ABTOMATMU3aLMA PA3PAOOTKU U
3KCNayaTauum NpPorpammHoro
obecneyeHus

MLOps



OnpepneneHune

* MLOps — Habop NpaKTUK, HaLueNeHHbIX Ha
HaaexXHoe N 3pPeKTUBHOE pa3BepTbiBaHME U
noaaepraHme moagenem MmalmnHHOro
obyyeHus Ha NPON3BOACTBE.

MLOPS = ML + Dev + Ops




* CnoBO ABNAETCA CMECbto CN0B "MaLLUMHHOE
obyueHune" (ML) u npaKTUK HENpPEPLIBHOWM
pa3paboTkn — DevOps B 06n1aCTV NPOrpammHOro
obecneyenmna. Moagenn mawmMHHOro obyyeHms
TECTUPYIOTCA N pa3pabaTbiBatoTCA B
M30MPOBAHHbIX SKCMEPUMEHTA/IbHbIX CUCTEMAX.
Koraa anroputm rotos K 3anycKky, MLOps
MCNOJIb3yeTCA Y4eHbIMM B 06/1aCTU AAHHbIX,
DevOps, 1 UHKeHepamMM MALLMHHOIO 0by4yeHus
151 ero AOCTaBKU B MPOU3BOACTBEHHbIE CUCTEMDbI



https://ru.wikipedia.org/wiki/DevOps

NcTtopma noasneHunA

Jlerko noBepuTb, YTO NOA0OHAA MHKEHEPHAA AUCLMMN/IMHA
3apoamnach B Hegpax 6onbwon IT-komnaHMU. Tak YTO MOXKHO
noBepuTbea Bepcuu, 4HTto MLOPpS, Kak OCMbICNEHHbIN NOAXOA,
3apoaunca B Google, roe . Ckanau (D. Sculley) nbiTanca cnactu
CBOM HEPBbI N BPEMSA OT PYTUHHbIX 33434 BOKpYr BbiBoga ML-
moaeneu B npoa. Tenepb CKannu LUMPOKO NU3BECTEH KaK «The
Godfather of MLOps» — ogHOMMEHHbIN NOAKACT NEFKO HANUTU B
NHTEpPHETE.

1. CKannu Ha4yan paccmaTpuBaTb paboTy ¢ MoAEN MU C TOYKM
3peHMA TEXHUYECKOro Aoara KomaHapl. [la, MOXKHO BbICTpO
BbIMYCKaTb HOBble BEPCUUN MoAeNein, HO CTOMMOCTb NOAAEPHKKM
NOJly4YMBLLENCA CUCTEMbI ByaeT CUIbHO CKa3biBaTbCA Ha broaxKeTe
KOMMNaHUN.

Pe3ynbtaToM ero pabotbi ctana ctatba «Hidden Technical Debt in
Machine Learning Systems» ("CKpbITbl1 TEXHUYECKUIN AONT B
cucTtemMax MmallnMHHoro obyyeHus"), kotopaa sbiwna B 2015 roay Ha
KoHPpepeHuunn NeurlPS. UmeHHO aaty nybamnKaumm sTomn cTaTbk
MOXHO CYMTaTb TOYKOW oTcyeTa cywectsoBaHua MLOps.



D. Sculley (. CKannun) «Hidden Technical Debt
in Machine Learning Systems»

Hidden Technical Debt in Machine Learning Systems

D. Sculley, Gary Holt, Daniel Golovin, Eugene Davydov, Todd Phillips
{dsculley, gholt, dgg, edavydov, toddphillips}@google.com

Google, Inc.
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KaroyeBble 3Tanbl

ABTOMaTM3aLNA NPOLLECCOB

MoarotoBka U obyvyeHmne moaenemn
Ncnonb3oBaHWE KOHTEMHEPOB

YnpaBneHue sepcmamm

HenpepbiBHaA MHTErpaumna n pa3BepTbiBaHME
MOHUTOPUHT N 06paTHas CBA3b

CoBmecTHas paboTa U KomaHAHaA pa3paboTka

© N O U WwN e

BO3MOXHOCTb MCMNONb30BATb C06paHHbIe KOHTeVIHepr BO BHELWHUX
NPUNNOKEHNAX



1. ABTomaTtn3saumna npoueccos: MLOps npegnonaraer
aBTOMATM3aLMIO BCEX 3TAMOB }KU3HEHHOIO LMKAA
MmoJenen malnHHOro obyyeHuna. ABTomaTm3sauus

npoueccoB cbopa AaHHbIX U3 PA3/IUYHbIX
NCTOYHUKOB (6a3 gaHHbIX, API, pannosbie
XPaHMAULWLA U T.4.), aBTOMATU3aLUMA NpegobpaboTku
JAHHbIX, BK/JOYAOLWEN OYNCTKY, HOPpMaIM3auuto,
TpaHcPopMauUo U Apyrue Heobxognmmolie
npeobpa3oBaHMA, NCNONb30BAHNE NMHCTPYMEHTOB
AnAa addeKTUBHOIO ynpaBieHMA AaHHbIMKM, BKIKOYaAA
BEPCMOHUPOBAHME, OTCNEKMNBAHNE N3SMEHEHUUN U
pennKauuio.



2. lNMoarotoBKa n obyyeHne moaenen:
aBTOMATM3aLUMA NPOLECCOB NOATOTOBKM,
OYUCTKU U pa3bumeHmna JaHHbIX Ha
oby4yatoLlyo U TECTOBYIO BbIOOPKMN,
aBTOMATM3auUMA Nnpouecca obyyeHus

MmoJaeneu, BKAto4as BblIbop M HACTPOMKY
rmnepnapameTpoB, UCMOJIb30BaHME
MHCTPYMEHTOB A1 OTCNEKNBAHUSA

3KCNEPUMEHTOB, CPAaBHEHUA Pe3y/IbTAaTOB U
yNpaBaeHna BepCUamm obyyeHHbIX moaenen.



