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© OcrosHbie nonaTua n obosHaueHus
© [lanHble B 3apavax obyueHnst no npeueseHTam
@ Mogenn n metogbl obyyeHus
@ ObyueHne n nepeobyyerune

© Npumepsl npuknagmbix 3agau
@ 3agaun knaccudpukaumnn
9 3agayn perpeccuu
9 3ajaum paHKNpoBaHMs

© Metononorus mawmnnoro obyqenus
@ MexoTtpacnesoii ctangapt CRISP-DM
@ JTan npeaBapuTensHol 0bpaboTkn faHHbIX
@ JKCMEPUMEHTBI Ha MOAEJIbHBIX 1 PEASIbHBIX AaHHbIX



OcHoBHble NoHATUA 1 0bo3HaueHus [HanHble B 3agavax oby4yeHns no npeueaeHTam
Mopenun n metogbl obyueruns
Ob6y4yeHune n nepeobyyerve

3apava obyyeHus no npeueseHTam

X — MHOXeCTBO 0OBEKTOB;
Y — MHOXeCTBO OTBETOB;
y: X — Y — HensBecTHast 3aBucumocTs (target function).

Hdaxo:

{x1,...,x¢} C X — obyyarowas seibopka (training sample);
yi=y(xi), i=1,...,{ — n3BeCTHblE OTBETbI.

Haiitu:

a: X — Y — anroputm, pewatowyto cdpyHkuuto (decision function),
npubanxarouyto y Ha BCEM MHoxecTee X.
Becb Kypc MalwmHHOro obyuyeHnst — 3TO KOHKpeTM3auus:

@ Kak 3a[atoTCs OBBEKTHI U KAaKUMU MOTYT BbITb OTBETHI;

@ B KaKOM CMbICNE «a NpubAnXaeT y»;

@ KaK CTpouTb PyHKUMIO a.

K. B. BopoHuos (voron@forecsys.ru) MawunHHoe obyqeHue 3/34



OcHoBHble NOHsATUSA U obo3HaYeHUs HaHHble B 3apa4ax obyyeHus no npeuegeHTam
Mogenun n metopbl obyyerus
Ob6y4yeHune n nepeobyyerve

Kak 3agatorcs obbekThl. MpusHakosoe onucatxue

fi: X = Dj, j=1,...,n — npusnaku obbekToB (features).

Twunbl NPU3HAKOB:

D; = {0,1} — 6unapHbiii npusHak f;;
|Dj| < 0o — HOMUHaNbLHBIA NpU3HaK f;

|Dj| < 0o, Dj ynopsino4eHo — nopsigKoBbIii npusHak fj;

e ¢ ¢

D; = R — konmn4ecTseHHbIil npusHak f;.
BekTop (fl(x)7 e f,,(x)) — MPU3HAKOBOE onucaHme obbekTa X.
MaTpuua «obvekTbi—npusHakmy (feature data)

fl(Xl) e fn(Xl)

F:HfJ-(XI)Héxn: f() f()
1) ... Falxe
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OcHoBHble NOHsATUSA U obo3HaYeHUs HaHHble B 3apa4ax obyyeHus no npeuegeHTam
Mogenun n metopbl obyyerus
Ob6y4yeHune n nepeobyyerve

Kak 3a4al0TCA OTBETbI. Tunbi 3aga4

3apaun knaccudumkauun (classification):
o Y ={-1,41} — knaccucpnkayms Ha 2 knacca.
o Y ={1,..., M} — Ha M HenepeceKatoLnxcsi KIaccos.

o Y ={0,1} — na M knaccos, koTopble MOryT NepeceKaThbCs.

3apayun BoccTaHoBeHUsi perpeccum (regression):
@ Y=RwnmY=R"

3apaumn pavxuposanus (ranking, learning to rank):

@ Y — KoHeyHoe ynopAago4eHHOE MHOXECTBO.
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OcHoBHble NOHsATUSA U obo3HaYeHUs HaHHble B 3apa4ax obyyeHus no npeuegeHTam
Mogenun n metopbl obyyerus
Ob6y4yeHune n nepeobyyerve

Mpumep: 3agava knaccudmkaumm usetTkos npuca [Puwep, 1936]

n =4 npusnaka, | Y| = 3 knacca, gnmHa Bbibopkmu ¢ = 150.

