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KIIACTEPU3ALIA. SMEHIIEHHSA
PO3MIPHOCTI O3HAK OB’€KTIB B MAIIIMHHOMY
HABYAHHI TA BI3YAJII3ALIA JAHUX. METO/I t-SNE.

CLUSTERING. DECREASE OF DIMENSION
OBJECT DESCRIPTION IN MASTER EDUCATION
AND VISUALIZATION OF DATA. T-SNE METHOD

VY nmaHiii cTarTi pO3rIsIAE€ThCA MUTAHHS KiAacTepu3allii, 3MEHIICHHS PO3Mip-
HOCTI O3HaK BUOIPKM BXIJJHMX 00 €KTIB aHaJi3y 1 Bi3yaii3alii JaHHX 3a JOINOMOTOIO
anroputMmy t-SNE. TlpomnoHyeTbcss BapiaHT MOXJIMBOTO TOKpPAIIEHHS JaHOTO
anroputMy. Jls TecTyBaHHS BUKOPUCTOBYEThCS MoBa Python Ta momynspha 016sioTe-
ka scikit-learn.

Kiro4oBi cjioBa: MalvHHE HaBYAaHHSA, KJAcTepU3allis, 3MEHIICHHS PO3MIpHO-
CT1 IPOCTOPY BUOIPKM O3HAK, Bizyauizallisi AaHux, anroputm t-SNE.

Puc.: 1.. Bi6n.: 5.

In this article, the question of clustering, reducing the size of the characteristics
of the sample of input objects of analysis and data visualization using the t-SNE
algorithm. A variant of possible improvement of this algorithm is proposed. For
testing, Python language and the popular scikit-learn library are used.

Key words: machine learning, clustering, diminishing of the dimension of the
sample of traits, data visualization, t-SNE algorithm.

Fig .: 1 .. Bible: 5.

AKTYaJbHICTh TEeMH J0CJisKeHHsl. MallinHHe HaBYaHHS PO3BUBAETHCS JIyKE
IIBUJIKAMH TEMITaMH 1 KUJIBKICTh JAaHMX IS aHaIi3y POCTe 3 KOXXKHUM JHeM. Taka
TEH/JICHIIisI, B CBOIO Yepry, IPU3BOIUTH JI0 IMTOCTYIOBOTO YCKIIAQTHEHHS aHAII3y JaHUX 1
PO3yMIHHS B3a€MO3B’S3KIB MK HHMH, II[0 B MAIIMHHOMY HaBYaHHI € KIIFOYOBOIO
ocobonuBicTro. CaMe TOMYy JIOJM B TEpIIy 4YEepry IIYKAlOTh MOXJIHBOCTI IS
CIIPOILICHHS TIPEACTAaBICHHS JaHMX Oe3 BTpaTu JesKoi BakiauBoi iHdopmarli. J[ana
CTaTTs MPUCBSYEHA OJHOMY 3 BITHOCHO MOJIOJUX QJITOPHUTMIB, SIKHH JIOCHUTH J100pe
CIIPaBJISETHCS 3 33/1auaMU MOAIOHOTO THITY.

ITocranoBka mpodjemu. He gusnsunce Ha Te, mo anroput™ t-SNEgocuth
no0pe cebe 3apekoMeHyBaB B cepl MAITMHHOTO HAaBYaHHS Ta aHaJI3y JaHUX, BIH BCE
K Ma€ TIeBH1 HEJOJIKH, sIKI HAMararoThCsl OyTH BUPIINICHUMHU B JIaHIM CTaTTI.

AHai3 ocTaHHiX AocaixxkeHb i myOJikamiii. IIpoTrsrom octaHHIX pOKIB
3 SBJISETHCA BCE OLIBINE CTaTed MPHUCBAYCHUX PIZHUM MOAMQIKAISAM alropuTMmy t-
SNE, mpote OuIbIIICTh IMUX JAOCHIIKEHb HAMpaBiCHI Ha IiJBHINCHHS IIBUIKOCTI
JTAHOTO aJTOPUTMY, OCKUIBKHM BIH Ma€ OJHY 3 HAWOUIBIIMX CKJIAJHOCTEH cepe
KOHKYPEHTIB. BUIbIIICTh 1HITUX HEAOMIKIB JAHOTO aJrOPUTMY HE € JOCHTh ACTAIbHO
BHBYEHUMH Ha JaHUM 4ac.

