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CENTRO NAZIONALE PER LA MOBILITA SOSTENIBILE

Spoke 8

Maa$ & Servizi Innovativi per la Mobilita
Centro Nazionale per la Mobilita Sostenibile

O PTI FaaS = Operation and Plan, Transport Infrastructure and Facilities Support as a Service
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MIOST

CENTRO NAZIONALE PER LA MOBILITA SOSTENIBILE

OPTIFaas

Ecosistema a supporto di una rapida ed efficace condivisione di soluzioni ed
opportunita tra ricercatori ed aziende appartenenti al MOST e Pubbliche
Amministrazioni Locali ed Operatori di Trasporto.

Meccanismo del tipo marketplace:

> Ricercatori ed Aziende del MOST hanno un ambiente in cui proporre e

sperimentare proposte e soluzioni;

» PAL ed OdT utilizzano sempre soluzioni allo stato dell’arte per la risoluzione

di problematiche ed il perseguimento della loro mission.

Il tutto e configurato con modalita as a service allo scopo di minimizzare
investimenti in infrastrutture e personale da parte di PAL e OdT
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CENTRO NAZIONALE PER LA MOBILITA SOSTENIBILE

Spoke 8

Maa$ & Servizi Innovativi per la Mobilita
Centro Nazionale per la Mobilita Sostenibile

SAS UAM = Solutions for Safe, Sustainable and Accessible Urban Mobility

/

/&3, Ministero

[/ It s
“ @3 dell’Universita
&> e dellaRicerca

AAAAAAAAAAAAAA
EEEEEEEEEEEEEEEEEEEE




MIOST

CENTRO NAZIONALE PER LA MOBILITA SOSTENIBILE

SASUAM

« metodi e algoritmi scalabili per la gestione del traffico urbano utilizzando il paradigma B
del diagramma fondamentale macroscopico (MFD) e una soluzione di ottimizzazione
generativa per la decongestione, I'accessibilita e la sicurezza del traffico urbano.

* La soluzione prevede di utilizzare i dati e il supporto di validazione della citta di Bari in
cui verra eseguita la sperimentazione estesa.

* La soluzione e stata progettata per contribuire alla sostenibilita urbana, attraverso
I'offerta di servizi innovativi di analisi, monitoraggio e ottimizzazione del traffico.
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MIOST

CENTRO NAZIONALE PER LA MOBILITA SOSTENIBILE

L'ottimizzazione generativa permette di:

v Decongestionare le strade: ottimizzando i tempi dei semafori, i flussi di traffico
e le vie di transito per ridurre i punti di congestione critica.

v Migliorare l'accessibilita: Promuovendo la connettivita tra le aree urbane,
migliorando [l'accessibilita per pedoni, ciclisti e veicoli attraverso un
miglioramento della pianificazione urbana.

v' Aumentare la sicurezza: Implementando strategie per migliorare la sicurezza
stradale, ad esempio attraverso la riduzione dei punti di conflitto e
I'ottimizzazione dei flussi di traffico.
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FUTURE Al RESEARCH

Call for tender for the presentation of intervention proposals for the Creation of Enlarged Partnerships extended to
Universities, Research Centres, Enterprises and funding basic research projects to be funded under the National Recovery
and Resilience Plan (NRRP), Mission 4 Component 2 Investment 1.3 funded from the European Union - NextGenerationEU.
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Collaboratlve Explainable neuro- symbollc
Al for Decision Support Assistant

MAZe, | UNIVERSITA
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FUTURE Al RESEARCH

DINFO

* New Algorithms or Models: Development of novel Al algorithms
or models that can enhance decision-making processes.

 NGDSS Theories: Contribution to the theoretical understanding of
how Al can be effectively integrated into decision support systems.

» Early Prototype of the NGDSS, providing a proof of concept for
how Al can enhance decision-making in a number of target
domains

DISIT lab, BigDataArc 2024-25
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Cc SNAP/cty
Digital Model with...

Intuitive platform

Any Data TYPE, any data source, any protocol
Data storage seamless

Data analytics = artificial intelligence, Al/XAl
Data Ethics, Al Ethics, GDPR

Interactive Data Representation, any kind

Key Performance Indicators, any kind

What-IF analysis — Simulation, prediction, 2D/3D
Micro, Meso e macro scales

Operation, planning tactic and strategic / optimization
Collaborative and shared representation

Sustainable, shared, open source 100%

Complex and heterogeneous information, interoperability

©)

O
O
O

GIS, ITS, AVM, loT, BIM, CKAN, etc.
Satellite services

MaasS, last-mile delivery HUBS

etc.

17



@ SnapdCityDocker X @ Dashboard Management Syste X -+ v = & X

& C A Nons o | dashboard t 3 ‘ 3 . - =% B 5 A * 4 :
¢ SnapdCity @ dashlocal ..

HET

FLORENCE SCDT

Fri 13 Oct 18:29:18

DOUBLE MAP

»
-N
=1



https://www.youtube.com/watch?v=le2XNF8Ftxo

K F b 28 vogaw o0 §losessa ! e . The @ uropean Houss
LY BT \

Vs brosetti

\mbrosetd



http://www.darionardella.it/il-sindaco-dario-nardella-in-missione-a-madrid-e-barcellona/

c"snmcm

Snap4Altair Decision Support

supervision and control, Industry 4.0
* Multiple Domain Data

ALTAIR

(CIHLIIMIIICIA] l

21 ESSECO!

* Distributed Control System: energy, flows, storage,  |== R
chemical data, settings, .. M““Mww g
* Cost of energy, Orders, el | mmw g, .
e Production Parameters e — e e e
* Maintenance data e
* Multiple Levels & Decision Makers
* Optimized planning on chemical model

* Business Intelligence on Maintenance data

e Historical and Real Time data
e Billions of Data

 Services Exploited on:

* Multiple Levels,
Mobile Apps, API

e Since 2020

DISIT lab, BigDataArc 2024-25




UNIVERSITA
DEGLI STUDI

FIRENZE

DINFO

DIPARTIMENTO DI
INGEGNERIA
DELL'INFORMAZIONE

DISTRIBUTED SYSTEMS l N\
AND INTERNET

TECHNOLOGIES LAB

Ciao roottooladmint

Tue 3 May 20:14:59

« | # of Inhabitants
Green factor

Civil factor
Industrialization
factor

Environment
Index

15Min Economy
Index

15Min Housing
Index

° 15Min Health

Index

o 15Min Food Index

o 15Min Education
Index

15Min Slow Mob
Index

THE PICKED POINT 9m
City: Argelato
Address: Via Casadio N.1
latlon: 44.61882,11.35437

SELECTOR - MAP
|
MAPS ~ '
Correggio

Soliera
Bomporto

fEila e S
2 R B2 IS
Dy A AR \
Rublera 2o T N
ublera,_ N Médenar. & L
\ # N

Nonantola

’\\ o \
Scandiano ™S Castelfranco
- N S\

& Emilia’ sy

Formigine
Castelnuovo

Sassuolo
Spilamberto
Maranelio

Castellarano i

Vignola

Inhabitants
Density
#of inhabitants |
perarea
0-10
10-50
50- 100
100 - 200
B 200- 350
B 350-500
B s00-650
B s50- 800
B s00- 950

B 950

avullo nel
Frignano

Rangone N

15 MINUTI INDEX BOLOGNA CITTA
METROPOLITANA - NEWGUI

punto_IndexB

" Heatmap Controls:
Max Opacity: ¢ o)

2021-03-11 15:00:00
Pnﬂ\bm‘agglore

Argenta

A

Alfonsine

assa Lombarda

Lugo.

2
il

i
L g Al4dir

https://www.snap4city.org/dashboardSmartCity/view/Baloon-Dark.php?iddasboard=MzQxMg==

SNAP/city

Argelato : Via Casadio N. 1

KIVIAT

® 15Min Indexes

BAR SERIES

B |

TS
L &

DISIT lab, BigDataArc 2024-25

(P T

i ’ém'

21


https://www.snap4city.org/dashboardSmartCity/view/Baloon-Dark.php?iddasboard=MzQxMg==

) - 9 9
univirsita | DINIFO IT

DEGLI STUDI NIIF'AFITIMENTO Di Ehsglﬁd?g;ﬁ%_?‘t’STEMS J J J —
F [ RE N Z E :DELL 'INFORMAZIONE TECHNOLOGIES LAB

http://www.disit.org

| e
0lo] J
ohttp://www.Sii-Mobility.org

.

1

- Experimentations and validation in Tuscany
- Integration with present central station and subsystems

- DISIT lab, Universita di Firenze, is the tech-scientific coordinator
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= [ Horizon 2020
== | European Union Funding
REPLICATE e for Research & Innovation

REnaissance of PLaces
with Innovative Citizenship
And TEchnology

http://replicate-project.eu/

 demonstrate Smart City technologies in energy,
transport and ICT in districts in:

— San Sebastian, Florence and Bristol,
— follower cities of Essen, Nilufer and Lausanne

* Cities are the customer: considering local
specificities

e Solutions must be replicable, interoperable and
scalable.

