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. LUEN U 3A0AYN OCBOEHMNS ANCLINMITNHbI

Iesan ocBOGHUS TUCHUIUIMHBL. U3YYEHHE COBPEMEHHBIX MPHKJIAJHBIX METOAOB M TEXHOJIOTHIH
MAaIIMHHOTO 00y4YeHUS

3agaun:

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

JITOPUTMOB, METO/ OOy4yeHHs, (YHKIMOHAJ KayecTBa, mpolieMa mepeoOydeHus U o0oOmaromas
CIOCOOHOCTH aJITOPUTMOB, BEPOSITHOCTHAS TIOCTAHOBKA 3a7]auil 00Y4eHUS;

* 3HAKOMCTBO C METOJaMM PELICHHUs 3a/1a4 KiIaccu(UKalul U perpeccuu: 6aiiecoBCKUM IOJ-
XO0ZIOM (HauBHBIM, CMECSAMU MHOTOMEPHBIX HOPMAJbHBIX paclpeieieHuil), METPUUECKUMH aJITOPUT-
MaMH, JIMHEWHBIMH JIFTOPUTMAMHU (OZHOCIIONHBIM IIEPCENTPOHOM, JIOTMCTUYECKON perpeccueii, SVM),
JIOTHYECKUMH aJTOPUTMaMH Kiaccu(UKalui, METOJJaMHi BOCCTAHOBIICHHSI perpeccu Ha ocHoBe SVD-
pas3noxeHus

* OCBOCHHE METOJIOB OLIEHKH KauecTBa pabOThl aJIrTOPUTMOB,;

* 3HAKOMCTBO C METOaMHu cOOpa M pa3METKH JaHHBIX

* W3y4eHHE CIOCOOOB OICHKH WH(MOPMATHBHOCTH 3aKOHOMEPHOCTEH M TOHCKa HH(pOpMa-
TUBHBIX 3aKOHOMEPHOCTEH

* npuoOpeTeHre HaBbIKOB IOCTPOCHUS KOMITO3UIMIA alIrOPUTMOB

* TIOJyYEHHE MPEJICTaBICHUI O COBPEMEHHOM COCTOSIHUM MAIIMHHOTO O0y4YeHHS

¢ 3HAaKOMCTBO C pPCKOMCHIATCJIbHBIMU CUCTCMaMU

. MECTO gNCUUNIlJINHbl B CTPYKTYPE OI1 BO

2.1. Yuebnas mucruiumHa «lIpukinagHoe MammaHOE o0yueHue» (1 roa, 2 cemecTp) OTHOCHTCS
K 4acTH OJIOKa JTUCIMILIMH (MOJyJeH), GOPMUPYEMBIX Y4aCTHHKAMH 00pa30BaTeIbHBIX OTHOIICHUN U
SIBJISICTCS AUCIUILTUHON TI0 BEIOODY.

2.2. J1na u3y4eHus MaHHON y4eOHOW JUCIMILTMHBI HEOOXOIUMBbI 3HAHUS, YMEHUS U HABBIKH,
dbopMupyeMbIe TPEIIICCTBYIONUMH JTUCIUILUIHHAMEU OakanaBpuara «OCHOBBI MPOTPAMMHUPOBAHUS,
«SI3bIKU TporpaMMHpoOBaHUs», «Teopus BepOATHOCTEH W MaTeMaTU4yecKas CTaTUCTHKA», «Anredpa u
reoMeTpHsl», «BBIYUCIUTEIbHAST MATEMATHKA.

2.3. 3HaHUS U HaBBIKH, MTOJYUYEHHBIE B XOJI€ U3YUEHHUS JAaHHOW JUCIUIUIMHBI, MOTYT HUCIOJIB30-
BaThCsA JUIA peIIeHUs TPOo(YEeCCHOHANBHBIX 3a7]ad B  HAyYHO-HCCIIEAOBATEIbCKOW, HAydHO-
MIPOM3BOJICTBEHHONW M MPOEKTHOM AEesITeNbHOCTH, B YACTHOCTH, MIPHU Pa3pabOTKe alrOpuTMOB U TPO-
rpaMM B paMKaX MOJATOTOBKH BBITYCKHOW KBATU(UKAIIMOHHOW PabOTHI.



Ill. TPEBOBAHWUA K PE3YJIbTATAM OCBOEHWUA ANCLUUNTITIUHBI

[Iporniecc n3ydeHust TUCHIUILIAHBI HAMMpaBiieH Ha (OPMHPOBAHUE JIEMEHTOB CIICTYIOIINX KOM-
nereHuuit B coorBeTcTBUU ¢ ®I'OC BO u OIl BO no nanHoMy HampaBi€HUIO MOATOTOBKHU (CIELHU-

AITBHOCTH):

Hepeqeﬂb IJIAHUPYEMBIX PE3YyJbTATOB oﬁyqe}mﬂ mo JTMCIHMIIJIMHE,

COOTHECEHHBIX C IVIAHUPYEeMbIMH Pe3yJIbTATAMH OCBOEHHS 00pa30BaTe/JbLHOM NPOrpaMMBbI:

Iu¢p u pop-
MYJIMPOBKA
KOMIIEeTEeHIINIi

(pe3yabTaThl
ocBoenusi OII)

Indp u dpopmy-

JIMPOBKA MH/U-

KATOPOB KOMIIe-

TeHuMii (pe3y.ab-

TATOB OCBOCHHUS
0)1))

JJieMeHThI KOMIIeTeHUHH, (popMupyemMble TUCUUIIJIMHOI

I1K-3. Cnocoben
pa3pabarbiBaTh U
MPUMEHSTh Me-
TOJIBI ¥ aJITO-
PUTMBI MaIlIH-
HOTO O0y4YeHHS
IUISL peIICHUS
3ama4

I[IK-3.1. CraBur
3a/la4 1Mo paspa-
0OTKE MM CO-
BEPIIICHCTBOBA-
HUIO METOHOB U
QITOPUTMOB  JIJIS
pelIcHus KOM-
meKca 3a71a4
MpEeAMETHOM  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
METO/IbI ¥ aJITOPUTMBI MALTHHHOTO O0Yy4eHUS

IIK-3.1. H-1. Biameer HaBBIKOM ONEpUPOBAHUS OCHOBHBIMHU
MOHATUSMH MAIIMHHOTO OOYYEHHUs: IPELENeHT, o0yJarouias
BBIOOpKA, MPU3HAKU OOBEKTOB, BHJbI MPHU3HAKOB, MAaTpHIla
00BEKTOB-TIPU3HAKOB, MOJIENIb AJITOPUTMOB, METOa OO0yue-
HUs, GYHKIMOHAT Ka4yecTBa aJlrOpUTMa, rpodiema nepeody-
YeHus1 U 00o0Imaronas crocoOHOCTh anroputMa. HaBsikom
MIPUMEHEHHS] METPUYECKHUX aIrOpUTMBbI Kiaccu(UKaIiu, uc-
nonp30Banus EM-anroputma pasjeneHust cMecu, paboThl
QITOPUTMOM CTOXACTUYECKOTO TPAJAUEHTA JUISI MUHUMH3AIIH
(GyHKIMOHATIA CPEHET0 PUCKA, TIOCTPOCHUS MOJIEIEH 110 Me-
TOJly OMOPHBIX BEKTOpoB (SVM), paboThl ¢ anroputMamu
BOCCTAHOBJICHUS PETPECCUU: METO/I HAMMEHbBIIUX KBaJPaTOB,
HernapamMeTpHuecKasl perpeccusi, MHOroMepHas JIMHeHHas pe-
rpeccusi, IOAX0J ¢ Ucroib3oBaHueM SVD-paznoxeHus mat-
puLbl, rpeOHeBas perpeccusi, UCHOJIb30BaHMS JIOIMUYECKHX
METOJIOB KJIAaCCU(UKALIUU, MOCTPOCHMS] KOMIIO3MIMHM ajro-
PUTMOB

[1K-3.2. PyxoBo-
JUT  HCCenoBa-
TEIbCKOW  TpyI-
noi mo pazpabort-
Ke€ WIM COBep-
IIEHCTBOBAHUIO
METOJI0OB U aro-
PUTMOB s pe-
HIEHUs] KOMILJIEKCa
3aJa4  [peaMeT-
HOM obJsacTu

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

[1K-3.2. V-1. YMmeer onpenensTb KpUTEPUH U METOJIbI OLICH-
KM pe3y/lbTaTOB MOJEIMPOBAHUS NPU IMOCTPOEHUH CHCTEM
HCKYCCTBEHHOT'O MHTEJIEKTa B UCCIIEAYEMOM 00JIacTH

[1K-3.2. H-1. BnageeT sMnupuyecKMMH OlleHKaMu 0000111a-
IOIIeH CITOCOOHOCTH aJITOPUTMA, AITTOPUTMOM TTOCTPOCHHUS
KpuBoii omnOok u Bbruucienuss AUC

[1K-3.3. Pazpaba-
ThIBa€T YHUPUIIH-
pOBaHHBIE U 00-
HOBJIISIEMBIE METO-
JIOJIOTMM  OIHcCa-
HUsA, cOopa U pas-

[1K-3.3. 3-1. 3HaeT yHupHUIHPOBaHHBIE U OOHOBIIIEMBIE ME-
TOJIOJIOTHH OTMCAHMsI, COOpa M pa3METKH TaHHBIX, a TAKXKE
MeXaHU3MbI KOHTPOJIS 32 COOJIOACHUEM YKa3aHHBIX METO/I0-
J0TUI

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




METKH [aHHBIX, a
TaK)Ke€ MEXaHH3-
MBI KOHTPOJIS 32
COOII0AEHUEM
YKa3aHHBIX METO-
JOJOTHI

OOHOBIIIEMbIE METOIOJIOTHH OIHMCAaHHs, cOOpa U pa3METKH
JaHHBIX, a TaK)Ke€ MEXaHHU3MBbl KOHTPOJISI 32 COOJIOJICHUEM
yKa3aHHBIX METOO0JIOTHIA

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

[IK-4. Crocoben
PYKOBOIHTH
MIPOEKTAMH 10
CO3JIaHUIO KOM-
[JIEKCHBIX CH-
CTEM HCKYC-
CTBEHHOT'O MH-
TeJlIeKTa

I1K-4.1. PyxoBo-
IUT pa3paboTKon
APXHUTEKTYPHI
KOMIUICKCHBIX CH-
CTeM HCKYCCTBEH-
HOT'O MHTEJUICKTa

I1K-4.1. 3-1. 3HaeT BO3MOXXHOCTH COBPEMEHHBIX HHCTPYMEH-
TaJIbHBIX CPEJICTB U CUCTEM ITPOTrPAMMHUPOBAHMSI JUIsI pellie-
HUS 33]]a4 MalIMHHOTO 00y4YeHus

[IK-4.1. V-1. YMeeT npoBOANUTH CPABHUTEIBHBIA aHAIINU3 U
OCYILIECTBIISITH BEIOOP COBPEMEHHBIX HHCTPYMEHTAIBHBIX
CPEeACTB AJIsl pEHICHUs 33/1a4 MAIIMHHOTO 00yUeHUs
I1K-4.1. H-1. Bnageet HaBbIKOM BbIOOpA ¥ PUMEHEHHS aJl-
TOPUTMOB MAallIMHHOI'O 00y4€HUsI K KOHKPETHBIM 3aJjauaM,
HABBIKOM IOMCKa ONTUMAJIbHOTO aJrOpUTMAa I BEPOAT-
HOCTHOM MOCTAHOBKH 33Jjauy C YYETOM 33JaHHON METPUKHU
KauecTBa, METOIaMU MTOCTPOCHUSI PEKOMEHIaTEIbHbBIX CH-
CTEM, HaBbIKOM IIPUMEHEHUS S3bIKA IPOrPaMMHUPOBAHUS
Python u 6ubnMoTEeK MaIMHHOTO 00YYEeHUS

[1K-4.2. Ocy-
HIECTBIIIET PYKO-
BOJICTBO CO3J[aHHU-
€M KOMILUIEKCHBIX
CUCTEM  HCKYC-
CTBCHHOTO HMHTEJI-
JICKTa C MPUMEHE-
HUEM HOBBIX Me-
TOJIOB U aJITOPUT-
MOB  MAaIIMHHOTO
00y4eHust

[1K-4.2. 3-1. 3HaeT QpyHKIMOHATBHOCTh COBPEMEHHBIX HH-
CTPYMEHTAJIbHBIX CPEJICTB U CUCTEM IPOTrPAMMHUPOBAHMUS B
o0yactu co3gaHusi MOZeNiel 1 METO10B MAllIMHHOIO 00yye-
HUS

[1K-4.2. 3-2. 3HaeT NpUHIUIBI TOCTPOCHUSI CUCTEM UCKYC-
CTBEHHOTI'0 MHTEJUIEKTa, METO/Ibl U MOAXO/IbI K IIAHUPOBa-
HUIO U peajn3aluy MPOEKTOB 110 CO3/1aHUsl CUCTEM UCKYC-
CTBEHHOI'0 MHTEJIJIEKTA

[IK-4.2. V-1. YMeeT npUMEHATh COBPEMEHHBIE HHCTPYMEH-
TaJIbHBIE CPEACTBA U CUCTEMBI IPOrPAaMMHUPOBAHUS IS pa3-
pabOTKHM HOBBIX METOJIOB U MOJIEIICH MAaIIMHHOTO O0yYESHHSI
[IK-4.2. V-2. YMeeT pyKOBOAUTH BHIIOJHEHNE KOJUIEKTUBHON
MIPOEKTHOM 1€ATENbHOCTH JJISl CO3/1aHus, OJACPKKHU U UC-
II0JIB30BAHUS CUCTEM MCKYCCTBEHHOIO MHTEJUIEKTA

[1K-4.2. H-1. BnageeT HaBBIKOM MPOEKTUPOBATH U TUIAHUPO-
BaTh IOCTPOEHUE CUCTEM UCKYCCTBEHHOI'O MHTEJIEKTA
[1K-4.2. H-2. Brnageer criocoOHOCTBIO peliaTh 3a1adl ¢ pe-
QIbHBIMU JAHHBIMU Tak, 4ToOBl momajgath B mepsble 30%
TYpPHUPHON TaOJIUIBl HAa caliTe MEXIyHApOJHbBIX COPEBHOBA-
HUH 110 MalIMHHOMY 00yueHuto kaggle.com




IV. COLQEPXAHUE U CTPYKTYPA ONCLNTITINHbI

TpynoeMKkoCcTh TUCHMILIUHBI cOcTaBJsAeT 5 3a4eTHbIX equHul (180 uacoB), u3 HUX 34 yaca JIGKIIMOHHBIX 3aHATHUH, 52 yaca 1abopaTOpHBIX 3aHATHH, 58
4acOB Ha CaMOCTOSTENIbHYIO paboTy U 36 4acoB Ha MOATOTOBKY K 9K3aMEHY.

