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Outline
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• Last lecture
• Data Center Network For GPUs (I)

• Today
• Data Center Network For GPUs (II)

• Announcements
• Project Presentation on 12/04/2025 and 12/09/2025
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Insights into DeepSeek-V3

• DeepSeek-V3 Overview
• Low-Precision
• Interconnect
• Cluster Network
• Looking Forward: Challenges
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Basic Architecture of DeepSeek-V3
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DeepSeek-V2
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Transformer-based
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Multi-head Latent Attention: Memory Bottleneck
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Multi-Head Attention

• Reduce KV Cache with MLA
• Multi-Head Attention: try to find *correlation* between inputs
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Memory Efficiency

• Multi-Head Attention with Causal Mask:
• The i-th row represents the i-th token, depending on the KVs of 
the token 1, 2, …, i-1
• Some existing KV cache optimizatins
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Memory Efficiency (cont’d)

• Reduce KV Cache with MLA
• Idea: cache the compressed 
latent KV, then convert it back 
to KVs with project matrix



11

Other Memory Optimizations

Memory-efficient attention 
•Shared KV 
•Windowed KV 
•Quantized compression



DeepSeekMoE: Efficient Sparse Computing

12



13

MoE Models

• Experts feature fine-grained.
• Shared Experts are vital
• Activated parameters are largely reduced.
• Fine-grained experts are friendly to deploy.
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MoE Models

• Experts feature fine-grained.
• Shared Experts are vital
• Activated parameters are largely reduced.
• Fine-grained experts are friendly to be deployed.DeepSeek-V2 

• 236B parameters 
• 21B parameters activated per token 
DeepSeek-V3 
• 671B parameters 
• 21B parameters activated per token
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Decouple MLA and MoE
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DualPipe and Computing-Communication Overlap

• 4 components
• Attention (BWF)
• All-to-all dispatch
• MLP (BWF)
• All-to-all combine (BF)
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Back-of-the-envelope Calculation

• Read Sec 2.3.2 carefully
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Multi-Token Prediction (MTP) Framework

Speculation 
• One layer 
• Trade throughput for better latency 
If the acceptance rate is 80%-90% 
• 1.8X higher TPS
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Multi-Token Prediction (MTP) Framework (cont’d)
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Insights into DeepSeek-V3

• DeepSeek-V3 Overview
• Low-Precision
• Interconnect
• Cluster Network
• Looking Forward: Challenges
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Quantization

• Primarily used in inference, not training
• NVIDIA’s Transformer Engine supports FP8 mixed-precision
• FP8-compatible training framework
• Co-design between algorithm and infrastructure
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Low-Precision Driven Design

• FP8 mix-precision training: more data & high bandwidth
• E4M3: higher precision; weights/activations
• E5M2: low precision: gradients

• Challenges
• Limited accumulation precision: FP22 (E8M13) addition registers
• Fine-grained quantization: sub-tensor quantization parameters
• Different parts have different parameters
• Fine-grained de-quantization done by CUDA cores = data movement
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Low-Precision Driven Design (cont’d)

• LogFMT: Communication Compression
• Quantize to a dynamically-ranged log space
• Step = (max-min) / [2^(n-1) - 2]
• Using n=8 bits: better accuracy than E4M3/E5M2
• Tokens dispatched using fine-grained FP8 quantization in EP parallelism
• LogFMT-nBit: n is the number of bits with the leading 1 bit as the sign bit
• n=8, better than E4M3 and E5M2
• n=10, similar to BF16 combine
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Insights into DeepSeek-V3

• DeepSeek-V3 Overview
• Low-Precision
• Interconnect
• Cluster Network
• Looking Forward: Challenges



Hardware Architecture
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• 2x CPU
• 8x NVIDIA H800
• NVLink BW: 400GB/s
• 8x IB CX7 NIC



NVLink Bandwidth is limited
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• Avoid Tensor Parallelism (TP)
• Disabled during training
• Enabled during inference to reduce latency



