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(E/Ri)voluzione del calcolo scientifico
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walnoiamernto. ricerca «cormputatonadailly
Intensivey»

 Examples of IR:

Inductive Deductive . Classical
w= Reasoning Reasoning & assma.
Mechanics
* Newton’s
OBSERVATION / EXPERIMENT Gravitation
Theory
Generalizations Predictions  Examples of DR:
r « General Relativity

e Standard Model
of Particle Physics

PARADIGM / THEORY

Computer simulations reconcile the inductive and
deductive reasonings of the Scientific Method

https://plato.stanford.edu/entries/scientific-method/



Evoluzione: il concetto di «e-Science»

® Virtual Research
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® Applications
® Data

® Instruments/sensors




(RiI/E)voluzione del web

. v

SURT— Web 4.0
" 2020 2090
Loo" inteigent perscodl agents
g aadheans Web 3. () Ostreted Seach
om SWRL  .“2010. 2020
E OpeniD AJAX ”m Semant Databases
ATOM S«nmmc Widoets
: ol s Offic 20
§ JIVIREBE g Web 2 0 .
8 womw-«wmm Java .- 20002010 Weblogs  Socad Meda Sharng
. HYTP.- Deectory Portals  Wiks s o Netwoekng
Keyword Search Cotaboeaton
Web1 0 wessees
E MMO" m 1990 - 2000
' unos oo gt
Oesiasy WindowsOML -~ Databases
Fée Servers
Emai PC Era
FTP RC " 1900 - 1990
USENEY :
C's . Fie Sysems 25 anni
>
Semantics of Social Connections

LI:‘,._I $ource; Radar Networks & Nova Spivack, 2007 « www radarnetworks com



A WHVUIUZIVIIT/Z UT] LITINTU VPOl Uawd

LOD

Legend
[Cross Domain
[Geography
® ‘ s e anti c Government @ ®®
( v m [Life Sciences
[Linguisties
[Media ]
v . we b Publications ﬂ‘\&
| Social Networking ¢ ig;%:;.ql
User interface and applications [User Generated | ’@T@}%‘&
Emmm———Tncoming Links Nare
mmmm==Qutgoing Links . S ‘ﬁl@%ﬂ
[ mw ] £
Proof
Unifying Logic
Ontomies: Rules: ©
Querying: O RIF/SWRL ®
SPARQL
Taxonomies: RDFS ®
Data interchange: RDF

Identifiers: URI Character Set: UNICODE

Dato disponibile sul Web in un qualsiasi formato
(anche PDF) rilasciato con licenza Open

formati proprietari (es. Excel)

Come gli Open Data a 2 stelle ma in formato
OL RE OF

non proprietario (es. XML)

Leggibile dal calcolatore. Dati strutturati in
— ~ AN
A oL 2
3 A

, " Onthe web 1
,{: ; Machlne-read‘b ‘
+, ' Non-proprietary
' % RDF standards
*Linked ROF .

$YOUR pATA 5% L Come | livelli precedenti ma segue gli

standard W3C (RDF e Sparq|l)

Come i livelli precedenti ma i dati sono
collegati (Linked Data)




Le e-Infrastrutture, il Web 3.0 ed il Metodo Scientifico
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L"output” del Metodo Scientifico
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A search for the Standard Model Higgs boson in proton-proton collisions
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Individual searches in the channels H->Z22A(%)->Ill, H->gamma gamma and
H->WW->e nu mu nu in the 8 TeV data are combined with previously
published results of searches for H->2ZA(*), WWA(*), bbbar and tauA+tauA-
in the 7 TeV data and results from improved analyses of the H->ZZA(")-> Il
and H->gamma gamma channels in the 7 TeV data. Clear evidence for the
production of a neutral boson with a measured mass of 126.0 +/- 0.4(stat)
+/- 0.4(sys) GeV is presented. This observation, which has a significance of
5.9 standard deviati toa
probability of 1.7x10A-9, is compatible with the production and decay of the
Standard Model Higgs boson.
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1. Introduction

The Standard Model (SM) of panicie physics [1-4] bas beea
tesind by many exgerimens over e st four decades and Das
been shown 10 seccessfully describe high energy particle isterac
tions. Howevee, the mechanism that Beeaks electroweak symmery
i the SM Das mat been verified experimentally. This mechanism
[5-10, which gives mass to mussive elementary particles, implies
the custence of a scalar particle, the S\ Higgs dosan. The search
for the Miggs bosom, the oniy elementary particie in the SM that
has 2ot yet been & ene of the highlighes of the Lasge
Hadreo Coltider (1] (LHC) physics programene.

