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Outline 
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• What is the dream 
• The paper that jumpstarted LLM (a brief journal club)  
• Other relevant papers 
• Open Question 
• My Notes on how to use LLMs  
• A brief Outlook
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Reminder: “How about before AI-assisted 
machine setup?”
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I will discuss the challenges of this tomorrow.
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How Did LLMs Come About? The 
Math and Science Behind Them

41st PEARLS Days Workshop 22-24 September 2026 |  September 24th, 2026   | P. Niknejadi



LLM Mathematical “toolkit” 
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LLM Mathematical “toolkit” 
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LLM Mathematical “toolkit” 

81st PEARLS Days Workshop 22-24 September 2026 |  September 24th, 2026   | P. Niknejadi



How did we get here? A  very compressed 
history
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The 2017 inflection point 
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Embedding makes the connection from 
symbols to geometry
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Embedding makes the connection from 
symbols to geometry
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Attention: which information should 
interact?

131st PEARLS Days Workshop 22-24 September 2026 |  September 24th, 2026   | P. Niknejadi



Attention: which information should 
interact?
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A. Vaswani et al. (2017). Attention Is All You 
Need. NeurIPS. https://arxiv.org/abs/

1706.03762



Scaled Dot-Product Attention and Multi-
Head Attention
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A. Vaswani et al. (2017). Attention Is All You 
Need. NeurIPS. https://arxiv.org/abs/

1706.03762



Multi-Head Attention (an example use case)
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A. Vaswani et al. (2017). Attention Is All You 
Need. NeurIPS. https://arxiv.org/abs/

1706.03762



From the Multi-Head Attention to today’s 
Modern LLMs 
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From the Multi-Head Attention to today’s 
Modern LLMs 
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Possible next “journal club” papers on 
training and scale 
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J. Kaplan et al. (2020). Scaling Laws for Neural 
Language Models. https://arxiv.org/abs/

2001.08361

J. Hoffmann et al. (2022). Training Compute-Optimal 
Large Language Models. 

https://arxiv.org/abs/2203.15556



Inference: what happens when I ask a 
question?
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With out constraints (an example)
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With out constraints (an example)
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A “good” requirement: constrain claims, not 
cognition
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Open question: Where do new behaviors 
come from?
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Open question: Where do new behaviors 
come from?
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The forward computation is known exactly, but we do not yet 
have a complete scientific account of why all high-level 
capabilities arise from the learned parameters



Some practical strategies for grounded LLM 
systems
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Questions and Outlook

281st PEARLS Days Workshop 22-24 September 2026 |  September 23rd, 2026   | P. Niknejadi

Final note: The capability comes from combining the architecture with enormous amounts 
of data and optimization that produces many learned internal representations. 

LLM journal club? 

How far are we from having an AI agent setting up the machine???? 

How far are we from having an AI assistant in the control room? We may be surprised by 
how quickly the gap closes.  

• Emergence  
• Inference-time capabilities  
• Tool use and training 



Reminder from Yesterday ’s talk: Our 
Training Data  
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HEXTOF
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Reminder: DESY Computing and 
Controls setup
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