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[Hess paboThr

esnpio manHO# pabOTHI ABJISETCH PACCMOTPEHUE
MPAKTUIECKUX ACIEKTOB TPadOCTPYKTYyPHOTO MOIETNPOBAHIS
B 3a71a7aX OTMCAHWS W AHATN3a OOJBINNX JTAHHBIX, 8 TAKXKe
pa3BUTHE MATPUIHOTO IPEACTAB/IeHNA 000OIIEHHBIX IPA(OBBIX
CTPYKTYP; HA 9TOM OCHOBAHHUM OYIYT M3JIOKEHBI Oy IeHHbIE
PE3yIbTATHI TPEBAPUTEIbHBIX NCCIIETOBAHUN U 0O03HATEHBI

IIEePCIIEKTUBBI )IaﬂbHefIHlHX.
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Copnepzkanue pasuesa 1

1. I'padocTpykTypHOE MOJIETUPOBAHIE
1.1 I'padwr 1 ux obobIeHIe
1.2 Ocobennocru Merarpados
1.3 Matpudnoe mpejcTaB/ieHIe
1.4 PemonenmpoBaHme W €ro MOTHBAIIUS

1.5 Cuucok JuTeparTyphl
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['padnr

Onpenenenne dpyuknun B
B(V,n)=[V —2"]",
rae [S]"={X|XC SA|X|=n}.
DopmasibHOE Ompeiesienne rpada

I'pad — ato (V, E), rtne E C B(V, 2).
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Obob1eHHbIe rpad0Bble CTPYKTYPhI

[Muneprpad
n
['uneprpad onpegenen xax (V, HE), tne HE C | B(V, i).

i=1

['untepceTb

['unepcers — 9TO Mapa, COCTOMAIIAS U3 MHOXKECTBA THIIEpPedep u
MHOYKecTBa oTobpaxkennit mexky Humu HN = ({WS;}, {®;}),
roe WS; — runieppebpo, a ®; : WS; — WS;_1.

©
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Obob1eHHbIe rpad0Bble CTPYKTYPhI

Metarpad

Merarpad — aro MG = (V, ME), rjae V — MHO»KeCTBO BepIIIH,
n
ME — muoxkectso vetapebep u ME € B( B(V, i), 2).

i=1

DKBUBAJICHTHOE OIIpeJe/THIEe MeTana(ba

MG = (V, MV, ME), rjie MHOXKECTBO METABCDIIITH
n

MV C | B(V, i), a ME C B(MV, 2).
=

=
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Obob1eHHbIe rpad0Bble CTPYKTYPhI

Nrepruneprpadnr

V-nekoTopoe MHOKecCTBO, f @ V — 2V,
f(V,0)=V,f(V,1)=f(V),f(V,2) = f(f(V)), f(V,p) = f(Ff(V, p—1)),
re p - HOKa3aTe/lb HTePAId I
e(f(V.p)) =p.e(f(V,p)) =e(f(V.p— 1))+ 1.

Eciu |V| =n, |E| = m|f(V,p)| <m < |[f(V,p+ 1)],

10 e(£E) npobGHBII MOKa3aTeIb HTEPAIUH.

n—m
Hns rpada mokasaresns ureparum paseH 5—
n—m 2"—m
27—n’ 22" —n
Kiacc nrepruneprpadoB oxBaTbiBaeT Bce rpadOBble CTPYKTY-

Jlnsa runeprpada u Mmetarpada COOTBETCTBEHHO.

PBI IIPDU BapbUPOBaAHUUW CTEIIEHU UTEPAIluN.
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Ocobennoctu Merarpados

XapaKTepHOl 0CODEHHOCTHIO MeTarpada sBJIeTCA TO, UITO OH
0000ITIaeT TPUBE/IEHHBIE IPAMOBBIE CTPYKTYPHI U 9TO B HEM
PEeaTM30BaHbl JBA BUJIA CMEYKHOCTH BEPIINH.
[Tpugem omHa U3 CMEKHOCTEH JTOKHA OJHOSHATHO

OIIPpEIEC/IATH CBA3U MEXK/1y BEPIIMHaMM.

