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3 WHAT OLYMPIAD MATH REALLY IS. 2

1 Introduction

In this report, I document the design and prototype development of an Olympiad problem gen-
erator. At the core of my system is a hand-curated library of math Olympiad intuitions that I
have carefully compiled over two years of intensive involvement in Olympiads. The system uses
a well-structured pipeline to construct novel Olympiad-style problems in Algebra, with a special
focus on inequalities(my personal favorite). I have developed this not as a standalone piece of
software, but as a working core of a free, community-governed platform intended to contribute
to the growing Olympiad community.

In this report, I will explain what my system does, why it was designed the way it is, what
has been built so far, what is still on paper and not yet implemented, and what the honest
limitations are.

Link to the Main Project

2 This document

I created this report using Overleaf. The average high schooler uses Google Docs, Microsoft
Word, and PowerPoint. However, I was introduced to LaTeX typesetting early on in my math
journey. For the past two and a half years, I have done most of my work in LaTeX. I just love
the superior formatting that other average applications can in no way match. And hence, that
explains my use of Overleaf for this project.

New project Title ner Last modified ¥ Actions

Intuitions_Algebra 16 minutes ago by You BRi@CD

All projects P ou an hour ago by You Ri@QW

Your projects
aday ago by You Ri@GO
2 days ago by You Ri@QUO
3 days ago by You Rir@QD
5 days ago by You BRi@CD
12 days ago by You Ri@Qo
13 days ago by You Ri@UD
amonth ago by You Ri1@QD
3 months ago by You BRi@QUW
3 months ago by You Ri@QW
4 months ago by You Ri@QUO
5 months ago by You Rir@QD

6 months ago by You Rir@QD

Figure 1: A few of my projects in Overleaf over the years.

3 What Olympiad Math really is.

Instead of assuming that the reader is just as aware of the subject matter as I am, I would
take a paragraph here to explain the same. School mathematics, at almost every level, is about
teaching a formula and then testing how well students can apply it. For instance, we learn the
quadratic formula and follow it up with word problems and questions on how to apply it.

Olympiad math is different from this. Very rarely is a problem about how well a student can
apply a taught method. An average problem deliberately hides the technique required inside
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a statement that looks completely unrelated to it. The mathematics, to the core, isn’t too far
beyond high school (since it is a high school thing). However, the mere disguise and deep-seated
‘intuition’ required to crack a problem is what makes this a completely different league.

Here is an example of an average problem from AIME [1] (American Invitational Mathematics

Examination).

Problem

Example AIME Problem

)
Let the sequence of rationals 2y, Z2, ... be defined such that 2y = ﬁ and

m.
Zan2s can be expressed as — for relatively prime positive integers m and n. Find the remainder when m + n is divided by 1000.
n

9r

x 1 T+ ! 1
”;”173 Tg 7 .

Table 1: Representative AIME problem illustrating Olympiad-style mathematics.

Solution 1 (complete)

This problem can be split into three parts, listed below:

Part 2: Recursion

We now need an explicit formula for zi. We can first experiment with the recursive formula;
N
1, 11, \2 1(1/1, \*
= 3% = 3 3%2) 3|3\ 3%

1 1* AN
Notice that the inner = is acted upon by two consecutive powers of 2. This means that it contributes ((— = (=) tothevalueof z.

Part 1: Analyzing Fractions 3 3
a ) . 1 1* 1
Letzi = 5, where a, by are elatively prime posiive ntegers. Firs, we analyze the mocul ofthe problem. Plugging nfor - ields The nextinnermost = i acted upon by one power of 2, soit contibutes ( 7 ) 1o the value of . Finally,the utermost 7 is ated upon by o
" : E E
157 oris equi 1’ 1
2 = 2z . Notie thatinboth ., and  the numerator is equivalent to 1 and the denominatoris equivalent to 2 modiulus 3. We see that powers of 2,501t contrbutes (?> tothe value of . The overll paver of  in = nterms of s then
1 (@m=b)+ab § )
@y == AT TO specifically, we know that

aby

4424 1=2%42" 4 2° =2 _ 1 Then, the overall power of 3 inzeintemsof 2, is 2% — 1 for positive integers a

(a1 = b)) +aby=(1-22+1-2=0 (mod 3) We also see that the 2 _g term is acted upon by 3 powers of 2, meaning that its power s 2 - 2 - 2 = 2°. We can generalize this, s some 2_q

term's power is then 2°.

Then this is always divisible by 3 for all 2« (it can be shown that for all x4, we have ax = 1 (mod 3) and by = 2 (mod 3) by using mod 9).

1((ay — b))% + arh,
SIS (A DR NN

N,
, and the numerator and denominator of the right-hand side (RHS) correspond to the numerator and If we combine the above, we obtain the formula 2, = (;) 2, Setting k = a + 1 results in

ab
denominator of » in simplest form. (To further prove that the top and bottom are relatively prime, consider that o, and by are by definition

relatively prime, so (a), — bi)* and axby. share no factors.)

N e e (1N
wa=(g) A= (3

Notice that the above do not just apply to ; we did not use any specific properties of 1. Then we may generalize the above, finding that:

1
o= 3@ = bea)* + aabi)

b= aibeoy

1 1
Summing the equations yields aj, + by = 5(uH + by_1)? after some manipulation. Let 2 = a + by; then z;, = —22_,. We are tasked

with finding 22025

We can simplify this, noting that 36>" = 122" . 3%
21
o e (1 .
Zan =127 .37 (2 =3-12"
“ 3

Finally, decrementing a + 110 a gives us our explicit equation:

3 za=3.122"

(a) Solution (Part 1) (b) Solution (Part 2)

Figure 2: Worked
mathematics.

Part 3: Mod Bash

=3-12"""", we are asked to find its value mod 1000. We can split mod 1000 into mod 125 and mod 8. We know that
8), s0 we must find its value mod 125.

