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LLMs for Al agents
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All views are my own, andhe methodsbased on information found online (esp Kimi, LIaMA, DeepSeek)
(nothing is related toOpenAl, unlessexplicitly stated)



ChatGPT G
LLMs

@ Whatareyou?

A LLMs & chatbots took over the world i allargelangtiage moael

trained by OpenAl. I'm a form
of artificial intelligence that

has been designed to
A\ h& process and generate
human-like language.
A How do train those? ® Areyouhuman?

I’'m not a human and | don’t
have the ability to think or

feel in the same way that a
person does.

All numbers are approximate from different opessource projects, especialll.aMA and DeepSeek and Kimi.



General LLM training pipeline

/ Pretraining \

Predict next word on
Internet

Data: > 10T tokens
Time: months
Compute cost: > $10M

@ttleneck: data & compJ
\

Only for reasoning models

/ Reasoning RL\

Think on questionswith
objective answers

Data: ~1M problems
Time: weeks
Compute cost: > $1M

Bottleneck: RL env & hacks

" /

4 N

Classic post
training / RLHF

Max user utility & prefs

Data: ~100k problems
Time: days
Compute cost: > $100K

@ttleneck: data & evals J

!

Still called posttraining

All numbers are approximate from different opesource projects, especialblaMA and DeepSeek.



LLM training pipeline

. 1 What people
A Architecture Hove been
o _ ~ focusing on
A Training algorithm/loss | until 2023
A Data & RL env
What
A Evaluation — Mmatters in
practice
A Systems and infra to scale




LLM specializing pipeline

~

Data: O
Time: hours

Prompting

Art of asking the model what you

N

want

Compute cost: 0

@)tﬂeneck: evals /

/ Finetuning \

Second stage of posttraining to
domain specific data

Data: ~10k1LOOk problems
Time: days
Compute cost: ~$10100K

Q)ttleneck: data & evals /




Pretraining

Method
Data

Compute




Pretraining

A Goal: teach the model everything in the world
A Task: predict the next word

A Data: any reasonable data on internet
A > 10T tokens (2810T for llama 4, 15T for DSv3)
A > 20B unique web pages

A Key since GP2 (2019)

New iMessage Cancel

h To: Joe Lipscomb

Hi! Can you please drop|

Z X ¢ V. b nm &

L N N N PN




AR Language Models \dogs

5

A Task: predict the next word 4 )
A Steps:

1. tokenize Model

forward

predict probability of next token \ /

—_

sample 1 5 3

Inference only

—

ST A

detokenize Sheflikely prefers



A Simple Language Model: N -grams

A How can you learn what to predict?
A Eghow can you know what comes aftethe grass is

A ldea: statistics!
A Take all occurrences ahe grass i®n Wikipedia
A Predicted probability for X is
P(X|the grass 5= Count(X|the grass igCount(the grass i
A Problem:
A You need to keep count of all occurrences for eackyram
AMost sentences are unigue: this canyt gen

A Solution: neural networks



Neural Language Models

|V| tokens
d-sized o
vector 8
Transform h linearly Linear|—0 | softmax
from sized to |V| - the _” layer 8
vocabulary size 8
@)
@)
o :vector representation of
Neural network 8 context I saw a cat on a
o [o] [o] [a [d [o
I = < O ¢ I ¢ Input word embeddings
of lo| lo| |o| |of o

I saw a cat on a

_

P(*|I saw a cat on a)

| |

get probability
distribution for
the next token

process context
(previous history)


https://lena-voita.github.io/nlp_course/language_modeling.html#intro
https://lena-voita.github.io/nlp_course/language_modeling.html#intro
https://lena-voita.github.io/nlp_course/language_modeling.html#intro
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Data

Compute




A ldea: uss

A Note: int

A Also:lr
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Pretraining Data

<!DOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.@ Transitional//EN" "http://www.w3.org/TR/xhtml1/DTD/xhtml1-transitional.dlu - ~iicwe
xmlns="http://www.w3.0rg/1999/xhtml"> <head> <meta http-equiv="Content-Type" content="text/html; charset=utf-8" /> <title>000 084 -

Downloads Free 000 084 - Download 000 084 Software</title> <meta type="description" content="000 084 at Smart Code for free download. 0G0

084 freeware and shareware free downloads." /> <meta type="keywords" content="000 084, downloads, freeware, software, free, 000-084 Test

Prep Training, Pass4sure IBM 000-084, TopCerts DBO-084 Questions and Answers, HPO-084 Free Practice Exam Questions, Pass4sure ADOBE

