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Pe3omera Ha myOauKkanuure

1. ,,Anann3 Ha UnTepHer Tpaduka upe3 moaxon ¢ FFNN,
k-Haii-0,1m3KkH cheeau U MeToa {bpBo Ha pemeHusiTa®

B nmoknana ce pasriexaa NpuioKUMOCTTa Ha HEBPOHHHU MPEXH C MpeIBapUTEIHA BPb3Ka, K-
Hall-OJMM3KM ChCeIM M TEXHUKM 3a MAIIMHHO OO0Yy4YeHHE C JIbpBO Ha pEIIeHUsATa IMpU
pasno3HaBaHe Ha o0JacTH Ha CTpUUMUHT Ha VMHTEepHET TpaduK OT KOPHOPATHBHU KIHCHTH.
KoMOuHMpaHUAT MOIX0/ MO3BOJISIBA CHHTE3 Ha MPOIECH Ha PA3JIMYHU BHIOBE KIacu(PUKATOPH
U n300p Ha HAW-TIOAXOMANINS AHATUTHYCH WHCTPYMEHT 3a HWJICHTU(UIIMpAHE Ha 30HU Ha
Tpapuk. HampaBena e oleHka Ha MOKa3aTeNuTe 3a TOYHOCT W KPHCTOCAHA EHTPOMHS 3a
pasznmudeH Opoit ckputu HeBporu npu anroputbMa Scaled Conjugate Gradient 3a HEBpOHHHS
knacudukarop. Mzpbpiien e cunte3 Ha K-NN u Mozenu 3a kinacupukanus ¢ IbPBO Ha
peuieHusATa, M3MOJM3BAIlM TEXHUKU 3a IMOBTOPHO 3aMECTBAHE M KpPBCTOCAHa Bajuialus,
OTHOCHO ITOKAa3aTEeINTE 32 TOYHOCT U 3aryda. B xona Ha npouenypute 3a 00yuyeHue 1 TeCTBaHE
Ha knacudpukaropu ANFIS, k-NN u DT ca ycraHoBeHHM 3aJ0BONMTEIHH IOKa3aTesld 3a

npousBoauTenHocT. M3cnenBanusra ca nposeneHu cbe copryepuure npoayktu MATLAB u
STATISTICA.

“Internet Traffic Analysis by FFNN, k-Nearest Neighbors and Decision Tree Approach*

The paper examines the applicability of Feed-Forward Neural Networks and k-Nearest
Neighbours and Decision Tree Machine Learning techniques in recognizing of areas of
streaming Internet traffic from enterprise customers. The combined approach enables a process
synthesis of different types of classifiers and selection of the most suitable analytical tool for
traffic zone identification. An assessment of the Accuracy and Cross-Entropy indicators for
different number of hidden neurons at Scaled Conjugate Gradient algorithm were evaluated
about the neural classifier. Synthesis of k-NN and Decision tree classification models using
resubstitution and cross validation techniques about accuracy and loss indicators was performed.
Satisfactory performance indices have been established in the course of training and testing
procedures about ANFIS, k-NN and DT classifiers. The investigations are conducted with
MATLAB and STATISTICA software products.

2. ,, AHaIM3 HA TpaduuHa UHPOPMAIHSI ¢ U3MOJI3BAHE HA U3KYCTBEHH
HEBPOHHHU MPEXKH € IbJ100K0 00yyeHue*

B nokmama ce cucremMaTH3MpaT pe3yiTaTHTE OT W3CIIEABaHE HAa MHOTOCIOWHHM HM3KYCTBEHH
HEBPOHHM MPEXH 3a aHAJTU3 U WACHTU(HUIMPaHE HA OOJIACTH ChC ChIbpPKAHWE HA JaHHU 32
WuTepuer Tpaduk. OOEKT Ha U3CIIEIBAHETO ca JaHHUTE 3a TpapuKa Ha KOPIOPATUBHU KIMEHTH
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B CCMCHTHUPAHU YaCOBU 30HU U I‘COI‘pa(i)CKI/I obsactu. CuCTeMaTHYHU mnpoucaypu ¢ TCXHUKU
3a IbJI00KO0 00ydeHne BbpXY HEBPOHHU MPEXHU ¢ 00paTHO pa3npoCTpaHEHHE Ha Tpelkara ca
npoBeneHu B copryepa MATLAB. Ananmusupar ce u30paHu IMOKa3aTeIH 32 KAayeCTBO OT
nporecuTe Ha 00ydeHne Ha MHOTOCJIOMHHU CTPYKTYPH ITPU PA3IMYHU IPHIIOKEHN ChOTHOIICHUS
MEXJy HEBPOHUTE B CKpuUTUTE ciioeBe. OLEHEHH ca NpPOM3BOIUTEIHOCTTa Ha MpexKara,
IIOKa3aTeINTe 3a KOPEeIalys 1 KaueCTBOTO Ha Kilacu(UKays. Y CTAaHOBEHHU ca BUCOKH HUBA Ha
TOYHOCT IIPpU IMPAaBHUIIHO pa3lno3HABAHC HA OAHHUTC B HH(bOpMaHHOHHHTC MaCHBHU 3a
nepuHupanuTe  KIACH(PHUKALIMOHHM  TPYMH C  MaKCUMajlHO  OTpaHMYCHHE  Ha
CpeHOKBaJpaTUYHATA IPEIKa, CPeAHaTa aOCOIIOTHA TPELIKa U JIp.