— Integrated Infrastructure: deployment of ICT
architecture, from internet of things to applications

— Low energy districts
— Urban mobility: sustainable and smart urban services

DISIT lab,

ol (coordinator) FOMENTO DE SAN SEBASTIAN FSS SPAIN
02 AYUNTAMIENTO DE SAN SEBASTIAN SAN SEBASTIAN SPAIN
13 COMUNE DI FLORENCE FLORENCE ITALY

04 BRISTOL COUNCIL BRISTOL UNITED KINGDOM

05 STADT ESSEN ESSEN GERMANY

06 NILUFER BELEDIYESI NILUFER TURKEY

o7 VILLE DE LAUSANNE LAUSANNE SWITZERLAND

08 IKUSI ANGEL IGLESIAS, S.A. IKUSI SPAIN

09 ENDESA ENERGIA, S.A. ENDESA SPAIN

010 EUROHELP CONSULTING, S.L. EUROHELP SPAIN

011 ILUMINACION INTELIGENTE LUIX, S.L. LUIX SPAIN

012 FUNDACION TECNALIA RESEARCH & INNOVATION TECNALIA
SPAIN

013 EUSKALTEL, S.A. EUSKALTEL SPAIN

014 COMPANIA DEL TRANVIA DE SAN SEBASTIAN DBUS SPAIN
015 CONSIGLIO NAZIONALE DELLE RICERCHE CNR ITALY
016 ENEL DISTRIBUZIONE, SPA ENEL ITALY

017 MATHEMA, SRL MATHEMA ITALY

018 SPES CONSULTING SPES ITALY

019 TELECOM ITALIA, SPA TELECOM ITALY

020 UNIVERSITA DEGLI STUDI DI FLORENCE UNIFI ITALY:
DINFO.DISIT Lab and DIEF

021 THALES ITALIA, SPA THALES ITALY

022 ZABALA INNOVATION CONSULTING ZABALA SPAIN

023 TECHNOMAR TECHNOMAR GERMANY

024 UNIVERSITY OF BRISTOL UOB UNITED KINGDOM

025 UNIVERSITY OF OXFORD UOXF UNITED KINGDOM

026 BRISTOL IS OPEN, LTD BIO UNITED KINGDOM

027 ZEETTA NETWORKS ZEETTA UNITED KINGDOM

028 KNOWLE WEST MEDIA CENTRE, LGB KWMC UNITED KINGDOM
029 TOSHIBA RESEARCH EUROPE, LTD TREL UNITED KINGDOM
030 ROUTE MONKEY, LTD ROUTE MONKEY UNITED KINGDOM
031 ESOTERIX SYSTMES, LTD ESOTERIX UNITED KINGDOM

032 NEC LABORATORIES EUROPE, LTD NEC UNITED KINGDOM

033 COMMONWHEELS CAR CLUB CIC CO-WHEELS UNITED
KINGDOM

034 UNIVERSITY OF THE WEST OF ENGLAND UWE UNITED
KINGDOM

035 ESADE BUSINESS SCHOOL ESADE SPAIN

036 SISTELEC SOLUCIONES DE TELECOMUNICACION, S.L.
SISTELEC SPAIN


http://replicate-project.eu/

Sustainable and
responsible Tourism
Management

Key aspect: Carrying Capacity

consider European Tourism
Indicators ETIS

Respectful of the ICZM
recommendations

Cultural heritage

Special interest on
UNESCO World Heritage
Sites

Evaluation of

impact

Big &
Open data
At service of Planners,
visitors, local

stakeholders and
dwellers

wnterreg
/Vlediterranean e
¢) HERIT-DATA

. i Fondazione per Lo ricerca
I & Uinmevazione

Sustainable Heritage Management
towards Mass Tourism Impact thanks to a
holistic use of Big and Open Data

.........

/Vlediterranean __g=e—
) HERIT-DATA

W v cooperation area . IPA cooperation area I EU reglons newly joined the MED area

DISIT lab, BigDataArc 2024-25 24



- _ , - Mobility 5 toch
(016-21)2 = Km4cCity ‘ MOSAIC  pemand  offer oy
2013 Km4City Bl==- 164 sl LT B il Industry 4.0
Ontology 1.1 H2020 RepyiCATE (2018-20) o o (2018-21) Synoptics
- Tuscany, o - Smart Energy % -Mobil 201 8 .-m
ROt I _ Sustainable Mobility o : - Lt~
- Mobility - Control Room gl e SRl 7 TRAFAIR
) , - Origin-Destination i Sii-Mobili
) - Traffic Reconstruction o- User engagement - i ili
- Parkin . i gag Traffic and Mobility
- Servicgs Km4City 1.6.2 - Offer Analysis - Bike Sharing Impact on Pollution
_ Lited apen e - OBU, smart devices - Data Analytics ++ NOX predictions
.. (2016-21) - Social Predictions
O 2014 4 (10700 O E@15 - oED2 AL
- Weather Forecast Sii- MOBII:C.ITYbSICt:N LT |OT/IOE
- Real Time Wi-Fi - Infomobility e 4 12016-19 i EURDPEAN OPEN
- Entertainment i MOb'.Ie AR o tﬂ(@o )o Kmacity 1.6.6 =29  SCIENCE CLOUD
-LOD - Routing
‘ - Multimodality GHOST SIR o
) Qgg?:{h\ﬂ/f;iznce o - Sardinia Region J Node-RED Qﬁg
- : Smart City Strategies ¢ 4 mart Bed
Analytlcs, - 201 6 © FI and plan 0 SNAp CITY e Bl O e B
Sentiment Analysis L’ SELECT H2020 Smart Health
for Cilies ; :.

‘ Km4City 1.5‘

KmA4City 1.4 GREEN IMPACT

- Resilience
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i IMPACTCAPACLTY.

- IOT/IOE, IOT App

(2017-19) GREEN FIELD PEAS

Soda4 O L

Optimization and d Decision System 4.0

Decision Support POR FESR 2014-2020 - Living Lab ‘°= e
2015 - Smart First KI% - Industry 4.0 - Maker Support il
- User Behaviour - Critical Plant - 10T Edge - el Akl
Analysis, predictions - Monitorin - Smart City 10T
S o - Risk Analysis b - GDPR,
NS 2 01 7 o - Privacy & Security o
resolute H2020 (2017 20) —
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DISIT lab roadmap vs model and tools’ usage
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HERIT-DATA

- Smart Tourism
- 6 Pilots
- Data Analytics
- Extended platform
- Smart Mobility
- PISA, PUMS
o Living lab

mHiLterrey _
MARITTIMO-IT FR-MARITIME
M OBl
EMART

AMPERE (2021-22)

Industry 4.0
o SYN-RG-AI
SmartCity
O o GRUPPO———
EUROPEAN COMMISSION o PRETTD
Contract Industry 4.0
O 2021 O uni.systems
SmartCity, 2021-23
o PC4City (2020-21)
Monitoring Terrain ,
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SmartCity

O 2022
e
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e
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https://www.Snap4City.org ,gg, @ =< Ea¥& CSNAPLcry
* 11 running installations in Europe
* Antwerp area (Be)

* Snap4.city.org, Greece, Merano, Cuneo, ... . &g

: «  Bisevo, Croati \
* Toscana, Pisa, Sweden, ISPRA, Snap4.eu, - soogel) | Y

: . 2 Brasov (Ro) %ﬂa
° Alta|r’ |ta|mat|C’ Roman|a’ .\ C EapelonI(Sweden:Vésterés, Eskilstuna, Karistad)
* Cuneo
DISIT demo (multiple)

* 16 projects, 12 pilots on 10 Countries Dubrovnik, Croatia

Firenze area (I

e >40 cities/area : SardaLakearea ()

Helsinki area (Fin) )

 Widest MULTI-tenant deploy has + Limasol[C) 2,

Livorno area (I
Lonato del Garda (1) prus ’7 ‘{
Malta (Malta) -~ [

* 24 Organizations / tenant =
> 8850 users on T &

~
Mostar, Bosnia-Herzegovina v e
: - e d /

> 1800 DaShboardS : Oslo & Padova (Impetus) J

Pisa area (I

> 17 mobile Apps + Bistoia c~

Pont du Gard, Occitanie (Fr)

> 2.2 Million of structured data per day ;. fetol s

> 580 loT Applications/node-RED G G , /

2 7+ o e Sard Region (I)
> 750 web pages with training AT R
2 — = * SmartBed (multiple)
> 75 videos, training videos +  Toscana Region (1), SM
e Valencia (S)

* Venezia area (!

¢
A
*  WestGreece area (Gr) A/X/"“‘/_/

DISIT lab, BigDataArc 2024-25 * +lIsrael, Colombia, Brasile, Australia, India, China, etc. 0 O

Main Organizations/areas
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DINFO

FORMAZ NE

STRIBUTED SYSTEMS
A.ND INTERNET

NOLOGIES LAB
h ttp: //www dis

e Laboratorio DISIT /
e Tematiche del corso
e Struttura del corso

e Infrastruttura del DISIT Lab
* Modalita dell’'esame

DISIT lab, BigDataArc 2024-25
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s, wavesh DINFO DISI
/ /. I Ir_‘ )
Q’;‘. )'g DEGLI STUDI DIPARTIMENTO DI DISTRIBUTED SYSTEMS AND
= ,"" . F I RE N Z E INGEGNERIA INTERNET TECHNOLOGIES LAB
N AN DELL'INFORMAZIONE DISTRIBUTED DATA INTELLIGENCE
Lisya [\\‘\ AND TECHNOLOGIES LAB

Agile Development Life Cycle by sprint

Smart Solutions
‘P ’r
Sprint

Sprint

DISIT lab, BigDataArc 2024-25
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Al v | oieo |pisir ; i
“i (\] FIRENZE | S8ERFSMazione | TEGHNOLOGIES Las CITy L @/m g
X s

“2a couiiil

Development Life Cycle
Smart Solutions

Data Discovery
Data Modeling
Data Analytic
Userinterface +
Business Logic

e Deploy

@ Deploy
@ Deploy
@ Deploy

loT App,
Proc.Logic

ML, Al, XAl
Python, RStudio

Special Tools
Userinterface
Dashboards

‘}
A

=7
A

-
=

Validation

P
<

DISIT lab, BigDataArc 2024-25 30
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UNIVERSITA nicH
DEGLI STUDI DINFO | DISIT

