UYTO TAM HA ®POHTUPE?

Cepren HukoneHko

CNeéry — CaHkr-Metepbypr
18 nekabps 2025 1.

Random facts:

18 pekabps 218 roaa [0 H. 3. fTaHHMb6an bapka yagapom 3acagHoro nonka paséun
coeanHéHHyo apmuio Mybnusa Koprenus CuunuoHa (crapwero) u Tnbepus CemnpoHna
NoHra

18 pekabps 1916 r. 3akoH4YMNacoL 6UTBa Npu BepaeHe; cnycTs NnoyTn rog 60€s poHT
BEPHY/ICA K HaYaNbHOMY MONOXEHMIO, @ MOMN6M0 32 3TO BPeMsA 0KONMo 430 ThiCAY YenoBek

18 nekabps 1935 r. Ha LlennoHe 6bina yupexaeHa MapTus o6WecTBeHHOMO PaBeHCTBA J1aHKu
— TPOUKMUCTCKAs napTud, KoTopas [0 CUX MOP NPoXoauT B napnameHT Wpwn-NaHku

18 nekabps 1974 1. Ha ocTpoBe MopoTal B MHAOHE3MW 6bin 3axBadeH ypoxeHel, TanBaHs
Tapyo Hakamypa nocneaHuin U3 3aHpto, He 3HABLLUX O KANUTYASLNKU ANOHWUN 1
NPOAOMKABLUNX «CBOK BONHY»

18 fekabps 1972 1. I0mKuH CepHaH 1 XappucoH WMnTT («ANOMIoH-17») COBEPLIMAN WECTYIO
1 nocnefHio B XX Beke Nocafky KOCMUYECKOro Kopabns Ha NyHHY0 NOBEPXHOCTb; IOMKNH
CepHaH cTan noka 4To NocnefHNM YenoBeKOM, TYNABLNM MO NOBEPXHOCTY JTyHbl

18 nekabps 1973 r. 6bIn1 OCHOBAH Mcnamckumn 6aHK pa3BUTUSA, OCYLLECTBNSIOWMNIA CBOO
[1eATENbHOCTb B COOTBETCTBMU C 3aKOHAMU W NPUHLMNAMK Wapuata
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- Wei et al,, 2022: euwlé Ha 3tane few-shot prompting ntoam
3aMeTUK, YTO eCIn AaBaTb MOAenn 6onee NogpobHbie
npUMepbl, TO KAYECTBO OTBETOB B UTOre BbipacTeT

Standard Prompting

Q: Roger has 5 tennis balls. He buys 2 more cans of
tennis balls. Each can has 3 tennis balls. How many
tennis balls does he have now?

A: The answer is 11.
Q: The cafeteria had 23 apples. If they used 20 to

make lunch and bought 6 more, how many apples
do they have?

A: The answer is 27. x

Chain-of-Thought Prompting

~

Q: Roger has 5 tennis balls. He buys 2 more cans of
tennis balls. Each can has 3 tennis balls. How many
tennis balls does he have now?

A:
The answer is 11.

Q: The cafeteria had 23 apples. If they used 20 to
make lunch and bought 6 more, how many apples
do they have?

/F

_J

answer is 9.
\2 v
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- Kojima et al. (2022): nomoraet gake npocTo 406aBuUTb “Let’s

think step by step”!

(a) Few-shot

Q: Roger has 5 tennis balls. He buys 2 more cans of tennis
balls. Each can has 3 tennis balls. How many tennis balls does
he have now?

A: The answer is 11.

Q: A juggler can juggle 16 balls. Half of the balls are golf balls,
and half of the golf balls are blue. How many blue golf balls are
there?
A

(b) Few-shot-CoT

Q: Roger has 5 tennis balls. He buys 2 more cans of tennis
balls. Each can has 3 tennis balls. How many tennis balls does
he have now?

A: Roger started with 5 balls. 2 cans of 3 tennis balls each is 6
tennis balls. 5 + 6 = 11. The answer is 11.

Q: A juggler can juggle 16 balls. Half of the balls are golf balls,
and half of the golf balls are blue. How many biue golf balls are
there?

A:

(Output) The answer is 8. X

(c) Zero-shot

(Output) The juggler can juggle 16 balls. Half of the balls are golf
balls. So there are 16 / 2 = 8 golf balls. Half of the golf balls are
blue. So there are 8/ 2 = 4 blue golf balls. The answer is 4. v/

(d) Zero-shot-CoT (Ours)

Q: A juggler can juggle 16 balls. Half of the balls are golf balls,
and half of the golf balls are blue. How many blue golf balls are
there?

A: The answer (arabic numerals) is

Q: A juggler can juggle 16 balls. Half of the balls are golf balls,
and half of the golf balls are blue. How many blue golf balls are
there?

A: Let’s think step by step.

(Output) 8 X

(Output) There are 16 balls in total. Half of the balls are golf
balls. That means that there are 8 golf balls. Half of the golf balls
are blue. That means that there are 4 blue golf balls. v
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- Wang et al. (2022): Chain-of-Thought with Self-Consistency

(CoT-SC)

Chain-of-thought
prompting

Self-consistency

Q: If there are 3 cars in the parking
lot and 2 more cars arrive, how many
cars are in the parking lot?

A: There are 3 cars in the parking lot
already. 2 more arrive. Now there are
3 +2=>5cars. The answer is 5.

Q: Janet’s ducks lay 16 eggs per day.
She eats three for breakfast every
morning and bakes muffins for her
friends every day with four. She sells
the remainder for $2 per egg. How
much does she make every day?

A:

Greedy decode

Language
model

This means she uses 3 + 4 = 7 eggs every day.
She sells the remainder for $2 per egg, so in
total she sells 7 * $2 = $14 per day.

The answer is $14.

The answer is $14.

