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Is this a difficult problem?

Let Q and I be circles with centres M and N, respectively, such
that the radius of €2 is less than the radius of I'. Suppose circles Q
and I intersect at two distinct points A and B. Line MN intersects
Qat C and I' at D, such that points C, M and N lie on the line in
that order. Let P be the circumcentre of triangle ACD. Line AP
intersects 2 again at E # A. Line AP intersects I' again at F # A.
Let H be the orthocentre of triangle PMN.

Prove that the line through H parallel to AP is tangent to the
circumcircle of triangle BEF. (The orthocentre of a triangle is the
point of intersection of its altitudes.)
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Who cares? \_(V)_/~

This is Problem 2 of the International Mathematical Olympiad 2025. :-)
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Problem types of the IMO

Proofs problems
Year Country Problems in Euclidean geometry
2014 South Africa 6 2
2015 Thailand 6 2
2016 Hong Kong 6 1
2017 Brazil 6 1
2018 Romania 6 2
2019 UK 6 2
2020 Russia 6 1
2021 Russia 6 2
2022 Norway 6 1
2023 Japan 6 2
2024 UK 6 1
2025 Australia 6 1

2026 China
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Aren’t we banging on open doors?

Al can already win a gold medal at IMO since 2025!

Computer Science > Atrtificial Intelligence

[Submitted on 21 Jul 2025 (v1), last revised 30 Sep 2025 (this version, v4)]

Winning Gold at IMO 2025 with a Model-Agnostic Verification-and-
Refinement Pipeline

Yichen Huang, Lin F. Yang

The International Mathematical Olympiad (IMO) is widely regarded as the world championship of high-school mathematics.
IMO problems are renowned for their difficulty and novelty, demanding deep insight, creativity, and rigor. Although large
language models perform well on many mathematical benchmarks, they often struggle with Olympiad-level problems. Using
carefully designed prompts, we construct a model-agnostic, verification-and-refinement pipeline. We demonstrate its
effectiveness on the recent IMO 2025, avoiding data contamination for models released before the competition. Equipped
with any of the three leading models -- Gemini 2.5 Pro, Grok-4, or GPT-5 -- our pipeline correctly solved 5 out of the 6
problems (x85.7% accuracy). This is in sharp contrast to their baseline accuracies: 31.6% (Gemini 2.5 Pro), 21.4% (Grok-
4), and 38.1% (GPT-5), obtained by selecting the best of 32 candidate solutions. The substantial improvement underscores
that the path to advanced Al reasoning requires not only developing more powerful base models but also designing effective
methodologies to harness their full potential for complex tasks.

Subjects: Atrtificial Intelligence (cs.Al)
Cite as:  arXiv:2507.15855 [cs.Al]
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Yes, but. ..

All that “large” Al systems (with or without verification/refinement)
candois

| 4

>

a black box for most users (perhaps nobody really knows how
it works, why it actually works)

non-deterministic for most users (you never get exactly the
same answer again)

unreliable (sometimes it's wonderful, sometimes it's okay, but
sometimes you get garbage)

dependent on available resources (what if there is not enough
RAM, not enough nodes in the supercomputer?)

dependent on software and version (what if a new version
does not support your favorite topic anymore?)
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does not support your favorite topic anymore?)

— Proving anyway requires

=R reproducible Elglell affordable Ki¥elnilel
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How to identify. ..

...suitable problems for contests, test papers, exams?

» Manual check (by humans) — biased

» Machine check (with algorithms) — unbiased*

*less biased
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How to identify. ..

...suitable problems for contests, test papers, exams?

» Manual check (by humans) — biased
» Machine check (with algorithms) — unbiased*

— Algorithms must implement a [[laldlalef S ReE Gl

(It has to be invented — by humans!)

