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 Introduction to Large Language Models
« Training an LLM: Behind the Scenes
* Understanding the Costs

« Hands-on: Deploy Your Own Coding Copilot



Introduction to Large Language Models

* An Al model that predicts the next word or phrase in text.
« Learns patterns by processing massive amounts of written text.

* Requires significant computational resources to train, store, and
run.

« Capable of complex language tasks (e.g., answering questions,
summarizing, coding assistance).



Outline

« Training an LLM: Behind the Scenes



Overview: analogy of studying a textbook

Exposition < Pretraining
(background knowledge)
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This mathemaliNg relationship is Newlon's second law.
When an external non-zero net foree acle on an object, the object
accelerates in the direction of the net force. The magnitude of the
acceleration is directly proportional 1o the magnitude of the net
force and inversely proportional o the mass of the object.

The equation fur Newlon's second law is usually written with F. on the
Left side:
Foy= m@

The Concept of inertial Mass

All objects have mass, so all objuets have inestis. From sxperisnce, it
i more diffizull to sceslerate o curling stone than o sceelosate 8 hockey
puck (Figure 3.35). This means thal the inertia of an object is relaled

1o its mass. The greater the mass of the object, the greater ils insrlia,
The mass of an object in Newton's second law is determined by

finding the ralio of & known net force acting on an object to the acceler-
ation of the object. In other words, the mass is a measure of the inertia
of an abject. Because of this relationship, the mass in Newlon's second
Law ig called inertial mase, which indicates how the mase is measured.

& Figure 3.35 IF the acceleration of the curling stone and the hockey puck is the ssne,
¥, on the oxling stone would be 95 tmes gieater than £, on the hockey puck because the
imerlial mass of the curling slone is thal much greater than the hotkey puck.

What happens to the accelerbion of an object if

(a] the mass and net force both decrease by a factor of 47

M) the mass and net force both increase by a factor of 47

(] the mass increases by a factor of 4, but the net force decreases
by the same factor?

(d] the mase decreases by a factor of 4, and the net force is zem?

Worked problems <> Supervised Finetuning
(problem + demonstrated solution, for imitation)

Applying Newton's Second Law to Horizontal Motion

Example 3.5 demonstrates how to use Newlon's second
the average acceleration of & lacrosse ball, In this sit
ance is assumed to be negligible to simplify the p

1o predict
fomn, air resisl-

Example 3.5

A lacrosss player exerts an avera)
net horizontal force of 2.8 N
[forward] om o 0.14-kg lscr
ball while running with it in the
net of his stick (Figure 3.36).

Caleulate the average horizontal
acceleration of the ball while in
contact with the lacrosss net.

Given & Flgurs 3.36
Frop = 24 N [forward]
m =014 kg
Required
average horizontal acceleration of ball [7]
Analysis and Solution
The ball is not accelerating up or down.
S0 in the vestical direction. F,,, = 0 N.
In the horizontal direction, the accelesation of the ball is

in the directicn of the net foree. So use the scalar form of
Mewlon's second law.

Practice Problems

1. The net force acting an o 6.0-kg
grocery cart is 12 N [left]. Calculate

F,. = ma the accslaration of the cart.
e
Fun 2. A net force of 34 N [forward)] acts
Sy on a curling stone causing it to
2 accelerate at 1.8 m's* [forward] on
TR kg a frictionless icy surfoce. Caloolate
20k 2 the mass of the curling stone.
=
- Answers
0.14 R
1. 20 ms® [lef]
= 20 m/s? 2190k

7 = 20 m/s* [forward)

Paraphrase
The average horizontal acceleration of the Lacrosse ball is 20 m/s*
[farward].

Ia Example 3.8, o free-body diagram is used Lo ficst help determine the
net foree acling on a cance, Then Newton's second law is appliad 1o
predict the average acceleration of the canoe.

Practice
(practice,

Problems <> Reinforcement learning
trial & error until reach correct answer)
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i more diffizult o secelerate o curling stone than to aceelosats s hockey
puck (Figure 3.35). This means that the inertia of an object is related
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Concept Check

What happens to the accelerbion of an object if

(a] the mass and net force both decrease by a factor of 47

M) the mass and net force both increase by a factor of 47

(] the mass increases by a factor of 4, but the net force decreases
by the same factor?

