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BoccTaHoBNEeHWEe CEeHCOPHBIX AaHHbIX HOCUMBIX YCTPOWCTB

[MokasaHKst HOCUMOTO akcenepoMeTpa Bo BpeMsi 6eroBoit TPEHUPOBKM

Mpob6erkKa Mporynka Mpob6erkKa Mporynka
10 —
=%
< g
< o ?
QO | |
o
10—
7_
=%
> 0 ?
(&) [
(@]
-7 —
15—
=%
N
(@] [
o
7_
Q I I I I I
\ 1000 1200 1300 1400 1500

Bpemst 0T Hauana TPEHUPOBKM, MC.

03.04.2024 BoccTaHoBEHWe NponyckoB MHOrOMEPHOrO BPEMEHHOTO psijia Ha OCHOBE aHanmaa NnoBeeHYECKNX LWabnoHoB 2/28



[ToBegeHYeckue LWabroHb!

A

Q \

03.04.2024 BoccTaHoBnEHe NponyckoB MHOrOMEPHOTO BPEMEHHOTO Psiia Ha OCHOBE aHann3a noBeAeHYeckMX LWabrnoHoB 3/28



[ToBegeHYeckue LWabroHb!

LA

N

« «

03.04.2024 BoccTaHoBEHWe NponyckoB MHOrOMEPHOrO BPEMEHHOTO psijia Ha OCHOBE aHanmaa NnoBeeHYECKNX LWabnoHoB 4/28



[ToBegeHYeckue LWabroHb!

il
\

NN ""Iﬁi}.'
1 i

\\ \\ \\

03.04.2024 BoccTaHoBnEHe NponyckoB MHOrOMEPHOTO BPEMEHHOTO Psiia Ha OCHOBE aHann3a noBeAeHYeckMX LWabrnoHoB 5128



BoccTaHoBneHme CeHCOPHbIX AaHHbIX HOCUMbIX YCTPOUCTB
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ApPXUTEKTYpa peLleHns

LWar 1: MogroroBka gaHHbIX LWar 2: Annpokcumarop Lar 3: BoccraHoBneHue
[pOrHO3 TEKYLLEN aKTUBHOCTY MoAroToBka nepsoro NpubnmkeHns  MpasunbHOE UCMONb3OBAHNE NEPBOTO

noBegeHnA ﬂpI/I6J'II/1)KeHI/IF|

Lar 0: MpenodpaboTka AaHHbIX
Pa3meTka UCX0aHbIX AaHHbIX

Annpokcumatop PekoHCTpyKTOp
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ApPXUTEKTYpa peLleHns

Lar 0: MpenodpaboTka AaHHbIX LWar 1: MoproroBka AaHHbIX Lar 2: AnnpokcumaTop lar 3: BoccTaHOBNEHMe
Pa3smeTka MCXOAHbBIX AaHHbIX [pOrHo3 TeKyLlen akTUBHOCTH MoAroToBka nepsoro NpubnmkeHns  MpasunbHOE UCMONb3OBAHNE NEPBOTO
noeeaeHust NPUBNIKEHNS]

PaameTtynk

Annpokcumarop

PekoHCTpyKTOp
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ApXUTEKTypa npeanaraemoro peLleHns

LWar 1: MogroroBka gaHHbIX LWar 2: Annpokcumarop Lar 3: BoccraHoBneHue
[pOrHO3 TEKYLLEN aKTUBHOCTY MoAroToBka nepsoro NpubnmkeHns  MpasunbHOE UCMONb3OBAHNE NEPBOTO

noBegeHnA ﬂpI/I6J'II/I)KeHI/IFI
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ANnpokcMmaTop

LUar 1: NoarotoBKa AaHHbIX
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ANnpokcMmaTop

LUar 1: NoarotoBKa AaHHbIX LWar 2: MNouck noaxoaawmx ¢parmeHTOB
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ANnpokcMmaTop

LUar 1: NoarotoBKa AaHHbIX LWar 2: MNouck noaxoaawmx ¢parmeHTOB
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ANnpokcMmaTop
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ANnpokcMmaTop
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ApxuTekTypa meToda