Metragepmunnasi Merapebeprast
° G(V, E) ~ MG(V, MV, ME), re [ ] G(V, E)ng MG(V, MV, ME), rae
ME=@,aMVCB(V,2)=E Mv c U B(V,i), ME € B(MV, 2)
i=1
* HG(V,HE) = MG(V, MV, ME), tne o HG(V, HE) = MG(V, MV, ME), txe
ME=2,aMVvc UB(V,)=HE mv c L) B(V, i), ME C B(MV, 2)
= =y -
o HN(WS, ®) = MG(V, MV, ME) = o HN(WS, ®) = MG(V, MV, ME) =
(V. WS (o (WS W), ) (VAWSY (- (WS, WSi), )
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Ocobennoctu Merarpados

Bropas dyHKINS CMEKHOCTH MOXKET UCIOJIH30BATHCH IS ...

... PACCMOTPEHHUS CBA3CH MEZK-
J1y cBgazganvu. Hampumep, Mexk-

Iy IByMs pebpamu:

KilacTepu3allii  BEPIITNH.

Hanpumep, ngms  kjacrepu-
3alliil BEPIIMH [0 IPU3HAKY
COBMECTHOM CMEZKHOCTH

JPyroil BepIuHeE:

104
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Ocobennoctu Merarpados

Merarpad He TOIBKO 0000IAET ITPUBEIEHHBIE CTPYKTYPhI, HO
U JIOCTATOYEH 10 OTHOIIEHUIO K OoJiee abCTpaKTHBIM

CTPYKTYpaM B 3a/ladaX MOJICJIMPOBaHUA, T.K. ...

... CB4A31 MOr'yT OBITH MeXK1y ... KjllIacTepu3allisgd BEPIITNH
CBA3AMU ITPOU3BOJILHOT'O MOYKET OBITH

YPOBHSI. MHOTOKPHUTEPUAHHOM.
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MaTpuaHnoe mpejcrapieHne

I'padoBbie CTPYKTYPBI YI0OHO TPEJACTABIATH ¢ IOMOIILIO
marpull. [Ijist Takoro npejcrapieHus Haubosee Moy IsipHbI
Marpunbl nanugaeaTHoctn (f), emexnoctu (A), BaJIEHTHOCTH

(D) u nansiacuan (L), KOTOpbIE CBSI3aHBI PABEHCTBOM

[-I"=L=D=xA.
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MaTpuaHnoe mpejcrapieHne

Tak2ke JIFOOYIO TPadOBYI0 CTPYKTYPY MOXKHO IIPEJICTABUTH B

MaTPUIHOM BHUJIE ¢ TToMOIbio rpada Kénnra:

e,
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MaTpuaHnoe mpejcrapieHne

Marpurma cmexxHocT 110 bacy:

a; = ()« tae
k

(@) (mu{vi}, mvi{v;}, (mey)), ecau v; € mux A vj € myy;
iflk =
HnHa4ve.

—r—
_
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MaTpuaHnoe mpejcrapieHne

Ha ocnoBe ciaiia 6 BEIBOIUTCS CBSA3b MEXKJY MATPUTHBIMU
MIPEJICTABJICHUSIMI PA3HBIX I'PAdOBBIX CTPYKTYP KAaK TaCTHBIX
ciydaeB urepruneprpados. Hanpumep, s metarpada

MaTpulla THIOIUAECHTHOCTH OIIPEIE/IACTCA KaK

I(V, ME) = I(V, E) - I(MV, ME).
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Marpuunoe npejicraBiieHue

Bzaumocssass L(V, ME) u I(V, E), I[(MV, ME):
L(V, ME) = I(V, ME) - (MV, ME) =

h1 .. O
1V, MV) 0
0
0
= (v, MV))T S I(MV, ME)
(0]
0
0 (/(MV, ME))* .
© /|V|+|MV|+|ME|.,|V|+|MV|+|ME|

129 [V+E|
rme lii= Y liel= X kil i34



Kakoe u3 npejcrasiennii BeIOpaTh?!

