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WHO AM I?
Balazs Kégl

* Senior researcher

* machine learning (20 years)
interfacing with particle physics (10 years)

* Head of the Paris-Saclay Center for Data Science

* interfacing with biology, economy, climatology, chemistry, etc. (4 years)
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THE DATA SCIENCE ECOSYSTEM

https://medium.com/(@balazskegl

Data engineer

Software engineer

B. Kégl (CNRS)

Data scientist

Data science

statistics
machine learning
information retrieval
signal processing
data visualization
databases

Data domains
energy and physical sciences
clouds/grids health and life sciences
high-performance Earth and environment

computing economy and society
optimization brain

Tool building

software engineering

Data Value Architect

Domain expert

Paris-Saclay
CJ Center for Data Science


https://medium.com/@balazskegl/the-data-science-ecosystem-678459ba6013

VVHAT DOES MACHINE LEARNING DO

» Classification problem y = f(x)

f y
—lp  ‘Stomorhina’

hidden layer 1 hidden layer 2 hidden layer 3




VVHAT DOES MACHINE LEARNING DO

FREEDOMJUNKSHUN.COM X

Says "FBI and Texas State Police are both confirming that
Raymond Peter Littleberry, the man accused of shooting up
a Texas church, was an avid atheist on the payroll of the
Democrat National Committee."

— PolitiFact National on Monday, November 6th, 2017 Not on DNC payroll

DAVID PERDUE
The diversity visa lottery is "plagued by fraud."

— PolitiFact National on Monday, November 6th, 2017

ome fraud rings
pxtract money from
ottery winners

BARACK OBAMA

"Eight in 10 people this year can find plans for $75 a month

or less."

— PolitiFact National on Monday, November 6th, 2017

nder 4 percent of
Americans




ML IN NATURAL SCIENCES

* Inference: to invert the generative model

* “predict” a particle, detect an anomaly, infer a parameter y, from
observation x

» Generation: to replace expensive simulations

« “learn” a GEANT4 simulation with a neural net

- Hypothesis generation: to replace theoreticians :)

* learn, represent structural knowledge and generate novelty in model
space, e.g., molecule generation in drug discovery



RAMP is a tool for

|. Collaborative prototyping
2. Teaching aid
3. Data science process management



Funded by Universite Paris-Saclay and CNRS

Team

Balazs Kégl Alex Gramfort Yohann Sitruk
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RAMP.STUDIO

ATA CHALLENGE WITH CODE SUBMISSION

= RAMP

Sandbox

You can either edit and save the code in the left column or upload the fles in the nght column. You can also import code from other submissions when the leaderboard lnks are open.

Edit and save your code!

classfier

RAMP
Leaderboard «0lf = RandomFores
LClE.£i8(X, ¥)
( ( Q9 r X0
LOIf . pradick(X)
Show 10 + entries
af e %)z
«0lf.predict proba(Xx)
. e historical train Lest submitlad
team submission tributivity 1]
con contributivity 0y Foouyy " time time at (UTC)
2007-0117
diego . souza tuning_xgboocat3 Q 5 0586 0.820 0.385 3074 30
11:34.53 Tue
17- -
ndaye-fatou.diop kit from all 1 0896 0.819 0.360 1167 10 2017-01-14
20:03:00 Sat
, 2017-01-15
diego . souza tuning_xgbooat2 2 05086 0519 0.385 4900 17
19:35.03 Sun
17-01-
ndaye-fxtou.diop kit from all clearor 0 0896 0.819 0.384 1176 10 29 7-01-15
0R:45:448 Sum
: . - 2017-01-10
aliennse boursier combine_leatures 7 0596 0.520 0.383 272 3 — i
1526:21 Tue
17-01-
cloment.wgnac boursior improved 1 0 089 0.819 0.385 24090 4 2017-01-16

08:21:55 Mon

Hi Balars! ~
Upload your files!
Fie list

Upload lile

Choase File | No file chesen
Upload



L

Code submission

. lets us deliver a working prototype

lets the participants collaborate

. makes the backend challenging to

run (cloud management)



