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TELECOMMUNICATIONS SCIENCE 

Link throughput evaluation in telecommunication networks 
Seferin Mirtchev 

When planning telecommunication networks it is important to determine the link throughput to 
provide quality of services, to avoid overloading and bottlenecks in the network. In this paper, a meth-
od for evaluating the link throughput in modern telecommunications networks with packet switching 
based on the classic teletraffic system M/M/1/k is proposed. It is shown the dependence of the carried 
traffic from the queue length at a defined loss probability, and the dependence of the carried traffic 
from the defined waiting time, normalized to the average service time at a certain probability to wait 
more than a defined waiting time and a queue length. Presented graphic dependencies allow at de-
fined quality of service, namely the probability of packet loss and admissible delays, to determine the 
allowable carried traffic of the lines. Determining the link throughput allows for efficient mechanisms 
operation of the congestion management in the modern telecommunications networks with packet 
switching. 

Оценка на пропускателната способност на линиите в телекомуникационните мрежи 
(Сеферин Т. Мирчев). При планиране на телекомуникационните мрежи е важно да се опреде-
ли пропускателната способност на линиите, за да се предоставят качествени услуги, да не се 
допуска претоварване в мрежата и да се избягват тесните места. В този доклад е предло-
жен метод за оценка на пропускателната способност на линиите в съвременните телекому-
никационни мрежи с пакетна комутация на основата на класическата телетрафична систе-
ма M/M/1/k. Показана е зависимостта на обслужения трафик от размера на опашката при 
зададена вероятност за загуби, а също и зависимостта на обслужения трафик от зададено 
време за чакане, нормирано спрямо средното време за обслужване, при определена вероят-
ност да се чака повече от зададеното време и размер на опашката. Представените графични 
зависимости дават възможност при зададено качество на обслужване, а имено вероятност 
за загуба на пакети и допустими закъснения, да се определи допустимия обслужен трафик на 
линиите. Определянето на пропускателната способност на линиите дава възможност за 
ефективна работа на механизмите за управление на претоварванията в съвременните теле-
комуникационни мрежи с пакетна комутация. 

1. Introduction
The stochastic processes in the modern telecom-

munication networks with packet switching are typi-
cally described by single-channel waiting systems. 
The packet switching requires the packets to be stored 
in memory and subsequent transmission to the corre-
sponding output. The behavior of the outputs of the 
switches and routers is described by single channel 
waiting systems with finite queues. The throughput of 
the outputs, defined by the maximum service traffic at 
a given service quality, determines the bandwidth of 
the lines connecting the switching nodes in the net-
work. The throughput depends on line capacity or, in 
other words, on bandwidth.  

In the core networks is typically accepted a Pois-

son arrival flow and exponentially distributed service 
time, which simplifies the analysis. This assumption is 
also accepted in the link throughput evaluation in this 
article. When planning telecommunication networks it 
is important to determine the bandwidth of lines to 
provide quality services, to prevent overloading and to 
avoid bottlenecks in the network. 

The purpose of this article is to propose a method 
for the link throughput evaluation in modern tele-
communication networks with packet switching based 
on the classical teletraffic system M/M/1/k. 

2. State the problem in literature
The teletraffic engineering provides useful tools 

for modeling random processes in telecommunication 
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networks [1]. Usually the queueing models are widely 
used in the network planning and for the quality of 
service evaluation [2].  The queueing systems are used 
to evaluate the parameters of the quality of service as 
probability of packet loss, average packet delay and 
throughput. 

In [3] are presented formulas for the system 
M/G/1/k. The results are compared with the formulas 
for the M/M/1/k queue and with the simulation model-
ing. The characteristics of the M/G/1/k system are 
evaluated and the applicability of the practical design, 
optimization and management approach is demon-
strated. 

A new analytical model of the IEEE 802.11 net-
work is presented in [4] with a distributed channel 
access coordinate function based on the M/M/1/k sin-
gle channel system. The proposed model makes it 
possible to evaluate the throughput, delays and loss of 
frames. 

In [5], the characteristics of a finite capacity 
femtocell network are evaluated using the single-
channel M/M/1/k waiting system through the proba-
bility of packet loss, average packet delays and usabil-
ity. 

In [6] a wireless mesh network is studied by load 
balancing and node modeling based on the single-
channel waiting system M/M/1. The algorithms for 
the traffic distribution in wireless mesh networks 
through the model of the lines based on the waiting 
teletraffic system M/D/1 is presented in [7]. 

In [8] the wireless mesh networks nodes are mod-
eled as a combination of two single channel teletraffic 
systems M/M/1/k distinguish between retransmitted 
and local generated traffic. With the developed analyt-
ical model is evaluated the throughput and the delays 
of a clustered FiWi network. 

In [9] is analyzed the continuous time system 
M/M/1 in which the server operates at two different 
speeds. The behavior of the single-channel system 
determines the behavior of a fluid buffer, which ena-
bles this model to describe the process of traffic shap-
ing with two levels in an ATM network. 

In [10] a relatively complex single-channel system 
M(N)/G/1/k with state-dependent arrivals, generally 
distributed service time and service interruptions is 
studied. 

In the cited publications based on the single chan-
nel waiting system, there is no direct task to evaluate 
the link throughput in modern telecommunication 
networks 

3. Single server delay system M/M/1/k 
Simple models like the classical single server 

queues can often be used to obtain comprehensive 
results, e.g., to predict global traffic behaviour [11]. 

We look at the single server delay system M/M/1/k 
with a Poisson arrival process, exponentially distribut-
ed service time and finite queue (Fig.1) [1,12]. 

The M/M/1/k queue is described with the follow-
ing arrival end departure intensities  

(1)      
1k,...,3,2,1j

1k,...,2,1,0iwhen

j

i

+==
+==

μμ
λλ

 , 

whare   λ  is the packet arrival intensity; 
μ  is the departure intensity; 
k  is the queue size. 

The finite state-transition diagram of the investi-
gated single server queue with Poisson arrival process, 
exponentially distributed service time and finite queue 
is shown in Fig. 2.  

The steady state probabilities Pj of the single server 
queue are obtained through thehe general solution of 
the birth and death processes 

(2)   1k,...,2,1,0jwhen
A1

)A1(AP 2k

j

j +=
−

−= + , 

whare A = λ/μ is the offered traffic, which is equal to 
the ratio of the arrival and departure intensities. 

4. Performance measures M/M/1/k 
The carried traffic is equivalent to the probability 

that the system is busy 

(3)      0o P1A −= . 

The time congestion probability B describes the 
fraction of time for which all waiting rooms are busy 

(4)            1kPB += . 

The mean number of packets in the system is  

(5)           
+

=

=
1k

1j
jPjL  

From the Little formula, we have the mean time in 
the system 

(6)           λLW =  

The queue size for given probability of losses and 
offered traffic can be determined by the following 
formula obtained from (2) and (4) 

(7)            1
)A(ln

)ABA1(B[lnk −






 −−= . 
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The waiting probability is denoted by P(tw>0) 

which means that the waiting time probability is 
greater than 0. The probability that the arriving pack-
ets will wait is determined by the probability that the 
system is busy without the probability for full queue 
when the arriving packet is not serve 

 (8) 1k0

k

1j
jw PP1P)0t(P +

=

−−==>  . 

Let us assume the first-come-first-out (FIFO) dis-
cipline. The waiting time distribution function 
P(tw>t’) is defined as the probability of waiting time 
exceeding defined time interval t’. From the probabil-
ity theory it is given by 

 (9) 
=

>=>
k

1i
iiw )'t(QP)'tt(P . 

When a packet arrives and the system is in a state 
from 1 to k, there is probability to wait longer than the 
defined time interval. This will happen when the 
number of departures for the given time interval is less 
than the system state number. Once the service time is 
exponentially distributed and the server is busy for the 
considered time interval, the departure process is de-
scribed by Poisson distribution. The probability to 
have j departures in the time interval (0,t’] is 

(10) 
( ) 't

j

j e
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The conditional probability Qi(>t’) that the arbi-
trary packet has to wait longer than t’, given i  
(k ≥ i ≥ 1) packets in the system, is expressed by 

(11) 
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5. Numerical results 
In this section, the numerical results obtained with 

the computer program are presented graphically. The 
carried traffic at a defined quality of service is calcu-
lated using the bisection iteration method in numerical 
analysis. 

The maximum carried traffic by the link as a func-
tion of queue length at a defined congestion probabil-
ity due to buffer overflow and the dependence of the 
maximum carried traffic from the defined time inter-
val, normalized to the average service time, at a cer-
tain probability to wait more than a defined time in-
terval and at a determined queue length is calculated. 

Figure 3 shows the admissible load Ac in a single 
server queue M/M/1/k as a function of queue length k 
for the different values of the packet congestion prob-
ability B. It can be seen that for a queue size of less 
than 15 packets the link throughput is relatively low. 
To have a link throughput more than 90%, the queue 
needs to be larger than 45 packets. The large queue 
length leads to longer delays. 

Figure 4 presents the admissible load Ac in a single 
server queue M/M/1/k as a function of defined nor-

 

Server Queue 

k  3 2 1 μ 

Arrival process 

λ Ac 
Departure process 

μλ /A =

 
Fig.1. Single server delay system – M/M/1/k queue 
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Fig.2. State-transition diagram – M/M/1/k queue. 
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malised time interval t’ for different values of the 
probability to wait more than a defined time interval 
P(>t’)  and queue length k = 100 packets. 

In the current IP networks, packets with a length of 
500, 1000, and 1500 bytes are usually used. When we 
know the transmission speed of the line, we can easily 
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Fig.4. Admissible load Ac as a function of defined normalised time interval t’ for different values of  

the probability to wait more than a defined time interval P(>t’) and queue length k = 100  
in a single server queue M/M/1/k. 
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Fig.3. Admissible load Ac as a function of queue length k for different values of  

the congestion probability B in a single server queue M/M/1/k. 
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calculate the average service time. By the admissible 
delays for the different services will be determine the 
normalised time interval. For this time and for a se-
lected small value of the probability to wait more than 
the defined normalised time interval will be determine 
the carried traffic. 

From a figure 4 is shown that when the line speed 
and the admissible latency determine the mean wait-
ing time bigger than 20 times the defined waiting time 
the link throughput is relatively low. To have a link 
throughput of more than 90%, it is necessary the de-
fined waiting time is bigger than 70 times the average 
service time. The large values of the defined waiting 
time leads to greater link throughput and longer de-
lays. 

6. Conclusion 
The presented method for determining the carried 

traffic by the link at a given acceptable packet conges-
tion probability and a low probability to wait more 
than a defined time interval based on the classical 
teletraffic system M/M/1/k allows accurate panning of 
the telecommunication networks and quality of ser-
vice improvement. The presented graphical dependen-
cies of the carried traffic from the queue length at 
defined values of the packet congestion probability, as 
well as the dependences of the carried traffic from the 
defined time interval, normalized to the average ser-
vice time, at determined probability to wait more than 
a defined time interval and at a determined queue 
length enable to evaluate the link throughput at a de-
fined quality of service. The determination of the line 
throughput enables the efficient operation of the over-
load control mechanisms in the modern telecommuni-
cation networks with packet switching. 

This paper is reported in the VIII National confer-
ence with international participation Electronica, So-
fia, Bulgaria, 2016. 
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ELECTRONICS 

Teaching methodology for signature analysis  
and cyclic redundancy check 

Dimiter Badarov  

 
This article discusses the methods, the tasks and the material base used in the teaching process 

for students in signature analysis and cyclic redundancy check. The laboratory training is conducted 
on FPGA programmable logic device. The device configuration is done by drawing of schematic 
diagrams in the Xilinx ISE schematic editor instead of using hardware description language. Several 
sequences of tasks and logical diagrams are proposed for step-by-step education. Several auxiliary 
library models are developed to facilitate the different tasks completion. These models are substituting 
some functionality needed for the tasks accomplishment. For example, dynamic 7 segment display 
driver and frequency divider chain. These models are not subject of the current education. Due to this 
fact their schematic diagrams are not provided to the students for clarity. The use of FPGA for the 
trainings gives a convenient and fast alternative to the dedicated modules with TTL devices. 

Методология за преподаване на сигнатурен анализ и контролен цикличен код 
(Димитър Бадаров). В статията са разгледани методите, техническите средства и 
задачите използвани за обучение на студенти на тема “Сигнатурен анализ и контролен 
цикличен код”. Лабораторното упражнение се извършва върух FPGA програмируема логика, 
като конфигурирането се осъществява чрез принципни логически схеми в графичен редактор. 
Това се предпочита пред използването на език за поведенческо описание на хардуер поради по-
голямата яснота и аналогия с изучаваните схеми. Разработени са последователности от 
задачи за изпълнение и принципни логически схеми, чрез които да се усвои материала стъпка 
по стъпка. За улесняване работата на студентите са разработени библиотечни модели на 
модули, които са необходими за реализацията на упражнението, но не са предмет на 
обучението. Такива схеми на пример са управление на динамична 7 сегментна индикация, и 
делител на честота. Схемите на модулите не се предоставят на студентите за по-голяма 
яснота. 

 

Introduction 
In the laboratory trainings of digital electronics, 

the students are studying the basics of the digital 
circuits. The topics of signature analysis, cyclic 
redundancy check and the diagnostic methods in 
digital electronics are not well covered. Due to that a 
laboratory training on topic Signature analysis and 
cyclic redundancy check is being developed. In it the 
students are learning the basic methods and logical 
diagrams for generation of digital signature and 
Cyclic Redundancy Check (CRC) code. The methods 
for signature representation on 7-segment display are 
discussed. The use of signature analysis in the digital 
electronic circuit testing and debugging is also 
demonstrated. Pseudorandom number generation 

techniques are also discussed. A setup for automatic 
circuit testing by signature analysis is proposed. A 
combinational digital circuit is tested and the effect 
on the signature is examined when error is 
introduced into the circuit. 

The following tasks are developed for the 
laboratory training: 

• A pseudorandom number generator is built using 
shift register with linear feedbacks. The circuit is 
examined, and its limitations and problems are 
discussed; 

• A serial signature generator is built and 
examined. A shift register with feedbacks is 
used. The process of signature forming is 
observed. The difference between signature and 
CRC code generation is discussed; 
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• Signature analysis is performed on a test circuit. 
The forming of the signature is observed cycle-
by-cycle and discussed. An error is introduced 
into the circuit and the effect on the signature is 
examined; 

• A setup for automatic signature test on multiple 
points of a logical circuit is built. The signature 
of every circuit point is generated and compared 
to a reference signature for the point. The results 
from the comparison are displayed. An error is 
introduced into the circuit and the test is 
repeated. The difference in the results is 
discussed. 

All logical circuits for the exercises are 
implemented and tested on Field Programmable Gate 
Array (FPGA) chip Spartan 3A by Xilinx. 

The laboratory training is expected to broaden the 
knowledge on the topics of Digital signature and 
Cyclic Redundancy Check. 

Structural diagram of the laboratory setup 
The structural diagram of the laboratory setup is 

represented on Fig. 1. 
 

 
Fig 1. Laboratory setup structural diagram. 

The used development board with FPGA chip 
Spartan 3A has USB port for connection to personal 
computer. It also has 4 capacitive touch sensitive 
buttons with controller, light emitting diodes and 
expansion connectors. 

The examined circuits are drawn in the Xilinx ISE 
schematic editor. Then they are compiled, and a BIT 
file is generated which is used for FPGA 
configuration through the USB interface. 

An expansion board with eight-digit dynamic 7-
segment display is developed for the training and is 
connected to the FPGA board. It is used for results 
visualization for the different tasks. 

Pseudorandom sequence generator 
The first task is to build an 8-bit pseudorandom 

sequence generator. The logical diagram of the 
proposed generator is represented on Fig. 2. The 
generator contains an 8-bit shift register with 
feedbacks from flip-flops with numbers 3, 5, 7 and 8. 
Their sum is accomplished by XOR logic gate and is 
applied to the serial input of the register [1]. On every 
cycle of the clock signal the generator outputs one 8-
bit number. The numbers are in a random sequence. 
The standard schematic cannot start generating from 
zero state on all outputs. A solution is proposed with 8 
input NOR gate which output signal is applied to the 
fifth input of the XOR gate. The NOR gate outputs a 
logical one only when all outputs of the register are in 
zero state [2]. This way the circuit loads a logical one 
in the first flip-flop after the first clock cycle and 
continues to work normally. 

 

 

Fig 2. Pseudorandom generator - logical diagram. 

The outputs of the circuit are connected to binary-
to-7-segment decoder and are applied to the display. 
One of the capacitive buttons is connected to the CLK 
input of the generator. A clock signal is applied 
manually with the button and the output numbers for 
one period are written down from the display. The 
results are discussed. 

Serial signature generator 
The proposed serial signature generator is built 

with 16-bit shift register with feedbacks from specific 
outputs [3], [4]. The feedbacks are usually taken from 
outputs with number 7, 9, 12 and 16. This 
combination is preferred due to the even error 
distribution [2]. The logical diagram of the signature 
generator is represented on Fig. 3. 

 
Fig 3. Signature generator logical diagram. 
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The signal from the serial input of the generator is 
summed with the 4 feedback signals with XOR logical 
gates. The result is applied to the serial input of the 
register. The circuit shrinks the input data to 16-bit 
signature regardless to the number of input bits. This 
signature can be used for diagnostic purposes and 
error localization [2]. For the proposed signature 
analysis method, a pseudorandom sequence is applied 
to the inputs of the tested circuit [5]. When a 
microprocessor system is being tested a special test 
program is run on the CPU while the signature 
generation is done. The serial input of the signature 
generator SD is connected to specific points in the 
tested circuit. A clock signal for the signature 
generator is taken from the tested circuit as well. After 
a defined number of cycles, the 16-bit signature for 
the specific point has formed at the output of the 
generator [6]. 

For the proposed task the outputs of the circuit 
from Q0 to Q15 are connected to four binary-to-7-
segment decoders and are fed to the display. The Q5 
output of the pseudorandom number generator Fig. 2 
is connected to the serial data input of the signature 
generator SD. A common clock signal is applied to the 
both circuits from one of the capacitive buttons. 

The circuit is examined by clock signal generation 
with the button. On every clock cycle the 4-digit 
hexadecimal value of the signature is changed. The 
process of signature forming is observed within 16, 32 
and 64 clock periods. 

Parallel signature generator 
The working principle of the proposed parallel 

signature generator is identical with that of the serial 
one. Here the bytes of information are applied in 
parallel to the shift register inputs [2]. Each cycle a 
new byte of information is loaded into the register and 
the previous one is shifted right Fig. 4. 

 

 
Fig 4. 8-bit parallel signature generator - logical diagram. 

Signature visualization 
The signature from the output of the generator is 

visualized as 4 hexadecimal digits on the 7-segment 

display. The standard hexadecimal numbers contain 
the letters from A to F. Representation of some of the 
letters on a 7-segment display can be ambiguous. Due 
to that fact in the signature analysis it is chosen to use 
the letters A, C, F, H, P and U instead of A, B, C, D, E 
and F. These letters are easily represented on  
7-segment display and are unambiguously read even if 
the display is viewed from upside down. 

