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TUNING PARAMETERS OF A MIXED INTEGER PROGRAMMING SOLVER IN
THE CLOUD
Smirnov S. PhD.1
Institute for Information Transmission Problems of the Russian Academy of Sciences (Kharkevich Institute), Russia 1
sasmir@gmail.com
Abstract: We present a software system that tunes configuration parameters of an algorithm. Parameters are tuned to minimize the
solving time for a set of problems. SCIP is a mixed integer programming solver developed at Zuse Institute Berlin. The solver has more than
1500 configuration parameters. Most of the parameters are related to the solution process, others apply to solver's input/output. There are
both discrete and continuous parameters. Our system modifies parameters one by one to find ones having the most impact on the solving
time. Then combinations of the best parameter values are evaluated. This approach implies that a great amount of solver runs is needed: 1-2
values of every parameter multiplied by the number of parameters multiplied by the number of test problems. Thus we employ a public cloud
to create a temporary computational cluster for faster processing. The paper presents an overview of the system, a method to measure
algorithm's performance in the cloud and numerical results of system's use on several problem sets.
Keywords: ALGORITHMIC PARAMETER OPTIMIZATION, PARAMETER TUNING, CLOUD COMPUTING

1. Introduction

2. Implementation

Growing number of Infrastructure as a service (IaaS) providers
we observe today is a direct effect of computation costs getting
cheaper and of infrastructure automatization levels getting higher.
Cloud services make it possible to automate more programmer's
work making him more productive. It may be considered as another
step in continuous process of adding more abstraction levels to a
computer system: high-level programming languages, interactive
debugging, automatic build systems, etc. For developers it allows
for rapidly creating development and test sandboxes, quickly
provisioning virtual machines with needed software, testing load
and scalability.

Let us begin with a brief overview of the system. One begins
using it by specifying the number of computing hosts in the
Vagrant's [4] configuration file and then starting the system by
running init-virtualbox.sh or init-digitalocean.sh script. After a
while one has a cluster of a master host and the specified number of
slave hosts where Simple Linux Utility for Resource Management
(SLURM) [5] and other essential software are installed and running.
Then one connects to the master host by issuing vagrant ssh
command where one can manage the system with optctl.py
command.
Currently the settings optimization process consists of three
phases: time check, big step and inter step. During the first phase
every problem's instance is evaluated once on each computing node
with default settings. The main goal of this step is to get an estimate
of maximum time allowed for a problem instance to run until it's
killed by SLURM. The big step phase is the most computationally
intensive one. On this step huge number of settings with only one
parameter different from defaults is evaluated. As a result the big
step allows us to sort parameter values based on their impact on
solving time. Next, on the inter step phase, four best parameter
values from the head of the big step's sorted list are chosen and all
their possible combinations are evaluated. After this step we have
the best settings in terms of running time. This step is not very time
consuming and can be repeated multiple times.

There are lots of problems that can be automated by the use of
clouds. One of such problems is fine tuning an algorithm to make it
work better in some sense, for example, faster. It can be done in
many ways: modifying hard coded parameters inside a program,
smart analysis of the program's source code, adjusting parameters
inside configuration files of program's modules. In our study we
have chosen the last described way: fine tuning configuration
parameters for the SCIP (Solving Constraint Integer Programs)
solver. SCIP [1] is currently one of the fastest non-commercial
solvers for mixed integer programming (MIP) and mixed integer
nonlinear programming (MINLP). It is also a framework for
constraint integer programming and branch-cut-and-price. It allows
for total control of the solution process and the access of detailed
information down to the guts of the solver. Although SCIP is a very
fast solver even with default parameters, it should be possible to
fine tune the parameters for one's work. It is quite simple if there are
a couple of parameters and not many test problems. However SCIP
is very configurable having more than a thousand parameters.
Apparently having such a large set of configuration parameters
makes fine tuning it quite time consuming. That is why we tried to
automate this process making a system choosing best configuration
setting for a set of problem instances. Due to vast number of SCIP
runs needed we had to use a cloud to make the process quick.

2.1. Measuring running time in the cloud
Measuring running time of a program in the cloud reliably is not
very simple. Naive approach like wall-clock time or processor
cycles are not reliable due to computer resources overcommit by a
cloud provider. Depending on the load other virtual machines
express on the hypervisor host, program's running time can change
dramatically. There is a better approach: one can measure the
number of instructions executed by the CPU while running the
program. Of course, different instructions may need different
numbers of cycles to complete so it may be hard to correlate
running time to the number of instructions executed. Instruction
count becomes handy when comparing performance the same
program expresses with the same input but with different settings.

In this paper we use the following terminology. A program has
configuration parameters controlling how it works. Every parameter
has a value assigned. A set of parameter values is called the
settings. When we run a solver it is given settings in form of a
configuration file and a problem instance. The goal of our system
may be thought as finding the settings yielding the shortest running
time on a set of problem instances.

In x86 CPUs instructions can be counted in hardware by the
Performance Monitoring Unit (PMU). One can use PAPI or perf
tool to set up and access the hardware counters. Not every
hypervisor supports PMU virtualization, e.g. VirtualBox does not.
However modern KVM releases has such support.

Other works on general optimization of algorithmic parameters
include Selection Tool for Optimization Parameters (STOP) [2]
based on intelligent sampling of settings throughout the space and
OPAL framework [3] based on mesh adaptive direct search. The
former tool works with a small set of parameters having discrete
values. Our approach allows working with large numbers of
parameters and their values.

In our system we used perf tool to measure user space
instruction count which gives very stable results independent of the
hypervisor host's load.
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Here is a sample run of SCIP under perf-stat. Six runs of SCIP
were made, average counter values and their standard deviations
can be observed:

compare the sums of running times for default settings and for
optimized ones, we observe 3x speedup with the latter (see Table
1). Optimized settings consisted of only one parameter value:

$ perf stat -r 6 -e cpu-clock,task-clock,\

lp/scaling = FALSE
Table 1: Traveling salesman problem, learning data set.
Problem instance
Defaults, [sec]
Optimized, [sec]
TSP_Uniform_50_1
3,0
2,5
TSP_Uniform_50_2
10,4
6,4
TSP_Uniform_50_3
29,4
16,1
TSP_Uniform_50_4
6,8
8,7
TSP_Uniform_50_5
39,9
36,6

cycles,instructions,instructions:u,\
instructions:k scipampl TSP_Uniform_50_10.nl
Performance counter stats for 'scipampl
TSP_Uniform_50_10.nl' (6 runs):
81154.175629 cpu-clock
81154.063870 task-clock
175,626,392,898 cycles

For testing purposes more TSP instances were generated and
run with the same optimized parameters (see Table 2), the speedup
is just 1,41x here.

267,235,503,611 instructions
265,101,243,265 instructions:u

Table 2: Traveling salesman problem, control data set.
Problem instance
Defaults, [sec]
Optimized, [sec]
TSP_Uniform_50_11
52,6
27,3
TSP_Uniform_50_12
11,5
9,2
TSP_Uniform_50_13
1,4
2,2
TSP_Uniform_50_14
7,0
5,2
TSP_Uniform_50_15
270,8
230,6
TSP_Uniform_50_16
64,0
10,5
TSP_Uniform_50_17
4,0
3,7
TSP_Uniform_50_18
27,1
14,4
TSP_Uniform_50_19
5,0
12,0

2,134,260,346 instructions:k
81.224668399 seconds time elapsed

Instaructions:u counter gives much more stable results than
software counters or cycles counted in hardware.
Same single CPU virtual machine with two SCIP instances
running simultaneously:
Performance counter stats for 'scipampl
TSP_Uniform_50_10.nl':
82580.457064 cpu-clock
82579.334255 task-clock

Second problem set consisted of five instances which solved
quickly with SCIP 3.0.2 and very slowly with SCIP 3.1.0.

181,566,274,355 cycles
267,300,821,128 instructions

An attempt was made to find parameters making SCIP 3.1.0
working on the problem as good as 3.0.2. We took all parameters
that changed their default values, were renamed or added in 3.1.0,
which resulted in 186 parameters (against 1547 total parameters).
One of the instances (w6_t19_test_8) was dropped after the time
check phase due to hitting memory limit (512 MB RAM in VM).
Big step consisted of 1260 jobs for the first four instances and took
five hours and a half to complete. Total CPU time spent in SCIP
was 237 hours which equals to 43 hosts working. After one inter
step optimized settings were obtained. Second inter step showed no
improvement. If we compare the sums of running times for default
settings and for optimized ones, we observe 1,65x speedup when
the latter is used. It should be noted that optimized settings also
improved time for the problem w6_t19_test_8 that was not involved
in the tests due to memory limitation. As we can see, our system
was not able to find settings making SCIP 3.1.0 perform as good as
SCIP 3.0.2 for this problem, however a noticeable speedup was
obtained. Optimized settings:

265,099,385,783 instructions:u
2,201,435,345 instructions:k
167.578326122 seconds time elapsed

Performance counter stats for 'scipampl
TSP_Uniform_50_10.nl':
82581.195083 cpu-clock
82580.104484 task-clock
181,589,302,031 cycles
267,299,923,846 instructions
265,099,381,995 instructions:u
2,200,541,851 instructions:k
167.589704033 seconds time elapsed

heuristics/rins/minnodes = 25

Again, instructions:u are much more accurate.

lp/checkdualfeas = FALSE

As we can see from this examples, instructions:u is the most
stable event counter at least with SCIP. It even allows for running
multiple solver instances simultaneously with acceptable timing
accuracy.

lp/disablecutoff = 1

Table 3: Load balancing problem solving times.
Problem
SCIP 3.1.0,
SCIP 3.1.0,
defaults, [sec]
optimized, [sec]
w6_t15_test_4 5,95
3,11
w6_t18_test_4 586,18
186,8
w6_t19_test_4 1420,4
823,9
w6_t19_test_5 941,7
737,6
w6_t19_test_8 11596,3
7077,7

3. Results and discussion
We have performed testing with two different sets of problem
instances. One of the sets was tested with two version of SCIP:
3.0.2 and 3.1.0. Throughout the tests, 48 computing nodes with
identical virtual machines were used.
First problem set consisted of ten randomly generated traveling
salesman problem instances of the same size. SCIP 3.1.0 was used.
Big step for this set consisted of 28810 jobs and took six hours and
a half to complete while total CPU time consumed was 296 hours,
as if 46 machines were used. After one inter step optimal settings
were obtained. Second inter step showed no improvement. If we

SCIP 3.0.2,
defaults,[sec]
1,97
70,3
223,9
138,7
382,6

We also tried optimizing settings for this problem set in SCIP
3.0.2 on all its parameters. During big step 13200 jobs were run in
13 hours and a half, 594 hours were spent in the solver as if 44 hosts
were working. After two inter steps optimized settings were
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obtained, third interstep yielded no improvement. Here 1,26x
speedup was obtained. Optimized settings after first inter step:
constraints/linear/upgrade/setppc = FALSE
lp/solvefreq = 0

After the second inter step:
constraints/linear/upgrade/setppc = FALSE
lp/solvefreq = 0
conflict/preferbinary = TRUE
heuristics/fracdiving/freqofs = 1
heuristics/veclendiving/freq = -1

4. Conclusion
As a result of the study the system described was made. It
works in the cloud, uses Vagrant for virtual machine management,
SLURM for batch job processing, Python [6] for automation and
Virtualbox [7] for debugging. It was tested on a number of problem
classes and noticeable speedup was shown.
It is possible to extend the system on other solvers e.g. CBC or
Ipopt. Another possible improvement may be made by making the
system accessible on the Web. It is also planned to publish the
source code on GitHub after some cleanup.
In conclusion we expect that the service may become popular
among SCIP users. Another conclusion is that cloud computing is
very convenient and cheap nowadays which is definitely a good
driver for developing new and nonconventional approaches.
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CLOUD SERVICES FOR AUTOMATION OF SCIENTIFIC AND ENGINEERING
COMPUTATIONS
Sukhoroslov O.V.1, Putilina E.V.1
Institute for Information Transmission Problems of the Russian Academy of Sciences, Moscow, Russia 1
Abstract: The report discusses common problems associated with the automation of scientific and engineering computations, as well as
promising approaches to solving these problems, based on cloud computing models. The use of service-oriented approach in scientific and
engineering computing can improve the research productivity by enabling publication and reuse of computing applications, as well as
creation of cloud services for automation of computation processes. An implementation of this approach is presented in the form of Everest
cloud platform which supports publication, execution and composition of computing applications in a distributed environment.
KEYWORDS: RESEARCH AUTOMATION, WEB SERVICES, CLOUD COMPUTING, DISTRIBUTED COMPUTING, APPLICATION
COMPOSITION, WORKFLOW, PARAMETER SWEEP APPLICATIONS

1.

REST API. This enables remote access to the application both via
Web UI and client libraries. An application owner can manage the
list of users that are allowed to run the application.

Introduction

The modern scientific and engineering research require the use of
computational software and high-performance computing
resources. There are several common activities associated with
such research, such as running computing applications on HPC
resources, integration of multiple computing resources, sharing of
computing applications, combined use of multiple applications and
running parameter sweep experiments. Due to the inherent
complexity of computing software and infrastructures, as well as
the lack of required IT expertise among the researchers and
engineers, all these actions require a significant amount of
automation in order to be widely applied in practice.
The use of service-oriented approach in scientific and
engineering computing can improve the research productivity by
enabling publication and reuse of computing applications, as well as
creation of cloud services for automation of computation processes
[1]. An implementation of this approach is presented in the form of
Everest cloud platform [2,3] which supports publication, execution
and composition of computing applications in a distributed
environment.
Everest follows the Platform as a Service model by providing
all its functionality via remote web and programming interfaces. A
single instance of the platform can be accessed by many users in
order to create, run and share applications with each other without
the need to install additional software on their machines. Any
application added to Everest is automatically published both as a
user-facing web form and a web service. Unlike other solutions,
Everest runs applications on external computing resources
connected by users, implements flexible binding of resources to
applications and provides an open programming interface.
The paper is structured as follows. Section 2 briefly describes
the architecture of Everest, while Sections 3-7 discuss the
approaches used in Everest to addresses the mentioned problems
related to the automation of computing activities. Section 8
concludes and discusses future work.
2.

Fig. 1 Everest Architecture.

Everest doesn’t provide its own computing infrastructure to
run applications, nor does it provide access to some fixed external
infrastructure like grid. Instead Everest enables users to attach to it
any external computing resources and to run applications on
arbitrary sets of these resources.
Compute layer manages execution of applications on remote
computing resources. When an application is invoked via REST
API it generates a job consisting of one or more computational
tasks. Compute layer manages execution of these jobs on remote
resources and performs all routine actions related to staging of task
input files, submitting a task, monitoring a task state and
downloading task results. Compute layer also monitors the state of
resources attached to the platform and uses this information during
job scheduling.
Web UI provides a convenient graphical interface for
interaction with the platform. It is implemented as a JavaScript
application that can run in any modern web browser. Web UI
provides access to all functionality of the platform. It is built
directly on top of the REST API, i.e., it uses the same interface as
all other platform clients.
Client libraries simplify programmatic access to Everest via
REST API and enable users to easily write programs that access
applications and combine them in arbitrary workflows. At the
moment, a client library for Python programming language is
implemented.

Everest Architecture

A high-level architecture of Everest is presented in Figure 1. The
server-side part of the platform is composed of three main layers:
REST API, Applications layer and Compute layer. The client-side
part includes web user interface (Web UI) and client libraries.
REST API is the platform’s application programming interface
implemented as a RESTful web service [4]. It includes operations
for accessing and managing applications, jobs, resources and other
platform entities. REST API serves as a single entry point for all
clients, including Web UI and client libraries.
Applications layer corresponds to a hosting environment for
applications created by users. Applications are the core entities in
Everest that represent reusable computational units that follow a
well-defined model [5]. Each application created by user is
automatically exposed as a RESTful web service via the platform's

6

3.

engage researchers in sharing applications with each other (see the
next section).

Running Applications on HPC Resources

The first problem faced by researchers trying to use HPC resources
for performing computations is the lack of convenient interfaces for
submitting their jobs. The most common way of interacting with
HPC cluster is via command-line shell using batch system
commands, which is too low-level and difficult for researchers
without Linux background. Other major obstacles are building and
configuring applications on such resources. This seriously impacts
research productivity and limits the scope of researchers using HPC
resources today.
A common approach for solving this problem is by building
convenient high-level user interfaces for HPC resources that run
preinstalled and configured applications. There are two types of
such interfaces: generic, which allow submission of any kind of
computing jobs and applications, and domain-specific, which
support running a specific application or class of applications. The
domain-specific interfaces are the most convenient for researchers
because they allow specifying computing job in terms of the
problem being solved. There are two approaches for implementing
high-level user interfaces: using web-based interfaces (e.g. via web
portals [6]) or integrating with established problem-solving
environments (e.g. MATLAB). Both approaches are convenient for
unskilled researchers, because the first approach doesn't require
installation of additional software on user's machine, while the
second one uses familiar environment.

4.

Sharing of Applications and Resources

Sharing of computing applications is crucial for any collaborative
work among researchers, such as research projects. The reuse of
existing applications built by fellow researchers helps to avoid
costly reimplementation. The traditional approaches of sharing
applications include sending application binary via email, installing
it on some shared computing resource, or sharing a code repository.
All these approaches are somewhat inconvenient for either users or
application developers. For example, users have to download and
rebuild applications each time it changes, or developers have to
manually perform such updates.
Everest uses Software as a Service model to facilitate
application sharing and solve the mentioned problems. A user can
add an application to Everest and specify users and groups that are
allowed to run this application. This instantly makes the application
available to all these users without requiring any installation. This
also streamlines application updates because all users access a
single application instance managed by the developer and don't
have to perform updates themselves.
The application sharing brings also an important issue of
resource sharing. Since any application requires a computing
resource to run, the application owner should either provide a
resource to run the application by allowed users or let the users
utilize their resources for running the application. Everest
implements flexible binding of resources to applications supporting
different use cases discussed below.
Static resource binding means that an application owner
configures a static set of resources that should be used by Everest to
run the application. In this case the owner implicitly allows
application users to run the application on these resources. This
approach is used by many scientific web services that are tied to a
fixed computing infrastructure. Static binding is convenient for
application users since they don't deal with resources directly. Such
approach is also desirable if an application has specific hardware
requirements or commercial value. However, in this case the
application owner has to supply computing resources in addition to
the application itself. This is a serious barrier for individual
scientists wanting to easily share their applications in the form of
services with as many colleagues as possible.
Dynamic resource binding means that an application user
manually selects resources for running her job. This approach
eliminates the mentioned barrier by enabling users to run the
application on their resources. In this case the application owner
need not to supply any computing resources. For the application
users dynamic binding implies the need to attach their computing
resources to Everest. However, this operation should be done only
once for each resource.
Implementation of dynamic binding is usually problematic for
self-hosted applications since there is a lack of trust between
application owner and users for direct delegation of resource
credentials. Since Everest both hosts applications and interacts with
resources it can play a role of a trusted third party ensuring that an
application owner can not gain direct access to a user's resource.
Everest implements both static and dynamic resource binding
models. It is possible to use both models in an application by
providing default static resources and enabling users to dynamically
override it with their resources.

Fig. 2 A web form for running Autodock Vina generated by Everest.

Everest implements convenient access to computing
applications via domain-specific web interfaces. For each published
application Everest automatically generates a web form for
specifying input values and running the application. An example of
such interface for AutoDock Vina, a molecular docking application,
is shown on Figure 2. While existing computational portals
implement similar interfaces, typically only portal administrators
can add new applications or resources to the system. In contrast,
Everest enables users to add new applications by themselves and
manage them via convenient web interface. This approach helps to

5.

Integration of Computing Resources

Modern scientific and engineering computations require the use of
high-performance computing resources. Nowadays the researchers
have at their disposal a variety of such resources, including
standalone servers, computing clusters, grid infrastructures and
clouds. The aggregation of computing potential of these resources
could both greatly enhance the research productivity and increase
7

the resource utilization. However, there is a lack of convenient
tools that allow users to seamlessly combine the available resources
into a single computing environment. Grid infrastructures [7] target
only computing clusters and don't provide access to all resources,
while distributed computing toolkits [8] require installation and
configuration on a user's machine.
Everest uses Platform as a Service model to facilitate
integration of computing resources and solve the mentioned
problems. A user can attach to Everest its resources and let the
platform to run applications across arbitrary sets of resources. From
this point of view Everest can be seen as a multitenant
metascheduling service.
Currently the preferred method for attaching a resource to
Everest is based on using a developed program called agent. The
agent runs on the resource and acts as a mediator between it and
Everest. This approach has a number of advantages in comparison
to plain SSH access such as supporting resources without inbound
connectivity (behind a firewall or NAT) and ability to control
actions performed by Everest on the resource. However, such
approach requires manual deployment of the agent on each
resource. To mitigate this disadvantage the developed agent has
minimal software requirements (Python 2.6+) and is easy to deploy
by an unprivileged user.
Besides standalone servers and clusters supported via the
described agent, Everest also implements integration with the
European Grid Infrastructure (EGI). A user can attach as a new
resource a specific virtual organization within EGI by uploading a
valid proxy certificate. This certificate is used by Everest to submit
jobs to EGI on behalf of the user. The interaction with the grid is
implemented via EMI User Interface (UI) which provides a
standard set of commands for accessing EGI.
Figure 3 show an example of combined use of computing
cluster and EGI grid via Everest for running a parameter sweep
application from geophysics domain consisted of 670 tasks. Green
and blue lines correspond to a number of tasks running on the
cluster and the grid respectively over the course of the experiment.

on top of it. For this purpose a client library for Python
programming language called Python API was implemented.
Figure 4 contains an example of program using Python API. It
implements a simple diamond-shaped workflow (depicted in the
top right corner of the picture) that consists of running four
different applications – A, B, C and D.

