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|. HEJIM U 3AJJAYHUN OCBOEHUA JTUCIIUIIJTINHBI

[lenmn OCBOCHUS TUCITUTUTUHBIL:
— (dopMHUpOBaHHE Y 00YJAIOIINXCS CIIOCOOHOCTH COBEPIICHCTBOBATh, Pa3padaThIBaTh U BHEAPSITh HOBBIE
METO/TbI, MOJICIH, aJITOPUTMBI MAITUHHOTO OO0YYCHHSI.

3a;[aq1/1 OCBOCHHUA NUCHUIIJIUHBI:

— pa3BUTHE y OOy4aroUMXcs YMEHUS BBIOMpPATh U MPUMEHSATH MaTeMaTHUYEeCKHE METOMbI, alrOPUTMBI
MalIuHHOT O O6y‘ICHI/I$I, IIporpaMMHBIC cpcacTBa u TCXHOJIOTHH JIIsL peIICHUA 3aga4d
MHTEIJICKTYaJbHOTO  aHalM3a JaHHbIX (perpeccusi, KiaccupuKauus, KiIacTepu3anus, aHaIN3
accoIMaIuii 1 MocieI0BaTeIbHOCTEH, aHAIN3 CBSI3CH);

— OCBOGHHE METOJIOJIOTMH OOHAapy)XKeHHsI B OOJIbIIMX MacCHBaX «CBHIPHIX» JAHHBIX HETPUBUAIBHBIX,
paHee HE HU3BCCTHLIX, HOCTYIHBLIX HWHTCPHNPCTAUUHN W IIPAKTHYCCKU II0JIC3HBIX 3aKOHOMepHOCT€I>'I
(3HaHUI), HEOOXOAUMBIX JUIS IPUHATHUS PEIICHUH B TPOPECCUOHATBLHON AEATEIbHOCTH.

Il. MECTO JUCIUILINHBI B CTPYKTYPE OBPA3OBATEJIbHOM ITPOT'PAMMBI

JucuuiumHa ~— OTHOCUTCA K MOJYJIO 00sI3aTENbHBIX  HNPOQECCHOHATIBHBIX  AUCLUIUINH
o0s13aTenbHON YacTu 00pa30BaTENIbHON MPOTrPaMMBbl.

JlaHHas TUCHMIUIMHA onMpaeTrcs Ha 0a30Bble 3HAHUS, YMEHHUS W HaBbIKH, (OpMHUpYyEMble IpH
MIOJIYYE€HUH IPEIIIECTBYIOLIETO YPOBHS 00pa30BaHusl.

3HaHuUs, YMEHUS U HaBBIKH, (OPMHUPYEMBIE JAHHOM TUCHMIUIMHOM, NOTpeOyloTCs NpU OCBOSCHUU
CIIEYIOILMX 3JIEMEHTOB 00pa30BaTEIbHON NPOTrpaMMBbl:

— MaremaTuueckue METO bl aHaJIN3a OOJIBIINX JAHHBIX.

— Texnonorum ananuza 60JIbIINX TaHHBIX.

— DKCHepTHbIE CUCTEMBI U 0a3bl 3HAHUH.

— IIporpammupoBanue Ha si3b1ke Python.

— MaremaTuueckue METO/Ibl U MOJIENU MOAIEPKKU MPUHATHS PEILICHUH.

— HWudopmanmoHHbIi MOKCK 1 00pabOTKa ECTECTBEHHOTO SI3BIKA.

— Heiliponnsle cetn u rimybokoe o0ydeHue.



I11. TPEBOBAHUA K PE3YJIBTATAM OCBOEHUS JUCIUAIIJIMHBI

OcBoenne JUCHUIIIMHBEI HAITPABJICHO Ha (bOpMHpOBaHI/Ie CICAYIOIIUX KOMIICTEHIIMHA B COOTBETCTBUM C 06pa30BaTean0171 nporpaMMoﬁ:

Ilepeyens MIaHNPYeMbIX pPe3yJIbTATOB 00y4eHH S MO JUCHUIINHE, COOTHECEHHBIX ¢ MHAUKATOPAMM JOCTHKEHUsI KOMIIeTeHI il

Kommerenius

I/IH,Z[I/IKaTOpr JOCTHXKCHUA KOMIICTCHIIN

PesynbTarsl 00ydeHus

[TK-1. CnocobeH aganTupoBarh u
MPUMEHSTHh METOJIbI U aJITOPUTMBI
MaIIUHHOTO O0Y4YEeHUS JJI PEIICHUs
MPUKIATHBIX 33724 B PA3INYHBIX
MPEAMETHBIX 00JIACTAX

IIK-1.1. CraBuT 3aga4uu 110 aganTain
WJIM COBEPIIIEHCTBOBAHHUIO METOJ/IOB U
AJITOPUTMOB JIJIsl PEIICHHS KOMIUIEKCa
3a/1a4 IpeIMETHON 00J1acTH

Suanus:

— 3HaeT KJIacChl METOJIOB M aJITOPUTMOB MAIIIMHHOTO O0yUYEHUSI.
Ymenus:

— YMeeT CTaBUTh 3aJ]a4 U aJJallTUPOBATh METObI U AJITOPUTMBbI
MAIIMHHOTO O0y4YEeHUSI.

[IK-2. CriocobeH pyKOBOAHUTH
IPOEKTaMHU MO CO3/IaHUI0 CUCTEM
HCKYCCTBEHHOTO MHTEIIJICKTA C
NPUMEHEHHEM HOBBIX METOJ/IOB U
QJITOPUTMOB MAILIMHHOTO 00Y4YEeHHSI CO
CTOPOHBI 3aKa34HKa

[1K-2.1. PykoBoauT pa3zpaboTkoii
APXUTEKTYPbl KOMITJIEKCHBIX CUCTEM
HCKYCCTBEHHOT'O MHTEIIICKTA CO CTOPOHBI
3aKa3yuKa

Buanus:

— 3HaeT BO3MOXKHOCTH COBPEMEHHBIX HHCTPYMEHTAJIBHBIX CPEJICTB U
CHCTEM MIPOTrpaMMUPOBAHUS ISl pEUIESHUS 3a/1a4 MAIIMHHOTO OOYUEHHUS.
Ymenus:

— YMeeT npoBOIUTH CPAaBHUTEIHHBIN aHAIIN3 U OCYIIECTBISATH BHIOOD
WHCTPYMEHTAIBHBIX CPEICTB JIJIS PEIIeHUs 3a/1a4 MAITUHHOTO
00yJeHUsI.

[1K-2.2. OcyuiecTBasieT pyKOBOJICTBO
CO3JJaHUEM KOMILUIEKCHBIX CUCTEM
HCKYCCTBEHHOTO MHTEIIJIEKTA C
MIPUMEHEHUEM HOBBIX METOJIOB 1
QITOPUTMOB MAITUHHOTO 00YYECHUS

Suanus:

— 3HaeT pyHKIMOHAILHOCTh COBPEMEHHBIX HHCTPYMEHTAIBHBIX
CPEIICTB ¥ CHCTEM IIPOrpaMMHUPOBaHUS B 00JIaCTH CO3JaHUs MOJIeNiel U
METO/I0B MAIIMHHOTO 00YYEHUSI.

Ymenusa:

— YMeeT NpuMEHITh COBPEMEHHbIE MHCTPYMEHTAJIbHBIE CPE/ICTBA U
CHUCTEMBI IPOTPAMMHPOBAHHUS JIJI Pa3paO0TKH HOBBIX METOJ/IOB U
MojieIel MalTMHHOTO 00Y4YEHHUS.




IV. COAEP)KAHUE U CTPYKTYPA JUCHHUIIJIMHBI

Tpymo€MKOCTh TUCITUTIIIMHBI COCTaBsAeT 5 3a4éTHRIX eaunull, 180 gacos.

dopma NpoMeKyTOUHOU aTTecTauuu: quddhepeHIIMpOBaHHbBIN 3a4ET

4.1. CoaeprxaHue JUCHUILINHBI, CTPYKTYPHUPOBAHHOE 110 TEMaM

Buzp! yueOHo# paboThl U X TPYAOEMKOCTb, YaChI

& | (B TOM YHCIE C UCIOJIb30BAHHEM OHJIAWH-KYPCOB)
Ne 3 HanMenoBaHus
TeMbl TUCUUTUIUHBI S KonTakTHas padoTa Camocrosi-
n/m & OLICHOYHBIX CPEIICTB
O [Ipaktuueckue |JlabopaTopubie| TCAbHAS
Jlexun 6
3aHATUS 3aHATUS paooTa
Moayas 1. MaTemaTH4yecKoe U AJIrOPUTMUYECKOE o0ecnedyeHue AHATUTHKHA 00JIbIINX JAHHBIX
BBezenue B ananuTuky Gonbiiux ganubix (Big Data). O630p 3amau
HHTCIIJICKTYAJIbHOI'O aHaJIM3a JaHHBIX: PErpeCCcusid, KilaCCUu(PUKaIusi
1 y GHIDIX: PETPECCILs, IACCH KA, 1| 2 4 . 14 |Tecr Ne 1
Kj1acTe€puzanus, aHajain3 aCColualu U nocjaea0BaTCJIbHOCTEU, ITIONUCK
aHOMaJIui, aHaJIN3 CBSI3EH.
IIpakTnueckas padora Nel
2 Mertoap! knaccuuKanuu. AITOPUTMBEI MAIIMHHOTO OOYYEHUS: IePEBbS 1 2 4 _ 14 Tecr Ne 1
PpeIlIeH A, OTTOPHBIE BEKTOpa, OaliecoBCKUE KilacCH()UKATOPHI -
. . [IpaxTrueckas padora Ne2
3 | Orierka 53 HeKTUBHOCTH U CPABHUTENBHBIN aHAHN3 MOJIENICH 00yIeH s 1 2 4 - 14 TECT No 1 P
[IpaxTrueckas padora Ne2
4 | AHcamOnupoBaHue KIacCU(PHUKATOPOB 1 2 4 - 14 p P
Tect Ne 1
5 MeTtozb! KIACTEPHOTO aHAIN3a. AJITOPUTMBI MAITMHHOIO O0yYeHHUs: 1 ) 4 14 [Ipaktuueckas padora Ne3
meron k-cpeanux, EM, Cobweb Tect Ne 1
. . [Ipaxtrueckas pabora Ned
6 |Meronb! aHaIM3a aCCOLMALUI U I1OCIIEI0BATEILHOCTEH 1 2 4 - 14 p p
Tect Ne 1
. . [Ipaxtrueckas padbora Neb
7 | BBenenue B MeTombl ceTeBoro ananusa (Social Network Analysis) 1 2 4 - 14 p P
Tect Ne 1
Monayab 2. IlpukaaaHoii aHaau3 TaHHBIX
MaiuunHoe 00yueHue 1 OobIINe JaHHbIE IS PELIEHUS IPUKIIaIHBIX
8 i 8 P prical 1| 2 8 - 14 |Tect Ne2
3ama4
9 |Ilepconanu3arus METOIaMH MAIIMHHOTO 00YyYeHHS 1 2 - - 14 Tect Ne 2




Ne o o Buasl yueOHOH pabOTH U UX TPYIOEMKOCTD, YaChI HanmeHnoBanus
TeMbl TUCIUTUTNHBL S g .
n/m (B TOM YHCIIE C HCIIOIb30BAHUEM OHJIAHH-KYPCOB) OLICHOYHBIX CPEJICTB
Hroro yacos 18 36 - 126
4.2. I1aH BHeayIMTOPHOI CaMOCTOSITeIbHOMH PadoThI
o
No 5 Cpoku 3arpaTsl Y4eOHo-
. /I_I TeMbl TUCIUTUTNHBL g Bug camocTosiTensHOM paboTh BBINIOJTHEHUSI | BPEMEHH | METOAMYECKOE
3 (men.) (4acwr) obecrieuenue
Moayas 1. MaTemaTH4yecKoe U AJIrOPUTMUYECKOE 00ecnedyeHue AaHAJTUTUKH 00JIbIINX JAHHBIX
Beenenue B ananutuky 6onbinux ganHeix (Big Data). O630p 3amau — npopaGoTKa 1 MOBTOPEHNE MaTepHaa
MHTEJUICKTYalbHOTO aHAIN3a JaHHBIX: PErpeccHs, Kiaccudukarus, oy
1 . N 1 JIEKIIMOHHEIX 3aHITHIA; 1-2 14 [1]-[4]
KJIaCTepU3aLusl, aHAIN3 aCCOLMALHI H [OCIIeI0BATENbHOCTEH, OUCK
AHOMAJIHH, AHAIH3 CBA3C, — MOJTrOTOBKA K MPAKTHYECKUM 3aHITUSIM
— mpopaboTKa M IOBTOPEHUE MaTepraa
Mertozs! KnaccupUKalun. AITOPUTMBI MALIMHHOTO O0YYCHHUS: TePEBbsI .
2 N ¥ 1 JIEKIIMOHHBIX 3aHSTHH; 3-4 14 [1]-[4]
pelleHuii, ONIOpHBIE BEKTOPA, 6alleCOBCKHE KIIacCH(PUKaTOphI
— TOATOTOBKA K MPAKTHYECKUM 3aHITUSIM
. . — mpopaboTKa M IOBTOPEHUE MaTepraa
3 | Ouenka 3peKTUBHOCTH ¥ CPABHHUTEINLHBIN aHANN3 MOJIENIEH 00yUeH s 1 pop P p 5-6 14 [1]-[4]
JIEKIIMOHHBIX 3aHSTHH;
— mpopaboTKa M IOBTOPEHUE MaTepraa
4 | AucaMONMpOBaHue KIACCH(PUKATOPOB 1 JIEKIIMOHHBIX 3aHSTHH; 7-8 14 [1]-[4]
— TOATOTOBKA K MPAKTHYECKUM 3aHITUSIM
— mpopaboTKa M IOBTOPEHUE MaTepraa
5 MeToapl KIIaCTEpHOTO aHaIHu3a. AITOPUTMBI MAITHHHOTO 00YYEHUS: 1 EKIIHOHHEIX 3AHSITHIL: 9-10 14 [1]-[4]
meron k-cpenunx, EM, Cobweb 1 >
— MOJTrOTOBKA K MPaKTHYECKUM 3aHITUSIM
N N — mpopaboTKa M IOBTOPEHUE MaTepuaa
6 |Merozbl aHaIM3a aCCOLMALNI H [OCIE[0BATEIbHOCTEH 1 pop p p 11-12 14 [1]-[4]
JIEKIIMOHHBIX 3aHSTUH;
— mpopaboTKa M IOBTOPEHUE MaTepuaa
7 |BBenenue B MeTozsl cereBoro anamm3a (Social Network Analysis) 1 JIEKIIMOHHBIX 3aHATHH; 13-14 14 [1]-[4]

MMOArOTOBKA K MPAKTUYCCKUM 3aHATUAM

Moayab 2. IlpukjaaaHoii aHaIu3 TaHHBIX




No % Cpoxu 3aTpathl YuebHO-
0 /I] TeMbI UCIUTUTHHEL g But camocTosTensHOM paboThI BBITIOJTHEHHS | BPEMEHH | METOJMYECKOE
3 (men.) (dackr) obecrieueHue
M 6 5 — TmpopaboTKa ¥ IIOBTOPEHHE MaTepHaa
AIIMHHOC OOYUYCHHUEC U OO0JIbIIMNEC JAHHBIC AJId PCIICHUA ITPUKIIAJHbBIX o
8 S— Y A AP PHITaR 1 JIEKIIMOHHBIX 3aHITHIA; 15-16 14 [1]-[4]
— TOATOTOBKA K MPAKTHYECKUM 3aHSITHSIM
— mpopaboTKa ¥ TIOBTOPEHHE MaTepHaa
9 |Ilepconanu3anus METOIaMHU MAIIHHHOTO 00YYEHHS 1 JICKIIMOHHBIX 3aHSATHUH; 17-18 14 [1]-[3]
— TOATOTOBKA K MPAKTHYECKUM 3aHATHSIM
126 -

OO0mast Tpy10€MKOCTH CAMOCTOAITEILHO PA0OTHI MO TMCHUILINHE




4.3. Coneprxkanue y4eOHOr0 MaTepuajia

Moayas 1. MaTteMaTHyecKoe H AJITOPUTMHYECKOE 00eceYeHHe AHAJUTHKH 00JbIINX JAHHBIX

Beenenue B anaauTHKy 0oJbmmx AaHHbIX (Big Data). O030p 3a1a4 HHTE/VIEKTYaJIbHOIO
aHAJIM3a JAHHBIX: perpeccus, KIACCHPUKANMSA, KJIACTEPU3ALUA, AHAIHU3 aCCOUMALMHA U
MocJIeI0BaTeIbHOCTEl, ONCK aHOMaIui, aHaimn3 cBsizeil. [Tonstue Data Mining. OLAP u Data
Mining. Jlanuble, uHbopMaiuss ¥ 3HaHWUsA. EnuHas MeETOMOJIOTHsS OOHapy)KeHHs 3HaHWU. 3ajada
perpeccun. OOyuyeHue ¢ yuuteneM. 3amava kinaccuukanuu. OOydeHue Oe3 yuurtens. 3agada
KJIacTepu3alMy. 3ajada aHaiu3a accolMalui U mocienoBaTenbHocTel. [IporpammHoe obecrnieuenue
JUTsl MHTEJUICKTyallbHOTO aHaym3a naHHbix: Weka, R, SAS Enterprise Miner, SPSS Modeler. bonbimme
nanHble. MacmTabupyembie anroputmbl. Hadoop, MapReduce. Microsoft Azure Machine Learning,
RapidMiner.

Metoabl kiaaccupukanuu. AJTOpUTMbI MALIMHHOIO O0y4YeHHUsi: JepeBbsl peLICHHN,
ONOpHbIE BeKTOpa, OaliecoBckue KJaaccupukaropbl. HHAyKIMS  J1epeBbEB  PEIICHUM.
WNudopmannonnsiii Berurpsin. Maneke Gini. «O0pe3ka» JepeBbeB: MPeApeayKLIus U MOCTPEAYKIHUS.
Pemaromue npasuna. Anroputmel ID3, CART, C4.5. ANropuTt™M «CiiydyalHbIA Jiec». AJITOPUTMBI
orpaHuyeHHoro mnepebopa. Merosn ONOPHBIX BEKTOPOB, JIMHEWHAs M HEIMHEWHas pa3aeIuMOCTb.
baiiecoBckas n HanBHas OaliecoBCKasi KiacCU(pUKaIus.

