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Trends and Goals

> Online teaching, blended learning

> Interdisciplinarity (Al challenges for Particle
Physics: nature.com/articles/s41586-018-0361-2)

> Al hype attracts bright students from other science
domains

Goal: How can we teach students practical data science
AND advance domain science at the same time at no cost?

improve junior student involvement
improve efficiency of research (predictability of results)
reduce cost per student
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Lab Project Highlights 2018/19

1.OPERA shower reconstruction and generation (ACAT 19)

2. Generation of LHCb calorimetry images (ACAT 19)

3. FERMI telescope image denoising (JINST paper draft)
4. JUNO event reconstruction (JINST paper draft)
5.Transfer learning for fast Monte-Carlo event generation (ACAT 19)

6.Cityscape — autonomous vehicle camera images reconstruction



Research timeline - ideal

Understand limitations
Review problem  and possibilities

statement, reproduce Write final report
state of the art and paper
Oct Nov Dec Jan Feb Mar Apr May Jun
Mon
Wed
Fri
Ir;czpth:tm, ect / Improve state
stuaent selection
i of the art
Problem statement, Relmewt Thorough
tutorials, baseline  'c'eVant SOUICES, comparison

understanding baseline improvement



Research timeline - Real

Main issues

Unknown unknowns
(data, design, others’
work, computations)

Underestimated risks

Lack of proper
communication

Lack of supervisor
time/attention

Bad luck

Oct Nov Dec Jan Feb Mar Apr May Jun

Mon .

Fri .
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Canit beimproved?

Traditional approach: 1-on-1 supervision

proven by ages, but
doesn’t scale well

Challenge-based approach

scales better, but
a bit away from science
difficult to explain, students consider it as homework they skip until deadline
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Machine Learning + Science examples

Search kaggle Competitions Datasets Kernels Discussion Learn -«-- Signin

- - -

(®) Featured Predictiod Cn;;;ﬁtﬁqnm' »

$25,000

Prize Money

( ? CERN - 516 teams - a month to go'{a month 1o go untit merger deadline)

Overview Data Kernels Discussion Leaderboard Rules

Description _ _ -
To explore what our universe is made of, scientists

Evaluation at CERN are colliding protons, essentially

recreating mini big bangs, and meticulously
Prizes observing these collisions with intricate silicon
About The Sponsors detectors.

_ ) While orchestrating the collisions and
Timeline _ _ . .
observations is already a massive scientific
accomplishment, analyzing the enormous
amounts of data produced from the experiments

is becoming an overwhelming challenge.
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“Kaggle” style shortcomings

Domain specificity are difficult to check automatically:

> Non-trivial metrics

> Constraints
Participation Incentive

ML-practitioners sometimes consider it as real science
Beyond iid assumption (the test set differs from the training set)

Maybe we need to go deeper? Explain and support values, explain and run the
process, have infrastructure in place to support it.
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Co-research holistic view

Domain

Scientists
(research)

Industry
(engineering)

Augmented

Communities
(academy)
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Co-research values

Transdisciplinary approach
Data quality
Reproducible results

#transdiscip
#data
#reproducible

Scientific ethics #ethics
Innovative efficient research #innovation
Amazing results #coolresearch
Social good #socialgood
Strong Al-scientific community #community
(International) collaboration #teamwork
Science is not done until communicated #PR

Andrey Ustyuzhanin
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Project big lifecycle (co-research)

INnception stage
iIdea, hypothesis

Learning: doing papers review, study of
«State-of-the-art» methods

baseline

metrics

individual solution: iterative search,
model understanding and improvement

Writing final report, slides and paper i’;"ﬁ;‘;"e- A\ reviow
. . repeat é reproduce
NB: iterations may be nested on every S s -

stage.
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Lifecycles

Weekly lifecycle

> lterate through current tasks,

> report results at weekly meeting / trello

> Choose tasks for the next week

> Artifacts: git commits, trello cards, models

Bi-monthly lifecycle (stages)

> Team report to wider audience (lab meeting)

> Artifacts: slides, trained models, re-evaluated datasets and metric scripts

Andrey Ustyuzhanin
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Process Roles

Domain experts
> Problem statement

> Dataset, explanation of dataset,
INnitial metric, state of the art
explanation

ML experts
> Supervise mentors, students

> Refine metricin ML terms,
methods landscape

Andrey Ustyuzhanin

Mentors

> Implement baseline, setup
Infrastructure

> Facilitate weekly/monthly lifecycles
with students

Students
> Understand the problem

> Understand and follow the process
(implement, write, present)

> Understand the final solution

> Helpandlearn from others .



