprepared to provide high

quality services for tasks more complicated than the basic tasks

of the cloud. Still, acquiring certification can be as simple

as complying to the ISO 27001:2013 standard which offers

controls that cover the issues regarding the security of a cloud

[10].

G. Decrease of performance

With the numerous attempts to increase the security within

the cloud as well as eliminate the majority of the threats,

come various means by which this can be achieved whether

to full or partial extent. Frequently, the usage of these means

leads to an overall decrease of the clouds performance [11].

The implementation of management of identity, monitoring

of systems, web and email security as well as the employed

mechanisms against intrusion, all produce a negative overhead

which must be taken into account as a negative effect [12].

III. CLOUD SECURITY STANDARDS

This section provides an overview of the present existing

international security standards and guidelines, with particular

aim to their application within cloud computing security.

The analysis provided is intended to reveal the scope of

these standards, which will in turn answer relevant questions

regarding the minimum standard compliance level a given

Cloud service provider must meet.

A. ISO/IEC 27000

ISO/IEC 27000 is a family of ISO/IEC Information Security

Management Systems (ISMS) standards, commonly referred

to as the ISO/IEC 27000 series [13]. This series provides

recommendations on information security management, risks

and controls within the context of an overall ISMS. This series

is generally broad in its scope with the intention to cover more

than just privacy and confidentiality, but to also security issues.

It is deliberately applicable to numerous types of organization,

with the aim to globally encourage the implementation of

appropriate security controls according to their needs.

1. ISO/IEC 27001:2005 is a standard that covers many types

of organizations and companies. It specifies the requirements

for establishing, reviewing and maintaining a documented

ISMS within the organization, from the aspect of the orga-

nizations overall business risk. This standard implies that the

developed ISMS is developed in such a way that is easy to

change and improve [14]. There ISO/IEC 27001:2013 puts

a greater emphasis on measuring and evaluating the ISMSs

performances. While the ISO/IEC 27001:2005 emphasized the
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Plan-Do-Check-Act cycle, this standard avoids the promotion

of this principle.

2. ISO/IEC 27002:2005 offers practical guidelines for

achieving satisfactory levels of security through effective man-

agement practices. Following these guidelines will also lead

to increased confidence in activities within the organization

that attempts to apply these guidelines [15]. The revision in

2013 produced the ISO/IEC 27002:2013, which offers a more

focused standard that also brought new aspects to light, putting

an emphasis on cryptography, communications security as well

as system security testing.

3. ISO/IEC 27005:2011 is a standard which provides guide-

lines for information security risk management. The general

concepts of ISO/IEC 27001 are supported, however the initial

design and purpose is to assist the implementation of informa-

tion security based on an approach that satisfies risk manage-

ment. This standard is applicable to all organizations of various

types, ranging from commercial enterprises to government

agencies as well as non-profit organizations, which intend

to manage the risks that could compromise the organizations

security of information [16].

4. ISO/IEC 27017 is a standard for the information security

management for cloud systems which is currently in prepara-

tion [17].

B. NIST 800-53 R4 Security Controls

NISTs special publication 800-53 R4, Security Controls for

Federal Information Systems and Organizations is a guideline

which provides a plethora of security and privacy controls

primarily intended for federal information systems as well

as a process for selecting controls to protect organizational

operations.

The controls within the publication are easily customizable

and are implemented as a part of a process that manages

information security as well as privacy risk. The publication of

security controls addresses security from multiple perspectives,

both from a functionality perspective, as well as assurance

[18].

IV. AUDITING AND ASSESSMENT STANDARDS

Acquiring a certification is done by undergoing an internal

external auditing process which is intended to assess whether

the organization fully complies to the standard its attempting

to acquire. For this purpose, there are several certifications

which additionally provide guidance.

COBIT 5 stands for Control Objectives for Information and

Related technology. Developed by the Information Systems

Audit and Control Association (ISACA), COBIT 5 provides a

total of 37 control objectives which are grouped into two areas:

Governance of Enterprise IT and Management of Enterprise

IT. The first area covers a single domain, while the second one

covers the remaining four, each of them containing a certain

amount of processes which cover all aspects of information as

well as the technology that supports it. Addressing these 37

high level control objectives will allow the company to ensure

appropriate control system within its IT environment, as well

as assure the Cloud customers the provided service is secure

and robust [19].

SAS 70 (Audit) Type II is developed by the American

Institute of Certified Public Accountants (AICPA). Unlike

COBIT 5, SAS 70 does not specify a set of control objectives

and activities that a Cloud customer must meet, but instead

it provides guidance which enabled independent auditors,

sometimes even Cloud customers, to form opinions regarding

the descriptions of the services of Cloud service providers

offer. More specifically, SAS 70 Type II certifies that a Cloud

service provider has had a thorough audit of all of its controls

which relate to the performance of the functionalities as well

as the level of security it provides. Allowing a Cloud Customer

to view the certification of a Cloud provider allows for a build

of trust with the customer. This is key, since such documents

contain valuable information regarding the effectiveness and

reliability of the Cloud service provider [20].

Health Insurance Portability and Accountability Act,

HIPPA, is a standard that deals with the security and privacy

of health data, intending to improve and promote the efficiency

and error rate of healthcare systems by the encouragement of

the usage of software systems which promote communication

between entities using electronic data. In addition, it offers

a set of rules which ensure the protection of individually

identifiable health information which is stored within the

systems. All health care providers must comply to the act, as

well as health care clearing houses and health plans, which

might involve businesses which handle and process fragile

health information, or individuals and groups which provide

or pay for the medical care [21].

PCI DSS V3.0 (Payment Card Industry Data Security Stan-

dard), is developed with the intention to encourage cardholder

data security, promoting enhanced security measures which are

widely used. The usage of such standards facilitates the broad

adoption of consistent and mutually-compatible data security

measures globally. The structure of the PCI DSS V3.0 standard

is organized in 12 high level requirements. These requirements

cover the building and maintenance of secure network systems

which in turn protect the cardholder data.[22].

The CSA Security, Trust and Assurance Registry (STAR)

Program is another guidance developed by the Cloud Security

Alliance. It offers a set public registry for cloud provider trust

and assurance, to a broad spectrum of customers and providers.

This program is made up of three levels of assurance, all

of which are based upon a list of high level cloud control

objectives.

As portrayed in the above paragraphs, some standards are

general purpose and can be applied to a multitude of topics

and organizations. Some of them, on the other hand, are more

specific and deal with problems typical for the fields for which

they are intended.

V. CLOUD SECURITY EFFORTS ON STANDARDIZATION

Despite the fact that numerous standards and guidances

exist, covering general scenarios or perhaps incredibly specific

ones, there still exists the question whether all of these cover
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all the security gaps a Cloud system might possess. CSAs

study in [5] explicitly identified the top threats to cloud

computing, with the aim to support the creation of solutions

and additional standards. ENISA, on the other hand, assessed

the risk level within the Cloud environment as a function of the

business impact and the likelihood of the scenario supporting

an incident.

The Cloud Security Alliance produced an initial report

V 2.1 which contains a taxonomy based on 15 different

security domains and processes that need to be followed when

undergoing the process of Cloud deployment. New candidate

domains, which have been proposed in the new version 3,

have been of great interest to experienced industry consumers

as well as security professionals. Each domain addresses

core functionalities, features, services, threats that have been

addressed, as well as challenges that the domain focuses on

[12].

NIST has also made additional efforts in which there are

many aspects of cloud computing discussed. In [23], the

threats, technology risks as well as security for public cloud

environments are thoroughly discussed.

VI. DISCUSSION

With the identification of the security threats that arise

with the introduction of the cloud computing technologies,

comes a vast array of standards which provide evidence that

a specific organization, such as a cloud service provider, has

met a satisfactory level of security. Still, in the presence of

numerous standards and guidelines, companies are faced with

the question of which standard is most appropriate for cloud

computing technologies. Naturally, the most intuitive answer

is that meeting both the ISO standards as well as NISTs

guidance controls will provide the best solution. However,

there are fundamental differences between the two standards

which imply neither one of them can be subsumed within the

other.

For instance, NISTs 800-53 is applicable for information

systems which support executive agencies of the federal gov-

ernment, whereas the ISO 27001:2005 is a general purpose

standard to all types of organisation.

Another fundamental difference lies within the mismatch

of numerous security controls, in the sense that controls with

similar topics are addressed in both standards, but cover

entirely different contexts or perspectives. Furthermore, some

controls from one standard are covered by several others

within the other [24].

VII. CONCLUSION

The very nature of the cloud offers many benefits, but also

introduces several security setbacks. In order to provide means

to overcome these security setbacks, various organizations,

such as ISO and NIST, have produced standards and guidelines

which comprise numerous security controls.

Much of the task regarding the defining of general purpose

security standards, as well as the defining of cloud-based

security standards has been completed. However, due to the

development of new services within various levels of the cloud,

these standards must evolve and improve in order to satisfy

these changes. New standards that specify particular security

points of these changes must also be defined, in order to satisfy

the ongoing changes within the cloud computing technology.
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Abstract—Business processes have been the primary tool for
modelling complex activities within companies, enveloping a
linked network of tasks needed to complete a particular goal.
There are numerous means by which business process can be
expressed and modelled, such as BPMN and WS-BPEL, which
are thoroughly examined in this paper. These two languages are
used in the design and implementation phases respectively and as
such there is a degree of conceptual mismatch between them. In
order to achieve an easier modelling using BPMN and WS-BPEL
through an automated mean, the question of translating between
them arises. In this paper, we observe several approaches to
achieve the translation between both languages and assess their
completeness, effectiveness and readability.

Keywords-BPMN, WS-BPEL, BPMN2BPEL.

I. INTRODUCTION

The business processes are becoming more complex, which

increases the need for a flexible, yet automated mean by which

business processes can be modeled and explored. Various

means have been developed and implemented with the aim

to aid and simplify the processes of software design and

implementation.

Recent research on the translation from Business Process

Modeling Notation (BPMN) [1] to Web Services Business

Process Execution Language (WS-BPEL) [2] clearly outlines

a conceptual mismatch between both languages which then

results in decreased quality of the WS-BPEL code as a product

of the translation.

Depending on the original model described using BPMN,

certain models are easier and simpler to map into WS-BPEL.

Furthermore, depending on whether the final aim is to either

achieve a block-structured or a graph-structured BPEL format,

the outcome may differ in readability and completeness.

This paper overviews the strategies that have been used to

map BPMN into WS-BPEL and explores the possible draw-

backs of each. We do this by providing information regarding

the general structure of the languages in order to elaborate the

strategies used for the mapping between both languages. Sec-

tion II sheds light into the scope and usage of the languages,

elaborating on the respective phases of development they are

most commonly used in. Section III discusses the nature of the

BPMN and WS-BPEL languages, exploring their components

and elaborating on how they can be used. Section IV discusses

existing strategies for mapping between BPMN and BPEL

and explores their strengths and weaknesses, along with the

levels of completeness and readability they provide. Section V

provides examples of translation between the two languages.

Section VI offers a discussion of the state-of-the-art and makes

suggestions regarding future development. Finally, Section VII

draws the conclusions.

II. SCOPE AND USAGE

The modelling of the business processes is a task that has

been the topic of research for many scientists, developing

tools, standards and specifications, which aid the process of

development in its respective stages. The BPMN modelling

language is used in the design phase, where the aim is

to clearly outline the business process in a graphical rep-

resentation which is suitable for all parties of the entire

development process. WS-BPEL, however, is a language that

is used within the latter stages of development, and as such

provides a structured tree of predefined tags which describe

the behaviour of the process, closer to programming code.

Achieving automated mapping between these two languages

will offer a faster development phase [3]. These languages

find various applications in other spheres as well. For instance,

there have been efforts made into using BPEL with TOSCA

(Topology and Orchestration Specification for Cloud Appli-

cations), which is used to describe the structure of portable

services in a topology. With an analysis of this specification

and its compatibility with BPMN, BPMN4TOSCA has been

developed as a BPMN extension with the ability to describe

TOSCA specified orchestration using the BPMN modelling

language[4]. The TOSCA specification also clearly states that

it is compatible with WS-BPEL and there are many efforts

and implementation that work towards an efficient translation

between both of them.

III. BUSINESS PROCESS MODELLING AND EXECUTION

LANGUAGES

This section presents the standards in business process

modelling and business process execution languages. Both

BPMN and BPEL are examined, outlining their usage and

structure. The most common elements within both languages

are explained in greater detail.

A. Business process modelling notation

BPMN is a widely recognized standard for business process

modelling that uses graphical elements in order to specify

business processes in a Business process diagram. Essentially

it is based on a flowcharting technique not dissimilar to

the one used within the Unified Modelling Language. The

intention behind the creation of this graph-oriented language is
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to provide a notation which could both be used by technicians,

software designers and software developers, providing an

understandable and sufficiently informative model of the entire

business process. All in all, BPMN provides several types of

process models among which the most crucial can be defined

as:

1) Private (internal) business processes. Private business

processes are usually within the scope of the internal

affairs within a single company and are not to be

published in order to maintain confidentiality within the

company.

2) Abstract (public) business processes. Abstract business

processes are created when there is a need for interaction

between a private business process with an external

participant. These participants can be other processes,

individuals or companies.

3) Collaboration (global) business processes. Collaboration

business processes are intended to provide an external

view of the process of interaction between two or more

participants.

Regarding to the language itself, it is consisted of various

elements that dictate the control flow of the business processes.

Such elements are grouped within several categories of flow

objects, connectivity objects, swim-lanes, as well as artifacts.

The category of flow objects is then divided into events,

activities and gateways which group various item within them.

Some of these groups are depicted in Fig. 1. In the following

paragraphs these elements are explained in greater detail with

the intention to better explain their mapping into WS-BPEL

[5]:

Events. An event is something that occurs during the

execution of the business process. Based on what kind of an

action it involves, events can be start, intermediate and end

events. A start event indicates when a business process will

start and does not have any incoming arcs. An intermediate

event is an event thats somewhere between a start and end

event, while end events represent the termination of a business

process and have no outgoing arcs.

Activities. Activities are actions within a company which

represent the tasks or processes which are meant to be com-

pleted. They may take the form of atomic tasks, or non-atomic

tasks. A task is the lowest level of an activity and cannot be

broken down, however it can be used to make up a process.

Gateways. A gateway is used to create the control flow

within a business process. As such, it is necessary to offer

branching, forking and joining of paths. Often these are

insufficient, which leads to the introduction of different types

of decisions which can be used to accurately model the flow

of a business process. Such decisions are exclusive, inclusive

or complex. An exclusive decision is based on known data or

other events and its outcome isnt known at design time. An

inclusive decision, on the other hand, is based on a condition

which is known during design time. Complex decisions are

situations which cannot be placed under other gateways.

Finally, parallel gateways are present to offer forking and

joining of concurrent activities.

Fig. 1. Essential elements to BPMN models

Connectivity objects. The connectivity objects are crucial

to establish the flow of the business process. They may differ

depending on whether a sequence flow, a message flow or

an association is being shown. Sequence flows simply show

the order in which the defined activities are executed within

a process. A message flow shows the direction of messages

from the sender to the receiver, while the associations present

the link between the information and the actual flow object.

Swimlanes. Generally there are two type of swimlanes

- lanes and pools. Lanes have the ability to organize and

categorize activities, while pools indicate the different sub

processes and participants within a larger process.

Artifacts. There are three types of artifacts within the

BPMN specification - data objects, groups and text anno-

tations. The data objects provide information regarding the

requirements for executing certain activities and their outcome.

The groups are used to document and display processes, while

the text annotations are only meant for displaying additional

information to the reader. All artifacts do not interfere with

the flow of the business process.

B. Business Process Execution Language

On the other hand, WS-BPEL, or commonly known as

BPEL, is an executable language intended to specify the

actions within business processes that contain web services.

Within web-service interactions, there are two ways of apply-

ing the BPEL concepts to the business processes:

• Abstract business process. An abstract business process

holds a descriptive role, and aims to portray the ob-

servable behaviour within the process itself, which is

most commonly executable in nature. It often does not

contain sufficient operational data which then prevents

the abstract process from its future execution.
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Fig. 2. An example of WS-BPEL

• Executable business process. This type of a business

process models the simple behaviour of a participant

within a business interaction.

The specification itself contains many elements, some of

which created with a specific purpose to satisfy a particular

situation. The complete list of all BPEL elements can be found

in [2]. Three types of classes categorize the most commonly

used elements: basic activities, structured activities and partner

links. Fig. 2 shows an example of WS-BPEL, in which some

of the mentioned tags are used.

Basic activities. These activities have the ability to perform

the logic of the process in BPEL, describing the elemental

steps of the process behaviour. Many elements belong to

this group, several of which are: Invoke, Receive and Reply,

Assign, Throw and Rethrow, Wait, Empty, Exit. The Invoke,

Receive and Reply elements handle the communication with

web services, invoking them when necessary or receiving the

responses from them. The latter elements can also be used

in composite business processes when a sub process needs

to terminate and deliver its outcome to ongoing elements.

The Assign element has the ability to change the values of

variables during the course of a business process. Throw

and Rethrow, on the other hand, handle the faults within the

business process. These two generally have the functionality

of try-catch blocks within multi-purpose modern programming

languages. The Wait element is used to achieve sufficient time

management within a business process. For example, if an

activity needs to wait for a specific time, the tags <for>and

<until>specify a fixed duration or a deadline it must comply

to. An Empty element specifies an activity that performs no

action and is generally used to generate valid BPEL code

through the means discussed in Section IV Finally, the Exit

activity terminates all activities within the process instance.

Structured activities. The structured activities describe the

control flow logic of a business process, meaning they specify

the order in which the activities are executed, most of which

can also be seen within programming language to achieve a

desired flow of execution. To achieve this, this group contains

the following elements: Sequence, If, While and repeatUntil,

Pick, Flow, ForEach. The sequence control activity contains

activities which are performed one by one in a predetermined

order. For behaviour that requires the usage of conditions,

the <if>tag is used to initiate conditions, while the <else

>, <elseif>as well as <condition>tags further specify the

body of the <if>tag. While and repeatUntil are activities

that provide a flow which allows for repetition of controls.

