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Backpropagation

https://robodk.com/blog/robodks-virtual-assistant/neuralnetwork-training/

https://www.youtube.com/watch?v=VkHfRKewkWw



The Process of Backpropagation

David E Rumelhart, Geoffrey E Hinton, et.al��³/HDUQLQJ�UHSUHVHQWDWLRQV�E\�EDFN-SURSDJDWLQJ�HUURUV�´�1DWXUH�������
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The Biological Implausibility of BP
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Memory Inefficiency, Energy Inefficiency, Computational Inefficiency



Biologically Plausible Alternatives

Human Brain
(~20 Watts)

G. Hinton. The forward-forward algorithm: Some preliminary investigations, 2022.
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Biologically Plausible Alternatives

Back-Propagation
(Bio-Implausible)

Human Brain
(~20 Watts)

G. Hinton. The forward-forward algorithm: Some preliminary investigations, 2022.
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TinyFoA

Huang, Baichuan, and Amir Aminifar. "TinyFoA: Memory Efficient Forward-Only Algorithm for On-Device Learning." Proceedings of the AAAI 
Conference on Artificial Intelligence. Vol. 39. No. 16. 2025.
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Huang, Baichuan, and Amir Aminifar. "TinyFoA: Memory Efficient Forward-Only Algorithm for On-Device Learning." Proceedings of the AAAI 
Conference on Artificial Intelligence. Vol. 39. No. 16. 2025.



Quick Recap of Neural Network Layers in Deep Learning

Fully Connected (FC)
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https://youtube.com/playlist?list=PLZHQObOWTQDNU6R1_67000Dx_ZCJB-3pi&si=2MkQ_kFeVhhb8yh0
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Real Application with FC and CNN



Large Language Models (LLMs)

seq2seqGenerationClassification

https://youtu.be/LPZh9BOjkQs?si=osdwVV73MbiIjff4



Large Language Models (LLMs)

TranslatorDialogue/Coding

seq2seqGenerationClassification

Understanding

https://youtu.be/LPZh9BOjkQs?si=osdwVV73MbiIjff4



Domain Scope

Natural Language Processing (NLP)

Bert, GPT, LLaMA, DeepSeek

Transformer
Self-Attention

Guo, Daya, et al. "Deepseek-r1 incentivizes reasoning in llms through reinforcement learning." Nature 645.8081 (2025): 633-638.



Self-Attention



Self-Attention (example)
I like football, but basketball more

https://sebastianraschka.com/blog/2023/self-attention-from-scratch.html
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Query
What am I looking for?

Key
What is this token about?

Value
Here is the actual information
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Self-Attention
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Specific Query Parallel All Tokens



One Transformer Layer



Attention to Transformer

Vaswani, Ashish, et al. "Attention is all you need." Advances in neural information processing systems 30 (2017).
https://poloclub.github.io/transformer-explainer/

Self-Attention



Attention to Transformer

Vaswani, Ashish, et al. "Attention is all you need." Advances in neural information processing systems 30 (2017).
https://poloclub.github.io/transformer-explainer/

TransformerSelf-Attention



LLM Architectures

seq2seqGenerationClassification

Bert, RoBERTa GPT, LLaMA T5



Environmental Impact of Training Transformer

Strubell E, et al. Energy and policy considerations for modern deep learning research. AAAI, 2020.
Vaswani A. Attention is all you need. NeurIPS, 2017.
https://www.forbes.com/sites/robtoews/2020/06/17/deep-learnings-climate-change-problem/
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Training Transformer
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The computational resources needed to produce a best-in-class AI 
model has on average doubled every 3.4 months. 
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Energy Consumption of Training LLMs

D. Patterson, et al. Carbon emissions and large neural network training, 2021.
https://tinyml.substack.com/p/the-carbon-impact-of-large-language
Data sources: U.S. Energy Information Administration, Electric Power Research Institute (EPRI)
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D. Patterson, et al. Carbon emissions and large neural network training, 2021.
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Data sources: U.S. Energy Information Administration, Electric Power Research Institute (EPRI)

1,287 Megawatt-Hour

GPT-3 GPT-4
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Pre-Trained LLMs to Task Adaptation

https://huggingface.co/learn/llm-course/en/chapter1/4
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Rapid Advancements

(SRFK�$,��´GDWD�RQ�DL�PRGHOV´��85/�KWWSV���epoch.ai/data/ai-models. Accessed: 04 Nov 2026.
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