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Research activities @ITIN=RIS
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Search research assets
1. Catalogue
2. Search engine

Computing and data processing
3. High-performance and high-throughput computing
4. Cloud computing concepts

Running applications in Cloud
5. Service and RESTful
6. Workflow composition and automation
7. Workflow provenance

Research data management
8. FAIRness
9. Data quality control

Research software quality

10. Research software
11. Research software quality assessment

DITIN=ERIS



1. Metadata Catalogue



Discussion @ITIN=ERIS

® Have you used any data or service catalogues?



Metadata for product @ ITIN=ERIS
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What is a catalogue?

@® Collections in a Museum,

® Products in shops,

® Services in travel agency
@....

@ITIN=RIS
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How to make a catalogue? @ ITIN=RIS
- simple example |




How to make a catalogue?

Step 1: create metadata information of items

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?

\

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?

DITIN=ERIS

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?




How to make a catalogue?
Step 2: organize the items

Who: collected it?
What: was collected?

When: collected it?
Where was it collected?
How was it collected?

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?

Who: collected it?
Wh as collected?
When: collected it?
Where was it collected?
How was it collected?

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?

f A

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?

DITIN=ERIS

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?




How to make a catalogue? ®ITIN=RIS
Step 3: provide interface for search

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?

Who: collected it?
Wh as collected?
When: collected it?
Where was it collected?
How was it collected?

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?

f A

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?

Who: collected it?
What: was collected?
When: collected it?
Where was it collected?
How was it collected?




Technolopgies DITIN=ERIS

) 4
CKan
®The Comprehensive Knowledge Archive Network (CKAN) is

* aweb-based open-source management system for the storage and distribution
of open data,

* a powerful data catalogue system that is mainly used by public institutions
seeking to share their data with the general public.

®0pen source, Python web app, PostgreSQL DB, GPL
®https://demo.ckan.org/



https://demo.ckan.org/

Create data set @ ITIN=RIS

@Edit metadata # https://demo.ckan.org/dataset/edit/phytoplankton-test-data-set w A 0 &6 = )
ks @ SavetoMendeley @ Getting Started [5 Latest Headlines Imported From Fir... @ Apple @ iCloud n Facebook % Twitter
®Metadata

* Title

Datasets Organizations Groups About

# / Datasets / Phytoplankton Test Data Set / Edit

* Description

* Tag ;t:tr;osp;:nkton Tens @ Editmetadata = Resources & View detaset
0 rga nizations Folowars Title: Phytoplankton Test Data Set

e License 0 * URL: demo.ckan.org/dataset/phytoplankton-test-data-set Edit

* |dentifier

Description: = The Phytoplankton test Data for case study.

You can use Markdown formatting here
Tags: | x 2019 | x Lecce | x LifeWatch x Phytoplankton | % SummerSchool

License: | Creative Commons Attribu... |~ e

Organization: | No organization M



Metadata in CKAN DITIN=ERIS

®
®
®

®

®
®
®

®

®

®

®

Title — allows intuitive labelling of the dataset for search, sharing and linking.
Unique identifier — dataset has a unique URL which is customizable by the publisher.

Groups — display of whichgroups the dataset belongs to if applicable. Groups (such as science data) allow easier data linking, finding and
sharing amongst interested publishers and users.

Description — additional information describing or analysing the data. This can either be static or an editable wiki which anyone can contribute
to instantly or via admin moderation.

Data preview — preview .csv data quickly and easily in browser to see if this is the dataset you want.
Revision history — CKAN allows you to display a revision history for datasets which are freely editable by users (as is thedatahub.org)

Extra fields — these hold any additional information, such as location data (see geospatial feature) or types relevant to the publisher or dataset.
How and where extra fields display is customizable.

Licence — instant view of whether the data is available under an open licence or not. This makes it clear to users whether they have the rights to
use, change and re-distribute the data.

Tags — see what labels the dataset in question belongs to. Tags also allow for browsing between similarly tagged datasets in addition to enabling
better discoverability through tag search and faceting by tags.

Multiple formats (if provided) — see the different formats the data has been made available in quickly in a table, with any further information
relating to specific files provided inline.

API key — allows access every metadata field of the dataset and ability to change the data if you have the relevant permissions via API.



Other metadata standards related to catalogues @ ITIN=SRIS

@®Dublin CORE
®ISO 19115
®CKAN
@DCAT
@CERIF



Technologies ,6:

GeoNetwork
®The GeoNetwork project started out in year
2001 as a Spatial Data Catalogue System for
the Food and Agriculture organisation of the
United Nations (FAO), the United Nations
World Food Programme (WFP) and the United
Nations Environmental Programme (UNEP).

What? hydrologie

@At present the project is widely used as the _
basis of Spatial Data Infrastructures all around =

the world. =
®The project is part of the Open Source P

Geospatial Foundation (OSGeo) and can be
found at GeoNetwork opensource.

@ ITIN=RIS

FIND INTERACTIVE MAPS, GIS DATASETS, SATELLITE IMAGERY AND RELATED APPLICATIONS




Discussion @ITIN=RIS

® How does a catalogue enable search?



