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• Laboratorio DISIT

• Tematiche del corso

• Struttura del corso

• Infrastruttura del DISIT Lab

• Modalità dell’esame
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DISIT Lab

• Researchers: 18

• Current Active Projects: 20

• Project in the last 4 years: 45

• Research Budget (last 2 years): 1.5M€

• Foreseen Research Budget (next 2 
years): 2.2M€

• SpinOff: 2
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Herit Data: Tourism and Mng. 

Snap4City: IOT/IOE smart city www.snap4city.org

Trafair: CEF project with several Cities

Mosaic: Mobility and transport model

Km4City: http://www.km4city.org

REPLICATE H2020, SCC1, EC flagship
http://replicate-project.eu/

Sii-Mobility SCN MIUR: http://www.sii-mobility.org

Feedback: retail and GDO Big Data analytics

5G with 3G-Wind, Open Fiber, Estra

Coll@bora Social Innovation, MIUR:
http://www.disit.org/5479

RESOLUTE H2020, EC:
http://www.resolute-eu.org

TRACE-IT, RAISSS, TESYSRAIL, …

Mobile Emergency:
http://www.disit.org/5404

DISIT lab, BigDataArc 2020-21

Trace-IT

RAISSS 
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Main running projects
• Sii-Mobility →mobility and transport, sustainability
• REPLICATE → ICT, smart City Control room, Energy, IOT
• RESOLUTE → Resilience, ICT, Big Data
• GHOST → Strategies, smart city
• TRAFAIR → Environment & transport
• MOSAIC →mobility and transport
• WEEE Life → Smart waste, environment
• Smart Garda Lake → Castelnuovo del Garda
• 5G → Industry 4.0 vs SmartCity
• Green Impact → Industry 4.0, Chemical Plant
• SmartBed (laid → smart health
• Green Field Peas (soda) → Industry 4.0, Chemical plant
• PISA MobiMart and Agreement → data aggregation, Living Lab
• Lonato del Garda → smart parking, environment
• Herit Data → tourism, culture and management
• MobiMart→mobility and transport
• ISPRA JRC → site management and services 

DISIT lab, BigDataArc 2020-21 9
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• Experimentations and validation in Tuscany

• Integration with present central station and subsystems

• DISIT lab, Università di Firenze, is the tech-scientific coordinator 

Sii-Mobility

DISIT lab, BigDataArc 2020-21

http://www.Sii-Mobility.org

ECM; Swarco Mizar; 
Inventi In20; Geoin; 
QuestIT; Softec; T.I.M.E.; 
LiberoLogico; MIDRA 
(autostrade, motorola); 
ATAF; Tiemme; CTT 
Nord; BUSITALIA; 
A.T.A.M.; Effective 
Knowledge; eWings; 
Argos Engineering; Elfi; 
Calamai & Agresti; 
Project; Negentis
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General Objectives

• Reduce the social costs of mobility
– minor inconvenience, 
– greater efficiency, 
– greater sensitivity to the needs of the 

citizen, 
– lower emissions, 
– better environmental conditions; 
– info-training programs to help city user in 

getting virtuous habits; 
– reduce transportation costs and travel 

times for users, for operators and 
administrations, 

– optimization solutions.

DISIT lab, BigDataArc 2020-21 11

• simplify the use of mobility systems

– innovative sensors for AVM and 
private transport on the territory 

– integrated systems for payment and 
identification 

– driving / offline routing solutions 

– connect the drive, smart drive or walk

– Integration of data from operators 
and different type sources 

– advanced management of resources 
measurement of flows realization of 
sensors, actuators

• Testing on municipalities and provinces of Tuscany 

• Contribute to the improvement of national and international standards

http://www.Sii-Mobility.org

http://www.sii-mobility.org/
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• enabling large-scale co-creation IOT/IOE applications for Helsinki, Antwerp:
– Open source, standardized, data-driven, service-oriented, user-centric platform, robust, 

scalable, easy to use solution,  co-creation of mixt data driven, stream and batch 
processing

• extending the powerful semantic reasoner of Km4City https://www.km4city.org, 
with IOT/IOE, GDPR, and city dashboards. 

• validated in multiple devices (PC, Android, Raspberry, IOT Button,..), and domains: 
mobility and transport, tourism, 
health, welfare, social  

• The innovation on semantic 
reasoning, IOT interoperability, 
microservices, automated 
dashboard production, .. thus 

• smart city solutions in a
DISIT lab, BigDataArc 2020-21

DashboardsIOT and City data World IOT Applications

My IOT Devices
Applications

12
https://www.snap4city.org
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UNIFI: Snap4City

