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OCOBJINBOCTI NMPOrHO3YBAHHA PE3YJILTATIB MATUIB
Y KIBEPCNOPTI

AKTyaJbHicTb. 3apa3 € akTyaJbHUM PO3POOJIEHHS CHCTEM IPOTHO3yBAaHHs MaT4iB y KiOepCIoOTi, e IOB’sI3aHO 3 AKTHBHUM PO3BUTKOM
KibepcropTy. ¥ Wil cTaTTi peanizoBaHO MOMIIMBICTh IPOTHO3yBaTH MaTdi KOPHUCTYBaYiB.

MeTa. MeToro BUKOHAHHS pOOOTH € MPOEKTYyBaHHS MOJEI CHCTeMHU KOJEKTHBHOTO IIPOrHO3YBAHHS PE3ylbTaTiB irop y kibep-crnopti 3
BUKOPUCTAHHSAM CY4YacHOI TEXHOJOTii HeHponporHo3yBaHHs. 3aBAaHHAM € PO3POOJIEHHS CHUCTEMM MJIS CIIUIBHOIO KOPHCTYBAlbKOTO
IPOrHO3yBaHHS PE3YIbTaTiB KiOepCIOPTUBHUX MaTYiB Ta CAMOCTIHOrO onparoBaHHs iHpopMallii i BUxaui BIACHOIo NporHosy. JIo 0cHOBHUX
3a7a4 HaJeXaTh HACTYIHI: OONIK Ta aHaNi3 BCIX MUHYIHX 1 MailOyTHIX irop; OoONiK Ta aHaNi3 XapaKTEPHCTUK/PE3YyIbTaTiB BCIX KOMAHI;
HaJIaHHS MOMJIMBOCTI KOPUCTYBauy I1€PCOHAIbHO POOUTH IIPOTHO3 HAa KOXKEH MaTy; BU3HAUEHHS IIAHCY Ha BUTPALl KOMaHIU HA OCHOBI JAHUX
3a nomnepeaHi MaTui.

Metoa. IIpo6nemy BUpilIEeHO METOOM ONUTYBAHHS €KCIEPTIB MIJIAXOM IPOBEICHHS aHAIITUYHHX 3alIMCOK Ta 33 JOMOMOTrOI0 WITYYHOI
HelipoHHOI Mepesxi. B ctBopeniii Helfipomepesxi € Tpu mapu. Ilepimii map cxinanaerses i3 10 HelipoHiB — penentopis, a0o HeHpPOHIB BXiHUX
nanux. [pyruiil map HelfipoHis € BHyTpimHiil. Tperiii map HelipoHiB € BuXinHui, B HbOMY € JHiIe 2 HelpoHu. BxinHoto iHdopmalieto nis
QJITOPUTMY € KUIBKiCTh BUIpaHHX Mar4iB 3 ocTaHHiX 10; KUIbKICTh BUIPaHUX MAT4YiB IIepE] JAHOIO 3yCTPiudio (BIHCTPIK); peUTHUHT KOMAH/IH,
cTablIbHICTH cKIIany (4ac HE3MIHHOCTI CKIay KOMaHMH); CepeHiil ToKa3HUK Imporpanis naHoi komanau. Binnosigato € 1 ado 2 (mepemora
KOHKDPETHOI KOMaH/IN).

PesyabraTn. Jljist 1OCATHEHHsI pe3yabTaTy IPOBECHHH aHalli3 BIAMOBIAHOI JliTtepaTypH 3 iHpOpMaLi€lo PO OCHOBHI BUH KOJIEKTHBHOIO
pOorHo3yBaHHs. Po3pobieHo nepeBo MerH, 1 NPOBEAEHO CUCTEMAaTHYHMI aHali3 mpeaMerHoi obaacTi. 3acTOCOBaHO METOJ iHTEpPB’IO 3
ekcriepramu. [arepHer-pecypen peanizoBati 3a CMS Drupal. TIpoananizoBaHi OCHOBHI METOIH KOJIEKTUBHOTO [TPOrHO3yBaHHs. [IpoBeneHuit
CHCTeMaTHYHHH aHali3 00’€KTa JHOCIiKEHHS 1 IpeaMera, Linei, noOy1oBaHUX [epeB, BU3HAUeHO npobieMy i nodynosano UML-niarpamu.
IIpoaHai30BaHO 3aCTOCYBaHHS METONY IHTEpB'I0 3 excrepTamu. PeanizoBano Bed-caiit 3 CMS Drupal i moBu nporpamysanns PHP.

BucnoBku. Ha ocHOBiI po3po06iieHOro anropurMy po3paxyHKy NPOTHO3IB Ta HaBUaHHsA HEHpOMepexk peai3oBaHO He3aJeXHHH Bix
JIOZACHKOTO (haKTOpy IpOLEC NPOrHO3yBaHHS MardiB B Kibep-cropTi. HasBHICTh Takoi CHCTEMH 3HAYHO CHPOCTUTH IMOUIYK NPOTHO3IB Ha
KiOep-CIOPTHBHI MaTdi Ta JacTh MOMXKIHBICTh KO)KHOMY 0a)xalouoMy INPUHHSATH y4acTh Y IPOTHO3yBaHHI MardiB. CHcTeMa Da€e HOBHH

MOIITOBX /10 BUPIIICHHs MPO0OJIeMU NPOrHO3yBaHHS PE3yJIbTATIB HE JIMIIE y KiOep-CropTi, a i y CropTi B3arai.

Kuarwuogi cioBa: xibepcropr, iHpopMariiiHa cucrema.

HOMEHKJIATYPA

IC - indpopmaniiina cucrema;

IO — mpenmerHa ob6nacTs,

[ITHM - mty4Hi HEHpOHHI Mepexi;
BHM - 0ionoriyHux HEHPOHHUX MEPEK;
KK — xoediieHT KOpHCHOT Aii;

S — cucTeMa MPOrHO3yBaHHs Kibep-MaTuiB;

X — BxiaHi gani IC 3 pi3HUX JOCTOBIPHUX JIXKEpEI-CaHTIB
(Hanpukiam, icTopis irop KOMaHI Ta yIaCHHKIB KOMaH] B
IHIINX 3MaraHHsx);

C - BHYTpILIHIM KOHTEHT CHUCTeMH, HAOyTHUi mija vac 1i
(GyHKIIOHYBaHHS,

N — mTyyHa HeHpOHHA MepeKa,

T — 4YacoBHWil MPOMIDKOK aHANTI3y AisIBHOCTI KOMaH/IH;

E — ekcrnepTHa OIliHKa;
Q - 3ammw Big xopucryBadis IC;
U

— OOMEKEHHSI Ha aHaJli3 JaHWX JJIS POrHO3YBaHHS,
Y — BuxiaHi gani [C sk pe3ynsraT nporHo3yBaHHS;

¢ — dyHKuis 360py DaHUX IIA IIPOTHO3yBAHHS,
¢ — dynkuis Hapuanus [THM;
06 — (dyHKIiS MPOTHO3YBaHHS PE3YJIBTATIB MaTUiB;

N — KUIBKiCTb KOPHUCTYBadiB, IO NPUHHAIA y4acTh Y Io-
JIOCYBaHHI,

K, — KiJIbKiCTh KOPHMCTYBadiB, IO IIPOTOIOCYBAIHM 32 i-Ty
KOMaHJYy.

BCTYII

Bineoirpu 3’sIBUIINCST HEIIOJABHO T4 TEMIM 1X EBOJFOLIT
Bpa)XKae: BiJ] MPOCTEHbKUX JUTSIYMX IrPAIIOK HAa aBTOMATax 3
TIKCEITBHOKO TPadiKO0 0 KOMIT FOTEPHHX ITPU Y BUIVISIII iHTE-
pakTHBHOrO KiHO (creredekTH, 03BYYIKH BiI aKTOpPiB i MO-
Jeri U IUIsoBoOi aHimarii). EBosmortis irop BizOymace sk
yepe3 TEXHOJOT YHI BIIOCKOHAJICHHS, TaK 3aB/ISIKH 10siBi [HTEep-
HET BOHHU CTajM 0araTokOpHCTyBallbKUMHU. Briepiie kibepc-
MTOPTHBHI PHCH Ta 3MaraHHs Mo Mepexi 3’sBumncs B Quake:
Arena, Starcraft. Irpu 3axommroBanu He rpadikoro, a
BIIMIHHUM JTUHAMIYHUM TEHMIUICEM, BUMarajiu BiJl TPaBIIiB
HEJTIO/ICHKOI0 peakinii i 6aratbox romuH TpeHyBaHb. Online
3MaraHHsMH HE OOMEKYBAJIUCS, JIOAM MOYald 30UpaTUCs
na LAN-typripu B Inteprer-kiyoax [1]. AkTuBHO KibepropT
MoYaB PO3BUBATHCH Ha MPOTs3i octanHix 5-10 pp i3-3a goc-
TynmHOCTI [HTEepHeT.

CTpiMKHii PO3BUTOK KiOEpCIOPTY 3HAYHO BIUTMHYB Ha
irpoBy inmyctpito [1]. PO3poOHHKH BHITYCKAIOTh irpH, B SIKMX
rpaBili 00’ €THYIOTHCS B KOMAH/IM 1 3MararoThCs MK CO0O0.
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HEMNPOIHOOPMATHUKA TA IHTEJIEKTYAJIbHI CUCTEMU

Bunnkim TypHipH, npodeciifni komanay, i ¢panarn. Buank-
7a moTpeda MPOTHO3YBAaHHS IIEPEeMOXKI. 3a3BHUYall MPOIIec
IIPOTHO3YBAaHHS ITOKJIQIaHNH Ha BY3bKE KOJO TaK 3BAHHX €K-
CIIepTiB 3 I[OTO IMHUTAHHSA — OyKMeKepiB abo JIFOIH, sKi moc-
TifHO CHOCTEparalmTh 3a XOJAOM TPH Ha KOHKPETHOMY
iH(popmamiiHoMy pecypci. Ha IC indopmamiitHoro pecypcy
KibepcropTy moknazeHi ymrmre ¢yHkiii dikcamii cTaTHCTHKH
MarTdiB Ta irpokiB. lle yHEMOXUTHBITIOE B3ATH ydacTh B YCITIII-
HOMY IIPOTHO3YBaHHI pe3y/IbTaTiB MATYiBUIA IPOCTHX CIIOC-
TepiradiB 3Maranb B Kibepcropri. MeTol0 BUKOHAHHS POOOTH
€ TIPOEKTYBAaHHS MOJETl CHCTEMH KOIEKTHBHOIO IIPOTHO3Y-
BaHHS PE3YNIBTATIB irop y Kibep-CHopTi 3 BHKOPHCTaHHSAM Cy-
JaCHOI TEXHOJIOTil HeHpOIPOTHO3yBaHHS.

1 ITIOCTAHOBKA 3AJAUI

3acTocyBaHHS METONY HEHPOMEPEKHOTO NMPOTHO3YBaH-
HS Ha OCHOBI aHAJIi3y CTATHCTHUKH ITOMEPENHIX pe3yNbTaTiB
MaTdiB Ta piBHA NpodeciifHoCTI KOMaHJ Ta IrpoKiB 3HAYHO
CHpOINY€E MPOIEC OTPUMAHHS YCIIIIHOTO HPOTHO3Y IS
IPOCTUX CHOCTEpiraviB 3MaraHb B KiOepCIopTi. 3aBIaHHIM
€ po3poOIIeHHs 3aranbHOI apxitekrypu IC mis cmimsHOro
KOPHCTYBAI[bKOTO IMPOTHO3YBAHHS PE3yNbIaTiB Kibepcmop-
THBHHUX MAaTd4iB Ta CAMOCTIHHOTO ONpaIfOBaHHS iH(popMAaIii
1 Buga4i BmacHOro mporuosy. IC Mae HaBY4ATHCS Ha COHOBI
310paHOi CTATHCTHKH 3MaraHb Ha MPOTS3i MEBHOTO IEpioxy
9acy 3 BpaxyBaHHSM yJacHHKIB 3Marab Ta iX HpOQiNiB.

DopMaNbHOI0 MOJEIIII0 CHCTEMH IIPOTHO3YBAHHS Kibep-
MaT4iB € KOPTEeX

S=<X,C,N,T,E,QU,Y,d,0,0>.

Jo ocHoBHEX 3amad IC Hamexars HacTymHi: OOJIK Ta
aHaJTi3 BCiX MUHYIHX/MaiOyTHIX irop; o0k Ta aHaIi3 xapak-
TEPUCTHUK/PE3yIBTaTIB BCIX KOMAaHJI;, HAJaHHS MOXIHBOCTI
KOpUCTYBady NEepPCOHAIbHO POOUTH MPOTHO3 HA KOKEH MaTd;
BU3HAUYCHHS [IAHCY Ha BUIPALI KOMaHIH Ha OCHOBI JaHHX 32
noriepeHi MaTyi. SIKIIO 3 MepIIMMU TPhOMA 3aJa4aMHu YCII-
IITHO CHpaBIsiIOThCs OUThIIicTh IC MPOrHO3yBaHHS MATUiB y
Ki0epcroTi, To 3 OCTAaHHBOIO 33/1a4Y€l0 BUHHKAIOTHh MEBHI
CKJIaJTHOIIII 13-32 TOTO, 110 MPOCTUi KopuctyBau IC Mae 3ane-
JKUTHU BiJl AYMKHU €CIIEPTIB — OKPEeMHUX OyKMeKepiB, TOOTO Bif
JIFOJICBKOrO (hakTOpy. ABTOMATHYHE MPOTHO3YBAHHS PE3YIib-
TaTiB MaT4iB Ta MOXJIMBICTh CHCTEMH HA4YaTHCS Ha IMPOTA3i
MEBHOT'O MEPiofy 4Yacy COPHUATHME MOKPALICHHIO Pe3yiib-
TaTiB MPOTHO3YBAHHS Ta BHOCHUThH CJIEMECHT HE3aJICXKHOCTI
MPOTrHO3YBaHHsI BiJ| JIFOAHMHH.

Bximni qani 3 pisaux mkepen X (cTabiaIbHICTS CKIaay KO-
MaHu), BHyTpimHii koutent IC C (Hanpukiazm, icTopis irop
Ha I[bOMY CalTi, 3MiHa YYAaCHHUKIB KOMaH/H, aKTUBHICTh KO-
MaH/IM TOIIO), eKCIEPTHI OIiHKKH E (pedTHHT KOMaHIb ce-
peaHil TIOKa3HUK TPOTPAIIiB JaHOI KOMaHIHM) Ta OOMeEXKeH-
HS Ha IPOrHO3yBaHHs U (HampHKIIAI, aHaJIi3 JIKIIE OCTAaHHIX
10 maTuiB) 3a MeBHMI MPOMDKOK yacy T (Hampukiam, MaTdi
JIMIIE 38 OCTaHHI pik ab0 Yac HE3MIHHOCTI CKJIagy KOMAHIIH)
(GhOpMYIOTH MIAIPYHTS IJISl TIPOIECY MPOTHO3YBAHHS INTYY-
HOIO HEHpPOHHOIO Mepexero N

Y =00009,
ne C=¢(X,T,E,U), N =¢(C,T,U) Ta

Y =0(Q,N,T,U). Bignosimmo € 1 a6o 2 (mepemora KOHK-

PETHOI KOMAaH/IN).
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2 OIUIA L JIITEPATYPU

Mertonu MPOTHO3YBAaHHA — II¢ PI3HOMAHITHI NMpHIfOMH 1
crocoOu MHCIEHHS, IO JaloTh 3MOTY Ha OCHOBI aHANi3y
PETPOCHEKTHBHAX JaHUX, eK30TCHHHUX 1 €HIOTeHHHX 3B S3KiB
00’€KTa TIPOTHO3YBAHHS, a TaKOX IXHIX 3MIH y MeXax po3r-
JISTHYTOTO SIBHINA 1 TPOIIECY, BUBECTH TBEPKCHHS MEBHOL
BIPOTiHOCTI BiJTHOCHO MalOyTHBOrO PO3BHUTKY 00’€kTa [2].
Binomo 6inbie 3a 150 mMeToxiB i npHifOMiB Y IPOrHO3YBaHHI.
KoxxeH mMeTon Mae 0CoOMMBOCTI 3aJIeXKHO BiJf METH HOTO BH-
KOPHCTAHHS 1 PIBHSA IIPOBEJCHHX JOCIIKeHb. Bubip MeTonis
IPOTHO3YBaHHA 3MIHCHIOETBCA BiAMIOBIIHO IO XapakTepy
00’eKTa 1 BEMOT, IKi BUCYBAIOThCS 10 iH(opMamiiiHoro 3a-
6esnedennst [2-5]. [nst croiibHOrO KOPUCTYBAI[BKOTrO IMPO-
THO3YBaHHS PE3YIBTATIB KiOEpCIIOPTHBHUX MAaTdiB JIOCTAT-
HBO BHKOPHCTOBYBATH IHTYITHBHI METOIU MPOTHO3YBaHHS.
BoHM 1aloTh 3MOTY OTPHMATH IPOTHO3HY OIIIHKY CTaHY
pPO3BUTKY 00’€KTa B MaiOyTHBOMY He3aJeXHO Bif iH}op-
MamiitHoi 3a6e3nedeHocTi. Bynyersca panionamsHa mpore-
Jiypa iHTYITHBHO-JIOTIYHOTO MHUCJICHHS JIFOMMHHU B TIOEHAHHI
3 KUTbKICHUIMH METOJaMU OIIHKHM ¥ OMpaloBaHHs OTpUMa-
HUX pe3yJbTaTiB. Y3aralbHeHa AyMKa €KCIEpTiB Ta IX eKc-
MepTu3a € BUpIIIeHHsM pobiemu [2].

[Ipomec excnepTHOI OMIHKH BKJIIOYAE TaKi HANPSIMHU:
(OpMyBaHHS €KCIIEPTHOI IPYIH; MiATOTOBKY i MPOBEACHHS
eKCIIEPTH3H; CTATHCTHUYHE OMPAIIOBAHHS OTPHMaHUX pe-
3yabTaTiB onuTyBaHHs [3, 5]. Etanu nmpoBeneHHs excrepT-
HUX OIIHOK. OCTAHOBKA Mpo0JIeMH; BiIOIp eKkcrepra; OnH-
TYBaHHS €KCIIePTa; OIPANOBaHHS eKCHEpPTHUX OLIHOK. Me-
TOJIM €KCIIEPTHHX OLIHOK MOAUISIOTH: 32 KUTBKICTIO €KCIIePTiB:
IHIMBITyaJIbHI Ta KOJNIEKTUBHI; 32 TEXHOJOTIEI0 OMpaIfOBaH-
HS iHpOpMAmiil: IpsAMi 1 eKCIepTHI METOAH 31 3BOPOTHHM
3B’A3KOM; 32 TEXHOJIOTI€I0 OTPHMAaHHS IPOTHO3HOI OIiHKH
[5]. IIpomec excriepTHOI OIHKK Kpalle peai3yBaTd yepes
mTy4Hi HeHpoHHI Mepexi. Ile MmaTemMaTuuHi mMoxeni, a Ta-
KOX 1X mporpamHi abo amapatHi pearizaiii, moOym1oBaHi 3a
MPUHIUIIOM opraHizauii # QyHKIIOHYBaHHS 010JIOTTYHHX
HEHPOHHHUX MEPEXK — MEPEXK HEPBOBUX KIIITOK YKUBOTO OpraH-
i3my. [ITHM He nporpamyroTh y 3BHYHOMY PO3yMiHHI I[bO-
O CIIOBA, BOHM HABYAIOTHCS. MOXKIIMBICTh HABYAHHS — OJIHE
3 TOJIOBHHX IEpeBar HEMPOHHUX MEPEX Mepea TpaaulliiHu-
MU anroput™mamu [6—7]. 3amaui, siki Bupinryrots [IITHM, 3B0-
JIATHCS 10 anpoOKCHMallii 6araToBUMIpHHUX (YHKIIH, TOOTO
moOynoBu Bimoopaxkenus F : X —y [7]. fxmo posrisaatu
[ITHM sik nesike cepeoBHILE /Il ONPAIFOBaHHS iHPOpMaIii,
Toxl 11 MOXKHA 3aJ1aTH IIISIXOM BHU3HAYEHHS €JIEMEHTIB JaHO-
ro CepelloBHUINIA Ta MPaBHJI iX B3aeMoJil. B 1pomy BUManKy
[ITHM € cTpyKTYpOI, SIKa CKJIAZA€ThCS 3 BEIUKOI KLIBKOCTI
MPOLECOPHUX EIEMEHTIB, KOXKEH 3 SKHX MAa€ JIOKAIbHY
mam’Th 1 MOXE B3a€MOJIATH 3 IHIIMMH MPOLIECOPHUMH eIe-
MEHTaMH 3a JIOTIOMOTO0 KOMYHIKAIliHHUX KaHAIB 3 METOHO
nepesadi JaHUX, 110 MOXYTh OyTH iHTEPIPETOBaHI JOBUIb-
HUM 4HHOM. [IpolecopHi elneMeHTH HE3aJIeKHO B Yaci or-
PalbOBYIOTh JIOKANIBHI JlaHi, 110 MOCTYMAKTh JI0 HUX 4Yepe3
BXIi/IHI KaHaJM. 3MiHAa MapaMeTpiB aaropuTMiB Takoi ompa-
LFOBAHHS 3JICKHUTh TUTBKU BiJ] XapakTeprcTuK qanux. [IIHM —
O0YHCITIOBANIbHI TIAPAJUTMH, SIKI Peai3yloTh CIIPOIICHI MO-
nemi BHM (iokasmsHi aHcamOmi HeHpOHiB, 00’ €IHaHI CHHAII-
TUYHUMH 3B’SI3KaMH; CYKYIHICTh aHCaMOJiB OpMye MO30K
i3 pi3HOMaHITHUMH (DYHKITIOHATBHHX MOYKIHBOCTSIMH).
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3 MATEPIAJIM 1 METOI1

OCKINBKM Ha JaHUH MOMEHT KiOepcCIopT IoYaB IIBHAKO
PO3BUBATHCH, TO 3IBMIIACH MOTpeda B pecypci, Ae daHATH
3MOXYTh POOUTH HMPOTHO3HM MaHOYTHIX MaT4iB Ta JI3HATHCH
pesynsrat MuHynHX. HasBHicTs IC KOIEKTHBHOTO MPOTHO-
3yBaHHS PE3YIbTATiB irop y Kibep-cropTi Jae MOXIHBICTH
KOPHCTYBadeBi OTPUMATH JIOCTYI 10 HEOOXimHOI iH(popmamii
BHKOPHCTOBYIOUH OJHMH pecypc. KopuctyBau Moxe mepe-
IJITHYTH PEe3YIBTaTH MHUHYIHX MaTdiB, MOAMUBHUTICH OIIHKY
IIaHCIB Ha BHTpAII KOKHOI 3 KOMaHA Ha MaHOyTHIX MaTdax
Ta CaMOMy 3pOOHUTH MPOTHO3 Ha Ty UM iHITY KomaHxy. IIpu-
3HAYEHHSM TaKOi CHCTEMH € 30ip OMIHOYHHX TBEpPIDKEHb KO-
PHUCTYBa4iB BiIHOCHO KO)XHOTO MAaTdy Ta IHTEIEKTyallbHe
IPOTHO3YBaHHS Pe3yIbTaTy JAHOTO Mardy, TaKOX CHCTEMa
HOPIiBHIOE IIPOTHO3 13 PE3yIbTaTOM i MOXe BU3HAYHUTH BiJICO-
TOK MarTdiB, ki OyIH CIPOTHO30BaHI KOpHCTyBauaMH Ipa-
BUIIBHO. IC KONEKTHBHOTO NPOTHO3YBAHHS PE3YNETATiB irop
y Kibep-CriopTi ITOBHHHA PO3B’A3yBaTH TaKi 3ajadi: peaiza-
IisT METOIy MPOTHO3YBaHHS Ha OCHOBI 300py TONOCIB KOpH-
CTyBadiB; BU3HaueHHs e(eKTHBHOCTI MeToay (IOpiBHSHHS
NPOTHO3y 3 PeajbHUMHU pe3yIbTaTaMu); IBHIKUI Ta 3pyd-
HUil nouryk iHpopmarii (pe3ynsraTiB HONepeaHiX irop).

HeoOxinHICTE CTBOPEHHS TaKoi CHCTEMH BUKIHKaHa
BIJICyTHICTIO Ha JJaHHWI MOMEHT Peasli30BaHOTO aHAJIOTY, KUK
0u 00’enHYBaB B cOO1 pe3yNBTaTH i MPOTHO3M HE 3 SKOICh
HEBHOI TPH, a 3 JEKUIBKOX; a TAKOX THM, II[0 aHAJIOTH € IIaT-
HUMH. [HTYITUBHI METOH MIPOTHO3YBAHHS — II€ METOAU BHP-
IIeHHsT TPOOJIEMH 3a JIOTIOMOTOIO 1HTYIMIi, TOCBiAY Ta JyM-
KU €KCTICPTiB-yJaCHHUKIB JAHUX METO/iB. MeTos eKCriepTHHX
OI[IHOK OCHOBAHMII HA MPOBEICHHI IHTYITHBHOTO Ta JIOTiY-
HOTO aHANi3y IpoOIeMHt 3 KUTBKICHOIO OIIIHKOIO 1 OIIparfro-
BaHHAM pe3ynbratiB. [licims mboro y3araabHeHA TyMKa €KC-
HEepTiB BBAXKAETHCA PIMICHHSIM HaHOI Ipobnemu. Buxopnc-
TaHHsI IHTYILI1, JIOTIYHOTO MUCJICHHS Ta KiJbKICHUX OIIIHOK 3
(hopMaJIbHOTO ONpAIIOBAHHS JI03BOJISIE OfiepKaTH e(hEKTHB-
He BUpinieHHs npobyiemu. OCOOTUBOCTIMHU METOIY EKCIep-
THHUX OLIHOK €, MO-TIepIlie, OOTPYHTOBaHA OpraHi3alis mpo-
BEJICHHS BCIX €TamiB eKCIepTH3M 3a0e3reuye HanOinbIry
e(eKTUBHICT, POOOTH HAa KO)KHOMY 3 €TalliB; MO-ApYyre, 3ac-
TOCYBaHHSI KUJIbKICHUX METOJIB SIK MpPU OpraHizaiii excrep-
TH3H, TaK 1 IPH OLIHII CYIHKEeHb eKcrepTiB 1 GopManbHil
rpyNoBiMy ompalftoBaHHi pe3ynsratiB. HanOinem vyacto 1i
METO/IM BUKOPUCTOBYIOTh TPH PO3MJISLAL COLIaIbHO-CKOHO-
MIYHHX TpOOJIeM, Jie HEMOXKJIUBO BHPOOUTH (popmartizoBa-
Hy TporHoctuuny monenb [4-5, 8-10]. Merox ekcriepTHHX
OLIIHOK MPOBOJSATh TPhOMAa METOAAMHU SIK IHTEpPB 10, aHAIi-
THYHI 3alKMCKUA a00 HamMcaHHs cleHapito. [IpoGiemy Bupi-
IICHO METOJZIOM ONHMTYBAHHS €KCHEPTIB LIIIXOM NPOBE/ICH-
HS aHAIITUYHUX 3alUCcOK Ta 3a gomomororo IIMTHM. Eramm
3aCTOCYBAaHHS METOAY KOJEKTHMBHHMX EKCIIEPTHHX OL[HOK:

— (opMyBaHHS eKCIIepTHOI TpymH (BixOip ekcrepTiB mpo-
BOJIUTHCS 3 BUKOPHCTAHHSIM METOMIB CaMOOLIHKH, METOAN
B3aEMHOI OIIIHKH, [T0 MHHYJIOMY JOCBiIy);

— BHU3HAYCHHS KOMIIETEHTHOCTI €KCIIePTiB,;

— OIIIHKa MOKa3HOCTiI a00 penpe3eHTaTUBHOCTI IPyIH;

— OTPUMAaHHS 1HIUBIAyaJIbHUX CYIKEHb €KCIICPTIB IO 3a-
JaHii npoOuemi;

— y3arajbHeHHS JyMOK IIPO BiTHOCHY BaXIMBICTB 3aja-
HOI IpOoOJIEMH eKCIIepTaMHy,

— OIIHKA CTYIEHs y3TOMKEHOCTI eKCHEepTiB 3 ypaxyBaH-
HsIM KoedillieHTa Bapialii;

— 1o0ynoBa TiCTOrpaMy PO3MOALTY JYMOK €KCHEpTiB;

— (opMyTIOBaHHS ILIaHy IIPOTHO3Y.

TexHoIOris y3araJbHEHHS OIIHOK 3aJIeKUTh BiJl BHIY OLi-
HOK, KUTBKOCTI JaHHWX OIHOK. SIKIIO MPOTHO30M € YHCIIO, TO
MOXX€ BUKOPHCTOBYBATHCS CEpEHE 3HAYeHHs. SIKIIo BinmoBiai
eKCIIePTiB Pi3Hi, TO BUKOPUCTOBYEThCSA Teopis irop. SIxmio
OIIIHKA EKCIIepTiB JaBanacs y BUIIAAI PaHTIB, TO B Ipomneci
y3araJbHEHHS BH3HAYA€THCS CyMa PAHTIB W y3TOIKEHICTbH
OIIIHOK 3a JomoMoror koedirieHTa xoHKoppamii; Cripmana
a6o Kenpena. I1po KOCTOBIPHICTh TPYHOBUX EKCHEPTHHUX OILli-
HOK 3a3BHYail CyqiTh IO iX y3romxeHocTi. [Ipn mpoBeneHHi
eKCIIePTHUX OIUTYBaHb, K MPABUIO, OTPUMYIOTH OLIHKH Jie-
KUIBKOX 00’ €KTiB. BI3HAUNTH y3ro/UKeHICTh OMIHOK, SKi TAIOThCS
PI3HIMH eKcIepTaMH, MOKHA 3a JIOMOMOTOI0 HellapaMeTpHd-
HOro JBOX(aKTOPHOTrO JUcHepciiHoro aHamisy. [Ipn Buko-
HaHHI aHAJ3y, B AKOCTi IEpPIIOro YMHHUKA PO3TIANAIOTHCS
€KCIIEPTH, B SKOCTI 1HIIOTO YMHHHUKA — 00’ €KTH, SIKi OIiHIO-
I0TbCA ekcrepTamu. PiBHI meprmoro ¢akropa — me pisHi eKc-
HepTH, a PiBHI APYroro YMHHUKA — Pi3HI 00’ €KTH.

V3romKeHiCTh OMiHOK €KCHePTiB BU3HAYAETHCA 3 BiJICYT-
HOCTI BIDIMBY (hakTOpa, MOB’A3aHOTO 3 eKcHepramu. Y II0-
MINPEHUX CTATHCTUYHHX IMaKeTax JUIS I[bOTO BHKOPHCTOBY-
10Th Kpurepiit Opinmana (Friedman) i, sSKmo € MOKIUBICTH
pamKyBaTH EKCIEPTiB 32 BEIIMYMHOIO OIIHOK, TO KPHUTEpiif
Meiimxa (Page). 3a3Buuaii, TECTyeThCs TimoTe3a «e
BiIMIHHOCTI MIJK CEpEeHIMH 3HAUSHHSIMH OLIIHOK JISSIKHX €K-
CIIEPTiB» 3 OLIHKOIO PiBHS 3HATYIIIOCTI TiIIOTE3H. SIKIIO piBeHb
3HaYMMOCTI Tinore3u He mepepuinye 5 abo 10%, To MoxHa
BBaXKaTH, IO OLIHKK eKCIIEPTiB Y3ro/pKeHi i foctoBipHi. Ko-
JICKTHBHA JyMKa €KCIICPTHOI IPyIH MOXE OYTH BHPaXXEHE Y
(dhopmax: KiTbKICHHX OIIHOK y ()i3MYHHMX OAMHUILIX BUMIpY
a00 y BUIIIA/I BiJJHOILICHHS; OAJIbHUX OIIHOK; MOMAapHHUX I10-
piBHSHB, yrpymoBanb (copryBanms) [5]. Peamizaris meromy
ONMUTYBAHHS CKCIIEPTIB MOJSTa€ B TOJOCYBaHHI KOXKHOTO
KOpHCTyBada (AKuil BBaKaeThes ekcrieprom) i3 N .

AJITOPUTM TIPAIfo€ HACTYIMHUM 9uHOM (puc. 1 a):

Kpoxk 1. ]5:01 Oaxcaroui kopuctyBadi i3 N poOasrs mpo-
THO3 HA JaHUI MaTd.

Kpok 2. PozpaxyHOk cyMapHOi KUIBKIiCTi TOJOCIB Ta 3a
KOKHy 3 KOMaHJ 3 BpaxyBaHHAM K.

Kpok 3. Ha ocHOBI ronociB 31iiiCHIOIOTh IPOTHO3yBaHHS
LIAHCY HA MEPEMOry KOXKHOI 3 KOMaH[ y BiICOTKaxX. Pe3yib-
TATOM € MIAHC Ha MEePeMOTry KOXXHOI 3 KOMaHI y JaHOMY
MaTyi.

B crBopewiit IITHM € tpu mapu (puc. 16). Ileprmit map
cknanaerbes 13 10 HeipoHiB — peuenTopiB, abo HEWPOHIB
BX1IHUX NaHuX. [pyruii map HeHpoHiB € BHyTpilHii. Tperiit
uiap HEHpOHIB € BUXIJHHI, B HbOMY € JIMIIE 2 HEHPOHH.
BxinHoto iHdopMalliero A alropuTMy € KilbKiCTh BHUTpa-
HHUX MaT4iB 3 ocTaHHiX 10; KUIbKICTh BUTPAHUX MATUiB Mepe]
JTAHOIO 3yCTPivyro (BIHCTPIK); peUTHHT KOMaH/IH; CTaOiIBbHICT
cxirany (4ac HE3MIHHOCTI CKiIajy KOMaHIH); CEpPemHil Imo-
Ka3HHMK MporpaniiB gaHoi komaHau. Biamosiaeo € 1 abo 2
(mepemora KOHKPETHOT KOMaH/IN).
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begin

v

MporHo3yBaHHA Ha maTy
KopucTyBauyamm

v

O6paxyHOK ronocis

v

O6paxyHOK LIAaHCY Ha BUrpaLl KOXKHOI 3
KOMaHf,

v

BuBeaeHHn pesynbraTty

v

end

Pucynox 1 — IIpornosyBaHHs:
a — aJropuTM OOpaxyHKy IPOrHO3iB; 0 — cXeMa HeHpoHHOI Mepexi

4 EKCIEPUMEHTH

Juns crBopenns IITHM Bukopucrano 6i6miorexy Fast
Artificial Neural Network Library (FANN). [liarpama Bapi-

HepeHix irop, sKi Horo ImikaBiIATs. KoprcryBad Moxe mepe-
JIMBUTHUCH PE3yIBTAaTH IPOTHO3IB IHIMX KOPHCTYBadiB HA Ja-
Huit Martd. ITicas mporHO3yBaHHS pe3yNbTaT 3aHOCHUTHCS B

AHTIB BUKOPHCTaHHS ONHCye (DYHKI[IOHATBbHE 3aCTOCYBAaHHS
IC KOnmexTHBHOTO MPOTHO3YBaHHS MaTdiB y Kibepcropri
(puc. 2) [1, 8-10].

KopucryBady mis mporHo3yBaHHS IIOTpiOHO MpPOHTH aB-

0a3y maHuX 1 00’ €THyEThCS 3 IHITMMH IIPOTHO3aMH Ha JTAHUH
mara (puc. 3a).

JUts oTpUMaHHS pe3ylbTaTy OOpaxyHKy IpPOTHO3Y KO-
puctyBad noBuHeH 3aBaHTaxuTH IC 3 BeO-caiiTy, BBeCTH
noTpibHiI maHi MPO KOMaHAH, Mic/IsS YOTO HMporpama BHIAE

TeHTH(iKanifo. Toxl BiH MOXe NEperITHYTH pe3ylIbTaTH I1o-

3abe3neumTn KopucTyBaua
iHd opmauieto npo

nonepeAHi NPorHo3u Ha

AaHUA MmaTy

3pincHUTK aBTeHTUdd ikauito
KopucTyBava

«BKNIO HaE» «BKNO YaE»

«BKN

3po6UTH NporHo3 Ha marty

Kopucryea4 «pPO3WNPIOE»

3anuTaTu cnucok

g cn Cxema poboTun cuctemu
ManbyTHix irop

KONEKTUBHOTO NPOTrHO3yBaHHA

KopucTyBayapesynbTatamu

«Bknovae»

«BKNKOYaeE»

3abe3neuntn

nonepepgHix irop

3aHecTn nporHo3 B B[l
to4yae»

HapaTtun pocTtyn
KopucTyBayy A0 nporpamu
iHTenekTyanbHoro
NPOrHO3yBaHHA

Pucynok 2 — Jliarpama BapianTiB Bukopucranus [C nmporHo3yBaHHs

MardiB y Kibepcrmopti

pa TypHipu
-ID -1D
-Hassa -Hassa
X . 1
-KinbKicTb KOMaH g, -Mpa
-Onuc agcunnninm 1 1.% -KinbKicTb KOMaH A,
3aBaHTaXuUTU nporpamy -Mpn30oBuit GoHA,
iHTenekTyansHoro * 0.*
NPOrHO3yBaHHsA BBecTu notpi6Ho paHi npo Komanau T
o6uasi komaHm [* [
-D Maryi Kopuctysauil
«BKNIOYAE » CBRAIONAE » -Hassa

-3irpaHo irop -1D 'ID_

OTpumatu «Bniovae -BiacoTok ne pemor -Tpa -Nick )

pesynbTar 36epertu _PelTUHr -[aTta matuy -e-mail

pesynbTat B310 tKomanpga 1 -Maponb
. . i 0.1 | |KomagHa 2 1 0{XinbkicT> nporHosis
kopueTyBat | Cxema pob0oTH iHTENeKTyabHOI Cmik A ; P )
-KKA, -MporHos -BiiICOTOK BipHWX NPOTHO3iB
CNCTEMU NPOrHO3yBaHHA 1

Pucynok 3 — Jliarpama IC:
a — BapiaHTIB BUKOPHCTAHHS; 0 — KIaciB
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pe3yIIsTaT, KMl MOKHA 30eperTH B TeKCTOBUH (haiin. [liarpa-
Ma kiaciB IC mporHosy pesynbraTiB MaTdiB HaBe[EHA Ha
puc. 36. [iarpama Ha puc. 4a nemonctpye npouec podoru IC
MOYMHAIOYH BiJl MIEPEBIPKH HASBHOCTI JOCTYITY J0 CAaMTy, e
pO3MillleHa CHCTEMa, 10 BHBOLY PE3Yy/IbTaTy KOPHCTYBadeBi.

— 3’enHanns 3 caifToM. KopHcTyBau IOBHHEH 3aiOTiHH-
THCh Ha CaliTi; SIKIO BiH IIe HE 3apeeCTPOBAHMIA, TO BiH IIO-
XOIUTH PEECTpAILIIO.

— Kopucryaa mae obparu omHy 3 3-X BKIAJOK — IPOTHO-
3yBaHHs MaHOyTHIX MaTdiB, IIEePeIVIA Pe3yIbTaTiB MUHYIHX
a00 3aBaHTaXUTH IPOTPaMy IPOTHO3YBAHHS.

— SIkmo KopHCTyBad 3aBAHTAXKHB IIPOrpaMy iHTENIEKTY-
QIBHOTO TIPOTHO3YBAaHHSA, TO HOMy MOTpiOHO BBECTH BXiTHI
naHi 000X KOMaHJI.

— SIkmo KopHCTyBad BHOpaB OAMH 3 IHIIUX BapiaHTIB, TO
BiH 00HMpae MUCIHUILIIHY, B paMKaX SKOi MPOXOIUTH MaTd, IO
HOro IiKaBUTb.

— IlorimM KopHCTyBad MOBHHEH 00OpaTH TypHIp, B paMKax
SKOTO TIPOXOAUTH MaTd.

— Slkmo xopucTyBad 00paB HPOTHO3, TO MicIs BHOOPY
HOTpiOHOrO HOMy MaTdy BiH MOXE 3pOOHTH CBiif IpOrHO3
Ha JAaHUH MaT4.

— B kiHIIeBOoMy pe3ylsTaTi KOPUCTYBad OTPUMY€E PE3YIIBIaT
MPOTHO3YBAaHHS CBOTO, KOIEKTHBHOTO a00 iHTENIEKTYaIbHOTO.

IC ckiramaeTbes 3 HACTYITHUX YacThH: koManau (puc. 46),
onutyBaHHs (puc. 4B), irpH, OporpaMa iHTEIEKTyalbHOrO
IPOTHO3YBaHHSA. Buj cTOpiHOK ONMMTYBaHHS BKITIOUA€E B ceOe
CTOpPIHKH, Ha SKHX BJIACHE MPOBOIHUTHCS MPOTHO3YBAHHS
pe3ynbTaTiB MaTdiB, I peatizarii Iboro KOMIIOHEHTY B CH-
cremi BHKopHcTOBYeThest Moayis Drupal Advanced Poll.

3€enHaTHCA 3CatTom
3anoriHuTMCh

3apeecTpyBaTUCH

BubpaTtn
NPOrHo3yBaHHA

BubpaTtu

Crpykrypa cyrHOCTI «ONHTYBaHHS» CKIATAa€ThCS 3 Ta-
kux noniB (puc. 4a): Poll name — BiacHe Ha3Ba CTOpiHKH 3
JIAHUM OIMTYBAHHSM; rpa — Irpa (AMCUMILTIHA) 3 SIKOI POBO-
JIUThCS JAHUHM MaTd; JaTa MPOBEICHHS MaTdy; OIHC — KO-
POTKHH OIMUC MAaTdy, TYpHIp B paMKaX KOTO IPOBOIHUTHCS
Mard, crajis; komaHna 1; komanaa 2. Bug cTopiHKH KOMaHIU
BKJIIOUA€ 3arabHy CTOPIHKY 3 IIEpEeTiKOM KOMaHJ, Ta Iepco-
HaJIbHY CTOPIHKY KOKHOI KOMAaHAM 3 JAeTalbHOI iH(opma-
miero mpo Hel. AnMiHicTpaTop MoXe B Oynb-fKHIf Yac Joma-
TH HOBY KOMaHJy, SIKIIIO B IbOMY € HOTpeda.

Ha puc. 5 momana miarpama xomnoneHTiB IC mporHosy-
BaHHS pe3yNbTaTiB irop y kidepcroprti. IC mparrroe 3 6a3or0
JaHux 3a gornomororo iHrepdeiicy «IDialog». IC Bukopuc-
toBye monyni, taki six User_Api, Advanced Poll,Viev
reference, CK_Editor. IC BukopucroBye tpu 6ibmiorexu: fann
(Fast Artificial Neural Network Library), fannj (nomarxosa
6i6miorka st poboru 3 fann), Ta Gibmioreky jna (Java Native
Acces).

