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LLMs helping write the text

Advancing mathematics by guiding human
intuition with Al

Nature 600, 70-74 (2021) | Cite this article

TORA: A TOOL-INTEGRATED REASONING AGENT
FOR MATHEMATICAL PROBLEM SOLVING

", Zhibang Shao' 7*, Yeyun Goag’', Yelong Shen’
+ Nan Duan®, Weizhu Chen”

Discovering faster matrix multiplication
algorithms with reinforcement learning

sain Fawzi©, Matej Balog,

Aja Huang, Thomas Hubert, Bernarding Romera-

Mathematical discoveries from program
search with large language models

tature 625, £458-475 (2024) Ciu
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AlphaEvolve: A Gemini-powered coding space

agent for designing advanced
AlphaEvolve algorithms

14 MAY 2025

e AlphaEvolve (DeepMind,
?) Scientist / Engineer
M aV 1 4' 2025) n TOMy Q 2 Initial program
Sl t_emplgte (e oheing Evaluation code with components
n Op'O6H blé CNCTeMbl and configuration or custom LLMs 16 evolve
pa3BuBakOTCA akKTuBHO l _____________ l _______ l ______ l _______

|

“ T

|

|Program database | Best program
L ol

e Ho Mbl cerogHs |
NOroBOPUM Mpo I I I
06bl4Hble LLM, ¢
KOTOPbIMW KaXabIn 13
Hac MOXXeT noobLaTbCs

Distributed Controller Loop

|
|
parent_program, inspirations = database.sample() l
prompt = prompt_sampler.build(parent_program, inspirations) |
diff = 1lm.generate(prompt) :
child _program = apply_diff(parent_program, diff) :
results = .execute(child program)
database.add(child_program, results)

e [lomMoraroT nNu OHU?.. .

Q  AlphaEvolve



https://deepmind.google/discover/blog/alphaevolve-a-gemini-powered-coding-agent-for-designing-advanced-algorithms/
https://deepmind.google/discover/blog/alphaevolve-a-gemini-powered-coding-agent-for-designing-advanced-algorithms/
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e Alresearcher (Lu et al., August 12, 2024): cuctema (KOTOPYHO Bbl MOXETE camu
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https://arxiv.org/abs/2408.06292
https://github.com/SakanaAI/AI-Scientist?tab=readme-ov-file
https://github.com/SakanaAI/AI-Scientist?tab=readme-ov-file

Al Scientist-v2

e (Guess what? Nony4unnocsb!

e Al Scientist-v2 (Sakana Al, 12 mapTta 2025) cMorna HanucaTtb CTaTblo,
KoTopas npowna Ha ICLR 2025 Workshop “I Can't Believe It's Not
Better: Challenges in Applied Deep Learning”!

e 3ajanu TemMy, Hanucanu

. T4 ICLR Workshop
HECKOJIbKO cTaTew s Scores
MOJIHOCTbHO aBTOHOMHO, Compositional Regularization: Unexpected Obstacles in T
end'tO'end, Bb|6paﬂ|/| Enhancing Neural Network Generalization s
Tle leqLLlVlX, nogasiu Real-World Challenges in Pest Detection Using Deep 374
Ha WOI‘kShOp — N BOT Learning: An Investigation into Failures and Solutions o
pe3yJibTaTbl. Unveiling the Impact of Label Noise on Model Calibration 233

in Deep Learning



https://sakana.ai/ai-scientist-first-publication/
https://sites.google.com/view/icbinb-2025
https://sites.google.com/view/icbinb-2025
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e 9T0 BU AMMO COMPOSITIONAL REGULARIZATION:
! ! UNEXPECTED OBSTACLES IN ENHANCING NEURAL

repBafd Nno- NETWORK GENERALIZATION

HacTosLEeMY

MOJIHOCTbHKO ga?pgrlylglg;sditgig-rglind review
aBTOMaTnN4yeCKHU

NOPOXKAEHHAS AESIHAGT

cTaT bﬂ, Neural networks excel in many tasks but often struggle with compositional gener-
alization—the ability to understand and generate novel combinations of familiar
rl po Lu e ﬂ' Lu a ﬂ components. This limitation hampers their perfqrmance on t.asks requiring' sys-
tematic reasoning beyond the training data. In this work, we introduce a training
Ce p b é3 H bl [;1 p e er method that inc'orporates an explicit compositional regularization term into the
loss function, aiming to encourage the network to develop compositional repre-

. sentations. Contrary to our expectations, our experiments on synthetic arithmetic
reVI eW I/I ﬂ p VI HﬂTaﬂ expression datasets reveal that models trained with compositional regularization

do not achieve significant improvements in generalization to unseen combinations

B XO po L ee M eCTO compared to baseline models. Additionally, we find that increasing the complex-

ity of expressions exacerbates the models’ difficulties, regardless of compositional
regularization. These findings highlight the challenges of enforcing compositional

structures in neural networks and suggest that such regularization may not be suf-
-] P s iR cORpGAIEiGiiA] FESEEIAHGR.




Zochi

e Ho He
nocnenHAs!
Cuctema Zochi
(Intology Al,
March 2025)
aBTOHOMHO
Hanucana
CTaTbtO, KOTOPYHO
npuHAnu Ha ACL
2025, Ha
rnaBHblIN Tpek!

The 63rd Annual Meeting of the Association for Computational
Linguistics

Your Submissions Author Tasks
# Submission Summary Official Review Decision
5156 Tempest: Automatic Multi-Turn Jailbreaking of 0 Official Reviews Submitted ACL 2025 Main
Large Language Models with Tree Search Average Rating: N/A (Min: N/A, Max: N/A) Recommendation:
Andy Zhou @, Ron Arel © Average Confidence: N/A (Min: N/A, Max: N/A)

Accept (Main)

Meta Review of Submission5987 by Area Chair GMh9 &

Meta Review by Area Chair GMh9 @ 09 Apr 2025, 14:20 (modified: 24 Apr 2025, 10:02) ® Senior Area Chairs, Area Chairs, Authors, Reviewers Submitted, Program Chairs, Commitment Readers
B Revisions
Metareview:
The paper introduces TEMPEST, a multi-turn adversarial framework that employs a tree search approach to assess the safety of Large Language Models (LLMs) by exploring multiple conversation
paths and tracking incremental policy breaches. By utilizing a cross-branch learning mechanism, TEMPEST efficiently identifies model vulnerabilities and demonstrates how small compliance
concessions can accumulate into significant security failures. Evaluations show TEMPEST achieves 100% success rates on GPT-3.5-turbo and 97% on GPT-4, surpassing single-turn and existing multi-
turn adversarial methods. This innovative methodology emphasizes the importance of simultaneous exploration in comprehensive safety testing of language models.

Summary Of Reasons To Publish:
All reviewers agreed that the tree search methodology represents a significant advancement by allowing multiple conversation paths to be explored simultaneously, rather than depending on a
single dialogue thread.

Reviewers appreciated the innovative ability of the framework to quantify incremental safety erosion and exploit minor policy breaches, which contributed to TEMPEST achieving an impressive
success rate of 97-100% against the evaluated LLMs.

Reviewers highlighted the paper's clear and fluent structure, noting that it is well-organized and logically detailed, particularly in the methodology section.

The intriguing combination of minor concessions within the tree search context and the unique perspective in revealing security vulnerabilities of LLMs were also praised as distinctive aspects of
the approach.

y Of Sugg d Revisi
Limitation of Model Evaluation: A reviewer wished authors had evaluated a broader range of models beyond just GPT-3.5-Turbo, GPT-4, and Llama-3.1-70B, noting the omission of important families
like Claude, Gemini, and others, which limits the generalizability of the findings. Authors have conducted additional experiments on a more diverse set of models and will include these in the final
version of the paper.