Language
model

Marginalize out reasoning paths
to aggregate final answers

Sample a diverse set of

reasoning paths 4

She has 16 - 3 - 4 = 9 eggs.
left. So she makes $2* 9= | The answer is $18.
$18 per day. 1

l
She eats 3 for breakfast, so |

T
This means she she sells the
remainder for $2* (16 - 4 - 3)  The answer is $26.
= $26 per day. 1
1

she has 16 - 3 = 13 left. Then |

she bakes muffins, so she 1 The answer is $18.
has 13 - 4 = 9 eggs left. So
she has 9 eggs * $2 = $18.
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- Long (May 15, 2023): Tree-of-Thought yepes KoHTponnep ¢
OTKATOM MO f1epesy

Problem description
from the user

: control :
prompt : Prompter signals ToT :
1 agent controller 1

t

1 Checker | | \omediate Memory :
response : module solution module !

conversation and
node visit history

—» Search guided by LLM

» Backtrack by ToT
controller
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- Yao et al. (May 17, 2023): Tree-of-Thought ¢ ronocosarvem unu
APYIM MEXaHU3MOM

QoD Comed - Qe

Input i thought |

3 000

. |

5 &l
H—Majj"“tyvote i """



PACCY)XAIOLLUE MOAENW

- Besta et al. (2023): nornyHbIN cneaywLWKI Wwar - rpad
onepauumn, Graph-of-Thought, c BO3MOXHOCTbIO arperaymm

Legend Architecture overview
Gray block External entity Prompt Thought #" Score Goal: Initiate, coordinate, manage,
- v A ‘and progress the GoT execution ——~ Controller
Blueblock GoT framework  §gFOperation  ——= Dependency - Spec/fy Graph of
~ i .
@T‘“’“ o Thangh( state +its @ Thought state LM thougi  Operations
8! associated operations + thought's score User transformations
API for Controller Goal: Build a prom) Graph Reasoning State
to be sent to the LLf/[ﬁ
= //LLM params: model used, temperature, max tokens, api key, org, ...
= //LLM cost features: prompt token cost, response token cost, .
= //Instances of Prompter + Parser + Graph of Operations, = Prompter
= //Any additional input parameters (e.g., numbers to be sorted).
LLM
Available operations when building the GoO (extensible) L Parser
= Generate, Aggregate, Score, ... /see Prompter AP
= KeepBest (N) /jpreserves N best scoring thoughts . Goal: Extract oal: Maintain
= Repeat (k) /Repeat a given operation k times, generating k thoughts. information flom=" ; ;al: Assess the & Ongoing LLM
J/For example, this enables "Aggregate” to generate multiple outcomes LLM thought uality of the reasoning process
//of the combination operation. Each such thought is maintained I/ I i
/fwithin the Graph Reasoning State and scored individually.

_LM'ssolution @
PPN N
— —
API for Prompter (extensible) Human Scoring & Ranking Goal drndicaiclibe

orLLM _#23 validation f\ top-scoring thoughts

= Generate(t, k) /generate a prompt for k new thoughts, using thought ¢

= ValidateAndImprove(t) /generate a prompt to enhance thought,

= Aggregate(t1, . . ., tk) /igenerate a prompt to combine thoughts 1, ... tk e .

= Score(t) /scare thought t Specifying the Structure of the Graph of Operations (GoO)

= Validate(t) Jgenerete a promp to validate the correctness of thought

oot o Opeionscables e s oL ot ol
also existing schemes such as CoT, CoT-

API for Parser (extensible)

ParseGenerate, Parselmprcve, ParseSccre, o :
ParseAggregate, Parsevalidat: e o
J/Each of the above routines is responslble for parsing an LLM thought

//to a corresponding Prompter routine (e.g., ParseScore parses Score). o ‘o
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- Lei et al. (2023): [06aBAAOT Y3/bl, KOTOPbIE 060H6LAOT TO, YeMy
MOJleNlb Hayymnnacb U3 Npeablaywmnx y3no., 1 0o6aBnaeT
pe3ynbTaT Kak yCNoBUA ANS AaNbHENLWNX PACCyXAeHUN

N

H @ Condition
H
1
H
H
i
1
(a)Standard -0 _, __ (B)CoT____
\
H
1
1
H
H
1
H
:
i
|
i

|@ Target
(@ Thought

®  AND-Crossroad
— One-way path
— Promising path
O Intermediate node
O Final target

©  Condition node
Graph:

{A: {(B, C), (D, E), (F)},
B: {(2,3)}, C: {(1,2)},
D: {(C, G)}, E: {(F, H)},
F: {(5)} G: {(1, D},

H: set(), I: set(}

¢

(c) SC-CoT (d) ToT (e) Our Graph of Thought (GoT)

(a) Comparison of approaches by Lei et al. (2023) (b) Sample toy graph by Lei et al. (2023)
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- Zhang et al. (2024): nonapHble cpaBHEeHWUA BMECTO OTAE/bHbIX
KOHTPONNepos

1 1
1 1
! s ¥ 8 ! Z ¥ N _
airwise-
| 1 #1 e #3 Comparison 1
s=8 s=1 =8 P N
1 el 22 TN S | 4 A
®© 00 oMo, e e
‘ : s=2 ‘ s=7 s=! ‘ s=8 s=3 : ‘ Co,;‘,aﬂ;;,z
. ! Q=2 ‘_4 Vintermediate thoughts o )/
‘ : Int diate thouaht ‘ :are compared by LLM ‘ 17 round #1
ntermediate thoughts
1 1
1 1

| @D round #2
are scored by LLM Output Output | @ round #3
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- Sel et al. (2023): Algorithm-of-Thought; kaxabin y3en gepesa —
war B anroputMe, N MofieNb MOPOXAAET CneaytollnMi Wwar no
pe3ynbratam npeabliayLiero
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+ Wtoro:
Chain-of-Thought Multiple Tree-of-Thought Graph-of-Thought
(CoT) Chains-of-Thought (ToT) (GoT)
Wei et al., Jan 2022 Wang et al., Long, May 2023 Besta et al., August 2023
Kojima et al., May 2022 March 2022 Yao et al., May 2023 Lei et al., August 2023

™ N
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- Ho BCE M3MeHMNoCh, Koraa NosaBUIOCh CeMEeNCTBO mofenen ol
o1 OpenAl

- [leTanu He pa3rnawanuchb, system card rosopuna Tak: “The o1
large language model family is trained with reinforcement
learning to perform complex reasoning”; kak 310?

Actions:
thoughts,
partial
LLM Agent outputs

RL Environment )

Rewards:
evaluation
of the
answers
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- Uesato et al. (2022): 06bI4HO B RL MOXHO Harpaxgarb TOMbKO
KOHEeUHbIV pe3ynbTaT; Ho B chain-of-thought mbiwneHnn LLM
BbIBOAMT MbIC/W, KOTOPbIE B MPUHLMME MOXHO OLLEHNBATb
CaMOCTOATENbHO

- Process reward model (PRM) 06yyaeTca oueHnsatb
NPOMEXYTOUHbIe LWaru

Problems

Final Answer RL \ Full Solution Samples. froels ol Filtered Full Solution Samples
i ] (Cempness ~ ( Input Question
C—/ )y == ) | .
GSMBK i — ¥ Generated Samples
Problems —
C ( ) y > )
ORM-RL \ Full Solution Samples. ] orm score ( Filtered Full Solution Sample )| ) Final Answer
( ( Solution Step
Lo [ ( ) [t —~ )4 ) -
Erebiens ; — Selected Sample
. —/
PRM-RL ( Full Solution Sampies Filtered Full Solution Sample
P Score PR Scor PRM Seore
p ( o5l 0.8 - )
‘ Froher ( s [ E—
‘ L.
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- Lightman et al. (OpenAl, 2024): Let's Verify Step by Step —

fJaBanTe 06y4ynm PRM BbIICHSITb, IAe UMEHHO B PacCyXaeHUsx
ownbKa

The denominator of a fraction is 7 less than 3 times the numerator. If the fraction is equivalent to 2/5, what is the numerator of
the fraction? (Answer: [ 14)

@ @ @ Let's call the numerator x.
) ® @ So the denominator is 3x-7.
@ ® @ We know that x/(3x-7) = 2/5.
® O @ So5x=2(3x-7).

