4 MECALA AHANMN3 OAHHbIX
@ npaKTMKyM PRO NPOAOJIDKUTENTIBHOCTb KYPCA

ML-unH)XeHep c onbITOM

01 KOMy nogovaeT Pa3paboTumkamM 1 NHXeHepaM OaHHbIX:
« yrnybuTe 3HaHMs No aNropUTMaM U MHCTPYMEHTAM MaLLMHHOIO
KYPC 00y4yeHuns, UTobbl y4aCTBOBATb B C/TOXKHbIX MPOEKTaX 1 ObITb

KOHKYPEHTOCNOCOOHbIM Ha PbIHKE Tpyda

AHanntmkam u cneumannuctam no Data Science:
« NpongéTte Yepes NosHbIM uykn ML-NpoeKkToB: OT pa3paboTku mogenm
[0 e€ BHeapeHnsa — 4Tobbl BbINTU Ha HOBbIV YPOBEHb Pa3BUTUS Kapbepbl

HauynHatowmm ML-mHxeHepam:
+ CMOXEeTe CTPYKTYPUPOBaTb 3HAHMUS, MONPaKTUKOBATLCS, MOYYNTb
00paTHY!o CBSA3b OT 60s1ee ONbITHbIX KOJNEr 1 NMOBLICUTb
CBOIO KBa/IMPUKaLUIO

02 L‘lEMy Hay4nTECH 3a 4 mecsaua ocsouTe NonHbin umkn ML-npoekToB.

Ha Kypce CMoxeTe camum:

« CobupaTtb AaHHble U 3anyckaTb C HAMW PerynspHble NPOLIECChl
Kakne 3HaHnsa 1 HaBbIKU « Obyy4aTtb Mogenu B CTabunbHOM MHPPACTPYKTYPE 1 BbIBOAUTD
OCBOUTE MX B NPoaaKLLeH

« HaxognTb owinbkm B npoueccax, yny4dllatb 6a3oBbi NannnanH 1 Mogenu

- Co3pgaBaTtb M KOHTEMHEPU3NPOBATb MUKPOCEPBUCHI

- Pabotarthb c uplift-mogenupoBaHmnem

« CTpouTb MOgenn HenepCoHanM3nPOBaHHbIX peKOMeHAALMN, KOHTEHTHOW
1 KonnabopaTruBHOM GUNBLTPALUN

Pa3spaboTaeTe 3 cepBuca:

+ Ha AaHHbIX AHaekc HegsmxnmocTm obyumte Moaerb, KOTopas
npenckasbiBaeT cobbiTmsa. Co30aanTe MUKPOCEPBUC U Pa3BEPHETE
ero B o6na4yHom MHPpacTpyKType

« pa3paboTaeTe pekoMeHAATENbHYIO CUCTEMY O/19 YNYULLEHUS
npeackasaHum B cepauce AHgekc My3bika

+ pewunTe 3agavy uplift-mogennpoBaHus: onpegennTe ayautopuio
N GUHAHCOBLIN 3PPeKT

03 KaK npoxoaunT - Teopwsa 1 NpakTnKa Ha Nnatdopme MNpakTnkyma
« lMpakTnyeckme 3agaHnNs Ha rOTOBOMN MHPPACTPYKTYpe
KypC - BopkLionsl

- MlHamBMayanbHble OHNalH-BCTPEUYM C HACTaBHUKOM
- JocTtyn 13 nioboi To4kn M1pa B yaobHoe Bpems

YTo Bac XOer

Ob6yuyeHune NpoaBMNHYTbIX
Mofenem n co3gaHue

6 ML-npoekToB Docker, FastAPI, Airflow,
B NOPTPONM0, BKtOYAS MLflow, Yandex Cloud

MUKPOCEPBUNCOB
HacTosLLME CePBUCDI N Apyrme NHCTPYMEHTbI

B obnayHom cpege
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©ER NpakTukym PRO

B ML-uH>XeHep c onbiTOM

4 mecsqua

NPOAOHKUNTENIbHOCTDL KypCa

6 ML-npoekToB B nopTdonmo

BKJ1lO4Yad HaCTodLlmne CcepBUCHI

OO0

BecnnaTtHas yacTtb.
Co3paHue nanniamHa
Mo nNoaroToBKe AaHHbIX
u BbiBOoay ML-mopgenu
B NPOAaKLUH

