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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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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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Quick Recap of Neural Network Layers in Deep Learning

Fully Connected (FC)
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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 (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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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).
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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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Energy Consumption of Training LLMs

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)
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Pre-Trained LLMs to Task Adaptation

https://huggingface.co/learn/llm-course/en/chapter1/4
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Size of LLMs

https://labelyourdata.com/articles/llm-fine-tuning/llm-model-size
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Need Efficient Fine-Tuning of LLMs



Parameter-Efficient Fine-Tuning (PEFT)

Han, Zeyu, et al. "Parameter-Efficient Fine-Tuning for Large Models: A Comprehensive Survey." Transactions on Machine Learning Research. 2024
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Han, Zeyu, et al. "Parameter-Efficient Fine-Tuning for Large Models: A Comprehensive Survey." Transactions on Machine Learning Research. 2024

PEFT

Additive Selective Reparameterized



PEFT-Additive

Adapter-based

Houlsby, Neil, et al. "Parameter-efficient transfer learning for NLP." International conference on machine learning. PMLR, 2019.



PEFT-Additive

Adapter-based Prompt-based

Houlsby, Neil, et al. "Parameter-efficient transfer learning for NLP." International conference on machine learning. PMLR, 2019.



PEFT-Additive

Adapter-based Prompt-based

Houlsby, Neil, et al. "Parameter-efficient transfer learning for NLP." International conference on machine learning. PMLR, 2019.

Prompt 
Tuning



PEFT-Additive

Adapter-based Prompt-based

Houlsby, Neil, et al. "Parameter-efficient transfer learning for NLP." International conference on machine learning. PMLR, 2019.

Prompt 
Tuning

Prefix 
Tuning



PEFT-Selective

Huang, Baichuan, Ananth Balashankar, and Amir Aminifar. "BEFT: Bias-Efficient Fine-Tuning of Language Models." (2025).

Unstructual Structual



PEFT-Selective

Example of structual

Huang, Baichuan, Ananth Balashankar, and Amir Aminifar. "BEFT: Bias-Efficient Fine-Tuning of Language Models." (2025).

Unstructual Structual



PEFT-Selective

Example of structual

Huang, Baichuan, Ananth Balashankar, and Amir Aminifar. "BEFT: Bias-Efficient Fine-Tuning of Language Models." (2025).

Unstructual Structual



PEFT-Reparameterized

Low-Rank Decomposition 

Hu, Edward J., et al. "Lora: Low-rank adaptation of large language models." ICLR 1.2 (2022): 3.



PEFT-Reparameterized

Low-Rank Decomposition 

Hu, Edward J., et al. "Lora: Low-rank adaptation of large language models." ICLR 1.2 (2022): 3.

௤ܹ א Թௗൈௗ೜ ሺԹଶ଴ସ଼ൈଶ଴ସ଼ሻ



PEFT-Reparameterized

Low-Rank Decomposition 

Hu, Edward J., et al. "Lora: Low-rank adaptation of large language models." ICLR 1.2 (2022): 3.

௤ܹ א Թௗൈௗ೜ ሺԹଶ଴ସ଼ൈଶ଴ସ଼ሻ

� א Թ௥ൈௗ (Թ଼ൈଶ଴ସ଼)
� א Թௗ೜ൈ௥ (Թଶ଴ସ଼ൈ଼)

ݎ ا ݀ǡ ݀௤



PEFT-Reparameterized

Low-Rank Decomposition 

Hu, Edward J., et al. "Lora: Low-rank adaptation of large language models." ICLR 1.2 (2022): 3.

௤ܹ א Թௗൈௗ೜ ሺԹଶ଴ସ଼ൈଶ଴ସ଼ሻ

௤ܹ ൌ ௤ܹ + ο ௤ܹ ሺܣܤሻ

� א Թ௥ൈௗ (Թ଼ൈଶ଴ସ଼)
� א Թௗ೜ൈ௥ (Թଶ଴ସ଼ൈ଼)

ݎ ا ݀ǡ ݀௤



PEFT-Reparameterized

Low-Rank Decomposition 

Hu, Edward J., et al. "Lora: Low-rank adaptation of large language models." ICLR 1.2 (2022): 3.

