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BBeaeHune

NHmennekmyasnsHoIl aHAAU3 OGHHbIX
(271y6UHHbIU aHAAU3 OOHHbIX)

— 370 cobupaTtenbHoe Ha3BaHUE, UCNOAb3yemoe A1 06o3HaYeHUA
COBOKYMHOCTU METOA0B OOHapy*XeHUA B AaHHbIX HOBbIX 3HaHUN,
HeobxoAMMbIX ANA NPUHATUA PELLEHNIN B PA3/INYHbIX chepax

4eN0BeYEeCKON AeATEeNbHOCTMW.



TepMUH KUHTENNEKTYaNbHbIM aHaAN3 AAHHbIX»
3KBUBANIEHTEH QHINMMNCKOMY TEPMUHY «data mining»

TepmuH BBeaeH lpuropuem lMateuxkmm-Llanmnpo 8 1989
roay

KDnuggets.com.

[. Mateukuu - Lannpo cuntaetca ocHoBaTenem AByX
HanpaB/EeHUMN:

«data mining» = «MHTEeNNEeKTya/ibHbIK AHANIU3 AAHHbIX»
"

«knowledge discovery in data» = «obHapy»eHune 3HaHUI B
6a3ax AaHHbIX».

https://en.wikipedia.org/wiki/Gregory Piatetsky-Shapiro



https://en.wikipedia.org/wiki/Gregory_Piatetsky-Shapiro

[Nanee mbl bBygem ncnosb3oBaTb TEPMUHBbI KaK CUHOHUMBbI:
data mining

MHTENNEKTYa/IbHbIN aHaNMN3 AaHHbIX
A/

KDD

knowledge discovery in data
n3BnevyeHne JaHHbIX

obHapy*KeHune 3HaHUM B 6a3ax AaHHbIX



MeTtoabl NAL

* MeToapbl Knaccnpmkaumm, moaeiMpoBaHUAa U NPOrHO3UPOBAHUS,
* [focTpoeHne pepeBbEB PELUEHUN,

* /ICKyCcCTBEHHble HEMPOHHbIE CETH,

* [eHeTU4YeCKUe a/iropuUTMBbiI,

* JBOJIOLUMOHHOE NPOrpaMmmMmmnpoBaHUe,

* AccouunatmBHaAa NamATb,

* HeyeTKaa Norumka.



K metoaam data mining oTHOCAT cmamucmuyeckue memoobl .

NECKPUNTUBHbLIN (ONMCaTeNIbHbIN) aHaNU3,
KOPpPenAuMOHHbIN U PEerpecCUOHHbIN aHaNNU3,
bGaKTOPHbIN aHaNn3,

ANCNEPCUOHHbBIN aHaNU3,

KOMMNOHEHTHbIN aHan3,

ANCKPUMMHAHTHbIXN aHaNu3,
aHa/IM3 BPEMEHHbIX pAaoB,
aHa/In3 BbI}KMBAEMOCTMH,
aHann3 cBsA3eun

BbI6Op KOHKPETHOTO

MeTo/ia 3aBUCUT OT
334a4u



* CTaTUcTnyeckmne mertoabl npeanoaaralot HEKOTOpPbIE aNMpPpUOPHbIE

npeacTtasneHna o6 aHann3npyembiX AaHHbIX

* 3TO HECKO/NIbKO PacxoanTCca C NnepBOHaYaibHbIMK uenamm data
mining

* OCHOBHaA Uenb - ObHapYKeHNe paHee HEU3BECTHbIX HETPUBUA/IbHbIX

U NMPaKTUYHECKU MOJ1Ee3HbIX 3HAaHUM



* OAHO U3 Ba*KHENLINX Ha3Ha4YeHUK meToaoB data mining cocTouT B
HarnAAHOM NpPeacTaBAEeHUU PE3Y/1bTAaTOB BblYMCAEHUM

(Bn3yanunsaums)

* OTO NO3BOIAET UCNOJ1b30BaTb MHCTPYMeEHTapum data mining nroabmm,

HE UMeLMMU cCneumasbHON MaTeEMATUYECKOU MOATOTOBKM.



* [I[puMmeHeHne CTaTUCTUYECKUX METO0B aHa/In3a AaHHbIX TpebyeT
XOpoLero BAageHmna Teopmen BEpoATHOCTEM M MaTEMATUYECKOU

CTaTUCTUKOMU

* MeTtoabl data mining neaT Ha CTbiKe 6a3

AadHHbIX, CTaTUCTUKN N NCKYCCTBEHHOTO UHTENINNIEKTA.



[MlepBoHa4YanbHO 3aga4a MAL ctaButca cheayrowmm obpasom:
MMmeeTca AO0CTAaTOYHO KPYynHaa 6a3a AaHHbIX;

npeannosiaraeTcAd, 4To B base AdHHbIX HAaXO0AOATCA HEKNE KCKPbITbIE
SHaAHUNA.

Heobxoanmo pa3paboTtaTtb meToabl OOHapy*KeHMA 3HaHUN, CKPbITbIX B
60/1blWNX 06 BEMAX NCXOAHDBIX «CbIPbIX» AAaHHbIX.

B TeKyLWMX ycNnoBMAX IM0OaNbHON KOHKYPEHLMU UMEHHO HAaNAEHHbIE
3aKOHOMepPHOCTU (HanaeHHble 3HaHMA) MOryT ObITb MCTOYHUKOM
NOMNOSHUTENIbHOTO KOHKYPEHTHOIO NPEenMYLLECTBA.



Y4TO O3HAYaEeT KCKPbITblE 3HAHUA»?  *
*

paHee Hen3pecCtHblé — TO eCTb TakKne 3HaHUA, KoTopble
AON1KHbI ObITb HOBbIMU, a HE NOATBEPKAAWNMU KaKUE-TO

paHee NoJly4eHHble cBeAeHUA



Y4TO O3HAYaEeT KCKPbITblE 3HAHUA»?  *
*

HeTPpUuBUMaJibHbleé — TO €CTb TaKNEe, KOTOPble HeJ/ib3A NPOCTO TdK
ysnaetb npn HenocpeaCcreBeHHoOmM BU3yaJibHOM aHa/1In3e AaHHbIX U

NP BbIMNUCIEHUU NPOCTbIX CTATUCTUHECKUX XaPaAKTEPUCTUK



Y4TO O3HAYaEeT KCKPbITblE 3HAHUA»?  * .

NMPaKTUYECKU NOoJie3Hbleé — TO eCTb TaKne 3HaHnA, KOTOopble

npeacTaBAsaloT LeHHOCTb AN1A uccnegosaTtens nam notpebutens;



Y4TO O3HAYaEeT KCKPbITblE 3HAHUA»?  *
*

AOCTYMHbIE ANA UHTEpNpPeTauumn — TO ecTb TaKmne 3HaHUSA, KoTopble
NNIEerKo nNpeacTaBuTb B HAarnAAHOM AnA nonb3osaTtend Gopme 1 Nerko

0O6BACHUTL B TEPMMHAX NpeameTHoOU obnacTtu.



37K TpeboBaHMA BO MHOIOM
onpeaenaroT cyTb metoaos NA/Ll
n TO,

B KAKOM BUe U

B KAKOM COOTHOLIEHUN B
TexHonormu data mining
MCNO1b3YOTCA CUCTEMDI
ynpasneHma 6azamm JaHHbIX,
CTAaTUCTUYECKME METOAbI
aHanM3a n metToAabl
MCKYCCTBEHHOTO MHTENNEKTA.




&
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Y
* MeToabl data mining moryT ObITb MPUMEHEHbI KaK ANA pa6mu@@

c 60NblLIMMN AGHHbIMU, TAK N ANA 06pabOTKMU CPaBHUTENBHO @@

Ma/ibix 06bEMOB AAHHbIX

(I'IOJ'IyLIEHHbIX, Hanpumep, No pe3yibtataM oTae/ibHbIX
IKCNEPUMEHTOB, nmbo Npn aHa/inlde AaHHbIX O AeATE/IbHOCTHU

KOMMNaHWN)

¢ KpMTepMEM AOCTATOYHOIO KONMnN4YecCctTBa AadHHbIX MOXKET ObITb KaK

obnactb NccnengosaHmA, Tak U I'IpMN\EHHEMbIVI dJITOPUTM aHA/1N34



3HaHuA, nobbiBaemble meTogamm data mining, NPUHATO NPeACTaBAATb
B BUAE 30KOHOMepHocmel (mammepHos).

B KauecTBe TaKux BbICTYMNAIOT:

* dCCOUunNaTmnBHbIE NMPdBWNJIA,

°* NepeBba PELIEHUN;

* KZ1aCTepbl,

* MaTemaTmnyeckme QyHKUUMU.




3aga4u, pewaemoble metogamu data mining, NPUHATO pa3aensaTb Ha

onucaTenbHble (descriptive) v
npeackalatenbHbie (predictive).

B onnucamernbHbIx 3alayax camoe rnaBHoe — 3TO AaTb HarnAagHoe

OonncaHmne MMerLmnxca CKpPbITbIX 3aKOHOMepHOCTEI\/Jl,

B I7,D€0CKG3Gm€fIbeIX 3dad4ax Ha NnNepsom njaaHe CTonT BoMNpocC o

npeacKkasaHum Tex cny4vyaes, A1 KOTOPbIX AaHHbIX eLé HeT.



K onucamesnbHbIM 3a4a4am OTHOCATCA:
* MOMCK aCCOUMATUBHbLIX MPaBUA UM NaTTepHoB (06pa3LoB);
* IPYNMNMPOBKA OOBEKTOB, KNACTEPHbIN aHaNU3;

* NOCTPOEHUE PEerpeccCMoHHOM MoJenu.

K npedckazamesnbHbIM 3a4a4am OTHOCATCA:
KnaccndpuKkaumsa obveKkToB (4019 3apaHee 3aJ4aHHbIX KNacCcoB);

pPerpeccMoHHbIN aHa/In3, aHa/In3 BpeMeHHbIX pAaO0B.




* [lepen ncnonb3oBaHuem anropntmos data mining Heobxoanmo
NPOU3BECTU NOAroTOBKY Habopa aHaNN3UpPyEMbIX JAHHbIX.