(d] the mase decreases by a factor of 4, and the net force is zem?

Applying Newton's Second Law to Horizontal Motion

Example 3.5 demonsirates how to use Newlon's second 2w to prediet
the average acceleration of a lacrosse ball. In this sitvation, air sesist-
ance is assutmed to be negligible to simplify the prooles,

Example 3.5
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-
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" X +
lforward] or o 0.14-kg lacrorse —_— [ -
ball while running with it in the -
wn

net of his stick (Figure 3.36).
Caleulate the average horizontal
acceleration of the ball while in
contact with the lacrosss net.

Civen A Figure 3.34
Fpe = 2.8 N [forward]

m =014 kg
Required

average horizontal acceleration of ball [7]

Analysis and Solution

The ball is not accelerating up or down.
S0 in the vertical direction, F,,, = 0 N,
In the horizental dirsction, the acceleration of the ball i Practice Problems

in the direction of the net force. So use the scalar form of 1. The net force acting an a 6.0-kg
Mewion's second law. grocery cart is 12 N [left]. Calculate
the arceleration of the cart.
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Fon 2. A net force of 34 N [forward] acts
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net foree acling on a cance, Then Newton's second law is appliad 1o
predict the average acceleration of the canoe.



Data Collection: Turning the internet into training data

 Recipe
URL Text Lomguage_ sopher
Altering ~ = Extraction — ~) Filtering ~  plte
Custom cH MinHash
P = <—
R'l Fitters Flters dedup

The FineWeb Pipe[ine

« Examples



https://huggingface.co/datasets/HuggingFaceFW/fineweb
https://huggingface.co/spaces/HuggingFaceFW/blogpost-fineweb-v1
https://huggingface.co/datasets/HuggingFaceFW/fineweb

Tokenization: making text readable to LLMs

 Computers and LLMs can only "see" and process symbols from
a finite set.

* Need to convert text into symbols the LLM understands

 Example: Representing ~5000 text characters
« ~40,000 bits (vocabulary size of 2, inefficient patterns)
« ~5000 bytes (vocabulary size of 256, limited patters)
« ~1300 tokens (vocabulary size of 100k, meaningful patterns,
easy for LLM to learn)



https://tiktokenizer.vercel.app/?model=cl100k_base

Neural network training: learning patterns in tokens

e Goal: Teach the neural network (NN) to predict the next token

based on previous ones.

 How it works:
« Take a sequence of tokens
* Predict what token likely

100k possible next tokens

Sequence of 4 tokens

comes next [91][860][ 287][ 11579]

 Compare prediction to the
actual next token

« Adjust NN parameters,
iImproving future predictions

“ “View” “ing” “Single”

Correct answer:

1

~

probability of 19438
of ("Direction"): 2%

_|, probability of 11799

("Case"): 1%

s Pprobability of 3962

("Post"): 4%

3962 I



Neural network internals

Inputs sequence tokens x

(o) () )

parameters w

huge math expression

0.2

-0.5

1.6

( N\ [
\ J \\

0.0

-0.9

1/(1 + exp(-(wO * (1/1+exp(-(wl * x1 + w2 * x2 + w3))))
+ w4 * (1/1 + exp(-(W5 * x1 + w6 * X2 + x7))))
+ w8 * (1/1+exp(-(w9 * x1 + w10 * x2 + wll)))) +wl2

]ﬁ

100k numbers:
distribution over tokens

Parameters start randomly, resulting in random predictions

Adjusting parameters (like tuning knobs on a DJ panel) makes
predictions match patterns from training data


https://bbycroft.net/llm

Inference

 To generate: Predict one token at a time

probabilities
nnnnn | network sample
nnnnn | network sample
[ 91 ] [ 860 ] > > 287
nnnnn | network sample
[ 91 ][ 860 ] [ 287 ] > > 11579
nnnnn | network sample
[ 91 ][ 860 ][ 287 ] [ 11579 ] > > 13659