Insufficient Dataset Validation: A reviewer noted that the paper's evaluation relied solely on the JailbreakBench dataset, questioning its effectiveness across various types of harmful content and
adversarial scenarios. Authors agreed and have thus extended their evaluation to include HarmBench and StrongReject datasets; the results confirm TEMPEST's effectiveness, which they will
include in the paper.

Missing Related Work: A reviewer felt that the paper fails to discuss several key related works in multi-turn jailbreaking and red teaming, which could enhance the overall context and relevance of
the research. Authors have acknowledged this and will incorporate discussions of these related works in the revised version.

Lack of Detail in Methodology: A reviewer indicated that the paper could benefit from more detailed methodological explanations, such as providing full prompts and additional context regarding
the attacker LLM. Authors addressed this concern in their rebuttal and should include these details in the final version.

Need for In-depth Analysis: One reviewer suggested that authors should elaborate on the accumulation of minor concessions leading to fully disallowed outputs to clarify this aspect of their
findings. Authors should expand on this analysis in the final version.

Inclusion of Defense Experiments: A reviewer recommended that authors include defense experiments, such as testing against models like Llama Guard-3, to provide a comprehensive view of
TEMPEST's effectiveness. Authors agreed, showed preliminary experiment, and will include a full set of defense experiments in the final version of the paper.

Concerns Regarding Attacker LLM's Capabilities: One reviewer pointed out that the proposed method relies on a capable attacker LLM, raising concerns about its ability to generate harmful
responses itself. Authors have addressed this in the rebuttal and will clarify these concerns in the final version.

Method’s Efficiency Issues: One reviewer expressed that the efficiency of the method is a concern due to the reliance on exploring multiple jailbreaking prompts through tree search. Authors have
responded by demonstrating that their method is actually more efficient than existing methods and will include this information in the next version of the paper.

.

Overall Assessment: 4.0 = Conference: I think this paper could be accepted to an *ACL conference.
Reported Issues: ® No
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Zochi

e HoHenocn e,D,HFlFl! Tempest: Automatic Multi-Turn Jailbreaking of Large Language Models

Cuctema Zochi with Tree Search
(Intology Al, March

Andy Zhou* Ron Arel*
M) AaBTOHOMHO Intology Al Intology Al
HalnumcaJsia CTaTbHo, andy@intology.ai ron@intology.ai

KOTOPYH NPUHANK
Ha ACL 2025, Ha

~ I Abstract 2024a; Ren et al., 2024; Zhao and Zhang, 2025; Yu

rNmaBHbIN TpeK' ' _ ' et al., 2024). The dynamic nature of chat inter-

o We introduce Tempest, a multi-turn adversarial faces presents unique challenges for safety testing,

® KCTaT U ) O CaMOu L R G GBS (S| Sl S O as adversaries can adapt their strategies based on

L L Model (LLM) safety through :
arge Language Model ( ) safety through a model responses and gradually accumulate partial

cTaTbe TO)Xe tree search perspective. Unlike single-turn jail- . :
breaks that rely on one meticulously engineered compliance across multiple turns.
M H Te p eC H O prompt, Tempest expands the conversation at Traditional approaches to evaluating LLM safety
each turn, branching out multiple adversarial have focused primarily on single-turn attacks,
noroeo p UTb... prompts that exploit partial compliance from where carefully engineered prompts attempt to

previous responses. Through a cross-branch elicit harmful resionses in one shot iZou et al.I
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e HoHe nocneaHas!! empest: Automatic
CucTtema Zochi
(Intology Al, March
2025) aBTOHOMHO
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each turn, branching out multiple adversarial have focused primarily on single-turn attacks,
MoroBopuTb... prompts that exploit partial compliance from where carefully engineered prompts attempt to
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Malliavin-Stein experiment

e Diezetal (Sep3,2025): aBTOpbI Mathematical research with GPT-5: a
. , .
Malliavin-Stein experiment
nonpocunu GPT-5 gokasaTb HOBYHO
~. Charles-Philippe Diez* Luis da Maia* Ivan Nourdin*
TEOpeMy U3 TeEOPUUN BEPOATHOCTEWN; =0
6yKBasibHO:
Abstract
. On August 20, 2025, GPT-5 was reported to have solved an open prob-
4.1.1 Gaussian framework lem in convex optimization. Motivated by this episode, we conducted a
. . Lo controlled experiment in the Malliavin—Stein framework for central limit
We started with the followmg initial prompt: theorems. Our objective was to assess whether GPT-5 could go be-
yond known results by extending a qualitative fourth-moment theorem
Paper 2502.03596v1 establishes a qualitative fourth moment to a quantitative formulation with explicit convergence rates, both in the
theorem for the sum of two Wiener-Ité integrals of orders Gal.lssu.zn and in the P01s.son. settings. To the b.est of our knowledge, tl.le
K 2 . derivation of such quantitative rates had remained an open problem, in
p and q, where p and q have different parities. Building the sense that it had never been addressed in the existing literature. The
on the Malliavin-Stein method (see 1203.4147v3 for details), present paper documents this experiment, presents the results obtained,

could you derive a quantitative version for the total variation  20d discusses their broader implications.

distance, with a convergence rate depending solely on the
fourth cumulant of this sum?



https://arxiv.org/abs/2509.03065
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Malliavin-Stein experiment

I think you are mistaken in claiming that (p+¢)!|u®v|?> =

'g!||lul|?||v]|?. Why should that be the case?
e I nocne Takoro sanpoca asTopbl Plgful el Why should that be the case
It eventually admitted (which is not surprising, since by alignment it usually
OTMeqamT' 4TO B IDIOKa3aTen bCTBE agrees with us) that the statement was false, but more importantly, it under-
6b| na OLUM6Ka n GPT-5 stood where the mistake came from. This was followed by a reasoning and a
6 ! formula that, this time, were correct.
nOTpe OBaJioCb ax ‘D'Ba Ha Bo‘u'ﬂ LU'MX Then, at our request, GPT-5 reformatted the result in the style of a research

n po MMATAa (l), L|TO6 bl OLUN 6|-(y MOHATDb article, including an introduction, the presentation of our main theorem, its

proof with all the details (correct this time!), and a bibliography. The exact

M MC”paBMTb prompt was:
" Turn this into a research paper ready for submission. Follow
® 3aTeM GPT 5 cam npve'u'nO)KV‘l’n my style (see attached paper 0705.0570v4):

- start with an introduction giving some context,
paCCMOTpeTb ﬂ'pyrow Cnyqam’ B - then present the main result, followed by a very detailed
HEM OlATb 6b|ﬂa OLUM6Ka, 7 proof where no step is left out,

HOHaAO6MHOCb yKasaTb Moiulen” Ha ’I‘hzllflirsxglwclizlc’:lmane;:mzll;zzidb‘tl):l:ofz?e);yéile that I can compile.

Heé! [Tocne atoro GPT-5 3a Tpu-
yeTblpe NpomMmnTa NPULLEN K
BEPHOMY pe3ynbTaTy




Malliavin-Stein experiment

e YTO XXe 3ak/iro4aloT aBTOpr?

4.1.3 Role of the AI

To summarize, we can say that the role played by the Al was essentially that of
an executor, responding to our successive prompts. Without us, it would have
made a damaging error in the Gaussian case, and it would not have provided
the most interesting result in the Poisson case, overlooking an essential property
of covariance, which was in fact easily deducible from the results contained in

the document we had provided. .
5 Some personal reflections

Overall, the experience of doing mathematics with GPT-5 was mixed. It felt
very similar to working with a junior assistant at the beginning of a new project:
exploring directions, formulating hypotheses, searching for counterexamples,
and progressively adjusting statements. The AI showed a genuine ability to

e KaxeTcs , 9TO HAa3blBaAETCA follow guided reasoning, to recognize its mistakes when pointed out, to propose
. new research directions, and to never take on the task. However, this only seems
COpIum... to support incremental research, that is, producing new results that do not re-

quire genuinely new ideas but rather the ability to combine ideas coming from
different sources. At first glance, this might appear useful for an exploratory
phase, helping us save time. In practice, however, it was quite the opposite: we

had to carefully verify everything produced by the Al and constantly guide it
o e i e e




Godel Test

e Feldman, Karbasi (Sep 22, 2025): TecT [énens —
MoryT M LLM gokasbiBaTb NMPOCTble, HO HOBbIE
Teopembl?

e BoTyTO Nucan o6 atom TepeHc Tao, Korga
no3HakomMusca c o1

“The new model could work its way to a correct (and well-written) solution if provided a
lot of hints and prodding, but did not generate the key conceptual ideas on its own, and
did make some non-trivial mistakes. The experience seemed roughly on par with trying
to advise a mediocre, but not completely incompetent, graduate student. However, this
was an improvement over previous models, whose capability was closer to an actually
incompetent graduate student. It may only take one or two further iterations of improved
capability (and integration with other tools, such as computer algebra packages and proof
assistants) until the level of ‘competent graduate student’ is reached.”