3. cnonb3oBaHMe KOHTEMHEPOB: KOHTEUHEPDI
NO3BOIAOT YNaKOBbIBAaTb MOAE/NU
MaLLMHHOIo oby4yeHmnA BMecTe CO BCEMMU
HeobxoaAMMbIMM 3aBUCUMMOCTAMMU
(6bnbnmnoTtekn, KOHPUrypaLumMoHHble pannbl) B
enHbIK 06pa3. ITo obecneymBaeT U30AALMIO
MOJENN OT OKPYXatoLen cpeabl u
rapaHTUpYyeT, YTo OoHa byaeT paboTaTb
OMHAKOBO BO BCex cpeaax (pa3paboTka,
TECTUPOBAHUE, SKCNAyaTaLus).



4.YnpasneHune sepcuamun: MLOps Tpebyet
CUCTEM YNPABAEHUA BEPCUAMU ANA KOAQ,
AaHHbIX U moaeneun, YyTobbl obecneynTb
HaAEeXHOCTb 1 BOCNPOMN3BOAMMOCTb
npoLeccoB pPa3paboTKN N SKcnayaTaLuuu
moaenen. Ucnonb3oBaHMe cMCTEM KOHTPOAA
BEPCUU, TAaKUX KaK Git, no3BonsaeT
OTCNEXUBATb N YNPaB/ATb USMEHEHNAMM B
MCXOAHOM KoZe moaenemn, CKpUnTos,
KOHOUTYypPaUMOHHbIX $anioB U APYyrom
BCMOMOraTe/ibHOM KoZe.



5. HenpepblBHaA nHTerpauuna u
pa3BepTbiBaHMe: MLOps
npeanonaraeTt UCNoONb30BaHMe
Cl/CD/CT npakTuk ans
aBTOMaTu3aLUMM NpoLeccos
MHTEerpauumn, TeCTUpoBaHUA U
Pa3BepPTbIBaHUA MOJeNneun.



6. MOHWUTOPUHI M 0bpaTHas cBA3b: BarKHOU
KoHuenunen MLOps sBnaeTca MOHUTOPUHT
NPOUN3BOANTE/NIbHOCTU MOAENEN B PeabHOM
BPEMEHM, a TaKKe obpaTHan cBA3b ANA
y/Iy4YLLIEeHMA Ka4yecTBa Mmoaesien, Ha OCHOBE
NONYYEHHbIX AaHHbIX. [lna moaeneu,
PAa3BEpPHYTbIX B NPONU3BOACTBEHHOMU Cpeae,
HeobXo4MMO OCYLLLECTBAATb MOHUTOPUHT
K/IFOYEBbIX METPUK MPOMN3BOANTENBHOCTH,
TAaKMX KaK TOYHOCTb, OLUMOKU, BpEMA OTK/INKA,
notpebneHne pecypcos u T.A4.



7. CoBmecTHaa paboTa M KOMaHAHaA
pa3paboTKa: MLOps noayepKknBaeT
Ba*HOCTb COBMECTHOMU paboThbl
Pa3paboTYNKOB, UHXKEHEPOB
NAHHbIX, aHA/IUTUKOB U
CrneumasmcToB NO0 MalMHHOMY
obyyeHUo ana spPeKTMBHON
Pa3paboTKM U ynpaBaeHUs
MOZENAMM.



8. BO3MOKHOCTb MCMNO/Ib30BaTb COOPaAHHbIE
KOHTENHEPb! BO BHELWHUX MPUNOKEHUAX:
ncnonb3ya npuHumnol MLOpS, MOXHO
obecneynTb COrNACOBaHHOCTb, HAAEKHOCTb U
macwTtabupyemoctb Streamlit-npunoxerus,
KOTOpOEe No3BOASET ObICTPO CO34aBaTb
MHTEPAKTUBHbIE BEO-NPUNOKEHUA ANS
NEeMOHCTPaUMM N BU3yanm3aunum moaenem
MaLUMHHOro oby4vyeHuns.



Otnndume ot DevOps

Y DevOps n MLOps ecTb pyHAAMEHTANbHOE
CXOACTBO, NOTOMY YTO npuHumnbl MLOps 6binn
BbiBedeHbl U3 npunHumnos DevOps. Ho B
peannsaumm OHM CUNbHO OT/INYAIOTCA:

[MOpMAHbIN COCTaB KOMaHAbI
TecTtupoBaHue
ABTOMATM3NPOBAHHOE PAa3BEPTbIBAHME

CHUXeHune npomn3soanNTeZIbHOCTU CUCTEMDI B
npouecce npom3soacrBa Ns-3d MISMeEHEHNA

npodunen AaHHbIX NN MPOCTO N3-33 NEPEKOCa B
oby4yeHnn n obcnyKmMBaHUM



TMNnnMyHaa moaenb MaWLIMHHOTO
obyyeHunA

JKCNepUMEHTUpPOBaHWe pa3spaborka moneny (Bxibop HaMNyuWero anropuTMa, HacTpoKKa rMnepnapameTpos) =

—————————— <
v I
— Moaroroeka u O6yueHwe Banm,qauwﬂ 3KCl'lOpTHa$I
-:: AHanu3 AaHHbIX | —p BaAMAaUMA o <> i
AaHHBIX MoAaenu MoAaenu MoAaenb
A — t

XpaHuauuie metagaHHeix MO
Moaens obydatowen Bbl4YUCAUTENBHON MHPPACTPYKTYpPSI



MpeactaBum cebe peanbHOE NPON3BOACTBO C COOTBETCTBYHOLWMMM 3Tanamm obyyeHus
Mmoaenu

NNoaKNtOYEeHNE K UCTOYHUKAM AaHHbIX U UX N3BJIEYEHUE
OuncTtka n npeobpasoBaHMe AAHHbIX

BbluncneHue HoBbIX puyen

JlobaBneHune pe3ynbraTa

[MonyyeHHble UM BaKHO MCNO/Ib30BaTb MAaKCMMaIbHO 3PPEKTUBHO: COXPAHATb U
nepencnonb3oBaTh B 3a4a4ax apyrnx ML-pa3paboTynkos KOMMNAHUM.