Bun cTopiHOK «irpm» BkIodae B cebe 3 CTOpiHKH, Ha
SKUX 3HAXONATHCS BCI IPOTHO3M IO MHHYIHX 9H MaiOyTHIX
MaT4ax 3 TPbOX JUCLHIUIIH (irop), Ta KOPOTKHH ONHC JAHOI
rpu. Ha puc. 6a HaBeneHO mpHKIax OfHIET 3 TAKUX CTOPIHOK.
IC crBopena Ha ocHoBi IITHM i «HaBueHa» 3a JIOIIOMOTOIO
JTAHUX ITIPO TIOTEPeIHI MaTdi MK KOMaH#aMH. [ CTBOpeH-
Hst [ITHM 3aBanTtaxytots Tpu 6i6mioreku: libfan, fannj ta jna.
3 Tabnuii HaBYaHHS CTBOPEHOI B TPETHOMY PO3JiIi CTBO-
proeTbes Qaiin, sAxuit Oyne MaTH B codi Habip THX caMHX
«ypokiB» (puc 66). Tenep crBopumo IIHM, «HaBuuMO» ii,
Ta 36epexxemo B daiin (puc. 7). HIHM crinamaerhes i3 mrapis
(layer) neiiponis, B nepiuomy mapi y Hac 10 HelipoHiB: BuT-
paso 3 10 ocTaHHIX MaT4iB IepIIoi KOMaHIY; BUTPALTHHUI

3aBaHTaXutn
nporpamy
NPOrHo3y BaHHA

ICTOpItO MaTy iB

BubpaTtn

AUCUMNNiHY BubpaTtu

AUCUMNAiHY

BubpatuTypHip BeecTuBXia Hi AaHi

BubpatuTypHip

Bubpatu maTy

34,iicHUTH
NPOrHo3yBaHHA

OTpumaTupesynbTaT
MpPOrHO3y Ba HHA

Onurysanus Komanzna
Poll name Hassa
pa Jlorotun

1

w III

Jlata npoBeJeHHI Maryy | Onnc(icTopis)

YyacHuKH

Onwc
Kpaina

Komarna 1 Be06-caiit

Komamnna 2

Pucynok 4 — Crpykrypa cytHocri IC:
a — jiarpama AisutbHOCTI; 6 — cTpyKTypa cyTHOCTI «OnuTyBaHHs»; Ta B — «KomaHmza»
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Viev_reference

Advanced Poll
AsTenTHdinauia r
~ -~
User_Api ~ N _ -~
~ ~
/
— ~ ’
- ~ - - CK_Editor
~— - ‘ A _ —
. -
- -
- -
-
- -
| Cucrema NporHosysaHHA e
l q— — __
————
| [ = =
IDialog [ Cucrema iTenekTyansHoro
NPOrHO3YBaHHA
| Ba3a paHmx
Pucynok 5 — JliarpamMa KOMIIOHEHTIB
HOME  GAMES  MYPROFLE  TEAMS
Dota 2
Bua el oy 1 M
Dota 2, Defence of the Andients P ka Pa B XaHPI CTPATENIT B peansHomy vaci. Komaxaxa rpa, Aka
BHDIIHAETHEA THM, WO — Fepoem.
Na'Vii vs Rox Kis
fata maryy. YETBED, HYepeetn 13, 2014 - 16.00 rpa:
[Ty
|
T5% (6 ronocis)
ROLKE
e
5% (2 ronoca)
Total voles: &
Thaak you for vating.
CracysaTh Ball ronoc
LGD vs DK
Aarta marvy: YeTeep, Yepoens 26, 2014 - 0500 Fpa:
[ 4
Ti% (Sronocis)
LGD
L]
2% (2 ronoca)
Total voles: 7
Thesk you for voting.
a 0

Pucynok 6 — Jlani 1y1st HAaBUAHHS:
a — CTOpIHKa I'PH 3 MPOrHO3aMH Ha Mat4i; 6 — HaOip «ypokis» ms [ITHM

CTpiK mepumioi KOMaHJW; PEUTHHT Nepumoi KOMaHIH;
cTabUIBHICTh ckiamy nepioi koManau; KK mepiioi komaH-
1 (Ha PUKIIAIl AaTaKyroworo ynapy); Burpano 3 10 ocranHix
MaTyiB JIpyroi KOMaH/H; BUTPAIIHUI CTPIK APYyroi KOMaHIH;
pEUTHHT Jpyroi KOMaH/aW; CTaOUIBHICTB JAPYrol Mmepiioi Ko-
mangy; KKJI npyroi komanam.

100

B ocranHbOMy I1api MaeMo JiBa HEHpPOHH, sIKi BiANOBiIa-
fOTh TIepIiii Ta apyri komanmi. O6 ekt kimacy fann — e i €
Mepexka, SKa CTBOPIOEThCS Ha OCHOBI paHillle CTBOPEHHX
mrapiB. O6’exT Kitacy trainer iHKarncyaroe alropuT™MA HaBYaH-
Hs [ITHM niepenaHoi mpu CTBOPEHHI TpeHepa, Micis HaBYaH-
Hs 30epiraetbes y ¢aiin. Tlepuum eramom peanizanii mpo-
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exty € npoekryBanHs 6a3u manux (BM). Bei cyrHocti GynyTs
nonani tabmumsiMu B 6a3i maHuX. [Ipu3HaueHHs BiTHOLICHB
0a3u JaHuX:

— I'pa — Irpu (aucummiizg) 3 SIKUMHU OPALOE CUCTEMA.

— Arpubytu : _id, Ha3sa, Kinbkicts_Komann, Omnc;

— Marui — Bci MuHYI 1 MaiiOyTHI MaT4i 3aHECEH] B CHC-
TeMmy.

— Arpubyru:_id, Poll_Name, ID_I'pu, [dara,Komanmga -
1,Komanna_2,ITporHos;

— Komanmn — indopmanis Ipo KOHKPETHY KOMAaHIY.

— Atpubyru:_id, Ha3ga, 3irpaHo_irop, BiHpeiiT, peiiTiHr,

CTpIK, KKII,;
— KopucryBadi — iH(oOpMAamis Ipo KOPUCTyBadiB.
— Arpubyru:_id, Hikueiim, e-mail, TIlapous,

KinpkicTh_mporHosis, BificOTOK_BipHWX_NpPOTHO3iB;

— Typuipu:_id, Ha3ea, I'pa, KinbkicTs_KoMaH1, IPH30BI.

Cucrema posmisHae 3 BUIM KOPHCTYBadiB: He3apeecTpo-
BaHUI KOPHCTYBad, 3apeeCTPOBAHMN KOPHCTyBad Ta aaMiHi-
ctpaTtop. HesapeecTpoBaHmi KOpUCTyBad BIIBHO HEpecy-
BAETHCS CAWTOM, TIPOTE BiH He Oepe yJ4acTi B IIPOrHO3YBaHHI,
JIHIIe TIePerIafae pe3ynbTaTh. 3apeecTpOBaHHUI KOPUCTYBad
TaKOX BITBHO IIEPECYBA€THCSA CaToM, meperisnae iHdop-
Mallifo PO KOMaH/IH, iX IOIepeHi Ta MaiOyTHI MaTdi, pHii-
Ma€ y4acThb y IIPOTHO3YBaHHI MATUiB Ta Ma€ JTOCTYII O IPO-
THO3YBaHHS. AJIMiHICTPaTOp Mae BCi ITpaBa JAOCTYITy Ha CalTi,
fioro 3ajjaya OHOBIIOBATH JAHI PO KOMAaHIHM Ta JOIAaBaTH
HOBI MaTdi I IPOTHO3YBaHHS. IHTepdelic cucrtemu € rpa-
¢iuamid. Ha koxHIH 31 CTOPIHOK KOPHCTYBad B BEPXHBOMY
MmeHI0 Mae 4 xHonku: HOME — mepexin Ha ronoBHy CTO-
piaky; GAMES — mepexin Ha cTOpiHKY 31 BCiMa MaT4aMH
He3zanexHo Bin aucuumtiag; MY PROFILE — nepexin Ha cTo-
piHKy mpodimto xopuctyBada; TEAMS — mepexin Ha cro-

piHKy crmcKy koMaHJ. Ha romoBHIN cTOpiHII KOpHCTyBady
JIOCTYITHE iHTePAaKTUBHE MEHIO 3 TPhOX CIaH/IiB: KOXKEH ClIaiy
BIATIOBila€ 3a OJHY AWCIUILTIHY, BOHU IEPErOPTAIOTHCS aB-
TOMaTUYHO KOXHI 4 CeKyHIH, Ta KOPHUCTyBad IpH Oa)xaHHI
MOJKe MepedTH Ha MOTPIOHMHA Caify 32 JOMOMOTOI KHOIKH
BHHU3Y. Ha koxHOMY 31 cnaiifiB € IOCHIaHHS Ha CTOPiHKY
KOXKHOI 3 AMCUUILTIH (irop), e po3MillleHO CIIMCOK BCiX MaT4iB
3 maHoi mucumuiinu. Ha cropinmi rpm xopucryBad 6aduTh
CITUCOK BCIX MAaTdiB, i pe3ylbTaTiB 1X IMPOTHO3YBAaHHS, B pasi
SKIO KOPUCTyBa4 HE CIIPOTHO3YBAB PE3YyIBTAaT Mardy, HoMy
HPOIMOHYETHCS CIPOrHO3yBaTH Horo (puc. 6a).

BHH3y KOXXHOI CTOPIHKH HPHUCYTHI TPH (OPMH, B SKUX
KOPHCTYBa4 MO)KE JI3HATHCH IIPO OCTAHHI JOAaHI Ha caifT
Mardi, peHTHHT KOMaH[ Ta MepeiTH Ha BUIIQJKOBHI MaTd i
HEepeTIsSHyTH pe3ynbraT HOro IPOTHO3YBaHHS, a00 CIpOr-
HO3yBaTH #Oro, sIKIIO 1ie He 3pobuB (puc. 8a).

Cropinka Games MiCTUTBh OCTaHHI JJOJJaHi MaT4i HE3aJIeKHO
Bin qucimrutiny (puc. 86), KopHcTyBad MOXKe MEepelTH 3 i€l
CTOPIHKM Ha CTOpiHKY Mardy (puc. 6a), sikuil #oro HikaBUTH i
HPOroJIOCYBaTH, YH HMOAUBHTHCEH PE3YIETATH TOIOCYBAHHS.

5 PE3YJIbTATH

IC nporHo3yBanHsi pe3ynsraTiB MardiB (puc. 9) mae no-
CHTH IPOCTHH iHTep(eHC: KOPHCTyBadeBi JOCTaTHHO BBECTH
JaHi 000X KOMAaHJ i HATHCHYTH KHOIIKY, IICJISl 4OTO Mporpa-
Ma TOKa3ye, fka KOMaHIa Ha i JyMKy mepemoxe. Ilepe-
Bipka MOKa3aJia o IporpamMa rnepenoatae mpaBHIEHO OMU3b-
ko 70% wmatuis (13 i3 19). BXimaumu TaHUMH € TOIOCH, SIKi
KOPHCTYBad BiJ/la€ IEBHIM KOMaH/[aM 10 KOXKHOMY 3 MaTdiB,;
JTaHI KOMaHJ| CYNIepHUKIB. Pe3ymsraTamm poboTH cucteMH €:
IIaHC TIePEeMOTH KOKHOI 3 KOMaHJ, 10 JaHOMY Mardy oOpa-
XOBaHUI KOJJICKTHBHO; IIEPEMOXKEIb 3yCTpidi BU3HAYCHHH
IHTENIEKTYaIbHOIO CKJIAJOBOIO CHCTEMH.

public static void main(String[] args){

List<Layer> layerList = new ArrayList<Layer>();

Fann fann = new Fann(layerList);

Trainer trainer = new Trainer(fann);

fann.save(ann'); }

layerList.add(Layer.create(10, ActivationFunction.FANN_SIGMOID_SYMMETRIC, 0.01fF));
layerList.add(Layer.create(13, ActivationFunction.FANN_SIGMOID_SYMMETRIC, 0.01f));
layerList.add(Layer .create(2, ActivationFunction.FANN_SIGMOID_SYMMETRIC, 0.01F));

trainer.setTrainingAlgorithm(TrainingAlgorithm.FANN_TRAIN_RPROP);

trainer.train(new File('lesson.data').getAbsolutePath(), 100000, 100, 0.0001f);

Pucynok 7 — CtBopenns Ta Hapuanus [LHIHM

Pucynok 8 — ®opwma:
a — BHH3Y KOKHOI 31 CTOpPIHOK; O — CTOPIHKHM BCiX Mar4iB
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Hanpuknan, KopucTyBad, sIKHH Xo4de CIPOrHO3yBaTH MaTd
3 mucuuintinn Dota 2, mepexoanTh Ha CTOPIHKY IPOTHO3Y-
BanHs (puc. 10a). INepebyBaroun Ha IaHiii CTOPiHII KOpHC-
TyBad POOHTH CBOI NIPOTHO3M BiTHOCHO MaiOyTHIX MAardiB,
TaKOX BiH MOXe MepelTH Ha IepCOHaIbHY CTOPIHKY KOX-
Horo 3 Mard4iB (puc. 106). Ilix KHOMKOK MPOronoCcyBaTH Ko-
pHUCTyBad MOXKe MOOAYUTH KOPOTKHH OMHUC Mardy, TOOTO
TYpHIp B paMKaxX SKOTO ITPOBOMUTHCS TAHMIT MaTd, Ta CTajis
TypHipy. Bursin cropinku micnst ronocysaunst (puc 10B).

SIkmo kopHcTyBad Oaxxa€ OTPUMATH MPOTHO3 32 JOTIO-
MOTOI0 TIPOTPaMH 1HTEJIEKTYalIbHOTO IIPOTHO3YBaHHSA, BiH
TOBHHEH 3aBaHTAXXHUTH IIPOrPaMy 3 TOJIOBHOI CTOPIHKH caii-
Ty, 3aIlyCTUTH TPOrpaMy i BBeCTH JaHi 06ox xoman. ITicis
BBOJY KOPHCTYBad HATHCKae KHONKy «IlopaxyBaru» i oTpH-
MyE pe3ylIBTaT sika ) KOMaH/a MOBHHHA repeMorty (puc. 9).
CrBopera IC Ha OCHOBI OTpHMaHHX JaHUX BHPIIIye, SKa 3
KOMaHJ epeMoke y Mardi. [l mporo Buxopucrano [IIHM
(ta6u. 1). IC Bimomi Taki JaHi: KiTBKIiCTh IIEPEMOT 3 OCTAHHIX
10 mar4iB; KiJBKICTh mepeMor 0e3rmocepeHbO Mepe MaT-
gyem (CcTpik); pedTuHr koMaHau (YHiKanIbHHI); CTAOUIBHICTH
CKJIaJy KOMaHJH; CepelHili MOKa3HMK Mporpamis. B cTBO-
peniit IITHM e tpu mapn. [Nepmuii map ckmamaerses i3 10
HEHpOHIB — perenTopis, abo HeHPoHIB BXiMHKUX HaHHX. [py-
THif map HeWpoHiB € BHYTpimmHiH. Tpetii map HelpoHIB €
BUXIHUIA, B HBOMY € Juie 2 Heiiponu (puc. 30).

6 O'OBOPEHHS

3maraHHs 3 KiOepCcIopTy, y TOMy YHCHi 1 Mi>KHapoOHi,
HPOBOJATECS O BChOMY CBiTi. Half3Ha9HIIINM 3 HUX € TypHIp
orld Cyber Games, opranizoBaHmii MOMIOHO 0 OIMITIHCEKHX
irop. IcHye 6arato OyKMeKepChKHX PecypciB 3 IPOTHO3Y-
BaHHSAM pE3yNbTaTiB MaT4iB, aje BOHHU BCi OpPi€HTOBaHI Ha
OpHHOM TPOIIOBHX CTaBOK, iXHI MPOTHO3HM 0a3ylOThCA Ha

aymui okpemux OykmekepiB [1]. Inye Gararo mopraiiB s
HepersIIy MOmii 31 CBITy KiOepCIopTy, MOXIMBOCTSIMH TIPO-
BEJICHHS CTaBOK Ta ITyONiKyBaHHS IIPOTHO3IB Ha Kibepcmopt
BiJl €KCIICTIB, HATIPUKIIA]:

1. http://cyber.sports.ru/;

2. https://r3.cybbet.com/;

3 http://bookmakerclub.com/
articles_stavki_na_kibersport;

4. https://bookmaker-ratings.com.ua/tip/sport-types/
tip-prognozy-na-kiber-sport/.

Are He iCHye SIK 3aTaJIbHOTO aITOPUTMY IPOBEICHHS
e(eKTUBHUX MPOTHO3IB B KiOEPCIIOPTi aBTOMATHYHO. 3a3BHU-
9aif IPOTrHO3M POOIATH MEeBHE Koo (axiBUiB miel cdepn.
Kpim Toro, He iCHye 3araiabHOI apXiTEKTypH JUIS CHCTEM IIpO-
THO3YBaHHS MaTdiB y KibepcroTi. ABTopaMH po3poOIeHO
Ta OIICAHO B POOOTI 3arabHy apXiTeKTypy JUIS CHCTEM IIpo-
THO3YBaHHS MaT4iB y KiOepcroTi, B AKilf peani3oBaHO Po3-
poOIeHu aBTOpaMH alTOPUTMY NPOBEACHHS e()eKTHBHUX
IPOTHO3IB MAaTUiB.

CopoexroBana IC crpssMoBaHa Ha 3aJ0BOJICHHS IOTPeO
(baHaTiB KiOEpCIOPTUBHUX irOp JUIS BiICTIKOBYBaHHS MAaTHiB.
KiGepcropT po3BHBaeThCS MyXke akTHBHO. Lle BHKIIMKae Be-
JUKA TONHT Ha KiOepCIOpTHBHUN KOHTEHT. I[IporHosyBaH-
HS PE3yNBTATIB iTOp € HeBiJ €MHOI0 YaCTHHOIO ITbOTO KOH-
TeHTy. Jlana IC opieHTOBaHA B HA MEPECIYHIUX IpaBLiB i (aHiB
kibepcmopty. ITonibrux IC maitxke Hemae. OmHa 3 HHUX
egamingbets.com e moxi6HO0 Ha po3pobdiroBany IC, are
BOHA OPI€HTOBaHA HE Ha IPOTHO3YBAHHS PE3YIBIATIB Kibep-
COPTHBHHX MAaTdiB, a Ha BUKOHAHHS CTaBOK HA ITEPEMOXKIIIB
X irop. MiHycOM JaHOI CHCTEMH € TaKOK HENpPaKTHIHUH
iHTepdelic, Akl BaXKKO 3pO3yMiTH HOBOMY KOPHCTYBady,
TaKOX BiICyTHE COPTYBaHHS irop IO JaTi, IO € JyXe 3pyd-

B. =10 Crpik PeimiHr Crnag kE
Kamaraal g 3 |E554 3 (53
Kamaaa 2 |5 |5 |E544 2 (53
MNeperose komanna M2 2
Pucynox 9 — BikHO mporHo3yBaHHs
Tabmuust 1 — Ypok 11t HeHpOHHOI Mepexi
Komanpa 1 Komanpa 2 [Tepemoxerp
B.310 | Crpik | Peiitunr | Cxuan | KKI | B.310 | Crpik | Peiituar | Cxuang | KKI

6 3 6554 3 68 5 5 6544 2 66 2
4 0 6234 1 63 6 3 6444 3 74 2
8 3 6592 2 87 7 6 6531 2 58 1
7 6 6587 3 68 6 4 6594 3 63 2
5 0 6498 2 74 6 2 6475 1 74 1
10 10 6612 3 59 6 4 6597 3 55 1
8 7 6537 2 66 6 6 6530 3 86 2
6 4 6498 1 71 5 5 6430 3 90 2
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Pucynok 10 — Cropinka:
a — MaT4iB; 6 — IPOrHO3YBaHHS,; B — PE3YNBTATIB IIPOTHO3YBAHHS 3 TPU
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HOK (PYHKIIi€r0. 3HAYHOI MEPEBAror IaHOl CHCTEMH Ta-
KOX € Te, II0 BOHAa OpPi€HTOBaHa Ha POOOTY HE 3 OJHIEIO
rporo a jaekinpkoma Takumu sk Dota2; World of Tanks;
Counter-Strike:GO. Crincox momynie CMS Drupal, siki Buko-
PHCTOBYBAIKCH TIPH PO3POOII CHCTEMH.

BUCHOBKUA

B crarTi BupimeHO 3aBOaHHS PO3POOJIEHHS 3aralibHOl
apXITEKTYpH CHCTEMH KOJIEKTUBHOTO IIPOTHO3YBaHHS PE3YITh-
TaTiB irop y xibep-cropTi 3 BUKOPHCTAaHHSM Cy4acHOI TEXHO-
Jorii HeifporporaosyBanHs. [1ig 4ac HOCTiTKEHHS CIIPOEK-
TOBaHO, PO3POOIEHO Ta anpoOyBaHO (DYHKITIOHYBAHHS TaKOi
CHCTEMH.

HaykoBa HOBH3HA IOJNISATaEe y peani3amii METOXy KOJEK-
THUBHOTO IIPOTHO3YBaHHS PE3YIBTATIB irop y Kibep-crmopti
Ha OCHOBI PO3POOJICHOTO alNrOPUTMY PO3PaXyHKY IPOTHO3IB
Ta HapuaHHA [[THM. Peanizamis Takoro Meromy HiATpUMYye
HE3aJIeKHHI BT IIOJCHKOTO (haKTOPy MPOIEC IPOTHO3YyBAHHS
MaTdiB B Kibep-CIIopTi.

INpaxTryHa WiHHICTE po3pobneHoi IC momsrae y 3HaUHO-
My CIIPOIIEHHI MOIIyKy MPOrHO3iB Ha Ki0bep-CHOTpPHUBHI
Mardi Ta Ja€ MOXKJIUBICTh KOKHOMY 0a)karouoMy HPHITHATH
y4JacTh y ImporHo3yBaHHI MatdiB. CHcTeMa He € YHiKallb-
HOIO, TIPOTE BOHA MOXKE JATH HOBHIA ITOMITOBX JIO BUPIIICHHS
IpoOIeMH NPOTHO3YBaHHS PE3YNBTATIB He JIMIIe y Kibep-
CIIopTi, a 1 y croprti B3arani. Takox mepeBaroro JaHOi CHCTe-
MH € Te, II0 BOHA OE3KONITOBHA, B TOHM dac, K 3a OyKkMe-
KepChKi NPOTHO3H 3a3BMUail Tpeba IIaTHTH.

INepcriekTHBH MOANBIINX JOCHIIKEHb MOJATae y BIOC-
KOHAJICHH] aJITOPUTMy NIPOTHO3YBAHHSA KiOep-MaTdiB Ta Me-
Toxy HaBUaHHS po3podrenoi [IIHM Ha ocHOBI 3i0paHuX cTa-
THCTUYHHX JaHMX (yHKIioHyBaHHS i€l IC.

MOISIKA

VY crarTi po3B’si3aHa HAYKOBO-IIPAKTHUYHA 3aj1a4a MPOTHO-
3yBaHHS MaT4iB y Kibepcrori. PoOoTy BUKOHAHO B pamkax
CIIJIbHUX HAYKOBUX JIOCIIIKECHb Kadenpu iHpopMaliitHux
cucreM Ta Mepexx HamionanbpHoro yHiBepcutety «JIbBiBChbKa
noJTiTexHika» Ha TeMy «JlocnmimpkeHHs, po3po0ieHHs 1 BIpo-
BaJKCHHS IHTEJIEKTYaJIbHUX PO3MOAUICHUX THPOpMALiHHIX
TEXHOJIOTIH Ta CHCTEM Ha OCHOBI pecypciB 0a3 JaHHX, CXO-
BUII[ JAHUX, IIPOCTOPIiB JaHHUX Ta 3HAHb 3 METOI) MPUCKOPEH-

HS TpoleciB (opMyBaHHS Cy4acHOTO iHpopMamiifHOTro
CYCHLJIbCTBa», & TaKOXX BilCHKOBO-IUILIOMAaTHYHOI akajgemil
imeHi €prena bepesnska. HaykoBi nocimigkeHHS MpOBaIu-
JIUCS TAaKOK B paMKax iHIMIaTHBHOI TEMATHUKH JOCIiIKEHb
kadenpu ICM HamionansHoro yHiBepcureTy «JIbBiBChKa
MONITEXHIKa» Ha TeMy «P03pOOJIEeHHS 1HTENEKTyallbHUX PO3-
MO/IEHHX CHCTEM Ha OCHOBI OHTOJIOTIYHOTO IMIJXOIY 3 Me-
TOIO iHTerpamnii iHpopManiifHUX pecypciB».
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OCOBEHHOCTH IPOTHO3UPOBAHUSI PE3YJIBTATOB MATYEWN B KUBEPCIIOPTE

AkTyanbHOCTb. Ceifuac akTyanbHBI pa3paOOTKH CHCTEM NPOTHO3MPOBAHMA MaTyel B KHOEPCIIOTE, YTO CBSA3aHO C AKTUBHBIM Pa3BUTHEM
knbepcrnopTa. B 3T0i cTaThe peann3oBaHO BO3MOXHOCTH ITPOTHO3MPOBATh MaT4YH ITOJIb30BaTENCH.

Heas. Llensio BeIMONHEHUST pabOTHI SIBISIETCS TPOSKTHPOBAHUE MOJIEIN CHCTEMbI KOJUIEKTUBHOTO NPOTHO3UPOBAHHS PE3YIBTATOB UIP B
Knbep-cropTe ¢ UCIOIb30BaHUEM COBPEMEHHOM TEXHOJIOTHH HEHPONpPOrHO3MPOBaHUS. 3afadeil ABsAeTca pa3paboTka CHCTEMBI IJIsI COBMECT-
HOTO II0JIb30BaTEeNIbCKOTO MPOTHO3MPOBAHHS PE3YIbTaTOB KHOEPCIOPTHBHBIX MaT4eil M CaMOCTOATENbHON paboTsl MHGOPMAIMK U BBIJAYU
coOCTBEHHOTO MporuHo3a. K 0CHOBHBIM 3aJjadyaM OTHOCSTCS CIEAYIONIME. ydeT M aHaJU3 BCEX IPONUIBIX M OyIyIIMX UTp; y4eT U aHalu3
XapaKTePUCTUK / Pe3ylnbTaToB BCEX KOMAH/; MPEIOCTABICHHE BO3MOKHOCTH IMOJB30BATEIIO MEPCOHANBHO IeNaTh MPOTHO3 Ha KaX/IBIi Matd;
OIIpE/IENICHNE MIIAHCA HA BBIMTPBIII KOMAH/Ibl HA OCHOBE JAHHBIX 3a MPEABIIYIINE MaTqH.

Mertona. IIpobnema pemeHa METOJOM OMpoca IKCIEPTOB ITyTeM MPOBEACHHS aHATUTUYECKHX 3aIHCOK M C ITOMOIIBI0 MCKYCCTBEHHOH
HEeWpOHHOW ceTH. B co3manHOl HeiipoceT ecth TpH cios. [lepBsiit cioit coctont 3 10 HEWpPOHOB-PELEITOPOB, WK HEHPOHOB BXOHBIX
JaHHBIX. BTOpO# cIloii HEHPOHOB sBISICTCS BHYTPEHHUM. TpeTuil ciioil HEHPOHOB SIBJISIETCS BBIXOJHBIM, B HEM €CTh 2 HEHpOHBI. BxomHoii
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HH(pOpMaIUeH JUIs alropuTMa SBJISETCS KOJIMYECTBO BBIUTPAHHBIX MaTdel u3 nocnenHux 10; Koan4ecTBO BEIMTPAHHBIX MaTdeH mepe]] JaHHO!
BeTpeyeil (BUHCTPHK), pelTHHT KOMaH/Ibl; CTaOMIBHOCTD COCTaBa (BpeMst HSW3MEHHOCTH COCTaBa KOMaH/Ibl), CPSAHUIA OKa3aTel b IPOUTPHIIIeH
naHHoW koMaHabl. OTBeroM sBisiercs 1w 2 (mobena KOHKPETHOM KOMaH/IbI).

PesyabTaThl. 11 1OCTHXKEHUS pe3yibTaTa NPOBEACH aHAJIN3 COOTBETCTBYIOLICH JIMTEPATyphl ¢ HH(pOpManueil 00 OCHOBHBIX BHIAX
KOJUIEKTUBHOTO NPOTHO3UpOBaHus. Pa3paboraHo nepeBo 1ienu, U MpoBeJICH CUCTEMaTHYECKHI aHaIN3 IpegMeTHOH obnacth. [IpuMeneH Metox
HHTEPBBIO ¢ aKcriepTamu. MHTepHeT-pecypcesl peannzoBanbl CMS Drupal. Ilpoanani3upoBaHbl OCHOBHBIE METOII KOJUIEKTHBHOTO IPOrHO3HPO-
BaHusL. [IpoBeieHHBIN CHCTEMAaTHYECKHH aHAIIN3 00BEKTa HCCICAO0BaHNUS U IPEIMETA, IIENeH, IOCTPOESHHBIX IePEBhEB, OIPEIeICHb! IPOOIEMBI U
nocrpoeHo UML-auarpammet. I[Ipoananu3npoBaHo NpUMeHEHHE METO/Ia HHTEPBBIO ¢ akcrepramu. PeanusoBano caiit ¢ CMS Drupal u si3bika
nporpammupoBanus PHP.

BeiBoabl. Ha ocHOBe pa3paboTaHHOrO aJropuTMa pacyera MpOrHO30B U 00yYCHUE HEHPOCETH PeaM30BaHO HE3aBHCUMBIN OT YelloBeyec-
Koro (hakTopa Iporecc MPOrHO3MPOBaHMS Mardel B kubep-criopre. Hamuume Takoi cHCTEMBI 3HAUYUTENBHO YIIPOCTUT IOWCK NPOTHO30B Ha
KHOep-CIOPTUBHBIE MaTYH U JACT BO3MOXXHOCTh KaXKIOMY JKEJIAIOIEeMy IIPHUHSATh y4acTHe B X IPOrHo3upoBaHny. CHCTeMa JaeT HOBBIH TOTYO0K
K PELICHUIO MPO0JIeMBI TPOTHO3NPOBAHUS PE3YJIBTATOB HE TOJBKO B KMOEP-CIIOPTE, a U B CIOPTE BOOOIIIE.

KuatoueBble cioBa: xubepcriopT, HHPOpPMAIMOHHAsT CHCTEMA.
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MATCHES PROGNOSTICATION FEATURES AND PERSPECTIVES IN CYBERSPORT

Context. The forecasting system fixing in cybersport is relevant at this point, it is connected to an active development cybersport. In this
paper the ability to predict matches users is implemented.

Objective. The purpose of this work is the system model design of collective predicting outcomes of games results in cyber sport using
modern technology of the neuro forecasting. The task is a system development for common user forecasting results of matches cybersport and
independent information processing and issuing its own forecast. The main tasks include: all past and future games accounting and analysis; all
teams performance / results accounting and analysis; user capabilities to make personal prediction for every match; determining the team
winning odds based on previous matches.

Method. The problem by the survey of experts by means of analytical reports and using artificial neural network is solved. ANN is
established in three layers. The first layer consists of 10 neurons-receptors, neurons of inputs data. The second layer of neurons is inside. The
third layer is the source of neurons, it is only 2 neurons. The input data for the algorithm is the number of matches won the last 10; the number
of won games before this meeting; team rating; stability of (time invariance of the team); the average of the losing team. The answer is 1
or 2 (the victory of a particular team).

Results. To achieve the cops of the relevant literature with information about the main types of collective prediction is reviewed. A tree
objectives, and conducted a systematic analysis of the future system is developed. In this paper the method of interviews with experts and
implemented it in their system is altered. Online resources implemented with CMS Drupal. The basic methods of collective prediction are
described. A systematic analysis of the research object and subject is developed; objectives tree is developed and the problem and constructed
UML-diagrams are studied. The method of interviews with experts and the use of this method in the paper are described. The implementation
of a web site with CMS Drupal and programming language PHP is showed.

Conclusions. Based on the algorithm calculation example and training artificial neural network independent of the human factor in the
process of predicting matches cyber sport is implemented. The presence of such system greatly simplifies the search for example cyber sports
matches and give everyone the opportunity to take part in predicting matches. This system can give new impetus to the problem of predicting
results not only in cyber-sport and sport in general.

Keywords: cybersport, prediction, information system.
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Cmapuwuli suknaday kaghedpu Komm'tomepHoI iHxeHepii Kumomupcbko2o 0epxagHO20 MexHOI02iYHO20 yHigepcumemy,
XKumomup, YkpaiHa

PO3MNAPANENIOBAHHA MOOU®IKOBAHOIO METOAY MNJIOK TA MEX
AnAa PO3B’A3AHHA 3A0AYI NMPO NMAPOCMNOJNTYYEHHA
31 SHUKAKOYHUMU OYTAMU

AKTyaJabHicTh. PO3nsiHyTO 3a7a4y CKilalaHHsI pO3KiIaly MPOXOPKEHHS MPOIEAyp MallieHTaMU CAaHATOpilo, sSiKa 3BEJICHA 10 PO3LIMPEHOT
3a/1a4i MOMIYKY MaKCUMaJbHOIO MapoCIONy4YeHHsS B IBOAOJIbHOMY Tpadi. [ mocraBieHoi 3ajadi Npo MapoCHOdy4eHHs 31 3HUKAIOUHM
JyraMu O0yno po3po0JieHO oNTHMalbHUI anroputm ii pimieHHs Ha 0a3i METOAy TLIOK 1 MeX. AJTOPUTM BPaxoBYe OOMEXEHHS CYyMiCHOCTI
npouenyp. IIpoBeneHo po3paxyHKOBHI €KCIIEPUMEHT B OCHOBI SIKOT'O JISKUTH JJOKa3 JOLUIBHOCTI PO3IIapaIeIiOBaHH OIITUMAIBHOTO aJITOPUTMY
PO3B’sA3aHHS 3a1a4i CKJIaJIaHHs PO3KIATy NPUHOMY JIKYBaJbHUX IIPOLEYp HallieHTaMH I IPUKIaJHOTO BUKOPHUCTAHHS HOTO B CAHATOPHUX
3aKajgax YKpaiHu.

MeTa po6oTu. J[oBecTH JOLIIBHICT PO3NIapajIeIOBAHHS ONITUMAIIBHOTO &ITOPUTMY PO3B’SI3aHHS 3a/1a4i CKIIaIaHHs PO3KJIa Ly POXOKSHHS
MpOLeayp Mali€eHTaMU CaHATOPII.

Metoa. ChopmyapoBaHa MaTeMaTH4Ha MOJIENb 3a1a4i PO HapOCTIONyYeHHs 31 3HUKa0YuM ayramu. O6pani 004HCIoBabHI m1aThopmu
pi3HOi KOH(Iryparlii, 10 MarOTh Pi3Hi 00UMCITFOBANIBHI MOTYXXHOCTI: Pi3HY KUTBKICTH siiep Mpolecopa, pisHuit oocsr mam’sti, i T.0. Hamucano
aBTOPChKE MporpaMHe 3a0e3nedeHHs Uil MPOBEACHHS eKcriepuMeHTy. [IporpaMa ckiama€eTbes 3 IBOX MOAYIIB. CEPBEPHUIl MOIYINb, KU
KOHTPOJIIOE MPOLIEC BUKOHAHHS PO3PaxXyHKIB 1 KIIEHTCHKUII MOAYIb, KU BHKOHYeThbcsl Ha BinmokpemieHux [TEOM 3 meroro oGuuciIeHHs
napaeiabHHUX onepaitiid. [IpoBejeHo 00YHCITIOBaNbHUN EKCIIEPUMEHT 10 pacrapauieIMBaHHIO ONTHMAIBHOTO aJTOPUTMY PO3B’sI3aHHS 3a/1a4i
PO MapOCIOIy4YeHHs 31 3HMKalo4uM ayramMu. ExkcriepuMeHT mpoBoauBest Ha 6a3i canartopito «/leHummi». OOUMCITIOBANbHUI EKCIIEPUMEHT
MPOBE/ICHH Ha cepii BUMIaAKOBUX YMOB 3a/1a4i, 1110 TeHepYIOThCs Tporpamoro. [IpoBeieHo aHali3 OTpUMaHUX Pe3yIbTaTiB [MUISIXOM ITOPIBHSHHS
qacy pillleHHs 3a/1a4i Mpo MapOoCHOydeHHs 31 3HUKAIOUUM JAyraMi ONTHMAJIbHUM aJrOPUTMOM Ha Pi3HUX OOUYHCITIOBAIBHUX IIATHOPMAX.

PesyabraT. MonudikoBaHMil METO TIIOK Ta MEX ITOKa3y€e CTAOLIBHICTh 3MEHIICHHS 4acy CKJIaJaHHs PO3KIIALy [IPOXOUKEHHS IPOLEAYP
1pu 30LTBbIICHHI 00YHNCITIOBATIBHHUX MOTYXHOCTEH.

BucHoBku. [Iporno3oBaHuil HaiiMEHILIHH Yac CKJIaJaHHsI PO3KJIa 1y, OTPMMAHO Ha 00YHCIIOBAIIbHIMN M1aTOPMi 3 MAKCUMAJIbHOIO KUTBKICTIO
3anisaux [IEOM. [IporHo3oBaHuii yac cknafgaHHs Po3KJIaay IPU BUKOPUCTAHHI alrOPUTMY pO3NapaiesitoBaHHs Moau(ikanii MeTOIy TiJoK i
MEX MPSIMO MPOTMOPLIHHO 3aJI€KUTh Bill KUIBKOCTI BEPLIMH ABOAOIbHOTO Tpada (110 JOpiBHIOE CyMi KUILKOCTI MPOLEAYP i KUIBKOCTI MAI[i€HTIB),
KUIBKOCTI MPU3HAYCHUX MPOLEIYDP 1 0OMEKEHb.

KuiouoBi ci10Ba: mapocnonydeHHs, IBOJONBHUI rpad), METOJ TUIOK 1 MEX, METOJ] IIOBHOTO Tepedopy, po3napaietoBaHHs.

HOMEHKIJIATYPA ICS_ DENISH — nporpama aBTroMaTH30BaHOrO (Hhopmy-
BaHHS PO3KJIa/ly MPUHAOMY MPOLEAYp MallieHTaMH CaHATOPIIO;
t,,"" — mporHo3zoBanuii yac GpopmyBaHHSI PO3KIALY,

3II — 3amaya npo NMpPHU3HAYECHHS 3 YMOBaMH HECyMic-
HOCTI JISSIKMX Tap poOiT Ta X BUKOHABIIIB,;

K, — KilbKiCTb JTiKyBaIBHHX MPOLCIYD; t,,, — 4ac CKJIajaHHs PO3K/Iajy METOIOM MOBHOTO Iepe-
k,, — KibKiCTB martieHTis; 6opy.
K,,— KIUIbKiCTh HPH3HAYEHHX IIPOLETYD; BCTYII

Ci,j — OOMEKEHHS pUHOMY MPOLEyp;

G - nBomonbHUH oprpad;

X — MHOXXMHA BEPIIHH, KOXKHA 3 KX BIAMOBIIA€ MOXITH-
BOMY IPOMDXKY MPUHAOMY MpOLEnyp;

Y — MHO)KMHA BEpIIMH BIAMOBIHMX MHOXXHHI BCIX MPO-
neayp;
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IMpy3HAYCHHS MPOLICAYD B CY4aCHUX CAHATOPHHUX Ta JIKyBaTb-
HUX 3aKJIaJ1aX € CKJIAJHNM IPOLIECOM, IO MOBUHEH BPAaXOBYBATH
JIOCHTB BEJIVIKY KUTBKICTh (DaKTOPiB, OCHOBHUMH 3 SIKHX € [1, 2]:

— MepeNiK NPU3HAYCHHX JIIKApEM MPOLEIyp;

— yac poOOTH NPOIETYPHOTO KabiHETy;



p-ISSN 1607-3274. Panioenextponika, inopmaTuka, ynpasminas. 2017. Ne 3
e-ISSN 2313-688X. Radio Electronics, Computer Science, Control. 2017. Ne 3

— TPOITYCKHA 3[aTHICTh MPOLEAYPHOro KabiHeTy (omaHy
npoueaypy OIHOYACHO MOXYTh NPUHMATH AEKiJbKa
TAIli€HTIB);

— TPHBAIICTh MPHUHAOMY TPOLEAYPH (s Pi3HUX MPOIIe-
Jyp TPHUBAIICTh TPUAOMY MPOLCAYPH Pi3HA);

— TPUBAJICTh YaCy TEXHIYHOI MepepBH MK IpHHAOMaMH
npouenyp,

— cyMicHicTh mporenyp (malieHT He MOXXE OIHOYACHO
IpUiiMaTH JIEKiJIbKa MpOLEyp, ajie KpiM bOro, Ha pO3KiIaj
HAKJIaTa€ThCS JTONATKOBE OOMEXEHHS — MAIlliEHT HE MOXe
NpUAMATH HACTYIHY HPOLEAYPH MEHII HiX 4epe3 AesKui
9ac Micis MPUHHATTS MONEPEIHbOI, ISl KOKHOI Mapu Mpo-
Le/lyp 3HAYeHHs 4acy CyMICHOCTI MOXE Pi3HUTHCH).

Taki 3amadi 3 ycIiXoM pO3B’S3YIOTHCS MaTeMaTHIHUM
amaparoM Teopil po3KIaay — o3Il MPHUKIAJHOI MaTeMaTH-
KM, IO BUBYAE MOJIEI] BIOPSAKYBaHHS Ta METOJH CKJIaJaH-
Hst posktais [3].

B crarrti [1] po3msiHyTo 3a1a4y CKi1aJaHHs PO3KIIay Ipo-
XO/KEHHsI TIpoLeyp manieHTamu caHaropiro. Chopmynbo-
BaHa 3aJla4ya 3BeJCcHA JI0 PO3LIMPEHOI 3a/1a4i MOIIyKY MaKCH-
MAaJIbHOTO TapPOCIIONy4YeHHsI y ABOJOILHOMY Tpadi. Po3pod-
JIEHO ONTHUMANbHHUM anTopuT™ ii po3B’sA3aHHA Ha 0as3i
BiJJOMOI0 METO/Y T1IOK Ta MEX .

I3 NP-noBrOTH 3amaui «[Ipo mapocrmomydeHHS 31 3HHKA-
IOUYMMH JIyraMu», sika JoBeieHa B [1], ciigye, mo BoHa He
miyraeThesi eeKTHBHUM TOYHMM Meromam [4].

Bigomo, mo Oynp-sika NP-moBHa 3anmaqa Moxe OyTH po3-
B’s3aHAa METOAOM MOBHOTO Iepebopy. Ajle MpH BOMY, B
3aJIeKHOCTI BiJ] pO3MipHOCTI 3aJ1a4i, HOTPiOHI 00YHCITIOBANIBHI
pecypeu Ta 4ac ii po3B’si3aHHSA MOXYTh OYTH HEMpPUITYCTH-
MO BEIIMKUMH 3 TPAKTUYHOT TOYKH 30pY.

Jnis ontumizalii nmpolecy MmoBHOTo mepedopy 3acToco-
BYIOTh METOJ TiJIOK Ta MEX, SIKHH JO3BOJSE 3MEHIIYBATH
MHOXXHMHY JIOIYCTUMHX PO3B’S3KIB 32 JONIOMOTOK €()eKTHB-
HOTO QJITOPUTMY IIOLIYKY, @ TAKOXK PO3MapaieroBaHHs 00-
YHCIICHb.