BuainieHHs1 HeZOCJiKEHUX 4YAaCTHMH 3arajbHoi mnpobugemu. [lana crarTs
MPUCBSIYCHA JTOCHIKEHHIO MMOTEHIIMHOCTI MoKparieHHs anroputMy t-SNE 3a paxyHok
MO>KJIMBOCT1 BUKOPHUCTaHHs iH(opMalii mpo po3MITKy Ta CKJIaa BUOIPKH, a TaKOX
MOXJIMBOCT1 JI0JIaBaTH HOBI TOYKM B BHOIPKY JJIs TOKpAIIEHHS BI3yaJbHOTO
pe3yabpTary 0e3 rmepepaxyHKy BCiX KOOpIUHAT.
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IocranoBka 3aBaanHd. [IpoBectu moaudikamito anroputmy t-SNETa anamnis
WOTr0 TECTyBaHHS.

BukiiageHHss OCHOBHOro mMarepiaay. 3a3Buyail B MallMHHOMY HAaBYaHHI MU
Ma€eMO CIIpaBy 3 JOCUTh 0araTOBUMIPHUMH BHOIpKAMH JAaHUX, OCKUIBKH YK€ 4acTo
aHaJl3 JAaHUX MPOBOJIUTHCS OJHOYACHO BITHOCHO 0araThOX MapameTpiB 1 YHUKHYTH
IBOTO B €py TEXHIYHOT'O PO3BUTKY HEMOXIJIHUBO. AJie IPU IIbOMY MH XOYEMO SKOCh
JTUBUTHCS HA 11l JaHl, PO3YMITH, SIK BOHU BJAIITOBaHI, SIKI TaM B3a€EMO3B'S3KH, SKi
O3HAKW BaXJIMBI, a fKl - HI, SIK CIHIBBIIHOCATHCS KJIacH MiX co0oro. ICHye mocuTh
BEJIMKA KUIBKICTh aJrOPUTMIB SIKI JIOMOMAaraloTh MPOBECTH IMEBHY XapaKTEPUCTHUKY
naHuX 0e3 MOHMXKEHHS PO3MIPHOCTI, ajle TakKi JaHHI JOCUTb Ba)XXKO CIPUHMAIOTHCS
JIOJIMHOI0, OCKUIBKYA MU HE MOKEMO MUCIUTHU OUTBII HIX B 3 BUMIpax.

Xotinocss 6 BigoOpa3uTu BCIO BHUOIPKY B JABOBUMIpHHMM a00 TpPUBHUMIPHHIA
MPOCTIp Tak, M100 Bifpaszy OyJi0 BUIHO BCl 3aKOHOMIPHOCTI B IaHUX, BCS X CTPYKTYypa.
Hanpuknan, skmo kjaacu CHIBHO MepeMiniadi MiXK coO0010, SIKICh KJIaCH BHAUISIOTHCS 1
iX MOXKHa N00Ope BIJOKPEMUTH BiJl PEUITH, TOOTO MPOBECTH MpOIEC KiacTepu3allii.
Biacue, came Tak MU NpuUxoAMMO J0 3a7adi Bizyanizalii JaHUX: 1[€ OKPEMUM BUIAI0K
HEJIHIMHOTO 3HUKEHHS PO3MIPHOCTI, KOJIM PO3MIPHICTH HPOCTOPY, B SKE MU
HaMaraeMocsi CIIpOeKTyBaTH Hallly BHOIpKy, 1€ 2 abo 3.

Ha croromnimHii 1eHb, OJHUM 3 HAWOUTBIT MOMYJIIPHUX TIIXOIIB 10 BUPIIICH-
HA Takoro kjacy 3aaad € Buxopuctanus wmeroay t-SNE(t-distributed stochastic
neighbor embedding).

