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% FTest-compute scalingd) FE2iE % (ol=7T)

p EBEAMABEA © 7345 7 ¢ Chain of Thought (Nye et al., 2021; Wei et al.,
2022), STaR (Zelikman et al, 2022)
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Chain of Thought (Nye et al., 2021; Wei et al.,

% FTest-compute scaling#] FHJE & (ol

p LR R AT U AT EAR

2022), STaR (Zelikman et al, 2022)
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BE P LEFINER

p IoIE 3 T34 & Tree of thoughts (Yao et al., 2023), Self-critic (2022+)

Input: 491013

|
10-4=6 | 4+9=13 |

(left6913) | (efc101313)

13-6=7 13-9=4 ...

(a) Propose Prompt

{one example}
Input: 4910 13
Possible next steps:

(b) Value Prompt

>

Thought Generation

4 +9=13(left: 10 13 13)

10-4=6(left: 6913)
{..more lines...}

Thought Evaluation

(left: 7 9) (left: 4 6) Evaluate if given numbers can ] - (13-10)*13=3*13=39
reach 24 (sure/likely/impossible) 13413 = 36 There |
— T 10 14:10 + 14 = 24. sure LM > 10+13+13=36 There s no way
4+6=10 A*6=24 {more examples} to obtain 24 with these big
(Left: 10) (efe24)

101313

numbers. impossible
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2022), STaR (Zelikman et al, 2022)

o

p IoIE 3 T34 & Tree of thoughts (Yao et al., 2023), Self-critic (2022+)

BT RBNERE o FERH T20NMUFBXETONH > AR %

Input: 491013

|
10-4=6 | 4+9=13 |

(ef6913) | (efc101313) |
13-6=7 13954 . \ \
(left: 79) (left: 4 6)
4+6=10 4*6=24
(left: 10) (left: 24)

BE P LEFINER

(a) Propose Prompt

{one example}
Input: 4910 13
Possible next steps:

(b) Value Prompt

Evaluate if given numbers can
reach 24 (sure/likely/impossible)

1014:10 + 14 = 24. sure
{more examples}

101313

>

PAFR

AT )

“ 37345 7 : Chain of Thought (Nye et al., 2021; Wei et al.,

%

Thought Generation

4 +9=13(left: 10 13 13)

10-4=6(left: 6913)
{..more lines...}

Thought Evaluation

(13-10)*13=3*13 =39

10 +13 +13 = 36 There is no way
to obtain 24 with these big
numbers. impossible

& (process supervision) : PRM800OK (Lightman et al., 2023)
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September 12,2024 Product

Introducing OpenAl ol-preview

A new series of reasoning models for solving hard problems. Available now.
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Pre-training as we know it will end

Compute is growing:

- Better hardware
- Better algorithms
- Larger clusters

Data is not growing:

-  We have but one internet
- The fossil fuel of Al
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Pre-training as we know it will end

Compute is growing:

- Better hardware
- Better algorithms
- Larger clusters

Data is not growing:

-  We have but one internet
- The fossil fuel of Al

i i =
v: d

) o145 72 4 Ebenchmark = & T 3E % A3k 493 4

@ </c)n the 2024 AIME exams, GPT-40 only solved on average 12% (1.8/15) of A

problems. o1 averaged 74% (11.1/15) with a single sample per problem...

)

5base model#g bk > ol Z 5 £ 38 LR I 762% (MMLUE R3ZF+72.8%) o
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Pre-training as we know it will end

Compute is growing:

- Better hardware
- Better algorithms
- Larger clusters

Data is not growing:

-  We have but one internet
- The fossil fuel of Al

i gk =

p ol A & 4F K benchmark & & £ 7 Ik 7 57K 69 32 It

@ </c)n the 2024 AIME exams, GPT-40 only solved on average 12% (1.8/15) of A

problems. o1 averaged 74% (11.1/15) with a single sample per problem...

