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PetrpocnekTuBa oby4eHus 6e3 yuutens (unsupervised learning)

BoisiBneHne CTpYKTypbl AaHHbIX Ha OCHOBE CXOACTBa:
@ knactepnsauus (clustering)
@ OueHMBaHME MJIOTHOCTK pacnpegeneHus (density estimation)

@ opaHoknaccosas knaccucbukaums (anomaly detection)

Mpeobpa3oBaHne NPM3HAKOBOro NPOCTPAHCTBA:
@ Metog rnasHbix komnoHeHT (principal components analysis)
@ MaTpuunbie pasnoxenus (matrix factorization)
@ AsTokoauposwuku (autoencoders)

@ MuoromepHoe wkannposatue (multidimensional scaling)

Mouck BHYTpPEHHUX B3aMMOCBs3€ei B AAHHbIX:
@ [lonck accounaTnshbix npaeua (association rule learning)
o CamocrosiTenbHoe obyuerue (self-supervised learning)

e CoctsizaTenbHbie cetu (generative adversarial net)



0 3apgaymn noncka accoumnaTuBHbIX NpaBu
@ Onpepenerns n 06o3HayeHns
@ [NpuknagHblie 3agayn
@ CBa3b C NOrMYECKUMMN 3aKOHOMEPHOCTAMMU

© Anroputm APriory
@ Dtan 1: nonck YacTbix Habopoe
@ DTan 2: BblAENEHNE aCCOLNATUBHbLIX NPaBUJ
@ Pa3BuTue anropuTMOB MHAYKLMM acCCOLMATUBHBIX MPaBuU

e AdekTusnoie anroputmel: FP-Growth, TopMine
@ Dtan 1: noctpoenmne npedukcHoro FP-gepesa
@ DTan 2: nouck 4YacTbix Habopoe no FP-gepesy
@ ANropuTM MOWCKA KOJNOKaLMii B TEKCTAX



3aja4m noucka accoumaTMBHLIX NPaBU Onpepenenunsi n obosHaveHus
MpuknagHeie 3agaqn
CBsi3b € IOrNHeCKMMMN 3aKOHOMEPHOCTSAMMN

OnpepeneHns n obo3HauYeHus

X — npocTpaHCTBO 0b6BEKTOB
Xt ={x1,...,x} C X — obyuarowias suibopka
F ={h,....fa}, fi: X = {0,1} — bunapueie npusnaku (items)

Kaxxgomy nogmuoxectsy ¢ C % COOTBETCTBYET KOHBIOHKLNS

p(x)= N\ f(x), xeX

fep
Ecan ¢(x) = 1, To «npn3Hakn n3 ¢ COBMECTHO BCTPEHAIOTCA Y X»

YacToTa BcTpeuaemocTu (mogaepxka, support) ¢ B Bbibopke X*
1 y4
v(p) =3 D ¢lx)
i=1

Ecim v(p) > 6, To «Habop ¢ wacTeiiiy (frequent itemset)
Mapametp & — munumansHas noggepxka, MinSupp
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3aja4m noucka accoumaTMBHLIX NPaBU Onpepenenunsi n obosHaveHus
MpuknagHeie 3agaqn
CBsi3b € IOrNHeCKMMMN 3aKOHOMEPHOCTSAMMN

OnpepeneHns n obo3HauYeHus

OnpepeneHne

Accoumnatusroe npasuio (association rule) ¢ — y — ato
napa Henepecekarowmxca Habopos ¢,y C .F Takux, 4TO:
1) Habopbl p u y COBMECTHO H4acTO BCTPEHAIOTCS,

v(pUy) > 6;
2) ecnu BCTpedaeTcs p, TO HAaCTO BCTPEHAETCS TAKXKE U Y,

_vleVy) o
v(yly) = ) C

v(y|p) — 3Haunmocts (confidence) npasuna.

Mapametp & — munumansHas noggepxka, MinSupp.
[MapameTp s — MUHUMaAbHAs 3Ha4UMOCTb, MinConft.

K. B. Bopohuos (k.v.vorontsov@phystech.edu) MMMO: nouck accoumaTMBHbIX NpaBUn



3aja4m noucka accoumaTMBHLIX NPaBU Onpepenenunsi n obosHa4eHus
MpuknagHbie 3agaqn
CBsi3b € IOrNHeCKMMMN 3aKOHOMEPHOCTSAMMN

Knaccuyeckunii npumep

AHanu3 pbiHO4YHbIX KOp3uH (market basket analysis) [1993]
npusHakm — ToBapbl (nNpeameTsl, items)
0bbekTbl — Heku (TpaH3akymn)

fi(xi) = 1 o3HauaeT, 4TO B i-M Yeke OMJa4eH TOBap J.