Cyclic redundancy check generator 
The cyclic redundancy check generators are used 

to form an ʻimageʼ of a group of bits of information 
which is being transmitted or recorded. The generated 
ʻimageʼ is transmitted or recorded immediately after 
the information bits. Upon receiving or reading, the 
CRC code for the received bits is calculated and 
compared to the one sent or recorded after the 
information. If the two codes are the same this means 
that the information is received or read correctly. If 
there is a difference the information contains an error. 
The proposed generation of CRC code is identical to 
the signature generation. The two generators have 
identical structure except the different outputs from 
which the feedback is taken. In the proposed 16-bit 
CRC generator the feedback is taken from outputs 
with numbers 1, 14 and 16 [2]. 

Automatic circuit tester based on signature 
analysis 

In the manufacture of digital electronics, a 
signature analysis is frequently used as a method for 
functional testing of the production. A simplified 
setup for automated functional testing with signature 
analysis is developed. A simple combinational logic 
circuit with 10 inputs and 8 outputs is tested. The 
system calculates the 16-bit signature for every output 
of the circuit, compares it to the reference signature 
recorded in a Read Only Memory (ROM) and displays 
the result from the comparison to the display Fig. 5. 

Numbers from 10-bit pseudorandom number 
generator are applied to the inputs of the tested circuit. 
One of the outputs of the tested circuit is selected by 
8x1 multiplexer (MUX) and is applied to the serial 
input of the signature generator. The clock signal is 
common for the pseudorandom number generator and 
the signature generator. For the next 1024 cycles of 
the clock signal a 16-bit signature is formed for the 
current output. The generated signature is compared to 
the reference one from the ROM memory and the 
result is stored and represented on the display. After 
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that the pseudorandom number and the signature 
generators are cleared.  

 
Fig 5. Automatic circuit tester structural diagram. 

The next output of the circuit is selected, and the 
process is repeated until all the signatures are 
calculated and compared. Based on the information at 
the display, the proper operation of the circuit can be 
approved. If there is an error, the outputs at which it 
appears can be easily located. The whole process is 
controlled by the developed control unit. It generates 
all clock and control signals. The timing diagrams are 
represented on Fig. 6. 

 

 

Fig 6. Automatic circuit tester control unit timing diagrams. 

The circuit is implemented and tested. The 
consecutive signature comparison during the test is 
observed. An error is introduced into the circuit under 
test. It is guessed at which outputs the signature will 
be different. The automatic test is repeated, and the 
guess is verified with the test results.  

Developed library models 
For task accomplishment facilitation several 

auxiliary library models are developed. They 
substitute some of the schematics needed for the tasks 
completion but are not subject of the current 
education. 

A frequency divider chain is developed to generate 
clock signals with different frequencies from the 
internal 16 MHz RC oscillator. These signals are used 
in every task where a clock signal with specific 
frequency is needed. 

A dynamic 7-segment display driver with internal 
binary-to-7-segment decoder is developed. It has 
outputs for display control and 8 separate 4-bit binary 
inputs. The signals from different examined counters 
or generators can be connected directly to those inputs 
to be visualized at the display. A special input for 
character mode selection is added. Using this input, 
the 7-segment driver can display either standard 
hexadecimal letters or the letters used in signatures. A 
blanking input is added also for every digit. 

A library models for control module, 10-bit 
pseudorandom number generator and 8-by-16-bit 
ROM memory with pre-recorded reference signatures 
are also developed [7]. A group of addressable flip-
flops is also proposed as model. It has 8 D-type flip-
flops with one data input. Three address lines are 
selecting the flip-flop in which the information will be 
stored on the active transition of the clock signal. 

Conclusion 
The use of FPGA logic in the teaching process 

gives the advantage to make and test random logical 
circuits faster and clearer. 

The developed methodology, logical diagrams and 
library models give the opportunity for fast and clear 
education on signature analysis, cyclic redundancy 
check, pseudorandom sequence generators and 
automatic digital circuit testing using signature 
analysis. 

The easy configuration of the FPGA with a random 
circuit gives the opportunity to every student to test 
individual circuit modifications. 
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APPLICATION IN PRACTICE 

GDPR entrapments. Proactive and reactive (re)design thinking. 
Willian Dimitrov 

 
It’s clear that GDPR is leading to an explosion of business opportunities. Companies attempting 

to develop their own IT innovations are quickly learning that providing safe, secure, privacy-sensitive 
data interactions is extraordinarily difficult. The article explores opportunities of GDPR 
implementation, approaches, as far-reaching regulation that turn focus on security of ICT systems to 
data-centric view point, likely to be the central governing framework for consumer-oriented 
companies and generating new business models across the globe. The analysis of consequences proves 
the need for new design thinking paradigm concerning future ICT systems and massive reengineering 
of existing, if organization works with the personal information of anyone in the EU, whether based 
there or not, GDPR applies to it. The article can be useful to researchers, project leaders, ICT systems 
designers, developers, executives or decision makers involved with data management, risk, 
information security and data protection. 

GDPR предизвикателства. Проактивно и реактивно (ре) дизайнерско мислене. 
(Вилиан Димитров). Ясно е, че GDPR води до експлозия на бизнес възможности. 
Компаниите, които се опитват да разработят свои собствени ИТ иновации, бързо се 
разбират, че предоставянето на сигурни и взаимозависими данни, чувствителни към 
поверителността, е изключително трудно. Статията изследва възможностите за 
внедряване на GDPR, като съсредоточава фокуса си върху сигурността на системите за 
информационни и комуникационни технологии, ориентирана към данните. GDPR вероятно ще 
бъде централната управленска рамка за ориентирани към потребителите компании и ще 
създава нови бизнес модели по целия свят , Анализите на последствията доказват 
необходимостта от нова парадигма на мисленето в областта на проектирането на 
бъдещите ИКТ системи и масивен реинженеринг на съществуващите, ако организацията 
работи с лични данни на граждани на ЕС, независимо дали е базирана в Европа или не. 
Статията може да бъде полезна за изследователи, ръководители на проекти, дизайнери на 
системи за ИКТ, разработчици, ръководители или лица, вземащи решения, свързани с 
управлението на данни, риска, сигурността на информацията и защитата на данните. 

 

The EU General Data Protection Regulation 
2016/679 (GDPR) replaces the Data Protection 
Directive 95/46/EC and was designed to harmonize 
data privacy laws across Europe, to protect and 
empower all EU citizens data privacy and to reshape 
the way organizations across the region approach data 
privacy. 

The GDPR is intended to be one of the most 
contemporary regulations in a long time. That’s lucky 
for all of us, since the internet of things is one of the 
fastest-moving technology and business spaces in a 
long time [16]. 

Introduction  
The EU secondary legislation directives and 

regulations related to GDPR and in them have specific 
provisions on the application of the protection of 
personal data cover EU institutions, bodies, offices 
and agencies, the sectors of economy, health, services, 
education, finance, insurance, security, air and ground 
transport, e-government, communications, law 
enforcement, utilities - electricity, gas, heating, 
cybersecurity, trading companies, EURES network, 
servants, pension institutions and others. 
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This article aims predictions about issues and 
evaluates the challenges for organisations aliened with 
GDPR at design, development and implementation.  

Methodology and sources 
For problem understanding are applied review, 

classification, analysis of Regulation 2016/679 and the 
documents resulting from it, systematisation of the 
challenges, comparison, and empirical experience in 
the construction of information and communication 
technology security management systems. 

Trusted digital relationships with users 
To prepare for the GDPR, organizations need to go 

beyond data protection and embrace data transparency 
and data control. The choices about customers’ data 
increasingly reflect on not just data protection 
officer’s actions but on entire business model. 
Addressing user trust risks is certainly something you 
can do something about; the more important question 
might be whether you can afford not to [16]. 

What are the regulatory objectives of GDPR? Data 
privacy with choice and control: strengthening the 
exercise of fundamental privacy rights of individuals 
and putting users back in control of their personal data 
[16]. 

GDPR key changes 
The aim of the GDPR is to protect all EU citizens 

from privacy and data breaches in an increasingly 
data-driven world that is vastly different from the time 
in which the 1995 directive was established. Although 
the key principles of data privacy still hold true to the 
previous directive, many changes have been proposed 
to the regulatory policies. The key points of the GDPR 
as well as information on the impacts it will have on 
business. 

Increased Territorial Scope (extra-territorial 
applicability). Arguably the biggest change to the 
regulatory landscape of data privacy comes with the 
extended jurisdiction of the GDPR, as it applies to all 
companies processing the personal data of data 
subjects residing in the Union, regardless of the 
company’s location. This topic has arisen in a number 
of high profile court cases. GPDR makes its 
applicability very clear - it will apply to the processing 
of personal data by controllers and processors in the 
EU, regardless of whether the processing takes place 
in the EU or not. The GDPR will also apply to the 
processing of personal data of data subjects in the EU 
by a controller or processor not established in the EU, 
where the activities relate to: offering goods or 
services to EU citizens (irrespective of whether 

payment is required) and the monitoring of behaviour 
that takes place within the EU. Non-Eu businesses 
processing the data of EU citizens will also have to 
appoint a representative in the EU.  

Penalties. Under GDPR organizations in breach of 
GDPR can be fined up to 4% of annual global 
turnover or €20 Million (whichever is greater). This is 
the maximum fine that can be imposed for the most 
serious infringements e.g. not having sufficient 
customer consent to process data or violating the core 
of Privacy by Design concepts. There is a tiered 
approach to fines e.g. a company can be fined 2% for 
not having their records in order (article 28), not 
notifying the supervising authority and data subject 
about a breach or not conducting impact assessment. It 
is important to note that these rules apply to both 
controllers and processors -- meaning 'clouds' will not 
be exempt from GDPR enforcement. 

Consent. The conditions for consent have been 
strengthened, and companies will no longer be able to 
use long illegible terms and conditions full of legalese, 
as the request for consent must be given in an 
intelligible and easily accessible form, with the 
purpose for data processing attached to 
that consent. Consent must be clear and 
distinguishable from other matters and provided in an 
intelligible and easily accessible form, using clear and 
plain language. It must be as easy to withdraw consent 
as it is to give it. 

Data Subject Rights.   
Breach Notification. Under the GDPR, breach 

notification will become mandatory in all member 
states where a data breach is likely to “result in a risk 
for the rights and freedoms of individuals”. This must 
be done within 72 hours of first having become aware 
of the breach. Data processors will also be required to 
notify their customers, the controllers, “without undue 
delay” after first becoming aware of a data breach.  

Right to Access. Part of the expanded rights of 
data subjects outlined by the GDPR is the right for 
data subjects to obtain from the data controller 
confirmation as to whether or not personal data 
concerning them is being processed, where and for 
what purpose. Further, the controller shall provide a 
copy of the personal data, free of charge, in an 
electronic format. This change is a dramatic shift to 
data transparency and empowerment of data subjects. 

Right to be Forgotten. Also known as Data 
Erasure, the right to be forgotten entitles the data 
subject to have the data controller erase their personal 
data, cease further dissemination of the data, and 
potentially have third parties halt processing of the 
data. The conditions for erasure, as outlined in article 

12 “Е+Е”, 11-12/2017



17, include the data no longer being relevant to 
original purposes for processing, or a data subjects 
withdrawing consent. It should also be noted that this 
right requires controllers to compare the subjects' 
rights to "the public interest in the availability of the 
data" when considering such requests. 

Based on years of practical experience in 
deploying and supporting ICT security systems and 
researching data protection issues, I present a list and 
analysis of the potential traps spotted by control 
bodies and those who need to maintain compliance 
with the GDPR Regulation. 

Data Portability. GDPR introduces data 
portability - the right for a data subject to receive the 
personal data concerning them, which 
they have previously provided in a 'commonly use and 
machine readable format' and have the right to 
transmit that data to another controller. 

Privacy by Design. Privacy by design as a concept 
has existed for years now, but it is only just becoming 
part of a legal requirement with the GDPR. At it’s 
core, privacy by design calls for the inclusion of data 
protection from the onset of the designing of systems, 
rather than an addition. More specifically - 'The 
controller shall implement appropriate technical and 
organisational measures in an effective way in order 
to meet the requirements of this Regulation and 
protect the rights of data subjects'. Article 23 calls for 
controllers to hold and process only the data 
absolutely necessary for the completion of its duties 
(data minimisation), as well as limiting the access to 
personal data to those needing to act out the 
processing. 

Data Protection Officers. Currently, controllers 
are required to notify their data processing activities 
with local DPAs, which, for multinationals, can be a 
bureaucratic nightmare with most Member States 
having different notification requirements. Under 
GDPR it will not be necessary to submit notifications 
/registrations to each local DPA of data processing 
activities, nor will it be a requirement to notify/ obtain 
approval for transfers based on the Model Contract 
Clauses (MCCs). Instead, there will be internal record 
keeping requirements, as further explained below, and 
DPO appointment will be mandatory only for those 
controllers and processors whose core activities 
consist of processing operations which require regular 
and systematic monitoring of data subjects on a large 
scale or of special categories of data or data relating to 
criminal convictions and offences. Importantly, the 
DPO:  

• Must be appointed on the basis of professional 
qualities and, in particular, expert knowledge on 
data protection law and practices; 

• May be a staff member or an external service 
provider; 

• Contact details must be provided to the relevant 
DPA; 

• Must be provided with appropriate resources to 
carry out their tasks and maintain their expert 
knowledge; 

• Must report directly to the highest level of 
management; 

• Must not carry out any other tasks that could 
results in a conflict of interest. [10], [17]. 

The article explores only technical aspects, without 
law regulation and organizational issues. Some of the 
technical issues, empirically established are given on 
Table 1. List of GDPR entrapments. 

 Detection Through Notification. The core of the 
incident response life cycle is detection, containment, 
analysis, and notification. One of the first issues many 
companies ask about is how fast notification should 
occur. Before a company is positioned to provide a 
meaningful notification, it needs time to stop the 
attack, determine who is affected, identify any 
appropriate measures to prevent a reoccurrence, and 
mitigate potential harm to affected individuals.  

Very rarely is this possible within days or even a 
few weeks. To help identify realistic expectations on 
timing of notification, the report looked at four timing 
metrics. The overall average time to detect incident is 
69 days and the median was 15 days. It is average 
amount of time from incident occurrence until 
discovery. The average time from detection until 
containment is 7 days.  

All companies are eager to complete the forensic 
investigation to determine the scope of an incident. On 
average, it took 43 days to complete forensic 
investigations. It is average amount of time from 
engagement of forensics until forensic investigation 
complete. Average amount of time from discovery 
until notification is 40 days.  

 
Table 1 

List of GDPR entrapments 

DSR 
Entrapment 

s 
Breach 
Notification 

Many breakthroughs remain unknown 
forever; 
Are found by the clients of the companies;
Are discovered years after they are 
realized . 
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Right to 
Access 

Requires maturity of Identity 
Management solutions; 
Data subjects have to control their data in 
many repositories; 
User Controlled Access for Distributed 
data requires skilled end users; 
Dark data exists without governance and 
User Controlled Access 

Right to be 
Forgotten 

Distributed data are written in different 
data centers over the world; 
There exist data in old archives that are 
not encrypted; 
Dark data are hidden or it’s not  clear that 
it exist in cashes, forgotten file servers, 
data base engines and hosts in  hypervisor 
environments, cloud services providers, 
social networks. 

Data 
Portability 

Central e-government data repository 
need to be in the game with GDPR; 
End user need to be trained to care after 
his data; 
End user need to have tools (interfaces) 
for operations caring his data. 

Privacy by 
Design 

Can’t be applied to information, it’s 
concerning data base design (SQL or 
NoSQL Shema), Data base engines and 
software applications architectures - One, 
Two, Three tiers, Distributed, SaaS, API 
and Libraries. 

Data 
Protection 
Officers 

Need to have expert knowledge on data 
protection law and practices and technical 
skill and knowledge about data on the 
move, processing data in progress and on 
the rest in the archives. 

 
There are, however, fraud resolution services, as 

well as services that will monitor the “dark web” for 
signs that stolen data is being sold [11].  

Dark data entrapments. The version of this part 
of the research I made in [28]. It suites to the DPIA 
(data protection impact assessment) (Article 35) and 
can be implemented in the risk assessment where 
“The data protection officer shall in the performance 
of his or her tasks have due regard to the risk 
associated with processing operations, taking into 
account the nature, scope, context and purposes of 
processing” (Article 39) [1].    

Locations dark data resides. Depending on their 
expertise domain authors classified under term dark 
data different areas with structured or unstructured 
data.  

• Emails, documents on file servers, social media, 
video and audio;  

• Old files, data that is kept just in case, content on 
devices and clouds outside of IT control [25]; 

• Deliberately or accidentally hidden data in the 
file system – inside known hidden files, false bad 
clusters, intentionally hidden files [4]; 

There exist other dark data sources that are not 
mentioned in the studied articles and are the reason we 
introduce terms for explicit and hidden dark data. 
Those two types of dark data are defined based on the 
difference of their visibility from the owner’s point of 
view.  

Based on our experience in the field of different IT 
projects we can add to the existing list following 
sources: 

• Hidden data in the files in a file system – old 
documents, pictures, scanned documents, filled 
pdf  forms, notes on MS Word documents or 
handwritten notes on scanned documents, signed 
files and documents; 

• Operating systems naturally generate data that 
can be easily classified as dark too: Non cleaned 
recycle bin in Windows, Linux and in UNIX. 
Memory cashes, disk cashes, and data base 
engines cashes, proxy’s cache; 

• Software development processes requiring data 
like sample test data sets, testing data base sets, 
real production data subsets dedicated for test 
provided to programmers and testers, which 
become dangerous after code freeze and 
everybody forgets about them; 

• Application trails like web browser cache, bash 
history, encryption keys (e. g. supporting VPN or 
SSH), syslog records; 

• Data located in forgotten virtual images installed 
or active in local hypervisors or cloud 
infrastructure;   

• Data generated from different devices that are 
considered in the area of Internet of Things (IoT) 
– wearable or implanted devices communicating 
via Body Area Network (BAN) and gathered into 
mobile devices, sensors data from medical 
devices… 

• Forgotten structured data that was created in 
different data base engines long time ago, 
nowadays nobody knows if they are in usage or 
not and no one takes care afterwards; 

• Data that is in the desktop and mobile devices 
owned by contractors and customers, probably 
suited name is remote dark data. 

 Dark data can pose security risks in case it falls 
into the wrong hands, or becomes visible in the range 
outside its owner's control [26]. 

Dark data sources. The proliferation of dark data 
is partially the result of the “Bring Your Own Device” 
(BYOD) phenomenon, along with the continuing 
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explosion of big data that includes new, unstructured 
data types such as audio, video, and social media. 
These practices create information governance 
challenges that arise when information is generated by 
and stored on mobile devices, social networks, file 
sharing services, and unmanaged SharePoint sites. 

The unprecedented growth in data volumes and 
formats also plays a role, making it increasingly more 
difficult to discover, retrieve, and reuse trusted 
information. In this scenario, the business value of 
data is reduced, creating greater exposure and risk to 
the organization [8]. 

Some examples of data that is often left dark 
includes server log files that can expose clues to 
website visitor behavior, customer call details records 
that can indicate consumer sentiment and mobile 
geolocation data that can reveal traffic patterns to aid 
business planning [18]. 

