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Onenka 3(ppeKTUBHOCTH METOJIOB KJIaCCU(UKAIIUKN COCTOSTHUI
TEJICKOMMYHUKAIIMOHHON CETH

O. C. Bricounna, Canman Amep Myxcus, C. U. llImaTkoB
Xapvkrosckuti Hayuonanvusili ynugepcumem umenu B.H. Kapasuna, Ykpauna
Xapvrosckutl HAYUOHANLHYIU YHUGEpCUMEM PAOUOINEKMPOHUKY, YKpauna

B crarbe oreHnBaercst 3 (HeKTUBHOCT Pa3IUYHbBIX alTOPUTMOB KIIaCCH(DUKALUK TIPH
pacro3HaBaHUK COCTOSHHSI TEIEKOMMYHHUKAIIMOHHOW CeTH. AHAaNW3 airopuTMOB
kinaccu(UKAMKM TMPOBOAMICS TPH TOMOLIM CHCTeMBbl aHaim3a JaHHbix Weka.
HcxonHsiM HA0OPOM MAaHHBIX SIBJISIACH AWHAMHKA M3MCHEHHS OLICHOK MOKa3aTelei
Ka4yecTBa TEICKOMMYHHUKAMOHHOW CeTH. AHaiu3 alrOPHUTMOB KiIacCH()UKALUH
Mokaszaj, urto HaubOonee 3(P(EKTUBHBIM METOIOM KIacCH(HUKAIUN  SABISIOTCS
HEHPOHHBIE CETH.

Kuroueswvie crosa: MeleKOMMYHUKAYUOHHAS Cemb, HeﬁpOHHble cemu, cucmema Weka.

B crarri OWIHIOETBCS e(EeKTHBHICTH pI3HUX aNrOPUTMIB KiIacHUdikamii mpu
pO3Ii3HaBaHHI CTaHY TEJEKOMYHIKAI[IHHOI Mepexi. AHai3 alropuTMiB Kiacuikamii
MIPOBOJMBCSA 32 JOTMOMOT0I0 CHCTeMH aHai3y AaHnx Weka. Bximaum Habopom maHHX
Oyna nuHaMiKa 3MiHH OIIIHOK ITOKa3HHKIB SKOCTI TEIEKOMYHIKAI[IITHOT Mepexi. AHai3

AITOPUTMIB KiacuQikallii moxasas, 0 HAHOLIBII e()EKTUBHUM METOIOM Kiacu@ikarii
€ HEIpOHHI Mepexi.

Knouosi cnosa: menekomyHikayitina mepedica, Hetiporui mepedxci, cucmema Weka.

In the present paper efficiency of different classification algorithms is estimated at
recognition of the telecommunications network state. The analysis of classification
algorithms was carried out by means of the Weka data analysis system. The initial data
set was a dynamics of quality metrics estimations change of the telecommunications

network. The analysis of classification algorithms showed that one of the most
effective methods of classification is neural network.

Key words: telecommunications network, neural network, Weka data analysis system.

1. O0masi MOCTAHOBKA 32/1a4M M €€ aKTyaJbHOCTh

Bo3spacraronyie TeMnbl HCIOJIB30BaHHS HOBBIX TEXHOJIOTHH HH(MOPMAIIMOHHOTO
oOecrieyeHns] TPUBOIAT K YBEIMUCHHIO KOJIMYECTBA CEPBUCOB, IPEIOCTABISIEMBIX
TCHCKOMMYHHKaHHOHHOﬁ ceTblo. B cBs3M ¢ 3THM BbIABHUI'aIOTCS HOBBIC TpC6OBaHI/ISI K
KadecTBy oOcimyxuBaHus. [l obecnieueHus: TpeOyeMoro KadecTBa OOCITYKHBaHUS
HE0OX0IMMO He TOJIBKO MMETh HH()OPMAILIHIO O TEKYIIEM COCTOSHHU CETH, HO H YMETh
€ro MporHo3WpoBaTh. TakuM 00pa3oM, BO3HHMKAET HEOOXOJMMOCTh B pa3paboTke
HOBBIX METOJIOB YIPABICHUS TEJIEKOMMYHHUKAIIMOHHON ceThto. OMHOM U3 KOMIOHEHT
NOO00HOM CUCTEMBI yIIPaBICHHS SBISECTCS CHCTEMa MOHUTOPHUHTA.

