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. LENN U 3A0AYN OCBOEHNS ANCLNMIINHBI

Iesn ocBOGHUS TUCHUIUIMHBL. U3YYEHHE COBPEMEHHBIX MPHKIJIAJHBIX METOAOB M TEXHOJIOTHIM
MAaIIMHHOTO 00y4YeHUS

3agaun:

* M3ydYeHHE OCHOBHBIX MOHATHAX 3a]a4 MAIIMHHOTO 00y4eHus: 00ydaromias BEIOOpKa, MOIEIb

JITOPUTMOB, MeTO/ OOy4yeHHs, (YHKIHMOHAJ KayecTBa, mpobieMa mepeolydeHus U o0oOmaromas
CIOCOOHOCTH aJITOPUTMOB, BEPOSITHOCTHAS TIOCTAHOBKA 3a71auil 00y4eHUS;

* 3HAKOMCTBO C METOJaMM pPELICHUs 3a/1a4 KiIacCu(UKALUU U Perpeccuu: 6aiiecoBCKUM IO/
XO0ZIOM (HauBHBIM, CMECSAMU MHOTOMEPHBIX HOPMAJbHBIX paclpeieieHuil), METPUUECKUMH aJITOPUT-
MaMHu, JIMHEWHBIMU JIFOPUTMaMHU (OAHOCIONHBIM IIEPCENTPOHOM, JOTUCTHUYECKOM perpeccueii, SVM),
JIOTHYECKUMH aJrOpPUTMaMH Kiaccu(UKalui, METOJaMHi BOCCTAaHOBIICHHSI perpeccu Ha ocHoBe SVD-
pas3noxeHus

* OCBOCHHE METOJIOB OLIEHKH KauecTBa pabOThl aJIrOPUTMOB;

* 3HAKOMCTBO C METOaMH cOOpa M pa3METKH JaHHbBIX

* W3y4eHHE CIOCOOOB OIICHKH WH(MOPMATHBHOCTH 3aKOHOMEPHOCTEH M IOWCKa HH(popMma-
TUBHBIX 3aKOHOMEPHOCTEH

* npuoOpeTeHre HaBbIKOB IOCTPOCHUS KOMITO3ULMHA alrOPUTMOB

* TIOJyYEHHE MPEJICTABICHUI O COBPEMEHHOM COCTOSIHUM MAIIMHHOTO O0y4YeHHS

¢ 3HAaKOMCTBO C pCKOMCHAATCIbHBIMU CUCTCMaMU

. MECTO gNCUUNIlJINHbl B CTPYKTYPE OI1 BO

2.1. Yuebnas mucrmiummHa «lIpukinagHoe MammaHOE o0yueHue» (1 roma, 2 cemecTp) OTHOCHTCS
K 4acTH OJI0Ka TUCIMILIMH (MOJyJei), (GOPMUPYEMbIX Y4aCTHHKAMH 00pa30BaTeIbHBIX OTHOIICHUN U
SIBJISICTCS TUCIUILTHHON IO BBIOODY.

2.2. J1na u3y4eHus MaHHON y4eOHOW JUCIMILTMHBI HEOOXOIUMBbI 3HAHUS, YMEHUS U HABBIKH,
dbopMupyeMbIe TPEIIICCTBYIONUMH JTUCIHILIHHAMYU OakanaBpuara «OCHOBBI MPOTPAMMHUPOBAHUS,
«SI3bIKU TporpamMMUpOBaHus», «Teopus BepOATHOCTEH W MaTeMaTU4yecKas CTaTUCTUKa», «Anredbpa u
reoOMeTpHs», «BBIYMCIUTEIbHAS MATEMATHKA.

2.3. 3HaHUS U HaBBIKHU, MTOJyUYEHHBIE B XOJ€ U3YUEHHUS JAaHHOW JUCIUIUIMHBI, MOTYT HUCIOJIb30-
BaThCsA JUIA peIIeHUs TPOo(EeCCHOHANBHBIX 3a7ad B  HAyYHO-HCCIEAOBATEIbCKOW, HAy4dHO-
MIPOM3BOJICTBEHHONW M MPOEKTHOM AEesITeNbHOCTH, B YACTHOCTH, MPH Pa3pabOTKe alrOpuTMOB U MPO-
rpaMM B paMKaX MOJATOTOBKH BBITYCKHOW KBATU(UKAIIMOHHOW PabOTHI.



Ill. TPEBOBAHWUA K PE3YJIbTATAM OCBOEHWUA ANCLUUNTITIUHBI

[Iporniecc n3yueHusi TUCHIUILIMHBI HAMMPaBlIeH HAa (OPMHUPOBAHKE DJIEMEHTOB CIICYIONTUX KOM-
nerenuuid B coorBeTcTBUU ¢ GI'OC BO u OIl BO no nanHoMy HampaBi€HUIO MOATOTOBKHU (CIEH-

AITBHOCTH):

Hepeqeﬂb IJIAHUPYEMBIX PE3YyJIbTATOB oﬁyqe}mﬂ mo JTMCIMIIJIMHE,

COOTHECEHHBIX C IVIAHUPYEeMbIMH Pe3yJIbTATAMH OCBOEHHS 00pa30BaTe/JbLHOM NPOrpaMMBbI:

Iu¢p u pop-
MYJIMPOBKA
KOMIIEeTEeHIINIi

(pe3yabTaThl
ocBoenusi OII)

ndp u dpopmy-

JIMPOBKA MH/IHU-

KATOPOB KOMIIe-

TeHUM# (pe3y/ib-

TATOB OCBOCHHUS
0)1))

JJieMeHThI KOMIIeTeHUHH, (popMupyeMble TUCHUIIIMHON

I1K-3. Cnocoben
pa3pabaTsiBaTh U
MPUMEHSTH Me-
TOJIBI ¥ aJITO-
PUTMBI MaIlIH-
HOTO O0y4YeHHS
IUISL peIICHUS
3ama4

I[IK-3.1. CraBur
3a/a4m Mo paspa-
0OTKE WM CO-
BEPIIICHCTBOBA-
HUIO METOHOB U
QITOPUTMOB  JIJISA
pelIcHus KOM-
meKca 3a71a4
peAMETHOM  00-
JIACTH

ITK-3.1. 3-1. 3HaeT KIacchl METOJI0B M AJITOPUTMOB MAIlIWH-
HOTO 00yUYeHHS

IIK-3.1. ¥Y-1. YMeer craBuTh 3a/1a4 U pa3padaThIBaTh HOBBIC
METOJIbl ¥ aJITOPUTMBI MALTHHHOTO O0Yy4eHUS

IIK-3.1. H-1. Biameer HaBBIKOM ONEpUPOBAHUS OCHOBHBIMHU
MOHATUSIMH MAIIMHHOTO OOYYEHHUsS: MPELEIEeHT, o0yJaromiast
BBIOOpKA, MPU3HAKU OOBEKTOB, BHJbI MPHU3HAKOB, MAaTpHIlA
00BEKTOB-TIPU3HAKOB, MOJIENIb AITOPUTMOB, MeTOox oOyue-
HUs, GYHKIMOHAT KauecTBa allrOpUTMa, ImpodiiemMa nepeody-
YeHuss U o0oOImaronas crocoOHOCTh anroputMa. HaBsikom
MPUMEHEHUS] METPUYECKHUX AJITOPUTMBI KiIacCU(UKAIIMU, HC-
nosib3oBanusg EM-anroputma pasneneHusi cMecu, paboThl ¢
QITOPUTMOM CTOXACTUYECKOTO TPAJUEHTA Ui MUHUMH3AIUH
(yHKIIMOHATIA CPEAHETO PUCKA, TIOCTPOCHUS MOJIEIEH 110 Me-
TOJly OMOPHBIX BeKTOpoB (SVM), paboThl ¢ anroputmMamu
BOCCTAHOBJICHHS PETPECCUU: METO/I HAMMEHbBIIUX KBaJPaTOB,
HernapamMeTpHuecKasl perpeccusi, MHOTOMEpHasi JIMHeiHas pe-
rpeccusi, IOAX0 ¢ ucnoib3oBanueM SVD-pasnoxenus mat-
puLbl, TrpeOHeBas perpeccus, HUCHOJIb30BaHMS JIOTMYECKHX
METOJIOB KJIAaCCU(UKALIUU, MOCTPOCHUS KOMIIO3UIIMKA ajro-
PUTMOB

[1K-3.2. PyxoBo-
JUT  HCClenoBa-
TEIbCKOW  TpYII-
noi mo pazpabot-
Ke€ WIM COBep-
IIEHCTBOBAHUIO
METOJIOB U aJro-
PUTMOB sl pe-
HIEHUs] KOMILJIEKCa
3aJa4  [peaMeT-
HOM o0JsacTH

[1K-3.2. 3-1. 3HaeT METO/IbI M KPUTEPUH OLEHKH KauecTBa
MoJiesIel MallIMHHOTO 00y4eHus

[1K-3.2. V-1. YMmeer onpeaensTb KpUTEPHUH U METO/bI OLCH-
KM pe3y/lbTaTOB MOJEIUPOBAHUS MPU IMOCTPOECHUH CHCTEM
HCKYCCTBEHHOT'O MHTEJJIEKTa B UCCIIEAYEMOM 00JIacTH

[1K-3.2. H-1. BnageeT sMnupuyeckKMMH OlleHKaMu 0000111a-
IOIIeH CITOCOOHOCTH AITOPUTMA, AITOPUTMOM TTOCTPOCHHUS
KpuBoii omnOok u Bbruucienuss AUC

[1K-3.3. Pazpaba-
ThIBaeT YHUPHUIHU-
pOBaHHBIE U 00-
HOBJIISIEMBIE METO-
JIOJIOTMM  OIHcCa-
HUs, cOopa U pas-

[1K-3.3. 3-1. 3HaeT yHupHUIHUPOBAHHBIE U OOHOBIIIEMbIE Me-
TOJIOJIOTHH OTMCAHMsI, COOpa M pa3METKH TaHHBIX, & TAKXKe
MeXaHU3Mbl KOHTPOJIS 32 COOIIOIEHUEM YKa3aHHBIX METOI0-
J0TUI

IMK-3.3. V-1. Ymeer pa3pabaTeiBaTh YHHU(PUIIUPOBAHHBIC U




METKH [aHHBIX, a
TaK)KE€ MEXaHU3-
MBI KOHTPOJIS 32
COOII0AEHUEM
YKa3aHHBIX METO-
JOJOTHI

OOHOBIIIEMbIE METOIOJOTHH OIHMCAaHMs, cOOpa W pa3sMETKH
JaHHBIX, a TAaK)KE MEXaHHU3MBbl KOHTPOJISI 32 COOJIIOJICHHUEM
yKa3aHHBIX METOOIOTHIA

T1IK-3.3. H-1. Baageer HaBBIKOM HCIIOJIL30BAHUS METOJIOB
cbopa 1 pa3METKH JaHHBIX

[IK-4. Crocoben
PYKOBOIHTH
MIPOEKTAMH 10
CO3JIaHUIO0 KOM-
[JIEKCHBIX CH-
CTEM HCKYC-
CTBEHHOT'O MH-
TeJlJIeKTa

I1K-4.1. PyxoBo-
IUT pa3paboTKOi
APXHUTEKTYPHI

KOMIUICKCHBIX CH-
CTeM HCKYCCTBEH-
HOTO MHTEJUICKTa

ITIK-4.1. 3-1. 3HaeT BO3MOXHOCTH COBPEMEHHBIX HHCTPYMEH-
TaJbHBIX CPEICTB U CUCTEM ITPOrPAMMUPOBAHMSI JUISl pelie-
HUS 33]]a4 MalIMHHOTO 00y4YeHus

[IK-4.1. V-1. YMeeT npoBOANUTh CPABHUTEIbHBIN aHAIIN3 U
OCYILIECTBIISITH BEIOOP COBPEMEHHBIX HHCTPYMEHTAIBHBIX
CpPEeACTB AJIsl pEICHUs 33/1a4 MAIIMHHOTO 00yUeHUs
I1K-4.1. H-1. Bnaaeet HaBbIKOM BbIOOpa M IPUMEHEHHUS aJl-
TOPUTMOB MAIIMHHOTO 00yYEHHSI K KOHKPETHBIM 3a7a4am,
HABBIKOM IOMCKa ONTUMAJIbHOTO ajIrOpUTMa AJis BEPOST-
HOCTHOM MOCTAHOBKH 33Jjauy C YYETOM 3aJJaHHOW METPUKHU
KauecTBa, METOIaMU MTOCTPOCHUSI pEKOMEHIATEIbHBIX CH-
CTEM, HaBbIKOM IIPUMEHEHUS SI3bIKA IPOrPaMMHUPOBAHUS
Python u 6ubnMoTEeK MaIMHHOTO 00YYEeHUS

[1K-4.2. Ocy-
HIECTBIISIET PYKO-
BOJICTBO CO3JaHHU-
€M KOMILUIEKCHBIX
CUCTEM  HCKYC-
CTBEHHOTO HMHTEJI-
JICKTa C MPUMEHE-
HUEM HOBBIX Me-
TOJIOB U QJITOPUT-
MOB  MAaIIMHHOTO
00y4eHust

[1IK-4.2. 3-1. 3naer (yHKINOHAILHOCTh COBPEMEHHBIX UH-
CTPYMEHTAJIbHBIX CPEJICTB U CUCTEM MPOTrPaAMMHUPOBAHUS B
00JIacTH CO3AaHUs MOJIENICH U METO0B MAITMHHOTO 00y4e-
HUS

[1K-4.2. 3-2. 3naeT npUHIMIBI TOCTPOCHUSI CUCTEM HCKYC-
CTBEHHOI'0 MHTEJUIEKTa, METO/Ibl U MOX0/Ibl K IUIAaHUPOBa-
HUIO U PeaJn3aluy MPOEKTOB 110 CO3/1aHUs CUCTEM UCKYC-
CTBEHHOT'0 MHTEJIJIEKTa

[IK-4.2. V-1. YMeeT npuMeHsATh COBPEMEHHbIE UHCTPYMEH-
TaJIbHbIE CPEACTBA U CUCTEMbI IPOrPaMMHUPOBAHUS JJIs pa3-
pabOTKH HOBBIX METOAOB U MOJIEE€H MAallTMHHOTO 00Yy4EeHHUS
[IK-4.2. V-2. YMeeT pyKOBOAUTH BHIIOJHEHHE KOJUIEKTUBHON
MIPOEKTHOM 1€ATENbHOCTH JJISl CO3/1aHuUs, IOJIEPKKU U HC-
II0JIB30BAHUS CUCTEM MCKYCCTBEHHOI'O MHTEJUIEKTA

[1K-4.2. H-1. BnageeT HaBBIKOM MPOEKTUPOBATH U TIAHUPO-
BaTh IOCTPOEHUE CUCTEM UCKYCCTBEHHOIO MHTEJUIEKTA
[1K-4.2. H-2. Brnageer cmocoOHOCTBIO pemiaTh 3aa4yu C pe-
QIbHBIMU JAHHBIMU Tak, 4ToObl momajgath B mepsblie 30%
TYpPHUPHON TaOJIUIBl Ha caliTe MEXIyHapOJHbIX COPEBHOBa-
HUH 110 MalIMHHOMY 00yueHuto kaggle.com




IV. COLQEPXAHUE U CTPYKTYPA ONCLNTITINHbI

TpynoeMKoCTh TMCHUILTHHBI cOCTaBJaseT 5 3aueTHbIX eannuil (180 yacoB), n3 HUX 34 yaca NTEKIMOHHBIX 3aHATHIA, 52 Yaca 1a00paTOPHBIX 3aHATUH, 58
4acoB Ha CAMOCTOSITENIbHYIO paboTy U 36 4acoB Ha MOJTOTOBKY K K3aMEHY.

d)opMa OTYECTHOCTHU: IK3aMCH

4.1 Conepma}me JUCHMILUIMHBI, CTPYKTYPHPOBAaHHOE IO TeMaM, C YKa3aHUEM BH/I0B y‘leﬁHbIX 3aHSATHII 1 OTBEJEHHOI0 HA HUX KOJHYECTBA
ACMHYCCKHUX YaCoB

aKa-

Bugpl yaeOHOM paOOThI, BKJIFOYAs CAMO-
CTOSITENIBHYIO paboTy 00yJaromuxcs u

TPYAOEMKOCTh
(B yacax) MDOpPMBI TEKYIIETO
o.| KonraktHas pabota npenoja- < KOHTPOJIS ycreBae-
Ne 3 BaTCIIA & MOCTH
Pasznen nucounivHbl/TeMBL g <
n/m 3 ¢ 00yYaroIIMMHCS = dopma npomexy-
© Cemu- 5 8 TOYHOH aTTECTAllUNA
& o
Tex. | Hapexue JlabGopa- e (no cemecmpam)
(mpakTH- | TOpHBIE 5
102078 s}
4yecKue | 3aHATus =
3aHSITHS) O
1 Paznen 1. AnropuTMbl MalilmHHOTO 00y4eHUs. SI3bIK porpaMmu- 2 34 6 3 Beinonuenue nabo-
poanus Python u 6ubnmorexku Pandas u Scikit-learn paTOPHBIX paboT
OcHOBHBIE OIpeeNIeHNs: IPELEeICHT, 00yJaroIas BbIOOpKa, MpH-
3HaKu OOBEKTOB, BUJIbI IPU3HAKOB, MaTpUIla 0ObEKTOB-
MPU3HAKOB. Moieb aJropuTMOB, METOJT 00YUeHHUs, PYHKIIMOHAI
KadyecTBa aliroput™Ma. BeposTHOCTHAs MOCTaHOBKA 3a/1a4u 00yde-
Hus. [IpuHIMn MakcuMyma npasonooous. CBsi3b MaKCUMH3a-
11 LMY TPaBIONOA00MS 1 MUHUMU3AIMH SMIIMPUUECKOTO pUCKaA. 2 3
[TpoGiema nepeodydenus u 060061aroIas ClIOCOOHOCTH aTo-
put™Ma. CocTosITENhHBIE METOABI 00YUEHUS. DMITMPUIECKHIE OIICH-
K1 o0oO1maromieit cnocodnoctu. Bribop anroputMma Juist BEposT-
HOCTHOW MOCTAHOBKH 3a7a4i. @yHKIIMOHAJ CpETHETo prcka. Me-
TOJIbI COOPA U pa3METKH JJAHHBIX




1/

Paznen nucuuruimabl/ TeMbl

Cemectp

Bunbl yue6HOM paboThI, BKIIFOYAs CaMO-
CTOATENIbHYIO paboTy 00y4JaroUIuXcs 1
TPYIOEMKOCTb
(B yacax)

KonTakTHas paborta mpermnoja-
BaTEI
¢ O0yJaroIIMMuUCs

Camo-
CTOsI-
TCJIbHAasA
naboTa

DOopMBI TEKYILIETO
KOHTpOJIS yCIIeBae-
MOCTH
dopma IpomMexy-
TOYHOM aTTeCTALUU
(no cemecmpam)

1.2

BaiiecoBckuii moaxoxa k o0yuenuro. [TpubnmxeHHoe BEIYUCIICHIE
MJIOTHOCTH pacnpeencHus. HauBHpIi OaiiecoBCKUi Kitaccuduka-
Top. OnHOMEpHBIH ciyyail. MHOroMepHsli ciiydail. Cmecu pac-
npenenenuii. EM-anroputm pasnenenus cMecu. CMeCH MHOTO-
MEPHBIX HOPMAJIbHBIX PACIpEEICHHH.