)

5base model#g bk > ol Z 5 £ 38 LR I 762% (MMLUE R3ZF+72.8%) o
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p NG —ANEA EMOIEZRANBRERZ P RIFESHTH TR ?

4 )
Our large-scale reinforcement learning algorithm teaches

< the model how to think productively using its chain of

\thought in a highly data-efficient training process.
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p NG —ANEA EMOIEZRANBRERZ P RIFESHTH TR ?

4 )
Our large-scale reinforcement learning algorithm teaches

< the model how to think productively using its chain of

\thought in a highly data-efficient training process. )
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NG —ANEF EMOVEZ R BEAEFT LS Y BIFESTH TR ?

4 )
Our large-scale reinforcement learning algorithm teaches

the model how to think productively using its chain of

\thought in a highly data-efficient training process. )
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LR R ERET ~ FHF %ﬁ%ﬁﬁ » f i Gemini Thinking 2 % &% T 42 -
gquestion gemini_thoughts

..Tor martingale.. ..use Doob’s..

..triangle ABC.. |..AB 1is parallel..

..potential wall..| ..engien-state..
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gquestion gemini_thoughts |1s gwen32b correct gemini_length domain
..Tor martingale.. ..use Doob’s.. No 3257 probability
..triangle ABC.. |..AB 1s parallel.. Yes 4320 geometry
..potential wall..| ..engien-state.. Yes 5697 physics
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2. X THAFAE " feature” : FAGMERE (GeminiBH B KE » JE
reason model % F e AT) VAR A ﬁ(]f%ﬁi;& U » K& %)
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gquestion gemini_thoughts |1s gwen32b correct gemini_length domain
..Tor martingale.. ..use Doob’s.. No 3257 probability
..triangle ABC.. |..AB 1s parallel.. Yes 4320 geometry
..potential wall..| ..engien-state.. Yes 5697 physics
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L —

question gemini_thoughts |1i1s gwen32b correct gemini_length domain

..triangle ABC.. |..AB 1s parallel.. Yes 4320 geometry

..potential wall..| ..engien-state.. Yes 5697 physics
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2. %k THAEAE “ feature” : PG MEE (GeminiEH K E » JE
reason model;a RERAT) VAR A é’]éﬁi’x (JUAT » RZE& > %)
3. MR PR o 34 (a) Zuniform sample— A domain » (b)) FAk

:}}%Getmm ,"ﬂ EZ\{( )3 é’] power law & sampleiXx NNdaominTF &) — A~ 7] #& o
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(4 ak L5 )

04 £ AIME 2024 | MATH 500 GPQA

o b X o Diamond
1K-random B AR AR — F A~ 9] A 36.7% 90.6% 52.0%
1K-diverse W HL SR AR — ANATL 3R 26.7% 91.2% 54.6%
1K-longest % K 65— F /N6 2 33.3% 90.4% 59.6%
59K -Full IRRE € 53.3% 92.8% 58.1%

s1K 5= & egs 1K IR £ 50.0% 93.0% 57.6%




Budget fOI‘ClIlg (g% %‘] oa‘% Hﬂ‘ ]‘é]) Iflgvsver:\;ny r in raspberry?

</user>
<assistant>
} Sl’f}%iiﬁ] é/] template: iﬁg 75\3 ]'755 /]\speciql token <thinking>

Let’s analyze the problem...

{4 D ({4 ) c o .
%&é E?’: ﬁ‘j éé}k;@% 0 Therefore. ..

</thinking>
The final answer 1s..
</assistant>



Budget fOI‘ClIlg (g%%‘ 1\‘3% Hj. ]é,]) Iflgvsver;;ny r in raspberry?

</user>
<assistant>
R EA Y. . ki o /N ' <thinking>
p s1f 1 & template: 32 fo # /~special token let’s anslyze the problem.. .
(4 ) €€ 9 )
%F \:Nu ﬁ‘j éi‘flt\'b‘% ° Therefore. ..
</thinking>

The final answer 1is..
</assistant>

p %4 £ £ %100/ token o
~4¢ | BF <thinking> ...first 100 tokens...



