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Data Movement as Scaling Bottleneck: GENE

Figure: Weak scaling analysis on Summit. CPU vs GPU execution. Per node: 2 x IBM Power9 and 6 NVIDIA V100 
Source: (Germaschewski, et al., Physics of Plasma, 2021)
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Data Movement as Scaling Bottleneck: BSL6D

Figure: Weak scaling analysis on Raven. CPU and GPU execution. Per node: Intel Xeon IceLake Platinum 8360Y and 
4 NVIDIA A100 

Source: (Schild, et al., Computer Physics Communications, 2024)
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Lossy Compression for Scientific Data
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Lossy Compression for Scientific Data

- Is certain compressor better suited for a given 

application?

- What compression ratios can we expect? 

- No defined theoretical bound of lossy 

compressibility for scientific data yet 

- How will compression affect the Quantities of 

Interest (QoI) from the simulation?

6Table: Survey of general purpose lossy compressors
 Source: (Di, et al., ACM computing surveys, 2025)



- Several modern agnostic lossy 

compressors for floating-point data 

with user-defined error control 

- SZ [4]: prediction-based 
compression

- ZFP [5]: transform-based 
compression

- MGARD [6]: multi-grid data 
reduction

Agnostic Lossy Compressors for Scientific Data
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Is compressor throughput 

enough for inline usage?



Evaluating State-of-the-Art Lossy Compressors  
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9
Figure: Intuitive derivation of a model to evaluate compressor overhead in the context on inline MPI message 

compression in GPU-accelerated applications



A Performance Model for Inline Compression in Point-to-Point exchanges

- Provide a simple way for a user to determine whether a given compressor could be used for in-line 
compression of MPI Point-to-Point exchanges

10Compressor Overhead Limit (COL)
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A Performance Model for Inline Compression in Point-to-Point exchanges

Figure: Evaluating state-of-the-art lossy compressors with the proposed Compressor Overhead Limit (COL)
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A Performance Model for Inline Compression in Point-to-Point exchanges
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A Performance Model for Inline Compression in Point-to-Point exchanges

Figure: Evaluating state-of-the-art lossy compressors with the proposed Compressor Overhead Limit (COL)



Compressing Boundary Exchanges with ZFP
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Compressing Boundary Exchanges with ZFP
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Naive scheme is sufficient for 
BSL6D’s halo exchange region

GENE relies on the complex data 
type (real and imaginary 

components)

MPI implementations have no 
knowledge of device execution 

queues (yet)



HIDING COMPRESSION COSTS IN GENE

Figure: NSight Systems trace of an exv6d execution in GENE using multiple partitions, streams  and duplicate 
communicators for compression-communication overlap
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 Application Results
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BSL6D: ASSESSING COMPRESSED SIMULATION CORRECTNESS
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Figure: Neutralizing ion Bernstein wave dispersion relation solved with fixed-rate values FR=32,16,8,4 compared against a 
baseline run without compression. The dashed-black lines correspond to the analytical solution of the dispersion relation



BSL6D: ASSESSING COMPRESSED SIMULATION PERFORMANCE
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Figure: BSL6D time per iteration comparison for our test case between the uncompressed execution and the different ZFP 
fixed-rate values



GENE: ASSESSING COMPRESSED SIMULATION CORRECTNESS
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Figure: Simulation traces of spatially averaged electrostatic heat-flux, and parallel velocity moment with estimated 
means under different compression factors applied to the messages in the v|| direction boundary exchange



GENE: ASSESSING COMPRESSED SIMULATION PERFORMANCE
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Figure: Distribution of GENE reported exv6d time per timestep across MPI ranks and their relation to different 
ZFP fixed-rate values and number of overlapping partitions in the proposed scheme



FINAL REMARKS

- Inline lossy compression has the potential to alleviate bandwidth bottlenecks in point-to-point 
exchanges (large messages in kinetic applications) 

- Coverage of impact over Quantities of Interest still limited and effort should be put into more robust 
science-verification framework

- Compressed communication libraries are currently in development providing already ‘transparent’ 
data reduction opportunities. 

- What happens when we don’t/can’t have post-mortem baseline for analysis? 
- This applies also for reduced-precision execution work within our project

- Dynamic steering of compression factor during simulation

Thanks!
diego.jimenez@mpcdf.mpg.de
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