Crtiji 3a3Ha4UTH, IO JJIS METOY BITOK Ta MEX HaiOib-
Uy CKJIAJHICTh MAOTh CaMe MPOIEAypa PO3raayKeHHs Ta
MpoIeAypa 3HAXO/KEHHsI OIIIHOK BEPXHIX 1 HWKHIX MEX JIJIS
ONTUMAJBHOIO 3HAYCHHS Ha IIAMHOXHUHI MPUIYCTUMHUX
PO3B’S3KiB.

Po3napasientoBanHss 004KCIIEHb HE 3BY)KYE KUIBKICTh Ba-
piaHTiB, IO aHATI3YIOTHCS, a JIMIIE CKOPOYYe MOTPIOHUI Ha
e 4ac.

TaxuM ynHOM, HAHOLIBII JOLIIBHOK CXEMOKO 3MEHILIEH-
Hs1 O0YHMCITIOBATILHOT CKJIAJIHOCTI 3HAXO/KEHHS TOYHOIO PO3-
B’s3aHHs NP-mOBHUX 3a1a4 3aJUIIA€THCS CKOPOUCHHS I10-
BHOTO Tmiepedopy.

Metoro 00YHCIIOBAIBHOTO SKCICPHMEHTY € BH3HAUYCH-
HSl JIOLTBHOCTI po3napayiellloBaHHs 3alpOINOHOBAHOI MO-
nmudikaiii METOAy TIOK Ta MEX JUIS PO3B’sA3aHHs 3a7a4i Ipo
NapOCTIONYIEHHS 31 3HUKAIOYMMH JTyraMu [UTs OPUKIAIHO-
rO BUKOPHCTaHHS WOTO B CAaHATOPHHX 3aKIaJax YKpaiHu.

1 ITIOCTAHOBKA 3AJJAUI

OCKIJIbKM TPOTpaMHHUI MPOJYKT € OpiEHTOBAHHMI Ha
KIHIIEBOTO MOKYMI[SI 3arajibHa MOCTAaHOBKA 3a/1a4i Ma€ Ha-
CTYITHUN BUTIISIL

1. IMotpibHO po3poOuTH 3amady, 110 3abe3mnedye 30epe-
YKEHHS TAKHUX JTAHUX:

— BIJIOMOCTI PO MAIiEHTIB Ta 30€peKECHHS apXiBY JaHUX;

— TIOBHA XapaKTePHCTHKA MPOIEAYp Ta 4ac CyMiCHOCTI
mpoueayp;

— iH(opMmanis mpo JiKapiB IX crieniamnizamnii Ta BaroBi Koe-
¢iuienTy;

— BHUXIJIHI Ta CBATA.

2. 3amaya Mae 3a0e3MEYUTH BHKOHAHHS HACTYIHHX
GbyHKIIH Ta pO3paxyHKIB:

— JOXaBaHHA, peAaryBaHHS, 3HUIICHHS, COPTYBAaHH,
JIPYK Ta IOIIYK JaHUX IO BCIM IepepaxOBaHHM ITyHKTaM,;

— 3aKpIIJICHHS XBOPOTO 3a MEBHHM JIIKapeM Ta po3paxy-
HOK HaBaHTa)XKCHHS JIIKapiB;

—TIpU3HAYCHHS JIIKapeM IalieHTy IeBHOI KUTBKOCTI Ipo-
uenyp;

— ¢opMyBaHHS pO3KIANy MAIiEHTa 3 ypaxyBaHHSIM 3a-
BaHTAXXCHHS MPOLEAYPHUX KaOiHETiB;

— cucreMa Mae 3abe3nednTH (HOpMyBaHHS PO3KIary B
JIBOX peXKHUMax:

3. ®opMmyBaHHS pO3KIagy Mali€HTa Ofpa3y MiCls IPH-
3Ha4YeHHs (Py4HUH PEXUM);

4. ABroMaTuuHe (OpMYBaHHS PO3KIAmy MJIS BCIX
TAII€HTIB.

— MOXIIHBICTB pefaryBaHHS PO3KIANy,

— PO3PaxXyHOK IIeperIsa Ta JIPyK 3arajJbHUX Ta BUTBHHX
JIMITIB JIikapiB Ha MPH3HAYEHHS HPOLENYp;

— PO3pPaxyHOK, Iepertiy i APyK pe3epBy HmpoLexyp Ta
3araibHOI KiTBKOCTI NMPHU3HAYCHUX HPOLEAYD;

— PO3paxyHOK Ta APYK 3aBaHTAXKEHHS IMPOIETypHHUX Ka-
OiHeTIB Ha IIEBHY JaTy.

B 0CHOBiI MOPIBHAIBHOIO OOYHCITIOBAIBFHOTO E€KCIIEPH-
MEHTY € JOKa3 JOLUTBHOCTI PO3MapajeNioBaHHs alTOPHTMY
PO3B’AI3KY 3a1adi CKIaJaHHS PO3KIIa Iy IPHIMAHHS JTiKyBaIb-
HUX TpOLEAyp MamieHTaMH JUIs IPHUKIATHOTO BUKOPHCTaH-
HS MOTO B CAHATOPHUX 3aKJIaJlax YKpaiHH.

JInst TOCATHEHHSI METH EKCIIEPUMEHTY HEeoOXiTHO:

1. OuiHuTH YacoBi BUTPATH HAa BUKOHAHHS PO3PaXyHKIB
Ha Pi3HUX OOYMCITIOBAILHUX IUIaTdopmax, 110 MalTh Pi3HI
O0YHCITIOBAIbHI TIOTY)KHOCTI: Pi3HY KUIBKICTh siZIEp MIKpOII-
poliecopa, pi3HHi 00CsAT mam’sTi, TOIIO.

2. IopiBHATH pe3ynbTaTd Ta BU3HAYMTH ¢(DEKTHBHICTH Ta
JIOLIJIBHICTh PO3MapaJieFoBaHHs Mpolecy po3B’s3ky. Kpu-
TepieM e(hEeKTHBHICTh € MiHIMI3allisl 4acy BUKOHAHHS po3pa-
XYHKIB IIIOJIO TOLITYKY HAHOLIBIIOro MapoCioNyYeHHs y JBO-
JIOJIBHOMY Tpadi 31 3HUKAIOUUMH JyraMH.

2 OUIA 4 JUTEPATYPU

Meron risiok i Mex [5] € 3araapbHAM aarOPUTMIYHAM Me-
TOJIOM BUPIIIICHHS PI3HOMaHITHUX ONTHUMI3aI[ifHUX 3a1a4. Bin
LIUPOKO 3aCTOCOBYEThCs uist Takux NP-1moBHMX 3a/1ay, sk 3a-
Jlada KOMiBOsDKepa Ta 3ajia4a O paHili. B Metoni Tij0K i Mex
BUKOPHCTOBYIOTBCSL JIBI MPOLICAYPH: PO3TATY)KCHHS Ta 3Ha-
XOIDKEHHS OITIHOK (MeX).

I3 NP-noBHOTH 3amaui «[Ipo mapocronydeHHs 31 3HHUKa-
FOYMMH TyraMu», ska noseneHa B [1], cmimye, mo BoHa He
miagaeThest eHEKTHBHUM TOYHHM Metomam [4].

Binomo, 1o Oynp-sixka NP-rioBHa 3aiada Moke OyTH po3-
B’si3aHa METOJIOM MOBHOTO IMepedopy. Alle pH LbOMY, B
3aJICKHOCTI BiJl pO3MIPHOCTI 3a/1a4i, MOTPiOHI O0YMCITFOBAIIBHI
pecypcH Ta yac 1i po3B’si3aHHS MOXYTh OyTH HEMPUITYCTH-
MO BEJIHMKHMH 3 TPAKTHIHOI TOYKH 30DY.

Jlnst onTuMmizanii mporecy MOBHOTroO nepedopy 3acToco-
BYIOTh METOJI BITOK Ta MEX, SIKHH JO3BOJSE 3MCHILYBATH
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MHOXXHUHY JOIMYCTHMHX PO3B’S3KiB 3a JOIIOMOTOIO edek-
THUBHOTO aJITOPUTMY MOIIYKY, a TaKOX PO3IapalelioBaH-
Hst 00umcieHsb [6].

Cuij 3a3HaYMTH, IO JUTS METOMY BITOK Ta MEX HaHOLIb-
Iy CKIAIHICTh MAIOTh CaMe MPOIexypa PO3TaTyKeHHS Ta
nporeaypa 3HaAXO/PKEHHS OMIHOK BEPXHIX 1 HIDKHIX MEX
JUIS. ONTHUMAJTBHOTO 3HA4YEHHS Ha ITiAMHOXHHI HPHITYCTH-
MHX PO3B’SI3KiB.

PosmapanentoBaHHS 004HCIEHb HE 3BYXKY€E KiTBKICTh
BApiaHTIB, 10 aHANI3YIOThCS, a JIMIIE CKOPOUIYe MOTPiOHMIA
Ha IIe 9ac.

VY 6araTpox IyOIiKalisx 3aIpoIOHOBAHO AITOPHTMH
pillleHHs KITaCHYHOI 3a/1a4i PO MapOCHONyIeHHS, K J03-
BOJIUTH CKOPOTHTH OOYMCITIOBAIBHY CKJIAJHICTH IIPOrpaM-
HEX pearizaiii [7, 8].

3 MATEPIAJIM 1 METOI1

Psin 3amau mpo mapocnonydeHHs B JBONOIBHUX Tpadax
MICTHTBh OOMEXEHHs, IO 3a00poHse mpu BUOOPI OAHIET
JIyTYl BKITIOYATH B pillleHHs iHIny ayry. Hampukman, skmo
nyra (X, Y) BXKe MICTUTBCSI B MAPOCIIONYYCHi, TO HOMY HE
Moxe Haiexard ayra (V, W). Taki qyru Ha3uBarOThCS HECy-
MicHUMH. BOHUM BKITFOUEHI B YMOBH 3aliadi Mpo MapocCro-
nydeHns 3i 3aukarounM ayramu (3[111). OueBuaro, 3IT1J]
- IIe 3ajJa4a Npo MPHU3HAYCHHS 3 YMOBAMH HECYMiCHOCTI
JIeSKHX Tap poOiT Ta IX BUKOHABIIIB.

PosrstHEMO onHy 3 npukiagaux Bepeiit 3I11 — 3amada
PO3MOALTY B Yaci 03JJOpPOBYMX MPOLEAYP MiX IalicHTaMH
canartopito. CaHaTopiif HaJjae CIMCOK Pi3HHUX HPOLEIYP.
INanieHT TOBMHEH MPONTH JIKyBaJIBHHII KypC 3 yCix abo
JIEKITBKOX TPOLEAYp LBOTro CIHCKY. st KOKHOI OKpeMoi
HpOILeAypH 3amaHuii rpadik i IpoBeIeHHS B BHIIANI IT0-
CITIIOBHOCTI 4acoBUX IpoMixkkiB. IlarieHTy npu3HadaeTs-
cs He Oltblie ofHi€eT poleaypH 31 crucky. [1oTpiOHO 3Haii-
TH BIMIOBITHICTh MK MHOYKHHOIO BCIX MPOLETYP 1 MHOXKH-
HOIO BCiX YaCOBHMX MPOMIXKKIB!

OnuieMo yMOBHU TOCTaBJICHOI 3a/1a4i B TepMiHax JIBO-
nmonsHuX rpadis. Hexait G = (X, Y, E) — nBomonbawmii opr-
pad, e X — MHOKHMHA BEPLIMH X, KOKHA 3 SKMX BiAIOBigac
MOYKJIHBOMY TIPOMIDKKY IpuiioMy mporeayp, i = 1, m; Y —
MHOXKHHA BEPIIMH Y, j = 1, N BiANOBIZHUX MHOKHHI BCIX
IpoLEeyp, IO IPH3HAYAIOTECA manientaM. Jlyra (X, yj)e E,
TOZi i TIMIBKH TOZI, KOMH MPOLEAYPY Y, MOKHA NPUIHATH B
HPOMIKKY 4acy X.

O4eBHIHO, PIIICHHSM 3aJ1a4i € MaKCUMaJIbHE MapOoCIIo-
JIy4eHHSI B JIBOJIOJIBHOMY Tpadi.

JIormoBHUMO YMOBH 3aJa4i HACTYITHHUM OOMEXKEHHSIM:
JIpyra mpoleaypa NpU3HAYa€ThCs IMicCis MEepIIol He paHi-
e HiXK 4yepe3 roauHy. Toji 3 mapoCHoIydeHHs], 110 BKIIO-
gae ayry (X,, ¥,), TOBUHHI aBTOMATHYHO 3HUKHYTH OyTa
(X, y,) HE cymicHa 3 ayroio (X, ¥,). Y 3araabHOMy BHNIAAKY
yMOBa HECYMICHOCTI 3aJaHa Ha JEsIKiil MiAMHOXHHI JyT
nBynonbHOro oprpada. IMorpiOHO 3HaliTH MapocnonyyeH-
Hf, 1[0 BKJIFOYA€ MAKCUMAJIbHY KUIBKICTh CYMICHHX JIYT.

B nporieci mokpokoBoi MOOYTOBH TaKOTO MapOCIOIy-
YCHHS JIeSKI Qyru OynyTh 3HUKATH, 3MIHIOIOYH CTPYKTYpY
nBynoibHoro oprpada. Bike sramana 3I1IJ] — ue 3amaua
PO MaKCHMAaJbHE MapOCIOIy4eHHS B ABOIOIBHOMY OpT-
pade 3 3a7aHOI0 MAMHOKHHOW AYT (X;, yj). Jist KoXKHOT
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yru (Xi, yj) oprpada BH3HaUCHA MiIMHOKHHA YT Ciyj, SAKI He
BKITIOYAIOTECA IO JOIYCTHMOTO PIIIeHHS, SKIIO B HBHOTO
BrmoueHa ayra (X, y). Jyru Muoxunan Cj 3HUKAIOTh 3 rpa-
¢a G npu BxmoyenHi ayr (X;, yj) 1 3HOBY CTalOTh BHUMHMH
Ipy 11 BUKIIIOYEHHI. BiIHOIIEHHS! HECYMICHOCTI TyTH (Xi,yj) 3
niavaokuHOI0 Ayr C); nosHawumo (X, y) — C ={(x,, ¥,).
(Xizv yjz)! ey (Xikv yjk)}'

Jns po3’s3Ky copmynboBanoi 3amadi Oymo po3pooire-
HO ONTUMAIBbHUH AITOpUTM Ha 6a3i MeToa TIoK Ta Mex [2].

JIns moabInoro MpOBENEHHS eKCIIEPHMEHTY Oyllo po3-
pobieno mporpamy NetRemoting, mo mpu3HayeHa ayst aB-
TOMAaTH30BaHOrO ()OPMYyBAaHHS PO3KIaxy HMpHIfoMy Hpore-
Jyp TIallieHTaMH CAaHATOPIl0, SKUH CKIATaeThCA 3a JOIMOMO-
TOI0 ONTHMANBHOTO anropuTMy pinreHns 3agadi 3I1IJ1. Kpim
TOTO, IporpaMa 3abe3medye: po3paxyHOK HaBaHTA KEHHS
JKapiB, pO3paxyHOK, HepervIsy Ta JPYK 3aralbHAX 1 BUIBHIX
JIMITIB JIiKapiB, pO3paxyHOK, IEPEemsiA i JpyK pe3epBy Ipo-
HeAyp Ta 3arajbHOI KiNBKOCTI MPH3HAYEHUX IIPOLERYp, PO3-
PaxyHOK 3aBaHTAXXEHHS IIPOLETYPHUX KaOiHETIB.

IMporpama aBTOMaTH30BaHOTO (HPOPMYBaHHS PO3KIATY
npuiiomy npouenyp nauiearamu canaropito (ICS_ DENISH)
po3paxoBaHa Ha BukoHaHHA Ha [IEOM Tty IBM PC i mpa-
IIO€ T ympaBiiHasM omepaniiinoi cucremu Windows 8
a6o Bume. OmepariifHa cucrema, IO PEKOMEHIYEThCS, —
Windows 10.

IMepen mpoBemeHHSAM EKCIEPHMEHTY BHKOHAHI HACTYITHI
IHCTpyKIii

1. Beranoeieno nporpamue 3a6esnedenns (netframework
«v2.0.50727»).

2. HanamroBano [TEOM, Ha sikiii BUKOHYETBCSI cepBep-
HUH MOJYIb!

2.1. BigximroueHoO aHTHBIpYC.

2.2. Bigxmoueno bpannmayep.

2.3. onano no BukitodeHs nopt 8008, mo skomy iae
OOMIH JaHHMH.

2.4. Busnaueno IP agpecy cepepa.

3. HanamtoBaHo KTi€HTCHKUH MPOTPaMHHUIT MOIYIb:

3.1. B ¢aiin Client.exe.config srcano IP agpecy cepsepa

«tcp://192.168.2.101:8008/PIICompOfBB/
ControlProcess.rem».

3.2. BiAKIIIOYEeHO aHTHUBIpYC.

3.3. BiakmoueHo bpanamayep.

4 EKCIEPUMEHTH

EKcIiepMEHT MPOBOIMBCS 3 BHKOPUCTAHHSM aBTOPCh-
KOTO MpOOJIEMHO-OPIEHTOBAHOTO 1HCTPYMEHTApil0 — MpPO-
rpamu |CS_ DENISH. TIporpama ckinagaetbcst 3 TBOX MO-
IYITiB. CEPBEPHUIT MOIYITb, 1[0 KOHTPOJIFOE IPOLIEC BUKOHAHHSI
PO3paxyHKiB Ta KIIEHTCHKUI MOIYIb, KU BHKOHYETHCS Ha
Bimainennx [TEOM 3 MeToro o0uMCIIeHHS apajieIbHUX Ore-
pauiii. Tlporpama Bupilrye 3aauy CKJIaJaHHS PO3KIaLy
MpUMaHHS MPOLEAYP MalliEHTaMHU caHATOpito Moaudiko-
BaHUM METOJIOM T1JI0K Ta MeX. OOUYHCIIOBAILHUIA EKCIIEpHU-
MEHT IPOBEJCHO Ha cepii BUMAJIKOBUX YMOB 3ajiayi, 10 re-
HEPYIOThCS PorpamMoro. BXinHi mapaMerpu HaBeieHi y Tabi.
2 Oynu BHIAAKOBHMH (peECTPOBAHWMH, aje HEKEPOBaHH-
Mu). BuxiiHEM apaMeTpoM Iisi POBEACHHS 00YHCITIOBAITb-
HOTO excrepumenty € t, /" — mpornososanmii gac dopmy-
BaHHS PO3KJIaay 3a TakuX ymoBax. KilbkicTe BUNIpOOYBaHBb
Ta BXiJIHI MapaMeTpH BiamoBigaoTs (Tadi. 1-2).
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Buximaum mapameTpoM Ui IPOBEACHHS MOPIBHAIBHO-
ro OOYHCIIOBAILHOIO E€KCIEPUMEHTY € 4ac t,, o BUTpa-
9aeThCSA HAa BUKOHAHHS PO3PAXyHKIB IIONO CKIAAaHHS PO3K-
Tay IpHiiMaHHS JTiKyBaJbHUX HPOIENYp MamlieHTaMH CaHa-
Topito 3a jgomomoroto mporpamu ICS_DENISH.

V3aranpHeHi IHCTPYKIii BUKOPHCTaHHS IIPOTPAMHOTO
3a0e3nedeHHs P NPOBEICHHI OOYUCIIOBAIBEHOTO eKCIe-
PUMEHTY:

1. 3amyctuTn Ha cepBepi IporpaMHe 3a0e3IedeHHs, 00-
paTH HOTPiOHYy HAM KUTBKICTh KIJIIEHTIB 1 YeKaTH IX ITiIKIIIO-
geHHs. OCHOBHE BIKHO CEPBEPHOTO MOMYINS IIPEACTABICHO
Ha puc. 1.

2. ITicas mimKITioueHHs BCIiX KITIEHTIB cepBep HepexXOoIuTh
B PEXHM TeHepalii BUXiIHUX TaHHUX, BHOMPAEMO MOTPiOHY
HaM KUTBKICT MPOIENyp, JTIOACH, IMPU3HAYEHUX NPOLEeHyp i
HATHCKAEMO KHOIIKY, cepBep TeHepye fMaHi. BikHo remepamii
BUXITHUX JJAHHUX TIPE/ICTaBICHO Ha pUC. 2.

CepBep MepexOAnuTh 10 PEKUMY TOTOBHOCTI 10 004HC-
JeHb. BIKHO TOTOBHOCTI CepBEpPHOTO MOIYIS 0 OOYHCIEHB
HaBeJICHO Ha pHC. 3.

3. Otpumaru pe3ynsrar. Ekpan nmporpaMu 3 pe3ynsratoMm
O0UHCIIEHHSI HAaBEJICHO HA pHC. 4.

Pucynok 2 — BikHO reHepanii BUXITHAX JaHUX

Pucynok 4 — BikHO 3 pe3y/nbTaToM 004UCIIEHb tBPHP

Jlns mpoBefeHHS OOYHCIIOBAIBHOTO €KCIIEPUMEHTY
Oy/1 BHKOPHCTaHI KOMIT' IOTEPH 3 XapaKTepPUCTHKAMH 3TiHO
Tabn. 1, 3 skux Oyimo copMOBAHO TpH OOUHCITIOBANIEHI ILIAT-
(opmu, 1m0 HaBeeHi HA pHC. 5.

Pucynok 1 — OcHOBHE BIKHO CEpPBEPHOTO MOJYJISI

Tabmuus 1 — XapakTepuCTUKKM KOMIT TOTEpIB, 110 Oy/M BUKOPHCTAHI ISl TPOBEICHHS MOPIBHSIBHOIO 00YHCIIOBAIBHOIO SKCIIEPUMEHTY

Howmep obuucitoBaiibHOT Hassa wikponporiecopa Kistb. szep TaxToBa yacTora O0csr onepaTHBHOL
iatpopmu ) nam’siti [IEOM
1 Pentium 4 1 2421Tu 512 MB
2 Intel Celeron E3300 2 2,50 T 2TBb
3 Intel Core i5-3570K 4 34TTu 4TB

Tabmuus 2 — [Nepenik BXiAHUX MapaMeTpiB 00YMCITIOBAILHOTO KCIIEPUMEHTY

Howmep Tlo3nauka
Hassa napamerpy Tun napamerpy
rapamerpy
1 Knn KinbKicTb JiKyBaJbHHX IPOLIEAYP JerepminoBanuit
2 Kt KinpKicThb MaIieHTis Bumankosuii
3 K KinbKicTh NpU3HAYCHUX MPOLIEAYP Bumnankosuii
4 Cij OOMeKeHHsI IPHHOMY IIPOLELYD JlerepmiHOBaHMI
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Pucynok 3 — BikHO TOTOBHOCTI CEpBEPHOIO MOAYJIS IO OOYMCIECHD

spo 1

PO 2

Intel Celeron E3300

YIPABISIIOUUH ITPOLEC

pobounii mporec

Intel Celeron E3300

sapo 1 YIPaBJIsIIOUU I PoLeC

Pentium 4

Switch 3com

poOouwnii mporec 2

poboumii mpomec 1

!

sapo 1
SApo 2

sapo 3

sapo 4

Intel Core i5-3570K

pobouwnii mporiec 2

HC BUKOPHUCTOBYBAJIOCA

HE BUKOPHUCTOBYBAJIOCs

HE BUKOPUCTOBYBAJIOCH

—

Switch 3com

Pentium 4

poboumnii porec 3

B

Pucynok 5 — Ctpykrypa mporiecis, 1o Oyiau 3a/isHi Ha pi3HUX 00YHCITIOBAIBHUX MIaTGOpMax:
a — repra o0YHCIIoBaNbHA IUTaThopMa; 6 — Ipyra o0uncoBaibHa watdopMma; B — TpeTst 00YnCIIoBaNIbHA iatdopma
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Tabmuus 6 — Pe3ynbTaT OKpeMux BUNPOOYBaHb OOYMCIIOBAIBHOIO €KCIIEPUMEHTY

Howmep BxinHi mapamerpu [IporHo3oBanuii yac GOpMyBaHHS pO3KJIALY

BUIIPO- Knn Kn K IMepura miarpopma | pyra miarhopma Tpers nnatdopma

OyBaHHS
1 74 1584 2974 71,2 374 23,8
2 74 1312 3217 915 48,8 31,2
3 80 1723 3343 1124 59,2 38,7
4 80 1784 3578 115,8 60,1 40,4
5 85 1837 3724 137 71,7 47
86 129 8719 51622 412,2 209,3 138,1

5 PE3YJIbTATH XyHKOBOTO MOJICITIOBaHHS, MOXKHA 3pOOHTH BHUCHOBKH IIPO

VY koxkHOMY BHTIpOOyBaHHI HaBeleHOMY y Ta0n. 6 HaBe-
JICHO BEMIp 9acy Ha BHKOHAHHS PO3PaxXyHKiB MoAHpiKamiero
METOAY TiJIOK Ta MEX JUIL PI3HUX OOYHMCIIOBANBHHUX ILIAT-
¢dopM, 110 HaBe/IeHi Ha puc. 5.

6 OBI'OBOPEHHS

Pesynbrati TOCIIKEHHS O3BOIAIOTH 3pOOHTH HACTYITHI
BHCHOBKH:

1. TIporHo3oBaHMit Yac CKIaJaHHS PO3KIALy IPU BHKO-
PHCTaHHI alTOPHTMY pO3MapalelioBaHHI Momudikamii me-
TOLY TLJIOK Ta MEX IPSIMO HPOMOPIiHHO 3aJIeXKUTh Bif
KUIBKOCTI BEpIIMH JBOAOIBHOrO rpady (ska JOpiBHIOE Cymi
KUTBKOCTI MPOLEAYP Ta KUTBKOCTI MAI[i€HTIB), KUTBKOCTI MPH-
3HAYEHHUX INIPOLEAYpP Ta OOMEKCHb.

2. IIporHo3oBaHO HaWMEHIINH Yac CKIaJaHHSA PO3KIIa-
Iy, SIKHH OTPUMaHO Ha OOYMCIIOBANIBHIHN ImaTdopmi 3 Mak-
CHMAJILHOIO KiNbKicTIO 3amisaux IIEOM.

3. OTpuMaHO MaKCUMaTbHE 3MeHIIeHHs Jacy B 19,1 pasis
B NOPiBHAHHI 86-T0 BUNPOOYBaHHS MIA TPEThOI MIaThOpMH
3 86 BHMPOOYBaHHAM JUTS IIEpIIO] MIATGOPMH JUI METOXY
nosHOTO Hepedopy (t,, ).

4. TakuM YMHOM, JIOBEJCHO JIOLUIBHICTh PO3Mapaleiro-
BaHHs 3ampoIroHOoBaHOl Moau(ikalii METOIy TUIOK Ta MEX
JUTSE PO3B’SI3aHHS 337124l TIPO MAPOCHONYYCHHsI 31 3HUKAFOUYH-
MH IyTraMy JUIsl IPUKJIQTHOTO BUKOPHCTAHHS HOTO B CaHa-
TOPHUX 3aKJagax YKpaiHh.

BUCHOBKHN

1. Byno npoaHaji3oBaHa 3ajladya CKJIaJaHHS PO3KIaILy
MpUHAOMY TIPOLEAYp MallieHTaMu caHatopito. [locTaBieHa
3ajaya CKIAJaHHS PO3KIamay NPUAOMY JIIKYBAJIBHHUX IIPOILIC-
nyp chopmynboBaHa B TepMiHax Teopii rpadis i 3 ypaxyBaH-
HSM 3aJJaHUX OOMEXEHb ONHCaHa JIBOJOJBHUM Tpadom.
[Mokazano, 10 pillieHHS 3aJ1a4i 3BOIUTHCS IO 3HAXOKCHHS
MaKCHMAaJIbHOTO TapOCHONyuYeHHsS B I[bOMY rpadi.

2. TIpoBenena moaudikaiis 3aaa4i Ipo MapoCHIONyueH-
HsI 31 3HUKAIOUUM IyraMH Ul CKJIAJAHHs PO3KIAay IpH 3a-
JTAaHUX OOMEXEHHSIX.

3. Po3po0iieHO ONTHMaNTbHUN aJrOPUTM BUPIIICHHS 3a-
Ja4i mpo MapOCHONy4YeHHs, CYTh SIKOTO MOJNSATae B 3HAXOM-
KCHHI BCIX MaKCHMAaJIbHHX MAPOCOYCTaHHE MaKCHMaIbHOI
MOTYXKHOCTI 3 MOAAJBIIOK 1X MEPEBIPKOI HA CYMICHICTH i3
3aJaHUMHU OOMEKEHHSIMU.

4. 13 3acTocyBaHHSM PO3POOJIICHOrO MPOrPaMHOTO IMPO-
JIYKTY TPOBEJICHO MOPIBHAJIBLHUI O0UMCIIOBAIBHUIA EKCIIe-
PUMEHT, SIKHil J03BOJUB OLIHUTH YaCOBI XapaKTEPUCTHKH
ONTUMAJILHOTO aJITOPUTMY PO3B’SI3aHHS 3ajadi Mpo mapo-
CHIOJIYYCHHS 31 3HUKAIOYMM JyraMH Ha PI3HUX PO3pPaxyHKO-
BUX TuIaT$opMax i MOPIBHATH iX. 3a pe3ynbTaTaMu po3pa-

JIOLLTBHICT PO3MapaNelIiOBaHHs PIlIEHHS 3a]adi Ipo Mapo
CHIOJIYYSHHS 13 3HHKAIOUUMH JIyraMH ONTHMAaJIEHUM aJIro-
puT™MoM. MonudikoBaHUIT METO TiIOK Ta MEX IOKa3ye
CTaOUTBHICTh 3MEHIICHHS Yacy CKJIaJaHHS PO3KIaNy TPHii-
MaHHS IpOoLeNyp MAI[ieHTaMH IpH 30LTBIICHHI 00YHCITIO-
BanbHUX noryxHocted [IEOM, Tax, manpukmnan, npu
k=85, k,=1837, k= 3724 gac BupimeHns 3a1a4i Ha TpeTiit
mwIaThOopMi 3MEHITYEThCS Y 3 Pa3H MOPIBHAHO 3 IEPIIO0
00YHCITIOBATBHOIO TNTaT(HOPMOIO.

[pakTH4Ha WIHHICTH JOCHTIKEHD MOJNATAE B MOMXIJIUBOCTI
X BUKOPHCTaHHS TPH PO3pOOIIi Ta 3aCTOCYBaHHI CHCTEM Ka-
JICHAAPHOTO TUIAHYBaHHS 1 ONIEPaTUBHOIO YIPABIIHHS B JIKY-
BaJbHOMY Tponeci. JlOCIiDKeHHsT TaKOX 3aCTOCOBHI MPHU
PO3po0ILIi CUCTEM YIpaBIiHHSI THYYKAMH aBTOMATH30BaHU-
MU CHCTEeMaMH JUIS MiJIPUEMCTB 3 AUCKPETHUM XapakTe-
POM BHPOOHHIITBA.

ABTOpH TUIaHYIOTh HaJIANi JJONATH Bard KOXKHOI Ay3i i BU-
PIMIKTH 3a1aqdy MPO MapOCTONYYCHHS 3 «3HHKAIOYHMU»
Iyram B MOAM()IKOBAHOMY BUIJISII.

[epcrieKTUBHAM HAMPSIMKOM MTOAATBIIHNX JOCTIKEHb €
Moaudikaiis BiJOMAX METOMIB (F€HETHYHOTO, MypPaIInHO-
ro i T.;1.) Jyist BUpiIeHHst 3a1a4i CKIIaaH s PO3KIIa Ly IPHAo-
My MpOLEAYp MallieHTAMH CaHATOPIIO.
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PACITAPAJVIEJIMBAHUE MOJAU®UKAIIMN METOIA BETBEM W I'PAHMII 51 PEIHEHUS 3AJJAYA O IIAPOCOYETA-
HHMHU C HCUYEZAIOIIUMHU AYTAMHA

AKTyalbHOCTB. PaccMoTpeHa 3aJada COCTaBJICHHUS PacCIIHCAaHUS IPOXOXKACHHS IPOIeAyp HNalHeHTaMH CAHATOPHUsS, KOTOpas CBeAeHa K
pacIIMpeHHOH 3amade IOMCKa MaKCHMAalbHOIO [AapOCOYeTaHHs B ABYNOIbHOM rpade. s mocTaBlIeHHON 3aladyd O HapOCOYETaHUH C HCUE3ai0-
IMUMHU JyraMH pa3paboTaH ONTHMAJbHBIH aJTOPHTM ee¢ pelleHHs Ha 6a3e MeTola BeTBeH M IpaHHI. AJITOPUTM YYUTHIBAET OIPAHUUYCHHS
COBMECTUMOCTH Ipouenyp. IIpoBeeH pacdeTHBIH YKCIEPHMEHT B OCHOBE KOTOPOTO JIEKHUT JJOKA3aTEIbCTBO LEJIECOOOPa3HOCTH paclapajlen-
BAaHUS ONTHMAIbHOIO aJTOPUTMA PEUICHUS 3aJa4M COCTABJICHHS PACIIHCAHMS NpHEMa JIedeOHBIX IPOLeAyp HalHMeHTaMH IS MPUKIAJTHOTO
HCIIONB30BAHMS €0 B CAHATOPHBIX 3aBEJCHUSAX YKDAHHBI.

Hexas padoTsl. Jloka3aTh 1el1ecooOpa3HOCTh pacHapaUIeiBaHUs ONTHMAIbHOIO aIrOPUTMA PEIICHHS 3aadd COCTABIICHHS PaCIHCaHHS
IIPOXOXKJCHHUS IPOLEAYp HallHEeHTaMU CaHATOPHS.

Metoa. ChopMmynupoBaHa MaTeMaTHIeCKas MOJENb 3aJadd O NMapOCOYEeTAaHHH C MCUE3aIOIUMH TyraMu. BrIOpaHBl BEIUHCIUTEIBHBIC
m1aTGOpMBI pa3sHOH KOH(PUIypaluy MMEIONINE Pa3IHYHbIE BHIYHCIMTEIbHBIC MOIIHOCTH: Pa3HOE KOJIMYECTBO sAEp IIpolieccopa, pa3HbIil o0beM
naMmsATH, u T.0. HamncaHo aBropckoe mporpaMMHOe obecliedeHue Ul MPOBEeAEHHs dKclepuMeHTa. IIporpaMMa COCTOHT M3 ABYX MOMYICH:
CEepBEPHBII MOIYIlIb, KOHTPOJIMPYIOLUIMHA MPOLECC BBHIIOIHEHHS PACIETOB U KIMEHTCKUH MOAY/b, KOTOPBI BBHINOJHSETCS HA oTAenaeHHbIX [ID9BM
C LeNBI0 BEIYHCIICHUS NapaulelbHbIX onepannii. [IpoBe/ieH BBIYMCIHTENBHBIH YKCIIEPHMEHT 0 paclapaUIeIUBaHUI0 ONTUMAIBHOTO aITOPHTMA
pelIeHus 3aJa4d O ITaPOCOYETAHUHU C HCUE3AIOMUMH JyraMH. DKCICPHMEHT IPOBOAMICS Ha 6a3ze caHatopus «JleHUIIH». BrranciuuTensHbIH
JKCIIEPHMEHT NPOBEEH Ha CEPHU CIIydailHBIX yCIOBHH 3aJadl, TeHepHpyeMbIX mporpaMmoi. IIpoBeneH aHanM3 IONYyYEHHBIX Pe3yIbTaTOB
IIyTeM CpaBHEHHS BPEMEHH DELICHHUS 3aJadd O I1apOCOYETAHHHU C HCUYE3AIONIMMH JyraMH ONTHMAalbHBIM aIrOPHTMOM Ha Pa3HBIX BBIYHCIHTENb-
HBIX IIaTdopMax.

Pe3ynbTaThl. MoanGUIUPOBAaHHEIH METOJ BETBEH M IPAaHUIl OKA3bIBAaeT CTAOMIBHOCTh YMCHBIICHUS BPEMEHH COCTABJICHHS PacHUCAHHS
IIPOXOXKICHUS NPOLEeAYp IPU yBEIHMYEHHN BBIYUCIUTEIBHBIX MOIIHOCTEH.

BriBoabl. IIporao3upyemoe HanMEHbIIEE BPeMsl COCTaBJICHUS PACIUCAHUS, MONYyYCHO Ha BBIYHMCIUTENBHOH NMIAaThopMe ¢ MAaKCHMaJIbHBEIM
KonuuecTBOM 3ajeiicrBoBanHbIX IIDBM. IIporno3upyemoe BpeMs COCTaBJIECHUS PacIHCaHUs IPU UCIOJIb30BAHMU aIrOpUTMa paclapaulelnBa-
HUS MOAM(HKALMNA METOAA BETBEH M IPAaHMI] IIPSIMO MPOHOPLHOHAIBHO 3aBHCHT OT KOJIMYECTBA BEPIIMH JBYLOJIBHOTO rpada (KOTopoe paBHO
CyMMe KOJHMYECTBA MPOLEAYP W KOJIMYECTBA MALMCHTOB), KOJIMYCCTBA HA3HAYCHHBIX HPOLEAYP U OTPaHUYCHUM.

KaroueBble ci10Ba: mapocodeTanue, JBYJONBHBIN Ipad, MeTo BETBEH M TPAHHUI], METOJ IIOJHOro mnepebopa, paclmapaleIHBaHUs.

Danylchenko A.

Senior lecturer in Computer Engineering Zhytomyr State Technological University, Zhitomir, Ukraine

PARALLELING MODIFIED METHOD OF BRANCH AND BOUND TO SOLVE PROBLEM OF MATCHING CURVES FROM
ENDANGERED OR THREATENED

Context. The problem of scheduling the passage of procedures of sanatorium patients, which is reduced to the problem of finding an
extended maximum matching in a bipartite graph. For the task of matchings with disappearing arcs developed an optimal algorithm of its
solution based on branch and bound method. The algorithm takes into account the limits of compatibility procedures. Spend the current
experiment based on the evidence of the feasibility of algorithm parallelization for solving the problem of optimal scheduling patients
receiving therapeutic treatments applied to its use in the health institutions of Ukraine.

Objective. To prove the feasibility of the algorithm parallelization optimal solution of our problem.

Method. A mathematical model of the problem of matchings with disappearing arcs. Selected computing platforms of different configurations
with a variety of computing power: a different number of processor cores, different amounts of memory, etc. Written copyright software for
the experiment. The program consists of two modules: a server module, which controls the process of performing calculations and client
module that runs on the PC are separated for the purpose of calculating the parallel operations. The experiment was conducted on the basis of
sanatorium “Denyshi”. Computational experiments for optimal algorithm parallelization for solving the problem of matchings with disappearing
arcs. Computer experiment carried out on a series of random conditions of the problem generated by the program. The analysis of the results
by comparing the time solving the problem of matchings with disappearing arcs optimal algorithm on different computing platforms.

Results. The modified method of branches and borders shows the stability of reducing the time of scheduling transmission procedures
with increasing computing power.

Conclusions. Estimated minimum time scheduling, received at the computer platform with the maximum number of PCs involved.
Estimated time scheduling algorithm parallelization by using modifications of the branch and bound directly proportional to the number of
vertices of a bipartite graph (which is equal to the sum of the number of procedures and the number of patients), the number of assigned
procedures and restrictions.

Keywords: matching, bipartite graphs, branch and bound method, the method of exhaustive search, parallelization.
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1KaHO. mexH. Hayk, doueHm, 3as8. omdenom, VIHcmumym UHGOPMayUOHHbIX mexHonoauli HayuoHansHoU Akademuu Hayk
AsepbatidxaHa, baky, AsepbaliOxaH

2KaHO. mexH. Hayk, cmapwull HayyHbili compyOHUK, Hcmumym uHgopMayuoHHbIX mexHosnoaul HayuonanbHol Akademuu Hayk
AsepbatidxaHa, baky, AsepbaliOxaH

OBHAPYXEHUE AHOMAIWA B CETEBOM TPA®UKE HA OCHOBE
MHO®OPMATUBHbLIX NMPU3HAKOB

AKTyaJbHOCTB. PellleHa akTyanbHas 3ajjaua OLIEHKHM MH(GOPMATUBHOCTH IPU3HAKOB NaHHBIX Oonbmoi pazMmepHOCTH. OOBEKTOM
HCCIIeI0BaHUS SBJISUICS CETE€BOH TpaduK.

Leap padoThl — aHAIM3 JaHHBIX CETEBOro Tpaduka Ha npeaMeT MH(GOPMATUBHOCTH JUISl BBISBJICHUS aHOMAJMH B CETEBOM TpaduKe ¢
LEJbI0 COKPAIlEHUs IPOCTPAHCTBA IPU3HAKOB.

Merton. [IpennoxeH noaxox 1Jist OLEHKH HH(GOPMATHBHOCTH NPU3HAKOB JAHHBIX OOJIBIION Pa3MEPHOCTH, 00€CIIEUHBAIOIUH TOBBILIIEHHE
TOYHOCTH BBISBJIEHHMS aHOMAJIUH B ceTeBOM TpadHKe U CYIECTBEHHO YBEIMYMBAIOUIMHA CKOPOCTh PabOThI alrOPUTMOB KiaccHU(uKanuu.
IIpoaHanu3upOBaHbI 0COOCHHOCTH aTOPUTMOB ciydaiinoro neca u Firefly. B paGote st oropa npu3HakoB IPeIIOXKEH IIOAXO]] Ha OCHOBE
UHTErpallMy JaHHBIX aaropuTMoB. IIpu3HAKM COPTHPYIOTCS B HOpsiiKE YObIBAHHUs OLEHKHM MX Ba)KHOCTU, HaUMEHee MH(pOPMAaTHBHbIE HE
paccMaTpuBatoTcs. B xauecTBe KinaccudukaTopoB ObUIM pacCMOTpPEHBI IepeBbs pelenuii, HauBHblil baiiec, baitecoBckuil knaccudukarop,
aJUTMTHBHAs JIOTHCTUYECKAs PErpeccust U MeToJ| K-Oimkaiinux coceieil. Pesynbratsl knaccuukanuy ObUIH OLIEHEHbI C UCIIOIb30BaHHEM IIATU
METPHK. BEPOSITHOCTH MCTUHHO-TIOJNOXKUTENBHBIX U JIOKHO-TIOJIOKUTENbHBIX PE3yIbTaToB, F-Mephl, MEp TOUHOCTH U IIOJTHOTHI.

Pe3ynbTaThl. DKcliepuMeHThl OblmM mpoBeneHsl B cpene Matlab 2016a, roe 6bL1 peanu3oBaH IPENIOKEHHBIN aIrOpUTM Ha Habope
nannbix NSL-KDD. Hanmyumue pe3ynbrarsl KiaccH(GuKaluy JUist OTOOpaHHBIX IPU3HAKOB ObLIM MOIY4Y€Hbl METOLOM K-OIMKalIuX coceneit.