Dark data hidden risks and potential data sea 
monsters. Specialists in IT, responsible for 
compliance with safety standards must be aware of the 
dark data located in the periphery of programs for 
managing change. This unmanaged, forgotten data can 
even hide outdated or inaccurate information that 
could be misinterpreted if discovered by auditors or 
lawyers. 

All forms of electronically stored information 
(ESI) may become a subject to legal discovery if a 
threat of litigation emerges – even obsolete or 
incomplete data. The presence of uncategorized, 
unmanaged dark data can result in increased costs of 
the fid, review and analyze phases of discovery. 
Increased risks may also result if dark data includes 
unidentified drafts or duplicates of documents that 
should have been disposed of in line with retention 
policies [19]. 

Legal Liability. A lack of insight into dark, 
unstructured or forgotten data could lead to financial 
or legal liability in addition to impacting your bottom 
line. Data covered by regulation that’s kept but 
improperly stored can lead to costly sanctions for 
organizations. When this data is requested in court and 
cannot be located, the company may end up paying 
millions of dollars in fines. Regulatory risk is given in 
Table 2 - Dark data risks. 

Poorly categorized data may also lead to 
permissions challenges. Not knowing what each of 
your data sets contain. 

GDPR entrapments creates confusion about who 
can access that data. If the wrong individuals are 
caught accessing sensitive information, it’s putting the 

business at risk of a data breach [24]. 
Keeping all data in backup or archive systems may 

seem like a fail-safe, but if an organization doesn’t 
know what data it is or where it is located, the cost 
outlays for storage and management will easily 
outweigh acceptable value. Enormous volumes of data 
lead to long backup windows and can make recovery 
operations time-consuming and extremely 
complicated  

It’s reasonable to the blurring of lines between PII 
(Personally Identifiable Information) and non-PII 
data. Case in point: it’s been known for at least 10 
years that there are specific pieces of data, which in 
isolation may appear anonymous, but when taken 
together they’re just as effective at identifying a 
person as traditional PII. 

The easiest way to understand these so called 
quasi-PIIs is the trio of full birth date, zip code, and 
gender. If a company published a dataset that had 
been “de-identified” by removing all the standard 
PIIs, but left those three data items alone, a smart 
hacker could find with a very high likelihood the 
name and address of the person behind that data [12]. 

To demonstrate just how easy, common and 
dangerous it is when data is improperly removed 
before used electronics are resold, the team [5] 
purchased a total of 200 used hard disk drives and 
solid state drives from eBay and Craigslist in the first 
quarter of 2016. 

Here are the top findings from this study: 67% of 
the used hard disk drives and solid state drives hold 
personally identifiable information and 11% contain 
sensitive corporate data. Upon analyzing the 200 used 
drives, company emails were recovered on 9% of the 
drives, followed by spreadsheets containing sales 
projections and product inventories (5%) and CRM 
records (1%). 36 percent of the used HDDs/SSDs 
containing residual data had data improperly deleted 
from them by simply dragging files to the ‘Recycle 
Bin’ or using the basic delete button [5]. 

Privacy by design. Privacy by Design extends to a 
trilogy of encompassing applications: 1) IT systems; 
2) accountable business practices; and 3) networked 
infrastructure. 

Table 2 
List of dark data risks 

Risks Explicit 
dark data 

Hidden 
dark data 

Intellectual 
property risks 

will become 
clear after 
laborious 

It will not be-
come clear until 
data are hidden 
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research or 
intellectual 
property theft 

or will become 
clear after 
intellectual 
property theft 

Legal and 
regulatory 
risk.  

Upon 
verification by 
authorities 

If found during 
inspection 

Business 
intelligence 
risks 

If the data 
leak and fall 
into malicious 
actors 

If the data leak 
and fall into 
malicious 
actors 

Reputation 
risks 

Will become 
clear after 
laborious 
research or 
security 
incident 

It will not 
become clear 
until data are 
hidden or will 
become clear 
after security 
incident 

Opportunity 
costs 

Will become 
clear after 
laborious 
research 

It will not 
become clear 
until data are 
hidden 

Open-ended 
exposure 

Poses 
unevaluated 
risks and 
damaged 
indeed 

Developers and 
privileged users 
can enter data 
by accident 

Confidentiality 
risks 

PII, financial 
and sensitive 
data 

leaked PII and 
sensitive data 

Cyber security 
risks 

Contain 
information 
that reveal 
technical 
details for 
company IT  

If bad guys 
found user 
names, 
passwords, 
tokens, crypto 
keys and so on 

 
 
Principles of Privacy by Design may be applied to 

all types of personal information, but should be 
applied with special attention to sensitive data such as 
medical information and financial data. The strength 
of the privacy measures implemented tends to be 
commensurate with the sensitivity of the data. 

The objectives of Privacy by Design are ensuring 
strong privacy and gaining personal control over one’s 
information, and, for organizations, gaining a 
sustainable competitive advantage may be 
accomplished by practicing the 7 Foundational 
Principles, which are intended to serve as the 
foundation of one’s privacy practices.  

Proactive not reactive: preventative not remedial. 

The Privacy by Design (PbD) framework is 
characterized by the taking of proactive rather than 
reactive measures. It anticipates the risks and prevents 
privacy invasive events before they occur.  

PbD does not wait for privacy risks to materialize, 
nor does it offer remedies for resolving privacy 
infractions once they have occurred it aims to identify 
the risks and prevent the harms from arising. In short, 
Privacy by Design comes before the fact, not after. 

Privacy as the default setting. We can all be 
certain of one thing — the default rules! Privacy by 
Design seeks to deliver the maximum degree of 
privacy by ensuring that personal data are 
automatically protected in any given IT system or 
business practice, as the default. If an individual does 
nothing, their privacy still remains intact. No action is 
required on the part of the individual in order to 
protect their privacy — it is already built into the 
system, by default. 

Privacy embedded into design. Data privacy 
regulations mandate specific guidelines on the classes 
of data to be protected including personal data, 
protected health information and financial data. IoT 
sensor data, geolocation codes, vehicle identification 
numbers (VINs) and IP addresses, along with many 
other data elements, qualify as sensitive personal data 
under the General Data Protection Regulation (GDPR) 
[13]. 

There’s an explosion of new database 
technologies, and someone in the organization needs 
to stay abreast of what’s available and what’s the best 
solution to the problem at hand, someone with more 
diverse data literacy with different databases and 
languages. Given the growth and variety of options, 
it’s rare for an enterprise to have the resources they 
need to analyze Big Data themselves. This has led to 
the growth of companies providing databases as a 
service (DBaaS), since these companies have the 
bandwidth to keep up with all of the latest 
technologies, know their strengths and weaknesses, 
and employ professionals who know the nuances of 
each database. 

There were a number of skills mentioned by 
executives that make someone good at working with 
databases. These include: understanding the proper 
design structure, knowing what’s in the database 
you’re working with, and understanding data science 
and what data scientists are looking for. As the 
number of databases grow, it’s important to 
understand the strengths and weaknesses of the 
different tools and to choose the right database for 
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what you’re trying to accomplish. More Big Data jobs 
are requiring a broader set of skills [20]. 

Lack of expertise among developers and overly 
complex libraries have led to widespread 
cryptographic implementation failures in business 
applications. The scale of the problem is significant. 
Cryptographic issues are the second most common 
type of flaws affecting applications across all 
industries, according to a report this week by 
application security firm Veracode. The report is 
based on static, dynamic and manual vulnerability 
analysis of over 200,000 commercial and self-
developed applications used in corporate 
environments. 

Cryptographic issues ranked higher in prevalence 
than historically common flaws like cross-site 
scripting, SQL injection and directory traversal. They 
included things like improper TLS (Transport Layer 
Security) certificate validation, clear text storage of 
sensitive information, missing encryption for sensitive 
data, hard-coded cryptographic keys, inadequate 
encryption strength, insufficient entropy, non-random 
initialization vectors, improper verification of 
cryptographic signatures, and more. 

The majority of the affected applications were 
Web-based, but mobile apps also accounted for a 
significant percentage [9].  

In most system environments of the Cloud Service 
Providers (CSP), managing the security options for 
volume and storages will be a significant engagement 
because each client will need specific encryption 
options, data availability scenarios, and different types 
of access [14], [22]. 

The key encryption and management subsystem 
also has the important task of regulating the 
organization of processes. Experience with real 
installations makes us agree with James Randall that 
key management in the context of the ANSI X9 
standard means generating, distributing, preserving 
over the life cycle, modifying requirements, setting 
ciphering startup values and message formats. The 
ANSI X9 specification, designed for financial 
institutions, contains a description of the life cycle 
management requirements of the encryption keys [23]. 

Data in a network storage environment is 
significantly more vulnerable to unauthorized access, 
theft or abuse than data stored in the traditional, 
directly connected to the host storage. The college is 
not intended to divide the data contained in it, and the 
data from the different directorates and departments of 
the organizations remain mixed in the network [21]. 

Archiving data outside the organization can 
increase the risk of unauthorized access, both inside 
and outside the enterprise. For storage networks, a 
breakthrough in security could endanger the data of 
the entire organization [7]. 

One of the problems with Cloud computing is that 
both the CSP and law enforcement can access files, 
usually easier than if customers store them on their 
own computers [3]. 

The security of a cryptographic system depends on 
the control of the cryptographic keys and the compo-
nents of these keys. Responsibility for key manage-
ment is currently the Cloud computing customer or-
ganization. The generation of storage keys is usually 
performed outside Cloud through hardware modules, 
which does not fit completely into the Cloud para-
digm. 

The basic principle is that the organization controls 
the encryption keys and configures the key manage-
ment modules. Prior to using the key management 
department's CSP services, the organization needs to 
understand in depth and weigh the risks associated 
with the life-cycle management of key encryption 
provided by the CSP [15]. Cryptographic operations 
performed in CSP infrastructures are part of the over-
all process of key management and should therefore 
be controlled and audited by the client organization 
[27]. 

Despite the KMIP and IEEE P1619.3 interopera-
bility standards for key management in cryptographic 
systems by different manufacturers in [2], many 
opinions have been summed up to confirm the notion 
that in the coming years there will be no rigorous 
solutions for the management of cryptographic keys 
that are suitable for application in Cloud and maintain 
the required level of interoperability [6]. 

Results and recommendations 
The conclusions are based on listed entrapments. 

As Consequences the corporate policies, development 
methodologies, system design approaches, integration 
projects, government structures, telecommunications, 
utilities and businesses operation with EU sitizens 
data need to transform organizational processes, 
security and data protection technologies and 
professional staff education and training can be 
aligned with GDPR requirements. In general the 
companies over the world operating with EU sitizens 
data need to be in compliance with GDPR despite 
local regulation for example Government 
Accountability Office (GAO) Federal Information 
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System Controls Audit Manual (FISCAM) and others.  
Software development methodologies from 

waterfall to contemporary Kanban, DevOps, Agile 
Scrum need to be upgraded according GDPR 
requirements. The same requirements are for 
programming languages, programing libraries, API, 
and software testing. 

Standards like CMDB, ITIL, ISO 20000 can be 
implemented taking into account GDPR articles. 

Organizations in compliance with ISO 27000, 
COBIT, SOX need to do audits, data minimization 
and take additional actions toward GDPR compliance. 

Guidelines for future research 
Possibilities for future research are GDPR 

innovation-friendly rules. They are a guarantee that 
data protection safeguards are built into products and 
services from the earliest stage of development, the 
approach for data protection by design and by default 
[10], [17]. 

In my opinion, Human Resource Entrapments are 
more dangerous than others because of sophisticated 
social engineering approaches today combined with 
phishing and information about companies spread 
through internet content infrastructure in general and 
social networks.  
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Towards autonomous hardware and software  
in data base management systems  

Krassimira Schwertner 

 
The complexity of the Data Base hardware and software increases rapidly. It is hard task and 

also human resources consuming activity to keep the data household running, updating and upgrading 
it and also to take care for the performance tuning. As resolution of these problems the industry is 
introducing autonomous hardware and the first autonomous Data Bases. The expectation is that using 
methods of the machine learning and sophisticated program algorithms most of the maintenance 
activities will be automatically done.  

Key words: Engineered Data Base Appliances, Exadata, Autonomous Data Bases, In-Memory 
Data Base, Oracle 18c 

Към автономен хардуер и софтуер в системите за управление на бази от данни 
(Красимира Швертнер). Сложността на хардуера и софтуера на базата от данни се 
увеличава бързо. Трудна задача, а също и изискваща много човешки ресурси, е дейността по 
поддръжката на хранилището на данни, актуализирането и модернизирането му, както и да 
се поддържа ефективността на обработката на данни. Като решение на тези проблеми 
индустрията въвежда автономен хардуер и първите автономни бази от данни. Очакването е, 
че с помощта на методите на машинното обучение и сложните програмни алгоритми, 
повечето от дейностите по поддръжката ще се извършват автоматично. 

 

Introduction 
It is well known that the Data Base Management 

Systems (DB) are the corner stone in almost all 
application systems. The volumes of data grows 
permanently, the need for enterprise level DBs grows 
also permanently. The big problem of the 
contemporary DBs is their hardware and software 
complexity and licensing problems. In the past only 
big companies can afford to maintain enterprise class 
DBs like Oracle, DB2, MS SQL Server. Nowadays 
middle enterprises and in many cases small companies 
need to use these DBs. They are facing many big 
problems. In this article we will concentrate on the 
complexity of the support of the hardware and 
software environment and the possible solutions 
available to relax this problem. The first challenge is 
the hardware. The common hardware architecture 
used in the DB world comprises computing units (one 
or many in the case of clustered instances), RAM and 
Flash Memory chips, communication (LAN/WAN) 
environment (high speed Interconnects for 
communication between the clustered DB instances, 

Ethernet for communication with the applications). 
Additionally the hardware landscape comprises Data 
Storage Devices – classical disk devices, SSD disk 
devices, Flash Memory devices and in many cases a 
special software to control it like ASM (Automated 
Storage Management) in Oracle. In the common case 
these hardware components are delivered by different 
suppliers and are bought under different support 
agreements. This brings disorganization and even 
chaos in the data centers. The support of the software 
of the DBs (and other software like operating systems, 
applications) is also a hard task. The normal flow of 
support requires periodically updating the software (2-
4-6 times yearly). Additionally every 3-5 years the 
software should be upgraded to the next supported 
release. This is a complex task because it needs down 
time, experienced personnel and can bring different 
errors and problems. To make thing worse the DB 
software experiences errors (bugs, security leaks, 
defects in the software, etc.) which needs attention 
and efforts from experienced DBAs. There are many 
examples of such bugs and normally the paid supports 
sites of the companies are nothing but big collection 
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of bug fixes. This short list of the maintenance and 
support problems explains why the data centers 
experience big troubles to support DB environments. 
The big DB producing companies are aware of these 
problems. So they are trying to find ways to do the 
support not so complex task. We will consider two 
approaches: engineered DB appliances (Data Base 
Machines) and autonomous DBs. 

Engineered DB Appliances (DB Machines) 

Common features 

The Engineered DB Appliances are specially 
constructed hardware complexes. For applications a 
special engineered system Exalogic is used [3].  This 
research is focused on Oracle Exadata Machine, 
which comprises [1] [2]: 

Computing Units – Processors, classic Memory 
(RAM), some advanced kinds of RAM like ZFS. ZFS 
(source Internet) is a combined file system and logical 
volume manager designed by Sun Microsystems. The 
features of ZFS include protection against data 
corruption, support for high storage capacities, 
efficient data compression, integration of the concepts 
of file system and volume management, snapshots and 
copy-on-write clones, continuous integrity checking 
and automatic repair, RAID-Z and native NFSv4 
ACLs. 

Data Storage Units - Cells with 12 hard disks 
every which work as one unit with high degree of 
intelligence. This intelligence is delivered by 2 Intel 
Xeon processors included in every cell. The numbers 
of cells vary between 3 and 14 in a single appliance. 

Flash Storage – Frequently accessed data blocks 
and index blocks are cached, control files and file 
header reads and writes are cached. 

Network Units – Interconnection switches 
(InfiniBand switches – (source Internet) a computer-
networking communications standard used in high-
performance computing that features very high 
throughput and very low latency. It is used for data 
interconnect both among and within computers. 
InfiniBand is also used as either a direct or switched 
interconnect between servers and storage systems, as 
well as an interconnect between storage systems) and 
Ethernet switches 

All components are controlled and checked by a 
special monitoring and tracking system. If a 
malfunction is detected the Oracle support center is 
informed via automatic generated service request sent 
to support center by email. This leads to immediate 

intervention of Oracle technicians which repair or 
change the defect unit on the fly. 

Data Storage Units 

The data storage units are named cells. Each cell 
comprises 12 identical disks (the type could be 
different according the needs) and 2 Intel Xeon 
processors under Linux. The disk data operations are 
done on the cells from the software. The SQL 
statement is sent to the cells using a special protocol 
iSQL. The cells return only the results of the SQL 
statement to the DB instance. So the data processing is 
done on the cell, not on the DB instance minimizing 
the data transmission. The cells also ensure replication 
of the data for security reasons (normal redundancy – 
2 cells, high redundancy – 3 cells replication). The 
redundancy helps to keep the instance alive in case of 
loosed disks in the cells. 

The cells implement the Smart Scan feature 
which does the search of data in the cell and has 
following advantages: 

• Moving SQL processing off the database 
server frees server CPU cycles and eliminates a 
massive amount of unproductive I/O transfers. 
These resources are free to better service other 
requests. Queries run faster, and more of them 
can be processed. 
• Exadata Storage Server performs join 
processing for star schemas (between large 
tables and small lookup tables) in data 
warehouse systems. 
Another useful feature is the Automatic Storage 

Indexes which are automatically maintained (up to 8 
and different over the different parts of the tables) and 
have following advantages because: 

• Business Intelligence (BI) Tools are able 
dynamically to construct big amount of 
unpredictable SELECT statements. Practically it 
is impossible to define in advance the needed 
indexes to speed up the retrieval. 
• Different parts of a same table often are used 
in different SELECT statements. 
• Classic DB indexes use significant disk space. 
• By update/insert/delete operation often need 
for rebalancing of the search tree arises which 
consumes significant time in the background. 
The smart scan and the automatic indexes 

leverage the performance of the BI tools (analytical 
processing). 
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Fig.1. Exadata Smart Flash Cache [1]. 

Flash Storage 

Exadata Smart Flash Cache (ESFC) focuses on 
caching frequently accessed data and index blocks, 
along with performance critical information such as 
control files and file headers. In addition, DBAs can 
influence caching priorities using the 
CELL_FLASH_CACHE storage attribute for specific 
database objects. 

The ESFC is managed by the Exadata Storage 
Cell Server software CELLSRV. In general, when a 
Database Node requests a block of data from an ASM 
disk, the CELLSRV software issues asynchronous 
requests to the ESFC and to the grid disks that 
underlie the ASM disk group [1]. If the data is in the 
Flash Cache, this is satisfied from the cache, and if not, 
from the grid disk. After forwarding the block to the 
Database Node, CELLSRV then stores any blocks 
retrieved from the grid disks into the Flash Cache—
provided that the blocks are “eligible.” 

Exadata Smart Flash Cache understands different 
types of database I/O [1]: 

• Frequently accessed data and index blocks are 
cached. 
• Control file reads and writes are cached. 
• File header reads and writes are cached. 
• DBA can influence caching priorities. 