Example: GPT2 pretraining

e Train: 1558M parameters, 32000 steps, 1m tokens per step,
2.75s per step, ~24h

« Cost: 8xH100 gpu node, ~24h, $672 on cloud provider

 Buy and install GPU, expensive

* Luckily, we have open weights model


https://github.com/karpathy/llm.c/discussions/677
https://lambdalabs.com/
https://www.google.com/search?q=h100+price&client=safari&sca_esv=7ed8492f06ea75bb&sxsrf=AHTn8zoGOk52qoLluhlNPE0C4sKx-cQoQQ%3A1740514428908&ei=fCS-Z9GPN9mri-gP06S2iA8&ved=0ahUKEwjRvYvC0d-LAxXZ1QIHHVOSDfEQ4dUDCBA&uact=5&oq=h100+price&gs_lp=Egxnd3Mtd2l6LXNlcnAiCmgxMDAgcHJpY2UyChAAGIAEGEMYigUyBRAAGIAEMgUQABiABDIFEAAYgAQyBRAAGIAEMgUQABiABDIFEAAYgAQyBRAAGIAEMgUQABiABDIFEAAYgARIwQxQa1jCC3ACeAGQAQCYAYgBoAGbBaoBAzQuM7gBA8gBAPgBAZgCCaAC4AXCAgoQABiwAxjWBBhHwgINEAAYgAQYsAMYQxiKBcICCxAAGIAEGJECGIoFwgIKEAAYgAQYFBiHApgDAIgGAZAGCpIHAzUuNKAHwiE

Demo of open weights model: Llama 3.1

Autocomplete Wikipedia example: Zebra

The knowledge cut-off of the model, example

Sentence continuation example: what is 2+2?

Need to make the model to be better at conversations


https://app.hyperbolic.xyz/models/llama31-405b-base-bf-16
https://en.wikipedia.org/wiki/Zebra
https://en.wikipedia.org/wiki/2024_United_States_presidential_election
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(a] the mass and net force both decrease by a factor of 47
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Worked problems <> Supervised Finetuning
(problem + demonstrated solution, for imitation)

Applying Newton's Second Law to Horizontal Motion

Example 3.5 demonstrates how to use Newlon's second
the average acceleration of & lacrosse ball, In this sit
ance is assumed to be negligible to simplify the p

Example 3.5

A lacrosss player exerts an avera)
net horizontal force of 2.8 N
[forward] om o 0.14-kg lscr
ball while running with it in the
net of his stick (Figure 3.36).

Caleulate the average horizontal
acceleration of the ball while in
contact with the lacrosss net.

Civen A Figura 3.36
Fpe = 2.8 N [forward]
m =014 kg
Required
average horizontal acceleration of ball [7]
Analysis and Solution
The ball is not accelerating up or down.
S0 in the vestical direction. F,,, = 0 N.
In the horizontal direction, the accelesation of the ball is

in the directicn of the net foree. So use the scalar form of
Mewlon's second law.

Fpo = ma
Fon
P
m
AN
014 kg
2.8 kfy 2

T
= 20 m/s?
7 = 20 m/s* [forward)

Paraphrase

1o predict

on, air resist-

Practice Problems
1. The net forcs acting an a 6.0-ky
grocery cart is 12 N [left]. Calculate
the accslaration of the cart.

. A net force of 34 N [ferward] acts
on a curling stone causing it o
accelerate at 1.8 m's* [forward] on
a frictionless icy surface. Calculate
the mass of the curling stons.

5

Answers
1. 20 ms® [lef]
10k

The average horizontal acceleration of the lacrosse ball is 20 m/fs?

[forwasd].

In Example 3.8, o free-body diagram is used to first help determine the
net foree acling on a cance, Then Newton's second law is appliad 1o

predict the average acceleration of the canoe.



Supervised Finetuning (SFT): Teaching LLMs to Assist

« Goal: Train the model to respond like a helpful assistant.

