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FECTecTBeHHbIe MEeTKM 1 NeTNs 06paTHOW CBA3M

* EctecTtBeHHble MeTKM (Natural Labels):
METKM, 4OCTYMHble HENOCPEACTBEHHO U3 BXOAHbIX Al@aHHbIX
(06bIYHO BCKOpE Noce cobbITUSA, KOTOPOE OLeHMBANa MOAE/b)

* OTnoxeHHble meTkK (Delayed labels):
METKMW, AOCTYMHbIE C 60NbLLIOV 3a4EPKKON

* [letna obpaTHoun cBa3n (Feedback Loop):
BNIMSIHME BbIXOAa MOAENN HA BXOAHbIE AlaHHble



ECcTecTBeHHbIe MeTKN

* Cuncrema MOXeT NMNOJIHOCTbI NN YaCTUYHO OUEHUBATb KAa4eCTBO
CBOEW paboThbl U3 OCTYMHbIX €N AaHHbIX
° Hanpuwmep:
— PacyeTHOe Bpemsi NpnbbITUS
— [lporHo3 cnpoca Ha noes3fKuy B TaKCK
-  LleHa akunn
— % K/IMKOB NO peKname

— PexkomMeHpgaunm pekoMeHaaTeNbHOM CUCTEMDI



ECnv HeT eCTeCTBEHHbIX METOK - CO30anTe

¢ ‘D,O6a BbT€ BO3MOXHOCTb OLUEHWNBATb = Google Mepesoguuk
— Hanpuwmep, ryrn nepeBog4nk B Towr || © Cotmu
_ ﬂ0e3p,Ka B TaKCU PYCCHMRA = AHTTTHACKWA
o MpobnemMel pasMeTKu MallMHHOMo X
I_IO KOCBEHHbIM I le3Ha KaM Dﬁ'}"—IEHHH NPUBOAAT K CHHUMEHWHD
Ka4yecTea MoJenen.
i EO” bLLIe He MmyT Problemy razmetki mashinnogo obucheniya privodyat k snizheniyu
kachestva modeley
— Yale nonb3yTCca cepBUCOM L)) arsee Py -

- CMOTpFIT 6onbLue CTpaHny, Machine learning markup issues result in  ¥r
lower quality models.

— CM Npo NpPoOKCU-METPUKN > . e, e



https://habr.com/ru/company/retailrocket/blog/591205/

[Tpobnembl eCTECTBEHHbIX METOK

* HenonHas BbIbOpKa
— EcTecTtBeHHble MeTKU MOTYyT ObITb JOCTYINMHbl HE ANA BCEX TOYEK AaHHbIX
* CMeweHune BbIbopku (Selection Bias)

- HaanMep, Mbl HE NMOJTYHUM OLLEHKY O XOpOoWNMX noe3faKax B TaKCu



OTnoxeHHble meTKK (Delayed labels)

* Hanpumep:
— noraweHme KpeanTa
~ WHBECTULWMOHHblE peKOMeHaauuu
* [1onro — 3TO CKOJIbKO?
—  MwuHyTbl, Yacbkl: Reddit / Twitter / TikTok
. Hep,enl/l, MecdLlbl: MOLLWEHHNYECKNEe CXeMbl C CbI/IHchaMI/I
* [onro — ecnun 3a Bpems Noy4eHnss METOK U3MEHU/TUCh:
— PacnpepeneHune BXOO4HbIX AAHHbIX

- PacnpepeneHue LeneBon NepemMeHHOM

-  ®dopMa 3aBUCUMMOCTU LLeNeBOM NEPEMEHHOM OT BXOAHbIX AAHHbIX



BpeMeHHOW rOpU30HT eCTECTBEHHbIX METOK

° [lepewen no pekname h

250000 4

* [loxogwun no cTpaHuuam

200000 4

150000 4

MNumber of clicks

* Kynun
100000

* Korga dpukcupyem cobbiTmne?

50000 4

* PaHble: JTOXXHOOTpUMuUaTesbHblE ° 50 100 150 200 250 300

Time-to-click since impression {in mins)

¢ I_l O3Xe: TOXKXHOMNONOXNTE/IbHbIE ) Figure 4: Distribution of time-to-click delay for training ads
OT/IOXKEeHHasg o 6 paT Hasg CBY3b (longer than 5mins). Corresponds to the distribution after

correcting for the CDF of the censoring distribution.

