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Motivation & Background
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Motivation 

• Integration of GPUs in HPC clusters apparent
• Efficient usage challenging (MPI + X)

• Deep knowledge of hardware-specific optimizations

→ Higher level programming models or runtime systems
• Eg. SkePu, Müsli, Celerity, …

• Mostly focus on compute-bound task

• Bandwidth-bound tasks can be challenging
→ Compression 
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Celerity

• Goal: Create a high-level, user-friendly API, simplifying 
programming for multi-GPU clusters, while keeping a 
competitive performance. 

• Some prior research:
• Celerity: High-Level C++ for Accelerator Clusters [Euro-Par 2019]

• An Asynchronous Dataflow-Driven Execution Model For Distributed Accelerator Computing [CCGRID 2023]

• Automatic Discovery of Collective Communication Patterns in Parallelized Task Graphs [HLPP 23]

• …
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Celerity
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* code for demonstration purposes, some variables left out. 

Parts colored in green are abbreviated for the sake of simplicity.



Celerity
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Datatype

Size

Actual data

points_buffer tile_points tile_points_count



Celerity
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Start

0

queue

1



Celerity
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Kernel



Celerity
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Buffers

Access mode

Range mappers



Celerity
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Compression API
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Compression API Design
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Performance Ease of use Memory reduction Extensibility

Start

End

Start

End

without compression with compression

10 sec 9 sec



Compression API Design

HLPP 2025 - Gabriel Mitterrutzner 15

Performance Ease of use Memory reduction Extensibility

no changes required at the point of use

Simple declarative API at definition



Compression API Design
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Performance Ease of use Memory reduction Extensibility

32 bit 16 bit



Compression API Design
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Performance Ease of use Memory reduction Extensibility



Compression Categories
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Compression Categories
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Compression Categories
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Compression Categories
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Compression Categories
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Evaluation
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Pilot codes
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Wave Sim

RSim

Point Cloud Tiling

Shape Factor Calculation



Experiment setup
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Metric
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Performance

Ease of use

Memory reduction

Extensibility

32 bit 16 bit

9 loc 5 loc



Ease of use
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Memory reduction
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𝑆𝑈= uncompressed

SC= compressed

all numbers in MB



Performance
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Tiling Shape Factor

Point Cloud – Strong scaling – NV3090



Performance
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RSim – Strong scaling - Leonardo

&



Performance
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Wave Sim – Weak scaling - Leonardo



Closing Thoughts

HLPP 2025 - Gabriel Mitterrutzner 38



Summary & Conclusion

• Good performance

• Acceptable memory reduction

• Extensible

• Easy to use

HLPP 2025 - Gabriel Mitterrutzner 39



Future Work & Limitations

• Improve extensibility of local and global memory compression

• Include API fully into Celerity 

• Include traditional kernel compression

• Auto selection of compression algorithms

• Improve performance
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Thank you for your attention!

https://github.com/GagaLP/celerity-runtime-hlpp-2025
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