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Spline-Interpolation-Based Error-Bounded
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Interpolative Prediction Data-Access Pattern
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We use 2D interpolation for conceptual | by
demonstration; the prediction direction | 4
alters each stage. E Y
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An interpolation iteration contains ndim ¥
stages. Stages feature altering interpo- | (;
lation direction. When an iteration fini- |
shes, the interpolation distances shrinks |
by a factor of 2. -

Starting points O are distant from each
other and beyond GPU thread blocks
can handle; they become anchor points
and are saved directly.
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Compression Ratio & Quality Across {GPU,
CPU}-Spline and Default (Lorenzo)

GPU Spline CPU Spline GPU Lorenzo

Prediction Prediction Prediction
eb quant. freq. CR quality freq. CR quality CR quality
156,221 G 243,936 G
125e-3 1 02035% 670 0.5149% 354
o 52834426 GA PSNR 46,707,654 G+VLE PSNR  G+VLE PSNR
99.2538% 59.3 68.7 98.58889 70.9 697 (lower) 63.6
4 152,777 GA+VLE corr 235,588  (upper limit®) corr corr
0.2870% 1185 0.9979 0.4973% 3975 0.9983 0.9937
61,234 G 112,857 G
3.00e-3 1 oms0% 1770 0.2382% 824
0 53,081,227 GA PSNR 47,088,719 G+VLE PSNR  G+VLE PSNR
99.7175% 1315 639 99.3931% 164.8 63.6 (lower) 58.0
A 61518 GA+VLE corr 112,969  (upper limit®) corr corr
0.1156% 263.0 0.9937 0.2385% 938.8 0.9932 0.9771
13,679 G 25,276 G
100e-2 1 00257% 8270 0.0534% 369.2
0 53199433 GA PSNR 47,312,070 G+VLE PSNR  G+VLE PSNR
99.9395% 316.2 59.1 99.8646Y 738.4 56.2 776 53.9
1 13,900 GA+VLE corr 26,938  (upper limit®) COIT. corr
0.0261% 6325 0.9809 0.0569% 36067  0.962 0.9390
ML A

ntific Data on GPUs

e . .y TR AT XD N T PO s, 1k WL B0 A T
72 g v Pk adrs 4 ¢ , Ve M ‘ - L 4
- : ¥ “.- : & DS VIR SR Y Y N ' 2y VN RIS 4.1 Ntk L. G
Big-Data Scientific Application Data Reduction | high-quality for Preliminary Evaluation (Seismic Data)
gpuSZ [4] accurate post- Kernel Throughput PSNR Advantage over Default
application data scale to reduce hioh RR . o PP
analysi » »
HACC 20PB 10x y et . il
i - _ + data reduction ) GB/s compression © .
cosmology simulation  per one-trillion-particle in need t t 10X i © Sp“ne
simulation rate a Xin A100 2535 (109)() .\QQQ interpolation
CESM 507 10x need V100 232.7 (1.00x) ARy
20% vs (3 + high-th hout ] BN outperforms
climate simulation of h/w budget for storage  in need Igh-throughpu decompreSSIon & & the default
2013 ve 2017 processing to A100 335.8 (1.39x) T edicto
redictor
APS-U hundreds of P B 100x ease 1/0O and V100 242.3 (1.00x) v&“: I(oLorenzo)
High-Energy X-Ray brain initiatives in need H H $ .
Beams Experiments communication ® 024024
pressure N : ) ; ;
. eed further in-depth Dataset: RTM Simulation
Data management is a real-world problem to address when we optimization P 4600 to #3000
advance in scientific exploration. P . '
Yy .47. = "o m ;?" ,1' da vy v ‘-' -~ ':) r q-v "
N RS S : . Lol B ouvdd L7
SZ[1, 2] Lossy Compression Essence Error-Quantization Distribution
CESM-CLDHGH, data range: 0.89401052, error-bound: le-4, relative to the range
SZ, while guaranteeing the e e o
error-boundness, performs o .meBRfre. . GPU Spline
bit-level randomness elimi- SR A e S I el A (118,70
nation to increase the com- omve  emex oo anchor)
float (32 effective bits) int (13 effective bits, incl. sighum) unsigned int (8 effective bits) preSSIblllty' | o8 §§ § oo OUtperformS
mantissa randomness rounding, type-casting prediction — recorded errors I E f % ‘F f f ? ? j‘ ?f :'1 = f” ? 8 :‘? 7‘9’ f‘ ? A S Others |n
integerized regarding error bound  (of prediction from the previous) o ekl e error
To lower bit randomness: prediction-based SZ. e e tigat
LE5 8. quantization
B et oot Logsless: Dooot e peses  When the prediction | i85 goopisslsicicfemssc.nno. centrality.
cuSz does well and results |
torenzo  <eoeeenee > am T — > we= in highly sparse err- . .
e e P e gnly spa . Compression Ratio Throughout
— or-quantization code, A
cusz-e o gather (& scatter) 3,000 RTM Snapshots

yr ¢ ‘L e
Lhallde . A !’.
author : Jiannan Tian (IU)

advisor : Dingwen Tao (IU)
Sheng Di (ANL)

Franck Cappello (ANL)

.’7 A d ’ |
K
g
|
v
A,
BN
" g >~ CPU Spline 3D
\-' : ™ - 1e-2

T

™. CPUSpline3D
™ 3e-3

. GPU Spline
or~ 3

Arg

- GPU Spline
O™ 1

onne &

NATIONAL LABORATORY

3D
e-2

32
3D
e-3

The color palette is used to increased the sense of space description.

The larger z value, the more purple.

Interpolating 32x8x8 data chunk. With anchor points, the error quantizations are
smaller in amplitude throughout different error bounds. Anchor points are used
for performance concern: fitting subproblem size to GPU hardware architecture.
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