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Abstract. Load balancing algorithing and task scheduling ave one of the most important tasks in parallel application
design and implementation, Proper task assignment to processor eores can minimize execution time and increase the
performance ol a parallel application. In this paper, we propose a combined load balancing algorithm based on a mixture
of well-known domain deeomposition and master-slave algoritluns. The proposed algorithm minimizes load imbalance
and communication between independent tasks. The proposed algorithm improved parallel efficiency using task
rescheduling. which had been confirmed with simulation results,

Keywords: Load balancing algorithms: Proeess seheduling: Parallel programming: Resource utilization.

1. Introduction

Many multidisciplinary scientific fields, such as
bioinformatics, biochemistry, electrical engineering
and physics, use scientific computing and distributed
computing resources for simulations of experiments,
Distributed computing clusters consist of closely
interconnected servers with multi core processors [1].
The primary focus of many researches in the area of
distributed computer scheduling is finding & way to
distribute tasks among the CPU cores in order to
achieve better performance, such as minimizing job
execution time, minimizing communication and
maximizing resource utilization. In order to determine
this, proper assigninent of the tasks to the processor and
monitering of their execution is crucial. Achieving
parallelism by redistributing the workload of parallel
application segments as computation progresses is
referred to as load balancing [2].

The main goal of load balancing algorithms is to
find an optimal schedule for the tasks which defines a
starting time and an execution resource for each task in
order to minimize overall camputational time [3].
Execution time of parallel program is the tiine elapsed
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between the start of the first task and the completion of
the slowest process or process on slowest core.
Performance optimization of parallel applications can
be done using load balancing algorithms by managing
tasks execution during application runtime [4].

The theory of the design of load balancing
algorithms started more than forty years ago [5]. Load
balancing techniques in parallel systems were
developed in  (wo ways: job scheduling on
infrastructure and task scheduling inside parallel
applications. Various scheduling techniques were
developed for high performance and grid clusters [6]
[7] and for Cloud infrastructure [8] [9], to achieve
naximum utilization of resources, optimize application
or virtual inachine execution, minimizing timespan
between jobs. Similar load balancing algorithms were
implemented for scheduling into parallel applications.
A certain part of the developed algorithms was
developed as general purpose algorithms which are
using vacious application and infrastructure load
paramneters [101. On the other side, there arc a number
of load balaneing algorithms created only for
scheduling inside specific applications.



Algorithms should be accurme. efficient, stable,
portable, and maintainable [I1]. Efficient parallel
aigorithm must avoid communication overheads and
toad imbalance. Load imbalance of parallel application
can occur due to uneven load of computing cores which
affect low utilization of distributed system [12]. Many
ioad balancing algorithms have been developed in an
effort to coordinate execution time on each core
separately, reduce computation time and load
imbalance. An efficient load balancing algorithm can
improve application performance and help avoid
unnecessary delays [3]. In a real distributed
enviromment, a workload of resources varies and it’s
not always possible to get the resources that are
completely free or equally burdened. In addition, many
modern supercomputer architectures (such as multi-
core or SMP clusters) that look homogeneous from the
outside actually conceal a heterogeneous and dynamic
environment on the inside. For instance. processors
located within the same node are actually competing for
shared resources, and inira-node communication is
typically much faster than inter-node communication
[13]. Losses during execution of parallel applications
can happen in imbalanced applications as a result of
CPU cores idle time once they have finished their work
and wait for slowest core or group of core to finish the
given tasks. This phenomenon oceurs on heterogeneous
clusters or dynamic clusters with a variable load
(clusters on which multiple users simultaneously
execute parallel applications and thus burden the
resourees) [117{14] [13].

l.oad balancing algorithms ean be classified as
static and dynamic. Static load balancing algorithms
have good usability on homogeneous clusters while
they execute tasks on all cores which have similar
duration. Performance of programs using these
algorithms is reduced at the end of the runtime without
possibility of resclieduling. One of widely used static
algorithms is domain decomposition algorithm. On the
other side, dynamic algorithms can give better
efficiency on heterogeneous resources. but make
unnecessary communication during executing time.
The master slave algorithm is a typical representative
of dynamic algorithms [16] [17] [18].

In this paper, we analyze domain decomposition
and master slave algorithms, their strengths and
weaknesses. We create a new load balancing algorithm
by combining these two in order to minimize useless
communication between tasks and idle time. The
proposed algorithm improves parallel efficiency using
task rescheduling, which has been verified ihrough
numerical demanding simulation.

The paper is organized as follows. A brief
description of the Domain distribution and Master slave
load balancing algorithms is given in Section 2. In
Section 3, the proposed algorithn is presented. Finally,
the simulation results and concluding remarks are given
in Sections 4 and 3.

L. Filipovi¢, B. Krstajié

2. Domain distribution and Master-slave load
balancing algorithms

Scheduling of parallel tasks using domain
decomposition and master slave can be used on a
various type of distributed computer resources:
homogenous clusters and hetercgeneous  clusters,
Depending on the type of allocated resources,
scheduling algorithms can give different efficiency
results.

[n static load balancing, the assignmen: of tasks 1o
processors is performed before program execution
begins. Scheduled task is always executed on the
assigned CPU core. Static scheduling methods
minimize the overall execution time of 2 concurrent
program and minimize the communication delays, The
advantage of static scheduling methods is that all the
overhead of the scheduling process is incurred al
compile time, resulting in a more efficient execution
time environment compared to dynamic scheduling
methods [16] [19] [20].

Domain decomposition (DD) algorithm [17] is one
of the most used static algorithms. Many applications
in physics, chernistry, mechanics and climate inodeling
simulations are  parallelized  using  domain
decomposition algorithin. With this scheduling policy,
tasks are dispatched to all CPU cores with equal
probability, according to pre-defined rules or random
order. Effieiency of the algorithm is maximal :ill
moment when first cores finishes assigned jobs in T,
(Figure 1). From this moment, the fastest core or group
of cores are in the idle state, which induces load
imbalance and utilization losses, until Tae moment
when parallel application finishes its work. Load
imbalance happens because duration of tasks is not
known in advance as well as the impact of external
factors which may disrupt performance, which is the
main disadvantage of this algorithm. Efficiency of
applications using domain distribution algorithm is
strongly affected by heterogeneity and variability of
distributed <omputer system. Domain distribution
algorithm is the most efficient when the computational
problem can be divided into equal parts and
computational load is equally distributed among the
processor cores [13].

Task execution using domain decomposition
algorithm
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Figure 1. Distribution ol the tasks using domain
decomposition algorithm
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Dynamic load balancing is based on the reschedu-
ling of processes among the CPU cores during execu-
tion time of pacallel program. Rescheduling is perform-
ed by transferring tasks from the heavily loaded proce-
ssors to the lightly loaded cores with the aim of reduc-
ing the execution time and ininimizing load imbalance.
The load balancing operations may be managed by a
single core or distributed among all the processing
elements that participate in the load balancing process.
Each core passes its current load information to its
neighbors at the specified time intervals, resulling the
redistribution of load among all the processing elem-
ents in a short period of time [21]. Main advantages of
dynamic algorithms is a fact that system doesn’t need
to be aware of the tasks run-time bebavior before exe-
cution and adjustment of task scheduling to the resour-
ces. Disadvantage of dynamic algorithms is run-fime
overhead for transferring load information among proc-
essors, decision making for the processes redistribution
and communication delays for task relocation [22].

Master-slave (MS) paradigm [18]. as one of the
basic and the most used dynamic scheduling algo-
rithms, is often used in computational biology parallel
simulations [23] [24]. Tt involves two types of compu-
ting cores. Preproccssing, task alioeation and post
processing is performed on the master core, while task
execution is performed on slave cares. Master core
generates a list of tasks that need to he execured and
sends one or mare instructions to slave cores. Slave
core, upon cowmpletion of given tasks, signals the end of
assigned tasks whereupon master core altocates them
the next task or list of tasks. This routine 1s rcpeated
until all processes ave finished. The advantage of the
algorithm is reflected in a good inanagement process.
One disadvantage of an algorithm is an increased
communication between the master and siave cores and
potential waiting of slave cores for allocation of new
tasks waiting for execution. Tasks cannot be executed
on master core, so this is another disadvantage,
especially during the execution on the smaller number

of corcs [25].

3. Proposed combined algorithm (CA)

In this section, a new load balancing algorithm, ba-
sed on combination of DD and MS algerithms, is prese-
nted. The motivation was to improve load balancing
performance and execution time for pavallel applica-
tions which consist of many indcpendent tasks. The
proposed combined algorithm consists of three phases.

Tmin
DD alg.
DD alg.
MS alg.
15l phase 3rd phase
2nd phase

Figure 2. The proposed algorithin
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Phase /. As seenin Figure |, application’s usability
with DD algorithm is 100% till Tp, moment. Opposed
fo this algorithm, haster-siave makes load imbalance
from the start of applieation because tasks can’t be
executed on master core, Therefore, DD algorithm is
used in the first phase of the proposed CA algorithm
(Figure 2). In the first phase CA works as DD until Ty,
when all assigned tasks to the fastest core are finished.
The fastesl ecre then sends signal to each other core o
finish task which it executes and terminate exccution of
rest assigned unfinished tasks. This phase is finished
when all cores finish exeeuting started tasks.

Phase 2. In the second phase, all computing cores
send reports fo the pre-specified core. Each report
includes:

1. status of assigned tasks,

2. execution time of finished tasks,

3. information about resources (core speed and
allocated memory).

Pre-specified eore analyzes received information,
makes a list of unfinished tasks, chooses algorithm
(DD or MS) for the third phase, and performs
rescheduling. The choice of the algorithin is performed
according to the number of computing cores,
heterogeneity of a cluster (¢) and execution time of each
performed task (b).

Domain decomposition algorithm is chosen for the
third phase if:

DD1) application runs on homogeneous cluster on

less than 32 cores,

DD2) each core from the first phase executes
similar number of tasks with sjmilar duration,

DD3) number of unfinished tasks is less or equai to
the number of cores where parallel application
executes,

Master—slave algorithin is chosen for the third phase

MS 1) application runs on more than 32 cores, i.e.
when master-slave algorithm can’t preduce a
significant loss of utilization due execution.

MS2) application runs on heterogeneous cluster or
on clusters where load rapidly changes,

MES3) duration of tasks is significantly different,

MS4) each core from the first phase executed
significantly different number of tasks.

Rescheduling algorithm makes a list of unfinished
tasks in accordance with selected algorithm. If DD
algorithm is selected, cach core receives a list of
unfinished tasks for execution. The number of assigned
tasks to each corc is calculated according to the number
of tasks finished in the first phase on each core
separately. [f MS algorithm is selected, then the master
core receives a list of all unfinished tasks which will be
assigned to the slave nodes for execution in the third
phase.



Phase 3. Selected algorithm from the second phase
is execuled in the third phase of the proposed algorjthm.

Figure 3 presents operations of combined algorithm
per stages. In the first phase of the proposed algorithm,
the DD algorithm was used (marked with blue). The
second phase selected MS algorithm because parallel
application was started on 64 cores {according MSi
rule) and nearly half of tasks were unfinished after
termination (according MS4 rule) and made vesche-
duling (marked with red), Regarding decision from the
second phase in this example, MS was executed in the
third phase (marked with green),

Combitted algorithm
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Figure 3. Task scheduling using combined algorithm

According to analysis and rescheduling in the sec-
ond phase, the proposed algorithm increases the efficie-
ney and reduces execution time for parallel applications
in the third phase. The execution time of the proposed
algorithm is shorter {Figure 3) than execution time of
the standard DD algorithm measured in same condi-
tions (Figure 1). Moreover, the efficiency of the propo-
sed algorithm is increased due to minimized idle time
and improved resource usage.

Disadvantages of the combined algorithm are termi-
nation of assigned tasks ar the end of the first phase and
duration of the second phase. Duration of the second
phase is insignificantly low and can’t affect the effi-
ciency of parallel application. Termination of assigned
tasks in the first phase can increase duration of this
phase only if there is one task whose duration is enor-
inously higher than duration of others. This increase of
first phase duration can affect the performance of the
whole algorithm. [n that case, there is no bnprovement
in efficiency compared with DD and MS,

The combined algorithm works as DD algorithm
during their maximal efficiency and interrupis work
when its effectiveness starts to weaken. It has a similar
performance as DD in the case when DD has a high
efficiency. The proposed algorithm has better perfor-
mance than DD when DD has low efficiency due 1o
interruption and rescheduling.

CA has better performance than MS because MS
doesn’t execute tasks on master core whole time and
has less communication loses during execution time.
The MS algorithm produce less efficiency than the
proposcd algorithm which starts as DD and makes
reseheduling to achieve betler resource usage.
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4. The results of simulation and analysis

Performance of the combined algorithm is verified
ibrough numerieal demanding application Cross-Point
queued switch (CQ) simulator for performance analysis
[26]. Simulator is parailelized using MP[ [27]. Tt exe-
cutes simulations of eight different switching algo-
rithms (LQF, RR, ERR. FBRR. EELQF. ELQF, FBLQF
and RAND) with 12 different buffer sizes on 32 input
files of generated taffic. Simulation was performed for
matrix of 16x16 and 1.000.000 time slots. During the
preprocessing, simulator prepares 3072 independent
tasks. Simulation was performed on Paradox [28] HPC
cluster during HP-SEE praject [29].