*less biased
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Software mentioned in this presentation

> ¢ GeoGebra, a free dynamic mathematics software with
educational concept in mind (maintained in Linz)
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Software mentioned in this presentation

> ¢ GeoGebra, a free dynamic mathematics software with
educational concept in mind (maintained in Linz)

> <3 GeoGebra Discovery, a fork of GeoGebra, with focus on
automated geometry reasoning (maintained in Linz and
Madrid, by the authors)

> Al chatbots with partial automated reasoning capabilities,
here in particular & ChatGPT (developed by OpenAl)

» Computer-algebra systems like %& Mathematica (by Wolfram),
% Maple (by Maplesoft) and #* Giac (by Univ. of Grenoble Il)

» = Java Geometry Expert, a free dynamic geometry software
with educational concept and focus on automated proofs
(maintained by ADG Foundation)
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Focused features of the mentioned software tools

2 GeoGebra Discovery, ShowProof and DescribeStatement commands

> User input:
> a step-by-step construction created using intuitive GeoGebra
tools (widely used in many high schools) — the hypotheses
> a geometric statement (e.g. parallelism, perpendicularity, an
algebraic formula) to prove — the thesis
> Output:
> A certified step-by-step algebraic proof which assumes some
as extra hypotheses
> Complexity grade of planar geometry theorems
> Exportable proof to £t Mathematica, % Maple, and ¢ Giac
formats for further analysis
> Exportable statement in textual format (in various human
languages)
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Focused features of the mentioned software tools
8 Java Geometry Expert, Geometry Database Deduction Method

» User input:

> a hypotheses + thesis in GeoGebra format
> OQutput:

> A syntetic proof

> Complexity grade measured via proof graph properties
(number of vertices, edges)
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Focused features of the mentioned software tools
& ChatGPT

» User input:
> hypotheses + thesis in JGEX format
> Output:
> A textual proof (unreliable, non-deterministic, black box)

> Complexity grade measured via properties of the text output
(e.g. character length)
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Focused features of the mentioned software tools
& ChatGPT

> Pros:
> Appropriate ideas (good matches with textbooks methods)
» Correct numerical and symbolic computations (reliable
connections to mathematics software)

» Cons:

> The whole picture may be incomplete or wrong

> Personalized context is difficult to set up (“l am an Austrian
student with a strong algebraic background but poor geometric
understanding with a limitation to know only the Pythagorean
theorem, and | know nothing about projective planes, etc., can
you still help me proving Desargues’s theorem?”)

» Circular proofs and other “surprises”
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Focused features of the mentioned software tools
Mathematica, % Maple and % Giac

> User input:
> An algebraic computation
fi - hy +...+f,'hr+fr+1 ( .z —1)+fr+2'(t'22—1) =1
that corresponds to a proof by contradiction, written in the
input language of the software tool (by )

> Output:
> 1 = 0 if the proof is certified successfully
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Example 1: The midline theorem

¢ GeoGebra Discovery, ShowProof command

| Y ENPAE ) SHON w " ANIEE )

kel

~ Algebra X » cAs X| ~ Graphics ]
ElETE] 1 | LetA, B, C be arbitrary points.

® A =(7.46,7.58)

® B =(4.44,2.13) 2 Let D be the midpoint of A, B.
‘c C=(9.62,3.59) A

® D = Midpointof A,B 3 | LetE be the midpoint of A, C. ®

® E = Midpointof A, C

® f=LineB,C 4 | Letf be the line B, C.

® g =LineD, E

5 Let g be the line D, E.

6 Prove that AreParallel(f, g).

7 | The statement is true under some non-

8 | We prove this by contradiction.

9 Let free point A be denoted by (v1,v2).

10 | Let free point B be denoted by (v3,v4).

11 | Let free point C be denoted by (v5,v6).

Input: ShowProof(AreParallel(f, g)) FRNG)
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Example 1