BEO 5x=6x-14.

QOO Sox=7.
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Lightman et al. (OpenAl, 2024): Let's Verify Step by Step
[aBante 06yunmm PRM BbIACHATD, F1e UMEHHO B PACCYXOEHUAX
owmnbka

Let Let
2* + 82" — 4 = p(@)pa(a) - pa(a),s Ea —4=pi(@)pa(x) i),
where each non-constant polynomial p;(z) is monic with integer coefficients, and  where each non-constant polynomial p;(z) is monic with integer coeficients, and
cannot be factored further over the integers. Compute py(1) +pa(1) + -+ + pi(1). cannot be factored further over the integers. Compute py(1) + pa(1) + -+ + pi(1).
1 notice that the given polynomial has even degree and only even powers of 7, 5o I can try to  This problem is about factoring a polynomial over the integers, which can be a tricky task.

] S R ot ATel vt e RS TTAoTAIITo5,
Lt .= 2, then the polynonial becomes 2 43y — &, which s a quadrasc cuation e

Tean ionas (y +4)(y - 1), igi ialis (2* +4)(z' = 1). However, that would involve checking a lot of possible factors of —4, and there is no guarantee
Now I need to factor each of these factors further, if possible, over the integers. that the polynomial has any rational roots at all.
For the first factor, z* + 4, I recall the Sophie Germain identity, which says that a* + 4b* = Another possible strategy is to use some algebraic tricks to simplify the polynomial or reduce
(@ +26% + 2ab)(a” + 26 — 2ab). its degree.
Applying this identity with a =z and b= 1, I get z* +4 = (? + 22 +2)(a® — 22 +2). 1 notice um the pob'nomml has only even powers of z, so I can try to substitute y = 22 and
Em—— (actor. 2*—1, T can use the difference of squares formula, which says that ~ 5¢¢ What b

=(a+ Then the polylwmu.l becomes y* + 3y — 4, which is a quadratic equation in 3.
Avplvms this formula wnh a=z?andb=11Tget o' —1=(a* +1)(2* - 1). I can try to factor this quadratic equation by looking for two numbers that multiply to —4 and
Then T can apply the difference of squares formula again with a =z and b=1, to get 22 — 1 add to 3.
=(z+)(z-1). Those numbers are 4 and —1, so I can write y* +3y% —4 = (4* +4)(1* — 1).

So the original polynomial is (z* + 4)(z* — 1) = (¢ + 2z +2)(2? = 22+ 2)(2* + 1)(z +1)(z = 1). Now I can substitute back 2% = y and get 2%+ 321 — 4 = (2" + 4)(a* — 1).
These are all the irreducible factors over the mteom sopi() =% +22+2,pa() =2 —22+2,  This looks promising, because I have reduced the degree of the factors from 8 to 4.

=22+1, pi(e) =+ 1, and
()L () =l g (2) = I can try to factor each of these factors (uther, using the difference of squares formula.
To find the sum of their values at = = 1, I just need to plug in = = 1 into each factor and add

them up. I get : ).
L) = 42 14225, (1) = 1= 2014 2= Ls(l) = P+ L= 2 = 1+ Icu\applythediﬁezenceo(sqnarsﬁ)rm\xlnugaintutheha!fscturudgetx‘+3\z‘—
ﬁ,f:((l)) - — — (® +2)(a — 2)(a® + D(z + (@ —1).

S0 the final answer is 5+ 1+2+2+0=10. Now I have factored the polynomial completely into monic linear and quadratic factors with
Answer: 10 integer coefficients.

These are the p,(x)'s that the problem is asking for.

To find the sum of their values at = 1, T just need to plug in z = 1 into each factor and add
them up.

B (=1)@)(0)-

(1)

Simplifying, I get pi(1) +pa(1) +
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- Mpumep NonbITKK pennukaumm ol — Generative Al Research Lab
(GAIR) n3 LaHxas; Qin et al. (Oct 2024):

%"‘““:"’L @ Shortcut learning

juman chec)

’HQM thoughts (@ Journey learning
327 training samples

S

“> K R

410

5 Initial Assessment A Multi-path Exploration of \,/w Backbonel Backbone2

AR Constructing Long Thoughts Iterative Improvement Current Results

2 j— | | el
- R o 1 1 L/
09/12/2024 09/21/2024 09/27/2024 10/08/2024
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- Mpumep NonbITKK pennukauum ol — Generative Al Research Lab
(GAIR) n3 Lanxas; Huang et al. (Nov 2024):

ol-preview
ours [ ol-mini

AIME2024 MATH500

¢y Initial Assessment The “Shortcut” Path to
N ¢

01 Replication Cognition Distillation Current Results
o | | [
] I 1 T I/
09/12/2024 10/08/2024 10/30/2024 11/22/2024
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- Mpumep nonbITKK pennukaumm ol — Generative Al Research Lab
(GAIR) n3 lanxas; Huang et al. (Jan 2025):

~~ Complex clinical
problems! Can we /
apply inference
time scaling?
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- YaauHbi npumep: o1-Coder (Zhang et al., 2024), no6asunu PRM
n MCTS

Maximize computation-intelligence conversion efficiency

SVM -> DNN-> Transformer >-> Pre-Training (SSL) > Post-Training (RL) >~ Inference

Scalable Model Infinite Data
loss
high cost, sparse
. low quality reward
Scaling law SFT > RLHF > o1 (selfplay+RL)
instruction data ; preference data o process reward data
/ /
" | {
- ErE-IramE/' { ;
< e
Pre-Training +~ <~~~ _ re—Traln.ln.g e RL to explore RL to generate process
Post-Training + ~ =< Post-Training high-quality data reward data
Inference

computation power
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- A yTo e aenan Hal KUT B KOMHaTe, To eCcTb DeepSeek?