Figure 4 presents trequency of computational time
of CQ tasks. 95% of tasks finished assigned work
between 12 and 18 seconds. The average execution
time was [5.10 seconds. while the longest task was
executed in 165 seconds, The statistics is based on the
pattern of §00.000 executed tasks.

Task duration frequency
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Figure 4. Frequency of task compulational time

Total execution time depends on the duration of
each task and their scheduling. Simulations using DD,
MS and CA are performed on 16-128 cores. Input files
wetre copied on nodes in the preprocessing phase of the
application. Average results of twenty executions at
different clusters loads are presented at Figure 5.

Execution time using DD, MS and CA
on 16-128 cores

seands
P SR R VT
sEHEEE
o 5 H B 8

1& 32 82 128
L] 278705 142329 742,07 288,33
M3 335’1‘.03" lETb,ES w45 = 45G.EL
] 2735.25 1398,76 Fi7. a2 256,47
ores
Figure 5. Average execution time usjng three scheduling
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CA gave better results than DD and MS algorithms
in all conditions. The impact of rescheduling and

reduced runtime was more noticeable as the number of

cores mcrcased. In few cases, CA required up to 0.5%
time more than DD. [n the best case, CA finished
execution 21.6% faster than DD due task rescheduling
at the end of application. MS algorithm required more
time than DD and CA, especially during execution on
16 cores due to described disadvantages.

Figure 6 presents execution time comparison
between CA and other algorithms. The difference
between CA and DD ranges from 1.7% to 8.2%. DD
required more time to execute than CA due to static
scheduling process. The difference between CA and
DD was higher when the application was started on
larger number of cores.

Time saving [%] between CA and
other algorithms
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Figure 6. Execution time comparison between
CA. DD and MS

Duration of CA's three phases

b1 52 84

123
W Phase Lo e e s

B Termnation + 5T “FPhase 3

Figure 7. Time distribation of CA’s phases

Selected algorithm for third phase

16 32 64 128

ares

100%
pele)
80
T0%
60%
50%
4%
308
208
10%

0%

m DD 2]
WIS (%]

Figure 8. Algorithin choice in CA’s third phase

265

The difference between CA and MS was bigger,
since MBS algorithim had specified wealnesses. Inability
to execule tasks on master core produced losses during
execution on lower cores. Communication between
cores during the entire process of execution caused
lower efficiency on 128 cores.

Figure 7 presents time distribution of CA phases.
Three seginents are indicated: the fivst phase tiil
termination, termination and synchronization phase and
the third phase for simulations performed on 16-128
cores. Dutation of termination and third phase
increased as sinulation was performed on bigger
number of cores. Termination phase time, marked by
red color, increased on |28 cores because the fastest
core waited for more cores to finish tasks which were
execuied in time when termination signal was sent. We
noticed high efficiency of CA and DD algorithm on 16
cores and higher number of tasks which were
rescheduled on 64-128 cores.

Figure § shows which algorithi performed schedu-
ling in the third phase. Domain distribution was sele-
cted in the most cases when simulation was executed
on 16 cores, because the program detected Paradox as
a homogenous cluster with a number of allowed cores
less than 32. On the other hand, master-slave had
priority in other cases because the algorithm from the
second phase detected tasks with different duration and
selected this dynamic algorithm for the third phase.

5. Conclusion

[ this paper, the combined load balancing algo-
rithm for paraliel applieations which eonsist of many
independent tasks has been presented. The algorithm is
created on the strengths of the domain decomposition
and master slave algorithms and task rescheduling.
Using mixture of these, standard static and dynamic,
algorithms we reduced execution time. minimized load
imbalanee and improved performance of parallel
application in various distributed environments. This
papcr also identifies situations when the proposed
algorithm doesn’t provide improvements. but it still
maintains performance comparable to constituent
algorithms.

The main contvibution of this paper can be
summarized as follows:

» the combined load balancing algorithm based on
domain decomposition and master slave algorithms
has been proposed,

o leuristic approach for the selection of load
balancing algorithm after domain deconposition in
the first phase,

« new algorithim improves the performance of parallel
application which consist of many independent
tasks,

« simulation results which confirmed  better
performance of the combined algerithm when
compared with domain decomposition and master
slave algorithms.



Further research will be focused on evaluation of
the combined algorithm on various heterogeneous
clusters as well as its implementation for practical
parallel applications.
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Abstract

Computational phylogeny and DNA sequence analysis are challenging even
for the most powerful supercomputers. RAxML is the fastest and the most
accurate software in the area of phylogenetic analysis, mostly used for sequential
and parallel maximum likelihood based inference of large phylogenetic trees. In
this paper we present scalability analysis of multigene DNA sequence analysis
using RAxML on the high performance cluster. We analyzed five different
genes, two real and additional three designed genes, in order to test reliability
of the constructed census phylogeny tree. We have proved validity of parallelism
using MPI for analyzed dataset with the best efficiency results during execution
on up to 32 cores.

Key words: parallel and distributed computing, performance analysis,
computational efficiency, DNA computing, bicinformatics

1. Introduction. In the last few decades, we have witnessed the increasing
popularity of distributed systems and computer science, in general. Distributed

This work makes use of results produced by the High-Performance Computing Infrastructure

for South East Europe’s Research Communities (HP-SEE), a project co-funded by the European
Commission (under contract number 261499) through the Seventh Framework Programme.

489



computing covers many of the activities occurring in the computer and communi-
cations world and allows sharing of available comnputer resources and peripherals.
The concept itself was developed as a response to the constant need to increase
performance, lower prices, and long-term productivity [ 2]. Parallel computing
enables division of larger problems into sialler ones and solving themn simultane-
ously on distributed systems [3]. It is often used in Bioinformatics, especially in
computational intensive applications of DNA (Deozyribonucleic acid) sequence
analysis.

One of the significant applications in the area of DNA sequence analysis is
RAxML (Random Axelerated Maximum Likelihood), the program for sequential
and parallel Maximum Likelihood based inference of large phylogenetic trees [ °].
Using RAXxML, we analyzed five different DNA datasets of different trout species
and scalability of multigene DNA sequence analysis on PARADOX [6] cluster with
up to 64 cores. We measured the performance of RAxXxML followed by analysis of
execution time, speedup and efficiency.

2. The RAxML software. The RAxML has been developed to perform
phylogenetic analysis using the meaximum likelihood optimality ecriterion [*7].
Software allows computationally efficient and biologically accurate analysis data
sets of any size. RAxML can use a variety of different character sets, including
nucleotide, amino acid, binary, and multi-state character state data [% 7 8]. It has
a sequential and parallel version. It is parallelized in various ways and suitable
for any type of multicore cluster. Parallel versions can be divided into coarse
grained, fine grained and hybrid |°].

Coarse grained parallelization uses MPI (Message Passing Interface) [1%), the
most commonly used paradigm in writing parallel programs. It requires minimal
communication between cluster nodes, which makes fast and expensive intercon-
nection between cluster nodes obsolete. RAxML’s MPI parallelization is per-
formed over the number of randomly generated tree searches, whereby an equal
number of generated trees is assigned to each computing core for analysis %]

Fine grained parallelism uses Pthreads for shared memory parallelism [*].
It is suitable for datasets with long DNA sequences which can be divided per
cores during analysis. The main disadvantage of fine grained parallelism, which
is limited by a sharing memory paradigm, is that it can only run on a single node.

Hybrid version combines coarse and fine grained pa.rall'elization and over-
comes limitations of the fine prained parallelization while executing more shared
memory processes on different nodes [ '?]. Communication inside a single node
uses Pthreads while between different nodes it is based on MPI. It has yielded
the best results for large datasets with lengthy DNA sequences ['3).

3. Analyzed DNA datasets. Fast development of molecular techniques
caused a huge increase of available DNA data sets published in Gene Bank world-
wide [*]. DNA data sets represent decoded DNA segments of different organisms
and their different genes and DINA sectors. In spite of DNA sequence type they
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all contain part of phylogenetic information which we used in our attempts of
reconstruction of ancestor-descendant relationships among theme we named as
phylogeny. However, it is a common situation when phylogeny has been recon-
structed on different genes or on different parts of structurhl DNA that we got
different phylogeny patterns among the same sets of individual species or sets of
phylogeny lineages from different geographical regions within one species. There-
fore, we start with a multi-gene approach using several genes or structural DNA
parts while we have obtained a census tree that represents the most probable phy-
logeny reconstruction as the analysis outcome. The more genes or DNA structural
segment we use, the more the consensus phylogeny tree gets closer to a real event
of evolutionary history within the analyzed group.

In our analysis, we used b different DNA data sets for the same species and
lineages. Original DNA sequences are taken from mitochondrial DNA, struc-
tural part called d-loop, and mitochondrial gene Cytochrome b. Other three
genes represent a modification of two real genes. We analyzed Mediterranean,
Adriatic, Danubian and Atlantic linage of brown trout (Salmo cf. trutte), mar-
ble (Salmo marmoratus), soft-muzzled (Salmo salmothymus), Ohrid lake trout
{Salmo acantholingua), atlantic salmon (Salmo salar), river huchen (Hucho hu-
cho) and grayling { Thymallus thymallus). Real gene sequences of different species
and lineages were downloaded from The National Center for Bictechnology Infor-
mation [*] database. Gene 3 and gene 4 represent a slightly modified d-loop and
Cytochrome b, respectively. During the construction of these two genes we paid
attention whether the phylogeny information was persevered as in original genes.
We constructed a so-called “fake gene” as gene 5 that has completely different
phylogenetic information.

We performed simulations on specified genes:
Multigene analysis of two real sequences, labelled as G-12
Multigene analysis of two real genes and two slightly modified ones, labelled
as G-1234
Multigene analysis of two real sequences and “fake gene”, labelled as G-125
Multigene analysis of all 5 genes, two real, two slightly mbodified and a “fake
gene”, labelled as G-12345
As results of analysis and reconstruction of phylogeny we got the consensus
phylogeny tree based on 3025 base pairs divided intc 5 genes. We also analyzed
how different genes that carry different phylogeny informatiori,l affect the census
tree.

4. Scalability results of RAxML parallelization. The subject of our re-
search was the efficiency of parallel reconstruction of phylogenetic trees based on
multigene DNA dataset using RAXML software. RAxML supports MPI, Pthreads
and hybrid parallelization combining shared and distributed memory approach.
The appropriate RAxML parallelization method should be determined in accor-
dance with dataset size and type of the available cluster. MPI i, in general, suit-
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able for RAxXML parallelization in the analysis of many different DNA sequences,
while hybrid method can give better results provided that DNA sequence is long
enough to be divided and analyzed on multiple cores. All of the specified par-
allelization methods were analyzed for a single gene with 123 DNA sequences of
Salmo ¢f. trutte with 552 base pairs per DNA sequence whereas RAxML’s MPI
parallelization has yielded the best performance ['°]. In our research, real genes
(gene 1 and 2) had similar length as genes in a single gene analysis. Therefore,
we decided to focus on using MPT parallelization in our scalability analysis.

In order to measure the performance of parallel application, we used three
main indicators: execution time, speedup and efficiency [16]. Less important
factors which can help in performance measurement and making choices about
parallelism are a number of processor used during execution, the size of the data
being processed and inter-processor communications [!7].

Scalability testing was performed on four gene combinations specified in
Chapter 3 as a serial and parallel application using up to 64 cores. Analyses
were performed with 1000 bootstraps. In real distributed environment, workload
of resources varied. We made up to 10 time measurements for each analysis and
presented mean results. The execution time, speedup and efficiency of parallel
code are graphically presented in Fig. 1-3.

Figure 1 shows that execution time drastically drops with the increase of
number of cores. The duration of the simulations was gradually decreased as the
number of cores was increased. Serial job and parallel jobs on up to 8 cores were
executed on a single server. They all showed almost linear speedup (Fig. 2) and
efficiency of more than 85%. Simulations on more servers (8-64 cores) showed
drastic reduction of speedup and efficiency. This fact indicates that the communi-
cation between servers still has plenty of influence on weakening of RAxML MPI
parallelization. The worst speedup is noticeable for G-12 simulation (Fig. 2),
which has the least number of operations, wherein speedup over 15 and time be-

Exccution time for 5 genes
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Fig. 1. RAxML multigene analysis execution times
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low 53 seconds were not reached. We believe that the short time of each analysis
and time gap between analyses when servers communicate between themselves
were a cause of stagnation. Other simulations had almost linear speedup over
16 cores, but not as noticeable as in the execution on a single server. The best
speedup and efficiency (Fig. 2, 3} were reached for simulation with the largest
number of operations (G-12345).

Parallel efficiency of 50% can be used as a guideline for reasonable choice
when deciding on how may cores we need to run an application during production
[*8]. Efficiency of more than 50% is achieved on 32 or less cores in almost all tests
in our analysis. According to that fact, execution on up to 32 cores is optimized
for our analysis and analysis with dataset of similar size.

5. Conclusion. In this paper, we analyzed scalability results of multigene
DNA sequence analysis (of real and fake genes) and mutual influence of hybrid on
real genes using RAxML software on the HPC cluster. In terms of biology, this
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analysis showed that the RAxML software keeps phylogeny information during
multigene analysis. Although fake gene represents 24.6% of analyzed base pairs
(744 of 3025 base pairs), that did not significantly affect the change of phylogeny
information in census tree. It shows that RAxML software does not consider
a number of base pairs in different genes when forming the census tree, but it
gives the same importance to each tree based on an individual gene. Main phy-
logenetic information (ancestor-decedent relationships) was preserved, whereas
we had noticed a shight change in evolution distances among analyzed taxa and
lineages. The RAxML software treats each gene in multi-gene analysis as an
individual evolutionary unit and not based on the amount of information they
carry (number of base pairs in DNA sequence). This is also in concordance with
the theory of evolution. We showed that RAxXxML software attributes the equal
significance, in terms of evolution and possible phylogenetic relationships, to each
gene in multi-gene approach.