: The midline theorem

¢ GeoGebra Discovery, ShowProof command

» CAS
20 | Thesis: AreParallel(f, g), in algebraic form:
T1i=-v4*v7+V6*v7 +V3*v8-v5*v8+v4*v9-v6*v9-v3*v10+v5*v10=0
21
—~ T1: —v10v3 +v10v5+v3v8 — v4 v7 + v4 vO — v5 v8 + v6 v7 — v6 vO =
22 Thesis reductio ad absurdum (denied statement):
23 v1l: dummy variable to express negation
(T1*v11-1)=0
24
V11 (—v10v3+ V10 V5 +v3 vB — vh v+ va vO — V5 VB4 v6 vT — v6 v0) —1 =0
€5:=-1-v4*v7*v11+v6*v7*v11+v3*v8*v11-v5*v8*v11+v4*v9*v11-v6*v9*v11-v3*v10*v11+v5*v10*v1l=0
25
~ e5: —v10v11v3 + v10 v11 v5 + v11 v3 v8 — v11 v4 v7 + v11 v4 vO — v11 v5 v8 4 v11 v6 v7 —
26 | Without loss of generality, some coordinates can be fixed
57 | (V4=1v3=0,2=0,v1=0} 32 $2:-1+2*v8=0
~ {vA=1,v3=0,v2=0,v1=0} - s2:2v8—
28 | The statement requires some conditions: | g3 | > 'S +2V9=0
—~ s3: —v64+2v09=0
29 | + Aand B are not equal
$4:-v6+2*v10=0
30  All hypotheses and the negated thesis after 34
—~ s4:2vI0—v6 =0
s1:2'v7=0
31 $5:-1-v7*v11+v6*v7*v11-v5*v8*v11+v9*v11-v6*v9*v11+v5*v10*v11=0
— sl:2v7I=0 35

36 | Now we consider the following equation

~ $5: v10v11v5 — v11v5v8+ v11 v6v7 — vl v6v9 — vilv7 4+ vIilvo—1

- 1=0

S1*(VI0*VL1-1/2*V11)}+52*(-v11*V9)+53*(-VI0*VI1+VI1*VB)+ $4*(-vI11*V7+VI1*VO)+55*(-1)

38 | Contradiction! This proves the original statement.

39 | The statement has a difficulty of degree 2
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Example 1: The midline theorem
8 Java Geometry Expert, Geometric Deductive Database Method

x

'+ Geometry Expert v oA

File Examples Construct Constraint Action Prove Lemmas Options Help

Daﬁmﬁﬁ//wiaeesATX%aanc-

TIidhoRp ~ GDD

Fixpoint
> Jlines (2) oA
4 [CJ parallel lines (1)

& I midpoints (2)

o [J congruent segments (2)
¢ [J congruent angles (4)

o T similiar triangles (1)

o Jratio segments (8)

e SO i

L

eF

Select mode
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Example 1: The midline theorem

8 Java Geometry Expert, Geometric Deductive Database Method

'] Press SHIFT and drag with right mouseclick to zoom, press SHIFT and drag with left mouseclick to move v oA X

1) BC || DE
Rule 38

Middle Connection Theorem for Triangles.
The line connects the midpoints of two sides of a triangle is parallel to the third side of the triangle.

E is the midpoint of CA

D is the midpoint of BA
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Example 2: Euler’s line

¢ GeoGebra Discovery, ShowProof command

(%] Euler_line-Prove.ggb v oA X
File Edit View Options Tools Window Help Signin

e |la=2
Adboloj4lx]=]+
» Algebra » Graphics
A=(3.72,-1.36) =
B =(4.56, -1.4)
C=(2.04, 3.44)
f=8.28
g=5.46
h=75

o
)

D=(3.3,1.02)
E=(-0.84, 1.04)
i=741

k: 2.52x - 4.84y =3.38
I:5.76x + 4.8y = 0.15

G =(0.42, -0.48)

m: 5.76x + 4.8y = 19.55
n: 2.52x - 4.84y =-2.79
H=(2.03,1.63) k
a=true -

Input|
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Example 2: Euler’s line

¢ GeoGebra Discovery, ShowProof command

v+ s —vs — v =0
V2 vy v — v1g >0

U1~ s+ v — i =0
v v vy~ Vs =

C(vs, vs)

s g 20 =0
vy v+ 20 = 0

+ vz + Urvis — ViVl
— UiU16 — VioVi7 + Vigviy + ovis — visvig = 0

Ao, v2) B(vs,va)
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Example 2: Euler’s line