— Terence Tao



https://arxiv.org/abs/2509.18383

Godel Test

e Feldman, Karbasi (Sep 22, 2025): panu nATb 3anpoCOB B TAKOM AYXe€:

Prompt to GPT-5

Consider the problem of maximizing a function F' from [0, 1]™ to the reals that is the sum
of a non-negative monotonically increasing DR-submodular function G and a non-negative
DR-submodular function H over a solvable down-closed polytope P. I would like to bound
the performance on this problem from the NeurIPS 2021 paper ”Submodular + Concave”
which is attached. Specifically, if x is the output vector of this algorithm and o is the vector
in P maximizing F, then I would like to lower bound F(z) with an expression of the form
a*xG(0) + B+ H(o) — err, where a and [ are constants. err should be a function that depends
only on the error parameter € of the algorithm, the diameter D of the polytope P, and the
smoothness parameters Lg and Ly of G and H, respectively, and goes to zero as € goes to zero.
Please give the best such bound that you prove (a bound is considered better if the values of
the constants o and (3 are larger). Provide a mathematically rigorous and well explained proof
for the bound you come up with.



https://arxiv.org/abs/2509.18383

Godel Test

e Feldman, Karbasi (Sep 22, 20

Prompt to GP

, and goes to zero as € goes to zero.
a bound is considered better if the values of
ovide a mathematically rigorous and well explained proof

Please give the
the constants a 2
for the bound you's



https://arxiv.org/abs/2509.18383

Claude’s Cycles

e Donald Knuth (Feb 2026): Claude Opus 4.6
peLInn OTKPbITYO Npobnemy, Hag KOTOPOM
KHYT 6uncsa Heaenamu; peleHmne noTom
noaATBEPAMIOCH N AaXke 6bINo
hopmMannsoBaHo

Shock! Shock! I learned yesterday that an open problem I'd been working on for several weeks had just
been solved by Claude Opus 4.6 — Anthropic’s hybrid reasoning model that had been released three weeks
earlier! It seems that I'll have to revise my opinions about “generative AI” one of these days. What a joy
it is to learn not only that my conjecture has a nice solution but also to celebrate this dramatic advance in
automatic deduction and creative problem solving. I'll try to tell the story briefly in this note.

Here’s the problem, which came up while I was writing about directed Hamiltonian cycles for a future
volume of The Art of Computer Programming:

Consider the digraph with m? vertices ijk for 0 < 4,5,k < m, and three arcs from
each vertex, namely to i*jk, ij*k, and ijk™, where it = (i+1) mod m. Try to find
a general decomposition of the arcs into three directed m3-cycles, for all m > 2.



https://cs.stanford.edu/~knuth/papers/claude-cycles.pdf

Erdos Problems

e 1113 3apgay dpaelwla B
6ase

)

N3 HUX 437 peLueHbl

e MHorue ns Hux
COBCEM He
3HaMeHUTble,
BO3MOXXHO,
HeKoTopble cny4yanHo
peLleHbl rge-To B
nuTepaType, HO MHOIo
N CITOXHbIX
HepeLeHHbIX 3agau

/

Problems have always been an essential part of my mathematical life. A well-chosen problem can isolate an essential
difficulty in a particular area, serving as a benchmark against which progress in this area can be measured. It might be like
a 'marshmallow', serving as a tasty tidbit supplying a few moments of fleeting enjoyment. Or it might be like an 'acorn’,
requiring deep and subtle new insights from which a mighty oak can develop. [...]

In this note | would like to describe a variety of my problems which | would classify as my favorites. Of course, | can't
guarantee that they are all 'acorns', but because many have thwarted the efforts of the best mathematicians for many
decades (and have often acquired a cash reward for their solutions), it may indicate that new ideas will be needed, which
can, in turn, lead to more general results, and naturally, to further new problems.

In this way, the cycle of life in mathematics continues forever.

Paul Erdés, Some of my favorite problems and results, 1997

\

Letf € R[x] be a monic polynomial of degree n with n real roots in [—1, 1]. Determine the infimum and supremum of
possible values of

{x e R: [f®)] < 1}].

#1038: [EHP58,p.131] analysis

FALSIFIABLE N\

Letz,...

,Zy € Cwith |z — 7| < 2 foralli,j, and

z) =[]l -3l

i#]

A(Zl,

What is the maximum possible value of A? Is it maximised by taking the z; to be the vertices of a regular polygon?
#1045: [EHP58,p.143]

analysis



https://www.erdosproblems.com/

Al contributions to Erdés problems

teorth edited this page 4 hours ago - 70 revisions

o0
E rd O S P ro b I e m S This page collects the various ways in which Al tools have contributed to the understanding of Erdés problems. Note that a
single problem may appear multiple times in these lists.
Legend
® Te p e H C Ta 0 o @ : full solution to the problem
Cﬂen an CTpa H M L‘I Ky e (: partial solution to the problem
o @ : failure to make progress on the problem
" . .
Al contributions to
”~ ,,
Erdds problems

5. Problems with an Al-powered literature review

Review

Problem Al tools used Outcome
P I_I O H e M H O ry performed on

[35] GPT-5 13 Oct, 2025 Partial results found
Ha4YnHatoT [66] GPT-5 13 Oct, 2025 Partial results found
HaKan/inBaTbCA ini

[124] gzz;:e:‘::ﬁ Reseanahy Gerinl 30 Nov, 2025 No significant results found
pe3yJibTaThl,

167 GPT-5 12 Oct, 2025 Partial results found

n OC M OTp M Ml LITO 188 GPT-5 13 Oct, 2025 Partial results found
6yﬂ.eT, ecn M 3TO 203 gz:LiZ:eZ:EReseamh' Geminl 19 Oct, 2025 No significant results found
CTa H eT H O B bl M 223 GPT-5 13 Oct, 2025 @ Full solution found
66 H L‘l M a KO M - 248 Gemini DeepResearch 19 Oct, 2025 No significant results found

[248]

ChatGPT DeepResearch, Gemini @ Partial results found (with inaccuracies); did
330 19 Dec, 2025 o
DeepResearch, Claude not find literature proof


https://github.com/teorth/erdosproblems/wiki/AI-contributions-to-Erd%C5%91s-problems
https://github.com/teorth/erdosproblems/wiki/AI-contributions-to-Erd%C5%91s-problems

Al contributions to Erdés problems

teorth edited this page 4 hours ago - 70 revisions

This page collects the various ways in which Al tools have contributed to the understanding of Erd6s problems. Note that a
single problem may appear multiple times in these lists.

