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Pe3tome: V cmammi npeocmasneno ocHogu memooonozii inmenexmyanizayii npoyecy 0iazHoOCmy8auHs KOMN'TOmepHux
cucmem. 3anpononosari ingopmayitina mooensb, Memoo ma 3acobu Kiacmepuzayii cmamie KOMR'IOmMepHUx cucmem
3a6e3neuyioms MONCIUBICMb 0iA2HOCMYBAHHA HA OCHO8I HenosHoi diacHocmuynoi ingopmayii. [na idemmugbixayii

CmMauie  KoMn ’iomepnux cucmem  BUKOpUCmAaHo

CHINKY — HelpOMepedCHUX eKcnepmis,

xompi nobyoosani 3

BUKOPUCTAHHAM WMYYHUX HeupouHux mepedxc apximexmyp ART2 ma SOM.

Kuawuosi cnoBa: [iacnocmyeanns xomn'tomepnux cucmem, WMY4Hi HEUPOHHI Mepedici, CRilKa HeupoMepedtCHUux

excnepmie, Kiacmepusayisi Cmanie KomMn'lomepHux cucmem.

1. BCTYN

OCHOBHHMH 3a7adamMmu JIarHOCTYBaHHS
kommr'roTepanx cructeM (KC) Ha ertami ekcruryaTarii
€ BU3Ha4YeHHs poOoTto3matHocTi KC, inmeHTHdikalis
Ta MPOTHO3YBAHHS iX CTaHy.

CygacHi  KOMITIOTEpHI  CHCTEMH  MalOTh
O0COOJIUBOCTI,  KOTPI  YCKJAQIHIOIOTH  IPOLEC
JiarHOCTYBaHHA Ta 3MEHIIYIOTh HOTO €peKTUBHICTB:

1) Hu3pKHi piBeHb KOHTpOdenpuaaTHocTi KC Ta
1X CKJIQJIOBUX;

2) BiACYTHICTh a0O BiJTHOCHO BHCOKa BapTICTh
MIarHOCTUYHHMX TMpOorpaM Ta amapaTHUX 3aco0iB
niargoctyBauHsa KC;

3) mocTifiHe 3poCTaHHS CHEKTPY amapaTHUX
CKIaJoBUX Ta iX  MOJEpHi3amisi  poOATH
HepeHTa0EITEHOIO 3aKyIBIIIO
BY3BKOCIICI1aJII30BAHOTO JIarHOCTHYHOTO
00J1aIHAHHS;

4) erarm eKCIUTyaTamii KC HEJIOCTATHHO

3a0e3nedeHni JOKYMEHTAIlI€0 1 B TOW ke Jac Ha
IEOMY eTari HEOOXiTHO 3abe3neunTH
JiarHOCTyBaHHA Mmupokoro cmektpy KC Tta ix
CKJIaJIOBUX, TOMY VCIIIIHICTh €TaIly eKCIUTyaTarii
3aJICKUTh BiJl PiBHA KBajidikallii CremiaiicTiB, 1o
EKCIUTyaTylOTh Ta OOCIyTOBYHOTh KOMITTOTEPHY

TEXHIKY.
o cUCcTEM JIarHOCTyBaHHS, KOTpi
¢yHKUiOHYIOTH Ha ertami ekcryatamii  KC,

Hpe,[['HBJ'IH€TLC$I P BUMOT:
- l"HyLIKiCTL, I HaJIaroJDKCHHsA Ha I]_II/IpOKI/Iﬁ

CIIEKTP HOMEHKIIATYpH ckiiagoBux KC;

— BHCOKa JOCTOBIPHICTb pe3ybTaTiB
JIarHOCTYBaHHS, M0 3a0e3MeYUTh MOMKIIUBICTh
SHIDKEHHS BHAMOT o kBauiikamii
00CITyTOBYIOYOTO ITEPCOHAITY;

—  MOXJIMBICTb CaMOHaBYaHHS CUCTEM
JUArHOCTYBaHHS JUIS BUSBJICHHS HEBIJIOMHX
paHilie HecIIpaBHOCTEHH;

—  MOIyJIbHUH TIPUHIIATT moOy0BU JUTS
3a0e3MevYeHHs MO AJTBIIIOTO HapOIIEHHS
MOYJIMBOCTEH 3ac001B TiarHOCTYBaHHSI.

Ha cporonmni amapatHi 3aco0u aiarHOCTYBaHHS
KC ma erami ekcrutyaTarlii MmpakTHYHO BiJICyTHI,
TOMY JOMIHYIOYY POJIb BIAIrpalOTh MPOTPaMHIi
3acoou (Motherboard Monitor, Performance Test,
Dr.Hardware, SiSoftware Sandra, SMART-u
JKOPCTKHX IHCKIB Ta iH.) [1], sAKi HamawTHCI
BUPOOHMKAMHM  amapaTHux  ckiagoBux  KC,
po3poOHUKaMHU oTepaifHux cucTeM Ta
He3anmexHUMH (ipmamu. BkazaHi 3acobu (iKCYIOTh
nmapamMeTpu  okpemux KommoHeHTiB KC Ta
MOBIIOMJIIFOTh KOPUCTYBaya NP0 11X BIAXUICHHS.
KopucryBau moBuHEH caMOCTIHHO TIPOBECTH OLIIHKY
texHiyHoro crany KC, KpUTHUYHOCTI BHSABICHHX
BIIXWJIEHb MapaMeTpiB Ta  XapaKTePUCTHK 1 iX
HacimigkiB. HeoOximHi 3axoaM M0N0 YCYHEHHS
mpo0jeM KOPHUCTyBad BH3HA4Ya€ Ha CBI PO3Cyl,
TOMY MPaBWIBHICTh Ta ONTHUMAJBHICTh IIMX 3aXO[IiB
3anekarh BiJ Horo KBamidikarii.

[lepcriekTHBHUM  HaAmNpPSMKOM  BIOCKOHAJICHHS
3ac00iB TEXHIYHOTO JiarHOCTYBaHHS €

31



Oxcana Ilomoposa / Komn tomune, 2006, Tom 5, Bunyck 2, 31-42

BUKOPUCTAHHS HHMMH KOMIIOHEHTIB  IUTYYHOTO
THTEJIEKTY: MPOAYKIIHHNX MPaBUII, HEHIiTKOT JIOTIKH,
WTYy4YHUX HepoHHUX Mepex ([LIHM) [2-4].
3okpema, ocHoBHuUMH mepeBaramu I[ITHM €
MOXIIUBOCTI ~ OTpUMaHHsI 3 iX  JJONOMOTOIO
iHpopMarii y BUMagKax, KOJIU JOCHIJHHK HE MOXKE

BKa3aTH GbyHKUIHIX 3aJIeKHOCTEH MiX
rmapamMeTpaM#, IO  XapaKTepU3yIOTh  00'€KT
nmiaroctyBanHs (OJl), ompamoBaHHA 3HA4eHb

BXIZJHUX BEKTOpPiB, SKWX He OyJl0 y HaBYaJIbHHUX
BHOIpKax, MPUCKOPEHHS OOYHCIICHb 3a pPaxyHOK ix
posmnapaentoBadss [5].