BoiBoabl. IIpoBejeHHbIE SKCIIEPUMEHTBI MOATBEPIMIH PabOTOCIOCOOHOCTh MPEATIOKEHHOIO IIOAXO0/a, YTO MO3BOJISIET PEKOMEHI0BATh
€ro Juisi HPUMEHEHHs Ha NPAKTUKE IPH OLeHKe HH(OPMATHBHOCTH C LIEJIBIO COKPAILEHHs NIPOCTPAHCTBA IIPH3HAKOB U MOBBILIEHUS! CKOPOCTU
pabotsl anroputMoB knaccudukanuu. Kpome toro, B nensx JanbHeiiero n3ydeHus 3GQGpeKTHBHOCTH OOHApy>KeHHs aHOMAIHI B CETEBOM
Tpaduke, OyneT UCIONBb30BaH HAOOP PealbHbIX JaHHbIX.

KiiodeBble c10Ba: CeTeBbIE aTaky, HHPOPMATHBHOCTh NIPU3HAKOB, CIy4aiiHblil nec, anroput™ Firefly, NSL-KDD.

HOMEHKJIATYPA I — paccTosiHue;
RF - Random Forest; o — Iapamerp paHI[OMI/BaI_II/II/I;
KDD - Knowledge Discovery and Data Mining; T; — aHcaMOIb IepeBbEB PEIICHMI;

OOB - Out-of-Bag Error;

DoS - Denial of Service Attack;
U2R — Users to Root Attack: Qt — pacnpenenenue I'aycca cirydaifHBIX 4ucel.
R2L - Remote to Local Attack; BBEJIEHUE

Weka — Waikato Environment for Knowledge Analysis;
Probe — Probing Attack;

TCP — Transmission Control Protocol;

UDP — User Datagram Protocol;

ICMP — Internet Control Message Protocol;

TPR - True Positive Rate;

FPR — False Positive Rate;

AUC - Area under ROC Curve;

BayesNet — BaiiecoBckuii knaccupukarop;

JA8 — nepeBbs pelicHUH;

LogitBoost — amnuTHBHAS JTOTHCTHYECKAsT PETPECCHS;
IBk — meTon k-Ommkalinx cocenei;

®j (X) — KI1acc HOBBIX HAGMIOEHHIA;

B nocnennee Bpemsi ¢ pa3BUTHEM CETEBBIX TEXHOIOTHU YT-
PO3BI 6E30MaCHOCTH 3HAYMTENBHO Bo3pociu [1, 2]. Takum 06-
pa3oM, MOBBILICHHE YPOBHS CETEBOM 0OE30MACHOCTH SIBILSIETCS
OJIHMM W3 aKTyaIbHBIX BOIIPOCOB JUIS MCCieaoBareseit [3].

[Tpu ananm3e maHHBIX ceTeBOro Tpaduka npodiiema pas-
MEPHOCTH CTOHMT OCTPO. Pa3MEpHOCTh MMEIOIIUXCS JAHHBIX,
XapaKTEePU3YIOLIASCS PA3IHYHBIM YHUCIOM HOPU3HAKOB, TOC-
THTaeT OOJBIIOrO Yucia mokasareneil. B cuimy storo HeoO-
XOIMMO CHH3UTh Pa3MEPHOCTh HPH3HAKOBOIO MPOCTPAHCTBA
Y BBIICIHTH U3 HUX HAHOOJIEe BaKHBIC.

OT6Op MPU3HAKOB [TOMOracT YIyYIIUTh IMPOU3BOAUTEIb-
HOCTh KJacCH(PUKALMU M €€ CIOCOOHOCTH K OOOOIICHHUIO.
Jlpyrum MOTHBOM [Uisi OTOOpa OPH3HAKOB SIBIISICTCS TO, YTO
&( Xij) — HOMEp KJ1acca, KOTOPOMY COOTBETCTBYET 3Ha-  MEHbLIEC KOJIMYECTBO [IPU3HAKOB MPHBOAUT K Oonee WHTEp-
IPETHPYEMbIM KiIaccH(UKATOpaM, Y4TO BaXKHO BO MHOTHX
obacTsx (Hampumep, OHOMETHUIINHE).

Kpome TOro, M3MepeHne HEKOTOPHIX MEPEMEHHBIX IPH-
3HAKOB MOXXET OBITh JOBOJBHO AOPOTOCTOSIAM C TOYKH
3peHHs JCHeT, TPeOOBaHMII K XPAaHCHHUIO M Mepefave JaHHBIX
WM BpeMeHH Ha oOydeHue. JJaHHbIC ¢ MEHbIIEH pa3mep-
B — npuBnekaTensHOCTH CBETINIUKA, HOCTBIO TaK)X€ MOTYT OBITh OOJIEe JIETKO BH3YaJIM3MPOBAHBI.
Y — kod(QHLHEHT NOMIOLIEHNS CBETa; Takum 00pa3oM, OTOOp MPU3HAKOB SIBJISIETCS BaKHOW 3a/1a-
4yeld BO MHOTHX CHUCTEeMax Kiaccuukaiuu oOpa3os.

Xjj — Touka U3 Habopa JJaHHBIX;

qenue Xjj;
C — KOJIMYECTBO PacCIO3HABACMBIX KIIACCOB,;
® - o0nacTh JOMYCTHUMBIX 3HAYCHUH;
| — uHGOPMATUBHOCTh TPU3HAKA;
P — HOITYJIAINA CBETJIIYKOB,
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[IPOTPECHBHI IHOOPMALIMHI TEXHOJIOI'TE

Bo MHOr#X MccnenoBaHusx ObUT CeIaH BBIBO O TOM, YTO
pa3iMYHbIe aJrOPUTMBI 0TOOpA NMPU3HAKOB MMEIOT Pa3jiny-
HOE TOBE/ICHHE Ha Pa3JIMYHBIX HA0Opax NaHHbIX, H, CIe0Ba-
TEJILHO, ONACHO HCIIOIB30BATh TOJIBKO OMH ajaroput™ [4].

Meronbl MalIMHHOTO OOY4EHHMS IIHPOKO IPUMEHSIIOTCS
JU1s 0TO0pa NMPU3HAKOB C LIEJIbI0 aHANIM3a CETEBOro Tpaduka
HA TPEAMET HaJIW4hs aTtak. TeOpeTHYECcKH alrOPUTMbI Ma-
IIMHHOIO 00y4YEHHs MOTYT IOJYYUTh BBICOKYKO HPOW3BO-
JUTEIBHOCTD, T.€. MOTYT MHHUMH3UPOBATh YPOBEHb JIOXK-
HBIX TPEBOI ¥ MaKCUMH3HPOBATH TOUYHOCTH OOHAPYKEHHSI.
OnHako OOBIYHO TpedyeTcs OECKOHEYHOEe YHCIO 00ydaro-
mux obpasnos. Ha mpakTuke 3TO yciaoBHE HEBO3MOXHO B
CHJIy OIpaHHYEHHs BBIYMCIMTEIbHON MOIIHOCTH U Tpebo-
BaHUs OTBETA B PEXHME PEaJbHOr0 BPEMEHH.

CylecTByeT MHOXECTBO alrOPUTMOB PabOTAOIUX Ha
OCHOBE MMHTALMU TOBEJEHHS IPUPOJHBIX areHTOB, TAKUX
Kak phIOBI, MTHIBI, HaCeKoMble W T.J. Cpeau HUX aIrOpuTM
Firefly (anroputm «CBETISIYKOB») SIBISIETCS OMHHM U3 TEX,
KOTOPBIl MOXET HNPUBOAUTH K 3D ()EKTHBHBIM pelIeHHIM
Oonburoro uucna 3agad [5]. Llenbio qaHHOTO MCCIenOBaHMUS
sSIBIISIETCsT pa3paboTka HOBOIO IOAXOAA JUIsl 0TOOpa Mpu3Ha-
KOB MyTeM HHTETrpaliy ajJrOPUTMOB CllydyallHOTro Jjeca
(random forest, RF) [6, 7] u Firefly.

1 IOCTAHOBKA 3A/1AYN

st ouenkn MHGOPMATHBHOCTH B paboTe paccMaTpH-
BAIOTCS arOpUTMBbI ciydvaitHoro sieca u Firefly, na ocHose
KOTOPBIX OTOMpAIOTCs Hambolee BaXKHbIC Mpu3Haku [8].

O0o03Ha4MM Yepe3 @ 00NacTh DOMYCTHMBIX 3HAYEHHH.

mxn
R

CTpOKI/I MaTpulbl X e IIpHA 3TOM IPCACTABJIAIOT JJIC-

MEHTHI 00ydaromieil BRIOOPKH, <i/;(Xij) — HOMeEp KJjacca, Ko-

TOPOMY COOTBETCTBYCT 3HAUYCHHUC Xij J-TOo mpu3Haka Ha
i-OM BJIEMEHTE BBHIOOPKH, a C — KOJIHMYECTBO Pacrmo3HaBac-
MBIX Ki1accoB. [lajmee MpOM3BOAMTCS OIEHKAa MH(OpMATHB-
HOCTH |(Xij) (i=1...,m) j-ro mpm3Haka c oOMacTeIO Ompe-
nenenust () anropuTMoM cirydaiHoro jeca. [Ipu3Haku cop-
THPYIOTCSL B MOPSAKE YOBIBAHUS OLEHKHA MX BaXKHOCTH,
HanMeHee MH(POPMATHBHBIC HE PACCMATPUBAIOTCH.

Janee Ha ocHoBe anroputma Firefly neobxomnmo crene-
PHPOBATh MOMYISIMIO CBETISYKOB P, TIe KaXIblil CBETIs-
94OK COOTBETCTBYET OTOOpaHHBIM mpu3Hakam. [Ipu 3tom
HEOOXOAMMO ONPEACINTh U3MEHYUBOCTh WHTCHCHBHOCTH
ceera (variation of light intensity) u dbopmynuposky npu-
BiekatenbHocTH (attractiveness formulation). ITpusiexarens-
HOCTh CBETJISIYKA IPOMOPIHOHAIbHA HHTCHCHBHOCTH CBETA,
KOTOpasi MEHSICTCSL C PACCTOSIHMEM [ H 33/IaeTCs B BHJE,

_p2
B=Poe " @)
rae (3o mpeBpamaercs B MPUBIEKATENBHOCTH NpH [ =0.

JIBwkeHHe cBeTIsiuKa K IMpHBIIEKaeT Apyroro Oosee SpKoro

cBeTyisiuKka | u ONpeaAcIsICTCA KakK

_ar2
Yk = vk +Boe M (yf - yk) +atQf . @

TpeOyetcs oleHUTh UHGOPMATUBHOCTH MPHU3HAKOB Ce-
TEBOrO TpaduKa JUIs MOBBIIMICHUS CKOPOCTH PabOTHI CHCTEM
OOHApY)KCHHUSI BTOPIKCHHIN, COXpPAHSS [IPU 3TOM JOCTATOY-
HO XOpOIIHNE PE3YIbTaThL.
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2 JINTEPATYPHbBII OB30P

IMpu xnaccupukamy HaGOp TaHHBIX OOBIYHO BKIIIOYAET
0oNBIIOe KOMIMYECTBO IPHU3HAKOB, KOTOPBIE MOTYT OBITH pe-
JICBAHTHBIMH, HEPEICBAHTHBIMH WU W30BITOYHBIMHU. V30bI-
TOYHBIE ¥ HEPEJICBAaHTHBIE IIPU3HAKK HE IIPUTOIHBI TSI KI1ac-
cuUKALUM, U OHH MOTYT Ja)ke CHHU3UTh d(PPEKTHBHOCTH
ki1accuuKaTopa B OTHOLIGHHH OOJBIIOrO MPOCTPAHCTBA
TIOHCKA, KOTOPOE TAaKXKe M3BECTHO KAK «IPOKIIATHE pa3Mep-
HocTE» [9].

[IpeumymiectBa 0TOOpa NMPU3HAKOB BKJIIOYAIOT B CeOs
COKpAILIEHHE BBIYMCIHUTEIIBHBIX 3aTPAT, SKOHOMHIO JIHCKOBO-
TO IPOCTPAHCTBA, YNPOIIEHHE MPOIERyp BHIOOpa MOIEIH
JUISL TOYHOTO MPOTHO3UPOBAHMS M MHTEPIPETALNH KOMILICK-
CHBIX 3aBHCHUMOCTE Mexay nepemenasivMu [10]. Otobpan-
HbIE NPU3HAKK HE TOJIBKO ONTHMHU3MPYIOT TOYHOCTh KIIACCH-
(YKaIMK, HO TaKKe YMEHBLIAIOT KOJIUYECTBO HEOOXOMMMBIX
JTAHHBIX JUIS JIOCTHIXKEHHUSI ONTUMAIILHOIO YPOBHS IIPOU3BO-
JIMTEBHOCTH Tiporiecca obyuenms [11, 12].

Metozs!l oTOOpa MPU3HAKOB OOBIYHO BKIIOYAIOT B CeOs
CTPATEruio MOMCKA, MEPY OLECHKH, KPUTEPHH OCTAHOBKH U
BaJIMJALMIO PE3YIHTATOB.

Cpenut 1ByX MOIXOMOB, MCIOIB3yeMBIX Ul 0TOOpa MpH-
3HaKoB, a mmeHHo merona ¢misrpos (filter approach) u me-
Toxa obeprku (Wrapper approach), mepesiii paboraer ny4-
IIe IpH aHalu3e JaHHBIX BBICOKOH pasmepHoctn [11].

leHeTHYECKUil QJITOPUTM SIBISIETCS OHUM M3 HEJABHUX
paspaborok mis orbopa npusHakoB [13]. B Hactosiiee Bpe-
MsI OH sIBJIsieTcsl O4eHb d()(GEKTUBHBIM B HayqHO-TEXHHYEC-
KO# ONTHMH3AIHUH.

Kitaccudukarys Ha OCHOBE MPOTOKOJIOB ObLIa MPEIIo-
’KEHa C HCIOJIIb30BaHUEM I'€HETHYECKOro ajirOpUTMa C JIO-
THCTHYECKOH perpeccueil M npuMeHeHa K HabOpy JaHHBIX
KDD’99 g paborax [14, 15].

TuOpuaHbIil MeTon At 0TOOpa MPHU3HAKOB MpH OOHApy-
YKEHHM CETEBBIX BTOP)KEHHI TpeICTaBiieH B padote [16]. B atoit
CTarthe, pedb UICT O HOBOM AJTOPHTME, KOTOPHI COYETaeT B
cebe mpUpOCT MHPOPMAIIMK U TEHETHYCCKHI aJrOpUTM.

B [17] npexacraBien COBpeMEHHBIH MOAXOM IS OTOOpa
MPU3HAKOB Ha ocHoBe anroputMma Firefly.

3 MATEPHUAJIbI 1 METO/IbI

B nmanHOM pasjesie IPUBOAWTCS OMMCAHUE aITOPHUTMOB
ciyqaiinoro nmeca u Firefly.

Crnyvaiinbiii iec Obi1 nipeiokeH JI. bpelimaHom B cra-
The [6]. OH cTponTCS HA OCHOBE aHCAMOJIS JEPEBBEB peIlie-
HUW, KK AJIIEMEHT KOTOPOTO MOJYyJaeTcs MPH IMOMOIIN
oyrcpena (bootstrap) [18, 19]. HasbiBaercst ancambiiem 1o
TOW MPHYMHE, YTO MPH CO3JAAHUU OAHOTO JEpeBa HCIIOIb3Y-
I0TCS HE BCE MPHU3HAKH MPOCTPAHCTBA, & TOIBKO CIydaliHO
BBIOpaHHBIC.

AJTOpUTM CITy9aifHOT O Jieca 3aKIIF0YaeTCs B CIEAYIOIIEM:

IMycte oOyuaromuii HabOp COCTOMT U3 M 00pPa3LOB,
Pa3MepHOCTh MPOCTPAHCTBA MPU3HAKOB MPH 3TOM paBHA N .
Crtpoutcst He0OX0IUMOE YUCIIO JepeBbeB. C MOMOIIBIO T'0-
JIocOBaHUs mpoBoauTcs kiaccudukanus. OObEKT KiIaccu-
(¢ukanuu OyIeT OTHECEH KaXKIbIM JEPEBOM K OJHOMY U3
KJIacCOB, W KJIACC, 32 KOTOPBIM MPOTrOIOCOBAIO OONbBIIEe KO-
JIMYECTBO JEPEBbEB, TOOEKAALT.
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Jns xkaxaoro nepeBa BEIOMPAETCs MOABBIOOPKA M3 UHC-
Jia HaOMIONIeHni 1 noABBIOOpKA U3 Yucna nepemMeHHsIX [20].
Ha sT0if moxBEIOOpKE 0Oydaercst nepeso.

. s
Jlasee monmy4aeTcsl aHcaMOIb epeBbeB pemenuit {1 i }izl’

e S — KOIMYECTBO JepeBbeB B aHcamOne (i=1.2,..., S).
[Ipu npejacKazaHUKM HOBBIX HAONIONEHUN MONTYYAETCSA

knace o;(X) e{wy,®y,...,m.}, npeackazaununsiit Tj, T.e.
T (x) = @ (x); tne @p (X) — Kiace, HanGonee yacto BeTpe-
qajontuiicss B MHOXeCTBE {; (x)}iS:1 [21].

Jlist 5TO0# 337aul MOKHO HCIIONB30BAaTh JIFOOBIC KIACCH-
(GUKaTOPHI, HO JepeBbs 00IATAI0T CIIOCOOHOCTBIO OBICTPO
obyuatecsi. Ha ocroBe merpuku out-of-bag error (OOB)
omnpenernsiercs: omubka [22-24].

IpenmyiiiecTBa CITy4ailHBIX JICCOB BKIJIFOYAIOT:

— 3HAYUTELHOE MOBBIIICHAE TOYHOCTH,

— BBICOKAs BBIYHCIHTENbHAS 3()(DEKTUBHOCTS;

— IIEpenoIroHKa B HEKOTOPBIX CIydasx pemaema (Koraa
KOJTMYECTBE TIPU3HAKOB OOJbINE YMCIIa HaOIIoNeHHi B 00y-
Jaromiei BhIOOPKE);

— METOJ] IIPOCT B TPHMEHCHHHU.

VX HemocTaTKaMH SIBJSIFOTCS OTCYTCTBHE HATJISIAHOTO
MPEICTABICHUS MPOIECCa MPUHATHS PELICHHs, a, ClIeIoBa-
TEJIBHO, W CJIOKHOCTh B MHTEPIPETAIMH PE3YIIBTATOB.

BpeiiMan npemioxkmwt Mepbl HHGOPMATHBHOCTH TIPHU3HA-
KOB, YTO TIO3BOJIMJIO CTPOMTH MATpPHUILy OJIM30CTH HAOIOMIe-
HUI ISl KOMIICHCAIMH [ICPEYMCIICHHBIX BBIIIE HEIOCTATKOB.
OpnHOM U3 BaXKHBIX 3a/1a4 CTATHCTHYECKOTO aHAIM3a SIBIISCT-
csl HaxOXJeHue Hambosnee MH()OPMATHBHBIX IIPU3HAKOB.
A Mepbl HHGOPMATHBHOCTH JAIOT TAKYI0 BO3MOXHOCTb.

Autropurm Firefly 6su1 npemuioken Xin She Yang u oc-
HOBaH HAa MOBEICHUH CBEITYKOB [5]. OCHOBHOI anroputm
Firefly npennmonaraer, 4to cymecTByeT P CBETISIYKOB Y

(k=1...,p), mepBoHaYANLHO TIPOU3BOIBHO Pa3MEIIEHHBIX

B POCTPAHCTBE. VIHTEHCUBHOCTL CBETa | KaI0ro CBETIISY-
Ka omnpezensgercs neiepoi dymukmueit f (X). B mpocreiimeit
¢dopme, narencuBHOCTL cBeTa | (I) M3MeHseTcs B 3aBHCH-

MOCTH OT PACCTOSHUSL | MOHOTOHHO M JKCIIOHEHIIHATBHO,
Kak 3TO MoKa3aHo B (3):

I=1pe"", ®

rne |y — ncxomHast MHTEHCHMBHOCTB cBeTa M Y — Koo duru-
€HT IIOIVIOoNIEeHNs cBeTa. Eciu |i > | i j;t i, TO MeHee sIp-
KU CBETISMOK | OyleT JABUraThcs B HalpaBleHHH Oonee

APKOTO CBETIAUKA .
IIpuBIeKaTeILHOCTh U3MEHAETCS B 3aBHCHMOCTH OT pac-

crosmms fij =d (Y, ¥j):

rij:\/(xi_xj)2+(yi_yj)2 : @

JIBmKkeHre OHOTO CBETSIYKA K JPYromy, Oojee MpHBIe-
KaTeJIbHOMY CBETISTUKY ompenensiercss kak (2). Ecau spkocTh
j Gombmre, ueM j, To mepemBuraeM | K |. Taxum ob6pa3om,
CXOOMMOCTh CBETIISIYKA OMPEICISETCS €ro JABHKCHUEM.

B (2) Bropoe cnaraemoe 00yCIIOBICHO MPHBIEKATEIBHOC-
ThI0. B TperbeM wieHe o — mapamerp panmomusanuu, a Q
IpescTaBisieT codoit pactpenenenue ['aycca cirygalfHBIX du-
cen. Ecnu B =0, To ABMKEHHE CTAHOBUTCS TIPOU3BONIBHBIM.
Ecimn v =0, T0 3a1a4a cBOANTCS K ONTAMH3ALAN POSI YACTHII.

4 OKCITEPUMEHTDI

Jlinst mpoBesieHNsT IKCIIEPUMEHTOB Oblla paccMOTpeHa
6a3a mannbix curaatyp NSL-KDD [25], noctpoennast Ha oc-
HoBe 6a3sl KDD-99 no maunmarnBe amMepukaHCKoH Acco-
[UAIK [CPCIICKTHBHBIX O0OPOHHBIX HAYYHBIX HCCIICOBA-
Huit DARPA [26]. Ona oxBaThIBaeT IIMPOKUH CIEKTp pas-
JUYHBIX BTOPIKEHHH, CMOJEIHPOBAHHBIX B Cpele,
umMuTHpYroLel cetb BoenHo-po3pymnbix cun CILIA.

Paccmotpennas 6aza NSL-KDD umeer cnenyromrue npe-
umymecrsa [27]:

— HeT M30BITOYHBIX 3ammceil B oOydaromeM Habope, Tak
9TO KIaCCH(PHUKATOP HE MOKAXKET KAKOW-IIHOO MPEeaB3sIThIN
pe3ymbTar;

— Her aybnmkaTta 3amuceil B TectoBoM Habope. OH co-
JIEPXKUT HEKOTOPBIC aTakH, KOTOPBIE HE MPHUCYTCTBYIOT B
obOydaromem Habope;

— KOJIMYECTBO BBHIOPAHHBIX 3aMKCEH M3 KaXKIOW TPYIIIIBI
YPOBHEH CIOXHOCTH OOpaTHO NPOIOPIHOHAIBHO JOJNE 3a-
mmceit B ucxogHoM Habope maHHBIX NSL-KDD.

OO0y4varonuii HabOp JaHHBIX COCTOHMT M3 21 pa3iu4HBIX
aTak, a TeCToBbIi — 13 37. VI3BeCTHBIC BUIIBI aTaK CONCPIKATCS
B 0Oy4aromiem Habope, B TO BpeMsi KaK HOBBIE aTaKd — 3TO
JIOTIOJTHUTEIIBHBIC aTAKd B TECTOBOM HAa0Ope JaHHBIX (OHH
OTCYTCTBYIOT B 0oOyuaromem Habope). Kpome Toro, xommue-
CTBO 3ammcell B oOywaromeM Habope cocraBiser 125973
00pa3oB, a B TecToBOM — 22544. DT0 MpEenMyIIecTBO aea-
€T ero JIOCTYITHBIM JUIsl IIPOBEICHHS IKCIIEPUMEHTOB Ha I10JI-
HBIX JaHHBIX 0e3 HEeOOXOJAMMOCTH CllydailHbIM 00pa3om
BBIOMpATh HEOOJBIIYIO YaCTh.

Bce ataxu B NSL-KDD nionenenst Ha geTbipe rpymibi [28]:
DoS (Denial of Service Attack), U2R (Users to Root Attack),
R2L (Remote to Local Attack) u Probe (Probing Attack).

Kaxnast 3anuchk umeer 42 atpulyTa, ONMCHIBAIOIINX Pa3-
JU4Hble mpu3Haky (Tabi. 1). TIpoToKomkl, KOTOphIe paccMmar-
pusarorcst B NSL-KDD, sxirouaror TCP, UDP (User Datagram
Protocol) u ICMP (Internet Control Message Protocol).

MeTky MPUCBAMBAIOTCS KaXJIOW 3aITUCH JTHOO B Ka4eCTBE
THIIA «aTaKW», JTHOO0 KaK «HOpMaibHOE» coctosaue [29].

Jlnst cpaBHEHHS TPOU3BOJUTENBHOCTH U 3¢ HeKTHBHOC-
TH METOJIOB OOHAPY)KCHHUsI BTOP)KCHHI B CETH HCIONIB3YIOT-
cs1 crenyromue metpuku [30]:

a) Haubosee pacnpocTpaHEHHBIMH METPHKAMU IS
CPaBHCHHUSI CHCTEM OOHApYKCHHUS BTOPKCHHM SIBISIFOTCS
BEPOSTHOCTH MCTHHHO-ToTokuTenbHbIX (True Positive Rate,
TPR) u n10KHO-TTOMOKUTENBHBIX pe3ysbraToB (False Positive
Rate, FPR). FPR siBisieTcst BEpOSITHOCTBIO TTOYYEHHUS OTIO-
BCILICHUsI, Ja)e SCIIM CHCTeMa BEIeT ceOs HOPMAabHO.
C npyroii CTOPOHBI, BEPOSTHOCTH JIOKHO-OTPULIATENBHBIX pe-
synesratoB (False Negative Rate, FNR) simsiercst BeposiTHOC-
THIO HE JAIOLICH CHUTHAjla TPEBOTH, HAXKC CCIH MMOBEACHHUC
CHCTEMBI SIBJISIETCS BpetoHOCHBIM. YpasHenws (5) u (6) mpen-
craBistoT FPR u FNR:

number of false positives

FPR = ,
number of false positives +number of true negatives
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Tabmuna 1 — Crrcok npu3HAKOB I Kax0ii 3anucy 6a3bl taHHbIx NSL-KDD

Ne Hasganue npusnaka  Ne | HaspaHue nmpusHaka Ne | HasBanue npu3Haka

1 duration 15 | su_attempted 29 | same srv_rate

2 protocol_type 16 | num_root 30 | diff srv_rate

3 service 17 | num file creations 31 | srv_diff hast rate

4 flag 18 | num_shells 32 | dst host_count

5 scr_bytes 19 | num_access_files 33 | dst_host_srv_count

6 dst_bytes 20 | num outbound cmds 34 | dst host same srv rate

7 land 21 | is_host login 35 | dst host diff srv_rate

8 wrong_fragments 22 | is_quest_login 36 | dst host same src_port rate
9 urgent 23 | count 37 | dst host srv_diff host rate
10 hot 24 | srv_count 38 | dst host_serror_rate

11 num failed logins 25 | serror_rate 39 | dst host srv _serror rate
12 logged_in 26 | srv_serror_rate 40 | dst_host_rerror_rate

13 num_compromised 27 | rerror_rate 41 | dst host_srv_rerror_rate
14 root_shell 28 | srv_rerror rate 42 | class

B number of false negatives
number of false negatives -+ number of true positives * ©)

FNR

CrenoBaTensHO, BeposATHOCTH TPR m mcTHHHO-OTpHITA-
TenbHbIX pe3ynsrato (True Negative Rate, TNR) moryt 6b1Th
OIpeJeNeHbl KaK:

TPR=1-FNR u TNR=1-FPR . )

ITo cyrH, cymecTByeT KOMIIPOMHCC MEXIY CKOPOCTBIO
JIOXKHBIX CpaOaThIBAHUM M YaCTOTOH JIOXKHBIX OTPHIATEINb-
HBIX 3HaueHW. Eciam monnTtHka oOHapyKeHUS BTOPXKEHHH
CTAQHOBHUTCS OYEHb UyBCTBUTENBHOMH, pruck FPR Oyner BrIme.
Taxum obGpa3om, OamaHC cleayeT paccMaTpUBAaTh MEXIY
stumu 1aBymst puckamu (FPR u FNR) B xoudwurypaumn cuc-
TeMbI OOHApY)XEHHS BTOPKCHHUH.

6) Beipaxxenrie (8) mpencrasisier coboit mepy romaotsI (recall),
KOTOpasi ONpPEeseTC KaK JOMs HOPMATBHOTO TIOBEICHIS

number of true positives 8

recall = — .
number of true positives + number of false negatives

Tem He MeHee, Mepa MOTHOTHI HEJIOCTATOYHO COZEpXkKa-
TeNbHA, TAK KaK OHAa MOXET OBITh MONMydeHa TPUBHAJIHHBIM
00pa3oM myTeM Kiiaccu(UKaIMy BCEX THIIOB MOBEICHUS, KaK
BPEIOHOCHBIX.

B) CyllecTByeT ele ofHa METPHKA, Ha3bIBaeMasi MepOH
TouHocTH (Precision), koropasi pemaer 3Ty mpooIeMy:

number of true negatives
number of true negatives +number of false positives

precision =

IMpu knaccudukanuu Bcero Tpapuka Kak HOPMAIBHOIO,
Mepa TOYHOCTH TOCTUTAeTCs MOMHOCTHIO.

r) F-mepa siBsieTcst okasaTeneM, KOTOPBIi COYeTaeT B
cebe Mephl TOYHOCTH U MOJHOTHIL

2xrecall x precision

— (10)
recall + precision

F —measure =

m) ROC-kpusas (Receiver Operator Characteristic — pa-
6ouas xapakrepucThka (MPHEMHHKA)) CPABHUBAET YaCTOTY
TPR ¢ FPR [30]. OxHo BaxkHOE OrpaHHUYCHHE ITOW METPUKH
COCTOHT B TOM, YTO OHA BBIYUCIISCT OOIILYIO IPOH3BOAUTEIb-
HOCTh CHCTEMbI OOHAPYKCHHsI BTOPKCHHUI HA BCEX HCXO[-
HBIX JIaHHBIX. YeM BbIlIe 3HaueHue miomany nog ROC-kpu-
Boii (area under ROC curve, AUC), tem ydiiie mpou3BOIn-
TEJIBHOCTH METOJA.
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PazpabaTeiBaeMBbIil MOAX0M OBLT IMPOAHATU3IUPOBAH C
HCHOJIb30BAHUEM CJIEAYIOMINX KIACCH(HUKATOPOB:

— HamBHoro baiiecoBckoro kiaccudukaropa
(NaiveBayes);

— nepeBbeii pemennii (J48);

— aJIMTHBHON Joructudyeckoi perpeccuu (Additive
Logistic Regression — LogitBoost);

— Baitecosckoro kmaccudukaropa (BayesNet);

— merona k-Onmmxkaiimmx coceneit (1BK).

B xone TectupoBaHus OBUTH KCIIONB30BAHBI PEATH3ALMI
JIAHHBIX AJITOPUTMOB B mporpammHoii cucreme Weka 3.8.0.

5 PE3YJIbTATbI

OxcnepuMenTsl ObutH mposeaensl B OC Windows®
10-64 ¢ mporeccopom Core i7 (2,5 I'Tm), 8.0 I'6 O3V. Ouen-
Ka WHPOPMATHBHOCTH NMPHU3HAKOB MPOBOAWIACH B Cpele
Matlab 2016a na na6ope mauubix NSL-KDD. ITapamerpst
anropurmoB Firefly u ciyuaiinoro neca, Mcnonap30BaHHBIC B
9KCIEPUMEHTE, MPHUBEACHBI B Ta0M. 2.

B pesynwrare ommnbOka anropurma CiydyaiHOro jieca co-
crapuna 0,08% npu xonuvectse nepeBbeB paBHoM 30 U 3Ha-
yernun OOB paBnom 0,03%, 4TO mMoOKa3bIBaeT XOPOIIYIO pa-
00Ty moaxoaa.

I1siTh pa3IUYHBIX aJrOPUTMOB KiacCH(pHKALUK (IepeBbs
peuienuii, HauBHBIA Baiiec, baiiecoBckuii knaccupukarop,
aJINTHBHAS JIOTUCTHYECKAsT PErpeccrsi U METO[ K-OimKaii-
IIMX coceneil) CPaBHUBAIOTCS B MporpaMmHoit cpeme Weka
3.8.0 npu otoOpaHHBIX MHDOPMATHBHBIX Tpu3Hakax (Tao-
snna 3) u 41 npusnake 6a3sl qanasix NSL-KDD.

B tabnunax 4 u 5 npuBoasTcs pe3ynbraThl paboThl aaro-
PUTMOB Kiaccu(UKAIMK CETEBBIX aTak Ha ocHoBe 41 mpwu-
3HAKa U OTOOPaHHBIX MH()OPMATHBHBIX IPH3HAKOB W3 MME-
OIIErocsi Habopa JaHHBIX COOTBETCTBEHHO.

Hawnnydmue pe3ynbraTbl ObLIH OTMEYCHBI KHPHBIM
mpudrom (tabm. 4-5). B xauecTBe MeTpUK OBLIH paccMoT-
penst TPR, FPR, Precision, Recall, F-mepa u AUC.

Tabmuua 2 — [TapamMeTpbl ajJropuTMOB OLEHKH MH()OPMAaTUBHOCTH

MPU3HAKOB
Yuciio CBETISTUKOB 7
Tlapamerp panmomusanun ( OL) 0,2
[IpuBiekaTeIbHOCTH 2
Koa¢duupent nornomenns ceera (Y ) 1
Yycno aepeBbeB 30
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W3 Tabn. 4-5 MOXXHO cienaTh 3aKIIOUCHHE, YTO HAMIyd-
e pe3ynsrathl ObutH monydensl MeronoM |Bk. Cormacuo
Metpruke FPR HanMeHbIIHIT IPOIEHT OMIMOKK KiIaccu(uka-
un st 41 npusnaka 6but mocturayT meronom NaiveBayes,
a juist oToOpaHHbIX 25 npu3HakoB — meronoM |BK.

CpaBHeHHE HPOM3BOAUTENBHOCTH anroputMoB (Tabiu-
1a 4) nokasaio, yro meron BayesNet mpeBocxoaut ocraib-
Heie 1o Merpuke AUC (92,5%). Ananusupys nosy4eHHble

JTaHHBIE MO MeTpuke F-mepa yMeHbIIeHHE Pa3MEpHOCTH
BEKTOpa IIPH3HAKOB COITTACHO MH(OPMATHBHOCTH IIPHUBEIIO
K yrydmieHuto paborsr meromoB J48, NaiveBayes,
LogitBoost u IBk.

Cpasrenne 3HaueHnit AUC 1 paccMOTpeHHBIX KIIacCH-
(ukaropoB Gosiee HADIHO AEMOHCTpUpYercst Ha puc. 1 (kpac-
HBIM I[BETOM OOO3HA4YEHBI pPe3ysTarsl s 41 mpusHaka, a cu-
HUM — 25 NPHU3HAKOB Ha OCHOBE IPEIOKEHHOIO MOIXOAA).

Tabmua 3 — Pe3ynbrarsl olieHKH HHOOPMATUBHOCTU NPH3HAKOB

TTonxon

OrobpaHHbIE IIPU3HAKH

Asroputwm Firefly

22,26,30,5,37,14,7,13,27,21,10,18,24,23,11,12,31,1,20,36

CryyaiiHblii Jiec

5,2,23,24,36,10,8,4,34,40,31,32,35,22,6,27,1,33,37,16,14,11,29,13,28

IIpennaraemslii moaxoxn

22,26,5,2,23,24,36,37,14,13,27,21,10,18,11,12,31,1,20,8,29,28,40,35,6

Tabauua 4 — CpaBHEeHHE IPOU3BOJAUTENBHOCTH AJITOPUTMOB Kilaccudukauuu ajs 41 npusHaka

Meron TPR (%) | FPR (%) | Precision (%) | Recall (%) F-mepa (%) | AUC (%)
J48 75,8 13,2 76,7 75,8 74,0 81,8
NaiveBayes 70,2 11,7 75,8 70,2 70,7 86,5
BayesNet 71,5 19,2 78,6 71,5 67,0 92,5
LogitBoost 74,5 15,8 78,0 74,5 73,3 90,6
1Bk 76,8 16,3 81,2 76,8 72,6 82,3

Ta6mdua 5- CpaBHCHI/IC IIPOU3BOAUTEIBHOCTH AJITOPUTMOB Knaccmbm(aunn JJIsT 0T06paHHI>IX IIpU3HAaKOB

Merox TPR (%) | FPR (%) Precision (%) | Recall (%) F-mepa (%) | AUC (%)
J48 76,5 14,7 80,9 76,5 74,3 82,1
NaiveBayes 59,5 7,9 73,4 59,5 64,9 84,7
BayesNet 73,9 16,9 80,2 73,9 69,8 93,6
LogitBoost 78,8 11,5 818 78,8 78,7 93,5
1Bk 99,6 0,2 99,6 99,6 99,6 100

Pucynok 1 — CpaBHEH#HE TPOU3BOIUTEILHOCTH METOIOB Kiaccuukanuu st 6a3er ganubix NSL-KDD
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6 OBCYXIEHUE

IpennoxeHHbIH MOAX0 OUEHKA HH()OPMATHBHOCTH
MIPU3HAKOB JIAHHBIX OOJBIION pa3MEpPHOCTH OOCCIICYHBACT
[IOBBIIIEHNE TOYHOCTH BBISABIICHUSA aHOMAJIUU B CETEBOM
Tpaduke. COOTBETCTBEHHO, COKpAI[eHUE POCTPAHCTBA NPH-
3HAKOB CYHIECTBEHHO YBEIMYMBAET CKOPOCTh PabOTHI airo-
PUTMOB KIIaCCH(PUKAIUH.

TecTrpoBaHre MOAX0Ja MPOBOJAMIOCH HA OCHOBE MET-
puk TPR, FPR, Precision, Recall, F-mepa u AUC. Hawnnyu-
[IMe pe3yabTarsl OBUIHA MOMYYEHBI IS METoAa K-OImiKaii-
IIMX cocenedl, OMHAKO OH TpeOyeT OONMBIINX BPEMEHHBIX 3aT-
par. B cuity 3TOro mpeamnodreHue MOKHO ObUIO OB OTIATH
merogam BayesNet wim LogitBoost.

BbIBO/JbI

Lenp TeKylero UCcieIoBaHus COCTOSIIA B aHAM3E JIaH-
HBIX BBICOKOM pa3MEpHOCTH Ha TpeaMeT WHPOpPMATHBHOC-
TH JIJIsSI BEISIBIICHUSI aHOMAITUI B ceTeBoM Tpaduke. B pabdote
JUTSL BBISIBIICHUS] THPOPMATHBHBIX TIPH3HAKOB, UCTIONB3yeMBIX
JUTsE OOHAPYXKEHHS aTak B CeTeBOM Tpaduke, ObUIH PaccMOT-
peHbI anropuT™Msl ciydaiiHoro yieca u Firefly. B kasecrtse
KJIaCCU(UKATOPOB OBLIN PACCMOTPEHBI JEPEBbsl PEIICHHUH,
HauBHBIN baitec, baliecoBckuii Kiraccu(pukaTop, aaJuTHBHAS
JIOTUCTHYECKAs] Perpeccuss U METOJ K-ONIKaNIINX COCeNeH.

TakuM 00pa3oM, dKCIIEpUMEHTAJIbHBIE PE3YNITATHI I10-
Ka3bIBaIOT, YTO TMpPEAJIaraeMblii MOIXOJ JOCTHIAeT IepCIeK-
THBHOW MPOHU3BOJAUTEIEHOCTH TPU OOHAPY)KEHUH CETEBBIX
aTak Ha OCHOBE WH(OPMATHBHBIX MMPH3HAKOB.

XoTs MpeIOKEHHBIN aITOpUTM 0TOOpa MH()OPMAaTHB-
HBIX MPU3HAKOB MMeeT OOHAJIe)KHBAIOIIYI0 MPOU3BOANUTENb-
HOCTB, OHa MOXXET OBITh JIOMOJIHUTEIHHO ITOBBIMIEHA 33 CYET
OINITHMH3ALUH CTpAaTEerny norcka. Kpome Toro, B IeNsX Aaib-
Heiero n3ydeHus: 3QpPpeKTUBHOCTH OOHAPYKEHHsI aHOMa-
il B cereBoM Tpaduke, OylreT MCIONb30BaH HAOOp peaib-
HBIX JTaHHBIX.
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Umamsepaues 5. H.t, Cyxocrar JI. B.2

'Kau/. TexH. HayK, JOLEHT, 3aB. BigainoMm, lucruryr indopmaniiinux texunonoriii Hamionansnoi Axanemii Hayk Aszep6Gaiimkany, Baky,
AsepbaiimxaH

2KaH. TeXH. HayK, CTApLIMI HAYKOBHII ciBpOOITHHK, [HCTUTYT iHpOpMauiiiHuX TexHonorii Hauionansroi Akanemii Hayk AsepGaiipkany,
baxy, AsepOaiimxan

BUSIBJIEHHS AHOMAJIIA Y MEPEXKEBOMY TPA®IKY HA OCHOBI IHOOPMATUBHUX O3HAK

AKTyaabHicTh. BupileHo akTyanbHe 3aBIaHHs OLIHKH iH(YOPMATUBHOCTI O3HAK JaHHUX BEJIUKOI po3MipHOCTI. O0’€KTOM JOCIimKeHHs OyB
MepexeBui Tpadik.

Meta po6oTH — aHall3 faHMX MepexeBoro Tpadiky Ha npeaMer iHGOPMATHBHOCTI AJIsl BUSIBICHHS aHOMANil B MepexeBoMy Tpadiky 3
METOI0 CKOPOUEHHS IPOCTOPY O3HAK.

MeToz. 3anponoHOBAHO MiAXiJ AJs OLIHKU iHGOPMATUBHOCTI O3HAK JAHMX BEIMKOI PO3MIPHOCTI, 110 3a0e3neuye MiABUILEHHS TOYHOCTI
BUSIBJICHHS aHOMAJIIi B MepexxeBoMy TpadiKy 1 iCTOTHO 301IbLIY€e MBUAKICTH POOOTH alnropuTMiB kiacudikauii. [IpoananizoBaHo 0coOIHMBOCTI
aIropuTMiB BUnakoBoro Jicy i Firefly. B po6oti st Binbopy o3Hak 3anponoHOBaHH HMifXi]] Ha OCHOBI iHTErpamil JaHUX anroputMis. O3HaKH
COPTYIOTbCS B MOPsAKY YOYBaHHs OLIHKM IX BaXIMBOCTI, HaliMeHII iH)OpPMATUBHI He po3MIANaloThes. Sk KiacudikaropiB Oyan po3NIAHYTI
JiepeBa pillenb, HaiBHUH Baitec, baiieciBebkuil kimacugikaTop, anJuTHBHAS JIOTICTUYHA PErpecis i MeToA 10 HalOmmKkuux cycinis. PesynbraTu
Ki1acudikanii Oyau OLiHEeH] 3 BUKOPUCTAHHAM I'SITH METPUK. HMOBIPHOCTI iCTHHHO-IIO3UTHBHUX 1 XMOHO-NIO3UTHBHHX pe3yibTariB, F-3axomnu,
3aXO/iB TOUHOCTI i TOBHOTH.