BbI60p MaTPUYIHOI'O IIPEACTAaBJICHUA JOJIZKEH OCYHIECTBJIATHCA
B 3aBUCHUMOCTHU OT ITOCTAHOBKHM 3aJda4, HAJIIII
peaTnm30BaHHBIX aJITOPUTMOB JId JaHHOI'O IIpeJICTaBJICHUA, a
TaK>K€ BO3MOZKHOCTHU K()I)I)(‘,K'I‘H()fi NHTEPIIPpETATUN

IPOMEXKYTOIHBIX U KOHEIHOI'O pPE3yJIbTaTa.

( B ol oo - monnnon T
ool ol o [llo o ool ol ofille o
oo o il oo e B efolo Ml ole] _
ololo|ol o] ololo|o|o]
0 mﬂlﬂ E]EI o alolo]ol ﬂﬂ 0
0 Lo il 0 o] 0o]o]

16/41



IIyTHﬁpeaﬂHSaHHH MaTPUYIHOI'O ITpeJCTaBJICHMA

AJrropuTMuIeCK it + AurrebpanuecKmit

e Ba3oBbie oneparuu JUHEHHON aJIreOphI;
® QITOPATMHAYECKHUE OIICPAINH;
® JIorvKa U ajrebpa BhICKA3bIBAHUIA;

® NJIEMIIOTEHTHBIE II0JIYKOJIbILA.
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HpeHMYHLGCTBa MaTPHUYIHOI'O IIOAXOIA

e B03MOXKHOCTH ONTHUMUZAINN BBIMHUCIEHUN C UCIOIb30BAHU-
€M apXUTEKTYPbI IapaJle/IbHOr0 IPOrPAMMHUPOBAHUS U PAC-

[IPEJIETIEHHOTO XPAHEHUsI JAHHBIX;
e crporas ajredpanmyeckas oOpMaIu3aIns;

® IPUMEHUMOCTH CPEICTB JUHEWHOW ajareOpbl 1 OCHOBAHHBIX

Ha HEl MEeTO/0B IIPUKJIAHON MaTEeMaTUKU;

® BApHATHUBHOCTH IIPEACTABJICHUA B 3aBUCUMOCTH OT yCHOBI/IfI

3aIaY0.
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PeMOﬂeﬂHpOBaHHGIlGFO MOTUBaIIA

MaremaTuaeckoe peMOAeTNPOBAHNIE — 3TO MOIXOM Ha OCHOBE
Imepexo/jia OT MaTeMaTUIeCKUX MJIM MMUTAITUOHHBIX MO;[G.HGI‘/'I
OTHOI'O MJIN Pa3JIMYHBIX THUIIOB K MOJIE/IAM HEKOTOPOI'O OJHOT'O
KJacca.

CyTh 10JIX0/1a — IPUBEICHNE NCXOIHBIX MOJIEJEH K eIMHOI
dopme, MIPUTOIHON WK yIOOHOR JJIst JAJIbHEHIIEro aHaIn3a 1
HCCJIEIOBAHMUSI.

OcobBEHHOCTHIO MTOX0/a SIBISETCS TO, 9TO HaYaJbHOMN
MHMOPMAIEN SIBIAETCA HEKOTOPAas MaTeMaTUIeCKasT MJIH
MMUTAIMOHHAS MOJE/b, & He nHMOPMAIU 00 00beKTe MIh

ITPOIIECCE MOJIETUPOBAHMUSI.
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PesysibraThl npuMenenns runeprpados

o CJI0YKHBIE CUCTEMBI
e Marmuunoe obyvaenme
o Peaymzarus HEMHTYUTHBHBIX CBA3E

L] OTHOCI/ITC.JIbHE‘LH IIPOCTOTa UHTEPIIPpETAITUN

1 S. Tan, Z. Guan, D. Cai, X. Qin, J. Bu, and C. Chen. Mapping users across
networks by manifold alignment on hypergraph. In AAAI, 2014.

2 Huang, J. Scalable Hypergraph Learning and Processing [Text] / Huang J.
Zhang R., Xu Yu J. // Data Mining (ICDM), 2015 IEEE International
Conference on — Atlantic City, NJ, USA, 14-17 Nov. 2015.

3 Zhou, D. Learning with Hypergraphs: Clustering, Classification, and
Embedding [Text| / D. Zhou, J. Huang, B. Scholkopf // AINPS 19, 2007 —
p. 1601-1608.