HOIHM y ramy3i TEXHIYHOTO JiarHOCTYBaHHS
BHKOPHUCTOBYHOTHCS TUTS ineHTrdiKamii
HECIIPAaBHOCTEW Ta peami3yloTbcs y  BHTILAIL
OKpEeMHX KOMIIOHEHTIB 3ac00iB AiarHOCTyBaHHS [0,
7]. Bxignoto indopmarieto amst LIIHM € 3HanHS Tipo
CTPYKTYpY Ta TOBEIiHKY OO'€KTiB AiarHOCTYBaHHS,
Opyd  UBOMY TIPOBIMHY pOJb BiAIrPalOTh came
MOBE/IIHKOBI aCMEKTH CTPYKTYPHHUX YH (PYHKIIHHHX
kommoneHTiB OJI. CywacHi 3aco0uW TEXHIYHOTO

JiarHOCTYBaHHS, 110 BUKOPUCTOBYIOTh
IHTEJIeKTyalbHl KOMIIOHEHTH, OpI€HTOBaHI Ha
BHUpPIIIEHHS  OKPEeMHX  BY3bKOCIHEIiali30BaHUX

MIarHOCTHYHHUX  3aJa4 Ta He
JOCTaTHBOTO PiBHS YHIBEPCAIBLHOCTI.

BpaxoBytoun Bume3aznadeni ocoonmuBocti KC ta
BHUMOTH JO 3aco0iB iX JiarHOCTYBaHHS Ha eTari
eKCIuTyaTanii, MTUTaHHS PpO3poOIIeHHS i
BIIOCKOHAJICHHSI TaKWUX 3ac00iB € aKTyaJbHUMH Ta
OTPeOYIOTH MOJANBIINX JTOCIIKEHb.

Mertoro JIOCHiDKEHHS € po3po0JIeHHS HOBHX
migxomiB o giarHoctyBanHs KC Ha  erami
eKCIuTyaTamii, B yMOBaX HEMOBHOI JiarHOCTUYHOI
indbopmariii  moOMO0  3HAUYCHH ~ IapaMeTpiB i
XapakTePUCTUK  amapaTHUX Ta  [POrpaMHHX
CKJIaJIOBUX.

Jst MOCSATHEHHS MeTH HEOOXiTHO po3poduTH
METOTI0JIOTI 0 IHTENIeK Ty asTi3alii MPOIIECY
miarHoctyBanHs KC 3a paxyHOK BHKOPUCTAHHS

320€31euyIoTh

IHM Tta, mpm moTpebi, IHIIMX KOMIOHEHTIB
MITYYHOTO 1HTEIIEKTY.
Y mponeci giarHoctyBanHs KC  HeoOXximHO

3a0€3MEYNTH KOHTPOJhL TEXHIYHOTO CTaHy, MOIIYK
MiCIlsl Ta BHU3HAYCHHS MPUYMH HECIPABHOCTI Ta
MIPOTHO3YBaHHS TEXHIYHOTO cTaHy. [Jis BHPIIICHHS
OUX 3ada4 HeOOXIMHO MJOCIIAWTH MOXKIMBICTH
Bukopuctanus [IIHM mis kjacrepmzamii  Ta
inenTudikanii cranie KC B yMoBax HEMOBHOI
iHpopManii i po3poOUTH BiAMOBiITHI 3aco0M Ha iX
OCHOBI.

2. IHOOPMALINHA MOAENb KC

I[Ipu po3pobneHHi 3aco0iB  iarHOCTYBaHHS
BUCOKHMH piBeHb ckianHocTi cydacHux KC obmexye
BUKOPUCTaHHS  METOHNIB  MOJCTIOBAaHHS,  ILO

0a3yIoThCA TUTBKH HA TOCTIAOBHIM JTEKOMITO3HIIIT
KC na xomnonentu. [Ipu o0'erHaHHI amapaTHUX Ta
MPOrpaMHUX KOMIIOHEHTIB Y KOMI'TOTEPHY CHUCTEMY
BUHUKAE psijl SIKICHO HOBUX BIIACTUBOCTEH, SKi He
MOXYTh OyTH  BUSBJIEHI IIUIAXOM  aHAJI3y
BJIACTHBOCTEH OKPEMUX KOMITOHCHTIB TAKUX CUCTEM.

OpHuM i3 BapiaHTIB BHpINICHHS Ii€i mpoOieMu €
mobynoBa iHGOpMAMIMHMX MoAeNeH Ha OCHOBI
JMAHUX  CKCICPUMEHTIB Ta CIIOCTEPEKECHb 32
peanbaumu  KC. Ilpu wmpomy crpykrypa KC
MPaKTUIHO HE BimoOpa)kaeThcs y iH(GOpMAaIiiHuX
MOJIENISIX, aJie MPH IIbOMY CYTT€EBY POJIb TIOYHHAIOTH
BifirpaBaT 3aco0M MOHITOPHMHTY Ta 3HAHHSA
EKCIIePTiB-J[IarHOCTiB, SIKi € OCHOBHUMU J[KEpeIaMu
iHopmartii mpo mapamerpu Ta xapaktepucTuku KC
[8].

Pesynprati MOHITOPUHTY, 3HaHHS EKCIIEPTiB
JIarHOCTIB Ta iHMI BiZOMOCTi, MO cTocyloThes KC
Ta Tpolecy IiX MAiarHOCTYyBaHHS 30epiraroTbcs y
0aszax 3HaHb (B3) 3aco0iB giarHOCTyBaHHS.

3anpomnoroBana B [9] indopmariitna momgens KC
€ YHIBEPCAIBHOIO 1 TO3BOJISIE HA TIOYATKOBUX €Tarax
3BECTM  3aJady  JIIarHOCTYBaHHS  JI0  3ajad
kiacrepusanii Ta ineHrudikarii cranis KC.

Iadopmamiitaoro mogemto KC HazBemo Tpiliky:

Min), = {X(O‘)h )7 R(O‘)h )7 | Zj(o‘)h) |;1:1 };nzl (1)

Ie: o, € Q - nesikuii ctan KC 3 MHOKHHHE yCix
x(y)-
inpopmargiiinoro ommcy crany KC, R(o,) -
¢dbyHKIiS  KMacy, 1o
KC, z(w,) -
CTaHy, KOTpuUH

MOXIIMBUX CTaHiB Q 5 BCKTOp

XapaKTCpUCTUIHA SIKOI'o

HaJIeXUTh CTaH JleTanizyoyi

XapaKTePUCTUKH OTIHACY€ETHCS

BekTopoM X(®, ), h - kinbkicTs omucanux craHis,
J- KIIBKICTH JETAN3YHOUYMX XapaKTEPUCTUK Jis

KO>KHOT'O CTaHy.

