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OBOBLEHHAA METPUKA B 3AAAYE AHAJIU3A
MHOIOMEPHbIX AAHHbIX C PASHOTUNMHbIMUA NPU3HAKAMUA

Paboma noceawena 3adave oyenxu OIU0CMU MHOSOMEPHBIX 00BEKIMOB, NPUSHAKYU KOMOPBIX UIMEPSAIOMC 8
PDA3HBIX WKAAX, a 0bpabambliéaemvle OaHHbIE UMEIONM OOILULYI0O PA3ZMEPHOCHb U CO0epicam cneyuguieckue mex-
cmosvie nos u nponycku. K oannvim ¢ makumu cneyugpuueckumu 0COOEHHOCMAMU He NPUMEHUMbI HENnOCpeoCcm-
BEHHO KIACCUYECKUe aneopummbl Kiacmepuzayuu u kiaccuguxayuu. Ilpeonosicena 0600wennas mempuka ¢ MHo-
20MEPHOM NPOCMPAHCHIBEe MAKUX 00BEKM08, KOMOopas NO3605em Cmpoums aneopummsl Kiacmepuzayuu, Kiaccu-

gbukauuu u accoyuayuu, OCHoedarHHvle Ha Heﬁ, C UCNONB308AHUECM KILACCUHLECKUX MEMO008.

Knroueswvie cnoea. MHO2COMEPHbLE 05'b€7<mbl, Kiacmepusayust, maccudmmuuﬂ, wkana u3MepeHuﬁ, KoJjudecm-
BEHHAS MEMPUKA, KAMe2OPUATIbHAAL MeMPUKA, paHco8as Mempuxka, meKkcmoeast Mempukda.

BBepeHue

B MOCJIECAHNUE T'OJbl aKTYaJIbHOCTh 3aJlauu aHaJlu-
THYEeCKOl 00paboTKH OONBIINX O0OBEMOB JAHHBIX BO3-
pactaer. OcoOEHHO 3TO KacaeTcs HECTPYKTYypPHpPOBAaH-
HBIX U MHOTOMEPHBIX JaHHBIX, OMUCHIBACMBIX HEUHCIIO-
BBIMH MPHU3HAKAMH.

Ha ceromst I0CTaTOYHO XOPOUIO HCCIIEIOBAHBI
3aaud 00paOOTKU OJHOTUIHBIX JAHHBIX — YHCJIOBBIX,
TEKCTOBBIX. Kitaccuyeckue anropuTMbl aHATUTHYECKON
obpabGoTku  Gompmux  MaccuBoB  maHHbIX  (Data
ClassifiCation, Data Mining, Text Mining, Knowledge
Discovery) paboTaroT HIMEHHO C TAaKUMH THUIIAMHU J[aH-
Hbix [1-3; 5-7] u HemocpenCTBEHHOE NMPUMEHEHHE UX
JUIs1 00pabOTKM Pa3HOTHUITHBIX TAHHBIX HEBO3MOIKHO.

BwMmecre ¢ TeM, Ha pakTHKE BCTPEYAIOTCS 3aiaqH,
TpeOyromue 00padaThBaTh KIMEHHO OOJBIINE MACCHBBHI
Pa3HOTHIITHBIX JaHHBIX. IHOT1a 3TN JaHHbIE, K TOMY XKe,
00J1a1al0T HEKOTOPbIMU CHELU(PHYECKUMH OCOOCHHO-
CTAMH, KOTOpBIE JaKe B Cllydae MX OJHOTHUITHOCTH He
MO3BOJIAIOT HETIOCPEICTBEHHO IPHUMEHATh Kilaccude-
CKHE METOJIbI ¥ AITOPUTMBIL.