[IMHa YallenucTvka LUMPUHA YaLLenicTuka [ANvHa nenectka LUMPUHA fenecTka
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OcHoBHble NoHATUA 1 0bo3HaueHus [HanHble B 3agavax oby4yeHns no npeueaeHTam
Mogenu n metoabl oby4eHus
Ob6y4yeHune n nepeobyyerve

Mogenb anroputmos (npeackasatenbHasi Mogenb)

Mogens (predictive model) — napameTtpuyeckoe cemMeiicTBO hyHKLNiA
A={g(x,0) |6 €0}

roe g: X X © = Y — chukcnposaHHasi pyHkuns,
© — MHOXeCTBO JOMYCTUMbIX 3HayeHUli napamertpa 6.

Mpumep.

Jlnneiinasi mogens ¢ BekTopom napametpos 0 = (61,...,60,), © =R":

n
g(x,0) = Zﬁjﬂ-(x) — AN perpeccuu n paHxuposaus, Y = R;
j=1
n
g(x,0) = sign Zﬁjﬂ-(x) — ans knacendpukauyum, Y = {—1,4+1}.
j=1
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OcHoBHble NoHATUA 1 0bo3HaueHus [HanHble B 3agavax oby4yeHns no npeueaeHTam
Mogenu n metoabl oby4eHus
Ob6y4yeHune n nepeobyyerve

NMpumep: 3apayva perpeccuun, MmogesibHble AaHHble

X=Y=R, £=200, n=3 npusHaka: {x,x%,1} namn {x,sinx, 1}

Linear regression
12 T T T T T T T T T
+  sample data +
—a .2
10 Yrnagerts e1 ® +82X+83
Yyoq™ Oy 1+ ELEIN()+E

BblBOﬂ,: NPN3HAaKOBOE ONMUCAHNE MOXHO 3aaBaTb MO-Pa3HOMY
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OcHoBHble NoHATUA 1 0bo3HaueHus [HanHble B 3agavax oby4yeHns no npeueaeHTam
Mogenu n metoabl oby4eHus
Ob6y4yeHune n nepeobyyerve

MeTtop obyueHus

Metog oby4enns (learning algorithm) — 3710 oTobpaxenue Buga
(X x V)= A,

KOTOpOe npou3eosbHoii Beibopke X' = (x;, yi)f_,
CTaBWT B COOTBETCTBUE HEKOTOPLIN anroputm a € A.

B 3apavax obyyeHus no mpeuegeHTam BCerga ecTb fBa dTana:

@ Jtan obyyenus (training):
meTog ju no Buibopke X! cTpouTt anroputm a = u(XY).

® Jtan npumenenns (testing):
afropuTM a A1t HOBbIX ODBEKTOB X BbIAAET OTBETHI a(X).
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OcHoBHble NoHATUA 1 0bo3HaueHus [HanHble B 3agavax oby4yeHns no npeueaeHTam
Mogenu n metoabl oby4eHus
Ob6y4yeHune n nepeobyyerve

Otan oby4eHus u 3Tan NpUMeHeHnUs

OTan oby4eHus (train):
meTop 1 no Buibopke X! = (x;, y;)f_; cTpouT anroputm a = u(X*):

fl(Xl) fn(Xl) 1

AG) .. A(x) ve

STan npumenenus (test):
afropuTM a fisi HoBbIX OBBEKTOB X! BbIAAET OTBETHI a(X!).

fa(x)) ... faxq) a(x1)

A() .. Fo(x) a(x,)
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OcHoBHble NOHATUA 1 obo3HadeHns [anHble B 3agavax oby4yeHusi no npeueseHTam
Mopgenun n metopbl obyyeHus
Ob6y4yeHune n nepeobyyerne

chHKLI,I/IOHaﬂbI Ka4ecTBa

Z(a, x) — ¢pyHkymns noteps (loss function) — sennumHa ownbkm
anroputMa a € A Ha obbekTe x € X.