Co-Research Platform - Coopetition

Co-research competition platform

Resedichers Students Universities Indusicry

Accelerate - Improve practical Evaluate student Get more qualified
research by ML skills skills more employees
Solve scientific - Learnto accurately
challenges collaborate Personalize
- Learn about new education
domains Improve level of
graduates at scale
(reduce per
Andrey Ustyuzhanin student expense) 16
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Infrastructure

Jupyterhub
1.Github .. ELOI;Jedrnetes
2.Trello it S 7 | voopetton i GPU
3.Coopetition A\
4.Bonus.ly

5.Slack ek
6.JupyterHub Irello lQ__’ c '4——‘9 Bonusly léﬁ‘ Google ﬂrWEl
7.Cloud/Azure /| A_IAJ
8.Comet.ml 2 Comet.ml
17

9. | I Loom l I Google calendar
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Trello - project roadmap

o
® @ Aocxu A R77elo + 0 %

i T._.l:jgj.- = .-. . ' : -
: f'l%-;nﬂHEBTHEH | [ - - MpurnacuTe oo MeHo
[ AL . i

Project roadmap
(links to info, who's backiog « | pranned

lambda-summer-2019-galaxymass, & ' . flepcoxanshds

4+ NobaeuTb KapTOMKY

doing what, what'’s Py Banwe s orwsaccoro ||t Aosseum amovy
going on Now):

A board with the
current tasks or
«cards»

Card may contain

checklists, comments,

deadlines, etc.
Cards are grouped
iInto columns
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Katanora no ecem CcKonneHnam
ranaKTHuK

BbIrPY3UTh AaHHbIE U3 ONTUYECKOro
KaTanora no oaHOMY M3 CKONNEeHWin
ranakTuk

npegnoXuTe anropHuTM
obbvegMHeHMA ONTUYECKOro
Kartanora c peHTreHoBCKMMK (No
TMNY dUNBTPa U MHTEHCHUBHOCTK?Y)

npegnoxuTb anropuTM yTONHEHMWA
KNacrtepuaau ranakKtTuk no
Fpynnam

YTOYHUTL FPYNNUMPOBKY FanakTHE,
NOCTPOEHHBLIX N0 gamma-CcnexKTpam

YTOYHWUTBL cnocob NocTpoeHKs
KayCTUYeCKMX KPUBbIX MCXOOA U3
PU3NYeCKKUX YCNOBMUK (2-an
KOCMMUYECKana CKOPOCTh)

+ OobaeuTk eule oaHY KapTo4Ky

NOCTPOWUTL HECKONLKO scatter plot
ONA rpynn ranakTuk no - OX:
paccToAHWE OT ranakTMKW Qo
LeHTpa rpynnel, - OY: pazHuua
MEX QY KPacHbIM CMeLeHeM
ranakTMKK 1M KpacHbIM CMeLLeHneMm
LeHTpa

@ 1

- B3ATh KaTanor
http://vizier.cfa.harvard.edu/viz-
bin/VizieR?-source=J/A+A/596/A14
Tabnuubl c rpynnamMu ranakTmg -
grlist_2, grlist_s Tabnuubi ¢
ranakTumkamm - galist_2, galist_s -

+ NobaeuTe ewle ogHY KapToyky
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Coopetition — submission checker

COOPETITION

MLHEP2019 0 stage

submissions from
github

Verifies the
submission code

Give
recommendations *)

Tracks user MLHEP2019 0 stage

You are registered in the competition

1 fcostanza 2019-06-27123:34:56.1684 6184573.09 0.00
2 mbieker 2019-06-28T15:13:09.672Z 432971.74 0.00
3 SWuchterl 2019-06-29T15:41:11.0072 4845.71 0.00

4 rishabh 2019-06-27108:23:09.8582 65.00 0.00
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Bonus.ly — employee engagement

LAMBOA®

Q search Claim an Award

A HOME

W REWARDS #Interscience Reproducible Best Score
© AWARDS XONUCTHHECKHA BOCNPOM3BOANMEIE pe3yNbTaThl Best Codab score

(TpaHCcAWMCUMNAMHAPHBIA) NoAxoq
K Hay4HbIM 3HGHWUAM W METogam
paboTel € AaHHBIMUK

