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Our aim

Confront
Analyze and compare the behavior of 
ChatGPT and GeoGebra Discovery 
dealing with geometric reasoning

Collaborate
Propose a cooperation as 
complementary systems to analyze 
and to develop in a near future

LLM – Natural language processingAutomated tools for Geometry
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In this talk

➢ Some short History

➢ Solving Gelernter’s problems with 
the help of Maple

➢Discussion

➢Conclusions
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Short History: The 1950’s origins

Since the birth of Artificial Intelligence (AI), mathematics have special attention 
as a field for testing related systems and programs

[1957] Logic machines for math reasoning program: The Logic Theorist proves 38 
out of the 52 theorems in Chapter 2 of the Russell and Whitehead’s 
Principia Mathematica, returning shorter proofs for some theorems.

[1959] Automatic geometry reasoning: H. Gelernter presented at a UNESCO 
meeting in Paris a first geometry-theorem proving machine.
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Short History: Gelernter’s forecasts

“In early spring, 1959, an IBM 704 computer, with the assistance of a program 
comprising some 20,000 individual instructions, proved its first theorem in 
elementary Euclidean plane geometry . Since that time, the geometry theorem-
proving machine (a particular state configuration of the IBM 704 specified by the 
afore-mentioned machine code) has found solutions to a large number of 
problems taken from high school textbooks and final examinations in plane 
geometry . . . the theorem-proving program relies upon heuristic methods to 
restrain it from generating proof sequences that do not have a high a priori 
probability of leading to a proof for the theorem in question . . . At this stage in 
its development, the geometry machine was capable of producing proofs that 
were quite impressive (Appendix I).. . . Three years ago, the dominant opinion 
was that the geometry machine would not exist today. And today, hardly an 
expert will contest the assertion that machines will be proving interesting 
theorems in number theory three years hence.. . .”

H. Gelernter (1960)
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But… (not three!) sixty years later

2020’s  Explosion of AI tools for dealing with mathematical issues

Some examples:

[2021] Lean Theorem Prover: integrating automated tools and methods, 
supporting user interaction and the construction of fully specified axiomatic 
proofs.

[2024] Solving mathematics olympiad problems with AlphaGeometry, a neural 
language model.

[2024] Prepare lesson plans in primary school mathematic courses with ChatGPT. 
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ChatGPT & Geogebra Discovery

ChatGPT GeoGebra Discovery

• LLMs has facilitated their 
dissemination and exploration in 
different contexts. 

• ChatGPT (released 2022) has been 
rapidly tested in several fields of 
knowledge, thanks to its suitability 
and accuracy

• Regarding mathematics, the main 
point of attention in maths has been 
on teaching and learning issues

• Fork version of GeoGebra.
• It is available online for different OS 

and an on-line version.
• “Symbolic geometry calculator“ to 

conjecture, discover and prove 
statements based on complex and 
real algebraic geometry

• Recently, including proof certificates
• Under development, not yet 

included in the official GeoGebra 
version
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GeoGebra Discovery's website
https://github.com/kovzol/geogebra-discovery#geogebra-discovery

https://github.com/kovzol/geogebra-discovery#geogebra-discovery
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Gelernter’s Theorem 1
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Gelernter’s Thm. 1 with ChatGPT
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Gelernter’s Thm. 1 with GGb Discovery
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A proof-certificate: ShowProof(AreParallel(f,g))
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Gelernter’s Thm. 2

…
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Gelernter’s Thm. 2 with ChatGPT
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Gelernter’s Thm. 2 with GGb Discovery

Discover(M)
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I am stuck!   ShowProof(k=j) vs ProveDetails(k=j)
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• True on Parts: labels statements that are true on some non-degenerate prime 
components of the hypotheses variety, but are also false on some others.

Computer algebra issues

• Minimal Extended Polynomial (MEP): to deal with statements involving 
variables that are defined through square powers (like the distance between 
two points or the length of a segment).

Elimination:

𝐻, 𝑡𝑇 − 1 𝐾 𝑋, 𝑡 ∩ 𝐾[𝑌] = (0)

𝐻, 𝑇 𝐾 𝑋 ∩ 𝐾[𝑌] = (0)

Ideal primary (prime) decomposition:  

𝐻 = 𝐻1 ∩⋯∩ 𝐻𝑝

Check on each 𝐻𝑖
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Gelernter’s Thm. 2 with Maple: Elimination

TRUE ON PARTS
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Gelernter’s Thm. 2 with Maple: Decomposition

Non-degenerate

Degenerate
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Gelernter’s Thm. 2 with Maple: Decomposition

Not generally true in PP[1]
Generally true in PP[2]

Generally false in PP[1]
Not generally false in PP[2]
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Gelernter’s Thm. 2: MEP
Use 𝒋𝟐 = 𝒌𝟐 instead  𝒋 = 𝒌 as thesis

Remark: high complexity, 13
Pending work: measure of the complexity of statements after computing and adding non-degeneracy 
conditions. 
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Discussion

• GeoGebra Discovery: mathematical reliability and well performance even for 
complicated statements.

➢ But does not output human-like explanations, just proof-certificates 
and estimation of difficulty, ShowProof (to be improved)

• ChatGPT: some times correct and readable proofs. 
➢ But, it makes mistakes and it is not stable.

Close cooperation between 
• Chatbots: readable proofs
• GeoGebra Discovery/Maple: 

➢ Automatically control the validity of the steps of the proof described by the 
bot, and 

➢ Human use, from the proof certificate answer, to verify by other computational 
tools the correction of the decissions of ChatGPT
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The mixing of the natural language abilities of a chatbot, with the recently 
extended features of GeoGebra Discovery and the power of Maple, could provide

❑ a rigorous checking of the mathematical truth of a given statement, drawn in 
the dynamic geometry window of this program,

❑ the availability of the corresponding algebraic translation, for analyzing and 
obtaining, through a CAS, further insight about its geometry, that could be quite 
relevant in special cases (e.g. true on parts),

❑ the production of proof-certificates, and

❑ the estimation of the dificulty of geometric theorems.

A final remark: the final goal is not to prove, but to learn more
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