DyHKUUN NoTepb As 33434 Knaccudmkaumm:
o Z(a,x) = |a(x) # y(x)] — nnankaTop owmbku;

dPyHKLUMN NOTEpPb A1 33434 perpeccuu:

o Z(a,x) = !a(x) — y(x)| — abcontoTHoe 3HaueHue ownbKy;

o Z(a,x) = (a(x)— y(x))2 — KBaApaTM4Has oLmnbKa.
SmMnupnyecknii puck — beHKLI,I/IOHaJ'I KadyecTBa anroputMa a Ha X':

Q(a, X" = Zfax,
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OcHoBHble NOHATUA 1 obo3HadeHns [anHble B 3agavax oby4yeHusi no npeueseHTam
Mopgenun n metopbl obyyeHus
Ob6y4yeHune n nepeobyyerne

CeepgeHue 3agaym obyyeHus K 3agade onTumusauum

MeTog MuHMMU3aLMM SMANPNHECKOTO PUCKA:
(X)) = arg min Q(a, X%).
acA

Mpumep: metog Haumenbnx keagpatos (Y =R, £ ksagpaTnyHa):
)4

M(XZ) = arg mein Z(g(x,-, ) — y,-)z.

Mpobnema obobuwatoweii cnocobHocTu:

@ HaliAéM N1 Mbl «3aKOH NPUPOAbLI» WU epeobyynmcs,
TO ecTb nogroHum yrkumo g(x;, #) nop 3agaHHble ToUkn?

@ byaet nm a = pu(X') npubanxate dyHkumio y Ha BCEM X7

@ byaet m Q(a, X¥) Mand Ha HOBbLIX AaHHBIX —
KkoHTponbHoii Buibopke XK = (x!,y!)< |, yI = y(x)?
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OcHoBHble NOHATUA 1 obo3HadeHns [anHble B 3agavax oby4yeHusi no npeueseHTam
Mopgenun n metopbl obyyeHus
Ob6y4yeHune n nepeobyyerne

Mpumep nepeobyuerus

3asucumoctb y(x) Ha oTpeske x € [—2,2].

1
14 25x2
MpusHakosoe onucanme x — (1, x5, x2, ... x").

Mogenb noanHoMmanbHON perpeccum
a(x,0) =0p+ 01x+ -+ -+ 0,x" — nonuHom cTenexn n.

ObyueHne METOAOM HAMMEHBLUMX KBaAPaTOB:
l
R0, X" = Z (0o + O1x; + - - + 0nx" — y;)* — min .
i=1 907---79n
Obyuatowas Beibopka: X! = {x,- = 421—1 -2 | i=1,... ,E}.

KonTponbHasi Bbibopka: XK = {x; = 4’;_0'15 -2 | i=1,...,0— 1}.

YT1o npouncxoant ¢ Q(H,Xg) " Q(H,Xk) npu ysenmyeHun n?
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OcHoBHble NOHATUA 1 obo3HadeHns [anHble B 3agavax oby4yeHusi no npeueseHTam
Mopgenun n metopbl obyyeHus
Ob6y4yeHune n nepeobyyerne

Mpumep nepeobyueruns: akcnepumeHT npu £ =50, n = 1..31

Mepeobyuenne — ato korga Q(u(X%), X*) > Q(u(X"), X"):

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

—e— Owmbka Ha obyueHun  —O— OLumbKa Ha KOHTpone vV OnMmMYM CrOXHOCTA
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OcHoBHble NOHATUA 1 obo3HadeHns [anHble B 3agavax oby4yeHusi no npeueseHTam
Mopgenun n metopbl obyyeHus
Ob6y4yeHune n nepeobyyerne

Mpumep nepeobyueHuns: akcnepumeHT npu £ = 50

()= —= .
Y = 1 ox2"

y(x), a(x)
10
09
08 3
0.7 §
056
05 1
04
03
02
01 3

0 _ p-0-0-0-9-0-¢

a(x) — nonuHom crtenexn n = 38

-0 4
-02 4

01 0 01 02 03 04 05 06 07 08 09 1.0 11 12 13 14 15 16 17 18 19 20

—e— y(x), obyyatoLias Bblbopka  —O— Y(X), KOHTpONbHas Bbibopka —— a(x)
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OcHoBHble NOHATUA 1 obo3HadeHns [anHble B 3agavax oby4yeHusi no npeueseHTam
Mopgenun n metopbl obyyeHus
Ob6y4yeHune n nepeobyyerne

MepeobyyeHne — ogHa N3 Npobaem MalwUHHOro oby4veHus

© WN3-3a 4yero Bo3HuKaeT nepeobyyerune?
— n30bITOYHAs CNOXHOCTL NMPOCTPaHCTBA napaMeTpos O,
NNWHWe cTenenn ceobopbl B Mogenn g(x,0) «Tpatartcsa»
Ha Ype3MEepHO TOUHYIO MOArOHKY nog obyvatoLlyto BbIOOpKY.
— nepeobyyeHune ecTb BCerga, Korga ecTb OnTUMU3aLms
napameTpoB MO KOHeYHOIi (3aBefOMO HenosiHOM) BbIGOPKE.

