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SC1 k 1 t p— -l. earn Simple and efficient tools for predictive data analysis

: R ; e Accessible to everybody, and reusable in various contexts
Machine ~eaininguppeiuly e Built on NumPy, SciPy, and matplotlib

e Open source, commercially usable - BSD license

Classification Regression Clustering

Identifying which category an object belongs to. Predicting a continuous-valued attribute Automatic grouping of similar objects into sets.
associated with an object.

Applications: Spam detection, image recognition. Applications: Customer segmentation, Grouping

Algorithms: SVM, nearest neighbors, random Applications: Drug response, Stock prices. experiment outcomes

forest, and more... Algorithms: SVR, nearest neighbors, random Algorithms: k-Means, spectral clustering, mean-
forest, and more... shift, and more...
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Visits of scikit-learn.org

® Users
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More than | million monthly returning users
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2021 Kaggle Data Science & Machine Learning Survey

Notebook Data Logs Comments (5)

Most common machine learning frameworks in 2021

Scikit-learn

TensorFlow

scikit-learn Is the most used
. software by data science
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4 million unique visitors in 2017 on scikit-learn.org
Estimation of 500,000 regular users based on web statistics

ON Employer

Windows Industry Academia
\YiFTe

Linux Other

Data from website statistics Data from user survey in 2016
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Scikit-learn: Machine learning in Python [PDF] from jmlir.org
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* Past: How did we get there!
* Future: How do we keep 1t going?

e Can one replicate the success In other scientific
disciplines?



How did it start?
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scikit-learn the origin in 2010

4

Really started with Inria funding in

2010 in OO PARIETAL team
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http://www.youtube.com/watch?v=uhCF-zIk0jY courtesy of Gael Varoquaux
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http://www.youtube.com/watch?v=uhCF-zIk0jY courtesy of Gael Varoquaux
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Current Biology 217, 1641-1646, October 11, 2011 ©2011 Elsevier Ltd All rights reserved DOl 10.1016/}.cub.2011.08.031

Report
Reconstructing Visual Experiences from
Brain Activity Evoked by Natural Movies

Clip reconstructed

FApeaind. T from brain activity

http://www.youtube.com/watch?v=nsjDnYxJObo
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Report
Reconstructing Visual Experiences from
Brain Activity Evoked by Natural Movies

Clip reconstructed

FApeaind. T from brain activity
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‘ Why did it work?




Reason 0: Simple & consistent AP

Import model: >>> from sklearn.xxx import Model

Create model: >>> model = Model (param=10)

Train model: >>>
Train on batch: >>>

Predict: >>>

Transform: >>>

model.fit (X train, y train)
model.partial fit(X train, y train)
model.predict (X test)

model.transform(X test)

Simple API : Short learning curve !

[API design for machine learning software: experiences from the scikit-learn project

Lars Buitinck , Gilles Louppe, Mathieu Blondel, Fabian Pedregosa, Andreas Mueller, Olivier Grisel,Vlad Niculae, Peter
Prettenhofer, Alexandre Gramfort, Jaques Grobler, Robert Layton, Jake Vanderplas, Arnaud Joly, Brian Holt, Gael Varoquaux,

https://arxiv.org/abs/1309.0238]



https://arxiv.org/abs/1309.0238

Simple API often copied

XGBoost https://github.com/dmlic/xgboost/blob/master/demo/guide-python/sklearn_examples.py

XGBoost

Tensorflow + scikit-learn http://terrytangyuan.github.io/2016/03/14/scikit-flow-intro/

>>> import xgboost as xgb

>>> xgb model = xgb.XGBClassifier()

>>> xgb model.fit(X[train index], y[train index])
>>> predictions = xgb model.predict(X[test index])

>>> import tensorflow.contrib.learn as skflow

>>> from sklearn import metrics

>>> classifier = skflow.TensorFlowDNNClassifier
hidden units=[10, 20, 10], n classes=3)

>>> classifier.fit (X, vy)

>>> gscore = metrics.accuracy score(lris.target,

classifier.predict(iris.data))

>>> print("Accuracy: %f" % score) TenSOFFIOW

Alex Gramfort Machine Learning with scikit-learn



Simple API often copied

Spark http://spark.apache.org/docs/2.0.0/ml-classification-regression.html#naive-bayes

import org.apache.spark.ml.classification.NaiveBayes
import org.apache.spark.ml.evaluation.MulticlassClassificationEvaluator

// Load the data stored in LIBSVM format as a DataFrame.
val data = spark.read.format("libsvm").load("sample libsvm data.txt")

