[1M3aNH CHUCTEM
MALLVHHOIO 0byYeH s

1. MawnHHOe o6yyeHne Ha NpaKTukKe

https://ods.ai/tracks/ml-system-design-22




O yeMm byem pacckasbiBaThb

* [lenaTb MOAeNN MAaWMHHOIO 0ByYeHMS NErkKo

* TpygHo caenaTb Tak, 4To6bl OHM paboTanm XopoLwo
* Ewe TpyaHee cagenaTb, YTOObI UMY NOJIb30BAINCH

* bygem nsyyaTb ML-cMCTeMbI B peanbHOM XXU3HU

e C TOYKM 3peHMns Koaa, 0bopyaoBaHusa n 6rMsHeca



0B I Dee e

* ANropuTtMbl MaWIMHHOIO 0ByYeH s

e [113arH N0/b30BaATENbCKOIO MHTEpdenca
* CraTuctumka

* KaK nucaTb Kof,

* KaK y4nTb HEMPOHHbIE CETHU

* Kak genaTb Beb-canThl

* Kak npoxoanTb cobecegoBaHue no system design



[ 1naH Kypca

1) NpakKTU4YecKoe NpUMEHEHUE MALLMHHOTO 06yYyeHuss — Bbl HaxopuTeCh 3aech
2) OCHOBbI MPOEKTMPOBaHUS ML-cucTem

3) Obyuyatolime faHHble

4) MoproToBka 1 0TOOP NpU3HaKOB

5) Bbibop Mopenu, pa3paboTka u obyyeHne Mogenu

)
)
)
6) OueHKa KayecTBa MofeNu
7) Pa3BepTbiBaHWE CUCTEM
8) AmarHocTuKa oWwmnboK 1 0TKkaszoB ML-cuctem
9) MOHUTOPUHT 1 0by4YeHNe Ha MOTOKOBbLIX AAHHbIX
10) XXM3HEHHbIW UMK MOgenn
11) OTcnexuBaHMe 3KCNePUMEHTOB M BEPCUOHMPOBaHNE Mofene
12) CnoxHble MOJEeNIN: BPEMEHHbIE psifibl, MOZEeNn Hag rpadamu
13)HenpepnB3aToCTb, 6€30MacHOCTb, yNpaBieHne MogensamMu
14) ML nHdpacTpyKTypa v nnatdopmbi

)

15) UHTerpaums ML-cuctem B 63Hec-npoLeccsl



3a4yeM BaM 3TO MOXKET NMpUroanTbCA

* 3anycTuUTb CBOM MET-NMPOEKT A5 NnopTdonmo
* 3anycTuTb CBOM CTapTan

* YcTpouTbCs Ha paboTy

—  ML-nHxeHepom
—  MLOPS-uH>eHepoM
- MeHepxepom ML-npoekTa

— MeHepepom ML-npogykTa



(TOWUM Ha Nnevyax rMraHToB

* Kypc cs329 Machine Learning System Design OREILLY

* KHwura Designing Machine Learning Systems Designing
snne &> Machine Learning

Systems

An Iterative Process
for Production-Ready
Applications

Chip Huyen



https://stanford-cs329s.github.io/
https://www.amazon.com/Designing-Machine-Learning-Systems-Production-Ready/dp/1098107969

[TpegBapuTenbHble TPEOOBAHNS

* Jlto6om BY30BCKMIM KypC CTAaTUCTUKM

* OHnnaunH-kypc https://stepik.org/course/76/info
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[TpegBapuTenbHble TPEOOBAHNS

