Approachable Error-Bounded Lossy Compression

Robert Underwood 1, Jon Calhoun T, Amy Apon 1, Franck Cappello I

tClemson University £ Argonne National Laboratory

Introduction

As data continues to grow, HPC applications
need a way to make data smaller to make it
easier to work with. Compression can be the
answer.
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My Dissertation: provide a uniform interface to
compression and develop tools to allow
application scientists to understand and apply
Error Bounded Lossy Compression (EBLC)

LibPressio: Standard
Interfaces for Compression
and Analysis

A Problem: Compressors and analysis codes
don't agree on a common interface leading to a
=, divserity of interfaces
Solution: LibPressio - a library to abstract away
—_ the differences
(): Key Insights
= A common interface needs:
- a common data abstraction
- standard settings semantics
Meta Compressors boost productivity:
» Provide services atop compressors (i.e. pre-
processors, auto tuners, parallel runtimes)
(o) Future Work:
 Support for better accelerator sharing
 Support for asynchrony/streams
- Better support for sparse problems

Automated Configuration of
Compressors
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Error Bounds

control loop to bound
e, compression ratio?
2| Approach: Use
LibPressio compressor
interface and
derivative free

Figure 1: Error Bound vs Comprssion
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(): Key Findings:

— + Binary Search
doesn’t work because the relationship is not
monotonic (Fig. 1).

» Tuning takes only =2x longer than an oracle when
an answer existed

« Some targets are faster to find because more error
bounds meet the target (Fig. 2).

(=]

Figure 2: Runtime for Various Different
Targets on Hurricane [1]

LibPressio-Opt: Bound User Metrics
Can we extend FRaZ to bound simple user metrics

oY
generally?
Approach: Convert FRaZ to a meta-compressor
Use LibPressio metrics interface:
~+ Allow inter-iteration early termination
;O: » Add new “max” and “min” modes
= Key Findings:
LibPressio-Opt has less overhead than:
» FRaZ - due to inter-iteration termination
- MGARD-QOI - due to less pre-compution
We can even emulate QOI mode with less overhead

More Complex Apps: HACC (On Going)

Can we bound complex metrics such as power
spectra that use multiple buffers as in HACC?
Background:

- HACC —ECP astrophysics particle application

5 « No compressors bounds spectral error [2]
Approach:

 Implement the spectra as a metric

» Explore metrics to compare spectra (i.e. log-
spectral distance, itakura-saito distace)

 Adapt LibPressio-Opt for multiple buffers

« Solve maximum compression ratio such that
differences between spectra are acceptable

() Future Work

* True Multi-Objective Compression

* Improve the search algorithm

Better compression task scheduling

Understanding

the Effects of .

Compression i
0 What are trade-offs for .

compressing training and .
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testing data to save
storage space?
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Figure 3: Accuracy vs Compression Ratio
Trade-Offs for Candle-NT3. SZ and ZFP
outperform sampling methods [3]

quality trade-offs for many apps and benchmarks

. using LibPressio
()- Key Findings:

for imbalanced problems (Fig. 3)

« SZ and ZFP outperforms common methods even

* |n some cases, EBLC has better results than no

compression due to reduced over-fitting
@ Future Work:

- Effect of EBLC for data transfers between CPU/

accelerator
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Conclusion

Error Bounded Lossy Compression has the potential
to be transformative in a wide variety of domains if
application scientists have the tools that they need
to interface with new compressors and experiment,
understand the effects of lossy compression on
their data, and have tooling to support them along
the way. This work provides a strong foundation to
enable further research in lossy compression and
enable improvements to scientific applications.

Questions: robertu@g.clemson.edu
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