VY BHIAAKy BiICYTHOCTI eKcriepTHOI iHdopMarrii
mpo mnapameTpu Ta xapakrepuctukun KC Ta ii
KOMITOHEHTIB JeTaNi3yloul XapaKTePUCTHKH MOXYTb
OyTH BimCyTHI.

3HavyeHHsS eNEMEHTIB BEKTOPIB iH(OpMaIiiHOTO
Onucy 30MparoThes 3 PI3HUX KEPEI:

— pesynmeratiB  MoHiTopmHry KC Ha  erami
eKCIUTyaTamii 3 BUKOPHCTAHHAM BIOMHX YH
CIIEI[iaTbHO PO3POOJICHUX 3aC001B MOHITOPUHTY;

— pesynbrariB  TectyBanHs KC  dipmamu -
BUPOOHUKAMU;

— pesynbrariB TectyBaHHI KC KopucTtyBauem Yy
pI3HMX  pexmMax  poOOTH  TpU  Pi3HUX
HaBaHTAKCHHSIX;

— JaHWX, OJICP’)KaHUX Ha OCHOBI BHECEHHS 3MiH Yy
iHpOpMaLiiiHi BEKTOpH, IO XapaKTepU3yIOTh
ineansHnii ctan KC;
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— CKCHEePTHUX AHWX, HA OCHOBI SKUX (HOPMYIOTHCSI
ommcH HecripaBHUX cTaHiB KC.
IToBHOTa iH(OPMAIIHHOIO OMHUCY 3aJICKUTH BiJ

KUTBKOCTI ~ €JIeMEHTiB  BekTopa x(®w) Ta ix
iH()OPMATHBHOCTI.
Hns  mpoBenenHs imeHtudikanii crany KC

HeoOxinHo BusHauntu R (), T06TO BimHecTH cTan

KC no BiamoBigHOTO Kiacy.
JIiist 1IBOTO BHIAIKOBMM YMHOM obmparoteest K

spep kiaciB {c, } =c(®,),....c(®, ), k=1..K,
SIKi BU3HAYAIOTHCS K THIOBI [JIsl CBOTO KJIACy CTaHU
(indopmariiini omucn) c(®) = |Ci ((L))|?=1 y mpocTopi
YCiX MOKITMBUX CTaHIB.

Beememo mipy 6musekocti d(x(o,),c(®,)), sxa

THUM MEHINIA, YUM OLIbIIe TOTOYHUH iH(pOopMaIitHIN
omic KC cxoxuif Ha sSapo Kiacy (THIOBHIA
iHpopMaliiiauii ommc). Y sKocTi MipH OJIM3bKOCTI
BHKOPHCTAEMO €BKIIiZI0BY Mipy [10]:

d(x0)=(Zkx -c))". @

[Ipu He3MiHHOMY PO30OMTTI MOOYayeEMO (YHKIIIIO
R(®w) Ttakum umHOM, MO0 MiHIMI3yBaTH CyMapHy

Mipy GJIM3bKOCTI U1 Beiel MHOXHHH X(®, ) :
min{D = % (z (Xi ((‘Oh )— C; (R((’Oh )))2 )1/2 }.3)

ne: h=1,...m, i=1,...,n
3amavya momryky wMmiHiMymy D ekBiBaieHTHa

MOLIYKY MAaKCUMyMy BUPA3y:

minD = maxZZXi(mh )e.(R(w,)) . 4)

¢dyukmico  R(w),
MOXJIMBICTb  KOKHOMY

OpneprxaBimu OTPUMY€EMO

iH(opMaIitHOMy — OmHCY
n . . .
x(w) = |Xi(0))|i:1 IIOCTaBUTH Y BiJNOBIIHICTH CTaH

KC i3 yciei MHOXWHH CTaHiB.

BincninkoByBaHHS Ta aHaji3 JUHAMIKH 3MiHU
cranie KC Ha mpotssi geskoro mepiomy dacy 1 e
OCHOBOIO Ut porHo3yBanHs craHiB KC.

3. HEULPOMEPEXHI EKCNEPTHU

Jns  knmacrepusanii  craniB KC Ha ocHOBI
3arporoHoBaHoi  iHopmamiitHoi Mogem  (1-4)
BHKOPHCTAEMO IITYyYHI HelipoHHi Mepexi (ILIHM).

Y nmporueci JaiarHOCTyBaHHS HE BCS MHOXKHHA
craniB KC € BimomMow - IiCHye MiJIMHOXHHA
HECIIPaBHOCTEH, SKi paHille HE 3yCTPidaauch i HE
omucaHi y 0a3ax 3HaHb CHCTEM [iarHOCTYBaHHS

eKcrepTaMu-AiarHocTaMi. HasBHICTh Ta KITBKICTH
TaKUX  HECHPAaBHOCTEH  HEMOXIHMBO  BKa3aTH
3a30aJIeTiab.

A~ne omiHKa 3HaYeHHS Mipy OIM3BKOCTI (2) Takux
CTaHIB JI0 BIIOMUX Ja€ 3MOTY BHCYHYTHU TilOTE3H
CTOCOBHO iX imeHTH(]ikauii, TOMy I JOCSATHEHHS
METH JIOCTi/PKEHHS HEOoOXigHO o0paTh IITy4Hi
HEHPOHHHUX MEpEeX TaKUX apXiTEKTyp, IO, 3 OAHIET
CTOPOHH, BiJOOpaKaTUMYyTh TPyIH OJU3bKUX CTaHIB
y Tpynu ONU3BKHUX KIACTEPIB Ta, 3 IHIIOI CTOPOHH,
3abe3neyats BigoOpakeHHS iH(OPMAIIHIX OIHCIB
HEBIJIOMHUX paHillle HEeCpPaBHUX CTaHIB y HOBI

KJIaCTEPH.

OcobmuBictio KC € Te, mo Habopu ix
KOMITOHEHTIB MOXXYTh OytH JIOCTaTHBO
PI3HOMaHITHUMH, TOMY pe3yJlbTaTH KiIacTepu3alii
craiB omuux Mogmener KC He  MOXyTh
BHKOPHUCTOBYBATHCh JUIS  KJIacTepw3allii CTaHiB

IHIMX Mojenei. 3a mie€l NPUYMHN BUKOPHUCTAHHS
st knactepusanii craHiB KC Helipomepex, mio
nependavaroTh ~ HAaBYaHHA 3 YYHATENEM, €
Hee(hSKTUBHUM.

[MommpeHnMu Ta TOCTIKEHUMH apXiTEeKTypaMH,
0 3aJOBOJBHSIOTh BKa3aHUM BHMOTaM € KapTu
KoxoHena, 1m0 caMOOpraHi3ylOThbCS, Ta MeEpexi
agantuBHOTrO pezonancy (ART) [11].

