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Data Science is a multidisciplinary
methodology to help to define what we
want to do with data, how do we evaluate
our algorithms, what decisions/actions can
be grounded on data, how do we combine
evidences from several sources, etc.




Analyze

How do | develop an
understanding of the
content of my data?

Predict

What are the likely
future outcomes?

Evaluate

Are my expectations

fulfilled?



In this era, where a huge amount of information
from different fields is gathered and stored, its
analysis and the extraction of value have become
one of the most attractive tasks for companies and
society in general. The design of solutions for the
new questions emerged from data has required
multidisciplinary teams. Computer scientists,
statisticians, mathematicians, physicists, journalists
and sociologists, as well as many others are now
working together in order to provide knowledge
from data. This new interdisciplinary field is called



Data is only as valuable as the questions that it can
help answer.

The answers to these questions may result in
operational efficiencies, better market sensing,
higher quality service to the customer, or nothing at
all...



Data Scientist: The Sexiest Job of
the 21st Century

by Thomas H. Davenport and D.J. Patil
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Taking (big)data-based decisions is not new but now it is easier.
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Big Data

What is Big Data?

For some people, they have big data when its
size > 65536 x 256.

In general we have big data when its size does
not allow its storage and analysis in a big
computer.
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More common

Fat Data

Big Data

L ess common



Big Data
With a personal computer:

 You can find an elementin a 1 MB file in less than
a second.

 You can find an elementin a 1 GB file in less than
a minute.

 You can find an elementin a 1 TB file in less than
sixteen hours.

 You can find an elementin a 1 PB file in less than
two years.



Big Data

Linkedln manages 7 trillion messages per day

Walmart generates 2.5 petabytes of data every hour.
(2,5 x 1016 bits = one million gigabytes).
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Big Data

* On average, people send about 500 million tweets per day.
* The average U.S. customer uses 1.8 gigabytes of data per

month on his or her cell phone plan.

e Amazon sells 600 items per second.

e On average, each person who uses email receives 88 emails
per day and send 34. That adds up to more than 200 billion

emails each day.
e MasterCard processes /74 billion transactions per year.
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http://www.internetlivestats.com/twitter-statistics/
https://www.fool.com/investing/general/2015/01/24/the-average-american-uses-this-much-wireless-data.aspx
https://www.fool.com/investing/general/2015/01/24/the-average-american-uses-this-much-wireless-data.aspx
https://www.inc.com/tom-popomaronis/amazon-just-eclipsed-records-selling-over-600-items-per-second.html
https://www.textrequest.com/blog/how-many-emails-do-people-get-every-day/
https://www.textrequest.com/blog/how-many-emails-do-people-get-every-day/
http://blog.unibulmerchantservices.com/how-mastercard-processes-74b-transactions-a-year/

Big Data

Big data is more than size.
It is commonly characterized with several V:

Velocity §| Variety




Big Data

The main phenomenon behind Big Data
is datification.

The V's are a consequence of it.



Big Data

We are rendering into data many aspects
of the world that have never been
quantitied betfore:

business networks books I’m reading location
physical activity consumed food m

straight thoughts friendship

Gl

M driving behavior



Big Data
Information comes from:

» Corporate Data Bases (structured information).

* Unstructured information in documents, Wikipedia,
textbooks, journals, blogs, tweets, etc.

* Images in the web, public cameras, phones, TV,
YouTube, etc.

* Public APls: smart cities, government, search
engines, etc.

* Sensor Data: GPS, accelerometer, physico-
chemical sensors, sociometric sensors, super-
colliders, telescopes, etc.



Big Data

There are several problems: Anelyng B e

 ETL (Extract, Transform, Load)

* Bl/Analytics (Think you can do in SQL)
* Advanced Analytics.

* Machine Learning.

* Visualization.

Predicting the future (predictive analytics)
Evaluating alternative worlds (prescriptive analytics)



Artificial Intelligence
and
Machine Learning



Artificial intelligence is an academic discipline devoted to the
theory and development of computer systems able to perform
tasks normally requiring human intelligence, such as visual
perception, language recognition, decision-making, planning,
reasoning, etc.

Artificial intelligence is classified into two parts, General Al and
Narrow Al. General Al refers to making machines intelligent in a
wide array of activities that involve thinking and reasoning. Narrow
Al, on the other hand, involves the use of artificial intelligence for a
very specific task.

