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[locTaHOBKa 3ada4y

. AunccoHaHc! — nognocnenosatenbHOCTb PAAa, PacCTOAHME OT KOTOPOW A0 BAMMKAMLLEro cocesa He HU¥Ke nopora
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KonunyecTtso nognocnegosatenovHoctert: N =n—m+ 1

1) Yankov D., Keogh E.J., Rebbapragada U. Disk aware discord discovery: finding unusual time series in terabyte sized datasets. Knowl. Inf. Syst. 17(2): 241-262. 2008.
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OcHoBHbIe paboTbl N0 TEME UCCNea0oBaHNS

Anroputm

Nnatpopma

Kputuka

MocnepoBatenbHbIU aNTOPUTM

on a graphics processor. Pattern Recognition and Image Analysis 33(2). 2023.

Nakamura T, et al. MERLIN: parameter-free discovery of arbitrary length CPU KBagpaTnyHaAa CNOXKHOCTb OT AJINHbI
anomalies in massive time series archives. IEEE ICDM 2020. pp. 1190-1195. pAaa

MapannenbHblie aAropUTMmbl
DRAG: Yankov D., et al. Disk aware discord discovery: finding unusual time series CPU CumvasLa MabReduce
in terabyte sized datasets. Knowl. Inf. Syst. 17(2): 241-262. 2008. YAk P
PDD: Huang T., et al. Parallel discord discovery. PAKDD 2016. LNCS 9652. Springer, Spark Hun3kaa npon3BoaANTENBHOCTb BBUAY
2016. pp. 233-244. 6onbLIOro Konnvyectsa obmeHoB

MeEXKAY y31aMu

PhiDD: Zymbler M., et al. A Parallel Approach to Discords Discovery in Massive Knactep KBaapaTnUyHasa NPOCTPAHCTBEHHAA
Time Series Data. Computers, Materials & Continua 66(2): 1867-1876. 2021. Intel Xeon Phi [choXKHOCTb OT ANMHbI PAAa
KBF_GPU: Thuy T.T.H., et al. A new discord definition and an efficient time series GPU [MonHbIM Nnepebop
discord detection method using GPUs. ICSED 2021. pp. 63-70. nognocsieaoBaTeNnbHOCTEN PAaA
Zhu B., et al. A GPU Acceleration framework for motif and discord based pattern GPU [MouncK ogHoro (camoro Ba*Horo)
mining. IEEE Trans. on Parallel and Distr. Systems 32(8): 1987-2004. 2021. ANCCOHAHCa pAaa
PD3: Zymbler M., Kraeva Ya. Parallel algorithm for time series discord discovery GPU PyyHoW noabop A/NIMHbI ANCCOHAHCA

1 nopora
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PD3 (Parallel DRAG-based Discord Discovery): Py4yHon noabop r
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CpeaHee yncno nacca*kmpos NY TaKCU (ocenb 2014 r., Kaxaple nonyaca)

Distance

NeHb NeHb nepexoaa leHb NeHb NleHb nepexona LeHb
" Konymba Ha 3MMHee Bpems 6narogapeHus . Konymba Ha 3MMHee BpPeMS 6narogapeHus
0 P A - T | A i C Cor
20k1 . | - . i i 1
10k : i i 10k : i : : I : i
ol | ! L I | . | i . | ol | | i | ' | i | i AR ]
oct5 i | Octl9 i Novz | Nov 16 i Nov30 Dec 14 Oct5 i 10ct19 i Nov2 i Nov 16 i Novi.i(] i Decld 1
™ 1 False ! | i i i o | | | | P |
1 1 1 1 1 1 1
Negative i i PD3 | ; . True ! | i PD3 | . | False
1 1 e  ® o o 1
o i egative i i ; | o i Positive | | ; i | Positive |
" = ! : ! : ! : ! : ! : Lo !
- I . ! | 30k ! I [ ! . 1 ! '
20k ' | 201 | ' | .l
1
T ; i | | : il =
0 L 1 : : : 04 1 : : : 1 ! :
0ct5 e Oct 19 e oz ==~ Nov 16 Lo worsr = Dec 14 Odt5 b Boct 19 L= Nov 16 bemmemeeee o Lemmmmmmm—mm——- DEm—
2014 2014
8' 8'
NMoporr
1 9 b1
®
4 g 41
2 A
0cts 0et19 Nov? Nov Nov 0 0cts 0ct19 Nov2 Not 16 Nov 30

