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Echo State Networks (ESN)

• Reservoir of a set of neurons
• Randomly initialized and fixed

• Run input sequence through the 
network and keep the activations of 
the reservoir neurons

• Calculate the “readout” weights 
using linear regression.

• Has the benefits of recurrent 
connections/networks

• No problem of vanishing gradient
Li et al., 2015.
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Attention

BLEU: Bilingual Evaluation Understudy

https://cloud.google.com/translate/automl/docs/evaluate#bleu
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Attention
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Attention Types

https://lilianweng.github.io/lil-log/2018/06/24/attention-attention.html
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Attention: Transformer

• Vanilla self attention:

𝑒𝑖′ = 

𝑗

exp 𝑒𝑗
𝑇𝑒𝑖

σ𝑚 exp 𝑒𝑚
𝑇 𝑒𝑖

𝑒𝑗
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• Scaled-dot product attention:

𝑒𝑖′ = 

𝑗

exp 𝑘 𝑒𝑗
𝑇 𝑞(𝑒𝑖)

σ𝑚 exp 𝑘 𝑒𝑚
𝑇 𝑞(𝑒𝑖)

𝑣(𝑒𝑗)
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https://lilianweng.github.io/lil-log/2018/06/24/attention-attention.html

Sinan Kalkan



Positional Encoding
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Fig from: https://www.youtube.com/watch?v=dichIcUZfOw



A Significant Issue with Self-Attention: 
Complexity

𝑒𝑖
′ = 

𝑗

exp 𝑘 𝑒𝑗
𝑇 𝑞(𝑒𝑖)

σ𝑚 exp 𝑘 𝑒𝑚
𝑇 𝑞(𝑒𝑖)

𝑣(𝑒𝑗)

• If there are 𝑛 tokens/embeddings, 
• Updating a single tokens require 𝑂(𝑛) operations.

• Overall: 𝑂 𝑛2

• What is the complexity of an RNN layer with 𝑛 time steps?
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Linear Attention
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ICML 2020

Self-attention:

Rewrite Eq 2 for one row of the matrix:

Constraint for sim(): It should be non-negative. 
Then, we can choose any other kernel/function:



State Space Models (SSMs)

https://newsletter.maartengrootendorst.com/p/a-visual-guide-to-mamba-and-state

• Convert discrete signal to a continuous signal
• Obtain a continuous output
• Convert the continuous output to a discrete signal

Zero-order 
Hold

∆: Hold interval -- Learnable
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State Space Models (SSMs)

https://newsletter.maartengrootendorst.com/p/a-visual-guide-to-mamba-and-state

“So how can we create matrix A in a way that retains a large 
memory (context size)?”

High-order Polynomial Projection Operators (HIPPO)

Gu, Albert, et al. "Hippo: Recurrent memory with optimal polynomial 
projections." Advances in neural information processing systems 33 
(2020): 1474-1487.



Mamba

https://newsletter.maartengrootendorst.com/p/a-visual-guide-to-mamba-and-state

In Mamba, the matrices are 
different for each time step:



Mamba



Mamba block



Today

• Language Pre-training Tasks

• GPT-1

• BERT

• GPT-2, GPT-3, Instruct-GPT, GPT-3.5

• Gemini, Llama

• Limits of LLMs

• Risks of LLMs
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Administrative Notes
• Quiz #3

• Deadline: tomorrow midnight

• Time plan for the projects
1. Milestone (November 24, midnight):

• Github repo will be ready

• Read & understand the paper

• Download the datasets

• Prepare the Readme file excluding the results & conclusion

2. Milestone (December 8, midnight)

• The results of the first experiment

3. Milestone (January 5, midnight)

• Final report (Readme file) 

• Repo with all code & trained models
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Pre-training in NLP

CENG501Slide: Jacob Devlin
https://nlp.stanford.edu/seminar/details/jdevlin.pdf
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Pre-training in NLP
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GPT-1
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GPT-1