1.3

Mertpuueckue anroputmsl Kinaccupukanuu. O0600LUIeHHbIH MeT-
pudeckuil knaccuduxarop. Buasl 1 0cOOEHHOCTH YaCTHBIX Clly4a-
€B: METOJIbl Onmokaiiiero cocena, k 6mmkaimmx coceneil, B3Be-
LIEHHBIX COCEEH, MTAP3EHOBCKOTO OKHA ITIOCTOSIHHOW U IIEPEMEH-
Ho mmpuHbl. Knaccuukaius 00beKTOB 110 3HAUSHHUIO OTCTYTIA.
Anroputm STOLP otr6Gopa 3TaioHHBIX 00bEKTOB. BEIOOp MeTpuKku
U IIPOKJISITUE Pa3MEPHOCTH.

14

JIuneitnble anroputmsl kiaccudukanuu. Moaens Maxk Kamioka-
[TuTTCa, anropuT™M CTOXaCTUYECKOTO IPaUEHTa Il MUHUMH3a-
MU QYHKIIMOHAIA CPETHEr0 PUCKA. DBPUCTUKH JUISl YIIYUILIEHUS
CX0AMMOCTH M 00o0mIaromeit cnocoonoctu. Jlorucruyeckas pe-
rpeccusi. CiaydaiiHble BEIMUMHBI C SKCIIOHEHTHBIM 3aKOHOM pac-
npeneneHus. Teopema o TMHEHHOCTH OaifecoBCKOro Kiaccupuka-
Topa.

Merton onopHbIx BekTOpoB (SVM). Ciyyaii aMHENHHO pa3aenuMoi
BbIOOpKU. Citydail TMHEHHO Hepa3ienuMol BbIOOpKU. DyHKIIHS
Jlarpanxa. Knmaccugukanust o00b€KTOB B 3aBUCUMOCTH OT 3Haye-

HU MHOXUTeNer Jlarpamka. JIBoiicTBeHHas 3a1ada. O0yueHue
SVM.

Kpusas ommb6okx u AUC. @opmyna Beruuciennst AUC. [Ipumepsl.

AJ'Il"OpI/ITMbl BOCCTAHOBJICHHA PETPECCUU. MeTOJI HAaNMCHBIIINX
KkBaAparoB. Hemapamerpuueckas perpeccusi. MHoromepHas jiu-
HeliHas perpeccust. [logxon ¢ ucnonb3oBanueM SVD-pasnoxeHus
maTpulibl. ['pebHEBast perpeccusi. MeTo/ IIaBHBIX KOMIIOHEHT




Bunbl yue6HOM paboThI, BKIIFOYAs CaMO-
CTOATENIbHYIO paboTy 00y4JaroUIuXcs 1

DOopMBI TEKYILIETO

KOHTPOJIS yCTIeBae-
£ TPYI0EMKOCTb poAy
Ne 3 MOCTH
Pazien nucuumniInHb/ TeMbI g (B yacax)
/11 5 = dopma MpomMexy-
© | Konrakrnas pabora npenoga- |4 .+ & g N
® & o TOYHOM aTTecTanuu
Baress = O 14.d
S 5 5 (nocemecmpam)
¢ O0yJaroIIMMuUCs o=
PCA.
Jlornuyeckue MeTozpb! Knaccudukanuu. [lonstiue napopmaTuBHo-
CTH TIpeINKaTa: IBPUCTUUECKOE, BEPOSITHOCTHOE, SHTPOIIMIHOE.
[Touck nHGOPMATUBHBIX 3aKOHOMEPHOCTEH. ANTOPUTMBI 111 HO- 2 6
MHUHAJIBHBIX U TIOPSIKOBBIX MPU3HAKOB. | paJHeHTHBIH aITOpUTM
CHUHTE3a KOHBIOHKIMH. [locTpoeHune pemaromero cnucka u pema-
IOIIEro JepeBa. Penykuus 1epeBbeB.
Kommnosunuu anropurmos. [IpuMepsl: MpocTOE U B3BEIIEHHOE I'0- 2 2
JIOCOBaHME, OATTUHT, METOJI CITyYaiHBIX MTOANPOCTPAHCTB.
PexomennatensHble cucTeMbl. OIEHKH KauecTBa. AJTOPUTMEI I10- 2 2
CTPOEHHS PEKOMEHIATEIIbHBIX CHCTEM.
S3p1k iporpammupoBanus Python. bubnmorexku Pandas u Scikit 2 6 3 Brinonnenue nabo-
learn pPaTOPHBIX PaboT.
Beinonuenue nabo-
2 Pa3nen 2. Pemenue 3a1a4 MalimHHOTO O0y4YeHUS 2 30 16
paTOpHBIX paboT.
[TpubnnxkeHHOe BbIUMCIIEHUE UIOTHOCTH pacIipelesIeHus ciyvaii-
Brimonnenue nabo-
2.1 | spix BenmmuuH. [locTpoeHne npeacka3anus Ha OCHOBE TIPUOIIDKe- | 2 6 3
s paTopHBIX paboT.
Brimmonnenue nabo-
2.2 MeTtpuueckue aaropuTMbl KIacCUpUKALIH 2 6 3
pPaTOpHBIX paboT.
Brimmonnenue nabo-
2.3 Jlorucrudeckas perpeccus 2 6 3
pPaToOpHBIX paboT.
Brimonnenue na6o-
2.4 SVM 2 6 3
pPaTOpHBIX paboT.
Brimonnenue na6o-
2.5 Byctunr 2 6 3
pPaTOpHBIX paboT.
3 Pemenne 3ana4 ¢ peajibHbIMU JaHHBIMH. PaGoTa Hax npoek- 2 16 39
TOM B I'pynnax no 2 yeJ.
IMoaroroBka K IK3aMeHy 2 36




Bunpl yue6HOM paGoThI, BKIIFOYAsi cCamMo-
DOopMBI TEKYILIETO
CTOATENIbHYIO paboTy 00y4JaroUIuXcs 1
a, KOHTpOJIS yCIeBae-
= TPYAOEMKOCTh
5] MOCTH
Paznen aucuumimHbl/ TeMbl g (B yacax)
P = dopma IpomMexy-
O | Konrakrnas pabora npenoga- |& .+ & § .
® & o TOYHOM aTTecTanuu
BaTeNA 22 2¢
S 5 5 (nocemecmpam)
¢ O0yJaroIIMMuUCs o=
Hroro gacos 34 ‘ ‘ 52 108




4.2 Il;1an BHeayIMTOPHOH CAMOCTOATEJIHHOM PAa00THI 00Y4AKOIIMXCS 110 JMCIUIIIHHE

Ce-
MECTP

Ha3zBanwue paznena, TeMbl

CamocTosTeapHas pa60Ta 06yqalom1/1xca

Bun camocTosTeln-
HOM paboTHI

CpoKH BBHITIOJTHE-
HUS

3aTpatsl Bpe-
MeHHU (4ac.)

OreHo4yHOE
CPEICTBO

VueOHo-MeToanUECKOE o0ecreye-
HHE CaMOCTOSATEILHON paboThI

Python

Brinonnenue nomnoi-
HUTENbHBIX 3aJaHUuN

1 wenens

[IpoBepka BeImoIN-
HEHHBIX 33/1aHui

Marepuaiibl JeKIUH, PEKOMEH-
JIOBaHHas yueOHas JIUTeparypa,
MaTtepuabl, BEUIOKEHHbIE HA UH-
TEPHET-CTPAHUIIE Kypca Ha caiuTe
edu.mmcs.sfedu.ru

HpI/I6J'II/I)KeHHO€ BBIYUCJICHUC IIJI0T-

HOCTH PaCIpeIeNICHNs CIIy4alHbIX

BCJINYHH. HOCTpOGHI/Ie MNpCaACKa3saHuAa

Ha OCHOBE NPUOIMKEHUSI.

Brmonxenune gomos-
HUTEJIbHBIX 3aJlaHui

1 Henens

[IpoBepka BbINOI-
HEHHBIX 3aJlaHui

Marepuansl JeKIHNA, PEKOMEH-
JIOBaHHAs yaeOHas JIUTEeparypa,
MaTcpualibl, BBIJIOKCHHBIC HA MH-
TEepPHET-CTPaHUILIE Kypca Ha caiiTe
edu.mmcs.sfedu.ru

MeTtpuueckne alropuTMbl KJ1accH-
¢bukanuu.

Brinonnenue gomnosi-
HUTEJIBbHBIX 3aJaHuN

2 Heneau

IIpoBepka BbINOII-
HEHHBIX 3a/1aHui

Marepuainsl J€KIHNA, PEKOMEH-
JIOBaHHas yueOHasl IuTeparypa,
MaTepHuallbl, BBUIOKEHHBIC HA WH-
TEPHET-CTPAHUIIE Kypca Ha canuTe
edu.mmcs.sfedu.ru

Jloructuueckas perpeccus.

Brmonxenune gomos-
HUTEJIBHBIX 3alaHu

2 Heneau

[IpoBepka BbINOI-
HEHHBIX 3alaHui

Marepuainsl J€KIHUNA, PEKOMEH-
JIOBaHHas y4eOHasl TuTepaTypa,
MaTepuabl, BEUIOKEHHbIE HA UH-
TEpHET-CTPAHMIIE Kypca Ha caiTe
edu.mmcs.sfedu.ru




CamocrosTenpHas paboTa 00yJaronuxcs

Y4eOHO-MeTOAuIECKOE oOeceue-

TJIAHOM JIJISl JAHHOM TUCIIUTIIIMHEI (4ac)

Ce- Ouenounoe HHUE CAMOCTOSTENLHOM paboThI
MeCTp Haspanne pasjena, Tembl Bunx camocTrositens- | Cpoku BBITIONHE- | 3aTpaThl Bpe- CPEICTBO
HO# paboTHI HHAS MeHH (Jac.)
Marepuaiibl JeKIUH, PEKOMEH-
JIOBaHHAsI yueOHas JIUTeparypa,
Beimonnenue gomnosn- ITIpoBepka BbITION-
1 . 2 Helenu 3 . |MaTepuasbl, BbBUIOKECHHbBIC HA UH-
SVM HHUTENBHBIX 3aJIaHUI HCHHBIX 33/IaHUI N
TEPHET-CTPAHULIE KypCa Ha canTe
edu.mmcs.sfedu.ru
Marepuansl JeKIHA, PEKOMEH-
JIOBaHHas yueOHas JIUTeparypa,
BrinonHenue nomnosn- [TpoBepka BbITIOIN-
1 B . 2 Hepjenu 3 ., |Marepuanbl, BBIIOXKEHHBIC HA UH-
YCTUHT HUTEIBHBIX 3aJaHUU HEHHBIX 3aJJaHUU .
TEPHET-CTPAHULIE Kypca Ha calTe
edu.mmcs.sfedu.ru
Marepuaiibl JeKIUH, pEKOMEH-
JIOBaHHasl yueOHas JIUTeparypa,
Pemenue 3agau ¢ peasibHBIMU JaH- | BeinonHeHue 101oi- [TpoBepka BbITIOIN-
1 . 8 Henenb 39 . |Marepuaibl, BBIIOXKEHHBIE HA UH-
HeiMH. PabGoTta Hax IMPOCKTOM B HUTEJIbHBIX 3aJIJaHUN HEHHBIX 3aJaHUU .
rpymmax mo 2 uen TEPHET-CTPAHUIIE KypCa Ha CalTe
edu.mmcs.sfedu.ru
36
[ToaroroBka k 3K3aMeHy
N 108
OO61ast TpyA0EMKOCTh CAMOCTOATEIBHOM PaboThl MO JUCIHUILTUHE (Yac)
BromxeT BpeMeHU caMOCTOSTENbHOM paboThI, TPETyCMOTPEHHBIN Y4eOHBIM 108




4.3 Conepxxanue y4eOHOro MaTepuasa

Paspen 1. AnroputmMbl MalWMHHOrO oby4YeHuA. fA3biK nporpammupoBaHust Pyhton n
o6ubnuotekn Pandas u Scikit learn.

Tema 1.1. OCHOBHBIC NIOHATHSA

OcHOBHBIE OIpeeNieHHs: MPeLeeHT, oOyyaromias BEIOOpKa, MPU3HAKU 00BEKTOB, BUABI MPU3HAKOB, MaT-
puia 0OBEKTOB-IPU3HAKOB. MoOJIENb aNrOpuTMOB, METOJl 00ydeHHs, (YHKIIMOHATI KadecTBa AITOPUTMA.
BepositHocTHast mocTanoBKa 3afauu oOyuyeHus. [IpuHImMn Makcumyma mpaBaonooous. CBsizb MaKCUMU-
3aIlM IPaBAOIoA00M 1 MUHUMH3ALUK SMIIIpUYecKkoro pucka. [Ipodiaema nepeoOyyenns u odoOmaromas
crnocoOHocTh anroputMa. CocToATeNIbHBIE METOAB 00yUeHUs. DMIUPUYECKHE OLIEHKH 00001Iaonel cro-
cobHoctu. BpiOop anroputma A BEpPOSTHOCTHOHM MOCTaHOBKH 3aaadyd. DYHKIMOHAN CPEAHEro pHcKa.
MeTtobl cOopa 1 pa3METKH JaHHBIX.

Tema 1.2. baiiecoBCKkMid OAX01 K 00y4YEeHH IO

[TpubnmxeHHoe BBIYUCICHHUE IOTHOCTH pacipeneneHus. HauBHblid OaiiecoBckuii kiaccuduxarop. OmaHo-
MEpHBIN citydail. MHOTOMEpHBIH citydait. CMmecu pacnpeneneHuii. EM-anroputm pasznenenus cmecu. Cme-
CU MHOT'OMEPHBIX HOPMAJIbHBIX pacIpeieIeHH.

Tema 1.3. MeTpudeckue aJropurMbl Kiaaccupukanumn

OO6001IeHHBIN MeTpUYeCKUl KiraccupuKaTop. Buapl 1 0cOOEHHOCTH YaCTHBIX CITydaeB: METOJbI OJHKaii-
mero cocena, K Oimkaiimx coceneil, B3BEHICHHBIX COCECH, MAap3eHOBCKOrO OKHA IOCTOSIHHOW U Tepe-
MeHHOU mupuHbl. Kitaccupukamnus 00beKToB 1Mo 3HaueHu0 otcTymna. AnroputM STOLP or6opa atanon-
HBIX 00BEKTOB. BBIOOp METPHUKH U NPOKISTHE PAa3MEPHOCTH.

Tema 1.4. J/Inunelinble aAropuTMBbI KiIaccupuranuu

Mopnens Mak Kamnoka-IIutrca, anroputM CTOXaCTHUECKOTO Tpajii€HTa Il MUHUMM3AIUKU (yHKIMOHATA
CPEIHEr0 pUCKa. DBPUCTHKH IS YAyUIIEHUS CXOIUMOCTH U o0o0Imatomiei criocoonoctu. Jlorucruueckas
perpeccusi. CiydaiiHble BETMYHHBI C SKCIIOHEHTHBIM 3aKOHOM pacrpezeneHus. Teopema o JTUHEHHOCTH
0aiiecOBCKOT0 KJIacCU(PHUKATOPA.

Tema 1.5. MeToa onopHbIX BeKTOpoB (SVM)

Crnyuail nuHeiHo pa3fenumoil BeiOopku. Citydail TnHENHHO HepasienuMoi BeIoopku. @ynkuus Jlarpanxka.
Knaccugukaius o0beKTOB B 3aBUCMMOCTH OT 3HaueHH MHokuTeneil Jlarpanxka. J[BoiicTBeHHas 3agauva.
Oo6yuenune SVM.

Tema 1.6. AUC

Kpugas omm6ox u AUC. @opmyna Beruncinenust AUC. Ilpumepst.

Tema 1.7. AiropuT™MbI BOCCTAHOBJICHHUS PerpecCcuu

Meton HauMeHbIINX KBaApaToB. Hemapamerpuueckas perpeccusi. MHoromepHasi JUHEHHasl perpeccus.
[Moxxon ¢ ucnonp3oBanuem SVD-paznoxenus marpuiiel. [ peOHEBast perpeccusi. MeToT TJIaBHBIX KOMIIO-
"edT PCA.

Tema 1.8. Jlornueckne MeToAbl KIacCHPUKALUT

[Tonarue nH(pOPMATUBHOCTU TMpenUKaTa: IBPUCTHUECKOE, BEPOATHOCTHOE, dHTponuiiHoe. [lonck uHdpop-
MaTUBHBIX 3aKOHOMEPHOCTEH. AJNTOPUTMBI [l HOMMUHAJIBHBIX U MOPSIKOBBIX MPU3HAKOB. ['pagueHTHBIN
QITOPUTM CHHTE3a KOHbIOHKIMI. [locTpoeHue pemaronero cniucka U pemapIero gepesa. Penykuus ne-
PEBBEB.



