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From « information-driven » architectures
to « data-driven » architectures

« Multiplication of data sources « without any a priori
usage », as for example loT

« Augmentation of semi-structured sources
* Available technical solutions

- Data lakes: first seen as commercial tools to deal with
large amounts of data and then coming to a new paradigm
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Operational Systems

 Automatisation
* From the early 70’s (Codd)
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Challenges

» Consistency

* Transactional

« Scalability

 Master Data

» Agility

- More an more complex architectures
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Liaison ‘Point a point’ et interfaces
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Decisional Information Systems

— Measures/KPI, dimensions, ETL, data
warehouses/marts - 90’s (Codd)

— BCNF, 3NF,...

N
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Evolution of architectures

« Towards schema « on read » models versus « schema
« on write » - ETL/ELT

* No Data Silos

“If you think of a Data Mart as a store of
bottled water, cleansed and packaged and
structured for easy consumption, the Data
Lake is a large body of water in a more
natural state. The contents of the Data Lake
stream in from a source to fill the lake, and
various users of the lake can come to
examine, dive in, or take samples.”

Dixon, 2010
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Data Lakes (C. Madera)

A data lake is a collection of data with the following
principles:

— No predefined schema,

— All data formats accepted,

— Raw data,

— Conceptually seen as a unique storage but not necessary materialized,

— Accessed by data scientists,

— Provided with a data catalog of meta-data,

— Provided with data governance rules.

0
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“A “Data Lake” is a methodology enabled by a
massive data repository based on low cost
technologies that improves the capture, refinement,
archival, and exploration of raw data within an

enterprise. ”

Fang, 2015
0 ?"@
COLLECT @ @ @e

]
DISTRIBUTE ¢,°
% %

L.

(et Sp(ﬂ?Z @ ----amazon

INGEST Ufe

0 TRANSFORM O
LISH =
https://www.gekko.fr/batir-un-datalake-sur-aws-quelles-solutions/ @

............................................. UNIVERSITEDEMONTPELLIER



https://www.gekko.fr/batir-un-datalake-sur-aws-quelles-solutions/

WHAT IS FEEDING THE LAKE?

80% business data

— From the information system
— From the data warehouses

— From tweets and messages
— From softwares and web logs
— From digital assets

External - Open Data
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Big data sources

Transactions 92%

73%
Log Data 81%

Events 70%

Emails

Social Media

Sensors

External Feeds

RFID Scans or POS Data

Free-form Text

Geospatial
Audio 21%
. . 34%
Still Images / Videos 229,

Global respondents

Respondents with active big data efforts were asked which data sources are currently being collected and analyzed as part of active big .
data efforts within their organization

Banking & Fin Mgmt respondents

Source: The real world use of Big Data, IBM & University of Oxford
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schema « on write »

Late 1980’s

Data Warehouse
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Defining the data lake architectures

Main features:

Collect

Catalog

Manage data life cycle
Exploit

Secure

Store

0
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Teams
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ANALOGIES
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Module || Supply Chain Natural Lake Data Lake
(Species and Ecosystems)
Lé’ Supplier Ecosystem Components Ingestion stage
9 Manufacturer (Animals, Plants, Microorganisms) Storage stage
> Distributor Biological processes Processing stage
g Retailer (Breed, Birth, Growth and Death) Access stage
£ Customer Ecological processes Final user
Q
S (Eat and be Eaten)
2]
jg Commodity (Forward Flow) Biodiversity (Species diversity)
<) Information (Backward Flow) | Ecological complexity (More Species More complex) | Data
- Biomass
g " Lean SCM Species evolution Metadata management
go':"')o Agile SCM (Mutation, Recombination, Drift, Selection) Data management
gL Postponement SCM Competition Data Governance
é g Speculation SCM Parasitism (Negative association)
@ Green Supply Chain Mutualism (Positive association)
Predation
=
£ Cost minimization At species level: Cost minimization
§ Sales maximization Maximize reproduction and survive (Fitness) Fill rate maximization
T Profit maximization At ecosystem level: Response time
_‘é’ Lead time minimization Maximize resilience minimization
8
O

Derakhshannia et al.
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LAKES AND SWAMPS




DATA GOVERNANCE




INFORMATION GOVERNANCE

Are systems
built to appropriate
standards?