Other solutions @ ITIN=ERIS

® OAI-PMH (Open Archives Initiative Protocol for Metadata Harvesting)
® Linked Open Data approach

OAI-PMH Approach LOD Approach



Catalogue for publishing and discovery @ ITIN=RIS
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Discussion

« > C

28 % Bookmarks

‘ SeaDataNet

Free search @

® How does a catalogue enable search?

* Keyword - free keyword, or based on metadata
* Filtering (based on Facets)

m 25 cdi.seadatanet.org/search

@ Save to Mendeley

PAN-EUROPEAN INFRASTRUCTURE FOR
OCEAN & MARINE DATA MANAGEMENT

@ Cetting Started [ Latest Headlines

6> FEEDBACK SURVEY

[ Imported From Fir...

& Apple

&« 2 C M 25 cdi.seadatanet.org/search

88 % Bookmarks

‘ SeaDataNet

Q|

Geographic search @ Q

Sea regions ©

Date search @

West

North
East

South

(J search within bounding box

Search

fo)

[ Arctic Ocean

[J Asian mainland

[ Atlantic Ocean

O Baltic Sea

(J European mainland
(J Indian Ocean

[J Mediterranean Region

From  yyyymmdd

+ o+ + o+ o+ o+

To  yyyymmdd

NEW SEARCH  REFINE SEARCH [ 7.\ {el, B:{=0 8 &

EXPORT RESULT SAVE QUERY

INPUT FIELDS

Free search @
(

Date search @
From  yyyymmdd

To | yyyymmdd

Geographic search @
North West East

South | &

(J Search within bounding box

SEARCH RESET

O0O0OO0OO0OO0OOO0OOoORBDo.

Atlantic Ocean (1318983)
North Atlantic Ocean (1141792)
Northeast Atlantic Ocean (40W)  (1028898)
Mediterranean Region (704260)
Baltic Sea (507542)

AR1162)\

6 Save to Mendeley (@ Getting Started [ Latest Headlines

PAN-EUROPEAN INFRASTRUCTURE FOR
OCEAN & MARINE DATA MANAGEMENT

(m]

(m]

DITIN=ERIS

&P 2D @

W Wikipedia » [ Alle bookmarks

DATASET BASKET 0 [

*
[ Imported From Fir... & Apple @ iCloud Q Facebook - Twitter
SUMMARY  TIMESERIES

RNODC_Bottle_10855 Russian 19781008 discrete water samplers

Federation
A011185h.baz Russian 19770407 discrete water samplers

Federation
RNODC_Bottle_8310 Ukraine 19710804 discrete water samplers
Halichoerus_grypus_2002 Sweden 20020521 observers
Halichoerus_grypus_2002 Sweden 20020522 observers
Halichoerus_grypus_2002 Sweden 20020805 observers
Halichoerus_grypus_2002 Sweden 20020806 observers
Halichoerus_grypus_2002 Sweden 20020807 observers
Halichoerus_grypus_2002 Sweden 20020521 observers
Halichoerus_grypus_2002 Sweden 20020526 observers
Halichoerus_grypus_2002 Sweden 20020531 observers
Halichoerus_grypus_2002 Sweden 20020807 observers

POSITION




Discussion @ITIN=ERIS

® How does a catalogue enable search?
® How can | find the most suitable one?



2. Search engine



Discussion

® What is your search experience?

@ITIN=RIS

25



How does a search engine work? @ITIN=RIS

® Index documents based on their keywords

@ Search queries from the index database

* Compute the similarity between documents and queries
* Rank the similarity among selected documents and present them to the user

®

26



Natural language analysis ®ITIN=RIS

® “bag of words” in text search

* if search {“biodiversity”, “digital”, “twin”} from different documents

* Document 1: contains (“essential”’, “biodiversity”, “variables”)
* Document 2: contains (“digital”, “samples”)

* Document 3: contains (“physical”, “twin”)
* Assumption

* Adocument might be relevant if it contains one of the keyword s
* Adocument might be more relevant if it contains a keyword many times

* |f a short document contains a keyword once, it might be more relevant than another long
document that contains that keyword once



Basic idea of document similarity: vector space @ITINERIS

® Represent documents and possible queries as an N-dimensional vector
space;
* Term: basic concepts and words in all documents and queries.
* Eachterm defines a dimension in the vector
* Document vector: (t1, t2, .... tn); ti is document term weight
* Queryvector: (g1, g2, ....qn); gi is query term weight
* Relevance (g, d)



Similarity @ ITIN=ERIS

® Cosine similarity between keyword1
vectors |

Similar Unrelated  Opposite

A
o A B B

VB » v v

keyword3

keyword?2




A customizable online information index framework @ ITIN=RIS

@ How to index metadata
of research assets?

Domain [ Quality ] é

[

|

|

: Metadat » RUle

: Qt?n.. L/ keywords

1 l 1
Web Extract Language . .