// Split the data into training and test sets (30% held out for testing)
val Array(trainingData, testData) = data.randomSplit(Array(0.7, 0.3), seed=1234L)

// Train a NaiveBayes model.
val model = new NaiveBayes().fit(trainingData)

// Select example rows to display. APACHE&
val predictions = model.transform(testData) pqr

predictions.show()

Alex Gramfort Machine Learning with scikit-learn



Simple API often copied

import numpy as np

from sklearn.datasets import make classification
from torch import nn

from skorch import NeuralNetClassifier

X, y = make classification(1000, 20, n informative=10)
X = X.astype(np.float32)
y y.astype(np.int64)

class MyModule(nn.Module):

def init (self, num units=10, nonlin=nn.ReLU()):

super (MyModule, self). 1init ()

self.dense0 = nn.Linear (20, num units)
self.nonlin = nonlin

self.dropout = nn.Dropout(0.5)

self.densel = nn.Linear(num units, num units)
self.output = nn.Linear(num units, 2)
self.softmax nn.Softmax(dim=-1)

def forward(self, X, **kwargs):
X = self.nonlin(self.dense0 (X))
X = self.dropout (X)
X = self.nonlin(self.densel (X))
X = self.softmax(self.output (X))
return X

net = NeuralNetClassifier(
MyModule,
max epochs=10,
lr=0.1,
# Shuffle training data on each epoch
iterator train shuffle=True,

)

net.fit(X, y)
y proba = net.predict proba(X)

https://github.com/skorch-dev/skorch



Reason |: Rich feature set

MiniBatchKMeansAffinityPropagation MeanShift SpectralClustering

Clustering

http://scikit-learn.org/stable/auto_examples/cluster/plot_cluster_comparison.html



Reason |: Rich feature set

Nearest Neighbors Linear SVM RBF SVM Decision Tree Random Forest AdaBoost
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Nearest Neighbors

Classification

http://scikit-learn.org/stable/auto_examples/classification/plot_classifier_comparison.html



Reason 2: Clear Scope

: ~ Nei\;ofng.
We provide one ﬁ,mm QP
component in the | S | StatsModels &

Statistics inn Python
Python ecosystem

- 1
Il g
l 17

% matplotlib pandas u;

it =P Ty €y

New models if
they are well

established and @Uthon SymPy
demonstrate extra - -
empirical benetfit jupyter
R

Alex Gramfort Machine Learning with scikit-learn



.Wn Reason 3: Contributing gmdellnes

Next

,....m...m wms Developer’s Guide
scikit-learn v0.19.1
Other versions Contributi ng
Please citeusifyouuse - Submitting a bug report Make the ru IeS Clear
the software.

Developer’s Guide - Ways to contribute
- Retrieving the latest code
» Contributing code

» Coding guidelines

- Code Review Guidelines
» APls of scikit-learn objects

» Rolling your own estimator

Developers’ Tips and Tricks

» Productivity and sanity-preserving tips

- Debugging memory errors in Cython with valgrind

Utilities for Developers



.Wn Reason 3: Contributing guidelines

V"%d

Next

.k...mm mm, Developer’s Guide

scikit-learn v0.19.1 ) )
Other versions Contributi ng
Please citeusifyouuse - Submitting a bug report Make the ru IeS Clear
the software.

Developer’s Guide - Ways to contribute

a sklearn/cluster/ inertia.pyx
- Retrieving the latest code

for i in range(size max):

» Contributing code

row = coord rowl(i]
» Coding guidelines col = coord_colll] |
. - n = (m 1(row] * m 1(col]) / (m_1l[row] + m 1
- Code Review Guidelines - n=1.0/ (1.0 / m 1[row] + 1.0 / m 1[col])|
o . L L ‘
» APIs of scikit-learn objects % agramfort NNl
J x 29 »
> Rolling your own estimator I am afraid this is numerically less stable. it is justified by speed?
Developers’ Tips and Tricks P imetzen
> Productivity and sanity-preserving tips you are right, | reverted it to the old implementation

- Debuqgaina memorv errors ir noN Wi

Provide feedback with code reviews

Utilit
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Next

,........m mm, Developer’s Guide

scikit-learn v0.19.1 ) )
Other versions Contributi ng
Please citeusifyouuse - Submitting a bug report Make the ru IeS Clear
the software.