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-

Bupl yaeOHOM paOOThI, BKJIFOYAsI CAMO-
CTOSITENIBHYIO paboTy 00yJaromuxcst u

[TpoGiema nepeodydenust u 060061IatoIas ClIOCOOHOCTH aTo-
putMa. CocTosSITeTbHBIE METOIbI 00YUYEeHUS. DMIUPUUYECKHE OLIEH-
K1 o0oO1maromieit cocodnoctu. Bribop anropurMma Juist BEposT-
HOCTHOW MOCTAHOBKH 3a7a4i. OyHKIIMOHAJ CPETHETo prcka. Me-
TOJIbI COOpa ¥ pa3METKH JTAaHHBIX

TPYLOEMKOCTb
(B yacax) DopMBI TEKYIIETO
= KonraktHas pabora npenoaa- c'& KOHTPOJIS ycIieBae-
Ne 3 BaTEIIA = MOCTH
Paznen aucuuniuHbl/ TeMbl > <
n/m 5 ¢ 00yYaroIIMMHCS = dopma npomexy-
© Cemu- S TOYHOI aTTECTALlUNA
E O
Tex. | Hapexue JlaGopa- 50 (no cemecmpam)
(mpakTH- | TOpHBIE 5
181207 )
YecKue | 3aHATus =
3aHSITHS) O
1 Paznen 1. AnropuTMbl MalImHHOTO 00y4eHuUs. SI3bIK porpaMmu- 3 1 5 50 Beinonuenue nabo-
poanus Python u 6ubnmorexku Pandas u Scikit-learn paTOPHBIX paboT
OcHOBHBIE OIpeeNIeHHs: IPELeIeHT, 00yJaroas BbIOOpKa, Mpu-
3HaKU OOBEKTOB, BUJIbI IPU3HAKOB, MaTpUIla 0ObEKTOB-
MPU3HAKOB. Moieb aropuTMOB, METOJT 00YUeHHUsI, PYHKIIMOHAI
KayecTBa aJiropuT™Ma. BeposiTHOCTHas mocTaHOBKA 3a7a4u o0yye-
Hus. [IpuHImMn MakcuMyma npaaonoo0us. Csizb MaKCUMHU3a-
11 LMY TPaBIONOA00MS 1 MUHUMU3AIMH SMIIMPUUECKOTO pUCKaA. 3 1 2 25




1/

Paznen nucuuruimabl/ TeMbl

CemecTtp

Bunpl yue6HOM paboThI, BKIIFOYAs CaMO-
CTOATENIbHYIO paboTy 00yJaroUINXCs U

TPYIOEMKOCTb
(B yacax)

KonTakTHas pabora mpemnoja-
BaTEII
¢ O0yJaroIIMMuUCs

Camo-

CTOs-
TCIIbHAsA
nalRama

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

1.2

BaiiecoBckuii moaxoxa k o0yuenuro. [TpubnmxeHHoe BEIYUCIICHIE
MJIOTHOCTH pacnpeencHus. HauBHpli OaliecoBCkmii Kinaccuduka-
Top. OnHOMEpHBIH ciyyail. MHoromepHsli ciyyail. Cmecu pac-
npenenenuii. EM-anroputm pasnenenus cMecu. CMeCH MHOTO-
MEPHBIX HOPMAJIbHBIX PACIpEEICHHH.

10

1.3

Mertpuueckue anroputmsl Kinaccupukanuu. O600LUIeHHbIH MeT-
pudecKuil KimaccuuraTop. Buabl 1 0cOOEHHOCTH YaCTHBIX ClTyda-
€B: METOJIbl Oynkaiiiiero coceza, k 6nmxaimmx cocenel, B3Be-
LIEHHBIX COCE/EH, TAP3EHOBCKOTO OKHA ITOCTOSIHHOW U IIEPEMEH-
Ho mmpuHbl. Knaccuukaius 00beKTOB 110 3HAUSHHUIO OTCTYIIA.
Anroputm STOLP otGopa 3TaioHHBIX 00bEKTOB. BEIOOp MeTpuKH
Y IIPOKJISITUE PA3MEPHOCTH.

14

Jlunelinpie anroputMsbl Kiaccudukamun. Moaens Mak Kamioxka-
[TutTca, aaropuT™M CTOXaCTUYECKOT0 IpaueHTa sl MUHUMU3a-
UM (pyHKIIMOHAJIA CPETHETO PUCKA. DBPUCTHKH [T yIyUIICHUS
CXOMMOCTH M 00o01Iaromeit cnocodHocTu. Jloructuueckas pe-
rpeccust. Cay4aliHble BEJIMYMHBI C SKCIIOHEHTHBIM 3aKOHOM pac-
npeneneHus. Teopema o TMHEHHOCTH OaiiecoBcKoro kiaccugpuka-
Topa.

Merton onopHbIx BekTOpoB (SVM). Ciyyaii IMHENHHO pa3ienuMoi
BbIOOpKU. Citydaii TMHEHHO Hepa3ienuMoi BbIOOpKU. DYHKIIHS
Jlarpanxa. Kinaccugukaius o00beKTOB B 3aBUCUMOCTH OT 3Haue-

HU MHOXUTeNner Jlarpamka. JIBoiicTBenHas 3a1ada. O0yuenue
SVM.

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

AJ'Il"OpI/ITMBI BOCCTAHOBJICHHA PETPECCUN. MeTOJI HANUMCHBIIINX
kBaapatoB. Hemapamerpuueckas perpeccusi. MHOromepHas Jiu-
HeliHas perpeccust. [logxon ¢ ucnonb3oBanueM SVD-pasnoxeHus
maTpuiibl. ['pebHEeBast perpeccusi. MeTo/ IrIaBHBIX KOMIIOHEHT




Bunpl yue6HOM paboThI, BKIIFOYAs CaMO-
CTOATENIbHYIO paboTy 00yJaroUINXCs U

DOopMBI TEKYILIETO

KOHTPOJIS yCIIeBae-
= TPYI0EMKOCTb poA y
Ne 3 MOCTH
Pazien nucuumniInHb/ TeMbI g (B yacax)
/11 5 = dopma MpomMexy-
©| Konrakrtnas pabora npenoga- | & . & ¢ N
w & § TOUYHOH arTecTaluu
BaTesIst = S 4
S 6 5 ¢ (nocemecmpam)
¢ O0yJaroIIMMuUCs L9
PCA.
Jlornuyeckue MeTop! Knaccudukanuu. Ilonstiue napopmaTuBHO-
CTH IpeINKaTa: IBPUCTUUECKOE, BEPOSTHOCTHOE, SHTPOIHIHOE.
[Touck nHPOPMATUBHBIX 3aKOHOMEPHOCTEH. ANTOPUTMBI I HO- 3 5
MHUHAJIBHBIX U TIOPSIKOBBIX MPU3HAKOB. | paJHeHTHBIH aJITOpUTM
CHUHTE3a KOHBIOHKIMH. [locTpoeHune pemaromero cCnucka u pera-
IOIIEro JepeBa. Penykuus 1epeBbeB.
Kommnosunuu anropurmos. [IpuMepsl: IpocToe U B3BEIIEHHOE T'0- 3 5
JIOCOBaHMe, OATTUHT, METO/I CITyYaifHbIX MOAIIPOCTPAHCTB.
Pexomennatenpable cucTeMbl. OLEHKH Ka4ecTBa. AJTOPUTMEI T10- 3 9
CTPOCHHS PEKOMEHIATEIIbHBIX CHCTEM.
S3p1k iporpammupoBanus Python. bubnmorexku Pandas u Scikit 3 5 3 Brinonnenue nabo-
learn paTOPHBIX PadoT.
Beinonuenue nabo-
2 Paznen 2. Pemenwne 3a1a4 MammmHAOTO 00y4IeHUS 3 2 50
paTOpHBIX paboT.
[TpubnnxeHHOe BbIUMCIIEHHE IOTHOCTH pacIipe/leIeHus! ciydaii-
Brimonnenue nabo-
2.1 | wpix BenmmuuH. [locTpoeHne npeacka3anus Ha OCHOBE IPUOIKe- | 3 2 4
s paTopHBIX paboT.
Brimmonnenue nabo-
2.2 MeTtpuueckue aaropuTMbl KIacCupUKaLIH 3 2 8
paTOpHBIX paboT.
Brimmonnenue nabo-
2.3 JlorucTuueckas perpeccus 3 2 8
paToOpHBIX paboT.
24 SVM 3 5 5 Brimonnenue na6o-
' pPaToOpHBIX padoT.
Brimonnenue na6o-
2.5 BycTtunr 3 2 10
pPaTOpHBIX padoT.
3 Pemenne 3ana4 ¢ peajbHbIMM JaHHbIMU. PaboTa Haa npoek- 3 5 33
TOM B I'pynnax no 2 yeJ.
IMoaroToBKa K 3K3aMeHy 3 36




Bunpl yue6HOM paboThI, BKIIFOYAs CaMO-
CTOATENIbHYIO paboTy 00yJaroUINXCs U

DOopMBI TEKYILIETO
KOHTPOJISl yCIIeBae-

= TPYI0EMKOCTb
Ne 3 MOCTH
Paznen aucuumimHbl/ TeMbl g (B yacax)
/11 5 = dopma MpomMexy-
©| Konrakrtnas pabora npenoga- | & . & ¢ .
w & § TOUYHOH arTecTaluu
BaTeNsd Z S 2y
S 6 5 ¢ (nocemecmpam)
¢ O0yJaroIIMMuUCs L9
Hroro gacos 10 ‘ ‘ 28 133




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

Ce-
MECTP

Ha3zBanwue paznena, TeMbl

CamocTosTeapHas pa60Ta 06yqalom1/1xca

Bun camocTosTels-
HOM paboTHI

CpoKH BBHITIOJTHE-
HUS

3aTpartsl Bpe-
MeHHU (4ac.)

OreHo4yHOE
CPEICTBO

VueOHo-MeToauUECKOE o0ecreye-
HHE CaMOCTOSATEILHON paboThI

Python

Brinonnenue nomnoi-
HUTENbHBIX 3aJaHUuN

1 wenens

[IpoBepka BeImoIN-
HEHHBIX 33/1aHui

Marepuaiibl JeKIUH, PEKOMEH-
JIOBaHHasl yueOHas JIUTeparypa,
MaTtepuaibl, BBUIOKEHHbIC HA UH-
TEpHET-CTPAHMIIE Kypca Ha caiuTe
edu.mmcs.sfedu.ru

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

HOCTHU PaCIpeIeNICHNs CIIyYalHbIX

BCJINYHH. HOCTpOGHI/IC NpcaACKasaHuAa

Ha OCHOBE MPUOIMKEHUS.

Brmonxenune gomol-
HUTEJIbHBIX 3aJlaHui

1 Henens

[IpoBepka BbINOI-
HEHHBIX 3aJlaHui

Marepuansl 1eKIHNA, PEKOMEH-
JIOBaHHAs yueOHas JIUTeparypa,
MaTCpHuaJibl, BBILIOJKCHHBIC HA UH-
TEepPHET-CTPaHHUILIE Kypca Ha caiite
edu.mmcs.sfedu.ru

MeTtpuueckue alropuTMbl KIIacCH-
¢bukanuu.

BrinonHenue gomnosi-
HUTEJIBbHBIX 3aJaHuN

2 Heneau

14

IIpoBepka BbINOII-
HEHHBIX 3a/1aHui

Marepuainsl J€KIHUNA, PEKOMEH-
JIOBaHHas yueOHasl JuTeparypa,
MaTepHuaJlbl, BBUIOKECHHBIE HA UH-
TEPHET-CTPAHUIIE Kypca Ha canuTe
edu.mmcs.sfedu.ru

Jloructuueckas perpeccus.

Brmonxenune gomoi-
HUTEJIBHBIX 3alaHu

2 Heneau

14

[IpoBepka BbINOI-
HEHHBIX 3alaHui

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




CamocrosTenpHas paboTa 00yJaronuxcs

Y4eOHO-MeTOAUUIECKOE oOeceue-

TJIAHOM JIJISl JAHHOM TUCIIUTIIIMHEI (Yac)

Ce- Ouenounoe HHUE CAMOCTOSTENLHOM paboThI
MeCTp Haspanne pasjena, Tembl Bunx camocrositens- | Cpoku BBITIONHE- | 3aTpaThl Bpe- CPEICTBO
HO# paboTHI HHAS MeHH (Jac.)
Marepuaiibl JeKIUH, PEKOMEH-
JIOBaHHAsI yueOHas JIUTeparypa,
Beimonnenue gomosn- ITIpoBepka BbITION-
1 . 2 Henenu 14 . |Marepuaibl, BEIIOXKEHHEIE HAa UH-
SVM HHUTENBHBIX 3aJIaHUI HCHHBIX 33/IaHUI N
TEPHET-CTPAHULIE KypCa Ha calTe
edu.mmcs.sfedu.ru
Marepuansl JeKIHA, PEKOMEH-
JIOBaHHas yueOHas JIUTeparypa,
BrinonHenue nomosn- [TpoBepka BbITIOIN-
1 . 2 Henenu 14 . |Marepualibl, BEUIIOKEHHBIE HA UH-
ByCTI/IHF HUTEIBHBIX 3aJaHUU HEHHBIX 3aJJaHUU ¥
TEPHET-CTPAHULIE Kypca Ha calTe
edu.mmcs.sfedu.ru
Marepuainsl 1€KUUNA, pEKOMEH-
JIOBaHHasl yueOHas JIUTeparypa,
Pemenue 3agau ¢ peasibHBIMU JaH- | BeimosnHeHue 101ol- [TpoBepka BbITIOIN-
1 . 8 Henenb 56 . |Marepuaisbl, BELIOXKEHHBIE 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
o 133
OO61ast TpyA0EMKOCTh CAMOCTOATEIBHOM PaboThl O JUCIHUILTHHE (Yac)
BromxeT BpeMeHU caMOCTOSTENIbHOM paboThl, TPEyCMOTPEHHBIN Y4eOHbIM 133




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, 00yyJaromias BEIOOpKa, MPU3HAKKU 00BEKTOB, BUIBI MPU3HAKOB, MaT-
puia 0OBEKTOB-IPU3HAKOB. MoOJIENb aNrOpUTMOB, METOJ 0OydeHHs, (YHKIMOHAT KadeCcTBa AITOPUTMA.
BepositHocTHast mocTaHoBKa 3aauu oOyuyeHus. [IpuHImMn makcumyma mpaBaonogoous. CBsizb MaKCUMHU-
3aIlM IPaBAOIoA00M 1 MUHUMH3ALUK SMIIIpUYecKkoro pucka. [Ipodiaema nepeoOyyenns u odoOmaromas
crnocobHocTh anroputMa. CocToATeNIbHBIE METOIbI 00yUeHUS. DMIUPUUYECKUE OLIEHKH 00001Iarome cro-
cobHoctu. BpiOop anroputma A BEpPOSTHOCTHOM MOCTAaHOBKH 3amadyd. DyHKIMOHAN CPEIHEro pHcKa.
MeTtobl cOopa 1 pa3METKH JaHHBIX.