• 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 

• 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, BigDataArc 2020-2113

1 (coordinator) FOMENTO DE SAN SEBASTIAN FSS SPAIN

2 AYUNTAMIENTO DE SAN SEBASTIAN SAN SEBASTIAN SPAIN

3 COMUNE DI FLORENCE FLORENCE ITALY

4 BRISTOL COUNCIL BRISTOL UNITED KINGDOM

5 STADT ESSEN ESSEN GERMANY

6 NILUFER BELEDIYESI NILUFER TURKEY

7 VILLE DE LAUSANNE LAUSANNE SWITZERLAND

8 IKUSI ANGEL IGLESIAS, S.A. IKUSI SPAIN

9 ENDESA ENERGÍA, S.A. ENDESA SPAIN

10 EUROHELP CONSULTING, S.L. EUROHELP SPAIN

11 ILUMINACION INTELIGENTE LUIX, S.L. LUIX SPAIN

12 FUNDACION TECNALIA RESEARCH & INNOVATION TECNALIA 

SPAIN

13 EUSKALTEL, S.A. EUSKALTEL SPAIN

14 COMPAÑÍA DEL TRANVÍA DE SAN SEBASTIÁN DBUS SPAIN

15 CONSIGLIO NAZIONALE DELLE RICERCHE CNR ITALY

16 ENEL DISTRIBUZIONE, SPA ENEL ITALY

17 MATHEMA, SRL MATHEMA ITALY

18 SPES CONSULTING SPES ITALY

19 TELECOM ITALIA, SPA TELECOM ITALY

20 UNIVERSITA DEGLI STUDI DI FLORENCE UNIFI ITALY: 

DINFO.DISIT Lab and DIEF 

21 THALES ITALIA, SPA THALES ITALY

22 ZABALA INNOVATION CONSULTING ZABALA SPAIN

23 TECHNOMAR TECHNOMAR GERMANY

24 UNIVERSITY OF BRISTOL UOB UNITED KINGDOM

25 UNIVERSITY OF OXFORD UOXF UNITED KINGDOM

26 BRISTOL IS OPEN, LTD BIO UNITED KINGDOM

27 ZEETTA NETWORKS ZEETTA UNITED KINGDOM

28 KNOWLE WEST MEDIA CENTRE, LGB KWMC UNITED KINGDOM

29 TOSHIBA RESEARCH EUROPE, LTD TREL UNITED KINGDOM

30 ROUTE MONKEY, LTD ROUTE MONKEY UNITED KINGDOM

31 ESOTERIX SYSTMES, LTD ESOTERIX UNITED KINGDOM

32 NEC LABORATORIES EUROPE, LTD NEC UNITED KINGDOM

33 COMMONWHEELS CAR CLUB CIC CO-WHEELS UNITED 

KINGDOM

34 UNIVERSITY OF THE WEST OF ENGLAND UWE UNITED 

KINGDOM

35 ESADE BUSINESS SCHOOL ESADE SPAIN

36 SISTELEC SOLUCIONES DE TELECOMUNICACION, S.L. 

SISTELEC SPAIN

http://replicate-project.eu/

http://replicate-project.eu/
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http://www.resolute-eu.org
• Develop European Resilience Management 

Guidelines (ERMG) 
– Develop a conceptual framework for creating/ 

maintaining Urban Transport Systems 

• Enhance resilience through improved support of 
human decision making processes, particularly by 
training professionals and civil users on the ERMG 
and the RESOLUTE system 

• Operationalize and validate the ERMG by 
implementing the RESOLUTE Collaborative Resilience 
Assessment and Management Support Systems 
(CRAMSS) for Urban Transport Systems addressing 
Road and Urban Rail Infrastructures 
– Pilots in Florence and Athens

• Adoption of the ERMG at EU and Associated 
Countries level

DISIT lab, BigDataArc 2020-21

University of Florence: 
DISIT lab DINFO (Proj
coordinator), DISIA and DST

UNIFI IT

THALES THALES IT
ATTIKOMetro ATTIKO GR
Comune di Firenze CDF IT
Centre for Research and 
Technology Hellas

CERTH GR

Fraunhofer-Gesellschaft zur 
Förderung der angewandten 
Forschung e.V.

FHG DE

HUMANIST HUMANISTFR

SWARCO Mizar SWMIZ IT

Associação para o 
Desenvolvimento da Investigação 
no Instituto Superior de Gestão

ADI-ISG PT

Consorzio Milano Ricerche CMR IT
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Understanding Traffic Flows to Improve Air quality

• Objective: 
– to develop a service that combines traffic 

data on air quality, weather conditions, 
and traffic flows in order to allow citizens 
and municipalities to estimate the level of 
pollution resulting from varying traffic 
flow conditions.

• Where: 
– Zaragoza, Florence, Modena, Livorno, 

Santiago de Compostela, and Pisa

• Università degli studi di Modena e 
Reggio Emilia (UNIMORE) -- Italy

• Università degli Studi di Firenze –
DISIT DINFO -- Italy

• Universidade de Santiago de 
Compostela (USC) - Spain

• Comune di Modena (CMO) - Italy
• Regione Toscana (TR) - Italy
• Concello de Santiago de Compostela 

(CSC) - Spain
• Fundación Pública Gallega Centro 

Tecnológico de Supercomputación de 
Galicia (Fundacion CESGA) - Spain

• Universidad de Zaragoza (UNIZAR) -
Spain

• Lepida S.p.A. (LP) - Italy

http://trafair.eu/

http://trafair.eu/


MObility 4.0 for SmArt (i) City
Tools for Mobility operators

• Demand Analysis

• Prediction on Parking

• Connected Drive

• Offer Analysis

• Simulation of Mobility

• Etc.