Fig. 4 An example of wokflow described using Everest Python API.

The nonblocking semantics of Python API, similar to the
dataflow programming paradigm [9], has a number of advantages. It
makes it simple to describe computational pipelines without
requiring a user to implement boilerplate code dealing with waiting
for jobs and passing data between them. This approach also
implicitly supports parallel execution of independent jobs such as
jobB and jobC in the presented example.
7.

Parameter sweep applications (PSA) represent an important class of
computational applications that require a large amount of
computing resources in order to run a large number of similar
computations across different combinations of parameter values.
These applications are becoming extremely important in science
and engineering. While PSAs can be extremely time-consuming and
require enormous amount of processor time, the individual tasks are
independent and can be run in parallel. Therefore, this class of
applications is naturally suited for distributed computing. The
potential speedup that can be achieved by running PSA across
distributed computing resources is significant. However, the
heterogeneous and complex nature of such environments requires
the use of high-level tools that automate task submission,
scheduling, data movement and failure recovery.
In order to facilitate running PSAs on distributed computing
resources, a generic web service called Parameter Sweep was
developed [10]. It is implemented as an Everest application
following the abstract model and using mechanisms described
above. The architecture of service implementation and its
interaction with Everest platform is presented in Figure 5.
At the core of the developed service is a declarative format for
describing a parameter sweep experiment. In order to run an
experiment, a user should prepare and submit its description in the
form of a plain text file called plan file. This file contains parameter
definitions and other directives that together define rules for
generation of parameter sweep tasks and processing of their results
by the service. This approach aims to solve a common problem
faced by researchers trying to use general-purpose computing tools
and environments for running PSAs. Namely, a user have to
implement custom programs for generating individual tasks
comprising PSA and processing their results. The use of declarative
description enables users to minimize or completely avoid such
programming work, thus increasing the productivity and
accessibility of the developed service.

Fig. 3 Number of running tasks over the experiment using resources of local
cluster and grid infrastructure.

6.

Running Parameter Sweep Experiments

Automation and Application Composition

Running Everest applications via Web UI is easy and convenient,
but it has some limitations. For example, if a user wants to run an
application many times with different inputs, it is inconvenient to
submit many jobs manually via web form. In other case, if a user
wants to produce some result by using multiple applications, she
has to manually copy data between several jobs. Finally, Web UI is
not suitable if one wants to run an Everest application from his
program or some other external application.
To support all these cases, from automation of repetitive tasks
to application composition and integration, Everest implements a
REST API. It can be used to access Everest applications from any
programming language that can speak HTTP protocol and parse
JSON format. However REST API is too low level for most of
users, so it is convenient to have ready-to-use client libraries built
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the Compute layer of Everest which performs scheduling and
execution of tasks on specified resources.
Upon completion of individual tasks the service extracts task
results and performs additional filtering in accordance with postprocessing directives specified in the plan file. After all tasks are
completed the service produces a single output which refers to an
archive containing the results of the filtered tasks.
8.

Conclusion

We have discussed common problems associated with the
automation of scientific and engineering computations and
presented approaches for solving these problems based on cloud
computing models and implemented in the Everest platform. We
have demonstrated that the use of service-oriented approach in
scientific and engineering computing can improve the research
productivity by enabling publication and reuse of computing
applications, as well as creation of cloud services for automation of
computation processes.
Future work will address the remaining challenges, such as
implementation of advanced scheduling across multiple resources,
integration with other types of computing resources and supporting
secure and portable applications. We also plan to extend the types
of applications that users can publish on Everest by providing
native support for parallel, many-task and data-intensive
applications.
Fig. 5 Architecture of Parameter Sweep services.
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Fig. 6 An example of plan file with PSA description.

An example of plan file is presented in Figure 6. The
presented plan file corresponds to a virtual screening experiment
using Autodock Vina, a well-known program for molecular
docking. This experiment performs 1000 docking runs with
different ligand molecules against the same protein molecule and
selects results with a minimum affinity (binding energy) value.
The Parameter Sweep service has two inputs. The first input
represents the plan file described above. The second optional input
represents an archive with application executables, scripts and other
input files referred in the plan file. Upon job submission the user
should also explicitly specify resources to be used for running the
experiment. These resources should be attached to Everest as
described previously.
Upon submission of a new job via REST API the service
parses the submitted plan file and generates job tasks representing
parameter sweep experiment. In order to do this, it takes cartesian
product of parameters specified in the plan file subject to specified
constraint directives. Then the service passes the generated tasks to
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phase to public access some features of functioning of the project were revealed. Determination of replication parameters and modification
of the application allowed to achieve increase of efficiency of calculations in the project.
KEYWORDS: VOLUNTARY DISTRIBUTED COMPUTING, BOINC, GRID-SYSTEM, LOAD BALANCING SYSTEM, REPLICATION

Owing to these restrictions, and also rather big time of
performance of some subtasks on nodes (till 30-40 hours) efficiency
of use of computing nodes decreased [3, 4].
Correctly picked up parameters: the quantity of tasks and
number of computing knots which one task is given, are capable to
reduce considerably time of calculation and to increase quantity of
successfully complete tasks.

1. Introduction
Use of supercomputers imposes serious financial obligations
on researchers as it is necessary to buy time of high-performance
cloud system or to buy the supercomputer, and also to organize and
support supercomputer infrastructure. In this regard the concept of
the distributed computing and use of grid-systems can solve a
problem with big computing complexity and do without essential
financial expenses.
The BOINC platform (Berkeley Open Infrastructure for
Network Computing) is an open non-commercial software for the
organization of the voluntary distributed computing on personal
computers. BOINC has client-server architecture and consists of
client part and server. Is a universal platform for calculations in
various areas of science (mathematics, molecular biology, medicine,
astrophysics, telecommunications, etc.) . The client part can be
established on all widespread operating systems: Microsoft
Windows, Linux, Mac OS, Solaris, FreeBSD, etc. The server part is
intended for management of the project – the distributed computing
on a certain computing task. Projects of the distributed computing
on bases of the BOINC platform share on 2 types:
1. public projects with participation of volunteers;
2. closed (internal) projects with use of the available
computing means.
Features of control of parameters of public projects of the
voluntary distributed computing will be considered further.

3. Solution of the examined problem
To determine some parameters of load balancing system (tasks
sending system) in the project of the voluntary distributed
computing it was decided to carry out mathematical modelling of
process of task send to nodes of grid-system. In order that
mathematical modelling was most approached to the real working
systems, data from the international projects of the distributed
computing
of
Gerasim@home
[5],
SAT@home
[6],
NetMax@home [3] were used.
Correctly picked up parameters of load balancing system and
parameters of replication are capable to reduce considerably time of
calculation and to increase quantity of successfully complete tasks
[7, 8]. When carrying out experiments the problem of emergence of
"tails"(Fig. 1) when the remained small amount of tasks calculate
too long time of rather general time of calculation of tasks was
revealed.

2. Prerequisites and means for solving the
problem
The
mathematical
model
of functioning of a
telecommunication network is developed [1, 2]. Application for
simulation of mathematical modelling of the functioning of a
telecommunication networks was created. Using the application and
analysis of results revealed that need a large quantity of experiments
with different sets of parameters of the initial network. In view of
the large number of similar calculations with different initial
parameters to reduce the time a series of experiments distributed
version of the application was developed.
Use of the international project of the voluntary distributed
computing NetMax@home allowed to involve a large number of
computing capacities [3]. Despite successful carrying out
preliminary numerical experiment, the following general
restrictions were revealed:
• heterogeneity of nodes of the distributed system, and as a
result different speed of calculation;
• autonomy of calculations on various nodes;
• changeable time of continuous work of nodes and
impossibility of calculation of long tasks;
• impossibility of continuous coordination of computing
between nodes;
• existence of mistakes and delays at calculations;
• need of fine control of system of load balancing.

Fig. 1. ‘Tail” of calculation.
When modelling the following parameters were considered:
number of users (computing nodes), an interval of time of
performance of one task, and also percent of refusal (error) when
performing a task, number of initial copies of one task. The percent
of refusal is set by sigmoidal function F(t) of increase in percent of
refusal depending on time of processing of a task. The interval of
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time of calculation of each task is normally distributed random
variable. Refusal function:

(1 − a0 )a2
F (t ) = a0 +
1 + exp(−(t − a3 )a1 )

The second way of increase of computing power of gridsystem was realized by means of the following measures:
• the publication of new information on the project site;
• support of existence of a large number of the tasks ready to
be sent;
• providing feedback with administration of the project;
• existence of checkpoints when performing tasks on
computing nodes.
Modification of the application according to the revealed
features was required. It is possible to carry a preliminary estimate
of time of calculation of a separate task, formation of results of
calculations of a certain size, desirable use of checkpoints. After a
stage of testing planning of experiment was corrected and a number
of steps for acceleration of computation of a totality of tasks of
experiment were undertaken.
Modification of the application allowed to achieve increase of
efficiency of calculations in the project of the voluntary distributed
computing NetMax@home.

(1)

where a0 – basic percent of refusal of performance of a task, a3
– depends on an interval of values of duration of performance of
tasks.
On the basis of data on primary numerical experiment in the
NetMax@home project parameters of function of refusal were
determined as a0=0.15; a1=0.7; a2=1; a3=10.

4. Results and discussion
Increase of computing power of grid-system possible in two
ways:
1. Increase of efficiency of the existing nodes;
2. Increase in quantity of computing nodes.
Increase of efficiency of use of the existing nodes of gridsystem was realized by selection of parameters of the project.
During modelling of delivery of tasks to nodes of grid-system it was
found out that length of "tail" makes to 15%.
As a result of processing of results of mathematical modelling,
and also the conducted research [9] were defined: interval of values
of duration of tasks (from 0.5 to 6 hours) and limit value of
parameter of initial replication (3 copies). Use of values of
parameter of initial replication more than 3 didn't give increase in
successfully performed tasks more than for 3%, however reduced
efficiency of grid-system not less than by 25%.

5. Conclusion
Control of parameters of the project of the voluntary
distributed computing allows to increase not only number of
volunteers (computing nodes), but also to increase efficiency of use
of the existing computing nodes. It should be taken into account that
each project of the voluntary distributed computing has features
which have strong impact on control of parameters.
Determination of parameters of load balancing system and
replication allowed to reduce computing complexity of experiments,
to reduce time of calculation of "tail" and to increase efficiency of
grid-system.

6. References
1. Kurochkin, Grinberg, Different Criteria of Dynamic Routing,
Procedia Computer Science, Volume 66, 2015, Pages 166-173,
ISSN 1877-0509.
2. Grinberg Y.R., Kurochkin I.I.: Mathematical modelling of
dynamic networks of sequential filling of flows due // Problems of
computations in the distributed media: Proceedings of ISA RAS,
2009, vol.46, p.233-258
3. Kurochkin I.I. The voluntary distributed computing project
NetMax@home // Distributed computing and grid-technologies in
science and education: book of abstracts of the 6th international
conference. Dubna: JINR, 2014.
4. Francesco Asnicar, Nadir Sella, Luca Masera, Paolo Morettin,
Thomas Tolio, Stanislau Semeniuta, Claudio Moser, Enrico
Blanzieri, Valter Cavecchia "TN-Grid and gene@home Project:
Volunteer Computing for Bioinformatics"// CEUR Workshop
Proceedings. Proceedings of the Second International Conference
BOINC-based High Performance Computing: Fundamental
Research and Development (BOINC:FAST 2015). Vol. 1502.
Technical University of Aachen, Germany, 2015. pp. 1-15
5. Vatutin E.I., Titov V.S. Voluntary distributed computing for
solving discrete combinatorial optimization problems using
Gerasim@home project // Distributed computing and gridtechnologies in science and education: book of abstracts of the 6th
international conference. Dubna: JINR, 2014.
6. Zaikin O., Kochemazov S. The Search for Systems of Diagonal
Latin Squares Using the SAT@home Project // International
Journal of Open Information Technologies. Vol. 3, No. 11 (2015).
pp. 4-9.
7. Ivashko E., Golovin A. Partition Algorithm for Association
Rules Mining in BOINC-based Enterprise Desktop Grid. Lecture
Notes in Computer Science. Parallel Computing Technologies 13th
International Conference, 2015, 268–272, Springer.
8. Chernov I., Nikitina N. Virtual screening in a desktop grid:
Replication and the optimal quorum // 13th International
Conference, PaCT 2015. Petrozavodsk, Russia, August 31 –
September 4, 2015. Proceedings. — Lecture Notes in Computer
Science. Parallel Computing Technologies. — Switzerland :
Springer International Publishing, 2015. — P. 258–267

Fig. 2. Percent of successful performance of tasks for 2 copies.

Fig. 3. Percent of successful performance of tasks for 3 copies.
11

9. Yakimets V.N., Kurochkin I.I. The voluntary distributed
calculations in Russia: the sociological analysis//In the collection:
INFORMATION
SOCIETY:
EDUCATION,
SCIENCE,
CULTURE AND TECHNOLOGIES of the FUTURE Works

XVIII of the joint conference "Internet and Modern Society" (IMS2015). ITMO university, St. Petersburg, 2015. С. 345-352.

12

GAMIFICATION IN COMMUNITY-DRIVEN WEB APPLICATIONS
ГЕЙМИФИКАЦИЯ В ОБЩЕСТВЕНО-ЗАДВИЖВАНИ УЕБ ПРИЛОЖЕНИЯ
Assist. Prof. Boris Bankov
University of Economics – Varna, Bulgaria
Email: boris.bankov@ue-varna.bg
Abstract: Community-driven web applications often do not supply enough user-generated content to kick-start their growth and expand
their audience. A way to deal with this problem is to introduce an achievement system that gives users a reason to explore and interact with
each other. The use of game design principles to motivate the participants in a community-driven web application has been proving
successful. In this paper we take a look at one major example of gamification in a website for careers and job opportunities.
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1.

startup and had merely 10 users, any of them would spend
significantly less time on it. There would be very little to do, very
few pages or stories being shared. Furthermore, if that number
didn`t go up, there will be a content drought – the website would
suffer from low activity and interaction between the user base. In
other words, it is as important to keep the users invested and
creating content as is to attract them to in the first place. Even if the
services being offered are impeccable, the design is innovative and
functionality on par with similar projects, the application cannot
operate without the community.

Introduction

Gamification as a term has seen an increasing usage in the past
couple of years. It has sparked numerous discussions, various
definitions and case studies on the effects of adopting game design
principles and applying them in non-gaming context. The strongest
trait of gamification is the opportunity to create competition
between people - employees, students or customers. Competition is
a healthy way the demonstrate skill and knowledge, earn rewards
and recognition amongst peers. Organizations use games to train
their interns, motivate their workers and promote a place for
creative ideas. Games are being incorporated into traditional areas
of daily life – ranging from business schools to software companies
to pharmaceutical companies to government organizations and
beyond [1]. A form of gamification is the development of a trophy
or an achievement system that rewards participants for completing
certain objectives. Achievements in games are used as a
psychological tool to set goals for players, further the narrative and
to guide them through unfamiliar territory. They are often used
create a meta-gaming environment in which, completing objectives
that reward achievements is done purely because of the
achievement itself and the social status of it.

To summarize: a new community-driven project would first
have to attract an audience and second - motivate its user base
to interact with the features and to create and share content.
An example of one such project was developed at the
University of Economics – Varna and launched at the end of April
2015. It is a business network web application, part of a Eurofunded project aimed at integrating youth, academics and employers
– http://uebn.ue-varna.bg/. The application serves as a career and
job offers portal, as well as an internship tracking system.
Furthermore, to strengthen the connection between the academics
and university students and engage them in activities outside the
university, the system offers creating, publishing and participating
in consulting projects and case studies. With six user groups –
employers, students, alumni, consultants, university experts and
prospective students – the system became complex. Attracting users
is relatively easy due to the fact that seniors are required to do an
internship and the process would be recorded in the system. The
difficult part is to motivate them to explore and use the platform`s
features regularly. This may present a problem due to the way users
interact with each other via the system – if there are no job offers
being posted, then students would not be active on the platform; if
employers did not receive applicants for their job offers, they would
not continue publishing them. To avoid this paradox we looked at
ways to incite user activity within the web application. Following
the success of enterprises such as Foursquare [2], Cisco`s “Binary
Game”, Kaplan University`s Badge System, Verizon Insider and
many other 1, an achievement system was proposed to be integrated
with the business network platform.

In this paper we are going to take a look at an achievement
system implemented in a website for careers and job opportunities
as a means to encourage users to interact and explore the
application`s features and stimulate them to create content.

2. Community-driven web
A common issue for any new website or web application is the
struggle to attract an audience. Startups invest a great deal of effort
and resources into advertising and promoting their business online.
In many cases the PR campaign is crucial for the success and
growth of small companies. However, based on the services being
offered, there can be a more difficult challenge that has to be
overcome. Social networks, job and career portals, forums and
imageboards are all examples of the community-driven web. They
offer a place for people to share their thoughts and interact with
each other, create content and find new hobbies. They exist as long
as there is fresh content being produced and posted that can sparkup a conversation and attract an audience. Community-driven web
applications as an evolving concept, but inherently they will face an
increasing difficulty to become popular the bigger their number is.
To explain the above statement we will explore a plausible scenario.

3. Achievements in games
Achievements, trophies or badges are found in games as subsystem that evolved since its first introduction during 2002 in
Microsoft`s Xbox Live service. Quickly achievements became very
popular way to create additional challenges in video games with
little expense [3]. The rewards players receive vary greatly – from
unlocking bonus in-game content to winning real prizes.
Furthermore, earning exclusive achievements and completing
difficult tasks affect the social status of the player amongst the

The majority of web users have established a preference
towards certain websites. The general online user has limited time
in his daily routine that he can spend online. He will frequently visit
more popular websites like Facebook or Twitter, because they are
rich in terms of content. Many of his friends, family and co-workers
are using those social platforms to share their ideas and interact in
some way with their interests and other people. If Facebook was a
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gaming community. Players often go out of their way to complete
achievements solely to earn points and score higher than others. As
long as there is a form of competition this can also be applied in
non-gaming contexts. Gamification can fix large-scale, complex
problems, but that does not mean its application needs to be largescale and complex [4]. Achievement systems can be a simple
addition to an already existing platform. They have proven to be a
useful tool to motivate users to try out new approaches and test their
knowledge and skills in different scenarios. Earning achievements
has a satisfying psychological effect on people by giving them the
feel of competence, autonomy and relatedness [5]. In addition
achievements can serve as a measurement, regarding how involved
are users with certain features, which modules they like or dislike.
One of the big promises of today’s commercial deployments of
“gamified” systems is easy access to more ecologically valid user
data on the different kinds of experiences and natural categories that
arise from interaction with these systems [6]. Achievements can
also serve as an instruction tool. Sometimes when players are not
familiar with the environment or their capabilities in the game
world, achievements can help them choose which path they should
take.

illustrated that the most motivating goals are those that are just out
of comfortable reach [7]. The first two achievements were related to
the internship programs - one for students to grade their experience
and summarize the projects they worked on, and respectively one
for the employers to rate the interns. The long-term achievements
were related to reaching certain milestones – viewing a number of
employer profile pages and publishing a number of case studies.
Overall we found out that it was better if we combine easy to
get achievements with ones that take time. Furthermore, it was clear
that to keep users involved we would have to gradually create new
interesting ones. Alongside that, we would need to come up with
exclusive achievements for certain actions in the system, which
only a few users will be able to earn. Finally we came to an
understanding that we need to allow users to see each other`s
achievements.

5.

Gamification is a useful tool as a means to motivate the
participants in a community-driven web application to explore and
contribute towards the creation of content. Achievements are a
secondary sub-system that can help when a complex feature is
introduced and the users are reluctant to try it. The social
psychology behind achievements relies on the desire of participants
to demonstrate their competitive spirit and win rewards for
completing objectives. Although designing such functionality and
integrating it in a more complex system varies in difficulty based on
the subject area, it is highly useful if the application has many
features and its scope covers various activities. Gamification is
becoming increasingly relevant as more and more enterprises face
the question whether certain aspects or modules of their products
would need to be gamified.

The goals we set for the achievement system are to efficiently
promote exploration and interaction with the application`s features
via instructional achievements, e.g.:
•
•
•
•

Generated a CV via the application;
Published an internship program;
Chosen fields of consulting expertise;
Etc.

