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AHoOTANiA: V yiu cmammi aemopamu 062060peHO nioxXo0u 00 BUSGLEHH CIPYKMYPU OAHUX BUCOKOL PO3MIPHOCMI i3

BUKOPUCIAHHAM — Heupomepexc, o

CAMOOP2anizyIOmuCs.

Buceimneni  nioxoou euxopucmosyrome  epagiuni

300padiceHHs  0ns  IHmepnpemayii cmpykmypu Oauux. Anpobayis ycniwHocmi 3aCmoCy8aHHs 3aNPONOHOBAHUX
MEeXHON02IU aHANi3Y CMPYKMYP OAHUX NPOBedeHa HA MeOUYHUX OaHUX, AKI CIOCYIOMbC NAYIEHMIB i3 KapOiono2iuHuMu
3ax60pHOSAHHAMU. AHANTI3Z CIMPYKMYPU MEOUUHUX OAHUX € NPOOOBI’CEHHIM NONEPEOHIX OOCHIONCEHb AGMOPI6 3 MEemo
PO3POOKU edheKmuUBHOI MmexHoI02ii diaeHOCMYBANHA Y MeOUYUHI.

KuawuoBi ciioBa: diacnocmyeanns, kiacmepuszayis, Kiacu@ixayis, wmyuHi HeupoHHi Mepedici, Gi3yanizayis OaHux.

NMOCTAHOBKA 3A[0AU4I
B 3ArAJlIbHOMY BUNAAQI

Jnst anamizy MeAWYHUX JaHHX, OPI€EHTOBAHOTO
Ha TIOMYK 3aKOHOMIPHOCTEH YTBOPEHHS TpyII
MAaIliEHTiB, MOXXHAa  BHUKOPUCTATH  TEXHOJOTIl
MaITHHHOTO HAaBYAHHS, ITOB’s3aHi 13 TPyIyBaHHIM
noHATH [1], 30kpemMa, METOIU KJIacTepu3allii JaHHX.
3acTocyBaHHS IIMX METOAIB Na€ 3MOTY BHU3HAYaTH
CTPYKTYpH HaHUX IXHIM TIOMIJIOM Ha TPyHH Ta
MOJAJBIIUM BUAUICHHSIM BU3HAYAJbHUX O3HAK, 3a
SKHMH MOKHa PO3pi3HATH Taki rpynu. Lli o3Hakm
BHUIUISIFOTh 3 MHOXXWH O3HaK, SKHMH € CHMIITOMH
XBOpOO abo pe3yibTaTH aHaji3iB, OTPHUMAaHWX Ha
eTam  OOCTeXEHHs  XBOPOro, IO  MEpeiye
BCTAHOBIIEHHIO  JllalHO3y  Ta  TNPU3HAYEHHIO
JTiKyBaHHA. METOI0 TPOBEICHOTO IOCIIHKCHHS €
KJacTepHu3allisi MEAMYHUX NaHUX Ta BHSBICHHS Ha
Lili OCHOBI MPUXOBAaHUX B HUX 3aKOHOMIPHOCTEH.

IIpoanamizoBani maHi (HOpMyIOTH  mabauyo
nputinamms piwens B = (Z ,AU {d }) 2], ne Z —
MHOXHHA BCIX 00’€KTIB JOCHTIIKEHb — MAIl€HTIB, a
A= (a1 ,az,...,am) — xoprex [3] arpubyTiB (crMII-

TOMIB ~ Ta  pe3yJibTaTiB  OOCTeXEeHb),  sKi

BCTaHOBIIOIOTh BIAMOBINHICT BUNLINY a:Z —>V
ne V,

NPUUHAMMSA  pilleHb.
HA3UBAIOTh YMOGHUMU,

— nomen arpubyry a € A, d — ampubym
Atpubytn MHOXHHH A
abo ymoBamm, a d —
piwennam. Tabmumo B = (Z ,A), OTpHMaHy 3
TAOJINIll TIPUAHATTS PilllcHh BUIYYCHHSIM aTpHOYTY

iH(hopmayitinoio
cucmemoro. KoxHuil psgok z = (Z1 »Z, ,...,Zm),

NPUAHATTS  pillleHb, HA3UBAIOTh

z € Z iHpopManiitHOl CHCTeMU Ha3UBaTUMEMO /puU-
kaadom. IIpuknan € KopTekeM, eIeMEeHTaMU SKOTO €
3HAYEHHs BiANOBIIHUX aTpUOYTIB KOPTEKY A .

Y HamoMy BUNAAKy JIOMEHH aTpuOyTiB €

TaKAMH, 110 Va, :{0;1 } (i:L_m), v, :{0;1 }

3ayBaxuMo, 110 TUTS KJIacTepHu3allii
BUKOPUCTOBYIOTh JaHi 3 iH(opmamiiHoi cuctemu,
TOOTO MpHKNagy 3 B = (Z , A).

Knactepuszamiss monsirae 'y moOyIoOBi rpyn
00’€KTIB y TIEBHOMY CEHCI MOMIOHMX MIX CO00O0IO.
I'pymyBaHHS BHKOHYIOTH Ha OCHOBI 3HA4eHb
cnerianbHoi (QYHKII, fKa € Mipor MOMIOHOCTI
00’extiB. OTpUMaHi TPYITH HA3UBAIOTh KIACMEPAMUL.

IcHylOTh pi3HI MigXOAM JO BHUPIMICHHS 3aaadi
knacrepusanii [4]. Ha puc.1 [6] 300paxkeHo mporiec
KJIacTepu3alii MHOXKUHH 00’ €KTiB {a,b, c,d ,e}, e
JIEHAporpaMa Bi3yalli3ye TpolecH 00 €THaHHS Ta
MOJIITY KJIAacTepiB, IO € PE3yJIbTaTOM I€papxidHOl
KIlacTepu3ariii.

Hetipomepexi tamry SOM (self-organising maps)
€ 1Ie OJHIEI0 e(DEKTUBHOI TEXHOJIOTIEI BUSIBJICHHS
KJIACTEPiB y JIaHUX Ta JOCITIKCHHS CTPYKTYD JaHUX
y 3amadax BumoOyBaHHs naHux (data mining and
knowledge discovery [7]). Ili Helipomepexi
0COOJMBO MPUBAOIUBI IS aHANI3y JaHUX 3aBISKU
ixHIM 37aTHOCTI Bi3yamizallii pe3yJbTaTiB aHaNmi3y.
ANTOPUTMH ~ HaBYaHHSI  HEHpPOMEpexkK SOM
BCTAHOBJIIOIOTh BIJTMOBIHICTh MPHKJIaJaM BHCOKOT
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PO3MIpHOCTI HEHPOHHU PO3TAIIOBaHI y By3/1aX IPaTKH
MEHILO1 PO3MIpHOCTI. Koxnomy HEUpOHY
MIOCTABJICHO Y BiJMIOBIHICTh BEKTOP AIMCHUX YUCEIL,
SIKMH Ha3WBaIOTh BarOBUM.

Konuentparis (AGNES)

Kpox 1 Kpoxk 2 Kpok 3 Kpoxk 4

\4

A

Kpox 3

Kpox 2

Kpox 1 Kpok 0

TloxinbaicTs (DIANA)

Puc. 1 — Liroctpauist niaxoais ao peanisauii npouecy
KJIacTepu3anii, OCHOBAHMX Ha i€epapXiYHUX MOAITBHO-
CTi Ta KOHIeHTpauii

BriopsiakoBaHi 32 MEBHUM MPUHLMIIOM HEHPOHH
TpaTKd  BUKOPHCTOBYIOTH  JUIS  Bi3yauizaril
BJIACTUBOCTEM JAHUX, 30KpEMa, iXHBOI KJIACTEPHOL
cTpyktypu. Taky Bisyamizamito JaHMX MOXHA
BUKOPHUCTATH IS BU3HAYCHHS AKICHUX
XapaKkTepuCTUK 00’ eKTIB (qualitative information).

Heiipomepexxa € wopemmo, sika BigoOpakae
CTPYKTYPY MHOXHHU TPUKIANIB 1HQOpMAIiiHOT
cucremu.  KmactepHa  CTpyKTypa  MHOXHHH
npuKiIagiB  iHQopMaliifHOI cHUCTeMH BH3Ha4ae
pO30OUTTS MHOXMHHM BaroBUX BEKTOPIB HEHPOHIB.
CTpyKTypHI 3aKOHOMIPHOCTI PO3MOIiITY TPHUKIAIIB
iHpopMaILiiiHOT cuUCTeMHU ampiopi HeBigomi, a iX
BU3HAYEHHS € MpobJeMoro, SKy BHUPIIIYEMO
HaByaHHAM Mepexi SOM. Ilpomec HaB4aHHA
BHKOPHCTOBYE TUIBKH ITi 3aKOHOMIPHOCTI 0€3 omat-
KOBHUX NpHUIYyIIeHb a0bo iHdopMmalii mpo 3amady, mo
BHPIIIYETHCA.

