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e CERNOLHC (Large Hadron Collider) Tld. 2018%F(C£I88PBOFT—Ah 4Rk [1]
e “Data archival is expected to be two-times higher during Run 3 and five-
times higher or more durmg Run 4 (foreseen for 2026 to 2029). “
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[1] Esra Ozcesmeci, “LHC: pushing computing to the limits”, https:/home.cern/news/news/computing/lhc-pushing-computing-limits March 15t, 2019
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e Opened in 1997 in Harima, located in the same Hyogo prefecture as R-CCS
e Managed by RIKEN, with Japan synchrotron radiation research institute (JASRI)
e SPring-8 stands for Super Photon ring-8 GeV
. 8 GeV (giga electron volts) is the energy of electron beam circulation in the storage ring
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I¢ Data transfer service in SACLA (SPring-8 Angstrom Compact

Free Electron Laser)

. " Data Transfer Service to HPCI Shared Storage
o V\Il1e lauched data transfer service from SACLA to “HPCI

shared storage” in 2021
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"HPCI shared storage” is a geograpycally distributed storage shared by
Japanese supercomputing centers

e We are Elaning to expand the service to SPring-8
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Data Transfer Service to HPCI Shared Storage

Toward the creation of innovative achievement through SACLA
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Webpl 7ZI pl XZ bZI p2 png 7 ZStd jpegg—xl (cjxl-d 0 -e 6)p 178657008 0:591
— jpeg- XUJ\_%m UVE#GER Irzip (lrzip(—z L9-Tpl) | 179884170 | 0.595
. N N — jpeg-2000 (opj_compress -r 1 181344018 0.600
- jpeg-xl. JEEGOD’//QTE{&ZW AT ;geiaooo (nsjpegmf_encode) 181343979 | 0.600
JPEGELNESVVEMEXAEZEIH , ISOE FRAELEL webp (cwebp -lossless —z 9 -m 6) 184339672 | 0.610
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° ) ) 7zip (7z -m0=delta:2 -m1=Izma -mx=9) 195384406 0.646
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- peg -XI vs. WebP (b Goo Ie) L Table 11.1: Comparison of lossless compression ratios using the SACLA image data
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[1] FSF: Chrome’s JPEG XL killing shows how the web works under browser hegemony
. https://arstechnica.com/gadgets/2023/04/free-software-group-decries-google-dropping-space-saving-jpeg-xI-format/
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Reconstruction of X-ray CT data
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[1] Lotter, W., Kreiman, G., Cox, D.: Deep predictive coding networks for video prediction and unsupervised learning. arXiv preprint arXiv:1605.08104 (2016)
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Compression of Time Evolutionary Image Data
through Predictive Deep Neural Networks (CCGrid202 1) [1]

Readthedoc |\:F_'L>(/|\

e to TEZip's documentat

Welcome to TEZip's documentation! liton G

. Scientists take snapshots while rotating materials that they want to analyze - time evolutionary data

« We proposed new Al-driven data compressor (TEZIP) for time evolutaionary data

» We achieved higher compration ration compared to existing video encoders (Zstd, HFYU, FFV1,
X.265 )

Indices and tables
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Fig. 1. Workflows of TEZIP (de)compression
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2 We use deep neural network (PredNet) for prediction cm

e PredNet [1]
e Deep recurrent convolutional neural network
e Given a frame of a picture, this NN can predict multiple future frames

o SPrilngciS data is time evolutionary data, so this type of prediction can be
applie

~

Predicted

https://coxlab.github.io/prednet/ X-ray CT images

t=10

[1] Lotter, W., Kreiman, G., Cox, D.: Deep predictive coding networks for video prediction and
supervised learning. arXiv preprint arXiv:1605.08104 (2016) 18

c
=3



Compression: Predict future frames and encode o

z®

RIME

e We train PredNet to learn how pixels move and how fast
e Giving a series of time evolutional frames to PredNet

e When compressing frames from t=2 to t=5, we predict future frames
from original data (t=1)

e We compute diff, apply series of encoding
e We only store (1) base frame data and (2) compressed data

Training Inference + Data compression

Training data: PredNet Additional .v '.'
' encoding

Time evolutional Compressed || Compressed || Compressed || Compressed
frame data set data data data data