We find that ¢(125) = 100, so by Euler's Totient Theorem we know that 12" =1 (mod 125). Then, since the power of 12 is 2%0*!

must find this over modulus 100

we
Again, we split mod 100 into mod 4 and mod 25. We know that 2°°?* = 0 (mod 4). Since ¢(25) = 20, we can apply Euler again, finding that
2% =1 (mod 25). Then
9204 — (52)100 94 — %1 = 16 (mod 25)
Combining this with the mod 4 result yields 2°"** = 16 (mod 100)
Going back, 122" = 12! (mod 125). We can then decrement this using a series of simplifications:
12'° = 144% = 19° = 3617 = (—14)" = 1967 = (~54)> = 2916 = 41 (mod 125)
Remember that the original value of 220; included a multiplication of 3; thus,
2a2s = 413 = 123 (mod 125)
Finally, combining this with the fact that 22025 = 0 (mod 8), we find that the solution to the system of moduliis zaus = (mod 1000).
~eevee9406

(¢) Solution (Part 3)

solution demonstrating the depth of reasoning required by Olympiad

This distinction is the reason the entire project is the way it is. There are plenty of systems that
produce mathematically correct statements drawn on ordinary textbook exercises. To create
something of the Olympiad level is a completely different game.
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4 Aims and Objectives

To put it concisely, my central aim of this project is:

To design and build a working prototype of an Al-assisted system that generates non-trivial,
Olympiad competition-appropriate mathematics problems in Algebra as a foundation of a free
community platform.

I break it down into five objectives:

Objective 1. Build a structured, machine-readable data set. Throughout my Olympiad
journey, I had solved books worth of problems. However, my main objective here was to convert
this personal library into a structured format that the machine can use for problem construction.
This was one of the most important and time-consuming parts of my project, as the pipeline
would need something strong to be built upon.

Objective 2. Design and implement a generation pipeline. Another important objective
was to structure the pipeline very thoroughly. A vague and undefined path would have made
the model use different approaches every time for problem generation. This would have led to
inconsistent results.

Objective 3. Safeguards against duplication and repetition. This is perhaps one of my
more difficult objectives. Giving a model a data set and a fixed pipeline is kind of and more
likely to give fixed results and repetitive problems. Hence, a self-duplication check is a must for
my model to maintain the novelty of the problems.

Objective 4. Wider platform architecture. My aim for this entire project is not to make
this a personal use platform. I want to create this for the community as a whole. I would have
to design the interface that makes the curator and donor roles (defined later) clear and easy to
manage.

Objective 5. Community response. For any project, one must go beyond one’s own personal
viewpoint and be open to what others have to say. I aim to get a small user base to share what
they think about the project.

5 Wider Purpose

I think one would have some idea of my purpose at this point. My purpose is to test whether a
small, expert-curated intuition library can be turned into a reusable, inspectable pipeline that
everyone can eventually run, extend, or benefit from, without having the need for deep Olympiad
expertise or deep Al expertise themselves. And this, when I thought about it, is for a particular
reason.

The population that needs more Olympiad-level practice material is much larger than the popu-
lation capable of writing it well. Creating a genuinely novel problem that has both mathematical
depth and a deep-seated intuition is a completely different skill set. I can solve as many prob-
lems, but when I sat down to create one myself, I saw the real struggle. In his paper, Chen et al.
[2] notes that the pool of human-authored Olympiad-level problems is “static, limited in size,
and does not fulfill” the demands of data training. This scarcity has become “a primary obstacle
to the rigorous development and evaluation of advanced reasoning systems.” School curriculum
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problems are nowhere near this level, and hence the average teacher cannot contribute at all.

So I also aim to test whether the current bottlenecks described in Al research can be addressed,
at a small scale, in the direction of human learners. If the underlying principle points towards
something genuinely useful, then this project can be expanded to a larger scale as well. Also, if
I think of it, this can be something all professors and math circles could replicate. Create their
own intuition libraries to run a similar pipeline for their own areas without needing the problem
‘setter’ skillset.

6 Background Research

The most relevant piece of literature I found was CogAtom [2]. It is a framework for synthesizing
Olympiad-level mathematics for the purpose of training and evaluating large language models.
I would like to briefly describe its methodology in some depth because it is somewhat parallel
to this project and can justify some parts of my own design.

The CogAtom [2] pipeline has three broad stages.

First, a large seed set of existing problems drawn from datasets like GSM8K, MATH, and other
sources is filtered using an LLM-as-judge protocol. Basically, from what I understand, a GPT
scores each candidate problem three times against a five-point rubric measuring reasoning depth,
and only problems scoring 3 or higher are retained. From this filtered set, the system extracts
“reasoning atoms”: individual, fine-grained knowledge or technique units. These atoms then
become nodes in a larger graph.

Second, the new problems are constructed not directly from atoms, but from paths through this
graph. A biased random walk samples a sequence of atoms, favoring less common, lower-degree
nodes that encourage novel combinations rather than obvious ones.

Third, this combination of atoms is handed to a large language model, which synthesizes a full
problem statement and a worked solution from it.

Number Theory Fundamentals

[ ( I &G cosy D\
TN - Reasoning Atoms in Solution il = o) T TR |
) JEE Math ] = Problem Quality Filter Solution: <think>Step | F;M the
,\( E b v

Algebraic Equation Solving o4 s divisors,...
o T Eoamaing Gonemstion. P o s
integer N is 4096 The minimal sum
is 24 The number of distinct
unordered sets is 7. </answer> y

Cluster 39 Reasoning Quality Evaluator

e Integer Constraints

@ AoPSOnline (&)
@— R Sotunon venticanon

Randy has 60 mango trees on his farm. He also has 5
less than half as many eoconut trees as mango trees. —
How many trees does Randy have in all on his farm? |

.
r Co-0 Aﬂﬂlyi“ Cognitive Atom Combination h
& Infer Module Solution || g
]
Let's break down the problem step by siep ----
1. Number of mango trees: Randy has 60 mango trees Depeﬂdmw N (=50 %