Where: in Tuscany

DISIT lab, BigDataArc 2020-21 16

ATTRATTIVA DIGITALE ACCESSIBILE PULITA EFFICENTE INTEGRATA FLESSIBILE



WEEE: Waste from Electrical and Electronic Equipment
• maximize the collection of WEEE in Tuscany through a new 

governance model based on the involvement of SMEs and 
awareness raising activities towards citizens and its replication in 
Andalucía.

• Actions:
– Improve the regional governance 
– Support municipalities in capacity building of public officials and  

improving services to citizens.
– Develop a system of services and incentives for SMEs
– Develop IT tools for companies and citizens: a software and 

guidelines for the simplification of administrative and bureaucratic 
activities and an App to easily locate collection sites.

– Develop an awareness raising information campaign to increase 
public attention on the topic.

– Test the replicability and transferability of project results through 
the implementation of actions in the Region of Andalucía.

DISIT lab, BigDataArc 2020-21 17
http://www.regione.toscana.it/-/life-weee

http://www.regione.toscana.it/-/life-weee


5G project

DISIT lab, BigDataArc 2020-21 18



Green Impact Capacity (GIC)
• Improve productivity of 

chemical plant

• Keep GREEN the 
environmental impact

• Exploiting innovative 
technologies

• Diversify the production

• Monitoring 
environmental conditions

DISIT lab, BigDataArc 2020-21 19
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HERIT-DATA

Sustainable Heritage Management towards

Mass Tourism Impact thanks to a holistic use 

of Big and Open Data

BUDGET:  4.195.515,20 €

HERIT-DAT
Sustainable Heritage Management towards Mass Tourism 

Impact thanks to a holistic use of Big and Open Data

Pisa, Internet Festival - 11 ottobre 2019 - I evento disseminazione locale Herit-Data 20DISIT lab, BigDataArc 2020-21
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HERIT-DATA

Sustainable Heritage Management towards Mass Tourism 

Impact thanks to a holistic use of Big and Open Data

HERIT-

DATA

Sustainable Heritage Management 

towards Mass Tourism Impact thanks to a 

holistic use of Big and Open Data
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- Twitter Vigilance

- Social Media 

Analytics, 

Sentiment Analysis

- User engagement

- Bike Sharing

- Data Analytics ++

- Social Predictions

- OBD2

- Sardinia Region

Smart City Strategies 

and plan

GHOST SIR

(2016-19)

- Smart Energy

- Sustainable Mobility

- Control Room 

- Dashboard
- Origin-Destination

and trajectories

- Traffic Reconstruction

- Offer Analysis

- OBU, smart devices

- Weather Forecast

- Real Time Wi-Fi

- Entertainment

- LOD

- Tuscany, 

Road Graph

- Mobility

- culture, tourism

- Events

- Parking

- Services

- Linked open graph

2013

2014

2017

2018

2015

2016

Km4City 1.4

- Infomobility

- Mobile App

- Routing

- Multimodality

Km4City 

Ontology 1.1

Km4City 1.6.2

- IOT/IOE, IOT App

- Living Lab

- Maker Support

- IOT Edge

- Smart City IOT

- GDPR, 

- Privacy & Security

DISIT lab roadmap vs model and tools’ usage

Km4City 1.6.6

5G tech

Energy 

Industry 4.0

Synoptics

…2022

IOT/IOESII-MOBILITY SCN

(2016-21)

- Smart Waste

(2017-20)
(2015-18)

H2020

(2016-21)

H2020 (2018-21)

- Mobility

Demand / Offer

Analytics and 

Strategy
(2018-20)

Km4City 

1.6.4

H2020

(2017-19)
GREEN IMPACT

- Industry 4.0

- Critical Plant

- Monitoring

POR FESR 2014-2020

Km4City 1.5

2019

CEF
- Traffic and Mobility   

Impact on Pollution

- NOX predictions

(2018-21)

2020

- Resilience

Decision Support

- Smart First Aid

- User Behaviour

Analysis, predictions

- Risk Analysis

- Smart Health

- Industry 4.0

- Smart Lonato - PCP Award

- Smart Tourism

- 6 Pilots

- Data Analytics

- Extended platform

- Smart Mobility

- PISA, PUMS

- Living lab

- CAPELON

- Sweden

2021
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Agenda

• Laboratorio DISIT

• Tematiche del corso

• Struttura del corso

• Infrastruttura del DISIT Lab

• Modalità dell’esame
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what
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• Big Data
• Semantic Computing
• Machine Learning
• Geo Spatial Reasoning
• Sentiment Analysis
• What If Analysis
• Text Analysis
• Simulations
• Visual Analytics
• MicroServices
• Scalability
• Engagement Analysis
• …. 