Ouenka 3¢ (eKTUBHOCTH U CPABHHUTEJbHBIH aHaau3 mojaeseil o0yuenusi. [loaroroka
naHHbIX. BpiOop 3Haummbix mnpusHakoB. HabGopbl mansbix. Tunbl ganHbix. [lkansl uzMepeHwHii.
@®opmarbl XpaHeHHs JAaHHbIX. KaudectBo paHHbIX. OuucTka AaHHbIX. Pabora c¢ nyOnukaramu u
MPOMYIIEHHBIMU 3HaYyeHUsIMU. CHIDKEHUE pa3MepHOCTH JaHHbIX. MHTerpaumst naHHbix. Bl wu
BU3yalM3alusl JaHHBIX. MeToapl oTOopa 3HaYUMBIX Mpu3HAKoB. PuibTpel. O00n0ukH. BeTpoeHHbie
MeToJIbl. MaTpuiia HecOOTBETCTBUI. MEeTpHUKHU KauyecTBa: NMPaBUIbLHOCTh, MTOJIHOTA, TOYHOCTH, F-Mepa,
qyBCTBUTEIBHOCTH, cnenuduyaocts. OOyuaromee MHOKeCTBO. He3zaBuCHMOE TECTOBOE MHOXECTBO.
[TonTBepknatoiee MHOKecTBO. [Ipobiema nepeodbyuenus. Meroxa ynaep:kanus. Merona nepekpecTHON
npoBepku. Merox «0e3 omHoro». Crparudukarmust maHHBIX. MeETOJ caMOHACTPOWKH (OyTcTperr).
Martpuna croumocteil ommbok. uarpamma Boiurpeima. J[uarpamma pocta. Kpusas ommbok (ROC-
kpuBasi). AUC. U3onmuHuM TOYHOCTH.

AHcamM0JmpoBaHue KJaaccHu(pukaTopoB. AHCamOIu (KOMUTETHI) Mojenei. barrunr. barrunr
¢ pangommsanueil. IlocnenoBatenbHO oOyuaromuecss KiaccupuUKaTtopbl. bycTtuHr (ycuieHue)
aHcaMb611s1 KnaccupukatopoB. Anroputm AdaBoost. CTakHHT.

MeTtoabl KJIaCTEPHOr0 aHAJIM3a. AJITOPUTMbI MAIIMHHOIO 00y4yeHHsi: MeTol K-cpenHux,
EM, Cobweb. Twumonoruueckuii u TakcoHOMHuYeckuil aHanu3. CTAaTHCTHYECKUE METOJBI
kinactepuzauud. EM-anroputm. Meron k-cpennux. Mepsl paccrosiHuil. Mepapxuueckue MeTObl
KjIactepuzanvd.  Busyanuzanmsa — knmacrepoB.  Jlemaporpammbsl.  [luarpammsl - pacceMBaHMS.
Camoopranusyronuecs: kapTel Koxonena. KonuenrtyanbHas knactepusauus. Anroputm Cobweb.
I'padoBbie MeTOnBI KiIacTepusaluu. BeineneHue cBs3HBIX KOMIIOHEHT. HeueTkas kiactepuzanus.
FCM-anropurm.

Meroasl aHa/M3a accouManuii U mociaeaoBarelbHocTed. [IonMck 4YacTo BeTpedaronmuXxcs

HaOOpOB 2JIEMEHTOB. Mepbhl HMHTEPECHOCTU: MOJIJEP’KKA, JOCTOBEPHOCTb, JHU(PT. YBEPEHHOCTb.
Anroput™m  Apriori. 3agaya aHanmM3a PBIHOYHBIX KOp3MH. KoJInM4ecTBEeHHble U HEUeTKUe
accouuaTuBHBIE MpaBuiia. [lonck nocnenoBaTenbHbIX 1a0I0HOB.
BBenenue B metroabl cereBoro anaiausa (Social Network Analysis). Ananuz cszeid. [lonsTus
colMaJbHOU ceTu U coumansHOro rpada. Teopust «manoro mupay. uamerp, paauyc, koadpduureHt
Kjactepu3anuu. LIeHTpaabHOCTB: MO CTENeHH, Mo OJIM30CTH, Ha OCHOBE COOCTBEHHBIX BEKTOPOB.
[To3MIMOHHBIN U POJIEBOM aHAJIN3 B COLIMAIIBHON CETH.

MonyvyJasb 2. IIpukJIaIHoi aHAJIN3 TAHHBIX

MammHHOe o0yuyeHue W OOJibIIMEe JaHHbIE JJI pelleHus] NMPUKJIAAHBIX 3a1a4y. AHaIu3
PBIHOYHBIX KOpP3WH, «yMHBIE» pEKIaMHble OOBSBICHHS, COBMECTHas (UIbTpalus, aHalu3
TOHAJILHOCTH, YaT-00THI U JIp.



Ilepconasmm3anuss MeToxamMM  MAIIMHHOTO oOOyuyeHusl. MaccoBas  KacTOMU3alus,
I/IH,Z[HBHILyaHBHBIﬁ MAapKCTHHT. MCTOIILI u TEXHUKHN nepcoHain3aun B HWHTCPHCTC.
[TonyaBTOMaTH4eckass W aBTOMaTHueckas mepcoHanu3auus. [loHsTue amanTUBHOrO BeO-pecypca.
Ilenu, MeToasl M MpHEMbl afanTalud. ApXHTEKTypa aJanTUBHOro BeO-pecypca. OBepiieiiHas u
CTepEOTUIIHAs MOJIeNH ToJb30oBaTens. dopmanbHas MOCTAHOBKA 3a/Jayd nepcoHanuzanuu. OneHka
3¢ (HeKTHBHOCTH peKoMeHIanuii. PekoMeHaamym Ha OCHOBE KOMITO3UIIMOHHOTO TPaBHJIa HEYETKOTO
BbIBOJIa. MeTo/ibl COBMECTHOM uibTpaiuu. TeopeTuko-rpagoBblif METOJ] XOPTHHTA.

IlepeyeHb TeM NPAKTUYECKUX 3aHATHI

No KonnuaectBo
TeMa IpaKTUIECKOTO 3aHATHUS
/i 4acoB

Monayab 1. MaTeMmaTHuecKkoe U aJIropuTMUYECKoe o0ecnedyeHrne aHATUTHKHA 00JIbIITUX JAHHBIX

Beenenue B aHanuTuKy Gonplmx AanHbiX (Big Data). O630p 33124 HHTEIIEKTYaIbHOTO aHAIH3a
1 | pmaHHBIX: perpeccus, KiaccuuKanus, KacTepru3alus, aHaIu3 acCOUAN U 4
IMOCJICA0BATEIIHEHOCTEH, TIONCK aHOMAaJINH, aHAJIN3 CBI3CH.

2 Mertoms! KaccuuKanuy. AJITOPHTMBI MAIIMHHOTO O0YYCHHUS: IEPEBbSI PEIICHHUIM, OTIOPHBIE 4
BEKTOpa, 6alieCOBCKHE KIIaCCH(PUKATOPLI
Ornenka 5 GEeKTUBHOCTH U CPaBHHUTEIBHBIN aHATN3 MOJIENeH 00yIeH s 4
4 | AucambnupoBanue Ki1accu(puKaTopoB 4
5 Merto/p! KITaCTEpHOT'0 aHaK3a. AJTOPUTMBI MAaIIMHHOTO 00y4eHus: Meto] k-cpenuux, EM, 4
Cobweb
6 |Mero/pl aHaIKM3a acCONMANUI U TTOCTIE0BATEIBHOCTEM 4
7 | BBenenue B MeToanl cereBoro ananusa (Social Network Analysis) 4

Moayas 2. IlpukaaaHoii aHAIU3 JTaHHBIX

8 MammuaHoe O6y‘I€HI/I€ u OOJIBIIKE JAAHHBIC I pCIICHUA MMPUKIIAAHBIX 3a/1a4

9 |IlepcoHanuzanust METOAAMH MAITHHHOTO O0YUCHHUSI

Bcero yacos 36

V. OBPA30OBATEJIBHBIE TEXHOJIOT'UHN

Hapsiny ¢ TpaauiiMoOHHBIME 00pa30BaTeIbHBIMU TEXHOJIOTHSMH, IS peaT3aliy TUCIUILIHHBI
OyIyT HCIONB30BAThCS TEXHOJIOTUH DJIEKTPOHHOTO OOYYEHHWsS W JMCTAaHIIMOHHBIE 00pa3oBaTebHbIC
TEXHOJIOTUH B 3JIEKTPOHHON MH(POPMALIMOHHO-00pa30BaTeIbHOM Cpe/ie YHUBEPCUTETA.

AxTuBHBIE (OpPMBI O0Yy4YEeHMs, MPUMEHsEMble Ha TMPAKTUYECKUX 3aHITHUSAX, CHOCOOCTBYIOT
pa3HOOOpa3sHOMY (MHIUBUAYAJbHOMY, TpYIIIOBOMY, KOJJIEKTUBHOMY) M3Yy4eHHUIO (YCBOEHHIO)
y4eOHBIX BOIPOCOB (IpobOiieM), aKTUBHOMY B3aWMOJAEWCTBHUIO OOydYaroOMMXCS W TpenojaBarens,
KMBOMY OOMEHY MHEHHSMHM MEXIy HHUMH, HalleJeHHOMY Ha BBIPAOOTKY MPAaBUIIBHOTO MOHHUMAHUS
COZIep KaHUs M3y4aeMOi TeMBI U CITOCOOOB €€ MPAKTHYECKOTO MCIIOJIb30BAHMS.

AynuTopHble 3aHATHS M Apyrue (GOpMbl KOHTAakTHOW pa®oThl OOy4aromuxcs C
npernojaBaTeieM MOTYT TMPOBOIUTBCSA C HCHoNb3oBaHueM 1iargpopm Microsoft Teams, Moodle
(BigBlueButton) wu np., uTo moO3BONIsAET OOECHEYUTh OHJIAWH © OQUIaliH B3aMMOJCHUCTBHE
IpernoiaBaTess ¢ 00yJaroIMMUCS B paMKaX AUCIUTUTAHBI

OCHOBHBIMH METOJaMHM TEKYIIETrO0 KOHTPOJS SBIAIOTCA DSJCKTPOHHBIM Y4ET M KOHTPOJIb
Y4eOHBIX TOCTH)KEHUH CTY/ICHTOB (MCIOJIB30BaHUE CPECTB CepBHUCa OAIITbHO-PEHTHHTOBON CHCTEMBI;
BEJICHUE 3JIEKTPOHHOTO >KypHaja YCIEBAEMOCTH, MPOBEACHUE JIIEKTPOHHOIO TECTUPOBAHUA U
MPUMEHEHHE APYTHX CPEACTB KOHTPOJIS C UCTIONB30BaHUEM CUCTEMBI AJIEKTPOHHOTO O0yUCHHS).



V1. YYHEBHO-METONYECKOE OBECIIHEYEHUE JUCIIUIIJINHBI

6.1. OcHoBHasi JIuTEpaTypa

1. Kemnexep, 1. Hayka o manubix: 6a3oBbiid kype : [16+] / 1. Kennexep, b. Tupnu ; Hayud. pen.
3. MamenwsapoB ; nep. ¢ anri. M. benoromosckoro. — Mocksa : Anbnuaa [Tabmumep, 2020. — 224 c. :
CXEM., TabII. — Pexxum JOCTyIa: o ITOATIUCKE. — URL:
https://biblioclub.ru/index.php?page=book&id=598235

2. Makkuniy, Yac Python u ananus nansaeix / Yac Makkunnu ; nepeBoa A. CiiuHkuHa. — 2-¢
m3a. — CaparoB : IIpodoOpazoBanue, 2019. — 482 c¢. — ISBN 978-5-4488-0046-7. — TekcrT :
ANEKTPOHHBIA // DnexkTpoHHO-OmOmmoteunas cucrema I[PR  BOOKS : [caiit]. — URL:
https://www.iprbookshop.ru/88752.html

3. Pakurckuii, A. A. MeToasl MammmHHOTO 00y4YeHHS : yueOHO-MeToandYeckoe mocodue / A. A.
Pakutckuit. — HoBocuOupck : CHOMpPCKUiI TOCYTapCTBEHHBIM YHUBEPCUTET TEIECKOMMYHUKAIIMH U
uHpopmaruku, 2018. — 32 €. — TeKcT : AMeKTPOHHBIN // DAeKTpoHHO-O0MOIoTeuHas cuctema IPR
BOOKS : [caiiT]. — URL.: https://www.iprbookshop.ru/90591.html

4. YyOyxosa, . A. Data Mining : yuyeOnoe mocobue / U. A. UyOykoBa. — 3-¢ u3g. —
Mocksa, CapatoB : UnaTeprer-Yuauepcuter Undopmarmonnsix Texunonoruit (MHTYUT), A [Tu Ap
Menma, 2020. — 469 c. — ISBN 978-5-4497-0289-0. — TekcT : 37EKTPOHHBINA // DIEKTPOHHO-
oubnmuoreunas cuctema IPR BOOKS : [caiit]. — URL: https://www.iprbookshop.ru/89404.htmi

6.2. JlomotHUTEIBHASI JIUTEPATypa

5. Kpyruko B. H. Awnamu3 pannbix / B.H. Kpyrukos; B.B. Memeukun - Kemeposo:
KemepoBckuit rocyJ1apCTBEHHbBIN YHHUBEPCUTET, 2014. - 138 c.
http://biblioclub.ru/index.php?page=book&id=278426

6. Xykosckuit O. . NHpOpMaMOHHBIE TEXHOJIOTUN M aHAIN3 JAHHBIX: yueOHOe mocodue /
O0.1. XKyxoBckuit - Tomck: Onb KonrenT, 2014. - 130 c.
http://biblioclub.ru/index.php?page=book&id=480500

6.3. [lepuoguyeckune U3TaHMUsI

— 1EEE Spectrum https://spectrum.ieee.org/
— Hayunslit xxypHan «MamnrHHOe o0yueHue 1 aHainu3 AaHHbIX» http://jmlda.org/ru/journal

6.4. Ilepeuens pecypcoB cetu UHTEepHeT

— 3BC IPR Books http://www.iprbookshop.ru/

— 3OBC «YHuBepcuterckas oudanoreka onnaitu» http://biblioclub.ru.

— O6pasosarenbHas mardopma FOpaitr https://urait.ru/

— IBM Academic Initiative http://ictis.sfedu.ru/ibom_academic_initiative/ (yaeGHbie
MartepHuaribl)

— http://github.com/

— http://habr.com/

— http://www.kdnuggets.com/

— Python, Ceo6oanoe ITO, https://www.python.org/

— https://www.jetbrains.com/pycharm/

ViI. MATEPUAJIBHO-TEXHUYECKOE OBECHHEYEHUE JUCHUIIJIMHBbI

Jlexyuonnas ayoumopus
MynbTUMEIUIHBIA TPOEKTOP, IKPaH

Komnwvromepnuwiii knacc

HuTepakTuBHAs JOCKa ¢ TPOEKTOPOM; MepcoHanbHbIe KoMmbloTepsl, [IO Microsoft Windows,
Microsoft Office (Microsoft Teams), akryansabie Bepcuu Opay3epoB Chrome, Firefox, Edge, Safari c
noanepxkoi mporokona WebRTC, WEKA


https://biblioclub.ru/index.php?page=book&id=598235
https://www.iprbookshop.ru/88752.html
https://www.iprbookshop.ru/90591.html
http://biblioclub.ru/index.php?page=book&id=278426
http://biblioclub.ru/index.php?page=book&id=480500
https://spectrum.ieee.org/
https://spectrum.ieee.org/
http://biblioclub.ru/
https://urait.ru/
http://ictis.sfedu.ru/ibm_academic_initiative/
https://www.python.org/
https://www.jetbrains.com/pycharm/

VIiIl. METOAUYECKHUE YKA3ZAHUSA 1JIS1 OBYUYAIOIIUXCA
1O OCBOEHUIO JUCHUIIJIMHBI

JucuuruiiHa BKJIIOYaeT B ce0s  JIGKIUMOHHBIE M NPAKTUYECKHE 3aHATHS, a TaKxkKe
CaMOCTOSITENIbHYIO PA0OTy 00y4JaroLIUXCs.

Opranm3zanus ~ 0o0pa3oBaTeNBbHOrO  MHpolecca MO  JAUCHUIUIMHE — OCYIIECTBIAETCS  C
HCIOJIb30BAHUEM CUCTEMBI 3JIEKTPOHHOTO O0YUYCHMS.

Bce nexuumoHHBIE 3aHSATHS TPOBOISATCS C BH3yalM3aluedl yueOHOro Mmartepuana B (opme
IIpe3eHTalMH JEKIIMOHHOTO MaTepuaa, KOTOpble JOCTYIHBI B CHCTEME JIEKTPOHHOTO 00yUYEeHMSL.

JlekIMOHHAsE YacTh Kypca BKJIIOYACT CIIEAYIONIME KOMIIOHEHTHI CHCTEMBbl 3HAHHHA yueOHOI
JUCLUIUIMHBL: MIOHATUHHBIN anmnapat (Te3aypyc Kypca), TEOpeTHUECKUE YTBEP)KICHUS, Pa3bsICHEHUS U
KOMMEHTAapUU; MEXIUCUUIUIMHAPHBIE TOYKM 3PEHUS; OINMCAHHWE pPacCMaTPUBAEMBIX DPa3/eiioB;
PETPOCHEKTUBHBIN U MEPCHEKTUBHBIN B3IJIAAbI HA U3y4aeMyl0 POOIEeMaTHKY.

[lpakTuyeckue 3aHATHA 1O BCEM MOJYISIM JHCHUIUIMHBL TpPeOYyIOT TNpeaBapUTEIHHON
TEOPETUYECKON MOATOTOBKU [0 COOTBETCTBYIOIIMM TeMaM: MpopaboTKa JEKIMOHHOIO MaTepuana,
03HaKOMJIEHUE U U3yYEHHUE OTAEIbHBIX UICTOYHUKOB OCHOBHOM U JIOIIOJHUTEIBHOMN JIUTEPATYPHI.