Becbma /IOTMYHO, YTO MANI0 KTO XO4YET BCE 3TO NepesenbiBaTb KaXK bl pa3 NP KaKoMm-
To 0bHOBNEHUMN.

N noatomy B MLOps noAaBnAeTcAa HECKO/IbKO 3aMETHbIX OT/IMYUNA:

- HenpepbiBHas nHterpauuna (Cl) — aTo y*e He TONbKO TeCTUPOBaHME N NPOBEPKA
KOAAQ U KOMMNOHEHTOB, HO U TECTUPOBAHME U NPOBEPKA AaHHbIX, CXEM AaHHbIX U
MOJEeNeMN.

- HenpepbiBHOE pa3BépTbiBaHUe (CD) — 3TOo yKe He oTAe/IbHbIA NPOrpaMmMHbIA NaKeT
W CepPBUC, a cuctema (KoHBenep MalMHHOro obyyeHus), KoTopas AO/KHa
aBTOMaTMYeCKM Pa3BEPTbIBATbL APYron cepBuc (cepBUC NPOrHO3MPOBAHNA MOAEN)
NN OTMEHATb U3MEHEHUS B MOAENN.

- HenpepbiBHOoe TecTupoBaHue (CT) — 3To HOBOE CBOMCTBO, YHUKa/IbHOE /151 CUCTEM
MaLUMHHOro 0byyeHuna, KOTOPOE NO3BOAET aBTOMATUYECKU NnepeobyyaTb Moaenm
N NCNONIb30BaTb UX.



Jlydwmne npaktnkm MLOps

1. KomaHaa
2. [1aHHbIE

3. Uenb (nokazatenu un KntoyeBble NOKa3aTenm
3P PEeKTUBHOCTH)

4.1 Mopenb

4.2 ObyueHune

5. Koa

6. Pa3BepTbiBaHUe



1. KomaHAaa

-Ucnonb3ynte nnatpopmy COBMECTHOM
pa3paboTku (GitHub)

-PaboTa c 0bwmm 63K0rom

-ObLwantecb, cOrnacosbiBanTe CBOU AENUCTBUA
N COTPYAHUYANTE C APYTMMUN YNEeHaMMU
KOMaHAabl (Scrum-meTtoanonorms)



2. [1aHHbIE

-Ucnonb3ymnte nposepkn paboTtocnocobHOCTM Ana BCeX
BHELIHUX NCTOYHUKOB AAHHbIX

-OTcnexnsante, MAEHTUOULMNPYNTE U YYUTbIBAUTE
N3MEHEHMA B UCTOYHUKAX AAHHbIX.

-HanuwwuTte NOBTOPHO UCMOJib3yeMble CKPUMNTbI ANA
O4YNCTKU U O6'be,£I,VIHEHVIFI AdHHbIX

-KombumnHupyunte n nameHanTe cyuwecteyouime GyHKLMH,
4TOObI CO34aBaTb HOBblE PYHKLUMM NOHATHLIM YE/10BEKY
cnocobom

-Y6eauTtecb, YTO MapKMPOBKa AaHHbIX BbINO/IHAETCA B
PaMKax CTPOro KOHTPO/IMPYEMOro npouecca

-Caenante Habopbl AaHHbIX AOCTYMHbIMU B 06LLEN
NHbpPaCTPYKTYype (YacTHOM nam obLeaoCcTynHOM)



3. Uenb

* -He aymaunTe CANLLKOM MHOTO O TOM, KaKyHo
Le/b Bbl BbibepeTe Ana HenocpeacTBEHHOM
ONTUMM3aLUNU, CHAYaNa OTCNEKMBaANUTE
noKasaTtenu (MeTpukn).

* -Bbibepute npocton, Habnogaembin U

COOTHOCMMBbIW NOKa3aTe b ANA Ballen Nnepsoun
Lenu

e -Obecne4ybTe KOHPUOEHLMANBHOCTb



4.1 Moaenb

* -YnpocTuTe nepsyo modenb U co3aante
NPaBUAbHYIO MHOPACTPYKTYPY

* -3anyCcK nHTepnpeTupyemomn moaenu (T.e.
MOJeNn, KoTopasa NO3BONSAET MOHATb U
0O6BACHUTL, KaK M MoYemy OHa
NPUHUMAET onpeaesieHHble peLleHus
MAN NpeAcKa3aHunA) ynpouwaeT OTAaaKy.



4.2 ObyyeHune

- -3adpUuKcupymnTe Lenb obyyeHns B METPUKE, KOTOPYIO
NIErKO N3MEPUTb N MOHATL

- -AKTUBHO yAanAnTe UNnN apXUBUPYNUTE HENUCNONb3YEMbIE
dYHKUMNM
- - I3yyanTe sKCnepTHYO OLEHKY 0byyatoWwmx cueHapmes

- -BKAtoyanTe napannenbHble obyyatolme sKCNepUMEHTbI
- -ABTOMaTM3NPYMTE ONTUMM3ALUIO TMNEpPnapameTpos

- -[10CTOAHHO U3MepANTe KayecTBa M NPON3BOANTE/IbHOCTH
Mmoaenm

- -Micnonb3yunTe ynpasaeHne BeEpPCMAMM ANA AAHHbIX,
moaenemn, KoHpurypaumm n obyyarowmx cueHapmes



5. Koa

-3anycKanTe aBTomaTuyeckue
perpeccCUoHHbIE TECTb

-cnonb3ynte ctTaTUY4eCKUM aHaANU3
ONA NPOBEPKU KayecTBa Koaa

-cnonb3ynte HENPEpPbIBHYIO
MHTEerpauuio



6. Pa3BepTbiBaHUe

-MnaHupyinTe 3anyck u utepaumu.