Designing achievements for all six user groups was required in
order to gather information and stimulate content creation. To incite
users to complete achievements, there must be a reward as well.
During the design period several options were explored, including
colorful badge popups and profile trophies. However, due to the
nature of the euro project it was concluded that the environment
must be kept formal and it should be emphasized on the key
principle of competition. There is already a natural competition
between students when they are applying for a job, so it was
decided that a ranking is to be created, based on how many
achievements each participant has completed. Thus, when
employers are viewing applicants or using the website`s search
functionality, the top results will be both active and devoted
students. Of course the same idea is applied to the rest of the user
groups – employers for example with a high number of
achievements will see their ads at the top of the lists.

4.

Conclusion

6.
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compare microservices to SOA in order to highlight what
distinguishes both architectural styles and when architects should
prefer microservices to SOA.

1. Introduction
In the past, developers used to build and deploy their enterprise
applications packaged in a single piece of block that contains all the
code and is called a monolith. Such an architectural approach has
lots of benefits when it comes to small applications that are
developed by a single team. However, contemporary applications
tend to be more complex. They are often so large, that developers
spend more time on identifying sources of issues and problems,
than fixing them. As systems grow larger, the monolith approach
implies a set limitations that prevent developers from working
efficiently. Such applications get tied to a single technology stack.
Upgrading to a newer version or changing the technology is an
extremely difficult task. Components in monoliths are so tightly
coupled that a single change results in updating multiple
components. However, one of the main issues with monolith
applications is that they cannot scale independently. In other words,
either everything scales together or nothing scales at all. This forces
companies to search for new ways of building software systems –
such that could increase their Time to Market (TTM), reduce the
overhead of supporting them and have strongly positive effect on
their business performance in general.

The rest of the paper is organized as follows: Section 2 makes
on overview of related work in the field; Section 3 introduces
service-based architectures as opposed to monolith approach;
Section 4 compared microservices and SOA; Section 5 provides a
more detailed overview of microservice by describing their main
benefits; and Section 6 concludes the paper and points steps for
future research.

2. Related Work
Microservices has become a topical research direction recently
and there exist a lot of efforts both from academy and industry
researchers in the field. In this section we focus on some related
papers that deal with the connection between SOA, microservices
and business improvement.
For example, authors of [4] argue that software architecture has
a strong impact on systems flexibility. It can help in keeping
technology investment costs within acceptable ranges. Authors
propose costs and benefits dimensions for evaluating the business
impact of SOA systems. They have identified six cost dimensions
(organizational, business process, technology, servicification,
integration and people) and five benefits dimensions (reuse,
flexibility, integration, open standards and people).

Service Oriented Architecture (SOA) tends to solve many of the
limitations implied by monolith applications. It is a paradigm that
utilizes distributed capabilities under different ownership [1]. In
contrast to monolith applications, SOA allows splitting a single
system into multiple sub-systems that can communicate with each
other through service calls. Such distribution allows separate teams
to work on each sub-system and introduce changes independently.
Moreover, SOA has been the preferred choice for enterprise system
integration because of its flexibility in design and component
communication.

Service reusability is key aspect of service-based architectures.
Authors of [5] provide an assessment of the business value from
service reuse on SOA-based e-business platform. They analyze
various models for business evaluations of software systems like
Cost-Volume Profit (CVP), Break-Even Point (BEP) and apply
them against an existing SOA system to evaluate the benefits of
reusability.

Despite the multiple benefits of SOA, in the recent years a new
architectural style is emerging - microservices. Microservices are
small, autonomous services that work together [2]. In many ways
microservices resemble SOA. It is often considered that
microservices is a proper way of building SOA [3]. However,
microservice architectural style can be characterized by a set of
practices and principles that are common across different systems.
Such systems are organized around business capabilities, i.e. each
company organization is responsible for developing and supporting
their own services. Each service can be built using the technology
that is most suitable for it. In addition, each service has its own data
store. This allows teams to store data in formats that make it easy to
process. Communication between services is achieved only though
the services application programming interfaces (API).

Mark Richards [3] provides a detailed comparison between
microservices and SOA. He argues that both are considered servicebased architectures. They are highly distributed and communicate
over well-defined APIs. However, there are many differences when
it comes to components reusability, transaction management,
service ownership and coordination, etc.

3. Service Oriented Architectures
The concept of Service Oriented Architecture (SOA) emerged
over a decade ago in order to respond to the need of improved
reusability in software engineering. Main goal of SOA is to
decrease the complexity by providing means for successful
development of large-scale software systems and at the same time
to encourage further reuse of newly developed software artefacts.
Service is the key artefact in SOA and it should be deployable and

In this paper we present microservices as an architectural style
for improving teams’ efficiency. We discuss some of the principles
that directly impact the business results of companies. We also
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accessible independently of programming languages, technologies
and execution platforms. It is a broad term that has different
meaning depending on its usage context [10]. For example, in many
domains, the terms of web-service, e-service and business service
have common meaning. In this paper, we consider service to be a:
loosely coupled reusable software component that encapsulate
functionality and is distributed and programmatically accessible
over some previously defined networking protocols. In the case of
web services, these protocols are standard and based on XML and
users may search and discover web services in dedicated registries.
This way, services offer standard approach for interaction in
distributed environment. Additionally, services may be composed
with each other in order to implement more complex functionalities
and may be consumed by clients for use in different applications or
in execution of sophisticated business processes. The promise of
services is for increased maintainability and scalability of systems,
achieved at predictable time with less efforts and decreased cost of
development.

designing systems that can handle failures at runtime and use
complex monitoring mechanisms.

90%
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10%
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90%
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In this respect, reusability in SOA is enabled via the
mechanisms of service composition and interaction [11]. SOA
conforms to a service-orientation design paradigm, supports the
implementation of services and services compositions together with
the creation and evolution of a service repository. The basic
principles of SOA design is based on the well-known publish-findbind triad [12], as shown in fig. 1.
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Fig. 2 Comparing Monolith and Service-Based Scaling

In general, service-based architectures are the preferred
architectural style when it comes to large software systems. In many
ways, they overcome the limitations of monolith applications but
they also introduce a new complexity layer that should be
considered.

4. Microservices and SOA
Both microservices and SOA are service-based architectures.
As such, they share all common characteristics for service-based
architecture and add new ones that are specific for each of them. In
this section we discuss the differences between SOA and
microservices and what makes microservices unique when in it
comes to optimizing business efficiency.

Fig. 1. The basics of service-oriented architecture

A)

Service Granularity

Microservices are small and fine-grained. Their small codebase
allows developer to quickly identify and fix issues. This can be
critical when teams support service level agreements (SLA) to their
customers and they need to respond quickly to reported incidents.
Small codebase means less dependencies between service
components. This reduces the risk or introducing bugs to the code.
Another indirect benefit of small codebases is that they could easily
the tested in isolation. Implementing a set of automated tests can
reduce risk of introducing defects significantly.

To summarize - service-based architectures emphasize on
services as their main building block. As such, they share many
common characteristics. First, they are distributed architectures.
This means that services are accessed remotely over some remoteaccess protocol. Distributed architectures have lots of advantages
compared to monolith ones. They scale independently, allow better
control over the system development, components are loosely
coupled, etc. Such benefits can help teams optimized their work in
developing new components and features much faster. Companies
can expect better business results as they optimize the overall effort
in development and increase the time for delivering new
functionality to the end customers. A key advantage of servicebased architectures is their ability to scale. Companies that have
incorporated service-based architectures can scale the service they
need to. Other services that are not impacted by the increased load
of requests may continue working without scaling. Independent
scalability helps companies reduce cost, compared to the monolith
approach. The main reason is that with monoliths everything scales
at once – even the services or components that don’t need to scale at
all. Comparison between monolith and service-based scaling is
presented in Fig. 2.

SOA doesn’t provide any recommendation regarding service
granularity. Services could vary in size significantly and developers
could easily be tempted to build large enterprise services that are
hard to maintain.
B)

Component Sharing

Microservices follow the principle of share-as-little-aspossible. The reason is that this makes each service independent to
other shared components. A common approach for building
microservices is copying the same components to all services and
evolving the components independently. This approach gives
developers freedom to update their services independently by
reducing the external dependencies and team coordination.

Another key characteristic for service-based architectures is that
they are very complex. Their distributed nature introduces a new set
of problems that architects need to consider when designing their
systems. For example, service ownership is distributed across
multiple teams and they may need to coordinate their actions when
complex project timelines are followed. In many cases transaction
management is extremely hard to achieve. When transactions span
across multiple services developers need to come up with
mechanisms for rolling back and accept eventual consistency. In a
distributed architecture, service may fail to respond because of nonstable network communication. Architects need respond by

SOA approach for component sharing is completely different.
SOA follows the principle of share-as-much-as-possible. Although
this approach solves the problem with code duplication, it increases
the coupling between service components. When a shared
component needs to be updated, teams need to analyse the impact
on other services and align their release plans to the other services.
C)

Remote Access Protocols

Microservices tend to favour Representational State Transfer
(REST) [6] for exchanging messages. Compared to other protocols
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REST is relatively simple and lightweight. It is mainly based on
Hyper Text Transfer Protocol (HTTP) and uses HTTP verbs (GET,
PUT, UPDATE, etc.) to retrieve and manipulate external resources.
REST is best suited for basic non-complex integrations [7], which
fits perfectly into the microservice style. Moreover, REST allows
easy ad hoc development and integrations. This helps development
teams to quickly implement and deploy new services that can
exchange messages with others.

5. Microservice Benefits
In this section we discuss the key benefits of using
microservices [9]. Those benefits can directly influence the business
results of companies in either short or long term.
A)

Microservices can be deployed independently from other
services. This means that teams can establish different release cycle
for each service and avoid any coordination efforts for deployments.
Deployment independence is critical when it comes to large systems
that require frequent releases to multiple services.

SOA doesn’t have any specific prescriptions regarding remote
access protocols. However, more often than not, you will encounter
SOA applications that extensively use Simple Object Access
Protocol (SOAP). This protocol is more suitable for complex
integrations since it supports additional features like web service
security, quality of service (QoS), reliable messaging, etc. However,
this makes the protocol heavyweight for simple and well-separated
applications.

B)

Small Services

Microservice have a small codebase. Developers don’t need to
know the entire system to implement a change in a service. This
reduces the time in troubleshooting problems and fixing them.
Small services can be built, deployed and ran quickly. With high
level of automatization this could be achieved within several
seconds.

D) Heterogeneous Interoperability
Heterogeneous interoperability refers to the ability of a system
to integrate with others based on other technologies. Microservices,
limit the options to two – REST and simple messaging. This choice
limitation eliminate the need of using complex middleware systems
that translate, route and mediate messages. This can have a strong
positive cost impact as such middleware systems are often too
expensive to buy. Also, introducing such a system increases the
development and administrative efforts, as well as service coupling
because all services need to use this middleware.

C)

Independent Scalability

Microservices can scale independently. When some of the
services is overloaded it can scale without affecting other services.
When the service scales by duplicating itself or increasing its
computational resources companies need to pay only for that
service. Other services don’t get affected by this and continue using
the same amount of computing resources.

SOA systems do not have specific limitation for
interoperability. They could integrate with various heterogeneous
systems using its messaging middleware. However, this comes at
certain price – increased complexity and cost.
E)

Independent Deployments

D)

Development Scalability

The large number of small and independent services mean that
teams can be split around those services. Management could easily
analyze the skills of the developers and form new smaller and easily
manageable teams for the services. In this way, teams could work in
parallel as they have nearly no dependencies among them.

Simplicity

Simplicity is one of the fundamental factors that distinguishes
SOA and microservices. Microservices strive for simplicity at any
level of implementation. Services are fine-grained because they are
simpler to support. Protocol and message options are reduced
because it is much easier to operate with limited set of interfaces
that need to be supported. Application simplicity has a long-term
impact on business results. Such applications are more robust and
resilient. They could easily be adapted to new market requirements
and attract new customers.

E)

Improved Fault Isolation

The large number or services and the loose coupling between
them results in improved fault isolation. If any of the services fails
this will not affect any of the other services. Therefore, the system
can continue operating while developers identify the issues with the
failed service and fix it.
F)

SOA doesn’t provide any guideline in terms of simplicity.
Although service-oriented systems can be built for simplicity, most
times you will encounter large and complex service-based
applications. They can integrate with a large set of heterogeneous
systems, work with large amount of data and support complex rules
for processing messages. But such applications are hard to support
and change rapidly. If such application complexity is not required,
then it introduces more troubles that solutions.

Technology Diversity

A key benefit of microservices is their technology diversity.
Since the entire system is split into small services that communicate
over some remote access protocol (usually REST), developers are
free to select any technology for building their services. Different
service have different purpose, so developers can select the
technologies that best suit in solving their technical problems.
Technology diversity has another great benefit over monolith (and
sometimes SOA) applications – it doesn’t tie companies to a single
technology stack. When companies decide that there is a new
technology that better fits into their business strategy, they could
easily replace the old technology with the new one.

In general, microservices are a form of SOA. Since SOA
practices are significantly less restrictive than microservices it is
reasonable to think of microservices as a “form of SOA, perhaps
service orientation done right” [8]. This relationship between
microservices and SOA is presented in Fig. 3.

6. Conclusion and Future Work
In this paper we have described microservices as a way of
building software systems. We presented the downsides of monolith
applications and discussed how microservices can be used to
overcome many of the monolith limitations and improve the overall
efficiency of business. Microservices is form of SOA that provides
specific prescriptions and guidelines how to be implemented. A key
aspect of microservices is that systems are split into small
independent services which allows them to evolve, scale and
operate without affecting other services.

SOA
Microservices

Further steps in our research would include comparing
microservices to other architectural styles and analysing how they
fit into different software domains, e.g. embedded systems, business

Fig. 3. SOA and Microservices
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International Conference on Information Integration and Web-based
Applications & Services. ACM, 2010.

intelligence, web applications, etc. Because of the high level of
automation and their distributed nature, we plan further research in
applying self-adaptive mechanisms in microservices.
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INTERACTION OF 3D MODELS FROM PROTEIN DATA BANK BASE WITH
UCSF CHIMERA AND WORK IN BLENDER SOFTWARE
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Abstract: Protein Data Bank features affordable standardized high-quality 3D models of biological molecules. In certain cases it is
necessary standardized 3D geometry models to be used for specific tasks, which are set requirements for the direct integration. This is
required in cases of creation of simulations, animation of processes, interactive visualization or presentations. The implementation of such
processes is complex and require precision and correct selection of the technological tools that promote the realization of the work.
Keywords: PDB, 3D, CHIMERA, BLENDER

1. Problem discussion
Protein Data Bank has all the necessary resources of digitized
3D models of biological molecules [1 - 6]. The information
provided in the database is very detailed and well structured. It
meets all modern requirements and international standards [7 - 9].
When the need to perform tasks requiring the use of standardized
3D geometry models *.PDB specialized technology software
applications are applied such as Chimera and Blender. The need for
3D visualization combined with a detailed description of molecules,
positions, surface, volume, etc. requires specialized platform UCSF
Chimera. [10 - 13]. In a further realization of simulation processes
and presenting animation, the functional capabilities of Blender
software is applied [14 - 17].

Fig. 2. WWPDB validation of 4C6C
The table 1 summarizes the geometric issues observed across
the polymeric chains and their fit to the electron density. The red,
orange, yellow and green segments on the lower bar indicate the
fraction of residues that contain outliers for >=3, 2, 1 and 0 types of
geometric quality criteria. The upper red bar (where present)
indicates the fraction of residues that have poor t to the electron
density.

2. Objective and research methodologies
The interaction between the Protein Data Bank, UCSF Chimera
and Blender software requires certain conditions guaranteeing the
successful work with 3D PDB models. Fig. 1 shows the defined
technological features necessary in the transfer of information data
in three stages.

Table1. Quality of chain of 4C64
Fig. 3 shows the three visualization options on the Internet
platform of Worldwide Protein Data Bank, respectively: static
graphic, JSmol and PV (in Browser).

Fig.1. The interaction between Protein Data Bank, UCSF
Chimera, and Blender software
The aim of this study is to establish the optimal capabilities
using the resources of the Worldwide Protein Data Bank,
specialized application UCSF, and 3D design potential of Blender
software.
The study uses a 3D model of the Ultra high resolution
dickerson-drew dodecamer b-dna with PDB ID: 4C64 and
resolution 1.32 A(reported) [18].
WWPDB validation of 4C64 is shown on Fig.2.

(a)

(b)

(c)

Fig.3. Worldwide Protein Data Bank visualization of 3D
Model with PDB ID: 4C64 (a) Static graphic, (b) JSmol and (c)
PV (in Browser).
Internet platform WPDB provides limited visual ability to work
with 3D models, resulting in the need to import the geometry of the
models in an environment of UCSF Chimera. This will enable a
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detailed consideration of the positioning of the participating
elements (Fig. 4), and the total surface volume (Fig. 5).

3. Conclusion
The use of the advantageous features of UCSF Chimera and
Blender software build fully functioning system of opportunities for
work with standardized 3D models of molecules provided free by
Worldwide Protein Data Bank.
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Fig.4. UCSF Chimera visualization of 4C64 + label of
elements (a) full view (b) zoomed view

(a)

(b)

(c)

Fig.5. UCSF Chimera visualization of surface of 4C64 (a)
Solid, (b) Mesh and (c) Dot.
In carrying out animation 4C6C, the 3D model is exported from
Chimera (VRML file type) and is imported in Blender software in *
.wrl file.
FIG. 6 shows the pattern of 4C6C environments Blender
software, where the necessary actions to obtain the final animation
are done.

(а)

(b)

Fig.6. Animating of 4C6C (a) Blender view (b) Blender
rendered view
The resulting animation Ultra high resolution dickerson-drew
dodecamer b-dna with PDB ID: 4C64 was publicly presented and
can be seen online at:
https://www.youtube.com/watch?v=ze-38ZnvYa0.
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Abstract: Evaluation of public investment efficiency in macroeconomic terms has increased the attention of the researchers in recent
years. In this paper we concentrating on the evaluation of public investment based on the impact they have on the economic indicators and
specifically the growth of private investment. Public investment at national and local level have an important role in economic growth and
particularly public infrastructure contributes in increasing private investment, in the developing economies. In this regard, in our paper we
get in study investment in public infrastructure and their impact on the number of private businesses in the municipality of Saranda. In the
first part of this paper is treated the theoretical aspect of public investment, identification of economic indicators and evaluation of public
investment on the basis of these indicators. In the second part we have treated methodology for collecting and processing data. For the
realization of our paper, we are based on a statistical study of secondary data and to process them is using linear regression model. Data
analysis represents the third part of the study, namely the correlation analysis of independent variables and the construction and analysis of
linear regression equation, which expresses the connection of independent variables with the dependent variable. The ratio of public
investment in infrastructure to public investment total, represent independent variable with the more important that we have included in our
study, interest rates and the index of economic freedom represents independent explanatory variables, while number of business entities
represents the dependent variable.
KEYWORDS: PUBLIC INVESTMENT, EFFICIENCY, PUBLIC INFRASTRUCTURE, PRIVATE INVESTMENT, ECONOMIC
GROWTH, CROWDING-OUT.
I.

Public investments affect directly the production of new
wealth as such. for railway construction by the state, for land
improvement, for afforestation etc, which have productive
character, but on the other hand they have an indirect impact on
the growth of the private economy by providing goods and
services such as bridges, telecommunication networks, roads etc.
They represent purpose economic activity, of the state and reflect
the functions performed by the state in the process of its
historical evolution and especially in the function of reallocation
of national income that he fulfills.

Introduction

The main objective of public investments, for each central
and local government is first of all the increase of the welfare of
their citizens. Maximization of these benefits in connection with
economic and social impact in some way depends on the
efficiency by which the public investments are transformed into
output. Policy makers at central and local level and stakeholders
need to operate with the concept of efficiency in the use of public
investments. Evaluation of public investment, in the sense, how
much they have impacted on economic indicators or social
profitability provides information for stakeholders to review the
decisions on the selection of alternatives for efficient use of
public investments. The government can use public investment to
encourage private investment. According to Keynesian economic
theory, the effects of government spending are termed
"Crowding-in" and "Crowding out" (of private investment).
Under this concept, the increase in public investment, increased
demand for resources, including factors of production such as
capital and labor. This results to an increase in interest rates, the
supply of capital and labor, which in turn directly affect the cost
of private investment. In this way, the growth of private
investment cost may result in reduced output (GDP) caused by a
decline in private investment. Exist many studies in the empirical
literature on the relationship between public investment, private
investment and economic growth, where most of them are
focused on the relationship of public infrastructure investment
and economic growth. The relationship between public
investment, private investment and economic growth, is a
positive and important. 1
II.