¢ GeoGebra Discovery, ShowProof command

© aasview x*

o

9%

%
97 s

-0
5 G @ OFl MomekowolEuler line rove b ax D18
93 S17:v19.23+v20°v23.v19°v24=0
817 : —v19 v24 + v20 v23 + v19 — v23 = 0
$18:v22'v23-421°v24=0
818 : —v21 v24 + v22 v23 = 0
S19:-1-V12°VIT 25+ 11V18 1 2l v11v24 17v24v25=0
§19 : v11 v18 v25 — v11 v24 v25 — v12 v17 v25 + v12 v23 125 + v17 v24 v25 — v18 ¥23 25— 1 =0
Now we consider the lcllowing equanon
-1 676" SRR
TnZv252ew snzn/:rvzs-m'vww/z‘vzs*wwzlw:wzs'wz'vza-. 1 -114 4/6*v25'vwvs~. 1 1/4° 17v6-
1/3'v25'26"V11°v23'V6-1/3°v25 1 - 6°v11*v1 5426 13*V6-1/1. O ABV2B V15
2NIEVITVII BV VI IG NI VISV -1/1 )+s3*(1 o 7E1 1 1/3v25'v26
1 1 12V17-1/3"v25 12v23-1, 16'V6-1, 17-
1/3V25"V12'V18+1/3v25'v26"23+1 16'v23+1, AR TAT A AT AT 1/6‘\/25‘\/16' 5‘1/12‘v25‘vﬁ‘ 5+1/3" v25 V18- 1/3‘v25‘v24)454‘
-1 117V17'v6+1, 11°v23'v6-1 1 1 -1, 114 -
6'v25'26'V15+1/3'Vv25"v11'V18-1/2'v25'V15'23-1/3'v25 v 11 v24+1/1 162515 B 405 3E-1 /1 502)+S5(. 6°V17"V6- 3416
4 17+4/ - (- 1 18- 4)sT(: 17v6°2-
1/3'v25"26° -1 17°V6+1/6°v25°v26" 17°v23-1/3'V25"V17*V5- 1/2‘\Q§‘v23‘v5¢1/6'v25'v5"2)Osﬂ'
(- 1 1 1 18*V6+1, LU DRl 1 18°v5-1, 1 1 )
( 17°v612- /5-v25°V26°V17*v6+1 (72BN T2 S
(-2/3V25°v26V18'vB~2+1 16V 1/2'v25 V26621325126V 18-125v 1 1 6 1 18° 3—1/5'\125'\/6'v5i~ it
1 -1 512 - 1 -1,
V251 1 S 6°v24 1/2v25 451132526 -1/S‘v25‘v25'v240\r25‘v17‘v24 121 v25‘v26‘v61/3‘\{25‘V24‘v501/6‘v25‘v26-
V25174

v v;
(113 2526™6N2-1/2v25V 266+ 1162526 v25‘v17¢1/3'v25‘v5)+s15'11/3‘v25'v26‘ V61162526 VBN 25 17+ /325 V8) 19 (A prandg" 25V 1217 s
V25"V VE+1/3V25° V6 V5+1/2°V25"V23-1/6°V25'V5)

1=0

98 Contradiction! This proves the original statement.
99 The statement has a dificulty of degree 5.
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Example 2: Euler’s line

¢ GeoGebra Discovery, ShowProof command

Euler ne rovem

v22 + v23) - (v2L - vad) = G;
©vi7) - v25) (V1 HvAB) ¢ v25) ¢ ((vI2 ¢ v23) 4 25) - (VB v23) ¢ w25) - ((VIL+ w24) ¢ v25) ¢ (VA7 ¢ v24) ¢ w2s) =

