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Paul-Philipp Luley THIS 15 YOUR MACHINE LEPRNING SYSTET?
Gerrit A. Schatte

YUP! YOU POUR THE DATA INTO THIS BIG
PILE OF LINEAR ALGEBRA, THEN (OLLECT
THE ANSWERS ON THE OTHER SIDE.

WHAT IF THE ANSLERS ARE LJRONG? )

JUST STIR THE PILE UNTIL
THEY START LOOKING RIGHT.

Source: https://xkcd.com/1838/
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Model-centric
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Data Model

Source: Zha et al., «Data-centric Al: Perspectives and Challenges», 2023

The Prevalent Approach: Model-Centric Al
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The Prevalent Approach: Model-CentricAl rewiee
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1 Led to important advances

Scientific competition

3  We are taught this way




Model-Centric Development

Modify the model‘s architecture
Tune the hyperparameters

3  Modify the loss function

Inspect bias and variance
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- Large dataset is clean and fixed
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MNIST  CIFAR-10 CIFAR-100 Caltech-256 ImageNet QuickDraw _ aw
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correctable ? d ; i )
l‘ & Y ' ;
given: 8 given: cat given: lobster given: dolphin given: white stork given: tiger
corrected: 9 corrected: frog corrected: crab corrected: kayak corrected: black stork corrected: eye
multi-label

given: hamster given: laptop given: mantis given: wristwatch
also: cup also: people also: fence also: hand

ME -

given: 6 given: deer given: rose given: house-fly  given: poiaﬁear given: pineapple
alt: 1 alt: bird alt: apple alt: ladder alt: elephant alt: raccoon

neither

non-agreement

- 0 B
given: 4 given: automobile given: dolphin given: yo-yo given: eel given: bandage
alt: 9 alt: airplane alt: ray alt: frisbee alt: flatworm alt: roller coaster

Source: Northcutt et al., «Pervasive Label Errors in Test Sets Destabilize Machine Learning Benchmarks», 2021
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Model-Centric Development e
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1 Large datasets

2 Huge compute capacities — Consumer internet companies
3 ML engineering expertise
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Widespread Al Adopton e
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1 Smaller datasets
2  Reduce hardware requirements — Small and medium-size ENT.

3  Utilize domain knowledge
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From Concept to Implementation. - Foeee

Data-Centric Al for Industry K'STLER Zh
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Data-Centric Al.

2 & B

Definition Properties Implementation
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D YouTuhe “ Suchen

®DeeplLearning.Al

A CHAT WITH ANDREW

MLOps: From Model-centric
to Data-centric Al

@ Wed, MARCH 24
© 10to llam PT
§ RSVP: mlops0324.eventbrite.com ANDREW NG

» Pl ) 025/10010 - Intro >

A Chat with Andrew on MLOps: From Model-centric to Data-centric Al

‘:) DeepLearningAl A q @
Ab: 7504 cp Teil { Herunterlad Cl
O 224.000 Abonnenten onnieren iy 4 Teilen erunterladen & clip
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Data-Centric Al - Evolution
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1 DCAI research accelerates

Examples: ZHAW, ETH, Fraunhofer

N
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2 DCAI education starts

Examples: NeurlPS workshop, MIT

=
Ul
o

=
o
o

3 DCAI companies grow [3] [4]

Examples: Kistler, Landing Al, Snorkel,

Ul
(@)

Number of Google Scholar publications
N
(@]
o

0 2018 2019 2020 2021 2022

Source: Zha et al., Data-centric Al: Perspectives and Challenges, 2023
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Data-Centric Al - Definiton e
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What is Data-centric AI?

Data-centric Al is the discipline of systematically

engineering the data used to build an Al system.

Source: https://datacentricai.org/




Data-Centric Al - Definition
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:ﬂ:o ‘ Data-centric
o2° M Al

Data Model

Source: Zha et al., «Data-centric Al: Perspectives and Challenges», 2023
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Data-Centric Al - Propertes b
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1 Consistent labels

2 Representative, high-quality data

3  Detect concept & data drift
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Widespread Al Adopton e
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1 Smaller datasets
2  Reduce hardware requirements — Small and medium-size ENT.

