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3a4aYa passiagku

@ Maccus 13 N 351eMeHTOB N cemencTso F(0)
@ BepHO 04HO U3 cnefyowmnx yTBepXAeHNN:
e Bce anemeHThl N3 F(6))
e dM,0 < M < N, Takoe 4TO nepBble M 3/71eMeHTOB 13
F(6y), a ocTtanbHble n3 F(6,), rae 0y # 60,
@ OnpenennTb, Kakoe BEpPHO
@ F(0) moXeT ObITb KaK M3BECTHO, Tak U He N3BECTHO
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[floTOKOBadA 3afa4va pa3nagku

MNoTokoBas Bepcuna
@ becKoHeYHbI NOTOK 3JIeMEHTOB
@ lI3MeHeHnA B MOMEeHThLI BpeMeHun M, M, ...
@ Pacnpepenenuns F(0,),F(6,),F(02),...
@ Hy>xHo onpenennts My, Mo, ...

PacnpepeneHHas Bepcus
@ DJ1IeMeHTbl MOTOKa pacnpenensatoTcs rno
BblYMCIMTESIbHbIM Yy3/1aM
@ Heobxoammo 3apaTb ABa anroputMa

e AnropuTtm 06paboTkn anemMeHTa Ha y3ne
o Anroput™ o6beaAnHEHNA CTaTUCTUK C Pa3HbIX Y3J10B
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MoTuBaund

OOHapy>xeHue CNOHTaHHbIX U3MEHEHUN
@ TpaH3aKuunm KpeanTHbIX KapT
@ Tukun Ha poHaoBOW Bupxe
@ KoMnbloTepHbIN ceTeBon Tpaduk

@ Obyyatlouwme oaHHble OS5 aNrOPUTMOB MaLUMHHOIO
obyyeHuns

XenatenbHo paspabotatb anroputm
@ PacnpeneneHHbin, 4Tobbl yBE/IMHYNTb NPOMYCKHYIO
CnocobHOCTb
@ He ncnonb3yowmnn nHpopmaLmno 0 BXOgHOM
pacrnpefeneHnn, Tak Kak OHa He Bcerga AoCTyrnHa
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Mpeabigyuwme paboTsol

PeweHMna Knaccmyeckou 3apaum

@ Cumulative Sum (CuSum)?!

@ Shiryaev-Roberts procedures (SRP)?2
PeweHus NOTOKOBOM 3a4a4m

@ 0O606weHna CuSum n SRP

@ MeToAbl CO CrnakusaHmem3

@ OKOHHbIN anropuTm?

'Page, E. (1954) 'Continuous inspection schemes’, Biometrika,
41, 100-115.

2M. Pollak. (1985) 'Optimal Detection of a Change in
Distribution’, The Annals of Statistics

3Bodenham, D.A. (2014). 'Adaptive estimation with change
detection for streaming data’. PhD Thesis, Department of
Mathematics, Imperial College London.

4D. Kifer, S. Ben-David, and J. Gehrke (2004). 'Detecting Change
in Data Streams’, VLDB.
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OrpaHuyeHne npenbigywmx pabotr

OKOHHbIN afiropuTM*, B 0T/IMYME OT OCTasIbHbIX He
ncnonb3lyeT MHGOPMALIMIO O CEMENCTBE
pacrnpeneneHnumn AaHHbIX

Anroputm Nud. o cemencrtee | Pacnpesn.
CuSum Hy>Ha HeT

SRP Hy>XHa HeT
CrnaxunsaHue | Hy>xHa HeT
OKOHHbIN He Hy>XHa HeT

GLRT Hy>xHa Oa

HO! OKOHHbIN anropnTm He NpenycMoTpeH s
MCMNOSIb30BaHUA B pacrnpeneneHHbIX CucTeMax

4D. Kifer, S. Ben-David, and J. Gehrke (2004). 'Detecting Change
in Data Streams’, VLDB.
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Llenn n 3apgayn

LUenb

O606LWMTb OKOHHbIN aNropnuT™M obHapy>xeHuns
pa3fiaflky B MOTOKE Ha pacnpenesieHHbIn Cry4yan