- Ways to contribute

Developer’s Guide % sklearn/cluster/ inertia.pyx

- Retrieving the latest code

for i in range(size max):

~~

row = coord rowl(i]
Contributors 2,161 co_ = coorc_collil |
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Provide feedback with code reviews

Utilit



.Wn Reason 4: Automate review process

0 All checks have passed

8 successful checks

v 3 ci/circleci: python3 — Your tests passed on CircleCl!

v codecov/patch — 98.9% of diff hit (target 95.01%)

v codecov/project — 95.02% (+<.01%) compared to 2aba6e2

v @ continuous-integration/appveyor/pr — AppVeyor build succeeded

v @ continuous-integration/travis-ci/pr — The Travis Cl build passed

This branch has no conflicts with the base bra
Merging can be performed automatically.

CLIEELZELCENE C B AE You can also open this in GitHub D¢

Hide all checks

Details

Details

Details

Details

Details

mmand line instructions.

PIAX T

=

v
[N

Travis Cl

Azure Pipelines

") ANACONDA

0,

circleci

©

D-C
DO

GitHub Actions



22l Reason 4bis: Automate release process

Triggered via push 15 hours ago Status Total duration Artifacts

@) ogrisel pushed -o- 594b1f7 main Success 1Th 3m 53s 1

wheels.yml
on: push
Matrix: build_wheels
Check build trigger 4s 27 jobs completed Upload to Anaconda 1m 35s

Show all jobs

()nnzMnﬁemmarwne\w/ﬁhn\ghﬁ\v
..... vgmbwm\

" Windows

Source distribution 24m 0s



Reason 5: Documentation & Examples

eo®oe® [+ < > — 0 & scikit-learn.org < ©) ﬂ] + &8

.m Install User Guide APl Examples Community More~ Go

scikit-Llearn I et
. . . o e Accessible to everybody, and reu n .
Machine Learning fo )i eememiimdion | there IS No doc It

- does not exist |

Classification Regression Cluste

Identifying which category an object belongs to. Predicting a continuous-valued attribute Automatic grouping of similar objects into sets.
associated with an object.

Applications: Spam detection, image recognition. Applications: Customer segmentation, Grouping

Algorithms: SVM, nearest neighbors, random Applications: Drug response, Stock prices. experiment outcomes

forest, and more... Algorithms: SVR, nearest neighbors, random Algorithms: k-Mez

forest, and more... shift, and more...

B mw  Don't accept code
i Pl S R TRy e )
L ﬁ“w&.! " | without doc and one

.. 3 1.0 4

e % )

W \%F h "s. 3‘.: ” ‘\ff > § 0od ®
b . -

example
-1.0
-1.5
-2.0 = 4
0 1 2 3 4 5 6
data

Examples




A Sphinx-Gallery

latest

Getting Started with Sphinx-Gallery
Configuration
Frequently Asked Questions

~

Chrulvinvw Callam s Crrrmdavy
Sphinx-Gallery Syntax

Sphinx-Gallery Utilities

Sphinx-Gallery APl Reference
B Gallery of Examples

General examples

The sin function

Examples which don’t produce
image output

Secondary gallery

Change Log

Fork sphinx-gallery on Github

Test us out for SCHF.

Ads served ethically

Reason 5: Documentation & Examples

Docs » Gallery of Examples View page source

Gallery of Examples

General examples

General-purpose and introductory examples from the sphinx-gallery

o
5
/
rd
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/
«/‘
/ 150
'/'
/
/
/ 20
P
p
.

30

1 o 30

100 10 200 )

Using sys.argv in Plotting the Colormaps alter your
examples exponential function perception

_,f_i?”
Some Quantum Seaborn example Choosing the

Mechanics, filling an thumbnail figure

SPHINX

Sphinx-Gallery

=

sphinx-gallery:
Write doc by writing
Python code

Started in scikit-learn
and made possible by
CDS Paris-Saclay

Paris-Saclay
Center for Data Science




.Wn Reason 6: Don’t own the project

revious Next p

el e .m.. .e..m..m Release history

scikit-learn v0.19.1
Other versions Version 0 19 1

<«

Please cite us if you use

the software. October, 2017

Release history
Version 0.19.1 This is a bug-fix release with some minor documentation improvements and enhancements to features released in 0.19.0.

= Changelog
Note there may be minor differences in TSNE output in this release (due to #9623), in the case where multiple samples

have equal distance to some sample.

= APl changes

« Bug fixes
« Enhancements
= Code and Documentation Changelog
Contributors
Version 0.19 API changes
= Highlights
= Changed models « Reverted the addition of metrics.ndcg score and metrics.dcg score which had been merged into version 0.19.0
= Changelog by error. The implementations were broken and undocumented.