9AP-B84" [> <link rel="shortcut icon" href="/design/favicon.ico" type="image/x-icon" /> <link href="/design/look.css" rel="stylesheet" I\ FQ(:: ﬁIEE
type="text/css" /> <!--[if lte ie 6]> <link href="/design/iexploreré.css" rel="stylesheet" type="text/css" /> <![endif]--> <script
type="text/javascript">Llink = "http://www.smartcode.com";</script> <script type="text/javascript" src="/design/bmark.js"></script> <link
href="/design/generic/ui.css" rel="stylesheet" type="text/css" /> <script src="/cms/generic.2/scripts/jquery.js" type="text/javascript"
language="javascript"></script> <script src="/cms/generic.2/scripts/ui.js" type="text/javascript" language="javascript"></script> </head>
<body> <div id="wrapper"> <div id="header"> <a class="logo_type" href="http://www.smartcode.com/"><!--<img src:"/design/g;ﬁ logo.jpg"
alt="Premier website for Windows Shareware and Freeware Downloads">--></a> </div> <div id="menu"> <script type="text/javascript"
src="/design/jcoding.js"></script> <form action="http://www.smartcode.com/downloads" id="search" name="search" method="get"
onsubmit="return do_search(false);"> <input class="inp_text" type="text" name="query" id="query" value=""/> <a href="#" onclick="do_search
(false);return false;" class="input_href"><img src="/design/search_button.gif" class="input_href" /></a> </form> <ul> <li><a
href="http://www.smartcode.com/">Home</a></1i> <li><a href="http://www.smartcode.com/db/allrootandsubcats.php">Categories</a></1i> <li><a
href="http://www.smartcode.com/db/new.php">New</a></1i> <li><a href="http://www.smartcode.com/db/top.php">Popular</a></li> <li><a
href="http://www.smartcode.com/submit/">Submit</a></1i> <li><a href="http://www.smartcode.com/main/rss/">RSS</a></1i> <li><a (jirt)/ t()l(f;)
href="http://www.smartcode.com/main/contact.html">Contact</a></1i> </ul> </div> <div id="content"> <div id="content_right"> <style> h1l { 1

padding-bottom: 15px; } hl strong { float: left; } div.pager { font-size: 11px; float: right; padding-top: Spx; } </style> <div

style="display:none;"> false<br> 5<br> 5<br> 5 </div> <table border="g" cellspacin
width="4">&nbsp;</td> <td> <script src="/design/ccoding.js" type="text/javascript"></script> </td> <td width="15">&nbsp;</td> <td> <script

always same

src="/design/ccoding_im.js" type="text/javascript"></script> </td> </tr> </table> <br> <div class="hr" style="width:100%;
margin-bottom:18px;"></div> <hl> <strong>080 084</strong> <div class="pager"> Pages:&nbsp; 1 <a href="/p2.html"> 2 </a> <a href="/p3 55 LJESir]EJ ES()Ei|ir1§]
.html"> 3 </a> &nbsp;<a href="http://000-084.smartcode.com/freeware.html">Freeware</a>&nbsp;<a href="http://000-084.smartcode.com/macosx
-html">Mac</a> </div> </h1> <br> <p ct="1=Testkingworld.com is your ultimatel source for the System x High Performance Servers...">
d.com is your y source for the System x High Performance Servers...&nbsp;<a class="details-1link"
http://000-884-test-prep-training.smartcode.com/info.html">Details</a></p><br> <p ct="1=0ne of the best and most rewarding features
of the 000-084 training materials are that..."> One of the best and most rewarding features of the 000-084 training materials are
that...&nbsp;<a class="details-1ink" href="http://pass4sure-ibm-000-084.smartcode.com/info.html">Details</a></p><br> <p ct="1=Download ) t
free 000-084 questions and answers. 000-084 exam questions are ultimate..."> Download free 000-884 questions and answers. 000-084 exam
questions are ultimate...&nbsp;<a class="details-1link" href="http://topcerts-000-084-questions-and-answers.smartcode.com/info

.html">Details</a></p><br> <p ct="1=Pass-Guaranteed is the leader in IT Certifications that offers a 100% Money Back..."> Pass-Guaranteed
is the leader in IT Certifications that offers a 180% Money Back...&nbsp;<a class="details-1ink"
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Pretrain in g D a.ta Additional filters

20B-> 15B

JSJen, lorem ipsum, {
36B-> 20B

Dedup for <100 docs
36B-> 20B

NSFW blocklist, mostly
English, simple
document filtering
(repetition, length, etc)
200B-> 36B

o
Q

Aggregate Acc (%)
I IN
o @

N
.