௤ܹ א Թௗൈௗ೜ ሺԹଶ଴ସ଼ൈଶ଴ସ଼ሻ

௤ܹ א Թௗൈௗ೜

� א Թ௥ൈௗ

� א Թௗ೜ൈ௥

௤ܹ ൌ ௤ܹ + ο ௤ܹ ሺܣܤሻ

LoRA

� א Թ௥ൈௗ (Թ଼ൈଶ଴ସ଼)
� א Թௗ೜ൈ௥ (Թଶ଴ସ଼ൈ଼)

ݎ ا ݀ǡ ݀௤

ൈ



Parameter Efficiency Reduces Training Memory?

GPU 
Memory

Dynamic Training Process 
(Theoratically)

Forward Pass Backward Pass

Regular Fine-Tuning



Parameter Efficiency Reduces Training Memory?

GPU 
Memory

Dynamic Training Process 
(Theoratically)

Forward Pass Backward Pass

Regular Fine-Tuning

Lora (PEFT)



Parameter Efficiency Reduces Training Memory?

GPU 
Memory

Dynamic Training Process 
(Theoratically)

Forward Pass Backward Pass

Regular Fine-Tuning

Lora (PEFT)

Prefix-Tuning (PEFT)
Ș



Parameter Efficiency Reduces Training Memory?

GPU 
Memory

Dynamic Training Process 
(Theoratically)

Forward Pass Backward Pass

Regular Fine-Tuning

Lora (PEFT)

Prefix-Tuning (PEFT)
Ș

In-Place Update



Memory Efficient Fine-Tuning-Pruning

Han, Song, Huizi Mao, and William J. Dally. "Deep Compression: Compressing Deep Neural Network with Pruning, Trained Quantization and 
Huffman Coding." ICLR. 2016.
Gu, Naibin, et al. "Light-PEFT: Lightening Parameter-Efficient Fine-Tuning via Early Pruning." Findings of the Association for Computational 
Linguistics ACL 2024. 2024.
Wang, Yuxin, et al. "CFSP: An Efficient Structured Pruning Framework for LLMs with Coarse-to-Fine Activation Information." Proceedings of the 
31st International Conference on Computational Linguistics. 2025.



Memory Efficient Fine-Tuning-Pruning

Han, Song, Huizi Mao, and William J. Dally. "Deep Compression: Compressing Deep Neural Network with Pruning, Trained Quantization and 
Huffman Coding." ICLR. 2016.
Gu, Naibin, et al. "Light-PEFT: Lightening Parameter-Efficient Fine-Tuning via Early Pruning." Findings of the Association for Computational 
Linguistics ACL 2024. 2024.
Wang, Yuxin, et al. "CFSP: An Efficient Structured Pruning Framework for LLMs with Coarse-to-Fine Activation Information." Proceedings of the 
31st International Conference on Computational Linguistics. 2025.



Memory Efficient Fine-Tuning-Quantization

Dettmers, Tim, et al. "Qlora: Efficient finetuning of quantized llms." Advances in neural information processing systems 36 (2023): 10088-10115.
https://huggingface.co/blog/hf-bitsandbytes-integration

Quantization



Memory Efficient Fine-Tuning-Quantization

Dettmers, Tim, et al. "Qlora: Efficient finetuning of quantized llms." Advances in neural information processing systems 36 (2023): 10088-10115.
https://huggingface.co/blog/hf-bitsandbytes-integration

QLoRAQuantization
4-bit NormalFloat (NF4)



Memory Efficient Fine-Tuning-Zeroth-Order Gradient

Zhang, Yihua, et al. "Revisiting zeroth-order optimization for memory-efficient LLM fine-tuning: a benchmark." Proceedings of the 41st International 
Conference on Machine Learning. 2024.
Fernández, Jesús García, Nasir Ahmad, and Marcel van Gerven. "A Unified Perspective on Optimization in Machine Learning and Neuroscience: 
From Gradient Descent to Neural Adaptation." arXiv preprint arXiv:2510.18812 (2025).
https://sites.google.com/view/zo-tutorial-aaai-2024/



Memory Efficient Fine-Tuning-Zeroth-Order Gradient

Zhang, Yihua, et al. "Revisiting zeroth-order optimization for memory-efficient LLM fine-tuning: a benchmark." Proceedings of the 41st International 
Conference on Machine Learning. 2024.
Fernández, Jesús García, Nasir Ahmad, and Marcel van Gerven. "A Unified Perspective on Optimization in Machine Learning and Neuroscience: 
From Gradient Descent to Neural Adaptation." arXiv preprint arXiv:2510.18812 (2025).
https://sites.google.com/view/zo-tutorial-aaai-2024/

