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Massively Parallel Genome Sequencing
Used in the study of cancer 
Diseases 

Allows massive amount of DNA or 
RNA fragments to be sequenced in 
a single experiment.

For the massivelyparallelsequencing
it isused BWA tool (Burrows-
Wheeler Aligner) for indexing and 
alignment 
ÅMemory request~ 3,5 GB
Å Total time ~ 50h using the 

group  local resources

REFERENCIAL GENOME

READS

PATIENT GENOME

BWA
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Parameter sweep and ensemble simulations
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Grids and distributed systems

ÅWhat is a Grid?
ÅGrid types
ÅAnatomy of a Grid
ÅAccessing a Grid

© Grant Faint 
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What is a Grid? - Early definition

љ ШĦŸůƓƨƣċƣŔŸŰċũШ]ƖŔĬШŔƚШċШőċƖĬƽċƖĲШċŰĬШƚŸŉƣƽċƖĲШŔŰŉƖċƚƣƖƨĦƣƨƖĲШƣőċƣШ
provides dependable, consistent, pervasive and inexpensive access 

to high-ĲŰĬШĦŸůƓƨƣċƣŔŸŰċũШĦċƓċĤŔũŔƣŔĲƚњ

I.Foster, C.Kesselman : The Grid: 
Blueprint for a New Computing 
fŰŉƖċƚƣƖƨĦƣƨƖĲњЯШΝΦΦΥ

Ian Foster Carl Kesselman
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What is a computational Grid? 
the 3 points checklist

Ш]ƖŔĬШŔƚШċШƚǃƚƣĲůШƣőċƣвЮЮ
1) Coordinates resources that are not subject to centralized 

control
2) Uses standard, open, general -purpose protocols and interfaces
3) Delivers nontrivial qualities of service (Ian Foster, 2002)

[1] Foster, I. and Kesselman, C. eds. The Grid: Blueprint for a New Computing Infrastructure,
Morgan Kaufmann, 1999, 259-278
[2] Ian Foster, Carl Kesselman, and Steven Tuecke. 2001. The Anatomy of the Grid: Enabling Scalable 
Virtual Organizations. Int. J. High Perform. Comput. Appl. 15, 3 (August 2001), 200-222. 
DOI=10.1177/109434200101500302 
[3] What is the Grid? A Three Point Checklist. I. Foster, GRIDToday, July 20, 2002.
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Grid: No centralized control

05/03/2025

A Cluster is a shared resource ïOnly the 
administrator has full control of the system 

The physical layer is still well defined.

The user in general has full 
ownership of a desktop 

workstation. 

I submit my jobs to ñthe 
GRIDò and they get 

processed: somehow, 
somewhere, after some 

time.

There is no GRID owner!
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1st Law of the Grid
Å95% of the Grid is... agreement 

ÅKey terms 
ÅCoordination 
ÅNo centralized control 
ÅStandards 
ÅProtocols 
ÅInterfaces 

ÅStandards, protocols, interfaces,... aim at providing 
common abstractions of different implementations of 
similar services 
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Power Grid Similarity

љìĲШƽŔũũШƓƖŸĤċĤũǃШƚĲĲШƣőĲШƚƓƖĲċĬШŸŉШĦŸůƓƨƣĲƖШƨƣŔũŔƣŔĲƚЯШ
which, like present electric and telephone utilities, will 
ƚĲƖƻŔĦĲШŔŰĬŔƻŔĬƨċũШőŸůĲƚШċŰĬШŸŉŉŔĦĲƚШċĦƖŸƚƚШƣőĲШĦŸƨŰƣƖǃњШ
(Len Kleinrock, 1969) 
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The Grid Paradigm

Mobile Access

Data-storage, Sensors, Experiments

Internet, networks

Supercomputer, PC -Cluster
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Grid Types
Supercomputer Based 

Service Grid

Cluster Based 
Service Grid

Volunteer Desktop Grid



ICSC SPOKE 0
Infrastruttura 
Cloud di supercalcolo



WLCG

ÅWorldwide LHC computing Grid
ÅService GRID for the LHC high energy physics 

experiments

ÅTiered structure

ÅPart of the European grid Infrastructure (EGI)

ÅO(1M) logical CPUs

ÅO(1) EB disk

ÅO(1) EB tape
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The EuropeanGridInfrastructure
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The EuropeanGridInfrastructure
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A typicalGridsite

Worker Nodes (WN)

Computing Element (CE)

Storage

.ŀǘŎƘ {ȅǎǘŜƳ όt.{Σ[{CΧύ

Storage Element (SE)

INFORMATION SYSTEM (es. BDII)
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Operations Tools: Monitoring