.
» /
DIPARTIMENTO DI DISTRIBUTED SYSTEMS
FIRENZE | S, | RERMRET: Py T A C" SNAPiciry

Snap4City Tools | HLT-Data Inspector |

Knowledge and
J Entity Directory Map, ServiceMap Scenario
)

: | loT Dwe_:;torv S e T Editor
AV [= £ HLT & Dat -
JJJJJQJUHJJHE atd Development
‘ Management
LITe f'/r'J@ Tools + 10T App

‘?b\ A —

) 210N B 4

AL oy | o
odelin ogic /lo-App S

- 41/’ e =

I

> ‘ Data Analytic " Test Deploy

1 Data Processes ‘ ; > Al Dev: Python, RStUdIO,....
.

(i

ata Analytic Test ( Deploy }Programming Environments

‘ Userinterface + ,A Usel’lnterface Tes Deplo
Business Logic \ Dashboards " V’ Py

Tables and

Documents W‘ Dashboards
Development Life Management Extra Dashboard
Cycle Manual & Widgets

DISIT lab, BigDataArc 2024-25
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INGEGN
DELL INFORMAZIONE

. w o >

DISTRIBUTED SYSTEMS

AND INTERNET I y
TECHNOLOGIES LAB CI

e Controlling Status: management, and

operational Monitoring
o Monitoring via KPI > KP|
o Predictions vs KPI
A v detecti \, Digital Tme/-\
O Anomaly aetection Models & Predictions,
o Neuro-Symbolic analysis Data Anomaly Detection,
. Analysis, Assessment
o Risk assessment DeC|S|on Wammg
: L . S t Syst
o Early warning on critical conditions >“PP ys em
] ] i Simulations,
e Making plan: tactic and strategic, Scenarlous TFR, Crossroad
medium and long range, micro/macro Publlc Transport,
] . . . Routing, ..
o Simulation & optimization (J c

What-If Analysis,

o Generative Al Prescriptions, scenarios LAl
Optimization <

o Resilience to Unexpected unknows
o What-if analysis wrt scenarios

2024/8 DISIT lab, BigDataArc 2024-25
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http://www.disit.org

SV of Big Data

Variety

V’s of
Big Data

Velocity | ~ Variability

DISIT lab, BigDataArc 2024-25
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<
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SECuRITY

= )
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AND INTERNET JfJ (| ‘
TECHNOLOGIES LAB A §
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INFO

DIPARTIMENTO DI
INGEGMNERIA
DELLINFORMAZIOMNE

Blg Data Robots
Cloud Computing L = —
Cybersecurity e lElE ' Simuiation

IOT/IOE v
N\

System Integration Augmented ¢ |

Reality

Simulation rA‘
. .

Additive
Manufacturing

Things

Data Analytics

P. Nesi e referente per UNIFI in
RegioneToscana per Cloud e Big Data

Cybersecurity
Computing
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http://www.disit.org

INGEGMNERIA
DELLINFORMAZIOMNE

F I RE N Z E DIPARTIMENTO DI

UNIVERSITA
DEGLI STUDI I DINFO

* Technologies:

— Big Data Architectures: architectures for managing big data, processing, ingesting
and exploiting them in real time
* Cloud: smart cloud, cloud simulation, optimization, containers, ..
e Storage, parallel architectures, data driven, etc.....
* |OT/IOE: internet of things/everything, brokers, microservices, ..
* Mobile Computing: mobile application, user behavior analysis, ..

— Big Data Analytics: data management, prediction, predictive maintenance, early
detection, anomaly detection, data intelligence, what-if analysis, simulation, ...

e Data Mining: artificial intelligence, machine learning, natural language processing, semantic
computing, semantic reasoner, expert systems, statistic analysis, ..

 NLP and Sentiment Analysis: response vigilance, interaction, answering, Personal Assistant,
NLP, SA, ..

* See prOjECtS ON.: https://www.snap4city.org/download/video/course/da/Snap4City-4th-slot-Data-Analytic-v7-2.pdf



https://www.snap4city.org/download/video/course/da/Snap4City-4th-slot-Data-Analytic-v7-2.pdf
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FIRENZE

DINFO

DIPARTIMENTO DI
INGEGMNERIA
DELLINFORMAZIOMNE

DISTRIBUTEDSYSTEM

AND INTE!

TECHNOLOGIES LaB

http://www.disit.org DISI I App | I Catl Ol l I |€| dS

Increasing investments in Big Data can lead to interesting discoveries in science,

medicine, benefits and gains in the ICT sector and in business contexts, new
services and opportunities for digital citizens and web users.
* Present Domains of DISIT Big Data Analytics and Scientific Research

— Mobility and transport

— Energy and Govern

— Tourism & user behavior

— Environment and health

— Industry 4.0, 10T

— Security

* Former
— Social Network — Internet Service — Web Data
— Educational

DISIT lab, BigDataArc 2024-25
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UNIVERSITA DISI Firenze R
DEGLI STUDI Eﬁnlnmqqgmo DISTRIBUTED SYSTEMS w: : : ( =5
¥ FIRENZE | S&TR Sk Mmazione | TECHNOLOGIES Lag e
r - §- = J 4 P \ v h -n:/’_/vvv@ M.di;it.org J = B J = — 20
UECISIONI SUpPpPoriate ddal datl S e s
o pe e oy ¥ | W on oohe SR M oty
) 1 P I - - 1 P - = - O renee cPU__ e - =
periodiche ed in tempo reale e e
S@-re@o @
e o o . . e I [ %
* Condivisione e Integrazione Dati = :

multidominio: semantica e bigdata
e Dati 2Smart City Engine = Control Room

e analisi: monitoraggio, flussi e comportamenti,
sondaggi, mining, correlazioni, cause — effetti,

etc.

— Per il miglioramento di servizi =
correnti :

— Per reagire ad eventi,

incremento della resilienza,

YA DEL ETfn
- Nascondi Menu |
L

— Per la creazione e sae
servizi innovativi

DISIT lab, BigDataArc 2024-25
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4

Ira di bas

Transatio HDFS, noSQL

ns sys,
Sensors
Social
media,
ws, etc.
ETL, NIFI

Elastic
search

User
interface,
Dashboard
Drill down
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UNIVERSITA * SOLT IO
DEGLI STUDI QF!FEI}I\EDIO DISTRIBUT_IED SYSTEMS AND e“' s NAp4 m
FIRENZE BSHumoe Dol bl o CITY et
AND TECHNOLOGIES LAB
[
Front-End - o
- Entity Directory: APl Manager crees Applications
\ Facilities
Smart Data Models /r . \ Traffic Optimiz.
loT Data Models \ Federa.ltlon @—pp-| | Scenario Editor — :
. i \ Smart City API p rx; | TrafficLightPlan
\_ Digital Twins Y, N g Business Intellig. T !
S | e=— Sy OpenSearch |, CsBL ublicTransport
G@@H I Deal | [ Dashboard Bld | Parking anc_;.I
Q ( Dol ‘Irs H 3 - ﬁ & Manager Lighting Mn&l_
, ra | I |
_ CustomThemes Building Mng.
®0 L — i g Vg
Brokers & GeoServer | Entitylnspector — : -
Q @4—? ) I Synoptics Environment
Q) server.center . . I
9 BIM Data Managers KPI Support Waste Mng.
| I | — I
1
. _ ) Node-RED pg Service Map E M
Social Media ) Studi — nergy iving. :
BIM Gis €= o s : 1 tudio HLT Manager Tourism Mng
Gateways, safgl Artificial Intelligence: - =
External Services . ML, Al, XAl, DA 3D Digital Twin Mobile Apps
Web Scraping On Edg loT App .
Third parties solutions
A&A, SSO, Blockchain, Resource Managers and Sharing: loT App, Data Analytics, ...
N 4 N j




UNIVERSITA DISIT
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egends ¢“SNAPlciry s

Presentation Dashboards Business Intelligence Visual Analytics Smart Applications Web & Mobile Apps
Q Dashboard Themes Dashboard Wizard g
[¥]
8 Dashboard Mng. Dashboard Builder Widget Library 3D Digital Twin CSBL 0
- External Interoperability Snap4City Node-red Libraries Y\ (S FILARE ‘&! §g kafka mmb&cm e
-
q Operations Frencue
uz, P Operational Tools Artificial Intelligence, DA Tools Al Develop. tools Visual Analytic processes >
2, O BIM.crercener .
: “ @ python [ @studio 3|,
""""‘“""""’Wﬁ_ :
Noaen SUMO .. =
g (7]
= Qo
v et
S Internal Interoperability: API, MicroServices, WS [IaET o e TaVA N [ole SR BRI T 0 (55 ASCAPI mmmﬂm JFILUARE || 8 3
3 = 0o
= c
H g . : S0 S h § S
|| B | ersitencea 0Grah S OpenSearc 5 |2
g 2g Knowledge and Data Management SuperServiceMap Data Management, HLT nifié = =
8} | r — o
?cuo 'gnu_?_: L—| NGl EFILARE | | Linked Data triples | = & ;
g 3 § Aggregation Processes and Rules r‘arnkprq ®auore BB .E E' %
£ = Data Process loT/Entity Directory Brokers Node R = Sl |l
| 1 1 u
B e —— Any protocol and format ! ! Any protocol and format l % E B
E Connectivity: wired/wireless, loT Edge, etc. =, 2 o 2

| ]
Any protocol and format | I Any protocol and format |

P I (= Vo e GIs External Social
0 @@ o : . @ e Q @ K‘/, 8iM | OSM || Gateways Services ERP Media
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Privati Statici Pubblici statici (open data)

statistiche: incidenti, censimenti, votazioni
* Codice fiscale

TL
* Foto non condivise e ssiallaZ
N * Aspetti legali blic
S Str\,\t’tufe P
o e Cartella clinica

(\,’b((\é\’b Pa rc.h od 5 y
SR . Cggi e aj . S .
SPENNIEN Posizione o, " Terrem U581 Pubblic; Yy O,
(ORI ne tax; emot; (
ST\ N " Posiziong - * Parchegp:
° (JOQ :
Privati Tempo reale Pubblici Tempo reale (open data)
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* Formati diversi, valori sparsi e discontinui anche in stream

— Data healthiness, integrity, etc.