Smart Flash Cache speeds up the OLTP (On Line 
Transactional Processing). 
 

 
Fig.2. Exadata Cells – Disks, OS, 2 Processors [1]. 

Exadata has autonomous hardware features 

The big foundation of the autonomy of the 
Exadata Appliance lies in the fact that the end 
provider of the hardware is only one big corporation. 
So the warranty and the delivering of spare 
components is easier as in the case of a bunch of 
different supplier. Furthermore in the appliance are 
incorporated many tracking devices and in case of 
serious damage automatic service request is sent to the 
provider which acts immediately without intervention 
from the client party. 

Integrated Lights Out Manager (ILOM) is the 
tracking tool and provides advanced service processor 
hardware (baseboard management controller) and 
software that you can use to manage and monitor 
Database Machine servers. ILOM’s dedicated 
hardware and software is preinstalled on the database 
servers and Exadata Storage Servers inside Database 
Machine. ILOM enables to actively manage and 
monitor the server independently of the operating 
system state (out-of-band). With ILOM the operators 
can: 

• Learn about hardware errors and faults as they 
occur 
• Remotely control the power state of your server 
• View and use the graphical and non-graphical 
consoles for the host 
• View the current status of sensors and 
indicators on the system 
• Determine the hardware configuration of your 
system 
• Receive alerts about important system events 
through notification methods such as SNMP 
traps and email alerts. 

Advantages of Exadata 

The performance of Exadata [6] is very good. 
This is true for all kinds of data processing paradigms: 
OLTP, data warehousing, reporting. It is easy to 
migrate to Exadata via SQL*Loader or Data Pump 
tools, also to clone the databases. 

The support of the hardware and the software is 
done from only one vendor, so there are no problems 
with different contracts, guaranties and contacts with 
different suppliers. The hardware problems are 
automatically detected and Service Requests to Oracle 
has been automatically filled. 

Disadvantages of Exadata 

Exadata has many Linux and Unix operating 
systems installed in different components and also 
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running Oracle instances in the Computing Units. 
Updating and patching these software pieces needs 
downtime of the systems (4 days in some cases, and 
rare is done smoothly without collaboration with 
Oracle Support) [6]. So in order to ensure smoothly 
running of the applications a prerequisite is to have 
Data Guard standby instances to that the applications 
will be switched over. This needs big investment of 
money to double the appliances. There are also other 
complaints in regard of the experience of Oracle to 
support Exadata [6]. Another trouble is that Exadata 
comes with many licenses on software and this makes 
it too expensive [7].  

Autonomous Databases 

What and why autonomous Databases (DB) 

It is a fact that the administration of the DBs is a 
very hard task. This is so, because nowadays the DBs 
are very complex: have many different types of data, 
many features and functionalities and also (as every 
software) more than enough bugs. The need to update 
and to upgrade the DBs can’t be eliminated. There 
also big performance and security problems related to 
the DBs. This makes the Data Base Administration 
(DBA) a serious and hard task. There are not enough 
experienced DBAs and the salaries increase. From 
other hand the number of the installed DB instances 
increases drastically with the digitalization of the 
society and the industry. All this bring a bad 
reputation over the DBs: they are claimed as very 
complex products that need expensive personal and 
expensive hardware in order to be used. This is a big 
challenge not only for the consumer but also for the 
producer of the DBs. One way to reconcile this 
problem is the cloud services. With the cloud services 
the care for infrastructure, installation, supporting and 
running of the DBs and the applications are delegated 
to the provider of the cloud services. But the provider 
has its own problems – there are too many DB 
instances on the Cloud and too less experiencer 
personal and time to support the farms with the DBs. 
So the industry slowly goes to the idea for 
“autonomous” DBs. These mean that the maintenance, 
update, upgrade and security of the installed and 
running DBs will be done automatically. Even more – 
the complex performance tuning will be automated. 
We will try to analyze the Oracle approach to these 
activities. 

Early steps – the Oracle Enterprise Manager 

Oracle Enterprise Manager (OEM) is a tool to 
track, maintain and support the whole infrastructure 
(host machines, Oracle and no Oracle DB Instances, 
Listeners, engineered Appliances and even 
applications) via GUI tool. The main idea is to have a 
good graphical picture of the current state and the 
parameters of the whole infrastructure, to track them 
and to receive via emails warnings in case of critical 
and noncritical events. Another expectation was to 
give the Administrators good designed graphical tools 
to administer and manipulate the DBs and all other 
targets. The expectation was that the DBAs will stop 
to use the “old fashioned” Command Line Interfaces 
and will use the new GUI tool. So far so good but the 
main problems were still alive. What happens if the 
OEM is down (connectivity, server failure and so on), 
what will happen if it works too slowly, how to make 
correct decision when the DBAs sees only limited 
number of parameters? And the main question – the 
DBAs need deep understanding, training and 
experience to take the correct decision and to fulfill it 
using the GUI. 

Oracle 18c – limited steps to an autonomous DB 

The next release of Oracle DB (12.2.0.2) is 
named Oracle 18. This release coincides with the new 
trend of hosting of every kind of software – the Cloud 
Services. The Cloud gives the unseen possibility for 
the enterprises (also middle and small) to host their 
software in the Cloud Services providers. This triggers 
a new problem – the huge amount of this software 
(particularly DBs) needs support efforts – patching, 
updating, upgrading, bug fixing, performance tuning, 
problems fixing, backup and recovery and many other 
activities which are the contents of the DBA job – 
very expensive because of the need for big amount of 
knowledge, experience, passion and talent. Definitely 
there are no enough people to meet these requirements. 
So for good or bad these activities should be 
automated as much as possible. 

The autonomous Oracle DB will be available for 
now only in Oracle Cloud environment. Non Oracle 
Cloud installations so far are not able to be 
autonomous.  

The main expectation is that the Oracle 
Autonomous Database Cloud offers total automation 
based on machine learning and eliminates human 
labor, human error, and manual tuning. 
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The main features are [9]: 
• No Human Labor: Database automatically 
upgrades, patches, and tunes itself while 
running; automates security updates with no 
downtime window required. 
• No Human Error: SLA guarantees 99.995% 
reliability and availability, which minimizes 
costly planned and unplanned downtime to less 
than 30 minutes a year. 
• No Manual Performance Tuning: Database 
consumes less compute and storage because of 
machine learning and automatic compression. 
Combined with lower manual admin costs, 
Oracle offers even bigger cost savings. 
These unprecedented targets at this point of the 

development of the software sound as pure phantasy 
for every DBA [8].  This will be possible only in 
Oracle Cloud because of the uniformity of the 
installation, the usage of Oracle Exadata Appliance in 
these Cloud Computing Centers and the total control 
of Oracle engineers over the installations. But this is 
not possible on the other kind of installations – the so 
called on-premises installations due the unpredictable 
parameters of the hardware, operating systems and 
other installation component. The biggest obstacle is 
that the autonomous DB (as declared above) needs 
permanent bidirectional access from and to Oracle 
domains in the WEB. There are few companies that 
will agree to grant such access to their productive DB 
installations due many reasons – open door for 
hacking, confidentiality of the productive data, law 
restrictions and many other security reasons. In most 
cases the Oracle DBs run deep behind firewalls and 
have no access to public Web services.  

Another interesting question is how the users of 
the Oracle Cloud Services will agree to grant almost 
unlimited access to their data to Oracle personal and 
how this will harm the confidentiality agreements of 
the deploying. 

It seems that will  be other ways to ensure 
autonomy of the DBs on-premises e.g. manual 
delivering the patch sets, patch bundles, update sets, 
bug fixes to the DB and give the DB the possibility to 
take the decision what to apply. But the problem with 
the downtime still exists and it is hard task to solve it.  

The DBA community of course will be very 
happy to get rid from the routine tasks in patching, 
performance tuning, etc. Nevertheless the role of the 
DBAs is very important to keep the DBs running and 
with a good performance. 

Oracle database In-Memory and autonomous 
dual format 

In-Memory Databases are the newest approach 
to speed up the performance [10]. Oracle database In-
Memory is available in Oracle database 12c 
Enterprise Edition as additionally paid option [4]. This 
means that the database can be used without the In-
Memory feature. The Oracle database 12c has variants 
for almost all industrial used operating systems and 
processor types and do not need special certified 
appliance to be run. The only exception is the option 
to use the so called “SQL in Silicon”:  the SPARC M7 
microprocessor, specifically engineered for optimal 
performance for the database In-Memory. 

 

 
Fig. 3. Oracle Dual-format In-memory [11]. 

Dual-format architecture (fully 
autonomously) Oracle database In-Memory 
optimizes analytics and mixed workload OLTP, 
delivering outstanding performance for transactions 
while simultaneously supporting real-time analytics, 
business intelligence, and reports [4], [11], [12]. 

This breakthrough capability is enabled by the 
“dual-format” architecture of Oracle database In-
Memory. Up to now, databases have forced users to 
store data in either column or row format. Column 
format is highly efficient for analytics, but imposes 
very large overheads when used in OLTP 
environments. Similarly, row format enables 
extremely fast OLTP, but is less optimized for 
analytics. The only way to optimize for both OLTP 
and analytics has been to copy data from OLTP 
systems to analytic systems using complex ETL 
processes that add a great deal of expense and latency. 

The dual-format architecture of Oracle database 
In-Memory eliminates this tradeoff by representing 
tables simultaneously using traditional row format and 
a new in-memory column format.  

The Oracle SQL Optimizer automatically 
(autonomously) routes analytic queries to the column 
format and OLTP queries to the row format, 
transparently delivering best-of both-worlds 
performance. Oracle database 12c Release 2 (12.2) 
automatically maintains full transactional consistency 
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between the row and the column formats, just as it 
maintains consistency between tables and indexes. 

The new column format is a pure in-memory 
format. Tables are stored on disk using Oracle’s 
existing row-based or hybrid columnar formats. Since 
there is no persistent columnar storage format, there 
are no additional storage costs or storage 
synchronization issues. Changes to the purely in-
memory column format are very fast because they 
don’t need expensive persistent logging. 

Having both a column and a row-based in-
memory representation does not double memory 
requirements. Oracle uses its highly optimized buffer 
cache management algorithms to keep only actively 
accessed row data in memory. Decades of experience 
has shown that caching a small percentage of data 
blocks in memory eliminates the vast majority of 
storage I/Os, and flash caching eliminates virtually all 
the rest. Therefore most of the memory capacity in a 
database server can be allocated to the column format. 

Oracle’s in-memory column format uses 
sophisticated compression to expand memory capacity 
and improve query performance. Compression ratios 
vary from 2X – 20X, depending on the option chosen 
and redundancy in the data. The compression method 
may be different across columns, partitions or tables. 
For example, some table partitions can be optimized 
for scan speed, others for memory footprint, while 
others may be optimized to efficiently handle frequent 
DML operations. 

Comprehensive In-Memory optimizations – 
Oracle implements state-of-the-art algorithms for in-
memory scans, in-memory joins, and in-memory 
aggregation. Tables are logically split into sections, 
and minimum and maximum values of every column 
are maintained for every section of a table. This 
allows queries to quickly skip table sections that only 
contain data outside of the range of data needed by the 
query. Modern microprocessors support SIMD (Single 
Instruction for Multiple Data values) vector 
processing instructions to accelerate graphics and 
scientific computing. Oracle can use these SIMD 
vector instructions to process multiple column values 
in a single CPU clock cycle. In-Memory table joins 
take advantage of the new columnar compressed 
format by converting join conditions into filters 
applied during very fast data scans or by executing the 
join on the compressed values within the join columns. 
Analytic workloads typically spend a considerable 
amount of time on expression evaluation for each row 
returned by a query. In-Memory expressions enable 

frequently evaluated expressions to be materialized 
into the In-Memory column store. Once in the column 
store, all in-memory optimizations seamlessly apply 
to the expressions: vector processing, storage index 
pruning, etc. The expression columns are also 
maintained automatically as the underlying table 
columns are updated. In-Memory aggregation 
algorithms leverage the column format to speed up 
analytic queries and reports that aggregate large 
amounts of data.  

Cost effective in-Memory processing for any 
database size - Oracle database In-Memory does not 
require all database data to fit in memory. Users can 
choose to keep only performance sensitive tables or 
partitions in memory. Less performance sensitive data 
can reside on much lower cost flash or disk. Queries 
execute transparently on data residing on all three tiers 
- memory, flash and disk - enabling Oracle database 
In-Memory to be used with databases of any size. 

Conclusion 
The complexity of hardware landscape 

(components, providers, support, etc.) and software 
installation and support leads to big problems how to 
keep running all this stuff in the data centers. There 
are considerable expenses for personal and big risk to 
run into not working installations. The engineered 
appliances reduce the risk to get hardware failures. 
The autonomous DBs make easier to do the routine 
support, maintenance, performance tuning and bug 
fixing. These approaches are in the beginning phase 
and so have some big limitations. They highlight the 
trends in the future research and development and so 
the professionals have to be well informed about their 
possibilities, architectures and trends. 
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Weather station for smart home applications 

Filip Andonov, Georgi Petrov  

 
This report presents the development of a free hardware project for climatic and environmental 

home monitoring station with applications in smart homes (and greenhouses). Specific implementation 
uses open hardware platforms and free software, as well as original techniques for graphical 
visualization of forecasts, management, implementation of base algorithms for short-term local time 
forecasts, feasible to implement original intelligent heating decision making algorithms, lighting smart 
homes and small greenhouses for growing green vegetables (smart greenhouses and gardens). The 
system offers network connectivity and the ability to manage and monitor mobile devices. 

Метеорологична станция с приложение в умните къщи (Филип Андонов, Георги 
Петров). Настоящата публикация описва разработката на отворена хардуерна платформа 
за метеорологичен мониторинг на времето с приложение в домашната автоматизация от 
типа „умни къщи“. Спецификата използва отворен код и хардуерни платформи, като бяха 
разработени оригинални техники за графична визуализация на дисплей от типа „електронно 
мастило“. Имплементирани са алгоритми за краткосрочно прогнозиране на локалните 
метеорологични условия. Приложение на платформата би намерило при реализация на 
интелигентни системи за управление на домашната автоматизация, отопление и 
климатизация. Системата предлага мрежова свързаност и отдалечен мониторинг и 
управление през мобилни устройства.  

 

Introduction 

There are a large number of products of the type 
“home meteo-station” containing temperature, air 
pressure and sometimes humidity sensors. They use 
non-standardized set of icons for the short-term 
weather tendency. Unfortunately these devices are 
closed and do not allow modifications of any kind and 
the implemented algorithms for calculating the 
weather forecast are unknown. Some attempt to 
standardization is made by Apple and Google with 
their respective technologies Apple HomeKit [1] and 
Google Home [2]. Unfortunately these two platforms 
are not compatible and devices that support both 
standards are negligible few due to the license and 
R&D costs. Until recently Apple required the 
inclusion of their own authentication chip. Probably 
that is the reason on their list of supported devices to 
be around 50, and moreover with high prices. Google 
entered this market after its competitor, partnering 
with other companies that are already positioned on 
that market. For example Asus made a bridge that 
allows their smart devices to connect easier to 
Android devices.  

Many people have their reservations about the IoT 
technology in its current business model because of 

the privacy concerns – after all Google is a company 
that profits of gathering user data. When Google 
bought the smart thermostat company Nest it was 
demonstrated for example that thanks to the electricity 
consumption sensors it can be established when the 
fridge door is opened. All the data gathered by the 
sensors ends up in the “cloud”, where is out of reach 
and out of control by the users. This is the same 
problem that the current intruder detection systems, 
motions sensors and electricity consumption sensors 
have. The data for people’s habits is collected without 
any protection and makes man users uncomfortable. 
Other concern with the smart devices is the severe 
lacking of security standards and good security 
practices and most of the devices either do not 
implement any security or do it in an old and non-
reliable fashion [3].  

These problems with the current generation of 
smart devices can be better addressed if there was a 
standard and history teaches us that in emerging 
markets this is best done by the means of open 
standards [4].  

Hardware description 
The here described home meteo-station device is 

an example that it is possible to make attractive to the 
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end-user smart devices that are affordable and due to 
the open-sourced (https://hackaday.io/project/27458-
e-ink-weather-station) software and hardware are also 
easily modifiable. If an open standard is created it is 
our opinion that the market situation can change and 
smart devices can become more than a market niche 
for rich adventurous early adopters. 

 
The hardware used for this project is: 
• Waveshare 4.3 e-ink display 
• Arduino Uno 
• Adafruit BME280 combined temperature, 

humidity and atmospheric pressure  
• DS3231 based hardware clock 

 
The device has the following functionality: 
• time  
• date  
• temperature  
• station atmospheric pressure  
• sea level atmospheric pressure  
• humidity  
• short-time local weather forecast  
• pressure tendency  

 
The main challenges of this projects were: 
• using a font, different than the one build-in in 

the display 
• creating images without using too much 

memory 
• choosing and implementing the forecast 

algorithm. 

Graphic user interface – Font 
The display has build-in fonts. The problems are, 

they are raster, non-scalable, have only Latin and 
Chinese symbols and have only 3 sizes. Even worse, 
typographic-wise the three sizes are different. We 
wanted a good-looking interface (Fig. 1) and mixture 
of serif and sans fonts makes this impossible. The 
solution was to define a font in the code as a 3-D 
array, where every symbol consists of a matrix of 5x7 
pixels. At first we used one byte per pixel, but that 
almost topped up the available memory, so we 
decided to use 1 byte for every column and to access 
the pixel info with bit-wise operators. In this way we 
lose only one bit for column.  

The display API library has primitives for drawing 
filled circle and that was used for drawing the 
symbols. The function we have created expects as a 
parameter the diameter of the circle and by it the 
diameter of the circle and space between the circles is 

controlled. As a result we got a variable-size font, not 
dependent of the fixed-sized fonts embedded in the 
screen.  

 
Fig. 1. Device interface (all graphical representation and 

fonts are custom designed from device primitives for 
drawing circles and lines). 

Graphic user interface – weather icons 
The display supports uploading images to its 

internal memory, but they are again raster images and 
thus not scalable. So we decided to create functions in 
the code for drawing the icons, based on the available 
graphic functions in the display API and to be able to 
control the size of the image in the same way as the 
font characters. At the end images for sun, cloud and 
rain were created, that can be combined in different 
ways. We used the primitives for filled circle and 
rectangle for most of the image parts. Unfortunately 
the API function for drawing a line does not have 
parameter for the thickness. So we had to implement 
our own line drawing function based on the 
Bresenham algorithm, but instead of pixels we draw 
filled circles. The size of the circles is the thickness of 
the line. 

Forecast algorithm 
During our research we quickly realize that the 

manufacturers of the existing home weather stations 
does not publish any information about the algorithm 
they use for choosing what weather prediction icon to 
show. The only algorithm for that purpose with a 
description that we found was the Zambretti 
algorithm, named after its creators Negretti and 
Zambra and published in the year 1915. The input 
parameters of the algorithm are season, sea-level 
pressure, barometric tendency, hemisphere and 
direction. The algorithm is empirical and created for 
the northern hemisphere and more specifically Great 
Britain. Analysis made on the algorithm conclude, that 
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wind direction has little effect to the final result, 
which is a good thing because wind direction sensor in 
urban environment is hard to use. We get the 
temperature, humidity and station pressure from the 
sensor, but the relative pressure should be derived 
from the station pressure. There are many formulas for 
that, but the one we use is the following: 
 

(1)     
5.257

0
0.00651

0.0065 273.15
hP = P

T + h+

−
 − 
 

 

where 
P0  is the relative sea-level pressure 
P  is the station pressure in hPa 
h  is the altitude in meters 
T is the temperature in Celsius.  
 