Mpumep: «ecnun kynneH xneb p, To BygeT KynaeHo n MOJIOKO y
¢ BepositHocTbio V(y|@) = 60%; npuuém oba ToBapa nokynatoTcs
coBmecTHO ¢ BeposiTHOCTbO (U y) = 2%>.
Bo3MOXHbIE NPpUMeEHeHUs:

@ ONTUMN3NPOBaThL Pa3MELLEHNE TOBAPOB Ha NOJIKAX

@ popMmMpoBaTh NEPCOHANBHBIE PEKOMEHAALNN

@ NNaHMPOBaTb PeKNaMHble KaMnaHuy (NpoMo-akumn)

@ 6onee 3hheKTNBHO yNpaBAATbL LEHAMM N aCCOPTUMEHTOM

K. B. Bopohuos (k.v.vorontsov@phystech.edu) MMMO: nouck accoumaTMBHbIX NpaBuUn



3aja4m noucka accoumaTMBHLIX NPaBU Onpepenenunsi n obosHa4eHus
MpuknagHbie 3agaqn
CBsi3b € IOrNHeCKMMMN 3aKOHOMEPHOCTSAMMN

Knaccuyeckunii npyumep: «NMBO C namnepcamu>»

Data Mining — npouecc obHapy>eHUsi B CbIpbiX AaHHbIX PAHEE HEN3BECTHbIX,
HETPUBUANBHBIX, MPAKTUHECKN MOME3HbIX, AOCTYMHbIX MHTEPNPETALUM 3HAHWUA,
HEOBXOANMBIX A5t NPUHATUS PELLEHNIA B PAa3NMYHbIX Cepax HenoBeHecKon
peatensHoctu (Mpuropwii Mateykuii-LLlanupo, 1992)

K. B. Bopohuos (k.v.vorontsov@phystech.edu) MMMO: nouck accoumaTMBHbIX NpaBuUn



3aja4m noucka accoumaTMBHLIX NPaBU Onpepenenunsi n obosHa4eHus
MpuknagHbie 3agaqn
CBsi3b € IOrNHeCKMMMN 3aKOHOMEPHOCTSAMMN

Mpumep 2 — u3 obnacTu aHanu3a TEKCTOB

Monck 4acToTHbIX n-rpaMmm B TEKCTOBbIX KOM/MEKLUUAX
NPU3HAKN — CNOBAa (nocne NeMMaTN3aunm nnn CTEMMVIHFa)
0bBbeKTbl — n-rpaMmel — N-KW CAOB, NAYLWNX ApPYr 3@ APYrom

fi(x;) = 1 o3HauyaeT, 4TO CNOBO j BXOAUT B N-rpammy X;

AccounaTrneHOe NpaBniIo NPEACKasbIBAET,

KaKoe C/I0BO y MOXET MaTW noche n—1 npeabiaywmx ¢ nnu
KaKoe C/I0BO y MOXET HaxoguThcs B OKpyxeHuu ¢ (skip-gram)
Mpumep: «nycTb beryT HEyKAKOXKE ... ... » ¢ BeposiTHoCcTblo 99%

Bo3moXxHble NPpUMEeHeHUA:

@ BblaeseHne KOﬂﬂOKaLH/Iﬁ — N-rpaMmMm, BCTPEHAOLWNXCA 3HAYNMO
Yalle, 4em npu CJ'Iy‘-IaﬁHOM HE3aBNCMMOM COYETAHUN CNOB,

@ c/ioBOCOHETaAHUIT — rpaMMaTNHeCK CBA3aHHbIX KOJ1J'IOKaLI|VIﬁ,

TEPMUHOB — CNOBOCOYETAHUN, O3HAYAIOLWNX EAUHOE NOHATUE

K. B. Bopohuos (k.v.vorontsov@phystech.edu) MMMO: nouck accoumaTMBHbIX NpaBuUn



3aja4m noucka accoumaTMBHLIX NPaBU Onpepenenunsi n obosHa4eHus
MpuknagHeie 3agaqn
CBsi3b € IOrNHeCKMMMN 3aKOHOMEPHOCTSAMMN

ACCOLI.I/IaTI/lBHbIe npasunja — 3TO JiorndeCkne 3aKOHOMEepHOCTHU

lMpegukat p(x) — norudeckas 3aKOHOMEPHOCTb knacca ¢ € Y

p(»)

p(y)
z p(p) + (@) ~

Supp(y) = 7 7 J; Conf(yp) =

plp) = #{Xi e X*: o(xi)=1ny(x) = c} +npumepsl Kaacca ¢
n(p) = #{xi € X" o(x;) =1 u y(x;) # ¢} —npumepsi knacca c

v

Ons «p — y» Bo3bméMm ueneBoii npusHak y(x) = A f(x). Torga
fey

(P UY) _ con
g) o

BbiBOA: pasnuunsa AByx onpefeneHunii — 4nUCTo TEPMUHOAOTMYECKUE

v(pUy) = Suppi(p) = 6; () =

K. B. Bopohuos (k.v.vorontsov@phystech.edu) MMMO: nouck accoumaTMBHbIX NpaBuUa



Stan 1. nouck 4acTbix Habopos
Anroputm APriory STan 2: BbigeneHme accouMaTUBHBIX NpaBu
PasBuTne anropnTmMos nHAYKLMM accoynaTBHbIX Npasmu

[Ba aTtana noctTpoeHns npasu

CBO#CTBO aHTUMOHOTOHHOCTU KoHbIOHKLMK @(x) = A f(x):
fep
ans aobeix ¥, o C .F u3 o C ¢ cneayet v(p) = v(v)
(nobaBneHne NpM3HaKOB B ¢ HE YBENNYNBAET NOLAEPXKKY)
CnepacrtBus:
Q ecnnm ¢ YacThili, TO BCe €ro NogMHOXeCTBa (p C 1 YacThle.

@ ecnn p He yacTwlli, To BCe Habopsl ¥ D  Takxke He YacThle.
O v(pU) <v(p) ans nobbix ¢, 1.

