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NTErnbHbIV aHaIN3
X B 3aa4ax nporHo3a
na Kammara

H., HAy4YHbIn coTpyaHukK NBM PAH
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[1naH goknaga

e [locTaHOBKa 3agayu

e OnuncaHne mopenu

e OnuncaHne aaHHbIX

e Oxunpgaemble pesynbTaThbl
e AKTyasnbHble MeTOAbl

e Tekyume pesynbTaThbl

e [lanbHenwee uccrnegoBaHue
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[locTaHOBKaA 3a4a4u

e EXXerogHo UueHTpbl NPOrHO3MPOBaHMS NMOroAbl U KNuMaTta reHepupytoT
COTHW NeTabanT AaHHbIX

o (C)kaTue faHHbIX TpebyeTcs AN COKpaLLeHUs ob6beMa XpaHeHUs n
ynpoLueHnss obMeHa nHdopmauuen

e Lenb nccnepgoBaHus - 3yuyeHne n cpaBHEHWE CYLLLECTBYHOLLNX
METOA0B CXXaTUsi METEOPONOTrMUYECKUX AaHHbIX

e [pakTuyeckasn 3HaYMMOCTb - Pe3ynbTaTbl nccnegoBaHUsA NOMoryT
onpeaenvTb oNTUManbHble METOAbI CXXaTus A paboTbl C 60bLINMM
06 beMaMM METEOPOJIONMYECKUX AaHHbIX
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OnmcaHmne Moagesnu

e paboTaeM c AaHHbiMU Moaenu MNJ1AB cpeaHecpoYHOro U OaroCpOYHOro NporHosa
norogbl U3 lmapometueHtpa Poccun u UBM PAH

e [1J1AB c warom cetkn 10 KM -- cpeAHECPOMNYHbIN U aBNanNpOrHos3bl

e [11AB c warom 20 KM -- aHCaM6/1eBbIN NPOrHO3

Tolstykh M. et al. Vorticity-divergence semi-Lagrangian global atmospheric model SL-AV20: dynamical core // Geoscientific Model
Development. - 2017. = T. 10. — N2. 5. — C. 1961-1983. https://doi.org/10.5194/gmd-10-1961-2017

@ Made with Gamma



https://doi.org/10.5194/gmd-10-1961-2017
https://gamma.app/?utm_source=made-with-gamma

OnmcaHme gaHHbIX

Configuration id SLAVO72L96 SLAV20 SLAVIOD
Number of grid-nodes in longitude 400 (0.97) 1600 {0.225%) 600 (0.17)
Number of grid nodes in latitude 201 (0.72%) Hbo 1945
Number of vertical levels 96 al 104
Time step, s 1440 450 270
Number of time-sieps per model day 60 192 320
Size of the compressed control-point file, Gb 0.3 19 99
Size of the raw control-point file, Gb 0.3 28 27
Size of the output file, Gb — 0.7 3.3

cenyac Ucrnosnb3yeTcs cxKaTue Ha
OCHoBe bit-grooming,
peann3oBaHHOE B paMKax
CTaHAapTHOro NoKeTa Nco
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OXkmpgaemble pe3ybTaTbl

e PaHxupoBaHune MeTofoB No ahPeKTUBHOCTH

e OueHKa BNUAHUA CXaTUA Ha TOYHOCTb NPOrHo3a un Apyrux
NPUIOXEHNN

e PekomeHgauunn no BblI6OpY aNropuTMOB A1 KOHKPETHbIX TUMOB
AaHHbIX M 3aaad

e [lporpamMmMHoe obecrneyeHme aAnsa cXXatus U BOCCTaHOBIEHUS
BbIXOAHOW NPOAYKLNM M HayasibHbIX AaHHbIX METEOPOIOMNYECKNX
Mojenen.

@ Made with Gamma


https://gamma.app/?utm_source=made-with-gamma

AKTyaﬂ bHblE ME&TO/4bl
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Information
100%%

n f"."' rrnaticn
100%

= — 20x%

——— = ——— ABx Horizontal + time 3D

No compression, any dimensions
LinQuant24, any dimensions
LogQuant18, any dimensions

1D compression: round + lossless

Longitude 1D
Latitude 1D
Vertical 1D

Time 1D

Ensemble 1D

Multidimensional compression: Zfp

Horizontal 2D
{ 39% Horizontal + vertical 3D

b= 1w Space + time 4D

¢ 50x Space + ensemble 4D

T
Ox 20x

I
40 B0 B0x 100
Compression factor

C)kaTue peanbHON MHPOPMaALMK O TeMMepaType B PasinyHbIX namepeHusax [1]

Cenyac 60/1bLUIMHCTBO rTMAPOMETLEHTPOB
NCMOMb3YT NTMHENHOE N norapupmuyeckoe
KBaHTOBaHWe, KOTOPble XOTb U
OrpaHn4mnBaroT abCoNOTHOK OLLMOKY, HO
NOAXOAAT Aaneko He ANl BCeX AaHHbIX