• 12 layer decoder-only 
transformer

• Unsupervised 
pretraining
• BookCorpus dataset

• Supervised finetuning
• Textual alignment
• QA & commonsense 

reasoning
• Semantic similarity
• Classification
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GPT-1
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GPT-1

CENG501Slide: Weizhi Wang
https://victorwz.github.io/additional_files/slides_gpt_cs291A.pdf



GPT-1
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GPT-1 Results

CENG501



BERT
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BERT
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BERT: NLP Tasks
• MNLI: Multi-Genre Natural Language Inference

• NER: Named Entity Recognition

• SQuaD: Stanford Question Answering Dataset
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BERT: Motivation

CENG501Slide: Jacob Devlin
https://nlp.stanford.edu/seminar/details/jdevlin.pdf



BERT: Motivation

CENG501Slide: Jacob Devlin
https://nlp.stanford.edu/seminar/details/jdevlin.pdf

Actually, this is vanilla attention that 
is not causal!
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BERT: Motivation
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BERT
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BERT
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BERT
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BERT
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https://gluebenchmark.com/



BERT
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Other GPT Models
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CENG501Slide: Weizhi Wang
https://victorwz.github.io/additional_files/slides_gpt_cs291A.pdf



GPT-2
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GPT-2
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GPT-2

• Approach: Train a transformer 
with large amounts of web data

• Objective: Next symbol 
prediction
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GPT-2
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GPT-2
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GPT-2
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GPT-3
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GPT-3

• 175B parameters!
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GPT-3
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GPT-3
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https://spectrum.ieee.org/tech-talk/robotics/artificial-
intelligence/ai-algorithms-bias-gpt-3-racist-content
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GPT-3.5 (a.k.a., ChatGPT)
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65Sinan Kalkanhttps://openai.com/index/chatgpt/



RLHF
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NeurIPS2020
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https://openai.com/index/chatgpt/
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Other LLMs
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Other LLMs
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https://medium.com/@raniahossam/chinchilla-scaling-laws-for-large-language-models-llms-40c434e4e1c1
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Limits of LLMs
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Limits of LLMs
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Risks of LLMs

• Risk area 1: Discrimination, Hate 
speech and Exclusion
• Social stereotypes and unfair 

discrimination

• Hate speech and offensive language

• Exclusionary norms

• Lower performance for some 
languages and social groups

CENG501
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Risks of LLMs

• Risk area 2: Information Hazards
• Compromising privacy by leaking 

sensitive information

• Compromising privacy or security by 
correctly inferring sensitive information

• Risk area 3: Misinformation Harms
• Disseminating false or misleading 

information

• Causing material harm by 
disseminating false or poor information 
e.g. in medicine or law

CENG501
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Risks of LLMs

• Risk area 4: Malicious Uses
• Making disinformation cheaper and 

more effective

• Anticipated risks
• Assisting code generation for cyber 

security threats

• Facilitating fraud, scams and targeted 
manipulation

• Illegitimate surveillance and 
censorship

• Risk area 5: Human-Computer 
Interaction Harms

CENG501
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Risks of LLMs

• Risk area 5: Human-Computer 
Interaction Harms
• Promoting harmful stereotypes by 

implying gender or ethnic identity
• Anthropomorphising systems can 

lead to overreliance or unsafe use
• Avenues for exploiting user trust 

and accessing more private 
information

• Human-like interaction may amplify 
opportunities for user nudging, 
deception or manipulation
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Risks of LLMs

• Risk area 6: Environmental and 
Socioeconomic harms
• Environmental harms from 

operating LMs

• Anticipated risks:
• Increasing inequality and negative 

effects on job quality

• Undermining creative economies

• Disparate access to benefits due to 
hardware, software, skill constraints

CENG501
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• Environmental & financial costs

• Require vast data
• Not necessarily diverse

• Includes bias

• Accountability/liability

• Stochastic Parrots

FaccT2021
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