OnHol M3 TaKMX NMPaKTHYECKH BaXKHBIX 3a/1a4 SIB-
JsleTcs 3a/1ada aHAMTHYeCKOH 0OpabOTKH MHOTOMeEp-
HBIX O6’I)CKTOB, OIMUCBIBACMBIX ITPU3HAKAMU Pa3IMYHBbIX
THUIIOB, HHPOpMANHUs O KOTOPHIX HAKAIUINBAETCS B 0a3ax
JaHHBIX MoJpa3leleHrid MHPOPMaOHHOTO obecneye-
HUS TOJMMLIUK YKpauHbl. B kadecTBe oOpabaThiBaeMBbIX
06’beKTOB B JaHHOM CJiy4a€ BBICTYIIAIOT JiMla, IpeamMe-
THl U COOBITHA KPUMHHAIBHOTO XapakTepa. MHdopma-
U 00 3THX OOBEKTaxX PETHCTPUPYETCS B COOTBETCT-
BYIOIINX KPUMUHAIBHBIX yueTax [8] myTem 3amonHeHuUsI
HEKOTOPBIX PETJIAMEHTHPOBAHHBIX CTaHIApPTHBIX (HOopM

[9]. Crnetmduueckumu 0COGEHHOCTSIMHU 3THX MaCCHBOB
JaHHBIX sBistoTes [9-11]:

1) Gombiine 00BbEMBI JAHHBIX (COTHH THICSY, a
HHOTJ[a ¥ MUJUIHOHBI 3alKcel); MpUYeM KOJIMYECTBO
ITHX JAHHBIX C KK/BIM JHEM yBEIHINBACTCS,

2) GouBIIIOE KOJMYECTBO MPU3HAKOB, XapPaKTEPH-
3yrOHIUX 00BEKTHI (JI0 COTHHU U GOJTBIIIC TIPH3HAKOB);

3) pasnuuHas npupoia MPU3HAKOB (KaK IPABHIIO,
HEYHUCIIOBas);

4) B TEKCTOBBIX IMOJAX BCIEACTBUE OCOOCHHOCTEH
JMHAMHUYECKOr0 (HOPMUPOBAHHS PEANbHBIX MAacCHBOB
9aCTO BCTPEUAIOTCS MIOBTOPSIOIIHMECS KYCKH TEKCTOB,;

BO3MOKHOCTh HAIMYHS MPOMYCKOB (OTCYyTCTBHE
3HAYEHHUIA TaM, TJI¢ OHU JIOJDKHBI HAXOJUTHCS) B MACCH-
Bax B CHIYy psiga CyObEKTUBHBIX U OOBEKTHUBHBIX IPH-
YHH.

B uccnenyemoit 3amaue BbIoONHsETCS 00paboTKa
JOAaHHBIX CIIEAYIONIMX THUIOB. 1) 4nCIIOBBIE; 2) TEKCTO-
BbI€; 3) KaTeropuaibHble; 4) paHroBsie (MOPSIKOBLIE).

B pabote [4] npemnoxeHa METpUKA, YYUTHIBAIO-
I1asi 9acTh MEPEUNCIICHHBIX BhIIIe ocoOeHHOocTer. [laH-
Has paboTa sBIseTCSA Pa3BUTHEM W O0OOIIEHUEM Ipen-
n0xeHHoro B [4] moaxona.

Leabio nanHOW cTaThbW SBISETCS pa3paboTka
0000IIeHHON OICHKH OJHM30CTH OOBEKTOB C Iepednc-
JICHHBIMH BBIIIIE OCOOEHHOCTSIMM.

O6006LWeHHasa meTpuKa B NPOCTPaHCTBe
MHOroMepHbIX 06 bLEKTOB
C PA3HOTUMHbLIMU NPU3HAKaMUN
Beenem cnenyroiue 0003HaAYCHUS
X={xjj}, — maTpuma “00BEKT-CBOHCTBO”, B KOTO-
poii Xjj — 3HaYeHue j-ro cBoictBa (mpu3HaKa) i-ro 00b-
exkTa, i=1,2,...,m;j=1,2,...,n;
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[IKaJbl U3MEPEHUI: KareropuanbHas (HOMHHAJb-
Has, OunHapHas) — cat, panroBas(mopsiakoBas) — rank,
yrcaoBasi(MHTEpBAIbHAS, OTHOCUTEIbHAS) — NUM; TEeK-
croBadg — Xt

Xi=(Xi1, ooy Xijy woes Xin)T € Rn;

NONe — OTCYTCTBYIOIIHE JIaHHBIC B sTUCHKE;

Nj — YUCII0 TIPOMYCKOB B 00BEKTE X;;

N|— YHCII0 IPOIYCKOB B OOBEKTE X|;

Njj — YUCJI0 OOIIUX MPOIYCKOB;

Xi N X # d.

st yueta nponycKoB B JaHHBIX BBEIEM CIIEIYIO-
YO BCIIOMOTATEIbHYIO MIEPEMEHHYIO:

1 (x; # none) A (X, # none); @
" 10, (x; = none) v (x, = none).