RAxML supports various parallel models and works on different platforms.
In our multigene performance test, on the sample described in Chapter 3, MPI
has shown the best speedup on less than 32 cores in which the efficiency was
higher than 50%. Low efficiency loss (up to 15%) was observed when the same
application was running on a single server. Parallel version of RAxML has shown
good scalability results when running on a small number of cores, while efficiency
decreased with the increase of number of cores. Measurement results showed
too large losses during the execution of the application on 64 or more cores.
Performance analysis has shown similar speedup and efliciency graphs in case of
a single gene and multigene analysis, which vary depending on the number of
cores and input DNA sequences. If we compare multigene scalability results from
this paper and results from a single gene analysis with small [*®], medium and
large dataset [9], we can conclude that speedup and efficiency graphs are similar
in multigene and single gene analysis. We proved validity of parallelization on up
to 32 cores, while parallel analysis on a larger number of cores caused too large
waste of resources.
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10.

11.

12,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Radonjic M., Radusinovic 1., “An example of crossbar switch schieduler hardware
implementation", 14th Conference on Information Technologies IT 09, pp. 7-10, Zabljak,
Montenegro, February 2009,

Radonijic M., Radusinovic I., "Performance evaluation of 32x32 LPF based crossbar switches"
53rd conference for electronics, telecommunications, computers, automatic control and
nuclear engineering (ETRAN), Vrnjacka banja, Serbia, June 2009.

’

Cvorovic J., Radusinovic 1., Radenjic M., "Buffering in Crosspoint-Queued Switch”, Proc. of
17th Telecommunication Forum TELFOR 2009, pp. 198-201, Belgrade, Serbia, November
2009.

Ugren B., Radonjic M., Radusinovic |., "Packet traffic generator based on the NETFPGA
platform", Proc. of 17th Telecommunication Forum TELFOR 2009, pp. 282-285, Belgrade,
Serbia, November 2009.

Ugren B., Radonjic M., Radusinovic [., "NETFPGA platform for active network device
implementation”, 15th Conference on information Technologies IT 10, pp. 107-110, Zabljak,
Montenegro, February 2010.

Misovic D., Radonijic M., Radusinovic |, "Implementation of serial communication with
Spartan 3E FPGA development platform", 15th Conference on information Technologies IT
10, pp. 115-118, Zabljak, Montenegro, February 2010.

Ljumovic N., Radanjic M., Radusinovic I, "Implementation example of the TCP/IP/Ethernet
communication between PC and Spartan 3E FPGA board", 15th Conference on Information
Technologies IT 10, pp. 131-134, Zabljak, Montenegre, February 2010.

Cvorovic J., Radonjic M., Radusinovic |., "Crosspoint-queued switch performance", 15th
Conference on Information Technologies IT 10, pp. 123-126, Zabljak, Montenegro, February
2010.

Radonjic M., Radusinovic L., "Memory requirements for crosspoint queued crossbar switch
implementation”, Scientific — Professional Symposium Infoteh-Jahorina 2010, Vol. 9, Ref, B-lI-
13, pp. 232-236, Jahorina, Bosnia and Herzegovina, March 2010,

Misovic D., Vuéini¢ M., Radonji¢ M., Radusinovi¢ 1., Veljovi¢ Z., "Primjer realizacije ethernet
switch-a na NETFPGA platformi", INFOFEST 2010, pp. 214-224, Budva, Montenegro, Sept.-
Oct. 2010.

Liumovi¢ N., Odalovi¢ M., Radonji¢ M., Radusinavi¢ 1., Veljovi¢ Z., "Testiranje ethernet switch-
a realizovanog na NetFPGA razvojnoj platformi”, INFOFEST 2010, pp. 278-288, Budva,
Montenegro, Sept.-Oct. 2010.

Radonjic M., Radusinovic 1., Maljevic 1., Banovic D., "CQ switch analysis under the traffic
overload”, Proc. of 18th Telecommunication Forum TELFOR 2010, pp. 227-230, Belgrade,
Serbia, November 2010.

Liumovic N., Misovic D., Radonjic M., Radusinovic |, "CQ Ethernet switch implementation on
the NETFPGA platform", Proc. of 18th Telecommunication Forum TELFOR 2010, pp. 223-226,
Belgrade, Serbia, November 2010.

Simurina A., Radusinovi¢ |, Radonji¢ M., Veljovi¢ Z., "Throughput analysis of 2x2 crosspoint
queued crossbar switch with one-cell buffers under the bursty incoming traffic”, 16th
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25.

26,

27.

28,

29,

30.

31.

32.

33.

34,

Conference on Information Technologies IT 11, pp. 98-101, Zabljak, Montenegro, February
2011,

Lijumovi¢ N., MiZovi¢ D., Radonji¢ M., Radusinovic I., "Register system for performance
analysis of CQ ethernet switch implemented on the NetFPGA platform", 16th Conference on
Information Technologies IT 11, pp. 218-221, Zabljak, Montenegro, February 2011.

Radoniji¢ M., Radusinovic I, "Analiza varijacije kadnjenja paketa kod krosbar komutatora sa
baferima u ukrsnim tackama", Scientific — Professional Symposium Infoteh-Jahorina 2011,
Vol. 10, Ref, B-ill-8, pp. 224-228, Jahorina, Bosnia and Herzegovina, March 2011.

Ljumovi¢ N., MiSovi¢ D., Radonji¢ M., Radusinovic 1., "Hardverska realizacija tabele
prosiedivanja CQ ethernet komutatora", Proc. 55th ETRAN Conference, Banja Vrucica, june
2011.

Radoniji¢ M., Radusinovi¢ I., "Analysis of the impact of the LQF algorithm modification en the
CQ switch performance", Proc. 17th Conference on Information Technologies IT 12, pp. 64-
67, Zabljak, Montenegro, February 2012.

Kovacevic V., Radonji¢ M., Radusinovi¢ |., "Analysis of Multicast Traffic Modeling", Proc. 18th
Conference on Information Technologies IT 13, pp. 149-152, Zabljak, Montenegro, February
2013.

Divanovi¢ §., Radonji¢ M., Maleti¢ N., Veletic M., Kosi¢ D.,Gardasevi¢ G., Radusinovi¢ |,
"Scheduling Algorithms with QoS Support for Crosspoint Queued Crossbar Switch®, Proc.
18th Conference on Information Technologies IT 13, pp. 153-156, Zabljak, Maontenegro,
February 2013,

Divanovic S., Radonjic M., Gardasevic G., Radusinovic 1., "Analysis of CQ Switch Maximum
Delay Under Bursty Traffic", Scientific - Professional Sympaosium Infoteh-Jahorina 2013, Vol.
12, Ref. KST-2-8, pp. 460-463, Jahorina, Bosnia and Herzegovina, March 2013,

Kovacevi¢ V., Radonji¢ M., Radusinovi¢ l., "Performance Analysis of CQ Packet Switch Under
Several Multicast Incoming Traffic Models", Proc. 57th ETRAN Conference, pp. TE1.4.1-6,
Zlatibor, June 2013.

Divanovi¢ S., Radonji¢ M., Gardasevi¢ G., Radusinovi¢ ., "Performance analysis of CQ switch
for different frames of WRR scheduling algorithm"”, Proc. 57th ETRAN Conference, pp.
TE1.3.1-6, Zlatibor, June 2013.

Tomi¢ M, Radonji¢ M., Leki¢ N., Radusinovic 1., "Network Virtualization With Flowvisor Tool",
Proc. 19th Conference on Information Technologies IT 14, pp. 64-67, Zabljak, Montenegro,
February 2014,

Tomovié S, Radonji¢ M., Radusinovic [, "Implementation of RIP and OSPF Protecols On
Quagga Platform", Proc. 19th Conference on Information Technologies IT 14, pp. 68-71,
Zabljak, Montenegro, February 2014.

Saboti¢ R., Radonji¢ M., Radusinovi¢ 1., "Distribution of Universal Coordinated Time", Proc.
19th Conference on Information Technologies IT 14, pp. 72-75, Zabljak, Montenegro,
February 2014.
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36.

37.

38.

39.

40,

41.

42,

Ratkovi¢ M., Tomovié S., Zari¢ N., Radonji¢ M., Radusinovié 1., "SDN Network Emulation with
Mininet Software Tool", Proc. 20th Conference on Information Technologies IT 15, pp. 80-83,
Zabljak, Montenegro, February 2015.

Tomovi¢ S., Radonji¢ M., Pejanovi¢ Duri§i¢ M., Radusinovi¢ 1, "Software Defined Wireless
Sensor Networks", Proc. 20th Conference on Information Technologies |T 15, pp. 84-87,
Zabljak, Montenegro, February 2015.

Savic T., Radonjic M., "One Solution for Remote Control Through Internet Application®, Proc.
21st Conference on Information Technologies IT 16, pp. 181 - 184, Zabljak, Montenegro,
February 2016,

Popovic T., Radonjic M., Zecevic Z., Krstajic B., "An 10T Cloud Solution Based on Open Source
Tools", Proc. 21st Conference on Information Technologies 1T 16, pp. 117 - 120, Zabljak,
Montenegro, February 2016.

Maletic N., Gardasevic G, Radusinovic I, Radonjic M., "iImpact of Unequal Buiffer Lengths on
DCQ Switch QoS-Awareness”, Scientific - Professional Symposium Infoteh-Jahorina 2016, Vol.
15, Ref. KST-1-9, pp. 242-246, Jahorina, Bosnia and Herzegovina, March 2016.

Savic T., Bajagic B., Knezevic M., Radonjic M., "Method for Measuring Released Amount of
Water in Smart Irrigation System"”, Proc. 22nd Conference on Information Technologies IT 17,
pp. 161 - 164, Zabljak, Montenegro, February 2017.

Radman V., Radonji¢ M., "Arduino-based System for Soil Moisture Measurement”, Proc. 22nd
Conference on Information Technologies IT 17, pp. 289 - 292, iabijak, Montenegro, February
2017.

Savic T., Radonjic M., "WSN Architecture for Smart Irrigation System", Proc. 23rd Conference
on Information Technologies IT 18, Zabljak, Montenegro, February 2018.

Radovi po pozivu

1.

Radonjic M., Radusinovic I, "Performance Analysis of LPF Based VOQ Crossbar Switches",
Montenegrin Academy of Sciences and Arts, Podgorica, Montenegro, March 2009.
Published in “Mobile and wireless communications: state of art and perspectives”, Scientific
Meetings Volume 97, The Section of Natural Sciences, Volume 12, pp. 111-131.

Radonjic M., Radusinovic 1., "CQ Switch Performance Analysis from the Point of Buffer Size
and Scheduling Algorithms", Proc. of 20th Telecommunication Foyum TELFOR 2012, pp. 210-
217, Belgrade, Serbia, November 2012. DO!: 10.1109/TELFOR.2012.6419185
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Stru€na biografija — dr Slavko Gajin, docent

1. Biografski podaci

Slavko Gajin je roden u Zemunu 1968. godine. Nakon zavréetka srednje $kole “Matematic¢ka
gimnazija’ u Beogradu 1997. god. i sticanja diplome Vuk Karadzi¢, upisao je Elektrotehniéki
fakultet Univerziteta u Beogradu (ETF), smer Racdunarska tehnika i informatika, nakon &ega
Je odsluZio vojni rok. ETF je zavrsio u roku, 1993. godine, sa proseénom ocenom 9.12. Na
ElektrotehniCkom fakulteta Univerziteta u Beogradu je odbranic magistarsku tezu pod
nazivom "Analiza adaptivhosti modela zaokreta u ¢vrstospregnutim multiraéunarskim
mrezama", a 2007, godine i doktorsku disertaciju pod nazivom "Opéti mode! deterministi¢kog
rutiranja u multiraéunarskim mrezama".

Neposredno pred zavrsefak studija zaposlio se u Racunarskom centru Univerziteta u
Beogradu (RCUB). Krajem maja meseca 1999. god. rasporeden je na mesto zamenika
direktora RCUB, a krajem 2010. godine imenovan je na mesto direktora RCUB-a, $to i sada
obavlja,

Od 2008. godine izabran je u zvanje docenta i angaZovan je U nastavi na Elektrotehniékom
fakulteta Univerziteta u Beogradu sa 25% radnog vremena na predmetima iz oblasti
racunarskih mreza na osnovnim, master i doktorskim akademskim studijama. Od 2009.
godine angaZovan je i kao docent u nastavi na Elektrotehnickom fakultetu u Banjaluci na
predmetu Internet tehnologije.

2. Naucéno-struéna delatnost

Stavko Gajin je autor poglavlja u knjizi medunarodnog znacaja i 36 (14) nauénih radova (u
zagradama je broj radova u poslednjem petogodistu) i to: 7 (5) rada u medunarodnim
naucnim casopisima sa impakt faktorom, 15 (9) radova prezentovanih i objavljenih u
zbornicima radova na medunarodnim nauénim skupovima, 1 (0) rad u domacim ¢asopisima,
13 (1) radova u zbornicima radova domadih skupova.