The problem is how to get the altitude. The sensor 
we use returns the approximate altitude, but it is based 
on the barometric pressure and it is affected by it. It is 
like chicken-and-egg problem. In order to get the 
exact relative pressure we need the station pressure 
and the altitude, but in order to get the altitude we 
need the exact pressure. After some experiments it 
turned out that if we use the sensor for getting the 
altitude the calculated sea-level pressure stays almost 
the same – this is because when the pressure changes 
the altitude changes too. To solve this problem we 
came up with the following two ideas: – to gather data 
for the barometric pressure for prolonged period of 
time and use some average value or to use pressure, 
entered by the user. Both approaches have some 
limitations – the first one needs long time to gather the 
data and some memory for it, and the second needs 
the user to know the altitude and the device to have 
some input interface for it. Unfortunately this is the 
price that has to be paid to get an adequate short-time 
forecast [5].  

Determining the tendency of barometric pressure 
turned out to be a challenge, because the materials 
only say “rising”, “falling” and “stable”, but these 
terms are not defined. In other sources, not connected 
to the Zambretti algorithm the tendency is defined as 
the change of pressure with one (or two or three at 
most) units in hectopascals for the period of one to 
three hours. Armed with this knowledge we made the 
following: we save the sea-level pressure every 10 
minutes in an array. When the array is filled we 
calculate the tendency as the difference between the 
average of the first three elements and the last three. 
The array is used as a queue, where the 11th value 
goes to the 10th position and the first one is discarded 
and so on.  

The Zambretti algorithm returns a number that 
have to be compared to a table with the text 
description of the forecast. Some computer 
implementations of the algorithm try to derive a 
formula that gives the number of the row in the 
description table based on the Zambretti number. We 
decided to use the approach, used by the developers of 
the Javascript implementation, where number 
intervals are used, defined with if-else if operators.  

The mappings of the text descriptions to the 
images are given below. 
 

Table 1 
Mappings between text descriptions of the Zambretti 

algorithm and weather icons 

Falling pressure 
Settled fine Sun 
Fine weather  Sun 
Fine becoming less settled Sun, cloud

Fairly fine showery later Sun, cloud
Showery becoming more 
unserttled 

cloud 

Unsettled, rain later Sun, cloud, rain

Rain at times, worse later Sun, cloud, rain
Rain at times, becoming 
very unsettled 

cloud, rain

Very unsettled, rain cloud, rain

Settled pressure 
Settled fine Sun 
Fine weather  Sun 
Fine possibly showers Sun, cloud

Fairly fine showery later Sun, cloud
Showery bright intervals Sun, cloud, rain

Changeable, some rain Sun, cloud, rain
Unsettled, rain at times Cloud, rain

Very unsettled, rain Cloud, rain
Very unsettled, rain Cloud, rain

Stormy, much rain Cloud, rain

Raising pressure 
Settled fine Sun 
Fine weather  Sun 
Becoming fine Sun, Cloud
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fairly fine, improving Sun, Cloud 
fairly fine, possibly showers Cloud 
showery early, improving Cloud, rain 
Changeable mending Cloud 
rather unsettled Clearing 
later 

Cloud 

unsettled, probably 
improving  

Cloud 

unsettled, short fine 
intervals 

Cloud 

Very unsettled, finer at 
times 

Cloud, rain 

Stormy, possibly improving  Cloud, rain 
Stormy, much rain Cloud, rain 

 

Integration with a greenhouse and system for 
family-house climate control 

More and more households and small companies 
use yards to produce vegetables, spices, flowers and 
herbs and even fishes. It becomes a popular option to 
have small greenhouses in urban backyards. Local 
vegetable production is not only some strange fashion, 
it can have impact on the quality of life, to reduce 
pollution and to have positive effect on the upbringing 
of the young generation. The main problem most of 
the small projects have is the lack of time of the 
owners to maintain a garden/mini-farm. The described 
here monitoring system can be easily extended with 
actuators and more sensors in order to make small 
greenhouses easy (a subject of another project related 
to “FarmBot” garden automation). The base model of 
the greenhouse requires as a minimum humidity and 
temperature control and automatic watering system. 
When the greenhouse climate control system is 
integrated with the smart home we get the ability to 
optimize the released CO2 emissions. This is made 
while during different weather conditions local 
heating system can be programmed using different 
scenarios for start-stop-sleep. Other situation is 
achieved by relatively inexpensive system that uses 
the coming from the house heated and high in CO2 air 
to feed the greenhouse during daytime, or 
recirculation of heated air from living rooms to 
greenhouse and reverse. Combination with 
underground water tanks (2-6 tones) that can be used 
for small fish farming can be used for temporal heat 
storage during daytime and this heat can be 
recuperated during night time or cooling in 

summertime. The ability to extend the sensor network 
with gas sensors and small dust particle sensors solves 
a serious problem with the ventilation of premises 
heated by solid fuels. Using the short-term forecast for 
temperature and sunlight can help optimizing the fuel 
supply at the local heating system and to avoid high-
impact system load and the release of high amount of 
harmful gases caused by sub-optimal burn of the fuel 
[6]. If such systems are widely adopted they can also 
be used for monitoring the air pollution in suburban 
areas and the gathered data to be used for additional 
research on this problem.  

Network connectivity 
For network connectivity, standard WiFi 

communication modules based on the ESP8266 micro 
controller (currently unparalleled in its price category) 
are used. Additional wired connectivity, when 
required, can be built using LAN modules or other 
long line types based on RS232/RS485/RS422 and 
iWire. Typically, a fully or partly emulated TCP/IP 
v.4 stack is used to solve a number of problems 
ensuing from the specific needs for assigning 
addressed and address translation when connecting 
multiple sensors to the control application or a mini 
cloud. 

Future development 
• calculating moon phases 
• showing day of the week  
• adding buttons for setting 
• adding nonvolatile memory for saving 

collected sensor data  
• adding external temperature and humidity 

sensor 
• adding an image for storm  
• connecting via WiFi to mobile devices for 

setup and control 
• showing calendar events, defined via mobile 

application 
• integrating fully-fledged network capabilities 

in every sensor, based on TCP/IP v.4 stack 
and migrating to IPv6 stack [7] 

• VPN based on off-the-shelf VoIP solution 
• developing procedures and protocols for 

security and access control to the sensors and 
actuators.  

Conclusion 
The monitoring station we developed is a first step 

to an open-source software and hardware solution and 
framework with applications in smart homes and 
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small greenhouses, where every integrated module, 
sensor, network connectivity module and visualization 
is also open-sourced. Local weather forecast allows 
optimized control of the heating, lighting and 
ventilation at home and the greenhouses. This will be 
achieved by implementing procedures in the main 
software. The network connectivity allows integration 
with remote sensors and actuators via wires (LAN) or 
wireless network technologies (WiFi, Bluetooth, 
ZigBee, etc.). The described platform will allow 
accessible integration of home automation and energy 
consumption optimization done by users with minimal 
technical skills. The open nature of the solution should 
help in the adoption and further development of the 
proposed framework [8]. There is a challenge with our 
approach due to the lack of integration with a plethora 
of closed and proprietary protocols for remote control 
of climate control and local heating systems and 
further development of control modules for these 
systems is needed. 

 
This paper is reported in the XXV National 

conference with international participation 
TELECOM, Sofia, Bulgaria, 2017. 
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5. Organization and control on the strategy implementation 

5.1. Organization of the strategy implementation 

   Considering the nature of the national strategy and its crucial importance for the successful 
development of Bulgaria as a prosperous European state, a government body responsible for 
its implementation is the Council of Ministers, which has the following functions in connection 
with the strategy: 

• adopting a multiannual operational plan for implementation of each stage of the 
strategy, including the activities to prepare the implementation of the next steps; 

• at the end of each stage accepts report on implementation and a proposal for updating 
the strategy and submit them to the National Assembly and the International Control Board on 
strategy implementation; 

• include objectives, activities and measures identified in the strategy for the 
development of the National Development Programme, the Agreement for partnership with 
the European Commission for the programming period, long-term and short-term budget 
forecasts, the State Budget Act and other programming, legal and financial state documents; 

• coordinate the implementation of the operational plan by state authorities; 

• adopt an annual report on the implementation of the operational plan and an updated 
plan for the next year and submiting them to the International Control Board on the 
implementation of the strategy and the responsible committee of the National Assembly; 

• ensuring active participation of government authorities and the Bulgarian 
representatives in the EU bodies for developing programmes and adopting solutions to ensure 
the implementation of the objectives and activities set out in this strategy. 

     Operational activities for implementation of the strategy is carried out by the Ministry of 
Education and Science, which: 

• preparing drafts of documents related to the implementation of the strategy, which 
presents to the Council of Ministers, including projects for updating the strategy; 

• preparing proposals for changes in laws and regulations related with strategy 
implementation; 

• preparing in coordination with the Ministry of Finance a proposal for change in the 
financial framework in line with the strategy; 

• preparing proposals and coordinates them with other concerned ministries, public 
authorities, research organizations and universities, social partners and the science 
community; 

• provides methodological support and facilitates the activities of other ministries and 
state, regional and municipal authorities in the process of strategy implementation. 
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     To ensure the strategy implementation through funding from the state budget the 
responsible institution is Ministry of Finance, which: 

• reflects, the provided in the strategy, increase of the research funding from the state 
budget in projects of long and short-term budget forecasts, the State Budget Law and other 
financial documents; 

• supporting the Ministry of Education and Science in the process of preparation of 
financial instruments for Strategy implementation.  

      The Sectoral Ministries in coordination with the Ministry of Education and Science carried 
out the activities for the development of research in the respective sector, by supporting the 
development of existing or the creation of new specialized research units and use the 
measures envisaged in the strategy. 

     The coordination of national, regional and sectoral policies and programmes will be 
implemented by the Council for smart growth. The Ministry of Economy and the Ministry of 
Education and Science, as well as the relevant regional or municipal governments will work at 
the operational level to carry out researches related to the implementation of national and 
regional priorities of Innovation Strategy for Smart Specialisation. 

      Within its competences the Ministry of Foreign Affairs will assist the Ministry of Education 
and Science and the research organizations and universities for effective bilateral and 
international scientific cooperation as well as to attract PhD students and scientists from 
abroad. The Ministry will support the implementation of the strategy through expert or technical 
assistance at European or international programmes or in within the intergovernmental 
agreements. 

   To support the activities of state bodies in implementation of the strategy will be created a 
Public Council for development of Science. The Council will include leading and young 
scientists - representatives of the various fields of science with proven performances under 
the criteria of the relevant science field. The Council will be associated with representatives of 
unions of scientists, businesses, industry and trade unions, journalists, public figures and 
others. The Council will promote the effective dialogue of the science community with the state 
authorities, with the society and EU institutions, it will ensure the successful implementation 
of the strategy and its update for the optimal participation of Bulgaria in the European 
Research Area. In the third stage of implementation of the strategy the Council will organize 
a broad public discussion to achieve national consensus on long-term objectives and priorities 
for the development of Bulgarian science after 2030 and for the main measures and tools for 
achieving them. 

5.2. Stages, and indicators for Strategy implementation 

    The Strategy implementation is divided into three stages to ensure effective operational 
planning, implementation of planned activities and control over them, and to report on 
performance. Each stage is associated with the implementation of some of the specific 
objectives of the strategy and contributes to the realization of its vision. To evaluate the 
performance of each stage are given values of selected indicators which is necessary to be 
achieved. The work on each stage begins with the elaboration and adoption by the Council of 
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Ministers of a multiannual operational plan for the implementation of the stage, including the 
activities to prepare the implementation of the next stages. The control over the current 
implementation of the plan is implemented through an annual report on its performance to be 
submitted to the National Assembly, accompanied by an opinion from the International 
Monitoring Board for the implementation of the strategy. Copies of the report and the opinion 
of the International Monitoring Board are granted to the European Commission. At the end of 
each stage the Council of Ministers presents an analysis of its performance and a proposal 
for updating the Strategy. Since this strategy has been developed based on current strategic 
documents - National Development Programme, Innovation Strategy for Smart Specialisation 
and others, the update of the strategy for each of the next stages should reflect the changes 
in the respective national strategic documents. 

I. Recovery Stage (2017 - 2022) 

This stage envisages the restoring the normal functioning of the national research system by 
applying the bulk of the measures provided for in the activities of individual specific objectives 
and reaching to a R & D funding from the consolidated fiscal programme, excluding the 
expenditures coming from the ESIF, amounted to 0.70% of GDP. The aim is at the end of the 
stage the research activity to be assessed correctly, to be attractive for scientists and young 
people and to have favorable conditions for research and their potential applications. In terms 
of the performance indicators it must be changed the direction of divergence of Bulgaria by 
number of scientific publications to climbing in the world ranking. At the end of the stage the 
innovation index components related to research should reach values corresponding to 
"moderate innovator". 

II. Stage of an accelerated development (2023 - 2026) 

The second stage provides accelerated development of researches by continuing the 
implementation and the expansion of policies envisaged in the strategy, including a sustained 
increase in funding. To assess the success of the strategy in the early stages is provided a 
conducting of an independent international evaluation of the research organizations – 
Bulgarian Academy of Science and Agricultural Academy institutes, research institutes to 
Ministries and departments and research universities, according to the established 
international practice and experience in the authorities of the European Commission. During 
this stage the newly created centers of excellence and competence and the regional centers 
must be reached using the full capacity for R & D. At this point it should be reached a level of 
research on key indicators at average European level. To achieve this goal it is necessary the 
research in Bulgaria to grow faster than other countries in Central and Eastern Europe. This 
can be done only through sustained national policy provided for in the strategy. Thus Bulgaria 
will become attractive enough for researches to be able to retain talented young people for 
careers in the country. 

III. Stage of research at global level (2027 - 2030) 

After the restoration of the level of research in the first stage and the subsequent accelerated 
development through involvement in the research system of centers of excellence and 
competence, at the last stage of the strategy it will be reached world-class research. A 
qualitative leap in the development of R & D in this stage will be achieved with the 
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establishment of scientific innovation complexes in less developed areas of the country with 
the active participation of leading partners from abroad. The end of the stage provides that 
Bulgaria will significantly improves its positions in research and innovation in terms of key 
indicators as values for them to match those of "strong innovators".  

Indicators for strategy implementation 

The indicators for strategy implementation at the individual stages are summarized in Table 
7. 

Table 7. Target values of indicators which is necessary to be achieved at the end of each 
stage of the strategy implementation  

Stage  Recovery Accelerated 

development

World level

End of the stage, year 2015 2022 2026 2030 

Indicator     

Bulgaria's position in the world ranking by
number of publications indexed in WoS 

58 56 51 47 

Percentage of top 10% articles of the total
articles (a) 

3.6% 3.8% 5.0% 7.0% 

Total R & D costs as % of GDP 0.96% 2.40% 3.00% 3.30% 

R & D funding from the state budget as % of 
GDP 

0.23% 0.85% 1.00% 1.10% 

R&D personnel in FTE as % of total working
force  

0,6 0,8 1,0 1,5 

Total number of researchers in full time
equivalent 

14 224 15 000 17 000 19 000 

Number of defended at the year PhDs 1 442 1 600 2 000 2 200 

Innovation Index as a percentage of the 
average index for the EUб 

24% 30% 50% 80% 

Allocated funds under Framework
Programme of an year in euro per capita. 

1.4 3.0 7.0 15.0 

Age balance c 0.73 0.76 0.90 1.05 

Policy on Gender Equality d 1.13 1.0 ± 0.15 1.0 ± 0.15 1.0 ± 0.15 

 

a) according to the European Innovation Scoreboard 

b) through the components associated with Science (according to the European Innovation 
Scoreboard)  
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c) ratio of the number of researchers up to 34 years to researchers over 55 years in the state 
sector and the "Higher Education" sector (according to NSI) 

d) the ratio of the number of women researchers / men researchers. 

 

   The implementation of the indicators refers to the last year of the stage, taking into account 
the first year of the next stage. The target indicator values are determined in accordance with 
the target position of the country at the end of each stage and then compared with those of 
EU countries in the respective position. 

5.3. Control over the strategy implementation 

  The control over the strategy implementation is implemented by the National Assembly and 
the International Control Board on strategy implementation. 

    The National Assembly shall consider and approve the reports of the Council of Ministers 
to implement the various stages of the strategy and the reports of the International Control 
Board and, if necessary, to update the strategy. The sectoral committee of the National 
Assembly shall consider the annual reports of the Council of Ministers for the implementation 
of the strategy and the reports of the International Control Board and shall accept an 
evaluation of the implementation. In serious breach of the Strategy, the Committee may 
propose to the Council of Ministers some changes in the organization of strategy 
implementation, including the composition of the responsible state authorities. 

      For specialized control over the strategy implementation is set up an International 
Monitoring Board. Members of the board include no more than six leading foreign scientists 
from different fields of science (including prominent Bulgarian scientists working abroad). The 
Board members are nominated by the European Research Council and its staff shall be 
approved by the sectoral committees of the National Assembly. The International Monitoring 
Board shall meet at least once a year and: 

• examine the drafts of the documents – the multiannual operational plan for the 
implementation of each stage of the strategy, the proposals for updating the strategy and the 
operational plan and updated annual plan. For each document it makes recommendations to 
the Council of Ministers; 

• examine the reports of the Council of Ministers to implement the various stages of the 
strategy and annual reports, issues an opinion on them with assessment of the implementation 
and with recommendations for solutions submitted to the National Assembly, to the Prime 
Minister and to the President of the Republic of Bulgaria; 

• sending opinions on the reports of the Council of Ministers to the sectoral departments 
of the European Commission and published them. 

    During the meeting the board members can attend public institutions engaged in the 
strategy implementation, research organizations and universities and to meet with 
representatives of the science community, social partners and etc… 
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  “Science”Direcorate at Ministry of Education and Science supported the activity of the 
International Monitoring Council and receives the necessary funding for implementation of all 
activities of the Council.  