Private investment considered as an important element for
economic progress, but the way the measure of the impact of
public policy on private investment still remains controversial.
Public investment in infrastructure is believed have a positive
impact on private investment. In this way, public investment can
promote economic growth not only directly but indirectly they
affect, by promoting private investment. The literature suggests
that public investment can trigger Crowding-out private
investment, leading to different conclusions, of public investment
policy. This remains an important unsolved issues of policy. The
literature on the impact of public investment in developing
economies provides unsustainable results if it promotes or
inhibits private investment.
A review in the theoretical literature shows that there are two
major approaches for analyzing the effect of public investment in
economic growth. The first is based on the neoclassical
production function in which public capital enters as a particular
input and in productivity measure that is derived from the
production function. The results of Aschauer (1989, 1989b) and
Munnell (1990) from annual data and state level show that public
spending on basic infrastructure investments in particular, have a
significant impact on production and productivity of private
capital. However, subsequent studies, such as Tatom (1991),
Holtz-Eakin (1994) and Evans and Karras (1994) have found that
public investment has a insignificant impact on productivity.
Khan and Reinhart (1990) and Khan and Kumar (1997), have
found that in developing countries, although public investments
contribute to increased productivity in the economy, private
investments have more impact on economic growth. The second
approach uses a private investment model that includes public
investment to show the direct effect of public investment in
private investments and also the indirect effect on growth
through its effect on private investment. Studies by Greene and
Villanueva (1991), with the data of developing countries,

Public investment and impact on private investment

In simple financial aspect, public investments mean public
revenues for "produce" public services. What types of public
spending can be characterized as public investment? In principle,
more normal difference between investment and current
expenditure has to do with the longevity of productivity. So,
public investment takes the form of infrastructure spending on
road and rail networks, ports, bridges, power generation,
telecommunications facilities, water and sanitation, government
buildings, which can have a productive life in several decades.

1

Eberts (1986), Aschauer (1989, 1989) dhe Munnell (1990)
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 =
N SB
C + β1 ( IPIvIPT ) + β 2 (NMI) + β 3 ( ILE ) + ε

Ramirez (1994) for Mexico, Odedokun (1997) for forty-eight
developing countries, and Ramirez (2000) for a panel of Latin
American countries concluded that public investments stimulate
private investment. Also, Blejer and Khan (1984) for a panel of
developing countries and Oshikoya (1994) for a panel of African
countries have presented evidence that public infrastructure has a
positive impact on private investment, while investment noninfrastructural have a negative impact on investment the private
sector. If the investment in public infrastructure is
complementary to private investment, the rate of return on
investment in the private sector will increase, leading private
sector investors to undertake more capital investment.
Theoretical arguments conclude in both directions, so if public
investment actually stimulate or inhibit private investment is an
empirical question.

Where :
NSB – the number of business subjects
IPIvIPT – ratio of investments in infrastructure to total public
investment
NMI – average interest rate on loans
ILE – the index of economic freedom
In this way define the following variables: number of
business subjects is used as the dependent variable (NSB) in
mathematical equation (1). The explanatory variables are: the
ratio of public investment in infrastructure to total public
investment (IPI / IPT), average rates on loans business (NMI),
the index of economic freedom (ILE),

The main objective of this study in the context of assessing
the economic impact of public investments is to evaluate the
determinants of private investment at regional level (case
Municipality of Saranda) with a primary focus on the role of
public investments. The results obtained by comparing impact of
public investment on private investment provides interesting
results for policymakers, indicating that the impact of public
investment on private investment varies depending on the stage
of economic development. Public investments, mainly in
infrastructure, have a positive impact on private investment in
developing economies but not in developed economies.
III.

To obtain the results is using SPSS version 21, regression
analysis. For this study were obtained data for all dependent and
independent variables, for a period from 2002 to 2014, so the
number of observations is 13.
The main source of data collection is mainly used, the Office
of Information and Statistics in Saranda Municipality and other
national sources. Specifically, information on the value of ILE
(Economic Freedom Index) is provided by the OCED
publications and information on NMI (the average interest rate)
loans business is provided by the publication of the Bank of
Albania. The data that estimate the level of private investment,
are expressed in number of business subjects (NSB). These data
express, numerical values of the dependent variable in the
econometric model.

The objective and the hypothesis

The main objective of this paper is to analyze and evaluate the
impact of public investment in private investment infrastructure.
In support of this objective, is raised hypothesis as following:
H1 – Investments in public infrastructure, have a positive impact
on the growth of private investment.
IV.

IV.

Methodology of the study and instruments used

Analysis of data

For the successful implementation of this paper and
hypothesis testing, we have made a statistical processing of the
data with the help of statistical program SPSS version 21, by
analyzing two statistical perspectives:

In order to identify and analyze econometric connections, we
are concentrating on the relationship of important variables taken
in our study and exactly econometric connection of public
investment and private investment.

(i)

According to, Greene and Villanueva (1991), public
investments stimulate private investment. Also in their study, Blejer
and Khan (1984) showed that investments in public infrastructure have a
positive impact on private investment. To confirm or denying this
relationship, we used the connection of these variables through a
linear regression equation. The methodology used in this case is a
multiple regression because we have more than one independent
variable.

correlation connections;

(ii) mathematical connections between the dependent
variable and independent variables;
Connections correlation
correlations table (Table 4.1).

are

expressed

in

bivariate

Table 4.1. Correlation of variables

The growth of private investment, as measured by the
increasing number of businesses is a dependent variable, while
public investment in infrastructure in ratio to total public
investment is the independent variable most important for our
study. But it is understood that to make the most complete
analysis of our study, we need to include other variables
determinant of private investment.

Pearson
Correlation

Sig. (1tailed)

By Greene and Villanueva, the interest rate is considered as a
determinant of private investment in the economy. According to
him, the connection of private investments and interest rate is
negative connection. This variable includes average rates of
interest for business loans for a period of 2002-2014.

N

Dawson (1998), has used the economic freedom index by
Gwartney, Lawson and Holcombe (1999), as a factor that
influences the private investment in economy. In this way, in our
study we included as a determinant of private investment, the
average interest rate and the index of economic freedom as
independent variables.

NSB
IPIvIPT
ILE
NMI
NSB
IPIvIPT
ILE
NMI
NSB
IPIvIPT
ILE
NMI

Correlations
IPIvIP
NSB
T
1.000
.976
.976
1.000
.972
.959
-.354
-.495
.000
.000
.000
.000
.118
.043
13
13
13
13
13
13
13
13

ILE
.972
.959
1.000
-.310
.000
.000
.151
13
13
13
13

NMI
-.354
-.495
-.310
1.000
.118
.043
.151
13
13
13
13

Source: Output i SPSSv21
In correlation table (Table 4.1.), note that the dependent
variable NSB, correlate strong in terms of significance with two
independent variables, IPIvIPT (p = 0.000) and ILE (p = 0.000).
Their correlation is positive and high levels respectively, CCP
(IPIvIPT) = 0.976 and CCP (ILE) = 0972. These values of CCP
are in risk levels of multicollinearity. For this reason, in the
program's executive we have diagnosing the multicolinearity

In this case the formula is as follows:
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By the data in Table 4.4, the mathematical equation (2) as
follows:

(Table 4.2), which shows that variable multikolineare ILE creates
effects, with the dependent variable NSB, therefore it is excluded
from the mathematical relationship. While IPIvIPT variable is a
variable with a strong positive correlation with the dependent
variable NSB. NMI dependent variable has a negative coefficient
(CCP (NMI) = - 0354), which shows a negative correlation with
the dependent variable, but with a Significance over allowed
norms of acceptable statistical significance (p = 0.113).

 =
N SB
−4574.424 + 78.285( IPIvIPT ) + 54.367(NMI) + 0.000( ILE ) + ε

Significant influence and with greater accuracy, which is
derived from strong and more significance correlation, of the
report IPIvIPT as compared with independent variable NMI is
also evident from the comparison of standard errors (Table 4.4).
Thus, the standard error in the estimation of the regression
coefficient for IPIvIPT is ε1 = 4.205 , whereas, for the

Table 4.2. Verification of multicolinearity between
variables
Collinearity Diagnosticsa
Variance Proportions
Condition
Model
Eigenvalue
Index
(Constant) IPIvIPT NMI
1
1
1.996
1.000
.00
.00
2
.004
21.533
1.00
1.00
2
1
2.980
1.000
.00
.00
.00
2
.018
12.960
.00
.16
.36
3
.002
40.049
1.00
.84
.63
a. Dependent Variable: NSB

variable coefficient NMI is ε 2 = 18.095 . These errors reflect
the confidence intervals of different lengths with a 95% certainty,
namely: β1 ∈ ( 68.916;87.654 ) dhe β 2 ∈ (14.048;94.685 ) .
This fact is associated with the interpretation that the strength and
accuracy predictive mathematical model is better, if predictive
assessment of private investment growth (NSB), based on the
values that could take IPIvIPT ratio.
V.

Source: Output of SPSSv21

The analysis, identification and assessment of
efficiency of public investment, is a necessity for maximizing
their effects on economic and social indicators.
The level of public investment efficiency, in the sense
how they have influenced economy or social profitability,
provides information for interested parties to review the decisions
on the selection of alternatives for efficient use of public
investments.
The impact of public investment in private investment
represents a long-term indicator of the efficiency of public
investments.
Public investments, develop significant economic and
social effects, to the community where they are undertaken.
In the theoretical aspect economic effects of public
investment were seen divided in two opinions. On the one hand
the positive effect that they have on economic growth in
developing economies and on the other hand that they have
inhibitory effect on growth in developed economies.
Increased investment in Saranda municipality has
positive effects on private investment and was noted that they are
encouraging them. This shows that the inhibitory effect does not
happen in emerging economies such as the Saranda municipality
which is in the early stages of tourism development.
Significant is the index of economic freedom. Freedom
of business and entry into biznez facilities, have a positive effects
on the growth of private investment, especially investment in
tourism businesses.
According to the theory, investments in infrastructure
are considered more productive and have significant economic
impacts.
Infrastructure investments, constitute about 60% of
total public investments. It has resulted in significant effects on
private investment.

In the study and analysis, the mathematical relationship
between the dependent variable and independent variables, we
used linear regression model, with the method "stepwise".
Through this method, the program includes in the mathematical
model only the variables, that provide sufficient significance by F
test (Table 4.3). Thus is observed that the variables included in
the model are variable IPIvIPT (p = 0:00) and NMI variable (p =
0.013) (Table 3).
Table 4.3. F test variables

Model

1

2

Variables Entered/Removeda
Variables
Entered
Method
Stepëise (Criteria: Probability-of-F-toenter <= .050, Probability-of-F-toIPIvIPT
remove >= .100).
Stepëise (Criteria: Probability-of-F-toenter <= .050, Probability-of-F-toNMI
remove >= .100).
a. Dependent Variable: NSB

Source: Output of SPSSv21Method "stepwise" has
determined, regression coefficients through testing with two steps
of variables, and in the second step have a coefficient of
determination very good (R2 = 0,975) and a level of significance
(statistically significant) test F, within the limits of the
permissibility statistical (p = 0.013).
In mathematical equation it is observed that independent
variable IPIvIPT has an impact almost 1.5 times higher than NMI
independent variable. Specifically, if, keep unchanged the value
of NMI and increase by one unit IPIvIPT ratio, accurately 95%,
then the number of businesses would increase by 78.
Table 4.4: Mathematical equation coefficients
Coefficientsa
Model

Unstandardized
Coefficients

B
1

(Constant)
-3510.530
IPIvIPT
72.037
2 (Constant)
-4574.424
IPIvIPT
78.285
NMI
54.367
a. Dependent Variable: NSB

Std.
Error
326.468
4.806
432.443
4.205
18.095

Standar
dized
Coeffic
ients
Beta

.976
1.061
.171

t

Sig.

-10.753
14.987
-10.578
18.618
3.004

.000
.000
.000
.000
.013

Conclusions

The existing literature provides conflicting conclusions
about the impact of public investment in private investment. In
developing economies, the literature suggests that public
investments stimulate private investment and the others suggest
that public investment cut private investment.
The results of our study suggest that public investments
have a positive impact on private investment in developing
economies such as the Albanian economy.
VI.
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Abstract: The problem of construction of project management information system (PMIS) is analyzed. The factors under investigation
define the problem: the presence of ERP-systems (ERP) in metallurgy industry, the ERP inefficiency for the PMIS construction due to the
drawbacks of the functional and historical divergences between the kind of management activity and project management software (PM
software); the necessity for the PM software application for the PMIS construction and integration of the PMIS and ERP into unified
informational system (IS) for management of all kinds of enterprise activities. To solve this problem information is systematized; variants of
integration of PM software with ERP applied in metallurgy industry are classified and proposed.
KEYWORDS: PROJECT MANAGEMENT INFORMATION SYSTEM, PROJECT MANAGEMENT SOFTWARE, ERP, INTEGRATION

in metallurgy industry; show major functional disadvantages in the
«PM» module of ERP, explain the inefficiency of ERP application
for the PMIS construction; systematize information, classify and
propose available variants of software of PM integration with ERP
of iron and steel enterprises for the PMIS construction.

1. Prerequisites and means for solving the

problem
Project management information system (PMIS) is one of the
system components of the enterprise project management (PM), the
implementation of which is designed to the increase of effectiveness
of the PM processes and controllability of execution of the
development strategy in the form of portfolios, programs and
projects (PPP).
The problems of effective construction of PMIS at the
enterprises include the following components:
- ERP is implemented and operated in metallurgy industry;
- ERP inefficiency for the PMIS construction due to the
drawbacks of the functional of their module «PM» ;
- the necessity of software program application in PM for the
PMIS construction due to the availability of the most complete
functional and its conformance to PM international standards;
- historically, project management software (PM software) and
ERP software were developed independently and constitute
independent software programs. Provided that, in practice, PM
software was applied for the PMIS construction, and «PM» module
of ERP was developed later than its basic functional;
- the key difference between PMIS and ERP is a kind of
management activity: PMIS is designed for investment
management, and ERP – for production and commercial (operating
and financing) activities of the enterprise;
- the interconnection of the PMIS managerial information,
ERP by their joint exploitation in common enterprise resource
planning: the ERP data on resources and finance are needed for
project planning in PMIS, the PMIS data are necessary for the costbenefit calculation with respect to the projects in ERP;
- the necessity for software implementation of data exchange
and integration of PMIS and ERP into unified IS for management of
all kinds of enterprise activities;
- the long-term absence of software, enabling integration of
PMIS and ERP, performance of system integration on the basis of
their software «stitching» by virtue of the fields linking the data.
The occurrence of the abovementioned software was subject to the
market readiness and the enterprises’ needs.
Information on solving of the given problem is presented
separately in current literature and only certain aspects are
introduced. For this reason the problem analysis of the project
information management system construction at iron and steel
enterprises of Ukraine and the search for its solution is timely and
relevant.
Defining the reporting objectives: to carry out the comparative
analysis of ERP, PM software; perform the analysis of ERP applied

2. Result and discussion
The managemental standards, focused on the implementation
of the common strategy of enterprise development (among them:
operating, financing and investment) through realization,
optimization, implementation and increase of management
efficiency on the basis of respective business processes [1, 2] are
taken as the basis of the ERP, PMIS.
The general characterization of systems under examination is
the establishment of unified information environment at the
enterprise with the purpose of the business processes automation for
teamwork support and management of specified kind of activity
with the aim of its efficiency increase.
The essential systems’ difference is a kind of management
activity: ERP (Enterprise Resource Planning) – control the
production and commercial operations (PCO), associated with
manufacturing [1]; PSIM (Enterprise Project Portfolio Management
(EPPM), Enterprise Project Management (EPM) or Project
Portfolio Management (PPM)) – manage the investment activity
(IA) in the form of PPP [3].
Information on ERP implementation at iron and steel enterprises
of Ukraine is shown at Table 1. Data presented in Table 1 demonstrate
that ERP-system of German company SAP obtains a wide circulation.
Other ERP are also applied herein.
The construction of PPM on the basis of the «PM» module in
ERP is inefficient via limited capacities of the following PM
functions: project portfolio management; detailed project planning;
team work; risk management; change management; report
preparation [4, 5, 6, 7].
That is why PPM is based on the PM software.
The implementation of PPM on the basis of the PM software at
enterprises, listed in the Table 1, is absent at the moment. For
detailed planning and project management the software is applied at
the level of some organization units without integration with ERP
for the execution of individual projects.
Microsoft EPM 2003, implemented at PJSC «Khartsyzsk Pipe
Plant», is the example of PPM in Ukrainian metal industry [8]. The
introduction has a 3-tier client-server architecture, which is shown
at Figure 1 [9].
The basis of the architecture is presented by the following PM
software:
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Table 1. Information on ERP implementation at iron and steel enterprises of Ukraine
Ser.
Iron and steel enterprise
No.
1 PJSC «Azovstal Iron & Steel Works»
2

PJSC «Ilyich Iron & Steel Works»

3

PJSC «Zaporizhzhya Iron & Steel Works
«Zaporizhstal»»

4

РJSC «ArcelorMittal Kryvyi Rih»

5

PJSC «Dniprovsky Integrated Iron & Steel
Works named after F.E. Dzershinsky»

6

PJSC «Alchevsk Iron & Steel Works»

OJSC «Makiivka Integrated Iron & Steel
Works named after S.M. Kirov»
8 LLC «Metallurgical plant «Interpipe Steel»»
9 PJSC «Yenakiieve Iron and Steel Works»
10 PJSC «Donetsk metallurgical plant»
11 CJSC «Mini Steel Mill ISTIL (Ukraine)»
PJSC «Electrometallurgical Works
12
"Dniprospetsstal" named after A.M. Kuzmin»
7

Information on ERP
Electronic resource
implementations
SAP
http://www.kommersant.ru/doc/625372
Preparing for SAP
http://www.komtender.ru/tender/385605
introduction
Preparing for Oracle E-Business
it.sitronics.com/about/projects/view.php?ID=549
Suite introduction
http://ukraine.arcelormittal.com/newspapper/pdf/
SAP
№45.pdf
It was decided to implement
http://www.dmkd.dp.ua/2481
SAP in 2015
Introduced ERP of in-house http://ko.com.ua/best_cio_2009_proizvodstvo_
design
bolee_500_kompyuterov_46821
http://mescenter.ru/mesaconf/presentations/mesa20
10_MikhailovIntro.pdf
IT-Enterprise
http://www.it.ua/products.php?cat=61
SAP
SAP
SAP

http://www.pcweek.ua/themes/detail.php?ID=1194
84
http://www.pcweek.ua/themes/detail.php?ID=1211
05

Fig. 1. The architecture of Microsoft EPM 2003, implemented at PJSC «Khartsyzsk Pipe Plant»
For the purposes of the joint operation of two systems at the
enterprises their integration into unified information system for
management of all kinds of enterprise activities is required.
To solve the problem of PPM construction in metallurgy
industry information was systematized, Table 2 shows the
Classification and existing variants of integration of PPM with
ERP of iron and steel enterprises are provided.
Integrated software is developed for ERP of SAP, Oracle
and Microsoft. In this case the ERP integration is mostly
designed with PPM market leaders: Oracle Primavera EPPM;
Microsoft EPM.
The main variants of integration are the following: the
application of canned integrated software from the developers of
ERP (PPM); the application of canned integrated software from
the development partners of ERP (PPM); the application of
integrated software for the software «stitching» of ERP and
PPM from other integrators.
The distinctive features of ERP and PPM integration are the
need to define: the master system wherein the project initiation
takes place; project activities performed in each of the systems;

1. Client Tier, Web Client Tier: Microsoft Project
Professional 2003 (function: detailed planning and project
management); Project Web Access (function: access to project
data).
2. Application Tier: Microsoft Project Server 2003
(function: enterprise project portfolio management); Windows
Share Point Services 2003 (function: performance of
collaborative work during the project).
3. Database Tier: SQL Server 2000 (function: data analysis,
creating reports, holding projects data).
Besides Microsoft EPM 2003, ERP Oracle E-Business Suite
is also introduced at the plant. In this case the information on
performance of work on integration of two systems is absent [8].
All the above systems (ERP, PPM) of the iron and steel
enterprises in Ukraine are implemented on the ground of the
traditional model «Software-as-a-Product» (SaaP), which
provides the purchase of licensed software with its installation on
the technical basis of the enterprise.
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reporting on the portfolio and projects, other functions [4, 7, 1014].
The basic fields of linking information during the systems’
integration are the following data: the list of enterprise projects,
the work breakdown structure of projects (WBS); project
activities; enterprise project members; resources and their cost;
resource allocation; time of delivery of equipment and materials,
budget; actual data on projects implementation; forecast on terms
and value of projects completion.
For instance Figure 2 depicts the fields of linking
information, which are accomplished by a canned integrated
software Oracle Primavera Gateway from Oracle by its using for
the purpose of OraclePrimavera EPPM and ERP SAP integration
[15, 16].

data directions (in one or two directions); fields of linking
information (data) on projects; the way of data synchronization
(manual, automatic) [10, 11].
It is indicated in electronic resources that both PPM and
ERP can serve in a capacity of a master system.
Wherein each system usually has a role: ERP – providing of
project information on desired service life, equipment; the role of
projects recording and budgeting (financial control); PPM –
supporting of project portfolio management according to business
strategy, including the following functions: evaluation and
selection of projects for implementation, planning and
optimization analysis and evaluation of project progress,
teamwork, change management, risk management, execution
control and management of the portfolio value management,

Table 2. The classification of available variants of PPM integration with ERP of iron and steel enterprises
The variant of
integration

1. Canned
integrated
software from
the developers of
ERP (PPM)

Integrated software
developer
name
application
SAP
Enterprise
ERP
project
integration
SAP
connection
with PPM
(EPC)
Process
Integration
Pack (PIP)

ERP
integration
with PPM

Oracle
Primavera
Gateway

PPM
integration
with ERP

trinovis
GmbH

Impress for
EPM

PPM
integration
with ERP

Pipeline
Group,
Inc.

