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ZFP salient features 100

= Supports integer and floating-point multi-dimensional Cartesian data
= Supports lossy and lossless compression
= Supports fixed rate, absolute & relative error tolerances

= Supports random access reads from & writes to array elements
— d-dimensional block of 49 values is (de)compressed independently

— zfp::array2<double> a(nx, ny, rate) & std::vector<double> a(nx * ny)

= Supports massive data parallelism through array partitioning into blocks
= |s extremely fast and runs on both CPUs and GPUs

= Was primarily designed for in-memory compressed storage
— Numerical computations like PDEs, data analysis, visualization ail
— Also reduces data movement in 1/O, communication, CPU-GPU transfers ;
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PDE computations using 12-bit zFp are qualitatively identical to
64-bit IEEE double precision
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Working with zFP: compression modes and parameters

= ZFP supports four primary compression modes

— Fixed rate: fix number of compressed bits/value
« Allows specifying exact per-array storage budget
« Enables random access

— [Fixed precision: fix number of uncompressed bits/value
« Analogous to number of floating-point mantissa bits
- Enables relative error control

rate = 0.5 bits/value

— Fixed accuracy: store enough bits to meet error tolerance
« Original & decompressed values differ by no more than tolerance
« Conservative error bound—actual error tends to be 2-8x smaller
« Enables absolute error control

— Reversible: bit-for-bit lossless compression
« Compression ratio rarely exceeds 2x
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zFP supports multiple languages/back-ends and is widely used
to reduce I/O, communication, in-memory storage

= Language support: C, C++, Python, Fortran
— Julia, Rust, WebAssembly bindings through 374 party

= Back-end support: serial, OpenMP, CUDA, HIP
— AVX, SYCL, NEC VE implementations through 3™ party
— FPGA, ASICimplementations available
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ZFP is currently being extended to support fill values

= Naively compressing out-of-range fill values degrades accuracy & compression

ocean temperature data with fill value = 3.4e+33 block artifacts appear where true & fill values meet

= Solution: compress bit mask losslessly, replace fill values with smooth interpolant
— Express undefined values as weighted average of nearby defined values
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We have explored three weighted-average interpolants

0 0 0 0 110 110 110 110 1 -4/3 13 0

0 0 1/10  1/10 -2 2

0 0 ? 1/10  1/10 ? 1 0 ?

0 0 1/10  1/10 -2/3  2/3
zero interpolation local mean interpolation spectral interpolation
sets all weights & unknown values to zero sets weights of all n known values to 1/n maximizes smoothness & compressibility
[Ibarria, Lindstrom, Rossignac DCC2007]
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Spectral interpolation of randomly removed data points
greatly outperforms local-mean interpolation
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ZFP is available as open source on GitHub:
ttps://github.com/LLNL/zfp

Pull requests Issues Marketplace Explore

B LLNL/zfp  Public @ uUnwatch 23 ~ % Fork 108 ?r Star 12~

<> Code () Issues 23 11 Pull requests 1 () Discussions () Actions f3 Projects [0 wiki @ security