Tema 1.9. Komno3uuumn ajJropurMoB
[Tpumepsl: MPOCTOE 1 B3BEUIEHHOE TOJIOCOBAHUE, OATTHUHT, METO/T CITYYalHBIX MOATIPOCTPAHCTB.

Tema 1.10. PekxoMenaareabHbIe CHCTEMBI
OHCHKI/I KadcCcTBa. AJ'IFOpI/ITMBI HOCTpO@HI/IH peKOMeHI[aTeJ'IBHBIX CHUCTCM.

Tema 1.11. Python
S3wik mporpammupoBanus Python. bubnuorexku Pandas u Scikit learn.

Pazpen 2. PeweHue 3agay MallMHHOro o6y4yeHus

Tema 2.1. Ilpudian:xeHHOEe BbIYUCIEHHE NMJOTHOCTH pacnpeaeeHUs COyYaHHbIX Be-
Ju4yuH. [locTpoenue npeackazaHus Ha OCHOBe NMPUOJIMKEHHS.

Tema 2.2. MeTpuyecKkue aJropurMbl KJIacCuPUKALUM.
Tema 2.3. Jlorucruueckasi perpeccusi.

Tema 2.4. SVM.

Tema 2.5. BycTuHr.

Paspgen 3. PeweHune 3agay ¢ peanbHbiMU AaHHbIMU. PaboTa Haa npoeKkTom B rpyn-
nax no 2 yen

Bonpocsl, BBIHOCHMBbIE HA CAMOCTOSITEIbHOE H3YUYeHHe
OtaenpHble 3a/1aHus B 1a00paTOpHBIX paboTax. Pemenue 3a1au ¢ peaibHbIMU JaHHbIMU. PaboTa Haj
IPOEKTOM B IPYMIAaX 110 2 Yel

V. OBPA3OBATEJIbHbIE TEXHOJIO A

[Ipu npoBeeHNH JEKIMHA 1 1a00paTOPHBIX 3aHIATUN HCIIONb3YIOTCS CIIEAYIONE 00pa30BaTEIbHbIE
TEXHOJIOTUH:

— MYJIbTUMEIUIHBIE JICKIINHU

— BIIEKTPOHHBIE (POPMBI KOHTPOJIS

— y4acTHE B MEXAYHAPOIHBIX KOHKYpCcax

VYuebublil mporecc 0azupyercs Ha KOHLUENIMY KOMIETEHTHOCTHOTO 00y4eHUs, OpPUEHTH POBAHHOTO
Ha (HOPMUPOBAHNE KOHKPETHOTO MEepeuHs MpodheCcCuOHATBHBIX KOMIETSHITNH, aKTyaIn3aIUI0 MOTy4aeMbIX
TEOPETUYECKUX 3HAaHUM. Pa3BepThiBaHME KOMIIETEHTHOCTHOW MOAEIN OOydeHMs MpEeAroiaraeT LIIMpPOKoe
IPUMEHEHNE MHHOBALIMOHHBIX CIIOCOOOB OpraHM3allvy y4yeOHOro mporecca, B T.4. IPUMEHEHHE MeToJa
HIPOEKTHOr0 00y4YeHHMs, TEXHOJIOTHI YIpPaBIsIEeMOro CaMOCTOSTENLHOIO 00yueHHsl B TOM 4Hcie OalibHO-
PEUTHHTOBOM CHCTEMBI, a TaK)Xe BHEJIPEHHUE CHUCTEMBbl OHJIAWH-TIOJIEP)KKH BHEAyIUTOPHOM palboThI CTY-
JEHTOB.

VI. OJEHO4YHbIE CPEACTBA AJisl TEKYLYEIO KOHTPOIJIA U
NTPOMEX>XYTOYHOU ATTECTAUNN

[TonmHBIN KOMIUIEKT KOHTPOJIBHO-OLIEHOYHBIX MaTepuanoB (DPOHA OLEHOYHBIX CpPencTB) odhopMils-
eTCsl B BUJI€ IPUIJIOKEHUS K pabouel mporpaMMe AUCIUILINHBIL.



VIl. YYEBHO-METOOQWYECKOE OBECIIEYEHUE ONCLUWIITINHbI

7.1. OcHoBHasi IUTEpaTypa.

Kooanwo JLIL., Puuapt B. [locTpoenue cucreMm MammHHOTO 00y4eHus Ha s3bike Python

[/ JL.I1. Koanwo, B. Puuapt; nmepeBoa ¢ anriuiickoro — 2-¢ u3a. — Mocksa : JIMK Ilpece, 2016. —
302 c. — ISBN 978-5-97060-330-7. — Texkcr : anekrpoHHbIi // JIaHb : 371€KTPOHHO-OMOIMOTEYHAs CUCTE-
ma. — URL: https://e.lanbook.com/book/82818?category pk=1557&publisher=1028 (mara oGpamicHus:
10.10.2021). — Pexum qocTyma: s aBTOPHU3. TOIb30BaTENICH.

7.2. lonoJTHUTEIbHASI JIUTEpaTypa.

[DnmexktponHbIii  pecypc biblioclub: https://biblioclub.ru/index.php?page=book red&id=576264]
I'yaetsieBa T. A. , IlommoB A. A. , Caytun A. C. MeToIbl CTAaTUCTHYECKOTO O0YUYEHUS B 3a]ja4aX PEerpecCHH
u knaccudukanyuu: Mmonorpadus / U3g. HI'TY 2015. - 323 c.

[DnexTpoHHBIT pecypce biblioclub:
http://biblioclub.ru/index.php?page=book_red&id=457464&sr=1] Ocumos I'. C. MeToibl HCKYCCTBEHHOT'O
nHTeanekTa / Mocksa: dusmatiaut, 2011. - 296 ¢

7.3. CiucoK aBTOPCKUX METOAUYECKUX Pa3padoToK.

Her

7.4. Ilepuoauveckue u3ganusl (npu Heobxooumocmu)
Her

7.5. Ilepeuensb pecypcoB cetu UHTepHeT, HEOOXOAMMBIX /ISl 0CBOEHUS THCHUILINHBI
[@nexrponnsiii pecype http://www.machinelearning.ru/] Machinelearning.ru
[DnexTponnstit pecypce https://www.kaggle.com] Kaggle

Crpanuua kypca Ha caiite MHCTHTyTa MareMaTWKHM, MEXaHUKUM U KOMIbIOTEpHbIX Hayk, URL
http://edu.mmcs.sfedu.ru/course/view.php?id=201

K.B. Boponuos Kypc neknuii no MaimmHHOMY 00y4€HUIO
http://www.machinelearning.ru/wiki/index.php?title=Mamunnoe o6yuenue (kypc nekuuii%2C K.B.Bop
0%25

Cucrema IMMPOBEACHUA MCKAYHAPOIHBIX COpeBHOBaHI/Iﬁ o MalliItHHOMY 06y‘IeHI/IIO
http://kaggle.com

7.6. [TporpamMHoe obecnieyeHne HHGPOPMAITHOHHO-KOMMYHHKAIIMOHHBIX TEXHOJIOT Ui
OnepanuonHas cucreMa Linux, makersl: Anaconda, Jupyter notebooks.

VIIl. MATEPUAJIbBHO-TEXHUYECKOE OBECIIEYEHWUE OUCLNIITINHbBI

8.1. YueOHo-1a60paTOpHOE 000pPY/I0BAHHE

[Tpu npoBeeHUN TUCIMIUIMHBI yYalluecs T0JIKHbBI ObITh 00€CTIEYEeHbI:

1. JIekuioHHOM ayauTopuei ¢ MyJIbTUMEIUWHBIM PE3EHTAIIMOHHBIM 000pYy/I0BaHUEM ISl JEMOH-
CTpallii NPE3eHTalui U WUIFOCTPATUBHOIO MaTepuaa.

2. Aynurtopueit s 1ab0paTOPHBIX 3aHATUN C alllapaTHBIMU U MPOTPAaMMHBIMU CPEJCTBAMH B CO-
OTBETCTBHH C pealin3yeMoi yueOHOI TeMaTHKOM.

8.2. IlporpaMMHBbIe cpeAcTBa
OmneparmonHas cuctema Linux, maketsl: Anaconda, Jupyter notebooks.



YYEBHAAS KAPTA ANCLUUTITIUHBI

«MamHHOe 00y4YCHHE)
5 3au.en.; ak.4 Bcero: 180, B T.u.: 34 nekuwmii, 52 mabop., 58 camocTosT., 36 Ha MOJT. K JK3.

Kypc 1 rox marucrpatypsi, cemectp 2
Hampasnenue noarorosku: 02.04.02 «[Ipukitagnas MareMaTuka U1 H”HGOPMATHKAY

Buabl KOHTPOJIBHBIX MePONIPUATHIA

Py0e:xkHbIH KOHTPOJIb

Tekymnii KOHTPOJIb
ym P (npu nanuuuu)

Paznen 1.
AJITOPUTMBI MAIIMHHOTO 00y4eHusl.
s3Ik mporpammupoBanus Python n
ounbanorexn Pandas u Scikit learn

Brimonaenue 1abopatopHbix padboT

Pa3znen 2.
Pemenue 3a1ay MalIMHHOTO 00Yyu4e-
HHSA

26

Brinonnenue nabopatopHsix paboT

26

Paznen 3
Pemenne 3aga4 ¢ peajJbHbIMHU JaH-
HbIMH. PaGoTa Hax npoekTom B
rpynnax mno 2 yeJi

30

Pemenue 3amau ¢ peaqbHBIMU JaHHBI-
Mu. PaboTa HaJl pOEKTOM B rpymmnax
o 2 yen

30

BonycHble Ganbl

10
(3a HOBBIMICHHYIO CIIOKHOCTH BHIOPAHHOTO 3a/IaHHSI)

[IpomexyTouHas aTrrectanus B popme
JK3aMeHa

40
nuchbMeHHast paboTa
C IEeMOHCTpaluei paboThl ATOPUTMOB




MuHHCTEPCTBO HAyKU U BhIcIIero odpazoBanus Poccuiickoit denepannu
denepanbHOE rOCyAapCTBEHHOE OI0PKETHOE 00pa30BaTeIbHOE YUPEKICHUE BBICIIETO 00-

pa3zoBaHus «POCTOBCKHI rOoCyJapCTBEHHBIN 3KOHOMUYeCcKHi yHuBepcuteT (PUHX)»
@DaKynbTEeT KOMIIBIOTEPHBIX TEXHOJIOTHNA U 3aIUTH HH(pOpMAITUH
Kadenpa pynmamenTaapHO#M ¥ MPUKIIATHON MaTEMaTUKH

®OH/1 OLIEHOYHbLIX CPEJICTB
MO JUCHUILIMHE (MOYJIIO)

[MTPUKITAIHOE MAILIMHHOE ObYUYEHUE

Kon 1 HanMeHOBaHME HAaNIPABJICHUS TOrOTOBKH/CIICIIMATBHOCTH
01.04.02 «[Ipuxiagnas MaTeMaTHKa 1 HHHOPMATHUKA»

YpoBeHb 00pa3oBaHUs:
Maructparypa

Marucrepckast mporpamma:
«VICKyCCTBEHHBIN MHTEIUIEKT: MAaTEMATHYECKHE MOCIIA U MPUKIIATHBIC PEIICHUS

dopma 00ydeHus:
Ounas



NEPEYEHb KOMIIETEHIUIA, ®OPMUPYEMbBIX JUCIUIIINHON

«IIpukiaagHOe MAIIMHHOE 00YyYeHHE)

Kon
KOMTICTCHIIN DopMynTUpOBKa KOMIIETCHIMN
1 2
K MNMPOPECCHUOHAJIBHBIE KOMITIETEHIINN
I[K-3 CrniocobOeH pazpabaThiBaTh M MPUMEHSITH METO/IBI M aJITOPUTMBI MALTHHHOTO
o0y4yeHHUs IS peLIeHus 3a1a4
I1K-4 CriocoOeH pyKOBOAUTH MPOCKTAMU 110 CO3/JaHHI0 KOMIUIEKCHBIX CUCTEM HC-
KYCCTBEHHOT'O MHTEJICKTa
IMTACITOPT ®OHJJA OITEHOYHbIX CPEJICTB 11O JUCIUITJIMHE
IpuknaaHoe MalIMHHOE O0yUeHHUE
Ne Koumponupyemuvie pazoenvt | Koo Haumenosanue
n/n oucyuniunol * KOHMPOUPYEMOll OYEHOUYHO20
KOMnemeHyuu cpeocmea™*
1. Anroputmel MamHHOrO 00yuenus. S3wik | [1K-3.1. V-1, T1IK-3.2. V- | Beimonnenue  nabopa-
nporpammupoBanus Python u oubnuoreku | 1, T1K-3.3. V-1, [IK-4.1. | TopHBIX paboOT.
Pandas u Scikit learn V-1,11K-4.2. V-1
2. Pemenwue 3a1a4 MammmHHOTO O0YYICHUS [MK-3.1. ¥-1, [1K-3.2. V- | Beimonnenue  Jrabopa-
1, 1IK-3.3. ¥-1, TIK-4.1. | TopHBIX pabOT
V-1, TIK-4.2. V-1
3. Pemenue 3amau ¢ peanmbHbiMu gaHHbIMH. | [TIK-3.1. V-1, T1K-3.2. V- | Pabora Hag mpoekTom B
Pabora nax nmpoekToMm B rpymmax no 2 wen | 1, [TK-3.3. V-1, TIK-4.1. | rpynmax.
V-1, 1IK-4.2. V-2
4, Paznmen 1. Anroputmel mamuaHOTO 00yue- | [1K-3.1. 3-1, TIK-3.2. 3- | Dx3ameH

Hus. SI3pIk mporpammupoBanust Python u
oubanorexu Pandas u Scikit learn

Paspmen 2. Pemenme 3amad MaIIumHHOTO
o0y4eHust

1, TIK-3.3. 3-1, TIK-4.1.
3-1, TIK-4.2. 3-1, TIK-
4.2.3-2

* Haumenosanue paszoena ykasvleaemcsi 6 COOmeemcmesuu ¢ padooyei npocpammor OUCYUNIUHBL.
**Haumenosanue oyenouno2o cpeocmaa yKazvl8aemcs ¢ COOmMeemcmeauu ¢ y4eoHol Kapmou OUCYUNIUHbL.




MuHHCTEPCTBO HAyKU U BhIcIIero odpazoBanus Poccuiickoit denepannu
denepanbHOE rOCyAapCTBEHHOE OI0PKETHOE 00pa30BaTeIbHOE YUPEKICHHUE BHICIIETO 00-

pa3zoBaHus «POCTOBCKHI rOoCyJapCTBEHHBIN 3KOHOMUYeCcKHi yHuBepcuteT (PUHX)»
@DaKynbTEeT KOMITBIOTEPHBIX TEXHOJIOTUN M 3aIIUTHI HH(OPMAITUH
Kadenpa dpynnamenTaapHO#M ¥ MPUKIIATHON MaTEMaTUKH

JTabopaTopHble paboThl

no auncuunnuHe «lMpuknagHoe mawmMHHOe oby4yeHue»

Jlaboparopnast padora Nel.

1. 3amycrtute jupyter notebook, co3maiite HOBYIO TeTpajaKy B Marnke ¢ JaHHbIMU data.csv
[Tpourute nanubie u3 (aiina data.csv.

import pandas as pd
data = pd.read_csv('data.csv', delimiter=",")
data.describe() #BbIBOJ ONTUCAHUS JAHHBIX

3. OT0Opa3uTe HECKOIBbKO MEPBBIX 3aMUCeit

data.head(10) #nepssie 10 ctpok

4. Tlpourure B aitie DataDictionary-ru.txt, 4To 03HayarOT CTOJIOIBI MATPHIIBI

5. 3ameTtbTe, uTo cTosben «DebtRatio» cogepxut HenpapaonogoOHbIe faHHbIE. TONBKO 3HAYCHUS,
COOTBETCTBYIOIINE H3BECTHOMY MECSYHOMY JIOXO/Y, SBJISIOTCS OTHOMICHUSIMH. OCTalIbHBIC —
aOCOJIIOTHBIC 3HAYCHHSI MECSIYHBIX BBIILIAT IPOLICHTOB. VICpaBbTe NaHHBIC, C/ICNIAB BCE 3HAUCHUS
cronbia «DebtRatioy adbcomotasiMu (yMHOKBTE X Ha Monthlylncome). UYro6e! Bama nporpamMma
OBICTPO paboTalia Ha MOJIHBIX JIAHHBIX, IOCTAPANTECh HE MCITOJIb30BaTh IIHUKIL.

Ob6pamenue k anementam DataFrame:
anement: data.loc[i, 'HazBanneCronbia']
cronberr: data['wazsanneCromnbia']
noaMarpuia: data.loc[a:b, cimcokHaszpanuitCron6ros]

YcnoBHas HHIAEKCAIHS:

data.loc[ data['cron6en']>20, cnncoxHa3zpanuitCton6os]
JIyYIlie TIUCATh TaK:

i = data['cronber']>20 # Bexrop True u False

data.loc[i, 'HazBanneCromnbua'l

YV noamartpuil Homepa CTpOK HACIeyI0TCs OT UCXOAHOM.

100719058

for i in range(0,20):
omneparopl
omeparop2

OTIepaTop IMocIie [UKIa

Urepanus mo crpoxam DataFrame:
for idx, row in data.iterrows():

.. 1dX - HOMep cTpokH, row['cTonGerr'] - 3HaUCHHE IIEMEHTa

pandas.isnull(ckasip i MaccuB) - NpoBepKa, ABISETCS Jin 3HaueHue HeonpeaeneHusM (NaN)
pandas.notnull(ckamnsip nu maccuB) - poBepKa, SIBISETCs v 3Ha4YeHue onpezeneHubM (He NaN)

6. Ilomensiite mMs cTonbia Ha «Debty: data = data.rename(columns={'DebtRatio’ : '‘Debt'})



7.

9.

