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obyyeHune n aHann3 AaHHbIX
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Cnacnbo 3a nomoLlb

[loTaneHKo AHHe, Pomosy [leTpy,
EBopokumoBon Banepuun, MenbHUYYKY
[TaBny, bopucosy Muxaunny



Jlekuuna 1



Yactb 1

Yem 3aHMMaAlOTCA B aHann3e AaHHbIX
M MalWMHHOM 0by4YeHnn?



Y10 TaKoe «AHann3 [1aHHbIX»?

CNOXKHO YCTPOEHHble AaHHble
Bonblwmne obvembl AaHHbIX

Hapo HanmT nam NpPoBepPUTb 3aKOHOMEPHOCTH
B AAHHbIX

A 4TO TaKoe 3aKOHOMEPHOCTb M KaK UX
MCKaTb?



3aKOHOMEPHOCTU B AaHHbIX

* [TOUCK NOACTPOKU B CTPOKE — TOXKE NOUCK
3aKOHOMEPHOCTU

* YTO AenaTb, eCNn Mbl HE YMEEeM XOPOLOo
OMNMUCATb 3aKOHOMEPHOCTbL?

* [Toyemy yenoBeKk NOHMMaAET 3aKOHOMEPHOCTbL?



CyTb MALLMHHOIO 0by4yeHus
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3aKOHOMEPHOCTEN B
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YacTtb 2

[MpocTenwine 3agavym KnaccudmKkaumm



[1poCTaA 3a4a4a

* CUHUN NNN KPACHbIN HOBbIN OO BEKT?
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KaK pelwaTtb?

* TOYHOro M NPaBUJbHOIO peLWEHNA 34eCb HeT

* [IblITaemca pewmnTb JOTMYHO C MUHTYUTUBHOM
TOYKU 3pEHUA



bavanwmm cocen

* [lycTb HOBbIN OOBEKT NPUHAANEKUT K TOMY XKe
K/naccy, 4To un ero banmkanwmm cocep,
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[paHULUa pa3geneHna Kaaccos
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BO3MOKHO, LUYMOBble 0ObEeKTbI



HecKonbKo 6amn»Kanwmnx cocenemn

* HoBbI OOBEKT NPUHAANEKUT TOMY XKe Kaccy,
4TO U BonbIMHCTBO U3 k ero cocenen
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[paHMUa pa3geneHnsa Knaccos Ana k=5
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OKa3bIiBaeTCA, a/IOPUTM A3eT OWKNOKY Ha
obyyatowemn sbibopke! A 3To 1 He N0Xxo.



A ecim 0bbeKToB bosbLue?
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HeyeTKaa rpaHunua ana k=5

* [MonyToHa 03HayatloT, YTO NPUMEPHO NOJIOBMHA
coceZen 0AHOro Kaacca U NoI0BUHA APYroro
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YacTtb 3

OCHOBHbIE MOHATMA MALUMHHOIO
obyyeHuH



CDopman bHAA MNOCTAHOBKA 34444
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Kakon anroputm BblibpaTh?

* MoXHOo npnaymatb MHOIo Pd3HbIX a/IFTOPUTMOB

 KauecTBO - 3TO A0JId ITPAaBHUJIBHBIX OTBETOB Ha

HOBBIX TdHHBbIX, T.C.
KOJIMYEeCTBO 0O'bEKTOB C IPaBUJIbHbIMU OTBETaMU

KOJIMYECTBO HOBBIX 00 HEKTOB
e KaK noHATb, CUNbHO NN OH owKnbaeTca, ecM Ham He

U3BECTHbI NMPaBuMJibHblE OTBETbl HOBbIX 06BbeKToB?



PazbuneHne Ha KOHTPOb

* Mcnonb3yem mmetouimeca gaHHble n3 obyyatollei
BbIOOpPKK. Pazobbem obyyeHmne Ha aBe YacTu.

* Ha ogHOM mbl bygem obyyaTbca, a Ha BTOpPOU
NPOBEPATb, CKOJIbKO OWNOOK BblAAN A/ITOPUTM
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HOBas
obyyatowlaa —
obyyatowas | Bbl6OpKa

BbIOOpPKa

KOHTPONbHAA _
BbIOOpPKa




HepoctaTkmn pa3bmeHmnsa Ha KOHTPOb

e Obyyaemcs He Ha BCex AaHHbIX, T.e.
KnaccmduKauma nonyvaeTca XyxKe

* [IpoBepsieM Ka4yecTBO TO/IbKO Ha Ma/iIon YacTu
NaHHbIX

e Kak 6bl NpoBepUTb Ka4ecTBO Ha BCeX AaHHbIX?



CKOb3ALMNU KOHTPONb

* PasbuBaem obyyaroulyto BbIbOpKY Ha N paBHbIX YacTen

* [MoouyepenHoun BbibpacbiBaem KarxKayto U3 yacten, obydyaemcs
Ha OCTa/IbHbIX M OLLEHUBAEM Ka4yecTBO

* YcpegHaem

—

obyyatowian | 1

BbIOOpKa N 4acThb { m




Kak ny4ywe Bbl6paTb rpaHnLy?



HenoobyyeHHaa moaenb




[lepeobyyeHHana moagenb



OnTnmanbHaa moaenb



[MepeobyyeHune




CUHOHUMDBI

Pacno3HaBaHMe, npeacKkasaHue,
NPOrHo3mMpoBaHue

Obyu4atroulan BbIbOPKa, TPEHUPOBOYHbIN
Habop obbeKkToB, HabatoaeHNE

TectoBanA BbIOOPKA, KOHTPONbHAA BbIDOPKA,
Ba/IMAaLUMNOHHAA BbIOOPKA, CKPbITas BbIOOpPKa

Knaccbl, MeTKM KNaccoB
CKONb3ALWMN KOHTPOIb, KPOCCBaNnAaLNA



Yactb 4

Knaccnounkauma npmncos



Knaccnoukauma npmcos

* Pelwnm peanbHyto 3aaa4vy
* Tpu BUonornyeckmnx Bnaa LBETKOB:

Upnc
PA3HOLBETHbIN
(Iris versicolor)

NpUcC WETUHUCTLIN Npuc BUPrMHCKNIA
(Iris setosa) (Iris virginica)



ObyyatoLlan BbIOOPKa

e [laHa 6a3a 13 150 KOHKpEeTHbIX LBETKOB
e Kaxkpgoro snaa posHo 50 uBeTKoB (TpeTb)