CucreMbpl MOHUTOPHHTA TEJIEKOMMYHHUKAIIMOHHBIX CETeH MPUCYTCTBYIOT Ha PHIHKE
y’ke OKoJo BocbMH JieT. IIpoBeneHHbIM aHamu3 MOKa3al, YTO MOJOOHBIE CHCTEMBI
CIIOCOOHBI  BBIJATh MOJB30BATENI0 CTATHUCTHKY MO OTrpaHHMYCHHOMY Habopy
HapaMeTpoB ceTH, 0e3 yueTa uX B3auMocBs3u. [loaToMy 11 Gosiee MOMHOTO aHanmm3a
COCTOsIHHA CE€THU B TaAKHUC CHCTEMbI HCO6XO[H/IMO BKJIIOYaTb AOIIOJIHUTCIBHBIC MOAYJIN
00pabOTKU CTAaTUCTUYECKON MH(popMaImu, padoTa KOTOPHIX (OpPMATBEHO CBOJUTCS K
PELICHHIO 33/1a41 KJIACCU(PUKAIIMN COCTOSHHS TEIEKOMMYHHKAIIMOHHOW CETH.

Hcnonb3oBaHne MOMOOHBIX MOAYyJIeH MO3BOJIMT OLEHHUTh, a TIJIABHOE JacT
BO3MOKHOCTb CIIPOTHO3UPOBaTh M3MEHEHME IIOKa3aTeNiell KauecTBa CETH, C y4eTOM
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B3aMMOBIIHSHUS U TOMHUHHPOBAHUS HHPOPMAIIOHHBIX IOTOKOB.

CocrosiHuE TEJICKOMMYHHMKAIIMOHHOW CETH XapaKTEepPHU3yeTCsl OMpe/CICHHBIM
HabopoM TMoOKa3zaTelneld KadecTBa. AHaMM3 JIWHAMHUKH HW3MEHEHHS OCHOBHBIX
mokasaTeneii kadectBa pabOTBI ceTH (CpemHEemyTeBas 3aJepi)KKa, JDKUTTE,
KOJIMYECTBO IOTEPSHHBIX TAKETOB, CpelHEe BpeMs IMPOCTOS B OdYepend U T.I.)
IIO3BOJISIET BBIACIIUTH HauboJiee THUIIOBEIE TPCHABI 3TUX BCIIWYHWH. KOHKpCTHBIﬁ BHU
3aBUCHMOCTH OIPENEISIeTCS] TEKYIIUM COCTOSHHUEM CETH, B3aWMHBIM BIIHSHAEM
pa3IMYHBIX TOKa3aTellell KadecTBa MEXAy cOo00#, BHEITHUMH BO3JACUCTBUSMHU U T.I.
Takum 06pa30M, BO3MOKHO IIO CTAaTUCTHUYCCKU HOHy‘IGHHOﬁ JUWHAMHUKE HU3MCHCHUA
rokaszaTeJsielf KauecTBa pacro3HaBaTh U POTHO3UPOBATh COCTOSHUE CETH.

W3 BbIIECKa3aHHOTO MOXKHO CHAENaTh BBIBOJ, YTO 3ajada BbIOOpa anroputMa
KJIACCU(PUKAIIMK JUIsl PACHO3HABAHUS COCTOSHHUS TEJICKOMMYHHUKAIMOHHOW CETH
SIBJISIETCS AKTYyaIbHOM.

2. AHanu3 nyOanKauui

Jns pemienus 3aqauu KiIacCU(PUKAINN COCTOSHUS TEJICKOMMYHUKAIIHOHHON CETH
CYLIECTBYET MHOKECTBO Pa3sHOOOPA3HBIX MOAXOAOB M anropurmoB. Kiaccuueckue
peIIeHus TaHHOW 3a/Jaui PacCMATPUBAIOTCS B TEOPHH Paclio3HaBaHUs 00pa3oB [1].