Rejection Samplingy7” 2)
Find the smallest positive integer N with exactly 13 positive divisors.
Determine the minimal possible sum of a set of positive integers

greater than 1 that multiply to N.
= &thlem Synthesis Module

Seed Problem Reasoning Atom Collection

2. Number of coconut trees: He has 5 less than half as|
many coconut trees as mango trees.

o LogDP-Walk in Reasoning Graph | [y In] ction )
3. Total number of trees: Add the mango trees and e —————

coconut trees: 60 + 25 = 85

Final Answer: 85. Randy has 85 trees in all on his

\& y

D) Ty aag T e Loge s enio

Reasoning Graph
Construction

y,

~/

Figure 3: A figure taken directly from the CogAtom [2] paper that illustrates their three
step approach.
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When I go on to explain the structure of my model, I will draw parallels with this model
and evaluate some nuanced differences. So do come back to this. Also, to the best of my
knowledge (and I could be wrong), I found no existing public product that generates Olympiad-
style problems specifically for human practice and training. Chen et al. [2] paper remains a
theoretical model and hasn’t been implemented yet.

7 Approaches Considered and Chosen

The Approach.

From how I see it, there were three main decisions about the approaches I took with this project.
They were broadly: what the AI’s role in problem generation should actually be, how broad
should the mathematical scope be, and how open access should the platform be. I discuss each
below with my reasoning and the alternative chosen.

7.1 AI Role

If I map this out correctly, I went ahead with three different approaches before settling on the
current one.

First, when I began the project, my idea was to simply ask a generative Al model directly for a
question using my intuitions that I would feed it. The absence of any kind of structuring meant
that the AI model would often hallucinate to create a problem that had nothing to do with my
intuitions. Or it would create a problem that had a very surface-level intuition. Basically, it
treated my intuitions as ‘formulas’ that had to be asked. I quickly discarded this entire approach.

Second, as a solution, I thought of having a two-step feed of data. Along with the intuitions, I
also entered ‘Formulas’ for the Al model to get a stronger idea about question generation. So
the AI model would pick a formula, and then pick an intuition, and work with it to create a
problem. In order to make it more structured, I even added tags such as ‘ID, Title, Difficulty’
to make it more identifiable for the large language model. However, this turned out to be even
worse. What really separates school math from Olympiad math is the absence of structure. But
what I just did was create a recipe with perfect structure. This meant that the Al gave me even
worse problems than before. I realized at this point the underlying issue. Olympiad problems
shouldn’t have structure. But the AI model needs structure to work. I had to somehow figure
out a balanced approach.
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< C % overleaf.com/project/693dad793cc8161clcd09c63 * 90
B File Edit Insert View Format Help Intuitions_MathOly v © [@ (2 share
B “Filetee @ @ 2 B draft_1.tex B draft 2.tex x Recompile o ~ v ‘E‘/m -+ 78%~
: B draft_1.tex @ ©e v BI BQ & OB - (Code Visual /v Q [Platuition T
© B draft2tex ) g e etiymd

az® +by? =7

az® + byt ~ 16
az' +by' - 42

Find az® + by
Then let.

TYPE: Intuition o
% TAGS - i - Sums E=az® + by
TAGS: Algebra, Diophatine Equations, Power Sums 0

FICULTY: Medium S—z+y

TITLE: Using Symmetric Sums to Extend Power Systems Py
358 \begin{Intuition} Then we use the following system,

359 Given a system. SSaxsby =3 §§
360 SSaxa2+byA2 =7 $§

361 SSaxa3+byA3 =16 §§

(az* + by (z +) = a4+ byt 4 (o) (et + gt

Which holds for all k> 1
Upon operating we get that,

e 362 $SaxAd:byrd =42 $§ 4 ) 3 )
« File outline 363 Find SaxA5 + byAss \newline et ) - B (e )
364 Then Tet, $5 E = axAS + byASs$ (az® + by)( +) = az' + by’ + (ey)(az® + by?)
’ 365 $$ S = x4y §§ (az® + by?)(z +y) = az® + by* + (zy)(az + by)
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370 35 (axA4 + byAd) (x+y) = E + (xy)(axA3 + byA3)$$

371 $$ (axA3 + byA3) (x+y) = axA4 + byAd + (xy)(axA2 + byA2)$$

372 38§ (axA2 + byA2) (x+y) = axA3 + byA3 + (xy)(ax + by)$$

373 substitute values and solve linear system in $55 and $PS to get $x§ and
sys.

374 \end{Intuition}

DA (l - ﬁ)

1 1 1
ta)m+b) b-a\nta u_+h)

oD

-Iex ™

Figure 4: A screenshot of my attempts with the second approach.

Third, and final, I came to what seems for now the best approach. The thing that was wrong
with the first approach was that my intuitions were written for a human and not for a machine.
There’s a difference in how a machine interprets math and how a human does. The AI model
didn’t need formulas or a very highly structured pathway. The intuitions were enough. Just the
way it was written had to be changed. So I directly went to Claude to find the best way for
AT models to read such data. After some back and forth, I finally was satisfied with Claude’s
approach, and it did a complete refinement of the intuitions while keeping the core idea the
same. For instance, below is what one intuition looked like before and after the Al refinement.

Recompile v B & O ~ v [3)i31 - + 9%

 weoition |
Alternating sums involving reciprocals «
d then recombining them s

1 often be simplified by separating odd and even
or sums of the form,

1
Group even and odd terms

Rewrite this

l}l»l} T 21|1 1 Recompile v i'.
23" B9 2171318
1.1 1 1.1 1

(llal—il _1310) (IIEIK.,.ﬁ)

T Given that a,b € Z and the denominator is strictly greater than zero.
This simplifics to b d the de :

2 a A To find when a fraction is an integer, for mstance
560 661

. a’ b
Lo, Ly (L, 1y, LI 7 a
660 ' 1319 661 ' 1318/ ' " \989 ' 990

is an integer?