* JlaHbl 3HA4YeHUA YeTblpex NapameTpoB
Ka*Kaoro uBeTKa (B caHTMMmeTpax):
— [1NnHa YalenncTuka
— LLInpmnHa yawenmncTmka
— INnHa nenecTKa
— LLinpnHa nenectka



ObyyatoLlas BblIbOpKa

* [IpOM3BONbHbIN KYCOK Tabaunubl C AaHHbIMMU:

NnnHa LLnpuHa OnnHa LLinpunHa Bua
YalleNNCTUKa  YalennCTuKa  nenectka  JienecTKa npuca
7.7 3.8 6.7 2.2 BUPTMHCKMIA
4.9 3.0 1.4 0.2 LLETUHMCTbIN
5.9 3.0 4.2 1.5 Pa3HOLBETHbIN
6.0 2.2 4.0 1.0 Pa3HOLBETHbI
6.3 3.3 6.0 2.5 BUPTUHCKMIA
5.2 3.5 1.5 0.2 LWEeTUHMCTbIN

5.7 2.9 4.2 1.3 Pa3HOUBETHbI



Jlnpunyeckoe oTctynaeHue

* [lycTb 0O6BEKTbl — TOYKM B TPEXMEPHOM
NPOCTPaHCTBE
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NaHHbIX

[1BymepHble NpoeKUUn TPEXMEPHbIX

o] | L




Kak BbirnaaaT AaHHble 06 npucax?

A1NHa WnpmHa AJ/IMHa WHUpPUHa

Y. Y. n. n. Knacc
Knacc
J— npuc
LLLETUHUCTbIM
LIMPUHA
JlenecTKa
: NPUC
AJINHA BUPTMHCKUM
NlenecTKa
E
WUPUHA | o5 g npuc )
YalLe/IMCTHUKA ° Pa3sHOLBETHbIN
AJINHA
YalleNUCTHMKA




3aaa4a obyyeHuma

* Heobxoammo no obyyatrouien BbibopKe n3 150
LLBETOB HAYy4YMUTbCA KNaccuPpmnumpoBaTb HOBbIE
MPUCbI B OAMNH U3 TPEX BUAOB

* OnATb BOCMNO/Ib3yemcs MeTogom baunsKanLero
coce/a

* Bonpoc: Kak cunTaTb paccTosHMe, Beb
NPOCTPAHCTBO YeTbipexmepHoe?



[loacyeT pacCToAHMA MeXay TOYKaMU
aunb

e JIBymepHbIN cay4an (Ha N10CKOCTH):

J(ax — bx)2+(ay — by)z

* YeTbipexmepHbi cnyyam (aHANOMMYHO):

V(a; — by)2+(ag — by)%+(as — b3)2+(ay — by)?



B pa3pe3e no AByM NpPU3HaKam

LLiInpnHa nenectka

INnnHa nenecTKa



[paHMUa pa3aeneHuna Knaccos npu k=1

LLInpmnHa nenectka

IlnnHa nenecTKa



[paHMUa pa3neneHuna Knaccos npu k=10

LLInpmnHa nenectka

IlnnHa nenecTKa



[paHMUa pa3aneneHuna Knaccos npu k=60

LLInpmnHa nenectka

IlnnHa nenecTKa



Kakoe k BbibpaTb? CKONb3ALLMN KOHTPOb!

* [lpoun3BoabHO pa3bmBaem obyyatoLyto BbIOOPKY Ha 10
PABHbIX YacTeN

* [loo4yepeaHo BbibpacbiBaeM Kaxkayto U3 yacten, obyyaemcs
Ha OCTa/IbHbIX M OLLEHUBAEM Ka4yeCcTBO

* YcpegHaem

—
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KayecTtBO npu pa3sHbix Kk

on k=1 kayectBO coctasmno 95.3333 %
On k=2 KayecTtBO cocTtaBunno 94.6667 %

o k=3 KauyecTtBo coctaBmno 95.3333 %

ocymTaem ang scex k



KayecTtBo 0byyeHma B 3aBUCMMOCTU OT K
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KaK ToyHee y3HaBaTb ONTUMAJ/IbHOE
3HayeHue k?

* BngHo 4to rpaduK cKaveT, noyemy?
* ToyHO y3HaTb k TAXKENO

* [IpoBOAUTbL KpOCCBANMAALIMIO MHOTO pas, a
3aTeM ycpeaHATb



Elle pa3 npo BbIOOP paccToAHMA

HeckonbKko mblicnemn:
* MoXHo n06aBUTb NPU3HAKAM Beca

V10(a; — b))% + (a; — by)2+(az — b3)?+(ay — by)?
* MoXHo BoObLLE CYNTATb PACCTOAHUA BoobLLE no-
Apyromy: |a; — by |+ [a; — ba|+ |az — bs|+ |ay — by
e KakK pa3 3To 1 OCHOBHAaA nNpobaema B metoAae

bAnKaNLLIMX coceaen — HaZlo 3HaTb, KaK YA4a4HO
CYMTATb PACCTOAHME B AaHHOM 3a4a4e



Ewe pa3 npo metoq 6anKanwmx
cocenen

[ToxoXKmne ob6beKTbl PpAJOM

CnoxHoctb: O(NM), N — KonnyectBo 06bEKTOB
B 0by4yeHnn, M — KONM4ecTBO HOBbIX OOBHEKTOB

Hy*HO 3HaTb, KaK CYMUTATb PACCTOAHUE MEKAY
obbeKTamm

EcTb 0anH napameTp —4mcno cocegen k



[TapameTpbl mogenwu

* KonmnyecTBo NapameTpoB Yy anropmutma bbiBaet
Kyaa bonblue

* He Bceraa ygaeTca «tyno» nepebpaTb Bce
3HaYeHMA NapameTpoB y moaenu

* [MpnaymbiBatOTCA pa3Hble MEeTOAbI
HaXoXAeHnA NnapameTpoB



LInKn pelweHnAa 3aga4um

Bbibop meToaa
N NapameTpoB

—_ ﬂpe.El.o6pa60TKa < O6yqume

OueHKa
KayecTBa

OKOHYaTeNbHbIN
KNnaccmdumKaTop




Yactb 5

[MpaKTMKa pelueHns peasbHbIX 3aaau



[1pO TePMMNHONOTUIO

MHTennekTyanbHbit aHaAU3 AaHHbIX (Data
Mining)

MawuHHoe obyueHune (Machine Learning,
Statistical Learning)