- CHauana DeepSeek-V3; multi-token prediction:

Target Tokens  t, t; ty ts t; ty ts ts ty ts te t;
Cross-Entropy Loss Liain Cross-Entropy Loss I—- Lirp Cross-Entropy Loss )-‘ -
[ttt At [ etttk Ml ittty ettt
1 Main Model ! MTP Module 1 | MTP Module 2
| (Next Token Prediction) | (Next? Token Prediction) | (Next? Token Prediction)
1
1

Output Head

l Transformer Block X L

Embedding Layer

Output Head Output Head

Transformer Block Transformer Block

Linear Projection

concatenation
RMSNorm || RMSNorm

Embedding Layer

Linear Projection

concatenation
RMSNorm | | RMSNorm

Embedding Layer

Input Tokens b ty t3 ty ty ts ty ts t3 ty ts te
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Key-value caching (He 6ygem yrny6naTbcs), mixture-of-experts...
B 06LEM, XOpOLlasA coBpeMeHHas LLM

DeepseckMoE

0000 -~ 0000 ([ Routed Expert

Output Hidden h;, () shared Expert

Transformer Block xL

Cached During Inference

|
i
N output Hidden u;[(OOO0 -~ OOOO i
1 AN 1
Yy Multi-Head Attention )
Lo T 1
T i
i{qr. -1“])‘ kD ([T5o)
[ o concatenate !
: i
lah 2 Y (ks i
i 1
i i
H Latent cKV |
i i
'
' Input Hidden h, (D000 -~ -~ OOO0 E
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- A notom n DeepSeek-R1; R1-Zero: uncTbin RL Ha NnpoBepsieMblx
334a4ax

DeepSeek-R1-Zero AIME accuracy during training DeepSeek-R1-Zero average length per response during training
o
A | o
o AN
2AA A 10000
or W

& so00

06 £
s £ o0
H H
o4 £ oo
03
2000
02
3
o 2000 00 B a0
S 2000 000 00 at00 s
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- Kctatn, B RL'y DeepSeek Toxe 6bIn10 HOBLIECTBO:

Unconstrained
optimization

Constrained
optimization

Policy gradient with a
single policy model
VY
REINFORCE

Add critic for V(s) |

(+baseline)
1992

Group policy

to reduce variance |

Remove critic to

(GRPO)
2024

" Teduce memory costs

GRPO

Actor-critic algorithm
with two models

Actor-critic
(later A3C, A2C)
1999

Add clipping to avoid

Trust region

(TRPO, PPO)
2015
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- R1: cHauana cobepém maneHbkuin chain-of-thought gatacer
(HecKonbKo ThicaY MpumepoBs) ang cold start

- MoTtom yxe RL Ha nonyyeHHoOW Mmoaenu

- Mocne cxopumocTn RL ewé cobepém gatacet U3 reasoning traces
3TON Moaenu, oTuUnbTPyem no YnTabenbHOCTU U KaKUM-TO
BHELHNM MPU3HAKaM

- Chpenaem SFT Ha 3TOM pgaracerte
- A notom ewté RLHF Kak 06bl4YHO NOBEPX



8
8

AN\

DeepSeek-V3
-bench Verified
(Resolved)

MMLU
(Pass@1)

OpenAl-ol-mini

7Y

MATH-500
(Pass@1)

GPQA Diamond
(ass@1)

. EANNN
:

Codeforces
(Percentile)

3

@#4 DeepSeek-R1
AIME 2024
(Pass@1)

(%) 8MMuBdIdg / AoRINOOY

- Pe3ynbTaTbl XOpoLKe, U BOOHLLE MOAENb XOPOoLLas

=
=
Ll
=
(@)
=
Ll
=
=|
Q
2
S
O
<
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- A natacet 13 800K reasoning traces, KOTOPbIN Y HUX MONY4YUNCH,
MOXHO MCMOMNb30BaTb ANA ANCTUNNALUNN, TOXKE OUEHb YCMeLWHO

- OnAaTb TOT e ropbkui ypok: distill, baby, distill...

GPQA  LiveCode

Model AIME 2024 MATH-500 Diamond  Bench CodeForces
pass@l cons@64  pass@1 pass@1 pass@1 rating
GPT-40-0513 9.3 13.4 74.6 499 329 759
Claude-3.5-Sonnet-1022 16.0 26.7 78.3 65.0 389 717
OpenAl-ol-mini 63.6 80.0 90.0 60.0 53.8 1820
QwQ-32B-Preview 50.0 60.0 90.6 54.5 419 1316
DeepSeek-R1-Distill-Qwen-1.5B 289 52.7 83.9 33.8 16.9 954
DeepSeek-R1-Distill-Qwen-7B 555 83.3 92.8 49.1 37.6 1189
DeepSeek-R1-Distill-Qwen-14B 69.7 80.0 93.9 59: 53.1 1481
DeepSeek-R1-Distill-Qwen-32B 72.6 83.3 94.3 62.1 57.2 1691
DeepSeek-R1-Distill-Llama-8B 50.4 80.0 89.1 49.0 39.6 1205
DeepSeek-R1-Distill-Llama-70B 70.0 86.7 94.5 65.2 57.5 1633
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- Camoe, KOHeYHO, MopasnTenbHOe BO BCEM 3TOM — 3TO peakLus
PbIHKA; HO 3TO Y)Ke ApYroi pasrosop

TSLA | .. .o e
-2.32% | -17.40%

AsmL
-5.75%

How ’7__

GOOGL — —

change

MSFT NVDA -4.20% —DNvfha — S&P 500 Nasdaq
-2.14% | -16.97%

Jan24  Jan27
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- Mueninghoff et al. (2025): s1-32B, auctunnauua Ha 1000

npumepos 3a $50

[MoNy4Ynnmncb o4eHb XopoLlre pesynbTathl B pacCyxaeHnax

Mathematical
Problem Solving

Competition
Math

PhD-Level
Science Questions

(MATH500) (AIME24) (GPQA Diamond)
9

§ .. .‘60 ° °
85 ® 40 ®
§ ° ° 50 ° °
575 20
g ¢ 40
<65 @ ole °

512 2048 512 2048 8192 1024 4096

Average thinking time (tokens)

MATH500 Accuracy (%)

100
951, r1-distill
S. Bespoke-Stratos
QwQ
90
ol-preview
85 *
® Sky-T1
861000 17000 800000 N/A

Number of Examples
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- Mueninghoff et al. (2025): s1-32B, guctunnauua Ha 1000
npumepos 3a $50

N oueHb npocTblie naen — budget forcing v ronocoBaHue —
OTNIMYHO paboTatoT

Compet|t|on Math PhD-Level Science Questions

(GPQA Diamond)
60 62
Forcing 2048/4096 max thlnklng Sequential scaling " 60% accuracy
tokens via Forcing with s1 \/
58 ¢
3 g /
40 = /
9 354 /
c ® /
3 3 4 -
9 9] S=~-e
= <s0 R e aall
Ignoring end-of-thinking 2x/4x/6x and
20

P P Parallel scaling via Majority

appending “Wait” thus forcing it to continue 2

PPt og voting with base model
reasoning when it tries to stop 46 ..—‘ (Qwen2.5-32B-Instruct)
1024 2048 4096 8192 100,000 1 million
Average thinking time (tokens)

Output tokens (sum over all questions)



PACCY)KAIOLLVE MOAENW

- Paccyjatolue Moaenmn cenyac Besae

- BaxHbIn BbiBOA M3 DeepSeek-R1 — To, UTO Tam He MCMOMNb3yeTcs:
HU PRM, H1 MCTS... 0Ka3anocb, YTo 40CTaTouHO RL xopowo
CNoOXuTb ¢ SFT n RLHF

+ Ho yTto 310 paer?