,D,Ba 3Tana NONUCKa acCcounaTuUBHbIX Npasu:

@ nounck yacTbix Habopos
(MHOrOKpaTHbBIA NPOCMOTP TPaH3aKLNOHHOW Ha3bl faHHbIX).

@ BblgeneHne accoumaTUBHbIX NpaBu
(npocTas adbdbekTnBHAS Npoueaypa B ONEpPaTMBHOR namsTn).

K. B. Bopohuos (k.v.vorontsov@phystech.edu) MMMO: nouck accoumaTMBHbIX NpaBuUn



E Stan 1. nouck 4acTbix Habopos
APriory STan 2: BbigeneHme accouMaTUBHBIX NpaBu

Anroputm

Anroputm APriory (ocHOBHas npgess — NOMCK B LUMPUHY)

exog: X’ — obyuatowas seibopka; d = MinSupp; » = MinConf;
Boixop: R = {(p,y)} — cnucok accoumaTusHbix npasun;

MHOXECTBO BCEX HACTbIX UCXOLHbIX MPU3HAKOB:
G :={feZF |v(f) =6}
ansa Bcex j =2,...,n
MHOXKECTBO BCEX YaCTbIX HAbOPOB MOLLHOCTH j:
G :={pU{f}|ve Gi1, feG\p, vipU{f}) 26}
ecnn Gj = @ T0
L BbIXOA, 13 LWKAa No J;
R = o;
pnaecex Y € G, j=2,...,n
L AssocRules (R, 1, @);

K. B. Bopohuos (k.v.vorontsov@phystech.edu) MMMO: nouck accoumaTMBHbIX NpaBUn

PasBuTne anroputmMoB nHAYKLMM accounaTUBHbBIX NpaBua
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couy BHb E Stan 1. nouck 4acTbix Habopos
Anroputm APriory STan 2: BbigeneHme accouMaTUBHBIX NpaBu

PasBuTne anroputmMoB nHAYKLMM accounaTUBHbBIX NpaBua

Bblp.@]'leH ne accounaTuBHbIX Npasun

AT1an 2. MpocToii pekypcuBHbIf anropuTm, BeINOJAHSEMBIA BBICTpPO,
KaK NpaBu/1o, NOJHOCTbIO B ONEPaTUBHOM NamATH.

byHkuus AssocRules (R, ¢, y)
Bxoa: (i, y) — accoumaTmeHOe Npasuo;
BbIXOA: R — Cnucok accoumaTuBHbIX NpaBun;

ans secex f € p:ide > meaxidg (4T0bbI N3bexXaTH NOBTOPOB )
gey

¢ = \{f} y =yU{f}
ecnu v(y'|¢’) > » 1o
nobasute accounaTnsHoe npasuio (', y’) B cnncok R;
ecm |¢'| > 1 T0
L AssocRules (R, ¢', y');

idf — nopsgkoBblii HOMep npusHaka f 8 F = {fi,..., f,}

K. B. Bopohuos (k.v.vorontsov@phystech.edu) MMMO: nouck accoumaTMBHbIX NpaBUa 12 /37



Stan 1. nouck 4acTbix Habopos
Anroputm APriory STan 2: BbigeneHme accouMaTUBHBIX NpaBu
PasBuTne anropnTmMoBs nHAyKLMM accoynaTMBHbIX Npasmus

Mogudcukauum anropuTMoB UHAYKLUN acCOLMATUBHLIX NPaBU

o bonee adbcbekTMBHbIE CTPYKTYPBI AaHHbLIX ANs bbICTporo
noncka 4acTeix Habopos

@ [lonck npaeua no cny4vaiiHoii noassIbopKe 0OBLEKTOB Npu
NOHNXEHHBIX 0, 3¢, 3aTeM 0TOOP NpaBma Ha NoNHON BbIbOpKE

@ llepapxuyeckne anropuTmbl, y4UTHIBAOWNE NEPAPXIIO
npu3Hakos (HanpumMep, TOBapHOe AEPEBO)

@ V4ET BpemMEeHN: MHKPEMEHTHbIE N LEKPEMEHTHbLIE aJrOPUTMbI

Apyrve, HO Noxoxxue 3aja4u:
@ [lNouck nocnegosaTenbHbix WabOHOB B KIMEHTCKMX
Tpan3akumsx (sequential pattern mining)
@ [ounck B TekCTax BbICOKOYACTOTHBLIX N-FPaMM, KOJAOKaLWiA
nnu TepmuHos (automatic term extraction)

K. B. Bopohuos (k.v.vorontsov@phystech.edu) MMMO: nouck accoumaTMBHbIX NpaBuUn



Stan 1. noctpoeHue npecdukcHoro FP-pgepesa
drtan 2: nouck HacTeix Habopoe no FP-gepesy
SdekTusrbie anroputmel: FP-Growth, TopMine AnropnTm nowncka Kosnnokaumii B TeKcTax

MpedukcrHoe FP-pepeso (FP — frequent pattern). Mpumep.

Ynopsigouum sce npusHaku f € F: v(f) > no ybsisanuo v(f).