LWar 1: MogroroBka gaHHbIX LWar 2: Annpokcumarop Lar 3: BoccraHoBneHue
[pOrHO3 TEKYLLEN aKTUBHOCTY MoAroToBka nepsoro NpubnmkeHns  MpasunbHOE UCMONb3OBAHNE NEPBOTO

noBegeHnA ﬂpI/I6J'II/I>KeHI/IF|
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ApXUTEKTypa npeanaraemoro peLleHns
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[TapannenbHbIN NOUCK NOAX0AALWEro parMeHTa
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[TapannenbHbIN NOUCK NOAX0AALWEro parMeHTa
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CpaBHeHWe napannenbHou 1 nocrneaoBaTenbHON YacTy

PacnosHaBaTtesnb AnnpokcumaTop PekoHcTpyKTOp
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Blackout (Hoebiit anropuTtm)SANNI B Transformer m SAITS m GPVAE ® BRITS m ROSL m DynaMMo B CDrec
05 : . . : . . . .
0.123 0. 135 0.129 MCAR
0.195 ;39" 0.2 0 1290. 14 0 11
; 0.093 '
41(1)0. 05
] [ gy | FH Blackout
0
I ]
0.207 0366 0365 251 0.5
0.142(1 0 189 0 211 0 201 0.095( ? 077 0. 178 O 128 0.23 I 7
Electricit 5 4‘ 0.0770. 094 .
y O - L wrarara
0.36 0.5
0.187 0.354
0.133(1) 0.248 m 0.12
el HE SRR | [
. N [] . = MCAR
0.5 0.2 zZZzzA Zzza
0.293
0.212 0.22 0.103
0.066 0.165 ~““ 0.156 0.019 0.065 0.07 0.07 —C—r
BAFU 0071(3)*0 .066 . . . - 0.014(1) | 0.015% 038. . . .
0 0 . |tess. |
0.5
0.112(3) 202 0 0880'(?91 0058 O o
Meteo . : 0.021(1) | 0 058 . 0.063
I N 0
03.04.2024

BoccTaHoBEHWe NponyckoB MHOrOMEPHOrO BPEMEHHOTO psijia Ha OCHOBE aHanmaa NnoBeeHYECKNX LWabnoHoB 27/28



3akoyeHme

* [IpenoxeH u peain30BaH HOBBIUM METO]] BOCCTAHOBJIEHUSA MHOIOMEPHBIX
BPEMEHHBIX PAA0B, OCHOBAHHBIM HA COBMECTHOM MCITIOJIb30BAHUH
HEMPOCETEBRIX MOJICIICH W KOHIECIIIINY OBEACHUCCKNUX MA0JI0HOB (CHUIIIICTOB)

* bynymue nccnenopanus. McciegoBanue NpUMEHUMOCTH KOHICHLIMU
[IOBEJICHYCCKHUX I1a0JIOHOB (CHUIIIIETOB) JJISI MHBIX MOJIEICH U METOJIOB
BOCCTAHOBJICHHMSI BPEMCHHBIX PSIJIOB

* Cnmacu6o 3a BHuManue! Borpockl?
Anexkceirt FOpTun, yurtinalexei@yandex.ru
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[TpogomkeHue uccnegosaxune (MPloss)
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Experiments

* Hardware platform
— SUSU neural computer 1 x Nvidia Tesla V100

* Dataset
— 8 datasets covering various subject areas

* Analogues
— 7 SOTA Methods for imputing missing values in time series data

* Scenario:
— 2 Scenario of missing value generation (Blackout and MCAR)

* Evaluation method:
— Recovery accuracy: root mean square error (RMSE)

* SAETI parameters:
— Subsequence length: 200
— Number of activities
— Learning rate: 0.01
— Optimizer: Adam
— Number of epochs: 1000
— Batch size: 64
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Datasets

Ne Dataset Ttegg;rg)g Dimergision, Subject domain

1. | Bafu! 50 10 Water discharge in Swiss rivers

2. | BTC? 2.5 12 Trading characteristics of cryptocurrencies

3. | Climate3 5 10 Weather in North America

4. | Electricity? 5 9 Power demand of a household in France

5. | Madrid? 25 10 Automatic vehicle registration in Madrid

6. | MAREL® 50 10 Characteristics of seawater in the English Channel
7. | Meteo’ 10 20 Weather in Switzerland

8. | Saaleaue? 23 14 Weather in Germany

1. BundesAmt F"ur Umwelt — Swiss Federal Office for the Environment https://www.hydrodaten.admin.ch/. Accessed: 2023-09-03