Budget fOI‘ClIlg (g%%‘ 4\‘3% Hj‘ ]é]) Iflgvsver;;ny r in raspberry?

</user>
<assistant>
a2 Y. . ity L /A : <thinking>
p sl f agtemplate: 3 o @ /~special token let’s anolyze the problem. ..
{4 D € 9 D . o .
%F \:uu ﬁ‘j ég::flt\'u‘%‘ ° Therefore. ..

</thinking>
The final answer 1s..
</assistant>

p %4 £ £ %100/ token o
~4¢ A BF <thinking> ...first 100 tokens... the 10l1-th token thinking



Budget fOI‘ClIlg (g%%’ 4\‘3% Hj‘ ]é]) Iflgvsver;;ny r in raspberry?

</user>
<assistant>
a2 Y. . ity L /A : <thinking>
p sl f agtemplate: 3 o @ /~special token let’s anolyze the problem. ..
{4 D € 9 D . o .
9‘% \:uu %‘j éﬁ;}‘}k;\;%‘ ° Therefore. ..

</thinking>
The final answer 1s..
</assistant>

7% 4 H. 2 £ %1004 token o
) 2 |
~4¢ A BF <thinking> ...first 100 tokens... the 10l1-th token thinking
1 B BF <thinking> ...first 100 tokens...



Budget fOI‘ClIlg (g%%‘ 4\‘3% Hj‘ ]é]) Iflgvsver;;ny r in raspberry?

</user>
<assistant>
a2 Y. . ity L /A : <thinking>
p sl f agtemplate: 3 o @ /~special token let’s anolyze the problem. ..
{4 D € 9 D . o .
9‘% \:uu %‘j é\i“ﬁ;\'u‘% ° Therefore. ..

</thinking>
The final answer 1s..
</assistant>

p %% B £ £ %1004 token o 4 -
#ipf BE  <thinking> ...first 100 tokens... the 101-th token thinking |
&£ A BF <thinking> ...first 100 tokens... C/thinking> Final answer:




Budget fOI‘ClIlg (g%%‘ 4\‘3% Hj‘ ]é]) Iflgvsver;;ny r in raspberry?

</user>
<assistant>
a2 Y. . ity L /A : <thinking>
p sl f agtemplate: 3 o @ /~special token let’s anolyze the problem. ..
{4 D € 9 D . o .
%F \:uu ﬁ‘j ég::flt\'u‘%‘ ° Therefore. ..

</thinking>
The final answer 1s..
</assistant>

p %% B £ £ %1004 token o 4 -
X4k B BF  <thinking> ...first 100 tokens... the 101-th token thinking |
1# FH BF <thinking> ...first 100 tokens... C/thinking> Final answer:

p 7% E# £ 1000/ token o



Budget fOI‘ClIlg (g%%’ 4\‘3% Hj‘ ]é]) Iflgvsver;;ny r in raspberry?

</user>
<assistant>
a2 Y. . ity L /A : <thinking>
p sl f agtemplate: 3 o @ /~special token let’s anolyze the problem. ..
{4 D € 9 D . o .
9‘% \:uu %‘j éﬁ;}‘}k;\;%‘ ° Therefore. ..

</thinking>
The final answer 1s..
</assistant>

p %% B £ £ %1004 token o 4 -
A4k BE  <thinking> ...first 100 tokens... the 101-th token thinking |
&£ A BF <thinking> ...first 100 tokens... C/thinking> Final answer:

p 7% E# £ 1000/ token o

& | BF <thinking> ...first 529 tokens...




Budget fOI‘ClIlg (g&%’ 4\‘:% Hj‘ ]é]) Iflgvsver;;ny r in raspberry?