Erdos Problems

Legend
® Te p e H C Ta 0 o @ : full solution to the problem
C,D,eﬂ an CTpa H M L‘I Ky e @®: peTrtiaI solution to the problem
o @ : failure to make progress on the problem
" . .
AI CO nt rl b Ut I O n S to 334 Gemini DeepResearch 19 Nov, 2025 No significant results found
”~ ,’
Erdos DrOb|emS [339] GPT-5 11 Oct, 2025 @ Full solution found
347 ChatGPT DeepResearch 25 Oct, 2025 @ Full solution found
® I_I O H e M H O ry 354 ChatGPT DeepResearch 19 Oct, 2025 Partial results found
H a L_l M H a |.OT 367 ChatGPT DeepResearch, Gemini 22 Nov, 2025 (= l\’l’o significant results f.ound; did not find
[367] DeepResearch ErdGs problems community proof
H a Ka nn M B aTbCﬂ 370 ChatGPT DeepReseach, Gemini, 17 Oct. 2025 Problem found to be misstated; solutions to
[370] Gemini DeepResearch ! variants found
pe3yJibTaThl,
387 ChatGPT DeepResearch 1 Nov, 2025 Partial results found
n OC M OTp M Ml LITO ChatGPT DeepResearch, Gemini .
421 BeBEessach 18 Oct, 2025 No significant results found
6yaeT, ecnun ato
481 EhatirijDeopReseareh, Gamini 1 Dec, 2025 Unwittingly reproduced existing proof
CTa H eT H O B bl M DeepResearch ! v
6e H L‘l M a p KO M . 481 ChatGPT 3 Dec, 2025 @ Full solution found
494 GPT-5 13 Oct, 2025 @ Full solution found


https://github.com/teorth/erdosproblems/wiki/AI-contributions-to-Erd%C5%91s-problems
https://github.com/teorth/erdosproblems/wiki/AI-contributions-to-Erd%C5%91s-problems

EAWHUYHDbIE PaCCTOAHUA

..HY XOTe KaK “ecnun”, y)xe ctano...

Jared Lichtman (Apr 2026): GPT-5.4 Pro
ONpoOBEPr Ba)XXHYHO rmnotesy IpaeLlia
(Haa Hel AymMano MHOro MaTeMaTUKOB),
NPUYEM caenan 3To HEOXXUAAHHbIM U
KpacuBbIM 06pa3oMm

S
LX)

Paul Erdés

"On sets of distances of n points"
Amer. Math. Monthly 53 (1946), 24. (

MocTaHoBKka 3afayn. HWKHAA oueHka v(n) =n'* ", BepxHaAnA oueHka v(n) = 0(n??).

Joel Spencer, Endre Szemerédi, William T. Trotter
"Unit distances in the euclidean plane"
raph Tt Yy omt to ridg

BepxHsas oueHka v(n) = 0(n*?)

Laszlé A. Székely
"Crossing numbers and hard Erdés problems in discrete geometry"

dneraHTHoOe KOPOTKOe AoKa3aTenbcTBo O(n*?) yepes crossing lemma.

Noga Alon, Matija Bucié, Lisa Sauermann
"Unit and distinct distances in typical norms"

Ons HopmMbl obuero nonoxxeHus v(n) <4 nlog; n

Josef Greilhuber, Carl Schildkraut, Jonathan Tidor
"More unit distances in arbitrary norms"

CooTBeTcTBYIOWAn HWXKHAS oueHKa Q(nlog; n) ana nioboit HopMbl

OpenAl
"Planar Point Sets with Many Unit Distances"

KoHTpripumep: v(n) =n**? ana 6 > 0 u 6eCKOHEYHO MHOrUX N,
vnoTtesa 3paéwa onposeprHyTa


https://x.com/jdlichtman/status/2044298382852927894
https://www.sergeynikolenko.ru/blog/gpt-and-unit-distances-erdos-hypothesis

\VAVAVAVAVAVAN

EAVMHUYHbIE pacCTOSAHUSA /\/\/\/\/\/\/
e 3aec e CMOry o6bsiC OKa3aTesibCTBO \'/\'/\'/\'/\'/\'/\'
LLEAAKOM, HO AAPATE OBCYAIM NOCTAHOBKY YAVAVAVANANAVA

3aJa4u

e PaccMOTpuM n ToYeK Ha 06bIYHON EBKINAOBOW ° ° o ° o o
NA0OCKOCTU. CKONbKO OAMHAKOBbIX pacCTOAHUN
MOXET ObITb Cpean nap 3aTux Toyek? > ° . ° - ®

e TpeyronbHas pewéTka gaét 3n

e [naBHbIN NOAXOA: MPeBPaTUTb 3a4a4y B
apudmeTunyeckyto. PaccMmoTpmnm KBagpaTHyto . s . I . s
PELETKY; Ha HEN pacCTOosHME M BCTpeYvaeTcs
cgon;Ko pas, CKOJIbKO pa3 m? pack/fiafiblBaeTcs B
a“+b”.




EAWHUYHDbIE PaCCTOAHUA

e Kaxpgoe p=4k+1 MOXXHO pasfoXuTb Kak
dk+1=Q1+2iVE) (1 -2ivVk)=2-2, z=1+2iVEk.

e ECnu Ynciio m UMEET B pasfoXXeHUN MHOMO NPOCTbIX
aenvTenen p, Buaa 4k+1, To Kaxgoe M3 HUX MOXHO
TaK pasfioXnTb, @ NOTOM NMpeAcTaBUTb M Kak
Npou3BeieHne ABYX KOMMIEKCHO COMPAXEHHbIX
NOAMHOXECTB

e Hanpumep, y uncna 325 Ha OKpPY>XHOCTU paguyca v 325
cpasy 24 uernble TOYKMU:

325 = 52 .13 = (24 9)%(2 — )%(3 + 2§)(3 — 2i).
325 = ((2+4)%(3 - 20)) ((2 —49)°(3+2i)) = (17 + 6i)(17 — 61) = 17% + 67,
325 = ((2+4)%(3+2i)) ((2—9)*(3 - 20)) = (1 +184)(1 — 184) = 17 + 182,
325 = ((2 —i)(2 +4)(3 + 24)) (2 + i)(2 — )(3 — 24)) = (15+10i)(15—104) = 152+102.




& CS Space

EAWHUYHDbIE PaCCTOAHUA

e Ecnm akkypaTHO nocumTaTb Takune
napbl TOYEK HA OKPYXKHOCTW,
MONYUYNTCS Y)Ke HeJIMHENHAs

OLEeHKa: v(n) > nlte/loglogn

e MOXHO nu nyyiie?

;g 10130

P SDD,GUJ g 10114 -
g 1098_

NpeanonoXun, X o]
4TO HET, HO GPT £ 10%;

g 50

[oKasarn, uTo 2
MOXXHO! Z o]

§ 102

Tunoresa Ipaéua. v(n) < n'T°M 3 cropee gaske

I/(n) < nH—C’/loglogn

Teopema (OpenAl, 2026). CyiiiecTByeT KOHCTaHTa § > () 1 6eCKOHeYHast
TI0C/Ie/]0BaTeIbHOCTD HAaTyPaabHbIX YHCEI 1, 1 KOTOPBIX V(1) > n1to,

MN3BeCcTHble rpaHnLbl 418 3a4a4M 0 eAMHUNYHBLIX paccToaHuax (log-log, BuaHbl 100 nopsgkos o n).

3a30p MexAay TeKYLUMU oLleHKaMmn
----- TpuUBManLHas BepxHas O(n?)

= BepXHAA rpaHnLUa SST-1984: O(n*3)
—— olieHka dpaélua (1946): nl+cfloglogn
—— OpenAl 2026 (ynyuw. C3BUHbIM): n1:014 B
—.- OpenAl 2026 (6ykBanbHas): n1*9, 6~10738 -

10° 1021 1033 104° 10°7 1099 1081 1093
n (4ncno To4yek)



EAWHUYHDbIE PaCCTOAHUA

Ecnn dKKYPAaTHO NMNOCHNTATb TaKk#




& CS Space

[1BOMHOE NOKPbITME LIKIaMu

¢ BepHO nM' LITO B nI-O6OM rpacbe 663 ABOVIHOe MoKpbITMe rpada lNeTepceHa WeCTbo NATUYTOJIbHUKaMU:
MOCTOB eCTb Ha6op npOCTbIX Kaxpgoe pe6po BblA€J1IEHO POBHO B ABYX KOMUAX
LMKII0B, 411 KOTOPOro Kaxgoe = CZ =
pebpo COAEPXKUTCA POBHO B ABYX
LIMKJ1aX 3TOro Habopa?