* Tak Kak UALl morkeT 0bHapPYKNTb TO/IbKO MPUCYTCTBYOLWME B AAHHbIX
3aKOHOMEPHOCTU, UCXOAHbIE AAHHbIE C OA4HOU CTOPOHbI AONKHbI
MMETb A0CTAaTOYHbIN OOBbEM, YTOObI 3T 3aKOHOMEPHOCTU B HUX
NPUCYTCTBOBA/IM, @ C APYron — OblTb AOCTATOYHO KOMMAKTHbIMMU,
4TOObI aHANM3 3aHAN NPUEMSIEMOE BPEMSA.

e Yalle Bcero B Ka4ecTtBe UCXOAHbIX AaHHbIX
BbICTYNAIOT XPaHUNNLLA WU BUTPUHbI AaHHbIX.

e Nlanee gaHHble dunbTpytoTca. PunbTpauma yoanaeT BbIDOPKM C
LIYMaMKM U NPONYLLLEHHbIMW AAHHbIMM.



https://ru.wikipedia.org/wiki/%D0%A5%D1%80%D0%B0%D0%BD%D0%B8%D0%BB%D0%B8%D1%89%D0%B5_%D0%B4%D0%B0%D0%BD%D0%BD%D1%8B%D1%85
https://ru.wikipedia.org/wiki/%D0%92%D0%B8%D1%82%D1%80%D0%B8%D0%BD%D0%B0_%D0%B4%D0%B0%D0%BD%D0%BD%D1%8B%D1%85
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[Tpouecc MHTeNeKTyaabHOro aHaam3a
NAHHbIX

N3yyeHne NHTepnpeTauma
y o Cb6op MNpepsapuTenbHasn AHanuns P peTat,
npeameTHOMn HaWOEeHHbIX
JaHHbIX 06paboTKa AaHHbIX JaHHbIX
obnactu naTTepHoB

1. WN3yyeHune npeameTHou obnactn. B pesynbrate popmynpyoTcs
OCHOBHbIE LeNn aHaAun3a.

2. Cbop paHHbIX. PopmupyeTca 6a3a AaHHbIX K gaTtacet (data set).

3. lMpepBaputenbHaa obpaboTka gaHHbIX. JaHHble NPUBOAATCA K BUAY,
yaobHOMY ANnA cheayroLmx 3Tanos.




[Tpouecc MHTeNeKTyaabHOro aHaam3a
NAHHbIX

4. AHanus gaHHbIX. [TpnumeHAaoTCA aNAroOpUTMbl UHTENNEKTYaIbHOTO
aHaNu3a Cc uenblo n3BneyeHnAa naTrepHoB..

5. WHTepnpeTtauma HanaeHHbIX NaTTepHoB. [IaHHbIN 3Tan MOXKeT
BK/1IOYATb BU3YyaM3aLUIO U3BJIEYEHHbIX NATTEPHOB, onpeaeneHmne
ANEeNCTBUTEIbHO NOJIe3HbIX NAaTTEPHOB HAa OCHOBE HEKOTOPOM
GYHKLUMM MONE3HOCTMW.

6. Wcnonb3oBaHMe HOBbIX 3HAHUMN.



[TpeaBaputenbHad 0b6paboTKa AaHHbIX

a) OumncTKa AaHHbIX — UCKIOYEHUE
NPOTUBOPEYUM U CAYHAUHDBIX "LLYMOB® U3
MCXOAHbIX AAHHbIX

NHTerpauua

b) WHTerpauma gaHHbIX — 06beagnHeHue
AAHHbIX U3 HECKO/IbKMX BO3MOMKHbIX
MCTOYHUKOB B OJHOM XPaHUAULLE

MpeobpazoBaHue

c) [Npeobpa3oBaHne AaHHbIX

< -

NpurogHsbiit ong dHanun3a
dopmar



[TpeaBaputenbHad 0b6paboTKa AaHHbIX

Ha gaHHOM 3Tane gaHHble npeobpas3ytoTca K popme,
noaxoaslwen Ansa aHanmsa.

HYacTto npumeHaeTca:

* darperauma AaHHbIX

* INCKpeTu3aumna atpnubyrtos

* CXKaTne AaHHbIX

MpUroaHbIi ANA aHanusa
dopmar

* COKpalleHne pasmepHOCTH



Neuroasiii Ans ananusa
¢¢¢¢¢¢

* OYMCTKa AaHHbIX 3aHMMaeTca 0bHapyKeHnem 1
yaaneHmem owmnboK U HECOOTBETCTBUA AaHHbIX B LLEenAX
NOBbILLEHMA Ka4yecTBa AaHHbIX.

Oyunctka

* [pobnembl KayecTBa AaHHbIX MOTYT MPOUCXOANTb U3
PA3HbIX MCTOYHUKOB, TAaKMX KaK cnctembl desepaTuBHbIX
6a3 AaHHbIX, UHOOPMALMOHHbIE CUCTEMDLI Ha HBa3e
MHTEepHeTa Uam NpocTo U3-3a owmnMbOYHOro BBOAA AaHHbIX



RayecTBO AaHHbIX

rOCT P MICO/TC 8000-1-2009 KAYECTBO UH®OPMALIMOHHbIX
OAHHbIX

KayectBo AdHHbIX - 3TO NMNOKAd3aTe/lb TOI0, HACKOJIbKO Ha6op
AdHHbIX NMoAXoAUT ANA AOCTUXKEHUA KOHKpETHOVI Lueain m
HACKOJIbKO OH HadeXeH ONA NPUMHATUA HaleKHblX peLueHm“/i.



RayecTBO AaHHbIX

XapaKTepMCTMKM AadHHDbIX, N3 KOTOPbIX CKNaAdblBaeTCA UX KAaYECTBO.

LOoCTynHOCTb HenpoTneopeunsBoCcTb
ToyHOCTb OAHO3HAYHOCTb
B3anmocBA3aHHOCTb PeneBaHTHOCTb

[lonHoTa CBOEBPEMEHHOCTb



RayecTBO AaHHbIX

* JlIoCTYyNHOCTb
Y aHaAUTUKA AonKeH bbiTb AOCTYN K AAHHbIM.

3TO NpeanoaaraeT He TONbKO pa3peLlleHne Ha UX MNONYYEHUE, HO TaKKe

Haan4YMe COOTBETCTBYIOLLUX MHCTPYMEHTOB, obecneymBatoLmx
BO3MOXHOCTb UX MCNOIb30BATb M aHAaIM3UPOBATb.

B HacToAlWlee BpemMa «aHaIMTUK AAHHbIX» — 3TO OTAeNbHasA npodeccus



RayecTBO AaHHbIX

* TOYHOCTb

[laHHble A0/IKHbI OTPaXKaTb UCTUHHbIE 3HAYEHMA NN MOJIOXKEHUe Aen.
Hanpumep, noka3aHMA HEeNpaBUAbHO HAaCTPOEHHOIO TEPMOMETPA,
OWNOKa B gaTe PoOXKAEHMA UM YCTAaPEBLLUUM aapec — 3TO BCE NPUMEPDI

HETOYHbIX AadHHDbIX.

[laHHble gonKHbl 6bITb CObpaHbl M 06paboTaHbl ¢ HEOOXOANMOW
CTeNeHblo AeTa/In3aumnm



RayecTBO AaHHbIX

* B3anmocCcBA3aHHOCTb
[onHa 6bITb BO3MOXKHOCTb TOYHO CBA3aTb OAHWU AAHHbIE C APYTMMMN.

Hanpumep, 3aKka3 KAnMeHTa AonKeH bbiTb cBA3aH ¢ MHOopPMaLUmen o
HEM CaMOM, C TOBAapOM MM TOBapaMmM M3 3aKasa, C NNaTEKHOM
nHbopmaumnenm n nnpopmaumen ob agpece AOCTABKMU.

3TOT Habop AaHHbIX obecneymBaeT NoJIHYH KapPTMUHY 3aKa3a KAUEeHTa.

B3anmocBA3b obecneynsaetca HAbopom NAEHTUOUKALNOHHbIX KOAOB
NN KNtoYen, CBA3bIBalOWKUX BOeAMHO NHPOPMALIMIO U3 Pa3HbIX YacTeN
6a3bl AaHHDbIX.



JoctynHocTb

RayecTBO AaHHbIX

B3anmocsA3aHHOCTb

MonHoTa

* [JonHoOTA

oA, HENOAHBLIMW AAHHBIMU MOXKET NOAPaA3YMEBATHLCA KaK OTCYTCTBUE
4acTu MHGOPMALIMK , TaK U NOJIHOE OTCYTCTBUE eANHMULbI MHPOPMaL M

Hanpumep, B CBEAEHUNAX O K/IMEHTE HE YKAa3aHO €ro UMHA

MW B pe3y/ibTaTe OWMOKKM Npu coXxpaHeHUN B 6a3y AaHHbIX NOTepsanach
BCA MHPOPMALUA O KNNEHTE



RayecTBO AaHHbIX

* HenpoTUBOPEYNUBOCTb
[aHHble A0/KHbI 6bITb COr1ACOBAHHbLIMMU,

Hanpumep, agpec KOHKPETHOro KIneHTa B 0A4HOM 6a3e AaHHbIX
[IOJI3EH coBnagaTb C aZlpecom 3TOr0 e K/JIMeHTa B Apyron base.

[Mpn HaAM4YUM pa3HOrNacumM OAMH N3 UCTOYHMKOB C/IeyeT CYMTaTb
OCHOBHbIM MM BOODLLLE HE NCNO/Ib30BaTb COMHUTE/IbHbIE AaHHbIE A0
YCTPAHEHUA NPUYUHBbI PA3HOTNACUN.



RayecTBO AaHHbIX

* OQHO3HAYHOCTb

Kaxaoe none, coaeprkalee MHAMBUAYabHblE AaHHbIE, UMEET
onpeaeneHHoe, HeaBYCMbICNEHHOE 3Ha4YeHue.

YeTKo Ha3BaHHble NONA B COBOKYMNMHOCTU CO C/Z1I0OBapem 6a3bl AadHHDbIX
NOMOTratoT obecnevymTb KayecTBo AdHHDbIX.



RayecTBO AaHHbIX

* PeneBaHTHOCTb

CTeneHb COOTBETCTBMA HaUAEHHbIX AaHHbIX MHGOPMALMOHHbIM
HYy»KJaM noab3oBaTens

[laHHble 3aBUCAT OT XapaKTepa aHa/n3a.