ABTOMATW3MPOBAHHBIN MOWCK aHOManu BpeMeHHbIX PSAOB Ha rpadnvyeckom npoueccope 17.03.2023 5120



PD3 (Parallel DRAG-based Discord Discovery): Py4Hon nogbop m

CpeaHee uncno naccaxkmupos NY Takcu
(oceHb 2014 r., KaxKable nosvaca)
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HaknagHble pacxogbl Ha nog6op napameTpoB M wu r
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[locTaHoBKa 3aa4M aBTOMaTU3MPOBAHHOMO Noucka AnccoHaHcos’
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1) Nakamura T., et al. MERLIN: parameter-free discovery of arbitrary length anomalies in massive time series archives. IEEE ICDM 2020. pp. 1190-1195.
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1) Nakamura T., et al. MERLIN: parameter-free discovery of arbitrary length anomalies in massive time series archives. IEEE ICDM 2020. pp. 1190-1195.
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PALMAD: Parallel Arbitrary Length MERLIN-based Anomaly Discovery

1. MpumeHenune EDZ, .., B KauecTtse GyHKLMM paccToaHUAY
Ti,m ' Y},m _ m.ui/lj)

mao; o;

2
EDform Tim Gm) = 2m (1 -

2. CokpalleHne n3bbITOYHbIX BbIYMCAEHWUI U 1 0 Npu BbluncaeHnn ED%,
Nemma. MNyctb ganbl paa T, |T| = n n nognocnenosatenbHoCT T, M T 14 1. TOrAa

2 m 2 |
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B imes = g (M + Eiam) 0F, = 200 (07 + g (e, = tm) )

3. ABTOMATU3UPOBAHHbLIM NoAbOpP nopora r

4. TennoBada KapTa AUCCOHAHCOB

1) Mueen A. et al. Fast approximate correlation for massive time-series data. SIGMOD 2010. pp. 171-182. ACM (2010). https://doi.org/10.1145/1807167.1807188
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Cxema PALMAD
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CokpalLeHne n30bITOYHbIX BbIMUCIEHUN U U O
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PD3: Parallel DRAG-based Discord DiSCOVery eV (i Tm) = 2m (1.~ Tim i —mis)

1. PD3 BkatoyaeT 2 pa3bl: oTOOP KaHAMAATOB B AUCCOHAHCbI M OYUCTKA KaHAMAATOB
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OKCNEPUMEHTHI

e KoHKypeHTbI (nonck top-1 anccoHaHca Ha GPU)
— KBF_GPU: Thuy T.T.H. et al. A new discord definition and an efficient time series discord detection method using GPUs. ICSED

2021. pp. 63-70. https://doi.org/10.1145/3507473.3507483.

— Zhu et al. A GPU Acceleration framework for motif and discord based pattern mining. IEEE Transactions on Parallel and Distributed

Systems 32(8): 1987-2004. 2021. https://doi.org/10.1109/TPDS.2021.3055765.

e laHHble!?)

