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Introduction to Big Data,
Big Data in Healthcare, and NoSQL
From Data to Big Data and Artificial 
Intelligence

◦ Every minute of the day…

◦ A Revolution in Data Availability

◦ Data for… Anything!

◦ Data, Big Data, Artificial Intelligence… 
From Fiction to Reality !

Data from a “Business” Perspective
◦ What’s a Business? A “Organization” and 

more…

◦ Paradigm shift Data as a Critical 
Organizational Resource

◦ From Data to Wisdom… or the Big Data 
Holy Grail - The DIKW model

◦ The DIKW model as a Business Intelligence 
Environment and Data Science

Big Data, definitions
◦ Types of Data / Big Data

◦ From the 3Vs to 10 Vs

◦ The Big Data Ecosystem is rich

◦ NoSQL

Big Data in Medicine

◦ Big Data and medical research

◦ Available Biobanks increasing

◦ Multi-sources for Multi-objectives

◦ Big Data and Machine Learning

◦ Big Health Data a competitive business
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From Data to Big Data and Artificial Intelligence

Every minute of the day…
A simple view for a BIG problem
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2013 2022
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From Data to Big Data and Artificial Intelligence

Who? Where? When? Why? What? How? How much? 
Large-scale (BIG) Data is everywhere…
and we need understand them!!!

DATA DELUGE (מבול) or
DATA TSUNAMI
Enormous data growth
due to advances in data generation and 
collection technologies

THE MANTRA
GATHER WHATEVER DATA YOU CAN 
WHENEVER AND WHEREVER POSSIBLE.

Expectations
DATA will have VALUE either for the 
PURPOSE COLLECTED or for a PURPOSE 
NOT ENVISIONED
(the “surprising effect”).
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Cybersecurity

eBusiness

Search Engines 
Social Media

Social Networks

Sensors

Geolocation
Health
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From Data to Big Data and Artificial Intelligence 

Who? Where? When? Why? What? How? How much?
Data are a Great opportunities to solve society’s major problems
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Improving health care and reducing costs

Finding alternative/ green energy sources

Predicting the impact of climate change

Reducing hunger and poverty by 

increasing agriculture production
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From Data to Big Data and Artificial Intelligence 

The “Real-World” facing to 
a Revolution in Data Availability

6

1956 – 5MBs HDD

1980 – GBs HDD

2007 –TBs HDD

Today – Portable TBs HDD

Today – Real-World DB

https://wwwyoutube.com/watch?v=2D8oji5EKbM
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Number of 
atoms in the 

universe
10 78 - 86

From Data to Big Data and Artificial Intelligence 

The “Real-World” facing to 
a Revolution in Data Availability

72022 BIG DATA IN MEDICINE (43004)  - DR. ARRIEL BENIS

Googol
10 100



Semantic Clinical Data Warehouse (CDW) 
in Rouen University Hospital, France

HeTOP Terminology serverLayer 1

ECMT Semantic Annotator (NLP & 
Deep Learning)

Layer 2

Multiterminology Multilingual 
Semantic search engine
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HeTOP Terminology server

Layer 1

• URL: www.hetop.eu

• Multi Terminology & cross lingual           matrix navigation 
(among languages & among terminologies

• 100 termino-ontologies included in 55 languages

• 2 M different concepts in English; 0.7 M in French

•  165 K concepts in French in UMLS (2018AB) vs.  630 K in HeTOP 
(x3.6); the most advance terminology server in France >> tool of the 
French (National) Digital Health Agency; relations are tricky to manage

• Over 100 million RDF triplets (2014)           big data +++

Order of magnitude = 108



ECMT Semantic Annotator (NLP & Deep Learning)

Layer 2

• Based on HeTOP; 50 chosen KOS out of 75 (no interface 
terminologies)

• 21.4 * 106 health documents

• Processing time: 30 hours (two servers 1 To; one with 196 cores and 
the second with 144 cores => computer sobriety

• 5.2 * 109 medical concepts extracted; 2.6 * 109 after filtering

Real example of big data in health (RWD: real world data)
Siefridt C, Grosjean J, Lefebvre T, Rollin L, Darmoni S, Schuers M. Evaluation of automatic annotation by a multi-
terminological concepts extractor within a corpus of data from family medicine consultations. Int J Med Inform. 2020 
Jan;133:104009. doi: 10.1016/j.ijmedinf.2019.104009. Epub 2019 Nov 1.

