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Logistics

● Homework assignments
○ Quiz 0, due 2/17

■ graded for genuine attempt, not correctness
○ Homework 0 & 1, due 3/3 & 3/10 

■ 5% extra credits each



AI news







Emergent Abilities of Large Language Models

Emergence is when quantitative changes in a system result in qualitative 
changes in behavior.

An ability is emergent if it is not present in smaller models but is present in 
larger models.

Emergent abilities would not have been directly predicted by extrapolating 
a scaling law (i.e. consistent performance improvements) from small-scale 
models.



Emergent abilities show a clear pattern—performance is near-random until a certain critical 
threshold of scale is reached, after which performance increases to substantially above random.



Claimed emergent abilities evaporate upon changing the metric

“Are Emergent Abilities of Large Language Models a Mirage?” by Schaeffer et al. (2023)

https://arxiv.org/abs/2304.15004


Claimed emergent abilities evaporate upon using better statistics

“Are Emergent Abilities of Large Language Models a Mirage?” by Schaeffer et al. (2023)

https://arxiv.org/abs/2304.15004


Zero-shot chain-of-thought prompting

“Large Language Models are Zero-Shot Reasoners” by Kojima et al. (2022)

https://arxiv.org/abs/2205.11916




Zero-shot chain-of-thought prompting (cont’d)





Self-consistency prompting

“Self-Consistency Improves Chain of Thought Reasoning in Language Models” by Wang et al. (2022)

Don’t interpret SCP it as majority voting!

https://arxiv.org/abs/2203.11171


Least-to-most prompting

“Self-Consistency Improves Chain of Thought Reasoning in Language Models” by Wang et al. (2022)

https://arxiv.org/abs/2203.11171


Analogical prompting

“Large Language Models as Analogical Reasoners” by Yasunaga et al. (2023)

https://arxiv.org/abs/2310.01714


Tree of Thoughts prompting

"Tree of Thoughts: Deliberate Problem Solving with Large Language Models" by Yao et al. (2023)

https://arxiv.org/abs/2305.10601




Best practices for prompt engineering

● https://www.deeplearning.ai/short-courses/chatgpt-prompt
-engineering-for-developers/

https://www.deeplearning.ai/short-courses/chatgpt-prompt-engineering-for-developers/
https://www.deeplearning.ai/short-courses/chatgpt-prompt-engineering-for-developers/










Context engineering

https://www.anthropic.com/engineering/effective-context-engineering-for-ai-agents

https://www.anthropic.com/engineering/effective-context-engineering-for-ai-agents


Context engineering (cont’d)

Building with language models is becoming less about finding the 
right words and phrases for your prompts, and more about 
answering the broader question of “what configuration of context is 
most likely to generate our model’s desired behavior?”

https://www.anthropic.com/engineering/effective-context-engineering-for-ai-agents

https://www.anthropic.com/engineering/effective-context-engineering-for-ai-agents


Context engineering (cont’d)

System prompts should use simple, direct language and clearly 
explain what the model should do.



Context engineering (cont’d)

Context engineering is the art and science of curating what will go 
into the limited context window from that constantly evolving 
universe of possible information.

https://www.anthropic.com/engineering/effective-context-engineering-for-ai-agents

https://www.anthropic.com/engineering/effective-context-engineering-for-ai-agents


Context engineering (cont’d)

https://x.com/karpathy/statu
s/1937902205765607626

https://x.com/karpathy/status/1937902205765607626
https://x.com/karpathy/status/1937902205765607626


Multimodal models



A multimodal model can process and generate 
information across multiple modalities

Understanding Multimodal LLMs by Sebastian Raschka

https://sebastianraschka.com/blog/2024/understanding-multimodal-llms.html


Use cases of 
multimodal 
models

Understanding Multimodal LLMs by Sebastian Raschka

https://sebastianraschka.com/blog/2024/understanding-multimodal-llms.html


Use cases 
of 
multimodal 
models 
(cont’d)

MM1: Methods, Analysis & Insights from Multimodal LLM Pre-training

https://arxiv.org/abs/2403.09611


Use cases of multimodal models (cont’d)

MM1: Methods, Analysis & Insights from Multimodal LLM Pre-training

https://arxiv.org/abs/2403.09611


The resolution curse

https://huggingface.co/blog/visheratin/vlm-resolution-curse

What type of 
shop is in the 

image?

