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15) UHTerpaums ML-cuctem B 63Hec-npoLeccsl



NTO MOXHO OTC/IeXMBAaTH

* [aHHble > ?

* Kop npenobpaboTku gaHHbIX > git
* Kop obyyeHust mogenu > git

* Becamogenn->?

* MeTpukn mogenu > ?

* [lpepckasaHua mogenun - 7

* Jlorn / xypHanbl 0by4yeHus > ?



BepCcroHMpoBaHmMe aaHHbIX

* Mopaenu MerT CMbIC/T TOJIbKO B KOHTEKCTE AaHHbIX
e JlaHHbIX CUNbHO bonblle, YeM Koaa.
* Mbl HE MOXEM BEPCMOHNPOBATb aHHbIE TaK Xe, KaK Je/laeM 3TO C KOAOoM

* TpyaHo genaTb andbl. TpyAHO YMTaTb 3TN AUMbI. TPYAHO XpaHUTb BCE
N3MEeHeHUs gaTtaceTa, 0cobeHHO ecinm oH 601bLION

e JlaTaceT MOXET He MOoMeLLATbCA HA TOKAaSIbHOMN MaLlUUHe

 ...atthis point, data versioning is like flossing.
Everyone agrees it’s a good thing to do, but few do it © Chip Nguen



HTO TaKoe «M3MeHeHne daHHbIX»

* lI3MeHeHMe CXxeMbl f@aHHbIX TOMAET MOAENb
* OTCnexmnBaTb U NPOBEPSATb CXEMY AAHHbIX KPAaWHE XenaTenbHo.

* Hy)XHa 1n HaM BEPCUMOHHOCTb HAa CaMUX A@HHbIX?

— Konusa gaHHbIX Npu Kaxgom obyyeHnn Mmogenm
— BepcmoHHOCTb Kopa n3BNeYeHMS OAHHbIX

— BepcMoHHOCTb fAaHHbIX HAa YPOBHE MOAENM AAHHbIX



KaK ObITb C «<U3MEHEHUAMM AaHHbIX»

* Y70 cYnTaTh M3MEHUBLLMMUNCS AAHHbBIMU?
* KoHTpo/fibHasi cyMMa — a ec/i oHu B 6a3ax?
* BO3MOXHO N1 CANBATb U3MEHEHUSA?

* VHorga XpaHuUTb AaHHbIE B PENO3UTOPUM HEMb3S
(KaK 1 TOKeHbI C NapoIsiMU— 3TO Hebe30onacHOo)

* X MHOIo



BepCMOHMPOBaHME AaHHbIX

* MOXXHO OpraHM30BaTb XpaHEHMe JaHHbIX TaK,
4TOObI UICTOPUS UBMEHEHNS AlaHHbIX COXPaHsANach

* Event Sourcing

* Anchor Modeling

* Slowly Changing Dimensions

* Hy)>XHO BEpCMOHMPOBATb KOJ U3B/IeYEHUS JAHHbIX

* Ho 06 3TOM Hy)XHO 6b1N10 AyMaTb 3apaHee

https://habr.com/ru/company/avito/blog/322510/


https://microservices.io/patterns/data/event-sourcing.html
https://habr.com/ru/company/avito/blog/322510/
https://www.sqlshack.com/implementing-slowly-changing-dimensions-scds-in-data-warehouses/
https://habr.com/ru/company/avito/blog/322510/

L akeFS — BepcroHnpoBaHue S3
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https://docs.lakefs.io/


https://docs.lakefs.io/

Loel - aaEeE

* Branch + Merge gns gaHHbIX, KakK B git

Add New =

\ Merge changeset

v 001.parquet
v 002.parquet

X random.csv

/
men () —= () ——,é'\@

P'r-e,*Me_r-ge, Hook

https://docs.lakefs.io/


https://docs.lakefs.io/

OTCnexrBaHMe 3KCNeprMMEHTOB

* KpuBasa notepb

° MeTpukKKM KavyecTBa Mmogenm

e Ccbl/IKa Ha AaHHble, Ha KOTOPbIX Modenb obyyanacb

* CKOpOCTb paboTbl MOAeNu (TOYEK AaHHbIX B CEKYHAY)

* MeTpuku cuctemsl (namatb, ytunmnsaums CPU, GPU n T.4.