Indarect lmis 06 the S\ Higes boson mass of my < 158 Gev'
X confidence Jevel (CL) have bees set using ghobal s 10 pre-
dision clectroweak reswits 12} Direct searches ot LIP (13, the
Tevatron [14-16] and the LHC [17,18] have previsusly excluced, at
95K CLa SM nm
Some ey regioes

Se e ATIAS a0 O Colaoorsions reported excesses of
ewess = theie 2011 datascts of proton-pecten: (pp) colisions at
Contre-of-mass energy /s = 7 TeV at the LIC. which were compu-
ible with SM Higes Boson Production and decay in the mass regon
124-125 CeV, with sigeificasces of 29 nd 1.1 standard devistions
(@), respectively 17,18}, The CDF and DO experiments at the Teva-
1700 ave 2350 recestly Feported 3 DIOG excess i the mass region

*C CHRN for e bl o e ATLAS Culbention
* ek adbren. st gtk

9390 200X © 2012 CTRN. Mubininnt by Fhevser B AR 1t sramed
e o W0 016 sy 01

© 2012 CIIN ubilahed by hsevier RV, AS rghts feserved.

120-135 GV usieg the existing LIC constraines. the adserved Jo-
cl significances far myy = 125 CeV are 270 for CDF [14], 110 for
DO [15] and 280 for their combination |15
The previous ATIAS searches i 4648 " of daca at i =
7 Te¥ are combined bere wich new searches for H -+ 22 -+ .
VW'~ evuy i the 58-59 0 of g col-

ey are tereloce affected by mulipie 9p
coisions occurring i e same of peghdouring Buach ossings
{pile-cp). In the 7 TeV data, the averape mumber of Interacions per
buch cressing was appeonimately 10; the awerage Increased % ap-
peanimately 20 in the 8 TeV duta. The recomstruction, kientification
2né isolasion criteris e for electrons and phatcen in the § TeV
Cata are improved, making the M - 22 - 4 and M~ yy
searches moce robust against the increased pie-up. These analy-
13 were re-optimésed with simulation and froze= defere losking
at the 8 TeV data.
18 Ohe H e W) s Lidy Chanmel, the increased pie-up e-
=, 67", reclo
tion, which reselts in significantly larger Dreil-Yan background in
the same-favour Bl states. Since the e hannel most
of the seenitivity of the search, only this £a
the analyss of the § Te¥ cata. The kinematic region in Which 3
SM Higgs boson wich 3 mams between 130 CeV and 140 CeV is

The symibe € st fr elevios o e

Marked a real Scientific Revolution but...
it IS the same since almost 4 centuries!
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| «pilastri» del Metodo Scientifico

* Repeatability
* The closeness of agreement between independent results ob*

intervals of time)
 Affected by random erro

erent operators, different apparatus, different laboratories and/or
after different intervals of time)
» Affected by systematic errors

12



Challenges in irreproducible research
(https://www.nature.com/collections/wjsrmrdnsm)

13

SPECIAL

Home | News & Comment | Research | Careers & Jobs | Current Issue |

ve » Specials & supplements archive » Challenges in irreproducible research

Take part in Nature Publishing Group's annual reader survey here for the chance to win a Macbook Air.

CHALLENGES IN IRREPRODUCIBLE RESEARCH

No research paper can ever be considered to be the final word, and the replication and
corroboration of research results is key to the scientific process. In studying complex entities,
especially animals and human beings, the complexity of the system and of the techniques
can all too easily lead to results that seem robust in the |ab, and valid to editors and referees
of journals, but which do not stand the test of further studies. Nature has published a series
of articles about the worrying extent to which research results have been found wanting in this
respect. The editors of Nature and the Nature life sciences research journals have also taken
substantive steps to put our own houses in order, in improving the transparency and
robustness of what we publish. Journals, research laboratories and institutions and funders
all have an interest in tackling issues of irreproducibility. We hope that the articles contained
in this collection will help.

Free full access

v Editorial v News and analysis

v Perspectives and reviews

» See all specials

Go

» Advanced search

| Audio & Video | For Authors

Find outmore ¥ X
EDITORIAL

Journals unite for reproducibility

Consensus on reporting principles aims to improve biomedical research.
Nature 515, 7 ( € November 2014 )

Code share

Papers in Nature journals should make computer code accessible where possible.
Nature 514, 526 ( 29 October 2014 )

Reducing our irreproducibility
Nasture 496, 398 ( 25 April 2013 )

Further confirmation needed

A new mechanism for independently replicating research findings is one of several changes required
to improve the quality of the biomedical literature.
Nsture Biotechnology 30, 806 ( 10 September 2012 )

Error prone

Biologists must realize the pitfalls of work on massive amounts of data.
Nature 487, 406 ( 26 July 2012)

Must try harder

Too many sloppy mistakes are creeping into scientific papers. Lab heads must look more rigorously
atthe data — and atthemselves.