0Od 1997. godine uéestvovao je na 4 istrazivatko-tehnoloska projekta Ministarstva prosvete,
nauke i tehnolo$kog razvoja, na kojima je radio najpre kao istraziva¢, a kasnije i kao
rukovodilac tima, kao i u€esnik na jednom projektu unapredenja nastave. Od 2002. godine
ucestovao je na 12 evropskih projekata i to 2 H2020 projekta, 8 FP projekata (FP5, FP6 i
FP7), 1 TEMPUS i1 INTERREG projekat, kao ¢lan ili rukovodilag tima.

Qd 1995. godine, utestvovao je na velikom broju idejnih i glavnih projekata iz uze nauéno-
stru€ne oblasti kojom se bavi — projektovanje ra¢unarskih mreza (20 projekata). Svi glavni
projekti su realizovani (izvedenti), a na vecini projekata je bio odgovorni projektant.

Slavko Gajin je takode bio rukovodilac ili uéesnik ukupno 11 softverskih projekata ETF-a, kao
i 4 softverska projekta iz oblasti praéenja rada i upravljanja ra¢unarskih mreza, od kojih je 1
proizvod priznat kao industrijsko tehnicko redenje na medunarodnom nivou od strane
kompanije Cisco Systems, kroz sertifikovanje interoperabilnosti u okviru programa Cisco
Developer Network.

Slavko Gajin je kao rukovodilac projekta dobio plaketu Drustva za informatiku Srbije za
izvanredan doprinos u razvoju informatike u 2002. godini, za proizvodi NetlS, koji je nastao
kao rezultat rada na tehnoloskom projektu Ministarstva prosvete, nauke i tehnoloskog
razvoja.

Slavko Gajin je od 2012. godine predstavnik Republike Srbije u struCnom telu .e-
Infrastructure Reflection Group” {e-IRG), koje ima savetodavnu ulogu Evropske komisije u
oblasti elektronskih infrastruktura.



Slavko Gajin je autor ili koautor sledeéih radova, odnosno rukovodilac ili udesnik sledeéih

projekata (sa_,{a)" su oznaceni radovi u poslednjih 5 godina, sa ,{(b)* su radovi pre

toga):

Radovi u medunarodnim nau¢nim ¢asopisima sa impakt faktorom:

1.

(a) B. Jovanovi¢, 8. Gajin, An efficient mechanism of cryptographic synchronization
within selectively encrypted H.265/HEVC video stream, Multimedia Tools and
Appilications, p. 1-17. https://doi.org/10.1007/s11042-017-4389-3, 2017, ISSN 1573-
7721, IF(2016)=1.530, (M22)

(a) V. Blagojevi¢, D. Boji¢, M. Bojovi¢, M. Cvetanovi¢, J. Bordevi¢, B. Purdevi¢, B.
Furlan, S. Gajin, Z. Jovanovi¢, D. Milicev, V. Mitutinovi¢, B. Nikoli¢, J. Proti¢, M.
Punt, Z. Radivojevi¢, 7. Stanisavljevi¢, S. Stojanovic, |. Tartalja, M. Tomasevi¢, P.
Vuleti¢, A Systematic Approach to Generation of New ldeas for PhD Research in
Computing, ADVANCES IN COMPUTERS, Vol. 104, p. 1-31, 2017, DO
10.1016/bs.adcom.2016.09.001, ISSN 0065-2458, IF(2016)=0.789 (M23)

(a) N. Ninkovi¢, S. Gajin, I. Reljin, Packet Dispersion Strategy Evaluation from the
Perspective of Packet Loss Pattern and VolP Quality, COMPUTER SCIENCE AND
INFORMATION SYSTEMS - COMSIS, p. 1-23, 2015, DOI;
10.2298/CSIS150120043N, ISSN: 1820-0214, IF(2015)= 0.623, (M23)

(a) Y. Abuadila, G. Kvascev, S. Gajin, Z. Jovanovi¢, Flow-Based Anomaly Intrusion
Detection System Using Two Stages Neural Network, Computer Science and
Information Systems, COMPUTER SCIENCE AND INFORMATION SYSTEMS -
COMSIS, Vol. 11, No. 2, p. 601-622, Jun, 2014, DOI: 10.2298/CSIS130415035A,
ISSN: 1820-0214, IF(2014)=0.477, (M23)

(a) N. Ninkovi¢, Z. Bojovi¢, S. Gajin, A Novel Scheme for Dynamic Triggering Of
Packet Dispersion, ELEKTRONIKA IR ELEKTROTECHNIKA, Vol. 20, No. 5, p. 162-
169, 2014, DOIl: 10.5755/j01.eee.20.5.5429, ISSN: 1392-1215, IF(2014)=0.561,
(M23)

(b) Slavko Gajin, Zoran Jovanovic, "An Accurate Performance Model for Network-
on-Chip and Multicomputer interconnection Networks", Journal of Parallel and
Distributed Computing, October 2012, Volume 72, Issue 10, p. 1280-1294, DOI:
10.1016/).jpdc.2012.05.005, ISSN: 0743-7315, IF(2011)= 0.859, (M23)

(b) Slavko Gajin, Zoran Jovanovi¢, "Explanation of Performance Degradation in
Turn model”, Journal of Supercomputing, 37, 271-295, September 2006,, Vol. 37,
tssue 3, p. 271-295, DOIl: 10.1007/s11227-006-6454-y, 1SSN: 0920-8542,
IF(2006)= 0.398, (M23)

Radovi prezentovani ili objavljeni u zbornicima radova na medunarodnim nauénim
skupovima:

1.

(a) Valentina Tim¢enko, Slavko Gajin, "Machine Learning based Network Anomaly
Detection for loT environments", 8th I[nternational Conference on Information
Society and Techology - ICIST, Kopaonik, 2018 (M33)

(a) Slavko Gajin, European Cloud Collaboration Through GEANT, 16" RoEduNet
Conference: Networking in Education and Research, 21-23 September, 2017, Targu
Mures, Romania, ISSN: 2247-5443 (M32)

(a) Valentina Timcenko, Slavko Gajin, "Ensemble classifiers for supervised
anomaly based network intrusion detection”, IEEE 13" International Conference on
Intelligent Computer Communication and Processing (ICCP 2017), September 7 —
9, 2017 in Cluj-Napoca, Romania, ISBN: 978-1-5386-3367-0 (M33)




4. (a) Juma Ibrahim, Slavko Gajin, ,intrusion Detection System SDN-Based,
Literature review", 16th International Conference INFOTEH- JAHORINA, Bosnia and
Hercegovina, Vol. 16, March 2017, p. 621-624, ISBN 978-99976-710-0-4 (M33)

5. (a} Mihailo Vesovi¢, Hasan RedZovi¢, Slavko Gajin, “Evaluation of Netmap
framework for MPLS protocol implementation”, 3™ International Conference on
Electrical, Electronic and Computing Engineering ICETRAN, 2016 (M33)

6. (a) Hasan Redzovi¢, Aleksandra Smiljani¢, Slavko Gajin, "Performance evaluation
of open-source VPN software implementations”, 3™ International Conference on
Electrical, Electronic and Computing Engineering ICETRAN, 2016 (M33)

7. (a) Gajin, S., Hackett, R.,, Galeazzi, F., Pagaime, J. "A strategic approach to
providing cloud services for research and education community”, 5™ International
Conference on Information Society and Techology — ICIST, Kopacnik, Proceedings
Vol.2, pp.358-363, 2015 (M34)

8. {(a) Marko Misi¢, Slavko Gajin, Keris¢enje Mininet okruZenja za simulaciju softverski
definisanih mreza, 22nd Telecommunications Forum - TELFOR, 2014 (M33)

9. (a) Slavko Gajin, Petar Bojovic: “Monitoring, analyzing and cleaning DNS
configuration errors across European NRENs", TERENA Networking Conference
2013, Mastricht, Netherlands, 2013, (M32)

10. (b) Mirjana Devetakovi¢, Mila Pucar, Slavko Gajin, ,A Knowledge Base supporting
the Technological Research Project TR36035 on Climate Changes and Urban
Development®, ICIST 2013 - 3rd International Conference on Information Society
Technology and Management, Kopaonik 2013. god., (M34)

11.(b) M Savic, 8 Gajin, M Bozic, "SNMP based Grid infrastructure monitoring
system", IEEE MIPRO, 2011 Proceedings of the 34th International Convention, p.
231-235, (M31)

12.(b) Slavko Gajin, Vedrin Jeliazkov, Constantinos Kotsokalis, Yannis Mitsos:
“Seamless Integration of Network Management Tools in a Multi-Domain
Environment”, Integrated Network Management, 2007. IM'07. 10th IFIPAEEE
tnternational Symposium on. IEEE, 2007. p. 745-748., (M34)

13. (b) Zoran Jovanovié¢, Slavko Gajin, Mara Bukvic, Pavle Vuletic, Djordje Vulovié:
The Optical NREN of Serbia and Montenegro - New Solutions in Infrastructure and
Meonitoring, u "One step ahead”, The 20th Trans European Research and Education
Networking Conference, June 7-10, 2004, Rhodes, Greece, Selected Papers, |SBN
90-77559-04-3, hitp://www terena.org/publications//tnc2004-proceedings/, (M31)

14, (b) Z. Jovanovi¢, S. Gajin, M. Bukvic, P. Vuletic, Dj. Vulovi¢: The optical NREN of
Serbia and Montenegro, Fourth Yugoslavia-Japan Joint Workshop on Computer
Simulation Science (3JW), September 2004, Tara, Yugoslavia, (M31)

15. (b) Z. Jovanovi¢, S. Gajin: “Simulation of the Turn Model” First Yugoslavia-Japan
Joint Workshop on Computer Simulation Science (3JW), 1-2 September 2000.,
Belgrade, Yugoslavia, (M31)

Radovi u domacim ¢asopisima:

1. (b) Zoran Jovanovi¢, igor Milojevic, Slavko Gajin, Milan Vitorovi¢ “Sigurnost unix
operativnih sistema”, Infoscience 04/96, 1996. (M52)

Radovi u zbornicima radova domacih skupova:

1. (a) Pavle Vuletic, Slavko Gajin, ,Uticaj QUIC protokola na fradicionalne mehanizme
nadgledanja mreznih tokova®“, 62. konferenciju za elekironiku, telekomunikacije,
racunarstvo, automatiku i nuklearnu tehniku, ETRAN 2018. (MG63)




2.

10.

11.

12.

13.

(b) Petar Bojovi¢, Slavko Gajin, “Testiranje i analiza funkcionalnosti internet domena
Republike Srbije", YUINFO 2013, Kopaonik 2013, god. (M63)

(b} Bojan Mitrovic, Mirjana Devetakovi¢, Slavko Gajin, Ljiljana Petrusevski,
‘Unapredenje AMRES e-learning sistema novim funkcionalnostima — aformat
modul”, YUINFO 2011, Kopaonik, 2011. god. (M&3)

(b) Mirjana Devetakovi¢, Slavko Gajin, Bojan Mitrovié, “Portal Akademske mreZe
Srbije za podrsku elektronskom ucenju®, YUINFO 2010, Kopaonik, 2010. god.,
(M63)

(b) S. Gajin, D. Pajin, D. Novakovi¢, "Sistem za nadgledanje radunarske mreze-
Netl|S", YUINFO 2006, Kopaonik, 6-10.3.2006. god. (M63)

(b) Slavko Gajin, Pavle Vuleti¢, “Trendovi u razvoju i primeni rac¢unarskih mreza“,
Informatika 2004, Beograd, 2004. god. (M63})

(b) Slavko Gajin, "Razvoj EDI aplikacija na [nternetu”, YU INFO '97, Brezovica, 04-
-07. april 1997. god. (M63)

(b) Slavko Gajin, “Sigurnosni mehanizmi u protokolu za nadzor i upravijanje
mreZzom®, nauc¢no struéni skup Informacione tehnologije (IT '96), Zabljak, 11-15.
mart 1996. god., (M63)

(b} Slavko Gajin, “OSISS - Otvoren sistem implementgcije sigurnosnih servisa“,
naucno struéni skup Informacione tehnologije (IT '96), Zabljak, 11-15. mart 19986,
god., (M63)

(b) Slavko Gajin, “Distribucija klfju¢eva u OSISS okruZenju®, nau¢no struéni skup
Informacione tehnologije (IT '96), Zabljak, 11-15. mart 1996. god., (M63)

(b) Slavko Gajin, "OSISS - Otvoren sistem implementacije sigurnosnih servisa®, YU
INFO '96, Brezovica, 02-05. april 1996. god., (M63)

(b) Slavko Gajin, “Model alternacije zaokreta kod redetke”, YU INFO '95, Brezovica,
04-07. april 1995 god. (M63)

(b)y Slavko Gajin, “Pobolj$anje algoritma rutiranja u  &vrstospregnutim
multiraCunarskim mrezama“, XXXVIII konferencija ETRAN, Ni§, 07-09. jun 1994,
god., (M63)

Projekti tehnoloskog razvoja Ministarstva prosvete, nauke i tehnoloskog razvoja:

1.

(a) Projekta razvoja visokog obrazovanja Ministarstva prosvete nauke i tehnologkog
razvoja — ,Unapredenje nastave na predmetima iz oblasti radunarskin mreza i
zastite podataka“, decembar 2017 —maj 2018.

(a) ,Prostorni, ekolodki, energetski i drustveni aspekti razvoja naselja i klimatske
promene — medusobni uticaju®, evidencioni broj 36035, 2011-2018. god.