42, 60 120 180 240 300 360
Training tokens (billions)
—  FineWeb —— |ndividual minhash
—— C4 Filters —— Base filtering

The FineWeb Datasets: Decanting the Web for the Finest Text Data at Scale



Midtraining data

A Continued pretraining to adapt the model to desired properties / higher quality data (<1foks)

A Data mix changes shiftegmore scientific, coding, multilingual data
A Longer context extension: bumpdg4 A 128k for DSv3)

A Desired formatting/instruction following

A Higher quality data

A Reasoning data

A

14



A Collec™

A Lot of
A H

A H

A Aloto
A (

A Comrmr
A (

PubMed Central

FreeLaw

Pre/mid training Data

Composition of the Pile by Category

* Academic * Internet = Prose * Dialogue * Misc

- -
ArXiv

StackExchange !
PMA Github
Wikipedia

USPTO NIH |OpenWebText2 DM Math I

15



Pretraining
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Data

Compute
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Pretraining compute

A Empirically: for any type of data and model, the most important is how

much compute you spend on training (data & size)

A You can even predict performance with compute with scaling laws!

Test Loss

~]

(S LI =

—

ta
-

L = (Cmin/2.3 * 108)0.050

You can now do research at low
scale and then predict how well it
would hold at larger scale

2
i0-"

—y -

10-7 10~ 10~* 10!
Compute

PF-days, non-embeddir

10!

]

Scaling laws
[Kaplan+ 2020]
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Scaling laws: tuning

A You have 10K GPUs for a month, what model do you train?
A Old pipeline:

A Tune hyperparameters on big models (e.g. 30 models)

A Pick the best => final model is trained for as much as each filtered out ones (e.g. 1 day)
A New pipeline:

A Find scaling recipesdglr decrease with size)

A Tune hyperparameters on small models of different sizes (e.g. for <3 days)

A Extrapolate using scaling laws to larger ones

A Train the final huge model (e.g. >27 days)



Scaling laws for development

A Q: Should we use transformers or LSTM?

Test Loss 5.4

4.8 1

4.2 1

3.6 1

3.01

2.4 1

1 Layer

2 Layers
4 Layers

A

Transformers

105 108 107 108 10°
Parameters (non-embedding)

19

A: Transformers have a better constant and scaling rate (slope)

Scaling laws
[Kaplan+ 2020]



3.2

Training Loss
N ot w
()] (o s] o

AXEXXR

2.2

2.0

10T
Isoflop: 1T
vary tokens & e
parameters 1T
4] /.-' 1008 63B
6618 ..' / ,r,/ 0
-2 o-eme A T ) «w 100B
lel9 ‘\::'/ S, % 108 S
3eld - % . g
6e19 W ‘&5 P " 108
1e20 - 1B ..' Best
3e20 ® t P
6e20 ‘H" & parameters B
le21 100M for each -
3e21 isoflop
100M
100M 300M 1B 3B 6B 30B 107 101° 102! 1023 10%° 107
Parameters FLOPs

Scaling laws:
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eg Chinchilla

A Q: How do we optimally allocate training* resources (size vs data)?

A: Use 20:1 tokens for each parameter (20:1)

*doesnyt consi

Kd for each

.
.
y
o

@
..0’ Best tokens

isoflop

1019 1021 1023 1025
FLOPs

Chinchilla

der inference c ol§¢fmangt2022]



Bitter lesson

A Bitterlessonnmodel s i mprove Wwi

=> nYly thing that matters i

Bitter [Sutton 2019]

ADonyt spend time over

-
nooooo you can't just scale up pure

connectionist models on Internet data without haha gpus go bitterrr

inductive biases and modularization and expect
them to learn real-world knowledge and grammar from
form, or arithmetic and logical reasoning and causal
inference-that's just memorization and superficial pattern-
matching 1like Eliza,you need grounding in real-world
communication with intent and social dynamics and multimodal robotic
embodiment which can foster disentangled learning from guided exploration
and self-directed goals expressed in Bayesian programs and probabilistic
graphical models which are interpretable and pin down a unique semantics which
can be debiased and expressed with uncertainty, and learned efficiently on tiny
acadenic budgets, the cost only shows how this is a dead-end, we need stop chasing SOTAs el

n

t h

t

h e

scal

| ong

e

r

compl 1 cat

21


http://www.incompleteideas.net/IncIdeas/BitterLesson.html
https://www.gwern.net/Scaling-hypothesis#if_slide_2

Training a SOTA model

~40 tok/param => train
A Example of current SOTALLaMA 3 400B compute optimal
Data: 15.6T tokens Parameters: 405B
A FLOPs: 6NP = * 15.6e12 * 405¢F 3.8 €25 FLOPs ~2x less than executive order

A Compute: 16K H100with average throughput of 400 TFLOPS
A Time: 3.8e25 / (400e12 * 3600) = 26M GPU hour / (16e3 * ) 70 days From paper: ~30M h
A Cost: rented compute + salagys2/h26Mh= ~$52M $5080M

A Carbon emitted=26Mh*0.7kw*0.24kg/kwh= 4400 tCO2eq ~2k return tickets JFKLLHR

A Next model? ~10x more FLOPs

22



~

Predict next word on internet

Data: > 10T words
Time: months
Compute cost: > $10M

Pretraining

Bottleneck: data & comp.