“Traffic Information Analysis Using Deep Learning Artificial Neural Networks”

The paper systematizes the results of a study of multilayer artificial neural networks for the
analysis and identification of areas of Internet traffic data content. The object of the research is
traffic data of corporate company customers in segmented time zones and geographical areas.
The systematic procedures with deep learning techniques on backpropagation neural networks
have been carried out in MATLAB software. Selected quality indicators from learning processes
of multilayer structures at different applied ratios between neurons in hidden layers are analysed.
The network performance, correlation metrics and classification quality have were evaluated.
High levels of accuracy in a correct recognition of the data in the information sets have been
established about the defined classification groups with maximum limitation of the Mean-
Square Error, the Mean Absolute Error and etc.

3. ,]IIporuo3upane Ha HUBAaTa HAa AMILUIUTY/HM HUBA HA IIyMOBe KbM CUTHAJIH
Yype3 MOAXOAHU ChC CTATHCTHYECKH H3BJeueHH xapakTepuctuku 1 CFNN*

[TporHo3HMAT aHa/IM3 Ha aMIUIMTYAHUTE HUBA Ha IIyMOBETE BbpXY (hopMarta Ha MpeaBaHUTE
CUTHAJIM B KOMYHHKAIIMUTE U €JIEKTPOHUKATA € 3aJlaua 3a HaMaJsiBaHe Ha eeKTa OT TIAXHOTO
BIUSIHUE BbpXY (popmara Ha npeAaBaHuTe curHainu. Cratusara npezjara mojaxo/ 1, KoMOuHupalg
IPOLEAYPH IO ONMCATENEH aHaIW3 Ha PETUCTPUpPAHU LIYMOBH CUTHAIN C HAJIOXKEH IIyM,
U3BJIMYaHE Ha M30paHM CTATUCTMYECKHM MHJEKCH U CHHTE3 Ha MOJENHU 3a MPOTHO3MpaHE Ha
BapHallMUTe Ha IIyMa 4pe3 KOHLEMIMATA 32 U3KYCTBEH HHTeNeKT. OOeKTH Ha M3cie/lBaHe ca
CUHYCOM/IaJIHU, IPAaBOBI'bJIHU, TPUBI'BIIHU U TPUOHOOOPa3HU (POPMHU C BIHUSHHUE HA MTOCTOSIHEH
6st1 mym (UWN) u nepuoauuen ciydaeH uryM (PRN). Kato HeBpoHeH aHanu3 3a MpOrHO3eH
aHanmmu3 e u3cieasana npuioxkumoctta Ha CFNN B anroputbma 3a o0yuenne Ha LM. bazosn
KPUTEPHH KaTO CPEHOKBAJpaTHYHA IpelliKa, MpeXoBa MPOU3BOAUTEIHOCT, KOSHUIIMEHTH Ha
KOpenamus, ocTaTbyHa JUCIEepCUss MEX]ly Ha0Jlt01laBaHUTE M MPOTHO3UPAHUTE CTOMHOCTU Ha
IIyMa ca OLl€HEHHU B npouecute Ha cenekuus Ha CFNN 3a mporHos3eH aHanus.




