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[ll. Paper of the week: MatterGen — O[0|2EAE
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DeepSeek-R1: Incentivizing Reasoning Capability in LLMs via
Reinforcement Learning

DeepSeek-Al

research@deepseek.com

Abstract
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Sl f Claude-3.5- .’,GI’I‘-f-Lo DeepSeek Open‘A'I OpenAlfDeepSeek
Sonnet-1022f 0513 v3 ol-mini 01-1217 R1
Architecture - | - MoE - - MoE
# Activated Params - - 37B - - 37B
# Total Params - - 671B - - 671B
MMLU (passer) 88.3 87.2 88.5 85.2 91.8 90.8
MMLU-Redux (Em) 88.9 88.0 89.1 86.7 - 92.9
MMLU-Pro Em) 78.0 72.6 759 80.3 - 84.0
DROP (3-shot F1) 88.3 83.7 91.6 83.9 90.2 92.2
EﬂgilSh lF-Eval (Prompt Strict) 86.5 843 861 84.8 = 83-3
GPQA Diamond (pass@1) 65.0 499 59.1 60.0 75.7 715
SimpleQA (Correct) 28.4 38.2 249 7.0 47.0 30.1
FRAMES (Acc) 725 80.5 73.3 76.9 - 82.5
AlpacaEval2.0 (C-winrate) 52.0 51.1 70.0 57.8 - 87.6
ArenaHard (GpT-4-1106) 85.2 80.4 85.5 92.0 - 92.3
LiveCodeBench (passa1-cot 38.9 [ 329 36.2 53.8 63.4 65.9
il Codeforces (Percentile) 20.3 23.6 58.7 934 96.6 96.3
Codeforces (Rating) 717 759 1134 1820 2061 2029
SWE Verified (Resolved) 50.8 38.8 42.0 416 489 492
Aider-Polyglot (acc) 453 16.0 49.6 329 61.7 53.3
AIME 2024 (passan) 16.0 93 39.2 63.6 79.2 79.8
Math MATH-500 (passa1) 78.3 74.6 90.2 90.0 96.4 97.3
CNMO 2024 (pass@n) I 13.1 | 108 432 67.6 - 78.8
CLUEWSC @&w) 85.4 . 879 90.9 89.9 - 92.8
Chinese C-Eval M) 76.7 76.0 86.5 68.9 B 91.8
C-SimpleQA (Correct) L _55_4 | 58.7 68.0 40.3 ol . 63.7
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2. DeepSeek R1 =2 2|%

DeepSeek= R1S EAISHHA 34l paper?! "DeepSeek—-R1: Incentivizing Reasoning
Capability in LLMs via Reinforcement Learning” =28 &Ll iy =28 ATEH,
= 7K 8 24 = DeepSeek R1-Zero2t DeepSeek R10| O[O AHEH| HIA|FHTE

O[Ol == TSoHl0F & A2 DeepSeek R10|C}. 0|Z0] & & O L2 ZH0(7| I{Z0]
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0E 501, HYSE taskS £I3t SFT HIO/EAIS H2H FE 4O 74, 20| D8 EN0 IZep] o
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0|2t 2tal, DeepSeek= R10IH HAIX
o), Z=O0| AAR Aol AM 1Y
DeepSeek AlOfAl=, Al ZH0| AfL1Y
&9 IEIE HESZ AE3HL.

101 X[AO|Lt MES HIZSH= CHAOI(SFT ChAl
M| AEGt==2 MESICE 015 oA

O
=
SIME OIZ0{L7| 2ol (7| FE E0122 &

%, RUO| Bas| RS XIS 20| O, "W2A'S 0T 4 = £F X0
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112 5. DeepSeek?t R1-ZeroE £35}7| ol & ZEDE HMES(=AAZ FEZ SIEE |E)

A conversation between User and Assistant. The user asks a question, and the Assistant solves it.
The assistant first thinks about the reasoning process in the mind and then provides the user
with the answer. The reasoning process and answer are enclosed within <think> </think> and
<answer> </answer> tags, respectively, i.e., <think> reasoning process here </think>

<answer> answer here </answer>. User: prompt. Assistant:

Table 1 | Template for DeepSeek-R1-Zero. prompt will be replaced with the specific reasoning
question during training,.

A2 DeepSeek, O|2HHMSH 2| AR[MIE]

J2|31 AlZHO| R0 mh2f, THAVE S2tdE 0| HY0Me FeiEr St =
Z0| SOILACE 2 AL HIHE S5 R12 AAZ FE YS HESIY, FH9|
oHZAMS JHoP7= BS EHSSEH A0|Ct 0|40 Hi= R19 23 1M F=g Tret o
Aol 'Otsll BHEZIT & 4 QICt AMF|Z DeepSeek= R1-Zero?t O £:35F 2X|I2
ELVE AAE HFL /7L 7L A7 WOF 071 Ot RHIEE EAE o~ Qg A
Z0KWait, wait. Wait. That's an aha moment | can flag here)'2t11 2T &7t CHSH 2
Q150 ZEEs ==0Ct SRt 0 &=7t2 DeepSeek-R1-Zero?t H&o| F0IZ
HOIHE sf&ole A2 €0, AA=R MZiot £20ts s3E 451 USE HoFe=
SEHC! HHOIXH &= RLO| EHE BHFE UMst St g AL}

12 6. DeepSeek’} AIS S5 Y2 SH “OfsH RHUE"(AIZ} £E5k= 532 Z&E M)

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

Response: <think>
To solve the equation va — va + x = x, let’s start by squaring both - - -
2
(v‘af Vu+x) =x? == a-—+Va+x=x2
Rearrange to isolate the inner square root term:
(a—x?)2=ag+x = a2 —2ax?+(x2)2=a+x = x¥ —2ax2 —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:

Va—vVa+x=x

First, let’s square both sides:

a—-vVa+x=x%2 = Jarx=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
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.

A2 DeepSeek, O|2HHMSH 2| AR[MIE]
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18 7. DeepSeek R1-Zero0| Z=letEE XI& +sHAL O &2 +&E2| FESHO| Hit 45

DeepSeek-R1-Zero average length per response during training
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Deep-learning enabled generalized inverse design of
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V. Appendix: Charts
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