EC/n HY»KHO M3y4aTb TPAHCNOPTHbIE MOTOKMU, TO HEe 06A3aTEeNbHO
M3y4aTb TPaH3aKLMKM NPU MOKYMNKax B OA4HOM OTAE/IbHO B3ATOM
MarasuHe.



HenpoTtnsopeunsoctb

RayecTBO AaHHbIX

OAHO3HAYHOCTb

PeneBaHTHOCTb

* CBOEBPEMEHHOCTb

CBoeBpeMeHHOCTb

Mexay cOopom AaHHbIX U UX AOCTYMHOCTbIO A1 UCNONb30BaHUSA B
aHaAUTUYecKon paboTe Bcerga npoxoauT Bpems.

Ha npaKTuKe 3TO 03HA4aeT, YTO aHA/IMTUKKU MOYYatoT AaHHbIe KaK pas
BOBpPEMSs, YTOObI 3aBEPLUNTb aHa/IN3 K HEOOXOANMOMY CPOKY.

[Mpu 3aaepXKKe AaHHble CTAHOBATCA NPAKTUYECKU BecrnonesHbimm (Npu
COXPAHEHUN N3OEPHKEK HA UX XPaHEHMNE U 06pabOoTKY), X MOXKHO
MCNONb30BaTb TO/IbKO B LLE/IIX JONTOCPOYHOrO CTPATErMYECKOro
NAAHUPOBAHMA U NPOrHO3NPOBAHMA.



RayecTBO AaHHbIX

,ﬂ,OI'IOJ'IHl/ITeII bHO BblAENAKOT

* HapgeXXHOCTb AaHHbIX

[laHHble A0/13KHbl ObITb OAHOBPEMEHHO
NOJIHbIMU

(To ecTb coaeprKkaTb BCce cBeleHUA, KOTOPbIe Bbl OXKKUAaAMN NONYYUTD)
N TOYHbIMU

(To ecTb OTparkaTb AOCTOBEPHYIO MHDOPMALUIO).



RayecTBO AaHHbIX

OwwnbKa BCero B 04HOM U3 3TUX aCNEKTOB MOKET NPUBECTU K TOMY, YTO
NaHHble OKaXyTCA YaCTUYHO WM NOJIHOCTbIO HEMPUTOAHbIMMU K

MCMO/Ib30BAaHUIO UK, XYrKe Toro, byayT Ka3aTbCa JOCTOBEPHbIMU, HO
npmMBeayT K HeNnpaBU/bHbIM BbIBOAAM.



RayecTBO AaHHbIX

[Mpobembl C KAYECTBOM AQHHbIX MPUCYTCTBYIOT B € AMHUYHbBIX KONNEKLNU
NAHHbIX, TaKMe KaKk ¢dannbl n 6a3bl AaHHbIX, HANPUMEpP, U3-3a
HEeNpPaBUIbHOIO HanNMcaHUA NPM BBOAE AaHHbIX, OTCYTCTBYHOLLEN
MHPOPMaLUN NN ApYTMe HEBEPHbIE AaHHbIE.

Koraa Heob6xoaMmo MHTErpPMpPOBaTb HECKOIbKO UCTOYHUKOB AaHHbIX,
HanpMmMep, B XpaHUIULLAX AAaHHbIX, 06beAUHUTb cucTembl 6a3 JaHHbIX UK
rnobanbHble MHPOPMALMOHHbIE BED-CUCTEMbI, NOTPEOHOCTb B OYMUCTKE

AdHHbIX BO3pPacCTaeT Cyw,eCTBEHHO.

9TO CBA3aHO C TEéM, YTO MCTOYHMKM YacTo coaepaT U3bbITOUHbIe AaHHbIe B
pPa3HbIX NpeacTaBaeHUAX.

Y106b1 06ECNEeUYnTb AOCTYN K TOYHbIM U HEMPOTMBOPEYMNBLIM AAaHHbIM,
obbeanHeHne pasindHbIX NPeacTaBeHNI AaHHbIX U YCTPpaHeHue
ayonmnpyrouwenca nHopmaumm CTaHOBUTCA HEOBXOAMMO.



Operationai Extraction, Transformation, Loading Data
sources warehouse

Extraction Integration Aggregation

Schema extraction Schema matching Schema
and translation and integration implementation
i r_'}§ et |
® @ @ @ ®
Instance extraction Instance matching Filtering,

and transformation and integration aggregation

Scheduling, logging, monitoring, recovery, backup

Legends: :> Metadata flow () (3) Instance characteristics ~ (4) Mappings between source and target
schema

(real metadata)
- Data flow @ Translation rules @ Filtering and aggregation rules

Figure 1. Steps of building a data warehouse: the ETL process




1pobema
KayecTBa
NAHHbIX

(Lack of integrity

Schema Level

Single-Source Problems

constraints, poor
schema design)

- Uniqueness
- Referential integrity

Instance Level

(Data entry errors)

- Misspellings
- Redundancy/duplicates

Data Quality Problems

Multi-Source Problems

Schema Level Instance ILevel

(Heterogeneous
data models and
schema designs)

(Overlapping,
contradicting and
mconsistent data)

- Inconsistent aggregating
- Inconsistent tming

- Naming conflicts
- Structural conflicts

- Contradictory values .ee

Figure 2. Classification of data quality problems in data sources

IIpobdaemsbl Ka4eCcTBa JaHHBIX

IIpobaemwl ¢ 0OHUM
UCTNOYHUKOM

ITpobGremul ¢ HECKOABKUMU
UCTNOLHUK QMU

i

Vpogers cxewuw:

(OrcyTCcrBHE
HEJIOCTHOCTH
OrpaHHUYeHHS,
TUJIOXOMH aM3afiy
CXeMBl)

- Vruxarsnocms
- CcwirowHan
YeroCmHOCN®

Vposers szanucu
Vposgers cxemm Vposers zanucu
(Ounidxu B2oaa
JAHHBIX) (T'ereporesnsle (TlepexpaiBarommecs,
MOZJEH JAHHBIX NPOTHEBOPEYHBLIE H
M cxema HEeCOIJIacCOBaHHbIe
KOHCTPVYKLHH) OaHHBIE)
- Opgozpaguyecxue
oULUBKU - Hecoznacosarroe
- Pesepsuposariue / - Konghauxme azpezuposearue
oy auxamel wuweH =
- ITlpomusope+usesie - CmpyxmpypHele Hecoomsemcmeue
YeHHoC MU KOH@GAUKMB cpoxos




-

Dirty data

K

Missing data

-Missing data where
there is no Null-not-
allowed constraint
-Missing data where
Null-not-allowed con-
straint should be en-

forced

Not-missing, but

e

Wrong data, due to

2
Non-enforcement
of enforceable in-
tegrity constraints

IS
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Fig. 2. Classification of dirty data by Kim et al. [2]
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Fig. 3. Classification of data anomalies by Miiller and Freytag [3]
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JTanbl OYNCTKU ANadHHDbIX

* AHaNN3 AaHHbIX

* OnpegeneHue paboyero npotecca npeobpasoBaHUA U NPaBUN
conocTaBneHus

* [I[peobpa3oBaHne AAHHbIX

* [lpoBepkKa

* TpaHchopmaumsa

* O6bpaTHbIN NOTOK OYMLLEHHbIX AAHHbIX



IHTeNNeKTyabHbIM aHAIN3
NAHHbIX HA TpaHcnopTe
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[TpeaBaputenbHad 0b6paboTKa AaHHbIX

a) OumncTKa AaHHbIX — UCKIOYEHUE
NPOTUBOPEYUM U CAYHAUHDBIX "LLYMOB' U3
MCXOAHbIX AAHHbIX

NHTerpauua

b) WHTerpauma gaHHbIX — 06beagnHeHue
AAHHbIX U3 HECKO/IbKMX BO3MOMKHbIX
MCTOYHUKOB B OJHOM XPaHUAULLE

MpeobpazoBaHue

c) [Npeobpa3oBaHne AaHHbIX

< -

NpurogHsbiit ong dHanun3a
dopmar



O4YMNCTKa AAHHbIX

* [lpoBepKa

* TpaHchopmaumsa
* O6bpaTHbIN NOTOK OYMLLEHHbIX AAHHbIX

OuuncTKa AdaHHbIX BK/TKOYaEeT pa3/iniHble MEeTOAbl, OCHOBAHHbIE Ha r|p06neN\ax U TnNax gaHHbIX.

PasnnyHblie metoabl MOTYT bbITb NMPUMEHEHbLI C KaXdblM anM6YTOM AaHHbIX, HO MMEKT CBOU
cobcTBEHHbIE 0COBEHHOCTU nPUMEeHEHUA.

B uenom, HeBepHble AaHHble nbo yaanawoTca, 1Mbo ncnpasnaatoTcs, AM60 NpucBanBaroTCA.



O4YMNCTKa AAHHbIX

* [lpoBepKa

TpebytoTca onpeaeneHna npeobpasoBaHUi, KOTOpble JOMKHbI ObITb
caenaHbl B npolecce paboTbl ¢ AaHHbIMMU.

[MpaBuabHOCTb M 3dPEeKTUBHOCTL paboyero npouecca cneagyeT TeCTUPOBaThb U
OLLeHMBaATb.

TECTI/IpOBaHMe NnpoBOAUTCA HA HEKOTOPOM 06pa3u,e NN KON NCXOOHDbIX
AadHHDbIX, 4YTOODI npv HEO6XO,£I,I/IMOCTI/I YAydYWwnTb onpeneneHunA.

MoxeT noTpeboBaTbCA HECKO/IbKO UTepPaLMIA 3TanoB aHan3a,
NPOEKTUPOBAHMUSA N NPOBEPKM.

HeKoTopble oWKnOKKN B AaHHbIX CTAHOBATCA OY4EBUAHbBIMW TONLKO NOCAe
nPMMeHeHnA NpeobpasoBaHUN.



O4YMNCTKa AAHHbIX

* TpaHCcHOpMaLUA

BbinonHeHue waros npeobpasoBaHUA
nnbo nytem 3anycKa paboyero
npouecca ANA 3arpy3ku n obHoBAEHUA
XPaHUAMLA AaHHbIX, TMO60 BO BpeMH
OTBETA Ha 3aMPOCbl U3 HECKOJIbKUX
MCTOYHMKOB.

