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[lpeameT nccnenosaHus

MpeameTHasa obnacTb: AvHaMUYECKME CUCTEMDI
Ha rpadpax, dyHKuMM Ha rpadrax.

Mpeamer nccneaoBaHUA: NOAVHOMUANbHbIE
NpubavXxeHns ans PyHKUMM Yncia Todek Ha rpadpe
N DYHKLMN Y1CNa TOYEK B CUMMEKCE.

E. A. Conosebes, rpynna BlMN152 Mockea, 2017 Ctp. 2 us 31



Llenb uccnepoBaHus: skcnepuMeHTabHbIM
nyTém ybeanTbCs B TOYHOCTM OLEHKU pyHKLMM
4mcna ToYeK Ha rpadhe MHOroYNeHaMu 1
pa3paboTaTb NPOrpaMMHbIA WHCTPYMEHT,
NO3BONSAIOLMI BbINUCLIBATEL annpoOKCUMUpYyLLme
MHOIOY/1eHbI MO 3a4aHHOMY rpaddy U ero BepLUyHe.
AKTYanbHOCTb 0bYC/NOB/IEHA NHTEPECOM
nccnemgoBaTenieil K AuHamMuKke Ha rpadpax.

E. A. Conosebes, rpynna BMN152 Mockea, 2017 Ctp. 3 us 31



Yucno Touek B cumnaekce

[aHo: nonoxnTeNbHbI BEKTOP BECOB

w = (wy,ws,...,wk)T,w; € R, nonoxutensHoe
4ucno A.

Hawtu: qucno Ni(\|w) HaTypanbHbix pewwenuii
HepaBeHCTBA Wiy + Wonp + ... 4+ wying < A

o Ni(tlw) = N(t) — dpyHkyus o1 t

e TOYHbIE 3HAYEHNS MOXHO HaliTU TONBLKO
nepebopom

e 3HayeHue YHKLMN PABHO YNCAY TOYEK BHYTPYU
HEKOTOPOro MHOrorpaHHuka (B k-mepHom
MPOCTPaHCTBe)

E. A. Conosebes, rpynna BlMN152 Mockea, 2017 Ctp. 4 ns 31



[TpnbnnxxeHns MHOroYneHamu

® MOXXHO I'IpI/I6J'II/I>KaTI:> HNCAO TO4YEK
MHOIro4Ji€EHaMN

e Spencer D. C. (1942) — nonuHomuansHoe
npubnmxenue ¢ TourocTbio ao O(log t)k, k —
Pa3MepHOCTb NMPOCTPAHCTBA

o npubamxatowme muorounens R(t)
BbIPaXkatoTcs Yepes 0D0DLEHHBIE MHOTOYIEHbI
BepHynnu

E. A. Conosebes, rpynna BMN152 Mockea, 2017 Ctp. 5us 31



[TpnbnnxxeHns MHOroYneHamu

® ACUMNTOTNKA MNMOKA3blBAE€T TOYHOCTb OUEHKW Ha

t — +00
o [N(t) — R(t)| < 10%log t)* npu N(t) ~ 10° -
MJ10X0

® CTOUT CPaBHNUTb HACTOALLMNE 3HAYHEHNA beHKLIlVIVI
N 3HAYEHNA, AaBaEMbIE I'IpVI6J'IVI>KeHVIeM

E. A. Conosebes, rpynna BlMN152 Mocksa, 2017 Ctp. 6 ns 31



3agaun paboTsl

©® NpoBepkKa TOYHOCTU NOJIMHOMUAJSIBHOIO
Npuban>xxeHus pyHKLNN YNCcna TOYEK B
cnmniekce (BcnomorartesibHasi 3a4a4a)
e pa3paboTka nMporpamMmbl AJis NOACYETA YmMcna
TOYEK B CMMMJIEKCE

E. A. Conosebes, rpynna BMN152 Mockea, 2017 Ctp. 7 ns 31



Yucno Touek Ha rpade

JlaHo: aepeBo c BblAeseHHOW HavabHO BEPLUUHOLN
(kopHem), no rpady HauYMHAIOT ABUraTLCS TOHKN:

e CHayafa — TOYKU U3 KOPHS MO BCEM
WHUULEHTHBIM pEDpam

e NpubbLIBast B BEPLUMHY, TOYKA NOPOXKAAET HOBbLIE
no BCEM MHUMAEHTHbIM PEOpam

E. A. Conosebes, rpynna BlMN152 Mockea, 2017 Ctp. 8 us 31



Yucno Touek Ha rpade

HawiTu: yncno N(t) Touek Ha rpacde B MOMEHT
BpeMeHn t.