{b) "Razvoj kompjuterskih metoda i softvera za modeliranje i simulacije u oblasti
opsteg i biomedicinskog inZenjeringa", 2005-2007. god.

(b} "Projekat realizacije integralnog informacionog sistema i monitoringa raunarske
mreze", evidencioni broj 1-253, 2002.-2004. god.

{b) “Opsti elementi i posebne primene zastite podataka u ratunarskim sistemima i
mrezama”, evidencioni broj $.1.02.05.0163, 1997.-2000. god.

Medunarodni projekata:

1.

(a) H2020 GN4-phase2 - "Multi-Gigabit European Research and Education Network
and Associated Services", Grant Agreement No. 731122, 1.5.2016. — 31.12.2018,,
www.geant.org, ¢lan tima




10.

11.

12.

(a) H2020 GN4 - "Multi-Gigabit European Research and Education Network and
Associated Services", Grant Agreement No. 691567, 1.5.2015. - 30.8.2016,
www.geant., clan tima

(a) FP7 GN3plus - "Multi-Gigabit European Research and Education Network and
Associated Services”, 1.4.2013.-31.3.2015., www.geant.net, zamenik rukcvodioca
tima

(b) FP7 GN3 - "Multi-Gigabit European Research and Education Network and
Associated Services”, 1.4.2009.-31.3.2013., www.geant.net, zamenik rukovodioca
tima

(b} FP7 SEERA-El — "SouthEast European Research Area - e-Infrastructure",
1.4.2009.-31.3.2012., www.seera-ei.eu, &lan projektnog tima

(b) TEMPUS VICES - "Video Conferencing Educational Services", 144650-
TEMPUS-2008-IT-JPGR, 2009. - 2011. god., vices.marnet.net.mk, rukovodilac tima

{(b) FP6 SEEREN2 - "South-Eastern European Research & Education Network",
oktobar 2008, - april 2008. god., www.seeren.org, rukovodilac tima

(b)y FP6 SEEFIRE — South-East Europe Fibre Infrastructure for Research and
Education”, 2005.-2006. god., www.seefire,org, rukovodilac tima

(by FP6 SEEGRID -"South-Eastern European GRID-enabled -elnfrastructure
Developement”, 1.5.2004. - 30.4.2006., www.see-grid.org, ¢lan projektnog tima

(b)y FP6 SEEGRID2 - "South-Eastern European GRID-enabled elnfrastructure
Developement 2", 2006-2008. god., www.see-grid.eu, ¢lan projektnog tima

{b) FP5 SEEREN - "South-Eastern Eurcpean Research & Education Networking",
2002. - 2004. god., www.seeren.org, rukovodilac tima

(b) ELISA —"E-learning for improving access to Infomation Society for SMEs in the
SEE Area" (INTERREG lll B CADSES project), 2005-2008. god., www.elisa-
project.net, ¢lan projektnog tima

Struéni projekti ETF-a:

1.
2.

(a) Mati¢na evidencija osiguranih lica, RFZ0, 2002.-danas

(a) Elektronsko fakturisanje lekova i pomagala propisanih na teret sredstava
Republitkog zavoda za zdravstveno osiguranje, RFZO, 2002 —danas

(a) Elektronska evidencija propisanih i izdatih lekova pod specijalnim rezimom
izdavanja, RFZO, 2002.—danas

(a) Zdravstveni informacioni sistem primarne zdravstvene zastite, 2005.-danas

(a) Podsistem za podr§ku rada pisarnice Republi¢kog zavoda za zdravstveno
osiguranje, 2009.—danas

(a) Razvoj, implementacija i odrzavanje Opstinskog informacionog sistema — OplS,
2000.-danas

(a) Razvoj, implementacija i odrzavanje Softverskog sistema za evidenciju mati¢nih
knjiga, 2004.-danas

(b) Razvoj, implementacija i odrzavanje informacionog sistema za obracun i naplatu
elektricne energije, RTV pretplatu i pruzanje elektrodistributivnih  usluga
potrosacima, EDB, 2006.-2103.

(b) Razvoj, implementacija i odrZavanje Informacionog sistem za magacinsko,
materijalno i pogonsko knjigovodstvo, Narodna banka Srbije-Zavod za izradu
novéanica, 2008-2013.




10. (b) Razvoj, implementacija i odrzavanje informacionog sistema za pradenje

proizvoda NBS-ZIN od posebnog interesa, Narodna banka Srbije-Zavod za izradu
novcanica, 2007-2013.

11. (b) Testiranje DNS domena, RNIDS, 2012. god.

Ostali struéni projekti:

1.

NetVizura NetFlow Analizer — softverski sistem za analizu mreznog saobraéaja,
2013-danas

NetVizura EvenLog Analizer — softverski sistem za analizu syslog i snmp trap
poruka, 2013-danas

NetVizura DNS Analizer — softverski sistem za testiranje DNS domena, 2013-danas

NetVizura NetFlow Network — softverski sistem za monitoring racunarskih mreza,
2015-danas

Predavanja po pozivu ili tutorijali na medunarodnim struénim skupovima:

1.

(b) Slavko Gajin, “Mcnitoring and analyzing audio,video, and multimedia traffic on
the network®, Campus network monitoring workshop, 24-25. April 2012, Brng,
Czech Republic

(b) Slavko Gajin, “ICmyNet.Flow: NetFlow based traffic investigation, analysis, and
reporting”, NOC Tool Workshop & 4th TF-NOC meeting, 11-12. October 2011,
Brussels, Belgium

(b) Slavko Gajin, “DNS domains and servers testing”, NOC Tool Workshop & 4th
TF-NOC meeting, 11-12. October 2011, Brussels, Belgium

(b) Slavko Gajin, “Monitoring and analyzing audio, video, and multimedia traffic on
the network”, NOC Tool Workshop & 4th TF-NOC meeting, 11-12. October 2011,
Brussels, Belgium

(b) Slavko Gajin, "Network Monitoring System®, SIRIKT 2010, 14-17. April 2010.,
Kranjska gora, Slovenija
(b) Slavko Gajin, “Network monitoring - NetlS", The Third CEENet Workshop on

Network Management - NATO Advanced Networking Workshop "Networking the
Future", 22 — 25, September 2002, Zagreb, Hrvatska

Predavanja po pozivu i tutorijali na skupovima nacionalnog znacaja:

1.

2.

(b) Slavko Gajin, “Pristup i servisi Interneta“, Nau¢no struéni skup INFORMATIKA
96, Beograd, 07.05.1996. god. , (M62)

(b) Slavko Gajin, “Sigurnost i zastita u raunarskim mrezama®“, Struéni skup, Zastita
podataka u raéunarskim mrezama i sistemima, Beograd, 1995. , (M82)

3. (b) Slavko Gajin, "Neki aspekti sigurnosti UNIX operativnin sistema®, Struéni skup,

Zastita podataka u raéunarskim mrezama i sistemima, Beograd, 1995., (M62)

Disertacije:

1.

Slavko Gajin, "Analiza adaptivnosti modela =zackreta u ¢&vrstospregnutim
multiracunarskim mrezama", magistarska teza, ETF, Beograd, 1999. (M72)

2. Slavko Gajin, "Opsti model deterministi¢kog rutiranja u multiracunarskim mrezama”

doktorska teza, ETF, Beograd, 2007. (M71)




3. Nastavna delatnost

Slavko Gajin je angaZovan u nastavi na Elektrotehnitkom fakultetu Univerziteta u Beogradu
od 2008. godine, kao docent na osnovnim studijama na studijskom programu za
Elektrotehniku i raunarstvo, modul Racunarska tehnika i informatika, i studijskom programu
za Softversko inZenjerstvo, na predmetu Radunarske mreze 1, a kasnije i na master
studijama na predmetu Projektovanje racunarskih mreza. Pri preuzimanju ovih predmeta,
inoviran je nastavni plan i program, ali je i kasnije tokom ovog perioda unapredivac gradivo
prema aktuelnim tehnolo$kim trendovima i potrebama iz inZenjerske prakse. Posebno je
znacajno $to je metodika nastave unapredena sprovodenjem savremene tzv. blended
learning metode, koja kombinuje klasiénu nastavu u ucionici, koja se na osnovnim studijama
u potpunosti odvija prema predvidenom rasporedu i obimu predavanja, sa on-line nastavom
koriste¢i eLearning platformu. Od 2009. godine laboratorijske veZe, kolokvijumi i zavréni ispiti
se polaZu elekironski (na ratunarima uz prisustvo deZurnog asistenta), kombinovanjem
veceg broja metodicki osmisljenih teorijskih pitanja i reSavanjem zadataka. Ovaj naéin rada
kod studenata je nai$ao na odli¢an prijem, §to je rezultovalo i dobrom prolaznoséu.

Proselne ocene na studentskim anketama u poslednjih 5 $kolskih godina su priloZene u
sledecoj tabeli:

Skolska godina Prose¢na ocena
l: 20122013 4.50
2013/2014 4.48
2014/2015 4.52
2015/2016 4.46
| 2016/2017 4.40 |
' Ukupna prosek: 4.47 —|

U dosadasdnjem opusu bio je mentor na 21 zavrSnom radu na petogodisnjim studijama, na 20
zavrénih radova na €etvorogodis$njim studijama, na 27 zavréna radova na master strudijama,
1 zavrénom radu na magistarskim studijama i 1 zavrdnom radu na doktorskim studijama, kao
i u€esnik u komisijama za odbranu zavrénih radova na svim nivoima studiranja.

Ukupan broj bodova ostvaren po osnovu rukovodenja zavrsnim radovima dat je u narednoj
tabeli:

Rukovodenje izradom zavrénih radova ?trl.?cjlenata FKoeﬁcijenti Bodoviw
Osnovne studije {petogodisnje) 21 1.5 31.5
Osnovne studije (Setvorogodisnje) 20 1 20

| Master studije 27 2 54
Magistarske studije 1 4 4
Doktorske studije 1 | 8 8

| Ukupno 117.5

4. Profesionalna delatnost i drustvena aktivhost

Slavko Gajin je nacionalni predstavnik u stru¢nom telu ,e-Infrastructure Reflection Group”
(e-IRG, www e-irg.eu), koje ima savetodavnu ulogu Evropske komisije u oblasti elektronskih
infrastruktura




5. Priznanja i nagrade

1. Plaketa Drustva za informatiku Srbije za izvanredan doprinos u razvoju informatike
u 2002. godini (projekat NetlS, Racunarski centar Univerziteta u Beogradu).




dr Slavko Gajin, detaljan spisak radova

+ Autor poglavlja u knjizi medunarodnog znadaja:

1.

Slavko Gajin, Chapter 2, "Video services in Serbia's Academic Network”, book:
"Video Conference as a tool for Higher Education", Firenze University Press, 2012,
ISBN 978-88-6655-102-7, (M14)

+ Radovi u medunarodnim nauénim Casopisima sa impakt faktorom:

1.

Slavko Gajin, Zoran Jovanovic, "An Accurate Performance Model for Network-on-
Chip and Multicomputer Interconnection Networks", Journal of Parallel and
Distributed Computing, October 2012, Volume 72, Issue 10, p. 1280-1294, ISSN:
0743-7315, DOIL: 10.1016/].jpdc.2012.05.005, IF(2011)= 0.859, (M23)

Slavko Gajin, Zoran Jovanovi¢, "Explanation of Performance Degradation in Turn
model", The Journal of Supercomputing, 37, 271-295, September 2006., Vol. 37,
lssue 3, p. 271-295, Online ISSN 0920-8542, DOI: 10.1007/511227-006-6454-y,
IF(2008)= 0.398, (M23)

N. Ninkovi¢, S. Gajin, [. Reljin, Packet Dispersion Strategy Evaluation from the
Perspective of Packet Loss Pattern and VolP Quality, COMPUTER SCIENCE AND
INFORMATION SYSTEMS - COMSIS, p. 1-23, 2015, DOI:
10.2298/CSI1S150120043N, IF(2016)= 0.837, (M23)

Y. Abuadlla, G. Kvasev, S. Gajin, Z. Jovanovi¢, Flow-Based Anomaly Intrusion
Detection System Using Two Stages Neural Network, Computer Science and
Information Systems, COMPUTER SCIENCE AND INFORMATION SYSTEMS -
COMSIS, Vol. 11, No. 2, p. 601-622, Jun, 2014, [F(2014)=0.477, (M23)

N. Ninkovié, Z. Bojovi¢, S. Gajin, A Novel Scheme for Dynamic Triggering Of Packet
Dispersion, ELEKTRONIKA IR ELEKTROTECHNIKA, Vol. 20, No. 5, p. 162-169,
2014, IF(2014)=0.561, (M23)

B. Jovanovi¢, S. Gaijin, An efficient mechanism of cryptographic synchronization
within selectively encrypted H.265/HEVC video stream, Multimedia Tools and
Applications, p. 1-17.  https:/doi.org/10.1007/s11042-017-4389-3, 2017,
[F{2014)=1.530, (M22)

V. Blagojevi¢, D. Bojic, M. Bojovi¢, M. Cvetanovi¢, J. Bordevi¢, D. Durdevi¢, B.
Furlan, S. Gajin, Z. Jovanovi¢, D. Milicev, V. Milutinovi¢, B. Nikoli¢, J. Proti¢, M.
Punt, Z. Radivojevi¢, Z. Stanisavljevi¢, S. Stojanovié, |. Tartalja, M. Tomasevi¢, P.
Vuleti¢, A Systematic Approach to Generation of New ldeas for PhD Research in
Computing, ADVANCES IN COMPUTERS, Vol. 104, p. 1-31, 2017, IF(2014)=0.789
(M23)

+ Radovi prezentovani ili objavljeni u zbornicima radova na medunarodnim nau&nim
skupovima:

1.

