MOCTH OT YPOBHSI UCIIOJIb30BaHUS PecypcoB 3(D(HEKTUBHO MOHETHU3UPOBATH MIPEIOCTABICHHBIC CEp-
BHUCHI.

3akaouenue. Takum 00pa3oM, B KOHTEKCTE OpPTaHU3AMU EAWHOTO IeHTpa 00paboTKu
JaHHBIX O HOpO)KHOfI CUTyaluu HGOGXOI[I/IMO paccMaTpruBaTh IPUMCHCHHUEC COBPEMCHHBIX TCXHOJIO0-
ruii 00paboTKK OOJBIIMX TAHHBIX, @ UMEHHO BHEJPEHHE CUCTEM XPAaHEHUS NAaHHBIXU €JHHON CH-
CTeMY YIIPaBJICHHUS W OPKECTPAIMH, YTO TO3BOJHT LEHTPAIU30BAHHO coOMpaTh U 0OpabaThIBaTh
KAaK CTPYKTYpPUPOBAaHHBIE, TaK U HE CTPYKTYpPHUPOBAHHBIE JAaHHbIC. Bce 3TO JacT BO3MOXKHOCTH
(bOpMI/IpOBaHI/Iﬂ XpaHuJIuia AaHHBIX IJIA I[aJII:HefIHIeFo aHaJIn3a WU MPOrHO3MPOBAHHA AOPOKHBIX
CUTyall M NPUHLMIIMAIBHOIO Pa3BUTHS M PEOPraHU3alUU TPAHCIOPTHOM-IOPOKHOU CUCTEMBI
ropoaa. Wccnenoanus npoBoasTcs B pamkax npoekra AP05133699 «ccnenoBanue u pazpaboTt-
Ka MHHOBAIMOHHO-TCJICKOMMYHUKAIVMOHHBIX TEXHOJIOTUH C UCIOJIL30BaHUEM COBPCMCHHBIX KI/I6€p-
TEXHUYECKUX CPEIICTB JIUI MHTEIUIEKTYaIbHON TPAHCIIOPTHOM CHCTEMBI TOPOAA».
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BU3YANU3ALNA MHOTOMEPHbIX JAHHbIX C UCNOJIb30OBAHUEM KPUBbIX SHAPIOCA
A. M. Hlupwixanos

(e. Tomck, Tomckuil nonumexHudeckull ynusepcumem,)
e-mail: ams28@tpu.ru
VISUALIZATION OF MULTIDIMENSIONAL DATA WITH ANDREWS CURVES

A. M. Shirykalov
(Tomsk, Tomsk Polytechnic University)

Abstract. In a recent decades processing power of computer systems has had a significant surge. So
now we are capable of processing that huge amount of data which has been collected by various information
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systems around the globe since first databases were implemented. A task of multidimensional data analysis
and processing is an important area of data science, as no matter what your data describes, it is likely to have
more than one parameter. Crucial part of any data analysis is its visualization. It helps researcher understand
what kind of data he is working with, does it split into any classes, does it contain any outliers and so on. In
this paper the use of Andrews curves in multidimensional data visualization as part of its primary analysis is
described. As an example, visualization of Wheat Seeds Dataset via Andrews curves is given.

Keywords: Andrews curves, multidimensional data visualization, multidimensional data outliers, pri-
mary data analysis, Wheat Seeds Dataset.

BBenenne Busyanuszanus siBISICTCS BXHOM YacThIO EPBUYHON 00paOOTKU JaHHBIX, TaK
KaK I103BOJISIET MCCJIEI0BATENI0 NMPOU3BECTH MX KaueCTBEHHbIM aHanu3. CylecTByeT MHOKECTBO
Pa3IMYHBIX METO/IOB BU3YaJIH3aIMH, OJHAKO MHOTHE M3 HUX CTAaHOBATCA MaJod((GEKTHBHBIMHU IIPU
YBEJIMUEHUH Pa3MEpPHOCTU JaHHBIX. Tak, Hanpumep, YTOObl BU3YaIU3UPOBATH KOPPEALIUIO MEXTY
BCEMHU IapaMy MapaMeTpoB JJIsl JaHHBIX C KOJIMYECTBOM napameTpoB N, paBHbIM 25, HEOOXOAMMO