JIeKuMOHHBIE U MPAKTUYECKHUE 3aHATHS MOTYT IIPOBOJUTHCS C IPUMEHEHNUEM JTMCTAHIIMOHHBIX
00pa3oBaTeNbHBIX TEXHOJIOTHI ¢ wHcnojib3oBaHueM 1iardpopm Microsoft Teams, Cisco, Moodle
(BigBlueButton) u ap.

[IpoBeneHNE JIEKIIMOHHBIX M MPAKTUYECKUX 3aHITHH OCYLIECTBISIETCS C IOCTAaHOBKOM
POOJEMHBIX BOMNPOCOB, JOMYCKAIOIIUX BO3HUKHOBEHHME AMCKYCCHH, YTO IpEAINoJaraeT akTHBHOE
BKJIIOYCHHE CTY/IEHTOB B 00pa30BaTeIbHBIN MPOIIECC.

B opranmzanum mnporecca 0O0y4eHHUs HCHOJBb3YIOTCA KakK TPaJUIMOHHbBIE, XapaKTEepHbIE
JEKIMOHHO-CEeMUHAPCKOH  ¢opme  0oOydeHus, Tak M  HHHOBALMOHHBICE (MHTEPAKTHUBHBIC,
MMUTALMOHHBIE, IPOEKTHBIE) TEXHOIOTUH.

Hcnonp3yemble TEXHOIOIMH 00€CTIEYNBAIOT:

— (opMupoBaHHE KOMIETEHIMI, OCO3HAHHOE YCBOEHHE 3HaHUI, KauyeCTBEHHOE OCBOEHHUE
YMEHUI UX NMPUMEHATh U (OPMHUPOBAHNE 3aMHTEPECOBAHHOIO OTHOILEHHS K M3y4yaeMbIM O0OBEKTaM B
€/IMHCTBE;

— IPOYKTUBHOCTb [103HABATEIbHOM EATEIIbHOCTH, HAYUYHBIH [TOMCK, CO371aHNUE CYOBEKTUBHO U
O0OBEKTHBHO HOBBIX 3HAHUH HJIM IPYTUX MPOAYKTOB;

— OpHEHTAlMI0 Ha CTYAEHTOB, CTHUMYJIMPOBAaHHUE MX AaKTUBHOCTH, CaMOCTOSTEJIBHOCTH,
WHULMATUBBI U OTBETCTBEHHOCTH;

— KOHTEKCTHBIH XapakTep OOyueHHs, TO €CTb NPUBSA3KY K peaJbHbIM MPO(eCcCHOHAIBHBIM
3a/a4aM;

— BOBJICUEHHOCTb CTYJIEHTOB B BBINOJIHAEMYIO J€ATEIbHOCTh, BO3MOJKHOCTb IPOSIBUTH M
Pa3BUTh CBOM MHTEIUIEKTYaJIbHbIN, TBOPYECKHUN, TUYHOCTHBIH, 1EJIOBOM OTEHIIMAIL.

CamocrosTenbHas paboTa HalpaBieHa Ha IOBBIIIEHHWE KauecTBa OOyueHHs, yriyOJeHue u
3aKperjieHue 3HaHWM CTy/IeHTa, pa3BUTHE AHAIWTUYECKUX HABBIKOB MO MpoOiieMaTUKe yuyeOHOU
JIUCLUIUIMHBI, aKTUBH3AlMIO Y4e€OHO-TIO3HABATENIbHOW JESITEIbHOCTH CTYJIEHTOB M CHUXKEHUE
ayJIUTOPHOW Harpy3KHu.

MaxkcumanbHOe KOJIMYEeCTBO OANIIOB M0 KAXIOMY BHAY KOHTPOJIBHBIX MEPONPUATHH YKa3aHO B
y4eOHON KapTe TUCIUTIIINHBL.



IX. YYHEBHASA KAPTA JUCHUIIJIMHBI

Kypc 1, cemectp 1, ounasi popma 00yueHnust

/i

Buibl KOHTPOJIBHBIX MEPOIIPUATHIA
(HanMeHOBaHUS OTICHOYHBIX CPEJICTB)

KomnuectBo 6amioB

Texyuuit PyGesxHbrii
KOHTPOJIb KOHTPOJITb

Mopayas 1. MaTeMaTH4ecKoe H aIropuTMHYECKOE

o0ecneyeHHe aHAJUTHKH 00JIbIINX JAaHHBbIX

1 |IIpaxtuueckas padora Ne 1 12 —
2 |IIpaktuyeckas pabota Ne 2 12 -
3 |IIpaktuyeckas padora Ne 3 12 —
4 |IIpaxtryeckas padbota Ne 4 12 -
5 |IIpaktuyeckas padora Ne 5 12 —
6 |Tect Nel — 20
Monayas 2. IlpukiaaaHoii aHAIU3 TaHHBIX

7 |Tect Ne2 — 20

Bcero 60 40

BonycHbie Gaybl

BonycHbIe Oabl HAUUCISIFOTCS 32 TTO0ey U
MIPU30BBIE MECTA B COPEBHOBAHUU
KJIacCU(UKATOPOB, JOCTHKEHHUS B KOHKYpPCax
(Kaggle u np.), akTHBHOE ydacTHe B
KOH()EepEeHIUAX U BbICTaBKax — 70 10 Oasmos.

IIpome:xxyTouHnas aTrecTanus
B opme nudpepeHpoBaHHOIO 3a4ETA

OreHKa 1Mo AUCIUILIMHE BBICTABIISICTCS TI0 CyMMeE

0aJJIOB 3a TEKYIUI KOHTPOJb U PYOEIKHBIN

KOHTPOJTb:

— 85-100 0amIoB — OLIEHKA «OTIHYHOY;

— 71-84 Gaia — oleHKa «XOPOIIOoY;

— 60-70 GayIoB — OIIEHKA «yIOBIETBOPUTEIHHOY;

— meHee 60 6aIoB — OleHKa
«HEYOOBJICTBOPUTCIIBHO»




X. ®OHJI OHEHOYHBIX CPEACTB

10.1. MMacnopT (poHIa OLEHOUYHBIX CPEICTB

No Haumenoanue
WNuaukaTop AOCTHKEHUS KOMIETEHIIMH
/o OLICHOYHOT'O CPEJICTBA
[IK-1.1. CraBuT 3agauu no aganTaiuy Wid — MpaKTHYEeCKHEe PabOThI
1 |coBeplIEHCTBOBAHMIO METOAOB U AJITOPUTMOB JIJISl PELLICHUS Nel-Ne2
KOMILJIEKCa 3a7a4 MPeAMETHON 001acTu — TtecT Nel
[1K-2.1. PykoBoauT pa3pabOTKOI apXUTEKTYpPbI — IpaKTH4ECKHE paboThl
2 |KOMIUJIEKCHBIX CHCTEM MCKYCCTBEHHOT'O HHTEJICKTa CO No3-Ne5
CTOPOHBI 3aKa34MKa — Ttect No2
[1K-2.2. OcyiecTBiseT pyKOBOACTBO CO3AaHNEM — IpaKTH4ECKHe paboThl
3 |KOMIUICKCHBIX CHCTEM HCKYCCTBEHHOIO MHTEJIEKTa C Nol-Ne2, No3-No5
MPUMEHEHHUEM HOBBIX METOJIOB U &JITOPUTMOB MAIIMHHOTO — Tect Nel
o0y4eHus — Ttect No2

10.2. TpakTuyeckasi padora Nel

Knaccupukanus ¢ HCNOJIb30BAHUEM [I€PeBbEB PelleHnit

Knaccupukanus — 3T0 ymnopsioueHHOE [0 HEKOTOPOMY HPHUHLUIY MHOXECTBO OOBEKTOB,
KOTOpBIE HMMEIOT CXOJHBIC KIacCHU()MKAIMOHHBIE TPHU3HAKH (OJHO WJIM HECKOJIBKO CBOICTB),
BbIOpAaHHBIE AJIS OIIPEJCIICHUS CXOJCTBA WM PA3JIUYUS MEXIY STUMHU 00bEKTaMU.

Lenpro KIacCUpUKAINH SBISCTCS TOCTPOCHUE ONTHUMAIBHON MOJENN KilacCu(UKauu, KOTopas
UCHOJb3yeT NMPOrHO3UPYIOLIME aTpUOYTHI (BEKTOP IMPU3HAKOB) B KaY€CTBE BXO/HBIX IMapaMeTpOB IS
MOJTyYeHHUsI 3HAYCHUS 3aBUCHMOTO arpudyTra. KpuTepuem onTHManbHOCTH B HAIIEM CIIydae SBIISETCS
1oKa3aTeiab MOYHOCMU, PACCUUTHIBAEMbI KaK OTHOLIEHHE 4YHCIa BEPHO KIACCU(PUIIMPOBAHHBIX
IpUMEpPOB K UX oOmieMy 4uciy B BbIOOpke. IIpm 3TOM Mozens J0DKHA € BBICOKOW TOYHOCTHIO
KJ1accu(UIUpPOBaTh HOBBIE, PaHEE HE PACCMOTPEHHBIE IPUMEDPHI.

Jnst mpoBeeHust Kiaccu(uKauy HaOOp MCXOIHBIX JAaHHBIX pa3OMBAIOT Ha JIBa MHOXKECTBA:
oOyuaromee u TecroBoe. O0a MHOXKECTBAa COAEP)KAT BXOAHBIE M BBIXOIHbBIE (IIEJIEBbIE) 3HAUEHUS
arpubyToB. B oOyuaromem MHOxecTBe (training Set) BBIXOAHBIC 3HAYEHHs 3aBHCHUMBIX aTpUOYTOB
npenHa3HaueHbl sl o0yueHHs: (KOHCTPYHpOBaHHWs) Mojend. B TecroBom MmHOxecTBe (test set)
BBIXO/IHBIE 3HAYEHUS UCTIONB3YIOTCS JUTsl MPOBEPKH pabOTOCIIOCOOHOCTH MOJIEIH.

IMoaxos! k oreHke 3G GEeKTUBHOCTH MOJIENHU: Ha oOydaroiiieM MHOkecTBe (Use training set), Ha
TecroBoM MHOXecTBe (Percentage split), meron k-niepekpectHoit mposepku (Cross-validation).

B 3agauax oOydeHUs C yduTelleM BaXXHO TMpPeNyNpexaaTb npoodremy nepeoOyyeHus —
HeXeNaTeJIbHOe MOOOYHOE SIBJICHHE, NMPU KOTOPOM OIIMOKa ajiropuTtMa Ha oOydaromiel BbIOOpKE
CHMJKAeTcsl, a Ha TECTOBOI BBIOOPKE pacTeT.

Aaroputmbl kiaaccupukamuu. s moctpoenus mojenu kinaccubukanuu B cpene Weka
UCMOJNB3YHTE CIEAYIOLINe aJIrOPUTMbl Ha OCHOBE JEPEBbEB pELICHUH (B CKOOKax MPUBOAATCS
IapaMeTpbl AITOPUTMOB, TPEOYIOIINE HACTPOHKHN):

e zeroR
e o0neR
e 1d3
e J4.8/C4.5 (unpruned, minNumObj, reducedErrorPruning, numFolds)
e JRIip
3ananue.

1. Vcnons3yiite daiinsl nanabix B popmare arff cornacno Bapuanram 3aganuii (Tadu. 1).

Tabmuna 1



BapuanTsl 3a1anuii

Bapuanrt 1 Bapuant 2 Bapuanr 3 Bapuanr 4
(ITepBast OykBa (ITepBast OykBa (ITepBas OykBa (ITepBast OykBa
bamumun A-X) ¢damunuu 3-M) ¢damuuu H-C) damumun T-51)

Contact-lenses.arff Iris.arff Labor.arff Zoo.arff

2. W3yuute dainbl ganHbX. g Kaxxgoro Habopa AaHHBIX IMOOYEPEIHO MPUMEHUTE BCE
JOCTYIHBIE QITOPUTMBI KJIACCU(PUKAIMKM C MapaMeTpaMud 1o ymonuaHuto. OrneHute
TOYHOCTh KJIACCU(UKATOPOB, UCIOJB3Yys OOydaroliee MHOXKECTBO, TECTOBOE MHOKECTBO
(2:1) u meTon 10-nepexpecTrOl TpoBepKr. OOBACHUTE pa3TUIKe B pe3yabTaTax.

3. Ha ocnoBe pe3yinbTatoB 10-mepekpecTHON MPOBEPKU CPaBHUTE KIacCU(PUKATOPBI MEXIY
co00H M OTpaHXUPYITE IO YOBIBAHUIO TOYHOCTH.

4. Hacrpoiite anroputm J4.8 ¢ npenpeaykiuei. /[ 3Toro yctaHoBUTE 3HAaYCHUE IMapaMeTpa
unpruned True. Jlanee mnpou3BOIBHO H3MEHSAWTE 3HAauYeHUs mapamerpa minNumObj
(MMHMMAaNbHOE YHCIIO BEPILMH B JIMCThSAX) B auamazoHe oT 1 go 15. OueHurte TOYHOCTH
knaccupukaropoB. CpaBHUTE C pesylnbraTamu aiaroput™a J4.8, TOTydeHHBIMH Ha
MIpeIbIAYIIEeM dTare.

5. Hcnons3yiite anroputm J4.8 ¢ nocrpeaykuueit. [ljig 3Toro n3MeHUTE 3HaU€HUE ITapaMeTpa
unpruned nHa False, a 3nauenue mnapamerpa reducedErrorPruning — wa True. lanee
MIPOU3BOJILHO HM3MEHsTe 3HaueHne mapamerpa numFolds B amamazone ot 2 g0 uucia
mpUMepoB B 0a3ze MaHHBIX. TeMm caMmbIM, BbI OIpejaensieTe 00beM JaHHBIX, UCMOJIb3YEeMBIX
Ui TIOCTPEAYKIMH: OJHA YacTh WCHOJB3YeTCsl sl OOpEe3KH, OCTalbHBIE — JUIs
BBIpalIMBaHus JepeBa peuieHuil. OleHuTe TOYHOCTH KiaccudukaropoB. CpaBHUTE C
pesyibTaTamu J4.8, MoaydyeHHBIMU Ha IPEAbLAYIINX dTarax.

6. Ha pesynaprarax m.4-5 OpOWUIIOCTPUPYHTE HAMVISIHBIM OPUMEPOM  IpodiieMy
nepeoOydeHus.

7. Tlo wtoram paboThl ONMpeAenuTe ONTHUMAallbHbIE KIACCU(UKATOPHI Uil KaKIoro Habopa
JTAHHBIX.

Kpurepun onenkmn:

11-12 GamioB BBICTABISIETCS CTYACHTY, €CJIM OH CBOEBPEMECHHO BBITIONHWIJI BCE 3aJayH,
MPEelyCMOTPEHHbIE B MPAKTUYECKOW paboTe, MOATOTOBHUI OTYET B COOTBETCTBHM C TPEOOBaHUSIMU
MperojaBaTelis U B IPOIECCe 3allUThl MPOJEMOHCTPUPOBAT HAIMYME TEOPETUYCCKUX 3HAHWN B
o0BeMe cojiep:kaHus Y4eOHON TUCIHUILIMHBI, OTHOCAIIEHCS K MpakTuyeckor padore. Cymen OTBETUTH
Ha JIOTOJHHUTEIBHBIC BOIPOCHI, CBS3aHHBIC HE TOJBKO C IPOIIECCOM BBITIONHEHUS MPAKTHICCKON
paboThl, HO ¥ C MTOHUMAHUEM COBEPILIEHHBIX ACHCTBUIA U PEIICHHBIX 3a/1a4.

9-10 6amI0oB BBICTABIISIETCS CTYJCHTY, €CIH OH BBITOIHWI OT 70% 3amad, mpexycMOTPEHHBIX B
MpPaKTU4YEeCKOH paboTe, MOATOTOBUI OTYET B COOTBETCTBHM C TPEOOBaHUSMHU MpeEmoAaBaTelss U B
MPOIIECCEe 3alTUTHI MPOJIEMOHCTPUPOBAT HAIMYUE TCOPETHUSCKUX 3HAHWNW B O0BEME COJIEpIKaHUS
y4eOHOW NUCUUIUIMHBI, OTHOCSIIEWcS K mpakTudeckoi pabore. CyMmen OTBETHTh Ha BOIPOCHI,
CBSI3aHHBIC C MTPOIIECCOM BBITIOJIHEHUS TIPAKTHUECKON paOOTHI.

7-8 0annoB BBICTABISIETCS CTYJEHTY, e€clid OH Oosee yeM Ha 50% BBIMOIHII OCTAaBICHHBIE B
MpaKTU4YEeCKOH paldoTe 3anadyu, CIOCOOEH OTBETUTh Ha BOIPOCHI, KacaloIlUecs TEOpPEeTHUECKON
COCTaBJIAIONICH B 00beMe coiepKaHusl yIeOHOM TUCITUILIMHBI, OTHOCSIIEHCS K MPaKTUYECKOU paboTe.

0 GayyoB BBICTABIIAETCS CTYNICHTY, €Cli OH OoJiee ueM Ha 50% He BBITIOTHUI MTOCTABJICHHBIC B
MPaKTUYEeCKOW paboTe 3amaud, HE CIOcOOEH OTBETUTHh Ha BOMPOCHI, KACAIOMIMECS TEOPETHUYEeCKOU
COCTaBJISIIONIEH B 00beMe COZEpKaHms YIeOHOM TUCIUILTAHBI, OTHOCSIIIEHCS K MMPAaKTHIECKOU padoTe.



10.3. IIpakTuyeckas padora Ne2

Knaccupukanus Tekcron
1. BBenenue

WHTeiekTyaabHbli aHanu3 TekcToB (text mining) cesizan ¢ 3amadeli BbIACICHUS PEICBAHTHOM
uHpOpMalMM M3 TEKCTOB HA €CTECTBEHHOM $I3bIKE M TIOMCKOM B HEH 3aKOHOMEPHOCTEH.
Krnaccudukanus TeKCTOB — 3TO MPUMEP CII0KHON MPOoOIeMbl MHTEIEKTYAIbHOTO aHaIN3a JIaHHBIX, B
KOTOPOMl MBI MMEEeM [eJ0 C JaHHBIMH OOJIBIION Pa3MEpPHOCTH M HEOAHOPOJHBIMU ITabJIOHAMU
HCKOMBIX JIaHHBIX.