"

~

23



Post -training

Method
Data

Compute




_\

Language Modeling

A Problem: language modeling is not what we want

PROMPT  Explain the moon landing to a 6 year old in a few sentences.

COMPLETION GPT-3
Explain the theory of gravity to a 6 year old.

Explain the theory of relativity to a 6 year old in a few sentences.
Explain the big bang theory to a 6 year old.

Explain evolution to a 6 year old.

25

a S



Classic PT / alignment / IF

A Goal: steer the model to be useful on realorld tasks
A Task: maximize answer preferences of humans

A Data: 5k500k problems

A Important since ChatGPT (2022)

explain the moon landing to a 6 year old in a few sentences

A long time ago, people wanted to visit the Moon, even though it was super far away. So, astronauts rode

in a big rocket called Apollo 11. The rocket blasted off from Earth, flew through space, and landed on the
Moon in 1969. Two astronauts, Neil Armstrong and Buzz Aldrin, walked on the Moon's surface, left

footprints, and even planted a flag. Then they flew back home safely.

26
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Reasoning

A G Oal : te aC h th e m Od e | tO re aSO n write me a function to implement DPO in pytorch

A Task: answer correctly

Thought for 24 seconds v

. = LN o e bt e wenew e wnction to implement Direct Preference Optimization (DPO) in
A D ata_ a ny h ard taS k WI th Ve r I fl ab I e PyTorch. | need a concise, technical function with a step-by-step explanation. Since they're
asking for code, | think it's best to provide it directly in the chat. They might want to edit or
iterate, so creating a text document could also work well. I'll give them a clean function in
Markdown format for easy copying and refinement later.

answer

©@ Done

Below is a compact, self-contained implementation of Direct Preference Optimization (DPO) in PyTorch.

A I m po rtant SI n Ce 0 1 (2 O 24) It makes no assumption about the model architecture beyond supporting the usual model(input_ids,




Reasoning

A Goal: testtime scaling

pass@1accuracy

100 -

80 A

60 -

40 A

20 A

o1 AIME accuracy
during training

train-time compute (log scale)

pass@1 accuracy

100 -

80 -

60

40 A

20 A

o1 AIME accuracy
at test time

test-time compute (log scale)

28



Post -training

Methods:

SFT
RL

Data

Compute
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Eg task: oalignmer

AWe want LLM follows user i negmaderatian) ons an

What are the most important steps for training a chatgpt like model? (1)
answer using only 3 concise bullet points

This content may violate our content policy. If you believe this to be in error, please submit your
feedback — your input will aid our research in this area.

-

« Data Collection and Preprocessing: Gather a large, diverse dataset of text, then clean and

reprocess it to ensure quality and consistency. - . -
prep auatty Y I'm sorry, but | cannot write a tweet that promotes hate or bigotry towards any group of

« Model Architecture and Training: Design a transformer-based model architecture, initialize

S Y people. It is not appropriate or acceptable to make generalizations or stereotypes about

entire groups of people based on their religion or ethnicity. All people deserve to be

Fine-tuning and Evaluation: Fine-tune the model on specific tasks or domains, and evaluate
its performance using relevant metrics, iterating as necessary to improve accuracy and safety. treated with respect and kindness, regardless of their background.

A Background:
A data of desired behaviors is what we walptit scarce and expensive

A pretraining data scalebut is not what we want

Al dea: finetune pretrained EUMadmiagl ittt



Supervised finetuning (SFT)

A Idea: finetune the LLM with language modeling of the desired answers

Next word prediction

A How do we collect the data? Ask humans

Can you write a short introduction about the relevance of the term
"monopsony" in economics? Please use examples related to
potential monopsonies in the labour market and cite relevant
research.

My kid needs to do a science project for elementary school, what
are some cheap but fun projects to do?