HooneAosaHIAa
[ ANALYTICS

¥ INTEGRATIONS

ADMIN PRO

B company LAMBDA” You have 10 points to give away @

:8: USERS

@ BONUSES Q, SEARCH

88 REWARDS A HomE ‘ + Amount | | @ Recipient # Hashtag You have 40 points to

redeem
Meftmyour . ¥® REWARDS -5 @ktrofimova for helping me launch a marketing campaign so |
Y AWARDS that we can generate new business #teamwork | Pick a reward
L ANALYTIC & HOWME Recommended for you ' Russian Federation Sl My Rewards |

™ REWARDS
Y AWARDS
[:al  AMNALYTICS
W INTEGRATIONS
ADMIN
B company pizza Plok3aK Yexon Ha HOYTBYK Kpy»Ka
385 USERS 100 points 650 points 550 points 250 points
@ BONUSES Only 4 left
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Comet.ml - model quality monitor

Tracks of model
training progress

Keeps track of
dependence between
params, data and results

Presents results in
nice plots

Andrey Ustyuzhanin
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ement-learn

OBbctaa/49d/

Default view

ng  Experiment (08bcfaa749d74e40897b4dbbaddce9bec)

CeCesnal

214190215 PM

Wall Time

Add experiment b AN e T
& Reproduce

g 10.2.0.251 O Cecehas-MBF twosigmaventures com 2 Cecela Shao

Git Information

branch
patch

Reproduce

Run
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Process - infrastructure matching

Preparation

> All students have access to small Jupyter server with data and limited GPU

resources

> Student forks baseline git repository
Iteration

)

)
)
)

Student clones his/her repository and plays with it on Jup%ter server or
locally on data subsample until he/she wants to test it on big dataset

Student commits/pushes to git and it automatically runs training on Cloud
Comet.ml evaluates solution metrics while training (updates constantly)

goopetition evaluates model automatically, updates leaderboard and
ONuUSEes

Coopetition suggests recommendations (materials, code of others)

Andrey Ustyuzhanin 22



Open challenges towards gig science

Problem selection adaptive to student level

Low-code workflow language

Addressing core ML (more abstract) problems

Addressing out-of-iid settings (e.g. data has been generated under
the same causal assumptions but with different initial settings)

Student code analysis and improving recommendations

Al Research assistant (meta-learning agent)

Andrey Ustyuzhanin
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Our Lab Project Highlights 2019/20

1. X-ray tomography

2. DUNE event reconstruction speed-up by deep neural architectures
3. X-ray Laser simulat

4. Estimation

ahalysis

lon and tuning

of population size by genomes analysis
5. Study of community polarization by search/recommendation output system

6. Leadership style identification by social network profile
/. Al Researcher

8. Natural La
9. Improving

nguage to

-arth satel

Machine Learning corpus assembly

Ites position prediction by simulation tuning

10.Galaxy cluster mass estimation and registry update
11.Warm and cold dark matter hypothesis comparison

http://bit.ly/2VNGoll
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Conclusion

Huge demand for collaboration between ML & Domain scientists

> Thatalso can help students to improve practical skills
Co-research process defines 2-level iterations to help participants to stay tuned:

> relies on explicit collaborative values and infrastructure
implies reproducibility and motivation that leads to better results and PR

more scalable than peer-to-peer supervision (less cost per student)

)
)
> flexible to adjust for your team needs

> way towards cross-domain multi-level Al community and gig science
We are open for collaboration with your group and university ‘=

anaderiRu@twitter, @ Tl
Andrey Ustyuzhanin austyuzhanin(@hse.ru




BaCKUp
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Research process metaphor

Optimistic view:

N real

48 43
37 42
36 31
25 30
24 19
13 18
12 7

1 b

48 47 46 45 44 43
37 38 39 40 41 42
36 35 34 33 32 31
25 26 27 28 29 ‘Lﬂw
24 23 22 21 20 19
=]
13 H 14 15 16 17
12 11 10 9 8 7
1 2 3 4 . E
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Machine Learning + Science examples

PUZZLES » CATEGORIES GROUPS PLAYERS RECIPES CONTESTS
BLOG » FEEDBACK FORUM WIKI FAQ ABOUT  CREDITS

n .i'..-:.-'f_. J: s
"3 I 5

GALAXY ZMO..