2. Knaccudpuxanus tekcroB B cpene \Weka

Jnst mpencTaBieHus: TekeToBoi nHpopmaru B Weka ncrnonb3yercsi CTpOKOBBII aTpuOyT Tuna
STRING. Tako#i arpubOyT MOXKET COJIEp)KaTb OTPOMHOE YHCIO 3HAYCHHUHW M IO3TOMY HAIPSMYIO
KJ1accu(UKATOphl C HUM HE paboTaioT. B MCXOAHBIX JaHHBIX BCEro /Ba arpuOyTta: aTpuOyT Kiacca u
CTpOKOBBII  aTpuOyT. Mpbl mnpeoOpazyem 3HaueHuss STRING B MHoxkecTBO aTpuOyTOB,
MPEJCTABISAIONIMX YacTOTy BCTPEYAaEMOCTH CIIOB B CTpoke. Takoe mpeoOpa3oBaHHE MOXKHO
peanu3oBarh ¢ momoinpo Guiasrpa StringToWordVector (puc. 1). Ha mepBoii BKIagke HakKMHUTE
kHonKy Choose, HaiiinTe yka3aHHbINH (GHILTP U MPUMEHUTE €TI0 C MOMOIIIBbI0 KHOIIKH Apply.

@relation text

@attribute docs string
@attribute class {animals, not animals}

@data
‘cat mouse lion’, animals
‘tree flower’, not animals

'

@relation text-converted

@attribute class {animals, not animals}
@attribute cat numeric

@Qattribute mouse numeric

@attribute lion numeric

@attribute tree numeric

Qattribute flower numeric

@data
animals,1,1,1,0,0
not animals,0,0,0,1,1

OOparure BHUMaHHE, YTO MoOcje NpeoOpazoBaHHs aTpuOyT Kiacca OOBIYHO CTaHOBUTCS
nepBeiM 1o cuety. Ognako B Weka mo ymosuaHuio aTpuOyTOM Kiacca BBIOMpAETCs MOCIEIHUMN
aTpuOyT. YTOUHHUTH aTpHOYT KJlacca MOXKHO B BhITIAJarolieM MeHIo Ha Bkianke Classify.

[Tocne npeoOpa3oBaHms MOKHO Ha4uaTh 00YYEHHE U CPABHEHUE KIACCH(UKATOPOB.
B aroit m1abopaTopHOil paboTe MbI Oy1eM HCIIONIB30BaTh YEThIpe Kiaaccudukaropa:
- anrroput™ Ommmkaitero cocena Nearest Neighbor (1BK),

- baitecoBckuii Naive Bayes (NB),



- aJITOPUTM Ha OCHOBE JIEPEBbEB pemieHuit J48,
- QJITOPUTM Ha OCHOBE peraromux npasui JRIp.

3. BaBuiioHckasi OalHs

3.1 Onucanue

Jano:
e Komnekuus u3z 189 mnpemyiokeHudt 00 HHTEIUICKTYaIbHOM aHAIW3€ JaHHBIX U3
Wikipedia (He mepeBoa!) Ha aHTIUHCKOM, (PpaHITy3CKOM, HCIIAHCKOM W HEMEI[KOM
SI3BIKAX.

Haijitu:
e KraccuduraTopsl, KOTOpPBIE PACIIO3HAIOT S3BIK TEKCTA.

Jannbie cogepxarcs B daiine dataMining.arff
3.2 3aganue
[lepeiinuTe OT CTPOKOBOI IIEPEMEHHOMN K MHOKECTBY aTpMOYTOB KaK OMUCAHO BHIIIE.

OOyunte KiIaccU(pUKATOPbl U CpPaBHUTE HUX MeEXIy coboit merogoM 10-mepekpecTHOM
npoBepku. Kaxou aneopumm ayqywuii? BBIIUIINTE CTAaTUCTUKU TOYHOCTH, HU3YYUTE MATPHUIIBI
HECOOTBETCTBHI M JIEpeBbs pelieHnil kiaccuduraropos J48 u JRip. Ucnonb3yiite 3Ty uHGOpMALIUIO
IUIsL OTBETA Ha CIICAYIOIINE BOTIPOCHL:

Asnsromes au A3vlKU, npedcmasiienHvle 6 mekcme, poocmeenHuimu? Kax evi mooiceme smo
noomeepoums?

Knaccugpuxamop 1BK  nokazvieaem Hesvlcokylo mounocmv  Ofisl  MANEHbKUX — 3HAYEHUL
napamempa K. Koeoa evl usmemnseme snauenue (nanpumep, yeenuuusaeme 3uauenue K oo 59),
moyHocmb cywecmeenno pacmem. Kax vl 5mo o6vsicnume?

BBuny Bbicokoi pasmepHocTH AaHHBIX (1902 uucnoBbix aTpubyra), 00ydeHHE HEKOTOPBIX
knaccudukaropo (J48, JRip) 3amumaer MHOro BpeMeHH. [IJis yMEHBIICHHS BpPEMEHH PaOOTHI
aJITOPUTMA BBl MOXKETE€ COKPATUTh YHMCIO aTpuOyTOB, OCTAaBUB TOJBKO Haubojiee peleBaHTHBIE. DTO
MOKHO CJIeJIaTh C IMOMOIIBIO OJIHOTO M3 METOJO0B BbIOOpa aTpuOyTOB, MPEACTABICHHBIX HA BKIIAJIKE
Select Attributes. IepeiiauTe Ha yka3aHHYIO BKJIaJKy; yOSIUTECh, YTO B BBIIA/IAIOIIEM MEHIO BBIOpaH
JITOPUTM KJIacca; 3allyCTUTE MPOLEAYpY € apamMeTpaMu Mo yMosyaHuto. [locie BbIUMCIeHNs OLEHOK
3HaYMMOCTH aTpHOyTOB, Bbl MOXETE YIalUTh HEHYXHbIE aTpUOYyThl M3 HAOOpa JaHHBIX, MCIOJIb3YS
¢ueTp Remove. Jlist atoro Haxmute ChoOSe; BeIOepuTe yKa3aHHbBIH (UILTP; B HACTPOHKH (QUIIBTpa
BCTaBbTE HOMEpa OTOOPaHHBIX aTpuOyTOB M HonuiuTe | depe3 3amstyro; uamenure false na true ms
WHBEPCHH, YTOOBI OCTaBHTh TOJILKO 3HAa4YMMble aTpuOyThl W arpuOyT Kkiacca; Haxmute Apply.
IToBTOpPUTE DKCIIEPUMEHTHI U BBIITUIINTE 3HAUYEHUS CTATUCTHK.

Kak BbI BuAHMTE, KpOME COKpaIlICHUs BpeMeHH paboThl, kiaccupukatop IBK moBbicui cBoro
TOYHOCTB TIPH MaITbIX 3HaUeHUsIX K. Kak vl smo obvsacnume?



4., My3bIKaAHTBI HIYTAT
4.1 Onucanue

Jano:
e Komnekuus wu3 409 myTok o0 My3blkeé Ha aHIVIMHCKOM S3bIK€ C caiiTa
http://www.mit.edu/~jcb/jokes/.
HIyTkK1 mOMeYeHbl KaK CMEIIHbIE U HE CMELHbIE.

Haijitu:
e KrnaccudukaTopsl, KOTOpPBIC PACIIO3HAIOT, CMEIIHAS IITYTKA WJIH HE CMEIIHASL.

JlanHble ipeacTaBicHbl B (aiiae musicJokes.arff
4.2 3aganue

OOyunte U cpaBHUTE MeXIy co00il kinaccudukaropbl. BeIMUIINTE CTATUCTUKH U U3Yy4UTE
MaTpPHIIBI HECOOTBETCTBUN KIIACCH(PUKATOPOB.

[Mpumensiss  ¢unbTp StringToWordVector, Bbsl cHa4ana MOJYYHUTE OINMOKY: Ha3BaHHE
nepeMeHHo#H Class coBnagaer ¢ Ha3BaHUEM OAHOrO U3 aTpuOyToB (CI0B B TekcTe). HaxxmuTe Ha c10BO
StringToWordVector u B napamerpax ¢uibtpa BeiOepute HacTpoiiky StopwordsHandler — Choose —
WordsFromFile. Haxxmure Ha cioBo WordsFromHandler, 3arem ma stopwords. Co3paiiTe TeKCTOBBIM
daiin stopwords.txt, B koropom comepxkutcs 0aHO cioBo Class. Ykaxute myTh K 3TomMy daitny. Tenepb
BBl MOJKETE IPUMEHUTD (QUIIBTP.

Hcnonvsysn susyanuzayuio depesves pewenuti J48 u JRIp, mooiceme nu vl npeononodxcums,
umo oenaem wymKy CMewHou?

[TockonbKy HHM OAMH W3 KIAacCH(PHUKATOPOB HE HMEET BBICOKOH TOYHOCTH, MOMPOOYITE
YIAY4IIUTh PaboTy Kiaccu(pUKAaTOPOB, BEIOpaB Hanbosee pesieBaHTHbIE aTPpUOYThI, UCIIOIb3Ysl OJUH U3
MeTolIoB Ha Bkianke Select Attributes. Kakoii ancopumm nyuwuii?

5. AMEPUKAHCKHUI U KUTAMCKUIA aHTTHICKUH

5.1 Onucanue

Jano:
= Komrekuust u3 132 nap npeioKEHWM Ha AHIVIMMCKOM, HalMCaHHBIX
aMepUKaHIlaMU Hu KUTaUIaMHu, HA3YYArOIIUMH AHTTUACKUH
(http://www.englishdaily626.com/c-mistakes.php).
Haiitu:

= Kiaccupukaropbl, KOTOpbIE pPAaclO3HAIOT, HAMMCAHO MPEIJIOKEHHE Ha
AQHTTIUIICKOM aMEepHUKaHIIEM WM KUTaNIEM.

Jlannble npescTaBieHsl B (aiie americanChineseStyles.arff
5.2 3ananune

OOyunte u cpaBHUTE MeXAy coOoil kiaccudukaTopsl. OcCylmecTBUTE OTOOpP BaKHBIX
aTpuOyTOB.


http://www.englishdaily626.com/c-mistakes.php

TouHocTh KIaccudukaTopoB He npesbimaeT 50%. Mookcno au, ucnonv3ys kiaccugukamopul ¢
HeBbICOKOU ~ MOYHOCMbIO,  NONYYUMb  npuemiemvie  pesyavmamsl  Kiaccugukayuu?  Kaxum
KA1accugukamopom noib308amucsa?

Kpurepum oueHku:

11-12 GamioB BBICTaBIISIETCS CTYACHTY, €CIIM OH CBOEBPEMEHHO BBIINOJIHMJ BCE 3aJayM,
MPEIYCMOTPEHHBIE B IMPAKTHYECKOW paboTe, MOATOTOBMII OTYET B COOTBETCTBUH C TPEOOBAHUAMHU
IpernojaBaTenss U B IPOLECCE 3aIIUThl MPOJAEMOHCTPUPOBAI HAIUYME TEOPETHUYECKUX 3HAHUH B
o0beMe cosiepkaHusl y4eOHOM JMCIMITIIMHBIL, OTHOCAIIENCS K MpakTuieckoil padore. Cymen OTBETUTh
Ha JONOJHHUTEIbHBIE BOIPOCH], CBS3aHHBIE HE TOJBKO C IPOLIECCOM BBIMOJIHEHUS MPAKTUYECKOM
paloThI, HO U C TIOHUMAHUEM COBEPILEHHBIX JEHCTBUI U PEILICHHBIX 3ajiay.

9-10 6amI0B BBICTABIIAETCS CTYACHTY, €CIM OH BHIMONHWI OT 70% 3amad, npeyCMOTPEHHBIX B
IIPAKTUYECKON paboTe, MOArOTOBMI OTYET B COOTBETCTBMM C TPEOOBAaHUSAMM IIpENojaBaTelis U B
nporecce 3alMThl MPOJEMOHCTPUPOBA HAIMYHE TEOPETHUECKUX 3HAHUN B 00BEME COAEp)KaHUS
yueOHOI AMCUUMIUIMHBI, OTHOCALIEHcA K mnpakThdeckod pabore. Cymen OTBETUTh Ha BOIPOCHI,
CBSI3aHHBIE C ITPOIIECCOM BBITIOJTHEHUS IIPAKTUIECKOH paboThI.

7-8 0aIOB BBICTABISETCA CTYAEHTY, €ciau OH Oosee ueM Ha 50% BBINOIHMII ITOCTABJICHHBIE B
MPaKTUYECKOH paboTe 3aJaud, CIIOCOOCH OTBETUTh HA BOIPOCH, KACAIOIIUECS TEOPETUYECKON
COCTaBJISAIOLIEH B 00beMe coJiepKaHus y4eOHOM JUCIUIUIMHBL, OTHOCALIEHCS K IPakTH4YecKoil padore.

(0 6ayToB BBICTABISICTCS CTYIACHTY, €ciii OH Ooiiee yeM Ha 50% He BBITIOJHWI MIOCTABICHHEBIC B
IIPAKTUYECKON paboTe 3ajaud, HE CIIOCOOEH OTBETUTh HA BOIPOCHI, KACAIOLIUECS TEOPETUYECKOMH
COCTaBIISIIOLICH B 00BEME COJIepKaHUs y4eOHOM TUCIIMIUIMHBI, OTHOCSIIEHCS K TPaKTUYECKOH padoTe.

10.4. lpakTHyeckas padora Ne3

Knacrepusanus

B nacrosme#t maboparopHoil paboTe BBl MPOBEIETE SKCIEPHUMEHTHI C TPEMs aTOPUTMaMH
KJIacTepH3alMU.

1. Aaroput™m K-cpexHux

Anroput™m K-cpemHHX — 3TO NMPOCTOH, MPSAMOU alropuTM Kiactepusanuu. Kaxaplii kimactep
oTpeseNsieTcs] HEHTPOUAOM, U SK3EMIUIAPhl MPUHAAIEKAT K TOMY KIIACTEPy, €BKIUAOBO PaCCTOSHUE
710 LEHTPOUAA KOTOPOrO0 MUHUMAJIBHO. 3aTeM JUIsl KaXI0TO KjacTepa HaXxOAAT HOBBIM LIEHTPOUJ Kak
cpeaHee apupMeTHUecKoe HAOIIOACHUN B KJIAacTepe, YTO MOXKET MPHUBECTH K IIE€PECTaHOBKaM
AK3EMIUIIPOB MEXAY KiIacTepamMu. MITepaTUBHBIN IPOLECC 3aBEPILAETCS, KOTIA EHTPOU Bl IEPECTAIOT
MEHSThCS.

Barpysute ¢aitn  “marble.arff”. HaOGop nmaHHBIX comepkuT onmcaHue 15 1mapos,
HCIOJIb30BAHHBIX B KauecTBe MpuMepa Ha Jiekuuu. [locne 3arpy3ku Qaiina ynanure aTpudyT «1BeT»
(«colory), s 4ero BIOEpUTE €ro U HAXKMUTE KHOTIKY «Y nanuTh» («Removey»). OOpatuTe BHUMaHUE,
4yTo aTrpulyT «Kkjacce» («class») comepXuT ecTecTBEHHbIE Ha3BaHMs TPYI, OOCYKIABIIUXCS Ha
nexuuu. [IpoBepum Tenepb, CMOKET JIM aIrOpUTM K-means HaWTH 3TH TPYIIIBL.

[Tepeitnute Ha BriIaaky «Kmactepuzanus» («Clustery). Boeibepute anroputm SimpleKMeans.
[TockonbKy M3BECTHBI YETHIPE €CTECTBEHHBIX KJIacTepa, MCIOIb3yTe 4 UM 5 B KauecTBE 3HAUCHUS
mapametrpa k. YOemutech, 94To B KauecTBe pekuma kiactepusainuu BbiOpaH «Classes to clusters
evaluationy.

2.1 Tlockonbky anroput™ k-cpeiHHX HAXOAWUT JIOKAJbHBIH MHUHUMYM, OOBIYHO
PEKOMEHyeTCs 3aIyCKaTh ajJrOPUTM HECKOJBKO pa3 M MCIIOJNB30BaTh HAWIIYUIIAN W3



pe3ynbratoB. [IpoBeauTe SKCIEpUMEHT U U3Y4YUTE pe3yibTaThl. Hackonbko OIM3KO BbI
CMOTJIH NPUOIM3UTHCA K «UCaTbHOMY» pa3esICHUIO IapOB HA KIIacChl?

2. Aaropurm Cobweb

JIaHHBIH aNTOPUTM CTPOHT KJIACTEPHI, MOIIATOBO JA00aBIAA AIEMEHTHI K AEPEBY U BKIIOUYAs UX
B CYILECTBYIOUIMI KjacTep, €Clu 3TO MPUBOAUT K YBEIMYEHHUIO 3HAUYCHHUS (PYHKLHU IOJIE3HOCTH, 1O
CPaBHEHHMIO C OIpEJIEICHHEM dJIEMEHTa B HOBBIM Kiactep. [lo HEOOXOAMMOCTH CYIIECTBYIOLIHI
KJIaCTep MOKET ObITh pa3OUT Ha JIBa HOBBIX KJIacTepa, €CJIH ATO MOJIOKHUTEIbHO CKa)KeTCs Ha 3HAUCHUU
(GyHKIIUH M0Je3HOCTU. Pe3ynbTrpyroiiee MHOKECTBO KJIACTEPOB HA3BIBACTCS «IECHAPOTPaAMMO».

Ha Bxmaake «Preprocess» sarpysure daitn “marblespecific.arff” u ymamure atpubyr «uBer»
(«colory). daiin «marblespecific.arff) oTinyaercs ot npeapAyIero Habopa JaHHBIX B TOM IUIAHE, YTO
aTpubyT «Kiacce» («class») SBISAETCS YHUKAIBHBIM I KaKIOTO IIapa, 4To MO3BOJISIET pacro3HaBaTh
mapsl B otuere Weka. Kox i kaxaoro mapa COCTOMT M3 4YeThipeX OyKB WM IBeTa miapa. B CBOIO
ouepeb, YeThipe OYyKBbI 00BsAcHIOT pasmep (Big / Small), pacuserky (Monochrome / Polychrome),
oneck (Shiny / Dull) u mpospaunocts (Transparent / Opaque).