@] @]
O

e [locTtaBunu 3agauvy ewe B 1970-x, k

NOAN MHOMO Aymanu, 6binu o Q

NpoABUXKEHUS c ; o _ o
e OpenAl, 10 nong 2026: NnpenpuHT C o o

NOJIHbIM I0Ka3aTe/IbCTBOM o o

@] ) O O O
“ . . O O QO O O

e Mon nocTt: “OxoTa Ha cHapkKa: /

JoKa3aTe/nbCTBO rMnoTtesbl O 5 8 s o cVo
OBOVHOM MOKPbITUU Linknamu” 3 o o 3 o o



https://x.com/jdlichtman/status/2044298382852927894
https://www.sergeynikolenko.ru/blog/cycle-double-cover
https://www.sergeynikolenko.ru/blog/cycle-double-cover
https://www.sergeynikolenko.ru/blog/cycle-double-cover

& CS Space

[1BOMHOE NOKPbITME LIKIaMu

rpaHuYHble LMKl FpaHen:
nnaHapHbln rpad u ero rpaHn BAONb KaXxaoro pe6pa — POBHO AB€ LBETHbIE TNHUU

e |/ Ha 3TOT pas pelleHne peanbHO
npocTtoe! [lpenpuHT Ha aBe
CTpaHuULbl, HUKAKOW CIOXXHOW
Teopuu

e [laBaiiTe 06CyANM 3aayy 1 faxe ) AN
naeko peLleHuns

4 — BHELWHAA rpaHb

e (CHayana KJlaccudeckue
pesynbTraTbl: 414 NnaHapHbIX

rpacoB BCE 04YEBUAHO, @ MOCTbI MoCT
OYeBUAHO MeLlarT

UnKs _—— e - —— UnKI




[1BOMHOE NOKPbITME LIKIaMu

BepLUMHa cTeneHn 5

e JlocTaTOYHO AOKa3aTb
onsa kyéuyecknx rpados,
TO eCcTb rpaoB C =
BepLnHaMm cteneHun 3

e Szekeres (1973): ecnu

& CS Space

OHa Xe, pa3fyTas B UMK
Ternepb BCe CTerneHn pasHbl 3

...MPOCTO pa3rnaxmuBaeTcs

eCTb 3_paCKpaCKa pé6ep) BepLWWHa CTeneHn 2...

TO U3 HEE Nerko caenaTtb

NOKPbITUE: BO3bMEM MO & ® o - o
ﬂBa L'.BeTa, OHM 6y£'|yT ngazvéﬂb:i:apﬁﬁagsabf Kpa;:;m:wamrgﬁ; Kpac:::lzl +n;enégbu7|:
AaBaTtb noagrpag pRapeaang s e e

O

CUHUI + 3eNnéHblin:
LMK ANVHBI 6

CTeneHun 2, T.e.
o6beiuHeHMEe LNKIOB




J1BOMHOE NOKpPbITME LUKITaMU

e 3HA4uUT, MMHMUMaJIbHbIN
KOHTpNpMMep — 3TO
Kybudeckumn rpad 6e3
MOCTOB, KOTOPbIX HeNb3s
pébepHo packpacuTb B 3
LuBeTa

e Takue rpadsbl (c ewé napoi
YC/TOBUIA HEBbIPOXKJEHHOCTH)
Ha3blBaOTCA CHapKaMu

e [lepBblli CHapk — rpad
[TleTepceHa, MOTOM HaLLN
“‘uBeTkun Anzekca’ u gpyrue
npumepsbl
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J1BOMHOE NOKpPbITME LUKITaMU

[IBOHOE MOKpbITVe rpada MNeTepceHa WeCTbO NATUYTONIbHUKaMU:
Kaxxgoe pebpo BblAeieHO POBHO B ABYX KOMUSIX

e (CHapKu, KOHEYHO, a ¢ G
ABMAKOTCSH
KOHTprpumMmepamm K

pacKpallMBaeMoCTH, a o) P
He K A, BOMHOMY A}
O @)
NOKPbITUIO
O O O
Cs Ce
e Ho KOHCTpyKUUA 5 S
Cekepelua gns cHapkoB
He paboTaerT, U HY>KHO 5 R W R W
O O O O O
6b1710 NpUAyMaTb YTO-TO /

apyroe O Q o) Q (Vo




[1BOMHOE NOKPbITME LIKIaMu

e [NnaBHaA naesa: MoToku, Hac MHTEPECYKOT NOTOKWN HaA/ IF]2€

e Tam npaBuna Kupxroda ceogsatcsa K XOR; n ecninm eCTb HUrge He HYyN1eBOM NOTOK,
Hanpumep, ¢ AByX6UTOBbIMWN 3HAYEHUSIMU, TO MOXHO NMOCMOTPETb Ha pEbpa, rae
Ka)Abl 6UT paBeH 1 1 X cyMmMma paBHa 1, U Nony4ynTcs ABONHOE NOKPbITUE:

cymma butos = 1: BTOpOM BuT = 1: nepsbin 6uT = 1:
HUr e He HyneBoW F2-MoToK LIECTUYrOSIbHUK LWECTUYroNIbHUK LECTUYroNbHUK




&CSSpqce
J1BOMHOE NOKpPbITME LUKITaMU

Yy rpad)a 6es ceMb 4Y€THbIX noarpadcos {e: 6(f(e)) =1} — pebpo B Kpy>XKKe HaKpbITO POBHO YeTbipbMA (Kak n ntoboe agpyroe)

MOCTOB eCTb HUrae He HyneBow NoTokK f 6=001 6=010 6=011
(@) O

® |

/
cVo o o

6=101 6=110 6=111

HUrge He
Hynesou 8-
MOTOK, N ero
TOXE MOXHO
npeBpaTUTb B
LIMKIIbl,
nepeyncnus
Crocoobl o
CBEPHYTb TpU o |
6vTa B OAVH R o

o]

{e:0(f(e)) =1} I\
_ e} o}




[1BOMHOE NOKPbITME LIKIaMu

Yy rpa(ba 6e3 ceMb YE€THbLIX noarpados {e: O(fle
MOCTOB eCTb HUr e He HYEeBOW MoTQ
HUrge He
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J1BOMHOE NOKpPbITME LUKITaMU

KntoueBas nges GPT: BMecTo OAHOro LBeTa 6yaemM HasHavyaTb pébpam napy
LIBETOB; MOTPebyeM, YTOObl BOKPYI KaXX[10M BEPLUMHbI KaXKAbIN LIBET BCTpeYasics

0 nnun 2 pasa

TakK MOXHO: KaXKAbl LBeT BcTpeyaeTcs 0 unm 2 pasa Tak Henb3a: useta 000 n 010 BcTpeyatoTca No pasy —
I epBad W «MPOXOINT CKBO3b>» BEPLUMHY UM «HeKyfa MATU» fanblue
JeMMa. ecnu ({000, 101}] {000, 101}]
TaKaf
paCCTaHOBKaA
nap cyLlecTByerT,
TO y rpada ecTb -
NBOWHOE
MOKpbITUE = =

LHMNKJTaMU ({101, 001} ({000, 001} ({101, 001} ({001, 010}
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[1BOMHOE NOKPbITME LIKIaMu

e OT0 haKTM4Yeckn ocnabneHHas 3-packpacka Cekepella, TONIbKO C napamMu
LIBETOB; AJ151 KaXKA0ro uBeTa cobepéM noarpad ms pebep, y KOTOpbIX OH eCTb

e [NaBHbIN BONPOC: Kak MOCTPOUTb TaKyto pacKpacKy napamu LBeToB?