“Amplitude Noise Level Prediction in Signals with Noises
by Statistics Extraction and CFNN Techniques*

The predictive analysis about the amplitude levels of noises on the form of transmitted signals
in communications and electronics is a task to reduce the effect of their influence on the form of
transmitted signals. The article proposes an approach combining procedures under Descriptive
Analysis of registered noise signals with imposed noise, extraction of selected statistical indices
and synthesis of models for prediction of noise variations through the concept of Artificial
Intelligence. Research objects are Sine, Square, Triangle and Sawtooth waveforms with
influence of Uniform White Noise (UWN) and Periodic Random Noise (PRN). As a neural
analysis for predictive analysis, the applicability of Cascade-Forward Neural Networks
(CENNS) in Levenberg-Marquardt learning algorithm was investigated. Baseline criteria such
as Mean-Squared Error, Network Performance, Correlation Coefficients, Residuals variance
between Observed and Predicted Noise values were assessed in the selection processes of
CFNNs for predictive analysis.

4.  ,Anentuduinupane Ha 30unTe Ha UHTepHeT Tpaduk Upe3 MpeskH ¢ 00paTHO
pasnpocTtpanenue Ha rpemkara (BPN) u BepositHocTHN HeBpoHHU Mpexu (PNN)“

B nokmaga ce mpemiara moaxoj, 0a3upaH Ha KOHLENLMATA 32 M3KYCTBEH HHTEINIEKT, 3a
KareropusupaHe Ha VHTEpHET ChABp)KAHHWE B IPAJCKU 30HU OT KOPIOPATUBHM KIIMEHTH.
AHanu3upaHa € NPWIOKHMOCTTa Ha pa3jiMYHM HEBPOHHM amapard, KakTo M ca Hu30paHu
TPUCIIONHM HEBPOHHU MpEXU C 00paTHO pasnpocTpaHeHue Ha rpemkata (BPN) u
YETUPUCITIONHHN BEPOSITHOCTHU HEBpOHHMU Mpeku (PNN) kato Hal-moaxoAsiy 3a HeJuTe Ha
uscnenanero. Cunre3bT Ha BPN apxutextypu 3a unentudpunupane Ha MHTepHeT Tpaduk e
U3BBPIICH Bb3 OCHOBA HA Pa3uyeH Opoll M3YMCIUTENTHH €AMHUIM B CKPUTHUTE CJIOEBE C
XUNEepOOJUYHA  TaHTE€HC-CUTMOMJajHa, JIOTApUTMUYHA  CUTMOMJAAIHA M JIMHEWHHU
aKTUBAIMOHHM QyHKIUH. Pa3rienanu ca BapuanuuTe Ha HAOOP OT CieUU(PUIHN KPUTEPUH KAaTO
TOYHOCT, CpPEIHOKBaJpaTU4YHA TIpelIKa, CpeAHa a0COJIITHA TIpellka, KOoe(pUIMEHTH Ha
kopenauuss u 1p. M360pbT Ha PNN crnpsmo neduHHMpaHHMTEe MOKa3aTesld 3a KauecTBO Ce
OCHOBABa Ha IOETAIlHO yBEJIMYaBaHE HA IOKA3aTellsd 3a PaslpOCTpaHEHUE Ha (PyHKIUHUTE Ha
ApOTO B paguanHo-6asucHus (RB) ctpykTypeH cioif mo ananorus, nojgo0Ha Ha NMpujaraHaTa
3a BPN. B uscnenoBarenckute npouecu 0sxa YCTAHOBEHH BHCOKM HMBA Ha IOKa3aTelu 3a
HEBPOHHO pa3Mo3HaBaHe Mpu 00pabOTKa Ha BXOASIIUTE NOTOIM OT VIHTepHET makeTH ¢ TOYHOCT
Hazx 90,00%.

winternet Traffic Zone Identification by Backpropagation
and Probabilistic Neural Networks*

The article proposes an approach based on the concept of Artificial Intelligence for the
categorization of urban areas of Internet content by corporate customers. The applicability of
different neural apparatus was analysed as well as three-layer Backpropagation Neural Networks
(BPN) and four-layer Probabilistic Neural Networks (PNN) as the most suitable for the purpose
of the study were selected. The synthesis of BPN architectures for Internet traffic identification

3




was carried out according to a different number of computing units in the hidden layers with
hyperbolic tangent sigmoid, log-sigmoid and linear transfer functions. The variations of a set of
specific criteria were examined as Accuracy, Mean-Squared Error, Mean Absolute Error,
Correlation coefficients, etc. The selection of PNNs against the defined quality indicators was
based on a stepwise increase of the spread indicator of the Kernel functions in a Radial-Basis
(RB) structural layer by analogy similar to that applied to BPNs. In the research processes, high
levels of neural recognition indicators were established in processing with the Incoming flows
of Internet Packages in an Accuracy of over 90.00%.