* Input:
 Base Model (trained on internet text, not yet conversational).
* Labeled Conversations (human-written Q&A, multi-turn
dialogues).
* Process:
 Replace general internet data with conversation data.
« Continue training so the model learns how assistants respond.
* Time Comparison: Months (pretraining) vs hours (SFT)
« Data Comparison: Trillions of tokens vs Millions of tokens



https://huggingface.co/datasets/OpenAssistant/oasst1

Conversation Data Format & Tokenization

« Tokenization Process
« Uses the same method as pretraining, converting
conversations into token sequences.
 New Special Tokens added for better context.

 Real Datasets in Practice:
« Labeling Instructions (e.qg., InstructGPT Section 3.4).
« Examples: OpenAssistant, UltraChat (with visualization).

 Example:
* Instruction-following model inference (e.g., Llama Instruct).



https://tiktokenizer.vercel.app/
https://arxiv.org/pdf/2203.02155
https://huggingface.co/datasets/OpenAssistant/oasst1
https://github.com/thunlp/UltraChat
https://atlas.nomic.ai/map/0ce65783-c3a9-40b5-895d-384933f50081/a7b46301-022f-45d8-bbf4-98107eabdbac
https://api.together.ai/playground/chat/meta-llama/Meta-Llama-3.1-405B-Instruct-Turbo

Conversation Data Format & Tokenization

« Tokenization Process
« Uses the same method as pretraining, converting
conversations into token sequences.
 New Special Tokens added for better context.
 Real Datasets in Practice:
« Labeling Instructions (e.g., InstructGPT Section 3.4).
« Examples: OpenAssistant, UltraChat (with visualization).
 Example:
* Instruction-following model inference (e.g., Llama Instruct).
« SFT model still need to generalized over the “example problems”



https://tiktokenizer.vercel.app/
https://arxiv.org/pdf/2203.02155
https://huggingface.co/datasets/OpenAssistant/oasst1
https://github.com/thunlp/UltraChat
https://atlas.nomic.ai/map/0ce65783-c3a9-40b5-895d-384933f50081/a7b46301-022f-45d8-bbf4-98107eabdbac
https://api.together.ai/playground/chat/meta-llama/Meta-Llama-3.1-405B-Instruct-Turbo
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puck (Figure 3.35). This means that the inertia of an object is related
1o its mass. The greater the mass of the object, the greater ils insrlia,
The mass of an object in Newton's second law is determined by
finding the ratio of a known net force acting on an object to the sccaler-
ation of the shject. In other words, the mass is a measure of the inertia
of an abject. Because of this relationship, the mass in Newlon's second
Law ix culled inertial mase, which indicates how the mass is measured.

& Figure 3.35 IF the acceleration of the curling stone and the hockey puck is the ssne,
¥, on the oxling stone would be 95 tmes gieater than £, on the hockey puck because the
imerlial mass of the curling slone is thal much greater than the hotkey puck.

Concept Check

What happens to the accelerbion of an object if

(a] the mass and net force both decrease by a factor of 47

M) the mass and net force both increase by a factor of 47

(] the mass increases by a factor of 4, but the net force decreases
by the same factor?

(d] the mase decreases by a factor of 4, and the net force is zem?

Applying Newton's Second Law to Horizontal Motion

Example 3.5 demonsirates how to use Newlon's second 2w to prediet
the average acceleration of a lacrosse ball. In this sitvation, air sesist-
ance is assutmed to be negligible to simplify the prooles,

Example 3.5

A lacrosse player exerts an average .

net horizontal force of 2.8 N wn
[ium-an_i] om a q.lq-l:g |af:njwae — +Iw;ld
ball while running with it in the

net of his stick (Figure 3.36). fann
Caleulate the average horizontal
acceleration of the ball while in
contact with the lacrosss net.

Civen A Figure 3.34
Fpe = 2.8 N [forward]

m =014 kg
Required

average horizontal acceleration of ball [7]

Analysis and Solution

The ball is not accelerating up or down.
S0 in the vertical direction, F,,, = 0 N,
In the horizontal direction, the accelesation of the ball is
in the direction of the net force. So use the scalar form of
MNewion's second law.

