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Agenda

Machine Learning (ML) na Saude

Exemplo de ML

LLMs & Salide Como desenvo.lver um Health Al
Assistant

Como tratar um dataset para raciocinio

clinico?
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Machine Learning na Saude

 Detecao e predicao de doencas
— detetar tumores e outras anomalias em
Imagens meédicas

* Personalizacao de tratamento
— predicao do tratamento mais eficaz

 Desenvolvimento de farmacos

— com informacao genetica, estruturas de
proteinas, interacoes moleculares, prevém-se
interacdes com diferentes proteinas alvo
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Large Language Models (LLMs)

* Arquitetura com grande numero de parametros

* Processa e produz linguagem natural
* Modelos matematicos que aprendem a partir de dados

— aprendem padroes \
Dados de
dominio especifico

<4

) Pre-training
_y - >
— (Self-Supervised

Learning)
Grande volume de dados Modelo Base Modelo Fine

(Web, livros, artigos...) Tuned
@ Qwen3.5
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LLMs & saude

* BioGPT * SciBert

 ClinicalBert ¢ ImageBert

* MedLM

Notas clinicas, Raios-X, TACs, Resultados de laboratorio, Videos
artigos cientificos, RM biossinais, ECG, EEG, e cirargicos,
Instrucoes para dados demograficos modelos
pacientes, codigos meédicos 3D
medicos
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Centro Nacional
de Computagdo Exemplo de ML - Jupiter
Avancada

Notebook
g Al Health Assistant — VS
E 4

Code
deucalion.acnca.pt

Hands-on

Dataset raciocinio clinico

https://indico.acnca.pt/event/8/
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Minho Advanced Computing
Center (MACC),
Guimaraes

*
Centro Nacional t AI F t
de Computacgao +* ac Ur:""
Avancada * %X



Centro Nacional
de Computacao
Avancada

Exemplo pratico de Machine Learning
(ML) I Il
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Exemplo de Machine Learning '

“ Workshop: Transformagéo Digital na Saude com |A

Fabrica de |IA | Centro Nacional de Computagédo Avangada (CNCA)

***
C( * Al Factory
*
* X

CAOCR:s=/ =

* *
L, * T * X %
— |
cr ok * T * *
S * o E_I.II'OHPC *m*
= SOk * _Ji:i Joint Undertaking * *
o pox * gk

Obijetivo: Predigdo de cancro pulmonar - exemplo pratico de Machine Learning
Dataset: dataset de dominio publico obtido via kaggle
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Primeiros passos

1. Abrir pagina de Open OnDemand (OOD) do Deucalion

Deucalion's OOD é

2. Copiar os materiais do repositorio
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Deucalicn Files ~ lobs ~ Clusters ~ Interactive Apps ~ @ My Interactive Sessions @ Help -~ & Logged in as agaudencio & Log Out

D=UCALION

OnDemand provides an integrated, single access point for all of your HPC resources.

Message of the Day

Changelog

* 07/01/2026: Deucalion now has a chatbot that goes through our documentation and can answer some basic questions that you might have. To access it please run
module load chat followed by deucalion_chat

* 10/12/2025: Deucalion has now a private GitLab server providing a Cl/CD service to all users.

Centro Nacional
de Computacao
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Deucalion

4

Files ¥ Jobs ¥ Clusters ¥ Interactive Apps ~

# Home Directory

M /projects/F2026AIVLABOO021BSCAIF

[projects/F2026AIVLABO0021BSCAIF

(( * Al Factory Andreia Gaudéncio | Lisboa 23.04.2026
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Deucalion Files ¥ Jobs >~ Clusters ¥ Interactive Apps ¥ @

>— Open in Terminal >H C' Refresh H <+ New File H New Directory } X Upload | & Download JNL KefeYalY/iVL\)

4 Home Directory

| projects / F20 0021BSCAIF / [E,;Changedi,ectory]

(J Show Owner/Mode [J Show Dotfiles Filter:

Showing 0 rows - 0 rows selected

@® /projects/F2026AIVLABO0021BSCAIF

d Type A Name Size Modified at

No data available in table

powered by

“nDemand

Centro Nacional
de Computacao
Avancada

OnDemand version: 4.0.7
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Welcome to the Portuguese EuroHPC supercomputer, xpleasex read documentation before use:
https://docs.macc.fccn.pt/

The following scripts are now available for user reference:

1. Home Quota Check: quotahome
2. Lustre (projects) Quota Check: quotaprojects
3. Slurm Billing Information: billing

Run these scripts directly to get up-to-date information on
your storage usage and job-related billing.

[agaudencio@ln@4 F2026AIVLABOOO21BSCAIF]$

[agaudencio®ln®3 F2026AIVLABOOO21BSCAIF]$ bash ml_repo.sh

Cloning into 'agaudencio/ml-example'...

warning: redirecting to https://gitlab.acnca.pt/cnca/aif-pt/ml-lung-disease—pred.git/
remote: Enumerating objects: 94, done.

remote: Counting objects: 100% (57/57), done.

remote: Compressing objects: 100% (57/57), done.

remote: Total 94 (delta 25), reused 0 (delta 9), pack-reused 37 (from 1)

Unpacking objects: 100% (94/94), 1.27 MiB | 2.79 MiB/s, done.

[agaudencio®1n®3 F2026AIVLABOOO21BSCAIF]$
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Deucalion Files ~ Jobs ~ Clusters ~ @ My Interactive Sessions

Al

< Llama.cpp

Desktops

A Home Directory 31 Desktop
E | projects /| F2026AIVLABO0021BSCAIF |

e /projects/F2026AIVLABO0021BSCAIF )
Editors

4 VS Code

GUls Type &

w VAPOR
we VMD

= Jupyter Notebook

= Jupyter Notebook Pytorch (GPU)
= RStudio Server

) miflow

Viz

4+ TensorBoard

*
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Deucalion Files ~ Jobs ~ Clusters ~ Interactive Apps ~ @ My Interactive Sessions

Home / My Interactive Sessions / Jupyter Notebook

Saved Settings Jupyter Notebook

This app will launch a Jupyter Notebook server on one or more nodes.

You have no saved settings.

Number of CPU cores

Interactive Apps 1

Al Enter a value between 1 and 256
« Llama.cpp Number of hours
Desktops
1
L1 Desktop
Editors Partition
4 VS Code normal-arm ~
GUls Please select a queue from the drop-down
n VAPOR Account
w VMD £2026aivlab00021bscaifa v

Servers

S tti
Jupyter Notebook ave settings
= Jupyter Notebook Pytorch Save settings and close

(GPU)

* The Jupyter Notebook session data for this session can be accessed under the

® RStudio Server data root directory.

> miflow
Viz

4 TensorBoard
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Session was successfully created.

Home / My Interactive Sessions

Saved Settings

You have no saved settings.

Interactive Apps

Al
« Llama.cpp
Desktops

L Desktop

Editors

& VS Code

GUls

w VAPOR

we VMD

Servers

(H1

¢ Jupyter Notebook

(H1

¢ Jupyter Notebook Pytorch

(H1

¢ Jupyter Notebook Pytorch
(GPU)

= RStudio Server

o miflow
Viz

4+ TensorBoard
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‘ Jupyter Notebook (1106817)

@D | DD | starting

Created at: 2026-03-3111:57:34 WEST

Time Remaining: 59 minutes

Session ID: 2cfa2ede-265e-418f-86cf-97fdddebala8

Your session is currently starting... Please be patient as this process can take a few minutes.
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Jupyter Notebook (1106817)

Host: cna0044.deucalion.macc.fcen.pt

Created at: 2026-03-3111:57:34 WEST

| Running

Time Remaining: 58 minutes

Session ID: 2cfa2ede-265e-418f-86¢f-97f4ddebala8

@& Connect to Jupyter




(—

: File E'it View Run Kernel Tabs Settings Help

Last Modified

B Desktop

B ondemand

jpserver-1...
{:} jpserver-1...
jpserver-1...
{:} jpserver-1...
(] jupyter_co...
{:} kernel-26f...
{:} kernel-2b...