Maxavera
iPack

PPM
integration
with ERP

Oracle

2. Canned
The Project
integrated
TPG PSLink
Group
software from
the development
partners of ERP Campana &
CS Connect
(PPM)
Schott
Schedule
Integration
Dassian Inc.
with SAP
(SIS)
3. Integrated
software for the
software
«stitching» of
ERP and PPM
from other
integrators

Integrator
should be
chosen

-

PPM
integration
with ERP
PPM
integration
with ERP
Integration of
software for
detailed
planning and
project
management
with ERP

The name of the software that
integrates

SAP ERP

Electronic resource

Microsoft EPM http://www.eventureevents.com/download_l
ogin/sap-centricOraclePrimavera eam_2011/presentations/Monday_Track_4/
315-Rex.pdf
EPPM

Oracle ERP
(E-Business
OraclePrimavera http://www.oracle.com/us/corporate/press/0
Suite,
42384
EPPM
JD Edwards
EnterpriseOne)
http://www.oracle.com/us/products/applicati
OraclePrimavera
SAP ERP
ons/primavera/primavera-gateway-dataEPPM
sheet-1927706.pdf
Microsoft EPM
http://hannover.inecos.de/hannoverit/de/prof
SAP ERP
OraclePrimavera
ile/UNT-23885
EPPM
SAP ERP,
OraclePrimavera
http://www.gopipeline.com/news/47/83/
Oracle ERP
EPPM
http://www.maxavera.com/microsoftSAP ERP
Microsoft EPM
project/
SAP ERP
http://www.theprojectgroup.com/en/ppmMicrosoft ERP
products-produkte/integration-ppmMicrosoft EPM
(Dynamics AX),
business-systems.html
Oracle ERP
SAP ERP
http://www.campana-schott.com/de/en/csMicrosoft ERP, Microsoft EPM
connect/
Oracle ERP

SAP ERP

It is developed
subject to PM
requirements
and
peculiarities at
the enterprise

-

In this case the following data directions are specified by
Oracle Primavera Gateway:
- only in one direction (from ERP SAP to OraclePrimavera
EPPM) the transfer of financial data (budget, value) and data on
the projects resources are carried out;
- in two directions (from OraclePrimavera EPPM to ERP
SAP or from ERP SAP to OraclePrimavera EPPM) the transfer
of other data on projects, showed in Figure 2, is carried out. Thus
these data are synchronized, displayed and can be used

http://www.dassian.com/products/program
Microsoft
Management/detail.php?Schedule%20Integr
Project Desktop
ation%20with%20SAP%20(SIS)-8

-

-

simultaneously in two systems. Therefore, the projects initiation
can be carried out in any system.
Previously for OraclePrimavera EPPM and ERP SAP
integration, as being canned integrated software, Oracle was
offered Oracle Primavera Inspire for SAP 8.0, but Oracle
Primavera Gateway is more advanced software and in
comparison with Oracle Primavera Inspire for SAP 8.0 has a
number of advantages, which are listed in [16].
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Fig.2. Oracle Primavera Gateway: the fields of linking information for OraclePrimavera EPPM and ERP SAP integration
7. Project Management Tools Working Group - II.
Enterprise Project Management Tools Analysis White Paper
[Electronic resource]. – NASA, 2002. – Access mode:
http://www.projectmanagement.com/content/attachments/opmex
pert_2307030101.doc
8. Bogdanov i partnery. Vnedreniye coprorativnoy sistemy
upravleniya proektami na baze Microsoft EPM 2003 v OJSC
«Khartsyzsk Pipe Plant». – [Electronic resource]. – 2016. – Access
mode:http://www.bogdanov-associates.com/imgrubrs.asp?art_id
=494&img=file
9. A. Kravtsov. Investment management at OJSC
“Khartsyzsk Pipe Plant” using Microsoft Project Server.
[Electronic resource]. – OJSC Khartsyzsk Pipe Plant, 2007. – 18
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3. Conclusion
1. The problem of the PMIS construction in metallurgy
industry is of complex systemic nature and deals with the
necessity of software application and integration of PM with
ERP, operating at the enterprises.
2. Historically, PM software was applied for the PMIS
construction and IA management. With regard to the above
mentioned, ERP was developed independently from the PM
software and applied for the PCO management of the enterprise;
the «PM» module was developed later for extending its
functionality.
3. The PMIS construction on the basis of the «PM» module
of ERP is inefficient via limited capacities of the module of the
basic PM functions.
4. On the basis of the analysis and information
systematization from different sources, the classification of three
main variants of integration of PM software with ERP is
proposed. Whereby the basic fields of linking information, which
are applied in the majority of disclosed in this report variants of
integration of PM software with ERP of iron and steel
enterprises, are shown.
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In the conditions of active development of the information
society and emerging knowledge economy are of particular
importance in the innovative sphere of activity, which is associated
with sustained economic growth of any state.
Analysis of the state of activity of the enterprises of Ukraine
shows that one of the determining factors of further economic
growth is the activation of scientific-technical and innovative
activity. This causes the relevance and necessity of the analysis of
innovative activity of the enterprises in the conditions of formation
of economy of knowledge.
Innovation and investment resources of enterprises of Ukraine
are exhausted and do not ensure the effective expanded
reproduction. The establishment of the innovative development
model will be pursued by addressing the following issues: the
funding of science and productivity research; capitalization of
intellectual property objects through their introduction into the
economic turnover.
The problem of filling innovative enterprises cannot be solved
without development of the economy based on knowledge.
"Knowledge economy" is globally recognized as Central by
increasing the competitiveness of countries. And this applies not
only to developed countries, and countries with economies in
transition, which include Ukraine. The country's ability to produce
knowledge, in particular science, their implementation and effective
use for development in such an economy, the main factors of
sustainable economic growth along with traditional sources such as
investments and labor resources [13].
The study of essence of innovative potential and identifying its
components has paid attention to such national scientists as V. M.
Heyets, M. G. Guzenko, V. G. Zhavoronkov, Y. M. Nagowski, L. I.
Fedulova, L. I. Yakovenko and others. Analyzing research
scientists, we can conclude about the lack of consensus regarding
the definition of the essence and constituents of innovative potential
in the conditions of formation of economy of knowledge.
The purpose of this article is to define the essence and synthesis
of constituents of innovative potential of the enterprise in the
conditions of formation of economy of knowledge.
The modern economy is undoubtedly an innovative economy, in
which knowledge can be used to generate a continuous stream of
innovations that meet the changing and dynamic needs, and often
shape these needs. Knowledge only has value in an economic sense
when it is implemented in the form of innovation. The activities of
production, distribution and use of knowledge in modern economy
plays an ever more important role, defines its essential
characteristics and growth rate. Between science and technology
occurs new interaction, more and more sectors of the economy
become knowledge-based, increasing the share of investment in
knowledge, education, intangible assets. We are talking primarily
about the key role of human capital, which under certain
institutional conditions becomes a very important factor in the
development of economic system based on knowledge.

According to the definition of statistics service innovation is the
introduction into use of any new or significantly improved product
(goods, services) or process, new marketing method or a new
organisational method in the enterprise, workplace organization or
external relations". That is, according to the presented interpretation
to the analysis accepts all types of innovation (including
pseudoinsulata that are new only for the enterprise), innovation is
also identified with innovation (which involves only the process of
commercialization of innovations). This definition seriously distorts
the analysis (creates a more optimistic picture), however, some
General trends can be detected [3].
The state of innovation activity in Ukraine is determined by
such productive indicators, as the number of introduced new
technological processes, the number of implemented low-waste,
resource-saving processes, the number of innovative products, the
production of which is mastered, the number of new types of
equipment, the production of which is mastered and the volume of
sold innovation products.
Negative factor in the business activity of enterprises of Ukraine
is the decline in the share of enterprises that were engaged in
innovation. So in 2000 such enterprises was 14.8 per cent, in 2014,
there were only 12.1 per cent, the lowest proportion of these
enterprises was in 2005 to 8.2 %.
In 2014 as a result of performing fundamental and applied
research obtained 933 940 fundamental and applied research in the
field of agricultural Sciences, created at the expense of the General
Fund of the state budget [15].
Dynamics of innovative development of the enterprise
depends primarily on its financial capacity. The main source of
financial provision of innovative activity of the enterprise are the
financial resources of the enterprises, namely, own, borrowed. So,
in 2014, 85 % of enterprises carried out innovation at its own
expense [15].
The election strategy of innovative development of enterprises
is one of the main ways of increasing their competitiveness, the
introduction of a conceptually new level of activity. The
prerequisite for this, there is effective management of innovative
potential of an enterprise depends on the ability of the company to
produce innovative scientific and technical solutions and inventions
to innovate.
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Table 1
Indicators of innovation performance of Ukraine's economy
Specific weight of
Implemented new
Commercial
including lowenterprises which
technological
production of
Years
waste, resourceintroduced
processes,
innovative
saving
innovations. %
processes
products*, names
2000
14,8
1403
430
15323
2001
14,3
1421
469
19484
2002
14,6
1142
430
22847
2003
11,5
1482
606
7416
2004
10,0
1727
645
3978
2005
8,2
1808
690
3152
2006
10,0
1145
424
2408
2007
11,5
1419
634
2526
2008
10,8
1647
680
2446
2009
10,7
1893
753
2685
2010
11,5
2043
479
2408
2011
12,8
2510
517
3238
2012
13,6
2188
554
3403
2013
13,6
1576
502
3138
2014
12,1
1743
447
3661
Source: Scientific and innovation activity 1990-2014.
The definition of innovative potential in the economic literature
quite extensively, but not produced unambiguous interpretation. A
number of scientists defines innovation potential as a set of
resources for implementing innovation activities. Another approach
to the definition of innovative potential is to determine the degree of
willingness to perform tasks that ensure the achievement of
innovative goals. Innovative capacity as the ability of the facility to
carry out innovative activities or as opportunities for innovation.
The concept of "innovation potential", starting from 1980ies, was the "conceptual reflection of the phenomenon of
innovation" the subject of discourse among academics. However, in

of them new
types of
equipment
631
610
520
710
769
657
786
881
758
641
663
897
942
809
1314

The specific weight
of the sold innovation
products in the total
industrial, %
9,4
6,8
7,0
5,6
5,8
6,5
6,7
6,7
5,9
4,8
3,8
3,8
3,3
3,3
2,5

scientific writing there is no single interpretation of this concept,
presented information and definitions are very often contradictory.
Some authors emphasize the availability of resources, others on
their use [8].
Summarizes the approaches to definition of essence of
innovative potential are interdependent in nature, as the ability to
innovate requires certain resources and capabilities, and the
availability of opportunities, in turn, one of the necessary conditions
ensuring an appropriate level of preparedness and ability to
innovate. Zadneprovska N.I. provides the following approaches to
the interpretation of the concept "innovative potential" Fig. 1. [9].

The essence of the characteristics of the concept of "innovation potential"

Innovation potential as a set of resources

Innovative potential as a measure of
readiness to achieve innovative goals

Innovative capacity as the ability to innovate

Innovative potential as the possibility of
innovation

Figure 1. – Approaches to the interpretation of the concept "innovative potential"
In the modern economic science has formed the following
approaches to the category ”innovative potential“[16]:
• resource-based approach – the combination of available
resources of the enterprise [1,7];
• backup approach is the ability and willingness of any
organization to implement the innovation process [10];
• target approach – the ability to implement achievements of
science and technology in specific products, to develop and
implement new innovative projects, science-intensive
competitive products, which should meet the needs and
demands of consumers, the security of achieving innovative
goals (the survival and preservation of the market share,
increase profit) [2];
• systematic approach – innovation potential is considered as a
subsystem of the integrated system, in which it interacts with
other potentials of the enterprise (human, scientific,
technological and other)“ [12].

Innovative capacity – the ability of a system to transform
the actual order of things in the new state to satisfy needs that arise
(subject-innovators, consumers, market). That is, innovation is a
characteristic of the properties of the system change, improvement,
progress [8].
In the definition of innovative potential of the knowledge
economy we propose to adhere to this interpretation of this concept:
it is a combination of the components of the knowledge economy,
which correspond to the innovative character and ensure
development of the knowledge economy through the generation,
development and implementation of innovations.
An important aspect in the study of the innovative potential
is the study of its structure. Given the research results of the
proposed components of the innovation potential include: material
and technical, information and methodological, personnel,
financial-economic, production and technological, educational,
scientific, technological, marketing, administrative, sociopsychological components.
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But just availability of material and technical,
informational, financial and intangible resources is not a guarantee
of formation of innovation potential and its development and
implementation. For the adequate formation and development of
innovative capacity is needed driving force – human resources
potential – availability of personnel with relevant expertise and

qualifications, which are distributed to professional qualification
and level of knowledge. This resource simply does not provide the
function, and is the main creative force, because it is the aggregate
of the invested public production desirable and universal skills,
knowledge, abilities, possessed by people who belong to him,
inseparable from him and is practically used in everyday life.

Innovative activity
Intelligent products
Innovative programs

Education

Commodity

Regulatory
framework

Human capital

Qualification
The
Skillsstandard of
living of the
population

The acceleration of
patenting of results
of development
and inventions

Social protection
The demographic situation
Health

The size of
investment in the
sector of knowledge

Innovative
potential of the
knowledge

Intellectual potential

Organizational and technical
decisions of industrial,
administrative, commercial nature

International
cooperation in
science and
innovation

Fig. 2 Components of innovative potential of the knowledge economy (compiled by the author on the basis of 6)

The structure of the innovative potential of the knowledge
economy (Fig.2 ) is represented as a set of human resource (capital),
innovative activity and development of intellectual potential, which
can be used for the implementation of the innovation and
development of the knowledge economy.
In modern conditions of knowledge, abilities, skills, initiative
and other personal characteristics of employees has become an
increasingly important strategic resource in comparison with the
financial and industrial capital. The human capital creates
innovation potential, which depending on the subject represents the
ability of human enterprise, industry, or populations to create and
apply innovations.
Innovation activity of the knowledge economy characterize
components, such as intelligent products, innovative programs,
commodity production, organizational and technical decisions of
industrial, commercial and administrative nature.
Intellectual potential is a key factor in the formation of
economy based on knowledge, and on how actively the process of
reproduction of intelligence and knowledge, affect the quality and
pace of development of the whole society [5].
The Ukrainian economy requires urgent introduction of
effective mechanisms for innovation support from the stage of
inception of a new idea to the stage of practical implementation and
organisation of industrial serial production of advanced products.
Thus, the study of the literature and own research allows to
allocate the following factors influencing the formation of
knowledge economy: human capital, innovative activity and
development of intellectual potential. A significant problem of the

agrarian sector is the lack of mechanisms for the transfer of
innovative product into production. So, one of the main reasons for
the low innovation activity of domestic enterprises can recognize
the lack of financial resources. However, even the available
resources in profitable companies are not always used effectively
and not go into innovation.
To solve problems it is necessary:
the formation of effective mechanism of state regulation and
stimulation of innovative activity;
increase targeted financial support for innovation activities,
scientific research;
technical and technological support and the formation of market
innovation;
to improve the quality of information support of innovative
activity, formation of accounting data and streamlined internal
reporting system on the innovation activity of enterprises;
a systematic deliberate policy to encourage the building and use
of innovative potential of enterprises;
develop a motivation system for the national and foreign
investor, including through tax incentives;
to determine the potential for increasing innovation activity and
to ensure their use;
to resume lending to major economic sectors of Ukraine.
The above steps will help form a favorable innovation climate
and ensure the capability of the company to effectively implement
its innovation potential.
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relationships with customers and developing sustainable
competitive advantage. According to the Irena Pyka interpretation
financial, material and human capital is treated as a process Surface
of of bank capital division.

1. Introduction
Specific features implemented in the economy by commercial
banks in the area of financial intermediation, cause that banks
operate in an environment of very strong risk. Thus, next to the
security mechanisms of risk’s negative impact on the bank’s
financial results, the proper bank capital management is a very
important element. Capital bank will allow, on the one hand,
absorption of potential losses, on the other hand, will provide a
stable source of funding and enhance the security of not only
individual institution but the entire banking system.

Irena Pyka next to bank capital procedural forms indicates also
accounting norm-creation forms of bank capital

The capital is an ambiguous concept in the theory of economic
sciences. Modern interpretation of capital concept is used in terms
of macroeconomic and referred to the national economy and in
terms of microeconomic, referred to the single company. However
the concept of capital does not specify its definition and recognizes
its importance, as a two different economic phenomena appearing in
the form of real capital (tangible) and financial capital (cash).

It is important, in the category of limiting the impact of risk on
the commercial banks, the categories of bank capital implemented
in the Basel II play an important role. According to banking
supervision two forms of capital are extracted, including regulatory
capital and economic capital. Regulatory capital as defined in this
part of the financial capital, which includes core and supplementary
capital. And is maintained in the amount equal to the minimum
cover for liabilities incurred by the bank. The components of core
capital are: the founding capital, reserve funds, not separated profit,
unabsorbed losses, reserves created against general risk. In contrast,
the supplementary capital is referred to the position of corrective
asset valuation, differences arising from the use of different
methods of valuation of fixed assets and the subordinated position
with liability nature.

The physical capital in relations to the company, reflects an
abstract value of its assets involved in the processes of activities,
constituting its assets, and financial capital (cash) expresses the
general funds destinated for investments, so tangible and intangible
assets, financial and securities purchasing, representing its
liabilities. The physical and financial capital shot covers all
elements of company’s economic resources, jointly described as
balance resources. The formation of financial capital is the process
of converting funds, raised in order to tangible assets financing and
inversely, transform the physical capital into financial capital as a
result of the company's activities. The financial capital, in the
enterprises, is a source of tangible assets coverage. The process of
obtaining financial capital is defined as the process of financing the
company. On the other hand financing covers all financial decisions
in the company, which provide the capital to the company.

The component positions of regulatory capital are the so-called.
the first pillar of Basel II, which sets the minimum capital
requirements, referring to the need to maintain by banks, the size of
the equity, adequate to the scale of the involved risk,. The capital’s
adequacy is, as such its size, which gives him to perform the
function of licensing, warranty and cover their losses. Adapted to
the size of bank’d conducted activity, the level of equity capital
ensures the safety of deposited cash contributions and the continuity
of business in the long term. In addition, own funds serve to
mitigate the negative financial effects, resulting from events
classified in the category of credit, market and operational risk.
They are caused respectively by bank’s credit operations,
fluctuations in interest rates and foreign exchange rates, and the
imperfection of its employees, processes, procedures and
completely independent factors, ie. external.

Therefore, it is concluded that the basic type of capital in the
bank's activity is the financial capital, which is the equivalent of
money accumulated in the form of bank deposits. Irena Pyka
complements this traditional approach of the specificity of human
capital. Also notes that human capital is now identified with the
intellectual, which means that in addition to the traditional human
capital, represents the knowledge, technology, experience,
relationships with clients and professional skills. This is particularly
important in the banking activity for which the primary type of
activity are services. The intellectual capital concerns the ability of
employees to create and multiply the value of the bank, through the
knowledge acquisition and dissemination, create lasting and loyal

The principles of banking risk identification and measurement
and estimation methods suitable for their warranty provision
amounts of cash, decide about the level of regulatory capital that
banks are required to maintain.

2. The meaning of capital in bank’s activity

The second category of capital according to the Basel II is the
economic capital, which is the basis for its second pillar. It's far
more difficult to estimate for the bank, because of the difficulty in
estimating the possible and potential risks in the bank's operations.
The economic capital is also based on the bank's equity capital and
includes such size, that is able to cover any financial losses arising
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from the activities of the market environment in which banking
entities are. In the calculation of total economic capital estimates
the level of bank's exposure to significant quantified types of risk
which measurement is made at the appropriate levels of
aggregation, consistent with the established allocation structure.
The determined size of the so-called. internal capital must give a
real scale of the economical risk incurred by the bank and enable for
financial security resulting from the losses, in case of its occurrence.
The economic capital therefore applies to the measurement of
capital at risk in the bank's scale, the measurement of risk across
business units, measuring operating performance corrected by the
risk.

character, under which, a relations to the customer, the obligation of
the mortgage bank to its redemption on the terms and at the time
indicated in the rules of the issue, combined with the payment of the
interest amount, arises. Mortgage banks offer two types of mortgage
bonds, whose classification is dependent on the base issue, which is
the entity that guarantees the repayment of liabilities. For this
reason, these banks may issue: mortgage bonds and public
mortgage.
The classic type of securities issued by banks are also bonds
which are such a financial instrument by which the issuer incurs a
liability at the investor (buyer of bonds) in the amount equivalent to
the issue price of the bonds. At the same time the debtor obligates to
return a debt, after at least one year from the date of maturity.