* 3HayeHus NapaMeTpoB M rmnepnapameTpoB Moaenu



BepcroHWpoBaHe Moaenen

e Korpga Bbl NULLETE KOA W TIOMAETE €ro, Bbl MOXeTe C MOMOLLbH
CUCTEMbI KOHTPOJIS BEPCUI BEPHYTb €0 B MPOLLOE,
paboTocrnocobHoe cocTosHME

* Mo)eTe N1 Bbl CAeNaThb TO e CaMOe C MOAENbI MALLUMHHOTO
06y4yeHna? OTMEHUTb YacTb U3MEHEHUWN, OTCNEeANTb — KaKne u3
HUX YXYALWNAN Ka4YeCTBO, BEPHYTLCA K OQHOW U3 NMPOLLbIX
YAA4YHbIX BEPCUM U NPOJOIKNTb PaboTy OT 3TOMN TOUKN?

*  O6bI4HO Mbl MOXEM OTCNEXMBATb TONbKO Kog 06yyeHns



Model Registry - NeptuneAl

{Mndel sewing]

Model p- N /
artifacts

— XX
\ Automated jobs

Downstream
services

Experimentation E— Model registry

https://neptune.ai/product/model-registry


https://neptune.ai/product/model-registry

Model Registry - NeptuneAl

W 2 Help center Login
. showcase-model-regi... ~ & Runs €@ Models Project 5] 0 [ Wiki § Settings W Trash @ m
Search or filter models 1-230f23 +
Start typing to search or build a query... Recent searches ~ © Add column
A [ A 1w [ [ s [ 3 A

O Id Creation Time + Owner Monitoring Time Tags Ping Time Size ...ion Time ...ing Time Trashed model/run

m] SHOW2-MOD17 2022/05/1221:42:14 @ neptuner 1s Bert) Qo 2022/05/12... 79B 2022/05/12... 45 False SHOW2-36 B

[m] SHOW2-MOD16 2022/05/1221:41:17 Q) neptuner 1s Bbert) Qo 2022/05/12... 79B 2022/05/12... 35 False SHOW2-34

[m] SHOW2-MOD1s 2022/05/12 21:40:36 Q) neptuner 1s ztorl) (o 2022/05/12... 79B 2022/05/12... 35 False SHOW2-32

[} SHOW2-MOD14 2022/05/12 21:39:48 @ neptuner 15 ztorl) (o 2022f05/12... T9B 2022/05/12... 35 False SHOW2-30

[ SHOW2-MODI3 2002/05/12 21:28:01 | (G neptuner 1s mios (e 2w2f05012... 798 2022/05/12... 45 False SHOW2-28

[  SHOW2-MODIL2 2002/05/1221:27:18 | (8 neptuner 1s BioE) (e 2w2f05012... 798 2022/0512... 35 False SHOW2-26

[]  sHOW2-MODLL 2002/05/1221:26:52 | (G neptuner 1s Eponl (ol 2w2f05012... 798 2022/05/12... 45 False SHOW2-24

[  SHOW2-MODI0 2002/05/1221:26:05 | (G neptuner 1s Eponl (ol 202f05012... 798 2022/0512... 35 False SHOW2-22

[]  sHow2-MODS 2022/051221:25:29 | (8 neptuner 1s Eponl (ol 202f05012... 98 2022/0512... 35 False SHOW2-20

[0 sHow2-MoDs 2022/05/1221:22:54 | neptuner 1s bl (ol 2022/05/12... 798 2022/05/12... 35 False SHOW2-18

[J  sHow2-MoD7 2022/05/1221:22:14 | () neptuner 1s bl (ol 2022/05/12... 798 2022/05/12... 35 False SHOW2-16

[J  sHow2-MoDs 2022/05/1221:21:47 | neptuner 1s bl (ol 2022/05/12... 798 2022/05/12... 35 False SHOW2-14

https://neptune.ai/product/model-registry


https://neptune.ai/product/model-registry

W&B — walt a minute

Model Registry

A central hub for model management and
collaboration

W&B Model Registry provides teams with a scalable, centralized
repository to govern an ML model lifecycle that enables cross-
functional discovery and collaboration, and ensures the highest

quality models make it into production.

Available for early adopter evaluation. Please fill out the form to

your right & we'll reach out with next steps.

