UNITECH:2Z,

INTERNATIONAL SCIENTIFIC CONFERENCE
18-19 November 2022, GABROVO

TRAFFIC INFORMATION ANALYSIS
USING DEEP LEARNING ARTIFICIAL NEURAL NETWORKS

Ivelina Stefanova Balabanova, Teodora Valentinova Zhorova

Technical University of Gabrovo,
Department of Communications Equipment and Technologies,
Gabrovo, Bulgaria,
teddy.tedun@gmail.com

Abstract

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 analyzed.
The network performance, correlation metrics and classification quality have were evaluated. High levels of accuracy
in a correct recognition of the data inthe information sets have been established about the defined classification groups
with maximum limitation of the Mean-Square Error, the Mean Absolute Error and etc.
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1. BBBEJIEHUE

AHanu3bT W TMapaMeTpUYHaTa OIICHKa Ha
Wurteprer Tpadmka ca BakHa 3a/ada, CBbp3a-
Ha ¢ MOJ00psIBaHE Ha KA4eCTBOTO Ha 0OCTyX-
BaHE Ha YaCTHHM M KOPIIOPATUBHH IOTpeOuTE-
JIM TI0 OTHOUICHHWE Ha Pa3iNyHU (PYHKLIUHU Ka-
TO:
e macuUKAIUs W TPOTHO3MpAHE Ha
MpPEXOBHUSA TpaduK;

e TpaduyHa MapHIPYTU3ALMS U MPEXKOBA
CUTypHOCT;

® KOHTPOJ Ha TPELIKUTE U MpPETOBapBaHe-
TO Ha NHPOPMAIIMOHHUTE TPACETa,;

e QoS (Quality of Service) m QoE
(Quality of Experience) ynpasienue [1].

Exna ot Haii-uecTO W3MOJ3BAHUTE HW34YU-
CJIMTCIIHU arapaTu 3a LCjiTa CC ABsABAT U3KYCT-
BEHHTE HEBPOHHHW Mpexu. Hamwmie e romsmo
pazHoOOpa3ue OT HAyYHU H3CIICBAHUS, 3aCs-
rangy To3u acnekt Ha ynpasienue B UKT cuc-
TEMUTE.

[IInpoko W3MOJ3BaHU 3a Pa3IMYHH CIICHA-
pUM ca KOMOWHHUpPAHU MOJIXOIM C BKIIIOYBAHE
Ha KOHBOJIIOIIMOHHU W PEKYPEHTHU HEBPOHHU

Mpexu [2, 3]. JIpyru HUHCTpyMEHTH, U3M0I3BaA-
1M WU3BJICYEHU CTATUCTUYECKH TpapHUUHU Xa-
pakrepuctukyu, ca Naive Bayes anropursm,
MeTOJ Ha omopHUTE BekTopH (Support Vector
Machine), nuHEeHHU W KBaJpaTUYHH AUCKPHU-
MUHAHTHH Kiacudukatopu B [4, 5]. B orpom-
HaTa CH 4acT CBUIECTBYBALUTE MNPOYYBAHUS
3acarar AETEeKTUPAHE U YCTAHOBSIBAHE HA TUIIA
Ha aHOMAJUU W HApYLIEHUS B ILEJIOCTTa Ha
npeaaBanata nHdopmarus [6-8].

B Hacrosmus 1oknan € npeanokeH Moaxo.
3a UICHTU(HUKAIMSI HA 30HM Ha MOTpeOiieHne
Ha MHTEepHET ChAbpKaHUE Ype3 MHOIOCIONHU
HEBPOHHU MpPEXHU C 0OpaTHO pa3mpocTpaHe-
HHUE Ha rpemikara ¢ Ibpa00ko oOyueHue Ha Oa-
3aTa Ha CUHTE3 HA HEBPOHHU CTPYKTYPH IpHU
Pa3IMYHO CHOTHOILIEHUE MEXIY H3YUCINUTEN-
HUTE €IUHULIN B CKDUTHUTE CJIOEBE.

