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32 O4HW CYTKMN NO3BONAET BbIABUTb 3apOXKAEeHNE UHDAPKTA
e JlnnHa paga: 20 mnH.
e Pa3smep gaHHbIX: 200 M6
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AHOManuu B cBepx00mnbLUMX BPEMEHHbIX padax

e [TOUCK aHOMANINN B AAHHbIX
aT/laca MOPCKUX BETPOB
3a 10 net?) nossonaer HanTH
NIOKALUMKM ANA YCTAaHOBKMU
NnpubpeKHbIX BETPAHbIX
3N1EeKTPOCTaHUUN, Aatowme
HanboNblLUYIO NPOU3BOAUTENBHOCTb

 InnHa paaa: 15 mapa,.

e Pasamep AaHHbIX: 2.8 T6

1) De Valk C., Wijnant I.L. Uncertainty analysis of climatological parameters of the Dutch
Offshore Wind Atlas (DOWA). 2019. Technical report TR-379. Royal Netherlands
Meteorological Institute
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[locTaHOBKa 3a0a4u

e INCCOHAHC — noagnocneaoBaTe/IbHOCTb PAAa3,
PACCTOSAHME OT KOTOPOW A0 Hanbonee NOXoXKen Ha Hee
noanocneaoBaTe/IbHOCTU HE HUKe 3a1aHHOIo NOPOra

e NaHo: pan T, AnnHA ANCCOHAHCA N, NOPOr

e Hantn: D = {d4,d>, ...}
di eED &

min EuclidDist(d;, s) = r
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[locnegoBaTesibHbIM NOUCK ANCCOHAHCOB
AL, . 1.0TOOP

Wl et T 33 0f4HO CKaHMpOoBaHuUe

pAna cGopmMmmMpoBaTb
MHOXeCTBO KaHANAaToB
(= m--- B AMCCOHAHCbI

2. Oyucrtka

332 04HO CKaHUpOBaHMe
{ /' pAga oTbpocUTb

KaHAWAATOB, KOTOPbIE He
D | i ABNAIOTCA ANCCOHAHCAMM
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OT60p KaHAnOaToB

CkaHupoBatb pag, T

C = {v}
TEeKyLllaa NnoAnocneaoBaTeNIbHOCTb S
Kangupat := TRUE

anascex c; € C
ecim ED(s,c;)) <randsnc; = @10

C :=C\ ¢; ; Kangugat := FALSE
ecam Kanguagar = TRUET0oC:=CU s
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OT60p KaHAnOaToB

CkaHupoBatb pag, T

C ={v,w}
TeKyLLLasa Nognocnef0BaTe/IbHOCTb S

Kangupat := TRUE 4 /
anascex c; € C ED(x,v) <1
ecam ED(s,c;) <randsnc; = 0 10 '
ED(x,w) >r
C :=C\ ¢; ; Kangugat := FALSE

ecam Kanguagar = TRUET0oC:=CU s @
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OT60p KaHAnOaToB
CkaHuposatb psaa T: C={wyj}

TeKylLL,aa noAanocaeoBaTeIbHOCTb S
ED(z,w) >r

Kangupat := TRUE
ED(z,y) >r

anascex c; € C

ecim ED(s,¢c;)) <randsnc; = P10
C :=C\ ¢; ; Kangugat := FALSE

ecam Kanguagar = TRUET0oC:=CU s
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O4ymnctka KaHanaaToB

D:=C

D={w,vy,z}
CkaHuposatb paa T | |
TEeKywWwaa noanocnenoBaTenbHOCTb S

pnascexd; €D EDD(v,w)ir
ecm ED(s,d;) <randsnd; = @10 wy)zr
D =D\ d, ED(v,z) <7
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OumncTtka kaHaMOaToB

D:=C D = (w,y)

CkaHuposatb paa T U

TeKyw,aAa noanocaneanoBate/ibHOCTb S

onsscex d; € D ED(z,w) =>r
ecm ED(s,d;) <randsnd; = @ 10 ED(z,y) =1
PERA ~~
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PacnpeaeneHHbIN NOUCK AUCCOHAHCOB (KnacTtep)
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[TapannensHbIN NOUCK OUCCOHAHCOB (YCKOPUTEND)
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OT00p KaHOMOATOB Ha ycKopuTene