[Mepeiinure Ha Briaaky «Kiacrepusamusi». Beioepure anroputm Cobweb. YcranoBure ¢uiar
«Classes to clusters evaluationy, 4ToObl aJIrOPUTM HWTHOPHUPOBAJ 3HAYCHHE aTPUOyTa «KJIAcc», HO
BKJTFOYHJT ATOT arpuOyT B QUHAIBHBIN OTUET 1S cpaBHeHHs. [[pon3BeanTe KIlacTepU3aIuio.

3.1 Usyuute pe3ynbrarhl Ha OCHOBe Bu3yanu3aiuu nepeBa («Visualize tree»). Bwi
YIOBIICTBOPEHBI pe3yibTaramMu kiactepusanun? [louemy?

VBenuuenue 3HaueHus mapamerpa Cutoff amroputma OymeT cmnocoOCTBOBATH OTHECCHHIO
MOXOKUX IIapOB B OJIMH KJIacTep.

3.2 TIloskcnepuMeHTHpYHTe cO 3HaueHueM mnapamerpa Cutoff, moka BBl He Oynere
YIIOBJIETBOPEHBI PE3YJIbTAaTAMU KJIACTEPU3ALINH.

3. AJIFOpI/ITM MAaKCUMM3AlIMH OKUJAHUA

Anroputv EM — 3TO BEpOATHOCTHBIM anroput™m Kiactepuzauuu. Kaxapiii kiactep
OTIpE/IESAETCSl BEPOSITHOCTSIMU 3JIEMEHTOB 00J1ajaTh HEKOTOPHIMM KOHKPETHBIMH 3HAUYEHUSMU
aTpUOYTOB M BEPOSTHOCTSAMHU TNPHUHAUIEKHOCTH KaXJOro 3JIeMeHTa K kiactepy. /s 4YmcioBbIX
3HAYEHUH 3TO 3HAYECHHUE CPEAHEr0 U CTaHJApTHOE OTKJIOHEHHE JJIs KaXKJAO0ro 3HAUeHUs aTpulyTa, JUis
JMCKPETHBIX 3HAYEHUH 3TO BEPOSATHOCTH JUIS KaXK/10T0 3HAUCHUs aTpuodyTa.

[TockonbKy € JOUCKPETHBIMH 3HAa4€HUSMH Mpole padoTaTh, a TaKKe [UIs CpaBHEHUS C
pe3yabTaTaMH JIBYX MPEIbIIYIINX AITOPUTMOB, MPUMEHUM anroput™ EM k ToMy e Habopy JaHHBIX.
Ha Bxmaznke «Preprocess» 3arpysute daiin “marble.arff” u ynanure atpubyt «uset» («colory).

[Tepeiinure Ha Bkuaaky «Knacrepuzanus». Boeibepure amroputm EM. Ycranosure ¢uar
«Classes to clusters evaluation». [IpousBenuTe KiacTepu3auio.

4.1 W3zyuurte pesynbTarhl. CKOJBKO KiacTepoB mnosyuuioch? [louemy? Moxere au BbI
MOJYYHUTh JAPYrod pe3ynbTaT ¢ APYyruM 3HaUYeHHEeM napamerpa seed?

3HadecHUE napameTpa numClusters 10 YMOJTYaHUTO -1, 4YTO IMO3BOJIACT aAJITOPUTMY
CaMOCTOATCIIbHO ONPCACTIATE YHCIO KIIACTCPOB. Ecmu YKa3aTb KOHKPETHOC 3HAUCHUC, AJITOPUTM
ImoCcTapacTcAa OGH&py)KI/ITL HCO6XO,Z[I/IMOC YHCJIO KIIaCTCPOB.



4.2 V3MeHuTe 3Hau€HHE MapaMeTpa Ha YHCIO KIJIACTEPOB, KOTOPOE BBl XOTUTE MOJYYUTH
(wmu HEMHOTO OOJNBIIIE) W TIOBTOPUTE 3KCIEepuMeHT. [IpoBeauTe HSKCIEPUMEHTHI C
pasnumuHbIME 3HaueHusAMHU seed. Kak 3To BiusieT Ha pe3yabTaThl?

[Tpu u3ydeHnn oT4eTa BBl YBHIUTE 0A30BYIO0 BEPOATHOCTH KJIACTEpa U 3HAUCHHE BEPOSITHOCTH
JUIS KaXJ0ro arpudyTra, KOTOPYIO MOXHO TIOMYYUTh JCIICHUEM 3HAYeHHUs JHUCKPETHOW OIEHKU
(“discrete estimator”) Ha cyMMy OIICHOK 110 Kax0My aTpuOyTy («totaly), Hampumep:
ATpuOyrt: pazmep (Size)
Discrete Estimator. Counts = 2.41 11.86 (Total = 14.26)
O3HAYaeT, YTO BEPOATHOCTh 3HAuUeHUs «Oojbmion» (Dig) mis arpubyra «pasmep» COCTABUT
2.41/14.26 = 0.169.

[Topsiiok 3HaueHU aTpUOYTOB CIICTYIOIITHI:

“size” {big, small}

“colouring” {monochrome, polychrome}
“shininess” {shiny, dull}

“transparency” {transparent, opaque}

UToOBl ONpPENeNUTh «IYYIIUi» KiIacTep s IHapa, HYKHO TIEPEMHOXKHUTh 0a30BYIO
BEPOATHOCTh KJIAaCTEpa M BEPOSTHOCTH IJIs KaXKIOro W3 3HaueHuil arpubyroB. HopmanmzoBaHHOe
YHCIIO TACT OXKHUIAEMYIO BEPOSTHOCTH IIapa ObITh OTHECEHHBIM K KaXKIOMY U3 KJIACTEPOB.

Jnst crienyroniero SKCepuMeHTa YCTaHOBUTE 3HaueHue napamerpa seed paBHbIM 14, a yucio
knactepoB — 2. [IpousBeanTe KiacTepusaluio.

4.3 Ilycte y Bac mMeeTcs MalIeHbKHil, OJHOLIBETHBIN, HESPKUM, HEmpo3pauHblii map. B
KaKOM KJlacTepe Bbl OKUAAeTe ero yBuaeTh? (s pacueToB ucnonb3yite craHgapTHOE
npuiioxxkenue «Kanbkymstop».)

3akiaoueHue
BbI mpoBenu SKCIIEPUMEHTHI ¢ TpeMsI alTOPUTMAaMU Ha OJJTHOM Habope NaHHBIX.

5.1 [IlpuBenure (Kak MHUHUMYM) OJHO NPEUMYLIECTBO U OJMH HEIOCTATOK KaXJI0ro
aJIropuTM™Ma.

5.2 Kakoii U3 Tpex anropuTMOB KJIACTEPU3AlUU BBl TPEANIOYUTACTE HCIIOJIB30BATh IS
Habopa nanHbIX «[1lape».

Kputepun onenkmn:

11-12 GannoB BBICTABISIETCS CTYACHTY, €CIM OH CBOEBPEMEHHO BBIMOJHUI BCE 3a/auH,
MIPElyCMOTPEHHbIE B IMPaKTU4YECKOW paboTe, MOATOTOBMUI OTYET B COOTBETCTBMM C TPEOOBaHUSAMU
[IPEnoAaBarelis U B IPOLECCE 3aIUUTHI IIPOJEMOHCTPUPOBAI HAJIMYME TEOPETUYECKUX 3HAHUM B
o0BbeMe cojiep:kaHusl Y4eOHON JUCHMILIMHBL, OTHOCAIIEHCS K IpakTHueckoi pabote. Cymen OTBETUTh
Ha JIOIIOJIHUTEIIBHBIE BOIIPOCHI, CBSI3aHHBIE HE TOJBKO C IIPOLIECCOM BBINIOJIHEHUS NPAKTUYECKOMN
paboThl, HO U C TOHUMAHUEM COBEPILIEHHBIX ACHCTBUI U PELICHHBIX 3a/1a4.

9-10 6amoB BBICTABISAETCS CTYACHTY, €CJIM OH BBIMONHWI OT 70% 3a1ad, npeyCMOTPEHHBIX B
MpaKTU4YEeCKOH padoTe, MOATOTOBUI OTYET B COOTBETCTBMM C TpPeOOBaHUSMHU MpenojaBaTeis U B
npolecce 3alUThl MPOJIEMOHCTPUPOBAI HAIMYME TEOPETHUECKUX 3HAHUH B 00BEME COMAEp)KaHUs
yueOHOM JMCHUMIUIMHBI, OTHOCAUIEHCS K mpakTuyeckoil pabore. CyMmen OTBETHTh Ha BOIPOCHI,
CBSI3aHHBIE C IIPOIIECCOM BBIMOJIHEHUS MPAKTHUYECKOH paboTHI.



7-8 0anyoB BBICTABISIETCS CTYNIEHTY, €clid OH Oojee yeM Ha 50% BBINOIHWI OCTAaBICHHBIE B
MPAKTUYEeCKOW paboTe 3amadm, CIOCOOCH OTBETUTh HA BOIPOCHI, KAaCAIOIIUECS TEOPETHUECKON
COCTaBJISIIONIEH B 00beMe CcolepKaHUsl YICOHOU TUCITUTIIIMHBI, OTHOCSIIICHCS K MMPAKTHYECKOU padoTe.

(0 6amIoB BBICTABISIETCS CTYIACHTY, ecii OH Ooiiee ueM Ha 50% He BBITIOJHWI MOCTABICHHEIC B
MpPaKTUUYEeCKOH padoTe 3ajaud, HE CrIocoOeH OTBETUTh HA BOMPOCHI, KacarolIMecs TEOpeTHUYEeCKOU
COCTaBJISIONICH B 00beMe CO/IepKaHus yueOHOU JUCIMILTUHBI, OTHOCSIICHCS K MPAKTUIECKOU padoTe.

10.5. MpakTuyeckasi padora Ned

AcconMaTuBHbIE PaBUJIA

Rules Wizard (pa3pabotunk BaseGroup Labs) — mpocroe B HCIOJIIB30BaHHH TPHIOKEHUE,
pemaronee 3agadyd MOMCKA accolMaTHBHBIX cBs3ed (Association Rules). Ilporpamma mo3BossieT
BBISIBJIATh ACCOLIMATHBHBIC MPaBHJIA, UCIONB3Ys TAOJHUIly TPAH3aKIUH U MPEACTABIATh MX Pa3HBIMHU
criocobamu - B BUJIE (POPMAaTUPOBAHHOTO TEKCTA, IEPEBa, IEPEKPECTHON 1 OOBIYHON TAOJIHUIIBI.

AccoluaTuBHbIE CBSI3M — 3TO 3aBUCMMOCTH BHUJAA: €CIM MPOHM30LUIO COOBITHE A, TO C
OIIPENICICHHOW BEPOATHOCTHIO TMpou3oiineT cobbitie B. IlpuMepom Takoro mnpaBwiia, CIIYKUT
YTBEp)KJIEHHE, YTO TOKYyMarenb, mpuodperaromuii Xined, nmpuodpereTr U MOJIOKO C BEpOSTHOCTHIO
75%.

BriepBrle 3amaya MOMCKAa acCCOIMATHUBHBIX MPAaBHJ OblIa TNPEAJIOKEHA IS HAXOXKICHUS
TUIMYHBIX [1a0JIOHOB IMOKYIIOK, COBEPIIAEMBIX B CyllepMapKeTax, II03TOMY MHOT/IA €€ CIe Ha3bIBAIOT
aHaTM30M pBIHOYHOW Kop3mHbl (market basket analysis). HawuGomnbimee wucmonb30BaHue
aCCOIIMATUBHBIC MPABWJIa HAXOAT B TOPrOBIIC, TAK KaK IMO3BOJIIOT CKa3aTh, KAKOH JOMOTHUTEIbHBIHN
TOBap MOXKET NPUOOPECTH KIIMEHT, €CII OH yXKe KYIHJI HEKOTOPBIE TOBAPHI.

3aanue: MPOBECTH aHAIW3 PHIHOYHOM KOP3WHBI HA OCHOBE Habopa JaHHBIX O MOKYIKax B
cynepmapkere (976 nokynareneii, 4852 nokynku, 49 HauMeHOBaHUII TOBapOB).

OOBsICHUTE 3HAUECHUE MOAACPIKKH U NOCTOBCPHOCTHU IAJIA1 aCCOLIMAaTUBHOI'O IIpaBHJIa BUJA:

Ecnu Monoxo H [leuenve
To Yuncor

TIloooepocka = 0,72%
Hocmoeepnocmv = 77,78%

1. lnst BJ1 Tpan3aknuii u3 daiina smarket.txt (B manke RulesWizard/Data) npou3sseaure aHaan3
PBIHOYHOM KOpP3MHBI cO 3HaueHusMu noxpaepxkku s=0,3~100,0 u npocrosepHoctn ¢=70,0~98,0.
W3yuurte npeacraBieHuss pe3yabTaToB B BuAE (OPMAaTUPOBAHHOTO TEKCTa, JI€peBa acCOLMATHUBHBIX
MPaBUJ, MEPEKPECTHOM TaONMMILBI U TaOIUIBl TpaBuwl. 3aUKCUPYHTE YCIOBHS MOUCKA, KOJIMYECTBO
HaIEHHBIX MTPABUJI U MHTEPBAJIBI, HA KOTOPBIX JISKUT 3HAYCHHUE TOIEPIKKH U JIOCTOBEPHOCTH.

2. Ilo nepeBy acconuaTHBHBIX TpPaBWI ONPEICIUTE TPOMKY TOBapOB-OECTCEIIEPOB.
[Tepeunciute Bce IBYXIIEMEHTHBIC aCCOIIMATUBHBIC HAOOPBI-ITUIEPHI MPoaaX ($>5%).

3. Jlns Tpex accouuaTuUBHBIX TpaBui ¢ HU3koi (<0,5%), cpenueit (~1%) u BbIcOKOH (>5%)
CTCIICHBIO TOJICPKKH, COOTBETCTBEHHO, CJETIAlTe IMPEANOIOKEeHHE, TI0YeMy HUMEHHO 3TH TOBapbI
OKa3aJuch B OAHON Kop3uHe. COCTaBbTE MOPTPET-XaPAKTEPUCTUKY TTOKYIIATEIS.

4. Wcnonb3ys NpeAcTaBIeHUE B BUAE NEPEKPECTHOW TAOJIMIBI, BBIICHUTE, HAIMYME KaKHUX
TOBapOB B KOP3UHE C OOJIBIION BEPOATHOCTHIO OMPENIEIHUT MOKYIKY BETUYMHBI, IIIOKOJIa1a U Kode.

5. TlonGepute 3HaUEHUE MOANEPKKH, IpU KOTOopoM dopmynupyercs ~100 acconmaTUBHBIX
npaBui. O3HaKOMbTeCh CO cTaThell «3aueM Kymwi - He 3Haio» (razera «HoBble wu3BecTHs»).
[Ipennoxute HE MeHee 3 «MHTEPECHBIX» aCCOLIMATUBHBIX HAOOPOB TOBApOB, KOTOPhIE PEKOMEHAYETCS



pa3Merarbh Ha OAHOM IMOJIKE WM OOBEAUHATH B HAOOPHI CO CKUAKON. APryMEHTHUPYHTE, TTOUEeMY ITH
ACCOLIMAaTUBHBLIC MTpaBUJIa MOKHO CHUTATh «<MHTCPCCHBIMU ).

Kpurepun onenkmn:

11-12 OamioB BBICTaBISIETCA CTYACHTY, €CIM OH CBOEBPEMEHHO BBINOJIHWI BCE 3aJauH,
IIPEyCMOTPEHHbIE B MPAKTHYECKOW paboTe, MOATOTOBWII OTYET B COOTBETCTBUM C TPEeOOBAHUAMHU
IpernojaBaTenss M B IPOLECCE 3allUThl MPOJEMOHCTPUPOBA] HAJIMYME TEOPETUUYECKUX 3HAHUN B
o0beMe cosiepKaHus y4eOHOM NUCIMITIIMHBI, OTHOCAIIEHCS K IpakTudeckoil padore. Cymen OTBETUTH
Ha JOINOJHMUTEIbHBIE BOIPOCHI, CBSA3AHHBIE HE TOJIBKO C IIPOLECCOM BBIIOJHEHUS NPAKTUYECKOU
paboThl, HO U C MOHUMAHHEM COBEPILIEHHBIX JEHCTBUN M PEIICHHBIX 3ajad.

9-10 6am10B BBICTABIISIETCS CTYAEHTY, €CIM OH BbINONHWI OT 70% 3agad, npeyCMOTPEHHBIX B
MPAaKTUYECKOH padoTe, MOATOTOBHMI OTYET B COOTBETCTBHHM C TPEOOBAaHUSMH IIPENOAaBaTeNsi U B
Ipolecce 3alUThl MPOJEMOHCTPUPOBAI HAJIMYME TEOPETHUECKUX 3HAHUH B 00beMe COoJepkKaHUA
yu4eOHOH AMCUUIUIMHBI, OTHOCAILICHCA K NpakThdeckoi pabore. Cymen OTBETHUTh Ha BOIPOCHI,
CBSI3aHHBIE C [IPOLIECCOM BBINOJIHEHUS IPAKTUUYECKON pabOoThI.

7-8 OayIOB BBICTABISIETCS CTYJIEHTY, €Clid OH Oojee 4yeM Ha 50% BBIMOIHWI OCTABIICHHBIC B
IIPaKTUYEeCKOM paboTe 3ajaud, CIOCOOEH OTBETUTh HA BOIPOCHI, KacalollUecs TEOpPeTUYECKON
COCTABIISIIOLICH B 00BEME COJIepKaHUs y4eOHOM MUCIUTUIMHBI, OTHOCALICHCS K IPAaKTUIECKOi padore.

0 OanIoB BBICTABIISETCS CTYAEHTY, €CiM OH Oosee yeM Ha 50% He BBIOJHUII TOCTABJICHHBIE B
IIPaKTUYECKONH paboTe 3ajauM, He CIOCOOEH OTBETUTh HA BOIPOCHI, KacaroIIMecs TEOpeTHUECKON
COCTaBJISAOLIEH B 00beMe coJiepkKaHus y4eOHOM JUCLUIUIMHBL, OTHOCALIEHCS K IPakTH4YecKoil padore.