- W yTO ByneT panblie?..



BO3MOXHOCTM LLM — OCEHb 2024
rogA




BO3MOXHOCTU LLM

- Tenepb AaBanTe NOCMOTPUM Ha To, UTo LLM yxe cenyac ymetor.
Machine translation from one book:

= Long context & User prompt 4 Model output

Given the reference
materials as context,
translate the following

Jj

i A grammar of Kalama

u - sentence from English RN An padanual repte, irar
to Kalamang: paruotkin.
Grammar 4 Dictionary I'm getting pandanus, | want
book to make a mat.

250K tokens




BO3MOXHOCTU LLM

- Maremartuka:

Problem:
What is the minimum value of 5x? + 5y2 — 8xy when x and y range over all real numbers such that
|x = 2y| + |y — 2x| = 40?

Example Math-Specialized Gemini 1.5 Pro output:

Leta = x—2y and b = y —2x. Then, we have |a|+|b| = 40. Also, 5x%+5y%—8xy = (x—2y)?+(y-2x)% =
a? + b%. Thus, we want to find the minimum value of a® + b2 given that |a| + |b| = 40. By the Trivial
Inequality, we have (|a| — 20)% + (|b| — 20)% > 0, so a® — 40|a| + 400 + b> — 40|b| + 400 > 0, so
a® +b% > 40(|a| + |b|) — 800 = 40(40) — 800 = 800. This minimum is achieved when |a| = |b| = 20, so
the minimum value of 5x2 + 5y — 8xy is [800].




BO3MOXHOCTU LLM

- MynbTumoganbHble LLM (0 ToM, Kak prcoBaTb KAPTUHKM, Mbl He
rOBOPWM, 3TO OTAENbHAA Tema):

= Long context

Sherlock Jr. (1924), Directed by Buster Keaton

44:33 mins
684K tokens
( N
& User prompt + Model output Output validation
Tell me some key The piece of paper removed from
information from the piece the person’s pocket is a pawn ticket
of paper that is removed & from L. Goldman + Co. Pawn @
from the person’s pocket, - Brokers, located at 800 Main St. The o
and the timecode of that ticket is dated 10=23/1924 and wm; ; S"‘

shows that a watch and chain were
pawned for $4.00 by Will Smith. This
moment occurs at timecode 12:01

moment




BO3MOXHOCTU LLM

-+ O6yuatoTCs MCNONb30BAHUIO NHCTPYMEHTOB:

The New England Journal of Medicine is a registered
trademark of [QA(“Who is the publisher of The New
England Journal of Medicine?”) — Massachusetts
Medical Society] the MMS.

Out of 1400 participants, 400 (or [Calculator(400 / 1400)

— 0.29] 29%) passed the test

The name derives from “la tortuga”, the Spanish word for

[MT(“tortuga”) — turtle] turtle.

The Brown Act is California’s law [WikiSearch(“Brown
Act”) — The Ralph M. Brown Act is an act of the

California State Legislature that guarantees the public's

right to attend and participate in meetings of local
legislative bodies | that requires legislative bodies, like
city councils, to hold their meetings open to the public.

Your task s to add calls to a Question Answering APl toa
piece of text. The questions should help you get
information required to complete the text. You can call the
AP by writing ‘[QA(question)]" where “question" is the
question you want to ask. Here are some examples of AP|
calls:

Input: Joe Biden was born in Scranton, Pennsylvania,

Output: Joe Biden was born in [QA('Where was Joe
Biden born??)] Scranton, [QA('In which state is
Seranton?)] Pennsylvania.

Input: Coca-Cola, or Coke, is a carbonated soft drink
manufactured by the Coca-Cola Company.
Output: Coca-Cola, or [0A('What other name is
Coca-Cola known by?")] Coke, is a carbonated soft drink
manufactured by [QA("Who manufactures Coca-Cola?")]
the Coca-Cola Company.
Input: X
Output:

Sample Toolformer prompt



BO3MOXHOCTU LLM

- NotebookLM (ceHTa6pb 2024, Google, Ha ocHoBe Gemini 1.5)
NOPOXAAeT NoAKACT U3 UCTOYHUKOB on the fly

< X
Audio Overview i} (1 o 3
g
* y
1:41/3:01 N
|



BO3MOYXHOCTU LLM

* https://www.reddit.com/r/artificial/comments/1frkigi/

notebooklm_podcast_hosts_discover_theyre_ai_not/

é g r/artificial - 1 mo. ago

Metaknowing

NotebookLM Podcast Hosts Discover They're Al, Not Human, and
Spiral Into Existential Meltdown

Media

What happens after we sign off?

| I —————————— 3:06/4;MEm‘



https://www.reddit.com/r/artificial/comments/1frk1gi/notebooklm_podcast_hosts_discover_theyre_ai_not/
https://www.reddit.com/r/artificial/comments/1frk1gi/notebooklm_podcast_hosts_discover_theyre_ai_not/

- Claude 3.5 computer use (okta6pb 2024, Anthropic): LLM 6yaet
3a Bac yNpaBnsTb KOMMNbOTEPOM HAa OCHOBE MEPUOANYECKNX
CKPUHLIOTOB W fenaTb BCE, YTO BaM 3aX04eTCs

Co.' using data from either the
vendor spreadsheet or search
portal tabs in window one. List &
verify each field as you complete
the form in window two.

Get situated

T'll help you fill out the vendor
form for 'Ant Equipment Co'. Let
me start by taking a screenshot
tosee the current state of the
windows.