Addressing Delayed Feedback for Continuous Training with Neural Networks in CTR prediction


https://arxiv.org/abs/1907.06558

Uinlann B all@ench]

* TpeboBaHUA K cucteme GopMann3yroT Yepes METPUKN

* OnepaumoHHble MEeTPUKKN, HanNnpumep:

— CpepHsa 3agepXKKa, NponyCcKHas cnocobHOCTb, % AOCTYMHOCTY
° ML-mMeTpuku, Hanpumep:

— Accuracy, F1, Recall, BLEU
* SLA (Service Level Agreement) >

— SLI (Service Level Indicator) -

— SLO (Service Level Objective) -


https://en.wikipedia.org/wiki/BLEU
https://en.wikipedia.org/wiki/Service-level_agreement
https://en.wikipedia.org/wiki/Service_level_indicator
https://en.wikipedia.org/wiki/Service-level_objective

[TpuMep: OHNanH-NepeBOAYNK

* Beenwu TEKCT, HE Nony4Ynnun nepeBoa:
— OnepaumoHHbIN OTKa3 . PUKCHMpyeM No KypHanaM CUCTEM
* BBenu TeKCT, MONyYnNM HEMPABUIbHbIN NePeBOS

-  ML-oTKa3? Heobs3aTtenbHo.
Mbl OXXMAaNM KaKON-TO MPOLEHT HeNpaBU/IbHbIX MEPEBOAOB.

—  OTKa3 — eCc/In UX CANLKOM MHOTO (CKONbKO?)



yKapeHad BUKUMNeans

* OnepaunoHHbIe OLWNOKN:
—  Kpuk, wym, aneptbl

e ML owmnbaercsa TUxo

{ THIS IS FINE. )

n eggs with wikipedia

B

Chip Huyen, sc329s.stanford.edu


https://stanford-cs329s.github.io/

KTO TyT cnagkas bynoyka?

https://medium.com/@livewithai/the-significance-of-edge-cases-and-the-cost-of-imperfection-as-it-pertains-to-ai-adoption-dclcebeef72c



https://medium.com/@livewithai/the-significance-of-edge-cases-and-the-cost-of-imperfection-as-it-pertains-to-ai-adoption-dc1cebeef72c

[ IpUYMHBI OMepaLMoOHHbIX OTKA30B

* [lpobnembl 3aBUCUMOCTEN

* [lpobnemsbl gennos

° AnnapaTHble OTKa3bl

* CeTeBble NpobeMbl (HEAOCTYMHOCTb UM NePerpy3Ka KaHaaoB)

* OueHoYHO 60% ML 0TKa30B - onepaunoHHble (crangbl, BUAeo)


https://www.usenix.org/sites/default/files/conference/protected-files/opml20_talks_70_slides_papasian.pdf
https://www.youtube.com/watch?v=hBMHohkRgAA

ECnn 6bl Mbl NDOEKTUPOBaNK Hapsb

Brenan Keller

9 {@brenankeller

A QA engineer walks into a bar. Orders a beer. Orders 0
beers. Orders 99999999999 beers. Orders a lizard.
Orders -1 beers. Orders a ueicbksjdhd.

First real customer walks in and asks where the

bathroom is. The bar bursts into flames, killing
everyone.

Tweet from Brenan Keller


https://twitter.com/brenankeller/status/1068615953989087232

CneymnmunyHble aas ML oTKa3bl

* PeanbHble gaHHbIEe OTAMYAKOTCSA OT 06YYaOLWMX AAHHbIX
* KpanHune cnyvyau
* BbipoxpaeHHast obpaTHas CBSI3b

- Echo chamber
— Filter Bubbles
— [porpammsbl y4aTtcs o6bIrpbiBaTh ApYyrme NnporpaMmsl

— [lonb3oBaTesb MOXeET Bbl6paTb TOJIbKO N3 TOIO, HTO €MY NOKa3an



OTAnYMSa OT 0BYYAOLLMX AAHHbIX

* Pas3Huua pacnpeaeneHnin TECTOBbIX U PAabOoYnX aHHbIX
— Mogpgenb paboTaeT Ha peasibHbIX faHHbIX XY)Xe YeM, Ha TEeCTOBbIX
e CpaBur pacnpeaeneHmn pabovymx gaHHbIX
— Mopenb HauMHAET CO BpeMeHeM paboTaTb Xyxe
* Hacamowm gene 310 MOTyT 6bITb OLIMOKK Pa3paboTYMKOB MOAENM

— Hanpumep, yteukn pasmeTku (dataleak)



Bbibpoch! vs KpalHue ciyvan

* Bbibpocshi (Outliers)

— Heobbl4Hble BXOgHble AaHHble

— O6bI4HO MOTYT 6bITb MPOUTHOPMPOBAHDI

— YenoBeK C HEOObIYHO PeAKUM UK YaCTbIM MYNbCOM
* KpanHwne cnyvanm (Edge cases)

— HeobblYHble pe3ynbTaThl

—  OO6bIYHO He MOTYT BbITb MPOUTHOPUPOBAHbI

- YenoBek c 06bIYHbIMU NMOKa3aTeNAMU, HO TAXeNo 6onbHOU



Kak Tebe Takoe, inoH Mack?