10.6. IIpakTHyeckas padora Ne5

AHa/Iu3 cBsI3eil B COMMAIBbHBIX CETSIX
Lenvio nabopamoprno2o 3ansmus SBISETCS W3ydeHUE 0A30BBIX MOHATHH W TEXHUKH aHAIH3a
corpanbHeix cereii Ha ocHoBe mporpammbel UCINET 6 kommammm Analytic Technologies,

SIBIISTFOILICTACS CTaHAapTOM IJId CIICHUAJIMCTOB B o0J1acTu aHaau3a COIIMANIbHBIX CETEil.

Teopernyeckass 4acThb

OdeHpb YacToO pacrpe/elieHHbIe CUCTEMBI, B YaCTHOCTH CETH COTOBOW CBSI3M, KOMITBIOTEPHEIC
cetu u Becemuphas [laytuHa 001a1at0T CI0KHOM TOIMOJIOTHEH M UMEIOT B CBOEH OCHOBE COLIMANIbHBIE
nporieccbl. OCHOBHBIM TIOJIX0/IOM K M3YYEHHUIO TAKHX CTPYKTYP SBJISETCS aHAJIH3 COIMATBHBIX CETEH.

Ananus coyuanvuvix cemeti — 3TO METOJIOJIOTUS U METOJAbI MCCIEIOBaHUS B3aMMOAEHCTBHM
MEXIY COIMAIbHBIMH OOBEKTaMH (AaKTOpamMH) W BBISIBICHHE YCIOBHH BO3HHUKHOBEHUS JTHX
B3aMMOJICVICTBUM.

OCHOBHBIMH METOJIaMH aHAJIHM3a COIMATBHBIX CETEH SIBJISIOTCS METOMIBI TEOPHH I'padoB.

JlaHHbIE O CBSI34X aKTOPOB MPEJCTABISAIOTCS B BUIAE coyuomampuysl - KBaJApaTHOM WiIH
MPSIMOYTOJIBHOM TaOJIHIIBI, 3JIEMEHTHI KOTOPOH COOTBETCTBYIOT TIOKA3aTENSIM CHJIBI CBSI3H, HCXOISIIEH
OT aKTOpa B i-if CTPOKE K aKTOPY B j-M CTOJIOIIE.

Bcsikoit cormomarpuile MOKeT OBITh B3aUMHOOIHO3HAUHO corocTaniieH rpad. Csss3u B rpade
MOTYT OBbITh HEHampaBleHHbIMU (peOpa) W HampaBieHHBIMH (Iyru). I'pad c 3amaHHBIMEM Ha HeM
ITyraMy Ha3bIBAETCS OPUEHTUPOBAHHBIM, MM oprpadoM. BepiHbl, coeTMHEHHBIE PEOPOM, SBIISIOTCS
CMEXHBIMU. CmeneHnvio 6epuiunbl Ha3bIBACTCA YHUCIO pedep, COenuHEHHble ¢ Hell. Hcxooaweri
CMenenvio 6epuiuHbl Ha3bIBACTCS YUCIIO YT, UCXOSIINX U3 BEPUINHBI, 6X00Well Cmenensblo - Yicio
IYT, BXOJSIIUX B BEPIIUHY.

[TocnemoBaTenbHOCTh  BEPIIMH, COCAMHEHHBIX peOpaMH, COCTaBISIeT yens. B 1enu
HampaBJIeHUE CBS3eH MEX/y BepIIMHAMU HE UMeeT 3HaueHus. B npocmotii yenu vy oHa U3 BEPUIMH U
HU OIHO M3 pebep He moBTopslTca. Yucino pebep nenu HaspiBaeTcs ee Oaunou. JlmmHa camoi
KOPOTKOMW IIeTH, CBSI3BIBAIOLICH J[BE BEPILMHBI, HAa3bIBACTCS paccmosnuem MEXIy BeplmnHamu (0e3
yudeTa HamnpaBJIeHHUs CBS3el).



[TocnenoBaTenbHOCTh BEPUIMH, COCAMHEHHBIX IyramMH, Ha3bIBaeTcs nymem (HampaBieHHE
CBSI3€M CYHIECTBEHHO). B nmpocmom nymu Hu opHa M3 BEpUIMH W HU OJHA U3 AYTI HE MOBTOPSIOTCS.
Uucno nayr, COCTAaBISIIONIMX TyTh, HA3bIBACTCS €ro oauHou. J[IMHy camMoro KOpPOTKOTO TyTH,
CBSI3BIBAIOILETO JIBE BEPUIMHBI, HA3bIBAIOT paAcCCmMosHUeM MEXAY HUMH (C y4eTOM HalpaBlICHUs
cBszeit). Oprpad, B KOTOPOM W3 KaKJIOW BEPIIMHBI CYIIECTBYET MYyTh K JI0OOOH Apyroi BEpIIHHE,
HA3bIBACTCS CUILHO C6A3HbIM (IIyTEUIECTBOBAaTh MOXKHO JIMING 1O HampasieHuto nayr). Oprpad, B
KOTOPOM CYILECTBYET LI€Nb W3 KaXKI0W BEPIIMHBI K JIIOOOH ApYyroi, Ha3bIBAETCS C1abO CBA3HbIM
(MO>XHO MyTEIIECTBOBATH MPOTUB HAIIPABJICHUS JYT).

Ilnomnocms  2pagha BHIUUCISIETCS KaK OTHOIIGHHWE 4YHCIA CYHIECTBYIOIIUX CBs3ed K
MOTEHIIUAJIHLHO BO3MOXKHOMY.

IMoka3arenu 3aMeTHOCTH. Ves HEHTpaIbHOCTH BepIIMH B rpade, ux "BaxkHOCTH" Hadaia
pa3pabaTrhIBaThCsl OJTHOM W3 MEpPBBIX B aHAIM3€ COLMAIBHBIX ceTeil. MICTOYHHMK 3TOM HIen MOXKHO
YCMOTPETh B MOHATUU "3BE3/bl" - CaMOTO MOIYJISIPHOTO YellOBeKa B rpyme. bynem Ha3biBaTh Mepy
3aMETHOCTH aKTOpa B CE€TU (HEOPUEHTHPOBAHHOM Tpade) yeHmparbHocmyio, 15 BXOASIIUX CBA3CH B
oprpade - npecmudicem, Al ICXOIAMINX CBA3CH - 9KCHAHCUBHOCMBIO.

[IpocToif M MHTYMTUBHO MOHSTHBIA MOJIXOJ K HW3MEPEHUIO LEHTPAJbHOCTU WHIAUBHUIOB
OCHOBBIBAeTCs Ha uaee cmenenu. L{eHTpanbHOCTh HA OCHOBE CTETIEHU TEM BBIIIE, YeM OOJIbIIE YUCIIO
CBsI3€H BEpUIMHBI C IPYTHMMH BeplIuHamMu B rpade. MHIEKCH [EHTPAIbHOCTH MO CTENEHU SBISIOTCS
JOKAJbHBIMU ~ XapaKTEPUCTHKAMH  TOJOXEHHS BEpPIIMHBI B rpade - OHH  YYHUTHIBAIOT
HEMOCPEACTBEHHBIX COceleH, ONMKaNITyI0 OKPECTHOCTh BEPUIMHBI M B 3TOM CMBICIIE TIOBEPXHOCTHBI.
B otHomeHun tuna «apyx0a» NPECTHXK MOXKHO MHTEPHPETUPOBATh Kak IOIMYJISIPHOCTb, a
AKCIIAaHCUBHOCTH KaK ()OpMy KOMMYHHKA0EIbHOCTH.

Bropas rpynna noka3arenei LHEHTpaJbHOCTH OCHOBAaHA Ha UIEE O1u30cmu JAHHOW BEPIIMHBI
KO BCEM OCTalbHBIM BepminHaMm rpada. LleHTpalbHbIM SIBIsSIeTCS TOT WHIMBUMA, KOTOPBI OBICTPO
B3aUMOJICHCTBYET € APYIHMMHM JIMOO HEMOCPEIACTBEHHO, MO0 Yepe3 HEeOOJbIIOe YHCIO MOCPEIHUKOB.
brnuzocTh ompezensercss kKak BeTUYMHA, OOpaTHas CyMME JUIMH CaMbIX KOPOTKHUX MyTeH OT JAaHHOTO
MHUBHUAA KO BCEM OCTAJIbHBIM. JlOCTyIHas HHTEpHIpeTaus OJIM30CTH - 0KHUIAEMOE BPEMSI JBUKCHMUS
pecypca (Hampumep, uHPOpMANUU) OT JIIOOOr0 YYacTHHKA CETH K JaHHOMY WHJIUBUIY.
LenTpanpHOCTh 1O OJU30CTH ABISETCS IN100aNBHON Mepol cetu. Henocrtarok nmokasaresns B TOM, 4TO
OH HE ompeAeNeH [Uisi U30JIMPOBAHHBIX BEPIIMH, IOCKOJIBKY IPH OTCYTCTBHUHM CBS3H MEXIY
BEPIIMHAMHU PACCTOSIHUE MEXKIY HUMHU OECKOHEUHO.

B3aumopneicTBue ByX HECMEKHBIX WHIUBUAOB MOXKET HAaXOOUThCS TI0J KOHTPOJIEM
BO3MOXKHBIX MOCpenHuKOB. [Ipu mouckax paboThbl, HampuMmep, BaKHO HE TO, CKOJBKO 3HAKOMBIX Y
IIPETEHJIEHTa, & CKOJIBKO 3HAaKOMBIX Yy OTHX 3HAKOMBIX. METOJ OLEHKH LEHTPaIbHOCTH IIO
nocpeonuyecmey JUIsl BEPIIMHBI 3aKJIIOYAETCS B HAXOXKJIEHUU JOJM CaMbIX KOPOTKHX IIyTeH,
COCIUHSAIONMX BCE Mapbl BEPIIMH, KOTOPBIE MPOXOAAT 4YEpe3 JaHHYK BEPLIIMHY. JTO cyMmMMa
BEPOATHOCTEM TOro, 4YTO JApyrue axkTopbl B CBOMX B3aUMOJEHCTBUSX OyayT mnpuberatb K
IIOCPEAHUYECTBY JAHHOT'O aKTOpa.

[leHTpanbHOCTh Ha OCHOBE COOCMBEHHbIX 6eKmopos — 0o0liee CI0XKHBIA I0Ka3aTeb,
YUUTHIBAIOIIUN CBSI3U BEPILMHBI C BEPUIMHAMH, UMEIOIUMH 00jbloi Bec. [IpumepoM Takoit Mepbl
LEHTPAIBHOCTH siBJIsieTcs mapamerp Google PageRank.

[Toka3arenn UEHTPAJbHOCTH, OCHOBAaHHblE Ha CTENEHH, HWHPOPMALMOHHO OEIHBI.
[leHTpanbHOCTh 1O TOCPEIHUYECTBY U IEHTPAJbHOCTh HA OCHOBE COOCTBEHHBIX BEKTOPOB
NPEANOYTUTENIbHEl B CHJIYy TOrO, YTO OHM MMEIOT OOJIBIIYI0 M3MEHYMBOCTh 3HAueHU u Ooiee
MHTEPECHYIO UHTEPIIPETALIUIO.

3ananue

1. Ha nucrke 6ymare HapucyiiTe NMpOU3BOJIbHBIN I'pad Ha 6 BEpIIMH U § HEOPUEHTHUPOBAHHBIX
pebep (6e3 wm30MMpOBaHHBIX BepiinH). Ha3oBuTe BepIIMHBI JAaTUHCKUMHU OyKBaMHM WM
CIIOBaMH.

2. IlpencraBbTe HapUCOBAaHHBIN rpad B BUJE MATPHUIIBI 6X6, B KOTOPOH «1» COOTBETCTBYET pedpy
MEXJy BepmHaMu, «0» - peOpo OTCYTCTBYET.



B brokHOoTEe Ha ocnose noocomosnennou mampuybl CO3MANTE WCXOIHBIA TEKCTOBBIM (haii
netl.txt B cnemyromem popmare (rae N — YUCIO BEPLIUH):
dl n=4 format=fullmatrix
data:
0110
1011
1100
0100
Zamycrute nporpammy UCINET (ITyck > IIporpammer > Analytic Technologies > Ucinet 6 for
Windows).
3arpysute daiin (Data > Import > DL). B nepom nosnie (Input text file in DL format) ykaxkute
MyTh K UCXOJHOMY TeKcTOoBOMY dainy u Haxmute OK. MtoroBeiii padounii aitn B hopmare
UCINET Oyner umers pacmupenue * ##h. Otkpoiite daiin ans npocmotpa (Data > Browse) u
yOeauTech, YTO UMIOPT COCTOSLIICS.
3anyctute NetDraw (mocnemuss mkonka Ha nanenu uHcTpymeHToB UCINET) m oTkpoiite
pabounii daiin netl.##h (File > Open > Ucinet dataset > Network).
[leperackuBasi BEpIIMHBI, TPUBEIUTE PHUCYHOK B COOTBETCTBHE ¢ rpadoMm Ha Oymare.
Coxpanure pucyHok B opmare JPG (File > Save Diagram as > Jpeg) nmox umenem netl.jpg.
[ToBTOpUTEe Maru 3-7, HO WCIOJB3YWTE TENEPh pacIIMPeHHBIA (opmar McXomgHOro (aiina
net2.txt ¢ Ha3BaHUSAMU BEPIIHH:

dl n=4

labels:

AB,C,D

data:

0110

1011

1100

0100

daiiner netl.txt, netl.##h, netl.jpg, net2.txt, net2.##h, net2.jpg ciayxat oT4yeToM IO MEPBOI

4acTH pabOTHI.

Janee paborta Oyner Bectuch ¢ Habopom manusix PADGETT (\Program Files\Analytic

Technologies\Ucinet 6\DataFiles\PADGETT.##h) o commanbHbIX CB3sIX Mexay 16 cemeiicTBamu
®nopenuun 3mnoxu Bo3poxaenus. B ¢daiine congepxarcs Be ceTH — CyNpy>KECKUe U JEJI0BbIE CBS3U.
Mgl Oynem pabotath ¢ epBOM ceThblo. J{is1 3TOro He0OXOAMMO BBIEIUTH CETh U3 HabOpa, UCIIOB3Ys
komany Data > Extract. B nepsom nosne (Input dataset) ykaxute myts K HcXoaHOMY (aiiny, B mojie

Which matrices Beeaute «1» m Haxmure OK. B nanpHeiitieM pabotaiiTe ¢ HOBBIM  (aitioMm
PADGETT-Ext.##h

Word.
1.

2.

Otuer o BTOpO# YacTu paboThl odopmisiercss B Buze ¢aitna net3.doc B popmare Microsoft

Wzyuure wmatpuiyy cetu (Data > Display) u Brimounte ee B otuer. (Mcmonb3yiite
¢buxcupoBanHbli mpudt, Hanpumep Courier.)

3amyctute NetDraw, 3arpysute cetb, coxpanute pucyHok B ¢popmare JPEG u Brimrounte ero B
OTYeT.

Beraucimre torHocte rpaga (NETWORK > COHESION > DENSITY). Ilposepste
NPaBUILHOCTh, PACCYMTAB IUIOTHOCTh BPYYHYIO Ha OCHOBE MaTpHIbl M3 miara 1. Bxirouurte
3HAa4YCeHUE TUIOTHOCTHU M XOJ PYYHOTO pacueTa B OTYeT.

Berunciure paccrosuus mexay cemeiictBamu (NETWORK > COHESION > DISTANCE).
[IpoBepbTe TPaBUIBHOCTh, pACCYMTAB BPYYHYIO PACCTOSHHUS MEXKIY HECKOJIbKUMHU
ceMelCTBaMM Ha OCHOBE pHCyHKa M3 mara 2. Brmounte matpuity Geodesic Distances u xon
PYYHOTO pacyeTa B OTYeT.

BbruucnuTe ¥ BKIIIOYUTE B OTYET (TOJIBKO OCHOBHBIE PE3YNbTaThl — 0€3 CTATUCTHK) CIIEAYIOIINE
MIOKA3aTeN! EHTPATbHOCTH CEMENCTB:

a. LentpanbHocth Ha ocHOBe crenenn (NETWORK > CENTRALITY > DEGREE).



b. Lenrpamsuocts mo mocpeanndectsy (NETWORK > CENTRALITY > FREEMAN
BETWEENNESS > NODE BETWEENNESS).

c. IenTtpampHOocTh Ha ocHOBe coOcTBeHHBIX BeKTOpoB (NETWORK > CENTRALITY >
EIGENVECTOR).

6. IloaroToBhTe I oTyeTa TAOJMIy, B KOTOpOH 16 ceMelcTB OyAyT OTCOPTHPOBAHBI IO
yOBIBAaHUIO TIOKA3aTeNs IEHTPATbHOCTH HAa OCHOBE cremeHW. Tabmuma — Ha 16 cTpok U 4
KOJOHKH  (CeMEHCTBO, IIEHTPAJIbHOCTH HAa OCHOBE CTENEHH, LEHTPAJbHOCTH  I10
MOCPEIHUYECTBY, IICHTPAILHOCTh Ha OCHOBE cOOCTBeHHBIX BekTopoB). (Mcmomb3yitte Excel
i uHcTpymeHT Tabmwma 8 Word.)

7. BpiOepure NpoU3BOJIbHYIO Napy CEMEHCTB C OJMHAKOBOH IIEHTPAIbHOCTHIO Ha OCHOBE
CTENIEHH, paBHOM «4», HO C COBEPLICHHO pa3HbBIMU OIICHKAMHU IICHTPAJBHOCTH II0
nocpeaHuuecTBy. Mcnons3ys couumorpamMmy U3 miara 2, NpeayioKUTe OOBSICHEHHE CTOJIBKO
KapJWHAIBHOMY Pa3JIMUMIO B LIEHTPAIBHOCTH 10 MOcpeannyecTBy. Crenaite To xe caMoe IS
napbl CEMEHCTB ¢ OJIMHAKOBOM LEHTPAJIBLHOCTHIO Ha OCHOBE CTEMEeHH, paBHOU «3». OTpa3ute
CBOU BBIOOp M OOBSICHEHUE B OTUETE.