5 1 A useful first step is to compare the sizes of the mumerator and denominator. If the
> % om0 & expression is a non-negative integer, then necessarily
k=660
%9 1 @ +b>b—a
1979 — .
k;)‘,((k)(lﬂ'm k)) @t tatb>0

“This technique works only for carefully chosen bounds, but the underlying ideas — (atb)a—b+1)>0

of parity, telescoping via harmonic sums, and symmetric pairing — are extremely useful.

inequality restricts the possible integer values of a and b.

After narrowing the range using this condition, divisibility can be checked by testing whether

b —ala®+b
This approach — bounding first, then checking divisibility — is frequently effective when
determining when rational expressions in integers take integer values.

(a) Intuition 1. (b) Intuition 2.

Figure 5: Sample of 2 intuitions before refinement.
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Recompile v I L o ~ v |Z|J37 - +

Technique: Parity Separation and Symmetric Pairing in Alternating Harmonic Sums
‘When to use: The problem involves an alternating sum of reciprocals El{c\il 5—1;:—“ and
asks for a closed form, a simplified expression, or a symmetry-based identity.
Core Mechanism — Three steps:
1. Parity separation: Split into odd-indexed and even-indexed terms.
2. Harmonic recombination: Rewrite odd terms as (full harmonic sum) minus (even
terms), then absorb the even terms:

1 1 1
S g 2 S = e Hi
odd even
T'his collapses to a tail of the harmonic series.
3. Symmetric pairing: In the resulting tail )_:Ek'_a 4 pair k with a +b — k to get terms
of the form é 1 -41—5 = }:(G‘_‘;k} where § =a + b, yiclding:

[(a+8)/2]

= k(S — k)

Implication for problem construction: Set up an alternating reciprocal sum with bounds
chosen so the tail after harmonic recombination pairs symmetrically. The answer takes the
elegant form of a constant times a sum of unit fractions over quadratic denominators.

Technique: Bounding Then Divisibility for Integer-Valued Rational Expressions

‘When to use: The problem asks: for which integers a, b is ﬁ;’—"g{ an integer, where p and ¢
are polynomials in a, b with integer coefficients?

Core Mechanism — Two stages:

1. Bound the range: If the expression is a non-negative integer, then p(a,b) > g(a, b).
Factor and analyse the resulting inequality to restrict a and b to a finite or structured
set.

2. Check divisibility: Within the restricted range, test whether g(a,b) | p(a, b) directly.
‘Worked pattern: For 5—%’ € Z=o: the condition a® 1 b= b agives (a1 b)(a b1 1) =0,
restricting the region. Then check divisibility within that region.

Implication for problem construction: Choose p and g so that the bounding inequality
factors into a product of linear or quadratic terms, yielding a clean finite case analysis. The
divisibility check then produces a small, elegant solution set.

Figure 6: Sample of the same two intuitions after refinement.

The AI model was now giving much better problems. You can see the difference in the before
and after cases very clearly. Initially, it seemed like I was feeding it a ‘smart’ part of a solu-
tion. Which is what an intuition basically is. After the refinement, the intuitions read like a
general trick or a general ‘smart’ way to tackle a problem. I clarify the exact pipeline the model
uses to generate the problems in a later section. But these are the broad three approaches I took.

7.2 Access

The earlier version I made had the idea that every user would have open access to curate and
approve generated problems. I simply thought that more reviewers would mean a genuinely
larger platform. However, I quickly reconsidered this when I handed my brother to use it, and
he passed a problem that wasn’t quite up to the mark. I would definitely need someone qualified
to ‘pass’ a problem. This was crucial to keep the standards of the bank high.

So I came up with the three-role structure. The students would use the question bank directly.
Mathematical experts, coaches, professors, and similarly qualified people would have the access
to generate problems and review them before adding it to the bank. Donors would fund the
ongoing generation cost, with the donation volume determining the generation capacity. This
keeps the platform free at the point of use for the group it primarily serves, while giving quality
control to people qualified to exercise it, and giving the platform a plausible route to sustaining
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itself beyond a single project cycle.

The Student's Workflow

- ™
Open the student page (log in opticnal)

\ ‘ J
™\

> Get the next unsolved problem
L% A
i * Y

Read, solve, and submit an answer

5 * _/
s ™

The system records the attempt and
shows right or wrong (updates your
\ record if you're logged in) y,

Optional: rate how hard it felt (internal)

practise the next one

Think the

ANSWeTr 15 wmng? you must show your working

File a challenge — }

* reviewed Dy a math expert

{ On to the next problem J

Figure 7: Image generated using Al

7.3 Mathematical Scope

Every Olympiad aspirant knows that there are four sections: Algebra, Number Theory, Combi-
natorics, Geometry. Now omitting any of these sections would be unfair to the math community.
However, I decided to only go with Algebra, with Number Theory as a part of near expansion.
The reasons were simple. The quality of problems generated depends highly on the seeded in-
tuitions. If the intuitions are of low quality, so will the problems be. Being really frank here,
Geometry was simply not my cup of tea. I would have to wrap my head around a problem to
solve it, let alone create intuitions. So I had to discard this section. Combinatorics was one of
my stronger points, but my experience came into play here. Whenever I would come back from
an Olympiad, I would hop on to Al to check my answers. And every time, the tougher Combi-
natorics problems would always be wrong. In fact, different AI models gave different answers.
Undercounting and overcounting are one significant reason for this failure. So I discarded this
as well. T was decent at Number theory, but I just didn’t have enough intuitive depth. As it is
always quality over quantity, I stuck to Algebra.

As for the difficulty level, I chose AIME because it is the perfect sweet spot. The questions are
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always ‘find the value’ or ‘compute the value of’ kinds, which was perfect for me since I wasn’t
thinking about proof-based problems anyway. The difficulty, sitting right between AMC and
USAMO, was perfect as well. So I have attempted to mirror the difficulty of AIME questions
throughout. Too easy questions at the level of AMC would make no sense. Questions at the
level of USAMO were something I couldn’t even imagine being able to create.

8 How it Works

I mentioned the idea of a pipeline numerous times in my report before as well. I explain here
what exactly the pipeline is and how it works.