-ABTOMaTM3UpPYNTE pas3BepTbiBaHNE MOAEN

-MpoBoanTE NOCTOSAHHbIN MOHUTOPUHT NOBEAEHMA Pa3BEPHYTbIX Moaenen
-BkntounTte aBTOMaTM4YECKMIA OTKAT AN NPOU3BOACTBEHHbIX Moaenemn

-BKntoumTe TeHeBOe pa3BepTbiBaHMeE (TeCTOBOE pa3BepTbiBaHME
napannenbHo paboyem)

-Ynpouiante aHcambm

-3anucbiBanTe NPOM3BOACTBEHHbIE MPOrHO3bI C YKa3aHMeM BEpCUum
MOZ.E/IN, BEPCUN KOAA U BXOAHbIX AAHHbIX

-YenoBeyecknit aHanm3 CMCTEMbI M NEPEKOC B 0Oy4YeHUn
-U3mepbTe pasHMLy mexay moaenamm

-Mpu BbIBOPE MOoAeNen yTUAUTapHaaA NPOU3BOAUTENBHOCTb NPEBOCXOAUT
BO3MOMHOCTU NPOrHO3UPOBAHMA.

-BbIinonHANTE NPOBEPKUN 3BONOLMOHMPYOWMX NpodUnen AaHHbIX



Kak peannsosatb MLOps?

Mo naHHbIM Google, cywecTByeT Tpu cnocoba
BHeapeHna MLOps:

YposeHb MLOps O (py4Hom npouecc)

YposeHb MLOps 1 (aBTOMaTM3auUmA
KOoHBenepa ML)

YposeHb MLOps 2 (aBTOMaTM3auUMA
KoHBenepa Cl / CD)



YposeHb MLOps O

TunuyeH Ana KOMNaHWM, KOTOPbIe TO/IbKO HAYMHAKOT UCMOb30BaTb MALIMHHOE 0byyeHue. Ecam Bawm mogenm
pPeaKo MEHATCA UAKM 06y4atoTCA, TO NONHOCTBIO PYYHOrO NPOLLECcca MALWMHHOIO 06y4YeHUA 1 paboTbl
cneumannctoB no 06paboTke AaHHbIX MOXKET BbITb A4OCTAaTOYHO.

XapaKTepucTuku

PyyHOWn, ynpaBasembll CKPUNTOM U MHTEPAKTUBHbIM NPOLLECC: KaXKAbIM LAr BbINONHAETCA BPYYHYHO, BKAOYAA
aHaNM3 AaHHbIX, NOAFOTOBKY AAHHbIX, 0byyeHne mogenn n nposepKy. OH TpebyeT pyYyHOro BbIMOSHEHUA KAXKA0r0
wara u nepexoaa oT O4HOIO Wara K g4pyromy.

PasgeneHune mexay MalWmnHHbIM 0byyeHMeM 1 onepaLmaMM: NPOLLECC OTAeNAET cneunanncTos no obpaboTke
AAHHbIX, KOTOPble CO34al0T MOAENb, OT MHXKEHEePOB, KOTOPbIE MCMONb3YIOT MOAENb B KAYECTBE CEPBUCA
NPOrHo3mpoBaHuaA. Cneunanmctol o 0b6paboTke faHHbIX NepeaatoT 0byYeHHY0 MoAe/b B KavecTBe apTedakTta
ANA pa3BepTbiBaHWUA B MHPpACTpyKType API.

PenKkue ntepauunm Bbinycka: NpeanonaraeTca, YTo Bala KOMaHAa Cneunanmnctos no 06paboTke AaHHbIX ynpasaseT
HECKO/IbKMMU MOAENAMM, KOTOPbIe HEYACTO MeHATCA — NMbo meHAeTca peanmsauma mogenm, iMbo mogenb
nepeobyyaloTcA Ha HOBbIX AaHHbIX. HOBas Bepcma moaenm BbiNyCKaeTcA BCEro napy pas B rog,

OTcyTcTBME HEenpepbiBHOM MHTerpaunu (Cl), HenpepbiBHOro pasBépTbiBaHUA (CD) 1 yK Tem 6onee HenpepbIBHOTO
TECTUPOBAHMUA.

Pa3BepTbiBaHME OTHOCUTCA K CEPBUCY NPOrHO3NPOBaHUA (T. e. MUKpocepsucy ¢ REST API)

OTcyTCTBME aKTUBHOIO MOHUTOPUHIA NPOU3BOAUTENIbHOCTU: NPOLECC HE OTCNEXMBAET U HEe perncTpupyet
NPOrHO3bl U AENUCTBUA MOLENN.

Y KOMaHAbl Pa3paboTYNKOB MOXKET ObITb COBOCTBEHHAA C/IOXKHAA CUCTEMA A/19 HACTPOMKU, TECTUPOBAHMUA U
pa3BépTbiBaHMA API, BKAOYana 6€30nacHOCTb, PErPecCMOHHOE M Harpy3o4yHoe TeCTUpPOBaHMe.

Mpo6nembl

Ha npakTuke moaenu 4acto N0MatoTCA NP BHEAPEHUWN B peasibHbI Mup. Moaenu He MoryT aganTMpoBaTbes K
M3MEHEHUAM B MHAMUKE OKPYKatoLen cpeabl UM K USMEHEHUAM B JaHHbIX, OMUCbIBAIOLWLMX OKPYXatoLLyO
cpeay.