[CVPR'20 Workshop on Scalability in Autonomous Driving] Keynote - Andrej Karpathy


https://youtu.be/g2R2T631x7k?t=1556

BbipoXaeHHas obpaTHas CBA3b

° Mopgenb: peKoMeHAyeT PONINK MPO KOTAT
° YenoBek: WenKaeT No posINKy NPo KOTAT
* Mogpenb: ara, poNMK MPo KOTAT XOPOLLNN!

* Mopenb: peKOMeHAYeT POSIUK NPO KOTAT



[TpobnemMbl BbIpOXXAEHHOW 0OpaTHOW CBA3Y

* M3HaYanbHO POIMKU C KOTATAMU PAHXMPOBANNCH YYTb-YYThb BbllLIE POSINKOB C
cobaykamMm (BO3IMOXHO, Cy4alHOe OTAMYMeE)

* TaK KaK OHMU Bbille, M0/1b30BaTe/lb BbIOMPAET UX Yallle
* Tak Kak OH BblOMpPaeT 1x Yallle, X paHr pacTeT

* CnycTsl Kakoe-TO BpeMsl peKoOMeHAaLuM CTAaHOBSATCS O4HOPOAHbIMM (OH
CMOTPUT TO/IbKO POJINKK NPO KOTAT!)

* [lpobnema BO3HUMKAET TONbKO B peanbHOM paboTe.
TpyOHO BbISIBUTb BO BpeMs 06y4yeHus



KaK BbldBNATbL?

Average Rec Popularity (ARP)

— CpepgHun % TpadmKa y peKoOMeHZ0BaHHOIo ToBapa
Average Percentage of Long Tail Iltems (APLT)

— % pepkux pekoMmeHgaumn (nonyyvarowmx meHee 1% Tpaduka)
HacKkonbKo pa3HATCS peKoMeHaaumMn ans pasHblx Nonb3oBaTenemn?
% TOBaApOB, KOTOPble HUKOrAA He NonagatoT B peKoMeHgauum

CHmxeHne CTR Ha nepBbIX CTPAaHULLAX pEKOMEHAALMN

PocT CTR Ha BTOPbIX-TPeTbUX CTPaHMUL,aX


https://support.google.com/google-ads/answer/2615875

bopbbHa C BbIpOXAEHHOW 0OPATHOWN CBA3BIO

°* PaHgomMmsauus

— Pa36aBnsTb Bbligayvy Cy4alHbIMU PpEKOMEHZALMS MU

— CobupaTtb 06paTHYO CBA3b
* PaclmnpeHne pekoMeHgaunm

— [obaBnaTtb He-ML pekomeHgaunm, HanpuMep
HOBble MOCTYMNNEHNS, PEKOMEHOALNM SKCMEPTOB, TOMN KaTeropumn

° [lO3NUMNOHHbIE NPU3HAKMU:

— YuuntbiBaTb pa3Huyy CTR Ha pa3HbIX NO3ULMAX Bblga4vu



[ lO3VLUMOHHbBIE MPU3HAKK

° BapuaHT — npu3HaK no3uuuu
* [lo6aBuTb B 0byyarowme gaHHbIe NPU3HAK «Obl HA 1 NO3MLMK»

* BbicTaBnsaTb npu3Hak B False BO BpeMsi npefcKkasaHms

* BapuaHT — Bec camnia npm obyyeHmnu
* Yewm BblWe MNO3MLMS — TEM MEHbLUE BeC 0byyaroLero npumepa