Breruucnure cpeiHuil €KEeMECSIUHBIN T0XO0 U TPUCBONTE BCEM KIIMEHTAM C HEM3BECTHBIM JJOXOJI0M
MOJIY4YeHHOE YHUCIIO.

data['cronben'].mean() - cpeanee, eme ecte Min, max, sum u ap (cm. http://pandas.pydata.org/pandas-docs/stable/api.html#dataframe

(camocrositenbHas pabora) Mcmons3ys meton groupby, orieHnTe BEposSTHOCTH HEBO3BpaTa KpeaurTa
(SeriousDIqin2yrs=1) mist pa3nuyHbix 3HaYeHU# KoauuecTBa mwxauseHies (NumberOfDependents).
[poaenaiiTe aHAIOTHYHYIO TIPOLIEAYPY ISl PA3THUHBIX 3HAUCHHH CTOIONA
NumberRealEstateLoansOrLines

data['cron6er1'].groupby(data['cron6en2']).mean() - pacuer cpeqHUX 3Ha4YEHHUI cTONONA] TI0 TyImam U3 cToiona2

(camocrosiTenpHas padbora) Busyanusupyiite 1aHHbIC:

a. Iloctpolite rpaduk paccessHus Ha ocsix «age» u «Debty. CuHuM OTMEThTE KIMEHTOB 0e3
cephe3HbIX 3amoinkeHHoctedt  (SeriousDIgin2yrs = 0) uW  KpacHBIM — JOJUKHHUKOB:
SeriousDlIqgin2yrs = 1.

b. TlocrpoiiTe Ha oHOM TpaduKe JBE HOPMHUPOBAHHBIC TUIOTHOCTH PACTIPEACTICHHS: KPACHYIO
— JUIS. MECSTYHOTO J1I0X0/1a KIIMEHTOB C 33JJ0JDKEHHOCTSIMH, CHHIOIO — JUISI MECSYHOTO JI0X0/a
KIIMEHTOB 0e3 3amomkeHnocTei. [1o ocn abcnmcee orodpasure 3HaveHus 10 25000.

Pucosanue:

%matplotlib inline

import matplotlib.pyplot as plt

plt.plot(x, y) cm. http://matplotlib.org/api/pyplot_api.html#matplotlib.pyplot.plot

plt.show()

T'padux paccesuus: plt.scatter(x,y) cm. http://matplotlib.org/api/pyplot_api.html#matplotlib.pyplot.scatter
Pucosanue rucrorpamm: plt.hist cm. http://matplotlib.org/api/pyplot_api.html#matplotlib.pyplot.hist

PurcoBanue HECKOJIBKHX I‘pa(l)I/IKOB Ha OJTHOM:
fig, ax = plt.subplots()

ax.hist(...)

ax.hist(...)

plt.show()

Jlorapudmudeckas mkana:
ax.set_xscale('log") wm ax.set_yscale('log’)

Orpanunuenue o0yacTu rpaduka:
ax.axis([x1, x2, y1, y2])

JlabopaTopHasi padora Ne2

3arpy3urte JaHHbIE O IPOJAHHBIX Ha ayKIIMOHE aBTOMOOWIIAX. LleneBbIM MpU3HAKOM 311€Ch SIBIISIETCA
HaJIMYMEe CKPBITHIX IPOIABLIOM CYLIECTBEHHBIX HEJ0CTaTKOB. [locMoTpUTe Ha JaHHBIE.
[Toctpoiite rpadux paccesHus c¢ mnpoOeroM B KadyecTBe OCH abcuucc W LEHOH
MMRCurrentRetailAveragePrice B kadecTBe och oOpaMHAT. ABTOMOOWIM 0€3 HEJOCTaTKOB
OTMETBHTE 3€JICHBIM I[BETOM, CO CKPBITHIMU HEIOCTaTKaMH — KPACHBIM.
Perpeccus
a. Hmmnoptupyiite uz 6ubauorexu sklearn Bce Moenu MallInHHOTO O0yYEeHMS:
from sklearn import *
TpakTtys 3a7auy o nIpeacKa3aHUK HaJU4Ks HEAOCTAaTKOB KakK 3a/lady perpeccuu,
HaTpeHHUpYHTE JTUHEHHYI0 Mosienb LinearRegression Ha KakOM-HUOY b TIOJIMHOKECTBE
npu3HakoB (Hanpumep, Tex ke VehOdo u MMR CurrentRetail AveragePrice):
modell = linear_model.LinearRegression()
modell.fit(data.ix[:,['VehOdo', MMRCurrentRetail AveragePrice']], data['IsBadBuy'])
b. BemonHuTE NpeackazaHue s BceX 00bEKTOB 00y4aroIieil BHIOOPKH:
prediction = modell.predict(data.ix[:,['VehOdo',MMRCurrentRetail AveragePrice']])


http://matplotlib.org/api/pyplot_api.html#matplotlib.pyplot.plot
http://matplotlib.org/api/pyplot_api.html#matplotlib.pyplot.scatter
http://matplotlib.org/api/pyplot_api.html#matplotlib.pyplot.hist

c. IlpeoOpa3yiiTe BekTop mpencka3zanuii prediction k 3nadeHusiM 0,1. IT0 MOXKHO caenarh,
Halpumep, Tak:
predictionClass = [1 if prediction[i]>0.5 else 0 for i in range(data.shape[0])]

d. Ouenure kadecTBO KiIacCHPUKAMKM C TIOMOIIBIO (YHKIMH TOCTPOCHUS OTYeTa

classification_report u MaTPHIIBI OmIndoK confusion_matrix:
print(metrics.classification_report(data['lsBadBuy'], predictionClass, target_names=['class0’,
‘class1))

print(metrics.confusion_matrix(data['IsBadBuy'], predictionClass))
4. Knaccupuxamus

a. Tpaktys 3amauy Kak 3ajmady Kiaccu(UKalUHM, IOCTPOWTE MOJENb KIIACCH(PHUKAINN
«pematomee nepeBo» rayounsl 20: tree.DecisionTreeClassifier(max depth=20) (Bce
AQHAJIOTMYHO JIMHEIHOMN perpeccun).

b. Pemaroriee nepeBo npeackaspiBaeT BeposSsTHOCTH. C OMOIIBIO TOCTPOSHHOM MOIEIN
paccuuTaiTe BEpOSTHOCTH HAJTHYHUS CKPHIBAEMBIX HEJJOCTATKOB:
predictionProb =
model2.predict_proba(data.ix[:,['VehOdo',  MMRCurrentRetail AveragePrice']])

C. IlpeoOpa3zyiiTe BEpOsSITHOCTH K OJTHOMY BEKTOPY U3 npeackazanuii 0,1. 3To MOKHO cienarsb,
Hanpumep, Tak: predictionClass = [0 if predictionProb[i][0]>0.5 else 1 for i in
range(data.shape[0])]

[Toctpoiite otyer o knaccuukanuu u MaTpuily omroOok. Kakoit merox okaszascs rydrie?

d. OObsicHUTE B KOMMEHTApHSIX KaKI0€ YHUCIIO B OTYETEe KJIACCU(DHUKAIMU C TOYKH 3PCHHS
Matpulpl ommbok. Hammmmre apupmernyeckue necTBUs ¢ KOXPPHUIMEHTAMHA MaTPHIIBI
OIIMOO0K, KOTOPBIE MPUBOAST K KAXKIOMY YHUCITY OTYETa U3 CTOJIOLIOB precision(TOYHOCTh) U
recall(monaoTA).

5. KpoccBaauaanusi

a. Pa3znmenure mcxoaHYI0 BEIOOPKY HA JIBE YaCTH:
dataTrain = data.ix[0:34999,]
dataTest = data.ix[35000:69999,]

b. Harpenupyiite pemaroriee nepeso Ha dataTrain u npumenute k dataTrain u dataTest,
BBIYUCITUB JIJIS1 KQKJIOTO CITydasi TOYHOCTh NPEACKa3aHHs:
metrics.accuracy_score(dataTrain['IsBadBuy'], predictionClass)

[TpoBennTEe HECKOJIBKO SKCIIEPUMEHTOB ISl Pa3NIMYHBIX TIIyOUH AepeBa. Hanumure B
KOMMEHTapUsX, U1 KaKuX NIyOUH MOieb HeA000yUueHa, A1 KakuX nepeoOyyeHa u rie
TOYKa paHHET0 OCTaHOBA.

6. (camocrosTenbHas pabora) Pemaromasn ¢pynkuus (Decision function)

a. BepueMcs k Mozenu pemiarpmiero aepesa riryouHs 20, TOCTPOSHHOTO MO BCEH 00yuarorei
BeIOOpKe data. [TycTh 1ieHa ommbOky HenmpaBUiIbHOTO npenckazanus 0 pasHa 1000, a
HeTpaBWIbHOTO Tipencka3anus 1 — 100:
lossTrueOPredl = 100
lossTruelPred0 = 1000
Beruucnute QyHKIMIO MOTEPH - CPEIHIOK OIMIMOKY Ha Bcel oOyuatorieil BEIOOpKe.

b. BrlsicHUTE, KaK HY’)KHO U3MCHUTH PEIIAIONIYI0 (PYHKIHIO:

[0 if predictionProb[i][0]>0.5 else 1 for i in range(data.shape[0])]

yTOOB! (DYHKIMS OTEPH ObUIa MUHMMAaNIbHA? HaliiuTe onTHMaIbHYIO PEIaollyto
(GYHKLMIO 1 MUHUMAaJIbHOE 3HaueHue (GpyHKIMoHana noreps. (Bam nomosxer Gpopmyrna u3
JEKIUH 2)

JlabopaTopHasi padora Ne3.



1.

3arpy3uTe JaHHbIe 0 MOruommMx B Katactpode ¢ Tutanukom. LleneBbIM TPU3HAKOM 3/1€Ch SBISICTCS
daxT crnacenus naccaxupa. [locMorpure Ha maHHble. J[s1 MPOCTOTHI UCKIIIOUYUTE MACCAXHPOB C
HEM3BECTHBIM Bo3pacToM: data = data.dropna(subset=['Age']).reset_index(drop=True)
[Toctpoiite rpaduk paccestHUS ¢ BO3PACTOM B KauecTBE OCH abCIMCC U IIEHON OuiieTa B KauecTBe
OCHU OpJAMuHAT. OTMmeThTE KpaCHbIM — HOFI/I6H_II/IX, 3CJICHBIM — CITACIIUXCA ITaACCAKUPOB. HOCTpOfITe
OTACIBHO 2 I‘pa(i)I/IKaZ AJId KCHIONWH U JJId MY>KYMH. Brimonssaercd mm OJIA JaHHOI'O MHOXKECTBa
TUIIOTE3a KOMIAKTHOCTH?
3amporpaMmMupyiTe QYHKIIHIO BBIYUCICHUS PACCTOSIHHSI MKy TTACCAKUPAMHU:
def distance(a,b):
d=0
d +=abs(a['Pclass’] - b['Pclass)
d +=a['Sex'] I= b['Sex]
d +=abs(a['Age - b['Age)
d += abs(a['SibSp" - b['SibSp17)
d += abs(a['Parch’] - b['Parch])
d +=abs(a['Fare'] - b['Fare])
d += a['Embarked] !'= b['Embarked']
return d
Meton KNeighborsClassifier u3 6ubnuorexu sklearn uznuirsne tpedoBaTesneH K TUIIaM JIaHHBIX.
3anporpammupyeM MeToa kK Ommkaiimmx cocenelt BpydHyo:
import numpy as np
def myKNeighborsClassifier(learnData, K, passengerindexForPrediction):
dists = np.zeros((learnData.shape[0]-1,2))
i=0
for idx, row in learnData.iterrows():
if idx 1= passengerindexForPrediction: #LOO meTox KOHTpOJIS OMIMOKH
dists[i][0] = distance(learnData.ix[passengerIndexForPrediction,], row)
dists[i][1] = row['Survived']
i+=1
dists = sorted(dists, key = lambda pair: pair[0])
prediction = 0
for i in range(K): prediction += dists[i][1]
prediction /= K
return round(prediction)
3aHy0TI/ITe IMMPEACKA3aHUC IJId BCEX IMMACCAKUPOB CyAHA U, UCIIOJIb3YsI LOO-KOHTpOJ’IB OIIINOKHU
OLOCHUTEC KAQUYECTBO KJ'IaCCI/I(bI/IKaHI/II/II
accuracy =0
for idx, row in data.iterrows():
accuracy += row['Survived’] == myKNeighborsClassifier(data, 5, idx)
print(accuracy/data.shape[0])
(CaMOCTOHTeHLHaH pa60Ta) HO,Z[GGpI/ITe CJIara€MbI€ B MCTPUKE, UX BCCA U KOJINYCCTBO COCG,Z[eﬁ Tak,
4yTOOBI Ka4eCTBO KJaccudUKauu Obl10 MaKkcuManbHbIM. Eciin pyHkius Ha python padoraer
JOJITO, BOCHOHL3YI\/‘ITCCB €€ aHaJIOT'OM Ha
C++: KNeighborsClassifier.cpp. Komnumsiiiusa Ha Linux BBITIOJIHSETCS] KOMaHI0M
g++ -02 KNeighborsClassifier.cpp -0 KNeighborsClassifier
3amyck: ./KNeighborsClassifier
HOCTpOI/IBI_HCMy MCTPUKY C HAUTTYYIIUM Ka4CCTBOM: +5 6OHYCHBIX OaiIoB
(camocrositenpHas paborta) Coznmaiite koo ¢pyakinnu myKNeighborsClassifier u usmenure ee
Tak, yTOOBI OHA CUUTAIA BBICTYII o0nekTa. HazoBure ee cachargin. Breruucnure BBICTYIIBI JI BCEX
00BEKTOB U BbIBEJIETE MH(POPMALIHIO O MATH 00BEKTaX ¢ MUHUMAJIbHBIM BHICTYIIOM (IIyMOBBIX
BbIOpOCax) U MATH 00BEKTaX C MAaKCUMAaJIbHBIM BBICTYIIOM (3TanoHax). O0bsacHuTe (B
KOMMEHTApUSX ) TIOJYICHHBIC JJaHHBIE. DTO JIErde BCETO ClIeNaTh ¢ TOMOIIBI0 (YHKITUH np.argsort,
BosBpamanmeﬁ HWHJACKCHI 9JIECMCHTOB B OTCOPTUPOBAHHOM PANY:
idx = np.argsort(margins)



10.

print('benbie Bopons! (aHOMaMH)')
print(data.loc[idx[:5],])

print("2TayIoHbI (XapaKTepHbIE 0OHEKTHI)')
print(data.loc[idx[-5:],])

JlaboparTopHas padora Ne4

JlaHHBIMH B 3TOM 3aJIaHUU SIBJISIOTCS W3MEPEHUS HEKOTOPBIX IMPOBEPOYHBIX MapamMeTpoB Ha
KoHBelepax cbopku obopynoBanus Bosh (cm. korkypce «Bosch Production Line Performance» na
Kaggle). Bce ucxonnpie nannsie Bosh He momemiaroTcsi B ONepaTHBHYIO MaMsTh KOMIIbIOTEpa,
nosToMy B ¢aitne data.CSV — numb HeKoTopble pu3Haku. [Ipoutnte nanubie U3 Qaiina data.csv.
LleneBbIM PHU3HAKOM 371€Ch SBIIsIeTCS Responce — Hanmuue Opaka B 000pyJOBaHUH.

[Toctpoiite Ha omHOM rpaduke aBa HPUONMKEHUS K IUIOTHOCTH pacHpeieNieHHs NpU3HaKa
L1 S24 F1846 nnsa Responce=0 u mis Response=1, ucnosib3yst 0HO U3 CISAYIOMIMX sSAep (HOMEp
sapa Beioepute mo ¢popmyiie: (n mod 6)+1, riae n — Bair HOMep B CIHCKE TPYIIIHI):
KyCOUYHO-TIOCTOSIHHOE (TIpsIMOyTOoJibHOE) - tophat

rayccoBCKoOe - gaussian

nuHeiHoe (TpeyroabHuK) - linear

KOCHHYCOUJAJIbHOE - COSine

kBagparuunoe (Emaneunukosa) - epanechnikov

IKCIIOHEHIIMAJIbHOE - exponential

ogakrwdE

Help:

from sklearn.neighbors.kde import KernelDensity

import numpy as np

i0 = data['Response’]==0

kde0O = KernelDensity(kernel='gaussian', bandwidth=0.1).fit(data.ix[i0,'L1_S24_F1846".values.reshape(-1, 1))
X_plot = np.linspace(-1, 1, 1000).values.reshape(-1, 1)

Dens0 = np.exp(kde0.score_samples(X_plot)) #score_samples Bo3spaiaer gorapum mioTHOCTH

fig, ax = plt.subplots()

ax.plot(X_plot, Dens0, color="blue’)

OTBeThTEe B KOMMEHTAPHUSIX HA BOIPOC: SBJISAETCS JIM BHIOOPKA XOPOIIO Pa3AeIMMOI 10 MPU3HAKY
L1 S24 F1846°7?