YposeHb MLOps O

MannnaH gaHHbIX

(0

KaTanor gaHHbIX

Pyqule SKCNepunumMmeHTbl

AHanuns MoproTtoska TpeHnposka
OaHHbIX DaHHbIX mogenu

PazpaboTka
npopjaKkLH

cxopgHbin
peno3ntopuin

OueHka McxopHbin iy O6yyeHHas
Mogenu Kopa Mopenb

OrpaHn4yeHHbIN
MOHUTOPUHI

PaszsepTbiBaHne
Mopaenu

CospaHue
nporHosa



YposeHb MLOps 1

LUenb: OcHoBHaA 3aaaya MLOps 1-ro ypoBHA — aBTOMATM3aLMA KOHBeNepa MalMHHOro obyyeHuna gna
HenpepbiBHOro 0byyenua (CT) mogenn. 9To obecnevymBaeT NOCTOAHHYIO MOCTABKY YC/YT MO NPOrHO3UPOBAHMUIO.
XapaKTepucTuku:

- BbICTPbIN 3KCNEPUMEHT: ABTOMAaTU3MPOBAHHAA OPraHn3auus 1 BbIMO/IHEHWE 3TANoB 3KCNEPMMEHTA C MALLUMHHbIM
obyyeHnem.

- ABTOMaTnyeckoe obyyeHne: Mogenb obyyaeTca B pabouelt cpeae Ha akTyanbHbIX AAaHHbIX C UCMO/Ib30BAHMEM
TPUITEPOB B pea/ibHOM BPEMEHM.

- DKCNepuMeHTaIbHO-ONepaunoHHaa cummeTpuma: OQMHAKOBbLIN KOHBEMEP NCNONb3YeTCA B pa3paboTke m
NPOM3BOACTBEHHOM cpeae, 06beamHaa noaxoabl DevOps.

- MogaynbHbIn Kog: KOMNOHEHTbI KOHBEMEPOB MHOTOKPATHO MUCNO/Ib3yeMbl MU MOTYT ObITb ZOCTYMHbI ANA
Pa3/INYHbIX NANNNANHOB.

- HenpepbiBHasa nocTtaBka: ABTOMaTU3MPOBaHHbIM NPOLECC pa3BEPTbIBAHUA MOLENM KaK CEPBMCA OHIANH-
NPOrHO3MpPOBaAHMUA.

[JononHuTenbHble KOMMNOHEHTbI:

- MpoBepKa AaHHbIX 1 MoAenn: ABTOMATU3UPOBaHHbIE Tarbl NPOBEPKM aHHbIX U MOAE/N B NPON3BOACTBEHHOM
KOHBeWepe.

- XpaHnnuwe ¢yHKumMin: LleHTpann3oBaHHOE XpaHUAULLE ANA CTAaHO4APTU3ALMN GYHKUUIA.

- YnpasneHne metagaHHbIMKU: 3anucb MHPOPMALMM O BbINONHEHUN KOHBeWepa Ana obecneyeHnA
BOCMNPOM3BOAMMOCTM U YCTPAHEHMA OLINOOK.

- Tpurrepbl KOHBeMepa: ABTOMaTM3auma nepeobyyeHns mogenen Ha HOBbIX AaHHbIX MO PA3/IMYHbIM TpUrrepam (no
3anpocy, no rpaduky u gap.).

Mpobnembl: 3TOT Noaxon NOAXOAUT ANA PA3BEPTbIBAHMA HOBbIX MOAE/NEN HAa OCHOBE AaHHbIX, HO TpebyeT cnuctemol
CI/CD ana 6bicTpOro BHeAPEHMA HOBbIX UAEW U KOMNOHEHTOB MAWMHHOTO 06y4YeHus.



YposeHb MLOps 1

MannnanH gaHHbIX

(0

KaTtanor paHHbIX

OpraHn3oBaHHbl€ 3KCNEPUMEHTbI

AHanus MoaroTtoska TpeHnposka OueHka
[aHHbIX AaHHbIX Moaenn Mopenu

PaspaboTka
npPoAakLUH

ABTOMaTU3NPOBAHHbIN
navnnanH obyyeHus

XpaHunuwe
dunyen

XpaHunuue
MeTafaHHbIX

cxopHbin
penosnuTopuin

McxopHbliin
Kopa,

O6yyeHHas
Mopenb
PeecTp
mogenen
Co3spaHune
nporHosa

OrpaHunyeHHbIN
MOHUTOPWUHI



YposeHb MLOps 2

JTOT YpOBEHb NOAXOAUT TEXHO/IOTUYHbIM
KOMMAaHUAM, KOTOPbIM NPUXOANTCA eXXeaAHEeBHO,
€C/IN He eXXevyacHo, nepeoby4yaTb CBOM MOAENH,
0OHOB/IATb UX 33 CYNUTAHbIE MUHYTbI U
OAHOBpPEeMEeHHO pa3BepTbiBaTb Ha TbiCAYAX
cepBepoB. be3 ckBo3HOro unkaa MLOps Takue

OpraHmM3aLnm NPOCTO HE BbIKUBYT.

3Ta HacTpouKa MLOps BK/tOYaeT B cebsa Bce
nepevyncieHHble paHee KOMMNOHEHTLI.

Mpobnema: 3atpartbl
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MHCTPYMEHTHI
MLFlow

continuous_deployment_pipeline >

continuous_deployment_pipeline-2024_05_26-22_59_59_285673 :
Overview Model metrics System metrics Artifacts
e |
mode model/MLmodel 1.45kB
> 8 metadata
B MLmodel Path: file:///Users/lana/Library/Application Support/zenml/local_stores/0c496041-e535-44a0-8d4c-b340cde8590e/mlruns/614075710536826426/34311e8ea838434d
(A conda.yam| artifact_path: model
[ model.pkl flavo;s: -
python_function:
[} pythf)n_env.yaml s
[ requirements.txt conda: conda.yanl
@ estimator.html virtualenv: python_env.yaml

loader_module: mlflow.sklearn
model_path: model.pkl
predict_fn: predict
python_version: 3.9.6
sklearn:
code:
pickled_model: model.pkl
serialization_format: cloudpickle
sklearn_version: 1.5.0
mlflow_version: 2.12.1
model_size_bytes: 926
model_uuid: b151482102604f7d86451875cfd39173
Sl - Sy d

bayment_sequential", "required": }, {"type":
ts", "required": }, {"type": "double",
}, {"type": "double", "name": "price",

