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News



Is encryption a solved problem (other than quantum)?

https://teleguard.com



404 Media’s investigation of TeleGuard:

https://www.404media.co/a-secure-chat-apps-
encryption-is-so-bad-it-is-meaningless/



News story of the week

New York Times,
April 2, 2026



The rest of the story…



Last Week’s Reading



Last Week’s Reading



Generative AI



This Person Does Not Exist.



GANs



The generator and discriminator are in a race to beat each other.



Progress in GANs in late 2010s



StyleGAN can generate nearly arbitrary pose and clothing options.

https://stylegan-human.github.io/



https://dataingovernment.blog.gov.uk/2020/08/20/synthetic-data-unlocking-the-power-of-data-and-skills-for-machine-learning/

GANs can also create synthetic data.
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Encoder-Decoder Architectures



Autoencoders are trained neural nets that reconstruct an input from a more limited 
representation.



This architecture is sometimes called a “U-Net”



Autoencoders are analogous to CNNs used for image recognition, 
except they also reverse the process.



Autoencoders can denoise images.



Diffusion models train to recover original images from noise.



A Short Interlude for Math



A vector is a list of numbers defining a point in a conceptual space.

[2, 3]

[0, 0]

[-3, 1]

[-1.5, -2.5]



The difference between two vectors can be calculated by angle or by distance.



Terminology for vectors can be confusing – just recognize these words in context.

“vector” = “embedding” = “template” = a list of numbers

(One possible) embedding for 'embeddings': [-2.7053456   2.1384873   0.6417674   
1.2882394   0.53470695  0.5651745 0.64166373 -1.1691749   0.32658175 -
0.99961764]



Word Embeddings



Word embeddings (vectors) represent how similar two words are.



Word embeddings are (usually) generated by their relationship to other words in 
documents.



Word embeddings show patterns of similarity for similar or related words.



Semantle lets you play “guess the word” using word embedding distance.

https://semantle.com/



You can do math on word embeddings.



https://www.understandingai.org/p/large-language-models-explained-with

(Artificially dimension-reduced) visualization of word embedding math.



More examples of embedding relations.



Transformers



Attention is All You Need, 2017



Motivation: sometimes data are noisy and we would like to get a cleaner signal.



We could weight data points by their neighbors to improve the signal.

𝑡! = .1𝑡!"# + .2𝑡!"$ + .4𝑡! +.2𝑡!%$ +.1𝑡!%#



Each point has been updated with context from its neighbors.



We want to predict the next word in a sequence.

https://en.wikipedia.org/wiki/Giant_anteater

“The giant anteater can be identified 
by its large size, long, narrow muzzle, 
and long, bushy…”



What ChatGPT told me



We’d like to use the word embeddings as an input to a predicting neural net.

“The giant anteater can be identified by its large size, long, narrow muzzle, and long, bushy…”

tail (.3)
fur (.2)
ears (.15)
coat (.1)
hair (.08)
whiskers (.07)
beard (.005)
plumes (.003)



Can we improve the quality of the “signal” here by providing more context?

“giant anteater can be identified by its long, bushy…”

𝑣# 𝑣& 𝑣' 𝑣( 𝑣) 𝑣* 𝑣+ 𝑣,𝑣$



Quick math review on multiplying vectors.

𝑎! 𝑏! 𝑐! $ 𝑎" 𝑏" 𝑐" = 𝑎! 𝑎" + 𝑏!𝑏" + 𝑐!𝑐"
= cos 𝜃 𝑎 𝑏

Dot product:



What if we weigh each vector (word embedding) by the dot product of each other word?

𝑠$# = 𝑣$ * 𝑣#
𝑠## = 𝑣# * 𝑣# “giant anteater can be identified by its long, bushy…”

𝑣# 𝑣& 𝑣' 𝑣( 𝑣) 𝑣* 𝑣+ 𝑣,𝑣$



What if we weigh each vector (word embedding) by the dot product of each other word?

𝑠$# = 𝑣$ * 𝑣#
𝑠## = 𝑣# * 𝑣#
𝑠&# = 𝑣& * 𝑣#
𝑠'# = 𝑣' * 𝑣#
𝑠(# = 𝑣( * 𝑣#
𝑠)# = 𝑣) * 𝑣#
𝑠*# = 𝑣* * 𝑣#
𝑠+# = 𝑣+ * 𝑣#
𝑠,# = 𝑣, * 𝑣#

“giant anteater can be identified by its long, bushy…”

𝑣# 𝑣& 𝑣' 𝑣( 𝑣) 𝑣* 𝑣+ 𝑣,𝑣$

Normalize

𝑤$#
𝑤##
𝑤&#
𝑤'#
𝑤(#
𝑤)#
𝑤*#
𝑤+#
𝑤,#

𝑦# = 𝑤$# * 𝑣# + …+𝑤,# * 𝑣#

.
!

𝑤!- = 1



Some intuition on why attention might be helpful

Account

Bank

River

Sentence 1: John checked his account at the bank.