O rocky_8_5....
[ test.sh
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{:} kernel-99c...

3 months ago
7 months ago
2 months ago
2 months ago
2 months ago
2 months ago
2 months ago
2 months ago
2 months ago
2 months ago
5 months ago

2 months ago
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home/agaudencio

lEl Notebook
@ o &8 @

Python 3 Julia 1.9.3 Pluto Notebook R
(ipykernel)

Console
o @®
e‘ o0

Python 3 Julia 1.9.3 R
(ipykernel)

Other
M ¢ @& R O

Terminal Text File Markdown File Julia File Python File R File Show
Contextual Help




CMCAH

File

)

Edit View Run Kernel

Tabs Settings Help

New

New Launcher
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Open from Path...

New View for

New Console for Activity

Close Tab
Close and Shut Down
Close All Tabs

Save
Save As...
Save All

Reload from Disk
Revert to Checkpoint...
Rename...

Duplicate

Download

Save and Export Notebook As...

Save Current Workspace As...

Save Current Workspace
Print...

Log Out
Shut Down

S HL

Tw
~AHQ
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her +

homefagaudent

| Notebo
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Python3
(ipykernel)

Console
. a
w

Python 3
(ipykernel)

Other

Terminal




Open Path

Path
/path/relative/to/jlab/root

e

/projects/F2026AIVLAB00021BSCAIF/NOME_USER/r
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File Edit View Run Kernel Tabs Settings Help

t  C | Fiterflesbyname  Q

ol r U

[ Launcher

a8 +

X ‘ [% mi_health_example.ipynb ® | + -
¥ DO [0 » m C »  Markdown v ~Openin.. % Python 3 (ipykernel) () 7 VARIABLES
| |

<
1]

|/ -+ [agaudencio [ ml-example /

Name - Last Modified

| dataset 5 minutes ago
= m images 5 minutes ago

# graphics.py

 [W] |mi_health_example.ipynb

M README.md
# results_functions.py

Simple (1

CMC

0 P 2 & Python 3 (ipykernel) | Idle
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5 minutes ago
5 minutes ago
5 minutes ago

5 minutes ago
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- Workshop: Tendéncias Digitais para a Saide

Fabrica de IA | Centro Nacional de Computagio Avangada (CNCA)

Andreia Gaudéncio
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Objetivo: Predigao de cancro pulmonar - exemplo prético de Machine Learning

~ CALLSTACK

~ BREAKPOINTS L

~ SOURCE -]

~ KERNEL SOURCES Q ¢
Would you like to receive official Jupyter X

news?
Please read the privacy policy.

Open privacy policy ~Yes No

—
Mode: Command & Ln 1, Col1  mi_health_example.ipynb 1D
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Como treinar um assistente de IA
para a saude:
desde os dados ao fine-tuning
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Metodo

‘ .
 Dataset publico s ( )

* Modelo: Qwen 3.5-9B

— Container: Pytorch, Cuda, Transformer, PEFT, TRL,
Datasets, Optuna

1. Curar os dados
1. Curadoriainicial

2. Filtragem @ Qwen3 5

3. Consolidacao/Merge
2. Otimizacao de hiperparametros com optuna

3. Fine-tuning final do modelo com hiperparametros
LORA selecionados 0 P T U N ﬂ

4. Comparacao modelo base com o modelo fine-
tuned

***
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LORA (Low-Rank Adaption)

* Evita ajustar todos os parametros do modelo o i
base \ % [daa88E] -
* Treina apenas alguns parametros adicionais [ ] & [ ] "
(adapter) n .
. Eficiente W = WO T A
» Evita risco de "catastrophic forgetting" bl

Fonte

Total params: 8,559,815,680 (31.89 GB)

Trainable params§:§2,134,784 ¥84.44 MB)

Non-trainable params: 8,537,680,896 (31.81 GB)

W

Full fine-tuning implicaria treinar os parametros
todos!