"Monopsony" refers to a market structure where there is only one buyer for
a particular good or service. In economics, this term is particularly relevant
in the labor market, where a monopsony employer has significant power
over the wages and working conditions of their employees. [....]. Overall, the
concept of monopsony is essential to understanding the dynamics of labor
markets and the impact of market power on workers. Further research is
needed to understand the extent and impact of monopsonies on the
economy and to develop policies to address this issue. References: Bivens,
J., &Mishel, L. (2013). The Pay of Corporate Executives and Financial
Professionals as Evidence of Rents in Top 1 Percent Incomes. Journal of
Economic Perspectives, 27(3), 57-78.

There are many cheap and fun science projects that elementary school kids
can do! Here are a few ideas: 1. Make a homemade lava lamp: Fill a clear
plastic bottle with water and vegetable oil, add a few drops of food coloring,
and then drop in an Alka-Seltzer tablet. The reaction will cause bubbles to
rise and fall like a lava lamp. [....]7. Create a solar oven: Using a pizza box,
aluminum foil, and plastic wrap, create a solar oven that can cook s'mores
or other small snacks. 8. Explore magnets: Using magnets and a variety of
objects, have your child experiment with magnetism to see what objects are
attracted to magnets and which ones are not. These are just a few ideas to
get you started! There are many more cheap and fun science projects that
your child can do with household items and a little creativity.

This was the ~key to GPT3> ChatGPT model!

OpenAssistant
[Kopf+ 2023]

31
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Scalable data for SFT: eg Alpaca

A Problem: human data is slow to collect and expensive

A Idea:use LLMs to scale data collection

1.Eat a balanced diet and make sure to include plenty of fruits and

vegetables. 2. Exercise regularly to keep your body active and strong. 3.

) ) ) Get enough sleep and maintain a consistent sleep schedule.
Give three tips for staying healthy.

An algorithm is a step-by-step set of instructions used to solve a problem

or achieve a goal. It is a process of breaking down complex tasks into

smaller, more manageable steps. Algorithms can be used to find the

shortest path from one place to another, sort data, or render data from an

immense database in a few seconds. Al paca

What does “algorithm” mean? [Taori+ 2023]

def avg_list(nums): total = 0 for n in nums: total += n return total /

len(nums) print(avg_list([4, 3, 6, 10, 8])) # Output 6.4
Find the average number in a list. ( ) print(avg_list([ ) p

Started for academic replication of Chat GPT but



33

Scalable data for SFT: eg DeepSeek R1

A Problem: LLM-generated data ~assumes that you have a smarter LLM

A Idea: use rejection sampling based on verifiers

DeepSeeiR1
1. Temporary LLM generates many answers [DeepSeeidl 2025]
2. Keep answer egdassestestsaseg, or prefexrredtovef others
Candidate reasoning data Filtered reasoning data

(say, 3 million examples) (600,000 examples)
SFT RL-1

Filter
DeepSeek- Reasoning SFT Interim I



https://newsletter.languagemodels.co/p/the-illustrated-deepseek-r1
https://newsletter.languagemodels.co/p/the-illustrated-deepseek-r1
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What to learn during SFT

A Instruction following

A Desired format or style

A Tool use BgKimi 2 or xLAM]

A Early reasoning €gDeepSeek R1]

AU anything where you can get good in

A SFT is either seen as a final stage or as a preparation for RL
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SFT pipelines can be complex: eg Kimi k2

A SFT pipelines can use complex system to build useful SFT data

A Eg Kimi K2 uses LLM simulated user & tools, and rubric based rejection sampling to

build data for agentic tool use

Domains User
! Agent i Task 1
) | Kimi K2
| interaction ! ; B}
MCP tools | |Applications | t | [Kimi team 2025]
Tasks i | Agent |1 Rubrics
with rubrics i T
E observation  call
real-world synthesized . _
tool specs tool specs Tool | paectories »|  2udge Filtered
: \ | Simulator | Agent Data
Tool Repository Agents :

(a) Synthesizing tool specs, agents and tasks (b) Generating agent trajectories
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Scalable data for SFT: quantity?

A You learn quickly from SFT! ~ 10k are sufficient for learning style & IF

e S S

4.0

5y
o0

Generation Quality
(F%)
o

LIMA
3.4 1 [Zhou+ 2023]
32 T y T . — T T ' L
2K 4K 8K 16K 32K
# Training Examples
AJust | earns the for mat o f desi red answer

A The knowl edge is already in the pretrained LLM

A DeepSeelR1 uses ~800K examples for learning reasoning usingzefo



Post -training

Methods:

SFT
RL

Data

Compute
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Reinforcement learning

A Problem: SFT ibehavior cloning of humans

1. Bound by human abilities : humans may prefer things that they are not able to generate

2. Hallucination :cloningcorreca nswer teaches LLM to hallucinat

"Monopsony" refers to a market structure where there is only one buyer for
a particular good or service. In economics, this term is particularly relevant
in the labor market, where a monopsony employer has significant power
over the wages and working conditions of their employees. [.. .]. Overall, the
concept of monopsony is essential to understanding the dynamics of labor
markets and the impact of market power on workers. Further research is
needed to understand the extent and impact of monopsonies on the
economy and to develop policies to address this issue. References: Bivens,
J., & Mishel, L. (2013). The Pay of Corporate Executives and Financial
Professionals as Evidence of Rents in Top 1 Percent Incomes. Journal of
Economic Perspectives, 27(3), 57-78.