Mepexxka SOM, sKy OyjI0 BHKOPHUCTAHO JUIS
aHaji3y MEAWYHUX [aHWUX, CKJIaJae€TbCsl 3 M
BXITHUX HEHWPOHIB Ta TPaTKu HeWpoHiB. [lpukian,
SIKU TTOal0Th Ha BXIiJ HEHPOMEpexXi € 6XiOHUM
séekmopom. Knacrepu 3  HEHpOHIB  Mepexi
YTBOPIOIOTHCS BIIPOIOBK HABYAHHS 3aCTOCYBAHHIM
BIIOMHX alTOPUTMIB MOCTIIOBHOTO yTOYHEHHS
BaroBux BeKTOpiB. OOYMCICHHS! OpPraHi3oBaHO TakK,
o KiacrtepaM iH(GOpMaIiiiHOI CHCTeMHU BiAIMOBina-
TAMYTh KJIACTEPH BaroBHX BEKTOPIB HEUPOHIB ¥y
rparai. KoxkHomy mnpukiagy Ta Omu3pkuM Homy
MIPUKJIaaM, SIKi YTBOPIOIOTH KJIACTEPH, BiAIOBimae
rpyIia HeWpOHiIB 3 OJU3BKUMH BarOBUMHU BEKTOPAMHU.
YIpomoBXK HaBYaHHS KOXHUN BXIIHHUNA BEKTOP

MOPIBHIOIOTh 13  BaroBUMH  BEKTOpaMH  YCIX
HEHpOHIB, cepel SIKUX BHUOHMpAIOTH TOH, IO
3aJI0BOJIbHSIE YMOBY EKCTPEMYMY II€BHOI LiTbOBOI
¢yskiii. HelipoH, ans sSkoro BHKOHAaHA Il YMOBA,
HA3UBAIOTh Helpornom-nepemodxcyem. OUeBUIHO, 10
HEHpOH-TIepeMOKellb ~ ICHye sl JOBLIBHOTO
BXiTHOTO  BekTopa. Sk  WimboBY  (yHKIIiIO
BHKOPHCTOBYIOTh CKAJIIPHUH JTOOYTOK BXiIHOTO Ta
BaroBHX BEKTOPIiB a00 EBKJIIJOBY BIJCTaHb MiXK
HUMH.  HeiipoH-iepeMokellb ~ BH3HAYa€E  CBOE
mononoziune cyciocmeo SK MHOXHWHY HEWPOHIB,
ONMM3BKMX N0 HBOTO 3a BBEICHOIO BiJCTaHHIO.
HeiipoHu 3 TOMONOTIYHOIO CYCiICTBa HABUYAIOTH 3a
BUOpaHUM  alIrOpUTMOM. Mepexky  BBaKAIOTh
HaBUYEHOIO, SKIO BUKOHAHI TTEBHI YMOBH 3aKiHICHHS
aITOPUTMY HaBUYaHHS. Y TOJANBIIOMY BHKIAJCHHI,
Helpomepexy SOM TakoX Ha3UBaTUMEMO Me-
pexero KoxoHeHa, OCKIMbKH 11 HaBYaHHS 3IiHCHEHE
3a anroputMoM Koxonena [8].

AHANI3 OCTAHHIX AOCHNIAXEHb

OcHOBHHI HaIpPsIMOK IOCIIIHKEHD 13
BukopuctaHHsM SOM moB’s3aHuil 13 aHaNi3OM
HECTPYKTYPOBAaHMX Ta CJIA0KO CTPYKTyppOBaHUX
JAHWX, BUSBJICHHSM NPUXOBAHUX CTPYKTYp Ta Bi3y-
anmizauii mpoueayp Ta pe3yibTariB aHamizy. B ocran-
Hi POKM 3Ha4YHA KiIbKICTh TMPallb i3 BUKOPUCTAHHSAM
Helipomepexx SOM npuCBSYCHA aHAI3y TEKCTOBOT
iHpopmanii. Cepenq TakuX JOCHIIKEHb IIKaBO
BiIMITUTH  POOOTHM 3  aHaNi3y JIOKYMEHTIB,
BHKOHAHWX TIPUPOAHMMH MOBaMH. T paawiiiiHmit
00YHCITIOBATIEHUN aHaJi3 TEKCTY Ha MPUPOAHINA MOBI
94acTO 30CepeHKEHII Ha 1l CHHTAaKCUYHINA CTPYKTYPI.
OmHOYACHO ITHOPYIOTH 3arajlbHUN KOHTEKCT TEKCTY,
SKUi € o0’exkToM aHami3y. lomoBHa yBara y
JOCHIDKEHHIX 3 BUKOPUCTaHHAM SOM
MIPHUJIUTSIETHCS. HEe aHaJli3y MOBHHX KOHCTPYKIIIH Tek-
CTIB, a B3a€MO3AJIEKHOCTI PI3HUX TEKCTOBHX JOKY-
MEHTIB 38 KOHTEKCTOM. AHalli30M BEJTUKHX OOCSTiB
JIOKYMEHTIB POOJIATHCS CIpOOM 3HAXOJDKEHHS KOH-
LENTyaJbHUX, BHYTPILIHBO-CUCTEMHUX
3aJeKHOCTEH, SIKI MOXYTb OYTH  OCHOBOIO
3MICTOBHOT'O HABaHTa)KEHHS CIIiB.

ABtopu Tmipartii [9] 3ampomoHyBamM MiOXid 0
aHaidy  TEKCTOBHX  JOKYMEHTIB 13  pI3HHX
eKCHEepTHUX  Taly3ed, 10 Ja€  MOXIIUBICTb
3HAXOAUTH TEMaTHYHO CXOXI TEKCTH 0e3 KOAHOI
monepenuasoi  iHMopmarii mpo Hux. OTpumani
pe3yibTaTH BKa3yIOTh Ha Te, 10 JOCTaTHHO IMPOCTHIH

aHali3  KIIOYOBHX CINiB y  KOMOiHamii i3
Helipomepexero  SOM  moxke  Oyth  myxe
e(pEeKTUBHUM  JUIs  BH3HAUEHHS  KOHTEKCTHOI

3aJIeKHOCTI MK TEKCTaMH Ta 1X aBTOpaMH.

VY HayKOBHX KOJaX aKTUBHO OOTrOBOPIOIOTH
MOIIMPEHHS  Ta  poib  MDKAMCHUIUTIHAPHUX
JocmipkeHb. Haxkans, He icHye Xopomoro 3acoly
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U  BUMIPIOBAaHHSI  MIipH  TIOMIUPEHHS  TaKWUX
JOCTI/DKEHh Ta iXHBOI BaXKJIMBOCTI ISl PO3BUTKY
Haykd. Y mpaui [10] oGrosopeno 1o npoOnemy, a
aBTOpaMH  3allpOMIOHOBAHO HOBWW amapar BH-
MipIOBaHHS MUKIUCIUTUTIHAPHUX JOCTIKCHb, KU
0azyeTrbcsi Ha Helipomepexxi SOM. [lns ananizy
BMIiCTy HaYKOBHUX ITyOJiKaIliii Ta TOKyMEHTIB aBTOPH
BHKOpHCcTOBYBaiH Metoq WEBSOM.

Heiipomepexi SOM 3apekomenayBanu cebe sk
THYYKUH amapar, e(QeKTHBHO 3aCTOCOBHHM IS
pI3HUX TPHUKIAAHUX TpoOieM. 30Kpema, y TMparli

[11] aBTOpaMu JOCTIKEHA MOKIIUBICTh
3acTocyBaHHS Helipomepexx SOM ansi BU3HAUCHHS
Ta  OIUCY OHTOJIOTIYHUX 3B S3KIiB MIXK

CEMaHTUYHUMH 00 €KTaMH Ta KiiacaMu 00’€KTiB y
0a3l Bi3yasibHUX 00’€KkTiB. BuBYamuch Tak OHTO-
JIOT14HI 3B’SI3KH SIK CITiBICHYBaHHS, TAKCOHOMIs Bi3y-
aTbHOI Ta CEMAHTHYHOI MOMIOHOCTI, a TaKoX TIPO-
CTOPOBi 3B’SI3KH. Y [BOMY JOCIIJKEHI aBTOpaMu
BHUKOpPHUCTaHO 0a3y JaHuX i3 2618 300paxeHs.

Y mpami  [12] mocmimKEeHO ~ MOMKIIHUBICTB
BukopuctanHst SOM 1 cUCTeMH TNPUHHATTS
pimens DERSI, siky npusHadeHo ajst aBToMatu3anii
MPUAHATTS pillleHb IS BHU3HAYEHHS J1e()eKTiB.
KinmeBoro MeToro IbOTro MOCHIHKCHHS € POo3podKa
KOMIT IOTEpH30BaHOI CHCTEMH TNPHHHATTS PIllICHb
UIE  aToMHOI  enekTpoctaHmii.  OpHielo i3
ocobmuBocteii cucremu DERSI € HasBHICTH MHO1M-
HO-MAIIMHHOI 1HTep(eNCHOI YacTHHHU, Ky edek-
TUBHO BUKOPHUCTOBYIOTb AJISl IPUUHATTS PillICHb.

Huzka  mocnmimkeHp OO0  MOXKIIMBOCTI
BUKODUCTAHHA  INTYYHHX  HEWPOHHHX  MEpEeK,
30kpemMa SOM, y MeaunuHi BHCBiTIIeHO y [13]. V
il Tpami MpoaHaNi30BaHO YCIIIIHICTh JEKiThKOX
3aCTOCYBaHb IUTYYHHX HEHPOHHUX MEpeX I
JiarHOCTYBaHHS XBOPUX Ha PAKOBI 3aXBOPIOBAHHS.

L CTATTI

Mertoro crarTi € BHUCBITIEGHHS e(EKTUBHHUX
croco0iB  Bi3yamizallii pe3yibTaTiB 3aCTOCYBaHHS
HaBUeHOI Helpomepexi KoxoHeHa i aHamizy
CTPYKTypu IaHuWx. Taka 3ajaua BHpilyBajach y
KOHTEKCTI  JTOCTIDKEHHS  MOJENeH  NpHHHATTA
pilleHh Yy MEAWIMHI 3 METOI IPOTHO3yBAHHS
JiarHO3y 3aXBOPIOBaHb B IMYHOJIOTIT Ta KapIioJorii.
VY pesynbTaTi NpPOBEACHUX IOCTIKEHb BIAETHCS
BUSBHTH II€BHI 3aKOHOMIPDHOCTI BCTAHOBJICHHS
JiarHO3y MUIIXOM Kiach(pikarlii marieHTiB Ha OCHOBI
aHajily Tpylml CHMOTOMIB  3axBOPIOBaHb  Ta
pe3ynbraTiB obcTexkeHb. JlochimkeHHs 37iiiCHIOBa-
JUCh 3acTocyBaHHSAM HeWpomepexx KoxoHena st
IpyNyBaHHS JaHUX SIK Oe3 ypaxyBaHHS aTpuOyTy
MPURAHATTS PillleHb, TaK ¥ 13 HOro ypaxyBaHHSIM.