Part | Galaxy Analysis | Forum | Press | Blog |FAD | Links | Cantact Us

L oy - ., oy : o
GET STARTED: DOWHN :

'q'l'.ll ndows

Histarstryder | Home | The Science | How.to Take

Click to learn how you (7/8/10) s 4
contribute to science by : y 03 i
playing Foldit. Are you ne l Galaxy Tutorial
Are you a .
y Galaxy Analysis
Are you an Galaxy Ref:
Galaxy Zoo - Thank You
y S587729387677679742
SEARCH Show My Galaxies 3
Choose the Galaxy Profile
Google Sea by clicking the buttons
below
What's New ]  RECOMMEND FOLDIT
............................................................................................................................................................................................................................................................................... Galaxy
Paper Authorship: Calling all protein designers! Analysis e
L L |
LA SPIRAL GALRXY
We are preparing a research paper about protein design in Foldit, and we want to USEH L WEIFW_'!E to Galaxy
include you! Over the past 6 years, Foldit players have designed a number of EDPE view of mjﬂ
anaderi Universe. If you're here

impressive proteins from scratch, and in the process have revealed some important HEHA skt
discoveries about protein design. We are writing up these results in a formal paper to T

?_ihi-.lf'l.‘! 'i'-'i..h “..U FL:1-|_ Uf I.I‘L' f_—,LIL‘HlI[I.’_. ':_:':_:"T”"'”_.” 1.'|.' lllll--lllll.l halll"E S"E'En th'E' T.|[_I| ||_ & -

but feel free to go and
remind yourself.
There's no need to
agonise for too long
over any one image,
just make your best
guess in each case.

ELLIPTICAL GALAXY

B Show Grid Overlay on the next Image
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Arizona State University teaching math

2
How can big data adaptive technology i

oy

Math course

Andrey Ustyuzhanin
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Quick self-intro

AVa
fiSy X

SHiP
Head of LHCb Yandex School of Data Analysis (YSDA) team
Head of Laboratory (link) of methods for Big Data Analysis at =
Higher School of Economics (HSE), ﬁ@
> Applications of Machine Learning to natural science challenges
> HSE has joined LHCb in 2018! L AMBDA OB
Co-organizer of Flavours of Physics Kaggle competitions (2015) @

Co-organizer of TrackML challenge (2018)
Education activities (MLHEP, ML at ICL, Clermont Ferrand,
URL Barcelona, Coursera) -

Andrey Ustyuzhanin 30



Outline

Applied ML research trends

Research process

Competition + Cooperation

> Strengths

> Issues: reproducibility, metrics, beyond iid, motivation
And beyond

> Values, Lifecycle, Process

> Roles, Infrastructure

Openissues and call for cooperation

> Project highlights 2019/20

Andrey Ustyuzhanin 3



Domain specific example

Andrey Ustyuzhanin
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suoiydipald

Non-uniformity check

Mass

Non-uniform predictions
(peak in highlighted

region)
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Kaggle incentive: winner takes it all

Andrey Ustyuzhanin
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Can it be more fair?

\ u
3 :

—
oh @ . h ()

© @ N @ f




Micro-rewards examples

Metric-based:

> top X of the leaderboard,

> time spent at the top,

> persistence

Source code-based:

> Distinctive solution

> Source of other’s inspirations
> Your code is re-used by others

Andrey Ustyuzhanin 36



sanford Underground

Hesearch Facility F lal
ermilab

NELUTRIND
PRODUCTION

PARTICLE
DETECTOR

UNDERGROUMND
PARTICLE DETECTOR

Sanford Underground
Research Facility
Lead, South Dakota

Sanford Underground

Fermilab Research Facility
Batavia, lllinois o
“"*--..._____-_iﬂ miles -, — (Proposed)
B00 miles e
Fermilab
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Operation of single-phase LAr TPC

Meutring intearacts with

. Ar nucleus

LAr volume :
C-harged secondanes
iariZe the Ar

Electrons drift in the
nc hald toward

anode wires

1 — few mm/ius

1

f-..:1.;=:-: drift time = ms!!