* Tecniche: Data Lake per la normalizzazione del dato
— - big data graveyards based on HDFS
* Formati e dati non riferibili in modo preciso alla stessa semantica

delle entita in gioco: temperatur*e®, coordinat*e*, misure dei
sensori in generale, ... 2 molto dipendenti dal contesto

— Modelli ontologici = ontologie 2 knowledge base = expert systems, per
ricerche in chiave semantica, Riconciliazione semantica, completamento,
contestualizzazione, ...

DISIT lab, BigDataArc 2024-25
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s CAP theorem
 The CAP theorem (Consistency - Availability - Partition
tolerance) is essential to understand the behavior of distributed

SW systems, and how to design the architecture in order to
meet stringent requirements, such as:

— High performance.

Consistancy Availability
— CO nti n u e d ava i I a bi I ity o all clients see current the system continues

data regardless of

to operate as expected
updates or deletes

even with node failures

— Geographically distributed systems.

* Working on billions and trillions of —

day, scalability became a Shrog T
Partition
key concept. T —

DISIT lab, BigDataArc 2024-25 47
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High Level Types I E—— ¢“SNAP!crry

DISIT lab, BigDataArc 2024-25 T P
* POI, IOT Devices, shapes,.. r—
 FIWARE Smart Data Models, i T4y
* loT Device Models g i
* GIS, maps, orthomaps, WFS/WMS [
GeoTiff, calibrated heatmaps, .. [ e e )
 Satellite data, .. R _ : :

e traffic flow, typical trends,
* trajectories, events, Workflow, .. fez “ , ,
* 3D Models, BIM, Digital Twins, .. |~ S T E e
e OD Matrices of several kinds, .. | == L), /e ‘ e ey
e Dynamic icons/pins, .. -
* Synoptics, animations, .. %
* KPI, personal KPI,.. e
e social media data, TV Stream, iy
* routing, multimodal, constraints,
* decision scenarios,

.\\ 7

N
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e
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0-10
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) — il g e Meoicee
2 - Nascondi Me""'l ‘ Basilica di sadl®
Loren
- Fermate Firenze | Comuni in Toscana | Ricerca Testuale
| | ! )
é. Seleziona una provincia:
»*'| FIRENZE - l o
' Seleziona un comune: l %
‘) FIRENZE - m 2
>
&
Act 3l S { g v ,71’
COMUNE di FIRENZE 1&/‘
: ' i3 -
BT 4l P CETBAN =7 VIA DELCERR

Nascondl Menu

q.
%5:

ﬂh‘

Venerdi Sabato

- poco nuvoloso  poco nuvoloso velato
schiarite 20°C / 33°C
2N | aneer

h¥tn//carviicarman kmAcidv oro

23°C/27°C

Road Graph (Tuscany region)

=+ Info on: points, paths, areas, etc.

' Services (20 cat, 512 cat.) |
16 Pub. Transport Operators
i 21 280 Bus stops & 1081 bus lines

%

.~ Dynamic/real-time in Tuscany Region

http://www.km4city.org

H &8 &

A\
<&

RN

132,923 Roads

389,711 Road Elements
318,160 Road Nodes
1,508,207 Street Numbers

igli e

P P,

Real time bus lines: 144 updates X day X line

1081 Pub Lines: 1-2 updates per day, time and path
210 parking status: 76 updates X day X sensor

796 traffic Sensors: 288 updates X day X sensor

285 weather area: 2 updates X day X area

12 hospital Triage status: 96 updates X day X FA
1600 Fuel stations: 1 update X day X station

22 Environmental data: 20 updates X day X sensor
Florence events: about 60 new events X day

Wi-Fi: > 400.000 measures X day

App mobiles: > 50.000 measures X day

more than 40.000 distinct users X day

From 600.000 to 4.5 M Tweets X day

...... + many IOT are coming

“'g
4,
O(

| Servizi Regolari | Servizi Trasversali |

3

- = —
- Nascondi Menu

search text into service
Categorie Servizi

] De/Select All

4 g Accommodation +

[+ E Advertising +

& m AgricultureAndLivestock +
4 ﬂ CivilAndEdilEngineering +

& g CulturalActivity +

] @ EducationAndResearch +

;_J'} D En +

¥ +

] D Environment +

] B FinancialService +

[+ u GovernmentOffice +

4 E HealthCare +

V] B IndustryAndManufacturing +
¥ m MiningAndQuarrying +

u/ E ShoppingAndService +

J’i E TourismService +

i a TransferServiceAndRenting +
] m UtilitiesAndSupply +

] Q Wholesale +

4 m WineAndFood +

N. risultati: Nessun Limite ~

Raggio ricerca | 100 metri

Qo

Risultati della ricerca

piu di 4000 risultati, attivato clustering
[[] services 16858
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1 AmAlrTaE G e VMieaicee = 5 q
+ - Nascondi Menu | SRR - | R L S

- | Fermate Firenze | Comuni in Toscana | Ricerca Testuale f% What is enabling and providing Smart SerVices
‘ Seleziona una provincia: | 5 4

O FRenze - s * Smart Parking, in Tuscany
< FIRENZE : | * Smart First Aid in Tuscany

Artrial Calark:mr
ACtUual selecton

COMUNE di FIRENZE

Smart search for POl and public transport srv.
Public Transportation in Tuscany

Routing in Tuscany, simple and multimodal
Social Media Monitoring and acting

Traffic events and Resilience in Florence

Bike Sharing in Pisa and Siena

Recharge stations for e-vehicles
Entertainment Events in Florence

Traffic Sensors in Tuscany

IOT/IOE sensors and actuators

Weather forecast/condition in Tuscany
Pollution and Pollination in Tuscany

* People Monitoring, in Tuscany via App

* ..People Monitoring Assessment in the City, in
Florence via Wi-Fi

(s crry

20°C/30°C

| 1 ) %
https://servicemap.kmacity.org E All Point of Interests, cultural activities, 10T, ...
: Over than 1.2 Million of complex events per day!

Giovedi Venerdi Sabato ‘

poco nuvoloso  poco nuvoloso velato
20°C/33°C / /

T
,g - Nascondi Menu

%
Servizi Regolari | Servizi Trasversali |
search text into service
Categorie Servizi

| | ¥ De/select All
E v a Accommodation +

[+ E Advertising +
7 m AgricultureAndLivestock +
v ﬂ CivilAndEdilEngineering + ‘
s g CulturalActivity +

:U(,(gd v @ EducationAndResearch +

IndustryAndManufacturing +
a MiningAndQuarrying +

4 ShoppingAndService +

v TourismService +

v a TransferServiceAndRenting +
& m UtilitiesAndSupply +

4 E Wholesale +

v m WineAndFood +

v D +

7| B3 ks

v D Environment +

f @ FinancialService +
v E GovernmentOffice +
'

v

'

I
\
@ HealthCare + |
\

N. risultati: Nessun Limite ~

Raggio ricerca | 100 metri

Qo -

della ricerca

pia di 4000 risultati, attivato clustering
Services 16858

& gy W!i‘f?

a © OpenStreetMap contributors, CC-BY-SA. Imageny. © ngiox

-
‘
i
|
i
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Key-Value DB

Col- Family/Big Table DB
Document DB

XML DB

Object DB

Mu
ACI
Gra

tivalue DB
D NoSQL

oh DB

Types of NoSQL Database

5 Neo
eﬂn"’ \ rl a k .‘ the gra:l‘xldatabase

Cassandra

e redis

Hortonworks MAR R

TECHNOLOGIES

HD

i =h DataStax

amaZLon
HADAPT web services
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FIRENZE | &5 tuaon | NS e s oaia Al el B o
| Dati Smart-aty Ontology
* Collezionamento dati statici, quasi statici e real time, : ﬂn km4C’ty |

stream

— Dati open: geo localizzati, servizi, statistiche, censimenti,
etc.

— Dati privati degli operatori: con licenze limitate per non
permettere di fare profitto ad altri operatori sulla base dei
loro dati

ol e i

| S—
]
]

II
l|
]
]
]
]
|
I
]

il

— Dati personali delle persone: profili, comportamenti tramite
APP, IOT, sensori, web, etc.