Mbl oXXngaem 60/bLUEro cXaTus ¢
MCnoJjib3oBaHMEM aJibTePHATUBHbIX
noaxoaos, KOTOpPble NoJly4yusin pa3snutne B
nocnegHwme rogbl
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CykaTne TONbKO peanbHON MHPOPMaLNKA

a Gridded data b Data as binary floating-point numbers € Analyze bits in adjacent
grid points for every bit
Sign Exponent Mantissa bis position
¥x=123.. =0 081111111 061181201°00011061810001
olo[ele pl1|1[1 {11 ANGE
alaaa ajejifl 1|@f1|@ 11@8)1]1
B|@ e a al|ej1(1 aleji1f1 1lalalo
"E olelele olefe|1 elele|o e[1]0[
Sign bits 5th exponent bits 53 b t ma
d The mutual information M M= 0 bits M = 1 bit M= 0 bit M =0 bit
between bits in adjacent If all bits are It 0 is certainly If O is likely If adjacent bits
grid points identical adjacent to 0; adjacent to 0 are
0 and 1 occur and 1 is likely independent
equally frequent adjacent to 1
e Bitwise real information is Entropy
the mutual information 1 bit e
: I — ' se ation
s Real infarmation — "
=i
D H—_
Sign Exponent
f Rounding to remove the : ¥
9 =0 91111111 20110100100000000000000
false information 3 _
Retain bits with =99% of rea Remove false information
nformation in total by rounding trailing bits to O

Mo6uToBOE coaep)aHune peanbHoin nHbopmauuu [1]

YacTb 6UTOB B 3anncu yucna
MOXXET ObITb Clly4aHbIMU U He
HeCTn peanbHON MHpopMaLmn

MOXHO OLEeHUTb paccMmaTpuBas
KoppenAauuto rno npocTpaHCTBY

3aHyfieHne cnyvyamHbix 6UTOB
No3BONSAET 93(PEKTUBHO CXXMMaATb
npumMeHss lossless anropuTmol
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Anroput™ Zfp

b o MeTog pasbuBaet d-MepHbI

Temperature, 4D compression (Zfp)

MaccuB Ha 6J10KM
pasmepHocTu 4d

« PasbueHue ocyuiectBnseTcs
C y4eTOM KOppensaumm
JaHHbIX B KaXX,0M
N3MeEPEHUM

o BHyTpu kaxxgoro 6noka
NpUMeHsieTcs
npeo6pa3oBaHue

o [lpeo6bpasoBaHue

BbIMO/IHAETCA C 3a[,aHHOWM
4 a6CoOsTIOTHOM UK
OTHOCUTENIbHOMN

NnorpewHoOCTbtO
C)kaTue Ha pasnnyHbIX YPOBHAX coxpaHsieMoi uHdopmauum [1]
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ANropunt™M SZ

e ANropuT™m paboTaeT ¢ AaHHbIMU 610KaMu
(a) Reference

o [1Nns TpexMepHbIX faHHbIX UCMOJb3YHOTCA
610K pa3MepPoM 6 x 6 X 6 TOUEK CeTKM

o [1ns pByXMEpPHbIX AAHHbIX MPUMEHSAIOTCA 6/10KM
12 x 12 ToveK

° AJ'IFOpVITM nogoaep>XXmMBaeT TpU peXxXmnmMa CXaTtud

o AG6CONIOTHbIN PeXXUM: 3a4aeTCA abCONOTHas
NnorpeLLIHoCTb

o OTHOCUTENbHbIN PeXuMm: 3afaeTcd

(b) Compressed (CR =241.5x) OTHOCUTEJIbHas NOrpeLlHoCTb

o OTHOCUTEJNIbHbIN MO TOYKaM: Y4YnUTbiBaeTcA

OTHOCUTEJIbHaA NOrpeHOCTb And OoTAE/IbHbIX
TOoYeK AaHHbIX

cxatue ¢ nomolubio SZ [2]
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eKyLLe pe3ybTaThl

e UN3YYWUJIN aKTyaJibHbl€ CTaTbW Ha TEMY

° Pa306pan|/|Cb B pa60Te aJropuTMmoB, OCHOBaHHbIX Ha aHa/IN3€e peaJibHOIo VIHd)OpMaLI,VIOHHOFO cogep>XaHnd n CtTaHaapTHbIX
aJIfoOpUTMOB CXXaTUA C NOTEPAMU

e [lpoBenu nepBMYHOE TECTUPOBAHUE AaNIFTOPUTMOB Ha HaLLMX JaHHbIX

Temperature, uncompressed Temperature, 30% information preserved
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[lanbHenwee nccnegoBaHme

e [loCTpOUTb pasHble METPUKN OLUMOKM ANS CXKATbIX NOJEN

e AHanus HEﬁpOCGTeBbIX anropnTtMoB n MeTogoB, OCHOBaAHHbIX Ha
NMPUMEHEHNN TEH3OPHbIX p83ﬂO)KeHVIl7I N annpokcnmauunax
HanMeHbLllero paHra

e lccnepoBaHue BNUSHUA CTEMNEHU CXXaTUSA Ha pasfiMyHble METPUKU
Ka4yecTBO NnoJien

e HccnepgoBaHue BUSAHUA CTEMEHb CXXaTUA Ha4YyalbHOrO COCTOSAHUSA
MozAe/ N Ha Ka4eCTBO MNMPOrHo3a

o BprO6OTKa METOAUKU AnA onpegesneHnda onTuMasnbHOIo ajiropyutMa 1
CTerneHn cxxatmnd anga pas3jinyHbiX nonen u I'IpVIJ'IO)KGHVIVI
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CCbIJTKU

e MeETOoAbl, OCHOBAHHbIE Ha aHaJIU3e peasibHOro I/IHd)OpMaLI,I/IOHHOFO copgep>xaHus

o https://doi.org/10.1038/s43588-021-00156-2

° CTaH,D,apTHbIe aJiroOpuUTMbI CXXaTud C notTepAamMun

o https:/doi.org/10.5194/gmd-17-8909-2024

e HeWpoceTeBble aNropuTMbl

o https://arxiv.org/abs/2410.09109

o https://arxiv.org/abs/2407.11666
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Cnacunbo 3a BHMMaHume!

Omutpun MNpeunH
prein.ds@phystech.edu

Tg: @perin_nn
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