, "name": "freight_value", "required": ¥,
Latest News _name_lenght", "required": }, {"type":
ion_lenght", "required": }, {"type": "double",
ired": }, {"type": "double", "name": "product_weight_g",
‘\;_ . O S ", "name": "product_length_cm", "required":

e S "product_height_cm", "required": }, {"type":

open source
machine learning lifecycle



MHCTPYMEHTHI
MLFlow

HU3HEHHbIM UMK MAaLWMHHOTO 06y4YeHNA KOHTPOAMpPYeTCs NNAaTGOPMON C OTKPbITbIM UCXOAHbIM KOAOM
MLflow 1 BKItOYaeT LeHTPaIbHY0 PerncTpaLmio Mogenn, ee passepTbiBaHNE N SKCNEPUMEHTUPOBAHME.

MLflow morKeT ncnonb3oBaTbCA KOMaHAOM N060ro pasamepa Kak MHANMBUAYANIbHO, TaK U KONNEKTUBHO.
BUbAnoTEKM HE MMEIOT OTHOLLEHUA K UHCTPYMEHTY.
Ero moKeT ncnonb3oBaTb N11060M A3bIK NPOrPaMmMMpPoBaHUA N BUBANMOTEKA MAaLLMHHOIO 0by4yeHus.

Y106bI YyNPOCTUTL 06YYEHUNE, Pa3BEPTbIBAHUE U yIPaBAEHMNE NPUNOKEHUAMMN MALLMHHOIO 06yYeHuUs,
MLFlow B3anmoaencTsyeT ¢ paaom naathpopm mawnMHHOro obyyenusn, skntodas TensorFlow u PyTorch.

Kpome Toro, MLflow npepoctaBnaeT npocTbie B UCNoAb30BaHUU APl-MHTepdeENCbl, KOTOPbIE MOXKHO
BKAOYNUTb B Nt0ObIE CyLEecTBYOLWME NPOrPaMMbl UIN BUBANOTEKM MALLMHHOIO 0byYeHUA.

MLflow nmeeTt yeTbipe KntoueBble PyHKLUNU, 0beryarowme oTCAEKMBAHME U NIAHUPOBAHME
3KCNEePUMEHTOB:

MLflow Tracking — APl n nonb3oBaTeNbCKUIM MHTEPdENC ANA pErncTpaLnm napameTpoB, BEPCUM, METPUK
N apTedaKToB KOAa MALLUMHHOIO 0OY4YEeHMSA, a TaKKe ANA NOC/eAyoLLero oTobparkeHna n conocTaBneHms
pe3ynbTaToB.

MpoekTbl MLflow — ynakoBKa Koga MallMHHOrO 0b6y4yeHMs B NOBTOPHO UCMNO/Ib3yeMbliA BOCMPON3BOANMDIM
dopmaT Ana nepegayn B NPOn3BOACTBO MAM 0bMeHa ¢ ApYyrMmMn cneunanmctamm no AaHHbIM.

Mogaenn MLflow — noaaeprka 1 passepTbiBaHME MOAENEN B paae cucTem 06CnyKMBaHUA Moaenen m
CMUCTEM NNOTUYECKOTOo BbIBOAA M3 PA3/INYHbIX BUBAMOTEK MALLMHHOIO 06YyYeHUA.

Peectp moaenen MLflow — ueHTpanbHOe xpaHUAULLE MOAENEN, KOTOPOe obecneynBaeT COBMECTHOE
ynpaBaeHne BCEM }U3HEHHbIM UMKaom moaenun MLflow, BKatoyana ynpaBneHue Bepcnuamm moaenu,
nepexoabl MeXay CTaaAuAMMU U aHHOTALUN.



NMHcTpymeHnTbl. Kubeflow

& Documentation N Blog © GitHub Kubeflow Version ~
%
Kubeflow

Kubeflow

The Machine Learning Toolkit for Kubernetes
,’
q'.‘ Kubeflow @ kubeflow-user (Owner) v
-~
< Model server details

@ flowers

OVERVIEW DETAILS METRICS LOGS YAML

Predictor: flowers-predictor-default-hb8r5

Total CPU Usage Total Memory Usage
60 ms 300 MB
40 ms 200 MB
20ms 100 MB
Ons 0B
15:48 15:50 15:52 15:54 15:56 15:58 16:00 16:02 15:48 15:50 15:52 15:54 15:56 15:58
== istio-proxy kfserving-container queue-proxy == istio-proxy kfserving-container queue-proxy
Request Volume by Revision Response Time by Revision
1.0 ops 1.0ms
0.50ps No data points 0.5ms No data points
0ops 0Oms
-0.5 ops -0.5ms
-1.0 ops -1.0ms

15:48 15:50 15:52 15:54 15:56 15:58 16:00 16:02 1548 15:50 15:52 15:54 15:56 15:58

16:00

16:00

16:02

16:02

>

@ DELETE



NMHcTpymeHnTbl. Kubeflow

Habop MHcTpymeHTOB MalwmMHHOro obyyeHmna ana Kubernetes HasbiBaeTca Kubeflow. YnakoBka
KoHTeHepoB Docker n ynpasneHne nmu, NOMOLLLb B 06CAYKUBAHUN CUCTEMbI MALLMHHOMO 0by4yeHus.

Ynpoluan OpKecTpoBKY 3anycKa U pa3BepTbiBaHME paboymx NpoLLeccoB MallMHHOIO 0by4yeHus, OH
cnocobcTByeT MacliTabnpyemoct mogenei mamHHOro obyyeHus.

3TO NPOEKT C OTKPbITbIM MCXOAHbIM KOAOM, KOTOPbIA BKAKOYAET B cebA TwaTtenbHO nogobpaHHyto rpynny
AONO/IHUTENIbHbIX MHCTPYMEHTOB U Cpes, aAanTUPOBAHHbIX K Pa3iMyHbiM noTpebHocTam ML.