Sentient and 
active processes
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5V of Big Data

Variety

Volume

VariabilityVelocity

Value
5V’s of

Big Data
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• Big Data

• Cloud Computing

• Cybersecurity

• IOT/IOE

• System Integration

• Simulation

• +

• Data Analytics

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

DISIT lab, BigDataArc 2020-21 29

Industria 4.0 vs DISIT Lab
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• Technologies:

– Big Data Architectures: architectures for managing big data, processing, ingesting 
and exploiting them in real time

• Cloud: smart cloud, cloud simulation, optimization, containers, ..

• Storage, parallel architectures, data driven, etc…..

• IOT/IOE: internet of things/everything, brokers, microservices, ..

• Mobile Computing: mobile application, user behavior analysis, ..

– Big Data and Analytics: data management, user analysis, user engagement, 
prediction, predictive maintenance, early detection, anomaly detection, data 
intelligence, what-if analysis, simulation, …

• 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: http://www.disit.org/5501, https://www.snap4city.orgDISIT lab, BigDataArc 2020-21 30
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DISIT Application Fields
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

– Smart City
– Mobility and transport
– Environment and health
– Industry 4.0, IOT
– Energy and Govern
– Financial/Business
– Security

• Former
– Social Network – Internet Service – Web Data
– Educational

31
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architectural
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http://www.disit.orgDecisioni supportate dai dati
periodiche ed in tempo reale

• Condivisione e Integrazione Dati 
multidominio: semantica e bigdata 

• Dati →Smart City Engine → Control Room

• analisi: monitoraggio, flussi e comportamenti, 
sondaggi, mining, correlazioni, cause – effetti, 
etc. 

– Per il miglioramento di servizi 
correnti

– Per reagire ad eventi, 
incremento della resilienza, 

– Per la creazione 
servizi innovativi

– …
DISIT lab, BigDataArc 2020-21 33
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non abbiamo il tempo di pulire i dati o regolarizzarli, il sistema deve lavorare 
con quello che arriva, ed inoltre deve essere:

• in grado di operare H24/7, in HA?

• in grado di reggere il carico delle richieste? è scalabile?

• in grado di lavorare alla massima precisione in predizione?

• in grado di rispondere in tempo reale? 

• resiliente: recupera stabilità a fronte di eventi inattesi?

• modulare, è flessibile, è replicabile, è open, è …..

• sicuro? 

• In grado di rispettare la Privacy?

DISIT lab, BigDataArc 2020-21 35
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Architettura di base Big Data, IOT, Industry 4.0

DISIT lab, BigDataArc 2020-21 36

Data 
Stream
analysis

Spark, 
Storm, 
Kafka 

Data 
Sources

Transatio
ns sys, 
sensors
Social 
media, 
ws, etc.

Big Data 
Cluster

HDFS, noSQL

Data 
Transformati

on

ETL, NIFI 

Search 
and Query

Facet, 
cluster

Indexing

SOLR, 
Elastic 
search

Data 
Analytics

R, TF, …

Visual 
Analytics

Spec
Dash

Data Management: security, privacy, licensing, etc. 

Rendering
acting

User 
interface,

Dashboard
Drill down



DISIT Lab, Distributed Data Intelligence and Technologies

Distributed Systems and Internet Technologies

Department of Information Engineering (DINFO)

http://www.disit.dinfo.unifi.it

http://www.disit.org Lambda Architecture

DISIT lab, BigDataArc 2020-21 37

Data 
Sources

Static 
Data

Data 
Sources

Data 
Driven

Scheduling 
and  

preproc

Broker, 
Stream

processing

Unified 
aggregation 

and 
regularizati

on

Knowledge base Optionally

Batch

Stream

Big Data 
Cluster

HDFS, noSQL

Data 
Transformatio

n

ETL, NIFI 

Search and 
Query

Facet, 
cluster

Indexing

SOLR, Elastic 
search

Data 
Analytics

R, TF, …

Visual 
Analytics

Spec dash

Rendering
acting

User 
interface,

Dashboard
Drill down



DISIT Lab, Distributed Data Intelligence and Technologies

Distributed Systems and Internet Technologies

Department of Information Engineering (DINFO)

http://www.disit.dinfo.unifi.it

http://www.disit.org

Km4City Smart City Engine
Transport systems
Mobility, parking

Smart Decision Support
Http://Smartds.disit.org

Twitter Vigilance
Http://www.disit.org/tv

Flow and Origin Destination Matrix
Http://www.disit.org/odsf

Service map browser
Http://servicemap.disit.org

Smart City Dashboard 
Http://www.disit.org/dash
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Mobile e Web Apps

Public Services
Govern, events, …

Sensors, IOT
Cameras, ..