C y4eToM BBEIEHHBIX 0003HAUEHUHN ¥ BBHIPAXKEHHS
(1) paccrostaue dj Mexxay ob6bekTamMu X; M X| B 06006-
IIEHHOM BHJIE MOYHO 3aMUCaTh CIAEAYIOLMM 00pa3oM:;

1 0 )
:—Zopj(xijlxlj)sil'
n—-n; =N +n; =

ij

3nech Opj(Xij,X|j)

CTOSIHUSI MKy O0BEKTaMH X; M X| TSl j-TOTO MPHU3HAKA.

Jnst yueta 3HaYUMMOCTH TIPU3HAKOB BBEIEM HX Be-

coBbie KO3 duImeHTs! Kj, KOTOpBIC OMPEAEIAIOTCS HITH

3a7al0TCsl SKCHEPTaMU-aHAJIUTHKAMU B XOJI€ PEIICHHS
KOHKPETHBIX 33/1a4.

— omepaTop BBIYHCICHHSA pac-

dil =zkjdijI6il' (3)
L
Iponopmupyem ko3ddurmeHts! K;:

=ki. L

kj n K ' :
Z =1 i
ﬂﬂf{ ydye€Ta mKajlbl U3MEPEHUA KaXKIOI'0o IIPU3HAaKa
BBCZEM BCIIOMOI'aTCJIbHBIC HepeMeHHbIe:

1 ecnu |i— TeIiTIPpU3HAK U3MeEpseTCS B

bl = P —TO#i METpHKE;
0, B MIPOTUBHOM CIydae,
rme p — p-tas metpuka, p=1, 2, ..., N5, Ng — konmmgecTBo

KA U3MEPEHUSs, UCTIONIB3YEMbIX B 3a/a4e.

Torma wutoroBoe 0O0O0OIIEHHOE BBIpAXKEHUE IS
BEIUUCIICHUSI PACCTOSTHUS MEXAY OOBEKTAMH X M X
OyAeT UMeTh CIEIYIOINI BU/I:

1 IR
di - - k.bP e
! n_ni—n,+ni,p§‘ ,Z:;‘ g (4)

(0P (x5, %)) 3y

PaccMoTpuM mpuMeHeHHE MOJIY4YEHHOTO BBIpaXe-
HUS K MacCHUBaM JIaHHBIX, ONTMCAHHBIM BBIIIE, T.€. B CIIy-
Yyae HMCHOJIb30BaHUS YHCIIOBBIX, KaTETOPHAIBHBIX, PaH-
TOBBIX M TEKCTOBBIX 3HAUCHHH.

JIisl 4MCIOBBIX 3HAYCHWI TPU3HAKOB OyneM uc-
HOJIB30BAaTh CIICAYIONIUE BeIpaxeHust [4]:

— JUIS €BKJIUIOBOM METPHKH:

' 1 n )
armE - = SNk (X — X, 28.;
! n—ni—n,+n”j§ i =%y)78,

0<dym <1

— A MaHX?ATTEHCKOU MECTPHUKH:

. 1 1
gmee :—zkt|x_._x_|5n
il J17Nj Ij| il

n—=n; =N +n =

0<djme <1,

C BBIUMCIIUTENILHOW TOYKU 3pCHHs Oojiee Ipen-
MOYTUTENIBHOM SIBJISIETCSI MAHXATTEHCKAsl METPUKA U AJIs
MIPUMEHEHUS eBKIIMIOBOA METPUKH Ha TPAKTHKE TpeOy-
eTcsl JIOCTaTOYHO Beckoe oOocHoBaHue. [lodtomy, B
JABHEHIIIEM, TOBOpS O YHCIIOBOM MeETpHKe, OyaeM
HUMETh B BUAY UMEHHO MAaHX3TTEHCKYIO METPUKY.

