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• Introduction to LLM
• LLM Reasoning and Agentic AI 
• LLM Training
• Evolution of AI Models
• GPU Infrastructure

Course Objectives
Fundamentals of LLM & Agentic AI
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Part 1. Introduction to LLM
Building RAG Agents with LLMs
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Introduction to LLM
What is the Large Language Model?

Proprietary(Closed) 
Models

Global
Opensource

Models

Korea AI
Models

Too Many Models!!
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Introduction to LLM
What is the Large Language Model?

https://nlpinkorean.github.io/visualizing-neural-machine-translation-mechanics-of-seq2seq-models-with-attention/

What’s under the hood?
Auto Regressive (AR)

User Area
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Introduction to LLM
What is the Large Language Model?

Vaswani, A., Shazeer, N., Parmar, N., Uszkoreit, J., Jones, L., Gomez, A. N., ... & Polosukhin, I. (2017). Attention is all you need. Advances in neural information processing systems, 30.

Baseline Architecture
→ Transformer

is the FunctionLLM

New insight of view
Text Input

(Sequence)

Output
(Token)
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Introduction to LLM
What is the Large Language Model?

Embedding
Vector Space

Text Input
(Sequence)

Vector Space
High Dimensional Space Where 
Similar Words are Close and 
Different Words are Far

Attention
Inter-Word 
Similarity

MLP
Memory Space

Output
(Token)

Decoder Module

Tens of Decoder Layers are 
repeated in Decoder Only LLM

Most of the model 
parameters are at MLP stage
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Introduction to LLM
What is the Large Language Model?

MLP Layer

Attention Layer
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Introduction to LLM
Rapid Advances in LLM Performance

Remember the 2022?
The ChatGPT Moment!
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Introduction to LLM
Rapid Advances in LLM Performance

AI Models in 2026
→ AI That Goes Beyond 

Human Capabilities
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Introduction to LLM
Rapid Advances in LLM Performance

https://artificialanalysis.ai/?models=muse-spark-1-2%2Cgemini-3-5-flash-lite%2Cinkling%2Ck-exaone-2-0-0803%2Cglm-5-3-flash%2Cminimax-m3%2Cnemotron-3-5-lightning%2Ccommand-a-plus%2Cgpt-5-6-luna%2Cmuse-glimmer%2Cnvidia-nemotron-3-ultra-550b-a55b%2Cso
lar-open2-250b%2Ca-x-k2%2Cdeepseek-v4-pro%2Cqwen3-8-2-4t-a95b%2Cclaude-4-5-haiku-reasoning%2Cqwen3-8-27b%2Cmotif-3%2Cgemini-3-7-flash%2Cclaude-opus-5%2Cgpt-5-6-terra%2Cgrok-4-6%2Cclaude-fable-5%2Cglm-5-3%2Cgpt-5-6-sol%2Cmistral-medium-3-5%
2Cgpt-5-5-pro%2Cgpt-oss-120b%2Ckimi-k3%2Cgpt-35-turbo
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Introduction to LLM
Rapid Advances in LLM Performance

https://artificialanalysis.ai/?models=muse-spark-1-2%2Cgemini-3-5-flash-lite%2Cinkling%2Ck-exaone-2-0-0803%2Cglm-5-3-flash%2Cminimax-m3%2Cnemotron-3-5-lightning%2Ccommand-a-plus%2Cgpt-5-6-luna%2Cmuse-glimmer%2Cnvidia-nemotron-3-ultra-550b-a55b%2Cso
lar-open2-250b%2Ca-x-k2%2Cdeepseek-v4-pro%2Cqwen3-8-2-4t-a95b%2Cclaude-4-5-haiku-reasoning%2Cqwen3-8-27b%2Cmotif-3%2Cgemini-3-7-flash%2Cclaude-opus-5%2Cgpt-5-6-terra%2Cgrok-4-6%2Cclaude-fable-5%2Cglm-5-3%2Cgpt-5-6-sol%2Cmistral-medium-3-5%
2Cgpt-5-5-pro%2Cgpt-oss-120b%2Ckimi-k3%2Cgpt-35-turbo
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Part 2. LLM Reasoning and Agentic AI 
Building RAG Agents with LLMs
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LLM Reasoning and Agentic AI
2025–2026: The Era of AI Agent

AI Models in 2026
→ AI Agent
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LLM Reasoning and Agentic AI
2025–2026: The Era of AI Agent

Somewhere in here
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LLM Reasoning and Agentic AI
Technical Foundations of AI Agents: Reasoning & External Interaction

Chain-of-Thought → Function Calling → Agentic AI
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LLM Reasoning and Agentic AI
Technical Foundations of AI Agents: Reasoning & External Interaction

1st Evolution: Enhancing Reasoning Capabilities through CoT 

<|system|> You are a helpful assistant. When solving a problem, think step by step before giving the final answer. 
<|user|> 한 상자에 연필이 12자루 있습니다. 이런 상자가 5개 있다면 연필은 모두 몇 자루인가요? 

