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AI4EOSC
Artificial Intelligence for the #£E0SC

e Evolution of the DEEP Hybrid DataCloud platform

e HORIZON-INFRA-2021-EOSC-01-04 call

e Runs September 1st 2022 - August 2025 (36 months)
e 7 academic + 2 SME + 1 non-profit organization

Advanced features for distributed, federated, composite
learning, metadata provenance, MLOps, event-driven data
processing, and provision of Al/ML/DL services
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Objectives

Objective 1 Objective 4

Feature rich services and platform to Al exchange/hub in the context of the
build and deploy custom Al applications  EOSC, enhancing and increasing the
in the EOSC application offer currently available
Objective 2 Objective 5

Support for building Al systems on Extend the service offer and the
distributed datasets, with a particular capabilities being offered through the
focus on federated learning EOSC portal, with focus on Al
Objective 3 Goal

Services to compose Al tools, enabling Foster an Al exchange in the EOSC

the development of complex data-driven  context transforming the development of
applications Al applications in the EOSC




Background, ecosystem, collaborations

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

DEEP Platform and services

Al4 | CHEOSC  Aueose
INDIGO-DataCloud Enhanced Al Platform for the #E0SC
@ PaaS-based cloud ® o
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DEEP-Hybrid-DataCloud Al models will be integrated into AI4EOSC
Hybrid DataCloud Al/ML/DL PaaS, access to GPUs -l FLEXIGROBOTS FlexiGroBots
® ® o, Fleets of autonomous robots for agriculture
@
IMagine platform, powered by Al40S
iMaO ine iMagine (powered by Al40S)
e B, [W g Al imaging platform for aquatic sciences
® o
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Suppor Ly Al services for the EOSC Compute
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- ub Industry and innovate SME

support
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AI4EOSC high level architecture

AI4EOSC-dashboard and hub
(ai4-dashboard)

GitHub

Al4
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INDIGO - DataCloud

Detailed C4 architecture can be found here:

e Workspace
https://structurizr.com/share/73873/
2f769b91-f208-41b0-b79f-5e196435b
db1

e Diagrams:
https://structurizr.com/share/73873/
2f769b91-f208-41b0-b79f-5€196435b
db1/images
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Composite Al and experiment centric services
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Customization and provisioning

Provisioning Container engines HPC resources
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Interactive environments
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Next generation Al platform
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AI4EOSC conceptual diagram

Domain-specific
metadata

(?.) Model

catalog

AI4EOSC Exchange

Software layer

Software quality Service quality
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QA and automation

Platform layer
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EOSC-core and other services
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DEEP evolves into... AI4EOSC

. , , Federated learning, split
Training on single site, learning, gosslﬁ) learning,
centralized dataset expected maklng possible training on

:

decentralized datasets
: . Composite Al for complex Al
Single Al application, self tools and applications through
deployed or on serverless function composition and
computing serverless computing
Central management of Enhanced onboarding of
onboarded sites, complex resources, easier deployment

on-premises deployment on-premises




(some) New features

Integration with privacy tools
(differential privacy, anonymity
checks)

ML EH)eIine composition and
workflows

MLOps tools to monitor
deployed models gdrlft
detection, concept drift,

accuracy and performance

Al4 1 CONOEOSC

Community standards for
models API (Kserve) following
OpenAPI specifications

Enhanced web user interface
for applications

Improved development
environment (VS Code,
JupyterLab)
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DEEP-HDC, AI4EOSC, Al40S...

v, Al4 | <2€0SC

Hybrid DataCloud

e DEEP-1, DEEP-2: Platform e AI4EOSC platform — Platform
releases "powered by AlOS”

: o DEEP-3 — AI4EOSC-3

e Platform andosoft\{vare tightly e AlI40S — software distribution
coupled and interlinked, o Possible to build custom

difficult to self-deploy and platforms, partially integrated with
customize AI4EOSC platform (i.e. reusing

services) or not
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AlI4EOSC Use Cases

Agrometeorology

Integrated plant protection

Automated thermography
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Agrometeorology BN

Aim: Usage of satellite imagery, in-site measurements, and
weather forecasts to generate added-value products for

TREE COVER DENSITY (TCD)

(1
improving farmers activity: e.g. prediction of phenological or ' SRR e -~ SN
pest development stages.