Q [ Crawler] [ metadata }{ model Mapping » Indexing

3 Topic T |
[ modelling ] [ Similarity ] :
I

|
|
: ( Optimization ]

-

— — — — — — — — — — — — — — — — — — — — — — — —



Search engine for different resource types ®ITIN=SRIS

—
& > C (O & search.envrieu/webSearch/genericsearch?term=C028pag.. & h * /A ® & @ @
2 Apps %k Bookmarks @ SavetoMendeley ) Getting Started ES Latest Headlines » B3 Other Bool

co2
| found 509 results for you!

search space

Webpages F2 Category Upcoming Events

Domain Datasets

keywords

Web APIs Date/Time :17:00 UTC on 14 Jan3040 minutes talk20 minutes

e #[ o ]#[ e ]#[ Language ];[ — ]»[ ndoing }

e y i (

L

x
@ Notebooks Gqz Description: The webinar gives an overview of the History of Methane and CO2 N
AVIRIS. Its an interesting story showing what can be done with high SNR imaging spe
& Images working comparatively .... EUFAR is pleased to bring you a new series of webinars th:
, broad range of topics in airborne environmental science. It is hoped that these will 4
appeal to the whole airborne science community and focus particularly on topics a
provide high resolution and reliable insitu measurements of clouds. However, due to
constraints, when sampling multiple convective clouds the role of human ... [+]

visualization

Optimization )

.
|
|
|

>l

£ Graph based

G Pie chart

EUFAR
info
0 Publications
& R&D team F2 About STILT viewer | ICOS

) Feedback

https://search.envrieu

) observed CO2 black line will included as well. Values correspond to the left hand sid|
° . By default the footprint for the central time step of the time series is displayed on tH
Indexed all online sources (obtained fromthe -
o FAIR assessments)
Web pages, data sets, APIs, Notebooks,
Images ...
[} -

discussionLinkhttps://us02web.zoom.us/meeting/register/tZAudOCgQqjwvHtUKBXNX 4 )



ENVRI Knowledgebase

®Knowledge base
interface adopts the
design style of ENVRI-
HUB

®Category online
resources as: web pages,
data sets, Notebook, API,
images, (more to come)

®Content filtering
@Better visualization
@Concept of basket

pollution Q

search space

Webpages

0 Datasets

S Web APIs

@ Notebooks

&1 Images
visualization

£ Graph based

C Ppie chart

@ warch eI s e e s page

A b .‘ foww o Ve -dute, & Deting Seves L B . 17 e bhacav

| found 388 results for you @ My Basket

Il veryones Gliding Observatories (EG... X
[% Pollution - INTERAC1 <
Il t. Georges Pier, Menai Strait (Iri... X
).9t
>¢ Plume REST APIV1.0. X
WP8 is designed to focu i of pollution and
also ensuring that the st tributing to this

X

pollution. The main obje @& Pollution - INTERACT 3rs WP2 to identify
potential sources ofeme Jy:. THe work
package is led by the ArcticDefinitions of the Arctic vary according to environmental, geographical,
political, cultural and scientific perspectives. Some scientists define the Arctic as areas having a high
latitude, long winters, short, cool summers,... More Monitoring and Assessment Programmes
Secretariat AMAPSec. . My settingsAcceptPrivacy SettingsGoogle AnalitycsPrivacy SettingsThis site
uses functional cookies and external scripts to improve your experience. Which cookies and scripts
are used and how they impact your visit is specified on the left. You may change your settings at any
time. Your choices will not impact your visit. . Working with INTERACT stationmanagers and
researchers to promote and support screening monitoring studies through enhanced networking in

o
< C 1 @& search.envri.eu/dataset_elastic/genericsearch?term=top10&pag

i*: Apps W Bookmarks @ SavetoMendeley ) Getting Started [ Latest Headlines

il |




Search jupter notebook

@Index the web information of
the notebook from GitHub.

®0ngoing actions:
* Index the text part (cells) of
notebooks

* Index the code patterns from
the notebook (e.g., Al pipeline,
models etc.)

@ITIN=RIS

A Mot Secure | 52.169.177.127:8888/notebooks/work/demo.ipynb
wks @Y Save to Mendeley §J Getting Started [ Latest Headlines B3 Imported From Fir..  ® Apple o iCloud ) Facebook W Twitter W Wikipedia

”: Jupyter demo Last Checkpoint: 04/13/2021 {unsaved changes)

File Edit View Insert Cell Kermel Widgets Help

B o+ = @ B 4+ 4 rRun B C W pakdown v B D

Laserchicken workflow

This document shows how Laserchicken can be used to calculate features that describe a point cloud.

1. Load a las file

In [ ]: impert copy
import fnmatch
import json
import getpass
import os
import pathlib
import datetime
from laserchicken import load
from laserchicken import compute_features
import requests

* A 0 4 @

# Logout

Trusted | Python3d O

In [2]: url = "https://lwdatasetstorage.blob.core.windows.net/pointclouddatas/test_data/Veg.las"
#url = "httpg://lwdatasetatorage.blob.core.windows.net/pointelovddata/test data/ ARN3 . lag”

r = reguests.get{url)
with open(”/tmp/data.laz", ‘wb') as f:
f.write(r.content)

peint_cloud = leoad('/tmp/data.laz'})

point_cloud

Out[2]: {‘wertex': {'x": {'type’': 'floatéd",
‘data’: array([l28%%9.9629%316, 128999.61899316, 1289599.85699316, ...,
129034.85599316, 129034.53399316, 129034.71399316])}),
'yv': {"type': "floaté4’,
‘data’: array([463942.636984B6, 463942.62198486, 463942.308298486, ...,




Discussion: how to improve the search quality?