<|assistant|> <think> I need to determine the total number of pencils. Each box contains 12 pencils. There are 5 
boxes. Total pencils = 12 × 5 = 60. So there are 60 pencils in total. </think> 총 60자루의 연필이 있습니다.
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LLM Reasoning and Agentic AI
Technical Foundations of AI Agents: Reasoning & External Interaction

Remember the Deepseek Shock?
→ in the Academia Field, Deepseek Moment
Academic Reproduction of Reasoning via RL
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LLM Reasoning and Agentic AI
Technical Foundations of AI Agents: Reasoning & External Interaction

DeepSeek-R1: How CoT Emerges?

Guo, D., Yang, D., Zhang, H., Song, J., Wang, P., Zhu, Q., ... & He, Y. (2025). Deepseek-r1: Incentivizing reasoning capability in llms via reinforcement learning. arXiv preprint arXiv:2501.12948. 
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LLM Reasoning and Agentic AI
Technical Foundations of AI Agents: Reasoning & External Interaction

Shao, Z., Wang, P., Zhu, Q., Xu, R., Song, J., Bi, X., ... & Guo, D. (2024). Deepseekmath: Pushing the limits of mathematical reasoning in open language models. arXiv preprint arXiv:2402.03300. 
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LLM Reasoning and Agentic AI
Technical Foundations of AI Agents: Reasoning & External Interaction

Guo, D., Yang, D., Zhang, H., Song, J., Wang, P., Zhu, Q., ... & He, Y. (2025). Deepseek-r1: Incentivizing reasoning capability in llms via reinforcement learning. arXiv preprint arXiv:2501.12948. 
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LLM Reasoning and Agentic AI
Technical Foundations of AI Agents: Reasoning & External Interaction

Guo, D., Yang, D., Zhang, H., Song, J., Wang, P., Zhu, Q., ... & He, Y. (2025). Deepseek-r1: Incentivizing reasoning capability in llms via reinforcement learning. arXiv preprint arXiv:2501.12948. 
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LLM Reasoning and Agentic AI
Technical Foundations of AI Agents: Reasoning & External Interaction

Guo, D., Yang, D., Zhang, H., Song, J., Wang, P., Zhu, Q., ... & He, Y. (2025). Deepseek-r1: Incentivizing reasoning capability in llms via reinforcement learning. arXiv preprint arXiv:2501.12948. 

Training a GPT-level AI for approximately $5.6 million (~₩8 billion)
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LLM Reasoning and Agentic AI
Technical Foundations of AI Agents: Reasoning & External Interaction

2nd Evolution: Extending Capabilities through Tool Use 
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LLM Reasoning and Agentic AI
Technical Foundations of AI Agents: Reasoning & External Interaction

2nd Evolution: Extending Capabilities through Tool Use 

<|start|>

# Tools
You have access to the following tool:

get_weather(location: string)
→ Returns the current weather for a given location.

# Tool Call Format
<|tool_call|>
{"name": "<function_name>", "arguments": {...}}
<|end|>

# User
What's the weather in Seoul today?

<|assistant|>
<|tool_call|>
{"name": "get_weather", "arguments": {"location": 
"Seoul"}}
<|end|>

<|tool_result|>
{"temperature": 27, "condition": "Sunny"}
<|end|>

<|assistant|>
It's 27°C and sunny in Seoul today.
<|end|>
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LLM Reasoning and Agentic AI
Technical Foundations of AI Agents: Reasoning & External Interaction
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Part 3. LLM Training
Building RAG Agents with LLMs
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Why Transformer is Powerful Architecture?

Inductive Bias : Nearby pixels are more likely to be related.
→ Image Prediction Task

LLM Training
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Inductive Bias : The current state depends on previous states.
→ Sequence Prediction Task

LLM Training
Why Transformer is Powerful Architecture?
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LLM Training
Why Transformer is Powerful Architecture?

Inductive Bias : Connected nodes are more likely to interact.
→ Graph Prediction Task
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LLM Training
Why Transformer is Powerful Architecture?

Any token can interact
with any other token

CNN → Locality
RNN → Sequentiality
GNN → Connectivity
Transformer
→ Global Token Relationships
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LLM Training
Massive Computational and Data Resources for Model Training
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LLM Training
Massive Computational and Data Resources for Model Training

https://www.washingtonpost.com/technology/2026/01/27/anthropic-ai-scan-destroy-books/

Massive Data 
to Model Training



34

LLM Training
Massive Computational and Data Resources for Model Training
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LLM Training
How are LLM models trained?

Forward Pass & Backpropagation
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LLM Training
How are LLM models trained?

Pre-Training

Random 
Initialization

Post-Training Alignment

Production

Strong Backbone 
Architecture with 
randomized parameters

Next-Token Prediction Problem 
with ~ Trillion Corpus Guardrail, Human Preference …

Code, Math…
Task Specific Knowledge
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LLM Training
How are LLM models trained?

