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Why HARDMath2?

- SOTA math benchmarks focus on exact solutions or formal proofs
- Physics and engineering mathematical problems rely on ,
, and that are underrepresented in

current evaluations

We provide:

- 211 original graduate-level applied math problems across 5+ domains,
targeting approximation reasoning & asymptotic methods

- A custom evaluation framework that avoids LLM-as-a-judge

- Unique pedagogical approach combining benchmark creation & education

The HARDMath2 Dataset

211 Total Problems

B Nonlinear ODEs (3.3%)
Asymptotic Series (2.8%)
B Other (2.8%)

Bl Boundary Layers (39.1%)

B Nonlinear PDEs (31.6%)
WKB (14.0%)

W Integrals (6.5%)

Boundary Layers
Consider the differential equation:

ey —zy+23y=0

Find a uniformly valid approximation to the solution with boundary condi-
tions y(0) = Aand y(1) = B in the limit e < 1.

Nonlinear Partial Differential Equations
Consider the Korteweg-de Vries (KdV) equation:
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Find a soliton solution in the limit ¢t = oo.

Pedagogical Approach

- Built by students as part of a Harvard graduate applied math class

- Homework involved creating problems that SOTA models

- Students’ problems were evaluated by custom Google Sheet integration,
giving on problem difficulty

- Peer verification for correctness of solutions

- By competing against models, students identified

Verified? Equation Boundary Conditions Prompt Solution

ig Name
ke Raglan W. > WKB ap... Prompt chang: yes $3 \epsilon”2 y"(x) + (1+x” $y(0) = 1, y'(0) = 0% Find the leading $\boxed{ y_{W| 1= Problem: Find a localized self similarity sokution (solton beh -
ke Megan Zhou https://colab.res¢ Original sol'n s yes $\epsilon*2 y" = (x+1)y$ $y(0)=0, y'(0)=1% Find the leading $\boxed{y(x) \sin with (0, 0) = 1 as the maximum value
ke Kelly Smith hitps://colab.res¢ Original sol'n s yes $S\epsilon*2 y"(x) - (1+\co $y(0) = 0, y'(0) = \frac{2 Find the leading $\boxed{y(x) \sin @
ke Will Flintoft > HARDm... Original sol'n s yes $lepsilon*2 y" - (1+x)*2 y : $y(0) = 1, y(1) = e*-1}§ Find the leading $\boxed{y(x)\sim <> Solution: This equation is called mKdV (Modified Korteweg-De Vries) equation
6 longyu injae Kim https://colab.research.google.cc yes $lepsilon?2 y" = (2+x+3x7: $y(0) = 0, y'(0)=18 Find the leading $\boxed{y(x) = \f eek a travel
7 Hongyu Lucy Nathwani LucyNat... yes $lepsilon*2 y* = x y$ By(1)=1,y'(1)=18 e leading $\boxed{\frac{\l —
8  Hongyu Luke Zhu hitps://colab.research.google.cc yes $lepsilon*2 y" = e*x y$  $y(0)=0, y'(0)=1$ Find the leading $\boxed{y(x) =\e satisfies
Hon, Egemen Bostan https://colab.research.google.cc yes Sy"=-E_1 (x+\pi)M yS  $y(0)=0, y(\pi)=0% Find the leading $\boxed{y(x)=\sc
Matthew Siddharth Dandav hitps://colab.research.google.cc yes $lepsilon?2 y" = (1 + x \sin $y(0) = 08, Sy(1)= 1$  Find the leading $\boxed{y = ( putin u(x
Mattl Peter Don Hardmat... yes $\epsilon y"(x) + (1+x)*2y $ y(0) =0, y(1)=1$  Find the leading $\boxed{y(x) \a
2 Matthew Yuyang Chen > WKB_ap... yes $\epsilon*2 y"(x) =[1 + sin $y(0) = 1, y'(0)=1$ Find the leading $\boxed{y(x) = \f [Full solution steps hidden for concision.]
Matthe Adi Raj hitps.//colab.research.google.cc yes $lepsilon*2 y" = (1+x)*2 yt $y(0) = 08, 3y’(0)= 1$ Find the leading $\boxed{y(x) \sin e that there jon
Arjun Adi R hitps://colab.res¢ Wi $\epsilon*2 y" = (1+x72)°2 $y(0) = 08, Sy'(0)= 1$  Find the leading $S\boxed{y(x) \si u(x,1) = /70 sech( /T (x - vt - xg)).
Arjun Adi R: hitps://colab.res¢ Essentially foll yes $lepsilon*2 y* = (1/x*2) y$ $y(1) = 18, Sy’(1)= 0% Find the leading $\boxed{y(x) \sin Now we use the fact that (0, 0) = 1 is the maximum value (given in the problem statement) to choose the positive solution and find
. . v = 0.5 and fix the phase x;, = 0.
Google Sheet for collaborative problem curation e =y T~
5 i i . . > Validation
File Edit View Insert Format Data Tools Extensions Help LLM Evaluation
code
L e e B T 100% - $ % 0_ 00 123 Defaul.. « Process Single Row =~
Process Specific Rows
v fir HWS-lipynb
View Current Prompt Suffix N :
Prompt Solution Parameters  Status Update Prompt Suffix .0 Flash Thinkin
Find an approximate $$\boxed{u(x, t \rightarrow ' $x; t$ Gemini 2.0 Flasr ITRUE FALSE FALSE
Find a self-similarity $$\boxed{u(x, t) = 2(1 + e*{ $x; t$ Gemini 2.0 Flast TRUE FALSE
Find a self-similarity $$\boxed{u(x, t) = 2(e*{\sqr $x; t$ Gemini 2.0 Flast TRUE FALSE
Find a solution for th $\boxed{u(x, t) = \tanh\left( $x; t$ Gemini 2.5 Pro F TRUE FALSE FALSE
Find a self-similarity $\boxed{u(x,t) = e*{\tanh\le $x; t; \delta$ Gemini 2.0 Flast TRUE FALSE FALSE
Find a self-similar so $\boxed{u(x,t) = \left(1+\exf $x; t$ Gemini 2.5 Pro F TRUE FALSE FALSE
Find a self similarity $ \boxed{ u(x, t) = \frac{1}18x; t Gemini 2.0 Flast  TRUE FALSE . TRE
Find a self similarity $ \boxed{ u(x,t)=\tanh(x-\sq $x; t$ Gemini 2.0 Flast TRUE FALSE FALSE