Tema 1.2. baiiecoBCKkMid OAX01 K 00y4YEeHH IO

[TpubnmxeHHoe BBIYUCICHHUE ITIOTHOCTH pacnpenencHus. HauBneiii OaiiecoBckuit knaccudukarop. Onno-
MEpHBINA citydail. MHOTOMEpHBIH citydail. CMmecu pacnpeneneHuii. EM-anroputm pasnenenus cmecu. Cme-
CU MHOT'OMEPHBIX HOPMAJIbHBIX pacIpeieIeHH.

Tema 1.3. MeTpudeckue aJropurMbl KJiaaccupuKanun

O060011eHHBI MeTprUYecKuid KiaccupukaTop. Buasl 1 0COOEHHOCTH YaCTHBIX CIIy4aeB: METOJIbI OJIMKaii-
mero cocena, K Onmkaiiux coceneil, B3BELICHHBIX COCECH, MAap3eHOBCKOTO0 OKHA MOCTOSIHHOM U Tepe-
MeHHOU mupuHbl. Kitaccupukamnust 00beKTOB 10 3HaueHH0 otcTymna. AnroputM STOLP or6opa atanon-
HBIX 00BEKTOB. BBIOOp METPUKH U IPOKIISITHE PAa3MEPHOCTH.

Tema 1.4. J/Innelinble aIrOpUTMBbI KIacCU(PUKAIMU

Monens Mak Kamioka-IIutrca, anroputM cTOXacTHYECKOTO TPaUeHTa JIJIsi MUHUMH3AIUN (YHKIIMOHAIA
CPEIHEr0 pUCKa. DBPUCTUKH JJIA YAYUIIEHUs CXOAUMOCTH U 00oO01atomen cnocooHoctu. Jloructuaeckas
perpeccusi. CiydaliHble BEIMYMHBI C SKCIIOHEHTHBIM 3aKOHOM pacmpeaeneHus. Teopema o TuHEHHOCTH
0aiiecOBCKOT0 KJIaCCU(PHUKATOPA.

Tema 1.5. MeToa onopHbIX BeKTOpoB (SVM)

Crnyuail nuHeiHo pa3aenuMmoit BeiOopku. Citydail TnHeHHO HepaszienuMoi Beioopku. dynkius Jlarpanxka.
Knaccugukaius o0beKTOB B 3aBUCMMOCTH OT 3HaueHH MHokuTeneil Jlarpanka. /[BoiicTBeHHas 3anaya.
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. [ pedHEBast perpeccusi. MeTo1 TJIaBHBIX KOMIIO-
"edT PCA.

Tema 1.8. Jlornueckne MeToAbl KIacCHPUKALUT

[Tonarue nH(pOPMATUBHOCTHU TpeIuKaTa: IBPUCTUUECKOE, BEPOATHOCTHOE, SHTponuiiHoe. [lorck uHdpop-
MaTHUBHBIX 3aKOHOMEPHOCTEH. AJNTOPUTMBI JIsl HOMUHAJIBHBIX U MOPSAIKOBBIX NMPU3HAKOB. [ pagueHTHbII
QITOPUTM CHHTE3a KOHbIOHKIMH. [locTpoeHue pemaronero cCniucka U penarlero aepesa. Pegykuus ne-
PEBBEB.



Tema 1.9. Komno3unum ajJropurMoB
[Tpumepsl: MPOCTOE M B3BEUIEHHOE TOJIOCOBAHUE, OATTHUHT, METO/ CITYYaiHBIX MTOAMPOCTPAHCTB.

Tema 1.10. PekxoMenaareabHbIe CHCTEMBI
OHCHKI/I KadccCTBa. AJ'IFOpI/ITMBI HOCTpOGHI/Iﬂ peKOMeHI[aTeJ'IBHBIX CUCTCM.

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

Pazpen 2. PeweHue 3agay MallMHHOro o6y4yeHus

Tema 2.1. IIpubGau:xkeHHOEe BbIYUCICHHE NJIOTHOCTH paclpene/ieHUusi CJAy4YalHbIX Be-
Ju4yuH. [locTpoenue npeackazaHus Ha OCHOBe NMPUOJIMKEHHS.

Tema 2.2. MeTpuyecKkue aJropurMbl KJIacCuPUKALUM.
Tema 2.3. Jlorucruyeckasi perpeccus.

Tema 2.4. SVM.

Tema 2.5. BycTuHr.

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

Bonpocsl, BBIHOCHMBbIE HA CAMOCTOSITEIbHOE H3YUYeHHe
OtaenpHble 3a/1aHus B 1a00paTOpHBIX paboTax. Pemenue 3aau ¢ peaibHbIMU JaHHbIMH. PaboTa Haj
IPOEKTOM B IPYMIaXx 110 2 yel

V. OBPA3OBATEJIbHbIE TEXHOJIO A

[Ipu npoBeeHNH JIEKIMHA 1 1aOOpaTOPHBIX 3aHITUN HCIIONB3YIOTCS CIIEAYIOIE 00pa30BaTeIbHbIE
TEXHOJIOTUH:

— MYJIbTUMEIUIHBIE JICKIINU

— DIIEKTPOHHBIE (POPMBI KOHTPOJIS

— y4acTHE B MEXAYHAPOIHBIX KOHKYpCcax

VYuebHblil mponecc 0azupyercs Ha KOHLUENIMM KOMIIETEHTHOCTHOTO 00Y4eHUs, OpPUEHTHPOBAHHOTO
Ha (hOpMUPOBAHNE KOHKPETHOTO MepeuHs MpodhecCuOHATBHBIX KOMIIETSHITNH, aKTyaJIU3aI|I0 MOTy4aeMbIX
TEOpPETUYECKUX 3HaHUM. Pa3BepThiBaHME KOMIIETEHTHOCTHOW MOJAETH OOy4YeHMs MpeArosaraeT LIMPOKoe
IPUMEHEHNE MHHOBALIMOHHBIX CIIOCOOOB OpraHM3alluy y4yeOHOro mpolecca, B T.4. IPUMEHEHUE MeToja
HIPOEKTHOr0 00y4YeHUs, TEXHOJIOTHI YIpPaBIsIeMOro CaMOCTOSTENILHOIO O0OyUeHHUsl B TOM 4Hcie OaulbHO-
PEUTHHTOBOW CHUCTEMBI, a TaK)Ke BHEJIPEHUE CHUCTEMBbI OHJIAWH-TIOJIEPKKA BHEAyIUTOPHOM palbOoThl CTY-
JEHTOB.

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

[TonmHBIN KOMIUIEKT KOHTPOJIBHO-OLIEHOYHBIX MaTepuaioB (POoHA OLEHOYHBIX CPEeACTB) odopmils-
eTcsl B BUJI€ IPUIIOXKEHU K pabouel mporpaMMe AUCIUITITNHBIL.



VIl. YYEBHO-METOOQWYECKOE OBECIIEYEHUE ONCLUWIITINHbI

7.1. OcHoBHasi IUTEpaTypa.

Kooanwo JLII., 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-0MOIMOTEYHAs CUCTe-
ma. — URL: https://e.lanbook.com/book/82818?category pk=1557&publisher=1028 (mara oGpamicHus:
10.10.2021). — Pexxum gocTyma: sl aBTOPHU3. TOJIb30BaTENICH.

7.2. lonoJTHUTEIbHASI JIUTEpaTypa.

[DnmextponHbIii  pecypc biblioclub: https://biblioclub.ru/index.php?page=book red&id=576264]
I'yaetsieBa T. A. , IlommoB A. A. , Caytun A. C. MeTOoIbl CTAaTUCTHYECKOTO 00YUYEHUS B 33]]a4aX 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] Ocurmos I'. C. MeToibl HCKYCCTBEHHOT'O
nHTeanekTa / Mocksa: dusmatiut, 2011. - 296 ¢

7.3. CiucoK aBTOPCKUX METOAUYECKUX Pa3padoToK.

Her

7.4. Ilepuoauveckue u3ganusl (npu Heobxooumocmu)
Her

7.5. Ilepeuenn pecypcoB cetu UHTepHeT, HE0OXOAMMBIX VISl OCBOEHUS JUCHUILINHBI
[@nexrponnsiii pecype http://www.machinelearning.ru/] Machinelearning.ru
[DnexTponnstit pecypce https://www.kaggle.com] Kaggle

Crpanuna 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 MMPOBEACHU A MCIKAYHAPOIHBIX COpeBHOBaHI/Iﬁ o MalliItHHOMY 06y‘ICHI/IIO
http://kaggle.com

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

VIIl. MATEPUAJIbBHO-TEXHUYECKOE OBECIIEYEHWUE OUCLNIITINUHbI

8.1. YueOHo-1a60paTOpHOE 000pPY/I0BAHHE

[Tpu npoBeieHUN TUCIMIUIMHBI yYalluecs 10JKHbBI ObITh 00€CTIeYEeHbI:

1. JIekioHHOM ayauTopuel ¢ MyJIbTUMEIUWHBIM PE3EHTAIIMOHHBIM 000pYI0BaHUEM ISl IEMOH-
CTpalli TPE3eHTAlUi U WUTFOCTPATUBHOIO MaTepHaa.

2. AynuTtopueit s 1a00OpaTOPHBIX 3aHATUN C alllapaTHBIMU U IMPOTPaMMHBIMU CPEJICTBaMU B CO-
OTBETCTBHH C peasin3yeMoi yueOHOI TeMaTHKOM.

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



YYEBHAA KAPTA ANCUNITINHBI

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

Kypc 1 rox Mmarucrpatypsi, cemectp 2
Hampasnenue noarorosku: 02.04.02 «[Ipukitagnas MareMaTuka U HHGOPMATHKAY

Buabl KOHTPOJIBHBIX MePONPUATHH

Py0e:xkHbIH KOHTPOJIb

Tekymnii KOHTPOJIb
ym P (npu nanuuuu)

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

Brinonaenue 1abopatopHbix padboT

Pa3znen 2.
Pemenue 3a1a4y MalIMHHOTO 00Yyy4e-
HHSA

26

Brinonnenue nabopatopasix paboT

26

Paznen 3
Pemenne 3a1a4 ¢ peajJbHbIMHU J1aH-
HbIMH. PaGoTa Hax npoekTom B
rpynnax mno 2 yeJi

30

Pemenue 3amau ¢ peaabHBIMU JaHHBI-
Mu. PaboTa HaJl IpOEKTOM B rpymmnax
o 2 yen

30

BonycHble Ganbl

10
(3a HOBBIIICHHYIO CIIOKHOCTH BHIOPAHHOTO 3a/IAHHSI)

[IpomexyTouHas aTTectanus B popme
JK3aMeHa

40
nuchbMeHHast paboTa
C IEeMOHCTpaluei paboThl ATOPUTMOB




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

pa3zoBaHus «PoCTOBCKHI rocyJapcTBEHHBIN 3KoHOMUYecKuid yHuBepcuteT (PUHX)»
@DaKynbTeT KOMIIBIOTEPHBIX TEXHOJIOTHIA U 3aIIUTH HH(POpMAITUH
Kadenpa pynmamenTanpHON ¥ MPUKITATHON MaTEMAaTHKHI

®OH/1 OLIEHOYHbLIX CPEJICTB
MO JUCHUILIMHE (MOYJIIO)

[MTPUKITAIHOE MAILIMHHOE ObYUYEHUE

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

YpoBeHb 00pa3oBaHUs:
Marwucrtparypa

Marucrepckast mporpamma:
«VICKyCCTBEHHBIN MHTEIUIEKT: MaTEMaTHYECKHE MOCIIN U MIPUKIIAHBIC PEIICHUS

dopma 00ydeHus:
Ounas



NEPEYEHb KOMIIETEHIUIA, ®OPMUPYEMbBIX JUCIUIIINHON

«IIpukiaagHOe MAIIMHHOE 00YyYeHHE)

Kon
KOMITCTEHIIHH DopMynTUpOBKa KOMIIETCHIMN
1 2
K MNMPOPECCHUOHAJIBHBIE KOMITIETEHIINN
I[K-3 CrniocobOeH pazpabaThiBaTh M MPUMEHSITh METO/IBI M JITOPUTMBI MATHHHOTO
o0y4yeHHUs IS peLIeHus 3a1a4
I1K-4 CriocoOeH pyKOBOAUTH MPOCKTAMH 110 CO3/IaHHIO KOMIUIEKCHBIX CHCTEM HC-
KYCCTBEHHOT'O MHTEJICKTa
IMTACITOPT ®OHJJA OITEHOYHbIX CPEJICTB 11O JUCIUITJIMHE
IpukaaaHoe MalIMHHOE O0yUYEeHHUE
Ne Koumponupyemuvie pazoenvt | Koo Haumenosanue
n/n oucyuniunol * KOHMPOUPYEMOll OYEHOUYHO20
KOMnemeHyuu cpeocmea™*
1. AnroputMel MamHHOTO 0o0yuenus. S3wik | [1K-3.1. V-1, TIK-3.2. V- | Boinonnenue  nmabopa-
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- | Bemmosniaenne  y1abopa-
1, 1IK-3.3. ¥-1, TIK-4.1. | TopHBIX pabOT
V-1, TIK-4.2. V-1
3. Pemenue 3amau ¢ peambHbiMu gaHHbIMH. | [TIK-3.1. V-1, T1K-3.2. V- | Pabora Hag nmpoekTom B
Pabora Hax npoekToMm B rpymmax mo 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 cpeocmea yKazvl8aemcs 6 COOmeemcmeaul ¢ Y4eoHoul Kapmou OUCYUNIUHbL.