* %
*
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Optuna

* Permite procurar de forma mais eficiente os hiperparametros

* 5testes (N_TRIALS) para obter a melhor combinacao de parametros
— Lora_r, Lora_alpha, Lora_dropout, Learning_rate

lora r = trial.suggest int("lora r", 8, 56, step=16)

lora _alpha = trial.suggest int("lora alpha", 16, 64, step=16)

lora _dropout = trial.suggest float("lora dropout”, 0.01, 0.1)

learning rate = trial.suggest float("learning rate", le-5, 5e-4, log=True)

e
vang
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1. Curar os dados

1. Curadoria Inicial » Limpeza automatizada + validagcao manual
2. Filtragem > Reestruturacao assistida por LLM e filtragem por qualidade

3. Consolidacao (Merge) > Consolidacao e montagem final do conjunto de
dados e integracao de revisoes

(( * Al Factory Andreia Gaudéncio | Lisboa 23.04.2026
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|

1.1. Curadoria inicial

Terminal:
[user@ln@3 F2026AIVLABOOO21BSCAIF]$ cd ai-assist #cd=c
[user@ln@3 ai-assist]$ 1ls # lista o conteudo da pasta (op
[user@lnO@3 F2026AIVLABOOO21BSCAIF]$ cd 1.Initial-curatio ;
[user@ln@3 1.Initial-curation]$ sbatch run-curation.sh

Nota: Apds obter este dataset foi ainda feita verificacgaa

* %
*

CNCA:zs @purees
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1.1. Curadoria inicial

A. Script: curate_dataset.py
* Limpeza de texto

* Remocao de frases redundantes

* Filtros de qualidade: tamanho da resposta, entradas duplas
B. Validacao manual: revisao para garantir uma maior precisao

* %
. *
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1.2. Filtrar dados

1. Filtragem de Qualidade Automatica
—Valida estrutura: mensagens (user + assistant)
—Verifica comprimento da resposta (25-150 palavras)
— Rejeita frases com padroes perigosos ( )
—Remove frases proibidas:

2. Amostragem estratificada
— Distribuicao dos 500 exemplos selecionados

*
*
(@: Al Factory Andreia Gaudéncio | Lisboa 23.04.2026
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1.2. Filtrar dados

3. Reescrita com o Qwen 3.5-2B

* LLM reescreve respostas e corrigi erros estruturais/de formatacao
* Prompt de sistemarigido

* Validacao pos-geracao

Terminal:

cd .. #regressa a pasta
anterior

cd 2.Filter
sbatch run-filter.sh

* %
. *
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1.3. Consolidacao e montagem final

* 120 exemplos para revisao manual
* Adicionadas entradas que correspondem aos critérios

* Total de 451 exemplos finais

Terminal:
cd ..

cd 3.Merge
sbatch run-merge.sh

*
*
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1. Curar os dados - exemplo

{{Il II: [{II II: n Il’ "Content": PROMPT Il},

{" " ", "content": "l have a long history of chronic sinusistis, | even
have had septum and sinus surgery before, (...) | feel like there is a
constriction and weight above my eyes causing bad headaches, dark circles,
eye strain, etc. | am currently taking asterpro and mucinex. (...)"},

{"role": " ", "content": "Seek emergency care immediately if you
experience severe vision changes or chest pain. Your symptoms suggest a
potential neurological or vascular issue rather than simple allergy, as your
headaches and dark circles persist despite medication. Please consult a
doctor for more personalized medical advice."}], (...)}

(— * Al Factory Andreia Gaudéncio | Lisboa 23.04.2026 34



2. Otimizacao de hiperparametros

 Execucdo deumjob: sbatch run-ft-optuna.sh
— Ficheiro para otimizar parametros do modelos: fine-tuning-optuna.py