ITOCTPOUTH
N(N-1)
— = 25x12 =300

AuarpaMm pacCCsHus. OI[HI/IM N3 MCTOJO0B, IMO3BOJIAIOINWX NPCACTABUThE MHOTOMEPHBIC TaAHHBIC Ha
IIJIOCKOCTH, ABJIACTCA MOCTPOCHUEC KPUBBIX aHﬂpIOC&

Kpusbie Juaproca ['maBHOM 0COOEHHOCTHIO METOJA BU3YyaTH3allMF MHOTOMEPHBIX JaH-
HBIX, OTTMCAaHHOTO DHAPIOCOM B ero padote [1], sBisieTcs BO3MOKHOCTD IIPEICTaBUTh JIAHHBIE JTTO-
00i1 pa3MEpHOCTH B BHJI€ KPUBBIX Ha TUIOCKOCTH. [Ipu 3TOM Kaa0# 3amucH B JaHHBIX CTaBUTCS B
cooTBeTCTBUE (DYHKIUSA B BUE psina Dypre:

1
f:(t) = x,272 + x, sin(t) + x5 cos(t) + x, sin(2t) + x5 cos(2t) + ...,

rue:

X (%1, X3, ... X;n) — 3aIKCH (TOUYKA) U3 HAOOPA TaHHBIX,

x;(i =1, ..., m) — I3BMCHsICMBIC TICPEMECHHBIC,

m — pa3MEPHOCTD JaHHBIX.

[TonydeHHBIE KpUBBIE CTPOSATCS HA TJIOCKOCTH B POMEXYTKe —1 < t < 7 U 00Ja7ar0T psi-
JIOM Ba)KHBIX CBOMCTB. Bo-niepBbIX, /Ui JIOOBIX TOUEK X U Y

f;c(t) + fy (t) = fx+y(t)’

OTKy/1a CIIeJIyeT, YTO MHOYKECTBO TIOJIYYCHHBIX KPUBBIX 00J1a/1aCT CTATUCTHYECKUMU XapaKTEPUCTH-
KaMH, CXOJHBIMH C TAKOBBIMU Y MHOXeCTBa JaHHbIX. Cpeau HUX: cpenHee 3HaveHue (1), paccros-
HUSI MEXK]TY dJIeMeHTaMH (2).

fo(® = 23y £, (), (1)

r7e X — CpeIHUIN BEKTOP,

T 2
| - fy(’f)”L2 = [ 6@® - £,©®] dt =n 3% (x; — y)? = mllx — ylI2 (2)
Tak e, IpH YCIOBUM, YTO mapameTpsl X;(i = 1, ..., m) ABIAIOTCA HEKOPPEIUPYEMBIMHE CIIy-
YaiiHBIMM BEJIMUYMHAMU C JUCIIEPCHEH 02, CIIpaBeaIuBo
D[f,(®)] = 6%(271 + sin?(t) + cos?(t) + ...) =

1
5 o’m, €CJIU m He4eTHO,

1 . /mt
502 m— 1+ 2sin? (7>], eCJIU M 4YeTHO.

O‘IGBI/I,Z[HO, YTO HE3aBUCHUMO OT 3HAYCHU M BBIITOJHACTCA CICAYIOIEC HEPABEHCTBO
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~02(m—1) < D[f()] <;02(m +1).