Intuition Selection. A random sample of 8 to 15 intuitions was drawn per request to gener-
ate. Critically, the sample deliberately excludes intuitions that were used recently to generate
problems. If the model wasn’t forced to take a relatively fresh combination, it may soon easily
reach repetition early on, which would go against the entire novelty point.

Backward Construction. The model was coded to select exactly one intuition as the prob-
lem’s core from the sample it selected. It then constructed a problem in which that technique
gets well-disguised, solves it fully, and reports both the final answer and the intuition used for
the purpose. This produces a single candidate problem per generation run. An earlier version
generated three independent candidates and selected the best via a separate rating pass. This
was deliberately dropped once it became clear that generating three candidates from the same
seed sample could itself produce near-duplicate problems sharing the same underlying technique.
Something I didn’t want at all.

Banking. Now before the math expert intervention takes, the generated problem is saved to
the database just as it is.

Duplication report. A separate, low-cost model call checks whether the problem just genera-
tor has any structural resemblance or roots from the 933 real AIME problems spanning 1983 to
2024. This check is doesn’t work as a filtering gate. It never blocks a problem from proceeding,
it only flags a similarity for a curator’s own judgment. Once this check completes, the problem’s
status moves to checked, and the fully automatic part of the pipeline stops here.

Expert Verification. At this point, the question is with the expert who requested a gener-
ation. The expert will have all the relevant information of the problem. If he/she finds it fit,
they manually approve it, and it goes to the final step of verification. This last step is the most
computationally expensive step. A fresh model call receives only the problem statement and
attempts to solve it from scratch with maximum effort. If it matches the answer, then it finally
makes it to the student bank, where it lives forever.
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Olympiad Problem Generator — High-Level Architecture
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writy STEEmET =
Database — single source of truth

& full history - attempis

Math expert page (admin)

Generate, feview, publish,

reject — admins only

nce archive of real problems

request generation / .
verification (expens only) u Al gateway (server-side) Al Model
Halds the Al key never in the browser
Checks the caller is 2 math expert, then Generates &
ma paid) Al call verifies problems
— Al pal 1y £ gated [the secr hes the browser] = Ol data flow bEchE: Ful A i r

Figure 8: Image generated using Al

8.1 A comparison with CogAtom

Several of my design choices independently converge with the CogAtom [2] framework discussed
earlier. Both systems separate generation and quality control as distinct pipeline stages rather
than trusting a single generation call outright. CogAtom’s [2] synthesis stage is followed by
“comprehensive quality assessment” and rejection sampling before a problem is retained. This is
directly analogous to this system’s verification step. Both systems also build an explicit mecha-
nism to push generation away from recently used material. CogAtom [2] has a degree-penalized
random walk that favors less common atom combinations to avoid predictable and overused
conceptual pairings. Since I don’t have that much data, I can’t replicate the random walk, but
I did make sure that the seed selection step explicitly chose fresher sets and not repetitive ones.

I would also like to highlight the differences as well. They’re as significant as the parallels.
CogAtom’s [2] verification and filtering exist to produce large volumes of machine-training data.
My system’s verification stages exist to give rise to a much smaller number of individual prob-
lems that a human student or curator will actually see and use. They are measured by whether
a specific problem is mathematically sound and genuinely novel and not by aggregate statistics
over thousands of generated items.

8.2 A walkthrough of the expert end.

The reader of this report will only have access to the student’s side of the interface. Not the
math curator. I will walk through how it looks on the other end.
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<« (€]

25 vihan.me/olympiad/curator html

[ ‘nem math expert’s email ]

Anyone you add here can generate, verify, and manage the bank — same access as you.

MATH EXPERTS (1)

vihanvpatel2dagmail.com  active

Original AIME-style problems seeded by a curated library of expert intuitions —
backward-constructed, independently verified, math-expert approved into the
question bank.

Generate —

Problem bank

EEDS YOU CHECKED APPROVED FAILED REJECTED RETIRED APPROVED BY ME ® CHALLENGED

Everyt

ated, checked, and verifier-disagreed

© CHECKED - YOUR MOVE = ALG-c49d76

Let S be the set of all real numbers x satisfying x"6 - 13x"5 + 50x"4 - 61x"3 + 50x"2 - 13x + 1 = 0. Find

Figure 9: This is how the expert interface looks. A person has access to this only if I enter

the email right up there. A big ‘Generate’ button will begin the pipeline process.

< c

25 vihan.me/olympiad/curator html

Problem bank

EEDS YOU CHECKED APPROVED FAILED REJECTED RETIRED APPROVED BY ME ® CHALLENGED

Everyt! whose next move is

ated, checked. and verifier-disagreed

 CHECKED - YOUR WOVE = ALG-c49d76 & 2026-¢

Let S be the set of all real numbers x satisfying x6 - 13x"5 + 50x"4 - 61x"3 + 50x"2 - 13x + 1= 0. Find
\displaystyle\sum_{x\in S} x2.

Accept & verify Reject

[ Duplication check did not run: API error 401

VFULL PROBLEM, SOLUTION & SEEDING INTUITION

Let S be the set of all real numbers  satisfying

2% — 132° + 502" — 61a® + 502> — 13z + 1 =0.

Find >
zeS

Answer: 70 - prompts v@.3

v SOLUTION

Notice the coefficient list 1, —13, 50, —61, 50, —13, 1 reads the same forwards and backwards, so the
equation is unchanged if we replace = by % In particular = 0 is not a root, so we may divide the
equation by x5

Figure 10: It then generates a problem after 2 to 3 minutes.

>



8 HOW IT WORKS

13

€ > G % vihanme/olympiad/curatorhtml * O & 0

v SOLUTION

Notice the coefficient list 1, —13, 50, —61, 50, —13, 1 reads the same forwards and backwards, so the
equation is unchanged if we replace = by % In particular = 0 is not a root, so we may divide the
equation by z%:

(@ +%)—13(2*+ %) +50(z+ L) —61=0.