ETL - Extract, Transform, Load —
[IOCNOBHO «U3BNEYEHMUeE,
npeobpa3oBaHue, 3arpy3Ka»

ETL (Extract-Transform-Load)
Processing

Targets
Sources

Redis instances

E nr? Redis Dashboard
/ Instances
) RSREOIM
SQL Databases / SQL Databases
Load

@

JSON Documents



O4YMNCTKa AAHHbIX

 ObpaTHbIN NOTOK OYMLLEHHbIX AAHHbIX

[Mocne yaaneHna olMOOK OUYMLLEHHbIE AaHHbIe TaK}Ke A0/IKHbI
3aMEeHSATb «TpPA3Hble JaHHbIE» B UCXOAHbIX MCTOYHUKAX,

4Tobbl N36EeXKaTb NOBTOPEHUA PAOOTLI NO OYNCTKE ANA byayulero
N3BNEeYEHUA AAHHbIX.

[ONns XpaHUAULL AaHHbIX OYULLLEEHHbIE AaHHble AOCTYMHbI U3 06NacTK
NOArOTOBKM AQHHbIX



HepeneBaHTHble AaHHble — Irrelevant data

HEpEl’IEBaHTHbIe AdHHblIe — 3TO Te, KOTOpPbl€é Ha CaMOM Jdesie HE HYXHbl U HE
BMMNCbIBAKOTCA B KOHTEKCT I'IpO6I'IeMbI, KOTOPYHO Mbl MNblITaeMCA PELLNTD.

* Hanpumep, ecnm 6bl Mbl aHaNM3NPOBaAIN AaHHblie 06 0OLWEeM COCTOAHUM
310p0OBbA HaceneHus, Homep TenedoHa He bbin 6bl HEOBXOAUM.

* TONbKO ecnu Bbl yBEpPEHbI, YTO YaCTb AaHHbIX HE BaXKHa, Bbl MOXKeTe
yAanuThb ee.

* B NpOTMBHOM C/ly4ae n3yymTte maTpuuy Koppenaunum mexay atpubyramm
obbeKTa.

* N pa)ke ecnu Bbl HE 3aMETUIN HUKAKOW Koppenauuu, Bbl AONKHbI CNPOCUTb
KOro-TO, KTO ABNAETCA 3KCNepTom B NpeaMeTHOM 0b6a1acTn. Bol HUKOrAa He
3HaeTe, YTO PYHKLUUA, KOTOPAA KaXKeTCA HEeaKTya/lbHOW, MOXKET ObITb O4YEHb
aKTYa/IbHOM C TOYKM 3peHunsa npeameTHoM 06nacTu, Hanpumep ¢
KIMHUYECKOWN TOYKU 3peHUS.



[lybnunkaTtel — Duplicates

* ly6bauKaTtbl — 3TO 3HAYEHUS, KOTOPblE NOBTOPSAIOTCA B Ballem
Habope AaHHbIX (MOBTOPATHCA MOTYT Kak TPaH3aKLUUK, TaK U
CYLLLHOCTU B Pa3/INYHbIX CNPaBOYHUKAX).

[ly6nnpoBaHMe YacTo c/y4aeTca, Koraa, Hanpumep, AaHHble
06beMHEHbl U3 Pa3HbIX UCTOYHUKOB

[Tonb30BaTeNb MOXKET ABaXKAbl HAXKaTb KHONKY «OTNpaBuTb», AyMmas,
4yTo Popma PpaKTUYeCKM He Bblia oTnpPaBEHa.

PacnpocTpaHEeHHbIM CUMOTOMOM fABNSAAETCA C/Iy4aKn, Koraa ABa
No/a1b30BaTeNs UMEOT OAMHAKOBbIN NAEHTUPUKALMOHHBIN HOMED.

M NO3TOMY OHM NPOCTO A0NXKHbI ObITb YAaNEHbI.



Tnn npeobpa3osaHua — Type conversion

* Yycna AONXKHbI XPaHUTLCA B BUAE YNC/IOBbLIX TUNOB AAHHbIX.
e [laTa ONXKHA XPaHUTLCA B BUAE 0ObeKTa AaThl

KaTeropmanbHblie 3HayeHUA MOryT bbITb Npeobpa3oBaHbl B/U3 yncen
npu HeobxoaMmocTHw.

MpeaynpexkaeHune: 3HaueHUA, KOTOPble HeNb3s Npeobpa3oBaThb B YKa3aHHbIN TUN, cneayet
npeobpa3oBaThb B crneuynasbHoe 3HayeHne NA c oTtobpaxkeHnem npeaynpexXaeHua. 310 yKa3biBaeT
Ha HeNpaBMAbHOE 3HAYEHNE, KOTOPOE AO0/IKHO ObITb MCMPABAEHO.



CUHTaKcHnYyeckue owmnbkmn — Syntax errors

Ynanutb npobensi:

cneayet yaannTb AnMWHME Npobesnbl B Havane Uam KoHLUe CTPOKMW.
NcnpaBbTe onevyaTKu:

CTPOKM MOTYT BbITb BBEAEHbI pa3HbiMK cnocobamm,
N HEeYANBUTENbHO, YTO MOTYT ObITb OLLNOKMN.

[na ncnpasaeHUs OWNMOOK C MOMOLLLbIO BCTPOEHHbIX aITOPUTMOB
pa3pabaTtbiBatoT NpasuAa.

[MpaBuaa MOTyT OT/ZIMYATBLCA B Pa3HbIX NPeaMeTHbIX ob6iacTax.



/N {}

Hanpumep, “lisbon” moxHo BBecTtu Kak “lisboa”, “lisbona”, “Lisbon”, n T.A.
City Distance from "lisbon"

lisbon O

lisboa 1

Lisbon 1

lisbona 2

london 3

Ecnu 370 TaK, TO Mbl AO/IKHbI 3aMEHUTb BCE 3HAYEHUA, KOTOPbIE O3HAYAtOT
O[IHO 1 TO e, Ha OA4HO YHMKa/IbHOe 3HaYeHKne. B aTom cnyvae 3ameHuTte
nepsblie 4 cTPOKKU Ha «lisbon».



CTaHAapTU3aumA AaHHbIX

* [lomecTuTb Kaxkaoe 3Ha4YeHne B OAMH M TOT XKe
CTaHAAPTU3NUPOBAHHbLIM GOpPMaT.

[lna cTpoK ybeamnTechb, YTO BCe 3HAaYEHMA YKa3aHbl B HUXKHEM UNU
BEPXHEM peruncrpe.

1na yncnoBbIX 3HaYeHUm y6e,£I,VITer, YTO BCe€ 3HA4YEeHUNA UMEIOT
onpeapeneHHyrw eauHnuy UamepeHus.

BbicoTa, Hanpumep, MOXKET ObITb B MeTpax M CaHTUMETpaAX.

Ona pat, sBepcua gna CLLUA otanyaetca ot eBpONEeMCKoOM BEPCUMN.

3anuncb AaTbl B KaYecTBe METKMN BpeMeHU (KONM4ecTBo MUIIMCEKYH) He coBMadaeT € 3anmcbio
NaTbl B KauecTBe 0bbeKTa AaTbl.



MacwTtabuposaHue / NpeobpaszosaHne —
Scaling / Transformation

* MacwTtabupoBaHmne o3HavYaeT Npeobpa3oBaHME AaHHbIX TAKUM
obpa3om, 4HToObl OHM COOTBETCTBOBA/IM ONpeaeneHHOMY MacLiTaby,
Hanpumep 0-100 nan 0-1.

Hanpumep, 6annbl No ak3ameHy cTyaeHTa MoryT bbiTb nepecynTaHbl B npoueHTax (0—100) BmecTo
cpeaHero 6anna (0-5).

MaCLUTa6I/IpOBaHI/Ie TdKXe MOoXeT BbINO/IHATbCA ANA AdHHDbIX, KOTOPbIE
UMEIOT Pa3Hble edUHNL bl USMEPEHUA.



Hopmanunsauma — Normalization

e AKTYanbHO ANA CAYYaMHbIX BEANYUH, UMEIOLLMX HOPMaibHOE
pacnpeaeneHmne npm Ucrnoab3oBaHUM CTaTUCTUYECKMX METOA0B aHaM3a.

Llenb cocTouT B TOM, 4TOOBDI ()] 1
npeobpas3oBaTb AaHHble TaK, YTOObI OHU * Tpachuk nnoTHOCTM o &
MMEeNun CTaHaapTHOE HOPMaJibHoe paciiFeAelaHNA:

pacnpeneneHue. | A~
Kpusasi Maycca / \

* HopmupoBaHHoOe
pacnpeneneHue. 5

a=0, e=1 :>f(X)=me * Hox)




Hepocrarowume 3HayeHna — Missing values

Y4nTbiBasA TOT GaKT, YTO OTCYTCTBYIOLLME 3HAYEHUA HEU3OEKHDI,
BO3HMKaeT BOMpoc:

YTO AenaTtb, KOoraa Mbl CTaJIKUBaemMcsa C HUMMN'?

UrHopupoBaHMe NponyLweHHbIX AaHHbIX — 3TO TO e CaMOE,

4YTO CO34aHMe Ablp B NOAKE — OHa byaeT TOHYTb.

EcTb TpK, unmn, BO3IMoKHO, bonblue, cnocoboB cnpaBUTbLCA C HUMM.



Hepocrarowume 3HayeHna — Missing values

— Mepsbin cnocob.

YaaneHue — Drop.

Ecav nponyuweHHbie 3Ha4yeHMA B CTONIOLLE BCTPEYAOTCA PeaKo U

NMPONCXOoAOAT CﬂyHaVIHbIM O6pa3OM, TO CaMOe NPOoCToe n nNpamoe peeHmne —
OTOpPOCUTb HabAoAeHUA (CTPOKKU) C NPONYLLEHHbIMWN 3HAYEHUAMM.

Ecnm 60nblLINMHCTBO 3HaYeHW cTonbLa OTCYTCTBYIOT M BCTPEYAIOTCA CAyYariHbIM 06pasom,
TUNUYHbIM PELLEHUEM ABASETCA YAa/leHUe BCero cTonbua.

3T0 0cObEeHHO NonesHo npun nposegeHnMnM CTatTUCTU4eCKOro aHa’sin3a,
MOCKOJIbKY 3alO/IHEHUE NPONYLEHHbIX 3HAYEHUN MOXKET NPUBECTU
K HEOXKNOAaHHbIM UTU HEOOBbEKTUBHbBIM pe3ynbraTtam.



Hepocrarowume 3HayeHna — Missing values

— BTropou cnocob.