MaTtpuua MaTtpuua
noanocnenoB-Teu MHAOEKCOB KaHAUAATOB
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O4yuncTKa KaHaMOaToB Ha ycKopuTerne

MaTpuua butoBasa KapTa
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OKCNEPUMEHTDI

e AnnapaTHada nnatdopma

— Knactep: «TopHago HOYplY»,
128 y3nosB

— Y3en: yckoputenb Intel Xeon Phi SE10X,
60 apep @1.1 GHz, 1.076 TFLOPS

e JlaHHble
— KM, 128 mnH.
e llenwu

— MacwTtabupyemocTb afiroputTma

1) Goldberger A.L., et al. Physiobank, PhysioToolkit, and PhysioNet: Components of a new research resource
for complex physiologic signals. Circulation. 101(23), e215-e220 (2000).
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YcKkopeHue mactabupyemocTu

—— n=>512
—1— n=256
1 —— n=128

[

/

Yckopenue macmradupyemoctu, x107

1 8 16 2 64 ' ' ' 128 K-Bo y3710B
1 8 16 32 64 128 I[_]]]/[Ha
MJIH. MJIH. MJIH. MJIH. MJIH. MJIH. psaa
P-n- |C| P — KOJINYECTBO Y3JI0B KjIacTepa
Secaled = ———— |G| - xommyecTBO KAaHIMIATOB B JUCCOHAHCHI
tp n — JIJINHA JUCCOHAHCca
tp — Bpems paboThl Ha P y3max
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3aknoyeHme

 Pa3paboTaH HOBbIM NapansiesibHbl AITOPUTM
NOUCKA ANCCOHAHCOB BPEMEHHOTO psaaa ANA
K/NlacTepa C MHOrosiAePHbIMU YCKOPUTENAMMU

e [lpoBeAeHbl SKCMEPUMEHTbI, MOKA3aBLUMNE BbICOKYIO
MacLITabnpyemocTb a/iIropUTMa

* byayuine nccnepoBaHuA
— lMouncKk aHomanum Bo BpemeHHbIX paaax Industry 4.0

— Pa3paboTKa Bepcumn anropmntma ana knacrepa ¢ GPU

Cnacmbo 3a BHMMaHue!l
Bonpochbl?
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CpaBHEHKWE C aHanoramu

AHanor BpemeHHOMU pALg, Bpems, ¢
|T| n AHanor | Haw anroputm
DDD Y 10° 512 | 5382 745
MR-DADD 2 107 512 240 99
GPU-STAMP 3 | 221 256 | 11664 83
MP-HPC 4 8-10°| 256 | 6000 32

DWu Y., et al. Distributed discord discovery: Spark based anomaly detection in time series. IEEE HPCC 2015,
New York, NY, USA, August 24-26, 2015, pp. 154-159.

2)Yankov D., et al. Disk aware discord discovery: finding unusual time series in terabyte sized datasets. Knowl.
Inf. Syst. 17(2), pp. 241-262, 2008.

3)Yeh C.M., et al. Time series joins, motifs, discords and shapelets: a unifying view that exploits the matrix
prole. Data Min. Knowl. Discov. 32(1), pp. 83-123, 2018.

4) Pfeilschifter G. Time series analysis with matrix prole on HPC systems. MSc thesis, Department of
Informatics, Technical University of Munich, Germany, 2019.
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ADCOMOTHBIN ANCCOHAHC

e AGCONIOTHbIN ANCCOHAHC — NOANOC/IeA0BaTE/IbHOCTb
psAa, paccToAHUE OT KOTOpOI A0 Hanbonee
NOXOXel Ha Hee noanocneaoBaTeNbHOCTU
MaKCMMa/bHO.

e NlaHo: paa T, AanHa ANCCOHAHCA N
e Hantn:d = arg max( min ED(c s))

SET ceT, sNc=0
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Bbi0op nopora r

