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The topic of this article

[ Building an LLM J —_— [ Foundation model J

Stages 1-3 are the common steps to developing LLMSs. Stage 4 specializes LLMs
for specific use cases.
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[ If a train is moving at 60 mph and travels for 3 hours, how far does it go? ]

f \ KTO determine the distance traveled, \

use the formula:

Distance = Speed x Time

The train travels 180 miles. Given that the speed is 60 mph and
the time is 3 hours:

Distance = 60 mph x 3 hours = 180 miles

K j KSO’ the train travels 180 miles. j

Plain response Response with intermediate
reasoming steps

A regular LLM may only provide a short answer (as shown on the left), whereas
reasoning models typically include intermediate steps that reveal part of the
thought process. (Note that many LLMs who have not been specifically
developed for reasoning tasks can also provide intermediate reasoning steps in
their answers.)
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ChatGPT o1 v~

1) Intermediate reasoning
chain that is not explicitely\
shown to the user

2) Intermediate reasoning A
steps that are shown as
part of the answer

The main answer /

What is the last digit of 74999

Reasoned about last digit of powers for a couple of seconds

To find the last digit of '1“:‘:3, note that the last digits of powers of 7 repeat in a cycle of leng

4:

7' =7 (last digit 7)

2 =49 (last digit 9)
343 (last digit 3)

7t = 2401 (last digit 1)

Thenitrepeats:7,9,3,1,7, 9,3, 1, ...

=999

To determine which of these four digits appears for 7°°*, we look at 999 mod 4:

999 = 4 = 249 remainder 3.

Since the remainder is 3, we take the third digit in the cycle (7,9, 3,1), which is 3.

Hence, the last digit of 7°%° is ﬂ

PO PO

"Reasoning" is used at two different levels: 1) processing the input and
generating via multiple intermediate steps and 2) providing some sort of
reasoning as part of the response to the user.
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Good at Bad at

+ Deductive or inductive reasoning -
(e.g., riddles, math proofs)

+ Chain-of-thought reasoning -
(breaking down multi-step problems)

+ Complex decision-making tasks -

+ Better generalization to novel
problems

Fast and cheap responses
(more inference time)

Knowledge-based tasks
(hallucination)

Simple tasks (“overthinking”)

The key strengths and weaknesses of reasoning models.
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Regular prompting Chain-of-thought prompting
Q: A juggler can juggle 16 balls. Half of the balls are golf ballg Q: A juggler can juggle 16 balls. Half of the balls are golf ball
and half of the golf balls are blue. How many blue golf balls are and half of the golf balls are blue. How many blue golf balls a
there? there?
A: The answer (arabic numerals) is A: Let’s think step by step.
(Output) 8 X (Output) There are 16 balls in total. Half of the balls are g
balls. That means that there are 8 golf balls. Half of the golf ba
/ are blue. That means that there are 4 blue golf balls. ¢

An example of classic CoT prompting from the 2022 Large Language Models are
Zero-Shot Reasoners paper (https://arxiv.org/abs/2205.11916).
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LLM generated multiple
responses, and a verifiel
selects the best one

Best-of-N
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Uses an additional process-based
reward model at each (token)
generation step

r model

Beam Search

Uses a process-based reward
model similar to beam search but
includes a rollback step

Lookahead Search

Continue Search fro/
the top-N options

Select the best final answer

using the verifier

Select the best final answer using the verifier

Key: r —

|
| 1= Apply Verifier = Full Solution = Intermediate solution step = Selected by verifier = Rejected by verifier

- -

Different search-based methods rely on a process-reward-based model to
select the best answer. Annotated figure from the LLM Test-Time Compute
paper, https://arxiv.org/abs/2408.03314
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Question: If a > 1, then the sum of the real solutions of m = x is equal to
Response: <think>

To solve the equation m = x, let’s start by squaring both - - -

( a—\/m)?_:xz = a-+Va+x=x2

Rearrange to isolate the inner square root term:
(a-x*)?=a+x = a®-2ax’+(x*?’=a+x = x*-2ax®> -x+(a®-a)=0

Wait, wait. Wait. That’s an aha moment I can flag here.

Let’s reevaluate this step-by-step to identify if the correct sum can be - - -
We started with the equation:
va-+va+x=x

First, let’s square both sides:
a-Va+x=x> = Va+x=a-x
Next, I could square both sides again, treating the equation: - - -

2

Table 3 | An interesting “aha moment” of an intermediate version of DeepSeek-R1-Zero.
model learns to rethink using an anthropomorphic tone. This is also an aha moment fo:
allowing us to witness the power and beauty of reinforcement learning.

A figure from the DeepSeek R1 technical report

(https://arxiv.org/abs/2501.12948) showing the emergence of the "Aha"
moment.
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User: Using the numbers [19, 36, 55, 7], create an equation that equals 65.
Assistant: Let me solve this step by step.

<answer> 55 + 36 - 7 - 19 </answer>
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This magazine is a personal passion project. For those who wish to support me,
please consider purchasing a copy of my Build a Large Language Model (From
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Scratch) book. (I am confident that you'll get lots out of this book as it explains ho
LLMSs work in a level of detail that is not found anywhere else.)
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