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Data Science and Big Data
Lots of Words!
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Data Science and Big Data
Wikipedia

Big data is an all-encompassing term for any collection of
data sets so large and complex that it becomes difficult to
process using traditional data processing applications.
Data science is the study of the generalizable extraction of
knowledge from data, yet the key word is science.
Statistics is the study of the collection, analysis,
interpretation, presentation and organization of data.
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Data Science and Big Data
Doing Data Science

Doing Data Science: Straight talk from the frontline
Rachel Schutt, Cathy O’Neil - O’Reilly
Art of data driven decision / evaluation.



Data Science and Big Data
A new Context

Data everywhere
Huge volume,
Huge variety...

Affordable computation units
Cloud computing
Graphical Processor Units (GPU)...

Growing academic and industrial interest!
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Data Science and Big Data
Big Data is (quite) Easy

Example of off the shelves solution

export AWS_ACCESS_KEY_ID=<your-access-keyid>
export AWS_SECRET_ACCESS_KEY=<your-access-key-secret>
cellule/spark/ec2/sparl-ec2 -i cellule.pem -k cellule -s <number of machines> launch <cluster-name>
ssh -i cellule.pem root@<your-cluster-master-dns>
spark-ec2/copy-dir ephemeral-hdfs/conf
ephemeral-hdfs/bin/hadoop distcp s3n://celluledecalcul/dataset/raw/train.csv /data/train.csv
scp -i cellule.pem cellule/challenge/target/scala-2.10/target/scala-2.10/challenges_2.10-0.0.jar

cellule/spark/bin/spark-submit \
--class fr.cc.challenge.Preprocess \
challenges_2.10-0.0.jar \
/data/train.csv \
/data/train2.csv

cellule/spark/bin/spark-submit \
--class fr.cc.sparktest.LogisticRegression \
challenges_2.10-0.0.jar \
/data/train2.csv

⇒ Logistic regression for arbitrary large dataset!
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Recommendation system
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Smart city



Data Science and Big Data
Genomics



Data Science and Big Data
Physics
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A Complex Ecosystem!
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Data Science and Big Data
New Interdisciplinary Challenges

Applied math AND Computer science
Huge importance of domain specific knowledge: physics,
signal processing, biology, health, marketing...

Some joint math/computer science challenges
Data acquisition
Unstructured data and their representation
Huge dataset and computation
High dimensional data and model selection
Learning with less supervision
Visualization
Software(s)...



Data Science and Big Data
Data acquisition

Some challenges
How to measure new things?
How to choose what to measure?
How to deal with distributed sensors?
How to look for new sources of informations?



Data Science and Big Data
Unstructured Data

Some challenges
How to store efficiently the data?
How to describe (model) them to be able to process them?
How to combine data of different nature?
How to learn dynamics?



Data Science and Big Data
Huge Dataset

Some challenges
How to take into account the locality of the data?
How to construct distributed architectures?
How to design adapted algorithms?



Data Science and Big Data
High Dimensional Data

Some challenges
How to describe (model) the data?
How to reduce the data dimensionality?
How to select/mix models?



Data Science and Big Data
Learning and Supervision

Some challenges
How to learn with the less possible interactions?
How to learn simultaneously several related tasks?



Data Science and Big Data
Visualization

Some challenges
How to look at the data?
How to present results?
How to help taking better informed decision?



Data Science and Big Data
Software(s)

Some challenges
How to construct a consistent ecosystem?
How to construct interoperable systems?
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Teaching and R
Data Scientists!

No one masters all the skills!
Importance of teams.



Teaching and R
More than one type of Data Scientists?
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Teaching and R
Data Science Teaching at X

Focus on the Data Scientist profile...

3 years program for X student
2A: Fundamentals (Math, Stat., Learn., CS) + 1 year project
3A: Dedicated track (Appl. Math/CS) + Projects +
Internship
4A: Data Sciences Master

Data Sciences track of the Master Mathematics and Application of
Paris Saclay

Operated by Polytechnique in collaboration with Telecom,
ENSAE, Paris Sud and ENS Cachan.
Data Scientist training: statistical learning, machine learning,
optimization, Big Data technologies...



Teaching and R
Data Science Teaching at X

Data Sciences Starter Program
20 days continuous training program.

Data Science Initiative at X
Support for both teaching and research (projects,
collaborations, chairs...)
Teaching supported by the Data Scientist chair (X, Keyrus,
Orange, Thales)
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Teaching and R
R or Python?

R
Domain Specific Language
Used in Data Science
Package Ecosystem:

Dataframe (and
datatable) + dplyr
Ggplot2
Huge statistical /
machine learning
package ecosytem

Object oriented? + lazy
evaluation
Prototyping?

Python
Generalist Language
Used in Data Science
Package ecosytem:

Dataframe + pandas

Matplotlib, Bokeh...
Scikit-Learn...

Object oriented

Production?



Teaching and R
R and Python

Teaching choice
R and Python!
Expose the students to the two most used DS frameworks!
Python already taught!
Focus on R on the Statistic and Machine Learning courses to
make them learn a new language.
Presentation of the Scikit-learn + Python framework.
More balanced for the continuous training program.



Teaching and R
R and Python

Personal choice
R:

Huge package collection,
Graphics and interaction,
Flexible language

Rstudio and Hadleyverse...



Teaching and R
Used R Framework

Working environment
RStudio:

Well designed IDE
Platform independent
Rmarkdown!

Packages:
dplyr (and friends) for data frame management
ggplot2 (and friends) for graphics
caret (and friends) for learning

Not necessarily the best choice for everything or everyone....
Choice based on the idea of a systematic and coherent
syntax...
R seen as a glue tool more than a programming language...
as S was designed by J. Chambers at Bell Labs in 1976!
Importance of literate programming and reproducible
science!



Teaching and R
3 Examples

Principles
Provide a comprehensive script using Rmarkdown
Let the students manipulate and modify it
No formal R course!
Introduction to literate programming and reproducible science!

Future: Mix Rmarkdown / Jupyter ?

Examples
Illustration of the classical classification methods
(Master Data Sciences, Paris Saclay)
Velib scraping (DSSP, Ecole Polytechnique)
Credit scoring (Master Économie et Société, Paris Ouest)
(A. Fermin)



Teaching and R
Conclusion

Data Science is here to stay...
R and Python are here to stay...
New ways of teaching Data Science are
appearing.
Interplay between theory and practice.
Rmarkdown and Jupyter are a good start!
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