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SCOPE OF THE COURSE
OBJECTIVES
Deepen and consolidate data science skills by exploring advanced analysis me-
thods and their practical applications across various domains. Building on ma-
chine learning and deep learning foundations, this course emphasizes maste-
ring the entire data project lifecycle — from data collection and preprocessing
to result interpretation and production deployment — while integrating ethical,
reproducibility, and model explainability considerations.

COMPETENCE AND SKILLS

— Design and manage a complete data analysis project by applying methods
suited to the problem’s nature, data volume, and quality

— Apply advanced methods for processing and analyzing tabular, temporal,
textual, and multimedia data (images, signals) by selecting and justifying
methodological choices

— Rigorously evaluate a data analysis model’s performance, diagnose its limi-
tations, and propose well-argued improvements

— Ensure reproducibility, traceability, and maintainability of a data analysis pi-
peline by applying MLOps best practices (versioning, testing, documenta-
tion)

— Interpret and explain complex model results using explainability methods
(SHAP, LIME, Grad-CAM) and present them clearly to technical or non-technical
audiences

— Integrate ethical and regulatory dimensions into data analysis system de-
sign : algorithmic biases, fairness, GDPR and RIA compliance

PROGRAM

— Data project lifecycle and best practices :

— Data project scoping : defining objectives, identifying data, feasibility as-
sessment.

— Data lifecycle management : collection, storage, versioning, governance.
— Reproducibility and traceability : MLflow, DVC, experiment tracking.
— Development best practices : unit testing, documentation, CI/CD for data

projects.

— Advanced preprocessing and feature engineering :

— Handling missing, outlier, and imbalanced data : advanced strategies
(SMOTE, multiple imputation).

— Feature selection and construction : filter, wrapper, and embedded me-
thods.

— Encoding high-cardinality categorical variables ; adaptive normalization
and standardization.

— Data augmentation for images, text, and time series.

— Temporal data and signal analysis :
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— Characterization and decomposition of time series : trend, seasonality,
residuals.

— Classical models : ARIMA, SARIMA, Prophet.
— Deep learning approaches for time series : LSTM, Temporal Convolutional

Networks (TCN), temporal Transformers.
— Anomaly detection in time series.
— Signal analysis : Fourier transform, spectrograms, wavelets.

— Natural Language Processing (NLP) :

— Text representation : bag-of-words, TF-IDF, word embeddings (Word2Vec,
GloVe, FastText).

— Sequence models for NLP : RNN, LSTM, attention mechanisms.
— Transformers and pre-trained languagemodels : BERT, CamemBERT, GPT

— fine-tuning for specific tasks.
— Applications : text classification, sentiment analysis, information extrac-

tion, automatic summarization.

— Multimedia data analysis (images and signals) :

— CNN recap ; advanced architectures : EfficientNet, ViT (Vision Transfor-
mer).

— Object detection and segmentation : YOLO, Mask R-CNN.
— Transfer learning and few-shot learning for multimedia data.
— Audio data analysis : feature extraction (MFCC), sound classification,

speech recognition.

— Explainability and interpretability of models (XAI) :

— Challenges of black-box models in deep learning ; explainable AI (XAI)
concepts.

— Local methods : LIME, SHAP (SHapley Additive exPlanations).
— Global methods : feature importance, partial dependence plots (PDP).
— Visualizing CNN decisions : Grad-CAM, activation maps.

— Ethics, bias, and regulatory compliance :

— Sources of bias in data and models : selection bias, confirmation bias,
representation bias.

— Algorithmic fairness metrics : disparate impact, equality of opportunity.
— Regulatory obligations : GDPR applied to data analysis systems, RIA clas-

sification, DPIA.
— Responsible AI principles : transparency, traceability, human oversight.

— Production and deployment (MLOps) :

— Architecture of an ML system in production : feature store,model registry,
monitoring.

— Model deployment : REST API (FastAPI, Flask), containerization (Docker),
orchestration (Kubernetes).

— Monitoring models in production : data drift, performance degradation.
— Continuous model updating and retraining.
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REQUIREMENTS

— DAT801 - Deep Learning (S8) : CNN architectures, RNN, LSTM, optimization
mechanisms, TensorFlow/PyTorch frameworks — direct and essential pre-
requisite for the entire course.

— DAT701 -Machine Learning (S7) : supervised and unsupervised algorithms,
model evaluation, scikit-learn pipelines.

— DAT701 - Massive Data Systems (S7) : distributed architectures, Spark —
required for large-scale processing pipelines.

— Data Mining (S6) : preprocessing, pattern extraction, introduction to clus-
tering.

— SHS704 - Law and Ethics in Computer Engineering (S7) : GDPR, RIA, algo-
rithmic biases — applied in the ethics and compliance section of the course.

— Expected cross-disciplinary skills :

— Advanced Python programming : numpy, pandas, scikit-learn, PyTorch or
TensorFlow

— Proficiency in Git and code/data versioning tools
— Basic knowledge of containerization (Docker) and application deploy-

ment
— Ability to read and synthesize research papers in English
— Scientific rigor : reproducibility, documentation, objective evaluation
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