Nature 483, 509 ( 29 March 2012 )



La «crisi di riproducibilita»

IS THERE A REPRODUCIBILITY CRISIS?

7% 52%
Don’t know Yes, a significant crisis
3% l |
No, there is no
crisis —

1,576

researchers
surveyed

38%
Yes, a slight

crisis

eonature
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HAVE YOU FAILED TO REPRODUCE
AN EXPERIMENT?

Most scientists have experienced failure to reproduce results.

® Someone else's @ My own

Chemistry [£5

BiOIOgy S R A

Physics and : : :
engineering [ i

MediCine o

Earth and &
environment |

Other |




Le ragioni della «crisi di riproducibilita»

Can reproduce in principle

Can reproduce with some
discrepancies

ffware not available

Can reproduce
from processed data
with some discrepancies

Can reproduce partially with some
discrepancies

loannidis et al., 2009. Repeatability of published microarray gene expression analyses. Nature Genetics 41: 14
Science publishing: The trouble with retractions hittp://www.nature.com/news/2011/111005/full/478026a.himl
Bjorn Brembs: Open Access and the looming crisis in science
https://theconversation.com/open-access-and-the-looming-crisis-in-science-14950

W=
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Evoluzione: la ripetibilita e la riproducibilita non sono tutto...

[repeat} [replicate}
same same
experiment experiment

same lab different lab

same different
experiment experiment
different set up some of same

{reproduce} [reuse}

16 Drummond C Replicability is not Regroducibility: Nor is it Good Science, online
Peng RD, Reproducible Research in Computational Science Science 2 Dec 2011: 1226-1227.




La «rivoluzione» della Scienza Aperta

(http://book.openingscience.org http://dx.doi.org/
10.1787/5jrs2f963zs1-en) &\
i\
» “Open Science refers to a scientific culture that is characterized by its openingsoence
openness. Scientists share results almost immediately and with a =

very wide audience”

» “Open science is a means and not an end in itself and it is much more
than just open access to publications or data;, it includes many
aspects and stages of research processes thus enabling full
reproducibility and re-usability of scientific results.”

@) OECD

Perceived
Usefulness
(V)

Behavioral

5:;:;;:; Intention to
| Use (BI) I

17 Source: Davis, F. D. (1989), "Perceived usefulness, perceived ease of use, and user acce ptance of
information technology", MIS Quarterly 13(3): 319-340

Attitude
Toward
Using (A)

]

Actual
System Use

Perceived
Ease of Use
(E)




Gli «<enzimi» della Scienza Aperta

OPEN a ACCESS «

Open
Educational
Resources

<'I‘ Linked Data >

Open
Source Code, / _

ou/ 0
f.,’:";,l(},'éaéo. 216,
Lgos intiial g 3

o, 38 g
i 0012
N ™

4 opensource

AN \\\\\

CITIZEN

open science
SCIENCE 5%
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La «mutazione» dei dati: | principi FAIR

(https://lwww.force11.org/group/fairgroup/fairprinciples)

“One of the grand challenges of data-intensive science is to facilitate knowledge

discovery by assisting humans and machines in their discovery of, access to, integration

and analysis of, task-appropriate scientific data and their associated algorithms and
workflows.” Research data have to be

Findable:

+ F1. (meta)data are assigned a globally unique and eternally persistent identifier
» F2. data are described with rich metadata

» F3. (meta)data are registered or indexed in a searchable resource.

* F4. metadata specify the data identifier

Accessible:
* A1 (meta)data are retrievable by their identifier using a standardized communications protocol
* A1.1 the protocol is open, free, and universally implementable
» A1.2 the protocol allows for an authentication and authorization procedure, where necessary
* A2 metadata are accessible, even when the data are no longer available

Interoperable:
* 11. (meta)data use a_formal, accessible, shared, and broadly applicable language for knowledge

representation
* 12. (meta)data use vocabularies that follow FAIR principles
+ 13. (meta)data include qualified references to other (meta)data

Reusable:
* R1. meta(data) have a plurality of accurate and relevant attributes
+ R1.1. (meta)data are released with a_clear and accessible data usage license
19 . R1.2. (meta)data are associated with their provenance
« R1.3. (meta)data meet domain-relevant community standards

Totally UNFAIR

Findable
Usable for Humans

(@

Ve
’ Metadata (intrinsic)

Data (elements)

FAIR data-

N

.
|

‘provenance’ (user defined) >,

{a

restricted access

Data (elements)

@
/7

Metadata (intrinsic)

\ ‘provenance’ (user delned)' )

Data (elements)

FAIR data-
Open Access

J/

\v

FAIR metadata

P
ClAr)

Data (elements)




Evoluzione (— complessita): approccio multidisciplinare a...