Currently: Measurement system - TRL9, prediction system - Windsp:,;m, Wind Direction Sensor
TRL3 < Leaf Wetness Sensor $ L
ea ¢ .. a;Gauge‘ AMS 111 Il Data Logger '
Within AI4EOSC: Enhancement of the prediction subsystem -3
following a Composite Al approach to combine the different 3 — HE
machine learning models used for the different data sources S m . =
Partners: Microstep, IISAS, Predictia Ground Tamperaur ] Ry Senor |
-~ t 5cm
= o y 10cm
= e e 20cm
Soil Temperature Sensor(s) Soil Moisture Sensor(s)
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Integrated plant
protection

Aim: To determine the risk of disease and pests in agricultural crops and
determine the phases of plant growth and the condition of crops. The
developed Al models are going to be integrated into existing national advisory
platforms, operated by WODR and PSNC.

Currently: WODR and PSNC operate a national advisory platform for farmers
(eDWIN), which includes a network of meteorological ground stations, the
Farm Management System, and ground observations of the occurrence of
diseases and pests. The current solutions are based on predictive
mathematical models.

Within AI4EOSC: The plan is to add to the current mathematical prediction
models the ML/DL-based models used for recognition of the plant diseases
and add new sources of the data. Initial focus on wheat and sugar beats and
detection of the fungal diseases.

Partners: WODR, PSNC



Automated
Thermography

Aim: To identify heat losses and thermal bridges in buildings
and infrastructures using drone-based images and ML/DL
approach in order to provide a corresponding automated
Al-based service.

Currently: The group owns a dataset of drone-based images
on urban districts and drone-based thermal images on a
campus district (ca. 0.8TB). The identification of thermal
bridges on roofs is already possible using DL (TRL 4). The
identification of leakages in district heating networks is
possible too (TRL 5/6).

Within AI4EOSC: Targets enlargement of the training dataset,
Al model improvement, optimisation of the workflows, and
creation of a cloud-based automated service

Partners: KIT (IIP, SCC)

Co-funded by
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Feature-wise timeline

2022

Project start

Migration from legacy
componentsand
adaptation of user tools

2023

Federated learning

Enhanced interactive
development
environments

Updated data science
templates

Serverless Al as a Service
for sync/async inferences

Federated multi-site
deployments

Drift detection services

Initial version of composite
Al tools

2024

Other distributed (gossip,
split) learning paradigms

Experiment-centric
dashboard

Automated provisioning of
resources

Provenance model and
metadata for ML systems

Consolidation of
composite Al tools

MLOps pipelines available

Al4 1 CONOEOSC

2025

Integration with EOSC
storage systems and
repositories

Production ready
customizable platform
and software stack

Co-funded by
the European Union
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Migration from legacy components

e PaaS layer = B
o Moving from Apache Mesos to Hashicorp Nomad + - — E
Consul + Traefik =

o Transparent, federated and multi-site platform =
deployments =

o Update of deprecated internal components at PaaS -
orchestrator level =

e |Improved accounting, security and monitoring ‘

e Development of Al4-PAPI, new dashboard and

0 Nomad

CLI tools

o Easier to migrate from one COE to another one
(just in case)

o Specific routes for Al and ML (e.g. Federated
learning)

o Removal of TOSCA dependency for user apps

o Inclusion of additional sidecar tasks (i.e. storage,
accounting, monitoring) at APl level (i.e. not
user-managed)

e |Integration with EGI-Check-IN and other OpenlID

Connect providers




Co-funded by
the European Union

Al4 1 N E0SC

Enhanced interactive environments

= Al4|Neosc

Deployments &

testvscode

estjupyter

2 Alvaro Lopez Garcia

[vivs ] deephdcldeep-oc-generic-deviatest o 2023-06-20 09:14:29 © @ ®

[vivs] deephdcldeep-oc-plants-classification-tflatest 0 2023:06-20 09:10:18 o @

New deployment

Al4 | &HeosC

Module &

Modules / Plants species classifier

Bulld status

ETRE=T

Plants species classifier

Classify plant images among 10K species from the iNaturalist dataset

The deep earning revolution hs brought sigificant advances in a number of fields [1], primarily linked to image and
ech asks like the ImageNet Large Scale Visual

image
Chanenge [2] has resulted in a reliable Way\o compare top penovmmg architectures.

The use of deep learning for plant classification is not novel [3, 4] but has mainly focused in leaves and has been
restricted to a limited amount of species, therefore making it of limited use for large-scale biodiversity monitoring
purposes.