Sett =z + L.Then

Substituting,
(#° —3t) — 18 (£* — 2) + 50t — 61 = > — 13¢* + 47t — 35 = 0.
This cubic factors: testingt = 1 gives 1 — 13 + 47 — 35 = 0, so
3~ 13¢% + 47t — 35 = (¢t — 1)(t* — 12t + 35) = (t — 1)(t — 5)(t — 7).

Thust € {1,5, 7}.For each value we recover z fromz + £ = t,ie.z? — tz + 1 = 0, which has real
roots exactly when t> — 4 > 0,i.e.[t| > 2.-t = 1: 22 — 2 + 1 = 0 has discriminant —3 < 0, giving
**no** real roots. - t = 5: 22 — 5z + 1 = 0 gives two real roots 1,7 with 7y + 79 = 5,775 = 1,50
rf + r,f, =52 -2=23.-t=T:z* — Tx + 1 = 0 gives two real roots 73, 74 With 73 + 74 = 7,737 =
1,s073 + r] = 7% — 2 = 47. (Equivalently, the original polynomial factors as (z* — z + 1)(z*

5z + 1)(z? — Tz + 1), which one may verify by expansion.) All four real roots are distinct, so

N a?=23447=70.
ze8

As a check via the substitution: for a reciprocal pair with x + f = t, the two values of % sum to t? —
2, 50 the real contributions are (52 — 2) + (7% — 2) = 23 ++ 47 = 70.

Figure 11: The math expert can independently try and then have a look at the complete
step-by-step solution.

€ 5 €© % vihanme/olympiad/curatorhtml * O+ 0
(£° —8t) — 13 (£* — 2) + 50t — 61 = t* — 13¢* + 47t — 35 = 0.
This cubic factors: testingt = 1 gives 1 — 13 + 47 — 35 = 0, so
813 447t — 35 = (t — 1)(¢* — 12t +35) = (t — 1)(¢t — 5)(t — 7).

i =t,ie.2® — tz + 1 = 0, which has real

roots exactly when t? — 4 > 0,i.e. [t| > 2.-t = 1:22 — z + 1 = 0 has discriminant —3 < 0, giving

Thus ¢ € {1,5,7}. For each value we recover z from z +

**no** real roots. - t = 5: 2° — 5z + 1 = 0 gives two real roots 7'y, 7y with 7y + 1y = 5,779 = 1,50
2 +r2=52-2=23.-t=T:22 — Tz + 1 = 0 gives two real roots 73,74 with 13 + 14 = 7,7374 =
1,507} ++ 3 = 72 — 2 = 47. (Equivalently, the original polynomial factors as (z2 — z + 1)(z?
5z + 1)(z? — Tz + 1), which one may verify by expansion.) All four real roots are distinct, so

S a?=23+47=10.
ze

As a check via the substitution: for a reciprocal pair with & + 2 = ¢, the two values of 22 sum to t? —
2, 50 the real contributions are (52 — 2) + (72 — 2) = 23 + 47 = 70.

v SEEDING INTUITION (MATH-EXPERT ONLY)
Technique: ALG-041

\textbf{Technique:} Reducing Palindromic Polynomials via t = & + %

\textbf{When to use:} Even-degree polynomial with mirror-symmetric coefficients (ar = az,—i).
\textbf{Core Mechanism:} Divide by z"; the equation is symmetric in z, 1/z. Substitute t = = + % using
22+ ? =12 —2,2% + 2% = t® — 3t,recurrence T}, = tT}._; — Tj_». Degree halves. Recover z from 2 —
tz + 1 = 0. Anti-palindromic: factor out (z =+ 1) first.

\textbf{lmplication for problem construction:} Choose clean roots in ¢, expand back to the degree-2n
palindromic equation.

Figure 12: The expert can also have a look at the exact intuition that gave rise to the
problem.
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Problem bank

NEEDS YOU CHECKED APPROVED FAILED REJECTED RETIRED APPROVED BY ME ® CHALLENGED

Kept for history. never shown to students

« ResecTED | ALG-14a38c & 2026-07-24
Find the sum of all integers n for which the system of equations x + y = n + 2, \qquad xy = 3n + 27 has a solution in integers
X,y

@novel seeded ALG-099 difficulty: no votes yet
Re-open (» checked)
[ Duplication: NOVEL — medium confidence, axis: none - vs 8 bank + 15 AIME

This reduces to a discriminant-perfect-square condition on n via Vieta’s, summing valid integers. No bank problem uses this setup, and
none of the retrieved AIME systems match this structure.

[ > FULL PROBLEM, SOLUTION & SEEDING INTUITION

o meecTen  ALG-eccad® & 2026-07-24
Positive real numbers a,b,c satisfy a"2+ab+b"2=37)\qquad b"2+bc+cA 276 \qquad c"2+ca+a’2=63. Find the value of
ab+bc+ca.

®suspicious seeded ALG-006 difficulty: no votes yet

Re-open (- checked)

l Duplication: SUSPICIOUS — low confidence, axis: other - vs 4 bank + 15 AINE

This is the classic three-equation system of the form a"2+ab+b"2=k, solvable via a 120-degree geometric construction (Fermat point), -

Figure 13: The problem is then accepted or rejected. If it gets rejected, it is still saved
under a different sub-tab in the interface. Accepted problems then become live and are
added to the student question bank.

9 Community Feedback

A community tool must resonate with the community. Hence, I found it valuable to share the
resource with people and see what they feel about it. I shared it with three advanced Olympiad
friends of mine. I have tried to summarize what each had to say.