Environment, 
Water, energy

Social Media
WiFi, network
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Shops, services, 
operators

User Profiling and Suggestions on 
Demand

Http://www.km4city.org

Km4City

Tools for Final Users

Tools for City Operators and Decision Makers

Km4City Tools for Developers

Collective User behavior Analyzer
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data
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Privati Tempo reale  Pubblici Tempo reale (open data)

Pubblici statici (open data)Privati Statici
statistiche: incidenti, censimenti, votazioni

• Codice fiscale
• Foto non condivise
• Aspetti legali
• Cartella clinica
• ..
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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 entità in gioco: temperatur*e*, coordinat*e*, misure dei
sensori in generale, … →molto dipendenti dal contesto

– Modelli ontologici→ ontologie→ knowledge base → expert systems, per 
ricerche in chiave semantica, Riconciliazione semantica, completamento, 
contestualizzazione, … 
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• 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.

– Continued availability.

– Geographically distributed systems.

• Working on billions and trillions of                                data every 
day, scalability became a                         
key concept.

DISIT lab, BigDataArc 2020-21

CAP theorem
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Modeling

Data store
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Types of NoSQL Database

• Key-Value DB

• Col- Family/Big Table DB

• Document DB

• XML DB

• Object DB

• Multivalue DB

• ACID NoSQL

• Graph DB

44DISIT lab, BigDataArc 2020-21
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I Dati
• Collezionamento dati statici, quasi statici e real time, 

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

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

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

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

– Integrazione con modelli semantici unificanti come 
Km4City

DISIT lab, BigDataArc 2020-21 45
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http://log.disit.org
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Linked Open Graph
http://log.disit.org
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Smart City
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http://www.km4city.org
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Coverage: examples

• Search all services in the area

DISIT lab, BigDataArc 2020-21

Antwerp

Bologna Toscana

Sardegna

Pisa
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Km4City  in Tuscany Area
What is enabling and providing smart services
• Smart Parking, in Tuscany
• Smart First Aid in Tuscany
• Smart search for POI 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

All Point of Interests, cultural activities, IOT, …
Over than 1.2 Million of complex events per day!

https://servicemap.km4city.org
50
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gathering
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Example of ETL
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Example of NIFI
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Processing
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Hadoop and MapReduce
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Developer in R Studio, Python + 
Tensor Flow
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Rendering

visual analytics
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Dashboard vs Business Intelligence
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Data Kinds vs Widgets: Special Widgets
• Complex Event

• External Service

• MicroApplication

• Special Widget

• POI, Point of Interest

• KPI, Key Performance 
Indicator

• Sensor

• Sensor-Actuator

• My Personal Data

• Dashboard-IOT App
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Data Kinds vs Widgets: KPI

• Complex Event
• External Service
• MicroApplication
• Special Widget
• POI, Point of Interest
• KPI, Key Performance 

Indicator
• Sensor
• Sensor-Actuator
• My Personal Data
• Dashboard-IOT App

DISIT lab, BigDataArc 2020-21

Real Time 
Event Driven
Historical Data 63
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Dashboarding city resilience
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Major of Florence City
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analytics
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Big Data analytics Aree 
Applicative DISIT Lab• Smart manufacturing

• Personal assistants

• Autonomous engines, semantic reasoners

• Experts systems, decision support systems

• Smart Cloud, elastic computing

• Services and microservices integration

• Industrie farmaceutiche

• Mobilità e Trasporti

• Turismo e Cultura

• Smart City, Innovation Lab, Living Lab

• Servizi alla persona
DISIT lab, BigDataArc 2020-21 68
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Big Data & Analytics
– 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

DISIT lab, BigDataArc 2020-21

– IOT/IOE
– Protocols
– Devices
– Data aggregation

REPLICATE

Sii-Mobility
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Traffic and People Flow 
Assessment

• 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 Crit. 
Infra.

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

– Increase city resilience

– optimize traffic flow

– take decision of routing 

DISIT lab, BigDataArc 2020-21

http://www.disit.org/6694
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Characterizing City Areas
Predicting City Areas Crowd level
characterizing Users’ BehaviorsWi-Fi based
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Origin Destination Matrix Estimation

Wi-Fi based
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DISIT lab, BigDataArc 2020-21

Pieraccini Meyer, 
Careggi

Beccaria S. Lorenzo

12 parking areas in Florence
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http://www.resolute-eu.org
• Develop European Resilience Management 

Guidelines (ERMG) 
– Develop a conceptual framework for creating/ 

maintaining Urban Transport Systems 

• Enhance resilience through improved support of 
human decision making processes, particularly by 
training professionals and civil users on the ERMG 
and the RESOLUTE system 

• Operationalize and validate the ERMG by 
implementing the RESOLUTE Collaborative Resilience 
Assessment and Management Support Systems 
(CRAMSS) for Urban Transport Systems addressing 
Road and Urban Rail Infrastructures 
– Pilots in Florence and Athens

• Adoption of the ERMG at EU and Associated 
Countries level

DISIT lab, BigDataArc 2020-21

University of Florence: 
DISIT lab DINFO (Proj
coordinator), DISIA and DST

UNIFI IT

THALES THALES IT
ATTIKOMetro ATTIKO GR
Comune di Firenze CDF IT
Centre for Research and 
Technology Hellas

CERTH GR

Fraunhofer-Gesellschaft zur 
Förderung der angewandten 
Forschung e.V.