Kaxablii 0bbekT onucbiBaeTcst CNoBoM B andhasute 7
FP-pepeso — 370 acbcpekTuBHbLIN CNocob xpaHeHus cnosaps;
YPOBHU [epeBa COOTBETCTBYIOT npu3Hakam, no ybwisanuto v(f).

matpuua, £ =10 | cnosa (kopeHb v He nokasaH)
a--d-f- d a

a-cde - - dcace

-b-d--- |db

-bcd- - - dbc

-bc---- bc

ab-d--- |db

-b-de - db

-bc - - bc

--cd-f - dc

ab-d---|dba npu § = 2 npusHakm £, g He 4acTble

K. B. Bopohuos (k.v.vorontsov@phystech.edu) MMMO: nouck accoumaTMBHbIX NpaBuUn



SddekTusnbie anroputmer: FP-Growth, TopMine

Stan 1. noctpoeHue npecdukcHoro FP-pgepesa
drtan 2: nouck HacTeix Habopoe no FP-gepesy
AnropnTm noncka Konnokauuii B TeKCTax

MpecdukcrHoe FP-pepeso (FP —

Vnopsigounm BCe npusHaku f €

frequent pattern). Mpumep.

F:v(f) = d no ybuisanuo v(f).

Kaxablii 0bbekT onucbiBaeTcst CNoBoM B andhasute 7
FP-pepeso — 370 acbcpekTuBHbLIN CNocob xpaHeHus cnosaps;
YPOBHU [epeBa COOTBETCTBYIOT npu3Hakam, no ybwisanuto v(f).

maTpuua, £ =10 | cnoea
a--d-f£f- d a

K. B. Bopohuos (k.v.vorontsov@phystech.edu)

(kopeHb vy He MokasaH)

npu 6 = % npusHaku £, g He yacTble

MMMO: nouck accoumaTMBHbIX NpaBuUn



Stan 1. noctpoeHue npecdukcHoro FP-pgepesa
drtan 2: nouck HacTeix Habopoe no FP-gepesy
AnropnTm noncka Konnokauuii B TeKCTax

MpedukcrHoe FP-pepeso (FP — frequent pattern). Mpumep.

SddekTusnbie anroputmer: FP-Growth, TopMine

Ynopsigouum sce npusHaku f € F: v(f) > no ybsisanuo v(f).

Kaxablii 0bbekT onucbiBaeTcst CNoBoM B andhasute 7
FP-pepeso — 370 acbcpekTuBHbLIN CNocob xpaHeHus cnosaps;
YPOBHU [epeBa COOTBETCTBYIOT npu3Hakam, no ybwisanuto v(f).

maTpuua, £ =10 | cnoea
a--d-1f£f - d a
a-cde - - dcace

(kopeHb vy He MokasaH)

npu 6 = % npusHaku £, g He yacTble

K. B. Bopohuos (k.v.vorontsov@phystech.edu)

MMMO: nouck accoumaTMBHbIX NpaBuUn



Stan 1. noctpoeHue npecdukcHoro FP-pgepesa
drtan 2: nouck HacTeix Habopoe no FP-gepesy
SdekTusrbie anroputmel: FP-Growth, TopMine AnropnTm nowncka Kosnnokaumii B TeKcTax

MpedukcrHoe FP-pepeso (FP — frequent pattern). Mpumep.

Ynopsigouum sce npusHaku f € F: v(f) > no ybsisanuo v(f).

Kaxablii 0bbekT onucbiBaeTcst CNoBoM B andhasute 7
FP-pepeso — 370 acbcpekTuBHbLIN CNocob xpaHeHus cnosaps;
YPOBHU [epeBa COOTBETCTBYIOT npu3Hakam, no ybwisanuto v(f).

matpuua, £ =10 | cnosa (kopeHb v He nokasaH)
a--d-1f- d a

a-cde- - dcace

-b-d--- |db

npu 6 = % npusHaku £, g He yacTble

K. B. Bopohuos (k.v.vorontsov@phystech.edu) MMMO: nouck accoumaTMBHbIX NpaBuUn



Stan 1. noctpoeHue npecdukcHoro FP-pgepesa
drtan 2: nouck HacTeix Habopoe no FP-gepesy
SdekTusrbie anroputmel: FP-Growth, TopMine AnropnTm nowncka Kosnnokaumii B TeKcTax

MpedukcrHoe FP-pepeso (FP — frequent pattern). Mpumep.

Ynopsigouum sce npusHaku f € F: v(f) > no ybsisanuo v(f).

Kaxablii 0bbekT onucbiBaeTcst CNoBoM B andhasute 7
FP-pepeso — 370 acbcpekTuBHbLIN CNocob xpaHeHus cnosaps;
YPOBHU [epeBa COOTBETCTBYIOT npu3Hakam, no ybwisanuto v(f).

matpuua, £ =10 | cnosa (kopeHb v He nokasaH)
a--d-1f£f - d a

a-cde - - dcace

-b-d4d-- - db

-bcd- - - dbec

npu 6 = % npusHaku £, g He yacTble
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Stan 1. noctpoeHue npecdukcHoro FP-pgepesa
drtan 2: nouck HacTeix Habopoe no FP-gepesy
SdekTusrbie anroputmel: FP-Growth, TopMine AnropnTm nowncka Kosnnokaumii B TeKcTax

MpedukcrHoe FP-pepeso (FP — frequent pattern). Mpumep.

Ynopsigouum sce npusHaku f € F: v(f) > no ybsisanuo v(f).