The <while>and <repeatUntil>tags are used to initiate the

loops, while the aforementioned <condition>tag is used

to specify the moment of termination. The <flow>activity

provides synchronization and concurrency, allowing different

groups of activities to be initiated simultaneously. It uses

<link>tags which can be specified within <source>and <tar-

get>elements. The <pick>activity, on the other hand, waits

for the occurrence of one event, and then executes all activities

related to this event. Finally, the forEach element allows for

branching of processes or subprocess, offering sequential or

parallel execution [6].

Partner links. The partner links describe interactions be-

tween businesses. These interactions are usually done through

web service interfaces. They are concrete references to ser-

vices that a BPEL business process interacts with.

IV. BPMN2BPEL MAPPING STRATEGIES

While both BPMN and BPEL excel in their own respective

purposes, there is a very vast difference between the two

languages, which increases the difficulty of mapping one into

the other. BPMN is a language most commonly used in the

design phase in which graphical notation is frequently used

by business analysts to design and discuss the nature of the

business process itself. BPEL, on the other hand, is used

during the phase of implementation, which is a more advanced

phase throughout the development process. BPEL is usually

intended for either technical analysts or programmers. In

addition, the nature of the two languages implies a mismatch

of a certain extent, given the fact that BPMN is a graph-

oriented language while BPEL is a block-oriented language.

While many attempts to map the two exist, the conceptual

difference is still the source of many problems that arise in

the implemented mappings.

The mapping of BPMN to BPEL has been the topic of

much research in the past years. A plethora of different strate-

gies and implementations have been discovered, all of which

assuming different methods. Generally, these methods can be

grouped into several subsets which contain the properties of

the strategies used. These subsets include strategies based on:

• Element preservation. This strategy seeks to map all the

process graph elements to constructions of flow, map

connectors to empty elements and arcs to links. One

of the advantages to this strategy is its simplicity of

implementation, along with the fact that both the resulting

BPEL code as well as the original process are graph-

based and easy to compare, therefore increasing the read-

ability. Still, this strategy is only correctly usable is the

process is entirely acyclic, disallowing the completeness
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of the translation with the implied restriction of the flow-

based approach. [7]

• Element minimization. The general idea behind the strat-

egy of element minimization is to remove empty activities

that have previously been generated, replacing them with

transition conditions that describe splitting behaviour or

join conditions to represent joining behaviour. In essence,

this strategy simplifies the processes by removing the

empty elements. Similarly to the element preservation

strategy, this strategy also implies the usage of acyclic

graphs in the BPMN code, which reduces the complete-

ness of the approach. In addition, the removal of empty

activities leads to a decreased readability and greater

difficulties with understanding the initial graph. However,

due to the reduced number of activities that require

processing, this strategy offers better performances [8].

• Structure identification. The gist of the transformation

using a structural identification is to identify structured

activities within the processes and to apply certain pre-

defined rules for the reduction of the structure. This

transformation if applied correctly most often results in

highly readable BPEL code. However, the relation of the

BPEL code with initial graph of the process might be

less intuitive since BPEL is block-structured. Despite its

increase in readability, this strategy offers a drawback in

its completeness. This strategy cannot be applied to all

the graphs, and the graphs must be structured in order to

be able to be translated, since every component within

its composition must be mapped into structured activities

[9].

• Structure maximization. Structure maximization uses dif-

ferent techniques in order to determine the maximum

structure. It can be applied onto processes which don’t

have a clearly defined structure. Contrary to the structure

minimization strategy, this strategy also supports unstruc-

tured processes, as long as the loops within them can be

reduced by the structure-identification strategy. This in

turn implies the requirement of the two strategies being

implemented and applied, which reduces the performance

of the translation. Despite the increase of completeness

and its applicability to most processes, this strategy still

requires the unstructured processes to have a single point

of entry as well as a single point of exit [10].

• Petri Nets approach. The Petri Nets have a very strong

theoretical foundation, and can be used as one of the

strategies to translate BPMN into BPEL code. The

greatest disadvantage of this approach is the fact that

the original BPMN must be first mapped into a Petri

Net. This mapping is not covered by this strategy, and

therefore greatly contributes to the incompleteness of the

approach. Still, the generated BPEL code is correct and

easily readable, and it can be applied to different kinds

of processes without restrictions, which additionally adds

to the usability of the approach [11].

• Event-condition action-rules strategy. Similar to the

structure-maximization strategy, the idea behind this ap-

proach is to apply the reduction rules of the structure-

identification strategy as frequently as possible in order

to identify a maximum structure. The remaining graph is

translated according to the Event-Condition-Action rules

presented in [12]. This strategy offers the highest level

of completeness, allowing the translation of any process

graph, including unstructured loops. Still, contrary to its

high level of completeness, the generated code is most

often difficult to understand and highly unreadable.

• Graph structure approach. This approach offers a trans-

lation which maintains the graph-like structure of BPMN

models. With regard to the BPEL requirements of the

global process, namespace as well as variable informa-

tion, these have to be supplied in addition since the

BPMN graph-like structure does not normally contain this

information. One of the disadvantages of this approach

is the generation of BPEL code which might be difficult

to understand, therefore reducing its readability.

• The BPMN to BPEL way. Unlike some of the afore-

mentioned strategies, this strategy allows the translation

of arbitrary cycles within the BPMN code, by using an

event-based translation. This approach can also deal with

all parallel gateways as well as XOR gateways with an

arbitrary topology. Due to the usage of block structured

components which are mapped before the flow-based

translation, the generated BPEL code is readable. Because

of the usage of events for unstructured processes, the

generated BPEL code can sometimes be difficult to read

and understand. In addition, the combination of three

strategies within a single one implies greater difficulties

in implementation, along with decreased performance

during translation. Still, every component present in the

BPMN graph can be mapped in an order [13].

While some strategies attempt to combine several of the

categories in an attempt to achieve correctness, efficiency

and completeness, often they result in decreased readability

stemming from many conflicting criteria.

V. MAPPING EXAMPLES

In this section we provide several examples in order to

illustrate the translation process. The three examples portray

the translation of the beginning activities of the process, the

situation when an activity branches into several other activities,

as well as the situation when a loop occurs within the process

diagram. Each of these are shown with their respective BPMN

diagram, which does not consist of the full BPMN process,

but only the part that we translate into BPEL within the scope

of the example [14] [15].

A. Mapping the beginning of a process

In this example we illustrate the translation of a fragment

of a BPMN process diagram as depicted in Fig. 3.

On the diagram, the business process begins with the enrol-

ment of the student within the university, which in turn further

in the diagram invokes additional activities. The process begins

with a Receive Message Start Event which is the mechanism
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Fig. 3. BPMN diagram example 1.

that invokes the process through the receiving of a message,

in this case, the enrolment of a student to the university. This

component will be mapped into a receive element in BPEL.

The resulting BPEL code is shown on Fig. 4.

Fig. 4. BPEL example 1.

The flow and link elements of the BPEL code are

assumed to have previously been defined, hence the

<link1>reference within the<source>tag. All the properties

within the<receive>tag are based on previously specified

parameters.

B. Mapping a parallel flow of activities

Fig.5 shows a fragment that continues the BPMN process

diagram, relevant to this example.

After the activity Allow access to resources, two main

activities can occur. These two involve the enrolment to

courses the university provides, as well as viewing the study

programmes, which can be done in parallel. The parallelism

begins with the existence of two outgoing Sequence Flow

elements from the Allow access to resources activity. Both

of these Sequence Flow will result in two BPEL link el-

ements (link1 and link4). These will be included within

source elements in the Allow access to resources activ-

ity. The mapping will result in an<assign>tag which will

precede and <invoke>tag. A<link>element (link3) will be

added in order to create a sequential dependency between

the<assign>and<invoke>elements. The translated code for

only one of the activities, in this case Enroll for courses, is

depicted in Fig. 6.

Fig. 5. BPMN diagram example 2.

Fig. 6. BPEL example 2.

C. Mapping a loop of activities

This final example translates the fragment of BPMN process

diagram shown in Fig. 7.

Fig. 7. BPMN diagram example 3.

The two tasks, Enroll for course and Sit final exam for

course can be done a number of times, each time the pro-

cess passing through a decision Gateway which splits the

flow based on whether the passing condition is met or not.

According to the diagram, if a student passes the final exam,

then the control flow continues onto other parts of the diagram,

otherwise, it returns to the initial enrolment of the course. The

resulting BPEL code is shown in Fig. 8.
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Fig. 8. BPEL example 3.

VI. DISCUSSION

Both BPMN and BPEL are languages that are used within

the process of production of business models, each used in

its respective phase of the entire process. Their usage is most

commonly found in the design and implementation phase, yet

there have been various instances of these two language being

used for modelling within external implementations.

For instance, Topology and Orchestration Specification for

Cloud Applications (TOSCA) is a relatively new standard that

specializes in the portability and migration of cloud applica-

tions along with maintaining their topologies in the process

through the usage of various methods including workflows.

BPMN and BPEL are languages that can be used to model

these workflows [4].

Numerous effort exist that attempt to provide an automated

mean by which a successful translation from BPMN to WS-

BPEL can be achieved. Despite the abundance of approaches,

many of which use exotic data structures and strategies, none

of them provide a flawless translation, offering instead numer-

ous drawbacks on performance, completeness, effectiveness,

correctness or readability.

Still, given the large amount of drawbacks that BPMN

implies when it comes to its mapping to BPEL, resorting to

other globally accepted means of expression might be more

suitable. Given the graphical nature of the BPMN language,

it is often a source of inefficiency and unreadability of the

majority of the business processes in their transformation

to other languages. Ristov et al. [16] propose the usage of

XML instead of using BPMN for application modelling and

description. XML implies a flexible and configurable mean

by which business processes can be expressed without the

additional need for translation and encountering problems of

the conceptual type. There have also been several successful

attempts at demo implementations by using P-TOSCA, which

successfully bridge TOSCA and XML as communication and

orchestration specifications [17], [18], [19].

VII. CONCLUSION

BPMN is a widely recognized multi-purpose language for

modeling of business processes. It is primarily a graphical

language that is intended for the usage in the design phase.

WS-BPEL, on the other hand, is an executable language in-

tended for the phase of implementation, which is a later phase

and intended for technical analysts and programmers. Various

attempts have been made to combine both languages and

provide an automated bridge between the two. Each of these

attempts uses a strategy or a combination of strategies with the
purpose of achieving better results based on predefined criteria.

Despite the attempts to produce means by which the resulting

WS-BPEL code will be readable and complete, many of which

have numerous drawbacks in various aspects. The research that

involves BPMN and BPEL has also been extended into other

spheres, such as TOSCA, which uses BPMN, as well as to

use XML.

ACKNOWLEDGMENT

This work was partially financed by the CloudArchitect-

Man project (Cloud Architecture Management) at Faculty of

Computer Science and Engineering at the ”Ss. Cyril and

Methodius” University, Skopje, Macedonia.

REFERENCES

[1] Object Management Group, “Business Process Model And Notation
(BPMN),” 2011. [Online]. Available: http://www.omg.org/spec/BPMN/
2.0/

[2] OASIS, “Web Services Business Process Execution Language Version
2.0,” 2007. [Online]. Available: http://docs.oasis-open.org/wsbpel/2.0/
OS/wsbpel-v2.0-OS.html

[3] J. Mendling, K. B. Lassen, and U. Zdun, “On the Transformation
of Control Flow between Block-Oriented and Graph-Oriented Process
Modeling Languages,” Tech. Rep., 2006.

[4] O. Kopp, T. Binz, U. Breitenbücher, and F. Leymann, “BPMN4TOSCA:
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Abstract—Technological advancements and innovations in 

a world ruled by information and their delivery to end 
recipients showed the need for a change in the way the business 
sector is managed and operated. Usually the organizations, 
companies and corporations who don’t follow the latest 
developments in new technologies are left over in the 
information “ice age” and are usually left behind. This cloud 
model has several essential characteristics which will be 
discussed in this paper.   

In cases where a big part of modern society (business 
sector, government, citizens) functions over internet, there is a 
demand for this type of services. While in the past there was a 

need to install software and applications on real machines in 
datacenters, today cloud computing changes this situation in 
the Internet domain.  It saves time, space and, most 

importantly for the business sector, it reduces costs. The cloud 

computing popularity is rapidly increasing; this trend is the 
most noticeable in European countries and the USA. 
Companies under market pressure have to reduce costs and 
maximize profits, so the cloud technology offers an opportunity 

in that direction. 

The following concepts of cloud computing will be 
analyzed: specifics, advantages, use in business sector etc. The 

analysis of the situation in the business sector will be made - 
specifically the usage of cloud computing in developed 
countries. The gathered data suggests that enormous number 
of companies had already switched to cloud services. It is also 

expected that companies will increase their spending in this 
area.  

Keywords—cloud computing; challenges; demand; bussines 

sector 

I. INTRODUCTION  

Technological advancements and innovations in a world 
ruled by information and their delivery to end recipients 
showed the need for a change in the way the business sector 
is managed and operated. Usually the organizations, 
companies and corporations who don’t follow the latest 
developments in new technologies are left over in the 
information “ice age” and are usually left behind. 

There are different definitions which describe the scope 
and characteristics of cloud computing, but what is common 
for most of them is that they describe it as a consumption of 

online computer resources. A part of them describe it as a 
use of Internet technologies to service the needs of end 
users. Cloud computing is becoming a social reality and a 
growing technology. It’s very hard to predict how it will 
further develop and what will be the consequences of its 
development. Cloud computing has brought in a change in 
the way users depend on services offered by cloud 
providers.  The economic, legal and ethical implications 
generated from that change remain to be seen [1]. 

Today's national economies cannot function separately 
and independently from the global world market. 
Globalization and Internet technologies have made a strong 
impression not only on individuals but also on 
organizations. The ability to create databases, the use of 
Web 2.0, deployment of various software solutions, 
applications and tools, all designed for cloud computing 
platforms, provide an opportunity to produce solutions and 
guidelines that make business forecasting real and possible.  

Cloud computing service models can be divided, 
according to their use, generally in three main categories 
[2]: 

 Software as a service (an example is Cisco WebEx, 
which is used by agencies to facilitate communication 
and cooperation of individuals located in different 
locations through the use of video, voice, and sharing 
over the web); 

 Platform as a service (some agencies share their 
infrastructure which is used for web applications, video 
etc.); 

 Infrastructure as a service (Companies often develop 
software solutions on server platforms which they do not 
possess).  

When the software is offered as a service, it is very 
similar to using a local application. The second type of a 
service platform refers to the delivery of an "environment" 
e.g. environment for programming. The third of the 
aforementioned services refers to the use of an infrastructure 
(e.g. resources of a supercomputer) which is given to the use 
of the ultimate recipient of the service [3]. 
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II.  BENEFITS AND CHALLENGES OF CLOUD COMPUTING 

In terms of the advantages offered by the cloud, it 
primarily provides a reduction in capital investments. Until 
recently, the opening of data centers meant a venture without 
exact forecasts about how much of it will be used and what 
benefits will it bring. In the cloud there are no unnecessary 
costs – finances are spent only when necessary using 
accurate assessment. The capacity of real servers in 
corporations and enterprise organizations is primarily 
limited; in the cloud, server capacity is no longer an issue. 
Applications give an opportunity for global action, access is 
just a few clicks away and certainly it is the most important 
to note that there is no continuous investment in large data 
centers [4]. 

 

 
Fig. 1. Advantages of cloud computing 

III.  THE IMPACT OF CLOUD COMPUTING ON THE BUSINESS 

SECTOR 

The financial crisis that originated in the last decade in 
the US first and then spread throughout the world was 
initiated by the real estate market. Later, it engulfed the 
entire financial and real sectors of developed countries and 
also those in development. Its impact is reflected in different 
ways and with varying intensities across countries. The crisis 
has caused a decline in all macroeconomic aggregates and 
indicators.  Its consequences can be defined by a decline in 
production, dramatically reducing exports, insolvency, 
increased unemployment, growth of poverty and reduced 
standard of living [5]. In such a critical situation it is very 
important for the business sector to manage the costs, 
savings and, most importantly, how the technological 
innovations that have flourished in the last decade will be 
used.  

The first and perhaps the most important advantage of 
cloud computing is cost reduction. This is achieved by 
reduced costs for computer centers, a larger capacity and of 
course payment as needed – without paying unnecessary and 
unexpected maintenance costs of data centers. Using 
platforms and infrastructure as a service significantly reflects 

on reducing costs proportional to the size of the company. As 
a large data center infrastructure is not required, it opens an 
opportunity for the management to use the knowledge and 
capacities of their employees to other fields for additional 
revenue and higher profit [6]. The way that cloud computing 
is changing the business sector and business processes is 
through reduction of costs, automation of the use and 
preservation of the necessary data, flexibility, improved 
mobility, increased capacities and certainly better allocation 
and utilization of workforce [7]. 

One of the advantages that can be observed in real time is 
the creation and development of applications. Cloud 
platforms provide an opportunity to create applications on 
existing infrastructures as quickly as writing the code itself. 
This way, companies have strict control of expenses. 
Availability and continuous operation of the virtual servers is 
very important, regardless of the size of the business. Greater 
availability, utilization and continuous operation of the 
virtualized servers is possible due to their continuous 
development [8]. 

With the use of cloud services, it is becoming clearer that 
the risks in terms of investment in data centers are reduced. 
Planning and investment in the purchase of hardware and 
software is not needed nor does it require the engagement of 
a large workforce to maintain the data center. 

In technical terms, the benefits of cloud computing can 
be located in the ability to access the necessary resources or 
information from anywhere. Work is no longer associated 
with a particular computer or a specific location; the only 
thing that is needed is a web browser [9]. 

A. Cloud Models and Business Organizations 

In the digital era, especially in the era of cloud 
computing, companies have the challenge to continually 
adapt to innovation, to improve the quality of service offered 
and to maintain their competitiveness in the market. It 
requires an integrated strategy that includes marketing, 
infrastructure, IT service management and project 
management. It is expected that in the future not only 
companies will adapt to the benefits that cloud computing 
has brought to them, but also to change the way they operate. 
It is expected that the companies that will flourish will be the 
ones with employees located in different locations and 
flexible levels of its staff. This model is also called the 
Hollywood model, where the goal is the task and its 
execution. All of this is enabled by the cloud. The merging 
of the funds is no longer linked to the employment 
community space [10]. 