FHG DE

HUMANIST HUMANISTFR

SWARCO Mizar SWMIZ IT

Associação para o 
Desenvolvimento da Investigação 
no Instituto Superior de Gestão

ADI-ISG PT

Consorzio Milano Ricerche CMR IT
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Free Parking PREDICTIONS

• Active on Apps

– «Firenze dove cosa»

– «Toscana dove cosa»

DISIT lab, BigDataArc 2020-21

Careggi car park 

Model  
features 

BRNN model results 

R-squared RMSE MASE 

Baseline 0.974 24 1.87 

Baseline + Weather  0.975 24 1.75 

Baseline + Traffic sensors  0.975 24 2.04 

Baseline + Weather + Traffic 
sensors  

0.975 24 1.87 
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RealTime Values 3D

http://www.disit.org/servicemap3d

Real time Showing:
- traffic flow
- People flow
- Free Parking slots
- Water level, rain, etc. 
- Sensors values….

76

http://www.disit.org/servicemap3d


DISIT Lab, Distributed Data Intelligence and Technologies

Distributed Systems and Internet Technologies

Department of Information Engineering (DINFO)

http://www.disit.dinfo.unifi.it

http://www.disit.orgTraffic Flow Tools
• Spire and Virtual Spires (cameras), Bluetooth, ..

• Specifically located: along, around, ..

• Traffic

Tuscany
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Traffic Flow reconstruction, real time

http://firenzetraffic.km4city.org
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user behaviour
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Personal Assistant

DISIT lab, BigDataArc 2020-21

Totem

surfaces

devices

Sensors and Markers

Sensor Manager
Network 
Manager

Apps and Tags

…..

 

Inform
Engage
Stimulate / recommend
Anomalies Detection
Provide Bonus, incentives

Operators
Strategy Editor and feedback

IOT/IOE

Feedback Project 
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Toscana dove cosa, …..

• Tutta la Toscana

• Personalizzabile

• Profilata per tipo di utente

• Trasporto pubblico

• Traffico, percorsi, navigazione

• Parcheggi liberi

• Costi benzina

• Suggerimenti

• Assistenza

• Protezione civile

• Meteo

• Biglietti bus

• Punti di Interesse

• Contributi degli 
utenti

DISIT lab, BigDataArc 2020-21 81
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Km4CityMobile App: all stores

DISIT lab, BigDataArc 2020-21

http://www.km4city.org

web application
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Proximity Suggestion Architecture

Km4City
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Suggestions on Demand, 
machine learning

Proximity 
search

Suggestion request

User Profiling
Collective Profiling
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Recommender

DISIT lab, BigDataArc 2020-21

Chi

Quando e chi

Cosa

Dove → come, perché.......
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Tourists in Florence
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User Behavior Analyzer
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early warning
anomaly detection
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Early warning, detection

DISIT lab, BigDataArc 2020-21

City Resilience 

damage

Prepare
Absorb
Recover
Adapt
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Cluster confidence

AP average and confidence

Actual AP trend for today

AP prediction for the next time slot in the day on the basis of past weeks

Guessing number of users of Wi-Fi Access Points

Prediction and identification of anomalies
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• Smart Decision Support System 

based on System Thinking plus
• Actions to city reaction, 

resilience, smartness..
Enforcing

• Mathematical model for 
propagation of decision 
confidence..

• Collaborative work…, 
• Processes connected to city data: 

DB, RDF Store, Twitter, etc.
• Production of alerts/alarms
• Data analytics process
• Twitter Processes
• reuse, copy past, …
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Twitter Vigilance
• http://www.disit.org/tv

• Citizens as sensors  to
– Assess sentiment on services, 

events, … 
– Response of consumers wrt… 
– Early detection of critical 

conditions 
– Information channel
– Opinion leaders 
– Communities 
– Formation
– Predicting volume of visitors for 

tuning the services 
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Twitter Vigilance

DISIT lab, BigDataArc 2020-21

Early Warning
Predictive models

Hot flows

Attendance at long lasting events: EXPO2015

Attendance at recurrent events: TV, footbal
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IOT / IOE
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• Store everything
• Shadow (Data 

Indexing and storage)
• Access to external

services ??
• Access to external

context of the 
territory ??

• IOT Applications??
• Data Traffic

Monitoring ??
• Privacy vs GDPR ??