2.

3.

Slavko Gajin, European Cloud Collaboration Through GEANT, 16th RoEduNet
Conference: Networking in Education and Research, 21-23 September, 2017, Targu
Mures, Romania (M32)

Valentina Tim¢enko, Slavke Gajin, "Machine Learning based Network Anomaly
Detection for loT envircnments", 8th International Conference on Information
Society and Techology - ICIST, Kopaonik, 2018 0 (M33)

Valentina Timéenko, Slavko Gajin, “Ensemble classifiers for supervised anomaly
based network intrusion detection”, IEEE 13th International Conference on
Intelligent Computer Communication and Processing (ICCP 2017), September 7 - 9,
2017 in Cluj-Napoca, Romania, ISBN: 978-1-5386-3367-0 (M33)



4. Juma l|brahim, Slavko Gajin, ,Intrusion Detection System SDN-Based, Literature
review“, 16th International Conference [INFOTEH-JAHORINA, Boshia and
Hercegovina, Vol. 16, March 2017, p. 621-624, ISBN 978-99976-710-0-4 (M33)

5. Mihailo Vesovi¢, Hasan Redzovi¢, Slavko Gajin, “Evaluation of Netmap framework
for MPLS protocol implementation”, 3rd International Conference on Electrical,
Electronic and Computing Engineering IcCETRAN 2016 (M33)

6. Hasan Redzovi¢, Aleksandra Smiljani¢, Slavko Gaijin, "Performance evaluation of
open-source VPN software implementations”, 3rd International Conference on
Electrical, Electronic and Computing Engineering IcETRAN 2016 (M33)

7. Gajin, S., Hackett, R., Galeazzi, F., Pagaime, J. “A strategic approach to providing
cloud services for research and education community”, ICIST 2015 Proceedings
Vol.2, pp.358-363, 2015 (M34)

8. Marko Misi¢, Slavko Gajin, Koriséenje Mininet okruZenja za simulaciju softverski
definisanih mreza, 22nd Telecommunications Forum, TELFOR 2014 (25.11.2014 -
27.11.2014) (M33)

9. Slavko Gajin, Petar Bojovi¢; “Monitoring, analyzing and cleaning DNS configuration
errors across European NRENs", TERENA Networking Conference 2013, Mastricht,
Netherlands, 2.-6. Jun 2013, (M32)

10. Mirjana Devetakovi¢, Mila Pucar, Slavko Gajin, ,A Knowledge Base supporting the
Technological Research Project TR36035 on Climate Changes and Urban
Development", ICIST 2013 - 3rd International Conference on Information Society
Technology and Management, Kopaonik 2013. god., (M34)

11. M Savic, S Gajin, M Bozic, "SNMP based Grid infrastructure monitoring system",
IEEE MIPRO, 2011 Proceedings of the 34th International Convention, p. 231-235,
(M31)

12. Slavko Gajin, Vedrin Jeliazkov, Constantinos Kotsckalis, Yannis Mitsos: "Seamless
integration of Network Management Tools in a Multi-Domain Environment",
Integrated Network Management, 2007. IM'07. 10th IFIP/IEEE International
Symposium on. [EEE, 2007. p. 745-748., (M34)

13. Zoran Jovanovi¢, Slavko Gaijin, Mara Bukvic, Pavie Vuletic, Djordje Vulovié: The
Optical NREN of Serbia and Montenegro - New Solutions in Infrastructure and
Monitoring, u "One step ahead", The 20th Trans European Research and Education
Networking Conference, June 7-10, 2004, Rhodes, Greece, Selected Papers, ISBN
90-77559-04-3, http.//www terena.org/publications//tnc2004-proceedings/, (M31)

14.Z. Jovanovi¢, S. Gajin, M. Bukvic, P. Vuletic, Dj. Vulovié: The optical NREN of
Serbia and Montenegro, Fourth Yugoslavia-Japan Joint Workshop on Computer
Simulation Science (3JW), September 2004, Tara, Yugoslavia, (M31)

15. Z. Jovanovi¢, S. Gajin: “Simulation of the Turn Model” First Yugoslavia-Japan Joint
Workshop on Computer Simulation Science (3JW), 1-2 September 2000., Beigrade,
Yugoslavia, (M31)

Radovi u domacim Cascpisima:

1. Zoran Jovanovi¢, lgor Milojevic, Slavko Gajin, Milan Vitorovi¢é “Sigurnost unix
operativnih sistema”’, Infoscience 04/96, 1996. (M52)

Radovi u zbornicima radova domacih skupova:

1. Pavle Vuletic, Slavko Gajin, ,Uticaj QUIC protokola na tradicionalne mehanizme
nadgledanja mreznih tokova", 62. konferenciju za elektroniku, telekomunikacije,
racunarstvo, automatiku i nuklearnu tehniku, ETRAN 2018. (M63)




10.

1.

12.

13.

Petar Bojovié¢, Slavko Gajin, “Testiranje i analiza funkcionalnosti internet domena
Republike Srbije”, YUINFO 2013, Kopaonik 2013. gog. (M63)

Bojan Mitrovic, Mirjana Devetakovi¢, Slavko Gajin, Ljiljana Petrugevski,
‘Unapredenje AMRES e-learning sistema novim funkcionalnostima — aformat
modul”, YUINFO 2011, Kopacnik, 2011, god. (M63)

Mirjana Devetakovi¢, Slavko Gajin, Bojan Mitrovi¢, “Portal Akademske mreze Srbije
za podréku elektronskom uéenju”, YUINFO 2010, Kopaonik, 2010. god., {M63)

8. Gajin, D. Pajin, D. Novakovi¢, "Sistem za nadgledanje raéunarske mreze-NetllS",
YUINFO 2008, Kopacnik, 6-10.3.2006. god. (M63)

Slavko Gajin, Pavle Vuleti¢, “Trendovi u razvoju i primeni ra&unarskih mreza",
Informatika 2004, Beograd, 2004. god. (M63)

Slavko Gajin, "Razvoj EDI aplikacija na Internetu”, YU INFO '97, Brezovica, 04-07.
april 1997. god. (M83)

Slavko Gajin, “Sigurnosni mehanizmi u protokolu za nadzor i upravijanje mrezom®,
nauéno struni skup Informacione tehnologije (IT '96), Zabljak, 11-15. mart 1996.
god., (M63)

Slavko Gajin, “OSISS - Otvoren sistem implementacije sigurnosnih servisa“, nauéno
struéni skup Informacione tehnologije (IT '96), Zabljak, 11-15. mart 1996. god.,
(MB3)

Slavko Gajin, “Distribucija kljuteva u OSISS okruzenju®, nauc¢no struéni skup
Informacione tehnologije (IT '96), Zabljak, 11-15. mart 18986. god., (M63)

Slavko Gajin, "OSISS - Otvoren sistem implementacije sigurnosnih servisa“, YU
INFO '96, Brezovica, 02-05. april 1996. god., (M63)

Slavko Gajin, “Model alternacije zaokreta kod resetke®, YU INFQ '95, Brezovica, 04-
-07. april 1995 god. (MB83)

Slavko Gaijin, “Pobolj§anje algoritma rutiranja u évrstospregnutim multiraunarskim
mrezama“, XXXV konferencija ETRAN, Ni§, 07-09. jun 1994. god., (M83)

Predavanja po pozivu ili tutorijali na medunarodnim struénim skupovima:

1.

Slavko Gajin, “Monitoring and analyzing audio,video, and multimedia traffic on the
network®, Campus network monitoring workshop, 24-25. April 2012, Brno, Czech
Republic

Slavko Gaijin, “ICmyNet.Flow: NetFlow based traffic investigation, analysis, and

reporting”, NOC Tool Workshop & 4th TF-NOC meeting, 11-12. October 2011,
Brussels, Belgium

Slavko Gajin, “DNS domains and servers testing”, NOC Tool Workshop & 4th TF-
NOC meeting, 11-12. October 2011, Brussels, Belgium

Slavko Gajin, “Monitoring and analyzing audio, video, and multimedia traffic on the
network”, NOC Tool Workshop & 4th TF-NOC mesting, 11-12. October 2011,
Brussels, Belgium

Slavko Gajin, “Network Monitoring System®, SIRIKT 2010, 14-17. Aprit 2010,
Kranjska gora, Slovenija

Slavke Gajin, “Network monitoring - NetlS", The Third CEENet Workshop on
Network Management - NATO Advanced Networking Workshop "Networking the
Future", 22 — 25, September 2002, Zagreb, Croatia

Predavanja po pozivu i tutorijali na skupovima nacionalnog znacaja:

1.

Slavko Gajin, “Pristup i servisi Interneta®, Nauéno struéni skup INFORMATIKA 986,
Beograd, 07.05.1996. god. , (M62)




2. Slavko Gajin, “Sigurnost i zaétita u radunarskim mreZzama“, Struéni skup, Zastita
podataka u racunarskim mrezama i sistemima, Beograd, 1995. , (M62)

3. Slavko Gajin, “Neki aspekti sigurnosti UNIX opera"(ivnih sistema”, Strucni skup,
Zastita podataka u raéunarskim mreZzama i sistemima, Beograd, 1995., (M62)

Disertacije:

1. Slavko Gajin, "Analiza adaptivnosti modela zaokreta u &vrstospregnutim
multiraCunarskim mrezama", magistarska teza, ETF, Beograd, 1999. (M72)

2. Slavko Gajin, "Opsti model deterministickog rutiranja u multiradunarskim mrezama"

doktorska teza, ETF, Beograd, 2007. (M71)

Kandidat je ucesnik sledecih projekata tehnoloskog razvoja Ministarstva prosvete, nauke i
tehnologkog razvoja:

1.

Projekta razvoja visokog obrazovanja Ministarstva prosvete nauke i tehnocloskog
razvoja — ,Unapredenje nastave na predmetima iz oblasti raéunarskih mreza i
zastite podataka“, decembar 2017 — maj 2018.

,Prostorni, ekoloski, energetski i drustveni aspekti razvoja naselja i klimatske
promene — medusobni uticaju”, evidencioni broj 36035, 2011-danas. god.

"Razvoj kompjuterskih metoda i softvera za modeliranje i simulacije u oblasti opsteg
i biomedicinskog inZenjeringa", 2005-2007. god.

"Projekat realizacije integralnog informacionog sistema i monitoringa racunarske
mreze", evidencioni broj 1-253, 2002.-2004. god.

‘Opsti elementi | posebne primene zastite podataka u racdunarskim sistemima i
mrezama®, evidencioni broj $.1.02.05.0163, 1997.-2000. god.

Kandidat je uéesnik sledec¢ih medunarodnih projekata:

1.

10.

H2020 GN4-phase2 - "Multi-Gigabit European Research and Education Network
and Associated Services", Grant Agreement No. 731122, 1.5.2016. — 31.12.2018.,
www.geant.org, ¢lan tima

H2020 GN4 - "Mulii-Gigabit European Research and Education Network and
Associated Services", Grant Agreement No. 691567, 1.5.2015. - 30.8.2016,
www.geant., ¢lan tima

FP7 GN3plus - "Multi-Gigabit European Research and Education Network and
Associated Services", 1.4.2013.-31.3.2015., www.geant.net, zamenik rukovodioca
tima

FP7 GN3 - "Multi-Gigabit European Research and Education Network and
Associated Services", 1.4.2008.-31.3.2013., www.geant.net, zamenik rukovodioca
tima

FP7 SEERA-El — "SouthEast European Research Area - e-Infrastructure",
1.4.2009.-31.3.2012., www.seera-ei.eu, ¢lan projektnog tima

TEMPUS VICES - "Video Conferencing Educational Services”, 144650-TEMPUS-
2008-IT-JPGR, 2009. - 2011. god., vices.marnet.net.mk, rukovedilac tima

FP6 SEERENZ2 - "South-Eastern European Research & Education Network”,
oktobar 20086. - april 2008. god., www.seeren.org, rukovedilac tima

FP6 SEEFIRE - Scuth-East Europe Fibre Infrastructure for Research and
Education", 2005.-2008. god., www.seefire.org, rukovodilac tima

FP6 SEEGRID -~"South-Eastern European GRID-enabled elnfrastructure
Developement", 1.5.2004, - 30.4.2006., www.see-grid.otg, ¢lan projektnog tima

FP6 SEEGRID2 - "South-Eastern European GRID-enabled elnfrastructure
Developement 2", 2006-2008. god., www.see-grid.eu, ¢lan projektnog tima




11.

12.

FP5 SEEREN - "South-Eastern European Research & Education Networking”,
2002. - 2004. god., www.seeren.org, rukovodilac tima,

ELISA —"E-learning for improving access to Infomation Society for SMEs in the SEE
Area" (INTERREG lll B CADSES project), 2005- 2008. god., www.elisa-project.net,
¢lan projektneg tima.

Kandidat je rukovodilac ili uéesnik sledecéih struénih projekata ETF-a:

1.

10.

11.
12.