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

pa3zoBaHus «POCTOBCKHI rOoCyJapCTBEHHBIN 3KOHOMUYeCcKHi yHuBepcuteT (PUHX)»
@DaKynbpTeT KOMITBIOTEPHBIX TEXHOJOTHNA U 3aIIUTHI HH(OpMaIiu
Kadenpa dpynnamenTaapHO#M ¥ MPUKIIATHON MaTEMaTUKH

JTabopaTopHble paboThl

no auncuunnuHe «lMpuknagHoe mawmMHHOe oby4yeHue»

Jlaboparopnast padora Nel.

1. 3amycrtute jupyter notebook, co3maiite HOBYIO TeTpaaKy 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 HECKOIBKO MEPBBIX 3aMuceit

data.head(10) #nepssie 10 ctpok

4. Tlpourure B aitie DataDictionary-ru.txt, 4To o3HayarOT CTOIOIBI MATPHIIBI

5. 3amerbTe, uTo cTosben «DebtRatio» cogepxut Henpapaonogo0HbIe JaHHbIE. TONBKO 3HAYCHUS,
COOTBETCTBYIOIIME H3BECTHOMY MECSYHOMY JTOXOJY, SBJISIOTCS OTHOMECHUSIMH. OCTalIbHBIC —
a0COJIIOTHBIC 3HAYCHHSI MECSIYHBIX BBIILIAT IPOLIEHTOB. VcnpaBbTe AaHHbIC, CICIaB BCE 3HAYCHHS
cronbia «DebtRatio» adbcomotHsiMu (yMHOKBTE X Ha Monthlylncome). UYro6e1 Bama nporpamma
OBICTPO paboTalia Ha MOJIHBIX JIAHHBIX, IOCTAPANTECh HE MCITOJIb30BaTh IIHUKIL.

Ob6pamenue k anementam DataFrame:
anement: data.loc[i, 'HazBanneCronbia']
crosben: data['HazBanneCronodia']
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, 'nazBanneCromnbmua’l

Y moamMarpuir HoMepa CTPOK HacIeIyIOTCS OT HCXOHOM.

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['cTonberr'] - 3HaUCHHE JIEMEHTa

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 ums ctonbia Ha «Debty: data = data.rename(columns={'DebtRatio’ : '‘Debt'})



7.

9.

Brruucnure cpenHuil exXeMeCSIYHbIN J0XO0 M TPUCBOMTE BCEM KIMEHTAM C HEM3BECTHBIM JI0X0JI0M
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 KPeauTa
(SeriousDIqin2yrs=1) mist pa3nuyHbix 3HaYeHU# koauuecTBa mxauseHies (NumberOfDependents).
[poaenaiiTe aHAIOTHYHYIO TPOLIEAYPY ISl PA3THUHBIX 3HAUCHHH CTOIONA
NumberRealEstateLoansOrLines

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

(camocrosiTenpHas padbora) Busyanusupyiite 1aHHbIC:

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

b. TlocrpoiiTe Ha oHOM TpaduKe JBE HOPMHUPOBAHHBIC TUIOTHOCTH PACIPEACICHHS: KPACHYIO
— JUTS. MECSTYHOTO J1I0X0/1a KIIMEHTOB C 33JJ0JDKEHHOCTSIMH, CHHIOI0 — JUISI MECSYHOTO JI0X0/a
KIIMEHTOB 0e3 3amomkeHHocTel. [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 ayKI[MOHE aBTOMOOWIIAX. LleneBbIM MpU3HAKOM 311€Ch SIBISIETCA
HaJIMYMEe CKPBITHIX IPOIABLIOM CYLIECTBEHHBIX HeJ0CcTaTKoB. [locMoTpuTe Ha JaHHBIE.
[Toctpoiite rpadux paccesHus c¢ mnpoOeroM B KadecTBe 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 u3 6ubnuorexu sklearn Bce Mo MallIMHHOTO O0yYEeHMS:
from sklearn import *
TpakTtys 3a7ady o npecKa3aHUK HaJM4Ks HEJOCTAaTKOB KaK 3a/1ayy perpeccuu,
HaTpeHHUpYHTe JTUHEHHYI0 Mosienb LinearRegression Ha KakOM-HUOY b TTOJIMHOXKECTBE
npu3HakoB (Hanpumep, Tex ke VehOdo u MMR CurrentRetail AveragePrice):
modell = linear_model.LinearRegression()
modell.fit(data.ix[:,['VehOdo', MMRCurrentRetail AveragePrice']], data['IsBadBuy'])
b. BemonHuTE NpeacKkazaHue A BceX 00bEeKTOB 00y4aroIiell BHIOOPKU:
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 npenckaszanmii prediction k 3HadeHusiM 0,1. 3T0 MOXKHO cenarh,
Halpumep, Tak:
predictionClass = [1 if prediction[i]>0.5 else O for i in range(data.shape[0])]

d. Ouenure kadecTBO KiIacCHPUKAMKM C TIOMOIIBIO (YHKIMI IOCTPOCHUS OTYeTa

classification_report u MAaTPHIIBI 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 3amady Kiaccu(UKalUHM, TOCTPOWTE MOJENb KJIACCH(PHUKAINN
«pematomee nepeBo» rayounsl 20: tree.DecisionTreeClassifier(max depth=20) (Bce
AQHAJIOTMYHO JIMHEIHOMN perpeccun).

b. Pemaroree nepeBo npeackaspiBaeT BeposSsTHOCTH. C MOMOIIBIO TOCTPOSHHOM MOIEIN
paccuuTaiiTe BEpOSTHOCTH HAJTHUYHUS CKPHIBAEMBIX HEJJOCTATKOB:
predictionProb =
model2.predict_proba(data.ix[:,['VehOdo', MMRCurrentRetail AveragePrice']])

C. IIpeoOpa3zyiiTe BEpOSTHOCTH K OJTHOMY BEKTOPY M3 npeackazanuid 0,1. 3To MOKHO cenath,
Hanpumep, Tak: predictionClass = [0 if predictionProb[i][0]>0.5 else 1 for i in
range(data.shape[0])]

[Toctpoiite otyer o knaccuukanum u MaTpuIly omunoOok. Kakoit meton okaszaics rydrie?

d. OObsicHUTE B KOMMEHTApPHSIX KaXI0€ YHUCIO B OTYETEe KJIACCU(HUKAIMUA C TOYKH 3PCHHS
Matpullbpl ommbok. Hammmmre apupmernueckue necTBUs ¢ KOXPPHUIMEHTAMHA MaTPHIIBI
OIIMOO0K, KOTOPBIE MPUBOASIT K KAXKIOMY YHUCITY OTYETa U3 CTOJIOLIOB precision(TOYHOCTh) U
recall(monaoTA).

5. KpoccBaauaanusi

a. Paznenurte ucxoaHyro BbIOOPKY Ha JIBE YacCTH:
dataTrain = data.ix[0:34999,]
dataTest = data.ix[35000:69999,]

b. Harpenwupyiite pemaroriee aepeso Ha dataTrain u npumenute k dataTrain u dataTest,
BBIUMCIIUB JJI51 KaX/10T0 Cllydas TOUHOCTb NpeACKa3aHus:
metrics.accuracy_score(dataTrain['IsBadBuy'], predictionClass)

[TpoBeauTe HECKOIBKO KCIEPUMEHTOB JUIsl pa3IM4HbIX MTyOUH AepeBa. Hanummre B
KOMMEHTapUAX, ISl KAaKUX TIIYOHH MOJENb HelooOydeHa, ISl Kakux nepeoOydeHa u e
TOYKa paHHET0 OCTaHOBA.

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

a. BepueMcs k Mozenu pemiarpmiero aepesa riryouHs 20, TOCTPOSHHOTO MO BCEH 00yJarotei
BeIOOpKe data. [TycTh 1ieHa ommOku 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 (PYHKITHIO:

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

yTOOBI (DYHKIMSA OTEPH ObUIa MUHMMAaNIbHA? HaliiuTe onTHMaIbHYIO PEIaolyto
GYHKIMIO 1 MUHUMAabHOE 3HaUeHUe PyHKIMOHANA moTeps. (Bam momosxer dhopmyna u3
JEKIUH 2)

JlabopaTopHasi padora Ne3.



1.

3arpy3uTe JaHHbIe 0 Moruommx B Katactpode ¢ Tutanukom. LleneBbIM MPU3HAKOM 3/1€Ch SBISIETCS
daxT crnacenus naccaxupa. [locmorpute Ha naHsble. [ MPOCTOTHI UCKIIOUUTE MACCAKHPOB C
HEHM3BECTHBIM Bo3pacToM: data = data.dropna(subset=['Age']).reset_index(drop=True)
[Toctpoiite rpaduk paccestHUS ¢ BO3PACTOM B KauecTBE OCH abCHMCC U IIEHOW OmiieTa B Ka4ecTBe
OCHU OpJAHuHAT. OTMmeThTE KpaCHbIM — HOFI/I6H_II/IX, 3CJICHBIM — CITACIIUXCA ITaACCAKUPOB. HOCTpOﬁTe
OTACIBHO 2 I‘pa(i)I/IKaZ AJId KCHIONWH U JJId MY>KYMH. Brimonssaercd nmm OJIA JaHHOI'O MHOXKECTBa
TUIIOTE3a KOMIIAKTHOCTH?
3amporpaMmmMupyiTe QYHKIIHIO BBIYUCICHUS PACCTOSIHHS MKy ACCAKUPAMHU:
def distance(a,b):
d=0
d +=abs(a['Pclass’] - b['Pclass)
d +=a['Sex'] != 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 uz 6ubnuorexu sklearn uznumrne tpedoBaTesneH K TUIIaM JIaHHBIX.
3amporpammupyeM MeToa k Ommkaifimmx cocenelt BpydHyro:
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 = passengerindexForPrediction: #LOO meToa 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 MPEACKA3aHUC IJId BCEX IMACCAKUPOB CyAHA U, UCIIOJIb3Ys LOO-KOHTpOJ’IB OIIINOKHU
OLICHUTEC Ka4€CTBO KJ'IaCCI/I(i)I/IKaIII/II/IZ
accuracy =0
for idx, row in data.iterrows():
accuracy += row['Survived’] == myKNeighborsClassifier(data, 5, idx)
print(accuracy/data.shape[0])
(C&MOCTOHTCJ’ILH&H pa60Ta) HO,ZL6epI/ITe cJIara€MbI€ B MCTPUKE, UX BCCAa U KOJINYCCTBO COCG,[[CI\/’I Tak,
4yTOOBI Ka4eCTBO KJaccudUKanuu 0b110 MaKcuMalnbHbIM. Eciin yHkius Ha python paboraer
JOJITO, BOCHOHL3YI\/‘ITCCB €€ aHaJIOT'OM Ha
C++: KNeighborsClassifier.cpp. Komnumsiiiusa Ha Linux BBITIOJIHSIETCS] KOMaHI0M
g++ -02 KNeighborsClassifier.cpp -0 KNeighborsClassifier
3amyck: ./KNeighborsClassifier
[TocTpouBIIEMy METPUKY C HAMITYUIIUM KaueCTBOM: +5 GOHYCHBIX 0asioB
(camocrositensHas pabora) Cosnaiite koo ¢pyaknnu myKNeighborsClassifier u nsmenure ee
Tak, yTOOBI OHA CUUTAIA BBICTYIT o0nekTa. HazoBure ee cachargin. Breruuncnure BBICTYIIBI JJI BCEX
00BEKTOB U BbIBEJETE UH(POPMAILIMIO O TIATH 00BEKTaX ¢ MUHUMAJILHBIN BHICTYIIOM (IITYMOBBIX
BBIOpOCax) U MATH 00BEKTaX C MAKCUMAJIbHBIM BBICTYIIOM (3TanoHax). O0bscHuTe (B
KOMMEHTApUSX ) TIOJYICHHBIC JJaHHBIE. DTO JIErde BCETO ClIeNaTh ¢ TOMOIIBIO (YHKITUH np.argsort,
BosBpamanmeﬁ HWHJACKCHI 9JIECMCHTOB B OTCOPTUPOBAHHOM PAAY:
idx = np.argsort(margins)



10.

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

print("2TayIoHbI (XapaKTepHbIE 00BEKTHI)')
print(data.loc[idx[-5:],])

JlaboparTopHas padora Ne4

JlaHHBIMH B 3TOM 3aJIaHUU SIBJISIOTCS W3MEPEHUS HEKOTOPBIX IMPOBEPOYHBIX IapaMeTpoB 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 ¢aitie 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 NPUONMKEHUS K IUIOTHOCTH pPacHpeleNieHHs NpU3HaKa
L1 S24 F1846 nnsa Responce=0 u mis Response=1, ucnosb3yst 0HO U3 CISAYIOIIMX sSAep (HOMEp
sapa Beioepute mo ¢popmyie: (n mod 6)+1, rae n — Bair HOMep B CIIHCKE TPYIIIIHI):
KyCOUYHO-TIOCTOSIHHOE (TTpsIMOyTOoJIbHOE) - 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’)

OTBeThTe B KOMMEHTAPHUSIX HA BOIPOC: SBJISAETCS JIM BBIOOPKA XOPOIIO Pa3AeiIMMOI 10 MPU3HAKY
L1 S24 F1846°7?