NVLink Bandwidth is limited (cont’d)
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• Enhanced Pipeline Parallelism (PP)
• Dual Pipe
• Overlap attention and MoE computation with MoE communication

• Accelerated expert parallelism (EP)
• NIC x8, all-to-all 40GB/s
• All-to-all EP implementation, DeepEP



Intra-node has higher bandwidth
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• Bandwidth, intra-node v.s. inter-node = 160GB/s: 40GB/s
• Node-limited routing: up to 4 nodes



Fewer GPU SMs for computing
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• Limitation: fewer GPU SM for computing
• Network message handling (e.g., filling QPs and WQEs)
• Data forwarding over NVLink
• Up to 20 SMs

• Tasks can be offloaded to the NIC
• Forwarding data, transport, reduce operations
• Manage memory layout, data type cast
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• Limitation: fewer GPU SM for computing
• Network message handling (e.g., filling QPs and WQEs)
• Data forwarding over NVLink
• Up to 20 SMs

• Tasks can be offloaded to the NIC
• Forwarding data, transport, reduce operations
• Manage memory layout, data type cast

Ideally, 
• Unified network adapter: Design NICs or I/O dies that are connected to 

unified scale-up and scale-out networks 
• Dedicated communication co-processor: packet processing offloading 
• Support flexible forward, broadcast, and reduce mechanisms 
• Support hardware synchronization primitives



Cannot allocate BW of different traffics on NVLink and PCIe
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• Inference
• PCIe contention, loading KV cache + EP communication

• Ideally: Dynamic NVLink/PCIe traffic prioritization
• Different priorities of traffic related to EP, TP, and KV cache transfers

• Ideally: I/O Die chiplet integration
• Integrate NICs directly to the I/O die and connect them to the compute die

• Ideally: CPU-GPU interconnects within the scale-up domain
• Connect CPUs and GPUs with NVLink or dedicated high-bw fabrics
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Insights into DeepSeek-V3

• DeepSeek-V3 Overview
• Low-Precision
• Interconnect
• Cluster Network
• Looking Forward: Challenges



Network Topology
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• Multi-plane



MPFT
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• Benefits
• Subset of MRFT (NCCL works)
• Cost
• Traffic isolation
• Latency reduction (low diameter)
• Robustness (better with MP NIC)



MPFT Performance
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Low latency Networks
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• IB over RoCE
• Low latency
• High cost
• Low-radix switches

• RoCE potential improvements
• Specialized RoCE switches for low latency
• Adaptive routing
• Improved CC

• CPU-GPU communication
• GPUDirect (IBGDA)
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Insights into DeepSeek-V3

• DeepSeek-V3 Overview
• Low-Precision
• Interconnect
• Cluster Network
• Looking Forward: Challenges



Challenge #1: Reliability
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• Limitations:
• Interconnect failures
• Single hardware failures
• Silent data corruption

• Suggestions
• Built-in reliability support
• Hardware vendors provide diagnostic toolkits



Challenge #2: Fast CPU and Memory
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• Limitations:
• CPU: handle the PCIe transactions
• High memory bandwidth given PCIe Gen5/6
• Kernel launch and network processing still rely on the CPU

• Suggestions
• General-purpose computation should also be fast in a balanced system



Challenge #3: Networking in the AI Infrastructure
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• Call for actions:
• Co-packaged optics —> The opportunity for silicon photonics comes
• Lossless network based on credit
• Adaptive routing with a controlled and fast feedback
• Fault-tolerance, including detection, localization, and fix
• Inferences need better networking resource management



Challenge #4: Memory-Semantic Communication
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• Call for actions:
• Load-store is strongly needed
• Transparent ordering from networking gears



Challenge #5: In-Network Computation and Compression
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• Call for actions:
• Compute-network co-design



Challenge #6: Memory-Centric Innovations
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• Limitations:
• Memory bandwidth is limited

• Suggestions:
• High-bandwidth
• System-on-Wafer



Summary

• Please teach us!

• We are happy to learn from you!
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• See you on Thursday and Tuesday