Jns xareropualibHBIX 3HAUYEHUM BOCHOJIB3YEeMCS
CIIeIYIOIIUM BhIpakeHueMm[4]:

1 no. ,
———— ) k8(x;,x;)8;;0<df" <1.
n—ni—n|+n"; 0%, Xy)3y il

0<df™ <1,

cat" _
diI -

B panroBoii MeTpuKe paccTOsIHUE diflank MEXOY X;
U X| MOXKHO 3amucarh B Buzae[4]:

. 1 oo :
rank I, r .
dil :—ij‘xi} —Xj }Sil .
n-n,—n+n; 5=
o<d™ <1,
rae i Xf;’ — HOPMHUPOBaHHBIE PAHTOBBIE 3HAYECHMS
ij? i
(mpuBenennsie k untepBaiy [0,1]) mpusHakoB X; U X,
COOTBETCTBEHHO:

. ij —
X i
ij R; 1
X' =X
rje fj — paHr j-Toro npusHaka; =1, 2, ..., R;.
TekcroBele monsg. Hanmume B BekTopax  X;

MPU3HAKOB, MPEICTABISAIONINX COOOU TEKCTOBBIE IMOJIS
Pa3IUYHON JUTUHBI, BHOCHT B UCCIIEAYEMYIO 3aady J0-
MOJHUTEIBHYIO CIIOKHOCTb.

CyIIHOCTh €€ COCTOUT B TOM, YTO, BO-TICPBBIX, 00-
paboTKa TEKCTOBBIX KOPIYCOB MPEICTaBIIsET CO0Oi
OT/ETIBHYIO JIOCTATOYHO CIOKHYIO MpobieMy, uccieno-
BaHHE KOTOPOW K HACTOSIIEMY BPEMEHH BBUIMIIOCH B
caMocCTosTeNbHOE Hanpasierue — Text Mining [1-3].

Bo0-BTOPBIX, TEKCTOBBIE IMOJISI B HCCIEAYEMOM 3a-
Jlade B CHJIY CJIOXHBIIUXCS MPOIECCYAIbHBIX OCOOCH-

99



36ipnux nayrxosux npays Xapkiscoko2o Hayionaiwro2o yHieepcumeny Iogimpsnux Cun, 2017, 3(52)

ISSN 2073-7378

HOCTe WX (POPMHUPOBaHUs OOJIAAIOT OMpE/ICIEHHOM
CrienUPUKOM — HATMYMEM MHOTOKPATHO TOBTOPAEMBIX
U30BITOYHBIX KyCKOB TEKCTa.

B 3TOM CiTydae mpuMEHEeHHE Ul OLCHKH OIIH30CTH
TAKUX TEKCTOBBIX OOBEKTOB TPAIMUIIMOHHO HCIIONb3Ye-
MBIX METPUK, OCHOBAHHBIX Ha 4aCTOTaX BCTPEYAEMOCTU
OT/JEIBHBIX TEPMOB HIIM KOJUTOKanuii, B yactHoctu Dtf-
idf [3], Oyzmer rckaxkaTh peabHyIO0 CHTYAIHIO.

Kpome Toro, Takas MeTpHKa NOJDKHA YYHTHIBATH
OITMCAaHHBIE BBILIE 0OCOOCHHOCTH 00pabaThIBAEMbIX Mac-
cuBOB AaHHbIX. OMHON M3 M3BECTHBIX TEKCTOBBIX MET-
pHK, KOTOpas B HauOOJbINEH CTENEHH MO3BOJISET
y4ecTh BCE MEPEUHCICHHBIE OCOOCHHOCTH, SIBISACTCS
ko3 dunment JKakkapnia, B OCHOBY KOTOPOT'O IOJIOXKe-
HO HCIIOJIB30BAaHUEC MHOXCCTBCHHbIX Hpe[lCTaBJ'IeHI/Iﬁ
TEKCTOBBIX 00BEKTOB — Te3aypycoB (cioBapeit) [3]:

t_|Diij|
Y |DiUD;I’

rae Di u Dj — MHO>KECTBEHHBIE NIPECTABIEHNs TEKCTO-

BBIX 00BEKTOB j U Pj, cCOOTBETCTBEHHO: Di={ t'l, tlz ) eee
tlki}’ tlj' j-it Tepm mHOoxectBa Dj, Ki — xonmuectBO

CJIOB B clloBape MHOecTBa D;.