PesyabraTn. Excnepumentu Gy nposeneHi B cepegosumnii Matlab 2016a, ne 6ys peaizoBaHuil 3aIponoHOBaHUN anropuT™ Ha Habopi
nanux NSL-KDD. Haiikpaini pe3ynbraty knacudikanii st Biniopanux o3Hak Oyiu oTpUMaHi METOJOM K-HaHOIMKUUX CyCiiB.

BucHoBku. [IpoBeneHi eKClIEpUMEHTH MiATBEPAMIN IPALE3AATHICTh 3alPOIOHOBAHOIO MiAXOY, 1O A03BOJISE PEKOMEHAYBaTH HOro ajs
3aCTOCYBaHHs Ha IPAKTHLI IIPU OLIHII iHGOPMATUBHOCTI 3 METOIO CKOPOUEHHSI [IPOCTOPY O3HAK 1 MiJBULIEHHS MBUAKOCTI POOOTH alIropuTMiB
kinacudikanii. KpiM Toro, 3 MeToro nopaibuioro BUBUeHHs €()eKTHBHOCTI BUSBJICHHs aHOMAiH B MepexxeBoMy Tpadiky, Oyne BUKOpUCTaHHI
Ha0ip pealbHUX JAHUX.

KirouoBi ci10Ba: MepexeBi aTaky, iHQOpMaTHBHICTE 03HAK, BUNaIKkoBHil ic, anroputm Firefly, NSL-KDD.

Imamverdiyev Y. N.%, Sukhostat L. V.2

1PhD, Associate Professor, Head of Department, Institute of Information Technology of Azerbaijan National Academy of Sciences, Baku,
Azerbaijan

2PhD, Senior Researcher, Institute of Information Technology of Azerbaijan National Academy of Sciences, Baku, Azerbaijan

NETWORK TRAFFICANOMALIES DETECTION BASED ON INFORMATIVE FEATURES

Context. The urgent task for feature informativeness evaluation of a large amount of data has been solved. The object of the study was
a network traffic.

Objective is to analyze the data informativeness for network traffic anomalies detection in order to reduce the feature space.

Method. The approach for feature informativeness evaluation of a large amount of data is proposed to increase the accuracy of the
anomaly detection in network traffic. It also substantially increases the computation speed of the classification algorithms. The characteristics
of a random forest and Firefly algorithms are considered. In the paper, an algorithm for feature selection based on the integration of these
algorithms is proposed. Features are sorted in descending order according to their importance, the least informative ones are not considered.
The decision trees, naive Bayes, Bayesian classifier, additive logistic regression and k-nearest neighbors method are considered as classifiers.
The quality of the classification results is estimated using six evaluation metrics: true positive rate, false positive rate, precision, recall, F-
measure and AUC.

Results. The experiments have been performed in the Matlab environment (2016a) on the NSL-KDD data set, using the proposed
algorithm. The best classification results for the selected features have been obtained using k-nearest neighbors method.

Conclusions. The conducted experiments have confirmed the efficiency of the proposed approach and allow recommending it for
practical use in feature informativeness evaluation in order to reduce the feature space and increase the computation speed of the classification
algorithms. In addition, in order to further study the effectiveness of anomaly detection in network traffic, a real data set will be used.

Keywords: network attacks, feature informativeness, random forest, Firefly algorithm, NSL-KDD.

119



[IPOTPECHBHI IHOOPMALIMHI TEXHOJIOI'TE

10.

11.

12.

13.

14.

15.

REFERENCES

Dua S., Du X. Data mining and machine learning in cybersecurity.
Boca Raton, FL, CRC Press, 2011, 256 p. DOI: 10.1201/b10867
Saxe J. Why security data science matters and how its different:
pitfalls and promises of data science based breach detection and
threat intelligence [Electronic resource], 2015, Access mode:
https://www.blackhat.com/us-15/speakers/Joshua-Saxe.html
Gates C., Taylor C. Challenging the anomaly detection paradigm:
a provocative discussion, Proceedings of the Workshop on New
Security Paradigms, 2007, pp. 21-29. DOI: 10.1145/
505202.505211
Molina L. C., Belanche L., Nebot A. Feature selection algorithms:
a survey and experimental evaluation, Proceedings of IEEE
International Conference on Data Mining, 2002, pp. 306-313.
DOI: 10.1109/ICDM.2002.1183917
Yang X.-S. Firefly algorithms for multimodal optimization,
Stochastic Algorithms: Foundations and Applications, 2009,
Vol. 5792, pp. 169-178. DOI: 10.1007/978-3-642-04944-6_14
Breiman, L. Random forests, Machine Learning, 2001, No. 1,
pp. 5-32. DOI: 10.1023/A:1010933404324
Random forests — Classification manual [Electronic resource],
2017, Access mode: http:/ww.math.usu.edu/adele/Forests/
Strobl C., Zeileis A. Danger: High power! —exploring the statistical
properties of a test for random forest variable importance,
Proceedings in Computational Statistics, 2008, pp. 59-66.
Xue B., Zhang M., Browne W. N. Particle swarm optimization for
feature selection in classification: Novel initialization and updating
mechanisms, Applied Soft Computing, 2014, Vol. 18, pp. 261-
276. DOI: 10.1109/TSMCB.2012.2227469
Feng D., Chen F., Xu W. Supervised feature subset selection with
ordinal optimization, Knowledge-Based Systems, 2014, \ol. 56,
pp. 123-140. DOI: 10.1016/j.knosys.2013.11.004
Bouaguel W., Mufti G. B., Limam M. A fusion approach based on
wrapper and filter feature selection methods using majority vote
and feature weighting, Proceedings of the International
Conference on Computer Applications Technology, 2013,
pp. 1-6. DOI: 10.1109/ICCAT.2013.6522003
Wang G., Ma J., Yang S. An improved boosting based on feature
selection for corporate bankruptcy prediction, Expert Systems
with Applications, 2014, Vol. 41, No. 5, pp. 2353-2361. DOI:
10.1016/j.eswa.2013.09.033
Srinivasa K. G. Application of Genetic Algorithms for Detecting
Anomaly in Network Intrusion Detection Systems, Advances in
Computer Science and Information Technology. Networks and
Communications, 2012, Vol. 84, pp. 582-591. DOI: 10.1007/
978-3-642-27299-8_61
Yu K. M., Wu M. F, Wong W. T. Protocol-based classification
for intrusion detection, Applied Computer and Applied
Computational Science, 2008, Vol. 3, No. 3, pp. 135-141.
Akbar S., Nageswara R. K., Chandulal J. A. Intrusion detection
system methodologies based on data analysis, International
Journal of Computer Applications, 2010, Vol. 5, No. 2,
pp. 10-20. DOI: 10.5120/892-1266

120

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Sethuramalingam S., Naganathan E. R. Hybrid feature selection
for network intrusion detection, International Journal of
Computer Science and Engineering, 2011, \Vol. 3, No. 5, pp.
1773-1780. DOI: 10.4225/75/57a84d4fbefbb

Banati H., Bajaj M. Fire Fly based feature selection approach,
1JCSI International Journal of Computer Science Issues, 2011,
\ol. 8, Ne 4, pp. 473-80.

Hothorn T., Hornik K., Zeileis A. Unbiased recursive partitioning:
a conditional inference framework, Journal of Computational
and Graphical Statistics, 2006, Vol. 15, No. 3, pp. 651-674.
DOI: 10.1198/106186006X133933

Breiman L. Stacked Regressions, Machine Learning, 1996,
\ol. 24, pp. 49-64. DOI: 10.1007/BF00117832

Strobl C., Boulesteix A.-L., Kneib T., Augustin T., Zeileis A.
Conditional variable importance for random forests, BMC
Bioinformatics, 2008, Vol. 9, No. 1, pp. 25. DOI: 10.1186/1471-
2105-9-307

Siroky D. Navigating Random Forests and related advances in
algorithmic modeling, Statistics Surveys, 2009, Vol. 3,
pp. 147-163. DOI: 10.1214/07-SS033

Archer K. J., Kimes R. V. Empirical characterization of random
forest variable importance measures, Computational Statistics &
Data Analysis, 2008, No. 4, pp. 2249-2260. DOI: 10.1016/
j.csda.2007.08.015

Strobl C., Boulesteix A.-L., Zeileis A., Hothorn T. Bias in random
forest variable importance measures: illustrations, sources and a
solution, BMC Bioinformatics, 2007, Vol. 8, No. 1, pp. 1471-
2105. DOI: 10.1186/1471-2105-8-25

Liaw A., Wiener M. Classisication and Regression by randomForest.
R News, 2002, \Wol. 2, No. 3, pp. 18-22.

Aggarwal P., Sharma S. K. Analysis of KDD dataset attributes-
class wise for intrusion detection, Procedia Computer Science,
2015, Vol. 57, pp. 842-851. DOI: 10.1016/j.procs.2015.07.490
McHugh J. Testing intrusion detection systems: a critique of the
1998 and 1999 DARPA intrusion detection system evaluations
as performed by lincoln laboratory, ACM Transactions on
Information and System Security, 2000, Vol. 3, No. 4, pp. 262—
294. DOI: 10.1145/382912.382923

Tavallaee M., Bagheri E., Lu W., Ghorbani A. A detailed analysis
of the KDD CUP 99 Data Set, Proceedings of the second IEEE
Symposium on Computational Intelligence for Security and
Defense Applications, 2009, pp. 53-58. DOI: 10.1109/
CISDA.2009.5356528

NSL-KDD data set for network-based intrusion detection systems
[Electronic resource], 2017, Access mode: http://nsl.cs.unb.ca/
NSL-KDD/

Davis J. J., Clark A. J. Data preprocessing for anomaly based
network intrusion detection: A review, Computers & Security,
2011, Vol. 30, No. 6-7, pp. 353-375. DOI: 10.1016/
j.c0se.2011.05.008

Holz T. 13 security measurements and metrics for networks,
Dependability Metrics, 2008, pp. 157-165. DOI: 10.1007/978-
3-540-68947-8_13



p-ISSN 1607-3274. Panioenextponika, inopmaTuka, ynpasminas. 2017. Ne 3
e-ISSN 2313-688X. Radio Electronics, Computer Science, Control. 2017. Ne 3

Y/IIK378.147:044.4'24(477)

Kysbma K. T.

KaHd. mexH. Hayk, cmapwul suknadady kaghedpu KoMITomepHOI iHxeHepii, Mukonaigscbkull HauioHanbHUl yHisepcumem im. B. O.
CyxommnuHcbkoeo, Mukonaig, YkpaiHa

OBYUCIIOBAJIbHA TEXHONOrIA NEPEBIPKUA PIBHA 3HAHb
HA OCHOBI METOAY NOCNIAOBHOIO AHANI3Y

AKTyaJbHicTb. BupillleHo akTyalbHy 3a7a4y MiJBUILEHHs e()eKTUBHOCTI IPOLECY MiATPUMKHU IPUHHSATTA pillleHb 1] 4aC CTATUCTUYHOIO
KOHTpOJIIO 3HAHb.

MeTa po6oTH — po3pobka 0OYHCIIOBAIBHOI NPOLIEAYPH BHUPIIIEHHS YOTHPbOXAILTEPHATUBHOI 3afaui knacudikauii TecToBaHHX 3a
piBHEM HaBYEHOCTI, IO J03BOJISIE 3A1HCHIOBATH KOHTPOJIb 3HaHb AHdepenIiioBaHo, MiHIMI3ye 00’ €M 3aBaaHb, HEOOXIAHUM Il BUKOHAHHS.

MeToa. 3anpornoHOBaHO OOYHCIIIOBAIbHY IPOLIEAYPY KiIacH(pikalLil TECTOBAHUX HAa YOTHPU KJIACH, SIKi BINIOBINAIOTh PIBHAM HaBUEHOCTI:
«IIOYaTKOBUI», «CepelHii», «0CTaTHIll», «BUCOKUII», 110 0a3yeTbcs HA BUKOPUCTaHHI JBOXAJbTEPHATHBHOIO KPUTEPilO MOCIiZOBHOIO
aHali3y B JIeKUIbKa eTamiB Ta 3a0e3nedye 31iHCHEHHsS KOHTPOJIO 3HAHb B NPOLECI BUKOHAHHS 3aBJaHb, MiHIMI3yI04M TaKHM YMHOM 4ac
HepeBIPKU 3HaHb, L0 A03BOJISIE ABTOMATU3YBAaTH HMPOLEC NEPEBIPKU CTATUCTUYHMX TiMOTE3 y CHCTEMAX TECTYBaHHsS Ta HABYAHHS 3 METOIO
JudepeHIiiHOoT OLIHKY 3HaHb YYaCHHUKIB HaBYAJIBLHOTO Ipolecy. [yt BUpilIeHHs 3a1a4i OLIHKH NPUJATHOCTI TECTY 3aIPOIIOHOBAHO METOJ,
o 6a3yeTbes Ha Mo0y0B1 GyHKLIT orepaTUBHOI XapaKTEPUCTHKU ITOCIIIOBHOTO KPUTEPIIO, sIKa JJ03BOJISIE BU3HAYUTU OO CAT 3aBJlaHb JOCTaTHIN
JUISL JOCATHEHHs 0a)KaHOTO PiBHS SIKOCTI TECTY 3a PaXyHOK BCTAHOBIIEHHS 3B’SI3Ky MDK O4YiKyBaHOI HMOBIPHICTIO NMPUHHATTS TilOTE3M Ta
BUIIaJKOBUM 3HaUEHHSIM IapaMeTpa iMOBIpHOCTI nosiBY y Bubopui 3 1,2,...n nuTaHb NpuiMaabHOIO YUCIa HEBIPHO BUKOHAHUX 3aBJIaHb.

PesyabraTn. Po3pobneno nporpamue 3a0e3leueHHs, sKe peallisye 3alpornoHOBaHy OOUUCTIOBAIBHY IPOLEAYPY, IO BUKOPHCTAHO PU
HpOBEEHHI 00UMCIIOBAILHUX EKCIIEPHMEHTIB TECTOBOIO KOHTPOIIO 3HAHb.

BucnoBku. IIpoBeneHi ekciepMMEHTH MiATBEPANIM MIPALE3JaTHICTh 3aIIPOINOHOBAHOI IPOLELYPH i IPOrpaMHOro 3ade3nedyeHHs, mo i
peaiisye, a TAKOX JO3BOJISIOTh PEKOMEHAYBATH iX JUIs 3aCTOCYBaHHS Ha MPAKTHLI [ PilllEHHS 3a7a4 aBTOMAaTH30BaHOI MEpeBIpKU piBHA

3HaHb.

KuniouoBi cioBa: nocnigoBHuid aHami3, mepeBipka piBHs 3HaHb, Kiacudikallis

KpHTepiaabHO-OPIEHTOBAHUIl TeCT.

HOMEHKJIATYPA

OT - obuncioBabHA TEXHOJOTIS,

CIIIIP — cucrema MiATPUMKH NPHHHATTS PillleHS,

dh — YHCJIO HeBIPHO BUKOHAHHX 3aBIaHb cepel h Imepe-
BipEHHX;

h — KiJbKOCTI MUTaHb Y BUOOPIII;

H; - rimoresa mjono BinHeceHHs1 00’€KTa HAaBYaHHS J0
i-ro KJ1acy HaBUYEHOCTI;

L(p) — omepaTHBHA XapaKTEPHUCTHKA CTATHCTHYHOTO
KpHUTEPItO;
N — 3arajbHa KiJbKICTh TECTOBUX ITNTAHb,

P; — MMOBIpHICTh HEBUKOHAHHS 3aBIaHb JUIA | PIBHS

HABYAJIBHUX JOCSATHEHb , | =14;

f(d) —  (yHKIiA IIBHOCTI PO3MOIIY HENPaBIILHHUX
BIAIIOBiEH;

f(Q) — (yHKIIS OIIIHIOBAHHS 3HAHb;

[4 — MaTeMaTH4HE O4iKyBaHHS YHCIIA IIPABUIBHO BHUKO-
HAHUX 3aBJaHb Ui HEATECTOBAHUX O0’E€KTIB HABYAHHS, IO
BianoBigae rinoresi 4, — 00’€KT HAaBYaHHA HE BOJOI€ J0C-
TATHIMH 3HAHHSAMH Ta HE aTECTYEThHCS,

Lo — MaTeMaTH4HE OYiKyBaHHS YHMCIIa TPABUIBHO BH-
KOHAHUX 3aBIaHb [l aTeCTOBAHMX 00’ €KTIB HABYAHHS, IO
Bianosigae rinoresi 4,— 00’ €KT HABYaHHS BOJIOMIE JOCTATH-
iMH 3HAHHSMH Ta ATECTYETHCS TTO3UTHBHO;

G2 — AMCIEPCis BUNAAKOBOI BEMMYMHA X KODEKTHO BH-
KOHAHHX 3aBJaHb /151 aTeCTOBAHMX Ta HEATCCTOBAHUX 00’ €KTIB
HaBYaHHS,

© Kysema K. T., 2017
DOl 10.15588/1607-3274-2017-3-14

TECTOBAHMX 3a PiBHEM 3HaHb, I€peBipKa rinores,

Xo — momycrume (IpHITHATHE) YHCIO KOPEKTHO BUKO-
HAHUX 3aBJIaHb,

Pa, — npuiiManbHa /0715 HEBIPHO BHKOHAHWX 3aBJAaHb
s | - knacugikamii;

Pr, — menpuiimManbha 07 HEBIPHO BUKOHAHHX 3aBJIAHb
st | -1 knacudikarii;

gj — i-Tarpyna i3 h 3aBnaHs;

8y, — NPUITHATHE YKUCII0 HEBIPHO BUKOHAHMX 3aBJaHb JUIs
MEBHOrO KJIacy;

I, — HENPHITHATHE YKMCIO HEBIPHO BUKOHAHMX 3aBJaHb
JUTSL TIEBHOTO KJIACY;

aj (h) — MOPOTY MPUIHSTTS TIMIOTE3H IIOJ0 3apaxyBaHHs
00’€eKkTa HaBYAHHS JI0 OJIHOTO 3 YOTUPHOX KIIACiB HABUCHOCTI,
i=13;

f (h) — MOPOTY HEMPUHUHSTTS TIMOTE3U MIOJ0 3apaxyBaH-
Hsl 00’€KTa HABYaHHS 10 OJHOTO 3 YOTHPHOX KJIACIB HaB4e-
HOCTI, | = E;

M — HOMEp MUTaHHS,

L — Bara Bimnogiai: L =0 — BipHa BiImoOBi/b,
HEBipHA BiJIMOBIIb;

L=1-

( - crangapr ouiHIOBaHHS;

nCPmax — MaKCHMaJIbHUM 00CST 3aBJaHb, BiANOBIAl Ha K1
HEOOXIIHO TepeBipuTH,

P, (d) — WMOBIpHICTh MOsIBM (| HEBIPHUX BIAMOBIJCH 3

MepeBipeHux N -3aBAaHb;
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0. — HMOBIpHICTE HOMINIKK 1-TO pomy, HMOBIpHICT He-
HIPUHHATTS TOJIOBHOI TiMOTE3H, SIKIIO JOJS HEBIPHHUX BiIIOB-
i7Iel MeHIIa 3a KpUTepianbHYy;

B — HiMoBipHiCT TOMUIKH 2-TO POALY, UMOBIpHICTb TIpHIi-
HSTTS TOJOBHOI TiIOTE3H, SKIIO JOJIST HEBIPHUX BiATIOBiIeH
OipIa 3a KpHTEpiaNbHY,

C — npuiiMalibHe YUCII0 HEBIPHUX BINIOBiNEH JUIsl 3a/a-
HOI Kiacudikarii;

Cij — Bary OPHHHATTA pillleHs, =12, j= ﬁ

BCTYII

Tect, sIK IHCTPYMEHT CTaHIapTH30BAaHOI HPOIEAYPH IIPO-
BEJICHHS 1 3a3ajeriib CIpPOeKTOBAHOI TEXHOJOTIT 00pOOKH
Ta aHANI3y PE3YNITaTiB, € 3pYYHUM 3ac000M BHMIpIOBAHHST
HaBYABHAX JOCSATHEHb. TecTyBaHHS SK (OopMa KOHTPOIIO
HAaBYAIIBHUX JIOCATHEHb CTYIEHTIB B OCTaHHI POKH BCE dac-
TillIe cTana 3aCTOCOBYBATUCS B CHCTEMi BHINOI, mpodeciiHol
OCBITH, OCKIJTBKHU € TEXHOJIOTIEI0, IO JO3BOIIE 00’ €KTHUBHO i
MIBUZIKO OIL[IHUTHU PiBEHb JIOCATHEHb KOXKHOTO CTYyIEHTA.

3a UMK 3aCTOCYBaHHS MEJAaroTiYHi TECTH MOALISIOTH-
Csl Ha J(Ba KJIacH — HOPMaTHUBHO-OPI€HTOBAHI i KpUTepiab-
HO-opieHTOBaHi. HopMaTuBHO-OpieHTOBaHUi TecT (NOrM-
referenced test) nossossic pamxyBatd BUIPOOOBYBaHHX 3a
piBHeM 3HaHb. KputepianbHo-opieHToBaHHi Tect (Criterion-
referenced test) no3Bossie BUSBUTH PiBCHb 3aCBOCHHS BHII-
poOOBYBaHMM IIEBHOTO PO3ALTY B 3aJaHill MpeaMeTHil ra-
my3i. 3a3Budail TecToBHit Oan BimoOpaskae JacTKy IMpaBHIIb-
HO BUKOHAHMX 3aBJIaHb 1 BUpaxaeThcd y BimcoTkax. [Ipm
BUKOPHCTAaHHI KPHTEPiaTbHO-OPI€EHTOBAHOTO IiIXOTY 0CO0-
TIMBa yBara MPHUIUIAETHCS METOAWII ONTHMAIBHOTO BHOOPY
KputepianbHoro 6aiy (ado 6anis). Came npu KpuTepiaIbHO-
OpiEHTOBaHOMY TECTYBAaHHI 3ajJada MepeBipKH 3HAHb PO3T-
JSJAEThCA AK 3aJada MiJTPUMKH IPHUIHATTA pillleHb Ta KIia-
cudikalii TeCTOBaHMX 32 PIBHEM iX MiJATOTOBKH.

Pimenns 1iei 3ama4i 3a0e3neuye HeoOXiHY 00’ €KTHBHICTD
MPHU OI[iHIII Ta KOHTPOJII 3HAHb, MOXJIHUBICTh MiHIMi3amil
00’eMy 3aBJaHb, KU MIOBUHEH BUPIIIUTH OMUTYBaHUNA. Me-
TO poOOTH € po3poOKa OOUMCITIOBANILHOI MPOILEAYPH BUP-
IlIICHHST YOTHPbhOXAJIBTEPHATUBHOI 3a/1a4i Kiacudikarii Tec-
TOBaHMX 33 PIBHEM HABYEHOCTI, IO J03BOJISE 3/IHCHIOBATH
KOHTPOJIb 3HaHb AUQEpeHIiHoBaHO, MiHIMI3ye 00’€M 3aB-
JaHb, HEOOX1AHUI U1 BUKOHAHHS.

1 ITOCTAHOBKA 3AJAUI

Ha ocHOBi mpoBeAeHUX JOCTIIKEHb, PE3yIbTaTH SKUX
HaBeneHo B pobori [1], mis BupimieHHs 3ama4i TPUHHATTSA
piteHs moao Kiacudikamii 00’ekTiB HABYaHHS IIiJ] 4ac Tec-
TyBaHHS O0OpPaHO METOJ MOCHIJOBHOIO aHali3y, OCKIJIbKU
HOro 3aCTOCYBaHHS JJO3BOJISIE MIABUIUTH €EKTUBHICTD MPO-
Liecy MepeBipKH 3HaHb 3@ PaXyHOK MiHIMI3allil 4aCOBUX BHT-
paTt Ha MOro mpoBeaEHHS.

Ha cboroani ans mpotuecy ineHTH}IKAIil piBHSI 3HAHb
YYaCHHKIB HABYAIBHOTO MPOLECY 3 BHKOPHCTAHHIM METO-
Jly TIOCTIIJIOBHOTO aHaJIi3y po3po0IeHO OOUUCITIOBAIBHI MPO-
LEAypU MEPEBipKH TBOXaIbTCPHATHBHUX BHIIA/IKIB, HAIPUK-
naj, knacudikaiii 00’€KTiB HABYAHHS Ha JIBI TPYITH: aTeCTO-
BaHi Ta He atectoBaHi. [locTae 3aiaua PO3pOOKU AJITOPUTMY
knacuikalii TeCTOBAaHUX BIHOCHO JIeKUIbKOX rinore3. [pa-
BHJIOM TMPUUHATTS pillieHb € (OpMyBaHHS IpaHHIlb, 33 J0-
IIOMOTOI0 SIKUX 3/IHCHIOEThCS Kiacu(iKallis TECTOBAHUX Ha
gotupu rpynu (I rpyma — «BHCOKHiIT» piBEHb HaBYEHOCTI,
1T — «mocrarwii», I — «cepemuiii», IV — «mo4aTKoBHI»).
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Jauo Bimnosini (xq,...,Xp) Ha h 3amuTadh i3 3araibHOI
KipkocTi 3aBmanb N. [pumyctimo, o x; = 0, sKio 3aBnan-
Hs BHKOHAHO BipHO, X; =1, SKINO 3aBJaHHSA BUKOHAHO He-
BipHO. Hexali pj BU3Ha4ae BiTHOCHE YHCIIO HEBHKOHAHUX 3aB-
nanb. JJis mporecy mepeBipKy BiATIOBIIeH HAa TECTOBI IHTaH-
HSI IIi]] 9aC KOHTPOITFO 3HAHB ITOCTAE 33/1a9a IIEPEBIPKH TII0TE3H
Ipo Te, O Pj Ha JSAKOMY Jiana3oHi h BUKOHAHMX 3aBIaHb
13 3aTaJIbHOI KUTBKOCTI 3aBJIaHb HE MEPEBHIILYE JISSTKOI 3a71aHOT
BenuurHE  Pi . TaKMM YMHOM, 3a1a4y OLIHKH HaBYAIbHHX

JIOCSTHEHb HEOOXiTHO BHPILIMTH IIIIXOM TTOCIIJIOBHOI Tepe-
BipKH rinote3 p; < pj mporu rinotes p; > Pi, ae i=14 —
HOMEp KJIACy HaBUEHOCTI.

2 OIUIA L JIITEPATYPU

3amaya 0OpOOKM TAHUX IIENArorivHOrO TECTYBaHHS Ta
KOHTPOJTIO 3HAHb 33 KPHUTEPiaIbHO-OPIEHTOBAHOIO METOJIMKOI0
B poborax [2-5] posrisinaeTses sik 3a/1a4a MiATPUMKH TPHIt-
HATTS pillleHb NpH Kiiacudikarii 00’ekTiB HaBuaHHS (TecToBa-
HMX) 32 PiBHEM IT/ITOTOBKH, /ISl BUPILIECHHS SIKOI BUKOPUCTO-
BYIOTBCSI METO/IM TEOPIi CTATHCTUYHKX pitieHb (kpuTepiit baii-
eca, Heiimana-IlipcoHa, Mminimakca, Banbaa). 3acrocyBaHHs
JaHUX METOMIB CIIPSIMOBaHE HAa CTBOPEHHS CHCTEM CTATHC-
THYHOTO KOHTPOIIO 3HAHb 32 JBTEPHATHBHOIO O3HAKOIO.

Ipu TecTyBaHHI 3a aTBTEPHATHBHOIO O3HAKOK BUKOPHC-
TOBYETBCS 3aKpHTa (hOpMa TECTY, XapaKTePUCTHKAMH SIKOi €:
(YHKIIS OIIBHOCTI PO3IOITY HENPABMIBHUX BiIOBiNeH —

f (d), npuitasaTruii piBeRb HEMpaBUIBLHYX BiAMOBiNeH — Pg,

HENPUHHATHUI piBEHb HENPABIWIBHUX BiANOBineH — [y, pu-
3K «3aHIDKCHOI» OIIHKM 3HaHb — (l, PU3HK «3aBHUIICHOI»

OUIHKHM 3HaHb — [, QyHKUia ouinroBanHs 3HaHb — f(Q),
o0csr ocBiTHBOI 1H(pOpManii — N, obcsr BUOIpKU 3aBIaHb
TeCTy — N Ta KPUTEPiil NPUHHATTS PO3B’A3KIB Yy BUIVISAIL Ipa-
HUYHOTO YKCJIa HEMpaBWIBLHHUX BiamoBiged — X.

VY pobori [2] 3armporioHoBaHO MPABWIIO IPHUIHSTTS PillleHb,
sIKC BU3HA4Ya€ JOMycTUME (OPUHAHSATHE) YKCIO KOPEKTHO BH-
KOHAHMX 3aBJaHb X (TpaHUI1 IPUHHATTA pillicHb) Ha OCHOBI
kputepiro baiieca Ta mojiise BCIX TECTOBAHUX HA JIBI TPYITH:
aTeCTOBaHI Ta HEATECTOBaHI. YMOBHI HIUTLHOCTI HMOBIPHOCTI
BHUIIA/IKOBOI BeJIMYMHU X KOPEKTHO BHKOHAHUX 3aBIAHb IS
ATECTOBAHMX Ta HEATECTOBAHMX 00’ €KTIB HABUAHHS IOJAIOThH-
Csl y BUIUISI/II TAYCOBCHKHMX 3aKOHIB PO3MOJIIICHHS:

(X )= L exp) - X )

1
ﬂc 202

Crpareris NIpUAHATTA PillleHb BiZHOCHO IPaHMI X, Mae
YOTHPHU PE3YNbTaTH. BipHa rimoresa 4, Ta mpuiiMaeTbes
pilleHHs npo A,; BipHa rinoresa 4, , a NpuiMacThes pillen-
Hsl 1IpO A,; BipHa rinore3a A, Ta NpUAMAETbCA PilIEHHS IIPO
A,; BipHa rinore3a 4,, a NPpUHMAETHCA PilIeHHs PO A,.

[Mepimii Ta TpeTiii pe3ynsrar € MPaBUILHUMHU PillICHHS-
MU, JPYTHA Ta YETBEPTUH — MOMIIKOBHUMH.

BaiiecoBcbkuii KpuTepiii 0a3yeThCsl HA TBOX MPHITYIICH-

=12,

HAX: anpiopHi WMoBipHOCTI rinores Py Ta P, 3amani Ta

P, + P, =1; 3amani Baru yorupbox 3azHayenux gii: C,, C.,
1 2 p 1 v
C,, C,,. Crninyrouu npaBujiaM NPMAHATTSA pilleHb 11 BUOO-
py abo 4,, a6o A, mpoctip cnocrepesxerb N JinuThCa Ha 1B
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uactiay N, Ta N,. SIKIIO pe3ynsTaT TecTyBaHHs HOTpAIUIAE B
N,, To npuiimMaeTbes rinoresa A4,, axkmo B N, — 4,.
BaitecoBcbkmit kpuTepiil Oynye pimeHHS Tak, mob y ce-
PEAHBOMY BTpAaTH Ta PU3HKH OylTH MiHIMalbHUMH. 3HauCH-
HS BEIMYMHU OYiKyBaHOTO PH3HKY MOJAETHCS BHPA30OM:

R=PCo+P,Cop+ [ {P2(Cro—Cpo)f2 (X /115)]-
Ny

~[Pi(Co1 ~Cr1)fa(X /11y )] Jolx.

1106 miHiMI3yBaTH PHU3UK R 3a yMOBH, 110 ApYTHil WiIeH
HiJIHTErpaIbHOrO BUpa3y OUTbLINIA, HiXK Hepinil (3Ha4eHHs
BIPHMX BIiJIIOBi/eil MeHIIe 3HAYESHHs HEBIPHHUX), HEOOXiqHO
BCi 3HaueHHA X BKmodatd 10 N, Ta HaBnaky. Takum 4uHOM,
obnacri pimens N, Ta N,, ki BIANOBiAAOTE Tinore3am 4, Ta
A, BU3HAYAIOTBCSA 33 HACTYNHHX YMOB!

sxio Pp(Cro —sz)fz(%z) >Py(Cyy —011)f1( %J @

TO X BigHOCUTBCA 10 N, — mpUHMaeThCA pillleHHs MOAO0
iCTHHHOCTI TinoTe3u A,, Ta HABIAKH.
Bupas 1 nomaeTbes y BUTIISII HEPIBHOCTI ABOX BiTHOIICHB!

o (XIpp )M P(Ci—-Cyy)
fl(X/“l) A1 P2 (Clz _C22)

JliBa yacTHHA HA3WBAETHCS BIIHOIICHHSIM IMPaBIONOIi0-

Hocti i BusHauaerbes A(x). [paBa yacTvHA HA3UBAETHCS
TPaHUIEI0 NPUUHATTS pilIeHHS I BH3Ha4daeTbes T Ta €
CONSt , OCKIJIBKM 3aJIeKUTh BijJ almpiopHUX ImapaMeTpiB 3a-

navi. Takum yrHOM, BaliecoBCBHKMIT KpUTepiii 3BOAUTHCS IO
KPHUTEPil0 BiTHOMICHHS MPaBIONOAIOHOCTI, 3aIUCY€ETHCA Y
BHIVISIII HEPIBHOCTI A(x)A2 > M Ta TPAKTYEThCs HACTYITHHM
YHHOM: SIKII[O BEJIMYMHA BiTHOIICHHS MPaBIONOIIOHOCTI s
JIBOX TiNoTe3 Oijibllie TPAHUII MPUUAHSATTS PIlICHb, TO TPHIi-
MAa€ThCs TirnoTe3a A, AKIO MeHuIe, TO — A4,.

MiHiMaKkCHUI KpUTEpili BUKOPUCTOBYETHCS MPH BiICYT-
HoOCTi iH(popMalii om0 3HAUYCHHS ampiOpHUX WMOBIpPHOC-
Tel rimores 4, Ta A, — P, Ta P, Bianopiano. SIKkio He BU3Ha-
YeHi anpiopHi HimoBipHoCTi rinore3 P, Ta P, i He 3a1aHi Baru
MIPUAHSTTS PillleHb G o st PpillIeHHs 3a/1a4l BUKOPUCTOBY-
10Th Kputepiii Helimana-ITipcona Ta 3Ha4eHHS WMOBipHOC-
Teil MOMUJIOK MEPLIOro Ta JPYroro pomy.

AJNTOPUTMH IPUKAHSTTS PillieHh HA OCHOBI KpuTepiiB baii-
eca, Heiimana-ITipcona ta MiHiMakcy monao kiacudikarii
00’€eKTiB HaBYaHHs nependavaroTh, mo N 3aBnaHb, sSKi BUaA-
FOThCS 711 00’ €KTIB HaBYaHHS, Ta X — YKMCJIO BIpHO BHUKOHA-
HUX 3aBJIaHb (iKCOBaHI. SIKIIO KIBKICTh BIPHO BHUKOHAHHX
3aB/iaHb HE (PIKCOBAHO, TO MPUHHATTS PillleHb MO0 KJIAacH-
¢dikanii TecTOBaHMX, HE MEPEBIPAOYU BCIX 3aBJaHb,
3/IIHCHIOEThCS HA OCHOBI TOCITIZIOBHOTO aHAJIi3y BiJmoBiaei
3 BUKOPHCTaHHSM KpuTepito Bambia.

3 MATEPIAJIM TA METOIA

Ha ocHoBi MeToiB, moganux y poborax [2, 6, 7], po3po0-
JIEHO aJITOPUTM ISl YOTUPHOXaJBTEPHATUBHOI 33/1a4i KIacH-
¢ikanii yJacHUKIB HaBUaJILHOTO Ipoiecy. [IponoHyeTbes
knacudikyBaTu 00’€KTH HaBYaHHS 3a piBHEM 3HAaHb:
I knmac - 00’ekTH HaB4YaHHS, SIKI BOJIOLIIOTH «BUCOKHM>
pisaem 3uansb (A, Bix 90 1o 100 6aiis); 11 kimac — «mocTaTHIM»

(BC Bix 65 10 89 6aunis); I1I kimac — «cepennim» (DE Big 50 no
64 6auis); IV xiac — «mmouarkoBum» (F, FX Bix 1 mo 49 6anis).

CyrHicTb Kacudikamii monsrae B po3OHTi iHTEpBaITy TeC-
ToBHX 3aBAaHb N Ha worupu obmacti: N, N,, N, N,. Skmo
YICII0 HEBIPHO BUKOHAHKX 3aBiaHb Oy, MOTpAIUIo B 061aCTh
N,, To mpuiiMaeTbcs rinote3a f{;, — 006’€KT HaBYAHHA Mae
«BHCOKHII» piBeHb 3HaHb; KO B N,, To npuiimMaeThes rimo-
Te3a H, (BiMOBiZa€ «I0CTaTHLOMY» PIBHIO 3HAHE); SKIIO B
N, — rinoresa H, (BiamoBimae «cepeaHbOMY» PIBHIO 3HAHB);
inakime — npuiiMaeThes rimoresa A, (Bigmosimae «modatko-
BOMY» DIBHIO 3HaHBb).

Po3pobnennii anroput™ 0a3yeTbcss Ha BUKOPHCTAaHHI JJBO-
XaJIBTEPHATHBHOTO KPHUTEPII0 MOCIIJOBHOTO aHAI3Y B IEKLITb-
Ka eTamiB. SIKmio P; BH3HA4YA€ BITHOCHE YHCIIO HEBUKOHAHMX
3aBJaHb Ha JIeIKOMy Jiama3oHi h, To HMOBipHICTH OTpHMaH-
b5 BUGIpKH (X;,..., Xp) OOUMCIIOETBCA 32 (HOPMYIIOKO:

pp=p M@—p fon. ®

Ha mepmoMy erami pimeHHs 3a71adi BU3HAYUMO TilOTe3H
OI[IHKY PiBHS HABUAIBHUX JOCATHEHb TeCTOBAHUX. OCKUTBKH
HMOBIpHICTh HEBUKOHAHHS 3aBJaHb [); € BUIIAJKOBOIO BEIIH-
YHMHOIO, TO NPUHAMAEMO HACTYNHIi rimoresu: H . Akmo

HMOBIpHICTh HEBUKOHAHHS 3aBJAHHS JIOPIBHIOE P, ( p= Pl)

i TecToBaHMi 3apaxoByeTbcs A0 kjaacy 1, H,. saxumo

HMOBIpHICTh HEBUKOHAHHS 3aBJAaHHs JIOPIBHIOE P, ( p=p 2)
i TectoBanuil 3apaxoByeTbca mo knacy II; H.: axuio
HMOBIpHICTh HEBUKOHAHHS 3aBJaHHS JOPIBHIOE P, ( p=rp3)
i TecroBaHuii 3apaxoByeTbca go knacy II; H,: saxmo

HMOBIpHICTh HEBUKOHAHHS 3aBJaHHs TOPIBHIOE p, ( p=p 3)
1 TeCTOBaHHI 3apaxoBYEThCS 10 Kiacy [V.

Jlomyctuma noinst HeBIpHUX BIAMOBIICH JJIs1 KOXKHOTO KJla-
Cy p; BCTaHOBIIOETHCA HA OCHOBI HMONEPENHIX NOCITiKEHb
NepeBipKH 3HAHb Y KOHTPOJIBbHIN TpyIi a00 BUXOASIYH 3 eek-
THBHOCTI KOHTpoito. [Ipu 11boMy mepeBipka 371HCHIOETHCS
HACTYITHUM YMHOM. [3 3arajpHOi KiNBKOCTI N 3aBAaHb BHOH-
paetbest rpyna gq, sika MICTUTh h 3aBIaHb.

[epeBipka 3aKiHUYETHCS MPUHAHSTTAM TIlIOTE3W MPO aTe-
CTaIif0 TECTOBAHOTO, SIKIIO B TPyMi {1 JUTS BiMOBIIHOrO KIacy
BUKOHYETbCs ymoBa: ap > Op. [lepeBipka 3aKkiHUyeTHCS
MPUKAHSTTAM TINOTE3U MPO HEATeCTallil0 TECTOBAHOTO, SKIIO
B Ipymi (1 JUIA BiMOBIJHOTO KIAacy BHKOHYETHCS yMOBA!

fy <dy,. Sxkmo ay, < dy, < r,, obupaersest apyra rpyna go,
sika MICTUTh HACTYIHI h 3aBJaHb. 3HOBY TECTOBaHH arec-

TYETHCSI IO3UTUBHO, SIKIIO 3arajbHEe YHCIO HEBUKOHAHUX
3aBIaHb y ABOX rpymax O, Menme abo mopiBHIOE ayy ; Te-
cToBaHMii HearecTyeTbes, sxmo d 2h 2 Ion Ta GepeTses Tpe-
TATpyna (3i3 h 3amuTaHp, KOO Axp < dop < Iy - Ipouec
MPOMOBXKYETHCS, MMOKU TECTOBAHUU Oyne arecToBaHuii abo
HEaTeCTOBAaHUN. TakuM YMHOM, KOIH CIIOCTEPEKEHHS Mpo-
BOIATHCS HAJl IPyHaMy Mo h 3aBAaHb, YHCIO BH3HAYEHHX
HEBIPHO BHKOHAHHX 3aBIaHb O, MOPIBHIOETHCA 3 BimmoBiz-
HHMM HpHIMaIbHUM YUCIOM &y, 200 HEMpHHMAIBHUM YHC-

7oM Iy, Timeku mpu M = h, 2h, 3h,..n.
Bnok-cxemy OT nepeBipku piBHsI 3HAHb Ha OCHOBI METO-
Iy TIOCJIIZIOBHOTO aHaji3y HaBe[eHO Ha puc. 1.
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P p2.papa a,B,hn

[ m=0,d=0;9=h |

| TlepeBipuTH BiqIOBINb |
Vv
L=0 —BimoBi ik BipHa;
L=1 - BignoBins HeBipHa.

m<=h

TaK dhﬁAM Hi

[puiimMaernes
rimoresa H;
K =a,(h)
L=r,(h)

Hi

Y

TakK

IIpuitmaerbest
N rinotesa H,

INpuitvaerses
rinote3a Hs

N

IIpuitmaerbes
rimotesa H,

N\

Iponenypa
thopMmyBaHHS

Pucynok 1 — Bnok-cxema anropurmy OT nepeBipku piBHs 3HaHb Ha OCHOBI METOy IOCJIZIOBHOTO aHAIIZY
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Amnroput™ OT nependadae BUKOHAHHS HACTYITHHX €TaIliB!

Eran 1. YBeneHHs Mex pO30HBKH BHXIJHOrO IapaMeTpa —
imosipHocTeii Pj, | =1,4 HeBUKOHAHHS 3aBJAHb [ KOXKHO-
TO PiBHS HaBYAIBHUX JOCSTHEHb.

Eran 2. Beenenna o3, n, h.