Neveol & coll. Clinical Natural Language Processing in languages other than English: opportunities and challenges. 
Journal of Biomedical Semantics 2018 9:12



From Data to Big Data and Artificial Intelligence 

Data for… Anything!
The World Economic Forum viewpoint
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https://www.youtube.com/watch?v=eVSfJhssXUA

https://www.youtube.com/watch?v=eVSfJhssXUA
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2022 !
Not 2026….
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From Data to Big Data and Artificial Intelligence 



From Data to Big Data and Artificial Intelligence 

From Reality-to-Reality AI via Fiction
From Data to AI
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Introduction to Big Data,
Big Data in Healthcare, and NoSQL
From Data to Big Data and Artificial 
Intelligence

◦ Every minute of the day…
◦ A Revolution in Data Availability
◦ Data for… Anything!
◦ Data, Big Data, Artificial Intelligence… 

From Fiction to Reality !

Data from a “Business” Perspective
◦ What’s a Business? A “Organization” 

and more…
◦ Paradigm shift Data as a Critical 

Organizational Resource
◦ From Data to Wisdom… or the Big 

Data Holy Grail - The DIKW model
◦ The DIKW model as a Business 

Intelligence Environment and Data 
Science

Big Data, definitions
◦ Types of Data / Big Data
◦ From the 3Vs to 10 Vs
◦ The Big Data Ecosystem is rich
◦ NoSQL

Big Data in Medicine
◦ Big Data and medical research

◦ Available Biobanks increasing

◦ Multi-sources for Multi-objectives

◦ Big Data and Machine Learning

◦ Big Health Data a competitive 
business
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Data from a “Business” Perspective

What’s a Business?
A “Organization” and more…15

STRATEGIC OBJECTIVES /
MISSIONS DESIRED OUTCOMES

Employees 
and Units

Resources 
and Assets

Products 
and 
Services

Information 
Flows

Business 
Processes

Organization
Organization

Providers

Vendors

Customers

Partners
Competitors

Public 
Relations

Regulation
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Data from a “Business” Perspective 

What’s a Business?
A “Organization” and more… (2)
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1. An organized group of objects (humans, machines, etc.)
sharing a set of desired outcomes

◦ Private or Public sector business

◦ Government agency

◦ Non-Governmental Organization (NGO) and Non-Profit Organization

◦ Community (e.g., Online, Offline)

2. A goal-driven entity
with certain value measures for success

3. An organization aims at forming the best fit between the 
business environment and the organization’s mission, objective and 
desired outcomes
◦ Fit is achieved

◦ by managing organizational resources

◦ through an ongoing process of information exchange
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Data from a “Business” Perspective 

Paradigm shift
Data as a Critical Organizational Resource
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Critical 
Organizational 
Resource

Analytical

Running
Business Processes & Operations

Business Analysis & 
Decision Support

Selling Data As A Commodity

DIFFERENT FORMS OF DATA USE



Data from a “Business” Perspective 

From Data to Wisdom… or the Big Data 
Holy Grail
The DIKW model
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Action 
Wisdom

Knowledge

Information

Data
Data Resources
• Databases
• Tables
• Records
• etc.

Models reflecting real-world behavior
• Analytical models
• Visualization
• Statistical analysis
• etc…

Human interpretation
• Insights 
• Conclusions 
• Opinions
• etc…

Changing the rules
• New policies, Policies updates
• New missions, Missions updates
• New Objectives, Objectives updates
• etc…
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Data from a “Business” Perspective 

The DIKW model as a 
Business Intelligence Environment
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DWHETL

Extract,
Transform,
Load

Source Acquisition ApplicationsInfrastructure

 Reporting

 OLAP

 Dashboards

 Data Mining

 Etc.

 Databases

 Files

 Data feeds

 Internet

 etc.

Data WareHouse

BIG DATA BIG DATA



Hospital Information 
System

EHR

Imaging 
(PACS/ RIS)

DRG

Biology

Health
Documents
(discharge
summaries)
…

CDW
RUH

ETL (Extract
Transform

Load) Data marts

Normalisation
deidentification

Natural 
Language

Processing
tools

HeTOP cross lingual 
terminology server 

+ semantic
expansions

Model of CDW in RUH



Data from a “Business” Perspective 

DIKW/Big Data from
a Data Science perspective
Knowledge Discovery in Databases (KDD)

21

Continuous improvements, changes
Elasticity of time between each step !
Added value at each step !