Kapra Koxonena (SOM) 30epirae Tomonoriro
BXITHOTO TPOCTOPY (OIM3BKMM KJIacTepaM BXiTHUX
BEKTOPIB  BIAMOBIAAIOTh  ONM3BKO  PO3MIIIEHI
HEHpoHU) Ta BimoOpakae MLIIBHICTD BXiAHUX
CUTHAJIIB IIJISXOM OiJBIIIOTO IX PO3PIlIeHHS Ha KapTi
kiacrepis [12].

HaBuanus SOM 31iliCHIOEThCS 32 PUHIIUIIOM:

iw(@)=(I-o),w(@-D+ap(q), ()

me: p(q)- BximHmit BekTop iH(pOpPMALIHHOTO

onucy X(®), (- HOMEpP KpPOKY CaMOHABYaHHS,

w(q)- marpuist BaroBux Koe(ilieHTis, 1- HOMep
Ti€l CTPIYKM MaTpHIll Bar, sKa KOPHUTYETHCS, Ol -
napameTp IIBHIKOCTI HABYAHHSI.

[epen HaBuaHHSIM HEOOXIJHO 3aJ1aTH TOMOJOTIIO
KapTH Ta BKa3aTH il pO3MipHICTb.

[Ticns waBuanus SOM 37aTHa KJacTepU3yBaTH
tunosi cranu KC.

Takoxx icHye MOXJIMBICTh BimoOpakeHHS Ha
KapTi TpaekTopii 3MimeHHs craHiB KC Ha mpoTs3i
JESIKOTO TIepiofly 4Yacy, IO Ja€ 3MOTY 3IIHCHUTH
MPOTHO3YBaHHS CTaHiB Ta BUSBUTH I'PaHUYHI CTAHU
(KC cmpaBHa, ane HasSBHICTh CHCTEMaTHYHUX
BIIXWJIEHb TIApaMeTpiB  MOXE MPHU3BECTH Y
Mai0yTHROMY JI0 BUXOJY 3 JIaAy il KOMIIOHEHTIB).

Are, mosBa HETHUIIOBUX CTaHIB (HEBIZOMHX
paHime HecmpaBHOCTEH — iX mapameTpu Ta
XapaKTePUCTHKH SKHX CYTTEBO BIiIPI3HSIOTHCS Bix
THX, 0 OyJIM Y HaBYaIbHUX BHOIpKax), MPU3BOJANUTH
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JI0 X HEBiIpHOI KJIacTepH3allii, ToMy, 10 TSI HUX He
Oyi0 chopmoBaHO KiacTepiB Ha KapTi. 3a3Buuait
BOHHM PO3MIIllEH] y KJIacTepax, IO 3HAXOIAThCS Y
KyTax abo Mo Kpasx KapTH, Xo4a HE € J0 HHX
TOIOJIOTIYHO  ONIM3bKMMH, Ta OJHO3HAYHO HE
BUPI3HSIOTHCS.

YcyHeMo BKa3aHWW HENOJIK, BUKOPUCTABIIHU IS
imacrepu3antii  cranie KC mTy4dy HeHpOHHY
Mepexy aganTuBHOTO pe3oHancy (ART).

BuxopucranHs Mepexi aJJaiTHBHOTO PE30HAHCY
HE BHUMAarae amnpiopHUX 3HAHb MPO KiUTBKICTH KJIACIB
[13]. ART peanizye anroputm KjacTepu3ailii,
KOTpUHA CXOXHH Ha aNroput™M "TOCHIIOBHOTO
migepa'", BIiANOBINHO A0 SKOTO TMEPIIWN BXiAHHUN
BEKTOP BBAKAETHCS 3Pa3KOM IIEPIIOTO KiacTepa, a
HACTYIHUH TIOPIBHIOETBCS 31 3pa3sKoOM MEpIIOTo
KJIacTepa.

BximHnit BekTOp Oyme HaJeKaTH M0 IEPIIOTO
KJacrepa, SKIIO BiJICTAaHb MK HHM Ta 3pa3koM
Mepuioro  kiacrepa Oyde  MEHIIOK — IOpOra,
BKa3aHOTO pO3pOOHWKOM. [Hakmie mis mpyroro
BXIJIHOTO BeKTOpa Oy/ie CTBOPEHO OKPEMHUI KilacTep.
Llefi mpoilec TOBTOPIOETHCS AN BCIX HACTYITHHX
BXiJJHHX BEKTOPIB.

Yuciio KmacTepiB poOCTE 3 YacOM 1 3aIEKUTh SK
BiJl 3HaYEHHS IOPOTa, TaK 1 BiJl METPUKHU BijACTaHi,
0 BUKOPUCTOBYETHCS U TOPIBHSHHS BXIiJHHX
BEKTOpIB 1 3pa3kiB kiaciB. OOMeKeHHS Ha KUTBKICTh
HEWpOHIB y BHUXIJHOMY IIapi BH3HAYAIOTHCS JIUIIE
MOXXJIMBOCTSAMHU  OOYMCIIOBAIBHUX  3aco0iB  Ta
po3poOHuKamu.  Jlas  ompaioBaHHS — BXiJHHX
BEKTOPIB, 3HAYCHHSAMH SKUX € [iiicHI 4Yucia,
BHUKOpHUCTaEMO apxiTekTypy ART2 [14].

Orxe, wMepexa ART Mae  MOXIHUBICTH
HapoOIEHHS KUIBKOCTI KJIacTepiB TIPHU BUSABJICHHI
HOBUX HECTpaBHOCTEH, ale He Hajae iHpopmarii
po OJIU3BKICTH CTaHIB Ta X 3MIMEHHS Y Yaci.

Kiacrepuzamiro Ta mporHosyBaHHs craHiB KC
3MIHCHAMO Ha OCHOBI OTpAIFOBaHHS PE3YJIbTaTiB
napaneibHoro (yHKHiIoBaHHS 000X HelWpomepex -
ART2 i SOM. Bkazani HIHM Ha3zBemo
HetipomepexcHumu excnepmamu crany KC.

4. HABYAHHSA HEUPOMEPEXHUX

EKCMNEPTIB
BxigHoto iHdopmamiero s Kiactepusarii
cragiB KC HelpoMepe:)KHUMH eKCIIepTaMu €
BekTOpH  iH(opMmamiiiHoro ommcy  X(®), sKi

CKIIaJIAl0ThCS 3 N CJIEMEHTIB:
xX(0) = {x'(©),x*(®),...x" (0)}.

Ha Buxomi HelpoMepekHiI EKCIIEpTH BKaXyTh
HOMEpH KJaciB, A0 SKuX HajiexaTh craHu KC Ta
TPA€EKTOPiIO 3MIllIEHHs CTaHiB Ha MPOTs3i 3aJaHOTO
nepiogy vacy.