BpemeHHOM pAapg,

AnvHa paga,

ANnviHa AUCCOHAHCa,

e AnnapaTtHble naatdopmbl

XapaKTepUCTUKa GPU-MTIY | GPU-KHOYplY
[MponssoanTeNb, CEMENCTBO NVIDIA Tesla
Moaenb P100 V100

# CUDA-apep 3584 5120
TakToBada yactoTta, GHz 1.19 1.3
OnepatuBHasa namATb, Gb 16 32
MuK. np-Tb (double), TFLOPS 4 7

n minlL = maxL
Space shuttle 5000 150
ECG 45 000 200
ECG2 21 600 400
Koski-ECG 100 000 458
Power demand 33220 750
Respiration 24 125 250
RandomWalk1M 1-107 512
RandomWalk2M 2107 512

1) Keogh E., Lin J., Fu A. HOT SAX: Finding the most unusual time series subsequence: Algorithms and applications. Proc. 5th IEEE Int. Conf. Data Mining 2004: 440—

449, URL: http://www.cs.ucr.edu/~eamonn/discords/.

2) Pearson K. The problem of the random walk. Nature 72(394). https://doi.org/10.1038/072342a0.
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https://doi.org/10.1145/3507473.3507483
https://doi.org/10.1109/TPDS.2021.3055765
http://www.cs.ucr.edu/~eamonn/discords/
https://doi.org/10.1038/072342a0

[lponsBoanTenbHOCT: cpaBHeHne ¢ KBF_GPUY

CpeaHee BpeMs Ha MOUCK OQHOr0 ANCCOHAHCA BpemsaA Ha NOMCK BCcex AMCCOHAHCOB
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= 10 KBF_GPU —e— PALMAD < KBF_GPU —e— PALMAD (# discords)
v © <

- 280 348.9 O 080 348.9
g a0 61 90.8 129 172.9229-9 " 129 172.9%2209 (1Y (1)
£ 0 |7 36.6 a0 61 208 (1) (1) (1)
RS s e 5 36.6 (1y (1)
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e
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Time series length, x10* Time series length, x10*

PALMAD onepexaeTt KBF_GPU KaK no obwemy BpemeHun paboTbl,
TaK U NO cCpeaHEMY BPEMEHM HAa MOUCK OAHOrO AUCCOHAHCA

1) Thuy T.T.H. et al. A new discord definition and an efficient time series discord detection method using GPUs. ICSED 2021. pp. 63-70.
https://doi.org/10.1145/3507473.3507483.
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[lpon3BoanTENBHOCTL: cpaBHeHwue ¢ Zhu et al.V

CpeaHee Bpemsa Ha NOUCK OAHOro ANCCOHAHCA BpemA Ha NOMCK BCcex AMCCOHAHCOB
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PALMAD 3HauynTenbHO oneperkaet anroputm Zhu et al. no cpeaHemy Bpemenu
Ha MOUCK O4HOro AMCCOHAHCA, HA4YMHaA ¢ Noucka top-k AnccoHaHcoB,
roe k=10% oT daKTM4YecKoro ynmcna AUCCOHAHCOB

1) Zhu B. et al. A GPU Acceleration framework for motif and discord based pattern mining. IEEE Transactions on Parallel and Distributed Systems 32(8): 1987-2004.
2021. https://doi.org/10.1109/TPDS.2021.3055765.
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PaHxupoBaHne AUCCOHaHCOB
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BbisBneHne aHomanu B cucteme otonneHus OYpl'Y

Mpumepbl HanJEHHbIX aHOMaAun gantTenbHocTbio 0.5-2 cyToK
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BbiiBNeHne aHoManu B MawMHOCTPOEHUN

Mpumepbl HaNAEHHbIX aHOMaAun aantenbHocTbio 0.25-0.5 ceKyHp,
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3akoyeHme

* [lpeanoeH HOBbIKM NapannenbHbl AATOPUTM NMOUCKA aHOMAIUU BPEMEHHOIO
paga PALMAD ana GPU
* byayuiue nccaenoBaHuA:
— Pa3pabotka Bepcun PALMAD ana knactepa ¢ GPU-y3namu
— [MpnmeHeHne PALMAD B HenpoceTeBOW moaesin ANA NOMCKa aHOMANNN
BPEMEHHOIO pPAAa B perXKMme peasibHOro BpeMeHM

Cnacubo 3a BHMmaHue! Bonpocbi?
AHa AneKcaHApoBHaA KpaeBa
kraevaya@susu.ru
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