       Public control over the implementation of all strategy activities, can be implemented by 
scientists, the science community, the social partners and representatives of society and 
industry. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This information is available online: 

Republic of Bulgaria 

National strategy for development of scientific research in the Republic of Bulgaria 
2017 – 2030 (Better science for better Bulgaria).  
5. Organization and control on the strategy implementation, pp. 55-59. 
Last access: 29 December 2017: http://horizon2020.mon.bg/?h=downloadFile&fileId=436 
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Center for Contemporary microscopy for 
fundamental and applied researches in biology, medicine and biotechnology 
(EuroBioImaging) 

 
Coordinator  
Institute of Molecular Biology “Academic 
Rumen Tsanev”, Bulgarian Academy of 
Sciences  
 
Location of the infrastructure  
enter for Contemporary microscopy for basic 
and applied research in biology, medicine and 
biotechnology (EuroBioImaging), Sofia – city, 
1113 Sofia, str. “Acad.G.Bonchev”, bl. 21 
http://www.bio21.bas.bg/imb/?lang=bulgarian 
 
Bulgarian consortium  
Financial coordinator: 
Ministry of Education and Science 
 
Scientific coordinator:  
Institute of Molecular Biology “Academic 
Rumen Tsanev” – BAS  
 
Partners are missing for the project 
 
Area of activity  
Health and Food  
 
Type of the infrastructure  
European, distributed  
 
Budget project for the period 2016-2020: 
Total: 5.3 million BGN 
 
Revenues: 
4.6 million BGN 
 
Participation in European infrastructure: 
 

Description of the infrastructure: 
 
Euro-BioImaging is a project to create pan-European 
research infrastructure by the European Strategy Forum 
based on the Roadmap for Research Infrastructures 
(ESFRI). The infrastructure represents multiple centers – 
facilities for the implementation of fundamental and 
applied research in biology, medicine and biotechnology 
areas. The center for contemporary microscopy for 
fundamental and applied researches in biology, medicine 
and biotechnology areas (Euro-BioImaging) is the only one 
recommended for construction unit of the Euro-
BioImaging consortium in Southeast Europe. 
The center for contemporary microscopy for fundamental 
and applied researches in the fields of biology, medicine 
and biotechnology to the Euro-BioImaging consortium 
aims to build infrastructure for modern microscopy to 
provide the Bulgarian researchers free access to innovative 
technologies for receiving images. The center will provide 
access to the following avant-garde microscopic 
techniques: 
1. Multiphotonic and confocal scanning microscopy. This 

type of system that is currently not available in 
Bulgaria, enables monitoring with high resolution deep 
in the organisms’ tissues. 

2. Laser micro-dissection enables the separation of cancer 
cells from the normal tissue with high precision for a 
subsequent diagnosis and researches.  

3. Light sheet microscopy (SPIM) is a new technique with 
great potential that allows capturing three-dimensional 
images of cells and small organisms for days without 
phototoxicity.  

Appendix №5: PROFILE OF THE RI IN THE NATIONAL ROADMAP IN THE REPUBLIC OF 
BULGARIA  
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The center for contemporary microscopy on 
fundamental and applied researches in the 
fields of biology, medicine and biotechnology 
is part of the Euro-BioImaging – a pan-
European consortium, included in the 
Roadmap of the European Strategy Forum on 
Research Infrastructures (ESFRI) 
 
Year of inclusion in the European 
infrastructure: 
2015 

4. The high performance fluorescence microscopy enables 
simultaneous study of the effect on normal and cancerous 
cells of thousands of biologically active compounds with a 
potential use in medicine. 

 
Scientific and technical team of the research infrastructure 
Over 50 
 

Impact / benefits: 
The development of the infrastructure will enable researchers to 
take advantage of avant-garde microscopy techniques for 
monitoring fixed and living cells for studying a wide variety of 
questions in biology, medicine and biotechnology. 
Providing of free access to an advanced microscopic technology 
through the creation of the Center for modern biomedical 
microscopy as part of the international Euro-BioImaging 
infrastructure will increase the opportunities of the Bulgarian 
scientists to develop both fundamental research and development. 
The establishment of a system for sharing technologies and 
equipment between science and business will facilitate the 
conceptual and technological integration of biomedical 
researches of Bulgaria in the EU. 
In longer term the creation of biomedical products with protected 
intellectual property as drug products, other biologically active 
substances, tests with applications in diagnostics and forensics 
and more will be stimulated. The opportunities for knowledge 
transfer from the field of science into the field of production for 
turning technological design into real production product 
technology with high added value will expand. This research 
infrastructure will increase the competitiveness of the Bulgarian 
economy in the field of health and biotechnology and will help 
build a modern economy based on knowledge and scientific 
achievements. 
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Research infrastructure in cellular 

technologies in biomedicine (SICTB) 
 
 

 
Coordinator 
Sofia University “St. Kliment Ohridski” 
 
Location of the infrastructure  
Sofia – Sofia University “St. Kliment Ohridski” 
https://www.uni-
sofia.bg/index.php/bul/universitet_t/fakulteti/biologich
eski_fakultet2 
 
Bulgarian consortium  
Financial coordinator: 
The Ministry of Education and Science 
 
Scientific coordinator: 
- BARHE Association (the association unites 

embryologists from 35 national centers for 
assisted reproduction). 

 
Participants: 
- Faculty of Biology at Sofia University 
- “Joint Genome Center” Ltd, Sofia 
- Medical center “ReproBioMed” Ltd. - Sofia 
- In vitro AG Medical Center “Dimitrov” Ltd. 
- Bulgarian Association of Regenerative 

Medicine (BARM) 
- Bulgarian Association of Reproductive 

Human Embryology (BARHE) 
- Institute for Regenerative Medicine Ltd. 
 
Area of activity 
Health and Food  
 
Type of the infrastructure  
Concentrated 
 
Budget project for the period 2016-2020:  
24 million BGN 
 
Participation in European infrastructure  
One of the main tasks of the infrastructure is related 
with the inclusion of SICTB in the European 
infrastructure for translational medicine (EATRIS), 
part of ESFRI 
 
Year of inclusion in the European infrastructure: 
 

Description of the infrastructure: 
 
 “Allianz for cell technology“ (ACT) is a civil 
association of organizations from academic, industry 
and NGO sectors whose purpose is the development of 
scientific research, education and applied activities in 
the field of cellular biotechnology with application in 
personalized reproductive and regenerative medicine. 
The association was founded to create a research 
infrastructure by seven organizations, co-founders of 
ACT as equal partners. 
 
Impact / benefits: 
 
Innovations and transfer of knowledge – Innovations in 
cellular technologies for creating products for humane 
use based on high quality research, transfer of 
knowledge and skills, exchange and access to facilities 
between the separate units and other institutions to 
ensure that the scientific and technological 
developments are accessible to a wider range of 
consumers, which can continue to develop and use the 
technology in new products, processes, applications, 
materials or services. 
 

 

42 “Е+Е”, 11-12/2017



 

 

 

 

 
 

National Center for high performance and distributed 
computing 

 

Coordinator  
Institute of Information and Communication 
Technologies, Bulgarian Academy of Sciences (IICT-
BAS) 
 
Location of the infrastructure  
IICT-BAS, str. „Acad. G. Bonchev“, bl. 25А, 1113 
Sofia  
http://www.hpc.acad.bg/?lang=bg 
 
Bulgarian Consortium 
 
Financial coordinator: 

o Ministry of Education and Science  
 

Scientific coordinator: 
Institute of Information and Communication 
Technologies, BAS, is the scientific coordinator of the 
following two consortia: 
Consortium for Supercomputing Applications (since 
2009) 
Consortium members: 

o Sofia University “St. Kliment Ohridski” 
o Technical University – Sofia 
o Medical University – Sofia 
o National Center for Geophysics, Geology and 

Geography – BAS 
o Institute of Mechanics – BAS  

Consortium for distributed (Grid and cloud) 
applications (established in 2004, renovated in 2012) 
Consortium members: 

o Institute for Nuclear Research and Nuclear 
Energy – BAS; 

o Sofia University “St. Kliment Ohridski” 
o Technical University – Gabrovo; 
o Institute of Molecular Biology “Acad. Rumen 

Tsanev” – BAS; 
o Institute of Organic Chemistry with Centre of 

Phytochemistry – BAS; 
o National Institute of Geophysics, Geodesy and 

Geography – BAS; 
o Institute of Mechanics – BAS; 

Institute of Mathematics and Informatics – BAS. 
 
Area of activity  
e-Infrastructure  
 

Description of the infrastructure: 
The infrastructure has a centralized model of management, 
maintenance and resource management, which provides 
computer security, a rapid resolution of technical 
problems, regular installations and upgrading of 
middleware as well as supporting the users and the 
applications. 
The National Centre for high performance and distributed 
computing is an electronic infrastructure that integrates 
computing systems and data storage, software, 
middleware and services, and offers to the Bulgarian 
researchers a transparent and open access for the 
development and operation of computing-intensive 
scientific applications. 
 
Scientific and technical team of the research 
infrastructure: 
Over 100 
 
Impact / benefits: 
1. Transparent access to the most contemporary 

computational tools for research teams from 
different scientific disciplines; 

2. Competent support for scientific applications 
in key areas such as medicine and 
bioinformatics, ecology and bio-diversity, 
new materials, transportation, energy 
efficiency, humanities and social sciences, 
etc.; 

3. Support for the formation of interdisciplinary 
teams using the latest advances in information 
technology; Possibility to model processes 
and phenomena with processing of large 
volumes of data and complex mathematical 
models;  

4. Exchange of experience and know-how 
5. Reinforcement of Bulgaria as a regional 

leader in the field of information technology; 
6. Expanding the participation of Bulgarian 

scientific teams in European projects and 
research programs; 

7. To serve as an electronic infrastructure to 
other national research infrastructures; 

8. Training of young scientists and development 
of human potential in priority areas. 
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European Organization for Nuclear Research – 
CERN   
 
 

Coordinator 
Ministry of Education and 
Science  
 
Location of the infrastructure 
CERN is located on the border 
between France and Switzerland, 
near Genève. The center has a 
developed infrastructure on the 
territory of both of the countries. 
http://www.cern.ch 
 
Bulgarian consortium: 
Financial coordinator: 
Ministry of Education and 
Science 
 
Scientific coordinator:  
INRNE, IICT and ISER – BAS, 
Sofia University “St. Kliment 
Ohridski”, Plovdiv University 
“Paisii Hilendarski”, and 
NCRRP  
 
Type of the infrastructure 
European Organization for 
Nuclear Research – CERN  
 
Participation in European 
infrastructure:  
The HL-LHC project is included 
in the ESFRI Roadmap. In 2018 
ISOLDE will also be included in 
ESFRI as a part of the EURISOL 
DF project. Membership in 
DARIAH ERIC is envisaged. 
 
Year of inclusion  
On June 3, 1999, the XXXVIII 
National Assembly ratified the 
CERN Convention and the 
Financial Protocol annexed to it, 
and on 11 June 1999 Bulgaria 
was officially named by UNESCO 
as a full member of the CERN. 
This is the end of the ten‐year 

Description of the infrastructure  
The European Center for Nuclear Research (CERN) is established in 
1954 in order to unite the efforts of the European countries in 
researching elementary particles of matter and the forces responsible 
for their interactions.  
This is an international intergovernmental organization with 22 
countries as members (Austria, Belgium, Bulgaria, Czech Republic, 
Denmark, Finland, France, Germany, Greece, Hungary, Israel, Italy, 
Netherlands, Norway, Poland, Portugal, Slovakia, Spain, Romania, 
Sweden, Switzerland and the United Kingdom). The associate 
members of the organizations are Serbia, Cyprus, India, Pakistan, 
Turkey and Ukraine. 
The areas of activity are related to fundamental research in particle 
physics, nuclear physics, information technology and applying of the 
methods and technologies developed for the needs of business and 
society, training of highly qualified specialists. 
The research in CERN is conducted by accelerating stable or long-
lived charged particles (protons, electrons and heavy ions) to high 
energies, which then collide with nuclei of specially selected target or 
with each other. With the help of the located around the target or at 
the point of the collision detectors, the products of the reaction are 
registered, and thus we can judge the ongoing processes. 
For many years in CERN a unique accelerator complex is built which 
consists of a chain of accelerators (LINAC, BUSTER, PS, SPS, 
LHC), as in each subsequent accelerator an accelerated to a certain 
energy by the previous one is injected. The Large Hadron Collider 
(LHC) in the last one in this chain and is able to accelerate protons to 
energies 7 TeV/nuclei and heavy nuclei to 2.76 TeV/nuclei. There are 
4 detector complexes in this accelerator (ATLAS, CMS, ALICE, 
LHCb), with the help of which the products of the interaction of the 
accelerated beams are registered. ATLAS and CMS are for general 
purposes, while the other two experiments are specialized for solving 
specific problems. 
LHC is located in a tunnel, a ring with a perimeter of about 27 km. It 
has installed 9593 superconducting magnets, securing a stable orbit 
of particle bundles and 16 radio frequency resonators, accelerating 
charged particles. The magnetic field is created by the 
superconducting coils, operating at a temperature of 1.8 K, while 
accelerating elements operate at a temperature of 4.5 K For the 
cooling of the entire system about 120 tons of liquid helium is 
needed. The tunnel and the detectors are located underground at a 
depth of between 50 and 150 meters. 
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period of negotiations, 
preparation and work on the 
accession of Bulgaria to the 
largest intergovernmental 
organization for fundamental 
research in Europe. On 18 June 
1999, at the 113th Session of the 
CERN Council, the national flag 
of the Republic of Bulgaria was 
erected in front of CERN's main 
entrance. 
 
Budget: 

 
The membership fee of member 
states is determined by a formula 
and depends on the GDP of the 
country, as well as the GDP of 
all the member states. For 2017, 
the membership fee is CHF 
3,283,900. Over the next few 
years, a slight increase may be 
expected. Under the agreement 
for Bulgaria's accession to 
CERN and in accordance with 
pt. 3 of Decision № 354 of 
27.05.1999 on and Decision № 
753 of 28.11.2008 Council of 
Ministers to ensure the 
participation of Bulgarian teams 
in the scientific program of 
CERN must be allocated 
additional funds of up to 30% of 
the country's contribution for the 
given year. Currently, our 
country participates in the 
following experiments: CMS, 
NA61, NA62, ISOLDE, SHiP. In 
order to ensure the full 
participation of the Bulgarian 
teams it is necessary to be 
provided funding amounting to 
about BGN 1 million per year 

ISOLDE is an experimental infrastructure in CERN for producing 
beams of radioactive nuclei. A proton beam from PSB bombards 
targets thus creating different cores. After isotopic separation, low 
energetic beams of radioactive nuclei are formed, which may be 
further accelerated in the linear accelerator HIE-ISOLDE or be used 
for research in the fields of nuclear physics, astrophysics, solid state 
physics, and medical physics. 
At CERN, the necessary infrastructure is built for maintaining the 
operation of accelerators and an extremely powerful data center, 
comprising of 17,000 computing processors (85,000 cores) and 
storage capacity of 185 PB of data. It collects and storages the 
experimental data. It is central for the global LHC Grid network, 
consisting of 170 computer centers located in 42 countries 
worldwide. The data center at CERN transfers its data to the other 
computer centers, where it is analyzed. The organizations have a 
variety of technical services and workshops, which support and 
produce some of the equipment used at CERN. 

 
Impact / benefits: 
1. Linguistic and other humanitarian studies that require a large 
amount of texts or specific types of texts. 
2. Training in Bulgarian language and literature in the study of texts 
oriented towards learning. 
3. Learning systems in other disciplines through semantic annotation 
and documents search, as well as introduction of personalized/adaptive 
learning 
4. Studying Bulgarian language as a foreign one, through developing 
specialized software for automatization of typical text processing 
activities. 
5. Learning foreign languages by Bulgarians by creating resources in 
line with the European framework resources 
6. Creation of software for automatic processing in Bulgarian for both 
research purposes, and various useful applications – for example 
automatization of text processing of polls 
7. e-Government by analyzing administrative documents and their 
indexation and more flexible information search, hidden facts, 
interactions, and so on.   
8. Supporting activities of cultural institutions by creating software for 
management of collections of cultural institutions, which enables 
cataloging, digital storage and collections presentation of any size and 
type. 
Development of “Bulgarian Related Open Data” by enhanced 
participation in Wikidata, DBpedia, GeoNames, and others, which will 
extend the access of users to information in the web. 
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Center for Plant Systems Biology and Biotechnology 
(CPSBB) 
 

Coordinator 
Institute of Molecular Biology 
and Biotechnology “Assoc. Prof. 
Tsanko Gechev” 
 
Location of the infrastructure 
Plovdiv, Bulgaria 
http://cpsbb.eu/ 
 
Bulgarian consortium: 
Financial coordinator: 
Ministry of Education and 
Science  
 
Scientific coordinator: 
Consortium „PlantaSYST”  
http://plantasyst.eu/  
 
Type of the infrastructure  
Research center in the field of 
plant systems biology and 
biotechnology 
 
Participation in European 
infrastructure -  
Н2020 Project PlantaSYST 

 
 

Description of the infrastructure:  
CPSBB is a research center with the following organizational 
structure: 
General Assembly – the supreme body; 
Management: Director and Management Board; 
Administrative department, IT department and technical 
maintenance; 
Research departments: 
Department 1: Molecular physiology of stress. 
Department 2: Plant cell biotechnology. 
Department 3: Biology of plant development. 
Department 4: Synthetic biology. 
Department 5: Vegetable production. 
Department 6: Bioinformatics and mathematic modeling. 
Department 7: Plant metabolomics. 
Department 8: Soil fertility. 
Department 9: Technology transfer, commercialization, IP 
management, and communications. 
Department 10: Project activities. 

The field of activity is plant systems biology and biotechnology, 
crop production, genomics, molecular biology, metabolomics, 
bioinformatics 
 
Impact / benefits: 

CPSBB will create an innovative, reliable and economical research 
center in plant systems biology and biotechnology. As a result: 

 Modern research in plant systems biology and biotechnology 
will be conducted, thus increasing the research and innovation 
potential of plant science in Bulgaria; 

 New technologies for vegetable producing and forecast of the 
plant yield will be introduced. 

 The decision making in agriculture will be improved, which 
will have a beneficial effect on farmers and consumers, and the 
environment. 

 Growth in the agriculture and biotechnology sectors in the 
Bulgarian economy will be stimulated.  

 
Budget: 

CPSBB will have different revenues, amounting to a total 21 900 
000 EUR for the period 2018-2022, as of EU funding, third parties 
funding organisations, and services in the field of metabolomics and 
bio-informatics.  
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Science and Technology Park “Sofia Tech Park” 
 
 
 

Coordinator  
Association for Research and 
Development  
Prof. Marin Hristov 
m.hristov@sofiatech.bg 
 
Location of the infrastructure  
Sofia, Mladost, “Tsarigradsko 
Shose” blvd. 11, G 
http://www.sofiatech.bg 
 
Bulgarian consortium: 
Financial coordinator: 

o Ministry of Economy 
o Bulgarian Small and 

Medium Enterprises 
Promotion Agency 

o Sofia Tech Park  
Scientific coordinator: 

o Sofia University “St. 
Kliment Ohridski” 

o Technical University – 
Sofia 

o Medical University – 
Sofia 

 
Type of the infrastructure 
Research infrastructure 
Laboratory complex, consisting 
of 11 laboratory units  
 
Participation in European 
infrastructure  
Sofia Tech Park is an associated 
partner of IASP – International 
Association of Science and 
Areas of Innovations: 
http://www.iasp.ws/  
In 2013 Sofia Tech Par signed a 
Memorandum for Cooperation 
with the Italian Association of 
Science and Technology Parks 
(APSTI); 
STP plans in the period 2017-
2020 to apply for membership 
and partnership in the European 
Partner Networks, including: 

Description of the infrastructure 
 

The complex consists of 11 laboratory units, but seven of them are related 
with e-Infrastructures: 

1. Bioinformatics laboratory “BioInfoTech” 
The main objective of the laboratory is to create data bases, which 
hold biological information. This information will be analyzed, which 
will lead to generation of knowledge about the structure of new drugs. 
The laboratory will also develop new software instruments, required 
for generating such knowledge. 