MpuknagHana cratnctuka (Applied Statistics)

UckyccTtBeHHbIU UHTenneKT (Artiffitial
Intellengence)



CopeBHOBAHMA NO aHANNU3Y AaHHbIX

e Cauntbl
— Kaggle.com
— Tunedit.org

— AHpekc UHTepHeT-MaTtemaTunKa
* Kem NpoBOAATCA
— KomMnaHnamu

— PabotopaTtenamm

— YHuUBepcuTeTamm



OTAnYMA OT ONUMMNAAHOTO
NnporpaMmmmnpoBaHunA

[laeTca oaHa 3aaa4a, @ He HeCKOIbKO

Pewatotca 3Ha4YnUTeNbHO Aonblue (Heaenw,
Mmecsaubl, rogbl)

He cywiecTtByeT TOYHOIo U NPaBUIbHOTO
peleHns, NPoBOANUTCA MHOIO SKCMNEPUMETHTOB,
4Tobbl NOHATbL, KaKOe pelleHne BblbpaTb

NpeT bopbba 3a cylime NpouUeHTbl KayecTBa

He BaKeH A3blK, CKOPOCTb PaboTbl U pecypcsbl;
Ba*KeH TO/IbKO pe3ynbraT

B OAUHOYRY NI KOMAHAOaAMU



Ha yem nuwyTt anropntmbl obyyeHmns?

* [oTOBble Habopbl MeTOA0B MalLMHHOIO obyyeHua (ana
obuero NoHMMaHUA, KAKOM MeToz, Nyylle)

— Weka
— RapidMiner
— Orange
* NHTepnpeTupyemble A3blKU (AN IKCNepUMEHTOB 1 Bbibopa
anropmTma)
— Matlab (Octave — 6ecnnatHana Bepcus)
— Python (+ 6ubnnotekn NumPy, SciPy, 1 T.n.)
— R
 bonee HN3KOYPOBHEBbBIE A3bIKK (A1 CKOPOCTM PaboThl,
KOraa y»Ke ACHO, KaKoW airopuTm byaeT Mcnonb30BaTbCA)
— C
— C++



[lopmepbl peanbHbIX 3a4a4

[eonormnyeckne gaHHbIE — ULLEM 30/10TO

KomnbloTepHOE 3peHne — pacrno3HaBaHUe Yero-To Ha
KapTUHKaXx

BoeHHaa o0bopoHa — NTMLUA AN paKkeTa?
PeKomeHaaTenbHble CUCTEMbI HA CaUTax

MegunumHa — Hannyme 601e3HU N0 CUMMNTOMAM
[MporHo3mnpoBaHue NpPoboK

Pacno3HaBaHWe CUTHA/I0B rOJIOBHOIMO MO3ra

CaWT Hay4YHbIX CTaTeUn - KaTteropmlaLma TEKCTOB
KpeanTHbIN CKOPUHT — HaAEXHOCTb KIMEeHTOB baHKa
A elle o4yeHb MHOrO 4ero...



Jlekuuna 2



YacTb 6

JInHenHble KnaccnpuKaTopbl



[1yCTb rpaHMuUa — NpAMan




MHOrga npAmaa nJaoxo Nnomoraet




EcTb MHOro cnoco6oB NpoBecTH
NPAMYIO

Kakasa npamasa nydywe?



Naea: oTcTynbl A4ONKHA ObITb
MaKCMMa/IbHbI




[lpyraa naeAa: CTPOUTb Camyto
LLUMPOKYIO MONOCY, U ee UeHTp —
HYXXHaA NpAamas

OnopHbie 06BEKTDI

LLiInpnHa nonocsl



OKa3bIiBaeTca, MaKCMMMU3aLMA OTCTYNOB
3KBMBANEHTHA MAaKCMMM3AL NN LLUNPUHDI
pasgenatowemn nonocobl!



Ecnn o6beKTbl pacnonoXeHbl Xyxe

OT1cTynbl MOryT 6bITb OTpULATENbHBbIMKU! A 3TO 1 HE NAOXO :)



OTcopTupyem 3Ha4YeHUA OTCTYNnoOB
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MeToa onopHbLIX BEKTOPOB

* OCHOBaH Ha NPUHLMNE MAaKCUMM3AL UM
OTCTYNOB

* MaTtemaTnyeckmn TOYHO BblYMCIEH

* /lcnonb3yeT TONbKO YacTb OOBHEKTOB, T.H.
«OMOPHbIE BEKTOPbI»



MaKcmmmnsauma oTcTynos ANA
C/IOXKHOM rPaHnLbl




[MNepn/IoCKOCTM B MHOTOMEPHbIX
NPOCTPaHCTBAX

* B ABymepHOM cay4dae — npAmas, B
TpexmepHOM — NNI0OCKOCTb, Aa/iblle —
rMNepnaoCKOCTb

* [naBHOE, YTO OHa IMHENHA N AENUT BCe
NPOCTPAHCTBO Ha ABa NOJIYyNPOCTPaHCTBA

* MeToa, ONOPHbIX BEKTOPOB YMEET CTPOUTb
rMnNepnsioCKOCTu



YacTtb /

RaTeropmnsaumna TeKCToB



CTaTby
(10000)

HOBbIE CTAaTbU

(10000)

ObyyatoLlan BbIOOPKa
cnoBa (~25000) Kateropuwu (83)
\ \

{

| [ |

BaXXHOCTb COOTBETCTBYOLWENO C/N10BA




HayHem pellaTb

* byaoem paccmaTpuBaTb Ka*Kayo 13 83
KaTeropuu oTaenbHo, T.e. NO CyTU pewmnm 83
OTAENbHbIX 3a4a4U KnaccupuKaumm

* Pa3amepHOCTb NPOCTPAHCTBA 3HAYUTENIbHO
bonblle KoinmyectBa 06 bEKTOB, T.e.
pasaenaem NTMHUHENHO

* Micnonb3yem meTo/, ONOPHbIX BEKTOPOB!