) 7 v6) + (((((1/ 3 * v25) * v26) * v12) * v23) * v6) = ((((1 / 3 * v25) = v26) * v14) * V6*(2)) - (((1 /6 * v25) * v26) *
3 7) < ((((2 /3 * v25) * v26) * v12) * v23) - ((((1 /6 * v25) * v26) * v1d) = v6) - (({1/ 12 + v25) * v26) * ¥6(2)) + (((1
28) 5 12) 2 vaB) (17 2425) ¢ VIA) 5 vad) - (173 29) « 12) s vad) ({17 12 ¢ 23] 2 vE0) ¢ v6) - ({178 1 uzs) 0 v23) £ ¥6) - (((1 /6 + v25)
< uS) + (((1/ 12 % 25) * V6) + v5) - ((1 /4 +v25) * v23) + ((1 /12 = v25) + v5))) + (s2 = v26) ¢ il ) #v6) = (((((1 /3« v2s5) +
¥26) * v11) * v23) * v6) - ((((1 /3 * v25) * v26) * vi3) » v6°(2)) + ((((1 / 6 * v25) * v26) * v6'(2)) vs) A T I 1 P
5V A1) ¢ 3) (UL 78 fv2S) 1 aS) 1 13) e o (KL 7 12 v2s) e vzo) v )« ve) *viB) - (((1 /2« v25) * vi3) + v23) + (((1
/374 v25) +vi1) ¢ v24) ¢ (((1/6 4 v25) + vi3) + v5) + (((1/ 4 * v25) * v23) + v5) - ({1 / 12 * u25) (7 57 v2s) - v26) - vi2) -vin)
) [ AL/ 5 uas) xva) «viz) «z3) v vE) ({1773 = v2s) 4 gs) wwte) x ven(2) - ((1) 6 v (30) + ((((1 /3 = ¥25) * v26) = vi2) * vi7)
S (1 /3 % v25) = ¥26) = v12) * v23) - ((((1 /2 * v25) * v26) * v16) * v6) - ((((1/ 3 * v25) * v26) * v *v26) * v23) % ¥6) + (((1/ 4

R T T A B e A T L LR I T

N £26) £ v23) + (((1/ 2 ¢ va5) +
vie) - vas) L) . V2) 4 12) k) - (L1712 0 0as) o uzS) e (L4 e vas) s uzs) s )

v25) + vi6) < v5) « (((1/ 12 * 25) * ¥6) + v5)

+ (1 /3 xus) 2 ) e (s (37 3 +25) & 26) «utd) - ut) - ue) o+ ((((1 /3 5 35) « va6) «uid) = va3) < ) - (LG /3
w28y vae) sy oo i o) L)) 5 vs) (017 3 vas) ) ) s aT) ¢ (LS ves) ¢ va) ) @ v (L 72 )
R T R AT I v Lo T vt S ¥ e B P e S A A e A S I
S O PO L L L 8 B IO T AP O T R PI 1  Hp TTEaee
£26) A7) ¥ V6] - ((((2 /3 +425) +126) + 23] % V6) - (43 x v25) « v26) * uiT) + (((4 /3 £125) +426) +423) = ((2 /3 + v25) & vie) + (2 / 3+ 25) +
) 56 ¢ (27 3,0025) s v26) = V1) ¥ 08) + ((((2,7°3 0 w28 w v26) o v23) o v8) (273 2 V28] o 26) @ W0 & (02 /3 25) ¢ 200 * w23+ (23 0
V25 A 18) - (2754 2 S e (573 LL1(3 735 v25) 1 v28) A VD) A VS (a)) < (L1 '3 % 125) % 28 * W2  uS) - (11 ) 3% v35) 4 v3B) * uir) * vE)
RN e e e P A e I TR A N T B IR o Tt (-2