19
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SPring-8—At>A—188. 1> 05 o= s G Compression of Time Evolutionary Image Data
SACLA . . .
through Predictive Deep Neural Networks (CCGrid2021) [1]
= = Rupak Roy'!, Kento Sato'?, Subhadeep Bhattacharya'?, Xingang Fang'?, Yasumasa Joti*?,
BE - BAF NIMS Takaki Hatsui*3, Toshiyuki Nishiyama Hiraki®, Jian Guo *and Weikuan Yu*!
HPCIFTEUY -2 < FUFILDX +1 Florida State University, +2 RIKEN Center for Computational Science, +3 RIKEN SPring-8 Center, +4 Anhui University of Finance and Economics
JOzz Uk '
* Scientists take snapshots while rotating materials that they want to analyze - time evolutionary data
* We proposed new Al-driven data compressor (TEZIP) for time evolutaionary data
* We achieved higher compration ration compared to existing video encoders (Zstd, HFYU, FFV1,
x.265) )
"' Shusine CZTD SR G e oTEZF XCT images
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Fig. 1. Workflows of TEZIP (de)compression
Fig. 8. Compression ratio with lossless compressors.
) [1] Rupak Roy, Kento Sato, Subhadeep Bhattacharya, Xingang Fang, Yasumasa Joti, Takaki Hatsui, Toshiyuki Hiraki, Jian Guo and Weikuan Yu, “Compression of Time Evolutionary Image
T. Hatsui, RIKEN 9 Data through Predictive Deep Neural Networks”, In the proceedings of the 21 IEEE/ACM International Symposium on Cluster, Cloud and Internet Computing (CCGrid 2021), May, 2021 i
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Data sets:
Name Type [ Format Size (data) Command Examples [ Link
CESM-ATM Climate Dataset1 : 79 fields: 2D, 1800 x 3600 ; | Dataset1 SZ(CM ress): sz -z -f Dataset1 (raw) .
Source: simulation Dataset2 : 1 field : (raw): | CLOHGH.1.1800 ¢ o012 MRELR Dataset1 d b d k
Doasel 1 fod. | S o Datasat Customized compressors pased on SZ Framewor
Both are single precision, binary Dataset1 %&Msgibﬂw,‘%‘o&gaﬁsgg Dataset2 (raw)
(cleared): - 1_1800_ oz~ Metadata . . . . . . . .
S5k Envopy |57 Envny 14108 | 3rp . = —— We created multiple effective compression pipelines for different applications/use-cases.
Dataset2: r Dataset1's
EEEsaLg R,
11800 Pout - Dataset2’ - . o ’ ‘g“‘?ﬁ
e e 28 (coared | Snie0ele2e property Interp-SZ (default setting in SZ3): Optimized for seismic imaging (oil and gas) =/ X
ze::;ga” Lrsrpprongh ot « > Predictor: Multi-dimensional spline interpolation based prediction IEEE ICDE2021 Q
bac;ggund O aiondie e o Pastri-SZ: Optimized for quantum chemistry. IEEE CLUSTER2018 (best paper) = ig
|| Soomente s et « > Predictor: Scaled-pattern based prediction B e
Zchecker-nstaller: JrunZCCase.sh MMD-SZ (MDZ): Optimized for material molecular dynamics. IEEE ICDE2022
ooy e A O « > Predictor: Multi-peak distribution based prediction in space + time-based prediction
EXAALT Molecular 6 fields: x,y,z,vx,vy.vz, Datasett: | SZ(Compress):z 2.f-ixx 32 M REL Dataset1 Roibin-SZ: Optimized for X-ray crystallography (instrument). Under going
. as..,fefs,::;n o omenes B e et Datasety: | SEDscompress sz xf-x52-1 it > Pipeline: Pixel-binning + SZ2.1 + preserving region-of-interests
Lorunkmitod oloaso by Los Binary, Little-endian Ef:és’:g iAo i I NEJ_ELF@Q Quality-oriented SZ (QoZ): Error-bounding + tuning user-specified quality metric. IEEE/ACM SC2022
mos National Laboratory an etadata2 ) ; ; ’
has ::""g-";;ﬂs";f’ CAUR 16 Data1 | 8biEniopy | 32bMEwoy || 24GB | compeessor-ScoMP 1xxii2-d Property2 > Predictor: quality-oriented predictor
e 12 122 o maioniciatun || ERSET Constraint-supported SZ: Error-bounding + meeting dynamic constraints IEEE TPDS 2022
max 74 204 ot Property3 > Pipeline: Preprocessing + traditional prediction + improved quantization bins
Data2 | 8bitEntropy | 32 bit Entropy . X 8 it
avg 67 154 Zchecker-installer: /runZCCase.sh -f Feature-preserving based SZ: Toward Feature-Preserving Vector Field Compression.
min 6 9.40 REL EXAALT raw-data-dir f32 2869440 . . . . . . . . . . . .
max 7.1 201 « > Pipeline: Multi-dimensional spline interpolation + adjusted quantization bins.
D::J 8 bit 6Er;lvopy 32 nm‘ :}r;tmpy E ( [i\\/v P
min 6.8 156 \

https://sdrbench.github.io

[1] Takashi Matsushima, Kentaro Uesugi, Tsukasa Nakano and Akira Tsuchiyama, “Visualization of Grain Motion inside a Triaxial Specimen by Micro X-ray CT at SPring-8”, January 2006
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