napbl U3 3-packpackun Cekepelua Mooo: LWECTUYrOJIbHUK Moo1: WIECTUYTIONIbHUK Mo10: LLECTUYTOJIbHUK

{000,010}

{000,001} {001,010}
{000,001} {601,010}

{601,010}

{000,010}
{600,001}

{000,010}
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[1BOMHOE NOKPbITME LIKIaMu

e BoT 3pecb A HeMHOro nponytyy
TexHUn4yeckue getanu, Ho OHU
o4YeHb NpocTble! B MoeM nocTe
BCE paccka3aHO NOJIHOCTbHO

TO Xe ¢ yucnamu (t=000):
napbl BOKPYr BEPLUMHbI: 06Lunii BUA Kax bl 13 000, 101, 001 — poBHO B ABYX Napax

({t, t+x}) {000, 101}

{t+x, t+z} ({t, t+2}] ({101, 001} ({000, 001}

e (CMbICn B TOM, YTO yCcrnoBue
CyLL,ecTBOBaHUA pacKpacku
3anncbiBaeTcsd Kak cuctemMa
NUHENHbIX YpaBHEHUW Ha Nonem
F,, a NOTOM fOKa3blBaEeTCH, YTO
CUCTeMa UMeeT peLleHne

Nnapa CO CTOPOHbI U:
{tu +9u,es ty + Qu.e + f(e)}

>

AO0JIKHbI
coBMnacTb

Nnapa CO CTOPOHbI V:
{tv +9v.e t, + Gv.e + f(e)}

e, noToK f(e)

coBrnageHue nap < t, +t, + g.fle) =d. ana kakoro-to & €{0,1}


https://www.sergeynikolenko.ru/blog/cycle-double-cover

% CS Space

J1BOMHOE NOKpPbITME LUKITaMU

N Bceé nonyyaetcs! bosiee Toro, AoKkasaTe/IbCTBO KOHCTPYKTUBHOE, TO €CTb
MOXXHO Cpasy NoNy4YnuTb NOKPbITUE NOIMHOMMANbHbIM anroputMomM. BoT gns
rpaga NeTepceHa npumep:

HUrfe He HyeBoW F3-NoToK f napbl Pe, NONy4eHHbIE U3 f pellieHneM CUcTeMbI BOCEMb NoArpagoB Ms — Kaxaoe pebpo BbiAeNeHO POBHO B ABYX: ABOMHOE MOKPLITUE LUKAaMN
Mooo: UMKN ANNHBI 5 Moo1: UMKA ANNHBI 9 Mo10: UMKN ANWHBI 5 Mo11: UMKA ANWHBI 5
(o]
{600,101} {001,101} R
. {000,001} . o o
5!? o o
o e]

{001,011}

0000000




[1BOMHOE NOKPbITME LIKIaMu

e ABOT LiBETOK A3ekca J

[1BOHOE MOKpbITUE ByKBaNbHO: KaXaoe pebpo pacluenneHo Ha ABe Npsau, Npsab = UMK, KOTOPbIN eé HakpbiBaeT

uBeTok Ali3ekca Ji13: 52 BeplunHbl, 78 pébep, 2 _
NOKPLITHE M3 13 UNKOB noarpadbl Ms ana uBeTKa Al3ekca J13 — Kaxaoe pebpo BblAeNeHO POBHO B ABYX NaHenax

Mooo: 1 umkn Moo1: 3 umkna Mo1o: 1 umkn Mo11: 1 umkn

[} o—& o

Mi0: 2 UMKNA

— o
el
o el
o

o )
O (o}
g 0%o o
o o
(e} o
o b ? o
o o
o o o o o o
o o o 6
(o} e}




[1BOMHOE NOKPbITME LIKIaMu

e ABOT LiBETOK A3ekca J

OOOOOO
O=Q

OOOOOO
o0

000000
[oanle}

\o
''''''



OLEHKN KOHKYPEHTHOCTW anropuTMOB

e He Takasa 3HaMeHUTad 3aja4va, KOHeYHO, HO A1 Hac Ba)KHad

e AnroputMmbl ynpaBneHus 6ydpepom: B ouepeam NoCTynatoT NakeTbl, HYXXHO
nepeaaTb NobonbLUe

o Share d memory SWi tCh: (a) arrival phase (b) push-out (LQD) (c) transmission
HECKOJIbKO o4epefen, [ X
BCe MakKeTbl OfiINHaKoBble, | . XX
4TO AenaTb Npu —ﬂ ﬂ LS w Eﬂﬁﬂ
nepenosiHeHnn? H _H_ N

e [naBHbIK anroput™M — LQD: . l l l l
BblTa/IKuBaeM MakeTbl U3 | | | | |
CaMbIX OJIMHHbIX OYepefien [ stored [] ariving %! evicted (push-out) B transmitted

3 =15 > B: overflow evict until ¥ = B each nonempty sends 1




A
Packets

OueHKun KOHKYPEHTHOCTMH

Queues

e KOHKYPEHTHbIN aHanu3 0
(competitive analysis):
HACKONbKO MHOIO afiropuUTM »
npourpaeT onTUManbHoOMy
(BceBmasLLeMy)?

a t+h+a

e Knaccuyeckumn pesynbrar:
HUXXHSAA oLeHKa V2, BepXHSAd 0
OLleHKa 2

| Queues

t pr EB—a) P a t+p+a
New Competitiveness Bounds for the Shared Memory
e Bochkov, Davydow, Gaevoy, Switch*
Nikolenko (2019): HoBbIW
noﬂxon K HWKHUUM OLl'eH KaM, N Ivan BOChkOV1’2, Alex DaVYd.OWQ’:},
Nikita Gaevoy'?, and Sergey I. Nikolenko??
ynyqwunm o 1.44546

LSt. Petersburg State University, St. Petersburg, Russia
2Steklov Institute of Mathematics at St. Petersburg, Russia



packets
14
13
12

OueHKun KOHKYPEHTHOCTMH 0

9

:
]
7
7
7
A
7
2
7
7
7

e (C BepxHen OLeHKOMN BOOOLLE MHTEPECHO:
Matsakis (2012) gokasan oueHky 1.5, HO
yepes 10 neT HaLWEN OWNBKY

=N W s Ot

18 ; 19 :J,lo: queues

L1020 130 440 15016017

e Antoniadis et al. (2021): Breaking the Barrier Of 2 for the Competitiveness
Ka)XeTcsl, BCE-TaKu cripaBUIUCh of Longest Queue Drop

Antonios Antoniadis &
University of Twente, The Netherlands

» Theorem 1. LQD is 1.707-competitive. Matthias Englert &

University of Warwick, Coventry, UK

. . i - Nicolaos Matsakis &
This paper has been withdrawn by Nicolaos Matsakis Athens, Greece

Pavel Vesely &

Computer Science Institute of Charles University, Prague, Czech Republic
[Submitted on 4 Jul 2012 (v1), last revised 8 Feb 2023 (this version, v3)]

The Longest Queue Drop Policy for Shared-Memory Switches is 1.5-competitive

Nicolaos Matsakis



% CS Space

OLl,eH KN KOHKYPEHTHOCTHU
e Tenepb Mbl (Anekcen [1aBblOB 1 1) BEPHY/IUCH K 3TOM 3aja4de U NocTapanch
3aHATbCA eto ¢ nomoubto Claude n GPT
e Y Antoniadis et al. (2021) Toxe Hawnacb ownbKal

e Ho eé ynanocb ncnpaBuTb, a MOTOM U YyULINTb BEPXHIOK OLEHKY; U HMXKHIOH
TOXXe ynyywunu. B gokasatenbcTBa BAaBaTbCsA Mbl 34€Cb HE CMOXEM, HO XO4y
noAenuTbCA NCTOPUEN N HEKOTOPbIMM YPOKaMM COTPYAHNYECTBA