© Kak obHapyxutb nepeobyyerune?
— 3MNNPUYECKN, NYTEM pasbueHns BbIBOpPKKU Ha train u test.

© WN36aButbea ot Hero Henb3sa. Kak ero MuHumnsnposats?
— MWUHUMWU3NPOBATb OA4HY U3 TEOPETUHECKNX OLEHOK;
— HakJ/1aAblBaTb orpaHuyeHnst Ha 6 (perynspusaums);
— MuHumMusuposaTs HoldOut, LOO uan CV, Ho ocTtopoxHo!
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OcHoBHble NOHATUA 1 obo3HadeHns [anHble B 3agavax oby4yeHusi no npeueseHTam
Mopgenun n metopbl obyyeHus
Ob6y4yeHune n nepeobyyerne

AMnupuyeckne oueHkn oboblatollen cnocobHocTun

@ DMnnpuYeckmnii puck Ha TecToBbix ganHbix (hold-out):
HO(, X%, X¥) = Q(u(X%), X*) = min

o Ckonb3awmii KOHTpPOIIb (Ieave one-out), L = ¢+ 1:
LOO(u, X Zg (XH\{x:}), x;) = min

@ Kpocc-nposepka (cross—validation) L=1/0+k Xt=XuXxk
CV(p, X Z Qu XK) = min
neN

@ DMNUpMYecKas OLEHKa BEPOSITHOCTN nepeobydeHuns:

Q-(u X |N| [Qu(X), XK) ~ Q1(X0), X8) = ] — min

neN
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3apaumn knaccudpukaymm
Mpumepbl npuknagHbIx 3agay 3apgaun perpeccun
3agaun paHxuposaHus

3agaun MeauLMHCKOW ANarHOCTUKK

OObeKT — nauuneHT B ONpPeAenéHHbIi MOMEHT BPEMEHN.
Knacchbl: gnartos unm cnocob nedeHust nam mnexoq 3abonesaHums.

Mpumepbl Nnpu3sHakos:
@ OGuHapHble: non, ronoeHas bonb, cnaboctb, TowHOTa, U T. 4.
@ NOPSAAKOBbLIE: TSXKECTb COCTOAHUSA, XKENTYLHOCTb, U T. f.

@ KO/IMYECTBEHHbIe: BO3PacCT, NybC, apTepPnaNbHOE AaBJIeHME,
coepXKaHue remMorniobuHa B KpoBW, [03a npenapata, u T. 4.

OcobeHHocTu 3agaum:
*] 06b|‘-IHO MHOIO «NponyCKoB» B AAHHbIX;
@ HYXXEH WHTEPNPETMPYEMBIN anropuTm Knaccudumkaumm;

@ Hy)XXHa OLeHKa BeposiTHOCTU (pucka | ycnexa | ucxoga).
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3apaumn knaccudpukaymm
Mpumepbl npuknagHbIx 3agay 3apgaun perpeccun
3agaun paHxuposaHus

3apayva MeguumHckoi amarHoctuku. Mpumep nepeobyyerus

3apaya npepackasaHusi OTAANEHHOTO pe3ynbTaTa Xupypru4eckoro
NleYeHUsi aTEPOCKIepPOo3a. T0YKM — PasfiMyHble aaropuTMbl.

Yacmoma owubok na konmpone, %

15 4

: |

11 ] T

10; ﬁﬁ TT Ty ¢
s

W RO N ©©
L

3 4 5 6 7 8 9 10 11 12

Yacmoma owubok Ha obyuenuu, %
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3apaumn knaccudpukaymm
Mpumepbl npuknagHbIx 3agay 3apgaun perpeccun
3agaun paHxuposaHus

3agava KpeauTHOro CKopuHra

ObbekT — 3asiBKa Ha Bblgady baHkoM KpeguTa.
Knaccbl — bad uan good.

Mpumepbl Nnpu3sHakos:
@ OuHapHble: non, Hanu4une TenedoHa, n T. 4.

@ HOMMHaNbHbIE: MECTO MPOXMBaHUA, npodeccus,
paboTogaTtens, u T. 4.

@ nopsiaKoBble: obpasoBaHue, AOSKHOCTb, U T. 4.