C y4eroM BBILIETIEPEUNCIEHHBIX OCOOCHHOCTEH
UCCIIeyeMbIX MacCHBOB JaHHBIX M MX TEKCTOBBIX MO-
JIe, a TaKkKe BBEJCHHBIX 0003HAYCHUIT HCKOMAsl OLIEHKa
OJIM30CTH 3HAYCHUH TEKCTOBBIX MIPU3HAKOB MOXKET OBITh
chopMyIHpOBaHa CIEAYIOMINM 00pa3oM:

1 0, .| Dy N Dy |

d}| = kj il
n—n,—n,+n, 3 |DijUD,j|

Jlanee, UCTONB3ys BBEJACHHBIC 0003HAUYCHUS U TI0-
JMYYCHHBIC BBIPOKCHUS, CPOPMYIUPYEM KOHKPETHBIN
BUJI BBIPOKEHHUS JUISl OMPEICTICHUSI PACCTOSHUS MEXIY
00BEKTAMH X U X|.

C 3T0i1 1enbo A1 KOPPEKTHOTO y4YeTa pa3HOTHUII-
HOCTH MPU3HAKOB BBEIEM CIIEIYIOIIHE CITy)KeOHbBIC Tie-
pEeMEHHBIE:

1, ecnu j— THIA IPU3HAK  M3MeEpsieTCS B

YHCIIOBOU METPHUKE,

num
b;

0,8 mpoTHBHOM ciyyac;

1, ecnu j— TBI IpU3HAK HM3MEPSCTCS B
cat _
b =

KaTeropuallbHOM METPUKE;

0,B TNpPOTHUBHOM Clly4ae;

1, ecnu j— THIAIPU3HAK  U3MEPSETCS B
b = PaHrOBOM METPHKE;

0,8 TPOTHBHOM Cily4ae;

1,eciu j— THIA IPU3HAK  M3MEPSICTCS B

txt _
b =

TEKCTOBOU METPUKE;

0,B MIPOTHUBHOM CiIy4ae.

Torna, MOACTABUB 3TH MMEPEMEHHBIC W BBIPAKCHIE
(5) B BeIpakenwe (4), TOIYIUM UTOTOBYIO (POPMYITY JUIS
OITIpe/IeTICHUsI PACCTOSHHS MEXIY OOBEKTaMH X; W X| B
CIIEYIOLIEM BUJIE:

1 n -
dy=—-————(> b™Mkilx;; — x| +
il n—ni—n|+ni|(jz=1 ] 1| 'J 'J| il

n n ! '