2. IOCTAHOBKA HA 3AJJAYATA 3A
NIEHTUOUKALUA HA 30HHM HA
MHTEPHET IOTPEBJIEHUE

[TocTaBeHa e 3ajgayara 3a AMArHOCTHKA U
uACHTUUKAIMS Ha TpaduKa Ype3 MHOTOCIIOH-
HY M3KYCTBEHU HEBPOHHU MPEKU OTHOCHO HH-
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dbopmarmonHaTa wu3Bajgka, oOxBamama 78
WEB kopnopaTMBHH KOMIIaHUU KJIIMEHTH 32
rp. Yukaro, CAIll. O6yuaBamoTo MHOXECTBO
BKJIIOYBA CJIGAHUTE BXOJIHHU TpaduyHu mpo-
MEHJIMBH:

e [IpomenmuBa Nel: Flows, flows/s (kilo-);

e [IpomennuBa Ne2: IPv4 - Packet size,

Mean;

e IIpomennuBa Ne3: IPv6 - Packet size,
Mean;

o [IpomennuBa Ne4: Mean Transition
Rate, pkts/s (kilo-), cipsmo nedunupa-
HU KJIaCU(PUKAIUOHHU TPYTIH:

e Kiac Nel: Chicago city area “1”;

e Kiac Ne2 mnu Class Ne2: Chicago city
area “2”.

B xona Ha mpoBeneH mpeaBapuTeNeH CHH-
Te3 0s1Xa U3MO0JI3BaHU KJIACUYECKH M3KYCTBEHU
HEBPOHHHM MPEXHU C MPaBO Pa3MpOCTpaHEHUE
Ha CUTHAJIUTE U 00paTHO Pa3MpPOCTPaHEHUS Ha
rpemkara (Feed-Forward Neural Networks -
FFNNSs) npu uznonsane Ha Scaled Conjugate
Gradient anroputbMm Ha oOyuenue. bsxa wu3-
CJIeIBAaHU HEBPOHHU apXUTEKTYPH C MPHIIONKE-
Ha TaHTeHC-CUTMOUJaNHA U softmax (yHKIHK
Ha aKTUBALMs B MEXJAUHHUS U U3XOTHUS CIOU
IIPU TPHU CIIydasi Ha pasjelisiHe Ha HH(OopMaIu-
OHHHSI Ha0bOp 3a TmpollecuTe Ha OOy4YeHHE, Ba-
muaupane u tectBaHe — 70:15:15, 60:20:20 u
50:25:25. Karo Haii-moaxoAsiio Oerie ycTaHo-
BEHO TPETOTO 33JaJICHO CHOTHOIICHUE MEXIY
JaHHUTE B MHPOPMAIIMOHHUS MacHB, 32 KOETO
Osixa HaONIOZaBaHU YJOBJIETBOPSABALIM HUBA
Ha TouHoctTta Hax 90.0 %.

C ornen Ha ThpceHe Ha MO-e()EKTUBHU He-
BPOHHHU apXUTEKTYPH Ce€ MPeMHHa KbM Ipolie-
IypH 1O yBeJIMYaBaHE Ha Oposi HA CKPUTHTE
CJIOEBE U MpuUjaraHe Ha MPUHLUIUTE HA ,,bJI-
060koTO OOyuyeHue“. 3a KOHKpPETHHS CiIydai
0s1Xa OCTaBEHU OMIIMH 3a BapupaHe Ha ChOT-
HOIICHUETO MEXIY M3YHCIUTEIHUTE eIUHHUILIN
B JIBA CTPYKTYPHU CKPHUTHU €05, KaKTO CJIeJBA!

e C(CrnorHomenue Nel: , EqHO KBM €IHO;

e CrpotHomenne No2: , EnxHo xpM aBe;

e (CporHomenue Ne3: , JIBe KbM €IHO .
OcBeH ,,moynocmma‘ 3a pa3nvka OT NPeaxo-
HUTE Clly4al IIpU TPUCIOWHUTE HEBPOHHU
apXUTEKTYypu OsiXxa BBBEIECHU JOMBIHUTEIHU
MH/IMKATOPU 33 KaueCTBO NMPHU HEBPOHEH CHH-
T€3, PECTIEKTUBHO:

e CpennokBampatuuna rpemka’ (Mean

Squared Error - MSE);

o _Cpenna abcomrotHa rpemka® (Mean
Absolute Error).