The following case is an example how businesses are 
transforming under a surge of new technological cloud 
innovations. Pearson is an American company that uses the 
cloud to literally change education in the world. It is the 
largest provider of educational services in the United States 
that offers a million tests and 111 million essays a year. 
Through partnerships with educators, leaders, entrepreneurs, 
policymakers etc., Pearson is creating people with developed 
skills prepared for the market [11]. Thanks to the cloud, 
Pearson has established a global hybrid infrastructure 
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associated with interconnected systems and processes that 
allow a diversity of resources to web-oriented products, 
resulting in measurable results for students. The purpose of 
this company is a fast growth by covering major markets 
such as China and certainly to increase the number of offered 
products that are digital in nature [12]. 

It can be seen from this example that the possibility of 
starting a new business with significantly lower costs has 
increased considerably. In times of economic crisis, small 
businesses and their flexibility can be a bright point of 
stability and later growth. 

B. Risks and Hazards 

When using these services, the first concern of the 
consumers and companies certainly is security. Many 
companies provide security for themselves by using private 
cloud environments. The public cloud market has grown 
20% per year with about 2,200 enterprise buyers worldwide 
earlier this year, but the private cloud, however, is expected 
to grow between 40% to 50% a year for the next several 
years [13].   

Providers also face pressure because of the preservation 
and privacy of data. One could say that the cloud is one of 
the many side segments of the process of globalization. 
Policy makers make great efforts to distribute the 
responsibility for the use of cloud services between end users 
and all parties involved. At the same time, the pressure varies 
in the direction of increasing the safety [14]. 

Safety problems arise when a large number of unrelated 
users share access to the same resources. Therein lays the 
risk of leaks and the risk of disclosure of identities and 
access to the data. Authentication and access control have 
great impact on security and they are in a direct correlation 
with the provider, as they determine the approach and the 
way in which the authorization is performed. Who will have 
access to information, to what extent it will be allowed, and 
where the data is physically stored, are just some of the 
issues [15]. 

When any individual is a recipient of public cloud 
services, all things are not under her/his control. Although 
most services speak about their perfection and continuous 
work, it often happens for hours or days to have service 
interruptions. A large problem is the loss of data. Very often, 
though providers argue that the data is protected, permanent 
loss of data occurs. That’s why the most important 
information is stored locally in the companies. In terms of 
ownership there is also a problem, because the real end-users 
are not the only owners of the data. Even some of the biggest 
cloud providers have clauses in their contracts which specify 
that the data they store is in their possession [15]. 

IV. CONCLUSION 

Technological developments and the progress of 
information and communication systems have led to major 
changes in the business sector. Not only do existing 
enterprises need to adapt to the new situation, but an 
opportunity is opened to start a new business with minimal 

funds. In terms of economic stagnation or crisis, small 
businesses and their flexibility is an important factor that can 
lead to development. Cloud computing gives the opportunity 
to save significant resources that can be redirected to the 
other needs of companies and also to the employees of the IT 
sector to be used for more productive purposes than 
maintaining hardware and software. The availability of 
information from more places does not bind employees with 
a specific physical space or computer. The easy accessibility 
and the innovation of the cloud give opportunities to start 
businesses where employees are not located in one place. 
The target is certainly achieved by work-oriented execution 
of tasks. 

There are security risks however, such as information 
leakage and loss of data. While responsibility in this regard 
falls on the final recipients, policymakers have lately exerted 
strong pressure on providers to increase the safety and 
reliability of the data. All of this happens because of the fact 
that rarely any company today can afford absence from using 
cloud services.  
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Abstract—Because of the growing robustness and complexity 
of today's systems, traditional relational databases often cannot 
adequately respond to the increased demands. Therefore, there is 
a continuous search for new solutions that can optimally meet 
these requirements. In recent years, new database paradigms 
have been developed. 

In-memory databases are a relatively newly introduced 
solution. The main benefit is the speed of access, since the data 
reside in primary memory. By contrast, in traditional databases, 
the overall data structure is located in a data storage device, and 
access to them demands that a significant number of I/O 
operations be executed. 

In-memory databases have much higher hardware 
requirements, especially concerning RAM and CPU. However, 
reduced cost and wide availability of these hardware components 
justify their use. Another challenge is ensuring data persistency, 
which becomes an issue when storing large quantities of data in 
primary memory. 

Keywords—Database, In-memory, I/O, SAP HANA, Microsoft 
Sql Server, Relational data, Cloud Computing, TPC-C benchmark, 
RAM memory, CPU, scalability, OLTP, OLAP 

I. INTRODUCTION 

In today’s information age, computers and automation are 
not only present in every aspect of people’s lives, but are 
becoming necessary constitutes of their everyday living. 
People are going online to shop for their favorite products, 
make stock transactions or even negotiating airplane tickets in 
order to safely reach the designated destination. Completing 
all of the aforementioned actions means processing of huge 

amounts of data, produced by various enterprise applications 
or services and used by large numbers of users, and returning 
corresponding results. 

Because of this demanding and expanding requirement for 
fast processing of various data, new concepts of database 
paradigms are developed. In-memory databases are a 
relatively new concept contrasting the traditional way of 
storing data. In a Main Memory Database (MMDB) all data 
reside permanently in the main memory, compared with 
conventional data systems where data are resident on the disk. 
In a Disk Resident Database (DRDB) system data may be 
cached in RAM memory for access, whereas Main Memory 
Databases can also keep copies of data on disk [1]. 

The lowered prices of RAM and CPU units, make storing 
of large database contents in memory achievable. This enables 
the Main Memory Databases to become reality, and there is a 
variety of this type of databases on the market. 

Direct access to the Main memory provides the In-memory 
databases with better response times and transactional 
throughputs, as opposed to disk resident databases, that are 
executing a significant number of I/O operations. This is 
especially important for all applications that are demanding 
processing of huge amounts of data in real time. Examples are 
some robust e-commerce solutions, which demand substantial 
scalability and where processing of a lot of application data 
efficiently is a must. 
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The difference in the way of storing data between these two 
types of databases implies specific design and performance. 
The main differences can be listed as follows [1]: 
 The access time for main memory databases is much 

less than for disk storage databases; 
 The main memory is normally volatile, while disk 

storage is not, but it is possible to construct nonvolatile 
main memory as well; 

 Disks have high and fixed costs per access, which do 
not depend on the amount of data that is retrieved 
during the access. For this reason disks are block-
oriented storage devices, while the main memory is not 
block oriented; 

 The layout of data on a disk is much more critical than 
the layout of data in main memory, since sequential 
access to a disk is faster than random access. Main 
memory is normally directly accessible by the 
processor(s), while disks are not. This may make data 
in the main memory more vulnerable, than disk resident 
data, to software errors.  

This paper will explain the architecture of both concepts 
via their represents SAP HANA (in-memory database) and 
Microsoft SQL Server (disk resident database). 

II. THE SAP HANA IN-MEMORY DATABASE 

The general goal of the SAP HANA database is to provide 
a main memory-centric data management platform to support 
pure SQL for traditional applications, as well as a more 
expressive interaction model specialized to the needs of SAP 
applications [2].  

It can be deployed as on-premise or in the cloud. Used as 
an on-cloud instance, SAP HANA provides all the benefits 
that cloud computing offers. Cloud computing is becoming an 
adoptable technology for many of the organizations with its 
dynamic scalability and usage of virtualized resources as a 

service through the Internet [3].  

 Taking a robust e-commerce application as a example, the 
main advantages of cloud computing in that case would be [3]: 

 Backup of data; 

 Storage – the cloud allows its users to store 
almost all types of content; 

 Accessibility – any data stored in the cloud can 
easily be accessed from almost any device; 

 Collaboration – the cloud allows multiple users to 
work and edit documents at the same time; 

 Unlimited Accessibility; 

 Security and Stability; 

 Full Scalability; 

 Minimal Costs or No Costs. 

SAP HANA offers a platform which is suited the best for 
performing real-time analytics, developing and deploying real-
time applications. Major databases that are offered on the 
market are good at either transactional or analytical 
workloads, but not both. When transactional Database 
Management Systems are used for analytical workloads, they 
require separating the data in different databases, one for 
OLTP (Online transaction processing) and one for OLAP 
(Online analytical processing). Due to its hybrid structure for 
processing both transactional and analytical workloads fully in 
memory, SAP HANA consolidates the two landscapes (OLAP 
and OLTP) in a single database. Since the data in the SAP 
HANA database reside completely in memory, complex 
calculations, functions and data-intensive operations are 
processed directly on the data, thus reducing the time 
consuming and costly movements of data between the 
database and the applications [4], as well as additional I/O 

Fig. 1. The SAP HANA Architecture [2] 
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operations. 

The core of the SAP HANA database consists of three in-
memory processing engines: the Column/Row engine, the 
Graph engine and the Text engine (Fig 1). Relational data 
resides in tables in column or row layout in the combined 
column and row engine, and can be converted from one layout 
to the other. The graph and text data reside in the Graph 
engine and the Text engine respectively [2]. 

All data are kept in main memory as long there is enough 
space available. One of the most important features is that all 
data structures are optimized for cache-efficiency, compared 
with the organization in disk blocks in the traditional database 
architecture. The data are also compressed using various 
compression schemes. When the limit of the main memory is 
reached, the entire data objects are unloaded from the main 
memory and reloaded back in when required [2]. 

SAP HANA supports both row and column table layouts. 
Column oriented tables provide a greater level of compression 
of data and improve query efficiency since only the columns 
that are needed for a certain query are accessed. 

The following can be listed as the main advantages of 
column tables [2]: 

 OLTP scenarios can greatly benefit from the 
compression schemes available in column tables; 

 Real-world transactional workloads have larger 
portions of read operations than standardized 
benchmarks. Hence, the read-optimized column-
oriented storage layout may be more appropriate for 
OLTP workloads than suggested by the benchmarks; 

 Column-stores usually follow the simple “append-
only” scheme: when an existing row is updated, the 
current version is invalidated and a new version is 
appended. This scheme is simpler than in-place 
updates, as it requires neither reordering nor 
encoding of the values; 

 Column-tables greatly reduce the need for indices: 
the high scan performance of column-stores on 
modern hardware permits the users to have indices 
only for primary keys, columns with unique 
constraints and frequent join columns. In all other 
cases, the scan performance is good enough without 
indices, especially in small tables or small partitions 
with up to a few hundred thousand rows.  

III. MICROSOFT SQL SERVER 

The core application service in Microsoft SQL Server is 
the Database engine. Its main task is to maintain, secure and 
process data in relational format. A transaction log keeps a 
record of every change that is made to the database. 

In SQL Server the data are stored in pages that contain 
rows of data, and every page is 8KB in size. Eight pages make 
up an extent, and the database engine keeps track of which 
extent is allocated to which tables and indices [5]. 

The database engine in SQL Server manages the speed of 
access to data in several ways. Fast access to data in SQL 
Server can be achieved with the creation of indices. Another 
way is to keep frequently accessed data in memory and the 
excess of memory for an SQL Server Instance is used as data 
cache. The data pages can be stored in the cache and when a 
query is requested from the database, the database engine first 
checks if the requested pages are already in the memory cache. 
If not, it reads them off the disk [5]. 

IV. OLTP COMPARISON TESTS 

A. The TPC-C Benchmark 

To compare the performances of both database concepts, 
series of OLTP tests were conducted on targeted databases 
SAP HANA and MS SQL SERVER. For this purpose the 
TPC-C Benchmark was used.   

The TPC-C Benchmark (which has obtained its name from 
the Transaction Processing Performance Council, which has 
devised it) is OLTP workload which is composed from a set of 
read-only and updates intensive transactions. Their purpose is 
to simulate a complex OLTP application environment, which 
is done by exercising a breadth of system components 
associated with such environments, which are characterized 
with several aspects like simultaneous execution of multiple 
transaction types, on-line and deferred transaction execution 
modes, multiple on-line terminal sessions, moderate system 
and application execution time, significant disk input/output, 
transaction integrity etc. 

A TPC-C Benchmark performance report contains 

measures of the number of orders that are processed per 
minute. Multiple transactions simulate activities for processing 
orders, and each transaction is subject to a response time 
constraint [6]. 

 

Fig. 4. The TPC-C Data Model [6] 
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The benchmark performed in this paper used a defined 
data model (Fig 2) and a set of operations that were triggered 
in a unit of time. They simulate life-like whole sale scenario in 
which the portrayed Company was a wholesale supplier with 
distributed sales districts associated with warehouses Each 
Warehouse covered 10 Districts and accordingly each District 
served 3000 Customers. All warehouses maintained Stocks for 
100000 Items.Several operations were used to simulate a real 
life scenario: Place a new order from the Customer, Check the 
status of existing order, Receive payment from a Customer, 
Process orders for delivery and Examine specific Items stock 
levels. 

TABLE I.  TPC-C BENCHMARK AVERAGE OPERATIONS IN 1 MINUTE 

 SAP HANA MSSQL  Server 

New Orders 1923 731 

Order Status 1832 698 

Payments 173 65 

Deliveries 175 65 

Stock Level 126 49 

Total Operations 4229 1608 

 

 30 iterations of one minute tests were conducted with the 
aforementioned operations in the following proportion: 45% 
new orders, 43% check order status, 4% check stock levels, 
4% payments, 4% delivery. The TPC-C data model was filled 
with data for two Warehouses in documented volumes and the 
database was reinitialized to the initial state before every 
iteration. Every test iteration was started with 100 parallel 
connections, which simulated 100 concurrent users. 

An open source client was used, programmed in C# which 
was developed to perform the TPC-C Benchmark for MS SQL 

Server [7]. This Client was translated and adapted to conduct 
the same tests for SAP HANA. 

For SAP HANA testing, a cloud instance with 64 GB of 
RAM memory was used. The tests on MS SQL Server where 
done on version 2008 R2 installed on 64-bit virtual Windows 
Server 2008 R2, with the following hardware configuration: 
Intel Xeon CPU E5620 @ 2.40 GHz and 20 GB of RAM 
memory. 

B. Test Results 

In its initial state, the size of the data in the databases used 
for the TPC-C benchmark was 236 MB on the disk for MS 
SQL Server and 94 MB in the main memory for SAP HANA. 
During the conducted test, the count of created new orders, 
checks of order statuses, processed payments, delivery and 
check stock level processes were recorded. 

The test results for TPC-C benchmark conducted on SAP 
HANA can be seen on Fig 3. The result values for all 
operations measured in one minute tests, conducted in 30 
iterations, are presented. The lowest value for the New orders 
operation is 1791 and the highest is 2050. For the Check Order 
Status operation the lowest value is 1723 and the highest is 
2030. The lowest value for the Payment process operation is 
133 and the highest is 198. For the Deliveries operation the 
lowest result is 153 and the highest is 199. For the Check 
Stock Level operation the lowest value is 112 and the highest 
is 143. 

On the SQL Server side (Fig. 4) the lowest amount of 
completed New Order operations is 615 and the highest is 791. 
The lowest value for the Check Order Status operation is 609 
and the highest value is 761. For the Payments operation the 
lowest result is 50 and the highest 79. For the Delivery 
operation the highest value is 81 and the lowest is 47. For the 
Check Stock Level operation the lowest value is 38 and the 
highest is 57. 

With an average 4229 completed operations in one minute, 
SAP HANA is approximately 2.5 times faster than SQL 

Fig. 3.  SAP HANA TPC-C Benchmark Results 
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Server with an average completed 1608 operations. From the 
perspective of TPC-C separate benchmark operations, SAP 

HANA is faster than SQL Server in every segment by more 
than 250% (Table 1). 

V. CONCLUSION AND FUTURE WORK 

In this article we’ve tried to cover the main characteristics 
of In-memory and traditional disk resistant databases. To 
compare the performances of the two types of databases, TPC-
C test were performed, using two representatives from both 
concepts, namely SAP HANA (In-memory database) and 
Microsoft SQL Server 2008 R2 (disk resident database). This 
test included the operations for Place new order, Check for 
order status, Payment process, Delivery and Check stock level. 
The test results showed that SAP HANA is approximately 2.5 
times faster in completing these operations. 

The large speed of In-memory databases is a result of 
reduced I/O operations, since all data contents are kept in main 
memory. However, this type of database requires more 
complicated hardware architecture and thus increased cost. 
Considering the fact that the prices for hardware components 
needed for operation of this kind of databases are constantly 
decreasing, though, as a result of increasing competition in 
that branch of manufacturers, In-memory databases become 
increasingly more affordable. 

The choice of a type of a database which will be 
implemented by a company depends on its needs. For a small 
or medium company, with a limited number of users, an 
appropriate choice would be a disk resident database such as 
SQL SERVER, Oracle or any other commercial database 
available on the market. In case when the budget is limited, 
using an open-source solution such as MySQL is a valid 
option. 

However, if a company wants to announce its products 
catalog online, available for a huge number of users, or it is a 

multinational company with dispersed units around the world, 
it is necessary to provide a sustainable solution that can 

respond to this challenge. The scalability and availability that 
allows the hardware environment and software architecture, 
including all the benefits that In-memory databases provide, 
certainly make them a worthy solution for the execution of 
such tasks. 

Our future work will be focused on developing more test 
benchmarks, including other databases from both concepts 
available on the market. The main goal will be to measure the 
various database performances on an identical hardware 
environment, which will present a clearer picture about the 
differences among them. 
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Abstract—In this paper we present a general technique for
parallelizing regular algorithms with the tools the Hadoop ecosys-
tem offers: MapReduce, HDFS, HBase and Pig. This framework
can be applied for parallelizing algorithms for feature selection,
clustering, machine learning etc. It consists of several steps: load
the datasets in HDFS, apply some transformations if they are
needed, store the datasets in HBase, and implement the algorithm
in Pig with the help of User Defined Functions.
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I. INTRODUCTION

IN the recent years companies, organizations and govern-
ments collect, process and analyze enormous volumes of

data. For most of them the data is not only generated from
their normal work, rather it a prerequisite for their success. As
a result many companies have followed different ideas on how
cope with the Big Data challenge. One idea was to scale-up
hardware so it has more processing power that can handles
the larger volumes of data, and it has proven to work up to
a certain point. However, after this point is reached, this idea
can not work. That lead to the other idea of distributing the
computation and data storage to clusters. Even though this is
not so new idea in general, it was not until about ten years that
it started to gain popularity. Inspired by Google’s approach
described in the 2004 MapReduce [1] and 2006 Big Table
[2], many other companies and open-source projects followed
similar pathways developing different distributed systems. One
of the most popular such systems is Apache Hadoop. It is
open-source software that contains a set of algorithms for
distributed processing, scheduling and storage of large datasets
on computer clusters. It is well established framework and
Hadoop Wiki [3] lists some of its prominent users like Yahoo,
Facebook, Ebay, Adobe etc.