In the indicated classification, the identification of bank capital
in accounting terms should also be emphasized. In this approach,
capital is regarded as a source of funding active operations carried
out by banks. In this formula it adopts a dichotomous division
taking into account the equity and foreign capital. Miroslaw Capiga
emphasizes that a key element of capital management is its level,
which in turn can refer to determine the optimal capital structure.
Capital management requires consideration of differences between
investing bank capital and capital allocation. In the allocation of
capital, opposed to investment, there is no any cash investments. In
the literature emphasizes that the capital management policy should
take into account:
- Bank’s long-term capital targets,
- Preferred capital structure,
- Equity emergency plans,
- Delegate the capital management,
- Transformation of risk measures into capital requirements.
An important element of capital management is a capital
structure, that defines the relationship between own and foreign
sources of capital. In the activity of commercial banks the use of
foreign capital is the main source of funding and at the same time
identifies the trends of changes in the security of financing.

An important source of capital raising, particular in a short-term
is unsecured interbank deposits market. Therefore, a bank with a
financial surplus makes an active deposit (where the invested assets
are working), and the bank with a deficit of resources, makes
passive investments.
It should be emphasized that banks prefer stable sources of
funding, which can include, in particular, term deposits and debt
issues, in particular the long-term. For this reason, the sources of
financing of banking activities in the years 2009-2014 in the Polish
banking system have been assesed.

4. The structure of banking system’s Polish capital
The analysis of the funding sources of polish banking system
will be based on aggregated data presented by the Polish Financial
Supervision Authority. According to the division in the Polish
banking system commercial banks, cooperative banks and branches
of credit institutions can be extracted. Structure of polish banking
system represents table 1.

3. Bank’s activity funding sources
The activities of banks, focused on financial intermediation,
causes that banks acquire capital and transform it into the credit
activity. The primary funding source of active operations is to
acquire funds from the retail market in the form of a deposit. The
essence of a bank deposit comes to receiving for the temporary
disposal of the bank clients’ monetary units, stored and operated on
bank accounts for such deposits, on terms agreed between the
parties. Banks next to the reception of deposit accounts, have the
ability to issue securities. The securities, which banks are the
emitents can be grouped into two basic types: equity and debt
securities.
Equity securities (treasury shares of banks, investment
certificates) guarantee the right to property of the owner
(shareholder) to participate in the profits of the issuer and the rights
of non-pecuniary, granting him the right to vote, similar to the
securities amount held by him, indefinite time and factor risks.

Table 1: Number of banks and credit institutions
2009 2010

2011

2012

2014

Number of commercial banks

49

49

47

45

38

Share of assets commercial
banks in total assets banking
system (%)
Number of cooperative banks

88.7

89,2

91,7

91,7

91,0

576

576

573

572

561

Share of assets cooperative
banks in total assets banking
system (%)
Number of branches of credit
institutions
Share of assets branches of
credit institutions in total assets
banking system (%)
Source: Own work

5,27

6,07

6,05

6,36

6,84

18

21

21

25

27

5,84

4,72

2,2

2,08

2,15

The data presented in Table 1 indicate that the basis of the Polish
banking system commercial banks create, that in the analyzed
period accounted for almost 90% of the total assets of the Polish
banking sector. Cooperative banks strengthen its position in the
Polish banking system systematically, however, their share does not
exceed 7% of the assets of the banking system.

Debt securities (certificates of deposit, bonds, debentures) are a
confirmation of incurring debt by the issuer of the document, with
the creditor or holder of a security, on the amount of money which
the issuer agrees to return with the sum of interest at a given date.
These are debts securities with transferable character, which means
that they are sucjected to trade on the primary and secondary
market, transferring the property rights to third parties.
To debt securities issued by banks, certificate of deposit
belongs, which is a document certifying the acquisition of the
customer the right to receive interest due made by him an earlier
payment of designated amount of money for a pre-specified time
and rate of return.

Fig. 1. The formation of the total equity indicator to total assets in
the years 2009-2014 including the types of banks.

A special type of securities issued by mortgage banks only are
mortgage bonds. Mortgage bond is a document with the liability
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On the figure 1 the share of equity in total assets taking into account
including types of banks was diagnosed. It should be stressed that
commercial banks have a higher index of equity to total assets.
Changes in equity to total assets in the cooperative banking sector
indicate that a proportional increase in total assets throughout the
study period is proportional to the increase in shareholders' equity,
which results in very small changes assessed the relationship. In the
group of commercial banks an increase in this ratio in 2012-2014
can be observed. During this period, banks, strongly have been
increased the value of equity in relation to the increase in the total
balance sheet. It means that commercial banks a substantial portion
of the generated profts, have transferred to the increase in own
equity, which have increased the safety of the financial sector
slightly.
Analyzing the structure of funding sources the share of deposits and
issued securities in the total balance sheet should be assessed.
Because these components, according to the literature are a stable
source of funding. The importance of deposits and the issue of its
own securities in the total balance sheet of commercial banks with
foreign branches operating in the period 2009-2014 are presented in
Table 2.

have not been acquiring funds through the issue of its own
securities. It should be emphasized that this capital structure is not
satisfactory and the stability of funding sources need to be
increased.
Table 4 Structure of liabilities of branches of credit institutions

2009

2010

2011

2012

2013

2014

Share of deposits
in total liabilities

74,1

77,7

68,2

62,8

56,0

50,5

Share
of
Liabilities
under
own issue in total
liabilities

7,1

0,0

0,0

0,0

0,0

0,0

Source: Own work based on the literature

2009

2010

2011

2012

2013

2014

Disturbing financing structure applies to credit institutions whose
share in the Polish banking system is not significant (table 4). Such
a low share of deposits in the total balance sum means that banks
should be focused to improve the stability of funding sources of
economic activity. To assess the possibility of financing the banking
activity the rate of change in the value of non-financial sector
deposits in the entire banking system has been also assessed.
Evolution of this indicator is shown in figure 2

Share of deposits in total
liabilities

77,1

77,4

76,5

76,2

77,3

75,8

Fig. 2 Annual growth rate of deposits (non-financial sector)

Share of
Liabilities
under own issue in total
liabilities

2,3

3,0

4,0

5,0

5,0

4,4

Table 2: Structure of liabilities of Commercial banks operating with foreign
branches

Source: Own work based on the literature

From the table 2 analysis shows that in the group of commercial
banks, the main source of financing banking activities are disbursed
funds in the form of deposits. Their share in 2014 has slightly
decreased towards 2009 but still represents more than 75% of total
liabilities. A positive occurrence is the noticeable increase in total
liabilities arising from the issue of own securities. The growth rate
of these liabilities significantly exceeds the rate of progression of
total liabilities. Furthermore, it appears that the decrease in the share
of total deposits in total assets is accompanied by the increase in
their emissions. Analyzing the structure of liabilities of cooperative
banks (table 3) it must be emphasized that the deposits are almost
the only source of funding for the activities of these banks. In the
years 2009-2014 the have been accounted for almost 97% of all
liabilities.

Source: Own work based on Raport o stablinosci finansowej posliego
systemu bankowgeo. Warszawa, NBP 2015

From the presented data results that the rate of deposits value
growth currently stands at a satisfactory level. In 2013 the dynamic
growth rate of deposits located by enterprises was negative, which
meant that the companies deposited the lower values of free cash in
banks than in 2012. In the following years this trend has stopped
and the growth rate of acquired deposits remained positive. On this
background it should be emphasized that in the households group
the value of deposits derived in 2013 was still positive, however,
their growth rate slightly decreased. Similar as for the corporate
sector in the coming years, ie. 2014-2015, the level of invested
funds coming from domestic households have been significantly
expanded. Despite the sharp decline of deposits located by
enterprises in 2013, the total value of funds raised from the nonfinancial sector have been only slightly decreased. This was due to
significantly lower decrease of deposits from households in
comparison to enterprises sector. It can therefore be assumed that
household deposits are a stable source of funding, that ensure
continuous funding the Polish banking system. It should also be
noted that even in 2015 a high positive trend has remained, despite
the record interest rates cuts carried out by the NBP.

Table 3: Structure of liabilities of cooperative banks

2009

2010

2011

2012

2013

2014

Share of deposits in
total liabilities

96,1

96,2

95,6

95,9

96,3

96,3

Share
of
Liabilities
under
own issue in total
liabilities

0,0

0,2

0,4

0,4

0,5

0,5

Source: Own work based on the literature

Assessing the financial structure of banking activity, the internal
structure of the non-financial sector deposits should also be
assessed. This is due to the fact that the deposits from the household
sector are more stable and thus secure financial system even more.
Given the fact that commercial banks account for about 90% of the
assets of the banking system, the internal structure of the nonfinancial sector deposits were evaluated in this group of banks
(table 5).

The share issue of its own securities, plays a marginal role and for
the cooperative banking sector is still inaccessible source of
funding. Customers of cooperative banks having a surplus of free
cash, invest it in those banks almost exclusively in the form of
deposits. Much more diversified funding structure of the sector is
characterized by credit institutions.
The funding structure of credit institutions sector is much more
diversified. In 2009, the share of deposits in the total balance sheet
was similar to the structure of commercial banks and have
accounted for a little bit over 70%. In subsequent years, this
proportion significantly have been reduced and in 2014 has
accounted for only 50% of total assets. At the same time, banks
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Table 5. The structure of deposits from non-financial sector

References

2009

2010

2011

2012

2013

2014

M. Capiga, Zarządzanie bankiem, PWN, Warszawa 2010,

Corporates deposits

30,6

31,2

30,6

27,5

28,5

28,2

Household deposits

66,9

66,3

67,2

70,2

69,3

69,7

S. Czopur, Kapitał finansowy banków spółdzielczych, CeDeWu,
Warszawa 2012,

Deposits of non-profit
institutions
serving
households

2,5

2,5

2,1

2,3

2,2

2,1

M. Górski, Rynkowy system finansowy, PWE, Warszawa 2009,
M. Iwanicz-Drozdowska, Zarządzanie kapitałem finansowym
banku, PWE, Warszawa 2010,

Source: Own work based on the literature

T. Kaczmarek: Finanse przedsiębiorstw: teoria i praktyka,
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slightly. At the same time the share of corporate deposits has
slightly decreased for the period 2012-2014.

R. W. Kaszubski, M. Olszak, Bank hipoteczny. Zagadnienia
prawne, Difin, Warszawa 2000,
J. Lichtarski: Podstawy nauki o przedsiębiorstwie, Wydawnictwo
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5. Conclusions
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Abstract: Globalization and free movement of goods have significantly limited price competition among FMCG on-line retailers. A
relationship with a customer becomes more dependent on non-price factors such as: usability of e-commerce systems and trust in a company.
One of the goals of the research described in the article was to determine the influence on customer's satisfaction and loyalty by such factors
as: customer value, web-usability and trust. The article presents the outcome of the research conducted in Poland on the customers of Polish
FMCG on-line retailers.
Keywords: E-COMMERCE, WEB-USABILITY, USER EXPERIENCE, CUSTOMER LOYALTY, CUSTOMER TRUST

1. Introduction
In recent years, both in Poland and worldwide, one could notice
that significance of e-commerce has been increasing. Polish B2C ecommerce sector, which value in 2014 was approximately 7.2
billion euros, is growing most rapidly in Europe, with its annual
growth rate reaching approx. 17%. However, following the period
of tremendous development, the first symptoms of market
stabilization are occurring, including evidently lower dynamics of
launching new online shops. The existing on-line stores attempt to
take over as much of the demand as it is possible, however, high
competition has caused a decrease in trade margins, which makes
competing on price more and more difficult. In the light of this fact,
two main methods aimed at higher effectiveness of e-commerce has
become more significant: capturing more web-traffic (i.e. prospect
clients) and retaining the biggest possible number of customers in a
sales funnel until the moment of purchase [1].

Trust (ZA)

Usability (UZ)

Satisfaction (SA)

While analyzing the literature on e-commerce, one may notice
that one way of building a competitive advantage is to ensure high
usability of sales systems. According to some authors, the usability
of websites has a considerable impact on users’ satisfaction [2][3],
but it is not connected with their loyalty [2]. It has also been proved
that web-usability influences the perception (assessment) of a
website by a user [4]. In the research concerning online banking,
Hamid and Aziati proved a dependency between the usability of
banks‘ websites and the loyalty and level of trust of their clients.
Besides, they claim that the level of trust is related to the loyalty of
clients, and usability has more influence on client loyalty than the
level of trust [5]. Moreover, Sam and Tahir proved that webusability is a factor influencing the decisions on the purchase of air
tickets on specialized air ticket booking websites. They also noticed
a dependency between usability and the level of trust in a website
[6]. The significance of usability was also observed in another
research (Alhelalat et al.). According to its authors, the usability of
hotels‘ websites impacts user satisfaction and his intent to return to
the website, which constitutes a tangible benefit for a business [7].

Loyalty (LO)

Appropriately broad range of products
(KO3)
Satisfactory availability of products or
substitutes (KO4)
Beneficial payment and delivery conditions
(KO5)
Proper discharge of obligations to
customers (ZA1)
Fair information about products and prices
(ZA2)
No abuse of data provided (ZA3)
Easy searching for products/information
needed (UZ1)
No troubles while using a website (UZ2)
Additional features facilitating shopping
(UZ3)
Customer satisfaction with the shop where
products were purchased (SA1)
Customer’s will to recommend a shop to
his friends (SA2)
Internet supermarket most frequently
chosen by a customer (LO1)
Shop where a customer spends more money
than in any other internet supermarket
(LO2)
Intent to do shopping again in a given shop
(LO3)

Web-benefit
The sense of economic benefit experienced by a user of ecommerce website seems to be the most obvious factor influencing
his satisfaction and loyalty. This is one of the most frequently
indicated elements of competitive advantage, and the price level is
not the only aspect here: other elements that confirm a user’s belief
that he made a right economic decision while choosing a shop are
also important. In the case of internet supermarkets these are: other
economic benefits (promotions, loyalty programs, attractive
delivery prices, convenient payment options), range and current
availability of products. Therefore, the following research
hypotheses were proposed:

2. Prerequisites - the research model

H1: The sense of economic benefit impacts the satisfaction of
internet supermarkets’ customers.

Basing on the literature research, it was assumed that
customers’ satisfaction with the transaction conducted and their
loyalty are elements of competitive advantage of e-commerce
systems. The most frequently indicated factors which influence
them include: customer value, trust and usability of e commerce
solutions. The aim of the research de-scribed in the present article
was to check the dependency between the above-mentioned factors
in the case of Polish internet supermarkets on the basis of the survey
of their users. The first stage was to determine measures for all the
factors. The adopted measures are presented in Table 1.

H2: The sense of economic benefit impacts the loyalty of
internet supermarkets’ customers..
Trust
Trust to the business undertaking is often mentioned in
literature as a determinant influencing internet client experience.
For the purpose of this research, it was assumed that trust is
expressed by the client‘s belief that the shop where the purchase
was made properly fulfilled its responsibilities, such as providing
fair information about the products and prices, and did not abuse the
data provided. The study of this client experience was to be a basis
for testing the following hypotheses:

Table 1: Measures for the analyzed factors.
Criteria
Subcriteria
Customer Value (KO)
Attractive price level (KO1)
Attractive promotions/partner programs
(KO2)
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H3: Customer trust impacts the satisfaction of internet
supermarkets’ customers.
H4: Customer trust
supermarkets’ customers.

impacts

the

loyalty

of

Usability (UZ)
Satisfaction (SA)
Loyalty (LO)

internet

0.768
0.890
0.867

3
2
3

For all criteria Nunnally’s condition (αC>0,7) is satisfied, which
means that the consistency of the measurement scales is satisfactory
[9].

Usability
In recent years, the usability of user interfaces perceived from
various angles has be-come one of the significant elements of
competitive advantage. It affects not only a customer (by
contributing to the actions aimed at conversion path optimization),
but also the effectiveness of marketing actions (by the increasing
importance of website positioning in search engines). In the
research concerning the measurement of the usability level of online
shops, the following measures were used: easy searching for
products/information needed, no troubles while shopping, additional
features facilitating shopping. The results of this measurement were
used to examine the following hypotheses:

4. Results of the research
At the first stage, the dependency between average user assessments
for all pairs of the criteria (srKO, srZA, srUZ, srSA, srLO) was
tested. The results are presented in Table 3.
Table 3: Dependency of average assessments for pairs of the criteria
(α=0.05; p=0.001).
srKO – srSA
r=0.64
srKO – srLO
r=0.74
srZA – srSA
r=0.55
srZA – srLO
r=0.51
srUZ – srSA
r=0.75
srUZ – srLO
r=0.67
srSA – srLO
r=0.69

H5: Website usability impacts the satisfaction of internet
supermarkets’ customers.

In order to analyse the power of influence of Customer Value, Trust
and Usability on Satisfaction and Loyalty, the multiple regression
analysis was conducted. The results are presented in Tables 4 and 5.

H6: Website usability impacts the loyalty of internet
supermarkets’ customers.
Satisfaction vs. loyalty

Table 4: Multiple regression analysis for dependent variable srSA (α=0.05;
p=0.001)

In addition, measures of customer satisfaction and loyalty were
also determined in the research. They were used to analyze the
extent to which each of these qualities is related to the sense of
benefit, trust and usability, and what is a direct connection between
them. To achieve this goal, the following hypothesis was examined:

Model summary

H7: Satisfaction of internet supermarkets’ customers with the
transaction conducted impacts their loyalty.

ind. ftr.

b

b err.

Beta

t

p

R

0.829

(const.)

-1.412

0.233

-

-6.048

<0.001

R2

0.687

srKO

0.330

0.065

0.245

5.105

<0.001

R2 adj.

0.683

srZA

0.374

0.061

0.263

6.165

<0.001

st. err.

0.571

srUZ

0.670

0.061

0.516

10.913

<0.001

F

154.41
4

The research model is presented on Figure 1.
Table 5: Multiple regression analysis for dependent variable srLO (α=0.05;
p=0.001)
ind. ftr.

b

b err.

Beta

t

p

R

Model summary
0.824

(const.)

-1.603

0.242

-

-6.629

<0.001

R2

0.679

srKO

0.663

0.067

0.482

9.906

<0.001

R2 adj.

0.674

srZA

0.290

0.063

0.200

4.612

<0.001

st. err.

0.592

srUZ

0.434

0.064

0.327

6.829

<0.001

F

5. Conclusions

Fig. 1 Research model

On the basis of the analysis conducted, it was stated that the
hypotheses H1 – H7 should be accepted with the following remarks:
the relations srUZ – srSA and srKO – srLO should be considered as
strong, while the relations srKO – srSA, srZA – srSA, srZA – srLO,
srUZ – srLO, srSA – srLO as medium-strong. The proposed models
of multiple regression for the de-pendent variables srSA and srLO
are characterized by a high indicator of goodness of fit to the data
model (variability of a dependant variable was explained by the
regression in 68.3% and 67.4% respectively). Besides, the research
conducted showed that website usability essentially impacts the
satisfaction of a customer with the transaction conducted, while
customer loyalty is the most influenced by customer value.

3. Implementation of the research
The quantitative research was conducted on the group of 246
customers of Polish internet supermarkets, with the use of an online
survey. The respondents were questioned about: demographics,
shopping habits, the assessment of the internet supermarket, where
they purchased products (according to the measures presented in
Table 1) and additional usability issues. The assessment of a shop
was given according to each subcriterion in the 5-level Likert scale.
There were 215 complete answers obtained which were appropriate
to be statistically processed.
To evaluate the adequacy of the assessment subcriteria, the
dependencies (correlation coefficient) between average assessments
for each criterion and assessments for sub-criteria were analyzed. In
all cases at least a moderate dependency was identified, which
confirms the adequacy of the subcriteria [8]. In addition, The
consistency of the measurement scales (subcriteria for a given
criterion) was verified, using Cronbach‘s alpha. The results are
presented in Table 2.
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Abstract: : Author provides the definition of information society as a society in which economic development, social change, quality of life
and social order depend on the knowledge and methods of information operation, and its expression can be characterized by certain criteria.
The characteristics of scientific concepts of information society and economy development in institutional theory are considered. The
scientific approaches to determining the nature of the information society, its processes and driving mechanisms are analyzed. The author
pays special attention on informatization of Ukrainian society, defines a number of negative factors that operate today. It is concluded that
Ukraine has become more sensitive to crises and instability. The measures to create organizational and legal mechanism for effective
functioning and further development of the information society are determined.
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Economic theories, existed in the late twentieth century,
concerned mainly the sphere of material production. However, the
development of information technologies on the basis of modern
computer technology began to operate with new concepts, such as
an information resource, the product of intellectual work,
information environment. It determined the necessity of study of the
important methodological issues of economics for information
activities, which includes objectives, tools and result of the process.
There was a fundamentally new concept - the national information
resources, which were considered as new economic category. It is
believed that in the XXI century information resources will be
fundamental national wealth, and efficiency of their industrial
exploitation will increasingly determine the possibility of the
country.
According to Daniel Bell [2], post-industrial society
comprises five main components of this concept:
1) in the economic sector: the shift from manufacturing to
expand the scope of services;
2) in the structure of employment: the dominance of
professional and technical class;
3) the fundamental principle of society: central place of
knowledge as a source of innovation and policy formulation;
4) decision-making: the creation of a new "knowledge
economy";
5) the future orientation: the special role of technologies and
technological assessments.
F. Mahlup [3] in 60-ies of the XX century considered more
than 30 industries of "industry knowledge". He grouped them into
the following five classes: 1. Education; 2. Research and
development; 3. Means of communication; 4. Information
machines; 5. Information services.
American scientist M. Porat [4] proposed a typology of
information areas: 1. Production of knowledge and innovation; 2.
Distribution of informatics and communications; 3. Risk
Management; 4. Search and coordination; 5. Processor transmission
of information; 6. Information products; 7. Means of information
activities providing.
In the system of socio-economic development, the
information economy as a social resource of labor is one of the most
important evaluation criteria of rationality, including the
effectiveness of the socio-economic system organization. J. Stigler
is the founder of "information economy" and "economic
governance". One of his essay "The information on the labor
market" [5] is the starting point for all further works. He noted that
information is a valuable resource, and "knowledge is power".
According to him, "our understanding of economic life will be
incomplete if we do not systematically take account of the cold
winds of ignorance".