« 3HAKOMCTBO C KypCOM
« K70 Takon ML-uHeHep
- [MannnaHbl nogrotToBKu AaHHbIX B Airflow
- Co3paHue baseline-mopgenu
 YnyJweHue baseline-mogenn
- Penns ML-mopenu
- ML-mopgenb B npogakilueHe
- PekomeHpaTenbHas cucrema
n uplift-mopgenb
- BxopgHown TecT

O1

Pa3paboTtka namnnanHoB
NoAaroTOBKU AaHHbIX
n obyueHus mogenu

- [MoprotoBka u TpaHcdopmaLms
AaHHbIX B Airflow

- Co3paHue ML-mopenu n HacTporka
DVC-nannnanHa

02

YnyJuweHue baseline-mogenu
« KOHTpOnb 3a 3kCnepruMeHTamMm

« KOHCTpyunpoBaHmMe NpnU3HAKOB:
Feature Engineering

- Mop6op runepnapameTpoB Moaenu

.............................................................................................................................................................................................

03

Penus Mmopgenu B npoaakiueH

- Co3paHune MuKpocepBuUca
- KoHTenHepmsaums Mmkpocepsuca
« MoHuTopuHr ML-mopgenu

04

Co3paHue pekomMmeHpaTesibHOMN
CUCTEMbI

- PekomeHpaTenbHble CUCTEMBI

- ba3oBble pekomMmeHaaumm

« [1BYXCTagauWHbINA NOAXOL,

« ApXxmnTekTypa pekomMeHaaTeNbHbIX
CUCTEM

05

Co3paHue uplift-mopenu
Uplift-mogennpoBaHue

.............................................................................................................................................................................................

06

NToroBbi NpoeKT

MonHbIn uykKn paboTtbl ¢ ML-Mopenbto

dakynbTaTUBHbIN KYpC.
Cdepbl npuMeHeHus
MaLUMHHOIo obyyeHus

MalurHHoe obyueHue B G1sHece,
[NS TEKCTOB U C yYUTENEM



becnnatHas yacTtb. Co3paHue

navinJiamHa no

NOoAroTOBKe AaHHbIX

n BbiBoay ML-mopenu B npoaakwH OO

~2 yaca .

BxopgHoe TecTupoBaHue

[Mo3HakoMuUTECh C ponblo U 3agadamm ML-nHxeHepa, y3HaeTe,
B YEM pa3HULa Mexay ML-nHxeHepom n apyrumm
cneupanmcTtamm

Y3HaeTe, Kak ncnonb3oBaTb Airflow, 4ToObl aBTOMaTU3MPOBATb
npoLecc NoaroToBkM AaHHbIX, YTO Takoe DAG, Kak co3aaBaThb
narnnamHbl, a TaKXXe Kak 0bpabaTtbiBaTh JaHHbIE HA Pa3HbIX
3Tanax

PazbepéTecsh, 4To Takoe baseline-mopenb, nogbepérte MeTprku
0115 OLIeHKM KavyecTBa Moaenu 1 3anuwmnTte pesynstaT B MLflow

Ynyuwmnte baseline-mogenb, 4ToObl MOBLICUTb KAYE€CTBO
N TOYHOCTb NPOrHO30B

[MorMmETe, YTO TaKOe MUKPOCEPBIUC, 3a4EM OH HY>XEH BU3HECY,
a TakXXe KaK co34aBaTtb MNPOCTON MUKPOCEPBUC HA PPENMBOPKE
FastAPI

Mo3HakoMuTechb ¢ bnubnmnotekamun Python, koTopble no3BonstoT
otnpasnaTb HT TP-3anpocbkl K MUKPOCEPBUCY C MOAESbIO
M NOMy4aTb pe3ynbTaThl

Pa3bepéTech, UTO Takoe pekoMeHaaTelbHas CUCTEMD
n uplift-mopennpoBaHue, a TakXXe KakK OHU NPUMEHSIOTCSA
B peasibHOM bu3Hece

[MponpéTe BXogHOE TECTUPOBAaHME, NPOBEPUTE 3HAHUS
N pewwmnTe, NoaxoauT N BaM KypcC

MpakTu4yeckasa paboTta

PelunTe Heckonbko 3aaay 13 Xn3Hu ML-nHxeHepa, npongere
BXO[HOE TECTMPOBAHME N NOMETE, NOAXOANT NN BaM KypC

MHCprMeHTbI n TexHosnormnn

Airflow

SQL

MLflow
Optuna
Python
FastAPI
Yandex Cloud



Pa3paboTtka nannamHoB
NOAroTOBKU AAHHbIX 1 06yyYeHUs
Moaenu O1

3 Hepenu HayuuTtecb nogrotaBnmseath M TpaHCHOPMUPOBATb JaHHbIE
5 TeM B Airflow: 3HakomcTBO C Airflow, nepebit DAG, noarotoBka JaHHbIX
MpoekT Ans obyyeHve 6azoBom Mopenu.