This work was partially financed by the Faculty of Computer Science and
Engineering at the Ss.Cyril and Methodius University, Skopje, Macedonia

The MapReduce programming paradigm [1] [4] is essen-
tial to the distributed computation and storage that Hadoop
achieves. It consists of two phases: map and reduce. The first
phase, map, threats the data processing problems as embarrass-
ingly parallel by splitting the data into distinct subsets that can
be processed in parallel. The reduce phase is second and final
aggregates the output from the map phase and produces the
final result. In other words, the map procedure can perform
variety of operations like: reading, projecting, filtering and
sorting data. The output from this phase is an intermediate
result usually comprised of a list of keys and values. These
are mandatory for the reduce phase. Hadoop makes sure that
the output gets to the reduce procedures in proper order so
it can perform some summary or aggregate operation. Even
though the MapReduce model is fairly restricted, its simplicity
is making it very suitable and efficient for extremely large-
scale implementations across thousands of nodes.

Hadoop with its different services schedules, distributes, or-
chestrates and monitors communications, data transfers, while
providing redundancy and fault tolerance. There are many
services (i.e. subsystems) in Hadoop that aid accomplishing
the previous goals, but three of them are most notable: YARN
(MapReduce2), HDFS and HBase [5] [6] [7].

The fundamental idea of YARN (i.e. Yet Another Resource
Negotiator) [8] is to take care of resource management and
job scheduling/monitoring, by splitting these responsibilities
into separate daemons: a global ResourceManager and per-
application ApplicationMaster. The ResourceManager is the
ultimate authority that arbitrates resources among all the appli-
cations in the system. The per-application ApplicationMaster
is responsible for negotiating resources from the Resource-
Manager and working with the NodeManagers to execute
and monitor the component tasks. In other words, YARN is
responsible for allocating resources to the MapReduce jobs,
distributing them to the most appropriate nodes, etc.

Hadoop Distributed File System (HDFS) [9] is a file
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system that provides scalable, fault-tolerant, distributed stor-
age system that works closely with MapReduce which was
designed to span large clusters of commodity servers. The
combined resources of the servers within the cluster can
easily grow with the demand. An HDFS cluster is comprised
of a NameNode which manages the cluster metadata and
DataNodes that store the data. The file content is split into
large blocks (typically 128 megabytes), and each block of the
file is independently replicated at multiple DataNodes. The
blocks are stored on the local file system on the DataNodes.

HBase is an open source, non-relational, distributed
database modeled after Google’s BigTable. It runs on top of
HDFS (Hadoop Distributed Filesystem), providing BigTable-
like capabilities for Hadoop [10] [11] [12]. In other words,
it provides a fault-tolerant way of storing large quantities of
sparse data. HBase is a NoSQL (Not Only SQL) database
and is not a direct replacement for a classic Relational SQL
databases [13]. Unlike traditional databases where normal-
ization of data and splitting it into related tables is the sub-
stance of the design, designing HBase tables takes a different
approach which analyzes the usage patterns. Motivations for
this approach include simplicity of design, horizontal scaling,
and finer control over availability. The data structures used
by NoSQL databases, including HBase, differ from those
used in relational databases, making some operations faster in
NoSQL and others faster in relational databases. The particular
suitability of a given NoSQL database depends on the problem
it must solve. Tables in HBase can serve as the input and
output for MapReduce jobs run in Hadoop. In the parlance of
Eric Brewers CAP theorem, HBase is a CP type system (i.e.
Consistent and Partition tolerant). [14].

Because of its simplicity the MapReduce programming
model has become popular. By some users this model is
preferred over the traditional SQL which is a high-level
declarative approach. Be that as it may, the extreme sim-
plicity of MapReduce leads to much low-level hacking to
deal with the many-step, branching dataflows that arise in
practice. Furthermore, users must repeatedly code standard
operations such as join by hand. These practices increase
development time, introduce bugs, harm readability, and may
obstruct optimizations [15]. A group at Yahoo motivated by
these repeatable tasks on daily basis, has developed a scripting
language called Pig Latin. Pig is a high-level dataflow system
that is a compromise between SQL and MapReduce. Pig
offers constructs for data manipulation similar to SQL, which
can be integrated in an explicit dataflow. Pig programs are
compiled into sequences of MapReduce jobs, and executed in
the Hadoop MapReduce environment [16].

II. RELATED WORK

This section describes some of the most recent work on
parallelizing different algorithms with MapReduce.

The authors in [18] address the problem of efficient feature
evaluation for logistic regression on very large data sets.
Here they present a new forward feature selection heuristic
that ranks features by their estimated effect on the resulting
model’s performance. They test the method on already avail-
able datasets from UCI, but also generate artificial datasets for
which they know the logistic regression coefficients. They use
that to evaluate the selected features.

By using the MapReduce paradigm in [21] a data intensive
parallel feature selection method is proposed. In each map
node, a method is used to calculate the mutual information
and combinatory contribution degree is used to determine the
number of selected features.

In [26] an implementation based on the MapReduce
programming model of Naive Bayes is proposed. During the
map phase all counts needed for calculating the conditional
probabilities are emitted, and during the reduce phase they are
aggregated.

A parallel implementation of the SVM algorithm for
scalable spam filtering using MaprReduce is proposed in
[22]. By distributing, processing and optimizing the subsets
of the training data across multiple participating nodes, the
distributed SVM reduces the training time significantly.

In [23] the authors propose a method for reducing the
dataset to a small but representative subset that can be later
on used for faster machine learning. Also here the speedup is
being calculated against a cluster with 1 node or with minimal
number of nodes so that the computation finishes in reasonable
time.

In [24] an approach based on MapReduce for distributed
column subset selection is proposed. In this approach each
node has access to a random subset of features.

A wrapper approach for parallel feature selection is pro-
posed in [25]. Here with features are added to the selected set
if after their addition, the performance of the classifier does
not degrade. Then in a second phase from the subset obtained
in the previous step, features are removed if their discarding
does not degrade the classifier performance.

III. FRAMEWORK DESIGN

Writing parallel computer programs is more difficult than
writing sequential ones, because parallelization introduces
several new types of potential software bugs of which most
common are race conditions, communication and synchro-
nization between the different subtasks. Choosing Hadoop as
environment for parallelization of algorithms overcomes many
of those challenges without needing the programmer to put
much effort for solving those kinds of challenges.

The framework that we propose in this paper consists of
several phases, as shown on Fig. 1, and each of them is
described in the following subsections.

Fig. 1. Data flow phases based on MapReduce and Hadoop

A. Load data into HDFS

This is the first and most simple phase. This phase should
be performed once or multiple times, depending on how the
dataset is structured. The most common formats for datasets
are:
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• CSV (comma separated values). This format is usually
used to store dense datasets.

• ARFF (Attribute-Relation File Format). Also used to
store dense datasets.

• EAV (Entity Attribute Value). Used to store sparse
matrices that have a lot of zeros and some non-zero
elements.

If the dataset is only one file then this it will be copied from
the Linux File System to HDFS using a simple command. This
means that for this step cannot have parallelism. However if
the dataset is dispersed into multiple files, then all of them
can be copied simultaneously to HDFS. Be that as it may, this
step usually is very fast compared to the following steps for
machine learning, so its parallelization is not necessary at all.

B. Transformation and loading data into HBase

After the previous step III-A is finished the dataset files
reside on HDFS. As it is extensively described in [9], each file
in HDFS is replicated accross several nodes for reliability. A
typical file in HDFS is gigabytes to terabytes in size, splitted
in blocks of 128 MB by default. If the files are too small than
that could degrade the performance of the system and limit
the level of parallelism. Map tasks usually process a block of
input at a time. If the file is very small and there are a lot
of them, then each map task processes very little input, and
there are a lot more map tasks, each of which imposes extra
bookkeeping overhead. Ideally the dataset that we have loaded
to HDFS is one large file dispersed on multiple blocks so while
we load it, transform it and store it in HBase we can have
greater parallelism. Nevertheless, this step again is usually
very fast especially compared to the step that performs the
actual machine learning algorithm, so we do not recommend
to spend too much time on optimizing the file sizes for better
parallelism.

Even though we can achieve parallelism while processing
files stored on HDFS, the control of degree of parallelism
is difficult, more involved and at very low-level. On the
other hand, HBase offers many other services built on top
of HDFS, among which is a much better control of the
degree of parallelism. This is due to the fact that the data
in HBase is stored in a structured manner, while having
various mechanisms that simplify random reads and writes
from rows and columns. Namely, HBase tables are divided
into potentially many regions, while one or more regions are
serviced by a region server. The tables can be horizontally
and vertically segmented while they are physically stored in
HBase. Because many machine learning applications access
the data by rows, in this paper we will continue to discuss
only horizontal segmentation. As HBase was designed with
very large tables in mind, a common use case is the following.
A table at creation has only one region, which is serviced by
one region server (a physical node in the Hadoop cluster).
When this table is loaded with data it gets bigger and at some
point it will become too big, so HBase will split its region
into two regions. Then the new region will be assigned to the
same region server or can be moved to another region server.
The default splitting threshold is 10 GB. There are numerous
reasons why HBase was designed that way, and we will not
go into details about that. From parallelization perspective,

this can pose a challenge, because for the automatic splits
there are no guarantees that every region will contain equal
amount of data, when are the splits going to occur exactly,
are the regions going to be served by different region servers
(nodes) etc. Further more, if one is using Hadoop for research
purposes only then the dataset may not be that large, thus
never overcoming the threshold for splitting. To overcome this
challenge we can pre-split the tables on creation. This in turn
means that the table can be configured at creation time to be
stored on as many-regions as needed. Usually the number of
regions is a multiple of the number of HBase region servers.
The logic for having more region servers than acutal nodes is
because the nodes are multi-core machines, so different threads
on the same node can service different regions.

Before loading the dataset in HBase, we need to define
the table structure and create it. Column names and data types
are provided when storing data in each row, so at creation
time we need to only specify a table name and a column
family. There are some advanced configuration features that
can be specified, but they are not topic of this discussion. Be
that as it may, there is one very important decision that we
need to make before loading data in the table. Because HBase
tables, unlike SQL tables, cannot have secondary indexes, the
primary key (row key) needs to be designed according to the
usage patterns of the table. There are many considerations
when designing the row key and they are very important for
production use of HBase tables. However, for scientific use
and for parallelizing machine learning algorithms, we need
a simple design that allows uniform data distribution across
nodes. In most scientific datasets the data instances (i.e. rows)
do not have ids for their instances, or if they do they are not
used for the actual machine learning. Nevertheless, in order
to store a row in a HBase table, it needs a row key. For flat
flies like CSV, ARFF the row key can be the line number
of the instance. However, sequential row keys are very bad
choice for HBase tables because the inserts will always be
on the last region, therefore having no parallelism during the
load, a problem called Region Server hotspotting. There are
multiple ways of overcoming this problem, and one of them is
a technique called salting. With this technique each sequential
id is salts row keys with a prefix. The prefix is usually the
modulo number between the original sequential id and the
number of regions. Even though, this is very important topic,
the step of loading the datasets in HBase is not the primary
field of interest in this paper.

Once the dataset files are loaded into HDFS we need to
transform them if needed and store them in HBase. If we have
totally N rows in the dataset, and M regions, then we would
like to distribute the data uniformly so each region gets N/M
rows. This in turn means that we need to specify M − 1 split
points when creating the table. If we use sequential ids for
the row key (like the line number in the file), than these split
points would be: N/M, 2N/M, 3N/M, ..., (M − 1)N/M . If
we use a more sophisticated row key design, then the split
points should reflect that design. For instance, if we take the
modulo number of the id and the number of regions, then
each region would get almost the same number of rows. This
design of the row key allows fast random reads and writes, and
additionally it facilitates addition of new data to the table at
a later time without needing to redesign the table for equally
dispersed load across regions. the following example shows
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how a table can be pre-splitted on creation. The row key design
is described with the function in listing 1. It returns a tuple
in which the first element is the padded modulo number and
the second part is the padded sequential id.

1 (pad(seq_id % num_regions), pad(seq_id))

Listing 1. Row key design

The numbers are padded with zeros so that they are
lexicographically sorted. For instance if the ids vary from 1
to 100000 and we have 5 regions, then the Id 123 would be
encoded to the following row key: 123%5 = 3, pad(3) =
3, pad(123) = 000123 => row key = (3, 000123). The
create statement for a table that has one column family ’r’
and has 4 split points is shown in listing 2.

1 create ’dataset5’, {NAME=>’r’,

COMPRESSION=>’gz’, VERSIONS=>’1’},

2 {SPLITS=>[ "(1,", "(2,", "(3,", "(4," ]}

Listing 2. Crating HBase table with pre-split regions

Once the HBase table that will contain the dataset is
created with appropriate split points for even data distribution
across the cluster, the data can be loaded. One can write pure
MapReduce jobs in Java or Python. If we choose that path, then
we need to write a separate map and reduce function for each
task. However, by using a scripting language called Pig Latin
[15] we can write scripts from a higher-level perspective. These
Pig scripts generate MapReduce tasks in the background so the
programming effort is simplified and the development time is
reduced. The downside of using Pig is that when Pig scripts
are compiled into MapReduce jobs, there is some overhead but
for longer running MapReduce tasks is insignificant because
it adds up to 1 minute to the executing time. The listing 3
shows how we can load EAV files with Pig Latin. All variables
starting with $ are parameters that are passed to the script on
execution time.

1 register ’$udf_path’ using jython as

paddingUDF;

2 eav_data = LOAD ’$hdfs_data_path’ USING

PigStorage(’,’) as (id:int, feature:int,

value:int);

3 eav_data_pad = FOREACH eav_data GENERATE

4 paddingUDF.generate_rowkey(id,

$padding_digits_id, $modulo_number) as

idPad,

5 paddingUDF.pad_number(feature,

$padding_digits_feature) as featurePad,

6 value;

7 eav_data_final = FOREACH eav_data_pad GENERATE

8 idPad,

9 [featurePad,value] as values;

10 STORE eav_data_final INTO ’$table_dataset’

USING

11 org.apache.pig.backend.hadoop.

hbase.HBaseStorage(’r:*’);

Listing 3. Loading EAV files in HBase with Pig

The above script when compiled into MapReduce jobs
would have only a map phase which will read the data from

the HDFS file and store it in HBase. Because there is no
grouping of keys needed, a reduce phase will not be generated.
It uses two user-defined functions (UDFs) that are written in
Python, but in order to be compatible with Pig and the rest
of Hadoop, are compiled into Java byte code using Jython.
The generate rowkey function, shown in listing 4 calculates
the row key according to the design shown in listing 1. With
the function pad number, shown in listing 5, the numbers are
padded with zeros.

1 @outputSchema("padded:chararray")

2 def pad_number(number, numZeros):

3 f = ’%0’ + str(int(numZeros)) + ’d’

4 paddedNumber = f % int(number)

5 return paddedNumber

Listing 4. Python UDF for generating row keys

1 @outputSchema("rowkey:(id_mod:chararray ,

id:int)")

2 def generate_rowkey(id, id_num_digits,

mod_number, mod_number_digits=3):

3 prefix = int(id) % int(mod_number)

4 return (pad_number(prefix,

mod_number_digits), pad_number(id,

id_num_digits))

Listing 5. Python UDF for padding numbers with zeros

During this step we can add various methods for data
preprocessing like discretization, transformation and other
methods that rely only on the values. But if the transformations
need something like normalization that need the mean value
for the whole dataset, then a separate step would be needed.

C. Processing HBase tables

After the dataset is loaded in a HBase table we can
continue implementing machine learning algorithms. In gen-
eral, this phase can be comprised of several substeps of data
processing, depending on the nature of the algorithm that
is being implemented. In this subsection we show how the
mean value of each feature can be calculated. This is a simple
task, but nevertheless, it illustrates this step of the framework.
Listing ?? shows the Pig Latin script that calculates mean
values. All parameters that start with $ can be passed to
Pig script when invoking it. Such parameters are the table
names, number of features, index of the class value, number
of padding digits etc. Lines 2 through 6 load the data from the
table ’$table dataset’. In line 3 ’r:*’ denotes that all columns
in the column family r will be loaded and line 6 denotes
that they will be available as a dictionary (map) in the Pig
script. Then at line 8 the UDF expandFeatures is invoked
which accepts these arguments: r -the dictionary (map) of pairs
(featureIndexPadded, featureValue), the number of features in
the dataset $num features, maximum number of padding digits
$num features digits, and the index of the class value $label.
The UDF code is shown in listing 7. It will process the passed
dictionary of feature indexes and values and will generate a list
of triplets (featureIndex, featureValue, class). The great thing
about HBase is that it doesn’t need to store the empty features
from the dataset and each row can have different number of
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columns. However when a row is loaded, like in the UDF
expandFeatures, we can generate the zero-valued cells so they
can be used for calculation of the mean value of the feature.
In lines 10 and 11 the rows are grouped by feature index and
we calculate the average of their values. Lines 15 through 17
store the mean values in a table that can be created in a similar
manner as explained in III-A. We could easily export the
calculated data in CSV files to HDFS.

What happens in the background for the script 6, is very
peculiar. Pig will determine the number of regions of the table
’$table dataset’ and it will start that number of map tasks.
The number of reduce tasks is by default 1, but this can
be also manually specified and does not depend of the table
structures. During the map phase happen these statements:
loading of data (lines 2-6), expanding each row to a list of
tuples, merging (union) the list of tuples generated from each
row into a final list (the FLATTEN operator in line 8) and
it will emit the grouping key featureIndexPadded in line 10.
Then in the reduce phase the rows will be grouped by the
featureIndexPadded key, the mean value will be calculated
(lines 12-14) and finally the result will be stored in the
table $table feature mean value. In this table the row key is
featureIndexPadded and the mean value is stored in column
family r and column featureValueMean. We can easily change
this statement to export the results in a CSV file to HDFS.