@ KO/IMYEeCTBEHHbIe: BO3PacT, 3apnaaTa, cTax paboTsl,
Joxof, ceMbM, CyMMa KpeauTa, U T. 4.

OcobeHHocTu 3agaumu:

@ HY>XHO OLeHMBaTb BeposiTHOCTb Aecbonta P(bad).
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3apaumn knaccudpukaymm
Mpumepbl npuknagHbIx 3agay 3apgaun perpeccun
3agaun paHxuposaHus

3agaya npeackasaHusi OTTOKa KJMEHTOB

O6beKT — aboHEHT B onpeaenéHHbIi MOMEHT BPEMEHU.
Knaccbl — yiigért unn He yiAigét B cieaytoweM MecsiLe.

Mpumepbl Nnpu3sHakos:
@ OuHapHble: KOPrNOpPaTUBHbBINA KJINEHT, BKJKOYEHNE YCAYT, U T. 4.
@ HOMUHaJIbHbIE: TapuUHbIA NJaH, PETNOH NPOXUBAHUS, U T. 4.

@ KOJINYECTBEHHbIE: 4INTENbHOCTL Pa3roBOpoB (BXOAALLMX,
nexopawmx, CMC, v . g.), 4acToTa onnatel, u T. A.

OcobeHHocTu 3agaum:
@ HY)XHO OLIEHNBaTb BEPOSITHOCTb YXOAa;
@ cBepxbosiblune BbIGOPKY;

@ He SICHO, KaKune NMpu3Hakn BblHUC/ATb NO «ChbIPbIM» AAHHbIM.
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3apaumn knaccudpukaymm
Mpumepbl npuknagHbIx 3agay 3apgaun perpeccun
3agaun paHxuposaHus

3agava kaTteropmM3aunmn TEKCTOBbLIX AOKYMEHTOB

OOGbEeKT — TEKCTOBbIVi [JOKYMEHT.

Knaccbl — pybpuku mepapxuy4eckoro TeMaTUHECKOrO KaTasora.

Mpumepbl Nnpu3sHakos:
@ HOMWHAaNbHbIE: aBTOpP, N34aHue, rog, u T. 4.

@ KOJINYECTBEHHbIE: [J1s1 KaXKL0ro TepMmnHa — 4acToTa
B TEKCTE, B 3aroJioBkax, B aHHOTauuu, n T. A.

OcobeHHocTu 3apaumn:
@ Nnuwb He6OJ'IbLIJaFI HaCTb AOKYMEHTOB UMEKT METKU Yij;
@ JOKYMEHT MOXET OTHOCUTBLCSI K HECKOJIbKUM pybpukam;

@ B KaxaoM pebpe aepesa cBoii KnaccudukaTop Ha 2 Kjacca.
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3apgaun knaccudpukauymm
Mpumepbl npuknagHbix 3agad 3apaun perpeccun
3agaun par>xuposaHus

3agaya NporHo3upoBaHUS CTOMMOCTU HEABUXXUMOCTH

O6vekT — kBapTupa B Mockse.

Mpumepbl Nnpu3sHakos:

@ OGuHapHble: Hannune bankoHa, nudpTa, Mycoponposoaa,
oxpaHbl, 1 T. 4.

@ HOMWHAaNbHbIE: palioH ropoja, TUM foMa
(kupnnyHbIii/naHenbHbIR /6A04HBIN /MOHOANT), 1 T. A.

@ KOJINYECTBEHHbIE: YNC/IO KOMHAT, XXWaas naowagb,
pacCTosiHMe A0 LEeHTpa, 4O METpPO, BO3pPacT 4OMa, U T. 4.

OcobeHHoCTN 3apa4un:

@ BbIDOpKA HEOAHOPOLHA, CTOMMOCTL MEHSIETCS CO BPEMEHEM;

@ Pa3HOTUNHbIE NPU3HAKN,

@ AN NNHEVHOR MOZENN HY>KHbI NPeobpa3oBaHMsi NPU3HAKOB;
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3apgaun knaccudpukauymm
Mpumepbl npuknagHbix 3agad 3apaun perpeccun
3agaun par>xuposaHus

3agaya nNporHo3vpoBaHua 0bHLEMOB nNpoaa<

ObbekT — Tpoiika (ToBap, MarasuH, feHb).

Mpumepbl Nnpu3sHakos:
@ OuHapHble: BbIXOAHON AeHb, NPa3aHNK, NPOMOAKLUS, U T. 4.