Init weights

Pre-training

Stage 1
(6.5T)

Diverse quality

Stage 2
(1T)

High quality dataset

Stage 3
(100B)

LongContext Adaptation
Base Models

Kanana(Kakao) model training 
recipe from if(kakao)25

https://www.youtube.com/watch?v=B7sc-OlnkCE
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LLM Training
How are LLM models trained?

Base Models

Post-training

Stage 1
Resoning SFT

Stage 2
Reasoning RL

Hybrids Models

Stage 3
Thinking Mode Fusion

Stage 4
General RL

https://www.youtube.com/watch?v=B7sc-OlnkCE
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LLM Training
How are LLM models trained?

Base Models

Mid-training

Synthetic Reasoning &
Agent Data Training 

Mid-trained
Models

Extending training with 
synthetically generated agent 
data (e.g., tool-use, search), 

alongside code&math

https://www.youtube.com/watch?v=B7sc-OlnkCE
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Part 4. Evolution of AI Models
Building RAG Agents with LLMs
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Evolution of AI Models
Expansion into Multimodality and Omni-Modality
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Evolution of AI Models
Expansion into Multimodality and Omni-Modality

https://arxiv.org/abs/2309.05519
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Evolution of AI Models
Expansion into Multimodality and Omni-Modality

https://medium.com/%40cout.shubham/exploring-multimodal-large-language-models-a-step-forward-in-ai-626918c6a3ec?utm_source=chatgpt.com
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Evolution of AI Models
Expansion into Multimodality and Omni-Modality

https://qwen.ai/blog?id=fdfbaf2907a36b7659a470c77fb135e381302028&from=research.research-list
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Evolution of AI Models
Expansion into Multimodality and Omni-Modality

https://www.youtube.com/watch?v=PAiMe4vftOc

http://www.youtube.com/watch?v=PAiMe4vftOc
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Evolution of AI Models
Expansion into Multimodality and Omni-Modality

https://www.youtube.com/watch?v=PAiMe4vftOc

http://www.youtube.com/watch?v=WC16_naemYA
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Part 5. GPU Infrastructure
Building RAG Agents with LLMs
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GPU Infrastructure
Recap - Massive Model Parameter

https://huggingface.co/nvidia/NVIDIA-Nemotron-3-Nano-30B-A3B-FP8
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GPU Infrastructure
Recap - Massive Model Parameter

We Are in the Trillion-Parameter Era

How Much Compute Is Required 
for Training and Inference?
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GPU Infrastructure
Modern Architecture - MoE(Mixture of Experts)

Activate Only a Subset of MLP 
Parameters



51

GPU Infrastructure
Modern Architecture - MoE(Mixture of Experts)

→ 26B Total Parameters, 4B Active Parameters
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GPU Infrastructure
How to Calculate the Computational Cost of a Model

https://huggingface.co/nvidia/NVIDIA-Nemotron-3-Nano-30B-A3B-FP8

Model Parameter Size : B (Billion)

What is the Tensor Type?
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GPU Infrastructure
Tensor Type : Bytes per Parameter

https://newsletter.maartengrootendorst.com/p/a-visual-guide-to-quantization
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GPU Infrastructure
Tensor Type : Bytes per Parameter

https://developer.nvidia.com/blog/optimizing-llms-for-performance-and-accuracy-with-post-training-quantization/
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GPU Infrastructure
Tensor Type : Bytes per Parameter

https://developer.nvidia.com/blog/optimizing-llms-for-performance-and-accuracy-with-post-training-quantization/
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GPU Infrastructure
Tensor Type : Bytes per Parameter

https://developer.nvidia.com/blog/optimizing-llms-for-performance-and-accuracy-with-post-training-quantization/
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GPU Infrastructure
Tensor Type : Bytes per Parameter

https://developer.nvidia.com/blog/optimizing-llms-for-performance-and-accuracy-with-post-training-quantization/
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GPU Infrastructure
How to Calculate the Computational Cost of a Model

# of Parameter * Tensor Type Size = Total Model Size

ex) 3B Model * int8 = Total 3GB 2.8T Model * fp32 = Total 11.2TB
(104B Activated → 416GB)

Can AI models run on a CPU?
→ Yes, but they’re slow. Very, very, VERY slow.
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GPU Infrastructure
How to Calculate the Computational Cost of a Model

https://www.youtube.com/watch?v=1BAZf3PsjWA

http://www.youtube.com/watch?v=1BAZf3PsjWA
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GPU Infrastructure
How to Calculate the Computational Cost of a Model

A Powerful Processing Unit — Is It Sufficient? 

Memory → GPU
Data Transfer

 ⇒ New Bottleneck!
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GPU Infrastructure
How to Calculate the Computational Cost of a Model

Solution — Store model parameters in GPU memory
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GPU Infrastructure
How to Calculate the Computational Cost of a Model

VRAM Matters (On-board GPU Memory)
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THANK YOU SO MUCH!
Building RAG Agents with LLMs

Jae Y. CHOI
NVIDIA DLI Certified Instructor & University Ambassador
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