1 register ’$udf_path’ using jython as

paddingUDF;

2 dataset = LOAD ’$table_dataset’ USING

org.apache.pig.backend.hadoop.

3 hbase.HBaseStorage(’r:*’,

4 ’-loadKey=true’) AS

5 (rowkey:tuple(prefix_padded:chararray,

id_padded:chararray, id:int),

6 r:map[]);

7 dataset_expanded = FOREACH dataset GENERATE

8 FLATTEN(paddingUDF.expandFeatures(r,

$num_features, $num_features_digits,

’$label’));

9

10 feature_value_class_group = GROUP

dataset_expanded BY (featureIndexPadded);

11

12 feature_value_class_mean = FOREACH

feature_value_class_group GENERATE

13 group as featureIndexPadded,

14 AVG(dataset_expanded.featureValue) as

featureValueMean:double;

15 STORE feature_value_class_counts INTO

’$table_feature_mean_value’ USING

16 org.apache.pig.backend.hadoop.

17 hbase.HBaseStorage(’r:featureValueMean’);

Listing 6. Pig script for calculating mean value of features

The code in listing 7 shows how UDF expandFeatures is
implemented. Lines 1 and 2 describe the output format of the
data that is being returned. In this the function will return
a bag (Pig Latin equivalent of a unordered list) of tuples.
Each tuple is a triplet containing the featureIndex (padded
with zeros), the featureValue and the class. For the calculation
of the mean values of the features the class is not needed,
but for many other algorithms and metrics it will be. Line 5

calls a function for decoding the input arguments from byte
representation to appropriate types - string and dictionary. The
in the loop in lines 8 through 11 from the dictionary of pairs
feature index and feature value, we generate a list of triplets,
which the function returns at line 12. The interesting thing
that this function does is that from a row of the HBase table it
generates a list of tuples, so in a way it’s transposing a row into
multiple rows with one composite column (i.e. the triplets).
Then in the Pig script in listing 6, with the FLATTEN operator
merges those rows into a common set of rows of triplets, thus
transposing the whole dataset. Having all features, values and
class as triplets in separate rows is useful and allows us to
leverage the SQL-like capabilities of Pig Latin. Further on in
separate scripts we can normalize the values of the dataset
by joining to the set of mean values and doing appropriate
normalizations.

1 @outputSchema("feature_value_class:bag{

2 t:(featureIndexPadded:chararray ,

featureValue:double, class:chararray)}")

3 def expandFeatures(featureValuePairs,

numFeatures, numDigits, classKey):

4 currentClass =

featureValuePairs.get(classKey, 0)

5 (currentClassFinal,

featureValuePairsFinal) =

decodeBytes(currentClass,

featureValuePairs)

6

7 feature_value_class = []

8 for featureIndex in range(1,

int(numFeatures) + 1):

9 featureIndexPadded =

pad_number(featureIndex, numDigits)

10 featureValue =

featureValuePairsFinal.get(

featureIndexPadded, float(0))

11 feature_value_class.append(

(featureIndexPadded, featureValue,

currentClassFinal))

12 return feature_value_class

Listing 7. UDF for expanding a HBase row into a list of tuples

D. Exporting results

After the main work is performed during the previous step
III-C, the results need to be exported. Using Pig Latin, the
output from the Pig scripts can be stored in HDFS files or
HBase tables. In the Hadoop ecosystem there are advanced
services like Flume or Sqoop that facilitate connectivity with
RESTful web services, various SQL databases etc. The most
simple way is however to export the results in HDFS files in a
common format like CSV, and then to export the HDFS files
to the Linux file system.

IV. CONCLUSION AND FUTURE WORK

In this paper we have proposed a framework for paral-
lelization of machine learning algorithms by using the Apache
Hadoop platform including its services HDFS, Yarn MapRe-
duce and HBase, and Pig Latin as a scripting language. We
have demonstrated how can we manually set the degree of
parallelism by pre-splitting the HBase tables so they have
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optimal number of regions and even data distribution across
regions. We have also provided exemplary user-defined func-
tions written in Python for transforming and formatting the
data while it’s being loaded, and also a way to efficiently
decode the sparse matrix for which we only keep the non-zero
elements. We have provided an exemplary script that calculates
the mean values of each feature.

In order to affirm the proposed framework, we will im-
plement various machine learning algorithms with it, measure
the impact of the parallelization with different cluster con-
figurations on different datasets. The performance should be
evaluated in terms of speedup vs the sequential versions of the
algorithms.
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Abstract—With the rapid expansion of the Internet, people
sought to create web sites in a human readable format. In term,
this led to problems with machine readability of the available
information on those sites. The large amounts of data make it
hard for search engines, such as Google and Bing, to determine
which data is relevant.

Our solution allows webmasters to inject semantic tags and
transit their web sites to the Web 3.0 era . It is web based and can
be run on any server, independent of its platform. The automatic
nature of our implementation doesn’t require user interaction or
any kind of previous knowledge. The information that is detected
includes titles, images and dates, and for each of those, a special
semantic tag is added.

From our findings we can infer that the automatic module
has a 76% success rate and with further work can be improved,
while the manual module allows for greater accuracy.

Keywords—automatic injection, web semantics, search engine
optimization, HTML parsing

I. INTRODUCTION

The amount of data on the Internet is growing by the
second. According the Internet Live Stats [1], the total number
of live websites exceeds over 1 billion and the average amount
of data on one page is around 1.2 MB. But most of this
data is intended for easy human consumption and presents
a challenge for automated systems to read, understand and
extract important information from.

The World Wide Web Consortium has also realized this
problem, and is pushing for a better structured web, which
they call the Semantic Web [2]. This term defines the web as
an inter-connected field of data where everything is referenced
across sites using links [3]. Their form of the semantic web
is known as Linked Data, which is based around the usage
of ontologies and interconnected semantic resources that help
describe the objects which it refers to. This concept is built
on top of so-called triplets that consist of a subject, predicate
and object, and are in the Resource - Relationship - Resource
or Resource - Relationship - Literal form. Every object must
be a URI, and is recommended to be a URL so humans and
machines alike will be able to follow that link, thus discovering
more data on the given subject [4].

Our motivation came from the fact that the process is
mostly manual and people spend a lot of time and resources
optimizing their sites to be search engine friendly. During
our research, we came across Microdata, a markup language
used by most major search engines and aggregators to easily

<d i v i t e m s c o p e i t e m t y p e =” h t t p : / / schema . org /
Pe r s on ”>
Hel lo , my name i s
<span i t e m p r o p =”name”>John Doe< / span> ,
I am a
<span i t e m p r o p =” j o b T i t l e ”>u n d e r g r a d u a t e

s t u d e n t< / span>
< / d i v>

Fig. 1: Sample Microdata code implemented in a HTML
fragment

find valuable data from web pages [5]. It consists of 3 basic
keywords: itemscope, itemtype and itemprop. The
itemscope keyword is placed in the outer most element
that contains all the structured data the user plans to highlight.
In that same element, the itemtype keyword is placed with
a value that is a URL leading to a Schema.com definition
of the subject that is being described. From there on, any
element that needs to be highlighted is decorated with the
itemprop keyword that has a value describing that particular
element according to the schema that was referenced in the
parent element. A code snippet of how a simple Microdata
implementation looks like is shown in Figure 1.

After this data is implemented into a web page, the next
time a search engine crawler access the site, it will pick up
and store this new data, and later use it to show more relevant
information to users.

This paper is organised in 4 sections which include related
work which explains other research conducted on the topic,
detailed explanation of our solution to the problem, evaluation
which consists of an experiment over a local data set of sites
and a conclusion which summarizes the results of our research.

II. RELATED WORK

Although linked data and ontologies are not a new concept,
webmasters have only recently started to implement such in-
formation on their existing pages, allowing for search engines
and applications alike to more easily access the sites data.

A. Best Buy Semantics

One clear example of this is Best Buy. Back in 2012,
Best Buy was one of the first retailers to incorporate semantic
data into their online catalog [6]. They used the GoodRela-
tions ontology to indicate items, their categories, prices and
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Fig. 2: Best Buy’s semantics on a store info page

technical details, but also important information about their
store locations. This, in term, led to Google being able to
extract and show information about a store’s location, work
hours and contact information as shown in Figure 2. Support
and implementation of semantics from large chains like Best
Buy shows that the industry is starting to accept and realize
the potential of semantics.

B. Google Structured Data Markup Helper

But the addition of RDF-a tags into the existing HTML
has been done by hand and is not easy to distinguish where
these tags need to be placed in the original markup of the site.
Realizing the problem stated above, Google come up with a
simple solution of how to help web developers add semantics
to their sites with just pointing and clicking. The idea is that
after a URL is provided to the Structured Data Markup
Helper tool of the site in question and after selecting the data
type of the page (article, event, product etc.), a render of the
page will be shown to the user. From there, selections on the
page can be made of where the title, date of publication, main
image and other data type related attributes are located, and
tags to those HTML elements will be added accordingly. In the
end, the full HTML code of the site is displayed to the user,
with the added tags highlighted, specifying the exact position
of placement. This is a good solution for static pages where
the code is the same, but if the page is dynamically generated,
this may be of little to no help to the webmaster.

C. Drupal RDF-a Implementation

Another example of RDF-a implementation on the web is
via the Drupal content management system. Every installation
of Drupal comes with a predefined template that incorporates
semantics in the user’s posts [7]. Titles, pictures, dates and

comments are all marked with RDF-a tags so that the user
has no need to add them. Although this may look like a good
solution, it has it’s setbacks. The user is unable to modify the
tags and has to add other tags manually if he wishes to specify
additional data from a page. The tags that are automatically
added are in a RDF-a format, and not in Microdata, which is
the prefered format of search engines.

D. Semi-Automatic Semantic Annotations for Web Documents

In this research paper conducted by researchers from Italy
and Canada titled Semi-Automatic Semantic Annotations
for Web Documents we see an implementation which has
a similar approach. The main concept consists of three phases
which are a lightweight robust parse to get the basic structure,
vocabulary and patterns of the document, externalization of
the facts to a database and a use of the transformation rules
inferences and structural patterns to deduct semantic markup
of design facts [8].

Their concept is similar to ours but the main difference is
that the scope of their annotations is larger and ad based, while
our main focus is on parsing news articles and the addition of
annotations to the elements.

III. OUR SOLUTION

Search Engine Optimization is a process which includes the
addition of attributes to HTML elements that, in term, help add
machine readable meaning to the human readable web page.
The duration for its addition and the knowledge needed to
properly implement it are usually long and difficult.

Our solution consists of two modules, one module that
automatically adds semantics to the web pages, and a second
one that needs the user’s definition of certain tag ids to help
utilize them more properly.

The first, and more preferred way, goes through the entire
Document Object Model tree using a database of predefined
keywords to identify a possible place for semantic injection.

• Firstly these keywords are looked up in the id and
name attributes. With this method we try to use some
of the descriptive properties that the web developer
may have used during the making of the website.

• Secondly, we search for them in the class attributes of
the HTML elements. This relies on the web designers
naming convention and the semantics that it contains.

• Thirdly, we try to use some of the old and newly
added HTML 5 tags like article, h1, h2 and others
that contain semantic properties in their original W3C
definition [9].

The second module is still automatic, the only manual part
is the addition of the keywords that the primary way would
not be able to recognise or find.

This is achieved through a separate API that enables the
user, with a small knowledge of his web page’s internal
architecture, to choose the right terms, which are then used
to inject the RDF-a tags with.

A pseudo-code sketch of our algorithm is given in Algo-
rithm 1. Our solution loads the web page’s DOM tree. After
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Site Name Found Article Title Found Article Picture Found Article Date

Telma Yes Yes Yes

24 Strumica Yes Yes Yes

Utrinski No Yes Yes

Fokus No No Yes

Prizma Yes Yes Yes

MRT Yes Yes Yes

Nova Makedonija Yes Yes Yes

Kanal5 No No Yes

Sitel Yes Yes Yes

Press24 Yes Yes Yes

Ohrid News No Yes Yes

TABLE I: Partial results from the algorithm evaluation

Data: URL of the web pages
Result: Search engine optimized HTML
initialization;
load keywords in memory;
load supported HTML 5 tags in memory;
while not at the end of the DOM do

read current tag;
if id or name matches keywords then

inject RDF-a to current tag;
else if class matches keywords then

inject RDF-a to current tag;
else if tag is an HTML 5 tag then

inject RDF-a to current tag;
else

ignore current tag;
end

end
Algorithm 1: Injection of semantics to the tags

the algorithm processes all of the tree’s tags it returns an
HTML that contains the RDF-a added as attributes to all of the
tags. This injection happens realtime while the page is loaded
by search engine bots, most of which allow the execution of
JavaScript before crawling the page.

IV. EVALUATION

In order to test out our solution on a real life scenario,
we took a total of 68 web pages from a 17 Macedonian news
portals and ran our algorithm on them. Some of the results can
be seen in Table I.

Out of the total 17 web sites tested, the article title was
the most difficult to find, failing on 4 of the test candidates.
An extra two had a problem locating the article image, since
that function is dependant of finding the title.

All in all, 13 sources passed the test in which our solution
was able to correctly detect the article titles, main images and
publication dates. It found the correct HTML tags and was
able to inject the correct Microdata tags. A before and after
sample can be seen in Figure 3 and Figure 4.

The test results suggest that with more work, our solution
may be able to correctly detect and inject Semitics into existing
pages.

<body>
<h1>Zasadivme l i u s t e eden ” P e l i s t e r ” ?< / h1>
<img s r c =” / mk / f i l e / show / Images / Den na d r v o t o

logo . j p g ”>
0 3 . dek . 14

< / body>

Fig. 3: Sample HTML snippet before running trough the
algorithm

<body i t e m s c o p e i t e m t y p e =” h t t p : / / schema . o rg /
N e w s A r t i c l e ”>
<h1 i t e m p r o p =”name”>Zasadivme l i u s t e eden ”

P e l i s t e r ” ?< / h1>
<img i t e m p r o p =” image ” s r c =” / mk / f i l e / show /

Images / Den na d r v o t o logo . j p g ”>
<span i t e m p r o p =” d a t e P u b l i s h e d ”>0 3 . dek . 14< /

span>
< / body>

Fig. 4: Sample HTML snippet after running trough the
algorithm

The main problems that we ran into are that many sites
are not standardized and are structured in many different
ways, thus making it very hard to detect the correct HTML
elements. Another problem that we ran into was the date
format. Almost every site used a different date structure,
ranging from MM/DD/YYYY, dd MM yy and dd Month.

YYYY. This called for complex regular expressions that were
used to detect the publishing date.

In order to test if our solution adds the correct context and
semantic tags to the sample websites, we ran the results trough

type: http://schema.org/newsarticle
property:

name: Zasadivme li uste eden ”Pelister”?
image: Den%20na%20drvoto%20logo.jpg
datepublished: 03. dek. 14

Fig. 5: Snippet ran trough Google’s Structured Data Validator
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Google’s Structured Data Validator tool, where the HTML
snippet is crawled by Google and any linked data is extracted
and presented to the user. The results in Figure 5 show that
the inserted semantic tags are correct and search engines will
be able to correctly parse them.

V. CONCLUSION AND FUTURE WORK

With the vast amount of web sites that are created every
day, it is difficult to stand out from the million’s of search
results that search engines return. Our automatic approach
brings a new perspective and an easier way to make web pages
more understandable for search engines.

Through our experiment we can see that our solution
passed on 13 out of 17 web sites. This means that the success
rate is 76% which shows that the use of an automatic web
semantic injection script is relatively reliable. Even if it doesn’t
inject the whole page with the proper semantic tags, it can help
with the detection of some of them.

Furthermore the second module comes in place if the user
has knowledge of the source code from the web page. If the
ids and classes are correctly entered and because this is a more
manual approach the success rate is pushed to around 99%.

In the future we would like to add a JavaScript API
for easier implementation. This would allow for the script
to change the source code during runtime on the client’s
side. This way the JavaScript has instant access to the DOM
allowing it to easily manipulate the elements. Furthermore it
doesn’t require the site to be changed at all, with the addition
of the script as part of the page it will change the code directly.

On another note, we would like to expand the database
of keywords and add multilingual support to it, in order to
make the script more globally available. This approach would
require an expansion of the two already available modules and
a definition of more databases for different language types.

Moreover there is room to optimize the algorithm. One of
the methods would be to add partitioning support. In term,
this speeds up our solution by concentrating on the important
parts as the content and ignores parts like navigation menus,
irrelevant parts of code like scripts and user comments. The
other one would be optimizing parts of the code to lower the
complexity of the code.

There is room to further our solution and make it an Open
Data generator. This is practical for news articles and general
knowledge sites. The use of this script would allow to convert
the human readable content to an RDF or TTL document. This
document would later be referenced and added as part of the
Linking Open Data project. Linked Data is used to connect
data to previously linked documents, by using the Web to make
data more open and accessible to the world [10].
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Abstract—We present a novel approach to meta-optimization
based on performance data. The performance data is obtained
through grid search on a given parameter space, on a number
of datasets. The grid search is applied on classification models
generated by the SVM algorithm. Finally, the dataset formed by
the obtained performance data can be used to train regression
models that predict the performance for given parameter models
for given datasets described through a number of descriptive
statistics and information theory metrics. We examine this
prospect for statistical meta-optimization and evaluate the results
of this procedure conducted on a dataset compiled from the
performance data obtained by grid search on five datasets.

Keywords—meta-optimization; optimization; support vector ma-
chines; supervised learning; classification; data mining; machine
learning

I. INTRODUCTION

The no free lunch theorems state that there is no universally
optimal model, but the performance of the model depends
on the input. [1] [2] This concept applies to the task of
classification — there is no classification model that is optimal
for every possible problem, but its performance depends on the
given problem, i.e. dataset given as input. Certain classification
models, usually those produced by popular and prominent
machine learning algorithms (support vector machines, neural
networks, random forests, etc.), very often work well on many
popular, real life problem instances, but these do not represent
well the entire space of possible problem instances. Therefore,
there exists an underlying relationship between the dataset and
the fitness1 of the classification model.