4 Blyumin, S.L. Interval Cyclic Hypergraphs for Modeling of Transportation
Systems [Text] / S.L. Blyumin, A.V. Galkin, D.L. Prikhodko, P.V. Saraev,
A.S Sysoev // ICTTE, 2014. — Belgrade , Serbia — pp 157-163.
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CHmcok JmTepaTyphl

1 Ewmemmues, B.A. Jlekiuu no Teopuu rpados [Texcr| / B.A. Eme-
smaes, O.U. Menbaukos, B.A. Capsanos, P.J1. TeimkeBuy. — M.:
Hayka, 1990. — 384 c.

2 Basu, A. Metagraphs and Their Applications [Text] / A. Basu, R.
Blanning. — NY: Springer, 2007. — 172 p.

3  Buatomun, C.JI. Urepruneprpadbl: pacuimpeHHbI Kjacce rpado-
BbIX Mozeseii Gosbmmx cucrem [Texcr| / C.JI. Baomun // Tpy-
bl koHdepenun «Teopust akrusabix cucrem-2011» (TAC) B
paMkKax MeKIyHapOHOW HaydHO-IIPAKTUIECKONH MYJIbTUKOH]E-
peHnmn <«YnupasieHue Gosbmuvu cuctemamms» (YBC-2011). —
Mocksa: UITY PAH, 2011. — T.1. — C. 11-15.

4 Buromwus, C.JI. I'padocTrpykrypHOE MomemmpoBanue. Merarpadsr
u ux mMarpuns [Tekcr| / C.JI. Batovusn // Bectauk JITTY. — 2015.
— Ne 1(23). — C. 7-13.
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CHmcok JmTepaTyphl

6

Bmaomun, C.JI. Opruneprumneprpadbl: MATPUITHI HHIIAIEHTHOCTH
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2013. — Ne 1(21). — C. 15-27.
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merponoauTera [Tekcr| : HTCS’2017 : mar-asr X1T MexxayHAp.
Hay9.-IIPaKT. KOHO., 25-27 okTs6ps 2017 r. — C. 125-129.
[Mpunbkos, A.C. PazpaboTka mporpaMMHOTO 00ECIIeYEHUsT JIJTsT
rpadOoCTPYKTYPHOTO PEMOJICTIMPOBAHUST CJIOXKHBIX CUCTEM
[Tekct] : HTCS’2017 : maT-abr XII MexkyHAD. Hayd.-TIPAKT.
KOH®., 25-27 okTsi6ps 2017 r.. — C. 65-69.

Etsuji, T. The worst-case time complexity for generating all
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363, issue 1, 2006 — pp 28-42.
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Copnepxkanue pasjesia, 2

2. Ommcanne u ananu3 Bosbimux J[aHHBIX
2.1 AsropurMm mipeobpazoBanus rpada B MeTarpad
2.2 CJI0XKHBIE CHCTEMBI
2.3 UNC u TUNUC
2.4 llpakTrdeckue MpUMepPbI
2.5 Cnmcok JmTepaTyphbl
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Anropurm 1peobpazoBanust rpada B MeTarpad

. Banumem rpad B Buje Marpuisl uniuaenraocta [(V, E).

Ecim marpuna /(V, E) = O, To ajropurm 3aBepineH.

Haxomum crpoky B /(V, E) ¢ MaKCUMaJILHBIM KOJTMYECTBOM

CIMHUAIL (BepI_HI/IHy C MaKCHAMaJIbHOMI Ba,JIeHTHOCTbIO).

. Hob6asusem merapedpo B /(V, ME), conep:xallee B OIHOIL

MeTaBepIInHe 3Ty BEPIINHY, & B JIPYTrOil MeTaBepIInHE

BEPIIUHbBI, CMEKHBIE C JJAHHOM.

. O6nynsem B I(V, ME) naiinennyio cTpOKy U CTOJIOIBI,

SHa4YeHNA KOTOPBIX B STOM CTPOKE paBHBI €IUHUAIIC.