OTtHOCHO 3amavara 3a o0yuyeHue, OlleHKa U
cuaTe3 Ha MHorociaouHu FFNNs 3a uaeHTtH-
¢dukarus Ha reorpadcku paiionn Ha HTEpHET
notpebiieHne OT KJIMEHTCKH KOPIIOpaTUBHU
kommanuu B 1p. Ymkaro (CAILLL) 6sxa peanu-
3UpaHu U3CJEBaHus pU (UKCUPAHO pas3mpe-
JielieHue Ha JaHHUTE OT BXOAHHS HH(pOpMa-
1MOoHeH Habop, cboTBeTHO 70 % 3a oOyuaBa-
mute, 15 % 3a Banuaupamure u 15 % 3a Te-
croBute mpouenypu. [IpoBenenute excnepu-
MEHTaJIHU TPOIEAYpPH 1O ,,IBIOOKO OO0yUe-
Hue“ Osixa OasWpaHM Ha aJIropuTbMa Ha
Levenberg-Marquardt. M3non3Banu ca Ga3uc-
HU HEBPOHHU apXUTEKTYPH NpU (PUKCUpaHE Ha:

e TaHreHc-curMoujajiHa aKTHUBAIlMOHHA

(GyHKUIMS B TBPBU CKPUT CJIOH;
e JlorapurmMuueH-CUTMOMIATIEH  aKTHBa-
IMUOHCH THUII BbB BTOPpHU MCXKINHCH CHOﬁ;
e TaHreHc-curmoujanHa aKkTUBaLMOHHA
GyHKIUS B U3XOTHUS MPEXKOBH CIIOM.

3. CHUHTE3 HA MHOI'OCJIOMHHA

HEBPOHHH APXUTEKTYPU 3A
PA3IIOBHABAHE HA TPAOHUYHH
30HU HA IOTPEBJIEHHUE

Pesynrarure oT mpoydBaHe Ha BapHAIIMUTE
Ha u3bpanute KpuTepuu ,,roudoct™, ,MSE* u
,,MAE® ca momectenu ot tadauma 1 go tadiu-
1a 3. BB Bpb3ka ¢ IbpPBOTO MPUIIOKEHO ChOT-
HOIIICHUE MEX]Iy HEBPOHUTE B IBPBU M BTOPHU
CKpUT CIIOH ca PETrUCTPUPaHH MHUHUMAIHO
56.5 % m MaKCHMaJIHO MOKa3aHHE 32 TOYHOCT-
Ta 100.0 % 3a momenu ¢ 10 u 7 1o 9 n3uncian-
TEJNHU MEKIUHHU €THMHULIN,

Tabauya 1. Uscneosane na FFNNs ¢ 0v160K0
obyuenue 3a uoeHmuurayus Ha 30HuU
Ha nompebnenue na Unmepnem cvovpoicanue
npU CoOMHOUEHUE MeNCOY HeBPOHUME
6 ckpumume cioese 1:1

Cxkpum  Cxkpum  Tounocm, MSE

cnoi cnou %

Nel Ne2
1. 3 3 95.7 0.0397 0.1007
2. 4 4 78.3 0.1134 0.1821
3. 5 5 65.2 0.1855 0.2070
4. 6 6 95.7 0.0393 0.0627
5. 7 7 100.0 0.0151 0.0436
6. 8 8 100.0 0.0017 0.0200
7. 9 9 100.0 0.0222 0.1061
8. 10 10 56.5 0.2608 0.2684
9. 11 11 95.7 0.0463 0.0669
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Taonuua 2. Hzcneosarne na FFNNs ¢ 0v160x0
obyueHue 3a u0eHmuuUKayus Ha 301U Ha nompedieHue
Ha Hnmephem cvObpoicanue npu CobOMHOUEHUE MeNCOY
HegpoHume 6 ckpumume cioese 1:2
Tounoct, MSE MAE