RAPID ANALYTICS AND MODEL PROTOTYPING

Temperature map

z=9

functional data, time series, data augmentation, deep
learning, learning on simulations, nonstandard and
multi-objective losses

Paris-Saclay
EAQ,'SYS?\ELSJY’C € CJ Center for Data Science
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CURRENT RAMPS

@ www.ramp.studio/problems aw 09 ¥ omoe ® o

RAMP Hi Balazs!~

Pollenating insect classification (209 classes)
o La Paillasse / Futur en Seine, number of participants = 28, number of submissions = 13, combined score = 0.831, click here for score vs time plot

Titanic survival classification
o DSSP 6 2016717 2, number of participants = 31, number of submissions = 34, combined score = 0.87, click here for score vs time plot
o Entry exam to deep learning tutorial, number of participants = 35, number of submissions = 21, combined score = 0.86, click here for score vs time plot
o Ecole des Mines 2016/17, number of participants = 125, number of submissions = 144, combined score = 0.89, click here for score vs time plot
Pollenating insect classification (18 classes)
o Polytechnique MAPS83/MAPS42 2016/17, number of participants = 166, number of submissions = 114, combined score = 0.959, click here for score vs time plot
o DSSPS5 2017, number of participants = 15, number of submissions = 24, combined score = 0.93, click here for score vs time plot

Particle tracking in the LHC ATLAS detector
o initial single-day RAMP 2017, number of participants = 5§5, number of submissions = 60, combined score = 0.97, click here for score vs time plot

El Nino forecast
o single-day RAMP at Climate Informatics Workshop 2015; Saclay Data Camp 2016/17, number of participants = 160, number of submissions = 138, combined score = 0.389, click here for score vs
time plot
Arctic sea ice forecast
o single-day RAMP at Climate Informatics Workshop 2016, number of participants = 46, number of submissions = 83, combined score = 0.31, click here for score vs time plot
o Polytechnique MAP542 2016/17, number of participants = 20, number of submissions = 52, combined score = 0.268, click here for score vs time plot
o Polytechnique MAPS583 2016/17, number of participants = 123, number of submissions = 252, combined score = 0.259, click here for score vs time plot
Number of air passengers prediction
o DSSP4/5 2016, number of participants = 95, number of submissions = 242, combined score = 0.2386, click here for score vs time plot
o DSSP6 2017, number of participants = 23, number of submissions = §9, combined score = 0.268, click here for score vs time plot
Drug classification and concentration estimation from Raman spectra
o Polytechnique MAPS583 2016/17, number of participants = 125, number of submissions = 258, combined score = 0.048, click here for score vs time plot

o initial single-day RAMP 2016; Saclay Data Camp 2016/17, number of participants = 242, number of submissions = 554, combined score = 0.027, click here for score vs time plot
o Ecole des Mines 2016/17, number of participants = 124, number of submissions = 560, combined score = 0.023, click here for score vs time plot

Detecting anomalies in the LHC ATLAS detector
o Polytechnique MAP542 2016/17, number of participants = 29, number of submissions = 47, combined score = 0.865, click here for score vs time plot
o Polytechnique MAPS583 2016/17, number of participants = 133, number of submissions = 275, combined score = 0.899, click here for score vs time plot
o initial single-day RAMP 2016, number of participants = 49, number of submissions = 19, combined score = 0.677, click here for score vs time plot

Epidemium cancer mortality rate prediction (2nd RAMP)
o initial single-day RAMP 2016, number of participants = 39, number of submissions = 48, combined score = 21.79, click here for score vs time plot

o Polytechnique MAPS583 2016/17, number of participants = 128, number of submissions = 192, combined score = 18.59, click here for score vs time plot
o Polytechnique MAP542 2016/17, number of participants = 22, number of submissions = 57, combined score = 19.31, click here for score vs time plot

PARIS-SACLAY

B. Kegl (CNRS) 3 I O) Paris-Saclay

Center for Data Science




DATA SCIENCE THEMES

® www.ramp.studio/data_science_themes

C O O www.ramp.studio/data_science_themes

= RAMP

Data science themes
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classification