WLCG Target Availability for each site is 97.0%. Target for 8 best sites is 
98.0%

Availability Algorithm: (CREAM-CE + ARC-CE + HTCONDOR-CE + GLOBUS) 
* (all SRMv2 + all SRM + all GRIDFTP)
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Operations Tools: Monitoring
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Operations Tools: Monitoring

05/03/2025 Corso utenti INFN-DataCloud Risorse HTC e HPC 21



Operations Tools: Monitoring
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aƛǎǎƛƻƴŜ п ω LǎǘǊǳȊƛƻƴŜ Ŝ ǊƛŎŜǊŎŀ

Claudio Grandi

Perché  infrastrutture
federate

ÅNon è una questione di ottenere una 
infrastruttura più grande da una 
serie di centri di calcolo

ÅValore aggiunto nella necessità di 
avvicinare le comunità

ÅSupporto a comunità internazionali 
e distribuite per natura
ÅCreazione di Virtual Organization

ÅFailovere disasterrecovery
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2nd Law of the Grid

љ distributed system is one in which the failure of a
computer you ĬŔĬŰћƣeven know existed can render your
own computer unusable .њ
Leslie Lamport

ÅThe Grid is a very complex 

environment, errors will happen

ÅSome errors are preventable, some 

are manageable by the 

infrastructure, some can only be 

managed by the user 

Anything that can go wrong, will 



Expectthe 
unexpected

When the 

Air-conditioning 

/ power fails 

(again & again 

& again);

©Jamie Shiers 2008 J. Phys.: Conf. Ser.
119 052030тLessons Learnt from WLCG
ServiceDeployment
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Expectthe 
unexpected ©Jamie Shiers 2008 J. Phys.: Conf. Ser.

119 052030тLessons Learnt from WLCG
ServiceDeployment
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When a service 

engineer puts a 

Coke into a 

machine to 

ówarm it upô;



Expectthe 
unexpected

When a fishing 

trawler cuts a 

trans-Atlantic 

network cable;

GeneratedƽŔƣőШ fШҶШMay2024

©Jamie Shiers 2008 J. Phys.: Conf. Ser.
119 052030тLessons Learnt from WLCG
ServiceDeployment
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Expectthe 
unexpected

When a Tsunami 

does the 

equivalent in 

Asia Pacific;

GeneratedƽŔƣőШ fШҶШMay2024
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©Jamie Shiers 2008 J. Phys.: Conf. Ser.
119 052030тLessons Learnt from WLCG
ServiceDeployment



Il datalakescientifico 
e la sua evoluzione

ǒ Struttura logicamente singola
ǒ Interconnessa tramite reti ad alta 

banda  multi -TbpsљŔŰƣĲƖ-lakeњ

ǒ Disaccoppiamento completo degli 
aspetti di storage e calcolo

ǒ Elevata disponibilità e sicurezza del 
dato in centri dedicati
ǒ Minimizzazione del numero di copie

ǒ CPU/GPU: utilizzate dovunque si 
trovino agganciandole al «Lake»

ǒ Il datalake sfruttabile da altre 
comunità nazionali ed internazionali
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Il datalakescientifico 
e la sua evoluzione

ǒ Struttura logicamente singola
ǒ Interconnessa tramite reti ad alta 
ĤċŰĬċШљŔŰƣĲƖ-lakeњ

ǒ Disaccoppiamento completo degli 
aspetti di storage e calcolo

ǒ Elevata disponibilità e sicurezza del 
dato in centri dedicati
ǒ Minimizzazione delle copie

ǒ CPU/GPU: utilizzate dovunque si 
trovino agganciandole al «Lake»

ǒ Il datalake sfruttabile da altre 
comunità nazionali ed internazionali
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Draw «a worldwide
datalake with high speed 
network connections»

Come dovremmo fare il 
Datalakesecondo
ũќfŰƣĲũũŔŊĲŰǍċШ ƖƣŔŉŔĦŔċũĲ

GeneratedƽŔƣőШ fШҶШMay 2024 
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Lo sviluppo dei sistemi di gestione 
dei dati in un mondo data-intensive

La strada verso la 
realizzazione del Data Lake 
Il Data Challenge 2024 
della Worldwide LHC 
Computing Grid



La gestione dei dati in un mondo 
sempre più data-intensive

Data challenge al CNAF effettuato attraverso il nuovo link 
ottico diretto con il CERN

Å Estensione diretta delle rispettive reti su spettro condiviso multi-
dominio

Å Alta banda: attualmente 400 Gbps, fino a 1.6 Tbps; Latenza: 9.5s

289 Gbps