The aforementioned phenomenon raises the question of
the possibility to predict the model performance based on the
description of the dataset. To test this, we present a way of
describing a dataset through certain descriptive statistics and
information theory metrics, in a way that is relevant in the
context of performance of the different models for the given
dataset. The relevance of those statistics and metrics with the
purpose of describing the dataset is given by the correlation
between them and the model parameters in the context of the
performance of the models.

In this paper, we use meta-optimization to estimate
the model performance according to given criteria. Meta-
optimization is the process of optimizing another optimization
method. In some literature, it is also known as meta-evolution,
super-optimization, automated parameter calibration, or hyper-
heuristics — although not always with the same meaning, since

1The notion of fitness is goal-dependent.

the existence of different approaches to achieving the goal. In
our case, the meta-optimization algorithm finds the model that
is statistically most likely optimal for the given dataset. This
is achieved via multiple regression, based on a training set
consisting of empirical performance data for many different
models for different parameters, obtained by grid search on
a defined parameter space for many different datasets. Grid
search is considered to be traditional and the most widely used
strategy for meta-optimization. [3]

Our procedure is generalizable to all algorithms that have
the same purpose. Therefore, it is applicable to all classification
models, including classification models produced by different
algorithms. In this paper, the procedure will be applied on
homogeneous models, i.e. models generated by one same
classification algorithm. The purpose of this simplification is
to more clearly demonstrate the idea proposed in this paper
without the need of handling technicalities that are not in our
main focus and avoid the possible complications that arise with
the use of heterogeneous models.

The classification algorithm we chose is the support vector
machine (SVM) algorithm. The main idea behind the SVM
algorithm was first proposed by Vladimir Vapnik in 1963. With
the popularization of the SVM algorithm during the 90s, a few
very important ideas have been incorporated into the initial
framework — some of the most notable being the application
of the kernel trick (proposed in [4]) to the maximum-margin
hyperplanes [5], and the soft-margin classification [6]. As a
widely used machine learning algorithm, it encompasses the
most frequent machine learning tasks, including classification,
which is the purpose of the models that are optimized in this
paper.

We employ the experimental mathematics methodology
to empirically examine the validity of our proposed meta-
optimization strategy.

II. RELATED WORK

The area of meta-optimization encompasses a number of
different strategies, which despite sharing a common goal, may
have little in common in regard to the approach to reaching
their goal. Often, evolutionary and genetic algorithms are used
for the task of meta-optimization. [7] [8] [9] [10]

There is a class of optimization strategies related to the
meta-optimization strategies — the metaheuristics, which are
heuristics that choose a solution from a given space of solu-
tions, given certain criteria of optimality. They do not optimize
only the hyperparameters of one model, but are able to work
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with many heterogeneous heuristics for solving a given task.
[11]

It can be argued that the area of meta-optimization is still
relatively unexplored. There is a lot of potential for exploration
and real-life use in optimization tasks involving, among other
things, choice of models that perform a given machine learning
task.

III. META-OPTIMIZATION STRATEGY

In this section we cover a novel meta-optimization stategy.
Our strategy is a statistical approach to meta-optimization of
SVM classification models that utilizes the description of a
dataset and performance data about previously built models
in order to make inferences about the performances for a
new dataset given as input for models generated by the SVM
algorithm for certain parameter vector.

The procedure of statistical meta-optimization can be con-
sidered a procedure independent of the type of models (the
algorithm that builds those models). In this phase of our
research, it is most feasible to conduct the tests on one certain
type of models. Our models of choice are the SVM models.

A. Dataset Description

For dataset representation purposes, we consider a number
of additional features that are potentially able to describe
a given dataset in a context relevant to the performance of
the classification models. These features are a number of
descriptive statistics and information theory metrics that will
be given shortly. We should note that in order for the following
features to be meaningful, the attributes of the datasets should
be standardized. The following formulations are under the
assumption that the data is standardized (µ = 0, σ = 1).

Let us first define a how we combine the descriptive statis-
tics for each of the attributes of the dataset represented by the
random variables that generate their values, Xj , j = 1, ..., k.
The combining statistic is a function FC : R → R, such that
for a statistic related to the attributes of the dataset, F , it takes
the value FC(Fi(X1), ..., Fi(Xk)). A combining statistic that
we take into consideration can be the mean, the minimum,
the maximum, the median, or the entropy value of the values
for a given descriptive statistic for each of the attributes. For
example, if FC is the mean, then for each per-attribute statistic
Fi(Xj), we have:

∗

Fi =
1

k

k∑

j=1

Fi(Xj) (1)

where by ‘∗’ we represent that the mean is the combining
statistic applied to the per-attribute descriptive statistic Fi.

Following this definition, let us look at the descriptive
statistics formulated as the means of the per-attribute descrip-
tive statistics and information theory metrics for a given dataset
of size N . As potentially representative features, we choose the
measures of spread, variability, distribution shape, and entropy.

• Mean of the attribute i-th quartiles, i ∈ {1, 2, 3}:

∗

Qi =
1

k

k∑

j=1

Qi(Xj) (2)

• Mean of the attribute interquartile ranges (IQR’s):

∗

IQR =
1

k

k∑

j=1

[
Q3(Xj)−Q1(Xj)

]
(3)

• Mean of the attribute sample skewness coefficients
(unbiased):

∗

Ĝ1 =
1

k

k∑

j=1

[√
N(N − 1)

N − 2

1
N

∑N
i=1(X

(i)
j −Xj)

3

[
1
N

∑N
i=1(X

(i)
j −Xj)2

]3/2

]
(4)

• Mean of the attribute Pearson mode skewness coeffi-
cients:

∗

Gmode =
1

k

k∑

j=1

[
Xj −mode(Xj)

SXj

]
(5)

• Mean of the attribute Pearson’s first skewness coeffi-
cients:

∗

J1 =
1

k

k∑

j=1

[
3(Xj −mode(Xj))

SXj

]
(6)

• Mean of the attribute Pearson’s second skewness co-
efficients:

∗

J2 =
1

k

k∑

j=1

[
3(Xj −Q2(Xj))

SXj

]
(7)

• Mean of the attribute L-skewness coefficients:

∗

T3 =
1

k

k∑

j=1

T3(Xj) =
1

k

k∑

j=1

(
Λ3(Xj)

Λ2(Xj)

)

| Λr(Xj) = r−1

(
N

r

)
−1

·

∑

X
(1)
j

<...<X
(i)
j

<...<X
(r)
j

(−1)r−i

(
r − 1

i

)
X

(i)
j (8)

• Mean of the attribute sample kurtoses (unbiased):

∗

Ĝ2 =
1

k

k∑

j=1

[
N(N + 1)

(N − 1)(N − 2)(N − 3)

∑N
i=1(X

(i)
j −Xj)

4

(
1

N−1

∑N
i=1(X

(i)
j −Xj)2

)2
]

(9)

• Mean of the attribute L-kurtosis coefficients:

∗

T4 =
1

k

k∑

j=1

T4(Xj) =
1

k

k∑

j=1

(
Λ4(Xj)

Λ2(Xj)

)
(10)

• Mean of the attribute Shannon entropy values —
continuous (real-valued attribute) case (histogram esti-
mator, applied on the attribute discretized in 10 bins),
for each attribute except the class attribute:

∗

Ĥ =
1

k

k∑

j=1

[
−

N∑

i=1

fXj
(X

(i)
j ) ln

[
fXj

(X
(i)
j )

w(X
(i)
j )

]]

(11)
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• Mean of the attribute Shannon entropy values —
discrete (nominal attribute) case, for the class attribute:

HC =
1

k

k∑

j=1

[
−

N∑

i=1

fXj
(X

(i)
j ) ln fXj

(X
(i)
j )

]
(12)

Now that we defined these features with the mean as a com-
bining statistic, we can define the other features accordingly.
For all of the above per-attribute statistics and information
theory metrics Fi, we define the combining statistics:

• Minimum:

min(Fi) = min{Fi(X1), ..., Fi(Xk)} (13)

• Maximum:

max(Fi) = max{Fi(X1), ..., Fi(Xk)} (14)

• Entropy:

HFi
= −

k∑

j=1

fFi
(Fi(Xj)) ln

[
fFi

(Fi(Xj))

w(Fi(Xj))

]
(15)

We will from now on view a given dataset in terms of its
description given by these combining statistics, which combine
all of the per-attribute statistics, and separate for the class
attribute (whenever applicable). Therefore, the dataset can now
be represented as a vector of features of the following form:

D =
( ∗

F1, ...,
∗

Fm,min(F1), ...,min(Fm),

max(F1), ...,max(Fm), ĤF1
, ..., ĤFm

)
(16)

B. Performance Data Acquisition

We use classification SVMs of type 1 (C-SVMs). We define
the SVM model parameter space as

R(K,C,Coef0,Γ,D) = RK ×RC ×RCoef0 ×RΓ ×RD (17)

where

• RK is the range of the kernel function parameter:

RK = {flinear, fpolynomial, fradial, fsigmoid} (18)

• RC is the range of the cost (of constraint violation)
parameter:

RC = {2a | a = −4, 5} (19)

• RCoef0 is the zero-coefficient parameter (bias):

RCoef0 = {±2a | a = −2, 2} (20)

• RΓ is the range of the gamma parameter:

RΓ = {2a | a = −4, 5} (21)

• RD is the range of the degree parameter:

RD = {0, ..., 4} (22)

We employ a grid search-like strategy for obtaining the
performance metrics for models built with a given parameter
vector (k, c, coef0, γ, d) ∈ R(K,C,Coef0,Γ,D).

For the SVM algorithm implementation, we use the inter-
face to ‘libsvm’ in the ‘e1071’ R library [12].

C. Statistical Meta-optimization Dataset Compilation

The performance metrics given in the previous subsection
make up a dataset that can be used to make predictions for
new, unseen datasets. In order to make predictions, we treat
the database consisted of the test outputs as a regular dataset
on which we can perform regression tasks — the independent
attributes are the dataset description attributes and the model
parameters attributes, while the dependent attributes are the
performance metrics. Thus, in that manner one can make
predictions, via regression, for a certain perfromance metric.

For each point in the model parameter space, which can
be represented as a vector:

Mp =
(
K,C,Coef0,Γ, D

)
(23)

we obtain performance metrics, that can be represented as a
vector

P =
(
P1, P2, ..., Pl

)
(24)

In the dataset of performance metrics, we would have the
performances that are obtained for a given dataset described
by the vector d1, for a certain point of the parameter space p1.
If an element in that dataset is a vector, the part of the vector
that contains the independent features is a concatenation of the
dataset description vector and the model parameter vector:

D⌢Mp (25)

Therefore, an element of the performance dataset is a
concatenation of the vector of the independent features as
above, and the vector of the the performance metrics, which
are be the target attributes:

(D⌢Mp)
⌢P (26)

We can then select any attribute pi, i = 1, l and consider it
the target attribute of a multiple regression task with the goal
of predicting its value, i.e. the performance metric of a model
build for certain parameters, for a certain dataset.

IV. EXPERIMENT

This section covers an experiment which is conducted as
a step toward gaining more insight about our proposed meta-
optimization strategy.

A. Datasets

The datasets that we will use for the experiment are
acquired from the UCI repository [13]. Table I contains basic
quantative descriptions of the datasets given by their:

• number of instances — N ;

• number of attributes — k; and

• number of classes — nc.

Let us now take at look in Table II at the part of the
description the datasets by the constructed features — as an
example, those obtained with the mean as a combining statistic.
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TABLE I. BASIC QUANTITATIVE DESCRIPTIONS

Dataset N k nc

Ecoli 335 5 8

Fertility 100 9 2

Glass 214 9 6

Ionosphere 351 34 2

Iris 150 4 3

TABLE II. DESCRIPTIVE STATISTICS

Dataset
∗

Q1

∗

Q2

∗

Q3

∗

IQR

∗

Ĝ1

∗

Gmode

Ecoli -0.73 -0.15 0.77 1.5 0.27 0.21

Fert. -0.64 -0.14 0.87 1.5 -0.044 0.09

Glass -0.51 -0.1 0.31 0.82 1.7 0.43

Ion. -0.52 0.13 0.66 1.2 -0.52 -0.31

Iris -0.97 0.073 0.7 1.7 0.067 0.94

Dataset
∗

J1

∗

J2

∗

T3

∗

Ĝ2

∗

T4

∗

Ĥ

Ecoli 0.63 0.44 0.075 -0.25 -2.9 2.8

Fert. 0.27 0.43 -0.0074 -0.27 -3 1.6

Glass 1.3 0.3 0.2 9.9 -2.7 1.9

Ion. -0.93 -0.38 -0.12 0.23 -2.9 2.8

Iris 2.8 -0.22 0.011 -0.75 -3 2.9

B. Optimal Model Performance Results

We perform 100 repetitions of 10-fold CV for estimating
the error rate as a performance metric. In the following
Table III we have the results for the optimal models obtained
by grid search in the previously defined parameter space
R(K,C,Coef0,Γ,D).

TABLE III. OPTIMAL MODELS

Dataset k c coef0 γ d Error rate

Ecoli sigmoid 1 -0.5 0.125 Rd 0.13576

Fertility radial 2 RC0
0.5 Rd 0.11930

Glass polynomial
8 4 0.5

2 0.27674
32 2 0.25

Ionosphere sigmoid 8 RC0
0.0625 Rd 0.04792

Iris polynomial
0.25 2 0.125

3 0.02413
2 1 0.0625

C. Utilization for Making Inferences

The compiled performance dataset consists of 105 ele-
ments. We will now examine the performance on the obtained
performance data for a few regressors. We will look at the cor-
relation coefficient of the learned regression model, the mean
absolute error (MAE), the root mean squared error (RMSE),
the relative absolute error (RAE), and the root relative squared
error (RRSE). The predictions are made for the error rates of
the models. The results are obtained by 10-fold CV.

It is important to note that the results are not the optimal
ones. This regression procedure should be optimized as well,
but that is beyond the scope of this experiment. The parameters
for these regressors that are chosen are those that are most
commonly used, i.e. the default ones in the Weka [14] (version
3.7.12) implementations. Additionally, other regression algo-
rithms should be tried out, as well as different preprocessing
procedures (choices of parameters, PCA, etc.).

TABLE IV. MODEL PERFORMANCE INFERENCE RESULTS

Regressor Corr. MAE RMSE RAE RRSE

Bagging (REP tree) 0.9992 0.0038 0.0080 2.2271% 3.9606%

REP tree 0.9989 0.0039 0.0095 2.3075% 4.7045%

M5P 0.9970 0.0089 0.0159 5.2047% 7.9153%

Random forest 0.9926 0.0118 0.0260 6.9498% 12.9175%

Random tree 0.9590 0.0161 0.0575 9.4396% 28.5633%

Decision table 0.9367 0.0367 0.0705 21.5210% 35.0073%

Multilayer perceptron 0.9315 0.0474 0.0734 27.8450% 36.4624%

V. CONCLUSION

More experiments are needed in order to get a more
accurate picture about the performance and feasibility of the
proposed meta-optimization strategy. The grid search should
be performed on a greater number of datasets in order to have
a more representative performance dataset that can be used
to make more accurate predictions. Additionally, instead of
cross-validation as a evaluation method, one should try using
an entirely new dataset with its performance metrics in order
to obtain a better estimate of the accuracy of the regressors.

If the conjecture about the ability to make predictions in
the presented manner is empirically shown to be valid with
a reasonable level of confidence, more formal mathematical
examinations will be performed for it to be proven.
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Abstract—In this paper we perform multiple gene ontology
(GO) analyses to explore the molecular functions and the bio-
logical processes of a predefined set of colorectal cancer (CRC)
biomarkers. The main objective of this research is to discover
whether there exists a common CRC biomarkers signature that
appears to be enriched by all the GO tools we explore. Fur-
thermore, we investigate their function and tight association with
common cancers with the aim to test their capability of indicating
the direction of the possible progression of the CRC and even
more, to test their potentiality to predict distant metastasis.
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I. INTRODUCTION

In the past the analyses of single markers have been in the
focus of the genome-wide association studies. However, this
approach often lacks the power to uncover the relatively small
effect sizes conferred by most genetic variants. Therefore,
using prior biological knowledge on gene function, pathway-
based approaches have been developed with the aim to exam-
ine whether a group of related genes in the same functional
pathway are jointly associated with a trait of interest [1].

The goal of the Gene Ontology Consortium is to produce
a dynamic, controlled vocabulary that can be applied to all
eukaryotes even as knowledge of gene and protein roles in cells
is accumulating and changing [2]. The Gene Ontology (GO)
project since 1998 is a collaborative effort to provide consistent
descriptors for gene products in different databases and to
standardize classifications for sequences and sequence features.
The GO project provides ontologies to describe attributes of
gene products in three non-overlapping domains of molecular
biology [3]:

1) Molecular Function describes activities, such as cat-
alytic or binding activities, at the molecular level. GO
molecular function terms represent activities rather
than the entities that perform the actions, and do not
specify where, when or in what context the action
takes place.

2) Biological Process describes biological goals ac-
complished by one or more ordered assemblies of
molecular functions.

3) Cellular Component describes locations, at the
levels of subcellular structures and macromolecular
complexes.

In this paper we analyze the colorectal cancer problem
whose serious prevalence and incidence information is reported

in the latest research on cancer’s statistics [4]. This work
relies on results from our previous research [5] that referred
to the detection of statistically significant gene expression
obtained from CRC tissues and adjacent normal controls. The
discriminative power of the group of genes discovered as
significant was tested on both carcinogenic and healthy patients
and proved to be very accurate for distinction between the two
different classes (CRC and healthy) of patients.

Since the results were very promising for predicting CRC,
we continued our research to test whether they can be an
indicator for the possible direction of the CRC progression
and metastasis. In order to achieve our goals we established
and followed a procedure described in Section III that involved
multiple GO analysis to investigate:

1) The biomarkers that are closely related to CRC;
2) The gene signature that is involved in the enriched

biological and molecular functions addressed by all
GO approaches we used in the analysis;

3) The relation between those biomarkers and other
types of cancer.