2. Laboratory for 3D creativity and rapid prototyping of new 
products 
The mission of the lab is to create innovative practices and build 
unique and affordable opportunities for research and development in 
the field of 3D creativity through systems for rapid physical 
materialization of new ideas and products. The lab will serve as a 
center for innovators and researchers, who will look for new solutions 
by using technologies for ideas directly from computer models. 

3. “Artificial intelligence and CAD systems” Laboratory 
The lab allows using shared resources, software and information, such 
as access to multiple CAD-based software applications, which can be 
used by both academic institutions and businesses, which will 
develop new products. The lab will develop and test devices, which 
use electroencephalography, for example robot prototypes, which are 
controlled remotely by people using their brain waves. 

4. Micro Nano Lab 
The main activities of the lab are related to research, testing and 
analysis of defects and failures: microelectronic circuits (chips), 
electronic devices, sensor systems and other high-tech products in the 
field of electronic devices, alternative energy, automobiles 
production, communications equipment and computers. The main 
priority of the laboratory is studying and identifying the reasons for 
failure of the tested products, optimizing the research process, and 
developing new products, devices and systems. 

5. Laboratory on Cybersecurity 
The lab is based on modern methods of risk assessment, diagnosis of 
internal threats and management of complex computer and mobile 
infrastructures. Moreover, the laboratory will carry out activities, 
related to design and software development, and complex systems by 
using the latest methods for secure coding – developing a safe and 
secure software based on the principles set by CERT Bulgaria and the 
National unit for reaction to incidents in the computer security. 

6. Virtual and Augmented Reality Laboratory 
The main activity of lab consists in conducting research and 
implementation of innovative solutions for testing and verifying the 
properties of new products at a very early stage of their development. 
The lab will offer innovative service for the country and the region, 
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Enterprise Europe Network 
(EEN), Network of European 
Business and Innovation Centers 
(EBN), Pan-European 
association for professionals 
involved in knowledge transfer 
between universities and 
industry (ASTP) and others. 
 
Year of inclusion into the 
European infrastructure:  
Italian Association of Science 
and Technology Parks (APSTI) – 
2013  
International Association of 
Science Parks and Area of 
Innovations – 2014 
 
 

which will consist in training, research and correction of models of 
devices and equipment in an immersive environment, using natural 
techniques for interaction and integration of tactile feedback and 
sound effects with the aim to rapidly develop new products and 
support for decision taking. 

7. Laboratory for High-performing computing 
http://nestum.phys.uni-sofia.bg/ 
“Intelligent communications infrastructures” Laboratory 

The laboratory will conduct scientific research and development and will 
conduct tests in the field of railway systems (trains, trams, and metro) 
traffic management. Research activities of the lab will focus on creating 
a unique platform for validation and certification of industrial solutions 
and components in the railway signaling sector (ERTMS) and onboard 
computers. 
 
Impact / benefits: 
Increasing and supporting the research capacity in the Republic of 
Bulgaria. 
Promoting innovation culture and competiveness of enterprises and 
organizations based on knowledge. 
Assistance in creating an effective work environment for research and 
innovation. 
 
Budget project for the period 2018-2022: 
 
37,5 million BGN, as of EU funding, third parties funding organisations, 
and services .  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

48 “Е+Е”, 11-12/2017



 

 

 

  
 

Joint Institute for Nuclear Research (JINR, Dubna) 
 
 
 
 

Coordinator  
Bulgarian Nuclear Regulatory 
Agency 
 
 
Location of the infrastructure 
Dubna, Moscow, Russian 
Federation 
http://www.jinr.ru 
 
Bulgarian consortium: 
Financial Coordinator: 
Ministry of Education and 
Science 

Scientific Coordinator: 
1. Institute for Nuclear 

Research and Nuclear 
Energy 

2. Institute of Solid State 
Physics 

3. Institute of Electronics 
4. Institute of Mathematics 

and Informatics 
5. Sofia University “St. 

Kliment Ohridski”: 
Faculty of Physics, 
Faculty of Mathematics 
and Informatics, Faculty 
of Chemistry and 
Pharmacy 

6. Plovdiv University 
“Pasisii Hilendarski”: 
Faculty of Physics 

7. SWU “Neofit Rilski”: 
Faculty of Mathematics 
and Natural Sciences 

8. Shumen University 
“Konstantin Preslavski”: 
Faculty of Natural 
Sciences 

9. National Center for 
Radiobiology and 
Radiation Protection. 

 
Type of the infrastructure 
An international research 
institute – intergovernmental 

Description of the infrastructure 
JINR consists of seven laboratories, each of which by the scale of 
conducted research and staff equals a large research institute. The 
institute operates a unique research base. JINR has:  superconducting 
accelerator Nuklotron, which accelerates protons, deuterons and heavy 
ions to energies of 4.5GeV/nucleon; cyclotrons У-250 and У-400 for 
accelerating heavy ions to the energies of 30 MeV/nucleon; cyclic 
accelerator Fazotron  accelerating protons to the energies of 660 MeV, 
which is used also for proton therapy; impulse fast neutron reactor ИБР-
2, which provides intense neutron beams for research in condensed 
matter physics; powerful high-performance computing complexes. 
Currently JINR realizes several major infrastructure projects: 
- Accelerator complex with cross beams of heavy ions NICA 
(Nuclotron based Ion Collider fAcility) with a project cost of about 500 
million $; 
- A factory for super-heavy elements based on the cyclotron 
accelerator of the Laboratory for Nuclear Reactions (project cost: 
around 80 million $); 
- A detector for cosmic neutrinos in Lake Bajkal with a volume of 
about 1 billion cubic meters. (project cost: around 50 million $). 
 
Impact / benefits: 
From its membership in JINR our country gets powerful boosts for its 
development in different directions. Firstly – the preparation of 
specialists for science and higher education. Over the years over 400 
Bulgarian physicists, mathematicians, chemists, engineers, biologists 
and others have worked there. Annually around 100 scientists from 
Bulgaria visit the laboratories of JINR for short- and medium-term 
missions. Bulgarians have defended over 20 dissertations for obtaining 
the degree “Doctor of Sciences” and over 85 dissertations for the 
scientific degree “Doctor”, dozens of other dissertations are defended 
in Bulgaria based on a material, obtained there. For a period of three 
years or more 5 Bulgarian academicians and corresponding members, 
and dozens of professors and PhDs have worked in JINR. Hundreds of 
Bulgarians, who worked in the Institute, subsequently have become 
heads of institutes, departments, units, leading researchers, and 
lecturers in the Bulgarian Academy of Sciences, University of Sofia, 
Plovdiv University and many others. Large appliances have been 
delivered to INRNE from JINR: 
1. Magnetic alpha spectrometer. It is installed in a channel of the 
experimental reactor ИРТ-1000. The device is used to examine the fine 
structure of the alpha spectrum of isotopes of heavy and rare elements; 
2. Magnetic beta-spectrometers (2 pieces). Mounted in the basement 
of INRNE. They are used to measure energetic spectrums of electrons 
of internal conversion. With their help the structure of the excited states 
of isotopes of rare earth elements were studied, as the targets are 
obtained by ЯСНАП installation, JINR-Dubna or are irradiated reactor 
ИРТ-2000; 
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organization with 18 member 
states: Azerbaijan, Armenia, 
Belarus, Bulgaria, Vietnam, 
Georgia, Kazakhstan, North 
Korea, Cuba, Moldova, 
Mongolia, Poland, Russia, 
Romania, Slovakia, Uzbekistan, 
Ukraine, Czech Republic, and 
six associated states: Germany, 
Egypt, Italy, Serbia, Hungary, 
South Africa. 
 
Участие в европейска 
инфраструктура -  
Строящият се ускорителен 
комплекс NICA е включен в 
Пътната карта на ESFRI. 
Година на включване – 2016 г. 
 
Budget project for the period 
2016-2020: 
According to the 7-year 
development plan for the 
2017-2023 period, approved 
by the Committee of 
Plenipotentiaries, the JINR 
draft budget is as follows: (in 
millions $): 
2018 – 204,5;  
2019 – 204,5;  
2020 – 207,6;  
2021 – 211,7;  
2022 – 217,0; and  
2023 – 222,4. 

3. Magnetic mass spectrometer. It is installed in the basement of 
INRNE. It is used to determine the age (geochronology) by the lead-
isotope method. With this device were tested geological samples of ores 
from almost all deposits in Bulgaria. With this data the local origin of 
most of the prehistoric (eneolithic) working tools found in Bulgaria is 
established. 
 
The majority of the infrastructure of the computer network of the 
physical sciences center of BAS is established with the material 
assistance and participation of specialists from JINR.  
In the next three years, with the help of specialists from the IT lab of 
JINR, a project will be realized, funded largely by the contributions of 
the Republic of Bulgaria in JINR. As a result, a cloud computer 
structures, linked with each other and with the related structure of JINR 
will be built and put in action in the Center of Physical Sciences of BAS 
and in Sofia University, thus rapidly increasing the effectiveness of the 
scientific research of the research institutions related, especially those 
conducting them jointly. 
JINR funds conducting of important international scientific forums in 
Bulgaria. Such are the regularly held (every two years) International 
school on nuclear physics, neutron physics and nuclear energy, and 
International symposium on nuclear electronics and computer 
technology. Leading experts from all around the world are involved in 
these forums, thus enabling a wide range of Bulgarian scientists to learn 
about the latest results and tendencies in the field of the related research. 
For the last ten years  the Bulgarian Nuclear Regulatory Agency, jointly 
with INRNE – BAS and SWU “N. Rilski” organizes “Days of JINR in 
Bulgaria”. This is a school for Bulgarian students in the field of physics 
from different HEI, which for a week attend lectures by leading 
scientists from JINR about the latest results and guidelines for research 
in key areas of nuclear physics and particle physics. Since 2015 the 
School is international. Its funding is again at the expense of 
membership fees of Bulgaria in JINR Every year several Bulgarian 
students take part in summer student practices and several Bulgarian 
physics teachers further develop their qualification in special courses, 
organized by the Scientific and Education Center of JINR. 
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Bulgarian Antarctic Base “St. Kliment Ohridski” 

 
 

Coordinator  
Bulgarian Antarctic Institute 
Financial  coordinator 
Ministry of Education and Science 
 
Location of the infrastructure 
Bulgarian Antarctic base is located on Livingston 
Island, which is part of the South Ceaser 
archipelago. It is located 838 km away from Cape 
Horn, 124 km away from the Antarctic peninsula, 
3,050 km from the South Pole, and 13,800 km 
away from Sofia. It is located on Hurd peninsula, 
on the Bulgarian coast on the east coast of the 
inner gulf of Emona, which is part of the South 
Bay. Coordinates: 62O 38 '29 "S, 60O 21' 53" W 
http://bai-bg.weebly.com/10411072107910721090
 
Type of the infrastructure 
Established in 1988, the infrastructure provides an o
for conducting a wide spectre of integrated, multidi
and interdisciplinary fundamental and applied resea
well as monitoring of the unique conditions of the A
 
  

Description of the infrastructure 
 
The Antarctic Treaty, signed in 1959 and ratified by 
Bulgaria in 1978, defines Antarctica as a territory, that 
shall be used only solely for peaceful purposes and free 
scientific research and exchange of information and 
research results. 
Also, according to Article 2 of the Protocol for 
Environmental Protection of the Antarctic “… the parties 
commit to comprehensive protection of the Antarctic 
environment and associated ecosystems, and determine 
Antarctica as a national reserve, devoted to peace and 
science.”  
BAB satisfies the ever-growing interest of the Bulgarian 
scientific community in studying polar regions, providing 
an opportunity for scientists from both Bulgaria and abroad 
to conduct scientific research in this unique world reserve. 
The conducted research is mainly in the fields of geology, 
geophysics, biology, medicine, glaciology, seismology, 
and ecology. The role of the infrastructure is to connect 
existing resources, achieving critical mass of expertise and 
technological capabilities that would give a new boost to 
research in the polar regions. 
BAB is a seasonal base and operates annually during the 
astral summer, in the period November – March. The 
capacity of the base is 22 people, of which 15 scientists 
and 7 logistics team (doctor, mechanic, electrician, 
mountain guide, boat leader, host-chef). 
BAB currently consists of the following buildings: 

o The main building, built in 1997, size: 11m by 
6.6m. The walls are concrete panels with insulating 
plasterboard. It is a residential building with a 
living room and a kitchen, a storage room, three 
bedrooms with 10 beds (out of 28 in the Base), and 
a basement, used for storage purposes. In the 
2005/2006 season a metal annex was added, size: 4 
m by 6.6 m, in which the incinerator is located 
(combustion chamber for burning waste) and a 
bathroom with two extra showers, a water heater, 
and a washing machine. The incinerator has two 
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chambers – the main one, operating at 
temperatures up to 900 °C, and a second one – for 
burning solid particles in the flue gases at 1200 °C, 
with exhaust gas filter. 

o “The Limping Dog”, built in 1988 with size 6 m by 
3.5 m. It is currently a Museum of Livingston 
Island (from October 2012), a subsidiary to the 
National History Museum in Sofia. It has a radio 
communication center and mail, and, if necessary, 
there are conditions for occupancy of five people. 
This is the oldest building on the island. On the 
XXXVIII Consultative meeting of the Antarctic 
Treaty, held in Sofia on 1-10 June 2015, “The 
Limping Dog” was added to the cultural and 
historic heritage of the Antarctica. 

o “The Russian Shack” is built in 1988, with size: 4 
m by 2.5 m with wooden panels. It is a workshop, 
and a warehouse. It has been inundated by two 
meters of snow and unusable for the last four 
years. 

o The small pyramidal structure “Casa Espagna”, 
built in 2006/2007. The inner rooms and 
installations are finished in 2010. It is a two-story 
building with size 3.6 m by 7.2 m. It has five beds, 
a bathroom, and a working area for scientists. 

o A large pyramidal house built in 2007/2008 and 
completed in 2011. It is a two-story house with 
size 9.7 by 7.2, with nine beds, two unfurnished 
rooms for laboratories, a medical office, and a 
bathroom. Its foundations, as well as of “The 
Limping Dog” and “Casa Espagna” are made of oil 
barrels, dug into the moraine embankment and 
filled with concrete, and the exterior walls are 
sheet sandwich-panels with a polyurethane core. 

o A generator building built in 1995 with size 6m by 
4 m made of tin. The building is currently 
unusable, as in 2010 it was crushed by the 
accumulated snow. One of the base’s generators is 
mounted separately in a small metal container 
directly in front of the main building. 

o The old chapel “St. Ivan Rilski” is built and 
sanctified om 2003. Its sizes are 3.5 m by 3 m and 
made of abgeshpert panels, covered with tin sheets. 
It is located 220 m southeast of “The Limping 
Dog” and is the first Orthodox building in 
Antarctica and to most southerly in the world until 
2011. During the winter, it is used to store 
snowmobiles. Despite its modest size, the chapel 
gained popularity as one of the most original 
prayer places in the world. 

o In season 2011/2012, built was a new building of 
the chapel with a curved structure with size 4 m by 
5.5 m made of tin with plywood inner lining. It is 
located on the slope of the Pesyakov hill, 60 m 
south of the “The Limping Dog”. 

o An arc shaped tin hangar for the Zodiac boats, 
built in 2006/2007, with size 6 m by 5.5 m, located 
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next to the disembarkation zone at the foot of the 
Hesperides hill. Over the last four seasons it is 
buried under thick layer of snow, probably 
deformed and unusable. 

o An arc shaped tin hangar for the multifunctional 
“Manitou”, built in 2015/2016, with size 6 m by 
5.5 m, located on the beach near the northern shore 
of the Big Lagoon, 120 m northwest of the “Main 
house”. 

o Wind generators and photovoltaics. 
o Two “Zodiac” type boats equipped with engines 

with 50 hp and 20 hp., which provide logistical 
support for the scientific projects on boats and 
snowmobiles. 

 
Most of its buildings are grouped in 130 m from the coast at 
an altitude of 12 to 15.5 m between Sinemorets hill and 
Pesyakov hill. All of them are with a metal support structure. 
The main building, the old and the new chapel are built on a 
rock, and the rest of them – on a moraine rock material. 
 
Impact / benefits  
The polar regions are one of the key areas affecting climate 
change and the time of our planet. 
Antarctica is the largest nature reserve on Earth, where lie 
the answers to many mysteries. 
 
Budget project for the period 2016-2020: 
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Research in the field of controlled nuclear fusion (ITER) 

 
Coordinator 
Financial coordinator: 
Ministry of Education and Science 
Scientific coordinator: 
Institute for Nuclear Researches and Nuclear 
Energy – BAS 
 
Bulgarian consortium  
The EURATOM-INRNE association includes 
INRNE, the Institute of Solid State Physics, the 
Institute of Electronics, Sofia University, and 
Technical University – Sofia. (2014-2020) 
EUROFUSION-INRNE is a participant in the 
European consortium EUROFUSION, which 
includes 28 European countries and Switzerland. 
INRNE is the base organization. Other 
participants, according to the terms of 
EUROFUSION European Consortium participate 
as third parties, under the same conditions as 
INRNE. 
 
Contacts 
Institute for Nuclear Research and Nuclear 
Energy, Sofia – 1784, Tsatigradsko Shose blvd. 
72, Program coordinator prof. T. Troev, 
tel.:02/9740142, troev@inrne.bas.bg. LEAR 
assoc. prof. D. Tonev, Director of INRNE 
 
http://www.iter.org;  http://www. 
f4e.europa.eu. 
 
Location of the infrastructure 
 
ITER is located in southern France, at the center 
of Commissariat à l’Energie Atomique (CEA) in 
Cadarache. On this place, there is an already built 
Tokamak (Tore Supra). On 21 November 2006, 
the seven partners: the EU /EURATOM countries 
+ Switzerland/, Japan, USA, Russia, China, India 
and South Korea, involved in the project 
implementation, signed a contract for financing 
the ITER project. The construction of the fusion 
reactor began in 2010. EU bears almost half of the 
construction costs, and the other half is equally 
distributed among the other participants. The 
program foresees 30-year project duration, 10 of 

Description of the infrastructure 
 
Bulgaria has no experimental Tokamak unit. In 2006 there 
was a proposal for building a Tokamak with specialists from 
Sofia University “St. Kliment Ohridski” on the territory of 
INRNE – BAS. After discussions and conversations with 
Euratom it was decided that Bulgarian specialists to 
participate with projects and use the most modern Tokamak 
in Europe, as Bulgaria is a member of Euratom since 2006. 
Thus the financing costs for the participation of Bulgarian 
scientists in the controlled thermonuclear fusion research 
would be negligible. Since 2007 our specialists have 
participated in scientific research at the Institute of Plasma 
Physics, Garching, Germany, Nuclear Center in Karlsruhe, 
in JET (Joint European Torus), currently the only one in the 
world thermonuclear reactor in Colum, Oxford, Great 
Britain, Nuclear Research Center, Kyoto, Japan, Plasma 
Institute, Madrid, Spain and others. 
 