8. BriOepure mNpou3BOJIbLHYIO Napy CEMEHCTB C OJMHAKOBOM IIEHTPAIbHOCTBIO Ha OCHOBE
CTENIEHH, PaBHOM «4», HO C COBEPUICHHO pa3HBIMU OLEHKAMH LEHTPAIbHOCTH Ha OCHOBE
COOCTBEHHBIX BEKTOPOB. M CIONb3ys cOIMOrpaMMy U3 mIara 2, mpeaoKuTe 00bsICHEHHE CTOMb
KapJMHAIBHOMY Pa3JIMYMIO B IEHTPAIBHOCTH Ha OCHOBE COOCTBEHHBIX BEKTOpPOB. Crenante To
KE caMoe JJIs Mapbhl CEMEMCTB C OJAMHAKOBOW IEHTPAIILHOCTHIO Ha OCHOBE CTEMEHH, PaBHOMN
«3». OTpasute cBoi BEIOOpP U OOBSICHEHHUE B OTUETE.

9. Camoopranuzanus COIMAIbHBIX CETEH MpPOSBISETCS B BUAE COOOIIECTB — TPYII BEPIIMH C
BBICOKOW TUIOTHOCTBIO pebep BHYTPU TPYNIBI U HE BBICOKOW IUIOTHOCTBIO pedep Mexmy
rpymnmnaMu. Beigenure cooOlecTBa B CETH, HCIONB3ys cienayromumi amrroputM [Girman,
Newman, 2002]:

a. Bprumciure mokasarens mnocpemnnuuectBa s pedep B cetm (NETWORK >
CENTRALITY > FREEMAN BETWEENNESS > EDGE (LINE) BETWEENNESS).
b. Vnamure pebpo ¢ makcumaiabHbIM 3HadeHueM mocpennuuectsa (DATA > BROWSE,
obnyisieMm ynansemoe peopo, FILE > SAVE)
C. W3yuute HOBBII pucyHok cetu B NetDraw.
[oBTOpsiiiTe 1iaru a)-C), moka rpad HE HAYHET PaCMaiaThCs HA HECBS3HBIC KOMITOHEHTBI,
MOCTETIEHHO OOHapyXuBas cooOmiectBa. Bxmrounte B oT4eT 2-3 pHCYHKA, HArJIAIHO
WITIOCTPUPYIOIINE TPOLIECC BBIICTICHUS COOOIIECTB.

Kpurepun onenkmu:

11-12 GamioB BBICTABISIETCS CTYACHTY, €CIM OH CBOCBPEMEHHO BBLITIOJHUI BCE 3aJlayH,
IPEJYCMOTPEHHBIE B IMPAaKTHYECKOW paboTe, MOATOTOBHII OTYET B COOTBETCTBUM C TPEOOBAHUAMHU
MperoiaBaTeNisi U B TPOLECCEe 3alIMThl MPOJEMOHCTPUPOBAT HAMYHME TEOPETHUECKUX 3HAHHWHA B
o0beMe cojiepkKaHusl y4eOHOM TUCIUITIIMHBI, OTHOCAIIEHCS K pakTuieckoil pabore. Cymen OTBETUTH
Ha JIONOJHHUTENBHBIE BOIPOCH], CBSI3aHHBIE HE TOJBKO C IIPOIECCOM BBHIMTOJHEHUS MPAKTUYECKOM
paloThl, HO U C MOHUMAHHEM COBEPILEHHBIX IEHCTBUI M PEILICHHBIX 3aay.

9-10 6amIoB BBICTABIISIETCS CTYACHTY, €CIIH OH BHITONHWI OT 70% 3amad, mpeayCMOTPEHHBIX B
MPAaKTUYEeCKON paboTe, MOJrOTOBMUI OTYET B COOTBETCTBMM C TPeOOBaHUSAMM IIpENojaBaTelii U B
mporecce 3alluThl TPOJIEMOHCTPUPOBAT HAIMYHE TEOPETUYECKUX 3HAHMHA B 00BEME COAepIKaHUs
y4eOHOM JNMCHUIIIMHBI, OTHOCALIEWCS K MpakTUdeckoil pabore. Cymen OTBETHTh Ha BOMIPOCHI,
CBsI3aHHBIE C MTPOIIECCOM BBITIOTHEHUS TIPAKTUIECKON pabOoTHI.

7-8 0aJIOB BBICTABISETCS CTYACHTY, ecli OH Oojee ueM Ha 50% BBINOIHUII MOCTABJICHHbIE B
MpaKTU4YeCKOH paldoTe 3anadyu, CIOCOOEH OTBETUTh Ha BOIPOCHI, Kacalolluecs TEOpeTHUEeCKON
COCTaBIISIOLIEH B 00beMe cofiepkKaHus yu4eOHOM JUCIUIUIMHBL, OTHOCALIEHCS K IPakTH4YecKoil padore.

0 GayIoB BBICTABIIICTCS CTY/ICHTY, €l OH Oosiee ueM Ha 50% He BBITOJHUI MOCTABJICHHBIE B
MPaKTUYeCKON paboTe 3ajJauu, HE CIIOCOOEH OTBETUTh Ha BOIPOCHI, KACAIOUIUECS TEOPETUUYECKOM
cocCTaBJIsIoONIei B 00beMe cosiep kaHus yueOHOW JUCIUIUIMHBL, OTHOCSIIEHCS K MpaKTUYecKoi padoTe.



I[OHOJIHI/ITCJIBHBIG BOIIPOCHI

[Toustue Data Mining.

Jannble, nHPOpPMAIIUS U 3HAHUS.

Enunast merononorust oOHapy>KeHUs! 3HaHUM.

3ajaua perpeccuu.

3anava kinaccuuKaim.

3ajaua KJacTepu3alui.

3asaya aHajaM3a acCoOlMAaUi U MOCIEeI0BATEIbHOCTEH.
Habops! u TUNBI JaHHBIX.

dopmMaThl XpaHEHUS JAHHBIX.

0. KauectBo nanubix. OuncTKa JaHHBIX.

11. Mertoapl 0TOOpa 3HAUUMBIX IPU3HAKOB.

12. ®unbTpsl. O60I0YKH.

13. HWupykuus n1epeBbeB PELICHUN.

14, «O0pe3ka» nepeBbeB: MPEAPEAYKIUS U TOCTPEITYKIIHSL.
15. Pemaromiue npaBua.

16. Anroputmsel ID3, CART, C4.5.

17. Anroputmbl orpaHMu€HHOTO repedopa.

18. Meroa onopHBIX BEKTOpOB. JInHeiiHas U HeIMHeWHas pa3aeTuMOCTb.
19. BaiiecoBckas kinaccudukarys.

20. HawmBnas GaiiecoBckas KiaccupUKaIlus.

21. TwumonoruvecKwii 1 TAKCOHOMUICCKUHN aHAIU3.

22. CraTucTudeckue MeTo bl Kiactepusanuu. EM-anropurm.
23. Meron k-cpeqaux. Mepbl pacCTOSHU.

24. Wepapxuyeckue METObl KIACTePU3AlIHH.

25. Bwusyanmmzanus kinactepoB. JleHIporpaMMBl.

26. JlmarpamMmbl pacCEUBaHMS.

27. Camoopranusymomnecs kapTel Koxonena.

28. KonnenryaibHas KlacTepU3alus.

29. Anroputm Cobweb.

30. TI'pacdoBbie METOMBI KJIACTEPU3ALIH.

31. BrlaeneHue CBA3HBIX KOMITOHEHT.

32. Heuetkas knactepu3anus.

33. FCM-anropurm.

34. Mepbl HHTEPECHOCTH: MOAJEPAKKA, JOCTOBEPHOCTb, TU(PT, YBEPEHHOCTb.
35. Anroput™m Apriori. 3aaua aHaiau3a peIHOYHBIX KOP3HH.
36. Marpuiia HECOOTBETCTBHIA.

37. MeTpuKu KadyecTBa: MPaBHWILHOCTb, MTOJIHOTA, TOYHOCTh, F-Mepa, ayBcTBUTENBHOCTE, AUC.
38. IIpobGnema nepeoOydeHus.

39. Crparudukaius JaHHBIX.

40. JlmarpamMma BBIUTPBIIIA.

41. Amncambau (koMHuTeThI) Mosienel. barrunr. barrunr ¢ pangoMusanuen.
42. ByctuHr (ycuiaeHue) ancamOIIs KI1acCU(pHUKaTOpOB.

43. Meraknaccudpuratopsl. CTIKUHT.

44. TloHsTHS COIMABHOMN CETH U COLMANBHOTO Tpada.

45. Tlo3uIMOHHBIN U POJIEBOM aHATIN3 B COLIMAILHON CETH.

HBoOoo~NoOhwWDE

MeTozmqecmle PEKOMEHIANMHA 11O BBITMMOJHCHUIO MIPAKTHYECCKUX paﬁoT

HCJ'II)IO MPAKTUYCCKUX pa60T SABIIACTCSA ano6peTeHI/Ie MPAKTUYCCKUX HABBIKOB MCIIOJIB30BaAHUA
MAaTEMAaTHYCCKUX MO,Z[CJ'ICI‘/JI, MCTOHOB W aJITOPUTMOB B 00JIaCTM TEXHOJOTMI aHanu3a OOJIBIIHMX
JAAaHHBIX; YCBOCHUC IMOJIYUYCHHBIX 3HAHUH CTYACHTaMH, a TaKXKC (i)OpMI/IpOBaHI/Ie Y HUX MOTHBAIlUHU K
CaMOO6paBOBaHI/IIO 3a CUCT aKTUBU3allNH CaMOCTOSTEIbHON MO3HABATEILHOM ACATCIIBHOCTH.



Bce pa®oThl BBIMONMHSAIOTCA CTYIEHTaMU B paMKax 4-x akaJeMHYeCKHX 4YacoB, KOTOpHIE
OTBEZICHBI YUE€OHBIM IIJIAHOM.

HUtorom paboThl sBISETCA 3allUTa MOJIYYEHHBIX pE3yJIbTAaTOB. 3alluTa MPOBOAUTCS
WH/IMBUIYAIBHO B (hopMe coOeceoBaHMS U MPOBEPKE MOTYyYCHHBIX HAaBBIKOB pabOTHI ¢ CHCTEMOW Ha
KOMIIBIOTEPE.

10.7. Tecr Ne 1

1. SIBnenue «H(OPMALIMOHHBINA OTOI MOIYNHSICTCS 3aKOHY
o IlapknHcoHa

Mypa

Mépdu

Hprorona

o O O

2. OCHOBY MHTEIJIEKTYaJIbHOTO aHAJIN3a JAHHBIX COCTABIISAIOT

©) METOAbI MAIIMHHOI'O O6y‘leHI/I${

©) CTaTUCTHYCCKHE METO/bI

(@] CAruHasi1 METOA0JIO0IusA O6H3py>KeHI/I${ 3HAHHI
o BCC BBIIICIICPCYHUCICHHOC

3. 33,[[8.‘18., peUICHUC KOTOpOﬁ BIICPBBIC OBLIO MPpEAJIOKCHO B paMKaX MHTCIUICKTYAJIbHOI'O aHaJIM3a
JaHHBIX!

o Kiaccuukanus
o perpeccus
¢ KJIacTepH3aLus
¢ aHaJIM3 acCcoLMaluil
3. JlepeBo pelieHnii Ha pUucyHKe 1 coepxut KOpHEH, y3J10B IIPOBEPKHU,
BETBEH, TEPMHHAIBHBIX BEPIINH, JIMCTHEB.

=sunny = overcast = rainy

== 74 =75 =TREUE =FALSE
~ — -~ .

Puc.1. /lepeso pewienuti
4. ITo pucynky 1 onpenenure aTpuOyT ¢ MAKCUMaJIbHBIM HH(OPMAIIMOHHBIM BBIMTPHIILIEM

¢ outlook
o) sunny

o overcast
o rainy

5. OrpanudeHue ri1yOuHBI IepeBa MOXKET OBITh CIIEIYIOIIUM KPUTEPUEM:

©) OCTaHOBa

©) PacCIICIVICHU A

©) 3aMCHBI

©) JIFOOBIM U3 BBIICTICPECYNCICHHBIX



6. Kakoe MHOXKECTBO HUCIIOIB3YETCS HA ATAMe NOCTPEAYKIIUU JEPEBHEB PEIICHUI?

o BeCh HAOOP JTaHHBIX
o oOyyaroree

o TECTOBOE

o MOATBEPIK TAIOIIEE

7. Kako#t kpuTepuil paciiernieHus ucroib3yercs B aropurme 1D3?

o OrpaHWYEHUE TITYOHHBI IepeBa
o SHTPOMHS

o MH()OPMAIIMOHHBIN BBIMTPHIII
o nunexc Gini

8. Kakoii airoput™ mo3BoJsieT paboTaTh ¢ HEMIPEPHIBHOM 11E1€BOW IEPEMEHHOM:

o) ID3

o CART
o C4.5

o J4.8

9. Camyto HaJIe)KHYIO OLIEHKY KJIacCH(PHUKATOpa MOKHO TOIYUUTh, UCTIOIB3Ys CICAYIOUIHA CIOCO0

MIPOBEPKU:
o 10-nepekpecTHas nmpoBepka
o 10-nepekpecTHas mpoBepKa co cTparudukanueit
o necsTukpatHas 10-nepekpecTHas IpoBepKa
¢ MepeKpecTHasi IpOBEepKa METOAOM «0e3 OHOT0»

10. YcTaHoBHTE COOTBETCTBHE MCKAY MCTOAOM KJIACTCpU3AILMU U KJIIACCOM HUCIIOJIb3YyEMbIX

AJITOPUTMOB.

1. K-cpennux a. IHKpeMeHTaIbHbIN

2. Cobweb 6. I'padoBrrii
3.EM B. CraTuctuueckuit
4. ARHP r. UtepatuBHbIN

11. Knacrep Y*NY M0OXHO 0XapakTepH30BaTh KaK

MOHOTETHYECKUN
pacIUIbIBYAThIi MOHOTETHYECKHUIA
MOJUTETUYECKUI
pacIUIbIBYATHIN MOJTUTETUYECKUN

o O O O

12. OnTumanbsHoe pazdueHne Ha kiactepbl MetooM Cobweb nmojpasymeBaer

o HYJIEBOE 3Ha4Y€HUE (DYHKIUH MTOJIE3HOCTU

o MUHUMU3ALKIO 3HaUeHUs! QYHKIUH M0JE3HOCTU
o ycpeHeHe 3Ha4eHUs (YHKINUU TO0JIE3HOCTH

¢ MaKCUMM3aIMIO 3HaYeHNs (YHKINHU TOJIE3HOCTH

13. Ilpu nepepacmnpeneneHnn 00bEKTOB MEXIY KJIaCTepaMu B aITOPUTME
K-cpeHuX MCIONb3yeTCs CIeAYIoas METPHKA:

o €BKJIMJIOBO PACCTOSTHUE
¢ KBaJ[paT €BKJIM0BA PACCTOSHUS
¢ PacCTOSTHHUE «TOPOJICKUX KBAPTAIOB»
o m00as U3 BhILLIENEPEYNCIEHHBIX

14. MeTon onOpHBIX BEKTOPOB MOXKHO OXapaKTEPU30BaTh KaK
o METOJ KJIaCCH(PUKALUU BUIa «OOyUEHHE C YUUTEIEM»
o METOJ KJlaccu(ukanuu Buaa «oOyueHue 6e3 yaurens»



o) METOJ KJIaCTePH3AIHH
o) METOJ perpeccuu

15. B cnydae nuHEHHOM pa3aeIMMOCTH ONTUMAIBHBINA KJIacCU(PUKATOP HA OCHOBE METO/1a OTIOPHBIX
BEKTOPOB IMO/Ipa3yMeBacT

o MakcUMU3aIHI0 PACCTOSTHUS MEXITY BEKTOpaMHU U
MUHHMH3AIHAIO0 OMTUOKH 00ydeHUS

o MakCHMH3AIMIO PACCTOSTHUS MEXTy BEKTOPaMHU U
HYJIEBYIO OIIUOKY O0y4YeHHS

o MUuHUMU3ALNIO PACCTOSHUS MEX]TY BEKTOPAMU H
MUHHMH3AIIHAIO0 OMTUOKHA 00ydeHUS

o MUuHUMU3AILUIO PACCTOSHUS MEX]Ly BEKTOPaAMH H

HYJIEBYIO OIIUOKY O0y4YeHHS

16. burapHoMy Ki1accU(pUKATOPY ¢ KAKOH TOYHOCTBIO CIICIYET OTAATh MPEAIOYTCHUE?

o 40%
o) 50%
o 60%
o 70%

17. Kakas onienka 3(peKTUBHOCTH Ki1accupukaropa Haubosee 10cToBepHa?

¢ TOYHOCTH
o 9yBCTBHUTEIHHOCTh

o nomunuposanue B ROC-npoctpancTBe
o wiomaas noa ROC-kpuBoii

18. Ha ocHOBE MaTpHIIbl HECOOTBETCTBHM pacCUMTaNTe CIAEAYIOLINE 3HAUECHHUS:

JloxxHas TpeBora (ommoOKa mepBoro poja)
TouHOCTB (TIPaBUIIBHOCTB )
YyscreurenbaocTh (TP Rate)

F-mepa Ban Puz6eprena

23 9

19. 13 xakux cooOpaxeHni Ha3HayaeTcst CTOMMOCTh (A) JI05KHOM TpeBOru/ OIIMOKHU MEPBOTO pojaa U
(B) mpomaxa/ommoOKu BTOPOTO poja sl TUPEKT-PACCHUIKA MAPKETUHTOBBIX MaTepHaioB?




20. OnTuManbHOE YHCIIO PEIUTUKAITII B OyTCTpEen-BBIOOPKE:

©)

@)
@)
©)

21. Bemyknas ROC-noBepxHOCTB onpeiensieTcs CIeayonMMA KiIaccu(hpuKkaTopamu:

(@]

@)
@)
@)

22. Tlo pucyHKy 2 oTpaHxupyiTe Kiaccuduxaropsl mo noMmuHupoannto B ROC-npoctpancTse:

True Positive rate

90%
2/3
63,2%
36,8%

CIIy4ailiHBIMU
MACAJIbHBIMN»
JOMHUHUPYIOIIUMHU
cybonTUMaIbHbIMU

ROCG plot far 3 classifiers

-

True Negative Rate

Y —

1.