The rest of the paper is organized as follows. In Section
II we present cancer research where the authors analyze gene
expression data to obtain gene profiles by which metastasis
of a particular cancer can be predicted. The GO tools for the
analysis are presented in Section III and the obtained results
are given in Section IV. In Section V we present the conclusion
from our work and our plans for further research.

II. RELATED WORK

In this section we present some researches where gene
expression profiles have been discovered to predict distant
metastasis for various types of cancers.

Wang et al. [6] analyzed the expression of 22 000 tran-
scripts from total RNA of frozen tumor samples from 286
lymph-node-negative patients who had not received adjuvant
systemic treatment. In a training set of 115 tumors, we
identified a 76-gene signature consisting of 60 genes for
patients positive for oestrogen receptors (ER) and 16 genes for
ER-negative patients. This signature showed 93% sensitivity
and 48% specificity in a subsequent independent testing set
of 171 lymph-node-negative patients. The gene profile was
highly informative in identifying patients who developed dis-
tant metastases within 5 years and also represented a strong
prognostic factor for the development of metastasis in the
subgroups of premenopausal and postmenopausal patients.

10610610658106106

The 12th International Conference for Informatics and Information Technology (CIIT 2015) 



Budhu et al. [7] show that a unique inflammation response-
related signature is associated with noncancerous hepatic tis-
sues from metastatic Hepatocellular carcinoma (HCC) patients.
A refined 17 gene signature was validated as a superior
predictor of HCC venous metastases in an independent cohort,
when compared to other clinical prognostic parameters. They
suggest that a predominant humoral cytokine profile occurs
in the metastatic liver milieu and that a shift toward anti-
inflammatory responses may promote HCC metastases.

Finak et al. [8] state that although it is increasingly evident
that cancer is influenced by signals emanating from tumor
stroma, little is known regarding how changes in stromal gene
expression affect epithelial tumor progression. They used laser
capture microdissection to compare gene expression profiles
of tumor stroma from 53 primary breast tumors and derived
signatures strongly associated with clinical outcome. They
cross-referenced genes differentially expressed in each stroma
outcome subtype against gene ontology annotations to identify
overrepresented GO categories.

O’Donnell et al. [9] assume that metastasis via the lymphat-
ics is a major risk factor in squamous cell carcinoma of the oral
cavity (OSCC). They sought to determine whether the presence
of metastasis in the regional lymph node could be predicted by
a gene expression signature of the primary tumor. A total of 18
OSCCs were characterized for gene expression by hybridizing
RNA to Affymetrix U133A gene chips. Metastatic primary
tumors could be differentiated from nonmetastatic primary
tumors by a signature gene set of 116 genes. They showed that
lymph node metastasis could be predicted by gene expression
profiles of primary oral cavity squamous cell carcinomas.

III. THE METHODS

In this section we describe the methods and tools we use
for GO analysis of a CRC biomarkers set that contains 138
genes that showed significant gene expression in presence of
CRC [5].

Given the set of biomarkers for particular study, we ex-
pect that for the biological processes that are abnormal, the
enrichment analysis should increase the potential of some
genes to be selected as a relevant group. Since the analytic
conclusion is based on a group of biomarkers instead of on an
individual gene, it increases the possibility the correct biolog-
ical processes of interest to be identified. The enrichment can
be quantitatively measured by some common and well-known
statistical methods as Chi-square, Fisher’s exact test, Binomial
probability and Hypergeometric distribution. The GO tools
map the input gene list to the associated biological annotation
terms and then statistically examine the enrichment of gene
members for each of the annotation terms by comparing the
outcome to the reference background [10].

Huang et al. [10] in their research collected 68 bioinfor-
matics tools and no matter the differences they described the
general procedures of all approaches as having three major
layers depicted in Figure 1:

• Layer 1: Data support (the annotation database);

• Layer 2: Data mining (the algorithm and statistics);

• Layer 3: Results presentation (interface).

Fig. 1. Three layer model of the GO tools [10]

Even though there are many different bioinformatics tools
for GO analysis; however, many of them require local installa-
tion and specific platform. In this research we use the following
freely accessible online tools.

A. GOEAST

Gene Ontology Enrichment Analysis Software Toolkit is a
web based tool which applies appropriate statistical methods to
identify significantly enriched GO terms among a given list of
genes. Beside the other functions, GOEAST supports analysis
of probe set IDs from Affymetrix microarrays - the technology
used to observe the gene expression of our biomarkers. It
provides graphical outputs of enriched GO terms to demon-
strate their relationships in the three ontology categories:
molecular function, biological process and cellular component
[11]. GOEAST belongs to the class of singular enrichment
analysis tools. It takes a predefined list of biomarker genes,
and then iteratively test the enrichment of each annotation
term one-by-one in a linear mode. The enriched annotation
terms passing the enrichment P-value threshold are ordered
by the enrichment probability. The enrichment P-value is the
number of genes in the list that match a given biology process
as compared to pure random chance [10]. To calculate the P-
value, GOEAST uses the Hypergeometric test. To perform an
analysis using the Hypergeometric tests, one needs to define
a ’gene universe’ which usually is the whole genome. In our
case, for microarray data, the ’gene universe’ can be the unique
gene identifiers assayed in the experiment. The next step is to
identify the subset of the universe that is considered interesting,
i.e., the biomarkers [12]. The tool ’knows’ how many of the
genes of the ’gene universe’ are associated with the particular
biological processes and how many of those genes are in our
biomarkers list.

Let N be the size of the ’gene universe’, n be the number
of biomarkers, K be the number of genes associated with
particular biological process and k be the number of genes
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associated with the same biological process in the biomarkers
set. The enrichment P-value is calculated as presented in (1):

P (X = k) =

(

K

k

)(

N−K

n−k

)

(

N

n

) . (1)

B. WebGestalt

Zhang et al. [13] have developed a web-based integrated
data mining system, WebGestalt, to help biologists in ex-
ploring large sets of genes. WebGestalt is composed of four
modules: gene set management, information retrieval, orga-
nization/visualization, and statistics. The management module
uploads, saves, retrieves and deletes gene sets. The information
retrieval module retrieves information for up to 20 attributes
for all genes in a gene set. The organization/visualization
module organizes and visualizes gene sets in various biological
contexts, including GO, tissue expression pattern, chromosome
distribution, metabolic and signaling pathways, protein domain
information and publications. The statistics module recom-
mends and performs statistical tests to suggest biological areas
that are important to a gene set and warrant further investiga-
tion. WebGestalt also belongs to singular enrichment analysis
class of tools and uses Hypergeometric test to calculate the
enrichment P-value (1).

C. DAVID

The DAVID Gene Functional Classification Tool uses a
novel assembling algorithm to condense a list of genes or
associated biological terms into organized classes of related
genes called biological modules. This organization is ac-
complished by mining the complex biological co-occurrences
found in multiple sources of functional annotation. It is a
powerful method to group functionally related genes and terms
into a manageable number of biological modules for efficient
interpretation of gene lists in a network context [14].

DAVID is both singular and modular enrichment analysis
tool. It inherits the basic enrichment calculation found in
singular enrichment analysis and incorporates extra network
discovery algorithms by considering the term-to-term rela-
tionships. The benefit of the modular enrichment analysis
approach is that it considers the term-term relationships in
which joint terms may contain unique biological meaning for
a given problem, not recognizable by individual terms [10]. To
determine the enrichment probability DAVID uses EASE score
which is a modified version of the one-tailed Fisher’s exact
test. This test is adopted to measure the gene-enrichment in
annotation terms. The one-tailed Fisher’s exact test is identical
to the Hypergeometric test (1). However, the EASE score is a
rigorous adjustment to the Fisher’s probability. It is calculated
by penalizing, i.e., removing one gene from the list within a
given biological process and calculating the resulting Fisher’s
exact probability for that process [15].

The tools we use for our analysis all belong to the same
class of tools and use nearly the same statistical approaches
to identify enriched biological processes and genes. However,
it is not unusual researchers to use similar tools in order to
obtain more reliable results [16].

The results of our experiments are reported in the next
Section IV.

IV. EXPERIMENTS AND RESULTS

In this section we present the results for the genes in the
enriched biological processes and molecular functions reported
by three different GO tools.

The total number of biomarkers used as input for all the
GO tools is 138 and the total number of Affymetrix probes is
50,000. Therefore, the ’gene universe’ is represented by the
pool of Affymetrix probes and the subset of significant genes
are the 138 biomarkers.

All the tools express the ontology results in both graph-
ical and textual manner for all the three domains previously
discussed in Section I. Once we compared the biological and
molecular functions that appeared commonly enriched by all
tools, we identified the genes that were involved in those
processes. Considering all the genes in the common enriched
processes, we used GeneCard [17] to investigate their role
in the human organism and also their relation to the CRC.
As a result we obtained lists of genes associated with CRC,
presented in Table I.

In order to obtain the common genes that are included in
the significant processes discovered by all the tools, we made
an intersection and shortened the list to 11 genes out of 138
for which it is confirmed to be related to CRC. In our further
research, this list of 11 genes is referred to as gene signature.

Once we found the gene signature, we inspected the other
types of cancer that also identify with those genes. The
information presented in Table II is retrieved from GeneCards
where we investigated the substantial relation to cancer for
each biomarker of the gene signature distinctively.

V. CONCLUSION AND FUTURE WORK

This research relies on 138 significant genes whose ex-
pression showed to be disrupted in presence of CRC. The
genes were used to reveal even more remarkable subset of
important genes with the potential to predict distant metastasis.
To achieve this goal, we analyzed and used bioinformatics
tools that are specialized for gene ontology analysis. All the

TABLE I. GENES ASSOCIATED WITH CRC FROM ENRICHED

PROCESSES

GOEAST WEBGESTALT DAVID

EPHA7 EPHA7 EPHA7

MMP7 MMP7 MMP7

AQP8 AQP8 AQP8

GUCA2B GUCA2B GUCA2B

UNC5C UNC5C UNC5C

KLK10 KLK10 KLK10

MFAP5 MFAP5 MFAP5

C2orf40 C2orf40 C2orf40

EPHA3 EPHA3 EPHA3

SLC26A3 SLC26A3 SLC26A3

DPEP1 DPEP1 DPEP1

MEIS1 MEIS1 /

FABP6 / FABP6

CA7 / CA7

NEUROG1 / /

LONRF2 / /

CNKSR2 / /

/ CLDN8 CLDN8

/ SCGN SCGN
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TABLE II. GENE SIGNATURE ASSOCIATION WITH CANCER

Gene Type of cancer

EPHA7 Hepatocellular cancer

Breast cancer

Colorectal cancer

Leukemia

UNC5C Colorectal cancer

Kidney cancer

Hepatocellular cancer

DPEP1 Colorectal cancer

Breast cancer

MMP7 Colorectal cancer

KLK10 Ovary cancer

Breast cancer

Prostate cancer

Stomach cancer

Testicle cancer

Colorectal cancer

Tongue cancer

Lung cancer

SLC26A3 Colorectal cancer

AQP8 Hepatocellular cancer

Breast cancer

Colorectal cancer

MFAP5 Colorectal cancer

Breast cancer

Ovary cancer

EPHA3 Breast cancer

Colorectal cancer

Prostate cancer

GUCA2B Colorectal cancer

Pancreatic cancer

C2orf40 Oesophageal cancer

Colorectal cancer

Breast cancer

Leukemia

tools used in the research use similar statistical procedure and
present the results in a similar manner and thus we could
easily compare the outcomes and derive the most probable
conclusion.

Assuming the gene ontology analysis has accented the
enriched abnormal biological processes and molecular func-
tions, we collected the genes that are directly involved in
those processes. For each gene we inspected its association
with the CRC and the genes that were reported as such were
distinguished as distinct subset of special biomarkers that
promises further advances in the field of research.

Since our aim is to find gene signature according to which
we will be able to predict the CRC progress and distant
metastasis in the future, we inspected the relation of the
11 special biomarkers with the rest of the most common
carcinogenic disorders. Beside the colon and rectal cancers, the
special genes were also related to breast cancer, hepatocellular
cancer, leukemia, prostate cancer, etc.

In our future work, we will examine gene expression data
from CRC and from the other types of cancer discussed above,
that evolved from CRC as primary cancer. Particularly, we will
observe the expression of the 11 special biomarkers and will
test their power of predicting the CRC progression.
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Abstract—In this paper we compare two shape-based 

descriptors for plant leaf image classification. The leaves in the 

dataset are already segmented from the background only the 

contour detection algorithm is applied to extract the contour 

points and generate the shape-based descriptors. We propose a 

reduced size descriptor based on the angles between three points 

of the leaf contour and compare this descriptor with other similar 

descriptors based on their classification quality. The classification 

quality is measured both with 1-nearest neighbor comparison 

and with RBF-SVM model trained on the generated descriptors.  

Keywords— image processing; leaf image classification; 

machine learning 

 

I.  INTRODUCTION  

Plant identification based on plant images receives an 

increased attention from the image processing and machine 

learning community in recent years. Especially interesting is 

the plant identification based on images of their leaves. One of 

the problems that need to be asessed towards creating an 

efficient system for plant identification is the plant 

classification. There are several datasets available that allow 

the benchmark of algorithms for plant identification based on 

their leaves. Also several approaches can be identified that are 

mainly used for leaf classification. These approaches can be 

based on the leaves textures; the leaves shape exterior 

contours or a combination of both of them. The main 

drawback of the approaches for plant leaf classification based 

on the leaf shape is that they depend on the successful prior 

segmentation of the leaf from the image. Texture based 

descriptor don’t have this drawback. Texture based 

descriptors, however, requre higher resolution images of the 

leaves for a successful extraction of the texture. Higher 

resolution images are not always available and their 

processing requires more computational resources. This is 

why in this paper we focus our attention towards the 

classification of plant leaf images based on the contour of their 

leaves. One of the first approaches for contour based matching 

is described in [1] and is also widely used in combination with 

other shape features. In [2] the shape context descriptor [3] is 

used in combination with the SIFT descriptor [4] to classify 

leaf images. The approach in [6] uses the shape of the leaves 

to extract points and generate descriptor based on the triangles 

that the points on the leaves contour make. Time series 

analysis can also be used if the points of the margins of the 

leaf are considered as data series [7]. In [5] the authors suggest 

a probabilistic combination of both texture based and shape 

based approaches. Many other approaches exist in the 

literatures that are used to classify leaf images. The available 

contour based descriptors are mainly used with k nearest 

neighbors (k-NN) classifiers and with SVM classifiers.  
In this paper we present a simplified version of the 

descriptor described in [6] that gives comparable results with 
the compared descriptors. First we describe the descriptors 
that are extracted from the images. Then we describe the 
algorithms used to build the classification model and the 
parameters that are used for those algorithms, then we give the 
obtained results and the conclusion and finally we refer to 
future improvements and additions to the work  described in 

this paper. 

II. ANGLE BASED DESCRIPTOR 

Our descriptor is based on the descriptors described in [6]. The 

authors prpopose several descriptors based on the triangular 

area that are created by the geometric properties of triplets of 

chosen points on the exterior contour of the leaf image. They 

use four types of descriptors based on the relationship between 

the three points. They use Triangle Area Representation or 

TOA descriptor that uses only the area that the triangle 

between three points of the contour take. The next descriptor 

is the Triangle Size Length representation or TSL descriptor 

that uses normalized side lenghts between the central and the 

two neighboring points. Then they use the Triangle 

represented by two side lengths and an angle or TSLA 

descriptor that uses the size of the sides and the angle between 

the points and finally the Triangle represented by two oriented 

angles or TSA descriptor represented by two consecutive 

angles between the points. All of the proposed descriptors are 

scale invariant since the neighboring points are taken with 

different distances. First the leaf shape contour is represented 

by N consecutive points that are evenly distributed on the 

contour. Next, for each point of the leaf contour we select two 

neighbor points that are on each side of the selected point. To 

achieve scale invariance multiple neighboring points are 

selected for each point. Each neighbor point is distanced 

equaly from on both sides of the chosen point by D points. We 
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select Ns such neighbors on each side that represent the angle 

between the neighbor points on Ns scales. The distance 

between the points on each scale increases by D so that on the 

normal scale we have distance of 1 between the points and on 

each next scale we increase the distance by D. We are using 

the linear increment for the distance between points on each 

scale. The other option is to use logaritmic increment where 

the distance between points on each scale increases 

logaritmicly but this option was not taken into consideration in 

our work. 

  In the proposed descriptor in this paper we neglect the 

information for the distance between the points of the TSLA 

or the consecutive angle of the TSA descriptor. We only 

calculate the angle that each selected point make with its 2 

neighbors. The obtained angle between each point is 

illustrated on Fig 1. 

 

 

Fig. 1.  Angle ‘a’ between the selected point and its connection with its 

neighbors 

The main motivation for ignoring the distance is to check the 

significance of the distance between the points of the contour 

for the quality of the leaf classification.  

 

 

Fig. 2. Example shape images from the 100 plant dataset used in [5] from 

three different classes of leaves 

What we are trying to verify is the significance of the angle 

relationship between the points of the shape contour in the 

shape classification process. Based on the observation of the 

dataset used for the comparison of the descriptors, which can 

be seen in Fig. 2, the leaf images have the same or close 

enough orientation. Which means that the descriptors and the 

obtained results do not account for the rotation of the leaves. 

 

III. EXPERIMENTAL SETUP 

To test the classification accuracy of our descriptor we are 

using the 100 leaves dataset [5]. The dataset is divided on 11 

train and 5 test images from each of the 100 classes. For each 

of the 16 images for each plant we first generate the TSLA 

descriptor and our descriptor. In this work are only 

investigating the significance of the angle between the points 

on each scale and wether we can ignore the distances in the 

TSLA descriptor to obtain comparable results with the original 

descriptor. The authors in [5] use leave-one-out approach or 

16-fold cross validation to evaluate the classification 

performance while in this paper we use 2/3 of the dataset for 

training and 1/3 for testing.  

We are using our own implementation of the TSLA descriptor. 