This Docker container contains a trained Convolutional Neural network optimized for plant identification using images.
The architecture used is an Xception [5] network using Keras on top of Tensorflow. A detailed article about this network
and the results obtained with it can be found in [6]

The PREDICT method expects an RGB image as input (or the url of an RGB image) and wil return a JSON with the top 5
predictions.

The original training dataset was the great collection of images which are available in PlantNet under a Creative-
Common AttributionShareAlike 2.0 license. It consists of around 250K images belonging to more than 6K plant species
of Western Europe. These species are distributed in 1500 genera and 200 families.

A new teration of the application has been trained using plant images from iNaturalist. This dataset has around 4.4M
observations with 7M images from 58K worldwide species. We have restricted our training to the 10K most popular
species.

This service is based in the Image Classification with Tensorflow model
References

[1]: Yann LeCun, Yoshua Bengio, and Geofrey Hinton. Deep learning. Nature, 521(7553):436-444, May 2015.

Vision (IJCV), 115(3):211-252, 2015.

[3]: Sue Han Lee, Chee Seng Chan, Paul Wilkin, and Paolo Deep-plant: Plant with

neural networks, 2015.

[4]: Mads Dyrmann, Henrik Karstoft, and Henrik Skov Midtiby. Plant species
neural network. Biosystems Engineering, 151:72-80, 2016

using deep

[5]: Chollet, Francois. Xception: Deep learning with depthwise separable arXiv preprint (2017): 1610-02357.

[6]: Heredia, Ignacio. Large-scale plant
Frontiers Conference. ACM, 2017.
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License Created
Apache 2.0 2019-01-01
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© Github # Dockerhub
Get the data

© Dataset

Train module

NFO.md

X Pmastert O B @040 W1

T Fie Gt Vow fn Kool Tas Semgs top
EN- : c & Launcher | 2 20 Model waing b ® | 5.3-Gomputingprodcions1® | o
B+ XD O » = C » Markdwn v Python3 C

o r

Jupyter

m (imago-classifcation

. 1/ notebooks

Computing the predictions
Last oditod

It me o see how your net perorms o unseen test ata, We il dvide the futorial in 3 ars depering on whether you want
o

2yearsago
2 years ago
+ Predictflepaths contained in a

2yearsago

Inport Ratplottib.pylab as pic

© tabrine starter

from tensorflow.keras.nodels inport load nodel

fron ingclas.data_utils inport load_inage, load_data splits, Load_class_names
fron ingclas.test utils inport predict
from ingclas import paths, plot_utils, utils

2018-11-08 19:
VODEL_NAHE = *final_model

paths. timesta

Class_names lits_dir=paths.get ts_splits dir())

5.path. join(paths.get_conf dir(), conf.json’)

™ Welcome to

d_rode (05, path. join(paths. get_checkpoints_dir(), MODEL_WAE), custon_objects=utils.get_custon o

g a datasplit txt file
foing to compute th predictons and save them intoa . son il o rtireve them ater.

- test e

code-server

Up

P red_prob = predict (odel, X, conf, top_K<TOP K, filenode="local’)
Deploy code-server
for your team

v ———— et true ab') = v solist()
infrastructure with Coder Mode: Command_® _Ln 1, Col 1 _3.0-Computing_precictons.pyrid

Recent Coderis
e
rraform—Linux,
a6,

Walkthroughs
*

Get started

Learn the Funda,

Layoutus O



Co-funded by
the European Union

Al4 1 N E0SC

Federated learning

e Collaborative and decentralized approach to

build ML models
o No need to centralize a dataset (i.e. technical or
privacy restrictions)

CLIENT 1 CLIENT 2 CLIENTN

e Management of experiments through platform
dashboard Bl B O o i vt

APPLICATION OF FEDERATED LEARNING TO

e Participating clients both within AI4EOSC o LIS
platform or external (with authentication) m ——.