Iris classification

Detecting anomalies in the LHC ATLAS detector

Drug classification and concentration estimation from Raman spectra
Titanic survival classification

Pollenating insect classification (18 classes)

Pollenating insect classification (209 classes)

convolutional networks

Pollenating insect classification (18 classes)
Pollenating insect classification (209 classes)

external data

Number of air passengers prediction

feature engineering

El Nino forecast

Arctic sea ice forecast

Drug classification and concentration estimation from Raman spectra
Detecting anomalies in the LHC ATLAS detector

forests

Iris classification

Detecting anomalies in the LHC ATLAS detector

Titanic survival classification

Boston housing price regression

El Nino forecast

Arctic sea ice forecast

Number of air passengers prediction

Epidemium cancer mortality rate prediction (2nd RAMP)

. functional data

©

Drug classification and concentration estimation from Raman spectra

« image data

o

(o]
o]

Pollenating insect classification (18 classes)
Pollenating insect classification (209 classes)
El Nino forecast

RAMP

o]

o

o

o
o
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o

missing data

Epidemium cancer mortality rate prediction (2nd RAMP)
Titanic survival classification

neural networks (deep learning)

Drug classification and concentration estimation from Raman spectra
Pollenating insect classification (18 classes)
Pollenating insect classification (209 classes)

regression

Boston housing price regression

El Nino forecast

Arctic sea ice forecast

Number of air passengers prediction

Drug classification and concentration estimation from Raman spectra
Epidemium cancer mortality rate prediction (2nd RAMP)

small data

Drug classification and concentration estimation from Raman spectra

o Epidemium cancer mortality rate prediction (2nd RAMP)

© © 0 ©

©

Detecting anomalies in the LHC ATLAS detector
El Nino forecast

Arctic sea ice forecast

Number of air passengers prediction

Particle tracking in the LHC ATLAS detector

« supervised clustering (unsupervised classification)

o

Particle tracking in the LHC ATLAS detector

 tabular data
o Iris classification
o Detecting anomalies in the LHC ATLAS detector

O © 0 ©O

Titanic survival classification

Boston housing price regression

Number of air passengers prediction

Epidemium cancer mortality rate prediction (2nd RAMP)

- time series forecasting

o
o

El Nino forecast
Arctic sea ice forecast

F A D e



DATA DOMAINS

& C O O www.ramp.studio/data_domains

RAMP

Industrial data domains

 travel
o Number of air passengers prediction

Scientific data domains

climate science

o El Nino forecast
o Arctic sea ice forecast

ecology
o Pollenating insect classification (18 classes)
o Pollenating insect classification (209 classes)

healthcare
o Drug classification and concentration estimation from Raman spectra
o Epidemium cancer mortality rate prediction (2nd RAMP)

particle physics
o Detecting anomalies in the LHC ATLAS detector
o Particle tracking in the LHC ATLAS detector

Paris-Saclay
CJ Center for Data Science
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RAMP.STUDIO
DATA CHALLENGE WITH CODE SUBMISSION

20+ challenges
40+ events
1200+ users
7000+ predictive models



RAMP.STUDIO
DATA CHALLENGE WITH CODE SUBMISSION

|2 hackathons
6 remote data challenges
| | course data camps



CLASSIFYING AND REGRESSING ON
MOLECULAR SPECTRA

chemotherapy

drug in feature . pe
elastic pocket —» classifier

extractor |

laser l
spectrometer
- =P drug type

concentration

l molecular f T
eature
Spectra —> regressor

extractor 2

000
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Classifying and quantifying
monoclonal antibody preparations
for cancer therapy using machine
learning

Laetitia Le ?°, Camille Marini ¢, Alexandre Gramfort /8,
David Nguyen %, Mehdi Cherti ¢, Sana Tfaili ¥, Ali

Tfayli ?, Arlette Baillet-Guffroy ?, Eric Caudron %, Balazs
Kégl

“ European Georges Pompidou Hospital (AP-HP), Pharmacy
department, Paris, France

b Lip(Sys) Chimi Analytique Pharmaceutique, Univ. Paris-Sud,
Universit Paris Saclay, F92290 Chatenay-Malabry, France
(EA4041 Groupe de Chimie Analytique de Paris Sud)