Y crarTi TPOBEACHO TOPIBHSHHSA PI3HUX
croco6iB Bi3yamizaii pe3yNbTaTiB
KJIacTepu3ariii 0araToBUMipHUX JAHUX,

BUKOHAHOTO 3a JOMOMOIOI HEUpPOMEpExK, IO
camMoopraHizyrorbcsa. Takuil miaxia gae 3mory
BUSIBIIATH MO>KJIMBI BIIXWJICHHS Y BCTAHOBJICHHI
JiarHo3y, BIOCKOHAJIOBATH IIed TpoIrec Ta
KOPEKTYBAaTH MIPU3HAYCHHS JTIKyBaHHS.

OCHOBHWIA MATEPIAN

ABTOpaMH B)X€ NPOBOAWINCH IOCHIIKEHHS 3
METOI0 MOOYA0BY Kiacu]ikaTopa JUisi BCTAHOBJICHHS
niarHo3y i3 BHUKOPHCTAaHHAM HeiipoMepeki SOM,
HABYCHOI pI3HMMHU QITOPUTMaMU Ha MPHKIAIaX
iHpopMmariitHoi cuctemn B = (Z ,A) 3 JaHWMH, Ha
OCHOBI SIKHX BCTAHOBJICHO JliarHO3 MEBHOTO KapJio-
3axBOproBaHHs. [loIIyK 3aKOHOMiIpHOCTEH BUKOHAHO
Ha JaHuX, 310paHUX BIPOIOBK OOCTEKEHHS MalieH-
TiB 3 METOI0 BHSBICHHS MEPEIyMOB BHHUKHEHHS
MIEBHOTO Kapi0JIOTITHOTO 3aXBOPIOBAHHS.

Jdns  aHamizy BHUKOpHCTaHO JnaHi mnpo 3532
narienTd, 3i0pani y Ttabmumro 3 13 arpuOyramu,
KOXXEH 3 SKHX BIJNOBiTa€ TIEBHOMY CHMIITOMY.
JiarHo3oM € 3Ha4YeHHS aTpUOyTy NPUIHATTS
pilieHb, MO3HAa4YCHE ONUHMLEI abo HyleM, IO
BiJINIOBila€  HasBHOCTI abo  BIiACYTHOCTI  3a-
XBOPIOBAHHS, BiJIITOBITHO.

Koxnuit atpulOyt mae 3nauenHs 0 abo 1, craTop
MaIll€HTIB NO3HAYeHa OIMHHUIIEI0 IS JKIHOK, Ta
HYyJIEM — ISl YOJIOBIKiB. 3a BIKOM TAIli€EHTH PO30UTI
Ha JIBi rpynu: namieHTd 10 50 poKiB MO3HAYAIOTHCS
y 0a3i oaumHuiEeo, a monoAmi — HyneM. Lli nmani
aBTOPH BXKE aHAJI3yBallM i3 3aCTOCYBaHHSM IHIITUX
meromiB [14-15].

HaBuanns neiipomepexi Koxonena geransHo go-
CITIJKEHO, a HOTO pe3yJIbTaTH OMyOIiKOBaHO Y Tpalli
[8]. ¥V mpomomxkeHHS ITMX IOCTIHKCHH HABEAEMO
MOXUJIMBI ~ TIAXOAM 10 Bi3yamizamii  mOporexyp
MIPUAHATTS PillIeHb, SKi BUKOHYIOTHCS 3 JOMOMOTOIO
HaBUYeHOI Mepexi KoxoHeHa.

Jiis knacTepu3allii BXiTHUX JTaHUX HaBYCHO HEW-
pomepexxy KoxoHeHa, mpoBeaeHO AeTalbHE TOCHTi-
JKEHHSI alTbTepHATHBHHUX AJITOPUTMIB HABUYAHHS TaKOi
Mepexi Ta 3HAWJEHO ONTUMAallbHI 3HAYEHHs mHapa-
METPIB I[UX aJTOPUTMIB JIJISl TOCTIDKYBAaHUX JTAHUX.
3anpornoHoBaHO ANTOPUTM moOynoBU
KiacudikaTopa, SSIKUH BUKOPUCTAHO IJIST aBTOMAaTHY-
HOTO BCTAaHOBJICHHSI NliarHO3Y [8].

Jns HaBYaHHS HEHpoOMepexki Ta OLIHKM SKOCTi
poboTtu oOymoBaHOTO Ha 1i OCHOBI Kitacudikaropa,
BCSl MHOJKMHA JJAHUX TPO TAIliEHTIB po30uTa Ha JIBi
YACTHHU — HABYAIbHY J Ta mepesipouny Z \ ¥

HaBuena neiipomepexa KoxoHena nama 3mory
BCTaHOBHTH TEBHI 3aKOHOMIPHOCTI Y MHOXHHI TIPH-
KnaniB iHpopmauiiiHoi cuctemu. BukopucTaHHIM
BiJJOMHX 3HaueHb aTpHOyTy NPUHAHATTS pillleHb Bij-
MTOBITHOI CUCTEMH TPHHHSTTS PillleHh BCTAHOBJICHO
MIIMHOKWHH TIPUKIAAIB, SKUM BIIOBITA€ KOXKHHUI
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Hetipon — Helipomepeki  Koxonenma.  Hamanns
HellpoHaM HOMepa KiacTepa BIINOBITHUX HOMY
MpUKIIaIiB Ha3UBaIOTh mapkyBanuam, a
HEUpOMEpEexKy, KOXKHUM HEHUpOH AKOi OTpUMaB HO-
Mep KJ1acTepa, Ha3BEMO NPOMAPKOBAHOIO.

3 momomoror mpomapkoBaHoi Mepexi Koxonena
moOymoBaHo  Kiacu(ikatop, SKHHA  JTO3BOIUB
BCTQHOBUTH KOXKHOMY MPHKJIAAy 3 MHOXUHH Z
3HaYeHHS Moro arpulyTy UpHUHHATTS pillleHb, a,
OTXKe, I1arHO03 B1AIOBIAHOTO Malli€HTa.

Puc. 2 — ®parment Helipomepexi Koxonena i3 xpecro-
BH/IHUM IIATEPHOM CYCiACTBOM

AHami3z JaHUX ~ OpIEHTOBaHWA HAa  TOIIYK
»[IPUPOTHUX”’ KIAcTepiB, A KOXKHOTO 3 SKHX
XapakTepHa TieBHa rpyna cumnroMmiB. OiiHeHa
KUTBKICT ~ KJIACTEPiB Yy  MHOXHWHI  TPHUKJIATIB
iHpOpMaLiiHOT CHUCTEMHU. Buxopucranus
Helipomepexi KoxoHeHa fae 3MOry 3IIHCHUTH Take
OIIIHIOBAHHS BI3yaJhbHO Ha IUIOCKOMY 300pa’keHHI
IpaTku  HelpoHiB. Bisyamizamito  pe3ynbraTib
KJIacTepu3alliss HaBYCHOI HelipoMmepexero Koxone-
Ha BUKOHAHO QJTOPUTMOM, KW HA3WBAETHCS A120-
pummom U-Matrix [16].

HocnimxeHas HaBueHOi Heiipomepexi Koxonena
BHKOHAHO y TaKil MOCIiTOBHOCTI.

1. OOGuuciIeHHs] BUCOT HEUPOHIB Ta MOOY0Ba KapTH
Bucot (U-Matrix).

2. IlpoBeneHHS eKCHEPUMEHTIB 3 HABYEHOIO Mepe-
K0 Ha HaBYaJbHIA Ta TECTOBIM MHOMHUHI
NPUKJIAIIB Ta TOOYA0Ba KAPTH YacTOT.

3. MapkyBaHHS HEMPOHIB HA TECTOBHX Ta HABYAJb-
HUX TpUKIaaax, mo0ymoBa MPOMapKOBaHUX
TpaTOK HEWPOHIB Ta MOOYMOBU BiIITOBITHUX KapT.

4. Bizyauizalisi KapTH 4acToT.

Bucomoio  meiipona  Ha3uBawTL  cepeaHE
apupMETHYHE CyMH BIACTaHEW Bar BiJ IEBHOTO
HEHpoHAa JI0 HEHWpOHIB 3 HOro Oe3MocCepeaHbOTO
cyciacrsa [8] Ta 00unCIIOOTE 32 GpopMyIIOI0

L

Uh (l) = |N(Z)

2. dw,w)),

JeN(i)

e [ — HOMep HeHpoHa B IpaTIl, IS IKOTO 00YH-
CIIOI0Th BuCOTY, N (i) — MHOKHMHA HEHPOHIB i3 6e3-

II0CEPEIHBOTO CYCiCcTBA HEHpOHA 3 HOMEpPOM 1,
|N (l)| — notyxHicts Muoxkuau N (i), d(-,) — Bin-

CTaHb M)XK HEHPOHAMU 3 BarOBUMH BEKTOpaMH U Ta
Vv, SIKy BHKOpHCTaHO B anropuTmi KoxoHeHa s
HaBYaHHS HEHpOMepexi.