3  Utilize domain knowledge
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Data-Centric Al — Engineering the Data

Data (re-)labeling

Data Cleaning

3  Data Augmentation == Enhance data quality

Data Reduction

B Data Collection




The Data-Centric Development Process
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Workshop

ML Engineer

///Ouu:ome

Source: Luley et al., «From Concept to Implementation: The Data-Centric Development Process for Al in Industry», 2023
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The Data-Centric Development Process

Allgemein geitrige Dateic

DISTRAL Innosuisse Projekt

Allgemein

O Besprechung

PL Status festlegen Q Suchen, treffen und anrufen
Alle Direkt Bereiche Offentlich
PV‘\ Yan Peng (yanp)

e&} Graf Valentin (grfv)

W Webex-Bereich fiir Luley

Planen

KISTLE
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@ Mit einem Gerét verbinden
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The Data-Centric Development Process

KISTLER
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ML Engineer

Code
VersionlControl A

PY nes

O \
(o) ®
Data Curated ML Model
Preparation Data
performs

leads to

Domain Expert
[ ]

e ® h
Raw Data Warehouse
Data A

f =
operates

| applies .

f—

s

-¢
p Data
Domain Expert Labeling

Error
Analysis

ML Engineer

Source: Luley et al., «From Concept to Implementation: The Data-Centric Development Process for Al in Industry», 2023
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Source: https://theaisummer.com/apache-airflow-tutorial/
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Model Lifecycle KISTLER Zh
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Github  Docs

Listing Price Prediction

Experiment ID: 0 Artifact Location: /Users/matei/miflow/demo/miruns/O
Search Runs: metrics.R2 > 0.24 -Sumh
Filter Params: Filter Metrics: Clear
4 matching runs Download CSV &
Parameters Metric

Time User Source Version alpha 11_ratio MAE R2 RMSE

17:37 matei linear.py 3a1995 0.5 0.2 84.27 0.277 158.1

17:37 matei linear.py 3a1995 0.2 0.5 84.08 0.264 159.6

17:37 matei linear.py 3a1995 0.5 0.5 84.12 0.272 158.6

17:37 matei linear.py 3a1995 0 0 84.49 0.249 161.2

Source: https://datasolut.com/miflow-machine-learning-plattform/
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Version Control KlSTLER
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git D,C

Source: https://www.codementor.io/@oussamalouati4/versioning-data-and-models-for-machine-learning-projects-with-dvc-1k3glsgqyf

Zircher Hochschule
fir Angewandte Wissenschaften

zh
aw

21



Zircher Hochschule

The Data-Centric Development Process S e

Error Analysis K'STLER Zh
measure. analyze. innovate. aw

Feature list €33 Cohort settings ~ (O Cohortinfo [2teEuELea

The tree visualization uses the mutual information between each feature and the error to best separate error instances from success instances hierarchically in the data. This simplifies the process of discovering and highlighting common
failure patterns. To find important failure patterns, look for nodes with a stronger red color (i.e., high error rate) and a higher fill line (i.e., high error coverage). To edit the list of features being used in the tree, click on "Feature list."

Error explorer

Error explorer: Teema - 8 Fullscreen

Cohort: All data

Select metric

I Error rate v

Error coverage ®

35.00%

570/8995

Error rate ©

64.96%

- 1583/4867

422/8842

.
o

(cap\tal»gam <= 5036.50]

1369/4649 @ 298/8345 124/497 @ @

Source: https://github.com/microsoft/responsible-ai-toolbox/blob/main/docs/erroranalysis-dashboard-README.md
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Source: https://labelstud.io/
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Injection Molding Process

Injection molding
machine and tool

Filling of the cavity

B .

Pressure sensor in .

the cavity is picking
up a signal

Pressure sensor is
transferred to the
process monitoring
unit ComoNeo




Pressure in bar

State of the art quality control e
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-Optical inspection of every produced part is
possible but extremely expensive

-The good news / state of the art: Process

parameters and quality “fingerprint” are

encoded in the cavity pressure curve

—— Pressure curve, batch 1
—— Pressure curve, batch 4
—— Pressure curve, batch 11

] Evaluation Obects -Experts can then define Evaluation Objects

for this process

00

(EOs) reflecting an anomaly-free operation

-In case of errors: experts are needed to find

Timeins

causes and remove them

25



Challenges for Injection Molders in the Future

&1 Shopfloor with multiple machines
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-Usually have very large shopfloor with
machines producing batches of 100’000s
parts each

-In the future, the availability of experts will
decrease (# experts / machine)

26
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-Historically: data handling of process monitoring not designed for machine learning

-Challenge: setup process for data centric development while using data supplied from
the installed base. > Need for data centric development process

27
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O innosuisse

2 DCAI is a shift not a turnaround

Take Away Messages

...it can complement MCAI nicely

4 Choose your tools appropriately

28