Kaxablii 0bbekT onucbiBaeTcst CNoBoM B andhasute 7
FP-pepeso — 370 acbcpekTuBHbLIN CNocob xpaHeHus cnosaps;
YPOBHU [epeBa COOTBETCTBYIOT npu3Hakam, no ybwisanuto v(f).

matpuua, £ =10 | cnosa (kopeHb v He nokasaH)
a--d-1f£f - d a

a-cde - - dcace

-b-d4d-- - db

-bcd- - - dbc

-bc---- b c

npu 6 = % npusHaku £, g He yacTble
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Stan 1. noctpoeHue npecdukcHoro FP-pgepesa
drtan 2: nouck HacTeix Habopoe no FP-gepesy
SdekTusrbie anroputmel: FP-Growth, TopMine AnropnTm nowncka Kosnnokaumii B TeKcTax

MpedukcrHoe FP-pepeso (FP — frequent pattern). Mpumep.

Ynopsigouum sce npusHaku f € F: v(f) > no ybsisanuo v(f).

Kaxablii 0bbekT onucbiBaeTcst CNoBoM B andhasute 7
FP-pepeso — 370 acbcpekTuBHbLIN CNocob xpaHeHus cnosaps;
YPOBHU [epeBa COOTBETCTBYIOT npu3Hakam, no ybwisanuto v(f).

matpuua, £ =10 | cnosa (kopeHb v He nokasaH)
a--d-1f£f - d a

a-cde - - dcace

-b-d4d-- - db

-bcd- - - dbc

-bc---- b c

ab-d-- - dba

npu 6 = % npusHaku £, g He yacTble
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Stan 1. noctpoeHue npecdukcHoro FP-pgepesa
drtan 2: nouck HacTeix Habopoe no FP-gepesy
SdekTusrbie anroputmel: FP-Growth, TopMine AnropnTm nowncka Kosnnokaumii B TeKcTax

MpedukcrHoe FP-pepeso (FP — frequent pattern). Mpumep.

Ynopsigouum sce npusHaku f € F: v(f) > no ybsisanuo v(f).

Kaxablii 0bbekT onucbiBaeTcst CNoBoM B andhasute 7
FP-pepeso — 370 acbcpekTuBHbLIN CNocob xpaHeHus cnosaps;
YPOBHU [epeBa COOTBETCTBYIOT npu3Hakam, no ybwisanuto v(f).

matpuua, £ =10 | cnosa (kopeHb v He nokasaH)
a--d-1f£f - d a

a-cde - - dcace

-b-d4d-- - db

-bcd- - - dbc

-bc---- b c

ab-d-- - dba

-b-de - - dbe

npu 6 = % npusHaku £, g He yacTble
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Stan 1. noctpoeHue npecdukcHoro FP-pgepesa
drtan 2: nouck HacTeix Habopoe no FP-gepesy
SdekTusrbie anroputmel: FP-Growth, TopMine AnropnTm nowncka Kosnnokaumii B TeKcTax

MpedukcrHoe FP-pepeso (FP — frequent pattern). Mpumep.

Ynopsigouum sce npusHaku f € F: v(f) > no ybsisanuo v(f).

Kaxablii 0bbekT onucbiBaeTcst CNoBoM B andhasute 7
FP-pepeso — 370 acbcpekTuBHbLIN CNocob xpaHeHus cnosaps;
YPOBHU [epeBa COOTBETCTBYIOT npu3Hakam, no ybwisanuto v(f).

matpuya, £ =10 | cnosa (kopeHb vy He MokasaH)
a--d-f- d a
a-cde - - dcace
-b-d--- db
-bcd- - - dbc
-bc---- bc
ab-d--- db
-b-de - - db
-bc - - g bc
npméz%npmsﬂaKm f, g He HacTble
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Stan 1. noctpoeHue npecdukcHoro FP-pgepesa
drtan 2: nouck HacTeix Habopoe no FP-gepesy
SdekTusrbie anroputmel: FP-Growth, TopMine AnropnTm nowncka Kosnnokaumii B TeKcTax

MpedukcrHoe FP-pepeso (FP — frequent pattern). Mpumep.

Ynopsigouum sce npusHaku f € F: v(f) > no ybsisanuo v(f).

Kaxablii 0bbekT onucbiBaeTcst CNoBoM B andhasute 7
FP-pepeso — 370 acbcpekTuBHbLIN CNocob xpaHeHus cnosaps;
YPOBHU [epeBa COOTBETCTBYIOT npu3Hakam, no ybwisanuto v(f).

matpuua, £ = 10 | cnoea (kopeHb v He nokasaH)
a--d-1f£f - d a
a-cde - - dcace
-b-d4d-- - db
-bcd- - - dbc
-bc---- b c
ab-d--- db
-b-4d - db
- b - - b c
- - d - f - d c
npméz%npmsﬂaKm f, g He HacTble
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Stan 1. noctpoeHue npecdukcHoro FP-pgepesa
drtan 2: nouck HacTeix Habopoe no FP-gepesy
SdekTusrbie anroputmel: FP-Growth, TopMine AnropnTm nowncka Kosnnokaumii B TeKcTax

MpedukcrHoe FP-pepeso (FP — frequent pattern). Mpumep.

Ynopsigouum sce npusHaku f € F: v(f) > no ybsisanuo v(f).