Terminal:
cd fine-tuning
sbatch run-ft-optuna.sh
Submitted batch job 1106412

*
*
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3. Fine-tuning (final)

 Execucdo do job run-ft.sh utilizando os melhores parametros do passo
anterior

— Executa o ficheiro simple-fine-tuning.py

sbatch run-ft.sh
Submitted batch job 1106412

* %
. *
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Repositorio para o Assistente de |A na saude

[user@ln@3 F2026AIVLABOOO21BSCAIF]$ cat hai_repo.sh #ver o

/

\—

https://gitlab.a.incd.pt/cnca/aif-pt/health-ai-ft

~N

_/

conteudo do ficheiro
[user@ln@3 F2026AIVLABOOO21BSCAIF]$ bash hai repo.sh

Centro
de Comp
Avancad
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*
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nacions (@; Al Factory
a * *’

Andreia Gaudéncio | Lisboa 23.04.2026

37



Scripts e meétodo

CMCAH

Deucalion Files ~ Jobs ~

Clusters - @ My Interactive Sessions

Al

< Llama.cpp

4 Home Directory

BB /projects/F2026AIVLABO0021BSCAIF

Centro Nacional
de Computacao
Avancada
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Desktops

CJ Desktop

GUls

w VAPOR
we VMD

Servers

= Jupyter Notebook

E | projects | F2026AIVLABOO021BSCAIF /

| Type A




W My Interactive Sessions

Home / My Interactive Sessions / VS Code

Saved Settings VS Code

Browser-based Visual Studio Code running inside a Singularity container on the

You have no saved settings.

ooda partition.
) Number of CPU cores
Interactive Apps
Al 2
¢ Llama.cpp Number of hours
Desktops
1

3 Desktop
Editors Partition
2 VS Code Non-exclusive ARM v
GUIs

Account
n VAPOR

[ f2026aivlab00021bscaifa v ]
we VMD
Servers Save settings

= Jupyter Notebook
' Pyt Save settings and close

= Jupyter Notebook Pytorch

= Jupyter Notebook Pytorch

(GPU) * The VS Code session data for this session can be accessed under the data root

. directory.
= RStudio Server

> miflow

Viz

4 TensorBoard

Centro Nacional
de Computacao
Avancada
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@ My Interactive Sessions

Session was successfully deleted.

Home / My Interactive Sessions

Saved Settings

You have no saved settings.

Interactive Apps

Al

< Llama.cpp

Desktops

CJ Desktop

Editors

4 VS Code

GUls

.. VAPOR

Centro Nacional
de Computacao
Avancada

VS Code (1132972) @D D) | starting ‘

Created at: 2026-04-09 16:31:04 WEST
Time Remaining: 59 minutes

Session ID: 0b7e2d18-6e47-401d-90c1-2d3a47bad0f9

Your session is currently starting... Please be patient as this process can take a few minutes.

@ My Interactive Sessions

Session was successfully deleted.

ane / My Interactive Sessions

Interactive Apps

& Llama.cpp
Desktops

CJ Desktop
Editers

4 VS Code

GUIs

‘.. VAPOR

* **
(@ * Al Factory
*
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VS Code (1132972)

Host: cna0017.deucalion.macc.fcen.pt
Created at: 2026-04-09 16:31:04 WEST
Time Remaining: 59 minutes

Session ID: 0b7e2d18-6e47-401d-90c¢1-2d3a47bad0f9

@D | €D | Running

&% Connect to code-server




O agaudencio

File |l New TextFile
Edit New File...
Selection New Window

View New Window with Profile

Go ’
Open File...

Run
Terminal COd e = Se rve r

Open Workspace from
Help

Open Recent Ed|t|ng eVC}lVed

Sign out of code-server
Add Folder to Workspace...