Eran 3. [{ukn 3a Bcima gianazoHaMu. Bu3HadaeTbes Ha
MOTOYHOMY J[ialia30HI BUKOHAHWX 3aBJaHb h 3HAYEHHS BUX-

imsoro mapamerpy dy,. ITocaigoBHO B mOTOYHOMY ndiama-
30HI 004MCIIOIOTECS Hoporu npuitaTTa g;(h), i =13 abo

uenpuinaTTa r;(h), i =13 rinoresu mono 3apaxyBaHHI
00’€KTa HABYAHHS J0 OJHOTO 3 YOTHPHOX KJIACIB HABYEHOCTI
3a Qopmynamu:

1- pai
(h)= —a ! :
al( ) pri 1- pri pri 1- pri
In In——"- In—--In
Pa,  1-Py  Pa  1-Pg
1-
ini=P heln-—

o 1- pri i ]:3
ri(h)= =13
l( ) pri - pri pri 1- pri

In—--In—" In——In——"
Pa, 1-Py  Pa  1-Pg

Eram 4. IlepeBipsieTses, B Ky 00JIacTh IOMAa€e 3HAYCH-
w1 dp,. SIkmo 3Havennst dy, He momagae B rpaHuI BiAOBiA-
HOI 00acTi, 3MIHCHIOEThCS Tepexi] O HACTYHMHOrO Jianas3o-

Hy mutadb O (Xpiq,--Xjp) Ae 1=2,... Skmo h=n, a

PpIlICHHS 11Ie HE MPUUHSATO, BiIOYBAETHCS YCIUCHHS TTOCIIIOB-
HOr0 KPHUTEpil0 3 BUKOPHUCTAHHSIM HACTYITHOTO MPaBUIA. y

umamky kot dy, > (aj(h)+1;(h))/2 npuitmaerses pimen-
H

rinores H »

HS MO0 TMEepeBipKHU e a 1pu

d, < (aj(h)+1;(h))/2, npuitmaerses rinoresa Hi, recrysan-
HS 3aBEPIIYETHCSL.

Jlnst BU3HAYeHHS IMOBipHOCTI HEBUKOHAHHS 3aBJaHb [j ,

i= 1,_4 HEOOXIiTHO 3/1IHCHUTH BHOIp CTAaHIAPTY OI[IHIOBAHHS
0j- Metogu BuOOpY TECTOBOrO CTaHAAPTY 3aCHOBAHI Ha
EKCMEePTHUX OLIIHKaX 3MICTy TECTOBOrO 3aBaaHHs. Ha ocHOBI
JIOCITI/DKEHHsT TaHWX METOIB, OMUcaHuX y poborax [8-10],
obpano Meron Aurodd, skuii 3aCHOBaHUI Ha IMOCHITOBHUX
EKCIIEPTHUX OIL[HKAaX 3MiCTy TECTOBHUX 3aBAaHb. Crioyatky
BHKOHYEThCSl BUOIp cTaHmapTty oliHioBaHHS st |V kiacy.
Excriepr-BuKiIafad ajisi KOKHOTO 3aBAaHHSI TECTy BCTAHOB-
JIF0€ WMOBIPHICTB TOTO, 110 MiHIMAJILHO KOMIIETEHTHHUH CTY-
JIEHT JJaCTh HA HHOTO BipHY BiAnoBine. J[is omHO3HAYHOCTI
ekcriepTy (a0 TPy eKCrepTiB) MPOMOHYETHCS 00paTH 3Ha-

ueHHs imoBiprocti P 3i 3magens 0,9,0,8,...,0,1. Buzna-

YUBIIM CYMY 3HauyeHb JaHUX MMOBIPHOCTEH OTpUMAaEMO
n

Kkputepianbhmii 6am: K =) R . CTanapT OUiHIOBAHHS BU3-
i=1

HAYa€ThCsl 38 (POPMYIOI: ( = 5
n

Toxi #iIMOBIpHICTH HeBUKOHAHHS 3aBaaHb P =1—(. [Ticis
BHOOpPY KpHTEpialbHOTO 0ally IS «IOYaTKOBOTO» PiBHSA
HABYCHOCTI, KCIIEPT MPOBOAUTH OLIHKY KOXKHOTO TECTOBO-
TO 3aBJIaHHS BXK€ Ha OUIBII BHCOKWHA CTAHIAPT «CEpPEHIN»,
«IOCTATHIN» Ta «BHCOKHII».

[pouenypa KOHTPOIO 3HaHB MOTpeOye BUPILISHHS 3a-
Jladi OIIHKY MPHIATHOCTI TECTY, IO MOJISTae y BUOOPI TaKKUX

kpuTepiip xnacudikamii (o, B, pj, i =1,4), axi 6 3pobuan
MOMIUIKH TIEpIIOTO Ta JPYroro poxy MajloiMOBIpHHMH Ta
3a0e3IeurIn BI3HAYeHHS 00CATY 3aBJaHb JIOCTATHBOTO JUIS
JIOCSITHEHHST 0a)KaHOro PiBHS SKOCTI TecTy (HMOBIpHICTBH
BiJJHECEHHs1 00’ €KTIB HABYAHHS, SIKi MAlOTh 1HAMBITyaTbHUI
0an BHImMMI a00 HIDKYMHA KPHUTEPiaTbHOTO Ha BENHYMHY He
oinbme 10%, mo meBHOTO KII1acy HABYEHOCT] He ITOBHHHA OYTH
MeHoo 3a 0,8). Jlist po3B’si3Ky 1aHOI 3a/1a4i BAKOPUCTOBYETh-
csl MeTof], o 0a3yeThesl Ha MOOYNOBI (YHKIIT onepaTHBHOI
XapaKTePHUCTHKHU TTOCTiTOBHOTO KPHUTEPII0 BiJHOIICHHS HMO-
BIPHOCTEH, 5IKa J03BOJISIE BCTAHOBUTH 3B’S30K MiX OUiKyBa-
HOI0 HMOBIPHICTIO NPHHHATTS TilIOTE3W Ta BUITAIKOBHM 3Ha-
YeHHSM IlapaMeTpa HMOBipHOCTI mosiBM y BuoOopmi 3 1,2,...
IHUTaHb NPAHMAIBHOTO YHCIa HEBIPHO BUKOHAHMX 3aBIAHb.

C

L(p)=Po+Pr+..+Pc = . Po(d). @
d=o

SIxicTh OOpaHHMX KpHTEpiiB KiIach(ikaiii BU3HAYAETHCS
PiBHSIHHSIMHU: L(p)Z 1-o, sxmo P = Py, L(p) <P, sxmo

P = Pr,- 3Ha49eHHA OIEPATUBHOI XapaKTECPUCTHKH CTATUCTHY-
HOTO KPHTEPII0 JIs KOXKHOTO KJIacy OOUHCIIOEThCS 3a (op-
MYJOIO:

L(p)~ ([L-PB)/ ol ) /([Q-P)/ o] —[B/L-a)]),

Jie mapametp | 3MIHIOETBCS BiJi —00 JI0 +00 Ta BU3HAYAETHCS
i3 pIBHSHHS:

pi = [l-((l— pr V- pa, ))'] /[(pri/pai)l—
_((1_pri )/(1—1%i ))I] i=13

MakcuMaibHUi 00CT 3aBaHb, BIANOBIAl Ha Kl HEOOXIi-
JTHO TIEPEBIPUTH YISl NPUUHATTS PillieHb IIOJ0 HAsIBHOCTI
BiAnosiaHoOI rinoresu Hj,Hy,H3, nponoHyeTbest o04mnc-
JIIOBaTH 3a (Gopmyror:

3 _ - 1-p,

Nep =D _(mﬁj.(mlﬁ] 30 P P

™a 1-a a Po; 1-pr
4 EKCIIEPUMEHTHU

JI1s1 mpoBeZieHHsT eKCIIEPUMEHTY HEOOXiAHO BHWALIUTH
KOHTPOJIbHY TPyIy CTYACHTiB Ta 3 BUKopucraHHsm CIITIP
«ManageEdu» [11] a6o BiaacHOpydY po3pOOIEHOrO MpPO-
TPaMHOTO MPOIYKTY, SIKUH peani30ByBaTHME 3alpOIIOHOBA-
HUI anroput™ kinacuikailii TeCTOBaHUX, MPOBECTHU IiJICYM-
KOBHUH KOHTPOJIb 3HAaHb 3 OyIb-SKOT TUCLUILTIHY 32 TPaIULIiN-
HOI0 METOIMKOIO Ta 3 BUKOPHCTAHHSM 3alpOIOHOBaHOI
00YHCITIOBANILHOT TEXHOJIOTIT MepeBipKKH PiBHS 3HAHb Ha OC-
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HOBI METOy IOCTIJOBHOrO aHanmizy. IIporpaMumii momaTok
MOBMHEH pPeasli30BYBAaTH HACTYIHI (yHKIii: po3paxoByBaTH
HMOBIpHICHI XapaKTePUCTUKH MOXIIMBOTO BiJHECEHHS Tec-
TOBAHOTO JI0 TOTO YH iHIIOTO Kiacy HaB4eHOCTi ( P, P, Pa,
P, o B N> h), opMyBatH rpaHuLl NPUIHSTTS PillleHb s
YOTHPBOX TIMOTE3, JUIS IIEPEBIPKH IKOCTI 00paHKX IMapaMeTpiB
OymyBaTH OIEpaTHBHI XapaKTEPHCTHKU MOCIIOBHOTO KPH-
tepito mus rinore3 Hq, Hy, Hg, mpoBenenns xoHtpomo
3HaHb 3 BUKOpUCTaHHAM 3amponoHoBaHoi OT Ta crammapr-
HUM METOJIOM.

5 PE3YJIbTATH

JUist mpoBeneHHs eKCIepUMeHTy OylIo 3aIisfHO KOHT-
poibHY rpymy cryneHtiB (23 ugonosika) BH3 «MixHapon-
HUIf TEXHOJOTIYHHH yHiBepcHTeT «MUKOIaiBChKa MONITEXH-
ixa» III xypcy ekoHOMIYHOTO (haKyImbTeTy 3 AHCIUILIIHH
«DiHaHCOBHUIT OOIIK».

3 BuKOpHCcTaHHSIM Moxyns «IlocienoBaTeNTbHBIN aHAIN3»
CIIIIP «ManageEdu» Gynmu cdopmoBani iiMoBipHicHI xa-
PaKTEpPHUCTHKU MOMJIMBOTO BIJHECEHHS TECTOBAHOTO JIO TOTO
4M iHmoro kiacy Hasuenocti: p,=0,1; p,=0,35 ; p,=0,6 ;
p,=0,75; o =0,05; B=0,01; n =100; h =10.

3HaveHHs TapaMeTpiB TPAHUIs IPHHHATTS pilleHb, chop-
MOBaHI Ha OCHOBI 3aIIPONOHOBAHOTO aJITOPHTMY, HAaBEICHO
Ha puc. 2. B TaONMYHOMY Ta rpadiqHOMY BHIIISII.

Jns mepeBipku SIKOCTi 0OpaHHX MapaMeTpiB MoOymoBa-
HO OIepaTHUBHI XapaKTePUCTHKH IIOCITiIOBHOTO KPUTEPIrO TS

rimore3 Hy, Hy, H3. Anani3 rpadika onepatusHoi xapakre-
PUCTUKU L( p) Juis rinote3n Hq minrBep/okye onTuManbHicTh

o0paHux o, IpUMaIbHOTO YUCIa P Ta HEIPHHAMAIBHO-
IO 4HCIa po . OYIKyBaHHH BIICOTOK CTYNEHTIB, sIKi OyIyTh
aTecroBaHi «Ha BiqMiHHO» Tpu 10-16% HeBipHMX BiIIMOBi-

Jieit 3 MacHBY TECTOBHX 3aBJaHb ckianae 80%, L(p) >80 %.
OnrtumanbHa KUTBKICTB 3aBIaHb JUTS TAHOT Kiacudikamii — 24.

Jns maHOTO TecTy cepenHii oOcAT 3aBJaHb, SKHH € J0c-
TaTHIM JUIS TOCATHEHHsI 0a’kaHOTO PIiBHS SKOCTI IPOIEXypH

(Nep1 + Nepit +Nepin)
nCp = 3 =

TEeCTYBAaHHS, CKJaJa€ 45.
SIKIo TpwM MOCTiHHIl KUTBKOCTI 3aBIaHb 30LUTBITYBATH IPUiA-
MaJibHe YHCIIO BiNOBi/eH, TO KOHTPOIb OyIe MEHII <«KOPCT-
KIM» — 30LTBIITYFO ThC HMOBIPHOCTI aTecTamii 00’ €KTiB HaBYaHHs
3a BiJIMOBITHUMY PiBHSAMH HAaBUEHOCTi. Ta HABIAKH: SIKIIO TIPU
MOCTIHHOMY 3Ha4eHHI NMPHHMAIBHOTO YHCIa 301NbIIyBaTH
KUIBKICTB 3aBaHb, — KOHTPOIb Oyne OLTBII «KOPCTKIMY.
IMicns 30epesxkeHHs] OTPUMAaHUX 3HAYEeHb BUXITHHX Mapa-
METpiB MPOIEIypH MOCIITOBHOTO aHATI3y B JiaJIOTOBOMY
BiKHI HaJamITyBaHHS IIapaMeTPiB TEMH Ha CTOPOHI
KITI€EHTCHKOI YACTHHHU IPOTPAMHOTO KOMILIEKCY BiOyBaeTh-

Csl IPOLCC KOHTPOJIIO 3HAHB.

HOCNEROE AT ENBHBIIEHE NS,
~B B0, gaHHBI——— ¥ M | K | il | E | G |
1 01
P - 10 359538 0230 (TEB3Z 02109 110881
p2 0.35 20 12385 B0159 50330 123922 E9916  17.9689
p3 0G0 a0 33005 80779 97719 17131 137723 246456
40 53625 10013299 (145109 (21,8701 20,5530 31,4303
p4 075
B0 74245 122019 19,2438 266090 273337 38,2110
Aty 005 | [Gg 465 142633 239888 313480 341145 449917
beta 0,01 70 115485 16,3289 28,7277 360863 40,8952 51,7725
h ’1D_| an 136105 183873 334667 408253 476799 555532
a0 156725 204493 382056 455648 54 4566 653339 m
Kon. eonp (100 7
3 100 177345 (228119 429446 50,3038 61,2373 (721146
10 20 30 40 50 BO 70 B0 80 100
MpaHMUE MPWHATIAA pEWeHME na H3 He
i i 03
Oépatotke——
E 10 20 30 40 50 60 70 B0 90 100

40,2011 23:05:42

126

PucyHnok 2 — JlianoroBe BikHO ()OpMyBaHHSI IPaHHILb NMPUIHATTS pillleHb




Ha puc. 3. HaBeneHO NMpUKIIA BUPIMICHHS 3a/a4i TECTy-
BaHHS Ha OCHOBI IPOIIEAYpH IIOCIIOBHOTO aHANI3Y JUIS Of-
HOTO 00’€KTa HABYAHHS.

TakuM 9MHOM, SIKIO TECTOBAHMI 3 NECATH 3aBIaHb OT-
pUMaHHX Ha IIEPIIOMY eTalli TeCTYBaHHS BHKOHAB BipHO
HiApSA BiCIM, TO 3TiIHO 3 MpaBWIAMH MPHUUHATTS pilleHb
fiomy Oyne BHIaHa HAacTynHa BHOipKa 3 JECATH NHTAHb Ta
IIPOJIOBIKEHA MepeBipka rinoresu Hy . Ilicns mepesipku rimo-

tesu Hjp, Oyne npuifHsTe pillieHHS PO MEPEBIpKy TiloTe3H
H,, BiANOBIHO 10 AKOI CTYIEHT OTPUMAE HACTYIHI JECATh
3aBzans, ockineku K < dy, < L. ITicis Bukonanss 30 3aBaaHb
HpuiMaeTbCs PIlIeHHS MO0 HPHIHATTA Timoresn H, mpu
dy, =7 Ta 3apaxyBaHHs cTymeHTa 10 kiacy I, ockinbku

dp < K. TecroBauuit orpumae ouinky «BC» 3a cucremoro
ECTS abo «4» 3a 5-T 6aIbHOIO CHCTEMOIO.

6 OBI'OBOPEHHS

B mopiBHSAHHI 3 JBOXaNbTEPHATHBHOIO KIacH]iKaliero
TECTOBAHMX Ha JIBI TPYIIN: «aTECTOBAHI» Ta «HEATECTOBAHI»,
MPECTaBICHO0 B poboTi [1], 3ampornoHoBaHa 4OTHPbOXAIb-
TepHATHBHA KJIACH(IKaIlis TO3BOJISE 3MIMCHIOBATH OIIHKY
HaBYAIBHUX JIOCATHEHb MU(EepeHNiiOBaHO, € aJallTOBAHOIO
JUIS aBTOMATH30BAHOTO KOHTPOMIIO 3HAHB Y BHINUX 3aKIIaax
OCBITH.

Ha puc. 4. 300paeHO PO3IOALT CTYIECHTIB 32 KIacaMu
HAaBYEHOCTI 32 pe3ylbraTaMH HepeBipKH 3HAHb 3 BHKOPHC-
tarHEsM OT nocnigoBHOTO aHANI3y Ta CTAHAAPTHOTO PEXKHMIB
TECTyBaHHS.

OmiHka SKOCTI Kiacuikarii BUKOHYeThCS IUISAXOM BU3HA-
YeHHs1 HACKUIGKH TICHO PO3TAIIOBaHI 00’€KTH B KJIacax y Io-
PIBHSHHI 3 pO3TallyBaHHAM 00 €KTIB Yy BCii Ipymi My CTaH-
JIApTHOTO Ta aJalTHBHOrO peXxnuMiB mepeBipku. s IV xmacy

(«mouaTkoBHI» piBEHb HABYCHOCTI) BiIXWIICHHS PE3yJIbTaTiB
«aJIAIITHUBHOTO» PEXXUMY TECTYBAaHHS BiJ] CTAaHAApTHOTO CKJIa-
nae +4%, st [ — — 4%, s 11 ta I - 0%. Omxe, knacudikaii
PIBHO3HAYHI, MPU BOMY ISl CTAHAAPTHOTO PEKUMY TECTY-
BaHHS CEPeIHs KUIbKICTh 3aBIIaHb, Ky BUKOHYE KOXXHHUH CTy-
JIeHT nopiBHIOE «50%», a it amanTuBHOrO — «30».

3anpornoHoBaHa OOYHCIIOBAaIbHA TEXHOJIOTISI 1a€ MOX-
JMBICTH CHCTEMi TECTyBaHHS NPUIMATH PIIICHHS MO0 Kia-
cucikamii TOBEJIHKH CTyIEHTa, He IepeBipAoIn BCl N 3aB-
JIaHb, 10 CKOPOUYYE YKCIIO 3aBIaHb, SKi HEOOXiTHO MepeBipH-
TH, Ta 3a0e3Meuye iHIUBITyaTIbHY MiHIMI3aIIi0 Yacy HaBYaHHS.

JonatkoBUMH yMOBaMHU 3a0e3nedeHHs] BUCOKOI edek-
THBHOCTI 3aCTOCYBaHHS 3aIPONOHOBAHOI TEXHOJOTII KOHT-
POJIO 3HAHB €:

KinbKicTh CTy/IeHTiB

TL I

will

BHCOKHI

TTOYaTKOBH it cepeHii JocrarHii

Krracu HaBueHoCT

E amantusHuii pexuM B cTaHIapTHUH pexXUM

Pucynok 4 — Po3nozin cTyneHTiB 3a KJIacaMM HAaBYEHOCTI Ha OCHOBI
OT mocnioBHOTO aHaNi3y Ta CTAHAAPTHOIO PEKHUMY TECTYBAHHS

PN WAO
"
\

18 19 20

dh=(000011111233444556777777777777)T
h=(12345678910111213141516171819 20 2122 23 24 25 26 27 2829,3O)T

Pucynok 3 — I'padiku rpaHuilb NPUIHSATTS PIllICHb:

a — BIIHOCHO TilmoTe3Hn Hl mpu h=10; 6 — BigHOCHO rimore3u Hl npu h = 20 ; B — BITHOCHO TinoTe3un H2 npu h =30
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1. BuMora miIBUIIIEHHS SKOCTi TECTOBHX 3aBJaHb, OCHOB-
HAMH ITOKa3HMKAMH SIKOI € BaNIiJHICTh 1 HaIilHICTH TECTIB.
JlaHi TOKa3HUKU XapaKTepU3YIOTh, BiMOBIIHO, CTA0UIHHICTH
OTPUMAHHX PE3YNIBTATiB TECTYBaHHS 1 X 30aTHICTH IPABHIIb-
HO BiIOOpakaTh pPiBeHb IiJATOTOBKH.

2. MoxnuBicTh y TIpoIieci TeCTyBaHHS HE TiNBKH BH3HA-
YeHHsI PiBHS HABYEHOCTI CITyXadiB, ajie ¥ MIBHIKOrO BiHOB-
JICHHS 3HAHb IIUIAXOM IIepenIsLy IPaBUIBHOI BIAIOBIMI 1 OT-
pumanHst (IpH HEOOXIAHOCTI) iHIIOI TOJAaTKOBOI JWIAKTHY-
Hol iH(opMamii 3 mpexmera.

BUCHOBKUA

B poborti po3risHyTO 3a/1a4y OIIHKH 3HaHb TECTOBAHUX
K 3aJady IX Kracudikamii 3a piBHEM 3HaHb, YMiHb Ta HaBH-
9OK, JJIS PIlIEHHS SIKOI BHKOPHCTAHO IOCIIOBHY HPOIEIy-
Py HepeBipKH TimoTe3 i MpaBUia MPUHHATTA PIillleHb Ha OC-
HOBi kputepito Bampma. Po3pobieHo obuncnroBaibHy 1Ipo-
nexypy kinacugikamii TECTOBAHMX Ha YOTHUPH KIIACH, SIKi
BiATIOBIAIOTh PIBHSIM HaBUEHOCTI: «IIOYATKOBHII», «ce-
pemHii», «I0CTaTHII», «BUCOKHI».

ITpoananizoBaHi OOYHMCIIIOBANIBHI TEXHONOTIT MATPUMKH
HOPUHHATTS PIilIeHb MiJ{ 9ac KOHTPOJIO 3HaHb 00 €KTiB Ha-
BUaHHS, SKi 0a3ylOThCS Ha METONAX Teopii CTATHCTHYHHX
pimens. OOIpyHTOBaHO BHOIp METOMy HMOCTIZOBHOTO aHAl-
13y U1 OIiHKH PiBHS 3HaHb y KOMII'IOTepHIH cHCTeMi
MiATPUMKA HaBYAIBHOI JiSUTBHOCTI.

JlocsArHyTO MiABUINEHHA €(QEeKTHBHOCTI mpoImecy
MiATPUMKA TPUAHSTTS PillleHb MiJ] 9ac CTATUCTHIHOTO KOHT-
POITIO 3HAHB 33 PaxXyHOK YIOCKOHAJEHHS METOXy MOCIiJOB-
HOTO aHaNi3y BiINOBiel MUITXOM Kiachdikamii y4acHHUKIB
HABYAJILHOTO IMPOLIECY Ha YOTHPH TPYIH, SKi BiIIOBITAIOTh
PiBHSIM HABYEHOCTi, [0 3a0e3MeYniio iHAUBigyaIbHY
MIHIMI3aI[i{0 Yacy HepeBipKH 3HaHb Ta JO3BOIMIO BUKOHATH
mudepenmiioBaHy OLIHKY IXHBOTO 0OCATY B 3ajadax KOHT-
POIIO 32 aJNbTEPHATHBHOIO O3HAKOIO.

3ailicHeHO anpolarliro MPOUEAYPH MATPUMKA TPUHHSTTS
pillieHh Ha OCHOBI METO/Y TOCJiIOBHOTO aHAJi3y 3 BHKOPHUC-
tardsm CITTP «ManageEdu», B pe3ynbrari yoro cdopmoBaHi
PE3YIBTYEOUI OIIHKK HaBYAIBHUX JOCATHEHb cryneHTiB I kyp-
cy BH3 MTVY «MuxkonaiBcbka MOMITEXHIKa» €KOHOMIYHOTO
(axynsrety 3 aucuuiuiing «@DiHaHCOBHMI OOIIK» Ta 3IiMCHEHO
ix Kiacu(ikalliro 3a rpynaMH, siKi BiNOBIal0Th PIBHIM HaBYe-
HOCTI. 3a MiJICyMKaMH OLIIHKH BiJXHJICHHS PE3YJIbTATIB aJiar-
TUBHOTO PEKUMY TECTYBaHHS BiJl CTAHAAPTHOrO iITBEpIKE-
HO JIOCTATHIO SIKICTh 3alpOIIOHOBAHOI Kiacu(ikalrii.

[TepcriekTHBY MONANBIIMX JOCHTIKEHb CHPSIMOBAHI Ha
pO3pOOKY METOJIMKHM BCTAHOBJICHHS CTaHAAPTY OIIHIOBAH-
Hs kBamiikamii (HMOBIpHOCTI BipHO BUKOHAHHX 3aBIaHb IS
KOKHOTO KIIACy), METOIMKA OLIHKH PiBHS MOMHJIOK L[BOTO
KpHUTEpil0, 3aCTOCYBaHHS 3ampONOHOBAHOI O0YHCIIOBAb-

Kyspma K. T.

HOI TEXHONOTIi IS BUPIIIEHHS MIPaKTHIHUX 3371ad KOHTPOIIIO
pIBHS 3HaHBb B CHCTEMaX TECTyBaHHSL.

TOISIKA

PoboTy BHKOHAaHO B paMKaX CIUTBHIX HAYKOBHX IOCHi-
XKeHb Kadeapu KoMI'I0TepHOi iHXeHepil i kadenpu
KOMII'TOTepHIX HayK Ta MPHUKIAJHOI MaTeMaTHKH Muxonai-
BCBHKOTO HaIliOHAJIBHOTO yHiBepcuTeTy iM. B. O. CyxoMiHHCH-
Koro. PesynmsraTn mocimifkeHb 3iHCHIOBANCE Y paMKaxX Ha-
YKO-IOCIiTHOT poOoTH 3a Temoro: «Mozeni Ta MEeToIu iHTe-
JIEKTyaTbHOTO aHANi3y JAaHUX B IPEAMETHO-OPi€HTOBaHIH
iHdopmaiitaiii cucremi» (Homep peecrparii 0115U001249).
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uM. B. A. CyxomumHckoro, Hukonaes, Ykpanna

BBIYUCJIUTEJIbHASI TEXHOJIOT'HSI IPOBEPKA YPOBHSI 3HAHUII HA OCHOBE METO/IA MOCJIEJOBATEJIBHO-

'O AHAJIM3A

AKTya.J'll)HOCTb. Pemena aKTyaJibHas 3aja4ya MOBBIIICHUA S(b(beKTI/IBHOCTI/I Tpornecca noAACPKKU NPUHATUA pCHIeHI/Iﬁ TIpU CTaTUCTUYECKOM

KOHTPOJIE€ 3HaHUU.

Leab padoThl — pa3pabOTKa BEIYUCIUTEIBHON MPOLEYPHI PEIICHHS YeThIPEXaIbTEPHATUBHON 3aJaul KJIacCU(UKAIUU TECTHPYEMBIX I10
YPOBHIO OOY4€HHOCTH, YTO ITO3BOJIIET OCYIIECTBIIATh KOHTPOJb 3HAHUN AuQQepeHINPOBAaHHO, MUHUMHU3HPYET 00beM 3a1ad, HeOOXOIUMBIH

JJI BBITIOJTHEH S,
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Meton. IIpenioxkeHo BEIYMCIUTENBHYIO IPOLEAYPY KIacCU(DUKALMU TECTUPYEMBIX HA YEThIPE KJIAcca, KOTOPbIE COOTBETCTBYIOT YPOBHIM
00yYEHHOCTH: «HAYaJIbHBIH», «CPEIHUI», «IOCTATOUHBIN», «BBICOKUI», OCHOBAHHYIO HA HCIOJIb30BAHHM IBYXaJbTEPHATHBHOIO KPHTEPHS
MOCIIE/IOBATEILHOTO aHAIM3a B HECKOJIBKO 3TAaloB M 00ECIEYMBAIOLIYIO BBIIIOIHEHHE KOHTPOIS 3HAHUIl B Ipoliecce BHIOJIHEHHs 3alaHuUil,
MHHHMH3UPYsl TaKMM 00pa3oM BpeMs NIPOBEPKH 3HAHUH, YTO I03BOJISET aBTOMATU3HPOBATH HMPOLECC NPOBEPKH CTATUCTUUECKHX TUIIOTE3 B
CHCTEMAX TECTHPOBaHHs M 00yueHus ¢ Lenbio JuddepeHIanbHol OLEHKH 3HAHUH y4aCTHHUKOB yyeOHOro mporecca. s pemenus 3agaqyu
OLEHKH HPHUTOJHOCTU TeCTa IPENTIOKEH METOJ, OCHOBAHHBII Ha IOCTPOEHUM (DYHKLHU OINEPATUBHON XapaKTEPUCTHKHU I10CIEN0BATENBHOTO
KpUTEpHs], KOTOPasi O3BOJISIET ONPEASIUTh 00BEM 3a1au JOCTATOUHBIH JUIs JOCTHIKEHHSI JKENAEMOro YPOBHS KauecTBa TECTa 3a CUeT yCTaHOBJIEe-
HHS CBSI3M MEXy OXKMIaeMOIl BEpOATHOCTBIO IPUHATHUS THIIOTE3bI U CITy4aiiHbIM 3HAUEHUEM IIapaMeTpa BEPOSATHOCTH MOSIBIEHUS B BBIOOPKE U3
1,2 ... N BOIPOCOB NIPUEMOYHOTO YHCIIA HEBEPHO BBINOIHEHHBIX 3a1aHUIA.

Pe3yabTaTel. Pa3paborano nporpaMmHoe obecreueHue, KOTOPOEe peann3yeT MpPeUIOKEHHYI0 BBIYUCIUTENbHYIO IIPOLELYDPY, HCIOIb30-
BaHHOE IIPY NPOBEIEHUH BBIYUCIUTENbHBIX IKCIIEPUMEHTOB TECTOBOIO KOHTPOIS 3HAHUIA.

BoiBoabl. [IpoBeieHHBIE KCIIEPUMEHTHI ITOATBEPIUIN PpabOTOCIIOCOOHOCTD NPENIOKEHHOH IPOLELypbl M IIPOrpaMMHOrO o0ecreueH s,
KOTOpOE €€ pealM3yeT, a TakKe MO03BOJIAI0T PEKOMEHIOBAaTh MX JUId NPUMEHEHMs Ha IMpPaKTUKE IJIs pElleHus 3aJad4 aBTOMaTH3MPOBAHHOM
IPOBEPKU YPOBHS 3HAHUI.

KuroueBble cj10Ba: 110cie10BaTebHbIH aHAIN3, IPOBEPKA YPOBHS 3HAHUM, KiIacCH(UKALM TECTUPYEMBIX 110 YPOBHIO 3HAHUI1, IpoBepKa
TUIOTE3, KPUTEPHAIbHO-OPUEHTHPOBAHHBIN TECT.

Kuzma K. T.

Ph.D., Senior Lecturer of Department of Computer Engineering, V. O. Sukhomlynsky Mykolaiv National University, Mykolaiv, Ukraine

COMPUTER TECHNOLOGIES OF VERIFICATION OF KNOWLEDGE BASED ON THE METHOD OF SEQUENTIALANALYSIS

Context. The actual task of increasing the effectiveness of decision support in the statistical control of knowledge has been solved.

Objective is a development of a computational procedure for solving the problem of classification the educational process participants
into four groups, according to their trainability level that allows to control knowledge differently, minimizing the amount of tasks required to
accomplished.

Method. The computer technology for classification the educational process participants into four groups, according to their trainability
level: “initial”, “medium”, “sufficiently”, “high”, has been proposed, based on the use of sequential hypothesis testing procedure and allows
to perform the controlling of the knowledge while accomplishing tasks, thus minimizing the time for testing and provides the automation of
the process of verification the statistical hypotheses in a testing and learning systems with the purpose of differential assessment of knowledge
the educational process participants. To solve the problem of definition the assessment standard the method based on creation the function of
operational characteristics of sequential criteria is used. The function allows to establish a link between the expected probability of the
hypothesis and random probability of the fact of presence in the sample with 1.2 ...n questions appropriate number of incorrect answers.

Results. The software implementing proposed computational procedure have been developed and used in computational experiments of
knowledge testing.

Conclusions. The experiments confirmed the efficiency of the proposed procedure and software. The experiments also allow to
recommend them for use in practice to solve the problems of automated assessment of knowledge.

Keywords: sequential analysis, the assessment of knowledge, classification the educational process participants according to their
trainability level, testing of hypotheses, criterion-referenced test.
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KaHd. mexH. Hayk, doueHm, dokmopaHm, doueHm kaghedpbl UHGhOpMaUyUuoHHOU 6e3ornacHoCmu U KOMIMbIOMEepPHOU UHXeHepuu
Yepkacckozo eocydapCcmeeHHO20 MexXHOM02u4ecKoeo yHusepcumema, Yepkaccol, YkpauHa

PAKTOPUATIBHOE KOOMPOBAHUE C UCTPABIEHUEM OLUMBOK

AkTyaapHocTh. DakTropranbHOe KOOUPOBAHUE JAHHBIX MO3BOJSET COBMEIIATh ONEPAIMH KPUITO- U MMHUTO3ALIUTHI, a TaKXKe
IIOMEXOYCTOHYUBOTO KOJIMPOBAHMS, YTO IPUBOAUT K YMEHBIICHNIO BHOCHMOW NEpEaTIMKOM N30BITOYHOCTH, MOBBIIICHUIO OBICTPOAEHCTBIS
1 yBeIW4eHUIO 3()PeKTHBHOM NpoIyCKHOH criocoOHOCTH. BMecTe ¢ TeM omucanHbIe METOBI (PAKTOPHAIBLHOTO KOJUPOBAHMS HE ITO3BOJISIOT
HCTPaBISATh OMNOKH, YTO OrPAaHUYMBAET 00JIACTh MX MCIIOIb30BAHMSL.

Leanio nanHON paboTHI sBiISETCS pa3pabOTKa MeTona (PaKTOPHAIBLHOTO KOAMPOBAHUS C BOCCTAaHOBJICHHEM JaHHBIX MO IIEPECTAHOBKE,
00ecreYnBaroIero KOMILUICKCHOE peIICHHE 3a/1a4 KPUITOrpagpuuecKoi 3alUThl ¥ IIOMEXOYCTOHYMBOrO KOJUPOBAHUS U MO3BOJSAIONIETO
COBMECTHTH (DYHKIIMU UCIIPABIICHUS M O0OHAPYKEHHS OMIMOOK KaHajla CBS3M.

Metoa. OcHOBHas uesl NPEIJIOKESHHOTO METO/1a KOAUPOBaHHUS COCTOMT B YBEIMUYCHUHU PACCTOSHUS MEXIY pa3pelIeHHBIMH KOJOBBIMU
CJIOBaMH, NPECTABIAIOIINMH cO0OH MEepecTaHOBKHU, BBIYMCIEHHbIE 110 BCeM HH(OpMAIIMOHHEIM OMTaM 0JIOKA JaHHBIX U IPEACTABICHHBIC B
JIBOMYHOM BHuje. VccinenoBaHbl METO/Ib YBEIHUYCHUS PACCTOSHHS HA OCHOBE METPHK DBKIMIA U X3MMHUHTA. 15 Ka)XKIO0TO U3 3TUX METOJOB
oIpe/ieNIeHbl OCHOBHBIE CBOHCTBA ()aKTOPHUAIBHOI'O KOZIA C UCIIPAaBJICHUEM OIIMOOK, B TOM YHCJIC BHIIOJIHEHA OLCHKA JOCTOBEPHOCTH Iepeiadn
IIPY HE3aBUCHMOCTH ¥ OMHOMHAJIBHOM pacIpe/elIeHHH BOSHUKAIONIMX B KAHAJIE CBSA3U OMINOOK, pa3paboTaHbl CTPYKTYPHBIE CXEMbI IPHEMHHKA.
[IpaBuna qexogupOBaHUs, pealn30BaHHbIEC B IPUEMHIKE, OCHOBBIBAIOTCS HA KPUTEPHU MaKCHMAaJIbHOTO IIPABOIO00 1S U IPEAYCMaTPUBAIOT
KaK IPsMOE UCIPaBICHHE OUIMOOK, TaK M X OOHApyXEHHUE C MOCIEYIOMIMM UCIIPABJICHUEM ITyTEM IIEpECpoca MOBPEKAECHHOT0 0JIOKa.

PesynbTarsl. Peann3oBans! pakTopranbHbIE KOIBI C HCIIPABICHUEM OLIMOOK, UCTIONB3YIONIIE METPUKY DBKiIa 1 XaMMuHTa. {715 3THX
KOJIOB BBITTOJIHEH CPABHUTENBHBII aHAJIH3 BEPOATHOCTH HEOOHAPYKEHHOW OMMOKM, OCTATOYHOW BEPOSTHOCTH OLIMOOYHOTO IpHEMa,
SHEPTreTUYECKOrO BHIUTPHIIIA M OTHOCUTEIBHOW CKOPOCTH nepenadu. [lokazaHo, 4TO XapaKTEpHCTHKH KOJia HE SIBIIIOTCS HHBAPHAHTHBIMH 10
OTHOUICHUIO K MHOXXECTBY pPa3pelICHHBIX KOMOBBIX CIIOB, @ U3 PAaCCMOTPEHHBIX B padore KoioB Ooiee 3((EKTUBHBIMU SBIAIOTCS KOIBI,
HCTIONB3YIOMINE METPUKY XIMMUHTA.

BeiBoasbl. [Tonyunn nanbHeiee pa3BuTie METoR (akTOPHAIbHOrO KOAUPOBAHUS C BOCCTAHOBJICHUEM JJAHHBIX 10 IEPECTaHOBKE, KOTOPBIH
3a C4eT COBMENICHHS (PyHKIMH HCIIpaBIICHHS U 00HAPYKEHHS OLINOOK 03BOJISIET ITIOBBICUTh JMHAMHYECKYIO COCTABIIAIONIYIO ITIOTEPH CKOPOCTH
1, KaK CJICJICTBUE, OTHOCUTEIILHYIO CKOPOCTB IIEpeiauH, 110 CPaBHEHHUIO C 00HAPYKMBAIOLIMM OITHOKH (haKTOpHAIbHBIM KOAUPOBAHHUEM 32 CUET
CHIDKCHUS €T0 IOMEX0YCTOHUNBOCTH. [IpoBeieHHbIE SKCIEPUMEHTHI TOATBEP AN 3()(PEKTHBHOCTE (PaKTOPUAIBHBIX KOJIOB C HCIPABICHHEM
OIIMOOK.

KnaroueBble caoBa: M30bITOYHOCTD, (PaKTOPHAIBHBII KOJ, IIEPECTAaHOBKA, TOMEXOYCTOWYMBOE KOAMPOBAHME, UCIPABICHUE OLIMOOK,
oOHapyXeHUE OMMOOK, JOCTOBEPHOCTh IEPEAAaYH, OTHOCUTEIIbHAS CKOPOCTh MEPEaadH.

HOMEHKJIATYPA (EC

FCDR - Factorial Code with Data Recovery by per (I,t) — KOJIMYECTBO OMIMOOK Beca i, HCTIpaBIIsieMbIX
permutation;

FCDRec — FCDR with error correction; f;l)Jgr (i,t) - xommuecTBO OWNGOK Beca t, MPUBOMALINX K

POC - pematomiasi oOpatHasi CBS3b;

CKK - curnampHO-KO/OBasi KOHCTPYKIIUS,

OKBJI — dakropuanbHblid KO ¢ BOCCTAHOBJICHHEM JIaH-
HBIX IO MIEPECTaHOBKE;

®OKB/lno — dakTopuanbHblii KOA C BOCCTAHOBJICHHEM
JIAHHBIX U UCIIPABJICHUEM OLIMOOK;

AP — DHEPreTHYecKUil BBIUTPHINI NMPU NMPUMEHEHUHU

IS i-OM CUTHAJIBHOM TOYKH,

OUIMOOYHOMY JEKOAHPOBAHHIO i-Or0 CHTHAIBHOTO BEKTOpa

K — 9ucino MBOMYHBIX CHMBOJOB B MH(POPMALHOHHOM
OJIOKE JaHHBIX;

I, — uncno OUT AN KOAMPOBAHMS OTHOTO CUMBOJIA TIepe-
CTaHOBKH;

M — mopsIoK TepecTaHOBKH,

MOMEXOYCTOMYHBOrO KOJa,;

0 — MoKa3areib M30BITOYHOCTH Kozia (IO MOLIHOCTH);

V, — IMHAMHYECKask COCTABIIAIONIAs IOTEPU CKOPOCTH,

A(X) — NPEeICTaBICHHOE B JBOWYHOM Buje MH(pOpMa-
LHOHHOE CJIOBO;

Dj — 9BKIMIOBO PacCTOAHUE OT HYIIS 10 CHTHATIBHOM TOUKH i

Di,j - 9BKINI0BO paccTosHME MEKLY CHTHATLHBIMH
TOYKAMH | U J;

Dpin — MUHHMAalIbHOE 3BKIHAOBO PACCTOSHUE MEKIY
CHUTHAJIbHBIMU TOYKaMH;

di,j — paccrosine X3MMUHIa MEKIY CHTHAJIbHBIMU
TOYKAMH | U J;

dpnin — MUHHMAIIBHOE PACCTOSIHHE XOMMUHIA MEXKIY
KOJIOBBIMH CJIOBaMH;
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Pget — BEpOATHOCTH OOHAPY)KEHHON OLIMOKH,
Pec — BepositHOCTH TOTO, 4TO OIIMOKA OyIeT HCIpaBie-
Ha, a KOJOBasi KOMOWHAIMS HPHHSITA BEPHO;
Pres — ocTaTOuHas BEPOATHOCTH OIIMOGOYHOrO MPHEMA;
res

R,y — BeposATHOCTh HEOOHAPY)KCHHOH OMIUOKH;

Pud (FCDR(ec), pg) — BeposTHOCTH He 0GHApY eHHOI
OKB/I (win ®PKBJIno) omrmokw;
Pw(i) — BEPOSTHOCTHh MPUMEHEHHUS UCTOYHHKOM i-0r0

CJI0Ba;

Pp — mepexonHas BEPOSATHOCTh CUMMETPHYHOTO ABO-
HMYHOIO MOCTOSIHHOIO KaHaja,

Poeq — >KkBHMBalEHTHAst BEPOATHOCTH OMTOBOM OMIMOKH;

Q — BeposATHOCTH MpHeMa OJIOKa JaHHBIX 63 OIHOOK
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Recor (X) — IPEJCTaBIEHHOE B JBOUYHOM BHJIE KOLO-

Boe ciioBo ®KB/I;

I — JUTMHA KOJIOBOTO CJIOBA;

I} — paccrossHMe X3MMHUHTA MEXIY NPUHATHIM BEKTO-
POM 4 i-bIM CHTHAJIBHBIM BEKTOPOM,;

SE - CHHIPOM IMepecTaHOBKH.