KinpkicTh enmeMeHTIB BeKTOpa iHGOPMAIIHHOTO
omucy mis pizaux KC Oyne pizHoro. BoHa 3anexutsb
BiJi 00'eMiB HasBHOI AiarHOCTUYHOI iH(popMaIli Ta

MOXJIMBOCTEH  3aco0iB  30upaHHS  3HAYeHb
napameTpiB Ta xapakrepuctuk KC.
Hns MPOBEACHHS eKCIIePUMEHTAIbHUX

nmociimkeHs Bukopuctaemo KC, mo ¢yHkiionye Ha
6a3i mpomecopa Intel Celeron 1.7 GHz, 256 K6
O3Il, wmarepunceka mmmata MSI 845PE Max,
skopcTkuit nuck Samsung (100 1'6). JliarHocTudHa
iHpopmartis ojeprxaHa 3 BHKOPHCTAHHSIM
mporpaMHUX  3aco6iB  MoniTopunry KC Ta
EKCIIEPTHUX 3HAHb.

Cdopmyemo Bektop iHQOpPMALIHHOTO —OMHUCY
crany KC, sxuit MmicTuth 24 eeMeHTH.

[TapameTpu mpouecopa:

x'(®) - gacrora sapa mpouecopa,

x* () - TemITepaTypa mponecopa,

X’ (®) - TepMOCTIHKICTh CHCTEMH OXONOKCHHS
nporecopa,

x*(®) - moryxHicTs sIpa mporecopa,

X’ (®) - MBHAKICTH BEHTHIATOPA IPOLIECOPA,

x°(®) - Hanpyra mpomecopa,

x”(®) - 3aBanTaxkeHHs mpomecopa (%).

BonbTak KOMITOHEHTIB CHCTEMHO] TUIATH:

x* (o) - BomsTax - 5 V,

x’(®) - BompTax +5 V,

x'’(w) - BombTax +3.3 V,

x"'(®) - BompTax +12 V,

x"?(®) - BombTax - 12V,

Xapaxtepuctuxu KC:

x"(®) - Temmeparypa 610Ky KUBICHHS,

x'"*(®) - Temmeparypa cuctemHoi mIaTH,

x"*(®) - po3mip omepaTHBHOI aM'sTi,

x'*(®) - po3mip swap.

XapakTepuCTHKH K0pcTKOro aucky (XKI):

x'"(®) - xigbkicTs nedexTHEX cexTopis Ha XKL,

18 o _
X (®) - KiUIbKiCTh CTApT / CTONMHUX MHUKIIIB
KL,
19 . . .
X () - KimbKicTh 00epTiB MIMHUHIETHHOTO
JIBUTYHA,
20 . . .
X7 (o) KUIBKICTh MO3HMIIOHYBaHb TOJOBOK

34YUTYBaHHs / 3aIUCY,

x*'(®) - YacTOTa BHHHKHEHHS TOMHIOK IIpPH
3YNTYBaHHI JaHUX,

x**(®) - cepemns mpormyckHa 3xatHicTs K1,
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x*(®) - wacrora "mporpaMHUX" MOMHIIOK HpPH
3YATYBaHHI JaHUX,

x**(®) - Temmeparypa JKOPCTKOTO JHCKY.

Jdo ckiany HaB4anbHOI BUOIpKH YBidmmo 250
BEKTOPiB iH(pOopMaLiitHOTO OIIHCY, 110
xapakrepm3ytotb 50 craniB KC, tectoBa BuOipKa
MicTuTh 30 BEKTOpIB, cepell SKUX 5 OMUCYIOTh HOBI
HECTIpaBHi CTaHU.

Peaizarmis HeHpOMepeKHUX eKCIIepPTiB
3ailicHIOBanack B cucteMi Matlab.
SOM. Posmipricte SOM  3anexurh Big

KITBKOCTI CTaHiB, ONMMCAaHUX Yy HaBYAIbHINA BHOIpII,
HEOOXiHO TaKOX 3aTWIIATH 3alacHi KIIach IS
BUKUJIB y HUX HeBigoMux craHiB KC.

[Ipu monemoBanHi KapTH KoxoHEHa KiNBKICTbH
kiracie K, mo MokyTh BigoOpaxkaTch, MOBHHHA
TIePEBUIITYBATH KUTBKICTh BimoMmux ctaniB KC. Bona
Oyna oOpana piBaoro 80, ToMy OymyBajiach
JBOMipHA reKcaroHayibHa Kapta po3mipy 8x10.

Buna xaptw, oxepkaHoi micis HaBYaHHS MEpexi,
Ta TPAEKTOPII0 3MIHM CTaHIB TECTOBOI BHOIPKH Ha
npoTs3i mepioay dacy Bin t=0 mo t =k, ne k=24,
300pakeHo Ha puc. 1.

-0.5 0 0.5

Puc.1 - Kapra Koxonena, onep:xaHa nic/jisi HABYUaHHS
Ta TeCTyBaHHA.

Pi3Hi  BigTIHKM  KONBOPY  BY3JTiB  KapTH
0OMEXYyIOTh pI3HI KIIACTEpH, IO XapaKTepPU3YIOTh
pizHi cranu KC.

Bux wMarpumi BigcTaHeH MiK — OJep)KaHUMH
KJIacTepaMHi Ta MPOEKIlii BiACTaHEH I MEePIINX
TPHOX BUMIpIB (X, — X, ) HABEJEHO Ha puc. 2. Pi3Hi

KOJIbOPH BigOOpaXKaroTh pi3HI BIJACTaHIi, IIKala
MaciTaOyBaHHS HaBelIeHA MOPST i3 BUMIipaMH.

PesynberaTn KJIacTepu3allii BEKTOPIB
iH(popMarniitHux omuciB craniB KC HaByambHOi Ta
TecToBO1 BHOIpkH (puc.3 (a-T')) HaBeACHI y TaOmuIli
1.

Knacrepuzaniss  3niiicaioBanace micast 1000,
2000, 3000 i 5000 iTeparriit HaBUaHHS.

AHai3 niarpam Ta pe3yJibTaTiB pO3MOiTy CTaHiB
3a KJIaCTepaMu IMOKa3ye, M0 y AaHOMY BHUMAIKY IS
HaBuaHHs Kaptu Koxonena pocratHeo 3000
itepariit. [loganmpine HaBUYAHHS PE3yILTATIB CYTTEBO
He nmokpairye. PosmizHaBanns cranie KC 3 TecToBoi
BUOIpKM HE A0 3MOTH 1IeHTU(IKyBaTH HEBimoMi
MepeKi CTaHH.

[MpornozyBanns craniB KC
eKCIepToM — [iarHOCTOM Ha
TPAEKTOPii 3MIlIEeHHS CTaHIB y Yaci.