River Enborne (test)

River Enborne (test)

Chl concentration

1500 2000
Observations

ncentration

Chi cor
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Serverless Al as a service

e OSCAR (https://oscar.grycap.net) will be used to run the Al models for
inference (Al as a Service)

o Serverless event-driven execution
m Asynchronous Mode: Files uploaded to the object-store trigger the invocation
of a data-processing script that is run inside a container (out of user-defined
Docker image) within a scalable Kubernetes cluster (e.g. batch jobs)

OSCAR
é Service
‘ I async

m Synchronous mode: Scalable HTTP-based endpoints (based on KNative)

P— OSCAR
Cijd sync Service

e htips://inference.cloud.ai4eosc.eu/ui/#/login

DUREN the European Union


https://oscar.grycap.net
https://inference.cloud.ai4eosc.eu/ui/#/login
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Drift detection libraries and tools

Monitoring of models in production is

not enough

o Model learns from data, data is not
stationary

o Concept learnt by them model may
change over time

Data and concept drift detection—
essential to build more robust models
Frouros: state-of-the-art library for drift

detection in ML problems
o https://qithub.com/IFCA/frouros

Ongoing work towards online services
for drift detection

passing _5,_ passing | downloads |34k | release v0.3.2 | python 3.8 |3.913.10 | 3.11 | License BSD 3-Clause

classical and more recent algorithms for both concept and data drift detection.

Example: data drift detection in underwater video


https://github.com/IFCA/frouros
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Composite Al models, initial version

Plant Sync 1

Node-RED
Mean Probabilities Visualization Result
Load Image
ﬂ =z m .....
D=
i talilal
Join Services 6

Plant Sync 2
Use case: multiple Al models can be triggered for inference and later aggregate the results
for enhanced accuracy
Reuse functions (subflow)
Visual support (drag & drop + customization)
Minimize orchestration costs
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AI4EOSC challenges
: - Exploitation of automation,
Irntegr?tlonf;)flﬁlga?r?tﬁt infrastructure as code and
eso%ces SN OLIMERS c automated orchestration of
providers across EU e-Infras resources
Federated learning, gossip and
Data access and split learning, togeqhgr with |
privacy-preserving model national security measures (i.e.
training on sensitive data homomorphic encryption)

Correct handling of metadata ~ APPplication of RDA
and quality aspects of reacrg[)irg}rg%nodna;trl]og[s)g rI]:%\IR for
Al/ML/DL assets LW
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AI4EOSC challenges

Sidecar containers providing
tailored and transparent access
for storage services

Data access, remote access,
provider disparity

Users do not need to deal with

Access to accelerators and low-level details, just interact
resources with preferred IDE
Al-related developments are Focus on scientists and the

exploding (Al bandwagon) EOSC ecosystem
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Key impacts and outcomes

e Increased number of services in the EOSC Exchange
o Al/ML generic (AI4EOSC platform) or community specific (e.g. iMagine, see Gergely’s talk
https://whova.com/portal/webapp/egi_202305/Agenda/3088789)
e Transforming development of Al models for science in the EOSC
o FAIR, reproducibility of pipelines, model provenance
o Best practices for development Al and ML models
e Improvement of robustness of Al systems -> Trustworthy Al
o MLOps infrastructure and services for Al scientists
o Drift detection tools and services to assess data/model/inference validity
o Provenance of models (reproducibility), model metadata
o FAIR-ification of ML assets
e (Main, relevant) Outcomes
o Al platform for the EOSC (AI4EQSC platform)
m Integrated popular IDE environments
m Advanced ML features: federated learning, homomorphic encryption, privacy tools
m Composite Al, cross discipline pipelines, serverless platforms
o Software stack (Al40S) to build customized Al platforms
o Best-practices documents for the Al community of practice in the EOSC



https://whova.com/portal/webapp/egi_202305/Agenda/3088789
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Collaboration: INFRAEOSC and beyod

e Starting and ongoing collaborations with EOSC
(i.e. INFRAEOSC) projects to provide Al-based

tools and services

o FAIR-EASE, RAISE, EOSC4Cancer, BlueCloud

o Exploring collaborations on FAIR-ification of Al assets
(RDA, FAIR-IMPACT)

e QOutside the EOSC realm
o iMagine — Al based imaging data and services for
aquatic science
o AioD — Conncectors for AI4EOSC assets

e Open for additional collaborations

o Reach out at deep-po@listas.csic.es @%
o Collaboration with industry through \ ‘,

EOSC-DIH (https://eosc-dih.eu/) 'm ﬂ

We Wat



mailto:deep-po@listas.csic.es
https://eosc-dih.eu/
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Reach us!

Thank you for your attention
Project Coordinator: Alvaro Lopez Garcia - aloga@ifca.unican.es