Paz6eiiTe BoIOOpKY data Ha nBe paBHBIE YacTh: TpeHUpoBouHYIO dataTrain u mpoBepoOYHYIO
dataTest. [Tonp3ysice kpoccBanmuaanuen, nogdoepure s Kaxa0ro kinacca Response 3HaueHne
mMpuHsI g11pa bandwidth, npu koTopom norapudm nmpasaono100Mst MaKCUMaJeH Ha IPOBEPOUHOM

BBIOOpKE:

dataTrain = data.ix[0:data.shape[0]/2,].reset_index()

dataTest = data.ix[data.shape[0]/2:data.shape[0],].reset_index()

r=0

kdeO = KernelDensity(kernel='gaussian', bandwidth=0.1).fit(dataTrain.ix[dataTrain['Response’]==r,'L1_S24_F1846'.values.reshape(-1, 1))
print(kde0.score_samples(dataTest.ix[dataTest['Response’]==r,'L1_S24 F1846".values.reshape(-1, 1)).sum())

(camocrosiTenbHast pabota) Jlist HaliaeHHbIX Hammyumux bandwidth ¢ momorpio KomMaH:
predictionProbXafterO =np.exp(kde0.score_samples(dataTest['L1_S24 F1846'].values.reshape(-1,

1))
predictionProbXafterl =np.exp(kdel.score_samples(dataTest['L1_S24 F1846'].values.reshape(-1,

1))

Berauciute P(X|0) u p(X|1) mmst recroBoit Beibopku. [To popmyne baiieca nariaure 3arem p(0[x) u
p(1x). OtcopTupyiiTe Bce 00BEKTHI TECTOBOI BHIOOPKH IO BO3PACTAHUIO MPEICKa3aHHON
BeposiTHOCTH p(1[X), BEIBEETE HA KpaH BEPOATHOCTH TSl mociaeAHuX 10 00BEKTOB U pacCUUTanlTe
KOJINYECTBO OpaKkoBaHHBIX AeTanel cpeau nociaeaHux 100 00beKTOB B OTCOPTUPOBAHHOM PSITY.
Help: coptupoBka, Bo3Bpaiatomnias MHIEKCh 31eMeHToB: ind = np.argsort(predictionProblafterX)
neyaTh BepostHocTel it mocnenuux 10: print(predictionProblafterX[ind[-10:-1]])

KOJTMYEeCTBO OpakoBaHHBIX cpean 100 ¢ MakCHMaIbHOM MpeCKa3aHHOW BEPOSTHOCTHIO OpaKa:
print(sum(dataTest.ix[ind[-100:-1],'Response'))



JlaboparTopHasi padora NeS

PaccMoTpuM naHHBIE MEIMIIMHCKON cTpaxoBoil (upmbl. Ha OoCHOBE XapakTEepUCTHK MaIMEHTOB
Members.csv (Bo3pacT, mMOjd) M JaHHBIX O TIOJYYEHUU MEIUIMHCKOTO OOCITY)KUBAaHUS B
npensinymeM roxy Claims Y1.csv (MenuIMHCKOE yupekIeHHe, Bpad, TUIT IPOOIEMbl, KOJTHUYECTBO
JTHEH TOCTIMTa3alliy, 1aTa, U JIp. ) Hy)KHO MPEeACKa3aTh (PakT rocnuTaIn3anui XoTs Obl Ha 1 1eHb
B CIIeIyIOIeM romy DaysInHospital Y2.csv.

import pandas as pd

from sklearn import *

%matplotlib inline

import matplotlib.pyplot as plt

days2 = pd.read_csv('DaysInHospital_Y2.csv', index_col="MemberID")
m = pd.read_csv('‘Members.csv', index_col="MemberID")

claims = pd.read_csv('Claims_Y1.csv")

UT0oOBI aHOHUMHU3UPOBATH JIAHHBIC OPTaHU3aTOP yKa3al MPUOIM3UTEIBHYI0 HH(OpMALIHIO O
MalyeHTax, HalpuMep B CTOJIOIE BO3pACT yKa3aHbl Bo3pacTHble rpynnsl: '0-9', '10-19', '20-29', '30-
39', '40-49', '50-59', '60-69', '70-79', '80+". [IpeoOpa3yem CTPOKOBEIC MPU3HAKH B KOJTUYECTBEHHBIC U

3aMCHHUM IIPOIYIICHHBIC 3HAYCHU A
i = pd.notnull(m.AgeAtFirstClaim)
m.ix[i,'AgeAtFirstClaim = m.ix[i,'’AgeAtFirstClaim'].apply(lambda s: s.split('-")[0] if s!="80+" else '80")
m.ix[i,'AgeAtFirstClaim’] = m.ix[i,’AgeAtFirstClaimT.apply(lambda s: int(s))
m.AgeAtFirstClaim = m.AgeAtFirstClaim.fillna(value=-1)
m.Sex = m.Sex.fillna(value='N")
claims.CharlsonIndex = claims.Charlsonindex.map({'0":0, '1-2"1, '3-4":3, '5+"5})
claims.LengthOfStay = claims.LengthOfStay.fillna(value=0)
claims.LengthOfStay = claims.LengthOfStay.map({0:0, '1 day":1, 2 days':2, '3 days':3, '4 days"4,\
'5 days":5, '6 days"6, '1- 2 weeks":10, '2- 4 weeks":21, '4- 8 weeks"42, '26+ weeks':182})
CKOHCprI/IpyeM IIPU3HAKM 10 MACCHUBY CIIy4acB MCIUIIMHCKOI'O O6CJIy)KI/IBaHI/I$I:
f_CharIson — MaKCHMaJbHbBIN MHCKC KOMOp6I/II[HOCTI/I YanscoHa Mo BCceM clIy4dasaM IJId IalucHTa,

f_LengthOfStay — cymmapHOe KOJIM4ECTBO THEH TOCIUTAIM3AUH B IPOIILIOM TOJY:

f_Charlson = claims.groupby(['MemberID']).CharlsonIndex.max()

f_LengthOfStay = claims.groupby(['MemberID']).LengthOfStay.sum()

CocraBuM Matpuily o0bekToB npusHakoB co ctonbuamu: f Charlson, f LengthOfStay, Bo3pact
naruenTa, ClaimsTruncated (He oka3ayioch JM CIIy4acB MEIUIIMHCKOTO OOCTYXUBAHUS CIUIIKOM

MHOTO):

data = days2

data = data.join(f_Charlson)

data = data.join(f_LengthOfStay)

data = data.join(m['AgeAtFirstClaim')
data.head(5)

CoctaBuM QyHKIIHIO, KOTOpas OyneT 1elnuTh BRIOOPKY Ha JBe yacTH dataTrain u dataTest, 00y4ars
JorucTuueckyro perpeccuro Ha dataTrain, mpumensTs k dataTest, cTpouTh KPUBYIO OMIMOOK U

CUHUTATh 110 Hen Iiomanb:
def calcAUC(data):
dataTrain, dataTest = cross_validation.train_test_split(data, test_size = 0.5, random_state=1)
model = linear_model.LogisticRegression()
model fit( dataTrain.ix[:, dataTrain.columns != 'DaysInHospital'], dataTrain.DaysInHospital )
predictionProb = model.predict_proba( dataTest.ix[:, dataTest.columns !='DaysInHospital’] )
fpr, tpr, _ = metrics.roc_curve(dataTest['DaysInHospital’], predictionProb[:,1])
plt.figure()
plt.plot(fpr, tpr, color="darkorange', lw=2)
plt.plot([0, 1], [0, 1], color="navy', lw=2, linestyle="--")
plt.show()
print( metrics.roc_auc_score(dataTest['DaysInHospital], predictionProb[:,1]) )

[Tpumenum nannyro Gynkuuto k data: calcAUC(data)
Jloructudeckast perpeccusi IPUHUMAET Ha BXOJI TOJIBKO KOJIMYECTBEHHBIE MpU3HaKu. JJo6aBuM K

HallliM JaHHBIM II0JI ITAaIMTMCHTA, IIPUMCHUB ON¢ hot encodlng:
pol = pd.get_dummies(m.Sex, prefix="pol’)

data2 = data.join(pol)

calcAUC(data2)

(camocTosTenbHas padora) [loneiTaiiTtecs mpuMeHuTs one hot encoding k yke CyIeCTBYIOIINM B
data2 mpu3HaKam WM COCTAaBUTh HOBBIE MMPU3HAKH 110 MaccuBy claims. [TocTpouBiiemy MaTpuily
00BEKTOB MPU3HAKOB, JIsI KOTOPOH JIOTUCTUYECKAasi perpeccusi paboTaeT ¢ HAUIy4IIUM KaueCTBOM:
+5 GOHYCHBIX 0aJIIOB.



10.

11.

12.

JlaboparTopHasi padora Ne6

JlanHass 3amada OTHOCHTCS K obOnacth 00paboTku ectecTBeHHOro s3bika (Natural language
processing). TpeOyercs HayduTh KOMIIBIOTED MOHUMATh TEKCT W MPEACKA3bIBATH OTHOIICHUE
(Sentiment) aBTopa k onuchiBaeMoi TeMe. [[anHbie B (aiisie recs.txt MpeacTaBiIsIIOT COO0M OT3BIBBI
o ¢pmibmax c caiita Kinopoisk.ru.

Pacmakyiite apxuB 1 IpouTUTE AaHHBIC U3 (aiina:

import pandas as pd

import numpy as np

import nltk

import re

from sklearn import *

pd.set_option(‘max_colwidth',600)

dO = pd.read_csv('recs.txt', sep="\-\-\\\\\\-", encoding="utf-8")

d0.head(3)

B 6a3e manapix — 100 ThIcsY O0T3BIBOB. KaXkaplii onmuchIBaeTCs MOJSIMU: Sentiment (OTHOIICHHE),
URL (ampec Ha caiite) u Text. [IpeoOpazyem Tekct B HaOOp mpu3HAKOB MeTo/IoM «bag of words»:
KaXJIOMY CJIOBY OyJIeT COOTBETCTBOBATh OMHAPHBIM MPHU3HAK — BCTPEUYAETCS TO CIOBO B TEKCTE
win HeT. J{Jis 3Toro cHavana npo(uiIbTpyeM TeKCT, OCTaBUB TOJBKO 3HaJamue cioBa. CkadaiTe u3
Kopryca Habop He3Hayanux cJoB sl GuiabTpanuu komauaoi nltk.download() (B mosiBuBIIEMCS
okHe Bkiaaka Corpora, myHKT stopwords).

I/IMHOpTprﬁTe CIIMCOK HE3HaYallluXx CJIO0B:
from nltk.corpus import stopwords
stopwords = set(stopwords.words(*russian"))
print(stopwords)
Onpez{eﬂme (1)YHKHI/IIO (1)I/IJII)TpaHI/II/I TEKCTA:
def review_to_words( review_text ):
review_text = review_text.replace('¢','e")
review_text = review_text.replace('E','E")
# 1. Y nansiem Bce, kpome OyKkB
letters_only = re.sub("[*a-1A-S]", " ", review_text)
#2. )IenaeM BCC 6yKBBI CTPOYHBIMHA U CO3Ja€EM MACCHUB CJIOB
words = letters_only.lower().split()
# 3. YnansieM He3Ha4alme ClIoBa
meaningful_words = [w for w in words if not w in stopwords]
# 4. ®opmupyeM TeKCT, 00bEAMHSIS CII0BA Yepes mpoben
return( " ".join( meaningful_words ))

[IpodunbTpyiiTe BCE OT3BHIBHI:
d1 = d0.copy()
d1['Text'] = d1['Text].apply(lambda s: review_to_words(s))
d1.head(3)
33.HYCTI/ITC Hp606p330BaTeJ'H> TCKCTOBOT'O IIPU3HAKA B «bag of words»:
from sklearn.feature_extraction.text import CountVectorizer
vectorizer = CountVectorizer(analyzer = "word", tokenizer = None, preprocessor = None, stop_words = None,\
max_features = 50000, binary = True)
bagOfWords = vectorizer.fit_transform(d1['Text])
vocabulary = vectorizer.get_feature_names()
Teneps B Hammx MaTpuax 00beKTOB-IpU3HAKOB 50 Thicsid cTOI01I0B 1 B cymMMe 100 Thicsta cTpok. Ecnm 1
areMeHT 3aHuMaeT 1 Gaiit, To cymmapHsiii 00beM Oynet 5 I'0. [IpoBepbTe Mo mucnerdepy 3ana4q
(cucteMHBIif MOHHTODP B Linux), CKOJIBKO 3aHUMAET IMaMsTH Ballla MpOoTrpaMMa U HAIUITUTE B KOMMEHTAPHUSIX.
Bce nu cornacyerca?

Pas0beiiTe BRIOOpKY Ha 1BE YacTH: 0OYYAOIIYIO M IIPOBEPOUYHYIO

bagOfWordsTrain = bagOfWords[0:50000,:]

bagOfWordsTest = bagOfWords[50000:100000,:]

HatpenupyiiTe MalMHy ONOPHBIX BEKTOPOB Ha 00ydaromeil BHIOOpKe, IPUMEHHUTE K IPOBEPOUHOM

Y BBIYMCIIMTE MTPOLIEHT MPABWIIBHBIX MPEICKA3aHUN:

SVM = svm.LinearSVC(C=1, fit_intercept=False)

SVM fit(bagOfWordsTrain, d1.iloc[0:50000]['Sentiment])

SVM.score(bagOfWordsTest, d1.iloc[50000:100000]['Sentiment)

[Ton6epure BaxkHOCTH CyMMBI HapymeHui C, uro0b1 SVM paboTana y4iie BCero

Briseaurte Ha sxpan 20 c10B, KOTOpBIE OOJIBIIIE BCETO TOJIOCYIOT 3@ MO3UTUBHOCTH OT3bIBA U 20 —
3a HETaTUBHOCTh BMECTE C COOTBETCTBYIOLIMMH UM KO3 (PUITMEHTaMU HATPEHUPOBAHHOM

JTUHENHON QyHKIUH:
ind = np.argsort(SVM.coef_[0])
for i in range(20):
print(SVM.coef_[0][ind[i]], vocabulary[ind[i]])
print("\n")



13.

14.

15.

for i in range(20):
print(SVM.coef_[0][ind[-i-1]], vocabulary[ind[-i-1]])

BbruncnuTe BBICTYIIBI, HAWIUTE U BHIBEJETE HA SKPAH OT3bIBBI C MUHUMAJIBHBIM U MAaKCHMaIbHBIM
BBICTYIIOM, BCJIIMYUHY BBICTYII4, BEJIMYHUHY IMPCACKA3aHUA U CCHTUMCHTHOCTH OT3bIBA. O6’bHCHI/IT€ B
KOMMEHTApUSIX, IOYEMY HAaICHHBIN OT3bIB UMEET TAaKOW MAJICHBKHUI BBICTYT, a APYTrOil HalICHHBIM

— TaKkou OOJIBIION:

prediction = SVM.decision_function(bagOfWordsTest)

margins = np.multiply(prediction, d1.iloc[50000:100000]['Sentiment].as_matrix())

ind = np.argsort(margins)

i = ind[-1] + 50000

print(margins[ind[-1]], prediction[ind[-1]], dO.ix[i,'Sentiment'], d0.ix[i, Text])

print("\n")

i = ind[0] + 50000

print(margins[ind[0]], prediction[ind[0]], d0.ix[i,'Sentiment], d0.ix[i, Text])

(camocrosTenbHas padora) s 00bSICHEHHUS OTCTYIIOB BaM BO3MOKHO MTPUTOUTCS KO/, KOTOPBIHA
nevyaTaeT K03 UIIMEHTHl Wi TUHEHHON (QYHKIIMN, 3HAYEHUS COOTBETCTBYIONIUX MPU3HAKOB U

COOTBETCTBYIOIIHE cJI0Ba. [ Bce 3T0 Jenaercs B mopsiike yObIBaHUS MOYJIsl IPOU3BEICHUS WiXi:
k =ind[0]
ind2 = np.argsort(np.abs(np.multiply(SVM.coef_[0], bagOfWordsTest[k].todense()))).reshape(-1,1)
s=0
for i in range((bagOfWordsTest[k]!=0).sum()):
ii = ind2[-i-1].item()
print('wi="+str(SVM.coef_[0][ii]), 'xi="+str(bagOfWordsTest[k,ii]), vocabulary[ii])
s += SVM.coef_[0][ii]*bagOfWordsTest[k,ii]
print('[IpoBepka:',s)
(camocrosTenbHas pabora) Hopmanusyiite npusHaku nepesa pasouenneM BeiOopku Ha Train u Test
TakK, 4T 005l BMecTO (/1 CTOSUIH 4aCTOTEI y1'[0Tpe6J'IeHI/I}I CJIOB, ACJICHHBIC Ha JJIMHY OT3bIBA.
HOII6CpI/IT€ HaWJIydlIyr0O KOHCTAHTY Cmu OIIMIINTE, KaK U3MCHATCA OT3bIBBI C MUHHUMAJIbHBIM 1
MaKCUMaJIbHbIM BLICTYHOM? Yro JIydaie: HC HOpMaJIn30BaAHHBIC UJIM HOPMAJIN30BAHHBIC HpI/ISHaKI/I?