@ KONnYecTBeHHble: 00BbEMbBI MPofaXk B NPEALIECTBYIOLME AHN.

Norepn

OcCobeHHOCTY 3a0a4N: | oocnewns

[fononHutensibie  damopaimeaiie  Cpok
VEASpHKM CUlana  cpedcTa roaHaCTH

@ yHKLMSI MoTepb
HE KBagpaTu4Ha
N paxe

Jarynouan
‘GromocTs

HE CUMMETPNYHa;

@ pa3pexxeHHble
Eavkoscxan crapsa

aHHble Huef:a Cromocms N
4 . Hm‘\;.»m T /wtlﬂ/

Ouimbn nponioaa, oG

Crpaxosoi Oroporia
aanac nnarexa
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3apgaun knaccudpukauymm
Mpumepbl npuknagHbix 3agad 3apaun perpeccun
3apaumn paHXupoBaHusi

3apgava paH>XUpoBaHUS NOUCKOBOI Bblga4u

Ob6bekT — napa (3anpoc, AOKYMEHT).

Knaccbl — peneBaHTeH UM He peneBaHTEH,
pasMeTKa AeslaeTcs JogbMU — aceccopamu.
Mpumepbl Npu3HaKoB:

@ KOJINYECTBEHHbIE:
4acToTa CJIOB 3aMpoca B JOKYMEHTE,
YUCNO CChIJIOK Ha JOKYMEHT,
YNCNIO KJIMKOB HA AOKYMEHT: BCEro, no JaHHOMY 3anpocy,
nT 4.

OcobeHHocTu 3apaumn:
@ ONTUMN3NUPYETCS HE YUCIO OWMDOK, a KAYECTBO PaHXXNPOBaHWS;
@ cBepxbosiblune BbIGOPKY;

@ npobnemMa KOHCTPYMPOBAHUS MPU3HAKOB MO ChIPbIM GAHHbLIM.
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MexoTpacnesoii crangapt CRISP-DM
OTan npeasapuTensHoli 06paboTkn gaHHbIX
DKCNEPUMEHTBI Ha MOAESbHBIX U PeanbHbIX AaHHbIX

MeToponorusi malwmHHoro oby4eHuns

CRISP-DM: CRoss Industry Standard Process for Data Mining

I Data
understanding

Business
understanding

Data
preparation

4

Deployment

Modelling

Evaluation

MawunHHoe oby4yeHne
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MexxxoTpacnesoii ctangapt CRISP-DM
STan npeaBapuTenbHOl obpaboTky AaHHbIX
MeToponorusi mawmnHHoro oby4eHns DKCNEPUMEHTbI Ha MOAESbHBIX U PeanbHbIX AaHHbIX

3apayva IKI-guarHoctuku. MpepobpaboTka gaHHbIX

© O6bekT — anekTpokapavorpamma, 1000 Touek B cekyHAay

U, mV

400

200 Rn Rn+1

0 ] Ay Ay 1

-200
] Tn Tn +1

122 124 126 128 130 132 134 136 138 140 142 1S

© Wurepsano-rpamma (T,) u amnautygo-rpamma (R)).
BapuabensHocTte T,, R, 3aBUCUT OT COCTOSIHUSI OpraHU3Ma.

© [lpupaweHns vHTEPBaNoB, aMMINTY4 U YrIOB (, = arctg %:
n

dRo=Ro1—Rn |+ — + — + -
ATy =Top1—To |+ — — + + -
doap=op1—0p |+ + + — — —
Kogorpammaln| AN B C D E F
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MexxxoTpacnesoii ctangapt CRISP-DM
STan npeaBapuTenbHOl obpaboTky AaHHbIX
MeToponorusi mawmnHHoro oby4eHns DKCNEPUMEHTbI Ha MOAESbHBIX U PeanbHbIX AaHHbIX

Ectb nn paznnunsa B 3Hakax npupalieHuii y 60nbHbIX U 300p0BbIx?