In Business we call it 
“BI”, Analytics

In science we call it
“KDD” Knowledge Discovery in Databases
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In the past we called it
“Data”, “Databases”

Today, we call it 
“Big Data”

BIG DATA
BIG DATA



Data from a “Business” Perspective 

Exercice
Business… but all we discussed about is relevant for 
the “Healthcare and Medicine” field.
5W2H* ?

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………
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* Who, What, When, Where, Why, How, How much
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Big Data, definitions

Types of Big Data
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https://mdaca.io/2021/05/whats-the-big-data/

Structured:……………………………………
Biology, DRGs data, CPOE data 
(prescription) 
………………………………………………………
……………………………………………

Semi-Structured:……………………………
………………………………………………………
………………………………………………………
Unstructured:…………..……………………
Text from health documents 
………………………………………………………
………………………………………………………
………………………………………………………



Quality of data
1. Quality of data is varying according to the type of data

◦ Structured

◦ Semi-structured

◦ Non structured (80% of the data in France; a little bit less in AngloSaxon
countries)

2. The better quality lays in structured data
◦ BUT even structured data may generate errors

◦ In biology, some errors exists from automats (e.g. kaliemia K+ in blood); 
supervision by a human biologist, as kaelimia is of utmost importance for the 
patient +++

3. Least quality for unstructured data
◦ Need of a semantic annotator to extract medical concepts

◦ Precision (false positive) / Recall (false negative) is varying according to the 
context

2022 BIG DATA IN MEDICINE   - DR. ARRIEL BENIS 25



Criteria to measure the quality of a 
documentary system (information science)

Relevant Non Relevant

Transmitted

Documents
A B A+B

Non 

Transmitted

Documents

C D C+D

A+C B+D

Recall = A/A+C ; Silence = 1-Rappel = C/A+C =  false negatives

Precision = A/A+B ; Noise = 1 – Précision = B/A+B = fals positives

Recall = sensitivity (biostatistics)

Precision = positive predictive value (PPV) (biostatistics)



Criteria to measure the quality of a 
documentary system (information science)
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Recall = A/A+C ; Silence = 1-Rappel = C/A+C =  false negatives

Precision = A/A+B ; Noise = 1 – Précision = B/A+B = fals positives

Recall = sensitivity (biostatistics)

Precision = positive predictive value (PPV) (biostatistics)

F-measure or F-score is the harmonic mean of precision & recall

F-measure = 2 (R * P) / (R + P)  





Several formal evaluation of a semantic
annotator

Corpora P/R first iteration P/R second iteration

CDW Rouen 0.36/0.63 0.62/0.68

LiSSa, bibliographic
database (scientific
articles)

0.72/0.85 0.91/0.87

Documents in 
General Practice

0.80/0.84

Same tool with different P/R according to the context



Big Data, definitions

From the 3Vs to 10 Vs 
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•More than 90% of ever generated data where produced these last yearsVolume / נפח

•Speed at which data is being generated, produced, created, or refreshedVelocity / מהירות

•Structured, Semi-Structured, Unstructured dataVariety / שוני 

•Inconsistencies in the data resulting from multiple disparate data types and sourcesVariability / השתנות 

•Confidence or trust in the data… dropping when Volume, Velocity, Variety, Variably increaseVeracity / אמינות 

•Accuracy and correctness of the data is for its intended useValidity / תקפות

•Security concernsVulnerability / פגיעות 

•How old does data need before being considered irrelevant, historic, or not useful any longer? Volatility / יציבות -אי–נדיפות 

•Challenges due to technical (in-memory, scalability, processing time) and human (perception)Visualization / ויזואליזציה

•Driving business value from dataValue



Big Data, definitions

From the 3Vs to 10 Vs
Examples in health and medicine
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• …Volume

• ..Velocity 

• …Variety

• ..Variability

• …Veracity

• …Validity

• …Vulnerability

• ….Volatility

• …Visualization

• …Value



CDW Rouen - volumetry

Patients 2 millions

Stays (hospitalisations, séances, consultations) 22.3 millions

Documents (reports, notes, letters, manual
prescriptions...)

