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7) Pa3BepTbiBaHWE CUCTEM
8) AmarHocTuKa oWwmnboK 1 0TKkaszoB ML-cuctem
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)XKU3HEHHBIN LMK Mogenu

) OTCNeXnBaHMe 3KCNEPUMEHTOB U BEPCUOHMPOBAHNE MO esen
) CnoXxHble MOZEeNN: BpEMEHHbIEe Psifibl, MOAENN Haf rpadamm
)HenpepB3aTocTb, 6€30NacHOCTb, ypaB/eHve MoaensIMu

)ML nHdbpacTpykTypa 1 nnatgopmbl

)

WHTerpauus ML-cuctem B GU3HeEC-NMpoLLEecchl



CncrtemMa B Les1oMm

* WNHTepdencsi (API, GUI etc.)

* [laHHble

* ML-Mopenwu

* WHdpacTpyKTypa // 06CcygmMm Ha gpyrux neKumsx

e Ob6opygoBaHue // 0b6cygmm Ha APYrnX NeKUMSX



KayvecTBO: IHTepmeuncsl

° API
—  [OokymeHTaumsa: OpenAPl, camogokymeHTUpyemMble APl > -
- HapeXHocTb: norrmpoBaHne M MOHUTOPUHT
—  [loCTynHOCTb: NOTpebuTen CMoryT NOAKIHOYNTHLCS
° BHyTpeHHVIe ceTn, CtTapble NPOTOKOJbl, Apyrne onepaynoHHbIE CUCTEMDbI, MEQNEHHAA CETb
° GUI

— YpobcTBO B Mcnofib3oBaHMK: usability -
- HapgexHocCTb

- ﬂ,OCTyI'IHOCTb c I'IOTpe6l/ITe]'IVI CMOTyT NOAKMHYNUTBLCA

*  MOb6WAbHBIN KNNEHT, CTapble 6pay3epbl, MefIeHHas CeTb


https://swagger.io/
https://fastapi.tiangolo.com/
https://www.marketingspeak.com/web-usability-essentials-with-steve-krug/

[pumep: FastAPl docs

* https://data.nav.no/digdir-api/openapi.json
* https://fastapi.tiangolo.com/
* https://swagger.io/specification/

C & datanav.no/digdir-api/openapi.json < w O .

{"upenapi“:'3.0.2',"infu":{"title“:'FastAFI“."versinn":“E.l.ﬂ“},'ﬁerverﬁ”:[{"url“:"fdigdir-
api"}l, "paths":{" ftermE :{"get":{"summary" :"Get All

Terms", "operationId":"get all terms terms get","responses":{"200":{"description":"Successful
REEpUnSE' "content”:{"text/turtle":{"schema":{" type":"string"}}}}}1}. "/datasets”: {"get":
{"summary":"Get All Datasets”,"operationId”:"get all datasets datasets get”,"responses":{"200":
{"description”:"Successful Re5punse',“cnntent":{"text{turtle“:{'5chema":
{"type":"string"}}}}}1}, "fapis":{"get":{"summary":"Get ALl
Apis","operationId”:"get all apis apis get","responses":{"200":{"description":"Successful
Response","content":{"text/turtle”:{"schema":{"type":"string"}}}}}}}}}


https://data.nav.no/digdir-api/openapi.json
https://fastapi.tiangolo.com/
https://swagger.io/specification/

[pumep: FastAPl docs

* https://data.nav.no/digdir-api/docs

& > (C @& datanav.no/digdir-api/docs#/ < % = 0O . :

FastAP| €2 @@

Servers

[digdir-api +

default ~

‘. /terms GetAll Terms v‘
‘ /datasets GetAllDatasets v.‘
‘. /apls GetAll Apis v‘



https://data.nav.no/digdir-api/docs

[pumep: FastAPl docs

m /terms Getall Terms /\]
Parameters Try it out

No parameters

Responses
Code Description Links
200 No links

Successful Response

Media type
text/turtle v

Controls Accept header.