[Tepexonum K myHKTY 2.
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FHHJMGP HCIIOJIb3OBaHUA aJI'OPUTMa

[Tpumep. Hdam rpad

G=(V.E)=({v1,va,v3,va, vs}, {vi,va}, {vi, vs}, {v2,

vz}, {va, va}, {v3, va}, {vas, vs} > Heobxoaumo 11peobpaszoBaTh
ero B Metarpad, HHBIMI CJIOBAMU, ITOCTPOUTH U30MOP(MHBII
eMmy Metarpad.

Marpuna unnuaenraoct rpada G(V, E) u marpuia

unnuaeaTaoctr Merarpada MG(V, ME) B nadasie BbIYUCICHUI

PaBHBI
1100 00
101100
I(V.E)=( 0 1 1 0 1 0 |,/(V.ME)=().
00011 1
0 00O0O 1
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FHHJMGP HCIIOJIb3OBaHUA aJI'OPUTMa

[TepBas ureparus.

1 00 010000
000000
I(V,E) = 1 10 |=1/010010],
0 11 0000 1 1
0 01 00000 1
1
—1
I(V, ME) =
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FHHJMGP HCIIOJIb3OBaHUA aJI'OPUTMa

Bropas ureparus.

Il
© o o oo

o O O ©o o

o O O O o

O O O O ©o

o O ©O © o

- = O O O
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I]kaKﬁ)HCHOﬂbSOBaHHH,&HFOpHThH%

Tperbs ureparnusi.

I(V,E) =

Il
© ©o o o o

O O O O ©o

o O ©O © o

o O ©O © o

o O O O o

O O O O ©o
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CJ102KHBIE CUCTEMBI

Ormpesiesierne CaI0KHOM CUCTEMBI

CroXkHasi CHCTEMa — CUCTEMa, COCTOSIIAs U3 MHOXKECTBA,
B3aMMOJIEHCTBYIONIUX MTOJCUCTEM, BCJIEJICTBUE YErO CJIOXKHAS
cucreMa pruodpPeTaeT HOBBIE CBOWCTBA, XapaKTEPHBIE JJIsi HeE
KaK JJIs1 TeJIOCTHON CTPYKTYPbhI, KOTOPbIE OTCYTCTBYIOT HE
TOJTBKO Y KaXKJIOM MOJICUCTEMBI B YACTHOCTH, HO M Y CYMMBI

TIOJICICTEM.
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CJ102KHBIE CUCTEMBI ShkﬁﬁDKeHTHbKECBOﬁCTBa

[IpuMmepsr cucTeM ¢ 9MEpPIKEHTHBIMI CBOMCTBAMMT:
® JKUBbIE OPraHU3MBI;
® TEKCT Ha €CTECTBEHHOM S3BIKE;
® VHTEJJICKT;
® couuaJibHasd CeTh;
® TIPOU3BO/ICTBEHHOE IIPEJIIPUATHE.

OMEPZKEHTHBIE CBOMCTBA HE BOCXOJAT K KOJUIECTBY.
WcTounnkoM 3MEPKEHTHBIX CBOUCTB SBJIAETCH CTPYKTYpPa
CHACTEMBI: TIPU PA3JIMIHON CTPYKTYPE Y CUCTEM, 00Pa3yeMbIX U3
OJIHUX U TeX Ke 3JIEMEHTOB, BO3HUKAIOT pa3Hble CBOICTBA U

0CODEHHOCTMU.
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CﬂOXﬂHﬂeCHCTeMbI—'HHHKmTpaHHH

Pacripenenennbie

BBIMHUCJICHU A,

® He HYKHO MCKAaTh

kymku (INP);

® OTHOCHTEIbHAsI
IIPOCTOTA

31/41
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NUC n I'NNC

|
[Tpumenenne rpadgoCTPyKTYPHOTO MOAXOAA K PEIICHUIO 3a/1a4
GOJILIINX JIAHHBIX MOYKHO YCJIOBHO Pa3Je/InTh Ha JiBa BUJA —
9TO HEIOCPEICTBEHHO MOJIEJIUPOBAHUE UCXOIHBIX JAHHBIX
rpadOBbIME CTPYKTYPaMH U MOJIEJIMPOBAHNE
uadopmarmonnbix cucreM (UC), ¢ moMorpio KOTOPhIX

PenIaroTCAd 3TU 3aJa9IU.
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Peanuzamusa 'MTNC

[Iporpammuyio peasmzaruio mpocreitinux Bugos [ MNC moxkmO

HaliTy B OMOIMOTEKE MAIMMHHOTO 00y4uerHus sklearn.