o N(t)— dyHkuns ot t
© TOYHbIE 3HAYEHMSI MOXKHO HATI TONBKO

NOJIHBIM MOAENVPOBaHNEM MpoLiecca C
HaYa/JbHOro MoMeHTa BpemMenun t = 0

E. A. Conosebes, rpynna BlMN152 Mocksa, 2017 Ctp. 9 us 31



[TpnbnnxxeHns MHOroYneHamu

® MOXHO ﬂpVI6J'II/I)KaTb HNCNO TOYEK
MHOTO4YJ1IEHaAMN

o A. A. Tonyennukos n B. J1. Yeprbiwes (2017) —
NOJANHOMMANLHOE NPUBIVKEHNE C TOHHOCTbIO
no O(log t)IEI=! (cTaTbs nybaukyetcs)

o npubamxatowyme MHorouneHsl R(t)
BbIPaXatoTCs Yepes npnbamxatoLume
MHOTOYJIEHbI AJIS YUCAA TOYEK B CUMMJIEKCAX

E. A. Conosbes, rpynna BlMN152 Mockea, 2017 Ctp. 10 n3 31



[TpnbnnxxeHns MHOroYneHamu

Ons pepesa I = (V, E):
N(t) = R(t) + O((log t)/EI"1)
raoe

R(t) = R'(t) + R"(t)

E. A. Conosebes, rpynna BlMN152 Mocksa, 2017 Ctp. 11 n3 31



[TpnbnnxxeHns MHOroYneHamu

RI(£) = 3 3" (o(E.end(1)) — p(E',end(1)))-
R|/—':'| (t + Ze,-el tj {2ti}e,-eE’)

e NepBoe CyMMUPOBAHNE — MO BCEM
nogMHoxxecTeam pebep E/ C E, koTopble
coctasnstoT noggepeso [’ B I, copepaluee
KopeHb [

e BTOPOE — MO BCEM MOAMHOXECTBaM pebep
| C E', koTopbie obpasytoT nyTs (BO3IMOXHO,
HyneBoll AnnHbl) B8 nogaepese I

E. A. Conosebes, rpynna BlMN152 Mockea, 2017 Ctp. 12 n3 31



R~ 33

R|E'|_1 (t + Ze,-e/\last(/) ti — tlast(/) {2ti}e,-€E’\|ast(/)>

e NepBoe CyMMUPOBAHNE — MO BCEM
nogMHoxxecteam pebep E' C E, koTopsble
coctaenstoT nogaepeso [/ 8 I, cogepxatee
KopeHb [

e BTOPOE — MO BCEM HEMYCTbIM MOAMHOXECTBaM
pebep | C E’, koTopble 0bpasytoT nyTs B
nogaepese ' u takum, uto p(E’' end(/)) > 1

E. A. Conosebes, rpynna BlMN152 Mockea, 2017 Ctp. 13 n3 31



[TpnbnnxxeHns MHOroYneHamu

® ACUMNTOTNKA MNMOKA3blBAE€T TOYHOCTb OUEHKW Ha
t — 400

® CTONT CPaBHUTb HACTOALWLNE 3HAYEHNA beHKLI,I/II/I
N 3HAYE€EHWNA, AaBae€Mbl€ MHOIro4YyneHaMun

e reHepaLyuto MHOrOYIEHOB MO 3alaHHOMY rpadyy
MOXXHO aBTOMAaTU3MNPOBaTb

E. A. Conosebes, rpynna BMN152 Mockea, 2017 Ctp. 14 n3 31



3agaun paboTsl

® NPoOBEepPKa TOYHOCTUN NOJIMHOMMWAJILHOIO
Npnonav>xeHus pyHKLNN Yucaa ToYek
Ha rpadpe
e pa3paboTka MporpaMmebl, BbIMUCLIBAOLLEN MO
3agaHHOMy rpady NOAMHOMUAIbHOE NPUbANXKeHne
(PYHKUMM HMCNa TOYEK HA HEM
e pa3spaboTka mporpamMmbl AJisi NOACYETA YMcna
To4yek Ha rpade

E. A. Conosebes, rpynna BMN152 Mockea, 2017 Ctp. 15 n3 31



ANropnTMbl pelleHnst 3a4ad

® YUC/IO TOYEK B CUMMJIEKCE: CHUTaeM nepebopom
BCEX peLueHni

e YUCNIO TOYEK HA rpadpe: MOAENNpPYEM C
Ha4YaJIbHOrO MOMEHTA BpPEMEHMU

® XpPaHUM BCE TOYKWU B o4Hepean C NpuopnTeTom
e UN3BJIEKAEM MPUXOASLLINE TOYKMN 1 A0DaBAsIEM
HOBbIE
e reHepaLust MHOMOYJ/IEHOB: WLLEM HYXKHbIE
NOAMHOXECTBA pébep, NCMosIb3yeM MOUCK B
rnyounHy

E. A. Conosbes, rpynna BlMN152 Mockea, 2017 Ctp. 16 n3 31



Icnonb3yembie TexHonorMK

o CF# — noAcyéT yncna ToYek Ha CUMMIIEKCE 1
rpade

e Maple — reHepauns MHOro4NEHOB,
NPUBAVKAIOLMX YNCNO TOYEK B CUMIIEKCE

e MaplelLib — B3aumogeiictene Maple u C# ans
CYMBOJIbHbBIX BbIYNCIEHUIA A5t reHepaLum
MHOFOYJIEHOB, MPUOIMXKAIOLWMX YUCAO TOYEK Ha
rpacpe

e Python (NumPy, Pandas) — ananus pesynbratos
(nocTpoeHune rpacbrkoB 1 NOACHET
CTAaTUCTUYECKMX MOKasaTesell npnbanxeHus )

