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How DeepSeek-R1 was created?

ZHANG Huimin

Abstract: This article summarizes the innovations and optimizations in DeepSeek series models for large-scale
training. The breakthroughs of DeepSeek are primarily reflected in model and algorithm innovations, software and
hardware collaborative optimization, and the improvement of overall training efficiency. The DeepSeek-V3 adopts a
mixture of experts (MoE) architecture, achieving efficient utilization of computing resources through fine-grained
design and shared expert strategies. The sparse activation mechanism and lossless load balancing strategy in the
MoE architecture significantly enhance the efficiency and performance of model training, especially when handling
large-scale data and complex tasks. The innovative multi-head latent attention (MLA) mechanism reduces memory
usage and accelerates the inference process, thus lowering training and inference costs. In DeepSeek-V3's training,
the introduction of multi-token prediction (MTP) and 8-bit floating-point (FP8) mixed-precision training technologies
improves the model’s contextual understanding and training efficiency, while optimizing parallel thread execution
(PTX) code significantly enhances the computation efficiency of graphics processing units (GPUs). In training the
DeepSeek-R1-Zero model, group relative policy optimization (GRPO) is used for pure reinforcement learning, by
passing the traditional supervised fine-tuning and human feedback stages, leading to a significant improvement in

inference capabilities. Overall, DeepSeek series models has achieved significant advantages in the fieldE“lf "‘."”:'E;l‘
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intelligence through multiple innovations, setting a new industry benchmark.

Key words: artificial intelligence; DeepSeek; large language model; mixture of experts architecture; multi-head latent

attention mechanism; multi-token prediction; mixed-precision training; group relative policy optimization
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DeepSeek-V3 B RIAIF Hb 5| AT W ] i K LI 475
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PR FERRFERS LA B . SFT i R th F5 22 5 Kt
APTI, NIRBIEARACR, ] el B T 20k
ORIt , X HE—E R T A . i, b AR
Pi: “K P SFTAR.”
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KN E. R, RLHF &ML, 22
PRS2 A RL GO A5 B B, B FH X L 303k
TE SAB NN Gy FIWTH B i AR 55, ansE sl A A
EA €=
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