R I o R A e L et T O TP e e P R e
(2

+ (9 % (((((2 /3 % ¥25) * v26) * v7) * v6°(2)) - ((((1/ 3 % v25) * ¥26) # v6™(2)) * v5) - (((v25 * v26) * v17) * v6) + ((((1/ 2 * v25) * v26) * v6) * v5) + (((1 /3
V25) % v26) * viT) + ((v25 % vi7) * ¥23) - (((1/ 6 * v25) * v26) * v5) - (((1/ 3 % 25) # vi7) * v5) - (((1 /2 * v25) * v23) # v5) + ((1/ 6 * v25) * v5"(2)))) +
(51070 (101072 / 3.2 v23) w v26) ¢ o) ¢ VEN(2)) % (L7 3 % %) 4 W28) 4 VL) v (1125 2 u26) o u1g) ® ) < (1] 2 0 v2m) v ) % 2] (UL S8 5 ) ¢
26) % v18) - ((v25 = viB) * v23) + (((1 /6 * v25) * v26) * v6) + (((1 / 2 * v25) * v23) * v6) + (((1/ 3 * v25) * v18) * v5) - (((1/ 6 x v25) * V6) * v5))) + (s11 *
((((2 /3% vas) « vae) s ver(2)) < ({17 3 v v25) ¢ va6) w we) v (v23 & V25) (117 5 % v28) * 8D e (8123 ((((2 /3 ¢ vas) @ 120)" Ve 20) L2 A v8) S ve) +
((1/ 3 % v25) % ¥26) + (v25 * v23) - ((1/ 3 % v25) * v5))) + (513 % (((((1/ 3 * v25) * v26) * v23) * v6~(2)) - ((((1 /2 * v25) * v26) * v23) * v6) + (((1 /6 * v25)
#26) * v23) - ((v25 * vi7) * v23) + (((1 /3 % v25) * v23) = v5))) + (s14 * (((((-1 /3 * v25) * v26) * v24) * V6~(2)) + (({(1/ 2 * v25) * v26) * v24) * V6) + (1 /
37 25) % v26) * v6°(2)) - (((1 /6% v25) = v26) * v24) + ((v25 * vi7) * v24) - (((1/ 2 * v25) * v26) * v6) - (((1/ 3 * v25) * v24) * 176 % v25) ) -
(v25 * vi7) & ((1 /3 % ¥25) # v5))) + (515 * (((((1 / 3 * v25) % v26) * v23) % V6™2)) - ((({1 /6 * v25) * v26) * ¥23) * ((v25 % vi7) * v23) + (((1 /3 * v25) *
¥23) % v5))) + (16 * (((((-1/ 3% ¥25) = v26) * v24) * v6™(2)) + ((((1 / 6 * ¥25) * ¥26) * v24) * v6) + ((v25 * vi7) * v24) - (((1/ 3 * 25) * v24) * ¥5))) + (s17 »

((((L /3% u25) % ¥26) * v6~(2)) = (((1/ 2 * v25) * v26) * v6) + ((1/ 6 x v25) * v26) - (v25 * v17) + (1 / 3 * ¥25) * v5))) + (s18 * ((((1/ 3 * v25) * v26) *
VoR(2)) - (1176 % 25) ¥ v26) x ve) - (125 % viT) + ((1 /3 % 25) ¥ v81)) + (19 % () + (sndg ¥ (((v25'« VAZ) ¥ 17) - (25 * viZ) ¥ W23) - ((¥25 * VA7) % ¥6) +
(173 5 v25) 4v6) v3) + ({1720 v23) 4 v23) - ((1/ 6 vzs) » S

* Contradiction! This proves the
tenent has a difficulty of
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Example 2: Euler’s line
8 Java Geometry Expert, Geometric Deductive Database Method

'+ Euler_line-Prove.ggb - Geometry Expert v oA X

File Examples Construct Constraint Action Prove Lemmas Options Help

DPRE A/ FAYLQREB AT XKSAS T AT
TIidhoRp ~ GDD
POINTABCDEFGH
MIDPOINT D B € c
MIDPOINT E C A
INTERSECTION_LL F A D B E
ONTLINEG D C B
ON_TLINE G E C A
ON_TLINEH B CA
ON_TLINEH A C B

SHOW: COLLINEAR F G H

Yo sl

L

eF

4 translate translate view
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Example 2: Euler’s line

8 Java Geometry Expert, Geometric Deductive Database Method

mﬁ
'S5$ (side-side-side) similarity.
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“‘Human” complexity

Based on interviews with a limited number of students and teachers

> Interviewing 11 high school students (age 18) with focus on
mathematics: Personal opinions on difficulty of 16 theorems,
Szeged, Hungary, 2025 (Kerekes, K.)

» Master students in mathematics education from the

Pontifical Catholic University of Sao Paulo, Brazil, 2025
(Abar, Vieira, R.)

» Master students in training teacher of secondary education
(mathematics), Rey Juan Carlos University,
Madrid, Spain, 2025 (T., R.)

> In-service mathematics teachers, workshop at V. Day of
GeoGebra, Cuenca, Spain 2024 (R.)