Pe3ynbTaT

* OKa3bIBaeTCA, AaXKe TaKoe 3/IeMEeHTApPHOE,
royboe n obuienssectHoe peweHne npmusoauT

K BbICOKMM NO3ULMAM B Tabaunue pe3ynbratos
COpeBHOBaHMUA



Ewe HeCKoNbKO MbICNEN:

* YacTo nosne3Ho oTOpoCcUTb YacTble U pegkue
CNOBaA

* PasymHO 06beamnHATb NPU3HAKK

* [lonynAapHble meToAbl B 334a4axX NPO TEKCTbI:
— banKanwmnm cocep,
— IMHEWHbIE aNroPUTMBbI

— BEPOATHOCTHbIE coo6pa>|<eH UA



YacTb 8

Pacno3HaBaHMe newexoaos Ha
n3obparkeHnax






cxoaHaA NOCTaHOBKA 33434

e [1aH Habop doTorpadpum (250 wTyK)

e [lna Kaxkgon ¢oTtorpadmm n3BecTHb
KOOPAMHATbl KYCOYKOB, B KOTOPbIX
coAeprKaTca newexoabl

* Haao pacno3HaThb NnewexoaoB Ha HOBbIX
n3obparkeHnax

* ObHapyreHue cymTaeTca BEPHbIM, €CU OHO
coBnagaeT c HacToAWMM XoTAa bbl Ha 50
NPOLLEeHTOB NAOLLLAAM



Hebonbluoe ynpoLlieHune

* Bce poTorpadum nmetot Bbicoty 200 nukceneun
* Bce newexoabl umetot paamep 200 Ha 80 nukceneun

200 —




[lpnBeaem 3aga4y K CTaHAAPTHOMY
BUAY

Ob6beKTbl: KAPTUHKK pa3mepa 200*80
[1Ba Knacca: newexoa n ¢oH (He newexon)

ObyuyatoLlan BbIDOPKA: KAPTUHKU C
newexoaamum U KaPTUHKN C GOHOM,
Bblpe3aHHble U3 NPeaoCTaBEHHbIX
doTorpadpum

[Mpn3HaKM 06BEKTOB — X NOKa HeT! Kak no
KapTUHKE NONYYUTb XapaKTEPU3YIOLWNN eE
Habop ymncen?



Y10 Takoe n3obparkeHue?

 MaTpuua NnnKceneu

e KaxablX NMKcenb MMeeT cBoM uBeT (4ncno)

Yncno, KogupyroLlee uset



[lepBaa naea:

* pa3BepHYTb MaTPULYY NUKCENEN B OAHY
CTPOYKY M MCNOIb30BaTb 3TO Kak Habop
NPU3HAKOB




[Monyuntca nnoxo. [loyemy?

e LlBeTa Masio 0 Yem roBopAT — BarkHee rpaHuLa!

* YenoseyecKM mo3r B OCHOBHOM aHa/IU3NpPYeT
NMMEHHO ee.




BeKTop nameHeHUuA APKOCTU

-/
T

* B KaXXaomn ToUKe KapTUHKU MOXeM HaUTU
HanpasaeHne, B KOTOPOM DbiCTpee BCero
VBE/IMYMBAETCA APKOCTb

* Y106bI NOCYMTATb BEKTOP AJ11 KOHKPETHOrO
nuKkcens, noTpebytoTca ero coceam



EV,EI,EN\ MCMOJIb30BATb TAKNE BEKTOPbLI B
Ka4yecTse NPpn3HakoB

* B Ka)KgoM NUKCesie Haxoanm BEKTOP U3MEHEH MU
APKOCTU (HanpaBaeHUe U ANNHA)

* [Monyyaetca maTpuLa U3 HanpassieHU (T.e.
yncen ot 0 oo 2m) U gAnH

* Pa3BopaymBaem maTpuly, KaK Mbl 3TO YXKe
Nenanun paHblue



Bce onaTtb naoxo!
Buyem aeno?

* 3Ha4yeHuA NMPMNU3HAKOB CNJ/IbHO MUSMEHATCA,
eC/in newexon CABUHETCA XOTA 6bl YYTb-UYTb

* Mbl MONY4YMM OFPOMHOE KOJIMYECTBO
NPU3HaKoB (2*4mncno nnukcenen)

* KaK y4yecTb BEKTOPbI U3SMEHEHUNA APKOCTU B
NMUKCeNnax xmtpee’?



Npnea!
 Nlennm npomeXyToK oT O A0 27T Ha HECKO/IbKO Y4aCTKOB
(nyctb 8)

* B Karkgou TouKe onpeaensiem, KaKoOMy y4acTKy

NPUHAONEXUT HAaNpaBAEHNE, U YBEIMYMBAEM HYXKHbIN
ctonbuk. Monyyaercsa rmctorpamma.
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Mbl Hay4YnAnUCb NCKaTb NPU3HAKOBOeE
ONUCaHUe KapTUHKMU:

e [lenm KapTUHKY Ha MHOTo HeBOoNbLLIKNX
kBagpaTtoB (N WTyK)

e N1na Ka)Xaoro KBagparta CTPOUM rMCTOrpammy
HanpaBAeHUN — 3TO 8 Yncen

e PasBopaumBaem BCe B CTPOYKY — MoJiy4aem
8*N yucen



[lpenmyLuecTBa metoaa:

* [MpM3HaKoBOE OoNMcaHUe He USMEHUTCS, eCNu
newexon YyTb-4yTb CABUHETCA UNU
noBepHeTcA

* Tak Kak npoun3BoauTca ycpeaHeHue no
HECKO/IbKMM NMUKCeNnam, cama cobou byaet
NMPUMEPHO YYUTbIBATLCA AZIMHA BEKTOPA

° |_|pl/l3HaKOB CTAHOBUTCA 3HAYNTEJ/IbHO MeHbLUE



BepHemcA K 3aaa4ve. Cxema pelieHuUA:

* [lpepnobpaboTka AAHHbIX: HayynTbCcaA AONA
KapTMHKM 200*80 onpepenAatb NpPU3HAKK, T.e.
XapaKTepusytoLwmm eé Habop ymncen

* 334a4a KnaccmpuKkaumm: nOCTPOUTb ANITOPUTM,
OTHOCALLUMM  KaxKAYH  KapTUHKY K  Knaaccy
newexoaoB Uan poHa

* Busyanusauma: npobexatb Mo BCEM KYCOYKam
200*80 HoOBbIX WM306parkeHu, ecam anropuTm
OTHOCUT ero K Knaccy newexoaos, To ob6sectu B
PAMKY



Kak bygem pelwiaTtb 3aaa4y
Knaccuopukaumm?