3apaum
@ Co3aaTb CTeHA ANa TeCTUPOBaHUS anropmMTMoB
NMouncKa pasnagku
@ PeanunsoBaTb 0606LLEHHbI OKOHHbIA a/IrOPUTM B
paMKax TeCTOBOIro CTeHaa
@ [lpoBeCTn Ceputo SIKCNEPUMEHTOB AJ15 BbIABNEHUS
KayecTBa MoJly4eHHOro aaropmTma

@ PeanusoBaTb airOPMTM B paMKax
pacnpeneneHHoOn CUCTeMbl NOTOKOBOM 06paboTku
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TecToBbI CTEHA: apXUTEKTYpa

Anroputs
06paboTku Ha yane | CTATUCTUKA
yaen #0 curHan

AnropuTM cratveTika | ¢
3nemeHT o6patoTku Ha yane CTaTUCTHK C y3nos
TleHepalma » CreHa yaen #1

CTATUCTHEE,

ANEMEHT

anemeHT MHAEKC
Anroputs

06patoTk Ha yane
yaen #index

A

PacnpegeneHite
o yanam

Shttps://github.com/myutman/distributed-changepoint-detection
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TecToBbIN CTeHA: NHTepgenc

Creng

+ test(ypoBeHb 3HANMMOCTH): METPUKK

1

AnropuTm o6paboTku Ha yane

Pacnpegenexie no yanam

+ get_node_index(aneMeHT): MHOEKE

+ get_stat(): cTatcTMKa
+ test(): curHan
+ restart(): None

+ process_element(anemenT): None

exepayma

+ random_state: int

+ generate(pa3mep): reHepaTop aNEMeHTOR

CHAHKHE CTATHCTHK

+ fuse(CnWcoK CTATUCTUK): CHUrHan

Shttps://github.com/myutman/distributed-changepoint-detection
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AnropnTtm: obpaboTKa Ha y3nax

@ B KayecTBe CTAaTUCTMKM C y3/1a BO3BpaLlaeTca S;

St = max K(reference, sliding;)
1<i<t—(n+m)+1

reference
I
SEEEEEEENEEEEE
sliding 1 sliding 3
Puc.: CTaTn4HoOEe 1 CKOMb34llee OKHa
e K— Mepa 61m30CcTH paCI'Ipe,D,eJ'IeHVIVI OKOH

@ 11, m — pa3Mepbl OKOH
@ t — yuncno obpaboTaHHLIX 3/71eMEHTOB

@ B kadecTBe K ncnosbsyetca KC-cTaTUCTUKa,
KS(Y(), Yl) = Sup ‘FYO (X) — Fyl (X)‘

Cn6LIOMuKH tOTmMaH M.A. PacnpepneneHHas 3apgada pasnagku



ANropnTM: CandaHme CTaTUCTUK

@ K cTaTuctumkam c Y3J710B NMPpUMEHAETCA q)yHKLI,I/IFI

+s+ |#n_nodes - 1}

#0 #1
DyHKUMA
CNUAHKA

!

Puc.: ®yHKUNA canaHus

Mony4yeHHoOe 3HayYeHne cpaBHMBAETCA C MOPOroBbIM
3Ha4YeHneMm 419 NPUHATUA peLleHns

@ [loporosoe 3Ha4yeHne nogbupaeTcs C y4€TOM
YyUucna y3JioB 1 YPOBHA 3HAYUMMOCTH (D)

@ B KavecTBe PYHKLUNN CANAHUA NCNOJIb30BaINCh
MaKCMMyM, cpeaHee N MeauaHa
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IKCnepuMeHT 6e3 n3mMeHeHunmn