384x384

https://huggingface.co/blog/visheratin/vlm-resolution-curse
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Grayscale images

Slide from Mohit Iyyer



Color images

Channels are usually RGB: Red, Green, and Blue

Slide from Mohit Iyyer



Convolution operator

http://what-when-how.com/introduction-to-video-and-image-processing/neighborhood-processing
-introduction-to-video-and-image-processing-part-1/

http://what-when-how.com/introduction-to-video-and-image-processing/neighborhood-processing-introduction-to-video-and-image-processing-part-1/
http://what-when-how.com/introduction-to-video-and-image-processing/neighborhood-processing-introduction-to-video-and-image-processing-part-1/




Demo

● https://setosa.io/ev/image-kernels/

https://setosa.io/ev/image-kernels/


Convolutional layer (with 4 filters)

Slide from Mohit Iyyer





AlexNet

https://www.saagie.com/en/blog/object-detection-part1/

https://www.saagie.com/en/blog/object-detection-part1/


AlexNet (cont’d)

https://www.saagie.com/en/blog/object-detection-part1/

https://www.saagie.com/en/blog/object-detection-part1/








OpenAI’s CLIP

https://openai.com/index/clip/

https://openai.com/index/clip/


OpenAI’s CLIP
(cont’d)

https://openai.com/index/clip/

https://openai.com/index/clip/


https://openai.com/index/clip/

OpenAI’s CLIP
(cont’d)

https://openai.com/index/clip/


Common approaches to building multimodal models

Understanding Multimodal LLMs by Sebastian Raschka

https://sebastianraschka.com/blog/2024/understanding-multimodal-llms.html


Method A: Unified 
embedding decoder 
architecture

Understanding Multimodal LLMs by Sebastian Raschka

https://sebastianraschka.com/blog/2024/understanding-multimodal-llms.html


Understanding image encoders

Understanding Multimodal LLMs by Sebastian Raschka

https://sebastianraschka.com/blog/2024/understanding-multimodal-llms.html


Understanding 
image encoders 
(cont’d)

Understanding Multimodal LLMs by Sebastian Raschka

https://sebastianraschka.com/blog/2024/understanding-multimodal-llms.html


BERT recap

Multi-head Self-attention 
(unmasked)

the movie was good[CLS]

[CLS]

linear

softmax

Image created by 
Gemini



The role of the linear projection module

Understanding Multimodal LLMs by Sebastian Raschka

https://sebastianraschka.com/blog/2024/understanding-multimodal-llms.html


Text and image 
tokenization 
and embedding

Understanding Multimodal LLMs by Sebastian Raschka

https://sebastianraschka.com/blog/2024/understanding-multimodal-llms.html


The role of the 
projector is to 
match the text 
token 
embedding 
dimensions

Understanding Multimodal LLMs by Sebastian Raschka

https://sebastianraschka.com/blog/2024/understanding-multimodal-llms.html


We can simply 
concatenate 
image and text 
embeddings

Understanding Multimodal LLMs by Sebastian Raschka

https://sebastianraschka.com/blog/2024/understanding-multimodal-llms.html


Versions of Method A that operate directly on patches

https://www.adept.ai/blog/fuyu-8b
Understanding Multimodal LLMs by Sebastian Raschka

https://www.adept.ai/blog/fuyu-8b
https://sebastianraschka.com/blog/2024/understanding-multimodal-llms.html


Method B: 
Cross-modality 
attention architecture

Understanding Multimodal LLMs by Sebastian Raschka

https://sebastianraschka.com/blog/2024/understanding-multimodal-llms.html


encoder decoder
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Cross-attention recap



Cross-attention 
in the decoder

cross-attention



Cross-attention in the decoder
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Cross-attention in the decoder (cont’d)
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Understanding Multimodal LLMs by Sebastian Raschka

https://sebastianraschka.com/blog/2024/understanding-multimodal-llms.html


Understanding Multimodal LLMs by Sebastian Raschka

https://sebastianraschka.com/blog/2024/understanding-multimodal-llms.html


Unified decoder and cross-attention model training

Understanding Multimodal LLMs by Sebastian Raschka

https://sebastianraschka.com/blog/2024/understanding-multimodal-llms.html


Unified decoder and cross-attention model training

Understanding Multimodal LLMs by Sebastian Raschka

https://sebastianraschka.com/blog/2024/understanding-multimodal-llms.html


Recent multimodal models and methods



The Llama 3 herd of models

https://arxiv.org/abs/2407.21783
Understanding Multimodal LLMs by Sebastian Raschka

https://arxiv.org/abs/2407.21783
https://sebastianraschka.com/blog/2024/understanding-multimodal-llms.html