BHecTu 3HaueHue — Impute.

JTO 3HAYUT paccynTaTb HedoCTalolee 3HaYeHe Ha OCHOBe ApPYrux
HabnaAeHUN.

Ectb MmHOro cnocoboB caenatb 3T0.

1. Ucnonb3yoTca cTaTUCTUYECKUe 3HaYeHUA, Takne KaK cpeaHee
3Ha4YeHne, meauaHa.

B HOpMmanbHO pacnpeaeneHHbIX AaHHbIX MOXHO CreHepMnpoBaTb BCe
3HAYEeHUSA, KOTOPble HAaXoAATCA B npeaenax 2 CTaHAAPTHLIX OTKNOHEHUMN
OT cpeaHero.



Hepocratowme 3HaueHna — Missing values

2. lcnonb3oBaTb JIMHEWHYIO perpeccuio.

Ha ocHoBaHWM cywectByrownx AaHHbIX MOXHO PaCCiYNTATb IMHUIO
Hanayydywero coortseTCteBMa mexay AsymMma rnepemMmeHHbIMA

CTOUT OTMETUTb, YTO MOAENN NNHEUHOW Perpeccum YyBCTBUTE/IbHbI K
Bblbpocam.

3. Hot-deck: KonnpoBaHue 3Ha4eHUN N3 Apyrmx NOXoKmMx 3annucen. Ito
No/s1e3HO, TO/IbKO eC/IN Y BaC AOCTAaTOYHO AOCTYMNHbIX AaHHbIX. M 3TO moXKeT
ObITb NPUMEHEHO K YNC/IOBbIM N KaTeropmasibHbIM AAHHbIM.

MOo»KHO MCNonb30BaTb CAYYalHbIN NOAXOA, rAe Mbl 3aN0/IHAEM
OTCYTCTBYlOLLEE 3HAYEeHUE CAYHaUHbIM 3HAYEHUEM.



Hepocratowme 3HaueHna — Missing values

— TpeTtnn cnocob. Flag.

HeKkoTopble yTBEPXKAAIOT, YTO 3aNOHEHUE NPONYLEHHbIX 3HaYeHUN I
npmMBOAUT K NnoTepe MHPOopMaLNnN, HE3ABUCMMO OT TOFrO, KaKOM MeToA
BMEHEHUA Mbl UCNOb30BANMN.

3TO NOTOMY, YTO YTBEPHKAEHUE O TOM, YTO AaHHbIE OTCYTCTBYIOT, CAMO MO
cebe NHPOPMATMBHO, U AZITOPUTM A0/IKEH 3HATb 06 aTOM. B NnpoTUBHOM
C/ly4ae Mbl MPOCTO YCUIMUBaeEM WabNOoOH, yKe CYLLEeCTBYHOLWNN APYTMMHU
OYHKUMAMMN.

9T0 0c0BEeHHO BaXKHO, KOrAa NponyLlleHHble JaHHble He CayYatoTcH
CNy4YanHo.

B To Bpems KaK KaTeropuasibHble AaHHble MOryT ObiTb 3aN0O/IHEHbI, CKAXKeM,
«OTCYyTCTBYET»: HOBAA KaTeropms, Kotopas coobLlaeT, YTo 3ToT GparmeHT
NAHHbIX OTCYTCTBYET.



— MpUHMMaTb BO BHUMaAHMUeE ...

OTCcyTCTBYIOLME 3HAYEHMA HE COBNAAAOT CO 3HAYEHMUAMM MO
yMO4YaHU0. Hanpumep, HOIb MOXKHO MHTEPMPETUPOBATL KaK
OTCYTCTBYIOLLMIN UM NO YMOHAHUIO, HO He oba.

OTcyTCTBYIOLWME 3HAaYEHUA He ABNAOTCA «Hen3BeCcTHbIMM». [MpoBeaeHHoe
nuccneaoBaHMe, B KOTOPOM HEKOTOPbIE /104N HE MOMHAT, NoABepraanch au
OHW U34eBaTeNbCTBaM B LLUKOJIE WU HET, 0/I}KHO paccMaTpmMBaTbhCa U
0603Ha4YaTbCA KaK HEM3BECTHOE U He NPOoNnYyLLEeHHOE.

Kaxkabin pas, Korga mbl otbpacbiBaem AN NPUNUCbIBAEM 3HAYEHUE, Mbl

TepAaem nHpopmauuto. Takmm obpasom, NOMETKa MOXKET NPUNTU Ha
MOMOLLLb.



Boinaaatowme 3HayeHmna — Outliers

* JTO 3Ha4YeHwus, KOTOpPblE 3HAUYNTE/IbHO OT/INYAOTCA OT BCEX APYIUX H86I’IPO,£I,€HVII>1.

JTtoboe 3HaYeHne AaHHbIX, KOTOPOe HaxoanTca Ha pacctosaHum bonee (1,5 * IQR) ot
kBapTuaen Q1 u Q3, cuntaeTca Bbibpocom.

Bbi6poCbl HEBMHOBHbI, MOKa UX BUHA He AOoKa3aHa ©
C y4eToM CKa3aHHOro, UX He cneayeT yaanaTb, ecv ANA 3TOro HET BECKMUX NPUYUH,

Hanpumep, MOXHO 3aMeTUTb HEKOTOpPbIE CTPaHHbIe, NOA03PUTE/NbHbIE 3HAYEHMS,
KOTOpble BpA4 I NPON30MAYT, U MO3TOMY PEeLlaeT yaannuTb Ux. Tem He MeHee, OHU
3aCNYXKMBAOT Pacc/iefoBaHMsA, NPeXae YeM yaanuThb.

CTOUT TaKKe OTMETUTb, YTO HEKOTOPbIE MOZENMN, TAKUE KAaK IMHENHAA perpeccus,
OYEeHb YYBCTBUTENbHbI K BbiIbpocam. [Apyrumu cnoBamm, BblIbpocbl moryT otbpocntb
MoJeNb, U3 KoTopown cobpaHa 6o0abLIaA YacTb AAHHbIX.



https://medium.com/omarelgabrys-blog/statistics-probability-exploratory-data-analysis-714f361b43d1#48f7

OwWwunbKKM B 3anmnUCAX U mexay Habopamm AaHHbIX —
In-record & cross-datasets errors

3TN OWMOKM BO3HUKAIOT M3-3a HaNM4MA ABYX Man bonee 3Ha4YeHUM B
OAHOWN CTPOKE NN MmexXay Habopamm AaHHbIX, KOTOpble NPOTUBOPEeYaT

Apyr opyry.
Hanpumep, pebeHOK He MOXKeT ObITb *KeHaT.

3apaboTHas nnata paboTHMKA HE MOXKET BbITb MeHbLUEe PAaCCYUTAHHbIX
HaNOroB.

0 aBTOMOOUANEN HE MOTYT MUMETb CKOPOCTb ABUXKeHMA bonbLue 0.

Ta ke naea npumeHmMma K CBsi3aHHbIM AaHHbIM B Pa3HbiX Habopax
AAHHbIX.



[TposepkKa (Bepndukauua) — Verifying

» Koraa Bce caenaHo, cneagyeT NpoBEPUTL MPaBUJIbHOCTb, MOBTOPHO
NnpoBepuB AaHHble U ybeanBLUNCH, YTO OHU CODAOAAOT NpaBMIa U
OrpaHMNYeHus.

* Hanpumep, nocne 3ano/HEHNA OTCYTCTBYIOLLMX AAHHbIX OHU MOTYT
HapywmnTb Ntoboe 13 NPaBua N OFPAaHUYEHUN.

* 3TO MOXeT NoTpeboBaTb HEKOTOPOU PYYHOM KOPPEKLU NN, ECIN HE
BO3MOXHO MHaue.



CocTtasneHune otyetoB — Reporting

e OT4eT 0 TOM, HAaCKOJIbKO «310POBbI» AaHHble, 0ANHAKOBO BaXXeH A4/
OYUNCTKM.

* Kak ynoMmmnHanocb paHee, NporpaMmHble NakeTbl AN bnbamoteku
MOTYT FreHepMpPoBaTb OTYETbl O BHECEHHbIX U3MEHEHMUAX, KaKne
npasuna bblIM HapyLEHbI U CKONIbKO pas.

* [loMMMO pernctTpaumm HapyLeHni, cneayeT yu4mnTbiBaTb NPUUYMHbI
3TUX OLINBOK. Noyemy OHM NPOU30LWAM B NEPBYIO o4yepeab?



He3aBMCMMO OT TOro, HACKOIbKO HaJeXeH
MPOLLeCcC MPOBEPKM N OUYUCTKM, AaHHble ByayT
«3arpA3HATHCA» MO Mepe NOCTYNeHMA HOBbIX.



IHTeNNeKTyabHbIM aHAIN3
NAHHbIX HA TpaHcnopTe

Jlekumna 4
2022



[TpeaBaputenbHad 0b6paboTKa AaHHbIX

a) OumncTKa AaHHbIX — UCKIOYEHUE
NPOTUBOPEYUM U CAYHAUHDBIX "LLYMOB' U3
MCXOAHbIX AAHHbIX

b) WHTerpauusa gaHHbIXx — obbegmnHeHune
AAHHbIX N3 HECKOJIbKMX BO3MOXHbIX
MCTOYHMKOB B OAHOM XpPaHUANLLE

c) [Npeobpa3oBaHne AaHHbIX

O4ymnCTKa 1

NHTerpauua

NpurogHsbiit ong dHanu3a
dopmar



MHTerpauma AaHHbIX

* IHTerpauma gaHHbIX B MHOOPMALMOHHbBIX CUCTEMAX MOHUMAETCA KaK
obecneyeHne eanHOro YHUGUUMPOBAHHOIO MHTepdENca Ana AOCTYNa
K HEKOTOPOW COBOKYMHOCTU
MCTOYHMKOB AQHHbIX



MHTerpauma AaHHbIX

AnAa nonb3oBatens MHGOPMaALMOHHbIE pecypcCbl BCEM HOBOU

MHTErPUPOBAHHOW COBOKYMHOCTU MCTOYHUKOB - 3TO HOBbIN eAUHbIN
MCTOYHUK MHPOPMaLUM

* Cuctema, obecneymBatoLlan Nosib3oBaTeNt0 TaKMe BO3SMOXKHOCTH,
Ha3bIBaeTCA CUCTEMOM MHTErpaLum gaHHbIX



MHTerpauma AaHHbIX

MHTEI’pMpVEN\bIMM UCTOYHNKaMWN OdHHDbIX MOT'YyT ObITb

* TPAAMNLMOHHbIE cUCcTeMbl 6a3 AaHHbIX, No4AepKMBatoLme
pa3INyHble MoAenun AaHHbIX (pensunmoHHble, 06bEeKTHbIe, 0O BEKTHO-

penAaumoHHble, rpadoBbie U T.M.),
* pa3HOObOpa3Hble yHacNea0BaHHbIE CUCTEMDI,
* PENO3NTOPUMN,
e Beb-canThl,
* danbl CTPYKTYPUPOBAHHbIX AaHHbIX.



