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AI as a Black Box – Concepts and Foundations

Opening the Box (1) – Traditional Machine Learning

Opening the Box (2) – Deep Learning

Modern AI and Research Directions



The Core Problem in AI

▪ Computers only understand numbers.

▪ So AI needs a way to convert:
◦ words 

◦ images 

◦ sounds 

into numerical representations.
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“How can computers understand language, images, and 
meaning?”



Embeddings: The Foundation of Modern AI
▪ Embeddings are numerical representations that capture meaning.

▪ Words with similar meanings are represented by nearby vectors.
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The “Good” Embedding?
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▪ vector[Queen] ≈ vector[King] - vector[Man] + vector[Woman]

▪ vector[Paris] ≈ vector[France] - vector[ Italy] + vector[ Rome]
◦ This can be interpreted as “France is to Paris as Italy is to Rome”.



Embeddings are used for many types of data
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Embeddings aren't just for words/images!
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In biology, an embedding could represent a protein sequence.

in finance , an embedding could represent a Customer or Transaction.

In Civil Engineering, an embedding could represent a structural behavior.

etc



Embeddings aren't just for words/images!
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How to use these models in your research?
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How to use these models in your research?
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How to build these Embedding Vectors
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Example: CNN

Fully Connected 
Feedforward network

cat dog ……
Convolution

Max Pooling

Convolution

Max Pooling

Flatten

A new image

A new image
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BUT…
The embedding depends entirely on 
the task the network is trained on.

They require large labeled datasets!



Solution: Self-supervised learning
▪ This idea—“given a word, predict the surrounding words”
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she had to pay using ___ instead of any digital or card-based method.

The model is not learning exact word replacement. It is learning a region of meaning.



word2vec
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Embedding Vector
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But… Contextual Embedding
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Solution.. Attention
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Transformers
▪ a Transformer architecture can 

be designed in three different 
ways depending on the task and 
objective:

▪ 1. Encoder-Only Transformers

▪  2. Decoder-Only Transformers

▪ 3. Encoder-Decoder 
Transformers (Seq2Seq)
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Transformers… The LLM Era
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Major challenges & research directions 
in modern AI
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Self-Supervised Learning
Few-Shot Learning
Zero-Shot Learning
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Transfer Learning
Domain Adaptation
Foundation Models
Meta-learning 
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Agentic AI 
Reinforcement learning 
Chain-of-Thought
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Retrieval-Augmented 
Generation (RAG)

Fact Verification
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Vision-language models
Cross-Modal Representation 
Learning 

Training GPT-3 burned ~1,300 MWh—enough to power 120 U.S. homes for a year
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TinyML
Efficient transformers
Model compression
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Interpretable transformers 
Attention analysis
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Efficient architectures 
Quantization
Distillation
LoRA / QLoRA
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Adversarial Testing
AI Governance & Regulation
Constitutional AI



Road Map
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AI as a Black Box – Concepts and Foundations

Opening the Box (1) – Traditional Machine Learning

Opening the Box (2) – Deep Learning

Modern AI and Research Directions



Road Map
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AI as a Black Box – Concepts and Foundations

Opening the Box (1) – Traditional Machine Learning

Opening the Box (2) – Deep Learning

Modern AI and Research Directions

For researchers outside AI, this shift 
is not about becoming machine 
learning experts—it is about 
gaining a new instrument for their 
own field.



Workshop Files
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https://rsonbol.github.io/workshops#AI4Researchers
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