Machine learning is a subset of artificial intelligence that uses
algorithms to learn from data (inductive behavior).



https://blog.cloudfactory.com/machine-learning-data-for-businesses




Data Science

Technology is the collection of
tools, including machinery,
modifications, arrangements and
procedures used by humans.

Big Data is a key technology to process
massive amounts of data (f.e. to count items).

Methodology is the systematic,
theoretical analysis of the methods
applied to a field of study.

Data Science is a methodology to define what
we want to do with data, how do we evaluate
our actions, what decisions can be groundea
on data, how do we combine evidences from

several sources, etc.



Building
(Mathematics,
Statistics, Computer
Science)

Hacking
(Big Data, Data
Cleaning, Featur
- Engineering)

Business

Expertise
(Data Value)




Background Output

Domain Knowledge, Causality,

ecisior Prescriptive Decisions:
Making, Human Behm

Why? What is best?

Predictive Decisions:
How to? When to?

Domain Knowledge, Statistics, Machine
Learning, Complex Systems, etc.

Data Processing,

Visualization Data Descriptions.

Data Processing Datasets

Data Engineering Databases

Enai -
Data Engineering Raw Data
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Data Science

Data Science is not a science but a methodology
based on multidisciplinar knowledge.

Currently, most company decisions are based on
intuition and best practices. The alternative is to
integrate data-based knowledge in the decision

process.

Data Science is a new data processing model
focused on turning data into actions.




Data Science

Steps:

e Ask a question.
e Get the data. They can be heterogeneous
and non structured.

e Data Processing (cleaning, munging, etc.).

e Data Analysis (computer science,
linguistics, economy, sociology, etc.).
* Take a decision and act.




What are the limits of Data

o
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e Data science mustbe bounded by ethical
limits.

e Data science-cannot substitute intuition or
creativity.

e what they wanted,

(£ | had asked peop!

they would have said fast




What are the limits of Data
Science

e Data science models reproduce what we do anad
how we do it (including bad things and wrong
strategies). Prediction is a dangerous game!

Rich Caruana gives the example of a pneumonia risk prediction model on which he
had worked. The purpose of the model was to evaluate whether a patient with
pneumonia was at high or low risk, to help decide whether or not the patient should be
admitted to the hospital. "On the basis of the patient data," says Caruana, "the model

had found that patients with a history of asthma have a lower risk of dying from
pneumonia. In reality, everybody knows that asthma is a very high risk factor for
pneumonia. What the model found is the result of the fact that asthma patients get
healthcare faster, which lowers their chance of dying compared to the general
population.”

https://cacm.acm.org/news/214618-in-black-box-algorithms-we-trust-or-do-we/fulltext



Ethical Data Science

It a DS system is making automatic decisions,
someone has the responsibility of those decisions.

Problems:

e Choosing a wrong model.

e Building a model with inadvertently discriminatory
rules.

* Not providing explanations about decisions.

* Not respecting privacy.

® Fte



Ethical Data Science

Responsible data science challenges:

e Data science without prejudice - How to avoid
unfair conclusions even if they are true?

e Data science without guesswork - How to answer
questions with a guaranteed level of accuracy?

e Data science that ensures confidentiality - How to
answer questions without revealing secrets?

e Data science that provides transparency - How to
clarify answers such that they become indisputable?



Canonical Problems and Tools

Classification

Regression

Clustering

Dimensionality
reduction

Semi-supervised
learning

Reinforcement
learning

To which category
does this data point
belong?

Given this input from
a dataset, what is
the likely value of a
particular quantity?

Which data points are
similar to each other?

What are the most
significant features
of this data and
how can these

be summarised?

How can labelled and
unlabelled data be
combined?

What actions will most
effectively achieve a
desired endpoint?

IYiedical diagnosis: does this tissue show signs
of disease?

Banking: is this transaction fraudulent?

Computer vision: what type of object is in this picture?
Is it a person? Is it a building?

Finance: what is the value of this stock going to be
tomorrow?

Housing: what would the price of this house be if it
were sold today?

Food quality: how many days before this strawbermy
is ripe?

Image processing: how old is the person in this photo?

E-commerce: which customers are exhibiting similar
behaviour to each other, how do they group together?

Video Streaming: what are the different types of video
genres in our catalogue, and which videos are in the
same genre?

E-commerce: what combinations of features allow us
to summarise the behaviour of our customers?

Maolecular biclogy: how can scientists summarise the
behaviour of all 20000 human genes in a particular
diseased tissue?