Besmocepenne cyciacTBo HEMpoHA 3aJICKUTH Bil
po3TalllyBaHHsS HEWPOHIB y TIparii, sKe IIe
HA3WBalOTh namepHom cyciocmea. OpHuM i3
MaTepHIB CYyCiICTBa € XpecTOBUIHUH. DparMeHT
rpatku Uit Mepeki KoxXoHeHa 13 XPEeCTOBHIHUM
MaTepHOM CYCiZicTBa 300pakeHo Ha puc. 2. Takuii
MaTepH CYCIICTBa BHUKOPUCTAHWUH Yy OCIIKEHHSX,
pe3yibTaTH SKUX HaBedeHo y wmid crarti. o
OiybIlle 3HAYCHHS BUCOTH HEWpOHA, TO OUIbINA Bij-
MIHHICTh MK JaHUMH, 32 BiTOOpakeHHS SKHUX Bi-
MOBIZa€ TIeW HEHpOH Ta HEHpOHW 3 Horo Oesmoce-
PEIHBOTO CycCificTBa. BiHOCHO BenMKa BiAMIHHICTH
3HAYCHb BHCOTH JIBOX HEWPOHIB CBITYHUTH MPO IXHIO
MOTCHINIHY HAJICKHICTh IO PI3HUX KIIACTEPiB.
SIkmio K I BIAMIHHICTE € Majolo, TO Taki JaHi
MOTEHIITHO HaJIeXKaTh OJIHOMY KJIacTepy.

3a 00YMCIIEHMMH BHUCOTaMU HEHpPOHIB HaBYEHOI
Heripomepexi Koxonena moOyzoBaHe ii BizyanbHE
300paKCHHS, SIKE HA3UBATUMEMO KAPHOW GUCOM.
Kapra BucoT HakmameHa Ha BHOpaHHMN IaTepH
cyciacTBa TIpaTku HeHpoHiB. Bucora HedpoHa
300pakeHa Ha KapTi BHCOT BIATIHKOM Ciporo,
IHTEHCHUBHICTH SKOIO € BHINOK JUIs1 OLIBIIOrO
3HaYeHHS BHUCOTH. KapTy BHCOT MOXHa poO3Me-
KyBaTH Ha ,XpeOTu” Ta ,,JOMUHU , AC ,JOTUHHU
BiJINIOBIIAIOTh MaJMM 3HAYCHHSM BHCOT HEHpOHIB, a
»XpeOTN” — BEIMKUM 3HAUYCHHSIM.

Bizyamizamiss ~ 3HadeHb ~ ONpamboOBaHOi  3a
anmroputMoM  U-Matrix HaB4YeHOI Helpomepexi
Koxonena  mae  3Mory  OIIHHTH  KUIBKICTh

,IIPUPOIHUX "’ KITACTEPIB Y BXITHUX NaHUX.
JlocmikeHHS 3aKOHOMIPHOCTEH, $KI MICTATh

JaHi 3 BHKOPUCTAHHSM HaBYaHHS HEWPOMEpeKi

MPOBEICHO Y TaKii MOCIiIOBHOCTI.

1. Hapueno  HeHpomepexi 3a  alrOPUTMOM
Koxonena 3 mapameTpaMu, 3HAYCHHS SKUX
BHOpAHO 3a pe3ylbTaTaMH, HABCJACHUMH Y CTATTi
[8].

2. Po3pobieno METOJHUKY Ta MIPOBEICHO
Bi3yalsizalilo pe3yNbTaTiB EKCIIEPUMEHTIB 3a
anroput™MoM U-Matrix.

3. OmwiHeHO SKICTh HABYEHOI MEepEXi 3a 3HAUCHHIMHU
creliaIbHIX TTapaMeTpiB:

o cepeonvoksadpamuune eioxunenns (MSE, mean
square error);

o monozepagiuny nomunxy (TE, topographic error),

® YCIIIIHICTh PO3Mi3HABAHHS, 5K BiJICOTOK BX1THUX
MIPUKJIAAIB, TIPABWILHO KIach(piKOBaHUA HEUPO-
Mepexero (PSR, percentage of successful
recognitions).
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Y kIt qociimKkeHs [8], MpruCBSUYeHUX, 30KpeMa,
i moOymoBi  kmacudikaropa,  BUKOpHCTaHA
Heiipomepexa Koxonena, ska ckmaganachk 3i 100
HEHPOHIB 3 NMPAMOKYTHHM ITaTEPHOM CycincTBa. B
pe3ysbTaTi  JOCHIIDKeHb  MiAiOpaHO  3HAYCHHS
napamMeTpiB ajaropuTMy HaBYaHHS. 3aCTOCYBaHHIM
knacudikaTtopa, T00OyJOBaHOTO Ha OCHOBI HABYCHOI
Heripomepexi Koxonena Oymo mocsrHyTo 1m0 93%
yCcmimHo kiacudikoBaHux mpukiaaiB. OTpuMaHHs
TaKOTO pe3yibTary Kiracu(ikamii cTaio MmiJcTaBoIO
JUTS 3aCTOCYBaHHS JJISl Takoi Mepexi anropurmy U-
Matrix 3 meroro moOynoBH KapTh BUCOT. ['onoBHa
BiIMIHHICTb IPOBEAEHUX CKCIIEPUMEHTIB, pPE3yJib-
TaTH SIKUX HaBEJEHO y I CTaTTie 3MiHA MaTepHa
CYCIZICTBa 3 MPSIMOKYTHOTO Ha XPECTOBUIHUH.

BinnosigHo bi (o) AITOPUTMY o0y I0BH
knacudikaropa [8] 3miiiCHEHO MapKyearHs HABYCHOT
HEHpoMepexxi Ta  OTPUMAHO  TNPOMAPKOBAHY
HeWpoMepexy, SKy MOXKHA BHUKOPHCTaTH  SIK
knacugikarop. KokeH mnpuknan BigHECEHHH 10O
OJIHOTO 3 JBOX KiaciB. MapKyBaHHS HEHpPOHIB Yy
IpaTii Jajo 3MOTYy BHKOHATH  Bi3yali3allifo
po3moniny HEWpOHIB 3a 3HAYCHHSM aTpuOyTy
MIPUHHATTS pimieHb. Taka Bi3yamizallis BHKOHaHA
Ul 1BOX HAOOpiB JaHWMX — HAaBYAJIBHOIO Ta TECTO-
Boro. YopHUM KOJIEOPOM Ha MapKOBaHUX KapTax 3a-
MaJbhOBaHO HEHPOHH, SKi BiJIOBIAIOTH XBOPHUM Ta-
LiEHTaM.

Kazatumemo, 110 HeMpoH HaBUEHOI HEHpoMepexKi
Koxonena pearye Ha BXifAHWI BEKTOp, AKLIO BiH €
HEHpPOHOM-TIEpEMOXKIIEM  JIIl  [BOTO  BEKTOpA.
KpurepieM HajaHHS MIiTKH HEWpOHaM € KiJIbKICTh
pearyBaHb HEHpOHa Ha JaHi MEBHOro Kiacy. SIKmio
HEHpOH YacTille pearyBaB Ha JiaHi, 1[0 BiJIMOBITa0Th
XBOPHUM TAITIEHTaM, HiX 3IOPOBUM, TO TaKUi HEHPOH
MapKy€eMO OJTUHHUIICIO.

[IpoBenena HHU3Ka eKCIIEpPUMEHTIB 3
BUKOPHUCTAaHHSIM YOTHUPLOX Helpomepex KoxoHeHa,
sIKi cxamanucek i3 113, 545, 1201 ta 2665 HelpoHiB.
Hns 3pydHOCTi, Ha3WBaTHMEMO HeWpoMepexi 3a
KinmpkicTio  HediponiB. IloctymoBe  30inmbIIeHHS
KUTBKOCTI HEHWPOHIB Majo 3MOTY IPOCTiAKYBaTH
3aKOHOMIPHOCTI 3MIiHM BJAaCTUBOCTEH HABUYCHHX
HEHpOMEpEexK. 3ayBaxxumo, 1o TIPUKIIATA
OOy IOBaHUX KapT BHCOT, 9acTOT Ta MPOMapKOBaHi
KapTH, HaBeIEeHO JIAIIe hing HaWO1IBIIOT
HelpoMepexi, ska MicTiina 2665 HeHpOHiB.

Kapty gacToT OyayroTh 3a KUIBKICTIO pearyBaHb
HEWPOHIB-TIEPEMOXKIIIB Ha NaHWX 13 HABYAIBHOI Ta
TECTOBOI MHOKHH. [liameTp Kpyra, KM MO3HAYCHO
BIIMOBIMHWUH HEHUPOH Yy TIpaTii, NPONOPIIHHAN
KUTBKOCTI pearyBaHb, a MiTKa — YHCJO, SIKE CTOITh
NopydY 1 BKa3ye TOYHY KiJBbKICTh pearyBaHb. Take
MOIaHHS J1a€ 3MOTY CIOCTepiraTh HalaKTHBHIII
HEUpPOHHM y TpaTIi, SKi 37eOUTBIIOr0 € IEeHTpamMHu
KJIaCTEPiB.

st metipomepexxi 113 3a kapTor0 BHCOT HE
MOJKHA OIIIHUTH KIUJIBKOCTI KJIACTEpiB; IEpeBaKHA
KIJIBKICTb pearyBaHb NpHUIaJa€ HAa HEBEJHKY KiJb-
KiCTh HEHpOHIB, Ky MOKHA OIiHUTH B 10-15 Heiipo-
HIB; Y pe3yJibTaTi MapKyBaHHS HEHPOHIB, sSKE IPOBO-
JUIIOCH 13 BUKOPHCTaHHSAM aTpuOyTy MPUHHSTTS pi-
IIeHb, OTPUMaHi 300pakeHHS MPaKTUYHO CITiBIaaa-
I0Th JUIA HaBYAJIBHUX Ta TECTOBUX INPHKJIAMIB.
Takoxx 3BepHEMO yBary Ha Te, IO HEHpOHH,
MPOMapKOBaHI SIK Taki, IO PO3MI3HAIOTh XBOPHX,
30CEPEeNWIINCH Y TIEHTPATbHIM YaCTHHI TPaTKH i3 He-
3HAYHUM PO3CISIHHSM BiJ 11 LEHTPY.