* Jltobon BY30BCKMM KypC MO NPOrpaMmMmMpoBaHnto

* OHnaunH-kypc https://stepik.org/course/512/promo




[TpegBapuTenbHble TPEOOBAHNS

* Jltobon BY30BCKMIM KypC NO MALLMHHOMY 06y4YeHUO

* Cepus ctaten https://habr.com/ru/company/ods/blog/322626/




[TpegBapuTenbHble TPEOOBAHNS

* [IpaKTU4YeCKMIN ONbIT NPOrpaMMmnpoBanHms nog Linux

* OHnaunH-kypc https://missing-semester-rus.github.io/




[TpegBapuTenbHble TPEOOBAHNS

* )XenaTenbHO — ONbIT PAabOTbl C HEMPOHHbBIMU CETAMMU W,
Hanpumep, pytorch. https://pytorch.org/tutorials/




[1/13aMH CUCTEM MALIMHHOMO 0DbYyYeH S

* [lpouecc NpMHATUS peLleHn Npo
- WHTepdenc
— AnropuTMmbl, faHHblE
— [porpaMMHyto MHMPACTPYKTYpPYy
- ObopygoBaHue
* YT106bI COOTBETCTBOBATL TPEOOBAHUSAM 1 OrPAHMYEHUSAM, HaNnpumep, no:

- HapexHocTu (reliable)
— MacwTtabupyemocTu (scalable)
- 06cnyxunBaemocTtu (maintainable)

- ApanTtupyemocTu (adaptable)



[3anH HAaYMHAETCH C OrpaHNYeH U

* TpeboBaHusi/orpaHMYeHNa NPUOETCS BbISCHATb CAaMUM

* Ecnu KTO-TO BbiAaN BaM TpebOBaAHUS, OHU HEMOJHbIE U
NPOTUBOPEYNBbLIE

* TpeboBaHua — Bceraga npeanonoXXeHus
* [lpeanonoXxuTe 4To-HMbYAb
* [lpuaymanTe, Kak NPOBEPUTb NPEANOJIOKEHMNE

* Y3HaB HOBOE€, YTOHYHUTE NPennosioxXeHU4



[ lpepgnonoxeHmna ML

MawmnHHoe obyyeHne — 3TO aBTOMATU3NPOBAHHbIN NOAXOA K
BbISIBJIEHMIO C/TOXHbIX LIAG/TOHOB B UMEKOLWMXCA AAHHbIX U
MCNOb30BaHME 3TUX WABNOHOB ANSA MPECKA3aH I HA HOBbIX AAHHbIX.

* Mbl MOXeM BbIIBUTb LUABMOHDbI
* LlabnoHbl CNOXHble

* [laHHble nmerTCA

° MoxeM npeacKasbiBaTb

* BbyayT HOBble laHHble



[lenatb ML

* YacTto noBTOpAOLWaACd 3apa4a
* LleHa ownbKKN HEBENMKA
* Bonblion macwtab

 |1labnoHbl NOCTOSAHHO MEHSTCS



He nenatb ML

°* JTO HE3TUYHO

* [IpocToe npaBuio pewaeT npobnemy

° [laHHble HeaOoCTYNHbI

* LleHa oWwKnbKN BbICOKA

* Kaxgoe pelieHne gonxHo 6biTb 06BACHUMO

e [lelweBnie HAHATb YenoBeKa



IpagnnoHHoe NpuMeHeHne ML

Machine learning use case frequency

Filtering assets and content
Acguiring new
customers B
Interacting with
customers

38%

Reducing costs

29%
Retaining oustomers
34%
37% Improving customer

! experience
Generating customer P

insightsfintelligence

30™

Internal processing
automation

Other Building brand awareness 2020 state of enterprise machine learning

Incr. converswon rates Incr. long-term customer engagement



https://info.algorithmia.com/hubfs/2019/Whitepapers/The-State-of-Enterprise-ML-2020/Algorithmia_2020_State_of_Enterprise_ML.pdf