[Touemy?
HyxHo yctanoButs binary = False 8 CountVectorizer u no6asuts nocre fit_transform
bagOfWords = preprocessing.normalize(bagOfWords, norm="I1")

JlabopaTopHasi padora Ne7

[TonpoOyem MpUMEHHUTH caMble CHIIBHBIC Ha CETOAHSIIHUI JeHb KOMIIO3UIIH JIOTUIECKUX
AJITOPUTMOB K PAaCCMOTPEHHOM B JJTabopaTOpHOM padoTe 5 3a1aue 0 MEIUIIMHCKOM CTPaXOBaHUU
Heritage Provider Network Health Prize. 3arpy3ute noaroToBieHHble JaHHbIE C MHOKECTBOM
JIOTIOJTHUTEBHBIX TPU3HAKOB. [1o 3amanHOMY HabOpy 0OpaleHnil KIIMEHTOB B OOJIBHUILY JIIS
KaX/I0T0 KJIMEHTa ObUIM pacCUMTaHbl KOJMUECTBa oOpaleHuii co Bcemu Specialty,

PrimaryConditionGroup u ProcedureGroup. 3arpy3ute naHHbie:
import pandas as pd

from sklearn import *

%matplotlib inline

import matplotlib.pyplot as plt

import numpy as np

from catboost import CatBoostClassifier

data = pd.read_csv('data_HPN_best.csv');

dTrain, dTest, YTrain, YTest = model_selection.train_test_split(data.ix[:, data.columns!="DaysInHospital], data['DaysInHospital'], test_size=0.5,
random_state=1)

data.head(5)

[ToGenuTens KOHKypca B Ta0OpaTOPHOM paboTe 5 C MOMOIIIBIO TOTUCTUIECKON PErpecCuu JOCTHUT
AUC = 0.7112. Ucnionb3ys pacmimpeHHbIi HA0Op TaHHBIX B MoIHbIe anropuT™Mbl RandomForest
CatBoost ot Yandex, ynyumiute ero pekopa. Heo0xoaumo HayduThCsl HACTpAauBaTh alTOPUTMBI
TaK, 4TOOBI 00a MOKa3aIM pe3yiabTaT JIydile ynoMsiHyToro. [[js cpaBHEHUs BRIBEIETE HA DKpaH

JYYIIYyHO TOYHOCTDH pa6OTLI OJJHOI'O I(J'IaCCI/I(bI/ILII/Ipy}OIJ_IeFO A€peBa:
Tree = tree.DecisionTreeClassifier()

Tree.fit(dTrain, YTrain)

aucTreeTrain = metrics.roc_auc_score(Y Train, Tree.predict_proba(dTrain)[:,1])

aucTreeTest = metrics.roc_auc_score(YTest, Tree.predict_proba(dTest)[:,1])

print(" Train  Test')

print(‘Tree: {:6.4} {:6.4} format(aucTreeTrain, aucTreeTest))



RandomForest = ensemble.RandomForestClassifier()

RandomForest.fit(dTrain, YTrain)

aucRFTrain = metrics.roc_auc_score(YTrain, RandomForest.predict_proba(dTrain)[:,1])
aucRFTest = metrics.roc_auc_score(Y Test, RandomForest.predict_proba(dTest)[:,1])
print(Random forest: {:6.4} {:6.4} .format(aucRFTrain, aucRFTest))

CatBoost = CatBoostClassifier()

CatBoost.fit(dTrain, YTrain)

accRFTrain = metrics.roc_auc_score(Y Train, CatBoost.predict_proba(dTrain)[:,1])
accRFTest = metrics.roc_auc_score(YTest, CatBoost.predict_proba(dTest)[:,1])
print(CatBoost:  {:6.4} {:6.4}".format(accRFTrain, accRFTest))

3. (camocrositenbHas padbora) Haliqure 10 caMbix HH(DOPMATUBHBIX TPU3HAKOB:
fi = np.array(CatBoost.get_feature_importance(dTrain,YTrain))
m = len(fi)
ind = np.argsort(fi)
cols = list(reversed(dTrain.columns[ind[m-10:m+1]]))
fi = list(reversed(fi[ind[m-10:m+1]]))

from pylab import rcParams

rcParams[‘figure.figsize] = 12,7

fig = plt.figure()

plt.rc(‘font’, family="Arial’)

plt.rcParams['xtick.labelsize'] = 20
plt.bar(np.arange(len(cols)), fi, color='g’)
plt.xticks(np.arange(len(cols))+0.4, cols, rotation="vertical’)
fig.suptitle('Baxxnocts npusHakos', fontsize=20)

Kpurepuu onenkmu:
3a KaXk/1yI0 BBIOJIHEHHYIO JIA0OPATOPHYIO pabOTy CTY/ICHT MOJIy4aeT OJJUHAKOBOE KOJIHYe-

cTBO OasutoB, pasHoe 30/7.

MuHucTepcTBO HAyKH U BhICIIEro oOpasoBaHusi Poccuiickoit denepanuu
denepanabHOE TOCYJAPCTBEHHOE OIOIKETHOE 00pa30BaTEIbHOE YUPEKIEHUE BBICIIETO 00-

pazoBanus «PocToBckuil rocynapcTBeHHbIN 3koHOMUYeckuit yausepcuteT (PUHX)»
@aKynbTeT KOMIBIOTEPHBIX TEXHOJIOIHH U 31Tl THPOPMALUU
Kadenpa pyngamentanbHOM U IPUKIIaTHOW MAaTEMATUKU

I'pynnoBoii nmpoekr
no puciuiuivie [lpukiagnoe MamimHHOe 00yueHue

CryneHTbl 00pa3yloT KOMaH/bI 2 4eJIOBEK M BBHIOMPAIOT 33/1a4M, pa3MeIleHHbIe B CETH MHTEPHET Ha IUIaT-
¢dopme kaggle.com nmpoBeieHNsI COPEBHOBAHUI 110 MAITMHHOMY O0YUYEHHIO (aHTJIOA3BIYHBINA pecypc).

IIpumep 3axanus

Deloitte/FIDE Chess Rating Challenge

Habops! 1aHHBIX U1 3TOr0 KOHKYpCa BKIIIOYAIOT peabHbIE UCTO-
pUYECKHE [aHHbIE, NPENOCTaBICHHbIE BceMupHON I1axMaTHOU
Oenepanueit (PUJE). YuacTHUKH KOHKYpca OyIyT TpEHUPOBATh
CBOU PEHTHUHTOBBIE CUCTEMBI, UCIIOJIb3Ysl 00yJaromuii Habop JaH-
HBIX U3 Oojee yeM 1,84 MUIIMOHA UTPOBBIX PE3yIbTATOB st 00-
nee yeMm 54 000 maxmMaTtHCTOB 3a MOCJHEAHHE OAMHHAALATH JIET.
3aTeM y4YaCTHHKHU HCIIOJIb3YIOT CBOW METO, 4TOOBI MpeacKaszarh
ucxoq eme 100 000 urp, ceirpaHHbIX CPEIU TEX KE UTPOKOB B Te-




YeHUE CIEAYIONIMX Tpex MecsieB. KoHKypcHbIE paOOThI OyIyT OIEHUBATHCS aBTOMATUUECKH BEO-CaliTOM
Ha OCHOBE TOYHOCTH MX MPOTHO30B. J[Be paboThI B IeHb MOT'YT OBITh MPEICTABICHBI KAXI0i KOMaHI0H, 1
MPU3bI OYAyT ONpeIeeHbl B COOTBETCTBHH C JTyUIEH OIICHKON Ka)KI0W KOMaH/Ibl.

Crnoncop koHkypca, Deloitte Australia, mpegoctaBui npu3 B pazmepe $ 10,000 komanae, kotopast npe-
CTaBJIsIeT HanbOoJIee TOYHBIC MPOTHO3BL. "J[eTOUT" ABIAETCS BHIIAIOIIMMCS aHATUTUYECKUM MTOCTABITUKOM
BO BCEM MHpE M MOMOTaeT KOMITAHHSIM COOMpPaTh, YIPABIATh U aHATH3UPOBATH CBOM JIAHHBIC B paMKax
o0melt OM3HeC-CTpaTeruu.

Omna moskepTBOBaJa MAaXMATHBIC MPOrPAMMBI C MOIIUCSIMHA U3BECTHBIX UTPOKOB HA TPU KOMaHJIbI, 3aHSB-
e 2-e/3-e/4-e mecro.

Kpowme Toro, npeacrasurenu ®MJIE Bpyuar cneunansubiil "npuz @UE" 3a T0, 4TO OHM CUMTAIOT HAauOO-
Jlee TepCIEeKTUBHBIM MOJXO0/I0M, U3 JECITH Hanbosee TOUHBIX 3aluceil, KOTOpble COOTBETCTBYIOT OIpaHu-
YUTEJIBHOMY OIPEAEIECHUIO "MPAKTUYECKON 1IaXMAaTHOM pPEHTHUHIOBOM CHUCTEMBI'. DTO OrpaHUYUTEIBHOE
oIpe/ielIeHNe yKa3aHo B mpaBuiax KoHkypca. Jlnsa moGeaurtens ®UJE npenocraBur tapud Ha nepener
Tyna u oopatHo B AQuHsbl, I'penns, U MONHBIM TaHCHOH HAa TPU HOYM B AQHHAX, a TAKKE OIUIATy APYTHX
pacxo/10B, 4TOObI OJIMH YEJIOBEK MPEACTaBUI U OOCYIUII CBOIO CUCTEMY BO BpeMsl CIIELMaIbHOW BCTpeUn
HKCIEPTOB MO MIaxmaraM B AQuHax.

Pefitnarosas cucrema Elo Oputa pa3paboTtana BeHrepckuM GusukoM ApmagoMm 50 B 1950-x rogax u npu-
Hsata Becemupnoii maxmataont ®enepanueit (PUJE) B 1970 rony. Ha npotsikenuun Goliee dyeTbipex Aecs-
tuietuii cucrema FIDE Elo cimyxnina OCHOBHBIM MEPHJIOM B MHPE JJISi U3MEPEHUS CHJIBI MIaXMaTHCTOB.
Peittuaru ®UJIE ucnonb3yroTcs A ONpPENeieHUsl MPUIJIAlleHU Ha IIaxMaTHbIE TYPHHUPBI, BKIKOYas
LUKJI YEMIIMOHATa MUpPA, pacyeTa KOHKPETHBIX Nap B OOJBIIMHCTBE IIaXMAaTHBIX TYPHUPOB U IPEJOCTaB-
JICHUs TUTYJIOB, Takux Kak MexnyHapoansiii Mactep (IM) unu rpocemetictep (GM). Ha camom gene cu-
crema Elo HacTonpKko momynspHa, yTo OHa OblIa aIanTHPOBaHA KO MHOTHM JIPYTHM MPHJIOKEHHUSIM, TOMH-
MO IIaXMart, BKJIFOUasi peUTUHTY KOMAH/IHBIX BUJOB CIIOPTA, IPYTU€ HACTOJIbHBIE UTPhl U OHJIANH-CUCTEMBI
BUJICOUTD.

OI[HaKO, HECMOTPA Ha NOMYJIAPHOCTb CUCTEMBI 3)’10, HUKOIrJ1a HE ObLI0 MNpOACMOHCTPHUPOBAHO, UYTO IMOJAXO0
D0 TEXHUYECKU MPEBOCXOAUT APYyrue moaxonapl. bosblas yacTe mpuBiekaTeabHOCTH cucTteMbl Elo cBs-
3aHa C €€ MPOCTOTOM M 3HAKOMCTBOM, M OHa WJEAJIbHO MOAXO0/UJa /U TOrO BPEMEHM, KOTa pacueTr pei-
TUHTOB OBbLT 3HAYUTENLHON MPAaKTHUECKON 3amadell Jaxke NI €XKEroHOTO CHHCKA W3 HECKOJIbKUX COTEH
urpokoB. @Dopmyna 3510 ObUTa BBIBEJEHA TEOPETHYECKH, B IMOXY 0€3 OOJBIINX 00BEMOB UCTOPHUUYECKUX
JaHHBIX WM Yero-Tu00 MPHUOIMKAIOIIErocs K CEeTOMHSIIHEH BBIYMCIUTENHHOW MOIIHOCTH. braromaps
MOINHBIM KOMIIBIOTECpAM H OOJILIINM HUIrpOBbBIM Oasam JAaHHBIX MbI MOXXEM JICTKO HUCCJIICAOBATh IIOAXOABI,
KOTOpBIE MOTYT ObITh Nyurie, yem Elo, mpu mporHo3upoBaHUM pe3yNbTaTOB IIaxMmar. Takoe HccleqoBa-
HHUC MOXKCT UMCThb CCPLE3HBIC MOCICACTBUA OJId TCOPHUH U IIPAKTUKA peI\/’ITI/IHFOBOI\/JI METOOOJIOINH, KaK IJIA
niaxmar, Tak 1 i1 MUpa 3a IIpejiejaMu axmar.

B kauectBe nepsoro mara B 3toM npouecce Karrie ocenpro 2010 roga nposen KoHKypc "Oi10 mpoTuB
OCTaJIbHOTO Mupa'", TpeOysi OT YUaCTHHUKOB pa3padoTaTh MPOTHOCTHUECKUE MOJIEH, KOTOPhIE MOTJIHU OBl C
00JbIION TOYHOCTHIO MPOTHO3UPOBATH PE3YNIbTAThI IaXMaTHBIX UTp. KOHKypc OblT OYeHb MOMyYNIpeH Kak
cpenu JTFOOUTENeH maxMar, TaKk ¥ CPeIM yUeHbIX-TaHHbBIX, TpuBieKkas 6omee 3500 3asBok ot 258 KomaH -
Y4acCTHHUKOB U3 41 cTtpaHbl. XoTs MpHU30BOH (OHJ ObUT MUHHUMAJIbHBIM, OBUIO OFPOMHOE KOHKYPEHTHOE
CTpeMJIeHHe, MOOYyXKAarollee MHOTMX YYaCTHHKOB K MOCTOSIHHBIM ycuiausM. Hamnpumep, HecMOTpsi Ha
OrpaHUYEHUE, yJIep)KUBAIOIIee KOMaHAbl OT 1MoAa4Yu 0ojee ABYX 3asBOK B JE€Hb, ObUIO JBAJIaTh KOMaHI,
KOTOpHIe caenanu 6onee 50 3asBOK Ha MPOTSHKEHUU BCEro KOHKYypca. ba3oBble JaHHBIE HACTOIBKO MPOCTHI
U TIOHATHBI, YTO OUYEHb JIETKO HAYaTh UIPaTh ¢ MOJEISIMU MPOTHO3UPOBAHUS, HO 00mIast mpolieMa MaKkCH-
MU3ALUNA TOYHOCTH HACTOJIBKO CJIOXHA, YTO JlaXKe MacluTaOHble YCUIIUSI MEPBOro KOHKypca He ObUIN J0-
CTaTOYHBIMU JJISl OTIPEJICNIEHUS IBHO MIPEBOCXOIAIIET0 NMoAXoAa. bbuio Gosbioe pasHooOpasue B METO10-
JIOTHSIX TOJIBKO JECATHU JIyULINX MPHU3EPOB, BCE U3 KOTOPBIX 33JJOKYMEHTUPOBAIN CBOM MOJXOAbl B 3HAYH-



TEJBLHOM CTETCHH TOCIIe 3aBEPIICHUsI KOHKypca. JTajloHHas moaada GopMyibl 10 3aKOHUYMIIACH JTaJIEKO,
Janeko, mo3aau, Ha 141-m mecte u3 258, u 6bu10 39 KOMaH/I, YbH MPOTHO3BI OBLIHN MO KpaitHel mepe Ha 5%
OoJiee TOYHBIMH, YeM cructema 0. [loHsaTHO, 9yTo cucTteMa Elo He camas TouHas, HO OCTAeTCS HESICHBIM,
Kakasi CUCTeMa MTPEBOCXO/IUT €€.

OT10 yxe He Bompoc "OJ0 MPOTUB OCTAIBHOIO MUpa'; TENEph MbI JOJKHBI POBECTH BTOPOW KOHKYPC H
COCPEIOTOYUTHCS Ha TIOUCKE MOJIXOAIIeH 3aMeHbl D10. B0o3MOoXkHO, Ty4ymuM noaxoaoM Oyaetr Moaudu-
Kalus Moxoaa JI0, Wik, BO3MOXKHO, 3TO OYAET YTO-TO COBEPUICHHO HOBOE. JTO BTOPOH KOHKYpC Oyzaer
UMETh HECKOJIBKO CYILECTBEHHBIX YIYUYIICHHU 110 CPAaBHEHUIO C MEPBbIM KOHKypcoM. OH OyneTr umets 60-
Jee HaJeKHYI0 (YHKIHUIO IMOACYETa OUYKOB, BEIOPAHHYIO TIOCIIE OOIIMPHOTO aHAIN3a PE3Y/IbTaTOB IMIEPBOTO
KOHKYpCa, a TaKXe KOHCYJIbTAallUd C MUPOBBIMU JINJIEPAMU B TEOPHUH LIAXMATHOTO PEUTHHIa U KaT€ropH-
aIbHOTO aHanm3a qaHHbIX. Kpome toro, ®UJIE npegocraBuil ModHBI HAOOpP TaHHBIX O MHOTOJICTHUX pe-
3ylbTaTaX OTAEIBHBIX UTP, KOTOPBIC UCIIOIB30BATKUCH JIJIs pacyeTa opunuaabHbix peiituaros ®UIE. Jlo
CHX IIOp 3TO HUKOTJA HE ObLJIO BOZMOKHO, YTOOBI BBIIIOJIHUTH 3TOT aHAJIH3, IOTOMY YTO HAOOp AaHHBIX HE
ObLT COOpaH, U 3TOT KOHKYPC CAalT SBJIAETCS €MHCTBEHHBIM MECTOM B MUPE, /i€ UMEIOTCS JIaHHbIE BTOPO-
ro KOHKypca obecnieunBaet 6osee yem B 30 pa3, Kak MHOTO MTD, KaK MEPBbIil KOHKYPC BCE-TaKH, U TOPA3JI0
OoJbIlIee HACeNIEHUE IIaXMaTHCTOB, a TAK)KE, OTPAXKAIOIIME BECh PaCIpe/IeJICHUH CUJla UTPOKA, a HEe MPOCTO
JI0J1s1 TONI-UTPOKOB, OXBAUEHHBIX MEPBbII KOHKYPC.

Konkypcusie paboTsl OyyT conepkaTh nporHo3upyemsiid bensiii cuer B kaxaoi u3 100 000 urp B Tecro-
BoM HaOope. [IporHossl As OTIENbHBIX UTP OyIyT OLIEHUBATHCS OTIENIBHO, & COBOKYIHOE "OTKJIOHEHUE"
OyJeT paccUMThIBATHCSA KaK CpPEHEE OTKIOHEHHUE BO BCeX Mrpax. Takke OTMETHUM, YTO HECKOJIBKO ThICSY
UTp SIBISIOTCS (UKTUBHBIMM ((eMKOBBIMM) MaTyalaMu, BKJIIOUYEHHBIMH C LI€JbI0 OTOUTh y yYaCTHHKOB
"MaHMHT" TE€CTOBOTrO Habopa /i MOJYYSHUS JOMOJIHUTEIbHOW MH(OPMAIIMU O CHJIE KaKIIOrO UTPOKaA.
OTH UrPbl UTHOPUPYIOTCS (PYHKIIMEH OLICHKH.