1. BblbpaTb cny4amHbIn OTPE30K pAaa MAKC AJNHDbI,
KOTOPbIN MOXET ObITb Pa3MeLLEH B MAMATH

2. Hantn abcontoTHbIN ANCCOHAHC B BbIOpaHHOM
OTPEe3Ke C NOMOLLbIO NAPANNENbHOTO ANATOPUTMA
«MaBT 2019»Y) ana yckoputens

3. B3ATb B KayecTBe Nopora r paccToaHne oT
abCcoNOTHOro AMCCoHaHca A0 Hanbonee Noxoxen
Ha Hero noAnocaea0BaTe/IbHOCTU

1)Zymbler M., et al. Time Series Discord Discovery on Intel Many-Core Systems. 13th Int. Conf.,
PCT 2019, Kaliningrad, Russia, April 2—4, 2019. CCIS, 2019. Vol. 1063. pp. 168-182.
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Habopbl AaHHbIX AN 9KCNEPUMEHTOB

Kon-so | [AnuHa n=128,r=10 n=256,r=16 n=512,r=24.5
Yy3/108B, paaa,
P Pp-m | ZIGil D] X|C;l D] X|C;l D]
1 106 5407 772 28916 533 17 366 548
14% 2% 3%
2 2-10° 15115 3245 15979 2124 28 376 1174
21% 13% 4%
4 4.10° 23990 3199 29 075 2098 54 281 1169
13% 14% 2%
8 8.10° 45989 3167 53678 1992 109 890 1010
7% 4% 0.9%
16 1.6 - 107 117 659 2779 129 528 1533 299 157 892
2% 1% 0.3%
32 3.2-107 374 536 2 666 294 844 1288 732517 721
0.7% 0.4% 0.09%
64 6.4 -107 587 795 2517 707 956 1036 1785410 570
0.4% 0.1% 0.03%
128 1.28-108 | 1145661 2 324 1541099 764 4743 032 765
0.2% 0.05% 0.02%
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[Tpon3BOAMTENBHOCTD

=

Bpemst BbInosiHeHM 1, €
g Lid
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10 1
HE
i 8 16 ) | 64 | | | 128 K-Bo y3/10B
1 8 16 32 64 128 Iamna
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Qopmanusaums NoOHATUA aHOManmu

Outliers are the data points for which there are fewer than p other data points within distance d.
Knorr E., Ng N. Finding intensional knowledge of distance-based outliers. VLDB 1999. pp. 211-222.

If the removal of a point P from the time sequence results in a sequence that can be
represented more succinctly than the original one (by more than the increment required for
explicitly keeping track of P separately), then the point P is a deviant.

Jagadish H., et al. Mining deviants in a time series database. VLDB 1999. pp. 102-113.

Outliers are the top n data points whose distance to their k-th nearest neighbor is greatest.
Ramaswamy S., et al. Efficient algorithms for mining outliers from large dataset. SIGMOD 2000. pp. 427-438.

Outliers are the top n data points whose average distance to their k nearest neighbors is
greatest.
Angiulli F., Pizzuti C. Fast outlier detection in high dimensional spaces. PKDD 2002. pp. 15-26.

Discord in a time series is a subsequence of length n whose distance to its nearest non-self
match neighbor is greatest.
Keogh E., et al. HOT SAX: Efficiently finding the most unusual time series subsequence. ICDM 2005. pp. 226—233.

Range discord in a time series is a subsequence of length n whose distance to its nearest non-
self match neighbor is at least r.

Yankov D., et al. Disk aware discord discovery: finding unusual time series in terabyte sized datasets. Knowl. Inf. Syst.,
17(2), 2008. pp. 241-262.

JANCCOHaHCbI — NYy4LLIUK noaxoa, ANA NOUCKA aHOMa/IMii BpeMeHHbIX pAaoB

Yeh C.-C.M., et al. Time series joins, motifs, discords and shapelets: a unifying view that exploits the matrix
profile. Data Min. Knowl. Discov. (Scopus TOP-10%) 2018. vol. 32, no. 1. pp. 83-123.
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