Are people/systems
Qperating properly?

4 .
Information Governance %
e N I D
Standards Protection \ Compliance
Information Information Informatio Policy
Requirements Usage Privacy Administration
\
Infor‘n?atlfm Lifecycle Policy
Identification - - mplementatiory
Information Information
- Retention Disposal
Information L /
Architecture | | '
Quality /
Information Information V. Information Supply
Dependencies J Quality Chain Integrity
\ ]
. A\ |

Is data properly

protected from loss or
: : .

Is data quality [Is data kept for
sufficient for use?| appropriate
length of time?

0
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Eﬁiable ACCessibIe R
O & O

FAIR PRINCIPLES

nteroperable eusable

Box 2 | The FAIR Guiding Principles

To be Findable:

F1. (meta)data are assigned a globally unique and persistent identifier

F2. data are described with rich metadata (defined by R1 below)

F3. metadata clearly and explicitly include the identifier of the data it describes
F4. (meta)data are registered or indexed in a searchable resource

To be Accessible:

Al. (meta)data are retrievable by their identifier using a standardized communications protocol
Al.1 the protocol is open, free, and universally implementable

Al.2 the protocol allows for an authentication and authorization procedure, where necessary
A2. metadata are accessible, even when the data are no longer available

To be Interoperable:

I1. (meta)data use a formal, accessible, shared, and broadly applicable language for knowledge representation.
12. (meta)data use vocabularies that follow FAIR principles

13. (meta)data include qualified references to other (meta)data

To be Reusable:

R1. meta(data) are richly described with a plurality of accurate and relevant attributes
R1.1. (meta)data are released with a clear and accessible data usage license

R1.2. (meta)data are associated with detailed provenance

R1.3. (meta)data meet domain-relevant community standards

25




THE KEY CONCEPT OF META-DATA

[Date 09/2015
L ' ‘ - ' < Data . annotatedBy Semantic
Label: Label1 . . | R e —— Data I
Mode | Measurement from above “ :
Emission wavelength start 380 nm i annotated Byl Ontology
Emission wavelength end ’ ‘ 600 nm . 11 Term
[Emissions wavelength step [ | 2 nm | Data Structure >
Scan count 111 | = Data
Spectrum (Em) ' 280..850:20nm | Ly Uit <> T, g
Spectrum (ex) {Sector 1) 230...315: 5 nm | |
Spectrum fex) (Sector lz) { 316..850: 100m | i TreeStructure  MatrixStructure
‘ Data : Data
‘Temperature: 25.5 °C —_ Metadata <>
Property -

966 224 171 206 I e = DataUnit

477 240 135 168 148 150 [

627 23] 171 174 232 263 luifemptate’s

280 160 147 214 252 375

657 245 164 167 157, 179

159 97 95 101 150 171

Fig. 1. Spreadsheet Example Fig. 2. Conceptual View of the Model

C. Quix et al.

0
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METADATA MODELS

Oram, 2015 -
three distinct types of metadata, i.e., Business Metadata,
Operational Metadata, and Technical Metadata

C. Quix et al.
GEMMS

F. Ravat et al.
intra versus inter metadata: caracteristics, navigation, ...

semantic (ontologies, taxonomies,...)
MEDAL and goldMEDAL —

0
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( Dataset i QualityMeasure b inalysisDSRelatinshi; RelationshipD$ ] Operation
- id:int - name:String - name:String 0." 14 - name:String - id:int
- name:String - description:String | | - description:String - description String) | - "ame:String
- location:String - - value:float - description:String
- type:String 1 T Tag =
: : 0.* ag 0.
- creationDate:Date ) : .
- administrator:String 1+ useDatgsett useDatasel2 - id:int : = .
- - ‘ . - name:String i - description L
6% ualityAnalysis 1 0 - = 0_1 L-numberOfSequen
atasetSourc - value:float 0. _J - i
- owner-String| | {c.comment Strin o ﬁ |1
~—1{ - sentivityLevelint ! ' sourceData 0. "
I - 1 argetData ., |-idint
4e 0.1 0..1— - name:String
—_—1 - < - creationDate:Date
| Ingest " (oLs iDataset - description:String
' - sourceCodeUrl:String
oo OO [ P - format String - binaryMachineCodeUrl-S
ing| | numberOffables() ) - executionEnvironment: St
I ra—— 0 Access ' - executionDate:Date
0. , DL SemiStructuredDataset | 0.* = exewnonOutputLogSm|
= - accessTime:Dat 2+ - executionErrorLog:String
1|~ + numberOfEntityClasses() | - objective:String 0= -
| - comment String | f 0.1
EntityClass - , R w T G rocessBy [0.."
- name:String @ 3 :
- numberQOfinstances ., | -name:String hasSubprocess
] 1. - type:String .
* numberOlfAtnbutes()J T +| - lastName:String [1
0. |
(. l
ingestBy L L A