ART2. Pesynbratn MozemoBanHs Mepexxi ART2
HaBeneHi y TaOmuui 2. CyTTeBUH BIUIMB Ha
pe3ynbTaTH Ma€ 3HA4YeHHS NapaMeTpy KOHTPOJIIO,
SKUR BimoOpakae OaxaHy cTymiHb '"momiOHOCTI"
BXIZIHUX BEKTOpiB. ONTUMalbHY KJIacTepHU3AaIlito
craniB KC Oyno oTpuMaHO Tpu 3HAYCHHSX
mapameTpy KOHTPOJIIO, IO Jekath y iHTepsaii [0,7

0,8]. Bubip 3HaueHb mapamMeTpy KOHTPOJIIO
MeHmux 0,7 MPU3BOAMTH 0 3MEHIIECHHS KiNbKOCTI
KJIaciB, 110 3HIDKYE AKICTh kimactepu3anii ctanis KC.
Bubip 3Hauens Oimpmux 0,8 TpU3BOAWTH [0
IpoOJieHHs KIaciB, MIO 3HIXKYE Yy3araibHIOIYi
BIIACTHBOCTI MEpEexKi.

Mepexxa ART2 cdopmyBana 101aTKOBI KIIacTEpH
JUTS. HEBIIOMUX T paHillle CTaHiB, 10 JaJI0 3MOTY
YiTKO BUPI3HUTU HOBi HecnpaBHi ctanu KC.

Indopmanii npo 1wi HecmpaBHOCTI He Oyno y
HaBUYANbHIN BHOipii. BHsBICHHS HOBHX CTaHIB HE
BHAMArajo po3po0JIeHHs CHeIialbHUX METO/IIB.

[Iporiec HaBYaHHA HEHPOMEPEKHUX EKCIIEPTiB
3aiiMae TIpoMiKkH dbacy 15-50 xB, 3a pecypcamu
Yyacy BiH € JOCTYIHHM JJIsl CepPEeAHbOCTATHCTHYHOT
KC.

[IpoBeneHi eKCIEPUMEHTH CBim4aTh MpPO TeE, IO
pe3ynbTaTh Kiactepusaitii ctanie KC 3a gqornomororo
OKpEeMOro BHUKOpHCTaHHs Heipomepexx SOM abo
ART2 MoxHa MOKpamuTH 32 paXxyHOK 3IiiCHEHHS
mapajieTbHOI  KJIacTepHu3allii  CTaHiB oboma
HEHpOMEpPEKHUMH eKCTIepTaMu Ta
B32€MOJIOTIOBHEHHS OJIEPKAHHUX PE3yJIbTaTiB.

3MIHACHIOETHCSA
OCHOBI  OIIIHKH
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Puc.2 — MaTpuus BiacTaHell Mixk KjacTepaMu Ta NpoeKuii Bincranel

(1] il

0 40 50 B0

(a) — micas 1000 iTepauiii HaBYaHHS

10 20

30 40 50

(B) — micast 3000 irepauiii HaBUaHHs

0

20 30 40

0.23

q

a0 B0

(0) — micas 2000 iTepauiii HaBYUaHHS

20 30 40

50

(r) — micast 5000 irepauniii HaBUaHHs

Puc. 3 - Pe3ysbTaTn Kiactepusanii cTaHiB HaBYaAJIbHOI BUOIPKH,
X — KiIbKiCTh KJacTepiB; ¥ — KiIbKICTh CTaHiB y KJIacTepax.

Tabauns 1. PesynbtaTn dpynkuiroBanus SOM

HaguanbHna Bubipka

TecroBa BuOipka

Kinpkicts
KPOKiB KinbkicTh KinbkicTs % BipHO Kinekicte | Kinbkicts % BipHO
naBuanns | craHiB KC | 3amoBHeHmx | kmacudikoBanux | craniB KC HOBHX K1acu()iKOBaHIX
y BUOipIi KJIaCTEPiB CTaHiB y BuOipmi | craniB KCy CTaHiB
BHOIpII

1000 50 56 49 20 5 25

2000 50 56 74 20 5 40

3000 50 56 87 20 5 60

5000 50 56 89 20 5 60
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Ta6umug 2. PesynbraTtn HaBuyaHHs Ta GyHKIiloBanHsa ART?2

Hapuanrnaa Bubipka TectoBa BuOipka
3HaueHHA
napamer- | Kinbkicts | KinbkicTs % BIpHO Kinbkicth Kinbkicts | Kinbkicts % BIpHO
pa craniB KC| cdopmoBa- | wmacudiko- | cranis KCy HOBUX HOBHX | KiacugikoBa
KoHTpOmmo | Y BHOipui HUX BaHUX BUOIpITI CTaHIB y | KJacTepiB| HHUX CTaHIB
KJacTepiB CTaHiB BUOIpLi
0,4 50 12 18 20 5 1 15
0,5 50 24 35 20 5 0 30
0,6 50 40 46 20 5 0 35
0,7 50 49 80 20 5 4 85
0,8 50 52 82 20 5 5 90
0,9 50 119 23 20 5 9 10

5. IHTETPOBAHA IDEHTU®IKALIA
CTAHIB KC

Hns inentudikanii crany KC 3 BUKOpUCTaHHAIM
HEHPOMEpeKHHUX eKCHepTiB apxitektyp SOM Ta
ART2, chopmyemMo iHTErpoBaHy KOHCTPYKIIIO
(puc.4) Ta HazBeMO ii cminkolo HeUpomepeICHUX
excnepmig i0enmudirxayii cmany KC.

KapTa KoxoHeHa

(e

X2
X={" MpoueAypa
. \ Mepeoxa ARD yaromienns —> CTaHKC
" pileHb
% () H /

Puc. 4 - CTpyKTypHa cXeMa CHiJIKH
HelpoMepeKHUX eKCHepTiB.

[lepen mowaTkoM mpolecy MiarHOCTYBaHHS Ha
MpOTs3i  JCIKOTO Tepiogy dacy KOMIIIOTEepHa
CHCTEMa BBaXKA€ThCS CIPaBHOI. 3a JIONOMOTOIO
3ac00iB  MOHITOPHHTY 30MparOThCS 3HAYCHHS i
napaMmeTpis Ta XapaKTePHUCTHK, BOHHU
JOTIOBHIOIOTECSI  €KCIIEPTHUMH 3HAHHSMH Ta Ha
OCHOBI 1i€i iH(popManii popMyeThcst HaOIp BEKTOPiB
inpopmariitHoro onmucy KC mist HaB4aHHS CIIIKH
HEUpOMEpeKHUX eKcrepTiB. Jlo ckiaxy HaBYaIbHOT
BUOIpKM  OOOB'I3KOBO  BXOJAUTH  JIIarHOCTHYHA
iHpopmaris npo Bigomi HecripaBHi ctanu KC.