MoTok n3 U[0; 1] 6e3 nameHeHNN

Anroputm JloxxHble oOHapy>xeHus
Ha 2000000 >nemMeHTOB
p=0.01|p=0.05| p=0.1

Opwvr. cTaTbea | — 8.0 —

Mos peanusauus

1 y3en 8.6 14.0 22.8

4 y3na 3.8 9.6 12.4

8 y3nos 1.0 6.6 12.0

16 y3nos 1.8 5.6 5.4

@ OpurmnHanbHble pe3yabTaTbl BOCNPON3BOAATCS

@ YnMCo NOXKHbIX OBHapYy>XeHWN perynanpyeTcsa p

@ bosnblwe y3noB = HyxHo obpaboTaTb BonbLue
3N1eMeHTOB A5 cpabaTbiBaHUS = YXCI0 JIOXKHbIX
obHapyxeHun ybbiBaeT
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3KCI'IepVIMeHT C HebONbLLINMN N3MEHEHUNAMN

MoTok u3 U[-6; 6], n3Ha4anbHO 6 :=5

Pa3 B 20000 aneMeHTOB 6 := 0 + U[—1; 1]

Anroputm Yucno obHapy>xeHu Ha 99 U3MeHeHUu#
BepHble Mo3paHue + JloXXHble
p=001]p=005][p=01|p=001 [p=005 [p=0.1
Opwur. cTaTbs || — 31 — — 30 —
Mos peanusauus
1y3en 24.0 33.4 42.0 18.442.0 | 18847.2 | 17.2415.0
4 y3na 24.8 31.6 37.4 182+1.0 | 208434 | 20.4+8.4
8 y3sioB 21.0 25.6 32.4 192402 (214412 | 23.6+2.4
16 y3nos 13.6 18.8 22.4 20.0+04 | 21.24+0.8 | 20.84+0.6

@ OpurnHanbHble pe3yJsibTaTbl BOCNPON3BOOATCA
@ bonbwe y3n0B = Hy>xHO obpaboTaTb 6onbLie
3/1eMeHTOoB A4 cpabaTbiBaHUSA
e = Obuee yncno obHapyxeHuin ybbiBaeT
e = [poueHT No3gHux obHapy>xeHun Bo3pacTaeT
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SKCMepuMeHT € 60NbLINMY N3MEHEHNAMMU

@ [loToK pa3mepa 400000 n3 N(0,1)
@ N3HavyanbHO 6 =0
@ Pa3 B N(20000, 1) aneM. § meHaeTca Ha N(100,0.1)

600

— maximum
500 A mean
—— median

25 50 75 100 125 150
Number of nodes

@ 3ajep)xka pacTéTt cybnnmHenHo
@ CpefHee faéT HaUMEHbLUYIO 3a4EePXKKY
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PacnpeneneHHasa cucrema

@ AnropuTt™m 6biN peann3oBaH B paMKax
pacnpeneneHHon cuctemol Apache Flink®

@ bbininm Nnpon3BeneHbl U3MEPEHUSA MPOMYCKHON
cnocobHoCTKN

16000 —— Window algo

12000

8000

4000

Events (words) per second

8
#Nodes

@ [ponyckHas cnocobHOCTbL BO3paCTaET JIMHENHO C
yBeJind4eHnem 4mcJsia y3sioBs
Shttps://github.com/flame-stream/LightBulbs/pull/1
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Pe3ynbTaThl

Bbin co3aaH TEeCTOBbIN CTEHA,

Bbin pa3spaboTaH pacnpeneneHHbI anropuTM Ansg
MOTOKOBOW 3a4ayvun pa3fiafkn, He UCMNOJb3YOLWWNA
MHOPMaLNMIO 0 pacnpeneneHnmn BXoAHbIX AaHHbIX

Pe3ynbTaTbl opurnHanbHoM paboTsl Obin
BOCMpPOn3BEeAEHbI
C yBeniM4yeHmnem 4nucna ysnos

e Obuiee 4YNCNO M YUCNO NIOXKHBIX 0BHapy>XeHUI
ybbiBalOT

e [MpoueHT No3gHuX obHapy>xeHnn Bo3pacTaeT

e latency Bo3pacTaeT cybnmHenHo

@ throughput Bo3pacTaeT JIMHENHO

Bblyla NpoAeMoHCTpMpoBaHa MaclwTabnpyemMocTb
Mo pe3ynbTaTaM niaaHupyeTcsa nybamkayms

CN6L®MuKH
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