BBEJIEHUE

[po6iembl moBbIeHHsT 3(H(HEKTHBHOCTH CHCTEM Tepe-
JIaY¥l JAHHBIX, BKITIOYAs TIOBBIIICHHE JIOCTOBEPHOCTH Iepe-
JIa9H ¥ TIPOIYCKHOM CITOCOOHOCTH, BCET/a MPHBJICKATN BHU-
MaHHe CHEeNUATICTOB WH)OPMALMOHHBIX TEXHOJIOTUHA U Te-
JIEKOMMYHHKAIUi. B 1aHHOM KOHTEKCTE MepCIeKTHBHBIMU
SIBIISTFOTCS. METOIBI (PAKTOPHAIILHOTO KOJUPOBaHUS WHPOP-
Mmanuu [1-6], mo3BossronIEe COBMECTHTD OIEPAIMH TTIOME-
XOYCTOHYMBOTO KOAWPOBAHHS, KPUITO- U UMHTO3AIIUTE U
T€M CaMbIM YMEHBIIUTh BHOCHMYIO NEpeNaTInKoM U30bI-
TOYHOCTB, TTIOBBICUTH OBICTPOJICHCTBHE M YBETHIHTH d(PPeK-
TUBHYIO MPOITYCKHYIO CIIOCOOHOCTB. BMecTe ¢ TeM BO3MOX-
HOCTH (haKTOPHAIBHOTO KOAMPOBAHUs, U3JIOKCHHBIC B [1—
6], maneko He MCYEPIIaHBI, YTO U ONPEICISIET KPYT PEIIacMbIX
B JaHHOW pabore 3ajad.

B pabore [4] npemnoxen, a B pabore [5] nomyumn nass-
Heifmee pa3BuTHe MeTol (HaKTOPHUATBHOIO KOIUPOBAHUS C
BOCCTAHOBJICHHEM JTaHHBIX 10 riepecraHoBke (DKBJI, FCDR).
JlaHHBIN MeTOJ| HalpaBJIeH Ha KOMIUICKCHYIO 3allUTy HH-
(dbopManuu OT HECAaHKIIMOHUPOBAHHOTO YTCHHS M OIIHOOK,
BO3HUKaOIUX B KaHaie cBsa3u. [Ipu stom ®KBJI pemaer
3aaqy OOHapYKeHUs OIIMOOK, a MX WCIIPaBICHUE JOCTHTa-
€TCsl IOBTOPHOW Tepenadeil MCKakeHHOTO OMEXOH KOJ0-
BOTO CJIOBa. BMecTe ¢ TeM mpu onpenereHHbIX 0OCTOsTeNb-
CTBaX OTHOCHTENbHAs CKOPOCTH IMepenavyd WHPOPMAIH B
CHCTeMaXx C penraromeid o0paTHOH MOXKET OKa3aThCs 4Upe3-
MepHO Matoil. st ee moBbIIIeHUs (2 Takke B CHCTEMax pe-
aJbHOTO MacinTaba BpeMeHH) IIe1eco00pa3Ho HCIOIb30BaTh
KOIIBI C WCIIpaBiieHneM omMOok. Kpome Toro, kak ckazaHo B
[7], xoMOHHHpOBaHKE TPOIELYp OOHAPY)KEHHs W HCIpaBIIe-
HUS OIIMOOK SIBIIETCS 3a4acTyio Oonee 3(hdeKTHBHOM, dyem
MO0 TOJIBKO UCHpPABIICHUE OMIMOOK, JIMOO TOIBKO OOHApYKe-
HHUE OImMOOK C MOBTOPHOH mepenadeid. [103ToMy akTyasbHOM
3ajadeil SBISETCS 3a/ada COBMEILICHUS MPOLEAYp KPHUIITOT-
paduueckoro npeodpa3zoBaHus HHPOPMALIMH, & TAKXKE 00-
HapY)XEHUS! M HUCTIPABJICHHS OLIMOOK.

enpto manHOW paboTHI SBisIETCS pa3pabdoTka MeTonaa
(hakTOpuaNbHOrO KOJMPOBAHUS HMH(OpPMAIMH, KOTOPBIH
peanusyeT QYHKIMIO 3alUThl HHOOPMAIMK OT HECAHKIIHO-
HUPOBAHHOTO JOCTYIA, a Takke (QYHKIUIO NOMEXOYCTOH-
YUBOTO KOJUPOBAHHS, COUYETAIONIETO OOHApY)KEHUE W HC-
MIpaBJIeHHE OLIMOOK, BOSHUKAIONINX B KAaHAJE CBS3H.

1 ITIOCTAHOBKA 3AJJAYA

[ycts nHGOpPMANUs OT UCTOYHUKA MOCTYMAeT HA BXOJ
koziepa Onmokamu u3 K 6ut. Torma MOIIHOCTH MHOXKECTBA

MH(POPMAIMOHHBIX CJIOB COCTABJISET 2K, O6o3Haunm yepes
A(X) NPE/ACTABICHHOE B JABOMYHOM BHAC HH()OPMALUOH-
Hoe cioBo (Bektop). PKBJI peannsyer OHEKTHBHOE ITPE0O-

pa3oBaHHE MHOXXeCTBa WH()OPMAIIMOHHBIX CIOB A(X) B

paspereHHoe MHOYKECTBO H3 ok nepectaHoBok Rpcpr (X)

nopsaxka M (M !sz).

33,[[3‘16171 CHUHTE3a MCTOa CbaKTOpI/IaJ'IBHOI‘O KOAUPOBAHUA
I/IHCI)OpMaI_II/II/I, COYCTAIOUICTO 3alIUTy I/IHCbOpMaI_[I/II/I OT HEC-
CaHKINUOHUPOBAHHOTO YTCHHUSA, a TAKKC 06Hapy>KeHHe u
HCIIPABJICHUC OIIMOOK 3aKIIOYaeTCs B OnpeAciICHU U aHa-

JIU3€ CTPYKTYpbl MHOXECTBA M3 2k BEKTOPOB RpEcpRr (X)

TO3BOJISIONIEH BBIACIHTE JUIS KaXKAOTO U3 HUX 00JIacTb BO3-
N

MOXHBIX 3HaueHUH Rpopq (X) Ha BXOZI€ IIPUEMHUKA, PaccTo-

SIHUE JI0 KOTOPBIX B 3a/laHHOM METpPHUKE HE NPEBBIIIAET 3a-

o N
JAHHOI'O 3HA4YCHHsA, a TAKXKE o0acTe 3HaYEHUI RFCDR (X),
HAaXOOAINUXCA Ha OOAUMHAKOBOM PAaCCTOSIHUH N0 ABYX HIH 00-

Jiee BEKTOpOB Recpr (X) 13 2K BosMOKHBIX.
2 OB30P JINTEPATYPBI

Cornacuo [4], nepecranoBka Rpcpr (X) NpeCTaBIsAeT
co00l MOCIIe0BaTENbHOCTh 3aKOAUPOBAHHBIX PaBHOMED-

HBIM JIBOWYHBIM KOJIOM YHCEIl {O;:L'...;M -1}, ouepemHOCTH
CIICIOBAHUSI KOTOPBIX ONPEIeNsIeTcs] HHPOPMAIMOHHON TT0C-
JIeI0BAaTENIbHOCTHIO U aJITOPUTMOM KoaupoBaHHs. Ecnu mo-
PsAIOK GOPMUPOBAHHS MEPECTAHOBKU MO WHPOPMAIUOH-
HOMY CJIOBY UCTOYHHKA jaepxkurcs B cekpere, DKB/I, momu-
MO oOHapyXeHHsl ONIMOOK B KaHaJe CBS3H, 0OeCIeunBaeT
3aIIMTy JaHHBIX OT HECAaHKIMOHUpPOBAHHOro ureHus. Kpo-
M€ TOrO, TaKOH KOA SIBJISIETCS CaMOCHHXPOHHU3HPYIOLIIUMCS
1 He TpeOyeT pa3IeNuTellsi KOTOBBIX CIIOB.

Kaxk nokasano B [4], npHeMHHK COIEPKUT OGIOK IPOBEp-
K{ KOPPEKTHOCTH TPHHSATOW M3 KaHana KOAOBOW KOMOWHA-
muu u gexonep GKBII. IIpoBepka KOpPEKTHOCTU CBOLUTCS K
mpoBepke Toro (akra, 4To B MPUHATON KOJOBOW KOMOWHA-

mu Kaxueli cumBon muoxectsa {0;1...;M -1} NPUMEHs-
€Tcs POBHO MO OIHOMY pa3y. B ciydae, eciiu IpUHATAs I0C-
7€I0BATENLHOCTE ABIACTCS HEKOPPEKTHOM, OHA HE JOMyc-
KaeTcs K JEKOJUPOBAHMIO, 2 HA TIEPEAONTyl0 CTAHIUIO TI0
06paTHOMY KaHAIy CBS3M NEPEJaeTcs 3alpoc MOBTOPHOM
nepeaayn OJoKa.

KoppekTHas TOCIeN0BaTelbHOCTh MOUIEKHUT JEKOIHPO-
BaHUIO - oOpaTHOMY npeoOdpa3oBaHUIO

fréor : Recor (X) = A(x). Cormacho [4], mockonbky

M 1> 2K npH K >1, MHOKECTBO IIEPECTAHOBOK Ha BXOJIE JIEKO-
Jiepa COCTOMT U3 ABYX IOJAMHOKECTB — Pa3pelICHHOrO U 3arl-

pewennoro. K paspereHHOMy TOIMHOXECTBY OTHOCSITCSI 2K

IEPECTAHOBOK (B IIPOCTEHINeM Cllydae MX CUHIPOMBI S co-

.ok .
OTBETCTBYIOT HEMbIM YHCIIAM [0. 2" ~1| upcnoBoii ocu), a K

k
3aMpenIeHHOMY — MOJAMHOKECTBO M3 (M -2 ) OCTANTBHEIX

HEpPECTaHOBOK (B MPOCTEHIIIEM CIIydae UX CHHIPOMBI S cooT-

k. o
BETCTBYIOT HEJTBIM UHCIAM [2 M = 1} amciosoit ocn). IMpu-

eM JIto00i MepecTaHOBKH U3 HEPa3pElICHHOW YacTH MHOXe-
CTBa TAKKEe MHHUIMUPYET KOMaHIy Hepecrpoca.

B pa6ore [5] ms ®KB/] BBeieH noKas3ateiis H30bITOUHO-
¢y (10 MOIIHOCTH) O

a=MY2k. 6
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B [5] Takxke moka3zano, uTo mpu Kk >1 CIpaBeUIHBO

M !> 2% u, cootBercTBEHHO, O >1, YTO MPHBOIUT K H3GbI-
TOYHOCTH Koxa. IIpw 3TOM BBeNEHHE JOTOIHHUTENBHEIX MpO-
BEPOYHBIX OWT mepern mpeobpa3zoBaHHeM HH()OPMAIIMOHHO-
rO BEKTOpa B IEPECTAaHOBKY IIO3BOJISIET MTOBEICHTH OOHAPY-
xkuBatomyto crocooHocts ®KBJI. C npyroit cTopoHsI,
m30erTouHOCTE DKBJI 0OecrieunBaeT BO3MOXKHOCTD yBEITH-
YeHHS PACCTOSHUS MEXTy HepecTaHOBKAMH — HOCHUTEIISIMHU
MH()OPMAINU U CO3aeT MPEIIIOCHUIKH JUIS CO3MaHMS (haK-
TOPHAIIBHOTO KOZia C HCIIpaBlIeHHeM ommOok. Takoit xox Oy-
JIEM Ha3bIBaTh (haKTOPHAIBHBIM KOJIOM C BOCCTaHOBIICHHEM
JaHHBIX U ucnpasienuem ommbok — OKBJ/lno (FCDRec —
FCDR with error correction).

3 MATEPHUAJIbI 1 METO/IbI

Beenem cienyomue onpeseneHus..

Onpenenenne 1. CurHanbHbIMUA BEKTOPaMH Ha3bIBAIOT-
Csl IPE/ICTAaBICHHbIC B JABOMYHOM BHJE NMEPECTAHOBKH pa3-
PELIEHHOI0 MHOXECTBA.

MHOXECTBO CHI'HAJIBHBIX BEKTOPOB 00pa3yeT CHIHajlb-
HO-KozoByt0 KoHcTpykimio (CKK).

Onpenenenne 2. CUrHAIBHBIMHA TOYKAMH HAa3bIBAIOTCS

Toukn Ha 4ucnoBoil ocu [0;M -1, xotopsie coorBeTCTBY-
IOT CUTHAJIBHBIM BEKTOpaM Koja.

MHOXeCTBO CHTHAIIBHBIX TOYEK Koja 00pa3yeT ero CHr-
HaJbHOE CO3BE3JHME.

Paccmorpum nBa cmocoba dopmupoBanus CKK mns
DOKBwo:

1) CKK, ocHOBaHHAasi HAa MHHHMAaJIbHOM PaCCTOSHHH
OBrimna Mexay curHaiabHbiMEA Toukamu. Takme CKK Gynem
HazeBath CKK mepBoro tama u o6o3nagars gepe3 CKK-1;

2) CKK, ocHOBaHHAas Ha MHHHMAalbHOM PacCTOSHHH
XsmmuHTa MeXIOy curHaiIbHBIMU BekTopamu. Takme CKK
oynem nHazbiBaTh CKK BTOpOro tuma u ob6o3HauaTh 4epes
CKK-2.

Paccmorpum ®KB/Tno ¢ CKK-1.

MuHHMaIbHOE PAcCTOSHUE MEXIY CUTHAJIBHBIMU TOY-

xamu Ha ocu [0;M 1]

Dy, <[ (M+-1)/(24-1)]. @

B mpocreiimem ciygae 2% CHTHATBHBIX TOYEK pacnona-

. Y
rafoTcs Ha YUCIOBOH OCH [0,2 —1] ¢ marom D, =1.

Tako# ko He mpenHa3HAYeH JUIS UCTIPABICHUS OmnOoK. OH
MOXKET OBITh MPUMEHEH JUIsi OOHAPYKCHHS OLIMOOK, MpH-
9eM TONBKO TeX, KOTOpbIe MPUBOMAT K MpeoOpa3oBaHHIO Me-
PECTAaHOBKH B «HE MEPECTAHOBKY» WJIM B MEPECTAHOBKY U3
3ampemeHHOr0 MHOXKECTBA.

Hanomunm, uto gaa ®KBJI k < [|ng M !]. BeimonanM

ouenky D,,, npu K = [Iog , M !], JUIS KOTOPOTO JOCTHIaeT-
csi MaKcUMajbHas CKOPOCTh Koia. IlOCKONbKY
log, M I-1<[log, M !]<log, M I, uMeeT MeCTO

MY2<2“<M!. Torma 1<(M-1)/(2 1) <2+2/(M-2). Tlo-

stomy mpu K = [Iog , M !] MUHHMAJILHOE PACCTOSHHE MEK-

Iy curHajibHeiMd Toukamu D, <2. Taxoit ®KB] ue
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CIIOCOOCH UCIPaBIATH BCE OIMIMOKY, NMPHBOJAIINE JaXe K MH-
HIMaJIbHOMY CMEIIEHHIO CUTHATBHBIX BEKTOPOB IO YHCIIO-
BOH OCH, W MO3TOMY €ro LeNiecoo0pa3Ho MPUMEHSTh Il 00-
HapyeHust omnook. Ipu stom, kak u mist D, =1, oGHapy-
KHUBAIOTCS TOIBKO T€ ONIMOKHM, KOTOpPBIE HPHBOAAT K
peoOpa30BaHMIO MePeJAHHOM IIEPECTAHOBKHI B «HE IEpecTa-
HOBKY» WM B IIEPECTAHOBKY W3 3aIIPEILEHHOIO MHOXECTBA.
Ucnpasnenune omnbox Bo3mMoxxHO mpu D, = 3. dus

YBCINYCHUA Dmi H€O6XOZ[I/IMO YBCINYHUBATH IIOKA3aTCIIb OL.

n

OueBujzo, uto oo = M !/ 2K monotonHo BO3pacraer no M u
yobBaer mo k. ITosToMy yBenMdeHHE MOXKET OBITh JJOCTHT-
HyTO KaK yBelHMdeHneM M, Tak 1 ymeHbIIerneM K. IIpn stom,
KaK T0Ka3aHo B [5], yMeHbIIeHNe MTHHBI HHPOPMAITMOHHO-
ro Bexropa Ha AK 6ur mpu $uxcupoBanHOM M IPHBOIUT K

YBCIMYCHUIO ITOKA3aTCIsA O B 2Ak pas.

Fpa(bI/I‘IeCKI/I PacnoIoKCHUE CUTHAJIbHBIX TOYCK Ha YHC-
JIOBOH OCH MpeAcTaBJICHO Ha pUC. 1 HpI/I 9TOM PACCTOSIHHUE OT

HyI [0 CUTHaIbHOI ToukH | Gynem o0o3Hauath uyepes D, a

MEX/Ty CHTHAIBHBIME TodKamH i 1 j —uepes D, ; = D; - D;.
IMonoxxeHNe CUTHANBHBIX TOYEK Ha YHCIOBOH OCH Ompe-
nensercs CKK. B npocrefiiem ciyyae CUrHalIbHblE TOYKU

pacrojararoTcss paBHOMEPHO C 1Iarom D IIpu 3TOM

min?

D,y =Dy, st i € [0;2k —2:|. B Gomnee obuiem ciydae

D; ;1 #const,a Dj j > Dyip, 1, ] E[O;Zk —1], i#j.

HpI/I nepeaa4e CUrHaJIbHOIrO0 BEKTOpa ﬂeﬁcmy}omaﬂ B
KaHaJIC CBA3U IIOMEXa MOXCET CMCCTUTh CUTHAJIBHYIO TOYKY

nepefaTIvka B JIOOYIO JPYTYI0 TOUKY OTpe3ka [0; M - 1],
KOTOpasi MOXKET OBITh KaK CHT'HaJbHOW, TaK U HE CHUTHAJIb-
HOH, a MPHHATAsI NepecTaHOBKA MOXKET OTHOCHTHCS KakK K
pa3pereHHoMY, TaK U K 3alpernieHHOMY MHOXXECTBY.

[prieMHVK pHHUMAET peleHre O MepeJaHHOM CHIHAJIb-
HOM BEKTOpE HAa OCHOBAHHWH KPUTEPHsI MAaKCUMAIILHOTO TIPaB-
JIONIOIOOUST TIyTEM HaXOXKICHHS CUTHAJILHOM TOYKH, OJVKaii-
nreit (B MeTpuke DBKIHIA) K TOYKE, COOTBETCTBYIOIICH TPH-
HATOMY BeKTOpy. [Jjist 3TOro nekonep BBIYUCISET PACCTOSHUS
OT COOTBETCTBYIOIIEH MPUHSATOMY BEKTOPY TOUKE YHCIIOBOM
OCH JI0 COCEIHHUX CHTHANBHBIX TOYeK. [IpH paBeHCTBE 3THX
paccTostHul (OpMHpPYETCs CUTHAIl Iepecipoca.

Takum 00pa3om, eciu momexa cMectuia chopMHPOBaAH-
HBIH TepeqaTYMKoM Ii-blii BEKTOp He Oojiee 4eM Ha

_[(Di_l’i _1)/2J " +|:(Di,i+1_l)/2:| TOYEK, 3Ta OMHGKA

HCIIpaBIIsieTCs, a MPUHATBHI BEKTOp KOPPEKTUPYETCs MpH-
E€MHHKOM B MEPECTAHOBKY, COOTBETCTBYIOLIYIO i-OH CHUT-

HaJbHOU Touke. Eciu cmelieHue paBHsAETCS —[Di,l,i / 21

(am +[Di,i+1/21 )unpustom D_;; /2 € Z (DLM/Z € Z),

omunOKka OOHAPY)KHMBAETCS KOJOM M HCIIPAaBISETCA Tepe-

Doy Dy, D, ok
L W{ i ‘f Ihl l i ‘--I
ok,

0D, Dy D D, D, D

. M1

PI/ICyHOK 1 — PacnionosxeHue CUTHAJIBHBIX TOYCK HA YHCIOBOH OCH
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crpocoM. Ecium xe cmenieHue mpeBbIIIaeT —[DHJ/Z}

(nmu +[Di’i " / 2}), TaKHe OMMOKU KOX HCIPABUTH HE MO-

XKeT. B 3ToM cirydae, ecaH pacCTOSHUS OT COOTBETCTBYIO-
meil MpUHATOMY BEKTOPY TOYKH J0 COCENHUX CHTHAIBHBIX
TOYEK OAMHAKOBHI, OIMIMOKa OOHAPYKUBACTCS, B IIPOTHBHOM
ClTydae BO3HHKAeT OMMOKa ACKOIMPOBAHNUS U, KaK CIICJICTBHE,
He oOHapyKeHHas KOIOM OIIMOKA.

Ecimi npuHATEIA BEKTOP COOTBETCTBYET TOUKE M3 J(HAIa-

30Ha [Do - [( D,., —1)/2]; D, —1] , IPUEMHUK KOPPEKTH-
PYET €€ B HyJIEBYIO CHTHAJILHYIO TOUKY, ECITH XKE TOUKE M3
JIMarna3oHa [Dzhl +LD, , + [( D.in —1)/2}} -B (2k —1)
CHTHAJIbHYIO TOUKY, OCTallbHble ToUKH Auanasonos [0; D, —1]

WITH [Dzk_l +1LM - l} SIBJISIOTCS 3aIPEIIeHHBIMH.

TakuMm 06pa30M, BCC OHII/I6KI/I, MNpUBOAAININC K CMCHIC-

HUI0  CHUTHAIbHOM  TOYKM  HA  PACCTOSHUE
D< |:( D —l) / 2] , MICTIPABJISIFOTCS KOTIOM.
Monoxum D, =D, ans  Vie [0; 2¢ — 2] ,

D, =[ (D —1)/2], a M-1-D,  >[(D,,, -1)/2].

B sTom CJIyqac€ UMECT MECTO OLICHKa
(2-1)D, +2[ (D, ~1)/2]+1<ML. @)

[pu 3aJlaHHBIX k " M

D,y <max(D):(2-1)D+2[(D-1)/2]+1< M!

min —

<19. Ilosto-

Hanpumep, ecin k=40,a M =16, 10 D;, <
My BBIOOp mapaMeTpoB K u M OJHO3HAUYHO OMPECNISIOT
MaKCHMAJIbHYIO HCIPABISIOIIYIO CIIOCOOHOCTh Koia. BI-
pakenne (3) TakKe MOXET CIYXKHThH JJIs BeiOopa k mimu M

IIPU IPYrHX H3BECTHBIX Iapamerpax. Hanpumep, ecin k =16,
D,i»=3,T0 M >9;eciu M =8, D,;, =6, 10 K<12.Kpo-

Me TOTO, BeIpakeHue (3) MOKa3bIBAET, YTO BCE TOUKH, JIEKa-
IMe mpaBee MOPOroBoi Touku (2°-1)D,, +2[ (D, ~1)/2]+1,
OTHOCSITCS K 3alpeleHHON YaCTH YUCIOBOIO MHOXECTBA.
[TosTOMYy BCE MPHUHSATHIC KOJOBbIC KOMOHHALIMK TIOCIE MPO-
BEPKH KOPPEKTHOCTH MPOXOIST CPAaBHEHHE C MOPOTOBBIM
3Ha4YeHHEeM. EciiM cOOTBETCTBYMOMIAs KOAOBOW KOMOMHAIIUU
TOYKA PACIOJIOKEHA BBIIIE TIOPOTOBOW TOYKH, MPOU3BOJIUT-
cs mepecnpoc 0JI0Ka JaHHBIX, B MPOTHBHOM CIIy4ae BBIMOI-
HSIETCS IMOMCK OJIryKalIield CHTHAIbHOW TOYKH M OTOXKIC-
CTBIICHHE C HEHW MPUHITOW KOAOBOW KOMOWHAIIMH.

Bxoxa

— BIIK

3ampoc Ha

CrpykrypHast cxema npuemHuka O®KBJIuo npencrasiena
Ha pHC. 2, Te BBEeICHHI creyrontre ooo3Hauerus: BITK — 6ok
MIPOBEPKH KOPPEKTHOCTH TpHHSATONH KomOnHamu; B — 6ok
M3BJICUCHNS MH(pOpManuy U3 mepecraHoBkr; bOM — 6ok
OLIEHKH IPUHAIEKHOCTH IIPUHATON IEPECTAHOBKH K paspe-
IIEHHOMY MHOXeCTBY, BO — OJIOK OTOXIECTBIICHUS MpPHUHS-
TOH MEepPecTaHOBKH ¢ ONMIDKAHIINM pa3pelIeHHBIM BEKTOPOM
JIaHHBIX.

Onpenenum BeposTHOCTHbIE XapakTepuctuku OKBJluo
¢ CKK-1.

ITpumeM, 4TO KaHAl CBSA3U — CUMMETPUYHBII JBOMYHBIN
MIOCTOSTHHBIH C TIEPEXOJHOH BEPOATHOCTBIO [y, a OMTOBEIE
OMMOKYN BO3HHUKAIOT B HEM He3aBUCHMO. Torma BeposTHOCTB
He obHapyxeHHON OKBJI mmm ®KB/lno ommbku

P, (FCDR (), po):zil[Pw(i)~if;;<i.t) s

i=0 t=1
I[OJIS[ OHII/I60K, NPpUBOAAIINX K OHII/I60‘IHOMy JACKOOANPO-

(2-1)/M! s oKkBI  m
(2k —1)(2[( (D —1)/2]+1)/M !' s ©KB/Iwo. IMockob-

Ky MHOXKECTBO OILTHOOK, IPUBOASAIINX K OMIMOOYHOMY Jie-
xoxupoBauuio ®KBJIno, comep>XUT MHOXECTBO OMIMOOK,
OPUBOASIINX K omuOouHOMY nexoxupoBaHnio OKBJI,

P (FCDReC, po) > Py (FCDR, po) opu D, = 3.
VYurewm, yto misa npocreimei cucremel ¢ POC nunamu-

YEeCKasg COCTaBJIANOMIAs MOTEPU CKOPOCTH BCICACTBUC IICPEC-

BaHUIO:

cnpocos v, =Q+P, [8]. B ciyuae ucmonb3oBaHHs

®KB/uo
Q+P,+P,+P,=1. (5)
Torz[a JUHAMHUYECKass COCTaBJIArOIIast l'[OTepI/I CKOpOCTI/I

s OKB/no:

v, =1-P =Q+P +PF,. 6)

BepositHocTh ucnpaBienus ommbok s GKB/Iuo:

2 r
Pec (FCDRec, po) = ZKPW (I)Z fpif (i,t) péqétj A7)
i=0 t=1

IMockoneky vy =Q+ R,y ans ®KBJI meHbine 3Ha4CHHUs
v, 1o (6) mra ®KB/lno, npu oIMHAKOBBIX HapaMeTpax U

D, 23 ®KBJno obecrneunBaer GONBLUIYIO OTHOCHTENb-

HYIO CKOpOCTh mepenaun no cpaBHeHuto ¢ ®KBJI, omnako
MIPOUTPHIBAET B MOMEXOYCTOHYUBOCTH.

eKoaep |
A in BriBoa

‘HH()OpMaTHH
—

MOBTOPHYEO Tepeaay

Pucynok 2 — CtpykrypHas cxema npuemanka ®KB/lno
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[IPOTPECHBHI IHOOPMALIMHI TEXHOJIOI'TE

OmnpenenumM sHepreTHyeckuii Berpeimt AP mpu mpume-
Heann @KB/Ino a1 HekorepeHTHOro NmpUeMHHKA, XapakTe-
pHU3YIOMIErocsl  BEPOSTHOCTHIO  OMTOBOW  OMIMOKH

2
p= 0,5~e_0’5h [9], tme h? — cooTHOmIEHHe CHrHAN/IIYM.
B stom ciyqae

AP =10lg(InhZ /Inh¢) =101g(In(2p,., )/In(2p,)) @)

T1e SKBHBAIEHTHAS BEPOATHOCTH OMTOBOH ommbku Py, [8]

paBHa
pOeq ~ Pud /(k (1_ Pdet )) : ©

Vurewm, uto u3 (5) 1- P, =Q+P.. + P, . Torna Beipa-

xenue (9) npuHUMAET BHL:

pOeq ~ Pud/(k(Q+ PEC + PUd )) '

OcraTto4Hasi BEpOSITHOCTh OLIMO04YHOro mpuema [8] s
OKBJ/luo paBHa

Pres = Pud /(l_ Pdet): I:)ud /(Q + I:)EC + Pud ) .
Paccmorpum ©@KB/Ino ¢ CKK-2.

(10)

(11)

Omnpenenennoe mis CKK-1 paccrosane Dpknuna D i

MEX/ly CUTHAJIBHBIMU TOYKaMH | M | B 00leM ciiydae He
PaBHSIETCs PAaCCTOAHUIO X3MMHHIA MEX]y KOIOBBIMU CIIO-
BaMH, COOTBETCTBYIOIIMMH 3TUM CUTHAJIbHBIM TOYKaM.
Bmecre ¢ TeM U3 TeOpUM KOPPEKTUPYIOLIMX KOI0B [7] u3Be-
CTHO, YTO JUISI HCHPABIICHUS OMIMOKH B JBOMYHBIX Pa3psaax
KpaTHOCTH t MMHUMaabHOE paccTOsSsHUE XAMMUHIA MEKIY

>2t+1

KOAOBBIMH CJIOBAMH dmin 2

Paccrosane XsmmuHra MEXIY CUTHAJIbHBIMH BEKTOpa-

MH i 1 j Gynem o6o3Hadats depes d; ;. CKK-2 wis ®KBJlno
npeaycmaTpuBaer BbimonHenne ycmosus O =d.,
i, je[0;2 1] i#].

Onpenenenne cBsizu Mexay M, ku d, ., sBasercs akry-

n
aJbHOM 3aja4eld, OJIHAKO BBIXOIUT 3a PaMKH JaHHOH pabo-
161. B mpoctetimem cinydae st KB/ curnansHbie BekTopa
COOTBETCTBYIOT CHTHalbHBIM TOYKaM C IIarom

Dii..=Dni,=1u D, =1.Torma d;, =2, a ®KB/] tonbko
oOHapyXHBaeT ONIMOKH, MPUBOJASIINE K MPEoOpa30BaAHUIO
MEePEAaHHON MEPECTAHOBKH B «HE MEPECTaHOBKY» HJIH B

NEPECTAHOBKY M3 3alIpCHICHHOIO MHOXCCTBA. O‘ICBI/II[HO,
4To IJId obecnedeHus: BO3MOXKHOCTH HCIIPpABJICHUSA omnboK

H€O6XOZ[I/IMO YBCIHNYHBATH dmin' I[JIS[ 9TOro HeO6XO,Z[I/IMO

YBCJIMYUBATH IOKA3aTCIb OL. HpI/I 9TOM OIIHOKHU HCIIpaBJIsA-

>3.

fores mpu d >
Ipu nepenaue CUrHAIBHOIO BEKTOpA MO KAHAILY CBSI3U HA
HETo Bo3JeiicTByeT momexa. MoauHIMpoBaHHBIH MTOMEXOH
BeKTOp mocTymaer Ha Bxof npuemanka ®KBJlno ¢ CKK-2,
CTpYKTypa KOTOpOro Moka3aHa Ha puc. 3. [IpueMHUK comep-
XKHT OJIOK HCIpaBieHus U oOHapyxkeHus ommook BLIOO u
070K M3BIIEYCHUS MH(pOPMaUK U3 nepecTaHoBKH B,
BHOO peanusyer crexyronme QyHKIUH: ONpeRenseT
paccTosHuA XOMMHUHTa [ MeXJy NPUHATBIM BEKTOPOM H

; .ok
BCEMHU CUTHAJIBHBIMH BCKTOpaMH, le |:012 _1j|, HaxoJauT

MHHHMaJIbHOE paccrosHue [, = Mmin {I‘,} ; €CJIM CYIIECTBY-

; . ok
€T enuHCTBEHHOE | € [0. 2 —1} I = lin, TPUHATAS KOM-

OUHALS OTOXK/IECTBILSIETCS C  i-bIM CHTHAJIBHBIM BEKTOPOM;
€CIIM CyIeCTBYeT KaKk MMHUMYM JBa 3HA4CHUS
i,je |:0; 2 —l}: I, =T; =, Gopmupyercs curnan mepe-
cupoca. Takum oOpa3oMm, HmpaBmiIa JEKOJHUPOBAHHUS OCHO-
BBIBAIOTCA Ha KPHUTEPHH MAKCHMAIEHOTO HPaBIOMNOAOOHS.

B BMU npowmsBogutrcs nmpeoOpa3oBaHHe MePeCTAHOBKU

B K-OHTHYIO IOCIICJOBATEIFHOCTb.
VureMm, 4To di‘ i :2 W, cIeoBaTeNbHO, dmin 2. [ToaTomy

npu nepezage i-ro curransHoro Bekropa ®KB/Iuo ¢ CKK-2
CIIPaBEUIMBHI CIIEAYIOIINE YTBEPKICHUS:

1) ommbka ¢ BecoM t<[(dy,-1)/2]=(dy, -2)/2=d,,/2-1
WCIIpaBIISieTCs, a MPUHATHIA BEKTOp KOPPEKTUPYETCs MpH-
€MHHKOM B TEPEeJaHHBbI CHUTHAIBHBIN BEKTOD,

2) ommubka ¢ Becom t=d / 2 MOXeT OBITh KaK HC-

min

npasieHa (ecad I, COOTBETCTBYET PACCTOSHHIO TONBKO IO

n
OJTHOTO I-T0 CHTHAJBHOTO BEKTOPA), TaK M OOHApyKeHa U
UcIpaBieHa mepecrnpocoM (ecau [, COOTBETCTBYET pac-
CTOSIHMIO JIO JIBYX M 0OJiee CHIHAJBHBIX BEKTOPOB);

3) ecnm t>d;, /2, omnbka 1o ucnpasnsercs (ecaun
I, COOTBETCTBYET PACCTOSHHIO TOIBKO IO OJHOIO I-T0 CHT-
HAJIBHOTO BEKTOpPA), TNO0 OOHApyKMBaeTCs (€CIM COOTBET-
CTBYET PACCTOSIHHIO JIO JBYX U GOJiee CHTHAIBHBIX BEKTO-
poB), 1160 He oOHapyxuBaeTcst (€CIM COOTBETCTBYET pac-
CTOSIHUIO TOJNBKO JO OJHOTO CHUTHAJIBHOTO BEKTOPaA,

OTJINYHOTO OT i-T0).

Beisox

Bx
aalia BHOO

uH(popMaLmu

—’.

—»
bHUN

3anpoc Ha MOBTOPHYIO
repeaaqy

Pucynok 3 — CrpykrypHas cxema npuemanka ®KBJlno ¢ CKK-2
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Taxmm obpazom, ®KBJ/lno ¢ CKK-2 no3Bomser xomMbH-
HHUPOBATh HCIpABIICHUE HAHOOJIee JacThIX COUCTAaHMH OIIU-
00K m OOHapyXeHHe C MOCNIemyIomeil ITOBTOPHOH mepena-
qeil Ui Ooliee peIKUX coueTaHuil omuoOok. BeposTHOCT-
HBIE XapaKTepPUCTHKH ONPENEISIOTCS Mo TeM ke (opmynam,
gro u ®KB/Iuo ¢ CKK-1: (4), (6), (7), (8), (11).

AKTyalTbHBIM, OJHAKO BBIXOISIINM 32 PaMKH JaHHOU
paboTEI, SBISETCS BONPOC O MAKCHMAIBHOM KOITHUYCCTBE

N,, (d

IaHHOE dmin npy U3BECTHOM M (IaHHBIA BOMPOC TECHO CBSI-

min 1 M ) CUTHAJIbHBbIX BCKTOPOB, O6€CHC‘II/IBaIOHII/IX 3a-

3aH ¢ TeopHell peleTok U 3ajadedl HawlydIluX YIaKOBKOH
1apOB B MPOCTPAHCTBAX PasiH4HbIX pasmepHocteit [10]).

4 OKCIIEPUMEHTbBI

Ipumem k =3, a M =4. B coorsercrauu ¢ (3) must CKK-
1 Dmin < 3. Torma curHansHeIMU Toukamu s OKBJIno ¢
CKK-1 sBistrorest toukn 1, 4, 7, 10, 13, 16, 19, 22. CKK-1 ma
6asosoii nepecranosku 7(0)=1{0;12;3} npencrasnena B
Tabm. 1.

OmrOxa He 00HAPY)KMUBACTCA KOIOM, €CIIH KOJOBOE CIIO-
BO, COOTBETCTBYyIOIIEe i-0if curHansHOM Touke CKK-1, Oy-
JIeT TpeoOpa30BaHO MOMEXO B KOMOWHAIIHIO, COOTBETCTBY-
IOIIyI0 JIF0OOH TOYKE YHCIOBOH OCH, He NMpHHAIIexamen
JTana3oHy [Di -1 D, +1] .

[IpumemM, 4TO BCE CIIOBa MPUMEHSIOTCS UCTOYHHKOM C

onuHakoBoii Beposrocthio P, (i) =P, = 1/ 2 Jlnx k=3,

M =4: PW:J/S, I, =2, r=8. Yurem, uro f::r(i,t):O

npu ti2. Torna
7 4

P (FCDREC, po) :]/822 f;edr (L Zt) pgtqgizt . 3Haue-
iz0 t=L

HUSA f;edr (i, Zt) IpUBE/ICHBI B Ta0M. 2.

C y4eToM YEeTHOCTH OIIHMOOK, Mpeodpa3yoiux nepe-
CTaHOBKY B IepecTaHoBKY, IS CKK-1

21 [r/2]
e (FoRes ) 31 1) 12 ) .

i=0 t=1

Tabmuua 2 — 3HayeHus f ud (i, Zt) s ®KB/Iuo ¢ CKK-1

per

CursaiapHas ToYKa
0] 1]2]3]4]5]6]7
3|4 3|3]|3]3
13 |12 | 13|13 | 13| 13 | 12 | 13
4| 4] 4] 4
111 ]1]1|1]1]1

—

SN
w

SN
SN

HWIN|E-
~
~

3HaueHus fpff (i, 2'[) NPUBEIEHB! B Tabi. 3.

d -

3HaueHus f;er (I, 2t) it ®KBJ] ¢ CKK-1 npuBeneHs! B
Talb. 4.

B ta6un. 1 mpencrasaena CKK-2 ¢ d;, = 4. Dxcrnepumen-
TasbHO ycTaHoBieHo, 4yto ®KBJIuo ¢ takoit CKK ucnpasmus-
€T TOIBKO TIOOBIe OMIMOKH C t =], a OmHOKa He OOHAPYXKH-
BaeTCs TOIZA U TOJIBKO TOTNA, KOIa KOJOBOE CIOBO, COOTBET-
CTByIOIIEE i-omy CUTHAIBHOMY BEKTODY,
npeoOpa3OBBIBACTCS ITOMEXOH B KOMOWHAIIHIO, JUIS KOTOPOH

r, <1 s jeI:O;Zk—l], j #1. Hostomy fEC(i,t):8

per

npu t=1u fpif (i,t)ZO npu t £1.

3uaueHust f;edr (i,t) s CKK-2 He 3aBHCAT OT CHTHAT-
fo (i,3)=24, f2(i,4)=6,

for (i,5)=24, o0 (i,6)=0, f,0(i,7)=8, f i (i,8)=1,

per

HOW TOYKHM | W pPaBHBI:

f ud (i,t):O npu t <2,

per

Jus obHapyxwusatomero ook O@KBJ ¢ CKK-2 3nadve-

ud o f
HUA f (l,t) HE 3aBUCAT OT CUTHAJIBHOU TOYKU | U paBHBI:

per
pr'edr (i,4)=6, f;edr (i,8)=1, f:edr (i,t) = 0 npu gpyrux t.

5 PE3YJIbTATBI

Ha puc. 4 nokasaHsl rpaduKi 3aBHCHEMOCTEll BEPOSTHO-
cTell HeOOHapY)KEHHON OMIMOKK OT BEpPOSITHOCTH OWTOBOM
omnbku P, mist paccMorpeHHbIX konos: PKB/Ino ¢ CKK-1
(FCDRec-1) u CKK-2 (FCDRec-2), a raxsxke ®KBJ] ¢ CKK-1
(FCDR-1) uCKK-2 (FCDR-2).

Ha puc. 5 niis 3TuX K0/0B noka3aHbl rpa)MKH 3aBHCUMO-
creit BenmmauHEl 1—-vy oT .

Tabmuua 3 — 3HaueHUs f EC (i, Zt) s ®KB/Iuo ¢ CKK-1

per

CurnajpHas TO4Ka
0]1(2[3|4]5]|6]|7
1/1]0f1]1j1]1]0
21 )2]1]1]1]1]2]1

[N

d
Ta6muua 4 — 3HaueHus f;er

(i,2t) ans ®KBJ] ¢ CKK-1

CurHaabHas TOYKa

—_

Blw|N|-

LSS N =)
NSNS
NI
Pl w
G EEES
SRR
NN N |o
=N N~

Ta6mima 1 — CKK-1 u CKK-2 qma ®KB/lnompu kK =3, M =4

CKK-1 CKK-2
CurnasnbHble Toukd | CurHanbHble Bektopa | CurHaibHble BekTopa | CUrHajbHbIC TOYKH
1 00011110 00011011 0
4 00110110 01001110 7
7 01001110 10110001 16
10 01110010 11100100 23
13 10001101 11 01 10 00 21
16 10110001 01110010 10
19 11001001 10001101 13
22 11100001 00100111 2
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Pucynok 4 — I'paduky 3aBHCHMOCTEH BEPOATHOCTEH HEOOHAPYKEHHOH OmMOKK OT [,

1-v, «= « FCDRec-1

1,0400
"t

1,0E-01 ~ T~

— -
1,0€-02 S —

== == [CDRec-2

sessss FCDR-1 - em e FCDR-2

~— FCDRec-1

-
- —

1,0E-03 -
-

i -~
1,0E-04 -

-~
1,0E-05 ~

1,0E-06
1,0E-07
1,0E-08
1,0E-09
1,0E-10
1,0e-11
1,0E-01

1,0E-02 1,0E-03

“-

-~
-

-
-
-~
-

1,0E-04 1,0E-05 10E-06 D,

Pucynok 5 — I'paduku 3aBHCHMOCTel BEMHUMHEI 1 — Vo ot P,

6 OBCYKJEHHE

W3 npencTaBieHHBIX TPadUKOB CIIEAYeT, YTO HAUMEHBIIIYIO
JIOCTOBEPHOCTD Tepeiadn U3 PaCCMOTPEHHBIX KOTOB oOectie-
yuBaer ®KB/Ino ¢ CKK-1, njisi KOTOporo BEposITHOCTh HEO0-
HApY)KEHHOW OLIMOKM MPaKTHYECKU B JIBa pa3a Ooblie MO
cpaBHenno ¢ ®KBJI ¢ CKK-1. [Ipu atoM nuHamuveckas co-
crapmsitontas norepu ckopoctu st GKBno u ®KBJI ¢ CKK-
1 pasmuuarorcst HesHaunTensHo (Menee 3% mpu P, = 0,1).
[Mostomy B nanHom cpaBHenuun @KBJI ¢ CKK-1 sBusiercs
Oornee MPeANOYTHTEIBHBIM. BMecTe ¢ TeM M3 3TOro moka He
cleyeT BBIBOJ B OOIIEM cllydae o MeHbIed 3¢dekTuBHOC-
1 ®KB/Iuo no cpasuenuto ¢ ®KBJ] mis CKK-1.
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HaumeHbInyro BeposITHOCTh HEOOHAPYKEHHOW ONINO-
KM 1 HauOOJBIINIA SHEPreTHYecKuil BeIMrphiin uMeer OKBJ]
c CKK-2. OTtHowmeHue

P (FCDR-2,p,)/P,(FCDR-1,p,) pasuo 2,4-10'
npu P, =0,1 (pasHuia B 9HEPTeTHUECKOM BHIMIPHIIIE

AP =2,42 nB)u 2,9-10° npu p, =0,001 (AP =2,84 1b),
yka3biBas Ha 0osbiryto d¢dektuBHocTh CKK-2 s ®KB/I.