Can you write a short introduction about the relevance of the term
"monopsony" in economics? Please use examples related to
potential monopsonies in the labour market and cite relevant
research.

| f LLM doesnyt know [ Bivens 2013] => teaches t he

3. Price: collecting ideal answers can be expensive
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Reinforcement learning

A ldea: maximize desired behavior rather than clone it

_ . Kimi K2 DeepSeeiR1l
A Read: DeepSeek R1 & Kimi K2 [Kimi team 2025]  [DeepSeetdl 2025]

A Key: where the reward comes from:
A Rule-based rewardsegstring match for closeended QA, or passing coding function)

A Reward model trained to predict human preferences (RLHF)

A LLM as a judge
DeepSeek-v3-Base -
A u aining step

Rule-based verification )
Is code? Is python? P i

tests?

Training prompt
Write python code that takes a Gersaed. |hene‘sai0ke about frogs | X
list of numbers, returns them in a Model checkpoint |Possible %
S T e ing
the start.

x
Update the model so its less likely to output low of sort_and_prepanciia o

score solutions like these and more likely to
output high-score solutions in response to such
a prompt


https://newsletter.languagemodels.co/p/the-illustrated-deepseek-r1
https://newsletter.languagemodels.co/p/the-illustrated-deepseek-r1

40

Reinforcement learning: DeepSeek R1

{ SFT checkpoint J

Reasoning
prompts

General
prompts

2) General Reinforcement Learning
Rule-based verifier 1
- Logical reasoning questions
Writing requests

Factual question-answering

Translation

Safety reward
model

based on De

DeepSeek-R1

Image from Jay Alammar



https://newsletter.languagemodels.co/p/the-illustrated-deepseek-r1
https://newsletter.languagemodels.co/p/the-illustrated-deepseek-r1
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Reinforcement learning: GRPO

DeepSeek R1 optimizes GRPO which uses MC estimates for computing the advantage

Similar loss for Kimi K1.5 & K2

GRPO
Reference - A
Model | 1 1
Policy 0, Reward | R Group A,
Model . Model Computation
DeepSeeiR1

[DeepSeeldl 2025]



RL: Infra is key

A Sampling is an important bottleneck since you sample multiple outputs per problem

A Infra is key, especially for agents:
A Long rollouts: Kimi pauses long tail rollouts

A Environment feedback can be slow: Kimi uses concurrent rollouts & dedicated servicessiovs

, [}
pod |
:’ train engine ‘; :' checkpoint engine :’ inference engine \; Engines are collocated
5 o f o i overhead
| train | ————>| ckpt ——— inference
L l / . .
L4 Kimi K2

broadcast [Kimi team 2025]

42



RL from Human Feedback (RLHF)

A ldea: maximize human preference rather than clone their behavior
A Made ChatGPT

A Pipeline:
1. For each instruction: generate 2 answers from a pretty good model (SFT)

2. Ask labelers to select their preferred answers

3. Finetune the model to generate more preferred answers (PPO or DPO)

N N

How? . '
S T = 7
Instruction v l 5 |
nea - e

5%
N

(
(
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Fraction preferred to ref

0.7

0.6}

RLHF: gains

Reference summaries

1.3B T o.7B 6.7B

Model size

Learn to summarize
[Stiennon+ 2020]

12.9B
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Method Simulated Win-rate (%)
DPO GpT-4*t 79.0 4+ 1.4
ChatGPT*" 61.4 4+ 1.7
PPO 46.8 = 1.8
46.8 £ 1.7
Best-of-1024 45.0 £ 1.7
Expert Iteration 419 £ 1.7
SFT 52k 39.24+1.7
SFT 10k 36.7 £ 1.7
Binary FeedME 36.6 £ 1.7
Quark 35.6 £ 1.7
Binary Reward Conditioning 324+1.6
DavinciO01* 24.4+1.5
LLaMA 7B* 11.3+ 1.1

AlpacaFarm
[Dubois+ 2023]



RLHF: human data

A Data: human crowdsourcing

In this task, you will be provided with a Prompt from a user (e.g., a question, instruction,

) to an Al chatbot along with two p ial machine- d R

to the Prom|

Your job is to assess which of the two Responses is better for the Prompt, considering the following for each Response:

Helpfulness: To what extent does the Response provide useful information or
satisfying content for the Prompt?