Paz6eiiTe BoIOOpKY data Ha nBe paBHBIE YacTh: TpeHHpoBouHYIO dataTrain u mpoBepoOUYHYIO
dataTest. [Tonb3ysich kpoccBanmuaanue, nogoepure A KaxxJ0ro kiacca Response 3HaueHue
mMpuHsI g11pa bandwidth, npu koTopom Jorapudm npasaono1006Mst 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) J{ist HaliaeHHbIX Hammygmux 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) amst recroBoit Beibopku. [To popmyne baiieca Haiiaure 3arem p(0[x) u
p(1x). OTcopTupyiiTe Bce 00BEKTHI TECTOBOI BHIOOPKH IO BO3pACTAHHIO MPEJICKa3aHHON
BeposiTHOCTH p(1[X), BEIBEETE HA DKpaH BEPOATHOCTH JyTsl mocheAHuX 10 00BEKTOB U pacCUuTanTe
KOJINYECTBO OpakoBaHHBIX JeTajnei cpeau nociaeaHux 100 00beKTOB B OTCOPTUPOBAHHOM PSIY.
Help: coptupoBka, Bo3Bpaiaromnias MHIEKCh 37ieMeHToB: ind = np.argsort(predictionProblafterX)
neyaTh BepostHocTel utst mocnennux 10: print(predictionProblafterX[ind[-10:-1]])

KOJM4YeCcTBO OpakoBaHHBIX cpenn 100 ¢ MakCHMaIbHOM MPeICKa3aHHOW BEPOSTHOCTHIO OpaKa:
print(sum(dataTest.ix[ind[-100:-1],'Response'))



JlaboparTopHasi padora NeS

PaccMoTpuM naHHBIE MEIMIIMHCKON CcTpaxoBoi (upmbl. Ha OCHOBE XapakTEpUCTHK MAIMEHTOB
Members.csv  (Bo3pacT, MOJd) M JaHHBIX O TIONYYEHUH MEIUIIMHCKOTO OOCTYKMUBAaHUS B
npensinymeM roxy Claims Y1.csv (MenuUMHCKOE yupekaeHHe, Bpad, TUIT IPOOIEMbl, KOJTHUECTBO
JHEH ToCTIMTaN3alliK, 1aTa, U JIp. ) Hy>KHO MpeACcKa3arh (pakT rocmutamn3anuu 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 TAHHBIC OPTaHU3aTOP yKa3al MPUOIU3UTEIBHYIO HH(DOPMAIIHIO O
MalyeHTax, HalpuMep B CTONIOIE BO3pacT yKa3aHbl Bo3pacTHble rpynmsl: '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 IIPA3HAKM 10 MACCHUBY CJIy4acB MCIUIIMHCKOI'O 06CJIy)KI/IBaHI/I$I:
f_CharIson — MaKCHMaJbHbBIN UHJIEKC KOMOp6I/IL[HOCTI/I YanscoHa 1Mo BCceM clIydasaM IJIA IMalluCHTa,

f_LengthOfStay — cymmapHOe KOJIM4ECTBO JHEW TOCIUTAIM3AUH B IPOLLIOM TO/TY:

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 oka3aJoCh U CIy4acB METUITUHCKOTO OOCTY)KUBAHUS CIHUIIIKOM

MHOTO):

data = days2

data = data.join(f_Charlson)

data = data.join(f_LengthOfStay)

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

CocrtaBuM ¢yHKIIHIO, KOTOpas OyneT nenuTh BIOOPKY Ha aBe yacTu dataTrain u dataTest, o0y4ats
JorucTUYecKyto perpeccuro Ha dataTrain, mpumensTs k dataTest, cTpouTh KPUBYIO OMIUOOK U

CUHUTATh 110 Hen mromaib:
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 != 'DaysIinHospital’], 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'], predictionProbl[:,1]) )

[Tpumenum nannyro Gynkuuto k data: calcAUC(data)
Jloructuveckast perpeccusi MPHHUMAET Ha BXOJI TOJIBKO KOJIMYECTBEHHBIE MPU3HaKH. Jl00aBuM K

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

data2 = data.join(pol)

calcAUC(data2)

(camocTosTenbHas padora) [loneiTaliTecs mpuMeHuTs one hot encoding K y»ke CyIIECTBYIOIKUM B
data2 mpu3HaKam WM COCTAaBUTh HOBBIE MMPU3HAKH 110 MaccuBy claims. [TocTpouBiiemy MaTpuiry
00BEKTOB MPU3HAKOB, JIIsI KOTOPOH JIOTHUCTUYECKas perpeccusi paboTaeT ¢ HAaWTy4YIIMM KaueCTBOM:
+5 GOHYCHBIX 0aJIIOB.



10.

11.

12.

JlaboparTopHasi padora Ne6

JlanHass 3amada OTHOCHTCS K obOnactu o0paboTku ectecTBeHHOro s3bika (Natural language
processing). TpeOyercs HayduTh KOMIBIOTEP MOHUMATh TEKCT M MPEACKA3BIBATH OTHOIICHUE
(Sentiment) aBTopa k onucheiBaeMoi TeMe. [[anHbie B (aiisie recs.txt MpeacTaBiIsItOT COO0M OT3BIBBI
o (upMax c caifra 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. KaXkplii onmuchIBaeTCs MOJSIMU: Sentiment (OTHOIICHHE),
URL (agpec Ha caiite) u Text. [IpeoOpa3zyem TekcT B Habop npuszHakoB MeToZoM «bag of wordsy:
KaXKIOMY CJIOBY Oy/leT COOTBETCTBOBaTh OMHAPHBINA MPU3HAK — BCTPEYAETCS 3TO CIIOBO B TEKCTE
win Het. JIJis 3Toro cHavana npo(uiIbTpyeM TEKCT, OCTaBUB TOJBKO 3HaJamue cioBa. CkadaiTe u3
Kopryca Habop He3Hayanux cioB sl puiabTpanuu koManaoi nltk.download() (B mosiBuBIIEMCS
okHe BKJIaaka Corpora, myHKT stopwords).

I/IMHOpTprﬁTe CIIMCOK HE3HaYaIlux CJIOB:
from nltk.corpus import stopwords
stopwords = set(stopwords.words(*russian"))
print(stopwords)
Onpez{enme d)yHKHI/IIO (1)I/IJII)TpaIlI/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, 00BbEIUHSS CII0BA uepe3 mpobden
return( " ".join( meaningful_words ))

[IpodunbTpyiiTe BCE OT3BIBHI:
d1 = d0.copy()
d1['Text'] = d1['Text].apply(lambda s: review_to_words(s))
d1.head(3)
33.HYCTI/ITC Hp606pa3OBaTeJIB TEKCTOBOT'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 IBE YacTU: 0OYYAOIIYIO M TIPOBEPOUHYIO

bagOfWordsTrain = bagOfWords[0:50000,:]

bagOfWordsTest = bagOfWords[50000:100000,:]

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

Y BBIYMCIIATE MPOLIEHT MPAaBWIIBHBIX MPEICKA3aHNN:

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

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

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

[TonGepure BaxkHOCTH CyMMBI HapymeHuit C, uro0b1 SVM paboTana yyiie BCero

Briseaure Ha sxpan 20 c10B, KOTOpBIE OOJIBIIIE BCETO TOJIOCYIOT 3a MO3UTUBHOCTh OT3bIBA U 20 —
3a HETaTUBHOCTh BMECTE C COOTBETCTBYIOIIUMH UM K03 (PUIIMeHTaMu HaATPEHUPOBAHHOM

JTUHENHON QyHKIUH:
ind = np.argsort(SVM.coef_[0])
for i in range(20):
print(SVM.coef_[0][ind[i]], vocabulary[ind[i]])
print("\n")
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for i in range(20):
print(SVM.coef_[0][ind[-i-1]], vocabulary[ind[-i-1]])

BbruncnuTe BHICTYIIBI, HAWIUTE U BHIBEAETE HA DKPAH OT3BIBbl C MUHUMAJIBHBIM U MaKCUMaJIbHBIM
BBICTYIIOM, BCJIIMYUHY BBICTYII4, BEJIMYHUHY IMPCACKA3aHUSA U CCHTUMCHTHOCTH OT3hbIBA. O6’b$ICHI/IT€ B
KOMMEHTApUSIX, IOYEMY HAICHHBIN OT3bIB UMEET TaKOW MaJICHbKUH BBICTYII, @ APYroil HaWICHHBIN

— TaKou 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 00bsICHEHUS OTCTYIIOB BaM BO3MOKHO MTPUTOUTCS KO, KOTOPBIHA
nevyaTaeT Ko3(pHUIIMEHTHl Wi TUHEHHON (QYHKIIMN, 3HAYEHUS COOTBETCTBYIONIUX MPU3HAKOB U

COOTBETCTBYIOIIHE cJI0Ba. [ Bce 3T0 fenaeTcs B mopsiaike YObIBaHUS MOTYJIS IPOU3BEICHHS 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 nepexa pasouenneM BeiOopku Ha Train u Test
Tak, yT100BI BMecTO (/1 CTOSIIIM 4aCTOTHI y1'[0Tpe6J'IeHI/I$[ CJIOB, ACJICHHLIC Ha NJIMHY OT3bIBA.
H0n6epme HaWJIy4dlIyr0O KOHCTAHTY Cu OIIMIINTE, KaK UBMCHATCA OT3bIBbI C MUHHUMAJIbHBIM U
MaKCUMaJIbHbIM BI>ICT}/1'IOM‘.7 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 KOMITO3UIIH JIOTHIECKUX
AJITOPUTMOB K PAaCCMOTPEHHOM B JJabopaTOpHOM padoTe 5 3a1aue 0 MEIUIIMHCKOM CTPaXOBaHUU
Heritage Provider Network Health Prize. 3arpy3ute noaroToBieHHble JaHHbIE C MHOKECTBOM
JIOTIOJTHUTEBHBIX TPHU3HAKOB. [1o 3amanHOMY HabOpy 0OpaleHnil KIIMEHTOB B OOJIBHUILY JIS
KaX/I0T0 KJIMEHTa ObUIM pacCUMTaHbl KOJMYECTBa oOpalieHni co Bcemu Specialty,

PrimaryConditionGroup u ProcedureGroup. 3arpy3ute naHHbI€:
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 1a0OpaTOPHOU paboTe 5 C MOMOIIIBIO TOTUCTHIECKON PErpecCui JOCTHUT
AUC = 0.7112. Ucnionb3ys pacmiipeHHbIi HAOOp TaHHBIX U MOIHbIE anropuT™Mbl RandomForest
CatBoost ot Yandex, yny4mute ero pekopa. Heo0xoaumMo HaydyuThCs HacTpanuBaTh allTOPUTMBI
TaK, 4ToOBI 00a MOKa3aIM pe3yibTaT JIydIle yInoMsHyToro. [{is cpaBHEHUs BRIBEIETE HA IKpaH

JYYIIYHO TOYHOCTDH paGOTLI OJHOI'0 KJ‘IaCCI/I(bI/II_II/Ip}IIOIJ_ICFO JA€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. (camocrtosTenbHas padora) Haliqute 10 caMbix nH(OPMATUBHBIX 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 BBIIOJIHEHHYIO JIA0OPAaTOPHYIO padOTy CTYJIEHT MOJIy4aeT OJUHAKOBOE KOIHYe-

cTBO OasutoB, pasHoe 30/7.

MuHucTepcTBO HAyKH U BhICIIEro oOpasoBaHusi Poccuiickoit denepanuu
denepanabHOE TOCYIaPCTBEHHOE OIOKETHOE 00pa30BaTEIbHOE YUPEKIEHNE BBICIIETO 00-

pazoBanus «PocToBckuil rocynapcTBeHHbIN 3koHOMUYeckuit yausepcuteT (PUHX)»
@aKynbTeT KOMIbIOTEPHBIX TEXHOJIOIMH U 3a1UTHl THPOPMALUU
Kadenpa pyngamentanbHOM U IPUKIIATHOW MAaTEMATUKU

I'pynnoBoii nmpoekr
no puciuiuivie [lpukiagnoe MamimHHOe 00yueHue

CryneHTtsl 00pa3yroT KOMaH/AbI 2 YEeJIOBEK M BBHIOMPAIOT 337a4yM, pa3MEIIeHHbIE B CETH MHTEPHET Ha IJjatT-
¢dopme kaggle.com nmpoBeeHNSI COPEBHOBAHUI 110 MAITMHHOMY O0YUYEHHIO (aHTJIOA3BIYHBIN pecypc).

IIpumep 3axanus

Deloitte/FIDE Chess Rating Challenge

Habops! naHHBIX U1 3TOT0 KOHKYpCa BKJIIOYAIOT pealbHbIE UCTO-
pUYECKHE [aHHbIE, NPENOCTaBICHHbIE BceMupHOW I1axMaTHOU
Oenepanueit (PUJE). YuacTHUKH KOHKYpca OyIyT TpEHUPOBATh
CBOU PEHTHUHTOBBIE CUCTEMBI, UCIIOJIb3Ysl 00yUarouii Habop JaH-
HBIX U3 Oojee yeM 1,84 MUIUIMOHA UTPOBBIX PE3yJabTATOB MJIsi 00-
nee yeMm 54 000 miaxmMaTHCTOB 3a MOCJHEAHHE OAMHHAALATH JIET.
3areM y4YaCTHHKHU HCIIOJIb3YIOT CBOW METO, YTOOBI MpecKa3aTh
ucxoq eme 100 000 urp, cbirpaHHbIX CPEIU TEX K€ UTPOKOB B Te-




YeHHUE CIEAYIONIMX TpeX MecsieB. KoHKypcHbIe paOOThI OyIyT OIEHUBATHCS aBTOMATUUECKH BEO-CaliTOM
Ha OCHOBE TOYHOCTH MX MPOTHO30B. J[Be paboThl B IEHb MOTYT OBITh MIPEJCTABICHBI KAKI0W KOMaHI0H, 1
MpU3bI OYAyT ONpeIeeHbl B COOTBETCTBHH C JTyUIIEH OIIEHKON Ka)KI0W KOMaH/Ibl.

Crnoncop koHkypca, Deloitte Australia, mpegoctaBui npu3 B pasmepe $ 10,000 komane, Kkotopas mpej-
CTaBJIsIeT HanboJIee TOYHBIC MPOTHO3BL. "J[emoUT" SABISETCS BHIIAIOIIMMCS aHATUTUYECKUM ITOCTABITUKOM
BO BCEM MHpE M MOMOTaeT KOMIIAHHUSIM COOMpPaTh, YIPABIATh U aHATH3UPOBATH CBOW JIAHHBIC B paMKax
oOmelt OM3HeC-CTpaTeTruu.

Ona moskepTBOBaJIa MAXMATHBIC MPOIPAMMBI C MTOIMUCIMHA W3BECTHBIX UTPOKOB HA TPU KOMAaHJIbI, 3aHSIB-
e 2-e/3-e/4-e mecTo.