0
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HANDLE mapped onto model by Ravat and Zhao

_______________ -
Data -i—** Datasets i i i Source_Datasets __i
ds_location ,Ec;n-n-ezﬁaﬁfc;n-iéft-iq : | sd_owner :

! ds_id | ' sd_administrator /

i ds_name :K- | sd_type : | i Applications :

______________ R g | NN - connectionContext |

| Keywords_______ O 1] | app_id :

uconnectlonContext ! LI I app_name ]

| kw_id | ds zgescription L e : app_description 1

| kw word : ' ds_type MAccess PO—Oh e |

Il —— ' ds_creation_date | : connectionContext | R '

: | acc_time AL l

""""""" R L e | connectionContext |

e HANDLE’s Data Entity % ? ™, wess—tlser:id -

- == HANDLE's Metadata Entity ! | _____: user_'ast_name :

<4— Type of : - :

- More Metadata Objects are e i i [

attached here



LINKING METADATA TO
ONTOLOGIES AND KNOWLEDGE
GRAPHS

We define a Semantic Data Lake as a tuple SDL = (S,G,K,m), where
S = {S51,...,5p} is a set of data sources, G = {G1, ..., Gp} is the corresponding

set of metadata, K is a Knowledge Graph and m € G x K is a mapping function
relating metadata to knowledge concepts. Our approach is agnostic w.r.t. both
the degree of structuredness of the sources, ranging from structured datasets to
semi-structured (e.g., XML, JSON) documents, and the specific DL architecture

Diamantini et al.

0
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IMPLEMENTING META-DATA

More and more use of graph databases (e.g., Neo4J)

Process(4) OperationOfProcess(4) « MATCH
*(24) Jll HAS_OPERATION(4) il 5 o2t oK) (o) [l HAS_TARGET_DATA(G) SR (p:Process)-[:HAS_TARGET_DATA]-(d),
(p)-[:HAS_OPERATION]->(op:OperationOfProcess),
T / \ (op)-[:CONCERNS_OPERATION]->(0:Operation),
c,;_@ ‘r,‘,,,[;‘!.‘ sy - \/ (p)-[:HAS_SUBPROCESS]-(p2:Process),
Vo \” ‘ s 500 - *‘f; M/ \ (p)-[:IS_PROCESSED_BY]-(u),
O e (p2)-L1)-(n)

\ s/ WHERE

toLower(d.name) = 'compte rendu hospitalisation’

OR toLower(d.name) = "evaluation neuropsychologique'

. . Q @ OR toLower(d.name) = ‘examen neuropsychologique'
RETURN p,d,op,0,p2,u,n

............................................. UNIVERSITEDEMONTPELLIER



Some Open Questions

Hybridation of « data- » and « information-driven »

Centralized versus decentralized architectures (data
mesh, micro-services)

Management of Constraints
Data quality
Easy navigation and exploitation

Architectures and choices

— files/IDBMS
— SQL/NoSQL

Data Life Cycle, Storage/Backup/Archive
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Points of view and Raw Data

Observed Property := “Wind_Speed® Phenomeno
Result l
Feature of Interest 23 m/s  16.9.2010 13:45

\ uom

(ID:="

Procedure

= ke

Observation



Death of Data

Some contradictory injunctions?
— e.g., Open Data versus environmental impact

But also

— some rules (e.g., GDPR)
— Some constraints (data gravity)

Should we keep all raw data even if it is cheap and
« can be used in the future »?

How to predict and measure data « usefulness »
and reusability?
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