Example Value Schema

string




KayecTBO: [laHHble

* https://greatexpectations.io/

©,

Expectatio ns expect_column_values_to_not_be_null

expect_column_values_to_match_regex
Expectations are assertions for data. They are the
workhorse abstraction in Great Expectations, expect_column_values_to_be_unique

covering all kinds of common data issues.
expect_column_values_to_match_strftime_format

Expectations are declarative, flexible and extensible. ex;pect_table_row_count_to_be_between

They provide a rich vocabulary for data quality.

expect_column_median_to_be_between

Check out the Expectation Gallery



[Tpumep: Great Expectations Validation

s’% great_expectations Home / Validations / raw_residential_data.warning / raw_residential_data_failures / 2020-11-24T02:24:42.888548+00:00

Actions Status Expectation Observed Value
Validation Filter: ] values must never be null. 100% not null
Show All  Failed Only =
[values must always be greater than or equal to ) and less than or equal to () characters Iong.) renderer_type=“renderer.prescriptive”
[# How to Edit This Suite

[227 unexpected values found. =0.2118% of 107154 total rows.] €3 renderer type=“renderer.diagnostic.unexpected statement”

Show Walkthrough r =
Unexpected Value Count renderer_type='renderer.diagnostic.unexpected_table”
BBBBBBBBBBBBBBBBB 69

Table of Contents ABABDEDEGEGEGE 58
CCCCBBBBEEDDEE 32

Overview
AAAABBBBCCCC 21

Table-Level Expectations 5881S 0004
BATHRM 5883 0062
OBJECTID 5890 0123

ssL 5890 0134

renderer_type=“renderer.diagnostic.observed value” a =0.21184% unexpected

0786 0820
1253 0139

2125 0024

22310007

5890 0122
0237 0822
0238 0800
0306 0020
0366 0022
0694 0036
0870 0122

NN [d N[N [N oo |[o|w|[s|s[a|a

0989 0071

https://docs.greatexpectations.io/assets/images/validation_result_example-accd2d0b2640be6bc28fadbcde435273.png


https://docs.greatexpectations.io/assets/images/validation_result_example-accd2d0b2640be6bc28fadbcde435273.png

[1pMep: Gledal Expeetanions Patalloc

ratings
Overview
id
user_id
rating

rated_at

:int)

movie_id (type
Properties
Distinct (n) 1682
Distinct (%) 1.7%
Missing (n) 0
Missing (%) 0.0%
Histogram

a0

20
H
.

g TEA0R G s S S

58558 c 48"
bin_min, bin_max

Quantiles Statistics
0.05 30 Mean

Q1 175 Minimum
Median 322 Maximum
Q3 631

0.95 1074

Example values

(20 J 20] 51] 86 ] 222 ] 242 ] 257]

265 ] 272 ] 302 ] 348 [ 377] 387
%mmmm

https://docs.greatexpectations.io/docs/reference/data_docs/

425.683
1.00
1682.00


https://docs.greatexpectations.io/docs/reference/data_docs/

[ TpuMep: [aTTepH «llpegoxpaHnTenb»

Data Source Issues

8

Table inconsistencies

a. llegitimate values
b. Missing values

c. Duplicate Primary

keys

Hard deletes
Bulk inserts
Missing updates to CDC
column

N

Data Ingestion Issues

y

.

Uncoordinated upstream

changes

a. \olume of data

b. Change in schema

c. Change in meaning of
data

d. Upgrade of platform

Mo CDC for large tables

leading to delayed

availability

Errors in ETL logic

Timezone inconsistencies

Duplicate or null records

Referential Integrity Issues

p

#« Data elements have
different data types andfor
meaning in different
SOUMCEs

= [nconsistant data element
enums

» Heuristic ID Correlation

# Uncoordinated schema
changes

= Dropped updates across
data sources

due to ingestion errors

How we deal with Data Quality using Circuit Breakers

\ 4



https://modern-cdo.medium.com/taming-data-quality-with-circuit-breakers-dbe550d3ca78