OCcHOBaHMe

THE DATA SCIENCE
HIERARCHY OF NEEDS

Al,
DEEP
LEARNING

A/B TESTING,
EXPERIMENTATION,
SIMPLE ML ALGORITHMS

ANALYTICS, METRICS,

LEARN/OPTIMIZE

AGGREGATE/LABEL SEGMENTS, AGGREGATES,
FEATURES, TRAINING DATA
EXPLORE/TRANSFORM CLEANING, ANOMALY DETECTION, PREP

MOVE/STORE

COLLECT

https://hackernoon.com/the-ai-hierarchy-of-needs-18f111fcc007


https://hackernoon.com/the-ai-hierarchy-of-needs-18f111fcc007

IHOyCTpuMa vs iccnenoBaHUA

e
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* ABTOp Kypca Ha CTOPOHE MHAYCTpUK

“YacTo 1 He6e30CHOBATENBHO:

* Y4yeHble He yMeloT NUcaTb KOf
* He BOCNpOM3BOAUTCH

* HenpumeHuUMO

YacTo n Hebe30CHOBATENBHO:

* H)XeHepbl He 3HAOT OCHOB

* /lnwb 661 paboTano

* He npoBepstoT 6a30BbIe
npeanoioXeHuns



IccnenoBaHUA

* TpeboBaHus: NybnrMkabenbHOCTb

* BbluncneHus: bbicTpoe oby4eHne N NPoNycKHast CNoCOb6HOCTb
* [aHHble: OH6bIYHO HE MEHSOTCS

* WHTepnpeTnpyemocTb: OBbIYHO HE BaXKHa

* [loppep>xrnBaeMoCTb: He BaXkHa

* MacwTabupyemoctb: OguH 1 TOT Xe MaclTab



HOYCTpUA

* TpeboBaHus: Pa3Hble TpeboBaHMS BHYTPU OpraHn3aLmnm

* BbluncneHus: bbICTpbIN MHMDEPEHC U HU3KAs 3afePIKKa

* [aHHbie: [TOCTOSAHHbBIN CABUT AAHHbIX

* VHTepnpeTnpyemocTb: MoxeT bbITb O4EHb BaXHa

* [lopgaepXnBaeMoCTb: MOXeT 6bITb ONpeaenstolwen METPUKON

* MacwTtabupyemocTb: MOXeT 6bITb ONpeaensatollen METPUKON



o Hiepeak

Stakeholder objectives

ML team Sales Product Manager
highest accuracy sells more ads fastest inference maximizes profit
= laying off ML teams

https://docs.google.com/presentation/d/1XKBXoLW3ED3FcvDRK3jfQellLCK2QTnsoZeopR6ziRQ/edit#slide=id.gb4b40ae9d8_0_16


https://docs.google.com/presentation/d/1XKBXoLW3ED3FcvDRK3jfQeIlLCK2QTnsoZeopR6ziRQ/edit#slide=id.gb4b40ae9d8_0_16

Oby4veHune vs MHmepeHc

* KaxpgblX NOKa3 CTpaHULbl MHTEPHET-Mara3mHa Unm arperatopa MoXeT
MCMONb30BaTb pe3ynbTaThbl AecaTkoB ML-mogenen.
Nnwn coTeH.

* JINWHAS 0ONa CEKYHAbl NPeBpaLLaeTcs B OTKa3bl OT MOKYMNKMU

* BbICTpble CalTbl Bbllle B Bbigaye

* KoHBeuep nnv aBToMmobunb eget 66ICTPO — HYXXHa MasieHbKas 3afepXxKa
* KnueHTOB Y 6aHKa MHOIO — HY>XHa BbICOKasi MPOMyCKHas CNoCObHOCTb

* Aellle B MHAYCTPMN MOAENM YAacTo NepeobyyatoT 1 AOy4YMBaIOT,
1 BaXKHO — KaK BbICTPO 3TO yaaeTcsa caenatb



[TponyCKHasA CNOCOOHOCTH

* CKOJIbKO NpefcKasaHui Bbl CAenaeTe 3a CEKYHAOY
* Ba)xHa, Korga Mmbl 06CYMTbIBaEM JaHHbIE «NaYKaMm»

* MOXHO YBENUYNTb, IOKYNNB/apeHaoBaB 060pyaoBaHMe



3agepxKa

* CKONbKO BPEMEHM 3aMET OHO NpefAckasaHune

* BaxHa, Korga Mbl obpabaTbiBaeM AaHHble Ha NeTy

* MHorga MOXXHO YBENNYUTb, KynmuB 6onee bbICTpoE Xeneso
* Hanpumep, 300 NnpeacKka3aHU B CEKYHAY.