* OnATb 06BEKTOB Mano, a MPNU3HAKOB MHOTO

* [onpobyem NPMMEHUTb METOA, ONOPHbIX
BEKTOPOB



[lpoBepKa KayecTBa

e KayecTBO — HAaCKO/NIbKO XOPOLLO paboTaeT a/iIfopUTm
Ha KOHTPO/IbHOMU BbIBOpPKeE

obyuatowlas
BbIbOpKa

KOHTPONbHAA _
BbIOOpPKa




KayecTBoO B Halleun 3aaaye




KayecTBO B Haluen 3aaaye

* [ToNIHOTa — YNCNO NPaBUIbHO HAaNAEHHbIX
KnaccudpumKaTopom newiexonos / HacTosiLee

YNC/10 Nnewexoanon

* TOYHOCTb — YMCNO BEPHbIX OOHApYyXKeHU /
obuiee yncno obHapyKeHUu



Hennoxo!

 MonHoTa: 96 %
e ToyHOCTb: 78 %

* [TocMOTPUM, Kak paboTaeT peasbHasn
nporpamma



YTO MOXHO NpeanpUHATL?

* [lopasneHne NOBTOPHbIX BblAeNEeHUM




KakK aTo caenatb?

KaaHbIM ANTOPUTM:

* MWEeM Ha N30bparKeHNn KapTUHKY C
MaKCMMaIbHbIM OTCTYNOM, OTHOCUM €€ K
KNaccy newexogos, OTCTYMbl ANA BCEX
«COCeAHMNX» KAPTUHOK 3aHy/Iiem

* TaK NpPoao/siXaem, NOKa MaKCMMaAbHbIU
OTCTYN KapTUHOK HEe CTaHEeT MeHbLLe Nopora



Bbibop npumepos poHa

* [Mpobnema: $GoH o4yeHb pa3Hoobpa3eH, Kakune
npumepbl PoHa BbIOpaThb?

* Npea:
— M3Ha4YaNbHO BblIOpaThb ML HECKO/IbKO NPUMEPOB

— 0OYy4YNTbCA HA HUX

— MPUMEHUTb a/ITOPUTM KO BCEM KaPTUHKAM U3 AaHHbIX
doTorpadpumn

— nobaBunTb B 06y4atoLLytO BbIDOPKY KapTUHKM, Ha
KOTOPbIX anropmuTm ownbces

— U TaK Aanee



OKa3biBaeTcs, ABe abCcoNTHO
PA3HbIX 3a4a4YM peLlatoTca
OAMHAKOBbIMU meToaamm!



YacTtb 9

Noewn, B3aTbie U3 buonornm



JINHEeNHbIN KnaccuduKaTop Ha
NIOCKOCTU

 Gopmyna NpAMOUN Ha NNOCKOCTU:
ax +by+c=0

* Pe3ynbraT AMHEMHOrO KnaccudmKkaTopa — 3HaK
Bblpa*KeHUA

ax + by + ¢
* Mo cyTV Mbl CpaBHMBAEM BbIpPaXKeHUA
ax + by <> c



[lpeacTaBym B BUAE CXeMbl

XV‘
V o

—~— 0]



AHanormyHaa cxema AnA
rMNepnaoCKOCTU




HenpoH B buonormun



bnonornyeckasa HeMpoHHaA CeTb




NcKyccTBEHHAA HEMPOHHAA CEeTb

—
—



HioaHChI

HelpoHHaA ceTb U3 ABYX CNOEB YMEET CTPOUTb
nobble cNnoXKHble rpaHuLbl, T.€. ABYX C10€EB
4acTo TEOPETUYECKM AOCTATOYHO

Y yenoseka cnoes ToXXe HemHoro (~10)

EcTb nTepauMoHHbIe anropuTmbl 0by4yeHUs
CeTH

Kakue e y Hee HeoCTaTKn?



HenoctaTKM HEUPOHHbIX CeTeN

ANroputm obyyeHUs MoXKeT 3aCTONMOPUTHLCSA
(TaK Ha3blBaeMblIi «napanny» cetTu)

HenpoHHaA ceTb 4acTO O4YEHb CUIbHO
nepeobyyaeTcs

He MHTepnpeTMpyema 4e/10BEKOM

Ewe pa3 noarsepraaeTca pasyMHOCTb Uaeun
MaKCMMU3aLMN OTCTYNOB



[lpyrov npuHuun n3s buonormnu:
ecTecTBeHHbIN OTOOP

* Cnaboble (nn1oxmne) MHAUBUABLI YMUPAIOT, HE
OCTaBNAA MOTOMCTBA

* CunbHble (xopolwmne) MHAMBUABI BbIXXUBAIOT,
CKpEeLMBaOTCA, OCTAaBAAIOT NOXOXKee Ha cebs
NMOTOMCTBO



[eHeTUYeCcKUn airopuUTm

NMHnumnanmnsauyma

OcTaloTca nydwume

[lOTOMCTBO < CKpelunBatloTCcA
MYTUPYET mexxay coboun




[eHeTU4YecKoe NocTpoeHne MmalllMHOK

http://megaswf.com/file/1006490



http://megaswf.com/file/1006490

Jlekuuna 3



Yactb 10

Pewatouwmne aepeBbA U KOMNO3ULNU
aITOPUTMOB



3KCI'IepTH bleé CUCTEMbI, COCTaBJ/IEHHDbIE
BPYYHYIO

[ Drugflipid ratio ]
<0.95 >0.95

<100 =100
l Loading duration (min)l non-polar/polar
/ <2.31 >2.31

<60 e ———
b I Loading duration (min)l
| Drug/lipid ratio | non-glectrolytic  electrolytic <15
>0.03 Drug/lipid ratio 6 Solubility (mM)

<0. 03

'~033 >0.33
‘ ( Drug/hpid ratio | [Drug/hpmt ratio | w Salt mMJ

=0.14 >O 14 <0. 41 >0.41 =100 S!OO

STz > Cower>  [plast
: <2.2 >2.2
ammonium
acetate

|Loading duration (mm)l
200 <200
N medium(9/2) > .

<60 >6
<120 >120
6 ém

Pewatoulee aepeBo Ans npeackasaHms adPeKTMBHOCTU BBEAEHUA eKapCcTBa



B yem npobnembl?

[lpaBKAa COCTAaBNAANNUCL BPYYHYIO SKCNEepPTamm
MHeHMA s3KCnepToB pacxoaATcA

JCcKnepTbl MOryT owmnbaTbCa

JKCNepT He B COCTOAHUU NMPOaHaNN3NPOBaTb BCe
AaHHble



[TocTpOouM AepeBO aBTOMATUYECKU

ycnosue 1

FALSE
TRUE

cnosue 2
A Y

TRl% \:ALSE

O A



Kakue ycnosua ébyayTt B Agepese?