» New features e return_train score Which was added {0 model_selection.GridSe

» Enhancements model selection.RandomizedSearchCV and model selection.crc

Give credit to
its default value from True to False in version 0.21. We found that calc
idati ime | i avnlicitly set ret I
runtim:o p e O p e

ian_mode - anraccion o legacy gaussian processes implementation have been be-

« Bug fixes

API changes summary

Code and Documentation

Contributors
Version 0.18.2

= (Channalan



.Wn Reason 6: Don’t own the project

,5'..‘:1‘1,.. ,,.k,.?..... Release history
scikit-learn v0.19.1

seosesell . LX8  Don’t make the package

Please cite us if you use

RN < product of your institution

= Changelog . o
Note there may be minor d

have equal distance to so

« APl changes
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= Code and Documentation Changelog
Contributors
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: ] scikit E

Discussions are online not at coffee machine

Reason 7: Open community

We use a very permissive license : BSD

Alex Gramfort Machine Learning with scikit-learn




It’s a team effort
beyond France and
the Inria Consortium
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.Wn Reason 8: Fight code complexity

* Keep bounds on technical difficulty
 Minimize dependencies: limit install problems

* Limit maintenance: 2k loc. for a tiny feature is bad for long term

o

Write dumb code ! \ ;’70 ,
N

29

Alex Gramfort Machine Learning with scikit-learn



.Wn Reason 9: Communication

§= 3 Gael Varoquaux o
@GaelVaroquaux m
New post: Scikit-learn 0.14 release:

and benchmarks gael-varoquaux.in a Andreas Mueller o
n=169 An overview of the recent prc @amuellerm

?Cikit"eam We just released scikit-learn 0.19. Update
ST with pip or conda. A big thank you to
Brevects Blkes GO POVWOGD S, everybody who contributed! scilit-

O1 m®m OB © learn.org/0.19/whats_new ...

7:53 PM - 11 Aug 2017

291 Retweets 531Lkes B @ OOC ® 2 86
QO 8 U 291 Q) 53t ™M

Cwitter

Alex Gramfort Machine Learning with scikit-learn



.Wn Reason |0

>>> print(success reasons[10])
IndexError: list 1ndex out of range

Alex Gramfort Machine Learning with scikit-learn



VVhat are you doing how
to make it last?




Big Effort on Usability

scikit-learn 1.0:

ValueError: Input contains NaN, infinity or a value too large for
dtype('float64"')

scikit-learn 1.1:

ValueError: Input X contains NaN. LogisticRegression does not accept missing
values encoded as NaN natively. For supervised learning, you might want to
consider sklearn.ensemble.HistGradientBoostingClassifier and Regressor which
accept missing values encoded as NaNs natively. Alternatively, 1t 1s possible
to preprocess the data, for instance by using an imputer transformer 1in a

pipeline or drop samples with missing values. See https://scikit-learn.org/
stable/modules/impute.html



Big Effort on Usability

...............................................................................................................................

> Pipeline

HOaa columntransformer: ColumnTransformer

§§> categorical - numerical

;;é; ....................................................................................................... §£;6{;i;;;¥;; ..................................................................................................... é ;:g&;;{;ikgagg;éég
SlmpleImputer(flll value='missing', strategy='constant') e T, ;f

;: ““““““““““““““““““““““ e e A PPN RIS A | -»StandardScaler

§v OneHotEncoder

OneHotEncoder(handle unknown="'ignore )

............................................................................................................................

é.-LogisticRegression%

. .

L .

L .
- »

. " » L
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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L .
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k airspeed velocity of an unladen scikit-learn

commits

€e986788..6850c041

plot settings

log scale
zoom y axis
reference
even commit spacing
date scale

machine
x-axis
represente init
representation

init

benchmark

sparse

random

» cluster

» decomposition
» ensemble

» linear_model

» manifold

» metrics

» model_selection
» neighbors

» sVmM

3.00e+3

2.50e+3

2.00e+3

milliseconds

1.50e+3

1.00e+3

500

0.00

Big Effort on Performance

Benchmark grid Benchmark list

Regressions

cluster.MiniBatchKMeansBenchmark.time_fit

0.21rc2.0.21.2 0.21.3 0.2 0.20.22rc3st12.1 €0.22.2.post1 0.23.00.23.1 0.23.2 0.24.0n0.24.1 0.24.2
M init-k-means++; representation-dense
‘r .
T : M ~0 - ‘.|. .l
"' |‘. L:.: :. .:'.‘... - l,..o .:o.:’:.:‘"o
’l}-‘.".;'.' RSP 5] S

https://scikit-learn.org/scikit-learn-benchmarks/



https://scikit-learn.org/scikit-learn-benchmarks/

Validation score

Big Effort on Performance

0.82

scikit-learn (1.0.1)