2. Historical Crypto Data. https://www.cryptodatadownload.com/data/. Accessed: 2023-09-03

3. Lozano, A.C., et al. Spatial-temporal causal modeling for climate change attribution, in: IV, J.F.E., Fogelman Souli’e, F., Flach, P.A., Zaki, M.J. (Eds.), Proceedings of the 15th ACM
SIGKDD International Conference on Knowledge Discovery and Data Mining, Paris, France, June 28 - July 1, 2009, ACM. pp. 587-596. DOI: 10.1145/1557019.1557086

4, Hebrail, G., Berard, A., 2012. Individual household electric184power consumption. UCI Machine Learning Repository. DOI:10.24432/C58K54. accessed: 862023-09-03

5. La"na, | ., etal., 2018. On the imputation of missing data for road traffic forecasting: New insights and novel techniques. Transportation Research Part C: Emerging Technologies 90,
18-33. URL: DOI: 10.1016/j.trc.2018.02.021.

6. Lefebvre, A., 2015. MAREL Carnot data and metadata from Coriolis Data Centre. SEANOE. URL: DOI: 10.17882/39754. accessed: 2023-09-03.

MeteoSwiss. (Year of dataset). [Title of dataset]. Federal Office of Meteorology and Climatology. https://www.meteoswiss.admin.ch/ Accessed: 2023-09-03

8. Weather Station Saaleaue, Max Planck Institute for Biogeochemistry, Germany. https://www.bgc-jena.mpg.de/wetter/weather data.html. Accessed: 2023-09-03

~
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KOHKYPEHTH!

Ne | Model Basic principle
Analytical
1. | CDrec! Centroid Decomposition
2. | DynaMMo? KanmaH n EM
3. ROSL3 PCA
Neural network-based
4. | BRITS? Bidirectional recurrent neural network
5. | GPVAF® Combination of Autoencoders and Gaussian Process
6. | SAITS® Transformer
7. | Transformer® Transformer
1. Khayati M., Cudré-Mauroux P., Bohlen M. H. Scalable recovery of missing blocks in timeseries with high and low cross-correlations //Knowledge and Information
Systems. —2020. -T. 62. - C. 2257-2280
2. Li L. et al. Dynammo: Mining and summarization of coevolving sequences with missingvalues //Proceedings of the 15th ACM SIGKDD international conference on
Knowledgediscovery and data mining. — 2009. — C. 507-516
3. Shu X., Porikli F., Ahuja N. Robust orthonormal subspace learning: Efficient recovery ofcorrupted low-rank matrices //Proceedings of the IEEE conference on computer

vision andpattern recognition. — 2014. — C. 3874-3881
4. Cao W., Wang D., LiJ,, et al. BRITS: Bidirectional recurrent imputation for time series // Proc. 32nd Conf. onNeural Inf. Proc. Systems (NeurIPS 2018), Montr’eal,

Canada, 2018. https://proceedings.neurips.cc/paper_files/paper/2018/file/734e6bfcd358e25ac1db0a4241b95651-Paper.pdf. Cited June 18, 2023.
5. Fortuin V. et al. Gp-vae: Deep probabilistic time series imputation //International conferenceon artificial intelligence and statistics. — PMLR, 2020. — C. 1651-1661.
6. Du W., at el. SAITS: self-attention-based imputation for time series // Expert Syst. Appl. 2023. 219,Article Number 119619. DOI: 10.1016/].eswa.2023.119619
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https://proceedings.neurips.cc/paper_files/paper/2018/file/734e6bfcd358e25ac1db0a4241b95651-Paper.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0957417423001203?via%3Dihub
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Imani S. ef al. Introducing time series snippets: a new primitive for summarizing long time series. Data Min. Knowl. Discov. 2020. 34(6). 1713—
1743. DOI: 10.1007/s10618-020-00702-y
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CHuNNeTbl
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HEIIEPECEKAIOIIUXCS CETMEHTOB 3a/IaHHOM JIJIMHBI

2. JIIst KaK10oro cerMeHTa HalgeM ero OJMKauIInx
cocejier B cmbpiciie MPdist
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. PsannpeacrasnsieTcs: Kak ynopsIo4€HHbIN HAOOp HEMEpeCceKaroluXcsi CETMEHTOB 3a/JaHHOM
JUTHHBI

2. Jlng Ka)Xaoro cerMeHTa HalJieM ero ompkaiumux cocened B cMmbiciie MPdist

3. JIas Ka)KJa0ro cerMeHTa HaleM ero MOKphITHE (JTomo oT [S7 =n—m + 1)
H BO3bMCM B KaUCCTBC CHHIIIICTOB tOp-K CCI'MCHTOB IIO ITOKPBITHIO

D
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