U  Ujan Cheenta [m] % Q :

Monday

Vihan's Olympiad-Generator
vihan.me

yoo bro sup! if you could help me out a bit brother. it'll take 5 mins. i have created a one of its
kind math olympiad question generator. | have generated and added a few questoins in the
bank. could you like randomly hop on to any one of them and just give me a short feedback or
something about what you felt about the problems! would really appreciate it! “ix (need it for
CREST submissions) https://vihan.me/olympiad/ 099 am o

»

also when you try a problem if you could just simply login. it'll be stored in the database so i'll
have evidence of someone trying & 12:23 pm w7

Thanks you bro ,

:36 pm
Itll be really useful .., om
Wait lemme try itout .55 om
Woahman , .4 pm

It's really cool ;..o om

I think letting users choose from which maths topic theyd like to solve a question would be a
good addition Edited 3:39 pm

The graphics are dope btw  ,, om

Figure 14: Student 1

This student described the platform as “really cool” and liked the graphics. He also suggested
that the Olympiad generator allow students to choose the topic they would like to practice.
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O % Q i

' Aarav Cheenta
R

Monday

Vihan's Olympiad-Generator

vihan.me

yoo bro sup! if you could help me out a bit brother. itll take 5 mins. i have created a one of its
» R - o

kind math olympiad question generator. | have generated and added a few questoins in the

bank. could you like randomly hop on to any one of them and just give me a short feedback or

something about what you felt about the problems! would really appreciate it! <= (need it for

CREST submissions) https://vihan.me/olympiad/ 930 am

- .
This is great! ., om
Im amazed at how you can generate so many types of questions. ., om

For feedback, | think tapping into geometry can be great, since there are infinite possibilities in
the 2D space. 12:02 pm

Other than that, it is a great resource for returning learners, like me having not done math in a
couple of weeks, it seems like an accessible place to revise. 12:02 pm

@ Awesome man! Thank you so much for the feedback. Appreciate it! 12:06 pm

whn

Figure 15: Student 2

A second student found value in this generator as a revision tool. He liked the range of question
types the system could generate. A useful suggestion was extending it to Geometry in particular.
He reasoned that 2D geometry offers many possibilities for construction.

&
e

S Y .
‘5" Tejas Cheenta (m]

You
also when you try a problem if you could just simply login. it'll be stored in the database so i'll have

evidence of someone trying &3

ok.np 12:53 pm

You
yoo bro sup! if you could help me out a bit brother. it'll take 5 mins. i have created a one of

its kind math olympiad question generator. | have generated and added a few questoins in ...

btw the problems target what kind of olympiad,iogm level or like a bit info 12:54pm

 — 3 souurion

\textot{Betting up & shift.} The recurrence looks intractable If we simply
iterate, so we look for a substitution that simplifies the numerator. Complete
the square in the numerstor:

al +4a, — 20,1 = (a, +2)* — 4 —2a,1 = (@, +2)" — 2au_ +2).

Hence, writing the recurrence over its cenominator a1 + 2,

(a2 e 42 _ (42T,

Ons
! Gt +2 @ +2

»
Adding 2 to both sides,
»
iy +2= ot 2)
G +2
c \text{A hidden geometric progression.} Let b, = a,, + 2. The relation
;mea
U can fix these tho 1:04 pm

btw,solution is well written understable 1:04pm

Figure 16: Student 3
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btw,solution is well written understable .

4 pm

U can also add prev problem button to see, not

necessary but u could 109 pm

the ui is very clean and very good yr 1:09 pm
the difficulty feature,like what exactly the website do with the data btw?just askin ., om

problems are good,they teach manipulation and overall not so meh hard,good ., pm W

Figure 17: Student 3

A third student had more operational feedback. His assessment of the problems was that they
were “good” in the sense that they required true algebraic manipulation, and were “not so much
hard”. This aligns with the project’s intended difficulty. He also caught a rendering bug, which
was a stray LaTeX command.

This was a small pilot, and I don’t go on to claim that it demonstrates broad community
adoption. What it does say is that people outside the project were able to use the generator,
found the questions at the intended level, and offered concrete and usable suggestions.

10 Ethical Considerations

My project raises a set of genuine ethical considerations. It requires financial cost, depends on
Al systems, and involves other people’s time, judgment, and trust.

Financial Sustainability.

Every problem generated costs real money, since it makes multiple calls to the Anthropic APIL.
The pipeline with steps means that it makes around six to seven calls per accepted problem.
At this prototype’s scale, this comes to 25 to 30 cents per problem, which is not a meaningful
constraint at the moment. Having 100 questions generated at the cost of one dollar, assuming
that the cost per problem scales linearly and not exponentially, seems to be a reasonable amount.
The donor role for this purpose might be sufficient to let the project thrive. However, I still
don’t know how the costs rise depending on increased requests and user base.

Reliability of Al

Al models are extremely powerful, no doubt. However, a generated problem can be wrong. If
an incorrect solution or a problem makes it to the bank, then it genuinely hampers the quality
and has direct ethical consequences. A student practicing with a flawed problem or an unsound
proof could internalize incorrect mathematics without realizing it, which is a worse outcome than
simply having fewer problems available. This is why I have tried tightening this throughout the
project.
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One of the steps of the pipeline is the verification. While this is expected to filter out a lot of
errors, the verification is itself done by an AI model. This circles me back to the issue of Al
creeping in errors. The role of a Math expert comes precisely in at this point. Human review by
mathematically qualified people isn’t a formality step. They are the actual safeguard against the
verification pipeline’s blind spots. To add another layer of safeguard, I added a challenge section
for the students. After going through a problem and its solution, if the student doesn’t find
the answer correct or has a better solution, then he/she is welcome to ‘Challenge’ the question.
This challenge directly goes to the curator who approved it. I have made the ‘challenging’ fairly
simple and professional. Exchange of mathematical ideas between students and experts is the
foundation of a strong community.

So through this three-step verification process, first by the Al, then by the expert, and followed
by any student, I have tried to tackle the single most ‘eyebrow-raising’ ethical concern of using
AT models.

Student encouragement.

The entire purpose of the project is to expand the math community and bring in fresh quality
problems. But as with any field, there will always be people at different ends of the spectrum.
A problem might be too difficult for student A, but too easy for student B. Student A, looking
at the easy rating given by student B, will feel discouraged at the fact that he/she couldn’t solve
a simple question. This is the reason why the ratings will be hidden from students. It will only
be used for the generator feedback and learning purposes.