21.4 millions
> 1G medical
concepts

CPOE 1.8 millions

Lab tests (hematology, biochemistry...) 176 millions

Medical devices 116,000

Diagnostics (ICD-10) 11.6 millions

Procedures (imaging, surgery...) (CCAM) 10.7 millions



Big Data, definitions

The Big Data Ecosystem is rich
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Big Data, definitions

The Big Data Ecosystem is rich (2)
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Big Data, definitions

Taxonomy of big data technology
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Big Data, definitions

NoSQL – a critical component of
the Big Data Ecosystems
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Why can it be important in healthcare research ?



NoSQL Architecture IN Rouen CDW

Java 

Custom NoSQL (In Memory Data Grid 
–IMDG-): Key-Value store, join indexes 
(replacing SQL joins) & Lucene (NLP)

Three powerful servers: 
◦ 1 To RAM & 196 cores (prod)

◦ 1 To RAM & 144 cores (preprod) * 2

◦ Semantic Annotator + deep learning

Layer 0





Acess Policy to EDSaN
https://edsan.chu-rouen.fr/edsan/acces-aux-donnees/procedures/

EDSaN has been credited by the French CNIL, 
respect to European GPDR (nov 2018)

1. Demand sent to Department of Clinical Research (commission of qualification)

2. Transmission to the Scientific and Ethical Committee

3. « Physical » appointment in the DDH to create the EDSaN queries 
Ethical & Juridical aspects: EDSaN provides access to all RUH health since 2000
Scientific aspects : bias of data, bias of tools...

4. Access to queried and specific data in a encrypted environment (nominative 
access)

5. Potential exports (realized after validation by a specific committee)

https://edsan.chu-rouen.fr/edsan/acces-aux-donnees/procedures/
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Big Data in Medicine

Big Data and medical research
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Mallappallil M, Sabu J, Gruessner A, Salifu M. A review of big data and medical research. 
SAGE Open Med. 2020 Jun 25;8:2050312120934839. doi: 10.1177/2050312120934839. 
PMID: 32637104; PMCID: PMC7323266.

BUT



Big Data in Healthcare
Summary
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and Social Media



HDW Objectives in general
To optimize DRGs by semiautomatic detection of atypical 
profiles between coding and HDW data (business €/$/£/ש)

To Improve clinical research thanks to feasibility studies prior 
to clinical trials & optimization of inclusions 

Detection specific patients profiles
• e.g. patients frequently admitted to the emergency department

To create and maintain epidemiological cohorts and registries



HDW Objectives in general

To detect specific adverse events
◦ Vigilances, iatrogenic, cross infections

To create and follow-up quality indicators

To Develop and assess computer aided decision support 
systems (CDASS)

Access to epidemiology surveillance tools at various level 
(individual or collective)

Tools to improve clinical practice
◦ Dashboard to provide feedback to individual or collective practice 



HDW Objectives for 
pharmaceutical companies

To improve clinical research thanks to feasibility studies prior to clinical 
trials & optimization of inclusions 
◦ How many patients has the disease A (incidence) in 20xy?

Detection specific patients profiles
• e.g. patients frequently admitted to the emergency department

To create and maintain epidemiological cohorts and registries

To detect specific adverse events
• Vigilances, iatrogenic, cross infections

To create and follow-up quality indicators

To Develop and assess computer aided decision support systems (CDASS)

Access to modelization tools for physicians  & researchers



CDW State of the art
In the world:

i2b2        (Harvard MS): over 150 University Hospitals are using I2B2 (SQL 
tecnology)

…

In France :

(Rennes UH); over 15 UH in France are using Ehop

(Necker, Foch – Paris) 

specialised in cancer hospitald

EDSaN (Rouen UH); will be used in CDW in general practice



CDW state of the art
« CDW » at the national level; in fact, direct use of 
national EHR, Electronic Health Record 

Existing in some « small » countries (in terms of 
population)
◦ Complexity of digital health not linear with population

◦ e.g. Israel (e.g. Clalit), Taiwan, Singapore, Denmark

◦ Main publications about COVID-19

At the HMO level in the US



Big Data in Medicine

Available Biobanks increasing and 
providing more big health data
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Shilo S, Rossman H, Segal E. Axes of a revolution: challenges and 

promises of big data in healthcare. Nat Med. 2020 Jan;26(1):29-38. doi: 
10.1038/s41591-019-0727-5. Epub 2020 Jan 13. PMID: 31932803.