Co3pagnte ML-mopenb 1 HacTpouTe DVC-nannnanH:
aBTOMaTuM3auma noarotoskm gaHHbIX (ETL) c nomouwbio Airflow,
obyyeHune 6a3oBon moagenu, cospgaHue u 3anyck DVC-nannnanHa,
BEPCUOHNPOBaHME apTedaKTOB.

MpoekT

[ns cepBuca AHpekc HegBMXMMOCTb HacTpouTe npoLecc oby4veHus
MoJenun, Kotopas Ao/IXKHa MOMOYb OCTAaHOBUTb OTTOK KJIMEHTOB

MHCprMEHTbI n TeEXHOJIOrNn

« DVC
- AirFlow
- S3

§ YnyuweHue baseline-moagenu 02

3 Hepenn N3yumnTe ocHoBHbIe cywHocTn MLflow: Tracking, Projects, Models,
6 Tem Model Registry, pa3sépTbiBaHne MLflow, normposaHmne ML-mogenu,
NpoexT COXpPaHEeHMe OKPYXXEHUS, BU3yann3aumio pe3ynbTaTtos, METOADI

BEPCUOHNPOBAHUSA MOAENN N KOHTPOIb U3MEHEHMIN, OCTYN
K pe3ynbTataM n aptedaktam mogenen vyepes API.

OcBouTe KOHCTPYUPOBaHMe Npmn3HakoB: Feature Engineering —
npoasunHyTbin EDA (Exploratory Data Analysis), paboTy c pa3HbiMU
TMNaMKn NPU3HaKoOB (YCKopeHne 0bpaboTku, NPUMEHEHME
aBTOMaTM4YeCKoM reHepaLumm); otbop Hanbonee BaXKHbIX MPU3HAKOB,
opraHu3saumio o6paboTKM AaHHbIX.

HayumnTtecb nogbupath rmnepnapamMeTpbl MOAENN: CTaHAAPTHbIE
MeToabl nogdopa (pewéTtyatbin nonck (Grid Search) n cnyyaHbin
nonck (Random Search), 6anecoBckunii noaxon); dpenmMBopK
Optuna, B1U3yanusaumio npouecca nogdopa rmnepnapameTpoB —
Optuna n MLflow ogHOBpemMeHHo.

MpoekT

YnyJdwmnTe KavyecTBo Mogenu ¢ nomMmoulbto Feature Engineering
N oNTUMM3aLUMM rmnepnapamMmeTpoB

MHCprMeHTbI n TexHonormnm

- MLflow
- Optuna
- Mixtend
- [poaBuHyTbIN EDA



§ Penus mogenu B npoaakLueH 03

3 Hepenu Co3pagnTte MUKPOCEPBUC: apXUTEKTYPY NPUNOXEHUS,
6 Tem ncnonb3oBaHue FastAPI ona HanmcaHmsa MykpocepBuca Ha base
NpoekT ML-mopenu, ero cOopKy, 0TNagKy 1 3anyck.

KoHTenHepusnpyete MMKPOCEPBUC: HACTPOWKY N30NMPOBAHHOIO
OKPY>XeHUS, ncnonb3oBaHme rotoBbix Docker-ob6pa3oB 1 3anyckK
Python-ckpunTtoB, Docker-¢pann gnsa 3anycka, onTMMm3aumio
pa3paboTkn n 3anycka npunoxeHmnm — Docker Compose.

HacTtpoute MoOHUTOPUHI ML-Mogenn: MeTpukmu MOHUTOPUHra
B NpoaakLueHe, ux cbop, xpaHeHmne (Prometheus Server), aHanutuky
(PromQL) n Bu3yanusauutio B Grafana.

MpoekT

Co3paguTe cepBuC Ha ba3ze ML-mopenu v pa3sBepHETe
ero B 06na4yHomn MHPPaCTPyKType

MHCprMeHTbI n TexHonormnm

- Docker

- FastAPI

« Yandex.Cloud
- Uvicorn

« Prometheus
- Grafana



Co3paHue pekoMeHaaTelbHOWU
CUCTEMDI 04

3 Hepenu [To3HakoMuUTECh C peKkoMeHaaTelbHbIMU CUCTEMaMMU:

7 TeM « MPUVHLUMMNbI 1 aNTOPUTMbI NEPCOHASIbHbIX PEKOMEHAALMIA, BUAbI

MpoekT PEKOMeHAATeNbHbIX CHCTeM, «XONOAHbIN CTapPT», MaTPULLA
B3aMMOAENCTBUI;