—— lightgbm (3.3.1)

Cumulated fit time: 165.31 | - —
4 Validation score: 0.800 R T

0.8

catboost lossguide (1.0.3)

~ catboost symmetric (1.0.3)
0.78

0.76

0.74 ’: Threshold of 0.741

0.72

0°70 200 400 600 800 1000 1200

Cumulated fit times in seconds



KNeighborsClassifier vs daal4py

Comparative performance measurements

All estimators share the following hyperparameters:

value

algorithm brute

Speedup

80

60

40

20

fit fit fit fit

n_neighbors: 1

predictpredict  predictpredict
— ]

(n_samples, n_features)

https://github.com/mbatoul/sklearn_benchmarks

100

fit fit fit fit

n_neighbors: 5

predictpredict predict predict
[ | ERRERE—

(7 (7
’ il {
00)

(n_samples, n_features)

<)

B n_jobs: -1
B n_jobs: 1


https://github.com/mbatoul/sklearn_benchmarks

. 721 New features: Generalized Additive Models (GAMs)

Spline-based #3482

Smooth decision function

Performance can be challenging but R’s mgcv / bam can scale

GBRT-based #1994
First PoC as interaction constraints in Hist GBRT #19148

Need to be alighed with more general interaction constraints definition

Very fast and accurate but non-smooth and still newish among GAM users


https://github.com/scikit-learn/scikit-learn/issues/3482
https://github.com/scikit-learn/scikit-learn/pull/19914
https://github.com/scikit-learn/scikit-learn/issues/19148

@ MOOC Search for courses ogrisel ~ o English ~
=

News Courses Organizations

You are here: Home > Courses> Machine learning in python with scikit-learn

Computer science and programming Digital and technology

Machine learning in Python with scikit-learn

Ref. 41026

—] Duration: 8 weeks (V) Effort: 35 hours €< Pace: ~4h15/week

Build predictive models with scikit-learn and gain a practical understanding of the strengths and limitations of machine @ @ @
learning!

Enroliment
From April 19, 2021 to July 13, 2021

. Course
assification decision T8 e R ' From May 18, 2021 to July 14, 2021

# @ Buldac

Languages
English

Go to course

You are enrolled in this course run

htt s//wwwfun Mooc. fr/fr/cours/machlne Iearnm thon-scikit-learn/


https://www.fun-mooc.fr/fr/cours/machine-learning-python-scikit-learn/

Scikit-learn @ Inria Foundation

Fostering growth and sustainability of the reference machine-learning toolbox

with the help of our partners

=" Microsoft o) 2 ol CNEARIBAS M (intel.
n GAMMA - NVIDIA.
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o0 [{]) - < — 0 & mne.tools ‘8 C ©) @ 4+ 88

MNE N B Install Documentation API Reference Get help Development m ¥ D m

o https://mne.tools/
Vi e

Version 1.0.2
8 Tutorials MEG + EEG ANALYSIS & VISUALIZATION | % mne.tools S © 0
[E2 Changelog |
© Get help . . . 1
¢ Cite Open-source Python package for exploring, visualizing, and tion APIReference Gethelp Development M 0 0
. analyzing human neurophysiological data: MEG, EEG, sEEG, , |
i Contribute ing measures :
ECoG, NIRS, and more. . ' perspectives.
Source Machine Encoding
Estimation Learning Models Funders
Distributed, sparse, Advanced Receptive field
mixed-norm, decoding models estimation with
beamformers, including time optional smooth-
dipole fitting, and generalization. ness priors.
Statistics Connectivity Data
Parametric and AII-to-aﬁllﬂspeFtral Visualization . W S?%M
| G . )
[ECHNISCHE unlmkis'l‘% Bl DS / &zu’a,-
<2 Unpin ® Unwatch 79 ~ % Fork 1k Starred 1.9k v

.n .I “ 01 Children's Hospital
of Phlladelph a

B < INSTITUT MACQUARIE ~~ RESEARCH INSTITUTE

—gf o

MNE software for processing MEG and EEG data, A. Gramfort, M. Luessi, E. Larson, D. Engemann, D. o tI:\eXt ,
Strohmeier, C. Brodbeck, L. Parkkonen, M. Hamalainen, Neuroimage 2013 nstating MRE-FyEon
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