Mpupawernus dR,, dT,, da, B nocnefgoBaTeNbHbIX KAPANOLNKAAX N

340poBblii:
dRn dTn

190 195 200

OEROOROORRCOEC
OOROOEEOEEO0)
OEEORROORCO0

LI
OOOmOOmO0

BonbHoit (si3BeHHast bonesHsb):

dRn dTn
10 40
20
0 0
10 -20
-40

370 375 380 385 390 395 400 405 410 415 420 425 430
EEDEDDDIIDDIIDDIIDDDI lDDIIDDDIIIEDIIDDIEDDIIDDDIIDDIIDIDID
OEERCCORCOONRCCOREOORCO0RE CORRO0CRE00CROCCENCCEEOOONRCONE ORCRON
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MexxxoTpacnesoii ctangapt CRISP-DM
STan npeaBapuTenbHOl obpaboTky AaHHbIX
MeToponorusi mawmnHHoro oby4eHns DKCNEPUMEHTbI Ha MOAESbHBIX U PeanbHbIX AaHHbIX

Ectb nn paznnunsa B 3Hakax npupalieHuii y 60nbHbIX U 300p0BbIx?

Mpupawernus dR,, dT,, da, B nocnefgoBaTeNbHbIX KAPANOLNKAAX N

340poBblii:
dRn dTn
40
20
0
-20
-40
190 195 200
OEROOROORRCOEC
LI OOROOEEOEEO0)
OOOmOOmO0 OEEORROORCO0
BonbHoii (runeproHus):
dRn dTn
100
50 4
50
04 0
-50
o]

430 435 440 445 450 455 460 465 470 475 480 485 490 495 500 505 510

IEEEEI DDDIIDDIIDDIDDDDDIIDDIIDDIIDDDDIIDDIIDDIIDIIDDDIDDDDIIDDDIDDDIDDDIIDDEEEE
EOOROEE000OEE0ONEDON OOD0Os00OEsCOEEO0CEEO00EE00E SOROO0ORO0OEE0 CONE0O0R000NE 008000
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MexxxoTpacnesoii ctangapt CRISP-DM
STan npeaBapuTenbHOl obpaboTky AaHHbIX
MeToponorusi mawmnHHoro oby4eHns DKCNEPUMEHTbI Ha MOAESbHBIX U PeanbHbIX AaHHbIX

Ectb nn paznnunsa B 3Hakax npupalieHuii y 60nbHbIX U 300p0BbIx?

Mpupawernus dR,, dT,, da, B nocnefgoBaTeNbHbIX KAPANOLNKAAX N

340poBblii:
dRn dTn
40
20
0
-20
-40
190 195 200
OEROOROORRCOEC
LI OOROOEEOEEO0)
OOOmOOmO0 OEEORROORCO0
BonbHoii (pak):
dRn dTn
20
10 10
0 0
-10
10 20
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MexxxoTpacnesoii ctangapt CRISP-DM
STan npeaBapuTenbHOl obpaboTky AaHHbIX
MeToponorusi mawmnHHoro oby4eHns DKCNEPUMEHTbI Ha MOAESbHBIX U PeanbHbIX AaHHbIX

3apayva IKI-guarHoctuku. MpepobpaboTka gaHHbIX

@ «koporpamma — cTpoka B 6-cuMBOsIbHOM andasuTe:

WDMFBRBDDMDFRRFFERCFERCFBREFFRRBFFRRF FAAFFARFFAREBFAEBF EAAFCAAFFAAD
FCAFFAADFCADFCCOFDACFFACDFAEFFACFFEADFCAFBCADFFECFFAAFFARFFAEFFCACFCAEFFCAD
DAADBFAAFFAEBF ARBFACDF FARFBRAADF AADF DARF CECF CEDF CEEF CAEFBECBBBARDBAACF FAAFFA
CFFCECFDARBDAEFF AAFFCEDBF ARFFAEFFAEFBACFBAEDF EARF FCAFFDARFFAEBDARDBBADFDAFF
ggBF(ﬂ:CSFDEEBDECFFRCFFRRBF RRDFBRRFFHCFFFREFFHCFFHCFFCEC FBﬂﬂFFERREEFggEEHgBEE
HFFCECFCECFFRHFFHBCFDHHRFFF\DBFCREFFRRBFRCBFRREBFREBFCFIFFBRRFFRRFFDRCFDHHBFB
CAFFAECFFACFFACDFCADFDARBFAREDDABBFCACDBARF FAAFFCADFAADFDACFFAEDFCACFCAEBCE

© BekTOp Npn3HakoB — HacTtoT 216 Tpurpamm:
FFA -4 CFF-14 EFF-10 FCE-8 CEC-6 CAE-4 ERC-3 EAR -2