MHTerpauma AaHHbIX

* COCTaB MHOeCTBa UCTOYHUKOB MOXKeT bbITb Hanepej 3agaHHbIM UTU
ANHaMNYEeCKN NononHAeEMbIM, UICTOHYHHUKN OadHHbBIX MOTYT O6!'Ia,£I,aTb
HEU3MEHHbIM NN OOHOBASIEMbIM coaepraHUeM.



MHTerpauma AaHHbIX

[MepBbie warm B 3Ton 061acTN OTHOCATCA elle K cepeamnHe 70-x Ir.,
Korga Havasamcb pa3paboTKu pacnpeaeneHHbiXx cuctem 6a3 AaHHbIX U
Korga cpopmMmnpoBainCb bonee YeTKMe npeacTaB/eHUs

* 0 MHOFOYPOBHEBOW apXMUTEKType cnuctem 6as AaHHbIX,
* 0 MOJEeNAX AaHHbIX KaK MHCTPYMEHTE MOAENNPOBaHMNA PeasibHOCTU U

* 06 oTODOpaXKeHn moaenen AaHHbIX.



MHTerpauma AaHHbIX

* [To3aHee HecKkonbKo bonee obuwasa dopma 3ToM 3a4a4mM bbla CBA3AHA
C CO34aHUEM

* MynbTM6a3 U dpeaepaTUBHbIX Ba3 AaHHbIX,

* XPaHWAULL, AAHHDbIX,

* Pa3INYHbIX peno3ntopmes MHGOPMALIMOHHbBIX PECYPCOB, a TaKXKe
* BeO-NPUNOKEHUN.



YPOBHM MHTErpaLmm AaHHbIX

Cucrtemsl UHTErpaunn AaHHbIX MOTYT obecneymBaTb UHTErpauunto
AdHHbIX Ha

* DN3NUYECKOM,
* 1OrNYECKOM U

* CEMaHTUYECKOM YpPOBHeE.



YPOBHW MHTErpaumm AaHHbIX

* NHTerpauma AaHHbIX Ha GU3NYECKOM YPOBHE C TEOPETUYECKON TOYKU
3peHunna asnaetTca Hanbosnee NpPocTon 3a4a4yen U CBOANTCA K
KOHBEPCUU AAHHbIX U3 Pa3/IMYHbIX MCTOYHUKOB B TPebyemMbIn e1nHbIN

dopmat ux pu3nyeckoro npeacrtaBaeHmUs.



YPOBHW MHTErpaumm AaHHbIX

* MHTEerpaumna AaHHbIX Ha JIOTMYECKOM YPOBHE NpeaycmaTpmBaeT
BO3MOMHOCTb A0CTYMNa K AaHHbIM, COAepPHallMMCA B PA3/INYHbIX
MCTOYHMKAX, B TEPMUHAX eaNHOU rNobasibHOM CXeMbl, KOTOpPan
ONUCbIBAET MX COBMECTHOE NpeAcTaBieHne C Y4eTOM CTPYKTYPHbIX U,
BO3MOJKHO, NOBeAEHYECKMX (MPW UCMONb30BaHMMN OO BEKTHbIX

MoZesien) CBOMUCTB AaHHbIX.



YPOBHW MHTErpaumm AaHHbIX

* MHTErpaumua AaHHbIX Ha CEMAaHTUYECKOM YpOBHE obecneymnBaeT
noaaepKy eUHOro npeactaBaeHma AaHHbIX C YY4ETOM UX
CeMaHTUYECKUX CBOUCTB B KOHTEKCTE e AMHOWN OHTONOIM K

npeameTHou obnacTu.



YPOBHM MHTErpaLmm AaHHbIX

* MCTOYHMKM AQHHbIX MOTyT 06/1a4aTb pa3/IMMHbIMU CBOMCTBAMMU,
CYLLECTBEHHbIMM ANA BbIOOPA MeTOA0B MHTErpaLnum AaHHbIX

* OHM MOTYT NOAAEPKMBATb NPeACTaBleHNe AaHHbIX B TEPMUHAX TOM
MAN UHOM MOAENN AAHHbIX, MOTYT ObITb CTaTUYECKMMU UAN
ANHAMUYECKUMU U T.0.

* MHOXXeCcTBO MCTOYHUKOB MHTErPUPYEMbIX AAHHbIX MOXKeT ObITb
OAHOPOAHbIM UNN HEOAHOPOAHLIM OTHOCUTENBHO XapaKTEPUCTUK,
COOTBETCTBYIOLLUX MCMONb3YEMOMY YPOBHIO MHTErPaLUN.



[Toaxoabl K MHTErpaumm AaHHbIX

* BO3MOKHbI Ba NOAX0AA K MHTErpaLmnm AaHHbIX — BUPTYa/IbHOE UM aKTyas/ibHOEe
(MmaTepmannsoBaHHOE) NpeacTaBAEHME UHTETPUPOBAHHbBIX AAHHbIX.

* [lpn BUPTYasIbHOM NOAXOAE CO3A43eTCA MEXAHM3M A0CTYMNa, KOTOPbIN NPU
06paboTKe No1b30BaTE/ILCKOro 3aNpoca NOPOXKAAEeT AaHHble B Tpebyemom
npeacTaBNeHUN HENMOCPEACTBEHHO M3 UCTOYHUKOB AaHHbIX.

MonHoe MaTepnazin3oBaHHOE NPEACTABNEHNE NHTETPUPOBAHHbBIX AaHHbLIX B TEPMUHAX €ANHOIO
NOJ1Ib30BaTE/IbCKOIO MHTep(I)el/Ica npun 3aTOM HE NoAAePHUBAETCA.

BMpTyaﬂbellz noaxo4 4alle sCcero npumeHAeTcAa npm ncnosibsoBaHMM 4acto obHOBNAEMbIX NCTOYHMKOB
AdaHHDbIX.

* Mpun akTyaIbHOM Noaxoae Ha CTaanun UHTerpaumm popmmnpyeTca NoaHoe
MaTepManm3oBaHHOE NPeACcTaBAEHMNE UHTETPUPOBAHHbIX AAHHbIX, OTUYYK/AEHHOE
OT UCXOAHbIX UCTOYHUKOB U COCYLLECTBYIOLLLEE C HUMM.

IMeHHO 3TO NpeAcTaBAeHMe AaHHbIX MCNOoAb3yeTca AN 06paboTKu
NO/Ib30BaTENIbCKMX 3aNPOCOB. TaKoM NoAXoa UCMONb3YeTCA, B YaCTHOCTH, B
XpPaHUANLWAX AAHHbIX.



3aJa4M MHTerpaunm AaHHbIX

* Pa3paboTKa apxXnTEKTYPbl CUCTEMbBI MHTErpaLUmnn AaHHbIX.

e Co3aaHMe UHTETPUPYIOLLLEEN MOAENN AAHHbIX, ABNAOLWENCA OCHOBOM
eIMHOro N0Ab30BaATE/IbCKOro MHTEPdENCA B CUCTEME UHTErpaLnn.

e Pa3zpaboTka meTo10B OTOOPaXKeHUA MoaeNen AaHHbIX U MOCTPOEHUE
OTOOPAXKEHUN B UHTETPUPYIOLLYIO MOAENb AN KOHKPETHbIX MOAENEHN,
noaAepmnBaembix OTAENbHbIMU MCTOYHUKAMU AAHHDIX.

® MHTerpaLI,MFI MmeTadHHbIX, NCNOoJZIb3yeMbIX B CUCTeme MCTOYHNKOB AadHHDbIX.
® HDEO,D,OI'IEHI/IE HeoOAHOPOAHOCTU UCTOYHHUNUKOB AaHHDbIX.

e Pa3paboTKa MexaHU3MOB CEMAHTNYECKON MHTErpaumm MCTOYHMKOB
NAHHDbIX.



NHCTPYMEHTbI MHTErpaumm AaHHbIX

K 4ncny ocHOBHbIX CPeAcTB, MCNOb3yeMblX ANs obecneyeHna UHTerpaLum
MHPOPMALIMOHHbIX PECYypPCcoB, OTHOCATCA

KOHBEPTOPbI AAHHDbIX,
NHTErpmupyowme moaenm AaHHbIX,

MexXaHU3Mbl 0OTObparkeHna mogenen AaHHbIX,

obbeKkTHble agantepbl (Wrappers),

nocpeaHuku (Mediators),

OHTONOTrNYECKUe crieumdumKaLumm,

CpeacTBa MHTErpPaUUnn CXEM U MHTETPALMM OHTONOTNYECKUX crelmnduKaLmii

apxuTeKkTypa, obecneunsatollan B3aMMoaencTene CpeacTs, UCNONb3yeMbIX
B KOHKPETHOW cMCTemMe UHTerpaLmm pecypcos.



CBeTODOPHbIE UMKAbI + AETEKTOPbI

CBeTOodOpHbIE

LMK b

[leTeKTopbI



IHTeNNeKTyabHbIM aHAIN3
NAHHbIX HA TpaHcnopTe

Jlekumna 6
2022



CtatTuctmndyeckme metoabl NAL

K metoaam data mining oTHOCAT cmamucmuyecKkue memoobl :
e NEeCKPUNTUBHbIN (ONMcaTe/IbHbIN) aHaNU3, \
* KOPPEeNAUMOHHbIN N PEFPECCUMOHHbIN aHaNun3,

* (aKTOPHbIN aHaNm3,

* ANCNEPCUOHHbIN aHANN3,

* KOMMOHEHTHbIN aHaNun3, - BbI6Op KOHKpETHOTo
* NUCKPUMMHAHTHbIW aHaNu3,
* aHA/IN3 BPEMEHHbIX PAAOB,
* 3HA/IN3 BbIXKMBAEMOCTMH,

* aHaNU3 CBA3eun

MmeToada 3aBUCUT OT 3a4a4U




[1ecKpUNTUBHbLIN (ONMKMCaTEeNbHbIN) aHaAN3

JTO aHaNn3 c NMOMOLWbHO CaMbIX MPOCTbIX CTATUCTUHECKUX
XadPaKTEePUCTUK.