OueHKa KadecTBa ML-moaenin

Performance
estimation

Large dataset

2-way holdout method
(train/test split)

Confidence interval via
normal approximation

https://arxiv.org/abs/1811.12808 must read

Small dataset

(Repeated) k-fold cross-validation
without independent test set

Leave-one-out cross-validation
without independent test set

Confidence interval via
0.632(+) bootstrap



https://arxiv.org/abs/1811.12808

OueHKa KadecTBa ML-moaenin

3-way holdout method
(train/validation/test split)

Large dataset [
Model selection
(hyperparameter optimization)
and performance estimation .
Small dataset

(Repeated) k-fold cross-validation
with independent test set

Leave-one-out cross-validation
with independent test set

https://arxiv.org/abs/1811.12808 must read



https://arxiv.org/abs/1811.12808

OueHKa KadecTBa ML-moaenin

= Multiple independent
training sets + test sets

(algorithm comparison, AC)
Large dataset
= McNemar test
_ (model comparison, MC)
Model & algorithm
comparison = Cochran’s Q + McNemar test
(MC)

Small dataset [ » Combined 5x2cv F test (AC)

= Nested cross-validation (AC)

https://arxiv.org/abs/1811.12808 must read


https://arxiv.org/abs/1811.12808

C 4eMm cpaBHMBaThL

* CnyvaunHbiv 6en3nanH

° B cooTBeTCTBUU C pacrnpegeneHmemMm MeTok
* CaMbIM YacCTbIN KNacc

° [lpoCTble 3BPUCTUKHU

* KayecTBO OUEHKWN YEe/TOBEKOM

* CyuwecTtByloume pelieHus

* CMmsample_quality.pdf



TeCTbl YCTONYMBOCTU

* Perturbation tests

— HacKoNbKO YyBCTBUTENbHA MOLESb K LWYMY?
* |nvariant test

— YTO He AOMKHO NMOMEHSATb NpeACcKa3aHme Mmoaenn?
* Directional Expectations test

—  YTO AO/MKHO MEHATb NpefAcKa3aHue mogenmu?
* Hanpuwmep

~— BKpeaAUTHOM CKOpPWUHTre: MeHbLUE A0X04 - MeHbLUE CKOP
- Me,D,OCMOTpI 4yeM CTapue, TeM XyxKe 340pOoBbe



[Tapagokc CMMNCOHa

Korrelation: 0.74, 0.82, 0.75, 0.72, 0.69

15

10

https://en.wikipedia.org/wiki/Simpson%27s_paradox


https://en.wikipedia.org/wiki/Simpson%27s_paradox

[Tapagokc CMMNCOHa

Korrelation: -0.74

15

10

0 5 10

https://en.wikipedia.org/wiki/Simpson%27s_paradox


https://en.wikipedia.org/wiki/Simpson%27s_paradox

OueHKa Ha NoABbIDOPKaXx

* MOXHO HaNTM KNnacTepbl N OLEHUTb KAa4eCTBO PaboTbl HA HUX

* Subgroup Discovery Algorithms: A Survey and Empirical Evaluation

* Automated Data Slicing for Model Validation

cm sample_quality.pdf


http://jcst.ict.ac.cn/EN/10.1007/s11390-016-1647-1
https://arxiv.org/abs/1807.06068

[lononHWTEeNbHble MaTepMarsbl

* Reducing Pipeline Debt With Great Expectations (blog)
* Effective testing for machine learning systems (blog)
* Microsoft Error Analysis Toolkit (tool, tutorial)

* RAIl Toolbox (video)


https://neptune.ai/blog/reducing-pipeline-debt-great-expectations
https://www.jeremyjordan.me/testing-ml/
https://erroranalysis.ai/
https://www.microsoft.com/en-us/research/video/demo-rai-toolbox-an-open-source-framework-for-building-responsible-ai/
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