Razvoj, implementacija i odrzavanje informacionog sistema za obracun i naplatu
elektricne energije, RTV pretplatu i pruzanje elekirodistributivnih usluga
potrodacima, EDB, 2006-danas

Mati¢na evidencija osiguranih lica, RFZ0O, 2002—danas

Elektronsko fakturisanje lekova | pomagala propisanih na teret sredstava
Republi¢kog zavoda za zdravstveno osiguranje, RFZO, 2002—danas

Elekironska evidencija propisanih i izdatih lekova pod specijalnim reZimom
izdavanja, RFZ0O, 2002—danas

Zdravstveni informacioni sistem primarne zdravstvene zastite, 2005—danas

Razvoj, implementacija i odrzavanje Informacionog sistem za magacinsko,
materijalno | pogonsko knjigovodstvo, NBS-ZIN, 2009-danas

Razvoj, implementacija i odrzavanje informacionog sistema za pracenje proizvoda
NBS-ZIN od posebnog interesa, NBS-ZIN, 2007-2013

Podsistem za podrSku rada pisarnice Republitkog zavoda za zdravstveno
osiguranje, 2009-danas

Razvoj, implementacija i odrZavanje Opstinskog informacionog sistema — OplS,
2000-danas (35 opstina)

Razvoj, implementacija | odrzavanje Softverskog sistema za evidenciju maticnih
knjiga, 2004-danas (33 opstine)

Informacioni sistem i monitoring racunarskih mreza — NetllS, 2002-danas
Testiranje DNS domena, RNIDS, 2012. god.
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neavreenof] 4 00T 7019
Cpr. Jea. Bpoj Tiphrior Bpegrocr
Cryaenrexn Tpr 1, 11000 Eeorpan, Penybmaxa Cp6rja e .
Ten.: 011 3207400, dake: 011 2638912; E-mail: ofﬁccbu@rcct.l@.ac.rs /&@5/{ M/(
i
BEBRE HAVYHHWX OBINACTH beorpan, 24.9.2018. romusne
TEXHHYKHX HAYKA 02 6poj: 61202-4285/2-18

JIA

Ha ocHoBy un. 75. c1 2, 3akoHa 0 BucOKOM ofpazoBamy ("Cuy:xOeHH IIacHHK
PC", 6époj: 88/17), um. 48. ct. 5. Tau. 1. Cratyra Yuupepsurera y Beorpamy (“TnacHux
Yuupepanurera y Beorpamy”, 6poj 201/18), um 13. cr. 1. Ilpasununka o sehnma
gayduHx objactH ua VYwupepaurery y Beorpanmy (“TmacuMk Yueeepauteta y
Beorpany”, 6poj 134/07, 150/09, 158/11, 164/11, 165/11, 180/14, 195/16 u 197/17), un.
24, cr. 1. tau, |, IIpaBuaHHXa © HA9MHY M YOCTYIKY CTHIAHA 3Bakd M 3aCHUBALRA
pajHOr OJHOCA HaCTaBHHKA YHHBepauTeTa y beorpazy (“T'macHuk YHHBep3uTeTa Y
Eeorpany”, 6poj 200/17) u IlpaBuinnka 0 MUHUMAIHAM YCJIOBAMA 34 CTHLAKE 3BAka
‘HAcTaBHHKA Ha Yuupepsurery v Leorpaay (“I'macuuk Yuusepiuteta y Beorpany®, 6poj
192/16, 195/16, 197/17 u 199/17), a Ha npennor Habopsor Befia BaexTpoTexHudkor
daxynrera, 6poj: 1451/8 ox 11. cemrembpa 2018. romuue, Belie mayunux obnacra
TEXHHUKUX HAyKa, Ha CeMHHULM, 0OpxKaHoj 24. centembpa 2018, ronuue, JoHeno je

ONJNXYKY

BHUPA CE np Cranko Tajwn, v dedme Bafdpefinor Tipofiecopa 3a YKy Hayawy
ofiract Pauynapcka TexHuka M uHGOPMATHKA,

Ofpaszioxeme

YuupepaureT y beorpany — Enexrporexsudsd bakynrer je mana 4. jyna 2018.
rogane, v nybmuxaudjs , JlocnoBa®, 00jaBHo KORKYpC 3a u30op y 3Bame BaHpEOHOT
npoecopa, 3a Ky Hayurny obnact Pauyynapcka Texunka 1 HRdopmarika, 300r Hereka
HibopHor nepuona.

Waeewra; KoMucuje 3a NpunpeMy H3sellTaja O IPHjaBHCHMM KaHZHOATHMA
CTABJLEH j& Ha YBUI jaBHOCTH Nama 27. asrycta 2018, rogune, Ha cajty Paxynrera. :

Ha ocwosy mpeinora Komucdje 3a TIDHIpeMY M3BEIITaja O TNPHjABIHEHHM

kaHAunaTHMa, M3GopHo sehe EnekIpoTeXHHHYKOT QaKynTeTa, Ha CeJHHUH onpxkanoj 11.
centemBpa 2018, rogune, goneno je ofUIyKy © yInpljHBamy Npeanora Aa e XKaHaugaT
Jip Crasxko Tajun uzabepe y 3Bame Badpendor npogecopa.

Qaxynter je mana 17. centemOpa 2018. ropwme nmocraBme YHMBEPIHTETY
KOMITJIETAH 3aXTeB 32 H3{op y 38are Ha [IpOTIHCAHHM obpaciuMa.

YHHBEPIHUTET j& KOMIUIETHY HOKYMEHTaUHjy Kojy je HocTasuo QakynaTeT CTaBHo
Ha web cTpasuIy Y HuBep3uTeTd, faHa 17. cenrembpa 2018. roauxe.
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Behe Hayunux ofmacTH TeXHHYKHX HayKa, Ha CeAHHIH OOpiKauoj AaHa 24.
cenrembpa 2018. roguHe, pazMaTpano je 3axTer PaxynTera H yIBPAMIO D2 KANAHIAT
HCIyE:aBa yCIOBE IIponHcaHe i, 74, m 75. 3akoma 0 BHCOKOM o0pasoBarmy H 9AaHOM
135, Craryra YHusepanTeta v Beorpamy, xao w ycmose mponucane [IpaBumaskoM o
MHHHMAIHHM YCJIOBHMa 32 CTHILAILG 3BaH4 HACTABHMKA Ha YHMBep3HTeTy v Leorpary,

1a je JIOHeTa OJIYKa KA ¥ H3PEeIlH,

OCTABWTH:
- Qaxynrery (2),
- Apxuen YAHBepauTeTa (1),



ENEKTPOTEXHUYKK ©AKYNITET
LHAITE 1:\Tu.|u,1ﬂ:511‘j\=___
BEOTPAJT, Byneeap kpaiba Ajnekcanapa 73

(ceaniuTe nociABUa)

‘mrm—ﬁ*ﬁ%/_‘—

(oaTyM)

11a OCHOBY wianeBa £4 cTas 1, 27 u 30 3akona o pay (“Cnywbenu rnacnux PC”, §poj 24/2005, 61/2005, 54/2009,
3272013 u 75/2014, 13/2017 — omnyka YC u 113/2017) u na ocuosy 4nana 73 3akoHa o BUCOKOM 0BpasoBarsy
CryxGenn rnackux PC”, 6p. 88/2017) saxmyayje ce:
YIrOBOP O PARY
1. ENEKTPOTEXHUYKU ®AKYNTET — Eynesap kparba ANeKcanapa 73 (y Aarbem Tekery:

TUHEHITH CCI R TS T T BB )

I!OCJ)O,E[&BEILL) 3acCHHBa paigdHd oHOC Ca.

ap Caasxom Fajurom, 13 Beorpana, Homwnosa 7/15
(¥ae ¥ Mpe3kMe JATI0CACHE, MECT TIPESIBATMINTA, OTHOCKO BOPALTITA)

(0407974880035 ROKTOD enekrpoTexnmukiy nayka, VI crenen
IMBI (CTpyNHM, BKRAEMCKH, HAYYHK HA3HB)

nocnona;
- uzsolierbe npexaparka u bk na I, 111 111 creneny crvauja;
- npunpesa v Kisclicise npeaanawa ¥ sexby, KAO i 1Upyrux ofsnka nactage;
- Paj Ha HIPANH M OCABREMEbABAILY HACTIBHKX TIRKOMA H NporpaMa CTYAH]A Koje e OCTDAPY]Y Ha QakynTely;
- npafigist H NpsMena HOBHHBY 00,14CTH HACTABIHX METOLA;
- npunpema H 00aBbAKE HCTHTA;
- KOHCYNTAUHJE CA CTYASHTHMA,
. obarfbame CCTANHX OGAHKA HACTARE KOjit CY APCARIERH TIPOrPAMOM HASTABHOT TIPCIMETE;
- OPraliiIoEabe NOjEANHANHOT W JAJETHIMNOr HAYHIIOT PRla €A CTYDSHTHMA]
- MEHTOPCTEO ¥ KADAAH AHITOMCKHY PAROBA,
- MEHTORCKH PAJ, €2 CTY AEHTHMA MardCTARCKIN, OMHOCHO AOKTOPCKIX STYANjA;
- yuembe y pagy komKcuje 3a oAoSpanaise, cLeny UTH oADPANY MATHETAPCKOr Pajla, ONUOCHO JOKTOPCKE HcepTaIlije;
- OCTRAPHBAN-S HACTARE 1A CTY/IjAMA 32 KHOBULH]Y 3HAIBA, KAC It Ha CTYAH]aMA 33 OCTBADHEAILE MPOTPAMA CTPYUHOT YCABPILABALE;
- HHOBAIMjE ¥ HACTADM;
- capajiba ca CapaiHHUHMA ¥ TOKY 0CTPApDAlsa cBix ofauka HacTase;
- yueuhe y pamy xatenpe, nayune-naciasnor seha, naGopHor Beha 1t IPYTHX CTPYUHHXN @prava 4 koMiesja Pakyarera
- obapma K ApYre MOCNOBE BEIAHE 32 NRY'IO-HACTABHM IPOLEC KAO M IOCNOBE W 33JATKE KOJC MY ACKal 3t CTIpyyrni opraun QakyaTera ciase y sajarax y
CXTamy €1 CBOJHM 3Hatem W NoTpebass MukynTeTa.

2. Paguu onHoc ce 3acinga 3a 06aBLAKke NOCAOBA Y 3Bahy BanpeaHor npodecopa, ca cnegehinM ormcom\

Kartegpa 3a pauyHapeky TeXHHKY H HH)OpMARTHKY
{Opranalona JeAHRNLE)

3.  3anocnenw he obapmary nociobe y Beorpany (CenuiuTy 10CN0AABLA).
4.  3amocnenH 3acHKBA PaRHH OJHOC Ha! V\
1} neonmpeheno speme, noues 01

\

{AdTyM 3acHHpAIba Paiol UAHOCA)
2) oppeljeHo Bpeme o1 01.10.2018. no 30.09.2023.  y Tpajamy on___~5 romnHa
oo ciu, s;o,}é«xa)

5. 3anocnens 3acHWBa pagHi OAHOC ca  HETIYHMM PATHEM BDEMEHOM, V -rp'aj aByion
(ITYTIOM ILTH ey L) il o3

6. 3anochaeHH je myai aa c:rym{ ha paf 01.10.2018. ron. e o
(nam, Mecell H FoMjIHA MOYeTKY pafia) Y
7. 3anocnedy NpIXBaTA K@ y TOXY pana moue na Syae pacnopeljen Ha npyre nocrose y cmﬁny ¢4 3aK0HOM H

\ OIILITHM a8KTOM O paay nocnonasua.