.n8n Save Workspace As... Start
nem Duplicate Work -
v uplicate Workspace [ New File...

.ollama Save “_|rj Open File...

.singularity
.ssh Save As... E_o Clone Git Repository...
Save All .

.triton := Open a Walkthrough...
Nim

ync
vscode-server v Auto Save

Desktop Preferences

ondemand

.bash_history Revert File

.bash_logout Close Editor

.bash_profile Close Folder
.bashrc

>
>
>
>
>
?
>
>
>
>
>
>
$
$
$

.gitconfig v Confirm Before Close

ICEauthority

* %
*
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Open Folder

|2 Welcome X |_ | ,"projectst2D26AIVLAB{)0021BSCAIFfagaudenciofai-assisd

ai-assist
ml-example

/projects/F2026AIVLAB00021BSCAIF/NOME_USER/ai-assist

*
*
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4. Comparar modelo base e fine-tuned

cat gpu.sh
#!/bin/bash

# open interactive session limited to 10 minutes

salloc -A f2026aiv1ab00021lbscaifg --gpus=1 -t 00:10:00
al00-40

bash gpu.sh
bash run-inference.sh ‘base’

-p normal-

* %
. *
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4. Comparar modelo base e fine-tuned

[agaudencio@®gnx516 fine-tuning]$ bash run-inference.sh 'base'
Running with BASE model...
Loading Base Model

Loading weights: 1060% S | 427/427 [00:08<00:00, 50.281t/s]

——— Terminal Chat Initialized (Type 'exit' to quit) ——-

You: D

Testar com:
I have a mild headache and feel a bit tired. What should I do?

I'm having chest pain that radiates to my left arm and I'm short of breath.

My 3-year-old has had a fever of 101.5°F for two days. She's drinking fluids
but not eating. Should I be worried?

I've been feeling down lately and can't sleep well.

Centro Nacional
de Computacgao
Avancada
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4. Comparar modelo base e fine-tuned
bash run-inference.sh ‘ft’

Testar com:
I have a mild headache and feel a bit tired. What should I do?

I'm having chest pain that radiates to my left arm and I'm short of breath.

My 3-year-old has had a fever of 101.5°F for two days. She's drinking fluids
but not eating. Should I be worried?

I've been feeling down lately and can't sleep well.

e
vang
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Centro Nacional
de Computacao
Avancada

Como tratar um dataset para
raciocinio clinico?
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* Projeto de MSc de Beatriz Ramada Macedo
— Orientado por Antonio Luis Sousa, PhD e Alicia Oliveira, PhD candidate

— HASLab (Laboratorio de Software Confiavel)

-

Dados
farmacologicos
brutos

~

)

* **
@ * Al Factory
* "

? INESC TEC
Dataset para tarefas de raciocinio clinico

4 )
Q&A
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Preparacao do dataset

1. Limpeza e normalizacao dos dados (tabulares)

- Remocao de colunas irrelevantes, de registos incompletos ou
recomendacoes como “You need to take it regularly...”

2. Cruzamento e enriquecimento dos dados

- O dataset (medicamentos comerciais, indicacoes terapéuticas e efeitos
adversos) foi cruzado com o DrugBank

Mecanismo acao +

sinohimos
quimicos

*riF*
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Preparacao do dataset

3. Divisao dos dados

- Separacao em treino/teste com chave [Primeira Palavra do
Medicamento] + [Composicao Base]

4. Estruturacao em tarefas de Question Answering

erfil clinico terapéutico
@ )

* %
. *
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Inventario

Farmacodinamica

farmacologico
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Preparacao do dataset

5. Prevencao de fuga de dados (data leakage)

- Remocao de exemplos no grupo de teste com mecanismo de agcao associado a
um principio ativo dos conjuntos de treino e desenvolvimento.

- Reducao do risco de memorizacao de relacoes farmacodinamicas

iﬂtir
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Quickstart da Fabrica de IA

https://baif-quickstart-081a21.gitlab.io/
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