AI2’s Molmo and PixMo

https://www.arxiv.org/abs/2409.17146
Understanding Multimodal LLMs by Sebastian Raschka

https://www.arxiv.org/abs/2409.17146
https://sebastianraschka.com/blog/2024/understanding-multimodal-llms.html


NVIDIA’s 
NVLM

https://arxiv.org/abs/2409.11402
Understanding Multimodal LLMs by Sebastian Raschka

https://arxiv.org/abs/2409.11402
https://sebastianraschka.com/blog/2024/understanding-multimodal-llms.html


NVIDIA’s NVLM

https://arxiv.org/abs/2409.11402
Understanding Multimodal LLMs by Sebastian Raschka

● NVLM-X (cross-attention)demonstrates superior 
computational efficiency for high-resolution images. 

● NVLM-D (unified embedding) achieves higher accuracy in 
OCR-related tasks. 

● NVLM-H combines the advantages of both methods.

https://arxiv.org/abs/2409.11402
https://sebastianraschka.com/blog/2024/understanding-multimodal-llms.html


Qwen3-VL: 
Enhancing 
vision-
language 
model’s 
perception 
of the world 
at any 
resolution

https://arxiv.org/abs/2511.21631

https://arxiv.org/abs/2511.21631


Pixtral 12B

https://mistral.ai/news/pixtral-12b
Understanding Multimodal LLMs by Sebastian Raschka

https://mistral.ai/news/pixtral-12b
https://sebastianraschka.com/blog/2024/understanding-multimodal-llms.html


MM1: Methods, analysis & insights

MM1: Methods, Analysis & Insights from Multimodal LLM Pre-training

https://arxiv.org/abs/2403.09611


MM1.5: Methods, analysis & insights

https://arxiv.org/abs/2409.20566
Understanding Multimodal LLMs by Sebastian Raschka

https://arxiv.org/abs/2409.20566
https://sebastianraschka.com/blog/2024/understanding-multimodal-llms.html


Baichuan
-Omni

https://arxiv.org/abs/2410.08565
Understanding Multimodal LLMs by Sebastian Raschka

https://arxiv.org/abs/2410.08565
https://sebastianraschka.com/blog/2024/understanding-multimodal-llms.html


Baichuan-Omni (cont’d)

https://arxiv.org/abs/2410.08565
Understanding Multimodal LLMs by Sebastian Raschka

● Projector training: Initially, only the projector is trained, while 
both the vision encoder and the language model (LLM) 
remain frozen.

● Vision encoder training: Next, the vision encoder is 
unfrozen and trained, with the LLM still frozen.

● Full model training: Finally, the LLM is unfrozen, allowing the 
entire model to be trained end-to-end.

https://arxiv.org/abs/2410.08565
https://sebastianraschka.com/blog/2024/understanding-multimodal-llms.html


Emu3: Next-token 
prediction is all you 
need

Understanding Multimodal LLMs by Sebastian Raschka
https://arxiv.org/abs/2409.18869

https://sebastianraschka.com/blog/2024/understanding-multimodal-llms.html
https://arxiv.org/abs/2409.18869


Janus: Decoupling Visual Encoding for Unified 
Multimodal Understanding and Generation

Understanding Multimodal LLMs by Sebastian Raschka
https://arxiv.org/abs/2410.13848

https://sebastianraschka.com/blog/2024/understanding-multimodal-llms.html
https://arxiv.org/abs/2410.13848


Janus: Decoupling Visual Encoding for Unified 
Multimodal Understanding and Generation

https://arxiv.org/abs/2410.13848
Understanding Multimodal LLMs by Sebastian Raschka

https://arxiv.org/abs/2410.13848
https://sebastianraschka.com/blog/2024/understanding-multimodal-llms.html


Thank you!