Ilicns HaBYaHHA HEHUPOMEPEXKHI  CKCIEPTH
OpalioTs y pexuMi MoHiTopuHry crany KC.
[IpoBoauTtbes (dopmyBaHHA BEKTOPiB
indopmMmariitHoro ommcy mnorounux craHiB KC,
BimoOpakeHHss Ha KapTi KoxomeHa TpaekTopil
CTaHIB y daci Ta BHIAEThCS CIUCOK HOBHUX
KJacTepiB, cpopmoBaHux Mepexero ART.

‘ O0YaToK ’
>
\ 4

OpneprxaHHS BEKTOpa
iHpopmariiiHoro onucy crany KC

Kunacrepusa- Kunacrepusa-
mis SOM mist ART2
TaK
Ksom <K art
H1

A 4

Hoswii craH,
TIOCITI IKEHHS
CTaHy

1
i

A 4

InenTudikaris,
MTDOTHO3VBAHHS

[Iponossxutu?
Hi

Puc.5 — InterpoBana inenrndikanis cranis KC

VY pasi BHSBJICHHS 3MIIICHHS TOTOYHOTO CTAaHY
KC Ta Buxomy HOro 3a Mexi KIacTepy CIpaBHHUX
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CTaHiB 9YM (JOPMYBaHHS HOBOTO KJIACTEPY MEPEKEIO
ART npoBoautbes imentudikaigis crany KC Ha
OCHOBI pe3yJIbTaTiB pOOOTH 000X HEHPOMEPEKHHUX

EKCIIEPTIB.

YKpynHeHy OJI0K-CcXeMy AINTOPUTMY
iHTerpoBanoi ineHtudikauii cranis KC HaBegeHo Ha
puc.5.

VY3romxeHHs pe3yibTaTiB napaneabHOro
(GYHKLIIOBaHHS HellpoMepeKHUX EKCTICPTiB
3MIHCHIOETBCA 32  JOIOMOIOI0  IPOLEXypH
V3rOJDKEHHS  pillleHb, KOTpa  Oa3yeThcs  Ha
MPOAYKLIHHOMY OTpaIfoBaHHI JI0TaTKOBOT

iHpopmManii mpo HecmpaBHi craHu (3 0a3 3HaHb
3aco0iB  JiarHOCTyBaHHS Ta  BiJl  €KCIEPTiB-
JIarHOCTIB) JJa€ 3MOTY OUIBIN TOYHO iIeHTH(]IKyBaTH
cranu KC.

[Ipouec inTerpoBanoi imenTudikamii cranie KC
3MIACHIOETRCS A KEepyBaHHSAM  eKclepra —
JarHoCTa, KWW MPY BUSBJICHHI HEBIJOMHUX paHilie
HECTIPaBHOCTEH 3aHOCUTH 1H(POPMALII0 MPO HUX Y
0a3u 3HaHb 3aco0iB miarHoctyBaHHA KC Ta mpwm
notpedi (HakomuueHHI 00'emiB iH(oOpMamii mpo
HEBiZIOMi paHillle HECPaBHOCTi) MEPEHABYAE CIUIKY
HEHPOMEPEKHHUX EKCIEPTiB.

6. BACHOBKU

1. BukopucranHa iHQOpMamiHHUX MOJENeH Yy
3acobax nmiarHoctyBaHHsA KC mae 3Mory 3a paxyHOK
BpaxyBaHHS  pe3ylbTaTiB  poOOTH  Mporpam
MOHITOPHHTY Ta 3HaHb  EKCIEpTiB-liarHOCTiB
omucatu cranu  KC B yMOBax  HEMOBHOI
1arHOCTUYHOT iHpopMmarrii 1010 3Ha4YEHb
mapameTpiB 1 XapakTEepUCTHK amapaTHUX Ta
IIPOTPAMHUX CKJIAJIOBHX.

2. lltyyni HelipoHHi Mepexi apxitektyp ART2 i
SOM 3abe3neuyroTh MOXIIMBICTh KJacTepH3ailii
craniB KC. JlocnmimkeHHs mokasaiu, mo pe3yiabTaTh

kimactepm3aiii cranie KC mmMmm  Mmepexamu €
B3a€MOJOIIOBHIOIOYHNMU.
3. 3anporoHoBaHO HOBUH HiaXin o

ineaTudikamii craniB KC 3 BUKOPUCTaHHSIM CITUTKH
HEHpOMEpE)KHUX EeKCIEPTiB, SAKHH 3a pPaxyHOK
Y3TOKCHHSI Pe3yNbTaTiB poOOTH HEHpOMEpeKHUX
eKCIIePTiB

3abesmneuye MOJKJIMBOCTI KJlacTepusartii,
MPOTHO3YBAaHHS Ta BUSBJICHHS HEBIOMUX paHilie
cranis KC.

4. JlomyckaeTbcs  BIUIMB HA  Pe3yjibTaTH
JNOCHIDKEHb ~ po3Mipy Ta  CKJIagy  BEKTOpY
iHopMaIiitHOTO OMHUCY, TOMY WHUTaHHA BUOOPY
ONTHMAJIBHUX  KITBKOCTI, CKJIaay Ta  OIlIHKH
iHpOPMAaTHBHOCTI CJIEMEHTIB BEKTOpa
iHpOopMaLiiHOTO omHCy NOTPeOYIOTh MOJANBIINX
JIOCIIIKEHb.
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OkcaHa [lomoposa, y 1992
poui  3akiHyuna akynbmem
KibepHemuku Kuiscbko20

HauioHanbsHo20 YHieepcumemy
im.T.LLlegueHko.

lpaurosana iH)XeHepoMm-

rpozpamicmom ma

2\ acucmeHmom Ha kaghedpi

{ _ “ KOMM''omepHUX cucmem ma
- S mepex XmenbHUYbKo20

HaujoHanbHO20 yHieepcumemy. Y 2002 poui

ompumarna  Haykoeul — cmyniHb  KaHOudama
mexHiyHux Hayk. [llpauroe douyeHmom Ha Kaghedpi
cucmemMHo20  rpoepamysaHHs — XMebHUUbKO20
HaujoHarnbHO20 yHieepcumemy.

Obnacmb  Haykosux iHmMepecig: cucmemu
wmy4Ho20 iHmesiekmy, OiaegHoCmyB8aHHs1
MIKPOMpOUeCcopHUX npucmpoie i cucmem, WmyyHi
HeUPOHHI Mepexi, eKcriepmHi cucmemu.

Onyb6nikysana 6inbwe 40 Haykosux npaypk. YneH
iHecmumymy enekmpopadioiHxeHepie (IEEE).
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Abstract: The main principles of methodology of intellectualization computer systems diagnosing process are
presented in paper.Offered the information model, method and means of computer systems states clusterization provide
an opportunity of diagnosing on the basis of the incomplete diagnostic information. For identification of computer
systems states are used the union of neural nets experts which are constructed with use of artificial neural networks

architecture ART2 and SOM.