30inbLICHHS KiIBKOCTI HEHPOHIB y HEHpoMepexki
KoxoneHa mokpamiye Bi3yagbHE  CIPHHHATTA
iHpopMartii mpo KIacTepHy CTPYKTypy maHux. [[ms
HelipoMepexi 545, kapTa BHCOT Jae€ 3MOTy OuIbII
YiTKO, HDK Ha KapTi BHCOT Heipomepexi 113,
mobauynuTH  00yacTi, AKi  BIAMNOBIZHI  PI3HUM
KJIacTepaMm.

Ha xaprti wactoT Heiipomepexi 545 MoxkHa crio-
cTepirat MpuOIN3HO Ty caMy KiIbKiCTh HallaKTHB-
HIIIUX HEHpoHiB, Mo # y Helpomepexi 113.
KinpkicTh Takux HEHpPOHIB TaKOXK 3HAXOIUTHCSA B
Mexax Bix 10 mo 15, mpuyomy KiTbKiCTh pearyBaHb
HalaKTHBHIIINX HEWPOHIB CIiBIagae B 000X
HEHPOMEPEXK.

Kaptu, oTpumani MapKyBaHHSIM Ha HaBYaJIbHUX
Ta TECTOBHX WPHKIANaX HEUPOHIB Mepexki 545
MaroTh KOHGQIrypamii, cxoxi 13 BiANOBIIHUMHU
KOH(]IirypamisMd MapKOBaHUX oOJacTeil HeHpo-
Mepexi 113. BinMiHHOIO pHCOO TPOMAPKOBAHUX
KapT HelpoMepexi 545 € 30UIbLICHHS KITBKOCTI
HEHpOHIB, SKI BIAXWISAIOTBCA BiJ 11 LEHTpPaIBLHOI
YaCTHHU.

HacrymHoro mocmimkeno Heiipomepexy 1201. Ha
KapTi BHCOT MOXHa Bi3yaJbHO PO3MEXKYBAaTH Kila-
crepu. KinpkicTh pearyBaHb HEWPOHIB Ha BXiIHI
BEKTOPH, 110 CIIOCTEPIraroThCs 3a KapTOI 4YacToT Y
MOPIBHSHHI 3  TONEpeNHIMH  HelpoMepekamMu
36eperiack. Hezpakaroun Ha 301IbIIEHHS 3arajlbHOT
KUTBKOCTI HEWpOHIB, KIIBKICTh HaWaKTUBHIIINX
HEHpOHIB OJM3bKa N0 KITBKOCTI HAWaKTHBHIIIHAX
HelpoHiB Helipomepex 113 Ta 545.

Kongirypamiss mnpomapkoBaHUX HEHpOHIB Ha
KapTax CBIIYUTH TPO TOCWICHHS TEHACHINI [0
pO3CitOBaHHsI BiJl LEHTPY HEHPOMEPEKEBOi IPATKH
HEHpOHIB, BIAMOBIJATBPHUX 32  PO3Mi3HABAHHA
XBOPHX.

Pesynprati aHamizy cTpykTypH iHpoOpMAaIii Juis
HaB4YEHOI Helipomepeski 2665 monani Ha puc. 3-6. L
Mepexa BUSBIIA Y HABYAJBHHUX Ta TECTOBUX JaHUX
TaKi 3aKOHOMIPHOCTI:

1. Kapra BucoT Ha puc. 3 € HAlUITKINIOW Yy MOPIB-

HSIHHS 13 THMU KapTamu, 1o Oy oTpuMaHi s

HeHpoMepex i3 MEHITIOI0 KiJTbKICTIO HEHPOHIB.

128



O. B. I'oouu, IO. B. Hixonvcokuil, B. B. Ilaciunux, FO. M. l]epbuna / Komn tomune, 2007, Tom 6, Bunyck 3, 124-133

2. KinpkicTh HEHPOHIB 13 BHCOKOIO aKTHBHICTIO
(muB. puc. 4) 6nu3pka 10 Ti€l, mWo U y Helipome-
pekax 3 MEHIIOIO KibKICTIO HEHPOHIB.

3. Yacrotu pearyBaHb Yy HalaKTUBHIIINX HEHPOHIB
MPAKTUYHO CHIBIIAJAI0Th.

4. Ha mpomapkoBaHUX KapTax sSK Ha HaBUYaIbHiH,
TaK i Ha TECTOBUX MHOXHHAaxX (IWB. puc. S, 6)
PO3CISTHHS HEUPOHIB BiJ IEHTPY I'PaTKU 30UTBIITH-
JIOCh.

-30.00 -20.00

-10.00 0.00

10.00 20.00 30.00

Puc. 3 — Kapra Bucot Heiipomepe:ki 2665

Ha xapTi BuCOT 3 puc. 3 crocTepiraeTbcs BeIuKa
KIIBKICTh TIPUPOJHMX KiacTepiB. [pyHTyIOudCh Ha
JOCBil JTIKapiB-KapAionoriB MOXHa OOIPYHTYBaTH
HaJISKHICTh TAIIEHTIB 10 KOHKPETHUX KJIACTEPIiB Ta
BUKOPUCTATH OTpHMaHi pe3yabTaTH JUTS
OLIIHIOBAaHHA PiBHA Cy0 €KTHMBHOCTI BCTaHOBJIICHHS
JiarHo3y.

40 ae
35
30

25 2

-20 . 21
-25 a2

.30 3 E

-35

35 30 25 20 15 10 5 O 5 10 185 20 25 30 35

Puc. 4 — Kapra yactoT Heiipomepe:ki 2665, orpumana
IJTsl HABYAJIbHOI MHOKHHY MPUHKJIANIB

Pesynpratu, oTpuMmaHi 3  BHKOPHCTaHHSIM
HaBYCHUX HelpoMeperk KoxoHeHa 3  pi3HOIO
KUTBKICTIO HEHPOHIB, BUMAararwTh J0JaTKOBOTO

aHaJi3y Ta iHTeprpeTarii.

-30.00 r

T T T T T T
-30.00 -20.00 -10.00 0.00 10.00 20.00 30.00

Puc. 5 — Helipomepe:ka 2665, npomapkoBaHa Ha
HAaBYAJbHIl MHOKMHI NpUKJIAAIB

Ile BUKIMKAHO THM, IO 30iNbIICHHS KITBKOCTI
HEWpOHIB y HaBUEHIH HEHpoMepexki MPU3BOAUTH, 3
omHOro OOKy, [0 3HAYHOTO TOKpPAICHHS KapTh
BHCOT, a 3 IHIIOTO — JO TMOTipIIeHHS
MIPOMapKOBaHUX KapT.

-30.00 < r

T T T T T T
-30.00 -20.00 -10.00 0.00 10.00 20.00 30.00

Puc. 6 — Helipomepe:ka 2665, npomapkoBaHna Ha
TecTOBili MHOKMHI PUKJIATiB.

Y  imeampHOMY  BHITAAKy  HEHpPOHH,  IIO
BiJINIOBIIAIOTh 3a KiIacu(iKallifo Malli€HTIB 3 OJHOIO
KJacy, MoBHHHI Oyt Onm3pkumu y rpartui. Lle €
pe3yiabTaTOM OAHIE] 13 TOJOBHUX BJIACTUBOCTEH
Helipomeperx SOM — iX 31aTHOCTI JI0 TOMOJIOTIY-
HOT'O BIOPSAKYBaHHS BIPOAOBX HaBuaHHA. Crix
3a3HaYUTH, 10 (HOPMYBaHHS KapTH BHUCOT Bil-
OyBaeTbcsl 'y TpUpOmHUN cmocid, ToOTO, HE
BUKOHAHO JIOJJATKOBOTO ONpAIIOBaHHS IPHKIIAJIIB
iH(opMaIiitHOT CHCTeMH Ta IHTepIpeTalii JaHuX.
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Bomnodac nporec MapkyBaHHsI 31 iCHEHO 13 Bpa-
XYBaHHAM 3HA4YCHb aTpUOYTy NPHUHATTS pPillCHb,
SKUA Hece 3HayHy Mipy CyO €KTHBHOCTI. 3 OrJsimy
Ha IIe, BUKOHAEMO [OJIATKOBHH aHaNi3 HaBYCHHX
HEHpOMEpeX 13 BUKOPUCTAHHIM JBOX, HE3AICIKHUX
Bif arpuOyTy NpUHHATTS pilIeHHs, NapameTpiB
MSE ta TE [17], ski € TpamgumiiHUMH IS
HelipoMepexxk KoxoHeHa YMCIIOBUMHU XapaKTEPUCTHU-
KaMU SIKOCT1 HaBYaHHS.

CepennbokBaapaTiuHe BigxwieHHs MSE nae
3MOTy OIIHUTH SKICTh alpOKCHMAIlii BXiTHUX JTaHUX
HaBYCHOIO Helpomepexero. lliero  oIiHKOIO €
BEIMYMHA BiIXWJICHHS BXiJHOTO BEKTOpa X € } Bif
BaroBOTO BEKTOpa BIAMOBIMHOTO MoMmy HeHpoHa-
MIEPEMOKIIS.