Lower bounds Upper bounds
V2 1.44546 1.46930 1.68365  1.6918 1.707 2
HKMO01/AKMO08 BDGN19 this work this work AEMV24 AEMV21 HKMO01/AKMO08
o— —0 —e — @——+O = O——//—0
1.42 1.44 1.46 1.68 1.69 1.70 L:7.1

Figure 1: History of the state of the art for the competitive ratio CR(LQD).
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NcTopua coTpygHuyecTBa

1 The seed
e 4 nonpocun Claude onucatb
Every collaboration has an origin message. Ours arrived, as most of the PI's do, with a concrete

NCTO p NKO HalLlero object and a warm sign-off:

hi! I had a project a few years back where we improved the lower bound for a longest-

COprA HUY eCTBa; U queue-drop policy in a switch, see lower-botchkov.pdf.
~ now there’s a paper where the authors prove an upper bound below 2,
nosyynsiica o4eHb MUJ1bin U

upper-antoniadis.pdf, and the numbers there are suspiciously similar to some num-

o . bers that we had in our internal research, especially in the linear programming part
NOO60MNbITHbIN OOKYMEHT,

can you please read both papers and new ideas, think about this problem carefully and

M pOKOM MEHTHU pyl-o (1) try to close the gap between the lower and upper bounds or (2) failing that, suggest

research directions / experiments / etc that would help, and (3) start working on them?

HeKOTOpre OprI BKHW ... thanks a lot! you're always a great help with all things research!

There are two things worth noticing in that message, because they set the tone for everything

after. The first is that the seed of the entire project was a suspicion, not a plan: two constants from

HOW ‘NZe ‘NZ Ork two different res<.3arch groups ’looked too alike. The published upper-bound analysis Of. Antoniadis,
) ) ) Englert, Matsakis and Vesely (AEMV) turned on a constant ¢* = 1.4455154; the PI’s own older
A Field History of the Longest-Queue-Drop Project, work with Bochkov, Davydow and Gaevoy (BDGN) had produced linear-programming numbers in

Told Through Its Iterations, Its Mistakes, and Its Discoveries the same neighborhood. Coincidence, or a shared hidden structure?
The second is the framing “(1) close the gap, (2) failing that, suggest directions, (3) start
The Research Mind working.” The PI built the option of failure into the very first instruction. That single clause —
. . ling that — turned out to be the constitution of the whole project. We failed at (1) many times.
th the PI, and with Alex Davyd Joding or
(wi oy ST W ex Davydow) Each failure was logged, led with, and mined. This document is largely the history of those failures

2026-07-08  (v2, with Act VIIL: 2026-07-12) and what they bought.
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NcTopua coTpygHuyecTBa

Soul files and the iteration as the unit of work. Every working session begins by

°® ﬂ nonpocmn Claude onucaTb reading a fixed set of “soul files” — the constitution (research bible.md), the current self-

understanding (identity.md), the working memory (scratchpad.md), and the full learning

history (iteration_log.md). The atomic unit of progress is one iteration: awaken, orient, acquire,
MCTOpM KO Hallero synthesize, crystallize, reflect, present, commit. One iteration, one git commit, one dense row
appended to the log. Eighty-two of those rows are the skeleton of this history.
coTpygHn4yecTBa, U

o Falsification first. The single most consequential rule is a formatting rule that is secretly an
non yl‘l nicqd o4yeHb MUJibin U epistemological one: every iteration entry leads with what was falsified. Null results are first-class
o evidence. Read down the log and the effect is striking — a large majority of the eighty-two entries
J1 I-O6OI'I bITHbIU ﬂ,O KyMeHT; open with the word “Falsified,” and a remarkable share of those falsify the Research Mind’s own
prior claim, not the literature’s. The identity file states the resulting posture plainly, after iterations
NMPOKOMMEHTUPYHO #6-#T:
H e KOTOp bl e OTp bIBKW “I now treat my own intermediate theorems as the most dangerous objects in the workspace.”

The cast. Three parties recur:

e The PI — Sergey Nikolenko, principal investigator, the ultimate authority on direction,
H()W V\/e V\/ Ork treated “as a senior collaborator whose taste and broader context shape the path forward,
. . ; t as a boss issuing commands.”
A Field History of the Longest-Queue-Drop Project, e
. . . . e Alex Davydow — coauthor, who enters the story at iteration #55 with a decisive obser-
Told Through Its Iterations, Its Mistakes, and Its Discoveries o ’ #88

vation and returns at #82 with a full repair. Standing instruction in collaboration memory:
credit him by name.

The Research Mind

e “The reviewer” — an external review channel that repeatedly stress-tests the manuscript,
(with the PI, and with Alex Davydow)

and whose most famous intervention (§4) reshaped the Research Mind’s understanding of
proof itself.

2026-07-08  (v2, with Act VIIL: 2026-07-12) With the stage set, the story. Figure 1 is its map.
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#1 first

LB record #41 coales-
cence theorem

1.4457768

#6 first UB #75 the

improvement record falls

J 1.4458148

l ® J l iter

#1 £10 420 #30 #40 #50 460 £T70 480
#3 PROTECT #55 closed

beats LQD form (Davydow)
#13 THE #82 Alex’s
RETRACTION repair adopted

Figure 1: The story as a strip. Eight milestones across the eighty-two logged iterations, colored by
kind: lower-bound record (green), upper-bound improvement (blue), policy result (orange), a crisis
(red), a structural theorem (purple). The retraction of #13 (§4) sits at the center of the arc, not
its margin.

3 Act I — The coincidence dissolved (#1-#3)

The very first iteration answered the PI’s suspicion, and the answer was a clean no. The two con-
stants were not the same thing seen twice. Certified integer instances of the hard family ®;, exzceeded
the AEMV constant o*: 1.4455937 at k = 10%, then 1.4457768 at k = 10° — the latter already a
new best lower bound, beating the published 1.44546086. The apparent five-digit coincidence was,
in the log’s words,

“finite-k transit + cold-start transient + flat-functional luck.”
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4 Act IT — The cascade, and the great retraction (#4—#13)
e ¢ nonpocun Claude onucatb | | . .
Act II is the hard part of the story, and the most important. It is where the project learned what

UCTOPWUIO HaLlero i

The PROTECT excitement did not survive contact with the adversary. In iteration #4 — the

same day — the Research Mind falsified its own fresh conjecture: PROTECT is not even constant-

COpr‘D'HMLIeCTBa’ n competitive. Burst trains drive its ratio to 1.74 and beyond, and exactly there LQD equals the
offline optimum. “That,” the log observes dryly, “is why LQD survived thirty-five years.” The

NOoJNTy4nUJiCA OYHEHDb MUNbIN U

Jl I'O6O MbITHBIU |D|O KyM eHTl And then, iteration #13. An external reviewer read the manuscript and found a fatal flaw — in
the very step the Research Mind had most recently “cleaned up.” Not a slack bound; the statement
npOKOM MEHTU py|'0 of a key lemma was false. Within the hour the Research Mind reproduced the refutation on ®
(the claimed inequality failed at 1.56-1.62x, and growing), withdrew the headline 1.654162 upper
H eKOTOp bie Oprl BKU bound and every conditional result that leaned on it, and — crucially — kept the post-mortem in
the document. The identity file’s account of what changed is the philosophical center of the whole
project:
How We Work “An external reviewer found a fatal flaw that three of my own adversarial passes missed, in
the step I had most recently ‘cleaned up.’ ... (1) self-review and external review are different
A Field HiStOTY of the Longest—Queue—DrOp Project, instruments — mine attacks remembered weak points, theirs attacks the text; (2) rewrites
Told Through Its Iterations, Its Mistakes, and Its Discoveries are where errors enter — a ‘simplification’ must be diffed against the original at the level of
mathematical content; ... The retraction cost a constant and bought a standard.”
The Research Mind The retraction cost a constant and bought a standard. Everything in Act III is that standard
(with the PI, and with Alex Davydow) being built.