Big Data in Medicine

Multi-sources for Multi-objectives 
optimization
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Agrawal R, Prabakaran S. Big data in digital healthcare: lessons learnt and 
recommendations for general practice. Heredity (Edinb). 2020 Apr;124(4):525-
534. doi: 10.1038/s41437-020-0303-2. Epub 2020 Mar 5. PMID: 32139886; 
PMCID: PMC7080757.



Big Data in Medicine

Big Data and Machine Learning
for a personalized medicine
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Hulsen T, Jamuar SS, Moody AR, Karnes JH, Varga O, Hedensted S, Spreafico R, Hafler DA 
and McKinney EF (2019) From Big Data to Precision Medicine. Front. Med. 6:34. doi: 
10.3389/fmed.2019.00034



Big Data in Medicine

Big Health Data a competitive business
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Dash, S., Shakyawar, S.K., Sharma, M. et al. Big data in healthcare: management, 
analysis and future prospects. J Big Data 6, 54 (2019). 
https://doi.org/10.1186/s40537-019-0217-0



2022 BIG DATA IN MEDICINE (43004)  - DR. ARRIEL BENIS 52

Big Data in Medicine
Prof. David Salt, University of Aberdeen Scootland, UK
Why is Big Data important for biology?

https://www.youtube.com/watch?v=K-qOxElpLk8

https://www.youtube.com/watch?v=K-qOxElpLk8


Deep learning in RUH, France

Medical word embeddings (Word2Vec, FastText,Glove)
◦ PhD Emeric Dynomant (OMICX)

◦ Two different corpus
◦ 12 M health documents from HSDW

◦ 180 K abstracts from LiSSa, French bibliographic database

Doc2Vec, Patient2Vec (in progress)
◦ PhD Mikaël Dusenne, MD

◦ Hybrid semantic annotator (“old” NLP + deep NLP)

◦ Doc2Vec2DRGs, using an other tool !!! ELMO? 



Dynomant E, Lelong R, Dahamna B, Massonaud C, Kerdelhué G, Grosjean J, Canu S, Darmoni SJ. 
Word embedding for French natural language in healthcare: a comparative study. 
JMIR Med Inform. 2019 Jul;7(3):e12310. DOI : 10.2196/12310

https://dx.doi.org/10.2196/12310
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RESULTS – Different context lead to different vectors +++

QUERY: “facebook”

LiSSa corpus 
(300k)

internet, twitter, web, blog, e_learning, blogs, internautes, 
tic, game, …

RUH 
documents 
(12M)

reproches, injures, messages, insultes, rumeurs, 
ex_conjointe, menaces, insultant, …

Wordembeddings in two different
contexts



Doc2Vec2PubMed
Dynomant E, Darmoni SJ, Lejeune E, Kerdelhué G, Leroy JP, Lequertier V, Canu S, Grosjean J.
Doc2Vec on the PubMed corpus: study of a new approach to generate related articles. 2019 Nov.



Perspectives
Towards « One Health »

1. Clinical
◦ Hospital

◦ General Pratice

◦ National (EHR Israël, Denmark, Singapore, Taiwan; France & US: DRGs)

2. Omics
◦ Genomics, Transcriptomics, Metabolomics, Nutriomics…

3. Environment

4. IoT & medical devices

5. Social Media, email…

6. Veterinary medicine

7. …

2022 BIG DATA IN MEDICINE (43004)  - DR. ARRIEL BENIS 58



Introduction to Big Data,
Big Data in Healthcare, and NoSQL
From Data to Big Data and Artificial 
Intelligence

◦ Every minute of the day…
◦ A Revolution in Data Availability
◦ Data for… Anything!
◦ Data, Big Data, Artificial Intelligence… 

From Fiction to Reality !

Data from a “Business” Perspective
◦ What’s a Business? A “Organization” 

and more…
◦ Paradigm shift Data as a Critical 

Organizational Resource
◦ From Data to Wisdom… or the Big 

Data Holy Grail - The DIKW model
◦ The DIKW model as a Business 

Intelligence Environment and Data 
Science

Big Data, definitions
◦ Types of Data / Big Data
◦ From the 3Vs to 10 Vs
◦ The Big Data Ecosystem is rich
◦ NoSQL

Big Data in Medicine
◦ Big Data and medical research

◦ Available Biobanks increasing

◦ Multi-sources for Multi-objectives

◦ Big Data and Machine Learning

◦ Big Health Data a competitive 
business

2022 BIG DATA IN MEDICINE (43004)  - DR. ARRIEL BENIS 59



Publications 
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