Kpowme Toro, npencrasurenun ®UJE Bpyuar cnenuansusiii "npu3z @UJIE" 3a To, 4T0 OHM cUMTalOT HAaubo-
Jee TepCIEeKTUBHBIM MOJXO0/I0M, U3 JECSITH Hanbosee TOUHBIX 3aluceli, KOTOpble COOTBETCTBYIOT OIpaHU-
YUTEJIBHOMY OIPEAEICHUIO "MPAaKTUUECKOM IIaXMAaTHON PEUTUHIOBOIN cUCTEMBI". DTO OrpaHUYUTENbHOE
oIpe/ielIeHNe yKa3aHo B mpaBuiax KoHkypca. Jlnsa moGeaurtens GUJE npenocraBut tapud Ha nepener
Tyna u oopatHo B AQunbl, I'penins, U MONHBIM TaHCHOH HAa TPU HOYM B AQHHAX, a TAKKE OIUIATy APYTHX
pacxo/10B, 4TOObI OJIMH YEIOBEK MPEJCTaBUI U OOCYIUII CBOIO CUCTEMY BO BpeMsl CIIELMAIbHOM BCTpEUH
HKCIEPTOB MO MIaxmaraM B AQuHax.

Pefituarosas cucrema Elo Obuta pa3paboTrana BeHrepckuM GusukoM ApmagoM 0 B 1950-x rogax u npu-
usata Becemupnoii maxmataoit @enepanueit (PUJE) B 1970 rony. Ha npotsbkenun Gonee yeTbipex Jecs-
tunetuii cucrema FIDE Elo cimyxnina OCHOBHBIM MEPHJIOM B MHpPE ISl U3MEPEHUS CHJIBI IaXMaTHCTOB.
Peittuaru ®UJIE ucnonb3yroTcs Ajid ONpEeieHUsl NPUIJIAlIeHU Ha IIaXMaTHbIE TYPHHUPBI, BKJIIOYas
IIUKJI YEeMITMOHATa MUPA, PacyeTa KOHKPETHBIX Map B OOJBIIMHCTBE MAXMATHBIX TYPHHPOB U MPEIOCTAB-
JICHUs TUTYJIOB, TakuXx kak MexayHapoanbsiii Mactep (IM) unu rpocemeiicrep (GM). Ha camom nene cu-
crema Elo HacTonpKO momyssipHa, 94TO OHa OblIa aIaNTHPOBaHA KO MHOTHM JIPYTHM TPHJIOKEHHSM, TOMH-
MO IIaxMar, BKJIFOUasi peUTUHTYM KOMAH/IHBIX BUJOB CIIOPTA, IPYTrUe HACTOJIbHBIE UTPhl U OHJIAWH-CUCTEMBI
BUJICOUTD.

OI[HaKO, HECMOTPA Ha NOMYJIAPHOCTb CUCTEMBI 3J'IO, HUKOT'J1a HE ObLIO MNpOACMOHCTPHUPOBAHO, UTO IMOAXO
D0 TeXHUYECKU MPEBOCXOAUT ApYyrue moaxoabl. bombias yacTe mpuBiekaTenbHOCTH cucTeMsbl Elo cBs-
3aHa C €€ MPOCTOTOM M 3HAKOMCTBOM, M OHa MJEAIbHO MOAXO0JWJIA JUIsl TOTO BPEMEHH, KOI/la pacyeT pei-
TUHTOB OBbUT 3HAYMTENIbHON MPAaKTHUECKON 3amadell Jaxke NI €XKErOoJHOT0 CHUCKA W3 HECKOIbKUX COTEH
urpokoB. Dopmyna 3510 ObUTa BBIBEJEHA TEOPETHYECKH, B IMOXY 0€3 OOJBIINX 00BEMOB UCTOPHUUECKUX
JaHHBIX WA Yero-Tu00 MpHOIMKAIONMIErocs K CEeTOMHSIIHEH BBIYMCIUTENBHON MOIIHOCTU. braromaps
MOINHBIM KOMIIBIOTEpaAM H OOJIBIIINM HUI'POBBIM OasaMm JAaHHBIX MbI MOXXEM JICTKO HUCCJIICAO0BATh IIOAXOABI,
KOTOpBIE MOTYT ObITh Nyurie, yem Elo, mpu mporHo3upoBaHuu pe3ynbTaToB MIaxmar. Takoe uccienoBa-
HHUC MOXKCT UMCThb CCPLE3HBIC MOCICACTBUA IJId TCOPUHU U MPAKTHKU peﬁTHHFOBOfI METOOOJIOINHU, KaK IJIA
niaxmar, Tak 1 JiJIs MUpa 3a IIpejieJaMu axmar.

B kauectBe nmepsoro mara B 3toM npouecce Karrie ocenpro 2010 roga mposen KOHKype "Oia0 mpoTuB
oCTaJIbHOTO Mupa'", TpeOysi OT YUaCTHHKOB pa3paboTaTh MPOTHOCTHYECKHUE MOJIETTH, KOTOPHIE MOTJIA OBI C
00JbIIION TOYHOCTBIO MPOTHO3UPOBATH PE3YNbTAThl IIaXMATHBIX UTp. KOHKYypc OBl OYeHb MOMYNIAPEH Kak
cpenu JTFOOUTENEH maxMar, TaKk ¥ CPeIi yUeHBbIX-TaHHbIX, TpuBieKkas 6omee 3500 3asBok ot 258 KomaH -
Y4acCTHUKOB U3 41 cTtpaHbl. XoTs NMpU30BOM (OHI OBUT MUHUMAIIBHBIM, OBUIO OTPOMHOE KOHKYPEHTHOE
CTpeMJIeHHe, MO0YyXKAarollee MHOTMX YYacCTHUKOB K MOCTOSIHHBIM ycuiusM. Hanpumep, HecMoTpsi Ha
OTpaHUYEHHE, yJIep)KUBalOIIee KOMaHIbl OT MoAa4Y 0ojiee ABYX 3asBOK B J€Hb, ObUIO JBA/ALIATh KOMaHI,
KOTOphIe caenanu 6onee 50 3aBOK Ha MPOTSKEHUU BCETO KOHKYypca. ba3oBbie JaHHBIE HACTOIBKO MPOCTHI
U TIOHATHBI, YTO OYEHb JIETKO HAYaTh UTPATh ¢ MOJAEISIMU MPOTHO3UPOBAHUS, HO 001Ias mpobiaemMa Makcu-
MU3ALUM TOYHOCTH HACTOJIBKO CJIOXHA, YTO JlaXKe MaclUTaOHbIE YCHIIMS MEePBOro KOHKypca He ObLIU J10-
CTaTOYHBIMU JJISl OTIPEJICNIEHUS IBHO MTPEBOCXOAIIETO MoAXoa. bbuto Gombioe pazHooOpasue B METOJI0-
JIOTHSIX TOJIBKO JECATH JIyULINX MPHU3EPOB, BCE U3 KOTOPBIX 33JJOKYMEHTUPOBAIN CBOU MOJIXObl B 3HAUU-



TEJTHLHOM CTETECHH TIOCIIe 3aBEPIICHUS KOHKYpca. DTaJOHHAs moaada GopMysibl 710 3aKOHYMIACH JAJIEKO,
Janeko, mo3aau, Ha 141-m mecte u3 258, u 6bu10 39 KOMaH/I, YbH MPOTHO3BI OBLIN MO KpaitHei mepe Ha 5%
OoJiee TOUHBIMU, YeM cructema 0. [loHsaTHO, uTo cucTteMa Elo He camast TOUHAs, HO OCTaeTCS HESACHBIM,
Kakasi CUCTeMa MPEBOCXOIUT €€.

OT10 yxe He Bomnpoc "OJ0 MNPOTHB OCTAIbHOIO MUpa'; TENEpb MbI JOJKHBI IIPOBECTH BTOPOM KOHKYPC U
COCPEIOTOYUTHCS Ha MOUCKE MOIXOAIIeH 3aMeHbl D10. B0o3MoXkHO, TydmuM noaxoaoM Oyner Mmoaudu-
Kalus moJxoaa JI10, WM, BO3MOXKHO, 3TO OYAET YTO-TO COBEPUICHHO HOBOE. IJTO BTOPOM KOHKYpC OyZer
UMETh HECKOJIBKO CYILIECTBEHHBIX YIYUIICHHI 110 CPAaBHEHUIO C MEPBbIM KOHKypcoM. OH Oyner umets 60-
Jee HaJeKHYI0 (GYHKIHUIO IMOACYETa OYKOB, BEIOPAHHYIO TIOCIIE OOIIMPHOTO aHAJIN3a PE3Yy/IbTaTOB IMIEPBOTO
KOHKYpCa, a TaAKXe KOHCYJIbTAallUH C MUPOBBIMM JIUJIEPAMU B TEOPUH IAXMATHOTO PEUTHHIA U KATETOpH-
IBHOTO aHanm3a qaHHbIX. Kpome toro, ®UJIE npegocTaBuil NodHBI HAOOpP JAaHHBIX O MHOTOJIETHUX pe-
3ylbTaTaxX OTAEIBHBIX UTP, KOTOPBIC UCITOIB30BATUCH JIJIs pacueTa opunuanbHbix peiituaros GUE. Jlo
CHX IIOp TO HUKOTJA HE ObLJIO BO3MOXKHO, YTOOBI BBIIIOJHUTH 3TOT aHAJM3, IIOTOMY YTO HAOOp JTaHHBIX HE
ObL1 cCOOpaH, U 3TOT KOHKYPC CalT ABIISETCS €AMHCTBEHHBIM MECTOM B MHpE, I'/ieé UMEIOTCS JaHHbIE BTOPO-
ro KOHKypca obecnieuuBaet 6osee yem B 30 pa3, Kak MHOTO MTp, KaK MEPBbIi KOHKYPC BCE-TaKH, U TOPA3I0
OoJbIlIee HACelIEHUE IaXMaTHCTOB, a TAK)Ke, OTPaKAIoIlKe BECh paclpeieIeHUH CUila UTPOKa, a He MPOCTO
JI0J1s1 TONI-UTPOKOB, OXBAUEHHBIX MEPBbII KOHKYPC.

Konkypcusie paboTsl OyyT comepkaTh IporHo3upyemslid bensiii cuer B kaxaoit u3 100 000 urp B Tecro-
BoM HaOope. IIporHossl asst OTAENBHBIX UTP OYOYT OLIEHUBATHCS OTIENIBHO, @ COBOKYNHOE "OTKJIOHEHHE"
OyJeT paccUMThIBATHCA KaK CpEeHEE OTKIOHEHHUE BO BCeX Urpax. Takike OTMETHM, YTO HECKOJIBKO ThICAY
Urp SIBIAIOTCS (UKTUBHBIMM ((eHKOBBIMM) MaTyalaMu, BKJIIOYEHHBIMHM C LI€JbI0 OTOUTH y YYaCTHUKOB
"MaHMHT" TE€CTOBOTO Habopa IS MOJYYEHUs AOMOIHUTEIHHOW MH(OpPMAIMU O CUJIE KaXKJIO0T0 UTPOKa.
OTH UTPbl UTHOPUPYIOTCS (PYHKIMEH OLICHKH.

BomirpelinHas oguHoOuYHas mojava OyaeT UMeTh MUHUMalbHOE bruHOMMansHOe oTKiIoOHeHue. Jlerko 3ame-
TUTh, YTO MPOTHO3UpOBaHUE oxkujpaemon oneHku 0% wim 100% umeer HeomnpeneneHHoe buHoMuanbHOE
otkioHenue, nockonbky LOG10 (0) He onpenenen. Kpome Toro, naxe ecnu Oenbie BHIUTPBHIBAIOT, Map-
JKUHAJIbHAs BBIF0JIa JUIsl IPOrHO3a 4yTh BbIle 99% MUHHMaibHa IO CPAaBHEHHUIO C IporsHozoM 99%. U
TOYHO TaK K€, 1aXKe €CJIM YePHbIC BHIUTPBIBAIOT, MAPKUHAJIbHAS BBITOJa JUIS IIPEJICKa3aHus 4yTh HIKe 1%
MUHUMaJbHA 110 CPaBHEHHUIO C npezacka3zaHueM 1%. IloaToMy HET HMKaKuWX BECKHUX HMPUYUH MPEICKa3bl-
BaTh OKUJAaeMbIi pe3yibTar Bbie 99% umu Hwke 1%. Takum obpaszom, Ui 1ese nmojcyera 04KoB, BCe
MPOTHO3bI Oestoro 6aa Beie 99% OynyT paccMarpuBatbest kKak 99%, a Bce mporHo3bl 6enoro 6asia Hu-
xe 1% Oynyt paccmaTtpuBaThest Kak 1%. Bel Moxere" orpannuuts " cBou nporHo3sl Ha 1% u 99% camo-
CTOATEIbHO, WIN Bbl MOXKETE MO3BOJIUTH (PYHKIIMH IOJICUETa OYKOB CHEJIaTh 3TO 3a Bac; B JOOOM ciiydae
Bam cuer 6yzaer Takum xe.

Tecrosblit HaOop AaHHBIX cnuckoB 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. Tecro-
BBl HA0OP JaHHBIX NPEIOCTABISAET JOCTATOUHYIO HH(POPMALIMIO O KXJIOW U3 ITUX UTP, BKIIOYAs MECSIL, B
KOTOPOM OHa Obljla ChilpaHa, U MACHTU(UKAIMOHHBIE HOMEpa JUIsl OeNbIX M YEpHBIX, YTOOBI Bbl MOTJIHU
IIPEJICKa3aTh UCXOJ KaX 101 UTPBI.

ITpu oTnpaBKe MPOrHO30B HEOOXOUMO BKIIOUUTH (aiin co Bcemu 100 000 urpamu, a Takke CTPOKY 3aro-
noBka. Jlns kaxxnoit urpsl Bel ykaszbiBaete TEID u oxunaemyro oleHKy aiis 6e5oro (IecITHYHOE 3HAaUeHHe
or 0 1o 1). OOGparute BHUMaHHUe, YTO (QYHKIHS OLIEHKH OyJeT paccMaTpUBaTh BCE OXKUIAaEeMble OLIEHKU
Hwke 0.01 B 0.01, u 6ynet paccmaTtpuBaTh Bce okuiaeMblie oreHku Boime 0.99 0.99 a.