WJ'

Integrazione dati per renderli semanticamente
interoperabili, ed operare deduzioni (time, space... )

— | tradizionali collettori di open data danno visioni statistiche
ma non sono adatti a produrre servizi integrati

— Integrazione con modelli semantici unificanti come

Km4cCity P @

il 5
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http: w,w_cliiqi'r ore__,

TSy s A , -

-Circle: it is RDF Store that contains
et RDF triple

brge—cm@vbmﬂm
Lnl.ersl]l—plj‘r.—rea\:lhg—llala

b -Line: the starting RDF Store contains
at least one RDF triple belonging to
the ending (amow) RDF Store

sr.l: -LightBlue: the RDF Store is present in
- LOG Database. With double-click goes
to the selected RDF Store on LOG

-Orange: the RDF Store is not present
rirztscans 2 B

eag.&@,m in LOG Datsbase

To show RDF Store information go on
cl..a it with mouse

Irlaeau@rn.r&ﬂ - - . lod-cache
mllma.aﬂmwrnm.mmﬁ Number of triple:
i y B5¥785089162
Cut-connection: 12
aaa—rn.—mo-sere; # In-connection: O
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| Linked Open Graph
1 =] P

€« -> [D log.disit.org/service/?graph=df5b4f67f01b7d9607 147 5d62068e0fe

“Linked Open Graph

Your data

_SiiMobility (byDISIT) v

Type of relations

spargl endpoint: (optional)
[http:rr. .

| Select all | | Deselect all | | Invert | ) Hide all inverse

uris ||"Itt p:.-"."'...

|| Request |

: Search for keyword v

| Request |

+ [

http: f/fwww.disit . dinfo.unifi . it/SiiMobilicy/ MUOSE =

/AR RRO00N

PISTOLA

hasProvince

L%d Open

belongTo
i=Im

Grapf?

type

hasStreetMumbaRIT04801702380TO...

contains

managingauthori... FIRENZE

RTO42017 0899 1EELO48017 24754

managingAuthori..
ewmerfAuthority
inMunicipality

belongTo

contains

ends

has
hasExternalfccess
hasProvince
hasStreetMumber
isIn
isPartOfProvince
managingfuthority
placedIn

saehlso

RRNAANOWN

00N

coincidewith
depiction
forming
hasAccess
hasMunicipality
hasRule
inMunicipalityOf
isFartof
isPartOfRegion
ownerfuthority
sameAs

=starts

type

)

P

hasExternalAcce...

MUSEQ SALVATORE...

RTO4201723454E5...

4E017 24T S5ES ..

placadIn

type

placaedIn

QP

managingAuthori

hasRule

forming

o

RTO48017017682A...

YOGl e

museo ferrag Ao

Relaticns of Musec Ferragame with the road

graph



http://log.disit.org/
http://log.disit.org/

Id: cpenlink- @Oa
Ina:l:l.@’nre—‘l . . : lod-cache

QMmN e HMEE@}IEJ:@MPJWE Mumber of triple: . .

_ ) sy7eseegles @-MHM(

Out-connection: 13
data-inc —MEEkEy . w&:—@aan .
; In-connecticn: 0
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| o [P P — == _E M

~ - Table output 3 error
Update date Get data from XML o
- _ \\ {
i ...... Q| 5%4%%: = ' @

error 2 Table output 2 Get data from XML 2 Row denormaliser Merge Join  «

Dummy (do nothing) €IT_java Table output

emr_java2 Table %TPUI 10 ermor 8 Table %ﬂput 9
.

r]-—E ¥ A A3 éé c =
¥ | =
Prediction Select socess  String operations Database lookup Replace in string  Add source W3C__DBIE Split Fields 3 splt Fields
(%]
- — e {Bl—
T faves  eemo @* L
H == . ]
Get dror 5 Table dutput 7 Selectivalues Report Get error 4 Table qutput 5 Split Fields 2
Table output 4 error 3
¥
Tahble ut & -!. ; = :::
! e @ :I-!: 7/6/
error 4
s} AF; Table output 8 eror 7

&% kettle'

Batch Processing
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FIRENZE | BSStEtzone | BSNEEs Lre CITY

WHLORE,
S &

Ingestion, aggreg. = exploitation
* loT App Visual e —

- subflows

rogramming, no coding B =

s in M

fimestamp *

functicn

* Data transformation mem ;

T Data,my Da

* Integration, Interoperab. i ___Node-RED

DataGate Harvester

function

functon
Add Data i the Platform
[ ] [ ] ([ ] High Level Types function
. c r I t I n a t a n a t I c s = msg.payload
Interoperability & Standards I — P E X
K ge a ot ]

107 Appli funsten

[ ] [ ]
D - e — sddress-sesrch-nesrgps-postion sunctisn msg payload E
Resource e change

= | )

[ e templats .
u S I n e s S og I C e Sunction ol
S4CSearchDey At adduss pe point wihi 20 b ol M’.u“\"“_’" S4Cseareh wert saarch i routen By DA _E naciey 24CLogOer
ety vt et by o pokgn with ey R r
o o, = B s
L s e py e I e ¢ i
[ st reryoi - o my & _ i o
south o = e g o pu
sanicn ape pantien P e e Hikkgely -
weach noar o S Lo :- & 3
sl e m——— o s : R _ We suggest also to install:
rowchop e bdbed i o feast — Nas social
= s oo joCotos 3
. . == i B T T e Tamm O fen o ANFOM
[ : hgn i T . i Resource s o
v e s acKPIDaA PP e ko —_—
savon % Y Lot e wrvee ph e weiyp e Manager p
i S4EMIppIng oo ey AR i oy ow erica NG Update
s
. . — e amseonns| TR _ sacgron T
v — M =T
o T pwes = o b .
Se0rch Wit P [ BT oo
s st s i Bl B = wnzn
s : A nD | — — St
O stordwht s s ( ed or Lociond o s4cioT T i
aacoRenim f\OWS nod — B ol fhesspid Wiz ocation
> L) petvyon el . Advanosd FT
- I =1
{ iy on oo ok o vy | | oo i
oo nt L -
vy e ey oty data Ko
erioke? i T ) e ] o iy
Lo SRR |« sicumey [ o
= ; o ezl T pr—
e = » shindown Tesuma jobs iotepp reset i dulog
wanrch dov DR wvics info. s waed e o oy " Eacky
apa sositn o trigger ety cwwpatn TR
Adl et Wi Wl agarcies Cmyche:
wodsth wither e gy  dhtanca trom rowme - ey
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input =
| inject -}u
| catch ':]r_'
status -:Zn
link (]
ot .
hitp () h

websocket -]':-

t.cp |‘]]:|

udp |;]:|

e

output

-::htlp response |

.]':. websocket |

£

e

[
]
L

Nk |

£
]
-

maqtt |

tep |

udp |

Nod

function

function L] w | <

’ IrESERUE @ C \
) http request

P ——

IQF!’IMEDIO EBRIIB§EI!'SETEME a% / J 2 ononndhp ,-Sna 4 Ci t @
R |2 O] ADDlIcations ] L Y et
http://www.disit.org J G

== Deploy =~

Monitor Flow 3 -+ info debug | dashl
"
Flow
MName Monitor
a 1D "a2af95EbEf.2c2638"
B - i
L $SY S/broker/load/messages/received/1min C . Status Enabled
@ connected
P Q .
$5YS/brokerfload/messages/sent/1min : Inicenatica
" @ connected . _\ P o
\ - chart | =
e P ) - @
timestamp o ) http request -, ) #msg received/min
| | AW - .
f_' ) ) #msg sent/min
f 0
— — T ‘_|’
@ connected
. o .-
)| RESET CHART [ . Reset Chart

RESET i ] http request ( l
) http request

0 EHOSTUNREACH

Unhealthy

e-RED

o )
RESET TASKS [ = Reset Chart
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= 397,139 (4.36 GB)

@ MNavigate B8
[ ] ]
- L
|
. |
]
{9 Operate =]

| Deliver Source Data to Analytics

—& Process Group

de5fa29d-0156-1000-fFfF-ffffbc4f21 4d

B a > m [z

~ > Gather Network Traffic
L ExecuteProcess

n 0 (0 bytes)
Read/Write 0 bytes /45.14 MB
out 93 (45.13 MB)

Tasks/Time 620 /00:05:20.325

J; » TCP Traffic

» Photos

Nifi1.0.0 » Deliver Source Data to Analytics

DINFO

DIPARTIMENTO DI

INGEGMNERIA

DELLINFORMAZIOMNE

B Y T %

®2 ® o

@ > tweets

r@bHL?

Name success
Queued 20 (1642 ME)

= =
/

Queued 0 (0 bytes)

To Wrapped Photos: > Queued

Queued 0 (0 bytes) > (0 bytes) — 1
Read/Write 0 bytes /0 bytes
out 1= 0 (abytes)

DISIT

DISTRIBUTED SYSTEMS
AND INTERNET
TECHNOLOGIES LAB

http://www.disit.org

2 A0 5 28 £ 17:48:06 UTC
Receive Configuration Resources
@0 @ o0or4mWMO0OAD %O
Queued 0 (0 bytes)
In 0 (0 bytes) — 0 S min
Read/Write 0 bytes / 0 bytes S min
0+ 0 (0 bytes) Smin
Trans|ate Language
o@mobSMOADKO E
To Raw Twests = Queued 0 (0bytes)
T Queued 0 (abytes) In 6,106 (25.97 MB) —» 1 5 min
Read/Write 0 bytes / 0 bytes 5 min
ow 1+ 47,967 (207.2148) S i
Unwrap HL7 Data
@0 o> amo A T O
To Wrapped HLT - Quenea 00 bytes)
Queued 0 (0 bytes) In 0 (0 bytes) —+ 1 5 min
Read/Write 0 bytes / 0 bytes min
1= 0.0 bytes)
Lines
ext
— Queued 49 (51.26 ME) — = AESI(EZETHE) o
Read/Write 52.37 MB / 0 bytos i
out 310,885 (5207 MB) smin
Tasks/Time 95 /00:00:20.476 S

Unwrap Photo Data
@0 @ O0rAMO AT O

From Prepared Tweets

Queued 0 (0 bytes)

From Unwrapped HLT

Queued 0 (6 bytes)

To TCP Dump Entries
Name splits
Queued 13,601 (2.26 MB)

Example of NIFI

> Find interesting tweets
RouteOnAttribute
LA I 53,020 (229 54 MB)
Read/Write 0 bytes /0 bytes
out 106,040 (459.08 ME)
Tasks/Time 53,023/ 00:00:10.268

» RouteHL7?
RouteHL
> 0/(0 bytes)
Read/Write 0 bytes / 0 bytes
out 0 (0 bytes)
Tasks/Time 0 /00:00:00.000