* QO6pabaTbiBaeM nakeTamu no 100 npeackasaHunii

* Kaxpabl 3aHMMaeT 0,3 cex.

* [ponyckHas cnocobHocTb — 300 RPS

* 3agepxka — 300 mcek

* 300 nocnepoBaTesnbHbIX 3aNpPocoB — 90 CeKyHA



[1aHHblIe MEHAITCA

DATA DRIFT MODEL PERFORMANCE TARGET DRIFT
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https://github.com/evidentlyai/evidently

idaaldad >



https://github.com/evidentlyai/evidently

Hanpumep

* MeHSIH0TCS BXOAHbIE AaHHble — BCE CTa/IM HOCUTb MacKu
* MeHsleTcss MUp — YeNOBEK B MAaCKe — He XUPYpPr

* [aTtaceToB Cco «cgBUrom» mano. [lNpunmepsl

— Shift paTaceTbl oT AHAeKca
- WILDS 7 patacetoB gns getekymnu casura

— Multimodal Single-Cell Integration

° NHpycTpua C 3TUM XUBET


https://research.yandex.com/publications/401
https://arxiv.org/abs/2012.07421
https://www.kaggle.com/competitions/open-problems-multimodal/data

[ 1pO MHTEpPNpPeTnpyeMOCTh

Geoffrey Hinton
Y {@geoffreyhinton
Suppose you have cancer and you have to choose
between a black box Al surgeon that cannot explain
how it works but has a 90% cure rate and a human

surgeon with an 80% cure rate. Do you want the Al
surgeon to be illegal?

3:37 AM - 21 desp. 2020 . - Twitter Web App
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f david®? [@dwhdai - 21 desp. 2020 1.
A%, Boteet @geoffreyhinton
Are we assuming that the human can perfectly explain the situation?
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Josip Krapac @josipK - 21 ¢esp. 2020 1. e

L/ In most cases humans can explain their actions, but post-hoc. Humans are
good in constructing consistent and persuasive narratives, but these stories
are not plans, they're not conscious causes of their actions.
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Kak ML meHseT pa3paboTky

° [laHHbIe
° YnpaBneHue nNpoeKTom

* MOHUTOPUHT



[1aHHbIEe

° ML — mopgenb cuennieHa c AAHHbIMU

[laHHble 06bIYHO He BEPCMOHMPYHOTCS

- BepCVIOHVIpyI-OTCﬂ CXeMbl JaHHbIX, HO HE AAdaHHbIE

[laHHble 06bIYHO HEOOO03P UMb
— Kakas To4Kka AAHHBIX MOPTUT Bally MOoAeEN b?
— [laHHbIX 06bIYHO 60O/IbllIE, YeM KOAA
— Diff 06bI4HO He paboTaeT

* [pepnosioXeHns 0 AHHbIX HYXXHO NPOBEPSTb

— HyXHO, HO TpygHO



[1aHHblIe BaXKH b

Train model: Speech Recognitidwa’

— ——

"4 e ———

Scope Collect Train
project data model

Error analysis shows your algorithm does poorly in speech with car
noise in the background. What do you do?