PaGoter [2—4] nmnocesAmeHsl 0allecOBCKOW TEOpUM TMPUHATHS — pELICHUH,
NPUMEHEHUEM Pa3JelsomnX GYHKIUA 1 PelIeHHEM BOIIPOCOB MPOBEPKH TUNoTe3. B
pabote [5] mompoOHO paccMOTpeH METOH MOTEHIMANbHBIX (yHKImA. B pabote [6]
ocoboe BHUMAaHHUE YJIENEHO CTATUCTUYECKOW TEOpUH pAacllO3HABaHUS U METOIY
"0600meHHbIi opTpeT'. MeTon KoMHuTEeTOB ommcad pabore [7]. B pabore [8] B
KayecTBE METo/a Kiaccu(UKaluy MPeIJIoKeH METO IPYIIIOBOrO y4eTa apryMEHTOB.
ANTOpPUTMBI TAKCOHOMHH W aHaJN3a 3HAHWHU Tpe/cTaBieHb B pabote [9]. B pabote
[10] mpenokeHbI JOTMYECKHE METOIbl PACIIO3HABAHHS W TOUCKA 3aBUCHUMOCTEH.
MHuorue pa®oThl B 00J1aCTH TEOPUHU PACIO3HABAHUS U KJIACCU(UKALMU CBS3aHBI C
MIPUMEHEHUEM HCKYCCTBEHHBIX HEHPOHHBIX ceTeit [11].

[TpoBeneHHBI aHaNM3 MOKAa3al, YTO CHEKTP METOAOB JOCTaTOYHO MIMPOK, OT
KJIACCHYECKOTO CTATHCTHYECKOTO aHalu3a A0 ammapara UCKYCCTBEHHBIX HEWPOHHBIX
cereil. PelieHus, HallIeHHbIE pPa3IUYHBIMUA QJITOPUTMAMHU, MOTYT CYLIECTBEHHO
OTIMYAThCA APYr OT Apyra. IIoMcK HawIydilero pemeHws 3aTpyIHEH OTCYTCTBHEM
OOLIeNPU3HAHHBIX YHUBEPCAJIbHBIX KPUTEPHUEB KauecTBa PELICHWH, MO3TOMY s
BbIOOpa Hambonee 3(h(hEeKTUBHOTO METO/Ia WCIIONIb30Bajach CUCTEMa aHATN3a JTaHHBIX
Weka. Cucrema ananuza qanapix Weka mpencrasisier co0oit OMOIHOTEKY TpOrpaMM,
pean3yommx JTHEHHEIE, KOMOWHATOPHO-JIOTHYECKHE, CTaTUCTUYECKUE,
HeHpoceTeBble, THOPUIHBIC METOIbI POTHO32, KJIACCU(DUKAIIMK U U3BJICUCHUS 3HAHUHN
U3 IPELECHTOB, a TAKXKE KOJUICKTHBHBIE METObI IPOTHO3a U Kiaccuukanmu [12].

3. Heab ctaTbn

Uenpto HacTosimelt paboOTHl SBISETCS OLEHKAa 3(PQPEKTUBHOCTH Pa3IHIHBIX
QJITOPUTMOB KJIACCHU(DUKAIIMU COCTOSIHUM TEIIEKOMMYHHUKAIIHOHHON CETH TIPH ITOMOIIN
CHCTEMBI aHan3a JaHHbIX Weka.

4. OcHOBHasI YaCTh
st cOopa cratucTuieckoi MH(GOpMaIMK O COCTOSIHUM CETH MPOBEJCH HATYPHBIH
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SKCIIepUMEHT  Ha  0Oaze  oOopymoBamms  Cisco. Iloctpoer  cermeHT
TEJICKOMMYHUKAIIUOHHOM  CETH, COCTOSAIMA M3 5  MapmpyTU3aTOpoB U
nojepxuBatomuid padory 100 abGonenTtoB. CeTh paboTana B IITATHOM pEXUME
(mogmepkka paboOTHI cepBepHOW 0Oaszpl JaHHBIX, [P-TenedoHHMH, 3IEKTPOHHOTO
IIOKyMeHTooOopoTa). B mporecce skcrepumenta mpu mnomomu SNMP-knmeHTa ¢
KaXIOT0 MapUIpyTH3aTopa CHHMAIMCh 3HA4YeHHUsl T[oKazaTeneld 0a3bl JaHHBIX
MIB [13], mocne dYero BBIMONHSIIOCH YCPEAHEHWE, W OIPENesiach KOPPEIIIus
MEXIY COCTOSTHHEM MapIIpyTH3aTOpa U 00beMOM TpaduKa B CETH.