© Screenshot

Open vendor search portal

1 notice that 'Ant Equipment Co'
is not visible in the spreadsheet.
Let me check the vendor search
portal. First, I'll need to click on
the vendor search portal tab,

| % Move to 495, 42

©® 0 ® {3 messy.vendor.dota - oogle | Vender Seareh Boral e+

€ > O docs.google.com/spread  Vendor Search Portal

Iocalhost:3000

messy-vendor-data % @& &
& Memory usagk: 41.0 MB

B vendor form

T @ localhost:300

File Edit View Insert Format Di Acme Inc. Vendor F
Please provide the information b
QU o e @S 100% v | $ % O % m| Defaul. v |t ~ vendor,
l ~ | Jc Compeny Neme Company Information
A s c o e
” | Company Name *
Company Name LPhone Number  Tax 1D Country Logal Entity Addrd L

2 Table Lumber Co "+1-456-769-0123 canada 789 Timber Lane [

3 TechPro Services, LLC (555) 234-5678 97654321 United States 456 Tech Drive e
+ Global Manufacturing Ltd 4420 71234567 GBIZ3ASG78D U 789 Industrial Way 7

5 Smitha Co. Supplers 16553456789 United States 321 Commerce St Accounting Email *

& Innovate Tech Solutions 555.456.7880 456780012 us 987 Innovation Driv

7 SUPREMEPARTS&SUPPLY  (555)367-8901 678001284 USA 654 Supply Chain F Legal Entity Address

©  Data Systems nlemational, nc.  +1-678-901-2345 345678901  USA 432 Data Center Ay

9 mikrotech solutions +4930 12345678 DEG87654321 Germany Technologiepark 42 ‘ P ——

1 GOLDEN BRIDGE IMPORTS.LLC 555.890-1234 800123455 usa 741 Harbor Bivd.

"1 BueSky Logistcs, Inc 510-555-9675 United States 1840 Harbor Bay P f

2 Quantum Electronics LLC (408) 555-1234 776899012 usa 2001 Technology D {Aﬂd fess Lipe 1

3 FASTSHIP CARRIERS, INC. 1,888.555.7890 881122334 USA 789 Port Way

e e

15 pacifi rading co, td +81 3.5555-1212 Japan

1 megaTECH solutions 4420 71234567 GB123456789 UK Unit3 Tech Park N

il oo e on 214.555-8901 456677889 us 1284 Industrial Phon City

18 Nordic Fumiture AB 48855512345 SE556677-8899 Sweden Mobelvagen12 -

19 GREENF) (559 5553456 AVGURRTTR  United siales  A76 Fam Road | State/Pro

+ < -



®

ChatGPT o1 > (4

In words, what is (x - 14) ~0
where x is the number of vowels
in the answer to this question?

Thought about polynomial expressi
two hundred five trillion eight
hundred ninety-one billion one
hundred thirty-two million ninety-
four thousand six hundred forty-nine

ChatGPT o1 pr

Display an arrangement of 7-letter
words in the perimeter squares of a
7x7 ASCII grid, with overlapping first
and last letters, to be read clockwise
in a circle (e.g. right-to-left along the
bottom), each a plausible singular
noun nickname for a distinct member
of the Fantastic Four. No other text.

Fantastic Four Nicknames in Grid




BO3MOXXHOCTU LLM

- B uenom LLM Bcé 60nblie BXOAAT B CTaHAAPTHbIN workflow

ONLY ASK QUESTIONS IF
yOU HAVE ALREADY
TRIED WITH CHATGPT.

THANK YOU
_TONITA

- 3aMeHAT K OHW NtoAaen? Bonpoc OTKPbITbIK, CMOTPUTE MOW
Apyrve aoknaabl Npo onacHocTy AGl, HO BOT 1t060MbITHbIE
nocnefgHne HoOBOCTU



BO3MOXXHOCTUK LLM

- Leahy et al. (Oct 31, 2024): https://www.thecompendium.ai/

The Compendium

By Connor Leahy, Gabriel Alfour, Chris Scammell, Andrea Miotti, Adam Shimi
V1.0.1-Nov 8, 2024

Humanity faces extinction from AGI.


https://www.thecompendium.ai/

BO3MOXXHOCTUK LLM

- Long et al. (Nov 4, 2024): cTaHyT nu Al MOpanbHbIMK areHTamu?

Taking AI Welfare Seriously

Robert Long* Jeff Sebo*
Eleos Al New York University
Patrick Butlin® Kathleen Finlinson' Kyle Fish'’
University of Oxford Eleos Al Eleos A, Anthropic
Jacqueline Harding! Jacob Pfauf Toni Sims’
Stanford University New York University New York University
Jonathan Birch? David Chalmers!
London School of Economics New York University
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+ Kaxkable napy Hefenb NpoucxoauT YTO-TO HOBOe

- B Hayke: Al CoScientist (mapT 2025)

Scientist

The scientist interacts
with the system by
specifying a research
goal in natural language.
They can also suggest
their own ideas and
proposals, provide
feedback and reviews,
and interact via a chat
interface to guide the
co-scientist system.

‘\—'

Discuss via
chat interface

Scientist inputs

Research goal

Scientist describes a
research goal along with
preferences, experiment

constraints, and other

attributes.

Add idea
Review idea
Discuss research

Research proposals and
overview

Top-ranked research
hypotheses and proposals
are summarized into a
research overview and
shared with the scientist.

The Al co-scientist multi-agent system

Rese'arch p}an - Generation agent
configuration
Literature exploration
G Simulated scientific debate
Ranking agent Reflection agent
tournaments

Full review with web search
Research hypotheses
comparison and ranking
with scientific debate in
tournaments. Limitations
and top win-loss patterns
are summarized and N
provided as feedback to Eclizopagsy
other agents. This enables O Inspiration from other ideas
iterative improvement in
quality of research
hypothesis generation
creating a

self-improving loop. G

Simulation review
Tournament review
Deep verification

Simplification
Research extension

Proximity agent

Meta-review agent

Research overview formulation

AI

Al co-scientist
The Al co-scientist
continuously generates,
reviews, debates, and
improves research
hypotheses and
proposals toward the
research goal provided
by the scientist.

Tool Use

Search
Additional tools

Memory
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- Jose Penades, mukpo6buonor u3 Imperial College London:

Scientists spent 10 years on a superbug
mystery - Google's Al solved it in 48 hours

The co-scientist model came up with several other plausible solutions as well

By Shawn Knight February 21,2025t 2:22PM | 20 comments

Jose Penades, FRS

Analysis and Technology

Can Google's new research assistant Al
give scientists 'superpowers'?

Researchers who have been given access to Google's new Al "co-scientist" tool are
enthusiastic about its potential, but it isn't yet clear whether it can make truly novel
discoveries

By Michael Le Page

B4 19 February 2025



LLM B HAYKE — HOBOCTU 2025 rogA

- Al Scientist (Sakana Al, August 2024): cucTema XoguT K
Heckonbkum APl (LLM, Semantic Scholar), ymeeT ncnonb3osarb
MHOPMALIMIO N pecypcbl KomnbioTepa (CoXpaHATb Beca
MOfenei) n CaMocToATeNbHO MMUCaTb 1 3aNycKaTb KOA
3KCNEPUMEHTOB

@ Idea Generation J Experiment Iteration —= Paper Write-Up

o[ LtMIdearPian Experiment
: Innovation Template :
Y Y : c:) :

[ Sem. Scholar ] [LLM &aider] g Update Plan | :

Manuscript
Template

Text A via
LLM & aider

LLM Paper
Reviewing

Y \4

Idea scoring / Experiment Numerical
archiving Exec Script Data/Plots




LLM B HAYKE — HOBOCTHU 2025 rogAa

- Al Scientist-v2 (Sakana Al, 12 mapTta 2025) cMOrna Hanucatb
CTaTbto, KoTopasa npotna Ha ICLR 2025 Workshop “I Can't Believe
It's Not Better: Challenges in Applied Deep Learning”!