OTH CBOHCTBA MO3BOJISAIOT, MOJYYSHHBIN rpaduk, IenaTh CIeAYIOIUE MPEANOI0KEHUS OT-
HOCHUTENIBHO TaHHbIX:

e Ecny HECKOJBKO KPUBBIX HAXOMATCS OJNM3KO JIPYr K JIpYry IpH BCeX 3HAUYEHUsX t, TO
TOYKH AAaHHBIX, COOTBCTCTBYIOIUEC 3THUM KPHBBIM, OJIM3KU B COOTBETCTBUU C EBKJII/I[[OBOﬁ MCTpHU-
koi. Takas rpynmna KpuBbIX 0TOOpaXkaeT KiacTtep Touek JaHHbIX. C Apyroil CTOPOHBI, €CIU KpUBast
BU3YaJIbHO CHJIBHO OTJIMYAETCSl OT OOJBIIMHCTBA APYTUX, COOTBETCTBYIOIIAS TOYKA, BO3MOXKHO,
SIBJISICTCSL BELIOPOCOM.

e Ecnu HECKOJIBKO KPUBBIX HAXOAATCS OJM3KO APYT K APYry MPU ONPEEIECHHbIX 3HAUE€HH-
X t;, TO TOYKHU JaHHBIX, COOTBETCTBYIOLIUE 3TUM KPUBBIM, OJIM3KU B HAIIPaBJICHUSAX, OITUCHIBAEMBbIX
BEKTOPaMH

f,(t;) = (2_%, sin(t;), cos(t;),sin(2t;), ...).

9TO MOXET NMO3BOJIUTb ONpeeNUThb KJIAaCTephbl JaHHBIX JaXKe C IPUCYTCTBHUEM J0M0.JI-
HUTeJIbHBIX NapaMeTpoB [1].

e Eciu TOYka JAaHHBIX Y JEKHUT HA MPAMOW, COCMHSIIONEH TOYKH X U Z, TOTJa JUIsl BCEX
3HaueHwui ¢, f, (t) Haxomures mexny fi (t) u f,(t).

Takum 00pa3om, MOCTPOCHHE KPUBBIX DHIPIOCA TO3BOJISET OTBETUTHh Ha CIEAYIOIIHE BO-
MPOCHI O JTAHHBIX:

e CopepxaT JIM TJaHHBIE SIPKO BRIPAKEHHBIE KJIACCHI U KIIACTEPhI?

e CopepxaT JIM TaHHBIE IBHBIE BEIOPOCHI?

Ecnu nannbie y)ke pa3eneHbl Ha KJIacChl:

e Uem Kacchl CX0KH MEXTY CO00H, a UeM OTIIMYAr0TCs?

Jiia 6onee 3pPeKTUBHOTO MPUMEHEHUS JAHHOTO METO/1a BU3yalIM3alluid MOKHO TIPOU3BECTH
MIpeIBAPUTENIbHYIO TIOATOTOBKY JIaHHBIX, B KOTOPYIO BXOJUT MX HOpMalM3allys, BbIJEIEHUE TJIaB-
HBIX KOMIIOHEHT, UCKIIFOYEHHE CUIIBHO CBS3aHHBIX mapameTpos [1, 2].

Busyaauszanusa nadopa manubix Wheat Seeds Dataset ¢ momombi0 KpuBBIX JHApIOCA
Ha6op nannsix Wheat Seeds Dataset [3] coctout u3 manHbIX 0 210 3epHaXx MIIEHUIBI TPEX pa3-
mnubix BugoB: Kama, Rosa u Canadian, mo 70 mtyk kaxmoro. J[jist Kaxaoro sijpa OnpeesicHb
CIIEAyIOIINE MapaMeTphl: miomanb Ha Gortorpaduu (Area), mepumerp Ha dororpaduu (Perimeter),
KoMmnakTHOCTH (Compactness), BerunciieHHas yepe3 TUIONMaIb U epuMeTp 1o Gopmysie

4mArea

Compactness = ———,
Perimeter

mmaaa (Kernel.Length), mmpuna (Kernel.Width), kosddunmuent acummerpuun (Asymmetry.Coeff),
nuHa masa (Kernel.Groove) u By MieHuUIIb.