Cytp amropurmy t-SNE momsrae B po3paxyHKY ABOX MAaTPHIb CXOXKOCTI:
mmepiia - JIs BUXIJHUX TOYOK B 0araTOBHMIPHOMY NPOCTOpPi, Apyra - IS KIHIEBHX
TOYOK B JIBOBUMIpHOMY. JIpyra maTpuis miaOUpaeThcs TaKUM YUHOM, 0O sSKOMOTa
Kpaiie BimoOpakaTy BIaCTUBOCTI MEPIIOi.

Ha BinMiHy Bim aiaropuTmiB KOHKYpeHTIB, meroh t-SNEHe morpebye Mmak-
CUMaJIbHOT OJIM3BKOCTI PO3MIIIEHHS 00 €KTIB y pe3yJbTyIOUOMY MPOCTOP1 BIIHOCHO
3agaHoro. [lanuwit anroputm moTpelye nuiie 30€peKeHHIO MPOMOPINi 00’ €KTIB, IO
Jla€ JJOCUTh BEJIMKI TepeBaru, OCKUTBKH MPU JOCUTHh BEIIMKOMY CKYMYEeHHI 00’ €KTIB B
0araToBUMIpHOMY TIPOCTOPi, JOCHTh Ba)XHO BiAOOpa3sUTH MaHI 3aKOHOMIPHOCTI B
MaJIOMIpHOMY, TOOTO JJaHH1 BUXOSATH OUIBIIIE YITKUMHU 1 3pO3yMITUMH JIJI aHATI3Y.

AJTOPUTM CTBOPIOE CTATUCTUYHY MOJENIb PI3HUX OCOOIMBOCTEH JaHUX, SKi
($hopMyIOTh BIPOTIHY KapTHHY OYIb-SKOTO 3aJaHOT0 3HAYCHHS. BiH BUIIaAKOBHM
YUHOM PO3CII0O€ TOYKH JAHUX 1 MOYMHAE TEpPeMINIaTH Ii TOYKH KPOK 3a KPOKOM B
MpoIeci, SKMH HaMaraerbCs 3HAUTH 30JI0TY CEpeanHy, /€ TOYKH 30alaHcoBaH1
CTaTUCTUYHO. TOOTO, TOUKH TATHYTH 1 HATUCKAIOTh OJIHA HA OJIHY, IPYHTYIOUHMCh Ha
TOMY, K He30aJaHCOBaHI BOHU 3 yCiMa IHITUMH TOYKAMH, BOHH CaMOOPTaHI3YIOThCS
3a  aiaroputMoM. PyxX KOXHOI XapaKTEpUCTUKH TOYOK B KOXXKHOMY HAaINpPAMKY
BH3HAYAETHCS BIUIMBOM IHIMX TOYOK, SIK1 TOBUHHI OyTH PO3MIIIEHI Ha BIJCTaHI 3a 1X
0COOJIMBOIO UMOBIPHICTIO.

3aranpHi GOpMYIH IS 0OYMCIICHHS WMOBIPHOCTEH B 3aJ]aHOMY Ta Pe3yJIbTYIO-
YOMY MPOCTOpaXx:
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Ili ¢popmynm moOKa3yrOTh Ha CKUIBKH j-Ta TOYKa OJW3bKa A0 1-TOi 3 3aJaHUM
BiaxmieHHsAM ©. Curma BiIpI3HAETHCA I KOKHOI TOYKHA. BOHO mimOupaeTbes Tak,
11100 BUKOHYBAJIaCh OI[IHKA MEPIUIEKCIi:
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Jlnst po3yMmiHHS (PI3MUHHUX BJIACTUBOCTEH aJOPUTMY, NEPIUICKCII0O MOXKHA

BBaXKaTH MOM SKIIEHOIO OILIIHKOI €()EeKTUBHOI KUIBKOCTI CYCIIHIX TOUOK AJIS 3aJaHOI.
3a3Buuanuii 6epyThcs 3HaYeHHs Big 5 10 50.

Jlns TMOpIBHSHHSA PO3MOAUICHh HMOBIPHOCTEH 3aJaHOTO 1 PE3yIbTYHYOro
MPOCTOPY 3 TOUYKU 30py MAaTeMaTUKH Tyke 100pe miaxoauth auBepreniis KynbOaka-
JletiGnepa:
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3aranbHe pO3MOAUICHHS HMOBIPHOCTEH:

= Pii + Pjli | (6)
m

JIe M — KUTBKICTh TOYOK B HAOOP1 TaHUX.