Impact / benefits  
 
ITER is an experimental thermonuclear reactor with the 
purpose to demonstrate an unlimited source of energy 
production from thermonuclear plasma. If this test reactor 
proves to be successful, nuclear fusion will become the main 
energy source of the mankind. Processing of seawater for 
receiving the initial products for thermonuclear fusion is 
much cheaper than processing the same amounts of oil. The 
fusion reactor will produce clean electrical energy. The 
reactor is safe from nuclear contamination. 
Our specialists conduct research and build knowledge and 
skills in the field of controlled thermonuclear fusion. Project 
participants, as well as doctoral students have the 
opportunity to participate in discussions and experiments in 
modern installations around the world. And not the least is 
the fact that it enables young scientists to work on this 
subject in the research institutions in Bulgaria. There is 
cooperation in an extremely convenient manner with the 
best specialists in the field of controlled thermonuclear 
fusion from the EU, as well as from non-EU countries, 
which have agreements with EURATOM for thermonuclear 
fusion. 
 
 
Budget project for the period 2016-2020: 
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which will be for construction, and 20 for 
exploitation. The European Fusion Energy 
Development Authority (EFDA) published a 
supposed plan for the transition from the first 
experimental fusion reactor to full-power power 
plants. According to the experts’ estimation, 
fusion energy will become reality in 2050. The 
launch of the international fusion reactor ITER is 
scheduled for December 2025 – this date is set in 
line with the updated project schedule, approved 
by ITER Council. 
 
Participation in European infrastructure  
 
In 2006 Bulgaria signed a contract with 
EURATOM for establishing the EURATOM-
INRNE Association. The Association participates 
in projects through the Contract with EURATOM 
(CoA – Contract of Associations) during the 
2007-2013 period. 
On 1.1.2014 INRNE-EUROFUSION is a 
participant in the European Consortium 
EUROFUSION through a Grant Agreement. 
Horizon 2020 – EURATOM Consortium 
EUROFUSION. Research is conducted on 
controlled thermonuclear fusion.  
Bulgarian specialists participate in various 
projects listed above in the “Area of activity”. 
PWI -Plasma Wall Interaction, Diagnostics, 
Heating and Current Drive, Energy and particle, 
confinement/ transport systems,  Theory and 
modelling, Development of High-Temperature 
superconductors for DEMO, Collective training 
of young engineers and scientists in field of 
thermonuclear plasma. Preparing master and 
doctoral students in the field of controlled 
thermonuclear fusion.   

The budget for the Bulgarian participation in ITER for 
2014-2018 is 373,000 €; for 2018-2025 – 470,000-570,000 
€ 
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 CTA-MAGIC 
 

 
 

 
Scientific Coordinator 
Institute for Nuclear Research and Nuclear 
Energy – BAS  
 
Financial coordinator 
The Ministry of Education and Science 
 
Consortium 
CTA-MAGIC Association includes INRNE and 
Sofia University. INRNE is the base organization. 
 
 
Контакти 
Institute for Nuclear Research and Nuclear 
Energy, Sofia – 1784, Tsatigradsko Shose Blvd. 
72, Program coordinator prof. T. Troev, 
tel.:02/9740142, troev@inrne.bas.bg. LEAR 
assoc. prof. D. Tonev, Director of INRNE 
 
https://www.cta-observatory.org/ 
 
Infrastructure location 
 
CTA will be located at two places: 1) southern 
hemisphere in the Atakama desert at an altitude of 
1,700 m in Chili, close to the European 
Astronomical Observatory, 2) in the northern 
hemisphere, on La Palma island of the Canary 
Archipelago in Spain. 
The northern part will be located at the location of 
MAGIC experiment. The core of the CTA team, 
which is responsible for the construction and 
subsequent operation of the facility, consists of 
participants in MAGIC experiment. The 
foundation of the first big telescope has already 
been built. 
 
Participation in European infrastructure 
 
Bulgaria is an official member of the MAGIC 
astrophysical collaboration since 2005. The 
MAGIC collaboration, together with the two 
world experiments HESS and VERITAS are the 
founders of the project for a new generation 
experiment CTA. Currently the CTA consortium 

Description and activities of the infrastructure 
 
Particle astrophysics has become a globally integrated 
research field, in which are employed over 4,000 scientists. 
They conduct experiments under the Earth’s surface and in 
the oceans, on the Earth’s surface, in the atmosphere, and in 
space. These studies are funded with around 400 million € 
per year. 
Particle astrophysics experiments use huge volumes of the 
oceans or the Earth’s crust deep below the surface, as well 
as atmosphere and space during detection. This implies 
mutual influence and close cooperation with sciences like 
geography, oceanology, atmosphere sciences, space 
research and others. Such experiments need to cover the 
latest developments in science and technologies. 
A team of researchers from the Institute of Nuclear Research 
and Nuclear Energy at the Bulgarian Academy of Sciences, 
participate for the last 10 years in the globally significant 
astrophysical experiment MAGIC, as a part of a big 
international collaboration, consisting of 150 researchers 
from 10 countries (Bulgaria, Italy, Spain, Germany, Finland, 
Poland, Switzerland, Croatia, Japan and India). The 
scientific goal of the experiment is to investigate the so-
called “Mystery of the Universe”- the daily bursts of gamma 
rays in space, the discovery of new cosmic sources of 
gamma rays with ultra-high energies, as well as the study of 
already known ones. 
To achieve this goal, the astrophysical international 
collaboration MAGIC created and operates the largest (until 
recently) cosmic gamma ray detector in the world. The cost 
of the experiment exceeds 50 million €.  
The participation of the physicists group from INRNE in 
MAGIC allowed participation of our researchers in the 
global scientific project CTA (Cherenkov Telescope Array), 
without the payment of mandatory entry fee (for example 
Slovenia payed 1 million €, and USA – 170 million € for 
entering the experiment). CTA is a new generation of 
Cherenkov gamma experiments, which integrates the 
newest technological advances. Over 1,200 scientists from 
the most developed countries in the world – almost all EU 
countries, USA, Japan, Brazil, India, are involved in CTA’s 
design. 
The northern part will be located on the place of the MAGIC 
experiment. The core of the CTA team, which is responsible 
for the construction and subsequent operation of the facility 
consists of participants from the MAGIC experiment. They 

56 “Е+Е”, 11-12/2017



 

 

 

includes over 1,350 scientists from 32 countries. 
It is included in the 2008 ESFRI roadmap. In the 
2016 ESFRI roadmap 
(http://www.esfri.eu/esfri_roadmap2016/roadmap
-2016.php) CTA is the first in the list with three 
projects in the field of physical sciences and 
engineering, recommended by ESFRI for 
funding. 
The project receives funding from the EU’s 
framework program for research and innovations 
Horizon 2020 (agreement No 676134).  
Specific parts of the project have received grants 
from the Seventh Framework Program (FP7 / 
2007-2013) [FP7 / 2007-2011], Grant Agreement 
262053). 
 

will combine their participation in sessions of observation 
with the MAGIC’s telescopes and the construction of CTA. 
In July 2015, the Astroparticle Physics European 
Consortium Directorate (APPEC) visited Bulgaria in order 
to learn about the funding of science in Bulgaria. APPEC is 
a consortium of European funding organizations responsible 
for coordination and funding of particle astrophysics 
research. There was a meeting with the Deputy Minister of 
Education and Science prof. Kostadin Kostadinov, and a 
seminar at the INRNE with representatives of departments 
of Sofia University and the Institute of Astronomy at the 
Bulgarian Academy of Sciences. During the meeting and the 
seminar, the APPEC managers emphasized the outstanding 
participation of Bulgarian researchers from INRNE in the 
astrophysical experiments MAGIC and CTA. 
Practice shows that thousands of students and post-
graduates train in these vast transnational teams, which 
subsequently go to the state-of-the-art and high-tech 
industries. 
Bulgarian specialists participate in all stages of conducting 
the experiments: designing and building of facilities, 
obtaining experimental data, development of modern 
methods of analysis of huge data sets, physical analysis of 
results. 
 
Impact/benefits 
Obtaining first-class fundamental research results. 
Preparation of Master and PhD students in the field of 
astrophysics. Maintaining scientific contacts and 
opportunities for participation in pan-European and global 
physical experiments. 

Budget for 2018-2025 
The budget of the Bulgarian participation in CTA and 
MAGIC is around 200,000 € per year, which sums up to 
1,600,000 € for the 2018-2025 period 
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National research infrastructure for the observation of aerosols, clouds, and trace 
gases, integrated in the frame of the pan-European research infrastructure ACTRIS 
 
 

Location of the 
infrastructure  
The ACTRIS Community 
unites partners from 21 
countries across Europe and 
involves more than 100 
research institutes and 
organizations.  
 
Coordinator: 
Financial coordinator: 
Ministry of Education and 
Science 
 
Scientific coordinator: 
1. Institute for Nuclear 
Researches and Nuclear 
Energy – Bulgarian Academy 
of Sciences 
2. Institute of Electronics – 
BAS 
 
Type of the infrastructure 
ACTRIS is a distributed 
infrastructure, composed of 8 
connected elements: 
distributed National Facilities 
(observation platforms and 
exploratory platforms) both in 
Europe and globally, and 7 
Central Facilities (Head 
Office, Data Centre and 5 
Calibration Centers).  
 
Participation in European 
infrastructure  
ACTRIS has been selected to 
the ESFRI roadmap in 2016. 
It is supported by the EC 
projects:  
7FP - ACTRIS (Project 
No.262254, 2011-2015) 
Horizon2020 – ACTRIS-2 
(Project No. 654109, 2015-
2019) and ACTRIS PPP 
(Project No. 739530, 2017-
2019). 

Description of the infrastructure 
The strategic aim of ACTRIS is to secure long-term coordinated 
aerosol, cloud and trace gas observations and ACTRIS services in 
Europe and to guarantee sustainable resources and feasible governance 
for ACTRIS operations both at national and European level through an 
internationally competitive European ACTRIS Research Infrastructure 
(RI). ACTRIS has been selected to the ESFRI roadmap in 2016. With 
ESFRI status, ACTRIS will initiate the implementation of the 
European-wide ACTRIS operations and establishment of the 
organizational framework to provide services for the ACTRIS users. 
Aims  of  the  full  implementation  plan  is  to  set  up  a  research  
infrastructure  service  system  for  the  complex  data-stream  that  starts  
from calibrated instruments at  the  National  Facilities  and  goes  
through  quality  screening  and  higher  level  data  products  made  
available  through  the  ACTRIS Data  Centre,  and  finally  to  the  
repositories  that  will  secure  long-term  access  by  a  very  large  
community  of  users,  globally. 
ACTRIS is a distributed RI uniting partners from 21 countries across 
Europe and involving more than 100 research institutes and 
organizations. Bulgarian ACTRIS partners are the Institute for Nuclear 
Researches and Nuclear Energy (INRNE) and the Institute of 
Electronics (IE) at the Bulgarian Academy of Sciences (BAS). The aim 
of the Bulgarian participation in ACTRIS is the development of 
research infrastructure for regular remote and in situ atmospheric 
aerosol and gas traces investigations, as well as providing data from the 
air-quality monitoring to the European data centers. Remote 
measurements are performed by using the laser sounding apparatus 
(lidars) at the IE-BAS, whereas in situ measurements – at the BEO 
Musala station of the INRNE.  
Impact / benefits: 
ACTRIS RI plays an important role for obtaining new knowledge and 
establishing pan-European policy about the climate changes, air-quality 
and long-range air-pollution transport. 
Participation of the Bulgarian organizations in the international 
ACTRIS RI and in the 7FP and Horizon2020 projects is important for 
the national environmental monitoring and supporting of the national 
research capacity.   
The development of the RI will improve the collaboration between the 
scientific organizations and competent local authorities in decision 
making related to atmospheric air-quality and its impacts on ecology 
and human health. 
Budget project for the period 2016-2020: 
For the completion and modernization of the national infrastructure 
complexes in the two partner Bulgarian organizations, the high-level 
maintenance of research facilities, the attraction of young scientists, the 
participation in experimental campaigns, and the payment of 
membership fees in the European infrastructure, funds amounting to 4 
million BGN are needed for the period 2017-2022. 
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Survey of Health, Ageing and Retirement in Europe  
(SHARE) 

 
Coordinator:  
Institute for the Study of Societies and 
Knowledge at the Bulgarian Academy of 
Sciences (ISSK-BAS) 
 
Infrastructure location: 
http://www.share‐
project.org/organisation/share‐eric.html   
 
Bulgarian consortium: 
Financial and project coordinator: 
Munich Center for the Economics of 
Aging (MEA), Max Planck Institute for 
Social Law and Social Policy, Munich, 
Germany 
 
Scientific coordinator:  
Institute for the Study of Societies and 
Knowledge at the Bulgarian Academy of 
Sciences (ISSK-BAS) 
 
Consortium members: 

o Institute for the Study of Societies 
and Knowledge at the Bulgarian 
Academy of Sciences (ISSK-
BAS) 

o The national consortium shall be 
formed in 2017-2018 with 
relevant scientific and 
administrative institutions such as 
Bulgarian Sociological 
Association, Ministry of 
Education and Science, Ministry 
of Health, and Ministry of Labour 
and Social Policy. 
  

Field of activity: 
Social and Cultural Innovations. 
Interdisciplinary, cross-national, 
longitudinal survey data on health, 
ageing and retirement.  
 
Type of infrastructure: 
SHARE-ERIC owns interdisciplinary, 
international, and longitudinal survey 
with unprecedented quality regarding 
coherence, breadth and international 
comparability will in the future be of 
great significance in many different fields 
of fundamental and applied sciences such 
as demography, economics, 
epidemiology, gerontology, biology, 
medicine, psychology, public health, 

Description of infrastructure: 
 

In March 2011, the Survey of Health, Ageing and Retirement in 
Europe (SHARE) became the first European Research Infrastructure 
Consortium (ERIC). This gives it legal personality and capacity in 
all EU Member States and other partner countries of the ERIC as 
well as some of the tax exemptions (e.g. VAT) enjoyed by real  
international organisations. It also provides a firm governance 
structure and permits lean procurement procedures for subcontracts, 
two important advantages for running a large-scale survey such as 
SHARE. SHARE-ERIC was initially hosted by the Netherlands. 
Recently the seat was transferred to Munich, where its central 
coordination is located at MEA (Munich Center for the Economics 
of Aging), Max-Planck-Institute for Social Law and Social Policy, 
Germany. The project aims to help researchers understand the 
impact of population ageing on European societies and thus to help 
policy makers make decisions on health, social and economic 
policy.   
Austria, Belgium, the Czech Republic, Germany and the 
Netherlands are the founding members of SHARE-ERIC, with 
Switzerland having an observer status. Italy joined in June 2011. 
Since November 2013 also Greece, Israel, Slovenia and Sweden 
have acceded. On October 22, 2014 Poland has also become a 
member. One year later, France joined in October 2015 and 
Hungary became the latest member in February 2017. 
The SHARE data collection has been funded by the European 
Commission through the 5th framework programme (project 
QLK6-CT-2001-00360 in the thematic programme Quality of Life). 
Further support by the European Commission through the 6th 
framework programme (projects SHARE-I3, RII-CT-2006-062193, 
as an Integrated Infrastructure Initiative, COMPARE, CIT5-CT-
2005-028857, as a project in Priority 7, Citizens and Governance in 
a Knowledge Based Society, and SHARE-LIFE (CIT4-CT-2006-
028812)), through the 7th framework programme (SHARE-PREP 
(No 211909), SHARE-LEAP (No 227822) and M4 (No 261982) 
and through Horizon 2020 (SHAREDEV3 (No 676536 and SERISS 
(No 654221) is gratefully acknowledged. 
 

Scientific and technical team of the research infrastructure:  
Over 20 
 

Impact / benefits: 
The European Commission and the European Council of 
2001(Council Document 6997/01) identifies population ageing 
and its social and economic challenges to growth and prosperity 
to be among the most pressing challenges of the 21st century in 
Europe, which points out serious infrastructure gaps in 
understanding individual and population ageing, and which then 
calls to “examine the possibility of establishing, in co-operation 
with Member States, a European Longitudinal Ageing Survey“ 
in order to foster European research on ageing. SHARE-ERIC 
has been selected by ESFRI roadmap process to be upgraded as 
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health policy, sociology and statistics. It 
has a legal form of a European Research 
Infrastructure Consortium (ERIC) 
incorporated under the provision of 
Council Regulation 723/2009 of 25 June 
2009. The 7-th wave of SHARE is 
financed by both national international 
and European funds. The inclusion of 
the new 8 countries is funded completely 
by the European Commission. 
 
Indicative budget from EC:  
Total: 60 million BGN (2004-2011) 
Total: 5,3 million BGN (2016) 
 
Indicative Budget for Bulgaria 2016-
2018: 
Total ЕC: 315000 BGN for data 
collection 
Total:  110 000 BGN national 
contribution  
 
Participation in European 
infrastructure:  
ISSK-BAS collaborates with SHARE-
ERIC since 30.11.2016. The country 
membership procedure for Bulgaria will 
be initiated in 2017.  
  
Year of inclusion in the European 
infrastructure:  
In 2011 SHARE-ERIC receives legal 
status of ERIC (European 
Commission, Decision 2011/166/EU)  
In 2016 ISSK-BAS starts 
collaboration with SHARE-ERIC. 
 

one of the central research infrastructures of the European 
Research Area. Bulgaria participates in SHARE-ERIC in 2016-
2018 for the first time through an institutional membership of 
ISSK-BAS, with the financial support of the European 
Commission.  
The benefits for Bulgaria to maintain the research infrastructure 
SHARE ERIC and from participation in SHARE SURVEY can 
be grouped in the following general areas: 

o Tackling the common challenges of ageing societies will be 
substantially improved by extending the coverage of the 
SHARE survey to all EU member states, including Bulgaria. 
The fact that European societies are continuously ageing, leads 
to a situation that has never existed before. In order to cope with 
these unprecedented circumstances, EU wide collaboration is 
essential. SHARE, the Survey of Health, Ageing and 
Retirement in Europe is the largest pan-European social science 
panel study, unique in the worlds, and able to advance this joint 
process. 

o In 2016-2018 Bulgaria collects life history information through 
2000 personal interviews with persons 50+. The Survey is 
representative for the Bulgarian population at 50+ and 
comparative with the other countries of the Survey. SHARE-
ERIC will provide publicly available information about the 
childhood, labour history, health status, retirement and social 
circumstances, cognitive ability and grip strength.  

o The Survey information is unique, for the first time in Bulgaria, 
and will support knowledge based public policies on 
retirement, employment, education and life-long learning, 
health and social security. 

o Survey will provide important information about the social and 
public policies and their influence to persons’ life. 

o Survey will provide in-depth information for fundamental and 
applied scientific needs. 

o The Survey includes high scientific standards and innovations, 
which could be used by science and political decision making. 

o SHARE-ERIC will provide data for national and comparative 
analyses on ageing, health and retirement that shall be of a great 
importance for social, economic and policy development of 
Bulgaria and the European Union. 

 

 

 

 

 

This information is available online: 
Ministry of Education and Science Republic of Bulgaria 
Bulgaria national roadmap for research infrastructure 2017-2023.  
Appendix №5: Profile of the RI in the national roadmap in the republic of Bulgaria, pp. 65-87. 
Last access: 29 December 2017: 
https://ec.europa.eu/research/infrastructures/pdf/roadmaps/bulgaria_national_roadmap_2017_en.pdf 
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