Model-centric view Data-centzic view
How can | tune the model How can | modify my data (new examples,
architecture

»Improva data ai

mentation, labeling, etc.) to improve

Pl A T in) _—

e

Andyeiv Ng

https://www.youtube.com/watch?v=06-AZXmwHjo



https://www.youtube.com/watch?v=06-AZXmwHjo

[laHHbIE BaXkKHEe Moaeneu

Improving the code vs. the datgzm*

Baseline 76.2% 75.68%
Model-centric +0% +0.04%
(76.2%) (75.72%)

Data-centric +16.9% +3.06%
(93.1%) (78.74%)

Andyev Ng

https://www.youtube.com/watch?v=06-AZXmwHjo


https://www.youtube.com/watch?v=06-AZXmwHjo

YnpaB/eHne NpoeKToM

° TpygHo ynpaBngaTb Ka4eCTBOM

° TpygHo ynpaBngaTb CpOKaMu

°* HenoHATHbI rpaHuLLbl BO3MOXHOTIO
* [ledeKTbl BO3HMKAIOT HE B KOAe

° Ho npaBuTb nX NpuUxoguTca B Koge

* [ByxdasHble NPOeKTbI:

— Discovery: pukcnpoBaHHoOEe Bpems

— Delivery: hukcnMpoBaHHble 3aga4K



MOHUTOPUHI

* KaK NOHSATb, YTO OHO PaboTaeT TakK Xe XOPOoLlOo, Kak BYyepa?
* KaK NoHSATb, YTO OHO paboTaeT xopoLwo?

* KaK NoHSATb, 4TO OHO BoObLIEe paboTaeT?

* [IHorpa otka3s ML-moaenu gonro He 3amMeyaroT

* KWHorpga «cnomMaHHble AaHHble» 100 HE 3aMeYaloT

* WNHorga ap@eKT MOXHO N3MEPUTb TOJIbKO Yepes Noroaa



Bpoae Kak npasuia

* 50% sdhdekTa ML-moaenm MOXHoO gocTmn4db 6e3 ML, npaBunamu,
PErynsipHbIMN BbIPAXXEHUAMU U T. .

* Ecnu aKcnepT He BUAMT B AaHHbIX 3aKOHOMEPHOCTEWN,
ML TOXe He yBnauT

* BONbWWHCTBO NPO6/1EM — HA rPaHULLAX CUCTEMDbI
° OcHOBHble 3aTpaTbl — faHHbIE

* Ecnu METPUKAa HE B l€HblIraX, OHA HE BaXXHa.
https://www.youtube.com/watch?v=tIB4CL9Es|0


https://www.youtube.com/watch?v=tlB4CL9Esl0

Flie npobnembl

* Hy)XXHO 6bICTPO NepeobyynTb MOAEND

* BaXHO — KaK 4acTo Bbl CMOXeTe ee nepeobyyaTb
* CKopee Bcero mogenen byget MHOro

* B AgaHHbIX MOTYT ObITb 3aK1aAKN

* B AaHHbIX MOIYT ObITb OLWNOKY



[OpbKad NpaBaa

* Xopouwwun NporpaMmMmcT 6bICTPO Hay4YnUTCs MCNONb30BaTb ML
* XopoLlemy nccnegoBaTesnto TPygHO XOPOLLO NPOrpaMmMmpoBaThb

e (Ob6a He caenatoT HUYero nonesHoro 6e3 DevOps MHeHepa



Pa3BepTbIBaHWE rOTOBOW MOAENM

14%
18%' 0-7 days

Don't know/not sure

5%

1+ years

28 %

8-30 days

13“/0

91-365 days

22%

31-90 days 2020 state of enterprise machine learning


https://info.algorithmia.com/hubfs/2019/Whitepapers/The-State-of-Enterprise-ML-2020/Algorithmia_2020_State_of_Enterprise_ML.pdf

[lononHWTEeNbHble MaTepMarsbl

* Rules of ml
* Hidden Technical Debt in Machine Learning Systems

* How to avoid machine learning pitfalls

Bce byaeT B Tenerpam-kKaHasne


http://martin.zinkevich.org/rules_of_ml/rules_of_ml.pdf
https://papers.nips.cc/paper/2015/file/86df7dcfd896fcaf2674f757a2463eba-Paper.pdf
https://arxiv.org/abs/2108.02497

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39