3agaHuil aAIrOpUTM MIHIMI3y€ CyMy BCiX WMOBIPHUX BIJICTAHEW 3a JOMOMOTOIO
IrOPUTMY TPAAIEHTHOTO CIIYCKY 3 HACTYIHUM TPaI€EHTOM:
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Jlnst po3yMiHHS (PI3UYHUX BIACTUBOCTEH JAHOTO MPOLIECY BapTO 3a3HAYUTH, 110
anroput™M OyJie TMEBHUM UYWHOM NPUTATYBATH TOYKHA MPOCTOPY BiMOOPasKEHHS IS
OJIM3BbKUX MK COOOI0 TOYOK 3aJaHOTO MPOCTOPY, Ta BIAMITOBXYBATH ISl TOYOK, SIKi
PO3MIIIEH] 1aJieKo B 3ajaHOMy 0araTOBUMIPHOMY IIPOCTOPI.

Cnpoba moaudikanii 3a1aHOr0 aaropuTMy MPOBOJUIACH 3 YpaXyBaHHSAM BiKe
ICHYIOUHMX pIIICHb, SKI 3a3BHYail HAINpaBJICHI HAa 3MEHIICHHS IMIBUAKOCTI BUKOHAHHS
ab0 3MEHIIEHHS CKIaJHOCTI anroputMmy. lLlimmo wmoamdikamii anropurmy €
MOYJIUBICTh BUKOPHUCTOBYBATH 1H(GOPMAIIIIO TTPO PO3MITKY BHOIPKH Ta J0JaBAaTH HOBI
TOYKH 0€3 mepepaxyHKy BCIX KOOPJUHAT.

JUu1st [I0YATKY IIPOIIOHYETHCS B3STH 0 yBark BUOIpKY X™ = {X,,...,X,,0}. Jls Hei

- 0xm0 - . 2 - 0 0%m0
onirumo P™ "™ i 3maiinemo Horo Bigoopaxenus Z™ u Q™ ™. JlogaMo HOBY MHOKHHY
. —m0 . . 0
00’ extiB X" " = {x,,014,...,X,,} . He MiHsAIOYM 11OJIOKEHD Z;, i = m +1,...,m MOYATKOBHX
o . —m0 —m0 .
TOYOK 3HalaeMo BimoOpaxkenus Z" " u Q(m moyxm 3MIIIYIOUU TOYKH B

HanpsiMKy rpazienTa.(7)

Jltst migBumenns HagiiaocTi 2™ BHKOpUCTaEMO iH(GOPMALIIO PO PO3MITKY V;
00’€KTiB X;, i = 1,...,m". TIpOIIOHY€ETHCSI BUKOPHCTOBYBATH iH(QOPMALIIO IPO PO3MITKY
npu oGuncnenni P, nanpukian:

P (i =%l fog) - Jetm = ®
el = xil?/of) Y e = 0 # s

Jliis TecTyBaHHS Oyjla BUKOPHCTAaHA 33/1a4a:

s icayrouoro gokyMeHTy C —TOCHiOBHICTh CUMBOJIB Cy,...,Cry. B 1aHOMY
JIOKYMEHT1 TIpUCYTH1 3amudpoBaHi Onoku iHpopmariii. HeoOXxigHO aJIsT KOXKHOTO
CUMBOJIY C; JOKYMEHTY TPOBECTH BIAMOBIJHY KJIACTEPHU3AII0 32 XapaKTEPUCTUKOIO
MIPUHAJICKHOCTI 33/IaHOTO CUMBOJIY J10 3amudpoBaHoro 010Ky iHGoOpMaIlii.