Ha ocHOBe HakomIeHHOW CTATHCTHUECKOW MH(OpMAIMH BBIACICHO 6 THIIOBBIX
3aKOHOMEpHOCTEN M3MEHEeHHs IMoKa3aTesell KayecTBa TeJIEKOMMYHHUKAIIMOHHON CETH.
JuHamuka N3MEHEHUs] OCHOBHBIX MOKa3aTeJel KauecTBa IPH Pa3IHYHbIX COCTOSHUAX
CECTHU HOCHUT BIIOJIHE OHpCZ[GHCHHLIﬁ XapakTep. OcHOBHBIE 3aBUCUMOCTHU
MHTEPIIOJIMPYIOTCS U3BECTHBIMU (POPMYITBHBIME COOTHOIICHUSIMHU:

1

y=———"—-D(f)=R,---E(f)=[01]; (4.1)
(I+e™)

y=ax+b,a,beR,D(f)=R,E(f)=R-(a#0),E(f)={b} (a=0); (4.2)

y=e',-D(f) =R, E(f) =]0;+o0[; (4.3)
y=1Inx,---D(f) =]0;+oc[,--- E(f) = R; (4.4)
y=log, x,---a>0,---a#l,---D(f) =]0;+0[,--- E(f) = R; 4.5)

rae, D(f)— obnacts onpepenenns dpyuxuun f : X — R: X = D(f);

E(f) —mHoxectBo 3HaueHunit Gpyukimn [ : E(f) = {f(x)|x e X} = f(X);

B mpomecce pa®oThl TENEKOMMYHHUKAlMOHHOM CETH IIOKa3aTeld KavecTBa
[IPUHUMAIOT 3HAYEHHUS, XapaKTePU3YIOIIHE TEKyLIee cocTosiHue ceTu. 1Ipu nsmeHeHuun
COCTOSIHUSI CeTH HauOojee UyBCTBUTEIbHbIE K MPUYMHE H3MEHEHHUS COCTOSHUS
MOKAa3aTeNIX Ka4eCTBa OTXOST OT YCTOSBIIMXCS 3HAYCHUN COTJIACHO CBOCH TUHAMHUKE.
3agaua anropuTMa KiacCU(pHUKalUU COCTOUT B paclio3HaBaHUH MOJOOHBIX CHUTYallUi.

Ha Bxon anropurma kimaccuuKaluy TMOCTYMAlOT 3HAYEHHsI BCEX IOKa3aTelel
KayecTBa, a pe3yJbTaToM €ro palOoTel SBJSIETCS paclo3HaBaHUE, KaKoOW U3
MokazarteJjieil kauecTBa JUHAMHWYCCKH U3MCHSACTCA.

Paccmotpeno 6onee 60 anroputmoB kinaccudukanun. Ouenka 3¢QeKTHBHOCTH
paboThl AITOPUTMOB NPOU3BOAMIACH IO BEPOSITHOCTU MPABHIBHOTO PACIIO3HABAHUS
COCTOSIHUSI T€JIEKOMMYHHKAIIMOHHOM CETH.

