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Powerful proof assistant https://lean-lang.orqg

Mathematics can be approached through different computational lenses. LEAN acts like a programming language and proof
assistant, where theorems and proofs are written as verifiable code. It enables mathematicians to formalize complex structures
step by step, ensuring absolute rigor and supporting large-scale collaboration. Automatic Theorem Provers (ATP) push
further toward full automation by using logic and search to establish results, excelling at routine or highly technical proofs
but offering less conceptual guidance. In contrast, Large Language Models (LLMs) generate intuitive explanations, sketch
THFOREM PRONHR  proofs, and even draft LEAN code. Together, these approaches illustrate a spectrum: from LEAN's human-guided rigor, to

ATP’s automated precision, to LLMs’ flexible but informal reasoning. The use of LEAN represents a new phase in a decades-

long pursuit of automating research in mathematical analysis — a tradition that has been evolving at KMA for over 30 years.

Theorem (Limit Law for Sum of Convergent Sequences):

n——+o0 n— -0 nN——+0o00

Standard proof steps (when performed by hand) Proof in LEAN (machine-checkable down to the level of AXIOMSs)

import Mathlib
We have two convergent sequences (a,) and (by).
° : (@n) (bn) def ConvergesTo (a : N — R) (c : R) :=
Let us denote their limits as ¢ and d. Thus, we have that Ve>0, 3N, Vn >N, lan-cl <e¢

b, — d. theorem limit_add
{ab: N —R}{cd:@ R}
(ha : ConvergesTo a c) (hb : ConvergesTo b d) :
ConvergesTo (A n =>an + bn) (c +d) :=

an — C,
Let us take an arbitrary £ > 0.

There exists an index N, € N such that |a, — ¢| < 5 for all n > N, (due to a, — ¢). .
1ntros € €_pos

There exists an index N, € N such that |b, — d| < 5 for all n > N, (due to b, — d). have €2_pos : ¢ / 2 > 0 := by linarith
obtain (Na, haN) := ha (¢ / 2) €2_pos

Let us take the index N := max{N,, Np}. obtain (Nb, hbN) := hb (¢ / 2) £2_pos
let N := max Na Nb

Then for all n > N, we have use N
intros n hn

‘an + b, — (C—|— d)’ — ‘( n— C) € (bn _ d)| < ’an _ C’ i ’bn _ d’ < %_|_ % = ¢, have ha_appl := haN n (le_trans (le_max_left _ _) hn)
have hb_appl := hbN n (le_trans (le_max_right _ _) hn)

which means that calc
lan+bn-(c+d| =1_](@n-c¢c)+ (bn-4d]| :=by ring_nf

(an+ bn) — (¢ + d), lan-cl + |bn - d|l := abs_add _ _
and the proof is finished. / 2+ €/ 2 :=add_1t_add ha_appl hb_appl

Comparison of Al agents for mathematical proofs Mathlib — comprehensive mathematical library
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