® How to better rank the relevance?

® How to “guess” the intent of the user?
@ ...

@ITIN=RIS

34



Discussion: Search using Advanced Al @ ITIN=SRIS |

® Large language model (LLM)

1
1
] : :
I
: - : : This success is due to the
1 .
I 1 ;
. . | | ! : ! Hypothesis
| _————
I |
| I | : 1 1 I I
1 [ I " 1 1 ! " 1
| 1 I " 1 [ ! 1 ] !
. TEmmme 1 1 " 1 I ! 1 I ! H
| - - , | | - : . | the bigger,
1 1 1 " 1 1 1 " I I
| : : | ! ! X I I : the better
| ! ! : I I ! : : ! ps b yortubs TR Ay oo
M EEN ]
1990I 2009 2013 2014 2015 2017 2018 2019 2020 2022 2023
! I I I
1 I I I
1 | | I
Statistical Neural Language Pre-trained Large Language
Language Models Models Language Models Models

35



Discussion: LLM in search

®LLM in different search phases

Search Context

(Q Query,

@ Query,

Q. Query,

Response;

Response,

(2)

:‘ Traditional IR Components

@, New Query

g- Candidate
Documents

Selected
Documents

ChatGPT

Large Language Models

OQOLLamA G Flan-T5 () 6LM

() BLOOM

1

Search Agent

@ITIN=RIS

+ Respons

36



Discussion: LLM in search

@® Retrieval — Augmented Generation (RAG)

—_—

Search Relevant
Information

Knowledge

j
% Sources

2 ) Query

Relevant
Information
for

3
. 1 — D — Enhanced
Context

Generated
Text 5
Response

Prompt T
+
4 ) Query 5
+ »
Enhanced

Context Large Language Model EndPoint

https://aws.amazon.com/what-is/retrieval-augmented-generation/

@ITIN=RIS
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Discussion: Semantic search | @ ITINSRIS
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3. Parallel and distributed
computing



Discussion: requirements for computing and data
processing

® Requirements

@ITIN=RIS

40



Example 1: unify different image files @ITIN=RIS

Task 1 Task 2 Task 3
(Read image) |$ (Transfer) $ (Write image)




Moore’s Law

Gordon Moore (co-founder of Intel)
predicted in 1965 that the
transistor density of
semiconductor chips would
double roughly every 24
months.

®More transistors/gates in a chip
®Higher clock frequency
®More advanced design

Mﬂme s Law: The number of Lran«‘.r-.l.nrﬂ on nucmchlm rlnuh]ea every h\ n years [SHEITHE

Moore’s law desoribes the emy p
This advancemen? s important F
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Around 2005: hitting thewalls

®Power wall
®Instruction level parallelism wall
®Design complexity wall

@ITIN=RIS
LILIC L - L |
,000,000
- (]
Intel CPU Trend
(sources: Inte ia, K. -
100,000 !
10,000
1,000
100
10
= o
1 ! B Transistors {000)
° ° ® @ Clock Speed (MHz)
o0 & Power (W)
@ PerffClock (ILP)
0 l
1970 1975 1980 1985 1990 1995 2005



The shift to multi-core @ITINSRIS

.
Performance 1

Performance: X 2 (2*F)
Power: X 4

F remains same
Performance=%.*4=2
Power ="Y,*4 =1
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Generic multi-core CPU | @I:TINERIS
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Has been widely used

Nvidia Tegra:
Quad-core CPU, 256-core GPU

Intel Kaby Lake(2017) IBM Power9(2016) Nvidia Titan Xp(2017)
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Generic GPU

@ITIN=RIS

/
! GPU (Graphics Processing Unit)
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Discussion: why parallelism? ®ITIN=RIS

®Single core performancescaling is over:
* To get better performance than what frequency scaling would provide
* ... Yet, just by waiting until next year, the code would run

faster on the next generation of CPUs
®We have to adapt to multi/many-core systems:

* Because itis the only way to achieve significantly higher
application performance for the foreseeable future



The fastest machine 2023 @ ITINERIS

®Vender: HPE Cray

®Core: 8,699,904 (8.7M)

@Peak Flops: 1714 PFlop/s
@Qperational Flops: 1206 PFlop./s
©®Power: 22,786.00 kW (22MW)

https://www.top500.org/lists/top500/2024/06/



Data parallization @ ITIN=ERIS

Often used when
@®The application has to handle a large data input

@Each of t)he data points needs to be processed in the same way (using the same
program

The basic idea

@Partition the data into multiple chunks
@®Those data chunks will be processed in parallel
®Also called Single Program Multi Data
Examples

HEEEEEEEEENE
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Data parallization @ ITIN=RIS

- S




Discussion @ITIN=ERIS

® When should we use data parallelization?