The method used to train the classification model also defers 

from the reported method in [6] where the authors use 

Locality Sensitive Hashing (LSH) [11] to compare each of the 

N generated descriptors for each image with each descriptor of 

every other image and use an evaluation function to calculate 

the similarity between the leaf shapes. Locality sensitive 

hashing is used to speed up the comparison between the 

descriptors, because comparing the N descriptors from a single 

image with each of the N descriptor of every other image is a 

time consuming task due to the large number of floating-point 

operations needed to calculate each distance. 
In our approach we generate a bag of visual words (BOW) 

descriptor for each of the images.  The BOW uses a visual 
word dictionary that is generated by k-means clustering of all 
descriptors in the train set. Each of the centroids of the k-
means clustering represents a single word in the dictionary. 
Based on this, we can calculate which descriptor represents 
which word by calculating the distance between the 
descriptors and each of the k centroids. In this experiment we 
use Eucledian distance to measure the distance between the 
centroids and the descriptors. The Eucledian distance is used 
also for the k-means clustering of the training data when the 
centroids are generated. Other distances can also be used for 
this purpose but their evaluation is out of the scope of this 
paper. In our experiment k is set to 6000, so the visual 
dictionary will contain 6000 words. This number was chosen 
empirically based on manual evaluation of the training set. We 
chose 500, 1000, 3000, 6000 and 10.000 length dictionary. 
The best initial results on the validation on the train set by 
using three-fold cross-validation with 1-NN classification 
were obtained for 6000 and this number was used for the 
generation of the full model for the testing phase. The 
performance of the BOW based classification, as expected, 
increased with the increase in the number of visual words in 
the dictionary with a very slight degradation of performance 

for k=10.000 when compared to k=6000.  

After this step, for each image, a term frequency – inverse 
document frequency (tf-idf) approach similar to [8], is used to 
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generate the descriptor. The term frequency represents the 
number of times a single visual word is found inside the image 
and the inverse document frequency represents the number of 
images the same term is found in. If the visual word is found 
in large number of images, that visual word brings less 
information about the general characteristics of the images and 
has small contribution in uniqueily classifying the image. So 
for each visual word we calculate the number of appearences 
in each image and we normalize this number with the number 
of images in which the word appears, giving more significance 
to visual words that appear less frequently in images. These 
visual words give the biggest contribution in uniquely 
describing the characteristic of the images and the class they 

represent. 

 

  

Fig. 3. Data flow for the RBF-SVM based classification model generation 

process 

To reduce the dimensionality of the descriptor Principal 
Components Analysis (PCA) [9] is used. The PCA is a 
statistical method that reduces the dimensionality of the 
descriptors by analyzing and grouping corelated attributes of 

the feature vector.  

The generated descritors are then used in two ways. First, 
we use the descriptors of each image in the training set as a 
model for 1-NN classification of the test images. Second, the 
model for each plant is generated with the set of the 
descriptors with training an Radial Based Function kernel  
Support Vector Machine (RBF-SVM). For the TSLA 
descriptor a grid search is performed for the RBF-SVM and 
the best results were obtained for C=1.000.000 and 
gamma=0.00001. For our descriptor the best results are 
obtained for C=100.000 and gamma=0.0001. The grid search 
is done for C=10-2 to 106 and gamma=10-5 to 102.  Both 

searches are done with exponential increasing steps for the 
parameters as recommended in [13]. WEKA [10] is used for 
the PCA and the RBF-SVM grid search and for the k-means 
clustering we are using the OpenCV [12] implementation of 
the algorithm. After the descriptors are generated we use the 
build RBF-SVM model to classify the images from the test 
set. We use WEKA as a data mining tool that contains many 
different preprocessing and analsys tools which are suitable 
for fast model generation and evaluation of the obtained 

results. 

IV. RESULTS AND CONCLUSION 

We evaluated the classification performance based on the 
two classification models. The obtained results are shown in 
Fig. 4 and Fig. 5. We used 1-NN approach, for the first 
evaluation, by comparing each image from the test set with 
each image of the training set and assign the class of the leaf 
image of the test set based on the class of its nearest neighbor 
in the training set. The average precisions obtained are 40.4% 
for TSLA descriptor and 40.2% for our descriptor. The 
weighted average Area under Curve of Receiver operating 
characteristic (AUC of ROC) [15][16] for the TSLA 
descriptor is  0.699 and for our descriptor 0.698. For the 
second evaluation we used the approach ilustrated in Fig. 3 for 
generating the model with an RBF-SVM. The average 
precision obtained is 54.2% for TSLA with SVM and 50.4% 
for our descriptor and the weighted average AUC of ROC is 
0.769 for the TSLA descriptor and 0.751 for our descriptor. 
Altough the AUC of ROC is used for binary classification, the 
WEKA implementation uses an approach suggested by [16] 
which uses the Mann-Whitney statistic for calculating 
weighted average AUC of ROC for evaluation of multiclass 
classification problems according to the WEKA online 

documentation. 

 

Fig. 4. Classification precision for TSLA and Angle descriptor for both 1-

NN and RBF-SVM 

As it can be seen from these results we sacrifice little 
performance of the descriptor but obtain three times smaller 
shape based descriptor that can be used for leaf image 
classification and used for the task of plant identification. Also 
from the results we can conclude that there is a significant 
improvement when using the RBF-SVM model based 
classification in comparison to the 1-NN classification when 
using the obtained descriptors on the given dataset which was 

expected. 
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Fig. 5. Region under ROC for TSLA and Angle descriptor for both 1-NN 

and RBF-SVM 

V. FUTURE WORK 

We plan to verify the classification quality of the proposed 
descriptor by using other available leaf image datasets and 
compare the results between the two approaches. One of the 
challenges would be to see if the reduction of dimensionality 
of the initial descriptor, by ignoring the distance, would repeat 
the results even on datasets where the rotation of the leaf 
images is present. Further, additional improvements might be 
expected by modifying the way we obtain the BOW descriptor 
for the images with using other techniqes for generating the 
visual word centroids. We also plan to further verify the 
results by comparing the performance with other comparison 
techniques that would exclude the dictionary approach but will 
compare the descriptors as described using LSH. We expect 
that including other shape information that can be combined 
with our descriptor would increase the classification 

performance.   
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Abstract— reducing the student dropout rate in higher 

education is one of the challenges that universities are dealing 

with. By providing enriched study programs and qualified teams 
of professors, universities aim to enroll more students. Improving 

working conditions at the laboratories and other university 

resources aims to attract both ambitious students as well as high 

quality staff. After enrollment, the main goal of the faculty is to 
guide students into successful completion of their studies with the 

appropriate knowledge and skills acquired. Nowadays however, 

the development and deployment of Student Information Systems 

at the universities provides an appropriate infrastructure for 
student’s data organization and storage as well as data 
acquisition and deeper analyses. This data can help model the 

behavior of dropouts, and predict future dropouts, therefore 

giving chance to counselors to advise and guide students into 
success. 

This paper presents various data mining experiments and 

results obtained from data for the students from one of the 
faculties at the University Ss. Cyril and Methodius in Skopje.  

Initially, we give an overview of several data mining algorithms 

suitable for analysis of students’ data and dropout prediction.  
Furthermore, we explain modifications and applications of the 
algorithms over the existing student data. Finally, we provide a 

predictive model which will identify a subset of students who 

tend to drop out of the studies after the first year. The 

classification task aims to identify a pattern among students who 
tend to drop out.   

Keywords— Educational Data Mining, Student Dropout 

Prediction, Machine Learning Algorithms, Classification 

I.  INTRODUCTION 

The use of Data Mining techniques in Educational data sets, 
known as Educational Data Mining [1] is a relatively new field 
of research. Educational Data Mining provides tasks for 
clustering, prediction, relationship mining (subset of sequential 
mining, association and correlation), social related mining for 
human behavior and discovery with pattern models [2]. In 
addition, the methodology of Educational Data Mining is not 
yet clearly defined and there are no clear standards about which 
data mining algorithms are preferable in this context.  
Clustering and classification techniques of data sets for 
building a predictive model are used in [3]. Another variation 
of improved data classification with cost-sensitive learning is 
presented in [4]. Popular association analysis is presented in 
[5], while neural networks and Bayesian networks analyses are 
used in [6]. Classification and data retention techniques similar 
to ours are presented in [7, 8, and 9] to predict the dropout rate 
of the students in their first year of study. 

In our case study, we used data collected over the period of 
three years, starting from 2011 to 2014, containing details 
about the students, their course retention and grade evaluation.  
Divided into three subcategories, based on the study year of 
enrolment in the faculty, each subset contains about 680 
students. The classification techniques were applied over the 
three datasets, based on different attributes, such as: nationality 
of the students, sex, city of living, high school grades, study 
program enrolled, number of earned credits in the first year of 
study, an average grade in the first year of study. In addition, 
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we divided the first year courses into two categories, a subset 
of mathematics courses and a subset of programming courses. 
So, the attributes pool for data classification was enriched with 
details for average grade and number of exams applied for each 
subset of courses. 

II. BACKGROUND AND RELATED WORK 

Data mining techniques are becoming an essential way of 
transforming data into linked usable information, extracting 
unexpected knowledge and discovering numerous patterns 
among large data sets. Due to the omnipresent implementation 
of various Information Systems by the faculties for logging and 
processing students` data, Data mining techniques can be 
applied to estimate unanticipated relationships among attributes 
of students, correlation between learning strategies and 
assessments. Aside from the traditional statistical methods for 
extracting and processing most valuable information from the 
large datasets, Data mining techniques provide a huge potential 
for knowledge discovery since they embrace numerous 
disciplines such as machine learning and artificial intelligence 
into an advanced technique for estimating large datasets. 
Furthermore, these combined techniques produce predictive 
analysis for identifying interconnections and variables 
regarding the context of the study [10].  

Back at the beginning of this research area, Tinto [12] 
proposed a model of a theoretical framework for considering 
factors in academic success. Tinto made a correlation between 
the students and the faculties, considering the process of 
student enrolment as a sociological interplay between the 
characteristics of the student and the experience at the faculty. 
Furthermore, this interaction between the students` past and 
present environment leads to a degree of integration of the 
student into the faculty environment. Based on this model, the 
integrity of the institution directly depends on the quality of 
teachers and studies, providing an environment for the new 
students.  

Since the methodology of educational Data mining is not 
yet transparent, researchers have used various techniques for 
estimating preferable algorithms in this context. Clustering the 
datasets in a manner of classification and transformation 
techniques to provide a considerable predictor is presented in 
[3]. As presented in [6], using neural networks and Bayesian 
networks over small datasets are outperformed by decision tree 
algorithms. 

Beside the traditional approach, Diego [13] proposed a 
meta-algorithm for pre-processing the data before 
classification, which improves the accuracy of the model. 
Different techniques are presented in [11] for reducing 
inaccuracies in prediction of the students` dropout. In addition, 
the comparison of the three techniques that were used, namely 
neural networks, support vector machines and probabilistic 
fuzzy ARTMAP maintained that the most successful technique 
in predicting students` dropout is the decision scheme.  

III. METHODOLOGY 

This paper presents the usage of classification data mining 
techniques over the students` data to analyze and extract the 

important attributes affecting the dropout of students in higher 
education. In addition, two classifier algorithms were used, J48 
[15] and Native Bayes [15] implemented in Weka (Data 
Mining Software) [14].  

The Naïve Bayes classifier is based on the Bayes rule of 
conditional probability. It analyzes all the contained attributes 
individually as though they are equally important and 
independent of each other. In the process of classification, each 
attribute works independently from the other attributes 
contained in the model.  

Besides the Naïve Bayes independent treatment of the 
attributes, J48 is a predictive machine-learning model that 
predicts the attribute as a dependent variable from the values of 
all other attributes. In order to classify a new item, J48 first 
creates a decision tree based on the attributes of the training 
data in order to gain balance, flexibility and accuracy. 

IV. DATA MINING PROCESS 

Figure 1 shows the process of acquisition of the students  ̀
data, the process of transformation and evaluation of the 
attributes extracted from the data. It also shows the estimation 
and evaluation of the classified data and the improvement of 
the model for prediction and decrease of the dropout rate. 

 

Fig. 1. Data retention process 
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A. Data acquisition 

The dataset used in this case study was collected from the 
Students` Information System at one of the faculties at the Ss. 
Cyril and Methodius University – Skopje. In addition, the 
collected data over the period from 2011 to 2014 contains 
information about all students being enrolled. In addition, a 
target dataset of 2029 students was selected from three 
different generations, with attribute values only for their first 
year of study at the faculty. 

B. Data preparation and attribute selection 

In this step, three main datasets were considered shown in 
table 1: a dataset with students who were enrolled at 2011, 
containing 665 instances; a dataset with students who were 
enrolled at 2012 with 679 instances and a dataset with students 
enrolled at 2013 with 685 instances. Each dataset contains 
same attributes described in table 2. 

TABLE I.  DATASETS OF STUDENTS 

2011 2012 2013 

665 students  679 students 685 students 

a. Total of 2029 instances 

 

Estimation assumed that the first year of study is the most 
critical for the students’ dropout, so the attribute values are 
based only on the first year of study of the students. Table 2 
shows the attribute retention mechanism for grouping students 
into categories based on several criteria. 

TABLE II.  ATTRIBUTES IN THE DATASET 

Attribute Type Possible values 

PreviousGrade  Numeric 
{2,3,4,5} – pre-university 

education curriculum 

AvgGrade Numeric 
{5,6,7,8,9,10} –  average grade 
from exams passed in first year 

of study (FYoS) 

SumCredits Numeric 
{0-70} – number of credits 

enrolled in FYoS 

MathematicsAvg Numeric 
{5,6,7,8,9,10}  – average grade 

from mathematics courses 
enrolled in FYoS 

MathematicsCount Numeric 
{0-36} – number of exam 

applications for mathematics 
courses enrolled in FYoS 

ProgrammingAvg Numeric 
{5,6,7,8,9,10} – average grade 

from programming courses 
enrolled in FYoS 

ProgrammingCount Numeric 
{0-36 } – number of exam 

applications for programming 
courses enrolled in FYoS 

LivingPlace Nominal 

{east,west,skopje} – estimated 
regions based on a geographic 
basis of the cities in Republic 

of Macedonia 

Nationality Nominal 
{mk,notmk} – estimated values 

based on nationality of the 
student 

StudyProgramme Nominal 
{Kni,Pet,Mt,Knia,Ke,Iki,Asi,In
fo,Pit} – study programme  of 

enrolment 

Attribute Type Possible values 

Sex Nominal {m,f} 

b. Total of 2029 instances 

 

 Mandatory courses from the first year of study are 
divided into two categories, mathematical and 
programming. Based on this classification, each student 
dataset contains values for average grade and number of 
exam applications for each category of courses. 

 Living place of the students provides another group of 
students, organizing the geographic locations of the 
cities in Republic of Macedonia to east region, west 
region and the region of Skopje – the capital. 

 Another group of classification defines the nationality 
of the students, divided into students who have 
Macedonian nationality and those who are not ethnic 
Macedonians.  

 The last group defines the study programme in which 
the student was enrolled at the first year of study at the 
faculty. 

C. Implementation of mining model 

The mining model was created based on the attributes 
described earlier. Initially, a training set was created from the 
subsets of students enrolled in 2011 and 2012. After the model 
was evaluated in Weka, the subset of students enrolled in 2013 
was supplied as a test set. After the model was completely 
evaluated and predictions were estimated, we compared the 
predicted data with the real data obtained from the Students  ̀
Information System. The estimation of the model and 
predictions were made with both J48 and Naïve Bayes 
classifier algorithms.  

D. Result analysis and discussion 

Classification accuracies for the dataset containing all three 
subsets of student enrolment retentions are shown in table 3. 
The presented results indicate that the Data mining with J48 
algorithm is more accurate than the Data mining with Naïve 
Bayes classifier algorithm.  

TABLE III.  ACCURACY AND RATES OF TOTAL DATASET 

Classifier J48 Naïve Bayes 

Accuracy 81.1679 % 76.7833 % 

Class signedOut Yes No Yes No 

TP Rate 0.959 0.771 0.918 0.727 

FP Rate 0.229 0.041 0.273 0.082 

Precision 0.534 0.986 0.479 0.97 

Recall 0.959 0.771 0.918 0.727 

F-Measure 0.686 0.865 0.629 0.831 

ROC Area 0.933 0.933 0.915 0.915 
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The same classification techniques were applied to the 
datasets containing both the real data and predicted 
implications. This comparison aims to achieve the reasons for 
students’ dropout and to predict the circumstances in which the 
student needs attention.  

 

Fig. 2. Decision tree of critical variable values for students` dropout 

The presented results in fig 2, emphasize the significant fact 
that the most critical variables for estimating the students  ̀
dropout in their first year of study are the number of exam 
applications for both mathematics and programming courses. 

To get a better insight over the dropout analyses, Appendix 
A shows the correlation between the nominal attributes that we 
had extracted from the data and the social and demographic 
characteristics of the student. From the results, the dropout rate 
is higher among the students from other nationalities than 
Macedonian. Also, the dropout rate is higher among the 
students that are from the western regions of Macedonia. 

V. CONCLUSION AND FUTURE WORK 

Student dropout prediction is an important and challenging 
task, yet not clearly defined. This paper presents the accuracy 
of both J48 and Naïve Bayes classifier algorithms for data 
mining over the educational data collected from the Students  ̀
Information system at one of the faculties at the Ss. Cyril and 
Methodius University – Skopje. 

Our case study shows that the accuracy of the different 
classifier algorithms notably depends on the quality of the 
attributes extracted from the data. The accuracy of the 
classifiers is tied closely with the quality and sophistication of 
the data model.  

According to the results, the most valuable attributes for the 
prediction are the number of exam applications for both 
mathematical and programming courses. Since the results 

reveal a pattern among the number of exam applications 
between the mathematical and programming courses, equally 
important are the demographic characteristics of the students. 

The model evaluation techniques of classification presented 
in this paper point to two major improvements that can be 
noticed. First, the courses grouping into subsets based on the 
field of study brings a big improvement into the data mining 
process. In addition, a better encoding grades scheme is 
required for the students not involved into a specific course. 
The second and final remark points out the quality and size of 
the students` dataset. Furthermore, the results are better if the 
dataset is bigger and well organized.  
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