1. Introduction
The evolution of theoretical economic knowledge in historical
perspective from the state of classical science through neoclassical
to postclassical caused the fundamental changes in its
methodological basis and theoretical content. Each of these phases
is characterized by inherent specific fundamental basis - the
scientific worldview; norms and ideals of the study; network of
objects that are drawn to the attention of scientific knowledge.
The theory of information (post-industrial) society, revealing
the main provisions of economy and society, has become the
methodological basis for determining logical steps in civilization
progress, a clear periodization of human history as a unity of preindustrial, industrial and information, postindustrial society
[1].Nearly 15% of the population of our planet ("golden billion"),
live in developed countries, in which the information mode of
production and the information society information technology are
becoming. About half of the population lives in industrial mode of
production and industrial society. The rest of the world's population
(nearly a third of residents) live in countries and backward areas of
some countries that are in the pre-industrial stage of socio-economic
development.

2. The main material
Information society is defined as a society in which economic
development, social change, quality and way of life depend on the
knowledge and methods of operation of information and expression
of which can be characterized by the following criteria:
technological - a key factor - information technology, widely
used in all areas of society;
social - information serves as an important stimulator of
changes in quality of life, in which "information awareness" in free
access to information is formed and states;
economic - information is a key factor in the economy (as a
resource, product, source of value added and employment);
political - free access to information provides the political
process with increasing participation and consensus between
different classes and social strata of population;
cultural - recognition of the cultural value of information as a
means for promoting information values in the interests of the
individuals and society as a whole.
Of course, the concept of the information society should not
allow rude technological determinism. It must take into account the
difficulty, complexity, contradiction of new technologies
introductions in public life, the interaction among various factors of
social development, including the prominent role of the human
factor.
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K. Kelly was one of the first to describe the main features of
"new economy" in his book "New Rules for the New Economy" in
1995 [6]. According to him, most obvious in a changing world, are:
1) the global nature of the changes taking place; 2) operating with
intangible benefits: ideas, information and relationships; 3) close
interweaving and interaction among individual segments of the new
economy. He formulated twelve new laws: communication,
completeness, exponential growth, turning points, increasing
returns, reverse pricing, generosity, devotion, temporary descent,
replacement oil fights, inefficiency.
In an economy based on information and knowledge, human
and intellectual capital, which produces innovation and contributes
to productivity growth, put forward on top (Figure 1). Thus,
efficiency of intellectual capital and intellectual labor determines
the prospects of the economy. Due to the dialectical relationship
between intellectual capital, globalization and information
economy, latter is self-sufficient and has a stable mechanism for
self-development.

positive relationships between productivity, security, cooperation
and responsibility within the new model of development that can
ensure economic, social and environmental sustainability in the
country.
Mostly, disagreement between social and economic policies is
caused by misunderstanding of the origins and hidden content of
transformation, that is taking place. Therefore, it is necessary to
apply to the processes that are its driving mechanism, in particular,
on the one hand, modern stage of society development is a
traditional, and, on the other hand is a radically new. Its principal
novelty is that all processes are supported by the latest information
and
communication
technologies
(hereinafter
infocommunications), which are the basis for additional sources of
increased productivity, creation of new organizational forms and the
formation of the global economy.
Information technologies are not the main reason for the
changes that society is experiencing at the present stage of its
development. However, such changes would not have been possible
in the absence of new information and communication technologies.
Moreover, our planet is incorporated in the global
telecommunication computer network, which is the basis for local
information systems and communication processes.
Leading countries have taken an active position on the
formation of information society. They have identified and
formulated the policy of its development. International
organizations whose purpose is to contribute to building the
information society are established (for example, Information
Society Forum, European survey of the Information Society
(ESIS)).
It is known that the information in a society with a market
economy is considered by scientists and practitioners as a strategic
resource that provides acceleration of production processes, helps to
economize all existing types of resources and allows to increase
productivity, create a real opportunity to accelerate the scientific
and technological progress, including through information and
communication technologies [7].
Informatization is the tool of contruction of an information
society. According to some scholars, "informatization of society is
the final stage of the scientific and technological revolution and the
beginning of a spiritual revolution of society". Therefore, the
following definition deserves attention: "Industrial society is
transformed into information when the value of communication
between agents prevails over the value of industrial production."
According to the definition given by the EU Commission,
"information society is a society, in which human activity is based
on services provided by means of information and communication
technologies" [8].
Unfortunately, we must note the following negative factors in
informatization of Ukrainian society:
unsatisfactory providing the appropriate authorities with
complete and accurate economic information, and simultaneously
receiving by them the information that prevents the adoption of
management decisions adequate the situation;
very large range of organizations engaged in legal practice on
informatization, which leads to contradictions in the norms and
terminological confusion;
lagging of the domestic infocommunication technologies,
orientation on the purchase of imported unlicensed technics, allows
unauthorized access to the information resources and increases the
dependence of domestic consumers of foreign manufacturers of
computer and telecommunications equipment.
There are problems associated with a lack of coordination of
executive bodies in this area in Ukraine. This includes standards,
formats, regulations of information exchange for the
implementation of full electronic document using a digital
signature, creating the system of electronic information resources of
executive agencies and others.
The first state strategic step in Ukraine was the development
and adoption of the basic principles of the Information Society,
based on Development Strategy of Ukraine until 2020 (hereinafter Strategy) [9]. The Strategy involves organizational and personnel

INFORMATION ECONOMY

Promotes the
development of the
information society,
stimulates intellectual
labor

Causes the
development of new
technologies and
production of new
products

Generates human capital

Provides
new virtual
markets of
goods

Contributes to the
development of
information and
communication
culture

Deepens globalization process

Stimulates the development of
economic integration and
cooperation
Accelerates the development of
intellectual capital

Figure 1. The human and intellectual capital in the system of
relationships of global trends in the information economy
There are a number of approaches in the methodology of
scientific research of an information society that reflect the data in
Table 1.
Table 1
Scientific approaches to determining
the nature of the information society
Approach
Economic

Representatives
F.Mahlup, M.
Porat, D. Bell,
V. Geyets

Information T. Umesao,
J. Hayashy,
J. Ito

Technological

A. Duff, P. Nora,
A. Mink

Synthetic

K. Steynfild,
J. L. Salvadzhіo

The principle of definition
Economic component - a part of
financial sector in the GDP growth dominates
It is based on the theory of "information
explosion", according to which the
amount of available public information
increases, leading to quantitative
changes in the economy and the
information society
The main determinant of the
information society is the spread of
information and communication
technologies
The basis is a separate group of
"synthetic" theories, which combines
listed above approaches

We will follow the definition done by academician A.
Chukhno [1], "Information society is the most developed
civilization according to the technological mode of production,
which arises due information and computer revolution and is based
on information technology, "smart" computers, automation and
work of all spheres and sectors of the economy and management,
unified fullest integrated communications system".
Prospects of socio-economic development of society are
determined by the possibility of formation of synergetic interaction
between innovation and human values, which makes this
restructuring of organizations and institutions that would ensure
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security of the functioning of the overall information market and
economic information in particular. Creation of public electronic
information resources, implementation and use of ICT in the
national economy will form a system of motivation among the
population and obtaining of conditions for computer and
information literacy. Implementation of the principles of this
document ultimately provides improving of the competitiveness of
the national economy through the development of human potential,
especially in highly intellectual labor areas, as well as expanding of
the export potential of ICT and the Internet economy.
Today, the functionally new infocommunication technologies
are equivalent to the electric current in the industrial age.
Nevertheless, they are not able to solve social and economic
problems in society. However, access to information and
communication technologies and their use in the context of our
reality, are the prerequisite for social and economic development,
and ultimately they lead to the construction of the information
society. Economic researches show a direct correlation between the
spread of information technology, productivity and competitiveness
of companies, firms and countries as a whole.
The crucial role of information and communication
technologies in promoting development has two aspects. First, they
allow countries to rapidly develop the economy, modernizing the
production system and increasing competitiveness. Second, the gap
becomes cumulative for countries that are not able to adapt to the
new technological system.
The industrial epoch is fundamentally different from the
information epoch by the fact that information and knowledge have
always served authorities and production. But when new
infocommunication technologies made it possible incessant growth
of knowledge and experience for humankind, the production
potential became unprecedented, and the relationship between
intellectual activity and industrial production – extremely dense.
Consequently, reducing the gap between social development and
economic growth with the help of technological innovation,
information management and equitable global development is one
of the most urgent issues of the XXI century.
Marginal social unevenness of globalization correlates with
the flexibility and global scope of informational capitalism.
Education, information, science and technology play a key role in
the current conditions. The transformation of education on general
has led to the fact, that the level of education has become more
important than the number of educated people. Disadvantages of
education and lack of information infrastructure lead to such
condition when a large proportion of the countries is dependent on
the functioning of the globalized economies and, as a result,
becomes more sensitive to crisis and instability, which, in turn,
influence on the global financial market.
Believed, that the possibilities of information society are
endless. There are four tasks in its establishment and further
development:
1. Creating a legal framework that improves and protects
existing democratic rights and freedoms.
2. Establishing practical rules that encourage people to use
new technology.
3. Ensuring awareness about the real opportunities for every
citizen.
4. Guaranteeing conformity of products and markets to the
highest quality standards and consumer protection.
According to the recommendations of the Council of Europe,
prepared by a group of experts, EU Member States should expedite
the process of liberalization of the telecommunications sector
through [8]:
1) the opening to competition monopolized infrastructure and
services;
2) the elimination of political pressures and budget constraints
for non-commercial telecommunications operators;
3) the development of a clear plan and order of
implementation of practical measures to achieve these goals.
Thus, there are some features of the information society:
• information is production power;

• the problem of informational crisis is solved, and the
contradiction between the information avalanche and hunger is
eliminated;
• priority of information compared to other resources;
• infocommunication technologies acquire universal
character;
• informational unity of all human civilization is formed, that
is, society is globalized;
• increase in the share of high technology products and
services in the production.
One of the most important tasks of information activity of any
country is to develop and support its positive image in the global
information field. Ukraine has not fulfilled the task for the
following reasons:
the total amount of information about Ukraine and its foreign
policy is inadequate its capacity;
available information is mostly outdated and biased;
insufficient funding by the state of its representation in
international exhibitions of achievements on world markets.
The domestic media market is characterized by the following
negative trends:
very low quality of the information provided;
undeveloped system of search, analysis and presentation of
information;
significant dependence on various political forces, and therefore,
partiality;
very small percentage of production of domestic information,
and therefore, large percentage of consumption foreign information
products (sometimes with low quality);
insufficient advocacy of national idea of creating and
development of an independent state.
For establishing the organizational processes of information
society formation and effective functioning of the information
economy, it is necessary to provide the legislative support and legal
protection.
One of the main problems of legal regulation of information sphere
is its complexity, because these processes cover a wide range of not
only legal, but also economic and technological problems.
Analysis of international experience shows that flexible legal
and economic mechanisms, which determine the actions in the
development and distribution of information products and services,
operate in functioning of an information sector of some countries.
They have developed system of legislation, regulating the information
activity, called information law.
Legal support of information society in Ukraine is developed
in the following areas: the process of informatization, securing the
right of citizens to information, clarification of copyright, creation
of uniform information space, administrative and judicial protection
of information sphere.
The main objects, that require the legal regulation, are: the
right to information; the results of scientific, technical and
production activities as a source of information; protection of the
interests of participants of the processes of creation, storage and use
of information; financial and economic activities of scientific and
technical information agencies.
The current state of legal support for some aspects of the
information economy functioning:
Freedom to information (right to information and access to
information). Freedom of speech and freedom of expression in the
mass media are guaranteed by the Constitution of Ukraine and the
Law "On the print media (the press in Ukraine)". The right of every
citizen to freely and independently seek, receive, record, store, use
and disseminate any information through print media is determined.
Protecting information. The system of normative acts, aimed
at protecting information resources, is insufficient and can only
partially solve the problem of public relations. Protection should
begin at an early stage, when the real loss have not caused.
The rules that prohibit unauthorized access to the computer and
familiarization with computer data, as well as the modification or
destruction of data are necessary. Storage and development of
means to obtain illegal access would lead to criminal action.
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• provide the civilized formation of a virtual segment of
information market.
Therefore, analysis of scientific issues and trends of the
information society has showed that it will become a reality for
some countries in the coming years, but for others - a landmark for
development. The result should be a social structure based on a
comprehensive, multilateral knowledge and inseparable from it
information, circulating in open systems and having a synergistic
effect.

Legal acts, regulating relations in information activities, are
combined into a single comprehensive legal unit - information law.
It has been proposed to introduce in it also the laws on patent and
licensing activities, scientific and technical expertise, copyright,
intellectual property and technical protection of information. The
set of legal norms should cover the relationships between all entities
that exist in the information field, information activity and
capitalization of market agents.
It is necessary the formation of coordinated legal and
regulatory framework that clearly defines the conditions of
commercialization and distribution of information products, the
criteria for measuring their cost, allows to build a flexible
mechanism of civilized realization of the rights of businesses and
individuals on information resources on domestic and foreign
markets.
The need to introduce legal restrictions on dissemination of
information to guarantee national scientific, technical and economic
interests should be taken into account. It is necessary to raise
awareness in society, to establish the general agreed principles for
the regulation of intellectual property protection, to provide privacy
and information security in Ukraine and in Europe, and, whenever
possible, internationally.
The information revolution can be seen as an important
geopolitical factor that can change the relationship between power
centers, regions and states. This thesis puts forward the complex of
information problems of international character to each state:
1) building a system of international relations in the new
conditions of information transparency of state borders;
2) development of public policy in relation to the world open
networks and providing the entry of national and corporate
information and telecommunication networks in them in terms of
national interests protection;
3) the possibilities of the use of information technology as
information weapons, and the threat of information terrorism.
Guaranteeing of protection and control of national
information space is possible only in terms of skilful combination of
two main approaches: the creation of powerful information flows
that support the livelihoods of system characters, attitudes and
stereotypes and ensure its expansion in the world around us;
limiting access to information, control of information flows.

4. References
1. Чухно А.А. Институционально-информационная
экономика: учебник / А.А. Чухно, П.М. Леоненко, П.И.
Юхименко; под ред. акад. НАНУ А.А. Чухно. – К.: Знание,
2010. – 687 с.
2. Белл Д. Грядущее постиндустриальное общество. Опыт
социального прогнозирования. / Пер. с англ. – М.: Academia,
1999. – 787 с.
3. Махлуп Ф. Производство и распространение знаний в
США. – М.: Наука, 1966.–383 с.
4. Porat M.U. The Information Economy: Definition and
Measurement. US Department of Commerce. Office of
Telecommunications; U.S. Government Pr. Office, Wash.B.C.
1977.
5. Stigler G. The Economics of Information / G. Stigler // The
Journal of Political Economy. – Vol. 69. – 1961. – P. 213-225.
6. Kelly K. New Rules for the New Economy. Ten Radical
Strategies for a Connected World / K. Kelly. – N.Y.: Penguin
Books, 1998.
7.
Жаворонкова
Г.В.
Информационное
предпринимательство: инновации, консалтинг, маркетинг:
Монография. – К. : НАУ, 2003. – 366 с.
8. Европа на пути к информационному обществу:
Сборник документов Европейской Комиссии 1994-1995г.г. – К.
: Госкомсвязи и информатизации Украины. – 2000. – 180 с.
9. Украина 2020: Стратегия национальной модернизации.
– К. : ДУИЕП НАНУ, 2010. – 148 с.
10. Жаворонкова Г.В. Формирование информационного
общества в Украине / Жаворонкова Г.В // Проблемы
повышения эффективности инфраструктуры: Сборник науч.
трудов. Вып. 26.- К.: НАУ, 2010.- С. 43-49.

3. Conclusions
Thus, for the efficient operation and further development of
the information society it is necessary to create organizational and
legal mechanism that would include a number of measures [10]:
• focus the public information policy on complex support of
producers and users of ICT;
• secure the leading role of government in the development
of information industry, and promote the development of private
information sector at the same time;
• bring the legal framework of information industry in
accordance with national and international requirements;;
• develop a security and legal protection of both the
information and its sources and systems of receiving;
• work out an information product licensing system, and
institutions of its creation and distribution;
• provide unimpeded access for all levels of users to banks
of information products on national and global markets;
• create the conditions for formation of own modern
information channels of connection and telecommunication
systems;
• determine the nature, structure, interrelations of system
for collecting, processing, information sharing and information
services providing at national, regional, and sectoral levels;
• analyze the feasibility of scientific and technological
developments in the markets determine the domestic and foreign
analogs for use in the national information-analytical system;
• expand interstate exchange of information;
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accompanied by contradictory tendencies and phenomena.
Significant changes in the health care system were launched in
January 2014.

1. Introduction
In connection with the crisis phenomena in the Russian
economy, the resource base of the social sphere is reduced at both
the national and regional levels, and it worsens the conditions of
formation of human capital. In addition, spatial inequality of these
conditions is increasing that, in particular, is associated with the
transfer of functions of social sector financing to the regions and
the corresponding rise of regional expenditure commitments. In the
context of chronic shortage of most regional budgets, the amount of
financial resources is insufficient for the functioning of social
infrastructure.

Today there is a state program called “Healthcare
Development” [6]. The state program implies two stages – the first
one from 2013 to 2015, the second one from 2016 to 2020, with
total volume of funding about 33 trillion rubles. The need for
reforming is predetermined by several reasons, among which one
should note an task of a more efficient use of the budget funds,
including ones allocated for new equipment and technologies. The
experience of the previous years showed that bigger amounts of
money was spent on the purchase of advanced medical equipment
and its provision to health institutions but it did not result in better
medical services within the existing system. In some cases, the
equipment was idle, not used for their intended purposes still either
because there were no trained personnel or due to insufficient
demand. Medical equipment and technologies were used
effectively, as a rule, in multi-field hospitals having all sorts of
departments.

A well-developed social infrastructure contributes to the
improvement of the migration attractiveness and provides inflow of
human capital to the economies of inhabited locations [1, 2, 3].
Human capital management in a region means joint development of
health capital, educational capital and cultural capital [4, 5]. The
basis of human capital is health capital, so the most important for
the economy of regions, in this respect, are the services provided
by healthcare and educational organizations. Access to high quality
medical services, including high-tech ones, is the most important
factor which determines people’s quality of life.

The paradigm of the reform is: optimizing health institutions,
eliminating inefficient institutions, reasonable reducing the number
of medical staff, raising salaries of medical workers, on the basis of
using the budget funds by more efficient way. The final goal of the
reform is to make medical services better and more available as the
most important constituents of the people’s quality of life.

Because of limited budgets, the basic ideology of the Russian
reforms of the social sphere, including health, is the fiscal
efficiency. The main instrument for the implementation of the
reforms is to improve the health organizations in the regions
through active use of innovation and spatial concentration of hightech medical services.

Innovations in the reform are developing in several areas
related to modernization of the healthcare system. The steps of
realisation of innovation processes include forming big regional
centers which provide hi-tech medical services, purchasing modern
medical equipment, and wide introducing information technology
in practical activity. Medical information systems are being more
broadly used as the basis of electronic document flow. Inspite of
these facts, one can notice not only some absolutely positive results
but some aspects of a growing social risk.

The optimization of primary medical care – first-aid stations
and village clinics – was based on the hypothesis that innovative
capabilities of modern medicine, communications and
transportation can provide the population with essential health
services. However, in practice, spatial inequality in access to
services increases. This calls for a change in the paradigm of
funding the healthcare reforms and innovations.
The objective of the theoretical research is to reveal the
problem of the increasing of spatial inequality of social and
economic advancement of the regions in the context of human
capital development and suggest possible ways to solve it.

