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Deep Recommendation Serving

Recommendation serving needs high-performance and cost-efficiency at scale



Workflow of Deep Recommendation Inference

Bandwidth-heavy embeddings and compute-heavy MLPs demand different resources



Embedding Tables Drive Capacity and Cost



Local Embedding: Fast But Not Cost-Efficient at Scale

Fast local path, but not a scalable, cost-efficient serving architecture for huge EV tables

Small 
EV Tables



Remote Embedding: Scale Compute and Memory Cost-Efficiently

Small EV Tables



The Price of Disaggregation: Too Many Data Movements



PIM Opportunity: High-Performance Disaggregation

        Recover performance while preserving cost-efficient disaggregation



Real PIM Hardware: UPMEM System

     CloverRec's design is grounded in the hierarchy and constraints of real UPMEM PIM hardware



Naive PIM Embedding Is Not Automatically Cost-Efficient and Fast

PIM reduces remote data movement, but inefficient PIM execution becomes the next bottleneck



Challenge 1: Inefficient Intra-DPU Parallelism

Intra-DPU Parallelism is either underutilized or synchronization-bound



Challenge 2: Severe Inter-DPU Load Imbalance

Load imbalance 
leads to severe 

latency 
amplification



Challenge 3: Granularity Mismatch in Host-DPU Transfer



Design Principles for Real PIM Devices



CloverRec Overview



CloverRec Inference Flow



Design 1: Dimension Parallelism



Dimension Parallelism Is Broadly Applicable



Design 2: Dynamic Redundancy-Based Load Balancing



Tracking Hotness and Expected DPU Load

Lightweight: 4-byte counter per EV (<1% for 128-dim EV)



Lightweight Split/Merge Operation



Design 3: Rank-Level PIM Processing



More Details

READ
PAPER

 Detailed Structure of the DPU 
Buffer

 Aging Mechanism
 Adaptive Parameter Changing 

...



Evaluation Setup



End-to-End Performance
Embedding-Intensive Workloads

Compute-Intensive 
Workloads

RM1 RM2 RM4 Kaggle



Approaching Local Performance Without Sacrificing Scalability

       Goal: Near-LocalEmb performance with capacity and cost efficiency



Ablation Study

• Starting from a Baseline without any proposed 
designs, we progressively apply each feature

End-to-End Performance Contributions



Right Granularity Unlocks PIM Efficiency



Load-Balancing Adaptation

Maximum DPU Load Under Moving Hotspots



Latency Breakdown

End-to-End Latency Breakdown



Robustness and Overheads: Low Extra Cost
Host Cache DPU Threads Skewness

Aging Split/Merge Compute Replica Memory

            Low overhead preserves the advantage of PIM-based disaggregation



Conclusion
• Large embedding tables make fully local serving cost-inefficient. 

Disaggregation scales capacity but incurs a remote data-movement penalty.

• CloverRec makes PIM-based disaggregation practical with PIM-aware designs:
• Dimension parallelism
• Dynamic redundancy
• Rank-level processing

• On real UPMEM hardware, CloverRec outperforms state-of-the-artembedding 

disaggregation by up to 8.18x with low overhead.
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