BbibOp CTaTUCTUHECKOM XapaKTEPUCTUKU 3aBUCUT OT LLKAJIbl USMEPEHUS
nccneayemoun BesIMYUHLI.

Hanpumep, echv usmeputb aTpmbyT

LL' KaJZibl A3Me peH n [;'] . «TpaHCNOPT» B HOMUHA/bHOM LWWKase, TO OHA

6ynet BbirnageTtb Tak: | — aBTobyC; 2 — Takew; 4

* Hom1HanbHaA ~ Benocunes,
Ka4yeCTBEHHbIE

¢ ﬂopﬂ,ﬂ,KOBaﬂ T «OTAMYHO», «OYEHb XOPOLLOY, KXOPOLLOY,

«[1noxo», «O4yeHb NNOXO»
* AHTepBanbHaA
* OTHOCUTEeNbHaA

KO/MN4YeCTBEHHDbIE Cnt0 CYETUMK KOPOTKMX A0 3 M
Cntl CYETYMK Nerkosbix OoT 3 40 5,5 m
BpeMFI, CKOPOCTb, TEMNEPATYPA U Npo4une

Cnt2 cyeTunmk ot 5,580 7 m
Cnt3 cyetynk ot 7 o 10 m
dUu3nyeckme BeANYUHbLI

Cnt4 cyetymk ot 10 ;o 15 m
Cnt5 CYETUMK CBbilwe 15 m



[1ecKpUNTUBHbLIN (ONMKMCaTEeNbHbIN) aHaAN3

HomuHanbHasa | MNopagkosasn UHTepBanbHaA OTHOCUTeNnbHaA

OnucaTtenbHan
XapaKTepuCTUKa

PacnpeaeneHue vactot + + + +
Aons + + + +
MpoueHT + + + +
[Mponopumsa + + + +
Mogaa + + + +
MeanaHa + + +
CpenHee + +



[1ecKpUNTUBHbLIN (ONMKMCaTEeNbHbIN) aHaAN3

* CooTHOLWEHUe cpeaHero, moabl U meauaHbl. CpegHee, moaa
MeZlMaHa AatoT pasainyHoe BUAEHUE XapaKTepuUCTUK psaaa.
PacnpeneneHune byaet cCMMMETPUYHbIM, eCIN cpeaHee, MeiMaHa U
MOJa COBMaAatoT.

AcummeTpuyHoe
pacnpeaeneHue

2 3

r 3 =
— ] Mopaa| Mennanal| Cpenn.

Cpennee
I Megnana

Moaa

CummeTpuyHoe
pacnpegeneHue | | |

1 2 3 4 5
Cpennee I I Menuana |M0,ua




KoppenaumoHHbIN aHamn3

N3MeEPAETCA TECHOTA CBA3N MeXxXOy ABYMA UTTU bonee
nepemMeHHbIMIA

* lInHenHbIN KO3I(PPULUEHT Koppenaumm

COVyy _ Z(X - X)(Y - 1}) _
EERYOSE S B SEE ok




KoppenaumoHHbIM aHann3

« KoacpcpunumeHTt paHrosoun koppensumm KeHganna

an/IMeHFIeTCFI Ansd BblABJIIEHNA B3aNMOCBA3N MEXY KOJIN4YeCTBEHHBLIMU T
KayvyeCTBEHHbIMU MOKa3aTeriaMn, ecCriin NX MOXHO PaHXUPOBaATb (yI'IOpFI,EI,OLII/ITb)

3Ha4yeHus nokasaTtens X BbICTaBNAT B MOPSAKe Bo3pacTaHUS U MpUCBamMBaloT UM
PaHrn.

PaHXnpyloT 3Ha4YeHUa nokasartens Y n paccymtblBalOT KOIPPUUNEHT
25
T = ,
n(n — 1)

S=P-Q

P - cymmapHoe 4yncro HabngeHun, cnegyrowmnx 3a Tekywmmmn HabnogeHnamm
Cc 6onbLlNM 3HAYEHNEM paHroB Y

Q - cymmapHoe 41cno HabngeHnn, creaylowmx 3a TeKyLWMMM HabniogeHnaMm
C MEHbLUUM 3HaA4YeEHMEM paHroB Y.



KoppenaumoHHbIN aHamn3

* KoadhmumeHT paHrosoun koppensaumm CnmpmeHa
63 d?
n(n® — 1)

p=1-

di — pasHoCcTK paHroB X n'Y



KoppenaumoHHbIN aHamn3

* MHOXeCTBEeHHbIN KO3(hhnLuMeHT Koppenaunm

XapaKkTepuayeTt TECHOTY NINHEHON KOPPEnALIMOHHON CBA3U MEXAY
OOHOW CryYaHOW BEeNMYMHON U HEKOTOPbIM MHOXECTBOM CIyYalrHbIX
BEJTUYMH.

2 _
'O€1 ®lo,. . €k Ry

IR| - onpeaenuTenb KOppPensiuMoHHON MaTpuLbl
Ru — anrebpanyeckoe A0MONHEHNE 3reMEHTA ru

ANeMeHTbl KoppensauMoHHOW MaTpuULbl rij — 3TO JNIMHEWHbIE
KoadhdpunumMeHThbl Koppenaymm



KoppenaumoHHbIN aHamn3

ObLwas knaccmdukaumsa KoppensaUuMoHHbIX CBA3EW:

* CunbHaga nnu TecHas npw
» CpeaHsas npwu
* YMepeHHad npwu
« Cnabas npu

* OyeHb cnabas npwu

Iry] > 0,70;

0,50 <
0,30 <
0,20 <

rxy
I'xy

I'xy

<0,69;
<0,49;
<0,29;

Iry| < 0,19.



KoppenaumoHHbIN aHamn3

[TpoBepKa 3HAYMMOCTM KO3IPPULMEHTA KOppenaunumn ¢ MOMOLLBbIO
pacnpeaeneHna CTbtoaeHTa

Bbiuncnaerca KoappuumneHT

. ‘ ‘ n—2
= |r
xy\ll_rxzy

Ecaum t<tw(a, N-2), TO KO3IPPULUMEHT KOppEnAaLmMm 3HaUYNM.



PerpeccMoHHbIM aHANN3

KoppensaumoHHbIN aHan3 HeNoCcpeaCcTBEHHO CBA3aH C PErPeCCUOHHbIM
aHa/IU30M.

* PerpeccrMoHHbIN aHaNM3 — 3To Habop CTAaTUCTUYECKNX METOA0B
nccneaoBaHMA BAUAHUA OAHOM UNN HECKONbKUX HE3aBUCUMBbIX
nepemeHHbIX X1, X2,...,Xn Ha 3aBUCUMYIO NMepemMeHHYIo Y.

Mpu perpeccMoHHOM aHanu3e:

* OnpegenAatoT KO3PPULMEHTbI PErpeccCMoOHHOM MOAENN N OLLEHNBAKOT UX
3HAYNUMOCTb

* OnpenenatoT KOIODULMEHT KOPPENALIMM U OLLEHUBAKOT €ro 3HAYMMOCTb

e OUEeHMBAIOT aZ,eKBAaTHOCTb PerpeccMoHHom moaenu



IHTeNNeKTyabHbIM aHAIN3
NAHHbIX HA TpaHcnopTe

Jlekumna 7/
2022



CtaTnctmnyeckme metoabl NAL

K metoaam data mining oTHOCAT cmamucmuyecKkue memoobl :
* NEeCKPUNTUBHbLIN (ONMcaTeNbHbIN) aHaANU3, “
* KOpPPENnAUNOHHbIN N PErpPecCUOHHbIN aHaNns,

4

* KOMMOHEHTHbIN aHaNu3, - BbI6OP KOHKPETHOTO
* ANCKPUMMHAHTHbIN aHAN3,
* aHaNM3 BPEMEHHbIX PALOB,
* aHa/IN3 BbIXKMBAEMOCTMH,

* aHaNuM3 CcBA3EMU

MmeToada 3aBUCUT OT 3a4a4U




DaKTOPHbINM aHANIN3

* DaKTOpHbLIX aHaNn3 — 3TO npoueaypa, C NOMOLLBIO KOTOPOM DBOSIbLLLIOE YNCTIO
rnepemMeHHbIX, OTHOCALLMXCA K UMEoLWMMCA HabNoAEeHNAM, CBOAAT K MEHbLLEMY
KOSIMYECTBY HE3ABUCUMbIX BIUSAOLLMX BENMYNH, HA3blBAEMbIX (hakTopamum:

B OAVH (bakTop 00bLEAMHAIOTCA NEPEMEHHbIE, CUITbHO KOPPENUPYIOLLINE MeXOyY
cobown.

nepeMeHHbIE N3 pa3HbiX PakTopoB criabo KoppenupyoT Mexay cobon.

« PaKkTOpHbLIN aHanNn3 KnaccuduyupyeT NPU3HaKn (NepemMeHHbIe), ONUCbIBaoLLNE
HabnaeHus.

« PaKTOp —CKpbITas NepeMeHHas, KOHCTpynpyemasi Takum obpasom,
YTOObI MOXXHO ObINO OOBLACHUTL KOPPENALMIO MeXay HaboOPOM UMEIOLLIMXCA NEPEMEHHbIX.

« KoHuenuua cpakTOpHOro aHanun3a 3aKkito4aeTcda B «CxXaTun» MHdopmauuu.



DaKTOPHbINM aHANIN3

* Llenb hakTOpHOro aHarnim3a — coKpalleHWe Yncna nepemMeHHbIX
Ha OCHOBE UX KNacCudpUKauum u

onpeaesieHna CTPYKTYPbl B3aMMOCBA3EN MeXay HUMMN.

bnarogapAa COKpalleHUIo Yucra nepemMeHHbIX BMecTo NcxogHoro
Habopa nepemMeHHbIX NOABNAAETCA BO3MOXHOCTb aHANN3NPOBATb AaHHblE
Mo BblAeNeHHbIM GaKTOPaM, YNC/I0 KOTOPbIX 3HAYMUTE/IbHO MeHbLLEe
MCXOAHOT0 YMCNa B3aMMOCBA3AHHbIX NepemMeHHbIX.