Ne Cxkpur Cxkpur

cJIoii CJIOH %

Nel Ne2
1. 3 6 95.7 0.0531 0.0609
2. 4 8 95.7 0.0451 0.0641
3. 5 10 478 0.2681 0.2848
4. 6 12 95.7 0.0558 | 0.0900
5. 7 14 87.0 0.1142 0.1811
6. 8 16 435 0.4134 0.4874
7. 9 18 100.0 0.0263 | 0.1145
8. 10 20 95.7 0.0244 0.0616
9. 11 22 95.7 0.0317 0.1211

Taonuua 3. Uscneosarne na FFNNs ¢ 0v160xo
obOyuenue 3a udeHmuuUKayus Ha 301U Ha nompebieHue
Ha Hnmephem cvObpoicanue npu CbOMHOUEHUE MeNCOY

HeepoHume 6 ckpumume cioege 2.1

Ne | Ckpur = Ckpur TouHocrT, MSE MAE

cJI0i cJioii %

Nel Ne2
1. 6 3 52.2 0.2394  0.2468
2. 8 4 87.0 0.0774 | 0.1402
3. 10 5 39.1 0.3102 0.3378
4. 12 6 95.7 0.0327 0.0792
5. 14 7 91.3 0.0859 0.1137
6. 16 8 95.7 0.0506 0.1303
s 18 9 91.3 0.0671 0.1124
8. 20 10 82.6 0.1600 | 0.2364
9. 22 11 100.0 0.0073 0.0345

[Ipu cpeaHokBazpaTHuHaTa Tpelika Osxa
KoHcTaTupaHu Hail-Hucka 0.0017 u Haii-BuCO-
ka ctoitHocT 0.2628, pecneKTUBHO TpH 3a]a-
nean 8 u 10 ckputu HeBpoHa. Hamepenure
MHUHUMaJIHA U MakcuMaiiHa MAE ce paBHsBaT
Ha 0.0200 u 0.2684, ycraHOBEHU NpU CHIIUTE
FFNNs OTHOCHO mpenxogHus HHIUKATOp 3a
kadecTBO. ChOOpa3HO M3IIOKEHUTE pPEe3yNTaTu
¢ n30paHa HEBpPOHHA apXUTEKTypa C HAIUYUE
Ha 8 HEBpPOHHA B CTPYKTYpHUTE MEXIWHHU
CIIOEBE.

[To oTHOLIEHNE HA BTOPOTO Pa3IiIelaHO Ch-
OTHOIIIEHHE Ca HAMEPEHU IBE apXUTEKTYpH,
[P KOUTO € IO0JIy4eHa TOYHOCT I0J HUBO OT
50.0 %, kakTo cnensa 43.5 % npu 8 B IbpBU U
16 HeBpoHa BBB BTOpU CKpUT cioil U 47.8 %
3a FFNN ¢ 5 B mbpBu 1 10 ckpuTu HEBpoHA
BBB BTOpH ciloi. KoHCTaTupaHo € eHOKpaTHO
JIOCTUTaHE Ha IBbJIHO KOPEKTHO paslo3HaBaHE
Ha oOpaboTBaHuTe MH(OPMAIIMOHHHU Tpaduy-

HU etasioHu — ToyHocT 100.0 %, npu cTpyKTy-
pac 9 u 18 HEBpOHA B I'bPBUS U BTOPUS MEX-
JTMHEH ciioi. B paMkuTe Ha onucaHus ciy4yal
Osixa perucTpupanu M MuHuMaiHu MSE =
0.0263 u MAE = 0.1145. MakcumanHu HHMBa
Ha cpegHokBaapaTuyHara rpemka 0.4134 u
cpennara abconoTHa Tpemka 0.4874 ca Ha-
OJI071aBaHy 32 HEBPOHHA apXUTEKTypa MpH ,,8
B bpBUSA U 16 HEBpOHA BHB BTOPHUS MEK]IU-
HEH CJION“. AHaIU3bT Ha pe3yNTaTUTE NOKa3Ba
npeauMmcTBo Ha FFNN cbC chabpkaHue Ha Jie-
BET B II'bPBU M OCEMHAJECET MEXJWHHHU He-
BpOHa BBB BTOpU CKpUT ciod. Ho wumaiiku
MpeABU] B MbTH NO-HUCKUTE cTenenu Ha MSE
u MAE nipu nbpBuUA pasriefaH ciiydaid B Mpo-
LEAYpPHUSI CHHTE3, MO-MOAXOASIA CE OKa3Ba
HEromaTa yrnorpeoa.