NO GOOD HEALTH OUAllTY GENDER CLEAN WATER
POVERTY AND WELL BEING [DUCATIDN EQUALITY AND SANITATION

DECENT WORK AND INDUSTRY, INNOVATION 1 0 REDUCED
ECONOMIC GROWTH AND INFRASTRUCTURE INEQUALITIES

1 CLIMATE 1 LIFE 1 PEACE, JUSTICE
ACTION BELOW WATER AND STRONG
INSTITUTIONS

e

1 PARTNERSHIPS
FOR THE GOALS

SUSTAINABLE

DEVELOPMENT

GOALS

20
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OK, tutto molto interessante...

... ma in pratica?



The «Reproducibility & Reusability Platform» - overview

Experiment

L 2

PALMS web application =~ &=smsss

O Software
¥

Science Gateway

j F GS G & Porta4|

Seience Software on Dema o e G o
LN

Science Software on Demand

4

—

PALMS STRESS Report
nnnnnnnn anostou
ez
osct/oar-palms: OAR Release
Decx() ©
0
Type

itput

Science Software on Demand Welcome  Applications «  Propose  About
229

Reproducibility and reusability of Physical Activity Lifelong Modelling & Simulations D tobeupdated
This application executes i vity Litelong Modellin

and software.

This appéication can be used to run both existing and new models and parameters.
Execution outputs are avalable at the bottom of this page in the section "PALMS cutputs'.

Reproducibility/reusability of PALMS resuits stored on the INFN OAR

This section gives the opportunity to reproduce PALMS registered in the comesponding of the INFN OAR by placing s D
(DO reference in the "Output DOI" field balow.

Pressing the Prepare button, the related model and parameters will be automatically extracted and placed in the following "PALMS Execution’ fields.

©
Dice wil redirect directy o the specific  use cases to incude In this portal In the appliation menu, or o be

Ry L B B S e e e e N o e B2 e,

{PALMS) in conjunction with the new

e
Output - MModerate

nastasia Aagrostou

oo 1.Run PALV (001 10,

Model

Software —

Please, insert a reference to PALMS model and parameters in DOI or HTTP URL format (e.g., 10.15161/0arit/23504 or
http://jobserver2.hopto.org/repast/PALMS/input/batch_params.xmi_0).

Pressing the Execute button, PALMS software will be executed using the "Model" and "Parameters" fields specified below.

Digital Asset Management Systems V“:-

(DAMSes) are “intertwined structures

y 3
v

incorporating both software and hardware TP S

You can access them in read-only mode by pressing the FILES button.

For a detailed st of performed executions, press the LIST bution.
H I I P D You can choose an alternative model or parameters files and upload them in your Cloud area pressing the UPLOAD button.

Finally, to remove all PALMS submission outputs and delete your personal Cloud area, press the DELETE button.

that take care of management tasks and REPAST
decisions surrounding the ingestion,

9o annotation, cataloguing, storage, retrieval
and distribution of digital assets”

docker compose

— [
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RRP ingredients: PALM simulations

week)

Upper threshold

llllllll

Physycal activity (min per
= B ow &2 2 2 2z 2 3 =
- 8 8 8 838 838 8 8 8 8 8

» Physical Activity Lifelong Modelling & Simulations

Is an agent based micro-simulation that predicts the I
lifelong physical activity behaviour of a population taking

Upper threshold
moderate

8 g
g 3

into account individual characteristics and their effect on
physical activity over time

Produces individual and aggregated quantitative outputs
for quality of life and health conditions related costs

—=—F-moderate

inactive

Physycal activity (min per week)

- 228888282 ¢8c¢

(=
k]
L]

s

3

-4

=

» The software AL

Uses REPAST [1],a «de facto» standard open source agent-

based modeling and simulation platform

A specific dockerhub image exists for PALMS executions
(osabuoun/repast) [2]

——F-ina

Two inputs necessary: model file (REPAST) and a parameters’
file

inactive

Physycal activity (min per week)

- 288888 z8s2¢8¢8¢8c¢

e
E\
w2

23 [1]

30 40 50 60
[2] Simulation time (years)