Electric field

= el gl - #UUL‘JUUQJUD—(?QT‘—“

GC

C 3x3 —> Convolutional Layer 3x3

H'

GC  —5

Graph-Convolutional Layer =—»

- nia
Hyome | $ Dalfy =) ; i':}.?" :H:E
i / —_— ‘e i “H:“'

HI+I

= Fm=

="

Mon-local graph
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Natural language to machine learning corpus

1. Collect code snippets of ML
examples (e.qg. spacy.io,
uber.github.io/ludwig/, scikit-
learn.org, stackexchange.com)

2. Annotate

3. Build knowledge graph of possible
cases and map pairs into it

4. Build proof-of-concept classifier
for certain kinds of cases

Andrey Ustyuzhanin

Numerical Pipeline

DataFrame

AttributesSelector —b| MedianFill =@ FeatureEngineering == StandardScaler

Age

Fare

AftributesSelector =il ModeFill ==l FeatureEngineering == CategoryEncoder

Categorical Pipeline

"question_id": 36875258,

"intent"”: "copying one file's contents to another in python",
"rewritten_intent": "copy the content of file 'file.txt' to file 'filel.txt'",
"snippet”: "shutil.copy('file.txt', "filed.txt')",

"intent": "How do I check if all elements in a list are the same?",

"rewritten_intent”: "check 1f all elements in list mylist are the same”,
"snippet": "len(set(mylist)) == 1",
"question_1d": 22240602

"intent”: "Iterate through words of a file in Python",
"rewritten_intent": "get a list of words “words™ of a file 'myfile'",
"snippet": "words = open('myfile').read().split()",

"question_1d": 7745260

https://conala-corpus.qithub.io/
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Satellite position prediction

'El CAUsers\sphughel\Documents\ReposiJazzitrunk\est\scnptunputh\Resources\FRR-45_ElectncThruster\scnpts\MoonSEPTestTarget.scnpt - General Mission Analysis To . .-;H
File Window Help
M G ~ "N B 9 0@ Animationlld O @ W GUI/Script Sync Etams.:
/l E . Resources  Qutput E.'l Mission = r EarthMoonRotatingView : FarthSunRotatingView —
Xxplore observation | e
™ w Defaultse ) Mission Sequence - @

Wl e ] * =
= IMitSat 2 Global Initializations

. ) Formations %W Forl
u I I C e rt a I I I ty ) Ground Station 5 Loop Initializations T

Hardware o e
o T X, Coast for 2 Hours

@ ElectricTankl f, BeginFiniteBum1

[ | [ | [ | _ - . i
+ ElectricThruster] ¥ Prop Through Burn
+ MoonThruster & EndFiniteBurnl |

+ SolarPowerSystem ¥, Lunar Periapsis A3

— Burns £ EndFiniteBurn2 ®

A DefaultlB X, Earth Apoapsis lo

. . 4 FiniteBurnl 3, Earth Periapsis ig

2. Find satellite feature | e
. ) Propagators

\ X, Earth Apoapsis la
% DefaultProp o End Forl

. * LunarProp &= Optimizel .-""f ;
re p re S e | I a I O | I EHOD S0 -El"S:rS'.E"'I‘ "E. Prop One Lunar Period I' ’ MooninertialView
| |

= Solvers * pro T (— i
% Prop One Lunar Period _ _
Boundary Value Sc . MHotating
= DOUNQany value s ¥ Dran Ona nar Period -
i DY ¥ & op One Lunar Periog voch 24 Jun 2018
L - :_ﬁ'l '-.'I:!I:r-.
. . J Opt ~. Zers @ Vary?
3. Tune simulation
. } Output @ Varyd
2 MoonlnertialView @ Varys
W EarthMoonRotatin & BeginFiniteBum?2
model parameters
& EarthSunRotatingV ¥, Prop Through Burn
Lunar(hstance & Else If1
. . . EarthRadPer X, Prop Through Burn
to Improve precision
h trajLata £ EndFiniteBurn3 .
} Interfaces %, Coast MoanJ2k N 1% /
- Epoch: 29 Aug 2018 04:32:12.701

of satellite position == 3 _

Mission run completed
===3 [Total Run Time: 6.828000 seconds

oredictions
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Al Physicist++

Unsupervised explorer algorithm

Environments

Divide and cunquﬂr\

Theories

I .l\- ‘:,- ‘; IP.",:;I
= = T‘- P
.'i l‘
-
I
ll
\ X
Win

NN <

K Ra | Theory Hub
AR

N AN

|
[
£l
L

)

.1

Unification Occam’s Razor

Master theories Symbolic theories

\ Al-physicist /

Andrey Ustyuzhanin https://arxiv.org/pdf/1810.10525 pdf