Kaxablii 0bbekT onucbiBaeTcst CNoBoM B andhasute 7
FP-pepeso — 370 acbcpekTuBHbLIN CNocob xpaHeHus cnosaps;
YPOBHU [epeBa COOTBETCTBYIOT npu3Hakam, no ybwisanuto v(f).

matpuua, £ =10 | cnosa (kopeHb v He nokasaH)
a--d-f- d a

a-cde - - dcace

-b-d--- |db

-bcd- - - dbc

-bc---- bc

ab-d--- |db

-b-de - db

-bc - - bc

--cd-f - dc

ab-d---|dba npu § = 2 npusHakm £, g He 4acTble

K. B. Bopohuos (k.v.vorontsov@phystech.edu) MMMO: nouck accoumaTMBHbIX NpaBuUn



Stan 1. noctpoeHue npecdukcHoro FP-pgepesa
drtan 2: nouck HacTeix Habopoe no FP-gepesy
SdekTusrbie anroputmel: FP-Growth, TopMine AnropnTm nowncka Kosnnokaumii B TeKcTax

MpecdukcHoe FP-pepeso (FP — frequent pattern)

B kaxgoii Bepwnte v gepesa T 3agaércs Tpoiika (f,, ¢y, Sy):
@ npusHak f, € .F;
@ MHOXECTBO goqepHux sepwuH S, C T;

@ cuétuuk nopaepxku ¢, =/lv(yp,) Habopa ¢, = {fu: u€ v, v]}
rae [vo, v] — nyTb OT KOpHs gepeBa vy 4O BEPLUMHBI V.

0O603Ha4yeHna:

V(T,f)= {v cT:f,= f} — BCE BEPLUMHbI Npu3Haka (ypoBHs) f.

C(T,f)= > ¢, — cymma CYETUNKOB NOAAEPKKM Npu3Haka f.
veV(T,f)

Csoiictea FP-gepesa T, noctpoentoro no eceii Bbibopke X':
(1] %C(T7 f) = v(f) — noppepxka npusHaka f.

@ T copepxut nudopmauunto o v(p) BCex HacTbix Habopos .

K. B. Bopohuos (k.v.vorontsov@phystech.edu) MMMO: nouck accoumaTMBHbIX NpaBuUn



Stan 1. noctpoeHue npecdukcHoro FP-pgepesa
drtan 2: nouck HacTeix Habopoe no FP-gepesy
SdekTusrbie anroputmel: FP-Growth, TopMine AnropnTm nowncka Kosnnokaumii B TeKcTax

FP-pepeBo cogepxut nHpopmaumio o Bcex 4acTbix Habopax

Kak no FP-gepesy Haiitn v(p) ans npoussonbHoro Habopa ¢
Q suigenuTs nyTu [vp, v], cogepxalyme BCe NPU3HAKM U3

e CYMMMUPOBATb C, HUXXHUX BEPLUNH BCEX TAaKUX nyTeM

Mpumep: p = {"c", “e"}, aee 3anucm, gea nytu, v(p) = %:

maTtpuua, £ =10 | cnoea
a--d-f-

[

Froo 1 o

I ®© ® 1
|
|

o' oo'oco oo |
Qo A QO
1
1
QAT AT AR Q
ooo0oToTooToTOo
[}

ool
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Stan 1. noctpoeHue npecdukcHoro FP-pgepesa
re r Stan 2: nouck 4acTtbix Habopos no FP-gepesy
SdekTusrbie anroputmel: FP-Growth, TopMine AnropnTm nowncka Kosnnokaumii B TeKcTax

Anroputm FP-growth

Bxop: X! — obyuarowas Beibopka;
Bbixog: FP-gepeso T; (f,,c,,S,) ans Bcex Bepwmn v € T;

ynopsigounts npusHaku f € .%: v(f) > § no ybeisanuto v(f);
3TAI 1: noctpoenne FP-pepesa T no seibopke X*
ans Bcex i :=1,.... ¢
Vv i= v;
Ans Bcex f € % Takux, 4To f(x;) = 1, no ybuisanuto v(f)
€CNn HeT pouepHeii Bepwuntbl u € S,: f, = f TO
co3patb Hosyto BepwuHy u; S, =S, U {u};
L fu=f~f, ¢, :=0;, S, =;
chi=c,+1;, vi=u;

ITAI 2: pekypcusHbiii nouck 4acteix Habopos no FP-gepesy T

FP-find(T, @, @);
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Stan 1. noctpoeHue npecdukcHoro FP-pgepesa
STtan 2: nouck 4acTtbix Habopoe no FP-gepesy
SdekTusrbie anroputmel: FP-Growth, TopMine AnropnTm nowncka Kosnnokaumii B TeKcTax

STan 2: peKkypCuUBHbIA NOUCK YacTbix Habopos no FP-gepesy

FP-find(T, ¢, R) naxogut no FP-gepesy T Bce 4acTbie Habopbl,
copepXKalune wacTeiii Habop p, u pobaenser ux B cnucok R.