The gradient can be approximated by 
random gradient estimation



Memory Efficient Fine-Tuning-Zeroth-Order Gradient

Zhang, Yihua, et al. "Revisiting zeroth-order optimization for memory-efficient LLM fine-tuning: a benchmark." Proceedings of the 41st International 
Conference on Machine Learning. 2024.
Fernández, Jesús García, Nasir Ahmad, and Marcel van Gerven. "A Unified Perspective on Optimization in Machine Learning and Neuroscience: 
From Gradient Descent to Neural Adaptation." arXiv preprint arXiv:2510.18812 (2025).
https://sites.google.com/view/zo-tutorial-aaai-2024/

The gradient can be approximated by 
random gradient estimation



Memory Efficient Fine-Tuning-Zeroth-Order Gradient

Zhang, Yihua, et al. "Revisiting zeroth-order optimization for memory-efficient LLM fine-tuning: a benchmark." Proceedings of the 41st International 
Conference on Machine Learning. 2024.
Fernández, Jesús García, Nasir Ahmad, and Marcel van Gerven. "A Unified Perspective on Optimization in Machine Learning and Neuroscience: 
From Gradient Descent to Neural Adaptation." arXiv preprint arXiv:2510.18812 (2025).
https://sites.google.com/view/zo-tutorial-aaai-2024/

The gradient can be approximated by 
random gradient estimation



Without Resources for Any Fine-Tuning 

Prompt Engineering

Ram, Ori, et al. "In-context retrieval-augmented language models." Transactions of the Association for Computational Linguistics 11, 2023.



Without Resources for Any Fine-Tuning 

Prompt Engineering

In-Context Learning

Ram, Ori, et al. "In-context retrieval-augmented language models." Transactions of the Association for Computational Linguistics 11, 2023.



Without Resources for Any Fine-Tuning 

Prompt Engineering

In-Context Learning

Retrieval-Augmented 
Generation (RAG)

Ram, Ori, et al. "In-context retrieval-augmented language models." Transactions of the Association for Computational Linguistics 11, 2023.



Inference for LLMS (Generation Task)



Efficient Inference for LLMs-KV Cache

https://blog.dailydoseofds.com/p/kv-caching-in-llms-explained-visually



Efficient Inference for LLMs-Sparse Attention

https://www.dailydoseofds.com/p/techniques-to-extend-context-length-of-llms/



Efficient Inference for LLMs-Flash Attention

Dao, Tri, et al. "Flashattention: Fast and memory-efficient exact attention with io-awareness." Advances in neural information processing systems 35 
(2022): 16344-16359.



Efficient Inference for LLMs-Flash Attention

Dao, Tri, et al. "Flashattention: Fast and memory-efficient exact attention with io-awareness." Advances in neural information processing systems 35 
(2022): 16344-16359.



Efficient Inference for LLMs-Flash Attention

Dao, Tri, et al. "Flashattention: Fast and memory-efficient exact attention with io-awareness." Advances in neural information processing systems 35 
(2022): 16344-16359.



Efficient Inference for LLMs-Early Existing

Chen, Yanxi, et al. "EE-LLM: Large-Scale Training and Inference of Early-Exit Large Language Models with 3D Parallelism." ICML. 2024.