Pipeline

FeatureUnions
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IID&KTHWECKHG HpHNKﬂHﬂ—KHHCCHdHJKaHHH TEKCTa

Wcxomabie ganHbie

Phraseld

Sentenceld

Phrase

Sentiment

1

1

A series
escapades
demonstrating
the adage ...

of

1

demonstrating
the adage

156060

8544

avuncular

chortles

Ucrounuk: https://www.kaggle.com/c/sentiment-analysis-on-

movie-reviews
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rh)aKTquCKHG HpHNKﬂHﬂ—KﬂaCCHdHJKaHHH TEKCTa

Jlekcuaeckuii aHaM3aTOP
x' =g(x),g:L— R,
OrobpazkeHue-TpancHOpMaTop
x; = h(x;), h:R™M — R,
[Tpomecc mpeaBapuTenbHOM 00PAGOTKY JAHHBIX

hn(...(h1(g1(2)))), g1 s L = R™, b : R — R+,
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IID&KTHWECKHG HpHNKﬂHﬂ—KHHCCHdHJKaHHH TEKCTa

st mapaJuieibHO 06pabOTKN JAHHBIX HEOOXOINMO

HCII0JIB30BaTh MeTarpadosyio crpykrypy I'MUC:

T

g1 x 0

g2 0 x

X =G6Gx = Lo
gn—1 0 0

9n 0 0

U g1(x)
0 0 g2(x)
x 0 9n—1 (x)
U gn(x)

ITocme gero momydmnTCst paspekeHHasi MaTPHATIa, KOTOPYIO

HEOOXOINMO TPeoOPa30BaATh B BEKTOPHYIO (POPMY

x, = mg(x), mg : R™" — R",

/
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HpaKTH‘IGCKHG HpHMepbl—KJIaCCH(bHK‘cLU;HH TEKCTa

K KOTOPOW MOX>KHO IMPUMEHHUTH 0TOOPaXKEHUS-TPAHC(HOPMATOPDI

JIIOO IOCJIEI0BATEILHO
hn(...(h1(g1 (xg))))/ g1:L—>R" h i R" — R,

JIOO MMapaJIaeabHO

T
i u & T z 0 .. 0 0 h(xy)
/7
i - 0 0 0 ha(%])
/ . . . _
X, = : Mg : : = :
hp—1 gn—1 0 0 .. x O An—1 (x;)
hn gn 0 (1] (0] x h,,(x;)

B ciydae mapasieibHOTO IpUMEHEHUsT TPAHC(POPMATOPOB

/
x, = my(x’), my : R™" - R",
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IID&KTHWECKHG HpHNKﬂHﬂ—KHaCCHdHJKaHHH TEKCTa

[Tocrponm I'MUC nyst npeaBapuTebHON 00pabOTKN JAHHBIX,
COCTOSIIIYIO U3 Tpex Merapepinna. MG = <{h1, hy, h3, g1, 92, 93
,ga}, (({h2, 13}, {91, 92, 93.ga}), ({M}, {h2, h3, 91,92, 93. g4
})>>, TJie g1, g2, 93, g4 — JEKCUYECKUE aHAJIM3ATOPHI, a h1, hy, h3
— TpaHChOPMATOPHI.

e g1 = tfidf (N-rpammsl 1o ciioBam);

e gy — tfidf (N-rpammer o GykBam);

[ ] g37 g4 — «CYHETYUKH ;
h1, hy, h3 — TparcdopMAaTOPhI I MACIITAOMPOBAHNST BXOIHBIX
BEKTOPOB JI0 €JIMHUYIHON HOPMBI C MCIIOJIL30BaHuEM /1, [, max

HOPMBI COOTBECTBEHHO.
Pesysbrar: 84% train, 67% test.
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CHmcok JmTepaTyphl
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