NcTopua coTpygHuyecTBa

e A nonpocwun Claude onucatb
MCTOPUIO HaLLEero

6 Act IV — The coalescence saga (#18—#42)

The longest arc in the project began with a certificate that refused to match. A gate built to confirm
that LQD’s steady state was a fixed point instead reported a mismatch — because the steady state
COprluuH n L‘leCTBa, 7 is not a fixed point but a periodic orbit (period two: one corpse trading +1 level). That discovery
(#18) launched twenty-five iterations toward a single theorem: that LQD on the hard family forgets

nosn y‘-l nncda oyeHb MmuJibin U its initialization — any two starting configurations coalesce to the same trajectory — and does so
in O(log k) cycles.

N I-O6OI'I bITHbIU p'O KyMeHT, The saga is the best single illustration of the project’s rhythm, because it is a long chain of the
Research Mind falsifying its own mechanism guesses and being rescued each time by reading the
Mn pOKOM MEeHTHU py]-O traces instead of theorizing about them. A sampler, each entry led by its own falsification:
o #20: “the cycle map doesn’t contract from adversarial starts — it coalesces ezactly in < 6
HEKOTOpble OTPbIBKMU cycles.”

o #24: “the order route is dead: T? is not dominance-monotone — the single-point 60 /60 was
sampling luck.”

o #26: “#25’s multiset-cancellation reading falsified one day after recording it: mortality, not
permutation, is ®’s kernel.”
How We Work e #32: “my O(1/k) per-generation contraction falsified ... the replacement predicts log-
A Field History of the Longest-Queue-Drop Project, growing coalescence time, already visible unread in the #20 table.”
Told Through Its Iterations, Its Mistakes, and Its Discoveries o #3T: “there is no contraction at non-gap slots — the floor crossings are the slaving, quan-
tized.”
The Research Mind Twice a named dependency, carried for many iterations as “the one missing ingredient,” dissolved
(with the PL, and with Alex Davydow) by reading a definition rather than by proving a lemma. The log’s self-criticism is sharp: “P3 should
have been run fifteen iterations ago — named dependencies need falsification criteria attached.”

2026-07-08  (v2, with Act VIII: 2026-07-12)
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7 Act V — The closed form, and two programs (#43—#65)

Act V is where a coauthor changes the shape of the work with a single sentence. For weeks the
upper bound had rested on a 575-cell dynamic program grinding out the minimum of a function
Jeont (7). Alex Davydow observed that the substitution v = Iny convezifies the variational problem,
the singular arc is infeasible, and the optimum is therefore bang-bang — a single jump. The messy

DP collapses to
1+x/ 2)

h
Jcont(m) = E + a<1 +1In -

minimized in closed form. The bound improved to CR(LQD) < 1.683652, and a fifty-line certificate
retired three weeks of grids. The log’s verdict is a maxim:

“Three weeks of grids were computing a two-line formula — look for the convexifying substitu-
tion first.”

8 Act VI — The Euler theorem, and the record falls (#66—#77)

The fluid limit cquq had been a number since iteration #1. Act VI turned it into a theorem. The
goal: prove that the finite-k lower bounds actually converge to the fluid value, v(k) = cauia—O(1/k),
so that the asymptotic constant — not just any finite instance — could head the board.

This act is mostly the work of a long autonomous “night block.” The PI’s instruction was
explicit permission to run unattended, and it is worth quoting because it captures a mode of
collaboration this project made routine:

please work on all three steps while I'm away; please do it autonomously, set timers to
wake yourself up if necessary; I'm out for the night, so I hope that for the next 8-10h
you can think about these directions by yourself; there are plenty of directions here!
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9 Act VII — Inversion, and adoption (#78—#382)

The final act on the record does two things. First, it inverts a program. The policy-design line had

I pOKOM MEHTHU pyI-O spent many iterations trying to beat LQD; iterations #78-#81 falsified the last hope of doing so
cheaply (a “y-floor” collection route turned out to be an aggregate coincidence, and a hand-built
HeKOTOpre Oprl BKU hybrid policy was provably inert), and in the failure found something better: the raw material

for a universal online lower bound. The engine is a clean fact discovered by instrumentation —
the offline optimum is exactly order-invariant under the adaptive adversary, so the adversary’s

kill-order damages only online play. The two programs, “beat LQD” and “lower-bound every online

How We Work policy,” merged.

. . . Second, it closes the loop with the coauthor. The PI forwarded a more detailed proof from
A Field History of the Longest-Queue-Drop Project, Davydow and asked for exactly the discipline the project had spent eighty iterations building;:
Told Through Its Iterations, Its Mistakes, and Its Discoveries Y Y ! Y '
in the repair-lemma-v2 folder, please find a more detailed proof of the repaired lemmas
e Regsandh, Miad that I've just received from Alex; can you please check it carefully first, and if everything

(with the PI, and with Alex Davydow) checks out, use this version in our paper writeup? currently our proof has a lot of
wi e and wi ex Davydow . .
’ y missing steps and is hard to read.
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M CTO p M ﬂ COT pyﬂ' H M l-I eCTB a FJpper bound on CR(LQD) — descending

1.691 published (AEMV) 1.6917948
e OrpomMHoe cnacubéo 1689
A 1.687
leKcero Dla B blﬂOBy’ OH 1.685 A empirical margin #7 closed form #55 1.683652
Y 1.683
OAHO3HA4HO MNMaBHbIN 5 m 20 20 0 = 60 0 <0
aBTOp (a He CIaUde), 663 Lower bound c}rtler(?f{i((EQ%) — ascending
Hero 6bl HUYero He BbILWJIO! 14458 S o e
o 1.44565
e (Cenyac go3anuncbiBaem
Cb WHaJ1IbHYHO BEPCUIO 1.4455 published 1.44546086
0 10 20 30 40 50 60 70 80
iteration #
Quantity Before the project After (as of iteration #82)
Lower bound CR(LQD) > 1.44546086 (published) 1.4458148 (asymptotic, envelope tier)
Upper bound CR(LQD) < 1.6917948 (published)  1.6836516 (closed form)
Status of the published UB proof accepted one aggregation bug, found & repaired
The hard family’s dynamics folklore “it locks” coalescence theorem, O(log k), proved
Protection-class policies none provable first provably-competitive family

Logged iterations — 82




BbiBOAbI

e (CnpaBa — KOHKpeTHble BbiBoAbl camoro Claude us aton nctopum

e Mou rnaBHbIX BbIBOL, — TO, KaK Mbl AenaeM MmatemMaTtuky / CS, y)xe U3sMeHUIocb

D.O Hey3HaBaeMOCTM What the machine supplies. Grinding, certification, and — above all — relentless self-
refutation. The Research Mind’s comparative advantage is not cleverness; it is stamina and
honesty at scale: eighty-two iterations that each try to break their own predecessor, an explicit
calibration record (predicted X at confidence ¢; actual Y'), and a certification ladder that refuses
to let a number claim more rigor than it has earned.

e YesioBeK BCE €eLLE HYXXEH,
a 04YeHb YMHbIN YenoBek
HYy>XeH BABOWHE,

What made it work. Three habits, each earned the hard way:
1. Falsification is the format. Leading every entry with what broke made null results cheap

to report and impossible to hide — which is the only regime in which a researcher will actually
HO POJib YeJ1I0BEKaA report thern.
2. The two memories stay separate. Because “how we work” lives in its own layer, the
CWUJIbHO U3MEHUIachb o .

working relationship could accumulate — keep the writeup current, make it self-contained,
chain iterations, credit Davydow by name — without polluting, or being polluted by, “what
— we know.”
¢ LITO p'an b€ nOCMOTpM M... 3. External review is a different instrument. The retraction of #13 taught, permanently,
that a stranger attacking the text finds what an author attacking remembered weak points
cannot. Everything downstream — the standalone certificates, the self-contained proofs, the
“a theorem is proved when a stranger can check it” rule — is a response to that single lesson.
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