Bemrpelinzas oguHouHas mojava OyzneT UMeTh MUHUMalbHOe buHOMManbHOe oTKiIOHeHue. Jlerko 3ame-
TUTh, YTO MPOTHO3UpOBaHUE OxkujaeMoil oueHku 0% wmnu 100% umeer HeonpeneneHHoe buHoMuanbHOE
otkioHenue, nockonbky LOG10 (0) He onpenenen. Kpome Toro, naxe ecnu Oenble BHIUTPHIBAIOT, Map-
YKUHAJIbHAs BBIF0JIa JUIsl IPOrHO3a 4yTh BbIe 99% MUHHMAanbHAa IO CPAaBHEHHUIO C IporsozoM 99%. U
TOYHO TaK K€, 1aXKe €CJIM YEPHbIC BHIUTPBIBAIOT, MAPKUHAJIbHAS BBITOJA [Vl IpeJcKa3aHus yyTh HIKe 1%
MUHUMaJbHA 110 CPaBHEHHUIO C mpezackazaHueM 1%. IlosToMy HET HMKaKMX BECKMX NMPUYUH IPEICKa3bl-
BaTh OKUJAaeMbIi pe3yibTar Bbime 99% unn Hwke 1%. Takum obpazom, /Ui 1esel nojacyeTa 04KkoB, BCe
MPOTHO3bI Oestoro 6aia Beie 99% OynyT paccmaTpuBatbes kKak 99%, a Bce mporHo3bl 6enoro 6asnia HU-
xe 1% Oynyt paccmaTtpuBaThes Kak 1%. Bbl Moxere" orpannuuTth " cBoM nporHossl Ha 1% u 99% camo-
CTOSATEIbHO, WIN Bbl MOXKETE MO3BOJIUTH (YHKIIMH IOJICYETa OUYKOB CJEJIaTh 3TO 32 Bac; B JIIOOOM cilydae
Bam cuer 6yzer Takum xe.

Tecrosblit HaOop AaHHBIX cruckoB 100,000 urp Bo Bpems TectoBoro nepuona (mecsaua 133-135). Kaxnas
u3 3tux Urp ogHosHauHo uaeHtuduuupyercs TEID (Test Game ID) B auanasone ot 1 1o 100000. Tecrto-
BBl HA0OP JAHHBIX MPEAOCTABIAET JOCTATOYHYIO HH(POPMALIMIO O KaXKIOM U3 3TUX UTpP, BKIOYask Mecsll, B
KOTOPOM OHa Obljla CchilpaHa, U MACHTU(UKAIMOHHBIE HOMEpa JUIsl OeNbIX M YEpHBIX, YTOOBI Bbl MOTJIHU
IIpEJICKa3aTh HCXOJ KaX 101 UTPBI.

[Tpu oTnpaBKe MPOrHO30B HEOOXOIUMO BKIIOUMTH (aiiin co Bcemu 100 000 urpamu, a Takke CTPOKY 3aro-
noBka. Jlns kaxxnoii urpsl Bel ykasbiBaete TEID u oxunaemyro oneHky aiis 6enoro (JecITHYHOE 3HAaUeHNE
ot 0 1o 1). OOGparute BHUMaHHe, YTO (YHKIHS OLEHKHU OyJeT pacCMaTpHUBATh BCE OXKHUJIAEMble OLIEHKU
Hwke 0.01 B 0.01, u 6ynet paccmaTpuBaTh Bce okuaaeMbie orieHkH Boite 0.99 0.99 a.

Bbl omxHBI yOeAUTHCS, UTO BAIllM UTPHI IEPEUNCIICHBI B MOPsAIKEe Bo3pacTanus, B coorBercTBuu ¢ TEID.
[lepBast cTpoka-3TO CTpOKa 3arojloBKa, BTOpas CTpoKa-3To Bam nmporHo3 Ha TEID#1, Tpetbst cTpoka-3To
Bam mporHo3 Ha TEID#2, m Tak nanee, 3akaHuuMBas TOCIEAHUN psll, UMEIOIIUN CBOW MPOTHO3 Ha
TEID#100000. ITostomy Bce ¢aitnbl qomkHbl uMeTh poBHO 100001 cTpok.



®aiinel TODKHBI OBITH OTGopMaTupoBanbl B popmate ¢ Paznenurensamu-zamsateivu (CSV), umes ".CSV-
daiina" pacmmpenus u pasaeneHus 3HaYeHUH B OJJHON CTPOKe Yepe3 3amsATyIo.

B kauecTBe mpumepa, ecnu BbI npenctaBuiu ¢aitn, copepxaniuii mporHosst 0,500 mms oxumaemMoro pe-
3yJbTaTa OeJbIX B IEPBBIX TPEX UIPaX, IEPBbIE YETHIPE CTPOKU OYIYT BBIMISIETh CIEIYIOIUM 00pa3oM:

TEID, WhiteExpect
1,0.500000
2,0.500000
3,0.500000

@ailnibl JaHHBIX OXBAaTBIBAIOT MocieAHHue 135-mecsuHble pe3yabTaTbhl MPOPECCHOHATBHBIX MIAXMAaTHBIX
UTp, U3BJICUCHHBIE U3 0a3bl NaHHBIX BeemupHoii maxmarnoit ®enepanuu (PUJE). Tlepuon obydenus co-
craBisieT 132 mecsia, 3a KOTOPBIM CIIEIYET TpexXMecsuHbIi nepuoj TectupoBanus (133-135 mecsues).
KoHKpeTHBIX CpOKOB HE IPEyCMOTPEHO; BCE Urpbl MpocTo 1enoe yucio mecsu U# or 1 no 135. Ecth
54,205 pa3nuyHBIX IaXMAaTUCTOB, BKIIOYEHHBIX B JAHHBIC; 3TH UTPOKU OAHO3HAYHO UIACHTU(PHUIMPYIOTCS
10 UACHTU(HUKATOPY B Auana3oHe ot 1 1o 54,205.

B pamkax koHKypca npefocTaBiIseTCsl BOCEMb PAa3IMYHBIX (ailiioB:

(1-3) nnst oOydeHus Ballieil CUCTEMbI IPOrHO3MPOBAHKS MOXKHO MCIIOJIBb30BaTh HA0OP JAHHBIX HAYaJIbHOTO
o0yuenus (Bkiarouass 1840 124 wurper). OH paszesieH Ha TpU OTAENbHBIX (aiia: acte 1 (Mecsipl 1-96),
gacTh 2 (Mecsipl 97-118) u yactp 3 (Mecsiupl 119-132).

(4-5) BTOpMUHBINA HAOOP MAHHBIX JUIsd 00y4eHus (B ToM uucie urpsl 312,511) u Beiciiero yueOHoro Habopa
JAHHBIX (BKJItOYast Urpel 265,577) obecnednTh OMOJHUTENbHBIA 00YYalolUMX JaHHBIX, KOTOPbIE MOT'YT
OBITH IMOJIE3HBI JUISI IPOBEPKHU Ballleil CUCTEMBl U MPOTHO3UPOBAHUS PE3yJIbTaTOB UIphl. [l ydactus B
KOHKYypce He TpeOyeTcs UCIOJIb30BaTh 3TH JONOJIHUTENbHbIE 00yJaromnue Habophl JaHHBIX, HO OOJIBLIMH-
CTBO CHCTEM 3HAYUTEIHHO BBIUTPAIOT OT MCIOJIB30BAHUS BTOPHUYHBIX U TPETHYHBIX 00y4YarOmuX HAOOPOB
naHHbIX. bonee noapoOHy0 HHGOPMAIMIO MOKHO HAWTH Ha CTPAHUIIE JOMOJIHUTENIbHBIE HA0OPH! JaHHBIX
00yJeHwusl.

(6) TecroBslit HaOop naHHBIX (BKIto4as 100 000 urp) uaeHTuduuupyer maxMaTHble MapTHH B TEUEHUE Te-
CTOBOT'O NEPHO/Ia, KOTOPBIM JOKEH ObITh Mpeacka3zaH. Taxke oOpaTuTe BHUMaHUeE, YTO mpumep (aiina
OTIIPaBKH MIPUBEJCH HA CTPAHUIIE MHCTPYKIIMH 110 OTIIPaBKE.

(7) nepBOoHAaUYaNbHBINA PEUTUHTOBBIN criucoK (BKiouas 14,118 UrpokoB) copepKUT NEepBOHAYAIBHBIN CITH-
cok pertnHros ®UJIE urpokos, BXOIALNIMX B HA4ajl0 TPEHUPOBOUHOIO NEPHUOAA. ITO COCTABIISIET MPHU-
Onm3utenbHo 25% OT 001Iero KoJnyecTBa WIPOKOB; HadajdbHbIE OLIEHKH JUISl OCTaNbHBIX 75% HUIpOKOB
JIOJKHBI OBITh PACCUMTAHBI HA OCHOBE UX HadaJbHBIX UTP B T€UEHUE TPEHUPOBOUHOTO nepuona. [lomuure,
YTO JTI000H JKeNarolui MPEeTeH10BaTh Ha pu30Byr0 kKateroputo ®UJIE nomkeH ucmnoiab30BaTh STOT CU-
COK, YTOOBI ONpeAETUTh HaualbHble peUTUHIU 3TuX 14,118 Urpokos.

(8) mpumep ¢aitna nmpencrasnenus (Bkiaogas 100,001 ctpok) popmaTtupyeTcs COOTBETCTBYIOIUM 00pazoM
JUTSL TIPEJICTABJICHUSI HA KOHKYPC, COJEpKaIInid TporHo3 oxuaaemoro 6amia 50% s Bcex 100 000 urp B
TECTOBOM Habope. DTO MIEHTHYHO TECTy BceX HUUbMX. OH BKIIIOYAeT B ce0sl CTPOKY 3arojoBKa, 3a KOTO-
poil ceayroT MPOTHO3BI IJIsk TECTOBBIX Urp #1, #2, #3, ..., #99,998, #99,999, #100,000, B o011e# CIOKHO-
ctu 100,001 crpok. Bamm daxruyeckue nmpeacTaBaeHust JOMHKHbBI ObITh TOUHO TAaKUMHU K€, KaK ATOT (aii,
3a MCKJIIOYEHUEM TOTr0, YTO OH OyJeT colepkaTh Ballu (PaKTUYECKHE MPOTHO3BI JJIs KaXKIOW UIPHI, a HE
yHHUBepcanbHbIi 50%.

Ha6op lanueix HauansHoro O0yuenus



Ectp 1,840,124 urpsl B Habope Ha4aIbHON MTOATOTOBKH, OXBATHIBAIONIUX TOCIEIHUE OTMHHAIIATH-JICTHUNA
nepuo/ (U3BeCTHBIN kKak Mecsl #1 yepe3 mecsi #132). Onu coctaBisitoT 35-40% OT MOYTH MATH MUIJLITUO-
HOB MTPOBBIX PE3YyJIbTAaTOB, KOTOpHIe ObuTH Hcmonb3oBanbl DUJIE (Becemuproii mraxmatrnoit deneparueii)
JUIsl pacueta peUTuHroB MrpokoB 3a 3To Bpemsi. MHOrue u3 3TUX HATH MUJLTMOHOB UTPOBBIX PE3YJIHTATOB
HE JIOCTYIHBI IO OTJENBHOCTH B KOMIIBIOTEPHBIX (paiiyax, ¥ MO3TOMY OHH JOJKHBI ObUIHA OBITH YACTHYHO
BOCCTAHOBJICHBI U3 JAPYTUX UCTOYHUKOB IS 3TOTO KOHKYPCa; IMEHHO IMO3TOMY B HaOOpe HAYabHOU TO-
TrOTOBKH ecTh "Tonbko" 1,84 mmmmnona urp. Ha nmpoTspkeHuu Oonbleid 4acTH TPEHUPOBOYHOTO MEPHOJIA
OCHOBHOHM TPEHHUPOBOYHBIA HaOOp copepkuT okoio 25% mnonnoro Habopa urp FIDE, ucnons3yemsix s
O(pUIMATBHBIX PEUTUHTOBBIX pacyeToB. [IponeHT HaMHOTro BbIIIE B MOCJEIHUE JIBA I TPU rojla TPEHHU-
POBOYHOTO TIepHroaa, Onaromaps HeqaBHUM m3MeHeHUsM B npaBwiax @UJIE o ToM, kak opraHu3aTOpsI
TypHUPA JOJKHBI IPEJCTaBIATh pe3ynbTarhl cBoero Typaupa ®UJIE. Ilocnennue nanusie ropasno Oolee
JIOCTYITHBI.

EcTh Tp BO3MOXKHBIX MCX0/1a 3aBEPILICHHON UTPHI B MaXMaThl - 100 Oenble modesl, oo urpa odpamia-
€TCs1, WM YepHbIe T00eIbl. DTH COOTBETCTBYIOT "3a0uTh" Ha 6enom 1.0, 0.5, 0.0 6amnoB wim, 1 HAOOOPOT,
pesynbrar B yepHbiid 0.0, 0.5, 1.0 umu oukoB. TypHup 3a0mi1 Kak TpaBwiio, JOOABISET UTPOKA B 0OIIEM
peUTHHre, TaK YTO TOT, KTO BBIUTPHIBAET TPHU UTPHlL, HUUbU B IISITU MaTyax, U MPOUTPHIBAET OJHY UTPY ObI
oOmmit 6amn 5.5 u3 9 urp, u (HeCMOTpsI Ha MEHbIIIEe KOJIMYECTBO 1MoOe ) OyAeT PUHUIINPOBATH BIEPEAN
KOT0-TO, KTO MOOEXKAAeT B ISITH UTPax, PUCYET HOJb UTPHI M MPOUTPBIBAET YeThIpe UTphl (00mmii 6amt 5.0
u3 9). Ilpu 3TOM BaXHO YYHTHIBaTh HE TOJIBKO TO, CKOJIbKO MTp yJAeTCs BBIUTPATh UTPOKY, HO H TO,
CKOJIBKO MOTEPh eMy yaaeTcs u3bexarb. berblie Bceraa IBUratOTCS EPBBIMU, U TOITOMY €CTh HEOOIbIIIOE
PEUMYIIECTBO B TOM, 4TO Oenbie Gurypsl (6osiee BeIpak€HHBIE CpelH CHUIBHEHIINX MUTPOoKoB). Hampwu-
Mep, B IEPBUYHOM TpeHHUpPOBOYHOM Habope 125 000 urp, rae abcomroTHas pasHuna B pedruHrax OUJE
MEXy UTpOKaMu Obu1a MeHblne 20 0YKOB, a cpeiHuil Oa OenbIX B 3TUX Urpax coctaBmi 53,7%.

Habop nannbix nepBuyHoro o0ydenus Bkirodaer B cedst 1840 124 urp, kax10il U3 KOTOPBIX IPUCBAUBAET-
Csl YHUKANbHBIM UAeHTH(PHUKATOP MepBUYHON oOyuatomeilt urpsi# (HaszpiBaembiid PTID) ot 1 mo 1840 124.
Jis xaxxmout urpel, PTID, u mecsiy U1 (ot 1 go 132), a urpoka id #'s mist OeibIX ¥ YEPHBIX HTPOKOB, a
TaK)Xe MCXOJ UIphl, oT Oenoro 3peHust (ouku ymbo 1.0, 0.5, wnm 0.0). Pelitunru fide urpokos He mpen-
CTaBJICHBI B Ha0Ope JaHHBIX TEPBUYHON TPEHHPOBKH; YaCTh 3a7addl IJIs Bac, 4TOOBI ClIeNaTh CBOHM COO-
CTBEHHBIE OLICHKH U3MEHEHHSI CUIIbHBIX CTOPOH UTPOKOB C TEUEHHUEM BPEMEHH.

Hakonen, Habop JaHHBIX OCHOBHOrO OOy4YeHMsS NPEJOCTaBIseT [JBa M30BITOUYHBIX 3HAYCHMS
(WhitePlayerPrev u BlackPlayerPrev) s kaxmoro pesynbraTa Urpbl, yka3blBas KOJIUYECTBO Urp (B HaOO-
pe OCHOBHOTO OOyuY€HMsI), CBITPAHHBIX KaX/bIM M3 JBYX UIPOKOB B TE€UEHHUE NPEAbIAYIIUX 24 MECSIEB.
OTH 3HAYEHUS] MOTYT OBbITh BBIUMCIIEHBI IyTEM MPOCMOTPA JAHHBIX 3a MPEAbLAYIIME MecAllbl B Habope
JAHHBIX HadaJlbHOTO OOYYEHHs, a He IyTeM SIBHOTO MpPeAO0CTaBIeHHs, HO s Baiero yno0cTBa oHU ObUTH
SIBHO MPEOCTABJICHBI IS KAXKI0W 00yJaromieil urpsl.

IMouemy WhitePlayerPrev u BlackPlayerPrev akryanbpubi? Hy, myn akTHBHBIX HTPOKOB BCErla YBEJTUUHBA-
eTcd B pazmepax. Takum oOpa3om, B Jr000# NaHHBINA Mecsll, MHOTHE U3 UTP, KOTOPbIE UTPAIOT BOBJIEYb
UTPOKOB, KOTOpBIE paHee UIpald OYeHb HEOOJIbIIOE KOJIMYECTBO UIp (Wiv HeT BooOuie). beuio Obl He-
CIpaBeAINBO BKJIIOYaTh MHOTHE U3 3TUX UTP B HAOOp TECTOB, MMOCKOJIBKY IMPOrHO3bI ObLIN ObI COBEPIIEHHO
HeomnpeaeneHHbIMU. Tak mpu co3gaHuu TecToBoro Hadbopa 3a 133-135 mecsieB OblT IpUMEHEH (QUIBTP.
BwmecTo Toro, yToOb! BKIIIOYATh BCE UIPHI, CHITPaHHBIE B TedeHUe MecsneB 133-135, TecToBblil HabOp aH-
HBIX BKJIFOYAET TOJIBKO MI'PbI, B KOTOPBIX 00a UTpOKa UTpasiy 1Mo KpaiHel Mepe 12 urp B TedeHue nocien-
HUX 24 MecsIeB OCHOBHOTO Habopa gaHHbIX oOydeHus (T. . mecsaneB 109-132). YuacTHHKH, BO3MOXKHO,
MO’KEIA0T MPOBECTH MEPEKPECTHYIO MPOBEPKY, OMHUPAsCh Ha 00pa3lbl U3 OCHOBHOTO Habopa yueOHBIX Ma-
TEpUAOB, KOTOpble OyIyT UMETh CXOKHE XAPAaKTEPUCTUKHU C TECTOBBIM HAOOPOM JaHHBIX, C TEM YTOOBI
pa3paboTaTh MOJENb WM ONTHMH3HPOBATH IMapaMeTpbl B Mojaend. Jlisi co3maHusl COOCTBEHHBIX MPOBE-
POYHBIX HAOOPOB U3 00YYAIOUIMX JAHHBIX MOYKHO IPUMEHUTH TOT K€ (PMIIBTP BHIOOPKHU, KOTOPBINA M CIIOJIb-
30BaJICS NIl CO3JIaHUs TecToBOro HaOopa (Tpedyercs WhitePlayerPrev > 12 u BlackPlayerPrev > 12).
Bxutouenne 3nauenuit WhitePlayerPrev u BlackPlayerPrev B TpeHMpOBOYHBIE UTPBI TO3BOJISIET 3TO Cre-
JaTh.