Computer vision: how can object detection be
developed, with only a small training data set?

Drug discovery: which of the millions of possible drugs
could be effective against a disease, given we have so
far only tested a few?

Robots: how can a robot move through its environment?

Games: which moves were important in helping the
computer win a particular game?




Data Science

COMPANY INDUSTRY

EMPLOYEES TYPE

PURPOSE:

With 1.8 billion customers, MasterCard is in the unique
position of being able to analyze the behavior of customers
in not only their own stores, but also thousands of other
retailers. The company teamed up with Mu Sigma to collect
and analyze data on shoppers’ behavior, and provide the
insights it finds to other retailers in benchmarking reports.




Data Science

& COMPANY g INDUSTRY

a EMPLOYEES o 'TYFE

PURPOSE:

Starbucks collects data on its customers’ purchasing
habits in order to send personalized ads and coupon offers
to the consumers’ mobile phones. The company also
identifies trends indicating whether customers are losing
interest in their product and directs offers specifically to
those customers in order to regenerate interest.




Data Science

|
S AT E I_ L ﬁ G I C ) Smart Data Industry Solutions Hyperspectral Company Jobs

ENABLING LIVE
GEO-INFORMATION ANALYTICS
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Land use classification, Sole SUpp“eT of
‘ climate and environmental hlgh resolution
hyperspectral
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monitoring



Data Science

HOME TEAM

Your Personal Doctor Online

OUR MISSION

Scaling the world's best healthcare to every human being

OUR APPROACH

We are using artificial intelligence / machine learning with a user-
centric focus to provide instant medical expertise that is accurate,
trustworthy, relevant, and actionable.

CAREERS




Data Science
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Data Science
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Datification is not the only ingredient of the
data science revolution. The other ingredient
is the democratization of data analysis.



Course Approach

We will illustrate all contents with Jupyter
notebooks, a web application that allows you to
create and share documents that contain live code,
equations, visualizations and explanatory text.

ece
— Jupyter Lorenz Differential Equations woswes
File Edit View Insert Cell Kermnel Help

B+ ¥ @B 2 % > B C Code ¥ Cell Toolbar: None

Exploring the Lorenz System

- In this Notebook we explore the Lorenz system of differential equations:
— Jupyter weicometoP )
x=o0(y—x)
Ecit y=px—y=xz
2+ 2B 2+ v » 1 i==fz+xy

nsert Cell

This is one of the classic systems in non-linear differential equations. It exhibits a range of
complex behaviors as the parameters (0, f3, p) are varied, including what are known as chaotic
solutions. The system was originally developed as a simplified mathematical model for

. : J u pyt e r atmospheric convection in 1963.

In [7): interact(Lorenz, N=fixed(10), angle=(0.,360.),
o=(0.0,50.0),B=(0.,5), p=(0.0,50.0));

Welcome to the

angle
This Notebook Server wa

WARNING
Don't rely on this seny

o
p

Your server is hosted thar P

Run some Python (

To run the code below:

1. Click on the cell to s¢
2. Press SHIFT+ENTER

A full tutorial for using the

tmatplotlib inline

import pandas as pd
import numpy as np
import matplotlib




Alternative Approach

Hello, Colaboratory B G SHARE @

File Edit View Insert Runtime Tools Help

CODE TEXT 4 CELL W CELL ¢X COPY TO DRIVE CONNECT /‘ EDITING A

rable of contentsCode snippetsX

Welcome to Colaboratory! Welcome to Colaboratory!

Colaboratory is a Google research project created to help disseminate machine learning education and research. It's a Jupyter notebook

Local runtime support environment that requires no setup to use and runs entirely in the cloud.
Python 3 Colaboratory notebooks are stored in Google Drive and can be shared just as you would with Google Docs or Sheets. Colaboratory is free to use.
For more information, see our FAQ.

TensorFlow execution

Visualization Local runtime support

Forms Colab also supports connecting to a Jupyter runtime on your local machine. For more information, see our documentation.

Examples

Python 3

Colaboratory supports both Python2 and Python3 for code execution.

For more information:

SECTION » When creating a new notebook, you'll have the choice between Python 2 and Python 3.
¢ You can also change the language associated with a notebook; this information will be written into the . ipynb file itself, and thus will be
preserved for future sessions.

import sys
print('Hello, Colaboratory from Python {}!'.format(sys.version_info[0]))

Hello, Colaboratory from Python 3!
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