Tak kak mapamerp Compactness GbyHKIHOHAIBHO CBsI3aH ¢ mapametpamu Area u Perimeter,
IIPH MOCTPOCHUM IPaPUKOB OH HE yYUTHIBAICA. Taroke /Ui JEMOHCTPAIMH KJIACTEPU3AIUH KPUBBIX
B NIPUBE/ICHHBIX HWKE PUCYHKAaX HE YUMTHIBAJCS BHJ MineHHIbl. Hroke, Ha pucyHkax 1 u 2 mpen-
CTaBJICHBI KpUBbIE DHJIPIOCA JJIi HECHOPMAJIM30BAHHBIX U HOPMAIM30BAHHBIX MPEATIOKEHHBIM B [2]
CrocoOOM JaHHBIX COOTBETCTBEHHO.
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Pucynok 2. Kpusble DHjproca Juisi HOpMaJIu30BaHHBIX TAHHBIX

Ha pucyHnke 2, B oTaM4ue OT pUCYHKA 1, XOPOIIO BUIHBI TPU IPYIIIBI CXOKHUX KPUBBIX, CO-
OTBETCTBYIOIIMX Pa3HbIM BHJIAM IMUICHUIBL. DTO MMOKa3bIBa€T HEOOXOAUMOCTh HOPMAIU3ALMU IaH-
HBIX Iepel IPUMEHEHHEM NaHHOTO MeToja Bu3yanuszauumu. Ha rpaduke OTCYTCTBYIOT KpHUBBIE,

CHUJIbHO OTAAJICHHBIC OTO BCEX I'PYIIII, CIIE€A0BATECIIbHO B IaAHHBIX OTCYTCTBYIOT SIBHBIC BI>I6pOCLI.
3Hasi, K KAKOMY BHy NPUHAUISKUT KaKI0€ 3€PHO, MOXKHO TTOCTPOUTH KPUBBIE DHAPIOCA ISl CPEIHUX BEKTOPOB KaXK-
noro u3 kiaccos (Puc. 3).
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Pucynoxk 3. Kpusbie DHjproca Juisi CpeTHUX BEKTOPOB BUIOB CEMSTH

Ha pucynke 3 Homepa 1, 2 u 3 coorBerctByer Bujam Kama, Rosa u Canadian B Takom 1o-
psake. MOXHO 3aMETHTh, YTO KPHBBIE BUIOB 2 U 3 PACIIONIOKEHBI aCHMMETPHUYHO OTHOCHTEIHHO
ocH abcuuce. YUUThIBasi, 4TO JaHHbIE ObLIIM HOPMAJIU30BaHBI C UCMOIb30BaHUEM (POPMYIIbI

X, = (—xkl al (i=1,..,m)),
Oi
MOJKHO CJIeJIaTh BBIBOJ O TOM, YTO B CPEIHEM, 3HAYCHHUS IMapaMeTPOB Y KJIACCOB 2 M 3 pacroyioxe-

HBI aCHMMETPHYHO OTHOCUTEIILHO CPEIHUX 3HAYCHHI ITHX ITapaMeTpoOB.
Tak ke MOKHO YBHJIETh, YTO KpHBast KJiacca | IMeeT MEHBIIIYIO aMIUIUTYy, YeM KPHBBIE KIIaCCOB 2
U 3, a cleoBaTeNbHO, 3HAUCHHS TApaMETPOB ATOM T'PYIIIBI PACIIOIOKEHBI OJFKE K CPeTHUM 3Ha-
YESHUSIM ITUX MApPaMETPOB.

3akioueHueB paboTe ObUTO MOKa3aHO MPUMEHEHUE KPUBBIX DHJAPIOCA ISl BU3YaTU3alUH
MHOTOMEPHBIX JIaHHBIX, OTICAHBI HX OCHOBHBIC CBO¥CTBA. C MIOMOIIBIO JAHHOTO METOIa OBLIT BH3Y-
anmu3upoBan HaOop manueix Wheat Seeds Dataset, ma ocHOBe BHU3yalM3aludd MPOBEICH aHAIM3
CTPYKTYPBI JTAaHHBIX, C/ICIaHbI BHIBOJIBI O HAJMYUE B HEM BBIOPOCOB, KJIACCOB, OTHOIICHUH MEXIY
KJlaccaMu.
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