17/28



Comparison of difficulty of 14 classroom problems

Szeged (2025)

Theorem Ca Gy
Thales’ © thm 4 13 2.1
Converse of Thales’ © thm 4 13 21
Midline thm 2 10
Intercept thm 7 8 3.4
Theorem of inscr. zina O 7 3.2
£ of cyclic quadrilaterals 3.2
Rel. betw. inscr. Z and 7 at the © 3.2
Tangent-secant thm 6 16 3.8
Wallace-Simson thm 16 53 4.8
Euler’s line 7 120 54
9-point © 18 94 5
Circumcenter of a A 2 25
Barycenter of a A 5 43
Apollonius’ thm 7 3.2
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Comparison of difficulty of 10 classroom problems

Cuenca, Madrid, Sao Paulo (2024-2025) — difficulty estimation also before proof attempt
1. Thales’ Second Theorem: given two points A, B and point C on the circle with
diameter AB, prove that AC and CB are perpendicular.
2. Prove that two lines parallel to a third one, are parallel to each other.

3. Given a line and a point outside it, prove that only one parallel line passes through
that point.

4. Prove that if D is the point of intersection of two altitudes of any triangle, then D also
belongs to the third altitude.

5. If D is the point of intersection of two perpendicular bisectors on the sides of a
triangle, then D also belongs to the third perpendicular bisector.

6. The segments formed by the intersection of two parallel lines cut by two secant lines
are proportional (according to Thales’ Theorem).

7. Each cathetus (leg) is the geometric mean between the hypotenuse and its
projection onto it.

8. The height relative to the hypotenuse is the geometric mean between the projections
of the two catheti (legs) in a right triangle.

9. Prove that the line that passes through the midpoints of two sides of a triangle is
parallel to the other side.

10. Prove that in a right triangle the square of the hypotenuse is equal to the sum of the
squares of the catheti (legs) (Pythagoras).
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Correlation among different approaches of complexity

Pearson’s r (-1 < r < 1, inverse correlation — no correlation — positive correlation)

algebraic
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Correlation among different approaches of complexity

Pearson’s r (-1 < r < 1, inverse correlation — no correlation — positive correlation)

. 0.58 . 084 -0.07
algebraic ~~ geometric '~ human = Al

What?! : -0
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algorithms or human intuition?
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How is it possible that the difficulty corresponding to the length of
Al's answer does not correlate with sophisticated machine
algorithms or human intuition?

Possible answers:

» Wrong, incomplete or insufficient data.
(Too small sample?)

> Al “thinks” it knows the solution and tends to explain it in a
standard-length format. ..

> Al usually does not say: “l don’t know”.
It tries its best — by attempting to turn
“treasures from the trash heap” into a first-class meal. ..
Oversimplified answer:

> Al is not reliable (at least in this manner) RGN



Focused features of the mentioned software tools

@ ChatGPT, second approach with more accurate input

» User input:

> hypotheses + thesis in DescribeStatement format
> Output:

> A textual proof (more reliable)

> Complexity grade measured
via character length of the text output
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Correlation among different approaches of complexity

Second attempt with more rigorous input, via DescribeStatement

. 041
algebraic "~ Al

. 037
geometric "~ Al

0.50
human <~ Al
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Correlation among different approaches of complexity

Second attempt with more rigorous input, via DescribeStatement

. 041
algebraic "~ Al

. 037
geometric "~ Al

0.50
human <~ Al

— moderate correlation after refinement
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What did we learn from this project?

» Using Al is nice, but human checking of its answer is a must.

» Verification and refinement seems to require
human assistance. Automating the automation seems to
require human creativity.

> Forcing the human user to enter more detailed input can be
crucial to obtain more reliable output.

> Forcing Al to use strong formalized output may be the next
step to double-check the proofs it produces.
(Double-checking should be performed with another system.)

> A first-round check of difficulty of a geometry problem via Al
can be a good approximation, but a second check with a white
box algorithm still seems necessary.

> It is mandatory to
to make it possible to
double-check the results obtained via Al.
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“People constantly try to offload their thinking,
yet they never fully succeed.
It seems we’re simply designed to keep thinking.”



“People constantly try to offload their thinking,
yet they never fully succeed.
It seems we’re simply designed to keep thinking.”
— A Human But Forgotten Author
(Al does not find the quotation source, sorry)
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