E. A. Conosbes, rpynna BlMN152 Mockea, 2017 Ctp. 17 n3 31



Yucno Touek B cumnnekce ans w = (v/2,1/3,v5)7

« 10" N (t)

0 LO00 2000 3000 1000 2000 GOO0
E. A. Conosebes, rpynna BMN152 Mockea,; 2017 Ctp. 18 n3 31



E. A. Conosebes, rpynna BMN152

PasHocts R(t) — N(t)

R(t) - N(t)
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Mocksa, 2017 Ctp. 19 n3 31



KauecTBO npubnnxerus

o |R(t) — N(t)| <0.0243 - In%(t)
e MAE = 3.005 npu N ~ 10° - xopotio
e 0 =31871

E. A. Conosebes, rpynna BMN152 Mocksa, 2017 Ctp. 20 n3 31



Hucno Touek Ha 3BE34HOM rpace K 3
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Ownbka npubamxerns ans Ki 3

20 - —
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E. A. Conosebes, rpynna BMN152 Mockea, 2017 Ctp. 22 n3 31



KauecTBO npubnnxerus

|R(t) — N(t)| < 0.2933 - In?(t)
MAE = 3.5005 npu N ~ 10°
o = 3.6479

ownbKa cMmeLgHHast — MOXXHO nonpoboBaThb
YMEHbLIUTb MOLYNb

CBO60,E||HI:>|I7I YyNeH HE N3MEHHAET aCVerITOTI/IKy
(log t)/EI-

E. A. Conosebes, rpynna BlMN152 Mockea, 2017 Ctp. 23 n3 31



VayylieHue npubamxeHus

o Ry(t) — npubavkatowmii MHOTOUEH C HYNEBBIM
CBODOAHBIM YNEHOM

o E(Ro(t) — N(t)) — ouerka gns cBobogHoro
4neHa

E. A. Conosbes, rpynna BMN152 Mockea, 2017 Ctp. 24 n3 31



VayduieHHoe npubanxerune

{1 LO00 2000 3000 oo 5000

E. A. Conosebes, rpynna BMN152 Mockea, 2017 Ctp. 25 n3 31



Ka4ecTBO yaydLIeHHOro npubamnxeHus

|R(t) — N(t)| < 0.13346 - In*(t)
e MAE = 0.8215 (6bin0 3.5005)
e 0 =1.0267 (610 3.6479)

® HAaMHOIo ny4uie

o ouenuarue sennyuHbl B(Ry(t) — N(t)) ans
NpPon3BOJIbHOro rpada bes BbivncaeHns
NCTUHHBIX 3HAYeHU — BOMNPOC OTKPbITbI

E. A. Conosebes, rpynna BMN152 Mockea, 2017 Ctp. 26 ns 31



[IpenmyLiecTBa HanMcaHHOW NporpamMmbl

e rpad-uenoyka us 5 pébep ¢ annHamn
(In 2,In 7,In 13,1In 17,In 41)

e BblYMCANTL 3HaYeHus go t = 300 — yxxe
AOCTaTO4HO AOATO

e Tabsivua 3HAYEHU PYHKLUN COAEPXKUT
7,500,000+ 3anuceii n 3aHumaet 185 Mb
e Tpebyetcst ~ 1 Gb onepaTusHoli namsaTu

e BbIYNC/EHNE 3HAYEHUI MHOTOYJIEHOB —
MPaKTUHECKM MTHOBEHHO, reHepaLns
MHOTOY/1eHOB (B CUMBOIBHOM U HUCNEHHOM
BUAe) — ObICTPO

E. A. Conosebes, rpynna BMN152 Mockea, 2017 Ctp. 27 n3 31



Beisogbl no paboTe

Hay4yHast HoBu3Ha: nposepka ka4ecTBa
NPUONVIKEHNST MHOTOYIEHAaMU PYHKLMM YICaa TOYEK
Ha rpade.

MpakTnyeckas 3Ha4YUMOCTb: pa3paboTka
MPOrpaMMHbIX NHCTPYMEHTOB AN NOJYyYEHUS
NCTUHHBIX 3HaY€HU PacCMaTPUBAEMbIX DYHKLMIA, a
TakKXXe UX NOANHOMMAJIbHBIE MPUOAVIKEHNS.
LdanbHeAlune nccnepoBaHus: yny4dlleHune
CBODOAHOIO YseHa, NCCIeA0BaHNE BTOPOro HjeHa
ACUMNTOTUKMN.

E. A. Conosebes, rpynna BlMN152 Mockea, 2017 Ctp. 28 n3 31
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HALUWOHANbHbLIN UCCNEQOBATENLCKUM
YHUBEPCUTET

Cnacubo 3a BHUMaHue!

E. A. Conosebes, rpynna BlMN152 Mockea, 2017 Ctp. 31 ns3 31



