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DeepSeek R1 (Zero) R fB HEEE PR AY

® DeepSeek v3 + GRPO against rule-based reward

o KA BRAI (FEFHSFT)

DeepSeek-R1-Zero AIME accuracy during training DeepSeek-R1-Zero average length per response during training
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DeepSeek R1 (Zero) R fB HEEE PR AY

® DeepSeek v3 + GRPO against rule-based reward

o KA BRAI (FEFHSFT)

Question: If a > 1, then the sum of the real solutions of ya — va + x = x is equal to

Response: <think>
DeepSeek-| To solve the equation va — Va + x = x, let’s start by squaring both - - - e during training

_________________________ (\/a—\/m)zzxz = a—+Va+x=x%

Rearrange to isolate the inner square root term:
(a—x*)2 =a+x = a®>-2ax’+(x*)? =a+x = x*-2ax?’-x+(a®*-a) =0

Wait, wait. Wait. That’s an aha moment I can flag here.
Let’s reevaluate this step-by-step to identify if the correct sum can be - - -
We started with the equation:

AcCCuracy

\/ a—Va+x=x
First, let’s square both sides:

a-— a+x=x2 = a+x=a—x2

Next, I could square both sides again, treating the equation: - - -

Table 3 | An interesting “aha moment” of an intermediate version of DeepSeek-R1-Zero. The 6000 8000
model learns to rethink using an anthropomorphic tone. This is also an aha moment for us,
allowing us to witness the power and beauty of reinforcement learning.
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We reproduced DeepSeek R1-Zero in the CountDown game, and it just
works

Through RL, the 3B base LM develops self-verification and search
abilities all on its own

You can experience the Ahah moment yourself for < $30
Code: github.com/Jiayi-Pan/Tiny...

Here's what we learned =

User: Using the numbers [19, 36, 55, 7], create an equation that equals 65.
Assistant: Let me solve this step by step.
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critic/score/mean
- count wen: - countdown-qwen2.5-0.5b-ppo = Whether the induced incentive structure works depends on the model size
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\ A ' such as reasoning. It relies on heuristics-based pattern recognition
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34K views 4 months ago

| made this talk last year, when | was thinking about a paradigm shift. This delayed posting is timely as we just released o1, which | believe is a new
paradigm. It's a good time 10 zoom out for high level thinking

...more
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User: Give me the answer of the following equation: 129 * 14 |[...]

User: Using the numbers [19, 36, 55, 7], create an equation that equals 65. 2 :
s ; ] q : Assistant: Let me solve this step by step.

Assistant: Let me solve this step by step.

<answer> 55 + 36 - 7 - 19 </answer> ; < 10NE » /e .
answer> 55 + 36 - 7 - 19 </answel <answer> 1806 </answer>
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o KAMHFELLM RLAYIEZR . B A&t

o MAZHITE[EH (Agent / 03)

o iEHE Z Y% If1E (Hard tasks with reward)
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Learning Adaptive Parallel Reasoning with
Language Models

Jiayi Pan®, Xiuyu Li*, Long Lian*, Charlie Victor Snell, Yifei Zhou,
Adam Yala, Trevor Darrell, Kurt Keutzer, Alane Suhr

UC Berkeley and UCSF  * Equal Contribution Berkeley Al Research
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o IS R[5AZL 5 tokens (Claude 3.7 Sonnet-thinking has up to 32k CoT budget)
o F{FATICAIAZN 778
o REREFERE ZH test-time compute




Mk : 317 WS E D o

BMEAR R LEFHIELZTRES, BIMIEFIES ST LM AR THIES, LR #
#=/HEEEE N

——— — — — — w— — -y

I [ I
' s e
: IHPUt E thought E
S
|
|

' |

Limitation : 1& 80 self-consistency Zf inference time F 1T A F1FE R Z HE K E( 8]
FItE, BXRFTIREIRIE, SBOTERRFFRES| T Z0HZE|E),

®®-

Y Majority vote

Self Consistency Tree of Thoughts

Yao et al. Tree of Thoughts: Deliberate Problem Solving with Large Language Models. NeurlPS 2023
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EHIFZE : Countdown @M’\%{f

232 LLMs @13 BRI ZFE R (stream of search) ——— R EILMWFERFE, KRDSEER. 1§
WES AR IE R R E——FF I FNHE R § 2ol

Initial State: 2, 5, 6, 8
Initial State: 2, 5, 6, 8 Let’'s Think Step by Step:
Step 1: Let's try 5+8=13. This does
not seem promising.
Going back to the start and trying
again.
Step 1: 6-5=1. This seems good.
Step 2: 1x2=2. This seems good.