t),' ki ' |y i Tj
Zlb(;a kjS(Xij,X|j)8i|+'Zlean kj XiJ-j—X"JSH-i-
= =

n . | Dii N Dy
i |Dij UDy; |
BbiBoAabl

B manHOW paboTe mcciemoBaHa 3amava ONCHKH
0JIM30CTH MHOTOMEPHBIX OOBEKTOB C PA3HOTHUITHBIMH
MPHU3HAKAMH, COJIEPXKAIIUX TMPOITYCKH B MaHHEIX. [Ipo-
aHAM3UPOBAHBI U CHOPMYITHPOBAHEI OCOOCHHOCTH pe-
aJbHBIX MAacCHBOB JaHHBIX. OOOCHOBAaHAa HEBO3MOXK-
HOCTh MTPUMEHCHUS KIIACCHYCCKHUX AJTOPUTMOB aHAJIH3a
nauueix (Data Mining, Text Mining) mis o6pabotku
UCCIIeyeMbIX MaccHUBOB JaHHbIX. [Ipemnoxxena o000-
IICHHAs METPHKa ISl OICHKH OJHM30CTH OOBEKTOB C
3a/TaHHBIMH 0COOEHHOCTSIMH, ITO3BOJISIFOIAS CBECTH €€ K
CKQJISIPHBIM YMCIIOBBIM 3HAYEHHSM. OTO IO3BOJIMIO
CBECTH 33Jayy K KIACCUYECKOMY YHMCICHHOMY BHIY H
00eCIeUmIIo TPUHIMITAATEHYI0 BO3MOXKHOCTh TpPHME-
HUTh Ui €€ PELICHUS] U3BECTHBIC METOJbI U aJTOPHT-
Mbl. Kpome Toro, wucrnonb3oBanue Kod3(h(UIMEHTOB
MPUOPUTETHOCTH MPHU3HAKOB J3ae€T BO3MOXKHOCTh B WH-
TEPAKTUBHOM PEXKUME OIEpaTOPY-aHATUTHKY pEryId-
pOBaTh KOJIMYECTBO aHAJIM3MPYEMBIX MPH3HAKOB B CO-
OTBETCTBHH C peIIacMOi KOHKPETHOH 3amadeH, 4To Cy-
MICCTBEHHO B VCIOBHSIX OONBIIOTO WX KOJHYCCTBA.
[IpennoxxeHHplil MOAXO MO3BOJSET MPUMEHSTH Kiac-
CHYECKHE AITOPUTMBI KJIACTEPU3allMH, KilacCU(pHKALUH
M acCOUMAIMA JUTSl PEIICHUS MPAKTHYCCKUX 3a1ad BBI-
SIBIICHUSI HESIBHBIX U CKPBITBIX CBSI3ei MEXAY OOBEKTa-
MU KPUMHHAQJIBHBIX y4eTOB B 0a3ax JaHHbIX HMH(pOpMa-
IUOHHBIX CUCTEM OPTraHOB BHYTPCHHHUX [ICJI, 4 TAKXKE B
JIPYTUX TPEIMETHBIX 00JacTsaX, Tae o0pabdaThIBAIOTCS
MAaCCHBBI JaHHBIX C TAKUMH 0COOEHHOCTSIMH.
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Y3ArAJllIbHEHA METPUKA B 3A0AYI AHANI3Y BATATOBUMIPHUX OAHUX
3 PIBHOTUIMHUMU O3HAKAMU

€.B. boasaucekuii, B.M.Ctpykos, I.1O. Y3noB

Poboma npuceauena 3aoaui oyinku 6ausbkocmi 6a2amosUMIpHUX 00'€KMI8, 03HAKU AKUX GUMIDIOIOMbCA 8 PI3HUX WKANAX,
a 0bpobr0sani 0ani Maoms eIUKY PO3MIPHICNG | MicmAmb cneyudiuni mexcmosi noas i npozaiunu. /[o 0aHux 3 makumu cne-
YuivHuMu 0COOIUBOCMAMU HEMOICTUBO OE3N0CePeOHbO 3ACMOCO8Y8AMU KIACUYHI aleopummu Kiacmepuszayii ma kiacugixa-
yii. 3anpononosano y3azanbreny Mempuxy 8 6a2amogumMipHomMy npocmopi makux o0'ckmis, Aka 003801€ 6y0y8amu aneopummu
Knacmepuszayii, kiacugixayii ma acoyiayii, 3aCHOB8AHI HA Hill, 3 GUKOPUCTHAHHAM KIACUYHUX MEMOOI8.

Knrwwuosi crosa: bazamosumipni 06’ ckmu, kiacmepuzayis, K1acu@ikayis, wKaia euMipie, KilbKiCHa MempuKka, Kamezopi-
anbHaA MEMPUKA, PAHS068A MEMPUKA, MEKCMO6a MEMpPUKd.

GENERALIZED METRICS IN THE PROBLEM OF ANALYSIS
OF MULTIDIMENSIONAL DATA WITH DIFFERENT SCALES

E. Bodyanskiy, V. Strukov, D. Uzlov

The work is devoted to the problem of evaluating the proximity of multidimensional objects, the characteristics of which
are measured in different scales, and the data being processed are of large dimension and contain specific text fields and omis-
sions. Data with such specific features can not be directly processed with the classical algorithms of clustering and classifica-
tion. A generalized metric is proposed in the multidimensional space of such objects, which makes it possible to build algorithms
for clustering, classifications and associations based on it, using classical methods.

Keywords: multidimensional objects, clusterization, classification, measurement scale, quantitative metric, categorical
metric, rank metric, text metric.
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