8. 3anocnetid WMa Npaso 11a 3apajly 3a 08aBBEHM Paj| i BpEME NpoeileHo ua pany. Enementy koju ofpelyjy sapany \
3ATMOCHEHOT CY:

5= 2,700 fouonsa,

;= 25 doa/ron,,

Tla aan 01.10.2018. rom. 3anocneHom ¢¢ npu3naje Z =  roguHa TpoBEIeHUX ¥ 3Balby, 0ZHOCHO cTpyLH. OcHoBuua (S*1000

K) uanocw 3030 Sonosa. Tlpomena Z ce pagysa on 01.10.2019. roanne.
Tlocnonazayn co 08age2yjc Ka 3aN0CICHOM NPUIHKOM CBAKE HCNNATS 3apaite 1 HAKHAJE 33paje, TOCTABH MIcMery 00pauyH, y
CKAAIY €A 3aKOHOM.




e 9. 3anocnmeny HMa npago ua ybehamy 3apany y ckfaly ca 32KOHOM, KOJIEKTHBHHM YIOBOPOM H ONLITHM aKTOM noenoz{anuﬁ
10. 3anmocnend HMa npaso na sapany H3 foGHTH [Tocnofasia carnacHo ONUTeM 8KTY [0CTOd8BLA.
11. 3anocrmesy HMa NIpaBo Ha HEKHANY 3apajle H ApyTa MPHMarha Y CKI/y ¢a 30KOHOM, KOACKTHBHHM YTOROPOM H ONIITHM
AKTOM TOCN0AABLA, 3aNOCTEHOM CC 32paja K APYra (phMana uennalyjy y pokosnMa yropheliiM OnmTHM aKToM NocI04apla,
12. 3aHOCIeHH HMa [TpaBo Ha HaKHAY TPOLIKORA Npesola:
- 32 Jlona3ak K OANasak ¢a paja,
- 34 BPEME MPOBEACHO Ha oy OCHOM MYTY ¥ 38MLH B HHOCTPAHCTBY
Y CKJafy ¢d 3aKOHOM H ONUCEHM aK10M 0G0/ aBLa.
13. 3anocieHu HMAa NPaso Ha OAMOP ¥ TOKY paja, Ha AHEBHH, HEACIBHH H TOIHIIILE OIMOP ¥ CKAALY ¢4 3JAKOHOM H ONIITHM
KTOM nocnofaeya. O npesedy KOpHIGHCiba FOTHIITLET GIMOPA OIRYYYje NOCNONABAL Y3 MPETXOAHY KOHCYATALH]Y 3aM0cneHor.

o 14. 3anocncHH Hma Npaso na niazheno oACYCTBO ¥ cay ajy: T
- CKNanaka 0paxa — 5 pafHHX fAasa,
- mopoljaja cynpyre - 5 paxHa j1aHa,
- Terke OONeCTH HIIH CMPTH YIAHA YAKE TOPONHLE — 5 pagua Jaxna,
~ No0pOBOJBHOT 1@Baka KPBH — 2 y3aCTOIHE Aaua payynajyhii B fan Aasaiba Kpoi,
- 3a npHsarHe noTtpede ne ogodpeky Ackana — 210 2 pagHa JaHa.
A 3a gane niahiesor ocyCTRA 33MOCIEHH TIPUMA HAKHALY ¥ BHCHHH 3apale Kojy OH OCTBAPHO A e ¥ T NaHE PaKHo. )
5. 3anocienH je 0Ar0BOPAH 31 WITCTY KOjY J€ HA DAy MM ¥ BEZH CA PALOM — HAMCDHO WK U3 KPajibe HENANILE,
PO3POKOBA0 MOCNONABLY.
16. Tlochoaasaw Mosce OTKAZATH YTOBOP O PAIY 3AMTOCHEHOM AKO KPIWK pafiHe 00aBeie, H TO;
- aKo je yTephicuo Aa He ocTBApYje pe3yATaTe Pada;

aKo je yrepheno aa nexMa norpedisa 3HalLa W cnocoSHOCTH 32 06aBIEarke IOCIOBA Ha KOJHMA paji;

= aKO ME NIOWITY]e PATHY AUCLUHIUIHAY, ONIIOCHO @KO j& HeroBO NOHATIAE TAKBO A HE MOYE A3 HACTABE pail KOoA
NOCNOAABA,

- aKO YYHHH HOCTYDHHM WAL CAONIITH CANPAa] HCMHTHHX 327ATAKA H PELIeFha NPE TePMHHA ONPIKABAkLA HCITHTA,

- @Ko 3710ynoTpebu npaBd Ha 0ACYCTBO 300T NpURPEMENE CriiPEHEHOETH 3a pajl;

- 8KO HE3ZKOHHTO PACHONAME CPEACTBHMY;

- aKo MOBPENH UPOTIHCE O 3AMTHTH O NOXKAPa, eKCILIO3Mje, CHeMEHTEPHUX HEMOroMa ¥ ITETHHX AN 0B4ILA OTPOBHHX H
JPYTHX ONacHHX MATEPH]a, Kao H NOBPeaa Npomica H HeHPSAYIHMalba Mepa PaiaH 3alWTHTE 3ar0CISHNX, CPEACTABA Pald H ¥HBOTHE
cpeanie;

- KO Ofa [OCHOBHY, CNy:KOeHy URY APYCY Tajuy Yroplietry 3aK0HOM UM ONUITHM AKTOM 1TOCTOAARIA XA0 A OJaBALE
oJaTaKa H3 TEHACPCKE JOKYMEHTAIje Kojy nonHock (hakynTeT 1o pacnucano jagHoj rabanuy;
- AKO Ofla TOCROBHY, cayAcieny HIH ApYrY Tajiry Yrbpledy 3aK0onomM ik ONLITHM AKTOM [TOCTOAABLA,
- aKo og0nje /la obapmha HOCKOBE a koje je pacnopehel;
AKO HEURNHCXOAIIO H RCOATOBOPHO KOPHCTH CPEACTBa paga;
- axo daicHdskyje HOBYANA K APYra AOKYMCHTA;
- 2K H3a30DC Belii HEPEA WA TYUY Ia pany;
- axo Yewfic AONA3H 1A Paf ¥ HANKTOM CTaIbY M YNOTpeGmana aaxoXo) KIH HAPKOTHK 33 BPEME Paaa, Koje cMarmyje
cnocoBHOCT 38 pag KM OMETa MPOLEC Pana;
- aK0 HE JOCTABH NOTBPAY O [PIBPEMEIT0] CIPEUSIOCTH 33 PAJ Y POICY OJl TPH Jana;
- ako 3noynorpedu padny obanesd y vaMeph aa 3a cebe Wk Opyror Npudasy HMODMICKY KOPHCT; 0ZHOCHO CBAKO APYIo
HE3GKOHKHTO ¥ HCOBRANEHO MOHALALe ¢a HABEGICHOM HAMEPOM;
- aKO TIPOHEBEPH HIIH YKPAIe HMOBHHY QaKyiTeTa.
17. AKO 381I0CNEHH NDETPITA NOLPEAY WK LITETY 1A PALY WM Y BE3W Ca PATOM, OCHOAABALL J& AYaH Al MY HaKH
IHTET)’, Y CURTTEdy Lﬁdl{Dl'lU.\-l_ﬂ'Ul[LUlHM aRTUM.
Tlocnoaanaly 0AToRapa 3@ UITETY KOjY OArCDOPHO MHLE HITH 3aIOCHEHH Bpiichii 310CTaR/LAE IPOYIPOKY e APYTOM
3ANOCIEHOM KO HCTOI [I0CIOAEB1E, ¥ Cllaly ¢a JAKCHOM O CNpeYasaiLy 3106TaBkakha Ha paty.
Janoenent KojH BPWH 310CTaBIhake, KA0 M JAHOCAEHH KOJH 3M0YROTPECH IIPABO Ha 3AUITHTY O 3N0CTABbALA,
OJFOBOpAN j€ 32 HENOLITOBARE PAIHE JHCIHILIKHE, OANOCHO NOBPEY PANHE MYRHOCTH.
18. [Tocnonasay ce 0fapesyje 4a oMaX 110 CTYIAILY 32N0SIEHOT HA PA NOHECE NPONKCANE MpHjase Ha 0fa8e3Ho
COIIIJANKO OCHTYparse i 44 Gnarospesenc ynnaliyjy oarosapajyhe gonpuawoce, y CRIaY €8 30KOHOM.
19. 3anocneHH je OyxaH Ja ce NPHADKEBA NPONHCANIIX Mepa 3aTHTE Ha pajy.
20. Tocnomapay je mynad 0a oGeadean ycnone paga H opranisyic pan xojum ce obesdehyje sawrtnTa %uBoTA H 3/1paska
FAHOCIEHOT, ¥ CRAAKY C4 3AKOHOM M AP YTHM IPONHCHMA,
21. 3anmocheHH ¥ NOCNOAABALL IPAXBATA]Y €Ba NPaBa, 06apcie H OATCBOPHOCTH YTBPCHE 3AKOH0M H OTNIITHM 3KTOM
MoCROmaBYa.
22. JAnOCAGHIL MOXE NOCNOAAMIY JIa OTKAXKE YTOBOP © pany Y NHcaioj hopmn ¥ poxy oa 15 naHa npe Aana NaBECHOT kao
AaH NIPEeCTaHKa PATHOT OAHOCA (OTKA3HH POK).
23. Cpe GlIOpHe CHTYAlHjE H3 OBOT YTOBOpA, YTOBOPHE CTpaHe fie peiapaTy CHopasyMHo. ¥ ¢lydajy cnopa, HaLieKaH je
CTBAPUD HANEHHH ¢yl y beorpany.
24, Chaxa O YroBOPIHX CTPAHA MOKE A2 OTKAXE O] YroBOP, N0 YCNOBHMA 1 Iy TAjCBIMA-YTBINCHHM 3aKO0H M.
25, (OBaj yrosop je caunisen y 4 (METHDPH) HCTOBETHA TIPHMeEPKA, O KOjuX 1 (]c,an) npm[ep'u& .a p}*?anu 3apoCIend, a 3
(Tpu) nocnoazRaL, . £ P
3ATTOCIIEHHM i

Slage o C’?-a%}\\_




Prof. dr BoZo Krstaji¢. redovni profesor

¢ Kratka biografija

Roden je 7. aprila 1968. god. u Zabljaku, gdje je zavr$io osnovnu $kolu i prva dva
razreda srednjeg usmjerenog obrazovanja. Srednju $kolu je zavr§io u gimnaziji “Slobodan
Skerovi¢” u Podgorici.Na Elektrotehnickom fakultetu u Podgorici je diplomirao marta 1992.
godine sa prosjeCnom ocjenom 9,87, a diplomski rad "YAMABICO - upravljanje mobilnim
robotom” je odbranio sa ocjenom 10. Dobitnik je studentske nagrade “19. decembar” i
Plakete Univerziteta kao najbolji student Univerziteta 1991. god. Postdiplomske studije je
upisao na istom fakultetu 1992. godine, na Odsjeku robotike i vjestatke inteligencije. Ispite
na postdiplomskim studijama je poloZio sa prosjeénom ocjenom 10, a magistarski rad pod
nazivom "Modifikovani adaptivni LMS algoritmi” je odbranio 1996. godine. Doktorsku
disertaciju, pod nazivom “Novi pristup LMS adaptivhom algoritmu sa promjenljivim korakom”,
odbranio je 20. 12. 2002. godine na Elektrotehni¢kom fakuitetu u Podgorici.

U zvanje docenta je izabran 09.07.2003. godine, u zvanje vanrednog profesora
02.10.2008. godine, a zvanje redovnog profesora 19.12.2013. godine na Univerzitetu Crne
Gore. Bio je visiting profesor od 2004. do 2007. godine na univerzitetu "Luigi Gurakuqgi® u
Skadru, Albaniji. Bio je direktor Centra informacionog sistema UCG od 2003. do 2015.
godine.

Autor je ili koautor dvije monografije, vise udzbenika za osnovnu Skolu iz oblasti
informatike i viSe autorizovanih skripti za potrebe nastave na predmetima na kojima je
angaZzovan. Do sada je objavio preko 100 nauénih i struénih radovan u ¢asopisima i na
konferencijama. Mentor je na 1 doktorskom radu i 3 magistarska rada, a pod njegovim
mentorstvom su uspjesno zavrdena: 3 doktorska, 14 magistarskih i preko 150 diplomskih i
specijalistickih radova. Recenzirao je vi§e nauénih radova u istaknutim svjetskim ¢asopisima
iz oblasti adaptivnih algoritama i raCunarskih sistema.

Koordinirao je i uestvovao u viSe znacajnih evropskih projekata kao predstavnik
Univerziteta Crne Gore, a koje finansira Evropska unija u okviru FP8, FP7, TEMPUS, IPA i
H2020 programa (SEEREN2, SEE-GRID2, SEE-GRID-SCI, SEERA-EI, GEANTS,
NQF&QHE, GEANT3+, HPSEE, EGIl-inspire, DL@WEB, RINGINDEA, FORSEE,
CONGRAD, GN4 i VI-SEEM). AngaZovan je od strane vise kompanija i institucija u Crnoj
Gori i van nje kao stru¢ni ICT konsuitant ili projektant, te je projektovao i realizovao vise
znacajnih stru¢nih projekata. Od strane sudova u Crnoj Gori je angazovan kao sudski vieStak
za oblast ICT-a.

Predsjednik je organizacionog i programskog odbora domaéeg naucno-struénog
skupa »INFORMACIONE TEHNOLOGIJE« koja se veC 24 godine organizuje i editor je
zadnjih 10 zbornika ove konferencije. Takodje je <¢&lan programskih odbora dvije
medunarodne konferencije: “Balkan Conference in Informatics” i “RoEduNet Conference:
Networking in Education and Research” kao i ¢&lan Predsjednistva ETRAN-a. Clan je
medunarodne asocijacije elektro inZenjera — IEEE, inZenjerske komore Crne Gore, Internet
zajednice I1SOC i Ubuntu zajednice Crne Gore. Menadzer je lokalne CISCO
akademije.Pokreta¢ je MREN-a (Montenegrin Research and Education Network) i ¢lan
njegovog upravnog odbora. Osnivac¢ je prvog IXP-a u Crnoj Gori (MIXP).

Govori engleski jezik, a sluZi se i ruskim jezikom.

e Najvaznije i najsvjezije reference iz oblasti doktorata (radovi 1,2,3,4,5,6,7 1
& su u Casopisima sa SCI liste):

1. T. Popoviéa, N. Latinovi¢, A. Pegi¢, Z. Zedevi¢, B. Krstajié i S. Diukanovié.



monitoring: A case study“, Computers and Electronics in Agriculture, Vol. 140, August
2017, pp 255-265, ISSN 0168-1699, doi.org/10.1016/j.compag.2017.06.008, Elsevier
. L. Filipovi¢ and B. Krstaji¢, “Combined Load Balancing Algorithm in Distributed
Computing Environment”, ISSN 1392-124X (print), INFORMATION TECHNOLOGY
AND CONTROL, 2016,T.45, Nr.3, DOI: 10.5755/j01.itc.45.3.13084

. L. Filipovi¢, D. Mrdak and B. Krstajic, ,,Performance evaluation of parallel DNA
multigene sequence analysis®, Comptes rendus de I'Académie bulgare des sciences,
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