5. ,HTepHeT TpaduK Ype3 JeCKPUNTHBHA CTATUCTHKA
U MHOTOCJIOMHY HEBPOHHM MP KM “

B noknana ce pasriexaa eMH OT OCHOBHUTE aCIIEKTH Ha yIPaBICHUETO Ha MPEXKOBHSI TpAUK,
CBBbp3aH ¢ TpapUIHOTO HATOBApBAHE M I'bBKABOCTTA HAa CUCTEMHHUTE pecypcu. [Ipenioxen e
MOJIXO/J] 32 aHaJU3 U KaTeropusupaHe Ha yeO Tpaduka, JOCTHIIBAH OT KOPIMOPATUBHU KIUEHTH
B I'paJiCKa Cpefa, CIope]] PETUCTPUPAHN KOJIMYECTBEHH MOKA3aTeNH 3a MpeaBaHe Ha MaKeTH.
[TonxonbT ce OCHOBaBa Ha MPHUJIAraHETO HA JECKPUNTHBHA CTAaTHCTUKA M MHOTOCIIONHU
HeBpoHHu Mpexku (FFNN). BeBenen e Merosn 3a cuHTE3MpaHe HA MHOTOCIONHU HEBPOHHHU
CTPYKTYpU upe3 eKCIepUMEHTHUPAHE C BapHallMi Ha pPa3jMYyHUd CHOTHOIICHHS MEXKIY
W3YHCIUTEITHUTE HEBPOHH B CKpPHUTUTE cioeBe. [Ipuioxken e anropuTbMm 3a 0OpaTHO
pasmpocTpanenue Ha rpemkara (Backpropagation Gradient Algorithm) 3a oOyuenue mo
anroputrbMma Ha LM. M300pbT Ha MHOTOCIIOWHN MpPEXH 32 HACHTU(HUIIMPAHE HA 00IaCTUTE HA
notpebieHne Ha yed ChIbpXKaHHE Ce OCHOBaBa Ha MPHUETH KPUTEPUH, KpailHAa TOYHOCT,
CPeIHOKBaJJpaTHYHA TPeIIka U cpeaHa abcoioTHa rpemka. [locTurHatu ca BUCOKM HUBA Ha
TOYHOCT MPY MUHUMHU3HUPAHE Ha IIeJIEBUTE MPEUIKH 32 Pa3InYHH U3MOJI3BaHH U3BAKU OT JaHHU.

“Web Traffic Monitoring by Descriptive Statistics and Multilayer Neural Networks*

The paper examines one of the main aspects of network traffic management related to traffic
load and flexibility of system resources. An approach for the analysis and categorization of WEB
traffic accessed by corporate clients in an urban environment, according to registered
quantitative indicators of packet transmission is proposed. The approach is based on the
application of Descriptive Statistics and Multilayer Feed-Forward Neural Networks. A method
of synthesizing multilayer neural structures by experimenting with variations of different ratios
between computational neurons in the hidden layers has been introduced. Backpropagation
Gradient algorithm training was applied by the Levenberg-Marquardt algorithm. The selection
of multilayer networks for the identification of areas of consumption of WEB content was based
on accepted criteria, respectively Accuracy, Mean-Squared Error, and Mean Absolute Error.
High levels of accuracy in minimizing the target errors for various data samples used have been
achieved.




6. ,,CHHTe3 Ha MpeCKA3BAIIM MOIeJIH 32 MPeKOB Tpaguk
¢ FFNN u u300p Ha ajnropurmu 3a o0yyeHue*

B nmoknaga ce cuHTe3Mpa Moaxo[ 3a U300p Ha AITOPUTMHU 33 CUMYJIALMOHHO MOJEIHpAHE U
U3BEX/IaHE Ha MPEICKa3Balll MOCIH 110 OTHOIICHHE Ha TIOKA3aTeINTe 33 MPOU3BOJAUTEIHOCT
Ha TEJIEKOMYHUKALMOHHM YCTpoiicTBa M cucreMu. OOEKT Ha HU3CJIEIBAaHE € CUCTeMa C
OpraHu3alis Ha OIAIIKH 33 00CITY)KBaHE Ha BXOJSIIN TOTPEOUTEICKH 3asBKH, MOJICIIMPAHA C
NpWIAaraHeTo Ha HA0Op OT ONTUMH3AUOHHU anroputMu. OOY4EeHHETO Ha TPHUCIOWHU
M3KycTBeHH HeBpoHHU Mpexku oT Tuna Feed-Forward Neural Networks (FFNN) ydactBa B
MPOTHO3MPAHETO HA BapUAlMUTE HA I[EJICBUTE I[OKa3aTeld, CHOTBETHO CHCTEMHA
NPOIyCKaTelIHa CIIOCOOHOCT M CUCTEMHO BpeMe 3a OTroBop. [IpoBeieH € cpaBHUTENICH aHATN3
MEXy alIropuTMuTe 3a obydeHue Ha Levenberg-Marquardt, Scaled Conjugate Gradient u
Bayesian Regularization. OnieHkaTta Ha Ka4eCTBOTO Ha HEBPOHHHTE MPECKA3BaIld MOJICIH Ce
OCHOBaBa Ha IMPHUETH KPUTEPHH, CHOTBETHO CPEIHOKBAJPATHYHA TpEIIKa, KOe)HIIMEHT Ha
KOpeJanus, OCTaThIH U JIp.