4. Cloud computing and data
processing



Discussion: what is cloud computing?

® What is cloud computing?
® Why do we need cloud computing?

@ITIN=RIS

54



Cloud: services, technologies ....
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What is Cloud? @ ITIN=ERIS

@Services of resources
* Computing power

* Storage
* Network
* Data base
* Server (e.g. Web server) 1Ly Software as a service (SaaS)

M B Applications, Office, Terminal emulator, etc.
* Word/Excel/PPT etc. It ——————
¢ A ﬁ;? Platform as a service (PaaS)

N Data base, web servers, development tools etc.
docker \alDJ Infrastructure as a service (laaS)
z.: Computing elements, storage, network and server
etc,




What is Cloud?

@Services of resources

¥ Access via Internet
* Using internet
* Access from anywhere
* Web portal

are as a service (SaaS)
Applications, Office, Terminal emulator, etc.
Platform as a service (Paa$)
~Data base, web servers, development toNtc.

Infrastructure as a service, (1aas)
Qg elements, storage, net




What is Cloud? @ ITIN=RIS

are as a service (SaaS)
Applications, Office, Terminal emulator, etc.
. 5
@Services of resources il
~Data base, web servers, development toNtc.
Infrastructure as a service,(laaS) W

®Access via Internet e o
©0n demand provisioning :




What is Cloud? @ ITIN=ERIS

are as a service (SaaS)
Applications, Office, Terminal emulator, etc.

@S e rVi ces Of resources C Platform as a service (Paa$)

. ~Data base, web servers, development toNtc.
®Access via Internet Lo
®0n demand provisioning \

®Flexible price model
* Pay per use
* Pay as you go
* Advanced reserved
* Subscription based

= Storage Accounts B Azere S04 Database




Cloud types

®Private cloud
@Public cloud
@®Hybrid cloud
®Community cloud

@ITIN=RIS

Shared by
several
organizations XO

LR EvoGENI

Single
organization

Private used
data center,
e.g. for single
institute

Mix of 2 or
more
different
types.

Serve public
use

See more
exa m p l.eS fro m C\'}ga(_-:ud::m.
RIS Bl Azure




Cloud and e-Infrastructure

@High performance computers
* Super computers
* Clusters

@®Clouds
* Infrastructure as a service (Virtual Machines)

e Containers
e Platform as a service
e Software as a service

®Storage
* Cloud storage, distributed file systems,

@Advanced network

* Light paths
* Software defined networking

@ITIN=RIS

PRACE
ry aws

ol
Nl Azure

W Collaborative

EUDAT Data Infrastructure

GEANT )



How does cloud work? @ ITIN=RIS

®How can | make a big physical machine as many different virtual machines?

®How do | handle the requests from different users?




Virtualization

®Technology 1: virtualization

@(Virtual Machine and Hypervisor)’

Application 1
Application 2
Application n
Web services
Web server 1
Web server 2

Database, platform (Apache)...

Operating system (Linux, Win, MAC..)

A virtual machine (VM):

image.

\I|'irtualizat'lon

@ITIN=RIS

Virtual
machlne

[Websemert
|| Cuners

Virtual

‘ Database, platform (Apache)... ‘

‘ Database, platform (Apache)...

‘ Database, platform (Apache)... ‘

‘ Operating system (Linux, Win, MAC..) ‘

‘ Operating system (Linux, Win, MAC..)

‘ Operating system (Linux, Win, MAC..) ‘

A software can emulate the behavior of a real computer
Contains hardware abstraction, OS kernel, library, file
N systems and etc.. The file representation is called VM

Like a
physical
machine

Virtual
hardware



Cont. @ ITIN=ERIS

@Technology 1: virtualization A virtual machine (VM):

@(Virtual Machine and Hypervisor)‘ A software can emulate the behavior of a real computer
- Contains hardware abstraction, OS kernel, library, file

I 1 1 1 C I 1 YN et

Note:

v'Virtual machines are isolated (VM with different guest OS can run on the same host);

v"VM images are files, which are usually in the size of Giga Bytes. Depends on the files
included:;

v'VMs are runtime instances of the VM images in the system; ;

v'VM images and VMs are dependent on the type of hypervisor;

v One physical machine usually has only one hypervisor. le




Orchestration @ ITIN=RIS

@Allocate the physical resources for different VM requests

®Provide user interface and API for automating the provisioning of VM
requests

@Allow administrators/users to check the current status of the resources, and
manipulate them

nanStack ClaydStack, vRealize, Puppet, cloudformation (AWS)

@Fvamnla: 0

| nnnnnnn es

Limit Sumenary

Physical machine: Physical machine: Physical machine: Physical machine:

—— —
s e =3 bl S E =3




Cont. @ITIN=ERIS

@Allocate the physical resources for different VM requests

®Provide user interface and API for automating the provisioning of VM
requests

Note:

v" An Orchestration system is interacting with the hypervisor, but independent from the
hypervisor

v" An Orchestration system provides interface for both users and administrators

Physical machine: Physical machine: Physical machine: Physical machine:

—— ——
s e =3 bl S E =3




Operating system level virtualization @ITIN=RIS

@Reduce full virtual hardware Shared kernel
@From full virtualization to container