OBe naen acppekTusHoili peanusauun FP-find:

1. Bmecto T pocratodHo nepepatb ycnosHoe FP-gepeso T,
1o FP-pepeso, nopoxpaaemoe noassibopkoii {x; € X*: p(x;) =1}

2. Bygem pobaensaTe B 0 TONBKO T€ NPU3HAKW, KOTOPbIE HAaXOAATCS
Bbilwe B FP-gepese. Tak mbl nepebepém Bce nogmuoxectea ¢ C 7.

an/IMep (p {u [T n}

npusHakn ansi nobaeneHuns B @ {

NPU3HaKM, N3 KOTOPbIX BbIGUpPanoch ¢
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Stan 1. noctpoeHue npecdukcHoro FP-pgepesa
STtan 2: nouck 4acTtbix Habopoe no FP-gepesy

re ric
SdekTusrbie anroputmel: FP-Growth, TopMine AnropnTm nowncka Kosnnokaumii B TeKcTax

STan 2: peKkypCuUBHbIA NOUCK YacTbix Habopos no FP-gepesy

cbyHkumna FP-find (T, ¢, R)
Bxoa: FP-gepeso T, wacThiii Habop ¢, cnucok Habopoe R;
BbIX0Z: fobaeutb B R BCe YacTble Habopel, cogepxalune ;

pna seex f € .7 : V(T,f) # & no ypoBHSIM CHU3Y BBEPX
ecnn C(T,f) > 40 1o
AobaBuTh YacTbiil Habop ¢ U {f} B cnucok R;
T':= T|f — ycnosnoe FP-gepeso;
HaliTn no T’ Bce wacTble Habopbl, BKAtOHatOLWME @ 0 £
FP-find(T’, o U{f}, R);

Vcnoshoe FP-gepeso T’ = T|f moxHo nocTpouts BbIcTpo,
ncnonb3yst Tonbko FP-gepeso T n He 3arnsigbieasi B BbIGOpPKY.
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Stan 1. noctpoeHue npecdukcHoro FP-pgepesa
STtan 2: nouck 4acTtbix Habopoe no FP-gepesy
SdekTusrbie anroputmel: FP-Growth, TopMine AnropnTm nowncka Kosnnokaumii B TeKcTax

VYcnosHoe FP-gepeBo

Mycte FP-gepeeo T noctpoero no nogssibopke U C X.

Onp. Vcnosnoe FP-gepeso (conditional FP-tree) T = T|f — 70
FP-nepeso, nopoxagaemoe noasbibopKoii {x,- e U: f(x) = 1},
N3 KOTOPOro yAafeHbl BCE BEPLUMHbI NPU3HAKA f 1 HUXE.

Mpumep: CFP-gepeso T|“e
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Stan 1. noctpoeHue npecdukcHoro FP-pgepesa
re r STtan 2: nouck 4acTtbix Habopoe no FP-gepesy
SddekTusnbie anroputmer: FP-Growth, TopMine AnropuTtm noucka konnokauyuii B TeKCTax

BuicTpoe noctpoexue ycnosHoro FP-gepesa 7' = T|f

Bxoa: FP-pepeso T, npusHak f € F;
Bbixog: ycnosvoe FP-gepeso T' = T|f;

1 OCTaBUTb B AEPEBE TOJLKO BEPLUMHbLI HA NyTsX
W3 BEpLINH v MPU3HaKa [ CHM3y BBEPX 4O KOPHA Vp:
7= U I[v,w]
veV(T,f)
2 NOAHATL 3HAYEHMS CYETHYMKOB Cy
ot Bepwun v € V(T', f) cHusy seepx no npasuny

= Y. cypnascex u € T/;
WESU

3 ygaauTb u3 T’ BCe BEpWMHbLI NpU3Haka f;

B pepese T’/ = T|f ocTaioTcs TONLKO NpM3HaKK Bbiwe f, T.K.
B MmomeHT BbI30Ba FP-find Bce nHabopsbl, cogepxxawme npuznakn
HUXe f, y)KE NPOCMOTPEHBI.
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Stan 1. noctpoeHue npecdukcHoro FP-pgepesa
STtan 2: nouck 4acTtbix Habopoe no FP-gepesy
SdekTusrbie anroputmel: FP-Growth, TopMine AnropnTm nowncka Kosnnokaumii B TeKcTax

AddekTusHoctb anroputma FPGrowth

3aBucumocTs log;, BpeMeHu paboTel anroputma ot MinSupp
B CPAaBHEHWU C APYrUMW anroputMamu (Ha AaHHbIX census).

HuxHue kprebie — aBe pasHeble peanusauun FP-growth.

log(time/s) over support

S U G SRR < Aprior
e e e S e L REm Y

Christian Borgelt. An Implementation of the FPgrowth Algorithm. 2005.
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Stan 1. noctpoeHue npecdukcHoro FP-pgepesa
drtan 2: nouck HacTeix Habopoe no FP-gepesy
SdekTusrbie anroputmel: FP-Growth, TopMine AnropnTm nowvcka kosnnokaumii B TeKcTax

3a,qaqa dBTOMAaTU4eCKOro sebligesieHnd TepmMmHOB

Tepmun — cppaza (n-rpamma) co cnegyrowum Habopom CBONCTE:

Q Beicokas yactoTHocTb (frequency):

MHOIO pa3 BCTPEYAETCS B KOIEKLNM;

KOHTaKkTHasi co4etaemocts cnos (collocation):

COCTONT U3 CJI0B, HEC/TYHAHO YaCcTO BCTPEYAIOLUMXCS BMECTE;
nonrota (completeness):

SIBJISIETCS| MAKCUMaNbHOI MO BKIHOHEHUIO LLENOHKON CNOB;

CMHTaKcM4eckasi cBsa3HoCTh (Syntactic connectedness):
ABNAETCA TrPAMMATNHECKN KOPPEKTHBIM CNOBOCOYETAHNEM;

© 6 o0 ©o

TemaTu4HOCTH (topicality):
HaCTO BCTPEYAETCS B Y3KOM MOAMHOXKECTBE TEM.