RRP ingredients: The FutureGateway Framework

O futuregatewayframework.github.io

INFN software project aiming to build
secure and reliable Science Gateways []

Three core components:

e Database, APIServer front-end, APIServer
daemon + Executor Interfaces

The framework:

* Core components are enriched with a suite of
tools, APls and installation + maintenance
scripts

* Open Source code available on GitHub

Targets:

* Desktop and Mobile applications, Workflow
Engines, loT and Open Science

24 [1]

GUI

! { FG REST APls "
API Server front-end ;
I { DB Queries + POSIX I/O (shared folder) t‘
(]
>
FutureGateway DB @— Queue Table /Shared/folder | 'S
| &

I { Queue Table polling (DB) + POSIX I/O (shared folder)

API Server daemon -1
{ Executor Intefaces: CLI, APIs, WS, ...
El, || El, El,
Y J
[
[ Final Users ’ .

(7]
\ @)
[ 1 omm
Liferay Portal Existing Community Portal Mobile, é
Portlet Portlet Web Other Desktop Appliogtions, s
Apps Interfaces Workflow engines, 8
- —— Data repositories, IoT, ... b
' 50
c
‘ FG APIServer 0
FrontEnd/Daemon )

) g Other



RRP ingredients: FGSG —

FutureGateway based Science Gateway

Fully docker containerised environment built in
the context of the EOSC-hub project [1], to

provide a General purposes Science Gateway: the
EGI [2] Science Software on Demand (SSOD)

[3]

* The system allows to dynamically instantiate and
destroy docker containers (it supports docker
compose as well as docker swarm)

* FG core services + SSOD service

* SSOD service powered by an enterprise portal
framework (Liferay)

* One section dedicated to the Reproducibility
& Reusability Platform

* The platform exploits the FutureGateway and
the INFN Open Access Repository

[1]

25 [2]
[3]

E&xXA

A 4

@ Science Software on Demand

| & Mobile/Desktop/APls |

-y-==5- Docker based Containerfgsed Environment

l\ HTTPD proxy |

A

[

\a FG Core Services B fgliferay X INFN SG Other Clouds Services
I fgdb | | SSOD | | Web App ‘@’ | ‘ VVDEI% ‘
- gocoo oy
fgAPIServer | Other Instances | | Web App ‘b’ | oo ‘
fgAPIServerDaemon
INFN OAR
Application ‘x’ nodes Application ‘y’ nodes Reproducibility Platform
O ]
oo OO0oood)] [OoOoOooOod
OO0OOdcd OO0oood)] [ODooooOod




er Open
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RRP ingredients: the INFN
Open Access Repository (OAR)

E

A la]=lily
""ﬁ,?' The Identity Provid

PALMS STRESS Report

File Type The PALMS STRESS Report follows the ABS STRESS guidelines to support reproducibility.

INFN joined the Plan S [1] initiative to promote
open access e =

. . ® w Open Access
INFN OAR is a DAMS hosted at INFN Catania
[2] running on a dedicated kubernetes cluster

It uses the 22N000 [3] open source software
for DAMSes

PALMS input, output, software and papers files ‘ o
a re regi Ste red With ! Data C ite D O I S (I i n I(ed to ;fe:;fuf’(‘)lt\:'%v;ie steps below: 1. Run PALMS (DOI: 10.15161/0ar.it/23467) with input parameters M-Active (DOI: 10.15167/oar.it/!

profiles of authors)

Release for OAR

20) - @ Embargoed Access

Type O ] Cpmiccss @&, Restricted Access

Anastasia Anagnostou; a C]OSEd I':l‘\ccess
les.

garr aal
2
5
3

7]

&

Z &

H

S
El
&
@
=4
@
2
=
i
=
@
3
=4
[y
@
8
o
&

Output - M-Active

tory graph,
23477).

Output - M-Moderate
sia Anagnostou;

This file contains the output of the PALMS run with male moderately active initial population. To reproduce the physical activity trajectory
graph, please follow the steps below: 1. Run PALMS (DOI: 10.15161/0ar.it/23467) with input parameters M-Maderately (DOI.
10.15167/0ar.it/23473).
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Sommario e conclusioni

» The PALMS use case demonstrates Open Science in action

» The R&R Platform developed for PALMS can be easily reused
to implement other use cases

» The INFN OAR and the R&R Platform are open to any
interested communities

» FutureGateway is a mature product successfully used by:

Web, Desktop and Mobile Applications, VWorkflow engines,
loT and Open Science demonstrators

» Investigations are in progress to extend this work to a more
general and widely adoptable solution
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