Omxe, 3a 3HaueHHsAM mnapamerpa MSE ormineHa
SKICTh ampOKCHUMaIlil MHOXHHHA BEKTOpiB Y} C Z
Hetipomepexero. [lapamerp MSE obumncnroroTs 3a
(hopmyioro

1
MSE = Tl

zey
J€ Wpy,,; — BaroBUHI BEKTOP HEMPOHA-TIEPEMOXKIIS,
a0 wetipona navxkpauwo2o nabaudxcenns (BMU, best
matching unit) st BXiZHOTO Bektopa z € ¥, N —
KUIBKICTh BEKTOPIB Y MHOKHUHI Y . MeHe
3HaueHHs: MSE Bkasye Ha kpalily pe3yJIbTaTHBHICTb,
TOOTO OLIBII TOYHE MOAEIIOBAHHS BX1IHOI

MHOKWHU MPUKJIaiB HaB4eHoo SOM y ceHci
KBaJpaTHYHOTO BiIXHUJICHHS BXIJHUX Ta BarOBUX

BEKTODIB.
3nauenns  mapametpy MSE  mis Beix
HEeHlpoMepex, pe3ylpTaTd  JOCHIDKEHb  SKHX

HABEJCHO Y IMiM CTaTTi, OOYMCIIEHI I TECTOBHX
MPUKIATIB (IUB. pUC. 7). 3 IBOTO PHCYHKA BHIHO,
o0  AKICTh  almpOKCHMAIii  BXIMHUX  JTaHUX
MOKPAIIYEThCS 13 301IBIICHHIM KITBKOCTI HEHPOHIB
y Helipomepexi. Lleit BHCHOBOK CIIpaBIKY€ETHCSI JIst
TECTOBUX 1 HABYAILHUX MIPHUKIIAIIB.

0.08 -

0.06935451
0.07 4

0.05974814

0.06

0.05 1 0.04786278 0.04562172

0.04
0.03 1
0.02 4
0.01 4

0 !
Helipomepexi

@ 113 HelipoHiB @ 545 HelpoHiB

0O 1201 Henpowis O 2665 HelipoHiB

Puc. 7 — 3anexuicth 3HauenHs napamerpa MSE Bin
PO3MipiB rpaTK Ha TeCTOBHX NMPHUKJIAaX

HpyruM  mapaMerpoM, BUKOPHUCTaHWM IS
OILIIHIOBAHHA SIKOCTI HaBUYaHHA, € Tomorpadiyna
nomunka TE. 3a 3nauennsm TE OLIHIOIOTH SAKICTH
BIIOPSKYBaHHS  HEHPOHIB y  TIparmi, TOOTO
HEBIAMOBIMTHICTh MIX pO3TAalIyBaHHSIM HEHpOHIB
HeHpoMepekeBOI IPaTKu Ta OCOOIMBOCTAMHU BXif-
HUX JaHWX. MeHIle 3Ha4eHHS I[bOr0 IapaMerpy
CBIIUUTH TIPO KpaIly BIOPSIAKOBAHICTh HEHPOHIB
HABYCHOT HEUPOMEPEKI.

3micT 1BOTO Mapamerpa Tpeba pO3YMITH SK
3MaTHICTh  Helpomepeki KoxoHena 300pakaTu
ONM3BKI BEKTOPH OIU3BKUMU HEHpOHAMHU.
300paxkeHHsT OJIM3BKUX BEKTOpPIB Yy HeHpoMmepexi
Koxonena nmamexkumu HeHpOHaMU HA3WBAIOTh MONO-
Joeiunum  30ypennsm. 3OUTBIIECHHS TOMOJOTIUHUX
30ypeHb 3MeHIIye e(eKTUBHICT, Mepexi KoxoHeHa
aJIeKBaTHO BiOOpakaTH JaHi BUCOKOI PO3MIPHOCTI
JIBOBUMIPHOIO KapToIo.

3uayeHHs napamerpa TE 0OYHCIIOIOTH pi3HUMHU
cnocobamu. TyT BukopucTaHa opmyna

1 1,
TE _Wz 0,

zey

Femu _rSBMU” >1

Ty _rSBMU” <1
1€ ¥y, — KOOPAMHATH HEpOHa HalfKpaIioro HabIm-

KEHHS, Ty, — KOOPIMHATU OpY2020 HelpOHa Hall-

kpawozo Habauxcennsi (SBMU, second best matching
unit).

3a3HauuMo, IO APYTUM HEUPOHOM HaMKpaIoro
HaOJIVDKEHHS ISl JIESIKOTO  BXIZHOIO BEKTOpa €
HEHpOH, BaroBUil BEKTOp SKOTO € HAaCTYNHUM 3a
Omu3bKicTIO [0  HelipoHa-mepeMoXud. [HImMMH
cinoBamu, HeWpoH SBMU crame BMU, sxmo
opurinaneanii BMU BuimyunTH 13 rpaTku. 3Ha4eHHs
napamerpa TE y nocrmimkeHux He#pomepexax Ha
TECTOBIM MHOKHHI TIPUKJIAIiB ITOJaHO HA pHC. 8.

0457 041943128

04 L 0.3842812

0.35
0.3
0.25 4
0.2 H
0.15 4

0.11532385)

0.1
005 | 0.03672086

0

Henpomepexi

O 113 HelipoHis @ 545 HeilipoHis
0O 1201 HevipoHiB O 2665 HevipoHiB

Puc. 8 — 3nauenns napamerpy TE Ha TecToBHX
NpUKJIagax

CriocrepiraeTbCsi MOKPAIIECHHS BIIOPSIKOBAHOCTI
HEWpOHIB 13 30UIBIIEHHAM iXHBOI KIIBKOCTI Y
Helipomepexi. HailuikaBilmuMH MOYKHa BBaXKaTH
pe3yJbTaTH, SKi OTPUMaHI aHaJIi30M CTPYKTYPU HaB-
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YaJbHUX Ta TECTOBMX INPHKIAIIB HAaBUCHOIO HEHpo-
Mepexero 2665. 3HadeHHst TonorpadivHoi TOMHIIKH
i€l HelipoMepexi HallHMKYE AK JUI HaBYaJbHOI, TaK
i TecTOBOI MHOXKMH NpuKIaniB. Lle cBiquuts mpo xo-
pOIIy BIOPSIKOBAHICTH HEWPOHIB Yy Tparwi, TOOTO,
HEHpOHH 3 OJM3bKUMH BAaroBUMU  BEKTOPaMH
po3TaIoBani OJU3BKO MiXk COOOIO.

3 ormaay Ha BHCOKHM pPIiBEHB TOIOJIOTIYHOTO
BIOPSIIKYBaHHSL HelipoMepexi 2665 Ta Oepyun 10
yBard IpOMapKOBaHi KapTH 3 pHC. 5,6 MoKHa
CTBEPIXKYBaTH, 110 3HAUYEHHsS aTpUOyTy NPUUHATTA
pillieHb, SKi BCTAHOBJEHI Cy0’€KTUBHO € XHOHUMH
JUISl TIEBHOI KiNBKOCTI AaHuX. [l BUSBICHHS TaKUX
XHOHO KIacuQikoBaHUX JTAaHUX MOJKHA
CKOPHUCTATHUCH ,,IPUPOTHUM” PO3OUTTAM MHOKHHH
MPUKJIaIiB Ha KJIacTepH.

3a 3HaueHHsM mapamerpa PSR omiHeHo
VCHINTHICTh PO3Mi3HABaHHSI XBOPOTO TAIIEHTA SK

BiZICOTOK BXIITHHX MIPUKIIAIIB, MIPaBUIBHO
knacudikoBanuii  Helipomepexkero.  OOuUMCIIEHHS
IBOr0  IapaMeTpy  BHUKOHAHO  ITOPIBHSHHSAM

pe3ynbTaTiB Kinacugikamii, OTpUMaHUX MEpEKero i3
3HAYEHHSMH aTpuOyTy MPUHHATTS pIilIeHHS LUX
MIPUKJIAJIB Y OCTiKyBaHIH CUCTeMI TPUHHATTS Pi-
meHb. Js oOumcneHHs 3HadeHb mapamerpa PSR

BUKODUCTAHO  KiacuQikaTop,  3alporOHOBaHHH
aBTopamu y mpari [8].

g moOymoBum  kimacudikaTtopa  3po0JeHO
MPUITYIIEHHS, M0 HEWpPOHM HABYEHOI Mepexi

Koxonena 31e0inbiioro pearyBaTuMyTh Ha BXiJHI
MIPUKJIAIN 3 TOTO KIAcTepa, Ha Kiachdikallii sSKux
BOHHU HaBueHi. OT)Ke, MOKHA BCTAaHOBUTH BEKTOPH,
Ha SIKi OBHHEH pearyBaTH KOKHUM HEeHpoH. SKimo
HEHpOH pearye Ha BEKTOpP 31 CBOrO Kjacrepa, TO
BBO)XAEMO pearyBaHHS VCHIITHUM, iHAKIIE — HI.
OOuYKCIeHHSM KUTBKOCTI YCHIITHUX Ta HEYCIIIIHUX
pearyBaHb KOKHOTO HEHpOHa MOKHA BU3HAYHUTH HO-
ro yCHimHicTh. Takok MOXHa BCTAaHOBUTH YCIIIIII-
HICTh pO3Mi3HABaHHS KOKHUM HEHPOHOM SIK BiJICOTOK
pearyBaHb Ha TICBHUX TAIIIE€HTIB 32 ()OPMYJIOO

P=—21_x100%,
a, +b,

ne i — HoMep HelpoHa, a; — KilbKICTh pearyBaHb Ha

MaIfieHTiB, 3a PO3MI3HABaHHSA SIKMUX BIJOBIJa€E

HEeUpoH 1, b, — KiIbKICTh pearyBaHb Ha MALl€HTIB, 32

pO3Mi3HABaHHSA SKUM HEHPOH I HE BIAMOBITAE.
3aranpHa ycHilmmHICTE  Hedpomepexxi KoxoHeHa
OOUYHCITIOETBCA SIK 3BaYKCHA CyMa YCIIIIHOCTEH YCixX
i1 HeHpoHiB.