[na kaxpoin 6onesHn BolaensieTcs Ceoii Habop MHOPMATUBHbBIX
NPU3HAKOB — YacTOT TPUrPaMM, BMECTE HACTO BCTPEHAIOLLUXCS
B Kogorpammax bonbHbix ntogeii [B.M.Vcnenckuii, 2008]
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MexxxoTpacnesoii ctangapt CRISP-DM
OTan npeasapuTensHoli 06paboTkn gaHHbIX
MeToponorusi mawmnHHoro oby4eHns DKCNEPUMEHTBI Ha MOAESbHBIX U PeanbHbIX AaHHBIX

3KCﬂepMMeHTbI Ha peaJibHbiX OAHHbIX

DKCcnepuMeHTbl Ha KOHKPETHOW NpuKnagHoi 3agade:
9 Le/lb — pewwnTb 33434y Kak MOXHO JiydLue

Ba>KHO MOHMMaHMe 3aja4n N JAHHbIX

Ba>XHO MPUAYMbIBaTb MH(POPMATUBHBIE MPU3HAKY

KOHKYPCbI MO aHa/n3y AaHHbiX: http://www.kaggle.com

e © ¢ ¢

MosMroH anropnTMoB KnaccudrKkaLmm:
http://poligon.Machinelearning.ru

JKkcnepumeHTbl Ha Habopax nNpuknagHbIxX 3agad:
® Lenb — NPOTECTUPOBATb METOA B Pa3HOODPA3HbLIX YCIOBUAX
@ HeT HeobxopnmocTu (n BpemeHmn) pasbupatbes B cyTn 3agay : (
@ NpU3HaKK, KaK MPaBUO, YXKE KEM-TO MPUAYMaHbI

@ penosuntopuii UC Irvine Machine Learning Repository
http://archive.ics.uci.edu/ml (308 3agay, 09-02-2015)
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MexxxoTpacnesoii ctangapt CRISP-DM
OTan npeasapuTensHoli 06paboTkn gaHHbIX
MeToponorusi mawmnHHoro oby4eHns DKCNEPUMEHTBI Ha MOAESbHBIX U PeanbHbIX AaHHBIX

3KCﬂepMMeHTbI Ha MOJeJibHbIX OAHHbIX

VicnonbsytoTca ans TeCTMpoBaHUS HOBLIX METOAO0B ODy4YeHus.
MpenmyLyectBo — Mbl 3HaeM uctuHHyto y(x) (ground truth)
SkcnepumeHTbl Ha MoaenbHbix (synthetic) paHHbix:
® uenb — OTNAAUTL METOA, BbISBUTb FPaHMLbl MPUMEHUMOCTH
@ 0bbeKThbI X; U3 npugymarHoro pacnpegenerus (4acto 2D)
@ oteetbl y; = y(x;) ans npuaymarHoin dyHkumm y(x)

® [BYMepHble AaHHble 4+ BU3yann3auus BoibopkM

DKcnepuMeHTbl Ha nonymogenbHbix (semi-synthetic) aanHbIx:

@ Le/lb — NPOTECTUPOBATL MOMEXOYCTONHMBOCTL MOAENM
@ 0bbeKTbI Xj N3 peanbHoii 3agaun (+ wym)

@ oteeTbl y; = a(x;) ans nonyyeHHoro pewenuns a(x) (+ wym)
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Pe3iome B KoHLUE nekuumn

@ OcHoBHbIE NOHATMA MALIWHHOIO 00yYeHus:
0bBbeKT, OTBET, NPU3HaK, aAropuTM, MOAENb aNrOpUTMOB,
MeTog, 0by4eHunsl, SMNUPUYECKUT PUCK, NepecbyyeHne.

@ DTanbl peweHns 3a4a4 MaWMHHOro oby4eHus:
— MOHUMaHWe 3a4a4” N AaHHbIX;
— npeaobpaboTka AaHHLIX 1 U30bpETEeHNE NMPU3HAKOB;
— MOCTPOEHNE MOAENH;
— cBegeHue obyyeHnst K onTUMMU3aLnK;
— pelueHue npobseM onTumMmusauuy n nepeobyyeHus;
— OLEHVBaHNE KAYeCTBa;
— BHEAPEHUE U IKCMyaTaums.

o MpuknagHble 3aga4m MawMHHOro oby4veHus:
O4Y€Hb MHOro, O4€Hb pa3HblIX,
BO BCex obnacTtsix busHeca, HayKu, NpON3BOACTEA.
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