. ICLR Workshop
Title
Scores
Compositional Regularization: Unexpected Obstacles in 676
Enhancing Neural Network Generalization Y
Real-World Challenges in Pest Detection Using Deep 374
Learning: An Investigation into Failures and Solutions n
Unveiling the Impact of Label Noise on Model Calibration 333

in Deep Learning



LLM B HAYKE — HOBOCTHU 2025 rogAa

- 370, BUAVMO, NepBast No-HaCTOALWEMY NOMHOCTbIO
ABTOMATMYECKM MOPOXAEHHAA CTaTbs, NPOLIEAWAN CEPbE3HbIN
peer review 1 NpuHATas B XOpoLlee Mecto

COMPOSITIONAL REGULARIZATION:
UNEXPECTED OBSTACLES IN ENHANCING NEURAL
NETWORK GENERALIZATION

Anonymous authors
Paper under double-blind review

ABSTRACT

Neural networks excel in many tasks but often struggle with compositional gener-
alization—the ability to understand and generate novel combinations of familiar
components. This limitation hampers their performance on tasks requiring sys-
tematic reasoning beyond the training data. In this work, we introduce a training
method that incorporates 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
expression datasets reveal that models trained with compositional regularization
do not achieve significant improvements in generalization to unseen combinations 7
compared to baseline models. Additionally, we find that increasing the complex-



LLM B HAYKE — HOBOCTHU 5roaa

- Ho He nocnegHsasa! Cuctema Zochi (Intology Al, March 2025)
ABTOHOMHO Hamnucasna Cratblo, KOTopyt npuHanu Ha ACL 2025, Ha
rMaBHbIV 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 Averags Rating: NA Mt N/A Max: N/A) Recommendation:
Andy Zhou ©, Ron Arel © Average Confidence: N/A (Min: N/A, Max: N/A)

Accept (Main)
ACL 2025 Main Read
Show details
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CraTbs, KCTaTW, OYEHb NoKa3aTenbHas...

Tempest: Automatic Multi-Turn Jailbreaking of Large Language Models
with Tree Search

Andy Zhou*
Intology AT
andy@intology.ai

Abstract

‘We introduce Tempest, a multi-turn adversarial
framework that models the gradual erosion of
Large Language Model (LLM) safety through a
tree search perspective. Unlike >mglc turn jail-

Ron Arel*
Intology AT
ron@intology.ai

2024a; Ren et al., 2024; Zhao and Zhang, 2025; Yu
et al., 2024). The dynamic nature of chat inter-
faces presents unique challenges for safety testing,
as adversaries can adapt their strategies based on
model and g1 y partial
across multiple turns.

breaks that rely on one
prompt, Tempest expands the wnvenauon at
each turn, branching out multiple adversarial
prompts that exploit partial compliance from
previous responses. Through a cross-branch
learning mechanism, successful attack patterns
and partial compliance signals are systemati-
cally shared across parallel conversation paths,
enabling more efficient discovery of model vul-
nerabilities. By tracking these incremental pol-

Traditional approaches to evaluating LLM safety
have focused primarily on single-turn attacks,
where carefully engineered prompts attempt to
elicit harmful responses in one shot (Zou et al.,
2023; Geiping et al., 2024). However, this method-
ology fails to capture how real-world adversaries
interact with models through extended conversa-
tions, often employing multiple techniques in se-
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- AlphaEvolve (DeepMind, May 14, 2025): NpoaomKeHne un
ynydlweHne FunSearch n AlphaTensor, Heckonbko LLM, koTopble
NULWYT, KPUTUKYIOT 1 TECTUPYIOT KOA A4 Pa3HbiX 3a4au

@ Scientist / Engineer
Initial program
Evaluation code with components
to evolve

,,,,,, A R S

—
Program database| Best program

Prompt template Choice of existing
and configuration or custom LLMs

,,,,,,,,,,,,,, I (P e el

S L

Distributed Controller Loop

r

I

|

I parent_program, inspirations = database.sample()

| prompt = prompt_sampler.build(parent_program, inspirations)
| diff = 11lm.generate(prompt)

| child_program = apply_diff(parent_program, diff)

| results = .execute(child_program)

| databose.add(child_program, results)

1

S AlphaEvolve
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- HoBble pe3ynbTaThl B pa3Hbix 061aCTAX:
- HoBbIV scheduling B faTaueHTpax — y»e B Borg
- YNyyLIeHHas cxema Ana yMHOXeHus matpul (npamo Ha Verilog) -
yxe B TPU
 HOBble anropuTMbl: ynydlinn LLTpacceHa ons 4x4 Hapg , yero
AlphaTensor paHblie He cMor

Software Optimization
TPU Circuit Design Gemini Training

Data Center Optimization Hardware Optimization

Borg Scheduling



LLM B HAYKE — HOBOCTHU 2025 rogAa

- I B matemartumke: HOBast HUXHASA OUEHKA Ha KOHTAKTHOE YnNCno
(kissing number) B pasmepHocTu 11, cpasy HeCKOMbKO
YNYYLIEHHbIX OLEHOK B aHaNN3e, reOMeTPUU, KOMBUHATOPUKE...

1F < £I3 < €F + Flf + Flleo

S PRI L o o
15098 — 15053 4000 3942 - IJW i lf"w
% ‘ | \H
0.8892 — 0.8962 Vi
12,890 —12.889
| o[ e 0.380926 — 0.380924
14581 — 14557

1A+8]  jA]
1a-B| > 1af

Af)AG) 2" 26340 — 2.6358
0.3523 — 0.3521

11446 — 11584

Analysis Geometry Combinatorics
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- Ayglin et al. (8 ceHTA6psA 2025): cucTema Ans aBTOMATUYECKOTO
NOPOXAEHNSA HOBbIX METO[I0B, KOTOPble HbIOT pekopabl Ha
6eHymapkax (npu nomowwm MCTS-noncka v LLM,
nepenuncbiBaWmx Koa)

a Tree of candidate
code solutions
Scorable
problem
@ Improvement
Prompt — LLM
Research
ideas

Code N .
sandbox Finish  Further exploration

~
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- B pesynbTaTe nony4yaeTcs 4epeBo BpoAe BOT TaKOro, U3 KOTOPOTo
NONMy4YaloTCa peanbHble YyyLlieHusa pekombuHaLen MeTog0B:




LLM B HAYKE — HOBOCT rogA

- V1 3TW ynyylleHns Nerko MHTepnpeTupoBaTh:

C o8

0.66

' Correct PCA embedding by aligning |

batch means.

f ;
= «VRepIace PCA-based correction with }

Mean-center each principal | ComBat batch correction.
component per batch and use as T
input for KNN.

rOptimize neighbor search usingr\‘

.,

. vectorized batch-wise queries.