¢ Center of Data Science, Université Paris-Saclay

4 Université Paris-Sud

¢ CMAP, Ecole Polytechnique, Palaiseau, France

f INRIA, Parietal team, Saclay, France

8 LTCI, Télécom ParisTech

" LAL, CNRS, France

Paris-Saclay
CJ Center For Data Science
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FORECASTING EL NINO SIX MONTHS
AHEAD

e 300.14 299.83 298.76 299.87 299.82 300.15 300.10 299.50 e e e

time series feature %
A —
extractor (a fixed length feature vector) reg ressor
B.Kégl (CNRS) 20 Bl O o o Bata science




THE POWER OF THE (COLLABORATING) CROWD

Hep detector anomalies test scores
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THE DYNAMICS OF COLLABORATION

Drug spectra submissions

starting kit

Pop O
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OPEN PHASE LETS PARTICIPANTS CATCH UP
THE GOAL OF TEACHING

Hep detector anomalies test score histograms
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COMMUNICATION AND REUSE

Hep detector anomalies submissions

credited |
looked at
O closed phase
© historical contributivity
® contributivity |
O open phase
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CLASSIFY POLLENATING INSECTS

https://www.ramp.studio/events/pollenating insects 3_JNI_2017

4.5K€ for the competitive phase
3K€ for the collaborative phase
50 GPU hours per participant



https://www.ramp.studio/events/pollenating_insects_3_JNI_2017

DETECTING MARS CRATERS




FAKE NEWS
PREDICT THE TRUTHFULNESS OF NEWS

N\.
-

POLITIFACT .

CELEBRATING 10 YEARS

EDITIONS v TRUTH-O-METER™ + PEOPLE v PROMISES v PANTS ON FIRE ABOUT US

/
» . p q ' 4
L st k ) R -
& Vo i . 8 ‘ 2

Hillary Clinton, Russia, and Can Americans expect a The big picture: Niger and
uranium: What you need to $4,000 "raise" from Trump what we know about what
know tax plan? happened




UPCOMING CHALLENGE
PREDICT AUTISM FROM BRAIN SCANS

28



UPCOMING CHALLENGE(S)
ASTROIMAGING

Detection

Deblending
\ v

Photometry

29

Morphology



data flow

THE DATA FLOW

full automation
production

X predictive workflow /
FE—— CLF—— CAL Q
dashboard

decision support

@ @ @
o

30



data flow

THE IDEAL SEQUENCE

9 business unit
domain scientist

expert labeler @
amazon turk
simulator £

data value architects
2 8- y
| ~
<] - RAMP
| & o 5
— S / ~ross-validation scheme\
8] v
@
- = X ’ workflow )’pred> score _| score, POC
=~ ¢ FE— CLF—— CAL type report
8
= o
e o \ i | y
: i 7 full automation

O  data scientists » production

\ ' dashboard

.
& data engineers § = 'decision support
3



Before solving the problem,
set it up
(even put it into production)

32



Setting up the RAMP
s was
long and hard.



Separate workflow building
and workflow optimization



RAMP
DATA-CHALLENGES-WITH
MODULARIZATION-AND-CODE-SUBMISSION
FRUGAL DATA SCIENCE
PROCESS MANAGEMENT

BALAZS KEGL
Universite Paris-Saclay / CNRS

Paris-Saclay
CJ Center for Data Science



RAMP-WORKFLOW & RAMP-KITS

» toolkit: https://github.com/paris-saclay-cds/ramp-workflow

* for designing workflows
* set of ready-made metrics, workflows, CV schemes, data readers