Keywords: Diagnosing of computer systems, Artificial neural networks, The union neural nets experts, Clusterization

of computer systems states.

1. INTRODUCTION

The primary goals of computer systems (CS)
diagnosing at an operation stage are definitions of
CS operability and forecasting of their states.

For today a hardware for diagnosing of computer
systems at an operation stage practically are absent,
therefore a dominating role for diagnosing play
software which fix parameters of separate CS
components and inform the user about their
deviation. User defines necessary actions on
elimination of problems; therefore correctness and
an optimality of these actions depend from its
qualification.

The perspective direction of improvement of
technical diagnosing means is using of artificial
neural networks (ANN) by them.

2. STATEMENT OF PROBLEM

The purpose of research are development and
improvement of CS diagnosing means at an
operation stage in conditions of the incomplete
diagnostic information concerning values of
hardware and  software  parameters and
characteristics.

For achievement of the purpose is necessary to
develop the methodology of intellectualization of CS
diagnosing process at an operation stage, and also is
necessary to investigate an opportunity of using of
artificial neural networks for the decision of CS
states clusterization and identifications problems and
to develop corresponding means for their basis.

3. CS INFORMATION MODEL

By development of diagnosing means the high
level of complexity of modern computer systems

limits using of modeling methods which are based
only on consecutive decomposition of computer
systems on components.

One of variants of this problem decision is
construction of information models on the basis of
the experimental data and supervision over real
computer systems. Offered in [1] CS information
model is universal and allows reducing a diagnosing
problem at the initial stages to a problem of CS
states clusterization.

4. NEURAL NETS EXPERTS

Acrtificial neural networks are used for realization
of CS states clusterization means on the basis of the
offered information model.

The problem consists in a choice such neural
networks architecture which will display groups of
nearby states in groups of nearby clusters and will
provide adequate reflection of information
descriptions unknown faults in state clusters.

The widespread and investigated architecture
meeting specified requirements, are Kohonen self-
organizing maps (SOM) and networks of an adaptive
resonance (ART). Architecture ART2 using for
processing input vectors which values are real
numbers. We shall carry out clusterization and
forecasting of CS states on the basis of results of
neural nets ART2 and SOM. Specified neural nets
we shall name neural nets experts of CS states.

5. TRAINING OF NEURAL NETS
EXPERTS

The input information for CS states clusterization
by neural nets experts are vectors of the information
description which consist of n elements [1].
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On output neural nets experts will specify numbers
of classes to which CS states belong and a trajectory
of states.

Value of elements of information description
vectors the gather from different sources, namely:

— results of CS monitoring at an operation stage
with use of the known or specially developed
monitoring means;

— results of CS testing by firms - manufacturers;

— results of CS testing by the user at different
operating modes at different loadings;

— data received on the basis of modification in
information vectors which characterize an ideal
CS state;

— expert data on the basis of which are formed the

descriptions of CS faults.

Completeness of the information description
depends on quantity of elements of a vector and
them comprehension.

Educational sample included 250 vectors of the

information description which characterize 50 CS
states; test sample contains 30 vectors among which
5 describe new faults.
SOM. At modeling SOM the quantity of classes has
been selected equal 56, therefore was construction
two-dimensional [7,8] hexagonal map. Results of CS
information descriptions vectors clustering for
educational and test samples are in table 1.

Table 1. Results of functioning SOM

Training samples Testing samples
Number
. Number of

training Number of I\_Iumber of % right state Number of new CS % right state

epochs CS state fill clusters CS state state
1000 50 56 49 20 5 25
2000 50 56 74 20 5 40
3000 50 56 87 20 5 60
5000 50 56 89 20 5 60

Table 2. Results of training and functioning ART?2
Training samples Testing samples
. Number | Number
Vigilance || Number of| - Number of | o, o qeare | NUMBErOf | oeor | ofnew | % right state
CSstate | fill clusters CS state
CSstate | clusters

0,4 50 12 18 20 5 1 15
0,5 50 24 35 20 5 0 30
0,6 50 40 46 20 5 0 35
0,7 50 49 80 20 5 4 85
0,8 50 52 82 20 5 5 90
0,9 50 119 23 20 5 9 10

Clustering was carried out after 1000, 2000, 3000
and 5000 iterations of training. The analysis of
diagrams and results of states distribution shows,
that in this case for training SOM there are enough
3000 iterations. The further training essentially does
not improve results of functioning. Recognition by
SOM of CS states from test sample has not given an
opportunity to identify unknown states (faults).

ART?2. Results of ART2 modeling are in tables 2.
Parameter "vigilance" is essential influence on
results. It displays a desirable degree of "similarity"
of input vectors. Optimum clustering of CS states
has been received at values of vigilance lay in an
interval [0,7-0,8]. The choice of vigilance smaller
0,7 leads to reduction of quantity of classes that

reduces quality clustering of states. The choice of
vigilance greater 0,8 leads to crushing of classes,
that reduces generalizing properties of a network.

Network ART2 has enabled to reveal new states
of computer system (faults) for which have been
generated separate clusters. Information about these
faults was not in educational sample. Revealing of
new states did not demand development of special
methods.

The lead experiments testify that results of CS
states clustering by means of separate using of
neural nets SOM and ART2 can be improved due to
realization parallel clustering states both neural nets
experts and integration of the received results.
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6. INTEGRATED IDENTIFICATION OF CS
STATES

The further coordination of parallel functioning
neural nets experts results and using of the
additional information on inoperative states (from
knowledge bases of diagnosing means and from
experts-diagnosticians) enables to identify CS states.

For identification of CS states with use neural
nets experts SOM and ART2 we shall generate the
integrated structure (fig.1) and we shall name it’s the
union of neural nets experts for identification of CS
states.

State Coordination cs
Procedure ——>» state

N
WS

Fig. 1 - The block diagram of the union neural nets
experts

Process of the integrated identification of CS
states is carried out under control of the expert -
diagnostician who coordinates decision received
neural nets experts, and at revealing unknown faults
brings the information in knowledge bases of CS

diagnosing means.

7. CONCLUSIONS

1. Using of information models in CS diagnosing
means enables to describe state of computer systems
in conditions of the incomplete diagnostic
information concerning values of parameters and
characteristics of  hardware and  software
components. For that is necessary to take into
account results of monitoring programs and
knowledge of experts-diagnosticians.

2. Atrtificial neural networks ART2 and SOM
provide an opportunity clustering of CS states.
Researches have shown that results of CS state
clustering by these networks are complementary.

3. The new approach for identification of CS
state with use of the union neural nets experts is
offered. It provides an opportunity of forecasting of
CS state and revealing unknown before faults due to
the coordination results of work neural nets experts.

4. The size and structure of information
description vector are influence on results of
researches, therefore questions of choice optimum
quantities, structure and estimations quantity of
information in elements of the information
description vector are require the further researches.
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