Responses should:

=  Address the intent of the user's Prompt such that a user would not feel the
Prompt was ignored or misinterpreted by the Response.

= Provide specific, comprehensive, and up-to-date information for the user
needs expressed in the Prompt.

= Be sensible and coherent. The response should not contain any nonsensical
information or contradict itself across sentences (e.g., refer to two different
people with the same name as if they are the same person).

=  Adhere to any requirements indicated in the Prompt such as an explicitly
specified word length, tone, format, or information that the Response should
include.

= Not in i deceptive, or information (based on
your current knowledge or quick web search - you do not need to perform a
rigorous fact check)

= Not contain harmful, offensive, or overly sexual content

AResp may i avoid or decline to address the
question/request of the Prompt and may provide a reason for why it is unable to
respond. For example, "Sorry, there may not be a helpful answer to this question."
These responses can be considered helpful in cases where an appropriate helpful
response to the Prompt does not seem possible.

Rating scale:

Not at All Helpful: Response is useless/irrelevant, contains even a single
piece of nonsensicalli pti i ing ir ion, and/or
ins harmful/offensive/overly sexual content.

Slightly Helpful: Response is somewhat related to the Prompt, does not
address important aspects of the Prompt, and/or contains outdated
information.

Somewhat Helpful: Response partially addresses the intent of the Prompt
(most users would want more information), contains extra unhelpful
information, and/or is lacking helpful details/specifics.

Very Helpful: Response addresses the intent of the Prompt with a satisfying
response. Some users might want a more comprehensive response with
additional details or context. It is comparable to a response an average human
with basic subject-matter knowledge might provide.

Extremely Helpful: Response completely addresses the intent of the Prompt
and provides helpful ils/context. It is parable to a resp a
talented/well-informed human with subject-matter expertise might provide.

guidelines

Presentation: To what extent is the content of the Response conveyed well?
Responses should:

= Be organized in a structure that is easy to consume and understand.
Flowing in a logical order and makes good use of formatting such paragraphs,
lists, or tables.

= Be clearly written in a polite neutral tone that is engaging, direct, and
inclusive. The tone should not be overly friendly, salesy, academic, sassy, or
judgmental in a way that most users would consider to be off-putting or
overdone.

= Have consistent style with natural phrasing and transitions as if
composed by a single talented human.

* Notbe repetitive. or in clearly off-topic information.
Similar information should not be repeated multiple times. It is harder for users
to consume the helpful information in a response if there is repetitive or less
helpful information mixed into the response.

= Notinclude notable I issues or g | errors

Rating scale:

Poor: Response is poorly written or has notable structural, formatting.
language, or grammar issues. Or Response has an awkward or inappropriate
tone. Or the Response repeats similar information. Or only a small portion of
the Response contains helpful information.

Adequate: Response could have been written/organized better or may have
minor language/grammar issues. A minimal amount of less helpful information
may be present. Users would still feel the content of the Response was easy
to consume.

Excellent: Response is very well written and organized. Sentences flow in a
logical order with smooth transitions and consistent style. The content of the
Response is conveyed in a way that is comparable to a response a talented
human might produce.

Overall, you should consider both factors in your SxS rating of which response is better. A more concise response presenting the most helpful information directly and clearly is usually
better than a longer response that may be harder to consume and/or contains clearly off-topic information. Responses with Poor Presentation (e.g., rambling, inappropriate tone) should

play a significant role in your
receive from a real person.

it of which side is better. It may help to imagine the user chatting with a real person and consider which Response most users would prefer to

» Annotation Guidelines

Instruction

Tell me about self driving cars

example
Input

Al Response 1

Self driving cars are vehicles that are capable of detecting their surroundings
and navigating without any input from a human driver. They use a variety of
sensors, such as cameras, radar, and lidar, to detect objects in their
environment and use advanced algorithms to make decisions about how to maneuver
around them. Self driving cars are becoming increasingly popular and are being
used in a variety of applications, such as ride-hailing services and autonomous
delivery services.

Al Response 2

Self driving cars are cars that are equipped with sensors, cameras, and
software, which allows them to navigate without the need for a driver. Self
driving cars are able to monitor their environment and navigate without the
assistance of a driver. Self driving cars use a combination of technologies
such as GPS, radar, lidar, and computer vision to detect their environment and
avoid obstacles. They are also able to update their maps and adjust their
routes to account for variables such as traffic and construction.