Meural Metwork (view]) =

Hidden Layer 1 Hidden Layer 2 Output Layer

a)
Meural Metwork (view) s
Hidden Layer 1 Hidden Layer 2 Output Layer
I EDJW
18 2
0)
MNeural Network (view]) a5
Hidden Layer 1 Hidden Layer 2 OQutput Layer
wl W{i
22 1 2
6)

@Due. 1. Cenekmupanu FFNNs
3a uoenmugpurayus Ha 2eocpapcru 301U
Ha kopnopamueno Unmepnem nompebnerue
npU CoOMHOWEHUS. MENCOY He8POHUME
6 ckpumume cinoese a) ,,1:1°,6) ,,1:2“ue),2:1"

ChrinacHO MOCIEIHOTO MPHIIOKEHO KOJIH-
YECTBEHO CHOTHOLICHUE MEXKIYy HEBPOHUTE B
CKPUTHUTE CJIOEBE OTHOBO € YCTAaHOBEHA €JHA
KOMOMHAIMsI, TPH KOATO € MOCTHTHATa KO-
peKTHA MACHTU(UKAIMS Ha TEIIEBUTE 30HU HA
koprnoparuBHO MHTepHeT moTpebnenne. ToBa
e FFNN c nanuune Ha 22 u 11 HeBpoHa, pe-
CIIEKTMBHO B I'bPBU M BTOpU CKpUT cioil. 1o
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OTHOILIEHHE HAa YKa3aHaTa HEBPOHHA CTPYKTY-
pa 0sixa perucTpupaHd Hal-HUCKM HUBA Ha
MSE = 0.0073 u MAE = 0.0345. Haii-BBp3x0-
s Bapuanuu Ha rpemkute MSE = 0.3102
u MAE = 0.3378 ca HamepeHu B apXUTEKTypa,
MpU KOSTO ca u3noi3BaHu 10 U3YMCIUTETHU
€AVMHUIM 32 I'BPBUS U 5 MEXKIUHHU HEBPOHA
3a BTOpHUsSL CKpUT clioil. OT pa3riieHUTe Ciy-
Yyail Ha HEBPOHEH CHHTE3 TyK € KOHCTaTHpaHa
Hal-HHCKa Kiacu(UKaIMOHHA TOYHOCT, IOTa-
nama B nopsaabka 39.1 %.

CpaBHsABallKM HHUBaTa HAa TPEUIKUTE, MOXKE
na ce kaxe, ye FFNNs npu cbhoTHOIIEHUE
,»2:1% mpuTexxaBar mo-100pu KayecTBa CIpsiMo
TE3HW, WU3TPAJCHN Ha OCHOBATa Ha CHOTHOIIIE-
Hue ,,1:2. JlaBaliku OlIEHKAa Ha CUHTE3UpaHU-
T€ KpaifHU MOJIeJH Ha UACHTUUKAIIS Ha Tpa-
¢buuHU 30HM, NajeHu Ha QUr. 1 - apXUTEKTy-
pata ¢ UACHTUYHO KOJIMYECTBO HEBPOHHH W3-
YHUCIIMTEIHN SIUHUIA B MCKIUHHUTE CIOCBE
ce Oompenens KaTo MoJieNl C Hal-BUCOKa Mpe-
KOBA MPOU3BOAUTEIIHOCT.

4. AHAJIN3 HA ®YHIHUOHAJIHOCTTA
HA MHOI'OCJIOMHUTE HEBPOHHH
MPEXKHU 3A NIAEHTUPUKALIUSA
TPA®UYHU 30HU HA IOTPEBJIEHUE
@urypa 2 npencraBsi JMHEHHUTE perpecu-
OHHHM 3aBUCHUMOCTH 3a Oa3MCHUTE MPEKOBU
MPOLIECH Ha CEJIEKTUPAHUTE MHOTOCIONHU
FFNNs. [Ipu naentudeH Opoit Ha HEBPOHUTE B
MEXIUHHUTE CJI0E€BE ce HabJ0JaBa U3BECTHO
OTKJIOHEHHE MEXJy TEOPETUYHUTE U EMIIU-
pUYHUTE JIMHUU HAa PETpPecHUsl 3a MOCOYEHUTE
cinydan. KoHcTaTupaHu ca BUCOKH CTOMHOCTH
Ha KOpEeJIallMOHHUTE KOe(UIIMeHTH HaJ HUBa
,0.94%,.0.98“ u ,,0.96 npu obyuaBamuTe, Ba-
JUUPAILINTE U TECTOBUTE MPOLIETYPH.