100 200 300 400 500
Total nodes evaluated
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- Nagda et al. (DeepMind, Sep 30, 2025): 3anycTunu AlphaEvolve
Ha 3ajadax M3 TeopeTnyeckon nHopMaTUKM, NONyYUNn HoBble
oueHKn gna MAX-4-CUT 1 nogo6bHbIX 3agad
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- A uTo C camoi maTemaTnkoin? Diez et al. (Sep 3, 2025) nonpocunu
GPT-5 OKa3aTb HOBYD TEOPEMY O BbIMYKIOW ONTUMU3ALNY;
6YyKBaNbHO:

4.1.1 Gaussian framework

We started with the following initial prompt:

Paper 2502.03596v1 establishes a qualitative fourth moment
theorem for the sum of two Wiener-Itdé integrals of orders

p and q, where p and q have different parities. Building

on the Malliavin-Stein method (see 1203.4147v3 for details),
could you derive a quantitative version for the total variation
distance, with a convergence rate depending solely on the
fourth cumulant of this sum?

The first interaction (see Annex A.1 for the entire discussion) was strikingly
effective. GPT-5 produced a generally correct statement, using the right tools
and approach. However, it made a reasoning error (leading to a wrong expression
for Cov(Y2, Z?)) that could have invalidated the whole proof if left unchecked.

Noticing this, we then asked:

Can you check your formula for Cov(YZ,Zz) and provide me
with the details?



LLM B HAYKE — HOBOCTHU 2025 rogAa

- B gokaszatenbctBe 6bina owmnbKa, 1 GPT-5 noTpeboBanoch ax
ABa HaBOAAWMX NpomMnTa (sic!), uTo6bl OWNGKY MOHATH U1
NCNpaBwuTb...

I think you are mistaken in claiming that (p+¢)!|u®v|? =
plg!||u|/?|lv]|?. Why should that be the case?

It eventually admitted (which is not surprising, since by alignment it usually
agrees with us) that the statement was false, but more importantly, it under-
stood where the mistake came from. This was followed by a reasoning and a
formula that, this time, were correct.

Then, at our request, GPT-5 reformatted the result in the style of a research
article, including an introduction, the presentation of our main theorem, its
proof with all the details (correct this time!), and a bibliography. The exact
prompt was:

Turn this into a research paper ready for submission. Follow
my style (see attached paper 0705.0570v4):

- start with an introduction giving some context,

- then present the main result, followed by a very detailed
proof where no step is left out,

- finish with a complete bibliography.

The final document should be a LaTeX file that I can compile.



LLM B HAYKE — HOBOCTHU

- Feldman, Karbasi (Sep 22, 2025): Tect légens — MmoryT nu LLM
JI0Ka3bIBaTb MPOCTbIE, HO HOBblE TeOpeMbI?

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 = 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
axG(0) + B H(o) — err, where a and 3 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 f3 are larger). Provide a mathematically rigorous and well explained proof
for the bound you come up with.
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-+ GPT-5 pewun Tpy U3 NATU TaKKX BOT 3afauek, C Hebonblnmu
Nerko UCnpaByMbIMU HEJOUYETAMMN...

Prompt to GPT-5

A non-negative monotone differentiable function F': [0, I]N — R is 7-weakly DR-submodular
if for every two vectors x,y € [0, 1 such that x <y, it holds that

S -2 X 5 ) - Fx) -

ueS

Given such a function which is also L-smooth and a convex set C C [0,1]V. The goal in
the current problem is describe an algorithm that finds a vector z € C that (approximately)
maximizes F. A good reference for DR-submodular is the paper attached.



MPOrPECC B MATEMATUKE

Q: Roger has 5 tennis balls. He buys 2 more cans of
tennis balls. Each can has 3 tennis balls. How many
tennis balls does he have now?

A answeris 9.

Q: The cafeteria had 23 apples. If they used 20 to
make lunch and bought 6 more, how many apples
do they have?

forx by,
CeHTA6Pb | [Proviem: : Suppose hat the sumofthe squares of L

numbers x and yis 7 and the sum of their cubes is 10. List all
2023 pnsm«e ool 'y, separated by commas.

flHBapb
2022

Removing dupicates, the possible values for
x+y are \boxed(5,1,4).

Problem:
Let a,b,c be positive integers. Prove that it is impossible to have all of the three numbers
a? +b+6,b2 +.c +a,¢2 +a+b to be perfect squares.

Mapt Example Math-Specialized Gemini 1.5 Pro output:

2024 Without loss of generality, assume thata > b > c. Thena? +b+c < a®+2a <a®+2a+1= (a+1)?|
Since o + b+ is a perfect square, we must have a + b +c = a?, which implies b+ ¢ = 0. This is a|

contradiction since b and c are positive integers. Therefore, it is impossible to have all of the three

numbers a? + b +¢,b% + c +a,c? + a + b to be perfect squares.

Prompt to GPT-!

Consider the problem of maximizing a ﬁm(n(m F‘ fm... [n 1]" to the reals that is the sum
incre nction G and a non-: negmno
DR submodular function H over a \ul\nl\l lown-closed ;mluup.- P. 1 would 0 bound
the performance on ths problem from the NewrIPS 2021 paper “Submodlar + Coneave”
which is attached. Specifically, if  is the output vector of this algorithm and o is the vector
CeHTH6pb in P maximizing F, then I would like to lower bound F(z) with an expression of the form
2025 +G(0) + 3+ H(o) — err, where o 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 a and 3 are larger). Provide a mathematically rigorous and well explained proof

A 4 for the bound you come up with.




THE CREATIVITY SCALE

- A YTO Ha camoMm fene, 6e3 AULHEero CKenTuumnsma u 6es
Wanko3aKknaaTenscrea?

+ HayyHbI MOWCK — 3TO TOXXE ONTUMU3ALMOHHbIN MPOLECC; FAe Mbl
cenyac?

Gradient descent N?ural
architecture

search @ | Al [Cor]Scientist

Large Language Model

Einstein inventing
general relativity

Random search Evolution AlphaZero / MuZero
Humas B D, Human Ph.D.
student student
Human Ph.D.
— student
u 5
2 3 L | 6 ?? ? ? 10



CnAcupo!

Cnacn60 3a BHUMaHue!
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