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What are neural networks?



Biological 
neuron



The Perceptron (Rosenblatt, F. 
1958)
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Perceptro
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Deep Neural 
Networks



Abstraction



Abstraction



Structure of a Basic Deep Neural Net





Lowering resolution forces sparse encoding



Lowering resolution forces sparse encoding



* Flower with 5 purple 
petals and yellow center

Lowering resolution forces sparse encoding



* Flower with 5 purple 
petals and yellow center

Lowering resolution forces sparse encoding

* Cosmos bipinnatus
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Deep Neural Nets

Dog

Cat
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Deep Neural Nets

Dog

Cat



How do neural nets 
see the world?
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ImageNet (1000 clases)

How do neural networks see the 
world?
M.D. Zeiler and R. Fergus (2014)



Layer 1 (96 filters)

How do neural networks see the world?
M.D. Zeiler and R. Fergus (2014)



Layer 1 (96 filters)

How do neural networks see the world?
M.D. Zeiler and R. Fergus (2014)



Hubel, D. & Wiesel, T 
(1959)

How do neural networks see the world?



Maximal activating images

How do neural networks see the world?



How do neural networks see the world?



How do neural networks see the 
world?





What do neural networks see?
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VGG16 (2014)
26
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How do neural nets see the world?
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How do neural nets see the world?
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How do neural nets see the world?
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How do neural nets see the world?
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How do neural nets see the world?



How do Neural Networks represent data?
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Mapping images into feature space
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… Encoded 
image

Usually a very 
large vector
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…

PCAReduce the 
dimensionality 
with PCA

Mapping images into feature space



…

How is information organized inside neural nets?



…

Latent space

How is information organized inside neural nets?



…

How is information organized inside neural nets?

Latent space



…

Latent space

How is information organized inside neural nets?



…

How is information organized inside neural nets?



…



…



…

¿Como organizan la información las redes neuronales?

Latent space
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Mapping latent space to unveil physical processes
(work in progress)



Vanessa Enríquez

How can we interpret feature space?





How can we interpret 
latent space?



We can’t, latent space is 
not semantic.



One solution: make a
map of the latent space

density?

# b
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Segmenting the cosmic web







Traffic viewSatellite view

?



Autoencoders



Autoencoders



Autoencoders



Autoencoders



Autoencoders



Autoencoders



Fotografía Segmentación

Segmentación de imágenes con inteligencia artificial



Cluster

Filament

Segmenting the Universe with U-Nets

Wall



The UNet architecture

Aragon-Calvo 2019



Work in progress…

Density field

Hand-tuned

Mask



The UNet architecture

Some activation images



Automatic cosmic web segmentation, filaments

Less than one minute to compute!

O
riiginal

Predicted



Automatic cosmic web segmentation, filaments

O
riiginal

Predicted



Automatic cosmic web segmentation, walls





Multiclass segmentation with physicaly-
based training data

Kumagai et al. to be submitted

Sam Kumagai
U. Drexel, co-
advised with M. 
Vogeley

Compute density and potential fields



Kumagai et al. to be submitted



Some thoughts on

Large Language Models







Programming in the year 1 B.C.



Programming in the year 1 B.C.
(Before ChatGPT)



Programming in the year 1 A.C.



Programming in the year 1 A.C.





Programing in the year año 2 A.C.

Agents



* programming proficiency no needed

Agents solve tasks in a semi-autonomous way

Open Interpreter



Even install requirements



Some debugging…



After a few iterations we have our plot



LLMs can be lazy



Extracted from skills.py, Open Interpreter project

How do we enforce compliance by the agent?



Extracted from skills.py, Open Interpreter project









91

Retrieval Augmented Generation (RAG)

Beyond chatGPT
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…

Mapping images into feature space

Embedding
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Beyond LLMs, Retrieval Augmented Generation
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<question>

Beyond LLMs, Retrieval Augmented Generation
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Thank you













https://minimaxir.com/2024/02/chatgpt-tips-analysis/



https://minimaxir.com/2024/02/chatgpt-tips-analysis/
