* Hanpumep gns nepsbix 3 no3muynm 0,6 0,75 0,9, ana ocTanbHbIX 1



COBUI pacnpeneneHms

Hawa Mogenb annpoKCUMUPYET 3aBUCUMOCTb F: X > Y

Covariate shift

— PacnpepeneHne X uUsmMeHnNocCb, F He uameHmnach
Label Shift

— PacnpegeneHune Y uUameHmnnocb, F He usmeHmnnacb

Concept Drift

-  W3meHunacb popma 3aBucumoctu F



Ge 2= Sl

° Hawa mogenb annpoKCcMMmpyeT 3aBMCUMOCTb F: X > Y

* PacnpepeneHue X uUaMeHMNoOChb, F He n3amMeHnnNach

* YacTto Covariate Shift Bneyet 3a coboun Label Shift

* B3BecbTe 0byyaroume gaHHble NO cTeneHn 6a1M30CTn K paboymm

* Rethinking Importance Weighting for Deep Learning
under Distribution Shift -


https://arxiv.org/abs/2006.04662

Leee

Hawa Mogenb annpoKCUMUPYET 3aBUCUMOCTb F: X > Y
* Label Shift

— PacnpepgeneHune Y nsmMeHunnocb, F He uaMeHunacb

* WHorga — npocto cneacteue Covariate Shift
* [lpoBepbTe 6banaHc KNaccoB

°* B0O3MOX>XHO, B3BeCbTe K/1acChbl



Concept Drift

Hawa Mogenb annpoKCUMUPYET 3aBUCUMOCTb F: X > Y

* Concept Drift
- W3mMeHunacb popma 3aBnucnumocTu F

* CuTyaums Ha pblHKe N3MEHWUNACb, HANpUMep
* MoxeT 6bITb UIMKANYHBIM/CE30HHbIM U3MEHEHUEM

* MoXeT 6bITb BpeMeHHbIM 3(h(PEKTOM KaKOro-To cobbITUS



KaK MeH4at0TCHd JaHHblE

° [lpn3HaKM MeHATCS
- [lobaBnswoTcs
—  YpanaioTcs
— MeHseTcda cxeMa faHHbIX
* Pa3MeTKa MeHgeTcH
— [loaBndarTCca HOBbIE KlaccChl

- W34ye3arT Knaccehbl

— MeHgeTcqa cMbicn MeToK. Hanpumep, BMI 27.8 -> 25


http://edition.cnn.com/HEALTH/9806/17/weight.guidelines/

Eochlel 02 ORH0 Berdno

S&P 500 index during previous market crashes O AlphaStreet
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https://news.alphastreet.com/why-you-should-probably-sit-through-the-next-market-crash-2018-prediction/


https://news.alphastreet.com/why-you-should-probably-sit-through-the-next-market-crash-2018-prediction/

KaK CpaBHUTb pacnpegeneHins

OnucaTtenbHble CTaTUCTUKN- CpeHee, ANCNEePCUs, KBaHTUNN
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https://en.wikipedia.org/wiki/Anscombe%27s_quartet
https://www.autodesk.com/research/publications/same-stats-different-graphs

KaK CpaBHUTb pacnpegeneHins

* Tect Konmoroposa-CMupHoBa

* TecTt Xu-kBagpart

* Population Stability Index PSI ctporo - v Ha nanbuax >

* Cwm. 6nor EvidentlyAl «Which test is the best?» >

* How to Compare Two or More Distributions > 1 ee nepeBog >
* alibi-detect >

* evidently.ai >

* [logxopn BTH >


https://scholarworks.wmich.edu/dissertations/3208/
https://www.evidentlyai.com/blog/data-drift-detection-large-datasets
https://towardsdatascience.com/how-to-compare-two-or-more-distributions-9b06ee4d30bf
https://habr.com/ru/company/skillfactory/blog/674880/
https://github.com/SeldonIO/alibi-detect
https://github.com/evidentlyai/evidently
https://habr.com/ru/company/vtb/blog/505892/

COBUTM pa3Hble

* Pe3kue coBUrun pacnpegeneHnim 3ameTuTb Jierye,
YyeM NMocTerneHHble

¢ Cﬂ,BI/IF TOJIbKO Y HOBbIX NoJib30BaTe/ien MOXKHO 3aMeTUTb
KOropTHbIM aHAJ/1IN30M

e CABUT Y TEX XK€ CaMbIX MOJ/Ib30BATE/IEN MOXHO 3aMETUTD,
CpaBHMBAs UX NOBeAEHME C UCTOPUEN


https://practicum.yandex.ru/blog/chto-takoe-kogortnyi-analiz/

H4TO genathb CO CABUTOM AAHHbIX

* ECAM HOBbIX J@HHbIX MHOTO — rnepeobyyunTe Mogenb

* ECAY HOBbIX J@HHbIX Mao — OT6epl/|Te N3 CTapbIX AaHHbIX
MOXOXUe Ha HOBbIE

* Wnwn B3BecCkTe CTapble gaHHbIE CTEMNEHDBIO NMNOXOXECTN Ha HOBbIE

* Ecnu mopenb Nnepeoby4ynTb HeNb3s (A,07r0, 4OPOro)

—  CKOppEeKTUpyuTe noporu

— 06y4nTe BTOPY MOAENb UCNPABASATb OLNOKM NePBOU



MOHUTOPUHT VS HabntogaemMocTb

* MOHUTOPUHT (Monitoring)

