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Co-research process for applied
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Failures, values, instrumentation and open calls.
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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
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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
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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
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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
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Solve practical
challenges




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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