</user>
<assistant>
a2 Y. . ity L /A : <thinking>
p sl f agtemplate: 3 o @ /~special token let’s anolyze the problem. ..
({4 ) €€ @ D « o .
9‘% \:uu %‘j éﬁ;}‘}k;\;%‘ ° Therefore. ..

</thinking>
The final answer 1s..
</assistant>

' TN i = token o
p &4 EF £ Z 1004 ok _
~4¢ A BF <thinking> ...first 100 tokens... ithe 1@1 th token th1nk1ng \3
1# | BF <thinking> ...first 100 tokens... C/th1nk1ng> Final answer:

p 7% E# £ 1000/ token o

¢ B BF <thinking> ...first 529 tokens... </thinking>...




Budget fOI‘ClIlg (g&%’ JQ;‘% Hd— ]é]) Iflgvsver;;ny r in raspberry?

</user>
<assistant>
a2 Y. . ity L /A : <thinking>
p sl f agtemplate: 3 o @ /~special token let’s anslyze the problem.. .
({4 ) €€ e? D « o .
9‘% \:uu %‘j éé;‘}k,\;f%‘ ° Therefore. ..

</thinking>
The final answer 1s..
</assistant>

! TN = = token o
p EHEF £ 51004 ok . 4 .
& A BF  <thinking> ...first 100 tokens... the 101-th token thinking
¢ | BF <thinking> ...first 100 tokens... C/thinking> Final answer:

N

p 7% E# £ 1000/ token o

¢ B BF <thinking> ...first 529 tokens... </thinking>...
With BF <thinking> ...first 529 tokens...



Budget fOI‘ClIlg (g&%’ 4\‘:% Hj‘ ]é]) Iflgvsver;;ny r in raspberry?

</user>
<assistant>
a2 Y. . ity L /A : <thinking>
p sl f agtemplate: 3 o @ /~special token let’s anolyze the problem. ..
({4 ) €€ @ D « o .
9‘% \:uu %‘j éﬁ;}‘}k;\;%‘ ° Therefore. ..

</thinking>
The final answer 1s..
</assistant>

7% 4] ¥ 2 2 % 100/~token o
) % 100
~41¢ B BF <thinking> ...first 100 tokens... \
& B BF <thinking> ...first 100 tokens... C/th1nk1ng> Final answer:
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p 7% E# £ 1000/ token o

g | BF  <thinking> ...first 529 tokens... (</th1nk1ng>

With BF <thinking> ...first 529 tokens... Qda1t, ...continues. ..
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p FATRE L AEIZ A9 F Ktest-time compute &9 HLAR sk Af 2 A% kAR XE 69 5] R ?
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100% | ITIIIIITIITIIIIIIIIIIIII| 315/315 [26:46<00:00, 5.10s/1t]

A &:20minson 16 H100 (1 AT Z2KEFAEHIENATRE)

p FATRE L AEIZ A9 F Ktest-time compute &9 HLAR sk Af 2 A% kAR XE 69 5] R ?
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b NG ANEA LB E AN A FE LS Y KL H TR ?

100%|IIIIIIIIIITIIIIIIIIIII| 315/315 [26:46<00:00, 5.10s/it]
AZ%:20 minson 16 H100 (B A RKRELFEGEHKFEATIZLE) .
B & Eplol&yreasoningft /j LA G & T — /BB IFegpretrainings A (t]? T o

p HKATAE L AEIZ 69 P Ktest-time compute &9 HLEE sk f7 2 AR R AR XE 49 9] A v
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b NG ANEA LB E AN A FE LS Y KL H TR ?

100%| IITTITITIIITIIITIIIIIIT| 315/315 [26:46<00:00, 5.10s/it]

K&:26 minson 16 H100 (i A2 EIFSEHKIEGAR L) .

B R: Eplol&yreasoningft /1 &2 G & T — B hFgpretrainingf2 A Z 7 o
b RAVEE L AEIF 6 3 Ktest-time compute 59 HLAE & A7 AR kA KE 6 B g ?

Competition Math
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