PGSYHLTaTI)I IMPOBECACHHOI'O BbIYUCINUTECIIBHOI'O OKCIICpUMEHTA u aHaJIu3
JUTEPATyphl MOKa3aId, YTO HauOousblield 3(Q(EeKTUBHOCTRIO MpPU pEIICHUH 33Ja4yu
KJIacCU(UKAIMU COCTOSHUS TEIEKOMMYHHMKALMOHHONW ceTH 001ajaroT CileayroLIue
anroputmsl (Puc. 1):

1. MHoOrocnoWHbIH MepcenTpoH;

2. HeiipoceTs ¢ paguaibHEIMH Oa3UCHBIMU (DYHKITHSIMU;
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Mertoz ONOpHBIX BEKTOPOB;
MeTon "6mmkaiiero cocena';
Hausno-6aiiecOBCKHH MOIXOT;
RandomPForest;

Anroputm C4.8;

Merton 0alieCOBCKHX CETEH;

. Anroput™ OneR;

0. AdaBoost.
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Puc.1. Pesynomamol pabomul Haubonee 3¢pgheKmusHbIX aneopummos Kiaccuguxayuu npu
PACNO3HABAHUU COCMOSHUS MENeKOMMYHUKAYUOHHOU Cemu

OpHako clemyeTr OTMETHTh Y KaXJAOro W3 METOIOB CBOM OCOOEHHOCTH
IMPUMCHCHUA U HEAOCTATKH.
AdaBoost [14]
e  CKIJIOHHOCTb K MepeoOyUYeHHIO TIPH HAINYWN 3HAYUTEIBHOTO YPOBHS LIyMa B

JIAHHBIX.
e TpeboBaHME TOCTATOYHO JUIMHHBIX O0YYAIOIIUX BHIOOPOK.
Aaropum OneR [15]

e HeB0o3MOXHOCTD IpPSIMOM 00pabOTKH HENPEpPHIBHBIX INEPEMEHHBIX, NaHHBIC
HE00X0IMMO NpeoOpa3oBbIBaTh B TUCKPETHBIN BHI, YTO MPHUBOAUT K IOTEpe
3aKOHOMEPHOCTEH.

Merton 6aiiecoBckux cetei [16]

e  BprucnuTenbHas CI0KHOCTS.

e Jlpu mnombITKE y4yecTh OOJBLIIOE KOJWYECTBO 3aBHCUMOCTEH MEXIY
NIepEeMEHHBIMHU, OIICHKH YCIIOBHBIX BEPOSTHOCTEH MPUOOPETAroT OOJIBLIYIO
JIUCTIEPCUIO,  TakuM  0o0pa3oM,  OIGHKA  MapaMeTpoOB  CTaHOBSTCS
HEIOCTOBEPHBIMH, 4YTO B HWTOr€ MPHUBOAMT K YXYALUICHUIO KayecTBa
KJIaCCU(UKAIIH.

e  OpHEHTUPOBAHHOCTh Ha OOy4alOLIME JaHHBIE H3-32 OOJBLIOIO KOJINYECTBA
IapaMeTpoB, YTO IMPUBOJUT K XOPOIIMM pe3yibTaTraM Kiaccu(uKammy Ha
00yyaromux JaHHBIX U HEYAOBJICTBOPUTEIBHBIM PE3yJIbTaTaM Ha TECTOBBIX
JaHHBIX, T.C. MOJENb OIKCHIBACT HE OOILIME 3aKOHOMEPHOCTU B CTPYKTYpe
JAaHHBIX, a CKOpee Ha0Op YaCTHBIX CIy4aeB B 00ydaromieil BHIOOpPKE.
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Aaroputm C4.8 [17]
e Mennennas paboTa Ha cBepXOOBIINX U 3alIyMIICHHBIX HaOOpax JaHHBIX.
RandomForest [18]

e [locTpoeHHast MOJieNTb 3aHUMAET OOJBIIOE KOJTMYECTBO MAMSITH.

e CKIIOHHOCTH K TIepeo0yUdEeHHIO.

e HecnocoOHOCTH K AKCTPATIOIIALINH.