Backtrack

5+8 1S 13 6-5-1

That does not
seem to lead to

- 1X2=2
Sy Step 3: 2x8=16. This is not the target.
Going back to step 2 and trying
again.
2X8=16 not 3X8=24 Step 2: 2+1=3.
equal to 24 Goal Reached

Gandhi et al. Stream of Search (SoS): Learning to Search in Language. COLM 2024.
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(53 -31) SoS+ Result:

x - 26 No solution found
31

26 +x

- X
36 26 22 | x-22 | o | 26-x 26 26
22 26 26

26 | x

X (53-22) 31 |x/31}| 1 m 26 5 31 +x
inputs | 22, 26, 31, 53 26, 31 26 31
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spawn() 1 join() e

spawn () : &3 spawn(msgs) FERART, FERZ PN FHFITHITHIFLEIE, FZLFIE 28801
BARBEEXIEEANET FEEEEARN LTRSS,

Parent thread

X
inputs | 22 26, 31, 53
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spawn() 1 join() e

spawn () : &3 spawn(msgs) FERART, FERZ PN FHFITHITHIFLEIE, FZLFIE 28801
BARBEEXIEEANET FEEEEARN LTRSS,

Parent thread

spawn (target=27,
inputs={26, 31},
x = 31)

&

X
inputs | 22 26,31, 53

‘04‘%
000(53\
0..3])
Spawn (target=27, “%a,,
INMpUEs—122 261 "-}
X = 22)
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spawn () 1 join() e

FIERIT BRI MERS T LEHRMNEESRENITHE, 817%ENLETXUIR
T EZ&EEILH R 5ER) token,

Parent thread

spawn (target=27,
inputs={26, 31},
x = 31)
®
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spawn (target=27, Yo,
inputs={22, 261, "9 22 |x-22] o | 26-x] 26 || 26 1 | 26+x_ | 27
X = 22) 22,26 26 26
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join() : BFZEIENIT join(msg) 1=1ERT, ERR LB BrIHIETIE, HIEE—RF
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Parent thread

spawn (target=27,
inputs={26, 31},
x = 31)

5 Child #2 found solution!
: x=53-31
mputs | 22 26, 31, 53

26 + ((53-31) / 22) =27
w®
“'Z‘§ /
Q’ (\5:? 26 + x

* 37
— .. ) (L\\ b
spawn (’.carget_27, Yoo, " - x-221 o [ 26-x| 26 26 1 26+x | o7 | v APR Result.
inputs={22, 26}, * R
x = 22) 22,26 | N\ 26 26 e 26 + ((53 -31) / 22)
ol

Child #2 x [ 22 ‘30"0




EEia] SoS+ Result:
" x-26 No solution found
n 26 / x ol-x 26 + x
o
5

x (53 - 22) 31 x [/ 31 1 5 31 + x 22 x-22 0 26 - x 26 26
inputs | 22, 26, 31, 53 26, 31 26 31 22,26 26
- x-26
Parent thread Child #1
spawn (target=27, '
inputs={26, 31}, 31 /oy
x = 31) su® 7 (OCJ
or? ) 26, 31 2,
L
Rt
e X Child #2 found solution!
ol . ———— A = B3 - 3]
inputs | 22 26, 31,
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Parent thread
Moving to Node #0 Current State: 27:[22, 26, 31, 53], Operations: []

Exploring Operation: 53-22=31, Resulting Numbers: [26, 31, 31] Generated Node #0,0: 27:[26, 31, 31] Operation:
53-22=31

.<.(.:alling Sub Searches> <Start Sub Search 0 at level 1> Moving to Node #0,0 <Start Sub Search 1 at level 1>
Moving to Node #0,1 <End Calling Sub Searches>

Child #1 = Child #2
Moving to Node #0.0 Current State: 27:[26, 31, 31]. Operations: O Moving to Node #0.1 Current State: 27:[26, 31, 31]. Operations:
'53-22=31"] -’ LT — [53-22=311]
é;(ploring Operation: 31-5=26, Resulting Numbers: [26] 26,27 SinEEay. o geenRenl é;(ploring Operation: 26+1=27, Resulting Numbers: [27] 27,27
unequal: No Solution No solution found. o equal: Goal Reached
\ 4

Parent thread continued

...<oUb Searches>
<No Solution in Sub Search 0 at level 1 at Node #0.0>
<Goal Reached in Sub Search 1 at level 1 at Node #0.1>...<End Sub Searches>

27,27 equal: Goal Reached Moving to Node #0...
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e Supervised initialization of parallel reasoning:
o RAMES ML pretrain —4> 200M SEHNIEESEE, FE LI A REFF
spawn () 1 join() IR ERZ
o F|FAFFBKAEZS (symbolic solver) A Rl HE T %A 308
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5
e Reinforcement learning for end-to-end policy optimization:
o mBINGNEISEEREGAIRHIER, FRMAETERXEZHHEEHRR
o AimElimpYiR{bF ISR E HITHOE, SRAMM I PRSP RFHEERE, R
EEIETATE S ES rewards, {8 GRPO {1k
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SCLY: End-to-end Optimization through RL

o SM{EFEIEERATEEMEE AL HEREXREIRS (M 75.5%FH = 83.4%
o BILEIFFIKEMFEIEHZ
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SCI : Efficiency of APR gﬁ{%ﬁ

e Avg Sequential Tokens: Fx <A Al F1TILBR 77 BIEIIKE, E79 lower bound

o BT API ARSI = / FIAAEHF1TIL : R EIPEEELS 8 x A6000 GPU IR F =% L.,
SHC— IR GPU LR F I ZLFE, HR GPU A THITHITFL&IE,

o ERIFIRART, APRMLLLEBITERAEZEERE T HIIE
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o RL on SoS+ vs APR: 5 SoS+(2.7%) #8Lt, RL 5 APR %%TE?:E’J’I‘E Tmﬂ‘ (7.9%)

R RLBITTER: B Rl FE P2 = R E R S 06 , HERETF
JT RN E &R, MIEEHERRIBEEE THEBEMLREK.
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Future Work %ﬂ%ﬁ

o ML LLM FIBRAEST E
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® \We are happy to take questions now!