	Slide 35: Efficient Fine-Tuning of Large Language Models 
	Slide 36: Backpropagation
	Slide 37: The Process of Backpropagation
	Slide 38: The Process of Backpropagation
	Slide 39: The Process of Backpropagation
	Slide 40: The Biological Implausibility of BP
	Slide 41: The Biological Implausibility of BP
	Slide 42: The Biological Implausibility of BP
	Slide 43: The Biological Implausibility of BP
	Slide 44: The Biological Implausibility of BP
	Slide 45: The Biological Implausibility of BP
	Slide 46: The Biological Implausibility of BP
	Slide 47: The Biological Implausibility of BP
	Slide 48: The Biological Implausibility of BP
	Slide 49: Biologically Plausible Alternatives
	Slide 50: Biologically Plausible Alternatives
	Slide 51: Bio-FO
	Slide 52: Bio-FO
	Slide 53: Bio-FO
	Slide 54: Bio-FO
	Slide 55: Bio-FO
	Slide 56: Bio-FO
	Slide 57: Bio-FO
	Slide 58: Bio-FO
	Slide 59: Bio-FO
	Slide 60: TinyFoA
	Slide 61: TinyFoA
	Slide 62: Quick Recap of Neural Network Layers in Deep Learning
	Slide 63: Quick Recap of Neural Network Layers in Deep Learning
	Slide 64: Real Application with FC and CNN
	Slide 65: Large Language Models (LLMs)
	Slide 66: Large Language Models (LLMs)
	Slide 67: Domain Scope
	Slide 68: Self-Attention (example)
	Slide 69: Self-Attention (example)
	Slide 70: Self-Attention (example)
	Slide 71: Self-Attention (example)
	Slide 72: Self-Attention (example)
	Slide 73: Self-Attention (if bold italic cap W sub , bold italic q ,bold italic k ,bold italic v end subscript equals bold italic cap I. ,We pick Q=like)
	Slide 74: Self-Attention (if bold italic cap W sub , bold italic q ,bold italic k ,bold italic v end subscript equals bold italic cap I. ,We pick Q=like)
	Slide 75: Self-Attention (if bold italic cap W sub , bold italic q ,bold italic k ,bold italic v end subscript equals bold italic cap I. ,We pick Q=like)
	Slide 76: Self-Attention (if bold italic cap W sub , bold italic q ,bold italic k ,bold italic v end subscript equals bold italic cap I. ,We pick Q=like)
	Slide 77: Self-Attention (if bold italic cap W sub , bold italic q ,bold italic k ,bold italic v end subscript equals bold italic cap I. ,We pick Q=like)
	Slide 78: Self-Attention
	Slide 79: Self-Attention
	Slide 80: Attention to Transformer
	Slide 81: Attention to Transformer
	Slide 82: LLM Architectures
	Slide 83: Environmental Impact of Training Transformer
	Slide 84: Environmental Impact of Training Transformer
	Slide 85: Environmental Impact of Training Transformer
	Slide 86: Environmental Impact of Training Transformer
	Slide 87: Energy Consumption of Training LLMs
	Slide 88: Energy Consumption of Training LLMs
	Slide 89: Energy Consumption of Training LLMs
	Slide 90: Pre-Trained LLMs to Task Adaptation
	Slide 91: Pre-Trained LLMs to Task Adaptation
	Slide 92: Size of LLMs
	Slide 93: Size of LLMs
	Slide 94: Parameter-Efficient Fine-Tuning (PEFT)
	Slide 95: Parameter-Efficient Fine-Tuning (PEFT)
	Slide 96: Parameter-Efficient Fine-Tuning (PEFT)
	Slide 97: PEFT-Additive
	Slide 98: PEFT-Additive
	Slide 99: PEFT-Additive
	Slide 100: PEFT-Additive
	Slide 101: PEFT-Selective
	Slide 102: PEFT-Selective
	Slide 103: PEFT-Selective
	Slide 104: PEFT-Reparameterized 
	Slide 105: PEFT-Reparameterized 
	Slide 106: PEFT-Reparameterized 
	Slide 107: PEFT-Reparameterized 
	Slide 108: PEFT-Reparameterized 
	Slide 109: Parameter Efficiency Reduces Training Memory?
	Slide 110: Parameter Efficiency Reduces Training Memory?
	Slide 111: Parameter Efficiency Reduces Training Memory?
	Slide 112: Parameter Efficiency Reduces Training Memory?
	Slide 113: Memory Efficient Fine-Tuning-Pruning
	Slide 114: Memory Efficient Fine-Tuning-Pruning
	Slide 115: Memory Efficient Fine-Tuning-Quantization
	Slide 116: Memory Efficient Fine-Tuning-Quantization
	Slide 117: Memory Efficient Fine-Tuning-Zeroth-Order Gradient
	Slide 118: Memory Efficient Fine-Tuning-Zeroth-Order Gradient
	Slide 119: Memory Efficient Fine-Tuning-Zeroth-Order Gradient
	Slide 120: Memory Efficient Fine-Tuning-Zeroth-Order Gradient
	Slide 121: Without Resources for Any Fine-Tuning 
	Slide 122: Without Resources for Any Fine-Tuning 
	Slide 123: Without Resources for Any Fine-Tuning 
	Slide 124: Inference for LLMS (Generation Task)
	Slide 125: Efficient Inference for LLMs-KV Cache
	Slide 126: Efficient Inference for LLMs-Sparse Attention
	Slide 127: Efficient Inference for LLMs-Flash Attention
	Slide 128: Efficient Inference for LLMs-Flash Attention
	Slide 129: Efficient Inference for LLMs-Flash Attention
	Slide 130: Efficient Inference for LLMs-Early Existing