Bbl tomkHBI yOEAUTHCS, UTO BAlllM UTPHI IEPEUUCIICHBI B MOpsIKe Bo3pacTanus, B coorBercTBuu ¢ TEID.
[lepBast cTpoka-3TO CTpOKa 3arojoBKa, BTOpas CTpoKa-3To Bam nmporHo3 Ha TEID#1, Tpetbst cTpoka-3To
Bam mporHo3 Ha TEID#2, m Tak nanee, 3aKkaHuuBas TOCIEIHUA psij, WMEIONIUN CBOW MPOTHO3 Ha
TEID#100000. ITostomy Bce ¢aitibl qomkHbl uMeTh poBHO 100001 cTpok.



®aiinbl T0DKHBI OBITH OTGopMaTupoBanbl B popmate ¢ Paznenurensamu-zamsateivu (CSV), umes ".CSV-
¢aiina" pacmmpenus u pasaeneHus 3HaYeHUH B OHOM CTPOKE Yepes3 3arsTylo.

B kauecTBe mpumepa, ecnu Bbl npeactaBmin (aitn, conepxamuii mpornossl 0,500 ans oxxumaemoro pe-
3yJbpTaTa OesbIX B IEPBBIX TPEX UIPaX, IEPBbIE YETHIPE CTPOKU OYAYT BBIMISIETh CIAEYIOIUM 00pa3oM:

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

@ailnibl JaHHBIX OXBAaTHIBAIOT MocieaHue 135-mecsauHble pe3yabTaThl NPOPECCHOHATBHBIX IMIAXMAaTHBIX
UTp, U3BIICUCHHBIE M3 0a3bl NaHHBIX BeemupHoii maxmarHoit ®enepanuu (PUJE). Tlepuon obydenus co-
craBisieT 132 Mmecsia, 3a KOTOPBIM CIIEIYyeT TpexXMecsuHbli nepuo TectupoBanus (133-135 mecsies).
KoHKpeTHBIX CpOKOB HE MPENyCMOTPEHO; BCE UIpbl IpocTo 1enoe yucio mecsan UI# or 1 no 135. Ecte
54,205 pa3nuyHBIX MIAXMATUCTOB, BKIIOYEHHBIX B JaHHBIC; 3TH UTPOKH OJHO3HAYHO UACHTU(DULIHPYIOTCA
10 UACHTU(HUKATOPY B quana3oHe ot 1 1o 54,205.

B pamkax koHKypca npeocTaBiIseTCsl BOCEMb PA3IMUHBIX (hailIoB:

(1-3) nnst oOydeHus Ballieil CUCTEMbI POrHO3MPOBAHKS MOXKHO MCIOJIb30BaTh HA0OP JAHHBIX HAYaJIbHOTO
o0yuenus (Bkiarouast 1840 124 wurper). OH paszesieH Ha TpU OTAEIbHBIX (aiia: yacte 1 (Mecsipl 1-96),
gacTh 2 (Mecsipl 97-118) u yacte 3 (Mecsubl 119-132).

(4-5) BTOpMUHBINA HAOOP MAHHBIX Ui 00y4eHus (B ToM uucie urpsl 312,511) u Beiciiero yueOHoro Habopa
JAHHBIX (BKJItOYast Urpel 265,577) obecnedynTh OMOJHUTENbHBIA O00YYalOlUMX JaHHBIX, KOTOPbIE MOTYT
OBITH IMOJIE3HBI ISl IPOBEPKHU Ball€il CUCTEMBbl U MPOTHO3UPOBAHUS PE3ysbTaTOB Urpbl. Jlis yuyacTtus B
KOHKYypce He TpeOyeTcs UCIOJIb30BaTh 3TH JONOIHUTENbHbIE 00ydaromnue Habopbl JaHHBIX, HO OOJIBLIMH-
CTBO CHUCTEM 3HAUMTEIbHO BBIMTPAIOT OT MCIOJIb30BAaHUS BTOPUUHBIX U TPETUUHBIX 00ydaromux HaboOpoB
naHHbIX. bonee noapoOHy0 MH(OPMAIMIO MOKHO HAWTH Ha CTPaHUIIE JONOJHUTEIbHbIC HAOOPhI JaHHBIX
00yJeHwusl.

(6) TectoBslif HaOOp naHHBIX (BKIto4as 100 000 urp) naeHTuUIMpyeT HaxMaTHbIe MAPTUU B TEUEHUE Te-
CTOBOT'O MEPHO/a, KOTOPBIM JODKEH OBbITh Mpeacka3zaH. Takxke oOpaTuTe BHHUMaHUE, YTO mpumep ¢aiina
OTIIPaBKH MIPUBEJCH HA CTPAHUIIE MHCTPYKIUH 110 OTIIPABKE.

(7) nepBOHaYaNbHBIN PEHTHUHTOBBIM crUCOK (BKiItoyas 14,118 urpokoB) colepKUT NEpBOHAYAIBHBIN CIU-
cok petnHros ®UJIE urpokos, BXOAAMIMX B HAYaJI0 TPEHHMPOBOUYHOIO NEPHUOAA. ITO COCTABIIAET NpH-
onm3utensHo 25% OT 001ero KoJn4yecTBa UrpOKOB; HAadyaJbHbIE OLEHKU JJISi OCTalbHBIX 75% WIPOKOB
JIOJKHBI OBITh PACCUMTAHbI HA OCHOBE UX HadaJbHBIX UTP B T€UEHUE TPEHUPOBOUHOTO nepuona. [lomuure,
YTO JTI000H >KeNarolui MPEeTeH10BaTh Ha pu30Byl0 kateroputo ®UJIE nomkeH ucnonp30BaTh 3TOT CIU-
COK, YTOOBI ONPEAETUTh HaualbHble peUTHHIU 3TUX 14,118 Urpoxos.

(8) mpumep ¢aiina nmpencrasnenus (Bkiaogas 100,001 ctpok) popmaTtupyeTcs COOTBETCTBYIOIIUM 00pa3oM
JUTSL TIPEJICTaBJICHUSI HA KOHKYPC, COJEpKaIInii TporHo3 oxumaaemoro 6amta 50% s Bcex 100 000 urp B
TECTOBOM Habope. DTO MIEHTHYHO TECTY BceX HUUbMX. OH BKJIIOYAET B ce0sl CTPOKY 3arojioBKa, 3a KOTO-
poit creayroT MPOTHO3BI IJIsk TECTOBBIX UTp #1, #2, #3, ..., #99,998, #99,999, #100,000, B o0mIe# CIOKHO-
ctu 100,001 crpok. Bamm daxkruyeckue npeacTaBaeHus JOHKHbBI ObITh TOYHO TAKUMH XK€, Kak 3TOT (haidi,
3a MCKJIIOYEHUEM TOTO0, YTO OH OyJAeT cojepkaTh Ballu (haKTUYECKHE MPOTHO3BI JJIs KaXKIOW UIpHI, a HE
yHHUBepcanbHbIi 50%.

Ha6op lanueix HauansHoro O0yuenus



Ectp 1,840,124 urpsl B Habope Ha4aIbHON MTOATOTOBKH, OXBATHIBAIOIIUX TIOCIEIHUE OJTMHHAAIATH-JICTHUHA
nepuo/ (U3BeCTHBIN Kak Mecsl #1 yepe3 mecsi #132). Onu coctaBisitoT 35-40% OT MOYTH NSATH MUILIHO-
HOB MTPOBBIX PE3YyJIbTAaTOB, KOTOpHIe ObuTH Hctonb3oBanbl ®UJIE (Becemuproii maxmatnoit denepariueii)
JUIsl pacueta peUTUHroB MrpokoB 3a 3To Bpemsi. MHOTrHE U3 3TUX MATH MUJUTMOHOB UTPOBBIX PE3YyJIbTAaTOB
HE JIOCTYIIHBI IO OTJIEIHHOCTH B KOMIIBIOTEPHBIX (paiiyiaX, ¥ MOATOMY OHH JOJIKHBI ObUIM OBITH YACTUYHO
BOCCTAHOBJICHBI U3 JAPYTUX UCTOYHUKOB JJI 3TOTO KOHKYpPCa; IMEHHO MO3TOMY B HaOOpe HavaabHOU MO/I-
TOTOBKH €cTh "Tonbko" 1,84 mumnona urp. Ha mpotspkeHuu OoJiblliel 4acTH TPEHUPOBOYHOTO MEpUOaa
OCHOBHOU TPEHUPOBOUYHBII HA0OP COAECPKHUT 0KOJIO 25% monHoro Habopa urp FIDE, ucnons3yemsix ams
O(pUIMATBHBIX PEHTHHTOBBIX pacyeToB. [IpoleHT HaMHOTrO BbIIIE B MOCJEIHUE /IBA WIHM TPU TOAA TPEHU-
POBOYHOTO TIepHoaa, Onaromapsi HeqaBHUM m3MeHeHUsM B npaBuiax @UJIE o Tom, kak opraHu3zaTtopbl
TypHUPA JOJKHBI IPEJCTaBIATh pe3ynbTarhl cBoero TypHupa ®UJIE. Ilocnennue nanusie ropasao Oolee
JIOCTYITHBI.

EcTh Tpu BO3MOXKHBIX MCX0/1a 3aBEPILIEHHON UTPHI B MIAXMaThI - 1100 Oenble modesl, 1100 urpa odparia-
€TCs1, WM YepHbIe T00eIbl. DTH COOTBETCTBYIOT "3a0uTh" Ha Oenom 1.0, 0.5, 0.0 6amnoB wim, 1 HAOOOPOT,
pesynbrar B yepHsbiid 0.0, 0.5, 1.0 umu oukoB. TypHup 3a0mi1 Kak TpaBmiio, JOOABISET UTPOKA B OOIIEM
pelTHHre, TaK YTO TOT, KTO BBIUTPHIBAET TPHU UTPHL, HUUbU B IMSATU MaT4yax, U MPOUTPHIBAET OJHY UTPYy ObI
oOmuii Oamn 5.5 u3 9 urp, u (HeCMOTpsI Ha MEHbIIIEe KOJIMUYECTBO 1MoOe ) OyAeT (GUHUIIHPOBATH BIEPEaN
KOT0-TO, KTO MOOEXKAAeT B IATH UTPax, PUCYET HOJb UTPHI M IPOUTPHIBAET YeThIpe UTphl (00muii 6amt 5.0
u3 9). Ilpu 3TOM BaXXHO YYHTHIBATH HE TOJBKO TO, CKOJIIBKO MTpP yJAETCS BBIMTPATh MTPOKY, HO U TO,
CKOJIBKO MOTEPh eMy yaaeTcs u30exarb. bemnble Bceraa IBUTatOTCS IEPBBIMU, U TO3TOMY €CTh HEOOJIbIIIOE
PEUMYIIECTBO B TOM, 4TO Oenble Gurypsl (6onee BhIpaKeHHBIE CPEI CHIBHEWIINX WUTpOKoB). Hampu-
Mep, B IEPBUYHOM TPEeHHUPOBOUYHOM Habope 125 000 urp, rae abcomoTHas pasHuna B peiituarax ®UJE
MEXy UTpOKaMu Obu1a MeHblne 20 0YKOB, a cpeiHuil Oa OenbIX B 3TUX Urpax coctaBmi 53,7%.

Habop nannbix nepBuyHoro o0ydenus Bkitodaer B cedst 1840 124 urp, kax10il U3 KOTOPBIX IPHUCBAaNBAET-
Csl YHUKAIBHBIM UACHTH(PHUKATOP NepBUUHON oOydaromieit urpsi# (HaspiBaeMblii 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)ke MCXOJ UIphl, oT Oemnoro 3peHus (ouku 6o 1.0, 0.5, wnm 0.0). Peittunru fide urpokor He mpen-
CTaBJICHBI B Ha0OpE JaHHBIX MEPBUYHON TPEHUPOBKH; YaCTh 3aJaddl Ui BaC, YTOOBI CHIENaTh CBOM COO-
CTBEHHbBIE OLICHKU U3MEHEHHSI CUJIbHBIX CTOPOH UTPOKOB C TEYEHHUEM BPEMEHH.

Hakonen, Habop IaHHBIX OCHOBHOTO OOY4YeHHs MPEJOCTABIsIET JBa HM30BITOUHBIX 3HAYCHUS
(WhitePlayerPrev u BlackPlayerPrev) mist kaxxioro pe3ysbraTa UIpbl, yKa3biBas KOJIUYECTBO UTP (B HA0O-
pe OCHOBHOTO OOYYEHHsI), CHITPAHHBIX KaKIBIM M3 JBYX WTPOKOB B TE€YEHHE MPEIBIAYIINX 24 MECSIEB.
OTH 3HAYEHHs] MOTYT OBITh BBIYMCJICHBI IYTEM IPOCMOTpPA JAHHBIX 3a MPEABLIyIIME MECSIbl B Habope
JAHHBIX HAa4albHOTO O0y4YEHUs, a He IyTeM SIBHOTO TPENIOCTaBIeHHs, HO s Bamero ynoOcTBa oHM ObLTH
SIBHO MPEOCTABJICHBI IS KAXKI0W 00yJaromieil urpsl.

IMouemy WhitePlayerPrev u BlackPlayerPrev akryanpubi? Hy, myn akTHBHBIX UTPOKOB BCET/Ia YBEIHYHBA-
eTcd B pazMmepax. TakuMm oOpa3zoMm, B Jr000H JaHHBINA Mecsll, MHOTHE U3 UTp, KOTOPhIE UTPAOT BOBJIEYb
UTPOKOB, KOTOpBIE paHEe UIpald OYeHb HEOOJBIIOE KOJIMYECTBO UTp (WM HeT BoobOmie). bwiio Obl He-
CIpaBEJIMBO BKIIIOYATh MHOTHE U3 3TUX UTP B HAOOP TECTOB, MOCKOJIBKY MPOTHO3bI OBUIN OBl COBEPILIEHHO
HeomnpeaeneHHbIMU. Tak mpu co3gaHuM TecToBoro Habopa 3a 133-135 mecsueB OblT IpUMEHEH (QUIBTP.
BwmecTo Toro, yToOB! BKIIIOYATh BCE UIPHI, CHITPaHHBIE B TeueHue MecsneB 133-135, TecToBblil HaboOp 1aH-
HBIX BKJIFOYAET TOJIBKO MI'Pbl, B KOTOPBIX 00a UTPOKa Urpalii 1o KpaiiHeill Mepe 12 urp B TeueHue mocie-
HUX 24 MecsIeB OCHOBHOTO Habopa maHHbIX oOydeHus (T. . mecsaneB 109-132). YyacTHHKH, BO3MOXKHO,
MO’KEJIA0T MPOBECTH MEPEKPECTHYIO MPOBEPKY, OMHUPAsCh Ha 00pa3Lbl U3 OCHOBHOTO Habopa y4eOHBIX Ma-
TEpUaoB, KOTOpble OyIyT UMETh CXOKHE XAPaKTEPUCTHKH C TECTOBBHIM HAaOOpOM JIaHHBIX, C TEM YTOOBI
pa3zpaboTaTh MOJEIb WM ONTHUMHM3UPOBAThH MapaMmeTpsl B MoAenu. Jlns co3gaHusi cOOCTBEHHBIX MPOBe-
POYHBIX HAOOPOB U3 00YUYAIOUIMX JAHHBIX MOYKHO IPUMEHUTH TOT K€ (PMIIBTP BBIOOPKHU, KOTOPBIA HCHIOIb-
30BaJICS NIl CO3JIaHUs TecToBOro Habopa (Tpebyercss WhitePlayerPrev > 12 u BlackPlayerPrev > 12).
Bxutouenne 3nauenuit WhitePlayerPrev u BlackPlayerPrev B TpeHMpOBOYHBIE UIPBI TO3BOJISIET 3TO CHE-
JaTh.