DISIT lab, BigDataArc 2020-21 100



DISIT Lab, Distributed Data Intelligence and Technologies

Distributed Systems and Internet Technologies

Department of Information Engineering (DINFO)

http://www.disit.dinfo.unifi.it

http://www.disit.org Big Data vs IOT
• In una certa misura minor problemi di volume nei casi specifici

• Maggiori problemi di real time, event driven

• Maggiori problemi di non uniformità 

– degli stream data in ingresso

– Formati e protocolli diversi per devices e pacchetti di comunicazione dati

• Problemi di tracciabilità del dato

• Problemi di licensing del dato

• Problemi diffusi di security nelle soluzioni ICT: comunicazione, 
storage, accesso e monitoraggio, etc.
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IOT Gateway IOT Edge

Adapter/
WrapperIOT 

Device IOT 
Device IOT 

Device

IOT 
Device IOT 

Device IOT 
Device

IOT Broker

IOT Gateway

IOT 
Device IOT 

Device IOT 
Device

IOT 
Device IOT 

Device

IOT 
Device

IOT Gateway

receiver

IOT Broker IOT Broker

subscribe

• IOT Edge may include IOT 
Applications

• Missing knowledge about 
the semantic of IOT 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

IOT Directory

IOT Discovery
Knowledge 

Base

Registration

Discovery requested data

IOT Application
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• MQTT

• HTTP(s)

• AMQP

• COAP

• NGSI

• OneM2M

• WebSocket

• Etc. 

• Etc.
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Confronto: lo stato dell’arte
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Level 4 users: dashboard with intelligence App
• Dashboards with IOT Applications for enforcing smart and intelligence 

into them.
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DashboardsIOT and City data World IOT Applications

My IOT Devices
Applications
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Dashboards and AppsIOT Applications

Big Data Analytics, Artificial Intelligence

IOT 
Brokers

Snap4City: IOT Directory and data/device Discovery
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IOT Devices

IOT 
Gateways

IOT Brokers
IOT Brokers

IOT 
Gateways

IOT Edge Devices

Knowledge Base
Semantic Reasoners

IOT Directory

(IOT) Discovery
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Developer in R Studio + Tensor
Flow
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Ontology SPARQL, FLINT
IOT Directory

Back Office Processes 

IOT Broker
IOT Broker

IOT Broker
IOT Broker

ETL Process

Data Analytics

ETL Process
ETL Process

ETL Process

Data Analytics
Data Analytics

Data Analytics

Knowledge Base, 
Km4City

Smart City API from Knowledge Base and other tools

LOG.disit.org

ServiceMap ServiceMap3D

Swagger MicroServices

IOT ApplicationsWeb and Mobile 
Apps

DISCES and back office management 
tools

MicroApplications

Resource Manager
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What-If Analysis

Simulazioni
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What-If Analysis

Accidents and elements blocking 
Points and Shapes taken into 
account for:

– Routing

– Traffic Flow reconstruction 

– Evacuation paths

– Rescue team paths

Assessment on the basis of 
changes: 

– Mobility demand assessment

– Mobility Offer assessment
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Bus Stop Analysis: identification of criticalities
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Where
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Virtualizzazione e Cloud

• HA: High Availability, 
DRS: Distributed Resource Scheduler
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Cloud computing e Virtualizzazione

• 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

• Security on the Cloud

• Conversions among VM and physical machines
– Covnersions: P2V, V2V

• vCenter, datacenters and cluster management
– Performance analysis for the cloud

• Comparison among Cloud computing solutions

• ICARO project DISIT lab, BigDataArc 2020-21 121



DISIT Lab, Distributed Data Intelligence and Technologies

Distributed Systems and Internet Technologies

Department of Information Engineering (DINFO)

http://www.disit.dinfo.unifi.it

http://www.disit.org

High Availability: Hot 
spare, hw

• Three separate networks 
cards
– Front end

– Heartbeat

– Database NAS/SAN

• UPS/APC solutions with
– 2 UPS, each of which with 

network card

• NAS/SAN
– Raid 5 or 6, 60

– Fiber connection
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To simulate complex cloud 
configurations

Identification of optimal configurations
allocations on the basis of effective
workload

DISIT lab, BigDataArc 2020-21 124

http://www.cloudicaro.it

http://www.cloudicaro.it/


DISIT Lab, Distributed Data Intelligence and Technologies

Distributed Systems and Internet Technologies

Department of Information Engineering (DINFO)

http://www.disit.dinfo.unifi.it

http://www.disit.org

DISIT lab, BigDataArc 2020-21 125

Agenda

• Laboratorio DISIT

• Tematiche del corso

• Struttura del corso

• Infrastruttura del DISIT Lab
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Big Data Architectures, 2020
• Overview del corso e del Lab (queste slide)
• Cloud: virtualizzazione, HA, DRS, FT, architetture

– Container: Marathon, Mesos, Docker → kubernetes

• Hadoop, MapReduce, Spark
• Indexing and Search: SOLR, SOLR Sharded, Elastic Search
• Big Data Storage Confronto: Hbase, Mongo
• Visual Analytics: Business intelligence, Dashboard
• Big Data Analytics
• Batch and Data Stream processing: NIFI, Kafka, ETL, …

– IOT Architecture: AWS, Azure IOT, Google IOT, 
– Snap4City IOT/IOE
– IOT Industry 4.0
– Snap4City architecture for Living Lab

• Tensor Flow for traffic reconstruction, and simulation
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• Tipicamente per ogni argomento sono presentati:

– Requisiti e motivazioni dello sviluppo dell’argomento

• 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 scalabilità

• Seminari di altri studenti e/o esperti, ….
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• Ricevimento per la didattica frontale

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

–qualsiasi ora, rispondo in chat se necesario fissiamo via skype 
una call

• Ricevimento per elaborati

–Come sopra, a qualsiasi ora vi  Skype

• Modalita’ per il superamento dell’esame

• Eventuali stage e tesi anche collegati fra loro e con il Lab
DISIT lab, BigDataArc 2020-21 129
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P. Bellini, M. Di Claudio, P. Nesi, N. 
Rauch, "Tassonomy and Review of
Big Data Solutions Navigation", in 
"Big Data Computing", Ed. Rajendra
Akerkar, Western Norway Research
Institute, Norway, Chapman and 
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
ml
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• Struttura del corso
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Infrastructure and support

• Research group since 1994

• Cloud and data center with >700 TByte storage in raid 50/60, 

–>800 CPU cores, >15000 GPU cores, >8 Tbyte RAM

–Managing several infrastructures 

• Snap4City.org: development and testing platform

• IOT center: reference center

• Open Data and Linked Open Data center

– Integration of more than 800 different Open Data

– LOD for global linked data https://LOG.disit.org

• Nodo CINI per: Big data, Smart City, Security
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• Triennale

– Sistemi Distribuiti – Prof. Paolo Nesi

– Sistemi Operativi – Pierfrancesco Bellini

– Fondamenti di Informatica per Ingegneria Gestionale – Michela Paolucci

– Fondamenti di Informatica per Infermieristica – Gianni Pantaleo

• Magistrale

– Big Data Architectures – Prof. Paolo Nesi (Big Data, Data Analytics, Architecture, 
Cloud, IoT)

– Security and Knowledge Engineering – Prof. Pierfrancesco Bellini (Knowledge 
Engineering, Web Security, Natural Language Processing)

• Altri corsi:

– Data Intelligence – Corso di Intelligence e Sicurezza Nazionale – Prof. Paolo Nesi

– Master in Big Data-MABIDA: architetture, Big Data, Knowledge engineering, Natural 
Language Processing, cloud, etc. DISIT lab, BigDataArc 2020-21
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• Infrastruttura del DISIT Lab
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• Gli elaborati (singoli o coppie di studenti) possono essere di tipo 

• (Tipo A) con sviluppo di software, moduli singoli come descritto in seguito.

• (Tipo B) con sviluppo algoritmi di Data analytics.

• (Tipo C) con sviluppo di moduli e processi di data warehouse.

Lo studente può 

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

– decidere di interrompere l'elaborato in ogni momento chiedendo la valutazione e 
consegnando la relazione breve di alcune pagine.
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A: sw, open source, etc.

• Contributo su strumento visuale per la programmazione di IOT Applications, 
node.js, node-red

• sviluppo di strumento di simulazione e calcolo della domanda vs offerta di 
mobilità con diversi tipi di matrici origine destinazione

• studio di simulatori Open Source per lo studio di movimentazioni logistiche di 
materiali in città anche con uso di Droni, e guida autonoma

• inserimento soluzione per Cut/Past di widget nel Dashboard Builder, con 
possibilità di export/import in JSON neutro.

• sviluppo di un sistema di serious game per sharing (bike and car), con lock-
unlock, booking, tracking, etc.

• mobile app per Node-RED come IOT Edge, IOT Applicaton on mobile

• studio e applicazione di strumenti per la generazione di report in ambito IOT 
e smart

• Estensione di widget mappa per la ricezione di dati da visualizzare su mappa

• connessione di dashboard a sistemi di supporto alle decisioni come SmartDS.
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B) Data analytics

• soluzioni e modelli predittivi per lo studio di eventi di 
movimenti del terreno potenziali basandosi su dati di 
pluviometri

• soluzioni e modelli predittivi per la manutenzione di 
impianti industriali

• soluzioni e modelli predittivi per la manutenzione di 
flotte di trasporto

• soluzioni per la gestione e la riduzione di consumi 
energetici in edifici, distretti e città

• valutazione del comportamento di flussi di persone su 
base PAX Counter.

• Correlazione fra tweets e numero di persone in città
• Etc. 
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C) Processi IOT App …

• creazione di una IOT Application che possa simulare il 
comportamento di un plastico lego o simil lego di una citta' con 
parcheggi, luci, panchine, cassonetti, camion nettezza, autobus, 
semafori, flussi, acqua e livelli, etc. in modo da simulare col 
plastico i problemi di smart parking, smart biking, traffic routing, 
etc.
• Simulazione in sinottico completo

• processi IOT per ingestion dati da servizi di raccolta rifiuti o pulizia 
strade, che tracciano ogni azione del camion in coordinate gps

• valutazione di nodi JS per node-red per l'ambito energia, e altri 
protocolli per la comunicazione con condizionatori, e centrali 
elettriche.
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