* unique command-line test script

» examples: https://github.com/ramp-kits

* a zoo of problems, experiments, workflows

* (at least) one initial solution

36



A SINGLE SCRIPT TO DEFINE THE BUNDLE

%) 1 import os

%8 2 import numpy as np

29 def get _cv(X, y): 3 import pandas as pd

30 unique_replicates = np.unique(X['replicate']) 4 import rampwf as rw

31 r = np.arange(len(X)) 5

32 for replicate in unique replicates: 6 problem title =fj

33 train is = r[(X['replicate’] 1= replicate).values] 7 'cell population identification from single-cell mass cytometry data'
34 test_is = r[(X['replicate’']) == replicate).values]) 8 target column name = 'cell type'

35 yield train is, test 9 prediction label names = [

36 10 'B-cell Frac A-C (pro-B cells)', 'Basophils', 'CD4 T cells', 'CD8 T cells',
37 11 '‘CLp', 'CMP', 'Classical Monocytes', 'EBosinophils', 'GMP', 'HSC',

38 def _read data(path, f name): 12 'IgD- IgMpos B cells', 'IgDpos IgMpos B cells', 'IgM- IgD- B-cells',
39 data = pd.read_csv(os.path.jo 13 'Intermediate Monocytes', "'MEP', 'MPP', 'Macrophages’', 'NK cells',

40 y_array = data(_target_column_ 14 'NKT cells', 'Non-Classical Monocytes', 'Plasma Cells', 'gd T cells',
41 X df = data.drop((_target colum 15 'mDCs', 'pDCs'])

42 return X df, y array 16 # A type (class) which will be used to create wrapper objects for y pred
43 17 Predictions = rw.prediction_ types.make multiclass(

44 18 label names= prediction_label names)

45 def get trai ta(path=',"): 19 # An object implementing the workflow

46 f name = rain.csv.gz' 20 workflow = rw.workflows.FeatureExtractorClassifier()

47 return re&d data(path, f name) 21

48 22 score_type [

49 23 rw.scone types.BalancedAccuracy(name='bac', precision=3),

50 def get test datajpath='."): 24 rw.scoje_types.Accuracy(name='acc', ppecision=3),

51 f name = 'tesfy csv.gz’ 25 rw.scofe types.NegativeLogLikelihood ="'nll', precision=3),

52 return read djta(path, f name) 26 ]

cross-validation scheme

X

workflow )’pred> score _ score,
FE—— CLF type

@ @ @
e

37



A SINGLE EXECUTABLE TO TEST THE

* Keep your different
submissions in a simple
file structure

« Communicate them on

* Execute them also from
the notebook

SUBMISSIONS

silvert:mouse_cytometry kegl$ ramp_test_submission

Testing Cell population identification from single-cell mass cytometry data

Reading train and test files from ./data ...

Reading cv ...

Training ./submissions/starting_kit ...

Cv fold @
train bac = 0.042
valid bac = 90.042
test bac = 0.042
train acc = 9.427
valid acc = 0.416
test acc = 0.39
train nll = 1.715
valid nll « 1,71
test nll = 1.779
1
train bac = 9.042
valid bac =« 9.046
test bac = 0.042
train acc = 9.415
valid acc = 0.453
test acc = 0.396
train nll = 1,729
valid nll = 1.657
test nll = 1,775
2
train bac = 0.042
valid bac = 0.042
test bac « 0.042
train acc = 9.408
valid acc « 9.471
test acc = 0.3%
train nll « 1,738
valid nll = 1.61
test nll - 1,772
3
train bac = 0.042
valid bac = 9.043
test bac = 0.042
train acc = 9.448
valid acc = 9.357
test acc = 0,396
train nll = 1.655
valid nll « 1,915
test nll = 1.789

ace =
nll
bac
acc
nll
38 test bac = 9.042 + 0.0001
test acc = 9.395 + 0.0006
test nll = 1,779 + 0.0062

(L S L O




AW -

You can

Participate in upcoming RAMPs

Use RAMP in teaching or training

Use the toolkit for your own workflows
Submit it to us if you want to run a data

challenge

39



frontend:
www.ramp.studio

toolkit:
github.com/paris-saclay-cds/ramp-workflow

examples:
github.com/ramp-Kkits

slack:
ramp-studio.slack.com

blogs:
medium.com/@balazskegl

mail:
balazs.kegl@gmail.com

40
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