Practice Problems

1. The net forcs acting an a 6.0-ky
grocery cart is 12 N [left]. Calculate
the accslaration of the cart.

Fp = mn
Fon 2. A net force of 34 N [forward] acts
T w en a curling stone causing it to
24N accelerate at 1.8 m's* [forward] on
T Dlakg a frictionless icy surfice. Caloulate
2846 m the mass of the curling stons.
- Answers
0.14 b
1. 20 ms® [lef]
= 20 m/s? 2 1 kg

7 = 20 m/s* [forward)

Paraphrase
The average horizontal acceleration of the Lacrosse ball is 20 m/s*
[farward].

Ia Example 3.8, o free-body diagram is used Lo ficst help determine the
net foree acling on a cance, Then Newton's second law is appliad 1o
predict the average acceleration of the canoe.

Practice
(practice,

Problems <> Reinforcement learning
trial & error until reach correct answer)



Reinforcement learning (RL)

* Goal: teach the model to figure out the solution itself

e Solution types:
 verifiable solutions (e.g., math problems)
« unverifiable solutions (e.qg., jokes)

Emily buys 3 apples and 2 oranges. Each orange
costs $2. The total cost of all the fruit is $13

e RL fOr Veriﬁab|e So|uti0ns What is the cost of each apple?

« Generate multiple solutions

« Take top solution Solutions
 Trainon it

 Repeat (tens of thousands)

Answer 3



RL for Unverifiable Solutions

« Key Challenge: How to score generated outputs in subjective

tasks?
 Example: Writing a joke—what makes it "good"?

“write a joke about Belgium weather” Naive approach: 1,000 updates of 1,000 prompts of 1,000 runs
(cost 1,000,000,000 scores from humans)

RLHF (human feedback) approach:

* Humans rank a few outputs instead of scoring each one.

* Train areward model (NN simulator) based on preferences.
* Use the simulator to rank new outputs efficiently.

v v \ 4 A\ 4 \ 4 A\ 4

Problem: how to score these automatically
at scale?

Reward model scores: 0.1 0.8 0.3 0.4 0.5 0.7
Human ordering: 2 1 3 5 6 4



LLM Caveats

Hallucination (demo)

Shorter the response, less computation, worse results (demo)

LLMs are not good at counting (demo)

Other corner cases (demo)


https://huggingface.co/spaces/huggingface/inference-playground?modelId=tiiuae/falcon-7b-instruct

References

* Andrej Karpathy, Deep Dive into LLMs like ChatGPT (link)


https://www.youtube.com/watch?v=7xTGNNLPyMI

Outline

* Understanding the Costs



Price Calculation

« GPU memory:
4G VRAM per 1 billion float32 weights
« 32b model: 128g VRAM -> 4x40G GPU or 6x24G GPU
« There are also floatl6, float8, float4 mode
 Train
 FLOPSs per token: 6 x 32e9 = 1.92ell
« Trainon 1T tokens: 1.92e11 x 1e12 = 1.92e11 TFLOPs
« OnA100 312 TFLOPs: 1.92e11/ 312 = 6.15e9s = 237month
« On 128 A100: 1.8 month, with overhead: 2.3 month
* Price on cloud: 1.3USD/h *2.3*30*24*128 ~=275,558 USD
* Inference: one instance normally serve 10-20 users



Outline

« Hands-on: Deploy Your Own Coding Copilot



Code copilot

ldea: complete, edit, question code

Commercial products: Github copilot, cursor

Local deploy:
 Local model: HuggingFace, ollama
« Code editor extension: continue.dev

e Demo:
e (Cursor
e VSCode + continue.dev + ollama


https://github.com/features/copilot
https://www.cursor.com/
https://huggingface.co/
https://ollama.com/
https://www.continue.dev/

Continue.dev

Download and open Visual Studio Code

Download continue extension

Open config file of continue

+ follow recommended config



https://www.continue.dev/
https://docs.continue.dev/customize/model-providers/ollama

Ollama

« Download install Ollama

* Pull models recommended by continue

* Check continue quick start


https://ollama.com/
https://github.com/ollama/ollama/blob/main/README.md

Thanks
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