¥ develop - ¥ S4branches ©13tags Go to file Add file About
Compressed
'.',' GarrettDMorrison add missing zfp field and stream tests  +* 4a33aab 8 days ago ¥D 910 commits support hi
B github/workflows Change name of actions workflow 15 days ago
B array Make array::set(0) zero-initialize array 2 months ago
W cfp Add size_bytes() to cfp 2 months ago
I cmake Remove Travis Cl files 16 days ago
B docs Make array::set(0) zero-initialize array 2 months ago
B examples Silence const compiler warnings in ppm 15 days ago
W fortran Update Fortran AP to support 64-bit indexing 7 months age 23 watching
I include Add mask parameter to header.size_bytes() 6 months ago 105 forks
B python add missing zfp field and stream tests & days ago
W s Bug fix: overflow due to subnormals (resolves #119) Gmonthsage ~ Releases 4
Taree
M tests add missing zfp field and stream tests 8 days ago © 055 (Latest)
on May 5, 2019
B utils Update examples and utils to use size_t array dimen... 7 months ago
+ 3releases
O .gitignore Build wheel with setup.py 2 years ago
CHANGELOG.md Replace i d th ic codec t lated on ... 2 th:
[n] eplace ieeecodec with generic codec templated on months ago Packages
[ CITATION.cff Complete citation record 6 months ago No packages published
Publish your fi k:
O CMakeLists.txt Suppress CMake warning about unused ZFP_OMP_T.. 5 months ago ublish your first package
[ CONTRIBUTING.md Addfrename top-level files for E4S compliance 3 months ago
. . Contributors 24
[ CTestConfig.cmake added small fixes for zfp testing, new gitlab Cl functi... 14 months ago
[ config Bug fix: overflow due to subnormals (resolves #119) 6 months ago
[ LICENSE Update license info per LLNL guidelines 2 years ago
[ Makefile Add Fortran Makefile 3 years ago +13 contributors
O noTicE Update license info per LLNL guidelines 2 years ago
[ README.md Move status badge from travis to actions 17 days ago Languages
[ SUPPORT.md Add/frename top-level files for E4S compliance 3 months ago
® Ce+d42% @ CA13%
[ appveyor.sh Appveyor: build zfpy on MSVC release builds with py... 3 years ago ® CMake58% @ Cuda3.4%
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https://github.com/LLNL/zfp
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information, apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise
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Lawrence Livermore National Security, LLC. The views and opinions of authors expressed herein do not necessarily state or
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Appendix: Installing zFp 1.0.1 from GitHub

= [nstallation using gmake
git clone https://github.com/LLNL/zfp.git
cd zfp
make BUILD EXAMPLES=1
make test # optional testing

= Installation using cmake
git clone https://github.com/LLNL/zfp.git
cd zfp
mkdir build
cd build
cmake -DBUILD EXAMPLES=ON ..
cmake —-build . -config Release

ctest # optional testing (use -DBUILD_TESTING FULL for more tests)
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Example: Lossless compression with the command-line tool

= Set path to example data (download from https://sdrbench.github.io)
export data=/example data/Hurricane

= Reversible (lossless) compression mode (-R)
zfp -R-f -3 500 500 100 -i $data/Uf48.dat -h -z Uf48.zfp
type=float nx=500 ny=500 nz=100 nw=1raw=100000000 zfp=65011064 ratio=1.54 rate=20.8

NOTE: -z <file> is optional (zFP compresses to memory when omitted)

= Decompress and verify
zfp -h -z Uf48.zfp -0 Uf48.dat
type=float nx=500 ny=500 nz=100 nw=1raw=100000000 zfp=65011064 ratio=1.54 rate=20.8

diff -s sdata/Uf48.dat Uf48.dat
Files fexample data/Hurricane/Uf48.dat and Uf48.dat are identical
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Example: Lossy compression with the command-line tool

= Fixed-rate mode (-r) sets exact storage size in compressed bits/value
zfp-r5-f-3 500500 100 -i $data/Uf48.dat -s
type=float nx=500 ny=500 Nz=100 nw=1 raw=100000000 zfp=15625000 ratio=6.4
rate=5 rmse=0.017 Nnrmse=0.0001837 maxe=3.023 psnr=68.70

= Fixed-accuracy mode (—a) sets absolute error tolerance
zfp -a 0.1-f-3 500500 100 -i $data/Uf48.dat -s
type=float nx=500 ny=500 Nz=100 Nw=1 raw=100000000 zfp=15605160 ratio=6.41
rate=4.994 rmse=0.00251 nrmse=2.711e-05 maxe=0.01701 psnr=85.32

= “Accidentally” transpose data set dimensions (be careful!)
zfp-a 0.1-f-3100500 500 -i sdata/Uf48.dat -s
type=float nx=100 ny=500 Nnz=500 nw=1raw=100000000 zfp=36601304 ratio=2.73
rate=11.71 rmse=0.00273 Nrmse=2.949e-05 maxe=0.01817 psnr=84.59
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Example: Parallel compression using OpenMP & CUDA

= Serial compression
zfp -r 4 -f -3 500 500 100 -i $data/Uf48.dat # optional: —x serial

= OpenMP compression
zfp -r 4 -f -3 500 500 100 -i $data/Uf48.dat-x omp # N threads: —-x omp=N

= CUDA compression (fixed-rate mode only)
zfp -r 4 -f -3 500 500 100 -i $data/Uf48.dat -x cuda
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