Sentence 2: John went down to the river bank.

Bank(1) ~= .5*bank + .25*account + …

Bank(2) ~= .5*bank + .25*river + …



This process of re-weighing by each word is known as self-attention.

“giant anteater can be identified by its long, bushy…”

𝑣# 𝑣& 𝑣' 𝑣( 𝑣) 𝑣* 𝑣+ 𝑣,𝑣$

Dot Product

𝑦# 𝑦& 𝑦' 𝑦( 𝑦) 𝑦* 𝑦+ 𝑦,𝑦$

𝑤## 𝑤&# 𝑤'# 𝑤(# 𝑤)#𝑤*#𝑤+# 𝑤,#𝑤$#

𝑣#

𝑣# 𝑣& 𝑣' 𝑣( 𝑣) 𝑣* 𝑣+ 𝑣,𝑣$



Note that the word we’re applying attention to shows up three times in the process.

“giant anteater can be identified by its long, bushy…”

𝑣# 𝑣& 𝑣' 𝑣( 𝑣) 𝑣* 𝑣+ 𝑣,𝑣$

Dot Product

𝑦# 𝑦& 𝑦' 𝑦( 𝑦) 𝑦* 𝑦+ 𝑦,𝑦$

𝑤## 𝑤&# 𝑤'# 𝑤(# 𝑤)#𝑤*#𝑤+# 𝑤,#𝑤$#

𝑣#

𝑣# 𝑣& 𝑣' 𝑣( 𝑣) 𝑣* 𝑣+ 𝑣,𝑣$



We weigh each use of the embedding by a trainable matrix (“Query,” “Key,” or “Value”).

“giant anteater can be identified by its long, bushy…”

𝑣# * 𝐾 𝑣& 𝑣' 𝑣( 𝑣) 𝑣* 𝑣+ 𝑣,𝑣$

Dot Product

𝑦# 𝑦& 𝑦' 𝑦( 𝑦) 𝑦* 𝑦+ 𝑦,𝑦$

𝑤## 𝑤&# 𝑤'# 𝑤(# 𝑤)#𝑤*#𝑤+# 𝑤,#𝑤$#

𝑣# * 𝑄

𝑣# * 𝑉 𝑣& 𝑣' 𝑣( 𝑣) 𝑣* 𝑣+ 𝑣,𝑣$



Attention



The Transformer



Multiple transformers each continue to add more context and relationships to the vector.



https://poloclub.github.io/transformer-explainer/



Putting a Large Language Model together



Does an LLM “think”? One point of view: They are “Stochastic Parrots.”

https://dl.acm.org/doi/epdf/10.1145/3442188.3445922



There is a debate in the field on whether LLMs reason (use a “world model”).

“When we train a large neural network to accurately predict the next word in lots of different 
texts...it is learning a world model.... This text is actually a projection of the world.... What 
the neural network is learning is more and more aspects of the world, of people, of the human 
conditions, their hopes, dreams, and motivations...the neural network learns a compressed, 
abstract, usable representation of that.”



Code Generation: Threat or Menace?

Juyong Jiang, Fan Wang, Jiasi Shen, Sungju Kim, and Sunghun Kim. 2026. A Survey on Large Language Models for 
Code Generation. ACM Trans. Softw. Eng. Methodol. 35, 2, Article 58 (February 2026), 72 pages. 
https://doi.org/10.1145/3747588



METR measured the impact on productivity on experienced developers (2025).

https://metr.org/blog/2025-07-10-early-2025-ai-experienced-os-dev-study/



Generative AI may be affecting junior-level hiring (Sept. 2025)

“Generative AI as Seniority-Biased Technological 
Change: Evidence from U.S. Résumé and Job Posting 
Data,” Seyed Mahdi Hosseini Maasoum, Harvard 
University, Guy Lichtinger, Harvard University 
Department of Economics. 8 Sep 2025.

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=5425555



Anthropic found losses in comprehension in AI users (January 2026)

https://arxiv.org/pdf/2601.20245
https://www.anthropic.com/research/AI-assistance-coding-skills



Is AI a “Normal” Technology?

https://knightcolumbia.org/content/ai-as-normal-technology



Factories before electrification were driven off a single shaft powered by wind or water



A common comparison is that AI is the “new electricity.”



Next week...



When requesting help

If you have a question about a grade or will have an absence:
Please use Canvas for requesting help about grades
Please be sure to create a new message thread if you are emailing about a new topic. 
Do not just reply to the previous message.

If you have a technical question about your lab:
Please post to Ed Board.
Please post both your code that produced the problem and the error message that you saw.
If you only post one, we will need you to ask you to post the other.

If you have posted a problem:
Please leave your Instance running so we can log into it. 
If you have “access on,” we will assume we can log into your instance to answer your question.



Next Week’s Reading



For next week:

• Read Mirzadeh
• Comment on Perusall
• Take the weekly reading quiz

• Participate in Ed Board

• Finish Lab 6

• Finish your taxes (US people) 