& contact@wandb.ai

https://wandb.ai/site/models

First Name

Company

Ex. Tesla

CX. 1€sla

Message

JOIN THE WAITLIST =

Last Name

Hernandez

Work Email

W&B BbikaTunn
peecTp Mogeneu,
HO 3TO BbINI0 yXKe
nocsie 3anumcu
neKymm ;-)



https://wandb.ai/site/models

DVC Model Registry

Model Registry

'

P
ZE o
“® a
Modeling e Gt T B E
& testing ata Scientists ngineers
Q Production

Discover v

& inspect

https://dvc.org/doc/use-cases/model-registry


https://dvc.org/doc/use-cases/model-registry

Git as Model Registry

* GitTag Ops -~
* MLEM-

76% |NEEEEEENEE 2| 7568/10000
100% | [N 10000/ 16000

=== import mlem
=>> mlem.apil.save(model, "dog-bark-translator™)
BE

§ ftree

— dog-bark-translator
L— dog-bark-translator.mlem

3


https://github.com/iterative/gto
https://mlem.ai/

MLFlow

ml7/c GitHub  Docs
Registered Models Q
Name 2 Latest Version Staging Production Last Modified
Model A Version 1 Version 1 ~ 2019-10-16 22:51:19
Model B Version 1 = = 2019-10-16 22:51:52

https://learn.microsoft.com/ru-ru/azure/databricks/mlflow/model-registry-example
https://www.mlflow.org/docs/latest/model-registry.html


https://www.mlflow.org/docs/latest/model-registry.html
https://learn.microsoft.com/ru-ru/azure/databricks/mlflow/model-registry-example

ClearML

55 ClearML-serving

CI/CD or manual
trigger

. i HE S

.

i- ; e u
_ : > : P
olf A : > : o™
Mﬂ‘lii e = /f____/ g " “-.,_\. TC
e _ NVIDIA-TRITON/ b7

OVMS | KFServing

https://clear.ml/products/clearml-deploy/


https://clear.ml/products/clearml-deploy/

ArrpecrMBHOE OTC/IeXXMBaHNE SKCMEPUMEHTOB U
BEPCMOHMPOBAHME MOMOTaeT C BOCMPOMN3BOAUMOCTbIO

Ho He rapaHTupyer ee.

Y 6nbnnotek MoryT 6b6ITb NPO6/1EMBI C AETEPMEHN3MOM
O6opyaoBaHME MOXET BHOCUTb HELETEPMEHM3M B MOJENY
[laHHble MOTyT 6bITb HEBOCMPOM3BOAMMO MEHSTbLCS

Pa3sHble Mogenn GPU MoryT cynTaTb No-pa3HOMY



Random seed
* Seed=20221117 #YYYYMMDD

import toxch
torch.manual_seed(0)

impoxt random
random.seed ()

import numpy as np
np.random.seed(d)

* WARNING

Deterministic operations are often slower than nondeterministic operations, so single-run
performance may decrease for your model. However, determinism may save time in development by

facilitating experimentation, debugging, and regression testing.

https://pytorch.org/docs/stable/notes/randomness.html


https://pytorch.org/docs/stable/notes/randomness.html

BOCnpon3BoanMMOCTb He BCerga BO3MOXHa

There are known non-determinism issues for RMN functions on some versions of cuDMN and CUDA.

You can enforce deter | '
If you are calling backwaxd () on multiple thread concurrently but with shared inputs (i.e. Hogwild CPU

On CUDA 10.1, set em training). Since parameters are automatically shared across threads, gradient accumulation might become
non-deterministic on backward calls across threads. because two backward calls might access and trv to

oncupAa102 Common Pitfalls in Transform Authoring and
CUBLAS_WORKS

» Nondeterministic set iteration order. In Python, the set datatype is unordered. Using set to contain

See the cuDNP} ) ) ) o )
collections of objects like Nodes, for example, can cause unexpected nondeterminism. An example is
iterating over a set of Nodes to insert them into a Graph. Because the set data type is unordered, the

Go g|e pytorch non-determinism X = § (@9 Q

https://github.com/pytorch/pytorch/issues?q=is%3Aissue+is%3Aopen+nondeterminism


https://github.com/pytorch/pytorch/issues?q=is%3Aissue+is%3Aopen+nondeterminism

e

* W&B QuickStart

* DVC Get Started

* MLFlow Quickstart

* ClearML First Step

* Tensorboard Get Started

* TMonpobynTe KaXabl U3 3STUX UHCTPYMEHTOB


https://docs.wandb.ai/quickstart
https://dvc.org/doc/start
https://mlflow.org/docs/latest/quickstart.html
https://clear.ml/docs/latest/docs/getting_started/ds/ds_first_steps
https://tensorboard.dev/#get-started
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