Train: R=0.94554 Valid ation: R=0.98852
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@ue. 2. Jlunuu na pecpecust 3a cerekmupanume
FFNNs 3a uoenmuguxayus na 2eocpagpcxu
30nu Ha Mnmepnem nompebnenue
npu CbOMHOWEHUSL MENHCAY HEGPOHUME
6 ckpumume cnoese a) ,,1:1°,6) ,,1:2“ue),2:1"

Pazrnexpgaiiku 3aBUCUMOCTUTE MPHU BTOPO-
TO TPUJIOKEHO CHLOTHOIICHHUE C€ BUXKJIAT TO-
HUCKHUTE CTENEHU Ha KOpelauus Mpu Baluau-
paHe, TeCTBaHE M M3XOJMTE 32 CHHTE3WpaHATa
MHOTOCJIOIfHA M3KYCTBEHa HEBPOHHA MpEKa.
Karo npu tectoBute npouenypu R nonana no-
pU TOJ H3HCKBAHOTO MHHUMAJIHO HHUBO OT
,0.9“ — Tyk R = 0.8765. U3kitoueHue e peru-
CTpUpaHo Mpu o0yuaBamius mpouec, KbaeTo R
ce paBHsiBa Ha ,,0.97907. 3abens3Ba ce mo-u3-
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Pa3€HOTO OTKJIIOHCHUEC MEKAY TCOPCTUIYHUTE U
OIMUTHUTC JIMHUHA Ha PCTPCCUA.
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Due. 3. /luazpamu Ha epeuikume
3a cenexmupanume FFENNs 3a udenmugurxayus
npU CoOMHOUEHUSL MEHCOY HeBPOHUME
6 ckpumume cinoese a) ,,1:1°,6) ,,1:2“ue),2:1"

B®B Bpb3Ka ¢ nmociienHara pasriegaHa MHO-
rociioiiHa HEBPOHHA apXHUTEKTypa Ca pPEru-
CTpPHpPaHH HAK-T0OpU MPETUMCTBA 110 OTHOIIIE-
HUE Ha KOpEITAMOHHUTE KOCHUIIUEHTH CIpS-
MO TMPEIXOAHUTE MPEXH, PECHEKTUBHO R =
0.97182 ot obyuenue, R = 0.99932 npu Banu-
nanus 1 R = 0.99525 3a TecTtoBus npouec. 3a-
Oems13Ba ce Mo-700poTo OJIM3KO pa3NoIOKEHHE
Ha EMIIMPUYHHUTE CHPAMO HUICATHUTE JIMHUHU
Ha perpecus. MMaliku mpenBUI H3JI0KEHUTE
MOKa3aTeNM OT MPOBEACHUS JIMHEEH PErPECHO-
HEH aHaJln3 MOXke Ja ce kKaxe, ue npu FFNN ¢
MPUJIOKEHO CHOTHOIIEHHE ,,2:1 ce Habmona-
BAaT M3pa3eHU IMPEJUMCTBA B CpPaBHEHHUE C
MPEIXOITHUTE JIBE KATETOPUU MPEKOBH MOJIEIIH.

JluarpamMute Ha MpEXOBHUTE T'PEIIKH, MOKa-
3aHU Ha (ur. 3, MpejcTaBiIsABaT BapHAIUUTE
Ha Pa3JIMKUTE MEXAY TEOPETUUHO 3aT0KEHUTE
Y KQIKYJIUPAHUTE TTOCPEACTBOM CUHTE3UPAHU-
T€ MHOTOCJIOMHU MOJIENH pe3yJiTaTh IpH Ma-
HUMYJIAIMK C JAHHUTE, BKJIIOYEHH B ChCTaBa
Ha TectoBus monxHabop. Ilo medununus npu
MIBJIHO KOPEKTHO pa3MO3HaBaHE HA TECTOBUTE
€TaJIOHHU TMOJYUYEHUTE IPEIIKH CJIe/IBa J1a Mora-
JaT B rpaHunure ot ,,-0.5 1o ,,0.5%, kakBUTO
ca pETUCTPUPAHUTE 32 KOHKPETHUTE CIyUau.