Ha puc. 9 300pakeHO 3aeXHICTh 3HAUCHD Iapa-
metpy PSR, oTpumane miisi qociipKyBaHUX HEHpO-
MEpeX Ha TECTOBI MHOXHHI TPUKIANIB, BiJ
pO3Mipy IpaTKu HEHPOHIB.

98.5

97.92
98

975 | 97.39

97.03

97 A
96.5 4
9 | 95.78
95.5 4

95

94.5
Helipomepexi

O 113 HelpoHiB @ 545 HelpoHiB
0O 1201 HevipoHiB O 2665 HenpoHiB

Puc. 9 — YenimnicTs kaacugikanii y BizcoTkax Ha
TECTOBUX MPHKJIAAAX

CBigueHHAM Kpamioi ycHimHocTi €  Oinblie
3HaueHHd mapamerpy PSR. OwueBuano, 1o
HelpoMepeki 13 OUTBIIOI0 KUTBKICTIO HEHPOHIB
Kpaie kiacudikyoTh naHi. BomHouac 3a3Haummo,
10 HEHPOMEpEeXKy HABUAIOTh HA JAHWX, SKi HAJTaHO
eKCIIepToOM-IItoAnHO0. Lli 1aHi MiCTATh TTOMIIIKH,
BHUKJIMKaHI THM, IIIO IIEBHA TpyIia IMAIi€HTIB KIacH-
¢ikoBaHi HEKOpeKTHO. TOMy, MTONIPH BUCOKY YCIIiII-
HICTh HaBUaHHS, SKICTh Kiacudikalii HABYCHOIO
HEHpPOMEpEeKEeI0 MICTHTHME HESBHI TOXUOKH, IO
3YMOBJICHI TNPHUPOAOI0 HaBUaNbHUX JaHux. Lle
03HAYae, 110 3HAYCHHS aTPUOYTy MPUHHSITTS PilllcHb
Ha MPUKIaAax, OMM3bKUX y CEHCI BBEICHOI BiJCTaHi,
MOXXe MaTd pi3He 3HadeHHS. [ BUSABICHHS 1 IS
iXHBOTO  BUSIBJICHHS TaKUX  HEY3rOJDKEHOCTEH
MOTpiOHO aHaNi3yBaTH Ha BXiAHI AaHi. Bukopucran-
Hs Helipomepexxi SOM 3 MeTOI0 KiacTepu3arii 1ae
MOYIJIUBICTh Kpalle BUBUUTH CTPYKTYpHI 0COOIHBO-
CTl aHAII30BAHUX JAHUX.

AHaji3 aTpuOyTiB IPUHHATTS PIiIlICHb IS JaHUX,
SKI BIJNOBIAIOTh MAI[iEHTaM 3 OJHOTO KIAcTepy,
MOXXE BUSBUTH HEKOPCKTHI 3HAueHHS arpulyTy
MIPUIHATTS PillICHb.

BUCHOBKHU

AHami3 pe3yibTaTiB EKCIIEPUMEHTIB 3a JIOIO-
MOTOI0 HEHPOMEPEK, 10 CaMOOPTaHi3yHThCs, Jalln
3MOTY BJIOCKOHAJWTH MIiAXOMU 1O Bizyamizamii pe-
3yJIBTATiB 3aCTOCYBaHHS IUX HEUPOMEpEK s Kiia-
cudikarii qaaux. OTpuMaHi pe3yIbTaTH A03BOJIMIH
3OIMCHUTH AKICHI BHUCHOBKM TIpO  pe3yJbTaTH
3aCTOCYBaHHs HaBUCHOI Helipomepexki KoxoHeHa o
BHPIIIICHHS 3a/1a4 JIarHOCTyBaHHA y (DOPMYITIOBaHHI
il sk nmpoOneMu kaacudikariii.

lonoBHUM pe3yJIbTaTOM MIPOBEJCHUX
JOCITIKEHb BBAYKAEMO BHKOPHUCTAHHS CYKYITHOCTI
Bi3yaJIbHUX METOHIB aHalli3y JaHUuX Ha IpeaMeT
BCTAHOBJICHHS TPUXOBAaHUX 3aKOHOMIPHOCTESH Yy
rpynax npuknamiB. [IpoBemeHi  mocmimpkeHHsS
MOKa3aJad MOXJIMBICTE 00 ’€IHAHHA  METOJUK,
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OCHOBAaHMX Ha PI3HMX IMAXO0Jax IO aHal3y TaKUX
3aKOHOMIpHOCTeH — Kiacudikamii Ta KiacTepu3arii.
Take moegHaHHS Oajd0 3MOTY BCTaHOBHUTH TI€BHI
NpOSIBU  TPHUPOIHOI CTPYKTypH3alil JaHHX Ta
MOJKJIMBOCTI JIOKaJIi3allii TPyl MPUKIAAiB 3 METOIO
BUSIBJIGHHSI B HHUX CYIEPEYHOCTEH, BUKIMKaHUX
Cy0’€KTHBHOIO CKIJIQJOBOIO Yy BHUpIIIEHHI 3aaadyi
TIPUAHATTS PIllICHb.

Hactynauit eran nociimkeHb BOa4aeMo y 3acTo-
CYBaHHI KJIACTEPHHMX TEXHOJIOTIH 10 B)KE HaBUCHOI

Heripomepexi KoxoneHa 3 wmeToro 00’ eqHaHHS
IOpioHKMX KiactepiB. lLle M03BONUTH MONETHINTH
aHaji3 JaHUX 3 METOI0 BHUSBJIEHHS XHOHO

KIacu(piKOBaHUX TPUKIAAIB. TakoX BaXJIMBUM
HaIPsIMKOM JTOCHTIDKEHb aBTOPH BBaKAIOTH IMOOY-
JOBY METOJIB AJISl aBTOMATH3allil BUIIJIEHHS TOYHUX
TpaHUIb KIACTEPIB Ha Bi3yalbHHX 300paKCHHIX
KapT BHCOT.
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Onecb Noduuy 3akiH4ue ¢ha-
Kynbmem npuknadHoOi Mmame-
MamuKku ma IHghopMamuKu
JIbgigsCbKO20 HayioHarbHO20
yHigepcumemy im. |. ®paHka
y 2001 poui. 3 2005 poky
npaytoe acucmeHmoM  Ka-
edpu OuckpemHoz0
aHarnisy ma
iHMernekmyarnbHUx cucmem
yHigepcumemy im. |. ®paHka,
Ha 6a3i axoi 3asepwye Ou-
cepmaujiHy pobomy  npucesyeHy  nNumMaHHAIM
Knacmepusayii daHux ma aHarsnizy 4Yacosux psois i3
BUKOPUCMAaHHSIM WMYyYHUX HEUPOHHUX Mepex ma
CYMPKHUX mexHosozili. Y cgepy lioeo iHmepecie
8x005imb mexHorsoaii napanenbHuUx ma
po3rnodineHux obyucreHb, KrnacmepHUl aHania ma
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poani3HasaHHs1 obpaasie, creuianizoeaHi Mo8U po-
epamy8aHHs.

KOpiti Hikonbcbkuti 1975
POKYy 3aKiH4Yue haKkyrnbmem
asmomamuku  JlbgiecbK020
roMiMexHIYHO20 IHcmumymy.
3 1975 no 1998 pik npa-
yrosae Ha thakyrnbmemi npu-
KnadHoI Mamemamuku ma iH-
gpopmamuku Jlbeiecbko20 Ha-
UioHanbHO20 yHigepcumemy
im. .®paHka  acucmeHmMom
ma OJdoueHmom, KaHoudam
pizuko-mamemamuyHux Hayk. 3 1998 poky douyeHm
kagpedpu ,IHgpopmauitiHi cucmemu ma mepexi” IH-
cmumymy KOMITIOMePHUX HayK ma iHghopmMauyitiHux
mexHorioail HauioHarnbHo20 yHieepcumemy
JIbsigcbka nonimexHika”. Buknadae JAucyurnsiHu,
rnoe’sisaHi i3 npobremamukor OUCKpPemHOI Mamema-
muku ma ii memodie y 3acmocysaHHi 0o rnpobrem
ma 3aday Wwmy4Ho20 iHmesnekmy. BiOMIiHHUK ocgimu
YkpaiHu. Koro Haykosux iHmMepecie OXOroe
rnpobrnemamuky WmMy4YyHO20 iHMeseKkmy, aHaaimu4-
Hoi 06pobKu iHghopMmauii, iHXeHepii 3HaHb, MPUUHSIM-
ms piweHb 8 yM0O8ax Hegu3Ha4yeHocmi, Memoou ori-
munizauir

Bonodumup [laciyHuk -
O0OKMOP MEeXHIYHUX Hayk,
npocghecop. Hapoduscs
1956 poky @ poduHi cinbChb-
Kux s4yumeriie Ha
JlbeigwjuHi. Teopyul wisix
posnoyas 1978 poky nicrns

3aKiHYeHHs1 3 8i03HaKoK
JIbsigsCcbKk0O20
rosliimexHiYyHo20 iHCMU-

mym. Y saxkomy npoulwos
wnsx eid acucmeHma 0o
3asidysaya kaghedpu. BuxosaHeub HayKkoeOi wKonu
IHemumym KibepHemuku iM. B.M.Mywkosa.
KaHnOudam pisuko-mamemamuyHux Hayk (1982 pik,
Haykoea  crieujanbHicmb  ,MamemamudyHa  Ki-
bepHemuka”) ma Jokmop mexHiYHUX Hayk (1994
piK, Haykosa crieuyjiasibHicmb , TeopemuyHi O0CHO8U
iHpopmamuku”). YyacHUK ma KepieHuk 6azambox
MiDKHapOOHUX HayKOB8UX MpOeKmie ma repcrnekmus-
HUX  Haykog0-00C/iOHUX po3poboK.  BiOMiHHUK
ocgimu  YkpaiHu, eonosa JlbgigcbKoi acoujauii
iHgbopmamukie. Haykoei iHmepecu — iHgbopmaujitiHe
modlentosaHHs, cucmemu 6a3 OaHUX ma 3HaHb,
po3nodineHi iHghopmauiltHi cucmemu ma MmexHOos1o-
eil.

