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Traditional LLM scaling
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Hallucinations
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Traditional LLMs

   Model size    Test-time compute



Reasoning LLMs

   Model size    Test-time compute



Towards utilizing Test-Time compute

Kahneman, D. (2011). Thinking, fast and slow. Farrar, Straus and Giroux.



Chain-of-Thought Prompting (CoT)
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Reasoning with Language Model is Planning with World Model
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Search-based methods

Outcome-supervised reward models (ORM) vs Process-supervised reward models (PRM)
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Monte-Carlo Tree Search (MCTS)
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rStar-Math
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Self-Evolved Deep Thinking

DeepSeek-Coder-V2-Instruct (236B) 

used to bootstrap SFT data

Train first reliable PPM-r2

PPM-augmented MCTS significantly 

imroves SFT data quality

Extensive MCTS rollouts to increase 

coverage of difficult problems

Improved SFT data quality and increased train set coverage after each round
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Step-by-step verified reasoning trajectories
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Process Preference Model (PPM)

Pairwise ranking loss
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Benchmark results
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Training cost

2 weeks

15 nodes of 4×40GB A100 GPUs10 nodes of 8×80GB H100 GPUs

3 days 3 days 1 week
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Training cost

Datasheets:

H100: https://resources.nvidia.com/en-us-tensor-core/nvidia-tensor-core-gpu-datasheet

A100: https://www.nvidia.com/content/dam/en-zz/Solutions/Data-Center/a100/pdf/nvidia-a100-datasheet.pdf

Cloud costs:
H100: https://getdeploying.com/reference/cloud-gpu/nvidia-h100

A100: https://getdeploying.com/reference/cloud-gpu/nvidia-a100

Amount GPU model Power 

(per GPU)

Total power Energy used Estimated electricity 

cost ($0.20/kWh)

Cloud cost

(per GPU)

Estimated total cloud 

cost

80x 80GB H100 700 W 56 kW 18,816 kWh ~$3,800 ~ $1.90/hr - $3.50/hr ~ $51,072 - $94,080

60x 40GB A100 400 W 24 kW 7,488 kWh ~$1,500 ~ $1.00/hr - $1.80/hr ~ $18,720 - $33,696

https://resources.nvidia.com/en-us-tensor-core/nvidia-tensor-core-gpu-datasheet
https://www.nvidia.com/content/dam/en-zz/Solutions/Data-Center/a100/pdf/nvidia-a100-datasheet.pdf
https://getdeploying.com/reference/cloud-gpu/nvidia-h100
https://getdeploying.com/reference/cloud-gpu/nvidia-a100


Inference cost
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Benchmarks

Easy           Hard
MATH OlympiadBench AIME 2024

Let p(x) be a cubic polynomial such that p(2)=0, p(-

1)=0, p(4)=6, and p(5)=8. Find p(7).

Find all triples of (x,y,z) of positive integers such that 

x<=y<=x and x3(y3+z3)=2012(xyz+2)

Quadratic polynomials $P(x)$ and $Q(x)$ have 

leading coefficients $2$ and $-2,$ respectively. The 

graphs of both polynomials pass through the two 

points $(16,54)$ and $(20,53).$ Find $P(0) + Q(0).$

A 6-sided die is weighted so that the probability of 

any number being rolled is proportional to the value 

of the roll. (So, for example, the probability of a 2 

being rolled is twice that of a 1 being rolled.) What is 

the expected value of a roll of this weighted die? 

Express your answer as a common fraction.

Given a positive integer $n$, determine the largest 

real number $\mu$ satisfying the following condition: 

for every $4 n$-point configuration $C$ in an open 

unit square $U$, there exists an open rectangle in 

$U$, whose sides are parallel to those of $U$, which 

contains exactly one point of $C$, and has an area 

greater than or equal to $\mu$.

A circle with radius $6$ is externally tangent to a 

circle with radius $24$. Find the area of the 

triangular region bounded by the three common 

tangent lines of these two circles.

The lengths of two opposite sides of a square are 

decreased by $40\%$ while the lengths of the other 

two sides are increased by $50\%$ to form a 

rectangle. By what percent does the square's area 

decrease?

A circle $\omega$ of radius 1 is given. A collection 

$T$ of triangles is called good, if the following 

conditions hold: (i) each triangle from $T$ is 

inscribed in $\omega$; (ii) no two triangles from $T$ 

have a common interior point. Determine all positive 

real numbers $t$ such that, for each positive integer 

$n$, there exists a good collection of $n$ triangles, 

each of perimeter greater than $t$.

A straight river that is $264$ meters wide flows from 

west to east at a rate of $14$ meters per minute. 

Melanie and Sherry sit on the south bank of the river 

with Melanie a distance of $D$ meters downstream 

from Sherry. Relative to the water, Melanie swims at 

$80$ meters per minute, and Sherry swims at $60$ 

meters per minute. At the same time, Melanie and 

Sherry begin swimming in straight lines to a point on 

the north bank of the river that is equidistant from 

their starting positions. The two women arrive at this 

point simultaneously. Find $D$.

MATH:                  URL https://huggingface.co/datasets/HuggingFaceH4/MATH-500

OlympiadBench:  URL https://github.com/OpenBMB/OlympiadBench?tab=readme-ov-file

AIME 2024:          URL https://huggingface.co/datasets/AI-MO/ aimo-validation-aime.



Ablation study – Self-Evolved Deep Thinking

[1] Guan, X., Zhang, L. L., Liu, Y., Shang, N., Sun, Y., Zhu, Y., Yang, F., & Yang, M. (2025). rStar-Math: Small 

LLMs Can Master Math Reasoning with Self-Evolved Deep Thinking (arXiv:2501.04519). arXiv. 

https://doi.org/10.48550/arXiv.2501.04519

https://doi.org/10.48550/arXiv.2501.04519


Ablation study – Step-by-step verified reasoning trajectories 
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Ablation study – Process Preference Model (PPM)
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Surpassing bootstrap model
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