HauBHo-0aiiecoBckuii moaxon [19]

e HeB03MOXHOCTH HEMOCPEACTBEHHOM 00paOOTKK HENPEPBIBHBIX MEPEMEHHBIX
— HEOOXOANMO MX MPpeoOpa3oBaHme K HHTEPBAILHON MIKaJIe, YTOOBI aTpHOYTHI
OBLIM JUCKPETHBIMU, OJTHAKO TIOJJO0HBIC MPEOOPa30BaHUs IPUBOIAT K MOTEPE
3HAYMMBbIX 3aKOHOMEPHOCTEM.

e BuusHue Ha pe3ynpTaT KIACCH()UKALUKN TOJIBKO WHAMBUIYaJIbHBIX 3HAUCHHUH
BXOJHBIX ICPEMECHHBIX, KOM6I/IHI/IpOBaHHOC BJIMAHUC IIap WA TPOCK 3HaUCHUIN
Pa3HbIX anI/I6yTOB HC YUUTBIBACTCA.

Meton "6amxkaiimero cocexa' [20]

e CroxHocts BeIOOpa Mephl "0mm3ocT" (MeTpukn). OT JaHHON MephI TIIaBHBIM
00pa3oM 3aBUCUT O0BbEM MHOXKECTBA 3alMCEH, KOTOpPhIE HY)KHO XpPaHUTHh B
naMsITd Al JOCTIDKEHHS — yJOBJIETBOPUTENBHOM KJIACCU(DUKALMKM — WIN
HPOTHO3A.

e HeobOxomuMocTs momHOTO  mepebopa  oOywaromieil  BBHIOOpKM — mpH
pacro3HaBaHuM, CIEJCTBUE STOTO — BEIYUCIUTENbHAS TPYAOEMKOCTb.

MeToj oTIOPHBIX BEKTOPOB [21]

o Jlnsa xnaccudukanuu UCTONB3yeTcsl He BCE MHOKECTBO 00Opa3IoB, a JUIIb UX

HeOOIIbIIas 4aCTh, KOTOpasi HAXOIUTCS Ha IpaHHIIAX.

5. BbIBoABI 10 pe3y/IbTATAM U HANPABJIEHHUS JabHEINX UCCIeOBAHNI

[Ipu momomu cucteMsl aHanu3a JaHHBIX Weka Mpou3BeAeH aHan3 ajJrOpUTMOB
KJacCU(UKAIIMA TPU PACIIO3HABAHWU COCTOSHHS TEJIEKOMMYHUKAIIMOHHOH CETH.
Onenka 3¢(heKTHBHOCTH padOTH TPOW3BOIMIACH TI0 BEPOSITHOCTH IPABHUIBHOTO
pacno3HaBaHus. PaccMoTpeHo Gomnee 60 anroputMoB. VICXOZHBIM HaOOPOM JTaHHBIX
ABJIAIach JMHAMUKAa WM3MEHEHHUs IIOKa3aTeleld KadecTBa TEeIeKOMMYHHKAIlMOHHOMN
ceTH. AHalu3 MOJYYEHHBIX PE3yJIbTaTOB U JIUTEPATyphl MOKa3ajdd, YTO HAWITYHIIUM
0o0pa3oM Hpu PACHO3HABAHUM COCTOSIHUSI TENEKOMMYHUKAIIMOHHON ceTu cebs
MIPOSIBUII MHOTOCTIOWHBIN MEPCENTPOH U HEMPOHHAS CETh C pajuaIbHBIMU Oa3UCHBIMU
¢yskuusmu [11], KoTopble OTHOCATCS K KJIACCy HEHPOHHBIX ceTei. [loaToMy MOKHO
cAenaTh BBIBOJ O TOM, HCIOJBb30BAHME HEWPOHHBIX CETEW NpH PEIICHUM 3aJadd
KJacCU(UKALMA COCTOSIHUSI TEIEKOMMYHHKALIMOHHOW CETH SBJSIETCS OOHUM U3
HanOonee OPQPEKTHBHBIX  METOAOB. [loaTOMy  mepCrneKTHBBl  JailbHEHIINX
MCCIICIOBAHUI B 3TOM HAIIPaBJICHUHU CBSI3aHbI, B IIEPBYIO OYepelb, C BHIOOPOM THUIIA
HEHPOHHOHN CeTH, M Ha OCHOBE 3TOT0 C MPOBEICHUEM 0oJiee IETaJbHBIX MOJEIbHBIX
3KCIIEPUMEHTOB.
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