Hanpumep, ecnu Bammy npoBepKH UCTIBITaHUS OblIa B3ATa U3 UTpbl HAa Mecsl] 130 TONbKO, U TOJIBKO HEKO-
TOpBIE UTPHI ¢ 3TOTO Mecsna Bo3aukian WhitePlayerPrev > 12 u BlackPlayerPrev > 12, To BbI ObI TOJBKO
OBITH UTPBI, B KOTOPHIX 002 UTPOKA KaK MUHUMYM 12 Urp B T€YCHHE MPEABITYIINX 24 MECSIEB MePBUYHAS
moAroToBKa Habopa (T. e. MecsneB 106-129). U stor GpuibTp aHAIOTHYEH TOMY, YTO OBLJIO CIEIAHO IS
¢GuIbTpauu Urp A TECTOBOTO HabOpa.

Tecrossrit Habop /lannabix

TecroBblit Habop nanHbIX (oxBarbiBaromuii 100 000 urp mexay mecsiamu 133-135) oueHb MOX0XK Ha Oc-
HOBHOHM oOyuaromuii Habop JaHHBIX, XOTS OH HaMepeHHO omyckaer crtonber; WhiteScore. Koneuno,
CMBICJI KOHKYpCa 3aKJIF0YaeTCsl B TOM, YTOOBI YYaCTHUKH TOYHO MpeackaspiBaan WhiteScore it Bcex urp
B TECTOBOM HaboOpe JaHHBIX, IOATOMY TECTOBBIH HAOOP JaHHBIX yKa3bIBa€T TOJILKO JUYHOCTH UTPOKOB U
Mecsll, B KOTOPOM Urpa ObuIa ChIrpaHa, M He COOOIIaeT BaM pe3ysbTaThl Urpbl. TecToBbIil HAOOp ITaHHBIX
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 TecroBbix nannbix Bkiaroyaer 100 000 urp, kax10il U3 KOTOPBIX NPUCBAUBAETCS YHUKAIbHBINA UICH-
tudukarop tecroBoii urpbi# (HaseiBaembiii TEID) ot 1 mo 100 000. [ms xaxnow urpsl, TEID, u mecsiy
N (mexnay 133 u 135), u ID urpoka 3a 6enbIx U 4epHBIX UTPOKOB, He npeaycmorpeHo. TEID ocobenno
Ba)KEH, MOCKOJIbKY OH Oy/Ie€T UCIOJIb30BaThCs ISl YHUKAIbHON MICHTU(UKALUN KaXXIO0W TECTOBOW UIPHI
IIPU OTIPABKE MPOTHO30B U ISl COPTUPOBKH CTPOK B (pailyie OTIPaBKH.

OOpatute BHUMaHKE, YTO Bbl HE JOJIKHBI UCIOJIB30BaTh TECTOBBIM HA0Op JAHHBIX B Kau€CTBE JIOIOJHU-
TEIHHOTO MCTOYHHUKA MOJICKAa30K O cuiie urpoka. IIporHossl Ha mecsinsl 133-135 m0mKHBI OCHOBBIBATHCS
Ha OIICHOYHBIX HTPOBBIX CIIOCOOHOCTSAX HTIPOKOB B KOHIIE Mecsana 132, U 3TH MPOTHO3BI AOJKHBI OBITH
MOJIHOCTBIO NEPCIIEKTUBHBIMU, KaK €CcIU Obl BBI C/I€TIANIA MPOTHO3BI MPSAMO B KOHIIE Mecsina 132. Mel mor-
¥ OBl TIONPOCHTH TOJHBIA Kpocc-poayKT (54,205 x 54,205 x 3) mpepcka3anuil BceX BO3MOXKHBIX HTp, a
He ToJibko 100 000 urp u3 TecToBOro Habopa, HO 3TO OBLIO ObI CIIMIIKOM OOJIBIIUM (haiIoM IS OTIIPABKH.
Bwmecto 3T0ro0, uToOBI NPENsATCTBOBATH YyYaCTHUKAaM "MalHUHIA" TECTOBOrO HaOOpa AaHHBIX JUISl MOJIyde-
HUS JIOTIOJIHUTEJIbHOW MH(pOpMaIuK, TeCTOBbIM Habop AaHHBIX u3 100 000 urp BkItoyaeT B ceOs MHOTO
TBICSTY JIOKHBIX coBMaAeHUi. [IpOTHO3BI ISl STUX KOHKPETHBIX UTP OyayT OTOpOIICHBI U HE OyayT HC-
MOJI30BAThCA MPH MOJCYETE OYKOB. MeETO/ reHepalluy JIOKHBIX COBIAJICHUN HE SIBISETCSA CIy4YalHbIM U
He packpbiBaercsd. JIOXkHBIE UIPbl HAMEPEHHO BKIIIOYAIOTCS, YTOOBI MOOYIUTH JIOJIEH MPOrHO3HPOBAThH
TOJIbKO MEPCIIEKTUBHO.

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

top-30% peittuarosoit Tabmauipl. Ecin y rpynmsl BOZHUKAIOT TPYIHOCTH, PEO1aBaTeNb
MOMOTaET, YTOObI YKa3aHHBIA PEUTUHT ObLT JOCTUTHYT. JlaHHBIN Kypc YMTaNCsS B MarucTpa-
Type Mexmarta FODY yxe Oonee 5 net. 3a Bce ero UCTOPUIO €11ie He ObLIIO0 CTYACHTOB, KO-

TOpbIE HE CMOTJIH OBI TTpeooieTh Oaphep top-30%.



MuHHCTEPCTBO HAYKU U BhICIIET0 oOpa3oBaHus Poccuiickoit denepannu
denepanbHOE rOCyAapCTBEHHOE OI0PKETHOE 00pa30BaTeIbHOE YUPEKICHHE BBICIIETO 00-

pa3zoBaHus «POCTOBCKHI rOoCyJapCTBEHHBIN 3KOHOMUYeCcKHi yHuBepcuteT (PUHX)»
@DaKynbTeT KOMIIBIOTEPHBIX TEXHOJIOTHIA U 3aIIUTH HH(POpMAITUH
Kadenpa pynmamenTanpHON ¥ MPUKITATHON MaTEMAaTHKHI

Bomnpocskl Kk d3k3aMeHy

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 aBTOMATUUECKU OIIEHUBATh COYH-
HEHHUSI MKOJIHLHUKOB? Eciin 1a, TO 4TO JIsl 3TOTO HYKHO, OMUIIUTE MaTEMaTUYECKYIO T10-
CTaHOBKY 3aJla4yi MalIMHHOTO 00yueHus. Ecnu Her, o0bsacuute noyemy. (1 6asmr)

[lepeuncnure TUTIBI 33/1a4 MAITUHHOTO OOYYEHHUSI. Y KQXKUTE KAaKU€ 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 03HAYAIOT TEPMHUHBI MOJICNIb U AITOpUTM 00ydeHus mojenu? (1 6an)
OnummTe camblid TOMYJSPHBIN 00U allropuT™ 00ydeHust Mmoaenu. (1 6an)

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

Kakum 00pazom mpoucxoaut o0ydeHue B BEpOSITHOCTHON TOCTAHOBKE 33/1a4l MAIIIMHHOTO
o0y4eHus B ciIydae, KOTJla Hy>)KHO HAaWTH TUIOTHOCTh BEPOSATHOCTH U (DYHKIIUS ITOTEPH HE
3anana. (0.5 6anna)

Yro takoe pemaromias ¢pynakius (decision function)? I'ne u xak ona npumensiercs? Ilo ka-
KOM IpaBuily oHa pabotaet? (1 6amn)

Jis 3aianHOro 00bekTa X M KitaccoB y in {-1,+1} aJiropuT™M MammHHOro 00y4YeHHMSI pac-
cUMTAa yCIIOBHbBIE BeposTHOCTU P(X|y): p(x[+1)=0.8, p(x|-1)=0.4. Kakoii kinacc Hy>KHO
IpecKa3aTb 0ObEKTY X, YTOOBI BEPOSITHOCTh OLTMOKM OblJla MUHMMAJIbHA, €CJIM B 00yYaro-
mieit Beroopke 30% o0bekToB umeroT kinace y=+1 u 70% knacc y=-1. Ecau o6a perienus
UMEIOT OJJMHAKOBBIE BEPOSITHOCTH OMIMOKH, TaK U HanuiuTe. OG0CHYiTe pelieHne maTe-
MaTuyecku. (2 6ama)



baHky Hy»KHO MPUHATH PEIICHUE O BblJaue KIMEHTY KpeAuTa BeJIMYnHON 1 MiTH. py0. Ha 1
roa noj 15% ronoBeix. B ciydae oTpuiiaTebHOTO petieH st 0aHK PUCKYET MOTEPSTh CyM-
My, paBHYIO 15% OT BeIMYUHBI KpeAuTa. A B Cllydae MOJOKUTEIHHOTO PEIICHUS K HEBO3-
BpaTa KpeauTa KIMEHTOM OaHK PHCKYET MOTepSATh CYMMY, PaBHYIO BeIMUnHe KpeauTa. s
3aJJaHHOTO KJIMEHTA X U KJIacCOB y IN {BEpHET, HE BEPHET} AITOPUTM MAIIMHHOTO O0yUYCHHSI
paccumTall yCIOBHBIE BEpoATHOCTH P(Y[X): p(BepHeT|x)=0.9, p(ue BepHeT|x)=0.1. [Tomorute
0aHKy IPHUHATH BEPHOE pellleHUEe, MUHUMHU3HPYIOIIee BEIUUYUHY CpeHero pucka. Eciou oba
pelIeHust IPUBOJIAT K OJJMHAKOBOMY CPEJIHEMY PUCKY, Tak U Hanumute. OO0CHyHTE peliie-
HUE MaTeMaThuyecku. (2.5 6aa)

3agaHa BEIOOpKA OJTHOMEPHOU ciydaitHou BenumuuHbl: X ell={4,1,6,2,4,3,2,5,9.4}. Ilo-
CTpOHTE MPUOIMIKEHUE K INIOTHOCTH PaCcTIPeICICHUS, UCTIONb3Ys ITapaMeTPUICCKUH T10]1-
X0J1 U HOpMaJibHOE pacipeaeieHue. (2 6ama)

B oOyuaroieit Beioopke 60% o00bexkToB nmerot knace 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. Mcrnonb3yst HaUBHBIN 0aeCOBCKHIA TIOIX0/1, HAMUIIIMTE, KaK BbI Oy/IeTe paccyu-
TBIBATh BEPOSTHOCTH KJ1accoB y=\pm 1 st o0bekta (x_1,x 2) = (7,-1.5). [IpubnmkeHHbIC
BBIYHCIICHHSI SKCIIOHEHT BBITIOJIHATH HE HYXKHO, ITyCTh OHH OCTaHYTCS B JOpMYyJie 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 pyHkuuwo. (3 Oamia)

Hanumure dhopMynny u HapucyiiTe Ha rpaduke 3aBUCUMOCTh (PYHKIIMU OTEPH 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 6mHapu3armuio (one hot encoding) k mpu3Haky X 2. Hanummre moryquBITyrOCs
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)

Yem rpeOHEBast perpeccus OTINYaeTCs OT OOBIYHOTO METO/1a HAMMEHBIINX KBAPaTOB?
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 €€ CHHTYISIpHBIME 3HaueHussMu? Hamu-
mute popmyiy (1 6amn)

M3-3a yero BO3HUKAIOT MPOOJIEMbl B TPUMEHEHUU METO/1a HAUMEHBIIIUX KBaJIpaToOB K 00y-
yaromiei BEIOOPKE ¢ MyJIbTUKOJUTMHEApHbIMU Tipu3Hakamu? Kak ¢ Humu 6oprotesi? (2 6ai-
Ja)

Urto Takoe u kak padoTaeT MeTo riaBHbIX KoMIoHEeHT (PCA)? (2 6aia)

Kak SVD-paznoxenue cBsizaHo ¢ MeTo/IoM 1aBHbIX koMnoHeHT (PCA)? Hanummte ycno-
BHE T€OpeMBI. (2 Oana)

Kpurepuu ouenku:

Kaxx1plil cTyIeHT mosty4aeT cBO HA0Op 3aJaHUi U3 YKa3aHHBIX BbIIIE, CTEHEPUPOBAHHBIN
aBTOPCKOM MpOrpaMMoi pacrpezesieHuss BapuaHToB. IIporpamma cienurt 3a Tem, 4TOOBI
CyMMapHasi CJIOHOCTb MOTY4aroIIUXCsi OMIIETOB y BCEX CTYACHTOB cocTasisiia 40 6anos,
a TaKKe 3a pacHpesieICeHUEM BOIPOCOB M0 TEMAaM, pacCagkod CTYAEHTOB B Kiacce (BOMIpo-
Chbl paclpeiesstoTcsa TakK, YTOObl PSAAOM CUASIIME CTYACHTHI MOJydald pa3jindyHble 3aja-
HUS). 3a KaKIyI0 MPaBUIbHO OTBEUEHHBIH BOMPOC CTYJEHTY HAUMCIAIOTCA OalIibl yKa3aH-
HBIE B CKOOKax 1mocje (opMyJIMpOBKH BOMPOCaA.