KOpit LepbuHa, kaHOudam
i3uKko-MamemMamu4HuUx Ha-
YK, doueHm kaghedpu
OuckpemHo20 aHanizy ma
iHmenekmyarnbHUX  cucmem
JIbgiecbKO20 HauioHarIbHO20
yHigepcumemy im. |.®paHkKa.,
asmop 64 Haykosux npauyb,
16 Hayko80-MemoduYHUX Mo-
CibHUKi6 ma 080X nidpy1HUKIE
3 QucKpemHoi Mamemamuku,
HanucaHux y crieasmopcmei 3 FO.Hikonbcekum ma
B.lMaciyHukom. 3akiH4yue JlbeiecbKull yHieepcumem
1971 poky. HYumae nekujii 3 Kypcig ,JuckpemHa ma-

memamuka”, ,Memodu onmumi3zauii”, ,HelpoHHI
Mepexi , e2eHemuuyHi aneopummu ma pPo3Mumi
cucmemu”. Kono Haykosux iHmepecie — duckpem-
HUl  aHanis, wmy4yHul  iHmesaekm, Memoou
onmumisaujr.
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ANALYSIS OF THE MEDICAL DATA STRUCTURE USING SELF-
ORGANISING MAPS

0.V. Hodych 2, Yu.V. Nikolsky ¥, V.V. Pasichnyk ¥, Yu.M. Scherbyna ?

Y National University ,,Lviv Polytechnics”
2 Ivan Franko National Univerrsity

Abstract: In this article the authors discuss several approaches to high dimensional data structure analysis using Self-
Organising Maps. The describe approaches utilise graphical images for the purpose of data structure interpretation.
The evaluation of the discussed techniques has been performed using the real medical data from cardiology. The
research, results of which are outlined in this paper, is a continuation of the earlier work related to the analysis of the
same medical data. It is envisaged that results obtained in this and earlier research work will form a foundation for
creation of a robust technology to be used for automation of diagnostic tasks in medicine.

Keywords: diagnostics, clustering, classification, artificial neural networks, data visualisation.

1. PAPER SIZE

In this paper authors discuss several approaches
to retrieve some qualitative information about the
structure of high dimensional data using its visual
interpretation. The data used in this research is the
medical data, which contains information about
3532 patients who may have some cardiological
illness. This data has been used in the past research
and the outlined in this paper work is based on
previously obtained results.

The data forms a decision making table

B=(Z,AU{d}) [2]. Symbol Z denotes a set of all
objects (patients) being analysed;
A= (al, Ayyenny am) is a row of attributes, which are

the symptoms and results of analyses in case of
cardiological data; each object from Z has a
corresponding row of attributes, which can be

represented as a:Z —V, , where V, is a domain

of attribute ae A; d - is a decision making
attribute. By removing a decision making attribute
we obtain a table B=(Z,A), which is called

information system.

In our case the attribute domains are defined as
follows: V, ={0;1} (i=1m), V, ={0;1}. In
other words, both patient attributes and a
corresponding decision making attribute can be
either 1 or 0. The information system is used for the
purpose of analysis.

One of the widely used approaches to analyse
data structures is clustering. Clustering methods
provide an insight into the similarity between objects
from the information system. The core idea behind
clustering is grouping of objects based on their

similarity. Many different definitions of a cluster

have the following in common:

o Cluster — this is a set of similar objects; objects
that exist in different clusters are considered to be
not similar or different.

o Distance between objects inside one cluster is
smaller that between objects from different
clusters.

When applying clustering methods the following
should be considered:

e In most cases there is no a priori knowledge
about the number of clusters.

e There is no a priori knowledge as to how clusters
can be effectively built.

The result of applying a clustering method to any

data is a set of clusters K:{Kl,KZ,...,Kl},

where | < n is a method parameter, which limits the
number of possible clusters in the dataset of n
samples.

There are many approaches to implement
clustering. One of the most popular is hierarchical
clustering, which consists of divisive and
agglomerative  methods [4]. The visualisation
approach for representing results of hierarchical
clustering utilises dendrogram — a tree diagram,
which illustrates the arrangements of the clusters.
An example of a simple dendrogram is depicted in
Fig. 1.

Another effective clustering technology is Self-
Organising Maps (SOM). Its core idea is in building
a correspondence between high dimensional samples
from an information system and neurons in one or
two dimensional lattice. SOM neural network builds
this relationship in an adaptive fashion by the means
of learning. One of the key benefits of using SOM is
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its ability to determine “natural” clusters. However,
this ability is very dependent on many factors such
as the size of a lattice and learning parameters.
Earlier research related to the aforementioned
medical data using SOM, which was conducted by
the same authors, is described in [8] and [15]. The
main purpose of utilising SOM in that research was
building a more reliable and robust data model,
which would have a low information/noise ratio.
The produced model was successfully used for
development of a classifier for providing a decision
making support in diagnostics. Later is has become
apparent that the original data contained erroneously
assigned decision making attributes, and therefore
the classifier was providing incorrect decisions
despite its good performance on the original dataset.
In order to resolve this problem the original data
used for building a classifier needs to be corrected.
Unfortunately, this is not a trivial task as it is not
known what patients have incorrectly assigned
decision making attribute. As the result, it has been
decided to analyse the underlying structure of the
original medical data in order to determine natural
groupings between patients without the use of the
decision making attribute.

The analysis of the information system B has
been undertaken in the following ways:

e SOM neural network was trained on information
system B.

e Trained SOM was used for building a map of
heights utilising U-Matrix algorithm [16].

e Trained SOM was used for building a frequency
map, where frequency is the number of times
each individual neuron reacted to an input
sample.

e Trained SOM was used to depict a distribution of
neurons in the lattice based on the original
decision making attribute assignments.

As mentioned earlier, one of the factors that
affect SOM performance is the size of its lattice (i.e.
number of neurons). In order to identify how does it
affect SOM capabilities to visualise data structure
several neural networks of different size have been
used. The outlined in this paper results pertain to
four neural networks with 113, 545, 1201 and 2665
neurons.

The first SOM had 113 neurons. The U-Matrix
for this SOM did not provide a good visualisation
and it is difficult to state how many and what is the
location of clusters. The frequency map provided the
information about the most active neurons, which
were depicted with larger circles (about 10-15 of
them), and the number of their reactions — labels
above the circles. The maps, which correspond to a
decision making attribute indicating presence of

illness, were concentrated in the central part of the
lattice with a little number of outliers.

The SOM with 545 neurons produced a slightly
better result at depicting U-Matrix. The frequency
map indicated a similar to SOM 113 result.
Specifically, it contained approximately the same
number of the most active neurons. It is important to
note that the most active neurons are, in most cases,
the centres of clusters. The decision making attribute
based marking was similar to the maps produced for
SOM 113, however the number of outliers is greater
and, as it will be shown later, this tendency gets
stronger with increase in number of neurons.

The last two SOM contained 1201 and 2665
neurons respectively. The results for SOM with
2665 neurons are depicted in Fig. 3-6. Both SOM
provided a good visualisation of the data clusters
with a slight advantage in case of SOM 2665. The
number of the most active neurons in all four SOM
is approximately the same. More interesting is the
fact that the frequency of the most active neurons in
all case is the same (e.g. neurons with 125, 92, 69,
88, 86, 49, 40, 39 reactions are present in all four
maps). The decision making attribute based
markings illustrate an even greater number of
outliers and it becomes apparent that there is no
concentration of neurons representing ill patients in
the central part of a lattice. This leads to a
conclusion that there is a discrepancy between
natural grouping and decision making attribute
grouping. In order to ensure the robustness of the
trained SOM and therefore of the produced results,
their evaluation has been undertaken utilising
popular SOM performance indicators such as Mean
Square Error (MSE) and Topological Error (TE).
The results of this evaluation are depicted in Fig. 7
for MSE and Fig. 8 for TE. As can be observed, both
MSE and TE provided a better result for SOM with
larger lattices. In addition, the same classifier as
discussed above was used to check classification
capabilities of the trained SOM. The result of this
evaluation is depicted in Fig. 9 showing consistently
better results for SOM with larger lattices.

The obtained results strongly suggest that the
structure of the medical data being analysed indeed
contains discrepancy with the human assigned
decision making attributes. The next step in this
research is to identify rules, which would allow
determining of the actual patients with incorrectly
assigned attributes. The presented in this paper
visualisation techniques, do not identify the exact
borders of clusters. This would be one of the main
tasks before identifying the correct decision making
rules.
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List of figures used in article:

Fig.1 - [Illustration of an approach for
implementing agglomerative clustering.

Fig.2 — A fragment of a SOM network with
cross pattern neighbourhood.

Fig. 3 — U-height map for SOM 2665.

Fig. 4 — A training dataset based frequency map
for SOM 2665.

Fig. 5 — Decision attribute based marking of
SOM 2665 using training dataset.

Fig. 6 — Decision attribute based marking of
SOM 2665 using testing dataset.
Fig. 7 — MSE values calculated based on testing

dataset
Fig. 8 — TE values calculated based on testing

dataset
Fig. 9 — Percentage of successful classification

for testing dataset
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