UcnonszoBanne CKK-2 mis ®KB/luo yBenu4uBaer mo cpaBHe-
Huto ¢ OKBJl BeposATHOCTH HEOOHApPYKEHHOH OMHOKU:

P.s (FCDRec -2, p,)/P,; (FCDR -2, p,) passo 3,7-10!
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HEHUIO ¢ OOHAPYKHBAIOIIUM OIMUOKH (haKTOPHAIBHBIM KO-
JMPOBAHUEM 3a CUET CHMKEHHS TIOMEXOYyCTOHYMBOCTH KOZA.

YCTaHOBJIEHO TaKXKe, YTO MOKa3aTeNld MOMEXOyCTOWYH-
BOCTH (DaKTOpPHAIBHOTO KOAMPOBAHUS C BOCCTAHOBIICHHEM 10

JIaHHBIX, a TAK)KE C BOCCTAHOBJICHHWEM JAHHBIX U HCIIpaBIIe- Kougeit, H. CnosH ; nipn yuactun . Bannan u ap.; [nepesox ¢
HUEM OIMHUOOK HE SBISIOTCS WHBAPHAHTHBIMH MO OTHOIIIE- annn. C. H. JIunsiea u ap.] — M. : Mup, 1990. - 2 1.

HUIO K BBIOOPY CHTHAIBHO-KOTOBOW KOHCTPYKIIMH, €CIIH B Craths mocTymia B penakiio 09.02.2017.
Ka4eCTBE CUTHAJIbHBIX BEKTOPOB HMCIIOJIB3YETCSI HEKOTOPOE ITocne mopaborku 25.03.2017.

coOCTBEHHOE TOAMHOXECTBO MHOXECTBA BEKTOPOB BCEX
BO3MOXKHBIX TMEPECTAHOBOK Mopsiaka M.

®daype E. B.

Kanz. TexH. HayK, JOLEHT, JOKTOPAHT, JIOLEHT Kadeapu iHpopMauiiiHOi Oe3rekn Ta KOoMIT I0TepHOi iHxeHepii UepKachbkoro aepkaBHOTO
TEXHOJIOTIYHOTO YHiBepcuTety, Uepkacu, Ykpaina

DAKTOPIAJIBHE KOAYBAHHS 3 BUITPABJIEHHAM IIOMUJIOK

AkTyanbHicTb. QakTopianbHe KOTYBaHHS JaHUX JT03BOJIIE TIOEIHYBATH OIEpallii KPHUIITO- i IMITO3aXHUCTY, a TAKOK 3aBaIOCTIHKOTO KOTyBaH-
Hsl, 110 NPU3BOIMTH JI0 3MEHILICHHS BHECEHOT Iepe/iaBadeM Ha UIMIIKOBOCTI, TIABUIICHHS IIBUIKO/IT Ta 30UIbIICHHS epeKTHBHOI POMYCKHOT 3/1aT-
HocTi. Pa3oMm 3 TuM onucani MeTonu (HakTopiabHOTO KOIYBAaHHS HE JI03BOJISIIOTH BUNPABISATH TIOMUJIKY, 10 OOMEXYE 00IaCTh iX BUKOPHCTAHHS.

MeTo10 poboTH € po3podka MeToxy (GaKTOpiaIbHOrO KOAYBaHHS 3 BIIHOBJICHHSM JaHHX 33 NEPECTAHOBKOIO, 110 3a0e3Medye KOMIIEKCHE
BUPILICHHS 33]1a4 KPUITOrpahivyHOro 3aXUCTY Ta 3aBaTOCTIHKOTO KOyBaHHS 1 103BOJISIE TIOEAHATH (DYHKIIIT BUIIPABICHHS Ta BUSBIICHHS IIOMUJIOK
KaHaIy 3B’ sI3KY.

MeTtoa. OcHOBHa i/iesi 3alIPOIIOHOBAHOTIO METOY KOAYBAHHS IOJArae B 30UIbIICHHI BiICTaHI MiXK JI03BOJICHUMH KOJIOBUMH CIIOBAMH, SIKi
SIBISIFOTH COOOO TTEpECTaHOBKH, OOUMCIIEH] 3a BCiMa iH(popManiiiHuMu Gitamu OJIOKY aHUX 1 IPEACTABJICH] B ABIKOBOMY BUIISI. JlocimimkeHo
MeTozu 301IbIIeHHs BiZicTaHl Ha OCHOBI MeTpuk EBKiifa i Xemminra. [1Jist KOKHOTO 3 [IMX METO/IiB BU3HAYEHO OCHOBHI BJIACTHBOCTI (pakTopialib-
HOTO KOy 3 BUIIPABJICHHSM IIOMHJIOK, Y TOMY YHCIi BUKOHAHO OLIHKY JOCTOBIPHOCTI NepedaBaHHs MPH HE3aJEKHOCTI i GiHOMianbHOMY
PO3IOLI HOMHJIOK Y KaHaJIi 3B 513Ky, pO3pO0JIEHO CTPYKTYpHI cXxeMu npuiiMaya. [IpaBuia nexomyBaHHs, peani3oBaHi B IpUiMadi, IPYHTYIOThCS
Ha KpHUTEpil MaKCUMaIIbHOT [IPABIOMOAIOHOCTI i Tepen0avaroTh K NpsiMe BUMPABICHHS [IOMHJIOK, TAK 11X BUSIBJICHHS 3 HACTYITHHM BHIIPABJICHHSIM
LIUIIXOM [EPEe3anuTy MOLIKOIKEHOTO OJIOKY.

Pe3yabraTn. PeanizoBaHo ¢akropiaibHi KOIU 3 BUIPABICHHSM IIOMUIIOK, SIKi BAKOPHUCTOBYIOTh MeTpuku EBkiina i Xemminra. s nux
KOJIiB BUKOHAHO MOPIBHSUIbHUI aHaJi3 HMOBIPHOCTI HEBUSIBICHOI IOMHJIKH, 3aJIMIIKOBOI IMOBIPHOCTI MOMHJIKOBOTO MPUIIOMY, €HEPTETHYHOTO
BUTpAILLY Ta BiZTHOCHOT LIBUIKOCTI epeaaBaHHs. [1okazaHo, 10 XapaKTepHUCTUKH KOy He € iHBapiaHTHUMHU I1[0/J0 MHOXXUHH JIO3BOJICHHX KOZIOBUX
CITiB, & 3 PO3MIITHYTUX KOJIIB OLTBII €)EeKTHBHUMH € KOJIH, SIKi BUKOPHUCTOBYIOTH METPHKY XEMMIiHTa.

BucHoBku. OTprMaB NOJAJBIINNA PO3BUTOK METOJ] (haKTOPiaIbHOIO KOJXYBAHHS 3 BITHOBJICHHSM JJaHHUX 33 EPECTAHOBKOIO, SIKMH 33 paxyHOK
MoeAHaHHS (QYHKIIH BUIPABJICHHS Ta BUSBJICHHS [IOMUJIOK J03BOJISIE MMiIBUIIUTH IMHAMIYHY CKJIaJOBY BTPATH IIBHAKOCTI i, SIK HACIIIOK, BITHOCHY
LIBUJIKICTH MEpelaBaHHs, B HOPIBHSAHHI 3 BUSBISAIOYMM MOMHJIKH (DaKTOPiaIbHUM KOIYBAHHSM 32 PaxXyHOK 3HHIKEHHS HOTO 3aBajI0CTIHKOCTI.
[poBezeHi eKCIepUMEHTH iATBEP AN e(eKTHBHICTH (PaKTOpIabHUX KOIB 3 BUMPABICHHSIM [TOMUJIOK.

KuiouoBi c;10Ba: HaNIMIIKOBICTb, (hakTOpiaJbHUI KOJI, IEPECTaHOBKA, 3aBa0CTiiKe KOIyBaHHSI, BUIIPABJICHHS IOMHJIOK, BUSIBJICHHS TOMH-
JIOK, TOCTOBIPHICTh TIepeIaBaHHsl, BIIHOCHA IIBH/IKICTh MepeIaBaHHSI.
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FACTORIAL CODING WITH ERROR CORRECTION

Context. Factorial data coding allows combining operations of cryptographic protection, intentional alteration of data, and error-
correcting coding which leads to the decrease of redundancy introduced by transmitter and to the increase of data rate and effective throughput.
At the same time, the described methods of factorial coding do not correct errors, which limits their use.

Objective of this work is to develop a method of factorial coding with data recovery that provides a comprehensive solution of
cryptographic protection and error control coding and allows combining the functions of communication channel errors detecting and
correcting.

Method. The basic idea of the proposed coding method is to increase the distance between the allowed code words that represent
permutations calculated for all information bits of a data block and represented in a binary form. The methods of distance increasing based on
Euclidean and Hamming metrics are investigated. The basic properties of factorial code with error correction are defined for each of these
methods. The estimate of probability characteristics is done on the condition of independence of communication channel errors and their
binomial distribution. The receiver structures are developed. Decoding rules implemented in receiver are based on the maximum likelihood
criteria and provide both forward error correction and error detection with further correction by retransmission of damaged data block.

Results. The factorial error-correcting codes using Euclidean and Hamming metrics are implemented. The comparative analysis of the
probability of an undetected error, the residual probability of erroneous reception, energy gain, and the relative transmission rate is done for
these codes. It is shown that code characteristics are not invariant to the set of allowed code words, and the codes that use Hamming metric are
the most efficient codes between the presented codes.

Conclusions. The method of factorial coding data recovery by permutation has been further developed. Due to the combination of error
correction and detection functions, it can increase the rate loss dynamic component and, consequently, the relative transmission rate,
compared to error-detecting factorial coding by reducing its noise immunity. The experiments confirmed the effectiveness of the factorial
error-correcting codes.

Keywords: redundancy, factorial code, permutation, error control coding, error correction, error detection, reliability of data transmission,
relative transmission rate.
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INFORMATION TECHNOLOGY OF DIAGNOSIS MODELS SYNTHESIS
BASED ON PARALLEL COMPUTING

Context. The problem of diagnosis models synthesis in the big data processing based on parallel computing is solved. The object of the
research is the process of diagnosis models synthesis. The subject of the research are the methods and information technologies for diagnosis
models synthesis.

Objective. The research objective is to develop diagnosis models synthesis information technology.

Method. The paper deals with information technology of diagnosis models synthesis which is a set of diagrams graphically describing
structural elements of the system as well as the behavioral aspects of their interaction at various stages of diagnostics objects models
construction. The developed information technology enables to perform the construction of distributed diagnostics systems where compu-
tationally complex stages of diagnosis models synthesis are performed on high-performance server equipment, which makes it possible to
significantly increase the practical threshold for using diagnostics systems in the processing of big data sets for solving of the tasks of
training sample data reduction, rules extraction, diagnosis models construction and retraining.

Results. The software which implements the proposed information technology and allows to synthesize diagnosis models based on the
given data samples has been developed.

Conclusions. The conducted experiments have confirmed the proposed information technology operability and allow to recommend
it for solving the problems of big data processing for technical and biomedical diagnostics in practice. The prospects for further researches

may include the modification of the developed information technology by introducing of other methods of diagnosis models synthesis.
Keywords: data sample, diagnosis, rule extraction, feature selection, parallel computing, model synthesis.

NOMENCLATURE

CPU - Central Processing Unit;

GPU - Graphical Processing Unit;

IGA - Island Genetic Algorithm;

UML - Unified Modeling Language;

Eica — efficiency of the computer system in the
implementation of the IGA method;

Ep - efficiency of the computer system in the
implementation of the proposed method,;

M — number of features in the sample of observations S;

Overhead;ga — communication and synchronization
costs of the IGA method;

Overhead, — communication and synchronization costs
of the proposed method;

P — set of features (attributes) of observations in the
given sample;

Q - number of observations in the given sample of
observations S;

S — sample of observations (training sample);

Siga — speedup of the IGA method,

Sp — speedup of the proposed method;

T — set of output parameter values;

Tica — execution time of the IGA method,;

Tp — execution time of the proposed method.
INTRODUCTION

Solving of technical and medical diagnostics tasks, as
well as the task of nondestructive product quality control,
is connected with the task of diagnosis models construction

© Oliinyk A., Subbotin S., Skrupsky S., Lovkin V., Zaiko T., 2017
DOl 10.15588/1607-3274-2017-3-16

[1-6]. Such models enable to classify samples which are
diagnosed with high accuracy, and at that the target classes
are sufficiently convenient for perception and analysis by
experts in the application areas.

Methods which enable to solve training sample data
reduction, rules extraction, diagnosis models detection and
retraining problems are presented in the papers [7-16].
However such methods based on sequential computing
require significant time costs, which makes it difficult to use
such methods for diagnostic decision making process
automation in practice. So it is necessary to develop
information technology which is capable to accelerate
diagnosis models synthesis process based on parallel
computing [17-20].

The research objective is to develop diagnosis models
synthesis information technology which enables to build
distributed diagnostics systems where computationally
complex stages of model synthesis are performed on high-
performance server equipment, which makes it possible to
significantly increase the practical threshold for using
diagnostic systems in big data sets processing.

1 PROBLEM STATEMENT

Suppose we have data sample S=<P,T >, which
consists of Q samples. Every sample is characterized by
values of attributes Pq1, Pq2, ..., Pgm and output
parameter lq, where Pgm is a value of the m-th attribute of
the g-th sample, q=1,2,..,Q, m=12,.,. M ; M -
overall number of attributes in the set S. Then the problem
of diagnosis models synthesis is to define model DM for

139



[IPOTPECHBHI IHOOPMALIMHI TEXHOJIOI'TE

the sample S =<P,T >, which allows to approximate the
set S with acceptable error level E. Error E [2, 21-23] of

recognition using synthesized model DM can be evaluated
as ratio of incorrectly recognized samples number N, to

overall samples number Q in the sample S=<P,T >:
Ner .

Q
2 REVIEW OF THE LITERATURE

As stated above, in the papers [7-16] methods, which
enable to solve problems concerning diagnosis models
synthesis, are proposed. However such methods based on
sequential computing require significant time costs which
makes it difficult to use such methods for diagnostic decision
making process automation in practice.

Feature selection methods, which were proposed in the
papers [7-9], enable to select informative feature combinations
based on evolutionary [24-26] and multi-agent technologies
[27] of computational intelligence. The proposed methods
use aprioristic information about individual self-
descriptiveness, reducing search space and decreasing time
of informative feature combination selection. Nevertheless
such methods require significant time costs for implementation
during processing of high dimensionality data.

Productional rules extraction methods [10-12] enable to
find the most significant replications X — Y from the given
data samples S =<P,T >. It provides improvement of
cumulative properties of diagnosis models which are
synthesized, as well as increases interoperability of models,
decreases its dimensionality (structural and parametrical
complexity), utilized storage capacity and response speed.

The method of parametrical identification of neuro-fuzzy
networks based on parallel random search, which was
proposed in [13-16], uses stochastic optimization for
synthesized models parameters setting (parameters of
membership functions and weight coefficients of
neuroelements), forms initial solution set subject to training
sample information (significance of feature terms according
to the compactness of training set samples arrangement in
the corresponding term and the degree of its effect on output
parameter value). It makes it possible to move initial search
points near optimal values and to accelerate optimization
process.

It is necessary to develop information technology which
enables to use the methods proposed in the papers [7-16]
in practice for construction of distributed diagnostics
systems where computationally complex stages of diagnosis
models synthesis are performed on high-performance server
equipment, significantly increasing the practical threshold
for using diagnostic systems.

3 MATERIALS AND METHODS

As it was mentioned above, diagnosis models
construction based on available data sets generally requires
considerable computational resources. Therefore the
developed information technology is implemented based
on «client-server» architecture [28-30]. At that it is proposed
to implement complex computational processes concerning
training sample processing, big data storing, model

E=
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synthesis etc., on server side, organizing client access
according to their access permissions. Clients are
understood as people and computer systems which solve
practical tasks concerning construction and application of
diagnosis models.

The diagram describing main system functions of
information technology front-end and back-end is presented
inFig. 1.

As it is described in Fig. 1, main functions of information
system are divided between server and client sides. Client
side of information system provides implementation of user
interface, processing of data, entered by user (verification
of data format correctness), and calculation of diagnostics
object output parameter value based on the synthesized
model. Server side of the system should use high-
performance equipment for solving of the tasks concerning
diagnosis models construction. Computationally complex
processes concerning reduction of training sample
dimensionality, rules extraction, synthesis and retraining of
diagnosis models are processed on the server side. Besides
it is proposed to use database for storage and processing
of training samples from different users and also of
synthesized models, extracted rules, reduced samples and
other results of system operation.

For the design and development possibility of diagnosis
models synthesis software system, corresponding
information technology presented as the set of UML-models
[31-33] is proposed. UML-models are represented as
diagrams (Fig. 2-7), graphically describing structural and
behavioral aspects of construction of distributed diagnostics
systems, which enable to solve the tasks of training sample
data reduction, rules extraction, diagnosis models
construction and retraining.

Based on the main functions of the system (Fig. 1) and
also on the chosen architecture of diagnosis models
synthesis information technology, it is possible to define
general configuration and topology of the system as the
model presented in deployment diagram (Fig. 2).

System consists of three nodes: server, client computer
and database server. Software implementation of intellectual
methods which are used at various stages of diagnosis
models synthesis (data reduction, rules extraction, model
construction, model retraining) is contained on the server.
Set of client computers with installed software can interact
with the server. Work of database server is organized through
interaction between database management system and
database. Interaction of user (client computers) with
database is performed indirectly through the server, where
user access permissions for corresponding data sets are
verified.

For representation of different user interactions with the
system the model was figured as use case diagram (Fig. 3).

As can be seen from the Fig. 3, there are two user kinds
which interact with the system: user and administrator.
Interaction between them is realized in the use case
“Registration”, when administrator approves user
permissions for access to the other system functions.

System user is a person which uses information
technology for solving practical diagnostics tasks. User
should be registered in the system to provide access of
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Main functions of diagnosis models
synthesis information technology
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Figure 1 — Main functions of diagnosis models synthesis information technology
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Nondestructive diagnosing application
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Figure 2 — Deployment diagram of diagnosis models synthesis information technology (UML 2.5 notation)
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N7 Removal of irrelevant data from database

Administrator

«extends» User registration cancellation

2\ User registration confirmation

Vi Registration

O 1 Input and editing of learning sample data

A Sample reduction
User

Rules extraction

Diagnosis models synthesis

Model retraining

Diagnosing based on synthesized model

Figure 3 — Use case diagram of diagnosis models synthesis information technology
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different users to the corresponding data samples. User can
interact with the system during registration, input and editing
of training sample, solving of diagnostics tasks (training
sample dimensionality reduction, extraction of new
knowledge about the dependencies which are researched,
synthesis or diagnostics model retraining, diagnostics based
on the synthesized model).

System administrator provides user registration through
input and editing of information about users and user
registration confirmation, and also provides access to the
database for removal or archiving of information which is
not used during long period of time and reduction in such a
way of physical volume of the disk space which is in use.

With the object of modeling of logical operation and
actions performed in the diagnosis models synthesis
information system, the corresponding model was created
and is presented in the Fig. 4 as activity diagram.

As it is presented in the Fig. 4, user enters account data
at the beginning of system usage. After that system
proposes to choose one of the following operating modes:

— diagnosis model synthesis — computationally complex
process, which is realized on server, performing stages of
training sample data reduction, rules extraction, diagnosis
model construction;

— retraining of the synthesized model;

— diagnosing using the synthesized model — calculation
of diagnostics object output parameter value using the model
based on the measured input parameters.

Then user can continue to use the system or can quite.

The model of distribution of interaction between
information system objects and users in time is represented
as sequence diagram (Fig. 5-7). In the diagram the process
of interaction between system components through calls of
procedures, which realize corresponding use cases, is
presented.

In the sequence diagram, presented in the Fig. 5, system
use cases concerning user registration, input, editing of
training sample and removing of irrelevant data (Fig. 3) are
represented. As can be seen, not only users but also system
administrator takes part in these processes.

Processes connected with preliminary processing of
training sample for diagnosis model synthesis (reduction of
data sample and rules extraction) are performed on user
request (through client computer) on the server, and the
results are saved in the database (Fig. 6). Processes,
presented in the sequence diagram (Fig. 6), correspond to
the system use cases “Sample reduction” and “Rules
extraction” (Fig. 3), which are performed by user without
administrator participation.

Login

Isit

necessary to
finish the
session?

Yes—@

Choose

Diagnosis model synthesis
system mode

Diagnosing using model

Model retraining
4
Add new information about diagnosis
object to training sample

Gerform training sample data reducﬁoD l

Organize training sample

Enter information about
current diagnosis object state

Evaluate output parameter of

4
Ge rform model retrainin9 gagnosis object using synthesized mod@

Extractrules

G/nthesize diagnosis modeD
I

Figure 4 — Activity diagram of diagnosis models synthesis information technology
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Figure 5 — Sequence diagram of user registration and training sample processing

Computationally complex processes of model synthesis
and retraining are also performed on the server on user
request (Fig. 7) with saving of results to the database. The
result of these processes (synthesized diagnosis model) is
transmitted to client computer. It enables further usage of
the synthesized model for diagnosis object or process
output parameter value calculation. Such approach provides
diagnostics process execution on client computer without
server access.

Thus the developed information technology of diagnosis
models synthesis is represented by the set of diagrams
(Fig. 3-8), which graphically describe structural elements of
the system, and also behavioral aspects of its interaction at
various stages of diagnostics objects models construction.
The proposed information technology allows to construct
distributed diagnostics systems, where computationally
complex stages of diagnosis models synthesis are performed
on the high-performance server equipment, which enables
to significantly increase the practical threshold for using
diagnostic systems which are capable of solving the tasks
of training sample data reduction, rules extraction, diagnosis
models construction and retraining.
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As it was mentioned above, it is supposed to use
database for storage and processing of information about
objects or processes which are researched (training samples)
and also for system operation results (synthesized models,
extracted rules, reduced samples etc.) in the developed
diagnosis models synthesis information technology.
Database contains set of tables, which are connected in
some way and contain information about users and samples
of data representing objects and processes which are
researched [34-36]. ER-model of the developed diagnosis
models synthesis information technology database
supposes availability of the following entities:

— Users — contains information about system users.
Entity fields: id — user number (unique identifier); userLogin
— login of user; userPass — password of user; info —
information about user;

— Groups - reflects user groups and group data. Fields:
id — primary key, name — group name, info — group
description;

— UserGroups — describes correspondence between
users and their groups. At that idGroup, idUser are foreign
keys pointing at the corresponding entities;
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Figure 6 — Sequence diagram of training sample reduction and rules extraction

— Samples — contains information about training samples.
Entity fields: id — unique identifier of the corresponding
data sample; ref — reference to the file with the table which

contains training sample S =<P,T > with the identifier id;
info — description of training sample; idGroups — reference
to the user group which has permissions for access to the
sample id;

— SamplesRed — contains information about the samples
which were reduced using the methods implemented in the
system through the reduction of training samples from the
entity Samples. Fields: id — unique identifier of reduced data
sample; ref — reference to the file with the table which
contains reduced sample, corresponding to the identifier
id; info — description of reduced sample (particularly
reduction method); idSample — identifier (foreign key) of
the training sample which was the base for getting of the
reduced sample;

— Rules — contains information about productional rules,
which were extracted using methods implemented in the
system through the processing of training samples from the
entity Samples. Entity fields: id — unique identifier of rules
set; ref — reference to the file which contains set of rules
P — T, corresponding to the identifier id; info — description
of rules set (particularly rules extraction method); idSample

— identifier (foreign key) of the training sample S=<P,T >,
which was the base for getting of the set of rules p > T;

— Models — contains information about diagnosis models,
which were synthesized based on the given (idSample) or
reduced (idSampleRed) samples, and also on the extracted
rules (idRules) using the methods which were implemented
in the system. Fields: id — unique identifier of diagnosis
model; ref — reference to the file which contains structure
and parameters of the model with identifier id; info —
description of the synthesized model (for example, synthesis
method); idSample, idSampleRed, idRules — identifiers
(foreign keys) of the training sample, reduced sample and
rules set correspondingly, which were the base for the
synthesis of the model id. At the same time if only one data
set is used in the synthesis of the model id, it is necessary
to use reference to the dummy record in the other entities
Samples, SamplesRed, Rules as values of the other foreign
keys; idParentModel — model which was used as the base
for synthesis of the model id (this parameter is not required,
because it is necessary only if synthesized model is
retrained); idGroups — reference to the group of users having
access to the implementation of the synthesized model.

Database scheme is presented in the Fig. 8.

As it is presented in the Fig. 8, connections between
entities are created from foreign to primary key, and integrity
control is provided by database management system tools.

The developed database supports storage and
processing of information about objects and processes
which are researched (training samples) and also system

145



[IPOTPECHBHI IHOOPMALIMHI TEXHOJIOI'TE

User Server

Client computer

Imtlmh.‘faﬂcm of model :;yn!hlv_sis I

start of madel synthesis prt}ctl\i.a

Database server Administrator

T
[
[
|
[
|
o
B

> Saving of model
-+

|
|
|
Message I
|
|
|
|

e e 2 T

Inizialization of model retraining
|

|
Start of model retraining |
i

Training data request
Training data
é_ ______________ L
Diagnosis model synthesis
-
Synthesized model
L
Result
Maodel e g
e e T

Request of synthesized model and training data

|

™
Synthesized model and training data

Retraining result
Model saving

Message
e e -

Initialization of diagnostics process

Message
.é ___________ L

Input of diagnostics abject input parameter values

y

" - |
Result

|
G4 . !

Model i

Calculation of output parameter value

T
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
Result :
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Figure 7 — Sequence diagram of synthesis and usage of diagnosis models

operation results (structure and parameters of synthesized
models, extracted rules, reduced samples etc.) in the
developed diagnosis models synthesis information
technology.

4 EXPERIMENTS

For efficiency examination of the proposed information
technology corresponding software system for diagnosis
models synthesis was developed.

The software was developed based on Java
programming language and architecture pattern MVC.
Graphic part (View) was implemented using SWING package.
The application has the following class structure. Class
Model represents classes which describe entities of database
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ER-model (Fig. 8). Fields of these classes are identical with
fields of database tables. It enables to apply modern
programming frameworks, for example, Hibernate. Every row
of database table can be got as one class instance in the
application. At that several table rows form collection.
Classes View are frames (forms, dialog boxes), which contain
graphical user interface and allow user to interact with the
application. Classes Controller connect to the server, realize
event service and handling of user actions. Class
LoginController enables to connect to the server using login
and password or to register (to create user account which is
inserted to the database). MainController enables to handle
user instructions of calling appropriate forms. It sends
instruction to the server and gets permission (according to
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Figure 8 — Diagnosis models synthesis information technology database scheme

user access permissions) to call appropriate function, for
example, diagnostics or  synthesis. Class
WorkWithSampleController gives methods, which enable
to load sample from the file with the following sending of it
to the server through ConnectionController. Besides it
enables to edit sample and to reduce it. Class
SynthesisController downloads samples and synthesis
methods which are available for user from database and
also performs models synthesis. Class
Additional TrainingController gives methods, which get
models and retraining methods available for user from
database, besides it enables to extend sample and to retrain
model. DiagnosisController enables to access diagnosis
models, to input model parameters and to diagnose with the
following saving of the result to the file.

Numerical experiments on the efficiency of the proposed
information technology and the corresponding software
system were performed by solving of different practical
diagnostics problems [37-39], particularly the task of
hypertensive patient health status prediction [37]. Applying

the developed mathematical (methods [7-16] and the
proposed information technology) and software support
the tasks of learning sample reduction (informative attributes
identification and production rules extraction) and diagnosis
models synthesis were solved sequentially. Numerical
results of the developed information technology application
for neuro-fuzzy diagnosis models definition using the
proposed parallel method based on stochastic computation
[24-27, 40] and island method of evolutional search (Island
Genetic Algorithm, IGA) [24-26] are presented. Experiments
were executed on 1, 2, 4, 8 and 16 cores of CPU cluster [41]
as well as on graphic engine GPU [42].

5 RESULTS

Experimental results using CPU cluster are presented in
the table 1.

The results of experiments using graphic engine GPU
NVIDIA GTX 285+, which was programmed based on CUDA
technology [43], are presented in the table 2. Speedup of
computational process was measured regarding one CPU.

Table 1 — The results of experiments using CPU cluster

CPU number Tp, S Tica, S Sp Sica Overhead,, s Overheadga, S Ep Eica
1 101.18 128.5 1 1 0 0 1 1
2 57.67 74.53 1.75 1.72 8.07 11.92 0.88 0.86
4 30.61 39.19 331 3.28 6.43 8.62 0.83 0.82
8 18.09 23.61 5.59 5.44 7.78 11.1 0.7 0.68
16 11.45 15.34 8.84 8.38 9.27 13.96 0.55 0.52
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Table 2 — The results of experiments realized on GPU

Number of T, S Ticar S Sp Sica Overhead,, s Overheadga, S
GPU threads
60 39.8 60.22 2.54 2.13 4.46 7.05
80 33.49 50.86 3.02 2.53 4.09 6.41
100 30.33 46.18 3.34 2.78 4.0 6.23
120 28.89 44.25 35 29 4.13 6.64
140 28.55 44.7 354 2.87 4.37 6.93
160 29.05 45.72 3.48 2.81 4.74 7.73
180 30.29 47.96 3.34 2.68 5.24 8.63
200 310 48.92 3.26 2.63 5.7 9.15
240 31.26 51.37 3.24 25 6.56 13.36
6 DISCUSSION tasks of training sample data reduction, rules extraction,

As it is presented in the tables 1 and 2, the proposed
technology of diagnosis models synthesis allows to
synthesize models with productivity similar to the models
described in [3, 10, 13]. Thus, the method proposed in [13]
due to application of new solution search operators
modifications decreases number of processor operations,
including communicatory costs, and so random search is
realized quicker than in the IGA method [24-26] (for example,
time of model synthesis for 16 cores of CPU equaled 11.45 s
for the proposed method and 15.34 s for IGA method). At
that the proposed diagnosis models synthesis technology
provides construction of neuro-fuzzy models with
acceptable accuracy. That is productivity rise is not provided
due to decrease of diagnosis models approximating and
resumptive properties level.

The efficiency of CPU cluster, which was used by the
method proposed in [13] and the IGA method, is acceptable
(particularly parallel system efficiency reaches 0.7 for the
proposed method and 0.68 for the IGA method using 8 cores
of CPU). Application of more than 8 cores of CPU isn’t
justified, because it greatly decreases system efficiency due
to transmission and synchronization. If number of GPU
threads rises above 140, speedup of computing process will
decrease, because overheads considerably rise and at the
same time threads begin to stand.

Thus diagnosis models synthesis technology which was
proposed in the paper allows to efficiently apply modern
parallel computing architectures for getting the result with
appropriate accuracy in acceptable time. Usage of cross-
platform language considerably extends scope of the
proposed technology.

CONCLUSIONS

In this paper actual problem of diagnosis models
synthesis process automation was solved.

Scientific novelty of the paper is in the proposed
information technology of diagnosis models synthesis,
which consists of the set of methods and diagrams which
connect methods with each other, graphically describe
structural elements of diagnostics systems and also
behavioral aspects of its communication at various stages
of diagnostics objects models construction. The proposed
information technology enables to construct distributed
diagnostics systems where computationally complex stages
of diagnosis model synthesis are performed on high-
performance server equipment, which makes it possible to
significantly increase the practical threshold for using
diagnostic systems in big data sets processing, solving the
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building and retraining of diagnosis models.

Practical significance of the paper consists in the solution
of practical problems. Experimental results showed that the
proposed information technology allowed to significantly
increase the speed of diagnosis models synthesis process
and it could be used in practice for solving of practical tasks
concerning diagnostics and nondestructive product quality
control.
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[IPOTPECHBHI IHOOPMALIMHI TEXHOJIOI'TE

Oumiiiauk A. 0.2, Cy66orin C. O.2, Ckpyncekuii C. 10.3, JIboskin B. M., 3aiiko T. A5

'KaH/1.TeXH.HayK, JOLEHT Ka)eApy NPOrpaMHUX 3aco0iB, 3aIopi3bKuii HalioHANBHUIT TeXHIYHUI yHiBepcuTeT, 3anopbioks, Ykpaina

2JI-p TexH. HayK, 3aBigyBay Kadeapy NporpaHux 3aco0is, 3anopi3bKMil HaLiOHATBHUI TEXHIYHUH yHIBepeUTeT, 3anopixks, YKpaina

SKaHz. TexH. HayK, JOLEHT Kapeapu KOMII'FOTEPHUX CUCTEM Ta MEPEK, 3aropi3bKuil HAL[IOHANIbHUN TeXHIYHMI yHIBEPCUTET, 3amopiKKs,
Vkpaina

“Kanp. TexH. HayK, JOLEHT KadeapH IporpaHux 3acobis, 3anopi3pkuii HanioHaNbHUI TeXHIYHUI yHIBepcuTeT, 3anopixks, Ykpaina

°KaH[. TeXH.HayK, CT. BUKJIafa4 KadeapH IporpaHux 3aco0iB, 3anopi3pkuil HalioHaIbHUH TeXHIYHUN yHIBepCHTET, 3anopixokst, YkpaiHa

TH®OPMALITHA TEXHOJIOT' IS CHHTE3Y JIATHOCTUYHUX MOJIEJIEN HA OCHOBI NAPAJIEJIbHUX OBUYMCJIEHB

AKTyanbHicTh. Bupimeno 3ajauy aBroMaTusalii npouecy CHHTe3y NiarHOCTHYHHMX Mojenei mpu oOpoOLi BEIMKMX MACHBIB JaHUX Ha
OCHOBI napainenbHuX obuucieHb. O6’€KT HOCHIIKEHHS! — NPOLEC CHHTE3Y NIarHOCTMYHUX Mojenei. IIpenmer mocnmikeHHs — METOIH Ta
iHdopMaNiiiHi TEXHOJIOrIl CHHTE3Y NiarHOCTUYHHX MOJENIEH.

Meta po6oTH nouirae B CTBOpeHHi iH(OpMaLiifHOI TeXHONOrIl CUHTE3y MiarHOCTHYHUX MOJETIEH.

MeToa. 3anponoHOBaHO iH(pOpMAaLiiiHy TEXHOIOTII0 CHUHTE3Y AIarHOCTHYHUX MOJENEH, 0 NpecTaBisie co000 CyKyIHICTh Jiarpam, sKi
OIHCYIOTh y Ipa(iuyHOMY BHINISIII CTPYKTYpPHI €IEMEHTH CHCTEMH, a TaKOX MOBEIIHKOBI acIeKTH iX B3aeMOil Ha Pi3HUX eTamax moOyaoBH
Mojieneit 00’€KTIB AiarHOCTyBaHHs. 3alpOIIOHOBaHa iH(pOpMaLiiiHa TEXHOIOris J03BOJIsIE BUKOHYBATH II00YI0BY PO3IOIUIEHUX CUCTEM JliarHO-
CTYBaHHS, B SKHX OOUYMCIIIOBAIbHO CKJIAJHI €Talli CUHTE3y MIarHOCTMYHHUX MOjelell BUKOHYIOThCS HAa BHCOKONPOLYKTHBHOMY CEPBEPHOMY
00J1a1HaHHi, 1110 J103BOJISE ICTOTHO MiABUILUTH IPAKTUYHUI IIOPIr BUKOPUCTAHHS CUCTEM JIIarHOCTYBAHHSI ITPU 00pOOLI BEIMKUX MACUBIB JAHUX,
3JaTHUX BUPIIIYBAaTH 3aBJaHHs PEAYKLIi JaHUX HaBYaIbHOI BUOIPKH, BUOOYBaHHS IPaBHJI, HOOYIOBH 1 IOHABUAHHS 11arHOCTMYHHX MOZeNei.

Pe3yabTaTn. Po3pobieHo nporpamue 3abe3nedeHHs, sKe peaidye 3arponoHoBaHy iH(OpMaLiiHy TEXHOJOTIO 1 J03BOJIE CUHTE3yBaTU
JIarHOCTHYHI MOJIENi Ha OCHOBI 3aJJaHUX HAOOPIB JaHUX.

BucHoBku. IIpoBezieHi ekClieprMEHTH MiTBEPANIIH [IPaLIe3aTHICTh 3alPOIIOHOBaHOI iH(OpMaIiiHOT TEXHOIOTI] 1 103BOJIAIOTH PEKOMEH Y-
BaTH i JJIs1 BUKOPUCTAHHS HA MPAKTHLI U 00poOLi BEIMKUX MacUBIB JaHUX JUI TEXHIYHOrO 1 GioMennyHoro AiarHoctyBaHHs. [lepcrnektiBu
HOANBIIMX AOCIIIKEHb MOXYTb IOIAraTH B MoAugikawii po3po0iaeHoi TeXHONOrI IUISIXOM BIIPOBAJKEHHS B HEl IHIIMX METOJIB CHHTE3Y
JIarHOCTUYHUX MOJIENIEH.

Kumouosi cnoBa: Bubipka naHMX, JiarHOCTyBaHHS, BUI0OyBaHHS paBHJI, BinOip 03HAK, MapaneabHi 00YUCIeHHs, CHHTE3 MOJENeH.

Oneitnuk A. A.Y, Cy66orun C. A2, Ckpynckuii C. F0.3, Jleskun B. H.4, aiiko T. A.°

1KaH/1.TeXH. HayK, TOIECHT KaQeapsl MPOrPaMMHBIX CPEJICTB, 3aMOpOKCKUiT HAIMOHAIBHBIN TEXHUYECKUI YHHBEPCHUTET, 3aOPOXKbe, YKpanHa

2J1-p TeXH. HAyK, 3aBeyIOUMi Kadeapoll MPOrpaMMHbIX CPEJICTB, 3alOPOKCKUI HAIIMOHAJILHBINA TEXHUYECKUH YHUBEPCHTET, 3aI0POXKbBE,
Vkpauna

SKau/. TexH. HayK, TOLEHT Kadeaphbl KOMIIBIOTEPHBIX CUCTEM U CeTel, 3aropOKCKUH HAIMOHAJBHBIA TEXHUIECKHIT YHUBEPCUTET, 3a1opo-
Kbe, YKpanHa

“KaHJ. TeXH. HayK, JOUEHT KadeApbl MPOrPaMMHBIX CPEICTB, 3aMOPOKCKHI HAIMOHATIHHBIA TEXHUYECKHI YHHUBEPCUTET, 3amopoKbe,
Vkpauna

SKaH1. TeXH. HayK, CT. IIPeMoiaBareis Kadeapsl MPOrpaMMHBIX CPEICTB, 3aMOPOKCKUI HAIIMOHAIBHBIN TEXHUYECKUIT YHUBEPCUTET, 3ario-
poxbe, YKpauHa

HHO®OPMALMOHHAS TEXHOJIOIUSI CHHTE3A TUATHOCTUYECKUX MOJEJEN HA OCHOBE ITAPAJLIEJIBHBIX
BBIYUCJIEHUIA

AKTYaJIbHOCTD. PellieHa 3a71aua aBTOMaTH3aIMH [TPOIECCca CHHTE3a JUArHOCTUYECKUX MOJIesIel mpu 00paboTke OONBIINX MACCHBOB JAHHBIX
Ha OCHOBE TMapaJUICIbHBIX BerauciaeHnil. OObEKT UCCIEeI0BaH s — IPOLIECC CHHTE3a JUArHOCTUYECKUX Mojiesei. [IpeMeT uceiejoBaHust — METObI
1 UH(POPMALMOHHBIE TEXHOJIOIMH CUHTE3a THATHOCTUYECKUX MOJICIICH.

Leab paGoThI 3aKI0YaETCS B CO3IaHUU WH(POPMAIMOHHOW TEXHOJIOTHH CHHTE3a AUATHOCTHYECKUX MOJICIICH.

Merton. [pemnoxena nuadpopMaIHOHHAS TEXHOIOTHSI CHHTE3a THATHOCTHYECKMX MOJIENeH, MPEeICTaBIsIoNnast co00il COBOKYITHOCTh JIHar-
paMM, OIHCHIBAIOIINX B rpaMueCKOM BUJIE CTPYKTYPHBIE SJIEMEHTBI CUCTEMBI, & TAK)KE IIOBEACHUECKUC aCTIEKThI MX B3aMMOJICHCTBUS HA Pa3Iiny-
HBIX 3Tanax MOCTPOSHUS MOjieliell 00beKTOB quarHocTupoBanust. [Ipemioxennas HHOOPMAIIMOHHASI TEXHOJIOTHS TI03BOJISIET BBIIOIHSTE TTOCT-
pOeHUE PaCIpe/IeIICHHBIX CHCTEM JUAarHOCTHPOBAHUS, B KOTOPBIX BHIUMCIIUTEIBHO CIIOKHBIC 3TAIbl CHHTE3a INATHOCTUYECKUX MOZIEIICH BBITIOI-
HSIFOTCSI HA BBICOKOIIPOJAYKTUBHOM CEPBEPHOM O0OPYIOBAHHH, YTO MO3BOJISIET CYIIECTBEHHO MOBBICHTH MPAKTUYECKHUNA MOPOT MCIIOIb30BAHMUS
CHCTEM JAUArHOCTHPOBAHHUS [TPU 00pabOTKE OONBIINX MACCHBOB JAHHBIX, CIIOCOOHBIX PEIATh 33]a4H PEAYKIIUH JaHHBIX 00yJaroiieil BRIOOPKH,
W3BJICUCHHS IPABUII, TIOCTPOCHUS M TOO0OYUCHHUS AUATHOCTHYECKUX MOJIEIEH.

PesynbraThl. Pa3spaborano mporpamMMHOe 00€CIieueHne, KOTOPOE Pealn3yeT MPeaIoKEeHHY0 HH()OPMAIIMOHHYIO TEXHOIOTHUIO M T03BO-
JSIET CHHTE3UPOBATh JHATHOCTUYECKHAE MOJICIH HAa OCHOBE 33JaHHBIX HA0OPOB JIaHHBIX.

BoiBoabl. [IpoBeeHHBIE SKCIIEPUMEHTHI TOATBEPAMIN PabOTOCIIOCOOHOCTD MPEIOKEHHON HHPOPMAIMOHHON TEXHOIOTUH H TTO3BOJISIFOT
PEKOMEH/IOBaTh €€ Ul MCIOJb30BAHMS HA TPAKTHKE TMPH 00paboTKe OONBIINX MACCHBOB JAHHBIX Ul TEXHUYECKOTO U OMOMEIUIINHCKOTO
JUarHocTupoBaHus. [lepcreKTHBBI TaIbHEHIIINX HCCITEIOBAHUI MOTYT 3aKIIF0YaThCs B MOAM(UKAIIMK pa3pabOTaHHOM TEXHOIOTUH MyTEM BHE-
JIPEHHS B HEe APYTUX METOIOB CHHTE3a AUArHOCTHYECKUX MOJIEIeH.

KaroueBble cjioBa: BEIOOPKA JAHHBIX, THATHOCTHPOBAHKE, M3BJICUCHHE IPABUII, OTOOP MPU3HAKOB, MapaUIelibHbIC BHIYNUCICHHS, CHHTE3
MoJeNe.
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