APP APP APP APP

OS libraries OS libraries

OS libraries... OS libraries...
OS kernel OS kernel

Virtual HW Virtual HW

Hardware

OS virtualization engine

OS of host (Kernel)

Hardware

-----\

- .

| Y ———
4™ = —




DevOps course

Docker: from image to container
PULL, BUILD

(Docker host

@ITIN=RIS

Docker Hub

J




Docker image

®lmages are comprised of multiple
layers,

®Every image contains a base layer

®Each layer references or is based on
another image

@Each Image contains software you
want to run

®Basic layers are read only

Customized
files

Base image
(Debian)

@ITIN=RIS

Docker engine

OS

HW



Docker: from image to container

Multiple containers

(Docker host A
T Tttt TTT T T T T T |
! Containers :
W W Gy
| |
| |
W
1 1
Lo o=V _ ____UIM_______ |

Docker engine
'Localimagds !
| i <1
1
0 .
: debian n ‘ d e Postgre SQOL i
1

|

@ITIN=RIS

Docker Hub




Kubernetes cluster, POD

®Smallest unit in Kubernetes, A structural abstraction of a group Containers
* Some Containers are dependent, and need to be deployed in a single host, or

work together. Share IP address or port space.
 Can also be on container per POD

@Containers in a POD share storage/network

MASTER

NODE

PO

D

i




Kubernetes utilization @ITIN=RIS

®Google Kubernetes Engine (GKE)
@Amazon Elastic Container Service for Kubernetes
®Azure Kubernetes Service (AKS)

Google Container Engine
@ e IK‘ Amazon EKS
Google Container Registry

E[IE . Azure Kubernetes
Il

Service (AKS)

aw
awasa
aw



What do we have to consider when choosing cloud service @ ITIN=ERIS

®Which provider?
®Which data center?
®What Cloud services?
®What capacity?
#What budget?




Choose cloud service

®The Cloud Portal (e.g.
Azure)

@®An account
#Service catalogue

®&Q0rder the services
and ask for on
demand provision

& cC o @& portal.azure.com/#home

: Apps W Bookmarks @ Save to Mendeley @@ Getting Started E5 Latest Headlines [5] Imported From Fir.

Create a resource

Search resources, services, and docs (G+/)

Q¢ D @B R Y o0 M »@Q:

Twitter W Wikipedia » 3 Other Bookmarks

drzmzhao@gmail.com @

INTERNATIONAL RESEARCH INS...

BT Microsoft Sign out

drzmzhao@gmail.c...
drzmzhao@gmail.com

My Microsoft account

Switch directory

e ome to Azure!
#® Dashboard — p—

All services
% FAVORITES
E5% All resources
(@) Resource groups
L App Services
= sQL databases
&% Azure Cosmos DB
: Virtual machines
@ Load balancers
B Storage accounts
<*7 Virtual networks

{i' Azure Active Direct

e Monitor

mrw

t." Advisor

@ Ssecurity Center

e = — =
g @ = o T
eate a Virtual App Services Storage SQL databases  Azure Database = Azure Cosmos
machines accounts for Postgres... DB

& Help + support bource

?) Cost Management + Billing



Select cloud services DITIN=ERIS

®Dashboard of the available resources
®Instances
®vCPU
®RAM

<« c O & stack-server.ct.infn.it/dashboard/projectfinstances/ w c O @ stack-server.ct.infn.it/dashboard/project/ v 7
Apps % Bookmarks @ Save to Mendeley @@ Getting Started 5 Latest Headlines B3 Imported From Fir.,  # Apple & iCloud 0 Facebook W s % Bookmarks @ Save to Mendeley @ Getting Started BS Latest Headiines B Imported From Fir.. & Apple & iCloud o Facebook W T
I openstack £ EGI_notebooks + yenstack = EGI_notebooks
Project - Instances - Overview
Compute Instance Name = Filter O qunc‘
e > . .
Limit Summary
Overview g [Instance Image Name 1P Address Size KeyPair  Status
Name 2 Overview
J Instances R , NOTEBOOKS. EGI,EU Image for EGI Docker 12180145142 . , - - ] Instances 0
v vml [Ubuntu/18.04/VirtualBox] 189,145, m.smal eleteme ive
umes Volumes
NOTEBOOKS EGIEU Image for EGI Docker ) Instances VCPUs RAM Floating IPs
Images O wvmo-1 [Ubuntu/18.04/VirualBox] 212.189.145.45  mi.small deleteme Active E inades rgae Canl 300 of 353 e Bk a0 cidkans e bic 1
Access & Security NOTEBOOKS.EGLEU Image for EGI CentOS Necess 8 Sacunt
i EGI i y
0  lab-vm 7 [ContOS/T VirtualBox] 212.1689.145.51  ml.large ydlabtestkey Active n
Network » X
0O oss ;ﬁm’fﬁ;fﬁﬁw for G Bocter 212.189.145.175 mi.medium o0ss Active B
) 1 Volume Storage
Identity - ; o
NOTEBOOKS.EGIEU Image for EGI Cent0S ) Used 1,000 of 1,000
O yd lab t0 71 AirtualBox] 212.189.145.55 mixlarge  ydiabtestkey Active C
- NOTEBOOKS EGLEU Image for EGI CentOS oo ctve G Usage Summary
alk 7 [cem: 5, Mﬂualsﬁ)‘] . A 5 n mediur U
§ NOTEBOOKS.EGILEU Image for EGI Docker . i i R .
O geonetwork [Ubumuﬂa.ﬂd.-’\ﬁnualﬂux]ge 21218014537 mixlarge  geonetwork  Active n Select a period of time to query its usage:
O e NOTEBOOKS EGI EU Image for EGI Docker ) o0 e macal0t- From:  2020-07-01 To: 2020-07-02 The date should be in YYYY-mm-dd format.
[Ubunt/18.04MirtusiBox] key2 Active Instances: 17 Active RAM: 196GB This Period’s VCPU-Hours: 3657.40 This Period's GB-Hours: 73148.05 This Period's RA
notebooks- NOTEBOOKS.EGI.EU Image for EGI Docker —_— -
O orkerds [Ubuntu/18.04/VirtualBox] 212.189.145.133 m1.xlarge Active n Usage
Instance Name VCPUs Disk RAM
1 natebooks- NOTEBOOKS EGIEU Imaone for EGl Docker