Regarding innovations, they have been spatially concentrated
in large health centers, which provide hi-tech medical services.
Financial resources of the country have also been focused in this
field. Consequently, capacities for complex surgery and
rehabilitation have grown noticeably.

2. Prerequisites and means for solving the
problem

However, the first outcomes of the reform in the social aspects
cannot be recognized as unambiguous since they have
demonstrated contradictory social results. This is an opinion of
medical experts, state auditors, and it is confirmed by the official
statistics.

During the last few years in the Russian socio-economic system
there is the implementation of the healthcare reform, which is

44

According to the auditors of the Accounts Chamber of the
Russian Federation, about 90000 medical workers were made
redundant, 350 healthcare institutions were reorganized during
2013, 26 hospitals were closed in 2014. More than 33000 hospital
beds were eliminated. At the same time, hospital death rate
increased by 3.7% (61 regions showed the growth). 17500 rural
settlements do not have health institutions (over 11000 of them are
located more than 20 km away from the nearest medical aid
station), the volume of the fee-based services have grown by 24%.
In 49 regions (more than 50%) the number of hospitalized patients
decreased and the number of deaths grew [7].

The idea of distance medical consulting for those living in
remote locations, which is expected to be provided due to the
development of Internet facilities, seems doubtful. Due to the
absence of “intermediaries” (doctors, nurses) when getting such
information there is a problem related to interpretation of the
consultation, medical errors are more likely to appear, and
information channels can be overloaded with unnecessary
information.
Very low position of Russia in international rating of the
effectiveness of health systems confirms the negative trends in
health care (the ranking prepared by the agency of Bloomberg, it
includes 55 countries with population over 5 million people) – 54,
last but one, position for the year 2015 [14].

The budget funds allocated for the reform, including those
allocated for innovative modernization, are used ineffectively in a
number of cases. The problem of using the medical equipment has
not been settled. According to the All-Russian People’s Front, 9000
units of the high-tech medical equipment purchased in the context
of modernization are not used. According to the Foundation
“Zdorovie” (rus. Health), 32 billion rubles (about 400 million euro,
exchange rate 80 rubles per euro) was spent on IT processes.
However, only about 14% of the Russians have electronic medical
charts. Also regional differentiation of expenses is not quite
understandable. For example, the cost of 1 square meter of floor in
a perinatal center in Nizhny Novgorod Region in comparison with
Pskov Region are more than twice different, and the cost of one
bed is more than 3 times different. The purchase prices of the same
medicines, that welfare beneficiaries are provided free of charge,
can be dozens of times different depending on the region [8].

The concept of concentration of the resources and innovations
in “growth points” of the healthcare system under conditions of the
lack of efficient mechanisms for spatial diffusion of innovations
and ill-conceived practice of pseudo-optimization falls short of
expectations in terms of equal conditions for human capital
formation. It is necessary to review the paradigm of spatial spread
of results of innovative activity in provision of medical services.

3.

Solution of the examined problem

The conceptual bases for reforming the healthcare system can
be revised from several positions in terms of spatial spread of
innovations. First, it is reassessment of the role of the primary
chain, even in case medical institutions don't have the necessary
quality equipment and personnel. Partially innovations have to be
made closer to a patient by providing basic equipment to the
existing medical stations and, if needed, staff training. We see that
first-aid stations and rural clinics are closed exclusively because of
the necessity of budget cost restriction, but it is unacceptable to
ignore social risks. Some of the money has to be redistributed from
exclusively hi-tech medical services, provided by innovative
centers, towards to nets of primary healthcare.

A well-known spatial problem is the difference in the
conditions of human capital development in urban and rural areas,
which causes migration processes. Concentration of healthcare
facilities in large hi-tech centers with simultaneous reduction of
first-aid stations in rural areas and small towns in the conditions of
considerable scatter of populated locations and low development
level of transport infrastructure (poor road quality, fewer number of
public transport routes due to unprofitability) results in poorer
quality of life in smaller locations and brings about growing spatial
disproportions. In addition, medical services are becoming more
and more available for those living in large cities.

Secondly, the idea of distance medical aid has to be elaborated
further. It is reasonable to review an idea of using medical expert
systems, which help to take decisions at the primary level, and use
distance consulting facilities at the same time.

In special issues of mass media and analytical reviews there are
numerous examples proving that medical services are getting worse
in rural areas [9]. The number of round-the-clock beds in hospitals
diminishes. It is expected that medical services will be given in
outpatient facilities. However, this is impossible given very low
transport availability of medical institutions. If the plan of
hospitalizations was fulfiled until the end of a year (planning is
done in the system of compulsory medical insurance), hospitals are
virtually become unable to function. As a result, patients, for
instance, with heart diseases have to be treated in outpatient clinics.
This contributes to advancement of illnesses and growing demand
for high-tech medical care [10]. The newspaper “Rossiiskaya
Gazeta” notes that since 2015 all outpatient clinics have been
financed according to the “per capita” principle – the more patients
they have, the more funding they get [11].

This will allow identifying in due time the needs for medical
care, shortening the time for dealing with patients, and reducing a
possible information flow which is sent for consulting. Expert
systems must be based on the capabilities to use synergy properties
of a council of doctors, which will reduce chances of medical
errors. For using expert systems it is necessary to keep the primary
chain of healthcare with relevant specialists. These specialists must
be trained to work with such systems. The main objective should
be to reveal cases which require additional distance consulting and
further medical care in hi-tech centers.
The world practice includes ideas related to development of
medical expert systems. Expert diagnostic systems were first
developed in the USA in 1967 (MYCIN) based on propositional
connections. MYCIN is a diagnostic system that identifies
infectious blood diseases and generates recommendations to cure
them. The system is based on a medical knowledge base about
microorganisms causing diseases and symptoms of diseases. The
MYCIN system has sustained competition with consultations of
highly-qualified medical experts. A knowledge engineering
language called EMYCIN was developed based on this system for
working out other expert systems. Thus was developed a medical
system named PUFF oriented on diagnostics of lung diseases.
Further development implied a capability to get a line of reasoning
which makes the system come to conclusions (TEIRESIAS). The
world experience proves that for successful operation of expert
systems it is necessary to use intermediaries between experts and a
system itself, who enable to formalize effectively expert opinions
[15]. In the USSR there were also attempts of similar development

One can say that the outcomes of innovation development are
paradoxic: on the one hand, availability of high-tech services has
expanded, on the other hand, insufficient level of first-aid led to a
decrease in the quality of life in rural areas and small towns.Thus,
as a result, the economic and social disparities in the regions have
increased. Furthermore, differentiation of medical services
availability depending on the point of residence is growing
unreasonably. Thus, according to the Accounts Chamber, the
number of rural residents who were provided with health services
decreased in 2014 by 32000 people. The death rate was 13.1 per
1000 people (the planned figure was 12.8) [12]. According to the
Independent Monitoring Foundation “Zdorovie” due to the poorer
access to first aid, reduction in the number of outpatient clinics and
nurse’s stations, patients tend to end up in medical institutions with
aggravated stages of diseases or even just die from them at home
[13].
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in the All-Russian Scientific Research Institute of System Research
(academician Larichev, O.) [16]. There are prospects for selflearning intelligent systems (SLIS). In this case a doctor can share
their own experience and that of their colleagues and use an effect
of a council of doctors. Successful examples include using an
automated information system of medical decision support TAIS
developed under supervision of Prof. A. G. Ustinova (Russia,
Pirogov Russian National Research Medical University
(RNRMU)); computer express diagnostic system “DIAKOMS”
(developer – V.V. Lakin RNRMU, Russia), etc. Some modern
research about development in various fields and branches of
medical knowledge is dedicated to the problems of using expert
systems in healthcare as well as issues concerning obtaining
effective results and ensuring conditions for using this approach
[17].

Second, it is insufficient advancement of the medical expert
systems, which must be based on a range of opinions, like a council
of doctors.
Third, it is need for training medical staff to use the expert
systems.
Fourth, it is absence of actual experience in distance consulting
in Russia, which creates an illusion of a simple solution to the
medical care problem in remote locations and prevents seeing into
alternative approaches.
Fifth, it is prevalence of conceptual, “growth points” based
approaches in the positions of the decision-makers.
Sixth, serious economic difficulties noticeably reduce
capabilities of solving any social problems and the easiest way to
save money is to cut the number of organizations and staff.

Since 2012 the IT company of Socmedia, resident of the
innovative center of Skolkovo (since 2014) has been working in the
field of healthcare, specializing in developing expert systems in
healthcare. This company creates the UMKB – the United Medical
Knowledge Base – through a medical knowledge modeling
technology. Medical experts and scientific centers are involved and
a tool for remote modeling of medical knowledge is being created.
The company, in particular, is involved in developing expert
systems for predicting risks of disease progress, complications and
therapy efficiency, early disease detection, therapy planning,
patient condition monitoring, automated systems for analysis and
statistic processing of clinical material. The system “Electronic
GP” is being developed on the principles of AI [18].

Research in these fields can be continued and their results may
be the basis for a new concept of the healthcare reform.

5.

Health services, their quality, volume and availability build up
the foundations for the quality of life, basis of human capital. An
effective healthcare system is a long-term factor ensuring
sustainable well-balanced development of national and regional
social and economic systems.
The reform of the Russian healthcare system was aimed at
comprehensive enhancement of all the elements of the system
based on the use of innovation results.

From the financial standpoint, the suggestions above mean
redistribution of the money allocated by the government for solving
healthcare problems from the positions of the primary chain. As for
spatial spread of innovations, it is, in essence, distribution of
innovative solutions in the all settlements. The social effect of
innovations in healthcare in this case will be distributed more fairly
between urban and rural areas, between big cities and small towns.
Improvement of first aid organizations will be ensured both in
terms of the quality of medical services (in particular, consulting)
and in terms of their availability (spatial, time and economic ones).
In the long run, it can be expected that disease and death rates will
decrease, while loads on the centers providing expensive hi-tech
medical care will be reduced, which will ensure a more efficient
use of the budget money. Moreover, the local territories of a region
will be more evenly developed, since, as it is shown in the research
by A.A. Gorovoy [1], there is correlation dependence between the
balance of migration and the degree of social infrastructure
development, including healthcare organizations providing medical
services.

4.

Conclusion

Practical implementation of the reform revealed a number of
negative social effects, development of social risks related to
uneven spatial spread of innovations. Results of innovation in
healthcare are accessible through hi-tech medical aid centers. At
the same time the number of first-aid organizations are reduced.
Consequently, the population in rural and urban environment, big
cities and small towns end up in unequal conditions and the quality
of life in smaller locations is getting worse. The idea of diffusion of
innovations thanks to distance consulting is not going to pay off.
So, obtaining the services of high-tech medical care in
specialized medical centres is not always available to inhabitants of
remote settlements. The practice of counseling patients in the
remote access mode is associated with high risk of medical errors.
Transportation costs associated with obtaining medical care are
increased for patients from rural areas
Thus, the fiscal
performance of the reform is achieved by shifting part of the costs
on the population.
Due to innovations in health care, the relative accessibility of
high-tech medical care in the big cities and the relatively low
private costs of patients - residents, the attractiveness of cities for
residents of rural areas increases, stimulating the increase of
migration moods. This can lead to the acceleration of urbanization
and the depopulation of vast territories.

Results and discussion

The urgency of correcting the concept of the healthcare reform
is confirmed by objective statistics and expert opinions, general
public surveys. The identified problem of the negative social
aspects of innovations implemented in the Russian healthcare
system can be settled through transformation of organizational
solutions without substantial change in financing.

Thus, the effective spatial organization of innovation in health
care is necessary for the formation of human capital.

The essence of the proposed changes includes supporting the
primary chain of healthcare in order to provide a minimal standard
of basic medical services and using the capabilities of medical
expert systems.

The reasons above make it necessary to change conceptual
approaches to the healthcare reform.
The proposed changes are about shifting emphasis to the
primary chain of healthcare and simultaneous use of the innovation
results in the form of expert systems.

Let us identify the problems of managerial and economic
nature, which emerge in implementing the decisions taken.

The expected outcomes of these changes will be lower disease
and death rates, more even spatial development of territories, lower
demand for hi-tech services.

First, it is need for changing the paradigm of the healthcare
reform. This is bound to cause resistance of the healthcare
government bodies (most probably, of the middle line ones, which
took part in developing specific mechanisms of the reform).

To implement the suggested approaches it is necessary to solve
the emerging implementation problems related to redistribution of
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finances and innovations, change in the positions of decisionmakers, staff retraining and improvement of expert systems.
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In consequence of the suggested changes, the improving of
conditions of human capital formation related to the healthcare
system will stop worsening and will create some pre-requisites for
their steady improvement.
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Abstract: Noise pollution modelling can be used to provide information about growing noise pollution from the urban traffic. Various
methods have been developed that aim at minimizing the noise pollution and improving the environment. Geographic Information System
(GIS) can be adapted to gather, analyse and present noise information. The results in this paper demonstrated that most of regions surrounding the main streets are suffering from the noise pollution. As a main contribution of this paper, the first this-kind of study for the city
of Skopje, practicing GIS capabilities for presenting noise information, we have produced a general picture of the traffic-induced noise
pollution on annual level. The assessment showed that the used method in visualization can provide reliable information about noise
pollution in any city or urban region. In this paper, we were focused, as a case study, for the city of Skopje.
Keywords: TRAFFIC NOISE, URBAN AREA, ENVIRONMENTAL MODELLING, VISUALIZATION

model used for predicting noise impacts in the vicinity of highways.
It uses advances in acoustics and computer technology to improve
the accuracy and ease of modelling highway traffic noise, including
the design of efficient, cost-effective high-way noise barriers [7].
Also often used prediction model is Nordic Prediction Method
published by the Nordic Council of Ministers [8]. The Nordic
prediction method can be used to design computer programs for
calculation of noise. One of the most important introductory
information found in Nordic prediction is the fact that the
calculation can be performed only up to 300m from the road. They
assume that after this distance, a normal traffic noise is not
disturbing anymore.

1. Introduction
In the last years the number of motor vehicles increases in
Republic of Macedonia and together with this the noise pollution as
well. Noise is a big environmental health problem. Researchers
show that noise can have serious health effects for learning and
task-motivation effects in children and adults exposed to constant
noise. Ac-cording to the World Health Organization [1] the most
important repercussions regarding extensive noise are: hearing loss,
physiological effects, work-related stress and increased risk of
accidents. About 120 million people in the European Union are
disturbed by road traffic noise levels above 55 dBA, and more than
50 million people are exposed to noise levels above 65 dBA. The
same fact was elaborated in the re-port published in US by Federal
Highway Administration (FHWA) [2]. A high fraction of citizens is
exposed to high levels of road traffic noise in and around their
homes, population can start to migrate out of cities, because people
prefer to live in a quiet and safety environment. However, traffic
noise starts also to affect property values and community
atmosphere.

The paper is organized as follows: In Section 2 we present the
methods and the materials that we use to gather the necessary data,
while in Section 3 we present the noise pollution model and the
results from the model for the city Skopje. In section 4 we conclude
the paper and we give direction for future work.

2. Methods and materials
In order to determine the noise caused by road traffic on busy
roads in the city of Skopje, the Environmental laboratory
‘PHARMACHEM” from the Department for environmental
protection and nature of the City of Skopje did periodic
measurements on the level of noise. Locations where monitoring
was conducted and periodical measuring of noise was done to
match area of 3th degree of protection under the Rules of noise for
locations of measurement stations and measuring points (Gazette of
RM 20/2008). The measurement points were located in areas where
it is necessary to provide protection from noise caused by road
traffic, affecting human health and the environment, and also to
obtain data that will serve the development of strategic action plans
and maps of the City Skopje.

Noise pollution model can be used to provide information
regarding the noise pollution from the urban traffic. Various
methods have been developed that aimed at modelling the noise
pollution and improving the environment. In most of the cases, the
Geographic Information System (GIS) has been adapted to gather,
analyse and present noise information. Geographic Information
System (GIS) have been used effectively in the gathering,
weighting, analysing and presenting spatial and attribute
information to facilitate the management of environmental
pollutions [3, 4]. GIS provides various tools to incorporate new
models for decision making process [5, 6]. This study aimed at
quantifying temporal and spatial dynamics of urban traffic-induced
noise pollution in the districted of Skopje as well as assessing noise
levels based on national and international criteria. By practicing
GIS tools for presenting noise information, the results of
interpolation applied in the process of visualization were evaluated.
In this study we measured urban traffic noise levels in Skopje city,
then visualized and assess the results using the inverse distance
weighting (IDW) interpolation. A refinement of IDW was
performed according the procedure given in [6]. Measurements
were done at different time of the day, during two successive
months.

The selection of roads included frequent roads located in the
downtown area, as well as side streets of the downtown area
connected to the main roads. Also, two main thoroughfares were
chosen on the entrance/exit of the City of Skopje located on the
west and on the east side of the town – boulevard Gjorche Petrov
and boulevard “Alexander the Great”. The following factors
affected on the selection of the roads:
•
dominance of road traffic noise compared to other sources
of noise (chirring up and other human activities)

Numerous traffic noise prediction models have been developed,
some of which are highly specific and solve a reduced class of
problems. The more popular ones include the CRTN model in the
UK, the FHWA-TNM model in the US, the RLS90 model in
Germany, the OAL model in Austria, the EMPA model in
Switzerland, and the ASJ model in Japan. FHWA-TNM is arguably
the most widely used noise model. The FHWA-TNM (Federal
Highway Administration Traffic Noise Model) is a computerized
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•

distance from intersections

•

representativeness of the segment of the thoroughfare

•

presence / absence of reflective surfaces

•

space openness

•

safety equipment

We have used several instruments in order to obtain the noise
pollution data. The instrument Cirrus CR: 171B was used by the
Environmental laboratory Pharmachem. This instrument provides
functions and features according to the standards IEC 60651: 1979,
IEC 60804: 2001, IEC 61260: 1995, IEC 60942: 1997, IEC 61252:
1993 and IEC61672-1: 2002nd. The experts from the Department
for environmental protection and nature of the City of Skopje used
the instrument Bruel&Kjaer Hand-Held Analysers Types 2250
which provides features and performance standards IEC61672-1,
ISO 7196: 1995, ANSI / ASA S1.4, S1.42 and S1.43. After the data
was collected, we have used several methods. NordTest Meth-od
NT ACOU 039 Road Traffic: Measurement of noise emissionengineering method and MKC ISO 1996: 2/2007 AcousticsDescription measurement assessment of environmental noise.

The output value for a cell using IDW is limited to the range of
the values used to interpolate. Because IDW is a weighted distance
average, the average cannot be greater than the highest or less than
the lowest input. The best results from IDW are obtained when
sampling is sufficiently dense with regard to the local variation that
we are attempting to simulate. If the sampling of input points is
sparse or uneven, the results may not sufficiently represent the
desired surface. On Figure 3, the measure-ment points are presented
with green colour, while the highest level of measured noise level is
given with white colour. The lower noise levels are marked with
darker colours. The number of colours depends from the selected
number of intervals in the process of generation of IDW
interpolation.

3. Noise pollution model of city Skopje
After we have collected and processed the data using these
methods, the results of the monitoring and periodical measuring of
the level of noise in the busy city locations in Skopje are loaded
with ArcMap. Figure 1 shows the measuring points where
periodical measuring of noise is performed.

Fig. 3. The results of visualized noise levels for the city of Skopje

From the Figure 3, we can conclude that the highest level of
noise was measured at the measured points of “Hotel Alexander
Palace” and Pharmacy Company “Replek Farm”. It can be also
observed that the majority of measurement points were concentrated
in the city centre because we expected higher level of noise in this
area. The measured levels are generally beyond the aloud limits
given in EU directives [9, 10].

4. Conclusion
Fig. 1 The measuring points where periodical measurement of noise is
performed.

Before to make an interpolation with IDW method we review
the barriers options. It is used to specify the location of linear
features known to interrupt the surface continuity. Barriers limit the
selected set of the input sample points used to interpolate output zvalues to those samples on the same side of the barrier as the
current pro-cessing cell. Separation by a barrier is determined by
line-of-sight analysis between each pair of points. Barriers can be
used for predicting of the interpolated surface that we are expecting.

In this paper, we produced the general picture of the trafficinduced noise pollution on annual level for the city of Skopje. The
assessment showed that the used method in visualization can
provide reliable information about noise pollution for any city or
urban region. We were focused, as a case study, for the city of
Skopje. For more precise visualization, it is necessary to take more
measurement points and to cover uniformly the area of the city.
This is important in building a good traffic noise pollution model.
The idea with this kind of system is to raise the public awareness
and to help the city planners and regulatory institutions to get
information about traffic-induced noise pollution. In the future, we
plan to provide a general traffic noise pollution model and
according to the input data from different measurement points and
sensors to provide more precise and complete data for any city and
larger region around the city.
Acknowledgement: This work was partially financed by the
Faculty of Computer Science and Engineering at the Ss. Cyril and
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