C nomoubto Kubeflow Pipelines mo»kHO cnpaBuTbca ¢ ANNTENBHBIMM 334a4aMmn 0O6y4eHnA MallMHHOMY
0by4yeHuto, pyYHbIM 3KCMEPUMEHTUPOBAHMEM, BOCNPOU3BOAMMOCTbIO M 3aaa4amun DevOps.

[OnAa HEeCKONbKMX 3TanoB MaLLUMHHOIO oby4yeHun, BKAOYas obyyeHne, pa3paboTKky KoHBenepa U
obcnyxxusaHmne Hoytbykm Jupyter, Kubeflow npeanaraet cneunanmsmpoBaHHble YCAYTU U MHTETPaLMIO.

3TO yNpoLLaeT ynpaB/ieHUE U OTC/IEXKUBAHME }KU3HEHHOIO LMKAA BallMx paboumnx Harpy3ok MU, a Takxke
pa3BepTbiBaHKE Mmoaenein mawmHHoro obyyeHmna (ML) u KoHBelepoB AaHHbIX B Knactepax Kubernetes.

OH npepnaraer:
HoyTbykn ana ncnonb3osaHuna SDK ans B3anmonemncrTema ¢ CUCTEMOM
nonb3oBaTenbCcknit nHtepdeic (Ul) ana KOHTPONA U MOHUTOPUHIA 3aMYCKOB, 3a1aHUIN U SKCMEPUMEHTOB.

Y106bI HbICTPO pa3pabaTbiBaTb KOMMIEKCHbIE peLleHns 6e3 HeobXxoaAMMOCTM KaxK bl pa3 nepecTpanBaTtb
M NOBTOPHO MCMO/1b30BaTb KOMMNOHEHTbI U NanAaHbI.

Kubeflow Pipelines npeanaraetca kak katoueBo kKomnoHeHT Kubeflow nnum kak otaenbHas yctaHoBKa.



MHCcTpymeHTbl. KOHTpOb Bepcun
[1aHHbIX. Git

Data Version Control (DVC) Code Ot
Github, Gitlab, any Git Server S3, Azure, Google Cloud, SSH

Remote
dvc push
dvc pull
Al A A
Local €
code model.pkl.dvc model.pkl

1KB S00MB



MHCcTpymeHTbl. KOHTpOb Bepcun
[1aHHbIX. Git

PelwleHne ana ynpaBneHna BEPCUAMM C OTKPbITbIM UCXOAHbIM KOAOM ANA NPOEKTOB MallMHHOIO
0by4yeHuns HasbiBaeTca DVC uaum Data Version Control.

Kakol 6bl A3bIK Bbl HX BbIOPaNn, 3TO IKCNEPUMEHTA/IbHbIA MHCTPYMEHT, MOMOTAloLWMn B
onpeaesnieHUN KOHBeKepa.

DVC ucnonb3yeT Koa, ynpaBaeHue BepCcUaMmM AaHHbIX U BOCNPOU3BOANMOCTb, YTOObI MOMOYb Bam
COKOHOMMUTb BPEMS, KOraa Bbl 0OHapyKuTe npobaemy c bonee paHHen Bepcmeit Ballen moaenm
MALLUMHHOTO 0byyeHus.

Kpome Toro, Bbl MOXKeTe UCNoAb30BaTb KOHBelepbl DVC ans obyyeHuna Bawen mogenm u
PAcnpoCTPaHEeHUA ee cpean YNeHoB Ballen KomaHabl. DVC moXeT ynpaBnATb OpraHu3aumen
60/1bLIMX AAHHbIX U YNIPaBAEHMEM BEPCUAMM, @ AaHHbIE MOXKHO XPaHUTb B IETKOAOCTYNHOM BUAE.

XOTsl OH BK/ItOYAET B cebA HeEKOTOpbIe (OrpaHMYeHHble) GYHKLUMN OTCNEXMBAHUSA SKCNEPMMEHTOB, B
OCHOBHOM OH GOKYCUPYETCA Ha AaHHbIX U yNpaBAeHUN BEPCUAMM KOHBeNeEpa.

OH npepnaraer:
He 3aBUCUT OT XpaHUAULLA, NOSTOMY MOXHO MCNO/Ib30BaTb Pa3/IMYHbIE TUMbI XPaHUTALLL.
OH TaKXe obecneymBaeT OTCNEXKUBAHME CTATUCTUKM.

roToBble cpeacTsa 0b6begMHEHNA 3TanoB MaWwMHHOro obyyeHms B DAG 1 3anycKa Bcero KoHBelepa
OT Hayana A0 KoHUa

Bcto pa3paboTKy KaxKaon mogenn mallmHHOro oby4yeHns MoXHO NpocieanTb, UCNOb3yAa BECb ee
KOZ, U NPOUCXOXKAEHME AaHHbIX.

Bocnpon3BoAMMOCTb 33 CHET TOYHOMO COXPAaHEHMNA NCXOAHOM KOHPUTypaLMmM, BXOAHbIX AaHHbIX U
NPOrPaMMHOro Koda ANs SKCNepuUMeHTa.



NMHcTpymeHTbl. Apache Airflow

Apache

e Airflow

‘.,’J Airflow DAGs Data Profiling ~ Browse v Admin~ Docs ~ 2018-09-07 22:14:10 UTC (i

Search:
(i} DAG Schedule Owner Recent Tasks @ Last Run @ DAG Runs © Links
(] m example_bash_operator [00+++ ] airflow @ 2018-09-06 00:00 @ @ O WA 4=C0
] m example_branch_dop_operator_v3 ([@055T) airflow @@ @ 5 2018-09-05 00:56 @ @@ Oe*INAZ+=D
(] m example_branch_operator [ @dally | airflow @ 2018-09-06 00:00 @ @ O INAZ =0
G Y] -examplexcom airflow @ 2018-09-05 00:00 €@ @ O**IBAZ4=CO
@ Y] ‘atestonly Airflow @ 2018-09-07 16:00 @ @ O**IEA=+=C0

Showing 1 to 5 of 5 entries

Show Paused DAGs



MHcTpymeHnTbl. Apache Airflow

[MhaTtdopma C OTKPbITbIM UCXOAHbIM KOAOM ANA
NPOrpammMmmnpPoOBaHUSA, NIAHUPOBAHUA U
MOHUTOPUHra paboymx npoueccos.