Geo Enrich Non-Local Traffic

®0 2 o0r5MO0AD RO
Queued 2,864 (487.27 KB)

n 331,343 (55.58 MB) —+ 1
Read/Write  55.59 MB / 0 bytes

out 1 659,008 (221 54 M8)

nifiguy@apache.org s
LOG OUT =

Batch Analytics

oS o 13 M0 AT RT

To Tweets >
Name health, analytic, unmatched
Queued 0 (0 byt

To Tweets
|— Name heaith, analytic, unmaten
Queued 0 (0 bytes)

To HL7 >
Name original, failure
Queued 0 (0 by

To HL7 Messages
5 min Name , metabolic-
5 min Queued 0 (0 bytes)
5 min
From Prepared TCP Dump >
To Network Activity >

Queued 40,297 (5.72 MB) o

From Prepared TCP Dump
— To Metwork Traffic
Queued 35,284 (5.86 MB)

From Unwrapped Photos

satch Processing (/05 2.0

DISIT lab, BigDataArc 2024-25

To Photos
Queued 0 (0 bytes)

Queued
n
Read/Write

o Queued 216,622 (506.84 MB)
n 53,564 (229,62 MB) — 6
Read/Write 0 bytes / 0 bytes
out 00 (0bytes)
Streaming Analytics &30

omorzmOAOSR IS [ o]

55,184 (236.96 MB)

0(0bytes) -+ 4 5 mir
Obytes / 0 bytes 5 mir
- Out 0+ 0 (0 bytes) 5 mir

ed
°




3 b - E 2
- Id: openlink- 0
Ina:l:l.@’nre—‘l led-cache
gEmE==E “””‘E"’Em@‘a E@}'m@" SHpimats Number of triple: . : :
57785989163 oo 9—1‘511'@1@:@1

Out-connection: 13

uaz-n:.@ @ag

nrlmm—@w—,ﬁb s @ ! DISIT b, BlkDathAk 2024445 In-connecticon: 0 @ . o
3 . ks pElRks
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[
Front-End - o
- Entity Directory: APl Manager crees Applications
\ Facilities
Smart Data Models /r . \ Traffic Optimiz.
loT Data Models \ Federa.ltlon @—pp-| | Scenario Editor — :
. i \ Smart City API p rx; | TrafficLightPlan
\_ Digital Twins Y, N g Business Intellig. T !
S | e=— Sy OpenSearch |, CsBL ublicTransport
G@@H I Deal | [ Dashboard Bld | Parking anc_;.I
Q ( Dol ‘Irs H 3 - ﬁ & Manager Lighting Mn&l_
, ra | I |
_ CustomThemes Building Mng.
®0 L — i g Vg
Brokers & GeoServer | Entitylnspector — : -
Q @4—? ) I Synoptics Environment
Q) server.center . . I
9 BIM Data Managers KPI Support Waste Mng.
| I | — I
1
. _ ) Node-RED pg Service Map E M
Social Media ) Studi — nergy iving. :
BIM Gis €= o s : 1 tudio HLT Manager Tourism Mng
Gateways, safgl Artificial Intelligence: - =
External Services . ML, Al, XAl, DA 3D Digital Twin Mobile Apps
Web Scraping On Edg loT App .
Third parties solutions
A&A, SSO, Blockchain, Resource Managers and Sharing: loT App, Data Analytics, ...
N 4 N j




- ~ - ~ II
oranstont | DINFO | DISIT  Developer In R Studio, Pytnon

FIRENZE INGE AND INTERN
DELL" INFOF!MAZIDNE TECHNOLOGIES LAB
http://www.disit.org

Snap4City R Studio Development

File Edit Code View Plots Session Build Debug Profile Tools Help snapdeity [ | @
Flles  Plots  Packages  Melp  Viewer
O -0 g Go to file/function « Addins ~ R Project: (None) «
pacity O Newrolder O Uploadt (O Deete o Rename G Moes
sna| Console  Terminal 0] | ©AnomalyDetection R o
. = = ) Mome | SeapdC FantyOut
AreaManager | Idap ~[SnapdCity ® Source on Save | O /'« +Run | 54| 4 Source « " Bl - et
[1] "carpark” a 118 anomaliestatr], "timestamp"] <- as.character(dataFinal[res$anoms$index ,"alignDateTime"]) . A Name
@ Dashboards Warning in statisticsResult[indfolder]$statisticsOutputiame = unbox 111 anomalisshatr], “anoms”] <- as.numeric(ressanoms[,"anoms”])
("Predictions") : 112
_ number of items to replace is not a multiple of replacement length 113 #table with anomalies b3 fa0eSoee: T
4 Notificator Warning in statisticsResult[indfolder]$statisticsQutputhame = unbox 114 et 0DATrend 9nd
: ("MachineLearningPredictions") : 115 setwd (outhD) B CarParksDadyTrend
O 10T Applications number of items to replace is not a multiple of replacement length 116 aptlons(dlglts =1) by y "
“geom_smooth()’ using method = 'loess’ 117 tBtable < tableGmb(anumahesMstr, rows = NULL, cols = c("Date and Time", "Anomaly"), theme=ttheme_default(base_siz 2 Comelaioodatrix
= |OT Directory and Devices ¥ [1] "carpark” 118 grid.drau(tBtable) . 4 ' ' Y b ane |
. Warning in statisticsResult[indfolder]$statisticsCutputiiame = unbox 119 h <- convertHeight (sum(tBtablefheights), "in", TRUE) = Preductect reelurk] Clle on eaCh .png flle tO Vlsual'ze the StalISUCS. d new tab Wl" be Opened
W Knowledge and M ("Anomalies”) : 128 u <~ convertWidth(sum(tBtableswidths), "in", TRUE)
nowlecge and Mz number of items to replace is not a multiple of replacement length 121 2 sensorsMeanterDayNenent. oo
[1] "NO ANOMALIES ON THE SENSOR -CarParkBeccaria_free-" 122 plot <- resiplot -
Micro Applications [1] "PRESENCE OF ANOMALIES ON THE SENSOR - CarParkCareggi free-" 123 =4 StatisticsBySensons png -
[1] "PRESENCE OF ANOMALIES ON THE SENSOR - CarParkPieracciniMeyer fre 124 plothix <- grid.arrange(plot, tBtable, -
| External Services e-" 125 neol = 2, = Sutistic s BySentorsAndOuyMoment png
[1] "NO ANOMALIES ON THE SENSOR -CarParkS.Lorenzo_free-" 126 heights=c(5,1), "
B O Ve B e [1] "NO ANOMALIES ON THE SENSOR -CarParkStaziensFirenzeS.M.N. free-" 127 as. table=TRUE) = VehicleFloaOuiyTrend png
set Manager: ate [1] "carpark” 128 setwd (outhD)
Warning in statisticsResult[indfolder]$statisticsQutputiame = unbox 129 ggsave(paste(columnshame[1],"Anomalies.png”, se plotMix, width=22, height=h:5)
< Resource Manager: Process Loader ¥ ("Anomalies™) : 130
number of items to replace is not a multiple of replacement length 131~ }, finally = {
@ Development Tools ¥ [1] "NO ANOMALIES ON THE SENSOR -CarParkBeccaria_free-" 132
[1] "PRESENCE OF ANOMALIES ON THE SENSOR - CarParkCareggi_free-" 133 n
2 M o [1] "PRESENCE OF ANOMALIES ON THE SENSOR - CarParkPieracciniteyer_fre 134 statisticsResult[[indfolder]]$resultFiles]indResult]$sensor=NULL
LI LEE A 135 statisticsResult[[indfolder]]$resultFiles|[indResult]]$sensor=unbox(as.character (columnshame[i]))
[1] "HO ANOMALIES ON THE SENSOR -CarParkS.lorenzo_free-" 136 statisticsResult[[indfolder]]$resultFiles|[indResult]]$png=unbox(paste(outhD, paste(columnsName[i], “Anomalies.png”, s¢
Help and Contacts ¥ [1] "NO AHOMALIES ON THE SENSOR -CarParkStazioneFirenzeS.H.N._free-" 137 indResult = indResult + 1
138
) Documentation and Articles * 139 o
Files Plots Packages Help Viewer =0 148~ Jelse{ i
3 - 141 print(paste("NO ANOMALIES ON THE SENSOR ", "-", columnshame[i], "-", sep=
My Profile @ New Folder | O] Upload | @ Delete 4| Rename | { More = 142 1
A Home 143
= 144 i
A Name Size Modified 145
nohup.out 728 Mar 30,2018, 9:47 AM 46 setud("~/SnapdCity”)
R 147 write(jsonlite::to]SON(statisticsResult[[1]]), "JsonstatisticsResult.json”)
148 return(statisticsResult[[1]])
Snap4City 149}
158 T
Snap4CityDEMO 151 V
Snap4Cityold 144:4 anomalyDetection(anom alyDate) & R Seript &
Environment  History ~ Connections. =0
# [ | 7 mport Dataset - | List »
7} Global Environment »
O dataFinal 2794 obs. of 18 variables o
O dataset 35539 obs. of 12 variables
(O dataTest 97 obs. of 15 variables
OdataTestFinal 97 obs. of 3 variables
(O dataTrain 2793 obs. of 15 variables
(OmeltDataTest 97 obs. of 4 variables
Op3 Large gtable (784 elements, 9.2 Mb)
Oplt List of 9
O statisticsResult List of 1 .
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FIRENZE S8k Taeameste ALVIVIL INTrastrucet. CITY