- 0a30Bble pekoMeHaaUmMm — konnabopatrBHas puUNbTPaALUS
(ALS), KOHTEHTHblE pekoMeHJaLMn, Banmaaums
pekoMeHaaTeNbHOM CUCTEMDI;

« [OBYXCTaAMMNHbIN NOAXOA, — reHepaLms HabopoB pekoMeHaaL MM
C MOMOLLIbIO Pa3HbIX aNrOPUTMOB, PAHXMPOBAHME NONTYYEHHbIX
pekoMeHaaumMi onga otbopa nyynx U3 HUX;

« APXUTEKTYpPa peKkoMeHJaTesIbHbIX CUCTEM: TUMOBAs
apPXUTEKTYPa, OHTaNH-PeKOMeHJaumMmn, CEPBUC PeKOMeHaALUNN:
ASGI-cepBep Uvicorn Ha 6a3e ¢pperimBopka FastAPI.

MpoekT

Pa3paboTaeTe pekoMeHaaTeNlbHYI0 CUCTEMY A5 YNyYLlleHUs
npenckasaHui B Anaekc Mysbike, odpopmMmTe CEPBUC U BbIKaTUTE
ero B NpoaakLleH

NHCTPYMEHTbI U TEXHONOI NN
- Uvicorn

- implicit

- catboost

- U2y, 121, ALS

- S3

§ CozpaHue uplift-mopenu 05

2 Hepenu [Mo3HakoMuTech c uplift-mogennpoBaHMEM: KOHLIENUMEN,
5 TeMm MeTPUKaMM 1 METOAaMM OLIEHKU KavyecTBa, 6a30BbIMM METOJAMMU,
NpoekT NPOABUHYTbIMM NOAXOAAMMU, MPOJAKLIEHOM.

MpoekT

PewnTe 3agayy uplift-mogenmpoBaHus: onpegenntech
C aygmnTopuen n oueHnte prHaAHCOBbIN 3P PeKT

NHCTpYMEHTbI 1 TeEXHONOrnmn
- S/T-learner

. scikit-uplift

- X/R-learner

- uplift-npepeBbs



} Utorosbiii npoekT 06

3 Hepenu [MopTBEPONTE, YTO OCBOUIN HOBbIE HaBbIKW, M MPONOETE MNOJSHbIN
MpoekT LMK paboTbl € MOaeNbio: OT POPMUPOBAHUSA 3ada4m U cOopa
OAHHbIX 0 Pa3paboTkmn Moaenu 1 BbIKaTKM €€ B NPOAaKLLEH.

PaKynbTaTUBHbIN KYPC.
Cdepbl npumeHeHns MalLMHHOIO
obyyeHuns

HayuunTech c nomoupto ML-Mogenen 3anyckatb HOBble dUUn
M 0OpabaTbiBaTb TEKCTOBbIE AaHHbIE, A ELLE MONMETE,
KaK ynpoCcTUTb 0by4yeHne mogenem.

MawnHHoe 0by4eHne B brusHece: 3anyck HOBbIX YHKLMI cepBUCa
C NPUMEHEHNEM MaLLMHHOIo 0byyeHuns, cOop JaHHbIX, CBA3b
MeTPUK MaLLMHHOIo 0by4YeHnsa C METPUKAMU MPOAYKTA.

MaLllmnHHOe oby4eHue ana TEKCTOB: KNnaccndukaumsa ans TeKCTOBbIX
OAHHbIX, BEKTOPHbIE NpeaCcTaBeHNs TEKCTOB C MOMOLLbIO
CTaTUCTUYECKUX Mopaenemn, paboTa C A3bIKOBbIMU
npeacTaBneHNIMN HEMPOCETEN.

MallMHHOoe 0by4eHne C yYynTenem: HoBble Moaen MallMHHOMO
00yyeHuns, MeTPUKU, CpeacTBa a1 ynydlleHna Moaenen v AaHHbIX,
ynpoLueHne obyyeHnsa mogenemn.

MHCprMeHTbI n TexHonormnn

« ML n6usHec

- MeTpuKM MaLLIMHHOIO ODYyYeHUS

- BekToOpHbIe 1 A3bIKOBbIE NPeaCcTaBNeHUS
- YnyJlweHue Mmogenen

Mepsepes Knpunn
Ounpektop AHO AINMO «ObpazoBaTesibHble
TexHonornn AxHpekca»