XapaKTepUCTUKU

INMNHAaMWYHOCTb: MO3BONAET CO34aBaTb
ANHAaMUNYECKNE KOHBENEPDI.

MacwTtabupyemocTb: macwtabupyertca ans
noaaep KM C/I0XKHbIX paboymnx npoLeccos.

Pacwmnpaemblin: Nerko MHTErpupyeTca ¢ Apyrmmm
CUCTEMAMM.
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ZenML

ZenML npegoctasnaeT nnatpopmy ANA ynpaBaeHUA NOJIHbIM XU3HEHHbIM LUKAOM MOAEN —
OT pa3paboTKM A0 pa3BepPTbIBAHMA U MOHUTOPWHIA, IETKO MHTErPUPYETCA C NONYIAPHbIMMU
MHCTPYMEHTaMM ANA MallMHHOro obyyeHns, Takmmu Kak MLflow, Kubernetes, Docker. ZenML
obecneynBaeT BOCNPON3BOAMMOCTb SKCNEPMMEHTOB N Pa3BEPTbIBaHWUM 3a CYET
MCMNONb30BaHMA KOHBENEPOB.

ZenML npepoctaBnaeT 6onee YyHUPMUMPOBAHHYIO N1aTGOPMY, OXBATbIBAIOLLYHO BECH
KM3HEHHbIN UMKN MawMHHOro obyyeHus, B To Bpema Kak MLflow 6onblie doKycmpyetca Ha
OTCNEXMBAHUN IKCNEPUMEHTOB U Pa3BEPTbIBAHUMN MOAENEN

B TO ke Bpems OH NO3BONAET MHTErPUPOBaTb HeKoTopble GyHKLUMK MLFlow.

Mony4yaeTca, ecTb Lenbii cTek ML-KOMNOHEHTOB, KOTOPbIE HYXKHO YMeTb HacTpauBaTb,
noAAep»KMBaTb U SKCNAYaTUPOBaTb. YacTb NPO «HaCTpamMBaTb M NOAAEPKUBATLY TpebyeT
MCcnonb3oBaHMA BcnomoratenbHoro MO.

Hanpumep:

Kubernetes — B KauecTBe cpefbl OPKECTPaALUM KOHTEMHEPOB.

KeyCloak — B KauecTBe eAMHOW TOUYKK aBTOPMU3aLIMM NOb30BaTENEN.

Grafana, Prometheus, Loki — B KauecTBe cpeacTB MOHUTOPUHIA U cbopa 10roB m np.
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MLOps-nHKeHepbl NOKa ele MOryT CYMTaTbCA eAMHOPOramum.

Ha ceroaHAWHMI AeHb Yalle Bcero 3aaavun BHegpeHua ML-cuctem otaatot DevOps-
cneunanuctam. Ecnm oHn oteevatot 3a CI/CD, nycTb ewe 1 ML-nannairiHbl cebe
3abepyT. EcTecTBEHHO, Yy NoAxoAa €CTb MUHYCbI:

 aennov ML-moaenen otinyaeTca oT Aensioa Koaa,

* HY)HO pa3bupaTbca B Kubernetes Ha BbICOKOM YPOBHE, a Takme crneumanmcTbl U
6e3 ML Ha Bec 301073,

*  HYXHO ncnonb3osatb laaC u gpyxutb ¢ Terraform,

* BMLUEHKOW Ha TopTe aBasetca npouecc Continuous Training, KOTOPbIN

noApasymeBaeT HanucaHue Python-ckpuntos ana aBTomaTtusaumm
B3aMMOJENCTBMA Pa3HbIX KOMMOHEHTOB B OPKecTpaTopax.

Kak MnHumym, Hawemy DevOps-cneymanncty notpedbyerca MHOro BpeMEHMU Ha
N3y4yeHmne BCex NPoLLEeCcCOB U TEXHONOMMN. B ogHOW BEpCUMN naeanbHOro Mmnpa
MLOps-cneumannct — cneayrowan ctagna passutna DevOps-uHxKeHepa. Koraa
y»xe Bce Terraform-dannbl Hanucan, ckoHPuUrypuposana c nomouwbto Ansible n s
Kubernetes yepe3 Argo CD 3anycTtun.

Mones3Ho, Koraa MLOps-cneymanmct noHMmaeT mmp ML-pa3paboTku, 3HaeT
CNOMKHOCTU U MOXKET apryMeHTUPOBAHHO KOPPEKTUPOBATb NarnaamHbl. Taknm
obpas3om, B Apyron Bepcumn naeanbHoro mmpa MLOps-uHKeHep — ML-
Pa3paboTumMK, KOTOpPbIN He ToNbKO ML-moaenn rotos oby4yaTtb, HO U C
MHPPACTPYKTYpPOM pa3bupartbcs.



Ha gaHHbIM MOMEHT naeanbHbin MLOps-nHxXeHep NnpeacTaBnAeTca Kak « BOMH
ApPaKoHa»: yYeHUK, yuntensb, data scientist, backend developer, ML-nHxeHep,
data-nH>keHep, devops, software developer n octanbHoe B ogHOM YenoBeKe.

DS BE

Data Scientist Backend Engineer
(ML model development)

ML (ML infrastructure management)

ML Engineer /
MLOps Engineer

(cross-functional management
of ML environment and assets:
ML infrastructure,

ML models,
ML workflow pipelines,

data Ingestion,
monitoring)
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