Cymma Ttexnonornii gns ATE (Authomatic Term Extraction):
TopMine @ @ @ + UDPipe @ + PTM @
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Stan 1. noctpoeHue npecdukcHoro FP-pgepesa
drtan 2: nouck HacTeix Habopoe no FP-gepesy
SdekTusrbie anroputmel: FP-Growth, TopMine AnropnTm nowvcka kosnnokaumii B TeKcTax

Anroputm TopMine: onpegeneHna n oCHOBHbIE ngeun

e C(a1,...,ak) — xaw-tabanua vacrot k-rpamm, a; € W,
C(w) = n,, gna scex ynurpamm w € W: ny, > &1
@ £, — NOPOroBOe 3HAa4YeHWNEe HacTOThbl HACTbIX k-rpaMm

@ A4k — MHOXECTBO NO3NLNIA | B AOKYMeHTe d, C KOTOPbIX
HAaYMHAOTCA BCE YacTble K-rpaMmbi:

C(Wa,is- -y Wajirk—1) = €k

@ CBOICTBO aHTUMOHOTOHHOCTW:

C(at,---,ak) = C(ar, - - -5 ak, akt1)
@ OcHoBHOIA war anropuTtma: ans ecex i = 1,..., nyg
ecnm (i € Agx) m (i+1€ Agk) 10 ++C(Wy iy ..., W itk)

Ahmed El-Kishky, Yanglei Song, Chi Wang, Clare R. Voss, Jiawei Han.
Scalable Topical Phrase Mining from Text Corpora. VLDB, 2015.
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Stan 1. noctpoeHue npecdukcHoro FP-pgepesa
drtan 2: nouck HacTeix Habopoe no FP-gepesy
SdekTusrbie anroputmel: FP-Growth, TopMine AnropnTm nowvcka kosnnokaumii B TeKcTax

Anroputm TopMine: OGbICTPbIi MOMCK BCEX YaCTbIX k-rpaMmm

BX0O/: Konnekumsa D, noporn g;
BbIXxog: xaw-Tabanua yactor C(ay,...,ak), k=1,..., kmax:

C(w) := ny,, pns Bcex w € W,

Ad70 = {1,...,nd};
ana k:=1,..., knax
pha secex d € D

Adk = {i € Adk-1 | C(Wa,i, ..., Wd,itk—1) = €k };
Ans scex | € Ag
L echmi+1e¢ Ad,k TO ‘H’C(Wd’,'7 Ceey Wd,i+k);
OCTaBUTb TONBKO HacTble k-rpammbl: C(a1,. .., ax) = &;

[NpenmMyLiecTBo anropuTma: JnHeHas NaMATb U CKOPOCTb.

Ahmed El-Kishky, Yanglei Song, Chi Wang, Clare R. Voss, Jiawei Han.
Scalable Topical Phrase Mining from Text Corpora. VLDB, 2015.
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Stan 1. noctpoeHue npecdukcHoro FP-pgepesa
drtan 2: nouck HacTeix Habopoe no FP-gepesy
SdekTusrbie anroputmel: FP-Growth, TopMine AnropnTm nowvcka kosnnokaumii B TeKcTax

Anroputm TopMine: otbop dpa3 no yacTtoTe N NOsHOTE

NtepaTueroe cnusinne hpas C NOHMKEHNEM 3HAYUMOCTU (.

Py — OLEHKA BEPOSITHOCTW BCTPETUTL ppasy u
Puy — OLEHKA BEPOSITHOCTW BCTPETUTL hpasy uv

Puv — PuPv win PMI = |Og Puv

Puv PuPv

KpuTtepuu: SignificanceScore =

(Markov Blanket) (Feature Selection) (for) (Support Vector Machines)
a=0

| " a =5 threshold

v 1o
T

1=
o
I
o

______ —t ==t

Merging
Terminates

a=6

Iteration
Je

Markov Blanket Feature Selection for Support Vector Machines

K. B. Bopohuos (k.v.vorontsov@phystech.edu) MMMO: nouck accoumaTMBHbIX NpaBuUn



Pe3iome B KOHUE nekuun

@ [lonck accoumaTuBHbIX npagun — obyderue 6e3 yyutens.

@ AccouuaTtnBHoe npasuao (N0 ONPeAeneHnto) — NoYTH TO e
CaMoe, 4TO JIOrMYecKasi 3aKOHOMEPHOCTb.

@ [lpoctbie anroputmbl Tuna APriory BbiyncanTensHo
HeshdeKTUBHBI Ha BONLLINX AaHHbIX.

@ FP-growth — ogun u3 cambix 3¢ppekTUBHBIX anropnTMOB
noncKa acCoLMaTUBHBIX MPaBul.

@ [1ns npakTUYECKNX NPUAOKEHMNI NCNONBL3YIOTCS €ro
NHKPEMEHTHbIE 1/nin nepapxuyeckne obobuyeHus.

@ [lonck Konnokauuii B TEKCTaxX — NOXOXasi 3afjava,
HO WLLEM NOANOCAEL0BaTENILHOCTYN, @ HE NOAMHOXECTBA
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