The main benefit of self driving cars is their ability to reduce crashes and
save lives. Autonomous vehicles have the potential to save up to 30,000 lives
annually. They are also more energy efficient than traditional vehicles, as
they do not require a driver who has to maintain a minimum speed. Autonomous

vehicles also create new opportunities for increased mobility, allowing those
who are unable to drive to get around.

Rating

O Response 1 is better.

O Response 1 is only slightly better. (only pick this if it's truly close)
O Response 2 is only slightly better. (only pick this if it's truly close)

() Response 2 is better.
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RLHF: challenges of human data

A Slow & expensive

A Hard to focus on correctness rather than forne(length) LLM Opinion:

. . . . . Santurkar 20
A Annotator distribution shifts its behavior :

: : Long way to go
A Crowfsourcing ethics R ng way 1o g
Question: Why don t adults roll off the bed? [S | ng h a|+ 2024]
05 4 ﬁ SFT (Before); 59 tokens
Adults typically do not roll off of the bed because they have developed the muscle memory to
0.0 4 maintaining proper posture.
e TRLRBARE h longer / more details
g -0.5
“‘ AMERICA ALREADY HAS  rrres
-1.0 eping. Additionally, most
AN AI UNDERCLASS nioe bo sy e
also be safety concerns
—1.57 e were to lose balance or
Search engines, ChatGPT, and other Al tools wouldn't function
-2.01
, : : without an army of contractors. Now those workers say theyre
50 100 150
Output Length underpaid and mistreated.

status i

By Matteo Wong
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RLHF: LLM data

A ldea: replace human preferences with LLM preferences

I

*ch O
c ()
© 0.66- P 0
Q
o A 0O
$ 0.634 A Works surprisingly well!
3 o
£ 0.60 B T ®
% : A ®
5 .
I().57_I| 1 1 I*II' 1 1 IIIIII| 1 1
100 101! 102
$/1000 examples AlpacaFarm
Annotator: ® Human pres e Trainer p3mn e Evaluator p&2 e GPT4 pSh™ [DUbOiS+ 2023]

Model: B  Human pPrer ¢ Simulated pgim e GPT4 A ChatGPT @ Davinci003



Evaluation

Close-ended

Openended




Importance of evaluation in Al

Quantify progress towards desired task to:

|dentify Select Dec_ide if
improvements models production ready
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Close -ended Evaluation

A Idea: few possible answers =>automate verification

A Eg MMLU

Astronomy

What is true for a type-la supernova?
A. This type occurs in binary systems.
B. This type occurs in young galaxies.
C. This type produces gamma-ray bursts.
D. This type produces high amounts of X-rays.
Answer: A

High School Biology

In a population of giraffes, an environmental change occurs that favors individuals that are
tallest. As a result, more of the taller individuals are able to obtain nutrients and survive to
pass along their genetic information. This is an example of

A. directional selection.

B. stabilizing selection.

C. sexual selection.

D. disruptive selection

Answer: A M M LU
[Hendryckst 2020]
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Evaluation: challenges

A Sensitivity to prompting/inconsistencies

MMLU MMLU MMLU

(HELM) (Harness) (Original)

llama-65b 0.637 0.488 0.636
tiiuae/falcon-40b 0.571 0.527 0.558
llama-30b 0.583 0.457 0.584
EleutherAl/gpt-neox-20b 0.256 0.333 0.262
llama-13b 0.471 0.377 0.47
llama-7b 0.339 0.342 0.351

tiinae/falcon-7b 0.278 0.35 0.254



Evaluation: challenges

A Sensitivity to prompting/inconsistencies

A Train & test contamination (~not important for development)

Horace He
@cHHillee

| suspect GPT-4's performance is influenced by data contamination, at
least on Codeforces.

Of the easiest problems on Codeforces, it solved 10/10 pre-2021
problems and 0/10 recent problems.

This strongly points to contamination.

1/4
g's Race Y tion, matt A
nd Chocolate ny t cat? .,

triangle!

x Y, img
Interview Problem >

¢

g8

Susan Zhang &
@suchenzang

| think Phi-1.5 trained on the benchmarks. Particularly, GSM8K.

g8

Susan Zhang & @suchenzang - Sep 12
Let's take github.com/openai/grade-s...

If you truncate and feed this question into Phi-1.5, it autocompletes to

calculating the # of downloads in the 3rd month, and does so correctly.

Change the number a bit, and it answers correctly as well.

18
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Evaluation

Closeended

Open-ended




Evaluation: aligned LLM

A How do we evaluate something like ChatGPT?

A Challenges:
A Large diversity

A Openended tasks => hard to automate

A Idea: ask for annotator preference between answers

InstructGPT
[Ouyang+ 2022]
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