Pesynbratn BUKOHAHHS MOUDIKAII:




Section 3. Al ICSFTI2018 279

il "'-5"-" v 13 :h
B = e
r..:::\“:-a;-;" o ,_'..’ ) (’f::’ fﬁr-—-: 7’
u BAL, : B I3
{“[;.‘ S'"")_.-g"-c".'\-)‘-\. . y ,,f."l’q! ‘_;;;.‘1":":.‘." G
tet Oy | YR g4 > g
AN A {5"—':—5;‘ Nt
1 SRl gt *ve L T Y
LY D \4 10 C . Fq —1
Iy ORESE Y
h 15 10 5 [ 5 - '.l.h - { :‘"L

10 15 20 ET] ) 10 20

Puc. 1. Pe3ynbrat BUKOHAHHS IS,
Bignosiano, 500, 500, 1000, 1000 pedens B daiini

BucnoBku. IIpoananizyBaBmM pe3yibTaTH MOXKHA 3pOOWTH BHCHOBOK, IO
3ajaHa Moju@ikaiis ajiropuTMy, Ha JaHUA MOMEHT, MAa€ JIOCUTh HEMOraHui
pe3yNnbTarT JUlie Uil Manoro o0’emy naHux. [Ipu BXiIHHUX mapaMeTpax BEITUKOTO
po3Mipy, pe3yibTaT BUXOJIUTh HE AyXe YITKUM, HE MOKHA Bipa3y MOOAYUTH YITKY
KJIacTepHu3arito 00’ €KTIB, a BIJIMOBIIHO, HE MOYKHA MPOBECTH SAKICHUHN aHalli3 JaHUX.
Hanuit meton Moaudikaiii norpedye OUIBII AeTaTbHOTO BUBYCHHS.
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CLUSTERING. DECREASE
OF DIMENSION OBJECT DESCRIPTION
IN MASTER EDUCATION AND VISUALIZATION
OF DATA. T-SNE METHOD

Target setting. People are primarily looking for opportunities to simplify the
presentation of data without losing some important information. This article is devoted to
one of the relatively young algorithms, which quite well copes with problems of this type.

Formulation of the problem. Despite the fact that the t-SNE algorithm has
proven itself well in the field of machine learning and data analysis, it nevertheless has
certain disadvantages that are trying to be resolved in this article.

Actual scientific researches and issues analysis. In recent years, there are
more articles devoted to various modifications of the t-SNE algorithm, but most of
these studies are aimed at increasing the speed of this algorithm, since it has one of the
greatest difficulties among competitors. Most of the other disadvantages of this
algorithm are not sufficiently studied at present.

Uninvestigated parts of general matters defining. This article is devoted to
the study of the potential of improving the t-SNE algorithm due to the possibility of
using information about the markup and composition of the sample, as well as the
ability to add new points in the sample to improve the visual result without
recalculating all coordinates.

The research objective. Modify the t-SNE algorithm and analyze its testing.

General model structure. Usually in machine learning, we deal with rather high-
dimensional data samples, because very often the analysis of data is carried out
simultaneously with respect to many parameters and it is impossible to avoid this in the era
of technical development. But at the same time, we want to somehow look at these data,
understand how they are arranged, what are the interrelationships there, which features are
important, and which - no, how the classes relate to each other. There is a fairly large
number of algorithms that help to carry out a certain characteristic of the data without
diminishing the dimension, but such data are hardly perceived by a person, since we can not
think in more than 3 dimensions. I would like to display the entire sample in two-
dimensional or three-dimensional space so that all the regularities in the data, all their
structure, were immediately visible. For example, if the classes are strongly mixed with
each other, some classes are allocated and they can be well separated from the rest, that is to
hold the process of clusterization. Actually, this is the way we come to the task of data
visualization: this is a special case of a nonlinear decrease in dimensionality, when the
dimension of the space in which we try to design our sample is 2 or 3.To date, one of the
most popular approaches to solving such a task class is the use of the t-SNE method (t-
distributed stochastic neighbor embedding).

Conclusions. After analyzing the results it can be concluded that the given
modification of the algorithm, at the moment, has a fairly good result for only a small
amount of data. When input parameters are large, the result is not very clear, it is
impossible to immediately see a clear clustering of objects, and accordingly, it is
impossible to conduct a qualitative analysis of data.

Key words: machine learning, clustering, diminishing of the dimension of the
sample of traits, data visualization, t-SNE algorithm.