X2
A
A ° .
A @)
®
®
A o
A A.A. o
A
A AAA
A a A
>
X1

Monpobyem ncnonb3oBaTb NOPOroBble YC/I0BUA NEPEXOa
B BU/E NOPOroBbIX MPaBU/I: X>C



* bynem AencTtBoBaTb *aaHO

HayHem CTpouUTb AepeBo

e Kaxabin pa3 bepem Hanbonee «MHGOpPMaTUBHOE
pasaeneHune scen obnactu

HeT/
A

X1

=

C1




Ctpoum aepeBo

KaxKabin pa3 bepem Hanbonee «xMHPopmaTUBHOE»
pasaeneHune TekyLwen obnactum

X2
A
A
X1 = C1 @ o
A [
HeT na o o
A
A a 0 L
X9 > Co AA
A A
HeT/ .ﬂ.a\ A R A 4




Kak BbibupaTb ycnosuma?

Jlyywee pa3buneHue:
 OTAEennUTb OAMH KNACC KaK MOXHO CUJ/IbHEE

 MaKCMMUn3npyem 4Yncno nap oobeEKTos., Y
KOTOPbIX OAMHAKOBbIW KNacc N OANHAKOBbIN
OTBET Ha ycnosue — Kputepun xunHu

* MaKcMmmnsnpyem 4ncno nap ob6veKTos, Y
KOTOPbIX PA3HbIN KNAcC U pa3Hble OTBETbI Ha
ycnosue — Kputepuin [JoHCKOro

e ObbeanHaem npeaplayLimne
* bonee cnoxKHble BEPOATHOCTHbIE COODOpaXKeHus



YnyJlwleHunA

* Ecin MHPOPMATUBHOCTb YCIOBUA MEHbLLE
nopora, To npeKpalliaem CTPOUTb AepeBo

 Pa3zbuBaem obyyeHue Ha ABe YaCTW.
[Mpoberaem no Bcem noanepeBbaAM U
3aMEHAEM UX JIEBbIM UM MPaBbIM MOTOMKOM,
€C/IM OHW AOMYCKAOT 3aMETHO MeHbLLE
OLMOOK



Bynem Bo3BpalllaTh BELWECTBEHHYIO
cTeneHb NPUHaO/IEeXHOCTU Knaccy

ycnosue 1

FALSE
TRUE \

ycnosue 2

TR% xALSE

A®

>
®



Romno3numna aaroputmos

* [lycTb ecTb KaKon-To Habop n3 T anropmnTMOB:
a, d,, asz, ..., A
* OUHANbHbIN ANTOPUTM:

1

result .= — a
T t

(".
IIMH
p—



CnyyYyanHbin nec

[ToCTPOMM KOMMO3ULMUIO U3 peLLlatoWUX AepeBbEB

fepeso, [epesor

KaK caenatb AepeBbs CYLECTBEHHO Pa3HbIMKU?



Mcnonb3yem criydyaHble NoaBbIOOPKM
NaHHbIX

Bbibepem npoun3Bo/ibHble 0OBbEKTbI U3
obyyatoLlen BbIDOPKHU

O6yuymmca No HUM, NOAYHYUM NepPBbIA
aZITOPUTM

Onatb Bbibepem NPon3Bo/ibHble 0O BHEKTDI
(BO3MOIKHO, Te Xe)

Monyyaem Habop aepesBbEB, U3 HUX MOCTPOUM
KOMMO3ULMUIO



Kak paboTtaeTt cny4yamHbin nec?

0.35

o
i

o
]
th

Classification eror

o
N

a

BepoAaTHOCTHbIE BbiXOAbl B OyeHb MHOTO JiepeBbEB
AaHHbIE NPWU3HAKOBOM NPOCTPaAHCTBE (2000)



OcobeHHOCTU Cny4yanHoro aeca

PaboTtaeT c ntobbiMmn BUAAMU NPU3HAKOB

Obuwenpu3aHaAHHO AYYLWNA ASITOPUTM
Knaccmpurkaumm

TAXKeno MHTepNpPeTUpPYETCA YE/TIOBEKOM

Ilonro cTtpowuTtcAa



[Moabop KoadpdnumneHToB

* OUHANbHbIN ANTOPUTM:

T
result = E Wea;
t=0

* 37O Xe ypaBHeHMe rmnepniockoctu!
[MpMeHnM meToa ONOPHbIX BEKTOPOB A
HOBbIX MPU3HAKOB U HaAeM ONTUMAJIbHYIO
NJOCKOCTb



YMHbIN noacyeT BeCcoB U
KO3dPULMEHTOB

* [lpon3sBonbHOeE BbibpacbiBaHNE 0OBHEKTOB
PAaBHOCU/IbHO NPUCBANBAHNIO OO BbEKTaM

BecoOunl
* MOXHO cUnTaTb Beca ymHee

 CTpOMM anropmMTMbl NO o4yepeam TakK, YToObl
cneayoLmm cTapancs MakCMMaabHO
MCNPaBUTb OLLMOKM BCeX NpeablayLLmnx



Yactb 11

Perpeccua



XOTUM BOCCTAHOBUTb KPUBYIO




[lepeobyyeHune B perpeccuu




JInHenHasa perpeccma




KaK cTpouTb?

PaccmoTpum ogHOMEPHbIN Cy4an:

HenapameTprueckas perpeccus
L L L

4

NCTUHa

3.5 perpeccus /

3l /

25 /
2l /

1.5

1+ / o)
05/ \\\

0 \\J//

_0. 5 C r r r I r r r r r L
0 10 20 30 40 50 60 70 80 90 100




CrnaXXunBaHue pyHKLUMNN

* CpegHee No BCeM TOYKaM

* CpegHee no GUKCUPOBAHHOMY OTPE3KY
BOKPYI TOYKU

* CpeaHee No BCeM TOYKaMm C BeCamu

| T
1.0 4

08 - E\\ 0

0.6 - n

0.4 -

0.0 1

2.0 -1.5 -1.0 0.5 0.0 0.5 1.0 1.5 2.0



ManeHbKoe OKHO

HenapameTpuyeckas pperpeccusi

45 F L L L L L L L L L
NcTHa
4 ==--- BOCCTaHOBIIEHO A i
perpeccus

0 10 20 30 40 50 60 70 80 90 100



4.5¢

OKHO nobonbLue

HenapameTpuyeckas pperpeccusi

L

L L L L L L L

NCTUHa

BOCCTaAHOBIEHO
perpeccus

10

20

30 40 50 60 70 80 90 100



3.5

OKHO ewwe 6onbLue

HenapameTpuyeckas perpeccus

L

L

NCTUHa

BOCCTAHOBIIEHO
perpeccus

L

L

L

100



4.5¢

OKHO ewwe 6onbLue

HenapameTpuyeckas perpeccus

L L L L L L L L

NcTMHa
BOCCTaHOBIIEHO
perpeccus

20 30 40 50 60 70 80 90 100



Yactb 12

[TpOrHO3npOBaHME MOCKOBCKUX
npobokK



[loCTaHOBKA 334341

* J1aHbl Pannbl C AAHHbIMU O CPeaHUX
CKOPOCTAX Ha Kaxkaoun ynmue MOCKBbI

e NlaHa nHdopmauma o 30 aHax noapAa (c 16 oo
22 yacoB) U HenonHaa nHpopmauma o 31om
aHe (c 16 po 18 yacos)

e [laHbl AJIUHbI YIUL,, PEKOMEeAOBaHHas
cpeHAA CKOPOCTb U T.1.

* Hago npeacKkasaTb CKOPOCTb HA KaXKa0WU
yvanue ¢ 18 no 22 yacos 31ro AHA



[lepBble naen

* Y4ynTbiBaTb BbIOPOCHI M NPOMNYCKM B AaHHbIX

* YyuTbIBaTb AHWN HEeaenu



[1HN Hepenu

IED L T T T T T T

100

a0

bl ~
e
40 - * -1
-
- « *
* e * ‘1- ‘,lr‘
“n * -
20 . .. .
. a* * t
0 i i i i i i L
0 a0 100 150 200 250 300 350

Puc. 4. IlonenenbHuk (crtonrHas), nATHUIA (TOYKM) U BOCKpeceHbe (KPY>KKH)
IOCeJHeN U3BECTHOM Hele/In Ha yiule 925236



Hennoxoe peweHue

* CrnaXXuBaem KaxXAbl NOHeAe/IbHUK KaXKa0oW
VANLLbI

* B KayecTBe OoTBeTa — cpeaHAA CKOPOCTb Mo
CriaXXeHHbIM npowsibim noHeaAe/IbHNKaM



B yem npobnembl?

* [lapameTpbl

e CNOXHO NpoBepsiTb KA4ecTBO



[lpyrue naoewu

Y4ynTbiBaTb ApPYyrne AHM Heaenu ¢ Becamm
YunTbiBaTb HEAenun c Becamu

YunTtbIBaTh CKOpPOCTM € 16 A0 18 yacoB B
MCKOMbIN AEHb

HaxoAnTb Noxoxune V1N L bl



Yactb 13

Knactepusauma



3aaa4a Knactepusaumm — obyyeHue
6e3 yuntena




3aja4a KaacTtepunsaumm

[lpyron Knacrtep

OauH Knacrep



[loCTaHOBKA 3a4a4u

e 1aHO: MHOXecTBO 0H6BbEKTOB

* Hapo: pa3aenntb 06beKTbl Ha rpynnbl
(knactepbl) Taknm ob6pasom, YTo:
— KaXabin Knactep cocTouT n3 ban3knux o6beKkTos

— O6BbeKTbl pa3HbIX KNACTEPOB CYLLECTBEHHO
PA3/NYHbI



3aza4va He A0 KoHUa dopmanm3oBaHa

Y10 3HaUYUT 61n3KMe obbeKTbl?
YTO 3HaYUT CyLLECTBEHHO Pa3/IMYHbie OOBEKTHI?

Kakoe pa3buneHune Ha Knactepbl ayywe? Kak
MepPATb KAaYecTBO?

[laxKe HYXHOe YMCNOo KNacTepoB HEU3BECTHO!



3aza4va A0 KOHUa He dopmanm3oBaHa

* [NaBHOE — HAY4YNTbCA CYMUTATb PACCTOSAHUE
MmexXay obbeKkTamum.

 CTpemmmca caenatb PacCToAHNE MeXAayY
0O6BbEeKTaMM BHYTPU KNacTepa MEeHbLUE, MexXay
06BbeKTaMM pPa3HbIX Knactepos — bonblue.



[MpencraBum AaHHblE B BUAE NOJIHOMO
rpada

* BeplwwuHbl rpada — 06bEKTDI
* Pebpa — paccToaHUA MmexXay HUMU

O
=
e <




ANTOPUTM CBA3HbIX KOMMOHEHT

* [lycTb Mbl XOTUM nonyuynTb oT K, a0 K, Knacrepos

* ANITOPUTM:
— puKcnpyem HekoTopoe pacctoaHue R;
— yaanaem pebpa gamHoun 6onbue R;
— K = yncno cBA3HbIX KOMIMOHEHT;

—ecnn K< Ky, ysennumnsaem R, ecnm K> K,,
ymeHbluaem R

* [ToBTOpPsAAEM 3aHOBO, NOKa Hac He YCTPOUT YNCO
Knacrepos



ANTOPUTM CBA3HbIX KOMMOHEHT




HenoOCTaTKMW:

* HeynobHbin napameTp R

* lllymoBblie 06beKTbl BCe NOPTAT



BCcnomHuUm anropmutm Kpackana:

Hantn napy BepwuH (i, j) c HaUMeHbLNM
PACCTOAHMEM N COEANHUTb NX Pebpom YTOObI He
06pa30BbIBaNOCH LUKIOB.

|_|OJ'IyLII/ITCFI MNHUMAJIbHOE OCTOBHOE AepeBo.



Kak pa3bunTb Ha KOMMNOHEHTbI

* [lonyynnum oCcToBHOE AepeBo
* Yaoanum K — 1 cambix AN1MHHbIX pEbep

* Ka)kgana KoMMNoHeHTa CBA3HOCTU — OTAE/IbHbIN
knactep (K wTtyK).