“Synthesis of Predictive Models for Network Traffic
with FFNNs and Training Algorithms Selection”

The paper synthesizes an approach for selecting algorithms for simulation modelling and
deriving predictive models regarding performance indices of telecommunications units and
systems. The object of research is a system with a queuing organization of serving incoming
user requests, modelled with the application of a set of optimization algorithms. Training of
three-layer artificial neural networks of Feed-Forward Neural Networks (FFNN) is involved in
the variation prediction of target indices, respectively System Throughput and System Response
Time. A comparative analysis between Levenberg-Marquardt, Scaled Conjugate Gradient and
Bayesian Regularization training algorithms was conducted. The assessment of the quality of
neural predictive models is based on accepted criteria, respectively Mean-Squared Error,
Correlation coefficient, Residuals, etc.

7. ,,MOHUTOPHMHI HA MapaMeTpH Ha MpexkoBus Tpadguk ¢ U3KycTBeH HHTEJeKT”

B noknana e mpejcraBeH aNropuThM 3a CUMYITAIMOHHO MOJISIMPAHE Ha TEJICKOMYHHKAIIMOHHN
MpPEXOBU HHQPACTPYKTYPH, U3MOJI3BAI AaHATUTHYHUTE MHCTPYMEHTH Ha cuMyiaTtopa Java
Modeling Tool (JMT). M3cnenBanu ca mokasareluTe 3a MPOU3BOJUTEIHOCT HAa MPEHOCHATA
cpeaa "SystemThroughput" (ST) u "System Response Time" (SRT) cnpsimo mapamerbpa
tpaguk "System Demand" (SD). OGoOmenu perpecuonHu HeBpoHHH Mpexku (GRNN) u
HeBpoHHU Mpexku (FFNN) ca o0yyeHM M CHHTE3MpaHHM 3a MPOTHO3MpAHE Ha JUCIIEPCHUATA
oTtHOCHO ST m SRT mo oTHOMIEHHE HA U3UCKBAHETO 3a ONTUMAIHOCT, KATO CHIIIEBPEMEHHO CE
nogabpka QoS. Ilpueru ca kputepuu 3a olleHKa Ha e(h)eKTUBHOCTTA Ha HEBPOHHUTE MOJEIH B
perpecuonHoTo Mmojnenupane "CpennokBagparnuna rpemka”’ (MSE), "Cpenna abGcomroTHa
rpemika" (MAE) u "CpennokBaaparuuHa rpemka Ha nomemieHueTo" (RMSE). Ananusupannre
pe3ynrartu nokassaT Bucoka agantuBHOCT HA GRNN npu nporso3eH aHanu3 Ha UHJIEKCUTE Ha
napamerpure ST u SRT.




»Monitoring of Network Traffic Parameters with Artificial Intelligence”

The paper introduces an algorithm for simulation modeling of telecommunication network
infrastructures using the analytical tools of the Java Modeling Tool (JMT) simulator.
Performance indices of the transmission medium "SystemThroughput™ (ST) and "System
Response Time" (SRT) against the "System Demand" (SD) traffic parameter were monitored.
Generalized Regression Neural Networks (GRNNs) and Feed-Forward Neural Networks
(FFNNSs) have been trained and synthesized to variance prediction about ST and SRT with
respect to optimality requirement while maintaining QoS. Criteria for evaluating the efficiency
of neural models in regression modeling "Mean-Squared Error" (MSE), "Mean Absolute Error"
(MAE) and "Room Mean Square Error" (RMSE) were adopted. The analyzed results show high
adaptability of GRNNs in predictive analysis of object target indices ST and SRT.