Integration with automatic parser & eval Solution and validation in Colab notebook

- Numerica

Model Performance

Performance Breakdown by Category

) N

Gemini 2.5 Flash Thinking-  20.0 40.0
Gemini 2.5 Pro Preview - 25.0 14.3
| 64.8 76.9 40.0

Overall Solve Rate

o4-mini 25.0 53.6 ’ ; 23.1
03-mini - 0.0 37.8
o1 - 0.0 31.5

DeepSeek V3- 0.0 22.5 | | | 42.9 6.7
Llama 4 Maverick - 0.0 18.3 28.6 3.3
Claude 3.7 Sonnet- 333 4.2 28.6 1.7
Gemini 2.0 Flash- 0.0 1.3 33.3 33.3 9.3
GPT-4.1 - 0.0 1.4 38.5 16.7 5.1

GPT-40- 0.0 0.0 23.1 28.6 2.3

Asym'ptotic Bouﬁdary Integrals Nonlinear Nonlinear
Series Layers ODE PDE

Evaluation Scheme

- HARDMath2 implements a

to avoid LLM-as-a-judge
evaluation accommodates equivalent forms of
expressions without needing symbolic simplification

- Model and reference solutions evaluated numerically and

compared to determine equivalence up to some tolerance

- Problems judged based on equivalence to ground-truth

solution without subjective partial credit scores

Conclusions

- Overall Performance: reasoning models struggle, hovering
around 50-60% accuracy.

- Non-reasoning models perform significantly worse (<10% on
many categories).

- Specific Weaknesses: Models are weakest on Nonlinear

°DEs (requires physical ansatz selection) and Boundary

_ayers (requires matching inner/outer solutions).

18.2

11.5

24.0

13.6

14.3

6.2

WKB

100%
16.7 60.1%
20.0 57.7%
16.7 80% 52.5%
46.1%
_ 1 NF60%
50.0 45.1%
0.0
g 0
16.7 0%
16.7
o -20%
0.0 7.4%
0.0 4.2%
. 0% . . .
Other 0% 50% 100%

Common Failure Modes

Paper link:

Incorrect dominant balances

Solving to a different asymptotic order than specified
Not fully solving the problem by leaving off key matching
steps to get final answer (see below sample)

Failure to follow formatting guidelines

The leading order behavior of y(z) as  — 07 is given by y(z) ~

Az*/3 exp(5-375) cos(2¥3 — ¢) where A is a positive constant, and ¢ is a
phase constant. Since the constants A and ¢ are fixed by the boundary
conditions and are non-zero, this gives the leading behavior.

Final Answer: The final answer is | y(z) ~ Az*/3¢3/2="*) cog (23\1/2 — ¢>
I

Note: The LLM makes some attempt to narrow down what the constants
are, but it does not solve for them completely. It mentions that the initial
conditions fix the constants, but it does not list the equations it would use
to solve for these constants, nor does it solve them.
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