[Ipu aHanmu3upaHuTe MHOTOCJIOWHU He-
BPOHHH MOJEIU 3a HACHTU(UKALWS Ha 30HU
Ha KoprnopatuBHO MHTepHET moTpebiieHne ca
YCTAHOBEHHM CIICTHUTE BAPUALTMOHHHU JTUANIa30HU:

e -0.1627 no 0.1928 mpu FFNN c npuiio-

YKEHO CHOTHOIIEHUE MEXKYy HEBPOHUTE
B MEKJIMHHMUTE cioeBe “1:17%;

e -0.4241 o 0.4119 otHOCHO MOA€ENa IPH
3aiaBaHe Ha 9 B mbpBUs U 18 u3zuncan-
TEJIHM €IWHUIA BBB BTOPHUS CKPUT
CJION;

e -0.3428 no 0.3130 3a mHOrocionHarta
HEBPOHHA apXHUTEKTypa C H3MOJI3BAHO
CbOTHOUICHUE MEXIY HEBPOHUTE B
CKPHUTHTE CJIOEBE ,,2:1%.

Cnopen orieHKa Ha KOHCTaTUPAaHUTE BapHa-
MM HA MPEXOBUTE TPEUIKH CE OTKPOSIBA Mpe-
JUMCTBOTO Ha MoOJiejia MPU UACHTHUYHO KOJIU-
YECTBO HEBPOHM B JBaTa MEXKIUHHU CJIOA,
CJIeIBAHO OT HEBPOHHU apXUTEKTYPH C MPUIIO-
KEHO ChOTHOUIeHue ,,1:2* u ,,2:1%. Ilpencra-
BEHHUTE TPEIIKU MOTBbpPXKAaBaT MPEeAUMCTBATA
Ha MbpBaTa aJITEpPHATHBA 3a pa3NpeIesICHUE Ha
HEBPOHHUTE U3YUCIUTEIHHU €IUHULUA OTHOCHO
pasriexaaHara 3aj1a4da 3a UIeHTU(PUKAIINS.
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5. BAK/IIOYEHUE

[IpencraBeHuTe pe3ysTaT MOKa3BaT MHOTO
n00pa MPUIIOKUMOCT Ha HEBPOHHUTE MPEKH C
IBI0O0KO 00yueHHe 3a pa3no3HaBaHE Ha Te€o-
rpadcku 30HM Ha moTpedbineHue Ha MHTEpHET
ceabppkanue. CrnenBama ¢asza oT H3CIe/IBa-
HUSATA € HACOYCHAa KbM aHaau3 Ha (yHKIHO-
HAJIHOCTTAa Ha BEPOATHOCTHU W PEKypEHTHU
HEBPOHHU MPEXH, KAKTO ¥ U3BECTHU METO/IH U
ATOPUTMU Ha MalIMHHOTO oOyueHue. Hsxoun
oT TsaX ca k — Haii-OMM3KU chceau, AbPBO Ha
pemeHusiTa u T.H. [IpenBmkna ce 0000mennTe
pe3ynratu ga ObJaT W3MOJ3BAHH MPU CHUCTE-
MaTH3alMs Ha METOJAWKA 33 WACHTU(DHUKAIHS,
MIPOTHO3CH aHallu3, OIEHKAa Ha TEHICHITUHTE,
YCTaHOBSIBAHE Ha aHOMAJIMH | JPYTH 110 OTHO-
[IICHUE HA 30HU Ha MOTpeOJIeHnEe Ha MPEKOBHS
Tpauk Ha OCHOBaTa Ha M3KYCTBEH MHTEJICKT,
MalIMHHO 00y4YeHHe U MPUIOKHA CTATUCTHKA.
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