DaKTOPHbIN aHaN3

U, U, Us U, Ug Us U-
F — obwue chakTopbl, KaXablIl N3 KOTOPLIX BIUSIET HA ONPeAeneHHY0 COBOKYMHOCTb
NnepemMeHHbIX

X — nepeMeHHble, PUKCMpPYyeEMble HA OCHOBAHNN OTBETOB
U — yHUKanbHble (paKTopbl, KaXabi U3 KOTOPbIX BAUSET TONbKO Ha OAHY NEPEMEHHYIO



OaKTOPHbIN aHAN3

OGs3aTenbHble ycnoBUA nNpoBeaeHUs (pakTOpHOro aHanus3a

Bce NMPUN3HAKUN OOJT)KHbI OblTb KONIM4YeCTBEHHbIMU nepemMeHHbIMMU.

Hanpumep, ecin namepnts aTpubyT

Yncno HabnogeHnn OoOmMKHO ObITb MUHUMYM B AiBA Pa3a Uk uswepennii T
¢ HOMMHaanaﬂ} _»TKCH, 4 — BENOCHNES,
KavecTBeHHbIE
OOMNbLUE HMCTIa NEPEMEHHbIX. flopracezs T e e o e
* MHTepBancHas '
* OTHOCMTENbHAA

/

BpeMs, ckopocTh, TeMnapaTypa v npome
DU3NYECKIE BEAMYNHDI

9999%¢
28222

Bbibopka gormkHa ObiTb ogHOpoOaHa.

NecxogHble nepemMeHHblie OOJTKHbI ObITb pacrpegerneHobl
CUMMETPUYHO.

HomMuHanbHblE nepemMeHHblie OOJTKHbI ObITb nepeBeneHbl B
anxorommyeckKue

(NnepeMeHHble, MetoLLME TONbKO ABE KaTeropun).



DaKTOPHbIN aHANN3

NMpouenypa pakTopHOro aHann3a COCTOMUT U3 YeTbIPeX OCHOBHbLIX CTagUMN:

BbluncneHue KoppensumMoHHON maTpuLbl A BCEX NEPEMEHHbIX, Yy4aCTBYOLLNX
B aHanuse.

3Bne4yeHne pakTopos..

Bbibop dbakTopoB 1 BpalleHne pakTopoB A8 co34aHMNA YNPOLLEHHON

CTPYKTYpbI.
NHTepnpeTauusa gakTopos.



[IncnepcmoHHbIN aHan3

« IncnepcmnoHHbIN aHaNN3 — METO, B MaTeEMAaTUYECKON CTaTUCTUKE,
HanpaBMeHHbIN Ha MOUCK 3aBUCUMOCTEN B 3KCNEPUMEHTarbHbIX AAHHbLIX NYTEM

MCCﬂeﬂOBaHMﬂ3HaqMMOCﬂApa3ﬂMqMﬂEBCpQﬂHMX3HaquMﬂX

B oTnuuune ot t-kputepusi, No3BONSAET CpaBHUBATb CpedHMe 3Ha4YeHns Tpex 1 bornee

rpynn.

PaspaboTaH P. duwiepom gna aHanmsa pesynsTaToB 3KCnepuMeHTanbHbIX

nccriegoBaHUN.

B nutepatype Takke BcTpedaetcs obo3HadveHne ANOVA (ANalysis Of VAriance)



Hanpumep, ecnn nsMepuTb aTpuéyT
LLKanbl M3MEepEeHH i}i : «TpaHCnopT» B HOMUHANbHOW WKane, TO oHa

wkane,
Gynet BbirAageTs Tak: 1 — aBTobyc; 2 —

* HoMmMHaAbHanA Takcu; 4 — genocunes.

* Mo pAAKoBaA T «OTANYHO®, «OYEHb XOPOLIOH, «XOPOLLO®,
«aoxos, «OueHb NNoXo»
OTKIX A0 3 M
Bblx 0T340 5,5m
Ao7wm

* MIHTepBanbHaA |
* OTHOCUTeNbHaA

anoeanana
222200
G 33383
22222
£ <5

CyTb ANcnepcmnoHHOro aHasim3a cBoAUTCA K N3y4eHMo BITUAHUA OHOW NN
HECKOJIbKUX HE3ABUCUMDbIX NEPEMEHHDbIX, 0BObI4YHO MMEHYEMbIX CbaKTOpaMI/I,

Ha 3aBUCUMYIO NMEePEMEHHY!IO.

3aBUCUMbIE nepemMeHHble npegcraBri€Hbl 3HA4YEHNAMN abConOTHbIX LWKan (LLIKaJ'Ia

OTHOLLEHUN).

Hes3aBucnmble nepeMeHHbie ABNATCA HOMUHAamNbHbIMM (LLKana HaMmMeHOBaHUN),
TO €CTb OTPaXkatoT rpynnoBy NPUHAASIEXKHOCTb, U MOTYT UMETb ABa unu 6onee

3Ha4vyeHud (Tuna, rpagauum unuv ypoBHS).



[IncnepcrnoHHbIN aHan3

B 3aBMCMMOCTHK OT TUMNa n KonmyecTea NnepemMeHHbIX pa3finyaloT.

* OAHOJXaKTOPHbLIN U MHOrOdaKTOPHbLIN ANCNEPCUOHHLIN aHanus3 (0gHa UM HECKONbLKO

HE3aBNUCNMBbIX I'IepeMeHHbIX);

* OAHOMEPHbLIN N MHOTOMEPHLIN ANCNEPCUOHHBIN aHann3 (ogHa UM HECKONbKO 3aBUCUMbIX

NnepeMeHHbIX);
* [NCMNEPCUOHHLIN aHannsa ¢ NoBTOPHbLIMU U3MEPEHNAMM (NS 3aBUCUMBbIX BbIDOPOK);

* OWUCMEPCUOHHbIN aHasM3 ¢ NOCTOAHHBLIMU pakTopamu, criydanHbiMn doakTopamu, 1

CMellaHHble Mmoaenu ¢ dpaktopamm 0b6oumx TUMOB;



[IncnepcmoHHbIN aHan3

* MaTtemaTnyecKas moaenb ANCNEePCUOHHOIO aHaNn3a npeacrasnaer
cob0M YaCTHbIN CNYy4an OCHOBHOM IMHEMHOM moaenu. [ycTb ¢

nomouibio metopos  A; (1 < j < m)
NPOU3BOANTCA N3MEPEHNE HECKONbKMX MapaMeTpoB
z; (1 << n)
4bM TouHble 3Hauenna — p; (1 < i< n)

B TakoM c/iyyae pe3ynbTaTbl UBMEPEHUIM PA3/INYHbIX BEIUYNH
PA3IMYHBIMU METOAAMMN MOXKHO NPeACcTaBUTb KakK:



[IncnepcmoHHbIN aHan3

Tij = pi +8ij +€ij.
i (3
= ; ; — Pe3ynbTar USMepeHus i-ro napaMmeTpa no MeToay A;
" U; — TOHHOE 3Ha4yeHue i-ro napameTpa;

" g;; — cUCTeMaTnyeckas olnbKa N3MepeHuns &-ro napameTpa B rpynne no meToany 4;
=i — cnyvyanHasi ollnOKa namepeHus ¢-ro napameTpa no MeToay A;.
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* BbluncnaroTca ANCrnepcunun cneayrowmnx CﬂyqaﬁHbIX BE/IUHUNH:

1
Li,j Lxj — ; E Lijs
id — Tig — Taj T Tua I Z
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wi,* 1
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Incnepcuu
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* MMpoueaypa ANCNEepPCUOHHOro aHanmn3a COCTOUT B onpeaeneHmnm
COOTHOLUEHNA CUCTEMATUYECKOM (MEXTpynnoBomn) AUCnepcmm K
C/ly4amHoOM (BHYTPUTPYyNnoBOM) AUCNEPCUN B USMEPSAEMbIX AaHHbIX.

* B KauyecTBe nokasatens U3MeH4YMBOCTU UCMONb3YEeTCs CYMMa
KBaZpaToB OTK/NOHEHMA 3HaYEeHUIM NapameTpa OT CpeaHero.

* COOTHOLUEHMNE MEXIPYNNOBOUN N BHYTPUTPYNNOBOW ANUCNEPCUN NMEET

F-pacnpeneneHune (pacnpegenenne duwepa) n onpegensaerca npu
nomouim (F-kputepma duwepa):

MShg
Fagiitey = 315 i




MSp,

[ncnepcrMoHHbIN aHan3 Fafedtes = 313,
SS &
J—1 i=1
M8,y = 20 S
T N—J SSwg = ) _(ij — M;)°
i=1

Mj - cpeaHee j— ou rpynnbl

M - cpeaHee COBOKYMHOCTH N - 06vém nonHoi BbIOOpPKM J — konunuectso rpynn.

dfpg =J — 1 Afwg =N —J
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MCXO,EI,HbIe nonoxxeHmna agncnepcmMoHHOro aHazin3a .

* HOpMa/sibHOE pacnpeaeneHme 3Ha4eHUM N3y4aemoro npPmM3HaKa B
reHepasibHOM COBOKYMHOCTMU;

* PaBEHCTBO AUCMEPCUIN B CPAaBHUBAEMBbIX FEHEpPanbHbIX
COBOKYMHOCTAX; CNYYaNHbIN N HE3AaBUCMMbIN XapaKTep BbIOOPKMN.
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Hynesow rmnote3omn B AUCNEPCUOHHOM aHaIU3e ABNAETCA
yTBEPKAEHNE O PABEHCTBE CpeHMNX 3HAYEHUN.

[Py OTKNOHEHUWN HYNEBOM r’MNOTE3bl MPUHUMAETCA aNbTepPHaTUBHAA
rmnoTesa o0 TOM, YTO He BCe cpeJHMe paBHbl, TO eCTb MUMEeTCs, NO
KpanHen mepe, ABe rpynnbl, OTANYaloWmMeca cpeaHUMMM 3Ha4YeHNAMMK

[Mpu Hannumm Tpéx n bonee rpynn ANa onpeaeneHmna PasIninm mexxay
cpeaHUMU NPUMEHSAITCA t-TeCTbl N MEeTo, KOHTPAaCcTOB