CUSNANCWV

Node-REDJll . ’ ‘© @
|£)T Application

~ S4CDataAnalytic

DEVELOPMENT

<CLEARIML

|J:| plumber data |J'|
® localhost8888/notebooks/claffProgr3ipynb ¢t 9 T El'lahl'ti‘: T l==il API
On Se rver :Jupyter claffProgr3 Last Checkpoint ago (unsaved changes) Logout ‘— ddocker
OnPCas " % P*‘“‘lyft % Servers
Local Environment ‘
DEVELOPMENT
API
@ Server Execution

once
finalized Process: file Ror Py (+ the AI/ML model, data) can

be put in execution with local scheduler or Cron
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* Management of Al/ML processes: training and execution
* Training needs: several processes

— with different parameters and models to be trained, validated and test in
batch to find the best results wrt metrics

— High computational costs, time consuming if the processes have to be sent on
GPU/CPU manually

* Execution needs, single executions in most cases singularly cheaper,
but expensive for large volume of executions:

— periodically as predictions (saving time if the model is loaded permanent)

— on demand as optimisation, clustering, etc. (loading model, burning time)

DISIT lab, BigDataArc 2024-25
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PROJECTS D € WORKERS AND QUEUES WORKERS

CPU and GPU Usage
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Data Driven Decision Support |- = = a =~ | !y

* Decision Support system
* Assessment / Strategies

* Data Rendering, visual
analytics

* Data Processing

* Data aggregation, Storage,
indexing

* Data Ingestion

%, | UNIVERSITA
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£y 3 Z | DEGLI STUDI m%%!,gﬂ‘mfp pETREUTEDS
\ \;g FIRENZE | 58tFkazone | TECNOLOGIES Lag s~ X
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e Controlling Status: management, and

operational Monitoring
o Monitoring via KPI > KP|
o Predictions vs KPI
A v detecti \, Digital Tme/-\
O Anomaly aetection Models & Predictions,
o Neuro-Symbolic analysis Data Anomaly Detection,
. Analysis, Assessment
o Risk assessment DeC|S|on Wammg
: L . S t Syst
o Early warning on critical conditions >“PP ys em
] ] i Simulations,
e Making plan: tactic and strategic, Scenarlous TFR, Crossroad
medium and long range, micro/macro Publlc Transport,
] . . . Routing, ..
o Simulation & optimization (J c

What-If Analysis,

o Generative Al Prescriptions, scenarios LAl
Optimization <

o Resilience to Unexpected unknows
o What-if analysis wrt scenarios
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il Predictive * Big Data Analytics
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happen? * Machine Learning
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* Geo Spatial Reasoning
* Text Analysis, Sentiment Analysis
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Analytics .ok  Simulations
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* Artificial Intelligence usually also includes
— Code, learn and reasoning
— Semantic computing, Knowledge Bases
— Neuro-symbolic reasoning
— Decision Support Systems
— Problem solving

* Machine Learning usually includes datascience deep leaming
— Learn without coding
— Predictions, decisions (classifications)
— Supervised or not data
— NLP, vision, pattern recognition analytics

* Deep Learning usually includes

— Capability to learn complex patterns on huge
amount of data

— Specialized ML solutions

artificial
intelligence

machine learning
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Available Al Solutions on Snap4City

https://www.snapdcity.ore/997  More than 80 Available Solutions & 300 Al applic.

* Mobility and Transport

* Environment, Weather, Waste, Water
 City Users Behaviour and Social analysis
* Energy and Control

* Tourism and People

» Security and Safety

* High Level Decision Support Solutions
* Asset management
* Resilience and Risks Analysis i ,
https://www.snap4city.o

* Low level TeChniqueS rg/download/video/DPL
SNAP4SOLU.pdf

https://www.snap4city.org/download/video/course/p4/
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GOOD HEALTH
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* Monitoring and Prediction of energy PUSTRY VAT I Industry 4.0 integrated solutions
consumption * Decisions Support Systems

e Stimulating: Bike sharing, e-bikes,  Process optimization
car charge, etc. L. .

* Predictive maintenance
Smart City infrastructure: monitoring 19 FErose Monitoring resource consuption,
and resilience ANDPRODUCTION business intelligence tools for
Effective and Low cost smart solutions m decision makers,
What-if analysis, Simulations Reduction production costs
13 cuw Monitoring and Predictions for 16 Foc e Shortening justice time
. AND STRONG
ACTION — NO2, NOX, CO2, Traffic flow, INSTITUTIONS Predictiction of mediation proneness

W

pollutant, landslide, etc. Ethical Explainable Artificial Intelligence

— Traffic flow reconstruction A
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Goals:
* Decongestion, Decarbonization, costs reductions
* Improve Accessibility to services
* Improve Security/Safety of city users

Operation and Plan:

— Traffic monitoring, prediction, reconstruction, identification of critical conditions
(early warning), fleet management, dynamic routing, multimodal routing, city
user behaviour analysis

Optimization and what-if analysis traffic light, infrastructure

— Reduction: travel time, waiting time, stops, CO2 emissions, consume fuel, travel 3 A 7 Sl
time for tramways | vf

Public Transport: analysis of Mobility Demand vs Offer of Transportation
Parking Management: monitoring, prediction, any payments, on/off-road

Sharing / Pooling Management: eShare and mobile app, bikesharing, smart
bike, fleet management

KPI: SUMI/SUMP, travel time, emissions, traffic status, accessibility, ..

Mobile App: final users and operators
— Info Mobility, traffic reconstruction, charging, participation,
— Parking, payments, overparking, fine reporting, ..
Participatory: problem reporting, ticketing, etc. . 020 - i
Data Integration of any kind: env, weather. Tickets, presences, P!, sat, etc. 82
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* Making decision on mobility
and transport solutions =2
what if analysis

* Controlling pollution

* Dynamic Routing for
Firebrigade, Ambulances,
general public

* Planning Public

Transportation routing
https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTc5NQ==
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Solutions for

— Predicting models
— Early detection

— Anomaly detection

Data Analytics

Data mining, Clustering
/ Semantic computing

— Machine learning

— Natural Language Processing,

Sentiment Analysis
Architetture parallele

— Hadoop, Spark, Kafka, map reduce

— Hdfs, Hbase, Mongo,
Virtuoso, RDF stores

— Distributed Scheduling
— GPU
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Figure 5: Comparison among the selected predictive models discussed and presented in
Tables 2 and 3 with respect to the real number of visitors. Both training and validation
periods are reported.
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* Origin Destination Matrix

— Specific Sensors, vehicle Kits, mobile
App, Wi-Fi Access Points, etc.

* Assess people and traffic flows to
— Improve services

— predict critical conditions on Cirit.
Infra.

— take real time decisions and sending
messages in push to population

— Increase city resilience
— optimize traffic flow
— take decision of routing
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E. Collini, P. Nesi and G. Pantaleo, "Deep Learning for Short-Term Prediction of Available Bikes on Bike-Sharing Stations," in IEEE
Access, vol. 9, pp. 124337-124347, 2021, doi: 10.1109/ACCESS.2021.3110794.
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E. Collini, L. A. I. Palesi, P. Nesi, G. Pantaleo, N. Nocentini and A. Rosi, "Predicting and Understanding Landslide Events with
Explainable Al," in IEEE Access, doi: 10.1109/ACCESS.2022.3158328.

https://ieeexplore.ieee.org/abstract/document/9732490 DISIT lab, BigDataArc 2024-25
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City Energy and Buildings

* Energy consumption reduction, increment of efficiency,
* Areas and building sustainability
* Improve accessibility to services, security and safety

Energy Monitoring: Building, floors, rooms, recharging poles,
cabinets, Community of Energy, Data centers, Energy for Hot / cold,
air condition, energy vs temperature and usage, etc.

Energy Management: Predictions, early warning, identification of
critical conditions

Smart Light Management: LED/mixt, cabinets, lights vs traffic, lights
VS security, energy saving, luminaries profiling, group management.

Smart Building Management: consumption, number of people, etc.
— Communities of Energy, Photovoltaic plants, sustainability
— What-if analysis, optimisation tools

KPI: Energy consumption, efficiency, pros/cons
— Light profiling and adaptation
— Autoclave industrial plants simulation, Photovoltaic plant simulation
— consumption / usage, energy vs temperature

Mobile App: monitoring, info-recharge, eSharing, booking, ..
Participatory: problem reporting, ticketing, etc.

222222

Integration of any kind DISIT lab, BigDataArc 2024-25
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City User Behaviour/services, Touris

Goals:
* Improve Quality of Life and quality of services,
e Over tourism mitigation, sustainability
* Costs reduction of services
* Improve accessibility to services: citizens, Tourists, commuters, etc.
* Improve Security/Safety of city users
People Flow Analysis / Management: in/out-door, retail, attractions
— Counting, tracking, Flows, ODM, sentiment, etc.,
— multiple sources: thermal & TV cameras, radar sensors, PAX sniffers, mobile data, ...
— Data and/or OD matrices from: Wi-Fi, traffic data, mobile phone data

— Suggestions: info Tourism, digital signages, engagement, ..
Tourists Flows & Retail Management: predictions of presences, services’
reputations, suggestions on second offer, over-tourism, notifications, early warning,
KPI: 15 MinCitylndex, energy vs people, over-tourism, accepted suggetions, precision

Mobile App: final users services/informing and operators
— Info Tourism, people flows, info mobility, sharing, ...
— Participation, engagement, ..

Participatory: problem reporting, ticketing, etc.
Integration of any kind: env/weather, mobility, ticketing, presences, POI, ..