Hanpumep, ecnu Bamm nmpoBepKH UCTIBITaHUS OblIa B3ATa U3 UTphl HA MecsAll 130 TOIbKO, M TOIBKO HEKO-
TOpBIE UTPHI ¢ 3TOTO Mecsna Bo3Hukian WhitePlayerPrev > 12 u BlackPlayerPrev > 12, To BbI ObI TONBKO
OBITH UT'PBI, B KOTOPHIX 00a UTPOKA KaK MUHUMYM 12 Urp B T€UEHHE MPEABIYIINX 24 MECSIEB MepBUYHAS
noAroToBka Habopa (T. . MecsaneB 106-129). U sTor GuibTp aHATOTHYEH TOMY, YTO OBLIO CIASIAHO JJIS
(GUIBTpauK Urp AJISE TECTOBOTO HAbOpa.

Tecrosslit Habop /lanabix

TecroBblit Habop nanHbIX (oxBarbiBaromuii 100 000 urp mexay mecsamu 133-135) oueHb MOX0Xk Ha Oc-
HOBHOHM oOyuaromuii Habop JaHHBIX, XOTS OH HaMmepeHHO omyckaer crosoernr WhiteScore. Koneuno,
CMBICJI KOHKYpCa 3aKJIF0YaeTCsl B TOM, YTOOBI YYaCTHHKH TOYHO IpesckaspiBann WhiteScore s Bcex urp
B TECTOBOM Habope JaHHBIX, IOATOMY TECTOBBIH HAOOP AHHBIX YKAa3bIBAE€T TOJIBKO JIMYHOCTU UTPOKOB U
Mecsll, B KOTOPOM Urpa ObuIa ChIrpaHa, ¥ HE COOOIIAeT BaM pe3ysIbTaThl UTPhl. TecTOBbI HAOOP JaHHBIX
BKJIFOYACT BCE M3BECTHBIC UTPHI, chirpanHbie B 133-135 mecsanax, rae oba urpoka ceirpaiu 12 unu 6osee
urp B nocieanue 24 mecsua Habopa JaHHBIX HAYaJIbHOM ITOATOTOBKH.

Habop TectoBbix nannbix BkiaoyaeT 100 000 urp, kaxa0il 3 KOTOPBIX IPUCBAUBAETCS YHUKAIbHbBIN UCH-
tudukarop tecroBor urpbi# (HaseiBaembiii TEID) ot 1 go 100 000. ns kaxmoi urpsl, TEID, u mecsiy
N (mexnay 133 u 135), u ID urpoka 3a 6enbIx U 4epHBIX UTPOKOB, He npeaycmorpeHo. TEID ocobenno
Ba)KEH, MIOCKOJIbBKY OH OY/ET MCIOJIb30BaThCS A YHUKAIbHON MICHTU(UKALUMN KaXXJOW TECTOBOW UIPBHI
IIPU OTIPABKE MPOTHO30B U JUIsl COPTUPOBKU CTPOK B (pailyie OTIPaBKH.

OOpatute BHUMaHKE, YTO Bbl HE TOJIKHBI MCIOJB30BAaTh TECTOBBIM HA0Op AAHHBIX B KaueCTBE JOINOJHHU-
TEIHHOTO MCTOYHHUKA MOJICKA30K O cuiie urpoka. I[IporHossl Ha mecsibl 133-135 H0MKHBI OCHOBBIBATHCS
Ha OIICHOYHBIX HUTPOBBIX CIIOCOOHOCTAX HTIPOKOB B KOHIIE Mecsana 132, U 3TH MPOTHO3BI JAOJKHBI OBITH
MOJIHOCTHIO MEPCIIEKTUBHBIMU, KaK €CJIM Obl BBI C/I€TIANI MMPOTHO3BI MPSAMO B KOHIIE Mecsa 132. Mel Mor-
a1 OBl TIONPOCHTH TOJHBIA Kpocc-poayKT (54,205 x 54,205 x 3) mpeacka3aHuii BCeX BO3MOXKHBIX HT, a
He Tosibko 100 000 urp u3 TecToBoro Habopa, HO 3TO OBLIO ObI CIIMIIKOM OOJIBIIUM (haiiioM ISl OTIIPABKH.
Bwmecto 3T0ro, uToOBI NPEnsATCTBOBATh YyYaCTHUKAM "MalHUHIA" TECTOBOro HabOpa JaHHBIX JUIS MOJIy4de-
HUS JIOTIOJIHUTENIbHOH MH(OpManuu, TecToBbld HaO0op AaHHBIX u3 100 000 urp BKIOYaeT B ceOS MHOTO
TBICSTY JIOKHBIX COBMaaeHU. [IpOTHO3BI ISl STUX KOHKPETHBIX UTP OyayT OTOpOIICHBI U HE OYyAyT HC-
MOJIb30BAThCA MPHU MOJCYETE OYKOB. MeETO/ TeHepaluy JOKHBIX COBIAJCHHUI HE SBIISETCS CIy4allHBIM U
He packpbiBaercd. JIOXkHBbIE UIpbl HAMEPEHHO BKIIIOYAIOTCS, YTOOBI MOOYIUTH JIIOJIEH MPOrHO3HPOBAThH
TOJIBKO MEPCIIEKTUBHO.

Kpurepuu oueHku:
Kaxxnp1it 13 cTy/1IeHTOB Tpynisl nmoxy4daeT 30 6aJijioB Mpu YCIOBUM MOMAJaHUS KOMaH/IbI B

top-30% peittunroBoit Tabmuiel. Ecnu y rpynmsl BOZHUKAIOT TPYIHOCTH, MPEIO1aBaTeNb
MIOMOTaET, YTOObI YKAa3aHHBIA PEUTUHT ObLT JOCTUTHYT. JIaHHBIN KypC YMTaJICS B MAarucTpa-
Type Mexmarta FODY yxe Oonee 5 net. 3a Bce ero UCTOPHIO e1iie He ObLJIO0 CTYACHTOB, KO-

TOpbIE HE CMOTJIH OBI TTpeooJieTh 6aprep top-30%.



MuHHCTEPCTBO HAyKU U BhIcIIero odpazoBanus Poccuiickoit denepannu
denepanbHOE rOCyAapCTBEHHOE OI0PKETHOE 00pa30BaTeIbHOE YUPEKICHHUE BHICIIETO 00-

pa3zoBaHus «POCTOBCKHI rOoCyJapCTBEHHBIN 3KOHOMUYeCcKHi yHuBepcuteT (PUHX)»
@DaKynbTEeT KOMITBIOTEPHBIX TEXHOJIOTHIA U 3aIUTH HH(pOpMaIiH
Kadenpa dpynnamenTaapHO#M ¥ MPUKIIATHON MaTEMaTUKH

Bomnpocskl Kk 3k3aMeHy

IIpuknagHoe MalIMHHOE 00y4YeHHe

(Haumenosanue OUCYUNIUHbL)

[lepeuncnure anpTepHATUBHBIE HA3BaHUA 001acTH Hayku MamrHHoe oOydeHue (XoTs Obl 2
mtykn) (0,5 6ama)

MoHO JI1 UCTIOJIB30BATh MAIIMHHOE O0y4YeHUE, YTOObI aBTOMATUUECKH OIIEHUBATh COUU-
HEHUSI MKOJIHHUKOB? Eciin 11a, TO 4TO JUIsl 3TOT0 HY>KHO, OIUIIUTE MaTEMaTUYECKYIO T10-
CTaHOBKY 3aJla4yi MalIMHHOTO 00yueHus. Ecnu Her, o0bsacuute noyemy. (1 6asmr)

[lepeuncnure TUIIBI 3a/1a4 MATUHHOTO OOYUEHHS. Y KQXKUTE KAKU€ TUITBI MOKHO CBECTH K
JPYTUM U KakuM oOpa3oMm. (2 6aia)

[lepeuncnure TUTIBI MPU3HAKOB OOBEKTOB B 3a7ja4aX MalTMHHOTO 00y4deHus. Yem oHU apyr
oT apyra otinyarotcs? (1 6amn)

YTo MaTeMaTUYECKH O3HAYAIOT TEPMHUHBI MOJICNIb U AITOpUTM 00ydeHus moenu? (1 6an)
OnummTe camblid MOMYJSPHBIA 00IIMIA anropuT™ oOydeHust moaenu. (1 6amm)

[Tepeuuncnure MpoOIIeMBbI, W3-32 KOTOPBIX MIEPEXOIAT K BEPOSITHOCTHON TTOCTAHOBKE 331a4H
MaruHHOTo oOy4denus. (0.5 6amna)

Kakum 006pa3omM mpoucxoauT o0yueHrne B BEPOSITHOCTHON MTOCTAHOBKE 33/1a4i MAITUHHOTO
o0y4eHus B CiTydae, KOTJia Hy>KHO HAalTH TUIOTHOCTh BEPOSATHOCTH U QYHKITUS MTOTEPh HE
3anana. (0.5 6anna)

Yro takoe pemaromias ¢y (decision function)? I'ne u kak ona npumensiercs? [o ka-
KOM IpaBuily oHa pabotaet? (1 6amn)

Jliis 3aianHOro 00bekTa X 1 KitaccoB y in {-1,+1} anrropuT™M MamHHOrO 00y4EeHHUS pac-
cUMTAa yCIIOBHbBIE BeposTHOCTU P(X|y): p(x[+1)=0.8, p(x|-1)=0.4. Kakoii kinacc Hy>KHO
npeacKazaTb 0ObEKTY X, YTOOBI BEPOSITHOCTh OTMOKHM OblJla MUHUMAJIbHA, €CJIU B 00yYato-
mieit Beroopke 30% o0bekToB umeroT kinace y=+1 u 70% knacc y=-1. Ecau o6a perienus
UMEIOT OJJMHAKOBBIE BEPOSITHOCTH OMIMOKH, Tak U HanumuTe. OO0CHYIHTE perieHne maTe-
MaTuyecku. (2 6ama)



baHKy HY>KHO NPUHSATH PELIEHNE O BbIJAaU€ KIMEHTY KpeaAuTa BeIUYnHoi 1 MiH. py0. Ha 1
roa noj 15% roaoBeix. B ciiydae oTpuniaTebHOTO penieHus: 0aHK pUCKYET MOTEPATH CyM-
My, paBHYIO 15% OT BeIMUMHBI KpeuTa. A B Cilydae MOJOKHUTEIbHOTO PELICHHS U HEBO3-
BpaTa KpeauTa KIMEHTOM OaHK PUCKYET MOTEPSATh CyMMY, PaBHYIO BeJIMuuHe KpeauTa. s
3aJJaHHOTO KJIMEHTA X U KJIacCOB y IN {BEpHET, HE BEPHET} AITOPUTM MAIIMHHOTO O0yUYCHHSI
paccumTall yCIOBHEIE BepoATHOCTH P(Y[X): p(BepHeT|x)=0.9, p(ue BepHeT|x)=0.1. [Tomorute
OaHKy NMPUHATH BEPHOE PEIICHNE, MUHUMU3UPYIOIEE BEIUUMHY CpeaHero pucka. Eciu o0a
pELIeHUs] IPUBOJAT K OJJMHAKOBOMY CpPETHEMY PUCKY, Tak U Hanumute. OOOCHYHTE perie-
HUE MaTeMaThuyecku. (2.5 6aa)

3agaHa BEIOOpKA OJTHOMEPHOM ciydaitHou BenundyuHbl: X ell={4,1,6,2.4,3,2,5,9.4}. I[1o-
CTpOHTE MPUOIMIKEHUE K ITIOTHOCTH PACTIPEICICHUS, UCTIONb3Ys ITapaMeTPUICCKUH 101-
X0J1 U HOpMaJibHOE pacipeaeieHue. (2 6ama)

B oOyuaroiieit Beibopke 60% o00bekToB nmeroT kinace y=+1 u 40% kiacc y=-1. [Tapamer-
PUYECKUH MTOAX0]] pACCUUTAI PUOIMKEHHBIC YaCTHBIE INIOTHOCTH PaCIPeACIICHHS
p(x_1]y) u p(x_2|y) npuznakoB X _1 u x_2 mist kaxaoro kiacca y\in\{-1,+1\}:

p(x_1[+1) \sim N(5,1), p(x_1|-1) \sim N(6,1), p(x_2|+1) \sim N(-2,1), \ p(x_2|-1) \sim N(-
3,1).

3neck N(a,\sigma’*2) - HopMalbHOE pactpe/eICHHe ¢ MAaTOXHUIaHUEM a M TUCTIepCHei
\sigma”2. Mcrosnb3yst HaMBHBINM 0alieCOBCKHIA MTOIX0/1, HAIMIIIKTE, KaK BbI OYy/eTe paccyu-
TBIBATh BEPOSTHOCTH KJ1accoB y=\pm 1 st o0bekta (x_1,x 2) = (7,-1.5). [IpubnamkeHHbIC
BBIYMCJICHHSI SKCIIOHEHT BBITIOJIHATH HE HYKHO, ITYCTh OHH OCTaHYTCSI B pOpMyJie OTBETa
KaK ecThb. (2 6arnia)

[TnoTHOCTH BeposiTHOCTH p(X_1,X 2|y) pacnpenenenus oobekra \bar x=(x_1,x_2) B k1accax

y=\pm 1 ectb
1 _1
1) = — 2
Pl % 4+1) = e

1 3222
2

((x1-3)%+(x2-1)?)

p(x1, xz|=1) =
[IpoBepbTe BBHIOIHEHHE YCIOBHI TEOPEMBI O JIOTUCTUUYECKON perpeccuu (HaluMIIuTe 3Ty

IPOBEPKY!) U, €CTIM OHU BBIMOJHSIOTCS, HAWIUTE YpaBHEHUE JIMHUH, Pa3IeIsSIONIeH KIIACCHhI,
U BbIpa3uTe BepoaTHOCTH p(y[x_1,x_2) uepe3 noructuueckyro pyHkuuo. (3 Oaia)

Hanumure dhopmyny u HapuCyiTe Ha rpaduke 3aBUCUMOCTh (YHKIMHU MOTEPH OT BHICTYIA
00BbeKTa 17151 TOTUCTHYECKOU perpeccun. Hapucyiite Ha 3TOM ke rpaduke OMHapHYIO
dbynkuo noreps. (1 6amm)

3amaHa MaTpuiia 00bEKTOB-IIPU3HAKOB:
X1 &X2&Y
na & moxap & 5
na & 0e3 ocaakoB & -7
HeT & cHer & -1
na & 0e3 ocagkoB & -5
HeT & 0e3 ocaakoB & -8



na & cuer & -2

HeT & cHer & 0

HeT & 6e3 ocaakoB & -3

na & 6e3 ocagkoB & -10
[TpumenuTe 6mHapu3amuio (one hot encoding) k mpusHaky X 2. Hamummre moyquBITyroCs
MaTpuUIlly 0ObEKTOB-NIPU3HAKOB. (2 6asa)

OnummTe reoMeTPUYECKU CMBICT METO/1a HAMMEHBIIIUX KBaIpaToB. (2 Oasa)

[Tpu KaKuX yCIOBUSAX METOJ HAMMEHBIIINX KBaJIpaTOB COBMAACT C MPUHITUTIOM MaKCUMyMa
npaBnonoaoous? (2 6amia)

UYem rpeOHEBast perpeccus OTINYaeTCs OT OOBIYHOTO METO/Ia HAMMEHBIITUX KBAIPATOB?
Hamummre dhopmynel. (1 6amr)

Hanummre BBIBOJ pelICHUST METO1a HAMMEHBIIINX KBAIPATOB YEPE3 KOMIOHEHTHI SV D-
Pa3JIOKEHUSI MAaTPHUIbI OOBEKTOB-TIPU3HAKOB. (3 Oasa)

Kak uncio o0ycnoBI€HHOCTH MAaTPHIIBI CBSA3aHO C €€ CUHTYJISIpHBIMH 3HaueHusMu? Hamu-
mute popmyiy (1 6amn)

N3-3a yero BO3HUKAIOT MPOOJIEMbl B TPUMEHEHUN METO/1a HAUMEHBIIIUX KBaJIpaTOB K 00y-
yaromiei BEIOOPKE ¢ MyJIbTUKOJUTMHEApHbIMU TTpu3Hakamu? Kak ¢ aumu 6oprotes? (2 6an-
Ja)

Urto Takoe u kak padboTaeT MeTo riaBHbIX KomMnoHeHT (PCA)? (2 6ama)

Kak SVD-paznokeHue cBsizaHo ¢ MeTOI0M TJiaBHbIX koMnioHeHT (PCA)? Hanumure ycio-
BHE T€OpeMBI. (2 Oana)

Kpurepuu ouenku:

Kaxx1plil cTyIeHT mosty4aeT cBO HA0Op 3aJaHUi U3 YKa3aHHBIX BbIIIE, CTEHEPUPOBAHHBIN
aBTOPCKOM MpOrpaMMoOi pacrpezesieHuss BapuaHToB. [Iporpamma cieaut 3a Tem, 4TOOBI
CyMMapHasi CJIOHOCTb MOTY4aroIIUXCsi OMIIETOB y BCEX CTYACHTOB cocTasisiia 40 6anos,
a TaKKe 3a pacHpesieICHUEM BOIPOCOB [0 TEMaM, pacCagkoi CTYAEHTOB B Kilacce (BOMPO-
Chbl paclpeiessoTcsa TakK, YTOObl PSAAOM CUASIIME CTYACHTHI MOJy4Yald pa3jiuyHbIe 3a]a-
HUS). 3a KOKIYI0 MPaBUIbHO OTBEUEHHBINH BOMPOC CTYJEHTY HAUMCIAIOTCSA Oaibl yKa3aH-
HBIE B CKOOKax 1mocje (opMyJIMpOBKH BOMPOCaA.