— [pouecc cbopa, aHann3a 1 xpaHeHMs METPUK, KOTOPbIE MOTYT MOMOYb
HaM onpefennTb, YTO YTO-TO MOLU/O He TakK

* HabntopaemocTb (observability)

— CBOWCTBO CUCTEMbI, KOTOPOE NO3BOJISIET HAM UCCNEROBATb ee paboTy
- HabniogaemocTb 06ecneynBaeTcs Ha 3Tane co3gaHus CUCTEMbI

— CyuiecTByolLasi CUCTEMA MOXET bbITb fopaboTaHa

* MOHUTOPUHI OCHOBAH Ha HabtOAAEMOCTH



LLIIE Do 1100 Slia

* SLI —Y4TO Mbl MOXXeM U3MEPUTb
* SLO — KaKou ypoBeHb METPUK HAC YyCTpanBaeT
* SLA — Kakon ypoBeHb OLLNOOK HEMPUEMNTUM

* SLA>SLO



OnepayumoHHble METPUKM

* 3apepxkKa: He bonee 200 mc

° % 3anpocoB c KogoM oTBeTa 2XX: He MeHee 99% 3a 30 MUHYT
e [octynHocTb: 99.9% (9 4acoB B roa, Mexay npo4unm)

* O6bI4YHO UX NPOCTO U3MEPUTH

* KxyacTo BKMHOYaT B SLA



ML-METPUKN — 4TO MOHUTOPUTL?

° Accuracy v npov

— 3aBUCKT OT 3aEPXKM B 0OpaTHOM CBSA3U

— CobupanTe Tak MHOro o6paTHON CBA3M, KaK MOXeTe

* PacnpepgeneHune npegcKkasaHnn

— O6bIYHO BbIXOAHAs pa3MePHOCTb Mana. JIErko cYMTaTb CTAaTUCTUKY,
NPOBEPATb pacnpeaeneHns, genaTb CTaT.TECTbI

— O6bIYHO U3MEHEHME pacnpeaeneHms npeackasaHnin 03HavyaeT
U3MEHEHUS BO BXOAHbIX AAHHbIX



ML-METPUKN — 4TO MOHUTOPUTL?

° Accuracy v npov
* PacnpepgeneHue npeackasaHum

* PacnpepeneHusa Nnpnu3HaKoB

— Great Expectations ->
- Pydantic >

— TensorFlow Data Validation -


https://greatexpectations.io/
https://pydantic-docs.helpmanual.io/
https://github.com/tensorflow/data-validation

[TpobnemMbl MOHUTOPUHTA

* MHOro gaHHbIX, 60/blas Harpy3Ka Ha CUCTemMy

°* MOHUTOPUHI MOXEeT YABOUTb HAarpy3Ky Ha Balln cepBepa

°* |/ Ha Ball Kowenek

* Alert Fatigue — Korga ntogM Ha4YMHAKOT UTHOPUPOBATb COODLLEHMS

* (Cxema AadHHbIX MEHAETCA — HYXXHO Nnepene/ibiBatb Ba/ingaTtopbl



/13 4Yero COCTOUT MOHUTOPUHT

Jlorn. Cobupaem Bce, A0 4Yero AoTAHEMCS

- «If it moves, we track it. Sometimes we’ll draw a graph of something
thatisn’t moving yet, just in case it decides to make a run for it» >

Jawboppabl. [lenaem MOHUTOPUHT AOCTYMHbIM B HY)XHbIA MOMEHT

° AnepTbl

— Alert Policy: korga oTnpaBnsiem coobueHne
- Notification Channel: kyga n komy oTnpaBnsiem

— Description: 4To BK/IOYaeM B COObLLEHME

* AnepT gomKeH bbITb PYKOBOACTBOM K A€NCTBUIO

Ecnv anept He TpebyeT AenCTBUIN, OH HE HYXEH


https://www.etsy.com/codeascraft/measure-anything-measure-everything/

[lononHWTEeNbHble MaTepMarsbl

* Adversarial Validation Approach to Concept Drift Problem in User Targeting
Automation Systems at Uber >

* Degenerate Feedback Loops in Recommender Systems >

* Addressing Delayed Feedback for Continuous Training with Neural Networks
in CTR prediction >

* Beyond NDCG: behavioral testing of recommender systems with RecList -

Bce bygeT B Tenerpam-KaHane


https://arxiv.org/abs/2004.03045
https://arxiv.org/abs/1902.10730
https://arxiv.org/abs/1907.06558
https://arxiv.org/abs/2111.09963
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