¢“SNAP/cr

rl

m and Saret\

Real Time Counting

@ number of Pedestrians

number of Bikes number of Strollers
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AND TECHNOLOGIES LAB
| J , 4 ) \ J / \‘ J r J 1 r ‘ ) (‘l
i B Y ~r
ROrizontal Al PiattormsLon

Increasing quality of Life, quality of services,

Decongestion, Decarbonization, Sustainability

increase efficiency and production optimization

Improve accessibility to services: citizens, Tourists, commuters, etc.
Improve security/Safety of city users, risk reduction

Costs reduction of services, energy consumption reduction
Reduction of emissions and EC taxations

* Horizontal homogeneous platform Uniform Technology for

Any Vertical operation/plan: mobility, energy, environment, security, tourism,
infrastructure and assets control, buildings, etc.

Al Solutions: early warning, predictions, simulations, what-if, optimization; Deep
Learning, ML, BERT, LLM, XAl (Shap/Lime),

Development Environment for any vertical, Digital Twin: City Global and Local, loT, VR,
Visual Programming, business intelligence, CSBL, SSBL, etc.

Interoperability: any format, any protocol, any video management system, any sensor,
any device, etc.

« KPI: multidomain KPI, general management, early warning, early
detection of critical conditions, 15 Min City Index, SDG

*  Mobile App: modular applications, operators’ modules, multiple cities, etc.

* Participatory: problem reporting, ticketing, etc.

° Integration of any kind DISIT lab, BigDataArc 2024-25
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e Mathematical model for —
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Confidence.. Add New Process |
. Model: Change position of a bus
* Collaborative work..., e
* Processes connected to city data: | me® -

Add New Process

Model: Change position of a bus

DB, RDF Store, Twitter, etc.

* Production of alerts/alarms - - ‘ \
morgagni 10_cloned
(]

Data analytics process

Model: TestGP
* Twitter Processes Process Istanza Tes GF2
Model: TestGP_cloned Name Model Open Restaurant PR 0201 164 @
* reuse, copy past, ... = 8| |NameProcess vi senta mats et e
B-0F ]

Start execute

End execute
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IOT Edge may include IOT
Applications

Missing knowledge about
the semantic of 10T devices
Lack of capability for IOT
Discovery: value type,
location, etc., which could
be used by IOT App

Lack of Storage of data
values over time
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* HA: High Availability,
DRS: Distributed Resource Scheduler
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Cloud computing e Virtualizzazione
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* Motivations for Cloud computing and Virtualization
* Virtual Machine concepts: emulation, para-virtualization, snapshots
* Cloud Computing, cloud vs grid, goals of cloud computing

* High Availability, Workload Balancing
* vSphere Infrastructure, Vmotion, Power Management, Resource Scheduling, Fault Tolerance
e Security on the Cloud

* Conversions among VM and physical machines
— Covnersions: P2V, V2V

e vCenter, datacenters and cluster management

— Performance analysis for the cloud

 Comparison among Cloud computing solutions

* |CARO prOjECt DISIT lab, BigDataArc 2024-25
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etwiridClients v
* Three separate networks

cards ( |
— Front end

— Heartbeat
— Database NAS/SAN Public LAN

e UPS/APC solutions with

— 2 UPS, each of which with
network card

 NAS/SAN
— Raid 5 or 6, 60
— Fiber connection

Heartbeat Connection _ r

il

L
1

SQL Node 1 SQL Node 2
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LDAP Server MyLDAP Keycloak

Dashboardcron loT Fiware Api loT Fiware Harvester Synoptics
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OD insert API

OD get API OD Postgis
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[ PersonalData ] Kafka \ MyLDAP, LDAP
C J
= [ Dashboard Cron } Dash!bo:r!d [ ZooKeeper | | KeyCloak
Smart Data ExtBroker
K [ Models } [ OD Manager J [ harvester | [ FIWARE loT
4 N
o @ [ Open Search } Open Search /[ 10T App 01 ]
a0 Dashboard
o [ |OT App 02 ]
§ [ ServiceMap (SCAPI) ] [ Virtuoso ]
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e Laboratorio DISIT
e Tematiche del corso /
e Infrastruttura del DISIT Lab

e Struttura del corso

* Modalita dell’'esame
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. Research group since 1994
* Cloud and data center with >700 TByte storage in raid 50/60,

—>800 CPU cores, >45000 GPU cores, >8 Tbyte RAM
—Managing several infrastructures

DELL‘INFORMAZIONE

* DISIT lab/SnapA4City.org : development and testing reference for:
— FIWARE Certificates and Experts
— GAIA-X, EOSC, Node-RED library, etc.
— Nodo CINI per: Big data, Smart City, Security
* Open Data and Linked Open Data center

— Integration of more than 800 different Open Data
— LOD for global linked data https://LOG.disit.org
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* Magistrale in Informatica, Magistrale in Artificial Intelligence
— Big Data Architectures — Prof. Paolo Nesi (Big Data, Data Analytics, Architecture, Cloud, loT)
— Knowledge Engineering — Prof. Pierfrancesco Bellini (Knowledge Engineering, Natural Language
Processing)
— Security and Privacy — Proff. Nesi and Bellini (Web security, privacy, GDPR, tracking)

* Dottorati:
— PhD-AI, dottorato nazionale in Intelligenza Artificiale: P. Nesi
— PhD del DINFO, dottorato in Ingegneria Informatica: P. Nesi, P. Bellini

e Altri corsi:
— Master in Big Data-MABIDA: architetture, Big Data, Knowledge engineering, Natural Language Processing, cloud, etc.
— Master 10T Industria 4.0 di Pisa — Prof. P. Nesi
— Data Intelligence — Corso di Intelligence e Sicurezza Nazionale — Prof. Paolo Nesi
— Altri master.....
* Triennale
— Sistemi Distribuiti — Prof. Paolo Nesi
— Sistemi Operativi — Prof. Pierfrancesco Bellini
— Fondamenti di Informatica — Prof. Gianni Pantaleo, Stefano Bilotta

DISIT lab, BigDataArc 2024-25
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e Laboratorio DISIT
e Tematiche del corso

* Modalita dell’'esame

e Infrastruttura del D

e Struttura del corso
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Overview del corso e del Lab (queste slide)
Cloud:

— virtualizzazione, HA, DRS, FT, architetture

Architetture

— Data Lake vs Data Warehouse

— Batch and Data Stream processing:

— 10T Architecture: AWS, Azure 10T, Google 10T,
— Snap4City IOT/IOE, 10T Industry 4.0

Development Life Cyle for Big Architecture

— Agile for Big Data Architectures
— Containers: Docker, Kubernetes
— MLOps, Al, ML

Analytics, Al, DL, RL, LLM

— Mobility and Transport: traffic flow reconstruction, modeling, etc.
— Big Data Analytics (base): Time Series, predictions,
— Visual Analytics: Business intelligence, Dashboard (esteso)

Storage Optional:

— VIDEO: Indexing and Search: SOLR, SOLR Sharded, Elastic Search
— VIDEO: Big Data Storage Confronto: Hbase, Mongo

3 CFU per arrivarea 9
- Esercitazioni DISIT lab, BigDataArc 2024-25
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* Tipicamente per ognhi argomento sono presentati:
— Requisiti e motivazioni dello sviluppo dell’largomento
* Punto di vista dell’'utente e del gestore
— Stato dell’arte
* Basi teoriche e tecnologiche, Eventuali standard
* Prodotti di mercato (leader), pro e contro
— Recenti Innovazioni e tendenze
— Confronti fra le varie tecnologie e nuove soluzioni, pro e contro
— Dettagli progettuali
— Aspetti prestazionali e di scalabilita
* Seminari di altri studenti e/o esperti, ....



UNIVERSITA
DEGLI STUDI

FIRENZE

DINFO

DIPARTIMENTO DI
INGEGMNERIA
DELLINFORMAZIOMNE

DISTRIBUTED SYSTEMS
AND INTERNET
TECHNOLOGIES LAB

http://www.disit.org

* Ricevimento per la didattica frontale

— Skype, cercatemi come: Paolo.nesi@unifi.it

— qualsiasi ora,

* rispondo in chat se necesario fissiamo via skype una call


mailto:Paolo.nesi@unifi.it
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P. Bellini, M. Di Claudio, P. Nesi,
Rauch, "Tassonomy and Review of
,in
"Big Data Computing", Ed. Rajendra
Akerkar, Western Norway Research
Institute, Norway, Chapman and

Big Data Solutions Navigation"

Hall/CRC press, ISBN 978-1-46-

657837-1, eBook: 978-1-46-657838-

8, july 2013, in press.

http://www.tmrfindia.org/bigdata.ht

N.

ml
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e Laboratorio DISIT
e Tematiche del corso
e Infrastruttura del DISIT Lab

e Struttura del corso /
e Modalita dell’esame
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eramento

e Corsoa6CFU

— Modalita’ per il superamento dell’'esame: Orale
* Chi preferisce puo’ fare elaborato

— Eventuale Project Work (PW) / Laboratorio per 3 CFU
 Modalita: discussione elaborato

* Corso a9 CFU
—Modalita’ per il superamento dell’esame: solo elaborato

* Eventuali: PW, stage, tesi anche collegati fra loro

DISIT lab, BigDataArc 2024-25
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http://www.disit.org/5492

* Gli elaborati (singoli o coppie di studenti) possono essere di tipo
e (Tipo A) con sviluppo di software, moduli singoli, installazioni, test, valut. prestazioni.
e (Tipo B) con sviluppo algoritmi di Data Analytics, ML, Al, XAl, DL, RL, GNN, etc.
e (Tipo C) con sviluppo di moduli e processi di Data Warehouse.
Lo studente puo

— chiedere la sostituzione dell'elaborato e/o del tutor di laboratorio tramite email al
docente.

— decidere di interrompere |'elaborato in ogni momento chiedendo la valutazione e
consegnando la relazione breve di alcune pagine.


http://www.disit.org/5492
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