Cont.

@A big list of services they
offer

®Including laas, Paa$, Saas,
and other new items

®VM example
* Configure type
* Data center
* OS
e Disk
Network

< C (@ @& portal.azure.com/

i Apps % Bookmarks

Create a resource
s Home
¥ Dashboard

All services
% FAVORITES
&5 Al resources
: | Resource groups
## Quickstart Center
X3 App Services
<¥+ Function App
= 5QL databases
&* Azure Cosmos DB
"% virtual machines
& Load balancers
B8 storage accounts
<7 Virtual networks
& Azure Active Directory
@ Monitor
"z‘ Advisor
a Security Center

& Help + support

@ Save to Mend

Search red

ure subscri
ATEST

ay330

@ITINERIS

<« CcC 0 @ portal.azure.com/#create/Microsoft.VirtualMachine

i3 Apps % Bookmarks @ SavetoMendeley (@ Getting Started [E3 Latest Headlines E3 Imported From Fir... &

— Microsoft Azure £ Search resources, services, and docs (G+/)

Home > Virtual machines >

Create a virtual machine

Create a virtual machine that runs Linux or Windows. Select an image from Azure marketplace or use your own customized
image. Complete the Basics tab then Review + create to provision a virtual machine with default parameters or review each tab
for full customization. Learn more '

Project details

Select the subscription to manage deployed resources and costs. Use resource groups like folders to organize and manage all
your resources.

Subscription * (O Azure subscription 1 e
Resource group * (0 (New) Resource group v
Create new

Instance details

Virtual machine name * (O |

Region * (0 (US) West US v |
Availability options (O No infrastructure redundancy required e |
Image * (O Ubuntu Server 18.04 LTS e |

Browse all public and private images

Azure Spot instance (0 O Yes C.J No

Review + create

Next : Disks >




Discussion @ITIN=RIS

® What is difference between Cloud and a normal computer?



5. Running applications in Cloud



L [ L

Discussion: How to run your application on cl{oud? )ITIN =RIS
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Options for runing scientific application in cloud @ITIN=ERIS

Typical options:

®Infrastructure as a service (e.g., VM, Storage, Network)
@Platform as a service (e.g., Database, big data cluster)
®Software as a service (e.g., Jupyter Hub)

Many new services...

@Serverless (Lambda or Function)

®Blockchain as service

®DevOps

®....



Types of scientific application BITINERIS

@Types of scientific application
* Modelling and simulation,
* big data analytics,
* machine learning,
* sensor data processing,
* data base
* Workflow of different tasks



An example @ITIN=RIS

® A use case from LifeWatch: processing high-resolution Light Detection and Rar

measurements AL Downioad _ Datastorage
® A researcher developed basic analysis code in python: point cloud processingi| = Sawid.. e

N

Scan (ALS) raw data

Data storage Re-tiling of point clouds
Tiles

- Retiling 2 normalize height =2 Lidar metric calculation = Rasterizing

Data retrieval ~ Tiles
_—

- -
= - Retiled data
P A ——

® Python code developed in Jupyter, only with data from NL .
. |
@ EXECUted on our |Oca| InfraStrUCture B ' Data storage Normalizing height
- Retiled data . .. « Digtal
—= P b
~—1—] Normalized data 1_;1 1_m 1_; o)
|
Processing LiDAR point clouds
(ALS raw data) Data storage . LiDAR metric
- e Normalized data calculation
& E E Extracted metrics%' e
\%&%i,’ . Ly P

5. Rasterization

Data storage Rasterizing metrics

imaaru e

Ropn, AL
A,

Extracted metrics

_ »

e ! =
— 1 GeoTIFFs P:’\
e <« GDAlF =




Why use cloud? ®ITIN=RIS

®For larger data set, for instance

* Large Volume data set (e.g., Process ALS data from the entire country or EU scale)
* and Multi data sources (e.g., species information from GBIF)