11 Decisions and Their Impact on the Project

I have, throughout the report, evaluated and justified the decisions and approaches I took. How-
ever, in this section, I explicitly make clear the three most important and consequential decisions
and how they would have looked different down the line.

Solo tool versus community tool.

The decision to reframe how the generator was to be used was crucial. The three-role structure
is what shifted my project from ‘a tool that I built for myself’ to ‘something I designed that is
useful to, and usable by, the people beyond me.’

AT Intervention to refine intuitions.

I think this decision was one of the single most crucial ones in terms of technical aspects. My
intuitions, as they read, were made for a human to comprehend and internalize. The Al refine-
ment to make them read as a ‘seed’ rather than an ‘instruction’ is the reason why the quality
of the bank is much higher than what it would have been.

Multi-seed versus single seed
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CogAtom [2] utilized the large database it had to create a graph of intuitions it would connect.
This decision, personally, wasn’t clear to me. I had no idea how two intuitions would stack upon
each other. Let alone a chain of them. So I had rejected this decision even without trying, as
it wasn’t clear to me. However, this could have gone either way with the impact. If the model
somehow (still not clear to me) had been able to bring together more than two intuitions, the
quality of the problems would have genuinely been a level higher. In hindsight, it could have
made the entire pipeline messier and more cluttered.

12 Timeline

The work on this project spanned approximately 13 months. The initial idea came to me in June
2025 and I made this submission in July 2026. I had a lot of other commitments as an IBDP
11th-grade student. So there were technically a few months where I didn’t touch the project at
all. Table 1 gives an overall shape of the period. Table 2 gives a week-by-week breakdown of
the sprint in June and July 2026, where the bulk of the work took place.

Table 2: Project phases, June 2025 — July 2026

Period Phase Key Activity

June 2025 Initial idea Project concept first considered. Noth-
ing consolidated yet.

July 2025 Research Encountered the CogAtom paper [2].
Began logging intuitions from personal
Olympiad notes.

August 2025 Intuitions logging Continued logging intuitions from ex-
isting notes.

September 2025 No CREST work — IBDP Y1 Semester 1 examinations.

October 2025 Approach 1 Direct-feed generation attempted and
discarded.

November 2025 Approach 2 Structured two-step input (formula +
intuition + tagging) attempted.

December 2025 Approach 2 (continued) Structured approach further tested
and diagnosed as producing worse out-
put.

January-March 2026 No CREST work — IBDP Y1 Finals and Internal Assessments.

April-May 2026 Approach 3 Intuition rewrite with Claude. Scope
narrowed to Algebra and Inequalities.
Single-user framing reconsidered to-
ward a three-role platform model.

June 2026 Build and UI refinement Pipeline implementation and interface
work in Claude Code.

July 2026 Report writing and submission This report drafted, reviewed, and fi-
nalized.
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Table 3: Detailed breakdown, June—July 2026 sprint

Week Focus Output

Wk 1 (early June) Intuition finalization = Four-part template applied across full dataset. Fi-
nal classification pass completed.

Wk 2 (mid June)  Pipeline design Five-step generation pipeline specified. Novelty au-
dit and self-duplication check added as designed
additions.

Wk 3 (late June)  Algebra module build Seed selection, backward construction, bank-
ing, and duplication-report steps implemented in

Claude Code.

Wk 4 (early July) Verification Independent verification step implemented. Hid-
den numerical verification layer extended to the
Inequalities module.

Wk 5 (mid July)  UI refinement Curator /student-facing interface refined. Problem
lifecycle states enforced at the database level.

Wk 6 (late July) Report writing Outreach to Olympiad students. Drafted this re-
port and finalized.

13 Conclusions and Limitations

I set out with this project to design and build a working prototype of an Al-assisted system
for generating novel math Olympiad problems, as the technical foundation of a free community
platform. Judged against that aim, I seem to have succeeded at what it set out to do at this
stage. I have also been honest, throughout the report, about what it hasn’t been able to do yet.
I feel that I have iterated the working and technical aspects of the project sufficiently. Hence, 1
go ahead with the limitations directly.

First, the depth of the intuition seeds isn’t even at all. I would like to make it explicitly clear
that the intuition bank has an uneven quality distribution, with half of them being genuinely
non-obvious entries and the other half being standard Olympiad results. So with a dataset hav-
ing uneven depth and a pipeline randomly picking from it, the unevenness in quality of problems
generated becomes two-fold. However, even the bad problems are at the par level and hence 1
would worry less about this. Though it is a genuine limitations.

Second, the scoping of this to only Algebra from the four main ones (others being Combinatorics,
Geometry, and Number Theory) is a huge limitation. Covering only a quarter section from the
math Olympiad world seems unfair to the community from my end. However, this is a prototype
and not the full idea operating at full scale.

If the prototype can hold up, the implications for the wider math community are on the positive
side. A working demonstration that a modest, hand-curated and Al refined intuition library
can be turned into a source of fresh practice problems bodes well for the community. There is a
scope for them to expand it beyond Algebra to their area of specialization (like Algebra for me)
by following the same pipeline and design structuring.
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Within these honestly stated bounds, the project has done what it set out to do. I have built
a working, verifiable, novel-checked generator, on a foundation designed to be extended rather
than treated as finished.

14 Personal Reflection

I have learned a great deal of things through this CREST project that go beyond math. 1
learned through the CogAtom paper how differently the same underlying idea looks when the
goal is training a machine learning model versus contributing to the community.

If I did this again, I would have thought earlier and harder about who the platform will actually
be for, before I designed anything. I changed the direction of the project twice. First, from a
full research build to a leaner one, and second, from a solo tool to a three-role platform. I also
realized how both the changes came from the same cause. I started building without having
a decent idea of what ’success’ meant for this project. I just set out building a library and
prompting Al to generate questions. While it is true that every project will deviate a bit from
its own idea of ’success’, having a mapped-out plan earlier would have helped.

The wider impact is real and modest at the same time with the current prototype. In the future,
I would like to extend this further beyond Algebra. Eventually recruit a proper community to
curate problems and start spreading the project among more and more students.
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