2.

3.

0.4 0.6
False Positive rate

oe

Puc.2. ROC-npocmpancmeso

4.

False Negative Rate

23. Ilo pucyHKy 2 oLIeHUTE 3HaYEHHE METPUKH BBINAaJCHUS /1711 KOMOMHHUPOBAHHOTO KiaccupukaTopa
¢ nonHotoi 0,6.

Brimanenue

24. ImeeTtcs HECKOJIBKO MOJIeNIEl ¢ KoppeaupyeMbIMH omnOkaMu. Kakoit KOMUTETHBIN METOJ] HE
YIIY4IIUT Pe3yNbTaToOB KiIacCUPpUKAUU?

o) barrunr

o) boarruHr ¢ pangomusanuen

o Byctuar

o) Hu onuH 13 BhllIENIepEeYnCICHHBIX

25. Beibepure metoa aHcamOnupoBanus kinaccupukatopoB NaiveBayes u J4.8.

o byctunr
o CtaKuHT
o JIro60¥ U3 BhIIIETIEPEUNCICHHBIX



@) Hu OIWH U3 BBIHICIICPCUNCIICHHBIX

26. Ilycts {1,2,3,4} sBaseTcst 4acTo BCTpeyaromuMcsi HabopoM 3reMeHToB ¢ noanaepxkkoi 40%. Uro
MOJKHO CKa3athb 0 Habope {1,3,4}?

o UYacto BcTpevaromuiics ¢ noauepxkoi 40%

o) Yacro BcTpevaromuiics ¢ noaaepxkon >40%

o) He yvacto BcTpeuaronuiics ¢ noaaepxkkoit <40%
o UYacto BcTpevaromuiics ¢ noauepxkon <40%

27. Ha ocHOBe Ta0JMLIbl TPAaH3aKIMH pacCunTaiTe 3HAUEHUS CIEAYIOIUX MEpP ISl aCCOLMATUBHOTO
npaBuiia A — C.

Tpanzakuus DJIEMEHTHI
t1 AB,C
to AC
t3 A,CD
t4 AE
ts D,E
[Tonnepxka
JlocTOBEpHOCTH
Jupr
YBEpPEHHOCTH

28. Jlyist KaKuX 3aj1a4 acCOIMATHBHBIC MTPABIJIA UCIIOIB3YIOTCS B MEPUYCHIaH3HHTEe?
[Mepexpecthbie mpoaxwu (Cross-selling)

[MoBeimenue mpoaax (Up-selling)

VrpaBiieHHe JTOSTIbHOCTBIO MOKYaTenei

JI71st BCeX BBIIICTIEPEIHUCIICHHBIX

O O O O

Kpurepun onenkmn:

TectupoBanue onennBaeTcs AU HEepeHIIMPOBAHHO MO OAUTHHOM IIKaJE:

e BBIIOJHEHO 0Oe3 ommoOoK 1 HexoueToB 85-100% oT oOiero oobeMa 3agaHuii — BBICTABISAETCS OT
18 mo 20 6amos;

e BBINNOJHEHO 0Oe3 omuboK U HexoueToB 71-84% oT obOmiero oobemMa 3agaHull — BBICTABISCTCS OT
15 no 17 6amos;

e BBINNOJHEHO 0Oe3 ommbok u HexoueToB 60-70% oT obO1ero ooObemMa 3aJaHull — BBICTABISCTCS OT
13 no 14 6amios;

e BBINNOJHEHO Oe3 omuboKk M HexoueToB 50-59% oT obmero ooObemMa 3agaHull — BBICTABISCTCS OT
10 no 12 6amios.

10.1. Tecr Ne 2

1. Teker 3aganus:

PaccmoTtpum crnenyromuii 00y4aronuii HabOp ISt MOJIEH IEPEBbEB PEITCHUN:

Howmep npumepa Knaccudukanus Atpudbyrt 1 ATpuOyr 2
1 + T T
2 + T T




o (01 [ (W
+
m (M |7 |d

= |4 (M |m

Paccunraiite nHGOPMAITMOHHBIN BBIMTPHIII 1)1 aTpuOyTa 2.

OTtBer (KJII04):

0

Kpurtepuu u napamerpbl OlleHUBAHUS:

[IpaBunbHBIN OTBET — 5 6A/IOB, HEMIPABWIbHBINA OTBET — ) OaJIIIOB

TexcT 3apanud:

Onenute omMOKY MEPEKPECTHON MPOBEPKH JIs pa3esItolIel TPsIMOil Ha OCHOBE METO/1a
OTIOPHBIX BEKTOPOB.

0

OTtser (KJII04):

0

Kpurtepuu u napaMerpsbl oOlleHUBaHUS:

[IpaBuibHBIN OTBET — 5 0aIoB, HEMpaBUIbHBIN OTBET — () OaLIoB

TexcT 3amanud:

JIst Kak¥uX 13 CIIEAYIONINX HAOOPOB TAHHBIX LEJIECO00PA3HO MCIIOIB30BATH CKPHITYIO
MapkoBCKy0 MOZENb?

A. Habop naHHBIX 0 MOCTIEA0BATEIIBHOCTH TE€HOB.

B. baza nanneix IMDB c peiftunramMmu KuHO(QUIBMOB.
C. Ucropuueckue naHHble (OHIOBOTO PHIHKA.

D. JlaHHBIE O CYTOYHBIX OCAIKaX.



OTtBer (KJa104):

A CD

Kpurtepuu u napamerpbl OleHUBAHUS:

[TpaBusbHBIH OTBET — 5 OaNsI0B, HENPaBMIIbHBINA 0TBET — 0 6ayLIOB

TekcT 3aHaHuA:

Ecnu mapamerp C ctpeMuTcst K 66CKOHEYHOCTH, KaKO€ U3 CICAYIOIIUX YTBEPXKIECHUN BEpHO A
METO/]1a OIIOPHBIX BEKTOPOB?

A. OnTuManTbHOM THITEPITIOCKOCTBIO, €CITM OHA CYIIECTBYET, OY/IET Ta, KOTOpas MOJHOCTHIO
pazzensieT JaHHBIE.

B. [laHHBIE CMOXKET pa3/IeINTh KIACCU(UKATOP C MSATKUM 3a30POM.

C. Hu ogHO 13 nmepeynciIeHHBIX.

OTtBet (KJI104):

A

Kputepuu u napamerpbl OLleHUBAHUS:

[IpaBuiibHBIN OTBET — 5 0aIoB, HENIPaBUIbHBIN OTBET — () OayLI0B

TexcT 3apanug:

Kakas u3 ciieqyromux MeTpUK He MOXKET MPUMEHATHCS IS OLeHKH 3 (HEKTUBHOCTH MOJICIIH
JIOTUCTUYECKOH perpeccun’?

A. AUC-ROC

B. IIpaBuiasHOCTE (ACCUracy)
C. Logloss

D. Mean-Squared-Error (MSE)

OTtBet (KJI104):

D

Kpurtepuu u napamMerpbl OlleHUBAHUS:

[IpaBuibHBIN OTBET — 5 0aIoB, HENPaBUIbHBIN OTBET — () OayLIoB

TexcT 3apanug:

HccnenoBanus nokasplBatoT, YTO MPOCITYIIMBAHUE MY3bIKH BO BpeMs yueObl MOKET yIYyUIIUTh
Balny namsth. YToOBI MPOJEMOHCTPUPOBATH 3TO, UCCIIENOBATENh AaeT 36 CTyJeHTaM KoJuIeKa
CTaHJIaPTHBIN TECT HA MPOBEPKY KPAaTKOBPEMEHHOMN MaMsTH, TOKa OHU CIIYIIAIOT (POHOBYIO
My3bIKy. CpemHsis OlleHKa M0 pe3ysibTaTaM dKcrepruMeHTa coctanisieT 28. [Ipu HopMambHBIX
obcrosiTenbcTBax (0€3 My3BIKH) CpEHSS OIEHKa paBHA 25, a CTaHIAPTHOE OTKIOHEHUE 6.

Kakoii B aTOM cityuae OyneT HyneBas runoresa’?

A. TlpocnymuBaHue My3bIKU BO BpeMsi yueObl He MOBIUSET HA aMSATh.

B. [IpocnymuBane My3bIKH BO BpeMsl yueObl MOXKET yXY/IIUTh TaMATh.

C. IlpocaymmBanue My3bIKH BO BpeMsl y4eObl MOKET YIIYUIIUTh aMSITh.

D. IlpocnymmBaHue My3bIKH BO BpeMsl y4eObl HE YIYUILIUT NaMsTh, HO MOXET YXY/IIINUTH €e.



OTtBer (KJa104):

D

Kputepun u napamerpbl OLleHHBAHUS:

[TpaBusbHBIH OTBET — 5 OaNsI0B, HENPaBMIIbHBINA 0TBET — 0 6ayLIOB

TekcT 3aHaHuA:

BbI co3manu Moenp MammHHOro o0ydeHust B Python, koropyro xotute "3amopo3uts' ceituac,
4TOOBI BEpHYThCS K Hell mo3ike. bubimoreka Pickle 6pu1a umnoptuposana kak pkl. Kakas u3
CJIEYIOIIMUX KOMaH]l MOKET BBIIIOJIHUTD 3Ty 3aJauy?

A. push(model, “file”)
B. save(model, “file”)
C. dump(model, “file”)
D. freeze(model, “file”)

OTtser (KJII04):

C

Kpurtepun u napamerpbl OleHUBAHUSA:

[IpaBunbHBIN OTBET — 5 6a/I0B, HEMIPAaBWIbHBINA OTBET — 0 OasII0B

Texcr 3apanud:

Yto u3 MNEPCUUCIICHHOI'O BEPHO IJIA «0enoro H_IYMa»?

A. HyneBoe cpennee.

B. Hyneas aBTokoppemsius.

C. HyneBas aBTOKOppemnsius, kpome yara 0.
D. KBanpatnuHoe OTKIOHEHHUE.

OTtBet (KJI104):

C

Kpurtepuu u napamMerpbl OlleHUBAHUS:

[IpaBuibHBIN OTBET — 5 0aIoB, HENPaBUIbHBIN OTBET — () OayLIoB

TexcT 3apanug:

Kakoe MuHHMAIIBFHOE KOJIMYSCTBO MNEPEMCHHBIX Tp€6yeTC$I JJIs1 BBITTIOJITHEHU S KHaCTepI/ISaHI/II/I?

A.0
B.1
C.2
D.3

OTtBer (KJII04):

B

Kpurepun u napamerpsl OLleHUBAHUSA




[TpaBunbHBIN OTBET — 5 6a/IIOB, HEMPABWIbHBIN OTBET — () OasIIIOB

10 Teker 3ananus:

Kakum Oynmer pe3ynbTaT BRINOJHEHU caeayromei pynkinuu B R?
> f<-function(num =1) {
hello <- "Hello, world\n"
for(i in seq_len(num)) {

cat(hello)
}
chars <- nchar(hello) * num
chars
}
> ()
Hello, world!
A 14
B Hello, world!\n
14
Hello, world!
C. 13
D Hello, world!\n
" 13

OTtser (KJII04):

A

Kpurtepuu u napamMerpbl OlleHUBAHUS:

ITpaBusbHBIN OTBET — 5 OansIoB, HEMpaBMIIbHBINA 0TBET — 0 6ayLI0B

11 Texkcr 3apaHus:

PaccMoTprM MHOTOKIIACCOBYIO 3aauy KIacCH(PUKAIIUK ISl TPOrHO3MPOBAHMS KaueCTBa BUHA Ha
OCHOBE €ro XapakTepucTuK. JlaHHbIe 3arpykaroTcs Bo ¢peiim ganubix df:

free total
chlorides | sulfur | sulfur | density
dioxide | dioxide

fixed volatile | citric residual
acidity | acidity | acid sugar

0 74 0.70 0.00 1.9 0.076 11 34 0.9978
1 7.8 0.88 0.00 2.6 0.098 25 67 0.9968
2 7.8 0.76 0.04 2.3 0.092 15 54 0.9970
3 11.2 0.28 0.56 1.9 0.075 17 60 0.9980
4 7.4 0.70 0.00 1.9 0.076 11 34 0.9978

Cronbern kauecTBa B HACTOsIIEe BpeMsi uMeeT 3HaueHus oT 1 1o 10, HO MBI XOTHM TIEPEUTH K
OuHapHON KiaccuduKkanuu. Bel XOTHTE UCHOIB30BaTh MOpOroBoe 3HaueHue 5. Eciam kauecTBO
BhIIIIE 5, OyJieBa epeMeHHas IpUHUMaeT 3HadeHue 1, nnave 0.

Numpy Obu1 UMIopTUpOBaH Kak NP. Kakoit u3 caenyronmx ¢pparmMeHToB koja B Python nomosxet
BaM BBITIOJTHUTH ATy 3a/1a9y?



12

13

A. Y =df[quality].values
Y =np.array([1 if y >=6 else 0 for y in Y])

B. Y =df[quality].values()
Y =np.array([0 if y>=6 else 1 for y in Y])

C. Y =df[quality]
Y =np.array([0 if y >=6 else 1 for y in Y])

D. Hwu onuH 13 nmepeyncieHHbIX

OTtBer (KJII04):

A

Kpurtepun u napamerpn! OleHMBAHUS:

[IpaBunbHbIi oTBeT — 10 6a10B, HenpaBUIbHBIN 0TBET — 0 GayI0B

TexkcT 3apanud:

Paccmotpum rpadukum ms pa3iaudHbXx 3HaueHWH C B MeTolle OMOPHBIX BEKTOpoB. Kakoil w3
CIIEYIOIIMX BapUAHTOB JIydIlle BCero oObscHsAeT 3HaueHuss C uis Tpex H300paKeHUil HUKE B
cilydae pajuaibHOU saepHOr QyHKImn?

SVC with rbf kernel SVC with rbf kernel SWC with rbf kernel

A.Cl1=C2=C3
B.C1>C2>C3
C.Cl<C2<C(C3
D. Hu OIVH U3 NEPCUUCIICHHBIX.

OT1Ber (KJII04):

C

Kputepun u napamerpbl OleHMBAHUS:

[TpaBusbHbIH oTBeT — 10 6a10B, HeNMpaBUIbHBIN 0TBET — 0 GayI0B

TekcT 3agaHu:

Kakoit n3 creayrommx METOAOB MEPEKPECTHON MPOBEPKH JIydIle MOIXOAWUT TSI BPEMEHHBIX
psanoB?

A. K-tiepekpecTHas mpoBepKa.
B. [lepekpecTHas mpoBepKka METO0M «O€3 OJHOTOY.
C. IepekpecTHas MpoBEpKa CO CTPATU(DHUITUPOBAHHOM ITEPETACOBKOM.
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D. [lepekpecTHas nmpoBepKa ¢ MPSIMON ETTOYKOH.

OTtBer (KJII04):

D

Kpurtepuu u napamMerpbl OlleHUBAHUS:

[TpaBunbHbI oTBeT — 10 6amioB, HenpaBUIbHBIN 0TBET — 0 GayI0B

TekcT 3aHaHuA:

Ha Bp16opax N xaHIWAATOB KOHKYPUPYIOT IPYT € APYroM, U U30MpaTeNu rojoCyioT 3a Jo00ro
U3 KaHauaatoB. M30upatenu He oOLIAIOTCS IPYr ¢ APYroM BO Bpems rojocoBanus. Kakas u3
CIIEYIOIMX KOMUTETHBIX MOJIEJIEH 110X0Xka Ha ONMCAHHYIO NPOLEAYypY BEIOOpOB?

A. Bagging
B. Boosting

C. Stacking
D. AdaBoost.M1

OTtser (KJII04):

A

Kputepuu u napamerpbl OLleHUBAHUS:

[IpaBuibubIi oTBET — 10 GaioB, HenpaBWIbHBIN 0TBET — 0 OaIoB

TexcT 3apanug:

[IpenmnonoxumM, BBl HACTPOWIIM CIIOXKHYIO PErPECCHOHHYIO MOJIENh Ha HaOope JNaHHBIX. Terephb
BBl UCTIOJIb3yeTe IPEOHEBYIO PETPECCHUIO C IMApaAMETPOM HACTPOMKH JIsIMOJa, 4TOOBI YMEHBIIIHUTH
CII0)KHOCTH MOJIeNnu. BeibepuTe BapuaHT, KOTOPBIN OMUCHIBACT CBA3b CMEIICHUS U JAUCIIEPCHH C
JIIMO IO

A. B ciydae oueHb 60JbI1I0M JTAMO/IBI CMELIEHHE HU3KO0E, a TUCTIEPCHs HU3Kas.

B. B cnyuae oueHb 00Jb1I0M JIMO/IBI CMEILIEHUE HU3KOE, a JUCIIEPCHUS BBICOKAS.
C. B cinyuae oueHb 00JIbI1I0# JIIMO/IbI CMEIIIEHHE BBICOKOE, a JUCTIEPCHUS HU3KAS.
D. B ciny4ae oueHb 60b1I0M JISIMO/IBI CMEIIEHUE BHICOKOE, a TUCIIEPCHs BHICOKASI.

OTtser (KJII04):

C

Kpurtepuu u napamMerpbl OlleHUBAHUS:

[IpaBunbHbIi oTBET — 10 6anoB, HempaBMIbHBIN 0TBET — 0 OaToB



Kpurepun oueHku:

TectupoBanue onennBaeTcs AU HEepeHIIMPOBAHHO MO OAUTHHOM IIKaJIE:

e BLIIOJIHEHO 0Oe3 ommoOoK 1 HexoueToB 85-100% ot o0mero oobeMa 3agaHuii — BRICTABIISIETCS OT
18 no 20 6anos;

e BBINOJHEHO Oe3 omuOoK U HeaoueToB 71-84% oT 001Iero o0beMa 3aJaHuil — BBICTABIISCTCS OT
15 no 17 6annos;

e BBINOJHEHO Oe3 omubok u HegoueToB 60-70% oT 001Iero o0beMa 3aJaHull — BBICTABISCTCS OT
13 1o 14 6anos;

e BBINOJHEHO O€3 omuoOok U HemoueToB 50-59% oT o0mero o0ObLemMa 3agaHuil — BBEICTABIISIETCS OT
10 no 12 6amios.