“For more intensive computing tasks, for instace

* simulating high resolution models or training high quality deep neural networks
(e.g., combing species distribution or climate information)

“For combing new features, or models



Option 1: Using Infrastructure services (Virtual machines) @ ITIN=RIS

Plan Virtual infrastructure (what capacity)
Provision Virtual infrastructure (you ask the provider to do it for you)

Deploy the Platform and software (you will do it)

oW

Execute and monitor the Application (you will do it)




Option 2: if using services @ITIN=RIS

®If the tasks are web services (need to be persistantly online)

* Selectvirtual machines for individual web service, or for group of services based
on their performance characterstics (following similar approach for a single
application)

* Or set up a container cluster based on a set of virtual machines, and deploy
services as containers on the cluster

* Note: if you want to enable auto-scaling, extra capacity needs to reserved

(=]
) =



Cont. @ ITIN=ERIS

®The VMs got from Cloud providers are often for general purpose; you can
customize the OS version, and hardware configurations

®The software platforms needed by your scientific application, e.g., python,
java, etc., must be installed by yourself

®Do it manfully
* Remotely login the system (as you will try during the lab)
* |nstall them using relevant commands on Linux or other systems

®0r automated

* Compose the installation orders as a playbook, and automate it using the tool like
ansible

Deploy a distributed application in a remote environment is time consuming!




Using containers

@ITIN=ERIS

®VM images are complete self-contain, but are usually very large;

®Application virtualization are not generic for all languages

¥Container technologies are getting popular in cloud computing.

Container (Docker) images
Application
Platform and libraries
File systems
Operating systems libraries
(without kernel)

Virtual machine images
v Application

v’ Platform and libraries
v" File systems

v' Operating systems (full)
v' Hardware configuration

and abstraction . .
Require a container (e.g.,

docker) engine
Require operating system

AN

Directly deploy above

hypervisor
v No otherinstallation kerr.Iel from the host
environment
needs

v’ (Virtual) Hardware configuration

Application packages (JAR, WAR)
v' Application
v Platform and libraries

v Require special environment
(e.g., java runtime environment)

v Require full operating system
kernel from the host
environment

v’ (Virtual) Hardware configuration



version: '3.3'

How does a docker work?  |.ervices: @ ITIN=RIS

db:

image: mysql:5.7

volumes:
— db_data:/var/lib/mysqgl

restart: always

environment:
MYSQL_ROOT_PASSWORD: somewordpress
MYSQL_DATABASE: wordpress
MYSQL_USER: wordpress
MYSQL_PASSWORD: wordpress

o)

wordpress:
depends_on:

. ~ db Docker Hub
Client - . : -
image: wordpress:latest = —-

ports:

— '"8000:80"
restartixalways
envirGhment:
WORDPRESS_DB_HOST: db:3306
WORDPRESS_DB_USER: wordpr
WORDPRESS_DB_PASSWORD;
WORDPRESS_DB_NAME:

6/26/2025 DevOps course

88



|version: '3.3"

How does a docker work?  [services: @ ITIN=ERIS

db:

image: mysql:5.7

volumes:
— db_data:/var/lib/mysql

restart: always

environment:
MYSQL_ROOT_PASSWORD: somewordpress
MYSQL_DATABASE: wordpress
MYSQL_USER: wordpress
MYSQL_PASSWORD: wordpress

o)

wordpress:
depends_on:

. - db Docker Hub
Client image: wordpress:latest .

ports:

— "8000:80"
restart: alwayg\
environmentmysal
WORDPRESS_DB_HOST: db:3306
WORDPRESS_DB_USER: wordpr
WORDPRESS_DB_PASSWORD;
WORDPRESS_DB_NAME:

6/26/2025 DevOps course

89



Docker orchestration over a cluster

@®SWARM: using compose file
®MESOS: using marathon
®Kubernets: google

6/26/2025 DevOps course

@ITIN=RIS

kubernetes

90



NaaVRE approach @ ITIN=ERIS

@Scientific code is often developed in Jupyter

®Can we containerize the code, or a specific segment (Cell) as a RESTful
service and encapsulate it as a container?




Workflow @ ITIN=ERIS

Raw data EBV data product| Indicators
National or regional LIDAR metrics Change in 3D vegetation
Airborne Laser Scanning (ALS) across;space and time structure
[N LIDAR metric 1 |

— ~——LIDAR metric 2

Examples: HOAR et 2
Point cloud datasets o 30
from the Netherlands 3 25

(AHN1, AHN2, AHN3) §
" % 20
§ 15
§ 10
5
\ 3 y
© 0
N v ]
Data acquisition Multi-terabyte \(°° Q@Q 4\6‘0
@ GPS (laser scanning) LiDAR point clouds &
\ - §
— ®@mu e
mser Scani ﬁ o

st Data ' : 42

/ Research &
~/ innovations
Tools, algorithms, code, infrastructures and support are

often provided by different parties as services via internet.




Discussion @ITIN=RIS

® What are the benefits for using Cloud?



Discussion
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