J10CTOMHCTBA M HEAOCTATKMU:

* J1OCTOUHCTBO:

— 3d44a€eTCA YNC/10 K/N1aCTePOB K

* HepocTaToK:

— WWYM CHOBA BCe NopTUT



JlInpunyeckoe oTcTynaeHume: LeHTp Mmacc

[lBe TOYKM: NponssonbHoe
06/1aK0 TOYEK:

& —H—©

Tpu TOUKMU:




Anroputm GOPIJ]

LLar 1: o6beanHAEM TOYKM B MaeHbKUE KaacTepbl

nyctb U — MHOXeCTBO HEKNACTEPM3OBAHHbIX TOYEK,;
NOKa B BblIOOpKe eCTb HEK/1ACTEPU30BAHHbIE TOYKMU:
* B3ATb CYYaUHYIO TOUYKY X U3 U;

* NOBTOPATb:

— 06pa30BaTb KNacTep € LUEHTPOM B X M PAaCCTOAHNEM A0
ob6beKkToB He bonblue R;

— NepemecTuUTb LEHTP B LLeHTP Macc KaacTepa;
* MOKa COCTaB KnacTepa He cTtabunmsmnpyercs;
* VAaNUTb TOYKM HOBOIO KnacTepa n3 mHoxKectea U .



Anroputm ®OPIJ1, war 1




Anroputm ®OPIJ1, war 1




Anroputm ®OPIJ1, war 1




Anroputm ®OPIJ1, war 1




Anroputm ®OPIJ1, war 1




Anroputm ®OPIJ1, war 1




Anroputm ®OPIJ1, war 1




Anroputm ®OPIJ1, war 1




Anroputm ®OPIJ1, war 1




Anroputm ®OPIJ1, war 1




Anroputm ®OPIJ1, war 1

FLE




Anroputm GOPIJ]

e Lar 2: npyumeHnm rpadoBbIN ANTOPUTM K
MHOMECTBY LEHTPOB MaJIEHbKMX KNaCcTepoB



Anroputm ®OPIJ1, war 2




Anroputm ®OPIJ1, war 2







Anroputm ®OPIJ1, war 2

OAauH Knactep

[lpyron Knacrep



GOP3I]J]

* [1ByXypOBHeBaA CTPYKTYypa
* [lapameTp R ynpasnaetca



MeTopa k-cpeaHux

BbIOpaTb Ha4YaibHble MNONOXKEHUA LEHTPOB
KNacTepoB.;

NOBTOPATb:

— OTHECTM KaxKAbl 0ObeKT K banKanluemy LUeHTpy,

— nepeHecTn HoBble NoONOoKeEHNA ULEHTPOB B LEeHTPbI
MaCC KNacCTepos,

MOKa MOJIOKEHMA LEHTPOB HE MepecTaHyT
M3MEHATbLCA



MeTopa k-cpeaHux




HavanbHoe NnpubankeHme LeHTPoB

KNnacTepos
O
+ @ o ¥~ o0
® o
O

® % *‘Q
O



Pacnpegensem ob6beKTbl banKanwmm

LeHTpam
N w
O O
* 0‘ OO
O

@ % *“
O



YTOUYHAEeM NoNoXKeHUA LeHTPOoB




[Mepepacnpenensem ob6bEKTbI




CHoOBa yTouHAEM NOJAOXKEHUA UEHTPOB

O
o *® X O
® O




N ewé pa3 — nepepacnpeaensem

0OBbEeKThI...
O
o *© o O
® O
O
‘\vQ




... N YTOHHAEM MNONOKEHUNA LUEHTPOB.

Knactepusaumnsa rotosa!

Ty
0‘ O‘®Q




A BeAb KapTUHKMN MOryT ObiTb U COBCEM
apyrue...

KNaCTEpPbl MOTYT COEQUHATRECA NEpEMbIHKaMW

KNnacTepbl MOTYT HAKaAblBAaTbCA Ha Pa3peXKeH-
HbIA POH U3 peaKo PaCnOJIOXKEHHbIX 0DBLEKTOB

KJ1aCTEPbI MOTYT NEPEKPBIBATBLCA



A BeAb KapTUHKMN MOryT ObiTb U COBCEM
apyrue...

KNnacTepbl MOryT obpa3oBbIBAaTLCA HE MO CXOA-
CTBY, @ NO WUHbLIM TUMNAM PErynsipHOCTER

KNaCTEPblI MOTYT BODsLLI,E OTCYTCTBOBATDb



3ayem HY*KHa 3a43a4a Knactepm3aumm?

* YnpocTutb AanbHenwyto o6paboTKy AaHHbIX:
Pa30UTb MHOXKECTBO OO BHEKTOB Ha rPynnbl CXOXKMX
06BbEeKTOB, YTOObI paboTaTb C KaXXA0M rpynnoun B
OTAE/IbHOCTU

* CoKpaTUTb 06BEM XpaHMUMbIX AAHHbIX, OCTaBMB

Nno oAHOMY NPeACTaBUTE/IO OT KaXKA0ro KaacTtepa
(3a4a4m cXKaTUA AQHHbIX)

* Bblgenntb HETUMNUYHbIE OOBEKTbI, KOTOPbIE HE
noaxoaAaT HU K OAHOMY U3 KNacTeEPOB

* [loCTPOUTb MEPAPXMIO MHOXECTBA 0O BEKTOB



3aKa4YeHue



Y10 ewe ecTb B MaWWMHHOM 0byyeHnn?

* AccoumaTtmBHble NpaBuaa
* YacTnyHoe obyyeHue
* [lponyCcKun B AaHHbIX



PelwleHwna 3aaau4

e OTbOp NpU3HAKOB
* [lepebop napameTpos

* MeToAbl YaCcTO NPUXOANTCA NPUAYMbIBATb
camomy



[lone3Hble maTepuanbl N CCbINKK



JlnTepatypa

Kypc nekunmn K.B. BopoHuU0Ba No mawMHHOMY 0by4YeHUto
BUKK-pecypc, nocBAWEeHHbIM MalUMHHOMY 0OYYEeHUI

Nekuuun KOpua Jinodwmnua no CTPYKTYpam 1 aaroputmam
N9 NOUCKa bamyKanwmx cocenen (Ha aHIMMMCKOM, XOTA
nektop us Murtepa)

Knaccuyeckme nekumu no mawmHHoOMY obydyeHutro (Ha
AHTZIMUNCKOM)

OT14yeT NnobeanTenem cCoOpeBHOBAHMA MO NPOrHO3UPOBAHUIO
NpoboK

OT14yeT NO pelweHnto, 3aHAaBLIeMyY TPpeTbe MecTo Ha
copeBHOBAHUU MO KAaTETOPUN3aLNUUN TEKCTOB

MeTtoamndeckoe nocobume no Matlab n anroputmam
MaLUMHHOIro obyyeHuUs
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